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OZ: Nohut, iilkemizde ekilis ve iiretim bakimindan yemeklik tane baklagiller icerisinde ilk sirada yer almaktadir. Arastirmanin
amaci, Mug ekolojisinde bazi nohut ¢esitlerinin verim, kalite ve bazi agronomik ozelliklerini belirlemektir. Calisma, 2020 ve 2021
yullarinda Mus ilinin yazliklgeg ilkbahar yagisa dayali kosullarinda 16 ¢esit ile tesadiif bloklar: deneme desenine gore dort tekerriirlii
olarak yiiriitiilmiistiir. Analiz sonuglarina gére su alma ve gigsme indeksi diginda incelenen tiim ozelliklerde c¢esitler arasinda p<0,01
seviyesinde énemli farkhiliklar oldugu belirlenmistir. Tane verimi 78,8-139,8 kg.dal, anadal sayis1 3,00-4,03 adet.bitki?, ilk bakla
yiiksekligi 16,6-21,3 cm, kuru hacim 22,0-33,4 ml, wslak hacim 56,73-85,96 ml, su alma kapasitesi 0,293-0,460 g.tane™, sisme kapasitesi
0,345-0,526 ml.tane arasinda farkiilk gostermistiv. Tane veriminde Aslanbey nohut ¢esidinin en ideal cesit oldugu, Cagatay, Ubet ve
Zuhal nohut ¢egitlerinin takip eden ¢egitler oldugu belirlenmigtir. Botan nohut ¢esidi, en yiiksek su alma kapasitesi degerine sahip olmakla
birlikte incelenen diger kalite parametrelerinde Botan, Cagatay, Ubet, Aslanbey ve Zuhal nohut ¢esitlerinin one ¢ikan ¢esitler oldugu
gortilmiistiir. Son olarak, ¢calismada yer alan ¢esitlerin ilk bakla yiiksekliginin 16,6-21,3 cm arasinda degiskenlik gostermesi makine ile
hasada uygun olduklarini gostermektedir.

Anahtar Kelimeler: Nohut, kalite, verim, agronomi.

Evaluation of Some Registered Chickpea (Cicer arietinum L.) Varieties in Terms of Yield, Quality and
Agronomic Characteristics in Mug Ecological Conditions

ABSTRACT: Chickpea ranks first among edible legumes in terms of cultivation and production in our country. The aim of the
research was to determine the yield, quality and some agronomic characteristics of some chickpea varieties in the Mus ecology. The study
was conducted in four replications according to the randomized block experiment design with 16 chickpea varieties in the spring/late
spring rainfall conditions of Mus province in 2020 and 202 1. According to the analysis results, it was determined that there were significant
differences at the p<0,01 level among the varieties in all examined characteristics except water intake and swelling index. Traits varied as
follows: grain yield 78.8-139.8 kg.da™, number of main branches 3.00-4.03 pcs.plant?, first pod height 16.6-21.3 c¢m, dry volume 22.0-
33.4 ml, wet volume 56.73-85.96 ml, capacity of water intake 0.293-0.460 g.grain-t, and swelling capacity 0.345-0.526 ml.grain-L. It was
determined that Aslanbey chickpea variety was the most ideal variety in grain yield, followed by Cagatay, Ubet and Zuhal chickpea
varieties. Although Botan chickpea variety had the highest water intake capacity value, Botan, Cagatay, Ubet, Aslanbey and Zuhal chickpea
varieties were found to be the prominent varieties in other quality parameters examined. Finally, the fact that the first pod height of the
varieties included in the study varies between 16.6-21.3 cm showed that they are suitable for machine harvesting.

Keywords: Chickpea, quality, yield, agronomy.
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GIRIS

Diinyada, kiiltiirii yapilan nohut ¢esitleri tane yapisi
(sekli, biiyiikliigii, rengi vs.) dikkate alinarak desi ve
kabuli tip olmak {izere iki grupta kategorize
edilmektedir. Kabuli tip nohutlar iri taneli, agik renkli
ve puriizsiiz goriiniim sergilerken, desi tiplerde kiiciik
taneli yap1 ve koyu renkler hakimdir (Purushothaman
ve ark., 2014; Sonmez ve Kumlay, 2021). Nohut
(Cicer arietinum L.), binlerce yildan beri kiiltiire
alinan yemeklik tane baklagil bitkisi olmakla birlikte
Giineydogu Anadolu Bolgesinin nohutun orijin
Ulkemizde nohut
artirmistir  (Sénmez  ve

merkezlerinden biri  olmasi
yetistiriciliginin  dnemini
Kumlay, 2021).

Diinyada nohut ekim alaninin 14,6 milyon hektar,
iiretiminin ise 14,8 milyon ton oldugu bildirilirken,
tilkemizde 514 bin hektar civarinda ekilis ve 630 bin
ton tretim oldugu ve iilkemizde yemeklik tane
baklagiller icerisinde gerek ekilis gerekse {iretim
yoniiyle ilk sirada yer aldigi belirlenmistir (FAO,
2019). Nohut yetistiriciliginde, soguk iklim kosullari
ve antraknoz hastaligi kishk ekimi sinirlayan 6nemli
faktorlerdir. Son yillarda, soguga ve antraknoza
tolerant olmakla birlikte verim kapasitesi yiiksek ve
ayni zamanda stabil gesitlerin farkli 1slah yontemleri
ile gelistirilmesi sonrasinda kiglik ekimlerden yiiksek
verimlerin alinmasi olagan hale gelmistir (Avelar ve
ark., 2018; Elis ve ark., 2020; Yiicel, 2020; Sonmez ve
Kumlay, 2021). Nohutta tane verimi; genetik,
agronomik uygulamalar ve ekolojik faktorlerin etkisi
Yiiksek
yakalayabilmek i¢in bu faktorlerin optimum diizeyde

altinda sekillenmektedir. verimi
olmasi elzemdir (Dogan ve ark., 2015; Yal¢in ve ark.,

2018).

Nohut bitkisinin iklim istekleri degerlendirildiginde,
tohumun ¢imlenmesinden bitkinin bakla tutmasina
kadar gecen siirede; diisiik sicaklik, yiiksek yagis ve
oransal nem istediginin 6énemli oldugu vurgulanmustir.
Bu baglamda giizlik ekim tercih edilerek kis ve
ilkbahar
diizeyde faydalanilabilecegi, ilaveten kislik ekimde

aylarinda gerceklesen yagistan mutlak

bitkinin yazlik ekime gbre vejetasyon siiresi boyunca
daha iyi bir su potansiyeline sahip olacagi ve diisiik
sicakliklara maruz kalacagi bildirilmistir (Aydogan ve
ark., 2009; Bicer ve ark., 2017). Fakat, kis mevsiminin
ve kar Ortiisiiniin uzun siirdiigii Dogu Anadolu Bolgesi
gibi alanlarda kar kiifii ve uzun siire devam eden ¢ok
diisiik sicakliklar kigslik ekimi sinirlandirmaktadir. Bu
nedenle Dogu Anadolu Bolgesi ve benzer ekolojilerde
nohut yetistiriciligi i¢in kislik ekimden ziyade yazlik
ekim tercih edilmektedir.
hastalifindan kagma agisindan avantaj gibi goriinse de

Yazlik ekim antraknoz

toprak nemi diisiik, yeterli vejetatif gelisme olmadan
generatif doneme gecis ve vejetasyon siiresi kisa
oldugundan dolay1 tane veriminde 6nemli kayiplara yol
acmaktadir (A¢ikgoz, 1987).

Nohut
kompozisyonu

tanenin

genis
goriilmekle beraber iklim, toprak yapisi, topragin

gesitleri  arasinda kimyasal

bakimindan varyasyon
besin elementi igerigi, agronomik uygulamalar, canl
ve cansiz stres faktorleri ile kalitimin tanenin kimyasal
bilesimi tizerinde etkili oldugu bildirilmistir (Adak,
2021; Erol ve ark., 2023). Nohutta teknolojik kalite
ozelliklerinden olan sisme kapasitesi, sisme indeksi, su
alma kapasitesi, su alma indeksi, 1slak hacim ve yas
agirhik parametrelerine iligkin elde edilen degerlerin
yiikksek olmasi sanayici ve tiiketici tarafindan arzu
edilmektedir (Giiliimser ve ark., 2008; Erol ve ark.,
2023).

Bu calismada amag, Tiirkiye’de yogun olarak ekimi
yapilan bazi nohut ¢esitlerinin Mus ilinde yazlik ekim
kosullarinda tane verimi, bazi agronomik ve kalite
ozelliklerini sira

incelemenin  yant adaptasyon

kabiliyeti yiiksek olan nohut gesitlerini belirlemekti.
MATERYAL VE METOT

Calisma, Mus Alparslan  Universitesi

yerleskesi uygulama alaninda 2020 ve 2021 yillarinda

kampiis

yazlik ekim kosullarinda yiiriitiilmiistiir. Arastirma

materyalini Tirkiye’de tescilli 16 nohut g¢esidi

olusturmustur (Cizelge 1).
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VERIM, KALITE VE AGRONOMIK OZELLIKLER BAKIMINDAN DEGERLENDIRILMESI

Cizelge 1. Calismada kullanilan nohut genotiplerine ait bilgiler.

Table 1. Informations related to chickpea genotypes used in the study.

S.NN.  Cesit Adi Islah¢1 Kurulus Adi

1 Botan GAP Uluslararasi Tarimsal Arasgtirma ve Egitim Merkezi Miidiirligi
2 Akgin-91 Tarla Bitkileri Merkez Arastirma Enstitiisti Midiirliigii

3 Aksu Dogu Akdeniz Gegit Kusagi Tarimsal Arastirma Enstitiisit Midiirligii
4 Azkan Gegit Kusagi Tarimsal Arastirma Enstitiisti Midiirliigii

5 Aslanbey Dogu Akdeniz Gegit Kusagi Tarimsal Arastirma Enstitiisti Midiirligi
6 Arda GAP Uluslararasi Tarimsal Arastirma ve Egitim Merkezi Midirligii
7 Cagatay Karadeniz Tarimsal Arastirma Enstitiisti Miidiirliigi

8 Diyar 95 GAP Uluslararasi Tarimsal Arastirma ve Egitim Merkezi Miidiirligi
9 Gokee Tarla Bitkileri Merkez Arastirma Enstitiisii Miidiirliigii

10 Hasanbey Dogu Akdeniz Tarimsal Arastirma Enstitiistit Mudirliigi

11 ILC-482 GAP Uluslararasi Tarimsal Arastirma ve Egitim Merkezi Miidirligi
12 Inci Dogu Akdeniz Tarimsal Aragtirma Enstitiisii Miidiirligii

13 Seckin Dogu Akdeniz Tarimsal Aragtirma Enstitiisii Miidiirligii

14 Uzunlu 99 Tarla Bitkileri Merkez Arastirma Enstitiisti Mudiirligi

15 Ubet GAP Tarimsal Arastirma Enstitiisii Midiirligi

16 Zuhal Karadeniz Tarimsal Aragtirma Enstitiisti Midiirliigi

S.N.: Sira numarasi

Deneme, tesadif bloklar1 deneme desenine goére 4
tekrarlamali olarak yagisa dayali kosullarda, deneme
parselleri; 4 sira, sira arast mesafe 30 cm, sira lizeri
mesafe 7 cm ve parsel uzunlugu 5 metre olacak sekilde
her parsel 6 m?’ye kurulmustur. Deneme parsellerinin
ekimi 2020 yilinda 19 Mayis ve 2021 yilinda ise 10
Mayis tarihlerinde 48 adet tohum.m2 ekim normunda
elle yapilmistir. Calismada, ekimle beraber saf madde
iizerinden 2,3 kg da* azot (N) ve 6 kg da* fosfor (POs)
uygulanmistir. Ust giibre uygulamasi yapilmamustir.
2021 sezonunda ekim sonrasi donemin kurak gegmesi
ve yagisin ¢ok diisik olmasi nedeniyle ¢ikiglarin
homojen olmasi i¢in ekimden yaklasik 1 hafta sonra her
parselde metrekareye 40 mm su gelecek sekilde
yagmurlama sulama yontemiyle sulama yapilmistir.

Cizelge 2. Nohut deneme alaninin toprak ézellikleri.
Table 2. Soil analysis results of chickpea experimental areas.

Bitki boyunun yaklasik 10 cm oldugu ve ¢igceklenme
oncesi donemde olmak {izere 2 defa ¢apalama islemi
yapilarak yabanci otlar ile mekanik miicadele
yapilmistir. Hasat olgunluguna gelen her parselde,
kenar tesiri olarak her parselin 1. ve 4. sirasi ile parsel
bagindan ve sonundan 0,5 m devre digi birakilmus,
kalan 2,4 m? iizerinden verim, agronomik gézlemler ve
hasat islemi gergeklestirilmigtir. Hasat islemi el ile
harmanlama ise c¢alismanin birinci yilinda farkh
captaki elekler yardimiyla 08-30 Agustos 2020, ikinci
yilinda ise parsel bigerdoveri ile 10-17 Agustos 2021
tarihleri arasinda gergeklestirilmistir.

Deneme alani topraklarinin killi-tinli, organik madde
igeriginin orta, hafif tuzlu ve az kiregli oldugu
belirlenmistir (Cizelge 2).

Elektriksel PH Kireg (CaCOs) Fosfor
Yillar Biinye (%) iletkenlik/Tuz . ‘P20s’ Organik Madde (%)
(dS/m) ¢ (%) (kg/da)
2020 killi-tinlh 0,41 6,8 2,5 2,5 2,57
2021 killi-tinl1 0,45 7,2 2,8 2,0 2,21
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2020 yili nohut yetistirme sezonuna iliskin iklim
verileri incelendiginde sezon igerisinde gergeklesen
toplam yagis miktarinin uzun yillar ortalamasindan
75,8 mm daha fazla oldugu, oOzellikle Mayis ve
Temmuz aylarinda meydana gelen yagis miktarinin
uzun yillar ortalamasindan ¢ok daha fazla oldugu
belirlenmistir (Sekil 1). Mayis ayindaki yiiksek yags,
cikislarin homojen olmasina vesile olurken, Temmuz
ayindaki yagisin tane dolum donemine denk gelmesi
nedeniyle tane verimine olumlu katki sagladigi
disiiniilmektedir. Ortalama sicaklik degerlerinin ise
Agustos ay1 hari¢ sezona iligkin tiim aylarda uzun yillar
ortalamasinin {izerinde oldugu tespit edilmistir (Sekil
2).

2021 sezonu iklim verilerinde ise aylar bazinda yagis
miktariin Agustos ay1 hari¢ uzun yillar ortalamasinin

altinda, sicaklik degerlerinin ise genel olarak uzun
yillar ortalamasinin {izerinde oldugu belirlenmistir
(Sekil 1 ve 2). Calismanin her iki sezonunda da aylar
bazinda sicaklik degerlerinin uzun yillar ortalamasinin
tizerinde olmasi vejetatif donemden generatif doneme
gecigin - hizli olmasina, tane dolum siiresinin
kisalmasia ve nitekim birim alan tane verimlerinin
olumsuz etkilenmesine sebep olmustur (Sekil 2).
Sezonlar karsilastirildiginda 2021 yili  yetistirme
sezonunun 2020 yilina gore kurak gectigi sdylenebilir.
Fakat, birim alan tane verimlerinin benzer oldugu
gorilmistiir. Yetistirme sezonlarinda gergeklesen
toplam yagis miktarlariin 6nemli diizeyde farkli
olmasina ragmen tane verimlerinin benzer olmasinin
2021 sezonunda ekim sonrasinda yapilan sulamadan

kaynaklandig: diisiiniilmektedir.
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Sekil 1. Mus ilinin 2020 ve 2021 sezonu ile uzun yillara iligskin ortalama yagis degerleri (mm).
Figure 1. Mean rainfall values of Mus province for the 2020 and 2021 seasons and for long-term (mm).
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Sekil 2. Mus ilinin 2020 ve 2021 sezonu ile uzun yillara iligkin ortalama sicaklik degerleri (°C).
Figure 2. Mean temperature values of Mus province for the 2020 and 2021 seasons and for long-term (°C).
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Arastirilan 6zelliklere iliskin prosediirler

Aragtirmada, verim 6geleri; kes verimi, birim alan tane
verimi, bitkide ana dal sayis1 ve ilk bakla yiiksekligi
(Akdag ve Sehirali, 1994; Sepetoglu, 1988), kalite
ozelliklerinden; yas agirlik, kuru agirlik, kuru hacim,
1slak hacim, su alma kapasitesi, su alma indeksi, sisme
kapasitesi ve sisme indeksi (Williams ve ark., 1986;
Sehirali ve Atli, 1993; Jood ve ark., 1998; Ozaktan,
2021) ozellikleri incelenmistir. Kalite ozelliklerinin
analizi, maliyet ve is giicli fazlalig1 sebebiyle 2, diger
Ozellikler 4 tekerriir {lizerinden degerlendirilmistir.
Arastirilan  6zelliklere iliskin verilerin istatistiki
(ANOVA, korelasyon vs.) analizleri JMP 5.0.1 paket
programuyla yapilmistir. Gruplar arasi farkliliklar1 ve
onem diizeylerini (p<0,05 veya p<0,01) belirlemek
icin LSD testi dikkate alinmistir (Gomez ve Gomez,
1984).

BULGULAR VE TARTISMA

Calismada, birlesik analiz sonuglarina gdre su alma ve
sisme indeksi disinda incelenen tiim oOzelliklerde
cesitler arasinda p<0,01 seviyesinde 6nemli farkliliklar
oldugu belirlenmistir (Cizelge 3, 4 ve 5). Ortalama kes
verimil52,8 kg.da* olup, kes verimi 114,5-191,1 kg da-
! arasinda degismistir. Aslanbey (191,1 kg.da*) nohut
cesidinin  kes veriminde ilk sirada yer aldigi
belirlenmistir. Cagatay (176,5 kg.da™), Ubet (171,5
kg.dal) ve Zuhal (180,3 kg.da) nohut gesitleri ayn
grupta yer alarak yliksek kes verimi degerleri ile dikkat
cekmistir (Cizelge 3). En diisiik kes verimi degeri
Uzunlu 99 (114,5 kg.da?') c¢esidinde belirlenmistir.
Bulgularimiz, Ercan ve ark.,, (2019)'nin Kayseri
kosullarinda farkli ekim zamanlar1 ile nohutta kes
veriminin 270,0-347,5 kg da! arasinda degistigini
bildiren sonuglarindan diisiik bulunmustur.
Calismamizda, verim disikligiiniin yazlik ekimde
vejetasyon doneminin kisa olmasindan kaynaklandig
diistintilmektedir.

Ortalama tane verimi 110,8 kg.da™ olup, cesitlere ait
tane verimi 78,8 ile 139,8 kg.da* arasinda degismistir.
En yiiksek tane verimi Aslanbey (139,8 kg.da?)
cesidinde goriilmiistiir. Cagatay (129,1 kg.da™), Ubet
(124,4 kg.da*) ve Zuhal (132,6 kg.da) nohut gesitleri
ayni istatistiki grupta yer almiglardir (Cizelge 3). En
diisiik tane verimi degeri Uzunlu 99 (78,8 kg.da™?)

cesidinde belirlenmistir. Nohut yetistiriciliginde
yiiksek tane verimi temel hedeflerden biri olmakla
beraber ¢eside, ekolojik faktorlere ve agronomik
uygulamalara bagli olarak degismektedir. Nitekim,
farkli arastiricilar tarafindan farkli ekolojilerde yapilan
calismalarda tane verimi ile ilgili olarak; Mart ve ark.
(2005) 149,34-287,74 kg da™, Erdin ve Kulaz (2014)
97,7-153,9 kg da™, Topalak ve Ceylan (2015) 131 4-
167,3 kg da™”, Dogan ve ark. (2015) 108,9-142,0 kg da’
! Biger ve ark. (2017) 91,6-172,7 kg da™ ve Yalcin ve
ark. (2018) 116,4-211,6 kg da’ arasinda farklilik
gosterdigini bildirmistir.

Denemede ortalama ana dal sayis1 3,44 adet.bitki?
oldugu, ana dal sayismin 3,00 adet ile 4,03 adet

cwe

arasinda degistigi belirlenmistir.

En yiiksek ana dal sayis1 Diyar 95 (4,03 adet.bitki™)
cesidinde olup, Akgin-91 (3,85 adet.bitki?), Azkan
(3,70 adet.bitki™), Arda (3,80 adet.bitki™), Gokge (3,65
adet.bitki!) ve ILC-482 (3,60 adet.bitki?) nohut
cesitleri ise aymi grupta yer alarak takip etmistir
(Cizelge 3). En diislik deger Zuhal (3,00 adet) ¢esidinde
Nohutta ana dal sayisinin  ekim
farkl
tarafindan vurgulanmistir (Ciftci ve Tiirk, 1998; Ustiin
ve Giilimser, 2003; Yigitoglu ve Anlarsal, 2012; Ercan
ve ark., 2019). Bulgularimiz ana dal sayisinin 2,92-3,95

belirlenmistir.

zamaninin  etkisinde oldugu aragtiricilar

adet arasinda degistigini bildiren Uzun ve ark.,
(2012)’nin bulgularina benzerdir.

[lk bakla yiiksekligi ortalama 18,9 cm olup 16,6 cm ile
21,3 cm arasinda degismistir. Denemede, en yiiksek ilk
bakla yiiksekliginin ayni grupta yer alan Arda (21,3
cm) ve Diyar 95 (21,3 cm) gesitlerine ait oldugu tespit
edilmistir. En diistik ilk bakla yiiksekligi degeri ise
ILC-482 (16,6 cm) cesidinde belirlenmistir. Ik bakla
yiiksekligi nohut tariminda makine ile hasadin
yapilabilmesi i¢in 6nemli parametrelerden biridir (Mart
ve ark., 2017). Daha diisiik degerler bitkinin makine ile
hasadini zorlagtirmaktadir. Ancak yazlik ekimde bitki
boyunun kisa oldugu saptanmistir. Bulgularimiz, ilk
bakla yiiksekliginin 12,16-30,27 cm degistigini
bildiren Ercan ve ark., (2019)’nin bulgularina yakindir.
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Kuru hacim 22,00 ml ile 33,38 ml arasinda degismis
olup, deneme ortalamasinin 29,56 ml oldugu
goriilmiistiir. En yiiksek kuru hacim degeri Aslanbey
(33,38 ml) ve Ubet (33,25 ml) c¢esitlerinde
gozlenmistir. Bu cesitleri Botan (32,00 ml), Aksu
(32,88 ml), Azkan (30,50 ml), Cagatay (31,88 ml) ve
Zuhal (31,75 ml) cesitleri izlemistir (Cizelge 4). En
ILC-482 (22,00 ml) ¢esidinde
belirlenmistir. Nohutta kuru hacim ile ilgili olarak,
Kaya ve ark. (2016) 27,33-49,66 ml, Erol ve ark.
(2023) 31,33-42,00 ml arasinda farklilik gosterdigini

belirlemislerdir.

disik deger,

Kuru agirlik degerlerinin 26,10 g ile 41,58 g arasinda
degistigi ve deneme ortalamasmin 35,53 g oldugu
tespit edilmistir. En yiiksek kuru agirlik degeri
Aslanbey (41,58 g) ve Cagatay (40,53 g) ¢esitlerinde,
en disik deger ise ILC-482 (26,10 g) ¢esidinde
saptanmistir. Mart ve ark. (2021) kuru agirhk
41,58-55,06 g
bildirmistir. Calismamizda, kuru agirlik ile ilgili diigiik

degerinin arasinda  degistigini
degerlerin cesit ve ekolojik faktorlerin farkliligindan
kaynaklandig diistiniilmektedir.

Islak hacim 56,73 ml ile 85,96 ml arasinda degismis
olup, ortalamasinin 74,37 ml oldugu
saptanmustir. En yiiksek degerler Aslanbey (85,96 ml),
Zuhal (84,28 ml) ve Cagatay (83,09 ml) gesitlerinde
goriilmiigtiir. Bu c¢esitleri; Botan (81,35 ml), Aksu
(83,21 ml) ve Ubet (81,38 ml) nohut ¢esitlerinin ayni
grupta yer alarak takip ettigi saptanmustir (Cizelge 4).
En diisiik deger ILC-482 (56,73 ml) nohut ¢esidinde
gozlenmistir.  Islak hacim ile ilgili yapilan
caligmalarda; Kaya ve ark. (2016) 55,33-109,33 ml,
Erol ve ark. (2023) 78,67-99,33 ml oldugunu tespit
etmislerdir.

deneme

Yas agirlik 56,95 g ile 91,41 g arasinda degismis,
deneme ortalamasinin 78,64 g oldugu tespit edilmistir.
En yiiksek yas agirlik degeri Aslanbey (91,41 g)
cesidinde olup, Botan (89,26 g) ve Cagatay (90,16 g)
cesitleri izlemistir. En diisiik deger ise ILC-482 (56,95
g) c¢esidinde belirlenmistir. Bulgularimiz, yas agirligin
Mart ve ark. (2021) 79,30-109,73 g, Sarimurat ve ark.
(2022) 67,10-84,76 g arasinda degistigini bildiren
bulgularina benzerdir.

Su alma kapasitesi 0,293 ile 0,460 g.tane arasinda
degismis, deneme ortalamasinin 0,400 g.tane™ oldugu
saptanmigtir. Botan (0,460 g.tane?), Aksu (0,448
g.tanel), Aslanbey (0,455 g.tane?), Cagatay (0,446
g.tane), Ubet (0,433 g.tane™) ve Zuhal (0,446 g.tane"
1y ¢esitleri en yiiksek degere sahip olmustur (Cizelge
5). En diisiik deger ILC-482 (0,293 g.tane) nohut
¢esidinde belirlenmistir. Su alma kapasitesini, Uzun ve
ark. (2012) 0,470 ile 0,530 g.tane™, Biger ve ark.
(2017) 0,440 ile 0,520 g.tane!, Mart ve ark. (2021)
0,370-0,520 g.tane™, Sarimurat ve ark. (2022) ise
0,260-0,460 g.tane™ oldugunu bildirmislerdir.

Su alma indeksi % 1,099 ile %]1,180 arasinda
degismis, deneme ortalamasimnin %1,132 oldugu ve
cesitler arasindaki farkliliklarin 6nemli olmadigi
saptanmistir (Cizelge 5). Su alma indeksine iligkin
yapilan calismalarda; Uzun ve ark. (2012) %1,008-
1,112, Kaya ve ark. (2016) %0,700-3,460, Mart ve ark.
(2021) 0,920-1,110, Sarimurat ve ark. (2022) %0,730-
1,200, Erol ve ark. (2023) %1,050-1,350, Kulaz ve ark.
(2023) %0,890-1,110 arasinda degistigini
bildirmislerdir.

Sisme kapasitesi 0,345 ml.tane? ile 0,526 ml.tane
arasinda degismis, deneme ortalamasinin 0,448
ml.tane? oldugu belirlenmistir. En yiiksek sisme
kapasitesi degeri Aslanbey (0,526 ml.tane™) ¢esidinde
olup, Zuhal (0,525 ml.tane?), Cagatay (0,512 ml.tane”
1, Aksu (0,503 ml.tane?), Botan (0,494 ml.tane?) ve
Ubet (0,481 ml.tane!) nohut cesitleri ayn1 grupta yer
alarak takip etmistir (Cizelge 5). En diisiik sisme
kapasitesi Inci (0,345 ml.tane®) nohut cesidinde
belirlenmistir. Sisme kapasitesinin Kaya ve ark.
(2016) 0,253-1,153 ml.tane, Mart ve ark. (2021)
0,360-0,530 ml.tane™, Erol ve ark. (2023) 0,450-0,570
ml.tane?, Kulaz ve ark. (2023) 0,250-0,470 ml.tane
arasinda degistigini belirlemislerdir.

Sisme indeksi agisindan ¢esitler arasindaki farkliliklar
onemsiz bulunmustur. Deneme ortalamasi %2,52
olup, Sisme indeksi degerleri %2,33 ile %2,66
arasinda degismistir (Cizelge 5). Sisme indeksini Kaya
ve ark. (2016) %1,85-3,63, Mart ve ark. (2021) %2,21-
2,48, Erol ve ark. (2023) %2,22-2,55, Kulaz ve ark.
(2023) %1,92-2,63 arasinda degistigini bildirmislerdir.
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Calismada, tane verimi ile 1slak hacim (r= 0,474*%*),
yas agirlik (r= 0,377%*), su alma kapasitesi (r= 0,440%),
sisme kapasitesi (= 0,531**) ve sisme indeksi (r=
0,473**) arasinda pozitif ve onemli (*: %35, **%]1)
iliski oldugu gériilmiistiir (Cizelge 6). ilaveten, tane
verimi ile ilk bakla yiiksekligi (= -0,688) arasinda
olumsuz ve 6nemli bir iligki oldugu tespit edilmistir. Su
alma kapasitesi ile ana dal sayist (r= -0,557**) ve ilk

bakla yiiksekligi (r= -0,358%*) arasinda olumsuz ve
onemli, kuru hacim (r=0,585**) ve kuru agirhk (=
0,615**) arasinda (Erol ve ark., 2023) olumlu ve
onemli iliski oldugu belirlenmistir. Kalite ozellikleri
arasinda cogunlukla pozitif ve onemli iliski oldugu
gozlenirken su alma indeksi ile yas agirhk (r= -
0,113**) arasinda olumsuz ve Onemli iligki oldugu
goriilmiistiir (Cizelge 6).

Cizelge 6. Incelenen &zelliklere iliskin korelasyon katsayis1 ve 6nemlilik seviyesi (p<0,05 * veya p<0,01 **),
Table 6. Correlation coefficients and significance levels for the examined features (p<0,05 * or p<0,01 **).

Ozellikler KV TV ADS iBY KH KA IH YA SAK SAl SK
TV 0,926**

ADS 0,014 -0,211

IBY -0,524**  -0,688** 0,550**

KH 0,410* 0,265 -0,013 0,022

KA 0,449** 0,318 -0,045 -0,014 0,943**

IH 0,482** 0,474** -0,319 -0,246 0,859** 0,891**

YA 0,452** 0,377* -0,165 -0,102 0,917** 0,982** 0,943**

SAK 0,263** 0,440* -0,557** -0,358*  0,585** 0,615** 0,841** 0,739**

SAIT -0,121 0,237 -0,638** -0,448* -0,274 -0,282 0,102 -0,113**  0,578**

SK 0,467** 0,531**  -0,444*  -0,360* 0,688** 0,765** 0,963** 0,852**  0,882** 0,288

Si 0,230 0,473**  -0,570** -0,561** -0,158 0,004 0,364 0,144 0,529** 0,670** 0,598**

KV: kes verimi, TV: tane verimi, ADS: ana dal sayisi, IBY: ilk bakla yiiksekligi, KH: kuru hacim, KA: kuru agirlik,IH: 1slak hacim, YA: yas agirlik, SAK:
su alma kapasitesi, SAIL: su alma indeksi, SK: sisme kapasitesi, SI: sisme indeksi

SONUC VE ONERILER

Calisma, Mus ilinin yagisa dayali kosullarinda
yiirtitilmistiir. Arastirma sonucunda, Aslanbey nohut
¢esidinin Mus ili kosullarinda en verimli ¢esit oldugu
belirlenmis olmakla birlikte Cagatay, Ubet, ve Zuhal
nohut cesitleri de benzer tane verimi degerleriyle 6n
plana ¢ikmustir. Kalite analizi sonuglart Botan, Aksu,
Aslanbey, Cagatay, Ubet ve Zuhal nohut cesitlerinin
kayda deger kalitede oldugunu gdstermektedir.
Calismada yer alan cesitlerden bazilar1 antraknoz
hastaligina hassas veya orta hassas reaksiyona sahipken
yazlik ekim kosullarinda higbir ¢esitte hastalik
gozlenmemistir. Nohut yetistiriciliginde  6nemli
problemlerden biri olan makineli hasada uygunluk
yoniinden ¢esitler degerlendirildiginde ise ilk bakla
yiiksekliginin  16,6-21,3 cm aralifinda olmasi
calismada kullanilan tiim c¢esitlerin makineli hasada
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uygun oldugunu gostermektedir. Mus ilinde kig
mevsiminin ¢ok sert hava kosullarina sahip olmasinin
yant sira kar ortlistinlin 2-3 ay yerde kalmasi sebebiyle
kar kiifii problemi olagandir. Bu yiizden nohut
yetistiriciliginde kislik ekimden ziyade yazlik ekim
yapmak dogru tercih olacaktir. Elde edilen tim
sonuclar 1s18inda, Mus ili ve benzer ekolojilerde
Aslanbey, Cagatay, Ubet, ve Zuhal nohut cesitlerinin
yiilksek adaptasyon kabiliyetiyle iiretici kosullara
uygun olabilecegi, fakat daha fazla c¢alismanin
yapilmasiin gerekli ve onemli bir ihtiya¢ oldugu
diistintilmektedir.
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OZ: Cilek diinyada tiiketimi en fazla olan meyvelerden birisi olup, Diinya cilek iiretiminde Tiirkiye besinci sirada yer almaktadir.
Bu ¢alismada 2021-2022 yillarinda topraksiz ortamda hindistan cevizi torfu (cocopeat) kullanilarak tesadiif bloklart deneme desenine
gore 3 tekerriirlii olarak farkli dozda 1-kontrol (SA0+B0), 2-SA1+B1, 3-SA2+B2 ve 4-S43+B3 seklinde salisilik asit+bor kombinasyonu
uygulanarak ¢ilek (Fragaria x ananassa cv. Albion) bitkisinin yaprak ve meyve bitki besin elementleri diizeyi, kalite parametreleri ile
kullanilan ortamin tekrar kullanma diizeyini test etmek icin yapilmigtir. Yaprakta makro elementler (%) 2,13-2,88 N, 0,29-0,61 P, 2,36-
3,41 K, 0,92-1,44 Ca ve 0,40-0,58 Mg ve mikro elementler (mg/kg) 22,64-176,70 B, 215,54-236,79 Fe, 35,62-49,24 Zn, 122,89-146,80 Mn,
3,43-4,13 Cu ve 56,86-97,45 Cl araliginda belirlenmistir. Meyve orneklerinde makro elementler (%) 1,23-1,77 N, 0,21-0,32 P, 2,14-2,88
K, 0,30-0,51 Ca, 0,16-0,23 Mg ve mikro elementler (mg/kg) 23,90-51,04 B, 79,22-90,73 Fe, 16,72-22,40 Zn, 38,74-49,83 Mn ve 1,39-1,49
Cu araliginda saptanmistir. Yaprak orneklerinde membran gegirgenligi (MG) degeri en kiigiik degeri %15,54 ile SA3+B3 uygulamasinda
ve en yiiksek deger ise %20,06 ile SAO0+B0 uygulamasindan aldigi izlenmektedir. Yapragin SPAD degeri SA2+B2 uygulamasinda 48,58
ile maksimum, SA0+B0 uygulamasinda 42,83 ile minimum degeri almistir. Yaprak orneklerinde ve meyve orneklerinde besin elementleri
agisindan SA2+B2 uygulamasi on plana ¢iktigi goriilmiistiir.

Anahtar kelimeler: Bitki besin elementi, bor, cilek, Fragaria x ananassa cv. Albion, salisilik asit, SPAD degeri.

Effect of Salicylic Acid and Boron Combination on the Nutrient Elements of Strawberry Leaf and Fruit

ABSTRACT: Strawberry is one of the most consumed fruits in the world, and Turkey ranks fifth in world strawberry production. In the
years 2021-2022, this experiment was carried out to test the leaf and fruit plant nutrient levels, quality parameters and reuse level of
Strawberry (Fragaria x ananassa cv. Albion) plants by applying salicylic acid+boron combination treatments. Coconut peat was used in
a soilless environment and treatments were applied according to the randomized blocks experiment design, in the form of 1-control
(SA0+B0), 2-SA1+B1, 3-SA2+B2 and 4-SA3+B3 in different doses of applications with three replications. Macro elements in the range of
(%) 2,13-2,88 N, 0,29-0,61 P, 2,36-3,41 K, 0,92-1,44 Ca and 0,40-0,58 Mg and microelements ranging from (mg/kg) 22,64-176,70 B,
215,54-236,79 Fe, 35,62-49,24 Zn, 122,89-146,80 Mn, 3,43-4,13 Cu and 56,86-97,45 Cl were detected in leaf. Macro elements ranged
from (%) 1,23-1,77 N, 0,21-0,32 P, 2,14-2,88 K, 0,30-0,51 Ca, 0,16-0,23 Mg and micro elements (mg/kg) ranging from 23,90-51,04 B,
79,22-90,73 Fe, 16,72-22,40 Zn, 38,74-49,83 Mn and 1,39-1,49 Cu were detected in fruit samples. It was observed that the membrane
permeability (MG) value in leaf samples had the lowest value in the SA3+B3 application with 15.54% and the highest value in the SAO+B0
application with 20.06%. The SPAD value of the leaf reached its maximum value of 48.58 in the SA2+B2 application and its minimum
value of 42.83 in the SAO+BO0 application. It was observed that SA2+B2 application came to the fore in terms of nutritional elements in
leaf samples and fruit samples.

Keywords: Plant nutrients, boron, strawberry, Fragariaxananassa cv. Albion, salicylic acid, SPAD value.

#Bu calisma Ece Tosun’un Yiiksek Lisans tezinden 6zetlenmistir.
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GIRIS
Cilek, Rosacaea familyasinin Fragaria cinsinde yer
almakta ve ticari olarak yetistirilen ¢ileklerin ¢ogu
Fragaria x ananassa tiiriine aittir (Gerdakaneh ve
ark., 2010). Cilek meyveleri, sulu dokulari, kirmiz
renkleri, tatlar1 ve iyi bir askorbik asit, mineraller ve
antioksidan bilesiklerin kaynagi olmalar1 nedeniyle
diinya capinda biiyiik bir begeni elde etmistir
(Tulipani et al., 2008). Cilek iiretimi 2021/2022
sezonunda 669 bin ton’dur. Diinya cilek iiretiminde
besinci sirada yer alan Tiirkiye, ihracatta on ikinci
sirada yer almaktadir (TUIK, 2023). Salisilik asit
(SA), ismi ilk kez izole edilmis olan sogiit (Salix alba
L.) bitkisinden geldigi (Raskin, 1992a) ve, salisilik
asidin birgok bitkide mevcut oldugu belirtilmistir
(Lynn ve Chang, 1990). Salisilik asit, bir hidroksil
grubuna veya bunun fonksiyonel tiirevine sahip
aromatik bir halkaya sahip, fenolik yapida endojen bir
bitki biiylime diizenleyicisidir. Serbest durumda
salisilik asit, 157-159°C erime noktasina ve 2,4 pH'a
sahip kristal toz halinde bulunur (Raskin, 1992b).
Salisilik asit (SA) veya orto-hidroksi benzoik asit
(ortho-hydroxy benzoic acid) ve diger salisilatlarin
bitkilerin
aktivitelerini

cesitli  fizyolojik
etkiledigi
iiretkenliklerini diizenlemede ve ¢evresel streslere
verilen tepkilerde 6nemli bir rol oynayabilirler (Hayat
ve ark., 2010). Salisilik asit bitkilerin biyotik ve
abiyotik gibi stres kosullarinda hizli bir sekilde

ve biyokimyasal

ve bilylmelerini ve

retildigi ve stres ortamlarinda bir sinyal molekiilii
olarak bitkilerin savunma mekanizmalarinda 6nemli
gorevler iistlenmektedir (Khan ve ark., 2015). Bor,
cogu bitkinin normal biiyiimesi i¢in gerekli olan eser
elementler olarak da adlandirilan sekiz temel mikro
besinden biridir (Franksak ve ark., 2019). Dogada bor
(B) borik asit H3BOs3, borat [B(OH)4] veya borosilikat
minerali olarak bulunur (Archana ve Verma, 2017).
Bitki kokleri bor elementini agirlikli olarak kiigiik
yiiksiiz borik asit molekiilleri ve ayrica borat anyonlari
(BOs*) seklinde alir (Brdar-Jokanovic, 2020). Bor
cok hassas bir elementtir ve bitkiler gereksinimleri
agisindan biiyiikk farkliliklar gosterir. Eksiklik ve
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toksisite diizeyi aralig1 dardir ve optimum B uygulama
bir farklilik
gosterebildiginden bor yonetimi zordur (Gupta, 1993).

oranlar1 topraktan  digerine
Bor hiicre duvari sentezinde, seker tasinmasinda,
hiicre boliinmesinde, hiicrenin farklilasmasinda, hiicre
membran isleyisinde, kok uzamasinda, bitki hormon
diizeylerinin diizenlenmesinde ve bitkilerin generatif
biiylimesinde 6nemli bir rol oynar (Marschner, 2012).
B noksanliginin
istesinden gelmenin ve meyve verimini ve kalitesini
saglamanin etkili bir yoludur (Shireen ve ark., 2018).
Yoshinari ve Takano (2017) tarafindan borun
hiicrelere tasinim mekanizmasinda i ana yol

Yapraktan bor giibrelemesi,

tanimlanmustir, bunlar: (i) Fosfolipidlerin ¢ift tabakasi
olarak lipit tabakasi boyunca pasif, iki yonlii diftizyon
biyolojik zarin temel yapisi, bora karsi yiiksek bir
gecirgenlige sahiptir; (ii) Secici veya segici olmayan
kanallar araciligiyla iki yonlii pasif difiizyon. (iii)
Birgok bitki ve farkli doku i¢in ¢ok sayida B
ekstriizyon tastyicisinin tanimlandigi borun aktif
tasinmasi seklinde 6zetlenmistir.

farkli
salisilik asit+bor uygulamasinin ¢ilek yaprak ve

Bu c¢alisma, kombinasyonlarda yapraktan
meyvedeki makro ve mikro besin elementi degisimini
ile yapragin membran gegirgenligi ve SPAD iizerine
etkilerini belirlemek i¢in yapilmistir.

MATERYAL VE METOT

Bu arastirma 2021-2022 yillarinda ili

ilgesinde

Aydin

Germencik yuritilmistir.  Arastirma
alaninin denizden yiiksekligi 40 m, enlem derecesi
37°52°13” kuzey,
27°38°26°’dogudur.

hindistan cevizi

boylam  derecesi  ise
Serada topraksiz  ortamda
torfu (cocopeat) kiiltirti ¢ilek
yetistiriciliginde, farkli  seviyelerde
yapraktan uygulanan salisilik asit+bor

uygulamalarinin ¢ilek bitkisinin beslenme diizeyine

yapraktan

etkisi incelenmistir. Deneme topraksiz ortam olarak
sera yiksekligi oluk altt 3 m orta mahya ile birlikte
5,25 m, tiineller 7 m ve 1300 m? alana sahip serada
ortii materyali olarak ise polikarbon kullanilmistir.
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Sera Polietilen ortii ile kaplanmis ve kis mevsiminde
1sitma yapilmistir. Denemede serada topraksiz tarim
cilek yetistiriciliginde ortam olarak 13 adet ¢ilek i¢in
dikimi i¢in 100x12x12 cm beyaz, 14 litre hacminde
hindistan cevizi torfu kullanilmistir. Hindistan cevizi
torfu analiz sonuglar1 Cizelge 1’de sunulmustur.

Topraksiz  yetistiriciligin ~ yapildigt uygulamada
yiiksekligi 75 cm olan tezgahlarin ilizerine 25 cm
genislikte ve 1 m uzunlukta cocopeat iceren yetistirme
torbalar1 yerlestirilmistir. Hindistan cevizi torf blogu
kullanim oncesi su ile sisirilmig, suyu emen bloklar
yumugamis ve kolayca pargalanmistir. Blok tizerinde
yuvarlak dikim delikleri {iggen dikim sistemi ile
acilmustir. Tesadif bloklar1 deneme desenine gore
Albion ¢ilek ¢esidi 3 tekerriirlii kurularak ve her
tekrarda hindistan cevizi torfu blogu bagina 13 adet
tiiplii fide dikimi yapilmistir. Bor uygulamalarinda
Etidot-67 ticari isimli Na2BgO13.4H,0 (%20,8 B) ve
salisilik asit (C7HsOs3) kullanilmigtir. Uygulama i¢in B
dozlar1 %0,05 B (B1), %0,1B (B2) ve %0,2 B (B3)
seklinde, salisilik asit dozlar1 ise 1 mM (SA1), 2 mM
(SA2) ve 4 mM (SA3) seklinde hazirlanmig ve

Cizelge 1. Hindistan cevizi torfu analiz sonuglart.
Table 1. Coconut peat analysis results.

BESIN ELEMENTLERI UZERINDEKI ETKiSi

bunlarin kombinasyonlar1 denemede su sekilde 1-
kontrol (SA0+B0), 2-SA1+B1, 3-SA2+B2 ve 4-
SA3+B3 seklinde salisilik asit+bor uygulamalar
Birgok
yetistiriciliginde icin hazirlanan besin soliisyonu
modifiye edilerek topraksiz c¢ilek yetistiriciligi i¢in
2003). Cilek
yetistiriciliginde besin soliisyonu N (65 mg/kg; NOs-
N: 55, NH4-N: 10 mg/kg), P (50 mg/kg), K (84
mg/kg), Ca (95-100 mg/kg), Mg (40 mg/kg), S (56
mg/kg), Fe (2,8 mg/kg), B (0), Mn (0,4 mg/kg), Cu
(0,1 mg/kg), Zn (0,2 mg/kg), Mo (0,03 mg/kg)
seklinde hazirlanarak, sulama ve giibreleme,
otomasyon (damla  sulama) sistemi ile
gerceklestirilmis olup, ¢alismada bitkilerin su ve besin

yapilmustir. caligsmada, topraksiz

uygulanmistir (Paranjpe ve ark.,

elementi diizeyleri Lieten (1997)’a gore yapilmis,
Cilek fideleri sonbahar mevsiminde Ekim 2021
tarihinde yetistirme ortamlarina dikilmistir. Yapraktan
yapilan uygulamalarda %0,01 konsantrasyonunda
yayici-yapistirict kullanilmistir. Her bir yetistirme
torbasina 13 adet fide bunmasi nedeniyle, yapilan
uygulamalar 1,30 litre olarak uygulanmistir. Sulama
suyu ozellikleri Cizelge 2’de verilmistir.

pH (1:10) 6,27 Toplam /Total Ca (%) 0,52
E.C (dS/m) 1,59 Toplam/Total Mg (%) 0,21
O.M (%) 56,04 Toplam/Total Na (mg/kg) 1186,3
CIN 30,96 Toplam /Total Fe (mg/kg) 12,56
C (%) 32,51 Toplam /Total Zn (mg/kg) 9,81
Toplam/Total N (%) 1,05 Toplam/Total Mn (mg/kg) 12,37
Toplam/ Total P (%) 0,43 Toplam/Total Cu (mg/kg) 2,16
Toplam/ Total K (%) 0,71 Toplam/Total B (mg/kg) 0,78

Cizelge 1. Sulama suyu analiz sonuglari.

Table 2. Irrigation water analysis results.
pH 6,61 Mg (me/L) 0,04
E.C (dS/m) 0,198 B (mg/kg) 0,10
HCOs (me/L) 0,40 SAR 7,19
Cl (me/L) 0,50 RSC 0,32
S042 (me/L) 1,08 Toplam sertlik (me/L) 0,63
Na (me/L) 1,80 Gegici sertlik (me/L) 2,00
K (me/L) 0,04 Sulama suyu sinifi Cis1
Ca (me/L) 0,09
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halinde  yapraktan
uygulama yapilmis ve SA0+B0 uygulamasinda

Uygulamalar  ¢ozeltiler

saf su  kullamilmistir.  Birinci  uygulama
ciceklenme baslangicinda ve ikinci uygulama ise
tam c¢iceklenmeden 15 giin sonra yapraktan

uygulama yapilmistir (Aghacifard ve ark., 2016).

Hasat  doneminde  bitkinin  merkezindeki
yapraklardan alinan ornekler laboratuvara buz
cantasi igerisinde getirilmis, on temizlik islemleri
yapildiktan sonra ¢esme ve saf suyunda yikanmis
ve etlivde 65-70 °C de 48 saat kurutulup,
ogutiildiikten sonra analizler i¢in hazir duruma
ornekleri,

getirilmistir. olgunlagmis

meyvelerden meyve hasadinin en yogun oldugu

Meyve

donemde, hasat donemi ortalarinda, alinmistir
(Jones et al.,, 1991). Analizler i¢in her bir
yetistirme torbasindaki bitkilerden 2 adet olmak
lizere 26 adet meyve Ornegi alinmig ve buz ¢antasi
icerisinde laboratuvara getirilerek 6n temizlik
Bitki besin elementi
analizleri i¢in Ornekler, etiivde sabit agirliga
gelene kadar 65-70 °C’ de 48 saat kurutulmus ve
daha sonra meyve ornekleri ogiitillerek analize
hazir duruma getirilmistir. Bitki besin elementi
analizlerinde, yaprak ve meyve Orneklerinde
(1965),
bildirildigi sekilde Kjeldahl yontemine gore

islemleri  yapilmustir.

toplam azot Bremner tarafindan
belirlenmistir. Diger besin elementleri 6rneklerde
yas yakma (HNO3z+HCIOg4; 4:1) sonrasi P,
vanadomolibdo fosforik sari renk yontemi ile
spektrofotometrik olarak (Lott et al., 1956), K, Ca
ve Na Alev Flame (alev)fotometre ile Mg, Fe, Zn,
Mn ve Cu ise Atomik Absorbsiyon
Spektrofotometrede Olclilmiistiir. Kuru madde;
bitki drneklerinin 105°C’de etiivde kurutulmasina
dayal1 gravimetrik yontemle belirlenmistir (Kacar
ve Inal, 2008). Yaprak ve meyve &rneklerinde B
analizi kuru yakma sonrasit Azomethin-H yontemi
ile spektrofotometrik olarak hesaplanmistir

(Wolf, 1971). Yaprak orneklerindeki klor (Cl)
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elementi, Berger (2012) tarafindan belirtilen
yontem ile potansiyel farki titrasyon sonucuna
gore  saptanmistir.  Yaprak  Orneklerinden
membran gegirgenligi=(EC1/EC2) x 100 (1)
formiilii ile Mobin ve Khan, (2007)’e gore
gelismesini tamamlamis
belirlenmistir. Klorofil miktarmin
belirlenmesinde yapraktaki klorofil miktarlar
uygulama gruplarindaki yaprak Orneklerinde
SPAD degeri SPAD-502 Plus (Konica Minolta

Optics, Inc., Tokyo, Japan) cihazi ile l¢tilmiistiir.

yapraklardan

Ayni uygulama igerisinde yer alan 10 adet
bitkiden olan her bitkiden trifoliat yapragin
ayasinin orta kismindan iki 6l¢im toplamda 20
Olciim yapilmis, daha sonra elde edilen Ol¢iim

degerlerinin ortalamalar1 alinarak hesaplanmistir
(Khan ve ark., 2004).

Istatistiki analiz: Deneme, tesadiif parselleri
deneme desenine goére 3 tekrarli olarak
kurulmustur. Elde edilen verilerin analizleri SPSS
istatisti programi (version 22.0) ile yapilmis ve
uygulamalar arasindaki farklar duncan testi

(p<0,05) ile belirlenmistir.
BULGULAR VE TARTISMA

Salisilik (SA) ve bor (B) uygulamasinin cilek
yapraginin makro besin elementi konsantrasyonu
tizerine etkileri uygulamalara gore farklilik
(p<0,01) gostermistir. Toplam azot % 2,13-2,88
araliginda saptanmis uygulamalar icerisinde en
yiikksek N degeri SA2+B2 uygulamasinda ve en
SA0+B0 uygulamasinda
saptanmistir (Cizelge 3). Uygulamalara gore P %

kiigiik deger ise
0,29-0,61 arasinda belirlenmis ve istatistiki olarak
farkli (p<0,01) bulunmus, % 0,61 ile en yiiksek
deger SA2+B2 uygulamasinda ve minimum ise
SA0+B0  kombinasyonunda
Potasyum agisindan uygulamalarin etkisi p<0,01
diizeyinde 6nemli bulunmus, % 2,36 ile SA0+B0
uygulamasinda kii¢lik deger buna karsin SA2+B2

belirlenmistir.
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uygulamasinda % 3,41 ile maksimum deger

olarak  belirlenmigtir. ~ Yapraktan  yapilan
uygulamalarin Ca iizerine etkisi istatistiki olarak
p<0,01 6nem diizeyin farklilik gostermis ve %
0,92-1,44 araliginda saptanmistir. Yapraktan
etkisi

istatistiki olarak p<0,01 6nem diizeyinde farklilik

yapilan uygulamalarin Mg iizerine

gostermis ve % 0,40-0,58 araliginda saptanmustir.

BESIN ELEMENTLERI UZERINDEKI ETKiSi

Cilek yapragindaki mikro element igerikleri
Cizelge 4’te sunulmustur. Uygulamalarin bor
tizerine etkisi istatistiki olarak p<0,01 Onem
diizeyinde etkili olmus ve uygulamalara gore
SA3+B3 > SA2+B2 > SAl1+Bl1 > SAO0+BO
seklinde bir siralama izlemistir. En kiigiik deger
22,64 mg/kg ile SA0+BO ve en biiyiik deger ise
176,70 mg/kg
saptanmistir.

ile SA3+B3 uygulamasinda
SA3+B3
fazlaliginin yaprak tizerindeki etkisi goriilmiistiir.

uygulamasinda  bor

Cizelge 3. Yapraktaki makro bitki besin elementleri konsantrasyonlari.

Table 3. Concentrations of macro plant nutrients in leaves.

Uygulamalar N (%) P (%) K (%) Ca (%) Mg (%)
Treatment

SA0+B0 2,13+0,018¢ 0,29+0,008b 2,36+0,075¢ 0,92+0,032¢ 0,40+0,018¢
SA1+B1 2,36+0,051b 0,36+0,008b 2,5340,069bc 1,18+0,016b 0,49+0,014b
SA2+B2 2,88+0,034a 0,61+0,026a 3,41+0,034a 1,44+0,070a 0,58+0,041a
SA3+B3 2,47+0,063b 0,55+0,033a 2,60+0,025b 1,33+0,005a 0,49+0,011b
p degeri <0,01 <0,01 <0,01 <0,01 <0,01

Cizelge Hata! Belgede belirtilen stilde metne rastlanmadi.. Yapraktaki mikro bitki besin elementleri konsantrasyonlari.
Table 4. Concentrations of micro plant nutrients in leaves.

Uygulamalar B Fe Zn Mn Cu Cl
Treatments (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
SA0+B0 22,64+1,038d 215,54+15,89 35,62+1,052¢ 122,89+2,076b 3,43+0,084b 56,86+4,064b
SA1+B1 40,25+2,100¢ 229,709,951 39,44+0,522bc 138,90+2,488a  3,86£0,099ab  67,48+1,453b
SA2+B2 57,54+2,175b 231,90+8,472  44,91+2,649ab 146,80+3,051a  4,13+0,355a 86,70+2,666a
SA3+B3 176,70£6,062a  236,79+3,986  49.24+1,719a 145,9043,719a  4,04+0,085ab 97,4544 .514a
p degeri <0,01 od <0,01 <0,01 0,127 <0,01

6d=0nemli degil. /ns: not significant

17



ANADOLU 34 (1) 2024

Yaprak orneklerinde Fe degeri uygulamalara gére en
kiiciik deger 215,54 mg/kg ile SA0+BO ve en yiiksek
degeri SA3+B3 uygulamasinda 236,79 mg/kg ile yer
Zn  degeri
uygulamalara gore istatistiki olarak p<0,01 diizeyinde
etkili olmus SA3+B3 uygulamasinda 49,24 mg/kg ile
maksimum, SA0+B0 uygulamasinda 35,62 mg/kg ile
minimum degeri almistir. Uygulamalarin Mn iizerine

aldigi  izlenmektedir.  Yapragin

etkisi dozlara gore onemli diizeyde farklilik p<0,01
gostermis, Mn icerigi 122,89-146,80 mg/kg araliginda
saptanmistir. Uygulamalari genel sonucu olarak Mn
icerigi SAO+B0 uygulamasinda en kiigiik deger ve
SA2+B2 uygulamasinda ise en yiiksek degeri aldig:
izlenmektedir. Uygulamalara gére Cu degerleri dar bir
aralikta degisim gostermis ve genel olarak 3,43-4,13
mg/kg araliginda saptanmis, Cu igerigi SAO0+BO
en kiiciik deger SA2+B2
en yiksek degeri

uygulamasinda ve

uygulamasinda ise aldig
goriilmiistiir. Salisilik asit ve bor uygulama dozu
artistyla Cl konsantrasyonu lineer bir artis gdstermis
ve uygulamalara gore istatistiki olarak p<0,01 farklilik
gostermis, SA0+B0 uygulamasinda 56,86 mg/kg
degeri ile en kiigiik ve 97,45 mg/kg ile en yiiksek
degeri Cilek
yapragindaki element sonuglari Jones ve ark. (1991)
tarafindan N %2,50-4.00, P % 0,20-0,24, K %1,00-
1,29, Ca %1,00-2,50, Mg %0.25-1.00, Fe 50-200
mg/kg, Zn 20-200 mg/kg, Mn 50-200 mg/kg ve Cu 6-
50

degerlendirildiginde;

SA3+B3 uygulamasinda almugtir.

mg/kg  belirtilmis olan degerlere gore
cilek yapraklarindaki mikro
bitki besin elementi konsantrasyonlari i¢in belirtilen
(Hancock, 2008; Lieten, 1997), Fe 60-250 mg/kg, Mn
50-200 mg/kg, Zn 20-50 mg/kg ve Cu 6-20 mg/kg
degerlere gore yeterli seviyede oldugu goriilmiistiir.
Jones ve ark. (1991) cilekte B i¢in yeterlilik
degerlerini 23-50 mg/kg olarak belirtilen degerlerden
yiiksek olarak saptanmistir. Biyokimyasal siiregler
icin gerekli olan bitki dokularinda kloriiriin minimum
konsantrasyonu yaklasik 100 mg/kg, bununla birlikte,
Cl’un bitkilerdeki konsantrasyonu genelde %0,2-2,0
arasinda degisim gosterdigi (Fixen, 1993) ve bu
sekilde belirtilen degerlerden farkli bir seyir
izlemistir. Yaprak 6rneklerinde membran gecirgenligi
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(MG) en kiigiik degeri %15,54 ile SA3+B3
uygulamasinda ve en yiiksek deger ise %20,06 ile

SA0+B0 uygulamasindan aldigi izlenmektedir
(Cizelge 5).
Cizelge 5. Uygulamalarin membran gecirgenligi ve SPAD iizerine
etkisi.
Table 5. Effect of applications on membrane permeability and
SPAD.
Uygulamalar ~ Membran Gegirgenligi (MG) SPAD
Treatments Membrane Permeability (%)
SA0+B0O 20,06+0,866a 42,83+0,730c
SA1+B1 18,38+0,811ab 45,75+0,230b
SA2+B2 16,92+0,254bc 48,58+0,500a
SA3+B3 15,54+0,300c 46,08+0,506b
p degeri <0,01 <0,01
Uygulama  dozuna  bagli  olarak  membran

gecirgenliginde degisim meydana gelmis, nitekim
SA0+B0 uygulamasinda %20,06 olan membran
gecirgenligi SA3+B3 uygulamasinda %15,54’e kadar
azalma gostermistir. Uygulamalara bagli olarak
SAl1+B1, SA2+B2 ve SA3+B3 uygulamalarinda ise
membran gecirgenligi degerlerinde kontrole gore
onemli diizeyde azalmalar meydana geldigi
Olciilmiistiir. Korkmaz (2018) yaptigi c¢alismada
%11,17-14,04

degisim gosterdigini rapor etmektedir. Elde edilen

mebran  gegirgenliginin arasinda
sonuclarimizin  bu degerlerden yiiksek oldugu
sOylenebilir. Salisilik asit+bor uygulamalar1 (SA+B)
bitkilerin membran gegirgenligini azaltarak, ortama
iyon akigina engel oldugu sdylenebilir. Bu konuda
farkl

gecirgenligini azaltict yonde etkili oldugunu gosteren

yapilan uygulamalarin  hiicre membran
mevcut ¢alismalar yer almaktadir (Shen ve ark., 2010;
Merwad ve ark., 2018). Salisilik asit uygulamasinin
membran gegirgenligi (MG) igerigini 6nemli dlciide
ve ark. (2011)

Membran gecirgenligi,

azaltign  Kazemi tarafindan

bildirilmistir. hiicre zar1
hasarmin degerlendirilmesini saglar ve 1s1 stresi
yaralanmasin1 degerlendirmek i¢in kullanilmaktadir
(Heckman ve ark., 2002). Membran gegirgenligi
Ol¢limlerine dayali olarak bitkilerde hiicre zari
stabilitesinin tahmini, hiicre canliliginin tahmin
edilmesi i¢in yaygin olarak kabul edilen bir yontem

haline geldigi belirtilmistir (Bajji ve ark., 2002).
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Hiicrelerden elektrolit sizintisi, plazma zarina

dogrudan hasarimin  neden oldugu  zar

gecirgenligindeki degisikliklerin bir sonucu olarak
meydana gelebilir. Mevcut deney, 1 mM SA'lik bir
yaprak spreyinin elektrolit sizintisini azalttigini ve
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goriiniise gore bitkileri 1s1 stresine kars1 korudugu
belirtilmistir (Shi ve ark., 2006).

Uygulamalara gore SPAD degeri farklilik gdstermis
42,83-48,58 araliginda degisim gostermistir (Sekil 1).
Yapragin SPAD degeri SA2+B2 uygulamasinda

48,58

42.83 45,75

5

©

£

©

B 2006

:>,~ I 18,38 16,92

MG ve SPAD

B MG (%) mSPAD
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48,58 ile maksimum, SA0+B0 uygulamasinda 42,83
ile minimum degeri almistir. Elde edilen SPAD
degerlerinin Keskin ve ark. (2017) tarafindan
belirtilmis olan (41,5-51,5) ve Aras ve Esitken, (2019)
tarafindan SPAD degerleri 38,40-45,46 ile benzerlik
gosterdigi gorilmiistiir. Salisilik asit uygulamalarinin
stomalar iizerinde koruyucu etkisi bircok calismada
rapor edilmistir (Nazar ve ark., 2011). Cilek
bitkilerine salisilik asit uygulamasinin klorofil
icerigini, kontrole gore kiyasla %11 arttirdigim

bildirmistir (Jamali ve ark., 2011).

46,08

15,54

Sekil 1. Uygulamalara gére membran gegirgenligi ve SPAD degerleri degisimi.
Figure 1. Membrane permeability and SPAD values according to applications.

Uygulamalarin ¢ilek bitkisinin meyvede N igerikleri
iizerine etkisi dozlara gére dnemli diizeyde farkli (p
<0,01) olmustur. Toplam N igerigi %1,23-1,77
araliginda saptanmistir (Cizelge 6). Uygulamalarin
genel sonucu olarak toplam N igerigi SAO0+BO
SA2+B2
yiiksek  degeri

uygulamasinda en kiiciik deger ve

uygulamasinda ise en aldig
izlenmektedir. Salisilik asit ve bor uygulamalarinin
meyvenin toplam P iizerine etkisi uygulamalara gore
anlaml bir fark (p <0,01) gostermis ve uygulama
dozlarina gore artis gdstermistir. En diisiik P icerigi
9%0,21 ile kontrol uygulamasinda en yiiksek P degeri
ise %0,32 ile SA2+B2 uygulamasinda saptanmustir.
Meyvede uygulamalarin  potasyum (K) miktart
tizerine 6nemli bir etkisi olmus (p <0,01) ve SA2+B2

uygulamasinda en yiiksek %2,88 ve SA0+BO
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uygulamasinda ise en kiigiik K konsantrasyonu %2,14
ile saptanmustir. Salisilik asit+bor uygulamalarinin
cilek meyvesinde kalsiyum igerigi lzerine etkisi
uygulama dozlarina gore farklilik (p <0,01) gdstermis
ve istatistiki  olarak  Onemli  bulunmustur.
icerigi  %0,30-0,51

araliginda saptanmis olup SA0+BO uygulamasinda

Uygulamalarin  kalsiyum
%0,30 ile en diisiik deger, SA3+B3 uygulamasinda ise
%0,51 ile en yiiksek deger elde edilmistir. Uygulama
dozlarmin magnezyum igerigine etkisi istatistiki
olarak farklihlk meydana gelmemis ve aym grup
Salisilik  asit+bor
uygulamalarinda magnezyum %0,16-0,23 araliginda

icerisinde  yer  almugtir.
saptanmis olup SA0+BO0 uygulamasinda %0,16 ile en
diisiik deger, SA3+B3 ve SA2+B2 uygulamasinda ise

90,23 ile en yiiksek degeri almistir. Uygulamalarin
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meyvede mikro besin elementlerinden B tizerine etkisi degeri almistir. Uygulama dozlarmma gore cilek
istatistiki olarak farklilik (p <0,01) géstermis, 23,90 meyvesindeki gorintiiler (Sekil 2A, 2B ve Sekil 3A,
mg/kg degeri ile SAO+BO0 uygulamasinda en kiigiik ve 3B) verilmistir.

51,04 mg/kg ile SA3+B3 uygulamasinda en yiiksek

Cizelge 6. Meyvenin makro bitki besin elementleri konsantrasyonu.
Table 6. Concentration of macro plant nutrients in the fruit.

Uygulamalar N (%) P (%) K (%) Ca (%) Mg (%)
Treatments
SA0+B0 1,23+0,026b 0,21+0,008¢ 2,14+0,040b 0,30+0,008b 0,16+0,005
SAl+B1 1,65+£0,017a 0,26+0,008b 2,30+0,006a 0,36+0,008b 0,20+0,012
SA2+B2 1,77+£0,070a 0,32+0,016a 2,88+0,153a 0,46+0,036a 0,23+0,030
SA3+B3 1,32+0,017b 0,2340,014bc 2,76+0,100b 0,51+0,020a 0,23+0,028
p degeri <0,01 <0,01 <0,01 <0,01 od

6d: 6nemli degil. ns: not significant.

Sekil 2. Yapraktan SA0+BO0 (A) ve SA1+B1 (B) uygulamasindaki meyve sekli.
Figure 2. Fruit shape in foliar application of SA0+B0 (A) and SA1+B1 (B).

Sekil 3. Yapraktan SA2+B2 (A) ve SA3+B3 (B) uygulamasindaki meyve sekli.
Figure 3. Fruit shape in foliar application of SA2+B2 (A) and SA3+B3 (B).
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Demir konsantrasyonu {iizerine dozlar 6nemli (p
<0,01) diizeyde farkli olmustur ve 79,22-90,73 mg/kg
araliginda saptanmistir (Cizelge 7). Uygulamalari

BESIN ELEMENTLERI UZERINDEKI ETKiSi

Uygulamalar icerisinde en yiliksek Mn degeri SA3+B3
uygulamasinda ve en kiigiik deger ise SAO0+BO
uygulamasinda saptanmistir. Uygulamalarin bakir

genel sonucu olarak Fe igerigi SAO0+BO iizerine Onemli bir etkisi olmamis ve aynmi grup
uygulamasinda en kiigik deger ve SA2+B2 igerisinde yer almistir. Bakir konsantrasyonu genel
uygulamasinda ise en yiksek degeri aldig olarak dar bir aralikta degisim gostermis ve 1,39-1,49
izlenmektedir. Meyvede Zn miktar1 iizerine mg/kg araliginda belirlenmistir. Meyvedeki element

uygulamalarin 6nemli (p <0,01) bir etkisi olmus ve
uygulamalara gére SA2+B2 uygulamasinda en yiiksek
22,44 mg/kg ve SA0+B0 uygulamasinda ise en kiigiik
Zn konsantrasyonu 16,72 mg/kg ile saptanmustir.
Salisilik asit (SA)+tbor (B) uygulamalarmin c¢ilek
meyvesinde Mn konsantrasyonu {iizerine etkileri
uygulamalara gore farkliik (p <0,01) gostermis,

38,74-49,82 mg/kg  araliginda  saptanmistir.

bilesimi Celiktopuz ve Ozekici, (2020) tarafindan Fe
(34,6-52,8 mg/kg), Zn (5,0-10,3 mg/kg), Mn (35,1-
55,5 mg/kg), Cu (2,27-2,95 mg/kg) ve Bulduk ve
Erdal (2012) tarafindan Fe (46,0-15,0 mg/kg), Zn
(9,0-25,0 mg/kg), Mn (11,9-71,1 mg/kg), Cu (5,0-9,0
mg/kg) belirtilmis olan degerlere gore farkl bir seyir
izlemistir.

Cizelge 7. Meyvenin mikro bitki besin elementleri konsantrasyonu

Table 7. Concentration of micro plant nutrients in the fruit

Uygulamalar B Fe Zn Mn Cu

Treatment (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

SA0+B0 23,90+1,854c¢ 79,224+1,577b 16,72+0,826¢ 38,74+1,063b  1,39+0,036

SA1+B1 33,73+1,043b  83,49+1,871b 19,36+0,482b  42,02+1,761b  1,45+0,003

SA2+B2 40,15+£1,255b  90,73+0,323a  22,40+0,625a  47,06+1,045a 1,49+0,064

SA3+B3 51,04+3,119a 80,31£2,643b  20,25+0,601b  49,82+0,304a 1,49+0,040

p degeri <0,01 <0,01 <0,01 <0,01 od

6d: 6nemli degil/ ns: not significant.
SONUC Bor .(;o-k hassas bir ' F:I?menttlr ve ‘t‘>'1tk11.er
gereksinimleri acisindan biiylik farkliliklar gosterir.

Salisilik ~ ve  bor  kombinasyonu  yapraktan B’un eksiklik ve toksisite diizey araligi dardir ve

uygulanmasinin genel olarak ¢ilek meyvesinin

vejetatif  biiylimesi, fotosentetik pigmentlerden
yapraktaki goreceli klorofil miktarlarini ifade eden
SPAD degerinde, membran gegirgenligi ve yaprak ve
meyvedeki mineral besin elementleri tizerine olumlu

yonde etkili oldugu goériilmiistiir.
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ABSTRACT: Various factors such as biotic and abiotic stresses have effects on plant metabolism, development, and growth.
Plants have many complex and extraordinary strategies to adapt, defend, avoid and tolerate all these stress conditions. In this study, the
relative mRNA levels of antioxidant enzymes of olive, which is very difficult to reproduce under in vitro conditions, were assessed under
oxidative stress conditions, after treatment with boron compounds. In this context, three different compounds of the element boron, which
are known to affect the ascorbate-glutathione pathway, were added separately at two different concentrations to the nutrient medium of
olive under in vitro conditions. As a result of the study, it was observed that the relative mRNA expression levels of antioxidant enzymes
such as catalase, ascorbate peroxidase, and superoxide dismutase decreased only in the H3BO3 group among the experimental groups. An
increase in the relative mRNA expression levels of antioxidant enzymes was observed in the NaBO2 and ZnBOs groups compared to the
control group. This situation was interpreted as due to an increase in salinity stress which thereby increased the oxidative stress of the
applied NaBO2 and ZnBOs groups. However, in the HsBOs group, although the concentration was increased twofold, a decrease was
observed in the relative mRNA expression levels of the antioxidant enzymes examined. This reveals that application concentration, as well
as the compound used, is extremely important.

Keywords: Ascorbate peroxidase, boric acid, catalase, sodium metaborate, superoxide dismutase.

Farkli Bor Tuzlart ile Muamele Edilen Olea europaea L.'nin In Vitro Kiiltiirlerinde ROS Genlerinin mRNA
Transkripsiyon Analizleri

OZ: Biyotik ve abiyotik stresler gibi cesitli faktérler bitki metabolizmasi, gelisimi ve biiyiimesi iizerinde etkilidir. Bitkiler tiim bu
stres kosullarina uyum saglamak, savunmak, kaginmak ve tolere etmek i¢in bir¢ok karmasik ve olaganiistii stratejiye sahiptir. Bu ¢alismada,
in vitro kosullarda ¢ogaltilmasi oldukca zor olan zeytinin antioksidan enzimlerinin oksidatif stres kosullarinda, bor bilesikleri sonrast
goreceli mRNA seviyeleri incelenmigstir. Bu kapsamda, askorbat-glutatyon yolagini etkiledigi bilinen bor elementinin ii¢ farkl bilesigi, in
Vitro kosullarda zeytinin besin ortamina iki farkli konsantrasyonda ayri ayri ilave edildi. Calisma sonucunda katalaz, askorbat peroksidaz
ve stiperoksit dismutaz gibi antioksidan enzimlerin rolatif mRNA ekspresyon seviyelerinin deney gruplari arasinda sadece H3BO3
grubunda azaldigi gozlendi. Kontrol grubuna kiyasla NaBO2 ve ZnBO3 gruplarinda antioksidan enzimlerin rolatif mRNA ekspresyon
seviyelerinde artis gozlenmistir. Bu durum, uygulanan NaBO2 ve ZnBO3 gruplarinda tuzluluk stresinin ve dolayisiyla oksidatif stresin
arttigi seklinde yorumlanmistir. Ancak H3BO3 grubunda konsantrasyon iki kat artmasina ragmen antioksidan enzimlerin géreceli mMRNA
ifade seviyelerinde diisiis gozlenmistir.

Anahtar Kelimeler: Askorbat peroksidaz, borik asit, katalaz, sodyum metaborat, siiperoksit dismutaz.
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INTRODUCTION

Olea europaea L. subsp. europaea var. sylvestris Brot.,
known as wild olive, belongs to the Oleaceae family,
which includes plants with high economic and cultural
values such as ash (Fraxinus spp.), lilac (Syringa spp.),
and jasmine (Jasminum spp.) (Akhtar et al., 1994;
Besnard et al., 2001; Belaj et al., 2002). Although wild
olive is native to temperate Asian regions, it was also
taken to the Americas and Australia continents with the
discovery of new regions in the world, and today it
spreads naturally in these regions (Baldoni et al., 2006;
Kaya and Yilmaz-Gokdogan, 2016; Besnard et al.,
2018).

Micropropagation can be defined as producing new
plants with the same or very similar genetic
characteristics from a plant produced in vitro by using
organs and structures such as shoots, roots, and stems,
from which the plant can form new micro-shoots
(Ozudogru et al., 2011; Contento et al., 2002;
Espinosa-Leal et al., 2018). Micropropagation
techniques are applied to many plant species and used
in important commercial sectors such as secondary
metabolite production, agriculture and forestry, and
especially in scientific studies (Ozden-Ciftci et al.,
2010; Guerrieroetal., 2018; Kaya et al., 2018; Mehbub
et al., 2022).

Micropropagation in olives, on the other hand, has not
yet taken the place of traditional production techniques
(such as cutting, grafting) due to high costs. In addition
to the low shoot proliferation rate in the micro-
propagated olive plant, root formation is very difficult.
Moreover, losses after in vitro transfer are extremely
high. Despite all these difficulties, olive
micropropagation can be preferred as an alternative
production model for commercial and conservation
purposes (Rugini, 1984; Lambardi et al., 2012; Galatali
et al., 2021).

Artificial nutrient media are used for growing plants in
vitro (Rugini, 1984), and contain all the macroelements
and microelements that a plant may need, as well as a
carbon source, plant growth regulators and some
chemical compounds that affect plant growth (Souza et
al., 2017; Kivrak-Kiran et al., 2021). In this study,
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different compounds of the element boron, which is
thought to be effective on membrane proteins and cell
wall strength, were used. Boron is known to have a role
in wall membrane stabilization by acting on metal
chelates in the cell wall and cell membrane (Murashige
and Skoog, 1962; Clarkson and Hanson, 1980; Galatali
et al., 2021b). At the same time, boron is required for
phenolic substance production, lignin synthesis,
meristematic development and RNA synthesis
(Tanada, 1978). Apart from its several other roles,
boron plays an effective role in the gravity response and
in the regulation of phenolase enzyme activity by
phytochromes (Nable et al., 1997).

Oxidative stress emerges as a side effect of many biotic
and/or abiotic stresses in plants as well as in all living
things, by increasing reactive oxygen species (ROS)
such as OH,, Oy, R-O0, H,0, and affecting cell
function (Gill and Tuteja, 2010; Krumova and Cosa,
2016; Agar et al, 2022). The amount of ROS
accumulated by oxidative stress in plants can be
reduced with non-enzymatic antioxidant substances
such as ascorbic acid, a-tocopherol, p-carotene, and
antioxidant enzyme systems such as catalase (CAT),
ascorbate peroxidase (APX), and superoxide dismutase
(SOD) (Shigeoka et al., 1980; Diaz-Vivancos et al.,
2015; Sharma et al., 2019).

Higher plants, red algae, and protists all contain the
enzyme APX, which functions in many cell
compartments (Takeda et al., 1998; Takeda et al.,
2000). APX plays an important role in the control of
ROS levels (Caverzan et al., 2012) by acting on the
ascorbate-glutathione cycle as an electron donor. APX
is extremely effective in catalyzing the conversion of
H>0, to O, and H20, and this is highly effective in the
cell's tolerance to oxidative stress (Sharma and Dubey,
2007). CAT is also effective in scavenging H.O; like
APX, but is released from the peroxisome in the cell
(Shi et al., 2012). The increase in H,O; in the cell can
empty the ascorbate stores. This triggers CAT activity
(Nordgren and Fransen, 2014). Electron flow between
glutathione and ascorbate can be accomplished both
chemically and by dehydroascorbate reductase
(DHAR). In the absence of CAT in the cell, the increase
in APX and DHAR occurs both at the protein and
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transcriptional levels, confirming the effect of CAT on
the ascorbate-glutathione cycle (Willekens et al., 1997;
Foyer and Mullineaux, 1998). Another antioxidant
enzyme that is effective in oxidative stress tolerance is
SOD. By participating in certain cell compartments like
the chloroplast, mitochondria, and peroxisome, it
catalyzes the formation of H.O, from ROS, which are
more hazardous than H,O, (Vanderauwera et al., 2005;
Corpas et al., 2008).

The main purpose of this study was to increase the
success of in vitro production by increasing the
oxidative stress tolerance of the olive plant, which is
very difficult to grow under in vitro conditions because
it is under oxidative stress. In this context, it was aimed
to examine the antioxidant enzymes APX, CAT and
SOD, which are considered as markers of oxidative
stress, at the mRNA level after boron application by
using compounds of the element boron, which are
effective on plant growth and ascorbate glutathione
pathway.

MATERIALS AND METHODS
Plant samples and in vitro culture establishment

The seeds of O. europaea were obtained from the seed
collection of the wild-type olive population (Mugla
Metropolitan Municipality Local Seed Center). The
wild-type olive seeds were decontaminated via
modifying the surface sterilization methods developed
by Kaya et al. (2020) (70% ethanol for 10 minutes,
10% hydrogen peroxide for 10 minutes, 20%
commercial bleach for 20 minutes and sterile distilled
water for rinsing). After the hard testa of the sterilized
wild-type olive seeds were partially or completely
broken using sterile pliers, they were transferred to
semi-solid Rugini Olive Medium (OM) (Rugini, 1984)
enriched with 1 mg I* benzyl adenine (BA).

Boron salt treatments

The explants (derived from in vitro-germinated wild-
type olive seeds after four-week incubation) cut from
O. europaea were transferred to Magenta™ tissue
culture vessels contained two different concentrations
(25 or 50 mg I'Y) of three different boron compounds

(boric acid, sodium metaborate, or zinc borate, and
Table 1. Primers used in the current work.
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each medium combination was enriched with 1 mg I
BA and 25 mg It Fe-EDHHA. Three explants were
used for each treatment and each parameter was
repeated at least three times. The olive micro-shoots
were incubated for seventy-two hours under standard
culture conditions (16/8-hour photoperiod, 25+2°C,
50umol*m-2s? white cold fluorescent lighting).

Each boron compound treatment was evaluated
separately. After the isolation of total RNA (Thermo
Fisher Scientific #K801) of the explants incubated for
seventy-two hours (in order to allow the cut shoots to
repair themselves during this period and to ensure the
necessary adaptation to the ambient conditions) in
nutrient medium containing three different boron
compounds at two different concentrations, cDNA
synthesis (Thermo Fisher Scientific #K1622) was
performed from each isolate separately.

gPCR analyses

Boron compound treatment (25 and 50 mg I of boric
acid, sodium metaborate, or zinc borate) samples and
ascorbate peroxidase (APX) in the control group,
transcriptional levels of catalase (CAT), Mn-
superoxide dismutase (Mn-SOD), Cu/Zn-superoxide
dismutase (Cu/Zn-SOD), and Fe-superoxide dismutase
(Fe-SOD) gene expression were analyzed using qPCR.
For internal control group, B-actin (ACT) was used.
The original sample not subjected to any boron
compound treatment was the reference, and the
samples subjected to the boron compounds treatment
were the target samples (Cigek et al., 2023).
Information about the primers used in the current work
are given in Table 1.

RT-gPCR experiments were performed using Roche
Light Cycler-96. All amplifications were achieved
using Ampligon RealQ Plus 2 x Master Mix Green
ROX™  (#A323402). Thermal cycling
conditions include one cycle for 15 min (900 s) at 95°C
(pre-denaturation), 40 cycles for 30 s at 95°C
(denaturation), 40 cycles of 30 s bonding to the primer
at appropriate temperature, 30 s extension at 72°C and
40 cycles of elongation at 37°C. This was followed by
indefinite cooling at 4°C .

without
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Gene Sequence Reference Size
Forward 5’-GGCTGTATGTCAACTGGACCTCATTTCA-3’

Cu/Zn-SOD (Mercan et al., 2022) 140 bp
Reverse  5’-TGTCAACAATGTTGATAGCAGCGGTG-3’
Forward 5’-AACAAGCAAATAGCCGGAACAGAACTAAC-3’

Fe-SOD (Mercan et al., 2022) 128 bp
Reverse  5’-AGAAATCGTGATTCCAGACCTGAGCAG-3’
Forward 5’-AGTCAAGTTGCAGAGTGCAATCAAGTTC-3’

Mn-SOD (Mercan et al., 2022) 144 bp
Reverse  5’-CAAAGTGATTGTCAATAGCCCAACCTAAAG-3’
Forward 5’-ATGTCCTGAAGAGGGGAGGC-3’

APX (Mercan et al., 2022) 157 bp
Reverse  5’- GCTCCAGGTCCTTCTTTCGTAT-3’
Forward 5°- ATATCTCATCTTACCTGCGCTG -3’

CAT (Corpas et al., 2006) 164 bp
Reverse  5’- AGATCAAAGTTTCCCTCTCTGG-3’
Forward 5’-GGACCTGTATGCCAACACTG-3’

ACT (Corpas et al., 2006) 172 bp
Reverse  5>-TGATCTCCTTCTGCATCCTG-3’

Statistical analyses

In this study, we used the AACT (Livak Method)
(SWU, 2022) method, which is the most preferred
technique for gPCR data analysis. Within the scope of
the method, the relative difference between the genes
of interest and the housekeeping gene was calculated
according to Equation 1.

ACt = Ct (gene of interest) — Ct (housekeeping gene) (1)

AACt values were calculated by subtracting the mean
ACt of the control group from the ACt values of the
experimental groups (Equation 2).

AACt= ACt (experimental group)- ACt (control group
mean) (2)

The experimental group/control ratio was calculated by
averaging the 27449 values. It is recommended to
convert this ratio to a logarithm value (such as log10)
of the final gene expression to perform parametric
statistical tests with the t-test. However, in our study,
we multiplied the obtained ratio by one hundred to see
the percentage changes in the data. For the t-test, the
product of 27449 values by one hundred, the two tail
test and assuming unequal variance were chosen. If the
resulting p values were less than 0.05, we were able to
accurately establish the statistical significance of the
differences between means of the data regarding the
two sample means (Livak and Schmittgen, 2001).
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RESULTS AND DISCUSSION

The effect of concentration of boron compounds on
changes in relative mRNA expression levels of
antioxidant enzymes

When the explants incubated for seventy hours in a
medium containing three different boron compounds at
different concentrations were compared with the
control group, a very high increase in the relative
transcription levels of the APX gene was observed in
all experimental groups. In contrast, only a small
increase of 39% was observed compared to the other
groups for the 50 mg It HsBO; treatment (Figure 1).

After the boron compound treatment, a very high
increase was monitored in the relative transcription
levels of the catalase gene in all groups compared to the
control group, while a 36% decrease was observed only
in the 50 mg I"* HsBO; group (Figure 2).

When the relative transcription levels of Mn-SOD, and
Cu/Zn-SOD were investigated (Figure 3 and Figure 4),
a profile similar to the CAT enzyme was observed. A
decrease of 32% was monitored in the 50 mg I* H;BOs
group of the Mn-SOD gene, and an increase of 33% in
the 50 mg I'* H3BOs group of the Fe-SOD gene (Figure
5).
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Figure 1. Relative transcription levels of the APX gene after boron compounds treatment.
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Figure 2. Relative transcription levels of the CAT gene after boron compounds treatment.
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Our current study findings are similar to the
applications of boron and other salt compounds used
previously. Mercan et al. (2022) obtained the best
regeneration for Liquidamber orientalis from nutrient
medium supplemented with 1 mg [I?* disodium
octaborate, and in the genetic analysis studies, all of the
micro-shoots obtained were genetically stable. At the
same time, the highest shoot forming capacity was
obtained from the nutrient medium supplemented with
5 mg It sodium perborate. In addition, boron and boron
salts gave effective results in protection against
pathogens in plants. For example, it has been reported
that boric acid and borax applications used in a study
using different salts and fungicides against different
fungi causing fruit rot in tomatoes significantly reduced
the disease severity in tomatoes compared to the
pathogen and inoculated control (Akhtar et al., 1994).
Shi et al. (2012) reported that potassium tetraborate
against anthracnose disease in mango fruits decreased
by 47% compared to untreated control fruits.

CONCLUSIONS

Since plants are living creatures that cannot move
actively, they are affected by environmental stressors
throughout their life cycle. Plants have developed
physiological, morphological, biochemical and
molecular defense systems to protect themselves from
such stresses. It is imperative to possess adequate
understanding of these systems in order to maintain
plant life under dynamic climatic conditions, as well as
to mitigate the effects of rising global population and
hunger.

In this study, various treatments were carried out to
reduce oxidative stress, which occurs as a side effect of
all stress conditions. It was aimed to increase the
development of the olive plant, in in vitro conditions
which is difficult. In this context, boron, which is
known to affect the ascorbate-glutathione pathway and
required for plant growth, was examined for its effects
on oxidative stress and relative mRNA expression via
antioxidant enzymes. As a result of the data obtained,
promising decreases were observed in the relative
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MRNA expression levels of all genes examined after 50
mg I H3BOs treatment of the olive plant exposed to
oxidative stress in vitro. However, in NaBO; and Zn3;Os
treatments, oxidative stress was expected to decrease or
remain constant, but an increase was observed. This
shows that oxidative stress in the plant increases. It can
be deduced that the increase in oxidative stress
increases the salinity stress due to the fact that some of
the compounds used are salts, and accordingly, it
resulted in an increase in oxidative stress. However, the
fact that there was an increase in 25 mg 1! HsBOs;
administration compared to the control suggests that
the applied dose may also be effective. As a result, the
effects of oxidative stress in olive plants grown in vitro,
depending on the selected compounds and the applied
doses, were shown at the relative mRNA expression
level. Although there are statistically insignificant data
in this study, it is meaningful and promising for the
HsBO3 application of the study and will guide studies
to be done in the future. More boron compounds and
studies that will be carried out by varying the dosage
frequencies will provide more information about the
effects of the element boron on the elimination of
oxidative stress.
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OZ: Akdeniz meyve sinegi ihracatta toleransi bulunmayan ekonomik agidan énemli bir zararl: tiirdiir. Genis konukcu dagilimina
sahip Akdeniz meyve sineginin bolgemizde de siklikla elma iiretiminde ekonomik zarara neden oldugu goriilmektedir. Ulkemizde elmada
Ceratitis capitata (Diptera: Tephritidae) 'va karst ruhsath bitki koruma iiriinii bulunmayip gegici tavsiyelerle miicadelesi yapilmaktadir.
Bu sebeple ¢calismada Elma ickurdu ve Avrupa kirmizi ériimcegine karsi yogun olarak uygulanan bazi insektisit ve akarisitlerin C.
capitata’ya karsi oldiiriicii etkisinin laboratuvar kosullarinda belirlenmesi amag¢lanmigtir. Isparta ili Sav kasabasindaki seftali
bahgelerinden toplamp 26°C, %60 nem kosullarindaki iklim odalarinda iiretimi yapilan C. capitata erginlerine deltamethrin,
methoxyfenozide + spinetoram, indoxacarb, emamectin benzoate, tau-fluvalinate, acetamiprid + novaluron ve spiromesifen + abamectin
aktif maddeleri diger bazi zararlilar i¢in onerilen etiket dozlarinda, 5 tekerriirlii, her tekerriirde 30 ergin olacak sekilde daldirma yontemi
ile 2022 yilinda laboratuvar testleri diizenlenmigtir. Testlerin 3. giinii sonunda erginlerin olii canli sayimlart yapilimistir ve insektisitlerin
yukardaki sirasina gore popiilasyonda meydana getirdigi oliim oranlar: %640, %100, %40, %56, %80, %20 ve %12 olarak belirlenmistir.
Bulgulara géore methoxyfenozide + spinetoramin laboratuvar kosullarinda C. capitata erginleri iizerinde en yiiksek etkiye sahip oldugu
tespit edilmigtir. Bununla birlikte, bu aktif maddelerin tarla kosullarinda yapilacak denemelerle etkinliklerinin ortaya c¢ikarimasi
gereklidir.

Anahtar kelimeler: Cydia pomonella, elma ickurdu, Ceratitis capitata, akarisit, insektisit.

The Effects of Some Insecticides and Acaricides Used against Codling Moth and Spider Mites in Apple
Orchards on Mediterranean Fruit Fly, Ceratitis capitata (Diptera: Tephritidae)

ABSTRACT: Mediterranean fruit fly is an economically important pest species that has no tolerance for export. It is observed
that Mediterranean fruit fly, which has a wide host distribution, frequently causes economic damage in apple production in our region. In
our country, there is no licensed plant protection product against Ceratitis capitata (Diptera: Tephritidae) in apples and it is controlled
with temporary recommendations. Therefore, in this study, it was aimed to determine the lethal effect of some insecticides and acaricides
applied intensively against codling moth and European spider mite against C. capitata under laboratory conditions. C. capitata adults,
collected from peach orchards in Sav town of Isparta province and produced in climate chambers at 26°C, 60% humidity conditions, were
applied with the active ingredients deltamethrin, methoxyfenozide + spinetoram, indoxacarb, emamectin benzoate, tau-fluvalinate,
acetamiprid + novaluron and spiromesifen + abamectin, which are recommended for some other pests. Laboratory tests were carried out
in 2022 with the immersion method, at label doses, in 5 repetitions, with 30 adults in each repetition. At the end of the 3rd day of the tests,
dead adults were counted and the mortality rates caused by insecticides in the population were determined as 40%, 100%, 40%, 56%,
80%, 20% and 12%, according to the above order. According to the findings, it was determined that methoxyfenozide + spinetoram had
the highest effect on C. capitata adults under laboratory conditions. However, it is necessary to reveal the effectiveness of these active
substances through experiments under field conditions.

Keywords: Cydia pomonella, codling moth, Ceratitis capitata, acaricide, insecticide.
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GIRiS

Akdeniz meyve sinegi, Ceratitis capitata (Wiedemann)
(Diptera: Tephritidae), genis bir konukgu yelpazesine
sahip olup, diinyada subtropikal ve iliman iklim
bolgelerinde hem iiretim hem de ihracatta onemli
ekonomik kayiplara neden olan multivoltine ve polifag
bir zararl tirdiir (Juan-Blasco ve ark., 2013). Kisir
bocek salimi, entomopatojen uygulamasi vb. bir¢ok
biyoteknik ve biyolojik miicadelesi olmasina ragmen
genellikle kimyasal miicadelesinde insektisitler ile ya
tam kaplama ya da cezbedici insektisit karisimi ile
zehirli yem kismi dal yontemleri kullanilmaktadir
(Baronio ve ark., 2019). Insektisitlerin yogun olarak
kullanilmasi seleksiyon baskisi ile C. capitata’nin
kimyasallara direng gelistirmesine neden
olabilmektedir. C. capitata igin Arthropod pestisit
direng tabanina gore glniimiize kadar
deltamethrin, lambda cyhalothrin ve malathion’a karsi
12 diren¢ vakasi belirlenmistir (Anonim, 2024).

veri

Tirkiye’de turunggiller, nar ve seftalide piretroid,
organafosfat, diamid, benzoylurea ve spinosin
insektisit siniflarindan bazi aktif maddeler ruhsath
olmasina ragmen elmada bu zararh tiir i¢in ruhsath
bitki koruma iiriinii (BKU) bulunmamaktadir (BKU,
2024). Genis konukg¢u dagilimina sahip C. capitata’nin
iilkemizde siklikla elma iiretiminde ekonomik zarara
neden oldugu bilinmektedir. Canakkale’de yapilan
calismada, yaz aylarinda mandalina, seftali, kayis1 ve
erikte yiiksek popiilasyon olusturan C. capitata’nin,
sonbaharda nektarin, elma, ayva ve armut bahgelerine
zarar yaptig1 bildirilmistir (Tiftikci, 2017). Tiirkiye’de
elma treticileri elma igkurdu ve diger zararlilara karsi
yogun kullanmaktadir. Ancak elma
zararlilarina ruhsatli insektisitlerin C. capitata’ya karsi
etkisi bilinmemektedir. Bu nedenle, bu ¢calismada EIma
ickurdu ve Avrupa kirmizi orimcegine karst yogun
olarak kullanilan deltamethrin, methoxyfenozide +
spinetoram, indoxacarb, emamectin benzoate, tau-
fluvalinate, acetamiprid + novaluron ve spiromesifen +

insektisit

abamectin  insektisit/akarisitlerinin  C.  capitata
erginlerine kars1 toksisitesinin kuru rezidii test metotu
ile laboratuvar kosullarinda belirlenmesi
amaglanmgtir.
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MATERYAL VE METOT
Materyal

Bu c¢alismanin materyalini C. capitata bireyleri ve
Golden delicious meyveleri, 6 ¢esit insektisit, 1 ¢esit
akarisit, 5 L hacminde plastik kiivetler, organze kumas
tiil, 2000 ve 500 cc. hacminde sizdirmaz kaplar, 9 cm
capinda petri kaplari, kurutma kagidi, pamuk, ince
samur fir¢a ve 1 L beher olusturmaktadir.

Ceratitis capitata iiretimi

C. capitata larvalar1 20 Temmuz 2022 tarihinde Isparta
ili Sav kasabasindaki seftali bahgesinden toplanarak
Meyvecilik Arastirma Enstitiisii  Miudiirligi’ndeki
iklim odalarinda kiiltiire alinmustir. C. capitata’nin
biyolojik kriterlere dayali teshisinde Avrupa ve
Akdeniz Bitki Koruma Orgiitii (EPPO) teshis protokolii
referans alinmistir (EPPO, 2011). C. capitata Kkitle
tretimi 25+1 °C sicaklik, % 60-65 orantil1 nem ve 16:8
aydinlik: karanlik kosullara sahip iklim odalarinda
kapagi kesilerek tiil ile kapatilmig seffaf plastik kutular
kullanilarak yapilmistir. Ergin doneme gecen bireyler
emgi tiipii yardimiyla toplanarak plastik kafeslere
50’ser adet aktarilmig ve beslenebilmeleri igin %10
seker, %5 maya ve %85 su karisimi kafeslere

koyulmustur. Bireylerin yumurta birakmasi ve
tiretimin devamliligini saglamak i¢in Golden Delicious
cesit elmalar meyveleri her giin vyenileri ile

degistirilmistir. Ergin doneme gelen bireyler daldirma
testi denemelerinde kullanilmustir.

Ceratitis capitata erginlerinde daldirma testleri

Toksisite testlerinde Baronio ve ark., (2019) tarafindan
tarif edilen daldirma metotu kullamlmistir. Elma
ickurdu ve Avrupa kirmizi 6riimcegine ruhsatl farkli
etki mekanizmasina sahip bazi tekli ve iki aktif maddeli
insektisit/akarisit formiilasyonlart ve ruhsat dozlari
Cizelge 1°de gosterilmistir. laglar, igerisinde steril su
bulunan 1 L’lik beherlerde o6nerilen etiket dozunda
hazirlandiktan sonra 9 cm’lik plastik petrilerin alt ve
iist kapagi 10 saniye boyunca karisima daldirtlmustir. 1
saat kurumaya birakilmistir. Daha sonra erginler +4
°C’de derin dondurucuda 5 dk boyunca bekletilip
hareketsiz kalmasi saglanmustir. Her petriye 30’ar adet
C. capitata ergini aktarilmigtir. Petrilerin Gist kapagina
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3 cm hava deligi agilmistir. Parafilmle petrilerin ¢evresi
kapatilmustir. Kontrolde, sadece steril su kullanilmustir.
Her petriye erginlerin beslenmesi i¢in kiip seker ve
pamuga emdirilmis steril su koyulmustur. Denemeler 5
tekerriirlii ve her tekerriirde 30 C. capitata ergini
olacak sekilde toplamda 150 ergin olarak kurulmustur.
Deneme kurulduktan 72 saat sonra 6lii-canli sayimlari
yapilip Abbott formiiliine gore ylizde 6liim degerleri
belirlenmistir (Abbott, 1925).

Cizelge 1. Denemelerde kullanilan ilaglarin aktif madde ve ticari

formiilasyon isimleri ve dozlart.
Table 1. Insecticide names and doses used in the trials

Aktif Madde Aktif Madde g/L
No. Active Ingredient Active Ingredient g/L
1 Deltamethrin 0,38 g
2 Methoxyfenozide + Spinetoram 7,5+1,5¢g
3 Indoxacarb 525¢
4 Emamectin benzoate 2g
5 Tau-fluvalinate 729
6  Acetamiprid + Novaluron 4+5¢g
7  Spiromesifen + Abamectin 8+0,4¢g

Verilerin analizi

Calismada test edilen aktif maddelerle C. capitata i¢in
elde edilen yiizde 6liim ortalamalar1 arasindaki farki
belirlemek amaciyla 6nce Shapiro-Wilk normallik testi
uygulandiktan
yapilmigtir. Daha sonra ortalamalar arasindaki farki

sonra tek yonlii varyans analizi
belirlemek i¢in Tukey c¢oklu karsilagtirma testi
uygulanmistir  (P<0.05). Istatiksel analizler SPSS
version  23.0  paket  programi
gerceklestirilmistir (IBM Corp., 2010).

yardimiyla

BULGULAR VE TARTISMA

C. capitata erginleri daldirma testleri ile ilaglarin kuru
Deneme sonucu
ylizde Oliim degerleri Cizelge 2’de goOsterilmistir.
Calisma kapsaminda test edilen aktif maddeler
arasinda, methoxyfenozide + spinetoram %100 6lime
yol Bunu tau-
fluvalinate %80 o6liim oranmi ile izlemistir. Istatistik
analizi sonuglarina gore bu iki aktif madde ayn1 grupda
yer almig ve diger aktif maddelerden istatistiki olarak
onemli diizeyde farkli bulunmustur (P<0,05).
Emamectin  benzoate, indoxacarb, deltamethrin,

kalintilarma maruz birakilmistir.

acarak en etkilisi bulunmustur.
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acetamiprid + novaluron ve spiromesifen + abamectin
insektisitleri sirastyla %56, %40, %40, %20 ve %12
Olim oranlart belirlenmistir. Emamectin benzoate,
indoxacarb ve deltamethrin insektisitlerinin yiizde
6lim degerleri kontrol ile kiyaslandigi zaman istatistiki
6nemli  bulunmustur (P<0,05). Sadece
acetamiprid + novaluron ve spiromesifen + abamectin
insektisitleri kontrol ile kiyaslandiginda istatistiki
olarak oOnemsiz bulunmustur (P>0,05). Aym tiir
tizerinde Baronio ve ark., (2019) tarafindan yapilan bir
calismada C. capitata erginlerine topikal aplikasyon
metotu ile acetamiprid, abamectin, deltamethrin ve
spinetoram aktif maddeleri i¢in elde edilen O6liim
degerleri sirasiyla %24, %69, %70 ve %100 olarak
belirlenmistir. Calismamizda da benzer sekilde
methoxyfenozide + spinetoram aktif maddesi %2100
Spinetoram ile
methoxyfenozide karigiminin yalniz spinetoram’in C.

olarak

O0lim oranina neden olmustur.

capitata’ya uygulanmasi ile kiyaslandiginda ise
etkisini degistirmedigi sonucuna ulasabiliriz. Fakat
zararl tiiriin mevcut ¢alismada kalint1 testine maruz
birakildigi, Baronio ve ark., (2019)’un ¢alismasinda ise
topikal uygulamaya maruz birakildigi ve kullanilan
bbcek popiilasyonlarimin duyarlilik bakimindan farkl
olabilecegi unutulmamalidir. Calismamizda
deltamethrin testinde elde edilen etki (%40) Baronio ve
ark. (2019)’nin aym aktifle elde ettigi etki (%70)’den
daha disiik bulunmustur. Literatiirde Tephritidae
familyasindaki farkli tiirlerde bir¢ok toksisite caligmasi
Margaritopoulos ve ark. (2008)
tarafindan Yunanistan’da yapilan bir ¢aligmada ¢esitli
dozlarda alpha-cypermetrin’in topikal uygulamasinin
Zeytin sinegi, Bactrocera oleae (Rossi)'nin yirmi

etkili

bulunmaktadir.

popiilasyonu  arasinda oldugunu  rapor

etmislerdir.

Morelli ve ark., (2012) tarafindan mango bahgelerinde
zararh C. capitata erginlerinde 6 g /100 L acetamiprid
aktif maddesinin %93 6lime neden oldugunu
belirlemislerdir. Bizim ¢alismamizda ise acetamiprid +

novaluron karisimi %20 O6lim oram ile etkisiz
bulunmustur. Farkli bir tiirde yapilan bir diger
calismada ise Bactrocera dorsalis (Hendel),

acetamiprid uygulamasindan 24-72 saat sonra sadece
%60-80 oraninda 6liime neden olmustur (Chuang ve
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Hou, 2008). Bizim ¢alismamizda ise C. capitata’da
Oliim oraninin diisiik ¢ikmasinin acetamiprid’e direng
gelistirmis olmasindan kaynaklanabilecegi sonucuna
vartlmigtir. Reynold ve ark., (2017) tarafindan yapilan
bir diger ¢aligmada ise bizim sonuglara benzer sekilde
acetamiprid insektisitinin  seftali  bahgelerinden
toplanan Bactrocera tryoni popiilasyonunda %43,3
6liim oram ile diisiik etkili oldugunu rapor etmislerdir.
Emamectin benzoate’nin ise %88,3 6liim belirlenirken
bizim ¢alismamizda %56 6liim oran1 belirlenmistir.

Baronio ve ark., (2019) tarafindan abamectin C.
capitata’da %69 oliim orani ile bizim ¢alismamizdan
daha yiiksek ¢ikmasinin nedeni spiromesifen aktifinin
daha ¢ok akarlar tizerinde etkili olup abamectin’in
etkisini azaltmis olabilecegi sonucuna varilmistir. Ayni
zamanda soz konusu arastirmacinin abamectin’i
laboratuvarda firetilen hassas popiilasyonda denemis
olmasi bizim ise denemede kullandigimiz popiilasyon
yogun insektisit uygulanan bahgelerden toplanmustir.
Bu yiizden Isparta’dan toplanan popiilasyonun
abamectin’e direng gelistirmis olma ihtimali yiiksektir.

Cizelge 2. Laboratuvar testlerinde Ceratitis capitata’nin yiizde 6liim degerleri

Table 2. Percent mortality of Ceratitis capitata in laboratory tests

Aktif Madde Pestisit Sinifi Giiven Araligt (%95) Yiizde Oliim+SH
No. Active Ingredient Pesticide Class Confidence Interval (%95) Percent Death+SE
1 Kontrol Steril su 0-0 0,00 £ 0,00 a
2 Spiromesifen + Abamectin Akarisit 5-18,9 12,00+2,5a
3 Acetamiprid + Novaluron Insektisit 14,13-25,83 20,00 +£2,1 ab
4 Deltamethrin Insektisit 32,23-47,73 40,00 + 2,7 be
5  Indoxacarb Insektisit 26,9-53,07 40,00 + 4,7 be
6 Emamectin benzoate Insektisit 14,77-97,2 56,00 £4,83 cd
7 Tau-fluvalinate Insektisit 74,13-85,83 80,00 £2,1 de
8 Methoxyfenozide + Spinetoram Insektisit 100 - 100 100,00 £ 0,00 e

*Tukey ¢oklu karsilastirma testine gore ayni siitun altindaki farkli harfler istatistiki olarak 6nemlidir (P<0,05).
*According to the Tukey multiple comparison test, different letters under the same column are statistically significant (P<0.05).

SONUC VE ONERILER

Ulkemizde elmada C. capitata icin ruhsath aktif
maddeler bulunmadigi i¢in, bu c¢alisma ile ortaya
¢ikan bulgular gerekli gorildigii durumda ileride
yapilacak olan ruhsata esas denemeler i¢in hangi
aktif maddelerin ne diizeyde etki potansiyeline sahip
oldugu konusunda bir basamak olusturmasi
bakimindan 6nem arz etmektedir. Bulgulara gore
methoxyfenozide + spinetoram ve tau-fluvalinate
aktif maddeli ilaglarin laboratuvar kosullarinda C.
capitata erginleri lizerinde 6nemli diizeyde etkili
oldugu bulunmustur. Bununla birlikte, bu aktif
maddelerin ~ bahge  kosullarinda  yapilacak
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denemelerde de etkinliklerinin belirlenmesinin
uygun olacagi diistiniilmiistiir. Ayrica spiromesifen
+ abamectin, acetamiprid + novaluron, deltamethrin,
indoxacarb  ve emamectin  benzoate  aktif
maddelerinin  etkilerinin  disik  ¢ikmasi, C.
capitata’nin bu ilaglara karsi direng gelistirmis
olabilecegi siiphesini uyandirmustir. Bu yiizden
gelecekte direng caligmalar1 yapilmasi Onem arz
etmektedir.

TESEKKUR

Yapilan bu calismaya altyap1 ve materyal destegi
saglayan =~ Meyvecilik  Arastirma  Enstitiisii
Midiirliigii’ne tesekkiir ederiz.
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OZ: Bu ¢calismada, aspir 1slah calismalart kapsaminda, melezleme ile gelistirilen 14 genotip ve 5 tescilli cesidin (Ko¢42, Dinger,
Balci, Linas, Goktiirk) 2022 ve 2023 yularinda dogal tarla sartlart altinda Alternaria yaprak lekesi hastaligina karsi dayaniklilik
bakimindan durumlar incelenmistir. Denemeler, Bahri Dagdas Uluslararast Tarimsal Arastirma Enstitiisii deneme arazisinde tesadiif
bloklari deneme desenine gore dort tekerriirlii olarak kurulmustur. Hastalik gozlemleri ¢iceklenme sonrasi yapilmistir. Arastirma
sonuglarina gore, dogal kosullarda gergeklesen Alternaria yaprak lekesi hastalhigina karsi Kog42, Linas, Dinger, Goktiirk tescilli aspir
cesitleri birinci yil Orta hassas tepki gosterirken, ikinci yil hassas olarak reaksiyon vermislerdir. Ileri kademe hatlar birinci yil 4 adedi,
ikinci yil ise 10 adedi hassas olarak degerlendirilmistir. Yaprak lekesine dayaniklilik durumunu gozlemlendigi hastalik siddeti degerleri,
varyans analiz sonuglarina gére yillar arasinda énemli farkiik gostermistir. Yillar arasindaki bu farkliiklarin iklim degerlerindeki
farkhiliklardan, ozellikle nispi nem ve yagistan kaynaklandig diisiiniilmektedir. Nitekim, yagis ve nispi nemin arttigr ikinci yil hastalik
siddeti de artmigtir. Ozellikle dort genotip (BD17, BD10, BD21, BD23) her iki yilda da orta hassas olarak degerlendirilerek yaprak lekesi
hastaligina dayamiklilik bakimindan iimitvar bulunmugstur.

Anahtar Kelimeler: Alternaria, aspir, dayanikiiik, 1slah.

A Preliminary Study to Determine the Resistance Levels of Some Safflower (Carthamus tinctorius L.)
Genotypes to Alternaria Leaf Spot (Alternaria carthami Chowdhury) under Natural Conditions

ABSTRACT: In this study, 14 genotypes and 5 registered varieties (Ko¢42, Dinger, Balci, Linas, Goktiirk) developed by crosses
in safflower breeding studies were tested for resistance to Alternaria leaf spot disease under natural field conditions in 2022 and 2023.
The experiments were conducted in the experimental field of Bahri Dagdags International Agricultural Research Institute according to the
randomized blocks design with four replications. Disease observations were made after flowering. According to the results of the research,
Kog¢42, Linas, Dinger, Goktiirk safflower cultivars showed medium sensitive reaction against Alternaria leaf spot disease in the first year
and sensitive reaction in the second year. In the first year 4 of the advanced lines and in the second year 10 of them were scored as
susceptible. According to the results of the variance analyses, the disease severity scores in which leaf spot resistance was observed showed
significant differences between years. It is suggested that these differences between years are due to differences in climatic values,
particularly relative humidity and rainfall. In fact, disease severity increased in the second year as rainfall and relative humidity increased.
In particular, four genotypes (BD17, BD10, BD21, BD23) were rated as moderately susceptible in both years and were considered
promising for resistance to leaf spot.

Keywords: Alternaria, safflower, resistance, breeding.
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GIRiS

Aspir (Carthamus tinctorius L.) en 6nemli bitkisel yag
ve biyoenerji kaynaklarindan biridir. Kuraklik ve
tuzluluga karsi yiiksek toleransi nedeniyle aspir, umut
verici bir alternatif {iriin olma 6zelligini korumaktadir
(Erbas ve ark.,2016). Aspir tariminin en Onemli
sorunlar1 diisiik verim ve diigilk yag igerigidir. Bu
nedenle, bitki calismalarinda  ¢ogunlukla
yetistiricilerin ve endiistrinin taleplerini karsilamak

1slah1

icin yiiksek tohum verimi ve daha fazla yag igerigine
sahip yeni aspir cesitlerinin
odaklanilmistir (Kog, 2021).

geligtirilmesine

Aspir 1slahinin amaci yiiksek tohum verimi ve yag
icerigine sahip, abiyotik ve biyotik stres kosullarina
dayanikli genotipler elde etmektir. Aspir tariminda
Alternaria yaprak lekesi hastaligi  (A.carthami
Chowdhury) yogun olarak goriilmektedir ve aspirin en
siddetli ve yaygin hastaligidir. Bu hastalikta aspir
bitkisinin ¢i¢ceklenme 6ncesi donemde yaprak ve ¢igek
braktelerinde yuvarlak kahverengi lekeler meydana
tohumunun  kalitesini
disiirdiigli ve % 50’ye varan verim kayiplarina neden
oldugu bildirilmistir (Indi ve ark.,1988; Herdrich,
2001).

getirir. Hastaligin, aspir

Alternaria aspirde tohum kaynakli bir patojendir.
Hastaligin ortaya c¢ikmasinda tohum kaynaginin,
sicakligin ve toprak neminin 6nemli etkisi vardir
(Mundel ve ark.,1997).

Hastaligin tipik belirtileri; yapraklarda ve govdede
diizensiz nekrotik lezyonlar seklinde goriiliir. Meydana
gelen koyu nekrotik lezyonlar ilk olarak hipokotillerde
ve kotiledonlarda goriilmeye baslar ve 2-5 mm capinda
olur. Olgun bitkide ise, yapraklar tizerinde 1-2 mm'lik
koyu kahverengi konsantrik lekeler gortliir ve bunlar
sonra biiylik lezyonlara doniistir (Mortensen, 1983).

Yagisin yogun ve nemin yiiksek oldugu yillarda,
hastalik yapraklarda, c¢icek braktelerinde, kapitula ve
tohumlarda ciddi zararlara neden olabilmektedir.
Tohumlarin bu patojen ile enfekte oldugu zamanlarda
cimlenme ve fide canliliginda azalma goriilir
(Mortensen ve ark., 1983).
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Yagis, sicaklik ve bagil nemin ile hastalik gelisimi
arasinda pozitif bir korelasyon oldugu, %80'in
tizerindeki yiiksek nemin ve 21°C ila 32°C araligindaki
sicakligin enfeksiyonu arttirdigi bilinmektedir (Gud ve
ark., 2008).

Aspirde Alternaria yaprak lekesi hastaliginin kimyasal
miicadelesi biiyiik 6l¢iide hexaconazole, mancozeb gibi
fungisitlerin entegrasyonu ile gergeklestirilmektedir
(Kumar ve ark., 2009; Mohmmad ve ark., 2016).
Murumkar ve ark., (2008) yilinda yaptiklar ¢alismada
aspirde Alternaria yaprak lekesinin etkili
miicadele i¢in, carbendazim etken maddeli ilaglarin da

ilagh

etkili oldugunu, hastalik goriildiigiinde ilk ilaglamadan
15 giin sonra ve gigeklenme/tohumlama agamasinda,
ozellikle uygun iklim kosullarinda (yagmurlar
alindiysa / nem orani %80'in iizerindeyse) ihtiyaca gore
ilaglamalarin yapilmas1 gerektigini bildirmislerdir.
Yapilan diger bir c¢alismada; aspir genotiplerinde
Alternaria yaprak lekesi hastaliginin ¢igeklenmeden 7
giin Once basladigi tespit edilmistir. Bu hastaliga kars1
fungisit

baslayip, 14 giin arayla uygulanmasi gerektigi ve

uygulamasmin  ¢igeklenme  Oncesinden
hastaligin tohum veriminde yaklagik %30 verim
diisiisiine sebep oldugu bildirilmistir (Bergman ve ark.,
2005). Diinya’da Alternaria yaprak lekesi hastaliginin
kimyasal  miicadelesinine  yonelik  galismalar
halihazirda  aspirde
alternaria yaprak lekesi hastaligina karsi Kimyasal

bir

sirdiriilirken,  Tirkiye’de

miicadele igin ruhsatlandirilmis ilag

bulunmamaktadir.
Alternaria yaniklik hastaligina karg1 aspir dayaniklilik

1slah galigmalarinda ise simdiye kadar istenen seviyeye
ulasamamustir (Vijaya Kumar ve ark., 2008).

Goriiniiste saglikli aspir tohumlarinin %84'iniin ¢esitli
yogunluklarda A.carthami C.
edilmistir. Hastaliktan ari tohum elde etmek i¢in temiz

ihtiva ettigi tespit

ve kuvvetli tohum kaynaklarinin kullanilmasi 6nem arz
etmekte ve bunu saglamak i¢in tohumlarin diisiik nemli
ortamlarda TUretilmesi gerekmektedir (Borkar ve

Shinde,1989).

Tiirkiye kosullarinda yaprak lekesi hastaligi, yagish,
sicaklik ve yliksek nispi nem iligkilerine bagl olarak
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goriilebilmektedir. Toplam yagis miktar1 hastaligin

bulunma oranmni1 ve siddetini Onemli Olciide
etkilemektedir (Bayar ve ark., 2022).Hastaligin
kontroliinde kabul edilebilir diizeyde dayanikl

c¢esitlerin kullanimi 6ncelikle tercih edilmelidir. Prasad
ve Anjani (2005) tarafindan Hindistan’da aspir yaprak
leke hastaligi (A. carthami)’na dayanikli kiltiir aspir
(C. tinctorius L.) gesidi gelistirmek i¢in bir ¢alisma
yuritilmistir. Yapilan c¢alismada bu hastaliga
dayanikli yabani tiirlerden C. palaestinus, C. lanatus,
C. Creticus ve C. turkestanicus tiirleriyle C. tinctorius
kiltir tirtinli melezlenmis ve aspir yaprak leke
hastaligina dayanikli hatlar elde edilmistir.

Kimyasal ilaglarin ekonomik maliyeti, ¢evre ve insan
sagligina verdigi zararlar dikkate alindiginda hastaliga
dayanikli ¢esit ve hatlarin gelistirilmesi Onem arz
etmektedir. Melezleme 1slahinda dayanikli cesit
gelistirebilmek icin Oncelikle dayanikli ebeveynler
gelistirilerek bunlarin 1slah programinda kullanilmasi

gerekmektedir.

Bu calismanin amaci, verim denemesi kademesine
gelmis ileri kademe aspir hatlarinin ve standart olarak
kullanilan 5 ¢esidin (Goktiirk, Kog¢42, Balci, Linas,

Dinger) dogal epidemi kosullarinda Alternaria (yaprak
lekesi) hastaligina karsi dayaniklilik diizeylerinin
belirlenmesidir.

MATERYAL VE METOT

Bu calisma, Bahri Dagdas Uluslararast1 Tarimsal
Aragtirma Enstitiisii deneme arazisinde aspir 1slah
caligmalar1 kapsaminda, melezleme ile gelistirilen 14
genotip (Cizelge 1) ve 5 tescilli ¢esit (Kog42, Dinger,
Balci, Linas, Goktirk) ile 2022 ve 2023 yillarinda
yliriitiilmiigtiir. Denemeler, tesadiif bloklar1 deneme
desenine gore dort tekerriirlii olarak kurulmustur.
Deneme parselleri 1,2 m x 5 m boyutunda ve parsel
alam 6,0 m? olacak sekilde deneme mibzeri ile ekim
yapilmigtir. Ekim, her iki yilda da Nisan ayimn ilk
haftasinda yapilmistir. Ekimde sira arast 20 cm olarak
ayarlanmistir. Hasat, Agustos aymin son haftasinda
tamaminda (6,0 m?) parsel

parsel alaninin

bicerdoveriyle yapilmistir.

Enstiti deneme arazisinde yer alan meteoroloji
istasyonundan elde edilmis, bu iiretim donemine ait
bazi iklimsel veriler Cizelge 2°de verilmistir.

Cizelgel. Arastirmada kullanilan genotiplerin pedigrileri ve bazi 6zellikleri.
Tablel. Pedigrees and some characteristics of the genotypes used in the study.

Genotip Pedigri Ozellik Cigek rengi Dikenlilik
Genotype Pedigree Feature Flower Colour Spikiness
G1 (BD10) P1560172/P1 525458 Yiiksek Yag Orani (%38,6) Sar1 Dikenli
G2 (BD11) Goktirk/PI 306686 Yiiksek Yag Orani (%38,1) Kirmizi Dikenli
G3 (BD12) P1560172/P1 537606 Yiiksek Yag Orant (%37,7) Sar1 Dikenli
G4 (BD13) P1537606/Linas Yiiksek Yag Orani (%37,6) Kirmiz Dikenli
G5 (BD14) PI 537665/Dinger Yiiksek Yag Oran1 (%37,6) Kirmizi Az Dikenli
G6 (BD15) PI 537607/Goktiirk Yiiksek Yag Oran1 (%37,9) Sar1 Dikenli
G7 (BD16) P1560172/P1 537703 Yiiksek Yag Orant (%38,6) Sar1 Dikenli
G8 (BD17) P1537110/P1 544018 Yiiksek Yag Orant (%38,6) Sar1 Az Dikenli
G9 (BD18) P1306686/P1537665 Yiiksek Yag Orant (%38,9) Sar1 Dikenli
G10 (BD19) P1401584/P1 537110 Yiiksek Yag Oran1 (%38,7) Sar1 Dikenli
G11 (BD20) P1401589/P1 537110 Yiiksek Yag Oran1 (%39,6) Sar1 Dikenli
G12 (BD21) P1 401589/P1 537607 Yiiksek Yag Oran1 (%39,2) Sar1 Az Dikenli
G13 (BD23) P1451952/ P1 537598 Yiiksek Yag Oran1(%37,6) Sar1 Dikenli
G14 (BD24) PI 537702/Dinger Yiiksek Yag Orani((%38,0) Kirmizi Dikenli

40



H. KOC, A. KILINC, B. ERCAN: BAZI ASPIR (Carthamus tinctorius L.) GENOTIPLERININ ALTERNARIA YAPRAK LEKESI (ALTERNARIA CARTHAMI
CHOWDHURY) HASTALIGINA KARSI DAYANIKLILIK DUZEYLERININ DOGAL KOSULLAR ALTINDA BELIRLENMESI UZERINE BIR ON CALISMA

Cizelge2. 2022-2023 Y1li aspir vejetasyon devresine ait iklim verileri#
Table 2. 2022-2023 Climate data for safflower growing season.”

Sicaklik (°C) Yagig (mm) Nispi Nem (%)

Temperature Precipitation Humidity
Yillar/Years 2022 2023 2022 2023 2022 2023

l\|<l/lak. M!n. Ort. Mak. IVI_in Ort. Toplam Toplam Ort. Ort.

Aylar/Months ax Min. Mean Max  Min. Mean Total Total Mean Mean
Nisan 30,2 -6,5 11,8 247  -28 7.4 7.4 25,2 41,0 63,0
Mayis 334 1,8 17,6 283 -09 147 234 52,2 56,0 66,0
Haziran 33,3 9,6 214 331 89 194 284 85,0 52,0 65,0
Temmuz 357 10,3 23,0 389 105 243 1,6 4,0 39,0 34,0
Agustos 36,4 6,3 213 414 104 264 5,6 0 40,0 31,0

#Meteorolojik Veriler enstitii arazisinde bulunan meteoroji istasyonundan alinmustir.
#The meteorological data have been taken from the meteorological station located on the land of the Institute.

Baytekin ve Babaoglu (2021), hastalik okumalarinin ~ Gdzlem sonucu elde edilen etki degerlerine Townsend-
ciceklenme sonrasi ve tohum baglama evresinde Heuberger formiilii uygulanarak % hastalik siddetleri
yapilmasiin uygun oldugunu belirtmistir. Calismada  elde edilmistir (Townsend ve Heuberger, 1943;
da hastalik gozlemleri bir defa ¢igeklenme sonrasi, her  Baytekin ve Babaoglu, 2021 ).

parselden 5 bitkiden olacak sekilde yapilmustir.

. Hastalik Siddeti (%) = X [(n.v) IN .Z] x100
Hastalik okumalar1 1-5 hastalik degerlendirme

skalasina gore (Baytekin ve Babaoglu, 2021) n: Her bir sumftaki Etki degerinde bitki sayisi
yapilmustir (Cizelge3). v: Her bir sinif karsiligi Etki degeri
N: Gézlenen toplam yaprak sayisi Z: En biiyiik Etki

Cizelge3. Aspirde alternaria yaprak lekesi hastaligi skalast. degeri

Table3. Alternaria leaf spot disease scale in safflower. . . . .
T Dayamkli Yaprakia %0 leke Cigeklenme devresinde yaprak lekesine hassas aspir
2-Orta Dayanikli Yapragin % 1-10°u leke bitkisinin goriinimii Sekil 1’de gosterilmistir.

3-Orta Hassas Yapragi % 11 —20’si leke

4 -Hassas Yapragin % 21 — 50si leke Elde edilen verilerin varyans analizi JMP Prol3 paket
5 —Yiiksek Hassas Yapragi % 50’den fazlasi

programi kullanilarak gergeklestirilmistir. Ortalamalar

arasindaki farkliliklar LSD testi ile analiz edilmistir.

Sekil 1. Aspirde ¢igeklenme devresinde Alternaria yaprak lekesi hastaligi goriinimil.
Figure 1. Appearance of Alternaria leaf spot on safflower at flowering stage.
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BULGULAR VE TARTISMA

2022-2023 wyillar1 birlestirilmis varyans analiz
sonuglart Cizelge 4’te verilmistir. Birlestirilmis
varyans analiz sonuglarina gore enfeksiyon siddeti
bakimindan yillar arasindaki fark % 1 Onem
seviyesinde, hatlar ve hat x yil interaksiyonu % 5
Onem seviyesine gore onemli bulunmustur.

Cizelge 4. 2022-2023 yillar1 enfeksiyon siddeti

degerlerinin  yillarin  birlestirilmis
varyans analiz sonuglari.
Table 4. Combined variance analysis results of

infection severity values of 2022-2023.

Varyasyon SD

Kaynagi Degrees KO

Source of of Mean

Variation Freedom  Square Pr>F
Genel (Total) 151 100,3

Yillar (Years) 1 3223,6 <0001**
Tekrarlar

(Replication) 3 344 0,5062
Hatlar (Genotypes) 18 76,1 0,0442*
Hat X Y1l

(GenotypesxYear) 18 86,5 0,0174*
Hata (Error) 111 44,0

**P<0,01:0Onemli (%1), *P<0,05: Onemli(%5) SD: Serbestlik
Derecesi, KO: Kareler ortalamasi
**P<0.01: Significant (1%), *P<0.05: Significant (5%)

Genotiplerin ve standart ¢esitlerin 2022 ve 2023
yaprak lekesi hastalik siddeti,
enfeksiyon katsayisi, hastalik reaksiyonu durumlari
Cizelge 5’te verilmistir. Buna gore 2022 yilinda 19
genotipten sadece 4 genotip hassas olarak
degerlendirilirken, 2023 yilinda standart ¢esitlerde
dahil olmak iizere toplam 15 genotip hassas olarak
tespit edilmistir. Her iki yi1lda da 4 adet genotip
(BD17, BD10, BD21, BD23) orta hassas olarak
gbzlemlenmistir. Standart ¢esitler ise birinci yil

yillarma  ait

(2022) orta hassas olarak degerlendirilirken, ikinci

yil  (2023) hassas olarak degerlendirilmistir.

Varyans analiz sonuclarina goére (Cizelge 4) de yillar
arasinda 6nemli farklilik tespit edilmistir. Yillar arasindaki

bu farkliliklar
kaynaklanmaktadir.

iklim degerlerindeki degisimlerden

Nitekim, iklim degerleri incelendiginde sapa kalkma ve
ciceklenme baslangict olan Mayis ve Haziran ayi
sicakliklart 2022 yilinda maksimum 33,4 ve 33,3 °C
olurken 2023 yilinda 28,3 ve 33,1 °C olmustur (Cizelge2).
Her iki yil sicakliklar1 da, Gud ve ark. (2008) tarafindan
bildirilen hastaligin optimum olusma sicakligi olan 21-32
°C ye yakin degerlerdir. Her iki yilda da sicakliklarin
yakin degerlerde olmasia ragmen, 2023 yilinda daha
fazla (15  genotip)
degerlendirilmesinin en onemli nedeni yagis ve nispi

genotipin  hassas  sinifta
nemdir. 2022 yilinda Mayis ayinda toplam yagis 23,4 mm,
Haziran ayinda ise 28,4 mm olarak gergeklesmistir. 2023
yilinda ise mayis ayinda toplam yagis 52,2 mm, haziran

ayinda 85 mm olarak gergeklesmistir (Cizelge?2).

Nispi nem degerleri ise 2022 yil1 Mayi1s ve Haziran aymda
ortalama olarak sirasiyla % 56 ve %52 olarak tespit
edilirken,2023 yilinda bu degerler %66 ve %65 olarak
gerceklesmistir. 2023 yilinda yagis ve nispi nemin daha
dayaniklilik
yoniinden daha iyi degerlendirilmesine imkan saglamustir.

yiikksek olmasi genotiplerin hastaliga
Bunun yaninda her iki yilda da sira aras1 mesafesinin dar

tutulmast nedeniyle parsellerde golgeleme sonucu,
havalanmanin az olmasi ve nemli ortam olugsmas1 hastalik
olusumuna sebep oldugu diisiiniilmektedir. Bu sonuglar,
Mortensen ve ark. (1983) ve Gud ve ark. (2008)’1n uygun
sicaklikla birlikte yliksek nispi nemin hastalig1 tesvik ettigi

yoniindeki tespitleriyle uyumludur.
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Cizelge 5. Cesit ve genotiplerin hastalik durumlari.
Table 5. Disease status of genotypes.

Sira No Genotip Hastalik Siddeti(%) Enfeksiyon Katsayist.* (1-5) Hastalik Reaksiyonu
Sequence  Genotype Disease Severity(%) Infection Coefficient.* (1-5) Disease Reaction
Number
2022 2023 2022 2023 2022 2023
1 BD13 2752 32,5 ¢ 3 4 Hassas (S) Hassas (S)
2 BD16 25,0 2 30,0 bed 3 3 Hassas (S) Hassas (S)
3 BD18 25,0 % 30,0 bed 3 3 Hassas (S) Hassas (S)
4 BD12 22,5 abe 25,0 cde 3 3 Hassas (S) Hassas (S)
5 BD17 17,5 3¢ 20,0¢ 3 2 Orta Hassas (MS)  Orta Hassas (MS)
6 BD14 20,0 abe 27,5 b-e 2 3 Orta Hassas (MS) Hassas (S)
7 BD15 20,0 abe 27,5 b-e 2 3 Orta Hassas (MS) Hassas (S)
8 BD19 20,0 abe 32,5 ¢ 2 4 Orta Hassas (MS) Hassas (S)
9 BD20 20,0 abe 26,2 b-e 2 3 Orta Hassas (MS) Hassas (S)
10 Goktiirk 20,0 abe 25,0 cde 2 3 Orta Hassas (MS) Hassas (S)
11 BD24 18,7 3¢ 32,5 ¢ 2 4 Orta Hassas (MS) Hassas (S)
12 Linas 17,5% 32,5 ¢ 2 4 Orta Hassas (MS) Hassas (S)
13 BD11 17,5 23,7 cde 2 3 Orta Hassas (MS) Hassas (S)
14 Dinger 17,5 350% 2 4 Orta Hassas (MS) Hassas (S)
15 Kog42 17,5 25,0¢de 2 3 Orta Hassas (MS) Hassas (S)
16 BD10 16,2 b 175¢ 2 2 Orta Hassas (MS)  Orta Hassas (MS)
17 BD21 15,0¢ 15,0¢ 2 2 Orta Hassas (MS)  Orta Hassas (MS)
18 BD23 15,0¢ 175¢ 2 2 Orta Hassas (MS)  Orta Hassas (MS)
19 Balci 13,7°¢ 350%® 2 4 Orta Hassas (MS) Hassas (S)
LSD 9 10
CV % 30 25

Ozellikle dért genotipin (BD17, BD10, BD21, BD23)
her iki yilda da orta hassas olarak degerlendirilmis ve

yaprak lekesine dayaniklilik agisindan  diger
genotiplerden daha iyi oldugu tespit edilmistir.
Aragtirma  bulgularina gore, dogal kosullarda

gerceklesen Alternaria (yaprak lekesi) hastaligina karsi
Koc¢42, Linas, Dinger tescilli aspir ¢esitlerinin mevcut
hastalik popiilasyonuna kars1 hassas tepki gosterdigi
tespit edilmistir. Ileri kademe hatlardan 15 hat hassas
ve geri kalan 4 hat orta hassas olarak belirlenmistir
(Cizelge 5). Baytekin ve Babaoglu (2021) 39 aspir
genotipinde, Pawar ve ark. (2017), 16 aspir
genotipinde tarla kosullarinda yaptiklar1 caligmada
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yaprak lekesi hastaligina karst higbir hattin dayanikli
olmadigimi belirlemisler; hatlarin tepkilerinin orta
dayanikli ile hassas arasinda degistigini bildirmislerdir.
Bu arastirma da hatlardan higbir yaprak lekesi hastaligi
yoniinden dayanikli ve orta dayamkli simfa
girememistir. Caligmalarin dogal tarla kosullarinda
yapilmas1 sebebiyle arastirma yerlerinin degisik ¢evre
faktorlerine sahip olmast ve farkli genotiplerin
kullanilmas1 hastalik etmeninin ortaya ¢ikmasinda
farkliliklar ortaya koymustur. Sonuglar Vijaya Kumar
ve ark.(2008) tarafindan bildirilen Diinya’da aspirde
yaprak lekesi hastaligina karsi dayanikli genotip

bulunmadig: tespitiyle uyumludur.
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SONUC VE ONERILER

Bu calisma ile yiiriitiilmekte olan 1slah caligmalari
kapsaminda elde edilen yag orani, yag verimi ve tohum
verimi agisindan seleksiyona tabi tutulan ve verim
denemesi asamasina gelmis hatlarin yaprak lekesi
hastaligina dayaniklilik durumlari  belirlenmistir.
yapilan hastalik
gozlemlerinden aspir genotiplerinin 6nemli bir

kisminin yaprak lekesi hastaligina tepki acisindan

Tarlada,dogal kosullarda

hassas diizeyde olmasina ragmen, genotipler arasinda
O6nemli varyasyon oldugu ve 4 genotipin orta hassas
oldugu tespit edilmistir. Uygun sicaklikta hastaligin
ortaya ¢ikma siddetinde yagis ve nispi nemin 6nemli
oldugu belirlenmistir. Yagis ve nispi nem artisiyla
birlikte hastalik siddeti de genel olarak artmugtir.
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OZ: Tiiketicilerin zeytinyag tiiketimine iliskin egilimleri ve farkl pazarlama yaklasimlarina karst davranmslarini analiz etmeyi
amaglayan arastrmada, 300 tiketici ile goriisiilerek, elde edilen veriler Likert digegi ve lojistik regresyon analizi kullanmilarak
degerlendirilmistir. Tiiketicilerin dolayli pazarlamaya gore dogrudan pazarlama kanalini tercih etmesinde etkili olan kriterler
incelendiginde, cinsiyet, medeni hal, yas, tiiketicinin ozel sektorde ¢alismasi, gelir diizeyi, egitim diizeyi, marketten aligveris, butik
tireticiden alisveris ve teneke ambalaj degiskeni anlamli saptanmistir. Tiiketicilerin bulundugu bolgelerde dikkate almarak farkh
pazarlama yaklasimlarimn tiiketicilerin zeytinyag tiiketimini arttirma konusunda etkili olabilecesi goriilmektedir. Ozellikle zeytinyag
tamtim faaliyetlerine onem verilmesi, farkll tiiketici ozelliklerini dikkate alan pazarlama anlayigimin burada en oncelikli konuyu
olusturmaktadur.

Anahtar Kelimeler: Zeytinyagi, pazarlama, zeytinyag pazarlamasi, Lojistik regresyon analizi.

Buying Behavior of Consumers According to Different Marketing Approaches: The Case of Olive Oil

ABSTRACT: In this study, which aimed to analyze consumer trends in olive oil consumption and their behavior towards different
marketing approaches, 300 consumers were interviewed, and the data obtained were evaluated using a Likert scale and logistic regression
analysis. When the criteria that were effective in consumers’ preference for direct marketing channels over indirect marketing were
examined, gender, marital status, age, consumer employment in the private sector, income level, education level, shopping from the market,
shopping from boutique producers, and tin packaging variables were found to be significant. Different marketing approaches, considering
the regions in which consumers are located, may be effective in increasing consumers’ olive oil consumption. Giving particular importance
to olive oil promotional activities and a marketing approach that considers different consumer characteristics constitute the top priorities.

Keywords: Olive oil, marketing, olive oil marketing, Logistic regression analysis.

GIRIS ve farkindalik arttikca,
tiketicilerin tercih ettigi bir iiriin haline gelmistir.

beslenme konusundaki

Son donemde Akdeniz tarzi beslenmenin popiiler

Zeytinyag1 tiketimi ve diinya genelinde artis

olmasinin da etkisi ile zeytinyaginin mutfaklarda = ] )
gostermistir. Zeytinyaginin saglik yararlar ve diyetle

kullanim1 daha da artmistir. Bu durum normal

iliskisi, tiiketicilerin sagliklt ve dogal besinlere olan

beslenme diizeni ve aliskanlig1r icinde zeytinyagi
olmayan birgok tiiketicinin de zeytinyagi tiiketmeye
baslamasina neden olmus, zeytinyaginin diger yaglar
arasindaki pazar payini arttirmistir. Zeytinyagi, saglik

talebini artirmistir.  Zeytinyagi, diinya genelinde

mutfaklarda ve gastronomi diinyasinda lezzetli bir
alternatif olarak tercih edilmistir. Saglikli yasam

*Bu galisma Miinevver TIRYAKIOGLU LIGVANI’nin doktora tez ¢alismasinin bir boliimiidiir.
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Akdeniz
zeytinyag tiiketiminin artmasina katki saglamaktadir.

trendleri  ve diyetinin popiilerlesmesi,

Zeytinyag1 diinya genelinde biiylik bir ekonomik
degere sahip olan saglikli ve ¢ok yonlii bir bitkisel
yagdir. Zeytinyag1 iiretimi ve ihracati, iiretici iilkeler
icin ekonomik biiylimeye ve kirsal kalkinmaya 6nemli
katkilar saglamakta olup bu verilerin degerlendirilmesi
ve analizi, zeytinyag1 endiistrisinin kiiresel 6lgekteki
etkisini anlamak ve pazarlama stratejileri iizerine
calismak i¢in 6nem arz etmektedir. Saglik ve beslenme
trendinin zeytinyagi talebini arttirmasi, pazarlama
stratejilerinde saglik vurgusuna yonelik calismalarin
O6nemini

artirmaktadir. Zeytinyagi sektorii, kalite

standartlarina uyum, markalagma, pazarlama ve
stirdiiriilebilirlik ¢abalarina odaklanarak gelecekte de
bliyimeye ve gelismeye devam edecegi tahmin
edilmektedir. Uluslararasi pazarlarda rekabet giiciinii
artirmak i¢in, tretici ilkeler kalite standartlarina
uymaya ve siirdiiriilebilirlik cabalarina 6nem vermeye
basladiklar1 ifade
pazarlamasinda marka ve ambalajlama 6nemli bir rol
Kaliteli  zeytinyagi
tiikketicilerin glivenini kazanmak i¢in kaliteli lirlinleri ve

edilmistir. Zeytinyagi

oynamaktadir. treticileri,
taninmig markalar1 tercih etmektedirler. Zeytinyaginda
etkili pazarlama stratejileri gelistirmek igin tiiketicinin
konuya bakisinin detayli olarak incelenmesi oldukca
onemlidir.

Literatiir incelendiginde zeytinyagr pazarlamasina
iligkin birgok ¢aligmada farkli iilkeler ve bolgeler i¢in
zeytinyagi unsurlar ve
tilketicilerin yaklagimlari test edilmistir (Tunalioglu,
2010; Mtimet ve ark., 2013; Adanacioglu, 2017;Trenci
ve Emeksiz, 2020; Gontijo ve ark., 2020; Han, 2020;
Panagiotou ve Stavrakoudis, 2023). Bu c¢alisma,
Tiirkiye’nin zeytin {iretim ve tiikketimin yogun oldugu

pazarlamasimi  etkileyen

bir ili ile zeytin liretimin olmadigy, tiiketici kitlesinin az
oldugu bir ilindeki tiiketiciler lizerinde ve farkh

pazarlama yaklasimlari bazinda konunun
degerlendirmesi  yonii  ile diger calismalardan
ayrilmaktadir.

GORE SATIN ALMA DAVRANISLARI: ZEYTINYAGI ORNEGI

Caligmanin ana amact; tiiketicilerin  zeytinyagi
tiketimine iligkin egilimleri ve farkli pazarlama
yaklagimlarina karsi davraniglarini analiz  ederek,
zeytinyagl satan isletmelerin pazarlama etkinligini
arttirmak icin pazarlama stratejilerine yonelik bazi

oOnerilerin getirilmesidir.
MATERYAL VE METOT
Materyal

Aragtirmanin  ana  verilerini  tiiketici  anketleri
olusturmaktadir. Arastirmanin ikincil verileri olan
makro veriler i¢in farklt ulusal ve uluslararasi
kuruluslarin web sitelerinden ve konuyla ilgili yazilmis

akademik makale ve tezlerden de yararlanilmustir.
Yontem
Verilerin toplanmasinda izlenen yontem

Tiiketici anketleri icin Izmir ve Ankara illeri
secilmistir. Bu iki ilin se¢ilmesinin ana nedeni, her
ikisinin de biiyiik sehir olmas1 yaninda, izmir’de
zeytinyag1 iiretimi ve tiikketiminin yaygin olmasi ve
yaygm
olmamasidir. Tiiketicilerin anketlere yanit vermesinde

Ankara’da ise zeytinyagi tiikketiminin

yasanacak giiclikler ve zaman kisitlilig
orneklenmesinde
Arastirmanin

gibi
kota
tiketici

nedenlerle, tiiketicilerin

orneklemesi  yapilmistir.
ayaginin yiiriitiilecegi Ankara ve izmir illerinde 300
(her ilde 150) ile

gerceklestirilmistir. Tiiketici anketlerinin yapilacagi

tiiketici anket caligmasi
yerler olarak, Izmir ve Ankara da bulunan aligveris
merkezleri segilmistir. Her iki ildeki tliketicilerin
pazarlama stratejilerine bakis agilartyla, zeytinyagi
tiiketim aligkanliklar ve pazarlama kanali tercihlerinde

etkili kriterler karsilastirilmistir.
Verilerin analizinde izlenen yontem

Tiiketiciler anketler sonucunda elde edilen veriler,
SPSS  programi
Yiizdelerden, ortalama hesaplamalarindan ve g¢apraz

vasitasiyla  degerlendirilmistir.

tablolardan yararlanilmstir.

Tiketicilerin sectikleri pazarlama kanalimi etkileyen

faktorlerin  analizinde binary lojistik regresyon
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modelinden faydalanilmistir. Modelin uyumunu bozan
verilerin modelden c¢ikartilmasiyla en saglikli modele
ulasilmaya caligilmigtir. Tiiketiciler i¢in de 12 tane
bagimsiz degisken iizerinden model olusturulmustur.

Lojistik regresyon analizi, normal dagilim, ¢ok
degiskenli normal dagilim, es varyanshik, siireklilik
gibi varsayimlar1 gerektirmeyen bir regresyon modeli
olugturarak ¢ok degiskenli istatistiksel analiz
yontemidir. Bu analiz tiirii, bagimsiz degiskenlerin
stirekli veya kategorik olabilecegi, stirekli ve kategorik
bagimsiz degiskenlerin bir arada bulunabilecegi ve
bagimsiz degiskenin kategorik oldugu durumlarn

kapsamaktadir (Senel ve Alatli, 2014).

Lojistik regresyon modelleri zayif olgekle Sl¢tilmiis
degiskenler arasindaki iliskinin seklini ortaya koyan
Lojistik
degiskenin kategori sayisinin iki olmasi durumunda
kullanilir (Hosmer ve Lemeshow, 1980).

modellerdir. regresyon analizi bagiml

Genellikle iizerinde durulan olayin gerceklesmesi 1
Lojistik
fonksiyonun 0 ile 1 arasinda bir degisim araligina sahip

gerceklesmemesi ise 0 ile gosterilir.
olmasi lojistik fonksiyonun tercih edilmesindeki ilk
onemli nedendir. Lojistik model, ortaya ¢ikacak riski O
ile 1 arasinda herhangi bir deger olarak tahmin etmeye
yarar. Bagka bir deyisle 1’in iistiinde veya 0’1n altinda
bir risk olmaz. Bu durum her model i¢in her zaman
dogru olmamaktadir (Hosmer ve Lemeshow, 1980).

Lojistik regresyon fonksiyonu,

(%) = exp(Bo + B1X)

1+ exp(Bo + B1X)
Bu ifadenin bir diger sekli ise, 7 (X) = [1+ exp(—Po —
B1X)] ! olarak yazilabilir (Agresti, 1990).

kullanim
model

Lojistik regresyon analizinin
istatistikte kullanilan diger

teknikleriyle aynidir. Bu tiir analizlerde temel amag

amaci,
yapilandirma

bagimli ve bagimsiz degiskenler arasindaki iliskiyi, en
az degisken ile en iyi uyuma sahip olacak bicimde
tanimlayabilen, kabul edilebilir bir model kurmaktir
(Atasoy, 2001).

Tiiketicinin cinsiyet, yas, egitim diizeyi, medeni hal,
0zel sektorde calisma durumu, gelir diizeyi, tereyagi
tilketimi, aycicek yagi tiikketimi, marketten aligveris
yapmasi, butik igletmeden aligveris yapmasi, 3-5 It
teneke ambalaj ve cam ambalaj modelin bagimsiz
degiskenlerini; tiiketicinin zeytinyagini almayi tercih
ettigi pazarlama kanallar1 ise arastirma modelinin
bagimli degiskenlerini olusturmaktadir (Cizelge 1).

Cizelge 1. Logit modelde bagimli ve bagimsiz degiskenler.
Table 1. Dependent and independent variables in the logit model.

"l]?Srgl; sken  Degisken Adi Tanimlar ve Kodlar
Bagiml Pazarlama Kanali Dogrudan Pazarlama Kanali:1
Dolayli Pazarlama Kanali:0
Bagimsiz ~ Cinsiyet 1=Erkek 0=Kadin
Yas 1=20-30 y1l, 2=31-45 y1l, 3=46-60,
4=61 yas lstii
Egitim Diizeyi 1=Okula Gitmemis, 2=lkokul,
3=Ortaokul, 4=Lise, 5=On Lisans,
6=Lisan 7=Yiiksek Lisans
Medeni Hal 0=Evli 1=Bekar

Ozel Sektorde _ _
Calisma Durumu 0=Hayir, 1=Evet
Gelir Diizeyi 1=1700 b alt1, 2=1700-3000 & ,
3=3000-5000b, 4=5000-7000b
5=7000% iistii
Tereyagi Tiiketimi 0=Hayrr, 1=Evet

Aygigek Yagi _ _
Tiiketimi 0=Hayr, 1=Evet

Marketten . B
Alisveris 0=Hayr, 1=Evet
Butik Is_letmeden O=Hayrr, 1=Evet

Aligveris

3lt-5l1t Teneke ~ _
Ambalaj 0=Hayir, 1=Evet
Cam Ambalaj 0=Hayir, 1=Evet

BULGULAR VE TARTISMA

Tiiketicilerin sosyo-ekonomik ozellikleri

Goriistilen tiiketicilerin %80°ni kadin %20’si erkektir.
Egitim, kisilerin bilgileri degerlendirmeleri agisindan
onemli bir gostergedir. Ankete katilanlarm egitim
durumlar1 incelendiginde %63 niin {iniversite, %26’s1
yiikksek lisans, %10’u da lise mezunu oldugu
goriilmektedir. Tiketicilerin %70’i evli ve %30°u da

bekardir (Cizelge 2).
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Cizelge 2. Tiiketicilerin demografik 6zellikleri.
Table 2. Demographic characteristics of consumers.

Oxzellik (N) (%)
Cinsiyet Erkek 20 20
Kadin 80 80
Egitim Durumu [kogretim - -
Ortadgretim 3 1
Lise 30 10
Lisans 189 63
Lisansiistii 78 26
Medeni Durum Evli 210 70
Bekar 90 30
Ailedeki Cocuk  Cocuklu 243 81
Durumu Cocuksuz 57 19
Yas 18-30 39 13
31-45 183 61
46-60 54 18
61-85 24 8

Tiiketicilerin %26,3 niin aylik hane halk: geliri 10.000
b ve lizerinde olup, %2,8’nin geliri bulunmamaktadir.
Tiiketicilerin hane halki gelir seviyesinin en yogun
oldugu aralik ise %32,6 ile 8.001-10.000 % araligidir

(Cizelge 3).

Cizelge 3. Tiiketici hane halk: gelir durumu.
Table 3. Household income status of consumers.

Gelir (b) (N) (%)
2000-6000 43 14,3
6001-8000 72 24,0
8001-10000 98 32,6
10000+ 79 26,3
Gelirim yok 8 2.8
Toplam 300 100,0

Tiketicilerin  %31,7’sinin  6zel sektor calisan1 ve
%18,3’inin serbest meslek ¢alisan1 %22’sinin memur,
%10,7’s1 ev hanimi, %7,6’s1 emekli ve %3,7°si de

ogrencidir. Tiiketicilerin % 6’s1 ¢caligmayan kisilerden

GORE SATIN ALMA DAVRANISLARI: ZEYTINYAGI ORNEGI

Tiiketicilerin zeytinya@ tiiketimine iliskin sonuclar

Tiiketiciler arasinda zeytinyagini kullanmayan sadece
bir kisiye rastlanmistir. Ankara Golbasi’da yapilan bir
caligmada, tiiketicilerin %40’nin zeytinyagim hig
kullanmadiklari belirlenmistir (Cémert ve ark., 2012).
Diger yandan Izmir Dikili de yapilan bir ¢alismada ise,
zeytinyagin1  kullanmayan kisilere rastlanmamistir
(Agir ve ark., 2018). Buradan hareketle, zeytinyag:
tiketiminde, zeytinin yetistirilip yetistirilmesine bagh
bolgesel farkliliklar olabilecegi gibi 2000°li yillardan
sonra yapilan zeytinyagi tanitimlarinin da etkili oldugu
diisiiniilmektedir. Zeytinyagi kullanma aliskanligi
olmayan kisilerin de zeytinyaginin saglikli ve dogal bir
yag olmasindan dolay1 tiiketmeye bagladigi ifade

edilebilir.

Tiirkiye'de zeytinyag: tiiketici fiyatlarinin diger bitkisel
yaglara kiyasla yiiksek olmasi, aycicegi ve musir
yaglar1 gibi daha uygun fiyatli olan bitkisel yaglarin
varligi, Tiirkiye'de yurt i¢i zeytinyag tiikketimini baski
altina almaktadir. Dolayis1 ile {ilkemizde yeterli
miktarda lretim olmasma ragmen, zeytinyagi talebi
diisiik kalmaktadir (TEPGE, 2022).

Tiiketicilerin tercih ettikleri yaglar incelendiginde,
tiketicilerin  %4,3’nlin sadece zeytinyag1 tiikettigi
goriilmektedir. Tiiketicilerin en yiiksek oranda
zeytinyagl ve tereyagin tiiketmektedirler. Ayrica
“zeytinyagi, tereyagi ve aycicek yag1” ve “zeytinyagi,
margarin, tereyagl ve aycicek yagini” tercih edenlerin
orani da dikkate degerdir (Cizelge 5).

Cizelge 5. Tiiketicilerin kullandiklar1 yaglar
Table 5. Oils used by consumers

olugmaktadir (Cizelge 4). Tiiketilen Yaglar (N) (%)
Zeytinyagi 13 43
Cizelge 4. Tiiketicilerin meslek durumu. Zeytinyagi, Aycicek Yagi 15 50
Table 4. Occupational status of consumers. Zeytinyagi, Margarin, Aycicek Yagi 4 13
Meslek (N) (%) Zeytinyagi, Tereyagi 104 34,7
Serbest meslek 55 18,3 Zeytinyagi, Tereyagl, Aygicek Yagi 99 33,0
Ozel Sektor calisant 95 31,7 Zeytinyagi, Tereyagl, Aygicek Yagi, Findik Yagi 7 23
Memur 66 22,0 Zeytinyagi, Tereyagi, Margarin, Aycicek Yagi 35 117
Emekli 23 7,6 Zeytinyagi, Tereyagi, Misirozii Yagi 6 20
Ev Hanimi 32 10,7 Zeytinyagi, Tereyagi, Aycicek Yagi, Misirozii Yagi 5 17
Ogrenci 11 3,7 Zeytinyagi, Tereyagi, Findik Yagi 12 40
Caligmiyor 18 6,0 Toplam 300 100
Toplam 300 100
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Tiiketicilerin  %11’inin kendisinin veya ailesinin
zeytinligi bulunmakta olup, yillik tiiketilen zeytinyagi
ihtiyacinin ~ tamami ~ veya  Onemli  kismini
Zeytinyagi
bolgelerde de anket yapildigindan dolay1 bu durum

anlamlidir. Tiketicilerin %16’s1 tamidig1 ciftgilerden

kargilamaktadirlar. tretiminin  oldugu

dogrudan zeytinyagini temin etmektedir (Cizelge 6).
Genelde yilda 1
edilmektedir. Butik isletmelerinin tercih edilme orani
da %8’dir. Yapilan bir ¢aligmada, Tiirk tiiketicilerinin

defa toplu alim yolu tercih

butik isletmelerin zeytinyagi aliminda tercih edilme
orani %6 olarak test edilmistir (Altuntas ve ark., 2022).
Kaliteli zeytinyag {iretimi yapilmasi ve birebir iliskiler
bu satiy yoOnteminin artmasina neden olmaktadir.
Sadece internetten alim oran1 %2,4’tiir. Ancak internet
iizerinden butik isletmelerden alim yapildigi veya
internet {izerinden

yiiksek

tamidig1 ciftcilerden de yine
daha

goriilmektedir. Tiiketicilerin %7,6’s1 sadece marketten

yapilanlarla bu oranin oldugu
zeytinyagl satin almaktadir. (Cizelge 6). Hatay ilinde
%62,9’nun
%13,3’niin

fabrikalardan ve %3,6’smin sarkiiterilerden zeytinyagi

yapilan bir ¢alismada tiiketicilerin

ireticilerden, %.20,1’nin marketlerden,

satin aldig1 saptanmistir (Tapki ve ark., 2020).

Cizelge 6. Zeytinyagi temin etme sekilleri.
Table 6. Procurement methods of olive oil.

Zeytinyagin Satin Alindig1 Yer (N) (%)
Kendi zeytinligimiz var 33 11,0
Tanidigim giftcilerden 48 16,0
Ciftciden 26 8,7
Butik firmalardan 24 8,0
Marketten, Butik firmalardan 30 10,0
Marketten 23 7,6
Marketten, Butik firmalardan, Internetten 10 3,3
Pazardan 10 3,3
Marketten, Tanidigim zeytinciden 15 5,0
Ciftgiden, Butik firmalardan 7 2,4
Market ve ciftci 20 6,7
Hediye olarak tanidiklardan geliyor 10 33
Butik firmalardan, Internetten 6 2,0
Tanidigim zeytinciden, Kendi zeytinligimiz var 10 3,3
Marketten, Hediye olarak tanidiklardan geliyor 7 2,4
Market ve yol kenart 4 1,3
Tanidigim zeytinciden, Internetten 10 33
Internet 7 2,4
Toplam ~ 300 100

Italya’ da yapilan bir ¢aligmada tiiketicilerin zeytinyag
baslica satin alma kanallar1 harcama araliklarina gore

incelenmistir. Elde edilen verilere gore, diisiik harcama
%781 genellikle siipermarketlerden,
hipermarketlerden ve

yapanlarin
biliyiik  perakendecilerden
zeytinyag1 satin alirken, yiiksek harcama yapanlarin
%76's1 genellikle iireticiden dogrudan veya ¢evrimigi
olarak satin almaktadirlar (Statista, 2019).

Tiiketicilerin %29 ’ii natlirel sizma yagini, %13,3si
%6,7’s1
zeytinyag1 tercih etmektedirler.

natiirel birinci  zeytinyagi, de organik
Natiirel sizma ve
natiirel birinci zeytinyaglarinin tercih edilme orani
%16,3’tiir (Cizelge 7). Tunus’ ta yapilan bir ¢caligsmada
tiikketicilerin benzer sekilde ilk tercihlerinin sizma
zeytinyagi oldugu, ikinci tercihlerinin de natiirel birinci
zeytinyagl olarak belirtilmistir. Aym ¢alismada
Tunuslu tiiketiciler prina yagmi da tiglincii tercihleri
olarak belirtseler de ililkemizde prina yaginin 6zellikle
tiketilmesinin -~ ¢ok  yaygin  olmadigt
bilinmektedir. ayni c¢aligmada

tiikketicilerin zeytinyaginda giiclii tat ve yesil rengi

evlerde
Ayrica Tunuslu
tercih ettikleri de belirtilmistir. Tiirkiye’de zeytinyagi
tretiminin olmadig1 bolgelerdeki tiiketicilerin genelde
zeytinyagl tadinda baskin tadi sevmedikleri daha
dogrusu agiz tatlarina uygun gelmedigi bilinmektedir
(Mtimet ve ark.,2013).

Cizelge 7. Tiiketicilerin zeytinyagi ¢esidi tercihi.
Table 7. Consumer preferences for types of olive oil.

Serbest Yag Asitligi (N) (%)
Organik Zeytinyag1 20 6,7
Organik Zeytinyag: ve Naturel Sizma 40 13,3
Naturel Sizma 87 29,0
Naturel Birinci 40 13,3
Naturel Sizma ve Riviera 19 6,4
Naturel Sizma, Naturel Birinci ve Riviera 45 15,0
Naturel Sizma ve Naturel Birinci 49 16,3
Toplam 300 100

Tiiketicilerin %80,6’si zeytinyagim1 hem yemeklerde
hem de salatalarda ¢ig olarak tiiketmektedirler.
%12,3’1i sadece salatalarda, %4,1°1 kizartmalarda ve
%3’ de sadece yemeklerde zeytinyagi kullanmay1
tercih etmektedir (Cizelge 8). Goriisiilen tiiketicilerin
zeytinyagini  kizartmalarda kullanilma orami %4,1
olarak belirlenmistir. Tiirk tiiketicilerinin zeytinyagi
tiketimi konusunda tutum ve davraniglarimi inceleyen
tiketicilerin

bir  caligmada, yaklasik  yarisinin
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zeytinyagini kizartmalarda kullandiklarimi ve siirekli
kullananlarin oraninin da %20 oldugu belirtmiglerdir.
Ayni calismada zeytinyagini direk tiiketme sikligina
bakilmis ve siirekli dogrudan zeytinyagini tiiketenlerin
orani %49 ve siklikla tiiketenlerin orani da %36 olarak

tespit edilmistir (Altuntags ve ark.,, 2022).

Aragtirmamizda tiiketicilerin yemek ve salatalarda

zeytinyagr tercth etme oram1 %80,6 olarak

belirlenmistir.

Cizelge 8. Zeytinyagini tilketme sekilleri.

Table 8. Ways of consuming olive oil.
Tiiketme Sekli (N) (%)
Sadece salatalarda 37 12,3
Salata ve yemeklerde 242 80,6
Kizartmalarda 12 41
Sadece yemeklerde 9 3,0
Toplam 300 100

Fransa, Amerika, Tunus ve Danimarka’da toplamda
3492 tiiketici ile yapilan ankette, zeytinyaginin
%77,8'
pisirmede, %73,9'u salata sosu olarak ve %41,2'si
kizartmada kullandiklarimi ifade edilmistir. Ulkeler
aras1 farkliliklara baktigimmzda ise Fransa’da %16,7 ve

kullanim alanlarina bakildiginda yemek

Tunus'ta %11,0 olmak {izere anket yapilan diger
iilkelere gore daha az tiiketici zeytinyagini kizartma
icin kullanirken, Danimarka'da %70,3"i zeytinyagini
kizartma icin kullandiklar1 belirtilmistir. Ote yandan,
Fransa ve Tunus'ta ¢ogunluk zeytinyagini (%90,7 ve
%96,1)
tilketicilerin yalmizca %56,2'sinin zeytinyagini salata
sosu olarak kullanildig: belirtilmistir (Chrysochou ve
ark., 2022).

salata sosu olarak kullanirken, ABD'de

Tiiketicilerden internetten zeytinyagi alanlarin orani
Izmir’de %12,7, Ankara’da ise %26,7’dir (Cizelge 9).
Bu durum Izmir’in konum olarak zeytinyag: {iretim
bolgesi iginde olmasi, tiikketicilerin fiziki satis1 daha gok
tercih ettikleri ve Uireticilere kolaylikla ulasabildiklerini
gostermektedir.

Bursa ve Eskisehir illerinde yasayan ve gida

aligverigini  bizzat gerceklestiren 97 tiiketicinin

katilimiyla yapilan anket ¢alismasinda, en dikkat ¢ekici
gelisme online gida aligverisinde yasanmistir. Pandemi

GORE SATIN ALMA DAVRANISLARI: ZEYTINYAGI ORNEGI

oncesi donemde gida aligverisini sik veya ¢ok sik
online gergeklestirdigini belirten tiiketicilerin orani
%8,24 iken, pandemi siirecinde bu oran %56,70'e
yiikselmistir (Tepe ve ark., 2022). Zeytinyaginin da
internet alim miktarinin arttig1 diigiiniilmektedir.

Yapilan ankette tiiketicilerin %76,6’sinin firmalarin
sosyal medya paylasimlarina gbre zeytinyagi almayi
tercih etmedikleri, ancak konusunda uzman olduguna
inandig kisilerin tavsiye etmesi durumunda internetten

zeytinyagl alma kararlarmin  %52,7’e  ylikseldigi
gorilmistiir.
Tiiketicilerin zeytinyag1 pazarlama kanallar

tercihlerine iliskin analiz sonuclar

Tiiketicilerin satin almay1 tercih ettikleri pazarlama
kanallar1 belirlenirken oncelikle, pazarlama kanallari
dogrudan ve dolayli pazarlama kanallar1 olarak
ayrilmistir. Dogrudan pazarlamanin birgok satig
secenegini icerdigi ifade edilmektedir. En yaygin
olanlari; yol kenar1 pazarlari, iiretim alanindan kendi
iirlinlinii toplama, iiretici pazarlari, internetten siparis
ve dogrudan restoranlara ve kurumlara satig ve tarim
turizmi faaliyetlerine katilim yolu ile satig seklinde

tanimlanmustir (Burt ve ark., 2008).

Dolayli pazarlama ise, kisa ve uzun pazarlama kanali
olarak ayrilabilir. Kisa Pazarlama Kanali iiretici ile
tiikketici arasinda bir veya en fazla iki aracinin oldugu
Kisa
pazarlama kanali i¢in ¢evrim i¢i pazarlama alanlar, tek

pazarlama kanali olarak tanimlanmaktadir.
aracili satiglara iyi bir Ornek olmaktadir. Uzun
pazarlama kanal1 ise, klasik olarak bilinen ve bir¢ok
kanalt  olarak

aracinin ~ bulundugu  pazarlama

tanimlanmaktadir. Bu kanal iginde birgok aktor

bulunmaktadir. Bu aktorlerin  aldigit  her bir
komisyondan dolay1 pazarlama marj1 yiiksek bir kanal

olarak ifade edilmektedir.

Tiiketicilerin satin almay1 tercih ettikleri pazarlama
kanallarim1 dolayli ve dogrudan olarak satin alma
yiizdelerine gore incelendiginde, dogrudan pazarlama
kanalini tercih etme orani %59,3 ve dolayli pazarlama
kanalin1 tercih etme orani ise %40,7’dir. Her iki kanalin
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toplamda oranlar1 birbirine yakin olarak ol¢tilmiistiir.
Ankara ve Izmir ili 6zelinde baktiginzda Izmirli
tilketicilerin %67,3’ii dogrudan zeytinyagini almay1
tercih etmektedir. Ankara ili i¢in bu oran %51,3 olarak
hesaplanmistir (Cizelge 10). Izmir’in konum olarak
Zeytinyag iiretimi bolgesi i¢inde olmasi tiiketicilere,
dogrudan satis kanallarina ulasabilme kolayligi
saglamaktadir.

Cizelge 10. Tiiketicilerin zeytinyagini dogrudan ve dolayli satin

alma oranlar1

Table 10. The direct and indirect purchasing rates of consumers for

olive oil
Pazarlama kanali

Dogrudan pazarlama Dolayl pazarlama

kanalin1 kullananlar kanalini

kullananlar

N (%) N (%)

Ankara 77 513 73 167
[zmir 101 67,3 49 32,7
Toplam 178 59,3 122 40,7

Besli likert oOlgegine gore tiiketicilerin zeytinyagi
tercihlerinde en etkili olan kriter 4,9 6lgek ortalamasi
ile zeytinyaginin tadi ve kokusudur. Bu degeri 4,48
Olcek ortalamasi ile zeytinyagi fiyatlari, 3,19 olcek
ortalamasi ile isletme sahibini tanimak izlemektedir.
Tiiketicilerin zeytinyag tercihinde ambalaja verdikleri
Olcek degeri 2,76 ile en diisiik deger olmustur (Cizelge
11).

Cizelge 11. Zeytinyag tercihinde etkili olan kriterler
Table 11. The criteria that influence olive oil preferences

Kriter Likert

Ortalama
Fiyat 4,48
Kalite 4,27
Ambalaj 2,76
Tavsiye olmasi 2,90
Promosyon 3,44
Tat-koku 4,59
isletmem’n marka imaji 3,02
Isletme sahibini 3,19
tanimak

1: Hig etkili degil 2: Az etkili 3: Etkili 4: Oldukga etkili
5: Cok etkili

Yunanistan’da tiiketicilerin organik zeytinyagina olan
bakis
tiikketicilerin gida tiiketimlerinde sagliga ¢ok Gnem

acisinin  degerlendirildigi bir calismada,
verdikleri sonucuna varilmis, ayrica iiriiniin paketinin

ve zeytinyagmin koku, tat ve renk gibi belirli

ozelliklerinin 6nemli oldugu vurgulanmistir. Yine ayni
arastirma da zeytinyaginin saglikli olmasindan dolay1
bir kisim tiiketicinin yiiksek fiyat 6demeyi kabul ettigi
de ifade edilmistir (Sandalidou ve ark., 2002).

zeytinyagi hakkindaki
farkindaliklari1 goésteren anket c¢alismasinda ise,

Italyan tiketicilerin
zeytinyagim siipermarketler, hipermarketler ve biiyiik
perakendecilerden satin alan tiiketicilerin yaklasik
%16’s1 satin aldiklar1 zeytinyag1 hakkinda bilgi sahibi
olmadiklar1 belirtilenmistir. Zeytinyagini genellikle
iireticiden dogrudan satin alan tiiketicilerin yaklasik
%901, hasat ve {iretim agsamalarinin ayni yerde
gerceklestirildigini  bildikleri  ifade
(Wunsch, 2020).

etmislerdir

Zeytinyaginin saglik agisindan faydali oldugu bilgisi
bircok yayinda yer almakta ve tiiketiciler arasinda da
kabul gormektedir. Bu konuyla ilgili yapilmis bir
arastirmada, yiiksek kalp-damar riskine sahip kisiler
arasinda, ekstra sizma zeytinyagi (Haftada 1 It) ile
desteklenen bir Akdeniz diyetinin, yeni ciddi kalp-
damar vakalari meydana gelme sikligim azalttigi
gozlemlenmistir (Estruch ve ark., 2013).

Zeytinyaginin tiikketiminin zeytinyaginin iiretilmedigi
bolgelerde de arttirilmasi igin zeytinyaginin saglikli bir
yag olmas1 vurgusu yaninda tiiketicilerin damak tadina
uygun olaninin se¢ilmesi {izerine de ¢aligsmalar
yapilmasinin tiiketimin artmasi agisindan pozitif etkisi
olacag diisliniilmektedir.

Tiiketicilerin kanal seciminde etkili olan faktorlerin
lojistik regresyon modeli ile analizi

Tiiketicilerin zeytinyag1 aliminda dogrudan ve dolayl
pazarlama kanallar tercihlerinde etkili olan faktorlerin
analizi, lojistik regresyon analizi ile
gerceklestirilmistir. Tiketicilerin tercihlerinde etkili
olan kriterler dncelikle Ankara ve Izmir illeri i¢in ortak
verilmis daha sonrasinda ise Ankara ve Izmir tiiketicisi
bazinda degerlendirilmistir.

Tiiketicilerin 12 bagimsiz degisken {iizerinden bir
model
yapilmistir. Degiskenlerin tanimlayici
Cizelge 12’ de verilmistir.
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Cizelge 12. Lojistik regresyon modelinin tanimlayici istatistikleri.
Table 12. Descriptive statistics of Logistic regression model.

GORE SATIN ALMA DAVRANISLARI: ZEYTINYAGI ORNEGI

Degisken Tiirii Degisken Adi Ortalama  Std.Sapma  Minimum  Maksimum
Bagimlh Pazarlama Kanali 0,59 0,49 0 1
Bagimsiz Cinsiyet 0,20 0,40 0 1
Yas 2,21 0,81 1 4
Egitim Diizeyi 5,80 1,23 1 7
Medeni Hal 0,21 0,46 0 1
Ozel Sektor Calisan1 Olmak 0,52 0,50 0 1
Gelir Diizeyi 3,65 1,09 1 5
Tereyag: Tiketimi 0,87 0,33 0 1
Aycicek yagi Tiiketimi 0,56 0,49 0 1
Marketten Aligveris 0,43 0,49 0 1
Butik Isletmeden Aligveris 0,26 0,43 0 1
3It-51t Teneke Ambalaj 0,53 0,49 0 1
Cam Ambalaj 0,43 0,49 0 1

Tiiketicilerin dolayli pazarlamaya goére dogrudan
pazarlama kanalini tercih etmesinde etkili olan kriterler
incelendiginde, cinsiyet, medeni hal, yas, tiiketicinin
0zel sektorde ¢alismasi, gelir diizeyi, egitim diizeyi,
marketten aligveris, butik iireticiden alisveris ve teneke
ambalaj degiskeni anlamli saptanmistir (Cizelge 13).
Erzurum’daki tiiketicilerin market tercihinde etkili
olabilecegi diisliniilen miisteri, market ve lriine iligkin
s0z konusu oOzellikler dikkate alinarak asamali
regresyon ve multinominal lojistik regresyon analizi
kullanilmustir.  Analizler sonucunda tiiketicilerin
market tercihlerinde medeni hal, egitim ve ucuzluk
degiskenlerinin etkili oldugu tespit edilmistir (Ozer ve
Lebe, 2008). Yunanistan'da zeytinyagi tiiketicilerinin
sosyo-ekonomik  &zellikleri ettikleri

bolgenin Ozellikleri arasindaki iliski incelenmistir.

ile ikamet

Arastirmada, zeytinyagr satin alma davranislari

tizerindeki etkileri belirlemek igin multinominal
lojistik regresyon analizi kullanmilmistir. Bulgular,
zeytinyag1 alimim etkileyen ana faktorlerin yas, egitim
seviyesi ve ikamet edilen bdlgedeki zeytinyaginin
tiretilip dretilmemesi oldugunu gostermektedir. Ancak,
hane biiyiikliigii, hanenin geliri ve sehir/kirsal kesimin
biiyiikliigliniin bu davranislar etkilemedigi sonucuna

vartlmigtir (Duquenne ve Vlontzos, 2012).

Tereyag1 tiketme, Aycicek yagi tiikketme ve cam
ambalaj degiskenleri tiiketicilerin dogrudan pazarlama

kanal1 tercihini etkileme konusunda istatistiksel olarak
(Cizelge 13).
pazarlama kanal tercihini istatistiksel olarak anlamli

anlamsizdir Cinsiyet degiskeni,
olarak etkiledigi goriilmektedir. Erkek olma kriteri
dogrudan pazarlama kanalini tercih etme olasiliginin,
kadinlara kiyasla yaklasik olarak 0,22 yiizde puan

azalttig1 saptanmistir. Bekar tiiketicilerin evli olanlara

gore, dogrudan pazarlama kanalim1 tercih etme
olasihiginin  %0,17 puan daha disik oldugu
belirlenmistir.

Tiiketicilerin yas degiskeni, dogrudan pazarlama
tercihini etkileme konusunda istatistiksel olarak
anlamli bulunmus ve yas kriterindeki her birimlik artis,
dogrudan pazarlama kanalini tercih etme olasiligini
arttigi saptanmustir. Tiketicilerin yas birimi arttik¢a
saglik konusunda ve tiikettikleri gidalar {izerine daha
hassas olmalar1 ve dogal Tirlin tiiketme arzulan
artmakta bundan dolayr da dogrudan pazarlama
kanalini tercih etmelerinde etkili faktdrlerden oldugu
diisiiniilmektedir. Tiiketicilerin gelir diizeyindeki her
birimlik artis dogrudan pazarlama kanalin tercih etme
Gelir arttikga
tiketicilerin daha kaliteli {irlin tiiketme arzusu ve bir

olasilign  arttirmaktadir. diizeyi
seferde toptan satin alma giicii arttigindan dolay,
ettikleri

tuketicileri

dogrudan pazarlama kanalim tercih
diistiniilmektedir. Tunuslu  zeytinyag:
iizerine yapilan bir calismada, genel olarak tiiketicilerin
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fiyata duyarli oldugu ve bu nedenle siselenmis {iriinleri
piyasaya siirmek i¢ini iyi bir fiyat stratejisinin
tiikketicilerin toplu satin alma tercihlerini etkileyecegi
sonucuna ulasiimistir (Mtimet, ve ark., 2013). italyan
ekstra sizma zeytinyagi pazarini segmente etmek igin,
iilke capinda yapilan bir anketten elde edilen bilgiler,
tilketicilerin zeytinin kokeni, {iretim yoOntemi ve
duyusal o6zellikler icin 6demeye istekli olduklari
miktarlar iizerine rastgele parametreli logit regresyonu

Cizelge 13. Ankara ve Izmir ili tiiketicileri icin logit model sonuclar1.

kullanilarak analiz edilmistir. Zeytinyagi tercihlerini
onemli dlgiide etkileyen koken bilgisi, hem PDO veya
PGI sertifikasinin benimsenmesi hem de kokenin
etiketlenmesi, iiretim yontemi ve duyusal ozelliklerle
ilgili bilgilerin oldugu, pazar segmentasyonu, koken ve
organik
ozellikle duyarli olan tiiketicilerin bulundugu sonucuna
varilmistir (Panico ve ark., 2014).

sertifikasyon ile etiketlemenin netligine

Table 13. Logit model results for consumers in Ankara and Izmir provinces.

Model

Pazarlama kanali= -Bo - B1 Cinsiyet- B. Medeni hal+Bs Yas+ Bs Ozel sektorde galigmast +Ps Gelir diizeyi- Ps Egitim diizeyi + B7 Tereyag
tilketimi- Bs Aycicek yag tiikketimi-Bo Market+ Bio Butik isletme- f1:Cam sise- 12 Teneke.

Bagimli degiskenler: Dogrudan pazarlama =1, Dolayli pazarlama =0

Katsay1 P degeri dy/dx

Cinsiyet -1,037392 0,033* -0,2294421
Medeni hal -0,8040312 0,075* -0,1778292
Yas 0,5810379 0,032* 0,1285093
Ozel sektorde ¢alismasi 0,6815118 0,092* 0,1506743
Gelir diizeyi 0,998595 0,000* 0,2208612
Egitim diizeyi -0,3504767 0,071* -0,0775156
Tereyagi 0,0757662 0,905 0,0169147
Aygigek yagi -0,166502 0,688 -0,0366864
Market -4,216955 0,000* -0,7697499
Butik isletme 2,457042 0,000* 0,4088136
Cam sise -0.1227713 0,773 -0,0272231
Teneke 3It-5 It -0.7653133 0,070* -0,1664962
Nagelkerke R Square ,690
Cox &Snell R Square 511
Hosmer and Lemeshow Chi-Square 12,158
Hosmer and Square sig ,144**

* % p <0.10 igin anlamlidur.

**p>0.05 anlamlidir.

Ozel sektorde calisma durumu kriterinin dogrudan  Egitim  diizeyi degiskeni, tiiketicilerin  dolayli

pazarlama tercihini etkileme olasiligina baktigimizda
ise, 0zel sektorde calisan olmanin, ankete katilan diger
meslek grubu tiiketicilere kiyasla dogrudan pazarlama
kanalini tercih etme olasiligint % 0,15 puan arttirdig
Ozel
seviyelerinin diger meslek gruplarina gore daha fazla

saptanmustir. sektor  g¢alisanlarinin  gelir

olmas1 ve genel beslenme diizenleri ve saglik
konularina daha egilimli olmasi ve gurme tatlara olan
merakinin fazla olmasi da dogrudan pazarlama kanalini
etmelerinde 6nemli etkenlerden

tercih oldugu

diistintilmektedir.

pazarlama kanalina goére dogrudan pazarlama kanalina
secme olasiliklarim1 negatif etkilemektedir. Diisiik
tiketicilerin dogrudan pazarlama kanalimi tercih etme
olasilig1 yiiksek olarak belirlenmistir (Cizelge 13). Bu
sonug ¢ok beklenen bir durum olmamakla birlikte, fiyat
acisindan ve kirsaldan go¢ etmis kisilerin aliskanlik
olarak cift¢iden aligveris yapmasiyla baglantili olarak,
egitim seviyesi yiiksek olmayan kigilerin dogrudan
pazarlama kanalini, dolayliya gore tercih etmesini
aciklamaktadir.
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Market satis yeri degiskeni, dogrudan pazarlama
tercihini etkileme konusunda istatistiksel olarak
anlamlidir. Bu durumda, marketten aligveris yapan
bireylerin dogrudan pazarlama kanalin1 tercih etme
olasiligi, dolayl satis kanalini tercih eden tiiketicilere
kiyasla % 0,76 puan daha diisiik oldugu goriilmektedir.
Bu negatif katsayi, market satis yerinin dogrudan
pazarlama tercihi {lizerinde negatif bir etkiye sahip
Marketten yapan
tiikketicilerin dolayliya gore, dogrudan pazarlama

oldugunu  gosterir. aligveris
kanalin1 tercih etme olasiliklar1 diisiiktiir. Aligverisini
marketten yapan tiiketicilerin  zeytinyagini da
marketten almayi tercih etmeleri beklenen bir sonugtur.
Kolay ulasimi, ¢ok fazla ¢esidin bulunmasi ve istedigi
miktarda almasi bu tiiketicilerin dolayli pazarlama
kanalini tercih etmeleri iizerinde etkili oldugu seklinde

yorumlanmaktadir.

Butik isletme satis yeri degiskenine baktigimizda, butik
isletmelerden zeytinyagi satan alan tiiketicilerin
dogrudan pazarlama kanalin1 tercih etme olasiligl,
dolayl1 pazarlama kanalin1 tercih eden tiiketicilere gore
yaklasik olarak % 0,40 puan daha yiiksek olarak
saptanmistir. Bu pozitif katsayi, butik isletme satig
yerinin dogrudan pazarlama tercihi iizerinde olumlu bir
etkiye sahip oldugunu gostermektedir. Marketten
aligveris yapan bireylerin dogrudan pazarlama kanali
tercih etme olasihigi diisiikken, butik isletmeden
aligveris yapan bireylerin dogrudan pazarlama kanal
tercih etme olasiligi yiiksektir. Tiketiciler butik
isletmeden alisveris yapmayi tercih ettiklerinde zaten
dogrudan satis1 da tercih etmis olmaktadirlar. Butik
isletmeler 6zel ve kaliteli zeytinyagi sunduklar1 i¢in
daha az miktarda bulunmakta ve tiiketiciler bu

isletmelere dogrudan ulasmaktadirlar (Cizelge 13).

Teneke ambalaj degiskeni, dogrudan pazarlama
tercihini etkileme konusunda istatistiksel olarak
anlamli bulunmustur. Bu durumda, ambalaj olarak
tencke ambalaj degiskeni, tiiketicilerin dolayli
pazarlama kanalina gére dogrudan pazarlama kanalini
secme olasiligi % 0,16 puan daha disiiktiir. Butik

isletmelerden aligveris yapan tiiketicilerin daha g¢ok
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cam ambalaj tercih etme isteklerinden dolay1 teneke
ambalaj baz1 durumlarda tiiketiciler igin kaliteli bir yag
imajina ters diismekte olup, bundan dolay1r dolayh
pazarlama kanalina gore, dogrudan satis kanali segcme
olasiligini negatif etkilemektedir (Cizelge 13).

Ankara’daki tiiketicilerin dogrudan pazarlama kanalim
tercih etmede; cinsiyet, medeni hal, yas ve gelir diizeyi,
aycicek yagr tiiketimi, marketten aligveris yapma
durumu, butik isletmelerden aligveris yapma durumu,
cam sige ambalaj ve teneke ambalaj degiskeni anlaml
saptanmistir (Cizelge 14).

Cinsiyet degiskenine gore Ankara’daki erkek olan
tiikketicilerin dogrudan pazarlama kanallarini tercih
etme olasilig1, kadinlara kiyasla daha diistiktiir (Cizelge
14). Medeni hal degiskeni, dogrudan pazarlama
tercihini etkileme konusunda istatistiksel olarak
anlamli olup bekar olan bireylerin dogrudan pazarlama
kanalin1 tercih etme olasiligi, evli olanlara kiyasla daha
diisik oldugu ifade edilebilir. Yas degiskeni ele
yas arttikca
pazarlama kanallarini tercih etme olasiligl, genglere
(Cizelge 14). Ankaral
tilketicilerin 6zel sektorde calisma degiskenine ele

alindiginda, tiikketicilerin  dogrudan

kiyasla daha yiiksektir

alindiginda, dogrudan pazarlama tercihini etkileme

konusunda istatistiksel olarak anlamsiz oldugu

gorilmistiir.

Gelir diizeyi tiiketicilerin dogrudan pazarlama tercihini
etkileme konusunda istatistiksel olarak anlamli oldugu
saptanmis ve geliri yiiksek olan bireylerin dogrudan
pazarlama kanalimt tercih etme olasiliginin, geliri
diisiikk olanlara kiyasla daha yiiksek oldugu ifade
edilebilir. Sonug olarak, cinsiyet, medeni hal, yas ve
gelir diizeyi degiskenleri dogrudan pazarlama tercihini
etkileyen Onemli
(Cizelge 14).

Aygicek yagr kullanma durumu degiskeni, dogrudan
pazarlama tercihini etkileme konusunda istatistiksel
olarak anlamli olup, ay¢igek yag1 kullanan tiiketicilerin

faktorler olarak goriinmektedir

dolayli pazarlama kanalina gore dogrudan pazarlama
kanalim tercih etmede pozitif etkilidir. Zeytinyaginin

daha pahali ve baskin bir tada olmasi sebebiyle,
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zeytinyagini tercih etmedikleri yerlerde tiiketiciler
aycicek yagini kullanip, zeytinyagi alimi icinde dolaylh
pazarlama kanalina gore, fiyat acisindan ekonomik
olmasi dolayisiyla dogrudan pazarlama kanalini tercih
ettikleri seklinde yorumlanabilir.

Marketten aligveris yapan tiiketicilerin dogrudan
pazarlama kanalimi tercih etme olasiligi daha diisiik
olarak ifade edilmistir. Bu negatif katsay1, market satig
yerinin dolayli pazarlama kanalina goére, dogrudan
pazarlama kanalini tercihi iizerinde negatif bir etkiye
sahip oldugunu gosterir (Cizelge 14). Butik isletmeden
aligveris yapan tiiketicilerin dogrudan pazarlama
kanallarini tercih etme olasili§i daha yiiksektir. Bu
pozitif katsayi, butik isletme satis yerinin tiiketicilerin
dogrudan pazarlama kanali tercihi tizerinde olumlu bir
etkiye sahip oldugunu gostermektedir. Sonug olarak;

aligveris yapma yerinin tliketicilerin dogrudan

Cizelge 14. Ankara tiiketicileri i¢in logit model sonuglar1
Table 14. Logit model results for consumers in Ankara
Model

pazarlama tercihlerini etkileyen kritik bir faktér oldugu
sOylenebilir.

Izmir tiiketicisinin dogrudan pazarlama kanalini tercih
etmede; cinsiyet, gelir diizeyi, egitim diizeyi, ay¢icek
yag1 tiiketilmesi ve market kriterlerinin istatistiksel
olarak anlamli oldugu goriilmektedir (Cizelge 15).

Izmir erkek tiiketicilerin kadmn tiiketicilere gore
dogrudan pazarlama kanalini tercih etme olasiliginin
daha az oldugu gorilmektedir. Gelir durumunda
meydana gelecek her bir birim artig i¢in dogrudan
pazarlama  kanalim  tercih  etme  olasiligim
arttirmaktadir. Marketten aligveris yapma kriteri,
Izmirli tiiketicilerin dogrudan pazarlama kanalin1 tercih

etme olasiliklar negatif etkilemektedir (Cizelge 15).

Pazarlama kanali = -Bo -B1 Cinsiyet- B. Medeni hal+Bs Yasg+ s Ozel sektor galisani +Bs Gelir +fs Egitim diizeyi + p- Tereyagi tiiketimi +Ps
Aycicek yagi tiiketimi- o Market+ P10 Butik isletme -B1: Cam ambalaj- Bi2 Teneke

Bagimli degisken=Dogrudan pazarlama kanali =1, Dolayli pazarlama kanali = 0

Katsay1 P degeri dy/dx

Cinsiyet -1,986979 0,077* -0,4624107
Medeni hal -2,642419 0,015* -0,6149451
Yas 1,845518 0,014* 0,4294898
Ozel sektorde calismast 0,8264738 0,330 0,1896578
Gelir diizeyi 1,278877 0,027* 0,297621
Egitim diizeyi 0,0834684 0,828 0,0194248
Tereyagi 0,5720472 0,741 0,1388392
Aycicek yagi 2,343085 0,045* 0,5162609
Market -6,356312 0,000* -0,8685101
Butik isletme 5,741449 0,000* 0,7857044
Cam sise -1,76086 0,093* -0,3908338
Teneke -2,900769 0,010* -0,5604971
*% p < 0.10 igin anlamlidur.

Egitim diizeyi degiskeni dolayli pazarlama kanalina kolayligindan dolayr birgok tiiketici dogrudan

gore dogrudan pazarlama kanalini tercih etmeyi negatif
etkilemektedir. zeytinyagi
kullanmaya aligtk olmast ve kolay ulagabilmesi

[zmir tiketicinin

dolayisiyla egitim seviyesi diistiigiinde de zeytinyagini

dogrudan alma olasiliginin arttigi goriilmektedir.

Izmir’in zeytinyag: {iretim bdlgesi olmasi1 nedeni ile

tikketicilerin ~ dogrudan  satis kanalina  ulagim

zeytinyagin1  satin  alabilmektedir. Ambalaj tercih
kriterinin dogrudan pazarlama kanali tercihinde Izmir
tiiketicilerinde etkili olmadig1 goriilmektedir. izmir
tiketicisinin zeytinyagia daha kolay ulasabilmesi ve
alisik oldugu bir tat olmasindan dolayr dogrudan
zeytinyagl alimlarinda zeytinyagimin ambalaji etkili

olmamaktadir (Cizelge 15).
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Cizelge 15. Izmir tiiketicileri icin logit model sonuglart
Table 15. Logit model results for consumers in lzmir
Model

GORE SATIN ALMA DAVRANISLARI: ZEYTINYAGI ORNEGI

Pazarlama kanali= -Bo - B1 Cinsiyet- B2 Medeni hal+fs Yas+ Bs Ozel sektor galisan1 +Bs Gelir -Bs Egitim diizeyi - B- Tereyag tiiketimi -Bs
Aygicek yag tiiketimi- fo Market + Bio Butik isletme +p1: Cam sise - 12 Teneke

Bagimli degisken= Dogrudan pazarlama kanal1 =1, Dolayl1 pazarlama kanal1 =0

Katsay1 P degeri dy/dx
Cinsiyet -0,1165796 0,084* -0,2097784
Medeni hal -0,4752095 0,420 -0,0855113
Yas 0,5265842 0,191 0,0947558
Ozel sektorde ¢alismasi 0,3854629 0,478 0,070262
Gelir diizeyi 1,164994 0,000* 0,2096341
Egitim diizeyi -0,5488522 0,057* -0,987629
Tereyagi -0,1279135 0,866 -0,022485
Aygigek yagi -1,063516 0,062* -0,1871817
Market -4,273256 0,000* -0,7863742
Butik isletme 1,087813 0,147 0,161076
Cam sise 0,2918957 0,615 0,0514836
Teneke -0,1318836 0,813 -0,0237745

*% p <0.10 i¢gin anlamlidir.

SONUC VE ONERILER

Her ne kadar iilkemizde yeterli seviyede olmasa da
zeytinyaginin bilinirligi ve tliketimi son doénemde
artmugtir. Tiiketicilerle yapilan ankette sadece bir kisi
zeytinyagi kullanmadig bilgisini vermistir. Zeytinyagi
iiretiminin yogun oldugu boélgelerde hediye olarak
zeytinyaginin verilmesinin yaygin oldugu goriilmiistiir.
Bu da
zeytinyagina 6deme yapmadigl sonucunu gostermistir.
sekilde
bolgelerde bazi kisilerin zeytinliklerinin oldugu ve aile
kadar  zeytinyaginin  bu
zeytinliklerden elde edilen zeytinyagi ile karsilandigi

baz1 kisilerin zeytinyagi tiikettigi ama

Ayni zeytin  yetistiriciliginin  yapildigt

tiketimine  yetecek

saptanmigtir

Ankara ve Izmir zeytinyag: tiiketicisini birbirleri ile
karsilastirdigimizda; iki ilde bulunan tiiketicilerden
kadinlarin erkeklere gére dogrudan pazarlama kanalin
tercih etme olasiliginin yiiksek oldugu ve Ankara’da bu
oranin Izmir tiiketicilerine gére daha yiiksek oranda
oldugu goriilmiistiir. Gelir diizeyi dogrudan pazarlama
kanalini tercih etme olasiligini arttiran bir kriter olarak
belirlenmis olup, yine Ankara tiiketicisi i¢in dogrudan

pazarlama kanali tercihinde daha fazla etkili oldugu
belirlenmistir.

Marketten aligveris yapma, Ankara tiiketicisi igin
dogrudan pazarlama kanalini tercih etme olasiligini
[zmir tiiketicine gore daha fazla diisiirmektedir. Butik
isletmelerden aligveris yapma kriteri de yine Ankara
tiikketicisi i¢in dogrudan pazarlama kanalini tercih etme
olasiligmi Izmir tiiketicine gore arttirmaktadir.

Ambalaj kriteri ele alindiginda, Ankara tiiketicisi igin
cam ve teneke kriterleri dolayli pazarlama kanali
tercihine gore negatif etkili olarak belirlenmistir.

Tiirkiye’de zeytin hasadi genellikle Ekim-Kasim
aylarinda baslamaktadir. Zeytin iiretiminde “var yili”
ile “yok yil1” arasinda farklar bulundugu sdylenebilir.
Aradaki farkin bakim sartlarinin iyilestirilmesiyle
azalabilmesine ragmen periyodisitenin sektorii halen
onemli derecede etkiledigi soylenebilir. Zeytinde
goriilen periyodisite nedeniyle ham zeytin temininde
zorluk yasayan zeytinyagi fabrikalarinda tam kapasite
kullanimlarimin diistiigi ve ortalama yillik %40-%50
arasinda oldugu sdylenebilir (Birsin, 2021).
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Tiirkiye’den ihra¢ edilen zeytinyaginin ambalajinda
“Made in Turkey” ibaresi yer aliyorsa ihracat iade
bedeli 6denmesi Tirk zeytinyagmin dis pazarda
tutundurulmast adma yapilmis ve o donemde de
amacina ulagmis bir politika olarak yorumlanmaktadir.
Fakat yillar i¢inde verilen bu destek miktar1 giderek
azalmig ve 31 Aralik 2022 yilinda bu destek
kaldirilmistir (Resmi Gazete, 2022). Bu durumda
ambalajli ihracat yapan isletmelerin destek olmadigi
icin katma degeri diisiik dokme zeytinyagina yonelmek
durumunda kalabilecegi belirlenmistir. Thracatcilarin
yillar i¢inde dis pazarda kazandiklar1 Tiirk zeytinyagi
pazar paymn1 kaybetmeleri de s6z konusu olacagi
belirlenmistir.

Firmalar agisindan tagsis fiyat konusunda rekabet
sikintis1 yasanmaktadir. Son zamanlarda tagsis yapan
firmalarin ifsa edilmesi ile bu konu tiiketicilerin daha
da dikkatini ¢ekmistir. Bu denetimlerin marketlerde
veya sarkiiterilerde yapilmasi pazarda denetimsiz
olarak satilan yaglarin daha temiz oldugu algisin
yaratmigtir. Ayrica internetten satis yapan firmalar
icinde gerekli denetimlerin yapilmasi gerekmektedir.
Dogrudan pazarlamanin O6nemli bir satis sekli olan
yolda veya pazarlarda satig seklinin zeytinyagi icin
gecerli olabilmesi i¢in pazar ve dogal {iriinler satig
standlarinin denetlenmesinde daha dikkatli olunmasi
gerektigi sonucuna ulagilmigtir. Zeytinyagi {iriin olarak
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ABSTRACT: The challenge of increasing soil salinity poses a serious problem for agricultural production and food security
worldwide. This study aimed to investigate the effects of salt stress on germination and early seedling stage of carrot, red radish, black
radish and red beetroot seeds. During the research, the development of seeds under different salt levels (25 mM, 50 mM, 75 mM, 100 mM,
125 mM, and 150 mM) was investigated and parameters such as germination rate, velocity and vigor, salt tolerance index, shoot and root
length, shoot and root fresh and dry weight were evaluated at seed and early seedling stages. As a result of the study, carrot seeds exhibited
no germination at 150 mM salt concentration, while red beetroot and radish varieties showed 36.67% and 86.67% germination,
respectively. Consequently, knowledge of these processes and investigation of germination and early seedling performance of these crops
under salt conditions can contribute significantly to sustainable agricultural productivity and food security in areas affected by soil
salinization.

Keywords: Salt stress, root vegetables, germination, germination parameters.

Tuz Stresinin Bazi Kok Sebze Tiirlerinde Cimlenme ve Erken Fide Gelisimi Uzerine Etkileri

OZ: Artan toprak tuzlulugu tehdidi, diinya genelinde tarimsal iiretim ve gida giivenligi acisindan ciddi bir sorun teskil etmektedir.
Bu ¢alisma, tuz stresinin havug, findik turp, siyah turp ve kirmizi pancar tohumlarinin ¢imlenme ve erken fide donemi iizerindeki etkilerini
arastirmayr amaglamaktadir. Aragtirma sirasinda tohumlarin ¢esitli tuz seviyeleri (25 mM, 50 mM, 75 mM, 100 mM, 125 mM ve 150 mM)
altinda geligimi incelenmis, tohum ve fide asamalarinda; ¢imlenme orani, hizi ve giicii, tuz tolerans indeksi, siirgiin ve kék uzunluk, stirgiin
ve kokte taze ve kuru agirlik gibi parametreler degerlendirilmistir. Calisma sonucunda havug tohumlary 150 mM tuz dozunda hi¢ ¢imlenme
gostermezken, kirmizi pancarda %36,67, turp ¢esitleri ise %86,67 oraninda ¢imlenme gériilmiistiir. Sonug olarak bu siireglere iliskin
bilgiler, bu iirtinlerin tuzlu kosullarda ¢imlenme ve erken biiyiime performansinin arastirilmasi, toprak tuzlanmasindan etkilenen
bélgelerde tarimsal verimin ve gida giivenliginin siirdiiriilmesine onemli dlgiide katkida bulunabilir.

Anahtar kelimeler: Tuz stresi, kok sebze, ¢cimlenme, ¢imlenme parametreleri.

INTRODUCTION lead to damage to plant organs, reduced crop quality
and even plant death. It can also significantly reduce
plant yield and quality by altering soil structure
(Ekmekgi et al., 2005). Nowadays, the area of saline
soils in the world continues to increase regularly (Athar
and Ashraf, 2009). The threat of increasing soil salinity
poses a serious problem to agricultural production and
food security worldwide (Munns and Tester, 2008).
Approximately 7% of the world's agricultural area and

Soil salinity is an important abiotic stress factor that
negatively affects the growth and development of
plants. This stress factor, which arises especially in arid
or semi-arid climates, occurs as a result of salts mixed
with groundwater rising to the soil surface and salt
accumulates because of evaporation of water. Initially,
salinity stress causes disruptions in the metabolic and
physiological mechanisms of plants. This situation can
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20% of irrigated agricultural areas are affected by soil
salinity (Yamaguchi and Blumwald, 2005).

Increased soil salinity reduces the uptake water
capability of plants and absorption of excessive ions
such as Na* and CI" by roots, damages plant growth by
disrupting metabolic  processes and reducing
photosynthetic efficiency (Méser et al., 2002). The
response of plants to salt stress not only varies among
plant species but also within the same species. Since
the remediation of saline soils is a difficult and costly
process, it is more appropriate to grow salinity-resistant
plants to increase crop production in these areas
(Turhan and Seniz, 2010). For this reason, researchers
have focused on studies on the salinity resistance of
plant species and varieties in recent years.

Carrot, radishes and red beetroot are not essential crops
for human life, but they are recognized as providing
micronutrients to our diets because they contain diverse
phytochemical compounds. They have significant
health benefits that include antioxidant, anti-
inflammatory and anti-carcinogenic properties when
they are consumed (Cemeroglu, 2004; Butnariu and
Butu, 2015; Tripathy et al., 2021; Ahmadi et al., 2022;
Kalia and Selvakumar, 2023). Salt stress is an
important environmental factor affecting the growth
and yield of various crops, including root vegetables
such as carrot, radishes and red beetroot.
Understanding the molecular and physiological
responses of these crops to salt stress is critical for
developing strategies to improve their tolerance and
yield under saline conditions. Seed germination, a
critical stage in the life cycle of plants, is especially
vulnerable to the negative effects of salt stress, which
significantly inhibits the growth and development of
many plants. Many studies to date have shown that
salinity significantly reduces or even completely
inhibits germination, but this effect varies depending
on plant species, variety and salt concentration (Acar et
al., 2011; Sentiirk and Sivritepe, 2015).

Several studies have indicated that salt stress is a
limiting factor that negatively affects germination,
fresh weight, health-promoting compounds and
antioxidant activity in carrot (Bolton and Simon, 2019;
Akbiyik and Aktas, 2022), radish (Yuan et al., 2010;
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Sun et al., 2015; Sun et al., 2017) and red beetroot
(Yolcu et al., 2021; Subbarao et al., 2001; Vitali et al.,
2021). These studies have collectively provided insight
into the complexity of salt stress responses in these root
vegetables and the potential for targeted interventions
to improve their salt tolerance. Therefore, investigating
the regulatory mechanism responding to salt stress will
be important for designing salt-tolerant genetic
materials. The aim of this study was to determine the
physiological effects of different salt concentrations on
the germination of carrot, radish (black radish and red
radish) and red beet seeds.

MATERIAL AND METHODS
Plant material

Standard seeds of carrot (Daucus carota) of the nantes
variety, radish (Raphanus sativus L. var. radicula) of
the cherry belle variety, black radish (Raphanus sativus
L.) and red beet (Beta vulgaris L.) were used as plant
material in the study. In this study, the effects of
different concentrations of salt stress (25 mM, 50 mM,
75 mM, 100 mM, 125 mM and 150 mM) on
germination rate and early seedling growth of these
plant species were examined. NaCl was used for
preparing the salt solution in the study. One liter of 150
mM stock NaCl was prepared and diluted to desired
concentrations.

Seed germination test

The plant seeds were surface sterilized first with 5%
bleach solution and then with 80% ethyl alcohol
(Carpici et al., 2009). In the trial setup, 25 seeds were
planted at equal intervals in 3 replicates for control and
salt stress concentration for each seed species and
humidified with the corresponding salt solution (25
mM, 50 mM, 75 mM, 100 mM, 125 mM and 150 mM).
For the control groups, the moisturizing process was
completed using the same amount of pure water.
Consistent environmental conditions were ensured
during germination and early seedling stages so as to
provide reliability and replicability of the results.
Germination tests of the seeds were carried out in petri
dishes with a double-layer of sterile filter paper
(Cavusoglu, 2007; Turhan and Seniz, 2010) and
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temperature of 20/25 °C (day/night) (Khodarahmpour
et al., 2012) for 5 days.

Seed parameters measured

Germination rate of the seeds was determined daily and
0.5 mm protrusion of the radicle was considered as
germination criterion (Abro et al. 2009; Datta et al.
2009). Germination percentage values obtained on the
5th day were used to compare germination rates. On the
5th day of germination, peduncle and root lengths of
germinated seeds were also determined (Sekmen et al.
2005; Bahrani and Hagh Joo, 2012).

Germination percentage (rate): It was determined
according to the formula given below (Erdogan, 2008;
Ologundudu et al., 2014).

GR = (G/T)*100

GR: Germination rate, G: Numbers of germinated
seeds, T: Total numbers of seeds used.

Germination speed: It was calculated according to the
formula given below (Abazarian et al., 2011; Giildiiren,
2012).

GS =NI1/TI+N2/T2+ +Nn/Tn

GS: Germination speed, N: Numbers of germinated
seeds, T: Number of days germination occurred.

Salt tolerance index: It was calculated based on the
formula given below (Gtildiiren, 2012; Khayatnezhad
and Gholamin, 2011).

ST = (A/B)*100

ST: Salt tolerance index, A: Germination in treated
seeds, B: Germination in control group.

Seedling parameters measured

After germination was completed, measurements were
completed by carefully removing the seedlings from
the germination medium without damaging their
sensitive structures in order to evaluate early seedling
growth.

Seedling vigor index (germination vigor): It was
calculated using the following formula (Sivritepe,
2012; Karakas et al., 2013; Tatar et al., 2018; Akay et
al., 2019).

Vigor index = [Germination rate x (radicle length +
peduncle length)]
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Root and shoot length (mm): It was measured with a
digital caliper in mm.

Fresh and dry weights of root and shoot (mg): It was
measured on a precision balance (Shimadzu/AY?220) in
mg. For the fresh weights of roots and shoots, the roots
and shoots of 10 plants randomly selected from each
petri dish were separated and weighed on the precision
balance. Seedlings dried at 70 °C for 48 hours were
used for the dry weight experiment (Bilgin and Yildiz,
2008; Dogan et al., 2009).

Statistical analyses

Statistical analysis was performed to compare
germination and seedling growth parameters at
different salt concentrations and control groups. The
data were analyzed by one-way analysis of variance
(ANOVA) using SPSS 21.0 statistical software (IBM,
Chicago, IL., USA) at 5% and 1% level of significance
(IBM, Chicago, IL., USA) to determine significant
differences among treatments. In addition, the
difference between means was determined by
Duncan’s multiple comparison test.

RESULTS AND DISCUSSION

In this study, the physiological effects of salt stress on
seed germination and early seedling stage of root
vegetables such as carrot, red beetroot and radish
cultivated in Tirkiye and their salt tolerance levels
were identified. Physiological parameters such as
germination rate, velocity and vigor, root and shoot
length, fresh and dry weight of root and shoot, and salt
tolerance index were used to determine salt tolerance in
comparison with control conditions. As a result of the
analysis of variance, it was found that there were
statistically significant differences between salt doses
for all traits examined (p<0.01).

Germination rate (%)

Germination rates of all the studied plants were
significantly (P<0.01) inhibited with increasing salt
concentration compared to the control group (0.0 mM
NaCl). When the effects of salt doses on germination
rate were examined, it was observed that 150 mM salt
dose completely inhibited germination in carrot, while
radish varieties showed a germination rate of 86.67%
and red beet 29.33% compared to the control (Table 1).
Consequently, in our study, significant decreases in



germination rates occurred in parallel with the increase
in salinity. The findings of studies on leek (Yildirim
and Giiveng, 2005), pepper (Hassen et al., 2014) and
pea (Demirkol et al., 2019) showed a low germination
rate due to increasing salt concentration are in
agreement with our findings.

Germination speed

The results of the variance analysis demonstrated that
salt treatments had highly significant effects on the
germination speed of all seeds investigated (P<0.01).
Increasing salt concentration significantly decreased
the germination speed at all salt doses. When the effects
of salt concentrations on germination speed were
examined, it was realized that salt treatments caused a
significant decrease (P<0.01) in red beetroot and carrot
compared to the control groups (0.0 mM NacCl). In 150
mM salt treatment, no germination was recorded in
carrots, while the germination speed of radish varieties
was 4.33 and 1.1 in red beetroot (Table 2). In a study in
which leek varieties called inegdl and Kalem were
used, it was reported that there was a significant
decrease in germination speed in both varieties due to
increasing salt concentration compared to the control
groups (Yildirim and Giiveng, 2005). Similarly, the
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significant decrease in germination speed in parallel
with increasing salt level in studies conducted with
bean (Elkoca et al., 2003) and pepper (Hassen et al.,
2014) is consistent with the data obtained in our study.

Salt tolerance index (%)

The variance analysis for the percentage of salt
tolerance index in salt treatments at different
concentrations is given in Table 3. When salt tolerance
values were examined in the study, it was confirmed
that there were statistically significant differences
between salt concentrations (p<0.01). Increasing salt
concentrations compared to the control groups
displayed a statistically significant (P<0.01) decrease
in all species for salt tolerance index. At 150 mM salt
concentration, red beetroot and radish varieties
tolerated salt by 36.67% and 86.67%, respectively,
with a significant (P<0.01) decrease, while no
germination was observed in carrot at 150 mM salt
concentration. Especially in 150 mM salt treatments, a
significant decrease was recorded in the salt tolerance
index of all plant groups. The findings of salt tolerance
indexes in lentil (Kokten et al., 2010) and pepper
(Hassen et al., 2014) are similar to our results.

Table 1. Effects of different salt concentrations on seed germination rate (%).
Cizelge 1. Tuz konsantrasyonlarinin tohum ¢imlenme orani iizerine etkisi (%).
Germination Rate (%)

Treatments 0/Control 25 mM 50 mM 75 mM 100 mM 125 mM 150 mM P
Red Beetroot 80+0.002 60+6.92° 56+6.920¢ 49.33+8.32¢d 44+4.00¢ 32+4.00° 29.33+6.11°  **
Black Radish 100+0.00? 100+0.00? 98.67+2.30% 96+0.00 94.67£2.30¢  93.33+2.31¢ 86.67+£2.314  **
Red Radish 100+4.002 98.67+2.312  96.00+4.00? 89.33+2.312 88.00+4.00° 88.00£4.00°  86.67+2.31° **
Carrot 92.00+4.002  88.00+8.00®  76.00+£8.00%8  52.00+1543°  21.33+2.31°  16.00+10.58¢ 0.00£0.009  **
F values: p < 0.01 (**), Values are given as average and standard deviation of three independent composites
Ortalama ve Standart hata degerleri 3 6rnek ortalama degerleridir.
Table 2. Effects of different salt concentrations on seed germination speed.
Cizelge 2. Tuz konsantrasyonlarinin tohum ¢imlenme hizi iizerine etkisi.
Germination Speed (Days)

Treatments 0/Control 25mM 50 mM 75 mM 100 mM 125 mM 150 mM P
Red Beetroot 2.86+0.002 2.14+0.24b 2.00+0.24b¢ 1.76+0.29b¢ 1.66+0.20°¢ 1.21+0.18¢ 1.10+.0169  **
Black Radish 6.94+1.20? 5.42+0.72b 4.93+0.120¢ 4.80+0.01b¢ 4.73+0.12b¢ 4.67+0.12b¢ 4.33+0.12¢  **
Red Radish 5.00+0.00? 4.93+0.112 4.80+0.202 4.47+0.12° 4.40+0.20P 4.40+0.20° 4.33£0.120  **
Carrot 4.60+0.202 4.40+0.40% 4.40+0.40P 3.80+0.64° 2.73+0.29¢ 1.23+0.364 0.00+0.00¢  **

F values: p <0.01 (**), Values are given as average and standard deviation of three independent composites
Ortalama ve Standart hata degerleri 3 6rnek ortalama degerleridir.
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Germination vigor (Seedling vigor index)

The data regarding the effect of different salt
concentrations on germination vigor are given in Table
4. Increasing salt concentrations caused a significant
(P<0.01) decrease in all cultivars compared to the
control groups. At 150 mM salt concentration, the
highest germination vigor was obtained in red radish
(4593.71), while there was no germination in carrot
seeds. As in our study, studies conducted by Kara et al.
(2011) on triticale, Benlioglu and Ozkan (2015) on
barley and Shams (2019) on pepper demonstrated a
significant decrease in germination vigor due to
increasing salt levels.

Seedling (Shoot+ Root) length (mm)

When the plant root lengths at the treated salt
concentrations were investigated, values ranging from
3.21 mm to 64.94 mm were observed. The effect of salt
treatments on root lengths is given in Table 5.
Compared to the control groups, increasing salt
concentrations caused a significant (P<0.01) decrease

in all cultivars. At 150 mM salt concentration, these
values were 9.20 mm in beet, 27.13 mm in black radish
and 38.67 mm in red radish as compared to the control
groups. Similarly, in a study conducted with pea, it was
reported that the root was more affected due to
increasing salt concentrations (Okgu et al., 2005).

Seedling lengths in the treatment groups at different
salt concentrations indicated values ranging from 7.36
mm to 32.14 mm (Table 6). Compared to the control
groups, increasing salt treatments resulted in a
significant (P<0.01) decrease of more than 50% in red
beetroot and radish varieties, while no germination was
observed in carrot. In the salt stress study by Aydin and
Atict (2015) on some cultivated plant seeds, seedling
lengths ranged from 4.80 mm to 114.61 mm and
increased salt treatments caused a significant (P<0.05)
decrease in all varieties compared to the control groups.
In addition, it was reported that no seedling
development occurred in tomato at 150 and 250 mM
salt levels (Aydin and Atici, 2015).

Table 3. Effects of different salt concentrations on seed salt tolerance index (%).
Cizelge 3. Tuz konsantrasyonlarinin tohum tuz tolerans indeksi iizerine etkisi (%).

Salt Tolerance (%)

Treatments 0/Control 25mM 50 mM 75 mM 100 mM 125 mM 150 mM P
Red Beetroot 100.00+0.00? 75.00+.866° 70.00+8.66 61.67+10.41% 55.00+5.00¢ 40.00+5.00° 36.67+7.63¢ **
Black Radish 100.00+0.00? 100+0.00° 98.67+2.30® 96.00+0.00 94.67+2.31° 93.33+2.31°¢ 86.67+2.31¢ **
Red Radish 100.00+0.00? 98.67+2.30° 96.00+4.00? 89.33+2.31° 88.00+4.00° 88.00+4.00° 86.67+2.30° **
Carrot 100.00+0.00? 95.74+8.65° 82.61+8.69° 56.52+16.95" 23.19+2.52¢ 17.39+11.50¢ 0.00+0.0¢ ok
F values: p < 0.01 (**), Values are given as average and standard deviation of three independent composites.
Ortalama ve Standart hata degerleri 3 drnek ortalama degerleridir.
Table 4. Effects of different salt concentrations on plant germination vigor.
Cizelge 4. Tuz konsantrasyonlarnin ¢imlenme giicii lizerine etkisi .
Germination Vigor (Seedling Vigor Index)
Treatments 0/Control 25 mM 50 mM 75 mM 100 mM 125 mM 150mM P
Red Beetroot ~ 4487.73:0.0°  2026.89+112.3° 2556.44-446.7" 2113";3*; 1489.15:136,0° 1019.68+157.1°  563.03+605' **
*
Black Radish  7990.00+685.5 7316.33+366.8° 6456.16+94.7° 5402.88+238.6¢ 4913.63+143.2% 4388.81+337.6° 3321.64+362.17
*
Red Radish 9708.33+561.5% 8293.89+604.5"  7216.16+511.3° 6157.96+584.5" 5706.95+197.1% 5134.77+191.3° 4593.71+147.6"
Carrot 5733.85+775.9 3825.81+936.6° 2752.68+583.7° 1534.68+547.6¢ 275.85+53.7¢ 171.96+119.4¢ 0,00+0.00° *
*

F values: p < 0.01 (**), Values are given as average and standard deviation of three independent composites
Ortalama ve Standart hata degerleri 3 6rnek ortalama degerleridir.
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Table 5. Effects of different salt concentrations on seedling root length (mm).
Cizelge 5. Tuz konsantrasyonlarinin fide kdk uzunlugu iizerine etkisi (mm).

Root Length (mm)

Treatments
Red Beetroot
Black Radish
Red Radish
Carrot

50 mM
20.90+2.40°
40.29+0.99°

0/Control

24.73+0.282
50.94+5.952
64.94+6.602
38.59+4.612

25 mM

21.08+2.30°
46.73+£3.112
53.99+3.80°

23.96+3.38° 17.02+3.18°

75 mM

20.37+2.70°
39.40+2.21bc  33.44+1.44%
48.47+2.46 44.91+3.06%
11.33+0.60¢

100 mM
15.93+1.38¢

125 mM

13.91+0.49¢
30.59+2.314
41.00+1.13¢
3.21+0.22¢f

150 mM P
9.20+1.75¢
27.13+2.50¢
38.76+1.83¢
0.00+0.00f

41.91+1.25¢
4.84+0.96°

F values: p < 0.01 (**), Values are given as average and standard deviation of three independent composites.
Ortalama ve Standart hata degerleri 3 6rnek ortalama degerleridir.

Table 6. Effects of different salt concentrations on seedling shoot length (mm).
Cizelge 6. Tuz konsantrasyonlarinin fide uzunlugu iizerine etkisi (mm).

Shoot Length (mm)

Treatments  g/Control 25 mM 50 mM

Red Beetroot 37 36+2.29° 28.01+3.96%  24.57+2.88%
Black Radish 28.9641.832  26.43+0.94° 25.16+0.78P
Red Radish 32 14+1.142  30.04+1.19" 26.66+0.71°
Carrot 23.58+1.45% 19.17+3.61° 19.02+2.78b

75 mM

22.5542.32¢
19.88+0.29¢
23.94+1.77¢
18.01+0.99°

100 mM

17.97+2.034
18.48+0.59°¢
22.98+0.69¢
8.14+1.66°

125 mM

17.88+0.92¢
16.41+1.13¢
17.37+0.62¢
7.36+0.64¢

150 mM P
10.31+1.498
11.14+0.92¢
14.27+0.74F
0.00+0.00¢

F values: p <0.01 (**), Values are given as average and standard deviation of three independent composites
Ortalama ve Standart hata degerleri 3 6rnek ortalama degerleridir.

Seedling fresh and dry weight (mg)

Rising salt concentrations decreased the fresh weights
of all plant groups considerably compared to the
control groups (P<0.01). It was observed that the stress
started firstly at 25 mM in all the species when
compared to the control groups, although it changed
according to the species. The most negative effect on
seedling and root fresh weights was found at 150 mM
salt concentration (Tables 7 and 8). In parallel with
fresh weight, dry weights of all groups were also
negatively affected by increasing salt concentrations.
Significant (P<0.01) differences were detected when

all species were compared with their control groups.
When the effects of salt treatments on seedling and root
dry weight were examined, it was determined that the
first stress began at 25 and 50 mM concentrations,
depending on the species. In studies performed in pea,
it was reported that the first negative effect of salt stress
on germination and plant development was generally
observed after 75 mM (Acar et al., 2011; Sentiirk and
Sivritepe, 2015). These findings suggest that root
vegetables such as carrot and red beetroot are more
sensitive to salt.

Table 7. Effects of different salt concentrations on seedling fresh weight (mg).
Cizelge 7. Tuz konsantrasyonlarinin fide taze agirlik iizerine etkisi (mg).

Seedling Fresh Weight (mg)

Treatments 0/Control 25 mM 50 mM 75 mM 100 mM 125 mM 150 mM P
Red Beetroot 0.247+0.0072 0.208+0.007°® 0.170+0.026°  0.153+0.005°¢  0.143+0.021¢ 0.076+0.015% 0.033+0.011¢ **
Black Radish 0.561+0.038% 0.536+0.0102 0.432+0.029®  0.391+0.023  0.360+0.014° 0.350+0.035¢ 0.242+0.052¢ **
Red Radish  0.642+0.004% 0.608+0.025% 0.565+0.056% 0.526+0.027% 0.496+0.010°" 0.454+0.041°¢ 0.371+0.0037 **
Carrot 0.069+0.005% 0.062+0.0062 0.060+0.0082  0.045+0.003°  0.031+0.003° 0.022+0.002° 0.00+0.00¢ **

F values: p <0.01 (**), Values are given as average and standard deviation of three independent composites
Ortalama ve Standart hata degerleri 3 drnek ortalama degerleridir.
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Table 8. Effects of different salt concentrations on seedling root fresh weight (mg)

Cizelge 8. Tuz konsantrasyonlarinin kdk taze agirlik tizerine etkisi (mg)

Seedling Root Fresh Weight (mg)

Treatments 0/Control 25mM 50 mM 75 mM 100 mM 125 mM 150 mM P
Red Beetroot ~ 0.767+0,001* (700+0.015¢ 0-633+0.006%° 0.467+0.020* 0.433+0.011% 0.267+0.011%¢ 0.123+0.007¢ **
Black Radish ~ 0.200+0.014% 0.161+0.007° 0.148+0.017° 0.140+0.008° 0.132+0.007°¢ 0.116+0.006% 0.108+0.012¢ **
Red Radish 0.247+0.0122  0.205+0.017° 0.189+0.011P¢ 0.175+0.010° 0.151+0.009¢ 0.150+0.008¢ 0.140+0.0049 **
Carrot 0.033+0.003% 0.027+0.0022> 0.026+0.005° 0.021+0.002° 0.013+0.001¢ 0.010+0.002° 0.00+0.00¢  **

F values: p <0.01 (**), Values are given as average and standard deviation of three independent composites
Ortalama ve Standart hata degerleri 3 6rnek ortalama degerleridir.

In our study, seedling and root wet/dry weights were
affected more than the control groups with increasing
salt dose. The most negative effect of salt dose on
seedling and root dry weight values occurred at 150
mM salt dose in all plant groups. There was no
germination in carrot at 150 mM salt concentration
(Tables 9 and 10). The salt in the root zone reduces root
elongation by inhibiting cell expansion and cell
production in the root meristem tissue through osmotic
stress and toxic ion effects (Rewald et al., 2013). For
these reasons, root and shoot development were

negatively affected with increasing salt doses in the
study. Again, in the salt stress study conducted in capia
pepper, 50 mM salt concentration caused statistically
significant decreases in the parameters on seedling
development compared to the control groups (Altunlu,
2019). Many researchers have reported that salt stress
has a negative effect on plant root and shoot length
(Hakim et al., 2010; Kokten et al., 2010; Abazarian et
al., 2011; Hassen et al., 2014). In our study, increasing
salt concentrations significantly inhibited both root and
shoot fresh and dry weights of all treatment group.

Table 9. Effects of different salt concentrations on seedling dry weight (mg)
Cizelge 9. Tuz konsantrasyonlarinin fide kuru agirlik iizerine etkisi (mg)

Seedling Dry Weight (mg)

Treatments  0/Control 25mM 50 mM 75 mM 100 mM 125 mM 150 mM P
Red Beetroot  0.026+0.000% 0.021+0.000° 0.017+0.002°¢ 0.015+0.000° 0.014+0.002° 0.008+0.002¢ 0.003+0.001° **
Black Radish 0.084+0.005% 0.081+0.002% 0.065+0.004° 0.059+0.003* 0.054+0.002¢ 0.052+0.005¢ 0.036+0.008¢ **
Red Radish ~ 0.096+0.000* 0.092+0.004% 0.085+0.008* 0.079+0.004% 0.075+0.002% 0.068+0.006¢ 0.056+0.001f **
Carrot 0.046+0.000* 0.041+0.001® 0.040+0.001* 0.030+0.000° 0.021+0.000° 0.013+0.000°  0.00+0.00¢  **
F values: p <0.01 (**), Values are given as average and standard deviation of three independent composites
Ortalama ve Standart hata degerleri 3 6rnek ortalama degerleridir.
Table 10. Effects of different salt concentrations on seedling root dry weight (mg)
Cizelge 10. Tuz konsantrasyonlarmin fide kok kuru agirlik iizerine etkisi (mg)
Seedling Root Dry Weight (mg)
Treatments 0/Control 25 mM 50 mM 75 mM 100 mM 125 mM 150 mM P
Red Beetroot 0.008+0.000*  0.007+0.002%  0.006+0.001* 0.005+0.002°¢ 0.004+0.001*  0.003+0.002°¢ 0.001+0.001¢ **
Black Radish 0.030+0.0022  0.024+0.001°  0.022+0.003° 0.021+0.001¢ 0.020+0.001°® 0.017+0.001% 0.016+0.002¢ **
Red Radish 0.025+001*  0.021+0.002° 0.019+0.001* 0.017+0.001°¢  0.01620.000¢ 0.015+0.00¢  0.014+0.00¢ **
Carrot 0.022+0.000  0.018+0.000®® 0.017+0.001° 0.015+0.000°  0.008+0.000°  0.007+0.000°  0.00+0.00¢

F values: p < 0.01 (**), Values are given as average and standard deviation of three independent composites
Ortalama ve Standart hata degerleri 3 6rnek ortalama degerleridir.
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CONCLUSION AND SUGGESTIONS

Germination of root vegetable seeds and seedling
development are negatively affected by increasing salt
concentrations. In this study, it was determined that all
root vegetable species were significantly affected by
the 150 mM salt concentration in the medium during
the germination period. Germination and seedling
development of the radish varieties examined in the
study were less negatively affected by salt
concentrations below 100 mM compared to other
species, while no germination was observed in carrot at
150 mM salt concentration. Compared to other plant
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ABSTRACT: Salvia aramiensis Rech. f. is a perennial sub-shrub from the Lamiaceae family that is locally endemic in the Hatay
province of Tiirkiye. The study aimed to evaluate the location and priming effects on germination parameters of S. aramiensis seeds. Six
districts of Hatay (Antakya, Arsuz, Belen, Dortyol, Samandag, and Yayladagi) were surveyed and seeds were collected separately during
summer 2020. Seed moisture (%) and thousand seed weight (TSW-g) were determined. A total of 33 priming applications were applied
and control groups (no treatment) were included, however, only ten of them showed germination. Germination rate (%), mean germination
time (MGT), germination index (Gl), and T50 were determined. Locations and priming were found to be statistically significant (p<0.05)
on germination parameters. The seed moistures ranged between 5.76 and 7.87% and the TSW seed varied between 5.77 and 10.05g. The
highest germination rate was observed in Belen district seed samples as 65.50% with 30 d cold stratification/2000 ppm GAs treatment
combination. MGT ranged between 2.87 and 7.55 days and the highest result was obtained from Antakya district. GI results ranged between
0.42 and 11.30 and T50 results ranged between 1.82 and 6.94 days. In the present study, Belen location showed importance according to
the studied parameters.

Keywords: Germination, sage, dormancy, stratification, hormone, seed priming.

Farkli Lokasyonlardan Toplanan Salvia aramiensis Rech. f. Tohumlart Uzerine
Onislem Uygulamalarinin Etkisi

0Z: Salvia aramiensis Rech. f. Tiirkiye'nin Hatay ilinde yerel endemik olan Lamiaceae familyasina ait ok yilltk bir yari ¢alidir.
Calismada S. aramiensis tohumlarinin ¢imlenme parametreleri iizerine lokasyon ve priming etkilerinin degerlendirilmesi amaglanmigtir.
Hatay'in alti ilgesinde (Antakya, Arsuz, Belen, Dértyol, Samandag ve Yayladagy) arastirma yapilmis ve 2020 yazinda ayri ayri tohumlar
toplanmustir. Tohum nemi (%) ve bin tane agirligi (TSW-Q) belirlenmistir. Calisma kapsaminda 33 adet oniglem tohumlara uygulanmig
ancak sadece 10 onislem uygulamasinda ¢imlenme tespit edilmistir. Calismada ¢imlenme orami (%), ortalama ¢imlenme siiresi (MGT),
¢imlenme indeksi (GI) ve T50 belirlenmistir. Cimlenme parametreleri iizerine lokasyon ve priminglerin istatistiksel olarak énemli (p<0,05)
oldugu belirlenmigtir. Tohum nemleri %5,76-7,87 araliginda, TSW ise 5,77-10,05 g arasinda degismistir. En yiiksek ¢imlenme
orant %05,50 ile Belen ilgesi tohum orneklerinde 30d soguk katlama/2000ppm GAs uygulamast kombinasyonunda gozlenmistir. MGT
2,87-7,71 giin arasinda degismekte olup en yiiksek sonug¢ Antakya ilgesinden elde edilmistir. GI sonuglari 0,42-11,30, T50 sonuglart ise
1,82-6,94 giin arasinda degismistir. Bu ¢alismada Belen lokasyonu incelenen parametrelere gére 6nem gostermistir.

Anahtar kelimeler: Cimlenme, adagay:, dormansi, katlama, hormon, dnislem.
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INTRODUCTION

The Lamiaceae family contains the genus Salvia with
approximately 1000 species, many of which have
medicinal and economical value. In the Flora of
Turkey, Salvia is presented with 99 species including
58 endemic species (Guner et al.,, 2012). Salvia
aramiensis Rech. f. is one of the 24 Salvia species from
Hatay province of Tiirkiye (Bahadirli and Ayanoglu,
2021). S. aramiensis, also known as “Hatay sage”, is a
local endemic sub-shrub perennial, that grows between
250 and1000 m of Amanos Mountains, and has been
used as an herbal product and incense (Turkish= pohur)
in the Eastern Mediterranean region of Tirkiye.
According to the Flora of Turkey (Davis, 1982), the
species exists in Tiirkiye, Lebanon and Syria yet
neither Lebanon nor Syria published any scientific
paper about it. Celep et al. (2010) suggested the IUCN
threat category for the national level of the S.
aramiensis should be changed to VU (vulnerable) due
to the threats of construction, land clearing and fire.
That study was more than a decade ago and since then
more natural damage has occurred. Also, field trips
showed that unconscious and careless collecting of
populations prevented flowering during the summer
season (Figure 1). This situation also makes it
necessary to start cultivation.

N N

Figure 1. A flowerless plant showing the effects of over harvested
from Yayladag district (a), and un-harvested plant at the
same time from Belen district (b).

Sekil 1. Asirt hasat edilen ¢igeklenme agamasina gegememis
Yayladag: lokasyonundan bir bitki (a) ve ayn1 zamanda
fotografi ¢ekilmis hasat edilmemis Belen lokasyonundan
bir bitki (b).
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HARVESTED FROM DIFFERENT LOCATIONS

Studies showed that there is a great variation in
essential oil content and components of S. aramiensis
(Demirci et al., 2002; Karaman et al., 2007; Ayanoglu
et al.,, 2012; Bahadirli and Ayanoglu, 2019). S.
aramiensis has importance as an herbal tea regarding
its high 1,8-cineole and low camphor and thujone
contents (Bahadirli, 2020). The biological activities of
the species have not yet been investigated thoroughly,
yet anti-Alzheimer and antioxidant activity were
studied (Ertas et al., 2017; Alim et al., 2018; Bahadirli,
2022). Infused tea from S. aramiensis leaves has been
used for cough, cold, flu, and stomach pain among local
people (Guzel and Guzelsemme, 2018). Cultivation of
S. aramiensis at different climates was also studied and
Mediterranean climate  were recommended
(Yenikalayci, 2022).

Many medicinal plants are traded by collecting them
from the natural flora. In order to meet the increasing
demands for these plants and to protect the natural
flora, intensively collected plants must be cultivated.
At the same time, the germination rate of many
medicinal and aromatic plants from nature is a
problem. The seed coat, unripe seeds, and dormancy
are the main factors affecting seed germination success
even in viable seeds (Ellis et al., 1985a). Priming
applications such as removing seed coats, hormonal
priming, stratification, hydro priming, and chemical
priming, are some useful methods depending on the
species to obtain a higher germination rate, time, and
quality. In one study, Thanos (1993) stated that 49% of
Salvia fruticosa seeds were empty. Many studies focus
on different Salvia species' germination behaviour.
Effects of storage temperatures on S. officinalis
(Kretschmer, 1989), effects of different light regimes
(Liu et al. 2006), and hydro priming (Dastanpoor et al.,
2013) were investigated in previous studies. Research
of germination applications such as light, chemicals,
and priming on S. officinalis, S. fruticosa, S. pomifera,
and S. tomentosa showed different germination
behaviours even in the same genus and same Clade
(Ozcan et al., 2014). Local environmental conditions
that affect seeds until maturation could have a strong
impact on germination behaviour (Lacey and Herr,
2000).
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Preliminary studies with 10-day cold stratification and
hydro priming for 24 hours on S. aramiensis seeds gave
low germination rates, and these results revealed the
necessity of searching for solutions to germination
problems. Different locations and priming applications
for instance hormones, hydro priming, chemical
priming, stratification, mechanical abrasion, hormones,
and stratification combinations were investigated to
determine their effects on Salvia aramiensis seed
germination.

MATERIALS AND METHODS
Seed source, study area, and seed collection

Salvia aramiensis is a sub-shrub perennial plant that
grows at altitudes between 250 and 1000 m (Davis,
1982). Plant height is up to 1 meter, petals are lilac to
pink and leaves are thin, grey-green. Pollination is done
by insects and type is cross-pollination (ClaBen-
Bockhoff et al., 2004). Salvia species including S.
aramiensis have a superior ovary that is deeply 4 lobed
and the fruit is a schizocarp of four nutlets (1-3)
(Ryding, 2001; Zona, 2017). The species is Eastern
Mediterranean Element and grows naturally in rocky
places under Pinus brutia (Davis, 1982).

A

Figure 2. Distribution map of S. aramiensis seed collection localities.

The fieldwork was carried out in the Amanos
Mountains, which are approximately 180 kilometres
long, and mostly located in the province of Hatay. The
Amanos Mountains have a unique plant diversity with
the vegetation belonging to the Black Sea climate zone
as well as the classical Mediterranean climate. Seed
materials were collected from different populations in
Antakya, Arsuz, Belen, Dortyol, Samandag and
Yayladag: districts of Hatay province, Tiirkiye (Figure
2)

The climate is mostly characterized as the rainy
Mediterranean. Annual rainfall, mean temperature,
mean of the hottest month, and mean of the coldest
month of the districts between 2019 July- 2020 July are
given in Table 1. Initially, from May to July of 2020,
locations were checked for seed maturation, and in the
middle of July, seed collections started. For each
population, seeds were collected from 25-50
individuals depending on the seed quantity. The
collected seeds were placed in paper bags and carried
to the laboratory, then air-dried for three days at room
temperature (24 °C) before being packed for further
investigations.

 Salvia aramiensis [

Sekil 2. S. aramiensis tohumlarmin toplandigi lokasyonlarin dagilimini gésteren bir harita.
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HARVESTED FROM DIFFERENT LOCATIONS

Table 1. Locality, geographic and meteorological descriptions of S. aramiensis populations.
Cizelge 1. S. aramiensis populasyonlarinin lokalitesi, cografi ve meteorolojik tanimlamalari.

Geography Climate

Population Area
Latitude Longitude  Altitude Rn m Tmax Tmin
Antakya Firniz 36°26127" 36°16'56" 1333 706.4 18.4 435 -4.1
Arsuz Gozciiler 36°21'59" 35°5728" 483 3841 200 44.0 -2.8
Belen Komirgukuru 36°26'07" 36°08'28" 996 5560 163 412 -7.8
Dértyol Orencik 36°54'41" 36°16'6" 545 6908  19.2 454 -3.2
Samandag Yaylica 36°20'40" 36°8'54" 976 5070 193 436 -1.2
Yayladagt Dagdizii 36°04'30" 36°05'11" 351 6020 1658 435 7.4

*Meteorological data were obtained from Hatay Meteorology Directorate. Latitude (N), Longitude (E), Altitude (m), Rn; total annual
rainfall (mm), Tm; annual mean temperature (°C), Tmax; mean of the hottest month (September) temperature (°C), Tmin; mean of the

coldest month (February) temperature (°C)
Seed physiology

Seed moisture: The moisture content was determined
with the method from the International Seed Testing
Association (ISTA, 1985). Five grams of seeds from
locations were weighed separately with three
replications. The samples were held for 17+1 hours at
103+2 °C in the oven, and at the end of the duration,
the seeds were left in a desiccator until constant weight
was weighed. The moisture content (%) was calculated
according to the formula given below.

M2-M3
M2-M1

Seed moisture content (%) = [ ] X 100

M1= Petri dishes weight
M2= Petri dishes weight + seed weighed

M3= Petri dishes weight + seed weighed after oven-
dried

Thousand seed weight: The weight of hundred seeds
with ten replications was used to calculate thousand
seed weight (TSW).

Germination experiments

The experiment was conducted at the Field Crops
Biotechnology Laboratory of Hatay Mustafa Kemal
University in 2021. Experiment was applied according
to ISTA (1985) descriptions. S. aramiensis seeds were
sanitized with 5% NaClO (Sodium hypochlorite) for 15
minutes and washed thoroughly with sterilized water.
Different treatments of hydro priming, chemical
priming, stratification, pre-chill, stratification+GAs
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combination, mechanical priming and dry seeds
(control) were used (Table 2). In hydropriming, seeds
were soaked for the indicated time periods with
designated water at the appropriate temperature. In
chemical priming, seeds were soaked in prepared
solutions for the appropriate period. For cold priming,
seeds were wrapped in a coarse filter paper, moistened
with 3 ml of water, and placed in a resealable plastic
bags. No further watering was found necessary during
cold stratification period. In pre-chilling, seeds were
placed in a plastic petri dish, no wrapping or watering
were applied. Cold stratification and GAs are the most
advised and used methods for many ornamental and
medicinal plants seeds (ISTA, 1985). Therefore they
were chosen for combination. Cold stratification and
GAs were combined with the stratification process
applied first followed by GAs application. Abrasion of
seeds was done with sandpaper. For the control, seeds
were directly placed in petri dishes. At end of the
treatment time, all of the seeds were dried on a filter
paper and then placed in 11 cm petri dishes on top of
Whatman No.1 paper. A total of 34 treatments with
four replicates of 50 seeds (50x4=200) in each
treatment were used. Seeds were incubated in a
germination chamber with 24 h dark regime at 25+0.5
°C for 28 days. Two ml distilled water was applied in
the beginning. Afterwards, watering was done when
necessary. The petri dishes were wrapped with plastic
bags to minimize water losses during the experiment
(Caliskan et al., 2012).
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Table 2. Seed treatment methods and germination status.

Cizelge 2. Tohumlara uygulanan &nislemler ve ¢cimlenme durumlari.

'I’\'lrc;eat. Priming Method Treatment Germination Status
1 25 °C° 3 days NG
2 25 °C° 7 days NG
3 Hydro priming Water (10 mL) 65 °C 10 minutes NG
4 65 °C 30 minutes NG
5 65 °C 1 hour NG
6 500 ppm 24 hours G
7 GA 1000 ppm 24 hours G
8 ¥ 2000 ppm 24 hours G
9 3000 ppm 24 hours G
10 250 ppm 24 hours NG
11 Ethylene 750 ppm 24 hours NG
12 : i S 500 ppm 24 hours NG
13 Chemical priming  Salicylic acid 1000 ppm 24 hours NG
14 2% 24 hours NG
15 Seaweed 4% 24 hours NG
16 0.20% 24 hours NG
17 KNOs 1% 24 hours NG
18 0.50% 24 hours NG
19 MeSO0- 1% 24 hours NG
20 4°C 10 days+24 hour NG
21 R A 4°C 20 days+24 hour NG
29 Stratification Cold stratification 4°C 30 days+24 hour NG
23 4°C 45 days+24 hour NG
24 -5°C 10 minutes NG
25 Pre-chill Short time pre-chill -5°C 20 minutes NG
26 -5°C 30 minutes NG
27 1000 10 days+24 hour G
28 2000 10 days+24 hour G
29 — R 3000 10 days+24 hour G
30 Combination Stratification+GAs 1000 30 days+24 hour G
31 2000 30 days+24 hour G
32 3000 30 days+24 hour G
33 Mechanical Abrasion NG
34 Control Without treatment NG

NG=Not germinated G=Germinated.
Evaluation of germination and statistical analysis

Counting of germinated seeds was done every other
day and germinated seeds were removed from petri
dishes. Only ten treatments resulted in germination and
the control were included for further statistical analysis
(Table 2).

Germination rate (%) is an estimate of the
germinability of the population of seeds. The equation
to calculate germination percentage is:

k

i=1 T
G (%) = ==—x 100

Where n; is the number of seeds germinated in the i
time, N is the total number of seeds used.
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Mean germination time is a measure of the rate and
time spread of the germination. It indicates time spent
germinating. The following formula was used to
calculate the mean germination time (Ellis and Roberts
1980).

i anit;
Y
Where nitiis the product of seeds germinated at interval

i"" with the corresponding time interval and n; is the
number of seeds germinated in i"time.

t =

The germination index is an estimate of the days it
takes a certain germination percentage to occur. The
germination index can be calculated by using the
following expression from Association of Official Seed
Analysts (AOSA and SCST, 1993).
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K
Gl = Z(ni/ti)
i=1

Where n;is the number of seeds germinated in the i"
time and t;is the time taken for seeds to germinate at i"
count.

The time to reach 50% germination (Tso) indicates how
much time was taken for half of the seeds to germinate
(Coolbear et al., 1984).

_ti 4 [(ZEy ni —ni)x(ti — t))]

T50 - .
ni —nj

To determine the value of n; and n;, the cumulative
number of seeds germinated for the conditions given
below should be reviewed.

k
n; < Z ni < nj
i=1
Where n;j is the nearest cumulative number of seeds

k .
Dicq i
2

germinated (Cni) < , Nj is the nearest cumulative

k ni . .
%, t; is the time

interval corresponding to n; and t; is the time interval
corresponding to n;.

number of seeds germinated (Cnj)>

The experiment was conducted based on repetitive
random plots with four replicates. All measured
variables were subjected to factorial analysis of
variance (ANOVA) to test for the significant effect
between the factors using with MSTAT-C. Factor 1
was the location and factor 2 was priming applications.
The pattern of difference between means was analysed
using Fishers’ protected least significant difference test
(LSD) at p<0.05 significance level (Snedecor and
Cochran, 1989).

RESULTS AND DISCUSSION

In the present study, germination parameters were
evaluated for vulnerable threatened categorized Salvia
aramiensis. Different collecting sides and priming
were used to determine their effect on germination
parameters.
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HARVESTED FROM DIFFERENT LOCATIONS

Seed physiology

Effects of locations on seed moisture content and
thousand seed weight were found to be statistically
(p<0.05) significant (Table 3). Seed moisture contents
ranged between 5.76 and 7.87%, higher seed moisture
content was found in samples from Arsuz while the
lowest result was from Dortyol samples. Arsuz
followed by Samandag locations had the highest seed
moisture. Thousand Seed Weight (TSW) results ranged
between 5.77 and 10.05 g, and the highest TSW were
from samples of Belen while the lowest TSW were
obtained from Ddrtyol samples.

Table 3. Seed moisture (%) and thousand seed weight (g) values of

S. aramiensis seeds from six districts of Hatay.

Cizelge 3. Hatay’in alti farkli lokasyonundan toplanan S.
aramiensis tohumlarina ait tohum nemi (%) ve bin tohum

agirlig (g) degerleri.
No Locations Seed Moisture (%) TSW
1 Antakya 7.56+0.02° 8.47+0.14°
2 Arsuz 7.87+0.022 8.13+0.18°
3 Belen 7.29+0.01® 10.05+0.358
4 Dértyol 5.76+0.02° 5.77+0.23°
5 Samandag 7.856+0.01° 8.45+0.23°
6 Yayladag: 7.39+0.03¢ 8.24+0.18°
7 Mean 7.29 8.19

*Significance level p<0.05

Thousand seed weight for S. officinalis were found 8.03
g considering that S. officinalis and S. aramiensis are in
the same clade our results are compatible except the
location Dortyol (Liu et al., 2006). Study showed that
S. hispanica TSW ranges between 1.32-1.30 ¢
comparing to S. aramiensis considerable low (Ixtaina
et al., 2008). However, the mean moistures were
similar to our results as in S. hispanica.

Seed germination

The present study evaluated germination parameters of
S. aramiensis seeds collected from different districts of
Hatay, Tirkiye. A total of 34 (including control)
priming were applied however only GA; (Gibberellic
acid) and cold stratification combinations with GAs
resulted in germination. Statistical analysis was applied
to ten priming treatments and the control groups.
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Germination rate (%), mean germination time (day),
germination index (day), and T50 (day) were
determined to show the effects of locations and
treatments on S. aramiensis seeds. All the parameters
were found to be statistically important (p<0.05) on
germination parameters.

Germination rate (%) shows the total germinated seeds
in the experimental period and also demonstrate the
seeds' vigour. Germination rate ranged from 0 to
65.5%, but in all control samples, no germination was
observed (Table 4). The highest germination rate was

observed in Belen district seed samples at 65.5% with
30d/2000ppm GA;3 treatment combination. When the
locations are compared, Belen district had the highest
germination rate followed by Samandag and Yayladagi
locations. The lowest germination rates were observed
generally in 500 ppm GAs/24h treatments. Treatment
effects were found to statistically significant, and
2000/3000 ppm GAgs and its combination with 30-day
stratification were found to have the highest
germination effect. Since there was no germination
observed from stratification treatment alone, it was
shown that GAs is more effective on germination.

Table 4. Effects of treatments and locations on S. aramiensis seed germination rate (%).
Cizelge 4. Onislemler ve lokasyonlara gére S. aramiensis tohumlarinin ¢imlenme oranlari (%).

Germination Rate*

Treat. Treat.
No Antakya Arsuz Belen Daortyol Samandag Yayladagi Mean™**
1 9.0+1.0V 5.540.5! 11.0+0.64 6.0+0.8' 19.5+1.0YY 17.0+£1.0VX 11.33¢8
2 24.0+0.85T 11.0+1.34 32.0+£1.9MN 16.0+1.4W-Y 39.0+1.7HK 35.0+1.9tM 26.17¢
3 38.5+1.0" 20.0+0.8YV 60.5+0.88 12.5+0.5Y% 46.0+1.2FF 35.5+0.6K- 35.52
4 42.0+1.46H 16.0+0.8W-Y 48.5+1.0F 13.0+£1.0Y2 49.0+1.2PE 43.5+1.0F¢ 35.332
5 28.0+0.99-Q 24.0+0.957 37.54+0.5" 13.540.6%2 26.5+0.5PS 22.0+£0.6™Y 25.254
6 25.0+0.59°T 13.541.0%2 52.0+0.6°P 19.0+£0.6YW 27.5+1.0PR 53.5+1.4¢ 31.75°
7 38.0+0.9"t 14.0+0.8%-2 27.0+£1.0PS 15.0+1.4%Y 37.0£0.5"t 40.5+1.2¢" 28.58¢
8 31.5+0.5N 13.0+0.7Y2 59.5+1.08 14.54+0.3%2 39.5+0.9H 31.0+1.3N0 31.50°
9 36.0+£1.0°t 17.0£0.4V-X 65.5+1.0 20.0+1.0YV 47.5+1.8E 31.0+1.3NO 36.172
10 36.5+1.5%t 24 5+1.3RT 59.5+0.58 18.5+1.3VW 47.0+1.7% 29.0+1.3N-P 35.832
Loc. d++ e a f b c
28.05 14.41 41.18 13.45 34.41 30.7 -
Mean

1: 500 ppm GAa/24h, 2: 1000 ppm GA3/24h, 3: 2000 ppm GAa/24h, 4: 3000 ppm GAs/24h. 5: 10d/1000 ppm GAs, 6: 10d/2000ppm, 7:
30d/1000ppm, 8: 30d/1000ppm, 9: 30d/2000ppm, 10: 30d/3000ppm, No germination observed in control and not placed in table.
Significant level for all categories is p<0.05. * Means are result of locations and treatments interactions, LSD=3.032; **Locations means
statistical results, LSD= 0.9143, ***Treatment means statistical results, LSD=1.2

Mean germination time (day) (MGT) showed elapsed
time to germination and results are given in Table 5.
MGT results ranged from 0 to 7.55 days. After control,
the lowest result was obtained from Dortyol location
with 2.87 days and the highest result was obtained from
seeds of Antakya district treated with 1000 ppm
GAa/24h as 7.55. MGT should be lower with high
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germination rates. Belen district also stands out with its
fast germination time. Ddrtyol district seeds showed
the lowest mean germination time, however,
germination rates were also comparatively low. A
comparison of treatments showed that stratification
could shorten the germination time.
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Table 5. Effects of treatments and locations on S. aramiensis seed MGT (day)
Cizelge 5. Onislem ve lokasyonlara gére S. aramiensis tohumlarinin ortalama g¢imlenme siireleri (giin)

Treat. Mean Germination Time

No Antakya Arsuz Belen Dortyol Samandag Yayladagi Treat. Mean
- 7.55+0.52 7.17+0.3A€ 7.40+0.3A8 7.06+0.57C 6.71£0.1AP 6.68+0.4AP 7.012
2 6.71£0.5AD 7.35+0.4AC 7.33+0.4AC 5.84+0.50H 6.39+0.58 5.36+0.587 6.50°
3 5.38+0.35 6.26+0.3%F 5.35+0.45 4.57+0.4'R 5.55+0.551 5.14+0.4Ft 5.37¢
4 5.96+0.50-C 5.92+0.5P-6 5.19£0.3FL 4.57+0.5'R 5.29+0.55K 4.84+0.56N 5.30°
5 5.11+0.2FM 4.60+0.5'Q 5.54+0.5%! 3.32+0.4°T 5.11£0.4FM 4.55+0.5"R 4.87¢
6 437035 4.03x0.3%V 3.86+0.5NW 3.0+0.3VW 3.76+£0.4NW 3.44+0.49W 3.74¢
7 3.55+0.5PW 4.74+£0.29-0 3.96+0.5MW 3.78+0.4NW 4.23+0.2%Y 3.63+£0.4°W 3.98¢
8 4.68+0.67P 4.11£0.3%V 4.14£0.5%V 3.55+0.5PW 3.22+£0.45W 3.73+£0.5NW 3.90¢
9 3.79+£0.2N-W 3.51£0.4PW 3.53+£0.4FW 2.84+0.1W 3.11£0.6YW 3.18+£0.3TW 3.32f
10 3.15+£0.3™W 2.96+0.4VW 3.39+0.5RW 3.36+0.25W 3.28+0.35W 3.02+0.3VW 3.19¢
k/loecén 4,572 4.60° 452 3.90¢ 4.24% 3.96 -

1: 500 ppm GAs/24h, 2: 1000 ppm GAs/24h, 3: 2000 ppm GAs/24h, 4: 3000 ppm GAs/24h. 5: 10d/1000 ppm GAs, 6: 10d/2000ppm, 7:
30d/1000ppm, 8: 30d/1000ppm, 9: 30d/2000ppm, 10: 30d/3000ppm, No germination observed in control and not placed in table. Significant level
for all categories is p<0.05. Standard Errors were given near mean results as +; * Means are result of locations and treatments interactions,
LSD=0.9515; **Locations means statistical results, LSD= 0.2869; ***Treatment means statistical results, LSD=0.3884

Germination index shows the effectiveness of
treatments on germination count and time. Gl results
ranged between 0.42 and 11.30 (Table 6). The highest
Gl was obtained from Belen location with 30d
stratification/2000ppm GA; treatment, while the lowest
Gl result was determined from Arsuz location with 500
ppm GAs/24h treatment. Between the locations, Belen
location showed higher performance, while
stratification treatments increased Gl. Gl is a sensitive
index predicting seed quality and decrease in the Gl
results shows that a seed lot has a low germination
ability and also a longer germination time.

T50 shows the time required for half of the seeds to
germinate and T50 results are given in Table 7. Low
T50 numbers show that germination has occurred faster
than the higher T50 results. In the present study, T50
ranged between 1.82 and 6.94 days, but control was not
calculated due to the zero germination. The lowest T50
was obtained from Arsuz location with 30d
stratification/3000ppm GAs treatment, while the
highest T50 was in Antakya location with 500 ppm
GA;. Comparison of the locations yielded two groups
that were statistically similar; one was Antakya, Arsuz
and Belen locations the other group was Dortyol,
Samandag and Yayladagi.
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Seed weight could play an important role to show
germination behaviour. Abdollahi et al. (2012), in their
study with 40 Salvia species from Iran, found that
lighter seeds had superior germination rate comparing
to heavier seeds. In contrast to this, in the present study
Belen location had a higher germination rate with
highest seed weight. Although the Belen location seeds
had higher seed moisture, seed weight was also high,
therefore, we could assume their endosperm was
heavier.

There are several studies on Salvia species that
examined germination. The effect of priming KNOs,
GAs, PEG, and their combinations on S. officinalis seed
germination rate and mean germination time were
studied (Gorai et al., 2011; Sonmez et al., 2019). In that
study, germination rates were found to be generally
higher than our results, especially in the control where
germination rate was 34% while in the present study no
germination was observed in the control group.
Furthermore, MGT (day) was found to be longer than
that of the present study, and KNO; was extended to
the MGT. At the same time GAz was found to shorten
the MGT. Similar to our results, GAs was found to
promote germination rate. Different studies have
revealed the diversity of seed germination times of
Salvia species. S. hispanica seed germination lasted
five days (de Paive et al., 2016).
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Table 6. Effects of treatments and locations on S. aramiensis seed Gl.
Cizelge 6. Oniglem ve lokasyonlara gére S. aramiensis tohumlarmnin ¢imlenme indeksi degerleri.

Germination Index (GI)

Treat.N

0 Antakya Arsuz Belen Déortyol Samandag Yayladagl  1raat Mean
1 0.68+0.11 0.42+0.1! 0.88+0.101 0.48+0.1! 1.76+0.1%1 1.41+0.1% 0.949
2 2.09+0.4V-2 0.85+0.1" 2.34+0.4Y-2 1.51+0.3Y" 3.34+0.4PS 3.61+0.49R 2.29f
3 4.17+0.2%P 1.76+0.3%L 6.19+0.4FH 1.494+0.4Y" 4.76+0.4"N 4.01+0.5NQ 3.73
4 4.20+0.2%° 1.56+0.2Y" 5.02+0.3'M 1.58+0.1Y" 5.31+0.2H 5.04+0.2"t 3.78¢
5 3.26+0.5°T 3.11+0.59V 4.05+0.4NP 1.86+0.4%2 3.08+0.4RV 2.80+0.3R-W 3.03¢
6 3.55+0.20R 1.83+0.2%% 8.33+0.6P 3.66+0.5°R 4.36+0.4K0 9.27+0.68 5.17°
7 6.47+0.48C 1.91+0.4W-Z 4.06+0.4NF 2.41+0.4TY 5.55+0.4M 6.86+0.3FF 4.54¢
8 4.13+0.5MP 1.93+0.5W-2 8.84+0.48C 2.62+0.45% 7.61+0.4PE 5.11+0.6'% 5.04°
9 5.75+0.4¢1 2.95+0.4R-V 11.30+0.3A 4.09+0.6N° 9.15+0.68¢ 5.77+0.56" 6.52
10 6.90+0.4EF 4.99+0.4"M 10.69+0.54 3.43+0.30S 9.25+0.48 5.53+0.3H 6.82
:\_AOeCén 3.75¢ 1.94¢ 5.612 2.1e 4,920 4.49° -

1: 500 ppm GAs/24h, 2: 1000 ppm GAs/24h, 3: 2000 ppm GAs/24h, 4: 3000 ppm GAs/24h. 5: 10d/1000 ppm GAs, 6: 10d/2000ppm, 7:
30d/1000ppm, 8: 30d/1000ppm, 9: 30d/2000ppm, 10: 30d/3000ppm, No germination observed in control and not placed in table. Significant level
for all categories is p<0.05. Standard Errors were given near mean results as +; * Means are result of locations and treatments interactions,
LSD=0.7781; **Locations means statistical results, LSD= 0.2346; ***Treatment means statistical results, LSD=0.3177

Table 7. Effects of treatments and locations on S. aramiensis seed T50.
Cizelge 7. Onislem ve lokasyonlara gore S. aramiensis tohumlariim T50 degerleri.

T50

Treat.

Treat.No M
Antakya Arsuz Belen Dértyol Samandag Yayladag: €an
1 6.94+0.2A  6.31+0.1AE 6.69+0.248 6.27+0.5AF 5.64:+0.2C! 5.85+0.28H 6.28?
2 5.97+0.2AC 6.47+0.2AC 6.39+0.4AD 5.01+0.26 5.44+0.3P- 4.78+0.4"M 5.68°
3 45240250  529+0.2FK 4.53+(0.20 3.93+0.3MR 4.69+0.1"N 4.12+0.39 4.51¢
4 4.91+0.3HM 5.36:+0.2E7 4.5+0.3%0 3.92+0.2MR 4.42+0.4%0 4.27+0.5KP 4.56¢
> 422402 3.63+0.197 4.51+0.20 3.93+0.1MR 3.88+0.3MR 3.61+0.20T 3.96¢
6 3.90+0.2MR  3.67+0.2NS 2.81+0.25Y 2.15+0.2W-Y 3.35:+0.2PV 2.48+0.1YY 3.06¢
7 2.93+0.2R%  4.04+0.3L9 3.34+0.2P YV 2.74+0.55Y 3.51+0.10V 2.52+0.2U°Y 3.18¢
4.0£021Q  3.15+0.20W 3.2840.2PV 2.60+0.4TY 2.03+0.4XY 2.67+0.25°Y 2.95¢
9 2.77+£025Y  2.78+£0.25Y 2.5+0.3YY 1.93+0.4%Y 2.05+0.5%Y 2.21+0.3W-Y 2.37f
10 2.15+0.2W-Y 1.82+0.2Y 2.4940.1Y°Y 2.27+0.4VY 1.97+0.2%Y 2.16+0.1W-Y 2.14f
kﬂoc' 3.85 3.872 373 3.16" 3.36b 3.15 -

ean

1: 500 ppm GAas/24h, 2: 1000 ppm GAa/24h, 3: 2000 ppm GAsz/24h, 4: 3000 ppm GAa/24h. 5: 10d/1000 ppm GAs, 6: 10d/2000ppm, 7:
30d/1000ppm, 8: 30d/1000ppm, 9: 30d/2000ppm, 10: 30d/3000ppm, No germination observed in control and not placed in table. Significant level
for all categories is p<0.05. Standard Errors were given near mean results as +; * Means are result of locations and treatments interactions,
LSD=0.8522; **Locations means statistical results, LSD= 0.2569; ***Treatment means statistical results, LSD=0.3479
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Several studies have examined on pre-treatment effects
on germination of Salvia species, however, to the best
of our knowledge, the present study is the first for
Salvia aramiensis. S. aramiensis is a local endemic for
Tirkiye yet it is very important to study this species
both for natural resources conservation and, also to
determine the pre-treatment method for cultivation. S.
aramiensis has been used by local herbalists around
Hatay province yet the species could be more popular
regarding its good quality essential oil (Demirci et al.,
2002; Bahadirli, 2020). The present study showed not
only the importance of priming but also collecting
localities. Dastanpoor et al. (2013) found hydro-
priming could induce seed germination of S. officinalis
to 85.5%, while in the present study hydro-priming did
not affect seed germination. Hormone applications
were a major preference for germination treatments,
regarding their high impact and GAs is one of the most
used treatment. S. officinalis, S. fruticosa, S. tomentosa
and S. verticillata seed germination were increased
with GA3 application; furthermore, S. officinalis had
the highest germination rate at 95.1% (Ozcan et al.,
2014; Tursun, 2019). Ethylene was found to be
effective in increasing seed germination of S. pomifera
and S. tomentosa while in the present study ethylene
treatment of 250 ppm and 750 ppm did not affect
germination (Ozcan et al., 2014).

In general, seed dormancy occurs in Salvia species,
however, in some samples from species such as S.
officinalis, S. coccinea and S. farinacea, no dormancy
occurs (Ellis et al., 1985b). Localities where seeds were
collected was also found to have important effects on
germination, for instance Al-Gharaibeh et al. (2017)
found that S. syriaca and S. spinosa species collecting
location, temperature and salinity have a great impact
on seed tolerance to salinity as well as germination.
Ellis et al. (1985b) found that cold stratification and
hormones are effective for germination of dormant
seeds. Experiments with salinity, temperature and PEG
are also crucial that they could show the response of
species to stress factors (Javaid et al., 2018; Sonmez et
al., 2019). On the other hand, for species with low
germination ability like S. aramiensis, dormancy
breaking treatments should be first defined and stress
factors applied later.
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Thanos (1993) found the germination time of S.
fruticosa seeds was very low compared to those of
other Lamiaceae species, and regarding this result, the
present experiments were planned to be conducted for
30-days. Furthermore, during the experiment, it was
observed that S. aramiensis seeds started and
completed germination very quickly. Also, abnormal
seedlings were observed from late germinated seeds.
Gl in S. officinalis was 45.56%, while in our result it
was observed as too low this could be due to species
diversification, genetic and environmental factor
effects (Liu et al., 2006).

CONCLUSIONS

Salvia aramiensis is an important tradable commodity
for Tirkiye. Nevertheless, species are only collected
from nature widely, hence their cultivation should be
started very soon. As the amount of collection from
nature increases, it is very important to preserve the
plants in their natural flora. In the present study, for the
first time, seed and germination parameters of this
species using seeds from six different locations were
presented. The results showed that seed collecting
locations and priming methods have a high impact on
germination. Also, GA; and stratification combinations
could positively affect germination parameters.
According to the studied locations, Belen district was
significant. Pre-treatment studies should be continued
for further investigations on breeding and cultivation.
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ABSTRACT: As the damage caused by weeds to agricultural crops increases, the use of herbicides is rapidly rising. The
importance of allelopathy, one of the most environmentally friendly strategies in weed control, is growing day by day, making it one of the
heavily researched topics in this field. Field bindweed (Convolvulus arvensis) is a weed causing considerable damage in agricultural
areas. In this study, the in vitro allelopathic effect of field bindweed (C. arvensis) on weeds such as Sorghum halepense and Xanthium
strumarium and on seed germination of crops such as cress (Lepidium sativum), cucumber (Cucumis sativus) and grass (Lolium perenne)
was investigated. The studies were conducted in the Laboratory of Plant Protection, Faculty of Agriculture, Sakarya University of Applied
Sciences in 2023. Water and methanol extracts derived from the green parts of field bindweed were applied to seeds in Petri dishes at
concentrations of 1, 3, and 5%. According to the results obtained, it was observed that 5% methanol extract prevented seed germination
in all plants. It was also concluded that 5% water extract prevented the germination (0% germination) of hogweed (X. strumarium) and
cress (L. sativum) plants. Promising data were obtained from this laboratory study against the germination of various plant seeds of field
ivy (C. arvensis), which is an agriculturally problematic plant, and the results will be further confirmed by conducting greenhouse and
field trials.

Keywords: Convolvulus arvensis, water extract, alcohol extract, germination, alternative control.

Tarla Sarmagsigi (Convolvulus arvensis L.)’min Bazi Yabanci Otlar ve Test Bitkileri Uzerinde In Vitro

Allelopatik Etkisinin Belirlenmesi

OZ: Yabanci otlarin tarimsal iiviinlere verdigi zararin artmasiyla birlikte herbisitlerin kullanimi da hizla artmaktadir. Yabanct
ot kontroliinde en ¢evre dostu stratejilerden biri olan allelopatinin dnemi her gegen giin daha da artmakta ve bu alan, yogun sekilde
aragstirilan konular arasinda yer almaktadir. Tarla sarmasigr (Convolvulus arvensis) tarim alanlarinda hemen her yerde goriilen onemli
zararlara neden olan bir yabanci ot olarak karsimiza ¢ikmaktadir. Bu ¢alismada Tarla sarmagsigi (C. arvensis) bitkisinin in vitro allelopatik
etkisini belirlemek amacwla yabancit otlardan kanyas (Sorghum halepense) ve domuz pitragi (Xanthium strumarium)’na, kiiltiir
bitkilerinden ise tere (Lepidium sativum), hiyar (Cucumis sativus) ve ¢im (Lolium perenne) bitkilerinin tohum ¢imlenmeleri iizerine
etkileri arastirilmist: Calismalar 2023 yilinda Sakarya Uygulamali Bilimler Universitesi Ziraat Fakiiltesi Bitki Koruma Boliimii
Laboratuvarinda yiiriitiillmiistiiv. Tarla sarmagsigimin yesil aksamindan elde edilen su ve methanol ekstraktlari %I, 3 ve 5
konsantrasyonlarda petri kaplari icerisinde bulunan tohumlara uygulanmustir. Elde edilen sonuglar dogrultusunda %5 lik methanol
ekstraktinin tiim bitkilerde tohum ¢imlenmesini engelledigi gozlemlenmistir. Ayrica %5 'lik su ekstraktininda domuz pitragi (X. strumarium)
ve tere (L. sativum) bitkilerinin ¢imlenmesini (% 0 ¢imlenme) engelledigi sonucuna varilmigtir. Buna karsin kullanilan su ekstraktlarinin
tiim dozlarimin kanyas (S. halepense) ve ¢im (L. perenne) bitkilerinde kék gelisimini tesvik ettigi gézlemlenmigtir. Tarimsal agidan sorun
olusturan Tarla sarmasigi (C. arvensis) bitkisinin ¢eyitli bitki tohumlarinin ¢imlenmesine karsi iimitvar veriler alinan bu laboratuvar
calismasi sonrasi sera ve tarla denemeleri de yapilarak sonuglar daha da dogrulanmis olacaktir.

Anahtar kelimeler: Convolvulus arvensis, su ekstrakt, alkol ekstrakti, cimlenme, alternatif miicadele.
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INTRODUCTION

Weeds are unwanted plants of agricultural areas.
Having an aggressive growth habitat, weeds are able to
grow rapidly and dominate crop plant growth. Weeds
compete with crops for nutrient, space, sunlight, and
water. A common method of weed control is the
application of herbicides such as 2.4 D. But most of the
herbicides were banned due to hazardous effects on
enivronment, animals and humans (Uddin et al., 2012).
Allelopathy is a direct or indirect harmful or beneficial
effect of a plant, fungus or microorganism on other
living things by producing and secreting various
allelochemicals (Rice, 1974; Ozer et al., 2003).
Allelopathy between plants occurs when a plant
secretes chemicals that affect surrounding plant species
(Rice, 1984). Chemical secretions with allelopathic
effects are called allelochemicals (Cheng and Cheng,
2015). These chemicals are found in all plant parts,
including leaves, flowers, fruits, stems, roots,
rhizomes, seeds, and pollen and are released into the
environment in different ways (Zeng et al., 2008)..
Exposure to allelochemicals affects plant growth and
development. Inhibition of germination, decrease in
photosynthetic rate, chlorosis and distortion, darkening
and swelling of seeds, development and shortening of
root shoots and coleoptiles, lesions on root tips, lack of
root hair formation, curling of root tips, decrease in dry
weight, and decrease in plant reproductive ability are
observed (Benyas et al., 2010) Plants on Earth secrete
more than 10,000 allelochemicals, which vary in their
effects. These allelochemicals have also been identified
in weeds, and glucosinolates, saponins, limonoid
alkaloids,
phenolics, flavonoids, and tannins are the most

important in these plants (Sin and Oztiirk, 2021).

triterpenes, essential oil, polyphenols,

Convolvulus arvensis L., known as field bindweed, is
one of the 250 plants of the family Convolvulaceae.
The weed is perennial, each plant producing 30-300
seeds that survive 50 years. (Timmons, 1949; Weaver
and Riley, 1982). It is commonly found on 32 crops in
44 countries worldwide (Holm et al., 1977). This weed
chokes young crops, covers them, proliferates, and
reduces yield by competing for the nutrients, water, and
sunlight needed for plants to develop. C. arvensis is a
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common weed that can rapidly grow, wrap, and
overwhelm other plants. Due to its climbing ability, it
can affect plants of all sizes, including trees. It
competes highly with other species for sunlight,
moisture, and nutrients (Berca, 2004). Annual crop
plants are susceptible to C. arvensis damage and 20-
80% yield loss can occur in these plants (Black et al.,
1994). In addition, C. arvensis is reported to host
several viruses including potato virus X disease, and
tomato spotted wilt virus (DiTomaso and Healy, 2007).

Field bindweed is reported to have an allelopathic
effect on crop plants such as wheat, barley, lentils, and
weeds (Om et al., 2002; Yarnia, 2010; Shahrokhi et al.,
2011; Rahimzadeh et al., 2012). For instance, Obaid
and Qasem (2005) found that volatiles extracted from
C. arvensis shoots reduced the growth of cabbages,
cucumbers, carrots onions, pumpkins, peppers, and
tomatoes. Compounds such as caffeic, ferulic acid,
amino acids, amides, sugars, aliphatic acids, aromatic
acids, ethylene, vitamins, peptides, proteins, enzymes,
plant hormones, alcohols, ketones, olefins, urea,
phytoalexins-coumaric acid, p-Hydroxybenzoic acid,
and syringic have been detected as allelochemicals
released by roots of field bindweed (Hegab and
Ghareib, 2010; Balah, 2015).

The objective of this research was to study the in vitro
allelopathic effects of ethyl alcohol and water extracts
from field bindweed on Johnson grass (Sorghum
halepense) and cocklebur (Xanthium strumarium), as
well as on cultivated plants such as cress (Lepidium
sativum), cucumber (Cucumis sativus), and perennial
ryegrass (Lolium perenne).

MATERIAL AND METHODS
Material

The study was conducted in the Plant Protection
Laboratory, Faculty of Agriculture, Sakarya University.
The main material of the study was the green part
(leaves) of field bindweed (Convolvulus arvensis),
which is known to have allelopathic effects. To
determine the allelopathic effect of the prepared
extracts on germination, the following plants were
used: hogweed (Xanthium strumarium), perennial
ryegrass (Lolium perenne), Johnson grass (Sorghum
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halepense), cucumber (Cucumis sativus), and cress
(Lepidium sativum). The weeds used in the experiment
were selected from the weeds that cause significant
problems in agricultural areas of Sakarya province (Cal
and Kara, 2020). Weed seeds were collected from
agricultural areas where crops were grown in Sakarya
in 2022 and 2023. The collected seeds were cleaned
and stored in glass jars at +21°C and in the dark. Before
setting up the experiments, hogweed (X. strumarium)
seeds were removed from the fruits and undamaged
large seeds were included in the experiments. In order
to break the dormancy of Johnson grass (S. halepense),
sulfuric acid was applied for 30 min. Seeds were then
rinses by passing through pure water three times and
were then used in the experiment ($in et al., 2019). The
cultivated plants seeds (perennial ryegrass, cucumber
and cress) used in the study were obtained from an
agricultural dealer.

Method

The leaves of field bindweed (C. arvensis) were
collected from cultivated fields in Sakarya province.
They were first sorted and dried by mixing and
periodically turning in the shade. The dried plants were
then ground into powder. Then, 450 ml of solvent
(distilled water and methanol) was added per 50 g
weighed plant samples. The mixture was shaken at 180
rpm in an orbital shaker at room temperature for 48
hours. The solvent obtained was filtered through a 4-
ply cheesecloth and then filtered twice through filter
paper. Evaporation was used to remove the alcohol in
the methanol extract, and the pure extract was obtained.
The prepared extracts were stored in the refrigerator at
+4°C until use (Ashrafi et al., 2008; Abbasi, 2012; Al-

Malki, 2014). In the experiment, the stock solutions
were adjusted to 1%, 3%, and 5% doses and used.

Sterile 9 cm diameter plastic petri dishes were used for
germination studies. Two layers of Whatman filter
in the Petri dishes. Twenty
Johnsongrass, perennial grass, cress, cucumber and

paper were used

Hogweed seeds were added to each petri dish. The
experiment was arranged as randomised block design
with 4 replicates. Five ml of the prepared extract
solutions were added to each petri dish. Sterile pure
water was used in the control group. The experiments
were monitored for 15 days at an optimal temperature
of 2442°C. The experiment was checked every other
day and germination was counted. When the radicle
reached a length of 0.5 cm, the seed was considered as
germinated. At the end of the 15th day, the root and
shoot lengths of the germinated seedlings were
measured with a digital calliper. The fresh weight of the
seedlings was measured, the seedlings were kept in an
oven at 72°C for 48 h and the dry weight was measured
and recorded (Uremis & Uygur, 1999; Sin et al., 2017).

The Duncan test was applied using the SPSS (20.0)
package program to reveal the statistical differences
between the data obtained from the research.

RESULTS AND DISCUSSION

When water and alcohol extracts were prepared from
field bindweed and applied at various concentrations
(1%, 3%, 5%) against Johnson grass (Sorghum
halepense), cocklebur (Xanthium strumarium), cress
(Lepidium sativum), cucumber (Cucumis sativus), and
perennial ryegrass (Lolium perenne) seeds, the results
presented in Tables 1 to 5 were obtained.

Table 1.The effect of extracts on the germination of cocklebur (Xanthium strumarium L.) and growth parameters.

Cizelge 1. Ekstraktlarin domuz pitragi (Xanthium strumarium L.) ¢imlenmesi ve biiylime parametreleri iizerine etkisi.

Extract-Dose Germination rate (%) Root length (cm)

Shoot length (cm)  Fresh weight (mg) Dry weight (mg)

Control 70.00° 3.28+0.88° 3.93+0.73° 1310.00472.90° 268.00+53.00°
Water %1 50.00° 1.8040.622 2.50+1.84% 303.00+55.10 30.00+11.80°
Water %3 17.50¢ 1.670.59° 2.21:£0.84% 350.00£58.50° 35.00+15.60¢
Water %5 0.00¢ 0.00° 0.00° 0.00° 0.00¢
Alcohol %1 47.500 1.99+0.34% 3.68+0.35 367.00+55.20 67.00£10.90
Alcohol %3 15.00<¢ 1.06+£0.220¢ 3.140.69" 241.00455.20° 55.00+16.30¢
Alcohol %5 0.004 0.00° 0.00°¢ 0.00° 0.00¢
#p<0.05
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Table 1 presents the parameters of the control group,
which were as follows: germination rate (70%), root
length (3.28 cm), shoot length (3.93 cm), fresh weight
(1310 mg) and dry weight (268 mg).

When the effects of 1%, 3% and 5% doses of water, and
alcohol extracts of the field bindweed on the growth of
the cocklebur (Xanthium strumarium) were examined,
it was observed that germination was not possible with
increasing doses of water and alcohol extracts,
especially at 5% doses. Furthermore, comparable
outcomes were observed at 1% and 3% doses of the
water extract. The 3% dose resulted in a reduction in
the developmental parameters in comparison to the
control. Nevertheless, the results indicated that the
growth parameters were enhanced relative to the 1%
dose. The growth parameter data decreased when
alcohol extracts were applied in increased doses.

Table 2 demonstrates that when field bindweed extracts
were applied to the grass plants , the 1% and 3% doses

BINDWEED (Convolvulus arvensis L.) ON SOME WEEDS AND TEST PLANTS

of water extract increased germination compared to the
control, both in terms of germination percentage and
statistically. = However,  germination  decreased
significantly as the dose of water extract increased, as
shown in Table 2. In alcohol extracts, the germination
rate at a 1% dose was 91.25%, which was statistically
different from the control and water extracts, and the
germination completely stopped when the doses were
increased to 3 and 5%. As a result of the experiment,
the maximum root length was observed in the control
group (11.08 cm), while the shoot length was observed
in the 3% water extract (12.09 cm). The highest wet
weight was found in the control group, while the
highest dry weight was found in the 1% alcohol extract
(60.5 mg). Notably, although the 1% alcohol extract
showed the highest dry weight, there was no
statistically significant difference in dry weight

between the 1% and 3% water extracts.

Table 2. The effect of extracts on the germination and the growth of perennial ryegrass (Lolium perenne L.).

Cizelge 2. Ekstraktlarin ¢im (Lolium perenne L.) ¢gimlenmesi ve biiylime parametreleri iizerine etkisi.

Extract-Dose Germination rate (%)  Root length (cm)  Shoot length (cm) Fresh weight (mg) Dry weight (mg)
Control 93.75% 11.08+0.672 9.51+0.48b 536.00+29.00? 49.50+1.90%°
Water %1 98.75° 7.71+0.46° 10.52+0.31° 365.70+22.00% 55.30+1.802
Water %3 97.5%® 3.37£0.48¢ 12.09+0.31° 429.50+31.00% 54.50+1.902
Water %5 81.254 1.97+0.364 7.83+1.03¢ 257.00+75.00° 41.00£8.00°
Alcohol %1 91.25¢ 4.07+0.45¢ 4.10£1.06¢ 399.80+49.00° 60.50+2.80?
Alcohol %3 0.00° 0.00° 0.00° 0.00¢ 0.00¢
Alcohol %5 0.00° 0.00° 0.00° 0.00¢ 0.00¢

#p<0.05

As given in Table 3, when extracts were applied to the
Sorghum halepense seeds, the germination rate was
determined as 90% in the control group, whereas it was
found as 65% both in the 1% alcohol and water
extracts. When comparing the 3% and 5 % water and
alcohol extract treatments, it was found that the
germination rate was decreased both in the 3% water
and alcohol extracts. In addition, the germination rate
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was observed as 0% when 5 % alcohol extract was
applied. The highest root length was found in 1 % water
extract treatment, while the highest shoot lengths were
determined in 1% and 3% extracts. In wet weight, 1%
alcohol extract was the highest after the control group
and statistically in the same group as the control group.
The highest value was found in 1% water extract in dry
weight.
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Table 3. The effect of water and alcohol extracts prepared from field bindweed plant at 1%, 3%, and 5% doses on the germination and

growth of Johnsons grass (Sorghum halepense (L.) Pers.).

Cizelge 3. Tarla sarmagi bitkisinin %1, %3 ve %5 dozlarinda hazirlanan su ve alkol ekstraktlarinin Kanyas (Sorghum halepense (L.) Pers.)

cimlenmesi ve biiylimesi iizerine etkisi.

Extract-Dose Germination rate (%)  Root length (cm)  Shoot length (cm)  Fresh weight (mg) Dry weight (mg)
Control 90.00° 1.11+0.28° 3.23+0.72¢ 123.30+18.802 10.20+1.38°
Water %1 65.00° 2.07+0.21? 5.48+0.41% 37.70+13.40° 27.20+11.272
Water %3 55.00¢ 0.48+0.06% 5.73+£0.752 53.00:8.20° 12.50+11.30°
Water %5 37.50¢ 0.21+0.04¢ 2.95+0.67¢ 37.80+11.70% 9.30+2.10°
Alcohol %1 65.00° 0.89+0.16 3.68+0.39b° 120.00+18.302 8.50+2.90°
Alcohol %3 25.00° 0.38+0.12¢ 2.71£1.04¢ 33.80+11.20% 1.0044.00°
Alcohol %5 0.00" 0.00¢ 0.00° 0.00° 0.00°
*p<0.05

Based on the results recorded in Table 4, which
contains data about the germination of cucumber
plants, the highest germination rate, with a 95% success
rate, was observed in control plants, and this was
followed by the 1% alcohol extract, which exhibited a
90% germination rate. Although the germination rate in
the 1% water extract remained at 60%, the highest root
and shoot length (10.29 and 7.11 cm) was determined
after the control group (14.47 and 9.07 cm). Although
the root and shoot length was less than that of the water
extract, the wet weight of the 1% alcohol extract was
higher. The statistical evaluation revealed a statistically
significant difference between the two groups.

Table 5 presents the germination and growth data of
cress plants. Cress plants are known to be sensitive to

extracts, as evidenced by the results of our experiment.
While the germination rate was 83.75% in the control
group, it decreased to 23.75% at 1% and 12.5% at 3%
water extract concentration. No germination was
observed in extracts made using 5% water extract and
alcohol. Similar results were observed in root length
and wet and dry matter content. In particular, a
significant decrease (18.8 and 17.2 mg) was observed
in water extracts compared to the control group (179.5
mg) in plant wet weight. Among the parameters, only
shoot length exhibited an increase in the 1% water
extract compared to the control group. However, this
and

increase diminished with increasing doses

ultimately disappeared.

Table 4. The effect of water and alcohol extracts prepared from field bindweed plant at 1%, 3%, and 5% doses on the germination and

growth of cucumber (Cucumis sativus L.).

Cizelge 4. Tarla sarmag: bitkisinin %1, %3 ve %5 dozlarinda hazirlanan su ve alkol ekstraktlarmin hiyar (Cucumis sativus L.).¢cimlenmesi

ve biiylimesi iizerine etkisi.

Extract-Dose Germination rate (%) Root length (cm)  Shoot length (cm) Fresh weight (mg) Dry weight (mg)

Control 95.00? 14.47+1.25% 9.07+0.412 3002.00+124.00° 81.30+8.304
Water %1 60.00° 10.29+1.10° 7.11+0.41° 771.30+£299.00 123.50+23.46%0
Water %3 57.50° 4.30+1.31°¢ 5.79+0.48¢ 540.90+438.00¢ 109.30+13.70b°
Water %5 37.50¢ 2.13+0.924 2.69+0.72¢ 370.00+86.004 94.30+29.04°d
Alcohol %1 90.00? 3.84+0.61° 4.60+0.53¢ 1586.00£156.00° 106.00+9.58b¢
Alcohol %3 65.00° 0.81+0.10¢ 1.57+0.15F 560.00+133.004 140.00+25.69*
Alcohol %5 0.004 0.00f 0.008 0.004 0.00¢

*p<0.05
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Table 5. The effect of water and alcohol extracts prepared from field bindweed plants at 1%, 3%, and 5% doses on the germination and

growth of cress (Lepidium sativum L.).

Cizelge 5. Tarla sarmagi bitkisinin %1, %3 ve %5 dozlarinda hazirlanan su ve alkol ekstraktlarinin tere (Lepidium sativum L.). ¢gimlenmesi

ve biiyiimesi lizerine etkisi.

Extract-Dose Germination rate(%) Root le(ncitl l)l Shoot length (cm) Fresh weight (mg) Dry weight (mg)
Control 83.752 5.10+0.642 2.60+0.08° 179.50+17.002 6.50+1.192
Water %1 23.75° 3.49+0.43° 3.39+0.45° 18.80+12.50° 2.30+1.25°
Water %3 12.50¢ 1.08+0.26° 2.6140.45° 17.2045.30P 1.00+0.10b°
Water %5 0.00¢ 0.00¢ 0.00° 0.00° 0.00°¢
Alcohol %1 0.00¢ 0.004 0.00° 0.00° 0.00°¢
Alcohol %3 0.004 0.00¢ 0.00° 0.00° 0.00°
Alcohol %5 0.004 0.00¢ 0.00° 0.00° 0.00°
*p<0.05

Fateh et al. (2012) examined the effect of field
bindweed extracts on Pennisetum sp. and Ocimum
basilicum plants. Their findings indicated that the
allelopathic effect of the 100% dose exhibited the
highest suppressive effect on germination for both
plants, while the allelopathic effect of the 33% dose
exhibited the lowest suppressive effect. The results
indicated that germination was suppressed as the
(2014),
examining the allelopathic effect of field bindweed dry

extract dose increased. Balievi¢ et al.
leaf and root water extracts on two different corn
varieties, and they reported that seed germination was
reduced by up to 36%. They observed that root extracts
had a more suppressive effect on germination and
similarly suppressed fresh weight, root, and shoot
length. In the experiment, germination and growth
parameters decreased with increasing doses.
Researchers also concluded that susceptibility to the
extract varied depending on corn varieties. Similarly,
Yarnya et al. (2009) reported that field bindweed
extracts had a negative allelopathic effect on
germination, growth and yield parameters on wheat

seeds in vivo conditions.

In another study, Mengal et al. (2015), found that the
of field bindweed at 60%
concentration gave proven results, and Reynders and
Duke (1979) reported that Convolvulus arvensis L. had
a high allelopathic effect on another weed species,
Amaranthus retroflexus. Hegab and Ghareib (2010)
determined the allelopathic effect of field bindweed
methanol extract at different concentrations on wheat

allelopathic effect
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growth and some physiological processes. They found
that doses at 75, 150, and 300 ppm had stimulating
effects on the root, shoot lengths, and dry weights
compared to the control and chlorophyll. They
concluded that the content of carbohydrates, proteins,
and phenolic compounds also increased while the
of
superoxide dismutase were

enzyme  activities catalase,

phenoloxidase,

peroxidase,
and
gradually stimulated. The gradual suppression of lipid
peroxidase and the H>O, content were highest at 300
highest
concentration of 600 ppm, there was a low level of

ppm. They also reported that at the

inhibition of parameters other than lipid peroxidation
and H>O, levels. Because of its stimulating potential,
they recommended low concentrations of methanol
extract from field bindweed that could be used as a
fertilizer. Sunar et al. (2013) applied C. arvensis root,
stem, and leaf methanol extracts at 50, 75, and 100 pl
concentrations in their study on the examination of
field bindweed methanol extracts in terms of genotoxic
and inhibitory activity on soluble protein content and
genomic template stability on the corn plant. They
revealed that especially 100 pl root, stem, and leaf
extracts had inhibitory activity on genomic stability,
and increasing doses of extracts also increased the total
soluble protein content in maize.

the studies

researchers, it is known that field bindweed has various

Based on conducted by different

degree of allelopathic effect on different plants, and our
study was compatible with the results of all studies.
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CONCLUSION

When comparing all the data, it was observed that
field bindweed water and alcohol extracts had
varying effects on weeds. Generally, increasing
the dose of alcohol and water extracts increased
their suppressive effect on parameters compared to
the control. A notable finding was that the 5%
alcohol extract suppressed plant germination. All
water extracts applied to perennial grass and
Johnson grass stimulated root development.
Additionally, a 5% water dose inhibited
germination in cress and hogweed. Given the
increasing concern over the harmful effects of
chemicals in today's conditions, researchers are
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ABSTRACT: Inthis study, the effect of different concentrations of some plant growth regulators on the in vitro micropropagation
of the Viking aronia variety was investigated. In this context, 15 different culture media were prepared by adding plant growth regulators
(BAP, IBA, GA3, TDZ) in various concentrations and combinations to the MS medium (Murashige and Skoog, 1962). Sterilised shoot tips
were transferred to the relevant plant tissue culture media in three replications according to the randomized parcels trial pattern, with
three explants in each replication. At the end of the four-week development period, average vitrification rate (VIR), average shoot length
(SHL) and average number of nodes (NON) parameters were evaluated. Biplot analysis was employed to analyze the data obtained.
According to the biplot analysis, B11002G1T1: (1.0 mg L™t BAP+0.02 mg L'* IBA+1.0 mg L™ GA3+1.0 mg L'! TDZ), B11002G1T05: (1.0
mg L? BAP+0.02 mg L IBA+1 mg LY GAs+0.5 mg LY TDZ) and B11002G05T1: (1.0 mg Lt BAP + 0.02 mg L IBA+0.5 mg L
GAs+1.0mg L* TDZ) had a more positive effect on the number of nodes and shoot length. This study showed that the Viking aronia variety
can be easily grown from cuttings by adjusting the plant growth regulator concentrations and combinations. Different media and plant
growth regulators are needed for each aronia variety, so more studies are needed to improve success rates.

Keywords: Aronia melanocarpa (Michx.) Elliott, explant, plant growth regulators, plant tissue culture, micropropagation.

Viking Aronya Cesidinin Farkl Bitki Doku Kiiltiirii Ortamlarinda Mikrogogaltiminin
Karsilastirmalt Biplot Analizi

OZ: Bu calismada, bazi bitki biiyiime diizenleyicilerinin farkli konsantrasyonlarimn Viking aronya cegidinin in vitro mikro
cogaltimi iizerine etkisi arastirilmistr. Bu kapsamda, MS ortamina (Murashige and Skoog, 1962) farkli konsantrasyon ve
kombinasyonlarda bitki biiytime diizenleyicileri (BAP, IBA, GA3, TDZ) ilave edilerek 15 farkl kiiltiir ortami kullaninugstir. Sterilize edilmig
siirgiin uglari, her tekerriirde 3 eksplant olacak sekilde, tesadiif parselleri deneme desenine gore ii¢ tekerriirlii olacak sekilde ilgili bitki
doku kiiltiirii ortamlarina aktarilmistir. Dort haftalik geligme siivesi sonunda ortalama vitrifikasyon orani (VIR), ortalama siirgiin uzunlugu
(SHL) ve ortalama bogum sayisi (NON) parametreleri degerlendirilmistir. Elde edilen veriler Biplot analizi ile degerlendirilmistir. Biplot
analizine gore BII002GITI: (1,0 mg L't BAP+0,02 mg L'? IBA+1,0mg L GAs+1,0mg L TDZ), B11002G1T05: (1,0 mg L't BAP+0,02
mg L IBA+1mgL? GAs+0,5mg L? TDZ) ve B11002G05T1: (1,0 mg L't BAP + 0,02 mg L' IBA+0,5mgL? GAs+1,0mgL* TDZ)
ortamlarimin bogum sayist ve stirgiin uzunlugu tizerine daha olumlu etki gésterdigi tespit edilmistir. Bu ¢calisma ile Viking aronya cesidinin
mikrogogaltinimin  farkl  bitki  biiyiime  diizenleyici  konsantrasyonlart ve kombinasyonlari optimize edilerek kolaylikla
gergeklestirilebilecegi  belirlenmistir. Ancak her aronya c¢esidinin mikrogogaltiminda farkli kiiltiir ortamina ve bitki biiyiime
diizenleyicilerine ihtiya¢ duyulmasi basari oranlarmmin artirlmasinda daha fazla ¢alisma yapilmasini gerektirmektedir.

Anahtar kelimeler: Aronia melanocarpa (Michx.) Elliott, eksplant, bitki biiyiime diizenleyicileri, bitki doku kiiltiirii, mikrogogaltim.

INTRODUCTION an orchard and complying with technical principles in
fruit growing is of great importance for profitable
production (Sattler and Nagel, 2010; Kunzekweguta et
al., 2017). It is well established that fruits, particularly
berries, are rich in natural antioxidants and possess a
high antioxidant capacity and anthocyanin content.

The rapid increase in the world population and the ever-
developing and expanding global economy are placing
increasing pressure on natural resources. It is therefore
of great importance to use existing resources in the
optimum and most efficient way. Properly establishing
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The rise in global consumption levels over recent years
has elevated the significance of berries in both
domestic and international trade (Yang and
Kortesniemi, 2015; Golovinskaia and Wang, 2021,
Kirmizikusak, 2023). Studies have shown that there is
an increasing trend towards the consumption of Aronia
[Aronia melanocarpa (Michx.) Elliott], a type of fruit
rich in natural antioxidants (Kapci et al., 2013; Bolling
et al., 2015; Jurikova et al., 2017; Vagiri et al., 2017;
Culhaci and Yildirim Yalcin, 2022; Gao et al., 2024).

Aronia, belonging to the Rosaceae family, is
categorized under the Aronia genus, which
encompasses three acknowledged species (Kulling and
Rawel, 2008). These species include Aronia
melanocarpa (Michaux) Elliot (black chokeberry),
Aronia prunifolia  (Marshall) Rehder (purple
chokeberry), and Aronia arbutifolia (Linnaeus)
Persoon (red chokeberry). Aronia berries (Aronia
melanocarpa) are rich in various bioactive compounds
such as anthocyanins, carotenoids, phenolic
compounds, fatty acids, flavonoids and vitamins (Rauf
et al., 2019; Shahin et al., 2019; Lackner et al., 2024).
Aronia berries originating from the eastern regions of
North America have been cultivated and utilized in
traditional medicine within the former Soviet Union
since the mid-20th century (Fidanci, 2015; Yilmaz et
al., 2021; Kadioglu and Yilmaz, 2023).

Presently, aronia is grown in Eastern European nations
and Russia, where it is utilized in the crafting of
homemade or commercial juices, preserves, fruit
infusions, wines, and organic food dyes (Jurikova et al.,
2017; Mertoglu et al., 2021). A study of the effects of
aronia (Aronia melanocarpa) on human health revealed
that its fruits have the highest antioxidant capacity and
anthocyanin amount of all berries (Sharif et al., 2012;
Szopa et al., 2017). It has been demonstrated that
regular consumption of this type of fruit provides
protection against cardiovascular diseases, digestive
system diseases and some cancers (Daskalova et al.,
2019). Aronia berries have been accepted as medicinal
plants in Russia due to their biochemical properties,
which have been the subject of extensive research
(Martin et al., 2014; Bakir, 2019). Aronia fruits are
designated as functional foods due to their high
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antioxidant activity, and their use and cultivation are
becoming increasingly prevalent across the globe.
Aronia has gained importance due to its bioactivity,
which is evidenced by the presence of dietary fibre,
organic acids, sugar, fat, protein, minerals and
vitamins, antioxidants, anthocyanins, flavonoids,
proanthocyanidins, flavanols, phenolic acids and
flavonol polyphenols (Chrubasik et al., 2010).

Plant tissue culture techniques are employed
extensively in the propagation and breeding of
perennial plants. However, due to the problem of
nonviable seeds, there is a need for tissue culture
techniques that can increase the propagation rate by
using explants taken from various parts of the plant
with the help of plant growth regulators, especially for
shoot and root induction (Kaya et al., 2023). Although
numerous studies have yielded promising results when
employing plant tissue culture techniques on diverse
perennial plant species, there is a paucity of literature
addressing the optimization of propagation protocols
and the advancement of biotechnology research (Singh,
2015; Dogan and Emsen, 2018).

Auxins, gibberellins, cytokinins and indole butyric acid
group phytohormones, also known as plant growth
regulators, are employed in isolation or in various
combinations for specific purposes in plant tissue
culture studies (Kumlay and Eryigit, 2011).

Aronia, a plant species cultivated in Tiirkiye, has
gained popularity in recent years. It thrives particularly
well in the climate and soil conditions of the Black Sea
region (Yilmaz, 2020). Although not naturally found in
Tiirkiye's flora, aronia has been widely introduced
through agricultural  production  projects and
government incentives (Demir, 2019). The production
process has accelerated with the education and support
provided to farmers, yielding productive results (Kaya,
2021). In terms of consumption, aronia berries are
noted for their high antioxidant content and health
benefits (Ozturk, 2020). They are consumed in various
forms such as juice, jam, dried fruit, and dietary
supplements, making aronia a valuable product in both
domestic and export markets (Celik, 2022).
Consequently, while aronia production in Tiirkiye is
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rapidly increasing, consumption rates are also rising in
parallel (Aydin, 2023).

The aim of this study was to investigate the effects of
different levels of plant growth regulator combinations
in in vitro plant tissue culture environment on aronia,
which is newly known in Tirkiye but has a high
economic importance with different usage areas around
the world.

MATERIAL AND METHOD
Plant material

In the study, shoot tips of the Viking variety (Aronia
melanocarpa) were employed as explant sources
during the active development period between April
and May. The plant materials were obtained from four-
year-old healthy plants cultivated in accordance with
the ecological conditions of Canakkale.

Surface sterilization of explants

The collected shoot tips were transferred to the
laboratory and subjected to a preliminary cleaning
under tap water. During the sterilization phase,
explants were subjected to sterilization procedures
developed by Soylu and Erturk (1999). Initially, the
shoot tips were washed under running water for a
period of five minutes. Thereafter, the explants were
immersed in a 3% CuSQ; solution for a duration of 20
minutes, with intermittent agitation, and subsequently
in a 70% ethyl alcohol solution for a period of one
minute. Subsequently, the explants were rinsed with
sterile pure water and placed in a solution containing
15% (v/v) NaOClI and a few drops of Tween 20. After
a 15-minute incubation period, the explants were rinsed
with sterile pure water three times for 5 minutes each,
and the surface sterilization process was completed.

Contents of plant tissue culture media

A total of 15 different propagation media (Table 1)
were employed in the study. The plant growth regulator
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substance combinations utilised in the trial for the
propagation media are presented in Table 1. Following
sterilization, the explants were excised from the upper
and lower parts of the bud, leaving a 0.5-0.7 cm
segment, and planted in the culture media so that the
bud remained on the surface. In the initial culture
phase, Murashige and Skoog (MS; M-5524, Sigma)
culture media was employed, with the addition of 30
o/L sucrose and 7 g/L agar. The pH of the culture media
was adjusted to 5.8 using 0.1 N HCI and 0.1 N NaOH.
The prepared media were then placed on the heater
until they reached boiling point (92°C), after which
they were decanted (approximately 15 ml) into
75x75x100 mm magenta boxes and sterilised for 15
minutes at 121°C at 1.2 atm pressure. After planting,
the magenta boxes were cultured for four weeks at
254+1°C, under a 3000 lux fluorescent lamp with a 16-
hour photoperiod. The following parameters were
evaluated at the end of the four-week development
period. The protocol stated by Sengiil (2012) was
followed during the preparation of the culture media.

The experiment was set up according to the randomized
parcels trial pattern, with three replications and three
explants in each replication. Biplot analysis (SAS
Institute Inc. JIMP 15.1, 2020) was employed for data
interpretation, and the findings were visualized on the
graphs (Figure 1).

Features examined within the scope of the study

Vitrification rate (VIR - %): The number of vitrified
plants in each magenta box was counted and expressed
as a percentage.

Number of nodes (NON - piece): The number of nodes
in each shoot was quantified and averaged.

Shoot length (SHL - mm): At the end of the
development phase, shoot lengths were quantified in
millimeters using caliper.
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Table 1. Plant tissue culture media contents used in the study.#

IN DIFFERENT PLANT TISSUE CULTURE MEDIA

Cizelge 1. Calismada kullanilan bitki doku kiiltiirii ortam igerikleri.#

Culture Media Media Content

No/Code IBAmgL! BAP mg L™ GAamg L TDZmg L* Media
1. BLIOOIGYTY 0.01 10 MS
2. B11001GYTO05 0.01 1.0 0.5 MS
3. B11001GYT1 0.01 1.0 1.0 MS
4. B0O51001GO5TY 0.01 05 05 MS
5. BO51001G05T05 0.01 05 05 05 MS
6. BO51001G05T1 0.01 05 05 1.0 MS
7. B11002G05TY 0.02 1.0 0.5 MS
8. B11002G05T05 0.02 1.0 0.5 0.5 MS
9. B11002G05T1 0.02 1.0 0.5 1.0 MS
10. B11002G1TY 0.02 1.0 1.0 MS
11. B11002G1T05 0.02 1.0 1.0 0.5 MS
12. B11002G1T1 0.02 1.0 1.0 1.0 MS
13. B21002G05TY 0.02 20 05 MS
14. B21002G05T05 0.02 2.0 05 05 MS
15. B21002G05T1 0.02 2.0 05 1.0 MS

#: IBA: Indol Butyric Acid, BAP: 6-Benzylaminopurine, TDZ: Thidiazuron, MS: Murashige and Skoog Media.

RESULTS AND DISCUSSION

Within the scope of the study, the components of plant
tissue culture media are given in Table 1. Upon
examination of the study results, it was found that as
BAP concentrations increased, the shoot length
parameter exhibited a corresponding increase. The
results obtained within the scope of the study were
evaluated through biplot analysis. Biplot analysis is a
technique that facilitates the visualization of multiple
variables on the same graph. This method is commonly
employed to comprehend, visualize, and interpret
multidimensional datasets. By  representing
relationships among variables and the impact of
variables on observations within a single graph, biplot
analysis serves as a powerful tool for understanding the
structure of a dataset.

In the study, the interaction of plant growth regulators
BAP (0.01, 0.02 mg L), IBA (0.5, 1.0, 2.0 mg L),
GA; (0.5, 1.0 mg L?), and TDZ (0.5, 1.0 mg L?)
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accounted for 86.5% of the variation in PC1 and PC2
scores, explaining the parameters VIR (Vitrification
rate), NON (Number of nodes), and SHL (Shoot
length).

Parameters B11002G1T1, B11002G1T05,
B11002G05T1, B1I001GYT1, B11001GYTO5, and
B1I001GYTY (PC1>0) were found to be positively
associated with NON and SHL, while parameters
B21002G05T1, B21002G05T05, B21002G05TY,
B11002G1TY, B1l002G05T05,  B1I002GO5TY,
BO51001GO5TY, B051001G05TO05, and
B051001G05T1 (PC1<0) were positively associated
with VIR. This indicated that parameters aligned with
PC1>0 were indicative of higher levels of NON and
SHL, while those aligned with PC1<0 were indicative
of higher levels of VIR. The parameters B11001GYT1,
B11001GYTO05, and B1I001GYTY being negatively
associated with VIR (PC1>0, PC2<0) suggested lower
values of VIR for these parameters (Fig. 1).
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Figure 1. Grouping the effects of plant tissue culture media containing different levels of plant growth regulators on the number of nodes,
vitrification rate and shoot length characteristics using the biplot analysis method.

Sekil 1. Farkl diizeylerde bitki biiylime diizenleyicileri igeren bitki doku kiiltiirii ortamlarinin bogum sayisi, vitrifikasyon orani ve siirgiin
uzunlugu 6zellikleri izerindeki etkilerinin biplot analiz yontemi kullanilarak gruplandirilmasi.

Parameters B1I001GYT1, B11001GYTO05, and
B1I001GYTY, where GAs was not applied, were found
to be negatively associated with VIR (PC1>0, PC2<0).
Conversely, parameters B11002G1T1, B11002G1TO05,
and B11002G05T1, which involved the application of
GA; (0.5, 1.0 mg L), were aligned with NON and SHL
(PC1>0, PC2>0). The graphical representation
suggests that the combination of GAs; with these
mentioned hormones in parameters B11002G1T1,
B11002G1T05, and B1I002G05T1 had a more
favorable effect on NON and SHL (Figure 1).

Upon examination of the literature on this subject,
researchers reported that shoot length increased with
increasing BAP concentration (Giiglii et al., 2010).
Some researchers have reported that shoot lengths
decrease with increasing BAP concentrations (Say1lir
et al., 2007). In general, the vitrification rate increases
as explants remain in tissue culture environments. This
situation can also be associated with high BAP
concentration and environmental conditions, in line
with previous information. As a matter of fact,
environmental factors such as temperature change,
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humidity content of the environment and light intensity
can be shown to be the causes of vitrification (Yilmaz-
Gokdogan and Kaya, 2017). Vitrification is an
undesirable physical disorder of in vitro tissues,
characterised by a glassy, translucent, succulent or wet
and often swollen appearance. This is commonly
observed in leaves and occasionally in stems. The
occurrence and degree of vitrification can be
influenced by a multitude of intricate factors. There are
numerous reasons for the occurrence of vitrification in
micropropagation. These include light intensity,
temperature, BAP concentration and the physiological
structure of the plant (Ozzambak et al., 2018).

CONCLUSION

The propagation of Aronia plants through tissue culture
enables the preservation of plant traits and facilitates
rapid reproduction. Additionally, it simplifies the
production of disease free or resistant plants and
provides a significant platform for genetic
transformation studies. Moreover, it allows for the
cloning of plant material, ensuring stable production.
Therefore, tissue culture propagation of Aronia plants
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serves as a crucial tool in plant cultivation. The present
study examined the effects of different levels plant
growth regulators on the micropropagation of the
Viking aronia variety under in vitro conditions.

According to the graphical representation obtained by
biplot analysis, it was determined that the combination
of GAs with these plant growth regulators mentioned in
the parameters B11002G1T1: (1.0 mg L* BAP + 0.02
mg LT IBA + 1.0 mg L GA; + 1.0 mg L TDZ),
B11002G1T05: (1.0 mg L™ BAP + 0.02 mg L IBA +
1 mgL*!GAs; +0.5mgL*TDZ) and B11002G05T1:
(1.0 mg L*BAP +0.02mg L* IBA + 0.5 mg L* GAs
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OZ: Bitki geligimi ve yasamn siirdiirmede biyostimiilantlar énemli bir yer tutmaktadirlar. Bu derlemede mikovizalarn; toprak
yapisina, asma koklerine, asmanin bitki besin elementi alumina, asma hastalik ve zararlilarina ve asma gelisimi tizerine etkileri siniflanmuis
ve bagcilikta mikoriza kullammunin yararlart agiklanmaya ¢alsilnmigtir. Diinya bagciliginda mikoriza kullanimimin yararli oldugunu
gosteren calismalar bulunmaktadir. Ote yandan Tiirkiye de siirdiiriilebilir tarim kapsaminda, bagcilikta mikoriza kullanim: konusunda
yapilan bilimsel aragtirmalar mevcuttur. Bu nedenle, ozellikle yeni kurulacak baglara, dikim oncesi mikoriza uygulanabilir. Bu sekilde
mikoriza astlanan asmanin yasami boyunca yeterli beslenmesi sonucu, dengeli gelisimi saglanabilir. Ayni zamanda siirdiiriilebilir bagcilik
yapilmis olacagindan, asmalarin verim ve kalitesi dengelenebilir. Bu makalede mikoriza kullanimimn bitkilere etkileri; asma ornegi
tizerinden ortaya konmustur.

Anahtar kelimeler: Mikoriza, bagculik, Vitis vinifera L.

Mycorrhizae and Their Use in Viticulture

ABSTRACT: Biostimulants play a significant role in influencing both plant growth and sustainability. This compilation
categorizes the impacts of mycorrhizae on various aspects such as soil structure, grapevine roots, nutrient absorption by grapevines,
grapevine diseases, pests, and overall grapevine development. It attempts to elucidate the advantages of employing mycorrhizae in
viticulture. Numerous studies indicate the positive outcomes of mycorrhizal use in global viticulture. Additionally, within the framework
of sustainable agriculture in Turkey, there are ongoing scientific inquiries into the utilization of mycorrhizae in viticulture. Therefore, it is
advisable, particularly for newly established vineyards, to apply mycorrhizae prior to planting. This practice ensures consistent
nourishment for mycorrhizal-inoculated grapevines throughout their lifecycle, fostering balanced growth. Moreover, by embracing
sustainable viticulture practices, a harmonized equilibrium in grapevine yield and quality can be achieved. This article delves into the
impact of mycorrhizal utilization on plants, using grapevines as a prime example.

Keywords: Mycorrhiza, viticulture, Vitis vinifera L.

GIRiS ve Saa, 2015; Avrioli ve ark., 2021) ve silikonu (Schabl

Biyostimiilantlar (PBs) bitkilerin yasantisinda énemli ve ark., 2020) saymiglardir. Mikrobiyal

bir rol oynarlar. Rouphael ve Colla (2020)
biyostimiilantlar1 mikrobiyal ve mikrobiyal olmayanlar
olmak tizere ikiye ayirmuglardir. Mikrobiyal olmayan
biyostimiilantlar arasinda; kitosan (Aazami ve ark.,
2023), hiimik ve fulvik asit (Carpio ve ark., 2023), Bitki gelisimi kok-toprak birlikteligiyle
protein hidrolizat (Bavaresco ve ark., 2023), fosfit saglandigindan; bitki kokleri ile mikroorganizmalar,
(Leles ve ark., 2022), deniz yosunu ekstraktlar1 (Brown topraktan alacaklari besin maddeleri igin rekabet
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biyostimiilantlar1 da arbiiskiiler mikorizal mantarlar
(AMF), rizobakterler (PGPR) (Van Loon, 2007) ve
Trichoderma spp. (El-Mohamedy ve ark., 2010;
Tvetskov ve ark., 2017) olarak siralamislardir.
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halindedir. K6k ve mikroorganizma birbirlerinden
karsilikli  yararlanarak  simbiyotik  bir  yasam
stirdiirmektedir (Belal ve ark., 2023; Martin ve Van der
Heijden, 2024). Diinyadaki bitki varlig1 incelendiginde
mikorizal mantarlar ile iliskili koklerin varligi cogu kez
goriiliir (Moukarzel ve ark., 2023). Bu simbiyotik
iliskide mikoriza bitkiden karbonlu bilesikleri; bitki de
mikorizanin topraktan aldig1 besin maddeleri ve suyu
alir (Sandal Erzurumlu ve Kara, 2014; Agnolucci ve
ark., 2019).

Simbiyotik mikroorganizmalar; havanin  serbest
azotunun baglanmasi, topraktaki fosfat doniisiimii,
bitkilerin su ve minerallere daha kolay ulasmasi,
dengeli beslenme, biyotik ve abiyotik stres faktorlerine
kars1 bitki direncini artirma gibi pozitif etkide bulunur
(Dogmus Lehtijarvi, 2007; Brown ve Saa, 2015). Tiim
bu nedenlerle son yillarda kimyasal giibrelere
(Rouphael ve Colla, 2020; Berdeja ve ark., 2023)

ihtiyacin azaltilmasinda kullanimlar1 artmaktadir.

Ektotrofik ve endotrofik olarak iki gruba ayrilan
mikorizalar; bitkinin kok hiicresi (korteks) icinde
dallanip agacs1 arbiiskiil yapist olusturdugundan
endomikorizaya aym zamanda Arbuskiiler Mikorizal
Fungus (AMF) adi verilir (Smith ve Read, 2008;
Popescu, 2016; Sulistiono ve ark., 2024). En ¢ok
bilinen endomikoriza tiirleri; erikoid, orkide ve
arbuskiiler mikoriza’dir. Ancak arastirmalar genelde
AMF odaklidir (Haelewaters ve ark., 2022). Glomales
(Glomerales) takimi iginde yer alan AMF’lar bitki
tirlerinin %801 ile simbiyotik yasama kabiliyetine
sahip olan biyotrofik mantarlardir (Blackwell ve
Spatafora, 2004; Bouffaud ve ark., 2016; Hage-Ahmed

ve ark., 2019).

Arbuskiiler mikorizal funguslar, besin noksanligina
(Yang ve ark., 2009), tuz stresi ve kuraklik stresi
kosullarina (Trouvelot ve ark., 2015), agir metal
toksisitesine (Zhuang ve ark., 2007; Ochoa-Hueso ve
ark., 2024) ve sicaklik stresine (Trouvelot ve ark.,
2015) kars1 bitkinin dayanikliligimi artirmakta; ve
bitkilere biiylimeyi tesvik edici maddeler (Van Geel ve
ark., 2017) salgilatmaktadir. Ote yandan, toprak
striiktiiriinii  iyilestirmekte ve bu arada toprak
erozyonunu da engellemektedirler (Hamilton ve ark.,
2016). Ayrica AMF, c¢ok cesitli vitamin ve mikro

98

besinleri icerdiginden gida giivenliginde de énemli rol
almaktadir (Cataldo ve ark., 2022).

Bagcilikta olumlu etkileri oldugu bilinen mikoriza
tirlerinin saf rklar1 veya mikorizal konsorsiyumlari
kullanilmaktadir (Kara ve Baggevli, 2012). Bu
derlemede bagcilikta mikorizalarin etkileri; toprak
yapisina, asma koklerine, bitki besin elementi alimina,
asma hastalik ve zararhilarina ve asma gelisimine
olmak {izere gruplanmis ve bagcilikta mikoriza
kullaniminin yararlar1 agiklanmaya ¢alisilmistir.

MIKORIZANIN ETKILERI
Toprak Yapisina Etkileri

Gupta ve ark. (2020), toprak sagliginin Onemli

gostergelerinden  birinin  mikorizalar
AMF’ler

onemli bir parcasidir ve rizosferde bulunan diger

oldugunu
bildirmislerdir. toprak mikrobiyotasinin
mikrororganizmalarla da iligkilidir (Nasslahsen ve ark.,
2022). Topraktaki mikrobiyal aktivite biiyiikk Olgiide
bitki koklerinden etkilenir (Bais ve ark., 2006) ve
toprak, bakteriyel rizosferin potansiyel kaynagidir
(Berg ve Smalla, 2009). Mikorizosfer, mikorizalar
tarafindan kolonize edilen kdklerden etkilenen toprak
bolgesidir (Burke ve Carrino-Kyker, 2021). AMF’ler
mikorizosferin iglevlerini gelistirmektedir (Tahat ve
ark., 2020) ve topragin ¢ok islevli olmas1 bakimindan
onemli bir gostergedir (Mahmoudi ve ark., 2021).

AMF’ler eksternal hifleriyle konukgu bitki ile toprak
arasinda direkt bir fiziksel bag kurarak (Baumgartner,
2003), topraktan bitkiye mineral iyonlar1 ve karbon
saglarlar (Aguilera ve ark., 2022). Bu eksternal hifler,
toprak agregatlarini ag gibi ¢evrelediklerinden dolay1
toprak oOzellikleri iizerinde de etkili olmaktadirlar
(Biasi ve ark., 2023). Mikorizal mantar hifleri; hiimik
bilesiklerle beraber organik yapisict maddeler iiretir,
toprag1 agregatlar halinde baglar ve bdylelikle toprak
porozitesini artirirlar (Carpio ve ark., 2023). Bdylece
topragin havalanmasi ve toprak-su hareketi, bitki
koklerinin  biiylimesi ve koklerin toprak iginde
dagilimim tesvik ederek omca biiyiimesini pozitif
yonde etkilerler ve dolayisiyla toprak yapisini

iyilestirmektedirler (Moukarzel ve ark., 2023).
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Toprak kokenli patojenler (Orn: Armillaria mellea) ve
abiyotik (koti  drenaj, toksik
metabolitler, ekstrem pH) bag topraginda yorgunluga
neden olur (Nogales ve ark., 2008). Armillaria mellea
varligt topraga  tekrar  Cabernet-
Sauvignon/110R  kombinasyonu omcalar1 diken
Camprubi ve ark. (2008), G. intraradices BEG72
izolat1 uygulandiginda omcalarin biiylimesinin arttigini
ancak farkli icerikteki AMF izolat1 kullanildiginda ayn1
sonuca erismediklerini ifade etmislerdir. Buradan

stres faktorleri

bilinen

hareketle, tim AMF’lerin aym &zellikteki omcalarda
ayni1 etkide bulunmadigini belirtmislerdir.

Rivera-Becerril ve ark. (2017), fenhegzamit, folpel
(fungusit) ve deltametrin (insektisit) kullandiklarinda
Glomeromycota azaldigini,
Claroideoglomus ve Funneliformis mosseae’nin ise
ekilebilir topraklarda azaldigin
belirlemislerdir. Sonug olarak yiiksek dozdaki pestisit

varliginin
sadece

uygulamalarimin AMF toplulugunun miktarin1 degil,

topraktaki kompozisyonunu degistirdigini

saptamislardir.

Agir metalle kirlenmis topraklarin islahinda AMF
kullanilabilir (Khan, 2005) ve bu sekilde bozulmus
olan toprak yapisi diizeltilebilir (Hamilton ve ark.,
2016). Ayrica AMF tarafindan iiretilen bir glikoprotein
olan glomalin toprak agregasyonuna yardim etmektedir
(Fracetto ve ark., 2023). Glomalin olusumu ile toprakta
stabil agregatlar iiretilir, su filtrasyonunda diizelme
saglanir ve karbon alimi desteklenir (Chen ve ark.,
2018).

Cu 6nemli bir bitki koruma unsuru olup ayni zamanda
da toprak Kirleticidir (Hildebrandt ve ark., 2007).
Karimi ve ark. (2020) Avrupa’da bakirin bagda
kullaniminin  yasaklanmasim (2025’ten
20 daha
dayandirmaktadirlar. Ancak yiizelli yildan fazla siiredir
(yillk 400 kg/ha’dan  fazla) Cu
uygulandiginda mikrobiyal aktivitenin %30 azaldig:

itibaren)

onermek  icin yildan oncesine

kullanilan

saptanmistir (Karimi ve ark., 2021). Ote yandan Cu
igeren bitki koruma iiriinleri kullanildiginda AMF’lerin
kokteki kolonizasyonunun etkilenmedigi veya toprakta
bulunan Cu dozuna baghh olarak orta derecede
etkilendigi de Cornejo ve ark. (2013) tarafindan
bildirilmistir.

99

Asma Koklerine Etkileri

Agir topraklarda asma koklerinin yayilimi zordur

(Schreiner,  2007) ve  geleneksel  bagcilik
uygulamalarinda kisa ve az sayida kok olugmaktadir.
AMF kullanildiginda koklerde mikorizal hifler

olugmakta, bu da omcanin kok gelisimini olumlu yonde
etkilemektedir. Simbiyotik yasamin kurulmasi ve
gelistirilmesi; toprak oOzelligi ve bagci1 tarafindan
yapilan kiiltiirel islemler ile yakindan iligkilidir
(Zanathy ve ark., 2011). Simbiyotik yasamin sagladigi
olumlu etkiler omcada da goriilmektedir. Ayrica
Rivera-Becerril ve ark. (2017) ve Rouphael ve Colla
(2020) tarafindan da belirtildigi gibi siirdiiriilebilir bir
ekosistem saglamaktadirlar.

Dort  ticari  biyoinokiillantin  Pinot  noir/3309C,
Riesling/3309C ve Riesling/SO4 ast
kombinasyonlarinda asma koklerini kolonize etme
kok  morfolojisi etkileri
kok
yogunlugu ve spesifik kok uzunlugunun arttigi tespit

yetenegi  ve iizerine

incelendiginde; kok c¢api, kok uzunlugu,
edilmistir. Ayrica mikorizalarin etkisinin anag-cesit
kombinasyonuna gore de degisebilecegi bildirilmistir

(Berdeja ve ark., 2023).

Aragtiricilar Gi¢ anag ve bunlarin tetraploidlerine AMF
(Gigaspora margarita) uygulamis ve uygulamalarin;
tetraploid anaglarin silirgiin ve kok biiylimesinin
kontrolden  6nemli

Olciide  yiksek  oldugunu

bulmusglardir. Ayni1 zamanda tetraploid anaglarin
diploidlerden daha kalin ve kompakt bir kok yapisina
sahip olma sebebinin AMF kaynakl

belirtmislerdir (Motosugi ve ark., 2002).

oldugunu

Bitkiler ile mikoriza mantarlarinin iligkisi i¢cinde; omca
kokleri dolayli olarak bu iliskiden faydalanmaktadir.
Mikorizalar kokiin ihtiyac1 olan ortami olusturmakta;
koklerin ihtiyaci olan besin maddeleri ve suyun alimim
kolaylastirmakta, bitkinin kok gelisimini artirmakta ve
bununla birlikte bitkinin kék uzunlugunu da artirarak
koklerin daha fazla yayilmasim1 saglamaktadirlar
(Darriaut ve ark., 2022). Arastirmalarinda iic AMF
konsorsiyumu kullanan Aslanpour ve ark., (2019) kok
kuru  agirh@nin  kontrole arttigini
belirlemislerdir. AMF kullanimu bitkinin diger abiyotik
(kuraklik vb.) ve biyotik (pestisit vb.) streslere

nazaran
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dayanimini artirmaktadir (Ling ve ark., 2022; Marasco
ve ark., 2022; Visconti ve ark., 2024). Konukg¢u bitki
iizerinde bulunan kokler ile AMF simbiyotik bir
birliktelik kurdugundan, stresin olumsuz etkilerini
azaltmis; omcalar kuraklik ve tuz stresinden ¢ok daha
az etkilenmislerdir (Khalil, 2013). Van Rooyen ve ark.
(2004), Sauvignon Blanc/99R asili kombinasyonuna
Glomus  etunicatum
kurakliga dayaniminin fazla ve su kullaniminin da
diizenli oldugunu saptamislardir.

uyguladiklarinda  omcanin

Kilig (2014), asili asma fidam iiretiminde AMF
uygulamasiyla; anaclarin koklenme kabiliyeti ile fidan
randimani arasinda bir iligski oldugunu tespit etmistir.
Benzer sekilde Kavak (2006) da, asili kokli ve tiipli
asma fidani iiretiminde AMF uygulamasindan yaklagik
6 ay sonra fidan randimanin kontrol grubuna nazaran
oldukea yiiksek elde etmistir. Ancak Korkutal ve ark.
(2019) fidana uygulanan AMF’nin Razaki/1103P

kombinasyonunda sokiimde, fidan c¢ap1 ve kok
ozelliklerini iyilestirdigini ancak  Alphonse
Lavelleé¢/1103P  kombinasyonunda  bu  etkinin

olmadigini kaydetmislerdir.
Asmanin Besin Elementi Alimina Etkileri

Asma, c¢ok yillik bir bitki oldugundan; gelisme,
biliylime ve verimini devam ettirmesi igin tiim diger
bitkilerde oldugu gibi besin maddelerine ihtiyac
duymaktadir. Mikoriza asilamasiyla omcanin topraktan
besin  maddelerini alimi  ve  absorbsiyonu
kolaylasmaktadir (White, 2020). Bitki ile simbiyotik
mantar arasindaki etkilesim; su, P, Cu, Zn ve N alimina
izin vererek bitki beslenmesinin iyilestirilmesi de dahil
olmak tizere bitki i¢in bircok avantaj saglar
(Abdelhameid, 2020). AMF hifleri toprak icinde
koklerin niifuz edemedigi bolgelere eriserek mineral
besinler, su ve toprakta ¢doziinebilen bilesikler
arasindaki iletim seviyesini artirir (Khan, 2005).
Mikorizal funguslar toprak icine alinmasi giic besin
maddelerini ¢cOzen kuvvetli kimyasallar
salgiladigindan; omcada basta P olmak tizere N, K ve
Mg i¢eren makro besinlerin alimi artar (Karagiannidis
ve ark., 1995; Motosugi ve ark., 2002; Bavaresco ve
2010). kok

yenilenmesini saglar, bitki biiylimesini hizlandirir ve

ark., Boylece mikorizal funguslar,

inorganik gilibrelerin kullanimini azaltir (Repetto ve

ark., 2008; Rouphael ve Colla, 2020; Berdeja ve ark.,
2023). Ayni bulgu Karayaka (2021)
topraksiz kiiltir bagciliginda Glomus clarum ve
Glomus etunicatum mikoriza
Hoagland besin ¢ozeltisi kullaniminin %30 ve %15
oraninda azaltilabilecegi seklinde ifade edilmistir.

tarafindan

uygulamalar1 ile

AMEF, omca gelisimini, 6zellikle bitki besin maddeleri
yogunluklarinin kritik seviyelerde oldugu marjinal
topraklarda ve kosullarda tesvik etmektedir. Bu etki,
simbiyozise sahip koklerin topraktan, basta fosfor
(Parniske, 2008; White, 2020) olmak iizere baz1 makro
ve mikro besin maddelerini daha iyi alabilmeleri ile
aciklanmaktadir. Mikorizal asilanan
asmalar ile kontrol grubu asmalari karsilastirildiginda

mantarlarla

fosfor aliminin en yiiksek seviyeye ¢iktigi, kdkiin Zn
ve Cu aliminin arttig1 belirlenmistir (Schreiner, 2005;
Aslanpour ve ark., 2019). Temel olarak AMF omcadan
baz1 organik maddeleri ve karbonhidratlar1 almaktadir
(Agnolucci ve ark., 2019). AMF asil olarak; koklerin
gelisimi  ve absorbsiyon kapasitesini  artirmasi
sonucunda da; besin ve su alimini, koklerde hiicre
yenilenmesini etkiler. Ayrica fosfor disinda; N, Ca, Mn
ve S gibi diger besin maddelerinin toprak biinyesinden
kolay alimmi saglar (Habran ve ark., 2016). Ayrica
Bona ve ark. (2019) kendi kdkiinde yetigsen Pinot noir
cesidi omcalarinin rizosferinde yiiksek biyokimyasal
aktivite (P ve N bilesikleri) olmasinin proteobakteriler
grubundan  kaynaklandigint  belirtmistir. ~ Pinot
noir/3309C, Riesling/3309C ve Riesling /SO4 ast
kombinasyonlarina uygulanan dort ticari mikoriza
konsorsiyumunun petiolden 0Olglilen besin igerigine
olumlu etkide bulundugu ve sentetik giibre yerine bir
alternatif ~ olarak  kullanilabilecegi  belirtilmistir
(Berdeja ve ark., 2023). Benzer sekilde Khalil (2013)
ve Schreiner (2007) kontrol bitkilerindeki P, N, K, Ca
ve Fe oranlarinin mikoriza uygulananlardan diisiik
oldugunu saptamuslardir. Motosugi ve ark. (2002), ¢
ana¢ ve bunlarin tetraploidlerine AMF olarak
Gigaspora  margarita

uygulamalarin yaprak mineral igerigine etkisini (N, P,

uygulamiglar ve  bu

K, Ca ve Mg) ortaya koymuslardir. AMF uygulanmis
tetraploid ve diploid anaglarin P konsantrasyonlarinin
oldukga yiiksek; ancak tetraploid anaglarin Ca ve Mg
oranlarmin disik oldugunu bulmuslardir. Bayram
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(2000) yapragin P ve K igeriklerinin mikorizasiz
anaglara oranla artis gosterdigini belirlemistir.

Ancak omca olumsuz kosullarda iken Mn ve Fe
konsantrasyonu AMF’lardan etkilenmekte; Ca, Mg ve
Zn konsantrasyonu bu durumdan etkilenmemektedir
1992). AMF’in  koke
yerlesiminden sonra koklerde tepkisel bir sekilde;
arginin, isoflavonoidler gibi bilesiklerle
sitokinin  ve  gibberellin  gibi  bitki
diizenleyicilerin iiretiminde artis olmaktadir (Cetin ve
ark., 2014).

(Bavaresco ve Fogher,
beraber
biiylime

Cheng ve Baumgartner (2005) ve Daniel (2007), asma
kok cevresindeki
tuttugunu ve gelismesini saglayarak ozellikle azot

orti  bitkilerinin mikorizalari

beslenmesini artirdigini gérmiislerdir. Meyer ve ark.
(2005), 110R, 99R wve 101-14Mgt anaglarina
uyguladiklart AMF’nin topragin 0-150 cm ve 150-300
cm derinliklerinde tutulan fosfor oranmi artirdigini
belirlemislerdir.

Asma Hastalik ve Zararhlarina Etkileri

Baglarda uzun yillardir mantar, bakteri, nematod ve
diger patojenlere karsi kullanilan pestisitler nedeniyle
bunlara kars1 direng gelismekte, dogal diismanlar da
oldiiriilmekte ve bunlarin sonucunda da daha yaygin
hastalik ve zararli populasyonu ortaya cikmaktadir
(Huang ve ark., 2011). Aym1 zamanda herbisitlerin
mikorizal mantarlar iizerinde de zararli etkisi oldugu
bilinmektedir (Zaller ve ark., 2018). Mikorizal koklerin
saldirisina manto

etrafi  patojen

bulundurdugundan ve bazi AMF’ler salgiladiklar

karst  bir

antibiyotiklerle kok g¢evresine ulasmis hastalik yapan
organizmalart  durdurmaktadir
2007).
omcalar; toprak kokenli fungal patojen ve nematodlara

(Pozo ve Azcoén-
Aguilar, AMF olusumunun gerceklestigi
karsi daha direncgli olmakta, bu etmenlere karsi
miicadelede ¢ok dnemli bir iistiinliik saglamaktadir (Li
ve ark., 2006). Bitki savunma reaksiyonlarinda yer alan
bilesikler AMF tarafindan sadece diisiik miktarlarda
ortaya ¢iksa da, kokil patojenlere kars1 tepki vermeye
daha yatkin hale getirerek siirekli veya gegici olarak
hareket edebilirler (Azcon-Aguilar ve Barea, 1997).
Phytophthora, Rhizoctonia ve Fusarium sp.

patojenlerinin ~ olusturdugu  hastaliklara  kars1

AMF’larin biyolojik savasimda potansiyel bir eleman
oldugu belirlenmistir, ancak AMF’larin tiim ¢evresel
kosullarda ve tiim patojenlere karsi etkili olacagi
diistiniilmemelidir (Azcon-Aguilar ve Barea, 1997).
AMF ile biyolojik savasim elemanlar1 arasinda sinerji
oldugundan bu etkilesimler bitkilerdeki kok salgilari,
fitoaleksinler ve fenolik bilesiklerin iiretimini tesvik
etmistir (Kaur ve ark., 2020). Kisacast AMF; omca ve
topragin  mikrobiyal
Mikorizalar biiylime esnasinda; kitinaz, glukonaz,

aktivitesini  etkilemektedir.
flavonoid biyosentezi ve fitoaleksinlerin {iretimini,
bitki savunma genlerinin aktivitesiyle dogru orantili
olarak artirmistir (Hao ve ark., 2019). Ote yandan AMF
patojenlerinin  antagonistleri  oldugu
mikroorganizmalar arasinda Trichoderma sp. ve
Gliocladium sp. gibi mantarlar ve Pseudomonas sp. ve
Bacillus sp. gibi rizobakteriler vardir (Likar ve Regvar,
2017; Niem ve ark., 2020; Vincze ve ark., 2024).

bilinen

AMF’lar hastaliklarin yaninda; zararlilara da ket
vurmakta ve boceklere karsi omcanin dayanikliligini

artirmaktadir (Kadam ve ark., 2020). AMF’lar
parazitik nematodlarin olumsuz etkilerini Onlemeye
yardimcidirlar (Hao ve ark.,, 2019). Mikorizal

bitkilerde patojen nematodlarin kdk enfeksiyonlari,
mikorizal olmayan bitkilere gore, genellikle daha az
giicliidiir (Bicici, 2011). Ancak herbisitlerin AMF
tizerine direkt (Li ve ark., 2013) veya dolayli olarak
konuk¢u bitkiyi yikima ugratma seklinde (Druille ve
ark., 2013) etkisi de olabilir.

Asma Gelisimine Etkileri

Mikorizal mantarlar kok gelisimini artirip, hastalik-
zararlilart kontrol altina aldigindan omcanin iyi
beslenmesi ve dengeli gelismesini
(Anzanello ve ark., 2011). AMF’lar omcanin siirgiin
uzunlugunu artirmaktadir ve yaprak gelisimini de

saglamaktadir

olumlu etkilemekte, ayrica yapraklarin P, K ve B
igerigini  yiikseltmektedir  (Baumgartner, 2006).
Bununla birlikte farkl1 biyostimiilantlarin
uygulanmasiyla Okiizgozii {iziim ¢esidinde 13.53
kg/omca (Kurt, 2022) ve Bogazkere liziim ¢esidinde
15,22 kg/omca (Kizgin, 2022) verim degerlerine
erigildigi  saptanmugtir. Bu  degerlerin  Kontrol
uygulamalarinda sirastyla 11.65 kg/omca ve 11.10
kg/omca oldugu goriilmiistiir. Béylece verimin arttig
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ve organik iizim yetistiriciliginde Onerilebilecek bir
uygulama oldugunu belirtmislerdir.

Karagiannidis ve ark. (1995) tarafindan, diisiik fosfor
icerigine sahip 41B, 110R ve 5BB asma anaclarina
mikoriza asilanmistir. Yapilan mikoriza asilamast;
anaglarda silirgiin uzunlugu ve kok-siirgiin kuru
bitkinin
konsantrasyonunda da artis olmustur. Korkutal ve ark.
(2020) Razaki/1103P ile Alphonse Lavelleé¢/1103P as1
kombinasyonlarina uyguladiklart AMF preparatlarinin,

agirhgm  artirmistir.  Ayrica fosfor

gen¢ omcalarda bitki bagma toplam yaprak sayisi,
alanmi, kuru agirhigi, siirgiin gelisimi, fidan besin
elementi igerigi vb. ilizerine etkisinin c¢eside gore
degistigini belirlemislerdir. Ancak AMF’lerden fidan
gelisimi doneminde en olumlu etkilenen c¢esidin
Alphonse Lavelleé oldugunu vurgulamiglardir. Benzer
sekilde Bayram (2000), AMF uygulamasi sonucunda
asma anaclarinin yaprak biiytikliigii, siirgiin uzunlugu
ve silirgiin ¢apinda artis oldugunu ve siirgin
gelisiminde en etkili mikoriza tiirlinin  Glomus
mosseae oldugunu kaydetmistir. Kara ve Ozdemir
(2009), baz1 anag ve iiziim ¢esitlerinde AMF’nin fidan
randimani, kok ve siirgiin gelisiminde Onemli artis
sagladigini tespit etmislerdir. Eftekhari ve ark. (2010),
tig Glomus tiiri kullandiklarinda asmalarin siirgiin
uzunlugu ve yaprak alanlarinin Onemli derecede
arttigini, ancak kok uzunlugu ile yaprak sayisinin ¢ok
Erdogan (2010),

AMF uygulamasini takip eden vejetasyon sonunda tane

etkilenmedigini belirlemislerdir.
tutumu, verim, salkim agirligi, salkim boyutlar ve
meyve rengi degerlerinde, mikorizal formiilasyon ve
dozlarma bagl olarak 6nemli farkliliklar olustugunu
ifade etmistir. 5SBB ve 110R anaglarinda kuraklik
stresine kars1 AMF uygulayan Bozkurt (2018), siirgiin
ve kok gelisimi ile baz1 biyokimyasal ozelliklerin
olumlu yonde etkiledigini tespit etmistir. Asili geliklere
AMF uygulayan Eroglu (2014), bitki gelisimine
etkilerinin 6nemli olmadigini, bunun yaninda asili
tiplii fidan iretiminde AMF kullanildiginda; tiim
fidanlarin birinci boy fidan &zelliklerini kazandigini
belirlemistir. Ozer (2011), AMF uygulamalarmin
genotiplerin  vejetatif ~ gelisimi  ile  mineral
beslenmelerini olumlu yonde etkiledigini belirlemistir.
Aragstiricilar biyopreparat uygulamalarinin asili tiipli

asma fidanlaria etkisinin anaclara ve uygulamalara
gore degistigini (Ozkara, 2016), ayrica bunun anag
tiirlerine ve simbiyotik mikroorganizma
preparasyonlarina gore de degistigini (Baggevli, 2010),
diizeylerde olmakla birlikte
uygulamalarin fidan gelisim degerlerini olumlu yonde
etkiledigini ifade etmislerdir. Cetin ve ark. (2014),
AMF dozlarmin ii¢ farkh
koklenme orani ve siirgiin uzunluguna 6nemli etkide

saptamislardir.  Ayrica

ancak farkli tim

uyguladiklar anacta

bulundugunu yapraklarin
toplam klorofil igerigi tim AMF uygulamalarinda
kontrolden yiiksek bulunmustur. Bes anaca li¢ farkli
Glomus intraradices izolat1 ve P giibresi uygulayan
Nogales ve ark. (2008) siirgiin kuru agirliginin kontrole
oldukca  yiikseldigini  belirlemislerdir.
intraradices
izolat1 agilandiginda siirgiin agirligi ve klorofil pigment
konsantrasyonunun arttig1 belirlenmistir (Calvet ve
ark., 2007). AMF uygulanan ve diisiik fosfat (14 mg/kg

alinabilir) igeren topraga dikilen farkli anag¢ ve

nazaran
Merlot/SO4 ast kombinasyonuna G.

cesitlerin (kendi kokiinde) farkli biiyiime ve gelisme
gosterdigi belirlenmigtir. Bunun AMF ¢esidine ve
genotipe  gore  degistigi  sonucuna  varilmistir
(Linderman ve Davis, 2001). Fidanlik kosullarina 2
g0zIu olarak dikilen 196-17 Castel, 110R ve 161-49C
celiklerine dikimde Glomus aggregatum uygulamasi
yapilmis ve dokuz ay sonra sokiiliip kokleri
incelendiginde anaca gore degisen sonuglar elde
edilmistir. Ancak AMF uygulamasi1 110R anacinda
herhangi bir etki gostermemistir (Aguin ve ark., 2004).
Bir bagka arastirmada da asili asma kok sistemleri
mikrobiyomunun, topraktan aliman  mikrobiyal
cesitliligi etkileyen anag ve kalem kombinasyonundan
biiyiik olctide etkilendigi ortaya konmustur (Marasco

ve ark., 2022).
SONUC

Bu derlemede bitkisel iiretimde ve asma &zelinde
mikoriza kullanimina yonelik bilimsel c¢aligmalar
incelenmistir. Mikoriza
mikrobiyal aktivitesinin artirilabilecegi gortlmiistiir.
Ozellikle Tiirkiye genelinde oldugu gibi organik madde
icerigi diisiik olan topraklarda (Karaca, 2021) asma
tarafindan besin elementi alimi; kokler ile mutualistik

kullanim1  ile topragin

yasam slrdiiren mikorizalar yardimiyla artirilabilir.
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Ayrica Yyeni kurulacak baglarda, fidan dikiminde
bu sekilde asma
koklerinin toprak igerisinde daha kolay yayilmasi

mikoriza asilamasi yapilabilir,

saglanabilir. Baz1 mikorizalar antibiyotik salgilayarak
asma saglhigini desteklemektedir. Bunun yaninda toprak
kokenli fungal patojenler ve nematodlara dayaniklilik

olusturmaktadir. Bazi bdceklere dayanikliligi da

artirarak asma sagligini olumlu yonde etkilemektedir.

Bu sekilde asmanin dengeli gelisimine destek
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literatiir listesi 9 punto yazilmalidir.

8.

10.

11.

Yazar isimleri, makale bash@nin altinda bir satir
bosluktan sonra unvan belirtilmeden, koyu ve 11 punto
ile verilmelidir. Yazarn 6n ismi agik olarak ve kiiglik
harfle, soyadi ise biiyiik harfle yazilmalidir. Birden fazla
yazar varsa onlar da ayni sekilde araya virgiil vb. isaret
konulmadan verilmelidir.

Yazar isimlerinin altina adres bilgileri, ORC-ID’leri ve
sorumlu yazarin e-posta adresi verilmelidir.

Makale A4 kagidina yazilmali, marjin olarak; {ist: 4,0 cm,
alt: 3,35 cm, sag: 2,25 cm, sol: 2,25 cm, st bilgi: 2,55 cm,
alt bilgi: 2,35 cm bosluk birakilmahidir. Paragraflar girinti
verilmeden satir bagindan baglamali ve her iki yana dayali
olmalidir.

Makalede yer alan cins ve tiirlerin bilimsel isimleri ile
Latince kelimeler italik olmalidir.

12. Literatiir listesi makalenin en sonunda yer alir. Listedeki

literatiirler alfabetik sirada '"yazar-tarih" sistemine gore
verilmelidir. Numaralama kullanilmamalidir. Aym yazarla
baslayan tek yazarli makale ¢ok yazarli makaleden dnce yer
almahdir. Ayni yazarlarin yer aldigi makaleler metinde ve
literatiir listesinde tarih sirasina gore, ayni yazarlarn ayni
yilda yaptig1 birden fazla makale i¢in ise yilin yanma “a”,
“b” gibi harf konur. Makale metninde ikiden fazla yazarl
literatiirlerde sadece ilk yazar ismi belirtilir ve bunu “ve
ark.” ile “tarihi” takip etmelidir. Bilimsel kitap adinin tiim
kelimelerinin bas harfleri, kitap bolimiiniin adi veya
literatiir bir makaleden alint1 ise; sadece ilk kelimesi biiyiik
harf olmalidir. Bir kurulusun yayini, yayin numarasiyla
yazilmali, diger kitaplar i¢in basildigi matbaa adi ve sehri
belirtilmelidir. Literatiir listesinde her literatiiriin ilk satirini
izleyen satirlar 1 cm igeri ¢ekilmelidir. Makale igindeki
atiflarda da "yazar-tarih" sistemi kullanilmalidir. Birden ¢ok
kaynaga ayni anda atif yapilacaksa yaymlar noktali virgiil
ile ayrilmali ve kronolojik sira ile verilmelidir. Dergi adlari
ve kisaltmalar Science &  Engineering Journal
Abbreviations (http://scieng library.ubc.ca/)’a gore
yapilmalidir. Yazarlar referanslarn ya da literatiirlerin
dogrulugundan sorumludur.

Makalede yer alan literatiir
orneklere uygun olmalidir:

bildirisleri asagidaki

Kongre, sempozyum veya seminer
Yang, S. M. 1988. Report of the ad hoc committee on sunflower

rust. pp. 250-255. In: Proc. 12th Int. Sunflower Conf.,
Vol. Il. Novi Sad, Yugoslavia. 25-29 July. Int. Sunflower
Assoc. Paris, France.

Arslanoglu, F. ve 1. Atakisi. 1997. Baz: patates cesitlerinde farkh

yumru iriliklerinin ve dikim sekillerinin yumru verimi ve
verim kriterleri tizerine etkisi. Tiirkiye II. Tarla Bitkileri
Kongresi. 22-25 Eyliil 1997. Samsun. s. 648-651.

Kitap
Demir, 1. 1975. Genel Bitki Islahi. Ege Univ. Zir. Fak. Yay.

No: 212. Bornova, izmir.

Hallauer, A. R., and J. B. Miranda. 1981. Ouantitative

Genetics in Maize Breeding lowa State Univ. Press
Ames. IA, USA.



Kitaptan bir béliim

Miller, J. F., and G. N. Fick. 1977. The genetics of
sunflower. pp. 441-495. In: A. A. Schneiter (Ed.).
Sunflower Technology and Production. Argon.
Monogr. 35. ASA, CSSA, and SSSA, Madison, WI,
USA.

Tosun, M. 2005. Kalitim derecesi. 5.10-32. A. S. Tan (Ed.).
Bitki Islahinda Istatistik ve Genetik Metotlar. Ege
Tarimsal Arastirma Enst. Yay. No: 121. Menemen,
[zmir.

Bilimsel dergiden makale

Tan, A. S, C. C. Jan,, and T. J. Gulya. 1993. Inheritance of
resistance to race 4 of sunflower downy mildew in
wild sunflower accessions. Crop Sci. 32: 949-952.

Kitiki, A., T. Kesercioglu, A. Tan, M. Nakiboglu, H. Otan,
A. O. Sar1 ve B. Oguz. 1997. Ege ve Bati Akdeniz
Bolgelerinde yayilis gosteren bazi Origanum L.
tirlerinde biyosistematik aragtirmalar. Anadolu 7 (2):
26-40.

Doktora ve yiiksek lisans tezi

Tan, A. S. 1993. Aycigeginde (Helianthus annuus L.) melez
varyete (F1) 1slahinda kendilenmis hatlarin ¢oklu dizi
(Line x Tester) analiz yontemine gore kombinasyon
yeteneklerinin  saptanmasi {izerine arastirmalar.
Doktora tezi. E. U. Zir. Fak. Fen Bil. Ens. Tarla
Bitkileri Ana Bilim Dali Bornova - Izmir.

Whited, D. A. 1967. Biochemical and histochemical
properties associated with genetic male sterility at
the Ms locus in barley (Hordeum vulgare L.). Ph.D.
thesis. North Dakota State University. Fargo ND,
USA.

internet sitesinden alint1

Plakhine, D., and D. M. Joel. 2010. Ecophysiological
consideration of Orobanche cumana germination.
Helia 33 (52): 13-18. From http://www. doiserbia.
nb.rs/ Article.aspx?id=1018-18061052013P.

Crop Science Society of America, Terminology Committee.
1992. Glossary of crop science terms. Available at:
www.crops.org/cropgloss/. CSSA, Madison, WI,
USA.

USDA-ARS National Genetic Resources Program. 2005. The
Germplasm Resources Information Network (GRIN)
database. Awvailable at http://www.ars-grin.gov/
npgs/acc/ acc_queries. html. National Germplasm
Resources Laboratory, Beltsville, MD, USA.

Anonim yayin
Resmi yayinlara ve yazar1 olmayan kaynaklara "Anonim"
veya "Anonymous" olarak atifta bulunulmalidir.

Anonim. 1996. fmla kilavuzu. Tiirk Dil Kurumu yaymlari.
No: 525. Ankara.

Anonymous. 1970. Septoria helianthi. CMI distribution
maps of plan diseases. No: 468. Commonwealth
Mycol. Inst., Kew, England.

13. Grafik, harita, fotograf, resim ve benzeri sunuglar
"Sekil", saywisal degerler ise "Cizelge" olarak
isimlendirilmelidir.

14. Cizelge ve grafikler MS Word ve MS Excel ile
yapilmalidir. Cizelge ve grafik rengi siyah-beyaz ve ¢izgi
kalmhg % pt olmalidir. Cizelgelerde her rakam veya oge
ayr1 bir hiicrede yer almalidir. Kisaltmalar baglikta veya
dipnotta agiklanmalidir.

15. Cizelgeler, grafikler ve bunlarin basliklar1 metinden ayri
sayfalarda, ayrica grafikler elektronik ortamda "MS
Excel" formunda teslim edilmelidir. Eger gerekliyse,
makalede yer almasi planlanan resimler yiiksek
¢oziintrlikte, JPEG, GIF veya TIFF dosyas1 olarak
teslim edilmelidir.

16. Cizelge ve grafiklerin Tiirk¢e isimlerinin altina
Ingilizceleri ve ayrica gizelgelerde tanimlayici nitelikteki
ilk satir ve ilk siitundaki ifadeler ile grafiklerin apsis (X)
ve ordinat (y) eksenindeki ifadelerin yanina veya altina
Ingilizceleri de yazilmalidir.

17. Ondalik  sayilar virgiil ile ayrilmalidir. Istatistik
onemlilik; 0,05, 0,01 ve 0,001 olasilik diizeyinde
sirastyla tek, iki ve ¢ yildiz ile (*, ** ve **¥)
gosterilmelidir. Bu nedenle de bu simgeler dipnotlar i¢in
kullanilamaz. Eger farkli seviyede bir 6nemlilik derecesi
mevcutsa bu da ilave bir aciklama ile bildirilebilir.
Onemlilik olmamasi durumu OD (NS) ile belirtilmelidir.
Tablo dipnotlar1 igin ise §, §, #, ¥, [ vb. semboller
kullanilir.

18. Metin i¢inde yer alan kisaltmalar ilk yazildiginda tam
aciliminin yaninda parantez iginde gosterilmelidir. DNA
vh. standart kisaltmalar i¢in bdyle bir tanimlamaya gerek
yoktur. Kisaltmalar i¢in Tiirk Dil Kurumu (TDK) yazim
kurallan dikkate alinmalidir.

19. Yayinin benimsenen bilimsel standartlara uymadig1 veya
anlasilmasi zor ve gereksiz tekrarlamalarla dolu oldugu
durumlarda, Anadolu Yaym Kurulu, yaymlanmak iizere
sunulan makale {iizerinde degisiklik yapma hakkina
sahiptir. Biiyiik Olciide diizenlenme gerektiren yazilar
diizeltme ve yeniden yazim igin yazarina geri gonderilir.
Bu gibi makalelerin, diizeltilerek en ge¢ 3 hafta iginde
Anadolu Yayin Kurulu’na tekrar gonderilmesi gerekir.

20. Dergiye gonderilen yazilarin Anadolu’da yayimlanip,
yayimlanamayacagi dort ay igerisinde yazara bildirilir.

21. Bir makalenin Anadolu'da yer almasi, igeriginin
benimsendigi anlamini tagimaz ve bu konuda dergiye
herhangi bir sorumluluk yiiklemez. Makalelerin bilimsel
sorumluluklart yazarlarina aittir.

22. Yazarlara telif hakki olarak herhangi bir maddi 6deme
yapilmaz. Makale yazarina bir adet ayr1 basim elektronik
ortamda gonderilir. Basili dergi iicrete tabidir.

23. Anadolu  yazim kurallarina ve makale Ornegine
https://dergipark.org.tr/tr/pub/anadolu/page/15386  web
sitesinden ulagilabilir.
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is an international,
open-access journal,

Manuscripts should not exceed 20 pages, must be typed
double-spaced, all pages numbered starting from the
title page and written in Turkish or English.

The application of the manuscript prepared by Anadolu
writing rules must be made via following link:
https://dergipark.org.tr/tr/journal/110/submission/step/manus
cript/new through DergiPark.

Authors should declare that the manuscript is original
research and no similar paper has been published or
submitted for publication elsewhere. The cover letter should
provide complete contact information (full address, telephone
numbers, e-mail address and ORCID) of corresponding and
co-authors.

Manuscripts should be arranged as follows

The manuscript should consist of the parts of Title,
Abstract, Keywords, Introduction, Material and Methods,
Results and Discussion, Conclusion (if necessary),
Acknowledgement (if necessary) and References. All
these headings should be written as bold capital letters.

TITLE: Should be clear, concise but informative
containing key words that reflect all important aspects
of the article. The title should be followed by the author
(s) name (s), and address (es).

ABSTRACT: Should be complete in itself and
informative without reference to text or figures, including
keywords, and not exceeding 200 words. Following the
abstract, about 3 to 10 keywords should be listed.

INTRODUCTION

MATERIALS AND METHODS
RESULTS AND DISCUSSION
CONCLUSIONS (If necessary)
ACKNOWLEDGEMENT (If necessary)
REFERENCES

The manuscript should be written in Times New Roman
font. All headings should be written without indendation
except heading of abstract that should be written with
1.25 cm indent. Size of headings and their styles should
be written as follows: Title of manuscript should be bold
and 14 size; Introduction, Material and Methods, Results
and  Discussion,  Conclusion  (if  necessary),
Acknowledgement (if necessary) and their headings 11
size; Abstract, Keywords, Tables, Graphics, Figures,
Legends, Footnotes, and References 9 size.

The title page should include the authors' full names.
Following the title and one space line, authors’ names
should be written with 11 sizes and bold. First name of
the authors are written miniscule and the last name
capital letters.

9. Present addresses, ORC-ID of authors’ and e-mail of
corresponding author should be written under author
names.

10. The page size and margins of manuscript are as follows:
Ad4; top: 4.0 cm, bottom: 3.35 cm, right: 2.25 cm, left: 2.25
cm, header: 2.55 cm, footer: 2.35 cm. Each paragraph
should start without indentation, and be aligned to both
side.

11. Species, genus, and Latin names should be written in
italic.

12. References should be arranged alphabetically at the end
of the paper. The author-year notation system is
required; do not use numbered notation. All single-
author entries precede multiple-author entries for the
same first author. Use chronological order only within
entries with identical authorship (alphabetizing by title
for same-author, same-year entries). Add a lowercase
letter a, b, ¢, etc. to the year to identify same-year
entries for text citation. Do this also for any multiple-
author entries. When there are more than two authors,
only the first author’s name should be mentioned,
followed by “et al” and “year”. In the References each
book should be listed by their publisher name,
publication number (if available). All words of the book
title and only the first word of the book parts and
manuscript title should start with a capital letter. Each
reference should be written with 1 cm indent except for
the first line. Journal names are abbreviated according to
Science & Engineering Journal  Abbreviations
(http://scieng.l ibrary.ubc.ca/). Authors are fully
responsible for the accuracy of the references. The
author-year notation system is also required in the
manuscript. More than one citation are placed

6,9

chronologically in order and separated by semicolon “;”.

Reference examples
Paper from a Symposium, Conference or Seminar:

Yang, S. M. 1988. Report of the ad hoc committee on
sunflower rust. pp. 250-255. In: Proc. 12th Int.
Sunflower Conf., Vol. Il. Novi Sad, Yugoslavia. 25-
29 July. Int. Sunflower Assoc. Paris, France.

Arslanoglu, F. ve 1. Atakisi. 1997. Bazi patates cesitlerinde
farkli yumru iriliklerinin ve dikim sekillerinin yumru
verimi ve verim kriterleri iizerine etkisi. Tiirkiye II.
Tarla Bitkileri Kongresi. 22-25 Eylil 1997. Samsun.
S. 648-651.

Book

Demir, 1. 1975. Genel Bitki Islahi. Ege Univ. Zir. Fak. Yay.
No: 212. Bornova, lzmir.

Hallauer, A. R., and J. B. Miranda. 1981. Quantitative
Genetics in Maize Breeding. lowa State Univ. Press.
Ames, |A.


https://dergipark.org.tr/tr/journal/110/submission/step/manuscript/new
https://dergipark.org.tr/tr/journal/110/submission/step/manuscript/new

Part of the book

Miller, J. F., and G. N. Fick. 1977. The genetics of
sunflower. pp. 441-495. In: A. A. Schneiter (Ed.)
Sunflower Technology and Production. Argon.
Monogr. 35. ASA, CSSA, and SSSA, Madison, WI,
USA.

Tosun, M. 2005. Kalitim derecesi. s. 10-32. A. S. Tan (Ed.).
Bitki Islahinda Istatistik ve Genetik Metotlar. Ege
Tarimsal Arastirma Ens. Yay. No: 121. Menemen,
[zmir.

Paper from a scientific journal

Tan, A. S., C. C. Jan., and T. J. Gulya. 1993. Inheritance of
resistance to race 4 of sunflovver downy mildew in
wild sunflower accessions. Crop Sci. 32: 949-952.

Kitiki, A ., T. Kesercioglu, A. Tan, M. Nakiboglu, H. Otan,
A. O. Sart ve B. Oguz. 1997. Ege ve Bati Akdeniz
Bolgeleri'nde yayilis gosteren bazi Origanum L.
tiirlerinde biyosistematik aragtirmalar. Anadolu 7 (2):
26-40.

Ph.D or Master thesis

Tan, A. S. 1993. Aygiceginde (Helianthus annuus L.) melez
varyete (F1) 1slahinda kendilenmis hatlarin ¢oklu dizi
(Line x Tester) analiz yontemine gére kombinasyon
yeteneklerinin  saptanmasi  iizerine  arastirmalar.
Doktora tezi. E. U. Zir. Fak. Fen Bil. Ens. Tarla
Bitkileri Ana Bilim Dali Bornova - Izmir.

Whited, D. A. 1967. Biochemical and histochemical
properties associated with genetic male sterility at the
Ms locus in barley (Hordeum vulgare L.). Ph.D.
thesis. North Dakota State University. Fargo ND,
USA.

Reference from internet site

Plakhine, D., and D. M. Joel. 2010. Ecophysiological
consideration of Orobanche cumana germination.
Helia 33 (52): 13-18. From http://www.
doiserbia.nb.rs/Article.aspx?id=1018-18061052013P.

Crop Science Society of America, Terminology Committee.
1992. Glossary of crop science terms. Available at:
www.crops.org/cropgloss/. CSSA, Madison, WI,
USA.

USDA-ARS National Genetic Resources Program. 2005. The
Germplasm Resources Information Network (GRIN)
database. Awvailable at http://www.ars-grin.gov/
npgs/acc/ acc_queries. html. National Germplasm
Resources Laboratory, Beltsville, MD, USA.

Anonymous

Official and collective documents without an author should
be cited as “Anonymous” and "Anonim"

Anonim. 1996. Imla kilavuzu. Tiirk Dil Kurumu yaynlar1.
No: 525. Ankara.

Anonymous. 1970. Septoria helianthi. CMI distribution
maps of plan diseases. No: 468. Commonwealth
Mycol. Inst., Kew, England.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

The graphics, pictures, maps etc. are named as “Figure”
and the numerical values are presented as “Table”.

Tables and graphs should be created by using MS Word
and MS Excel, respectively. In tables, each item should
be placed into a separate cell. Tables and graphs color
must be black and white, and thickness of the borders
should be " pt. Abbreviations or symbols must be
explained either in the title or as footnote.

Tables and graphics and their legends should be
submitted in separate pages. The graphics are prepared
by using MS Excel and submitted as electronic forms as
well. Pictures (if necessary) should be submitted GIF,
TIFF or JPEG files in high resolution.

In the tables, graphics and figures; the legends, first
column and line of the tables and apsis (x) and ordinate
(y) of the graphics should be written in English as well
and placed under the legends, headings of the column
and line of the tables and x and y coordinate of the
graphics written in Turkish.

Numbers written in decimal notation separated with
comma “,”. In order to show statistical significance at
the 0.05, 0.01, and 0.001 probability levels, the *, **
and *** are always used in this order, respectively,
and these cannot be wused for other footnotes.
Significance at other level is designated by a
supplemental note. Lack of significance is usually
indicated by NS. For table footnotes, use the following
symbols: , §, #, ¥, [ etc.

Abbreviations should be spelled out and introduced in
parentheses when used at first time in the text. Standard
abbreviations (such as DNA, etc.) need not be defined.
Abbreviations should be written according to Turkish
Language Association (http://www.tdk.gov.tr).

The Editorial Board reserves to make alterations in
manuscripts submitted for publications. Such alterations
will be made if manuscripts do not conform to accepted
scientific standards or if they contain matters which in
the opinion of the Editorial Board are unnecessarily
verbose or repetitive. Where papers need extensive
alteration, they will be returned to the senior author for
checking, corrections and re-typing. Such papers must
be returned to the Editorial Board within three weeks.

The corresponding author will be informed whether the
manuscripts accepted or rejected within four months.

The publication of a paper in the Journal does not imply
responsibility for, or agreement with, any statements or
views expressed therein. All scientific responsibility
pertain to the authors of the manuscript

No financial grant for copyright is payable to the
contributor. One electronic reprint of an article will be
sent to the senior author. Hard copies of an issue of
ANADOLU may be obtained on payment.

ANADOLU writing rules and a manuscript template
can be accessed from the following link:
https://dergipark.org.tr/en/pub/anadolu/page/15386
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