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Ozet

Bu calismada, serada ve agikta yetistirilen Dilan F1 karpuz ¢esidinde yapraktan, topraktan ve toprak+yapraktan
bor uygulamasinin ¢igek tozu kalitesi, miktar1 ve kendilenmis ¢igeklerde ¢icek tozu ¢im borusu gelisimine
etkileri degerlendirilmistir. Arastirma sonucunda karpuzda farkli sekillerde bor uygulamasinin, ¢igek tozu
canlilik oranina etkisinin olmadig1 ancak, yapraktan bor uygulanmasinin gigek tozu ¢imlenme diizeyini olumlu
etkiledigi belirlenmistir. {lk donemde borun yapraktan uygulanmasi en fazla gigek tozu gimlenme oranina
(%71.9) ulagilmasint saglamistir. Toprak + Yaprak uygulamalarindan ise en disiik deger (%57.5) elde
edilmigtir. Cigek tozu iiretim miktarlar1 bakimindan ise yetistirme ortami ve bor uygulamasinin etkisinin 6nemli
oldugu, 6zellikle bor uygulamalarinin ¢gigek tozu tiretim miktarini olumlu etkiledigi bulunmustur. Cigek tozu
iiretim miktarinda ilk donemde en fazla cigek tozu serada yapraktan (310 800 adet), ikinci donemde ise agik
arazide yapraktan (425 250 adet) bor uygulamasi sonucunda elde edilmistir. Bu gesitte kendileme uygulamalari
sonucunda yapilan in vivo ¢im borusu gelisimi testleri bor uygulamalarinin ¢igek tozu ¢im borusu uzamasiin
ozellikle sera kosullarinda hizlandirildigini, ayrica tohum taslaklarinin yapraktan bor uygulamalar ile daha
kaliteli olustugunu gostermistir. Bu sonuglar yapraktan uygulanan borun bitki biinyesine daha hizli giris
yaparak ¢icek tozu ve tohum taslagi yapisi tizerine etkili oldugunu diigiindiirmektedir. Bu sonugtan hareketle,
bitkilerin devamliligini saglayacak meyve ve tohum c¢alismalarinda yapraktan bor uygulamasi yapilmasi
Onerilebilmektedir.

Anahtar Kelimeler: Citrullus lanatus L., bor, ¢i¢ek tozu, tohum taslagi, ¢im borusu gelisimi.

Effect of Boron Treatment on Pollen Quality, Quantity and Pollen Tube Growth in Watermelon
(Citrullus lanatus L. )
Abstract

In this study, the effects of boron application from leaves, soil, and a combination of soil and leaves on the
quality and quantity of pollen, as well as the development of pollen tube in self-pollinated flowers of the Dilan
watermelon variety grown in a greenhouse and in open field conditions were evaluated. The research concluded
that different methods of boron application did not affect the viability of pollen in watermelon, but foliar boron
application had a positive impact on pollen germination. Leaf application of boron in the first period provided
the highest pollen germination rate (71.9%). The lowest value (57.5%) was obtained from Soil+Leaf
applications. Regarding pollen amounts, it was found that the growing environment and boron applications had
a significant effect, particularly with boron applications. The highest amount of pollen production was obtained
from boron application in the first period from leaves in the greenhouse (310 800) and in the second period
from leaves in the open field (425 250). These variety, in vivo pollen tube development tests resulting from
self-pollination applications indicated that boron applications accelerated pollen tube growth, especially under
greenhouse conditions. Additionally, leaf-based boron applications led to higher quality seed embryos. These
results suggest that boron applied through leaves were more absorbed and plant grown rapidly. In addition, this
application has a noticed effect on both pollen and ovule development. Based on these findings, it can be
recommended to use foliar boron application in fruit and seed studies aimed at ensuring the continuity of plant
growth.

Keywords: Citrullus lanatus L., boron, pollen, ovule, pollen tube growth.
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Giris
Karpuz, (Citrullus lanatus (Thunb.) Matsum.

and Nakai) Cucurbitaceae  familyasinin
ekonomik degeri oldukea yiiksek olan bir tiiriidiir
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(Ath ve ark., 2021). Diinyada 3 milyon ha alanda
101 milyon ton (FAO, 2021), iilkemizde ise 729
bin ha alanda 3.5 milyon ton karpuz iiretimi
yapilmaktadir (TUIK, 2023). Déllenmenin
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saglanmasi ve iirlin miktarinin belirlenmesi i¢in
en 6nemli faktor gigeklerin tozlanmasidir. Iyi bir
tozlanmanin olabilmesi i¢in ¢icek tozlarnin canli
olmasi, yeterli miktarda gigcek tozunun stigmaya
tasinarak basarili bir sekilde ¢imlenmesi, ¢igcek
tozunun ulastifi asamada stigmanin reseptif
kalmasi ile yumurtalik ve tohum taslaklarinin
saglikli olmasi gerekmektedir (Karabiyik, 2022).
Bu kapsamda c¢igek tozlarinin Kaliteli olmasi,
meyve tutumu agisindan Onem tagimaktadir

(Razzaq ve ark., 2019). Cigek tozunun
tozlamadan itibaren dollenmeyi etkileme
yetenegi, cicek tozu canliligt olarak ifade

edilmektedir (Shivanna ve Rangaswamy, 1992).
Daha once yapilmis bir ¢alismada kullanilan
genotiplerin ¢igek tozu miktarlar yiiksek ise iyi
bir tozlayici olarak degerlendirildigi belirtilmistir
(Gaaliche ve ark., 2013). Ancak, c¢icek tozu
kalitesi ve miktar1 diisiik ve yiiksek sicaklik
(Razzaq ve ark., 2017; Karabiyik, 2022), kuraklik
(Saragih ve ark. 2013; Sakhi ve ark. 2014),
tuzluluk (Turner ve ark., 2013) koti bakim
kosullar1 gibi ¢evresel etmenlerden oldukca fazla
etkilenmektedir. Ozellikle tohuma bagli meyve
tutumunun saglandig tiirlerde verim artist ¢igek
tozu Kalitesi ile dogru orantili olup (Patel ve
Mankad, 2014), ¢igek tozu kalitesinin gesitler ve
donemsel bazda nasil degistigini degerlendirmek
onemli bir durumdur. Cig¢ek tozu kalitesinin
belirlenmesi i¢in en pratik ve etkili yontem in
vitro ¢icek tozu canliik ve ¢imlendirme
testleridir (Chatterjee ve ark., 2014; Sulusoglu ve
Cavusoglu, 2014). Bu kapsamda, ¢igek tozlarinin
canlili@inin belirlenmesi igin in vitro gigek tozu
canlilik testleri kullanilirken; stigma kosullarinin
taklit edildigi yapay ortamda ¢imlendirilmesi ile
in vitro ¢igek tozu ¢imlendirme testleri
yapilmaktadir, Ayrica, Yyapay tozlamalar
sonucunda ¢igek tozunun dogrudan stigma
tizerinde ¢imlenmesi ile de in vivo ¢icek tozu
¢imlendirme testleri ve c¢icek tozu ¢im borusu
gelisim siireci incelenebilmektedir (Albert ve ark.
2018). In vitro ortamda, tam olarak disi organ
taklit edilemedigi igin ¢igek tozu ¢imlenme orani
ve ¢igek tozu ¢im borusu uzunlugu gibi
parametrelerde canlilik ve in vivo ¢imlenme
degerlerine goére daha diigiik veriler elde
edilebilmektedir (Chae ve Lord, 2011). Yapilan
calismalarda kullanilan ¢igek tozlarinin zaman
kaybetmeden analiz edilmesi gerektigi, bazi
durumlarda ise cansiz ¢icek tozlarinin da
boyanabilecegi bildirilmistir (Razzaq ve ark.,
2019). Olgunlagmis ¢igek tozlari, biinyesinde
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besin maddelerini depolayarak ¢i¢ek tozlarinin
c¢imlenmesi i¢in kullanmaktadir (Tosun ve
Koyuncu, 2007). In vitro’da cigek tozu testleri
i¢in ortama eklenen en 6nemli elementlerden biri
bordur (Fang ve ark., 2016). Bor, g¢icek tozu
¢imlenmesi i¢in Onem tasiyan inorganik bir
maddedir. Cigek tozlarmin bor bakimindan
yetersiz olmasi durumunda diigiik oranda
¢imlenme goriilmektedir. Temel mikro besin
elementlerinden birisi olan bor, ¢icek tozu

¢imlenmesinin yaninda uygun
konsantrasyonlarda uygulandiginda kok
uzamasi, seker tasinmasi ya da hiicre

biitiinliigliniin saglanmasi, toprak tuzlulugu gibi
stres kosullarina toleransin arttirilmasi gibi pek
cok fizyolojik olayda da rol almaktadir (Pinho ve
ark.,, 2010). Bu durumda bor, ¢icek tozu
¢imlenmesi ve c¢icek tozu ¢im borusunun
uzamasindan, meyve olusumuna kadar tiim
gelisim siireclerinde gerekli olup (Fang ve ark.
2019), eksikliginde disaridan uygulanmasi ile
tohum kalitesinin artirilmast miimkiindiir. Bor
kullaniminda 6nemli olan kriter uygun bor
dozunun belirlenmesidir. Ciinkii fazla miktarda
uygulanan bor, toksik etkilere sebep olmaktadir
(Pérez-Castro ve ark., 2012).

Bu ¢alismada, Dilan ticari karpuz ¢esidine borun
topraktan, yapraktan ve toprak ve yapraktan
birlikte uygulanmasi sonucunda in Vvitro
kosullarda ¢icek tozu canlilik, ¢imlenme
diizeyleri ile ¢i¢ek tozu iiretim miktar1 ve normal
gelismis c¢icek tozu oranim1i ne sekilde
degistirdiginin ~ belirlenmesi  amaglanmustir.
Caligmada ayrica, tozlamay1 takip eden giinde in
vivo kosullardaki ¢igek tozu ¢im borusu gelisimi
arasindaki farkliliklar ile birlikte tohum taslag:
gelisimleri de incelenmistir.

Materyal ve Metot

Calisma 2019 yilinda Cukurova Universitesi
Ziraat Fakiiltesi Bahge Bitkileri Boliimii
Arastirma Uygulama alanlarinda bulunan yay
catili bir plastik serada ve acik arazide
yiiritilmis olup, c¢icek tozu calismalar1 ise
Cukurova Universitesi Ziraat Fakiiltesi Bahge

Bitkileri Bolimii  Sitoloji ve  Histoloji
Laboratuvari’nda  yiiriitiilmiistiir. ~ Calismada
materyal olarak Dilan F; karpuz c¢esidi

kullanilmigtir. Arastirmada hem agikta hem de
serada toplam 320 bitki (5 bitki x 4 tekerriir x 4
uygulama x 2 dénem x 2 farkli yetistiricilik alani)
kullanilmigtir. Bitkiler 30 Nisan 2019 tarihinde
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hem cam seraya hem de agik alana dikilmistir.
Serada bitkiler askida yetistirilmistir. Sera ve
acik kosullarda yetistirilen karpuz bitkilerine
erkek c¢igeklerin agtigi asamada ‘toprak’,
‘yaprak’ ve ‘toprak + yaprak’ olacak sekilde ii¢
farkli bor (Eti-Dot 67) uygulamasi yapilmustir.
Yaprak uygulamalari ilk erkek ¢igeklerin agmaya
bagladigi agsamada 150g/100L Eti-Dot (%21 B)
olacak sekilde yapilirken, toprak uygulamasi
dikimden 1 hafta sonra 1 kg/da Eti-Dot 67
kullanilarak yapilmistir. Toprak + Yaprak
uygulamasinda ise her iki uygulama birlikte
yapilmigtir. Kontrol uygulamasi olarak bitkilere
uygulamalar ile ayn1 dénemlerde sadece su
uygulamast  yapilmustir.  Bor  uygulamalari
sonrasinda tam ¢igeklenme donemi (1. donem) ve
bu donemden 3. hafta sonrasinda (2. donem)
¢icek tozu ¢imlendirme ve canlilik testleri igin
erkek cicekler alimmustir. Ayrica, cicek tozu
iiretim miktar ve homojenliginin
belirlenebilmesi amaci ile heniiz agmamis ancak
bir giin icerisinde acacak erkek cicekler
almmustir. In vivo’da ¢i¢ek tozu ¢im borusu
uzamasi ve tozlama etkinliginin belirlenmesi
amaciyla sadece 1. donemde elle kendileme
islemleri yapilmis olup (Adigiizel ve Sari, 2019),
tozlamadan 24 saat sonra tozlanmis c¢icek
ornekleri alinmustir. Yetistirme dénemi boyunca
budama, sulama, giibreleme gibi kiiltiirel bakim
kosullar1 uygulanmstir.

Cicek Tozu Canhilik ve Cimlendirme Testleri

Cigek tozu canlilik ve ¢imlendirme testlerine
materyal saglamak amaciyla sera ve acikta
bulunan bitkilerden 1. ve 2. dénemde her
uygulamadan en az 15’er adet erkek cicek
almarak hizlica laboratuvara getirilmistir. Alinan
cigeklerde ¢igek tozu canlilik ve g¢imlendirme
testleri yapilmistir. Bu kapsamda, c¢icek tozu
canlilik  testleri  %1°lik  2,3,5 Triphenyl
Tetrazolium Chlorid (TTC) ¢ozeltisi ile
belirlenmistir  (Norton, 1966). Cicek tozu
canliiginin  belirlenmesi i¢in 3’er lamel
hazirlanmis her lamelde en az 100’er ¢icek tozu
sayllarak  ¢icek  tozu  canliik  diizeyi
belirlenmistir. Mikroskop incelemesi sirasinda
koyu kirmizi boyanan ¢igek tozlar1 mutlak canli,
acik kirmizi ve pembe olanlar yari canli ve hig
boyanmayanlar ise cansiz olarak
degerlendirilmistir (Karabiyik, 2022). Yar1 canli
olarak tabir edilen ¢i¢ek tozlarinin teorik olarak
yarisinin canli oldugu kabul edilerek bu degerin
mutlak canl ¢igek tozuna eklenmesi ile “cicek
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tozu canlilik diizeyi” hesaplanmigtir. Cigek tozu
¢imlendirme testi ‘petride agar’ yontemi ile
25°C’de 50 ppm Borik asite eklenmig %1 agar +
%15 sakaroz ortaminda yapilmistir (Adigiizel ve
ark. 2022). Cigek tozu cimlenme diizeyinin
belirlenmesi amaciyla 3’er petri hazirlamis olup,
her petride en az 100’er ¢icek tozu sayimi
yapilmigtir. Mikroskop incelemesi sirasinda
kendi capindan daha uzun ¢i¢ek tozu ¢im
borusuna sahip olan g¢igek tozlar1 ¢imlenmis
olarak kabul edilmis ve ¢imlenmis c¢icek tozu
sayisinin toplam ¢icek tozu sayisina oranlanmast
ile “gicek tozu ¢imlenme diizeyi” hesaplanmustir.

Cicek Tozu Uretim Miktar1 ve
Gelisilmis Cicek Tozu Orani

Normal

Cicek tozu tretim miktarinin belirlenmesi
amaciyla heniiz agmamis ancak bir giin icerisinde
acacak olan erkek ciceklerden her uygulama i¢in
15’er adet alinmis, 5’erli ii¢ grup yapilmis ve
anterler filamentlerinden ayrilarak her grup ayri
ayr1 olacak sekilde kiiclik kutulara alinmistir. Bu
sekilde yaklagik iki hafta kurutulan anterlerde
“hemasitometrik yontem” kullanilarak ¢i¢ek tozu
sayim Ve hesaplamalar1 Karabiyik ve Saridag
(2023)’a gore gerceklestirilmistir. Cicek tozu
sayimlari ile “bir cicekteki c¢igek tozu miktar:”
belirlenmis olup, sayim sirasinda ayrica anormal
gelisme gosteren ¢icek tozlari da belirlenerek
“normal gelismis ¢icek tozu orani” hesaplama
yontemi ile belirlenmistir (Anvari, 1977).

Cicek Tozu Cim Borusu Uzama Hizinin
Incelenmesi

Cigek tozu ¢im borusu gelisiminin incelenmesine
materyal saglamak amaciyla 1. donemde
Adigiizel ve ark.’na (2023) gore kendileme
islemleri yapilmistir. Kendileme islemlerinden
24 saat sonra gelismekte olan disi organ
orneklerinden 3’er adet toplanarak fiksasyon
sivisina alinmustir. Daha sonra alinan Ornekler
Karabryik (2022)’a gore “ezme preparat”
yontemi ile incelenmistir. Bu kapsamda, 6rnekler
8N NaOH ile yumusatildiktan sonra KPO, ile
mordanlanmis anilin mavisi ile boyanmistir.
Boyanmasi tamamlanan Orneklerde BX 51
floresan mikroskop altinda ¢igcek tozu ¢im
borularinin stigmada ¢imlenmesi, stil igerisinde
ilerlemesi ve tohum taslaklarma ulagma
durumlar1 incelenmistir. Inceleme esnasinda
ayrica tohum taslaklarim1 yumurtalik igerisinde
gelisme diizeyleri de gozlenmistir.
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istatistiksel Analiz

Deneme 3 tekerriirlii olarak tesadiif parsellerinde
faktoriyel diizen deneme desenine gore
yapilmistir. JMP 5.0.1 paket programinda tesadiif
parsellerinde faktdriyel diizen deneme desenine
gore varyans analizi uygulanmis ve ortalamalar
arasindaki farklar LSD testine gore %5 Onem
diizeyinde siniflandirilmistir. Yiizde degerlere
ac1 transformasyonu uygulanmustir.

Bulgular ve Tartisma

Arastirma bulgularina gére hem acgikta hem de
serada yapilan toprak, yaprak ve toprak + yaprak
uygulamalar1 sonucunda her iki donemde de
cigek tozu canlilik oranlar arasindaki farkliliklar
onemsiz bulunmustur (Cizelge 1). Yapilan
uygulamalar Kontrol uygulamasina gore c¢icek
tozu canlilik degerleri bakimindan genelde
yiiksek olmakla birlikte ozellikle 2. donemde
farkin daha belirgin oldugu tespit edilmistir. Bu
durum bor uygulamasinin etkisinin 6zellikle 2.
donemde daha net gozlendigini
disiindirmektedir. Yetistirme ortami yoniinden
bakildiginda ise her iki donemde de agikta bor

uygulamast sonucunda canlilik orani serada
uygulamaya gore daha diisiik olmustur. Ortam X
uygulama interaksiyonu agisindan da farklilik
goriilmedigi belirlenmistir. Bu kapsamda 1.
donemde degerler %93.6 ile %97.5 arasinda
degisirken, 2. donemde %86.7 ile %92.6 arasinda
degismistir. En diisiik degerler genelde Agikta-
Kontrol uygulamasindan elde edilmistir.

Cicek tozu c¢imlendirme oranina ait bulgular
Cizelge 2’de verilmistir. Cizelge incelendiginde,
1. donemden alman ciceklere ait ¢igek tozu
cimlenme diizeylerinin bor uygulamalarindan
etkilendigi goriilmektedir. Bu kapsamda, ilk
donemde borun yapraktan uygulanmasi en fazla
cimlenme oranina (%71.9) ulasilmasim
saglamistir. Toprak + Yaprak uygulamalarindan
ise en diigiikk deger (%57.5) elde edilmistir. Elde
edilen degerler degerlendirildiginde ilk donemde
ortam ile 2. donemde uygulama ve yetistirme
ortamlar1  arasindaki  farkliliklar ~ Gnemsiz
bulunmustur. Ancak genel ¢imlenme oranlarina
bakildiginda, ilk donemde hem uygulama hem de
ortam bakimindan ¢imlenme oranlarinin daha
yiiksek oldugu tespit edilmistir (Cizelge 2).

Cizelge 1. Dilan karpuz cesidinde farkli yetistirme ortamlarinda degisik donemlerde yapilan bor
uygulamalarmin ¢gicek tozu canlilik diizeyleri (%)!

1. Donem 2. Dénem
Uygulama Uygulama Uygulama
Agik Sera Ortalamasi Agik Sera Ortalamasi

Toprak 96.0 96.9 96.4 92.1 92.6 92.4
Yaprak 97.5 96.6 97.1 92.5 92.5 92.5
Toprak+Yaprak 93.8 94.6 94.2 92.6 88.3 90.5
Kontrol 93.6 96.9 95.3 86.7 93.2 89.9
Ortam Ort. 95.2 96.2 91.0 91.7
LS[)"ortam: OD, LSDuyg: OD, LSDortamx LS[)"ortam: OD, LSDuyg: OD, LSDortamx
Uyg: O.D. uyg: O.D.

1 Yiizde degerlerin istatistiksel analizinde ag1 transformasyonu uygulanmstir.

0O.D., Onemli degil.

Cizelge 2. Dilan karpuz g¢esidinde farkli yetistirme ortamlarinda degisik donemlerde yapilan bor
uygulamalarmin 1. ve 2. dénem ¢imlenme diizeyleri (%)*

1. Donem 2. Donem
Uygulama Uygulama Uygulama
. Agik Sera Ol}/tglamam Agik Sera Ol}{cgllamam

Toprak 65.0 60.8 62.9 AB? 51.1 62.5 56.8
Yaprak 76.3 67.5 719 A 57.6 46.0 51.8
Toprak+Yaprak 61.3 53.6 57.5B 47.4 60.6 54.0
Kontrol 65.6 64.3 65.0 AB 53.5 58.7 56.1
Ortam Ort. 67.1 61.6 52.4 56.9
LSDotam:  O.D.; LSDugy  5.82% LSDortam: O.D.; LSDyyg: O.D.; LSDortam x
LSDortam x uyg: O.D. wg: O.D.

1 Yiizde degerlerin istatistiksel analizinde ag1 transformasyonu uygulanmstir. )
2Aymi siitunda ayr biiyiik harflerle gdsterilen ortalamalar arasindaki farklar istatistiksel olarak énemli bulunmustur. O.D.,

Onemli degil; *, P<0.05°1 ifade etmektedir.
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Yapilan calismada bor uygulamalariin ¢igek
tozu canlilik degerleri bakimindan farklilik
olusturmasa da cicek tozu cimlenme diizeyleri
bakimindan topraktan veya yapraktan bor
uygulamasimnin  daha yiiksek cicek tozu
cimlenmesi sagladigi tespit edilmistir. Toprak ve
yapraktan birlikte bor uygulamasi sonucunda
cicek tozu g¢imlenme degerlerinin azalmasi
durumu ise borun c¢ift doz uygulanmis olmasi
nedeniyle  yiksek  dozda  olabilecegini
diisiindiirmektedir. Bununla birlikte bir ¢igekteki
cicek tozu iiretiminin de bor uygulamalar ile
artirilldigr belirlenmistir. Kavun (Goldberg ve
ark. 2003; Hidayat ve ark. 2021) ve kabakta
(Ansari ve ark. 2018) yapilan bor uygulamalari
sonucunda borun ¢icek tozu kalite ve miktarini
olumlu etkiledigi belirlenmistir. Rahayu ve ark.
(2023) ise karpuzda borun erkek ve disi gicek
olusum zamanlari ile ilgili ¢aligma yapmuislardir.
Fakat karpuzda bor uygulamasinin ¢i¢ek tozunu
nasil etkiledigine dair bir calisma
bulunmamaktadir. Ulkemizde karpuzda ¢igek
tozu ile ilgili ilk ¢aligmalardan Giirséz (1990),
cigek tozlarinin ¢imlenme yeteneklerinin ilk giin
%100 oldugunu, 21 giin sonra ise bu degerin
%40’a kadar distiigini  belirtmistir.  Bir
calismada karpuzda ¢imlenmenin %90.8, canlilik
oranlarimin ise %78.5 (Sensoy ve ark. 2003)
oldugu belirtilmistir. Freeman ve ark. (2008),
karpuz cesitlerinde c¢icek tozlarinin g¢imlenme
oranlarinin  %95’ten daha fazla olduklarim
bildirmislerdir. Bir diger ¢calismada tetraploid ve
diploid karpuz genotipleri ile ¢alisilmig ve ¢igek
tozu canlilik oranlarimin %68.75 ile %79.50

arasinda degistigini, ¢cimlenme oranlarmin ise
%95.53 (diploid) ve %87.60 (tetraploid) olarak
bildirilmistir (Adigiizel ve ark. 2022). Bu
caligsmalardan yola ¢ikilarak ¢igek tozu ¢imlenme
ve canlilik oranlar1 genotip, g¢evre kosullari,
uygulama ve zamandan etkilendigi, toprak
kosullarina da bagli olarak sdylenilebilmektedir.

Bir c¢icekteki c¢icek tozu miktar1 arasindaki
farkliliklar ortam, uygulama ve ortam x
uygulama interaksiyonu bakimindan her iki
donemde de énemli bulunmustur. ilk donemde en
fazla ¢igek tozu serada yapraktan (310 800 adet),
ikinci donemde ise acik arazide yapraktan (425
250 adet) bor uygulamasi sonucunda elde
edilmistir. Uygulama etkisinde sadece ikinci
donemde yapraktan (368 625 adet), ortam
etkisinde ise sadece 1. donem iginde serada (234
481 adet) yapilan bor uygulamasi ile en iyi
sonuglar elde edilmistir (Cizelge 3). Yapilan
arastirmalarda bir ¢igekteki ¢igek tozu miktarinin
ayni poplilasyonda bulunan bitkilerde bile
cevresel etkilerden dolayr degisim gosterdigi
belirtilmistir (Nakamura ve Wheeler, 1992).
Karpuzda yapilan bir ¢alismada bir ¢igekteki
¢icek tozu miktarinin 76 650 (tetraploid) adet ile
112 604 adet (diploid) arasinda degistigi
belirtilmistir (Adigiizel ve ark. 2022). Aras ve
ark. (2022) asili karpuzda bir gigekteki cicek tozu
sayisini aragtirmanin ilk yilinda 101 667 adet
(TZ148/162) ile 37 333 (125 kontrol),
aragtirmanin ikinci yilinda ise 120 000 adet
(Argentario/125) ile 53 333 (125/125) arasinda
degisim gosterdigini bildirmiglerdir.

Cizelge 3. Dilan karpuz g¢esidinde farkli yetistirme ortamlarinda degisik donemlerde yapilan bor
uygulamalarinin 1. ve 2. dénemde bir ¢igekteki ¢icek tozu iiretim miktarlar: (adet)

1. Donem 2. Donem

Uygulama Uygulama Uygulama

Agik Sera Oliglamam Agik Sera Olytglamam
Toprak 213900 bct | 170900 ¢ 192 400 266 700 cd 377 000 ab 321 850 AB
Yaprak 159150 ¢ 310800 a 234 975 425 250 a 312 000 bc 368 625 A
Toprak+Yaprak | 205 350 bc | 252075 ab 228 713 308 000 bc 228 600 cd 268 300 B
Kontrol 196 650 bc | 204 150 bc 200 400 180900 d 320 100 bc 250 500 B
Ortam Ort. 193763 B 234 481 A 295 212 309 425
LSDortam: 80 965*; LSDyyg: O.D.; LSDortam LSDortam: O.D.; LSDyyq: 185 865*; LSDortam
uyg: 161 930** xuyg: 262 852**

1Ayni siitunda veya satirda ayr kiigiik, bilyiik veya italik harflerle gosterilen ortalamalar arasindaki farklar istatistiksel olarak
onemli bulunmusgtur. O.D., Onemli degil; *, P<0.05; **¥P<0.01’i ifade etmektedir.

Yapilan ¢aligmada bor uygulamasinin ¢gigek tozu
miktarim1 artirdign belirlenmistir. Bu bakimdan
ozellikle yaprak uygulamasinin sera kosullarinda
daha yiiksek miktarda cicek tozu olusturdugu
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belirlenmistir. Yapilan ¢alismalara bakildiginda
cicek tozu sayilarmin asilamadan, kromozom
sayist ve genotip Ozelliginden etkilendigi ve

degistigi goriilmektedir. Onemli bir mikro besin
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elementi olan borun ¢igek tozu kalitesi ve sayist
iizerine olabilecegi diisiiniilerek yapilan bu
calismada da ¢icek tozlar1 193 bin ile 309 bin adet
arasinda degisim goOstermistir. Bu  sayilar
yukaridaki calismalara gore oldukca fazladir.
Buradan da goriilebilecegi gibi basta bor
uygulamasi olmak iizere genotip ve ekolojiye de
bagl olarak borun ¢icek tozu miktarimi artirdigi
diistiniilmektedir.

Normal gelismis ¢icek tozu orani ¢igek tozu
kalitesi hakkinda bilgi verdiginden 6nemli bir
kriterdir. Bu oran %80-90’1n iizerinde oldugu
siirece cicek tozu kalitesinin yeterli oldugu
belirtilmistir ~ (Eti,  1992).  Cizelge 4
incelendiginde tim uygulamalarda %90 iizeri
olan homojenligin kabul edilen diizeyde oldugu
goriilmiistiir. Ik dénemde serada yapilan
uygulama ortalamalar1 (%97.0) ile kontrol

grubunda (%98.3) yiiksek degerler alirken, ikinci
donemde serada yapraktan bor uygulamasi
(%98.2) en homojen ¢icek tozu verilerine sahip
olmustur. Bir ¢esidin ¢igek tozu miktarlarinin
yani sira normal gelisen ¢icek tozu sayisi da
onemlidir. Hem biiyiikliik hem de sekil agisindan
normal olmayan ¢igcek tozlari ¢imlenme oranini
disiirmektedir. Bir cesitteki normal gelismis
cicek tozu orani ne kadar yiiksek olursa o kadar
iyi tozlayici olabilme potansiyelindedir (Anvari,
1977; Karabiyik, 2011). Yapilan bu ¢alismada da
cicek tozu homojenlik oranlarinin %90 iizerinde
oldugu belirlenmistir. Bunun anlami kullanilan
borun, c¢icek tozu sayisini artirirken, ¢igek
tozlarinin  sekillerini,  biylikliklerini  ve
kalitelerini bozmadigidir. Bu nedenle 6zellikle
yapraktan uygulanan bor dozunun (150 g/100L
Eti-Dot 67-%21 B) diger caligmalara referans
niteligi tasimakta oldugu belirtilebilir.

Cizelge 4. Dilan karpuz gesidinde farkli yetistirme ortamlarinda degisik donemlerde yapilan bor
uygulamalarmin 1. ve 2. ddnem normal gelismis ¢igek tozu oranlari (%)!

1. Donem 2. Donem
Uygulama Uygulama Uygulama
79 Agik Sera Ol}/tglamam Agik Sera Ol}/tgllamam

Toprak 94.0 95.4 94.7 B? 95.3b 97.0ab 96.1
Yaprak 92.8 96.8 94.8B 945D 98.2a 96.3
Toprak+Yaprak 97.2 96.9 97.0 AB 95.6 b 95.6 b 95.6
Kontrol 97.6 98.9 98.3 A 96.9 ab 95.8b 96.4
Ortam Ort. 95.4B 97.0 A 95.5 96.7
LSDortam: 5.76*; LSDuyg: 8.13*; LSDortam LSDortam: O.D.; LSDuyg: O.D.; LSDortam x
xuyg: O.D. uyg- 9.21*

! Yiizde degerlerin istatistiksel analizinde a¢1 transformasyonu uygulanmustir.
2Aym siitunda ayr1 biiyiik harflerle gosterilen ortalamalar arasindaki farklar istatistiksel olarak Onemli
bulunmustur. O.D., Onemli degil; *, P<0.05’1 ifade etmektedir.

In vivo kosullarda ¢igcek tozu ¢im borusu
gelisimine ait inceleme detaylar1 Cizelge 5°te
verilmistir. Cizelge incelendiginde
uygulamalarin ¢igek tozu ¢im borusu gelisimine
etkisinin farkliliklar gosterdigi belirlenmistir. Bu
kapsamda agikta yapilan bor uygulamalarindan
tozlanmadan 1 giin sonra alinan disi organ
orneklerinde gigek tozu ¢im borularinin stigmada
yeterli diizeyde ¢imlendigi (Sekil 1a), stigma
altindaki  tohum  taslaklarmma  ulasabildigi
(penetrasyon) (Sekil 1b) ancak sapa yakin tohum
taslaklarina ulasamamis oldugu belirlenmistir.
Acikta Kontrol uygulamalarinda ise ¢igek tozu
¢im borusu gelisiminin oldukca yavas oldugu ve
¢im borularinin ayni asamada hala stil i¢erisinde
ilerledigi belirlenmistir. Serada bor
uygulamalarinda ise ¢igcek tozu ¢im borularinin
daha hizli ilerledigi ve bu ilerleme sonucunda
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hem stil altinda hem de yumurtaligin sapa yakin
alt kisimlarinda daha etkin bir penetrasyonun
saglandigr  belirlenmistir.  Bununla birlikte
yapilan  detayli  penetrasyon incelemeleri
sonucunda Ozellikle yaprak uygulamalarinda
sapa yakin kisimda daha fazla ¢igek tozu ¢im
borusunun gelistigi, toprak ve yapraktan birlikte
bor uygulamasi sonucunda ise her iki kisimda da
cigek tozu ¢im borularinin fazla sayida tohum
taslagina girisi  (Sekil 1b), yani yaprak
uygulamasimma benzer bir etki sagladig
goriilmiigtiir. Kontrol uygulamasinda ise az
sayida cicek tozu ¢im borusunun sadece stilin
altindaki  tohum taslaklarina  ulasabildigi
gbzlenmistir (Cizelge 5). Tohum taslaklarinin
geligimi ile ilgili yapilan gézlemlerde ise Toprak
ve Kontrol uygulamalarindan elde edilen tohum
taslaklarmin ~ diger  uygulamalara  oranla
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gelisiminin  kiiciik kaldigi (Sekil 1c¢) veya
homojen olmadigr (Sekil 1d) goézlenmistir.
Ozellikle de sapa yakin kisimda kiiciik tohum
taslaklarina rastlandigr tespit edilmistir (Cizelge
5). Bu durum ozellikle 1. donemde toprak
uygulamalarinin  tohum  taslaklart  iizerine

etkinliginin tam olarak goriilememis oldugunu,
yaprak igerikli uygulamalarin ise tohum taslagi
gelisimini  desteklemis  olmasin1  ortaya

koymakta, ayrica ¢igek tozu ¢im borularinin hem
stil altinda hem de sapa yakin kisimlarda daha
etkin gelismis olmasini agiklamaktadir.

¢esidinde kendileme uygulamalar1 sonucunda gigek tozu ¢im borusu geligimi ve

tohum taslaklarinin durumu. a. Cigek tozu ¢im borularinin stigmada ¢imlenmesi ve stile girisi. b.
Cicek tozu ¢im borusunun tohum taslagina penetrasyonu. c. Gelisememis tohum taslakalari. d.
Tohum taslaklarinda homojen olmayan gelisim. Olgek cubuklari: 100u. Beyaz oklar gelisemeyen
ve kiigiik kalmis tohum taslaklarin1 gostermektedir.

Cizelge 5. Dilan karpuz ¢esidinde farkli yetistirme ortamlarinda yapilan bor uygulamalarinin in vivo’da
cigek tozu ¢im borusu gelisimi ve tohum taslagi gelisim diizeyleri

Uygulama Acik Sera
-Ovaryumun sap kismina gore stigma
altinda penetrasyon daha fazla. -Stigma altinda penetrasyon baslamig
Toprak -Sap kismindaki tohum taslaklari | sapa dogru az sayida gigek tozu var
stigma altindakilerden daha kiigiik | -Tohum taslagi gelisimi normal
boyutta
-Ovaryumda ¢ok sayida ¢im borusu
gelisimi var. Kabuga yakin ve stigma | -Stigma altindaki ¢im borusu sayisi
v altindaki tohum taslaklarinda | saptakilerden daha az sayida. Sapta
aprak
penetrasyon daha fazla penetrasyon oldukga fazla.
-Tohum taslaklar1 arasinda irilik | -Tohum taslagi geligsimi normal
farklilign goriilmekte
-Ovaryumun ¢igek kisminda ¢im | -Ovaryumun hem iist hem de alt
Toprak+Yaprak borusu penetrasyonu sap kismindan | tarafinda fazlaca ¢im borusu gelisimi
daha fazla. var.
-Tohum taslagi gelisimi hormal -Tohum taslagi gelisimi normal
e C N -Cicek tozu ¢im borulart stigma
le borusu geh.slml. stilde yogun ve altindaki tohum taslaklarina penetre
stigma altina yeni giris yapmis.
Kontrol A i olmus.
-Tohum taslaklar1 diger 6rneklere gore .
. -Tohum taslaklarinin hemojen olmamasi
oldukgea kii¢iik kalmus. ..
durumu oldukga belirgin.

Bitki gelisiminde ¢icek tozu ¢imlenmesi 6nemli
bir siiregtir ve siirecin basarili olabilmesi igin
stigma {izerinde ¢igek tozu birikimi ve bu ¢icek
tozlarimin canli olmasi1 gerekmektedir. Stigma ve
cicek tozunun uyumlu olmasi dahilinde ¢igek
tozlari, yumurtalik iginde yer alan hiicrelere
dogru saglikli bir sekilde ilerlemektedir
(Rottmann ve ark. 2018). Cicek tozu ¢im
borusunun eseysel uyusmazlik ile baglantili
oldugu bazi ¢aligmalarda bildirilmistir (Distefano

82

ve ark. 2012; Zhang ve ark. 2018). Karabiyik ve
Eti (2020), yerli turung anacinda yabanci tozlama
ve kendileme uygulamalari sonucu, yabanci
tozlama uygulamalarimin kendileme
uygulamalarina gore az sayida cicek tozu ¢im
borusunun olustugunu ve olduk¢a yavas
ilerledigini bildirmiglerdir. Kabakgillerde ¢icek
tozu ¢im borusu ile ilgili sinirli sayida galisma
bulunmaktadir. Kantalop kavunlarinda (Cucumis
melo var. cantalupensis) uygulama dozu ve saatli
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cigcek tozu ¢im borusu Olgiilmesinin, ¢igcek tozu
canlilig1 tizerine etkili olan faktorlerden oldugu
tespit edilmistir (Kantoglu ve Yilmaz, 1996).
Wen ve ark. (2020), hiyarda (Cucumis sativus)
¢igek tozu ¢im borusunun gelisimi i¢in sakarozun
onemli oldugunu bildirmislerdir. Calismamizda
serada yapilan bor uygulamasinin acgikta
yetistiricilikte bor uygulamasina gore daha etkili
oldugu ve ¢icek tozu ¢im borularinin daha hizl
bir sekilde ilerledigi tespit edilmistir. Diger
calismalar da goz Oniine alindiginda ¢igek tozu
¢im borusu gelisiminin ¢igek tozu Kkalitesi,
genotip, uygulanan borun dozu ve uygulama
sekline gore degisim gosterdigi diistiniilmektedir.

Sonug¢

Kiiresel 1sinmanin etkisi olarak verim ve kalitede
disiisler goriilmektedir. Diinya niifusunun 2050
yilinda yaklagtk 9 milyar olacagr tahmin
edildiginde insanliga yetecek diizeyde besin
ihtiyacinin  karsilanabilmesi ciddi bir sorun
olmaktadir. Kiiresel 1sinmasinin en Onemli
etkilerinden birisi olan sicaklik, bitkilerde verim
ve kaliteyi dogrudan etkilediginden abiyotik stres
faktorlerine karsi dayaniklilik ya da tolerans
saglayacak uygulamalarin gelistirilmesi
gerekmektedir. Yapilan c¢aligmalarda borun
meyve verimini arttigi belirlenmis, dolayisiyla
dogrudan c¢icek tozu ile ilgili olabilecegi
diisliniilmiistiir. Bu  diislinceden  hareketle
yiiriitiilen bu ¢aligmada bor, hem yapraktan hem
topraktan hem de yaprak ve topraktan
uygulanmustir.  Calisma  sonucunda yaprak
uygulamalarinin bitki biinyesinde hizla etki
gosterdigi ve ozellikle ¢imlenme ve ¢icek tozu
iiretim miktar1 bakimindan olumlu sonuglar elde
edildigi  belirlenmistir. ~ Yapilan in  vivo
incelemeler sonucunda ise yapraktan bor igerikli
uygulamalarin tohum taslaklarini da olumlu
etkiledigi, cicek tozu ¢im borusu gelisiminin tiim
yumurtalikta etkin olmasini sagladigi tespit
edilmistir. Borun yiiksek dozda uygulanmasi
toksisite yapacagindan, Ozellikle yapraktan
uygulama sonucunda olumlu etki yapmasi yaprak
uygulamalarinda bor dozunun dogru secildiginin
ve lreticilere Onerilebileceginin  kanitidir.
Ancak, ileride yapilacak ¢alismalarda borun
meyve verimi, kalitesi ve bitki devamliligini
saglayacak materyal olan tohuma ve tohum
verimine etkilerinin incelenmesi 6nerilmektedir.
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Abstract

This study was conducted to investigate the damage caused by salt stress in tomato plants and to determine
the effects of humic acid application on salt stress. For this purpose, tomato plants were exposed to 150 mM
NaCl solution, and humic acid was applied at a rate of 3 ml/l. As a result of the study, it was determined that
humic acid application significantly increased the shoot/root length, root fresh/dry weight, shoot fresh/dry
weight, and chlorophyll values of plants under salt stress. In addition, humic acid application to plants under
salt stress decreased the levels of MDA, ion leakage, and proline. The results showed the positive effect of
humic acid application against the negative effect of salt application. It was also found that humic acid
application did not cause any difference in SOD gene expression, increased APX gene expression, or
decreased CAT and GR gene expression in plants under salt stress. These results suggest that humic acid
application affects stress-related tolerance mechanisms and antioxidant enzyme genes and that this effect may
be beneficial. It was concluded that humic acid application can play an effective role in salt stress reduction.

Keywords: Tomato, Solanum lycopersicum, humic acid, salt stress, gene expression.

Tuz Stresi Altinda Yetistirilen Domateste (Solanum lycopersicum) Hiimik Asitin Baz1 Fizyolojik
Ozellikler ve Antioksidant Enzim Gen ifadeleri Uzerine Etkisi

Oz

Bu calisma, domates bitkilerinde tuz stresinin zararlarini ortaya koymak ve hiimik asit uygulamasimin tuz
stresi tizerine etkilerini tespit etmek amaciyla yapilmistir. Bunun i¢in domates bitkileri 150 mM dozundaki
NaCl ¢ozeltisine maruz birakilmis ve 3 ml/l oraninda hiimik asit uygulanmistir. Caligma sonucunda hiimik
asit uygulamasinin tuz stresi altindaki bitkilerin gévde/kdk uzunlugu, kok yas/kuru agirligi, gévde yas/kuru
agirhg ve klorofil degerlerini 6nemli seviyede artirmistir. Ayrica, tuz stresi altindaki bitkilere hiimik asit
uygulanmasi sonucunda MDA, iyon sizintist ve prolin degerlerinde azalmalarin meydana geldigi tespit
edilmigtir. Sonuglar tuz uygulamasinin olumsuz etkisine karsilik hiimik asit kullaniminin olumlu etkisini
gostermistir. Ayrica, hiimik asit uygulamasinin tuz stresi altindaki bitkilerin SOD gen ifadelerinde farklilik
olugturmadigi, APX gen ifadesinde artisa, CAT ve GR gen ifadelerinde ise azalmalara neden oldugu
saptanmistir. Bu sonuglar hiimik asit uygulamasinin stres ile iligkili tolerans mekanizmalari ve antioksidatif
enzim genleri lizerinde etkili oldugunu ve bu etkinin olumlu olabilecegini diisiindiirmektedir. Sonug olarak
tuz stresi altindaki bitkilere uygulanan hiimik asidin tuz stresinin azaltilmasinda etkili rol oynayabilecegi
sonucuna varilmistir.

Anahtar Kelimeler: Domates, Solanum lycopersicum, hiimik asit, tuz stresi, gen ifadesi.
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Introduction

A problem threatening global food security is
crop stress. Crop stress is a detrimental
deviation from normal physiological processes
that reduces crop vyield. It can be caused by
abiotic (drought, salinity, flooding, radiation and
nutrient deficiencies) or biotic (pests and
diseases) factors (Oshunsanya et al., 2019).
Salinity stress is one of the primary abiotic
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factors endangering the world's ability to
produce sustainably crops. The area affected by
salinity is expected to be approximately 50% of
the total agricultural land by 2050. Plants under
salinity stress are less productive and exhibit a
number of negative physiological, biochemical,
and molecular effects. Reduced nutrient
mobilization, the production of reactive oxygen
species (ROS), hormonal imbalance, ionic
toxicity, and osmotic stress are the causes of
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poor plant growth under salinity stress. Salinity
also affects the physicochemical characteristics
of soil and lowers the diversity of soil
microorganisms, which decreases soil health.
However, due to the growing world population,
it is expected that crop production will become
more and more necessary in coming years
(Kumar et al., 2020).

Biological fertilizer use and management for
saline soils can improve crop growth and is a
step toward a sustainable agricultural policy
(Etesami and Emami, 2023). As a biostimulation
agent, humic acid (HA) is thought to play a
significant role in promoting plant growth by
structural and physiological changes in shoots
and roots that are related to the uptake,
assimilation, and distribution of nutrients
(nutrient usage efficiency features). It can also
cause changes in the primary and secondary
metabolism of plants that are related to their
ability to tolerate abiotic stress. These changes
collectively affect plant growth and enhance
fitness. In conclusion, the development of
sustainable intensification can be aided by the
exogenous use of humic compounds inside
agronomic systems (Canellas et al., 2015).

One of the most widely cultivated vegetables is
tomato (Guo et al., 2022). It is essential for the
human diet to provide a significant quantity of
vitamin A and C. It also has a high lycopene
content, which could contribute to reducing the
negative effects of free radicals, which are
considered to be cause several cancers and
diseases related to age. Because lycopene is
released from cooked tomatoes, cooked
tomatoes and tomato products are the best
sources of this antioxidant. The tomato is grown

Table 1. Applications carried out in the experiment

in various tropical, subtropical, and temperate
climates. (Chakma et al., 2019). It is moderately
sensitive to salinity throughout its growth and
development, but because of its very high water
requirement (Battilani et al., 2012), more
attention to salinity is paid in tomato production
(Singh et al., 2012). In order to determine the
effect of humic acid on tomato seedlings' stress
response to salt stress, this study investigated
some morphological and physiological stress
indicators as well as several oxidative stress-
related gene expressions.

Materials and Methods

Plant Growth
Applications

In the study, in order to determine the effect of
humic acid on salt stress in tomato, 4 different
applications (Control, Humic acid, NaCl and
NaCl+Humic Acid) were emphasised and Kayra
F1 cultivar (Anamas Seed Ltd., Antalya) was
used as plant material. The study was conducted
in a randomized design with 3 replicates and 10
plants in each replicate. Tomato seeds were
sown in polypropylene containers (400 ml)
containing sterile perlite.  Seedlings were
watered with %2 Hoagland's solution (Hoagland
and Arnon, 1950) every two days after sowing
and grown in a plant growth cabinet at 24°C,
50% humidity and a 16 h light/8 h dark cycle.
Humic acid (TKI HUMAS) was applied at the
rate of 3 ml/l at 2-day intervals after sowing.
Salinity stress treatment was carried out by
applying NaCl at a dose of 150 mM for 3 days,
15 days after sowing. The samples required for
analysis were collected 7 days after the salt
application (Table 1).

Conditions and  Stress

Applications Normal Conditions Salt Stress (150 mM NacCl)
Control X X
Humic Acid X X

Determination of Shoot/Root Length and
Shoot/Root Fresh/Dry Weight

After 15 days of growth, the plants stressed in
the presence or absence of humic acid were
removed from the perlite together with the
control plants, washed in tap water, and the root
stem lengths were determined and proportioned.
The root and stem tissues were separated,
weighed, and dried at 60 °C for 48 h, then
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weighed again, and the dry weights were
determined.

Determination of Proline

The proline content was determined according
to Bates et al. (1973). For this purpose, 0.3 g of
the stem sample was crushed in liquid nitrogen
and dissolved by the addition of 1 ml of 3 %
sulphosalicylic acid. 0.1 ml sample was
collected and centrifuged. Then, 0.2 ml of acid
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ninhydrin, 0.2 ml of 96% acetic acid, and 0.1 ml
of 3% sulphosalicylic acid were added. The
mixture was kept at 96°C for 1 h, mixed with 1
ml of toluene, centrifuged again, and the
absorbance of the supernatant was read at 520
nm.

Determination of Malondialdehyde (MDA)

For the determination of cell membrane damage,
MDA amounts were calculated according to the
method of Ohkawa et al. (1979). Stem tissue
(0.2 g) was homogenized with liquid nitrogen
and 1 at 96°C for 25 min. The samples were
cooled on ice and absorbance readings were
obtained ml of 5% trichloroacetic acid (TCA)
was added. After centrifugation, 0.5%
thiobarbituric acid (TBA) was added to the same
volume of 20% TCA and kept at 532 nm. Non-
specific absorbance was determined at 600 nm
and subtracted from the initial absorbance
values.

lon Leakage

lon leakage was determined using the method of
Nanjo et al. (1999). Accordingly, 6 leaves were
shaken for 3 h in test tubes containing 0.4 M
mannitol. The electrical conductivity was then
determined to be C1. The samples were kept in
boiling water for 15 min and cooled to room
temperature. C2 was read, and the conductivity
due to leakage was calculated using the formula
[(C1/C2) X 100]. For electrical conductivity, a
Thermo Scientific Orion 013016MD MD 2
condactivimeter probe, which can measure in
the range of 0.01-300 mS/cm, was used.

Determination of Chlorophyll

The chlorophyll content of tomato leaves was
determined as SPAD by measuring from
different points in each plant with the help of a
Spad-502 Plus chlorophylimeter.

Analysis of Gene Expression
In this study, the isolation of total RNA (Qiagen

semiquantitative RT-PCR. cDNA synthesis was
then performed (VitaScript cDNA synthesis kit,
Procomcure Biotech Austria). PCR
amplification was performed with primers
prepared with the help of Primer Premier
(PREMIER  Biosoft International, USA)
program specific for 4 different antioxidative
system enzymes, FeSOD, CAT2, GR1, and
APX1 genes. The NCBI Gene Bank reference
sequence codes of the genes analyzed in this
study are NM_001313769.1, NM_001247257.2,
NM_001321393.1 and NM_001247853.2,
respectively. The elongation factor 1 alpha (EF-
1) gene with reference sequence code X14449.1
was used as an internal control.

RNA Isolation

RNA isolation from tomato leaves was
performed using Qiagen RNeasy Plant Mini Kits
based on guanidine isothiocyanate lysis and
silica membrane purification. The quantity of
total RNA was determined
spectrophotometrically using Nanodrop 2000,
and the quality was determined by separation

and visualization using 2% agarose gel
electrophoresis.
Semi-Quantitative Reverse Transcription

Polymerase Chain Reaction

From the RNA molecules obtained, cDNA
synthesis was performed with the help of
oligodT primers using the VitaScript cDNA
synthesis kit. Primers specific to the genes
studied were designed with PrimerPremier 5.0,
CA, USA primer design program and PCR
amplification was performed with the primers
that provided the most suitable conditions for
amplification (Table 2). The bands obtained
were separated on a 0.8% agarose gel and
visualized using the Biolab UV Tech gel
imaging system. The imaged bands were
analyzed using ImageJ software developed by
the National Institutes of Health (NIH) to reveal
differences in gene expression levels.

Kit, USA) was performed to perform
Table 2. PCR step cycles and times
Cycle Step Temperature Time Number of Cycles
Initial Denaturation 95°C 5 min
Denaturation 95°C 1 min
Annealing - 45s 28
Extension 72°C 45
Final Extension 72°C 10 min
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Statistical Analysis

Using the Minitab (17) Inc. program, the study’s
results were subjected to analysis of variance.
The Tukey test was used to evaluate the
differences between the significant means,
which were then represented by different letters.

Results and Discussion

Anatomical Effects

The effects of humic acid application on shoot
fresh/dry weight, root fresh/dry weight, shoot
and root length of tomato plants exposed to salt
stress are given in Table 3, which shows that the

applications are significant on all these
parameters (P<0.05).
Table 3. Effects of application on morphological characteristics of tomato plants
Shoot Shootdry Rootfresh Rootdry  Shoot Root
Applications Fresh Weight Weight Weight Length  Length
Weight (g/plant) (g9/plant) (g/plant) (cm) (cm)
(g/plant)
Control 2.14b" 0.18b 0.50b 0.036 b 17.82a 18.03a
Humic Acid 2.38a 0.20a 0.77 a 0.049 a 1859a 15.78b
NaCl 1.08d 0.09¢c 0.17d 0.015d 13.70c  10.58d
NaCl+Humic Acid 1.70 ¢ 0.16 b 0.38¢ 0.028 ¢ 1545b 13.36¢C

* Values designated by different letters in the same column indicate differences at P<0.05 level.

In this study, the values of shoot fresh/dry
weight, root fresh/dry weight of tomato plants
decreased by 49.5%, 50%, 66% and 58.3%,
respectively, with NaCl application compared
with the control. Salt stress inhibits growth and
developmental parameters in plants by causing
osmotic and ionic stress (Parida and Das, 2005).
Salt stress affects negatively cell division and
elongation. It causes a decrease in cell number,
mitotic activity, and cell division rates in both
root and shoot of plants (Burssens et al., 2000).
Depending on its intensity and duration, salt
stress affects many biological events in plants,
such as growth, development, and cell division
(Bora, 2015). Supporting our results, Dumicic et
al. (2018) reported a decrease in the dry weight
of roots/shoots of kale, and Benazzouk et al.
(2018) reported a decrease in the fresh/dry
weight of roots of tomato with NaCl application.
Also, it was found that shoot/root length values
of tomato plants decreased by 23.1% and 41.3%,
respectively, with NaCl application compared
with the control. Salt application was found to
reduce shoot and root length in lettuce (Sium et
al., 2019) and tomato (Deepa Devi and
Arumugan, 2019).

The study showed that humic acid application to
tomato plants increased shoot fresh/dry weight,
root fresh/dry weight, and shoot length (Table
3). Similarly, Doganay et al. (2019) reported
that humic acid application increased the values
of seedling fresh/dry weight, root fresh/dry
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weight, seedling height, and root length in lentil.
It has also been reported that humic acid
application increased shoot/root fresh/dry
weight in tomato (David et al., 1994), and plant
height, plant fresh/dry weight in spinach (Hafez
et al., 2015). Humic substances, which occur
naturally in soil, are by-products released
because of the humification reaction during the
humification of organic products (Karagal,
2004). Humic substances have hormone-like
activity which positively affect the growth and
development of plant cells (Nardi et al., 2002).
These substances can positively affect plant
growth, stress tolerance, soil physical properties,
and complex metal ions by controlling hormone
levels (Serenella et al., 2002).

In this study, it was observed that NaCl+humic
acid application had positive effects on
anatomical characteristics of tomato plants
compared with NaCl application. In support of
these results, humic acid application was found
to increase shoot fresh/dry weight, root fresh
weight, shoot/root length in pepper plants grown

under saline conditions (Akladious and
Mohamed, 2018).  Furthermore,  studies
investigating the effects of humic acid

application on salt stress in different species
found that humic acid application increased
plant weight in lettuce (Kabay, 2018), plant
height in soybean (Matuszak-Slamani et al.,
2017), and shoot fresh/dry weight and plant
length in tomato (Husein et al., 2015).
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Physiological Effects

Table 4 shows that the effects of applications on
lipid peroxidation (MDA), ion leakage,

chlorophyll,
(P<0.05).

and proline were significant

Table 4. Effects of the applications on MDA, ion leakage, chlorophyll, and proline in tomato

L MDA lon leakage Chlorophyll Proline
Applications (nmol/g) (%) (SPAD) (umol/g)
Control 9.05¢ 8.62b 44.66 a 31.27¢c
Humic Acid 9.42c 7.31c 43.97 a 29.21c
NaCl 27.01a 1381 a 33.65¢ 671.82 a
NaCl+Humic Acid 11.99b 7.76 bc 40.22 b 47483 b

*Values designated by different letters in the same column indicate differences at P<0.05 level.

Malondialdehyde (MDA), a highly reactive
metabolite, is formed during lipid peroxidation,
which is one of the primary effects of stress in
plants (Singh et al., 1985). As MDA levels
increase, membrane damage and therefore plant
stress levels increase. Salt stress causes the
formation of free radicals in plants. These
radicals cause irreversible damage to lipids and
proteins. Lipid peroxidation destroys the
integrity of cell membranes, causing the cell to
break down and die (Kugvuran, 2010). In our
study, we found that MDA in salt-treated tomato
plants was increased by 200% compared with
taht in the control. A similar situation was found
in eggplant by Yasarkan (2018), and tomato by
Parvin et al. (2019).

Humic acid plays an important role in resistance
to oxidative stress by increasing antioxidant
activity and improving membrane stability
(Garciaa et al., 2012). In our study, humic acid
application to tomato plants under saline
conditions resulted in a 56% reduction in MDA
levels compared with plants treated with NaCl
alone. Zandonadi et al. (2014) found similar
results in tomato.

Many enzymes and proteins are located in the
membranes. Therefore, changes in the
membranes cause changes and losses in
physiological processes (Fan et al., 2003).
Changes in the membrane permeability lead to
ion leakage and thus cell death (Seylam
Kigiimler, 2011). The increase in ion leakage
under stress conditions is a reflection of
oxidative damage that disrupt membrane
integrity (Assaha et al., 2016). In the study, ion
leakage increased with NaCl application.
Similar findings have been reported by different
researchers (Hnili¢kova et al., 2019; Sharifiasl et
al., 2019). In addition, humic acid application
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under saline conditions was found to reduce ion
leakage. Karimian et al. (2019) reported a
similar effect in their study.

Salt stress disrupts chlorophyll biosynthesis
because of ion accumulation, irregular stomatal
function (Yasar, 2003), and failure of enzymes
involved in chlorophyll synthesis (Dajic, 2006).
In our study, saline conditions cause chlorophyll
loss in tomato plant leaves. Similar results were
found by different researchers (Bora, 2015;
Kugvuran et al., 2019). As in many plant
physiological processes, humic acid has a
positive effect on chlorophyll levels (Vaughan
ve Malcom, 1985). In support of this statement,
the positive effect of humic acid under salt stress
has been observed in our and other studies
(Rahman, 2018; Shalaby and El-Messairy,
2018).

The most abundant amino acid in plants grown
under stress is proline. Proline is the first
physiological response when plants are exposed
to osmotic stress, and its concentration increases
in the vacuole within the cell. This increase in
concentration is an indicator of plant resistance
to stress (Unal, 2019). In our study we found
that proline increased when NaCl was applied.
A similar situation was found in potato (Sobieh
et al., 2019), and tomato (Al Khateeb et al.,
2019).

According Kaya et al. (2018), Karimian et al.
(2019) and Sharifiasi et al. (2019), humic acid
has a positive effect on the proline content of
many plants under stress. This positive effect
was seen in our study with a 29.3% reduction in
proline levels.
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Effects of Humic Acid and Stress
Applications on EF-1, FeSOD, APX1, CAT2,
and GR1 Gene Expression

EF-1 gene expression remained largely the same
between the applications, indicating that EF-1 is
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a suitable internal control and that vital activities
of the plants continued under the applications
(Figure 1).
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Figure 1. EF-1, FeSOD, APX1, CAT2, and GR1 gene expressions

Superoxide dismutase is an enzyme that
catalyzes the conversion of superoxide radicals
to hydrogen peroxide and oxygen, allowing
organisms to survive in the presence of oxygen.
All forms of the SOD enzyme are encoded by
the nucleus, and the cell compartment to which
it is targeted is determined by labeling the amino
terminus (Creighton, 1999). SOD, which is
involved in the dismutation reaction of the
superoxide radical, is involved in the regulation
of harmful free radicals that accumulate in the
cell under stress. It was found that the
expression levels of the FeSOD gene in the
tomato plants increased by 8% with the
application of NaCl compared with the control.
In support of our findings, different researchers
found that NaCl application increased SOD
enzyme activity in maize (Kaya et al., 2018),
tomato (Amjad et al., 2019), and pepper (Ekinci
et al, 2019). Furthermore, humic acid
application showed an 8.1% reduction compared
with the control. Haghighi and Teixeira Da Silva
(2013) reported that humic acid application
decreased SOD enzyme activity compared with
the control in tomato plants. Also, Yildiztekin et
al. (2018) reported that salt applications
increased SOD enzyme activity and humic acid
applications decreased SOD enzyme activity
compared in pepper with the control. In this
study, humic acid application to tomato plants
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under salt stress was found to have similar
effects on SOD enzyme activity. Adam et al.
(2019) and Saidimoradi et al. (2019) indicated
that this situation can vary depending on factors
such as humic acid doses, salt concentrations
and variety.

Found in many organisms from yeast to humans,
ascorbate peroxidase is a member of the
peroxidase family of enzymes. It also acts as a
reductant in the enzymatic elimination of
hydrogen peroxide by ascorbate peroxidase, an
enzyme abundant in both the cytoplasm and
chloroplasts of plant cells (Cevik, 2009). APX1
gene expression was found to be similar in salt-
stressed tomato plants to that of controls (Figure
1). Researchers suggest that this enzyme activity
generally increases under salt stress (Yasar et
al., 2006; Al-aghabary et al., 2007), but in some
cases (such as more oxidative stress in the
environment, species or cultivars being sensitive
to salt), it may remain at the same level or
decrease (Amjad et al., 2019; Demir, 2019). As
a result, humic acid application resulted in a 5%
decrease in APX1 gene expression compared
with the control. In support of our findings,
studies conducted by different researchers
(Dinler et al., 2016; Elmong et al., 2018) have
reported that humic acid application caused a
decrease in APX enzyme activity compared with
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the control. It was also observed that NaCl +
humic acid application caused a 3% increase in
APX1 gene expression compared with NaCl
application. Similar to our results, Nigania et al.
(2017) found that humic acid application
increased APX enzyme activity in peanuts
grown under saline conditions.

Catalase is one of the most important enzymatic
antioxidants involved in protecting cells from
stress. It provides direct conversion of harmful
H>O, formed under stress conditions to H.O and
O.. CAT is mostly localized in peroxisomes and
in very small amounts in the mitochondrial
matrix (Foyer et al., 1994). In the study, it was
determined that the CAT2 gene expression
values of tomato plants increased by 1.7% with
NaCl application compared with the control
(Figurel). In support of our findings, salt
application was found to increase CAT enzyme
activity in bean (Taibi, 2016), and pepper
(Ekinci et al., 2019). In the study, it was found
that humic acid application resulted in a 0.5%
reduction in gene expression levels compared
with the control. Hatami et al. (2018) in almond
and Adam et al. (2019) in sorghum reported that
humic acid application caused a decrease in
CAT enzyme activity compared with the
control. NaCl + humic acid application caused a
2% decrease in CAT2 gene expression compared
with NaCl application. In support of these
results, Yildiztekin et al. (2018) and Kaya et al.
(2018) found that humic acid application
reduced CAT enzyme activity in plants grown
under saline conditions.

Glutathione reductase is an enzyme that
catalyzes the reduction (GSH) of oxidized
glutathione (GSSG) using NADPH as an
electron donor. Due to its antioxidant properties,
GSH is important for maintaining the
antioxidant capacity of cell (Mullineaux et al.,
1996). As shown in Figure 1, NaCl application
reduced GR1 gene expression in tomato plants
by 0.6% compared with the control. Under salt
stress, GR activity tends to increase (Kiran et al.,
2015) or decrease depending on the plant tissue
(Neto et al., 2006) and cultivar (Dogan, 2012).
Humic acid application reduced GR1 gene
expression by 20% compared with the control.
Wu et al. (2016) reported that humic acid
application decreased GR enzyme activity in
lilies compared with the control. In the study, it
was found that NaCl + humic acid application
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decreased GR1 gene expression by 5%
compared with NaCl application. In accordance
with our results, Jarosova et al. (2016) reported
that humic acid application to barley plants
under salt stress caused a decrease in GR
enzyme activity.

Conclusions

The results of the study showed that 150 mM
salt (NaCl) application decreased shoot fresh
weight, shoot dry weight, root fresh weight, root
dry weight, shoot length, root length, and
chlorophyll levels in leaves, whereas it increased
ion leakage, MDA and proline levels, and
antioxidant enzyme gene expression in tomato
plants compared to control. This clearly shows
the negative effects of salt stress on plants. It
was found that the combination of NaCl +
humic acid application caused a significant
increase in root fresh/dry weight, shoot fresh/dry
weight, shoot/root length, and leaf chlorophyll
value compared with plants treated with NaCl
alone. In addition, humic acid application to
salt-treated plants reduced ion leakage, MDA
and proline levels. It was also observed that
humic acid application to plants under salt stress
did not cause any change in SOD gene
expression, whereas it caused an increase in
APX gene expression and a decrease in CAT and
GR gene expression. This shows that humic acid
application can play an effective role in reducing
salt stress.
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Abstract

Tomato (Solanum lycopersicum L.) is the most cultivated vegetable crops and it has an important place in
human nutrition in the world. Tomatoes are grown under open field conditions and protected cultivation with
different production techniques in different ecologies.

Determination of morphological characteristics is very important for the development of competitive varieties
in breeding studies. Morphological traits are used to study genetic variability and to preserve genetic
resources.

In this study, it was aimed to reveal the fruit and plant characteristics and the heterotic effect in the promising
27 tomato inbred lines selected from our gene pool. This study was carried out in the greenhouses of Selko
Arge Biotec the company, Turkey, Antalya between August and December 2019. Leaf, flower and fruit
characteristics of the grown plants were determined according to UPOV parameters.

The data on the fruit and plant properties obtained from 27 tomato inbred lines were subjected to principal
component analysis (PCA).

As a result of the PCA analysis made from the data, the four components explained the study more than 66%.
Average fruit weight, fruit width, fruit length, and fruit color were found to be important parameters in
determining the difference between lines. G11, G2, G26 and G14 lines were evaluated as prominent lines in a
breeding study in terms of fruit quality and vegetable characteristics. In terms of these traits, it would be
beneficial to use these lines as parents in a desired hybrid variety breeding.

Keywords: Tomatoes, inbred lines, morphological characterization, PCA.

Baz1 Domates (Solanum lycopersicum L.) Saf Hatlarimin Morfolojik Karakterizasyonu
Ozet

Domates (Solanum lycopersicum L.) diinyada en ¢ok yetistirilen sebzedir ve insan beslenmesinde 6nemli bir
yere sahiptir. Domates, farkli ekolojilerde, farkli iiretim teknikleri ile agik tarla kosullarinda ve ortii alti
kosullarinda yetistiriciligi yapilmaktadir. Islah ¢aligmalarinda rekabetgi cesitlerin gelistirilmesi igin
morfolojik 6zelliklerin belirlenmesi oldukga 6nemlidir. Morfolojik 6zellikler genetik ¢esitliligin incelenmesi
amaciyla yaygin olarak kullanilmaktadir.

Bu ¢alismada gen havuzumuzdan segilen 27 adet gelecek vaat eden domates saf hattinda bitki ve meyve
Ozellikleri ile heterotik etkinin ortaya konulmasi amaglanmigtir. Bu ¢alisma, Agustos-Aralik 2019 tarihleri
arasinda Antalya’da yer alan Selko Arge Biyotek. firmasina ait seralarda gergeklestirilmistir. Yetistirilen
bitkilerin yaprak, ¢icek ve meyve oOzellikleri UPOV parametrelerine gére belirlenmigtir. Domates saf
hatlarindan elde edilen meyve ve bitki 6zelliklerine iliskin veriler temel bilesen analizine (PCA) tabi
tutulmustur.

Verilerden yapilan PCA analizi sonucunda dort bilesenin calismayr %66'dan fazla agikladigi goriilmiistiir.
Hatlar arasindaki farkin belirlenmesinde ortalama meyve agirligi, meyve eni, meyve uzunlugu ve meyve
renginin O6nemli parametreler oldugu tespit edilmistir. G11, G2, G26 ve Gl4 numarali hatlar 1slah
calismasinda meyve kalitesi ve sebze Ozellikleri agisindan degerlendirilebilecek 6ne ¢ikan hatlar olarak
belirlenmistir. Bu 6zellikler agisindan istenilen hibrit ¢esit 1slahinda bu hatlarin ebeveyn olarak kullanilmasi
faydali olacaktir.

Anahtar Kelimeler: Domates, morfolojik karakterizasyon, saf hat, temel bilesen analizi.
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Introduction

Tomato (Solanum lycopersicum L.) is the most
cultivated vegetable crops and it has an
important place in human nutrition in the world.
Tomatoes are grown under open field conditions
and protected cultivation with different
production techniques in different ecologies.
Tomato fruits are rich in vitamins A, B and C
and contain high levels of calcium, phosphorus
and iron minerals (Cheema and Dhaliwal, 2008).
In addition to the fresh consumption of tomatoes
in salads and dishes, it is an important crop of
vegetable processing industry as the sauce,
ketchup and tomato paste. Tomato has an
important place in human nutrition with its
antioxidant feature as well as its chemo-
protective content (Akhtar and Hazra, 2013;
Acharya et al., 2018).

Tomato is the most produced vegetable in the
world, with a production of 189,133,955 tons in
5,167,388 ha area. China is in the first country
with 67,6 million tons, India is second with 21,1
million tons and Turkey is third with a
production of 13.1 million tons in world tomato
production (FAO, 2021). Tomato production is
increasing day by day with the development of
production and processing technology.

Tomato varieties in cultivation are classified
according to their fruit size into cherry, plum,
cocktail, cluster/grain, regular, or beef tomatoes
(Abak and iIbi, 2022). Cherry, plum, cocktail
tomatoes are consumed fresh in salads and
breakfasts and do not have a larger industrial
processing technique (Heredia et al., 2007).
Previous studies revealed that cherry tomato
cultivars had higher lycopene and total
antioxidant contents than the other tomato
cultivars (George et al., 2004).

Determining the genetic diversity of plant
species in plant breeding is extremely important
for revealing genotypes that are resistant to
biotic and abiotic stress conditions, with high
yield and quality characteristics, and for variety
development activities (Gonias et al., 2019;
Barut et al., 2020; Yildiz et al. , 2020; Yaman
and Uzun 2020; Yaman and Uzun 2021). The
most fundamental element in increasing the
quality of plant production and the success of
the breeding program depends on the richness of
genetic diversity. In recent years, many factors
such as the spread of hybrid cultivars, the
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contraction of production in local populations,
and the extensive selection of tomatoes have
caused the genetic diversity in plant species to
narrow (Karik et al., 2019; Vargas et al., 2020).
In this context, studies are needed to collect,
characterize and protect genetic resources (Ali et
al., 2020; Ekincialp et al., 2019; Uzun et al.,
2021).

Determination of morphological characteristics
is very important for the development of
competitive varieties in breeding studies.
Morphological traits are used to study genetic
variability and to preserve genetic resources
(Hernandez-Villareal, 2013). In this context,
identifying genetic diversity is crucial for the
success of breeding programs. This enables the
utilization  of  phenotypic  identification,
classification and genetic resources in breeding
studies (Khadivi-Khub et al. 2008; Zhou et al.
2015; Mohan et al. 2016; Oduor, 2016; Lazaro
2018). When the studies on the subject are
examined, it is known that morphological
parameters are under the influence of many
factors in characterization studies. In this
context, multivariate analysis methods have
been developed to examine more than one
feature at the same time (Tahtali, 2005). Cluster
and principal component analysis are the most
frequently used  statistical analyzes in
characterization studies based on similarities and
differences (Karaaga¢ and Balkaya, 2010;
Hernandez-Villareal, 2013).

In this study, it was aimed to reveal the fruit and
plant characteristics and the heterotic effect in
the promising 27 tomato inbred lines selected
from our gene pool. Thus, the structures of some
tomato lines will be examined and the way to
develop new varieties will be evolved in hybrid
breeding.

Material and Methods

Experimental Area

This study was carried out in the greenhouses of
Selko Arge Biotec. company, Turkey, Antalya
between August and December 2019. The
research area is located at 36° 58 Northern
latitudes and 30°51° East longitudes and below
55 m altitudes. This region is the most common
area of greenhouses in Turkey because it is close
to sea level. The lower frosty days in winter and
consequently low heating costs encouraged the
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development of greenhouse vegetable growing
in the region. The study was established in an
unheated plastic greenhouse, and during the
growing season, temperature values limited
plant cultivation.

The research area has sandy-clayey loam and
contains 3.21% organic matter in soil samples of
0-90 cm depth. Soil pH has been found as 7.2,
EC 84.9 uS/cm and it has low lime content. In
terms of nutrient contents in the soil, the
amounts of inorganic nitrogen (N), phosphorus
(P), potassium (K), calcium (Ca) and
magnesium (Mg) were found in 53.6 mg/kg
(good), 86 mg/kg (sufficient), 583 mg/kg
(excess), 434 mg/kg (sufficient) and 236 mg/kg
(sufficient, respectively. Trial soil has been
found in sufficient quantity in terms of trace
elements, and there are no factors restricting
tomato cultivation.

2.2. Plant material and planting

The 27 tomato inbred lines selected as
promising lines in terms of yield and some
quality parameters from the tomato gene pool at
the S6 level created by our research team
constituted the plant material of this study.
Seeds of tomato inbred lines were sowed
separately on 15.07.2019 in viols and seedlings
with 3-5 leaves were planted at a distance of

40x50x100 cm on August 22-23 in the
greenhouse.

In order to make measurements and
observations of lines easily, a trial was

established with 20 plants in each plot. After the
plants were planted, sap water was applied and
irrigation during the vegetation period was given
with the drip irrigation system every four days
as the requirement of the plants.

During the fertilization period, 100 kg ha* N,
150 kg ha?! P,0s and 100 kg ha'! K.O were
applied in the experimental area in pure form.
Fertilizers were applied three times by drip
irrigation during the vegetation period. Weed
control was carried out by hoeing, and diseases
and pest management has been carried out by
spraying regularly toprotect plant health and
growth. In plants, lateral shoots and older leaf
pruned regularly with 7-10 days intervals, after
the 7™ bunch, the apical shoot tips pinched.
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2.3. Fruit and plant measurements

UPQV parameters (UPOV, 2011) were used in
the measurements and observations. In this
study, leaf attitude (LA), leaf length (LL) and
leaf width (LW) observations were determined
by observing the plants in the whole parcel
based on the seventh leaf in each plant on. On
the same day, the number of flowers (NF) was
determined in the 3" bunch. In order to increase
the fruit-set, pollination supported with vibrators
during the flowering period.

Time of maturity (TM) was determined by
taking the first harvest dates. The first harvest
was made in the form of bunches on 01
November 2019, and average fruit weight
(AFW), fruit length (FL), fruit diameter (FD),
thickness of pericarp (TP), number of locules
(NL), shape in longitudinal section (SLS), cross-
section (CS) and color of maturity (CM) were
determined in the first 10 fruits in each bunch.

2.4. Evaluation of Data

In this study, it is aimed to interpret the fruit and
vegetable properties of 27 tomatoes together.
Therefore, Principal Component Analysis,
which is one of the multivariate statistical
analysis that allows the number of parameters to
be reduced to explain as much of the data as
possible was performed. Score plot and loading
plot graphics were drawn from two components
obtained from the basic components. On the
other hand, similarity dendrograms of lines were
drawn by using the hierarchical grouping
method according to the Wards method by
making use of fruit and vegetable properties. All
analyses were done using the JMP 10 statistics
program.

Results and Discussion

Fruit and Plant Characteristics

Some fruit and plant properties obtained from 27
tomato inbred lines selected from the gene pool
are presented in Table 1. Average fruit weight
varied between 14.30-47.60 g, the heaviest fruits
were obtained from G11 (47.67 g) and G2
(45.00 g) lines, while the G8 (14.30 g) and G9
(14.67 @) had the lightest fruits. Fruit lengths
and widths ranged from 29.06 to 45.68 mm and
28.71 to 44.52 mm, sequentially. G8 and G9
lines had the lowest fruit weight, so the smallest
fruit width and fruit size values were obtained
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from these lines. The highest fruit width and
fruit size values were obtained from G2 and
G11, G14 and G26 lines. Prema et al. (2011)
reported that the average fruit weight of

different tomato genotypes was 20.26 g, fruit
length 35.6 mm and fruit width 28.3 mm, in
parallel with our results.

Table 1.Fruit and plant characteristics of inbred line tomato lines

Lines AFW (gr) FL (mm) FD(mm) TP (mm) NL SLS CS LA LL LW NF TM CM

Gl 32.08 44.40 35.60 2.00
G2 45.00 43.44 4413 2.98
G3 28.75 39.18 32.92 2.93
G4 17.06 39.00 30.80 2.00
G5 25.67 42.78 32.32 3.17
G6 26.67 42.60 32.60 3.28
G7 18.64 35.00 33.80 3.50
G8 14.30 30.74 29.13 3.17
G9 14.67 29.06 28.71 2.80
G10 25.70 34.19 35.81 3.40
Gl1 47.67 43.56 39.00 5.17
G12 37.75 37.47 41.05 4.80
G13 20.76 36.54 35.68 1.94
Gl4 39.33 44.25 40.57 2.88
G15 30.67 34.58 34.63 3.04
G16 30.42 32.86 44.52 3.64
G17 33.44 41.56 37.46 4.50
G18 27.00 34.08 33.91 4.35
G19 26.60 37.79 34.77 3.54
G20 30.00 40.18 36.17 3.71
G21 31.11 45.68 34.6 3.19
G22 26.25 4131 34.14 3.07
G23 27.29 36.35 38.44 4.16
G24 32.00 32.16 35.4 3.74
G25 27.00 40.43 36.4 5.26
G26 36.86 44.81 42.04 5.43
G27 22.50 34.31 33.71 2.38
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Average Fruit Weight (AFW); Fruit Length (FL); Fruit Diameter (FD); Thickness of Pericarp (TP); Number of Locules (NL); Shape in
Longitudinal Section (SLS): 3-Circular, 6-Elliptic, 7-Heart-shaped, 8-Obovate; Cross Section (CS): 1-Not round, 2-Round; Leaf Attitude
(LA): 3-Semi-erect, 5-Horizontal, 7-semi-drooping; Leaf Length (LL): 3-Short, 5-Medium, 7-Long; Leaf Width (LW): 3-Narrow, 5-
Medium, 7-Broad, Number of Flowers (NF): 3- 3-5 pieces, 5- 6-10 pieces, 7- More than 10 pieces; Time of Maturity (TM): 1-Very early, 3-
Early, 5- Medium, 7-Late, 9-Very late; Color of Maturity (CM): 1-Cream, 2-Yellow, 3- Orange, 4-Light red, 5-Red, 6- Brownish, 7-Zebra

The pericarp width of the lines varied between
1.94-5.43 mm, the highest value was obtained
from the G26 (5.43 mm) and G25 (5.26 mm)
lines, while the G13 (1.94 mm) produced the
smallest pericarps. Prema et al. (2011) reported
that the highest pericarp width was 4.9 mm in
tomatoes and the high pericarp width and fruit
hardness increase the fruit's shelf life, similar to
our results. The loci numbers of tomato
lineswere examined and it was observed that
they contained between 2-4 loci. G1 line has 4
loci, while 5 lines have 3 loci and 21 lines have
2 loci. Many researchers have also reported that
the number of loci varies according to genotypes
(Sekhar et al., 2009; Tiwari and Upadhyay,
2011; Siddiqui et al., 2015). In addition, the
number of loci directly affects the shape and

101

size of the fruit (Muiios et al., 2011). Therefore,
since tomatoes are small-fruited, the number of
loci is also lower.

When the longitudinal section of the fruit was
examined, it was observed that 41% of the lines
were circular, 33% were elliptical, 15% were
obovate and 11% were heart-shaped. In the fruit
cross-section, all lines were evaluated as round
shaped except the G11 line. In terms of leaf
position, 59% of lines were seen as half
pendulous, while 41% were evaluated
horizontally.

While 26% of the lines formed medium length
leaves, 74% had long leaves, in addition, leaf
width of lines was determined as 4% narrow,
37% medium and 59% wide range. According to
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the number of flowers in the bunch, 29% of the
lines are between 6-10 flowers, while 71% have
formed more than 10 flowers. Prema et al.
(2011) reported in their study that tomatoes had
a maximum of 8.33 flowers and 7.13 fruits in a
bunch. When the lines were evaluated in terms
of the fruit ripening period, it was observed that
30% were early, 59% were medium and 11%
were late. In terms of mature fruit colors, 82%
of the lines were red, 7% were light red, and
11% were zebra. Stommel et al. (2005) reported
that panelists prefer red colored tomatoes in
tomato, but as a result of scoring, orange fruits

al., 2015). The high market value of red-colored
varieties with higher lycopene content shifts
breeding studies in this direction.

Principal Component Analysis

The data on the fruit and plant properties
obtained from 27 tomato inbred lines were
subjected to PCA analysis (Table 2). In PCA
analysis, it has been determined that the
components with more than 1 value have
explained the experiment based on the
eigenvalues (Kamrani et al., 2018; Seymen et
al., 2019). According to the PCA results, our

are more suitable for the market. Lycopene  Study was explained in 4 components.

content was higher in red tomatoes (Siddiqui et

Table 2. PCA results regarding fruit and plant characteristics

Items PC1 PC2 PC3 PC4

Eigenvalue 3.54 1.99 1.64 1.53
Percentage of variance 27.22 15.29 12.58 11.76
Cumulative variance 27.22 42.51 55.09 66.84
Eigenvectors
AFW 0.489 -0.038 -0.060 0.009
FL 0.365 0.124 0.341 0.015
FD 0.378 -0.077 -0.218 0.248
TP 0.278 -0.275 -0.391 -0.073
NL 0.035 -0.109 0.521 -0.348
SLS 0.285 0.082 0.438 -0.038
Cs -0.292 -0.097 0.150 0.405
LA -0.041 -0.274 0.131 0.566
LL 0.206 0.208 0.061 0.544
LW 0.085 0.579 -0.030 0.085
NF -0.060 0.640 -0.184 -0.031
™ 0.297 -0.013 0.236 0.020
CM 0.311 -0.098 -0.287 -0.148

Average Fruit Weight (AFW); Fruit Length (FL); Fruit Diameter (FD); Thickness of Pericarp (TP); Number of Locules (NL);
Shape in Longitudinal Section (SLS); Cross Section (CS); Leaf Attitude (LA); Leaf Length (LL); Leaf Width (LW); Number

of Flowers (NF); Time of Maturity (TM); Color of Maturity (CM)

The first 4 components explained more than
66% of our study. For the principal component
analysis to be used effectively and interpreted
correctly, the first two or three-component ratio
of the total variation must be greater than 25%
(Mohammadi and Prasanna, 2003; Seymen et
al., 2019). In the sense of these results, it was
revealed that the PCA analysis applied to the
data obtained could be interpreted.

The first component (PC1) explained 27.22% of
the total variance and a high positive correlation
was found between AFW, FL, FD, and CM. The
second component (PC2) explained 15.29% of
the total variance and showed a high positive
correlation between LW and NF. The third
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component (PC3) explains 12.8% of the total
variance and shows a strong positive
relationship between FL, NL and SLS while a
strong negative relationship with TP. The fourth
component (PC4) explained 11.76% of the total
variance, a strong positive relationship was
observed between CS, LA and LL, while a
strong negative relationship was found with NL.
The first two components are important for
comparing multiple data with PCA analysis and
this method used by many researchers to
identify genotypes (Ertan, 2007; Liu et al., 2004;
Rakonjac et al., 2010; Seymen et al., 2019).

PC1 and PC2 are the most important
components in PCA analysis and a loading plot
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chart was drawn from these components to
examine the relationship between fruit and plant
characteristics (Figure 1). It is reported that if
the angle between the vectors in the figure is
<90 °, there is a positive relationship, if> 90 °,
there is a negative relationship (Yan and Kang,
2002; Seymen et al., 2019). When the graph is
examined, it is seen that there is a strong
positive relationship between AFW, FL, SLS,
TM, FD and CM. It is seen that CS is explained
by a strong negative relationship with them. The
strongest negative relationship SLS and FL
appear to be between CS, LW and LA. On the
other hand, a score plot chart was drawn to
examine the correlation of lines from PC1 and
PC2 (Figure 2). When the graph is examined,
G11, G2, G26 and G14 gave important results
on both PCs. In addition, these lines became
prominent lines in plant breeding in terms of
fruit quality (AFW, FL, FD and CM) and plant
properties (LW and NF). In terms of these traits,
it will be beneficial to use these lines as parents
in a breeding effort the desired hybrid variety.
Genotype selections were made using the same
method in some studies to identify genotypes
(Bahrami et al., 2014; Dorostkar et al., 2015;
Seymen et al., 2019).

Clusters Analysis

Cluster analysis was performed with the ward
method by using the fruit and plant properties of
27 tomato inbred lines (Figure 3). As a result of
the analysis, three different clusters have been
formed.

When the dendrogram is analyzed, the G11 is
completely separated from other lines and it has
created one of the clusters alone. G4, G7, G13,
G15, G27, G16, G8, G9, G17 and G19 are in the
same cluster, while the other cluster is G12,
G10, G21, G22, G6, G5, G14, G3, G26, G2,
G25, G20 G24, G23, G18 and G1 lines were
included.

As in PCA analysis, G11 was -evaluated
separately from other lines. G2, G26 and G14
lines identified as important were found in the
same cluster and it was found that they were
close to each other in terms of the evaluated
characters. Cluster analysis has been used in
many studies to determine the heterotic effect of
genotypes (Bazzaz et al., 2019; Khodadadi et al.,
2011; Rezaei et al., 2020; Saikia et al., 2018).
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Conclusion

As a result of fruit and plant measurements in 27
tomato inbred lines, differences were found
between lines. As a result of the PCA analysis
made from the data, the four components
explained the study more than 66%. Average
fruit weight, fruit width, fruit length, and fruit
color were found to be important parameters in
determining the difference between lines. As a
result of the interpretations made from PC1 and
PC2, it was observed that there was a strong
positive correlation between these traits. G11,
G2, G26 and G14 lines were evaluated as
prominent lines in a breeding study in terms of
fruit quality and vegetable characteristics. In
terms of these traits, it would be beneficial to
use these lines as parents in a desired hybrid
variety breeding.

As a result of cluster analysis, G11 line was
located in cluster different from G2, G26 and
G14 lines. In the light of the data in the
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Figure 1. Loading plot based on PC 1 and 2 obtained
from principal component analysis using fruit and
plant characteristicsfor 27 tomato lines
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Figure 2. Score plot based on PC 1 and 2 obtained
from principal component analysis for 27 tomato
lines
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Figure 3. Dendrogram

current study, existing lines are considered
very important in terms of tomato breeding. In
this context, according to the data collected in
the study, it was determined that the variation
between genotypes was high and the evaluated
gene pool qualified as a potential gene pool for
future breeding programs.
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Improvement of Berry Set and Quality of ‘Alphonse Lavallée’ (V. vinifera L.) Table
Grape Cultivar by using Intervarietal Pollinizers
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Abstract

Millerandage (shot berries on cluster) is a common problem resulting from pollination insufficiency in grapes
although majority of the cultivars have perfect flowers with a normally developed pistil and upright anthers.
Therefore, accurate implementations to improve pollination intensity are generally required to guarantee
satisfactory yield and quality in sustainable viticulture. This study was performed to investigate the effects of
different pollination types on berry set and agronomic features of ‘ Alphonse Lavallée’ grapes in a climate and
environment controlled glasshouse. For cross pollination, the inflorescences of ‘Alphonse Lavallée’ were
emasculated before bloom and covered with cheesecloths to avoid uncontrolled pollination by external pollens.
When pistils attain peak receptivity, hand pollination with paint brush was performed for cross pollination
applications, while the flowers of self-pollination were led to pollinate in the bags. Inflorescences of free
pollination were left without isolation. Cross-pollination with ‘Pembe Cekirdeksiz’ pollens yielded higher berry
set (20.2%) other pollinations. Self-pollination resulted in a low berry set (9.1%) though this cultivar has
hermaphroditic flowers. The greatest berry and cluster weights were also obtained from the pollination with
‘Pembe Cekirdeksiz’ while, self-pollination resulted the lowest values for many parameters. Cross pollination
provided significant contribution to agronomy of ‘Alphonse Lavallée’. Overal findings indicated that existance
of proper cultivars in vineyard for enhancing the pollination efficiency would be effective to achieve higher
yield and quality from the globally popular ‘Alphonse Lavallée’ table grape cultivar.

Keywords: Viticulture, pollinizer, agronomy, berry set, grape quality.

‘Alphonse Lavallée’ (V. vinifera L.) Sofralik Uziim Cesidinde Tiiri¢i Tozlayicilarin Kullanim ile Tane
Tutumu ve Kalitenin Arttirilmasi

Oz

Uziim cesitlerinin genellikle normal gelismis pistil ve saghkl anterlere sahip erselik ¢icek yapisma sahip
olmasina ragmen, tozlanma yetersizliginden kaynaklanan boncuklanma (salkimda partenokarpik tane tutumu)
yaygin karsilasilan bir sorundur. Bu nedenle, siirdiiriilebilir bagcilikta yeterli seviyede verim ve kalitenin
saglanabilmesi i¢gin tozlanma etkinliginin arttirilmasina yonelik dogru uygulamalar gerekmektedir. Bu ¢alisma,
iklim kontrollii cam sera igerisinde farkli tozlanma sekillerinin ‘Alphonse Lavallée’ {iziim g¢esidinde tane
tutumu ile baz1 agronomik 6zellikleri tizerine etkilerinin belirlenmesi amaciyla yiiriitiilmiistiir. Yabanci tozlama
icin, ‘Alphonse Lavallée’ ¢esidinin ¢icek tomurcuklar ¢igeklenmeden once emaskiile edilmis ve digaridan
gelebilecek polenlerle kontrolsiiz tozlanmalarini 6nlemek i¢in bez keselerle izole edilmistir. Kendine tozlanma
grubu bez keseler igerisinde kendi polenleri ile tozlanirken, yabanci tozlama uygulamari i¢in disi organlar en
yiiksek seviyede fonksiyonellige ulastigi asamada boyama firgasi ile elle tozlama gergeklestirilmistir. Serbest
tozlanma grubuna ait ¢igek salkimlarinda ise izolasyon yapilmamustir. En yiiksek tane tutumu (%20.2) ‘Pembe
Cekirdeksiz’ polenleri ile yapilan tozlamadan elde edilmistir. ‘Alphonse Lavallée’ ¢esidinin hermafrodit ¢igek
yapisina sahip olmasina ragmen, kendileme uygulamasi ¢ok diisiik (%9.1) tane tutma oranina sahip olmustur.
En yiiksek tane ve salkim agirligi degerleri yine ‘Pembe Cekirdeksiz’ ile tozlama uygulamasindan elde
edilirken, kendileme birgok parametre bakimindan en diisiik degerleri vermistir. Yabanci tozlama uygulamalari,
‘Alphonse Lavallée’ tiziim cesidinin agronomik ozelliklerinin gelistirilmesinde 6nemli katkilar saglamstir.
Arastirma sonuglari, diinya genelinde yaygin yetistirilen ‘Alphonse Lavallée’ sofralik liziim ¢esidinin verim ve
kalitesinin arttirilmasi i¢in bagda uygun cesitlerin varliginin tozlanma etkinliginin gelistirilmesine katk1
saglayacagini gostermistir.

Anahtar Kelimeler: Bagcilik, tozlayici, agronomi, tane tutumu, tiziim kalitesi.
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Introduction flowers. The most common species of this genus

is the cultivated grapevine, Vitis vinifera L.,
which was domesticated from the wild grape, V.
vinifera ssp. sylvestris (V. sylvestris) (Aradhya et

The genus Vitis comprises about 70 species of
dioeciously vines with wind and insect-pollinated
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al., 2003) with selection and artificial or natural
hybridization. The grapevine genome is highly
heterozygous with many self or cross pollinating
species (This et al., 2006). Grapevine cultivars
are generally self compatible plants but may
nevertheless greatly benefit from pollinator
visitation (Sabir, 2015), as has been demonstrated
for other self-compatible horticultural crops
(Klein et al., 2003; Kodad and Socias, 2008).
Cross pollination is very advantageous for
breeding new genotypes with favorable
agronomic features as it provides a great
diversity, particularly when pollination control
and offspring’s strict selection are performed.
Previously, studies on pollinizers were mainly
conducted to investigate effects on berry set and
seed development, but currently, possible effects
on grape quality have become of increasing
importance as berry quality is described by
necessarily definable parameters such as shape,
size, color, firmness and other biochemical
features. Reliable knowledge on pollination
dynamics of grape cultivars are essential not only
in terms of genetics and fruit breeding, but also
from a practical point of view, for providing
economically high and regular cropping as the
level of satisfactory pollinations will determine
the grape yield and quality. In a study to better
understand pollination biology of ‘Narince’
grape cultivar, Sabir (2015) evaluated five
different pollen sources and found strong xenic
and metaxenic effects. Studies on pollination
biology of Vitis species revealed that insufficient
berry set in most grape cultivars is a common
problem directly affecting the yield and quality
causing significant economic loss to growers
(Dry etal., 2010). A special situation of poor
berry set in grapes is called millerandage (also
known as shot berries or hen and chickens). In
this undesired case, each grape cluster contains
large (hen) and small (chickens) berries that ripen
unevenly at harvest. Many globally popular grape
cultivars such as ‘Merlot’ and ‘Chardonnay’
appear to be particularly susceptible to
millerandage. In fact, a great variation on
pollination efficiency of grapevine cultivars have
been reported regardless of flower types, ranging
from satisfactory berry set following spontaneous
(Martignago et al., 2017) to cross-pollination by
wind or insects, or simultaneous self- and cross-
pollination (Gurasashvili and Vashakidze, 2004).
Due to complexity in flower types and
reproductive features in Vitis genotypes, there are
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still controversies among the scientists about the
contribution of pollinizer genotypes to the
quantity and quality of maternal grapes. But it is
clear from the present literature that the pollens
coming from different grapevine genotypes
significantly increase the berry set (Ergul and
Marasali, 1997; Sabir, 2015), as the relationship
within the cultivars regarding to crossing
compatibility and potential is an important
process for berry set. There are thousands of
grape cultivars that show a wide range of
variation for features like color or ripening time,
but little is proven experimentally regarding their
reproductive potential, especially flowering and
xenic or metaxenic effects of pollinizers (Ibanez
et al., 2020). ‘Alphonse Lavallée’ is a high
quality grape cultivar commercilly cultivated by
grape growers around the world and used by
many scientists for hybridization studies for new
cultivar breeding (Todorov, 2000). However, this
cultivar frequently displays millerandage (Ibafez
et al., 2020; VIVC, 2023) and insufficient
coloration problems (Sabir et al., 2020) although
it has genetically uniform dark blue color.
Therefore the present study were conducted to
reveal the effects of three different pollinizers and
pollination types (namely, selfing and free
pollination) on agronomic features of ‘Alphonse
Lavallée’, a globally popular table grape cultivar
with its large black seeded berries and fruitful
vines. Findings were evaluated with respect to
breeders, grape producers and grape related
industries.

Materials and Methods

Experimental Layout

The present study was carried out in Research
and Implementation Glasshouse (38°01.814 N,
032°30.546E, and 1158m altitude) and pomology
laboratory of Selcuk University Agriculture
Faculty, Konya (Tiirkiye). Experimental
grapevines consisted of one maternal cultivar
(‘Alphonse Lavallée’ one of the most widespread
grape cultivar around the world) and three
Turkish well-known grape cultivars having
different  agronomic  features  (‘Pembe
Cekirdeksiz’ with pink attractive seedless berries,
‘Tarsus Beyazi’ with white seeded early maturing
berries, and ‘Trakya Ilkeren’ with black seeded
berries generated from ‘Alphonse Lavallée’ x
‘Perlette’ pedegree). The three years old vines of
the each cultivar was cultivated individually in
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about 70 L (solid volume) pots filled with sterile
peat and perlite mixture in climate controlled
experimental glasshouse. The grapevines were
placed in north and south oriented rows in
glasshouse with the distance of 0.5%1 m. At the
beginning of the vegetation period, experimental
grapevines were spur pruned leaving 6-8 winter
buds on 3-4 canes for each plant. The shoots
were tied with thread to wires 2.3 m above the
pots to ensure plants grow on a perpendicular
design for equally benefiting from the sunlight.
The vines received the same cultural practice and
were drip irrigated using one line for per plant
row, single emitter per vine. Irrigations were
programmed according to soil water matrix
potential (¥m) levels employing tensiometers
(The Irrometer Company, Riverside, CA) to
maintain easily available water in the growth
substrate as previously expressed by Sabir and
Sari  (2019). Day and night temperature
controlled inside the experimental glasshouse
were around 25 + 6 and 18 + 6 °C respectively,
as the germination and tube growth of the grape
pollen are favored by high temperature (27 °C
day and 22 °C night) as indicated by Staudt
(1982) and Rajasekaran and Mullins (198).

Pollination Treatments

A total of 45 healthy inflorescences (flower bud
clusters) were selected on the basis of uniformity
and their similar positions on the shoots of the
grapevine plant. The pollination applications
conducted on three replicates consisted of 3
clusters each (nine cluster born on three vines per
application group). The clusters consisting of
about 150-200 flower buds were labeled and
covered with cheesecloth bags (except for free
pollination) to avoid fertilization by undesired
external pollens (Sabir, 2015). The flower buds
of the pollen source genotypes (pollinizers) were
also covered with bags to prevent the
contamination of external pollens. For cross
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pollination groups, the clusters of ‘Alphonse
Lavallée’ were emasculated 5-6 d before bloom
early in the morning between 07:00 and 11:00
A.M. before dehisced (Chkhartishvili et al.,
2006) leaving 120+20 undamaged pistils for each
cluster. To achieve this goal, the anthers were
removed together with calyptra (corolla) which is
structurally made up of five greenish petals, using
forceps with fine tips. The pistils were left on
clusters at equal intervals and the remaining
excessive flower buds including the damaged
pistils in the cluster were plucked off (Fig. 1a).
Extra attention was paid to be sure that there was
not any part of anther tissue remaining that may
cause an unwanted selfing. After emasculation,
the clusters were covered with cheesecloth bags
and checked for the existence of a bead of
moisture on the stigma, for 2-3 days so that the
pistils mature enough further and attain peak
receptivity. At receptivity stage, pollens of each
pollinizer were collected by shaking the flowered
clusters on petri dishes when most of their
flowers were at full bloom. Cross pollinations
with three different pollinizer cultivars were
carried out for each cross-combination using a
soft paintbrush with the designated male pollen,
which had been collected freshly from the same
experimental glasshouse (Fig. 1b). Different
paintbrushes were used for each pollen sources
and they were disinfected by dipping into ethanol
before each use. Flowers of self pollination
application were allowed to bloom in the
cheesecloth bags and self-pollinate. The
pollinated stigmata were immediately covered
again with cheesecloth bags to prevent undesired
cross pollination (Fig. 1c). The pollination was
replicated for two more consecutive days in the
morning between 09:00-11:00 A.M. Same
cultivation practices such as equal pruning,
trellising, drip irrigation and fertigation were
applied to the experimental grapevines (Fig. 1d).
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In the experiment area, air movement and
honeybee activity were allowed by opening the
side wall windows (counting about 20% of
glasshouse area) of the glasshouse for supporting
free pollination to simulate intact ecosystem
conditions of commercial vineyard. Two weeks
after the berry set (at the stage of 3 mm berry
development), the isolation bags were removed
and the clusters were led to full sun during the
berry development and maturation. The clusters
were collected individually as they ripened (Fig.
le).

Measurement and Analyses

Grape clusters were harvested in early morning
when total soluble solid content (SSC) in berry
juice attains at least 14.0 °Brix units an
acceptable SSC level for table grapes. After
harvest, clusters were immediately transported to
the pomology laboratory. Each cluster was
weighed with precision balance in the laboratory.
Skin color of the grapes (L*; lightness, C*;
(chroma), and h°; Hue angle) was recorded with
a colorimeter Minolta® CR-400 using a total of
60 random berries per treatment born on the
middle of each cluster (McGuire, 1992). The
berry set percentage (%) was calculated by
counting the number of seeded and
parthenocarpic berries on each cluster (Sabir,
2015). Then the seeded berries from the middle
of each cluster were gathered according to the
norms of the Office International de la Vigne et
du Vin (O.LV., 1983) and weighed in the
laboratory (Samaan et al., 1981) to average single
berry weight. After berry investigations, seeds
were isolated from each berry by pressing them
in cheesecloth and washed to separate pulp. For
seed size measurements, 60 seeds per pollination
combination or selfing were coincidentally taken
and length, width (front view) and thickness
(slide view) were measured with digital calipers
(Sabir and Kucukbsmaci, 2020). The filtered
must (berry juice) of each application was used
for biochemical analysis. SSC (°Brix) was
quantified with a hand-held temperature
compensated refractometer (Atago 9313). TA
content was analyzed by titrating 10 mL of the
homogenized must using a 0.1 N NaOH solution
to a reaction endpoint of pH 8.1 and defined as
the percentage of tartaric acid. pH of the must
was read with a pH meter. All assays per
application were carried out in triplicate.
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Data Analysis

Numerical row data were subjected to one-way
ANOVA. Statistical differences were considered
significant at P < 0.05, and analyses means were
compared with Student’s test LSD (least
significant difference) test using SPSS version
17.0 (SPSS Inc., Chicago, IL, USA).

Results

As depicted in Fig. 2, the berry set percentage of
maternal ‘Alphonse Lavallée’ cultivar was
significantly affected by pollen sources. All the
cross pollinations with different pollinizers
yielded higher berry set than self pollination. The
highest berry set occurred after pollination with
‘Pembe Cekirdeksiz’ (20.2%), and was followed
by ‘Tarsus Beyazi’ (16.7%) and free pollination
(15.1%). On the other hand, self-pollination
application resulted in the lowest berry set with a
very low rate 9.1% and this rate was 122% lower
than that of cross pollination with ‘Pembe
Cekirdeksiz’.
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Figure 2. Changes in berry set percentage of
‘Alphonse Lavallée’ grape cultivar in
response to different pollen sources. Bars
sharing different letter superscripts are
significantly different from each other at P
< 0.05 using LSD test

Pollen sources significantly affected the berry
weight of ‘Alphonse Lavallée’ cultivar (Fig. 3).
Similar to berry set findings, the greatest values
on berry weight was obtained from pollination
with ‘Pembe Cekirdeksiz’ (6.9 g with a 15%
increase compared with self pollination). ‘Trakya
Ilkeren’ and free pollination gave similar berry
weight values (6.8 and 6.7 g, respectively),
significantly higher than self pollination. On the
other hand, the lowest berry weight was obtained
from self pollination (6.0 g).
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Figure 3. Changes in berry weight (g) of
‘Alphonse Lavallée’ grape cultivar in
response to different pollen sources. Bars
sharing different letter superscripts are
significantly different from each other at P
< 0.05 using LSD test

Cluster weight showed significant differences in
response to the pollen sources (Fig 4). All of the
pollination treatments provided significantly
higher cluster weight than self pollination. The
greatest cluster weight was obtained from the
pollination with ‘Pembe Cekirdeksiz’ cultivar
(187.0 g with a 19.7% increase in comparison to
self pollination) and was followed by ‘Tarsus
Beyazi’ (174.0 g). The lowest cluster weight was
obtained from self pollination (156.2 g) similar to
berry weight findings.
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Figure 4. Changes in cluster weight of ‘Alphonse
Lavallée’ grape cultivar in response to
different pollen sources. Bars sharing
different letter  superscripts are
significantly different from each other at P
< 0.05 using LSD test

The pollen sources significantly affected the seed
number per berry (Fig. 5). The highest seed
number was obtained from self pollination (2.5
seed per berry), and was followed by ‘Pembe
Cekirdeksiz’ (2.3). The other pollen sources have
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similar effects on seed number ranging from 2.0
(‘Tarsus Beyazi’) to 2.2 (self pollination).
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Figure 5. Changes in seed number of ‘Alphonse
Lavallée’ grape cultivar in response to
different pollen sources. Bars sharing
different letter  superscripts are
significantly different from each other at P
< 0.05 using LSD test

As depicted in Fig. 6, there were significant
variation in 100 seed weight ranging from 6.2 g
(‘Trakya Ilkeren’) to 6.0 g (‘Pembe
Cekirdeksiz’). On the other hand, free pollination
(5.3 g) and self pollination (5.2 g) treatments
resulted in markedly lower seed weights in
comparison with the controlled cross pollinations
with three different cultivars.
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Figure 6. Changes in 100 seed weight of
‘Alphonse Lavallée’ grape cultivar in
response to different pollen sources. Bars
sharing different letter superscripts are
significantly different from each other at P
< 0.05 using LSD test.

A correlation analysis was carried out to
investigate the relationship between bery and
seed developments. There was a significantly
high correlation (R?=0.5537) between seed
number per berry and berry weight (Fig. 7).
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Figure 7. Relationship between seed number per
berry and berry weight (g)

Pollination treatments significantly affected the
width and thickness of the seeds of the maternal
cultivar ‘Alphonse Lavallée’, although the length
of the seeds did not significantly varied in
response to the pollens (Table 1). All the
pollinizer cultivars provided larger seeds than
those of both free- or self-pollination. ‘Pembe
Cekirdeksiz’ pollen resulted in the production of
the seeds with the highest values in both width
(4.39 mm and thickness (2.9 mm), followed by
‘Trakya Ilkeren’ and ‘Tarsus Beyazi’ with very
similar values.

Table 1. Changes in seed development of ‘Alphonse Lavallée’ grape cultivar in response to different

pollen sources

Pollini Seed Length Seed Width Seed Thickness
ollinizer

(mm) (mm) (mm)
‘Tarsus Beyazi’ 6.5 4.35+0.12 2.8+0.12
‘Trakya Ilkeren’ 6.3 4.38+0.12 2.8+0.07
‘Pembe Cekirdeksiz’ 6.6 4.39+0.0? 2.9+0.12
Free 6.4 4.16£0.1° 2.7+0.0°
Self 6.0 4.16+0.0° 2.6+0.0°
LSD ns 0.05 0.11

Means with different letters in a column are significantly different according to Student’s t test (P < 0.05), ns: not significant.

Color features of ‘Alphonse Lavallée’ grapes
were not significantly affected by different types
of pollination as presented in Table 2. Although
the numerical measurements did not show
statistical significance in ANOVA analyses, it
should be underlined that visual and color wheel

chart investigations obviously revealed that
pollination with ‘Tarsus Beyazi’ or ‘Pembe
Cekirdeksiz’ cultivars yielded more darker
berries, an attractive visual quality parameter for
consumers, than both free or self pollination.

Table 2. Changes in berry lighness ((L), chroma (C) and hue angle (H) values of ‘Alphonse Lavallée’
grape cultivar in response to different pollen sources

Pollinizer L C H
‘Tarsus Beyazi’ 28.5 1.7 3244
‘Trakya Ilkeren’ 28.6 1.7 305.9
‘Pembe Cekirdeksiz’ 27.8 15 321.3
Free 29.3 1.8 285.4
Self 28.7 1.8 305.5
LSD ns ns ns

Means with different letters in a column are significantly different according to Student’s t test (P < 0.05). ns: not significant

As presented in Table 3, biochemical features
such as SSC, TA and pH of ‘Alphonse Lavallée’
grape cultivar were not significantly affected by
different pollen sources. Nonetheless, slight
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differences in SSC and TA values would most
propable be due to variation in cluster and berry
weights both of which were significantly
modulated by pollen sources.
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Table 3. Changes in total soluble solid content (SSC), titratable acidity (TA) and pH values in must of
‘Alphonse Lavallée’ grape cultivar in response to different pollen sources

Pollinizer SSC (Brix) TA (%) pH
‘Tarsus Beyazi’ 141 0.52 4.1
‘Trakya Ilkeren’ 14.8 0.51 4.3
‘Pembe Cekirdeksiz’ 141 0.51 4.0
Free 15.0 0.58 4.0
Self 141 0.59 4.1
LSD ns ns ns

ns: not significant

Discussion

In grape production, the berry set stage is one of
the essential phenological features as it is directly
related with potential grape yield and quality
(Mullins et al., 1992; Ergul and Marasali, 1997).
However on grape inflorescences not every
flower is pollinated and/or fertilized normally,
with a great many unfertilized flowers ranging
according to the cultivars (Dry et al., 2010), as
well environmental conditions (Hardie and
Aggenbach, 2008; Ibafiez et al., 2020). The
berry set assessment is currently the most
commonly used method to test effect of pollen
source in grape cultivars, thus identifying the best
pollinizers or pollination type. In the present
study, satisfying data were recorded in all
pollination combinations in the case of berry set
of ‘Alphonse Lavallée’ cultivar. Berry set values
are quite different from a previous study
conducted on ‘Narince’ wine grape variety
(Sabir, 2015) in which the highest berry set
(about 30%) was found in free pollination
application. This may prove the existence of a
wide range in biological features of grapevines in
terms of pollination types as indicated by Samaan
etal. (1981) in Egyptian grapes, Chkhartishvili et
al. (2006) in Georgian grapes and Sabir (2015) in
Turkish grapes. Normally, berry set for
grapevines in Vitis vinifera L. can as high as 40%
but commonly is between 20 and 30% in
vineyard condition depending on the pollen
availability and environmental condition
(Mullins et al., 1992). In the present study, the
low berry set from the selfed flowers, in contrast
to the high set of cross-pollination treatments,
may indicate the importance of pollinizer
availability for ‘Alphonse Lavallée’. The positive
effect of cross-pollination in this respect was also
emphasized in other fruits by Kodad and Socias
(2008) in almonds.
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Berry weight is greatly influenced by the number
and healthy development of seeds per berry
(Clingeleffer, 2001) which positively correlate
with  pollination intensity  (Sabir, 2011).
Physiologically, plant hormones such as auxins,
brassinosteroids, cytokinins and gibberellins
produced by seeds (Kang et al., 2013) accelarate
the activity and strength of fruits as sink organs,
a metabolism determining the fruit size (Fischer
etal., 2012). Remarkable changes in berry weight
of ‘Alphonse Lavallée’ grapes in response to
pollination treatments verified the strong
metaxenic effect in grapes. Self pollinated
clusters displayed heterogeneities in berry weight
which could adversely affect the visual quality of
grapes as uniformly of berries on cluster is one of
the agronomic features determining the market
quality of table grapes. The present investigations
on berry and cluster weights indicated that the use
of pollinizer cultivar, particularly ‘Pembe
Cekirdeksiz’, in vineyard establishment could
remarkably increase the grape yield of Alphonse
Lavallée’ although this is one of the self fertil
(autogam) grape cultivars (Ibafiez et al., 2020).
Findings demonstrated that pollination with
‘Pembe Cekirdeksiz’ provided 20% increase in
cluster weight when compared with self
pollination.

The growth of seeds within the grape berry
depends on the weather, the pollen source,
genotype, boron nutrition, water supply at and
after flowering (Hardie and Aggenbach, 2008). In
grapes, like in other fruits such as apples {2005),
the number of seeds per fruit influences berry and
seed weight as often reported by different
researchers on various cultivars (Ummarino and
Di Stefano, 1997; Roby and Matthews, 2004,
Sabir, 2015). In the present study, the increase in
berry weight is directly attributable to seed
number per grape berry. The berry containing
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higher number of seeds is usually larger because
of greater mesocarp and endocarp growth. This
aspect is particularly important in table grape
cultivars, which must have good-sized berry.
This is also important in grape seed oil industry
because the berry with no normal seeds is smaller
and contains less oil. As reported in this study,
grape berries generally contain two seeds which
represent approximately 5% of berry weight
(Ribéreau-Gayon et al., 2006), although the
number and weight of seeds vary according to
berry maturity stage. Furthermore, the presence
of normally developed seeds in the berry is
essential in breeding studies because seed health
has direct effect on germination and seedling
quality in hybrids. In spite of these facts,
interestingly, there have been insufficient
experimental studies on the effects of different
cultivar/pollenizer  combinations on seed
characteristics in grapes. Sabir (2015) revealed
that the seed weight was consistently higher in
‘Narince’ grape cultivar when pollinated with
either of three different V. vinifera L. cultivars
than those of self- or free-pollination. The results
of this study regarding the pollinizer effects on
seed features (xenia) are similar to those of
Samaan et al. (1981) and Sabir (2015) who
reported significant differences in seed
characteristics of maternal grape genotypes in
response to external pollen sources. Studying on
the pollination biology of ‘Bagrina’ (V. vinifera
L.) grape cultivar, Faotiric et al. (2003) recorded
significant variations in dependence on pollen
sources. Therefore, present findings along with
the mentioned literature assumed that the
significant contribution of external pollinizer is
found for ‘Alphonse Lavallée’ cultivar. This
knowledge may be particularly important for
conditions under multiple environmental stress
conditions on the face of climate change event
because pollinator shortfalls can lead to decrease
annual grape yield in grapes.

A uniform cultivar specific coloration is one of
desired features for both table and wine grapes as
it indicates anthocyanin richness in the skin
(Martinez et al., 1998). Berry color of Alphonse
Lavallée’ grape was much more uniform and
darker when ‘Tarsus Beyazi’ or ‘Pembe
Cekirdeksiz’ cultivars were used as pollinator in
comparison to other pollination types. Color
coordinates such as lightness (L), chroma (C) and
Hue angle values of these berries were very close
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to those of Sabir et al. (2021) who studied the
postharvest quality maintenance of grapes.

Conclusion

Cultivated grapevine cultivars have broad and
complex fertilisation biology probably due to
their heterozygous genome features. Therefore,
understanding the pollination characteristics with
the xenic and metaxenic effects of each cultivar
will be beneficial for many scientific and
commercial aspects such as a successful breeding
study, commercially high yield and quality, and
pharmacologically high functionality. This study
was thus carried out to reveal the effects of
different pollination types (cross pollination with
three common Turkish cultivars ‘Tarsus Beyazi’,
‘Trakya Ilkeren’ and ‘Pembe Cekirdeksiz’, and
self or free pollinations) on berry set, visual
quality, seed characteristics and biochemical
features of ‘Alphonse Lavallée’, a globally
popular table grape cultivar with its large black
seeded berries and fruitful vines. Most agronomic
characteristics of ‘Alphonse Lavallée’ cultivar
were significantly improved by cross pollination
in comparison to self pollination. Among the
pollinizers, the most effective one was ‘Pembe
Cekirdeksiz’ which provided the greatest berry
set, berry weight and cluster weight. In contrast,
self pollination resulted in the lowest values for
most  parameters investigated. Therefore,
inclusion of a pollinizer cultivar, particularly
‘Pembe Cekirdeksiz’, would be beneficial for
grape growers to obtain high yield and quality
from ‘Alphonse Lavallée’ table grape cultivar.
Pollinizer dependent changes in berry and seed
characteristics of maternal cultivar revealed the
existence of xenia and metaxenia in grapes.
Therefore, accurately selection of the pollen
donor should be beneficial for breeders to obtain
a rich genotypic variation when establishing
breeding strategies.
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Abstract

Under certain climatic conditions, better quality seeds can be produced from soybeans In this study, 26 soybean
genotypes and cultivars were grown in the Mediterranean region under different climatic conditions in a three-
year period in terms of oil characteristics. The soybeans were exposed to different climatic conditions during
the growing period of the three years in which the study was conducted. The oleic acid and oil content revealed
considerable variations between genotypes. The oil content was found to be highest for Lider and DA-12-13-
27-2(3) in the years 2021 and 2022. Additionally, the genotype DA-12-15-9(23) contained 30.98% of oleic
acid, a desirable quantity for commercial oleic type production for Turkey. Between the genotypes under study,
there were significant variations in oil content, and oleic acid every three years. The optimum climatic
conditions for each genotype in terms of oil and oleic acid performance were determined using the statistical
model GGE bi-plot. As a result, seed quality contents of genotypes and cultivars changed in three different
climatic conditions. Additionally, in order to create populations for upcoming releases, hybridization programs
can use the favorable genotypes chosen for this study as parents.

Keywords: Combined analysis of variance; biplot; oleic acid; stability; soybean.

Akdeniz Bolgesinde Yetistirilen Soya Genotiplerinin Yag ve Oleik Asit Performanslarinin GGE-Bi-Plot
Analizi ile Degerlendirilmesi

Oz

Belirli iklim kosullarinda soya fasulyelerindan daha kaliteli tohum iiretilebilir. Bu ¢alismada, yag 6zellikleri
agisindan 26 soya fasulyesi genotipi ve ¢esidi, li¢ yillik donemde, farkli iklim kosullarina Akdeniz bolgesinde
yetistirilmistir. Oleik asit ve yag igerigi, genotipler arasinda 6nemli farkliliklar gstermistir. Yag igerigi 2021
ve 2022 yillarinda Lider ve DA-12-13-27-2(3) igin en yiiksek bulunmustur. Ayrica genotip DA-12-15-9(23)
%30.98 oraninda oleik asit icermektedir. Bu Tirkiye’de ticari oleik tip iiretimi i¢in arzu edilen bir miktardir.
Incelenen genotipler arasinda, her ii¢ yilda bir yag icerigi, oleik asit agisindan énemli farkliliklar belirlenmistir.
Yag ve oleik asit performansi agisindan her bir genotip i¢in optimum iklim kosullari, istatistiksel model GGE
bi-plot kullanilarak belirlenmistir. Sonug olarak, {i¢ farkli iklim kosulunda genotip ve gesitlerin tohum kalite
icerikleri degismistir. Ek olarak, gelecek 1slah programlari i¢in segilen uygun genotipleri ebeveyn olarak
kullanabilir.

Anahtar Kelimeler: Kombine varyans analizi; biplot; oleik asit; stabilite; soya fasulyesi.
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Introduction

The Mediterranean region is one of the regions
most affected by the climate crisis in the world,
as there may be water scarcity in one production
period and excessive precipitation in another
period. Water stress during crop-growing seasons
will result from the climate change phenomenon
effects on water scarcity, temperature rise, and
increased evapotranspiration. Soybean
production of Turkey takes first place in the
Mediterranean region and almost a nearby part of
the whole (89.87%) are produced in this region.
Soybean ranks fourth among oilseeds in Turkey
with a production of 150 thousand tons and 24.9
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thousand hectares. Consumption within the
country 2.6. million tons, most of which is
imported (TUIK, 2020).

The reduction in linoleic acid and linolenic acid
and the increase in oleic acid have been the two
main goals of soybean oil composition
improvement initiatives. Without  the
requirement for hydrogenation, these changes
improve the soybean oil's quality and stability,
making it was appropriate for human
consumption (Demorest et al.,, 2016). The
genotype X environment interaction has a
significant impact on soybean grain composition
(GEI) (Assefa et al., 2019; Hemingway et al.,
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2015; Medic et al., 2014). When the temperature
is high, there have been more saturated fatty acids
in the grains than unsaturated fatty acids;
conversely, when the temperature is low, there
have been more unsaturated fatty acids in the
grains (Hammac et al., 2017).

Breeding studies for soybean variety
development in Turkey have been generally on
yield. For this reason, it has been necessary to
improve oil and oleic acid in order to use soybean
breeding studies in the food industry.
Mediterranean (Adana-Cukurova) region is the
place where soybean cultivation is the most in
Turkey. It has been critical to have stable
variations of oil component in various climatic
circumstances. The general and specific
adaptation of various genotypes to environmental
variables could be discovered using GGE biplot
analysis. In this study, we examined the
performance of genotypes exposed to different
environmental effects in different years. The
current study has been intend to assess the
genotype-environment (year) interaction for oleic
acid and oil content, and to identify the most
resilient and adaptable cultivars of Turkish
soybean using the GGE biplot method.

Materials ve Methods

During the second crop-growing season of 2020—
2022, this study was conducted in the Eastern
Mediterranean Agricultural Research Institute's
experimental region in Adana. 26 soybean
genotypes, 24 pure soybean lines, and 2 common

soybean varieties were all used in this study as
research materials. Table 1 has been contain oil
and fatty acid values and cultivar names for 2020-
2021-2022. Over the course of three years, this
investigation was carried out utilizing a
randomized full block experimental design with
three replications and a total of 26 genotypes.

Experimental Design

A randomized complete block design with three
replications was used to conduct the trials. The
experimental units had a row spacing of 0.7
meters and were made up of four lines of five
meters. 30 seedlings per square meter were sown,
and 350 kg of NPK (02-20-20) fertilizer per
hectare was used as a base fertilization.
According to their expert advice, crop treatments
were carried out. The oil and oleic acid
characteristics of the genotypes were
investigated.

Oil and Fatty Acid Analysis

The samples were dried in a drying oven at 70 °C
before the oil determination process. The
determination of the oil content of the ground and
dried samples was carried out in a soxhelet
automatic oil extraction device (Gerhardt,
Soxtherm 2000) using petroleum ether (AOCS,
2005). The American Oil Chemists' Society
examined fatty acid methylesters made by
methylating total lipids using the procedure
outlined in Cel-62’s analysis procedures (AOCS,
2005).

Table 1. Mean values of oil and oleic acid of the genotypes and varieties on 2020,2021,2022

Genotypes and Varieties Oil% Oleic Acid%

2020 2021 2022 Total | 2020 2021 2022 Total
1 DA-12-13-24-1 22.76 2380 2251 23.02 |34.76 2543 2344 27.87
2 DA-12-13-24-2 2158 2430 2281 2290 |37.08 2544 2356 28.69
3 DA-12-13-27-2 2295 2495 2364 2385 |34.66 2436 2325 27.42
4 DA-12-13-33-1 23.06 2461 2314 2361 |33.15 26.02 2324 27.47
5 DA-12-14-22-1 23.20 2447 2218 2328 |27.08 22.08 2122 23.46
6 DA-12-15-12-1 2191 2395 2255 2280 |32.65 23.87 2456 27.03
7 DA-12-13-40 22.44 2323 2337 23.01 |3555 28.00 2462 29.39
8 DA-442 2254 2314 2198 2255 |33.10 2588 24.16 27.72
9 DA-12-15-34 2238 2427 2219 2295 |32.69 2491 2525 27.62
10 DA-12-15-18-2 2259 2431 2235 23.08 |36.33 29.07 2524 30.21
11 DA-12-15-24-1 2224 2373 2286 2295 |33.69 26.95 26.84 29.16
12 DA-12-15-24-2 2233 2410 2214 2286 |36.76 24.12 25.46 28.78
13 DA-12-15-24-3 2197 2437 2255 2296 |36.51 25.80 26.88 29.73
14 DA-12-13-(38-2) 22.60 2481 2279 23.40 |3437 2529 23.60 27.75
15 DA-12-14-(20-2) 23.00 2386 2237 23.08 |31.91 26.06 25.01 27.66
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16 DA-12-13-(39-3) 2244 2344 2291 2293 |33.90 26.58 2457 28.35
17 DA-441 23.11 2410 2186 23.02 |31.39 26.01 26.27 27.89
18 ANT-JC-20 2286 2296 22.08 22.63 |26.20 2542 2248 24.70
19 DA-12-15-20 22.53 23.69 2243 2288 |28.12 2457 2432 25.67
20 DA-12-15-29 22.64 2424 2250 2312 |2948 2461 2566 26.58
21 ANT WA 20 23.11 2403 21.92 23.02 |30.04 2498 26.08 27.03
22 ANT JC 27 2291 2332 2158 2260 |29.99 2553 2529 26.94
23 DA-12-15-9 22.88 2395 2151 2278 |33.84 3155 2755 30.98
24 DA-12-15-39 22.69 2403 2194 2289 |2839 2528 2589 26.52
25 ANP2018 23.29 2487 2253 2356 |29.42 2816 26.79 28.12
26 Lider 2400 2457 2348 2401 | 3212 26.71 27.08 28.64
Mean 22.69 2404 2247 2307 |3243 2587 2493 27.75
Cv 4.13 5.85 5.58 9.46 13.72 13.67 10.68 23.59

Statistical Analysis

Following a combined analysis of variance using
the statistical model specified in Equation(l),
analysis of variance (ANOVA) was carried out
independently for each environment (year):
Yijk = U +Gl + E] + GEU + Ei]'k

1)
where Gi is the effect of the ith genotype, Ej is
the effect of the jth environment (year), GEij is
the effect of the interaction of the ith genotype
with the jth environment (year), and ijk is the
effect of experimental error. Yijk represents the
ith genotype in the jth environment (year) and the
kth block. This investigation examined serial
two-way genotype-environment (year) data for
utilization from all conceivable angles (YYan and
Kang, 2003). First, to examine the relationships
among traits in all years, trait associations were
made using a trait association by environment
(year) biplot. Then, the relationships among the
traits and the trait profiles of the genotypes were
evaluated (Yan, 2001). The GGE biplot and
AMMI analysis were carried out using GEA-R
software 4.1 (Pacheco et al., 2015).

Results and Discussions

Climatic Data

When the vegetation climatic data was examined,
it was determined that the temperature average in
2020,2021,2022  (22.50,22.47,22.59°C) was
higher than the temperature average (22.00°C)
for the long term years (Fig la, 1b, 1c). At the
seed maturation stage that was the most critical
period in which the composition of fatty acids
was shaped (corresponding to the month of
September). The temperature average in 2020
(27.71°C) was determined to be higher than the
temperature average for long term vyears
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(25.98°C). The temperature in September 2021
and 2022 (25.14 and 25.62 °C) was lower than
the average for long term years. When we
examined the amount of rainfall during the
vegetation period, it was high in 2021 (312.5
mm). The amounts of rainfall in 2020 and 2022
were lower (91.8 mm and 186 mm) than in the
average for the long term years (290,68 mm).
When September, corresponding to the seed
filling phase, is considered, the amount of rainfall
was lower (0.1 and 10.70 mm) in 2020 and 2022
than the average of long term years (16.21 mm).
In 2021, it was determined that there was a much
higher rainfall (53.6 mm) than the average for the
long-term years (16.21 mm).

[ N

Figures la. Temperature (°C) and precipitation
(mm) during the soybean production
season in 2020
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Figures 1b. Temperature (°C) and

precipitation (mm) during the soybean
production season in 2021
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Figures lc. Temperature (°C) and precipitation
(mm) during the soybean production
season in 2022

In the seed maturation stage (September), the
temperature was high and the precipitation
amount was low in 2020, while the average
temperature and precipitation were high in 2021.
In 2022, values close to the long-term average of

Oil and Oleic Acid Content

The findings of the combined analysis of
variance for oleic acid and oil quality are
displayed in Table 2. The results showed that the
effects of year, genotype, and genotype X year
are significant at the 1% probability level. The oil
and oleic acid levels of genotypes varied from
one year to the next, and importance of the
genotype X year interaction has been demonstrate
this. The significance of the year effect showed
this fact. In this study genotype, genotype X year
and year proportion of oil and oleic acid, linoleic
acid and linolenic acid were 64%, 17%, 19%:;
69.46% and 15.67%, 14.87% , respectively. Oil
amount of the cultivars ranged from 22.55% for
DA 442 to 24.01% for Lider. While the DA-12-
14-22 (5) had the lowest oleic acid (23.46%) and

temperature and precipitation have been  the DA-12-15-9 (23) had the highest oleic acid
determined. (30.98%) content.
Table 2. Combined analyses of variance table for yield and quality traits from 2020 to 2022
Oil% Oleic acid%
Source DF DF® 2020 2021 2022 Com. | TSS% | 2020 2021 2022 Com. | TS%
Year - 2 113.04™ | 64.00 2601.29™ | 69.46
Year X
G 50 3324 | 17.00 556.67" | 15.67
G 25 25 18.27" 21.26™ 2276  29.06™ 19.00 708.48™ 25440 180.65" 586.84™ 14.87
Rep 2 104*  103% 091 2352° 010 735
Error 48 156  7.92 17.83 14.16 42.88 178.22 112.50 63.81 385.50

Com.: Combined;, G: Genotype*, Rep: Repeability, TSS%: % of total sums of squares, DF: Degree of Freedom, DF¢: Combined
Degree of Freedom, ** significant at p < 0.05 and p < 0.01 level of probability, respectively; NS: not significant

Results of the GGE biplot approach revealed that
the first and second main components account for
49.33% and 30.93%, respectively, and that the oil
change accounts for 80.26 % of changes overall
(Fig. 2). Figures 2,4, show ranking of the
genotypes based on the oil and oleic acid and
their stabilities in 3 years. A two-dimensional
graph of average coordinates over time has been
used to simultaneously examine the genotypes
and cultivars based on the characteristics and
stability of the genotypes. A line with an arrow
that goes through a little circle (Mean of the
Years) and crosses the coordinate source is one
way to evaluate the performance of the cultivars
in these images. Better features for oil and fatty
acids could be found in the cultivars to this right
of axis. The stability or instability of the cultivars
has been represented by the line with two arrows
that intersects this one. Any stable genotype will
be nearer to this line than others (Yan, Hunt,
Sheng, & Szlavnics, 2000). As a result, genotype
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DA-12-13-33-1 (4) had the highest level of
stability, while it was less oil-rich than the Lider.
Lider was consequently presented as the ideal
genotype. Order of genotypes from the most
desired in terms of oil content is as follows: Lider
> DA-12-13 27-2 > DA-12-13-33-1> ANP 2018
> DA-12-13-38-2 > DA-12-14-22-1. DA442 (8)
had lowest oil content. Figure 3 shows a ranking
biplot for comparing years with the best climatic
conditions. The most appropriate and
inappropriate years have been shown in this
graph. Based on this, the most desirable year
condition has been the one that is the closest to
the ideal year condition (concentric circles) and
the least desirable year condition has been the one
that is the furthest from the ideal year condition.
The years closest to the predicted best climatic
conditions for oil were 2021.
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Mean vs. Stability

AXI52 3093 %

AXIS1 4533 %

Figure 2. Simultaneous evaluation oil and oil
stability of the 26 soybean genotypes and
cultivars in 3 years by GGE biplot method

Discrimitiveness vs. representativenss
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T
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Figure 3. GGE biplot for ranking of the soybean
genotypes based on the ideal genotype for
oil

DA-12-15-9 (23) and DA-12-15-24-3 (13)

cultivars had the highest content of oleic acid,

while the DA-12-14-22-1 (5) and ANT-JC-20

(18) genotypes had the lowest content (Figure 4).

The genotypes DA-12-15-18-2 (10) and DA-12-

13-40 (7) were constant in the examined every

three years among those with concentrations

above the overall mean. However, the genotypes

DA-12-15-34 (9) and DA-12-14-(20-2) (15) were

stable among the cultivars with the lowest levels

of oleic acid. In 2020, when the average
temperature was high, the amount of oleic acid
increased in all cultivars and genotypes.

However, the year 2022, the temperature of

which was the closest to the average temperature
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for long term years, was the most ideal year for
the amount of oleic acid (Figure 5).

Mean vs. Stability

AXISZE03 %

AXISTEEZ %

Figure 4. Simultaneous evaluation oleic acid and
oleic acid stability of the 26 soybean genotypes
and cultivars in 3 years by GGE biplot method
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Figure 5. GGE biplot for ranking of the soybean
genotypes based on the ideal genotype for
oleic acid

The biplot could be used to investigate the
relationships between years, their discriminative
capacity, and representativeness by taking into
account the length of their vectors and the angles
between two year vectors. While representative
climatic conditions of the year are helpful in
choosing generally adapted genotypes, highly
informative but non-representative climatic
conditions of the year are significant in choosing
genotypes that are especially adapted and
eliminating undesirable genotypes (Chenu,
2015).

Throughout all of the vegetative phases of the
soybean plant, water scarcity, inadequate
precipitation volume and frequency, drought
stress, and excessively high temperatures have a
negative impact. As climate change estimates
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become more grim, the development of stable
cultivars with high yields while maintaining good
quality will be of remarkable value (Pandey et al.,
2017). Grain composition could also be
influenced by genotype, crop management
strategies, biotic and abiotic factors such sowing
date, temperature, water, soil, agronomic
procedures, and disease severity (Bellaloui et al.,
2015; Lee et al., 2015). The lowest values were
discovered in 2022 (22.47%), while the highest
values were found in 2021 (24.04%). There was
a substantial difference between the years. These
two sites had oil levels that were higher than
those discovered in prior investigations.
According to Matei et al. (2018), different
Brazilian soybean oil concentrations ranged from
19.68% to 21.21%. These authors discovered that
Chinese soybean had significantly less oil than
these soybeans. Other research have linked the
amount of soybean grain oil with high
temperatures (Chebrolu et al., 2016; Naeve and
Huerd, 2008).

It has been demonstrated that high oil content
genotypes have been well-adapted to low oil
content environments by Déttinger et al. (2023),
that there has been a statistically significant
negative connection between the slope of the
regression and the average oil content of soybean
genotypes across ambients. The results agreed
our findings, DA442 was most stable oil content
than Lider. Soybean cultivars contain roughly
23.43% oleic acid (Matei et al., 2018). In our
analysis, this trait's values ranged from 24.93% in
2022 to 32.43% in 2020, with a mean of 27.75%.
These findings have been better than those made
for Brazilian soybean genotypes by Priolli et al.
(2015). Temperature has been the potential to
affect fatty acid content (Medic et al., 2014).
According to research by Hammac et al. (2017),
high temperatures during seed development
significantly raised the amount of oleic acid, Due
to its higher mean temperature, the year 2020 in
our study had the highest amounts of oleic acid.

The GGE biplot approach has been used in
genotype stability and adaptability studies, to
confirm the formation of mega-environments,
and to discover discriminant and representative
environments, among other qualities crucial to
plant breeders (Lado et al., 2015; Sharma et al.,
2016). In this study, genotypes with high stability
and outstanding agronomic performance for the
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examined traits were found using the GGE
methodology. The findings demonstrate that all
of the investigated factors had distinct evaluated
genotypes. One of the primary objectives of a
soybean oil composition breeding program has
been the decrease of the fatty acids linoleic and
linolenic acids and a rise in oleic acid in order to
look for features linked to the oxidative stability
of oils (Demorest et al., 2016). The genotype DA-
12-15-9 (23) shown a strong potential for oil
oxidative stability. The high proportion of
saturated fatty acids and low proportion of
polyunsaturated fatty acids in this cultivar gave
the oil a high level of stability.

Conclusions

The current study, which included 26 genotypes
and was carried out over three years, was
designed to evaluate the seed oil and primary
fatty acid content in soybean. Every three years,
different meteorological variables were identified
throughout the seed maturation phase. Significant
impacts of genotype (G), year (Y), and G x Y
interaction on seed oil and major fatty acid levels.
Oleic acid content is more susceptible to
environmental changes than other features, as
shown by the ratio of 69.46% oleic acid and 64%
of total variance explained by year for oil content.
The soybean is an industrial crop, thus for the
best commercial products, yield and quality
qualities must be blended. As a result, producing
high oil cultivars has been require careful
consideration of selection criteria, including oil
production. The genotypes DA-12-13-27-3 (3)
for oil and DA-12-15-9 (23) for oleic acid could
be considered as suitable cultivars in the analyzed
climatic regions since they had higher content
and were relatively consistent across locations.

Based on the GGE biplot analysis, which
exemplifies the dynamic notion of stability, the
majority of the top-performing genotypes were
found to be either moderately stable or unstable
for their oil and fatty acid levels. According to
these findings, conditions like drought, severe
rainfall, high temperatures, etc. are negatively
impacted by simultaneous selection for oil, oleic,
linoleic, and linolenic acid content.
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Farkh Tuzlu Sulama Suyu Kalitesinin Damlatici Tikanikhigina ve Yapim Farkhihg:

Katsayisina Etkisi

Servet TEKIN' Zekeriye OZGE?

!Kahramanmaras Siitcii Imam Universitesi, Ziraat Fakiiltesi, Biyosistem Miihendisligi Boliimii, Kahramanmaras

2Tarim ve Orman Bakanlhig1 Adana Zirai Uretim Isletmesi Tarimsal Yayim ve Hizmetici Egitim Merkezi Miidiirliigii, Adana

Oz

Calisma Adana ilinde bulunan Zirai Uretim Isletmesi Tarimsal Yayim ve Hizmetici Egitim Merkezi Miidiirliigii
bahgesine kurulan damla sulama test masasinda 2015 ve 2016 yillarinda yiiriitiilmiistiir. Caligmada biber
bitkisinin tuz esik degeri dikkate alinarak 3 farkli tuzlu sulama konusu (tuz igerigi diisiik olan ve ECw degeri
1.5 dS/m olan Td, orta tuz igeriginde ve ECw degeri 3.0 dS/m To ve yiiksek tuz igerigine sahip ve ECw degeri
5.0 dS/m Ty konusu) olusturulmustur. Olusturulan tuz oranlart C2S1 sinifinda olan kuyu suyuyla belli oranlarda
seyreltilmis ve istenilen tuz esik degerlerine ulagilmistir. Farkli tuz oranlarina sahip tuzlu sulama suyunun igten
gecik (in-line) damlaticilarin tikanmasinin damlatici debi dagilimina, degisimine (qvar) ve yapimer farklilik
katsayisina etkileri belirlenmistir. Caligmada toplam 50 sulama uygulamasi sonucunda debi degisimleri
incelendiginde en diisiik debi degerlerine yiiksek tuz konsantrasyonu olan Ty konusunda elde edilmistir.
Kontrol konusuyla karsilastirildiginda sezon sonunda TdS25 konusunda % 2.88, ToS25 konusunda %9.46 ve
yiiksek tuzlu sulama suyu uygulamasi olan TyS25 konusunda ise %19.95 oraninda damlatict debilerinde azalma
goriilmiistiir. Damlatic1 yapimci farklilik katsayisi (Cv) degeri %1.38-12.98 arasinda degistigi belirlenmistir.
Caligma sonunda yiiksek Cv degerine ulagilmasi durumunda konulara uygulanan tuzlu suyun tikanmaya neden
oldugu sonucuna varilmistir. Ayrica tikanma debi degisim miktarlarinda diistislere neden olmustur.

Anahtar Kelimeler: Damlatici debi degisim orani, i¢ten gecik damlatici, damlatici debi dagilimu.

Effect of Different Saline Water Quality on Clogging of Emitters and Coefficient of Manufacturing
Variation
Abstract

The studies were conducted at a drip test bench installed in the research area of Directorate of Agricultural
Production Enterprise, Agricultural Extension and In-Service Training Center in Adana between 2015 and 2016
years. The research was carried out at three different saline irrigation treatments considering the salt threshold
value of the pepper plant. The first treatment is Td which has low salt content and ECw value of 1.5 dS/m, the
second treatment is To which has medium salt content and ECw value of 3.0 dS/m and the third treatment is
Ty which has high salt content and ECw value of 5.0 dS/m. Furthermore, the well water was treated as Tk in
the experiment. The salt ratios formed were diluted to a certain ratio with the well water of the C2S; class and
the desired salt threshold values were reached. The effects of clogging of in-line emitters of saline irrigation
water with different salt ratios on emitter’s discharges distribution, flow rate coefficient of variation (qvar), and
coefficient of manufacturing variation (Cv) were determined. In the study, when the flow rate changes as a
result of a total of 50 irrigation applications were examined, the lowest flow values were obtained in the
treatment of high salt concentration, (Ty). When compared with the control treatment, emitter flow rates
decreased by 2.88% in TaSzs, 9.46% in ToS2s and 19.95% in TySzs. At the end of the study, it was concluded
that reaching a high Cv value caused the clogging of the salt water applied to the treatments. In addition, the
clogging caused a decrease in the amount of flow rate change.

Keywords: Flow rate coefficient of variation, in-line emitter, emitter’s discharges distribution.
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Birlesmis Milletler Ekonomik ve Sosyal Isler
Dairesi’nin 2017’de yayimnladigi Diinya Niifus
Tahminleri Raporu’na gore, diinya niifusu son 12
yilda 1 milyar artarak 7.6 milyara ulastigini ve
diinya niifusunun 2050 yilinda 9.8 milyara ve
ylizyll sonunda 11.2 milyara ulasacag
belirtilmektedir (UN, 2023). Artan niifusa kars1
beslenme ihtiyacinin karsilanmasi glinlimiizde en
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biiyiik sorun olarak giincelligini korumaktadir.
Bunun yaninda sadece tarimsal verimin
artirtlmast ile gida tiretimi ve tiiketimi arasindaki
denge saglanamamaktadir Niifustaki bu hizli
artis,  bircok  illkede gida  iretiminin
karsilanabilmesinde anahtar etmen olan sulama
ve drenaj olanaklarinin 6nemini artirmaktadir.

Gunimiizde tarim arazilerinin ve sulama
sularmin  smmirli  olmasi, tarimsal verimin
artirtlmasimi - mimkin  kilmamaktadir. Bu
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nedenle, diinyada ve iilkemizde tarimsal yonden
kalite yoniinden iyi olan sulama sularinin gittikce
azalmasi, Kkalitesi kotii olan sulama sularimnin
tarim arazilerinde kullanilmasini zorunlu hale
getirmistir. Son 10 yilda kayda deger bir sekilde
tarimsal {iretim i¢in tuzlu sularin kullanimi
artmistir. Genel olarak sulanan tarim alanlarinin
yaklasik %10’unun tuzluluk problemi ile karsi
karsiya oldugu kabul edilmektedir (Dinar, 2009).
Sulama suyunda tuz konsantrasyonlarmin
artmasi ile birlikte genel olarak tuzluluk sorunlar1
ortaya ¢ikmaktadir (Ayman, 2003). Diinyadaki
tiim yer alt1 suyu kaynaklarinin yarisindan fazlasi
tuzludur. Tuzlu sularin tarim alanlarinda sulama
amagh kullanilmasi icin, bitkileri tuzlulugun
nasil etkilediginin  bilinmesi, tuzluluk
seviyelerinin kabul edilebilir degerler igerisinde
bulunmasi i¢in sabit tutulmasi ve dislk
degerlerin  kabul edilmesi gerekmektedir
(Hassanpour ve Aliabadi, 2010).

Diinyada 1980°’li yillarda diinyada sulanan
toplam tarim arazilerinin yaklasik olarak % 0.3’
damla sulama yontemi ile sulanmaktadir (ICID
NEWS, 2013). Damla sulama yOnteminin
ilkemizdeki gelisimi 1990’1 yillardan itibaren
baslamis ve 2023 yili Diinya Tarmm Orgiitii
(FAO) verilerine gore ise sulanan toplam 6
milyon ha alanin yaklagik % 5’lik kismi olan 300
000 ha alana ulagsmustir (FAO-AQUASTAT,
2023). Giintimiizde ¢ogu seralarda olmak ftizere,
onemli bir alan damla sulama yontemi ile
sulanmaktadir. Modern sulama yontemlerinden
biri olan ve sulama suyunu bir boru sistemiyle
tagiyarak, damlatici adi verilen 06zel yapilara
sahip araclarla bitki kok bolgesine uygulayan
damla sulama sistemlerinin en 6nemli kisitlarinin
basinda, damlaticilarin zamanla tikanarak sistem
performansinin  6nemli  Olgiide  diismesidir.
Damlaticilarin kismen veya tamamen tikanmasi
su dagitim tiirdesligini ve sulama randimanini
disiiriir, kisaca sistem performansini azaltir ve
sonugcta iiretim ve kalite kayiplarina yol agabilir.
Damla sulama yonteminin etkinli§i ise
damlaticilardan akan suyun iiniformitesine
baglidir. Damlatict debi degisimleri damlatici
dagilim {niformitersine ve farkli su dagilim
desenlerine neden olmaktadir.  Damlatict
debilerindeki ¢ok kiiciik bir degisim, beklenen
iniformite  degerlerinde sapmalara neden
olabilmektedir. Tarimsal sulamada sulama
etkinliginin (>%95) yiiksek olmasi i¢in, damla
sulama sistemindeki tim damlaticilar esit
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iniformiteye  sahip olmast ve  yapim
katsayilarinin  istenilen  oranlarda  olmasi
yeglenmektedir (Tizel, 1993). Ayrica, basing
degisimleri, damlatict tikanmalari, yapim

farkliliklart ve sicaklik degisimleri gibi etmenler
sebebiyle, benzer iki damlatic1 arasinda esit
kosullarda imal edilse bile akig farkliliklar

bulunur. Bu faktérler damla yonteminin
etkinligine  6nemli derecede etki eder.
Damlaticilarin titkanmasini onlemede

uygulanacak yOntemlerin basarisi, tikanma
etmenlerinin dogru bilinmesine bagli oldugundan
su analizleri yapilarak, belirli kalitede bir suyun
kullanilmasi sonucunda damlatict tikanmasina
neden olabilecek etmenlerin saptanmasi ve buna
gore koruma programlarinin uygulanmasi biiyiik
o6nem tasimaktadir.

Bu c¢alismada, farkli tuz oranlarina sahip (1.5
dS/m, 3.0 dS/m ve 5.0 dS/m) tuzlu sulama
suyunun igten geg¢ik (in-line) damlaticilarin
tikanmasmin  damlatict  debi  dagilimina,
degisimine  (qvar) ve yapimct farklilik
katsayisina etkileri belirlenmeye caligilmistir.

Materyal ve Yontem

Calisma, Adana ilinin Yiiregir ilgesinde bulunan
Zirai Uretim Isletmesi Tarimsal Yayim ve
Hizmeti¢i Egitim Merkezi Miidiirligii bahgesine
kurulan damla sulama test diizeneginde 2015 ve
2016 wyillarinda yliriitilmistir.  Olusturulan
damla sulama test sistemi su tanki, santrifii
pompa, filtre, manometre, vana, ana boru ve
lateral hattindan olusturulmustur. Test masasinda
lateraller 20 cm araliklarla, uzunlugu 11 m olup,
yerden 40 cm yiikseklige konumlandirilmigtir
(Sekil 1). Test masasinda damla laterallerinde
yiik kayiplarinin olmamasi i¢in damla lateralleri
sistemde olusturulan tel sistemiyle
gerginlestirilmistir. Test masasinin
paslanmasinin Onlenmesi igin galvanizli sag
kullanilmigtir. Olusturulan masanin altinda test
masasi boyutlarinda hareketli pano olusturulmus.
Panonun hareketliligini saglamak i¢in pano altina
3 m araliklarla makara yerlestirilmistir. Ayrica
masadan donen tuzlu sulari bir drenaj sistemiyle
tekrar ~ depoya  aktarilan  bir  sistem
olusturulmustur. Caligmada kullanilan lateral
¢apt 16 mm, damlatici araligi 33 cm ve damlatici
debisi 4 L/h olan icten gecik (in-line) damlatici
kullanilmigtir. Caligmada 11 metre uzunlugunda
konulara uygun olarak 4 farkli lateral
hazirlanmigtir. 1. lateral kontrol amach
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olusturulmus ve bu laterale sadece kuyu suyu (T)
uygulamasi yapilmigtir. Calismada 2. lateral 1.5
dS/m tuz uygulamasi olan Tq konusu, 3. lateral
3.0 dS/m tuz uygulamasi olan T, konusu ve 4.
lateral 5.0 dS/m tuz uygulamasi olan Ty konusu
i¢in olusturulmus ve sistem 2 yillik biber sulama
programina gore sulama uygulamasi yapilmistir.

Calismada olusturulan damla sulama test
masasindaki laterale her sulama yili i¢in toplam
25 sulama uygulamast yapilmustir.
Degerlendirme asamasinda sulama
uygulamasinin baglangici olan ilk sulama (S1) ve
son sulama (Szs) olan 25. sulama uygulamasi
degerleri caligmada dikkate alinmistir.

. = Sutcpinrs p vy
-
e v
\
20em
g
v, &
e, > X 3
2 = v ¥ v, -2 -
¥
3

Sekil 1. Damla sulama test masas1 detay1 ve damla sulama test alanindan goriiniim

Test diizeneginin ana boru girisine filtre
yerlestirilmistir. Damlatic1 laterallerinde basing
kontrolii i¢in lateral basina 4 kg/cm? silikon ve
basing degisimlerinden etkilenmeyecek gliserinli
manometre kullanilmistir. Denemede 2 ton
kapasiteli depoda biriktirilen tuzlu su 0.74 kW
giiciinde bir santrifiij pompa yardimiyla kurulan
diizenege verilmistir. Ayrica 2 ton kapasiteli
deponun igerisine karigtirici yerlestirilmis ve
tuzlu suyun depoda ¢okelmesi Onlenmistir.
Suyun kontrolii i¢in sistemin girigine kiiresel
vana yerlestirilmistir. Tuzlu ve kuyu sularinin
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karigtiritlmast i¢in damla sulama test sistemin
girisine konumlandirilmis 2 ton kapasiteli
tanktan yararlanilmustir.

Tuzlu su ve kuyu suyunun karistirilmasi ve tuzun
tankta ¢okmemesi icin tank igerisine karistirici
yerlestirilmistir. Ayrica sozli edilen tankta alg

gelismesinin Onlenmesi ve sicaktan
etkilenmemesi icin, beyaz yagli boyayla
boyanmistir. Kuyudan aliman sulama suyu

kontrol konusu (Tk) 6rnekleri USSL (1954)’de
verilen yontemler kullanilarak analiz edilmis ve
analizler sonucunda denemede kullanilan sulama
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suyunun sinifinin C>S: oldugu belirlenmistir.
Denemede kullanilan sulama suyunun elektriksel
iletkenlik degeri (ECw) 0.64 dS/m ol¢iilmiis ve
sodyum absorbsiyon orani (SAR) degeri 0.39
olarak hesaplanmistir. Calismada tuzluluk esik
degeri diisiik olan Tg¢S: konusuna uygulanan
sulama suyunun ECw degeri 1.50 dS/m 6l¢lilmiis
ve SAR degeri 5.83 olarak hesaplanmigtir
(Cizelge 2). Analizler sonucunda denemede

kullanilan sulama suyunun sinifinin CsSz oldugu
belirlenmistir. Aymi sekilde ToS: ve TyS:
konularina ait sulama suyunun Kkimyasal
ozellikleri Cizelge 2’de verilmistir. Analizler
sonucunda T,S: konusuna uygulanan sulama
suyunun siniflandirmasi CiS; ve TyS: konusuna
uygulanan sulama suyunun siiflandirmasi CsS3
oldugu belirlenmistir.

Cizelge 2. Caligmada konulara uygulanan tuzlu sulama suyunun kimyasal analiz sonuglari

ECw Katyonlar, me/L Anyonlar, me/L
Konular | (4sim) [PH TNa T K [ ca [ Mg | £ | Cos[HCOs| I [s0:] & | AR
TaS1 1.50 791103 (010| 45 | 1.7 | 166 | 0.2 4.9 104 | 11 | 16.6 | 583
ToS1 2.99 781207 ]010| 3.7 | 28 | 273 | 0.6 4.2 203 | 2.2 | 27.3 | 11.33
TyS1 5.10 791401014 | 45 | 34 | 481 | 04 4.8 39.4 | 35 | 48.1 | 20.13
TiS1 064 |78 ]071]|003]394|255]| 7.2 - 567 |1 083|074 | 7.2 | 0.39

Calismada damla sulama lateraline uygulanacak
sulama suyu miktarlar1 daha énce 2010 ve 2011
yillarinda yiiriitillen biber ¢aligmasinin 2 yillik
sulama programi dikkate alinarak uygulanmistir.
Arastirmada 2010 yili biber sulama programi
2015 yilinda, 2011 yil1 biber sulama programi ise
2016 yilina uyarlanmistir. Biber sulamasinin ilk
yilinda ve ikinci yilinda 25 sulama uygulamasi
ele almmis, toplamda 50 sulama uygulamasi
sisteme uygulanmistir. Sulama uygulamalarinda
biber sulamasmnin sulama araliklar1 dikkate
aliarak sisteme tuzlu su uygulamasi yapilmistir.
Sulama programinda giinliik sulama miktarlar
mm’den m®e doniistiiriilmiis ve su sayacinda
kontrollii sekilde damla laterale verilmistir.
Calismada 2010 yili ve uyarlanmig 2015 yili
sulama programi ve sulama araliklarn Cizelge
3’te verilmistir. Calismada 3 farkli tuzlu su
konusu olusturulmustur. Olusturulan tuz konular1
biber bitkisinin diisiik, orta ve yiiksek tuz esik
degerleri diistiniilerek olusturulmustur.
Olusturulan tuzlu su konsantrasyonlar1 i) 1.5
dS/m diisiik tuz igerigine sahip T4 konusu, ii) 3.0
dS/m orta tuz igerigine sahip T, konusu ve iii) 5.0
dS/m yiiksek tuz igerigine sahip Ty konusudur.
Olusturulan tuz oranlar1 C,S; sinifinda olan kuyu
suyuyla belli oranlarda seyreltilmis ve istenilen
tuz esik degerlerine ulasilmistir. Calismada
olusturulan damla sulama test masasindaki
laterale her sulama yili i¢in toplam 25 sulama
uygulamast yapilmistir. Sunulan ¢alismada ilk

129

sulama (S1) ve son sulama (Szs) degerlendirmede
dikkate alimmistir. Deneme konulart geregi
sulama suyunda farkli tuzluluk degeri (EC)
olusturmak icin, piyasada satilan NaCl ve MgSO4
tuzlari kullanilmigtir. Na kaynakli bir tuz gesidi
ile Ca: Mg=1 ve SAR =5 (zararsiz ya da kabul
edilebilir SAR degeri) i¢in istenilen tuzluluk
diizeyinde sulama suyu hazirlamak i¢in Cizikei
(1997) ve Uzen (2009)’dan yararlanilmustir.
Aragtirmada  sulama  sularmin  niteliginin
belirlenmesi i¢in toplam tuz, pH, Sodyum (Na),
Potasyum (K), Kalsiyum (Ca), Magnezyum
(Mg), Karbonat (CO3), Bikarbonat (HCOs), Klor
(Cl) ve Siilfat (SO.) analizleri i¢in Richards
(1954), Tiiziiner (1990) ve Kanber ve Unlii
(2010)’nun o6nerileri dogrultusunda yapilmistir.

Damla sulama sistemi performans parametreleri
belirlenmesi i¢in 28 adet damlatict secilmis ve 2
tekrarli olarak debileri &l¢iilmiistiir. Olgiimlere
diizenekte yer alan laterallerin tamaminda ayni
anda baslanmis ve bitirilmistir. Akig O6l¢iimleri
damlaticilarin altina yerlestirilen 2 litre kapasiteli
su kaplari ile yapilmstir. Olgiim sonucunda test
masasinin iizerinde bulunan hareketli pano yatay
sekilde ¢ekilerek damlaticidan ¢ikan debi miktar1
hacimsel olarak  dlgekli  silindir  kapla
Olciilmiistiir. Performans parametreleri her farkli
tuz konsantrasyonu ve donem icin ayri ayri
yapilarak degisimler izlenmistir.
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Cizelge 3. Caligmada 2010-2011 yillarina ve uyarlanmis 2015-2016 yillarina ait sulama tarihleri, sulama
miktarlari, sulama araliklar1 ve meteorolojik veriler

2ouvin | G A | Ta | eses | 2000V G0N | 1 | sa | Ta | GSw
TSuI_ama' Sulama mm | giin °C KW h/m? Sulama Sulama mm | giin °C kW h/m?
arihleri - . Tarihleri - .
Tarihleri Tarihleri

15.04.2010 | 15.04.2015 15 - 16.9 6.9 19.04.2011 | 19.04.2016 5 - 23.9 7.1
20.04.2010 | 20.04.2015 20 5 18.6 55 25.04.2011 | 25.04.2016 10 6 21.0 5.9
28.04.2010 | 28.04.2015 20 8 22.8 6.4 29.04.2011 | 29.04.2016 5 4 20.5 7.0
07.05.2010 | 07.05.2015 30 10 23.2 2.3 18.05.2011 18.05.2016 30 19 22.0 6.7
11.06.2010 | 11.06.2015 32 4 23.3 6.4 24.05.2011 | 24.05.2016 30 6 21.1 7.4
18.06.2010 | 18.06.2015 37 7 26.4 71 01.06.2011 | 01.06.2016 30 8 24.1 6.2
25.06.2010 | 25.06.2015 30 7 26.0 6.2 07.06.2011 | 07.06.2016 30 6 23.7 7.3
01.07.2010 | 01.07.2015 35 6 26.4 7.5 10.06.2011 10.06.2016 30 3 23.7 5.9
07.07.2010 | 07.07.2015 34 6 27.1 6.4 17.06.2011 17.06.2016 32 7 29.2 8.2
12.07.2010 | 12.07.2015 32 5 28.1 6.6 22.06.2011 | 22.06.2016 31 5 30.5 7.6
20.07.2010 | 20.07.2015 30 8 28.8 75 29.06.2011 | 29.06.2016 35 7 27.7 7.0
26.07.2010 | 26.07.2015 33 6 28.4 6.3 05.07.2011 | 05.07.2016 30 6 29.0 6.0
03.08.2010 | 03.08.2015 30 8 33.7 6.1 11.07.2011 11.07.2016 31 6 30.3 7.6
10.08.2010 | 10.08.2015 38 7 29.7 5.9 15.07.2011 15.07.2016 39 4 29.8 6.8
16.08.2010 | 16.08.2015 35 6 30.5 6.2 21.07.2011 | 21.07.2016 35 6 28.9 6.2
21.08.2010 | 21.08.2015 30 5 29.7 6.5 27.07.2011 | 27.07.2016 40 6 30.0 71
27.08.2010 | 27.08.2015 38 6 28.5 6.6 04.08.2011 | 04.08.2016 30 8 30.5 6.6
31.08.2010 | 31.08.2015 32 4 275 5.1 09.08.2011 | 09.08.2016 34 5 30.8 6.6
05.09.2010 | 05.09.2015 30 5 28.4 5.6 15.08.2011 | 15.08.2016 35 6 30.6 52
13.09.2010 | 13.09.2015 31 8 29.8 5.3 19.08.2011 | 19.08.2016 35 4 29.8 6.3
21.09.2010 | 21.09.2015 30 8 24.6 3.0 24.08.2011 | 24.08.2016 36 5 29.8 5.6
30.09.2010 | 30.09.2015 28 9 25.2 3.6 29.08.2011 | 29.08.2016 30 5 28.4 6.0
07.10.2010 | 07.10.2015 24 7 21.9 4.7 06.09.2011 | 06.09.2016 37 8 27.9 5.3
14.10.2010 | 14.10.2015 20 7 24.7 4.2 13.09.2011 13.09.2016 32 7 27.6 5.3
25.10.2010 | 25.10.2015 20 11 20.0 0.9 21.09.2011 | 21.09.2016 38 8 26.3 5.3

“I: Sulama suyu miktari, SA: sulama aralig1, Ta: hava sicaklig1, GSao1s: uyarlanmis 2015 yilina ait giineslenme siddeti, GSz016: uyarlanmis 2016

yilma ait giineglenme siddeti

Damlatici  debi degisimi (qvar), Esitlik 1
yardimiyla belirlenmistir (Karmeli ve Keller
(1975).

quar = qmax—qmin
qmax

1)

Esitlikte, gmax: maksimum damlatici debisi
(L/h) ve gmin: minimum damlatict debisi
(L/h)"dir.

Damlatict yapimeir farklilik Katsayist (Cv) ise
Keller ve Bliesner (1990) ve ASAE (2003)’iin
onerdigi asagida verilen esitlik kullanilarak
hesaplanmustir.
V:(qf+q§+....+qf1—nﬁz)m (2)
ﬁ(n—l)u2

Esitlikte, g1, 02,.., On: damlatici debileri (L/h), §:
ortalama damlatic1 debisi (L/h), n: test edilen
damlatici sayisidir.

Calismada, ASEA (1994)’deki damlatici farklilik
katsayis1 (Cv) smiflandirmasi (Cv <0.05 (¢ok
iyi), Cv=0.05-007 (orta), Cv=007-011 (marjinal),

C

Cv=0.11-015 (koti) ve Cv>0.15 (kabul

edilemez)) dikkate alinmustir.

Bulgular ve Tartisma

Damlatict Debi Dagilimi ve Degisim Oram
(qvar)

Calismada uyarlanmig 2015 ve 2016 yillarina ait
konular i¢in lateral boyunca ortalama damlatici
debi degerleri Cizelge 4’te verilmistir. Calismada
biber bitkisinin sulama programindaki ilk sulama
konusu (S1) ve son sulama igin (S2s) uygulanan
farkli tuzlu sulama suyu konulart (Tg, To, Ty)
dikkate alinmastir.

Calisma sonunda ortalama debi degisimleri
uyarlanmis 2015 yihi  i¢cin  disik tuz
konsantrasyonuna sahip sulama suyu konusunda
sulama basinda 4.84 L/h iken 25. sulama
uygulamasinda 4.81 L/h, orta tuz degerinde
sulama basinda (1. sulama) 4.76 L/h iken son
sulamada (25.sulama) 4.73 L/h ve en yiiksek
tuzlu su uygulamasinda ilk sulamada 4.58 L/h
iken son sulamada bu deger 4.51 L/h oldugu
belirlenmistir.  Tuzlu su uygulamalarinda
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baglandiktan sonra ilk yil kimi damlaticilarda
sulama sezonu sonuna dogru tikanikliklar oldugu
ve bu tikanikliklarin lateral hattt boyunca
damlaticilarda debi degisimlerine neden oldugu
saptanmustir.

Calismanin baslangicinda kuyu suyu uygulamasi
olan kontrol konusunda (Tk) ortalama debi
degisimi 4.86 L/h iken sezon sonu en diigiik
ortalama debi degisimine (4.51 L/h) en yiiksek
tuzlu sulama suyu konusu olan T,Szs’den elde
edilmistir (Cizelge 4). Calismanin uyarlanmig
2016 yili icin ortalama debi degisimi 4.86 L/h
olan kontrol konusunda (Tk) iken en diisiik
ortalama debi degisimine 3.89 L/h en yiiksek
tuzlu sulama suyu konusu olan T,Sis’den elde
edilmistir ~ (Cizelge  4). Ik  sulama
uygulamalarinda T¢S; konusunda 4.74 L/h, TS;
458 L/h ve TyS: 14.22 L/h ortalama debi
degerleri elde edilirken sezon sonu olan 25.
sulama uygulamasinda bu degerler sirasiyla 4.72
L/h, 4.40 L/h ve 3.89 L/h olarak ol¢iilmiistiir.
Calismada toplam 50 sulama uygulamasi yapilan
sulama sezonundaki debi degisimleri
incelendiginde en diisiik debi degerlerine yiiksek
tuz konsantrasyonu olan Ty konusunda elde
edilmistir. Kontrol konusuyla karsilastirildiginda
sezon sonunda TaSzs konusunda % 2.88, ToSzs
konusunda %9.46 ve yiiksek tuzlu sulama suyu
uygulamasi olan TySys konusunda ise %19.95
oraninda  damlatict  debilerinde  azalma
goriilmistiir (Cizelge 4). Sudaki tuz ve ¢evresel
etkilerden dolayr damlatici tikaniklari ortaya
ciktigt ve bundan dolayr ortalama damlatici
debilerinde azalmalar oldugu soylenebilir. Ayni
sekilde deneme sonuglarina benzer bulgular ¢ok
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sayida aragtirmaci tarafindan rapor edilmigtir
(Ayyildiz, 1990; Bozkurt, 1996). Ayrica, Yazar
ve ark. (2017), Tekin (2018)’deki ¢alismalarinda
damla  sulama  sistemlerinde  kullanilan
damlaticilar, sulama suyunda bulunan cesitli kati
parcaciklar ve organik maddeler ile suda
eriyebilir kimyasal maddelerin ¢okelmesi ve
mikroorganizma faaliyetleri sonucunda olusan
iiriinler ile kolaylikla tikanabilmekte ve zaman
boyutunda damlaticilarda debi degisimlerine etki
ettiklerini rapor etmislerdir. Yukarida 6zetlenen
arastirma  sonuclarinin  1s18inda,  sunulan
calismada, suyun niteligi ve 6zelikle yiiksek tuz
icerigi damlaticilarda debi degisimlerinde 6nemli
etkiye sahip oldugu sdylenebilir.

Calismada iki yillik sulama programi sonucunda
olusturulan farkli konulara ait damlatici debi
degisim degerleri (quar) Cizelge 5’te verilmistir.
2015 yili i¢in en diisiikk qvar 0.05 degeriyle en
diisiik tuz uygulamasi olan Ty konusunun 4.
sulamasinda elde edilmis ve konu olarak TdS,4
olarak adlandirilmistir. Ayni yil i¢in en yiiksek
Qvar degerine ise TyS13 ve TySs konusunda 0.51
olarak belirlenmistir. Kontrol konusu olan T igin
damlatici debi degisim katsayist her iki y1l i¢inde
0.05 olarak hesaplanmistir. 2016 yilina ait
deneme sonuglarina gore en diisiik qvar degerine
Tq konusunda 0.15 olarak 4. sulamada (Sa) elde
edilmistir. Calismada en yiiksek qvar degeri olan
0.68 degerine TySi7 konusunda oldugu
saptanmistir. Damlaticilarda tikaniklik gerek
basing arasindaki degisimi gerekse damlatici
debileri arasindaki degisim (quar)’tn1 biiyiik
oranda etkilemektedir (Gozen ve Hakgoren,
2000; Tekin ve Ozge, 2023).
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Cizelge 4. Uyarlanmis 2015 ve 2016 yillarinda tuzlu su konularina ait lateral boyunca damlatici debi ve ortalama debi degerleri

Damlatica Uyarlanmis 2015 Y1l icin Damlatici Debisi, L/h Uyarlanmis 2016 Yih icin Damlatici Debisi, L/h

No Tk TaS: | TaSs | ToSt | ToSas | TyS: | TySos Tk TaS1 TaS2s ToS1 ToS2s TyS1 TyS2s
1 4.86 4.86 4.82 4.76 4.72 4.56 4.49 4.86 4.79 4.72 4.52 4.38 4.18 3.83
2 4.85 4.85 4.83 4.75 4.73 4.54 4.54 4.85 4.80 4.62 4.49 4.35 4.13 3.78
3 4.83 4.82 4.80 4.68 4.65 4.50 4.47 4.83 4.70 4.67 4.55 4.32 4.19 3.95
4 4.82 4.81 4.74 4.72 4.70 4.56 451 4.82 4.71 4.69 451 443 4.24 3.68
5 4.80 4.79 4.76 4.68 4.65 4.65 4.56 4.80 4.67 4.63 4.53 4.25 4.19 3.59
6 4.84 4.81 4.79 4.72 4.66 4.58 4.47 4.84 4.71 4.68 4.46 4.29 4.21 3.71
7 4.88 4.88 4.80 4.79 4,73 4.62 4.52 4.88 4,78 4,73 4.45 4.36 4.27 3.83
8 4.82 4.80 4.77 4.67 4.62 4.52 4.38 4.82 4.70 4.70 4.50 4.37 4.22 3.62
9 4.80 4.78 4.75 464 | 4.64 4.59 4.39 4.80 4.63 4.61 4.29 4.11 3.99 3.85
10 4.90 4.88 4.79 4.78 4.75 4.61 4.58 4.90 4.75 4.73 4.64 4.56 4.24 3.75
11 4.82 4.78 4,72 4.68 4.53 4.44 4.40 4.82 4.67 4.62 4.45 4.06 4.00 3.76
12 4.79 4.78 4.75 4.67 4.63 441 4.37 4.79 4.69 4.66 4.55 4.38 4.10 3.68
13 4.85 4.82 4.79 474 | 471 4.57 4.57 4.85 4.70 4.70 4.39 4.05 3.92 3.69
14 4.81 4.79 4.76 4.67 4.62 4.50 4.48 4.81 4.66 4.66 4.47 4.25 4.02 3.87
15 4.78 4.79 4,79 4.75 4.75 4.63 4.56 4.78 4.69 4.67 4.61 4.37 4.26 3.52
16 4.85 4.80 4,73 4.72 4,72 4.53 4.48 4.85 4.70 4.65 4.57 431 4.08 3.77
17 4.87 4.84 4.84 4.78 4,78 4.59 4.52 4.87 4.75 4.75 4.59 4.26 4.07 3.46
18 4.98 4.95 4.91 4.86 4.82 4.62 4.60 4.98 4.86 4.86 4.81 4.59 4.21 4.00
19 4.90 4.89 4.85 4.80 4.78 4.67 4.67 4.90 4.76 4.74 4.63 4.48 4.29 4.13
20 4.87 4.85 4.85 4.77 477 4.60 4.49 4.87 4.82 4.82 4.65 4.56 4.24 3.90
21 4.83 4.81 477 4.75 4.70 4.50 4.50 4.83 4,78 4,78 4.69 4.58 4.34 4.18
22 5.03 5.00 4.95 4.92 4.92 4.72 4.59 5.03 4.91 4.91 4.80 4.64 4.39 4.18
23 4.93 4.91 4.87 4.86 4.86 4.47 4.38 4.93 4.78 4.78 4.65 451 4.29 4.23
24 4.87 4.85 4.85 4.81 4.81 4.70 4.51 4.87 4.79 4.78 4.64 4.58 4.35 4.02
25 4.86 4.84 4.84 4.80 477 4.65 4.55 4.86 4.75 4,73 4.69 4.60 4.43 4.18
26 4.79 4.80 4.75 4.74 474 4.52 4.52 4.79 471 471 4,72 4.54 4.27 4.20
27 4.94 4.96 491 4.90 4.90 4.67 4.58 4.94 4.81 4.81 4.77 4.65 4.49 4.31
28 4.82 4.79 4.79 4.80 4.80 4.69 4.47 4.82 4.71 4.70 4.63 4.49 4.43 4.19
Ortalama Debi (Qor) 4.86 4.84 4.81 4.76 4.73 4.58 4.51 4.86 4,74 4.72 4.58 4.40 4.22 3.89
Standart Sapma 0.059 | 0.059 | 0.058 | 0.071 | 0.089 | 0.080 | 0.074 | 0.059 | 0.064 | 0.074 | 0.124 | 0.170 0.141 0.239
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Calismada 2015 yili i¢in ortalama qvar degerleri
Tq: 0.141, To: 0.256 Ty: 0.439 olurken ikinci yil
icin bu degerler sirasiyla Tq : 0.164, To: 0.380 ve
Ty: 0.573 olarak hesaplanmigtir (Cizelge 5).
Sonug¢ olarak zaman igerisinde ve uygulanan
fazla tuz uygulamasi sonucunda damlaticilarda
su dagilim oOzelligi degismis ve bu durum
damlaticilarda tikanikliklara neden olmustur.
Ayrica test edilen damla lateralleri agik alanda
oldugundan dig iklim kosullarina maruz
kalmustir. Ik yil ortalama hava sicaklik degeri
26.0 °C ve ikinci yil ise bu deger 27.1 °C ve
donemsel glineslenme siddeti ilk yil i¢in 5.6 kW
h/m?, ikinci y1l ise bu deger 6.5 kW h/m? olarak

Olciilmiistiir (Cizelge 4). Bu degerler dikkate
alindiginda teste maruz birakilan laterallerin
sudaki tuzla beraber iklimsel etkilerin tikanmada
etkili oldugu sdylenebilir. Tekin ve ark. (2021) ve
Capra ve Scicolone (1998) ¢alismalarinda sulama
suyunun pH>7.5 olmas1 ve yiiksek diizeyde Na,
Ca, Mg igermesi durumunda, Na, Ca ve Mg
karbonatlar1 seklinde ¢okelerek damlaticilarda
kismen ya da tamamen tikanmaya neden
olacagim ve sicaklik gibi dig iklimsel faktorlerin
damlaticilarda tikanmalarda etkin  oldugunu
belirtmiglerdir. Calisma sonunda elde edilen
bulgular yukarida deginilen aragtirmacilarin
bulgulartyla ortiismektedir.

Cizelge 5. Uyarlanmis 2015 ve 2016 yillarinda uygulanan sulamaya ait deneme konular1 i¢in damlatici

debi degisim (qvar)degerleri

Damlatici Debi Degisimi (qvar)
Suama T T T Sulama T T T

2015 | 2016 | 2015 | 2016 | 2015 | 2016 No 2015 | 2016 | 2015 | 2016 | 2015 | 2016
1 0.06 | 0.16 | 0.21 | 0.40 | 0.32 | 0.48 14 0.16 | 0.16 | 0.28 | 0.28 | 0.48 | 0.58
2 0.06 | 0.16 | 0.20 | 0.41 | 0.28 | 0.50 15 0.17 | 017 | 0.29 | 0.40 | 050 | 0.61
3 0.06 | 0.16 | 0.18 | 0.41 | 0.29 | 0.42 16 0.17 | 0.17 | 0.28 | 0.40 | 0.46 | 0.61
4 0.05 | 0.15 | 0.21 | 0.40 | 0.31 | 0.58 17 0.16 | 0.16 | 0.28 | 0.40 | 0.46 | 0.68
5 0.06 | 0.16 | 0.23 | 0.42 | 0.35 | 0.64 18 0.16 | 0.16 | 0.28 | 0.40 | 0.48 | 0.64
6 0.13 | 0.16 | 0.18 | 0.31 | 0.40 | 0.53 19 0.17 | 017 | 0.29 | 0.29 | 050 | 0.64
7 0.14 | 0.16 | 0.28 | 0.40 | 0.41 | 0.54 20 0.17 | 0.18 | 0.28 | 0.31 | 0.46 | 0.65
8 0.16 | 0.16 | 0.28 | 0.28 | 0.46 | 0.47 21 0.18 | 0.17 | 0.27 | 0.39 | 0.48 | 0.60
9 0.16 | 0.16 | 0.21 | 0.41 | 0.42 | 0.56 22 0.18 | 0.18 | 0.27 | 0.39 | 0.49 | 0.60
10 0.15 | 0.16 | 0.28 | 0.40 | 0.47 | 0.56 23 0.18 | 0.17 | 0.28 | 0.39 | 0.48 | 0.63
11 0.15 | 0.17 | 0.24 | 0.40 | 0.49 | 0.50 24 0.16 | 0.16 | 0.28 | 0.51 | 0.51 | 0.60
12 0.16 | 0.16 | 0.25 | 041 | 048 | 0.51 25 0.17 | 017 | 0.29 | 0.39 | 0.48 | 0.62
13 0.16 | 0.16 | 0.27 | 0.30 | 0.51 | 0.58

Damlatict Yapimca1r Farkhihk Katsayis1 (Cv) TyS2s konusunda belirlenmistir.Konulara gore

Calismanin ilk yil1 olan 2015 yili i¢in en kiigiik
Cv degeri % 1.38 (¢ok iyi) TaSa konusunda elde
edilirken, en yliksek Cv degeri % 8.48 (marjinal)

2015 ve 2016 yillarina ait damlatici yapimet
farklilik katsayis1 (Cv) degerleri Cizelge 6’da
verilmistir.

Cizelge 6. Uyarlanmig 2015 ve 2016 yillarinda uygulanan sulamaya ait deneme konulari i¢in damlatici

yapimei farklilik katsayis1 (Cv) degerleri
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Sulama Damlatic1 Yapimel Farkhiik Katsayisi (Cv), %
No T4 To Ty Sulama To Ty
2015 | 2016 | 2015 | 2016 | 2015 | 2016 No 2015 | 2016 | 2015 | 2016 | 2015 | 2016
1 143 | 292 | 449 | 7.82 | 5.79 | 9.93 14 287 | 359 | 551 | 759 | 6.33 | 10.85
2 143 | 275 | 417 | 835 | 5.71 | 8.59 15 299 | 380 | 572 | 986 | 7.35 | 11.08
3 141 | 284 | 401 | 836 | 5.80 | 9.00 16 377 | 439 | 641 | 941 | 8.17 | 11.33
4 138 | 273 | 436 | 831 | 540 | 9.76 17 3.76 | 437 | 6.32 | 10.99 | 8.47 | 11.89
5 142 | 287 | 481 | 896 | 6.35 | 10.95 18 3.66 | 427 | 590 | 1001 | 7.64 | 11.19
6 234 | 338 | 441 | 718 | 5.20 | 11.62 19 379 | 449 | 656 | 890 | 7.75 | 12.09
7 246 | 347 | 544 | 8.92 | 6.03 | 11.62 20 3.73 | 454 | 647 | 9.06 | 7.65 | 12.98
8 3.18 | 397 | 573 | 7.96 | 6.98 | 941 21 3.90 | 458 | 6.31 | 9.29 | 7.62 | 12.20
9 2.84 | 370 | 495 | 877 | 6.31 | 9.92 22 396 | 460 | 6.38 | 9.38 | 7.50 | 12.13
10 2.66 | 356 | 547 | 898 | 5.67 | 10.03 23 397 | 454 | 6.60 | 958 | 7.54 | 12,52
11 264 | 371 | 534 | 882 | 718 | 9.27 24 328 | 391 | 613 | 11.21 | 8.33 | 12.19
12 2.79 | 3.64 | 555 | 9.16 | 7.27 | 9.81 25 3.93 | 445 | 7.40 | 1091 | 8.48 | 1240
13 281 | 3.69 | 552 | 8.83 | 6.75 | 11.10
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Calismanin yiiriitiildiigii 2016 yili igin ise en
diisiik Cv degerine % 2.73 (¢ok iyi) degeri ile
T¢Ss konusunda ve en yiiksek Cv degerine ise
%12.98 (kabul edilemez) degeri ile TySx
konusunda elde edilmistir. Sonucta, artan tuzla
birlikte Cv degerlerinde artis g6zlemlenmis ve en
yiiksek Cv degerleri yiiksek tuz
konsantrasyonuna sahip Ty konularinda elde
edilmistir. Zaman igerisinde artan tuzla birlikte
damlaticilarda tikanikliklar artmis ve bu artigla
birlikte damlatic1 yapimer farklilik katsayist (Cv)
degerinde yiikselmeler belirlenmistir (Cizelge 6).
Kirnak ve ark. (2004), Granberry ve ark. (2012)
ve Aydin (2019)’daki caligmalarinda
damlaticilarin  zamanla tikanmasi, sulamada
kullanilan sularin niteliklerine bagli oldugunu ve
tikaniklikla damlatict yapimer farklilik katsayisi
(Cv) arasinda iligki oldugunu, tikanikligin
damlaticilarin Cv degerini olumsuz etkiledigini
belirtmiglerdir. Sonu¢ olarak calismada elde
edilen bulgular yukarida deginilen
arastirmacilarin bulgulariyla ortiismektedir.

Sonuclar ve Oneriler

Calisma sonunda konulara ait damlatici debi
degisimleri ilk yil icin 4.51-4.84 L/h arasinda
iken ikinci yil ise bu degerler 3.89-4.74 L/h
arasinda degismistir. Kontrol konusunda ise her
iki yilda da 4.86 L/h saptanmistir. Calisma
sonunda debi degisimleri incelendiginde en
disiik  debi  degerlerine  yiiksek  tuz
konsantrasyonu olan T, konusunda elde
edilmistir. Kontrol konusuyla karsilastirildiginda
sezon sonunda TgSzs konusunda % 2.88, ToSzs
konusunda % 9.46 ve yiiksek tuzlu sulama suyu
uygulamasi olan TySzs konusunda ise % 19.95
oraninda  damlatict  debilerinde  azalma
goriilmiigtir. Sonug olarak suyun niteligi ve
ozelikle yiikksek tuz igerigi damlaticilarda
tikanmayla birlikte debi degisimlerinde 6nemli
etkiye sahip oldugu sdylenebilir.

Ideal olarak sistemdeki tiim damlaticilarin esit
miktarlarda su vermesi gerektigi, daha 6nceden
yapilmig olan birgok benzer arastirmalara
dayanilarak belirtildigi halde yapilan denemede
de damlaticilarin birbirlerinden farkli debiler
verdigi ve tuzlulugun tikanmada etkin oldugu
calismada gozlenmistir. Calismada artirilan tuzla
birlikte damlatic1 yapimer farklilik katsayisi (Cv)
degerlerinde artig gdzlemlenmis ve en yiiksek Cv
degerleri yiiksek tuz konsantrasyonuna sahip Ty
konularinda elde edilmistir. Zaman igerisinde
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artan tuzla birlikte damlaticilarda tikanikliklar
artmis ve bu artigla birlikte damlatici yapimei
farklilik katsayist (Cv) degerinde yiikselmeler
belirlenmistir. Ayrica agik alanda yiiriitiilen
calismada damla lateralleri dis iklim kosullarina
maruz kaldigindan tuzun tikama etkisinin arttigi
belirlenmistir. ~ Ozellikle  hava  sicakli,
giineslenme siddeti gibi disg hava kosullar1 damla
laterallerinde ve damlaticilarin yapim ve hidrolik
6zelligini bozdugu saptanmstir.
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Universitesi Fen Bilimleri Enstitiisinde tamamlanan
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Tiirkiye’de Yapilan Mantar Islah Calismalar ve Gelistirilen Mantar Cesitleri
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Oz

Tiirkiye’de kiiltiir mantar iiretimi 1960’11 yillarda baglamistir. Mantar tohumluk misel iretimi ve 1slahi
caligmalart ise 1970’li yillarda baglamustir. Farkli arastirmacilar tarafindan Agaricus bisporus, A. campestris,
A. bitorquis, Pleurotus ostreatus, P. florida, P. eryngii, P. nebrodensis ve Hericium tiirlerinde mantar 1slah
caligmalar1 yiiriitiilmistiir. Tiirkiye Cumhuriyeti Tarim ve Orman Bakanligi Tohumluk Tescil ve Sertifikasyon
Merkez Miidiirliigiince mantar tohumluk gesit sertifikasyonu ile ilgili mevzuat 2020 yilinda yiiriirlige girmis
ve Tiirkiye’nin ilk mantar gesitleri 2022 yilinda Atatlirck Bahge Kiiltiirleri Merkez Arastirma Enstitiisii
tarafindan tescil ettirilmistir. Tescil edilen ‘Yaprak 77°, Pleurotus ostreatus tiiriine ait kiglik bir istiridye mantar
cesididir ve hibridizasyon teknigi kullanilarak elde edilmistir. ‘Soylu 77” ise P. eryngii mantar tiirine ait kulacik
(kral istiridye) mantaridir ve yabani genotiplerden seleksiyon yoluyla 1slah edilmistir. Ayrica Gliney Kore’de
bulunan Gyeongsangbuk-do Tarimsal Aragtirma ve Yayim Hizmetleri ile ikili is birligi ile hibridizasyon teknigi
kullanilarak elde edilen P. ferula tiiriine ait ‘Brother Stone’ ¢esidi ve yabani genotiplerden seleksiyon yoluyla
elde edilen P. nebrodensis tiirline ait ‘Karbeyaz 77’ casir mantari gesidi tescil asamasindadir. Reishi
(Ganoderma ssp.), kuzugobegi (Morchella ssp.) ve enoki mantari (Flammulina velutipes) tiirlerinde 1slah
calismalar1 halen devam etmektedir. Oniimiizdeki yillarda basta Agaricus bisporus tiiriinde olmak iizere, aslan
yelesi (Hericium spp.), shitake (Lentinula edodes), maitake (Grifolia frondosa), tirtil mantar: (Cordyceps spp.)
gibi tibbi mantar tiirlerinde de yerli gesit 1slah ¢alismalarinin yiiriitiilmesi, iilkemiz mantarcilik sektdriiniin
gelisimi ac¢isindan 6nem arz etmektedir.

Anahtar Kelimeler: Mantar, ¢esit, 1slah, tescil, yerli, Pleurotus.

Mushroom Breeding Studies and Bred Mushroom Cultivars in Tiirkiye
Abstract

Mushroom cultivation in Tiirkiye was started in the 1960s. Mushroom spawn production and breeding studies
were started in the 1970s. mushroom breeding studies in Agaricus bisporus, A. campestris, A. bitorquis,
Pleurotus ostreatus, P. florida, P. eryngii, P .nebrodensis, Hericium sp. were carried out by different
researchers. Atatiirk Central Horticultural Research Institute registered the first mushroom cultivars in 2022
after the legislation on mushroom variety certification by the Republic of Tiirkiye Ministry of Agriculture and
Forestry Variety Registration and Seed Certification Center Directorate. One of the registered cultivars, "Yaprak
77" is a winter oyster mushroom variety belonging to the genus Pleurotus ostreatus and was obtained using the
hybridization technique. 'Soylu 77" is the king oyster, belonging to the P. eryngii mushroom species and has
been bred by selection from wild genotypes. In addition, 'The Brother Stone' cultivar of P.ferula was obtained
by using a hybridization technique in cooperation with Gyeongsangbuk-do Agricultural Research and
Extension Services in South Korea, and 'Karbeyaz 77' of P.nebrodensis strain was obtained by selection from
wild genotypes are still in the registration stage. Breeding studies are still ongoing in reishi (Ganoderma ssp.),
true Morel (Morchella ssp.) and enoki mushroom (Flammulina velutipes) species. It is important to carry out
domestic breeding studies on mushroom species, especially in the Agaricus bisporus species and other
medicinal mushrooms such as lion's mane (Hericium sp.), shiitake (Lentinula edodes), maitake (Grifolia
frondosa), cordyceps (Cordyceps spp.) for the development of the mushroom industry in Tiirkiye.

Keywords: Mushroom, variety, breeding, register, domestic, Pleurotus.
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Giris tropik alanlardan kutuplara kadar bir¢ok alanda,
diinyanin her yerine, yayilmislardir (Roberts ve

Mantarlar; — renkleri, ilging yapilan  ve Evans, 2011). Binlerce yildir insanoglu

gizemleriyle, esrarengiz sekil ve formlariyla,
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mantarlari, 6nemli bir yenilebilir ve tibbi kaynak
olarak degerlendirmistir (Synytsya ve ark, 2009).

Mantarlar; karbonhidrat, protein, amino asit,
seker, seker alkoller, vitamin (A, B, C, D ve K)
ve mineral madde icerigi bakimindan zengindir.
Yag orant ve kalorisi diisiik oldugu icinde
mitkemmel bir diyetik gidadir (Manzi ve ark,
2001; Turfan ve ark., 2018). Karbonhidratlardan
en cok polisakkaritleri veya glikoproteinleri,
%50-90 oraninda igerirler. En yaygin olan
polisakkaritler kitin, hemiseliiloz, B ve a
glukanlar, mannan, ksilan ve galaktanlardir
(Bohn ve BeMiller, 1995; Synytsya ve ark, 20009;
Bulam ve ark., 2018).

Tiirkiye’de kiiltiir mantar1 tiretimi 65.636 tondur
(TUIK, 2022) 2025 yilinda ise Eren ve Peksen
(2019)’a go6re 100.000 ton olacagr tahmin
edilmektedir. Uretilen mantarin %82’si Agaricus
tirleri iken, %14’ istiridye mantarindan
(Pleurotus osteratus) olusmaktadir.

Pleurotus cinsi igerisinde iyi kazang saglayan
mantar tiirlerinden birisi de Pleurotus eryngii’dir
(Stamets, 2000, Soylu, 2020) Miikemmel tat ve
aromasindan, raf dmriiniin uzun, paketlemeye ve
tasimaya elverisli, olmasindan ve tibbi
ozelliklerinden dolay1 diinyanin birgok iilkesinde
tercih edilen bir tirdiir (Ohga ve Royse, 2004;
Kalmig ve ark, 2009) Ayrica, spor yiikiiniin az
olmasi nedeniyle spor alerjisi olanlar igin tercih
edilebilen bir tirdir (Rodriguez Estrada, 2008).
Fakat bu mantar tiiriiniin {iretimi tilkemizde ¢ok
azdir. Oysaki basta Cin olmak iizere Uzakdogu
tilkelerinde yaygin olarak yetistirilmekte olup
son zamanlarda Avrupa’da ve ABD’de da
yayginlagsmaktadir. ABD’de de kilogrami 16
dolardan  pazarlanmakta, organik  olarak
etiketlendiginde ise 62 Amerikan dolarina kadar
ulagsmaktadir (Rodriguez Estrada, 2008). Cin ve
Polonya’da ihrag fiyati, 10-12 dolardir. Cin’in i¢
tilketiminde 2-5 dolar arasinda fiyatlandirma ile
alici satis degerine sahiptir. Tirkiye’de casir
mantar1 olarak bilinen yabani Pleurotus
nebrodensis italya’da 68-95 dolar arasinda alict
bulmaktadir (Venturella ve ark. 2016; Soylu,
2020).

Son zamanlarda iilkemizde tibbi mantarlarin
iretimine olan ilgide artmistir.  Reishi
(Ganoderma sp.), shiitake (Lentinula edodes),
aslan yelesi (Hericium erinaceus) iilkemizde
iretilmeye baslanan tibbi mantarlardir. Bu
mantar tirleri disinda enoki  (Flammulina

velutipes), maitake (Grifola frondosa), tirtil
mantar1 (Cordyceps militaris), hindi kuyrugu
mantar1  (Trametes versicolor), kuzugbbegi
mantar1 (Morchella spp.) gibi mantar tiirleri de
zaman zaman c¢ok kiiclik miktarlarda da olsa
iiretilmektedir. Oniimiizdeki 10 yil icerisinde
Tiirkiye’de tiretilen mantar tiir sayisinin artacagi
kanisindayiz.

Tiirkiye’de Tohumluk Misel Dis Ticareti

Tiirkiye’de toplam misel ihtiyacinin %901 ithal
edilmektedir (Eren ve Peksen, 2019). Tirkiye
yillik 2.500 ton misel ithal edilmekte olup, yillik
yaklagik 3,5 milyon dolar déviz kaybi s6z
konusudur (ITC, 2023). Tohumluk misel
ithalatinin biiyiik bir kismi1 Avrupa iilkelerinden
(Fransa, Macaristan, Polonya, italya ve
Hollanda) karsilanmaktadir. Son yillarda Rusya,
Ukrayna ve ABD’den de ithalat yapilmaktadir
(Tablo 1). Bununla birlikte son yillarda misel
iireten sirket sayis1 artmistir. Istanbul, Yalova,
Izmir ve Denizli gibi illerde tohumluk misel
tiretimi yapilmaktadir. Cok sinirli miktarda olsa
da ilkemizin tohumluk misel ihracati s6z
konusudur. Toplam yillik ihracatimiz 14 ile 255
ton arasinda degismekle beraber ihracat
yaptigimiz iilkeler Gircistan, Irak, Kuveyt,
Kibris, Suriye Arap Cumhuriyeti, Azerbaycan,
Hindistan, Tiirkmenistan, Rusya Federasyonu,
Liibnan ve Libya’dir (Tablo 2).

Tiirkiye’de Etme
Calismalarn

Yapilan Kiiltiir Elde

Ilbay ve Ellialtioglu (1996), Morchella conica
misellerinin s1v1 kiiltiirde liretilmesinde en uygun
besin ortamimin gelistirilmesi amaciyla bir
calisma yiiriitmiglerdir. Yaptiklari
calismalarinda daha o6nce belirlemis olduklari
800 ml sut+200 ml musir suyut+20 g laktoz
ortamini kontrol olarak kullanarak, bu ortama C,
Thiamin, Pyridoksin, Riboflavin ve B12’nin 1, 5,
10 ve 50 ppm’lik dozlarim1 denemislerdir.
Calisma sonuglarina gore B12, Pyridoksin veya
Thiamin’in 5 ppm’lik dozlarmin
onermektedirler.

Peksen ve ark. (1999)’nin yaptiklar1 ¢aligmada;
Tricholoma terreum, Lactarius semisanguifluus,
Lactarius deliciosus, Cantharellus cibarius ve
Polyporus squamosus’un sporlart 10 degisik
besin ortaminda (bugday agar, bugday maya
agar, malt agar, malt maya agar, patates dekstroz
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agar, patates dekstroz maya agar, yang ortami,
lambert ortami, sentetik ortam ve toprak ekstrakt

agar) kiiltiire alinmustir.

Tablo 1. Tiirkiye’nin yillara gore tohumluk misel ithalati (ITC, 2023)

Miktar | Deger . .

Yillar (ton) | (10008) Ithalat Yapilan Ulkeler

2018 | 2,585.30 | 3,507 Fransa, Macaristan, Polonya, Hollanda, Ukrayna

2019 | 2,573.33 | 3,266 Fransa, Macaristan, Polqpya,Ru§ya Federasyonu, Ukrayna,

Turkmenistan

2020 | 2,604.16 | 3,580 Fransa, Macaristan, Polonya, Rusya Federasyonu, Ukrayna
Fransa, Macaristan, Polonya, Rusya Federasyonu, Ukrayna,

2021 | 2,837.26 | 3,860 Amerika Birlesik Devletleri

2022 | 2,504.07 | 3,518 Fransa, Macaristan, Polonya, Italya, Ru§ya Federasyonu, Hollanda,

Ukrayna, Belgika

Tablo 2. Tiirkiye’nin yillara gore tohumluk misel ihracat1 (ITC, 2023)

Miktar | Deger . ..
Yillar (ton) | (1000%) Ihracat Yapilan Ulkeler
2018 | 25.65 63 Giircistan, Irak, Kuveyt, Kibris, Suriye Arap Cumhuriyeti
2019 | 14.77 37 Irak, Kuveyt, Kibris
2020 | 19.36 43 Giircistan, Irak, Kuvey}, Azerpaycan, Kibris, Hindistan,
Tiirkmenistan
2021 | 18.05 29 Giircistan, Kuveyt, Kibris
2022 | 25554 516 Rusya Federasyonu, Gﬁrc1_stan, Irak, Kuveyt, Liibnan, Libya
Devleti, Azerbaycan

Isik ve ark. (2000), 1978-1998 yillar1 arasinda
‘Yenilebilir bazi doga mantarlarinin kiiltiire
almabilme olanaklar’’ iizerine bir aragtirmay1
yuriitmislerdir.Agaricus bisporus, A.campestris,
A.bitorquis, P.ostreatus ve P.florida tiirlerini
kiiltiire almiglardir. Morchella spp., Cantherellus
cibarius, Lactarius salmonicolor, Boletus edulis
ve Hericium tiirlerinin ise misellerini doku veya
¢oklu spor kiiltiirii metoduyla malt ekstrakt agar
ortaminda {iretmislerdir. Arastirmacilar, pazar
degeri yiiksek olan bu mantarlarla ilgili
caligmalara agirhik verilmesi ve yenilebilir
mantarlarla ilgili gen bankasi olusturulmasi
gerektigini rapor etmislerdir.

Akyliz  (2005), Tunceli-Mazgirt c¢evresinden
saptanan ve doku kiiltiirii yontemiyle ana kiiltiirii
elde edilen Pleurotus eryngii (DC.) Quél. var.
ferulae Lanzi’nin kiiltiire alinmasi olanaklarini
arastirmustir. Ana kiiltiirlin ¢ogaltilmasinda; %2.0
malt-ektrakt agar, tohumluk misel
cogaltilmasinda ise bugday ve arpa taneleri
kullanilmigtir.  Pleurotus  eryngii’de  misel
gelismesi; en kisa siirede ortalama olarak 8 giinle

soya sapinda (SS), en uzun ise 17 giinle bugday
samani (BS)+ %10.0 piring kepeginden (PK) elde
edilmistir. Ayrica; Pleurotus eryngii var.
ferulae’de ise; misel gelismesi, en kisa siire
olarak 12 giin ile BS ve BS + %10.0 PK, en uzun
stire ise 18 giin olarak BS-SS (1:1) + %5.0 PK’de
saptanmistir.

Giiler ve Ozkaya (2008), in vitro kosullarda M.
conica sklerot olusumlarinda farkli karbon
kaynaklarinin etkisini arastirmiglardir. Malt agar,
bugday agar, patates dekstroz agar ve maya
ekstrakt agar ortamlarinda iyi vejetatif misel
gelisimi  saglayabilmiglerdir. Ancak en iyi
gelisimi glikoz, sakkaroz, maltoz ve nisasta
igeren ortamda saglamiglardir.

Peksen ve Kibar (2008); Macrolepiota procera
mantar tlirliniin kiiltlirlerinin elde edilmesinde en
uygun besin ortamlarinin SBA ve MEA ortamlar
oldugunu, mantarin lamel kismindan alinan
dokularin, mantarin orta kismindan alinan doku
parcalarma gore daha iyi gelistigini rapor
etmektedirler. Kibar ve Peksen (2011a ve b);
Lactarius controversus, Lactarius pyrogalus ve
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Tricholoma terreum gibi ektomikorizal mantar
tiirlerinin  kiiltlirlerini farklt ortamlarda izole
etmislerdir.

Solak ve ark. (2012), Akdeniz bdlgesinin makro
fungus florasinin belirlenmesi ve fungaryum ve
misel koleksiyonunun olusturulmasi amaciyla 4
yillik bir caligma yapmuslardir. Bu ¢aligmada 364
mantar tiiriinden 66 tanesi Tiirkiye’de 1 tanesi ise
diinyada ilk defa kayit altina alinmistir. Tespit
edilen mantar tiirlerinden 31 tanesi ile misel
koleksiyonu olusturulmus olup, Ege Universitesi
Biyomiihendislik Boliimiinde saklanmaktadir.

Soylu ve ark. (2014) baz1 ektomikorizal
mantarlarin  saf kiiltiirlerinin elde edilmesi
amaciyla yiiriittiikkleri calismada; diinyada ve
Tiirkiye’de ticari degeri yiiksek olan Boletus spp,
Cantharellus cibarius, Lactarius deliciosus,
Terfezia ~ boudieri,  Amanita  caesarea,
ektomikorizal mantarlarin1 dogal alanlarindan
toplamig ve farkli besi ortamlar1 kullanarak izole
etmislerdir. Kiiltiirler Atatiirk Bahge Kiiltiirleri
Merkez Arastirma Enstitiisii Miidiirligii Mantar
Gen Bankasinda saklanmaktadir.

Soylu ve ark. (2016) Tiirkiye’nin farkli
lokasyonlarindan yabani P. eryngii kompleks
tiirlerine ait mantarlar toplanmig ve mantar
sapkalarindan aseptik kosullar altinda doku
kiiltiiri  yontemiyle miseller elde etmislerdir.
Elde edilen miseller farkli sicakliklarda (15-20-
25-30 °C) gelistirilmistir. Bu caligma ile farkli
sicakliklarda gelisebilen P. eryngii kompleks
tiirlerine ait izolatlar elde edilmistir.

Oluklu ve Kibar (2016) yapmus olduklar
calismada Dogu Anadolu Bolgesi makromantar
florasinda yer alan, halk tarafindan dogadan
toplanarak sevilerek tiiketilen ve ekonomik
6nemi olan P. eryngii mantar tiiriiniin optimum
misel gelisim kosullarinin (besin ortami, pH,
sicaklik, karbon ve azot kaynaklari) ve tohumluk
misel iiretimi i¢in en uygun sardirma
materyalinin (arpa, bugday, ¢avdar, dar1, misir,
piring ve yulaf) belirlemislerdir.

Ege Tarimsal Aragtirma Enstitiisiinde (ETAE)
2006 yilindan beri makro mantarlarin surveyi,
toplanmasi  ve  genetik  kaynak  olarak
muhafazasina yonelik projeler yiiriitiilmektedir.
2020 yih itibariyle, ETAE-Fungaryum’undaki
materyal sayist 1374’e ulagmistir. Bu kapsamda
bazi mantar tiirlerinin kiiltiirleri elde edilmis ve
muhafaza altina alinmigtir Farkli mantar

tlirlerinin kiiltiire alma ve saklama caligsmalari
halen devam etmektedir (Adanacioglu ve ark.,
2020).

Atatiirk Bahge Kiiltiirleri Merkez Arastirma
Enstitiisti’'nde Pleurotus tiirleri toplanmis ve gen
kaynagi olarak kiiltiirleri muhafaza edilmektedir.
Ayrica 2021 yilindan bu yana ekonomik 6nemi
olan makro mantarlarin kiiltiirleri izole edilerek
gen kaynagi olarak muhafaza edilmesi iizerine

calismalar devam etmektedir (Soylu ve ark.,
2020).

Tiirkiye’de Yapilan Islah Calismalar

Farkli dogal mantarlarinin izole edilerek misel
dretimleri ile ilgili ¢ok sayida calisma
bulunmasina ragmen, {iilkemizde yiiriitiilen
mantar 1slah ¢aligmalar1 ¢ok sinirhidir. Bu
caligsmalar asagida siralanmisgtir:

Isik ve Erkel (1993) yapmis olduklar1 ¢calisma ile
spor ve doku kiltiiri yontemiyle iiretilen
misellerin Yalova-13 ve Yalova-6 ¢esitlerinde
(Agaricus bisporus) mantar verim, kalite ve
erkencilige etkisini incelemislerdir. Arastirmada
ele aliman Yalova-6 ve Yalova-13 g¢esitlerinin
doku kiiltlirii yontemiyle iiretilen misellerinden
ayni ¢esitlerin coklu spor kiiltiirii yontemiyle
iiretilen misellerinden genellikle 10, 20, 30 ve 40
giinlik hasat devrelerinde daha yliksek veya
onlara yakin bir verim elde edilmistir. Ayrica
doku kiiltiirii yontemiyle misel tiretimin ¢oklu
spor kiltlirine gore daha kolay oldugu
gozlenmistir. Yalova-6 ¢esidinin her iki yontemle
iiretilen misellerinin Yalova-13 ¢esidine gore bir
haftalik bir erkencilige sahip oldugu saptanmustir.

Pleurotus eryngii (DC) Gillet’in tek spor
izolatlarinin elde edilmesi, melezlenmesi ve yeni
melezlerin misel gelisim hizlarinin saptanmasi
amaciyla yapilan ¢alismalarda, iilkemizin farkli
bolgelerinden toplanmis dort yabani Pleurotus
eryngii’den elde edilen sporlar1
¢imlendirmiglerdir. Elde edilen tek spor
izolatlar1, birbirleriyle melezlenerek, yeni melez
bireyler elde edilmistir. Elde edilen melez
bireylerin misel gelisim hizlari; Patates Dekstroz
Agar (PDA) ortamina aktarilan misellerin
olusturduklar1 kolonilerin ¢aplarmin diizenli
olarak oOlgiilmesi ile belirlenmistir. Bu calisma
sonunda, 9 melez bireyin aktif misel biiyiime
hizina sahip oldugu ve bunlarmn ticari tohumluk
misel tiretiminde kullanilabilecegi saptanmistir
(Kalmig ve ark., 2009).
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Tiirkiye’de Pleurotus eryngii (DC.) Gillet
mantarinda, farklt hibrit bireylerin tohumluk
misel sarma siirelerinin belirlenmesi iizerine bir
arastirma yiiriitiilmiistiir. Bu ¢aligmada, dogadan
toplanan farkli Pleurotus eryngii sapkalarindan
elde edilen tek sporlarin ¢imlenmesi ile olusan
homokaryon misellerin hibridizasyonu sonucu
ortaya ¢ikan, dokuz farkli heterokaryon bireyin
misel sarma stireleri tespit edilmeye calisiimistir.
Calisma sonucunda, B, , D, ve C; hibrit
izolatlarinin, ticari Pleurotus eryngii irkindan
(M2600) daha hizl1 misel sardiklar1 belirlenmistir
(Kalyoncu ve ark., 2009).

Kalmis ve ark. (2019) yapmis olduklar
calismada; iilkemize ait gen kaynaklarinin
belirlenmesi, korunmasi ve ekonomik katma
degere doniisebilmesi amaciyla; dort Hericium
erinaceus (Bull.) Pers. makrofungusundan tek
spor izolatlarinin elde edilmesi, melezlenmesi ve
olusan melez bireylerin misel gelisim hizlarinin
saptanarak  ticari  olarak  kiiltire alma
calismalarma aktarilmasini hedeflemislerdir. ilk
asamada dort H. erinaceus orneginden alinan
sporlarin ¢imlendirilmesi sonucu 230 tek spor
izolati elde edilmis ve bu izolatlarin kargilikli
ekimi ile ikinci asamada ise 52 adet melez bireyin
gelisimi  saglanmigtir.  Calismanin  son
asamasinda ise bu melez bireyler kompost
ortamina aktarilarak kompostu sarma siireleri,
pin olusum siireleri ve elde edilen iiriin miktar
iizerinden verimlilikleri saptanmigtir. Tim
denemeler on tekrarli olarak yapilmis ve sonugta
11 adet biyolojik verimliligi yiiksek melez birey
elde edilmistir.

Tiirkiye’de farkli mantarlardan kiiltiir elde etme
calismalar1 uzun yillardir yapilmaktadir. Fakat bu
kiiltiirler selekte edilerek tescil edilmemis ve

cesit haline getirilememigtir. Tarim ve Orman
Bakanligi Tohumluk Tescil ve Sertifikasyon
Midirligiinde  Kiiltir  mantarlarin1  tescil
calismalarini i¢in gerekli olan teknik soru anketi
ve c¢esit Ozellik belgelerinin 2020 yilinda
hazirlamis ve ilan etmistir. Bu yildan sonra
mantar ¢esit tescil basvurulari alinmaya
baslanmustir. Bazi 6zel isletmeler Universitelerle
is birligi yaparak farkli tiirler de mantar 1slah
calismalar1  yiiritmelerine  ragmen,  gesit
adaylarini tescile sunamamuglardir. Bu durum
Tiirkiye’de cesit sertifikasyonun gecikmesine
neden olmustur. Tirkiye’de uzun yillar yerli
misel ireticileri, yabani mantarlardan elde
ettikleri kiiltiirleri kullanmig ya da yabanct
orijinli c¢esitlerden c¢ogaltma yoluna gitmistir.
Bugiin halen yerli misel fireticilerinin tescil
ettirdikleri ¢esit maalesef yoktur.

Tiirkiye’nin Tescil Edilmis Mantar Cesitleri

Tirkiye’de tescil edilen ilk mantar cesitleri
Atatlirk Bahge Kiiltiirleri Merkez Arastirma
Enstitiisti’nde gelistirilmistir. Pleurotus ostreatus
tirlinde Atatirk Bahge Kiiltiirleri Merkez
Arastirma Enstitiisii’'nde Giiney Kore ile ikili is
birligi projesi kapsaminda yiiriitiilen
hibridizasyon ¢aligmalari ile 400 adet hibrit elde
edilmistir. Bu hibritler arasindan verim ve kalite
bakimindan ticari potansiyele sahip Tiirkiye’nin
ilk yerli mantar ¢esidi Yaprak 77 (Sekil 1a)
gelistirilerek 2022 yilinda tescil edilmistir.

Atatiirk Bahge Kiiltlirleri Merkez Arastirma
Enstitiisit Midurligii'nce aym yil Pleurotus
eryngii mantar tiirliniin yabani
koleksiyonlarindan seleksiyon yoluyla
gelistirdikleri Soylu 77 (Sekil 1b) adindaki bir
¢esidi de tescil edilmistir.

Sekil 1. Tirkiye’nin tescil edilmis ilk mantar cesitleri (a) Yaprak 77 (Pleurotus ostretus) ¢esidi, (b)

Soylu 77 (Pleurotus eryngii) ¢esidi
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Tiirkiye’de Gelistirilen Cesit Adaylari

Tescil siireci tamamlanmig ¢esitler disinda farkli
mantar tiirlerinde 1slah ¢alismalart sonucunda
tescil asamasinda olan g¢esit adaylart da
mevcuttur. Tiirkiye’nin Dogu Anadolu Bolgesi
casir mantar ¢esitliligi bakimindan oldukca
zengindir. Bu bolgeden elde edilen izolatlardan
seleksiyon yoluyla Atatirk Bahge Kiiltiirleri
Merkez Arastirma Enstitiisiinde ¢esit adayi
selekte edilmistir. Bu ¢esit adayr Karbeyaz 77
(Sekil 2a) adiyla tescil agamasindadir.

Atatiirk Bahge Kiiltiirleri Merkez Aragtirma
Enstitisii  ve Giiney Kore’de bulunan

Gyeonsangbuk-do Tarimsal Arastirma ve Yayim
Servisi ile ikili is birligi projesi kapsaminda
P.ferulae tiirline ait ortak gelistirilen Brother
Stone ¢esidi (Sekil 2b) ise Giiney Kore’de tescil
edilmis, Tiirkiye’de de tescil c¢aligsmalarina

=
X S

baslanmustir.

Ayrica yine Atatiirk Bahge Kiiltiirleri Merkez
Aragtirma Enstitlisii ve Giliney Kore’de bulunan
Gyeonsangbuk-do Tarimsal Arastirma ve Yayim
Servisi ile ikili is birligi projesi kapsaminda
yiiriitiilen ikinci bir proje ile Reishi (Ganoderma
spp.) mantar1 ve Kuzugobegi (Morchella spp.)
mantarinda 1slah c¢alismalari 2021 yilindan bu
yana yiiriitiilmektedir. Bu ¢alisma ile 6ne ¢ikan
cesit adaylari (Sekil 3) bulunmaktadir.

Son olarak Atatiirk Bahge Kiiltlirleri Arastirma
Enstitiisii liderliginde, Cukurova Universitesi ve
Samsun Ondokuz May1s Universitesi is birligi ile
‘Enoki (Flammulina velitupes) Mantarinin Sise
Kiiltiiri  Yetistirme Tekniklerine Uygun Yerli
Cesit Islahr’ adhh TUBITAK 1001 projesi
kapsamindan enoki mantari 1slah g¢aligmalarina
baglanilmigtir. Bu c¢alismalar halen devam
etmektedir.

o) /e AN

Sekil 3. Atatiirk Bahge Kiiltiirleri Merkez Arastirma Enétiﬁjsﬁnde 1slah asamasinda olan ¢esit adaylari

(a) Reishi (Ganoderma resinacium) mantari, (b) Kuzugébegi (Morchella spp.)
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Sonug¢

Tirkiye’de yerli tohumluk misel tiretimi ile ilgili
sorunlarin  basinda Ozellikle 6zel firmalar
tarafindan tescil edilmis ¢esitlere ait tohumluk
misel {iretiminin olmayisi gelmektedir. Yerli
misel {iretim firmalan i¢inde bir firma disinda,
diger firmalarin gesit gelistirseler bile ¢esitlerini
kaydettirebilmeleri  i¢in  gerekli  kosullar
saglayamadiklar1 goriilmektedir. Yerli tohumluk
misel {reticilerinin (bir igletme diginda) cogunun
Ar-Ge yapilarn mevcut degildir. Gelistirilen
cesitler kamu kurumu olan Atatiirk Bahge
Kiiltiirleri Merkez Arastirma Enstitiisii’nce
yapilmigtir. Kamu kuruluslarinda ise yeterli
miktarda tohumluk misel tretimi yapilmasi
miimkiin olmamaktadir. Mantar 1slah1 ile ilgili
yapilan ¢aligmalar yeterli olmay1p, {iniversiteler,
kamu ve oOzel sektdr is birligi kapsaminda
projeler gelistirilmelidir. Bunun basarili 6rnekleri
yerli F1 sebze tohumluklar1 gelistirilmesinde
yapilmigtir. Benzer ¢alismalar mantar tohumluk
misel tiretiminde de yapilmalidir.

Tohumluk misel tiretiminde ikinci sorun ise; yerli
tohumluk misel iiretim alt yapi teknolojisinin
ilkemizde yeterince gelismemis olmasidir.
Uretim alaminda  yeterli hijyenik sartlar1
saglayacak sistemler yerli misel iireticileri
tarafindan yeterince kullanilmamaktadir. Oysaki
iilkemizde de misel pazarinda yer alan kiiresel
sirketlerin  otomatik V-blender sistemlerde
minimum seviyede kontaminasyona olanak veren
teknolojilerde {iretim yapmaktadirlar. Ulkemizde
tohumluk  misel iretim  teknolojisinin
geligtirilmesine yonelik Ar-Ge calismalar1 da
maalesef yeterli degildir. Yerli tohumluk misel
iretimini teknolojik olarak gelistirmek ig¢in
destekler verilmelidir.

Tohumluk misel tiretim alt yapisinin maliyeti cok

yiiksek  olup, yapilacak yatinmin  geri
donigiimiiniin ~ sadece  Tiirkiye’de  misel
pazarlamasi ile olamayacagi gorisii

bulunmaktadir. Bu nedenlerden dolay1 yerli
tohumluk misel {iretimine kurumsal biiyiik
isletmelerin yatirim yapmamasi da bu sektoriin
gelismemesine yol agmaktadir. Son zamanlarda
yerli tohumluk misel iiretiminin kirsal kalkinma
projeleri kapsamina alinmasi imit verici bir
geligsmedir.

Kullanilan tohumluk miselin %90’1 yabanci
sirketlere aittir. Kiiclik kapasitede olan yerli
misel ireticilerin bu kiiresel sirketlerle rekabet

edebilmesi ¢ok zordur. Bu sorunlar1 ¢oziimleri
icin farkli Ar-Ge calismalart yiiriitiilmeli ve
Tohumluk misel {retim mevzuati, denetim
sertifikasyon mevzuati hazirlanmalidir. Kiiltiir
mantart iireticilerini yerli miseli kullanmalar1 i¢in
de diger tohumluk iiretiminde yer alan
desteklerden  faydalanmalar1  saglanmalidir.
Universitelerimizde ve arastirma enstitiilerinde
mantar yetistiriciligi ve 1slah1 konusunda ¢alisan
yeterli akademisyen ve aragtirmact
bulunmamaktadir. Ayrica alt yapi imkanlarinin
sinirli olmasi nedeniyle de 1slah konusundaki
calismalar yeterli degildir (Peksen, 2014).

Tohumluk misel liretim firmalar1 nitelikli is¢i ve
teknik eleman sorunu yasamaktadir.

Tohumluk misel iiretiminde sertifikasyon ve
denetim mekanizmasinin olmamasi diger bir
sorundur. Uretilen tohumluk misellerin denetim
ve sertifikasyon slirecine tabi olmamasi
nedeniyle ismine dogru tohumluk misel gesidi
iiretimi yapilmamaktadir.

Tohumluk misel iiretiminde g¢ogunlukla yulaf,
cavdar, bugday  gibi  tahil daneleri
kullanilmaktadir. Fakat bu tahillarin standart ve
homojen bir sekilde teminin de giigliikler
cekilmektedir. Tahilin tek bir ¢esit olmasi ve ayni
tarlada tretilmesi gerekmektedir. Agaricus
mantarlar1 digindaki tlirlerde uzak doguda talasg
materyali yaygin olarak kullanilmaktadir. Talas
hem daha ekonomik olarak temin edilebilirken
hem de daha stabil bir tohumluk misel iiretimine
olanak vermektedir. Yerli tohumluk misel
iireticileri geleneksel bir aligkanlik olarak
kullandiklar1 tahil materyallerinden ziyade talas
gibi farkli materyaller tlizerinde {retim
yapmalilardir. Son zamanlarda diinyada organik
olmayan materyaller de misel sardirma materyali
olarak kullanilmaya baslanmustir. Ulkemizde de
farkli materyallerin tohumluk misel iiretiminde
kullanim1  iizerine  kapsamli  calismalarin
yapilmasina ihtiya¢ duyulmaktadir.

Enerji ve hammadde maliyetlerinin artis1 da
tohumluk misel {iretim maliyetini yiikseltmekte
ve yerli tohumluk misel ireticisinin rekabet
diizeyini diigiirmektedir. Giines enerjisi gibi
yenilenebilir enerjilerin yerli tohumluk misel
iretimde kullanilmasina yonelik tesvik edici
projeler  gelistirilmelidir.  Kirsal  kalkinma
projelerinde yenilenebilir enerji kullanimina
yonelik proje desteklerinden yerli misel {ireticiler
de faydalanmalidir.
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Genellikle tohumluk miseller soguk zincir
sistemi olmadan tasinmaktadir. Bu durum
tohumluklarin  yol boyunca d&zellikle yaz
aylarinda sicakligin 32-35°C’nin {istiine ¢iktigi
durumlarda 6nemli bir risk olusturmaktadir.

Ulkemizde mantar kiiltiir koleksiyonu heniiz
istenen diizeyde degildir. Tiirkiye’nin makro ve
mikro mantarlarmin kiiltiir  koleksiyonlarinin
gelistirilmesi, korunmasi ve devamliliklarinin
saglanmasina yardim edilmeli, ulusal ve
uluslararast kurumlarla is birligi yapilmali ve bu
konuda yapilacak calismalar desteklenmelidir
(Kibar ve Peksen, 2012). Bundan sonraki
caligmalarda mantar gen kaynagini artiracak
farkli tirlere ait materyaller toplanmals,
ekonomik degeri yiiksek ticari tiretimi olan
mantarlara ait izolat, spor ve fungaryumdan
olusan gen bankas1 genisletilmelidir. Beyaz
sapkali kiiltir mantar1 (Agaricus bisporus) ve
istiridye (Pleurotus spp.) mantar1 basta olmak
iizere diinyada ticareti yapilan aslan yelesi,
maitake, shitake, tirtil mantar1 gibi mantar
tirlerinde de 1slah galigmalari yapilarak tilkemize
0zgii yerli gesitler gelistirilmelidir.
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