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OZET Aragtirma Makalesi

Bu calisma kapsaminda nar (Punica granatum L.) ciceginden farkl

parametreler altinda elde edilen ekstraktlarin antioksidan Makale Tarihgesi
aktiviteleri ve toplam fenolik icerikleri tuzerine ekstraksiyon Gelig Tarihi  :21.11.2020
kosullarinin etkisi incelenmigtir. Nar ciceklerinden su ve etanol Kabul Tarihi :19.02.2021
kullanilarak 40-60 °C sicaklik ve 40-60 dk siire ile ekstraktlar elde

edilmis ve liyofilize edilerek kurutulmustur. Liyofilize ekstraktlarin Anahtar Kelimeler
antioksidan aktiviteleri 2,2-difenil-1-pikrilhidrazil (DPPH) radikal Nar ¢icegi ekstrakti
giderme aktivitesi ve B-karoten agartma yontemleri kullanilarak Antioksidan aktivite
tespit edilmigtir. Calisma sonuglari, ekstraktlarin antioksidan Fenolik igerik

aktivite ve fenolik madde igerigine ekstraksiyon sirasinda kullanilan
cozucl, sicaklik, siire ve bu faktorlerin bazi interaksiyonlarinin
onemli seviyede etkisi oldugunu gostermistir. Etanol ile hazirlanan
ekstraktlarin su ile hazirlanan ekstraktlara kiyasla daha ylksek
antioksidan aktivite gosterdigi belirlenmigtir. Ayrica etanol ile
hazirlanan ekstraktlarin toplam fenolik madde igerigi de daha yiuksek
bulunmustur. Etanol kullanilarak, 60 °C sicaklik ve 40 dk siirede
gerceklestirilen ekstraksiyon iglemi ile elde edilen ekstraktlarin
ortalama %85 DPPH radikali giderim aktivitesine ve %70 B-karoten
agartma aktivitesine sahip oldugu belirlenmistir. Bu ekstraktlarin
ortalama 70.36 mg GAE¢ fenolik bilesen igerdigi tespit edilmistir.

Effects of Extraction Conditions on Antioxidant Activity and Total Phenolic Content of Pomegranate
(Punica Granatum) Flower Extracts

ABSTRACT Research Article

In this study, the effects of extraction conditions on the antioxidant

activities and total phenolic contents of extracts obtained from Article History
pomegranate (Punica granatum L.) flower under different parameters Received ©21.11.2020
were investigated. Extracts were obtained from pomegranate flowers Accepted ©19.02.2021

using water and ethanol at 40-60 °C for 40-60 minutes, and were
lyophilized. The antioxidant activities of lyophilized extracts were
determined by using 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging activity and B-carotene bleaching methods. The results of
the study revealed that the solvent, temperature, time and some
interactions of these factors have a significant effect on the
antioxidant activity and phenolic compound content of the extracts. It
reported that extracts prepared with ethanol show higher antioxidant
activity compared to extracts prepared with water. In addition, the
total phenolic content of the extracts prepared with ethanol was found
to be higher. It was determined that the extracts obtained by the
extraction process performed at 60 °C for 40 minutes using ethanol
had an average of 85% DPPH radical removal activity and 70% B-
carotene bleaching activity. The average phenolic component content
of these extracts was determined as 70.36 mg GAE®,

Keywords

Pomegranate flower extract
Antioxidant activity
Phenolic content
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GIRIS (Turgut ve ark., 2017).

Nar (Punica granatum L.) Punicaceae familyasina ait
olan, Iran, Afganistan, Hindistan, ABD, Cin, Japonya,
Rusya, Tunus, Tirkiye, Misir, Ispanya ve Fas gibi
Akdeniz ulkelerinde yetistirilen ve yaklasik 4.5 ile 8
metre boyunda bliyliyen ¢ali veya kii¢ilik, ¢ok kokli bir
agactir (Sarkhosh ve ark., 2006; Suman ve Bhatnagar,
2019). Nar agaci uzun Omirli dallara, 2 cm
genigliginde ve 3-7 cm uzunlugunda yapraklara ve 3-7
ta¢ yapragi olan kirmizi renkli ciceklere sahiptir
(Suman ve Bhatnagar, 2019).

Nar bitkisinin meyve, kabuk, ¢i¢ek ve suyu gibi gesitli
kisimlar1 lizerine yapilan c¢alismalar biyoaktif
bilesenler bakimindan olduk¢a =zengin oldugunu
gostermektedir. (Gil ve ark., 2000; Negi ve ark., 2003;
Wafa ve ark.,, 2017). Nar iceriginde antioksidan,
antimikrobiyal, antidiyabetik, antienflamatuar,
antitiimoral ve immiunomodilator O6zelliklere sahip
olan flavonoidler, tanenler, organik asitler, steroller,
konjuge yag asitleri, fenolik bilesikler ve vitaminler
gibi ¢ok sayida Dbiyoaktif bilesen tanimlanmigtir
(Elfalleh ve ark., 2011; Natalello ve ark., 2020; Viuda-
Martos ve ark., 2010). Heber (2011) ve Zhang ve ark.
(2010) nar ve narin farkllh kisimlarmmin o6zellikle
elajitanenler ve punikalagin bakimindan oldukga
zengin oldugunu bildirmiglerdir.

Nar c¢iceginin yapisinda ise bol miktarda fenolik
bilegikler (gallik asit, ellajik asit ve etil brevifolin-
karboksilat), triterpenler (maslinik, ursolik, oleanolik
ve asya asitler) steroller, daucosterol, flavonoid
(punicaflavon) ve antosiyaninlerin (pelargonidin 5-
diglukosit ve pelargonidin 3-glukozit) bulundugu
bildirilmektedir (Bekir ve ark., 2013; Yilmaz ve Usta,
2011). Bu bilesiklerin in vitro ve in vivo ortamda
antioksidan etkinligi de yapilan c¢alismalar ile
kanitlanmagtir (Boukharta ve ark., 1992;
Hajimahmoodi ve ark., 2013; Osawa ve ark., 1987;
Zhang ve ark., 2011). Ozen ve Soyer (2018) dogal nar
ekstraktinin fenolik bilegikler bakimindan zengin
olmas1 nedeniyle BHT kadar gilicli antioksidant
aktivitesi oldugunu belirtmigtir. Bu bilegsiklerin gida
urtinlerinin iglenmesi ve depolanmasi sirasinda
meydana gelen lipit oksidasyonu ve mikrobiyal
gelisme gibi reaksiyonlarin durdurulmasi1 veya
geciktirilmesinde 6nemli bir rol oynayabilecegi
distintilmektedir. Gida endustrisinde urtnlerin raf
omrunin uzatilmasi, oksidatif hasarin engellenmesi
ve mikrobiyal gelismeyi en aza indirebilmek i¢in gesitli
katki maddeleri kullanilmaktadir. Lipid ve protein
oksidasyonlar1 gida uriunlerinde kalite kaybinin
baglica nedenleri arasinda gosterilmektedir. Ayrica
lipid oksidasyonu ketonlar, aldehitler, izofuranlar ve
malonaldehidler gibi olusan reaksiyon triinleri
nedeniyle duyusal kalitede bir azalmaya da neden olur
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Son yillarda tiiketiciler gidalarda kullanilan
koruyucularin givenirligini sorgulamaya baglamigtir.
Bunun sonucu olarak, her gecen giin dogal icerikli gida
iirtnlerine olan talep artmaktadir. Ozellikle, bircok
bitkinin igeriginde yer alan polifenoller, bu bakimdan
son yillarda biiyiik dikkat cekmektedir (Al-Zoreky,
2009). Gerceklestirilen bu calisma ile, gida
urinlerinde dogal antioksidan kaynag olarak
kullanilma potansiyeli olan nar ¢igeginin farkl
sicaklik ve sure kosullar1 altinda, su ve etanol
kullanilarak elde edilen ekstraktlarinin antioksidan
aktivite ve toplam fenolik iceriklerinin belirlenmesi
amaglanmigtar.

MATERYAL ve METOD
Materyal

Calisma da Adana ilinin Yiregir ve Mersin ilinin
Tarsus ilgesinde yetistirilen nar agaclarindan elde
edilen ve glnes altinda geleneksel olarak kurutulan
kirmiz1 nar gigekleri kullanilmigtir. Kurutulmus nar
¢igekleri yerel bir tireticiden temin edilmistir.

Nar Cicegi Ekstraktlarinin Hazirlanmasi

Nar ¢i¢egi ekstraktlarinin hazirlanmasinda Wafa ve
ark. (2017)nmin uygulamis oldugu ekstraksiyon
yontemi bazi1 modifikasyonlar gergeklestirilerek
uygulanmigtir. Oncelikle biitiin haldeki nar cicekleri
mekanik 6gutiicii (Yiicebas Makine, Izmir, Turkiye)
yardimiyla toz hale getirilmis ve ekstraksiyon
isleminde toz formdaki nar c¢igcekleri kullanilmigtir.
Ekstraksiyon isleminde 1 g nar ¢igegi i¢in 20 mL etanol
(%70, v/v) veya distile su kullanmilmistir. Hazirlanan
karigimlar 40°C ve 60°C sicaklik altinda 40 ve 60
dakika siire ile galkalamali su banyosunda ekstrakte
edilmigtir. Isil iglem sonrasi hizli bir gekilde oda
sicakligina (22 °C) sogutulan karigim safsizliklarin
uzaklagtirilmasi i¢in kaba filtre kagidi yardimiyla
filtrelenmigtir. Elde edilen ekstraktta bulunan ¢6zlicti
rotary evaporator yardimiyla uzaklagtirildiktan sonra
kalan kisim liyofilizatérde (Operon, OPR-FDU-8612,
Giiney Kore) -80°C ve 0.01 mbar basin¢ altinda
kurutulmustur. Elde edilen toz ekstraktlar analizler
gerceklestirilene kadar vakum ambalajli olarak +4
°C’de depolanmastir.

Antioksidan Aktivite Tayinleri

DPPH (2,2-difenil-1-pikrilhidrazil) metodu
Ekstraktlarin antioksidan kapasitelerinin miktar:
Chen ve ark. (1999) tarafindan belirtilen yéntemde
baz1 degisiklikler yapilarak gergeklestirilmigtir.
Analizde DPPH stok cozeltisi (39.4 mg DPPH100 mL
metanol) hazirlanarak karanhk ortamda 2 saat
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boyunca karigtirnlmigtir. Deney tuplerine farkh
konsantrasyonlarda 6rnek ekstrakti alinarak toplam
hacmi metanol ile 1500 uLL tamamlanmigtir. Her deney
tuptine 500 uL. DPPH stok c¢ozeltisi ilave edilerek
karanlik ortamda 30 dk inkiibasyona birakilmig ve
daha sonra 517 nm dalga boyunda absorbanslari
(Hanil Combi 514R, Giiney Kore) olciilmiistiir.
Antioksidan aktivite (%) degerleri asagidaki formiille
hesaplanmigtir.

%Antioksidan Aktivite=(Ac-As)/Ac x100 (1)
Ac: kontrol absorbansi, As: 6rnek absorbansi

B-karoten agartma metodu

Ekstraktlarin B-Karoten agartma analizi Matthdus
(2002) belirttigi yontemde baz1 degisiklikler yapilarak
gerceklestirilmistir. Bu maksatla 40 pl linoleik asit,
400 pL Tween 40 ve 4 mL B-karoten ¢ozeltisi (0.002 g
20 mL kloroform) karistirildiktan sonra kloroform
evaporatorde uzaklagtirilmis ve uzerine 100 mL
destile su ilave edilerek test ¢ozeltisi hazirlanmistir.
Hazirlanan o&rnek ekstraktlari (I m-mL metanol)
uzerine 3 mL test ¢ozeltisi ilave edilmis ve 470 nm’de
ilk absorbans kaydedilmistir. Ornekler 50 °C su
banyosunda 100 dk bekletildikten sonra tekrar
absorbans1 6l¢ulmustir. Hesaplamada absorbanslar
arasindaki farklar kullamilmigtir. Aymi iglem B-
karoten kullanilmadan hazirlanan kontrol grubu
icinde uygulandiktan sonra asagidaki esitlikle
antioksidan aktivite hesaplanmistir.

%Antioksidan Aktivite=(Ac-As)/Ac x100 (2)
Ac : kontrol absorbansi, As : 6rnek absorbansi

Toplam Fenolik Madde Miktarinin Belirlenmesi

Ekstraktlarin toplam fenolik madde miktar: Taga ve
ark. (1984) tarafindan belirtilen yéntem {izerinde baz1
degisiklikler yapilarak gerceklestirilmigtir. Falkon
tuplerine nar ¢igeginin sulu ve  etanolli
ekstraktlarindan 0.5 ml (1 mg™L metanol) alinmistir.

Uzerine 23 ml distile su ve 0.5 mL Folin-Ciocalteau
reaktifi eklenerek karigtirilmis ve 3 dk boyunca
inkiibasyona birakilmigtir. Sonrasinda 1.5 mL %2’lik
sodyum karbonat c¢ozeltisi ilave edilerek 120 dk
stiresince karigtirildiktan sonra 760 nm dalga boyunda
absorbans degerleri koére karst  Ol¢ilmiistir.
Ekstraktlardaki toplam fenolik madde miktarlarinda
standart olarak gallik asit kullanilmis ve sonuglar
gallik asit egdegeri (ug GAEm™e o6rnek) olarak
hesaplanmigtir. Ekstraktlardaki toplam fenolik
madde miktarlar1 gallik asit kullanilarak cizilen
kalibrasyon egrisi ile gallik asit esdegeri (mg GAE®
ornek) olarak hesaplanmistir.

Istatistiksel Analiz

Aragtirma kapsaminda elde edilen ham veriler SPSS
22.0.0 (SPSS Inc., Chicago, ABD) paket programi
kullanilarak, %90, %95 ve %99 gliven araliginda
varyans analizi ile incelenmigtir. Ortalamalar
arasindaki farkin 6nemli olup olmadigi varyans analizi
sonrasi yapilan Duncan c¢oklu karsilastirma testi ile
belirlenmistir (P<0.05). Sonugclar ortalama ve standart
sapma degerleri ile sunulmustur.

BULGULAR ve TARTISMA

Gergeklestirilen  c¢alisma  kapsaminda  deneme
deseninde bagimsiz degiskenler olarak ele alinan
¢oziicii gesidi (su ve etanol), sicaklik (40-60 °C) ve siire
(40-60 dk) parametrelerinin ekstraksiyon sonucu elde
edilen ekstraktlarin antioksidan aktivite (IC50, DPPH
ve B-karoten agartma) ve toplam fenolik icerigi
degerleri lzerine etkileri Cizelge 1’de sunulmustur.
Calisma sonuglar1 ekstraksiyonda kullanilan ¢oziict
¢esidinin belirlenen tim degerler lizerinde énemli bir
etkisi oldugunu gostermistir (P<0.01). Sicaklik
degisiminin DPPH radikali giderme aktivitesi
uzerinde 6nemli bir etkisi bulunmazken, B-karoten
agartma aktivitesi (P<0.01) ve toplam fenolik icerigi
(P<0.05) iizerinde etkisi tespit edilmistir.

Cizelge 1. Ekstraksiyon parametrelerinin antioksidan aktivite ve toplam fenolik igerigi Gizerine etkileri
Table 1. Effects of extraction parameters on antioxidant activity and total phenolic content

Faktorler 1C50 DPPH B-Karoten Agartma Toplam Fenolik Icerik
Factors B-caroten bleaching Total phenolic content
Cozucu *k% *kh% *kh% *k%

Sicaklik NS NS ok *k

Sﬁre * *kh% *kh% NS

Coziict x Sicakhik NS NS wkE NS

Céziicil x Siire NS ok ok o

Sicaklik x Stire NS kK NS *k

Cozucu x Sicaklik x Sure il ** NS NS

NS; istatistiksel olarak 6nemsiz, 6nem seviyeleri: * P< 0.1; ** P <0.05; *** P <0.01.

Faktorlerin bahsedilen ana etkileri diginda birbirleri
ile olan bazi interaksiyonlarimin da IC50, DPPH
radikali giderme aktivitesi, B-Karoten Agartma ve
toplam fenolik igerigi tlizerinde farkli 6nem
seviyelerinde (P < 0.05, P < 0.01) etkisi oldugu
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belirlenmigtir.
Farkli ekstraksiyon kogullar1 altinda elde edilen

ekstraktlarin antioksidan aktivite degerleri Cizelge
2’de sunulmustur. DPPH radikali giderme aktivitesi
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analizi sonuglar1 incelendiginde kullanilan ¢6zlct
cesidinin etkisi acik bir sgekilde gorulmektedir
(P<0.05). Etanol kullanilarak elde edilen ekstraktlarin
DPPH radikali giderme aktivitesi su kullanilarak elde
edilen ekstraktlara kiyasla onemli seviyede yiliksek
bulunmustur (P<0.05). Belirlenen IC50 degerlerinin
de bu sonug ile paralellik gosterdigi gériilmektedir. En

yiksek DPPH radikali giderme aktivitesi etanol
kullanilarak 60 °C sicaklik ve 40 dk stire ile hazirlanan
ekstraktlarda belirlenmistir  (P<0.05). Su ile
hazirlanan tim ekstraktlarin ise etanol ile hazirlanan
ekstraktlardan daha distik aktiviteye sahip oldugu
belirlenmistir (P<0.05).

Cizelge 2. Farkli ekstraksiyon kogullarinda nar ¢igegi ekstraktlarinin antioksidan aktivite degerleri
Table 2. Antioxidant activity values of pomegranate flower extracts under different extraction conditions

Antioksidan aktivite

Sicakhik

Coziici Stire (dk) DPPH (%) B-karoten agartma
Solvent (,{GCI;IP erature e (sec) PPI:IL-I) 1C50 51 ax (se0-100 ug  B-caroten bleaching (%) 100 dk
He mL (secd) -100 pgmL

Su 40 40 13.96+0.59ab 48.08+0.808 49.79+0.454

Su 40 60 12.94+40.42bc 54.22+0.92¢ 50.69+0.474

Su 60 40 11.70+0.47¢ 50.56+1.01fs 60.03+0.13¢

Su 60 60 14.58+1.54= 52.2240.78ef 59.58+1.36¢
Etanol 40 40 5.15+0.044 79.97+2.14b 70.80+0.802
Etanol 40 60 6.44+0.084 70.41+1.17¢ 62.59+0.35P
Etanol 60 40 5.71+0.504 84.56+1.532 69.96+0.972
Etanol 60 60 5.96+0.254 63.36+1.29d 61.86+0.88P

a-e () Ayn siitundaki farkl harfler istatistiksel olarak farklilig gosterir.

Ekstraktlarin B-karoten agartma metoduna gore elde
edilen antioksidan aktivite degerleri, DPPH radikali
giderme aktivitesi sonuclarina paralellik
gostermektedir. Etanol ile elde edilen ekstraktlarin B-
karoten agartma degerleri su 1ile elde edilen
ekstraktlara kiyasla oOnemli seviyede yiliksek
bulunmustur (P<0.05). Ayrica 40 dk ekstraksiyon
stiresinin uygulandigi etanol 1ile elde edilen
ekstraktlarin B -karoten agartma degerleri 60 dk
ekstraksiyon siiresi uygulanan 6rneklere kiyasla daha
yiiksek bulunmustur (P<0.05). Su ile hazirlanan
ekstraktlarda ise B -karoten agartma degerleri tizerine
sicakligin 6nemli etkisinin oldugu tespit edilmistir. 60
°Cde gergeklegtirilen ekstraksiyon sonucunda elde
edilen ekstraktlarin B -karoten agartma degerleri 40
°C’de elde edilen ekstraktlara kiyasla 6nemli seviyede
yiiksek bulunmustur (P<0.05).

Calisma da elde edilen antioksidan aktivite degerleri
ve ekstraksiyon parametrelerinin etkisi literatiir de
yer alan bir¢ok calisma ile benzerlik géstermektedir.
Laosirisathian ve ark. (2020) nar kabugunun etanol
soliisyonu (%60) ile hazirlanan ekstraksiyonun en
verimli ekstraksiyon oldugunu ve DPPH radikal
temizleme aktivitesinin (IC50) ortalama 10.97 pgm™L
oldugunu belirtmistir. Belirtilen antioksidan aktivite
degeri calismada elde ettigimiz degerlere oldukca
benzerdir. Elfalleh ve ark. (2012) nar ¢iceginin su ile

hazirlanan  ekstraktinin  antioksidan  aktivite
degerinin (IC50) metanol ile hazirlanan ekstraktina
kiyasla daha yiiksek oldugunu belirtmigtir.

Aragtirmacilar su ile hazirlanan nar ¢igegi ve kabugu
ekstraktlar1 i¢cin IC50 degerini sirasiyla ortalama
13.87 ve 11.48 mgmL olarak belirtmistir. Benzer bir
baska calismada, Abdolahi ve ark. (2018) etanol
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soliisyonu (%70) kullanarak 24 saat siire ile oda
sicakliginda gerceklestirdigi ekstraksiyon ile elde
ettikleri ekstrakt igin IC50 degerini ortalama 27.92
mgmL ve antioksidan aktivite indeksini %91.04 olarak
belirlemigtir. Yapilan c¢alismalar, ekstraksiyon
kogullarimin, ozellikle de c¢ozicu cesidi, ekstrakte
edilen bilesen kompozisyonu tizerine 6nemli etkisi
olmasi1 nedeniyle belirlenen antioksidan etkilerin
farkl olabildigini géstermektedir (Jang ve ark., 2007;
Tirkyillmaz ve ark., 2017; Yavaser, 2011).

Farkli ekstraksiyon kogullar1 altinda elde edilen
ekstraktlarin toplam fenolik icerikleri (mg GAE®
ornek) Cizelge 3’de sunulmustur. Toplam fenolik
icerigi analizi sonuglari incelendiginde sonuglarin
beklenildigi gibi antioksidan aktivite degerleri ile
paralellik gosterdigi belirlenmigtir. Etanol
kullanilarak ve 60 °C’de 40 dk stire ile gerceklestirilen
ekstraksiyon iglemi ile elde edilen ekstraktin toplam
fenolik iceriginin (70.36 mg GAE® ekstrakt) diger
ekstraktlara kiyasla daha yiksek oldugu tespit
edilmistir (P<0.05). Nar ciceginin etanollii ve sulu
ekstraksiyonlarin toplam fenolik icerigi sirasiyla 56.23
ve 41.21 mg GAE=® ekstrakt olarak belirlenmigtir.
Calismada elde edilen sonug, Elfalleh ve ark. (2012)
tarafindan belirlenen deger (42.70 mg GAE¢ ekstrakt)
ile uyumludur.

Yapilan ¢calismalar ekstraksiyon isleminde kullanilan
¢oziici ve sicaklik ve siire gibi ekstraksiyon
kogullarinin elde edilen ekstraktin toplam fenolik
igerigini O6nemli ol¢lide etkiledigini gostermektedir
(Bakkaloglu ve Arici, 2019; Tiirkyillmaz ve ark., 2017;
Yavager, 2011). Jalal ve ark. (2018) nar kabugu ve
yapragindan su ve metan kullanarak elde ettigi
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ekstraktlarin toplam fenolik i¢erigini sirasiyla 18 ve 25
mg GAE¢ ekstrakt olarak tespit etmistir. Nar kabugu,
cekirdegi ve suyu lizerinde gerceklestirilen bir bagka
calismada nar kabugunun nar c¢ekirdegi ve suyuna
kiyasla fenolik bilegenlerce daha zengin oldugu

bildirilmistir (Derakhshan ve ark., 2018). Elde edilen
veriler bahsedilen bu ¢alisma ile kiyaslandiginda nar
¢igegi ekstraktlarinin fenolik iceriginin nar kabugu ve
nar ¢ekirdeginden daha dusiik oldugu, nar suyundan
ise daha yiiksek oldugu s6ylenebilir.

Cizelge 3. Farkli ekstraksiyon kogullarinda nar ¢icegi ekstraktlarinin toplam fenolik igerigi
Table 3.Total phenolic content of pomegranate flower extracts under different extraction conditions

Coziicii Sicaklik Stire (dk) Toplam fenolik icerik
Solvent Temperature (°C)  Time (sec) Total phenolic content (mg GAE8)
Su 40 40 36.06+4.79d
Su 40 60 43.48+1.14bcd
Su 60 40 42.38+1.56¢4
Su 60 60 42.95:+2,28bcd
Etanol 40 40 50.80+0.67¢
Etanol 40 60 51.86+0.39P
Etanol 60 40 70.36+3.672
Etanol 60 60 51.91+0.76P
a-d (|) Aym stitundaki farkli harfler istatistiksel olarak farklilig1 gosterir.
SONUC ve ONERILER antioxidant activities and phytochemical properties
e . ien .. of Punica granatum flowers in Iran. Iranian
Gida endistrisi, gida gilivenligini artirmak i¢in . . .
. . . o . Journal of Science and Technology, Transactions A
sentetik  koruyucular yerine dogal Dbilesiklerin

kullanimina 6nem vermektedir. Biyoaktif bilesenlerce
zengin olan dogal bilesikler gidalarda isleme ve
depolama sirasinda meydana gelen oksidasyonu
engelleyerek gida lriinlerinin raf 6mrini ve kalitesini
uzatabilir. Bu c¢alisma nar ¢igeginden farkli yollarla
elde edilecek ekstraktlarin bu amagla kullanilma
potansiyeli oldugunu gostermektedir. Gidalarda nar
cicegi ekstraktlarimin kullanimi ile dogal olmayan
katki maddelerinin  kullanimi  6nlenebilir  ve
azaltilabilir.

TESEKKUR

Calismay1 destekleyen Nevsehir Haci Bektas Veli
Universitesi Bilimsel Aragtirma Projeleri
Koordinasyon Birimine (Proje No: BBAP20F12)
tesekkir ederiz.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Caligma verileri Cem Okan Ozer, Ganime Beyzanur
Var ve Ezgi Demir Ozer tarafindan gerceklestirilen
laboratuvar c¢alismalari sonucunda elde edilmistir.
Istatistiksel analizler Cem Okan Ozer tarafindan
gerceklestirilmistir. Verilerin yorumlanmasi1 ve
makalenin yazimi tiim yazarlarin egit oranda katkisi
ile gerceklegtirilmigtir.

Cikar Catigmasi1 Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar
catigsmasi olmadigini beyan ederler.

KAYNAKLAR

Abdolahi N, Soltani A, Mirzaali A, Soltani S,

Balakheyli H, Aghaei 2018. Antibacterial and

919

Science 42(3): 1105-1110.

Al-Zoreky NS 2009. Antimicrobial activity of
pomegranate (Punica granatum L.) fruit peels.
International Journal of Food Microbiology 134(3):
244-248.

Bakkaloglu Z, Arici M 2019. Farkli Coziicilerle
Propolis Ekstraksiyonunun Toplam Fenolik I¢erigi,
Antioksidan Kapasite ve Antimikrobiyal Aktivite
Uzerine Etkileri. Academic Food
Journal/Akademik GIDA 17(4).

Bekir J, Mars M, Vicendo P, Fterrich A, Bouajila J
2013. Chemical composition and antioxidant, anti-
inflammatory, and antiproliferation activities of
pomegranate (Punica granatum) flowers. Journal of
Medicinal Food 16(6): 544-550.

Boukharta M, Jalbert G, Castonguay A 1992. Efficacy
of ellagitannins and ellagic acid as cancer
chemopreventive agents. Bulletin De Liaison-
Groupe Polyohenols 16245-245.

Chen Y, Wang M, Rosen RT, Ho C-T 1999. 2, 2-
Diphenyl-1-picrylhydrazyl radical-scavenging
active components from Polygonum multiflorum
Thunb. Journal of Agricultural and Food Chemistry
47(6): 2226-2228.

Derakhshan Z, Ferrante M, Tadi M, Ansari F, Heydari
A, Hosseini MS, Conti GO, Sadrabad EKJF 2018.
Antioxidant activity and total phenolic content of
ethanolic extract of pomegranate peels, juice and
seeds. Food and Chemical Toxicology 114: 108-111.

Elfalleh W, Hannachi H, Tlili N, Yahia Y, Nasri N,
Ferchichi A 2012. Total phenolic contents and
antioxidant activities of pomegranate peel, seed,
leaf and flower. Journal of Medicinal Plants
Research 6(32): 4724-4730.



KSU Tarim ve Doga Derg 24 (5): 915-920, 2021
KSU J. Agric Nat 24 (5): 915-920, 2021

Arastirma Makalesi
Research Article

Elfalleh W, Thili N, Nasri N, Yahia Y, Hannachi H,
Chaira N, Ying M, Ferchichi A 2011. Antioxidant
Capacities of Phenolic Compounds and Tocopherols
from Tunisian Pomegranate (Punica granatum)
Fruits. Journal of Food Science 76(5): C707-C713.

Gil MI, Tomas-Barberan FA, Hess-Pierce B, Holcroft
DM, Kader AA 2000. Antioxidant activity of
pomegranate juice and its relationship with
phenolic composition and processing. Journal of
Agricultural and Food chemistry 48(10): 4581-4589.

Hajimahmoodi M, Moghaddam G, Ranjbar AM,
Khazani H, Sadeghi N, Oveisi MR, Jannat B 2013.
Total phenolic, flavonoids, tannin content and
antioxidant power of some Iranian pomegranate
flower cultivars (Punica granatum L.). American
Journal of Plant Sciences 4(09): 1815.

Heber D. (2011). Pomegranate ellagitannins. In Herbal
Medicine: Biomolecular and Clinical Aspects. 2nd
edition. CRC Press/Taylor & Francis.

Jalal H, Pal MA, Hamdani H, Rovida M, Khan
NNJJPP 2018. Antioxidant activity of pomegranate
peel and seed powder extracts. 7(5): 992-997.

Jang HD, Chang KS, Huang YS, Hsu CL, Lee SH, Su
MS 2007. Principal phenolic phytochemicals and
antioxidant activities of three Chinese medicinal
plants. Food Chemistry 103(3): 749-756.

Laosirisathian N, Saenjum C, Sirithunyalug J,
Eitssayeam S, Sirithunyalug B, Chaiyana W 2020.
The Chemical Composition, Antioxidant and Anti-
Tyrosinase Activities, and Irritation Properties of
Sripanya Punica granatum Peel Extract. Cosmetics
7(1): 7.

Matthdus B 2002. Antioxidant activity of extracts
obtained from residues of different oilseeds. Journal
of Agricultural and Food Chemistry 50 (12): 3444-
3452.

Natalello A, Priolo A, Valenti B, Codini M, Mattioli S,
Pauselli M, Puccio M, Lanza M, Stergiadis S,
Luciano G 2020. Dietary pomegranate by-product
improves oxidative stability of lamb meat. Meat
Science 162108037.

Negi P, Jayaprakasha G, dJena B 2003. Antioxidant
and antimutagenic activities of pomegranate peel
extracts. Food Chemistry 80(3): 393-397.

Osawa T, Ide A, Su JD, Namiki M 1987. Inhibition of
in vitro lipid peroxidation by ellagic acid. Journal of
Agricultural and Food Chemistry 35(5): 808-812.

Ozen BO, Soyer A 2018. Effect of plant extracts on
lipid and protein oxidation of mackerel (Scomber
scombrus) mince during frozen storage. Journal of

920

Food Science and Technology 55(1): 120-127.

Sarkhosh A, Zamani Z, Fatahi R, Ebadi A 2006. RAPD
markers reveal polymorphism among some Iranian
pomegranate (Punica granatum L.) genotypes.
Scientia Horticulturae 111(1): 24-29.

Suman M, Bhatnagar P 2019. A review on proactive
pomegranate one of the healthiest foods.
International Journal of Chemical Studies 7(3):
189-194.

Taga MS, Miller E, Pratt D 1984. Chia seeds as a
source of natural lipid antioxidants. Journal of the
American Oil Chemists’ Society 61(5): 928-931.

Turgut SS, Isikei F, Soyer A 2017. Antioxidant activity
of pomegranate peel extract on lipid and protein
oxidation in beef meatballs during frozen storage.
Meat Science 129111-119.

Tirkyilmaz M, Tag1 S, Ozkan M 2017. Narin farkh
bolumlerinin polifenol igerigi, antioksidan ve
antibakteriyel aktivitesi Ttlizerine ekstraksiyon
cozgenlerinin etkisi. Akademik Gida 15(2): 109-118.

Viuda-Martos M, Fernandez-Lépez J, Pérez-Alvarez
2010. Pomegranate and its many functional
components as related to human health: a review.
Comprehensive Reviews in Food Science and Food
Safety 9(6): 635-654.

Wafa BA, Makni M, Ammar S, Khannous L, Hassana
AB, Bouaziz M, Es-Safi NE, Gdoura R 2017.
Antimicrobial effect of the Tunisian Nana variety
Punica granatum L. extracts against Salmonella
enterica (serovars Kentucky and Enteritidis)
isolated from chicken meat and phenolic
composition of its peel extract. International
Journal of Food Microbiology 241: 123-131.

Yavagser R. 2011. Dogal ve sentetik antioksidan
bilesiklerin antioksidan kapasitelerinin
karsilagtirilmasi Adnan Menderes Universitesi,
Fen Bilimleri Enstitiisi Kimya Anabilim Dal,
Yiiksek Lisans tezi, 104 sy.

Yilmaz B, Usta C 2011. Narin (Punica granatum)
terapotik etkileri. Tiurkiye Aile Hekimligi Dergisi
14(3): 146-153.

Zhang L, Gao Y, Zhang Y, Liu J, Yu J 2010. Changes
in bioactive compounds and antioxidant activities
in pomegranate leaves. Scientia Horticulturae
123(4): 543-546.

Zhang L, Yang X, Zhang Y, Wang L, Zhang R 2011. In
vitro antioxidant properties of different parts of
pomegranate flowers. Food and Bioproducts
Processing 89(3): 234-240.



KSU Tarim ve Doga Derg 24 (5): 921-929, 2021
KSU J. Agric Nat 24 (5): 921-929, 2021
DOI:10.18016/ksutarimdoga.vi.834691

Su Kalitesi ve Demleme Seklinin Bitkisel Caylarda Toplam Antioksidan Kapasite Uzerine
Etkisi

Can YILMAZY%, Metin KONUS?, Ceylan FIDAN3, Derya ERGIN4, Dogan CETINS, Zeynep DILEKS®
Yavuz AKBAS7, Naile CICEKS®, Mukaddes SULTANOGLU?, Esma ELASAN?10

110Van Yiiziinei Yil Universitesi, Fen Fakiiltesi, Molekiiler Biyoloji ve Genetik Béliimii, Van
Thttps://orcid.org/0000-0002-0028-6614, 2https://orcid.org/0000-0002-9953-1375, 3https://orcid.org/0000-0003-3135-7056
4httpsi//orcid.org/0000-0002-5124-4174, 5https://orcid.org/0000-0002-5733-4007, 6https://orcid.org/0000-0002-8965-0565
Thttps://orcid.org/0000-0002-3500-4701, 8https://orcid.org/0000-0002-9308-7680, *https://orcid.org/0000-0002-6368-0213
10https://orcid.org/0000-0003-1777-6262

P4 eyilmaz@yyu.edu.tr

OZET Aragtirma Makalesi
Bitkisel cay tiiketiminin potansiyel saghk yararlarinin temelini

igerdikleri polifenollerin antioksidan kapasitesi olusturur. Bu Makale Tarihgesi
calismada Tirkiye'de yaygin olarak tiiketilen melisa ¢ayi, kusburnu, Gelig Tarihi  :08.12.2020
rezene, papatya cayl ve beyaz cayda, antioksidan aktivite saglayan Kabul Tarihi :19.02.2021

polifenolik  bilesiklerin ekstraksiyon verimi 1tizerine infiizyon
stiresinin, ¢cay paketlerinin ve organik ¢6ziici olarak kullanilan su
cesitlerinin etkisi arastirildi. Antioksidan aktiviteleri 2,2-difenil-1-

Anahtar Kelimeler
Bitkisel Caylar

pikrilhidrazil (DPPH) metodu kullanmlarak belirlendi. Calisma
sonucunda distile su ile hazirlanan bitkisel ¢aylardaki antioksidan
aktivitenin musluk suyuyla hazirlananlardan daha yiiksek oldugu ve
bu caylarda artan inflizyon slresine baghh olarak antioksidan
aktivitede de artis oldugu gézlendi. Musluk suyu kullaniminda ise
kugburnu ve melisa ¢ay: icin 3 dakika ve beyaz ¢ay icin 10 dakika
demleme sonucu daha yliksek oranda antioksidan aktivite saglandigi
belirlendi. Sonuglar ayrica, kusburnu ve rezene cayi i¢in paketli,
papatya, melisa ve beyaz cay i¢in paketsiz demlemenin daha yuksek
ekstraksiyon verimi sagladigini gésterdi.

ABSTRACT

The antioxidant capacity of the polyphenols is the basis of the
potential health benefits of herbal tea consumption. In this study, the
effects of infusion time, presence of tea packs and water quality on the
extraction yield of polyphenolic compounds providing antioxidant
activity of melissa, rosehip, fennel, camomile and white tea, which are
commonly consumed in Turkey, were investigated. Antioxidant
activities were determined by using the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) method. The results of the study showed that the antioxidant
activity of herbal teas brewed with distilled water was higher than
that in tap water, and that antioxidant activity increased for these
teas due to the increased infusion time. When tap water was used, it
was determined that a higher antioxidant activity was obtained as a
result of brewing for 3 minutes for rosehip and melissa tea and 10
minutes for white tea. The results also showed that packaged brewing
for rosehip and fennel tea; and, unpackaged brewing for chamomile,
melissa, and white tea resulted in higher antioxidant activity.

Antioksidan Kapasite
Su Kalitesi
Demleme suiresi

DPPH

The Effects of Water Quality and Brewing Type on Total Antioxidant Capacity in Herbal Teas

Research Article

Article History
Received
Accepted

- 08.12.2020
- 19.02.2021

Keywords

Herbal Teas
Antioxidant Capacity
Water Quality
Brewing Period
DPPH

Atif Igin:  Yilmaz C, Konus M, Fidan C, Engin D, Cetin C, Dilek Z, Akbas Y, Cicek N, Sultanoglu M, Elasan E 2021. Su
Kalitesi ve Demleme Seklinin Bitkisel Caylarda Toplam Antioksidan Kapasite Uzerine Etkisi. KSU Tarim ve
Doga Derg 24 (5): 921-929. DOI: 10.18016/ksutarimdoga.vi.834691.

To Cite :  Yilmaz C, Konus M, Fidan C, Engin D, Cetin C, Dilek Z, Akbas Y, Ci¢ek N, Sultanoglu M, Elasan E 2021. The

Effects of Water Quality and Brewing Type on Total Antioxidant Capacity in Herbal Teas. KSU J. Agric Nat 24
(5): 921-929. DOI: 10.18016/ksutarimdoga.vi.834691.




KSU Tarim ve Doga Derg 24 (5): 921-929, 2021
KSU J. Agric Nat 24 (5): 921-929, 2021

Arastirma Makalesi
Research Article

GIRIS

Antioksidanlar, reaktif oksijen tiirlerini (ROS)
temizlemek ve hicreleri daha dusik bir redoks
durumunda tutmak ig¢in hiicrelerde redoks giftleri
olarak hareket eden bilesikler olarak tanimlanabilir
(Henriksen, 2019). Antioksidanlarin fizyolojik rolii, bu
tanimin 6ne sitrdigh gibi, kimyasal reaksiyonlar
sonucu ortaya c¢ikan serbest radikallerin hicresel

bilesenlere zarar vermesini énlemektir (Atoui ve ark.,
2005).

Epidemiyolojik c¢alismalar, antioksidanlar agisindan
zengin gidalarin tliketimi ile g¢esitli hastaliklara
yakalanma riskinin azalmasi arasinda yakin
baglantilar oldugunu géstermistir (Pitchumoni ve
Doraiswamy, 1998; Dhalla ve ark., 2000; Aune ve ark.,
2018). Bu calismalarin sonuclar1 dogrultusunda
antioksidanca zengin gidalar tiikketmeye yonelik ilgi
artmigtir.  Vicudun  antioksidan  savunmasini
guclendirmek i¢in, antioksidanlar diyet takviyeleri
halinde alinmaktadir. Dogal antioksidanlar meyveler,
sebzeler, tahillar, bitkiler ve igeceklerden saglanir
(Atoui ve ark., 2005; Fu ve ark., 2011). Ozel bir besin
degerine sahip olmayan bitkisel caylar, pratik bir
sekilde hazirlanmalari, hos tatlarinin olmasi, saghk
tzerine olumlu etkilerinin olmas1 ve kafein
icermemeleri sebebiyle tim diinyada siklikla tercih
edilen dogal antioksidan kaynaklarindan biridir
(Alarcon ve ark., 2008; Rusaczonek ve ark., 2010;
Ravikumar, 2014; Goliikel ve ark., 2014; Kili¢ ve ark.,
2017).

Papatya yapisinda, alfa bisabolol, alfabisabolol oksit A
ve B, ve matrisin gibi flavonoidleri bulundugu icin
anti-enflamatuar (Bhaskaran ve ark., 2010;
Pirouzpanah ve ark., 2017), anti-kanser (Srivastava ve
Gupta, 2007) aktiviteye sahip oldugunu ve soguk
alginhign (Barrett, 2018), koroner kalp rahatsizlig
(Hertog ve ark., 1993), gastrointestinal sistem
rahatsizliklar: (Kroll ve Cordes, 2006), egzama (Lee ve
ark., 2010), gibi hastaliklarin tedavisinde etkili
oldugunu goésteren pek c¢ok calisma mevcuttur.
Bunlarin yani sira papatya cayr geleneksel olarak
immin sistemin gii¢lendirilmesinde, anksiyete ve
uyku bozuklugunun tedavisinde kullanilmaktadir
(Srivastava ve ark., 2010). Melisanin antioksidan
aktivitesi yapisinda, mono ve seskiterpen bilegsenleri,
kafeik asit ve flavonoidler bulundurmasindan
kaynaklanmaktadir. Rosmarinik asit antioksidan
aktivitesi sayesinde, karacigeri zarar goérmekten
korumaktadir (Allahverdiyev ve ark., 2004). Ayrica
Melisa'nin anti-viral ve anti-spazmodik (Sadraei ve
ark., 2003), aktiviteye sahip oldugu biligsel
performansi arttirdig: ve stresi azalttigini (Kennedy ve
ark., 2006; Awad ve ark., 2009; Ibarra ve ark., 2010)
gosteren pek cok calisma mevcuttur (Verma ve ark.,
2015). Rosa canina bitkisi askorbik asit, tokoferoller,
biyoflavonoitler, tanenler, flavonoidler, fosfolipitler,
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mineraller, gallaktolipitler ve karotenoidler gibi pek
¢ok antioksidan nitelikteki maddeler icin miikkemmel
bir kaynaktir (Chrubasik ve ark., 2008; Ilbay ve ark.,
2013). Calismalar kusburnu bitkisinin anti-kanser
(Tumbas ve ark., 2011) aktiviteye sahip oldugunu,
ayrica romatoid artrit (Kirkeskov ve ark., 2011),
diyabet (Orhan ve ark., 2009) ve obezite gibi
hastaliklarin tedavisinde ve kolesteroliin
diistirilmesinde (Ninomiya ve ark., 2007) etkili bir
sekilde kullanildigimi géstermistir (Cohen, 2012;
Marmol ve ark., 2017). Rezene, kaempferol ve
kuersetin gibi flavonoid anti-oksidanlari igerir; bu
antioksidanlarin aktivitesi, viicuttaki zararli serbest
radikallerin giderilmesini saglar boylece enfeksiyon ve
yaglanmaya  karsi  korur. Ayrica rezenenin,
enflamatuar hastaliklara karsi inhibe edici etkisi
oldugunu (Choi ve Hwang, 2004), anti-bakteriyel
aktiviteye (Shahat ve ark., 2011) ve anti-kanser etkiye
(Devika ve Mohandass, 2014) sahip oldugunu gosteren
calismalar mevcuttur. Beyaz c¢ayin antioksidan
aktivitesi yapisindaki kateginler ve polifenollerden
kaynaklanmaktadir. Beyaz c¢aymn sahip oldugu
antioksidan aktivite sayesinde kardiyovaskiler
hastaliklar, merkezi sinir sistemi rahatsizliklar: (Deka
ve Vita, 2011) ve kanser (Moderno ve ark., 2009) gibi
hastaliklarin tedavisinde etkili oldugunu gosteren
calismalar mevcuttur (Dias ve ark., 2013).

Bitkilerden izole edilen antioksidanlarin c¢ogu anti-
bakteriyel, anti-kanserojen, anti-enflamatuar, anti-
viral, anti-alerjik, 6strojenik ve immiin uyarici olarak
biyolojik aktivite gosteren, antioksidan aktiviteleri, a
tokoferol, C vitamini ve B-karoten'den onlarca kez
daha fazla olan biyoflavonoidler ve fenolik asitler gibi
polifenollerdir (Larson,1988; Atoui ve ark., 2005;
Rusaczonek ve ark., 2010; Yashin ve ark., 2011).
Fenoliklerin antioksidan aktivitesi indirgeyici
ajanlar, hidrojen donérleri ve tekli oksijen
sondirtcileri olarak etki etmelerini saglayan redoks
ozelliklerinden kaynaklanmaktadir (Parr ve Bolwell,
2000; Atoui ve ark., 2005). Biyolojik ve patolojik
stiregler lizerinde zararh etkilere sahip olan reaktif
oksijen tiirlerin bitki fenolikleri ile temizlenmesi,
bitkilerin insan saghg: tlizerine yararhh etkilerinin
temelini olusturur (Sawa ve ark., 1999; Alarcon ve
ark., 2008). Antioksidan aktiviteleri ile bilinen, cesitli
¢ay ve bitkisel infiizyonlarda ortaya ¢gikan polifenoller
beslenmedeki baglica fenolik bilesik kaynagina
katkida bulunur (Shahidi, 2000; Atoui ve ark., 2005;
Rusaczonek ve ark., 2010).

Yapilan ¢aligmalarla bitkisel gidalarin saghk tizerine
olumlu etkilerinin kanitlanmas1 ve tiliketicilerin
bitkisel gida tiiketimine giiveninin saglanmasi
nedeniyle diinya ¢apinda bitkisel ¢ay satigsinda buyuk
bir artig gozlenmistir (Sentkowska ve ark., 2016). Zion
Market Research’iin yayinladig1 bir rapora goére 2017
yilinda yaklagtk 50 milyar dolar olan bitkisel ¢ay
pazarinin 2024’te yaklagik 73 milyar dolara ulagmasi
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ve 2018 ile 2024 arasinda %4.5 civarinda artmasi
beklenmektedir (Anonim, 2018).

Turkiye, iklim ve toprak o6zelliklerinden dolay1 cay
olarak tiiketilebilecek c¢ok g¢esitli bitkilere sahiptir
(Cakilcioglu ve Turkoglu, 2010; Kilic ve ark., 2017).
Son zamanlarda Tirkiye'de, siyah c¢ayin yani sira
adacayi, 1thlamur, nane, rezene, papatya, ekinezya,
kugburnu, elma, dag ¢ayi, melisa, biberiye, sinameki,
kekik, 1sirgan, tarhun, ahududu, feslegen, anason gibi
pek c¢ok Dbitkisel materyalden tretilen c¢aylarin
titketimi de artmistir (Oztiirk ve ark., 2012; Goliikeii
ve ark., 2014). Bitkisel caylar sakin ve rahat bir
zihinsel durum elde etmek, kalp saghgim
desteklemek, mide ve sindirim problemlerine yardimci
olmak, enerji ve sihhati tesvik etmek, bagisiklik
sistemini  gli¢lendirmek, viicuda antioksidanlar
saglamak, stresi azaltmak, soguk alginlig1 6nlemek, iy1
bir gece uykusuna tesvik etmek gibi genel amaclar i¢in
kullanilmaktadir (Ravikumar, 2014).

Bircok c¢alisma, caylarin hazirlama kosullarinin,
polifenoller  gibi  ekstrakte edilmis  biyoaktif
bilesiklerin miktarmi blyik o6l¢cide etkiledigini
gostermigtir (Piljac-Zegarac ve ark., 2009; Belscak ve
ark., 2010). Bitkisel c¢aylarin biyoaktif bilesik
konsantrasyonu, ekstraksiyon verimi, ve antioksidan
aktivitesi; infiizyon sicakligi ve siiresi (Ilyasoglu ve
Arpa, 2017; Pérez-Burillo ve ark., 2018), cayin paketli,
toz veya acik yapraklar halinde olmasi ve paketin
yapildign malzeme (Astill ve ark., 2001) gibi bircok
ozellige bagh olarak degisir.

Bu calismada Turkiye’de yaygin olarak tiiketilen
melisa ¢ayl, kusburnu, rezene, papatya cay1 ve beyaz
cay olmak tzere bes bitkisel cayda, antioksidan
aktivite saglayan polifenolik bilesiklerin ekstraksiyon
verimi tzerine inflizyon slresinin, ¢cay paketlerinin ve
organik ¢oziicli olarak kullanilan su ¢esitlerinin etkisi
arastirilmistir. Antioksidan aktiviteleri 2,2-difenil-1-
pikrilhidrazil (DPPH) metodu kullanilarak
belirlenmigtir. Calismada kullanilacak degiskenlerin
antioksidan bozulma kinetigi {zerine etkilerinin
anlasilmasi, maksimum  ekstraksiyon  verimi
saglamak amaciyla ev tipi demleme islemlerini
optimize etmek i¢in kullanilabilir.

MATERYAL ve METOD

Kimyasallar ve Standartlar

Kullanilan tum reaktifler ve ¢6zlciiler analitik
derecede, ve ek bir saflagtirma igslemi yapilmadan
kullanildi. Deneyde standart olarak kullanilan
askorbik asit VWR’den, diger kimyasallar Sigma-
Aldrich’ten temin edildi. Spektrofotometrik 6lgiimler
Thermo UV/VIS spektrofotometre kullanilarak
gerceklestirildi.

Cay Ornekleri
Turkiye’de en c¢ok tiliketilen, ticari olarak temin
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edilebilir bes bitkisel cay (rezene, melisa, papatya,
kusburnu, beyaz cay) satin alindi. Caylarin TETT
(Tavsiye Edilen Tiiketim Tarihi) ve lot degerleri
uyumlu olacak sgekilde, ayni markanin, aym
tesislerinde, ayni iiretim iglemlerinden gegecek sekilde
ayarlandi. Caylarin timi tretici tarafindan 2gr/stizen
poset seklinde sunulmustur.

Cay Infiizyonlarinin Hazirlanmasi

Her cay 6rnegi icin iki farkl su tipi (distile su ve
musluk suyu), iki farklh demleme siiresi (3 ve 10
dakika) ve 2 farkli demleme sekli (cay poseti icinde ve
cay poseti olmadan) olmak iizere 6 farkli deney
tasarlandi (Sekil 1). Demleme iglemi tiiketicilere
onerilen sekle uygun olarak tasarlandi ve cam beherde
bulunan kaynama sicakligindaki 100 mL su igerisinde,
manyetik karigtirici tizerinde agz1 acik sekilde stirekli
karigtirilarak yapildi. Caylara magnetle aymi hiz
ayarinda karigtirma islemi uygulandi bu sekilde tiim
caylarin aynmi1 prosedir ile hazirlanmasi saglandi.
Ekstra 1sitma uygulanmadi. Boylece tiiketicinin genel
kullanim gekli uygulandi.

bhoh

3dk 10dk saf su musluk suyu

demleme
By
pakethi /2

5 seri seyreltmenin dg tekrarh haziddanmass

demleme

Sekil 1. Deney gruplarinin hazirlanmasini gosteren
sema.
Figure 1. The scheme showing the preparation of
experimental groups.

Cay Infizyonlarimn Antioksidan Aktivitesinin
Olgiilmesi

2,2-Difenil-1-Pikrilhidrazil radikal (DPPH) metodu
besinlerin antioksidan 6zelliklerini degerlendirmek ve
bilesenlerin hidrojen donérii ya da serbest radikal
stipuruci olarak etki etme yeteneklerinin test edilmesi
i¢in en yaygin olarak kullanilan yontemlerden biridir
(Pekal ve Pyrzynska, 2015). Radikal DPPH c¢ézeltisi
antioksidan / indirgeyici bilegik ile karistirildiginda,
rengi, hidrazin formunun olusumuna karsilik mordan
sariya doner. Antioksidanlarin DPPH'yve kars:
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indirgeme kabiliyeti, yaklagitk 515-528 nm'de sabit
kalana kadar, absorbans azalmasinin izlenmesiyle
degerlendirilir ve radikal suplirme aktiviteleri
hesaplanir (Karadag ve ark., 2009; Pekal ve
Pyrzynska, 2015).

Calismada toplam antioksidan kapasitesinin 6lgiimi
DPPH (2,2-Difenil-1-Pikrilhidrazil) radikal metodu ile
yapildi. Caylarda antioksidan ozelliklere sahip
olmayan, ancak ilgili dalga boyunda absorbans degeri
veren yabanci maddelerin hata payr olusturma
olasihigina karg1 negatif kontroller hazirlandi ve bu
negatif kontrollerin 6l¢iilen absorbans degerleri DPPH
6lcim sonuglarindan c¢ikarildi. Her o6rnek igin,
6l¢giimden 6nce 5 seri diliisyon hazirlandi. Sonikatérde
30 dakika siireyle inkiibe edilerek hazirlanan DPPH
¢ozeltisinden 300 pL alinarak, son konsantrasyonu
100 uM olacak sekilde, demlenmis ¢ayin her bir seri
dilisyonundan aliman 900 pL ile karigtirild.
Reaksiyon karisimlari oda sicakliginda 30 dakika
inkube edildi ve kor olarak kullanilan etanole kars:
517 nm'de ABS o6l¢umleri yapildi. Tum test gruplar:
u¢li olarak hazirlandi. Caylarin hazirlanan her bir
seri diliisyonuna karsilik gelen % RSA (Radikal
Siiptirticii  Aktivite) degerleri Esitlik 1.'e gére

DPPH Metodu i¢in Standart Egri Grafigi (Troloks)
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hesaplandi ve standart grafikleri olusturdu.

%RSA = ‘ABSkATAfS"“ x 100 (Esitlik 1)

Antioksidan kapasitenin belirlenmesi i¢in kullanilan
DPPH metodunun laboratuvar kosullarinda etkin bir
sekilde calistigini garantilemek ve kiyasta bulunmak
amaciyla her deney troloks, kuarsetin ve askorbik asit
standartlarinin ayni prosediire gore 6l¢imii sonrasi
baglatildi. Demleme asamalar1 dahil, deneyler {ig
farklh zamanda tekrarland.

Istatistiksel Analizler

Deneylerden elde edilen sayisal veriler SigmaPlot 13.0
lisansh istatistik paket programa ile, deney gruplari
arasindaki farklar1 incelemek tizere, ANOVA ve
student-t testleri uygulanarak analiz edildi. p<0.05
degeri istatistiksel olarak anlamli kabul edildi.

BULGULAR ve TARTISMA

Antioksidan testlerinin guvenilirliligi i¢in evrensel
standart olarak kabul edilen troloks, kuarsetin ve
askorbik asit i¢cin elde edilen deneysel veriler Sekil
2.'de gésterilmigtir.

DPPH Metodu i¢in Standart Egri Grafigi (Kuarsetin)
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Sekil 2. Standart maddeler i¢gin DPPH metoduyla ¢izilen egriler.
Figure 2. The curves plotted by DPPH method for standard substances.

Standartlar kullanilarak, %100 RSA degerine
ulasacak konsantrasyona kadar farkli degerler igin
O6lcimler gergeklestirilmigtir. Deneysel gruplarin
degerlendirilmelerinde dogrudan kullanilmasalar bile,
deney dizeneginin ve metotlarin dogru sekilde
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igledigini kanitlamak adina grafiklerin dogrusal
bolgeleri esas alinarak gizdirilen egilim ¢izgisinin egim
formiilinden faydalanilarak EKso degerleri,
hesaplanmigtir. EKso degeri, reaktifin yarisim
soniimlemek icin  yeterli (etkili) antioksidan
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konsantrasyonunu belirtmektedir. Farklh zamanlarda,
caylar uzerinde gerceklestirilen DPPH deneylerinde,
kimyasallar ve uygulama acisindan fark olmadigi
yvaklagtk aym1 EKso degerlerinin hesaplanmasiyla
tespit edilmistir. Troloks, kuarsetin ve askorbik asit
i¢in hesaplanan EKs5o degerleri sirasiyla 0.29, 11.0 ve
24.4 pM'dar.

Test edilen ¢ay 6rneklerinin antioksidan kapasitesini
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O6lcmek icin kullamilan parametre, ilk DPPH
konsantrasyonunun %50’sinin sontimlendigi

seyreltme faktorii (SFso)'diir. Yiikksek SFso degeri daha
dustik c¢ay konsantrasyonunu ve dolayisiyla daha
yiksek antioksidan kapasiteyi ifade etmektedir.
Mevcut calismada DPPH metodu ile ¢ay inflizyonlar:
icin elde edilen SFs degerleri Cizelge 1.'de
sunulmustur.

Cizelgel Farkh gay cesitlerinin DPPH metodu ile élgiilen toplam antioksidan kapasiteleri. Sonuclar "paketli /
paketsiz" 6l¢giimlerin SFso degerlerini gosterecek sekilde yerlestirilmistir. Parantez icerisindeki sayilar,
hesaplanan Standart Sapma (=SS) degerleridir.

Table 1 Total antioxidant capacities of different tea varieties measured by DPPH method. Results are plotted to

show SFs0 values of "packed / unpackaged" measurements. Numbers in parentheses are calculated

Standard Deviation (+ SS) values.

Siire (dk) Kusburnu  Papatya Melisa Rezene Beyaz ¢ay

3 (Paketli) 26.4 (£1.2) 0.9 (+0.0) 16.9 (+:0.9) 1.8 (+0.1) 13.0 (+0.7)

Musluk su (Paketsiz)  24.5 (+1.1) 3.1 (x0.2) 33.9 (+1.6) 1.5 (x0.1) 16.0 (+0.9)
YU 10 (Paketli) 19.6 (x0.9) 1.1 (+0.0) 14.1 (+0.7) 2.1 (0.3) 20.2 (+1.1)
(Paketsiz)  14.8 (+0.7) 1.9 (x0.1) 29.0 (+1.5) 1.1 (+0.1) 22.9 (+1.2)

3 (Paketli) 30.2 (+1.5) 3.3 (x0.2) 25.7 (+1.4) 3.0 (£0.2) 43.2 (+2.3)

Saf su (Paketsiz)  27.4 (x1.4) 2.9 (x0.2) 33.6 (+1.7) 4.9 (£0.2) 36.8 (+1.5)
ats 10 (Paketli) 29.0 (+1.4) 2.9 (*0.1) 31.0 (£1.3) 3.2 (+0.2) 46.3 (£2.0)
(Paketsiz)  28.5(x1.4) 5.8 (+0.3) 51.2 (+1.9) 5.2 (£0.4) 47.4 (£2.1)

Deneyler esnasinda kullanilan toplam hacimler ve
baglangic seyreltme oranlar1 esitlenecek sekilde,
uygun carpanlar ile SFso degerleri, farklh cay
cesitlerini de karsilagtirilabilecek sekilde anlamli hale
getirilmigtir.

Su Kalitesinin Etkisi

Su kalitesinin, bitkisel ¢aylarin antioksidan aktivitesi
uzerine etkilerini arastiran pek ¢ok calisma mevcuttur
(Danrong ve ark., 2009; Kosifiska ve Andlauer, 2014;
Almeida ve ark., 2019). Yapilan calismalar distile su
ve disik mineralli su oOrnegi ile hazirlanan
inflizyonlarinda o¢l¢ulen RSA degerinin ve polifenol
igeriginin, musluk suyu ve yliksek mineral igerigine
sahip su 1ile hazirlanan inflizyonlarda olgiilen
degerlerden o6nemli oOlgide yiksek oldugunu
gostermistir (Danrong ve ark., 2009; Almeida ve ark.,
2019). Beklendigi gibi, mevcut calismada da genel
olarak en diisik RSA degerlerine karsilik gelecek
sekilde disiik SFs0 degerleri musluk suyu kullanilan
deney gruplarinda go6zlenmisgtir. Genel olarak
kusburnu c¢ay1 haricinde diger tim bitkisel ¢ay
cesitleri i¢in farkli su kalitelerinde istatistiksel olarak
anlaml (p<0.05) farklar goézlenmistir. Kusburnu ¢ay1
icin, distile su ve musluk suyu kullanmilarak 3 dakika
icin yapilan demlemelerde istatistiksel olarak degerli
(p<0.05) bir fark slciilmemistir.

Musluk suyu kullanimi ile bitkisel ¢aylardan elde
edilen toplam antioksidan kapasite degerleri, distile su
kullanilarak demlenen c¢aylardan elde edilenlerle
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kiyaslandiginda hem infiizyon siiresi hem de paket
kullanim1 parametrelerinde daima daha disik
Olculmistir. Bagka bir ifadeyle distile su icin
hesaplanan SF50 degerleri her kogulda daha yuksektir.
Musluk suyu kullanimi, 3 dakika paketli-paketsiz ve
10 dakika paketli-paketsiz demlemeler sonrasi 6l¢iilen
antioksidan aktivite degerlerinde, beyaz c¢ay i¢in
sirasiyla %70, %57, %56, %52; rezene c¢ay1 i¢in %40,
%70, %34, %79 ve kusburnu ¢ay1 icin %12, %10, %32;
%48 oraninda azalmaya neden olmustur. Diger
bitkisel cay cesitleri icin benzer sekilde musluk suyu
kullanimi yine toplam antioksidan kapasitede distise
neden olmustur: papatya ve melisa cayinda musluk
suyu kullanimi, distile su ile yapilan deneylerin
sonuclarina kiyasla, 3 dakika paketli ve 10 dakika
paketli-paketsiz antioksidan aktivite degerlerinde
sirasiyla %73, %62, %63 ve %34, %54, %43 azalma ile
sonuclanmistir (Cizelge 1.).

Su mineralizasyonu ne kadar yluksek olursa, organik
madde ekstraksiyonunun o derece diisik oldugu
bilinmektedir (Mossion ve ark., 2008) ve bu durum
mevcut calismada da oldugu gibi yuksek su
mineralizasyonuna kargsilik disiik RSA degerinin elde
edilecegi seklinde yorumlanabilir. Musluk suyu ile

hazirlanan  bitki c¢aylarinin radikal sipirici
aktivitesindeki diiglisin, yiksek mineralli su
orneklerindeki yiksek kalsiyum igeriginden

kaynaklandig1 bildirilmistir; kalsiyum iyonlari, bitki
hiicre duvarinin ihtiva ettigi pektinler ile kompleks
olusturmakta ve antioksidanlarin ekstraksiyon
verimini diisiirmektedir (Mossion ve ark. 2008). Bu
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nedenle, calisma sonucu, ¢ay hazirlamak i¢in hangi tir
su kullanilmas1 gerektigine bakildiginda, organik
bilesiklerin daha yiiksek ekstraksiyonu ve sonucgta
daha yiksek antioksidan aktiviteyi mumkin
kildiklar: igin daha az mineralli sular tercih edilmeli
ve sert su kullanmaktan kag¢inilmalidir.

Cay Formunun (Paketli / Paketsiz) Etkisi

Turkiye'de cay tiketim aligkanliklarini arastiran
Ulusoy ve Seker (2013), tiiketicilerin biiyiik
c¢ogunlugunun bitki ¢aylarini marketten hazir paketli
halde, bir kisminin ise aktarlardan paketsiz halde
aldigini1 bildirmistir. Bu nedenle mevcut ¢alismada
paketli ve paketsiz c¢ay inflizyonlarinin antioksidan
aktiviteleri de arastirilmistir (Cizelge 1.). Paketli-
paketsiz demleme uygulamalarinda su kalitesi
farketmeksizin melisa ¢ayi i¢cin her demleme seklinde
istatistiksel olarak anlamli farklar (p<0.05)
gozlenmigtir. Musluk suyu ile demlenen papatya c¢ayi
ve saf su ile demlenen rezene c¢ay1 igin hesaplanan SFso
degerleri arasinda da istatistiksel olarak anlaml
(p<0.05) farklar elde edilmistir. Ek olarak saf suda 3
dakikada demlenen beyaz c¢ay ve 10 dakikada
demlenen papatya cayi i¢cin de slizen paketin varlig:
istatistiksel olarak anlaml (p<0.05) farklar ortaya
koymustur.

Paketli ve paketsiz ¢ay inflizyonlarinda tiim deney
gruplar1 igin SFs0 degerleri karsilagtirildiginda
kugburnu ¢ay1 i¢cin paketli demleme ve melisa ¢ay1 i¢in
paketsiz demleme ile daha yiiksek antioksidan
aktivitesi saglandig1 gorilmektedir. Ozellikle musluk
suyu  kullanilarak  hazirlanan melisa  ¢ay1
demlemelerinde paketsiz ¢ay kullaniminin, paketli ¢cay
kullanimina gore bir kat daha fazla ekstraksiyon
verimi sagladig1 saptanmistir. Rezene cay1 i¢in dH20
kullanildiginda en yiiksek antioksidan aktivitesi
paketsiz demlemelerde, musluk suyu kullanildiginda
ise paketli demlemede elde edilmistir. Cizelge 1.de
goruldugu lizere papatya cay1 i¢in ise musluk suyu ile
3 dakika ve distile su ile 10 dakika demleme sonucu
paketsiz caylardaki ekstraksiyon verimi paketli
caylardaki ekstraksiyon veriminin sirasiyla 3.4 ve 2
katidir. Calismada beyaz cay igin, ¢ay formunun
ekstraksiyon verimi lzerine net bir etkisi
gozlenmemistir (Cizelge 1.) ve bu sonug beyaz ¢ayda,
¢ay formunun ekstraksiyon verimini arastiran Rusak
ve ark. (2008) tarafindan bulunan sonuclar ile
tutarhdir. Pekal ve Pyrzynska (2015) bu durumu, tipk:
paketsiz infiizyonlarda oldugu gibi, paketlerin de, ¢ay
yapraklarinin serbestce hareketini mimkiin kilan
yeterli alam sagladig: seklinde yorumlamistir.

Infiizyon Siiresinin Etkisi

Ticari olarak piyasada satigsa sunulan ¢ay paketlerinde
onerilen demleme siiresi olarak "3-5 dakika" ifadesi
gectiginden, deneylerde bu siirenin alt sinir1 olan 3
dakikaya karsilik, tiikketiciler i¢in kabul edilebilir uzun
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stire, 10 dakika, inflizyon streleri karsilagtirilmigtir.
Calisma sonucunda saf su kullanilarak yapilan
demlemelerde paketli papatya ve kusburnu cay:
haricinde diger c¢ay ornekleri i¢in 10 dakikalik
inflizyon sonrasi elde edilen antioksidan aktivitenin 3
dakika sonrasi elde edilen aktiviteden yiiksek oldugu
gozlenmistir (Cizelge 1.). Bu anlamda sonuclar, siyah
¢ayda infiizyon siiresinin artigina bagh olarak
antioksidan aktivite degisimini inceleyen Pal ve ark.
(2013) tarafindan bulunan sonuclarla paraleldir.
Musluk suyu kullaniminda ise kugburnu ve melisa
cay1icin 3 dakika ve beyaz ¢ay i¢in 10 dakika demleme
sonucu daha yiiksek oranda antioksidan aktivite
saglanmigtir.

Infiizyon siiresinin toplam antioksidan kapasite
uzerine etkileri hesaplanip istatistiksel analizi
tamamlandiginda musluk suyunda demlenen beyaz
cay ve kusburnu ¢ayi1 ile saf suda demlenen melisa ¢cay1
icin paketli ve paketsiz uygulamalarda 3 ve 10
dakikalar arasinda anlaml  (p<0.05) farklar
gozlenmistir. Ayrica paketsiz olarak saf suda
demlenen papatya ve beyaz cay i¢cin 3 ve 10 dakika
inflizyon stresi arasinda ol¢lilen toplam antioksidan
kapasite icin anlaml (p<0.05) bir fark elde edilmistir.

Ev tipi demleme islemlerinde kullanilan musluk suyu
ile demlenen, calisma dahilindeki bes c¢ay igin
maksimum ekstraksiyon verimi saglayan inflizyon
hazirlama yontemleri Cizelge 2.de 6zetlenmigtir.

Cizelge 2 Musluk suyu ile demlenen farkli cay
ornekleri icin en yiksek antioksidan
icerigi saglayan yontemler.

Table 2 Methods providing the highest antioxidant

content for different tea samples brewed
with tap water.

Cay Infiizyon Siiresi Cay Formu

Kugburnu 3 dakika Paketli

Papatya 3 dakika Paketsiz

Melisa 3 dakika Paketsiz

Rezene 10 dakika Paketli

Beyaz cay 10 dakika Paketsiz
SONUC ve ONERILER

Dogal irinler kullanarak saghkli bir yasam slirme
egilimi giin gegtikge artmaktadir. Bu dogal iirtinlerden
pratik olarak hazirlanan ve en ¢ok tiiketilenlerden biri

bitkisel ¢aylardir (Gurib-Fakim ve ark., 2005).
Ikliminin ve toprak yapisinin elverigli olmasi
sayesinde Turkiye’'de bitkisel cay olarak

tuketilebilecek pek ¢ok bitki tiiri yetismektedir ve tiim
dinyada oldugu gibi Turkiye’de de bagisiklik
sisteminin giliclendirilmesi amaciyla bitkisel caylar
yaygin olarak demlenmekte ve tiiketilmektedir (Kilic
ve ark., 2017; Can ve Velioglu, 2018).

Bu calismada, Tirkiye’'de yaygin olarak tiiketilen, ayni
markaya ait TETT ve lot degerleri uyumlu olacak
sekilde bes bitkisel cay sec¢ilmis ve kullanilan su
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tipinin, cay paketlerinin ve inflizyon siliresinin
antioksidan igerigin agiga c¢ikarilmasi lizerine etkisi
DPPH metodu ile arastirilmistir. Sonugta segilen her
bitkisel c¢ay i¢cin maksimum antioksidan verimini
saglayan demleme metodu belirlenmistir. Demlemede
kullanilan sudaki mineral miktarimin / suyun
sertliginin, demlenmis c¢aydaki toplam antioksidan
kapasite lzerine negatif etkisi bitkisel c¢ay
orneklerinde ilk kez gosterilmistir. Yazarlar, bitkisel
cay dureticileri ve ilgili ticari markalarin, bu tar
caylarin demlenme metotlariyla ve stireleriyle ilgili
bilimsel bulgular1 dikkate alarak paketlerde
tuketicileri aydinlatmalarinin, her pakette ayni
demleme seklini 6nermek yerine, her cay i¢in bu
bilgilerle yeni diizenlemelere gitmelerinin saghk
acisindan daha faydali olacagini savunmaktadir.

TESEKKUR

Yazarlar, bu calismayr FYL-2018-5702 numarali
Yiiksek Lisans projesi ile destekleyen Van Yiiziinct Yil
Universitesi, Bilimsel Aragtirma Projeleri
Koordinasyon Birimine ve Van Yizinci Yil
Universitesi, Fen Fakiiltesi, Molekiiler Biyoloji ve
Genetik Bolimii'ne, sagladig1 laboratuvar olanaklar:
i¢in tesekkiir ederler.

Aragtirmacilarin Katk: Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir ckar

catismasi olmadigini beyan ederler.
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ABSTRACT
Being widely used since its discovery, tobacco contains many chemical
substances including nitric oxide, hydrocarbons, aldehydes, phenols,
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quinone and semiquinone radicals, and causes the formation of Received +08.01.2021

oxygen-induced free radicals directly or indirectly. Therefore, it is Accepted ©18.02.2021

important to know the oxidant/antioxidant properties, phenolic

content of MNicotiana rustica Linn., and the effect studies on Keywords

Paraoxonase (PON 1) and Acetylcholinesterase (AChE) which are Maras Grass

important metabolic enzymes. In the study, the effect of extracts Phepol} ¢

(water and methanol) of Nicotiana rustica Linn on PON 1 and AChE Antioxidant

enzyme activity was examined. Water extract of Nicotiana rustica Enzyme inhibition
Paraoxonase

Linn Maras Powder with walnut, (MPWW) and methanol extract
Maras Powder with Nicotiana rustica, (MPNR), Maras Powder with
walnut, MPWW) and Maras Powder with copper cauldron, (MPCC)
had an inhibitory effect on AChE (ICs0 values in the range of 0.104-
0.203 mg ml1). Also water extract MPCC and methanol extract
MPNR, MPWW and MPCC showed an inhibition effect on PON 1 (ICs0
values 0.013-0.225 mg ml ). MPNR water extract showed the highest
activity with 26% DPPH radical scavenging activity. MPCC water
extract showed a 13% ABTS radical scavenging activity.

Nicotiana rustica L'nin Bazi Onemli Metabolik Enzimleri Uzerindeki Inhibisyon Etkisi, LC-MS / MS
Analizi, Antioksidan Ozellikleri

OZET Aragtirma Makalesi

Nitrik oksit, hidrokarbonlar, aldehidler, fenollar, kinon ve semikinon

radikalleri gibi pek ¢ok kimyasal maddeyi biinyesinde barindiran ve Makale Tarihgesi
dogrudan ya da dolayli olarak oksijen kaynakli serbest radikal Gelig Tarihi  :08.01.2021
olusumuna yol acan tiitiin kesfedilmesinden giiniimiize kadar gecen Kabul Tarihi :18.02.2021

zaman i¢inde yaygin olarak kullamilmaktadir. Bu yiizden dolay1

Nicotiana rustica L.’nin fenolik igeriginin, antioksidan/oksidan Anahtar Kelimeler

ozelliklerinin bilinmesi ve 6nemli metabolik enzim olan Paraoksonaz Marag Otu

(PON 1) ve Asetilkolinesteraz (AChE) {izerine etki ¢caligsmalar1 6nem Fenolik
arzetmektedir. Calismada Nicotiana rustica L’nin su ve methanol Antioksidan
ektresinin, PON 1 ve AChE enzim aktivitesi Uzerine etkisine Enzim inhibisyonu
bakilmis. Nicotiana rustica Linn‘in su ektresi ceviz ile karigtirilmig Paraoksonaz

maras otu, (MPWW) ve methanol ektresi mege ile karistirilmis maras
otu (MPNR), ceviz ile karistirilmis maras otu (MPWW) ve bakir
kazanlarinda nemlendirilmis maras otu (MPCC) AChE iizerine
inhibisyon etkisi (ICso degerleri 0.104-0.203 mg ml 1 araliginda)
gosterirken su ektresi MPCC ve methanol ektresi MPNR, MPWW ve
MPCC ise PON 1 iizerine inhibisyon etkisi gostermistir (ICso degerleri
0.013-0. 25 mg ml 1). En yiiksek radikal giderme aktivitesini MPNR
su ektresi % 26 oraninda DPPH radikal giderme aktivitesi
gosterirken, MPCC su ektresi % 13 oraninda ABTS radikal giderme
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aktivitesi géstermistir.
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INTRODUCTION moistened slightly and wrapped in cigarette paper,

Tobacco has been used in various ways since its
discovery until today. Although it is mostly used by
burning in the form of cigarettes today, it is also widely
used in the world, directly chewing smokeless or orally.
Studies have reported that most smokeless tobacco
products contain substances known to be harmful such
as nicotine, cadmium, and specific nitrosamines
(Benowitz, 1988; Kurtul, 2005). Tobacco, which
contains many chemical substances such as nitric
oxide, hydrocarbons, aldehydes, phenols, quinone and
semiquinone radicals, and causes the formation of
oxygen-induced free radicals directly or indirectly, has
been widely used since its discovery (Church, 1985). It
is used as a pleasurable substance because of the
nicotine alkaloid, which is found in tobacco leaves and
consists of organic nitrogenous substances. Leaves of
some species of Nicotiana genus such as Nicotiana
tobaccum L. and Nicotiana rustica L. are used in
different ways all over the world. Although there are
approximately 65 species included in the Nicotiana
genus, only Nicotiana tobaccum and Nicotiana rustica
are used in the production of tobacco products. The
main tobacco products produced for cigarettes, cigars,
tobacco, pipe, snuff, shredded tobacco and chewing
tobacco in the world (Davis, 1982).

Since the Nicotiana plant is grown in various regions,
different culture forms have been formed depending on
the environmental conditions. Therefore, different
species or varieties were defined (Davis and Nielson,
1999). The dried leaves of Nicotiana rustica L. are used
to make cigarettes, tobacco and smokeless tobacco
called Maras grass (Kurtul et al., 2005; Kurtul and
Gokpinar, 2012). “Nicotiana rustica L’ is used under
different names in many regions of the world. In
Bangladesh "bit", India and Southeast Asia, "Gutkin"
and also Turkey, "Maras powder" is known by name.
In addition, Nicotiana rustica L., known as mouth
grass, mad tobacco or Hasankeyf tobacco in Turkey, is
called Turkish tobacco, East Indian tobacco or Aztec
tobacco in some regions. In the Southeastern Anatolia
regions of Turkey, especially around Kahramanmarasg
and Gaziantep, the powder obtained from the tobacco
leaf called "Marag Herb" is used through the oral
mucosa (Ozkul, 1997; Erenmemisoglu 1999). Before
using Nicotiana rustica L., the leaves are pulverized,
then the ash obtained from vine, oak rod or walnut is
mixed in certain proportions, crushed and slightly
moistened. It is known that the ash mixed during the
preparation of tobacco creates an alkaline environment
and facilitates its absorption from the oral mucosa.
Approximately one teaspoon of Maras grass is
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then placed inside the lower lip and used by sucking or
chewing. This process is done throughout the day
depending on the habit of the individual. Some
individuals even sleep by placing Maras grass in their
mouths (Erenmemisoglu, 1991). Due to the N-
nitrosamines (DNAs) contained in tobacco, it can cause
pancreatic, esophagus, lung, and oral cavity cancers in
users. In addition, the heart and vascular system are
negatively affected by smokeless tobacco use. There
are also components in tobacco smoke that are
reported to have anti-oxidative properties other than
nicotine. (Nair et al., 1989; Chen and Loo, 1995;
Lapenna et al., 1995; Kamisaki et al., 1997; Nilsson,
1998; Weitberg and Corvese, 1999). The studies show
that PON1 inhibits oxidation of high-density
lipoprotein (HDL) and low-density lipoprotein (LDL).
It suggests that it has antioxidant properties as it
prevents the lipid peroxide (Senti et al. 2003). Serum
PONT1 activities and levels are also affected by acute
phase proteins, smoking, and diet. Several studies
have been reported showing that PON1 levels are
lower in smokers than in non-smokers. It has been
reported that smoking plays a role an important for
coronary heart disease (CHD). (Mackness et al., 2002;
Aviram and Rosenblat, 2004; Isik et al., 2007; Huen et
al., 2009).

The free oxygen radical (FOR) level is also normally
kept in balance by neutralizing the body's antioxidant
defense systems. If this balance is destroyed in favour
of FOR, destructive reactions occur in molecules such
as protein, lipid, nucleic acid. This condition, called
"oxidative stress", ultimately leads to tissue damage
(Calikoglu, 2002; Atlan, 2006). Studies have shown
that acetylcholinesterase (AChE) inhibitors used in the
symptomatic treatment of Alzheimer's disease are
used to protect cells from oxidative stress. It has also
been emphasized that some AChE inhibitors play a
role in increasing angiogenesis in cardiovascular
patients. In order to prevent the occurrence of
cardiovascular disease, it is important to know the
important metabolic enzymes that provide protection
by reducing oxidative stress in serum and tissues. PON
1 (Paraoxonase 1), one of these enzymes, inhibits the
development of atherosclerosis by preventing the
oxidation of lipoproteins (Kakinuma et al., 2010; Isik
et al., 2017; Isik, 2020).

The aim of the study was to determine the phenolic
content of Nicotiana rustica L., by LS-MS/MS method.
The radical removal and metal reduction activities of
MPRN, MPWW and MPCC aqueous and methanol
extracts and effect on the important metabolic
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enzymes such as AChE and PON 1 were investigated.

MATERIAL and METHOD
General Procedure

BHT, BHA, Trolox, trichloroacetic acid (TCA), ABTS,
CuCl2, neocuprin, ammonium acetate (NHsAc), DPPH,
Potassium ferricyanide (KsFe(CN)s), potassium
persulfate (K2S20s) were used for antioxidant studies
and all solvents and chemical compounds were
provided from E. Merck. LC-MS/MS analyses of 25
phenolic compounds were conducted using a Nexera
model Shimadzu UHPLC connected to a tandem MS
device. SIL-30AC autosampler, DGU-20A3R degasser,
CTO-10ASVP column oven and LC-30AD dual pumps
are used in the execution of chromatographic
processes. The column temperature determined as
40°C in chromatographic separation was performed on
a C18 intersil ODS-4 (3.0 mm x 100 mm, 2 pum)
analytical column. The flow rate of the elution gradient
generated from mobile phase A (Water, 0.1% Formic
acid) and mobile phase B (Methanol, 0.1% Formic acid)
was set at a flow rate of 0.3 mL/min and an injection
volume of 2 pL.

Herbal Material

Maras grass, ‘Nicotiana rustica Linn, is a smokeless
tobacco variety widely used in the Eastern
Mediterranean region of Turkey. The leaves of this
tobacco plant are pulverized and mixed with oak and
walnut ash and kept in copper cauldrons slightly
moistened and used for different purposes (Aral et al
2006). In this study, the powder form of Nicotiana
rustica Linn plant leaves (MPNR) mixed with oak
(MPWW) or mixed with walnut (MPCC) was kept in a
copper cauldron with a slight moistening.

Infusion Extraction

Extractions obtained with water, methanol and
ethanol solvents were used for LC-MS / MS studies.
Solvent was added onto V. rustica (solute/solvent ratio;
1/10) and mixed in a flask with a closed mouth for 24
hours on a shaker. For water extraction, 5 g of N
rustica samples were milled to a fine powder in a mill
and mixed with 50 mL of 30 °C water by magnetic
stirrer for 15 minutes. Then Extract Whatman No. It
was filtered with 1 sheet of paper. For ethanol
extraction, 5 g of V. rustica samples were ground to a
fine powder in a mill and mixed with 50 mL of ethanol.
The residue was repeated under the same
circumstances until the extraction solvent became
colourless. The extracts obtained were filtered with
Whatman No. 1 paper. Both aqueous and ethanolic
extracts were placed in falcon tubes and stored at —20
°C until use. LC-MS / MS instrument was used for
bioactive component analysis in N. rustica extracts.
Validation studies and analysis of the method
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developed using 16 phenolic substances; It was made
in Harran University Central Research Laboratory. It
is possible to classify this phenolic compound common
in plant materials as flavonoids, flavonoid glycosides,
hydroxycinamic and hydroxybenzoic acids. Analysis of
phenolic compounds by LC-MS / MS was carried out
using a Nexera model Shimadzu HPLC coupled to a
dual MS device. Liquid chromatograph LC-30AD is
equipped with double pump, DGU-20A3R degasser,
KTO 10AS vp column oven and SIL-30AC
autosampler. Chromatographic separation was
executed with the C18 reverse-phase analytical
column Inertsil ODS-4 (150 mm X 4.6 mm, 3 pm).
Column temperature was kept constant at 40°C. The
elution gradient was formed with mobile phase A
(water, 5mM ammonium formate and 0.1% formic
acid) and mobile phase B (methanol, 5mM ammonium
formate and 0.1% formic acid). Gradient program was
applied t (min) according to the following values of B
solvent. B%: (0.40), (20.90), (23.99), (24.40), (29.40).
Solvent flow rate was applied at 0.5 mL / min and the
injection volume was set to 4pL. Detection of MS was
done using a mass spectrometer equipped with
Shimadzu LC-MS 8040 model triple, quadrupole and
ESI source operation in both positive and negative
ionization modes. Calculations were made by obtaining
LC-MS / MS data with Lab Solutions software
(Shimadzu, Kyoto, Japan). Multiple reaction tracking
(MRM) mode was used to measure analysis. Three
applications were made for each compound analysis in
the experiment. The first analysis was done for
quantitative results. The second and third analysis
were made for confirmation. Optimum Electrospray
Ionization (ESI) parameters; 350 ° C interface
temperature, 250 ° C DL temperature, 400 ° C
heatsink temperature, 3L / min. Nebullizer gas flow
and 15 L / min. determined as the drying gas flow
(Koksal et al., 2017). When calculating LC-MS / MS
analysis results, it was calculated by considering the
total dry matter ratio. In addition, the standard
deviation (+) value of the results was determined with
the formula = Analyte value result * U value / 100
(Taban et al., 2013; Agar et al., 2015).

Evaluation of Antioxidant Activities
Metal reducing power assay

FRAP Iron Ions (Fe3? Reduction Analysis the reducing
power of N. rustica extracts was carried out with a
modified version of Oyaizu method. (Oyaizu, 1986,
Elmastas et al., 2006; Necip and Isik, 2019). 2.5 mL of
1% potassium ferricyanide [KsFe (CN)s] and phosphate
buffer (0.2 M, pH 6.6) were added to solutions of V.
rustica extracts (10, 20, 40 pg mL 1) in 1 mL of
extraction solvent. The mixtures were then incubated
at 50 ° C for 20 minutes. After incubation, FeCls (0.25
mL, 0.1%) and trichloroacetic acid (2.5 mL, 10%) were
added to each mixture and centrifuged (10 minutes,
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3000 rpm). The absorbance values of the mixture at
700 nm were recorded and increased absorbance
indicates increased reduction capacity.

The Cuprak method based on the reduction of Cu (II) -
Nc to Cu (I) -Nc chelate was applied. 1 mL of CuCls
(0.01 M) solution and 1 mL of ammonium acetate
(NH4Ac) buffer solution was added to the test tube to 1
mL of neocuprin (2,9-dimethyl-1,10-phenanthroline;
7.5 x 10-3 M alcohol) and mixed by vortex. Then
extracts of different concentrations (10, 20, 40 uL) were
added and the total volume was adjusted to 4 mL with
water. After 30 minutes incubation at room
temperature, the absorbance was recorded at 450 nm
and increasing absorbance indicates an increased
capacity of Cu ** ion degradation (Apak et al., 2004).

Radical scavenging activity (DPPH and ABTS assay)

DPPH scavenging activity of V. rustica extracts and
standard antioxidants was performed by the Blois
method (Blois, 1958). 0.1 mM DPPH" solution was
prepared in ethanol, and 1 mL of this solution was
taken from 10, 20, 40 mL of stock solutions at different
concentrations to make up 3 mL of ethanol and added
to the sample solution. 0.1 mM solution of DPPH" in
ethanol was prepared and 1 mL of this solution was
made up to a final volume of 3 mL. These solutions
were vortexed and then incubated in the dark for 30
minutes, their absorbances measured at 517 nm. Here,
low absorbance values indicate high radical
scavenging activity.

It was made by the colour change method, which
indicates that the dark blue / green coloured ABTS"+
radical has lost its radical characteristic as a result of
chemical reaction with antioxidants (Re et al., 1999).
The ABTS'* radical was obtained by mixing the
ABTS * solution prepared with 2 mmollL' H2O and
2.45 mmolL! of potassium persulfate (K2S20s) solution
at a ratio of 1: 2 and incubating for 14 hours in the dark
and at room temperature. Before using the ABTS"+
radical, the ABTS* solution was diluted with sodium
phosphate buffer (0.1 mol L1, pH 7.4) to obtain an
absorbance of 0.750 + 0.025. Then 10, 20, 40 uL of the
stock solutions of the V. rustica extracts were added to
the phosphate buffer until its volume became 3mlL,
then 1 mL of ABTS"*solution was added and vortexed.
These solutions were incubated, 30 minutes in the
dark, and their absorbance was measured at 734 nm.
Here, low absorbance values indicate high radical
scavenging activity. The radical scavenging activity
was calculated using the following equation 1.

Radical scavenging activity (%) =
Absorbance of the control- Absorbance of the sample

x 100

Absorbance of the control

Determination of Enzyme Activities
In the study, the inhibitory effect of V. rustica extracts
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on AChE and hPON1 enzyme at various
concentrations was investigated. ICso values of each
extract for these enzymes were determined. The
inhibitory effects of water and methanol extracts on
AChE enzymes were tested by Ellman's method.
Briefly, the reaction containing 50 pl of 5.5'-dithio-bis
(2-nitro-benzoic) acid (DTNB), 100 ul Tris-HCI buffer
(1 M, pH 8.0) and 50 pl AChE (5.32x10-3 U) the
solution was incubated for 15 minutes at 30 ° C with
mixing (Ellman et al., 1961). Finally, the reaction was
started by adding 50 ul of substrate (acetylthiocholine
iodide). Enzymatic activity was recorded at a
wavelength of 412 nm. hPON1 activity was measured
using paraoxon (diethyl p-nitrophenyl phosphate) as a
substrate. Approximately 1 mL of reaction mixture
contains 1 mM CaCl: and 50 mM glycine / NaOH (pH
10.5). hPON1 activity is based on measurement of p-
nitrophenol (1 mM) at 412 nm (Tiirkes et al., 2014;
Demir et al., 2017).

RESULTS and DISCUSSION

Antioxidant properties of secondary metabolites in
plants is an important parameter in terms of
pharmacokinetics. Functional compounds have the
potential to generate less reactive phenoxyl radicals,
indicating that they have an antioxidant free radical
scavenging mechanism (Perry et al., 2000). This
antioxidant mechanism can be described as the ability
to give hydrogen atoms from hydroxyl groups;
Therefore, phenoxyl radicals gain resonance stability
and a stable molecule is formed. The antioxidant
effects of phenolics have been investigated on the
prevention of age-related degenerative brain disorders,
coronary diseases and cancer (Perry et al., 2000; Wolf,
2005; Seyoum et al., 2006). In this study, antioxidant
activity of N. rustica extracts was compared with
standard antioxidants (BHT, BHA and Trolox).

The scavenging capacity of DPPH radicals has been
observed with a decrease in absorbance as a result of
induction by antioxidants. They make the antioxidant
molecules inactive radical by giving hydrogen proton
to DPPH radical. As a result of this reaction, low
absorbance is obtained. Therefore, DPPH as a
substrate is often used to evaluate the antioxidant
activity of samples or molecules (Duh et al.,1999;
Chang et al.,, 2002). Results showed a significant
decrease in the concentration of DPPH radical due to
the radical scavenging capacity of both standards and
N. rustica extracts. MPRN water extract of V. Rustica
showed stronger DPPH removal activity than the
methanol extract. Scavenging effect of N. rustica
Maras Powder with Nicotiana rustica, MPNR) extract
and standards at the same concentration (0.05 mg ml -
1) on DPPH radical, Trolox (58%)> BHA (47%)> MPNR
water extract (26%)> BHT (22%) decreased in the
order. As a result of these results, V. rustica MPNR
water extract has shown a significant effect on free
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radical removal. The ABTS'* radical scavenging of N.
rustica extracts was measured and compared against
standard antioxidants such as BHA, BHT and Trolox.
In the method, antioxidants oxidize the ABTS '+ dark
radical, resulting in a reduction of the dark colour. The
color change produced by this reaction is used as a
parameter for measuring the antioxidant potential
(Giilcin, 2012). Methanol extracts and water extracts

of N. rustica extracts showed similar activities and the
results are given in Table 1. In a study, DPPH radical
scavenging activities of four different extracts obtained
from the roots of MNicotiana tabacum L were
investigated. It was determined that these extracts
have radical scavenging activity in the range of 30-88
% (Al-Lahham et al 2020).

Table 1. DPPH and ABTS removal activity of Nicotiana rustica Linn
Tablo 1. Nicotiana rustica Linn'in DPPH ve ABTS uzaklastirma aktivitesi

Samples DPPH-? assay (0.05 ABTS® assay AChEPICso PON 1P ICso
mg ml1) (0.2 mg mlY) (mg mlY) (mg ml1)
BHA 47.031 £ 2.321 98.910 + 3.068 - -
BHT 21.729 + 1.317 79.551 + 2.786
Trolox 57.818 + 3.066 94.361 + 2.908 - -
MPNRe water extract 26.695 + 1.873 5.051 + 0.023 N.D N.D
MPWW¢d water extract 5.034 £ 0.345 4.849 +0.103 0.104 ND
MPCCe water extract 4.508 +0.293 13.096 + 0.187 N.D 0.225
MPNR¢ methanol extract 6.898 £ 0.367 11.132 +0.148 0.203 0.025
MPWW¢d methanol extract 3.814 + 0.086 4.755 +0.102 0.167 0.013
MPCCe methanol extract 6.254 + 0.402 12.099 + 0.304 0.123 0.165

aValues are expressed as percent radical scavenging activity

bEffect of Nicotiana rustica Linn on AChE and PON 1 Enzyme Activity

°Maras Powder with Nicotiana rustica, MPNR)
dMaras Powder with walnut, MPWW)
eMaras Powder with copper cauldron, (MPCC)

It is reduced to Cu () by the reaction of Cu (II) with
antioxidants and transferring electrons (Apak et al.,
2004). As a result of this reaction, a colour change is
observed and the spectrum is formed. Based on the
spectrum given by Cu (II) at 450 nm, the absorbance
values at 450 nm as a result of the reaction of N.
rustica extracts and standard antioxidants with Cu (II)
were recorded. Both methanol and water extracts of V.
rustica extracts showed low activity compared to

standard antioxidants and the results are given in
Table 2.

Antioxidant activity of bioactive substances;
prevention of radical chain reaction, binding ion
catalysts of transition metals, separating peroxides,
prevention of continuous hydrogen separation, metal

reducing capacity and radical scavenging such as
based on a variety of mechanisms (Diplock, 1997;
Gulcin et al., 2002). It is the reduction of Fe3*
(ferricyanide) complex to Fe2* form, which is an
important parameter in the determination of
antioxidant activity. Therefore, the Prussian blue
formation of Fe2* can be monitored by measuring at
700 nm (Meir et al., 1995). In this study, the yellow
color of the solutions prepared for the activity turns
into various shades of green and blue depending on the
reducing power of the antioxidant samples. Table 3
shows the reducing power of N. rustica extracts
compared to the standard antioxidants BHT, BHA and
Trolox. It has been observed that methanol extracts
have more activity than water extracts.

Table 2. Metal reducing activity (Frap and Cuprac assay) of Nicotiana rustica Linn
Tablo 2. Nicotiana rustica Linn'in metal indirgeme aktivitesi (Frap ve Cuprac testi)

Samples Frap® assay(0.2 mg mL) Cuprac® assay (0.2 mg mL1)
BHA 0.748 + 0.042 0.487 + 0.065
BHT 0.521 + 0.033 0.563 £ 0.072
Trolox 0.537 + 0.028 0.423 + 0.048
MPNRP water extract 0.120 +£0.014 0.149 + 0.022
MPWWe¢ water extract 0.130 + 0.036 0.158 £ 0.017
MPCCHd water extract 0.140 +0.019 0.124 £ 0.011
MPRNP methanol extract 0.184 +0.034 0.267 +0.058
MPWWe¢ methanol extract 0.165 + 0.027 0.221 +£0.072
MPCC4 methanol extract 0.158 + 0.053 0.178 £0.013

aValues are expressed as absorbance. High absorbance indicates high reduction capacity.

bMaras Powder with Nicotiana rustica, MPNR)
¢Maras Powder with walnut, MPWW)
dMaras Powder with copper cauldron, (MPCC)
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Table 3. Analytical parameters of the standard mixture for LC-MS/MS analysis method.
Tablo 3. LC-MS / MS analiz yéntemi i¢in standart karisimin analitik parametreleri.
Standards Mainion | RSD %" | LOD/LOQ | Recovery Ud RTe | R2e FEquation
(mz1)a (pgL-Dec (%)

Quercetin 300.90 | 0.0136 | 22.5/25.7 100.130 | 0.0298 | 6.091 | 0.999 | Y=(13.7831)X+(-146.951)
Acetohydroxamic 43.01 0.0082 | 2.8/8.2 100.075 | 0.0167 | 1.986 | 0.999 | Y = (150.982)X + (23.1833)
Acid
Catechin hydrate 152.95 0.0236 | 8.2/11.4 0.99404 | 0.0523 | 4.958 | 0.999 | Y = (79.2933)X + (-2406.22)
Vanillic Acid 166.90 0.0062 | 125.5/142.2 | 100.093 | 0.0208 | 6.026 | 0.997 | Y = (48.0522)X + (-876.904)
Resveratrol 227.0 0.0131 | 9.0/13.6 0.9985 0.0265 | 5.713 | 0.997 | Y =(46.4361)X + (-1314.61)
Fumaric Acid 115.00 | 0.0047 | 25.2/31.3 0.99748 | 0.0116 | 3.674 | 0.998 | Y = (20.2986)X + (-762.592)
Gallic acid 168.85 | 0.0136 | 0.90/1.6 100.004 | 0.0288 | 4.134 | 0.999 | Y = (65.3835)X + (-2699.84)
Caffeic Acid 178.95 | 0.0137 | 6.3/10.7 100.917 | 0.0254 | 5.283 | 0.996 | Y =(124.785)X + (-487.132)
Floridzin Dihydrate | 436.5 0.0564 | 61.0/207.0 | 10.001 0.1272 | 5.646 | 0.998 | Y =(33.4069)X + (-1396.90)
Oleuropein 377.123 | 0.0694 | 0.05/1.0 0.997 0.1364 | 5.643 | 0.998 | Y = (25.9240)X + (-558.916)
4-Hydroxy Cinamic | 222.95 0.0139 | 8.7/16.1 100.164 | 0.0281 | 5.738 | 0.995 | Y=(13.1516)X + (717.421)
Acid
Elagic Acid 301.00 | 0.0856 | 0.101/0.333 | 100.232 | 0.154 | 5.895 | 0.999 | Y = (5.25903)X + (-1167.31)
Myricetin 317.00 0.0079 | 55.4/59.6 0.99982 | 0.0148 | 5.858 | 0.999 | Y = (37.0934)X + (2684.23)
Protocatechuic acid | 152.95 0.0129 | 30.3/35.4 101.070 | 0.0243 | 4.96 | 0.997 | Y=(307.55)x + (31226.26)
Silymarin 482.00 | 0.0138 | 0.5/1.2 0.9984 0.0302 | 5.987 | 0.995 | Y =(31.9969)X + (-1823.79)
2-Hydroxy 206.5 0.0121 | 0.5/1.5 0.9989 0.0256 | 6.58 | 0.997 | Y =(203.469)X + (29033.1)
1.4Naphthaquinone
Pyrocatechol 109.00 | 0.0134 | 22.7/28.6 0.9998 0.0258 | 6.42 | 0.998 | Y=(32.87)X + (15856)
Naringenin 270.95 0.0205 | 5.4/6.4 0.99883 | 0.0521 | 6.104 | 0.995 | Y = (317.241)X + (33733.3)
Luteolin 284.75 | 0.0057 | 0.5/2.5 100.772 | 0.0174 | 6.19 | 0.997 | Y = (34.6668)X + (3721.79)
Kemferol 284.75 | 0.0144 | 206.6/214.3 | 0.99971 | 0.0209 | 6.288 | 0.999 | Y = (2.63905)X + (-206.494)
Curcumin 369.30 | 0.0598 | 0.1/0.75 10.121 0.1023 | 6.516 | 0.996 | Y =(227.706)X + (-10111.1)
Thymoquinone 165.08 | 0.0766 | 1.5/4.5 0.9986 0.1482 | 6.632 | 0.999 | Y =(60.4553)X + (2285.92)
Alizarin 239.05 | 0.035 65.2/77.5 0.9667 0.0794 | 6.800 | 0.998 | Y =(3.97487X + (1614.23)
4-Hydroxybenzoic 136.95 | 0.0154 | 30.5/40.25 | 0.99662 | 0.0426 | 6.130 | 0.998 | Y = (735.804)X + (-498.102)
Acid
Salicylic acid 136.95 | 0.0124 | 4.2/7.6 100.989 | 0.0258 | 6.104 | 0.999 | Y =(746.369)X + (6072.41)

a Main ion (m/z): Molecular ions of standard compounds (m / z ratio), ® RSD- Relative standard deviation, ¢ LOD/LOQ (ug/L):
Determination Iimit / Detection Iimit, ¢ U (%)-Relative standard uncertainty at 95% confidence level (k=2), ¢ RT- Retention time,

1 R2: Determination coefficient

Contained in the standard mixture; Result of the LC-
MS / MS validation study of 25 phenolic compounds are
given in Table 1. The phenolic compound composition
of N.rustica analyzed by tandem mass / charge based
liquid chromatographic (TDS) method was evaluated
with the phenolic compounds introduced as standard.
As seen in Table 1, it has been determined that the
amount of vanillic acid and fumaric acid are relatively
high compared to the others. LC-MS / MS results of
TDS different extractions are given in Table 4.
According to these results; Out of a total of 25 phenolic
compounds, 16 could be detected in different extracts
of TDS. 15 phenolic compounds in ethanol extract; 12
phenolic compounds in methanol extract; 15 phenolic
compounds in ethanol / water (1/1) extract; 11 phenolic
compounds were detected in the water extract and 13
phenolic compounds in the hydrolyzed extract.
According to the results in Table 4; major phenolic
compounds of TDS; It was concluded that there are
pyrocatechol, vanillic acid and fumaric acid. It is also
understood that 4-Hydoxycinamic acid, quercetin and
caffeic acid are major secondary components. It has
been determined that the phenolic content of TDS is
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rich in diversity but poor in quantity.

The over activity of the acetylcholinesterase (AChE)
enzyme, 1ncreases the  hydrolysis of the
neurotransmitter acetylcholine in the cholinergic
system, leading to the development of Alzheimer's
disease (AD). AChE inhibitors used in the treatment of
AD are known to protect cells from oxidative damage.
It has also been emphasized that some AChE
inhibitors used for this disease play a role in the
increase of angiogenesis in cardiovascular patients
(Kakinuma et al., 2010; Isik et al., 2017; Isik, 2019).

PONI1 is an antioxidant enzyme that protects cells
against the harmful effects of free radicals (Aviram
and Rosenblat, 2004; Isik et al., 2015). Due to its
antioxidant properties, PON1 significantly reduces
lipid peroxide formation during LDL oxidation and
protects HDL from oxidation by lipid peroxidation
(Nishio and Watanabe, 1997; Isik et al., 2019). PON1
enzyme activities in smokers have been reported in
studies. (Kurtul et al., 2014; Haj Mouhamed et al.,
2010). This study found that Nicotiana rusticareduced
plasma PON 1 activity.
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Table 4 Analytical parameters of MPRNa, MPWW? and MPCCc¢ for LC-MS/MS analysis method.
Tablo 4 LC-MS / MS analiz yontemi icin MPRNa, MPWW? and MPCCc¢ nin analitik parametreleri.
MPRN= MPWW? MPCCe
Quercetin N.D* N.D* N.D*
Acetohydroxamic acid 54 32.94 34.75
Catechin hydrate 1.62 0.94 1.19
Vanillic acid 4546.43 3251.39 2808.09
Resveratrol 16.2 1.28 23.12
Fumaric acid 800.53 1163.43 1029.45
Gallic acid N.D* N.D* N.D*
Caffeic acid 10.01 8 5.63
Phloridzin dyhrate 6.43 5.3 1.5
Oleuropein N.D* N.D* N.D*
Hydroxycinnamic acid 0.52 0.31 0.27
Ellagic acid 1.53 4.35 N.D*
Myricetin N.D* N.D* N.D*
Protocatechuic acid N.D* N.D* N.D*
Silymarin N.D* N.D* N.D*
2 Hyroxy 1,4-napthquinone N.D* N.D* N.D*
Biitein 27.47 N.D* N.D*
Naringenin N.D* N.D* N.D*
luteolin N.D* N.D* N.D*
Kaempferol N.D* N.D* N.D*
Curmin N.D* N.D* N.D*
Thymoquinone N.D* N.D* N.D*
Alizarin 47.28 50.28 7.26
Hydroxybenzoic acid 17.87 16.87 5.47
Salicylic acid 1.3 7.85 16.74

N.D* Not Detection

aMaras Powder with Nicotiana rustica, MPNR)
bMaras Powder with walnut, MPWW)

<Maras Powder with copper cauldron, (MPCC)

The water extract with methanol extract MPRN,
MPWW and MPCC and water extract the MPWW
showed an inhibitory effect on AChE and the results
are given in Table 2 (ICso: in the range 0.104-0.203 mg
/ ml). MPCC water extract and methanol extract of
MPRN, MPWW and MPCC showed an inhibition effect
on PON 1 (ICso: in the range 0.013-0.225 mg / ml).
While water extract of MPWW shows the highest
inhibitory effect on AChE (ICso: 0.104), methanol
extract MPWW shows the highest inhibitory effect on
PON 1. (ICs0: 0.013). Many studies have shown that
phenolic and flavonoid compounds have anti-
acetylcholinesterase activity.

In the study, ellagic acid has been shown to act as a
potent tyrosinase and acetylcholinesterase inhibitor
(Fan et al, 2008). Phenolic compounds have
neuroprotective effects and may play an important role
in the pathogenesis of AD (Feng et al., 2009; Neagu et
al., 2015; Isik, 2019). Donepezil is known to have AChE
inhibitory activity approximately 10000 times stronger
than ellagic acid (Jha et al., 2018). Looking at the LS-
MS / MS content analysis, this study experimental
results are thought to have an inhibitory effect on
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AChE and PON 1 due to the presence of ellagic acid
and other phenolic acids in Nicotiana rustica Linn.

As a result, many phenolic compounds were found in
Nicotiana rustica L. content and it was determined
that it had moderate antioxidant activity. It was
determined that especially methanol extract of this
plant has inhibitory effect on AChE and PON 1. Due to
the inhibitory effect of the methanolic extract of this
plant on PON 1, their use may pose a risk for the
development of atherosclerosis.
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OZET

Bu calismada, kokboya (Rubia tinctorum L.) bitkisinde kok ve
adventif kok indiksiyonuna eksplant kaynagr ve oksin grubu
hormonlarin etkilerinin belirlenmesi ve elde edilen koklerin sekonder
metabolit icerigi ve antioksidan aktivitelerinin belirlenmesi
amaclanmigtir. Kék ve adventif kok kilturinin olusturulmasinda in
vitro kogullarda yetistirilen 45 gunliik bitkilerin gévde, yaprak ve kok
kisimlar1 eksplant kaynagi olarak kullanilmigtir. Eksplantlar 4.4 g I
1MS (Murashige ve Skoog), 30 g L'! sukroz ve 2 g L'! phytagel ve 2 mg
L1 oksin igeren besin ortaminda karanlik kosullarda kiultire
alinmigtir. Besin ortamina oksin grubu hormonlardan indol-3-btitirik
asit (IBA), naftalenasetik asit (NAA) ve indol-3-asetik asit (IAA) ilave
edilmigtir. Bu ortamda gelisen kok ve adventif kokler 30. giin hasat
edilerek kok gelisim parametreleri belirlendikten sonra kokler
kurutularak toplam antrakinon, fenolik ve flavonoid igerigi
belirlenmigtir. Ayrica koklerin  antioksidan kapasiteleri katyon
radikali giderme (ABTS), indirgeme giicii (FRAP) ve serbest radikal
giderme (DPPH) metotlar1 ile belirlenmistir. Toplam antrakinon,
toplam fenolik ve flavonoid igerigi en yuksek IAA besin ortaminda
govde eksplantlarindan gelisen adventif kéklerde sirasiyla 9.83 + 0.11
mg gl 14.45 + 0.29 mg GAE g ve 3.85 + 0.03 mg KUE g1 olarak
belirlenmigtir. En yliksek DPPH, ABTS ve FRAP aktivitesi de TAA
besin ortaminda gévde eksplantlarindan gelisen adventif koklerde
belirlenmigtir.

ABSTRACT

In this study, it was aimed to determine the effects of explant source
and hormones on root and adventitious root induction in madder
(Rubia tinctorum L.) plant and to determine the secondary metabolite
content and antioxidant activities of the obtained roots. The stem,
leaf, and root parts of 45-day-old plants grown under in wvitro
conditions were used as the source of explants for the establishment
of root and adventitious root culture. The explants were cultured in
dark conditions in nutrient medium containing 4.4 g L1 MS
(Murashige and Skoog), 30 g L1 sucrose, 2 g L' phytagel and 2 mg L-
I auxin. Among the auxin group hormones, indole-3-acetic acid (IAA),
indole-3-butyric acid (IBA) and naphthaleneacetic acid (NAA) were
added to the nutrient medium. Root and adventitious roots growing in
this nutrient medium were harvested on the 30th day and their root
growth parameters were determined. These roots were dried and total
anthraquinone, total phenolic and flavonoid contents were
determined. In addition, the antioxidant capacities of the roots were
determined by reducing power (FRAP), free radical scavenging
(DPPH) and cation radical scavenging (ABTS) methods. The highest
total anthraquinone, total phenolic and flavonoid contents were
determined as 9.83 £ 0.11 mg g1, 14.45 = 0.29 mg GAE g! and 3.85 +
0.03 mg KUE g1 in adventitious roots growing from stem explants in
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TAA nutrient medium, respectively. The highest DPPH, ABTS and
FRAP activities were also determined in adventitious roots growing

from stem explants in TAA nutrient medium.
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GIRIS biyoaktif bilesiklerin istikrarli liretkenligi nedeniyle

Kokboya (Rubia tinctorum L.) Rubiaceae familyasina
ait ¢cok yillik bir bitkidir. Kéklerinde ve rizomlarinda
bulunan antrakinon pigmentleri nedeniyle tekstil
urunlerinin ve halilarin boyanmasinda dogal boya
kaynag1 olarak binlerce yildir kullanilmaktadir
(Banyai ve ark., 2006, Mouri ve Laursen, 2012).
Kokboya bitkisi Osmanli Imparatorlugu déneminde
Turkiye'de en c¢ok yetistirilen ve ihrag¢ edilen bitkiler
arasinda yer almig, bitkiden 'Tturk kirmizisi’ olarak
adlandirilan boya elde edilmistir (Baydar ve
Karadogan, 2006; Genc, 2014).

Rubia tinctorum L. bitkisinde 36 farkli antrakinon
bilesigi bulunmakta olup (Derksen ve ark., 2002) ana

bilesenlerini  alizarin, purpurin, di ve tri
hidroksiantrakinonlar, ruberitrik asit, lusidin
primeverozit ve psodopurpurin olusturmaktadir

(Ba’'nyai ve ark., 2006). Antrakinonlar yapisal olarak
9,10-dioksoantrasen ve bunun glikozitlerinden olugan
sekonder metabolitlerdir.  Antrakinonlar bitkiler,
likenler ve mantarlar tarafindan tretilen yaklagik 700
bilesik ile en Dblyik dogal pigment grubunu
olusturmaktadir (Duval ve ark., 2016). Dogal olarak
olusan antrakinonlarin antikanser, antiinflamatuar,
ditiretik, damar gevsetici (Chien ve ark., 2015),
antiartritik, antifungal, antibakteriyel, antiviral,
antiplatelet ve noroprotektif gibi bircok biyolojik
aktiviteye sahip oldugu ifade edilmistir (Malik ve
Miiller, 2016).

Bitki hiticre, doku ve organ kiltirleri sekonder
metabolitlerin Uiretimi ig¢in oOnemli yontemlerdir
(Murthy ve ark., 2008; Karatas ve ark., 2018). Bu
yontemlerle sekonder metabolitlerin Uretiminde
metabolit verimini artirmak i¢in besin ortaminin
optimizasyonu, uygun kiiltiir yonteminin se¢imi (sacak
kok, siispansiyon, kallus), elisitasyon ve onciillerin
eklenmesi gibi ¢ok gesitli stratejiler
uygulanabilmektedir (Perassolo ve ark., 2011; Karatas
ve ark., 2016; Perassolo ve ark., 2017). Bir organ
kultiiri yontemi olan adventif kok kultirleri bitkilerin
kok disindaki yaprak ve gévde gibi kisimlarindan kok
gelisimi yoniinde uyarilmasiyla elde edilen kokler
olarak tamimlanmaktadir (Steffens ve Rasmussen,
2016; Rahmat ve Kang, 2019). Adventif koklerin
indiuksiyonu yiiksek oksin ve duguk sitokinin
seviyelerinde  saglanabilmektedir  (Steffens ve
Rasmussen, 2016). Bu kékler; hizli biiytimeleri ve
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biyomas iiretimi i¢in uygun materyallerdir (Le ve ark.,
2018; Rahmat ve Kang, 2019). Ayrica adventif kok
kultirleri yabanci gen icermeden degerli sekonder
metabolitlerin  ticari boyutta Uretimine olanak
saglamaktadir (Cui ve ark., 2013). Bu amacla bircok
bitki turinde farmaso6tik, nutrasotik ve endustriyel
oneme sahip degerli sekonder metabolitlerin tretimi
icin adventif kok kiiltiirleri olusturulmustur (Murthy
ve ark., 2008). Bu baglamda ginsenosidler (Panax
ginseng), hipersin (Hypericum perforatum) fenolikler
(Oplopanax elatus) ve eleutherosidler
(Eleutherococcus koreanum) gibi bir¢ok biyolojik aktif
bilesik adventif kok kiulturlerinde biyoreaktor
sistemleriyle tiretilmektedir (Wu ve ark., 2017).

Kokboya (Rubia tinctorum L.) bitkisinin koklerinin
boya Uretiminde kullanmak amaciyla dogal
kaynaklardan yogun bir sekilde toplanmasi bitkinin
dogal poptlasyonlarinin kiigiilmesine ve genetik
erozyonuna neden olmustur (Baydar ve Karadogan,
2006). Ayrica kokboya bitkisinde en iyi boya ve kok
veriminin U¢ yasindaki bitkilerden elde edildigi
bildirilmistir (Baydar ve Karadogan, 2006; Orba'n ve
ark., 2008). Bu nedenlerden dolay1 antrakinonlara
olan ihtiyacin karislanabilmesi i¢in alternatif tretim
yontemlerinin gelistirilmesine ihtiya¢ duyulmaktadir.
Bu amacla siispansiyon kiiltiirleri (Nartop ve ark.,
2013), sacak kok kiiltiirleri (Perassolo ve ark., 2017) ve
kallus (Orban ve ark., 2007) kiiltiirlerinde iiretim,
optimizasyon ve elisitasyon tuzerine c¢ok sayida
arastirma yuritulmistir. Ancak adventif kok
kiltirlerinin olusturulmas: ve optimizasyonu lizerine
calismalar oldukca yetersiz kalmigtir. Ozellikle
kokboya bitkisinin in vitro kok kiltirlerinde eksplant
kaynag1i ve oksinlerin metabolit {retimine ve
antioksidan aktiviteye etkilerinin belirlenmesi tizerine
calismalara rastlanmamistir. Bu ¢aligmada, kékboya
(Rubia tinctorum L.) bitkisinde kok ve adventif kék
indiiksiyonuna eksplant kaynagi ve oksin grubu
hormonlarin etkilerinin belirlenmesi ve elde edilen
koklerin sekonder metabolit igerigi ve antioksidan
aktivitelerinin  belirlenmesi amacglanmigtir. Bu
baglamda IAA, IBA ve NAA hormonlarinin gévde,
yaprak ve kok eksplantlarinda kok ve adventif kok
gelisimine etkileri belirlenmigtir. Bu uygulamalardan
elde edilen kok ve adventif koklerin toplam
antrakinon, toplam fenolik, flavonoid icerigi ve DPPH,
ABTS ve FRAP yontemlerine goére antioksidan
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aktiviteleri belirlenmigtir.

MATERYAL ve METOD
Steril Kogullarda Bitkilerin Yetigtirilmesi

Arastirmada bitkisel materyal olarak in vitro
kosullarda yetistirilen kékboya (Rubia tinctorum L.)
bitkisi kullanmilmigtir. Bitkiler ytuizey sterilizasyonu
yapilmis tohumlarin ¢imlendirilmesiyle elde
edilmigtir. Tohumlarin ylzey sterilizasyonu %7571k
etil alkol igerisinde bir dakika ve %3’lik sodyum
hipoklorit c¢ézeltisinde 40 dakika karistirilmasiyla
saglanmistir. Tohumlar MS besin ortami [4.4 g L't MS
(Murashige ve Skoog, 1962), 30 g L't sukroz ve 2 g Li'1
phytagel] iceren petri kaplarinda ¢imlendirmistir. Bu
tohumlardan gelisen fideler ayni besin igerikli
kavanozlara aktarilarak 16 saat isik ve 8 saat karanhk
fotoperiyotta 25 + 2 °C’de yetistirilmistir (Sekil 1).

Kok ve Adventif Kok Kiiltiirlerinin Olugturulmasi

Advetif kok kultirlerinin olusturulmasinda steril
kogullarda yetistirilen 45 gunlik bitkilerin gévde ve
yaprak  kisimlari  eksplant  kaynagi  olarak
kullanilirken kok kiiltiirlerinin olusturulmasinda kék
kisimlar1  kullanilmigtir. Kok ve adventif kok
kiltirlerinin  olusturulmasinda kullanilan besin
ortami 4.4 g L't MS (Murashige ve Skoog, 1962), 30 g
L sukroz ve 2 g Lt phytagel ve oksin grubu bitki
hormonlarini icermektedir. Besin ortamina oksin
grubu hormonlardan indol-3-biitirik asit (IBA),
naftalen asetik asit (NAA) ve indol-3-asetik asit (IAA)
2 mg L1 olarak ilave edilmigstir. Eksplantlar 25 + 2
°C’de karanlk kosullarda kiltiire alinmistir (Sekil 1).
Eksplantlar 15. giinde ayni igerikli besin ortamina alt
kultire alinmigtir. Eksplantlardan geligsen kékler 30.
giin hasat edilerek koék gelisim parametrelerinden
eksplant basina kok sayisi, kok gelisim oranlar: ve kok
uzunluklar1 belirlemistir. Kék gelisim parametreleri
belirlenen koékler kurutularak metabolit icerikleri ve
antioksidan aktiviteleri belirlenmisgtir.

Toplam Antrakinon Miktarinin Belirlenmesi

Kok ve adventif koéklerin toplam antrakinon icerigi
spektrofotometrik olarak belirlenmigtir. Kurutulmus
ve toz haline getirilmis 50 mg kék numuneleri %80’1lik
etanol icerisinde renksiz hale gelene kadar iki kez
kaynatilarak ekstrakte edilmistir. Ekstraktlar filtre
(0.45 pm por capl) edildikten sonra absorbanslari
spektrofotometrede (Shimadzu UVmini-1240) 434
nm’de Ol¢ulmustur. Koklerin toplam antrakinon
icerikleri alizarinin molar ekstinksiyon katsayisi
(€434=5.5x103) kullanilarak mg g kuru doku olarak
belirlenmistir (Vasconsuelo ve ark., 2004).

Analizler i¢in Ekstraktlarin Hazirlanmas1

Toplam fenolik
antioksidan

icerigi, flavonoid miktar1 ve
aktivitelerinin belirlenmesinde
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kurutulmug ve toz haline getirilmis 50 mg kok
numuneleri kullanilmigtir. K6k numuneleri % 0.2 HCI
iceren  metanol-diklorometan (4:1)  ¢ozeltisinde
ekstrakte edilmistir. Ekstraktlar filtre (0.45 pm)
edildikten sonra analizlerde kullanilmistir.

Total Fenolik Bilegik Miktarinmin Belirlenmesi

Kok ve adventif kéklerin toplam fenolik bilesik icerigi
Folin-Cioceltaus reaktifi kullanilarak belirlenmigtir.
Kok ekstraktlarindan 100 pl alinarak tizerine sirasiyla
saf su (4,5 ml), Folin-Cioceltaus reaktifi (100 ul) ve
Na2COs (300 pl, %21ik) ilave edilmistir. Karisimlar
oda sicaklhiginda 2 saat Dbekletildikten sonra
absorbanlar1 (720 nm) spektrofotometrede (Shimadzu
UVmini-1240) 6lciilmiistiir. Koklerin toplam fenolik
bilesik icerikleri gallik asitten (mg GAE g'!) hazirlanan
kalibrasyon  grafigi  kullanilarak  belirlenmigtir
(Slinkard ve Singleton, 1977).

Flavonoid Miktarinin Belirlenmesi

Kok ve adventif koklerin flavonoid miktar:
spektrofotometrik  olarak  belirlenmigtir. Kok
ekstraktlarindan 300 pl (50 mg kék numuneleri 10
ml'de ekstrakte edildi) alinarak iizerine sirasiyla 1.5
ml etanol, 100 upl AIClz (%101uk), 100 nul 1 M
NaCHsCOO ve 3 ml saf su ilave edilmigtir. Karigimlar
oda sicakliginda 30 dakika bekletildikten sonra 427
nm’deki absorbanslari spektrofotometrede
Ol¢ilmustur. Koklerin flavonoid icerikleri
kuersetin’den (mg KUE g) hazirlanan kalibrasyon
grafizi  kullanilarak  belirlenmistir  (Pekal ve
Pyrzynska, 2014).

Antioksidan Aktivite Analizleri
Serbest Radikal Giderme Aktivitesi (DPPH)

Kok ve adventif koklerin serbest radikal giderme
aktivitesi, ekstraktlarin 2,2-difenil-1-pikril hidrazil
(DPPH-) radikalini giderme  kapasitelerinin
spektrofotometrede ol¢iilmesiyle belirlenmigstir. Farkh
konsantrasyonlarda (0.25 mg ml'?, 0.5 mg ml', 0.75 mg
mll, 1 mg ml!) numune ekstraktlar1 alinarak
hacimleri etanol ile 3 mlye tamamlanmigtir. Bu
karisimin iizerine 0,26 mM DPPH- (1 ml, etanolde
hazirlanmis) radikali ilave edilmistir. Reaksiyon
karigimi gucli bir gekilde vortekslendikten sonra
karanlikta oda sicakliginda 30 dakika bekletilmigtir.
Bu siireni sonunda numunelerin 517 nm’deki
absorbanslar: spektrofotometrede (Shimadzu UVmini-
1240) élciilmiistiir. Sonuclar radikalin baslangic
konsantrasyonunu %50 oraninda azaltan ornek
konsantrasyonu (ICs0) olarak verilmistir. Her
numunenin serbest radikalleri giderme aktivitesi (%)
asagida verilen formil araciligiyla belirlenmigtir. ICso
degerleri i1se konsantrasyon/aktivite grafiginin
denklemi kullanilarak belirlenmistir (Blois,1958).

DPPH aktivitesi (%) = [(Ax — An)/Ax *100]
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Ax: Kontrol absorbansi
An: Numune absorbansi

Indirgeme Giicii Aktivitesi (FRAP)

Kok ve adventif koklerin indirgeme  glcl
aktivitelerinin  belirlenmesinde Oyaizu metodu
kullanilmistir (Oyaizu, 1986). Numune

ekstraktlarindan farkli konsantrasyonlarda (100 pg
ml?, 200 pg ml?, 400 ug ml1) alinarak son hacimleri
fosfat tamponu (0.2 M, pH 6.6) ile 1.25 mlye
tamamlanmistir. Bu numunelerin tizerine 1.25 ml
potasyum ferrik siyaniir KsFe(CN)s (%1) ilave edilerek
20 dakika etiivde (50 °C) inkiibe edilmistir. Bu
sliresinin bitiminde reaksiyon karisimina sirasiyla
1.25 ml TCA (%10) ve 0.25 ml FeCls (%0.1) ilave
edilerek vortekslenmistir. Reaksiyon karigiminin 700
nm’deki absorbanslar1 spektrofotometrede (Shimadzu
UVmini-1240) 6lctilmiistiir. Sonuclar troloks standart
antioksidan bilesiginden hazirlanan standart grafigin
denklemi kullanilarak (umol TE g! doku)
belirlenmisgtir.

Katyon Radikali Giderme Aktivitesi (ABTS)

Kok ve adventif koklerin ABTS'+ katyon radikali
giderme kapasitesi Re ve ark. (1999 nin yéntemine
gore belirlenmistir. Fosfat tamponu (0.1 M pH1 7.4)
icerisinde hazirlanan 2 mM ABTS (2,2-azino-bis 3-
ethylbenzothiazoline-6-siilfonik asit) c¢ozeltisi ile 2.45
mM K2S20s ¢ozeltisinin 1:2 oraninda karigtirilarak
oda sicakliginda karanlhikta alti saat inkiibe edilmigtir.
Numune ekstraktlarindan farkli konsantrasyonlarda
(20 pg ml1, 40 pg ml1, 80 ug ml!, 160 ug ml?) alinarak
hacimleri fosfat tamponu (0.1 M, pH 7.4) ile 3 ml'ye
tamamlanmigtir. Bu numunelerin tizerine 1 ml ABTS-
K2S20s ¢ozeltisi ilave edilerek vortekslendikten sonra
karanhikta oda sicakhiginda 30 dakika inkiibe
edilmigtir. Bu slireni sonunda numunelerin 734
nm’deki absorbanslar: spektrofotometrede (Shimadzu
UVmini-1240)  olctilmiistiir. Sonuclar radikalin
baglangic konsantrasyonunu %50 oraninda azaltan
ornek konsantrasyonu (ICso) olarak verilmistir. Her
numunenin katyon radikali giderme aktivitesi (%)

asagida verilen formil araciligiyla belirlenmigtir. ICso
degerleri ise konsantrasyon/aktivite grafiginin
denklemi kullanilarak belirlenmigtir

ABTS aktivitesi (%) = [(Ax — An)/Ax *100]
Ax: Kontrol absorbansi
An: Numune absorbansi

Istatistik Analizler

Bu calismadaki her uygulama ve analiz Ug¢ tekrarh
olarak yapilmis sonucglar ortalama ve standart hata
olarak verilmigtir. Verilerin istatistiki analizi SPSS 20
(Armonk, NY: IBM Corp.) programi kullanilarak
yapilmistir. Uygulamalar arasindaki farkliliklar
Duncan ¢oklu aralik testine gore belirlenmistir
(Duncan, 1955).

BULGULAR ve TARTISMA
K6k Geligim Parametreleri

Bu calismada kokboya bitkisinde kok ve adventif kok
indiksiyonuna IAA, IBA ve NAA hormonlarinin

etkileri belirlenmigtir. Adventif koklerin
indiksiyonunda gévde ve yapraklar eksplant kaynag:
olarak kullanilmigtr. Kok kiltirlerinin

olusturulmasinda ise kokler eksplant kaynag olarak
kullanilmistir. Kok ve adventif kokler 30. giin hasat
edilerek eksplant basina kok sayisi, kok geligim
oranlar1 ve kok uzunluklari belirlemis ve sonuclar
Cizelge 1’de verilmigtir. Ayrica kok ve adventif kok
kultirin farkli agsamalarina ait resimler Sekil 1’de
verilmigtir.

Kok ve adventif kéklerin gelisme oranlar: (%) hormon
gesidi ve ekspant kaynagina goére o6nemli olglide
degismistir (P<0.05). IAA ve IBA hormonlar1 tim

ekspant kaynaklarinda yiiksek oranlarda kok
gelisimini  tesvik ederken, NAA iceren besin
ortamlarinda kok ve adventif kok gelisimi

gerceklesmemistir. IBA iceren besin ortamlarinda
kiltire alinan eksplantlarin adventif kok gelisim
oranlar1 TAA icerenlerden o6nemli ol¢ude yiiksektir
(P<0.05).

Cizelge 1. Hormon ¢esidi ve eksplant kaynaginin kék ve adventif kok gelisim parametrelerine etkisi
Table 1. The effect of hormone type and explant source on root and adventitious root growth parameters

Hormon Cesidi Eksplant Kaynag *Kok Gelisim Oranm (%) *Root Kék Uzunlugu (cm) Kok Sayis1
Hormone Types Explant Source Growth Rate (%) Root Length (cm) Root Number
Kok/ Root 100.00 £ 0.00 2 0.82+0.04¢ 5.66+0.392
TAA Govde/ Stem 76.66 £ 7.26 P 2.31+£0.032 4.87+0.35 e
Yaprak/ Leaf 78.65+8.30 P 2.63+£0.26 2 4.32+0.17¢
Kok/ Root 97.43 +2.56 2 0.47+0.04¢ 2.96+0.08 ¢
IBA Govde/ Stem 88.33 £ 4.40 ab 1.64+0.027P 4.13+0.15¢
Yaprak/ Leaf 96.97 + 3.03 2 2.60+0.152 5.35+0.14 ab
NAA Kok/ Root - - -
Govde/ Stem
Yaprak/ Leaf

Ayni stitunda verilen farkli harfler istatistiksel olarak énemli farkliliklar: gostermektedir (p<0.01, *p<0,05).
Different letters given in the same columns show statistically significant differences (p<0.01, *p<0,05).
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Sekil 1. Kok ve adventif kok kiilltirtinin farkl agamalari: a- tohumlar, b- ¢imlenmis tohumlar, c- k6k boya bitkisi,
d- yaprak eksplanti, e- govde eksplant, f- kok eksplanti, IAA ortaminda yaprak (g), govde (h) ve kok (i)
eksplantindan gelisen kék/adventif kékler, IBA ortaminda yaprak (), gévde (k) ve kok (1) eksplantindan
gelisen kok/adventif kokler, NAA ortaminda yaprak (m), gévde (n) ve kék (o) eksplantlar: (d-f kiiltiirtin 1.
giinii, g-o kiiltiiriin 30. giinii)

Figure 1. Different stages of root and adventitious root culture: a- seeds, b- germinated seeds, c- madder plant, d-

leaf explant, e- stem explant, - root explant, Root/adventitious roots developing from leaf (g), stem (h)
and root (i) explants in medium containing IAA, Root/adventitious roots developing from leaf (j), stem (k)
and root (I) explants in medium containing IBA, Leaf (m), stem (n) and root (o) explants in medium
containing NAA (d-f 1st day of culture, g-o 30th day of culture)

En yiiksek adventif kék gelisim oram (96.97 + 3.03) belirlenmistir. I?ék k}'iltiirlerinde ise JAA ve IBA
IBA besin ortamindaki yaprak eksplantlarinda hormonlar onemli farkhihklar meydana

943



KSU Tarim ve Doga Derg 24 (5): 939-947, 2021
KSU J. Agric Nat 24 (5): 939-947, 2021

Arastirma Makalesi
Research Article

getirmemistir. Sreeranjini ve  Siril  (2013)
kokboyasigiller familyasina ait Morinda citrifolia
bitkisinde adventif kék indiksiyonu c¢alisilan oksin
(TAA, IBA, NAA) hormonlari icerisinde en yiiksek IBA
iceren besin ortamindan elde edildigini ifade
edilmistir. Centella asiatica bitkisinde hormonlarin
adventif kok gelisimine etkilerinin incelendigi benzer
bir ¢alismada, IBA iceren besin ortaminda adventif
kok gelisgimi TAA ve NAA icerenlerden daha yiliksek
oldugu bildirilmistir (Ling ve ark., 2009). Yiiriitiilen bu
calismadan elde edilen sonuglara benzer sekilde
Artemisia vulgaris bitkisinde de maksimum adventif
kok gelisimi yaprak eksplantlarinda belirlenmigtir
(Sujatha ve Ranjitha Kumari, 2012).

Kok ve adventif koklerin uzunlugunda ve sayisinda
(eksplant basina) besin ortamina ilave edilen
hormonunun c¢esidine ve kullanilan ekspant
kaynagina goére onemli farkhiliklar belirlenmigtir
(P<0.01). Adventif kéklerin uzunlugu kok kiiltiiriinden
elde edilen koklerden 2-5 kat daha uzun oldugu
belirlenmigtir. En uzun adventif koékler yaprak
eksplantarindan (2.63 + 0.26 cm) elde edilmistir. IAA
besin ortaminda gelisen kok ve adventif koklerin
boylar1 IBA ortamindakilerden olduk¢a uzun oldugu
gorilmistir. Ekspant basina adventif kok sayis1 en
fazla IBA iceren besin ortaminda yaprak
eksplantlarindan (5.35 + 0.14) elde edilmistir. Kok
kiiltiirlerinde ise ekspant basina kék sayisi (5.66 =+
0.39) en fazla IAA iceren besin ortamindan elde
edilmistir. Artemisia vulgaris bitkisinin yaprak ve kok
eksplantlarinda kok gelisiminde maksimum koék
uzunlugu ve sayis1 IAA ve IBA hormonlarini birlikte
iceren besin ortamindan elde edilmistir. Bireysel
uygulamalar da ise bu calismalardan elde edilen
sonuc¢lara benzer sekilde IAA ortamindaki koklerin
daha uzun oldugu bildirilmistir (Sujatha ve Ranjitha
Kumari, 2012). Psoralea coryfolia bitkisinde yapilan

bir benzer calismada ise hipokotil eksplantlaridan
adventif kok gelisimine IAA, IBA ve NAA
hormonlarinin etkisi incelenmigtir. Kok uzunlugu ve
eksplant basina kok sayis1 en fazla IBA iceren besin
ortamindan elde edildigi ifade edilmistir (Baskaran ve
Jayabalan, 2009).

Bu ve benzer calismalardan elde edilen sonuglar
arasindaki farkhliklar eksplant kaynagi, dondr
bitkinin yetistirilme kosgullari, kiltiir tipi, hormon
¢esit ve konsantrasyonu ve degerlendirme stireleri gibi
faktorlerden ileri gelmektedir. Tim bu faktorler
adventif kok indiksiyonunu ve koklerin biyolojik
ozelliklerini 6nemli 6l¢ltide degistirmektedir. Rahmat
ve Kang (2019) oksin grubu hormonlarin adventif kok
gelisimine etkileri bitki familya ve tiiriine gére 6nemli
6lciide degistigini bildirmistir. Ayrica besin ortamina
ilave edilen oksin c¢esidinin de adventif kok
indiksiyonunu biyuk ol¢ide etkiledigi ifade
edilmigstir. Bu baglamada bitki doku ve organ kultiirt
yontemleriyle sekonder metabolitlerin yliksek verim
ve sabit kalitede tretimlerinin saglanabilmesi i¢in tiir
bazinda eksplant kaynagi, besin ortami, kiltir tipi ve
ortam  kogullarinin  optimizasyonu ile  ilgili
¢aligmalarin yapilmasi gerekmektedir.

Sekonder Metabolit Igerigi

Kok ve adventif koklerin toplam antrakinon, toplam
fenolik bilesik ve flavonoid icerigi Cizelge 2’de
verilmigtir. Toplam fenolik bilesik icerigi Folin-
Ciocalteu metodu ile belirlenerek sonuclar gallik aside
esdeger olarak verilmigtir. Flavonoid igerigi ise
aliminyum kloriir metodu ile belirlenerek sonuclar
kuersetine esdeger olarak ifade edilmigtir. Toplam
antrakinon igerigi ise alizarinin molar ekstinksiyon
katsayis1 kullanilarak belirlenmigtir.

Cizelge 2. Kok ve adventif koklerin toplam antrakinon, toplam fenolik bilesik ve flavonoid igerigine hormon ve

eksplant kaynaginin etkisi

Table 2 Effect of hormone and explant source on total anthraquinone, total phenolic compound and flavonoid

content of root and adventitious roots

Hormon Cesidi Eksplant Kaynagi Toplam  Antrakinon Toplam Fenolik Bilesik Flavonoid
Hormone Types  Explant Source Total Anthraquinone Total Phenolic Compound Flavonoid
(mg g (mg GAE g) (mg KUE g')
Kok/ Root 6.34+0.06 ¢ 5.45+ 0.14 be 2.25+0.04 ¢
TAA Govde/Stem 9.83+0.11 2 14.45+0.29 3.85+0.03 2
Yaprak/Leaf 6.68 = 0.07 P 6.20 £ 0.58 b 2.71+0.06 "
Ko6k/ Root 4.15+0.06 4 3.62+0.08¢ 1.41+0.04 ¢
IBA Govde/ Stem 3.62+0.09¢ 5.20+0.14 «d 1.57 £ 0.09 de
Yaprak/ Leaf 3.569+0.05¢ 4.37+0.17 de 1.73+0.02 4
Aymi siitunda verilen farkl harfler istatistiksel olarak énemli farkliliklar géstermektedir (p<0.01).
Different letters given in the same columns show statistically significant differences (p<0.01).
Kok ve adventif koklerin toplam antrakinon igerigi ve adventif koklerin antrakinon igerigi IBA

3.59 + 0.05 ile 9.83 + 0.11 mg g! arasinda
degismektedir. IAA besin ortamindan elde edilen kok

ortamindakilerden &nemli o6lglide yiiksek oldugu
belirlenmistir (P<0.01). En yiiksek antrakinon icerigi
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TAA besin ortaminda gévde eksplantlardan elde edilen
adventif koklerde belirlenmistir. Koékboyasigiller
familyasina ait Oldenlandia umbellata L. bitkisinde
yapilan benzer bir calismada IAA, IBA ve NAAnin
adventif kok kiltirlerinde antrakinon uretimine
etkisi incelenmigtir. Kullanilan oksinler arasinda en
yiksek toplam antrakinon igerigi IAA igeren besin
ortamlarindan elde edildigi bildirilmistir. (Saranya
Krishnan ve Siril, 2018). Morinda citrifolia
(Rubiaceaee) bitkisinde oksin grubu hormonlarinin
(NAA, IBA) adventif kék kiiltiriinde toplam
antrakinon lretimine etkisinin belirlendigi bir diger
calismada ise en ylksek antrakinon igerigi IBA
ortamindan elde edilmistir. Ozellikle kullanilan oksin
ve sitokinin seviyeleri hiicre metabolizmasinin
diizenlenmesi ve metabolit olusumunu etkileyen en
onemli faktor oldugunu ifade edilmistir (Baque ve ark.,
2010). Baydar ve Karadogan (2006) kékboya bitkisinin
boya 1igerigi ve kalitesinin genotip, agronomik
uygulamalar, kok kalitesi, yetistirme bolgesi, buyiime
sezonu ve hasat zamanindan énemli él¢tide etkilendigi
bildirilmigtir.

Kok ve adventif koklerin toplam fenolik ve flavonoid
iceriginde ekspant kaynagi ve hormon cesidine gére
onemli farkliliklar meydana gelmistir. TAA besin
ortaminda gelisen kok ve adventif koklerin toplam
fenolik ve flavonoid igerigi IBA ortamindakinden
onemli élciide yiiksektir (P<0.01). Toplam fenolik ve
flavonoid icerigi en yliksek IAA besin ortaminda
kiltire alinan govde eksplantlarindan gelisen

adventif koklerde belirlenmistir. Bu besin ortaminda
gelisen adventif kéklerin toplam fenolik ve flavonoid
icerigi sirasiyla 14.45 + 0.29 mg GAE g1 ve 3.85 + 0.03
mg KUE g1 olarak belirlenmistir. Elde edilen bu
veriler dogrultusunda goévde eksplantlarindan
geligtirilen adventif koklerin antrakinon ve fenolik
bilesik dretimi i¢in uygun materyaller oldugu
belirlenmigtir. Kékboya bitkisinde yapilan benzer bir
arastirmada belirlenen toplam fenolik bilesik igerigi
bu c¢alismadan elde edilen sonucglara ortiismektedir.
Aras Asca1 ve ark., (2018) ii¢ yasindaki kékboyasi
bitkisinin internot kisimlarinin IAA ve kinetin iceren
besin ortaminda kiltire alinmasiyla elde edilen
adventif koklerin toplam fenolik bilesik igeriginin
13.19 mg g-! oldugunu ifade etmiglerdir. Demirci ve
ark., (2020) koékboya bitkisinin in vitro kok kiiltiirleri
alizarin, purpurin ve fenolik bilesikleri dogadaki
bitkileri tahrip etmeden ve mevsimsel kisitlamalar
olmaksizin bitin bir yil boyunca standart miktar ve
kalitede tretime imkan veren 6nemli bir potansiyel
oldugunu bildirmiglerdir.

Antioksidan Aktivite

Kok ve advenitif koklerin antioksidan aktivitelerinin
belirlenmesinde DPPH, FRAP ve ABTS metotlar
kullanilmigtir. FRAP aktivitesinin sonuglar: troloks’a
esdeger olarak verilirken DPPH ve ABTS sonuglari ise
radikalin % 50’sini gideren doku miktar: (ICso) olarak
belirlenmig ve Cizelge 3’de verilmigtir.

Cizelge 3. Kok ve adventif koklerin DPPH, ABTS ve FRAP aktivitelerine hormon ve eksplant kaynaginin etkisi
Table 3. Effect of hormone and explant source on DPPH, ABTS and FRAP activities of root and adventitious roots

Hormon Cesidi Eksplant Kaynagi DPPH ABTS FRAP
Hormone Types  Explant Source IC50 (mg ml?) ICs0 (ug ml?) pmol TE g'!
Kok/ Root 0.77 £ 0.006 2 71.57+0.43¢ 231.93+1.31c¢
TAA Govde/Stem 0.29 £ 0.003 ¢ 31.61+0.06¢ 409.13+ 3.852
Yaprak/Leaf 0.71+£0.008 ¢ 71.89+0.34 ¢ 259.46+ 1.57P
Kok/ Root 0.73 +0.003 P 91.31+0.32a 154.95+ 7.34 ¢
IBA Govde/ Stem 0.44 £0.003 ¢ 60.75+0.394 219.39+5.45¢
Yaprak/ Leaf 0.72 + 0.004 be 85.45+0.35b 194.05 + 3.44 d

Aymi siitunda verilen farkl harfler istatistiksel olarak énemli farkliliklar gostermektedir (p<0.01).
Different letters given in the same columns show statistically significant differences (p<0.01).

Kok ve adventif koklerin antioksidan aktivelerinde
eksplant kaynagi ve hormon cesidine goére O6nemli
farkliliklar meydana gelmistir (P<0,01). IAA besin
ortaminda gelisen adventif koklerin antioksidan
aktivitest IBA ortamindakilerden 6nemi o6lglide
yiksektir. En yiiksek antioksidan aktivite IAA besin
ortaminda govde eksplantlarindan geligsen adventif
koklerde belirlenmistir. Bu kéklerin DPPH, ABTS ve
FRAP aktivitesi sirasiyla ICs0: 0.29 = 0.003 mg ml1,
ICs0: 31.61 + 0.06 pg ml?t, 409.13 + 3.85 umol TE g1
olarak Dbelirlenmistir. En yiksek antioksidan
aktiviteye sahip adventif kéklerin antrakinon, fenolik
ve flavonoid igeriginin bakimindan da en yiiksek
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degerlere sahip oldugu belirlenmistir. Essaidi ve ark.,
(2017) Rubia tinctorum ekstraktlarinin yiiksek FRAP
ve ABTS radikal giderme aktivesine sahip oldugu ifade
etmigtir. Bu yiksek antioksidan aktivitenin fenolik
bilesik, antrakinon ve flavonoid igeriginden ileri
geldigini bildirilmigtir. ,

SONUC ve ONERILER

Bu ¢alismada kékboya bitkisinde eksplant kaynagi ve
oksin grubu hormonlarinin kék ve adventif kok
gelisgimine etkisi ve elde edilen bu koklerin, toplam
antrakinon, toplam fenolik ve flavonoid igerigi ve
antioksidan aktiviteleri belirlenmigstir. Yapilan bu
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calisma neticesinde yaprak ve gévde eksplantlarinda
olusturulan adventif koklerin koék eksplantlar
kullanilarak olusturulan kok kiltiurlerinden metabolit
ve antioksidan aktivite bakimindan oldukg¢a tstin
oldugu belirlenmistir. Kok kiiltirlerinde kok gelisim
oranlari yiiksek olsa da elde edilen koklerin boylari her
iki hormon kosgullarinda oldukg¢a yetersizdir. IBA
igeren besin ortamlarinda eksplantlardan adventif kok
gelisim oranlar1 IAA igerenlerden yiiksek olsa da elde
edilen adventif koklerin antrakinon, fenolik ve
flavonid igerigi ve antioksidan aktivitesi nemli 6lgiide
dusuktir. NAA iceren besin ortamlarinda ise tim
eksplantardan kok gelisimi saglanamamigtir. TAA
besin ortaminda yaprak ve govde eksplantlarinin kok
gelisim oranlari ve elde edilen koklerin uzunluklar:
bakimindan énemli bir farklilik meydana gelmemigtir.
En yiksek antioksidan aktivite ve metabolit icerigi
TAA besin ortaminda govde eksplantlarindan gelisen
adventif koklerde belirlenmigtir. Sonug olarak IBA'nin
adventif kok gelisim oranlar1 acisindan uygun olsa da
metabolit iiretimi ve antioksidan aktivite bakimindan
IAA’nin daha uygun oldugu gérilmektedir. Bu alanda
yapilacak sonraki calismalarda adventif kok
indiksiyonun IBA ortaminda saglandiktan sonra
metabolit Uretimin artirmak i¢in IAA ortaminda alt
kiltire almanin faydali olacagi distnulmektedir.
Ayrica iki hormonun besin ortamina birlikte ilave
edilecegi  kombinasyonlarin  olusturulmasi1  kok
indiksiyonu ve metabolit verimi acgisindan avantaj
saglanabilecegi 6n gorilmektedir.
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ABSTRACT
The objective of this study was to determine the amount of the
elements of rainbow trout (Oncorhynchus mykiss Walbaum, 1792)
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eggs obtained from different stations. The study was conducted in 5 Received ©15.12.2020
different production areas that are producing the most rainbow trout Accepted ©11.02.2021
eggs in Turkey. Element analysis (Na, Mg, Al, P, K, Ca, Cr, Mn, Fe,

Keywords

Co, Ni, Zn, As, Se, Cd, Ba, Pb, Hg, and Cu) of rainbow trout eggs were
performed using ICP-MS (Inductively Coupled Plasma- Mass
Spectrometer). At the end of the study, it was determined that the
daily consumption limit for selected elements (Ca, P, Mg, Zn, Mn, Ni
and Se) was not exceeded in individuals consuming 100g of rainbow
trout eggs per day. The daily intake recommended by the European
Communities Commission was determined to be sufficient for the K,
Ca, P, Mg, Fe, Zn, Cu and Mn elements in rainbow trout eggs. The Cd
and Pb values of rainbow trout eggs obtained from different stations
were determined significantly less than the values included in the
Turkish Food Codex. The results of this study were thought to be
important for both consumers and juvenile rainbow trout producers.

Oncorhynchus mykiss
Macro-element
Micro-element
Rainbow trout egg

Gokkusag Alabaligy (Oncorhynchus mykiss Walbaum, 1792) Yumurtalarinda Element Degerlerinin
Belirlenmesi

OZET Aragtirma Makalesi

Bu calismanin amaci, farkhh istasyonlardan elde edilen gékkusag:

alabahig1 (Oncorhynchus mykiss Walbaum, 1792) yumurtalarinin Makale Tarihgesi

element miktarinin belirlenmesidir. Calisma, Tirkiye'de en fazla Gelig Tarthi  :15.12.2020
gokkusagi1 alabaligr yumurtasi treten 5 farkli Uretim alanminda Kabul Tarihi :11.02.2021

gerceklestirilmistir. Gokkusag alabaligi yumurtalarinin element

analizi (Na, Mg, Al, P, K, Ca, Cr, Mn, Fe, Co, Ni, Zn, As, Se, Cd, Ba,
Pb, Hg ve Cu) Indiktif Olarak Eslestirilmis Plazma-Kitle
Spektrometresi (ICP-MS) kullanilarak yapilmistir. Calisma sonunda,
giinde 100g gokkusag alabaligr yumurtas: tiikketen bireylerde secili
elementlerin (Ca, P, Mg, Zn, Mn, Ni ve Se) giinliik tiikketim limitinin
asilmadigr tespit edilmistir. AB Komisyonu tarafindan oOnerilen
glnliik alim miktarlar1 Gokkusag: alabaligi yumurtalarindaki K, Ca,
P, Mg, Fe, Zn, Cu ve Mn elementleri i¢in yeterli oldugu belirlenmigtir.
Farkl istasyonlardan elde edilen gokkusagi alabalig1 yumurtalarinin
Cd ve Pb degerleri, Turk Gida Kodeksi'nde yer alan degerlerden
onemli Olgiide daha dusiik oldugu belirlenmigtir. Bu c¢alismanin
bulgularinin hem tiiketiciler hem de yavru gokkusagi alabalig
ureticileri i¢in bilgi edinmede énemli oldugu diisiiniilmektedir

Anahtar Kelimeler
Oncorhynchus mykiss
Makro-element

Mikro-element

Gokkusagi alabalign yumurtas:

To Cite : Baki B, Kaya Oztiirk D, Tomgisi S 2021. Determination of the Element Values of Rainbow Trout (Oncorhynchus

mykiss Walbaum, 1792) Eggs. KSU J. Agric Nat 24 (5): 948-956. DOI: 10.18016/ksutarimdoga.vi.841222.

human Scientists

INTRODUCTION the increasing population.
recommend the consumption of more seafood in human
diets in the prevention and treatment of many diseases
such as cardiovascular and cancer (FAO, 2010;

The consumption of seafood, which has increased as a
trend in recent years, is proof of a nutritious and
balanced diet as well as closing the protein deficit of
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Wesichselbaum et al., 2013). Except for health
problems in developing countries, even conscious
consumers in developed countries often prefer fish's
muscle tissue, which is a combination of many
nourishing ingredients (such as polyunsaturated fatty
acids, essential amino acids, vitamins, and essential
elements) (Chen et al., 2007; Ruxton, 2011). Many
studies have reported that not only edible fish muscle
tissue but also edible products such as fish egg, fish
liver, and fish skin have high nutritional values, and
these products are good source of amino acids, fatty
acids, and some minerals (Guil-Guerrero et al., 2011;
Kaliniak et al., 2015; Rebole et al., 2015; Turan et al.,
2019). As the results of these studies, the addition of
fish by-products as part of balanced and healthy
nutrition may increase the nutritional potential of
consumed foods and prevent food waste. Among the
fish by-products, fish eggs are particularly prominent
and can be processed in different ways including as
whole ovaries, individual eggs (caviar), and paté,
pastes, and other products (Bledsoe et al., 2003;
DePeters et al., 2013). The most popular form of fish
eggs is caviar which is most commonly obtained from
sturgeon species, wild and farmed salmonid species,
and other species such as mullet, whitefish, cod,
herring, etc. (Bledsoe et al., 2003; Bekhit et al., 2009;
Ghelichi et al., 2017; Vilgis, 2020).

The rainbow trout (Oncorhynchus mykiss) is the most
successful cultivated species, with 814 thousand tons
of production in commercial intensive aquaculture, in
the world (FAO, 2018). The rainbow trout culture is the
main aquaculture industry in Turkey and continues to
grow and develop year by year. By virtue of the trend
in scientists' recommendations to human diets by
extension, the increase in consumption increased the
production of rainbow trout. While some of the
producers focus on juvenile production and
aquaculture rearing of single-sex fish stock, the vast
majority treat trout eggs as a by-product /a waste-
product. Salmonid species eggs are very preferable
after sturgeon caviar in the world and salmon caviar is
one of the most popular products because of its relative
abundance, attractive color, and distinctive taste.
Caviar from salmonids often comes from pink salmon,
coho salmon, rainbow trout, red salmon, chum salmon,
and chinook salmon. Salmon egg varies in color from
bright orange to dark red, which is why it is often
called red caviar, but salmon caviar is known as ikura
In Japan, which derives from Russian word uxpa (ikra)
which means caviar or fish egg in general (Anonymous
2021a). Red caviar/ikura, which is consumed in high
amounts especially in the Far East countries, America
and Russia, has started to create a new trend in our
country's fisheries sector. For this reason, some of the
rainbow trout eggs used in juvenile fish production
have started to take place in fish markets by using
different processing methods. Production and
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consumption amounts of rainbow trout eggs, which
have recently taken their place in the fish market, are
not reflected in our country's statistics. Therefore,
there are few studies highlighting the nutritional
quality of rainbow trout eggs in our country. (Baki et
al., 2019a; 2019b). In the world, studies on fish eggs
generally focused on egg quality, productivity, and egg
biochemical composition (Brooks et al., 1997; Wirth et
al., 2000; Bekhit et al., 2009; Giirel Inanli et al., 2010;
Intarasirisawat et al., 2011; DePeters et al., 2013;
Hossain et al., 2014). While element/mineral content
research on fish eggs are more recent
(Sobhanardakani, 2017; Topuz et al., 2017; Simionov
et al., 2019; Turan et al., 2019), the combined
assessment of the basic food composition is very
significant in terms of both nutritional value and
toxicological effects due to the impact of minerals and
trace elements on human health. In the study, two
objectives were selected in determining the selected
elements of rainbow trout eggs obtained from different
stations: (1) to determine of element values of rainbow
trout eggs for producers producing rainbow trout
juvenile, (2) to informed consumers about the rainbow
trout eggs produced in our country can take place as a
new product in the world aquaculture market.

MATERIAL and METHOD

The rainbow trout eggs were collected in 5 different
production areas (I station: 386°45'59.55"N and
29°24'12.22"E Mugla-Fethiye; II station:

36°58'41.94"N and 29°13'9.92 "E Denizli-Cameli; III
station:  38°57'54.89"N  36°40'18.17"E  Kayseri-
Pinarbasi; IV station: 37°58'58.65"N and 38°0'52.89"E
Malatya-Sturgii and V station: 41°27'14.35"N and
35°51'24.08"E  Samsun-Ladik) which produces the
most rainbow trout eggs in Turkey from December
2017 to January 2018.

Element analysis was determined in the laboratories
of Sinop University Scientific and Technological
Researches Center (SUBITAM). Rainbow trout egg
samples digested using a microwave digestion system
(Milestone Systems, Start D 260) with Suprapur®
HNOs (nitric acid) according to meat, texture, fish, and
similar samples HPR-FO-67 method (Milestone).
Element analysis (Na, Mg, Al, P, K, Ca, Cr, Mn, Fe, Co,
Ni, Zn, As, Se, Cd, Ba, Pb, and Cu) of rainbow trout
eggs were performed using ICP-MS (Inductively
Coupled Plasma-Mass Spectrometer) (Agilent
Technologies, 7700X) method by accredited SEM
laboratory. Data quality was checked by the analysis
of standard reference materials (UME CRM 1201-
UME CRM 1204) (Table 1). These results are
expressed in mg kg "lof rainbow trout eggs (mg.kg).

RESULTS and DISCUSSION

Compared to other freshwater fish, farmed rainbow
trout production is of great potential and much of the



KSU Tarim ve Doga Derg 24 (5): 948-956, 2021

KSU J. Agric Nat 24 (5): 948-956, 2021

Arastirma Makalesi
Research Article

information gained with the this species egg especially
relating to its hatchling production and productivity.
To determine the ability to use rainbow trout eggs
when viewed as food, knowledge of the nutritional and
physicochemical properties were required. Besides,
apart from the predicted difference in egg efficiency,

Table 1. Detection limit and certified values of elemental concentrations for the elements measured by using ICP-

there was

information
physicochemical components and elements of rainbow
trout eggs for human consumption. The concentrations
of four macro-elements (Na, Mg, K, Ca) and five micro-
elements (Zn, Mn, Fe, and Cu) of rainbow trout eggs at
various stations in Turkey are shown in Table 2.

MS.

Cizelge 1. ICP-MS'de olgiilen elementler konsantrasyonlari igin tespit limiti ve referans degerlerli.
Elements Detection Limits Certified Values Uncertainty
(Elementler) (Tespit Limiti) (Referans Degerleri) (Belirlenemeyen)
Na 0.3475 pg kg'? 3.13 mg kg'! 0.11 mg kg?
Mg 0.04953 pg kgt 0.867 mg kg1 0.033 mg kg1t
Al 0.7579 pg kgl 0.102 mg kg'! 0.005 mg kg'!
P 0.9819 pg kgt 96.4 pg kgl 5.7 ng kgl
K 3.453 pg kgl 0.410 mg kg 0.028 mg kgt
Ca 14.95 pg kgt 3.91 mg kg'! 0.14 mg kg'!
Cr 0.1405 pg kg'? 34.6 ug kgl 1.2 pg kgl
Mn 0.1534 pg kg'? 14.5 pg kgt 0.5 pg kgl
Fe 0.4728 pg kg'! 45.6 ug kgt 2.7 ug kg1
Co - 9.60 ug kg1 0.30 ng kg'?
Ni 0.01052 pg kg1 16.8 ug kgt 0.7 ug kgt
Cu 0.178 pug kg1 83.1 ug kg1 2.6 ug kgt
Zn 4.277 ng kg1 0.104 mg kg1 0.005 mg kg1t
As 0.054 pg kgl 6.50 ug kg1 0.38 ug kgt
Se 0.4686 pg kg'! - -
cd 0.002222 ug kg-! 3.95 ug kg1l 0.15 ug kg'?
Hg 0.01648 pg kg1 49.9 pg kgt 2.6 ug kgt
Ba 0.02665 pg kgt 0.313 mg kgt 0.014 mg kgt
Pb 0.04605 pg kgt 14.7 pg kg'! 0.4 pg kgl

available

All analysis results were presented as mean values+SE. Statistical analysis was done by using the IBM SPSS 21 statistical
package program. The differences between the results were tested by one-way analysis of variance (ANOVA). The differences
between the values were compared with Tukey’s multiple comparison tests at the p<0.05 level of significance.

Table 2. Macro and micro-elements of rainbow trout eggs in different station in Turkey (mg kg-1)
Cizelge 2. Tiirkiye'deki farkli istasyonlarindan elde edilen gékkusagi alabaligr yumurtalarinin makro ve mikro
elementleri (mg kg-1)

Elements I. station IL. station III. station IV. station V. station

(Elementler) I istasyon IT. istasyon IIT, istasyon 1IV. istasyon V. istasyon

Macro (Makro) (mg kg-1)

Na 1491.04+20.68bc 1395.83+13.032 1688.71+25.334 1430.05+9.93P 1347.06+6.502

Mg 645.22+7.312 660.38+6.24b 711.66+15.064 694.06+6.45b¢ 663.90+5.82b

K 2554.26+29.23P 2501.29.94P 2421.04+28.762 2735.50+24.27bc 3046.54+20.614

Ca 485.32+7.432 480.62+3.832 668.31+11.46¢ 530.36+4.19> 506.21+6.573b

Micro (Mikro) (mg kg-!)

Zn 34.59+2.49bc 31.89+2.042b 27.84+1.852 34.88+2.41P 34.23+£2.37°

Mn 1.32+0.102 2.81+0.26P 4.77+0.39¢ 2.25+0.18P 1.67+£0.162

Fe 10.31+0.732 12.13+0.88b 12.76+0.88P 15.14+1.28¢ 15.04+1.08¢

Ni 0.04+0.012 0.03+£0.012 0.08+0.01b 0.04+0.012 0.05+0.012

Cu 1.54+0.072 1.42+0.052 1.75+0.09> 2.11+0.01¢ 1.97+0.10P¢
Values in the same rows marked with different letters are significantly different (p <0.05).
It determined that macro-elements of rainbow trout values was important (p<0.105). When macro and
eggs in the different stations were, K>Na>Mg>Ca, rrpcro-elements between stations are examined, the
respectively and the statistical difference between highest macro-elements were at I11 (Na,.Mg, and Ca)
values was important (P<0.05). Micro-elements of and V stations (K), while the highest micro-elements

rainbow trout egg Zn, Mn, Ni and Cu were 27.84-34.88 ~ Were at stations III (Mn and N and IV (Zn, Fe, and
mg kg, 1.32-4.77, 0.03—0.08 and 1.42-2.11 mg kg, Cw. Table 3 outlines the macro and micro-elements

respectively and the statistical difference between analysis of eggs of various fish species. When this table
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was assessed, the macro-elements' values were lower
than in the current study in the mature eggs of
Chinook salmon (Bekhit et al., 2009) and the eggs of
rainbow trout (Skalecki et al., 2020). In other research,
K was the most common among macro-element values
in other marine fish eggs that could be eaten as human
food. (Tenualosa ilisha: Hossain et al., 2014;
Merlangus merlangus euxinus: Turan et al.,, 2019;
Psetta maxima maeotica: Simonov et al., 2019). In a
macro-element analysis of three distinct sturgeon
(Huso huso, Acipenser gueldenstaedhi, and Acipenser
stellatus) eggs (caviar), it was recorded that Na was
the most abundant macro-element (Wang et al., 2008).
In this analysis of Wang et al (2008), it was determined
that the value of Na macro elements of three distinct
sturgeon caviar was higher than the value in our study
and that the values of Mg, K, and Ca were lower. In
the study, the values of Zn, Mn, Fe, Ni, and Cu,
identified as micro-elements in rainbow trout eggs
from different stations, ranged from 27.84+1.85-
34.88+2.41, 1.32+0.10-4.77+0.39, 10.31+0.73-
15.14+1.28, 0.03+0.01-0.08+0.01, and 1.42+0.05-
2.11+£0.01 mg kg respectively these findings were

close to the values of micro-elements calculated by
Skalechi et al. (2020) in their trout egg analysis. As a
result of the elemental study of mature Chinook
salmon eggs, it was confirmed that the values of Fe and
Ni were high and the values of Zn, Cu, and Mn were in
similar ranges (Bekhit et al., 2009) (Table 3). As a part
of the phospholipids that create the membrane lipid
bilayer, P plays an essential role in both the bones and
the cell membranes. The P deficiency in the body
causes muscular defects and improvements in bone
mineralization, as well as cardiac, cardiovascular,
neurological, and metabolic disorders (Ghosh and
Joshi, 2008). In the elemental analysis carried out in
the present research, it was determined that P was the
most detected element in rainbow trout eggs. As can be
seen from Table 3, it has been calculated that the
intake of 100 g of rainbow trout by the European
Communities satisfies the necessity of 65.97-75.14% P.
The P wvalue in this study was higher than
Oncorhynchus tshawytscha eggs (Bekhit et al., 2009)
and lower than Acipenser transmontanus eggs relative
to other experiments of fish eggs (DePetters et al.,
2013).

Table 3. Essential, Non-essential and other specified elements of rainbow trout eggs in different station in Turkey

(mg kg

Cizelge 3. Tiirkiye'deki farkli istasyonlardan elde edilen gokkusagi alabaligr yumurtalarinda esansiyel, esansiyel

olmayan ve diger elementler(mg kg?)

Elements

I. station

(Elementler) I istasyon

I1. station
IT. istasyon

IIL. station
IIT. istasyon

IV. station
1IV. istasyon

V. station
V. istasyon

Essential (Esansiyel) (mg kg-1)

Ca 485.32+7.432 480.62+3.832 668.31+11.46¢ 530.36+4.19b 506.21+6.572b
Cu 1.54+0.072 1.42+0.052 1.75+0.09> 2.11+0.01¢ 1.97+0.10b¢
Fe 10.31+0.732 12.13+0.88b 12.76+0.88b 15.14+1.28¢ 15.04+1.08¢
K 2554.26+£29.23P 2501.29.94b 2421.04+28.762 2735.50+24.27bc 3046.54+20.614
Mg 645.22+7.312 660.38+6.24b 711.66+15.064 694.06+6.45bc 663.90+5.82b
Mn 1.32+0.102 2.81+£0.26P 4.77+0.39¢ 2.25+0.18b 1.67+0.162
Na 1491.04420.68b¢ 1395.83+13.032 1688.71+25.334 1430.05+9.93P 1347.06+6.502
Zn 34.59+2.49bc 31.89+2.042b 27.84+1.852 34.88+2.41b 34.23+£2.37
P 4618.26+65.162 4626.42+47.01a 4917.78+82.41P 5089.45+36.94bc 5259.57+42.07¢
Non-Essential (Esansiyel olmayan) (mg kg-1)

As 0.05+0.01= 0.07+£0.012 0.07+0.01= 0.06+0.01= 0.10+0.012

cd 0.01+0.012 0.01+£0.012 0.01+0.012 0.01+0.012 0.01+0.01a
Ni 0.04+0.01= 0.03+£0.012 0.08+0.01b 0.04+0.01= 0.05+0.012
Other (Diger) (mg kg-1)

Al 0.30+0.062P 0.28+0.032 0.50+0.03¢ 0.27+0.0322 0.39+0.14"

Cr BDL 0.03+0.012 0.02+0.01= 0.01+0.012 BDL

Co 0.02+0.012 0.01+£0.012 0.03+0.012 0.03+0.012 0.04+0.012

Se 0.97+0.01¢ 0.54+0.012 0.67+0.05P 0.91+0.01¢ 0.97+0.03¢

cd 0.01+0.012 0.01+£0.012 0.01+0.012 0.01+0.012 0.01+0.01a
Hg BDL BDL BDL BDL BDL

Ba 0.24+0.01¢ 0.16+0.01b 0.17+0.01b 0.19+0.01bec 0.04+0.01=2

Pb 0.0440.012 0.03+£0.01 0.05+0.012 0.04+0.012 0.04+0.012

Values in the same rows marked with different letters are significantly different (p <0.05).

BDL: Below Detection Limit

Table 4 shows the essential, non-essential, and other
specified elements of rainbow trout eggs. The highest
essential elements of the eggs obtained at all stations

were determined as P> K> Na> Mg> Ca, respectively.
The highest essential elements in rainbow trout eggs
were at III. (Ca, Mg, Mn and Na), IV. (Cu, Fe, and Zn),
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and V. (K and P) stations, respectively. The statistical
difference among non-essential elements in rainbow
trout eggs obtained from different stations was not
significant (p>0.05). The Se was the highest in the I
and V. stations (0.97+0.01 mg kg'1). The Pb, Cd, As, Co,
and Cr values were below 0.1 mg kgl at all stations.
The Cr could not be detected in the rainbow trout eggs

obtained from the I. and V. Stations. As a result of the

elemental analysis,

the Hg wvalue could not be

Tablo 4. Values of micro and macro-elements of distinct fish eggs (mg kg1
Cizelge 4. Farkli balik yumurtalarinin mikro ve makro element degerleri (mg kg)

determined in rainbow trout eggs. The Se is toxic in
high amounts but is important in animals and humans
as a micronutrient. Mpyocardial infarctions were
associated with reduced levels of Se and higher
mortality rates from cardiovascular disease. Also, low
Se levels were associated with an increased risk of
cancer and kidney failure. (Holben and Smith, 1999).

Species Na Mg K Ca Reference

O. mykiss 1347.06-1688.71 | 645.22-711.66 | 2421.04-3046.54 | 480.62-668.31 | In present study

O. mykiss Topuz et al., (2017)

O. mykiss 404 547 1714 547 Skalecki et al., (2020)

O. tshawytscha 596.1 584.7 1698.7 428.3 Bekhit et al., (2009)

T. ilisha 700-1280 400-1030 1680-2450 1000-1240 Hossain et al., (2014)

K. pelamis 1074.93 456.91 2397.56 Intarasirisawat et al
T. tonggol 826.26 691.46 2184.22 (2011) v
E. affinis 768.25 486.33 2194.34

P. maxima maeotica 1599.5 228.5 3011 86.2 Simionov et al., (2019)
M. merlangus euxinus | 635.90-1199.13 | 188.67-365.96 | 3236.52-6150.05 | 112.36-192.58 | Turan et al., (2019)

H. huso 7886-14840 230.1-259.7 1327-1603 56.8-96.8

A. gueldenstaedti 8795-12014 232.7-263.8 1126-1791 97.1-173.9 Wang et al., (2008)

A. stellatus 9863-13463 146-266 1017-1423 102.7-151.6

H. huso

Ac. stellatus .

A. gueldenstaedti Wirt et al., (2002)

A. baeri

A. persicus Sobhanardakani, (2017)
A. transmontanus 1032-6964 594-690 3578-4078 311-313 DePeters et al., (2013)

C. tarichi Oguz and Yeltekin, (2014)

Tablo 4. Values of micro and macro-elements of distinct fish eggs (mg kg'?) (continue)

Cizelge 4. Farkl balik yumurtalarinin mikro ve makro element degerleri (mg kg'!) (devami)

Species Zn Mn Fe Ni Cu Reference

O. mykiss 27.84-34.88 1.32-4.77 10.31-15.14 0.03-0.08 1.42-2.11 In present study

0. mykiss 140.28 18.46 98.16 8.15 Topuz et al., (2017)

O. mykiss 29.4 1.7 11.2 1.2 Skalecki et al., (2020)

O. tshawytscha 32.44 3.76 36.04 0.17 2.51 Bekhit et al., (2009)

T. ilisha 42.16-45.61 | 2.03-2.18 33.85-35.24 1.23-1.24 Hossain et al., (2014)

K. pelamis 0.34 70.22 12.72 Intarasirisawat et al
T. tonggol 0.8 55.24 12.48 (2011) v
E. affinis 0.78 122.17 34.35

P. maxima maeotica 39.1 0.16 15.1 0.08 0.7 Simionov et al., (2019)
M. merlangus euxinus | 31.15-58.15 | 0.79-2.29 28.00-142.03 0.18-0.41 1.15-2.15 Turan et al., (2019)

H. huso 19.0-22.0 0.8-1.2 19.4-128.2 0.01-0.01 0.7-1.0

A. gueldenstaedti 20.7-24.0 1.0-1.3 24.0-155.1 0.01-0.03 1.2-1.6 Wang et al., (2008)

A. stellatus 20.4-23.2 0.9-1.4 21.6-55.6 0.01-0.01 1.0-1.4

H. huso 11.58-11.60 1.2-1.45

Ac. stellatus 10.29-11.60 1.55-1.61 .

A. gueldenstaedti 12.0-12.43 137147 | Wirtetal, (2002)

A. baeri 10.54 1.69

A. persicus 12.9-21.1 0.01-0.02 | 63.50-79.20 Sobhanardakani, (2017)
A. transmontanus 54.6-59.4 1.10-2.93 | 67.3-70.6 8.3-9.4 DePeters et al., (2013)

C. tarichi 26.313 1.281 40.96 0.67 1.462 Oguz and Yeltekin, (2014)

Seafood was a strong source of Se according to the
USDA National Nutrient Database (Ralston, 2008)

and it was observed that fish Se was extremely
bioavailable (Fox et al., 2004). The National Institutes

of Health Office of Dietary Supplements recommended
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a maximum intake of 400 pg d! Se. In the current
analysis, while the Se values for rainbow trout eggs
were lower than those for other fish species described

in Table 5, it was observed that they did not reach the
overall limit recommended by the Dietary Office of the
National Institutes of Health.

Tablo 5. Other element values defined in eggs of different fish species (mg kg
Cizelge 5. Farkl balik yumurtalarinda tanimlanan diger element degerleri (mg kg'!)

Species As Cd Al Cr Co Reference

0. mykiss 0.05-0.10 0.01-0.01 0.28-0.50 0-0.03 0.01-0.03 in present study

O. tshawytscha 0.15 1.93 0.01 Bekhit et al., (2009)

T ilisha Hossain et al., (2014)
P. maxima maeotica 0.18 0.03 Simionov et al., (2019)
M.merlangus euxinus | 0.90-1.36 0.02-0.02 1.03-6.78 0.12-0.27 0.03-0.06 Turan et al., (2019)

H. huso 0.24-1.16 0.01-0.01 0.1-0.7 0.01-0.01 0.01-0.02

A. gueldenstaedti 1.08-1.59 0.01-0.01 0.5-1.9 0.01-0.01 0.01-0.02 Wang et al., (2008)

A. stellatus 0.87-1.56 0.01-0.01 0.2-0.8 0.01-0.01 0.01-0.01

H. huso <0.005

A. stellatus <0.005 .

A. gueldenstaedti <0.005 Wirt et al., (2002)

A. baeri <0.005

A. persicus 0.19-0.35 Sobhanardakani (2017)
A. transmontanus 3.25 DePeters et al., (2013)
C tarichi 0.392 Oguz and Yeltekin (2014)

BDL: Below Detection Limit

Tablo 5. Other element values defined in eggs of different fish species (mg kg!) (continue)

Cizelge 6. Farkli balik yumurtalarinda tanimlanan diger element de,

Serleri (mg kg?) (devam)

Species Se Hg Ba Pb Reference

0. mykiss 0.54-0.97 BDL 0.16-0.24 0.03-0.05 in present study

O. tshawytscha Bekhit et al., (2009)

T ilisha Hossain et al., (2014)
P. maxima maeotica Simionov et al., (2019)
M.merlangus euxinus 0.84-1.71 0.04-0.05 0.10-0.45 0.14-0.26 Turan et al., (2019)

H. huso 1.0-1.8 0.01-0.07 0.01-0.38 0.01-0.01

A. gueldenstaedti 1.2-2.1 0.01-0.01 0.14-0.52 0.01-0.01 Wang et al., (2008)

A. stellatus 1.42.4 0.01-0.02 0.12-0.43 0.01-0.01

H. huso 0.10-0.11

A. stellatus 0.09-0.15 .

A. gueldenstaedti 0.06-0.08 Wirt et al., (2002)

A. baeri 0.06

A. persicus 1.39-1.50 0.71-1.17 Sobhanardakani (2017)
A. transmontanus 2.7-10 0.5-4.6 DePeters et al., (2013)
C. tarichi 2.485 Oguz and Yeltekin (2014)

BDL: Below Detection Limit

The K was essential for the equilibrium of water and
electrolytes and the proper functioning of cells,
including nerves. Increased dietary intake of K was
associated with a drop in blood pressure, as it promotes
Na loss in the urine. It is thought that an increase in
K intake will counteract the effect of some of the Na in
the diet, thereby helping to improve cardiovascular
health. Although several fish species are considered to
be K sources, fish only contribute a small percentage of
K to the UK diet. (Gregory et al., 2000; Henderson et
al., 2003). The amount of K in rainbow trout eggs was
determined in the present analysis to be consistent
with the daily intake values of the Commaission of the
European Communities (Table 6). The Cd, Pb, and Hg
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in animals are non-essential metals with toxicity;
these metals can pose a human health risk by intake
of seafood (Bat et al., 2020). Cd and Hg can be harmful
to most fish and wildlife, particularly to freshwater
species (Robertson et al., 1992). The Pb is a non-
essential element and it was well documented that can
cause neurotoxicity and many other adverse health
effects (Garcia-Leston et al., 2010).

While the Cd and Pb seen in this study were
significantly smaller than those of the Turkish Food
Codex recommended (Official Gazette of Republic of
Turkey, 2009), the Hg value could not be determined
in rainbow trout eggs. Aside from evaluating all this
literature, when all this element analyzes are
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evaluated, it is thought that the differences between
the stations were from the feed ingredients used in
broodstock feeding and the spring waters used in the
hatchery. When the elements found in rainbow trout
fillet and the elements in eggs are compared, Fe, K, Zn,

Hg and Cd elements in rainbow trout fillet are higher
than eggs; Ca, Mg, P, Na, Mn, Cu and Pb elements
were low. (Yardim and Bat, 2020; USDA, 2021).
Despite the differences found, both egg and fillet from
rainbow trout are a good source of analyzed elements.

Table 6. Meeting the daily recommended allowances for selected elements by a 100g portion of rainbow trout eggs

Cizelge 6. Giinliik tavsiye edilen element diizeyleri ile 100g’hk gokkusagi alabaligi yumurtalarinda segili
elementler ile karsilanmasi

Minerals Study results (mg 100g™) RDA EU * Meeting the norm (%)
(Mineraller) (Mevcut Calisma) (GTE AB**") (Miktarin karsilig1 %)
K 250.12-491.7 2000mg 12.50-24.60

Ca 48.52-66.83 800mg 6.07-8.35

P 461.82-525.98 700mg 65.97-75.14

Mg 64.52-71.16 375mg 17.21-18.98

Fe 1.03-1.51 14mg 7.36-10.79

Zn 2.78-3.48 10mg 27.8-34.48

Cu 0.14-0.21 lmg 14.00-21.00

Mn 0.13-0.47 2mg 6.50-23.50

“RDA Commission Directive 2008/100/EC of 28 October 2008, (Anonymous, 2021b)
**GTE AB, Avrupa Birligi tarafindan Ginlik tavsiye edilen element diizeyleri

The regular quantities of the elements needed for
adults as determined by the Commission of the
European Communities and the values determined in
this study are contrasted in Table 6.

In the study, it was determined that consumption of
100g rainbow trout eggs met the daily macro-element
need at the lowest 6.07-8.35% (Ca) and the highest
17.21-18.98% (Mg). This situation did not change much

for micro-elements, and it was determined that 100g of
rainbow trout egg consumption met the lowest daily
micro-element requirement at 7.36-10.79% (Fe) and
the highest 27.8-34.48% (Zn). The most striking in this
table 6 as well, the proof of the high P content of
rainbow trout eggs is that they meet the daily P
requirement by 65.97-75.14%. The suggested daily
intake amounts for the EU were sufficient for the
selected elements in rainbow trout eggs.

Table 7. The daily Tolerable Upper Intake Levels (UL), for selected minerals by a 100g portion of rainbow trout

eggs (Life-Stage Group 19-70 years)

Cizelge 7. 100g’ik gokkusag: alabaligr yumurtalarindaki bazi minerallerin Giinliik Tolere Edilebilir Ust Alim

Seviyeleri (UL) (19-70 yas)

Minerals Study results (mg 100g-1) UL* Meeting the norm %
(Mineraller) (Mevcut Calisma) TUS** (Miktarin karsilign %)
Ca 48.52-66.83 2500 mg d! 1.94-2.67

P 461.82-525.98 4000 mg d! 11.54-13.15

Mg 64.52-71.16 350 mg d'! 18.43-20.33

Zn 2.78-3.48 40 mg d?! 6.95-34.8

Mn 0.13-0.47 11 mgd?! 1.18-4.27

Ni 0.003-0.008 1 mgd?! 0.3-0.8

Se 0.05-0.10 400 pg dt 1.25-2.5

“DRIs National Institutes of Health Office of Dietary Supplements (Anonymous 2021c)

** TS Giinlik Tolere Edilebilir Ust Alim Seviyeleri

Daily Tolerable Upper levels for the selected elements
(Ca, P, Mg, Zn, Mn, Ni, and Se) in 100g of rainbow
trout eggs for the 19-70 age group are given in Table 7.
The seven elements (Ca, P, Mg, Zn, Mn, Ni, and Se)
were chosen from the National Institutes of Health
Office of Dietary Supplements for the ages of 19-70. In
this study, the elements determined in rainbow trout
eggs and included in the National Institutes of Health
Office of Dietary Supplements list were determined to
remain within tolerable limits.

A Tolerable Upper Intake Level (UL) was the highest
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level of daily nutrient intake that was likely to pose no
risk of adverse health effects to almost all individuals
in the general population (Table 7). In the absence of a
UL, extra caution must be warranted in consuming
levels above recommended intakes. Members of the
general population should be advised not to routinely
exceed the UL. The UL was not meant to apply to
individuals who were treated with the nutrient under
medical supervision or to individuals with
predisposing conditions that modify their sensitivity to
the nutrient. In this study, it was established that the
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daily consumption cap for selected minerals was not
surpassed by individuals eating 100 g of rainbow trout
eggs per day.

Bekhit et al., (2009) stated that the difference in the
composition of the mineral with the maturity of the
fish eggs suggests that the degree of maturity of the
salmon egg plays an important role in deciding the
quantity of critical mineral present in the final product
and depending on the minerals involved.

However, it must be recognized that, as shown by
Bechtel et al., (2007), processing before being eaten as
a portion of food can alter the mineral content, so final
products need to be individually assessed. This
research analyses the quantities of elements contained
in Turkey as raw products of rainbow trout eggs. The
findings of this study are also important for both
consumers and juvenile fish farmers to gain
information.

CONCLUSION

Consumer understanding of the nutritional benefits of
fish consumption is increasingly growing. To raise
awareness of the need to diversify the diet with other
fish products such as fish eggs, a natural and
unprocessed product, further information is, however,
necessary. The use of trout eggs, which are widely
consumed in the world and a new market for our
country, as food creates a new trend. In this study, as
a result of the elemental analysis of rainbow trout eggs
in our country, it has been determined that it is
suitable for use as food. In additionally, the egg of
rainbow trout was found to cover the requirements of
the consumer groups for the analyzed elements
especially K, Ca, Mg, Fe, Zn, Cu, Mn, and P. However,
more studies should be conducted with the number of
elements found in rainbow trout eggs and these studies
and products should reach the consumer. Thus, in the
new market for rainbow trout eggs, it is believed that
our country will not be foreign-dependent on this issue.
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ABSTRACT
The aim of the study was to determine the toxic effect and the
dynamics of oxidative stress caused by mercury chloride (HgCl2) in
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rainbow trout (Oncorhynchus mykiss) weighing 59.43+7.21 g.For this Received - 04.11.2020
purpose, a total of 40 fish in 4 groups, 10 fish in each group (n=10), Accepted 01.03.2021
were exposed to 25% and 50% (137.75 pg L and 275 pg L) of the LDso

for 2 and 7 days. To determine the oxidative/nitrosative stress, Keywords

Peroxynitrite (ONOO™ mmol L), Total Oxidant Level (TOS mmol Ho0, ~ Rainbow trout

Eq L), Total Antioxidant Level (TAS mmol Trolox Eq L), OSI Mercury L.

(TOS/TASx10) and Malondialdehyde (MDA) level were determined. Pe]foxynltrltfe .

While the difference between the groups in terms of TAS, OSI and 8;(111dant/ant10x1dant level

MDA levels in gill tissues was statistically significant (P<0.05), this
difference was statistically insignificant (P>0.05) in terms of ONOO~
and TOS values. As a result, HgCl: was found to cause stress and toxic
to fish as it increases the levels of ONOO~, OSI and MDA, which are
indicators of stress in gill tissue.

Gokkugagr Alabahiga (Oncorhynchus Mykiss) Solunga¢ Dokusunda Civa Kloriir'iin Hem Nitrozatif Hem
de Oksidatif Stres Uzerindeki Etkisi

OZET

Calismanin amaci, civa kloriiriin (HgClo) 59,43+7,21 g agirhgindaki
gokkusag alabaliklarinda (Oncorhynchus mykiss) toksik etkisinin ve
neden oldugu oksidatif stresin dinamiklerini belirlemektir. Bu
amagla, her grupta 10 balik (n=10) olacak sekilde 4 grupta toplam 40
balik, LDso'nin %25 ve %50'sine (137.75 pg L ve 275 pg L) 2 ve 7 giin
streyle maruz birakildi. Oksidatif/nitrozatif stresi belirlemek igin,
Peroksinitrit (ONOO™ mmol L), Toplam Oksidan Seviyesi (TOS mmol
H:0:2 Eq L), Toplam Antioksidan Seviyesi (TAS mmol Trolox Eq L),
OSI (TOS/TASx10) ve Malondialdehit (MDA) seviyesi belirlendi.
Solungag¢ dokularinda TAS, OSI ve MDA diizeyleri agisindan gruplar
arasindaki fark istatistiksel olarak anlamli iken (P<0.05), bu fark
ONOO™ ve TOS degerleri acisindan istatistiksel olarak 6nemsiz ¢ikti
(P>0.05). Sonuc olarak, HgClz solunga¢ dokusunda stres gostergeleri
olan ONOO~, OSI ve MDA seviyelerini arttirdig: i¢in strese neden
oldugu ve baliklar i¢in toksik oldugu gorilda.
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INTRODUCTION

Mercury (Hg) is found in nature in the form of an
elemental form, inorganic (iHg) and organic Hg
(MeHg). It is released into the environment from

natural and anthropogenic sources (Clarkson and
Magos, 2006). iHg is transmitted to the air from
mineral deposits, burning coal and wastes or
production facilities. It passes to the water or soil
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through natural deposits, waste disposal and the use
of Hg containing fungicides. In the aquatic
environment, Hg uptake depends on many
environmental parameters, including its
bioavailability and toxicity, hydrophobicity, pH,
salinity, hardness, and the interaction of metals with
biotic and abiotic ligands (Erickson et al., 2008).

In teleost fish species, the bioavailability of Hg is not
only the total chemical condition in the environment,
but also how far the fish operate these different Hg
forms on the gill, skin and digestion, although the toxic
mechanisms of Hg still need to be clarified. In recent
field and laboratory studies, Hg toxicity in fish has a
key role in initiating oxidative stress. The gills,
digestive system and skin are the main part of metal
intake in fish (Erickson et al., 2008). The photos study
is used by the antioxidant system of Hg associated with
the production of reactive oxygen species (ROS) in the
oxidative stress response (Mieiro et al., 2010; Monteiro
et al., 2013a; Brandao et al., 2015; Guardiola et al.,
2016).

Fish gills are considered to be the main way to absorb
pollutants in the environment due to their anatomical
locations, large surfaces and direct and continuous
contact with the external environment (Mieiro et al.,
2010; De Domenico et al., 2011). Therefore, fish gills
have been recognized as appropriate indicators of
water pollution and are often used in environmental
monitoring studies to assess the impact of water
pollution (Mauceri et al., 2005; Fasulo et al., 2010;
Matos et al., 2010; De Domenico et al., 2011). The
combination of TAS, TOS, OSI, MDA, ONOO™ related
processes with Hg-induced oxidative and nitrosative
stress biomarkers in fish can help to explain the
mechanisms underlying oxidative damage. For this
reason, in this study, it was aimed to determine the
changes of nitrosative and oxidative stress (ONOO™,
TOS, TAS, OSI and MDA) parameters that occur in
rainbow trout liver tissue with HgClo.

Rainbow trout was chosen as the study material
because it does not die under the effect of heavy metals
(in low concentrations), has the ability to accumulate
heavy metals in its body, is easily available, can
survive in laboratory conditions, and has enough tissue
or organs to be analyzed.

MATERIAL and METHOD

The experimental model of inorganic mercury toxicity
was carried out in Bingdél University Faculty of
Agriculture, Department of Aquaculture. The fish used
in the trial (59,43+3,73 g and 17,24+1,64 cm) were
obtained from a commercial fish farm located in the
Keban district of Elazig province. In this study, the
acute toxicities of HgClz on rainbow trout (LLDso) were
determined by the use of logit analysis of Statistics 20
SPSS IBM. LDso value was calculated as 551 pg L after
96 hours of HgCl2 application to fish. After calculating
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the LDso value, two subletal doses (25% LDso= 138 pg
L and 50% LDso= 276 pg L) were determined, and the
fish were exposed to HgClz for 2 and 7 days. After
euthanasia of fish, necessary autopsy was performed
and -80 °C was maintained until gill tissues were used.
Frozen gill tissue samples are individually 1:10 (w v)
(10 mM Tris-buffer (pH=7.4), 0,1 mM NaCl, 1%
TritonX-100, 0,2% SDS, 2.5 mM was homogenized in
ethylenediaminetetraacetic acid.

Determination of ONOO™ Value

Evaluation of nitrosative stress status in gill tissue is
obtained by determining ONOO- value. ONOO- value
was measured by phenol nitration (Vanuffelen et al.,
1998; Al-Nimer et al., 2012; Ahlatci et al., 2014). To
obtain a final volume of 2 ml, 10 pl of sample was added
to 5 mM phenol in 50 mM sodium phosphate buffer (pH
7.4). After 2 hours of incubation in a dark place at 37
°C, 15 ul of 0.1 M NaOH was added and the absorbance
of the samples at 412 nm wavelength was recorded.
Nitrophenol yield was calculated from e= 4400/M/cm.
Results were expressed as pmol/g wet tissue.
Biochemical measurements were made using a
spectrophotometer (Shimadu U 1601, Japan).

Determination of TAS, TOS and OSI Values

TAS and TOS values of gill tissues, Rel Assay brand
commercial kits (Rel Assay Kit Diagnostics, Turkey)
was measured. Trolox, a water-soluble analog of
vitamin E, was used as calibrator for TAS tests.
Results are expressed as mmol Trolox equiv L (Erel,
2004). Hydrogen peroxide was used as calibrator for
TOS tests. Results are expressed as pmol H202 equiv.
L. While calculating OSI, which is expressed as the
percentage of the ratio of TOS levels to TAS levels, the
mmol value in the unit of the TAS test was converted
to umol as in the TOS test (Erel, 2005). The results
were calculated according to the formula below.
; TOS,uymol H202 equiv./L
0SI = .
TAS,mmol Trolox equiv./Lx10

MDA Measurements

MDA determination of tissue samples Ohkawa et al.
(Ohkawa et al., 1979) according to the method. 200 ul
of each group was taken and 200 ul of 8.1% SDS was
added. Then it was kept in a boiling water bath at 95
°C for one hour and then cooled and vortexed by adding
a mixture of 1 ml distilled water and 5 ml of n-
butanolpyridine in a ratio of 15:1 (v wv). After
centrifuging at 4000 rpm for 15 minutes, the top
organic layer was taken and measured
spectrophotometric at 532 nm wavelength, and the
results were recorded in nmol ml.

Statistical Analysis

SPSS 20.0 package program was used to calculate the
statistical analysis of the data obtained. One-way
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analysis of variance (oneway ANOVA) was used to
determine the differences between the groups and
Duncan Test was used to compare the groups.

RESULTS
TAS, TOS, OSI, ONOO- and MDA measurements

Upon completion of the study, the averages of the
measured parameters were tabulated on the basis of

groups. The mean values of TAS, TOS, OSI, ONOO™
and MDA of the control and experimental groups were
statistically interpreted. While the difference between
the groups in terms of TAS, OSI and MDA levels was
statistically significant (P<0.05), this difference was
statistically insignificant (P>0.05) in terms of ONOO~
and TOS values (Table 1).

Table 1. The values of the gill samples TAS (mmol L), TOS (umol L), OSI, ONOO™ (mmol L) and MDA (nmol mg

pro)
Cizelge 1. Solunga¢ érneklerinin TAS (mmol L), TOS (umol L), OSI, ONOO™ (mmol L) and MDA (nmol mg pro)
degerleri
Trial Groups (x:t8D)*
1 2 3 4 5

TAS 0.30+0.042 0.28+0.032 0.31+0.052 0.33+0.042 0.45+0.14b

T0S 4.82+2.26 2.95+0.992 3.26+1.763b 2.56+0.692 3.21+0.902b
OST 155.46+56.12P 111.70+43.032ab 107.41+63.132b 80.70+29.562 71.91+£10.012
ONOO 58.21+25.234 63.21+23.082 70.00+£48.84a 78.92+35.55a 49.28+5.902
MDA 106.12+24.29P 96.77+4.78ab 99.69+18.98b 97.08+13.402b 78.95+17.582

* The difference between average values carrying different letters in the same line is statistically significant (P<0.05).TAS=
Total Antioxidant Level, TOS= Total Oxidant Level, OSI= Oxidative Stress Index, ONOO™= Peroxynitrite, MDA=
Malondialdehyde 1= 25% L.C50 2 Days, 2= 50% LC50 2 Days, 3= 25% LC50 7 Days, 4= 50% LC50 7 Days, 5= Control group

DISCUSSION

Due to the high use of mercury in agricultural, mining
or industrial areas, water enters ecosystems from
natural sources due to anthropogenic or volcanic
activities 1n land and/or oceans and their
concentrations increase day by day. In water
environments, mercury is available in elemental form,
inorganic or organic compounds (Dean et al., 2007).
Mercury level in non-polluted waters does not exceed
0.1 pg L (Devlin, 2006). However, in the waters close
to the mercury industry, mercury levels can reach
levels that threaten both aquatic life and human
health fed by aquatic organisms. For example, in the
samples of chlorine-alkali, cellulose, paper and ceramic
industry, the level of mercury was found between
0.0005-0.23 mg L (Bollen et al., 2008).

In the mining activity region, mercury levels in the
water can rise to very high levels such as 0.0001-19.82
mg/LL (Gammons et al., 2006). In the aquatic
ecosystems contaminated with mercury, high levels of
mercury accumulation were found in the tissues of the
fish. It has been stated by the World Health
Organization that the levels of mercury in fish tissues
should not exceed 0.5 ng g for food safety and human
consumption (Lima et al., 2005).

Mercury is known to be a metal that causes mutagenic,
teratogenic and carcinogenic effects. All mercury
compounds can interfere with thiol metabolism,
thereby causing inactivation or inhibition of proteins
containing thiol ligands, thereby preventing the
normal function of important biochemical parameters.
Mercury can also suppress important defense
mechanisms of cells by causing the formation of free
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oxygen species and oxidative stress and show effects
that may cause lipid peroxidation (Berntssen et al.,
2003). Mercury has a high affinity for the -SH groups
of cellular biomolecules. For this reason, it can be
attached to low molecular weight thiols such as
mercury, cysteine and glutathione and proteins
containing thiol after being taken into the body, and
can remain in tissues and organs for a long time,
causing free radicals that cause lipid, protein and DNA
oxidation (Perottoni et al., 2004). Mercury is known to
have a high affinity for sulfhydryl groups in the
structure of biomolecules. Although mercury is a
redox-inactive metal and does not participate directly
in the redox cycle, it interacts with important
antioxidants of cells such as antioxidants and enzymes
such as thiol-containing glutathione and can cause
indirect production of ROTs by stopping the activity of
these molecules (Bagchi et al., 1995). ROTs cause
oxidative stress and cause damage such as membrane
lipids, proteins, enzymes, and loss of activity and
cellular elements such as nucleic acids. However, the
cells have the ability to neutralize this oxidative stress
toxicity ~with  enzymatic and non-enzymatic
antioxidant defense systems such as SOD, CAT, which
are the most important protective mechanisms against
ROTs and their harmful effects. Since it is well known
that pollutants entering the aquatic environment
cause serious damage to aquatic ecosystems and living
organisms, it is important to study the oxidative stress
responses that occur in aquatic organisms by toxicants
(Soares et al., 2008). For this reason, in recent years,
especially in scientific researches in the field of aquatic
toxicology, oxidative toxicity studies induced by
various toxicants in aquatic organisms are included
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(Echeverria-Saenz et al., 2018; Jiang et al., 2018;
Lungu-Mitea et al., 2018; McRae et al., 2018; Rather et
al., 2018; Vicari et al., 2018; Zhang et al., 2018).

Appropriate mechanisms such as large surface area,
direct contact with water and opposite flow principle
(opposite the flow direction of blood and blood) of fish
gills to absorb less water in the air also facilitates the
entry of pollutants dissolved in water into high levels.
Therefore, gills are expressed as the first target tissues
of metal toxicity (Kirici et al., 2016). Studies (Jagoe et
al., 1996; Oliveira Ribeiro et al., 2000) have shown that
exposure to dissolved Hg impairs gill epithelium and
potentially affects gas exchange and permeability of
cell membranes to cations. In this study, the increase
in the indicators of oxidative and nitrosative stress as
a result of the application of HgCls to rainbow trout
gills shows that HgCls has a toxic effect for the gills.
Cappello et al. (Cappello et al., 2016b) reported
mercury toxicity in the gills of the golden mullet fish
(Liza aurata) in a study they conducted using 1H NMR
based metabolomics and oxidative stress biomarkers.
In a study with mosquito fish (Gambusia holbrooki)
that added HgCl: to dietary sources (Hopkins et al.,
2003), the results of stopping gill damage and
metabolic rate increase due to Hg accumulation
through intestinal absorption also show that mercury
is toxic to fish gills, which results from the results of
this study. It is parallel. In a study conducted by
exposing European sea bass (Dicentrarchus labrax)
fish to Hg (Giari et al., 2008), it was reported that
chlorine cells increased in the gills of European sea
bass. It was stated that after HgCls administration in
Hoplias malabaricus, CAT activity in the gills did not
show any change, while there was a significant
decrease in GPx and GR activities (Monteiro et al.,
2013b). In this study, MDA activity increased
compared to the control group without HgCls. In a
study on capillary mullet (Liza aurata) caught from
regions contaminated with Hg (Cappello et al., 2016a),
GST and CAT activities showed a great increase while
gill GPx and SOD activities were exhausted.

Peroxynitrite is a biologically important molecule
produced as a result of the NO™ and Oz reaction, and
the reaction rate is four times faster than the
conversion of superoxide dismutase (SOD) catalyzed
Oz2” to H202. Under regular conditions, ONOO~
formation is very low. However, when NOOO and Oz~
concentrations increase and/or pathological conditions
where SOD activity decreases, ONOO™ pato formation
will increase significantly. In addition to initiating
radical reactions, ONOO™ induces nitration of
biomolecules. In addition, ONOO™ activates a nuclear
enzyme known as poly (ADP-ribose) synthetase
(PARS). The PARS enzyme uses excessive amounts of
NAD as the substrate, which can lead to depletion of
adenosine 5p-triphosphate (ATP) and cell apoptosis.
ONOQO" is a powerful initiator of DNA single strand
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breakage, a mandatory stimulus for activation of
PARS. PARS activation triggered by DNA single-
strand breakage occurs after exposure to various
environmental stimuli and oxidants, especially
hydroxyl radical and ONOO™ (Szabo, 1998; Crocker et
al., 2005; Ertosun et al., 2020).

In this study, ONOO™ induction can be attributed to a
local inflammatory reaction or stimulation of the stress
response, which is similar to the study conducted by
Smith et al. (Smith et al., 2000) As a result, oxidant
stress detected in fish treated with HgCl: causes
oxidative stress and many biochemical damages in
organisms. More research should be done to better
understand the specific oxidative stress and toxic
response of aquatic organisms.
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OZET

Bu calismada, jeotermal enerjiyle kurutulmus alic (% 0-15) ilave
edilerek dondurma uretilmistir. Dondurmalarda fiziksel, kimyasal ve
duyusal analizler takip edilmistir. En yuksek a*, b* degeri ve en
disuk L* degeri % 15 ali¢ ilaveli dondurmalarda ol¢ilmustiir. Alig
ilaveli orneklerde ilk erime ve tamamen erime sirelerinde artis,
hacim oraninda azalis belirlenmigtir. Ali¢ ilavesi dondurmalarin
sertlik degerleri arttirmistir. Dondurmalarda Na, Mg, K, Fe, B ve S
miktarlarinda ali¢ ilavesiyle artis tespit edilmigtir. Ali¢ kullanimi
duyusal agidan dondurmalarda erimeye diren¢ puanini arttirmistir.

The Effect of Hawthorn Fruit (Crataegus tanacetifolia) Dried
Physicochemical Properties of Ice Cream

ABSTRACT

In this study, ice cream was produced by adding hawthorn (0-15%)
dried with geothermal energy. Physical, chemical and sensory
analyzes were followed in ice creams. It was determined that as the
amount of hawthorn used in ice cream production increased, the
amount of dry matter, ash and acidity increased. The highest a*, b*
value and the lowest L* value were measured in 15% hawthorn added
ice creams. In the hawthorn added samples, an increase in the first
melting and complete melting times and a decrease in the volume
ratio were determined. The addition of hawthorn increased the
hardness values of ice creams. An increase in the amount of Na, Mg,
K, Fe, B and S in ice cream was detected with the addition of
hawthorn. The use of hawthorn increased the resistance of ice cream
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GIRIS yiksek bir siit Urinadir. Fonksiyonel 6zelliklerini

Dondurma, beslenme degeri yiksek her yastaki
insanin tiikettigi bir {irtindiir (Tirkmen ve Giirsoy,
2017; Aloglu, 2019). Bilesiminin kolayca
degistirilebilmesi nedeniyle dondurma cesitlerini
arttirici ¢alismalara agirhk verilerek tiiketiminin
artirllmas1 amaclanmaktadir (Kutlu, 2018). Diisiik
glisemik indeksli tatlandiricilar, probiyotik bakteriler,
esansiyel yag asitleri, dogal antioksidantlar, diyet
lifleri gibi besinsel ve fizyolojik 6zelliklere sahip bir¢ok
materyal dondurma {retiminde kullanmilmaktadir
(Feeney, 2004; Salik, 2019).

Dondurma seker ve yag igerigi nedeniyle kalorisi

gelistirmek i¢in fenolik bilesenler agisindan zengin
gesitli bitki, bakliyat ve meyve ekstraktlarindan
velveya tozlarindan yararlanilarak saghk agisindan
yararli  iriinler gelistirilmektedir (Alkan ve
Giiltekin, 1996; Badilli, 2020).

Ali¢ meyvesi Ca, P, K, Mg ve Fe olmak tzere yiiksek
miktarda farkl mineral maddeler icermektedir (Ozcan
ve ark., 2005). Meyveler karbonhidrat, seker ve
vitamin (6zellikle C vitamini) bakimindan zengindir
(Okatan ve ark., 2017). Ali¢ meyvesi yiiksek oranda
fenolik madde, proantosiyanidinler, flavonoidler,
fenolik asitler, kateginler, ugucu yaglar ve terpenoidler
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icermektedir (Kasun, 2017). Tirkiye'de alic, genel
olarak taze tiiketilmektedir. Meyvelerinden marmelat,
regel ve sirke yapilmakta; cigcek, yaprak ve meyveleri
tibbi bitki olarak kullamilmaktadir (Caliskan ve ark.,
2016; Caliskan ve ark., 2018). Ayrica ali¢ tozu kek,
biskiivi, sekerleme gibi birgok urtinde
kullanilabilmektedir (Ozdemir, 2019).

Kurutma, yaygin uygulamasinin yani sira yluksek
enerji gereksinimi olan bir iglemdir. Bu nedenle
kurutma gibi gida proseslerinde yenilenebilir
enerjiden faydalanmak  {retim  maliyetlerinin
azalmasina oOnemli katki saglayacaktir. Turkiye,
yenilenebilir enerji kaynaklar1 olarak 6zellikle giines
enerjisi ve jeotermal enerji agisindan oldukca
avantajlidir (Yilmaz, 2017). Jeotermal enerji, meyve ve
sebzelerin kurutulmasinda kullanilan etkili bir
yontem olup, mevsimsel degisimlere bagh kalmaksizin
stirekli bir enerji kaynagi olarak kullanilabilme
olanag saglar (Helvaci ve ark., 2013). Jeotermal
kurutmada, turin dusik sicaklikta kurutulmaktadir.
Ayrica ¢evre dostu bir sistem olup, pahali ve kirletici
fosil yakitlardan daha bagimsiz hale getirmektedir
(Boyaci ve ark., 2018).

Bu calismada, jeotermal enerjiyle kurutulmus alic (%
0-15) ilave edilerek dondurma iiretilmistir.
Dondurmalarda fiziksel, kimyasal ve duyusal analizler
takip edilmigtir.

Cig Siit

y

Research Article
MATERYAL ve METOD
Materyal
Arastirmada  Afyonkarahisarin  Biuyuk Kalecik

kasabasinin dogal bitki florasinda yer alan, kultire
alinmamis alic meyveleri (Crataegus tanacetifolia)
kullanilmigtir. Meyveler 2019 yilinin Ekim ayinda
toplanarak hizlica Afyon Kocatepe Universitesi Gida
Miihendisligi Bo6limi Laboratuvarina getirilmistir.
Cekirdeklerinden ayrilan meyve eti Afyonkarahisar
Sandikli ilgesindeki jeotermal kurutma sisteminde
(SANJET A.S. meyve sebze kurutma tesisi)
kurutulmustur. Kurutulduktan sonra 6gitilen
ornekler dondurma tretiminde kullanilmak tizere 6
°C'de depolanmigtir. Dondurma tiretiminde kullanilan,
inek suti, salep, toz seker, yagsiz siit tozu ve
emiulgatér Afyonkarahisar piyasasindan temin
edilmigtir. Dondurma uretiminde kullanilan inek
stitinin; kurumaddesi % 12.13+0.03, protein %
3.05+0.02, pH 6.46+0.01 ve titrasyon asitligi %
0.19+£0.02 olarak belirlenmigtir. Ali¢ tozunda 1ise,
kurumadde % 78.82+1.4, pH 3.34+0.02, kil %
3.0806+0.01, protein % 2.02+0.08 ve L*, a* ve b*
degerleri sirasiyla  59.53+0.45, 10.88+0.29 ve
21.63+1.52 olarak tespit edilmistir.

Metod

Dondurma tiretim akim semasi Sekil 1’de verilmistir.

Isitma (40 °C)
Siit tozu (% 5.71), Salep (% 0.50),
Emiilgatér (0.21), Seker ilavesi (% 17.86)

Isitma (60 °C)
Kaymak (% 4.29) ilavesi

Miks pastérizasyonu (80-85°C/ 5 dk)

y

Miksin sogutulmasi (20 °C)

Al tozu ilavesi (% 0-15) ———

Miksin olgunlastirilmasi (4-6 °C/24 saat)

y

Dondurma tiretimi

y

Paketleme

y

Sertlestirme ve depolama (-18 °C)

Sekil 1. Dondurma Uretim Akim Semas:
Figure 1. Ice Cream Production Flow Chart
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Analizler
Kurumadde

Kurumadde gravimetrik yontem  kullanilarak
saptanmis ve % olarak ifade edilmistir (Metin, 2016).

Protein

Toplam azotlu madde kjeldahl yontemi kullanilarak
tespit edilmigtir. % protein degeri dondurma igin 6.38,
aligc  tozu i¢cin 6.25 faktoérleri kullanmilarak
hesaplanmistir (AOAC, 1990).

Titrasyon asitligi

Alkali titrasyon yontemi ile saptanmis ve sonuclar %
laktik asit cinsinden ifade edilmistir (Metin, 2016).

pH
pH degerleri, Ohasus ST3100F model pH metre
kullanilarak ST 270 cam probu ile 6l¢ilmustiir.

Kil
Kil orani gravimetrik yontem ile kil firininda 550
°C’de belirlenmistir (Goff ve Hartel, 2013).

Renk 6l¢timii

Renk degerleri, renk tayin cihazi (CR-400; Minolta Co.,
Osaka, Japonya) kullamilarak o6lciilmiistiir. Cihazin
kalibrasyonundan sonra L* (parlaklik), a* (kirmizilik)
ve b* (sarilik degerleri) okunmustur (Kavaz Yiiksel ve
ark., 2017).

Ilk damlama ve tam erime siiresi

Esit ylzey alan1 ve ayni boyutta 25 g dondurma 6rnegi,
gozenek capi 0.2 cm olan tel slizgec¢ uzerinde oda
sicakliginda (20 °C) erimeye birakilmis ve ilk damlama
stiresi ile tam erime siureleri dakika olarak
kaydedilmistir (Giiven ve Karaca, 2010).

Hacim artig1 (overrun) (%)

Belli hacimde silindirik bir kaba 6nce miks konularak
tartilmig, daha sonra aymi kaba dondurma oOrnegi
konularak agirlig 6lctlmiistiir. Dondurma
orneklerinde  hacim artisi  asagidaki  formil
kullanilarak hesaplanmistir (Goncii, 2012):

(dondurma hacmi-miks hacmi)

x100 (1)

Hacim artist (%) =

Sertlik degeri

Sertlik 6l¢imleri, Stabel Micro Systems marka TA.Xt
Plus model tekstur analiz cihazi ve 5 mm c¢aph
silindirik paslanmaz celik prob (Stable Micro Systems,
Part Code: P/5) ile gerceklestirilmistir (Akalin ve ark.,
2008).

miks hacmi

Mineral madde

Mineral madde analizi i¢in yaklagik 0.5 g kuru 6rnek

965

10 ml HNOs + H2SO4 kullanilarak mikrodalga yakma
sisteminde (Mars 5, CEM Corporation, USA) yas
yakma  metoduyla yakilmigtir. Elde edilen
stizuntiulerde mineral madde igerikleri ICP-AES
(inductively-coupled plasma spectrosmeter) cihaz
kullanilarak (Vista Series, Varian International, AG,
Isvicre) tespit edilmistir (Skujins, 1998).

Duyusal analiz

Dondurma o&rneklerinde yapilan duyusal analizler,
Afyon Kocatepe Universitesi Gida Miithendisligi
Bolumi 6gretim elemanlari, lisansiistii ve lisans
ogrencilerinden olusan 8 kisilik panelist ekibi (iiriin ve
duyusal analiz yontemleri konusunda egitilen)
tarafindan  yapilmistir. Duyusal degerlendirme
kriterleri renk, tat, koku, tekstir, erimeye direng, agiz
hissiyati, yabanci tat ve genel kabuledilebilirlik olarak
1-9 arasi puanlama kullanilarak yuratilmustir.

Istatistiki analiz

Aragtirmada analiz sonuclar1 SPSS 20.0 (SPSS Inc,
USA) paket programi kullanilarak tesadiif bloklar:
deneme diizeninde varyans analizi uygulanarak
istatistiki ac¢idan degerlendirilmistir. Gruplar arasi
farkliliklar Duncan testi ile belirlenmistir.

BULGULAR ve TARTISMA

Dondurma o6rneklerine ait bazi kimyasal o6zellikler
Cizelge 1'de verilmigtir. Alic orani bagl olarak;
kurumadde, kul ve titrasyon asitligi miktarlarim
onemli bir sekilde artmigtir. Orneklerin protein
miktarindaki degisim o6nemsiz bulunmustur. pH
degeri ise énemli bir sekilde azalmistir (P<0.05). En
yuksek kurumadde, kil, protein ve asitlik degerleri
sirasiyla % 47.31, % 1.3560, % 3.95, ve % 0.9 ile % 15
ali¢ iceren Orneklerde tespit edilmigtir. En disik pH
degeri ise 4.81 ile % 15 ali¢ igeren oOrneklerde
bulunmustur. Dondurma o6rneklerine ait kimyasal
ozellikler Maden (2020), Salk (2019) yaptig
calismalarla benzer oldugu tespit edilmigtir.

Dondurma o6rneklerine ait fiziksel 6zellikler Cizelge
2’de verilmigtir. Renk degerlerinde L* degeri tizerine
alic miktarinin etkisinin 6nemli oldugu tespit
edilmigstir. a* degeri ali¢ ilavesiyle artarken % 10 ve %
15 alic iceren oOrnekler arasinda fark o©nemsiz
bulunmusgtur. b* degerlerinde ise kontrol ve % 5 alig
iceren oOrnekler arasinda fark bulunmazken, diger
ornekler arasindaki farkin 6nemli oldugu goérilmustir
(P<0.05). Dondurma érneklerinde en yiiksek L* degeri
91.11, en dusik a* ve b* degeri de 1.39 ve 8.07 ile
kontrol orneklerinde tespit edilmistir. Sanlidere ve
ark., (2018) ve Giirpinar (2019) yaptiklar: sonuclar ile
uyumlu oldugu tespit edilmistir.
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Cizelge 1. Dondurma 6rneklerine ait bazi kimyasal 6zellikler*
Table 1. Some chemical properties of ice cream samples™
Titrasyon asitligi
Kurumadde Protein (Titration acidity)
(Drymatter) (%) Kul (ASh) (%) (Protein) (%) pH (% LA)
Kontrol 42.21+0.304 1.179+£0.008¢ 3.88+0.102 6.30+0.014 0.25+0.034
(Control)
% 5 AT1 43.75+0.35¢ 1.203+0.013¢ 3.90+0.252 5.82+0.02¢ 0.45+0.02¢
%10 AT 45.39:0.48" 1.2440.019" 3.91x0.212 5.41£0.01 0.80£0.04P
%15 AT 47.31+0.222 1.326+0.0062 3.94+0.202 4.81+0.012 0.90+0.062

LAT: Ali¢ tozu, *Farklh harflerle gésterilen 6rnek ortalamalar: arasinda istatistiksel olarak fark vardir (P <0.05).

Cizelge 2. Dondurma érneklerine ait fiziksel analizler*
Table 2. Physical analysis of ice cream samples*

1k erime Tamamen
stiresi erime siiresi
Sertlik (First (Completely Hacim artis
(Hardness) melting melting (Overrun)
L* a* b* () time) (dk) time) (dk) (%)

Kontrol 91.11+0.622 1.39+0.15¢ 8.07+0.36¢ 12.39+2.43¢ 16.0+2.8P 76.0+4.2b 35.01+5.022
(Control)

% 5 AT 82.23+0.26P 3.97+0.19b 9.51+0.31¢ 19.60+9.28¢ 18.7+2.4b 89.2+9.3b 34.12+2.242

%10 AT 78.82+0.30¢ 5.07+0.422 11.84+0.08P 30.49+1.64P 26.5+2.32 125.4+2.22 27.25+1.41P

%15 AT 71.38+1.324 5.59+0.772 13.48+0.942 32.124+0.312 27.0+£2.12 129.1+£2 .42 22.50+0.71¢

*Farkl harflerle gosterilen érnek ortalamalar: arasinda istatistiksel olarak fark vardir (2 <0.05).

Sertlik degerlerinde % 0 ve % 5 ali¢ iceren 6rnekler
uzerine etkisinin énemsiz oldugunu ve diger 6rnekler
arasinda fark énemli oldugu tespit edilmistir (P<0.05).
En 1y1 sertlik degerleri 32.12 N ile % 15 ali¢ iceren
orneklerde oldugu belirlenmigtir. Ik erime siiresi,
tamamen erime siiresi ve hacim artiginda kontrol ve %
5 ali¢ igeren 6rneklerin 6nemsiz oldugu bulunmugken
diger ornekler arasinda énemli oldugu gorilmustir
(P<0.05). % 15 alic iceren 6rneklerde ilk erime siiresi
ve tam erime siiresi 27 dk ve 129.1 dk ile en yiiksek
degerleri aldig1 gorilmustir. Hacim artig oraninda ise
% 35.01 ile kontrol orneklerinde belirlenmistir.
Dondurma 6rneklerinde hacim artig, ilk erime ve tam
erime siireleriyle ilgili Sanhdere ve ark., (2018)
yaptiklar: ¢caligmalar: ile farkli oldugu ve Ilter (2019)
yaptigl calismasinda ilk erime ve tamamen erime
siiresi benzer, hacim artis orani ise farkli oldugu
belirlenmistir. Sertlik degerlerinin ise Ilter (2019)

Dondurma o6rneklerine ait mineral madde miktarlari
Cizelge 3’te verilmigtir. Na miktar1 % 5 ve % 10 alig
iceren oOrneklerde farksiz olurken, diger orneklerle
fark énemli oldugu bulunmustur (P<0.05). Mg, K, Fe
ve B miktarlar: i¢cin 6nemli oldugu tespit edilmigtir
(P<0.05). Ca degeri kontrol ile % 10 ve % 15 ali¢ iceren
ornekler arasindaki fark oOnemli bulunmusken
(P<0.05), kontrol ile % 5 ali¢ iceren érnekler arasindaki
fark 6nemsiz bulunmustur. Zn igerikleri kontrol ile %
5 ali¢ igeren Ornekler ve % 10 ile % 15 ali¢ igeren
ornekler arasinda 6nemsiz oldugu gorulmiustir. S
degeri kontrole gore % 10 ve % 15 oraninda ali¢ iceren
ornekler arasinda fark énemli oldugu tespit edilmistir
(P<0.05). Dondurma &rneklerinde mineral madde
miktarlar1 kontrol 6rneklerinde en diisik, % 15 alig
iceren orneklerde ise en yuksek degerlerde oldugu
tespit edilmigtir. Mineral iceriklerine ait degerler
Erkaya ve ark., (2012) ve Erkaya (2018) yaptig

yaptigi calismasindan farkl oldugu gérilmiustur. calismalarindaki degerlerle farkli oldugu tespit
edilmigtir.
Cizelge 3. Dondurma érneklerine ait mineral madde miktarlar1* (ppm).
Table 5. Mineral content of ice cream samples* (ppm).
Na Mg K Ca Fe B Zn S

Kontrol 959.4+18¢ 116.8+34 3375.9+84 1340.3+2P 4.941.04 1.8+0.14 11.7+0.4 343.8+4¢
(Control)
% 5 AT 1015.1+5P 134.1+3¢ 3662.0+3¢ 1563.8+6ba 12.0+1.5¢ 3.1+0.1¢ 12.0+0.1> 360.4+4¢<b
%10 AT 1046.6+2P 157.5£7> 4025.7+2b 1722.3+32 15.5+0.8P 5.0+0.2P 12.4+0.12 383.4+6P
%15 AT 1091.6+32 199.1+22 4290.5+72 1776.3+£72 21.6+0.42 6.5+0.42 12.5+0.32 409.3+22

*Farkli harflerle gosterilen 6rnek ortalamalar: arasinda istatistiksel olarak fark vardir (P <0.05).

Dondurma o6rneklerine ait duyusal analiz sonuglar:
Cizelge 4’te verilmistir. Renk ve koku degerlerine gére

kontrol érnekleri alig ilaveli 6rneklere gore arasindaki
fark 6nemli bulunmustur (P<0.05). Tat ve erimeye
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diren¢ degerlerine gére % 15 alic iceren ornekler
arasindaki fark onemli oldugu tespit edilmistir
(P<0.05). Tekstiir degerlerinde % 5 ve % 10 ali¢ iceren
ornekler arasinda fark 6nemsiz bulunmusgken, diger
ornekler arasinda fark o6nemli oldugu goérulmustir

oldugu tespit edilmistir (P<0.05). En yiiksek renk, tat,
koku, ve tekstiir puanlarimi kontrol o6rneklerinde
oldugu belirlenmistir. Erimeye direng 6zelliklerinde en
yiksek puani % 15 alic iceren Orneklerde tespit
edilmigtir. Genel kabuledilirlik a¢isindan en yuksek

(P<0.05). Agiz hissiyati, yabanci tat ve genel puami ise % 10 ali¢ igeren oOrneklerin aldig1
kabuledilebilirlik degerleri arasinda % 15 ali¢ igeren gorulmustir.
orneklerin diger oOrneklerle arasindaki fark o6nemli
Cizelge 4. Dondurma 6rneklerine ait duyusal analiz sonuglar1*
Table 4. Sensory analysis results of ice cream samples*
Genel
Agiz kabul
Erimeye hissiyat1 Yabanci edilebilirlik
Koku Tekstiir direng (Melt (Mouth Tat (Foreign (General
Renk (Colour)  Tat (Taste) (Smell) (Texture) resistance) feeling) taste) acceptability
Kontrol 9.00+0.01= 8.50+0.122 8.15+0.022 7.50+0.082 7.96+0.27° 7.64+0.082 8.02+0.452 7.50+0.582
(Control)
% 5 AT 8.22+0.21P 8.10+0.322 7.84+0.04P 7.15+0.09b 8.31+0.21P 8.09+0.522 8.23+0.12a 8.01+0.242
%10 AT 8.12+0.10b 8.05+0.202 7.68+0.24b 7.02+0.15b 8.43+0.10b 7.50+0.082 8.06+0.14a 8.12+£0.252
%15 AT 8.03+0.40b 6.89+0.32b 7.50+0.26b 6.50+0.24¢ 8.65+0.058 7.10+0.02b 7.00+0.08P 6.50+£0.23b

*Farkl harflerle gésterilen 6rnek ortalamalar1 arasinda istatistiksel olarak fark vardir (P <0.05).

SONUC ve ONERILER

Jeotermal enerji, diisik sicaklikta, etkili, verimli ve
ekonomik bir kurutma saglamasi nedeniyle meyve
sebze kurutmada kullanilan bir yontemdir. Bu
yontemle kurutulmus alici dondurma tretiminde
farkli oranlarda ( %0-15) ilave ederek dondurmalarin
fiziksel, kimyasal ve duyusal 6zellikleri incelenmistir.
Elde edilen bulgularda, ali¢ ilavesine baglh olarak
dondurmalarin kurumadde, kiil, pH ve asitlik
degerleri artmistir. Ali¢ ilavesine bagli olarak L
degerinin azaldigini ve a ve b degerlerinin arttirdig:
tespit edilmigtir. Hacim oranini, olumsuz etkiledigi ve
ilk erime ve tam erime silirelerini artan ali¢ oranlari
artirdigi  belirlenmistir. Sertlik degerlerini alig
ilavesinin artirdigr gorilmustir. Ali¢ orani arttikca
mineral miktarlarinin arttigini ve duyusal agidan en
yiksek genel kabul edilebilirlik puaninin % 10 alig
iceren Ornekler oldugu tespit edilmistir. Sonug olarak,
alic tozu ilave edilmis dondurmalarin, fiziksel,
kimyasal ve duyusal analizleri g6z oOntinde
bulunduruldugunda % 10’a kadar kullaniminin uygun
olabilecegi tespit edilmistir.
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Alglarin kurutulmasinda bize destek olan SANJET
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Aragtirmacilarin Katki Orani1 Beyan Ozeti
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ABSTRACT Research Article

Aim of this study was to determine the effect of tebuconazole

applications on cucumber seedling via morphological and molecular Article History

methods. In order to determine the most appropriate dose of different Received 118.06.2020
concentrations (25, 50, 75, 100, 125 and 150 ppm) of tebuconazole Accepted 125.01.2021
affecting the seedling quality and preventing possible genotoxic

effects, retrotransposon motility at all doses was determined. Keywords

Polymorphism rates and changes in GTS values were also determined. Seedling

At the applied doses, polymorphism values were found as 0%, 5.55%, Genotoxic effect

16.66%, 38.88%, 55.55% and 61.11%, respectively. The GTS value was Cucumber
decreased from 100% to approximately 38.89% based on the applied IRAP
doses. Statistical evaluations indicated that different dose Tebuconazole
applications resulted significant changes in the seedling
characteristics. The seedling and stem heights were suppressed by

57.5% and 55.9%, respectively compared to the controls. The stem

diameter increased 9.95% following the application. Overall, 50, 75

and 150 ppm doses were determined to achieve an increase in the dry

matter and leaf chlorophyll content. In this study, applications of

Tebuconazole at different doses controled the seedling height in

cucumber and affected specific quality characteristics of the seedlings.

Tebuconazole Uygulamalarinin Hiyar (Cucumis sativus L.) Fidelerindeki Etkisinin Morfolojik ve
Molekiiler Yontemler ile Belirlenmesi

OZET Aragtirma Makalesi
Calismada, Tebuconazole uygulamalarinin hiyar (Cucumis sativus L.)
fidelerindeki etkisinin morfolojik ve molekiiler yontemler ile Makale Tarihgesi

belirlenmesi amaclanmigtir. Yapraktan sprey seklinde uygulanan Gelig Tarthi  : 18.06.2020
Tebuconazolein 25, 50, 75, 100, 125 ve 150 ppm konsantrasyonlari Kabul Tarihi :25.01.2021
denenmistir. Fide kalitesine olumlu etki eden en uygun dozun

belirlenmesi ve muhtemel genotoksik etkilerin engellenmesi igin tim Anahtar Kelimeler
dozlardaki retrotranspozon hareketliligi tespit edilmigtir. Ayrica Fide
olugsan polimorfizm oranlar1 ve GTS degerlerindeki degisim Genotoksik etki

belirlenmigtir. Uygulanan dozlarda sirasiyla %0, %5.55, %16.66, Hiyar
%38.88, %55.55 ve %61.11 oraninda polimorfizm elde edilmigtir. GT'S IRAP
degerinin ise doza bagh olarak %100 seviyesinden %38.89 seviyesine Tebuconazole
geriledigi gorulmistir. Yapilan istatiksel degerlendirmelere gore,

farklhi doz uygulamalarimin fide o6zelliklerinde 6nemli derecede

degisiklik meydana getirdigi tespit edilmistir. Elde edilen verilere

gore, kontrol uygulamasi ile kargilastirildiginda, fide boyu ve gévde

boyunda sirasi ile %57,5 ve %55,9’luk bir azalma saglanmigtir. Gévde

capinda ise uygulama sonrasi %9.95°lik bir artis olmustur. 50, 75 ve

150 ppm’lik dozlarin gévde kuru madde oraninda artis sagladig:
belirlenmigtir. Ayrica, doz uygulamasi yaprak klorofil miktarinda bir

artis saglamistir. Bu c¢alismada, farkli dozlarda Tebuconazole
uygulamalarinin, hiyarda fide boyunu kontrol altina aldigi ve bazi fide

kalite 6zelliklerine olumlu yonde etki ettigi belirlenmigtir.
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INTRODUCTION

Cucumber is one of the major vegetables widely grown
both in open field and greenhouses. As in many other
vegetable species, the use of high-quality seeds are
essential in successful cucumber production (Demir et
al., 2010, Sénmez, 2017). Seedling quality has a direct
effect on the growth and yield of the plant. A high-
quality seedling should have a thick stem, dark green
leaves, a vibrant and strong root structure. Low
quality seedlings overgrow, the leaf area is reduced,
the leaf chlorophyll content decreases and the colour of
leaves gets lighter (Gebologlu et al. 2016).
Overgrowing seedlings can be taken under control with
the proper control of environmental conditions or the
use of chemicals with growth-hindering properties. To
control the seedling height and improve seedling
quality and appearance, mechanical stress factors
(Johjima et al. 1992, Garner and Bjorkman 1996),
various stress and ecological factors (Melton and
Dufault 1991, Glowacka 2004, Mohsin et al., 2019) and
various nutrients element have been experimented.
However, these practices were not sufficient in
increasing in the seedling quality. Therefore, plant
growth-retarding chemicals were applied to control the
seedling height and improve the quality, and when the
desired outcome was obtained, the studies were
conducted on promising chemicals. Numerous studies
were conducted on chemicals with growth-slowing or
retarding properties (such as Daminozid, Unicazol,
Clormequatclorid and Paclobutrazol) that are effective
in controlling seedling height in different vegetable
species. However, such chemicals may cause problems
such as chlorosis, leaf blight or a long delay in growth
in seedlings. In addition, such substances can also
alter the epigenetic construct affecting the activity of
genomic elements. Retrotransposons are known to play
key roles in host genome evolution by altering gene
expression or inducing DNA rearrangement (Friedli
and Trono, 2015). Studies conducted with IRAP
analysis under different stress conditions to
investigate the level of retroransposon mobility are
available (Hamad-Mecbur et al., 2012; Temel &
Gozukirmizi, 2013; Yigider et al., 2016). Against to
environmental stresses, epigenetic mechanisms play a
key role in responding to stress by regulating gene
expression of the genome differently (Angers et al.,
2010; Studer et al., 2011; Deng et al., 2017). Changing
environmental conditions, stress factors or particular
chemicals can modify the epigenetic structure,
affecting the activity of these genomic elements
(Wessler, 2009). Transposons can insert into several
different regions of the genome as a result of their
transposition. Especially when they settle in exons or
regions near the gene, they cause various mutations
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such as point mutation, frameshift mutation, deletion,
duplication and insertion. As a result of these
mutations, genes may cause a reading frame shift,
formation of alternative gene products, and inability to
synthesize the proteins of gene product (Bennetzen,
2000; Federoff, 2000; Wicker et al., 2007). This leads to
differences in band profiles obtained in IRAP analysis.
One of the most frequently used substances,
Paclobutrazol allows controlling the seedling height
and increasing in the quality of seedlings. It is widely
used in commercial preparations where the active
ingredient is Paclobutrazol. Paclobutrazol is belong to
the Triazol group. Tebuconazole, another substance
from the same group, is used in fungal diseases. Its
chemical formula is (RS)-1-p-chlorophenyl-4,4-
dimethyl-3-(1H-1,2,4-triazol-1-ylmethyl)-pent an-3-ol
(Cadkova et al., 2013). There are not enough studies
in literature examining the effects of this substance on
vegetable quality by morphological and molecular
methods.

Aim of the study was to investigate the effects of
different doses of Tebuconazole on cucumber seedling
height control and seedling quality, and to determine
retrotransposon mobility creating within the plant
and, to determine its genotoxic effects and the
optimum dose(s) used in seedling production.

MATERIAL and METHOD

The study was conducted in March-May 2020 in the
seedling greenhouse of FErzincan Horticultural
Research Institute. Basak F1 variety of cucumber was
used as plant material in the experiment. Seedlings
were grown in 128-compartment viols, with 40 x 40
mm each. A mixture of peat:perlite (3:2) was used as
seedling growing medium. As the source of
Tebuconazole, a commercial preparation 'Folicur'
containing 25% Tebuconazole (developed by Bayer)
was used. In this randomized-block-design study,
seven different application doses of Tebuconazole(0,
25, 50, 75, 100, 125 and 150 ppm, respectively) were
applied to cotyledon leaf of plants. Seedlings with
different Tebuconazole doses applied are given in
Figure 1. Thu study was desighned as randomized
block design, with 3 replicates wth 21 plants in each.
Prepared different doses of Tebuconazole solutions
were applied by spraying to the cotyledon leaves of the
plants 20 days after sowing, with two applications at
14-day intervals, and after the final application, the
seedlings were grown under the controlled greenhouse
conditions (Figure 2). The necessary measurements,
observation and analysis were performed in the
seedling.



KSU Tarim ve Doga Derg 24 (5): 969-977, 2021 Arastirma Makalesi
KSU J. Agric Nat 24 (5): 969-977, 2021 Research Article

25 ppm } o 50 ppm i 75 pp & l) pp;; o ppm

Figure 1. Cucumber seedlings to which Tebuconazole will be applied
Sekil 1. Tebuconazole uygulamasi yapillacak olan hiyar fideleri

0l ,:&"

U ppen (Contred) 28 ppm 0 ppm TEppm 100 ppes 125 ppm 150 ppm

O ppm (Cootrol) 25 ppm 50 ppm 75 ppm 180 ppm 125 ppme 150 ppes

Figure 2. General view of cucumber seedlings 2 weeks after the last application
Sekil 2. Son uygulamadan 2 hafta sonra hiyar fidelerinin genel goriiniimii

Measurements and Weighings For Seedling Dry Matter Content (%) = Dry Weight x100 | Wet

Development Weight (Kilig et al 1991).
Seedling height (cm), stem height (cm), stem diameter "SPSS 22.0" statistical program was used for
(mm), number of leaf (number plant?) leaf dry matter statistical analysis of the data.

content (%), stem dry matter content (%), root dry
matter content (%) and leaf chlorophyll content (SPAD Molecular Analysis
value) and overall seedling development were DNA isolation

determined. Seedling height (cm) and stem height (cm)
were measured with tape measure and stem diameter
(mm) was measured with a digital caliper. Leaf
chlorophyll content was measured using SPAD

(Chlorophyll Meter SPAD-502Plus, Konica Minolta). 10 the method expressed by Saghai-Maroof et al.
The number of leaves per plant was determinned (1984). DNA concentrations were determined with

manually. In order to determine the dry matter [Ajggg}eneASpectrol?hogogl eter (AhCT]g}ISIIAe IfJV%lS-QQ, I\llJ’
contents in seedlings, ten seedlings were taken at A260 280-1 0.D. and the ol all samples

randomly and leaves, stems and roots were dried in was adjusted to 0.5 pg.

room temperature for one week after the wet weight .

was determined. They were then dried at 105 °C in an IRAP marker analysis

oven for 24 hours and weighed (A.0.A.C 1980). The wet Six IRAP primers (Metabion International AG Lena-
and dry weights were determined using a scale with Christ-Strasse 44/1 D82152 Martinsried, Deutschland)

DNA was isolated from plant samples for IRAP (Inter
Retrotransposon Amplified Polymorphism) analysis.
DNA isolation was accomplished with minor changes

0.01 g precision and dry matter content (%) was were used in the study. The name, sequence and
determined with the formula (Equality 1). melting temperatures of the primers are shown in
Table 1.
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Table 1. Details of primers used in IRAP-PCR analysis
Tablo 1. IRAP-PCR analizinde kullanilan primerlerin detaylari
Primer name Sequence 553 T.M. (°C)
SUKKULA GATAGGGTCGCATCTTGGGCGTGAC 63.3
3LTR-5 TGTTTCCCATGCGACGTTCCCCAACA 64.6
LTR 6150 CTGGTTCGGCCCATGTCTATGTATCCACACATGTA 64.4
NIKITA E2647- ACCCCTCTAGGCGACATCC 58.7
5LTR1 TTGCCTCTAGGGCATATTTTCCAACA 58.4
LTR 6149 -5 CTCGCTCGCCCACTACATCAACCGCGTTTATT 65.9

The components and quantities required for the IRAP-
PCR procedure for the evaluation of retrotransposon
mobility were prepared with the values given in Table
2.

Table 2. Components of IRAP-PCR analysis
Tablo 2. IRAP-PCR analiz bilesenleri

Component Quantity (ul)
10 x PCR buffer 2

dNTPs (10 nM) 0.5

MgClz (25 mM) 1.25

IRAP primer (5 mM) 1

Taq DNA polymerase 1

Ultra pure water 13.25
Genomic DNA 1

Total volume 20

IRAP electrophoresis protocol

The PCR products obtained were loaded with a gel
loading solution in agarose gel and were run at 90 volts

Table 3. IRAP-PCR protocol
Tablo 3. IRAP-PCR protokolii

for 100 minutes. The bands formed as a result of

electrophoresis were examined under a UV device at
256-nm UV light.

IRAP analysis and calculation of genomic template
stability (GTS)

Genomic mold stability (%) was calculated for each
primer using the following formula of 100 (100 - a2 n)!
by Ateinzar (1999). 'A' in the formula refers to the
IRAP polymorphic profiles determined for each
sample, and 'n' refers to the total amount of DNA band
obtained with the respective primary in the negative
control group. The polymorphism observed in the IRAP
profiles of the samples included the loss of a new band
or the existing band that occurred compared to the
negative control group. Total Lab TL120 was used to
evaluate these bands.

The samples were subjected to the PCR protocol given
in Table 3.

Cycle name Temperature Time Number of Cycles
Initial Denaturation 95 °C 2 min 1
Denaturation 95 °C 30 sec 2
Primer binding *o( 1 min 1
Elongation 72 °C 2 min 1
Denaturation 95 °C 30 sec 41
Primer binding 35 °C 1 min 1
Elongation 72 °C 2 min 1
Last elongation 72 °C 5 min 1
Termination 4 °C o0 1

* Adhesion temperature of the relevant IRAP primer given in Table 1

FINDINGS
Seedling height (cm)

The study revealed that the application of
Tebuconazole at different doses had a statistically
significant effect on seedling height of cucumber. The
seedling height in the control application was 6.32 cm,
and the lowest value (2.68 cm) was obtained from the
application of 125 ppm. As a result of the application,
a 57.6% decrease was determined in the seedling
height compared to the control application (Table 4).

Stem height (cm) applications

Applications had a statistically significant effect on
stem height in cucumber plants. The highest stem

height was determined as 4.15 cm at 0 ppm (control)
dose while the lowest stem height was determined as
1.83 cm at 150 ppm dose. In Tebuconazole application,
a 55.9% suppression was detected in the stem height
compared to the control application (Table 4).

Stem diameter (mm)

Significant differences were found among the
applications in terms of stem diameter. The average
stem diameter in the seedlings was 4.52 mm in the
control application and the stem diameter showed an
overall increase in compared to the control application
as a result of the application of Tebuconazole. The
highest stem diameter (4.97 mm) was detected in the
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at 75 ppm. In the application of Tebuconazole at 75
ppm, a 9.96% increase in stem diameter was

determined compared to the control application (Table
4).

Table 4. The effects of the application of Tebuconazole on seedling characteristics
Tablo 4. Tebuconazole uygulamalarinin fide 6zelliklerine etkisi

. Stem Leaf
See?dhng Ste.m Sf:em Number of Leaf Leaf Dry Dry Root Dry Chlorophyll
Doses Height Height Diameter Matter Matter .
(cm) (cm) (mm) (Number/Plant) Ratio (%) Matter Ratio (%) Quantiy
” _ Ratio (%) ” _(SPAD)
0 ppm 6.32+0.282 4.15+0.492 4.52+0.16> 4.80+0.102 17.21+0.842  7.69+0.114 5.31+0.272  45.97+0.35d
25 ppm 4.07+0.12> 2.80+0.87> 4.80+0.102> 4.40+0.17> 15.52+0.58> 6.83+.17e 4.40+0.35>  52.97+0.88P
50 ppm 2.80+0.18¢d 1.87+0.12¢ 4.90+0.502 4.80+0.172 15.07+0.17>c 8.82+0.44> 4.55+0.20> 52.32+1.30P
75 ppm 2.97£0.29¢  2.1240.25¢ 4.97+0.292 3.95+0.17°¢ 14.30+0.24¢  9.60+0.162 3.45+0.10¢  49.58+0.67°¢
100 ppm 2.83+0.58d 1.95+0.13¢ 4.85+0.252 4.15+0.17%c 12.26+0.549 6.39+0.52f 2.99+0.954  58.32+2.472
125 ppm 2.68+0.299 1.87+0.29¢ 4.58+0.18> 4.30+0.17b¢ 12.45+0.27¢  6.76+0.79¢ 3.12+0.10¢d 53.62+0.88P
150 ppm 2.70+£0.509 1.83+0.29¢ 4.87+0.232> 4.48+0.172b 12.77+0.424  7.89+0.10¢ 3.08+0.364 52.60+1.21P
E *k% * * *k% *k% *k% *k%
*p<0.05 ***p=0.001 ns: not significant

Number of leaf (number plant)

The effect of the application of Tebuconazole at
different doses on the number of leaves of cucumber
seedlings was significant at the 1% level. The mean
number of leaves per plant in the control application
was 4.8, and the number of leaves was observed to

decrease in all applications, except for 50 ppm dose
(Table 4).

Leaf dry matter content (%)

The application of Tebuconazole at different doses had
a statistically significant effect on leaf dry matter
content in seedlings. In the study, while the leaf dry
matter content obtained by the control application was
17.21% as a result of the application of Tebuconazole,
an overall decrease was observed in the leaf dry matter
content at all doses compared with the control group.
The highest dry matter content after the control group
was obtained at doses of 25, 50 and 75 ppm,
respectively (Table 4).

Stem dry matter content (%)

The applications of Tebuconazole were found to have a
significant effect on cucumber seedlings at the 1%
significance level on the stem dry matter content. In
the study, the stem dry matter content obtained from
the control group (0 ppm) was 7.69%. As a result of the
application of Tebuconazole determined that the stem
dry matter content increased in the doses of 50, 75 and
150 ppm, respectively, compared to the control dose of
0 ppm and decreased at the other doses. The highest
rate (9.6%) was obtained from the dose of 75 ppm.
(Table 4).

Root dry matter content (%)

According to the data obtained from the study, the
application of Tebuconazole at different doses had a
significant effect on root dry matter content in
cucumber seedlings. The highest root dry matter
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content with 5.31% ratio was determined in the control
application at O ppm. As a result of the application of
Tebuconazole, the root dry matter content decreased in
all doses compared to the control application (Table 4).

Leaf Chlorophyll Content (SPAD Value)

Statistical analysis revealed that the applications of
Tebuconazole had a substantial effect on the leaf
chlorophyll amount (SPAD value). In the study, the
mean SPAD value obtained in the control application
was measured as 45.97 and this value increased in all
other applications compared to the control group (0
ppm). The highest SPAD values were obtained from
the doses of 100 (SPAD value = 58.32), 125 (SPAD
value = 53.62) and 25 (SPAD value = 52.97) ppm,
respectively (Table 4).

quality

The  correlation analysis between

characteristics of seedlings

The analysis indicated that the seedling height had a
significantly positive correlation with stem height, leaf
and root dry matter content, and a significant negative
correlation with stem diameter and the SPAD values.
Leaf dry matter content was found to have a significant
positive correlation with root dry matter content and a
negative correlation with the SPAD values. On the
other hand, the dose was found to have a statistically
significant negative correlation with seedling and stem
height, leaf and root dry matter contents, and a
positive correlation with chlorophyll amount (Table 5).

IRAP Analysis

IRAP analysis was performed to determine
retrotransposon mobility in the samples to which
Tebuconazole was applied and compared with the
control group. 114 bands were obtained from six IRAP
primers used to determine the stress level caused by
the fungicide of Tebuconazole at the molecular level.
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The sizes of these bands ranged from 86 to 1,223 bp.
The highest number of polymorphic bands was
obtained from Nikita primer with 11 bands. 9 of these
polymorphic bands were formed as new band
formation and 2 of them as no band formation.

Polymorphic band was not formed in the sukkula
primer and polymorphism did not taken place. Details
of the data obtained from the IRAP analysis are given
in Table 6.

Table 5. The correlation analysis between seedling characteristics

Tablo 5. Fide ozellikleri arasindaki korelasyon analizi

1 2 3 4 6 7 8 9
1 Seedling Height 1
2 Stem Height 0.974™ 1
3 Stem Diameter -0.493° -0.451" 1
4 Number of Leaf 0.416  0.366 -0.328 1
5 Leaf Dry Matter Ratio  0.818™ 0.816™ -0.266 0.459° 1
6 Stem Dry Matter Ratio -0.087 -0.092 0.371 -0.026 0.288 1
7 Root Dry Matter Ratio  0.795™ 0.768™ -0.301 0.612" 0.913™ 0.184 1
8 SPAD Value -0.665™ -0.637"  0.221 -0.587" -0.768" -0.452" -0.777" 1
9 Doses -0.779" -0.768"  0.198 -0.399 -0.903™ -0.129 -0.906™  0.585™ 1
** Significant at the 1% level * Significant at the 5% level
Table 6. Data from IRAP analysis
Tablo 6. IRAP analizinden elde edilen veriler
Primer Name Control 25 ppm 50 ppm 75 ppm 100 ppm 125 ppm 150 ppm
LTR 6150 4 -256 800 749
-442 -442
3LTR5 2 716 720 724
716
Nikita 5 768 700 956 984 1.000
-271 -271 800 838
271 271
Sukkula 1
5LTR1 3 e 782 793 816
-323 684
LTR6149-5 3 -263 -562 -562 -562
-263 -263 -263
Band Number 18 1 3 7 10 11
Polymorphism rate 0 5.55 16.66 38.88 55.55 61.11
GTS value 100 94.45 83.34 61.12 44.45 38.89

Polymorphism was detected in all applications except
for the 25 ppm dose. The resulting polymorphism
varied between 0% and 61.11%. The lowest
polymorphism was obtained from 0% in the samples to
which Tebucozanole was applied at 25 ppm. Depending
on the incremental dose, polymorphism value also
increased in seedlings to which Tebucozanole was
applied. The highest polymorphism was determined as
61.11% in seedlings to which Tebucozanole was
applied at 150 ppm. .

The GTS (Genomic Template Stability) value, which
represents the genomic stability, varied depending on
the applied dose of Tebucozanole. The GTS value
varied between 38.89% and 100%. The highest GTS
value (100%) was found in seedlings to which
Tebucozanole was applied at 25 ppm. The GTS value
decreased to 38.89% depending on the increase in the

dose of Tebucozanole. Figure 3 shows the band image
obtained from the Nikita primer.

The polymorphism rates and GTS values that vary
depending on the dose of Tebucozanole applied are
given in Figure 4.

DISCUSSION and CONCLUSION

Based on literature review, tehere is a very limitted
study regarding the effects of the application of
Tebucozanol to cucumber and other vegetable on
seedling quality and retrotranspozon mobility.
However, several studies investigating the effects of
Paclobutrazol and similar substances, which are
included in Triazol group similarly with Tebuconazole,
on vegetable seedling quality are available (Brigard et
al. 2006, Copur and Sar1 2011). Gebologlu et al. (2015)
applied four different doses of Paclobutrazole (50, 100,
200 and 500 ppm, respectively) on eggplant seedlings
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Figure 3. Band image from Nikita primer
Sekil 3. Nikata primerinin bant goriintiisti
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Figure 4. Polymorphisn rate and the GTS value
Sekil 4. Polimorfizm orani ve GTS degeri

in two different seedling development stages and found
that seedling height and stem height were
significantly suppressed. Another study found that
stem elongation of eggplant inhibited by tebuconazole
(Rogach, 2020). Similarly, the application of
Tebucozanele significantly suppressed the seedling
height. The results were similar to the results obtained
from the researcher reports. These substances can
inhibit Gibberelic Acid synthesis (Gebologlu et al.
2015) and the decrease in height is thought to originate

w— 5 TS v

~ 50 ppm (4)

100 ppm
Febuconazole

alue
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~ 75 ppm (5)

~ 100 ppm (6)
— 125 ppm (7)
— 150 ppm (8)

125 ppm
I'cbuconazole

150 ppm
I'chuconxzole

from this fact. According to the control application, the
dose of 150 ppm suppressed the stem height at the
maximum level. The resulting data and measurements
indicated that the applications increased in the stem
diameter. The mean stem diameter in the control
group was measured as 4.52 mm and the highest stem
diameter (4.97 mm) was obtained from dosing of 75
ppm. Compared to the control application, 9.95%
increase was determined in the stem diameter. Several
studies reported an increase in plant stem diameter
compared to the control application (Berova and Zlatev
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2000; Zandstra et al. 2007; Teto et al. 2016). One of the
key characteristics for seedling quality is the dry
matter content. The results showed that the leaf, stem
and root dry matter contents varied significantly
among the applied doses. Compared to the control
group, leaf and root dry matter contents decreased. In
a similar study, the control applications showed
decreases at 7% and 6% in dry weights of tomato
seedlings (Berova and Zlatev, 2000). The stem dry
matter content decreased at the doses of 25, 100 and
125 ppm, respectively but increased in all other doses,
compared to the control group. Baninasab (2009)
reported 6.11-16.45% increase in shoot dry weights of
watermelon seedlings as a result from the application
of Paclobutrazol. Alterations in plant dry matter
contents are thought to be from the impact of
Tebuconazole on the synthesis and transport of
giberralic acid resulting regression in growth. The
SPAD value showed an increase in the seedlings to
which the substance was applied compared to the
control group. In similar studies, Paclobutrazole,
which was applied as leaf spray to the tomato
seedlings, increased in the leaf chlorophyll content
(Berova and Zlatev 2000; Moraes et al. 2005) and
similar results were obtained from watermelon
(Baninasab 2009) and lettuce (Akdemir 2018).

In this study, it was determined that the stress caused
depending on the applied dose of Tebuconazole
increased in retrotransposon mobility and this
mobility led to an increase in the polymorphism value.
Also, in this study it was determined that this
retrotransposon mobility caused a decrease in the GTS
value, which represented the stability of the genome.
The lowest polymorphism rates (0%) and the highest
GTS (100%) values were obtained from doses of 25
ppm. The change in polymorphism and the GTS values
was acceptable up to 75 ppm but higher doses resulted
in significant changes in these values. The decrease in
the GTS value is an indication that Tebuconazole
stress affects the stability of the genome (Table 6).

Nearly all of the different doses of Tebuconazole
prevented excessive and unnecessary elongation in
seedling and stem heights during the growth of
cucumber seedlings. As a result, although the
seedlings in the control application came to sowing-
maturity, the duration to the sowing-maturing was
observed to extend in substance applied seedlings.
However, such chemicals (plant growth regulator,
fungicide, herbicide, etc.) may cause stress in plants
depending on the dose used (Sunar and Bulut
2019).Yet, when the results of IRAP analysis and
particular seed quality characteristics are evaluated
together, the application of Tebuconazole doses at 25,
50 and 75 ppm applications indicated that it will be
beneficial in obtaining the desired seedling quality.
Numerous variations may be attempted in future
studies by increasing in the number of doses ranging
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from the dose that causes the lowest change in the
polymorphism rate and GTS value to the highest dose
that positively affects seedling characteristics or by
reducing the number of applications to a single
application.

In conclusion, Tebuconazole was determined to achieve
height control in cucumber seedlings and had positive
effects on seedling quality. Based on the data obtained
in the study, we think that the recommended doses can
be used in practice.
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ABSTRACT
The effects of flurprimidol and paclobutrazol, treatments as preplant
bulb soaks on plant height, growth parameters and other properties
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of Narcissus tazetta L. grown in pots were investigated. Bulbs were Received $15.07.2020
soaked in flurprimidol at 0, 10, 20 mg L or paclobutrazol at 0, 100, Accepted $28.01.2021
200 mg L1 before planting. The effects of gibberellin inhibitors on the

flower number, flowering time, flower life, plant height, leaf length Keywords

and quantitative measurements (specific leaf area, leaf area ratio, leaf Flurprimidol

thickness, leaf weight ratio and stem weight ratio) were determined. Paclobutrazol

When narcissus reached to the sale stage, plants were taken to the Bulb soak

laboratory where the temperature stable at 20°C to evaluate the
postproduction quality. The shortest plant height (6.25 cm, 63%
shorter than control) was obtained from the 20 mg L flurprimidol
application. Plants applied with 200 mg L1 paclobutrazol were 59%
shorter than control with 7.00 cm plant height. Gibberellin inhibitors
also shortened the leaf length and increased the leaf thickness,
whereas decreased leaf area ratio and specific leaf area by shortening
the plant height. The effects of gibberellin inhibitors on plant height
continued after harvest (production) in marketing and consumer
(laboratory) conditions. The plant heights of treated plants were 10.87
(20 mg L flurpirmidol) and 10.37 (200 mg L paclobutrazol) cm, while
with the control plants were 26.75 cm in with laboratory conditions.

Quantitative properties
Postproduction quality

Narcissus tazetta Soganlarina Dikim Oncesi Uygulanan Gibberellin Inhibitérlerinin Biiyiime
Parametreleri ve Bitki Boyu Uzerine Etkileri

OZET Aragtirma Makalesi

Dikim oOncesi soganlara uygulanan gibberellin inhibit6rleri

flurprimidol ve paclobutrazoliin serada saksida yetistirilen Narcissus Makale Tarihgesi

tazetta L. turunde bitki boyu, buyiime parametreleri ve bazi kalite Gelis Tarthi  :15.07.2020
Kabul Tarihi :28.01.2021

ozellikleri tizerine olan etkileri incelenmistir. Dikim 6ncesi soganlara
0, 10, 20 mg ! dozlarinda flurpimidol ve 0, 100, 200 mg L1 dozlarinda
paclobutrazol uygulanmigtir. Gibberellin inhibit6érlerinin ¢igek sayisi,

Anahtar Kelimeler

cicek omri, bitki ve yaprak boyu lizerine etkileri belirlenmistir. Ayrica Eluip£1m1d011

oransal yaprak alani, 6zgul yaprak alani, yaprak kalinligi, oransal Saf 0 gtﬁzzo

yaprak agirihigr ve oransal govde agirhign kantitatif analizler ile ogan da:girma
Kantitatif ozellikler

saptanmigtir. Satis asamasina gelen nergisler uretim sonrasi
kalitenin incelenmesi amaciyla sicakligni 20°C’de sabit tutulan
laboratuvar ortamina alinmistir. En kisa bitki boyu 6.25 cm ile 20 mg
L1 flurprimidol uygulamasindan elde edilmig, bu uygulama bitki
boyunu kontrole gére %63 kisaltmigtir. 200 mg L paclobutrazol
uygulamasindan 7.00 cm bitki boyu elde edilmis, bu bitkiler kontrole
gore %59 daha kisa olmustur. Gibberellin inhibitér uygulamalar:
yaprak boyunu da kisaltmistir. Uygulamalar bitki boyunu kisaltarak
yaprak kalinligim1 artirmis, oransal yaprak alani ile 6zgil yaprak
alanmmi azaltmigtir. Inhibitérlerin bitki boyu tiizerine olan etkisi
iretim sonrasinda da devam etmigtir. Laboratuvar kosullarinda 20
mg L1 flurpirmidol ve 200 mg L1 paclobutrazol uygulamalarindan
sirasiyla 10.87 ve 10.37, kontrolden ise 26.75 cm bitki boyu elde
edilmigtir.

Uretim sonras: kalitesi
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INTRODUCTION

Narcissus tazetta is a herbaceous and perennial plant
belonging to family of Amaryllidaceae (Li et al., 2012;
Alp et al., 2015). This species with numerous fragrant
flowers in a stem is naturally grown in Turkey
including the black sea region (Kebeli and Celikel,
2013). N. tazetta L. has rich alkaloids used in
cosmetics and medical industries (Cimmino et al.,
2017). The narcissus is also used as cut flower due to
the flowers with long stems, as well as in refuges,
gardens and parks as outdoor ornamental plants.
Narcissus is also used as a potted indoor plant. But
excessive elongation of them at consumer conditions
because of the lower light makes them difficult to use
indoor (Celikel et al., 2016). Elongation causes also
flower stem bending. The control of plant height is
important to prevent damage during both
transportation and marketing due to stem elongation
as well as maintaining compactness and aesthetically
pleasing appearance (Celikel et al.,, 2016). It is
important to know the growing techniques of indoor
plants such as plant height control especially in
bulbous flowers (Celikel, 2015). Plant height may be
controlled by physical or chemical methods with plant
growth retardants mostly gibberellin inhibitors
(Celikel et al., 2016; Demir and Celikel, 2019).

Bulb soaks of flurprimidol at 30 mg L1 has controlled
the height of narcissus cultivars (Miller 2013).
Preplant bulb soak treatments of paclobutrazol at
concentration 30 mg L! controlled the height of iris
cultivars during greenhouse period (Demir and
Celikel, 2018a). Plant height of ‘Ice Follies’ narcissus
cv. was controlled by bulb soaks of paclobutrazol and
flurprimidol in the post-production period (Demir and
Celikel, 2018b). Ahmad Nazarudin et al. (2007),
reported that paclobutrazol treatments caused the
control of plant height by decreasing the leaf area and
leaf expansion.

Demir and Celikel (2019) used gibberellin inhibitors as
soil drench to investigate the plant height control of
Narcissus tazetta grown naturally in Black Sea Region
of Turkey. However, there is no previous study on bulb
soak treatments of inhibitors in this species. Therefore,
the effects of inhibitor treatments as preplant bulb
soaks on plant height, growth parameters and
different properties of native Narcissus tazetta L.
grown in pots were investigated in this study.

MATERIAL and METHODS
Plant and Chemical Material

Narcissus tazetta L. . bulbs (circumference: 12 cm) from
Ordu province of Turkey were used in this study.
Paclobutrazol (25% Cultar, Syngenta) and flurprimidol
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(Sigma-Aldrich) were used as gibberellin inhibitors.
Paclobutrazol (PBZ) and flurprimidol (FP) block
cytochrome P450-dependent monooxygenases, thereby
inhibiting gibberellin (GA) biosynthesis (Rademacher,
2000; Verma et al., 2010).

Treatments

Bulbs were soaked into FP solutions of 0, 10, 20 mg L-
1 or PBZ of 0, 100, 200 mg L for 30 min before
planting. Ethanol (2%) was also used as a control,
solvent of FP. Bulbs of narcissus were allowed to air
dry, then planted into plastic pots with volume of 1.6
L, containing equal perlite, peat and soil, as one bulb
for each pot on the treatment day (7 October). A
polyethylene greenhouse was used for the growth of
plants and they were irrigated with tap water.

Measurements and observations

Flowering time, number of flowers and flower life:
Time of flowering was counted as day’s number from
planting to opening of the first flower. Flower numbers
were determined per stem of narcissus. Day’s number
from the opening of the first flower to the wilting of the
last flower was determined as flower life.

Plant height and leaf length: The leaf length (longest
leaf) and plant height (from the pot surface to the
uppermost of the inflorescence) were started to
measure weekly respectively 21 (28 October) and 91
days (6 January) after planting.

Quantitative measurements: Whole plants were
removed from the pot, after flowers wilted for the
quantitative analysis. Quantitative measurements
used in this study were as follows:

Leaf area’ Leaf areas were measured with a
planimeter (Koizumi Placom) by taking photocopies of
leaves on the paper.

Dry weights’ The plants as a whole with foliage and
roots were removed from the pot. Leaves were
separated and used for area measurement first. Then
all samples (roots, leaves and stems (bulbs) were dried
in an oven (‘Ecocell’) at 80 °C for 72 hours to determine
growth parameters. Dry weights of plant samples were
determined immediately after drying. Calculation
formulas: Calculation formulas of quantitative
parameters described by Uzun (1996) for vegetables
were adapted to the bulbous plants (Demir and Celikel
2019) to calculate the plant growth parameters for
Narcissus tazetta. The whole bulbs were used as stem
for bulbous Narcissus tazetta plants. Specific leaf area
(SLA), leaf area ratio (LAR), leaf thickness (LT), leaf
weight ratio (LWR) and stem (bulb) weight ratio (SWR)
were determined as quantitative parameters.
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Postproduction evaluation

When narcissus reached to the harvest (sales) stage
(Demir and Celikel, 2019), four replicate plants
randomly selected from each treatment were taken to
the laboratory on 14 February. Postproduction quality
of pot plants was evaluated in the laboratory at 20 °C,
under cool white fluorescent light of 1000 lux and a
diurnal cycle of 12 h day/12 h night as standard
conditions described by Celikel (1993) and Celikel et al.
(2011).

Data Analysis

The study was carried out with ten replications except
four replications for postproduction evaluation and
three replications for quantitative analyses. Data were
tested by ANOVA according to a completely
randomized design. Data were analyzed using the
SPSS package program. Differences among the means
of applications were determined by Duncan's multiple
range tests (P<0.01).

RESULTS and DISCUSSION
Flowering time, number of flowers and flower life

Narcissus is one of the most important bulbous
ornamental plants. It is necessary to inhibit the
excessive elongation of narcissus grown in pots (Celikel
et al., 2016). Plant growth regulators are used to
reduce unwanted longitudinal shoot growth
(Rademacher, 2000). We used PBZ and FP to control
the plant height in native narcissus to grow as indoor
plant. The effects of gibberellin inhibitor applications
on the flowering time of narcissus are given in Table 1.
According to treatments, the earliest flowering was in

control and ethanol with 108 and 111 days,
respectively. A clear difference was between control
and the treatments of 20 mg L' FP (119 days) as well
as 200 mg L1 PBZ (119 days) (Table 1). FP at 25 mg L~
1 delayed the flowering time about 3 days in tulips
(Krug et al., 2005). In another study, PBZ as preplant
bulb soaks delayed the time to appearance of buds in
‘Frans Hals’ and ‘Blue Magic’ iris cultivars (Demir and
Celikel, 2018a). In the present study the gibberellin
inhibitors similarly delayed the time of flowering in
narcissus about 8-11 days and effect of gibberellin
inhibitors on flowering time increased depending on
concentration. It has been stated that gibberellin has a
role in the flowering control (Blazquez et al., 1998),
promoted the flower initiation and development in
several species (Su et al., 2001).

The numbers of flowers were affected by gibberellin
inhibitors in this study. The difference between control
and treated plants was significant (P<0.01) (Table 1).
Numbers of flowers were 5.88 (10 mg L FP), 5.84 (20
mg L1 FP), 6.17 (100 mg L' PBZ) and 6.00 (200 mg L
1 PBZ), while control plants and ethanol treatments
were 7.6 and 7.0 (Table 1). The number of flowers in
Chrysanthemum was decreased by gibberellin
inhibitor of Pro-Ca and daminozide (Kim et al., 2010).
Gibberellin played a role in the flowering (Blazquez et
al., 1998). Therefore, the PBZ and FP used in this
study probably affected the numbers of flowers.

According to statistical analysis the effect of treatment
on flower life was not found significant (P>0.05) (Table
1). The flower life varied between 2-3 weeks in V.
tazetta (Acarsoy and Ozzambak, 2006). In this study,
the flower life was similarly 15-16 days.

Table 1. Effects of PBZ and FP on the flowering time, number of flowers and flower life of Narcissus tazetta L.

Mean + SE
Cizelge 1. PBZ ve FPnin Narcissus tazetta'da ¢iceklenme zamani, ¢igek sayisi omrii tizerine etkileri Ortalama +

SH

Treatments Flowering time (days) Numbers of flowers Flower life (days)

Control 108.80+1.36b 7.60+0.98 a 16.20 £ 0.20

Ethanol 111.00£1.55Db 7.00+£0.73 a 15.17+0.70

100 mg L' PBZ 116.17 + 2.29 ab 6.17+0.79b 16.33 = 0.60

200 mg L' PBZ 119.83+1.10 a 6.00+0.63 b 16.17 £ 0.80

10 mg L't FP 116.63 +2.13 ab 5.88+0.17Db 15.38 £ 0.50

20 mg L'1 FP 119.38+1.83 a 5.84+0.48Db 15.17+1.30

Sig. 0.001 0.009 0.782 *

Values within a column with different letters differ significantly at P<0.01 SE: Standard Error, *Not Significant

Plant height and leaf length

The gibberellin inhibitors had a significant effect
(P<0.01) in reducing plant height. The shortest plant
height was measured as 6.25, 7.0 and 8.33 cm from the
plants which were applied 20 mg L'1 FP, 200 mg L1
PBZ and 100 mg L' PBZ, respectively, whereas the
control and ethanol were 16.9 and 17.7 cm, respectively
(Figure 1, Table 2). Preplant bulb soaks with
gibberellin inhibitor paclobutrazol, flurprimidol and
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uniconazole shortened the plant height of ‘Prominece’
tulips (Krug et al., 2005). A treatment of 25 mg L1
flurprimidol as preplant bulb soak significantly
controlled the plant height of ‘Dutch Master’ narcissus
cultivars during greenhouse production (Krug et al.,
2006). Similarly, application of PBZ and FP shortened
the plant heights in plumbago (Barker et al., 2016).
Applications of gibberellin inhibitor Pro-Ca at 100, 200
and 400 mg L1 suppressed the plant height in
Chrysanthemum morifolium by 8.2, 20.9 and 26.3%



KSU Tarim ve Doga Derg 24 (5): 978-985, 2021
KSU J. Agric Nat 24 (5): 978-985, 2021

Arastirma Makalesi
Research Article

respectively (Kim et al., 2010). In this study PBZ and
FP similarly reduced the plant height of Narcissus.
These plants were 63% (20 mg Lt FP), 59% (200 mg L~
1 PBZ) and 51% (100 mg L' PBZ) shorter than
untreated control (Table 2). In a previous study,
narcissus applied with 2 mg/pot PBZ as soil drench
were 65% shorter than control ones (Demir and
Celikel, 2019). Yeshitela et al. (2004) reported that
PBZ suppressed the vegetative growth of Mangifera
indica. According to Banon et al. (2002) PBZ could be
used to control the growth of ‘Mondriaan’ carnation
and improve its commercially quality.

Treatments reduced the length of leaf in narcissus. The
shortest leaf length (11.85 and 12.75 cm) was
measured from 200 mg L! PBZ and 20 mg L1 FP
respectively and these treatments followed by the
untreated control and ethanol application (21 and 24
cm, respectively, Table 2). FP treatment caused to
shorter leaves in Zantedeschia aethiopica (Gonzalez et
al., 1999). The treatments of PBZ and FP also
shortened the leaf length of N. tazetta (Table 2),
similar to the previous study.

Table 2. Effects of PBZ and FP on the plant height and leaf length of Narcissus tazetta L. at the end of the growing

period. Mean + SE

Cizelge 2. PBZ ve FPnin Narcissus tazetta'da bitki ve yaprak boyu tlizerine etkileri Ortalama + SH

Treatments Plant height (cm) Leaf length (cm)
Control 16.90 £ 1.50 a 21.25+1.75a
Ethanol 17.67+2.32 a 24.00+0.76 a
100 mg L't PBZ 833+1.11c 15.20 £ 0.76 bc
200 mg L't PBZ 7.00+1.18¢ 11.85+0.48 ¢
10 mg L't FP 10.44+1.24Db 16.30+0.71b
20 mg L't FP 6.25+0.50 c 12.75+0.53 ¢
Sig. 0.000 0.000

Values within a column with different letters differ significantly at P<0.01 SE: Standard Error

18 7 —&— Control
—-Ethanol
15 1 ——10 mg/L FP
1y |20 mg/L FP
’&‘ —&-100 mg/L. PBZ
\% g9 {—©—200 mg/LL PBZ
)
D 6
<
=
g 3
~
0
0

Time (weeks)

Figure 1. Effects of FP and PBZ applicatipons on the plant height of Narcissus tazetta L. during greenhouse forcing
period. The plant height was started to measure 91 days after planting, (6 January).
Sekil 1. FP ve PBZ uygulamalarinin serada tiretim siiresince Narcissus tazetta 'da bitki boyu tizerine etkileri. Bitki boyu
dlgiimlerine dikimden 91 giin sonra baslanmistir (6 Ocak).

Postproduction evaluation

Preplant bulb soaking with FP and PBZ treatments
shortened the plant height of Narcissus compared to
untreated controls (Figures 1 and 2) in this study. The
height difference between untreated control and
treatments also continued during post production
period in lab conditions (Figures 2, 3 and 4). The plant
heights of treated plants were 12.37 (10 mg L' FP),
10.87 (20 mg L1 FP), 11.00 (100 mg L* PBZ) and 10.37
(200 mg L' PBZ) cm, while the ethanol and control
plants were 25.37 and 26.75 cm, respectively (Figure
2). It was reported that transportation and storage can
give damage to the quality of potted plants (Ferrante
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et al., 2015). Therefore, it’s important to maintain the
compactness to prevent damage during transportation
and marketing. According to the results of the present
study, FP and PBZ effectively controlled the plant
height both during greenhouse and post production
period.

The leaf lengths of treated plants were 16.0 (10 mg L!
FP), 13.0 (20 mg L't FP), 14.75 (100 mg L' PBZ) and
12.25 (200 mg L' PBZ) cm, while it was 29.25 and 25
cm respectively, in the ethanol and control plants. The
significant differences in terms of leaf length between
plants, which were treated with gibberellin inhibitors
as a soil drench, and control, were continued in the
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postproduction period (Demir and Celikel, 2019). In
this study similarly the leaf length difference between

bulb soaks was preserved in the consumer conditions,
too.

untreated control and treated plants by FP and PBZ as

30 -
2 a
95 - 81 week
a a 02 weeks
g 20 A
&
E 15 -
B0
S 10 - — b b b
[=}
i)
=W 5
0 T T T T T 1
Control Ethanol 10 mg/L FP 20 mg/L FP 100 mg/L PB200 mg/L. PBZ

Figure 2. Effects of FP and PBZ applications on the plant height of Narcissus tazetta L. during post production period
in laboratory conditions (1 week; 14 February).

Sekil 2. FP ve PBZ uygulamalarinin tiretim sonrasi laboratuvar kogsullarinda Narcissus tazetta'da bitki boyu tizerine
etkileri. (1. hafta; 14 Subat)

Control 2% Ethanol

10mg L' FP

20mg L' FP

Figure 3. The effects of FP bulb soak on Narcissus tazetta L. (3 days at the sale stage in lab.)
Sekil 3. Sogana uygulanan FPnin Narcissus tazetta L. lizerine etkileri (satis asamasi laboratuvarda 3. giin)

\ :

Control | 29 Ethanol | 100mg L' PBZ || 200 mg L' PBZ

Figure 4. The effects of PBZ bulb soak on Narcissus tazetta L. (3 days at the sale stage in lab.)
Sekil 4. Sogana uygulanan PBZ'nin Narcissus tazetta L. lizerine etkileri (satis asamasi laboratuvarda 3. giin)
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Quantitative Analysis

Leaf area ratio (LAR): PBZ and FP treatments
decreased the LAR. The LAR of 10 mg L't FP, 20 mg
L1 FP, 100 mg L?! PBZ and 200 mg L! PBZ
applications were 7.51, 5.80, 7.46 and 5.95 whereas
ethanol and control plants were 12.26 and 12.27 cm2 g
1, respectively (Table 3). Plants with gibberellin
inhibitor treatments resulted with shorter appearance
and smaller leaf area (Table 2, 3). As a result of

increased plant compactness, LAR decreased in this
study. Leaf area of Xanthostemon -chrysanthus
(Ahmad Nazarudin et al., 2015) and lantana
(Matsoukis et al 2014) decreased with PBZ treatments
compared to the control. The reduction in leaf area
could be attributed to a reduction in cell elongation and
proliferation resulted by reduced GA synthesis with
PBZ treatment (Matsoukis et al., 2014). Similarly, the
results showed that gibberellin inhibitors are effective
to reduce the leaf area ratio of narcissus.

Table 3. Effects of PBZ and FP on the LAR, SLA and LT of Narcissus tazetta L. Mean = SE
Cizelge 3. PBZ ve FPnin Narcissus tazetta'da YAO, OYA ve YK iizerine etkileri Ortalama + SH

Treatments LAR (cm2g) SLA (cm2g) LT (g cm®)
Control 12.27+1.19 a 128.36 £ 12.24 a 0.008 = 0.0007 ¢
Ethanol 12.26+1.19 a 107.44 + 2.960 ab 0.009 £ 0.0003 ¢
100 mg L't PBZ 7.46+0.20b 91.76 £ 11.57ab 0.011 £0.0016 ab
200 mg L't PBZ 595+ 0.33b 75.70 £ 8.100 ¢ 0.013 +£0.0014 a
10 mg L' FP 7.51+1.09b 81.13 +£4.290 be 0.012 £ 0.0007 ab
20 mg L't FP 5.80+0.67b 71.48+4.700 ¢ 0.014 + 0.0100 a
Sig. 0.000 0.003 0.006

Values within a column with different letters differ significantly at P<0.01 SE: Standard Error, LAR: Leaf area ratio, SLA:

Spesific leaf area, LT: Leaf Thickness

Specific leaf area (SLA): Differences among the
treatments were statistically significant (P<0.01). The
lowest SLAs were 71.48 and 75.70 cm2 g1 from 20 mg
L1 FP and 200 mg L' PBZ, while the control was
128.36 cm? g1 (Table 3). Narcissus applied with
gibberellin inhibitors were more compact and smaller
SLA than the control. It was reported that the SLA of
lantanas applied with PBZ (80 mg L) was lower
compared to control (Matsoukis et al., 2014).
Uniconazole decreased SLA of Logan (Nie et al., 2001).
Uniconazole is one of gibberellin inhibitors, act by
inhibiting gibberellin biosynthesis (Rademacher,
2000).

Leaf thickness (LT): FP and PBZ increased the LT
(P<0.01). The highests leaf thickness were 0.014 and
0.013 g cm2 from 20 mg L'l FP and 200 mg Lt PBZ,
respectively, while the untreated control was 0.008 g
cm2 and plants treated with ethanol was 0.009 g cm™
(Table 3). These results showed that there was an
increase of the leaves dry weight in the unit area and
plants applied FP and PBZ had a thicker and compact
structure (Table 3). This increase is probably because
of the increase in dry mass per unit area as a result of
an increase in the amount of chlorophyll in the unit
area. The relative chlorophyll content of the leaves in
Ornithogalum saundersiae applied with flurprimidol
was higher compared to control plants (Salachana and
Zawadzinska, 2013). PBZ caused to an increase of leaf
thickness by increasing the thickness of cuticle, leaf
epidermis, palisade and spongy layer in Catharanthus
roseus (Jaleel et al., 2007).
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Leaf weight ratio (LWR): The use of flurprimidol and
paclobutrazol preplant bulb soaks did not affect the
LWR of narcissus (Table 4). There was no difference
among the applications for leaf weight ratio. Probably
this was because of not only increasing the leaf dry
weight but also increasing the total dry weight of
Narcissus tazetta (Table 4).

Table 4. Effects of PBZ and FP on the LWR and SWR of
Narcissus tazetta .. Mean + SE

Cizelge 4. PBZ ve FP'nin Narcissus tazetta'da OYA ve OGA
lizerine etkileri Ortalama + SH

Treatments LWR (g/g) SWR (g/g)
Control 0.09 +0.01 0.83 + 0.090
Ethanol 0.09 £ 0.09 0.81 + 0.020
100 mg L' PBZ 0.09 +£0.01 0.83+0.014
200 mg L1 PBZ 0.10 £ 0.02 0.86 + 0.020
10 mg L' FP 0.09 +£0.01 0.84 +0.017
20 mg L' FP 0.10 £ 0.05 0.87+0.012
Sig. 0.116* 0.201*

SE: Standard Error, LWR: Leaf weight Ratio, SWR: Stem
weight ratio, *Not significant

Stem weight ratio (SWR): Statistically significant
difference was not found (P>0.05) in SWR (Table 4). In
the narcissus, bulbs were considered as the stem
therefore the stem weight ratio is the ratio of stem
(bulb) dry weight to the total plant dry weight.
Gibberellin inhibitor treatments of uniconazole and
daminozide reduced dry weight of stem in
Chrysanthemum (Schuch, 1994). Stem and leaves dry
weights of Kalanchoe reduced by uniconazole and
paclobutrazol (Lee et al., 2003), but stem weight ratio
has not been studied.
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CONCLUSIONS
In conclusion, gibberellin inhibitors at lower
concentrations used in this study significantly

controlled the plant height in MNarcissus tazetta both
during the greenhouse and postproduction period with
no adverse effect on flower life. Therefore, the pre-
plant bulb soak treatments of 10 mg L't FP or 100 mg
L1PBZ were suggested in order to provide plant height
control and to maintain post production quality of
Narcissus tazetta grown in pots. As to effects of
treatments on growth parameters, both gibberellin
inhibitors decreased the specific leaf area and leaf area
ratio by decreasing the plant height, therefore
significantly increased leaf thickness and dry weight of
leaves in unit area. In addition, these results on growth
parameters revealed that quantitative analysis could
be used other related studies in geophytes.
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ABSTRACT
In Turkey, the genus Chrysophthalmum Sch.Bip. ex Walp. is
represented by 3 taxa, namely Chrysophthalmum montanum (DC.)
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Boiss., C. dichotomum Boiss. & Heldr. and C. gueneri Aytag & Anderb. Received ©23.09.2020
C. montanum is herbaceous plant that grows on rock cracks and Accepted - 01.03.2021
limestone cliffs, in the eastern and southeastern regions of Turkey. In
this study, pollen and cypsela morphology of this species was Keywords
investigated with light microscope (LM) and scanning electron Chrysophthalmum
microscope (SEM). Further, the previous description of the species has Inuleae
been expanded. The pollen grains of the species are tricolporate, Cypsela
radially symmetrical, 1sopolar, shape oblate-spheroidal, Palynology
ornamentation echinate-perforate. The cypselae of C. montanum are Turkey
brownish, oblong, and glabrous. Pappus uniseriate, with 25-49
bristles, smooth, white and free at base.

Chrysophthalmum montanum (Asteraceae)'un Sistematik Bilgisine Katkilar
OZET Aragtirma Makalesi
Turkiye’'de Chrysophthalmum  Sch.Bip. ex  Walp. cinsi
Chrysophthalmum montanum (DC.) Boiss., C. dichotomum Boiss. & Makale Tarihgesi
Heldr. and C. gueneri Ayta¢ & Anderb. olmak tizere 3 taksonla temsil Gelis Tarithi  :23.09.2020
edilmektedir. C. montanum, Turkiye'nin Dogu ve Gilineydogu Kabul Tarihi :01.03.2021

bélgelerinde kaya cgatlaklar: ve kalker kayaliklarinda yetigsen otsu bir
bitkidir. Bu g¢alismada, bu tiiriin polen ve sipsela morfolojisi 1g1k
mikroskobu (LM) ve taramali elektron mikroskobu (SEM) ile
incelenmigtir. Ayrica, tirin onceki deskripsiyonu genigletilmigtir.
Turun polen taneleri trikolporat, radial olarak simetrik, izopolar,
sekli oblat-sferoidal, stislemesi ekinat-perforattir. C. montanum'un
sipselas1 kahverengimsi, dikdértgen ve tiystuzdir. Pappus bir sirali,

Anahtar Kelimeler
Chrysophthalmum
Inuleae

Sipsela

Palinoloji

Turkiye

25-49 killi, pliriizsiuz, beyaz ve tabanda serbesttir.

To Cite : Atasagun B 2021. Contributions to the Systematic Knowledge of Chrysophthalmum montanum (Asteraceae). KSU J.
Agric Nat 24 (5): 986-991. DOI: 10.18016/ksutarimdoga.vi.798601.

INTRODUCTION

The Asteraceae family is the largest family of
Dicotyledons and includes approximately 1911 genera
and 33000 species (The Plant List, 2013). The
Asteraceae family is structurally characterized by a
variety of sesquiterpenes and therefore it has been
comprehensively examined for their cytotoxic,
antimicrobial and anticancer activities (Koukoulitsa et
al., 2002; Wang et al., 2014; Ayaz et al., 2019). The
tribe /nuleae is Eurasian, Eastern and South African
tribe and includes about 66 genera and 687 species
(Anderberg, 1991). The genus Chrysophthalmum L., a
member of tribe /nuleae of the family Compositae, is
generally distributed in the South-Eastern of Turkey
and Iran region (Aytac and Anderberg, 2001).

The genus Chrysophthalmum is represented by four
species worldwide. In the Flora of Turkey, the genus

Chrysophthalmum has three species, namely
Chrysophthalmum montanum (DC.) Boiss., C.
dichotomum Boiss. & Heldr. and C. gueneri Aytac &
Anderb. (Grierson, 1975; Aytac and Anderberg, 2001;
Ayaz et al., 2017).

Several studies have been conducted on
Chrysophthalmum species so far. The cytotoxic,
phytotoxic and insecticidal effects of C. montanum and
C. gueneri were investigated by Ayaz et al. (2017);
Ayaz et al. (2018a). Selvi et al. (2014) examined the
micromorphological and anatomical features of the
Chrysophthalmum growing in Turkey. The pollen
morphology of three species of the genus
Chrysophthalmum were studied by Kilic et al. (2019).
Ayaz et al. (2018b) investigated phytotoxic, cytotoxic
and insecticidal activities of C. dichotomum. Ayaz et al.
(2020) analysed antiproliferative constituents from the
aerial parts of C. montanum.
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C. montanum is an Irano-Turanian element which
grows on rock crevices and limestone cliffs, in the
Southeastern and eastern regions of Turkey (Grierson,
1975). Pollen and cypsela micromorphology play
significant roles in modern plant taxonomy (Barthlott,
1984). Similarly, Selvi et al. (2014) stated that the
characteristics of stems, leaves, trichomes and cypsela
are important in distinguishing the Chrysophthalmum
species. The main purpose of this study is to
investigate morphological, palynological, cypsela
morphological features of C. montanum and to use
these characters for systematic purposes.

MATERIAL and METHODS

In this study, the plant samples of C. montanum were
collected from natural habitats:

—Turkey. C5 Kayseri: Yahyali, Aladag, Derebag
Waterfall, on limestone-calcareous slopes, 1448 m.,
38°03'06.08"N, 035°17'36.04" E, 14.07.2018, B.
Atasagun 1099 (ERCH). Samples collected from the
field were turned into herbarium specimens and these
samples were used in the description studies. The
averages of 30 measurements from different samples
were used. The morphology of these specimens was
examined using a stereo-binocular microscope.
Collected plant samples were diagnosed and observed
results were checked from the Flora of Turkey.

The pollen grains of C. montanum was obtained from
dried herbarium specimens. The pollen slides were
prepared according to Wodehouse (1935) method for
LM study. On average, 30 pollen grains were measured
for all quantitative characters. For scanning electron
microscopy (SEM) studies, the dry pollen grains and
cypselae were transferred to stubs using double-sided
adhesive tape and coated with gold—palladium.
GeminiSEM 500 computer-controlled field emission
scanning electron microscope was used for the
examination. The terminology chiefly follows Faegri
and Iversen (1992) and Punt et al. (2007).

Seeds collected from natural populations or herbarium
specimens were used to study seed micromorphological
features. A digital stereo microscope (Leica EZ4HD)
and scanning electron microscope (LEO 440) were used
for seed morphology. On an average, 30 measurements
were made for all quantitative characters. The
terminology mainly follows Punt et al. (2007).

RESULTS
Morphological characteristics

Description” Rhizomatous perennial. Stems erect or
ascending, 25-50 cm tall, branching from upper nodes,
glandular-villous. Lower leaves persistent at anthesis,
narrowly oblanceolate, 1.5-13.5 x 0.3-1 cm (incl.
petiole), densely glandular-villous, margin entire,
rarely covered with spreading long whitish hairs, acute
or acuminate at apex, attenuate at base. Cauline
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leaves narrowly oblanceolate, 5-8.5 x 0.6-0.9 cm,
sparsely glandular-villous, margin entire, acute or
mucronulate, attenuate to semi-amplexicaul at base.
Upper cauline leaves similar, but sessile, 4-8 x 0.4-1.1
cm, sparsely villous and weakly glandular hairy, semi-
amplexicaul at base. Capitula heterogamous,
disciform, 6-30 in racemes or corymbs, rarely solitary.
Involucre 0.6-1.1 cm broad, phyllaries imbricate, 4—5-
seriate. Outer phyllaries oblong-lanceolate, 1.86-3.66 X
0.8-1.46 mm, glandular-villous, margin entire and
short ciliate, acute at apex. Median phyllaries
membranous at base, oblong-lanceolate, 3.81-5.38 X
0.7-1.29 mm, long villous and glandular hairy, margin
entire and ciliate, acut at apex. Inner phyllaries
membranous, linear, 3.39-5.46 X 0.56-0.9 mm,
glandular-villous, margin entire and ciliate, acute at
apex. Palea linear, 0.2-0.3 X 3-5 mm. Female flowers 1-
seriate, tubular, 5.08-6.24 x 0.3-0.57 mm, subligulate
at apex. Disc flowers 6-6.56 x 0.47-0.67 mm. Cypsela
2.33-2.89 mm, c. 10 striate, glabrous. Pappus, 25-49,
0.35-0.57 mm, white, free at base.

Flowering and fruiting in July—August. (Figure 1).

Pollen and Seed Morphology

The pollen grains of C. montanum are radially
symmetrical, isopolar and have a tricolporate
aperture. Polar axis (P) is 24.08 pm, equatorial axis (E)
is 24.73 um. The shape of pollen is oblate-spheroidal.
Ornamentation is echinate-perforate. Exine thickness
is 1.63 pm and intine 1 pm (Figure 2). Details of the
pollen characteristics of C. montanum are shown in
Table 1.

The cypselae of C. montanum are 2.33-2.89 mm long,
oblong, mature one brownish, c. 10 striate, glabrous.
Surface of cypsela 1s irregular sulcate. Pappus
uniseriate, with 25-49 bristles, 0.35-0.57 mm long,
smooth, white and free at base (Figure 3).

DISCUSSION

C. montanum grows on rock crevices and limestone
cliffs, in the Southeastern and Eastern regions of
Turkey (Grierson, 1975). The morphology, pollen and
cypsela micromorphology of C. montanum were
investigated comprehensively in this study. The
morphological results of this study were suitable for
the description of C. montanum stated in the Flora of
Turkey. However, there were minor differences,
especially in terms of indumentum (Table 2). Prior
description of C. montanum was supplemented and
corrected in the light of the new observations on these
plants.

The pollen morphology of some Chrysophthalmum
taxa has been investigated by Kili¢ et al. (2019). The
general characteristics of Chrysophthalmum pollens
are as follows: pollen grains are 3-colpororate,
spheroidal, echinate (Kilic et al., 2019).
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Figure 1. C. montanum A) Habitus, B) Cauline leaves, C) Outer phyllary, D) Median phyllary, E) Inner phyllary,

F) Female flower, G) Cypsela.

Sekil 1. C. montanumin A) Genel gériiniis, B) Govde yapraklari, C) Dis fillariler, D) Orta fillariler, E) I¢ fillariler,

F) Disi ¢icek, G) Aken.

The pollen grains of C. montanum are radial
symmetry, isopolar, oblate-spheroidal, tricolporate
and echinate-perforate. Present pollen features were
usually consistent with the study of Kili¢ et al. (2019),
but some features were different. The pollen shape of
C. montanum is oblate-spheroidal in this study while
it was reported as only spheroidal by Kilic et al. (2019).
Also, the t (apocolpium) of pollen grains of C.
montanum was measured 17.02 um in this study, Kilig
et al. (2019)’s study measured as 7.15 um. There is also
no information about L (AMB) in Kili¢ et al. (2019). The
pollen morphology of some /nula taxa which is the
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closest genus to Chrysophytalmum has been
investigated by several authors. The general
characteristics of JInula pollens are 3-colpororate,
oblate-spheroidal, echinate (Osman, 2006; Dosa, 2014).
Current palynological findings are consistent with
mentioned studies and some JInula species above

(Osman, 2006; Dosa, 2014).

The morphological characteristic of cypsela in
Asteraceae has significant systematic value and has
been widely used for the phylogeny and classification
in the family (Ciccarelli et al., 2007; Hussein and
Eldemerdash, 2017; Ghimire et al., 2018).
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Figure 2. C. montanum a) General view of pollen grains in LM, b) Polar view of pollen grain in SEM, ¢) Equatorial
view of pollen in SEM, d) Details of pollen surface in SEM.

Sekil 2. C. montanum’un a) Isik mikroskobunda polen tanelerinin genel gériiniisii, b) Elektron mikroskobunda
polen tanesinin polar goriiniisii, ¢) Elektron mikroskobunda polen tanesinin ekvatoryal goriiniisii, d)
Elektron mikroskobunda polen yiizeyinin detayh gériintisi.

Table 1. The pollen morphological characteristics of C. montanum
Cizelge 1. C. montanum'un polen morfolojik 6zellikleri

C. montanum
M (um) (Ortalama) | SE (Std. Hata) Min. - Max. (um)
P (polar axis)/polar eksen 24.08 0.20 22-25.8
E (equatorial axis)/ekvatoryal eksen 24.73 0.19 22.69-26.26
P/E 0.97 0.01 0.90-1.04
L (AMB) (equatorial diameter)/ekvatoryal ¢cap 23.6 0.17 21.83-25.39
clg (colpus length)/kolpus uzunlugu 17.34 0.23 14.74-19.53
porus diam./por ¢api 6.09 0.63 5.37-6.82
t (apocolpium)/apokolpium 17.02 0.12 16.04-18.64
d4A (spine length)/ diken uzunlugu 3.46 0.09 2.32-4.58
d¢ (spine width)/diken genisligi 3.89 0.09 2.57-5.43
Eksine 1.63 0.06 1.03-2.15
Intine 1 0.03 0.78-1.47
Polen shape/Polen sekli Oblate-spheroidale
Aperture Tricolporate
Ornamentation/Siisleme Echinate-perforate
Size/ Ebat Small
The cypselae of C. montanum are oblong, 2.33-2.89 mm morphology of C. montanum, C. dichotomum and C.
long, mature one brownish, c¢. 10 striate, glabrous. gueneri taxa has been examined by Selvi et al. (2014).

Pappus uniseriate., with 25-49 bristles, 0.35-0.57 mm Selvi et al. (2014) stated that the general features of
long, smooth, white and free at base. The cypsela
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Chrysophthalmum cypselae are narrowly obovate,
obovate—oblongoid or narrowly elipsoidal to
cylindrical, pale brown to dark brown, hairy or
glabrous. The results of this study are in unconformity
with Selvi et al. (2014). The cypsela shape of C.
montanum is oblong in this study while it was reported
as obovate, obovate—oblongoid or narrowly elipsoidal
by them. Also, the cypsela size of C. montanumis 2.33-

1 mm

L mm

Sekil 3. C. montanum'un a) Isik mikroskobunda akenin

2.89 mm long, while it was reported as 1.2—2.5 x 0.14—
0.38 mm by Selvi et al. (2014). Consequently, the
morphology, pollen and cypsela micromorphology of C.
montanum were investigated extensively in this study.
Morphological description of the species was improved
and extended which contributed to the systematic
knowledge of the genus Chrysophthalmum.

Figure 3. C. montanum a) Cypsela general view in LM, b) SEM photos of cypsela ¢) Pappus, d) Fruit wall details.

genel goriiniisii, b) Elektron mikroskobunda akenin

goriiniisi, ¢) Tiyler, d) Meyve ceperinin detaylari.

Table 2. Comparison of the morphological characteristics of C. montanum with previous study
Cizelge. C. montanum'un morfolojik ozelliklerinin énceki ¢alisma ile karsilastirilmasi
Flora of Turkey/ Ttiirkiye Floras1 Current study/Mevcut Calisma

(Grierson, 1975)

Stem indumentum/ Gévde tiiyleri silkily pubescent

Basal leaves/ Taban yapraklari densely sericeous

Phyllaries/ Brakte Linear-lanceolate
pubescent

Corollas of female flowers / Disi c¢.4 mm
ciceklerin korollasi

Corollas of hermaphrodite flowers 4.5-5 mm
| Erdisi ¢igeklerin korollasi

Cypselae/Sipsela 2 mm
Pappus c. 0.4 mm
ACKNOWLEDGEMENTS

The author would like to thank Prof. Dr. Ergin
Hamzaoglu and Assoc. Prof. Dr. Murat Kog for their
useful comments.

Statement of Conflict of Interest
Author has declared no conflict of interest.

990

glandular-villous
densely glandular-villous
, adpressed- Oblong-lanceolate, glandular-villous

5.08-6.24 x 0.3-0.57 mm
6-6.56 % 0.47-0.67 mm

2.33-2.89 mm, c. 10 striate
25-49, 0.35-0.57 mm, free at base
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OZET Aragtirma Makalesi

Bu calisma, bes ekmeklik bugday genotipi (Pehlivan, Aldane,

Selimiye, Gelibolu ve Bereket) ve iic ileri hatta (TE-5843, TE-5427 ve Makale Tarihgesi
TE-5857) tane verimi ve bazi kalite kriterleri {izerine genotip x ¢evre Gelig Tarihi @ 22.12.2020
interaksiyonunun etkilerini temel bilesen ve biplot analizi ile Kabul Tarihi :12.02.2021
degerlendirmek amaciyla, 2010-11, 2011-12 ve 2012-13 {rin

yillarinda Edirne, Kirklareli ve Tekirdag lokasyonlarinda (toplam Anahtar Kelimeler

dokuz farkli cevrede) yiiriitiilmiistiir. Deneme, tesadiif bloklar: Ekmeklik bugday

deneme desenine gore dort tekerrurlii olarak yurutilmustur. Cevre

Calismada tane verimi (TV), bin tane agirhigi (BinTA), hektolitre GGE Biplot

agirligi (HL), protein orami (PO), gluten orami (GO), gluten indeksi
(GI) ve zeleny sedimentasyon (ZS) ézellikleri incelenmistir. Genotip,

Tane verimi
Temel bilesenler analizi

cevre ve genotip x cevre interaksiyonlari incelenen tim o6zellikler
bakimindan istatistiki olarak o©nemli bulunmustur. Arastirma
sonuglarina gore genotiplere ait en distik, en yuksek ve ortalama TV
598.5-708.3 (661.6) kg dal, BinTA 35.3-46.5 (40.7) g, HL 80.4-83.3
(82.2) kg/hl, PO % 10.9-12.6 (11.7), GO % 28.1-36.5 (33.0), GI % 62.9-
94.2 (85.1), ZS ise 38.4-56.2 (47.6) ml olarak belirlenmistir. Cevre
ortalamalarina goére en yiiksek TV (708.3 kg dal) Bereket
cesidinden, BinTA (46.48 g) Pehlivan cesidinden, PO (% 12.60) ve ZS
(56.22 ml) Aldane cesidinden, HL (83.27 kg hl'!) Selimiye cesidinden,
GO (% 36.50) TE-5427 genotipinden ve GI (% 94.21) ise TE-5857
genotipinden elde edilmistir. Temel bilesenler biplot analizleri (PCA)
incelenen ozelleklikler ile genotipler arasindaki iligkileri % 86.1
oraninda aciklamistir. Buna gore TV ve PO arasinda ise negatif bir
kolelasyon belirlenmigtir. Tane veriminde GGE biplot analizleri
genotip + genotip x cevre iligkisini % 72.07 oraninda aciklamigtir.
Tane verimine gére Ui¢ mega cevre olusmus, Bereket ile Gelibolu
¢esitleri alt1 ¢evrenin yer aldigr en biuylik mega cevrede yer alarak
one c¢ikan cesitler olmusglardir.

Evaluating The Effects of Genotype and Environment on Yield and Some Quality Parameters in Bread
Wheat (7Triticum aestivum L.) Genotypes Using Principal Component and GGE Biplot Analyses

ABSTRACT Research Article
This study was conducted to evaluate genotype and genotype x
environment interaction via principal component and biplot analysis Article History
on grain yield and some quality parameters with five bread wheat Received $22.12.2020
genotypes (Pehlivan, Aldane, Selimiye, Gelibolu and Bereket) and Accepted £12.02.2021
three advanced lines (TE-5843, TE-5427 and TE-5857) in 2011, 2012
and 2013 production season in Edirne, Kirklareli and Tekirdag  Leywords
locations (a total number of nine environments). The experiment was Brea}d TSR
desighned in a randomized complete block design with four Env1rqnment
replications. In the study, grain yield (GY), thousand kernel weight GGE bllf’l‘)t
Grain yield

(TKW), test weight (TW), protein ratio (PR), gluten content (GC),

gluten index (GI) and zeleny sedimentation (ZS) traits were Principal component analysis
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investigated. Genotype, environment and genotype x environment
interactions were found significant for all investigated traits.
According to the results, the lowest, the highest and mean values
were determined as 598.5-708.3 (661.6) kg dal for GY, 35.3-46.5
(40.7) g for TKW, 80.4-83.3 (82.2) kg hl! for TW, 10.9-12.6 (11.71%
for PR, 28.1-36.5 (33.0)% for GC, 62.9-94.2 (85.1) % for GI and 38.4-
56.2 (47.6) ml for ZS, respectively. Based on environment averages
the highest values were obtained from Bereket cultivar for GY (708.3
kg da'l), Pehlivan cultivar for TKW (46.48 g), Aldane cultivar for PR
(12.60%) and ZS (56.22 ml), Selimiye cultivar for TW (83.27%), TE-
5427 genotype for GC (36.50%) and TE-5857 for GI (94.21%). The
principal component biplot analysis (PCA) explained 86.1% of the
relationship between the investigated traits and genotypes. Thus, a
negative correlation was determined between GY and PR. GGE
biplot analysis explained 72.07% of the relationship of genotype +
genotype x environment for GY. Therefore, three mega environments
were determined and Bereket and Gelibolu cultivars took place in
the biggest mega environment consisted of six environments as

featured cultivars.
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Kahraman T, Gingér H, Oztiirk I, Yiice I, Dumlupinar Z 2021. Ekmeklik Bugday (7riticum aestivum L.)

Genotiplerinde Genotip ve Cevrenin Tane Verimi ve Baz1 Kalite Ozellikleri Uzerine Etkisinin Temel Bilesen ve
GGE Biplot Analizleri ile Degerlendirilmesi. KSU Tarim ve Doga Derg 24 (5): 992-1002. DOI: 10.18016/
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GIRIS belirlemektedir. Tahillarda bin tane agirligi tane

Turkiye’de bugday 7.1 milyon ha ekilis alam ve 22
milyon ton tlretimi ile kiltiir bitkileri arasinda ilk
sirada yer almaktadir (TUIK, 2020). Bugday
genotiplerinin verim ve kalite ozellikleri
yetistirildikleri c¢evrelere ve yillara goére oOnemli
derecede degisiklik gostermektedir (Giingér ve
Dumlupinar, 2019; Cay, 2020).

Bugday’da kalite ozellikleri, bir¢cok gen tarafindan
kontrol edilmekte ve genotip X cevre
interaksiyonlarindan 6nemli derecede
etkilenmektedir (Peterson ve ark., 1992; Atl, 1999;
Unal, 2002). Bugday genotiplerinin kaliteli olarak
kabul edilebilmesi i¢in tane verimi, protein orani,
sedimantasyon degeri, bin tane agirligi, hektolitre
agirhigr, gluten orami ve gluten indeksi degerlerinin
istenilen diizeyde olmasi istenmektedir (Miadenow ve
ark., 2001; Kahraman ve ark., 2008).

Bugdayda protein orani, genotip ve cevre kosullarina
bagh olarak degisim gostermektedir (Unal, 2002).
Kendal ve Dogan (2013), Aydogan ve Soylu (2017),
Mut ve ark., (2017) ve Giingér ve Dumlupinar (2019)
gibi  arastiricilarin  farkli  ekolojik  kosullarda
yuritmis olduklar: ¢alismalarda protein oraninin; %
9.8 -16.2 arasinda degistigini  bildirmiglerdir.
Bugdayda protein orani ile birlikte proteinin kalitesi
de 6nem tagimaktadir. Bugday proteinin kalitesinin
6l¢tilmesinde kullanilan 6nemli yéntemlerden birisi
de sedimantasyon degeridir (Zeleny, 1947).
Sedimentasyon degeri gluten oranini ve kalitesini
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verimini etkileyen o6nemli 6zelliklerden birisidir
(Genctan ve Saglam, 1987; Korkut ve ark., 1993).
Poehlman (1987) bin tane agrhigimmin cevre
kogullarindan etkilenmekle birlikte cesitlerin genetik
yapisindan kaynaklanabilecegini de belirtmigtir.
Hektolitre agirligr belli bir hacimdeki tane agirlig:
olarak tanimlanmaktadir ve tane yapis1 ve ¢evrenin
onemli etksi bulunmaktadir (Schular ve ark., 1994).

Temel bilesen analizleri (PCA) ve biplot yaklasimlar:
incelenen parametreler arasindaki iligkileri goérsel
olarak sunma ve degerlendirme esasina dayal
incelenen o6zellikler ile genotiplerin aynmi anda goérsel
acidan degerlendirme firsatin1 saglayan, bu sayede
incelenen ozelliklerin pozitif ve negatif
korelasyonlarin1 ve genotiplerin bu o6zellikler ile
iligkisini belirleme yetenegine sahip, son yillarda
sikca kullanilan oldukc¢a bagarili bir yaklagimdir
(Yau, 1995; Yan ve ark. 2007). Yine genotip + genotip
x cevre (GGE) biplot analizleri her bir 6zellik icin
genotip, genotip x ¢evre interaksiyonunu cevre ile
elde edilen genotip verileri ile degerlendirilmesini
saglayan bir yaklagimdir. Bu analizde siitun ve satir
faktorlerinin ikili interaksiyonlar1 gorsel olarak
gosterilebilmektedir (Yan ve Tinker, 2006). GGE
biplot analizi ile her bir 6zellik i¢in genotipler ve
gevrelerin 1ki yonli veri analizi yapilabilmektedir
(Yan, 2001). Bitki 1slahinda son zamanlarda
arastirmacilar GGE biplot analiz yéntemini farklh
bitki gruplarinin degerlendirilmesinde kullanmiglar-
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dir (Farshadfar ve ark., 2013; Sayar ve Han, 2015;
Sayar ve Han, 2016; Aktas ve ark., 2017; Glngor ve
ark., 2019).

Bu c¢alismada, bazi ekmeklik bugday genotiplerinin
farkli lokasyonlardaki tane verimi ve bazi kalite
ozelliklerinin PCA ve GGE biplot analiz yontemleri
kullanarak degerlendirilmesi ve farkli c¢evrelerde
yiksek verim ve kalite Ozelliklerine sahip
genotiplerin belirlenmesi amac¢lanmagtir.

MATERYAL ve METOD

Arastirmada, Trakya-Marmara bdélgesinde tlretimi
yapilan bes cesit (Pehlivan, Aldane, Selimiye,

Gelibolu ve Bereket) ve ii¢ ileri hat (TE-5843, TE-
5427 ve TE-5857) olmak iizere toplam sekiz genotip
materyal olarak kullanmilmigtir. Denemeler, dokuz
farkli cevrede, 2010-13 arasinda 3 yil Edirne,
Kirklareli ve Tekirdag’da yurutilmustir. Edirne,
Kirklareli ve Tekirdag cevrelerine ait ti¢ yillik triin
yetigtirme sezonu iklim verileri Cizelge 1'de
verilmistir.

Arastirma, tesadif bloklar1 deneme desenine gore
dort tekerrurli olarak yurutulmustir. Ekimler, m?ye
500 adet tohum olacak sekilde sira arasi1 mesafesi 17
cm olan 6 sirali 6zel deneme mibzeri ile yapilmigtir.

Cizelge 1. 2010-2011, 2011-2012, 2012-2013 tirun yetistirme yillarina ait iklim verileri
Table 1. Climate data for 2010-2011, 2011-2012, 2012-2013 cropping years

2010-2011 2011-2012 2012-2013

S ER TR
Cevreler Aylar - § o P Cevreler Aylar - g o P Cevreler Aylar - *g o
(Locations) (Months) g2 ‘i ‘j: & (Locations) Months »gn *i ‘j: & (Locations) (Months) ’b;f’ ‘i ‘j; 5

g g g
Edirne 2011 Ekim 68.5 13 Edirne_2012 Ekim 95 12.3 Edirne 2013 Ekim 46.1 18.9
Kirklareli_ 2011 Ekim 63.5 12.6 Kirklareli 2012 Ekim 120.4 16.7 Kiarklareli_ 2013 Ekim 1279 17.4
Tekirdag 2011 Ekim 216 15.1 Tekirdag 2012 Ekim 158 14 Tekirdag 2013 Ekim 169.9 19.2
Edirne_ 2011 Kasim 39.7 13.5 Edirne_2012 Kasim 1.4 6.1 Edirne_2013 Kasim 12.4 12.2
Karklareli 2011 Kasim 97.4 14 Kirklareli 2012 Kasim 2 - Karklareli 2013 Kasim 48.8 11.4
Tekirdag 2011 Kasim 30.6 15.3 Tekirdag 2012 Kasim 4.4 8.5 Tekirdag 2013 Kasim 24.8 13.7
Edirne 2011 Aralik 34.4 5.7 Edirne_2012 Aralk 71.4 7.8 Edirne 2013 Aralk 165.8 3.6
Kirklareli_2011 Aralik 80.5 7 Kirklareli_2012 Aralik 107.4 6.3 Kirklareli_2013 Aralik 215 4.2
Tekirdag 2011  Arahk 107.8 8.8 Tekirdag 2012  Aralhk 75.6 8.1 Tekirdag 2013  Arahk 184.6 6.4
Edirne_2011 Ocak 45.8 2.5 Edirne_2012 Ocak 108.8 2 Edirne_2013 Ocak 134.6 4.2
Kirklareli_2011 Ocak 35.3 3.5 Kirklareli_2012 Ocak 131.2 1.1 Kirklareli_2013 Ocak 96.8 6.1
Tekirdag 2011  Ocak 45.8 5.3 Tekirdag 2012  Ocak 446 3.5 Tekirdag 2013  Ocak 100 6.5
Edirne 2011 Subat 13.4 2.5 Edirne_2012 Subat 43.4 1.5 Edirne 2013 Subat 104.5 6.8
Kirklareli_ 2011 Subat 23.8 2.9 Kirklareli 2012 Subat 17.9 1.3 Kirklareli_2013 Subat 98.6 6.4
Tekirdag 2011  Subat 40.2 5.1 Tekirdag 2012  Subat 42.7 3.2 Tekirdag 2013  Subat 83.8 7.8
Edirne_2011 Mart 16 7.4 Edirne_2012 Mart 4.6 8.9 Edirne_2013 Mart 62.9 9.8
Kirklareli_2011 Mart 13.6 6.6 Kirklareli_2012 Mart 8.4 7.3 Kirklareli_2013 Mart 57 8.6
Tekirdag 2011  Mart 22.2 - Tekirdag 2012 Mart 18 7.9 Tekirdag 2013 Mart 52.8 9.6
Edirne 2011 Nisan 47.4 10.5 Edirne_2012 Nisan 55.7 15.5 Edirne 2013 Nisan 51 --
Karklareli 2011 Nisan 37.5 9.8 Kirklareli 2012 Nisan 47.9 14 Karklareli 2013 Nisan 23.4 14.1
Tekirdag 2011 Nisan 75.2 10.5 Tekirdag 2012 Nisan 61.4 14.1 Tekirdag 2013 Nisan 16 13.5
Edirne_2011 Mayis 12.4 17.4 Edirne_2012 Mayis 104.6  19.1 Edirne_2013 Mayis 11 20.8
Kirklareli 2011  Mayis 20.4 17.2 Kirklareli 2012 Mayis 127.8 18 Kirklareli 2013 Mayis 33 20.3
Tekirdag 2011  Mayis 41.8 16.5 Tekirdag 2012 Mayis 62.4 18.1 Tekirdag 2013 Mayis 8 19.5
Edirne 2011 Haziran 32.4 21.9 Edirne_2012 Haziran 0.4 25.3 Edirne 2013 Haziran 26.6 23.3
Karklareli 2011 Haziran  28.7 21.2 Kirklareli 2012 Haziran 18.4 24 Karklareli 2013 Haziran 98 21.6
Tekirdag 2011 Haziran 95.4 21.9 Tekirdag 2012 Haziran 0.2 24.1 Tekirdag 2013 Haziran 35 22.4
Edirne_2011 Edirne_2012 Edirne_2013
Toplam 310 Toplam 485.3 Toplam 614.9
Karklareli 2011 Kirklareli 2012 Karklareli 2013
Toplam 400.7 Toplam 581.4 Toplam 798.5
Tekirdag_ 2011 Tekirdag_ 2012 Tekirdag 2013
Toplam 675 Toplam 467.3 Toplam 679.9
Denemede parsel Dbuyukligi ekimde 7 m yolla kardegslenme dénemi sonunda yapilmis, hastalik

uzunlugunda, 1 m genigliginde (7 m x 1 m) 7 m2,
hasatta ise (bm x 1 m) 6 m? olacak sekilde
gerceklestirilmigtir. Yabanci ot kontroli kimyasal
(Mesosulfuron-methyl + Thiencarbazone-methyl +
Iodosulfuron-methyl-sodium + Mefenpyr-diethyl)
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ve zararhlar i¢in bir uygulama yapilmamigtir. Ekimle
birlikte dekara 5 kg da! azot ve 5 kg da! fosfor
uygulanmig, tst glbre ikiye béliinerek kardeglenme
doneminde 6 kg/da azot iire olarak, sapa kalkma
doéneminde ise 6 kg da! azot amonyum nitrat olarak
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ugulanmistir. Hasat olgunluguna gelen parseller,
parsel bicerdéveri ile 6 m? izerinden hasat edilmigtir.
Hasattan sonra parselden elde edilen tiim taneler
tuzerinden dekara verim hesaplanmigtir. Hasat
sonrasi fiziksel analizlerden hektolitre ve 1000 tane
agirhgr Ozkaya ve Ozkaya’ya (2005), kimyasal ve
teknolojik analizlerden protein miktart AACC Metod
No: 46-30 (AACC 2000 a) metoduna, gluten orani ve
gluten indeksi AACC Metod No: 38-12A (AACC 2000
b) ve Zeleny-sedimentasyon (¢cokme) analizi ICC
Standart No: 116-1(ICC 2008) metoduna gore
yapilmigtir.

Verilerin Degerlendirilmesi

Uc yil siireyle elde edilen veriler varyans analizine

yaklasimi ile degerlendirilmistir (JMP 15.1 SAS
Institute Inc, 2020). GGE Biplot analizleri ortalama
veriler kullanilarak dokuz cevre lzerinden Genstat
14th  (Copyright 2011, VSN International Ltd.)
yazilimi ile hesaplanmigtir.

BULGULAR ve TARTISMA
Genotip x Cevre Interaksiyonu

Bes standart c¢esit ve l¢ hattan olusan ekmeklik
bugday genotiplerine ait ¢alisma tic¢ yil, ¢ cevre
olmak tzere toplam dokuz c¢evrede yurutilmustir.
Birlestirilmis varyans analizine goére incelenen tim
ozellikler yoniinden, genotip, ¢cevre ve genotip x cevre
interaksiyonu etkileri istatistiksel olarak P<0.01
diizeyinde 6nemli bulunmus ve incelenen 6zelliklerin

tabi tutulmus, ortalamalarin karsilastirilmasinda toplam varyasyon icindeki oranlari Cizelge 2'de
LSD testi uygulanmigtir. Temel bilesen analizleri verilmistir.

ortalama veriler tUuzerinden hesaplanarak biplot

Cizelge 2 Incelenen 6zelliklere ait kareler ortalamasi

Table 2. Mean square values of investigated traits

Varyasyon Kaynag: Genotip (G) Cevre (C) GxC Hata V.K.
(Sources of variations) (Genotype (G)) | (Environment (E)) | (G x E) (Error) | (C.V.)
Serbestlik Derecesi (Degrees of Freedom) |7 8 56 126

1000 tane agirhig (g)/Etki Degeri (%) 2238.02** 5026.28%* 1091.31** |8.6825 |0.64
(Tohusand Kernel Weight/Explained) 26.78 60.15 13.06

Hektolitre (kg/hl) / Etki Degeri (%) 204.318** 925.913** 211.656** [2.9258 |0.18
(Test Weight /Explained) 15.23 69.00 15.77

Protein orani (%) / Etki Degeri (%) 78.6585%* 463.149%* 58.5128%* |0.965 0.75
(Protein Ratio/Explained) 13.1 77.15 9.75

Gluten Orani (%) /Etki Degeri (%) 1940.67*%* 7477.64%* 1197.05** |10.05 0.85
(Gluten Content/ Explained) 18.28 70.44 11.28

Gluten Indeks (%)/ Etki Degeri (%) 17741.8%* 9765.15%* 6542.25%* |932.292 |3.19
(Gluten Index/ Explained) 52.11 28.68 19.21

Zeleny Sedimantasyo (ml) / Etki Degeri (%) | 8031.77** 11611.6** 2734.85** |137.5 2.19
(Zeleny Sedimentation/ Explained) 35.89 51.89 12.22

Tane verimi (kg/da)/ Etki Degeri (%) 179721 ** 2221085** 418586 ** |81838.9 |3.85
(Grain Yield/ Explained) 6.37 78.78 14.85

Dokuz c¢evrede sekiz genotip ile yurutilen bu 2011-2012 iiriin yilinda (45.32 g) tespit edilmistir
calismada BinTA’ na genotipin etkisi % 26.78, (Cizelge 3). Farkli cevrelerde yapilan calismalarda
cevrenin etkisi % 60.15 ve genotip X cevre bin tane agirliginin 28.38 - 46.12 g arasinda degistigi

interaksiyonunun etkisi % 13.06 olmustur (Cizelge 2).
Aydin ve ark. (2009), iic cevrede 25 genotip ile
yurittikleri ¢aligsmada bin tane agirligina genotip
etkisini % 16.75, cevre etkisini % 66.36 ve genotip x
cevre etkisini % 9.69 olarak belirlemiglerdir.
Genotiplerin bin tane agirhg ortalamasi1 40.73 g
bulunurken, en yiiksek bin tane agirligi Pehlivan
cesidinde (46.48 g), en diisiik bin tane agirhg ise TE-
5857 genotipinde (35.31 g) tespit edilmistir. Cevre
ortalamalarina goére Bin tane agirhg:r 31.75-46.57 g
arasinda degisirken, en disiik BinTA Edirne_2011
(31.75 g cevresinden, en yiikksek BinTA ise
Tekirdag 2012 (46.57 g) cevresinden elde edilmistir.
Yil ortalamalarina gore ise en disik BinTA 2010-
2011 irin yilinda (34.76 g), en yiiksek BinTA ise
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tespit edilmistir (Ozen ve Akman 2015; Bilgin ve ark.
2016; Karaman 2020).

Hektolitre agirligina genotipin etkisi % 15.23,
cevrenin etkisi % 69.00 ve genotip X c¢cevre
interaksiyonunun etkisi ise % 15.77 olarak

belirlenmistir (Cizelge 2). Surma ve ark. (2012),
hektolitre agirligina genotip etkisini % 47.9, cevre
etkisini % 40.4 ve genotip x ¢evre interaksiyonunun
etkisini % 6.8 olarak belirlemiglerdir. Genotiplerin
hektolitre agirligi ortalamasi 82.18 kg hllolurken, en
yiiksek hektolitre agirligi Selimiye cesidinde (83.27
kg hl'!) olurken, en diisiik TE-5857 genotipinde (80.39
kg hl1) olmustur. Cevre ortalamalarina gére en
yiksek hektolitre agirligina Tekirdag_2012
lokasyonunda (85.38 kg hl1), en diisiik hektolitre
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agirhigia Kirklareli_2013 lokasyonunda (79.51 kg hl°
1) belirlenmistir. Y1l ortalamalarina gére en yiiksek
hektolitre agirhigina 2011-2012 iiriin yilinda (84.60 kg
hl'1), en diisiik hektolitre agirligina 2012-2013 iiriin
yilinda (80.80 kg hl1) ulasilmistir (Cizelge 4).

Hektolitre ile ilgili yapilan farkh ¢aligmalarda Surma
ve ark. (2012) 72.3-79.1 kg hl!, Bilgin ve ark. (2016)
75.8-79.6 kg hl'!, Giingér ve Dumlupinar (2019) 69.3-
80.9 kg hll, Karaman (2020) 77.85-86.3 kg hl?!
arasinda degistigini bildirmiglerdir.

Cizelge 3. Bin tane agirligina ait ortalama degerleri ve olusturduklar gruplar
Table 3. Mean values and LSD groups of thousand kernel weight

Genotipler Cevreler (Locations) (C?e ZI;C;;;)e )
(Genotypes) 2010-2011 2011-2012 2012-2013
Edirne Kirklareli Tekirdag Edirne Kirklareli Tekirdag Edirne Kirklareli Tekirdag | Ortalamas: | Etk.
1-Aldane 37.57+0.31 b| 38.37+0.21 b| 40.50+0.36 ¢ | 41.33+0.15 g|47.97+0.35 a | 49.03+0.38 b [45.63£0.31 b | 38.10+0.20 f |45.83+0.15 ¢ |42.70+4.29 c|1.97
0-TE-5843 | 33.2740.21 d| 36.30+0.13 c| 36.73+0.15 e | 43.20+0.10 f| 42.50+0.18 e | 46.50+0.14 d |41.07+0.15 e | 39.77+0.15 d |42.10+0.22 e |40.16+3.93 d|-0.57
B-TE-5857 | 20.97+0.35 g| 29.77+0.15 f| 32.47+0.66 g| 45.30+0.17 d| 42.33+0.31 e | 42.40+0.31 f [33.27+0.22 g | 32.80+0.31 h | 38.53+0.45 f |35.31+7.32 g|-5.42
li-Selimiye | 33.87+0.35 ¢| 38.13+0.35 b| 42.170.16 b | 47.17+0.21 c [47.60+0.42 ab| 47.93+0.40 ¢ | 44.53+0.35 ¢ | 41.57+0.38 c |48.10+0.10 b | 43.45+4.80b | 2.72
5-TE-5427 | 28.37+0.15 e| 31.40+0.56 e| 37.73+0.25 d | 39.00+0.38 h|43.40+0.20 d | 44.50+0.22 e | 39.27+0.20 f | 85.27+0.35 g |43.50+0.40 d | 38.05+5.36 f|2.68
6-Bereket | 33.27+0.16 d| 33.80+0.19 d| 34.53+0.18 f | 43.80+0.36 e| 44.00-0.24 ¢ | 47.60+£0.20 ¢ |41.40+0.12 e | 39.27+0.25 e |43.37+0.25 d |40.11+4.99 d|-0.62
7-Pehlivan | 40.33+0.15 a| 39.40+0.28 a| 43.10+0.32 a| 50.47+0.31 a| 44.20+0.14 b | 50.60+0.14 a |47.47+0.50 a | 49.80+0.16 a |49.97+0.27 a_|46.48+4.26 a|5.75
8-Gelibolu | 26.40+0.20 f| 28.67+0.31 g| 37.27+0.11 d| 49.07+0.25 b| 40.70+0.16 f | 43.97+0.10 e |41.87+0.15 d | 42.70+0.46 b | 45.73+0.40 ¢ |39.60+7.30 e|-1.13
Cevre Ort. | 31.75+5.97 h| 34.48+3.99 g| 38.06-3.51 f| 44.92+3.71 b| 44.46+2.65 ¢ | 46.57+2.66 a | 44.64+4.19 ¢ | 39.91+4.91 e |41.81+3.43 d | 40.73+6.24
Cevre Etkisi -8.98 -6.25 -2.67 4.19 3.73 5.84 3.91 -0.82 1.08
Vil Ort. 34.76+5.24 45.32+3.13 42.12+4.59
CV (%) 0.80 0.75 0.75 0.56 0.56 0.66 0.56 0.67 0.56
0.44 0.45 0.50 0.44 0.43 0.54 0.41 0.47 0.44
LSD
Cizelge 4. Hektolitre agirligina ait ortalama degerleri ve olusturduklar: gruplar
Table 4. Mean values and LSD groups of test weight
Genotipler Cevreler (Locations) Genotip
(Genotypes) 2010-2011 2011-2012 2012-2013 (Genotype)
Edirne Kirklareli Tekirdag Edirne Kirklareli Tekirdag Edirne Kirklareli Tekirdag | Ortalamasi | Etk
1-Aldane | 84.00+0.20 a | 82.20+0.22 ¢ [80.77+0.06 d | 83.830.06 ¢ | 82.17+0.06 f84.97+0.08 de|80.570.25 b | 77.60+0.22 f| 83.07+0.06 ¢ |82.13+2.15 d|-0.05
0-TE-5843 | 80.77+0.06 d | 79.90+0.17 g |78.8040.18 ¢ | 84.53+0.21d | 82.90+0.13 d 85.10+0.19 d | 78.27+0.15 e | 79.00+0.18 | 81.50+0.16 f |81.20+2.41 f|-0.98
-TE-5857 | 76.30+0.11 f | 79.77+0.14 g [78.60+0.12 f | 84.50+0.13 d | 83.20+0.17 d 84.70+0.17 ef| 77.37+0.06 f | 77.10+0.15 g| 81.97+0.15 ¢ |80.39+3.15 g|-1.79
l-Selimiye | 82.3040.23 b | 83.37+0.07 a |83.67+0.15a | 85.90+0.16 a | 84.17+0.15 H 86.37+0.15 b | 79.47+0.20 d | 79.87+0.25 c| 84.37+0.20 a |83.27+2.30 a| 1.09
5-TE-5427 |81.33+0.12 ¢ | 81.00+0.12 d |82.17+0.14 b | 85.90+0.27 a | 85.20+0.18 d 87.10+0.10 a | 81.10+0.11 a | 79.90+0.10 c| 84.27+0.25 a|83.11+2.46 b| 0.93
6-Bereket | 81.50+0.28 ¢ | 80.70+0.18 e | 78.50+0.10 f | 85.00+0.04 c | 82.93+0.12 d 84.50+0.12 f | 80.63+0.16 b | 79.40+0.18 d| 82.63+0.21 d[81.75+2.11 e|-0.43
7-Pehlivan | 84.1040.25 a | 82.97+0.21 b |82.07+0.11b | 85.63+0.08b | 83.37+0.12 d 85.50+0.12 c | 79.97+0.25 c | 81.10+0.25 b| 84.47+0.16 a|83.24+1.86 a| 1.06
8-Gelibolu | 80.40+0.20 e | 80.43+0.15 f |81.67+£0.14 ¢ | 85.70+0.14 ab| 82.47+0.21 d84.80+0.21 d-f| 79.47+0.18 d | 82.10+0.16 a| 83.97+0.07 b [82.33+2.05 c| 0.15
Cevre Ort. |81.3442.35d | 81.29+1.32 d |80.78+1.86 e | 85.12+0.75b | 83.30+0.94 d 85.38+0.88 a | 79.60+1.22 f | 79.51+1.59 g| 83.28+1.11 c| 82.18+2.50
Cevre Etkisi -0.84 -0.89 -1.40 2.94 1.12 3.20 -2.58 -2.67 1.10
V1l Ort. 81.14+1.88 84.60+1.26 80.80+2.20
CV (%) 0.20 0.18 0.16 0.14 0.16 0.23 0.22 0.16 0.19
0.29 0.26 0.22 0.20 0.24 0.34 0.31 0.23 0.27
LSD
Protein orani {izerine genotipin etkisi % 13.1, 10.9-12.8 ve Surma ve ark. (2012) % 12.3-14.7
cevrenin etkisi % 77.15 ve genotip x c¢evre arasinda degisen veriler elde ettiklerini
interaksiyonu etkisi % 9.75 olmustur (Cizelge 2). belirtmiglerdir.

Surma ve ark. (2012) yiiriittiikleri calismada protein
oranina genotip etkisini % 24.1, lokasyon etkisini %
56.7 ve genotip x lokasyon etkisini % 10.6 olarak
tespit etmiglerdir. Genotiplerin protein orani
ortalamasi % 11.65 olurken, en yiiksek protein
oranina Aldane cesidinde (% 12.60), en diisiik protein
oranina ise Bereket cesidinde (% 10.85) elde
edilmigtir. Cevre ortalamalarina goére en yiksek
protein orami1 Edirne_2011 cevresinde (% 15.06), en
disiik protein orani ise Kirklareli_ 2013 ve
Tekirdag 2013  lokasyonlarinda (% 10.10)
belirlenmigtir. Yil ortalamalarina goére ise en yiiksek
protein orani 2010-2011 iiriin yihinda (%12.52), en
diisiik protein orami 2012-2013 iiretim yilinda (%
10.27) tespit edilmistir (Cizelge 5). Daha 6nce yapilan
calismalarda; Ames ve ark. (1999) % 12.9-14.3, Aydin
ve ark. (2005) % 10.1-12.2, Aktas ve ark. (2011) %
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Gluten mayalanma esnasinda uretilen karbondioksit
gazin1 tutarak ekmegin yiksek hacimli olarak
olusmasim1 saglar (Kaplan Evlice ve ark., 2016).
Bugdaylarda gluten miktarlar, c¢eside, -ekolojik
sartlara ve tane olum devresindeki hava sartlarina
bagh olarak degisir (Kocak ve ark., 1992). Gluten
orani lizerine genotipin etkisi % 18.28, ¢cevrenin etkisi
% 70.44 ve genotip x ¢evre interaksiyonunun etkisi %
11.28 olarak tespit edilmistir (Cizelge 2). Ames ve
ark. (1999), yaptiklar1 calismada gluten oranina
genotip etkisini % 25.4, cevre etkisini % 63.7 ve
genotip x gevre interaksiyonu etkisini % 10.9 olarak
belirlemiglerdir. Genotiplerin gluten ortalamasi %
33.01 olurken, en yiiksek gluten oran1 TE-5427
genotipinde (% 386.50), en diisiik gluten oran1 Gelibolu
cesidinde (% 28.16) elde edilmistir. Cevre

ortalamalarina goére en ylksek gluten oram
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Edirne_2011 cevresinde (% 43.90), en diisiik gluten
oram1 Tekirdag 2013 cevresinde (% 26.13) tespit
edilmigtir. Yil ortalamalarina gore ise en yiliksek
gluten orami 2011-2012 {iriin yilinda (% 37.24), en
diisiik gluten oram ise 2012-2013 iiretim yilinda (%

27.46) belirlenmistir (Cizelge 6). Ames ve ark. (1999)
% 33.2-39.2, Kahraman ve ark. (2017) % 25.4-39.5,
Aktas ve ark. (2017) % 32.10-44.88 yaptiklar
caligmalarda gluten orani degerleri elde etmiglerdir.

Cizelge 5. Protein oranina ait ortalama degerleri ve olusturduklari gruplar
Table 5. Mean values and LSD groups of protein content

Genotipler Cevreler (Locations) Genotip
(Genotypes) 2010-2011 2011-2012 2012-2013 (Genotype)
Edirne Kirklareli Tekirdag Edirne Kirklareli Tekirdag Edirne Kirklareli Tekirdag | Ortalamasi | Etk.
1-Aldane 14.90+0.11 e | 12.57+0.06 a| 11.53+0.12 a | 13.37+0.04 a| 13.60+0.10 a | 13.20+0.18 a| 11.87+0.15 a | 10.50+0.18 b[11.90+0.10 a [12.60+1.27 a| 0.95
2-TE-5843 [13.97+0.06 f | 12.00+0.14 ¢| 10.70+0.17 d | 12.30+0.18 d| 11.70+0.19d | 11.27+0.20 e| 10.97+0.06 ¢ | 10.07+0.05 ¢[10.234+0.05 bc|11.47+1.16 | -0.18
B-TE-5857 [15.80+0.13b | 11.67+0.07 d| 11.00+0.18 ¢ | 11.93+0.06 e[ 12.07+0.08 ¢ | 11.67+0.06 d| 10.37+0.09d | 9.90+0.11 ¢ | 9.70+0.18 ¢ |11.57+1.74 d| -0.08
U-Selimiye [15.93+0.08 b [ 12.53+0.12 a| 11.23+0.05b | 12.87+0.04 ¢| 12.77+0.07 b | 12.03+0.09 ¢| 10.97+0.10 ¢ | 10.90+0.10 a[9.80+0.16 de {12.11+1.69 c| 0.46
b-TE-5427 [16.50+0.18 a | 12.30+0.15b| 11.53+0.06 a | 13.10+0.14 b| 12.90+0.15Db | 12.60+0.18 b| 11.20+0.15b | 10.90+0.20 a[10.30+0.12 b {12.37+1.75 b| 0.72
6-Bereket 15.37+0.05d | 11.23+0.08 ¢|] 9.60+0.10e | 11.27+0.15 f| 10.80+0.10 e | 11.67+0.10 d| 9.80+0.19 e 9.10+0.14 e | 8.80+0.17 f [10.85+1.90 h| -0.80
7-Pehlivan |12.40+0.15 g | 10.80+0.24 f[ 10.57+0.15d | 12.07+0.09 e[ 12.07+0.06 ¢ | 12.70+0.06 b| 10.20+0.20 d | 9.70+0.20 d | 10.10+0.18 ¢ [11.18+1.09 f| -0.47
8-Gelibolu [15.60+0.20 ¢ | 11.27+0.05e| 9.40+0.10 e | 11.37+0.12 f|11.67+0.08 d | 11.00+0.09 f| 9.50+0.10 f | 9.70+0.14 d | 9.93+0.09 d [11.05+1.84 g| -0.60
(Cevre Ort. [15.06+1.26 a | 11.80+0.63 e| 10.70+0.79 f | 12.28+0.74 b| 12.20+0.83 ¢ | 12.02+0.73 d| 10.61+0.73 g | 10.10+0.61 h{10.10+0.83 h | 11.65+1.67
ICevre Etkisi 3.41 0.15 -0.95 0.63 0.55 0.37 -1.04 -1.55 -1.55
Y1l Ort. 12.52+2.07 12.17+0.77 10.27+0.76
ICV (%) 0.57 0.52 0.84 0.78 0.70 0.67 0.95 0.98 0.83
0.15 0.11 0.16 0.17 0.15 0.14 0.18 0.17 0.15
ILSD
Cizelge 6. Gluten oranina ait ortalama degerleri ve olusturduklari gruplar
Table 6. Mean values and LSD groups of gluten content
Genotipler Cevreler (Locations) Genotip
(Genotypes) 2010-2011 2011-2012 2012-2013 (Genotype)
Edirne Kirklareli Tekirdag Edirne Kirklareli Tekirdag Edirne Kirklareli Tekirdag Ortalamasi | Etk,
1-Aldane 42.60+0.41 e | 34.20+0.20 b| 30.10+0.43 ¢| 40.70+0.21 b| 40.87+0.15 b|37.00+0.15 d | 32.27+0.15 ¢ 5.77+0.35d | 29.57+0.51 b| 34.79+5.64 (1.78
2-TE-5843 | 40.17+0.25f | 30.40+0.41 ¢ 28.60+0.10 d| 36.73+0.15 c¢| 36.07+0.45 e| 34.87+0.45 e | 31.37+0.35 d |27.07+0.15 ¢ | 25.40+0.10 e| 32.30+4.76 ¢0.71
-TE-5857 |43.87+0.25d| 29.10+0.12 f] 23.77+0.21 e| 33.10+0.31 d| 36.67+0.35d| 31.97+0.35 f | 27.60+0.41 f [23.50+0.10 f | 23.30+0.20 g| 30.32+6.64 €2.69
4-Selimiye | 49.50+0.32b | 36.80+0.30 a| 28.77+0.06 d| 42.07+0.08 a| 41.77+0.48 a|37.30+0.45 d | 33.10+0.16 b [30.97+0.08 a | 28.00+0.14 c| 36.47+6.82 g3.46
b-TE-5427 | 50.10+0.50 a| 32.37+0.35d| 33.17+0.35 a| 42.10+0.22 a| 39.97+0.16 ¢ |40.40+0.15 b | 34.10+0.40 a [29.33+0.05b | 27.00+0.50 d| 36.50+6.96 &3.49
6-Bereket 47.70+£0.11 ¢ | 30.60+0.20 | 21.20+0.20 f| 29.57+0.45 f| 32.204+0.20 g| 38.03+0.24 ¢ | 26.90+0.22 g [24.37+0.35 e | 21.47+0.15 h| 30.23+8.14 ¢2.78
7-Pehlivan | 38.97+0.52 g| 32.90+0.17 ¢| 31.57+0.17 b| 42.27+0.25 a| 40.83+0.25 b|45.10+0.25 a | 30.40+0.42 e 25.97+0.25 d | 30.10+0.20 a| 35.34+6.33 2.33
8-Gelibolu | 38.30+0.13 h| 30.83+0.21 ¢] 18.60+0.16 g| 31.33+0.31 e| 33.33+0.35 f|29.50+0.35 g | 23.80+0.50 h [23.47+0.15 { 24.23+0.15 f| 28.16+5.85 4.85
(Cevre Ort. |43.90+4.51 a| 32.15+2.37 ¢ 26.97+4.97 g| 37.23+5.05 ¢| 37.71+3.52 b| 36.77+4.63 d | 29.9443.39 f P6.30+2.59 h | 26.13+2.94 h| 33.01+7.03
ICevre Etkisi| 10.89 -0.86 -6.04 4.22 4.70 3.76 -3.07 -6.71 -6.88
Y1l Ort. 34.34+8.20 37.24+4.40 27.46+3.44
ICV (%) 0.77 0.82 0.75 0.58 0.84 0.80 1.15 0.85 1.16
1.SD 0.59 0.46 0.35 0.38 0.55 0.52 0.60 0.39 0.53

Gluten indeksi unun ekmek yapim kalitesinin dogru
olarak tahmin edilebilmesini saglamaktadir (Curié¢ ve
ark., 2001, Dowell ve ark., 2008). Gluten indeksine
genotipin etkisi % 52.11, ¢evrenin etkisi % 28.68 ve
genotip x c¢evre interaksiyonunun etkisi ise % 19.21
olarak bulunmustur (Cizelge 2). Ames ve ark. (1999)
gluten indeksi i¢in genotip etkisini % 82.1, gevre
etkisini % 7.8 ve genotip x ¢evre etkisini % 4.9 olarak
tespit etmiglerdir. Genotiplerin gluten indeksi
ortalamas1 % 85.09 olurken, en yiliksek gluten indeks
degeri TE-5857 genotipinde (% 94.21), en diisiik
gluten indeks degeri Pehlivan cesidinde (% 62.92)
tespit edilmigtir. Cevrelerin ortalamalarina gore en
yiksek gluten indeks degeri Tekirdag 2011
cevresinde (% 94.88), en diisiik gluten indeks degeri
Kirklareli_2012 cevresinde (% 72.86) belirlenmistir.
Y1l ortalamalarina goére ise en yliksek gluten indeks
degeri 2010-2011 iiriin yilinda (% 90.82), en diisiik
gluten indeks degeri 2011-2012 fiiriin yilinda (%
76.88) belirlenmistir (Cizelge 7). Gluten indeks ile
ilgili yapilan calismalarda; Ames ve ark. (1999) % 9-
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77, Bilgin ve ark. (2016) % 82.1-94.7 arasinda degisen
oranlarda degerler saptamiglardir.

Hamurun ekmeklik kalitesi agisindan bilgi veren
zeleny sedimentasyon onemli bir kalite unsurudur.
Zeleny sedimentasyon degeri lizerine genotipin etkisi
% 35.89, ¢evrenin etkisi % 51.89 ve genotip x cevre
interaksiyonunun etkisi ise % 12.22 olarak
belirlenmistir (Cizelge 2).—Zeleny sedimentasyon
cevreden az etkilenip daha c¢ok c¢esidin genetik
yapisina baghdir (Kocak ve ark., 1992). Genotiplerin
zeleny sedimentasyon ortalamasi 47.64 ml olurken,
en yuksek =zeleny sedimentasyon degeri Aldane
cesidinde (56.22 ml), en diisiik zeleny sedimentasyon
degeri Pehlivan cesidinde (38.37 ml) belirlenmistir.
Cevrelerin ortalamalari incelendiginde en yliksek
zeleny sedimentasyon degeri Edirne_2011 gevresinde
(67.75 ml), en diisiik zeleny sedimentasyon degeri
Kirklareli 2012 cevresinde (42.50 ml) belirlenmigtir.
Y1l ortalamalarinda goére ise en yiksek zeleny
sedimentasyon degeri 2010-2011 yetigtirme
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sezonunda (54.42 ml) ve en disik zeleny
sedimentasyon degeri 2011-2012 yetistirme
sezonunda (43.79 ml) tespit edilmistir (Cizelge 8).
Sahin ve ark. (2017) ¢ yil siire ile yiiriittiikleri

calisgmada sedimentasyon ortalama degerini 37.72 ml,
Aktas ve ark. (2017) 32.50-54.08 ml, Nehe ve ark.
(2019) 32.9-38.8 ml arasinda belirlemislerdir.

Cizelge 7. Gluten indeksine ait ortalama degerleri ve olusturduklari gruplar

Table 7. Mean values and LSD groups of gluten index

Genotipler Cevreler (Locations) Genotip
(Genotypes) 2010-2011 2011-2012 2012-2013 (Genotype)
Edirne Kirklareli Tekirdag Edirne Kirklareli Tekirdag Edirne Kirklareli Tekirdag | Ortalamas: |Etk.
1-Aldane 93.50+3.0 be | 94.40:0.6a | 94.87+0.6d | 85.27+4.4¢c | 83.57+0.6a | 93.27+0.3 a |90.40+1.9 abc| 95.23:0.2b | 98.20:0.5 a [92.08+4.89 b|6.99
2-TE-5843 | 91.90+2.3 ¢ | 94.30+0.5 ab| 92.87+0.9 e | 79.8745.2d | 71.30+0.5 cd | 77.0742.7 e [84.57+2.6 cde| 86.30:1.2¢ | 92.93+1.2 ¢ |85.68+8.09 d|0.59
3-TE-5857 | 95.57+0.2 ab| 98.50+0.2 a | 97.67+0.6 ab| 94.13+3.8 ab | 79.27£1.6 ab| 88.37+4.1b | 97.10+1.5a | 99.4740.2 a | 97.83+0.5 a |94.21+6.47 a|9.12
4-Selimiye | 90.5742.9 ¢ | 86.50+4.9 cd | 96.70+1.2 bc| 68.60+1.9 e | 69.77+3.9 cd | 84.80+0.5c | 79.0040.8 e | 79.67+4.2d | 86.23+1.0 d[82.38+9.14 e[-2.71
b-TE-5427 | 93.00+0.3 bc | 96.97+1.9 a | 95.90+0.4 cd | 80.00+0.8 cd | 76.97+5.4 abc| 76.9042.0 e | 82.00+1.7 de | 95.5740.4 b | 94.03+2.4 bc|87.9348.57 ¢|2.84
6-Bereket | 80.80+2.3 d | 89.57+0.3 bc| 98.3040.3 a | 98.17+0.6 a |73.576.7 bed| 55.4720.2 f [89.37+5.8 bed| 95.50£0.9 b | 96.97+2.1 ab|86.41+14.0 d|1.32
7-Pehlivan | 69.1340.2 ¢ | 63.47+4.8¢ | 84.03+0.2f | 54.97+1.1f | 59.33+5.5e | 54.67+1.5f | 53.67+9.0f | 63.23:+1.2e | 63.80+3.3 e |62.92+9.70 f[-22.2
8-Gelibolu | 97.97+0.3a | 84.43+1.5d | 98.6740.9a | 90.67+2.5b | 69.10+1.2d | 80.5040.5 d | 92.23+0.7 ab | 95.47+1.5b | 93.00+1.0 c |89.11+9.26 c|4.02
Cevre Ort. | 89.05+9.22 ¢ | 88.52+10.97 ¢| 94.88+4.60 a| 81.46+13.8 ¢ | 72.86-7.78 g | 76.33+13.7 f | 83.54+13.2 d | 88.80£11.7 c| 90.38+11.0 b|85.09+12.76
Cevre Etkisi 3.96 3.43 9.79 -3.63 -12.23 -8.76 -1.55 3.71 5.29
Y1l Ort. 90.82+9.04 76.88+12.43 87.57+12.20
CV (%) 2.24 3.11 0.74 3.36 5.67 2.53 5.10 1.94 1.99
3.50 41.82 1.24 5.36 7.24 3.38 7.46 3.01 3.15
LSD
Cizelge 8. Zeleny sedimentasyona ait ortalama degerleri ve olusturduklari gruplar
Table 8. Mean values and LSD groups of zeleny sedimentation
Genotipler Cevreler (Locations) Genotip
(Genotypes) 2010-2011 2011-2012 2012-2013 (Genotype)
Edirne Kirklareli Tekirdag Edirne Kirklareli Tekirdag Edirne Kirklareli Tekirdag | Ortalamas | Etk.
1-Aldane  |70.67+0.58 ab| 50.33+051 ¢ | 53.00=1.00 b | 56.33+0.50 a | 53.67+0.58 a| 56.33+0.65 a | 60.33+0.57 a|45.33+0.58 bc| 60.00+1.00 a |56.22+6.90 a| 8.58
2-TE-5843 | 72.00+6.08 a | 47.67+0.55 d | 45.67+0.48 d | 47.67+0.59 ¢ | 39.67+0.64 d| 43.33+0.52 d | 46.67+0.75 d| 42.00+1.00 d | 48.67+0.50 b [48.15+9.22 e| 0.51
-“TE-5857 | 72.67+0.58 a | 55.67+0.58 a | 59.67+0.58 a | 45.00+1.02 d | 47.67+0.60 b| 42.67+0.50 d | 53.67£0.60 b| 46.33+0.57 b | 46.67+0.60 c |52.22+9.11 c| 4.58
l4-Selimiye  |70.67+0.58 ab| 55.33+0.81 a |51.67+0.60 bc| 46.67+0.65 ¢ | 45.33+0.65 c| 44.67+0.65 ¢ | 45.00+1.00 e| 44.00+1.10 ¢ | 42.33+0.57 d [49.52+8.59 d| 1.88
p-TE-5427 | 74.670.56 a | 54.00+1.00 b | 51.00+1.00 ¢ | 52.00+1.00 b | 46.00=1.00 c| 49.67+1.00 b | 50.670.80 c|56.00+1.00 a | 49.00+1.00 b [53.67+8.08 b| 6.03
6-Bereket | 67.00+1.00 b | 42.67+0.63 e | 37.67+0.50 f | 39.33+0.50 e | 33.67+0.66 g| 39.67+0.51 e | 40.00+1.10 f|42.00+1.20 d | 39.00+1.08 e |42.33+9.25 f|-5.31
7-Pehlivan | 46.67£0.50 ¢ | 39.33+0.70 f | 39.33+0.58 e | 38.0041.08 f | 35.67+0.50 f| 37.67+0.59 f | 34.67+0.60 g| 34.00+1.30 e | 40.00+1.30 e |38.37+3.68 h|-9.27
8-Gelibolu | 67.67+0.52 b | 43.00+1.10 e | 38.00+1.02 ef | 37.00+1.20 f | 38.33+0.55 e| 35.00+0.44 g | 33.00+1.00 h| 34.33+0.56 e | 39.67+0.66 e |40.67+10.2 g|-6.97
Cevre Ort. | 67.75+8.69 a | 48.50+6.08 b | 47.00+7.80 ¢ | 45.25+6.61 d | 42.50+6.50 f| 43.63+6.54 ¢ | 45.50+9.10 d| 43.00+6.74 f | 45.67+6.79 d[47.64+10.24
Cevre Etkisi 20.11 0.86 -0.64 -2.39 -5.14 -4.02 -2.14 -4.64 -1.97
Y1l Ort. 54.42+12.1 43.79+6.55 44.72+7.58
CV (%) 3.44 1.32 1.67 1.64 1.59 1.55 1.62 2.06 1.66
4.08 112 1.37 1.30 1.19 1.19 1.29 1.55 1.33
LSD
Dokuz ¢evreden elde edilen veriler tizerinde yapilan farkli iklim ve toprak  oOzelliklerine  sahip

varyans analizine gore, tane verimi-lizerine genotipin
etkisi % 6.37, gevrenin etkisi % 78.78 ve genotip x
cevre interaksiyonunun etkisi % 14.85 olarak tespit
edilmistir (Cizelge 2). Kaya ve ark. (2002) genotip
etkisini % 2.5, ¢cevre etkisini % 90.76, genotip x ¢evre
interaksiyon etkisini ise % 7.12 ve Mohammed (2009)
genotip etkisini % 8.92, cevre etkisini % 57 ve genotip
x gevre interaksiyon etkisini ise % 16.66 olarak tespit
etmiglerdir. Dokuz ¢evredeki genotiplerin tane verimi
ortalamas1 661.6 kg dal olurken, en ylksek tane
verimi Bereket cesidinden (708.3 kg da'l), en diisiik
tane verimi ise Aldane cesidinden (598.5 kg da'?) elde
edilmigtir. Cevrelerin ortalamalar: incelendiginde ise
en ylksek tane verimi Tekirdag 2012 ¢evresinden
(832.9 kg dal), en digiik tane verimi ise
Kirklareli_2013 cevresinden (525.1 kg dal) elde
edilmigtir. Yillarin ortalamalarina gore en yuksek
tane verimi 717.6 kg da’l ile 2011-2012 yetistirme
sezonunda, en diisiik tane verimi ise 595.4 kg dalile
2010-2011 yetistirme sezonunda elde edilmistir
(Cizelge 9). Tirkiye’de bugday tarimi yapilan alanlar
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olmalarindan dolay: yiiksek verim elde edebilmek i¢in
yetigtiricilik yapilan bolgelere adapte olmus stabil
cesitlerin se¢imi en onemli unsurlardan biridir
(Giingér ve Dumlupinar, 2019). Farkli cevrelerde
yaptiklar1 calismalarda tane verimini; Mohammad
(2009) 406.5-522.6 kg da’! ve Karaman ve ark. (2017)
564-678 kg dal olarak tespit etmiglerdir.

Temel Bilesenler Biplot Analizi (PCA)

Temel bilesenler biplot analizlerinde genotipler ile
incelenen 6zellikler arasindaki iligkileri gorsel olarak
bir arada gormek miumkindir. Arastirmada
incelenen oOzelliklerin butin cevrelerdeki ortalama
degerleri tizerinden yapilan PCA biplot analizine goére
temel bilesen 1 (PC1) % 44.1, temel bilegsen 2 (PC2) %
42.0, toplamda % 86.1 olarak tespit edilmigtir. Buna
gore TV ile BinTA arasinda pozitif, diger o6zellikler
(HL, GO, PO, ZS ve G ile arasinda negatif bir iligki
oldugu belirlenmigtir. Protein oranmi ve diger kalite
ozellikleri arasinda pozitif bir iligki tespit edilirken,
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BinTA ile GI ve ZS arasinda negatif bir korelasyon
tespit edilmistir. Tane verimi i¢in Bereket, PO i¢in
Aldane, GI i¢in TE-5857, BinTA ic¢in Pehlivan ve HL
ve GO i¢in Selimiye 6ne c¢ikan genotipler olmustur.

(Sekil 1). Kili¢ ve ark. (2014) yaptiklar: calismada TV
ile HL ve ZS arasinda pozitif bir iligki oldugunu, TV
ile PO arasinda ise negatif bir iligki oldugunu
belirtmiglerdir.

Cizelge 9. Tane verimine ait ortalama degerleri ve olusturduklar: gruplar

Table 9. Mean values and LSD groups of grain yield

Genotipler

Cevreler (Locations)

Genotip

(Genotypes) 2010-2011 2011-2012

2012-2013 (Genotype)

Edirne Kirklareli Tekirdag Edirne Kirklareli

Tekirdag Edirne Kirklareli Tekirdag | Ortalamas1 |Etk.

1-Aldane 631.1410.1b | 496.5+14.5 d [563.8+12.3 bd 591.1+18.0 e |513.9+20.9 ¢

716.3+21.0 e | 704.1+£37.6 cd| 400.9+19.9 e [68.9+20.0 bed| 598.5+116 d [63.1

2-TE-5843 |727.1+16.0 a | 616.0+12.7 a [591.3+11.9 alf 742.4+23.6 bc |538.6+32.3 de

828.2+32.3cd [718.8+26.4 bed 520.4+23.3 ¢ | 715.1+36.6 e [666.4+102b [4.8

3-TE-5857 | 630.4+22.7b |545.5+22.4 be| 544.2+26.1 c| 748.5+21.4 be [586.8+36.1 cd

820.3+36.1d | 775.1425.6 a | 580.1+22.2 b [806.6+34.9 ab[670.8+113 b |9.2

4-Selimiye | 696.6+41.3 a |530.5+17.8 cd[593.2+19.2 alf 714.6+24.4 cd |650.3+27.9 ab

798.2+£27.9 d [762.0+22.4 ab| 463.6+19.8 d | 820.8+26.5 a [670.0+119b [8.4

5-TE-5427 | 710.4422.9 a |527.2+22.5 cd|604.6+19.4 a| 685,1+25.4 d |648.7+23.9 ab

870.8+23.9bc | 610.6+28.2 e | 417.2421.2 e |739.6+27.0 de| 646.0+126 ¢ [15.6

6-Bereket | 612,1+18.6 b | 570.5+30.8 b | 625.7+21.8 a| 795.6+34.6 a | 680.2+21.5 a

922.04+21.5 a |759.2423.5 ab| 646.1+29.0 a [63.6+22.6 bed| 708.3+109 a [46.7

7-Pehlivan | 713.9423.0 a | 499.1+15.3 d | 606.1+31.6 a| 706.7+22.9 cd [585.8+32.4 cd

820.14+32.4 d [743.5+22.3 abqd 593.3+28.4 b [760.3+20.8 ¢d [669.9£102 b | 8.3

8-Gelibolu | 621.3+26.9 b | 497.1+14.7 d | 536.2+22.3 c| 768.5+27.4ab [601.2+27.3 bc

887.1+27.3ab | 675.4+33.1 d | 579.2+31.9 b B00.5+28.0 abc| 663.0£127b | 1.4

(Cevre Ort. | 667.9+50.3 d | 535.3+43.2 g | 583.1£35.2 f| 719.1+63.4 ¢ | 600.7+59.5 e

832.9+63.1a | 718.6+57.4 ¢ 525.1+88.0 g [ 771.9+41.1b |661.6+116.3

Cevre Etkisj 6.3 -126.3 -78.5 57.5 -60.9

171.3 57.0 -136.5 110.3

Y1l Ort. 595.4+69.8 717.6£113.4

671.9+124.6

CV (%) 3.82 3.72 3.48 3.45 5.00

3.10 4.09 5.00 3.31

44.67 34.88 35.50 43.43 52.62

ILSD

45.18 51.44

46.01 44.68

WP ehlivan

EiinT.-:-.T:

-y

Component 2 (42 %)

-2 -1

Component 1 (44,7

Selirmiye
-

= =]

5]

Sekil 1. Temel bilesenler biplot analizine gére incelenen 6zellikler ile genotip iligkileri
Figure 1. Relationship among genotypes and traits according to sisprincipal components biplot analysis

GGE Biplot Analizleri

Genotipler ile o6zellikler arasindaki iligki dilim
cizgileri araciligiyla yorumlandiginda hangi genotipin
hangi ozelllk bakimindan o6ne c¢ktig1i acikga
belirlenebilmektedir (Karaman, 2020). Dilimler
arasindaki ag1 0° 90° arasinda oldugunda bu
dilimler arasindaki 6zelliklerin bir biri ile pozitif bir
iligki, 90° - 180° arasinda bir a¢1 olursa negatif bir
iligki ve bu ac1 90° olursa herhangi bir iligki olmadig
seklinde bir yorumlanmaktadir (Yan ve Tinker, 2006:
Aktas, 2017). Vektor orijinden uzaklastikca incelenen
ozellik yoniinden genotipler arasindaki varyasyon
artarken, vektor orijine yaklastikca genotipler
arasindaki varyasyon azalmaktadir (Abate ve ark.,
2015).
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GGE Biplot analizleri Scatter plot grafigi PC1 %
53.45, PC2 % 18.61 ve toplamda PC1+PC2 % 72.07
oraninda genotip + genotip x ¢evre arasindaki iligkiyi
aciklamigtir.

Analiz sonucunda t¢ farkli mega cevre olugsmustur.
Tekirdag 2013 ve Edirne_2013 bir mega c¢evre,
Edirne_2011 ve Tekirdag 2011 farkl bir mega cevre
ve Edirne_2012, Kirklareli 2011, Kirklareli 2012,
Kirklareli_2013, Tekirdag_ 2011 ve Tekirdag_ 2012 bir
diger mega gevreyi olusturmustur. Tekirdag 2011 iki
farkli mega c¢evrenin kesigsiminde yer almigtir.
Tekirdag 2013 ve Edirne_2013in bulundugu mega
gevre ile Pehlivan ve TE-5857 ayni dilim iginde yer
alarak o cevreler i¢in 6ne ¢ikan genotipler olmustur.
Edirne_2012, Kirklareli_2011, Kirklareli_2012,
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Kirklareli_2013, Tekirdag_2011 ve Tekirdag_2012'nin
bulundugu mega cevre ile Gelibolu ve Bereket ayni
dilim icinde yer alarak bu c¢evrelerde o6ne c¢ikan
genotipler olmusglardar. Edirne_2011 ve
Tekirdag_2011’in bulundugu mega cevre ile TE-5843
ve TE-5427 ayni dilim igerisinde yer alarak bu
cevreler icin 6ne cikan genotipler olmuslardir (Sekil
2). Aldane ve TE-5427 genotipleri orijine ve mega
cevrelere uzakta yer aldiklari i¢in tane verimi
bakimindan en diisik performansa sahip genotipler

olarak belirlenirken, TE-5843, Selimiye, Pehlivan ve
Gelibolu genotipleri orijine yakin olduklar: i¢in daha
stabil olarak belirlenmistir. GGE biplot analiz
yontemi ¢ok sayida arastirmaci tarafindan farkl bitki
gruplarinin bir gok ozellik yoniinden
degerlendirilmesinde bir seleksiyon araci olarak
kullanilmistir (Abate ve ark., 2015; Aktas ve ark.,
2017; Ali ve ark., 2018; El-Harty ve ark., 2018;
Erdemci, 2018; Oral ve ark., 2018; Gungor ve ark.,
2019).

Scatter plot (Total - 72.07 %)

Edi ?F:Z_Uﬂ

TES8a3]

Selimiye
Aldane

%198} -¢d

PC1 - 53.45%

Sekil 2. Tane verimi igin GGE Biplot Analizi Scatter Plot Grafigi
Figure 2. GGE biplot Analysis Scatter plot graph of grain yield

SONUC ve ONERILER

Sekiz ekmeklik bugday genotipi Trakya-Marmara
bélgesinin  6nemli bugday iiretim merkezlerinde
(Edirne, Tekirdag ve Kirklareli) ii¢c yil siire ile verim
ve baz1 kalite 6zellikleri bakimindan degerlendirildigi
bu calisma sonucunda; Selimiye, Pehlivan ve Bereket
cesitler: ve TE-5857 genotipi tane verimi bakimindan
o6ne cikmiglardir. PCA biplot analizleri ile incelenen
ozellikler arasindaki iligkiler ve bu o6zellikler
bakimindan 6ne ¢ikan genotipler belirlenirken, GGE
biplot analizlerinde genotip ve genotip x ¢evre
iligkileri ortaya konmustur. Buna goére PCA biplot
analizinde tane verimi ile bin tane agirhig harig
incelenen diger tiim o6zellikler arasinda negatif bir
iligki belirlenirken, kalite &zelliklerinden bin tane
agirhig ile hektolitre agirhig1 ve zeleny sedimentasyon
ile protein oram arasinda pozitif bir iligki icerisinde
olduklar1 saptanmistir. GGE Dbiplot analizleri
sonucunda da tane verimi bakimindan Selimiye ¢esidi
ile TE-5427 genotipi en stabil genotipler olmuglardir.
Bu sonuglarin, 1slah programlarinda ilgilenilen
ozellige gore seleksiyon yapilmasi gerektigi gercegini
bir kez daha dogrulamigtir.
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Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir gkar

catismasi olmadigini beyan ederler.
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Bu ¢alisma, yulaf genotiplerin tane verimi, verim o6geleri ve kalite

ozelliklerinin belirlenmesi amaciyla 2013-14 Uretim sezonunda iki Makale Tarihgesi
lokasyonda (Edirne ve Kirklareli) tesadiif bloklar: deneme desenine Gelig Tarihi  :07.07.2020
gore 4 tekerrurli olarak yurutiilmustiir. Denemede 9 yulaf hatti ve 5 Kabul Tarihi :26.10.2020
standart cesit (Checota, Kirklar, Kahraman, Sebat ve Y-330)

kullanilmigtir. Genotiplerin tane verimi, bitki boyu, salkimda tane Anahtar Kelimeler

sayisi, salkimda tane agirhigi ile kalite o6zelliklerinden 1000 tane Yulaf (Avene sativa L.)

agirligi, hektolitre agirligi, tane i¢ orani ve kavuz orani incelenmigtir.

Tane verimi

Verim unsurlari
Kalite ozellikleri

Tane verimi yoniinden genotip x lokasyon ile tane i¢ orani1 yoniinden
lokasyonlar arasi hari¢ incelenen tim o6zellikler yoniinden genotip,
lokasyon ve genotip x lokasyon interaksiyonlar: istatistiki olarak
6nemli bulunmustur. Tki lokasyon ortalamasina gore genotiplerin
tane verimi; 413.6-810.4 (684.4) kg da’l, bitki boyu; 128.1-171.3
(154.7) cm, salkimda tane sayist; 64.1-143.5 (92.7) adet, salkimda tane
agirhgy;, 2.50-4.5 (3.06) g, 1000 tane agirhgi; 21.1-41.3 (33.5) g,
hektolitre agirligi; 47.0-59.8 (54.4) kg hl, tane i¢ oran %64.7-74.1
(70.9) ve kavuz oran;, %26.0-34.9 (29.0) arasinda degisim
gostermigstir. Kirklareli lokasyonunda genotiplerin tane verimi, 1000
tane agirlhigt ve kavuz orami daha yiiksek olurken, KEdirne
lokasyonunda ise bitki boyu, salkimda tane sayisi, salkimda tane
agirligi, hektolitre agirligi ve i¢ tane orani daha yiiksek olarak
belirlenmigtir. Tane verimi yoninden lokasyon ortalamalarina gore
810.4 kg dal ile 6, 776.6 kg da!l ile 7 ve 768.7 kg da! ile 4 nolu
genotipler en yiksek tane verimine ulagmigtir. Standart g¢esitlerden
746.4 kg da'l ile Kahraman ve 716.5 kg da! ile Karklar en yiiksek tane
verimine ulagirken, 413.6 kg da! ile Y-330 ve 512.6 kg da'! ile Checota
en diisiik tane verimi veren cesitler olmuslardir. Incelenen 6zellikler
yoninden 6, 12 ve 3 nolu hatlar ile Kahraman cesidi 6n plana
cikmagtir.

Determination of Grain Yield, Yield Components and Quality Traits of Oat Genotypes (4. sativa L.)

ABSTRACT Research Article
This study was conducted at two locations (Edirne and Kirklareli) in
a randomized complete block design with four replications in 2013 and Article History
2014 growing season in order to determine grain yield, yield Received »07.07.2020
parameters and quality traits of the oat genotypes. Overall, 9 oat lines Accepted ©26.10.2020
and 5 commercial varieties (Checota, Kirklar, Kahraman, Sebat ve Y-

Keywords

330) were usud in the experiment. The traits such as grain yield, plant
height, grain number per panicle, grain weight per panicle, thousand
grain weight, test weight, groat percentage and husk rate quality
parameter performances of genotypes were investigated. The
difference between genotype, environment and variety x environment
interaction were found statistically significant in terms of all
properties studied except genotype x location interaction of grain yield
and between location of groat percentage. According to the average of
two locations of the grain yield, plant height, grain number per
panicle, grain weight per panicle, 1000 grain weight, test weight, goat
percent and husk rate of oat lines ranged between; 413.6-810.4 (684.4)

Oat (Avena sativa L.)
Grain yield

Yield component
Quality traits
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kg da'l, 128.1-172.5 (154.7) cm, 64.1-143.5 (92.7) %, 2.50-4.15 (3.06) g,
21.1-41.3 (33.5) g, 47.0-59.8 (54.4) kg hl'1, 64.7-78.0 (71.3) % and 20.8-
34.9 (28.6)%, respectively. In Kirklareli location, the grain yield, 1000
grain weight and husk rate of the genotypes were higher, while plant
height, grain number per panicle, grain weight per panicle, test
weight and groat percentage were higher in Edirne. The oat line 6
sustained the highest grain yield with 810.4 kg da! and followed by
oat line 7 with 776.6 kg da'! and oat line 4 with 768.7 kg dalin terms

of grain yield for mean of two locations.

In the check varieties,

Kahraman sustained the highest grain yield with 746.4 kg da! and
followed by Kirklar with 716.5 kg da'! while the lowest grain yield was
obtained from the Y-330 with 413.6 kg da! and Checota variety with
512.6 kg dal. The oat lines 6, 12 and 3 and Kahraman variety were

better for the purpose of observed traits.

Atif icin' Kahraman T, Ava R, Yildinm M 2021. Yulaf (Avena sativa L. Genotiplerinin Tane Verimi, Verim
Komponentleri ve Kalite Ozelliklerinin Belirlenmesi. KSU Tarim ve Doga Derg 24 (5): 1003-1010. https://doi.org/
10.18016/ksutarimdoga.vi.763934.

To Cite : Kahraman T, Avel R, Yildirnm M 2021. Determination of Grain Yield, Yield Components and Quality Traits of
Oat Genotypes (4. sativa L.). KSU J. Agric Nat 24 (5): 1003-1010. https://doi.org/10.18016/ ksutarimdoga.vi.
763934.

GIRIS 2013 yilinda, Turkiye’'de yalnizca 5 tescilli yulaf ¢egidi

Yulaf (Avena sativa L.), diinyada insan ve hayvan
beslenmesi olarak tane ve yesil ot olarak yetistirilen
bir tahil bitkisidir. En genig kullanilma alani hayvan
beslemedir. Yulaf saplar1 daha yumusak, yaprag: daha
bol oldugundan, organik ve mineral maddelerce
bugday ve arpa samanindan zengin olup hayvanlar
tarafindan sevilerek yenmektedir. Hayvan
beslemesinde yulaf yesil ot, silaj, tanelik ve saman
olarak kullanmilmaktadir. Ayrica baklagil yem bitkileri
(yem bezelyesi, fig vb.) karisimlarinda destek bitkisi
olarak yer almaktadir. Saplarinin yumusak ve
yapragmin bol olmasindan dolay: tahillar icerisinde
hayvanlar tarafindan sevilerek yenmektedir.

Yulaf, diger tahil tiirleri ile kiyaslandiginda serin,
yagish bolgeler ve daha digik verimli topraklar gibi
marjinal alanlarda  kolayca  yetistirilmektedir
(Hoffmann, 1995). Ayrica, yulaf uzun giin
durumlarinda ve kisa sezonlarda hizh bir sekilde
cigeklenip olgunlagir ve bu nedenle Iskandinavya
ulkelerinde 6nemli bir ekim alanina sahiptir
(Buerstmayr et al. 2007). Son yillarda, yulaf besin
degerinden  dolayr insan beslenmesinde ¢ok
kullanilmaya  basladigindan  iretiminde  artig
gézlenmektedir (Anonymous, 1997). Tiirkiye'de yulaf
insan ve hayvan beslemesi acisindan olduk¢a énemli
bir kiltir bitkisi olmasina ragmen, yulafin asiri
soguga ve kurakliga dayanikliliginin zayif olmasina
ilave olarak tane dékme, yatma ve es zamanh
olgunlagamama gibi bitkisel 6zelliklerden dolay:
retimi simirh kalmigtir (Dumlupinar, 2010). Onceki
yillarda ekilen yulafin %50’si tane ve diger yaris1 da
hayvanlar igin yesil ot olarak yetistirilirken, 2019
yilinda 1.098.227 da alanda tane liretimi ve 2.560.078
da alanda yesil ot olarak ekilige ulagmigtir. Yesil ot
ekilisginde tane ekiligsinin 2,5 katina ulagilmigtir
(Anonim, 2020a).
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bulunurken, 2020 yilinda 6 tanesi 6zel ve 16’s1 kamu
kurulusuna ait olmak Uzere toplam 22 yulaf gesidi
(Faikbey, Seydisehir, Sebat, Yeniceri, Sari, Fetih,
Kirklar, Kahraman, Haskara, Albatros, Bc Marta,
Dirilis, Arslanbey, Kiicukyayla, Kehlibar, Kayi, Kupa,
Halkali, Katmerli, Kazan, Mayas ve Somunyildizi)
gelistirilerek tescil edilmistir (Anonim, 2013; 2020b).

Tamm (2003) ve Buerstmyr et al. (2007), yulafin tane
verimi ve verim unsurlari ile kalite 6zelliklerinin bazi
iklim sartlarindan (sicaklik, yagis miktar: ve yagisin
mevsim icinde dagilimi) 6nemli derecede etkilendigini
bildirmislerdir. Yulafin hektolitre agirligi ve i¢ oram
arasinda énemli bir iliski bulunmaktadir (Doehlert et
al. 2001; Peterson et al. 2005). Yulaf, tiim diinyada
onemli bir hayvan yiyecegi olarak bilindiginden
Ulkemizde de bu amagcla tretiminin arttirilmas:
gerekir (Serin ve Tan, 2009). Tiirkiye’de yem bitkileri
ekim alanlarinin Tarim ve Orman Bakanligimin
desteklemelerine bagli olarak, 2000 yilinda %2
diizeyinde iken 2017 yilinda %12’ye ylukselmig, fakat
yine de ulagilan bu oranin geligsmis tlkeler diizeyine
ulasamamistir (Sayar, 2017).

Aragtirmada 1slah ¢alismalar: sonucunda gelistirilen 9

hat ile 5 standart g¢esidin tane verimi, verim
komponentleri  ile bazi  kalite  6zelliklerinin
arastirilmasi amaclanmistir. Iki  lokasyonda

genotiplere ait tane verimi, bitki boyu, salkimda tane
sayisi, salkimda tane agirligi, hektolitre agirligi, 1000

tane agirligl, tane i¢ orani ve kavuz oranlar
incelenmigtir.
MATERYAL ve YONTEM

2013-14 Urun sezonunda Edirne ve Kirklareli
illerindeki lokasyonlarda yapilan bu 5 sandart cesit
(Checota, Kirklar, Kahraman, Sebat ve Y-330) ile 9
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yulaf hattindan olugsmustur. Deneme, tesadif bloklar

deneme desenine gére 4 tekerrtirli olarak
kurulmustur. Edirne lokasyonundaki denemenin
ekimleri 23 Ekim 2013 tarihinde, Kirklareli

lokasyonundaki denemenin ekimleri ise 24 Ekim 2013
tarihinde yapilmigstir. Ekim, m?ye 500 adet tohum
olacak sekilde 7 m x 1m = 7 m2 parsellere 6zel ekim
mibzeriyle yapilmistir. Ekimle birlikte dekara 5 kg
azot ve fosfor kompoze (20-20-0) giibre olarak,
kardeglenme déneminde 6 kg azot Ure (%46) formunda
ve sapa kalkma doneminde ise 5 kg azot Amonyum
Nitrat (%26) formunda uygulanmistir. Hasatta ise her
parselde kenar tesirler ¢ikarilarak parseller 6mx1m=6

m?2 alan lizerinden parsel biceri ile hasat edilmistir.

Denemelerin yuritildigi lokasyonlara ait iklim
verileri Cizelge 1’de verilmistir. Edirne’de yetistirme
sezonunda 486.2 mm yagis diiserken Kirklareli'nde ise
620.4 mm yagis diusmustir. Yulafta tane verimine
Nisan ve Mayis aylarindaki yagis miktari ve dagilimi
en ¢ok etkili olmaktadir. Lokasyonlardaki yagigh giin
sayilar1 benzer olurken Kirklareli lokasyonunda disen
yagis miktar: Edirne’den oldukga fazla olmustur. Her
iki lokasyonda da yagis miktar1 ve dagilimlarinin
uygun olmasi sonucu yulaf genotiplerinin tane
verimleri ve bazi kalite degerleri yiiksek olmustur.

Cizelge 1. Edirne ve Kirklareli illerine ait 2013-2014 ekim sezonu bazi iklim degerleri
Table 1. Some climatic values of Edirne and Kirklareli location in 2013-2014 growing season

. Aylik Top Yagish Giin Aylik Nisbi  Sicaklik °C
Aylar Tller - o
Yagig (mm) Sayisi Nem (%) En diisitk  En yiiksek  Ortalama
.. Edirne 8.8 4 54.6 8.3 33.2 21.1
EYLUL 2013 Kirklareli - : : 8.0 33.0 :

. Edirne 30.7 6 77.5 -1.6 26.8 12.8
EKIM 2013 Kirklareli  57.8 4 91.3 1.2 927.6 12.8
KASIM 2013 Edirne . 73.9 16 86.7 -2.4 23.4 11.0

Karklareli 64.6 11 97.6 -2.1 21.6 11.1
Edirne 2.3 4 82.2 -5.6 12.1 2.7
ARALIK 2013 Karklareli 3.6 4 -- -5.1 14.6 3.4
Edirne 74.9 17 87.4 -4.2 17.3 5.5
OCAK 2014 Kirklareli  100.4 13 : 4.3 16.5 6.1
Edirne 3.8 9 86.0 -4.4 20.2 7.6
SUBAT 2014 Kirklareli 6.8 4 : 2.2 17.9 7.3
Edirne 124.5 17 81.4 -1.4 23.7 10.1
MART 2014 Karklareli 75.6 16 - -1.6 23.4 9.5
: Edirne 36.8 13 81.6 -0.1 25.5 13.6
NISAN 2014 Karklareli 68.0 11 95.4 4.1 25.4 13.3
Edirne 61.7 10 76.6 4.0 32.1 18.6
MAYIS 2014 Kirklareli 96.6 14 72.0 5.6 30.6 17.6
: Edirne 68.8 14 73.8 10.3 33.6 22.9
HAZIRAN 2014 1 areli 147.0 14 92.0 11.1 36.0 22.5
Toolam Edirne 486.2 110 - - - -
P Kirklareli  620.4 91 - - - -
Ortalamas: Edirne - - 78.8 -5.6 33.6 12.6
Kirklareli - - 89.7 -5.1 36.0 11.5

Denemeden elde edilen veriler JMP 5.0.1A istatistik
programinda analiz edilmistir (Anonymous, 2003).
Incelenen ozellikleri agisindan genotipler arasindaki
farklihiklarda F testi kullanilmis ve ortalamalar
arasindaki karsilagtirmalarda LSD testine gore
yapilmigtir.

BULGULAR ve TARTISMA

Genotiplere ait tane verimi ile bitki boyuna ait veriler
Cizelge 2'de verilmistir. Tane verimi yoniinden genotip
ve lokasyon, bitki boyu yoniinden ise genotip, lokasyon
ve genotip x lokasyon interaksiyonu istatistiki olarak
6nemli bulunmustur.

1005

Edirne lokasyonunda genotiplerin tane verimi 349.1-
735.2 (630.7) kg da! arasinda degisim gostermistir.
Dort nolu genotip 735.2 kg da’! tane verimi ile en
yiksek tane verimine ulagirken, 349.1 kg dalile Y-330
¢esidinde en digik verime ulasilmigtir. Kirklareli
lokasyonunda ise genotiplerin tane verimi 478.2-902.6
(738.1) kg da arasinda degismistir. 902.6 kg da’! tane
verimi 1ile 6 nolu genotipte en yluksek verimine
ulagirken, 478.2 kg da! ile Y-330 ¢esidinde en disuk
verimine ulagilmistir. Her iki lokasyonda da Y-330
cesidinde en diigiik tane verimine ulagilmigtir. Iki
lokasyon ortalamalasina goére genotiplerin tane
verimleri 413.6-810.4 (684.4) kg dal arasinda
degismisg, 810.4 kg da'! tane verimi ile 6 nolu genotipte
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en yiiksek verime ulagilirken, 413.6 kg dalile Y-330
¢esidinde en disiik verime ulasilmigtir.

Bu calismadan elde edilen bulgulara benzer sekilde,
bazi arastirma sonuglarinda tane verimi agisindan
genotipler arasindaki onemli farklhiliklarin oldugu
bildirilmistir (Yagbasanlar ve ark. 1991; Sar1 ve
Imamoglu 2011; Sar1 ve ark. 2012. Kahraman ve ark.
(2013; 2015; 2017). Cesit faktorii ve deneme sartlar
gbz oOnline alindiginda tane verimleri arasinda
varyasyonlar ortaya ¢ikmigtir.

Iki lokasyon ortalamasma gore genotiplerin bitki
boylar1 128.1-172.5 (152.0) cm arasinda degismistir.
172.5 em bitki boyu ile Checota ¢esidinde en uzun boya
ulagirken, 128.1 cm ile 4 nolu genotipte en kisa boya
ulagilmigtir. Genotiplerin  bitki boylar1 Edirne
lokasyonunda 128.8-176.3 (158.9) cm, Kirklareli
lokasyonunda ise 127.5-171.3 (150.4) cm arasinda

degigim gostermistir. 1, 7 ve 10 nolu genotipler en uzun
olarak 6ne ¢ikarken 4 ve 9 nolu genotipler ise en kisa
boylu genotipler olarak one c¢kmistir. Kirklareli
lokasyonundaki genotiplerin bitki boylar1 Edirne’deki
lokasyondan daha kisa olmustur. Yulafta bitki sap1
ince ve yumusak oldugundan uzun boylu genotiplerde
yatma sorunu goriilebilmektedir. Uzun boylu ve ince
sapli olan cegitler yatma egilimi gésterdiginden kisa
boylu ve kalin-saglam sapli gesitler tercih edilmelir.
Cesitlere ait bitki boylar: agisindan bulgular Inan ve
ark. (2005), Kara ve ark. (2007), Sar1 ve Imamog’;lu
(2011), Dumlupinar ve ark. (2013), Kahraman ve ark.
(2015), Kahraman ve ark. (2017) 'min bulgulariyla
uyum gosterirken, Giil ve ark. (1999), Mut ve ark.
(2011), Erbas ve Mut (2013) ile Naneli ve Sakin
(2017)in calismalarinda daha kurak bélgelerde ve
kullanilan genotiplerin farkli olmasindan dolay:
sonugclar farklilik géstermistir.

Cizelge 2. Yulaf genotiplerinin tane verimi ve bitki boyu ortalama degerleri ve gruplar
Table 2. Mean performance and LSD ranks of oat genotypes for grain yield and plant heigth

P. . dieri Tane Verimi (kg da'!) Bitki Boyu (cm)

No Cesit veya Pedigri Edirne Kirklareli Lok. Ort. Edirne Kirklareli Lok. Ort.
6 FL04109-0BD-0T-0T-5T-0T 718.2+150.5a 902.6+42.9a 810.4+142.2a 165.0¢4.08cd 151.3+7.50 c-e 158.1+9.23 b
7 FL0549-0BD-0T-0T-2T-0T  684.7+62.4 ab 868.5+23.1 ab 776.6+107.5 ab 176.3+2.50 a  163.8+7.50 ab 170.0+8.45 a
4  FL04169-0BD-0T-0T-8T-0T 735.2462.0 a  802.3+17.9 bc 768.7455.4 ab 128.8+6.291 127.5+8.66f 128.1+7.04f
8 Kahraman (st) 684.5+159.1 ab 808.4+98.0 bc 746.4+139.1 a-c 157.5+2.89 ef 142.5+2.89 e  150.0+£8.45 cd
11 FL04167-0BD-0T-0T-9T-0T 697.5+53.9 ab 782.9+31.9 cd 740.2+80.2 a-¢ 151.3+2.89 fh 143.842.50 e 147.5+4.17d
10 FL04109-0BD-0T-0T-11T-0T 697.5+95.6 ab  782.9+51.7 cd 724.9486.1 bc  175.0+7.07 ab 161.3+10.31a-c 168.1+11.0 a
3  FL04167-0BD-0T-0T-1T-0T 649.8+118.6 ab 795.5+62.4¢ 722.6+117.3bc 146.3+8.54h 145.0+12.91e 145.6+10.16 de
5 Kirklar (st) 649.7+84.5 ab  783.3+37.4 cd 716.5£93.6 bc  162.5+5.00 c-e 151.3+6.29 c-e 156.9£7.99 b
2 Bw 4903-0BD-0T-7T-0T 650.9+41.5 ab  767.1+32.3 cd 709.0+71.0 b-d 156.3+4.79 e-g 145.0+8.16 ¢  150.6+8.63 cd
13 FL0507-0BD-0T-0T-7T-0T  634.8+25.1ab  724.0+49.6 de 679.4+64.6 c-e 161.3+2.50 de 148.8+2.50 de 155.0+2.59 b
9 FL0557-0BD-0T-OT-1T-0T  635.3+38.9 ab 647.8454.9f 641.6+44.5de 150.044.08 gh 131.3+2.50f  140.6+10.50 e
12 Sebat (st) 569.3495.2 bc  669.2451.0 ef 619.3+84.2¢  168.8+2.50 bc 165.0+14.36 ab 166.9+10.35 a
1 Checota (st) 491.4467.0c  533.8+34.3g 512.6+54.3f  173.8+6.29ab 171.3+4.79a 172.5+5.35a
14 Y-330 (st) 349.1+162.6 d  478.2+59.4 g 413.6+122.9g 173.846.29ab 171.3+4.79a 172.5+8.45a

Lok. Ortalamas1 630.7+130.6 b  738.1+123.9 a 684.4+137.7  158.9+13.37a 150.4+14.02b 154.7+14.29

Lokasyon 48.7 5.15

Genotip x Lok. 105.5 8.52

LSD 133.7 39.4 74.5 7.01 10.02 6.02

CV (%) 14.82 6.73 10.94 3.08 4.66 3.91

Genotiplerin salkimda tane sayisi, salkimda tane
agirhigi ve 1000 tane agirhig: ile ilgili veriler Cizelge
3’de verilmigstir. Salkimdaki tane sayisi, salkimda tane
agirhgr ve 1000 tane agirligt yoniinden genotip,
lokasyon ve genotip x lokasyon iligkisi &énemli
bulunmustur.

Edirne lokasyonunda genotiplerin salkimda tane
sayisl 65.6-165.2 (103.8) adet arasinda degisirken,
165.2 adet salkimda tane sayisi ile Sebat ¢esidinde en
yiksek degere ulagilirken 65.6 adet ile 9 nolu genotipte
en disiuk degere ulasilmigtir. Kirklareli lokasyonunda
ise genotiplerin salkimda tane sayilar1 55.0-132.1
(81.6) adet arasinda degismis. 132.1 adet tane ile 14
nolu genotipte en yliksek degere ulasilirken 55.0 adet
ile Checota c¢esidinde en dugsiik degere ulagilmigtir.
Lokasyon ortalamalarina gore genotiplerin salkimda
tane sayilar: 64.1-143.5 (92.7) adet arasinda degismis.
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13,14 ve 7 nolu genotiplerde en yuksek tane sayisina
ulagirken 9, 5 ve 1 nolu genotiplerde ise en disiik
degere ulagilmistir. Genotiplerin salkimda tane sayisi
lokasyonlar arasinda fark istatistiki olarak 6nemli
olup Edirne’deki genotiplerin tane sayis1 Kirklareli
lokasyonundan daha yiiksek olmustur.

Genotiplerin salkimda tane agirliklar1 salkimda tane
sayllarn  ile  paralellik  gGstermistir. Edirne
lokasyonunda genotiplerin salkimda tane agirligi 2.47-
4.11 (3.38) g arasinda degisirken, 4.11 g tane agirh
ile 7 nolu genotipte en yiiksek agirliga ulasilirken 2.47
g ile 9 nolu genotipte en diisik tane agirhigina
ulagilmigtir. Kirklareli lokasyonunda ise genotiplerin
salkimda tane agirliklar: 1.96-4.19 (2.74) g arasinda
degismis. 4.19 g tane agirligi ile 7 nolu genotipte en
yiksek tane agirligina ulasilirken 1.96 g ile Checota
¢esidinde en dusik agirliga ulasilmistir. Lokasyon
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ortalamalarina gére genotiplerin salkimda tane
agirhiklar 2.50-4.15 (3.06) g arasinda degismis. 7, 13
ve 12 nolu genotiplerde en yiksek tane agirligina
ulagilirken 9, 1 ve 4 nolu genotiplerde ise en diisuk
tane agirhigina ulagilmistir. Lokasyonlar arasinda
genotiplerin salkimda tane agirligi salkimda tane
sayisi ile benzer olmus ve fark istatistiki olarak 6nemli
bulunmustur. Edirnedeki genotiplerin salkimda tane

agirhgr  Kirklareli lokasyonundan daha yuksek
olmustur.
Edirne lokasyonunda genotiplerin 1000 tane

agirhiklar: 19.6-43.5 (33.2) g arasinda degisirken, 43.5
g 1000 tane agirligi ile 9 nolu genotipte en yiiksek
degere ulasilirken 19.6 g ile Sebat ¢esidinde en dustk
degere ulagilmistir. Kirklareli lokasyonunda ise
genotiplerin 1000 tane agirhklar: 22.7-40.6 (33.9) g
arasinda degismis. 40.6 g 1000 tane agirlig ile 2 nolu
genotipte en yiiksek degere ulasilirken 22.7 g ile Sebat

¢esidinde en dusiik degere ulasilmistir. Lokasyon
ortalamalarina gore genotiplerin 1000 tane agirliklar:
21.1-41.3 (33.5) g arasinda degismis, 9 ve 2 nolu
genotipler ile Kahraman gesidinde en yuksek degere
ulagirken Sebat ve Y-330 cesitlerinde ise en dusik
degere ulagilmigtir. Lokasyonlar arasinda genotiplerin
1000 tane agirliklar1 yoninden fark istatistiki olarak
onemli olup Kirklareli lokasyonunda bu degerler
Edirne lokasyonundan daha yiiksek olmustur.

Insan beslemesi i¢in kullamlacak yulaflarda 1000 tane
agirliginin 26 g’dan yiiksek olmasi istenir. 1000 tane
agirhig1 agisindan bulgular Giil ve ark. (2004), Kara ve
ark. (2007), Sar1 ve Imamoglu (2011), Sar1 ve ark.
(2012), Kahraman ve ark. (2013), Erbas ve Mut (2013),
Dumlupinar ve ark. (2013), Sahin ve ark. (2017),
Kahraman ve ark. (2015;2017)nin bildirdikleri
bulgular ile benzerlik gosterirken, Naneli ve Sakin
(2017) ‘in calismasindan farkl bulunmustur.

Cizelge 3. Yulaf genotiplerinin salkimda tane sayisi, salkimda tane agirligi ve 1000 tane agirlig1 ve olusturduklar:

gruplar

Table 3. Mean performance and LSD groups of oat genotypes for grain number per panicle. grain weight per panicle

and thousand grain weight

Salkimda Tane Sayis1 (adet)

Salkimda Tane Agirhig (g)

1000 Tane Agirhig (g)

P No Edirne Kirklareli Lok. Ort. Edirne Kirklareli Lok. Ort. Edirne Kirklareli Lok. Ort.

1 86.1+2.64 g 55.0+4.40j 70.6+17.0j) 3.29+0.11e 1.96+0.15h 2.62+.72ef 37.6+0.41c¢ 36.0+0.26d 36.8+0.92d
2 93.8+2.99f 65.1+3.18 f*h 79.4+15.6 h1 3.61+0.11d 2.79+0.13d 3.20+0.45c¢ 41.7+0.22b 40.6+0.36 a 41.2+0.64 a
3 96.2+3.31ef 70.0+3.92f 83.1+14.4 gh3.07+0.10 fg 2.29+0.13 g 2.68+0.43 e 31.2+0.221 32.0+0.18 h 31.6+0.47f
4 87.56+4.04 g 66.0+3.16 f-h 76.8+12.01 3.04+0.14 g 2.27+0.11g 2.65+0.42e 36.9£0.39d 34.4+0.30e 35.6+£1.39¢
5 77.5+3.43 h 58.7+3.401; 68.1+£10.5 jk 3.02+0.13 g 2.31£0.13 g 2.66+0.40e 35.1+0.48f 39.3+0.39b 37.2+2.31c
6 125.6+£3.90 b 68.4+4.83 fg 97.0+£30.8 e 3.95+0.12 a-¢ 2.23+0.16 g 3.09+0.93 cd 30.1+0.36j 31.4+0.391 30.8+0.771
7 115.8+3.59¢ 111.3+3.86c¢ 113.5+4.2c¢ 4.11+0.12a 4.19+0.15a 4.156+0.13a 34.5+0.14g 36.5+0.17c 35.5+1.09e
8 109.143.41d 62.1+3.21 h1 85.6+25.3 g 4.04+0.13 ab 2.37+0.12 fg 3.20+0.90c¢ 35.8+0.37e 39.5+0.17b 37.7+2.02 b
9 65.6+£3.441 62.5+5.07 g1 64.1+4.3k 2.47+0.121  2.53+0.21 ef 2.50+0.16 f 43.5+0.40a 39.2+0.34b 41.3+2.32 a
10 99.2+4.62d 82.2+3.57e 90.7£9.9f 3.22+0.15ef 2.77+0.12d 3.00+0.27d 32.0+0.30 h 33.7+0.24f 32.9+0.92f
11 98.5+4.04ef 94.7+3.79d 96.6+4.2e 2.70+0.11h 2.65+0.11de 2.67+0.11e 25.8+0.211 27.9+0.34k 26.8+1.15k
12 123.943.756b 92.243.57d 108.0+17.3 d3.87+0.12 bc 3.12+0.12¢ 3.50+0.42b 29.3+0.21 k 33.0+0.26 g 31.1+1.99h
13 165.2+4.74 a 121.8+6.40 b 143.5+23.8 2a3.85+0.11¢ 3.17+0.17¢ 3.51+0.39b 19.6+0.34 m 22.7+0.421 21.1+1.691
14  108.8+2.99d 132.1+4.97a 120.4+13.1 b3.11+0.08 fg 3.69+0.14 b 3.40+0.33b 31.7+0.21 h1 28.8+0.38j 30.2+1.56)

Lok.Ort. 103.8424.0 a 81.6+24.6b 92.7+26.6 3.38+0.52a 2.74+0.62b 3.06+0.65 33.2+46.02b 33.9+5.02 a 33.5+5.53

Lok. 1.30 0.05 0.06

Genotip x Lok. 5.67 0.19 0.46

LSD 5.88 6.09 4.00 0.17 0.21 0.13 0.47 0.21 0.32

CV (%) 3.63 5.22 4.34 3.59 5.25 4.35 0.99 0.95 0.97

Edirne  lokasyonunda  genotiplerin  hektolitre degere ulagihrken Checota, Y-330 ve Sebat
agirliklar: 45.7-60.2 (55.8) kg hl'! arasinda degisirken. gesitlerinde ise en digik degere ulagilmigtir.

60.2 kg hl! ile 12 nolu genotipte en ylksek degere
ulagilirken 45.7 kg hl 1 ile Y-330 cesidinde ise en dusiik
degere ulagilmistir. Kirklareli lokasyonunda ise
genotiplerin hektolitre agirhiklar1 44.0-59.7 (52.9) kg
hl! arasinda degismis. 59.7 kg hl! ile Kahraman
cesidinde en yiliksek degere ulasirken 44.0 kg hl! ile
Checota c¢esidinde en dusik degere ulagilmigtir.
Lokasyon ortalamalarina gére genotiplerin hektolitre
agirliklar1 47.0-59.8 (54.4) kg hl'! arasinda degismis.
Kahraman, 12 ve 14 nolu genotiplerde en yuksek

Hektolitre agirhigi yoniinden lokasyonlar arasinda
fark 6nemli olup tane verimi ve 1000 tane agirliginin
aksine Edirne lokasyonundaki genotiplerin hektolitre
agirhgr  Kirklareli lokasyonundan daha ylksek
olmustur.

Sar1 ve Imamoglu (2011), Sar1 ve ark. (2012),
Kahraman ve ark. (2013; 2015; 2017)’nin  bulsular ile
benzerlik gésterirken, Mut ve ark. (2011), Erbag ve
Mut (2013), Naneli ve Sakin (2017), Sahin ve ark.
(2017)1n caligmalar farklilik gostermigtir.
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Denemedeki genotiplerin hektolitre agirliklar: ile
denemelerin farkl iklim gartlarinda yurutilmesinden
dolay1 sonuclar benzerlik géstermemigtir.

Insan gidasi olarak kullamilacak yulaflarda tane i¢
oranin ylUksek kavuz oraninmin ise dusiik olmasi
istenmektedir. Kavuz orani ile tane i¢ orani ters iligkili
olup biri artarken digeri azalmaktadir. Tane i¢ orani
ne kadar yuksek olursa elde edilecek un verimide o
kadar yuksek olmaktadir. Yulaf ister ezme olarak
isterse un olarak kullanilsin 6ncelikle kavuz kisminin
i¢ taneden ayrilmasi gerekmektedir. Bu nedenle
yulaflarda kavuz oraninin digsiik olmasi yaninda
igleme  teknolojisi  ag¢isindan  kavuzu  kolay
soyulabilmelidir.

Genotiplerin kavuz oranlari ve i¢ tane orani ile ilgili
veriler Cizelge 4’te verilmigtir. I¢ tane oranmimin
lokasyonlar arasi hari¢ kavuz orani ve i¢ tane orani
yonunden genotip, lokasyon ve genotip x lokasyon
iligkisi istatistiki olarak 6nemli bulunmustur.

Edirne lokasyonunda genotiplerin kavuz oranlari

%25.7-37.3 (28.8) arasinda degismistir. % 25.7 kavuz
orani ile 14 nolu genotipte en diigiik degere ulasilirken
%37.3 1le Y-330 cesidinde ise en ylksek degere
ulagilmigtir. Kirklareli lokasyonunda ise genotiplerin
kavuz oranlar1 %26.3-38.2 (29.3) arasinda degismis.
%26.3 kavuz orami ile 14 nolu genotipte en disik
degere ulasilirken %38.2 ile Checota c¢esidinde en
yiksek degere ulagilmigtir. Lokasyon ortalamalarina
gére genotiplerin kavuz oranlar1 %26.0-34.9 (29.0)
arasinda degismis. 14, Kahraman ve 3 nolu
genotiplerde en dugsik degere ulasirken Y-330,
Checota ve Sebat cesitlerinde ise en yiksek degere
ulagilmigtir. Kavuz orani yoniinden lokasyonlar
arasinda fark onemli olup Edirne lokasyonundaki
genotiplerin kavuz orami Kirklareli lokasyonundan
daha dusiik olmustur.

Kavuz oran1 agisindan bulunan sonuclar Sar1 ve ark.
(2012) ile Kahraman ve ark. (2017) 'nin bildiridikleri
ile benzerlik gosterirken, Sahin ve ark. (2017)1n
calismalarindan farklilik géstermistir.

Cizelge 4. Yulaf genotiplerinin hektolitre agirligi, kavuz ve tane i¢ orani ortalama degerleri ve olusturduklar:

gruplar

Table 4. Mean performance and LSD ranks of oat genotypes for test weight. husk rate and groat percent

Hektolitre Agirliga (kg hl1)

Kavuz Oran (%)

I¢ Tane Orani (%)

P No Edirne Kirklareli  Lok. Ort.  Edirne Kirklareli  Lok. Ort. Edirne Kirklareli  Lok. Ort.
1 49.9+0.15g 44.0+0.17h 47.0+3.16 h 31.6+1.64b 38.2+1.33a 34.9+3.82a 67.9+2.15g 61.5£1.06 h 64.7+3.55 g
2 54.6+0.19f 50.0+0.26 g 52.3+2.48 ¢ 27.9+0.74 d-f 30.2+0.19¢ 29.0+1.33 cd 71.8+1.18 de 70.0+0.37e  70.9£1.23 de
3 59.1+0.17b  55.1+0.16 ¢d 57.1+2.13 ¢  26.4+0.28 g-1 26.7+0.67 gh 26.5+0.50 h1 73.5+0.15 ab 73.3+0.67 ab 73.4+0.46 a
4 58.7+0.22 bc 54.1+0.22 de 56.4+2.48 ¢ 27.5+0.31 e-g 26.8+1.01 gh 27.2+0.78 gh 71.9+0.76 de 73.2+1.01 ab 72.5£1.08 b
5 57.5+0.74d 53.1+0.65e 55.3+2.44d 28.0+0.30 d-f 29.0+1.19 de 28.5+0.95 de 72.2+0.47cd 71.0+1.19de 71.6£1.03 cd
6 56.5+0.39 e 54.2+0.19 de55.3+1.26 d 29.1+1.95cd 27.2+0.96 gh 28.1+1.75 ef 70.8+1.85 ef 72.4+1.58 bc 71.6+1.80 cd
7 56.4+0.21e 53.1+1.84e 54.7+2.14d 29.3+0.23c¢  29.7+0.26 cd 29.5+0.30 ¢ 70.5+0.41 f 70.5+0.39e 70.5+0.37 e
8 59.9+0.26 a 59.7+2.13 a 59.8+1.41a 26.1+0.25 h1 26.8+0.45 gh 26.4+0.52 h1 73.7+0.47 ab 73.0+0.61 ab 73.4+0.61 a
9 58.4+0.17¢c 51.6x1.67f 55.0+3.81d 26.8+0.75f1 29.7+0.50 cd 28.3+1.65 de 73.3+0.85 a-c 70.3+0.50 e~ 71.8+1.72 bc
10 56.6+0.22 e 53.0+1.04 e 54.8+2.03d 28.5+0.41 c-e 28.4+1.07 ef 28.5+0.75 de 71.6+0.25 d-f 71.7+0.97 cd 71.7+0.65 cd
11 45.7£0.131  50.7+0.58 fg 48.2+2.69 g 37.3+0.94a 32.5+0.29b 34.9+2.67a 62.5+0.69h 67.4+0.21g 64.9+2.67¢g
12 60.2+0.30 a 56.6+0.67b 58.4+1.96b 27.3+0.36 f-h 27.7+0.38 fg 27.5+0.40 fg 72.6+0.49 b-d 72.2+0.54 b-d 72.4+0.53 bc
13 48.4+0.24 h  50.2+0.21 fg 49.3+0.94 f 31.4+0.78b 31.5+1.13b 31.4+0.90b 68.6+0.78 g 68.6+1.03 f 68.6+0.85 f
14 59.9+0.25 a 56.0+0.17 bc 57.9+2.09b 25.7+0.701 26.3+0.28 h 26.0+0.591 74.3+0.70 a 73.8+0.42a  74.1+059 a

Lok.Ort 55.8+4.48 a 52.9+3.71b 54.4+4.34 28.843.056b 29.343.18 a 29.0+3.11 71.07£3.09 70.64+3.22 70.85+3.15

Lok. 0.29 0.42 0.44 6.s1z

Genotip x Lok. 1.03 1.16 1.18

LSD 0.43 1.41 0.73 1.21 1.14 0.82 1.21 1.19 0.84

CV (%) 0.54 1.86 1.34 2.94 2.71 2.83 1.19 1.18 1.18

Edirne lokasyonunda genotiplerin tane i¢ oranlar:
%62.5-74.3 (71.1) arasinda degismis. %74.3 tane ic
orani ile 14 nolu genotipte en ylksek degere
ulagihirken %62.5 ile Y-330 cesidinde ise en dusiik
degere ulagilmistir. Kirklareli lokasyonunda ise
genotiplerin tane i¢ oranlarn %61.5-73.8 (70.6)
arasinda degismis. % 73,8 tane i¢ orani ile 14 nolu
genotip en yuksek degere ulagirken %61.5 ile Checota
¢esidinde ise en diisiik degere ulagilmistir. Lokasyon
ortalamalarina goére genotiplerin kavuz oranlari
%64.7-74.1 (70.9) arasinda degismis. 14, 3 ve
Kahraman cesidinde en yiiksek degere ulagilirken Y-

330, Checota, Y-330 ve Sebat cesitlerinde ise en dusuk
degere alinmigtir. Tane i¢ oran1 yoniinden lokasyonlar
arasinda fark istatistiki anlamda 6nemli olmamigtir.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamis
olduklarini beyan eder.
Cikar Catismasi Beyan
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catigsmasi olmadigini beyan ederler.
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Tane verimi yoninden incelenen lokasyonlar
ortalamasina gore 810.4 kg dal ile 6, 776.6 kg da'! ile
7 ve 768.7 kg da! ile 4 nolu genotiplerde en yiiksek
tane verimi elde edilmigtir. Standart cesitlerden 746.4
kg dal ile Kahraman ve 716.5 kg dal ile Kirklar en
yiksek tane verimi veren c¢esitler olmustur. 413.6
kg/da ile Y-330 ve 512.6 kg da'! ile Checota cesitlerinde
ise en dusik tane verimi elde edilmigtir. 9 yulaf
genotipinin hepsi tane verimi yéniinden Y-330, Sebat
ve Checota cesitlerden daha yliksek tane verimi
verirmistir. Tane verimi, 1000 tane agirhig1 ve kavuz
orani yonlinden Kirklareli lokasyonu Edirne
lokasyonundan daha yiiksek olurken diger &zellikler
yonunden ise daha dusik olmustur. Kahraman ve
Kirklar cesitleri tane verimi ve incelenen ézellikler
yonlinden one cikarken, Checota, Sebat ve Y-330
cesitleri ise hem tane verimi hemde incelenen kalite
ozellikleri yonunden en disik degerlere sahip
olmuslardir. Incelenen 6zellikler yoniinden 6. 12 ve 3
nolu genotipler ile Kahraman c¢esidi en iyi genotipler
olarak belirlenmigtir.
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Farkh Kolza (Brassica Napus L.) Genotiplerinde NaCI Konsantrasyonlarinin Cimlenme ve
Cikig Uzerine Etkisi
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OZET

Bu ¢alisma 2018 yilinda farkli tuz konsantrasyonlarinin ¢imlenme ve
¢ikis tlzerine etkisini belirlemek amaciyla kontrolli kosullardaki
iklim odasinda ve inkubatoérde yurutulmustir. Arastirma, 20+1.0
C”lik sabit ortam sicakligina sahip kontrollii kabin i¢erisinde karanlik
kogullarda gergeklestirilmigtir. Denemede; Stzer, Samibey, Licord,
NK Karavel ve Orkan kolza gesitlerine ait tohumlar ve tuzun kontrol
ile beraber 25, 50 ve 75 mMol dozlar1 kullanilmigtir. Sonug¢ olarak;
farkli NaCl tuzlarinin dozlar1 artmasiyla ¢gimlenme orani, hassashk
indeksi, ¢cimlenme indeksi, ¢ikis indeksi, ¢ikis orani, stirgiin uzunlugu,
kok uzunlugu, yas surgun agirlhigi, yas kok agirligi, kuru kok agirhigi,
kuru surgun agirhiglr ve tuza tolerans yuzde o6zelliklerinin tuz
miktarina  bagli  olarak  azaldiklar1  belirlenmisgtir. Tuz
konsantrasyonlarinin artmasiyla g¢imlenme hizi ve c¢ikis hizinin
uzadigr belirlenmigtir. Cimlenme orami %90.2-64.2, ¢cimlenme hizi
2.775-3.214 gun, hassaslik indeksi 1.0015-1.329, ¢imlenme indeksi
11.75-7.965, cikis orani %56.7-47.6, ¢ikis hiz1 7.037-4.77 gun, surgin
uzunlugu 16.85-12.358 cm, kok uzunlugu, 4.124-2.989 c¢m, yas stirgiin
agirligr 0.81-0.53 gr, yas kok agirligr 0.168-0.092 gr, kuru surgin
agirligr 0.0408- 0.0289 gr, kuru kok agirhigr 0.042-0.0271 gr, tuza
tolerans yuzdesi %99.04-64.08, cikis indeksi 3.5504- 2.543 arasinda
degisim gostermistir. Arastirmada NaClI, kolza bitkisinde ¢gimlenme
ve cikig oOzelliklerini fide gelisimi yoniinden olumsuz etkiledigi
belirlenmigtir.

The Effect of NaCI Concentrations on Germination and Emergence
Napus L.) Genotypes

ABSTRACT

This study was conducted to determinate of effect of different salt
concentrations on germination and emergence of different rapeseed
(Brassica napus L.) genotypes in controlled climate chamber and
incubator in 2018. The research was conducted in a controlled cabinet
with constant ambient temperature of 20 + 1.0 C° under dark
conditions. In the trial; Stizer, Sami Bey, Licord, NK Caravel and
Orkan canola varieties and 25, 50 and 75 mMol salt concentration
were used. The results indicated that with increasing doses of NaCl s,
germination rate sensitivity index, germination index, emergence
index, emergence rate, shoot length, root length, wet shoot weight, wet
root weight, dry root weight, dry shoot weight and salt tolerance
percent characteristics were decreased. It was determined that
germination and emergence rates increased with increasing salt
concentrations. Germination rate, germination speed, sensitivity
index, germination index, emergence rate, emergence speed, shoot
length, root length, shoot fresh weight, root fresh weight, shoot dry
weight, root dry weight, salt tolerance percentage, and the emergence
index ranged between 90.2-64.2%, 2.775-3.214 days, 1.0015-1,329,
11.75-7.965, 56.7-47.6 %, 7.037-4.77 days, 16.85-12.358 cm, 4.124-
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2.989 cm, 0.81-0.53 g, 0.168-0.092 g, 0.0408-02828 g, 0.042-0.0271 g.

99.04-64.08%, and 3.5504-2.543, respectively.

Atif I¢in: Bala AK, Boydak E 2021. Farkli Kolza (Brassica Napus L.) Genotiplerinde NaCI Konsantrasyonlarimin Cimlenme ve
Cikis Uzerine Etkisi. KSU Tarim ve Doga Dergisi 24 (5): 1011-1020. https://doi.org/10.18016/ksutarimdoga.vi.768704.
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GIRIS

Kolza tohumlarinda bulunan %16-24 protein, %38-50
yag, zengin linoleik ve oleik asit miktar: ile yaginin
kaynama noktasinin yiuksek olmasi kolzay: degerli yag
bitkileri arasina sokmaktadir. (Anonim, 2018a).
Ulkemizin bitkisel kékenli yag acqigim kapatmada
kolza bitkisinin 6nemli rold vardir. Kolza bitkisine ait
sar1 ciceklerle arilari cezbedip arilari ¢cekmesi bal
ureticilerine avantaj saglar. Hayvan beslemesinde
kiispesinin %38- 40 oraninda protein barindirmasi
hayvan yetigtiricileri i¢in gok giizel bir yem oldugunu
gostermektedir. Bu avantajlar kolza bitkisinin ne denli
degerli bir bitki oldugunu goézler oniine sermektedir.
Bu avantajlar kolza bitkisini diinyanin en ¢ok ekilen
yag bitkileri arasina sokmaktadir (Anonim, 2018b).
Stres bitkisel tretimde, bitkilerin tizerinde olusup
olumsuz etki birakan dig etmenler olarak
tanimlanmaktadir. Bitkiler lizerine etki eden stres
faktorleri 2 gruba ayrilmaktadir. Bunlardan ilki
biyotik stres faktorleri (hastalik ve zararlari), ikincisi
ise abiyotik stres faktorleridir (tuzluluk, kuraklik,
yiiksek veya diisiik sicakliklar, vb) (Tirkan, 2008).
Tuzluluk dinya genelinde topraklardaki en 6nemli
sorunlardan biridir. Yanlis tarimsal sulamalarin
yapilmasi ve drenajin k6tii olmasi tuzlulugu tetikleyen
en oOnemli etkenlerdendir. Toprakta olusan tuz
birikimi topragin fiziksel ve kimyasal 6zelliklerini
bozmaktadir. Bozulmalar sonras1 bitki gerekli besini
alamamasindan dolay1 bitki biiyiime ve gelismesi
olumsuz yonde etkilenir (Ekmekgi ve ark. 2005).

Sulama yapilan bolgelerde asir1 ve dengesiz sulama ile
taban suyundaki tuzlar toprak yilizeyine c¢ikarak
tuzlulugu meydana getirir. Baz bitkilerin tuza olan
toleranslar1 ¢esitlerin genetik yapilarindan kaynakl
olarak farkhilik goésterebilir. Tuzlu ortamlardaki
¢imlenme ve fide gelisim evreleri bitkinin yasam
dongiisii icerisindeki en kritik dénemidir (Katerji et
al., 1994; Wang ve Shannon 1999; Almansouri ve ark.,
2001). Artan diinya niifusunun ihtiyaci olan tatli su
kaynaklarinin azhg, alternatif ¢bozimlerin
arastirilmasini hizlandirmaktadir (Acar ve ark.2011).
Bu nedenle ekonomik diizeyde verim saglayabilecek
tuza dayanmimi yiiksek, kolza gesitlerinin belirlenmesi
son derece 6nemlidir.

Bu c¢alismanin amaci farkli tuz stresine maruz
birakilan Orkan, Samibey, Stizer, Licord ve NK
Caravel kolza cesitlerinin  bazi  hususiyetleri
uzerinden, cimlenme ve c¢ikis donemlerindeki tuza
kars1 tepkilerini belirlemektir.
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MATERYAL ve METOD

Calismada 5 kolza cesidi (Siizer, Samibey, Licord, NK
Caravel ve Orkan) ve NaCI tuzu materyal olarak
kullanilmigtir.  Deneme 1ki agsamali  olarak
yurutilmustur. ilk asamada, sterilize edilmis cam
petri  kutularinda tuzlu ortamda ¢imlendirme
denemesi yapilmigtir. ikinci asamada tuzluluk
etkisinin ¢ikis doneminde fide gelisimi ve kolza
bitkilerinin baz1 morfolojik 6zellikleri incelenmek
uzere torf-perlit karigimi konulmus plastik kaplara
ekilerek inkubatorde yurutulmustir. Arastirma 2018
yilinda ‘Tesadif Parselleri Faktoryel deneme desenine’
gore dort tekerrturli olarak, 20°C sabit sicakliga

ayarlanmig inkiibatorde karanhk ortamda
gerceklestirilmistir.
Cimlendirme denemesinde de kullanilan bitin

malzemeler, 70°C’de 150 dk boyunca inkiibatérde
bekletilerek sterilizasyon saglanmistir. Kontrol
disinda t¢ farkli NaCl konsantrasyonlar: 25 mMol, 50
mMol ve 75 mMol uygulanmigtir. Kolza tohumlarinin
sterilizasyonu i¢in tohumlar %1.51ik sodyum
hipoklorit ¢ozeltisinde 5 dakika siire ile bekletildikten
sonra saf sudan gecirilmigtir. Her petri kabina 25’er
adet tohum yerlestirilmistir. Konsantrasyonlari
hazirlanmis solisyonlardan 3 ml eklenerek iklim
dolabina yerlestirilmistir. Islemden 24 saat sonra
cimlenmis tohumlar (1 mm kékeiik) steril pens
yardimiyla sayilip not edildikten sonra petri kabindan
uzaklastirilmigtir. 14 giin boyunca islem ayni seyirde
devam etmigstir. 3 giin ard arda ¢imlenmeyen tohumlar
¢imlenmemis sayilmistir.

Cikis calismasi 12 cm capinda plastik kaplarda
yapilmis ve alttan fazla suyun birikmemesi i¢in 2 mm
capinda olan delinmigtir. Plastik kaplarin igine %
oraninda torf ve % oraninda perlit karigimi
konulmustur. 4 tekerriirlii olarak hazirlanan her kaba
25’er adet tohumluk diizgiin bir gsekilde dizilerek tzeri
0,5-1 cm elekten gegirilmis kum ile kapatilmigtir.
Onceden hazirlanan soliisyonlardan kontrol ve tuz
soliisyonlar ile birinci glin 24 ml, sonraki glinler i¢in
ise 12 ml eklenerek 20°Cye ayarlanmis iklim dolabina
yerlestirilmistir. Cikis yapmis ve yapmamisg bitkiler 24
saat araliklarla sayillarak sulama yapilmistir. Bu
islem 14 giin boyunca devam etmistir. 3 glin ard arda
¢ikig yapmayan uygulamalar sonlandirilmigtir.

Aragtirmada; Cimlenme denemesinde Cimlenme
Oranm (%):(Cimlenen toplam tohum sayis1 / 20) x 100
(Elkoca, 1997), Cimlenme Hizi (giin): MGT=3(fx)/¥f,
MGT: Ortalama c¢imlenme stiresi; f: Cimlenen tohum
sayisi; x: Cimlenme giinii (Ellis ve Roberts, 1980),
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Cimlenme Indeksi: Her giin ¢cimlenen tohum sayisinin
sayilan giinlerine bélinmesiyle asagidaki formiile gore
bulunmustur. M= nl/t1+n2/t2+ n3/t3...n/t (M:
Cimlenme indeksi, n1; 1. glinde ¢imlenen tohum sayisi,
tl: 1l.giin, nt; son giinde cimlenen tohum sayis1)
(Maguire, 1962), Hassaslik Indeksi: HI=Tuz
uygulamasindaki OCZ / kontrol uygulamasindaki OCZ
(Yildirim ve Giivencg, 2006); Cikis denemesinde ise
Cikis Orani (%):Cikis orani (%) = (Cikan toplam tohum
sayist / 25) x 100 (Elkoca, 1997), Cikig Siiresi (Giin):
MGT=Y(fx)/Yf, MGT: Ortalama cikis siiresi; f: cikan
tohum sayisi; x: cikis giinii (Ellis ve Roberts, 1980),
Cikis Indeksi (Maguire, 1962): M= n1/t1+n2/t2....n/t
(M: ¢ikis indeksi; n1; 1. giinde ¢ikan tohum sayisi; t1:
l.glin, nt; son giinde ¢ikan tohum sayisi, nt; ¢ikisin
oldugu son giin), Tuza Tolerans Yiizdesi (%):Tuza
tolerans (%) = (TUBKA / KUBKA) x 100 (TUBKA : Tuz
uygulamasindaki bitki kuru agirligi, KUBKA : Kontrol
uygulamasindaki bitki kuru agirhg), Kék Uzunlugu
(cm): Kék taci ile kék ucu arasindaki mesafe
milimetrik cetvelle Olctilup kok uzunlugu
belirlenmistir. Siirgiin Uzunlugu (cm): Kék taci ile en
uctaki yaprak arasindaki mesafe milimetrik cetvelle
Olculip stirglin uzunlugu belirlenmistir. Yas Kok
Agirhigr ()t kokler musluk suyu altinda yikanip ve
iyice kurulandiktan sonra tartilmisdir. Kuru Kok

Agirhg (g): Yas agirhig belirlenen kokler 65 °C’de 24
saat kurutulduktan sonra agirhiklarn g olarak
belirlenmistir. Yag Siirgiin Agirhig1 (g): bitkilerin kék
ve surgiinleri birbirinden ayrilmis, siirgiinler hemen
tartilarak hassas terazide gram olarak belirlenmistir.
Kuru Siirgiin Agirhg (g): Yas agirlign belirlenen
stirginler 65 °Cde 24 saat kurutulduktan sonra
agirhiklar1 g olarak belirlenmek suretiyle 6zellikler
incelenmisgtir.

BULGULAR ve TARTISMA

Cizelge 1, Cizelge 2’ ve Cizelge 3’de verilen varyans
analiz sonug¢larina bakildiginda, stirgiin uzunlugu, kék
uzunlugu,kuru sirgin agirhigr ve kuru kok agirhigi

ozelliklerinin  sadece c¢esit x  konsantrasyon
interaksiyonu agisindan % 0,05 diizeyinde 6nemli
bulundugu, diger tim  oOzelliklerin;  c¢esitler,

konsantrasyon ve gesit x konsantrasyon interaksiyonu
arasindaki farkin %0.01 diizeyinde 6nemli bulundugu
belirlenmigtir.

Cizelge 4’de goriilebilecegi gibi, ¢imlenme oranlari
arasindaki farklar ¢cok 6nemli farklilik gostererek en
diisiik cimlenme orami %52.5(0Orkan), en yiiksek
cimlenme orami ise % 98.75 (Siizer) olmustur.
Aragstirma neticesinde tuz konsantrasyonu arttikca
¢imlenme oraninda belirgin bir sekilde diistisler

Cizelge 1. Baz1 kolza (Brassica napus l.) cesitlerinde farkli tuz konsantrasyonlarmin cimlenme oranina (%), cimlenme
indeksine, cimlenme siiresine (giin) ve hassaslk indeksine ait varyans analiz sonuclar1 ve degisim katsayilar:.
Table 1. Variance analysis results and coefficients of variation of different salt concentrations, germination rate (%), germination
index, germination time (day), sensitivity index in some rapeseed (brassica napus 1) cultivars.

Kaynaklar Serbestlik Cimlenme Cimlenme Siiresi Cimlenme Indeksi Hassaslhik

(source) Derecesi Orani (%) (Glin) (Germination (Germination Indeksi
(Degree of | (Germination time (Days) Index) (Sensitivity
Freedom) Rate) Index)

Cesit (Cultivars) (Faktér A) 4 711.7%* 65.003** 835.34** 0.2695%*

Konsantrasyon 3 261.6*%* 4.567** 51.25%* 0.395%*

(Concentration) (Faktor B)

Interaksiyon 12 560.43** 0.334** 5.68%* 0.034**

(Interaction) (AXB)

Hata (Error) 1 60 54.47 0.010 0.265 0.003346

Genel (C.total) 79

*%19<0.01 diizeyinde, *: p<0.05, diizeyinde 6nemli, OD: 6nemli degil

Cizelge 2. Baz1 kolza (brassica napus 1.) cesitlerinde farkli tuz konsantrasyonlarinin ¢ikis oranina (%), cikis siiresine (giin), cikis
indeksi ve tuza tolerans yiizdesine (%) ait varyans analiz sonuclar: ve degisim katsayilar

Table 2. Variance analysis results and coefficients of variation of different salt concentrations, Emergence rate (%), Emergence
time (days), Emergence index and salt tolerance percentage) in some rapeseed (brassica napus 1) cultivars.

Kaynaklar Serbestlik Cikis Orami | Cikis Siiresi (Giin) Cikig Tuza Tolerans Yiizdesi (%)

(source) Derecesi (%) (Emergence Time Indeksi (Salt Tolerance
(Degree of | (Emergence (Days) (Emergence Percentage)
Freedom) Rate) Index)

Cesit (CultivarsXFaktor A) 4 165.70%** 66.84** 126.417*%* 2133.71**

Konsantrasyon 3 289.52%* 17.76*%* 1.78%* 4460.311**

(Concentration) (Faktér B)

Interaksiyon 12 106.76** 2.69%* 0.23** 340.106%*

(Interaction) (AXB)

Hata (Error) 1 60 3.20 0.106 0.0169 37.59

Genel (C.total) 79
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Cizelge 3. Bazi kolza (Brassica napus 1.) ¢esitlerinde farkli tuz konsantrasyonlarinin, siirgiin uzunluguna (cm), kék uzunluguna
(cm), yas siirgiin agirhgina (g), yas kok agirhgina (g), kuru siirgiin agirhgina (g) ve kuru kok agirhgina (g) ait varyans

analiz sonuglar ve degisim katsayilar

Table 3. Variance analysis results ve coefficients of variation of different salt concentrations, seedling length (cm), root length
(cm), fresh seedling weight (g), fresh root weight (g), dry seedling weight (g) ve dry root weight (g) in some rapeseed

(brassica napus 1.) cultivars

Kaynaklar Serbestlik Kok Stirgiin Yas Kok Kuru Kok Yag Strgin Kuru Surgin
(source) Derecesi | Uzunlugu Uzunlugu Agirhig (g) Agirhig Agirhig (g) Agirhig (g)
(Degree of (cm) (cm) (Fresh Root ) (Fresh (Dry Seedling
Freedom) (Root (Seedling Weight) (Dry Root Seedling Weight)
Length) Length) Weight) Weight)
Cesit (Cultivars) 4 77.903** 91.87** 0.24** 0.0079** 3.84%* 0.00334**
(Faktor A)
Konsantrasyon 3 3.55%* 75.61%* 0.036** 0.00081** | 0.29** 0.00054**
(Concentration)
(Faktor B)
1nteraksiy0n 12 0.15% 1.89* 0.0096** 0.000026* | 0.026** 0.000021*
(InteractionAXB)
Hata (Error)1 60 0.1032 1.076 0.000051 6.171 0.003794 0.000011
Genel (C.total) 79
*#:p<0.01 diizeyinde. *: p<0.05, diizeyinde énemli, OD: 6nemli degil
meydana geldigi belirlenmigstir. En diistik ¢ikis orani % uygulamasinda konsantrasyonunda 1.329 olarak

47.6 ile 75 mMol konsantrasyonun da olurken en
yiiksek cikis oram1 ise % 56.7 ile 0 (kontrol)
uygulamasinda olmustur. En digik ¢ikis oranina
sahip cesit % 6.625 ¢ikig orani ile Orkan ¢esidi olurken,
en ylksek ¢ikis oranina sahip gesit %82.5 ¢ikig orani
ile Samibey ¢esidi olmustur.

Cizelge 4’de gorilebilecegi gibi, konsantrasyonlar
arasi ortalamalarda en diisiik ¢cimlenme indeksi degeri
75 mMol uygulamasinda 7.96 iken en yiiksek
cimlenme indeksi degeri 11.75 degeri ile 0 (kontrol)
konsantrasyonun da oldugu belirlenmistir. Cesit
ortalamalar1 arasinda en diisiikk ¢imlenme indeksi
degeri Orkan cesidi 2.52 ile en yiiksek g¢imlenme
indeksi degeri ise 18.36 degeri ile Orkan c¢esidi
olmustur. Cimlenme indekslerinde en yiiksek degerler
tuzlu olmayan ortamlarda yani kontrol grubunda
oldugu goézlemlenmistir.

Yine Cizelge 4’de ¢imlenme hizi agisindan tuz
konsanrasyonlar1 ortalamasi arasinda ¢imlenme hizi
2.775 giin (0 mMol kontrol) ile 3.879 giin (75 mMol)
araliginda degistigi belirlenmigtir. Konsantrasyonlar
arasinda en hizli ¢gimlenmeler tuzsuz yani kontrol
grubunda hesaplanirken, artan tuz
konsantrasyonlariyla birlikte ¢cimlenme hizinda da tuz
konsantrasyon miktar ile orantili bir sekilde distigler
belirlenmigtir. Konsantrasyon ortalamalarina gére en
yiksek cimlenme hizi 4.77 giin ile 0 (kontrol)
uygulamasinda olurken, en dugik ¢ikis orani ise 75
mMol konsantrasyonunda 7.037 gliinde
gerceklesmigtir. Cesitler  ortalamalarinda  da
goruldigi tzere en hizh ¢ikig 3.72 gin ile Samibey
cesidi olurken en yavas ¢ikis ise 8.184 giin ile Orkan
¢esidi oldugu belirlenmigtir.

Hassaslik indeksleri konsantrasyon ortalamalarina
gore en diisiik ortalama 0 (kontrol) uygulamasinda
konsantrasyonunda 1.00 olarak belirlenmigken, en
yiksek  konsantrasyon ortalamasi 75 mMol

tespit edilmistir. Tuzluluk konsantrasyonlar: arttik¢a
hassasiyet degerleri de artmistir. Fakat Orkan
cesidinde 25 mMol 0 (kontrol) den diigiik bulunmustur.
Hassaslik indeksi en diisiik Orkan gesidi 25 mMol
0.875 iken en yiksek hassaslik indeksi ise NK Caravel
cesidi 75 mMol konsantrasyonunda 1.559 olarak
belirlenmigtir.

Yine Cizelge 5’de en diisuk c¢ikis indeksi 2.543 degeri
ile 75 mMol konsantrasyonu olurken, en yuksek ¢ikig
indeksi ise 3.5504 degeri ile 0 (kontrol) uygulamasinda
olmustur. Tuz miktarinin artmasiyla c¢ikis indeksi
azalmigtir. En dugik cegit 0.29 ile Orkan ¢esidi, en
yiksek ¢ikis indeksi ¢esit ortalamasi ise 5.5875 Stizer
cesidi olmustur. En yuksek cikis indeksi 6.245 ile
Stizer 0 (kontrol) iken en diisiik cikis indeksi ise,
0.2325 ile Orkan 75 mMol da gozlemlenmistir.

Cizelge 5’de tuza tolerans yiizdesi en diisiik %64.08 ile
75 mMol iken en yiiksek %100 ile 0 (kontrol) tuz
konsantrasyonda olmustur. Konsantrasyon
yogunluguna baglh bir sekilde tuza tolerans yiizdesinin
azaldigini gorilmektedir. Tuza tolerans yiizdesi en
yiiksek %100 ile Orkan 0 (kontrol) ¢esidi olurken, En
diisiik tuza tolerans ytizdesi %33.02 ile Orkan 75 mMol
oldugu goérilmiustir. Orkan c¢esidin tuza en hassas
¢esit oldugunu belirmektedir.

En diigtk stirgiin uzunlugu konsantrasyon ortalamasi
75 mMol konsantrasyonunda 12.358 cm iken en
yiksek strgiin uzunlugu konsantrasyon ortalamasi
ise 16.85 cm ile 0 (kontrol) uygulamasinda oldugu
belirlenmigtir. Bu da tuzlulugun artmasiyla sirgiin
uzunlugunun, konsantrasyon yogunluguyla ters
orantili bir bigimde azaldigin1 géstermektedir. Cesitler
bazinda en kisa stirgiin uzunluguna sahip c¢esit 10.192
cm ile Orkan c¢esidi olurken, en wuzun sirgin
uzunluguna sahip gesit ise 16.232 cm uzunluguyla
Stizer cesidi olmustur (Cizelge 6).
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Cizelge 4. Farkli kolza genotiplerinin, NaCI konsantrasyonlarinda ¢cimlenme orami (%), cimlenme indeksi, cimlenme siiresi (giin) ve hassaslik indeksine ait ortalamalar
Table 4. Different rapeseed genotypes in NaCI concentrations, averages of germination rate (%), germination index, germination time (day) and sensitivity index

Cimlenme Orani (%)(Germination Rate) Cimlenme Hiz (giin) (Germination time (Days)
Cesitler (cultivars) 0(kontrol) (control) | 256 mMol 50 mMol 75 mMol Ort. (average) (;g(;);t;';l) 25 mMol 50 mMol 75 mMol Ort. (average)
Samibey 93.0 +£1.00 abc 90. +1.15 abed 89.0+1.91 bed |81.0+9.71d 88.25 +2.52 B 1.59 +£0.02 no 1.66 £0.02 mn 1.78 +0.01 Im 1.96 +0.05 k 1.75+0.04 D
Siizer 100.0 £0.00 a 100.0 £0.00 a 100.0 £0.00 a 95.0 £1.00 abc 98.75 +0.60 A 1.274+0.01 p 1.5614+0.01 0 1.70 £0.03 mn 1.89 +0.04 k1 1.59 +0.06 E
NK Caravel 99.0 £1.00 ab 87.0 £5.26 cd 85.0 £3.00 cd 80.0 £3.27 de 87.75+2.38 B 2.33 £0.02 j 2.79+40.041 3.16 £0.031 3.71+£0.06 g 2.99+0.13 C
Licord 70.0 £6.22 ef 55.0 £5.00 gh 47.0 £3.00 h 50.0 £4.16 gh 55.50 £3.12 C 3.11+0.07 h 3.96 £0.05 4.30+0.01 e 4.42+0.03 e 3.95+0.13 B
Orkan 89.0 +4.44 bed 60.0 +£1.63 fg 46.0 £2.58 h 15.0 £1.921 52.50 £6.99 C 5.57+0.03 d 6.15+0.10 ¢ 7.00+0.14 b 7.414+0.05 a 6.563+0.19 A
Ort. (average) 90.2 £2.85 A 78.40 +4.27 B 73.4+£5.25 C 64.2 +6.87 D 2.78 £0.35 D 3.21+0.39 C 3.59+0.45 B 3.88 £0.46 A
E.G.F: 0.05) L.S.D) Cegit : 5.21 Uygulama:4.6 Cegit X uygulama: 10.43 Cesgit: 0.071 Uygulama.: 0.063 Cesit X Uygulama:0.142
cv 9.64 3.00

Cimlenme Indeksi(Germination Index) Hassashk Indeksi (Sensitivity Index)
Samibey 18.47 +0.25 ¢ 18.02 +0.23 ¢ 17.12+£0.29d 13.32 £0.43 f 16.74 +0.54 B 1.00 +0.00j 1.12 +£0.03 gha 1.27 +£0.01 cd 1.31+£0.02 ¢ 1.18 +0.03 C
Siizer 21.62+0.24 a 19.40 £0.41 b 17.85 £0.35 cd 14.55 £0.52 e 18.36 £0.69 A 1.00 £0.00 j 1.19 +0.03 efg 1.26 +0.02 cde 1.43 +0.03 b 1.22+0.04 B
NK Caravel 8.65+0.07 g 8.95+0.26 g 8.25+0.31¢g 8.25+0.24 g 8.52+0.13 C 1.00 +£0.00 j 1.42 +0.03 b 1.47 +0.02 b 1.56 £0.07 a 1.36 +0.06 A
Licord 5.42+0.13 h 4.22£0.111 3.17 £0.06 jk 3.35+0.13] 4.04+0.24 D 1.00 +£0.00 j 1.06 +0.01 hyj 1.12 +0.02 fgha 1.20 +0.03 def 1.10+0.02 D
Orkan 4.57+0.19) 2.70 +0.06 jk 2.45+0.10 k 0.35+0.021 2.52+0.39 E 1.00 +£0.00 j 0.88 +£0.03 k 1.05 +£0.05 1) 1.14 +0.02 fgh 1.02 +0.03 E
Ort. (average) 11.75+£1.60 A 10.66 +£1.59 B 9.77 £1.52 C 7.96 £1.27D 1.00 £0.00 D 1.13+0.04 C 1.24 +0.03 B 1.33 £0.04 A
E.G.F (0.05) L.S.D) Cesit:0.379 Uygulama:0.325 Cesit X Uygulama:0.727 Cegit:0.0409 Uygulama:0.036 Cesit X Uygulama:0.081
cv 5.12 4.92
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Cizelge 5. Farklh kolza genotiplerinin, NACI konsantrasyonlarinda cikig oram (%), cikig siiresi (giin), cikis indeksi ve tuza tolerans yiizdesine (%) ait ortalamalar
Table 5. Different rapeseed genotypes in NACI concentrations, averages of Emergence rate (%), Emergence time (days), Emergence index and salt tolerance percentage

(%)
Cikis Oram (%)(Emergence Rate) Cikis Siiresi (giin) (Emergence Time (Days)
Cegsitler (cultivars) (é(i{;;ir](;l) 25 mMol 50 mMol 75 mMol Ort. (average) %gz;t:;l) 25 mMol 50 mMol 75 mMol Ort. (average)
Samibey 83.0 +£0.41 ab 81.0 +1.29 be 80.0 +1.41 cd 78.0 £1.46 d 82.5 +0.57 A 3.09 +0.06 1 3.61 +0.03 jk 4.03+0.05 1 4.16 £0.06 1 3.72+0.11 E
Siizer 85.0£1.00 a 83.0 £0.41 ab 81.0 +0.71 be 81.0 £1.08 be 80.5+0.71 B 3.54 £0.04 kl 3.83 +0.05 1jk 4.08 +0.05 j 4.98 £0.07 h 4.11+0.14 D
NK Caravel 62.0£1.08 e 54.0 £0.71 f 54.0£0.91 f 56.0 £0.82 56.5+0.94 C 7.02 £0.05 d 7.20+0.10d 7.81+0.16 ¢ 9.04 £0.18 b 7.78+0.21 B
Licord 46.0+1.41 g 40.0 £0.91 h 34.0+0.821 17.0+0.411 34.25+2.83 D | 5.22+0.15 gh 5.63 £0.08 fg 5.73£0.20 f 6.55+0.32 e 5.79+£0.16 C
Orkan 7.5+0.18 k 7.0 +0.35 k 6.0 +0.41 k 6.0 £0.20 k 6.625+0.22 E | 5.00 £0.22 h 8.17+0.10 ¢ 9.11+0.10 b 10.45 £0.45 a 8.18 £0.53 A
Ort. (average) 56.7 £6.54 A 53.0 £+6.47 B 51.0 +6.55 C 47.6 £7.10D 4.77+0.32D 5.70 £0.42 C 6.15+0.47 B 7.04 £0.56 A
EGF:(0.05 (LSD) Cesit:1.2 Uygulama:1.13 Cegit X Uygulama:2.529 Cegit: 0.23 Uygulama: 0.206 Cesit X Uygulama: 0.46
cV 3.43 5.61
Cikig Indexi(Emergence Index) Tuza Tolerans Yiizdesi (%)(Salt Tolerance Percentage)
Samibey 6.09 £0.06 a 5.77+0.09 b 5.19+0.08 ¢ 4.82 +0.09 d 5.47+0.13 B 100 +0.00 a 88.55 +1.51 bede 77.11 +2.05 gh1 70.64 +1.18 hyj 83.96+2.94 B
Siizer 6.25+0.11 a 5.61+0.06 b 5.31+0.13 ¢ 5.19+0.11 ¢ 5.59+0.12 A 100 +0.00 a 97.03 £0.51 ab 92.48 +1.89 abed | 86.38 +1.54 cdef 93.26 +1.32 A
NK Caravel 2.13+0.08 e 1.91+0.03 f 1.78+0.01 g 1.67+0.02 g 1.86 £0.05 C 100 +£0.00 a 84.89 +£3.78 defg 77.81 +4.22 fgh 68.99 +£5.77 1jk 82.77+3.74 B
Licord 1.91 +£0.06 f 1.69+0.03 g 1.57+0.02 g 0.81 £0.03 h 1.49+40.11 D 100 +£0.00 a 94.12 +2.40 abc 80.88 +4.03 efg 61.37 +2.39 k 83.97+3.99 B
Orkan 0.39+0.011 0.29+0.011 0.26 +0.00 1 0.23 +£0.01 1 0.29 +0.02 E 100 +£0.00 a 66.22 +3.52 b 49.01£0.971 33.02+3.41 m 61.96 +6.47 C
Ort. (average) 3.35+0.54 A 3.05+0.51 B 2.81+0.47 C 2.54 +0.47 D 100 +0.00 A 86.165 +2.70 B 75.46 +3.49 C 64.08 +4.23 D
EGF (0.05) LSD) Cesit: 0.0918  Uygulama: 0.082  Cesit X Uygulama: 0.183 Cesit: 4.33  Uygulama: 3.87 Cesit X Uygulama: 8.67
oV 7.5
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Cizelge 6. Farkh kolza genotiplerinin, NACI konsantrasyonlarinda siirgiin uzunlugu (cm), kék uzunlugu (cm), yas siirgiin agirhig (g), yas kok agirhg (g), kuru
siirgiin agirhig (g) ve kuru kék agirhgina (g) ait ortalamalar
Table 6. Different rapeseed genotypes in NACI concentrations, averages of root length (cm), seedling length (cm), dry root weight (g), fresh root weight (g), dry
seedling weight (g) and fresh seedling weight (g)

Kok Uzunlugu (cm) (Root Length) Siirgiin Uzunlugu (cm) (Seedling Length)
. , 0(kontrol) 0(kontrol)
Cesitler (cultivars) (control) 25 mMol 50 mMol 75 mMol Ort. (average) (control) 25 mMol 50 mMol 75 mMol Ort. (average)
Samibey 7.06 £0.23 a 6.28 +£0.41 be 6.30 £0.06 be 5.90 +0.25 cd 6.39 +0.16 A 17.77 £0.54 ab 15.35 +0.75 cde | 14.75 +0.53 def 12.93+0.17 g 15.20 £0.51 B
Siizer 7.11+0.23 a 6.56 +0.10 b 6.30 £0.23 be 6.14 +0.05 be 6.52+0.12 A 18.69 £0.99 a 16.68 £0.59 bc 14.80 +0.30 def 14.77 £0.16 def 16.23 £0.50 A
NK Caravel 5.60+0.04 d 4.88+0.30 e 4.64 £0.13 ef 4.31+0.12 fg 4.86+0.14 B 17.70 £0.63 ab 15.33 £0.38 cde | 15.19 +0.24 de 13.95 +0.33 efg 15.57 £0.40 AB
Licord 4.12+0.04 g 4.05+0.03 g 3.47+0.10 h 2.99 +0.06 1 3.66+0.12 C 16.18 +£0.20 cd 15.08 +£0.63 de 13.59 +0.40 fg 12.78 £0.42 g 14.41 £0.39 C
Orkan 1.38 £0.03 j 1.30 +0.01j 1.11+0.01j 0.95 +0.02 j 1.18+0.04 D 13.95 +0.67 efg 10.99 £0.42 h 8.47 +0.481 7.36 +0.67 1 10.19+0.70 D
5.05+0.49 A 4.61+0.44 B 4.37+0.45 C 4.06 +0.45 D 16.85 £0.46 A 14.69 +£0.50 B 13.36 £0.60 C 12.36 +£0.62 D

Ort. (average)

E.G.F:(0.05) (L.S.D) Cesgit: 0.227 Uygulama: 0.203 Cesit X Uygulama:0.454 Cesit: 0.73 Uygulama: 0.656 Cegit X Uygulama:1.467

CVv 7.10 7.25

Kuru Kok Agirhign (g) (Dry Root Weight) Yag Kok Agirhign (g) (Fresh Root Weight)
Samibey 0.059 £0.00 ¢ 0.054 +0.00 d 0.044 +0.00 e 0.038 +0.00 f 0.049 +0.00 B 0.499 +0.01 a 0.332+0.01b 0.269 +0.004 ¢ 0.200 +0.00 d 0.325 +0.03 A
Siizer 0.073 £0.00 a 0.068 +0.00 b 0.064 +0.00 b 0.057 £0.00 cd 0.065 +0.00 A 0.120+0.01 g 0.087 +0.00 h1 0.064 +£0.01 jk 0.056 £0.01 kl 0.081 +0.00 C
NK Caravel 0.038 £0.00 f 0.031+0.00 g 0.029 +0.00 g 0.021 +0.00 1 0.029 £0.00 C 0.080 +0.00 1 0.068 +£0.00 j 0.049 +0.00 1 0.030 £0.00 m 0.057 +0.01 D
Licord 0.025 +0.00 g 0.022 +0.00 ha 0.021 +£0.00 1 0.014 +0.00j 0.020 +0.00 D 0.168 £0.00 e 0.151 +£0.00 f 0.127+0.01 g 0.092 £0.00 h 0.135+0.01 B
Orkan 0.017 £0.00 j 0.010 +0.00 k 0.009 +0.00 k1 0.006 +0.00 1 0.010 +0.00 E 0.016 +0.00 n 0.013 +0.00 no 0.008 +0.00 no 0.005 £0.00 o 0.010 +0.00 E
0.042 £0.00 A 0.037 +0.00 B 0.033 +0.00 C 0.027 +0.00 D 0.180 +0.04 A 0.130+0.03 B 0.103 +0.02 C 0.077 £0.02 D

Ort. (average)

E.G.F (0.05) @.S.D) Cesit: 0.0017 Uygulama: 0.00158 Cegit X Uygulama:0.0035 Cegit:0.00506 Uygulama:0.0045 Cesit X Uygulama: 0.0101

CVv 7.13 5.88

Kuru Siirgiin Agirhiga (g) (Dry Seedling Weight) Yas Siirgiin Agirhg (g) (Fresh Seedling Weight)

Samibey 0.490+0.00 be 0.042 +0.00 de 0.041 +0.00 ef 0.039 +0.00 ef 0.043+0.00 B 1.50 £0.03 a 1.26 +0.05 b 1.20+0.01 b 1.08 +0.03 ¢ 1.26 +0.04 A
Siizer 0.057 £0.00 a 0.052 +0.00 b 0.050 +0.00 be 0.049 +0.00 be 0.052 +0.00 A 1.22 +0.03 b 1.17+0.02 b 1.05 +0.02 ¢ 0.90 +£0.08 d 1.09+0.04 B
NK Caravel 0.046 £0.00 cd 0.036 +0.00 fg 0.033 +0.00 gh 0.030 +0.01 h1 0.036 +0.00 C 0.52+0.04 g 0.44+0.02 g 0.47+0.03 g 0.30 +£0.03 h 0.43 £0.03 D
Licord 0.026 £0.00 1 0.026 +0.00 1 0.021 +0.00j 0.018 +0.00j 0.023 +0.00 D 0.76 £0.04 e 0.62 +£0.02 f 0.51+0.01g 0.30 +£0.01 h 0.55 +0.04 C
Orkan 0.026 £0.00 1 0.019+0.00; 0.013 +0.00 k 0.009 +0.00 k 0.017+0.00 E 0.08 £0.00 1 0.07+£0.011 0.07 £0.00 1 0.05+0.011 0.07 £0.00 E
Ort. (average) 0.041 £0.00 A 0.035+0.00 B 0.031 +£0.00 C 0.029 +0.00 D 0.81+0.12 A 0.71+0.10 B 0.65 +0.10 C 0.53 £0.09 D
E.G.F (0.05) (.S.D) Cesgit: 0.00238 Uygulama: 0.00214 ¢esit X uygulama: 0.00476 Cesit: 0.043  Uygulama: 0.0389 Cesit X Uygulama: 0.087

CVv 9.91 9.08
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Cizelge 6'da, en kisa kok wuzunluguna sahip
konsantrasyon 75 mMol konsantrasyonunda 4.057 cm
iken, en uzun konsantrasyon ortalamasina sahip, 5.05
cm ile 0 (kontrol) uygulamasi olmustur. En diisiik
uzunluguna sahip ¢esit 1.184 ortalama ile Orkan c¢esidi
olurken, en yluksek kok uzunlugu ise 6.52 cm
ortalamasi ile Siizer ¢esidi olmustur.

Bulunan sonuglarin, diger baz1 arastiricilarin
bulgular1 ile uyum igerisinde oldugu goérilmektedir.
Nitekim, tuza maruz birakilan kolza cesitlerinde, tuz
yogunlugun artmasiyla iyon dengesi ve osmotik
dengenin bozulmasi sonucunda ortamdaki su alimi
glglestigi, buna baglh olarak cesitlerin ¢imlenme
siirelerinin uzadigt (Mass ve Hoffman, 1977), kolza
bitkisinin tuz stresinde bitki boyu, verim, kalite ve
fiziksel o6zelliklerin gozle gorulur sekilde azaldiklarinm
(Kumar 1995), kolzada sodyumun artmasiyla bitki
boyunun sodyum miktarina baghh olarak azaldig:
(Boem ve Lavado, 1996), artan tuz miktar: ile kolza
gesitlerinin  ¢imlenme ylzdesi, fide ve kok
uzunluklarinin tuz miktarina bagli bir sekilde
azaldigi, tuz miktarinin artmasiyla da ilk ¢imlenme
baslangicinin uzadiglr ve ¢imlenme siiresinin arttigi
(Shekari ve ark.2000; Aldemir ve Ceyhan, 2015; Uzun
Kayis ve Ceyhan, 2015), kolzada NaCl4in, ¢imlenme
orani, ¢cimlenme yizdesi ve siirgiin uzunlugunu ciddi
orvea azalttigini, kék uzunlugunun fide uzunluguna
oranla tuza daha hassas oldugu (Zeinali ve ark.2002;
Aldemir ve Ceyhan, 2015; Uzun Kayis ve Ceyhan,
2015), kolzada uygulanan tuz konsantrasyonlarinin
miktarina baglh olarak ¢imlenme yilizdesinin azaldigi
ve ayni sekilde artan tuz konsantrasyonu ile ¢cimlenme
hizim1 da azalttigi (Al-Thabet ve ark.2004), kolza
bitkisinin fide boyu, kuru fide agirlig: ve kok uzunlugu
gibi bitki 6zelliklerinin tuz miktar1 ile orantili bir
sekilde azaldigi, kék boyundaki azalmalara fide
uzunlugu ve kuru fide agirhiklarina oranla daha az
orvea azaldigl (Rameeh ve ark. 2004), fasulyenin artan
tuz konsantrasyon miktarina bagli olarak ¢imlenme
oraninda ciddi azaliglarin meydana geldigi, tuz
konsantrasyon miktarinin artmasiyla da ortalama
¢gimlenme zamaninda Dbelirgin orvea uzamalar
meydana geldigi, ¢imlenme déneminde bitkinin tuza
maruz kalmasi, bitkide ¢cimlenme oranin diismesine,
ve ¢imlenme hizinin da azalmasina neden oldugu
(Giildiiren ve Elkoca, 2012; Aldemir ve Ceyhan, 2015;
Uzun Kayis ve Ceyhan, 2015) yapilan 6nceki
arastirmalarda bildirilmektedir. Yine Cizelge 6'da yas
fide agirhiginca en disik 0.53 g ile 75 mMol
konsantrasyonu olur iken, en yiksek yas siirgiin
agirligt ise 0.81 g ile 0 (kontrol) uygulamasinda
olmustur. Sonug olarak ortamdaki tuz konsantrasyonu
arttikga kolza cgesitlerinin yas siirgiin agirliklar tuz
miktar1 ile oranh bir gekilde azalmigtir. En ylksek
kuru siirgiin agirhign 0 (kontrol), 0.0408 g iken en
disik kuru slrgin agirhgi ise 75 mMol
konsantrasyonunda 0.0289 g oldugu gértilmustir. En
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distik kuru sturgun agirhigina sahip cesit 0.01656 g ile
Orkan olurken, en yiiksek kuru strgun agirligi ise
0.0518 g ile Stizer ¢esidi oldugu gortilmustir. Yas kok
agirligr 6zelligi bakimvean en disiik agirhik 0.066 g
agirhig ile Orkan cegidi olurken en yiiksek yag stirgiin
agirhgr ise 1.26 g ile Samibey c¢esidinde oldugu
gorilmistir. En diisik deger 0.0765 g ile 75 mMol
konsantrasyonunda gorilirken, en yiksek
konsantrasyon ortalamasi ise 0.1767 g ortalama ile 0
(kontrol) uygulamasinda oldugu ve tuz miktarinin
artmasiyla yas kok agirliginda belirgin  orvea
azalmalar meydana geldigi belirlenmigtir. En yiuksek
ortalamaya sahip 0.325 g ile Samibey ¢esidi olurken,
en dusik yas kok agirligr ortalamasina sahip gesit ise
0.0102 g agirhig ile Orkan cesidi olmustur. En dusiik
kuru kok agirlig: 0.0271 g ile 75 mMol konsantrasyonu
olurken, en yuksek kuru kdék agirhigi ise 0.042 g
ortalama ile 0 (kontrol) uygulamasi oldugu
belirlenmigtir. konsantrasyon miktarinin artmasiyla
gesitlerin kuru koék agirliklarinda oranhi bir sgekil
dustisler meydana geldigi goriillmektedir. En yiksek
kuru kék agirligi, 0.0727 g ile Siizer 0 (kontrol) iken,
en disik kuru kok agirligi ise 0.0055 g ile Orkan
¢esidinde75 mMol olmustur.

Kolza da NaCl'nin ¢imlenme orani, ¢cimlenme ylzdesi
ve siirgiin uzunlugunu ciddi orvea azalttigini (Shekari
ve ark. 2000; Aldemir ve Ceyhan, 2015), artan tuz
miktar1 ile kolza cegitlerinin ¢imlenme yilizdesi tuz
miktarina bagh bir sekilde azaldigini belirtmiglerdir.
Elde edilen veriler incelendiginde; tuz stresi tuzun
yogunluguyla orantili bir sekilde bitkinin buytytup ve
gelismesini engelledigi i¢in verim ve kalitenin yiksek
orvea dliismesine sebep oldugu, hatta bitkinin 6limine
de sebep oldugu (Hasegawa ve ark. 1986), tuza
tolerans acisindan B. napus’un diger tiirlere oranla
daha yiiksek yas ve kuru agirliga sahip oldugu (Ashraf
ve McNeilly, 1990), kolza da topraktaki tuzlulugun
bitkinin kok ve goévdesine dogrudan etki ettigi igin,
bitkinin koék ve govde toplam biokiitlesinin azaldigi
(Redmann ve Belyk, 1994), tuzluluk genellikle,
bitkinin geligip buiylimesini azaltip yaprak alaninda ve
sayisinda belirgin orvea digiise neden olup, bitkinin
kuru ve yas agirhiklarinda azalmalara yol agtigi
(Shannon ve Grieve, 1999), kolza bitkisinin ¢imlenme
déneminde tuza tolerans’a c¢ekinik genlerin etkili
oldugu kuru fide agirlig:1 ve fide uzunlugunda belirgin
azalislar oldugu (Alizadeh ve ark. 2003), fasulyede
¢imlenme ve fide gelismesi tuzluluktaki artigsa bagh
olarak azaldigi, ancak ¢cimlenme ve ¢ikis agisindan test
edilen 95 genotip arasinda tuza tolerans bakimindan
varyasyonun bulundugu (Elkoca ve ark. 2003; Aldemir
ve Ceyhan, 2015; Uzun Kayis ve Ceyhan, 2015),
bitkilerin tuza direncine yonelik, familya, cins ve
tirler bakimindan 6nemli ayriliklar bulundugu, hatta
ayni tir igindeki cesitlerin tuzluluga direncleri
farklihk gosterdigi, tuz stresi bitkilerin tizerindeki
etkileri bitki ¢esidine, tuz ¢esidine, tuz miktarina ve
tuza maruz kalma slirelerine gore degisiklik
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gosterdigi, tuza maruz  birakilan  cesitlerin
gosterdikleri tepkilerin farkh oldugu (Dajic, 2006),
nohutta tuza maruz kalan Dbitkilerin tuz
yogunlugunun artmasiyla, cikis orani, kuru fide
agirhigl, yas fide agirlign ve ¢imlenme yiizdesinde
yogunlugun artmasiyla azaldig1 (Karakullukcu, 2007;
Aldemir ve Ceyhan, 2015; Uzun Kayis ve Ceyhan,
2015), kolzada toprak iistii organlarin yas ve kuru
agirliklarinin tuzlu olmayan kosullara gére ¢gok 6nemli
diizeyde azaldigi, prolin igerigi bakimindan NaCI
uygulamasi tuzlu olmayan ortama goére 17 kat artigsa
neden oldugu (Yildiz ve ark. 2014), salgam bitkisi
(brassica rapa)nin tuz konsantrasyon miktarinin
artmasina bagh olarak, klorofil a, b, a+b, fide uzunlugu
ve kok uzunlugunun konsantrasyon miktarina bagh
olarak ciddi orvea duisiisler meydana geldigi, tam tersi
olarak tuz konsantrasyonunun artmasiyla prolin
miktarida artis gosterdigi (Jan ve ark. 2016), tuz
stresine maruz kalan karnabahar bitkisi 6zellikle ilk
bliytume déneminde ciddi orvea biiyiime ve gelismede
dastisler meydana geldigi, tuzluluk stresine maruz
kalmayan bitkinin biylime ve gelisme evrelerinde
herhangi bir anormallige rastlanmadig1 (Giuffrida ve
ark. 2017) bildiren bazi arastiricilar tarafindan, elde

edilen sonuclar ile uyum igerisinde oldugu
goriilecektir.

SONUC ve ONERILER

Aragtirma neticesinde, tuzluluk problemi olan

alanlarda kolza tarimi yapmak isteyen ciftcilere, tuza
olan toleranslar: diger cesitlere nazaran daha yluksek
aktigr gorildiginden Slzer ve Samibey c¢esitleri
tavsiye edilebilir. Tuz konsantrasyonlarina bagh
olarak ¢imlenme orani, ¢cikis orani, hassashk indeksi,
¢imlenme indeksi, ¢ikis indeksi ve tuza tolerans
yuzdeleri bakimindan en yiiksek seviyede ¢iktigindan
tuzluluk belirtisi gosteren alanlarda ekilmesi
Onerilebilir.
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OZET Aragtirma Makalesi
Eskigsehir ekolojik kogullarinda 2018 ve 2019 yillarinda yuritilen bu

calismanin amaci, rezene (Foeniculum vulgare Mill) bitkisinin dort Makale Tarihgesi

farklh organindan (sap, yaprak, cicek ve yesil meyveler) elde edilen Gelig Tarihi  :24.07.2020
ucucu yaglarin oranlarini ve bilesenlerini belirlemektir. Tarla Kabul Tarihi :02.02.2021

denemeleri tesadif bloklar1 deneme deseninde dort tekerriirlii olarak
yuritulmustir. Iki yilin  ortalamasina gore  saplardaki,
yapraklardaki, ¢iceklerdeki ve kurutulmus yesil meyvelerdeki ugucu
yag oranlarinin sirasiyla % 1.10, % 2.49, % 5.51 ve % 5.75 oldugunu
gostermistir. Sap, cicek ve meyvelerden elde edilen ucgucu yaglarda
metilkavikol (sirasiyla % 40.06, % 71.06 ve % 71.67) ana bilesen olarak
belirlenirken, yapraklardan elde edilen ugucu yagda ise ana bilesen
limonen (% 41.34)’dir. Calismadan elde edilen veriler bitkinin degisik
organlarina bagh olarak ugucu yag oranlarinin ve ugucu yaglarin
kimyasal kompozisyonunun farklilik gésterdigini ortaya koymustur.

Anahtar Kelimeler
Farkl bitki organlari
Ucgucu yag oram

Ugucu yag kompozisyonu
Metilkavikol

Limonen

Determination of Morphogenetic Variability of Fennel (Foeniculum vulgare Mill.) Essential Oil in

Eskigehir Ecological Conditions

ABSTRACT Research Article
The aim of this study, conducted in 2018 and 2019 years under the

ecological conditions of Eskisehir, was to determine the content and Article History

components of essential oils obtained from four different organs Received ©24.07.2020
(stems, leaves, flowers and green fruits) of fennel (Foeniculum vulgare Accepted £02.02.2021
Mill.). The field experiments were designed as randomized complete

Keywords

block design with four replications. The results showed that, as an
average of two years, the essential oil content in stems, leaves, flowers
and dried green fruits were 1.10%, 2.49%, 5.51% and 5.75%,
respectively. In essential oils obtained from stems, flowers and fruits,
methylchavicol (40.06%, 71.06% and 71.67%), respectively was
determined as the main component, while in essential oil obtained
from leaves, limonene (41.34%) was the main compound. The data
obtained from the study showed that essential oil contents and the
chemical composition of essential oils differ depending on the plant's
different organs.

Different plant organs
Essential oil content
Essential oil composition
Methylchavicol
Limonene
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GIRIS yayilis gosteren 300 cins ve bu cinslere bagh yaklasik

Apiaceae (Umbelliferae) familyasina ait olan rezene
(Foeniculum vulgare Mill.) cok eskiden beri bilinen
onemli bir tibbi ve aromatik bitkidir (Khorshidi ve
ark., 2009; He ve Huang, 2011; Shubham, 2019;
Acikgoz ve Kara, 2020). Apiaceae familyas: diinyada

3000 tiire sahiptir (Caligkan ve ark., 2010). Ge¢cmisten
beri insanlar tarafindan bilinen ve kendisinden
yararlanilan rezene Akdeniz havzasinin yerel bitkisi
olup, tarim1 diinyanin iliman ve tropikal bélgelerinde
(Almanya, Ispanya, Italya, Hollanda, Fransa,
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Hindistan, Cin, Fas, Bulgaristan, Yunanistan,
Romanya, Isvicre ve Arjantin, Ingiltere, Iran, Vietnam
ve Giliney Amerika'da) yaygin Dbir sekilde
yapilmaktadir (Khorshidi ve ark., 2009; Rather ve
ark., 2016; Badgujar ve ark. 2014; Al-Snafi,
2018).Tiirkiye’de ise rezene, basta Giiney ve Bati
Anadolu olmak tizere, Kuzey Anadolunun dogal
florasinda yer almakta olup, ayni zamanda tilkemizin
bat1 ve giiney bolgelerinde kiiltiirti de yapilmaktadir
(Caligkan ve ark., 2010).

Halk hekimliginde bitkinin kok, govde kabuklar,
yaprak, cicek ve tohum gibi degisik organlar1 farkh
rahatsizliklarin tedavisinde kullanilmaktadir
(Shubham, 2019). Rezene bitkisinin meyveleri
mutfaklarda corbalara, soslara, tursulara, ekmek ve
kek gibi hamur iglerine lezzet kazandirmak igin
kullanildig: gibi hazir gida endiistrisinde de gidalara
lezzet kazandirmak veya da gidalarin raf omriana
uzatmak amaciyla baharat olarak kullanilmaktadir.
Aym zamanda bitkinin toprak tsti aksamindan da
sebze olarak degisik sekillerde yararlanmilmaktadir
(Khorshidi ve ark., 2009; Coban ve ark., 2018; Giachino
ve Avci, 2020). Halk hekimliginde bitkinin koékleri
idrar soktiirticii ve yapraklar: yara iyilestirici olarak
kullanilmaktadir (Caligkan ve ark., 2010). Bitkinin
meyveleri tlzerinde yuritilen c¢aligmalar idrar
soktiruci, agr1 kesici, antioksidan, karaciger
koruyucu, spazm ¢o6ziici, iltihap kurutucu, kabizlik
giderici, balgam soktlriicii, akarisit, anthirsutizm/kil
dokicii, antiplatelet, antikoagiilan, antitromboz,
hipotansif, Ostrojenik, repellent, diyabet ve tumor
onleyici, kolesterol dustirtici, sindirim sistemini
diizenleyici, norolojik hastaliklar: tedavi edici ve sut
arttirici etkilere sahip oldugunu gostermistir (Moura
ve ark., 2005; Khorshidi ve ark., 2009; Shubham, 2019;
Cahskan ve ark., 2010). Ayrica Dbitkinin
yapraklarindan, ciceklerinden ve meyvelerinden son
yillarda herbal ¢ay tretiminde yararlanilmaktadir.
Herbal ¢ay ve baharat olarak kullanimda trinin en
onemli kalite kriteri materyalin icermis oldugu ugucu
yag oranidir. Bitkinin iki alt tirii (Foeniculum vulgare
Miller subsp. vulgare ve F. vulgare Miller subsp.
piperitum  (Ucria)  Coutinho)  bulunmaktadir.
Bunlardan Foeniculum vulgare Miller subsp. vulgare
alt tirt ise dort farkli varyete icermektedir Bu
varyetelerden ikisi (#. vulgare var. vulgare (ac1 rezene)
ve F. vulgarevar. dulce (Miller) Thellung (tath rezene),
farmasotik acidan o6nemli olup, farmakope ve
monograflarda kayithdir. Diger iki varyete ise sebze
olarak kullamlmaktadir (Caligkan ve ark., 2010).
Yapilan ¢calismalarda kullanilan materyalin aci rezene
(#. vulgare Miller subsp. vulgare var. vulgare) veya
tatlli rezene (# vulgare Miller subsp. vulgare var.
dulce) olmasma bagli olarak ucucu yag oranlar:
farklilik géstermektedir. Ugucu yag orani aci rezene de
% 3-6 arasinda degisirken, tathh rezenede ise % 2-4
arasinda degisim gostermistir (Giachino ve Avci,
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2020). Avrupa farmakopesinde rezene meyvesinin
ucucu yag alt siir degerleri ac1 rezenede % 4, tath
rezenede ise % 2 olarak bildirilmistir (Caliskan ve ark.,
2010).

Meyvelerinden elde edilen ugucu yagi ise kozmetik,
parfimeri ve 1ila¢ endistrisinin  6nemli  bir
hammaddesini olusturmaktadir (Rather ve ark., 2016;
Punetha ve ark., 2019). Diger tibbi ve aromatik
bitkilerde oldugu gibi rezene bitkisinin tibbi, aromatik
ve farmakolojik 6zellikleri buytlik oranda igerdigi ugucu
vagin  kimyasal kompozisyonunda yer alan
bilegenlerin c¢esitliligi ve bu bilesenlerin ugucu yag
icerisindeki miktarlar1 tarafindan belirlenmektedir
(Khan ve Musharaf, 2014; Bhardwaj ve ark., 2019).
Rezene ugucu yagmin biyoaktivitesi tizerinde
yiiritiilen calismalar, ucucu yagin antioksidan (Kara
ve Acikgoz, 2018, Acqkgéz ve Kara, 2020),
antienflamatuar (Choi ve Hwang, 2004; Al-Snafi,
2018), antibakteriyel (Caliskan ve ark., 2010; Acikgoz
ve ark., 2017) ve antifungal (Caliskan ve ark., 2010)
ozelliklere sahip oldugunu ortaya koymustur. Rezene
meyvelerinden elde edilen wugucu yagmnin ana
bilesenlerinin trans-anethole (anothole-E), estragole
(methyl chavicol), a-phellandrene, fenchone, a-pinene
ve limonen oldugu belirlenmistir (Rather ve ark., 2016;
Acikgoz ve Kara, 2020). Tiirkiye’de Orta Karadeniz
Bolgesinden toplanan yabani rezene
popiilasyonlarinin ugucu yaglarinda ana bilesenlerinin
estragole ve fenchone oldugu bildirilmistir (Telci ve
ark., 2019). Diger taraftan rezenin Foeniculum vulgare
subsp. piperitum altturi kullanilarak yapilan bir
calismada yillara bagh olarak (2001 ve 2002) ana
bilesenlerinin ve oranlarinin methyl chavicol (% 40.29
ve 21.69), limonene (% 17.66 ve 22.24), fenchone (%
16.90 ve 12.98), a-pinene (% 1.86 ve 34) and a-
phellandrene (% 2.30 ve 2.74) oldugu tespit edilmistir
(Ozcan ve Chalchat, 2006). Rezene iizerinde yiiriitiilen
bir diger c¢alismada ugucu yagin ana bilesenlerinin
anethol ve fenchon oldugu ve ugucu yagin kimyasal
kompozisyonun hem bitkinin kullanilan kismina ve
hem de hasat mevsimine (dénemine) bagh olarak
degisiklik gosterdigi belirtilmistir (Moura ve ark.,
2005). Avrupa Farmakopesinde ise uygun aci rezene
yaginin en az % 60 anetol, en az % 15 fenkon ve tath
rezenenin en az % 80 anetol igermesi gerektigi ifade
edilmistir (Caliskan ve ark., 2010).

Aromatik bitkilerde ugucu yag orani ve ugucu yagin
kimyasal kompozisyonu tizerinde etkili olan faktorler,
i¢ ve dig faktorler olmak tzere iki grupta
incelenmektedir (Katar ve ark., 2019). I¢ faktérleri,
uretim materyali olarak kullanilan bitkilerin sahip
oldugu genetik yapi temsil etmektedir (Reily, 2013;
Acikgoz ve Kara, 2020). Dig faktorler ise kendi
igerisinde iki gruba ayrilmakta olup, bunlar iretimin
yapildig1 bolgenin iklim ve toprak kosullarini temsil
eden ekolojik faktérler ve yetistiricilik esnasinda
uygulanan agronomik islemlerdir (Al-Snafi, 2018;
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Punetha ve ark., 2019). Ayrica aromatik bitkilerin aksamindaki (sap, yaprak, cicek ve yesil meyveler)
farkli organlar1 farkl diizeylerde ve farkli bilesenlere ucucu yag oranlarini ve ugucu yaglarin kimyasal
sahip ucucu yaglar icermektedir (Wahba ve ark., 2018; kompozisyonunu belirlemek amaglanmagtir.

Acikgéz ve Kara, 2020).

Rezene, farkli organlar1 (kék, sap, yaprak, cicek MATERYAL ve METOD

tomurcugu, cicek ve farkhh gelisim agsamalarindaki Kiitahya Hekim Sinan Tibbi ve Aromatik Bitkiler
meyveler) ticarete konu olan énemli bir tibbi aromatik Bahcesinden temin edilen aci rezene (Foeniculum
bitkidir (Stefanini ve ark., 2006). Bu nedenle bitkinin vulgare Miller var. vulgare) bitkisinin tohumlari
farklhi organlarimin  icermis oldugu sekonder denemede bitkisel materyal olarak kullamilmistir. Bu
metabolitlerin oran ve bilesenlerinin bilinmesi bu calismanin tarla denemesi Eskisehir Orman Boélge
organlarin ticari degeri acisindan blyik Oneme Mudirligi'ne ait fidanlik arazisinde 2018 ve 2019
sahiptir (Khan ve Musharaf, 2014, Acikgéz ve Kara, yillarinda  yuritalmistir. Tarla  denemesinin
2020). Ciinkii ister bitkinin farkl organlar1 drog yuriitildigii parselden alinan toprak o6rneklerinin
olarak kullanilsin, isterse bu organlardan elde edilen analizleri yapilmis ve topragin baz 6zellikleri Cizelge
ucucu yaglar kullanilacak olsun triintin kullanim 1’de verilmistir. Deneme alani topragimn tekstiirii
alanimi ve dolayisiyla da fiyatini belirleyen en 6nemli tinl1 bir yapiya sahip olup, hafif alkalin, orta kirecli ve
faktor trinin igerdigi etkili madde orani ve etkili organik madde icerigi diisiik bir durumdadar.

maddenin kompozisyonudur (Acikgéz ve Kara, 2020).
Bu nedenle bitkinin farkli organlarindan elde edilen
urunlerin ugucu yag oraninin ve bu taze organlardan
elde edilecek kuru herba miktarinin belirlenmesi
buytik 6neme sahiptir.

Bolgenin 2018, 2019 ve uzun yillara ait aylik yagis ve
sicaklik degerleri Cizelge 2’de verilmistir. 2018 ve 2019
yillarina ait toplam yagis miktarlar: sirasiyla 411.8 ve
426.8 mm olup, her iki yi1lda da alinan yagis miktari
uzun yillarin yagis miktarina (338.8 mm) kiyasla

Eskigehir kuru tarim kosullarinda rezene bitkisi ile yiksektir. Calisma yillarinin ortalama sicakliklari ise
ilgili ¢alismalarin kisith olmasi sebebiyle; 2018 ve 12.5 °C ve 12.8 °C olup, uzun yillarin ortalama
2019 wyillarinda yurutilen mevceut c¢alismada, sicakligina (10.7 ©°C) nisbetle daha yiiksek
rezenenin (Foeniculum vulgare Mill) farkhi bitki gerceklegmistir.

Cizelge 1. Deneme alani topraginin baz 6zellikleri
Table 1. Some properties of experiment area soil

Kire¢(%) Tuz (%) Yarayish fosfor (P20s) (ppm)  Toplam azot (%)

(’gwekstﬁr ) Lime Salt Available phosphorus Total nitrogen (p g) Organi}{ madde ((Of);
exture (%) (%) (P205) (ppm) (%) (D Organic matter (%
Tinh (2018)

Loam (2018) 8.46 0.22 36.00 0.13 7.6 1.73

Tinh (2019) 7.87 0.20 33.00 0.17 7.4 1.54

Loam (2019)

Toprak analizi Gegit Kusag: Tarimsal Aragtirma Enstitiisii Toprak-Bitki-Su analizi ve Fizyoloji laboratuvarinda yapilmigtir.

Cizelge 2. Deneme alaninin 2018-2019 ve uzun yillar aylik sicaklik ve yagis degerleri
Table 2. Monthly temperature and precipitation values of the experiment area for 2018-2019 and long years

Toplam yagis (mm) (7otal precipitation)  Ortalama sicakhik (°C) (Mean temperature)

Aylar
(Months) ?Zun yillar* 2018 2019 Uzun yillar* 2018 2019
‘Long years) (Long years)
Ocak (January) 30.6 30.0 40.3 -0.2 1.4 1.7
Subat (February)  26.1 28.8 51.5 0.9 5.6 4.1
Mart (March) 27.6 49.8 13.3 4.9 8.9 7.3
Nisan (April) 43.1 16.8 38.6 9.6 13.6 10.2
May1s (May) 40.0 72.0 30.3 14.9 16.4 17.4
Haziran (June) 23.7 60.6 57.5 19.1 19.3 21.1
Temmuz (July) 13.1 42.0 17.4 22.1 21.9 21.8
Agustos (August) 9.2 19.3 2.9 21.8 22.7 22.7
Eylil (September) 18.1 3.8 6.6 16.7 18.3 18.8
Ekim (October) 32.8 30.1 69.9 11.7 13.0 15.2
Kasim (November) 34.0 18.6 22.4 5.6 7.4 9.9
Aralik (December) 40.5 40.0 76.1 1.7 1.7 3.3
Toplam (Total) 338.8 411.8 426.8 - -
Ortalama (Mean) - - - 10.7 12.5 12.8

Kaynak: Eskigehir Meteoroloji Bolge Mudiirliigi *1970-2011 yillar aras:
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Tarla, 2016 yilinin sonbahar mevsiminde pullukla 30
cm derinden surilerek kisa terk edilmis ve 2017 yili
ilkbaharinda uygun bir tohum yatagi temin etmek igin
diskaro ve merdane c¢ekilerek hazirlanmistir.
Hazirlanmig olan deneme parseline tohumlar
20.03.2017 tarihinde sira arasi1 50 cm olacak sekilde ve
dekara 1 kg tohumluk hesabiyla 2-3 ¢m derinliginde
acilan siralara elle ekilmigtir. Cikis sonrasi bitkiler 4-
5 yapraklh oldugunda sira lizeri mesafe 30 cm olacak
sekilde seyreltilmistir. Deneme tesadif bloklar:
deneme desenine gore 4 tekerrirli olarak
kurulmustur. Her blok 4 parsel (sap hasadi, yaprak
hasadi, cicek hasadi ve yesil meyve hasadi)
icermektedir. Bloklarda bulunan parsellerin uzunlugu
5 m olup, her parselde 4 sira bitki yer almigtir.
Bitkilerin su ihtiyaci dikkate alinarak damla sulama
yontemiyle sulama yapilmistir. Yabanci ot miicadelesi
de yine yabanci otlarin gelisim durumu dikkate
alinarak el capasiyla yapilmigtir. 2017 yilinda, 3 kg/da
saf N ve 6 kg/da saf P205 gibre ekimden 6nce topraga
uygulanarak karistirilmigtir. 2018 ve 2019 yillarinda
ise 5 kg/da saf N hesabiyla ilkbaharda bitkiler
uyanirken azotlu giibre uygulamasi yapilmistir
(Khorshidi et al., 2009). Bitkilerin sap, yaprak ve ¢icek
hasatlar1 bitkilerin tam c¢igek actigr 01.09.2018 ve
03.09.2019 tarihlerinde yapilirken, yesil meyvelerin
hasad1 ise 20.10.2018 ve 24.10.2019 tarihlerinde
yapilmistir. Hasat edilen taze materyallerden ayrilan
1 kg’lhik 6rnekler 38-40 °C’lik etiivde 48 saat siireyle
kurutulmus ve daha sonra kuru agirhiklar
tartilmigtir. Buradan da % olarak taze materyallerden
elde edilen kuru materyal orani hesaplanmigtir.
Kurutulmus materyallerden alinan érneklerin ugucu
yvag oranlar1 su distilasyonu yoéntemi ile Clevenger
aparat1 kullanilarak belirlenmigtir. Ugucu yaglarin
distilasyonu i¢in ayiklanmigs ve kurutulmus 100 g
ornekler 2000 ml'lik balonlara yerlestirildikten sonra
1000 ml saf su eklenerek 3 saat boyunca distilasyon
islemi  gergeklestirilmigtir.  Distilasyon  iglemi
tamamlandiktan sonra clevenger aparatinin dereceli
kismindan yag miktar1 okunmus ve yiizde (%) olarak
belirlenmigtir. Clevenger cihazindan alinan ugucu
yaglar bilegsenlere bakilacagi zamana kadar 3-4°C
sicakliktaki buzdolabinda saklanmagtir.

Ucucu yaglarin bilegenleri ¢calisma kogullar1 asagida
verilen GC/MS cihaziyla Bati Akdeniz Tarimsal
Arastirma Enstitiisi Mudirlaga/Tibbi Arastirmalar
Merkezi Laboratuvarinda belirlenmigtir. Ornekler
analiz edilmek tizere 1:100 oraninda hekzan ile
seyreltilmigtir. Orneklerin ugucu yag bilesen analizi
GC/GC-MS (Gaz kromatografisi (Agilent 7890A)-kiitle
detektor (Agilent 5975C)) cihaz ile kapiler kolon (HP
InnowaxCapillary; 60.0 m x 0.25 mm x 0.25 pm)
kullanilarak gerceklestirilmistir. Analizde tasiyic1 gaz
olarak 0,8 ml/dk akis hizinda helyum kullanilmais,
ornekler cihaza 1 pl olarak 40:1 split orani ile enjekte
edilmigtir. Enjektor sicakligi 250°C’de tutulmus, kolon
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sicaklik programi 60°C (10 dakika), 60°C’den 250°C’ye
20°C/dakika ve 250°C (10,5 dakika) olacak sekilde
ayarlanmigtir. Bu sicaklik programi dogrultusunda
toplam analiz slresi 30 dakika olmustur. Kiitle
detektérii icin tarama aralifi (m/z) 35-450 atomik
kiitle Gnitesi ve elektron bombardimani iyonizasyonu
70 eV kullanilmigtir. Ugucu yagin bilesenlerinin
teshisinde ise WILEY ve OIL ADAMS
kutiiphanelerinin verileri esas alinmigtir. Sonuglarin
bilesen ylzdeleri FID dedektér kullanilarak,
bilesenlerin teghisi ise MS dedektor kullanilarak
yapilmigtir.

Ugucu yag ve taze materyalde kuru herba oranlarina
ait veriler SPSS paket programinda tesadif bloklar
deneme desenine gére varyans analizine tabi
tutularak incelenen o6zelliklerin 6nemlilik dizeyleri
belirlenmistir. Onemli ¢ikan uygulamalar arasmdaki
farklihklar TUKEY testine gore gruplandirilmigtir
(Acikgoz ve ark., 1993).

BULGULAR ve TARTISMA

Rezene bitkisinin farkh organlarinin, yillarin ve yil x
farkli organ interaksiyonunun (kuru herba/taze
herbada) x 100 (%) orani iizerinde p<0.01 diizeyinde
énemli etkiye sahip oldugu tespit edilmistir (Cizelge
3). Her iki yilda da en yiiksek kuru herba oram
sirasiyla % 44.83 ve % 39.38 ile yesil meyvelerde elde
edilmigtir. En dusiik oran ise sirasiyla % 12.00 ve %
11.05 1ile yapraklarda belirlenmigtir. Yillarin
ortalamasi olarak ise bu degerler yine ayni organlarda
en yuksek % 42.10 ve en disuk % 11.53 olarak
belirlenmigtir. Sap ve ¢igek i¢in ise iki yilin ortalamasi
olarak kuru herba oranlar1 sirasiyla % 38.98 ve %
28.34 olarak kayit edilmigtir. Bitki organlarina bagh
olarak kuru herba oranlarinda ortaya c¢ikan
farkliliklar bitkinin farkli organlarinin hasat edildigi
anda icermis oldugu su miktarlarimin farklhiligiyla
aciklanabilir. En yiiksek kuru drog oraninin elde
edildigi yesil meyvelerin ve yesil yapraklarin hasat
aninda igerdikleri su oranlar1 dikkate alindiginda bu
durum daha iyi anlagilmaktadir. Bu degerler bize
yapraktan sonra en fazla su oranina ¢igeklerin sahip
oldugunu gostermektedir. Kuru herba oraninda yillar
arasinda gorilen fark ise yillara baglh olarak degisen
iklim kosullariyla (6zellikle ilkbaharda bitkilerin ilk
gelismeye bagladigr nisan ayinda ortalama sicakligin
2018 yilinda 2019 yilina gore daha yiksek
gerceklesmesi) aciklanabilir.

Yapilan istatistik analizde yillarin ugucu yag oram
tuzerinde p<0.05 diizeyinde 6nemli etkiye sahip oldugu
belirlenmigtir. 2018 yilinda ugucu yag orani % 3.84
olarak belirlenirken, 2019 yilinda ise % 3.58 olarak
tespit edilmigtir. Yillara bagh olarak ugucu yag
oraninda meydana gelen degisim, iklim kosullarinin
ozellikle bitkinin hasat edildigi donemde meydana
gelen ayhk yagis miktarlarinin ve ortalama
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sicakliklarin farklilagmasiyla agiklanabilir. Yil x farkl
bitki organlar1 interaksiyonun ugucu yag orani
tuzerindeki  etkisi istatistiki olarak  Gnemsiz
bulunmustur. Her iki yetistirme yilinda en yiiksek ve
en diislik ugucu yag oraninin ayni bitki organlarindan
elde edilmesi yil x farklh bitki organlan
interaksiyonunun istatistiksel olarak &nemsiz
oldugunu géstermektedir (Cizelge 3). Ucgucu yag
oranlari degisen bitki organlarina bagh olarak p<0.01
diizeyinde onemli farkhihk gostermistir. Iki yilin
ortalamasi olarak ugucu yag oranina ait degerlerin
bitki organlarina baglh olarak degisimi incelendiginde
en yiiksek ugucu yag orani meyvede (% 5.75) ve cicekte
(% 5.51) tespit edilirken en diisiik oran ise % 1.10 ile

bitkinin saplarinda tespit edilmistir. Bitkinin
organlarinda ugucu yag oraninin
sap<yaprak<cicek<meyve siralamasiyla artis

gosterdigi belirlenmigtir. Bitkinin yapraklarinda ise %
2.49 oraninda ugucu yag orani bulunmustur. Yillarin
ve farkli bitki organlarinin ortalamasi olarak ise %
3.71 ucucu yag orani kaydedilmistir (Cizelge 3). Ucucu
yag oranlarinin bitki organlarina bagh olarak degisim
gosterdigi daha o©nce yuritilen c¢alismalarda da
belirtilmistir (Bernath ve ark., 1999; Chung ve ark.,

1999). Bitki organlarina bagh olarak ucucu yag
oranlarinin degisimi, organlarin yapisal ve fizyolojik
farkliliklarla aciklanabilir.  Nitekim meyvenin
olusumu sirasinda ve yag kanallarinin nispi oraninin
yiksek oldugu ve asimilatlarin birikiminin heniiz
baglamadigi meyvenin erken gelisme asamalarinda
yag oranininin yiksek oldugu rapor edilmigtir
(Bernath ve ark., 1999). Bitki organlarina bagh olarak
meydana gelen yapisal farkliliklar nedeniyle her
organda ucucu yag sentezlenen ve depolanan yag
hiicreleri veya kanallarinin yogunlugu, iriligi ve sekil
farkliliklari ucgucu yag orami TUzerinde etkili
olmaktadir. Ayrica sekonder metabolit sentezinin
yogunlugu da bitkinin organlarina baglh olarak
degiskenlik goéstermektedir (Bernath ve ark., 1999;
Chung ve ark., 1999; Stefanini ve ark., 2006;
Mammadov, 2014).

Bu ¢alismadan elde edilen bitki organlarindaki ugucu
yag orani bakimindan tespit edilen
sap<yaprak<cicek<meyve siralamasi1 Agikg6z ve Kara
(2020)nin bildirmis oldugu meyve > cicek > kok-
yumru-sap > yaprak siralamasiyla benzerlik
gostermistir.

Cizelge 3. Rezene (Foeniculum vulgare Mill) ’de farkli bitki organlarinda tespit edilen kuru herba ve ucucu yag

oranlar1 (%)

Table 3. Dry herb and essential oil contents (%) determined in different plant organs in fennel (Foeniculum vulgare

Mill)

Bitki organi Kuru herba orani (%) Ucucu yag oran1 (%)
(Plant organ) (Dry herb content) (Essential oil content)

2018 2019 Ortalama 2018 2019 Ortalama

(Mean) (Mean)

Cicek (Flower) 29.05+0.62 ¢ 27.63+0.67b 28.34+0.50c  5.75+0.62 5.28+0.19 5.51+0.16 a
Yaprak (Leat) 12.00£0.74 d 11.05+0.67c 11.53+0.49d 2.50+0.15 2.48+0.18 2.49+0.11 b
Sap (Stem) 40.83+0.65b 37.13+0.61a 38.98+0.81b 1.13+0.05 1.08+0.03 1.10+0.03 ¢
Yesil meyve (Green fruit) 44.83+0.65a 39.38+0.40a 42.10+1.09a 6.00+0.09 5.50+0.09 5.75+0.11 a
Ortalama (Mean) 31.68+3.31A 28.79+2.89B  30.23+2.17  3.84+0.54A  3.58+0.49B  3.71+0.36
F degeri (y11) F value (vear) 1258.000%* 30.767*
F degeri (F value) - -
(Morphogenetic variability) 4304.000 477107
F degeri (y1l x m. varyabilite) 94 73] %* 1.5495d

Fvalue (year x m.variability)

*! p<0.05 diizeyinde 6nemli, **: p<0.01 diizeyinde 6nemli, 6d : 6nemli degil

Rezene bitkisinde tiretimde kullanilan bitkinin alt tiir
ve varyetesine bagh olarak elde edilen ugucu yagin
kimyasal kompozisyonu farklilik gosterdigi gibi ugucu
yvagin elde edildigi organlarin farkli olusuna bagh
olarak ta degisiklik arz etmektedir (Bernath ve ark.,
1999; Chung ve ark., 1999; Stefanini ve ark., 2006;
Mammadov, 2014; Acikgoz ve Kara, 2020). Eskisehir
kogullarinda yiritiilen ¢alismadan elde edilen ugucu
yvaglarin kimyasal kompozisyonlar1 Cizelge 4’te
sunulmustur. Bitkinin ¢igeklerinden elde edilen ugucu
yagda metilkavikol (% 71.06), fenkon (% 15.81) ve
limonen (% 6.95) ana bilegsenler olarak tespit
edilmistir. Yapraklarinda ise limonen (% 41.34),
metilkavikol (% 23.00), aphellandren (% 17.43) ve
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fenchyl asetat (% 6.61) ana bilesenler olarak dikkat
cekmistir. Bitkinin saplarinda ise metilkavikol (%
40.06), aphellandren (% 13.87), limonen (% 13.21),
karvakrol (% 11.60), fenchyl asetat (% 8.05) ve fenkon
(% 6.49) ana bilesen olarak 6n plana cikmigtir.
Kurutulmus yesil meyvelerinde ise metilkavikol (%
71.67), fenkon (% 17.85) ve limonen (% 4.03) ana
bilesen olarak belirlenmistir. Bu degerlerden
goruldigi gibi bitkinin farh organlarindan elde edilen
ucucu yaglarin kompozisyonunda varyasyon oldukca
yiksektir. Metilkavikol orani1 % 23.00’den % 71.67’ye
kadar degisim gosterirken, limonen ve fenkon oranlari
sirasiyla % 4.03’den % 41.34’e ve % 3.51’den % 17.85’e
kadar degigsim géstermistir. En yliksek metilkavikol
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iceren yaglar kurutulmus yesil meyve (% 71.67) ve
ciceklerden (% 71.06) elde edilmisken, en yiiksek
limonen (% 41.34) iceren ugucu yag ise yapraklardan
elde edilmistir. Saplardan elde edilen ugucu yaglarda
ise diger organlardan elde edilen yaglara kiyasla
karvakrol (% 11.60) iceriginin yiiksekligiyle dikkatleri
¢ekmigtir.

Rezene meyvesi lizerinde yapilan bazi ¢alismalarda
(Stefanini ve ark., 2006; Acikgéz ve Kara, 2020) ucucu
yagin ana bilegeni olarak trans-anethol belirlenmigken

bu calismada rastlanmamistir. Bunun nedeni
caligmalarda kullanilan bitki materyalinin alt tir
velveya varyete farkliliklari olabilecegi gibi yesil olum
doéneminde hasat edilmis olmasiyla da acgiklanabilir
(Chung ve ark., 1999; Stefanini ve ark., 2006; Telci ve
ark., 2019; Acikgéz ve Kara, 2020). Ciinkii tohumlarin
hasat zamaninin gelisim doénemlerine bagh olarak
degismesi ugucu yagin kimyasal kompozisyonunda
degisime neden oldugu yapilan calismalarla ortaya
konmustur (Mammadov, 2014).

Cizelge 4. Farkl bitki organlarindan elde edilen rezene (Foeniculum vulgare Mill) ugucu yaginin bilesenleri (%)
Table 4. Components of fennel (Foeniculum vulgare Mill) essential oil obtained from different plant organs (%)

S.No R.T. Bilesenler Morfogenetik varyabilite (Morphogenetic variability)

(Retention time) (Components) Cigek Yaprak Sap Yesil meyve
(Flower) _ (Leat) Stem) (Green fruit)

1 11.10 aPinene 0.50 1.64 1.98 1.18

2 15.02 Sabinene - - - 0.26

3 16.82 H-Myrcene 0.42 2.04 1.47 0.81

4 16.97 a-Phellandrene 2.75 17.43 13.87 0.89

5 18.46 Limonene 6.95 41.34 13.21 4.03

6 18.94 F-Phellandrene 0.48 1.82 1.41 0.78

7 19.93 £-Ocimene - 0.41 0.29 -

8 21.55 p-Cymene - 1.31 0.88 -

9 20.45 y-Terpinene 0.32 - - 0.59

10 26.80 Fenchone 15.81 3.561 6.49 17.85

11 30.07 Fenchyl acetate 1.08 6.61 8.05 0.46

12 31.08 Camphor 0.36 - - 0.37

13 32.57 Fenchyl alcohol - - - 0.30

14 33.57 G-Caryophyllene - 0.31 0.38

15 35.67 Methylchavicol 71.06 23.00 40.06 71.67

16 40.21 Anethole - - 0.32

17 48.53 Thymol - - - 0.24

18 49.25 Carvacrol 0.28 0.58 11.60 0.59

Tohumun olgunlagsma dénemi ilerledikce genelde degerlendirildiginde  rezene  bitkisinin  farkh

trans-anetol oraninda bir artig olmaktadir (Bernath ve
ark., 1999; Chung ve ark., 1999; Stefanini ve ark.,
2006; Rather ve ark., 2016; Mammadov, 2014).
Calismada rezene bitkisinin yapraklarindan elde
edilen ucucu yagda tespit edilen limonen (% 41.34)
orani, Stefanini ve ark. (2006)'nin farkli dénemlerde
yapilan hasatlarda bitki yapraklarinda belirlemig
olduklar1 limonen oramiyla (% 34.48-42.30) benzerlik
gosterdigi tespit edilmisgtir.

Turkiye’de  yuritilen baz1 ¢aligmalar, Turk
rezenelerinden elde edilen ugucu yagin ana bileseninin
trans-anethol oldugunu bildirilirken (Coban ve ark.,
2018; Telci ve ark., 2019), baz1 calismalarda ise
metilkavikolun ana bilesen (Ozcan ve Akgul, 2001;
Ozcan ve Chalchat, 2006) oldugu ifade edilmigtir. Bu
caligma ise bitkinin farkli organlarina bagh olarak
degismekle birlikte ana bilegsenin yaprak harig
metilkavikol oldugunu ortaya koymustur.

SONUGC ve ONERILER
Yapilan ¢alismada elde edilen degerler topluca

1
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organlarina baglh olarak elde edilen trtinlerin kuru
drog oranlari, ugucu yag oranlari1 ve ugucu yagin
kimyasal = kompozisyonlarinin  degistigi  tespit
edilmigtir. Bitkinin sap, yaprak, ¢icek ve kurutulmus
yesil meyvede ugucu yag oranlarinmin iki yilin
ortalamasi olarak sirasiyla % 1.10, % 2.49, % 5.51 ve %
5.75 oldugu belirlenmigtir. Sap, ¢icek ve meyveden
elde edilen ucucu yaglarda metilkavikol (sirasiyla %
40.06, % 71.06 ve % 71.67) ana bilesen olarak tespit
edilirken, yapraktan elde edilen ucucu yagda ise ana
bilesen olarak limonen (% 41.34) tespit edilmistir.

Aragtirmacilari Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katk:
olduklarini beyan eder.

saglamisg

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar
catigsmasi olmadigini beyan ederler.
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OZET Aragtirma Makalesi
Double haploid (DH) teknolojisi son yillarda gelismis 1slah

programlarinda yaygin olarak kullanilan bir ara¢ haline gelmistir. Makale Tarihgesi

Misir 1slahinda in vivo double-haploid yontemiyle saf hat elde etme, Gelig Tarihi  :12.11.2020
1slahta zaman ve maliyet yoninden buyik avantaj saglamakta ve Kabul Tarihi :22.01.2021

1slah stresini 6 yil kadar kisaltmaktadir. Ayrica daha fazla
kendilenmigs hattin kolayca elde edilmesi 1slahtan elde edilecek bagari

Anahtar Kelimeler

oranini artirmaktadir. Double-haploid saf hatlar %100 homozigot Misir

olmalari nedeniyle konvansiyonel yontemle elde edilmis kendilenmig Double haploid
hatlara kiyasla daha yuksek genetik stabiliteye sahiptirler. Kromozom katlamasi
Aragtirmada maternal in vivo double-haploid yonteminin yukarida Colchicine

sayllan avantajlarindan faydalanilmasi hedeflenmis ve haploid
tohumlara kromozom katlamasi teknigi basariyla uygulanmigtir. DH
teknigi ile gelistirilen n kromozomlu 12 adet haploid genotip, 2019
yihinda Dicle Universitesi Ziraat Fakiiltesi Tarla Bitkileri boliimiine
ait laboratuvar, bitki yetistirme kabini ve sera kosullarinda
incelenmigtir. Calismada kullamilan 12 genotipte kromozom
katlanma islemi basariyla gerceklestirilmis ve bu genotiplere ait bazi
agronomik oOzellikler incelenmigtir. Kendilenmis double-haploid
bitkilerde incelenen agronomik ozellikler neticesinde DZM-45 ve
DZM-7 genotiplerinin diger hatlara tistinliik saglayarak kendilenmig
hat olabilme potansiyelinde oldugu gozlemlenmistir.

ABSTRACT
Double haploid (DH) technology has become a widely used tool in
advanced breeding programs in recent years. Obtaining an inbred line

The Availability for Inbred of Individual Obtained From Local Varieties with In Vivo Double Haploid
Technique

Research Article

Article History

in corn breeding with the in vivo double-haploid method provides a Received ©12.11.2020
great advantage in terms of time and cost in breeding and shortens Accepted £22.01.2021
the breeding period by 6 years. In addition, easily obtaining more

inbred lines increases the success rate of breeding programme. Since Keywords

double-haploid inbred lines are 100% homozygous, it has higher Corn .

genetic stability compared to inbreds line obtained by conventional Double haploid .
method. In study, it was aimed to benefit from the advantages of the g(})li: (;E:(i)i(:eme doubling

maternal in vivo double-haploid method mentioned above and the
chromosome doubling technique was successfully applied to haploid
seeds. Twelve haploid genotypes with n chromosomes were examined
and growen 2019 in the laboratory, plant growing cabin and
greenhouse conditions of the Dicle University Faculty of Agriculture
Field Crops Department. Chromosome doubling process was
successfully performed in 12 genotypes and their agronomic
parameters were investigated. As a result of the agronomic
parameters examined in inbred double-haploid plants, it was observed
that DZM-45 and DZM-7 genotypes were suitable to use as inbreed
lines.
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GIRIS olarak, baglant1i  analizlerinde ve  haplotip

Misir, ge¢misten glinimiize kadar en fazla islah
calismalarinin yapildigr bitki tarddiar. Bu bitki
turinde 1slah ¢alismalar1 Dinya’da 1800’14 yillarda
tlkemizde ise 1950°1i yillarda baglamistir. Bugiline
kadar tilkemizde tescilli genotip sayis1 118 iken tiretim
izni verilen genotip sayisi ise 166’dir. (TTSM, 2020).
Hibrit misir 1slahinda ilk ve temel agama kendilenmisg
hatlarin elde edilmesidir. Kendilemede amag
homozigot hatlarin olusturulmasidir. Kendileme
islemi i¢in en az yedi yil gerekmektedir. Bir materyalin
teknik olarak yedi yil kendileme yapilmasiyla %99’1uk
bir homozigotlukta kendilenmis hat elde edilmektedir.
Cesit gelistirme siireci icerisinde en fazla zamani,
anaclarin elde edilmesi almaktadir. Bu uzun siirecin
kisaltilmas: i¢in klasik bitki i1slahini destekleyici ve
tamamlayici yeni yontemlerin ortaya c¢ikmasi elzem
olmustur (Cengiz ve ark., 2013).

Klasik bitki 1slahi hem genetik faktérler hem de
cevresel kogullar etkisinde oldugundan sonuca
ulagsmak c¢ok uzun bir siire almaktadir. Bitkiye gore
farklihik gostermekle beraber yeni bir cesidin islah
edilmesi 10 - 14 yil almaktadir. Misir bitkisinde
yiksek verimli ve kaliteli hibritlerin gelistirilmesi igin
stirekli olarak yeni saf hatlarin gelistirilmesi
gerekmektedir. Boyle bir genetik varyabiliteyi elde
etmek ancak geleneksel bitki 1slahi yontemlerinin
etkinligini arttirmak veya islah siiresini kisaltmak
icin yeni yontemler gelistirme ihtiyacin1 ortaya
koymaktadir. Dolayisiyla bitki 1slahgilar1 bu streci
kisaltmak i¢in yeni teknolojilere ve yontemlere
bagsvurmuslardir. Bu sirenin kisaltilmasinda haploid
bitki elde etme teknikleri oOnemli avantajlar
saglamaktadir. Gunimuzde in vitro ve In vIvo
kogullarda haploid bitkiler kisa siirede elde
edilmektedir. Haploid bitkilerin kromozom setlerinin
katlanmasi1 ve %100 homozigot saf hatlarin hizla
gelistirilmesi, haploidi tekniginin esasini
olusturmaktadir. Haploid teknigi ile kromozom
katlanmasi ile homozigot saf hatlarin gelistirilmesi
daha kisa silirede yapilmaktadir. Islah¢ilar, kromozom
katlanmasinda daha ¢ok kimyasal maddeli
uygulamalar: kullanmaktadirlar. Kromozom
katlanmas1 pratikte g¢ogunlukla kimyasal madde
uygulamalariyla gerceklestirilmektedir. Bu
yontemlerle homozigot hatlarin elde edilmesi 1-2 yil
gibi kisa bir siirede olmaktadir (Geiger, 2009). Misir
1slah c¢aligmalarinda son 3-5 yil igerisinde in vivo
haploid teknigi yaygin olarak kullanilan bir yontem
haline gelmigtir. Diinya’da yapilan c¢alismalarda
katlanmis haploid hatlarin haritalama popilasyonlar:
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analizlerinde kullanilabilirligi belirlenmistir (Réber ve
ark. 2005). Tirkiye'de Sakarya Misir Arastirma
Enstitiusi ve Karadeniz Tarimsal Arastirma Enstitiist
ortaklig: ile SAMADA-07 hibrit ¢esidi ve Bat1 Akdeniz
Tarimsal Arastirma Enstitiisi ile Sakarya Misir
Arastirma Enstitiisi’niin hibrid cesidi AGA silajhik
olarak tescil edilmis ve uretim hakki 6zel sektore
devredilmistir (Cengiz, 2016).

Kromozom katlamasi icin genelde bitki 1slahcilar:
colchicine kimyasal maddesini kullanmaktadirlar. Bu
kiyasal madde, giiz ¢igdemi (Colchicum automnale L.)
bitkisinin kéklerinden elde edilen sadece su ve alkolde
eriyebilen zehirli bir alkaloiddir. Uygulandigi
dokularda mitoz bolinmenin metafaz asamasinda ig
iplikerin olugsumuna engel olarak kromozomlarin
kutup koselerine ¢ekilmesini onler, boylece krozomun
iki katina cikmasini saglar (Ellialtioglu ve ark., 2001).

Turkiye’de hibrit misirin  tohumlugun neredeyse
tamami ithal edilmektedir. Misir tariminda kullanilan
tohumlugun %951 yurtdisindan saglanmirken; sadece
%51 yerli cesitlerden olusmaktadir (Cerit ve ark.,
2016) Bu ithal edilen cesitler icin yabanci firmalara
her yil buyik meblaglarda paralar 6denmektedir.
Misir bitkisinin yabanci doéllenmesinden dolay:
kendilenmis hat elde etme ve bu kendilenmis hatlarin
ana¢ olarak kullanilabilirliginin test edilmesindeki
zorluklar kamu ve 6zel kuruluglar: yurtdisi kaynakl
ana¢ tohumluklara yonlendirmektedir. Calismada
hibrit misir 1slahinin kolaylastirilmasi amaciyla,
misirda kendilenmig hatlarin elde edilmesinde siireyi
6 yi1l kadar kisaltan in vivo double haploid yontemi
kullanilarak elde edilen kendilenmis hatlarda
kromozom katlanmasi ve bu hatlarin hibrit misir
1slahinda ana¢ olarak kullanilabilme potansiyeli
belirlenmeye c¢aligilmigtir.

MATERYAL ve METOD

Calismada Karadeniz bélgesine ait yerel misir
gesitlerinin inducer hatlar ile melezleme sonucunda
elde edilmis olan n kromozom yapisina sahip 12 adet
haploid genotip (n=10) materyal olarak kullanilmigtir.
Aragtirma 2019 yilinda Dicle Universitesi Ziraat
Fakiiltesi Tarla Bitkileri béliimiine ait serada
kontrolli kogullar altinda yuritilmustir.

Double Haploid (Diha ploid-DH) Bitki Elde Etme
Cimlendirme kabini

Calismanin c¢imlendirme asamasinda haploid hale
getirilmis 12 genotipin her birinden 20 tohum olacak
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sekilde 4 petri kabina 5er tohum (toplamda 48 petri
kab1 240 tohum) yerlestirilmis ve 9 cm ¢apindaki cam
petri kaplarina kurutma kagidi konulmustur (cizelge
1). Daha sonra tohumlar tam otomatik ¢imlendirme
kabininde 27 °C sicaklik %50 nem degerlerinde 5 giin
stresince ¢imlendirmeye birakilmigtir. Cimlendirme
stiresince her giin kontrol edilmig ve ihtiyag
duyuldukc¢a su verilmisgtir. Cimlenen bu bitkicikler
colchicine uygulamasi ile kromozom katlama islemi
yapilmak Ttzere laboratuvar ortaminda ceker ocak
icerisine alinmigtir.

Colchicine uygulamasi

Deimling ve ark. (1997)e gore bir litre soliisyon i¢in
600 mg toz colchicine, 5 ml DMSO ve 995 ml su
gerekmektedir. Calismada, 875 ml suya Colchisin’den
% 0.035 ml ve aym1 zamanda ¢é6zeltinin bitkiciklere
niifuzunu kolaylastirmak amaciyla kullanilan DMSO
¢ozeltisinden % 0.43 ml eklenerek ¢ézeltinin tamami
beher igerisinde ve vorteks tzerinde karistirilarak
¢ozulmustir. Cimlendirilmis materyalin tamamin
kapatacak kadar soliisyon hazirlanmigtir.

Cimlendirme igslemi  sonucunda elde edilen
bitkiciklerin her birinin ¢im kinmi ugtan 1 cm ve
kokgiiklerinin ucundan 2’ser cm olacak sekilde bistiiri
yardimiyla kesilmis ve bitkicikler ¢ozeltinin niifuzu
icin uygun hale getirilmigtir. Ancak ¢ozelti igerisinde
genotip karisiminmi engellemek adina bitkicikler her
genotip i¢in ayri ayri olmak tlizere delikli posetlere
koyularak etiketlenmistir. Daha sonra ¢imlendirilmis
ve kesme igslemi yapilmis olan haploid bitkicikler
colchicine uygulama tankina  yerlestirilmigtir.
Bitkicikler colchicine c¢ozeltisi igerisinde 24 saat
bekletilmigtir. 24 saatin sonunda bitkiciklere en az ti¢
kez saf suyla durulama islemi yapilmigtir.

Bitki biiyiitme ve aligtirma odasi

Colchicine uygulama islemi bittikten sonra bitkicikler
1/1/1  oramindaki toprak/kum/torf karigimi ile
hazirlanmis olan mini saksilara aktarilmis ve tam
otomasyonlu bitki biliyiitme ve aligtirma odasina
alinmigtir. Bitkicikler 27 °C sicaklik, % 50 nem ve
10/14 saat 1siklandirma olacak sekilde ayarlanan bitki
biyltme ve alistirma odasinda 10 giin siire ile
tutulmustur. Bu agsamada bitkicikler her giin diizenli
kontrol edilerek sulama iglemleri gergeklestirilmig ve
bir defa sulama suyuna 20-20-0 kompoze giibreden
ilave edilmigtir.

Double Haploid (Dihaploid) Hale Gelmis Bitkilerin
Kendilenmesi

Bitki bluylutme ve aligtirma odasinda canli kalan
bitkiler tam otomasyonlu serada toprak doldurulmusg
buyluk saksilara sasirtilmigtir. Sasirtma sonunda
bitkilere 20-20-0 kompoze glibre verilmig ve diizenli
olarak sulamalar1 yapilmigtir. Sera ortaminda 10.
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gliniin sonunda zayif gelismeleri nedeniyle biylyen
bitkilerde destek amacli kék bogazi doldurma ve
yatmalarini engellemek i¢in kazikla destekleme
yapilmigtir. Misir bitkisine bir tiretim sezonu boyunca
verilmesi gereken glibre miktar1 baz alinarak
toplamda 6 defa olmak tizere 2 defa 20-20-0, 4 defa tre
giibrelemesi ve buna ek olarak bitkilerde goriilen
ihtiya¢ dolayisiyla bir defada mikro element
giibrelemesi yapilmigtir.

Sera sartlarinda buylyen Dbitkilerde kendileme
yapilarak bitkilerin saflagtirilmas: islemi
gerceklestirilmistir. Kendileme igleminde genellikle
tepe puskili ve kogan puskiuli gkiglarinda
zamanlama yoniinden uyumsuzluklar yaganmig ve bu
sorun serada tepe plskuli ¢ikis déneminde ¢igek
tozlarimin alimip -20°C’de muhafaza edilip kogan
puskili c¢ikis tarihine kadar bekletilmesi suretiyle
giderilmigtir. Tozlanma dénemi Nisan ve Mayis
aylarina denk gelmis ve toz alma islemi ciceklenme
sonuna kadar devam etmigtir. Tozlanma sonrasinda
tane gelisimi i¢in bitkiler uygun kogullarda biuyumeye
birakilmis ve haziran ayinda kocanlar hasat
edilmistir. Hasat edilen koganlar daha sonra elle
harmanlanmistar.

Incelenen Ozellikler ve Istatistik Analiz

Calismada kullanilan 12 genotipten saglikli Double
haploid bitkiler elde edilmistir. Bu genotipler her
saksida bir bitki olacak sekilde 4 tekerrurliu olarak
tesaduf parselleri deneme desenine goére asagida
verilen bazi morfolojik, fizyolojik verim ve verim 6ge
ozellikleri incelenmisgtir.

SPAD degeri (klorofil ierigi): SPAD- 502 Plus (Minolta
SPAD-502, Osaka, Japan) cihaz1 ile yapragin
ortasindan ve orta damara gelmeyecek sekilde, bitki
boyu: bitkinin toprak ylizeyinden tepe puskiluniin
ucuna kadar, ilk kogan yliksekligi: bitkinin toprak
yuzeyinden ilk kocanin baglandigr boguma kadar,
govde ¢ap1: koganin olustugu bogumun hemen
altindan, dijital kumpas ile mm olarak ol¢ulerek,
kogan boyu’ kocanin dip kismindan en u¢ kismina
kadar, kogan ¢api’ koganlarin orta kisimlarindan
dijital kumpas ile olgiilerek ortalamasi “mm” olarak,
kogan ug¢ boslugu-koganlarin ug bogluk uzunluklari cm
cinsinden 6l¢ulmesi ile, koganda sira sayisi: koganlarin
her birindeki siralar sayilarak, kogan sirasinda tane
sayisi© koganlarin herhangi bir sirasindaki taneler
sayilarak, tek kocan agirligi’ koganlarin her birinin
tartilmas1 ile, somek ¢api© someklerin orta
kisimlarindan dijital kumpas ile 6l¢ililerek ortalamasi
“mm” olarak, kocanda tane sayisi’ kocanda sira sayisi
x kocan sirasinda tane sayis1 formulu ile, tek kogan
tane verimi’ kogan harman edilerek koganda tane
agirhigr gram olarak, biyolojik verim: saksidan alinan
tim toprak tsti bitki kisimlarinin agirhiklarinin
tartilmasi ile belirlenmigtir.
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Calismadan elde edilen veriler Tesaduf Parselleri
Deneme Deseni'ne gore JMP Pro 13 paket programa ile
varyans analizine tabi tutulmustur. Varyans analizi
sonucunda ortaya ¢ikan farkliliklarin
gruplandirilmasinda LSD c¢oklu kargilagtirma testi
uygulanmigtir.

BULGULAR ve TARTISMA

Haploid Hatlarda Kromozom Katlama ve Canlilik
Sayis1

Genotiplere ait c¢imlenme sayilari ve colchicine
uygulamasindan sonra yasayan bitki sayilar1 cizelge
1.’de verilmigtir.

Colchicine uygulamasi i¢in ¢imlendirmeye birakilan
240 tohumdan toplamda 195 bitki ¢imlenmigtir.
Colchicine ¢6zeltisine 195 bitkicik konulmus, ancak
bunlardan 10 tanesi durulama ve mini saksilara

aktarma sirasinda zarar gordiginden blyltme
odasina toplamda 185 tanesi saksiya aktarilmig ve bu
bitkiciklerden 132 tanesi sera ortaminda canh
kalabilmistir. (cizelge 1). Sera ortaminin 12. giiniinde
bu 12 genotipe ait 97 bitki saghkli bir sekilde
yetigtirilmigtir.

Cizelge 1-2'de gérildiigii gibi bitki boyu (cm), ilk kocan
yiiksekligi (cm), klorofil icerigi (SPAD), kocan boyu
(cm), kocan capt (mm), kocan uc¢ boslugu (cm),
kocandaki sira sayis1 (adet), kocan sirasinda tane
sayis1 (adet), tek kocan agirhigi (g), kocanda tane
agirhgr (g/kocan), sémek capi (mm), kocanda tane
sayis1 (adet), tek kocan tane verimi (g/kocan) ve bitki
kuru agirhigr (g/bitki) bakimindan katlanmis double-
haploid genotipler arasinda P<0.001; gévde cap1 (mm)
ise P<0.05 dizeyinde 6nemli farkliliklar bulunmustur.

Cizelge 1. Genotiplere ait cimlenme sayilari ve colchicine uygulamasindan sonra yasayan bitki sayisi
Table 1. Germination numbers of genotypes and number of living plants after colchicine application

Cimlenmeye Cimlenen Tohum Colchicine Saksiya Aktarilan Serada 12.Giinde
. Alman Bitki Sayisi Uygulamasindan Sonra Fide Sayisi Yasayan Bitki Sayisi
Genotip Sayist (Number of Yasayan Bitki Sayisi (Number of (Number of Plants
(Genotype) (Number of Germi (Number of Plants Seedlings Surviving on the 12th
erminated L .
Plants for Seeds) Surviving After Transferred to the Day in the
Germination) Colchicine Application) Pot) Greenhouse)
DZM-6 20 15 13 12 9
DZM-7 20 17 16 12 10
DZM-8 20 18 16 12 11
DZM-39 20 17 16 13 9
DZM-45 20 14 14 6 6
DZM-46 20 18 18 10 8
DZM-48 20 17 17 11 7
DZM-49 20 17 15 12 8
DZM-56 20 15 14 9 5
DZM-57 20 15 15 10 7
DZM-78 20 18 18 15 8
DZM-104 20 14 13 10 9
Total Toplam 240 195 185 132 97

SPAD Degeri (Klorofil Igerigi)

SPAD degeri yapraktaki klorofil miktarim ve yiksek
fotosenteze sahip saglikli bitki profilini tanimlayan
fizyolojik bir 6zelliktir. SPAD degeri bakimindan en
diisiik deger 23.07 ile DZM-39 genotipinden, en yiiksek
deger 1se 46.92 ile DZM-46 genotipinden elde
edilmigtir. Tim genotiplerin ortalamasi1 32.63 olarak
belirlenmistir (Cizelge 2). SPAD él¢iimlerinin misirda
yaprak N icerigi ile pozitif iligkili oldugu ve SPAD
O6lcimiiniin bu parametrenin tahmin edilmesinde
kolay ve wucuz bir yontem oldugu bildirilmistir
(Chapman ve Bareto, 1997). Albayrak (2019), SPAD
degerinin birinci yil 37.13-56.57, ikinci yilinda ise
38.13-59.20; Tunal ve ark. (2012), 30.7-49.1 arasinda
degistigini, bildirmiglerdir. Calismada kullanilan
genotiplerden elde edilen SPAD okumalarinin genel
olarak literatirde belirtilen degerlerden diigiik olmasi

calismanin saksi bazinda olmasindan ve kromozom
katlamasi sonucu bitkilerin zayif gelismesinden
kaynaklandig1 diigtintilmektedir.

Bitki Boyu

En uzun bitki boyu degeri 190 cm ile DZM-45
genotipinden elde edilirken, en kisa bitki boyu degeri
ise 103.75 cm ile DZM-46 genotipinden elde edilmistir.
Diger genotipler bu degerler arasinda yer alirken,
genotiplerin genel ortalamasi olarak bitki boyu degeri
132.50 cm olarak belirlenmistir (Cizelge 2). Daha énce
yapilan calismalarda Albayrak (2019), birinci yil
154.70-230.83 cm; ikinci yil ise 174.30-321.49 cm
arasinda, Oner (2011), 102-394 cm; Cémertpay (2008),
121.5-243.0 cm; Can ve Akman (2014), 147.1-165.9 cm
arasinda degistigini bildirmiglerdir.
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Cizelge 2. Double Haploid bitkilerde incelenen 6zelliklere iligkin ortalama degerler ve olusan gruplar
Table 2. Average values and groups of parameters examined in Double Haploid plants

. . s Ilk Kogan Govde Capi Kogan Boyu Kogan Cap1 Tip Kogan Ug
Sl | STADDebr | BBONGD) | i | (nm) | Gm | am | B e
(First Ear Height) (Stem Diameter) | (Ear Length) | (Ear Diameter) (Unfilled Cob)

DZM-6 3347+1.19b-e | 135.25+3.33 bc 50.00 +£4.72 cd 6.54+0.42c 7.15+£0.48a | 29.21 +2.43ab 2.63+0.15a
DZM-7 29.27+1.02 d-f | 121.00 + 8.93 cd 43.25+2.85de 6.63+0.45¢C 6.37+044a-c| 3227+0.20a 1.13+0.14e-g
DZM-8 28.17+0.7e-g | 120.75+3.78 cd 48.75+2.48 c-e 7.71+028a-c | 7.55+0.49a | 28.93+3.42ab 1.45+0.11 cd
DZM-39 23.07+1.869 | 130.00 +4.33 bc 45.00 + 3.06 de 7.52+051a-c | 6.50+0.42ab | 27.85+1.37 ab 0.95+0.06 g
DZM-45 27.22+168fg | 190.00+8.71a 83.25+2.42a 7.99 £ 0.46 ab 7.50+048a | 29.93+2.15ab 1.75+0.05b
DZM-46 46.92+141a | 103.75+4.03e 29.00 +2.56 f 6.91 +0.47 bc 4.95+0.18d | 26.69+2.36b 1.08 +0.08 fg
DZM-48 34.60 + 1.55 b-d | 114.00 + 4.99 de 37.25+ 2.55 ef 6.66+0.38 C 4.17+0.21d 19.50+0.87 ¢ 1.38 +£0.07 de
DZM-49 37.55+3.64bc | 141.75+5.36 b 52.25+6.6 b-d 7.99+0.32ab | 537+0.4b-d | 31.72+0.53 ab 1.33 +£0.06 d-f
DZM-56 31.02 +1.09 d-f | 120.50 + 4.83 cd 38.00 + 4.58 ef 8.11+0.25a 7.12+04a 32.44+0.64 a 1.13+0.09 e-g
DZM-57 28.60+1.67 e-g | 138.25+2.63b 63.00+4.29b 745+055a-c | 5.00+043d 26.63+15b 1.85+0.05b
DZM-78 32.67+272cf | 141.75+3.19b 58.75+2.17 bc 845+0.30a 742+056a | 29.95+1.69ab 1.68 +0.15 bc
DZM-104 39.07+2.81b | 133.00 +5.47 bc 48.25+5.38 c-e 7.71+0.3la-c | 525+0.33cd | 31.21+1.74ab 1.40+0.13 c-e

Mean (Ortalama) 32.63 132.5 49.72 7.47 6.19 28.85 1.47
LSD 5.86** 15.95** 11.65** 1.17* 1.21** 5.39** 0.28**
CV(%) 125 8.38 16.31 10.97 12.48 13.03 13.6
* %5, ** %1 diizeyinde 6nemli
I1k Kocan Yiiksekligi (2016), 21.02-22.82 cm arasinda degistigini

Genotiplerin ilk kocan ylksekligi 29.0 cm ile 83.25 cm
arasinda degiserek, en yiksek ve en dusik degere
sahip genotipler arasinda 54.25 cm’lik bir fark
olusmustur. Tum genotiplerin ortalamasi 49.72 cm
olarak belirlenmistir (Cizelge 2). Erdal (2014), ilk
kocan yuksekliginin 68.2-77.5 cm; Can ve Akman
(2014), 26.9-32.1 cm; Biiyiikerdem (2005), 24.7- 30.1
cm arasinda degistigini bildirmiglerdir.

Govde Cap1

Genotiplere ait goévde cap1 degeri 6.54-8.45 mm
arasinda degisim gosterirken, en digik govde capi
degeri DZM-6 genotipinden, en yiiksek goévde capi
degeri ise DZM-78 genotipinden elde edilmigtir. Diger
genotipler bu degerler arasinda yer alirken,
genotiplerin genel ortalamasi 7.47 mm olarak
belirlenmistir. Albayrak (2019), gévde cap1 degerinin
birinci yil 15.0-21.77 mm, ikinci yil ise 14.31-19.73
mm;Kirnak ve ark. (2003), 22.2-29.5 mm; Oner (2011),
8.76- 40.40 mm; Coémertpay (2008), 15.9-22.6 mm
arasinda degistigini  bildirmiglerdir. Calismada
double-haploid bitkilerden elde edilen goévde c¢ap1
degerleri bitkilerin saks1 ortaminda yetigtirilmesi ve
yerel ¢esit olmalarindan dolayi literatiir bildirimlerine
gore daha disik bulunmustur. Misir {ireticileri,
ozellikle yatmaya dayanim yoniinden saglam ve kalin
govdeli misirlar: tercih etmektedirler. Govde kalinlig:
ve saglamligi, yatmay1 engellemekle birlikte, hasat
kolayligi saglamakta ve tane kaybinin oOnine
gecmektedir (Kirtok, 1998).

Kocan Boyu

En uzun kogan boyu degerine sahip genotip 7.55 cm ile
DZM-8 olurken, en kisa kogan boyu degerine sahip
genotip 4.17 cm ile DZM-48 olmustur. Tim
genotiplerin ortalamasi 6.19 cm olarak belirlenmistir.
Oner (2011), kogan boyunun 9.7-24.33 cm; Cémertpay
(2008), 13.6-20.4 cm; Erdal (2014), 15.2-17.1 cm; Topal

bildirmiglerdir. Calismada double-haploid bitkilerde
elde edilen kog¢an boyunun literatiir bildirimlerinden
disik oldugu saptanmistir. Bunun temel sebebi
calismanin saksi bazinda olmasindan ve kromozom
katlamasi sonucu bitkilerin zayif gelismesinden
kaynaklandig1 distintilmektedir.

Kogan Cap1

Genotiplere ait kogcan capr degeri 19.50-32.44 mm
arasinda degisim gosterirken, en diisuk kog¢an capi
degeri DZM-48 genotipinden, en yuksek kog¢an capi
degeri ise DZM-56 genotipinden elde edilmigtir. Diger
genotipler bu degerler arasinda yer alirken,
genotiplerin genel ortalamasi 28.85 mm olarak
belirlenmistir. Albayrak (2019), kocan ¢ap1 degerinin
birinci y1l 19.67-44.61 mm; ikinci yil ise 16.94-44.31
mm; Oner (2011), 25.31-49.80 mm; Coémertpay (2008),
29-42 mm; Topal (2016), 45.80-49.60 mm arasinda
degistigini bildirmiglerdir.

Kocan U¢ Boglugu

En kisa kogan ug¢ boslugu degerine sahip genotip 0.95
cm ile DZM-39 olurken, en uzun kogan ug¢ boglugu
degerine sahip genotip 2.63 cm ile DZM-6 olmustur.
Tim genotiplerin ortalamas1 1.47 cm olarak
belirlenmistir. Onder (2013), kogan u¢ boslugu
degerinin 0.82-1.31cm; Biiyiikerdem (2005), 1.1-1.5 cm
arasinda degistigini bildirmiglerdir.

Koganda Sira Sayisi

Genotiplere ait koganda sira sayisi degeri 7.25-12.50
adet arasinda degisim gosterirken, en diisik koganda
sira sayisi degeri DZM-48 genotipinden, en yliksek
koganda sira sayis1 degeriise DZM-7 genotipinden elde
edilmigtir. Genotiplerin genel ortalamasi 10.35 adet
olarak belirlenmistir (Cizelge 3). Misirda verim
unsurlarindan olan kog¢anda sira sayisinin, cevre
kogullarindan ¢ok az etkilendigi, daha ¢ok c¢esidin
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genetik yapisina bagl oldugu bildirilmistir (Nielsen,
2002). Albayrak (2019), kocanda sira sayisinin birinci
yil 5.47-15.73 adet, ikinci yil ise 4.04-15.82 adet;
Shengu (2017), 12-15 adet; Oner (2017), 7.2-14.3 adet;
Ilarslan ve ark. (2002), 9.9-14.9 adet arasinda
degistigini bildirmiglerdir.

Kogan Sirasinda Tane Sayis1

En dustik kogan sirasinda tane sayisi degerine sahip
genotip 4.00 adet ile DZM-48 olurken, en yiuksek kogan
sirasinda tane sayisi degerine sahip genotip 12.75 adet
ile DZM-78 olmustur. Tim genotiplerin ortalamasi
8.97 adet olarak belirlenmistir (Cizelge 3). Sirada tane
sayisinin fazla olmasi istenen bir 6zellik olup, genetik
potansiyelin yani sira cevre etkisinde bir Ozelliktir.
Ozellikle tozlanma ve déllenme problemleri oldugunda
sira sayisinda meydana gelen azalmalar tane
veriminin dismesine de neden olmaktadir. Nielsen
(2002), kocan sirasindaki tane sayis1 daha ¢ok yetisme
donemindeki c¢evre kosullarina baglhh oldugunu
bildirmektedir. Oner (2017), kocan sirasinda tane
sayisinin 7.2-36.6 adet; Albayrak (2019), birinci yil
12.33-40.83 adet arasinda, ikinci yil ise 3.25-36.11
adet; Ruiz de Galarreta ve Alvarez (2001), 12-48 adet;
Cecen ve ark. (1998), 11.7-19.7 adet arasinda oldugunu
bildirmiglerdir.

Tek Kocan Agirlig:

Genotiplere ait tek kogan agirhigr degeri 3.83-24.29 g
arasinda degisim gosterirken, en diusiuk tek kocan
agirhigr degeri DZM-48 genotipinden, en yiksek tek
kocan agirligi degeri ise DZM-7 genotipinden elde
edilmigtir. Diger genotipler bu degerler arasinda yer
alirken, genotiplerin genel ortalamasi 16.72 g olarak
belirlenmistir (Cizelge 3). Onder (2013), tek kocan
agirliginin 166.3-232.0 g; Oktem ve ark. (2006), 182.0-
251 g; Esiyok ve ark. (2004), 271.2-342.0 g arasinda
degistigini bildirmiglerdir.

Sémek Capi

En disiik somek ¢ap1 degerine sahip genotip 13.57 mm
ile DZM-48 olurken, en yiiksek somek c¢api degerine
sahip genotip 21.57 mm ile DZM-56 olmustur. Tim
genotiplerin ortalamasi 19.24 mm olarak
belirlenmistir (Cizelge 3). Nielsen (2002), misirda
erken hasat nemine ulagsmak i¢in kucik c¢aph
someklerin tercih edilmesi gerektigini belirtmektedir.
Sémek c¢apinin, kogcanin nem kaybedip kurumasi
acisindan 6nemli oldugunu, kiigiik ¢apli someklerin
buyuk c¢aplh someklere oranla daha hizh nem
kaybettigini ve hasada uygun hale geldigini
belirtmistir. Babaoglu (2003), sémek capinin kiiciik
veya biiylik olmasinin tane verimi ile yakindan ilgili
oldugunu belirtmig ve g¢alismasinda somek c¢ap1
degerlerinin 22.7-29.0 mm arasinda degistigini,
Albayrak (2019), birinci y1l 16.42-25.28 mm, ikinci yil
ise 15.62-24.56 mm; Oner (2011), 13.71-31.67 mm
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arasinda degistigini bildirmiglerdir.

Koganda Tane Sayis1

Genotiplere ait kogcanda tane sayis1 degeri 11.75-95.25
adet arasinda degisim gosterirken, en diisiik koganda
tane sayisi degeri DZM-48 genotipinden, en yiiksek
kocanda tane sayis1 degeri ise DZM-78 genotipinden
elde edilmigtir. Diger genotipler bu degerler arasinda
yer alirken, genotiplerin genel ortalamasi 56.02 adet
olarak belirlenmistir (Cizelge 3). Biiyiikerdem (2005),
kocanda tane sayisi degerinin 266.4-345.4 adet; Oktem
ve Oktem (2006), 531-749 adet/kogan oldugunu
bildirmiglerdir.

Tek Kocan Tane Verimi

En disiik tek kogan tane verimi degerine sahip genotip
6.96 g/kocan i1le DZM-57 olurken, en ylksek tek kocan
tane verimi degerine sahip genotip 19.70 g/kogan ile
DZM-7 olmustur. Tim genotiplerin ortalamasi 12.25 g
olarak belirlenmistir (Cizelge 3). Albayrak (2019), tek
kogan tane verimi degerinin birinci yil 10.13-168.11
g/kogan, ikinci yil ise 3.92-149.55 g/kocan; Koca ve
Turgut (2012), 172.6-182.9 g/kocan; Oner (2011),
23.54-186.86 g/kocan; Comertpay (2008), 66.3-173.3
g/kogan arasinda degistigini bildirmiglerdir.

Biyolojik Verim

En dusik bitki kuru agirhigina sahip genotip 12.60
g/bitki ile DZM-48 olurken, en ylksek bitki kuru
agirligina sahip genotip 53.18 g/bitki ile DZM-45
olmustur. Tim genotiplerin ortalamasi 34.91 g olarak
belirlenmistir (Cizelge 3).

SONUC ve ONERILER

Calisma neticesinde ¢imlendirmeye alinan haploid
tohumlardan oransal olarak %77’si ¢imlendirme ve
kromozom katlamasi sonrasi seraya aktarilmis % 17’si
haploid ve steril kalma nedeniyle kendilemeye
alinmamastir. Geriye kalan bitkilerin ise % 36’sinda
déllenme sorunu meydana gelmis, % 41’inden
kendileme sonucu tohum elde edilebilmigtir.
Dolayisiyla double haploid bitki elde etme basarisi
%40 1n Uzerinde gergeklesmigtir.

Calismada kromozom katlamasi tekniginin
uygulanmasinda  literatiirde  belirtildigi  tizere
bagindan sonuna kadar dikkat ve tecriibe gerektigi
gozlemlenmigtir. Bu nedenle teknigin
uygulanmasinda sorun tegkil eden 6nemli noktalarda
dikkat edilmeli ve hata pay1 azaltilmahdir. Oncelikle
tohum ¢imlendirme agsamasinda iken uygun nem ve
sicaklik belirlenmeli, tohum veya kullanilan diger
materyallerin  sterilizasyonu dogru bir gekilde
yvapilmalidir. Cimlenen tohumlarda ¢im kimi ve
kokg¢iigiin optimum seviyede biiyimesini saglayacak
siire belirlenmelidir. Cimlenen bitkiciklere
uygulanacak soliisyon miktar1 yeterli olmali ve
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soliisyonun bitkiciklere nifuz etmesinin
kolaylastirilmasini saglayan bitki aksanlar: yontemde
belirtildigi tizere uygun bir sekilde hazirlanmalidir.
Cim kinini 4 em’den ¢im koklerinin ise 5 cm’den ki¢ik
olmas1 1ideal gorinmektedir. Katlanma iglemi
uygulandiktan sonra saksiya aktarma asamasinda

zayif ve ciliz geligen bitkiciklere hassas davranilmal
kok ve govde yapisina zarar verilmemelidir. Aksi
takdirde, fide sayisinda tarla veya serada
yetistirilecek double-haploid Dbitkilerin sayisinda
azalma olmas1 muhtemel bir durumdur.

Cizelge 3. Double Haploid bitkilerde incelenen 6zelliklere iligkin ortalama degerler ve olusan gruplar

Table 3. Average values and groups of parameters examined in Double Haploid plants

) Koganda Sira Kocan Sirasinda Tek Kogan Somek Capi Koganda Tane Tek Kogan Tane Biyoloji_k \_/erim
Genotip Sayisi (adet) b Agirhigi (g) P Sayisi (adet) Verimi (g/kogan) (g/bitki)
Tane Sayis1 (adet) - . (mm) : . : : :
(Genotype) (Ear row (Row Grain Number) (Grain Weight at (Cob Diameter) (Grain Number at | (Grain Weight at One (Biological
number) One Ear) Ear) Ear) Yield)
DZM-6 11.00+0.59a-c | 10.50 + 0.60 b-d 15.00+1.71 bc 1826+1.77hb 55.50+3.66 C 10.03 +0.89 cd 46.85+2.53 ab
DZM-7 12.50 +0.85 a 12.00 + 0.76 a-C 2429 +159a 21.52+0.52a 79.50+£1.66 b 19.70+0.78 a 43.80 +1.62 bc
DZM-8 12.00+0.83ab | 5.75+0.62 gh 14.78 £ 1.25 bc 19.43+137ab |48.75+6.93¢ 1034+1.13¢ 25.03+2.76d
DZM-39 11.00+0.67 a-c | 8.25+0.70 ef 15.53 +£1.49 bc 20.00+0.62ab |54.75+2.82c 9.89 +0.83cd 38.40+3.17 ¢
DZM-45 [9.75+0.30 cd 12.25+0.52 ab 22.68+121a 20.19+1.21ab |80.00+2460b 17.40 + 0.9 ab 53.18+0.97 a
DZM-46 | 8.50+0.94 de 6.25+042¢g 13.21 +0.88 cd 17.68+0.70 b 29.75+4.36d 7.17+1.18de 16.63+1.48¢
DZM-48 7.25+0.37e 4.00+£0.43 h 3.83+05e 13.57 +0.09¢c 11.75+1.37¢ 236+0.39f 12.60+1.34 ¢
DZM-49 10.50 +0.35bc | 10.00 + 0.50 de 18.07+1.25hb 19.29+0.33ab | 57.25+3.19¢ 1533+1.04b 26.58+26d
DZM-56 10.25+0.26 b-d | 7.50+ 0.58 fg 16.83 +1.02 bc 21.57+143a 46.50 £ 3.56 ¢ 11.04+0.92 ¢ 38.78+1.30 ¢
DZM-57 10.00+0.43cd | 8.25+0.60 ef 10.75+0.60d 18.92+0.49ab |33.50+2.43d 6.96 + 0.66 € 38.98+25¢c
DZM-78 11.00+£0.81a-c | 12.75+0.64a 23.70 + 1.20a 20.02+134ab [9525+193a 1848 +1.16a 40.00+1.93¢
DZM-104 | 10.50 +0.60 bc 10.25 +0.69 cd 22.00+1.15a 20.55+1.46ab |79.75+5.63b 18.40+1.33a 38.18+3.52¢C
Ortalama 10.35 8.97 16.72 19.24 56.02 12.25 34.91
LSD 1.86** 1.76** 3.61** 3.22%* 11.16** 2.88** 6.82**
CV(%) 12.56 13.71 15.07 11.69 13.9 16.4 13.63
* %5, ** %1 diizeyinde 6nemli
Calismada sera ortaminda yetistirilen ve kendileme olduklarini beyan eder.
yapilmasi planlanan double-haploid bitkilerde; zayif
gelisim gosterme, kisa bitki boyu, tepe piskuli ve Cikar Catigmas1 Beyan1
kogan piiskiiliiniin ayn1 anda olgunlagsmamasi, tepe Makale yazarlari aralarinda herhangi bir c¢kar

puskiili ve kogan pliskiiliiniin ayn1 yerden c¢ikmasi,
zayif polen dokiimii, ddipten kocan verme (Ilk kocan
yiiksekliginin  bulunmamas1), kocanlarin kiiciik
kalmasi, tane dolduramama, kogan sirasindaki
tanelerin farklh dagilim goéstermesi, kogan sayisinda
azalma gibi anormallikler gézlemlenmisgtir.

Calismada inducerle melezlenen yerel misir
genotiplerinin  haploid tohumlarinda kromozom
katlama ve katlanmig bitkilerde kendileme sonucu
basarili bir sgekilde double haploid bitkiler elde
edebilecegi  ortaya konmustur. Ana¢ olarak
kullanilabilecek double haploid bitkiler agronomik
performanslar: yoniinden siralanabilmis ve baz1 yerel
genotipler (DZM-45 ve DZM-7 gibi) digerlerine
ustunlik saglamigtir. Calismada kullanilan in-vivo
double haploid yonteminin zaman, yer ve maliyetten
tasarruf saglama avantajlari ile %100 homozigot bitki
elde etme ozelligi g6z oOnline alindiginda yerel
cesitlerden saf hat gelistirmenin kolaylagsacagi
soylenebilir. Ozellikle yerel cesitlerden bulunabilecek
biyotik ve abiyotik stres faktorlerine dayaniklik
kaynaklarinin belirlenmesinde double haploid bitkiler
hem kolaylik saglayacak hem de onemli rol
oynayacaktir.
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Yazarlar makaleye esit oranda katki saglamig

catismasi olmadigini beyan ederler.
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OZET

Bu calismada, Tirksoy, Yesilsoy ve Adasoy soya fasulyesi cesitlerine
ait tohumlarin hasat sonrasi bazi biyoteknik 6zellikleri belirlenmigtir.
Soya cesitlerinin geometrik, hacimsel ve renk ozellikleri ile farklh
hizlar ve eksenlerdeki mekanik direng ve surtiinme 6zellikleri
incelenmigtir. Soya c¢esitlerine ait tohumlarin sikigtirma testleri
kuvvet, deformasyon, kirilma enerjisi, sertlik ve kirilma gticii; 30, 60
ve 90 mm min?! ylkleme hizlari ile uzunluk, geniglik ve kalinlik
yikleme eksenleri i¢in incelenmistir. Yikleme hizlarina gére, 90 mm
min! yikleme hizi, diger yiikleme hizlarina gére daha diisik kirilma
kuvveti, kirilma enerjisi ve sertlik degerleri vermigtir. Soyanin
islenmesi, son lirtin kalitesi ile tiiketici istekleri ve ekonomik degerler
acisindan soya c¢esitlerine ait tohumlarin hasat sonrasi baz
biyoteknik 6zelliklerinin g6z éntunde bulundurulmas: gereklidir.

ABSTRACT

In this study, some post-harvest biotechnical properties of the seeds
belonging to Turksoy, Yesilsoy and Adasoy soybean varieties were
determined. Geometric, volumetric and color properties of soybean
varieties, mechanical resistance properties and friction properties at
different compression speeds and axes were investigated.
Compression tests of seeds belonging to soybean varieties were
examined for rupture force, deformation, rupture energy, hardness
and rupture force for 30, 60 and 90 mm min?! loading speeds and
length, width and thickness loading axes. According to the loading
speeds, 90 mm min! loading speed gave lower breaking force,
breaking energy and hardness values than the other loading speeds.
It is necessary to consider some biotechnical characteristics of soybean
varieties in terms of post-harvest, soybean processing and final

Arastirma Makalesi

Makale Tarihgesi
Gelis Tarihi  :30.11.2020
Kabul Tarihi :25.02.2021

Anahtar Kelimeler
Glycine max
Geometrik 6zellikler
Hacim agirlig:
Kirilma giict

Renk o6zellikleri

Determination of Some Post-Harvest Biotechnical Properties of the Different Soybean Varieties

Research Article

Article History
Received
Accepted

- 30.11.2020
25.02.2021

Keywords

Glycine max
Geometric properties
Bulk density

Rupture power
Colour characteristics

product quality, consumer demands and economic values.

Atif Igin:  Altuntas E, Giil EN, Olga¢ M 2021. Farkli Soya Cesitlerinde Hasat Sonrasi Baz Biyoteknik Ozelliklerin
Belirlenmesi. KSU Tarim ve Doga Derg 24 (5): 1037-1047. DOI: 10.18016/ksutarimdoga.vi.833743.
To Cite:  Altuntas E, Gil EN, Olgag M 2021. Determination of Some Post-Harvest Biotechnical Properties of the Different
Soybean Varieties. KSU J. Agric Nat 24 (5): 1037-1047. DOI: 10.18016/ksutarimdoga.vi.833743.
GIRIS nobetinde yer alan soya fasulyesi, ekonomik anlamda
Soya fasulyesi besin degeri cok yiiksek, insan ve kaliteli kaba yem elde etmede, ekolojik anlamda ise
hayvan beslenmesinde kullamlan, baklagiller topraga olan olumlu katkilarindan dolayr tarim

familyasina ait tek yillik, sicak iklim bitkisidir (Sahar,
2017). Biyolojik degeri yiiksek oldugu icin de, soya unu
ozellikle kiumes, kiicik ve biyikbas hayvan
beslenmesinde rasyonlarda kullanilmaktadir
(Anonim, 2012). Sanayide hammadde olarak soyanin
biyodizel yakiti  olarak  kullanilabilecegi ve
yenilenebilir enerji kaynaklariyla birlikte kullanimi
onemlidir (Kinney ve Clemente, 2004). Soya fasulyesi
tohumlar: yiiksek miktarda protein igerir, amino asit
bilesimi hayvansal proteinlerin bilesimine yakin
olmasa da oldukca iyidir (Keskin, 2019). Ekim

topraklarinin stirdiiriilebilirligine 6nemli katkilar
saglayabilecek potansiyele sahiptir (Ozel ve Acar,
2020). Soya iiriinleri, yiiksek miktarda soya proteini,
izoflavonlar, omega-3-yag asitleri ve diyet lifi igerikleri
ile ¢ok o6nemli fonksiyonel gida bilesenleri veya
iiriinleridir (Riaz, 2001; Liu, 2004). Soya yag1; Ca, Fe,
Zn elementleri ile B1l, B2, E ve K vitaminleri
bakimindan da olduk¢a zengindir (Alpay, 2003).
Turkiye’de soya tarimi agirlikli olarak Cukurova
Bolgesinde yapilmaktadir (Anonim, 2020a). 2019
TUIK verilerine gore ekilen alan 352 947 dekar,
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tiretim 150 bin ton ve verim 425 kg daVdir (TUIK,
2019). "25x25" sloganiyla 2025 yilinda toplam enerji
tiketiminin %25'"1n1 yenilebilir enerjilerden
karsilamay: hedefleyen ve bu yénde projeler gelistiren
Amerika Birlesik Devletleri, biyodizel konusunda da
kendi milli sistemini kurmustur. Oncelikle, milli
bitkisel yagi1 olan, soya yagina gore uygulanabilir
ASTM-6751 standardin belirlemistir (Karadag, 2020).
Soya fasulyesinin hasat sonrasi biyoteknik 6zellikleri,
siniflandirma, ayirma, tasima, igleme ve depolama i¢in
ekipman ve makinelerin miihendislik tasariminda
onemli bir rol oynamaktadir. Tarimsal materyal
olarak soyanin baslica hasat sonrasi bazi biyoteknik
ozellikler1 olarak; sekil, boyut, kiitle, 1000-tane
agirhigi, hacim agirligl, porozite ve farkli yiizeyler
uzerindeki karg1 statik strtinme katsayisi yaninda
soya tohumlarinin kuvvete karsi gosterdigi kuvvet,
deformasyon, kirilma enerjisi ve kirilma giici gibi
mekanik 6zellikler sayilabilir (Mohsenin, 1980).
Gunumizde ziraat ve gida miihendisleri olarak,
depolama yapilarinin tasarimi, depolama
ekipmanlarinin tasarumi ve seciminde, depolanan
tarimsal malzemenin 6zellikleri 6nemlidir (Molenda ve

ark., 2004). Ozellikle hassas ekim makinalan
tasarnminda da  soya  tohumlarmin  fiziksel
ozelliklerinin  bilinmesi  gerekmektedir. Soyanin

mekanik 6zellikleri, soyanin hasat sonrasi islenmesi
ve un haline getirilmesinde, gii¢c kirilma kuvveti,
deformasyon, enerji ve gili¢ degerlerinin bilinmesi
gereklidir.

Soya  konusunda bircok arastirmaci  bilimsel
calismalar yapmigtir. Ornegin; Tavakoli ve ark. (2009)
Williams soya gesidi tohumlarinin; Shirkole ve ark.
(2011) TAMS-38 soya cesidi tohumlarinin; Alibas ve
Koksal (2015) ATAEM-II soya cesidinde farkli nem
iceriklerindeki fiziksel ve mekanik ozelliklerini
incelemiglerdir. Ancak, Tirkiye’'de tescillenmis 6nemli
Turksoy, Adasoy ve Yesilsoy soya cesitlerinin hem
fiziksel hem mekanik o6zellikleri ile bunun yanisira
renk oOzelliklerinin birlikte ¢aligildigi hasat sonrasi
biyoteknik 6zelliklerine ait bir ¢alisma literatiirlerde
bulunamamigtir. Bu nedenle, bu ¢alismada farkli soya

TURKSOY

ADASOY

fasulyesi cesitlerine ait tohumlarin hasat sonrasi
biyoteknik 6zellikleri belirlenmeye ¢aligilmigtir.

MATERYAL ve METOD

Caligsmada , Tokat Gaziosmanpaga Universitesi Ziraat
Fakiiltesi Tarla Bitkileri Bélimiu tarafindan 2017
yilinda Tokat-Kazova yoresinde yuritilen bir
arastirmadan temin edilmis olan soya fasulyesi
tohumlar: kullanilmigtar. 2017 yili soya
yetistiriciliginde vejetasyon dénemine (Nisan-Kasim)
ait ortalama sicaklik 18.2 °C, ortalama nem 56.5 (%) ve
ortalama toplam yagis miktar1 38.68 mm’dir.
Aragtirmanin yiritildigi toprak killi tinh, kuvvetli
alkali, organik maddece fakir, c¢ok kirecli, fosfor
miktarimi bakimindan fakir ve potasyum bakimindan
zengindir. Soya tohumlar1 hasattan sonra oda
sicakliginda (20-24°C) depolanmistir (Sarioglan,
2019). Tokat Gaziosmanpasa Universitesi, Ziraat
Fakiiltesi, Biyosistem Mihendisligi Bolimu Biyolojik
Malzeme Laboratuvarinda ytiriitiilen soya fasulyesi ile
ilgili biyoteknik 6zelliklerine ait denemelere 15 Subat
2020 tarihinde baglanmigtir. Calismada incelenen tiim
ozellikler i¢cin yapilan 6l¢iim ve analizlerde, 6rnekler
arasinda kirik ve zarar goérmiis olan tohumlar
ayrilmigtir. Calismada sirasiyla 2002, 2007 ve 2008
yillarinda tescil edilmig li¢ farkli soya fasulyesi cesidi
sirasiyla  Turksoy, Adasoy ve Yesilsoy cesitleri
kullanmilmistir (Sekil 1). Tiirksoy cesidi, bakla rengi
kahverengi, bin tane agirhigr 160-180 g, yag orani %20-
23 ve protein orani %24-31 olan danelik bir ¢esit olup
birinci ve ikinci uriin i¢in uygundur. Adasoy ¢esidi,
bakla rengi kahverengi, bin tane agirligi 140-170 g,
yag orani %22-24 ve protein orani %33-36 olan danelik
bir cesittir; birinci iirtin ve erken ekilen (Haziran
ortasy) ikinci iirtin icin uygundur. Yesilsoy cesidi ise,
bakla rengi koyu kahverengi, bin tane agirhigr 155-165
g, yag orani %17-20, protein oram %32-33 olan silajlik
bir gesittir ve birinci iiriin olarak ekilmelidir (Anonim,
2020c). Soya cesitlerine ait érneklerin nem icerikleri,
tohumlarin etivde 105+1°C sicakhikta 24 h
kurutulmasiyla kuru baza gére belirlenmistir (Suthar
ve Das, 1996).

YESILSOY

Sekil 1. Calismada kullanilan soya fasulyesi ¢esitlerine ait 6rnekler.

Figure 1. The samples of soybean grains used in study.

Tirksoy, Adasoy ve Yesilsoy ¢esitlerinin nem igerikleri
sirasiyla %7.18+0.10; %7.43+012 ve %7.41+0.05 olarak
belirlenmigtir. Soya gesitlerine ait tohumlarda fiziksel
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ozelliklerin belirlenmesi i¢in 100’er adet o6rnek
alinmig; uzunluk (u), genislik (g) ve kalnlhk (k)
degerleri 0.01 mm hassasiyetli dijital kumpas
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yardimiyla belirlenmistir (Sekil 2). Soya cesitlerinin
tek tohum agirliklar1 aym 6rnekler tizerinden 0.001 g
hassasiyetli dijital bir hassas elektronik teraziyle
belirlenmigtir. 1000-tane agirligi i¢in 3 tekrarl alinan
100 adet 6rnek agirliklar1 ortalamasi kullanilmigtir.
Soya cesitlerine ait tohumlarin geometrik ortalama
cap (Go) ve kiiresellik (K)); yiizey alam (Y2), tane hacmi

TURKSOY

Ui ADASOY

(H) icin asagidaki esitliklerden yararlanmilmistir
(Mohsenin, 1980).

L (=03 TS (1)
) (€ &)
K=(Gelu)100 .o 3)
Hi=r16 WK eeaaeeeeeeeeaaaeeieeaaaaeeennn @

YESiLSOY

Sekil 2. Soya fasulyesi tohumlarinin boyut dl¢iimlerine ait ornekler

Figure 2. Sample size measurements of soybean seeds

Soya tohumlarinin hacim agirhig: olarak gergek hacim
agirliglr ve yigin hacim agirhigr olarak belirlenmigtir.
Gergek hacim agirhigi igin sivi tasirma yontemi ve
yigin hacim agirligr igin  hektolitre yontemi
kullanilmistir. Porozite degeri (Z), yigin hacim agirhg:
(H;) ve gercek hacim agirhg (H,) degerleri dikkate
alinarak Mohsenin (1980)’e gére asagidaki esitligi ile
belirlenmigtir.

P=[1- (H-HJ/100 .....cc..o......... (5)

Soya tohumlarina ait renk karakteristiklerini (L% a
ve b* belirlemek icin bir renk élcer (Minolta, Model
CR-400, Tokyo, dJaponya) kullamlmistir. L*
(parlaklik) degeri, (0 karanhk, 100 aydinhk); a*
(kirmizilik) degeri (+kirmiziligy, -yesilligi), b* (sarilik)
degeri (+sarihig, -maviligi) gostermekte olup,
denemelerde her bir renk skalasi i¢in 15’er adet tohum
ornegi kullanilmistir. Hue acisi, tohumlarin renk
tonunu géstermekte olup, sirasiyla ag1 degerlerine gore
renk tonlar1 0° kirmizi-mor, 90° sari, 180° mavimsi-
yesil ve 270° ise mavi olarak aciklanmaktadir. Kroma
(K) tane renkliligin bir 6l¢iisii olarak, renk doygunlugu

*

al B
Sekil 3. Sturtiinme katsayis1 6lgimi
Figure 3. Measurement of friction coefficient

Yae =tan? (B/1) uceeeeeieenaaeraaaeraaaannnn, 8

Burada, h ve r sirasiyla koninin yiksekligi ve koninin
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veya renk safligini ifade etmektedir (McGuire, 1992).
Soya tohumlar: i¢in renk karakteristiklerinden hue
acis1 (h) ile kroma (K) renk karakteristikleri icin
asagidaki esitlikten yararlanmilmistir.

h=tan? (b*/a*) ...cceeeeeueaenn.. ...(6)
K=@a*2 +b*2)V2 e (7)
Soya tohumlarinin farkli slrtinme yuzeyleri

uzerindeki statik strtiinme katsayilari i¢in egimli
masa surtiinme ol¢gim diizenegi kullanmilmigtir. Bir
vidali kol yardimiyla 6l¢gim dizeneginin 5 tekrarh
olarak tohumlarin yiizey tlzerinden harekete
gecmesini sagladig1 andaki ac¢1 degeri statik strtiinme
degeri i¢in kullanmilmis, bu ac¢inmin tanjant degeri
dikkate alinmistir (Giil ve ark., 2020). (Sekil 3). Soya
tohumlarinin yigilma agisi i¢in 300 mm ¢ap ve 500 mm
yikseklik ol¢ulu tst ve alttan agik bos bir silindir
kullanilarak, kutu tepeleme doldurulmus, bir duz
plaka yuzeyi uzerinde bir koni olusturana kadar
yavagca yukseltilip bosaltilarak, olusan egim acis1
yig1lma acis1 olarak belirlenmigtir. (Kaleemullah ve
Gunasekar, 2002) (Sekil 4).

D=300 mm

h= 500 mm

.

Sekil 4. Yigi1lma agis1 6l¢imi i¢in kullanilan silindir
Figure 4. A cylinder for measurement of angle of repose

tabaninin yaricapidir.

Soya tohumlarinin mekanik sikigtirma test 6l¢imleri
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icin, biyolojik materyal test &lciim  cihazm Ex=(Fi. DO/2 eeaeeaeeaeraaeaaiaienanennnnn, )
kullanilmigtir. Biyolojik materyal test 6l¢im cihazi; SU=F/Df eeveevaeeeiaiiiieiiieiiaianinannn, (10)
bas1 ve ceki dinamometresi, dijital hiz iinitesi, bir K= [(Bx . Yr 060000.Dy..................... (11)

O6lcim cetveli standli motorlu ve otomatik kontrolli
cihazdir. Cihaz  bir  bilgisayar  programiyla
calistirnlmaktadir. Farkli soya ¢esitlerine ait testlerde
Sundoo c¢eki dinamometresi (Model SH-500, 0.1 N
hassasiyetli, Cin) kullanilmistir. Soya tohumlarinin iic
farkli eksen ve hizdaki kirilma kuvveti (F)),
deformasyon (D9 6lctimleri test cihazi iizerinden grafik
olarak alinabilmekte, kirilma enerjisi (2, sertlik (S)
ve kirilma giicii (K degerleri ise asagidaki esitlikler
yardimiyla bulunabilmektedir (Braga ve ark., 1999;
Khazaei ve ark., 2002; Altuntas ve ark., 2010).

VA

g

Fe

u -
. s

u

F«:/v

Esitliklerde; Sr Sertlik, Ex- kirilma enerjisi (N mm),
Fi: kainnlma kuvveti (N), D¢ Deformasyon (mm), K
kirilma giicti (W); Ex-kirilma enerjisi (md); Y- yiikleme
hizi (mm min?)’ dir.

Soya tohumlarinda kuvvet ve deformasyon élgiimleri
icin 3 tekrarli olmak tiizere 10 adet soya tohumu
kullanilmigtir. Ornek bir soya tohumuna ait (u, g &)
boyut eksenlerine ait kuvvetlerin (Fry, Fke Fir)
gosterimleri ve 6rnek bir mekanik test ¢lgimii, Sekil
5’te verilmistir.

Sekil 5. Ornek bir soya tohumunun tg¢ farkli (uz, g, & eksenel boyuta ait kuvvetlerin (Fiy, Fig, Fii) gosterimi ve

mekanik test 6l¢iimii

Figure 5. Three axial dimensional forces (Fiu, Fie, Fii) of a sample soybean seed and mechanical test measurement

Soya c¢esitlerine ait hasat sonrasi biyoteknik
ozelliklerin belirlenmesinde temel istatistik ¢l¢timler
icin, maksimum, minimum deger, ortalama ve
standart sapma degerler bulunmustur. Veriler igin
varyans analizi 6ncesi normalite testi yapilarak analiz
i¢in uygunlugu belirlenmigtir. Varyans analizlerinde,
cesit karsilastirmalarinda tek yonla varyans analizi,
birden fazla faktoriin kullanildigr mekanik testlerde
¢ok faktorli varyans analizi yapilmigtir. Tim varyans
analizlerinde, Duncan c¢oklu karsilastirma testi
yapilarak cesitler ve ¢ok faktorli uygulamalarda her

Cizelge 1. Soya cesitlerinin geometrik 6zellikleri.
Table 1. Geometric properties of soybean varieties

bir faktériin etkisini belirlemek icin Split File (veri
ayirma ve secme testi) testi yapilmistir (SPSS, 2000).

BULGULAR ve TARTISMA
Fiziksel Ozellikler

Soya cesitlerine ait orneklerin boyutsal o6zellikleri,
geometrik ortalama cap, kiresellik, yluzey alani1 gibi
geometrik ozelliklerine ait degerler ve varyans analiz
sonuglari, Cizelge 1’de verilmistir.

Soya Uzunluk Geniglik Kalinlik Geometrik Kiresellik Yiizey alani
cesitleri (u, mm) (g, mm) (&, mm) ortalama cap (K, %) (Y2, mm?)

(G,, mm)
Turksoy 7.34£0.05a 5.91+0.05 a 4.90+0.06 b 5.95+0.05 a 81.03+0.63 ¢ 111.53+1.70 a
Adasoy 6.69+0.06 ¢ 5.73+0.05 b 4.91+0.04 b 5.71+0.04 b 85.89+0.61 a 102.65+1.53 b
Yesilsoy 7.12+0.07b 5.73£0.06 b 5.09+0.04 a 5.89+£0.05 a 83.61+0.83 b 109.59+1.62 a
F 30.784** 3.679*% 4.916* 7.605%* 12.120** 8.321**

*: P<0.05, **: P<0.01.

Soya cesitlerinin uzunluk, geometrik ortalama cap,
kiiresellik ve ylizey alani lizerinde gesitler arasinda
p<0.01 diizeyinde, geniglik ve kalinlik boyutlarinda ise
p<0.05 duzeyinde istatistiksel olarak farklihiklar
gozlenmistir. Tirksoy cesidinde uzunluk (7.34 mm),
genislik (5.91 mm) degerleri diger cesitlere gore daha
yiiksek bulunmustur. Kiiresellik degeri (%85.89) en
yiksek Adasoy ¢esidinde belirlenmigtir. Polat ve ark.
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Ayni sttundaki aym harfler arasi fark 6nemsizdir.

(2006), Sanlurfa ilinden alinan soya tohumlarinin
uzunlugu, genigligi ve kalinhgim %6.7 (k.b) nem
iceriginde 7.41 mm, 5.34 mm ve 4.50 mm olarak
belirlerken, geometrik ortalama cap, kiiresellik ve
1000-tane agirligim1 sirasiyla, 5.62 mm, %75.0 ve
121.76 g olarak bulmuslardir. Kibar ve Oztiirk (2008),
Karadeniz Tarimsal Arastirma Enstitisa
Kooperatifinden temin ettikleri soya tohumlarinin %8
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nem iceriginde uzunluk, geniglik, kalinlik, geometrik
ortalama c¢ap, kiiresellik degerlerini sirasiyla 7.24 mm,
6.79 mm, 5.78 mm, 6.57 mm ve %91.0 olarak
bulduklarini aciklamislardir. Wandkar ve ark. (2012),
Hindistan Maharashtra’daki yerel marketten aldiklar:
soya tohumlarinin ortalama uzunluk, geniglik ve
kalinlik degerlerini nem icerigi %7.37 (kb)’de sirasiyla
6,556 mm, 5.56 mm ve 4.53 mm olarak, geometrik
ortalama ¢ap ve kiiresellik degerlerini ise sirasiyla
5.44 mm ve %83.0 bulmuglardir. Alibas ve Koksal
(2015), %8.02 nem iceriginde ATAEM-II cesidi soya
tohumlarinin ortalama uzunluk, geniglik ve kalinhik
degerlerini sirasi ile 7.04 mm, 6.30 mm ve 6.02 mm
olarak; Tavakoli ve ark. (2009) ise %6.92 nem
iceriginde Williams ¢esidi soya tohumlarinin ortalama
uzunluk, geniglik ve kalinlik, geometrik ortalama cap
ve kiiresellik degerlerini sirasiyla 7.27 mm, 6.48 mm,
5.41 mm, 6.34 mm ve %87.25 olarak belirlemiglerdir.

Calismada; Turksoy, Adasoy ve Yesilsoy c¢esitlerinde

uzunluk degerleri sirasiyla 6.69-7.34 mm araliginda;
geniglik degerleri ise gesitlere gore 5.73-5.91 mm ve
kalinlik degerleri ise sirasiyla 4.90-5.09 mm
araligindadir. Buna karsin, soya cesitlerinde,
geometrik ortalama cap degerleri 5.71-5.89 mm;
kiiresellik degerleri ise cesitlere gore %81.03-85.89
araliginda bulunmugtur. Tohum boyutlar1 ve
kuresellik gibi fiziksel 6zellikler, ekim makinalarinda
ekici dizenlerin tasariminda o6nemlidir. Ekilecek
tohumla, ekici diizenin boyutlarinin uyum igerisinde
olmasi1 gerekmektedir. Ayrica ekim esnasinda tohum
akigl, tohumlarin boyutuna, sekline, kiireselligine,
tane hacim agirhigina ve yigilma acisina baghdir
(Jayan ve Kumar, 2004).

Soya tohumlarimin fiziksel o6zellikleri igerisinde
hacimsel (gravimetrik) 6zellikler olarak tek tane ve bin
tane agirligi, hacim, y1gin hacim agirligi, tane hacim
agirligr ve poroziteye ait degerler, Cizelge 2'de
verilmigtir.

Cizelge 2. Soya cesitlerine ait tohum 6érneklerinin hacimsel (gravimetrik) ézellikleri
Table 2. Gravimetric characteristics of seed samples of soybean varieties

Soya Tek tane Bin tane Hacim (mms3) Y15in hacim Tane hacim Porozite (%)
cesitleri  agirlik (mg) agirhig (g) agirhg (kg m) agirhg (kg m)

Turksoy  147.4+3.75 123.35+2.75 111.86+2.53a 693.34+6.76 1784+136.23 b 59.45+2.93 b
Adasoy 140.2+3.25 116.01+1.71 98.85+2.17 b 704.75+1.56 2238.63£106.15a 68.14+1.37 a
Yesilsoy  148.8+4.93 120.96+3.00 109.19+2.27a 696.71+4.24 1924.23+72.11ab 63.07+1.07ab
F 1.3070s 2.15ns 8.706%* 1.5580s 4.642% 4.912*

*: P<0.05, **: P<0.01, »s: 6nemsiz. Aym stitundaki ayn1 harfler arasi fark 6nemsizdir.

Farkli soya cesitlerinin tek tane agirlik, bin tane
agirhk, yigin hacim agirhigr degerleri {izerinde
etkilerinin istatistiksel olarak onemli bir farklilik
gostermedigi  bulunmustur. Hacim degerlerinde
cesitlerin arasindaki farklar istatistiksel olarak
p<0.01 seviyesinde énemli iken, tane hacim agirlig1 ve
porozite degerlerinde 6nem p<0.05 seviyesindedir. Tek
tane agirlik degerleri Tirksoy, Adasoy ve Yesilsoy i¢in
sirasiyla; 147.4 mg, 140.2 mg, 148.8 mg olarak,
porozite degerleri %59.45, %68.14 ve %63.07; yigin
hacim agirligr degerleri 693.34 kg m™3, 704.75 kg m™3 ve
696.74 kg m3 ve gercek hacim agirhig1 degerleri ise
1784 kg m3, 2238.63 kg m™ ve 1924.23 kg m™ olarak
belirlenmigtir.

Polat ve ark. (2006), soya tohumlarinin porozite,
gercek ve y1gin hacim agirligini da %6.7 (k.b) nemde
sirasiyla, %51.0, 1062.6 kg m™ ve 804.8 kg m™ olarak;
Kibar ve Oztiirk (2008), soya tohumlarinin %8 nemde
%22.58, 983.33 kg m3 ve 766.12 kg m3 olarak
bulmuglardir. Wandkar ve ark. (2012), soya
tohumlarinin %8 nem icerigindeki porozite, gercek
hacim agirlign ve yi1gin hacim agirligim da sirasiyla
%40.07, 749.1 kg m3 ve 1250.0 kg m3 olarak
bulmusglardir. Literatiirdeki soya calismalarindaki
sonuglara gore; porozite degerleri %22.58-51.0, y1§1n
hacim agirlig1 degerleri ise 749.1-804.8 kg m3, gercek
hacim agirlign degerleri ise 983.33-1250.0 kg m
araliginda belirlenmigtir. Calismada bulunan porozite
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degerleri ve yi1gin hacim agirligr degerleri literatiire
gore daha dusik bulunurken, gercek hacim agirhig:
degerleri  ise  literatirlerden  daha  yuksek
bulunmustur.

Mekanik Ozellikler

Turksoy, Yesilsoy ve Adasoy ¢esitlerine ait 6rneklerin
mekanik 6zellikleri i¢in kirilma kuvveti, deformasyon,
kirilma enerjisi, sertlik ve kirilma guci degerleri ile
sirtiinme katsayis1 ve yigilma acis1 degerleri
incelenmigtir. Soya fasulyesi c¢esitlerine ait farkh
yikleme hizlar1 ve ylkleme eksenlerindeki kirilma
kuvveti degerleri, Cizelge 3’te verilmigtir.

Cizelge 3’e gore, Yesilsoy cesidinde farkli yukleme
ekseni ve hizlarindaki kirilma kuvveti degerleri diger
gesitlere gore daha yiiksek, geniglik ekseni boyunca
kirilma kuvveti degerleri uzunluk ve kalinhk
eksenlerine gére daha ylksek bulunmustur. Yikleme
hizlarina gére kirilma kuvveti degerleri 30 mm min'?
yikleme hizinda diger ylikleme hizlarina gére daha
yiksek bulunmustur. Yikleme hiz artisina gore
kirilma kuvveti degerlerinde azalma gézlenmistir. En
yiksek kirilma kuvveti degeri, Yesilsoy ¢esidinde 30
mm min'! yiikleme hizinda kalinlik ekseninde 115.58
N ile gézlenmis, en diigiik kirilma kuvveti degeri 42.42
N ile Turksoy cesidinde ve 90 mm min! ylukleme
hizinda ve uzunluk ekseninde gézlenmistir.
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Cizelge 3. Soya fasulyesi cesitlerine ait kirilma kuvveti degerlerinin farkl: yiikleme hizlari ve ylikleme eksenlerine
gore degisimleri
Table 3. Changes of rupture force values of soybean varieties according to different loading speeds and loading

axes
Soya Yikleme Yiikleme ekseni Ortalama Cesit
cesitleri  hiza (mm min'!) u g k ortalamasi
Turksoy 30 100.17+3.20a**  79.12+5.74 b** 90.93 £2.75 a** 90.07+2.80 a** 75.78+2.35b**
60 84.71+£2.11 ns 80.50+4.67 ns 74.66 +6.06 s 79.96+2.66 b**
90 42.42+3.20 b** 79.59+5.71 a**  49.88 £5.54 b** 57.30+4.06 c**
Ort 75.77+4.81 ns 79.74+3.01 s 71.82+4.19 ns
Adasoy 30 89.35+4.38 b** 106.41+4.03a**  70.88 +6.45 c** 88.88+3.90 a** 77.16+2.60 b**
60 82.73+4.93 ns 76.76+6.87 ns 76.10+6.44 ns 78.53+3.46 b**
90 87.21+8.12 a** 60.51+7.33 b** 44.47 +£3.54 b** 64.06+£4.94 c**
Ort 86.43+3.40 a** 81.23+4.96 a** 63.82 +4.06 b**
Yesilsoy 30 81.06+3.35 b** 88.28+3.03 b** 115.58+3.93a** 94.97+3.37 a** 86.75+2.47 a**
60 91.40+4.43 »s 97.04+5.25 s 81.04+6.90 »s 89.83+3.36 a**
90 79.19+5.31 »s 85.87+13.1871s 61.25+4.18ns 75.44+5.14 b**
Ort 83.88+2.67 ns 90.40+4.75 ns 85.96+5.07 ns

Yikleme ekseni ortalamasi

83.03+2.18 a**

83.794+2.52 a**

73.874+2.73 b**

Yikleme hiz1 ortalamasi

30 90.19+2.51 ns 91.2743.24 vs 92.46+4.27 »s 91.31£1.95 a**
60 86.28+2.34 ns 84.77+3.56 1s 77.277+3.64 »s 82.77+1.89 b**
90 69.61+4.89 ns 75.32+5.56 1 51.87+2.82 ns 65.60+£2.82 c**

**: P<0.01, »s: onemsiz.

Dursun (2002), Michell cesidi soyanin xx ve y-y
eksenlerindeki kopma kuvveti degerlerini sirasiyla
143.4 ve 91.7 N, Clark gesidinde ise sirasiyla 119.5 ve
83.0 N olarak bulmustur. Dursun ve Giiner (2003), bes
farkli bugday cesidinde yiiklenme (sikigtirma)
eksenine bagh olarak ilk kirilma igin gerekli olan
kopma kuvvetinin degisimini belirlemistir. Ayni nem
iceriginde (%4.5) x-x ekseninde en biiyiikk kopma

Ayni satir ve stitundaki ayni harfler aras: fark 6énemsizdir.

kuvvetinin Bezostaja cesidinde (163,3 N), en kiiciik
kopma kuvvetinin ise Topbas cesidinde (52,0 N) elde
edildigini aciklamiglardir. y-y ekseninde ise en biyiik
ve en kicik kopma kuvvetlerini Kunduru 1149
cesidinde (138.2 N) ve Topbas (73.3 N) cesitlerinde elde
etmiglerdir. Soya cesitlerinde farkli yiikleme hizlari ve
yikleme eksenlerindeki deformasyon degerleri,
Cizelge 4’te verilmisgtir.

Cizelge 4. Soya fasulyesi gesitlerine ait deformasyon degerlerinin farkli yikleme hizlar: ve yikleme eksenlerine

gore degisimleri

Table 4. Changes of deformation values of soybean varieties according to different loading speeds and loading axes

Soya Yikleme Yiikleme ekseni Ortalama Cesit
cesitleri hizi(mm min'?) u g k ortalamasi
Turksoy 30 0.923+0.01 a** 0.628+0.04 c** 0.801+£0.03 b** 0.784 +0.03 a*  0.752+0.02rs
60 0.815+0.02 s 0.729+0.04 »s 0.71940.03 »s 0.7544+0.02 ab*
90 0.525+0.04 ¢** 0.918+0.05 a** 0.713+0.06 b** 0.719+0.04 b*
Ort 0.754+0.03 ns 0.75840.03 »s 0.74440.02 »s
Adasoy 30 0.552+0.05 b*  0.619+£0.03 ab* 0.739+0.04 a*  0.637+0.03 b** 0.718+0.02ns
60 0.769+0.04 ns 0.825+0.04 s 0.675+0.06 ns 0.756+0.03 a**
90 0.788+0.04 ns 0.777+0.05 »s 0.715+0.06 »s 0.760+0.03 a**
Ort 0.703+0.03 »s 0.740+0.03 ns 0.710+0.03 »s
Yesilsoy 30 0.740+0.04 b**  0.536+0.04 c**  0.900+0.02 a** 0.725 »s+0.03 0.747+0.02 s
60 0.697+0.04 »s 0.798+0.04 s 0.730+0.03 rs 0.742 vs+0.02
90 0.787+0.02 b**  0.885+0.04 a** 0.647+0.03 c** 0.773 »s+0.03
Ort 0.741+0.02 ns 0.74040.03 »s 0.75940.03 ns

Yikleme ekseni ortalamasi

0.733+0.02 ns

0.746+0.02 s

0.738+0.02 s

Yikleme hiz1 ortalamasi

30 0.738+0.04 b**
60 0.760+0.02 a**
90 0.700+0.03 b**

0.594+0.02 c**
0.784+0.02 b**
0.860+0.03 a**

0.813+0.02»s
0.708+0.02 s
0.69240.03 »s

0.715+0.02»s
0.751+0.01 »s
0.751+0.02 ns

*: P<0.05, **: P<0.01, »s: onemsiz.

Cizelge 4’e gore, Turksoy cesidinde farkli yukleme
ekseni ve hizlarindaki deformasyon degerleri diger

1042

Aymi satir ve siitundaki ayni harfler arasi fark 6nemsizdir.

gesitlere gore daha yliksek, yikleme eksenlerine gore
de kirilma kuvveti degerlerinde de gorildigi gibi,
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geniglik ekseni boyunca daha yluksek degerler
bulunmustur. Yukleme hizlarina goére deformasyon
degerleri 60 ve 90 mm min'! yiikleme hizlarinda ayni
ortalama degerle 30 mm min! hizina gore daha yuksek
bulunmustur. En yiuksek deformasyon degeri, Turksoy
¢esidinde 30 mm min! yikleme hizinda kalinlik
ekseninde 0.923 mm ile go6zlenmig, en disik

deformasyon degeri 0.525 mm ile; Tiirksoy ¢esidinde ve
90 mm min! ylikleme hizinda ve uzunluk ekseninde
gozlenmigtir. Soya cesitlerinde ozellikle mekanik
olarak trin igslemede etkili olan kirilma enerjisinin,
farkli yiikleme hizlarn ve yiikleme eksenlerindeki
degisimi, Cizelge 5'te verilmigtir.

Cizelge 5. Soya fasulyesi ¢esitlerine ait kirilma enerjisi degerlerinin farkli yikleme hizlar: ve yiikleme eksenlerine

gore degisimleri

Table 5. Changes of rupture energy values of soybean varieties according to different loading speeds and loading

k

Ortalama

Cesit
ortalamasi

36.62+2.07 b**
26.46+1.79 b*
17.22+1.71 b**
26.76+1.80 0s

35.97+2.01 a**
30.1441.20 b**
21.85+2.45 c**

29.3241.27 b**

25.58+2.27 ns
26.23+3.65 ns
15.89+1.67 b**
22.57+1.72 b**

27.98+1.60 »s
29.97+1.91 »s
24.62+2.18 ns

27.53+£1.12 b**

axes

Soya Yikleme Yiikleme ekseni

cesitleri hiz1 u g
(mm min')

Tirksoy 30 46.17+1.38 a** 25.11+2.84 c**
60 34.48+1.05 a* 29.47+2.43 ab*
90 11.50+1.53 b** 36.83+3.65 a**
Ort 30.72 42,78 ns 30.47+1.91 ns

Adasoy 30 25.37+3.31 ns 33.00+2.11 ns
60 32.03+3.04 »s 31.66+3.25 s
90 33.92+3.00 a** 24.06+4.00 b**
Ort 30.44+1.87 a** 29.57+1.93 a**

Yesilsoy 30 30.09+2.17 b** 23.76+2.13 b**
60 31.31+1.06 b* 38.88+2.86 a*
90 31.17+2.24 ab* 40.01£7.42 a*
Ort 30.86+1.07 ns 34.22+2 .98 ns

52.20+2.69 a**
29.96+3.23 b*
20.09+1.91 c*
34.08+2.90 ns

35.35+2.61 ns
33.39+1.60 ns
30.424+2.98 ns

33.05+1.43 a**

Yikleme ekseni ortalamasi
Yiikleme hiz ortalamasi

30.67+1.16 a*

31.42+1.35 a*

27.80+1.36 b*

30 33.88+2.13 b** 27.29+1.53 c**
60 32.61+1.11 a* 33.34+1.76 a*
90 25.53+2.26 b** 33.63+3.22 a**

38.13+2.42 a**
27.55+1.70 b*
17.73+1.04 c**

33.10£1.27 a**
31.16+0.93 a**
25.63£1.51 b**

*: P<0.05, **: P<0.01, »s: onemsiz. Aym satir ve stitundaki ayni1 harfler arasi fark 6nemsizdir.

Cizelge 5’e gore, Yesilsoy gesidinde kirilma enerjisi
diger cesitlere gore daha yuksek, yikleme eksenlerine
gore geniglik ekseni boyunca uzunluk ve kalinlhk
eksenlerine gore daha yiksek bulunmustur. Yukleme
hizlarina gore kirilma enerjisi degerleri 30 mm min!
yikleme hizlarinda diger yikleme hizlarina gére daha
yiksek bulunmustur. En yiksek kirilma enerjisi
degeri, Yesilsoy cesidinde 30 mm min! yukleme
hizinda kalinlik ekseninde 52.20 N mm ile gozlenmis,
en disik kirilma enerjisi degeri ise 11.50 N mm ile;
Turksoy ¢esidinde ve 90 mm min'! yiikleme hizinda ve
uzunluk ekseninde gozlenmigtir. Soya fasulyesi
cesitlerine ait mekanik testlerde, ozellikle mekanik
olarak tirtiniin islenmesinde etkili olacak gsekilde farkl
yikleme hizlar1 ve yiikleme eksenlerindeki sertlik
degerleri, Cizelge 6’da verilmistir.

Cizelge 6'ya gore, Yesilsoy gesidinde farkli yiikleme
ekseni ve hizlarindaki sertlik degerleri diger cesitlere
gore daha yuksek, yiikleme eksenlerine goére de
kirilma enerjisi degerlerinde de goruldiga gibi
geniglik ekseni boyunca uzunluk ve kalinhk
eksenlerine gore daha yliksek bulunmustur. Yikleme
hizlarina gore sertlik degerleri 30 mm min! yikleme
hizlarinda diger yiikleme hizlarina gére daha yiliksek
bulunmustur. En yiiksek sertlik degeri, Adasoy
¢esidinde 30 mm min! yikleme hizinda geniglik
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ekseninde 174.34 N mm™ ile gozlenmig, en disiik
sertlik degeri ise 66.15 N mm ile Adasoy cesidinde ve
90 mm min! ylikleme hizinda ve kalinlik ekseninde
gbzlenmigtir.

Dursun ve Giiner (2003), bes farkl bugday cesidinde
yiklenme eksenine bagh olarak kopma enerjisindeki
degisimini, x-x ekseninde en buylik kopma enerjisi
Kunduru 1149 cesidinde (177.9 N mm), en kiiciik
kopma enerjisi ise Topbas cesidinde (52.1 N mm)
olarak bildirmiglerdir. y-y ekseninde ise en biiyiik ve
en kigik kopma enerjileri sirasiyla Bezostaja
gesidinde 128.8 Nmm ve Topbas cesidinde 66,4 N mm
olarak bildirilmistir. Ozellikle mekanik olarak triiniin
islenmesinde etkili olan kirilma giicii degerleri, soya
gesitlerine ait farkli yiikleme hizlar1 ve yiikleme
eksenlerindeki kirilma glci degerleri, Cizelge 7'de
verilmigtir.

Cizelge Tye gore, Yesilsoy cesidinde farkli yiukleme
hizlar1 ve yiikleme eksenlerindeki kirilma giicii
degerleri diger gesitlere gore daha yiiksek, yiikleme
eksenleri dikkate alindiginda kirilma enerjisi
degerlerinde de oldugu gibi, geniglik ekseni boyunca
uzunluk ve kalinlik eksenlerine gore daha yiiksek
bulunmustur. Yikleme hizlarina goére kirilma giict
degerleri 90 mm min?! yikleme hizlarinda diger
yikleme hizlarina goére daha yiiksek bulunmustur. En
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yiksek kirilma giicii degeri, Adasoy cesidinde 90 mm
min! yikleme hizinda uzunluk ekseninde 0.065 W ile
gbézlenmisg, en disiuk kirilma giici degeri ise 0.018 W

ile Adasoy cesidinde ve 30 mm min! ylikleme hizinda
ve kalinlik ekseninde gézlenmistir.

Cizelge 6. Soya fasulyesi cesitlerine ait sertlik degerlerinin farkli yiikleme hizlar1 ve yikleme eksenlerine gore

degisimleri

Table 6. Changes of hardness values of soybean varieties according to different loading speeds and loading axes

k

Ortalama

Cesit ortalamasi

114.03+3.34 vs
106.62+11.30 ns
77.60+15.45 ns
99.42+6.90 ns

117.8144.41 a**
108.05+4.74 a**
82.52+5.82 b**

101.42+12.97b**

119.27+13.08 ns
66.15+7.65 b*
95.61+7.61 b**

148.51+8.91 a**
108.53+6.56 b**

86.80+7.33 c**

114.61+5.14 a**

Soya Yiikleme Hiz1 Yiikleme ekseni
cesitleri (mm min) u g
Tirksoy 30 108.86+4.32 ns 130.53+11.40 »s
60 104.55+3.85 ns 112.97+8.42 ns
90 81.58+4.79 ns 88.38+7.67 ns
Ort 98.33+3.28 ns 110.63+6.10 ns
Adasoy 30 169.77+11.89 a**  174.34+9.35 a**
60 110.91+£9.45 ns 95.40+11.10 ns
90 114.97+15.11 a* 79.27+9.49 b*
Ort 131.88+8.50 a** 116.3449.52 a**
Yesilsoy 30 112.02+£6.78 b** 173.63+15.13 a**
60 136.05+£11.42 »s 123.15+7.48 ns
90 101.19+£7.13 ns 93.55+11.56 ns
Ort 116.42+5.55 »s 130.11+9.00 »s

128.57+3.77 b**
112.1149.20 »s
95.38+6.12 ns
112.02+4.52 vs

138.07+7.30 a**
123.77+5.60 a**

96.71+4.83 b**

119.52+3.88 a**

Yikleme ekseni ortalamasi

115.54+3.81 a**

119.02+4.84 a**

102.35+3.77 b**

Yikleme hizi ortalamasi

30 130.21+6.95 b** 159.50+7.79 a**
60 117.17+5.54 »s 110.51+5.51 ns
90 99.25+6.14 0s 87.07+£5.52 rs

114.67+4.92 b**
112.66+6.37 ns
79.71+6.29 ns

134.80+4.28 a**
113.45+3.33 b**

88.67+3.53 c**

*: P<0.05, **: P<0.01, »s: onemsiz. Aym satir ve stitundaki ayni1 harfler arasi fark 6nemsizdir.

Cizelge 7. Soya fasulyesi cesitlerine ait kirilma giicii degerlerinin farkli yiikleme hizlar: ve ylikleme eksenlerine

gore degisimleri

Table 7. Changes of rupture power values of soybean varieties according to different loading speeds and loading

axes
Soya Yiikleme Yiikleme ekseni Ortalama Cesit
cesitleri hizi (mm min) u g k ortalamasi
Tirksoy 30 0.025+0.000 a** 0.020+0.001 b** 0.023+0.00 ab** 0.023+0.001 b** 0.035+0.001 b**
60 0.042+0.001 »s 0.040+0.002 ns 0.037+0.003 ns 0.040+0.001 a**
90 0.032+0.002 b** 0.060+0.004 a** 0.037+0.004 b** 0.043+0.003 a**
Ort 0.033+0.002 b** 0.040+0.003 a** 0.033+0.002 b**
Adasoy 30 0.022+0.001 ** 0.027+0.001 a** 0.018+0.002 c** 0.022+0.001 c** 0.037+0.002 b**
60 0.041+0.002 »s 0.038+0.003 ns 0.038+0.003 ns 0.039+0.002 b**
90 0.065+0.006 a** 0.045+0.006 b** 0.033+0.003 b** 0.048+0.004 a**
Ort 0.043+0.004 a** 0.037+0.003 b** 0.030+0.002 c**
Yesilsoy 30 0.020+0.000 b** 0.022+0.000 b** 0.029+0.000 a** 0.024+0.001 c** 0.042+0.002 a**
60 0.046+0.002 ns 0.049+0.003 ns 0.041+0.003 ns 0.045+0.002 b**
90 0.059+0.004 ns 0.064+0.010 ns 0.046+0.003 ns 0.057+0.004 a**
Ort 0.0424+0.003 ns 0.045+0.005 ns 0.039+0.002 ns
Yiikleme ekseni ortalamasi  0.039+0.002 a** 0.041+0.002 a** 0.034+0.001 b**

Yikleme hiz1 ortalamasi

30 0.023+0.001 »s 0.023+0.001 »s
60 0.043+0.001 »s 0.042+0.002 rs
90 0.052+0.004 a** 0.057+0.004 a**

0.023+0.001 »s
0.039+0.002 rs
0.039+0.002 b**

0.023+0.000 c**
0.041+0.001 b**
0.049+0.002 a**

**.P<0.01, »s: 6nemsiz. Ayni satir ve siitundaki ayni harfler arasi fark 6nemsizdir.

Cizelgeler detayl olarak incelendiginde, hasat sonrasi
soya cesitlerine ait tohumlarin mekanik iglenmesinde
(kirilma, 6giitme vb.), Tiirksoy cesidine ait tohumlar,
daha az kuvvet ile kirilma kuvveti, sertlik ve kirilma
i¢in harcanacak daha az gii¢ gereksinimine sahip iken;
Adasoy cesidine ait tohumlarin daha az deformasyon
ve kirllmaya kars1 daha az enerji gereksinimine sahip
olduklar1 gorulmektedir. Soya c¢esitlerinin genel
ozellikleri incelendiginde, Turksoy ¢esidinin Adasoy ve
Yesilsoy ¢esitlerine gére daha diisiik protein igerigine
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sahip oldugu gorulmekte ve bu durumun da tohumun
mekanik olarak iglenmesi agisindan daha az kuvvet,
sertlik ve kirilma giicli gereksinimine sahip olmasina
neden  olabilecegi  digtinilmektedir. Yikleme
eksenleri agisindan kalinlik ekseninin kirilma kuvveti,
kirilma enerjisi, sertlik ve kirilma i¢in gereksinim
duyulan gii¢ agisindan daha diisiik degerler vermesi
mekanik isleme i¢in beklenen ve istenen bir 6zellik
olarak ortaya cikmaktadir. Yiikkleme hizlar1 agisindan
da daha disik kirilma kuvveti, kirilma enerjisi ve
sertlik degerleri acisindan 90 mm min! ylikleme
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hizinin  diger hizlara gore beklenen o6zellikleri
karsilamasi agisindan daha uygun sonuglar verdigi
soylenebilir.

Soya cesitlerinde yigilma acis1 degerleri 9.40° ile
10.73° araliginda bulunmustur. En yiiksek yigilma
acis1 degeri, Turksoy ¢esidinde 10.73° ile bulunurken,
en dusik deger ise Adasoy cesidinde 9.40° olarak
belirlenmistir (Cizelge 8). Statik siirtiinme katsayilari
tim cesitlerde en yuksek lastik yiizeylerde, en disiik
deger tim cesitlerde laminant siirtiinme ylzeyinde
elde edilmistir. Soya tohumlarinin PVC, galvaniz ve
laminant yuzeylerdeki stirtiinme katsayisi
degerlerinde cesitlerin arasindaki farklar istatistiksel
olarak p<0.01 seviyesinde 6nemli iken, kontrplak ve
lastik ylizeylerde istatistiksel farkhiligin O6nemli
olmadig1 gézlenmistir (Cizelge 8).

Shirkole ve ark. (2011), statik siirtiinme katsayilarin
%7.3 nem iceriginde TAMS-38 soya c¢esidinde galvaniz,

kontrplak, lastik ylizeyde sirasiyla 1.03,1.16 ,1.18; JS-
335 cesidinde ise aym yuzeyler sirasiyla 0.94, 1.24 ve
1.27 olarak belirlemislerdir. Alibas ve Koksal (2015),
%8.02 nem igerigindeki soya tohumlarimin statik
stirtinme katsayilarin1 galvaniz, kontrplak, lastik

yuzeyde sirasiyla 0.40, 0.43 ve 0.54 olarak
belirlemiglerdir. Soya cesitleri i¢in en yiiksek statik
sirtinme katsayis1 degerinin lastik  ylizeyde

goriilmesi literatiirde belirtilen sonuglar ile benzerlik

gostermektedir. Uriinlerin  siirtiinme  katsayilari,
farkli temas ylzeylerine gore degismektedir. Bu
nedenle, durlnlerin farkli temas ylzeylerindeki

stirtinme katsayilarinin tam olarak belirlenmesi,
mekanik  ekipmanlarin  (konveyérler, ayirma,
temizleme, kurutma ve depolama araclar1) performans
optimizasyonunda ve sonu¢ olarak hasarlarin
azaltilmas1 ve ekonomik verimlilik igin faydalh
olmaktadir (Mohsenin, 1980).

Cizelge 8. Soya cesitlerinin statik siirtinme katsayisi ile y1g1lma agis1 degerleri.
Table 8. Static friction coefficient and angle of repose values of soybean varieties.

Soya cegitleri PVC Galvaniz Laminant Kontrplak Lastik Yig1lma acis1 (°)
Tirksoy 0.32+0.002 a 0.34+0.004 b  0.30+0.003 a 0.33+0.003 0.37+0.002 10.73+0.38
Adasoy 0.30+0.002 b 0.33£0.002 b  0.28+0.003 b 0.33+0.002 0.36+0.004 9.40+0.38
Yesilsoy 0.30+0.002 ¢ 0.35+0.003 a  0.294+0.004 b 0.33+0.003 0.37+0.003 9.78+0.49

F 61.4** 12.0%* 10.6** 0.00ms 0.93ns 2.650s

PVC: Polivinil kloriir, **: P<0.01, »s: 6nemsiz. Aymni stitundaki ayni harfler aras1 fark 6nemsizdir.

Renk Ozellikleri

Soya cesitlerinin renk karakteristiklerine ait degerler,
Cizelge 9'da verilmigtir. Turksoy ¢esidine ait renk

51.95, 5.71 ve 19.75 olarak belirlenirken; Adasoy
¢esidinde bu degerler 50.07, 5.10 ve 19.18 olarak
degismistir. L* a*ve b*renk karakteristikleri iizerine

karakteristiklerinden L* a*ve b* degerleri sirasiyla gesitler arasinda  p<0.01  diizeyinde farkhhk
gbzlenmigtir.

Cizelge 9. Soya tohumlarinin ¢esitler bazinda renk karakteristikleri.

Table 9. Colour characteristics of soybean grains on the basis of varieties.
Soya cegitleri L* a” b* Kroma Hue agis1
Turksoy 51.95+0.09 a 5.71+0.11 a 19.75+0.30 a 20.56+0.32 a 1.29+0.00 b
Adasoy 50.07+0.32 b 5.10+£0.10 b 19.18+0.19 a 19.85+0.21 a 1.31£0.00 a
Yesilsoy 48.30+0.77 ¢ 5.15+0.10 b 18.19+0.31 b 18.91+0.30 b 1.30+0.01 b
F 14.18*%* 10.86** 8.28** 8.82** 5.66*

*: P<0.05, **: P<0.01. Ayni situndaki aym harfler aras: fark 6nemsizdir

Hou ve Chang (2004), soyanin depolanmasi ile ilgili
yaptigr calismada L* a* ve b* degerlerini sirasiyla
51.04, 4.05 ve 15.58 olarak belirlemiglerdir. Bu sonuca
gore soya ¢esitlerine ait sonuglar literatiir ile benzerlik
gostermektedir.

SONUC ve ONERILER

Soya cesitlerinin hasat sonrasi baz1 biyoteknik
ozelliklerinden olan, ayirma, siniflandirma, depolama
ve mekanik iglemler kullanilacak makine ve
sistemlerin tasarimi, proje ve igletim asamalarinda
gerekli makine performansi ve enerji tiikketimine ait
degerlendirmelerde dikkate alinmasi gerekmektedir.
Soya tiretimi ve degerlendirilmesi ile ilgili aragtirma
faaliyetleri Turkiye’de azdir. Ayrica diunyada fosil
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kaynakli olmayan, yenilenebilir ve stirdiirilebilir en
onemli alternatif enerji kaynag: olarak kabul edilen
biyodizelin soya yagh tohumundan elde edilmesi ile
ilgili bilimsel ¢aligmalar tesvik edilmelidir. Tarim ve
enerji politikalarini belirlerken, enerji kaynaklarina
yeni bir gii¢ ve potansiyel saglayacak olan biyodizelin
ana hammaddesi olan bitkisel yaglarin tiretimine esas
teskil edecek yaglhh tohum bitkilerinin o6zellikle
soyanin, tUlke genelinde ekiminin saglanmasi ve
yayginlastirilmas1 tesvik edilirken, biyodizel tretim
tesislerinin kurulmasina da oncelik verilmelidir.
Calismada, gesitler arasinda Adasoy cesidinin diger
gesitlere nazaran kiireye daha yakin oldugu, en yiiksek
gercek ve y1gin hacim agirligi degerlerine sahip oldugu
belirlenmigtir. Tim g¢esitlerde en yiiksek statik
sirtinme katsayis1 degerleri lastik  ylzeyde
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belirlenmigtir. Yikleme hizlarina gére, 90 mm min!
yikleme hizi, daha disik kirilma kuvveti, kirilma
enerjisi ve sertlik degerleri vermistir. Sonu¢ olarak;
farkli soya cesitlerine ait tohumlarin hasat sonrasi
bazi biyoteknik 6zellikleri soyanin iglenmesi, son iriin
kalitesi ile tiiketici istekleri ve ekonomik degerler
acisindan goz 6ntinde bulundurulmasi gerekir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir ¢kar

catismasi olmadigini beyan ederler.
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OZET

Kimeslerde yaz aylarinda uygun ¢evre kogullarinin saglanmasi i¢in
evaporatif serinletme sistemleri yaygin olarak kullanilmaktadir. Bu
sistemler, cesitli kogullara bagli olarak degismekle birlikte olduk¢a
yiksek seviyelerde suya gereksinim duymaktadir. Bu durum suyun
kit oldugu veya erisiminde zorluklar bulunan bélgelerde sorun
olusturabilir. Bu nedenle ihtiya¢ duyulan suyun kargilanmasi i¢in
yagmur suyu hasadi (YSH) bir ¢6ziim olabilir. Bu ¢alismada, Akdeniz
Bolgesinin dogusunda bulunan Kahramanmaras ili uzun yillik saatlik
bélge iklim verileri kullanilarak, secilen bir etlik pili¢ kiimesi i¢in su
gereksinimi hesaplanmis ve yagisla depolanabilecek su miktar: ile
karsilagtirilmigtir. Ayni zamanda su tiiketiminin ¢evresel kosullarla
iligkisi arastirilmis ve uygun depo kapasitelerinin belirlenmesi
amaclanmistir. Bulgulara gore toplam su gereksinimi, dis ortam
sicakligin 27°C {izerine ciktiginda evaporatif serinletme sisteminin
calistirilmasi durumunda maksimum 1532 L. m2 y1l'l, ped hava ¢ikig
sicakliginin 24°C olacak sekilde sistemin kontrol edilmesi durumunda
1ise 1012.9 L m2 y1l'! olarak bulunmustur. Ayni kosullar i¢in sadece
evaporatif su gereksinimi ise sirasiyla 1060.7 L m2 yil'l ve 541.6 L m"
2 yil'1 olarak hesaplanmistir. Meteorolojik kayitlara goére bolgede
ortalama yilhik yagis 733.6 L m?dir. Bu durumda toplam su
gereksinimi her kogulda yagmur suyu hasadi ile
karsilanamamaktadir. Ancak sadece belli kogullarda evaporatif
serinletme su gereksinimi yagmur suyu hasadi ile karsilanabilir.

ABSTRACT

Evaporative cooling systems are widely used in poultry houses to
provide suitable environmental conditions in summers. Although
these systems vary depending on the conditions, they require
considerable amounts of water, which can be problematic in regions
where water is scarce or difficult to access. Therefore, rainwater
harvesting is a solution to provide the needed water. In this study, the
water requirement for a selected broiler house was calculated using
the long annual hourly regional climate data in Kahramanmaras
province in the eastern Mediterranean region of Turkey. The
requirement was compared with the amount of water that can be
stored from precipitation. According to the findings, the total water
requirement was 1532 L m2 year! when the outdoor temperature
exceeds 27°C when the evaporative cooling system is operated and was
1012.9 L m2 year! when the pad air outlet temperature is 24°C. For
the same conditions, the evaporative water requirement was
calculated as 1060.7 L m2 year?! and 541.6 L. m2 year'!, respectively.
According to the meteorological records, the average annual
precipitation in the region is 733.6 L m2 year'!. Thus, the total water
requirement cannot be met by the rainwater harvest under all
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circumstances. However,
requirement can be met under certain conditions.

only the evaporative

cooling water
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GIRIS Laknizi ve ark., 2019). Kurak bélgelerde ise nispeten

Yizyillardir bilinen bir yontem olan su hasad,
giinimiizde artan kuraklik sorunlarina bir ¢6zim
olarak yeniden o6nem kazanmaktadir. Yagis
yogunluguna bagh olarak potansiyel bir kaynak olan
yagmur suyu, su ve gida krizini azaltabilir (Helmreich
ve Horn, 2009). Yagmur suyu toplama sistemi {i¢ temel
unsurdan olusur: toplama alani, nakil sistemi ve
depolama tesisleri. Cogu durumda toplama alam bir
evin veya binanin ¢atisidir. Etkili ¢ati1 alani ve ¢atinin
yapiminda kullanilan malzeme toplama verimliligini
ve su kalitesini etkiler (Dos Anjos, 1998, Mun ve Han,
2012). Catidan toplanan suyun kalitesi, genellikle
icme suyu kilavuz  degerlerini  karsilamadig
goriilmektedir (Meera ve Ahammed, 2006). Icme
suyunun kalitesindeki bozulmalar ¢esitli hastaliklara
yol acabilmekte ve iiretim performansini olumsuz
etkilemektedir (Barton, 1996; Grizzle ve ark., 1996;
Grizzle ve ark., 1997).

I¢me suyunun ¢atidan yagmur suyu hasat yéntemi ile
saglanmasi, yagisla birlikte kentsel atmosferde
bulunan aerosoller, ¢esitli zararli gazlar ve ince ugucu
parcaciklarla ¢ati ylizeyindeki partikiillerin yitkanmasi
sonucu suyun kirlenmesine neden olabilir. Ozellikle
kimyasal kirletici maddeler su kalitesini etkileyen en
ciddi problemdir (Leeson ve Summers, 2005). Yiiksek
derecede kirli ilk yagmur suyunun atilmasindan
sonra, baz fiziksel islemlerle (sedimantasyon ve pH
artis1), yagmur suyu hasadi kalitesinin artirilmasi
miimkiindiir (Sanchez ve ark., 2015). Bu yéntemle elde
edilen sularin kirliligini en aza indirmek i¢in uygun
tasarim ve bakim stratejileri {lzerine c¢esitli
arastirmalar yapilmistir (Chiu ve ark., 2009; Abbasi ve
Abbasi, 2011; Mun ve Han, 2012).

Tropik ve 1liman iklim kogullarinda yapilan kanath
igletmelerinde yaz aylarinda yiiksek sicakhiklarin
etkisi ile Uretim olumsuz etkilenmektedir. Cunki
kiimes hayvanlar yliksek sicakliklara oldukg¢a hassas
canhlardir. 27°Cnin tuzerinde sicakhiklarda sicaklik
stresi etkisi ile yem tliketimleri azalmakta ve tiretim
performanslarinda diisiisler goriilmektedir (Atilgan ve
Mutlu, 2000; Kéknaroglu ve Atilgan, 2007; Atilgan ve
ark., 2012). Yiiksek sicakliklarin gorildiigi yaz
aylarinda, 1s1 stresini azaltmak igin kullanilan
evaporatif serinletme sistemleri kullanilmaktadir. Bu
sistemler, havadaki duyulur 1smnin gizli 1si1ya
dontsturulmesi esasina gore calismaktadir. Dustik
bagil nem kosgullarina sahip bolgelerde dig ortam iklim
kogullarin bagli olarak 10-17°C’ye kadar sicaklik
diisiisii saglanabilmektedir (Ugurlu ve Kara, 2000;
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daha yuksek miktarda suya ihtiya¢ duyulmaktadir
(Von Zabeltitz, 2011).

Lindley ve Whitaker (1996) evaporatif serinletme
sisteminde pedler i¢gin 0.42 L. dak! m2 su tiketimi
onermektedir. Donald (2000) ise kiimesin her 30
m3Tuk havasinin sicakligini 1°C diistirmek i¢in bir litre
suyun buharlagsmasina ihtiyag oldugunu
bildirmektedir. Laknizi ve ark. (2019) evaporatif
serinletme sisteminin etkinliginin %80’in Uzerinde
olmasi durumunda 3.3 L h'l su tiiketimi olacagim
rapor etmistir. Von Zabeltitz (2011), fan-ped sistemi ile
serinletilen bir serada birim taban alani i¢in 60-210 m3
h'! havalandirma debilerinde 1.080-1.260 g h! su
tiiketimi oldugunu bildirmektedir. Kog¢ ve Yildiz (2008)
farkli su akis debilerinde fan-ped sisteminin su
tiketimin belirlenmesine yo6nelik c¢aligmasinda su
tiketiminin 0.017-0.203 L min! m?2 arasinda
oldugunu rapor etmistir. Singleton (2004) gére, su
tiketiminin, 20°C'den sonraki her 1°C’lik artig i¢in %6
oraninda artmaktadir.

Su, hayati bir besin maddesi olmasinin yam sira, viicut
1s1sinin kontrold, gidalarin sindirimi ve emilmesi,
besin maddelerinin tasinmasi ve atiklarin idrarla
viicuttan uzaklagtirilmasini iceren kanatlh
metabolizmasinin bircok yéniiyle iligkilidir (Jafari ve
ark., 2006). Mevcut arastirmalar, piliclerin akut 1s1
stresi sirasinda su tiiketimini ve suyun bébreklerde
kullaniminmi ayarladigini ve bu kullanimin evaporatif
151 kaybini etkiledigini géstermektedir (Belay ve
Teeter, 1993; Teeter ve Belay, 1996; Alleman ve
Leclercq, 1997). Su tiiketiminin azalmas1 ile yem
tuketimi de azalarak tiretim performanslarini olumsuz
etkilenebilmektedir (Pesti ve ark., 1985). Su aliminin
daha yiiksek oldugu piliclerde, daha az 6lim orani
goriilmekte ve 1s1 stresi kogullarinda, hayatta kalma
kabiliyetleri de artmaktadir (Ahmad ve Sarwar, 2005).
Bununla birlikte uygun cevresel kogullarda yiiksek
hava hizina maruz kalan piliglerde daha az su ve daha
fazla yem tiiketimi ile daha fazla agirlik kazanim orani
elde edilebilmektedir (May ve ark., 2000; Feddes ve
ark., 2002).

Kentsel alanlarda yapilan bir¢ok ¢alismada yagmur
suyu hasadi ile igme suyu diginda evsel su ihtiyacinin
bliyiik oranda kargilanabilecegi, 6zellikle kurak ve
yari-kurak bolgelerde zaten kisith olan suyun bu
yontemle temin edilebilecegi yoninde yapilan
aragtirmalar, bu c¢alisma i¢cin de bir motivasyon
saglamigtir. Ozellikle yaz aylarinda yiksek su
gereksinimi  olan  kanath  igletmelerinde, bu
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gereksinimleri yagmur suyu hasadi (YSH)
karsilanabilir. Ancak yaz aylarinda yeterli yagisin
olmamasi nedeniyle yagis olan aylarda hasat edilecek
suyun depolanmas1 gerekir. Bu nedenle yapilacak
depo tesisinin kapasitesinin belirlenmesi de 6nem arz
etmektedir.

Bu calismanin amaci, yaz aylarinda yuksek
sicakhiklarin  goéruldigic. Akdeniz iklimine sahip
Kahramanmarag ili i¢in su gereksinimini gunlik
olarak belirlemek, igme ve serinletme sistemi de dahil
ihtiya¢ duyulan bu suyun, g¢atidan ylizey akisi ile
toplanma potansiyeli ve depo kapasitesini farkh
senaryolara gore belirlemektir.

MATERYAL ve METOD
Arastirmadaki hesaplamalar, Turkiye'nin giineyinde
Akdeniz bolgesinin dogusunda yer alan

Kahramanmaras ilinde, K.S.U. HAYMER’e ait, 37° 35'
32" K; 36° 48' 11" D koordinatlarinda bulunan 1500 bas
kapasiteli etlik pilic kiumesi dikkate alinarak
yapilmistir. Bolgeye ait  meteorolojik  veriler
Meteoroloji Genel Miidiirliiginden (MGM) temin
edilmigstir. Kiimese ait teknik 6zellikler ise Cizelge 1’de
verilmigtir.

Cizelge 1. Arastirmanin yuratildigi kimesin
ozellikleri
Table 1. Characteristics of the poultry house in this
study

Kiimes Ozelligi Deger  Birim
(Feature) (Value) _ (Unit)
Uzunluk 21 m
Geniglik 7.2 m
Yan duvar yiiksekligi 3.0 m
Mahya yiiksekligi 4.5 m
Toplam taban alani 151.2 m?2
Kullanilabilir taban Alam 137.2 m?2
Havalandirma debisi 32000 m3h1
Toplam hava giris ped alam 6.0 m?2

Kahramanmarag Orta Ceyhan havzasinda li¢ cografi
bolgenin kesisim noktasinda bulunmaktadir. Kuzeye
dogru karasal iklim, il merkezi ve gilineye dogru
gittikce Akdeniz iklimi etkisindedir (MGM, 2020a).
Yillik sicaklik ortalamasi 16.9°C, yillik en yiiksek
sicaklik ortalamasi 22.9°C ve yillik en digtk sicaklik
ortalamas1 11.4 °C’'dir. En yiiksek sicaklik temmuz
ayinda (45.2°C), en diisiik sicaklik ise Subat ayinda (-
9.6°C) 6lciilmiistiir. Yillik ortalama giineglenme siiresi
6.8 saattir. En ylksek giineslenme stresi temmuz
ayinda 10.5 saat, en dusiik giineslenme siiresi ise 3.3
saat ile aralik ve ocak aylarinda gérulmiustir. Yillik
ortalama yagis miktar: 725.4 mm’dir. Aylik olarak en
fazla yagis ortalama 129.6 mm ile ocak ayinda en az
yagis ise 0.9 mm ile agustos ayinda diismiistiir. (MGM,
2020b)
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Bir etlik pili¢ kiimesi i¢in toplam su gereksinimi
Esitlik 1’de verildigi gibi icme suyu tiiketimi (S;), genel
kullanim su tiuketimi (Sg) ve evaporatif serinletme
sistemi su tiiketimi (S,) toplamina esittir.

Sr=Si+S,+Ss (1)

I¢me suyu gereksinimi

Icme suyu tiiketimi her yetistirme déneminde
hayvanlarin  gelisme donemine goére farklihk
gostermektedir. Arastirmacilar hesaplamalarda genel
olarak bir yetigtirme dénemi i¢in hayvan bagina sabit
bir igme suyu miktarini dikkate alirken, bazilar: ise
gelisme donemine gére hesaplanmasinin daha dogru

olacagimi  bildirmektedirler. Etlik piliclerin  bir
yetistirme  periyodu boyunca su tiiketimleri
arastirmacilar tarafindan 4.85-7.8 litre olarak

verilmektedir. Ayrica su-yem tiiketim oraninin 1.6-1.8
arasinda olmasi durumunda su tiiketimi yeterli oldugu
bildirilmektedir (Pesti ve ark., 1985, Leeson ve
Summers, 2005, Manning ve ark., 2007). Viola ve ark.
(2008) ise pili¢ bagina giinliikk yem tiiketiminin 2 kat1
su gereksinimi oldugunu rapor etmistir. Literatir
bilgileri géz 6ninde bulundurularak su yem déntsiim
orani 1.77 olarak alinmis ve Aviagen (2019)un Ross
308 1rki etlik piligler i¢in verdigi yem tuketim
degerlerine gore su tiiketimleri 42 giinliik yetistirme

periyodu icin Egitlik 2’ye gore hesaplandiginda,
ortalama 7.8 litre olarak bulunan  deger
hesaplamalarda kullanmilmigtir.

S;=YyxSY *n (2)

Burada S; pilic giinliik su tiikketimi (m?), Y, glinliik yem
tiiketimi (g), SY su-yem orani (g g'1), n pili¢c sayisidir.

Toplam su gereksinimi, yetistirme periyodu 42 giin
olacak gekilde ve yilda alt1 yetistirme dénemine gore
(ocak-subat, mart-nisan, mayis-haziran, temmuz-
agustos, eyliil-ekim, kasim-aralik) belirlenmistir. Her
dénemin ilk 42 giini i¢in hesaplama yapilmis, kalan
18 gunu sonraki tiretim donemine hazirlik periyodu
olacag: varsayilarak hesaplama yapilmamistir.

Temizlik i¢in su gereksinimi

Drastig ve ark. (2016) calismasinda kiimeslerin yilda
iki kez temizlenmesi durumunda tavuk bagina giinliik
0.0028 litre su tiketimi oldugunu bildirmektedir. Bu
degeri her bir yetistirme periyodu i¢in dikkate alarak,
su gereksinimi Egitlik 3’e gére hesaplanmagtair.

S, = 0.0028 % g xn /A (3)
Burada; S;temizlik i¢in su gereksinimi (litre giin m2),
g yetistirme periyodu giin sayis1 (giin), n tavuk
sayisidir (bas), A toplam taban alani (m2).

Evaporatif serinletme sistemi igin su gereksiniminin
belirlenmesi

Evaporatif serinletme i¢in su gereksinimini Drastig ve
ark. (2016) her bir yetistirme déneminde her bir bas
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icin 5 litre olarak alinabilecegini bildirmistir. Ancak
bélgesel iklim o6zellikleri, sistemin yapisal 6zellikleri
gibi birgok farkli unsur su tiiketim miktarinda etkili
olabilir. Bu sebeple daha hassas bir hesaplama
yapmak amaciyla, bolgenin uzun yillik saatlik iklim
verilerine gore saatlik olarak hesaplamalar yapilarak
yillik su gereksinimi belirlenmigtir.

Kullanilan veri seti, MGM’den temin edilen uzun yillik
saatlik ortalama sicaklik ve bagil nem olglimlerine
dayali olarak hazirlanmistir. Evaporatif serinletme
sisteminin, dig ortam sicakliginin 27°C’nin tzerine
ciktiginda calistirilmasi 6ngérilmustir. Sistemin
calistig1 saatlerde dig ortam 6zgil nemi ile kiimese
giren serinletilmis nemli havanin 06zgil nemi
arasindaki fark, ihtiya¢ duyulan su miktaridir.

Giren havanin nemlendirilerek duyulur i1sinin gizli
1s1ya donistirilmesi isleminde havanin entalpi degeri
degismemektedir. Havaya eklenen su miktarina goére
kuru termometre sicakliginda t: sicakligindan t2
sicakligina dogru diigis goriulirken, bagil nem ¢,
noktasindan ¢, noktasina, nem ise x; noktasindan x,
noktasina dogru bir artis goriliir (Sekil 1).

Sekil 1. Psikrometrik diyagramda evaporatif sogutma
islemi
Figure 1. Evaporative cooling process in psychrometric
diagram

Bu durumda dig ortam ve i¢ ortama giren havanin
bilinen o6zelliklerini yani sicaklik ve bagil nemini
kullanarak ideal gaz esitligini esas alan psikrometrik
esitliklerle her iki durum i¢in havanin nem igerigi
hesaplanabilir.

Bu amagla mevcut konuma ait atmosfer basincinin
hesaplanmasinda  4’nolu  egitlik  kullamilmigtir
(ASHRAE, 2013).

p = 101.325 % (1 — 2.25577 % 1075 x Z)>2559 (4)
Burada; p Atmosfer basina (kPa), Z denizden olan
yiiksekligidir (m).

Sivi su Uzerinde havanin doygun buhar basincinin
hesaplanmasinda ampirik yontemlere goére elde
edilmisg gesitli esitlikler vardir. Baz1 arastirmacilar en
dogru sonuclarin Bolton (1980) tarafindan verilen

1051

esitlikten elde edildigini bildirmektedirler (Vémel,
2016; Younes, 2016). Bu nedenle doygun buhar basinci

Esitlik 5de  verilen Bolton (1980)e  gore
hesaplanmigtir.
Dws = 6.112 e(17.67 *t / (t+243.5)) (5)

Esitlikte; p,s doygun buhar basmc (hPa), t kuru
termometre sicakhigidir (°C).

Giren havanin nem igerigi x, Dalton yasasina gore

Pw < Pws 1¢in agagidaki Egitlik 6 ile hesaplanabilir.
P*Pws

x = 0.622 % e (6)

Esitlikte; x havanin nem icerigi (kg kg! KH), ¢

havanin oransal nemi (%), p, nemli havanin buhar

basincidir (kPa).

Entalpi degeri ise Esitlik 7’e gére hesaplanmistir (Von
Zabeltitz, 1986; ASHRAE, 2013; Baytorun ve Makauy,
2019).

Havanin entalpi degeri;

h=ch*9+x*(ro+(cpd*9)) (7)

Esitlikte; h havamn entalpisi (kd.kg?), ¢,, havann
ozgiil 1s181 (kd kg 'K, c,q su buhar 6zgil 1s1s1 (kJ kg
1K1), 1, buharlagsma 1s1s1 (kJ kg?), 8 kuru termometre
sicakhigndir. (c,,= 1.006 kdJ kg1 K1, ¢,4= 1.85 kdJ kg1 K°
1.
Baytorun ve Makauy (2019) benzer bir calismada,
giren havanin yeni nem icerigi (x;) Esitlik 7’ten x‘in
¢ekilmesiyle elde ederek hesaplamalarda kullanmigtir.
Entalpi degerinde degisiklik olmadigindan yeni
havanin nem icerigi Egitlik 8’e gore hesaplanabilir.

L — h—(ch*Gi)

te ro+(cpa+oy) ®
Burada, x;, yeni havanin nem icerigi (kg kg’ KH), 6;,
ped cikisinda istenen hava sicakligidir (°C).
Giren yeni havanin sicakligina (8;) ve nem icerigine
(x;) bagli oransal nem ise esitlik 6'dan ¢'nin

¢ekilmesiyle elde edilen Esitlik 9 ile
hesaplanabilmektedir (Baytorun ve Makauy, 2019).
Pi L 9

T (0.6224x)*Pus

Evaporatif serinletmede birim taban alani i¢in saatlik

tuketilen su miktar1 ise [Esitlik 10ye gore
hesaplanabilir.
Se = L0 —x) * Q xn/A (10)

Burada Q havalandirma debisi (m3 h'1), n ped etkinlik
katsayisi, A yapinin toplam taban alam (m?)’dir.
Yapinin c¢atisindan toplanabilecek su miktar1 ise
Esitlik 11’e gore hesaplanabilir.

YSH=Ygx*n,*A (11)
Burada, YSH aylik yagis ile depolanabilecek su miktari
(mm ay1), Yg aylik yagis (mm m2), A taban alan (m?2),
1 yagmur toplama verimini géstermektedir.
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Depo kapasitesinin hesaplanmasi hesaplanan ve her biri 42 giin olmak tizere yilda alt1
Hesaplanan su gereksinimi birim alan icin doénem turetim yapilan bir kiimes i¢in 12 tavuk m™
oldugundan ihtiyac duyulan su depo kapasitesi kiimes yogunluk i¢in bulunan su gereksinimleri ise Cizelge
taban alani ile ¢arpilarak hesaplanabilir. Ayrica her 3'de verilmistir.
1000 bas ic¢in ihtiya¢ duyulan depo kapasitesinin
belirlenmesinde, kiimes yogunlugunun bilinmesi Cizelge 2. Kahramanmaras ili uzun yillar ortalama
gerekir. Bu calismadaki yogunluk 12 tavuk m™ dénemsel yagis miktar
alinmistir. Table 2. The long-term average periodic rainfall for
Kahramanmarag
BULGULAR ve TARTISMA Dénem Yagis (mm) (L m2)
Kahramanmarasg ili i¢in resmi meteorolojik verilere (Period) (Precipitation)
dayanan (MGM, 2020b) uzun yillik ortalama yagis Ocak-Sgbat 233.2
miktar:1 donemsel olarak Cizelge 2’de verilmigtir. Mart-leaI} 165.6
] ] . B Mayis-Haziran 45.1
Cizelge 2 1nvcelend'1'g{nde yﬂhl.{ ortalauma yagisin 733.6 Temmuz-Agustos 1.7
mm ol_(%ggu . gorulmektedjr. Dénemsel olarak Eyliil-Ekim 62.3
1nce1end1g1nd~e ise en fazla yagis oc?k-s}lbgt aylnda., en Kasim-Aralik 295.7
az temmuz-agustos aylarinda oldugu gorulmektedir. Toplam 733.6
Kahramanmarag ili i¢in saatlik verilere gore
Cizelge 3. Yillik su gereksinimi (L m2)
Table 3. Annual water requirement (L m-2)
, (1) ()
Dénem Igme Suyu Genel Kullanim Evaporatif Evaporatif
(Period) (Drinking Water)  (General Usage) Serinletme (*) Serinletme (**)
(Evaporative Cooling)  (Evaporative Cooling)
Ocak-Subat 77.38 1.17 0 0
Mart-Nisan 77.38 1.17 0 0
Mayis-Haziran 77.38 1.17 32.1 79.5
Temmuz-Agustos 77.38 1.17 402.9 708.5
Eylil-Ekim 77.38 1.17 106.6 272.7
Kasim-Aralik 77.38 1.17 0 0
Toplam 464.3 7.0 541.6 1060.7

(*) Pedden kiimese giren havanin en diisiik sicaklign 24 °C ve dig ortam sicaklifinin 27 °C’nin iizerine ciktiginda sistemin
¢aligtirilmasi durumundaki su gereksinimi
(**) Islak termometre sicaklifina kadar sogutulmasi durumunda gerekli olan su miktari maksimum olarak ifade edilmistir.

Cizelge incelendiginde icme suyu gereksinimi her Evaporatif serinletmede teorik olarak ulasilabilecek
periyotta 77.38 L m2 a'! olarak hesaplanmigtir. Yilda en diisiik sicaklik 1slak termometre (Twb) sicakligidir.
alt1 periyotta tiretim yapilmasi durumunda ise toplam Bu durumda hava tamamen doygun durumdadir ve
icme suyu gereksiniminin 464.3 L m?2 yil'! oldugu daha fazla su buhari tagiyamaz. Ancak uygulamada bu
goriilmektedir. Genel kullamim i¢in gerekli toplam su ~ Noktaya ulasmak mimkiin olmasa da karsilastirma
miktar: ise 7.0 L m2 yil'Vdir. Toplam su gereksinimi amagli hesaplamalar yapilmigtir. Teorik olarak islak
ise birinci senaryoda 1012.9 L m2 yil?, ikinci  termometre sicakhgina kadar sogutma yapildig
senaryoda ise 1532 L m2 y11'! olarak bulunmustur. durum, yani maksimum su gereksinimi igin

Sadece evaporatif serinletme su gereksinimi
incelendiginde ise kis déneminden bahar aylarina
kadar bolgesel iklim kogullarina gore serinletme
ihtiyaci olmadigindan dolayisiyla evaporatif sogutma
sistemi i¢in de suya ihtiyag olmadig1 goriilmektedir.

Mayis ayindan itibaren ekim ayinin baglarina kadar bulunmustur.

serinletme ihtiyaci olmaktadir. En yuksek su Sekil 2'de ginlik maksimum sicakhiklar ve su
gereksinimi ise yiksek sicakliklarin goérildugi gereksinimleri giinliik olarak verilmistir.
temmuz-agustos aylarinda 402.9 L. m2 olarak ortaya Sekil 2’e¢ gore serinletme yilin 155inci  gini
citkmaktadir. Yillik su gereksinimi ise 541.6 L m2 y1l! baglayarak 273'nci giini sona ermektedir. En fazla
olarak hesaplanmigtir. ginlik su gereksinimi yilin 212’inci giini olan 30
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hesaplanan degerler incelendiginde toplamda 1.96 kat,
mayis-haziran, temmuz-agustos, eylil-ekim aylarinda
sirasiyla 2.48, 1.76 ve 2.56 kat daha fazla su
gereksinimi oldugu goérilmektedir. Bu durumda
maksimum su gereksinimi 1060.7 L. m2 yil'! olarak
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Temmuz'da 18.5 L m2 giin! olarak bulunmustur. Aym
gline ait maksimum sicaklik 36°C, en disiik bagil nem
ise %13 oldugu gorilmektedir. Grafikte go6rilen
bosgluklar uretime ara verilen donemleri
gostermektedir. Uretim periyotlar: 42 giin, iki tiretim

periyodu arasi ise 18 giin olarak planlanmis ve bu
dénemlerde hesaplama yapilmamaistir.

Sekil 3’de ise Uretim donemleri igin toplam su
gereksinimleri ve yagis miktarlari birlikte verilmigtir.

Sicaklik (°C)

--------- Twb(24°C) ====-Twb Tdis
~ 20,0
c
3 16,0
E 12,0
S
E 80
g
3 4,0
@ 00 . . . . . . . . : . . .
1 31 61 91 121 151 181 211 241 271 301 331 361
Yilhin Gilnleri

Sekil 2. Giinlik evaporatif serinletme su gereksinimi ve dis ortam maksimum sicakliklar
Figure 2. Daily evaporative cooling water requirement and outdoor maximum temperatures
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Sekil 3. Dénemsel su gereksinimi ve yagis miktari
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Figure 3. Seasonal water requirement and amount of precipitation

Sekil 3 incelendiginde sicak dénemlerde artan
serinletme suyu ihtiyaci oldugu goérulmektedir. En
yiksek su gereksiniminin oldugu dénem temmuz-
agustos déonemi olarak bulunmustur. Dénemsel toplam
su gereksinimin yagmur suyu ile karsilanmasi oransal
olarak incelendiginde ise ocak-gsubat ve mart-nisan
déneminde ihtiya¢ duyulan suyun tamami yagmur
suyu ile karsilanabilmektedir. = Mayis-haziran
déneminde ise ihtiya¢ duyulan suyun %401, eyliil-ekim

Cizelge 4. Yagis miktar1 ve farkh serinletme seviyeleri i¢in

déneminde ise %30 karsilanabilmektedir. Temmuz-
agustos ayinda yagis olmadigindan bu dénemin su
gereksiniminin kargilanmasina katkis1 yoktur.

Yagmur suyunun sadece evaporatif serinletmede
kullanilmasi durumunda ise toplam gereksinimin
kargilanmasi mumkiin olabilir. Bu amagla farkl
serinletme seviyelerinde ihtiya¢ duyulan su miktar
Cizelge 4’te verilmistir.

evaporatif su gereksinimi

Table 4. Evaporative water requirement for rainfall and different cooling levels

Evaporatif Serinletme Su Gereksinimi (L m2)

]?511(?111) Ya(§1§‘(L m)'z) (Evaporative water requirement)

Period Rainfall Tuwb (Tw/0.78) 22°C 23°C 24°C
Ocak-Subat 233.2 0 0 0 0 0
Mart-Nisan 165.6 0 0 0 0 0
Mayis-Haziran 45.1 79.5 51.2 44.3 38.2 32.1
Temmuz-Agustos 1.7 708.5 477.7 496.0 449.4 402.9
Eylul-Ekim 62.3 272.7 187.9 145.2 125.9 106.6
Kasim-Aralik 225.7 0 0 0 0 0
Toplam 733.6 1060.7 716.8 685.4 613.5 541.6
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Cizelge 4 incelendiginde yillik yagis ile toplanabilecek
suyun sadece evaporatif serinletmede kullanilmasi
durumunda, kimese giren hava sicakliginin islak
termometre  sicakligina  ulagsmasi  durumunda
depolanabilen su gereksinimin ancak %69u
karsilanabilmektedir. Ancak teorik olarak bu noktaya
kadar havanin sogutulmasi mimkin olsa da
uygulamada bu noktaya ulasmak mumkin degildir.
Bu nedenle 1slak termometre sicakligina %78’e kadar
yaklagilmas1 durumunda ki giren havanin nemi ve
sicakligina bagh olarak bu sicaklik 22°C’den daha

dugtk bir degere tekabil etmektedir, depolanan su
%100 oraninda yeterli olabilmektedir.

Sekil 4’te verilen grafikte Cizelge 4’deki veriler
kullanilarak pedden ¢ikan hava sicakligi ile evaporatif
su gereksinimi iligkisine dayal olarak su gereksinimi
modellenmigtir. Buna gore pedden ¢ikan hava sicakligi
ile evaporatif serinletme su gereksinimi arasinda
dogrusal bir iligki vardir. Pedden ¢ikan hava sicakligi
azaldikca, evaporatif serinletme su gereksinimi dogal
olarak artmaktadir.
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1Y
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[}

o

7 400 y =-71.98x + 2269.1
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Sekil 4. Kahramanmaras iklim kosullarinda pedden ¢ikan hava sicakliginin bir fonksiyonu olarak yillik evaporatif

su gereksinimi

Figure 4. Annual evaporative water requirement as a function of the air temperature leaving the pad In

Kahramanmarag climate conditions

Sekil 4’de verilen grafige gore; pedden c¢ikan hava
sicakliginin (Tp) bir fonksiyonu olarak evaporatif

serinletme i¢in yillik su gereksinimi Ty, = —71.98T, +
2269.1 esitligi ile hesaplanabilir.

YSH igin depo kapasitesi

Hasat edilen yagmur suyunun depolanmasi i¢in farkl
serinletme derecelerine goére ihtiya¢ duyulan depo
kapasiteleri Cizelge 5°de verilmistir.

Cizelge 5 incelendiginde bolgedeki su tiiketimlerine

gore farklh depo kapasiteleri bulundugu
gorulmektedir. YSH ile toplanacak su ile 1060.7 mm
olan maksimum su gereksinimin karsilanmasi i¢in ¢at1
alanina ilave olarak %45 daha fazla toplama alanina
ihtiya¢ duyulmaktadir. Toplam su gereksinimi yani
icme ve diger gereksinimle birlikte ihtiyag¢ olan 1532
mm suyun karsilanmasi i¢in toplama alaninin 2.1 kati
daha fazla toplama alanina ihtiya¢ duyulmaktadir. Bu
degerler 1slak termometre sicakligina kadar havanin
sogutulmasi ve sistemin dis ortam sicakliginin 27°C ve
uzerine ¢iktiginda caligtirnlmasi durumunda ihtiyag
duyulan miktarlardir.

Cizelge 5. Farkl serinletme derecelerine goére ihtiya¢ duyulan yagmur suyu depo kapasiteleri
Table 6. Rainwater storage capacities needed for different cooling degrees

Serinletme tiirii Yallik su gereksinimi (mm) ~ DePo kapasitesi (1000

# (Cooling option) (Annual water requirement) bas igin) (m?)
&op 9 (Storage capacity)

1 27°C’de svlstemln (;ahsmasL. 2.4 C kadar sogutma ve 541.6 451

sadece sogutma suyu gereksinimi
9 27°C’de svlstemln (;ahsmasL. 22 C kadar sogutma ve 635.4 571

sadece sogutma suyu gereksinimi
3 27°C’de szstemm calismasi, .T\'Nb ye*kadar sogutma ve 1060.7 38.3

sadece sogutma suyu gereksinimi (*)
4 27°C’de sistemin ¢alismasi, Tw'ye kadar sogutma ve 1532.0 135.3

diger tiim su gereksinimi (¥)

* JThtiya¢ duyulan suyun tamaminin yagmur suyundan karsilanabilmesi i¢in ¢at1 alam diginda ek su toplama alanina ihtiyag

vardir.
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Bélgede ortalama yagis verilerine gore (733.6 L m2)
sadece kiimes gatisindan hasat edilerek depolanacak
su miktar1 zaten bellidir. Ancak kiimes ¢atis1 diginda
da su hasadi yapilabilir. Bu nedenle farkli serinletme
senaryolarina goére de hesaplamalar yapilmistir.
Biyik igletmeler i¢in ihtiya¢ duyulacak suyun
tamaminin depolanmasi i¢in bir depo insa etmek
oldukea yiiksek maliyetler getirebilir. Ornegin 30,000
bag etlik pili¢ kiimesi i¢in ikinci senaryo i¢in yaklagik
1650 m3'1uk bir depo hacmine ihtiya¢ duyulacaktir. Bu
deponun yiiksekliginin 3 m olmas1 durumunda, taban
alan1 550 m2 olacaktir. Bu depo yapisi maliyet
acisindan degerlendirildiginde igletmeler igin rantabl
olmayabilir. Arastirmacilar biiytik igletmeler i¢in su
depolama amaciyla sabit yapilar yerine arazi lizerinde
acilacak ¢ukurlarin zeminin su gegirmez brandalarla
izole edildigi, sizdirmaz, Ttizeri acik depolama
¢oziimleri onermektedirler (Von Zabeltitz, 2011). Bu
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durumda sicak yaz aylarinda buharlagma kayiplarinin
da dikkate alinmasi gerekecektir.

Su gereksinimi ile sicaklik ve bagil nem arasindaki
iligkiler

Su gereksiniminin sicaklik, bagil nem ve giines 1g51n1mi
ile arasinda psikrometrik hesaplamalardan da
bilindigi gibi bir iligki vardir. Mevcut veri seti ile
hesaplanan degerlerin kargilagtirilmasi,
hesaplamalarin  dogrulugunun test edilmesi ve
bolgesel olarak goriilen baz ekstrem durumlar igin
(yiiksek sicaklik, diisik bagil nem) iligkilerin
belirlenmesi amaciyla su gereksinimi ve meteorolojik
veriler arasindaki iligkiler de arastirilmigtir.

Sekil 5'de evaporatif serinletme su gereksinimi ve
bagil nem arasindaki iligkiler verilmigtir.
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Sekil 5. Evaporatif serinletme su gereksinimi ve bagil nem arasindaki iligkiler
Figure 5. The relationships between evaporative cooling water requirement and relative humidity

Sekil 5’de verilen bagil nem ve su gereksinimi iligkileri
incelendiginde, ortalama ve minimum bagil nem ile su
tuketimi arasinda énemli ve yiiksek derecede negatif
yonlii  korelasyon oldugu gériilliyor (P<0.01).
Korelasyon katsayisi ortalama ve minimum bagil nem
icin sirasiyla -0.765 ve -0.824 olarak bulunmustur.
Minimum bagil nem ile su gereksinimi arasinda daha
glcli bir iligki oldugu gorilmektedir. Havadaki nemin
diisiik olmasi, yani buhar basinci agiginin yiksek
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olmasi durumunda daha fazla su buharlagabilecek ve
daha fazla su tiiketimi olacaktir. Yiuksek sicakliklarin
gorildigi saatlerde bagil nem minimum duzeyde
oldugundan daha yuksek su gereksinimi olmasi
dogaldir.

Sekil 6’da sistemin aktif oldugu saatlerdeki ortalama
ve maksimum sicakliklarin giinlik ortalamalar: ve su
gereksinimi arasindaki iligkiler verilmistir.
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Sekil 6. Evaporatif serinletme su gereksinimi ve sicaklik arasindaki iligkiler
Figure 6. The relationships between evaporative cooling water requirement and temperature
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Sekil 6 incelendiginde su gereksinimi ile sicakliklar
arasinda gug¢li bir iligki oldugu gorilmektedir.
Sicakliklarin artigsi ile su gereksinimi ayni oranda
artmaktadir. Psikrometrik diyagram {zerindeki
serinletme igleminde de havanin entalpisi degismeden
sicakhigin diigtirilmesi durumunda havaya belli bir
miktar su buhar1 eklenmesi gerektigi bilinmektedir.

Dolayisiyla sicaklik  yiikseldik¢e eklenecek su
120
t
3
(2}
g 80 y = 0.059x - 11.256
2 R2=0.7607
£
g 40
o
[
o
3 00
0 100 200 300 400

Ort. Glnes Radyasyonu (W m-?)

miktarinin da ayni oranda yukselmesi gerekir.
Yapilan hesaplamalara goére olusturulan grafiklerin
bu durumla uyumlu oldugu anlasilmaktadar.

Sekil 7de sistemin aktif oldugu saatlerdeki ortalama
ve maksimum gunes 1sin1imi1 giinliik ortalamalar: ve su
gereksinimi arasindaki iligkiler verilmistir.

Sekil 7. Evaporatif serinletme su gereksinimi ve glines 1sinim1 arasindaki iligki
Figure 7. The relationships between evaporative cooling water requirement and solar radiation

Sekil 7 incelendiginde giines 1g1n1min yiikselmesi ile su
gereksinimi dogru oranda artmigtir. Ortalama ve
maksimum giines 1s51n1mi1 ile su gereksinimi arasindaki
korelasyonlar ~ 6nemli  bulunmustur  (P<0.01).
Maksimum giines 1s1mim degerleri ile su gereksinimi
arasindaki korelasyon katsayis1 (0.508), ortalama
giines 1s1mim degerinden (0.371) biraz daha yiiksek
bulunmustur.

SONUC ve ONERILER

Etlik pili¢ kiimeslerinde evaporatif serinletme sistemi
basta olmak tlizere icme ve temizlik amaciyla ihtiyag
duyulan su, iklim kosullarina ve serinletme sisteminin
etkinligine gore degismekle birlikte olduk¢a yuksektir.
Bu calismada Kahramanmaras iklim kosullari i¢in
kiimeslerde ihtiya¢ duyulan su miktar:1 hesaplanmig
ve bunun yagmur suyu hasadi ile karsilanabilme
olanag arastirnlmigtir. Bulgular yagmur suyunun
depolanmasi ile biyik oranda ihtiyacin
kargilanabilecegini géstermesine ragmen, bu amagla
ihtiya¢ duyulan depo kapasitesinin bliyiik olmasindan
dolay1 igletmeler i¢in yiiksek maliyetlere neden
olabilir. YSH ile ihtiya¢ duyulan suyun karsilanmasi,
suyun kit oldugu bolgelerde ve mevcut su
kaynaklarina destek olarak tercih edilebilir. Ayrica
yagmur suyunun disiik mineral madde igermesi,
seliiloz bazli pedlerde olusacak kire¢ birikimi ve
bundan kaynakli tikanikliklari énlenmesi agisindan
faydali olabilir. Ancak igme suyu olarak da
kullanilmasi durumunda mineral madde ilavesi
gerekebilir.

Aragtirmacilarin Katk: Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki
olduklarini beyan eder.

saglamisg

1056

120
£ -~
(o2}
T 80 | y=0.034x-24.662
) R2=0.8117
E
é 4,0
IS}
3 “
3 00
600 700 800 900 1000 1100
Max. Gunes Radyasyonu (W m2)
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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ABSTRACT
Land consolidation (LC) is of significant importance and is an
application that decreases land fragmentation level and deformed
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parcels, which reduce agricultural production, increasing fuel Received +28.07.2020
consumption and labor cost in the agriculture sector. The present Accepted ©13.01.2021
research focuses on parcel shapes and investigates a new index

measuring complexity of parcels. The most commonly used indices Ié%rwords

(fractal dimension, shape index, form factor, areal form factor, area
perimeter ratios, and the number of points) are compared with the
new shape index. The new shape index is calculated with the parcel's
area and minimum bounding geometry of the parcel using geographic
information systems. The new approach was applied to the cadastral
data consisting of different types of parcel shapes before LC in a
village in Mersin, Turkey. The new shape index showed a good
performance in terms of measuring shape complexity and is easily
applicable. The presented method may be used to assess L.C projects
or to determine priority areas for L.C.

New Shape Index
Parcel Shape Complexity
Parcel Shape Geometry

Arazi Toplulastirma Projelerinde Parsel Sekillerinin Degerlendirilmesi: Yeni Sekil Indeksi Yaklagimi

OZET

Tarim sektoriinde, arazi toplulastirma c¢alismalari, arazi parcalilik
seviyesinin azaltilmas1 ve sekilleri bozulmus parsellerin yeniden
diizenlenmesi ac¢isindan biiyik 6neme sahiptir. Parsel sekillerinin
diizensiz olmasi ve arazi parcaliligr yakit tiiketimini ve iggiici
ihtiyacim1  arttirmaktadir. Bu c¢alisma parsel sekillerinin
diizensizligini Olgmek amaciyla yeni bir sekil indeksi {tizerine
odaklanmigtir. Parsel sekillerinin dizensizligini 6l¢gmek amaciyla
yaygin olarak kullanilan gostergelerden sekil indeksi, sekil faktori,
alansal sekil faktorii, alan-¢evre oranlari ve parseli olusturan nokta
sayis1 indekleri, yeni sekil indeksi ile karsilagtirilmistir. Yeni sekil
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Anahtar Kelimeler

Cografi Bilgi Sistemleri

Yeni Sekil Indeksi

Parsel Sekillerinin Diizensizligi
Parsel Geometrisi

indeksi, cografi bilgi sistemi kullanilarak hesaplanan parsel alam ve
parseli ¢evreleyen en kiiciik dikdortgenin alan ile hesaplanmaktadir.
Arastirmada Mersin ilinde bulunan bir koyln arazi toplulastirma
oncesi kadastro verileri kullamilmigtir. Kolay uygulanma ve
hesaplama yontemi olan yeni sekil indeksi, parsel sekillerinin
diizensizligini 6lgme acisindan diger sekil indekslerine gore daha iyi
performans gostermigtir. Sonugta, yeni sekil indeksi, arazi
toplulastirma projelerinin degerlendirmesinin yaninda 6ncelikli proje
alanlarimi belirlemek amaciyla da kullanilabilir.

To Cite:

Arslan F, Degirmenci H, Akkaya Arslan ST, Jurgenson E 2021. A New Approach to Measure Parcel Shapes for
Land Consolidation. KSU J. Agric Nat 24 (5): 1059-1067. DOI: 10.18016/ksutarimdoga.vi.774846.

INTRODUCTION

The land structure of farms is one of the essential
factors to increase agricultural production. Adequate
holding size, non-fragmented holding, and suitable
parcel shape are important for a wide range of

agricultural production processes. Land
administration issues, readjustment, and land
consolidation have received considerable critical
attention to achieve sustainable farming lands. There
are an increasing number of studies that recognizes
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the importance of agricultural land management in
European countries such as Spain (Onega-Lépez et al.,
2010), France (Latruffe and Piet, 2014), Estonia
(Jiirgenson, 2016; 2017; Looga et al. 2018), Poland
(Kapidura et al., 2014; Len, 2018; Leni and Noga, 2018;
Wojcik-Len et al., 2018) mostly Central and Eastern
Europe (Van Holst et al., 2018) and in the other
countries (Chen et al., 2018; Sadegh et al., 2018;
Djanibekov and Finger, 2018; Asiama et al., 2017).

In the history of the development of agricultural lands,
fragmented and deformed parcel shapes are thought of
as a critical factor in the circumstances decreasing
profitability of enterprises (Gonzales et al., 2004;
Ayranci, 2004; Aslan et al., 2007; Hristov, 2009; Vijulie
et al., 2012; Kirmikil and Arici, 2013; Colombo et al.,
2017). Land fragmentation negatively impacting a
range of agriculture processes such as plantation,
maintenance, fertilization, irrigation, and harvest.
Deformed parcel shapes have also led to a decline in
agricultural production (Janus et al., 2016). Land
consolidation is a significant solution to these problems
within the field of land readjustment. Historically, the
term “land consolidation” has been used to describe an
application that provides sustainable land structure
and develops road and irrigation services in rural
areas (Degirmenci et al., 2017; 2018). A considerable
amount of literature has been published on the effects
of land consolidation. Existing researchers recognize
the critical role played by land consolidation. Recently
investigators examined the effects of land
consolidation on climate change (Stanczuk-Galwiaczek
et. al., 2018), fuel consumption, labor and machinery
(Sharifzadeh et al., 2018; Degirmenci et al., 2017;
Kiisek, 2014), designing of irrigation schemes (Akkaya
et al., 2017), parcel size (Boztoprak, 2015) and
transportation (Harasimowicz et al., 2017; Platonova
et al., 2011; Platonova, 2014).

The main challenge faced by researchers is measuring
the success level of land consolidation. Measuring
parcel shape complexity is one of the most frequently
stated problems with land fragmentation. Several
attempts were made to create shape indices measuring
the complexity of parcel shape. Mostly used shape
indices by researchers are fractal dimension (Krummel
et al., 1987), shape index (McGarigal et al., 1995), form
factor (Lewis et al., 1997), areal form factor (Gonzales
et al., 2004; 2007), areal perimeter ratios (Libecap and
Lueck, 2009; Jiao et al.,, 2012), number of points
(Gasiorovski and Bielecka, 2014). The calculation of
these indices is based on area and perimeter. So far,
very little attention has been paid to the other features
of shape features such as length of sides, acute angles,
reflex angles, convexity, and compactness. The study
of Demetriou et al. (2013) presents a new shape index
to measure shape complexity. They improved that
some indices (fractal dimension, shape index, and
areal form factor) but do not accurately measure shape
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complexity when specific parcels are investigated.

On the other hand, Bayram and Degirmenci (2018)
stated that the fractal dimension, shape index, and
form factor could be used to make a quick evaluation
for a vast number of parcels. However, these indices
don’t give accurate results for a specific parcel. And
more studies were conducted with shape indices
calculated by perimeter and area (Huang et al., 2015;
Feng and Liu 2015; Popov, 2017; Yu et al., 2018).
Kwinta and Gniadek (2017) proposed another
methodology with an equivalent rectangle to
determine parcel shape. The experimental data are
somewhat controversial, and there is no general
agreement about which shape index should be used in
agriculture. For this reason, the main aim of the study
is to explore a new shape index measuring parcel shape
complexity with simple parameters.

MATERIAL and METHODS

Cadastral data before the land consolidation project of
Halitaga village located in Mersin was taken as a
material (Figure 1-2). In the study, the cadastral data
sustained 193 parcels covering 16.49 ha of the village.
The mean parcel size was 4.4 ha. The reason for
choosing cadastral data before land consolidation was
to find different shapes of parcels to evaluate. The
village had ordinary parcel shapes, which are common
in Turkey.

Methods

Fractal dimension (FD), shape index (SI), form factor
(FORM), areal form factor (AFF), area-perimeter ratio
1-2-3 (APR1, APR2, APR3), number of points (NoP),
and new shape index (NSI) created are used to
evaluate parcels belongs farmers in Halitaga village in
Mersin/Turkey. Indices used are given in Table 1 below
with formulas calculating via three parameters;

Ai: area of 1 parcel,

Anmin' area of minimum bounding geometry of 1
parcel (smallest rectangle covers the parcel),

Pi: the perimeter of i parcel.

The area of minimum bounding geometry is calculated
by the tool (Data Management Tool/ Features/
Minimum Bounding Geometry) of ArcMap 10.6 version
of ArcGIS. The number of points calculated with the
help of ArcMap 10.6. The attribute table of shapefile is
opened, new field added and as a calculator code
“NoP==!shape!.pointcount-1” is written on the field of
calculator Python tool. The new parcel shape index is
calculated with minimum bounding geometry areas is
divided into a parcel area. If a parcel is a rectangle,
minimum bounding geometry with rectangle should
cover 1t, and the areas should be the same. When the
difference is getting larger between two areas, the
parcel's shape complexity is getting an increase. This
idea demonstrates NSI as an agricultural parcel shape
index.
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Figure 1. Location of Halitaga Village
Sekil 1. Halitaga Koyt lokasyon haritasi
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|:| FParcel

Minimum bounding geometry

Figure 2. New shape index approach
Sekil 2. Yeni sekil indeksi yaklasimi
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Table 1. Parcel shape indices and formulas
Cizelge 1. Parsel sekil gostergeleri ve formiilleri
Indices Code Formula Range Optimum Utilization
Gostergeler Kisaltma Formiil Aralik value Kaynaklar
Optimum
deger
2In(P,; (Krummel et al.,
gf;‘;fiion FD =3 ; ) [1,2] 1 1987)Demetriou et  al,
n(4:) 2013)
P
Shape index SI St = n = [m/2,40) 1 (McGarigal et al., 1995)
i
4T A; ; i .
Form factor FORM FORM = ZZ : 0,1) 1 (1%3?;” 2002; Lewis et al.,
A
Areal form factor AFF AFF = P_; (0,+) 1 (Gonzales et al., 2004;2007)
- 3 Pi
Areja perimeter APR1 APR1 = W/ 1 (Jiao and Liu, 2012)
ratio 1 4\/,4_1. 2,+0)
e A.
Area-perimeter ) ppo APR2 == 040 1 (Demetriou et al., 2013)
ratio 2 P;
ooy P
rA;Ei ferlmeter APR3 APR3 = — (0,+0) 1 (Libecap and Lueck, 2009)
VA
Number of points NoP i [3,40) 4 (Gasiorowski and Bielecka,
2014)
New shape index NSI NSI = Zun [1,+0) 1 (Arslan et al., 2018)
i
RESULT and DISCUSSION different indices in percentages. VC of APR1, APR2,

Table 2 presents the summary statistics for shape
indices. What stands out in the table is the variation
coefficient of the indices. Variation coefficient (VC)
helps compares the standard deviation between

Table 2. Summary statistics for parcel shape indices
Cizelge 2. Parsel sekil indeksleri temel istatistikleri

and NoP favourably changed when compared to the
other indices. The values FD calculated for parcels are
the values closest to each other. The purpose of the
summary statistics given below is to show the range of
shape indices values.

Indices

. FD SI FORM  AFF APR1 APR2 APR3 NoP NSI
Gostergeler

Max 1.83 2.81  0.82 0.07 0.97 144.27 9.98 45 4.17
Min 1.23 1.10 0.13 0.01 0.98 1.52 3.91 3 1.02
Mean 1.33 1.41 0.56 0.04 1.65 36.50 4.99 9.48 1.46
*Var coef (%) 559 21.28 29.11 29.11 59.70 69.61 21.28 71.59 28.38

*Variation coefficient, FD: Fractal dimension, SI: shape index, FORM: form factor, AFF: areal form factor, APR-1-2-3: area
perimeter ratio 1-2-3, NoP: number of points, NSI: new shape index

Correlation analysis illustrates the relation between
shape indices, and results were given in Table 3. The
correlations between NSI and the other indices are
significant at the p=0.05 level except for APR2. A
comparison of the findings with the study of Bayram
and Degirmenci (2018) confirms the correlation
between FD, SI, and FORM. Interestingly, the
correlation was observed between methods, although
calculation methods of NSI differ from the other
indices, and it was one of the most striking
observations to continue to this study.

Table 4 shows shapes which are chosen randomly to
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illustrate the change of indices’ values of shapes. An
optimum value of all shape indices is one, while NoP 1s
expected to be 4. Values of fractal dimension, shape
index, form factor, areal form factor, area perimeter
ratios, and the number of parcels gave inconsistent
results regarding optimum values and shape view. For
example, FD was calculated as 1.41 for parcel no 240
while 1.33 for parcel no 217, which was supposed to
have better shape according to value. On the other
hand, the other indices show similar performance,
which is not accurate except NSI. Rectangle parcels
that are suitable for agriculture have values of NSI
close to 1.
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Table 3. Correlation among parcel shape indices including NSI
Cizelge 3. Parcel sekil indeksleri ve NSI arasindaki korelasyon

Correlation SI FORM AFF APR1 APR2 APR3 NoP NSI
Analysis
Korelasyon
FD cc 0.662 -0.610 -0.610 0.662 -0.673 0.662 -0.243 0.215
P 0.000"" 0.000™ 0.000 0.000 0.000™* 0.000"" 0.000™* 0.003™"
SI cc -0.932 -0.932 1.000 -0.238 1.000 0.287 0.513
p 0.000™ 0.000™* 0.000™* 0.001™ 0.000™* 0.000™ 0.000™"
FORM ce 1.000 -0.932 0.209 -0.932 -0.318 -0.501
p 0.000™* 0.000™* 0.004™ 0.000™* 0.000™ 0.000™"
AFF ce -0.932 0.209 -0.932 -0.318 -0.501
p 0.000™* 0.004™ 0.000™* 0.000™ 0.000™"
APR1 ce -0.238 1.000 0.287 0.513
p 0.001™ 0.000™ 0.000™ 0.000™
APR2 cc -0.238 0.556 -0.0258
P 0.001* 0.000™* 0.722
APR3 cc 0.287 0.513
P 0.000™* 0.000™"
NoP cc 0.400
p 0.000™

Significance level at ™ p<0.01, *p<0.05, *p<0.10 value, cc: correlation coefficient, p: p value, FD: Fractal dimension, SI: shape
index, FORM: form factor, AFF: areal form factor, APR-1-2-3: area perimeter ratio 1-2-3, NoP: number of points, NSI: new
shape index

NSl

1,020 - 1,270

[ 1271 -1,201

I 1,292 - 1,541

B 1 542-4510

B <511 - 20730

1.840 Meters

Figure 3. Spatial NSI (new shape index) classification (geometrical interval) of Halitaga village’ parcels
Sekil 3. Halitaga Koyii'nitin yeni sekil indeksi siniflandirma haritasi
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Table 4. Some chosen parcels with values of indices
Cizelge 4. Segilen parsellerin sekil indeks degerleri

Parcel no Value of shape indices* | Parcel no Value of shape indices
Parcel shape ; . Parcel shape . .
Parsel Parsel sekillori Parsel gekil gosterge | Parsel Parsel sekilleri Parsel sekil gosterge
arsel sekiller1 . . arsel sekilleri N ;

numarasi degerleri numarasi degerleri
FD:1.41  APR2: FD: 1.30 APR2:
SI: 3.15 11.63 SI: 2.45 29.20
FORM: APR3: FORM: APR3:

240 0.40 5.59 188 0.67 4.33
AFF: 0.03 NoP:4 AFF: 0.05 NoP:5
APR1: NSI: 1.02 APR1: NSI: 1.29
1.40 1.05
FD:1.42  APR2: FD: 1.30 APR2:
SI: 2.55 8.05 SI: 2.53 32.79
FORM: APR3: FORM: APR3:

210 0.61 4.53 592 0.62 4.49
AFF:0.05 NoP:6 AFF:0.05 NoP: 12
APRI1: NSI: 1.05 APR1: NSI: 1.39
1.13 1.12
FD:1.38  APR2: FD:1.26 APR2:

— SI: 3.59 19.28 SI: 2.35 63.46

FORM: APR3: FORM: APR3:

63 0.31 6.35 57 0.73 4.16
AFF:0.02 NoP:4 AFF:0.06 NoP: 15
APRI1: NSI: 1.07 APR1: NSI: 1.46
1.59 1.04
FD:1.42  APR2: FD: 1.29 APR2:
SI: 2.38 7.37 SI: 3.00 61.93
FORM: APR3: FORM: APR3:

124 0.70 4.22 172 0.45 5.31
AFF:0.06 NoP:5 AFF:0.04 NoP:16
APR1: NSI: 1.09 APRI: NSI: 1.81
1.06 1.33
FD:1.30  APR2: FD: 1.33 APR2:
SI: 2.46 32.50 SI: 3.45 40.16
FORM: APR3: FORM: APR3:

138 0.66 4.36 217 0.34 6.12
AFF:0.05 NoP:7 AFF: 0.03 NoP: 21
APRI1: NSI: 1.11 APR1: NSI: 2.15
1.09 1.53
FD:1.33  APR2: FD: 1.42 APR2:
SI: 2.71 23.27 SI: 4.89 18.72
FORM: APR3: FORM: APR3:

125 0.54 4.81 201 0.17 8.67
AFF:0.04 NoP:5 AFF:0.01 NoP: 37
APR1: NSI: 1.20 APR1: NSI: 2.60
1.20 2.17

*FD: Fractal dimension, SI: shape index, FORM: form factor, AFF: areal form factor, APR-1-2-3: area perimeter ratio 1-2-3,

NoP: number of points, NSI: new shape index

It was tried to present the performance of the new
shape index with specific examples above. Figure 3
shows the spatial distribution of all parcels classified
by NSI values. Black-colored parcels with NSI values
more than 2 are unshaped and are not convenient for
farming. It is also apparent white-colored parcels have
complexity less than shades of grey colored parcels.
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Figure 4 presents that some cases that NSI may not
show good performance to measure shape complexity.
Some shapes with the value of NSI close to 1 may be
very narrow, long rectangular plots. It is possible to
solve this situation by classifying by aspect ratio.
Parcels' aspect ratio is recommended to be between 1:
3 and 1: 8 in Turkey, and it may change in every
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country. Some type of parcel shapes may not be
measured properly with NSI. For instance, L-shaped
parcels that may be defined as deformed according to
NSI values even they are suitable for agricultural
production. Some type of parcels that NSI is not
adequate to measure their shape complexity are given
in the figure.

There is limited literature on measuring shape index
in rural areas. The latest and most extensive study
about shape index was conducted by Demetriou et al.
(2013). They suggested a shape index calculated by

several parameters (length of sides, acute angles,
reflex angles, boundary points, compactness,
regularity). The shape index was suggested to use in
land consolidation. Kwinta and Gniadek (2017) carried
out another study on parcel geometry. They
recommend a new methodology to measure parcel
shape complexity with an equivalent rectangle of a
parcel. However, the study mostly focused on land
fragmentation. The current study with NSI gives
simple and easy applicable methodology using just two
parameters (area of the parcel and minimum bounding
parcel geometry).

P&l 1.44

| K- |

20

Figure 4. Some parcel shapes where it is not convenient to use the NSI
Sekil 4. Yeni sekil indeksi kullaniminin elverisli olmadig1 parsel sekilleri

CONCLUSION

Objective of this investigation was to present a new
parcel shape index to measure shape complexity. The
study revealed a significant correlation between
shape indices commonly used among researchers.
The findings reported here shed new light on
measuring a parcel's deformation level in a rural
area. Existing shape indexes are controversial and
can be inadequate to meet the needs due to
calculation methodology or parameter requirements.
The current study suggests that a new shape index
can measure parcel shape complexity in the
assessment of land consolidation projects or rural
areas. It can also be used to determine priority areas
for land consolidation. The index sustained a low
performance in measuring some rare circumstances,
such as L-shaped and narrow parcels. However, such
situations may not occur frequently, and could be
fixed easily with aspect ratio. In upcoming studies,
the new shape index should be tested in other
countries to determine its universal use in rural
areas.
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OZET Aragtirma Makalesi
Calismada Dogu Akdeniz Bolgesi tarim igletmelerinde olusan is
kazalar1 ve etkili faktorler belirlenmis ve degerlendirilmistir. Bu Makale Tarihgesi

amagla bolgeyi olusturan illerin tarimsal 6zelliklerini yansitacak her Gelig Tarihi  :29.09.2020
ilden; merkez ve g ilgeden toplam 166 igletme sayis1 oransal Kabul Tarihi :02.03.2021
ornekleme yontemiyle se¢ilmigtir. Veriler anket araciligr ile igletme

sahipleri ya da sorumlularn ile ylz ylize gorisme yoluyla Anahtar Kelimeler
gerceklestirilmistir. Bolgedeki tarim isletmelerinin %21.1’inde 1is Tarim igletmeleri
kazalari gerceklesmigstir. Kazalara sirasi ile tarim makinalari, tarim Is kazalar
traktorleri, elektrik carpmasi, hayvanlar ve diger araclar neden Dogu Akdeniz Bolgesi

olmustur. Kazalar; sarampole u¢ma (%42.9), sikisma-ezilme (%31.4),
viicudu bir parcaya kaptirma (%14.3), viicuda herhangi bir parcanin
carpmasi  (%5.7), traktorden disme (%2.9) ve traktoriin
carpmasi/baska aracla carpisma (%2.9) seklinde gerceklesmistir.
Tarim makinalarindan kaynakl is kazalari en fazla pulluk (%17.1) ve
ekim makinas1 (%17.1) ile olmustur. Kazazedelerin %69.6’sinin hafif
yaralandigi, %10.9unun agir yaralandigr ve %4.3’unln ise kismen
fiziksel engelli olarak gorulmiustir. Bolgedeki isletmelerde kazaya
karigsan traktorlerin %38.2’s1 0-5 yas, %41.2’s1 6-10 yas, %2.9u 11-15
yas, %8.81 16-20 yas ve %8.7si ise 21+ yas grubundadir.
Isletmecilerin egitim diizeyleri ile is kazas1 olusma durumu arasinda
istatistiksel olarak ©énemli bir iliski bulunmaktadir (X2=8.25;
P=0.041). Traktor yilik bakim yapilma durumu ile is kazas1 olusma
durumu arasinda pozitif bir bagmnti bulunmaktadir (X2=5.49;
P=0.019). Traktér yas1 ile is kazas1 olusma durumu arasinda
istatistiksel olarak oOnemli bir iliski bulunmaktadir (X2=3.98;
P=0.046).

Occupational Accidents Occurring in the Eastern Mediterranean Region and Effective Factors

ABSTRACT Research Article

In this study, occupational accidents and influential factors in the

agricultural enterprises in the Eastern Mediterranean Region were Article History

determined and evaluated. For this purpose, total number of 166 Received $29.09.2020
enterprises from the central and three districts were selected by Accepted 102.03.2021
proportional sampling method from each province reflecting the

agricultural characteristics of the provinces that form the region. The Keywords

data were carried out by means of face-to-face surveys with enterprise Agricultural enterprises
owners or their managers. Occupational accidents occurred as 21.1% Occupational accidents

of the agricultural enterprises in the region. The accidents were Eastern Mediterranean Region

caused by agricultural machinery, agricultural tractors, electric
shock, animals and other vehicles, respectively. The accidents occured
in the type of flying to the stockade (42.9%), jamming crushing
(31.4%), sucking the body in a part (14.3%), part hitting on the body
(5.7%) falling from the tractor (2.9%) and crashing of tractor/crashing
with another vehicle (2.9%). Occupational accidents caused by
agricultural machinery were mostly with plow (17.1%) and sowing
machine (17.1%) respectively. It was observed that 69.6% of the
casualtys were slightly injured, 10.9% were seriously injured and 4.3%
were partially physically disabled, respectively. And also, 38.2% of the
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tractors involved in the accident in the region were 0-5 years old,
41.2% were 6-10 years old, 2.9% were 11-15 years old, 8.8% were 16-
20 years old and 8.7% were 21+ age group. There is a statistically
significant relationship between the education level of the operators
and the occurrence of occupational accidents (X2=8.25; P=0.041).
There is a positive correlation between the annual maintenance of the
tractor and the occurrence of occupational accidents (X2=5.49;
P=0.019). There is a statistically significant relationship between the
age of tractors and the occurrence of occupational accidents (X2=3.98;

P=0.046).
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GIRIS Tarimsal Mekanizasyon; insanlari ve biyolojik
Tarim sektéri; gidalarin iiretimi ve beslenme ile malzemeleri géz éniinde tutarak bitkisel ve hayvansal
uretimde kullanilan alet, makine, sistem ve

dogrudan ilgisi, aktif niifus ve isglicindeki orani, milli
gelire katkisi ve sanayil sektorine sagladig:
hammadde ve sermaye yaninda, saghkli cevrenin
olusmasi ve korunmasi, ekolojik dengenin kurulmasi
ve surdurilebilirligi acgisindan da tim tlkeleri
ilgilendirmekte ve bu nedenle ekonomik ve sosyal bir
sektor olma oOzelligini korumaktadir. Hem ekonomi

hem de istthdam acgisindan bakildiginda tarim
sektorinde 1s saghgr ve guvenliginin ihmal
edilemeyecek kadar oOnemli bir konu oldugu
gorilmektedir.

Endiistriyel sektorler icerisinde tarim gerek diinyada
gerekse Turkiye’de istihdamda o6nemli bir yer
olusturmaktadir. Ekonomik ve teknolojik gelismeler
ile sektorin dinamik yapis1 tarim c¢alisanlarinin is ve
calisma kogullarini, buna bagh olarak ¢calisma hayati
ve yasam standartlarimi etkilemektedir. Tarim
sektori, ingaat ve madencilikle beraber diinyadaki en
tehlikeli is kollarindan biridir. Uluslararasi Calisma
Orgiiti'ne (ILO) gore, 1.3 milyar tarim iscisinden her
yil 170 000 kisi 6lmekte 6nemli bir kismi ciddi sekilde
yaralanmakta veya meslek hastaligina
yakalanmaktadir (Yavuz ve Simsek, 2012). Bécek
ilaglari, diger kimyasallara maruz kalma ile tarim
makineleri kazalar1 sektérdeki 6lim, yaralanma ve
hastaliklarin iki temel nedenidir.

Tarim sektorii, Cumhuriyetin kurulugsundan bugiine
kadar, ilkenin ekonomik ve sosyal gelisiminde ¢ok
6nemli bir gérevi Ustlenmig ve bu gérevi bugiine kadar
etkin bir gekilde surdirmis ve sirdiirmeye de devam
edecektir. 1960'tan sonra ekonomik gelismede
onceligin sanayi sektoriine kaydirilmasi ve diger
sektorlerin buna paralel olarak gelismesi tarim
sektoriiniin ekonomi igindeki payini azaltmig ve bu
gelisme yapisal bir dontstiim olarak kabul edilmigstir.
Fakat tarim sektorii bu gelismelere ragmen, iilke
niifusunun biiyik bir ¢cogunluguna gelir ve istihdam
saglamayr halen slrdirmektedir. Nitekim Kkirsal
alanda yasayan insanlarin en basta gelen istihdam
kaynagi yine tarimdir (Yiicel, 2012).
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teknolojilerin, mekanik, elektronik ve ergonomik
ilkelere gore en uygun tasarimlarinmi ve ulretimlerini
gerceklestiren, bu unsurlarin en uygun kullanimini
saglayan ve enerji gereksinimlerini saptayan,
yenilenebilir enerji kaynaklarinin tarimda kullanim
olanaklarini gelistiren ¢ok disiplinli bir bilim dalidir.

Teknolojideki yeniliklere paralel olarak traktoérlerde
motor glci ve performansinda hizli bir gelisme
gozlenmig, bugin kullanilan traktoérler, teknolojik
olarak son geklini almigtir. Traktorler; bir taraftan
teknolojik olarak gelisirken, silirticinin rahat
calismasimi  saglamak ve giivenlik acgisindan
kargilagabilecegi riskleri en aza indirmek amaciyla
bagta kabin, ergonomik tasarim olmak tizere pek ¢ok
yenilik hayata gecirilmistir. Ozellikle giivenlik
konusunda siki kurallar ortaya konmus ve cesith
yonetmeliklerle de bunlar denetim altina alinmigtir
(Anonim, 1999).

Turkiye’de tarimin stirdurilebilirligi; tarim
¢aliganlarimin, c¢alisma yerlerindeki saghk ve
giivenliklerinin temini ile mumkin olabilecektir.
Tirkiye’de tarim makineleri kazalar: ile ilgili kayit
bulmak oldukc¢a gugctiir. Ilgili sektorde, calisanlarin
¢ogu kendi nam ve hesabina c¢alisanlar oldugundan,
adli vaka disinda kaza/meslek hastaligi kayitlarini

tutmaya yonelik bir sistem mevcut degildir.

Diinya’da yapilan arastirmalarda tarim sektoérinde is
saghg ve guvenligi acisindan pek ¢ok farkh risklerin
(tarim makineleri, pestisitler, gaz ve tozlar, hayvanlar,
vb.) s6z konusu oldugu bildirilmektedir.

Turkiye’de tarimda 1is kazalarina yonelik baz
calismalar (Dogan, 1992; Peker ve Ozkan, 1994;
Gélbasi, 2002; Oz, 2005; Biilbiil, 2006; Akbolat ve ark.,
2007; Perktasg, 2007; Oztiirk, 2008; Unal ve ark., 2008;
Yicel, 2012; Erbori, 2014; Yildirim ve Altuntas, 2015;
Baydas ve Altuntas 2017; Saglam ve ark., 2017;
Alcayir, 2018; Ozkan ve Dilay, 2020) yapilmigtir.
Teknolojik gelismelere bagl olarak kullanilan traktor,
tarim alet ve makinalarinin kullanimina ve is
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giivenligine yonelik alinacak onlemler son yillarda
onem kazandig1 i¢in yeni istatistiksel bilgi ve verilere
ulagsma zorunlulugunu ortaya cikarmaktadir. Bu
anlamda Turkiye’de konuya iligkin ¢alismalar hentiz
baglangi¢ diizeyindedir. Bu nedenle sektériin mevcut
durumunun analizi ve gerekli ¢6ziim Onerilerinin
olusturulmasi i¢in alana iligkin arastirmalarin tlke
capinda yogunlastirilmasi, elde edilen verilerin
iglenmesi ve yoOnetim birimleri ve ureticilerce
sistematik gekilde kullanilmasi gerekmektedir.

Turkiye'de genel olarak tarimsal tretim; bitkisel ve
hayvansal {retimin organik bir biitin olarak
gerceklestirildigi  tarnm  igletmeleri  tarafindan
yapilmaktadir. Dogu Akdeniz Bolgesi, bitkisel ve
hayvansal tretim acisindan Turkiye'nin 6nemli bir
yoresidir. Sektore iliskin yoresel bazda kapsamh
olarak yapilacak arastirmalar, saglhikli ve giivenli bir
uretim planlamasi ve ekonomik igletmecilik
politikalarina temel tegkil edecektir.

Bu calismada, Dogu Akdeniz Bolgesi (Adana, Hatay,
Kahramanmaras, Osmaniye) tarim isletmelerinde
olusan is kazalar1 ve etkili faktorler belirlenmis ve
degerlendirilmigstir

Cizelge 1. Anket uygulanan bélge bilgileri
Table 1. Area information surveyed

MATERYAL ve METOD
Materyal

Arastirmanin materyalini, Dogu Akdeniz Boélgesi’nde
(Adana, Hatay, Kahramanmaras, Osmaniye) oransal
ornekleme yontemi ile belirlenen toplam 166 tarim
igsletmesinden elde edilen anket verileri
olugturmaktadir. Igletmelerin belirlenmesinde her bir
ilde tarim teknolojilerinin yogun olarak kullanildig: ilk
iic ilce secilmistir (Cizelge 1). Anket verileri, 2018 y1l1
Ocak-Nisan doneminde, yiiz ylize goriisme yapilarak
elde edilmigtir. Anket sorular1 yazarlar tarafindan
genig bir literatiir taramasi neticesinde hazirlanmisg
olup, daha sonra konu uzmanlari ile yapilan
goriismeler ile son geklini almigtir. Anket formunda
sorulara iligkin dort genel baglik yer almistir. Bunlar;
1) Tarim isletmecileri ve calisanlarin 6zellikleri, 2)
Tarim isletmelerinin genel 6zellikleri, 3) Tarim
isletmelerinde kullanilan mekanizasyon araclarina
iliskin bilgiler, 4) Tarim igletmelerinde olusan is
kazalar1 ve etkili faktorlere iligkin bilgilerdir. Sorular,
kapali uglu, agk uglu ve Likert o6lceginde
hazirlanmigtir.

) . ) Toplam tarim igletmesi sayisi Oranlar (%) Anket uygulanan tarim
Iller (Provinces) Il.(;elgr (Adet) ’ (Proportions) isletmesi say1s1 (Adet)
(Districts) (Total number of agricultural (Number of agricultural
enterprises) (Number) enterprises surveyed) (Number)
Seyhan 1816 5.8 10
Adana Ceyhan 5847 18.8 31
Karatas 2148 6.9 11
Dortyol 1210 3.9 7
Hatay Kirikhan 3586 11.5 19
Kumlu 1017 3.3 6
Goksun 2594 8.3 14
Kahramanmaras | Pazarcik 4869 15.6 26
Turkoglu 1889 6.1 10
Toprakkale 408 1.3 2
Osmaniye Kadirli 4022 12.9 21
Diizici 1751 5.6 9
Toplam (7otal) 31157 100 166

Yontem
Ornek hacminin belirlenmesi

Arastirma kapsaminda ele alinan illerin il¢elerindeki
tarim igletmesi sayilari, Tarim ve Orman Bakanligi, 1l
Tarim ve Hayvancilik Mudurliagi, Ciftgi Kayit Sistemi
verilerinden alinmigtir. Anket yapilacak igletme sayisi
oransal Ornek hacmi formili ile belirlenmigtir
(Newbold, 1995). Sonlu bir popiilasyon icin belli bir
ozelligi tasiyanlarin bilinen veya tahmin edilen
oranina gére Oornek hacmi Egitlik 1’deki gibidir. p
degeri daha énceki arastirmalardan elde edilebilecegi
gibi sezgisel olarak da tahmin edilebilir. Maksimum
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ornek hacmine ulagmak i¢in p=0.5 alinmigtir. p’nin
0.5’den daha az veya daha yiiksek degerleri 6rnek
hacmini dugtrir. O nedenle pnin bilinmedigi
durumlarda maksimum 6rnek hacmiyle ¢calismak olas1
hatay1 azaltacagindan p=0.5 alinmaldir (Miran 2015).

N*px(1-p
n= (N-1)*a,%(+p*()1-p) @
Burada;
n : Ornek hacmi,
N : Popiilasyondaki igletme sayis,
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2

o ! Oranin varyansi,

p
r : Ortalamadan sapma (%1),
Zaz 7 cetvel degeri (2.58),
p . Igletme sayisimin popiilasyondaki oranin

gostermektedir.

Oranin varyansina (Esitlik 2) bagl olarak %99 giiven
araliginda (Z = 2.58) ve ortalamadan % 0.1 sapma ile

anket yapilacak igletme sayis1i 166 olarak
belirlenmistir (Esitlik 3).
r\? 0.10
o = ( ) = (£2) = 0.001502 @
Zg/ 2.58
31157%0.5%(1—0.5) — 166 ()

n= =
(31157—-1)%0.001502+0.5%(1—0.5)

Verilerin degerlendirilmesi

Iki degisken arasinda iligki olup olmadigin belirlemek
veya iki degisken arasindaki iligkinin istatistiksel
olarak anlamli olup olmadiginmi belirlemek amaciyla
Ki-Kare (X2) bagimsizlik testi kullanilir (Nakip, 2006;
Bas, 2008; Tekin, 2009).

Anket formu ile elde edilen bilgilerin gerekli
kodlamalar1 yapilarak, veriler bilgisayarda SPSS
programi yardimi ile degerlendirilmigtir. Verilerin
tanimlayic1 istatistik degerleri tablolara aktarilarak
yorumlanmigtir. Isletme, isletmeci ozellikleri ve anket
kapsamindaki 6zellikler ile igletmede meydana gelen
is kazasi olusma durumu arasindaki iligkileri
incelemek amaciyla X2 bagimsizlik testinden
yararlanilmistir. Testin gegerli olabilmesi i¢in sorulara
alinan yanitlar daraltilmigtir.

BULGULAR ve TARTISMA
Tarim Igletmecileri ve Caliganlar Ozellikleri

Anket kapsamindaki igletme sahiplerinin; % 98.81
erkek ve % 1.2’s1 kadin olup yas dagilimlar: agisindan
en yiiksek (%34.9) oran, 36-45 yas grubudur, bunu
sirasi ile 46-55 yas grubu (%32.5), 56 + yas grubu
(%16.9), 26-35 yas grubu (%13.9) ve 15-25 yas grubu
(%1.8) izlemektedir. Igletme sahiplerinin egitim
durumu degerlendirildiginde, bélge genelinde % 59u
ilkokul, % 22.9u ortaokul, %11.440 lise ve %6.6s1
tiniversite mezunudur. Igletme sahiplerinin tarimdaki
is deneyimlerine bakildiginda, yaris1 (%50) 25 yildan
daha fazla deneyimlidir. Is deneyimi 16-20 yil
olanlarin orani %25.3, 11-15 yil olanlarin oran1 %12.1
ve 6-10 y1l olanlarin orani ise %10.2’dir. Senel (2006),
s6z konusu bélgede yapmis oldugu bir calismada,
isletme sahiplerinin egitim dizeyini, okur-yazar
olmayanlari %3.4, ilkokul %50.7, ortaokul %22.9, lise
%21.5 ve Universite mezunu olanlar1 %1.5 olarak
belirlemistir. Bu veriler karsilagtirildiginda gegen 10
yildan fazla bir sturegte tarim igletmecilerinin egitim
diizeyinde bir degisimin olmadig1 ve diisiik oldugu
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ayrica genel anlamda igletme sahiplerinin tarimda
deneyimli oldugu stéylenebilir.

Anket uygulanan tarim igletmelerinin %62.7’sinde hig
caligan bulunmamaktadir. Isletmelerin %18.7’sinde 1
caligan, %10.2’sinde 2 calisan, %4.8'inde 3 c¢aligan,
%1.8’inde 4 ¢aligsan, %0.6’s1inda 5 ¢aligsan ve %1.2’sinde
ise 6 caligan bulunmaktadir. Isletmeciler ile yapilan
goriigsmelerde isletmelerde daimi calisan
bulundurulmadigi, dénemsel olarak mevsimlik isci
caligtirildigr bildirilmistir.

Tarim Igletmelerinin Genel Ozellikleri

Yapilan anket sonucu degerlendirmelerine gore
bolgedeki tarim igletmelerinin %24.7’si 5 ha’dan
kiigik, %34.3'4 5.1-10 ha, %19.34 10.1-15 ha, %10.81
15.1-20 ha ve %10.81 20 ha’dan daha biyiik isletme
buytklugine sahiptir. Bolgede sulu arazisi bulunan
tarim igletmelerinin %47.6's1 ve kuru arazi varligi olan
isletmelerin %78.9u 0-5 ha igletme buyukligine
sahiptir. Igletmelerin %76.51 bitkisel tiretim, %1.2’si
hayvansal tlretim ve %22.3i bitkiselt+thayvansal
uretim faaliyeti gerceklestirmektedir.

Tarim islptmelerinde Kullanilan Mekanizasyon
Araclarina Iligkin Bilgiler

Ele alinan boélgedeki tarim igletmelerinin %0.6’sinda
hi¢ traktor olmadigi, %87.3"inde bir traktor,
%10.2’sinde iki traktor ve %1.8’inde ¢ traktor oldugu
belirlenmistir. Senel (2006), bélgede yapmis oldugu
arastirmasinda igletmelerin %89.3’inde bir traktor,
%7.8’inde iki traktor, %0.5’inde ¢ traktor, %2.4’tinde
dort traktér oldugunu belirlemistir. Aybek ve
Hursitoglu (2002), Kahramanmaras yoresinde tarim
isletmelerinin mekanizasyon o6zelliklerini belirlemek
amaciyla yapmig olduklari calismada isletmelerin
%88inde bir traktor, %11’inde iki traktor, %1'inde tg¢
traktor oldugunu Dbelirlemiglerdir. Gegen siireye
ragmen bolgedeki igletmelerin traktor sayilarinda
artis olmadig1 gorilmektedir. Bu duruma yasanan
ekonomik  krizler ve igletmeler i¢in devlet
desteklemelerinin yetersiz kalmasinin etkili oldugu
sOylenebilir.

Anket kapsamindaki igletmelerin %34.9unun 0-5 yas
grubu, %28.3inlin 6-10 yas grubu, %10.2’sinin 11-15
yas grubu, %4.2’si 16-20 yas grubu ve %22.3’Uintin 21+
yas grubu traktorlere sahip oldugu belirlenmigtir.
Yilmaz (2018), Tiirkiye’de traktér yillik kullaniminin
ortalama 500 saat/yil oldugunu, buna gore traktor
ekonomik Omrini 20 yil olarak tamamladigini
bildirmigtir. Buna goére bolgede kullanilan tarim
traktorlerinin yaklagik %251inin ekonomik omrini

tamamladigi, %15inin de yakin  doénemde
tamamlayacagi goriilmektedir.
Aragtirma  kapsamindaki tarim igletmelerinde

kullanilan traktér markalarina bakildiginda, en
yilksek (%24.7) Massey Ferguson gelmektedir. Bunu



KSU Tarim ve Doga Derg 24 (5): 1068-1083, 2021
KSU J. Agric Nat 24 (5): 1068-1083, 2021

Arastirma Makalesi
Research Article

New Holland (%19.3), Fiat (%15.1), Tiimosan (%11.4)
ve Case (%11.4), Erkunt (%8.4), John Deere (%7.2) ve
Hattat (%5.4) izlemektedir. Yil igerisinde traktér
bakim ve kontrollerini yapan isletme orami %76.5,
yapmayanlarin orani ise %23.5 olarak belirlenmistir.

Bolgedeki tarim igletmelerinin tarim makinalarina
sahip olma durumu incelendiginde; toprak isleme
makinalar1 %55, ekim makinalar1 %35, ilaglama

Cizelge 2. Tarim igletmelerinde olusan is kazasi oranlari

Table 2. Occupational accident rates in agricultural enterprises

makinalar1 %72.9, gubreleme makinalar
romork %92.2 olarak belirlenmistir.

%23.2,

Tarim isle‘gmelerinde Olusan Ig Kazalari ve Etkili
Faktorlere Iligkin Bilgiler

Anket kapsamindaki tarim igletmelerinde, olusan is
kazas1 oranlar1 Cizelge 2’de, is kazalarina neden olan
baglica faktorler ise Cizelge 3’te verilmistir.

. Ller (Provinces) Dogu Akdeniz Bolgesi
Is kazas: Adana Hatay Kahramanmarag Osmaniye (Eastern Medlten'anean
olustu mu? ] ] ] ] . Region)
(Did  occupationall Igletme Isletme Isletme Isletme Isletme
accident occur?) Sayis1 % Sayisi % Sayisi % Sayisi % | Sayis1 (Enterprise | %
(Enterprise (Enterprise (Enterprise (Enterprise Number)
Number) Number) Number) Number)
Evet (Yes) 10 19.2 4 12.5 13 26 8 25 35 21.1
Hayir (No) 42 80.8 28 87.5 37 74 24 75 131 78.9
Toplam (7otal 52 100 32 100 50 100 32 100 166 100
Cizelge 3. Tarim isletmelerinde is kazalarina neden olan baglica faktorler
Table 3. Main factors causing occupational accidents in agricultural enterprises
Iller (Provinces) Dogu Akdeniz Bélgesi
. (Eastern Mediterranean
is kazas: kaynag . Adana . Hatay Ka}hramanmaras . Osmaniye | Reaion)
(Occupational accident| Igletme Isletme Isletme Isletme Isletme
source) Sayisi % Sayisi % Sayisi % Sayisi % | Sayisi (Enterprise | %
(Enterprise (Enterprise (Enterprise (Enterprise Number)
Number) Number) Number) Number)
Yok
Hayvanlar (No) 52 100 32 100 49 98 32 100 165 99.4
(Animale) Var 0 0 0 0 1 2 0 0 1 0.6
(Yes)
Araba, Yok
motosiklet (No) 52 100 32 100 49 98 32 100 165 99.4
(Car, Var
Motorcycle) (Yes) 0 0 0 0 ! 2 0 0 ! 0.6
Tarim alet ve | Yok | 80.7 28 87.5 42 84 24 75 136 81.9
makinalar (No)
(Agricultural v
tools and ar 10 19.3 4 12.5 8 16 8 25 30 19.1
; (Yes)
machinery)
Elektrik 5\(}(}){) 50 96.2 32 100 50 100 32 100 164 98.8
carpmasi Var
(Electric Shock) |+ 2 3.8 0 0 0 0 0 0 2 1.2
(Yes)

Bolgedeki tarim igletmecilerinin %21.1’1 is kazasi
gecirdiklerini bildirmiglerdir. Bélgede is kazalar1 en
fazla Kahramanmarasg ilinde (%26), en az ise Hatay
ilinde (%12.5) meydana gelmistir (Cizelge 2). Is kazas:
geciren igletmelerde en fazla tarim alet ve makinalar:
kazalara neden olmaktadir. Bunu siras1 ile elektrik
carpmasl, hayvanlar ve ara¢ kazalar1 izlemektedir
(Cizelge 3). Aybek ve Sabanci (2001), diger iilkelerde
yapilan tarimsal ¢aligmalarda basglhca kaza
faktorlerini tarim makinalar (%18), tarim traktorleri
(%8), hayvanlar (%17), el aletleri (%8) giic makinalar
(%5) ve diger makinalar (%14) olarak bildirmislerdir.

Bu calismada elde edilen degerler, kaza faktorleri
acisindan  hayvan  faktori hari¢  benzerlik
gostermektedir.

Isletmelerde is kazalarmin olustugu yerler Cizelge 4’te
ve 1g kazalarinin gin i¢inde olustugu zamanlar Cizelge
5’te, traktor ve tarim makineleri ile yapilan is
kazalarinin olus sekli Cizelge 6'da verilmistir.

Bolgedeki igletmelerde meydana gelen is kazalarinin
olustugu yerler acisindan degerlendirildiginde,
kazalarin %42.9'u igletme i¢inde, %11.4’4 koy yolunda,
%14.34 tarla yolunda, %28.6’s1 tarlada, %2.9u da
sehir yolunda olugsmustur (Cizelge 4).
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Cizelge 4. Tarim igletmelerinde is kazalarinin olustugu yerler

Table 4. Places where occupational accidents occur in agricultural enterprises

Iller (Provinces) Dogu Akdeniz Bélgesi
. (Fastern Mediterranean

is kazasmm olustugu . Adana . Hatay Kéhramanmara§ | Osmaniye . Region)
yer Isletme Isletme Isletme Isletme Isletme
(Place of Occupational)  Sayist % Sayis1 % Sayisi % Sayis1 % Sayisi %
Accident) (Enterprise (Enterprise (Enterprise (Enterprise (Enterprise
‘ Number) Number) Number) Number) Number)
Isletme ici 5 50 3 75 5 38.5 2 25 15 42.9
(On-premises)
Koy yolu
(Village road) 3 30 0 0 0 0 1 12.5 4 11.4
Tarla yolu
(Field road) 0 0 1 25 3 23.1 1 12.5 5 14.3
Tarla (Field) 2 20 0 0 4 30.8 4 50 10 28.6
Sehir yolu
(City road) 0 0 0 0 1 7.7 0 0 1 2.9
Toplam (7btal) 10 100 4 100 13 100 8 100 35 100

Tarim igletmelerinde olusan is kazalari gin i¢inde
sabah %11.4, 6gle %34.3, 6gleden sonra %25.7, aksam
%22.9 ve gece %5.7 olarak gerceklesmistir (Cizelge 5).
Tarim igletmelerinde meydana gelen kazalarin olus
sekline bakildiginda; devrilme, takla atma, sarampole

ucmanin %42.9, sikisma-ezilmenin %31.4, viicudu bir
parcaya kaptirmanin %14.3, viicuda herhangi bir
parcanin c¢arpmasinin %5.7, traktérden dismenin
%2.9 ve traktoriin carpmasi/baska aragla ¢arpismanin
%2.9 oraninda oldugu belirlenmistir (Cizelge 6).

Cizelge 5. Tarim igletmelerinde is kazalarinin giin iginde olustugu zamanlar
Table 5. Times of occupational accidents in agricultural enterprises during the day

Iller (Provinces) Dogu Akdeniz
Bolgesi (Fastern
Adana Hatay Kahramanmaras Osmaniye Mediterranean
Kazanin olug .
Region)
zamani - - - . .
(Time of Accident) Isletme Isletme Isletme Isletme Isletme
Sayisi % Sayisi % Sayisi % Sayisi % Sayisi %
(Enterprise (Enterprise (Enterprise (Enterprise (Enterprise
Number) Number) Number) Number) Number)
Sabah (Morning) 1 10 0 0 3 23.1 0 0 4 11.4
Ozle (Noon) 2 20 2 50 8 61.5 0 0 12 34.3
Ogleden sonra
(Afternoon) 2 20 1 25 1 7.7 5 62.5 9 25.7
Aksam (Evening) 5 50 1 25 1 7.7 1 12.5 8 22.9
Gece (NVight) 0 0 0 0 0 0 2 25 2 5.7
Toplam (7otal) 10 100 4 100 13 100 8 100 35 100

Baydas ve Altuntag (2017), Tokat, Ankara, Erzurum
ve Karaman illerinde meydana gelen kazalara ait
bulgulara goére; kazalarin iller bazinda sirasiyla
%26.32; %44, %31 ve %8.19 oranlarinda tarlada,
%37.19; %47, %60 ve %54.09 oranlariyla koy ve tarla
yolunda meydana geldigi, tarimsal is kazalarinda
operatorin traktori kullanimi sonucu devrilme/takla
atma olay: iller bazinda sirasiyla; %49; %68, %47 ve
%60.4 oranlarinda oldugunu bildirmiglerdir.

Gélbag1 (2002), Tiirkiye olceginde yapmis oldugu
kapsamli bir calismada, traktér kazalarinin %44’ niin
koy yolunda, %59nun devrilme, takla atma ya da
sarampole ugma seklinde gergeklestigini tespit
etmigtir. Bu ¢calismada elde edilen verilere gére %42.9
oraninda kaza oldugu ve kéy yolunda %11.4 oraninda

kaldig1, bolgede daha ¢ok isletme igerisinde kaza
gerceklestigi ve kdy yolunda kaza gerceklesme
oraninin disiik 6lgtide oldugu gorilmektedir. Traktor
kazalarinin devrilme, takla atma, sarampole u¢ma
%42.9 ile ylksek oranda oldugu ve gegen siireye
ragmen fazla bir degisiklik olmadigini gostermektedir.

Tarim makinalarindan kaynakli olusan is kazalarinin
dagilimi Cizelge 7’de verilmigtir.

Tarim makinalarindan kaynakli olusan is kazalar
degerlendirildiginde; isletmelerin %42.9'u traktor,
%17.1'1 pulluk, %17.1'1 ekim makinasi, %5.7’s1 giibre
makinasi, %5.7’si ilaglama makinasi, %5.7’si
santrifijlic sulama pompasi, %2.9u bigerdéver ve
%2.9u silaj makinas1 ile kaza yaptiklarini
bildirmislerdir (Cizelge 7).
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Hard ve ark. (2002), yapmis olduklar: bir ¢calismada

tarimda yasanan kazalarin

%75nin traktérden

kaynaklandigim1 ve traktor kazalarimin tarimdaki
1/3int
belirlemistir. Bu c¢aligmada bdélge genelinde kazanin

olumcil kazalarin

olusturdugunu

meydana geldigi tarim alet makineleri igerisinde
traktor kazalarinda az bir oranda dusts gergeklesmig
olsa da, traktor kaza risklerinin yiiksek oranda devam
ettigi gorulmustir.

Cizelge 6. Tarim igletmelerinde traktor ve tarim makineleri ile yapilan is kazalarinin olus sekli
Table 6. Form of occupational accidents with tractors and agricultural machines in agricultural enterprises

Tller (Provinces) Dogu Akdeniz
Bolgesi (Eastern
Adana Hatay Kahramanmarasg Osmaniye Mediterranean
Kaza olus sekli . . ' ' ___ Region)
(Type of acciden?) Isletme Isletme Isletme Isletme Isletme
Sayisi % Sayisi % Sayisi % Sayisi % Sayis1 %
(Enterprise (Enterprise (Enterprise (Enterprise (Enterprise
Number) Number) Number) Number) Number)
Devrilme, takla atma,
sarampole ugma
(Roll over, somersault. 4 40 1 25 6 46.2 4 50 15 42.9
ditch flying)
f’éﬁiﬁ;j;;;giws » 3 30 3 75 3 23.1 2 25 11 31.4
Viicudu bir pargaya
kaptirma
(Don't immerse the body in 2 20 0 0 2 15.4 1 12.5 5 14.3
a pard)
Vicuda  herhangi  bir
parc¢anin ¢arpmasi
(Hitting any part of the 1 10 0 0 1 7.7 0 0 2 5.7
body)
Traktorden diisme
(Fall from tractor) 0 0 0 0 0 0 1 12.5 1 2.9
Traktorin ¢arpmasi,
bagka aracla ¢arpisma
(Tractor crash, -collision 0 0 0 0 1 7.7 0 0 1 2.9
with another vehicle)
(T;f)’tlzj‘)n 10 100 4 100 13 100 8 100 35 100
Cizelge 7. Tarim makinalarindan kaynakli olusan is kazalarinin dagilimi
Table 7. Distribution of occupational accidents caused by agricultural machinery
ller (Provinces) Dogu Akdeniz
Kazanin meydana Bélge§i (Bastern
geldigi tarim alet ve Adana Hatay Kahramanmaras Osmaniye Mediterranean
makinas1 (Agricultural - - - - - Rogion)
tools and machine the Isletme Isletme Isletme Isletme Isletme
accident occurred) Sayisi % Sayisi % Sayis1 % Sayis1 % Sayisi %
(Enterprise (Enterprise (Enterprise (Enterprise (Enterprise
Number) Number) Number) Number) Number)
Traktér (7ractor) 5 50 1 25 5 38.5 4 50 15 42.9
Pulluk (Plow) 3 30 2 50 1 7.7 0 0 6 17.1
ik;;lu.r;:;kmaSI (Sowing 1 10 1 25 1 7.1 3 375 6 17.1
Giibre makinasi
(Fertilizer machine) 0 0 0 0 2 154 0 0 2 51
Ilaclama makinas:
(Spraying machine) 0 0 0 0 1 7.7 1 12.5 2 5.7
Sulama pompasi
(Irrigation pump) 0 0 0 0 2 15.5 0 0 2 5.7
?;;;Iffe"s"t‘;) 1 10 0 0 0 0 0 0 1 2.9
Silaj makinasi
(Silage machine) 0 0 0 0 1 7.7 0 0 1 2.9
;F;Stl:})n 10 100 4 100 13 100 8 100 35 100
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Kazaya karigan traktor/tarim alet makinasindaki
maddi hasar durumu Cizelge 8'de verilmigtir.

Kazalara karigan traktor/tarim alet makinasindaki
maddi hasar durumu incelendiginde, bolgedeki
igletmelerde olusan kazalarin %22.9’'unun orta hasarli,
%17.1'inin  az hasarli, %2.9unun c¢ok hasarl,
%57.1’inin ise hasarsiz sonuglandigi bildirilmistir

(Cizelge 8).

Tarim  igletmelerinde olusan 1s kazalarinda
etkilenen/karisan  Kkisi sayis1 Cizelge 9da
degerlendirilmigtir. Bolgedeki isletmelerin %87.8'inde
bir kisi, %12.2’sinde ise iki kisi etkilenmistir (Cizelge
9).

Cizelge 8. Kazaya karigsan traktor/tarim alet makinasindaki maddi hasar durumu
Table 8. Material damage to the tractor / agricultural tool machine involved in the accident

Tller (Provinces) Dogu Akdeniz
Bélgesi (Fastern
Tarim alet makinasi Adana Hatay Kahramanmaras Osmaniye Mediterranean
hasar durumu Region)
(Agricultural Isletme Isletme Isletme Isletme Isletme
equipment damage Sayis1 % Sayis1 % Sayis1 % Sayis1 % Sayis1 %
status) (Enterprise (Enterprise (Enterprise (Enterprise (Enterprise
Number) Number) Number) Number) Number)
? ;é{r;?gil‘; ged) 1 9.1 0 0 0 0 0 0 1 2.9
Orta hasarli
(Moderately 3 27.3 0 0 4 28.6 1 14.3 8 22.9
damaged)
‘(A;]]gf;z‘fl;amgge 2 0 0 0 0 4 28.6 2 28.6 6 17.1
(PISEZZZZ ced 7 63.6 3 100 6 42.9 4 57.1 20 57.1
'(P;Stl:]‘)n 11 100 3 100 14 100 7 100 35 100
Cizelge 9. Tarim igletmelerinde olusan is kazalarinda etkilenen/karigan kisi sayisi
Table 9. The number of people affected / involved in occupational accidents in agricultural enterprises
Iller (Provinces) Dogu Akdeniz
Bolgesi (Fastern
Kazadan etkilenen Adana Hatay Kahramanmarasg Osmaniye Mediterranean
kisi sayis1 Region)
(Number of people | Isletme Isletme Isletme Isletme Isletme
affected by the Sayis1 % Sayisi % Sayisi % Sayis1 % Sayis1 %
accident) (Enterprise (Enterprise (Enterprise (Enterprise (Enterprise
Number) Number) Number) Number) Number)
1 11 84.6 4 100 14 87.5 7 87.5 36 87.8
2 2 15.4 0 0 2 12.5 1 12.5 5 12.2
Toplam (7otal) 13 100 4 100 16 100 8 100 41 100
Kazazedelerin kazadan etkilenme durumu Cizelge Erzurum illeri i¢in siwrasiyla %27,16 ve %28

10'da, kazazedelerin kazadan sonra c¢aligamadig:
stireler Cizelge 11’de, kazazede de olusan zarar yerleri
Cizelge 12’de, kazazede de olusan zararin vicuttaki
yeri ise Cizelge 13’te verilmistir.

Bolgedeki isletmelerde meydana gelen kazalarda
kazazedelerin %15.2’sinin ~ hig etkilenmedigi,
%69.6’sinin hafif yaralandigi, %10.9unun agir
yaralandigi, %4.3intin kismen fiziksel engelli olarak
kaldig1 gorilmustir. Kaza sonucunda tamamen
fiziksel engelli ve &lim olayina rastlanmamigtir
(Cizelge 10).

Baydas ve Altuntas (2017), Tokat, Ankara ve Erzurum
illerindeki kazazedelerin kaza sonucu hafif yaralanma
durumunu iller bazinda sirasiyla %37.57; %28 ve %34,
kazazedelerin agir yaralanma oranlarinin Tokat ve

oranlarinda oldugunu bildirmislerdir. Gélbas1 (2002),
Tirkiye 6lgeginde yapmis oldugu bir calismada kazaya
karigan insanlarin %77’sinin kazadan bir sekilde
(6liim, agir ya da hafif yaralanma ve kismen ya da
tamamen fiziksel engelli) etkilendigini belirlemistir.
Bu calismada kazadan Dbir gekilde etkilenme
durumunda gecen siireye ragmen azalig olmadigi ve
yine yiiksek bir oranda devam ettigi gérilmistir.

Kazazedelerin kazadan sonra c¢alisgamadigi slreye
bakildiginda, (1-14) giin aras1 %76.1, (15-30) giin aras1
%17.4, (31-90) giin aras1 %4.3 ve (90+) giinlerde ise
%2.2 olarak goriilmiistiir (Cizelge 11).

Is kazas1 sonucu kazazedelerde olugan zarar sekli
incelendiginde, yaralar ve yiizeysel yaranmalar %80.4,
kemik kirilmalar1 %8.7, cikiklar burkulmalar veya
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incinme %6.5, uzuv kaybi1 %2.2 ve birden fazla

yaralanmalar %2.2

olarak gorilmustir.

Beyin

sarsintisi ve i¢ yaralanmalar ile diger yaralanmalarda

Cizelge 10. Kazazedelerin kazadan etkilenme durumu
Table 10. The conditions of the casualty affected by the accident

herhangi bir yaralanma sonucuna ulagilamamigtir

(Cizelge

12).

Iler (Provinces) Dogu Akdeniz Bolgesi
Kazadan etkilenme Adana Hatay Kahramanmaras Osmaniye (E'asternﬁjiiilg)e rranean
durumu - - - - -
(Condition of being Isletme Isletme Isletme Isletme Isletme
Sayisi % Sayisi % Sayisi % Sayisi % Sayisi %
affected by the . . . . .
accidend) (Enterprise (Enterprise (Enterprise (Enterprise (Enterprise
Number) Number) Number) Number) Number)
Hig etkilenmedi
(Not impressed at al) 2 11.8 1 25 4 23.5 0 0 7 15.2
Hafif yaralandi
(Slightly injured 11 64.7 3 75 12 70.6 6 75 32 69.6
Agir yaralandi
(Badly injured) 3 17.6 0 0 1 5.9 1 12.5 5 10.9
Kismen fiziksel engelli
(Partially physically 1 5.9 0 0 0 0 1 12.5 2 4.3
disabled)
Toplam (7otal) 17 100 4 100 17 100 8 100 46 100
Cizelge 11. Kazazedelerin kazadan sonra galigamadig: siireler
Table 11. Periods that casualtys are unable to work a}ﬂfer the accident
ller (Provinces) Dogu Akdeniz Bolgesi
(Fastern
Adana Hatay Kahramanmarasg Osmaniye Mediterranean
Calisilamayan on)
siire (giin) - - - - __Region
A . Isletme Isletme Isletme Isletme Isletme
(Non-working
time) (Day) Sayisi % Sayisi % Sayisi % Sayisi % Sayis1 %
V) (Enterprise (Enterprise (Enterprise (Enterprise (Enterprise
Number) Number) Number) Number) Number)
1-14 12 70.6 3 75 16 94.1 4 50 35 76.1
15-30 3 17.6 1 25 1 5.9 3 37.5 8 17.4
31-90 1 5.9 0 0 0 0 1 12.5 2 4.3
90+ 1 5.9 0 0 0 0 0 0 1 2.2
Toplam (7otal) 17 100 4 100 17 100 8 100 46 100
Cizelge 12. Is kazas: sonucu kazazedelerde olusan zarar sekli
Table 12. The type of damage to the casualties as a result of the occupation accident
Iller (Provinces) Dogu Akdeniz Bolgesi
. (Eastern
Olean zarar . Adana ' Hatay Kahramanmaras . Osmaniye Mediterranean Region)
( Dafna e caused) Isletme Isletme Isletme Isletme Isletme
& Sayisi % Sayisi % Sayis1 % Sayis1 % Sayisi %
(Enterprise (Enterprise (Enterprise (Enterprise (Enterprise
Number) Number) Number) Number) Number)
Yaralar ve ylizeysel
yaralanmalar
(Wounds and superficial 13 76.5 4 100 16 94.1 4 50 37 80.4
Injuries)
Kemik kirilmalari
(Bone fractures) 3 17.6 0 0 0 0 1 12.5 4 8.7
Cikiklar, burkulmalar
goyamanme: 0 0 0 0 0 0 3 37.5 3 6.5
(Dislocations, sprains or
injuries)
Uzuv kayb1 (Amputation) 0 0 0 0 1 5.9 0 0 1 2.2
Birden fazla yaralanma
(Multiple injuries) ! 5.9 0 0 0 0 0 0 ! 2.2
Toplam (7otal 17 100 4 100 17 100 8 100 46 100
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Is kazas1 sonucu kazazedede olugan zararin viicuttaki
yeri degerlendirildiginde; bir eli %15.1, ayaklardan
bir1 %7.8, her iki ayak %0.6, bacaklardan biri %2.4,
gbgis bolgesi %2.4, sirt bolgesi %1.2 olarak gérilmis.
Ancak her iki eli, bag bolgesi, her iki bacag: ve diger
viicut kisimlarinda is kazasi sonucu herhangi bir zarar
gorilmemistir (Cizelge 13). Aktuna (2017), Trakya
bélgesinde yapmis oldugu bir c¢alismada is kazasi
geciren kigilerin en ¢ok el, kol ve viicut yaralanmalari
ve ig makinalari sebebiyle yaralanma gecirdiklerini
belirtmigtir. Bolge igsletmecilerinin de kaza sonucunda
benzer olarak en fazla bir el ve bir ayak bélgesinde

Bolgedeki tarim igletmelerinde kazaya karigsan
traktorlerin yasi Cizelge 14’te verilmigtir.

Bolgedeki igletmelerde kazaya karisan traktorlerin
%38.2’s1 0-5 yas, %41.2’si 6-10 yas, %2.9u 11-15 yas,
%8.81 16-20 yas ve %8.7’si ise 21+ yas grubunda yer
almaktadir (Cizelge 14). Dogan (1992), Cukurova
Bolgesinde 1s kazasina neden olan traktérlerin
¢ogunun 10 yasindan biiyiik oldugunu tespit etmigtir.
Bolge isletmelerinde is kazasina karigsan traktorlerin
yag ortalamasinin 0-10 arasinda degistigi gorilmis,
10+ tizerindeki traktorlerin kazaya karigma oraninda
diisme yagsandig1 gézlemlenmigtir.

yaralanma gecirdikleri gorilmuistiir.

Cizelge 13. Is kazas: sonucu kazazadede olusan zararin viicuttaki yeri
Table 13. The place of the damage caused by the occupation accident in the body

Tller (Provinces) Dogu Akdeniz
) Bélgesi (Eastern
Is kazas: sonucu viicutta Adana Hatay Kahramanmarasg Osmaniye Mediterranean
olugan zarar Region)
(Damage to the body as a Isletme Isletme Isletme Isletme Isletme
result of occupational Sayis1 % Sayis1 % Sayis1 % Sayis1 % Sayis1 %
accident) (Enterprise (Enterprise (Enterprise (Enterprise (Enterprise
Number) Number) Number) Number) Number)
Bir eli Yok(No) 42 80.8 30 93.8 40 80 29 90.6 141 84.9
(One hand) Var(Yes) 10 19.2 2 6.2 10 20 3 9.4 25 15.1
g;tzkzzﬁ & Yok(NNo) 52 100 32 100 50 100 32 100 166 100
Ayaklardan biri | Yok(No) 47 90.4 32 100 45 90 29 90.6 153 92.2
(One of the feet) | Var(Yes) 5 9.6 0 0 5 10 3 9.4 13 7.8
Her iki ayak Yok(No) 52 100 32 100 50 100 31 96.9 165 99.4
(Both feet) Var(Yes) 0 0 0 0 0 0 1 3.1 1 0.6
5;5 bolgesi Yok(NNo) 52 100 32 100 50 100 32 100 166 100
ead area)
| Yok(Vo) 48 92.3 32 100 50 100 32 100 162 97.6
Bacaklardan biri
(One of the legs )| Var(Yes) 4 7.7 0 0 0 0 0 0 4 2.4
5;31‘ iki bacagr | Yok(~No) 52 100 32 100 50 100 32 100 166 100
oth legs)

Gogiis bolgesi | YOk(NO) 49 94.2 32 100 49 98 32 100 162 97.6
(Chest area) Var(Yes) 3 5.8 0 0 1 2 0 0 4 2.4
Sirt bolgesi Yok(No) 52 100 32 100 48 96 32 100 164 98.8
(Back area) Var(Yes) 0 0 0 0 2 4 0 0 2 1.2

Cizelge 14. Tarim igletmelerinde kazaya karigan traktorlerin yasi
Table 14. Age of tractors involved in accidents in agricultural enterprises

Tller (Provinces) Dogu Akdeniz Bolgesi
Kazaya karigan Adana Hatay Kahramanmaras | Osmaniye (Fastern Meflitermnean
traktor yas grubu Region)
(Y1) Isletme Isletme Isletme Isletme Isletme
(Tractor age group| Sayisi % Sayisi % Sayisi % Sayisi % Sayisi %
involved in  the|(Enterprise (Enterprise (Enterprise (Enterprise, (Enterprise
acciden?) (Year) Number) Number) Number) Number) Number)
0-5 3 33.3 0 0 6 42.9 4 50 13 38.2
6-10 5 56.6 2 66.7 5 35.7 2 25 14 41.2
11-15 0 0 0 0 0 0 1 12.5 1 2.9
16-20 1 11.1 0 0 1 7.1 1 12.5 8.8
21+ 0 0 1 33.3 2 14.2 0 0 3 8.7
Toplam (7otal) 9 100 3 100 14 100 8 100 46 100
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Tarim igletmelerinde traktorlerle insan taginmasina
iligkin bilgiler Cizelge 15te verilmigtir.

Bolgedeki isletmelerin %27.7’sinde traktor lizerinde
insan tasinmadigl, %43.4iinde ¢amurluk tizerinde,
%21.7’s1 basamak tizerinde, %3’ ask1 kollar: tizerinde
ve %4.2’sinde 1se diger kisimlarda insan tasindig:
belirlenmistir (Cizelge 15).

Isletmecilerin siirticii belgesi durumu Cizelge 16'da,
kullanilan traktorlerin koruyucu cati veya kabin
durumu Cizelge 17°'de, kontak anahtarinin traktor
tzerinde birakilma durumu Cizelge 18de ve
igsletmecilerin traktér ve makina kullanim-bakim
kataloglarini okuma durumu ise Cizelge 19da
verilmigtir.

Bolgedeki traktor suriiciilerinin %99.47inde suriici
belgesinin var oldugu, %0.6’s1nda ise strici belgesinin

bulunmadigr gorilmustiir. Strtci belgesi olanlarin
%60.2’sinin B sinifl, %33.7’sinin E ve %0.6’s1n1n ise D
sinifi belgeye sahip bulundugu saptanmistir (Cizelge
16). Bolgedeki isletmelerde kullamilan tarim
traktorlerinin %74.7’sinde koruyucu ¢at1 veya kabin
bulundugu, %25.3inde ise bulunmadig:
goriilmektedir (Cizelge 17).

Baydas ve Altuntas (2017), Tokat ve Erzurum illeri
genelindeki kazalar sirasinda; traktéri kullanan
giftgilerin  stirtici belgesi siniflar1 iller bazinda
sirasiyla; B sinifina sahip siirtici belgesine sahip
olanlarin %47.85 ve %15 oranlarinda oldugunu, F
sinifina sahip siiriicii belgesine sahip olanlarin %24,76
ve %33 oranlarinda oldugunu, herhangi bir surici
belgesi olmayanlarin oranlarinin ise, %22.80 ve %48

Cizelge 15. Tarim igletmelerinde traktorlerle insan taginmasina iliskin bilgiler
Table 15. Information on transporting people by tractors in agricultural enterprises

Iller (Provinces) Dogu Akdeniz
Bolgesi (FKastern
Traktér iizerinde insan Adana Hatay Kahramanmarag Osmaniye Mecgter{”az)jean
egion
E;il.;]rg;i; ting people on Isletme Isletme Isletme Isletme Isletme
a tractor) Sayisi ‘ % Sayisi ‘ % Sayisi . % Sayisi . % Sayisi . %
(Enterprise (Enterprise (Enterprise (Enterprise (Enterprise
Number) Number) Number) Number) Number)
(T]aggfgtoﬁ:f; 9 15 28.8 3 9.4 10 20 18 56.3 46 27.7
?g:g;‘}le‘n‘ggmde 25 48.1 18 56.3 25 50 4 125 72 43.4
?Siat?jﬁiig) 7 135 11 34.4 11 22 7 21.9 36 21.7
Aski kollar: tizerinde
(On the sling arms) 5 9.6 0 0 0 0 0 0 5 3
Diger (Other) 0 0 0 0 4 8 3 9.4 7 4.2
Toplam (7otal) 52 100 32 100 17 100 8 100 46 100
Cizelge 16. Traktor stirticiilerinin belge bilgileri
Table 16. Documentation information for tractor drivers
Iller (Provinces) Dogu Akdeniz
Bolgesi (FKastern
Adana Hatay Kahramanmarag Osmaniye Mediterranean
e . Region)
(S;;;l;;f ;}Jieef;s]e)gg?;;) Isletme Isletme Isletme Isletme Isletme
Sayisi % Sayisi % Sayisi % Sayisi % Sayisi %
(Enterprise (Enterprise (Enterprise (Enterprise (Enterprise
Number) Number) Number) Number) Number)
Strtci
Belgesi Yok (No) 1 1.9 0 0 0 0 0 0 1 0.6
(Driver’s
license) Var (Yes) 51 98.1 32 100 50 100 32 100 165 99.4
B siifi Yok (No) 19 36.5 16 50 24 48 7 21.9 66 39.8
(Class B) Var (Yes) 33 63.5 16 50 26 52 25 781 100 60.2
E simfi Yok (No) 34 65.4 18 56.2 30 60 28 87.5 110 66.3
(Class ) Var (Yes) 18 34.6 14 43.8 20 40 4 125 56 33.7
D sifi Yok (No) 52 100 32 100 49 98 32 100 165 99.4
(Class D) Var (Yes) 0 0 0 0 1 2 0 0 1 0.6
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Cizelge 17. Tarim igletmelerinde kullanilan traktorlerin koruyucu ¢ati veya kabin durumu
Table 17. Protective roof or cabin condition of tractors used in agricultural enterprises
Tller (Provinces) Dogu Akdeniz
Bélgesi (Eastern
Koruyucu ¢at1 veya Adana Hatay Kahramanmaras Osmaniye Mediterranean
kabin Region)
(Protective roofor | Igletme Isletme Isletme Isletme Isletme
cabin) Sayis1 % Sayisi % Sayisi % Sayis1 % Sayis1 %
(Enterprise, (Enterprise (Enterprise (Enterprise (Enterprise
Number) Number) Number) Number) Number)
Var (Yes) 43 82.7 18 56.3 38 76 25 78.1 124 74.7
Yok (No) 9 17.3 14 43.7 12 24 7 21.9 42 25.3
Toplam (7otal) 52 100 32 100 50 100 32 100 166 100
Cizelge 18. Kontak anahtarimin traktor tizerinde birakilma durumu
Table 18. The 1gnition key is left on the tractor
Iller (Provinces) Dogu Akdeniz
Bélgesi (Fastern
Kontak anahtarinin . .
traktor tizerinde Adana Hatay Kahramanmarasg Osmaniye Medzter?"anean
birakilma nedeni - - - - - Region)
(Reason for leavin Isletme Isletme Isletme Isletme Isletme
g 0, 0, 0, 0, 0,
the ignition key on Sayisi ' % Sayisi ' % Sayisi ' % Sayisi ' % Sayisi . %
the tractor) (Enterprise (Enterprise (Enterprise (Enterprise (Enterprise
Number) Number) Number) Number) Number)
?1,rakmly°m¥n 21 40.4 8 25 16 32 17 53.1 62 37.3
I'm not leaving)
%fzfni:‘;’;;pws) 14 26.9 16 50 19 38 10 31.3 59 35.5
Aliskanlik (Habid) 17 32.7 8 25 15 30 5 15.6 45 27.2
Toplam (7otal 52 100 32 100 50 100 32 100 166 100
Cizelge 19. Tarim igletmecilerinin traktér ve makina kullanim-bakim kataloglarini okuma durumu
Table 19. The status of agricultural operators to read tractor and machine use-maintenance catalogs
Traktor ve makina Iller (Provinces) Dogu Akdeniz
kullanim-bakim Bolgesi (Eastern
kataloglarini okuma Adana Hatay Kahramanmaras Osmaniye Mediterranean
durumu Region)
(Status of reading  |Igletme Isletme Isletme Isletme Isletme
tractor and machine |Sayis1 % Sayisi % Sayisi % Sayis1 % Sayis1 %
usage-maintenance |(Enterprise (Enterprise (Enterprise (Enterprise (Enterprise
catalogs) Number) Number) Number) Number) Number)
Evet (Yes) 9 17.3 0 0 8 16 7 21.9 24 14.5
Hayir (No) 43 82.7 32 100 42 84 25 78.1 142 85.5
Toplam (7otal 52 100 32 100 50 100 32 100 166 100

oldugunu bildirmiglerdir. Gélbas1 (2002), Tiirkiye
6lceginde yapmis oldugu bir ¢aligmada igletmecilerin
%40'1inda herhangi bir stirticii belgesinin olmadigini ve
kazaya karisan traktorlerin %82’sinde kabin ya da
koruyucu cat1 olmadigini tespit etmistir. Buna goére
yapilan caligmaya nispeten bélge isletmecilerinin ¢ok
yiiksek oranda (%99.4) siiriicii belgesine sahip oldugu
ve kabin varhiginin da aym o6lgiide yiliksek oranda
(%74.7) var oldugu gorillmiistiir.

Bolgedeki isletmelerde kontak anahtarinin traktor
tuzerinde birakilmasi durumu degerlendirildiginde,
igsletmelerin %37.3’4 birakmiyorum, %35.5’1 bir sey
olmaz, %27.11 aliskanlik olarak bildirmistir (Cizelge
18).

Bolgedeki tarim igletmecilerinin %85.51 traktor ve
makina kullanim-bakim kataloglarini okumadiklarina,

%14.5’1 ise okuduklarim bildirmislerdir (Cizelge 19).
Veriler degerlendirildiginde isletmecilerin tamamina

yakininin  kullanma ve bakim kataloglarin
okumadigini ve bu hususun traktér ve makine
uzerinde kaza risklerini arttirabilecegi
distnilmektedir.

Ozellikler Arasi iligkilerin Analizi

Ele alinan bélgedeki tarim igletmelerinde is saghg ve
giivenligi uygulamalarina yoénelik elde edilen iki
degisken arasinda iliski olup olmadigini belirlemek
veya iki degisken arasindaki iligkinin anlamli olup
olmadigini belirlemek amaciyla Ki-Kare bagimsizhik
testi uygulanmistir. Aragtirmada ele alinan igletme ve
igsletmeci 6zellikleri ile is kazasi olusma durumunun
karsilagtirilmasi Cizelge 20’de verilmigtir.
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Cizelge 20. Tarim igletmelerindeki 6zelllikler ile ig kazasi olusma durumunun karsilagtirilmas:
Table 20. Comparison of the characteristics of agricultural enterprises and the situation of occupational accidents

Is Kazas: Olusma Durumu (Kisi)
(Occurrence of occupational accident ) (Person) X2 P degeri
Evet (Yes) Hayir (No) Toplam (7otal)
Say1 Say1 Say1
(Numyber) % (Nunfber) & (Numyber) %

Egitim durumu
(£ducational sta tus)
851»(;‘11;1;113; schoo)) 16 16.30 82 83.70 98 100
Ortaokul
(Middle school) ! 18.40 31 81.60 28 100 8.25 0.041%*
Lise (High school) 7 36.80 12 63.20 19 100
Universite(University) 5 45.50 6 54.50 11 100
Toplam (Zotal 35 21.1 131 78.9 166 100
Isletmeci deneyimi
(Operator experience)
0-20 16 22.90 54 77.10 70 100
21+ 19 19.80 77 80.20 96 100 0.22 0.633
Toplam (Zotal) 35 21.10 131 78.90 166 100
Traktor yas:
(Tractor age)
0-9 27 26.00 77 74.00 104 100
10+ 8 12.90 54 87.10 62 100 3.98 0.046**
Toplam (Zotal) 35 21.10 131 78.90 166 100
11 (Province)
Adana 10 19.20 42 80.80 52 100
Hatay 4 12.50 28 87.50 32 100
Kahramanmaras 13 26.00 37 74.00 50 100 2.54 0.467
Osmaniye 8 25.00 24 75.00 32 100
Toplam (Zotal) 35 21.10 131 78.90 166 100
Traktor ile insan
tasima (Zransporting
people with a tractor)
Tasimiyor
(N(s)t ca};”rymg) 6 13.00 40 87.00 46 100 2.47 0.116
Tagiyor (Carrying) 29 24.20 91 75.80 120 100
Toplam (Zotal) 35 21.10 131 78.90 166 100
Ekipman varlig
(Fquipment
availability)
Var (Yes) 23 23.70 74 76.30 97 100
Yok (No) 12 17.40 57 82.60 69 100 0.96 0.325
Toplam (7otal) 35 21.10 131 78.90 166 100
Yillik Bakim
(Annual Maintenance)
Evet (Yes) 32 25.20 95 74.80 127 100
Hayir (No) 3 7.70 36 92.30 39 100 5.49 0.019%*
Toplam (7otal) 35 21.10 131 78.90 166 100

***:0.01 duzeyinde 6nemli, **: 0.05 diizeyinde 6nemli, *: 0.1 diizeyinde énemli.

Kargilagtirmaya esas olan yedi igletme ve igletmeci
ozelliklerinden U¢ tanesinin istatistiksel olarak 6nemli
oldugu goriilmektedir. Isletmecilerin egitim diizeyleri
ile 1s kazas1 olusma durumu arasinda istatistiksel
olarak &énemli bir iliski bulunmaktadir (X2=8.25;
P=0.041). Isletmecilerin egitim diizeyleri arttik¢a kaza
yapma riskleri azalmaktadir. Traktor yillik bakim
yapilma durumu ile is kazasi olusma durumu arasinda
pozitif bir bagit1 bulunmaktadir (X2=5.49; P=0.019).
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Traktor yasi ile is kazas1 olusma durumu arasinda
istatistiksel olarak 6nemli bir iligki bulunmaktadir
(X2=3.98; P=0.046). Isletmelerin ve isletmecilerin ele
alinan  ozelliklerinde  traktor  yilhik  bakim
yaptiranlarin daha fazla is kazasina maruz kaldigi, bu
kategoride bakim yaptiranlarin %25.2’sinde kaza
meydana gelirken, bakim yaptirmayanlarda ise %7.7
oraninda is kazasinin meydana geldigi goriilmektedir.
Bu istatistiksel verilere gore baska bir ifade ile
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sonuclar traktor yasi ile iligkilendirilmektedir, traktor
yasinin daha c¢ok 0-9 yil arasinda 104 adet degisken
tipte traktore igletmecilerin sahip olmasi ve bunlarin
%26’ ik bir kisminin kazaya karismasindan dolay:
kaza riskleri ve kaza olusma durumu giinimiiz yeni
nesil traktorlerde daha fazla yasandigi goérulmustur.
Isletmeci tecriibesi, yasamlan il, traktér ile insan
tasima durumu, gerekli giivenlik koruma ekipman
varligi ile i1s kazasi olusma durumu arasinda
istatistiksel olarak bir iligki goriilmemektedir.
Buradan yola ¢ikarsak; bahse konu olan istatistiksel
veriler ile i1s kazasi olugsma durumu acgisindan
bagimsizdir (Cizelge 20).

SONUC ve ONERILER

Bu arastirmada, tarimda calisanlarin Is Giivenligi
konusunda farkindaliklarini tespit etmek ve
duyarliliklarini arttirmak amaci ile Dogu Akdeniz
Bolgesindeki (Adana, Hatay, Kahramanmaras,
Osmaniye) tarim isletmelerinde mekanizasyon yapisi
ve is kazalar:1 anketle belirlenip degerlendirilmistir.
Elde edilen sonuglar ve oneriler asagidaki gibi
ozetlenebilir;

e Bolgedeki isletmecilerin; buyluk cogunlugu erkek
(%698.8), gen¢ ve orta yas grubunda (%81.3),
yarisindan fazlas1 (%59) ilkokul egitimlidir.

e Bolgedeki tarim igletmelerinin %62.7sinde ¢aligan
bulunmamakta, %33.7’sinde 1-3 ¢alisan bulunmakta,
%3.6’s1nda ise 4-6 ¢aligan bulunmaktadir.

¢ Bolgede sulu arazisi bulunan igletmelerin %47.6's1 ve
kuru arazi bulunan isletmelerin %78.9'u 0-5 ha
araziye sahiptir. Isletmelerin %76.51 bitkisel Giretim,

%1.2’s1 hayvansal uretim ve %22.30
bitkisel+hayvansal uretim faaliyeti
gerceklestirmektedir.

e Bolgedeki tarim igletmelerinin; %87.3’inde bir
traktor, %10.2’sinde iki traktor ve %1.8’inde g
traktéor bulunmaktadir. Traktoérlerin yaklasik

%25’ 1inin ekonomik omrint tamamladigl, %15'inin
ise yakin doénemde tamamlayacagi ve diger
mekanizasyon araglarinin ise optimum dizeyin
altinda oldugu saptanmisgtar.

Bolgedeki tarim igletmelerinin %21.1’inde is kazalar:
gerceklesmigtir.  Kazalara siras1 ile  tarim
makinalary, tarim traktorleri, elektrik carpmasi,
hayvanlar ve diger araclar neden olmustur.

Is kazalary; isletme icinde (%42.9), tarlada (%28.6),

koy yolunda (%11.4), tarla yolunda (%14.3) ve sehir
yolunda (%2.9) gerceklesmistir.

Kazalar giin icinde en fazla 6gle zamani (%34.3)
gerceklesmigtir. Bunu siras1 ile 6gleden sonra
(%25.7), aksam (%22.9), sabah (%11.4) ve gece (%5.7)
izlemistir.

e Kazalar; sarampole ucma (%42.9), sikisma-ezilme
(%31.4), viicudu bir parcaya kaptirma (%14.3),

1081

viicuda herhangi bir parcamin carpmast (%5.7),
traktorden diisme (%2.9), traktériin ¢carpmasi/baska
aracla carpisma (%2.9) seklinde gerceklesmistir.

Tarim alet makinalarindan kaynakli is kazalar1 en
fazla pulluk (%17.1) ve ekim makinas1 (%17.1) ile
olmusgtur. Digerleri sirasi ile giibre dagitma makinasi
(%5.7), ilaclama makinasi (%5.7), santrifiijlii sulama
pompasi (%5.7) ve silaj makinasi (%2.9)dir.

Kazalara karigan traktor/tarim alet makinalarinin
%57.17'inde hasar olugmamistir. Bu kazalarin
%22.9’u orta hasarli, %17.1’1 az hasarh, %2.9'u ise
¢ok hasarl olarak sonug¢lanmigtir

e Olusan is kazalarinda bolgedeki igletmelerin
%87.81inde bir kisi, % 12.2sinde ise iki kisi
etkilenmigtir.

Kazazedelerin %15.2’sinin olusan kazalardan hig
etkilenmedigi, %69.6’sitnin  hafif  yaralandig,
%10.9unun agir yaralandigi, %4.3Unin kismen
fiziksel engelli olarak kaldig: belirlenmistir.

Kazazedelerin kazadan sonra ¢aligamadig: stirelerin
oranlary; 1-14 gin arast %76.1, 15-30 glin arasi
%17.4, 31-90 gin aras1 %4.3 ve 90+ gunlerde ise
%2.2°dir.

Kazazedelerde yaralar ve yilizeysel yaralanmalar
%80.4, kemik kirilmalar: %8.7, ¢ikiklar burkulmalar
veya incinme %6.5, uzuv kayb1 %2.2 ve birden fazla
yaralanmalar %2.2°dir.

Kazazedede olusan zararin vicuttaki yeri; bir eli
%15.1, ayaklardan biri %7.8, her iki ayak %0.6,
bacaklardan biri %2.4, goglus bolgesi %2.4, sirt
bolgesi %1.2 olarak tespit edilmigtir.

o Bolgedeki igsletmelerde kazaya karigan traktorlerin
%38.2’s1 0-5 yas, %41.2’s1 6-10 yas, %2.9u 11-15 yas,
%38.81 16-20 yas ve %8.7’si ise 21+ yas grubundadar.
Bolgedeki igletmelerin %72.3"0 traktor tzerinde
insan tasimaktadir (camurluk {izerinde %43.4,

basamak tizerinde %21.7, aski kollar1 izerinde %3,
diger %4.2).

Bolgedeki traktor siirticilerinin tamamina yakim
(%99.4) siiriicii belgesine sahiptir.

Bélgede kullanilan tarim traktérlerinin %74.7’sinde
koruyucu ¢at1 veya kabin bulunmakta, %25.3tinde
ise bulunmamaktadir.

Bolgedeki tarim igletmecilerinin biyik g¢ogunlugu
(%85.5)  traktér ve makina kullanim-bakim
kataloglarini okumamaktadir.

Isletmecilerin egitim diizeyleri ile is kazas1 olugma
durumu arasinda istatistiksel olarak 6nemli bir iligki
bulunmaktadir (P<0.05). Isletmecilerin egitim
diizeyleri arttikga kaza yapma risklerinin azaldig:
gorilmektedir.

e Traktor yillik bakim yapilma durumu ile is kazasi
olugma durumu arasinda pozitif bir bagint1 (P<0.05),
traktor yasi ile ig kazasi olugma durumu arasinda da
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istatistiksel olarak 6énemli bir iliski bulunmaktadir
(P<0.05).

Konuya iligkin 6neriler:

= Isletmede olusan is kazalarimin baginda tarim
makinalar1 ve traktér kaynakli kazalar yer
almaktadir. Ayrica igletmecilerin biiyik bir
cogunlugunun makine kataloglarin1 okumadiklar:
belirlenmigtir. S6z konusu kataloglarda bakim,
kullanim ve gilivenlik ile ilgili 6nemli bilgiler yer
almaktadir. Bu konuda makine {reticileri ve
bakanlik birimleri tarafindan her yil igletmecilere
cazip egitimler gerceklestirilebilir.

Bolgede traktor ile insan taginmasinin yapilan anket
sonucunda yuksek oranda oldugu belirlenmistir. Bu
tip tasimalarin guvenli olmadigi, kazalara neden
oldugu yapilan arastirmalarla ortaya konulmustur.
Bu konuda isletmecilerin egitilmesi ve bu kiiltiiriin
yayginlastirilmas1 giivenli bir c¢alisma ortami
saglayabilecektir.

Isletmelere tarim alet ve makinalarinin alimlarinda,
koruyucu ekipmanli olmalari tegvik edilmelidir.
Boylece olusabilecek kaza riskleri azaltilabilecektir.

Bolgedeki igletmecilerin tarimda ve is saghg:
giivenliginde ekonomik olarak siirdurilebilir hale
gelmesi i¢in olusabilecek riskleri minimize etmek ve
ekonomik olarak desteklemek isletmeci tizerinde
glivenli tarimin artmasi igin etkili olabilecektir.
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ABSTRACT

In this study 269 phosphate solubilizing bacteria (PSB) strains were
isolated from onions rhizosphere. The 15 most efficient PSB were
selected. Based on BIOLOG profiling and the LOPAT test system, the
strains were identified as Enterobacter cloacae (7), Yersinia
intermedia, Pantoea agglomerans, Bacillus subtilis(2), Bacillus
pumilius, Lysinibacillus sphaericus and Bacillus atrophaeus(2). The
PSB effect on onion growth was investigated under greenhouse
conditions. These PSB increased plant height (11.7 to 38.8%), the
number of leaves (3 to 70%), the bulb diameter (6.4 to 64.5%), the
average root length (2.6 to 44.7%), the fresh weight of the bulb (2.9 to
34.1%) and the dry weight of the bulb (1.5 to 40.6%) when compared
to the negative control. Among these strains the most effective
inoculants werethe highest P solubizing F.cloacae EB-14 and FE.
cloacae OB-169 strains, which significantly increased all parameters
compared to the commercial plant activator ISR 2000. These results
demonstrated the potential use of these PSB as inoculants for onion
growth.
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Sogan (Allium cepaL.) Rizosferindeki Fosfat C6zen Bakterilerin Izolasyonu, Karakterisasyonu ve Sogan

Gelisimi Uzerine Etkisi

OZET

Bu c¢alismada 269 fosfat ¢ozen bakteri(PSB) izolat1 sogan rizosfer
bolgesinden izole edilmistir. Izolatlar arasindan en fazla fosfat ¢6zen
15 bakteri secilmigtir. BIOLOG test profiline ve LOPAT test sistemine
gore secilen izolatlar Enterobacter cloacae(7), Yersinia intermedia,
Pantoea agglomerans, Bacillus subtilis2), Bacillus pumilius,
Lysinibacillus sphaericus ve Bacillus atrophaeus(2) olarak
tanmilanmigtir. Bu izolatlarin sogan gelisi lzerine etkisi sera
kogullarinda incelenmigstir. Secilen bu izolatlar kontrole gore, bitki
boyunu %11.7-38.8, yaprak sayisini %3-70, yumru ¢apini %6.4-64.5,
ortalama kok uzunlugunu %2.6-44.7, sogan yumru yas agirligini
%2.9-34.1 ve sogan yumru kuru agirligimm %1.5-40.6 arasinda
artirdiklar: belirlenmistir. P ¢6zen izolatlar arasindaki . cloacae EB-
14 ve E. cloacae OB-169 tim paramertreleri ticari bir bitki aktivatora
urtn olan ISR 2000 den istatistiki olarak daha fazla artirarak en etkili
izolatlar olmuglardir. Bu sonucglar géstermistir ki PSB’ler sogan
geligimi i¢in potansiyel bir inokulant olarak kullanilabilir.
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INTRODUCTION

Onion (Allium cepa L.), a member of Amaryllidaceae
family, is one of the most economically important
vegetables in all parts of the world due to its
nutritional and medicinal values, including

anticancer, anti-cholesterol, anti-inflammatory and
antioxidant properties (Nasri et al., 2012). At the same
time, onion contains important amounts of mineral
salts, sulphur and potassium salts, and various trace
elements, vitamins (B1l, B2, C, E, K), carotene
(provitamin A), glycosides, etheric oils and plant
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hormones like insulin (Slimestad et al., 2007). Onion’s
root system has little absorbent and penetrating
properties, there must be an abundant source of
accessible nutrients in the root area. The required
amount of easily accessible nutritients in the soil for
an optimal yield of onion growth is 60 to 140 kg of N,
60 to 120 kg of P20s and 60 to 180 kg of K20 per hectare
(Kumar et al., 2001).

Chemical fertilizers are usually used to provide major
nutrients to the soil plant system around the world.
But, the price and ecological problems of fertilizers are
the most significant problem in today’s agriculture,
and there is a requirement to find different methods
that can improve crop yields, maintain ecological
safety and prevention, while protecting long-term
environmental stability in the agro-ecosystem (Majeed
et al., 2015). Plant growth-promoting rhizobacteria
(PGPR) are beneficial native and soil bacteria that
colonize the plant rhizosphere (Aktan and Soylu,
2020). PGPR inoculation of seeds or crops increases the
growth and yield of plants (Kumar et al., 2014). The
mechanisms of PGPR that fix nitrogen from the
atmosphere and supply the plant can be through the
synthesis of phytohormones and also phosphorous can
be made available to plants by the solubilization of
inorganic phosphate and by mineralization of organic
phosphate (Zhang et al., 2018). Phosphorus (P) is one
of the significant major elements for biological growth
and improvement (Bhat et al., 2017), but the
concentration of soluble P in soil is generally very low
because of different chemical reactions, especially in
arid and semi-arid soils (Sharma et al., 2013). The
largest reserves of phosphorus are rocks and other
deposits like basic apatites and another primary
elements (Lompo et al., 2018). Agricultural lands hold
major reserves of phosphorus, a important part of
which has accumulated as a result of the regular use
of P fertilizers (Cruz-Paredes et al., 2017). Different
researchers have investigated the ability of various
bacterial types to solubilize otherwise insoluble
inorganic phosphate compounds, like rock phosphate,
hydroxyapatite, dicalcium phosphate and tricalcium
phosphate (Khan et al., 2010).

The number of phosphate solubilizing bacteria (PSB)
is not adequately high enough to compete with
different bacteria usually situated in the rhizosphere
(Duman and Soylu, 2019). Therefore,the volume of P
liberated by them is usually not enough for a
significant rise in plant growth. Thus, inoculation of
plants with a PSB at a very higher concentration than
can generally be found in the soil is required to take
advantage of the characteristics of phosphate
solubilization for plant crop increases (Rodriguez and
Fraga, 1999). In this study, potential PSB were
isolated from the rhizosphere of healthy onion plants
growing in surveyed fields located in Amasya. All
strains were tested for their in vitro P solubilizing
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potential using broth and solid National Botanical
Research Institute Phosphate (NBRIP) containing
tricalcium phosphate (TCP). The 15 highest
phosphorus solubilizing bacterial strains were
identified with biochemical tests and the BIOLOG
GEN III system. In addition to identification studies,
the strains were tested for their ability to promote
growth under greenhouse conditions in onion plants.
The effects of PGPR strains on plant-growth
parameters were statistically compared to each other
and ISR 2000 was used as a commercial plant
activator.

MATERIALS and METHODS
Isolation and Identification of PSB

Soil samples were collected from the onion plant’s
rhizosphere from certain fields of Amasya in Turkey.
The soil samples were placed on blotting paper and
kept at 25°C. From that dry soil, 10 grams were put in
250 ml erlenmeyer flasks and 90 ml of sterile pure
physiological saline solution (0.85%) was added to
them. The erlenmeyers were shaken for 30 minutes in
a shaker. Half a milliliter of suspension and 4.5 ml of
pure physiological saline solution was added to 10 ml
tube vials and shaken for 1 minute. Up to 107 dilution
was achieved by a serial dilution method. An 100 pl
aliquot of this suspension was spread on to plates with
solid NBRIP growth medium containing (g 1'): 10 g of
glucose, 5 g of Cas(PO4)s, 5 g of MgCls-6H20, 0.25 g of
MgSO4-7H20, 0.2 gof KC1, 0.1 g of(NH4)2S04 and 20 g
of agar. (Nautiyal, 1999). The dishes were incubated at
25°C for 1 week and P solubilizing strain colonies with
a clear zone were consired positive for phosphate
solubilization. The index of phosphate solubilization
was determined by using the following formula
(Premono et al., 1996).

SI(Solubilisation Index)= total diameter (colony + halo
zone)/colony diameter

At the same time these phosphate solubilizing strains
were tested for their in vitro phosphate solubilizing
features in NBRIP broth medium ((g 11): 10.0 g of
glucose, 10.0 g of tricalcium phosphate (TCP), 5.0 g of
MgCl2.6H:=0, 0.25 g of MgS04.7H20, 0.2 g of KC1, 0.1 g
of (NH4)2S04). The quantitative measurement of
phosphate solubilization was carried out using 15 ml
test tubes containing 10 ml of NBRIP growth medium
freshly inoculated with 0.1 ml of each strain of PSB.
Incubation was done at 27°C in an incubator shaker at
125 rpm for 7 days. The tubes were then centrifuged at
10.000 rpm for 15 minutes and the supernatant of each
culture was analyzed for phosphate concentration in
ppm by using the by Barton (1948) method. Among the
phosphate solubilizing strains, thirteen strains with
the highest P solubizing potential in NBRIP broth
medium and two strainswith the highest SI were
selected for use 1n vivo pot experiments. The 15 strains
were 1dentified by using the BIOLOG GEN III
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(BIOLOG 21124 Cabot Blvd.Hayward, CA 94545)
identification system.

Pathogenicity Test and Biochemical Features of PSB

The pathogenicity tests were performed according to
by Moragrega et al. (2003), with in vivo methods. PSB
strains grown in Nutrient broth(NB) at 27°C for 72
hours were centrifuged for 5 min. at 10.000 rpm and
the pellet was adjusted in sterile distilled water to a
concentration of approximately 1x10¢ CFU ml- 1.
Bacterial suspensions of about 20 pl were injected into
the onion bulb stems using a sterile needle. Sterile
water was used as a negative control and Erwinia
chrysanthemi which is the agent of soft rot for onion
was used as a positive control (Dadasoglu and Kotan,
2017). In both pathogenicity tests, all treatments were
carried out in triplicate. Onion materials were kept at
27°C in a mist chamber and disease development was
assessed up to 1 weeks. The selected 15 PSB bacterial
strains were identified by biochemical tests including
LOPAT tests (levan production, oxidase reaction,
potato soft rot, arginine dihydrolase, tobacco
hypersensitivity) according to methods previously
described by Schaad et al. (2001).

Preparing the Soil and Pot Experiment

Soils for the experiment were collected in from the
Amasya region. Soil samples were taken from a depth
of 30 to 35 cm deep from barren land for phosphorus
analysis before the study. Phosphorus analysis of the
soil samples was done to determine the amount of
soluble phosphorus in the soil. The pot experiment soil
was prepared to the phosphorus-poor soil with 5% rock
phosphate, manure and sand (vol/vol 1:1:1, pH of 7.0) .
The onion seeds were inoculated with fifteen high ratio
PSB strains. The PSB strains were grown in 15 ml
tubes in nutrient broth (NB) on a rotating shaker (125
rpm) for 24 hours at 27°C. The tubes were centrifuged
at 10.000 rpm and the supernatant was removed from
the precipitate. The density of the PSB strains was
adjusted to 0.3 absorbance at a wavelength of 600 nm
with sterile physiological saline solution using a
spectrophotometer to 108 CFU(Colony Forming
Unit)/mL. One to two drops of Tween 80 were added to
the suspension to prevent the clustering of the bacteria
and to ensure a homogeneous distribution. The PSB
strains were used as onion seed treatments. The onion
seeds were surface sterilized with an 0.1% solution of
NaClO(sodium hypochlorite) for 2.5 minutes and
rinsed completely with sterile water and air dried on
sterile filter paper. The onion seeds (5 g were
inoculated while keeping in 50 ml of each PSB strains
for 12 hours (Ramamoorthy et al., 2002). While
negative control experiment seeds were not inoculated,
the positive control was inoculated with commercial
plant activator ISR 2000 (Lactobacillus acidophilus +
yeast extract + plant extract + benzoic acid). For each
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treatment, five replicates from one onion plant were
grown in 20 cm diameter pots. The study was done in
a greenhouse with an average temperature of 27°C,
humidity of about 55 % and a photoperiod of about 12
to 13 hours of daylight. Six months later, the onions
were collected from the pots and the bulb diameter,
root length, plant height, number of leaves, and the
weights of fresh and dry onion bulb were determined
for each application.

Statistical Analysis

The quantitative data on onion growth were
statistically compared to each other with analysis of
variance using the SPSS 20 (Statistical Package for
Social Sciences) software program. Treatment means
were compared using the Duncan’s Multiple Range
Test at p<0.05.

RESULTS and DISCUSSION
Isolation and Identification of PSB

For use in research, 269 potential PSB strains were
obtained from a healthy onion rhizosphere region. In
vitro studies of the P solubilization index of PSB
strains are defined to be between 1.3 to 5.1 on NBRIP
agar medium. However, in the NBRIP broth medium a
rate of 19.3 to 382.5 uyg ml-! was detected.Among the
PSB strains, fifteen PSB strains having the highest P
solubizing potential strains (three on NBRIP agar
medium and twelve on NBRIP broth medium) were
selected to use for the in vivo pot experiments. The 15
bacterial strains were identified as FEnterobacter
cloacae(7), Bacillus atrophaeus(2), Bacillus subtilis(2),
Yersinia intermedia, Bacillus pumilus, Lysinibacillus
sphaericus and Pantoea agglomerans by using LOPAT
tests, Gram tests and BIOLOG profiling (Table 1).

The Pathogenicity Test and Biochemical Features of
PSB

The PSB bacterial strains isolated from the onion
rhizosphere exhibited different pathogenicity results
on sensitive Kantartopu onion accessions. The Erwinia
chrysanthemi reference strain caused typical onion rot
symptoms on the onion bulbs (watery tissue, necrotic
lesions) and was the most pathogenic of the strains
tested. In the pathogenicity tests, all selected PSB
strains showed negative pathogenicity on onion bulbs.
The selected PSB bacterial strains that were isolated
from the onion rhizosphere and classified by the
LOPAT tests exhibited diverse results. As a result of
the lopat test,seven strains of Enterobacter cloacae,
Pantoea agglomerans and Yersinia intermedia strains
resulted in LOPAT (+,—,—,+,—), while two strains of
Bacillus subtilis, Bacillus pumilus, Lysinibacillus
sphaericus and two strains of Bacillus atrophaeus
strains  resulted in  LOPAT (-,——+-). Al

’

Enterobacter cloacae and Pantoea agglomerans strains
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were Gram negative except for Bacillus sp. strain
which were Gram positive. All PSB were oxidase,
potato soft rot and tobacco hypersensitivity negative,
at the same time, all PSB showed arginine dihydrolase

positive characteristics. The results of the levan
production test showed that Enterobacter cloacae and
Pantoea agglomerans were negative while Bacillus sp.
was positive (Tablel).

Table1.BIOLOG profiling andLOPAT tests analyses of selected P solubilizing PGPR strains
Cizelgel. Secilen P ¢oziici PGPR izolatlarinin BIOLOG test profili ve LOPAT test analazi

PGPR N P solubising Gram test LOPAT tests results (LOPAT test
strains BIOLOG profiling (P i PSI e sonucw)
(PGPR (BIOLOG profili) gozme ram
inolatlary) potansiyeli) ppm testi) L 0 P A T
C- - - - - -
0B-169 Enterobacter cloacae 382.5+2.1 1.4 + +
EB-14 Enterobacter cloacae 337.6+0.7 1.6 + +
EB-15 Pantoea agglomerans 321.9+4.3 1.9 + +
EB-21 Yersinia intermedia 316.9+3.3 2.7 + +
HB-234 FEnterobacter cloacae 304.4+2.5 1.8 + +
HB-230 FEnterobacter cloacae 298.7+2.3 2.1 - + +
HB-207 Bacillus subtilis 295.8+3.7 1.7 + - +
HB-204 Enterobacter cloacae 282.1+3.2 1.7 - + +
HB-228 Bacillus pumilis 281.3+2.8 1.6 + +
AZB-64 Lysinibacillus sphaericus 278.8+7.3 1.9 + +
ZEB-94 Enterobacter cloacae 259.4+7.9 5.1 - + +
EB-38 Enterobacter cloacae 265.5+4.9 4.8 - + +
MK-252 Bacillus subtilis 243.8+3.0 4.5 + - +
iB-162 Bacillus atrophaeus 258.8+4.7 1.4 + +
MK-262 Bacillus atrophaeus 247.84+2.5 1.9 + - - - +

C: control (pure water), PGPR:Plant growth promoting rhizobacteria, NBRIP: National Botanical Research Institute's
phosphate growth mediums :phosphates solubilizing index, LOPAT: Levan, Oxidase, Potato soft- rot, Arginine dehydrolase,

Tobacco hypersensitivity

Effect of PSB on Onion Growth
Onion plant height

Pot tests were performed to determine the effects of P
solubilizing strains on onion plant growth. Plant
height ranged from 16.3 to 26.1cm. Among tested
strains, nine PSB (EB-14, OB-169, EB-15, IB-162, MK-
252, HB-204, HB-234, MK-262 and HB-228)
significantly stimulated plant growth of 14.8 to 38.8%
in comparison to the control experiment. In contrast,
five strains (AZB-64, HB-207, ZEB-94, EB-38, EB-21)
showed reducing plant height, it was not statistically
significant according to the control. The stimulation of
plant height was statistically observed, with EB-14,
OB-169 and EB-15 higher in comparison to ISR 2000
(Table 2).

Number of onion leaves

The inoculation of seeds with PSB also affected the
number of onion plant leaves. The onion leaves ranged
from 2.3 to 4.8 cm. Onion leaves were stimulated 3 to
70%. The application of AZB-64 reduced onion leaf
numbers by 2.3%, but this application did not differ
significantly according to the negative control. Among
the PSB, three strains: EB-1, OB-169 and EB-15 were
found to be more statistically significant (50 to 70%)
than other bacterial strains and the negative control
with regard to the growth in numbers of leaves.
Moreover, the EB-14 and OB-169 strains significantly

affected the number of leaves compared to ISR 2000
(p<0.05) (Table 2).

Onion bulb diameter

The diameters of the onion bulbs was also affected by
PSB inoculation. Onion bulb diameter ranged from 3.1
to 5.1 cm. All strains stimulated onion bulb growth by
6.4 to 64.5% compared to the growth of a non-
inoculated control bulb. Eleven PSB strains (EB-14,
OB-169, EB-15, iB-162, MK-252, HB-204, HB-234,
MK-262, HB-228, HB-230, EB-21) significantly
increased onion diameter compared to the to negative
control by 25.8 to 64.5%. Additionally, six strains (EB-
14, OB-169, EB-15, IB-162, MK-252 and HB-204)
significantly stimulated onion bulb growth (45.1 to
64.5%) compared to ISR 2000 (p< 0.05) (Table 2).

Average root length

All PSB strains increased the onion root length
compared to the negative control inoculation. The
average onion root length ranged from 3.8 to 5.5 cm.
Root length was statistically affected by six strains
(EB-14, OB-169, EB-15, iB-162, MK-252, HB-204) in
comparison to the negative control, whereas other PSB
treatments did not show a significant increase.
However, the strains EB-14, OB-169, MK-252 and EB-
15 showed significant increases of 36.8 to 44.7% over
inoculation with ISR 2000 (p< 0.05) (Table 2).
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Table 2.The effect of phosphate solubilizing PGPR strains on onion growth
Cizelge 2. Fostat ¢oziicii PGPR 1zolatlarinin sogan gelisimi lizerine etkisi

Treatment Plant height Effect I\{sggir Effect dif?;gzer Effect
(Bitki yiiksekligi)  (Etki) (E'tki) (Etki)
(Uygulamalar) (em)+ SD o (Yaprak o (Yumu ¢ap1) y
em ? sayis1)) = SD ’ (cm) + SD ’
C(Negative control) 18.8+2.1de - 3+0.8de - 3.1+0.14¢
ISR 2000(Positive control) 22.5+2.7bc 19.6 4:£0.6abcd 33.3 3.9+0.3¢ 25.8
Enterobacter cloacae EB-14 26.1+£2.42 38.8 4.8+0.42b 60 5.1+0.32 64.5
Enterobacter cloacae OB-169 26+ 1.7 38.2 5.1+0.72 70 5.0+0.8abc 61.2
Pantoea agglomerans EB-15 25.5+2.12 35.6 4.5+0,8abe 50 5.0+0.72b 61.2
Bacillus atrophaeus IB-162 24.6+1.92b 25 4.3+1.3abcd 43.3 4.5+0.4¢cd 45.1
Bacillus subtilis MK-252 22.6+4,1be 20.2 4:£1.09abed 33.3 4.5+0.4¢d 45.1
Enterobacter cloacae HB-204 22.3+1.8bc 18.6 3.5+1.(Qbcde 16.6 4.5+0.5¢d 45.1
Enterobacter cloacae HB-234 22,142 4be 17.5 3.3+1.2¢de 10 4.0+0.3de 29
Bacillus atrophaeus MK-262 21.8+1.7be 15.9 4.1+1.4abcd 36.6 4.0+0.44de 29
Bacillus pumilis HB-228 21.6£2.0¢ 14.8 3.1+0.7cde 3 3.9+0.3¢ 25.8
Enterobacter cloacae HB-230 21+1.7de 11.7 4.1+1.8abed 36.6 3.8+0.4¢f 22.5
Yersinia intermedia EB-21 18.6+1.7de -1 3.5+0.5bcde 16.6 3.7+0.2¢f 19.3
Enterobacter cloacae EB-38 16.8+2.1¢ -10.6 3.3+1.2¢de 10 3.7+0.4°fe 19.3
Enterobacter cloacae ZFEB-94 16.8+1.8¢ -10.6 3.1+0.8de 3 3.5+0.2¢fe 12.9
Enterobacter cloacae HB-207 16.6+2.0e -11.7 3.6+1.5bcde 20 3.3+0.31¢ 6.4
Lysinibacillus sphaericus AZB-64 16.3+1.8¢ -13.2 2.3+0.5¢ -23.3 3.3+0.3f¢ 6.4
Bulb wet .
T Average Root  pe o yeight  Effect Db Aty weight pee o
reatment length (Etki) (v (Etii) (Yumru kuru (Eti)
(Uygulamalar) (Kék uzunlugu) : wmrd yag L agirligy) ’
Vg £ 0 0 811 0
(em) +SD % agirhigr) % @ +SD %
(g) +SD
C(Negative control) 3.8+0.3¢ - 17+1.5¢ - 12.8+0.7¢ -
ISR 2000(Positive control) 4.5+0.4¢d 18.4 19.1+0.9¢d 12.3 15.1+0.7¢cd 17.9
Enterobacter cloacae EB-14 5.1+0.63b 34 22.8+1.4a 34.1 17.6+1.32b 37.5
Enterobacter cloacae OB-169 5.3+0.423b 39.4 22.3+2.52 31.1 18+1.62 40.6
Pantoea agglomerans EB-15 5.5+0.42 44.7 22.1+1.12 30 17.6£1.32b 37.5
Bacillus atrophaeus IB-162 4.9+0.4be 28.9 21.1+1.62b 27 17+1.4abc 32.8
Bacillus subtilis MK-252 5.2+0.2ab 36.8 21.3+1.2ab 25.2 17+1.9abe 32.8
Enterobacter cloacae HB-204 4.8+0.5b¢ 26.3 21.3+£1.02b 25.2 17.8+1.32 39
Enterobacter cloacae HB-234 4.2+0.2de 10.5 20£1.7be 17.6 15.6+2bcd 21.8
Bacillus atrophaeus MK-262 4.4+0.4¢cd 15.7 19.8+0.7bc 16.4 15.5+1.6¢d 21
Bacillus pumilis HB-228 4.2+0.5de 10.5 18.6+1.5¢de 9.4 14.6+1.7de 14
Enterobacter cloacae HB-230 4.2+0.44de 10.5 18.3+1.7cde 7.6 13.5+2de 5.4
Yersinia intermedia EB-21 4.1+0.4de 7.8 18.1+1.1cde 6.4 13.5+1.3de 5.4
Enterobacter cloacae EB-38 4.240.2de 10.5 1841.7cde 5.8 14.6+14de 14
Enterobacter cloacae ZEB-94 3.9+0.3¢ 2.6 17.6+1.9de 3.5 13+2e 1.5
Enterobacter cloacae HB-207 440.2de 5.2 17.6+2.2de 3.5 14.1+1.64e 10.1
Lysinibacillus sphaericus AZB-64 3.9+0.4¢ 2.6 17.5+1.8de 2.9 12.8+2.4¢ 0

C: seeds infested with water ,ISR 2000: Lactobacillus acidophilus + yeast extract + plant extract + benzoic acid (Improcrop).
Values are means of five replicates, Mean values (mean + Standard Deviation) sharing the same letter do not differ
significantly by Duncan’s Multiple Range Test at p < 0.05.

Bulb fresh and dry weight increased the growth in the fresh and dry weights of
Onions inoculated with PSB strains increased the Fhe bulb by 16.4 to 34.1% compared to the non-
fresh and dry weight of their bulbs at different rates. inoculated control plant. When the growth results were

The eight PSB strains (EB-14, OB-169, EB-15, IB-162, compared with the ISR 2000, six strains (EB-14, OB-
MK-252, HB-204, HB-234 and MK-262) significantly 169, EB-15, IB-162, MK-252 and HB-204) there was a

1088



KSU Tarim ve Doga Derg 24 (5): 1084-1092, 2021
KSU J. Agric Nat 24 (5): 1084-1092, 2021

Aragtirma Makalesi
Research Article

significant increase in fresh weight, at the same time,
strains EB-14, OB-169 and EB-15 significantly
increased dry weight compared to ISR 2000 (p<0.05)
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(Table 2). The effect of PSBs on all parameters on onion
growth is also given in Figure 2.
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Figure 2. Influence of PSB strains (A:Negative control, B: Bacillus subtilis MK-252, C: Enterobacter cloacae (OB-169) on onion

plant height performance. Influence of PSB strains (D: Enterobacter cloacae EB-14, E: Pantoea agglomerans EB-15,

F :Negative control) on the number of onion plant leaves, Influence of PSB strains (G:Negative control, H: Bacillus

subtilis MK-252, J:ISR 2000) on onion bulb diameter, Influence of PSB strains (K:Negative control, L: Bacillus
pumilus HB-228, M: Pantoea agglomerans EB-15) on average onion root length

Sekil 2.PSB izolatlarin sogan bitki boyuna etkisi(A:Negatif kontrol, B’ Bacillus subtilis MK-252, C: Enterobacter cloacae (OB-

169). PSB izolatlarin sogan yaprak sayisina etkisi((D: Enterobacter cloacae EB-14, E-Pantoea agglomerans EB-15,

F:Negatif kontrol. PSB izolatlarin sogan yumru ¢apina etkisi(G-Negatif control, H: Bacillus subtilis MK-252, J:ISR

2000). PSB izolatlarin sogan kék uzunluguna etkisi(K-Negative control, L’ Bacillus pumilus HB-228, M: Pantoea

agglomerans EB-15)

DISCUSSION

PSB colonize at the plant roots and shows useful
effects on plant growth and development through a
large diversity of methods. The specific mechanism by
which PGPR induces plant growth is not clearly
established, while different theories, such as the
production of IAA, repression of destructive organisms,
solubilization of phosphates and a rising mineral
uptake are generally believed to be related (Luduefia
et al., 2018). P is one of the important nutrients for
plants. Most of the P in the soil is insoluble and cannot
be used by the plants (Richardson, 2001). In this study,
PSB strains were evaluated for their effects on onion
growth. Phosphate solubilizing strains form a large
zone on NBRIP agar medium. However, some of the
strains did not produce large halo zones on an agar
plate. This is possibly because of the diverse diffusion
proportion of diverse organic acids secreted by the
PSB. Therefore, the PSBs were also screened in NBRIP
broth medium to calculate their phosphate solubilizing
efficiency. Thus, the phosphate solubilizing feature of
microorganisms were easily identified. Similar to the
present study, it has also been reported that phosphate
solubilization of microorganisms are different for
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isolated and distinct locations. Recently endophytic
and epiphytic plant growth promoting bacteria (PGPB)
were isolated from healthy almond trees and plant
growth promoting mechanisms were characterized. By
using MALDI-TOF analyses, 19 Gram-negative

isolates, belonging to Serratia, Pseudomonas,
Ochrobactrum and Enterobacter genus and 26 Gram-
positive isolates, Dbelonging to Bacillus and

Arthrobacter genus were identified (Aktan and Soylu,
2020). In their study, 46 isolates were positive for
siderophore production, 45 isolates for ammonium
production, 35 isolates solubilized phosphorus varying
ratios, and all isolates produced IAA. For the study
were used solid and liquid medium, and the phosphate
solubilizing ability of microorganisms were detected in
a range from 80 to 100 ppm (Audipudi et al., 2012). In
another study, the isolation of PSB was done using
Pikovskaya’s agar. In this study, thirty-two strains
were inoculated on Pikovskaya’s agar plates to
evaluate the P solubilization index (PSI). Researchers
calculated the SI of PSB strains ranging from 1.8 to 5.0
(Alia et al., 2013). The beneficial effect of PSBs in
providing sufficient levels of mineral nutrients,
particularly P, in crop production has been formally



KSU Tarim ve Doga Derg 24 (5): 1084-1092, 2021
KSU J. Agric Nat 24 (5): 1084-1092, 2021

Arastirma Makalesi
Research Article

reported. Verma et al. (2015), reported on the PSB
Enterobacter, Pantoea, Azotobacter, Burkholderia,
Citrobacter, Pseudomonas and DBacillus in wheat.
There have been investigations of bacteria belonging to
genus Bacillus, Enterobacter, Pseudomonas, Serratia
that solubilize the otherwise insoluble P compounds
and increase plant growth (Hameeda et al., 2008;
Duman and Soylu, 2019). They observed that five
inoculated bacterial strains with PSB and other PGPR
traits increased the plant biomass by 20 to 40% under
greenhouse conditions. Suri and Choudhary (2013),
state that application of PSB improved the
productivity, protein content, and nutrient uptake in
soybean (Glycine max).Telek et al.(2019), also reported
the effects of rhizobacteria were found favorable on
such characteristics as fruit seeds fresh weight, fruit
seeds dry weight, and fruit flesh fresh weight, fruit
flesh dry weight, fruits wet weight and root length.
Biswas et al. (2018), showed that the PSB strains
Bacillus megaterium (MF589715), Staphylococcus
haemolyticus (MF 589716) and Bacillus licheniformis
(MF 589720) sterilized seeds of mung beans (Vigna
radiata), and indicated a greater germination ratio and
a higher growth under bacterium-enriched conditions.
Duman and Soylu (2019) recently conducted a study
for determination of plant growth-promoting traits
(such as TAA, phosphate solubilization) and
antagonistic potentials (such as siderophore and
ammonia productions) of endophytic plant growth-
promoting bacteria (PGPB) from healthy bean plants
growing in different regions of Turkey against
bacterial halo blight disease agent Pseudomonas
syringae pv. phaseoli in vitro conditions. Among the
tested antagonist bacterial isolates, 10 isolates were
positive for the production of a-amylase, 7 isolates
positive for phosphate solubilization, 29 isolates
positive for siderophore production, 11 isolates positive
for protease production. Among the bacterial isolates,
Acinetobacter calcoaceticus produced a relatively large
amount of phosphatase by forming inhibition zones.
The increasing growth of onion caused by PSB found in
this study is in agreement with the findings of Gupta
et al., (2012). In their work, they investigated the effect
of four PSB on the growth of Aloe barbadensis in soil
containing tricalcium phosphate (TCP). Researchers
determined that the PSB: Serratia marcescens,
Enterobacter hormaechei, Burkholderia gladioli and
Pseudomonas synxantha, increased P solubilization by
25 t0 340 ppm in the liquid medium. Inoculation of PSB
increased leaf length by 39.5%, root length by 31.1%
and the total number of leaves by 48.1% in comparison
to the control plants. In this research, PSB strains
were found to be effective solubilizers of phosphates.
The ability of PSB strains to solubilize otherwise
insoluble P and convert it to a form available to plant
is an important characteristic under conditions where
P is a limiting factor for plant growth (Zhang et al.,
2012). Due to high antagonistic properties, efficient
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isolates of Bacillus spp. may be used as biocontrol
agent against soilborne diseases as an alternative to
pesticides to promote organic and sustainable
agriculture (Soylu et al., 2020).

CONCLUSION

The study results clearly demonstrated the potential of
P solubilizers on onion plant growth. However, further
research 1s needed to understand the specific
mechanisms involved in the positive effects of PSB on
onion growth under field conditions.
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OZET Aragtirma Makalesi
Bu calismada koék-ur nematodlarimin Bati Karadeniz Bolgesi kivi

bahgelerindeki  yayginlik ve  yogunluklarimin  belirlenmesi Makale Tarihgesi
amaclanmistir. Bu amacla 2015 ve 2016 yillarinda Diizce (2), Gelig Tarihi
Zonguldak (3) ve Bartin (3) illerinde sekiz kivi bahcesinden kék ve Kabul Tarihi

toprak érnekleri alinmigtir. DNA ikinci dénem larvalardan ekstrakte
edilmig, ClearDetections firmasina ait M. tropical spp., M. hapla ve

Anahtar Kelimeler

M. enterelobii real-time primerleri ve Meloidogyne spp. universal Strvey

MF/MR primerleri molekiiler teghislerde kullamilmigtir. Calisma Toprak 6rneklemesi
sonucunda, bahcelerden %50’sinin Meloidogyne spp. ile bulasik Teshis

oldugu ve Bartin ve Zonguldak illerinden birer bahc¢enin M. incognita, M. incognita
Zonguldak ilinden bir bahg¢enin M. hapla ve Diizce ilinde bir bah¢enin M. hapla

ise hem M. incognitahem de M. haplaile bulagik oldugu saptanmistir.
Bahgelerdeki popilasyon yogunlugunun 31-252 J2/100 g toprak
arasinda degistigi ve en yiuksek populasyon yogunlugunun Bartin ili
Yanaz Koyunde agustos ayinda 252 J2/100 g toprak oldugu
belirlenmisgtir.

ABSTRACT
Objective of this study was to determine the prevalence and density of
root-knot nematodes in kiwi orchards in the Western Black Sea

Distribution And Occurrence of Root-Knot Nematodes (Meloidogyne spp.) in Kiwi Orchards in Western
Black Sea Region

Research Article

Article History

Region. For this purpose, root and soil samples were taken from eight Received
kiwi orchards in Diizce (2), Zonguldak (3), and Bartin (3) provinces in Accepted
2015 and 2016. Genomic DNA of the nematodes was extracted from

second stage juviniles (J2), and ClearDetections’s real-time primers Keywords
were used for identification of M. tropical spp., M. hapla and M. Su.rvey )
enterelobii and specific universal MF / MR primers were used for Soil s:ar'npl?ng
molecular identifications of Meloidogyne spp. As a result of the study, Idet}tlflcat}on
50% of the orchards were infected with Meloidogyne spp. It was % Z;C;)imta

determined that one orchard from each of Bartin and Zonguldak were
infected with M. incognita, one orchard from Zonguldak with M. hapla
and one orchard in Diizce with both M. incognita and M. hapla. It was
determined that the population density in the orchards ranged
between 31-252 J2/100 g soil and the highest population density was
found as 252 J2/100 g soil in august in Yanaz Village of Bartin.

Atif Icin:  Evlice E, Ozdemir E 2021. Bat1 Karadeniz Bolgesi Kivi Bahgelerinde Kék-Ur Nematodu (Meloidogyne spp.)
Yayginlig1 ve Yogunlugu. KSU Tarim ve Doga Derg 24 (5): 1093-1099. DOI: 10.18016/ksutarimdoga.vi.846406.
To Cite: Evlice E, Ozdemir E 2021. Distribution and Occurrence of Root-Knot Nematodes (Meloidogyne spp.) in Kiwi
Orchards in Western Black Sea Region. KSU J. Agric Nat 24 (5): 1093-1099. DOI: 10.18016/ksutarimdoga.vi.
846406.
GIRIS diinyaya Yeni Zelanda’dan yayilmistir (Schroeder ve

Fletcher, 1967). Giniimiizde kivi yetistiriciligi basta
Cin, Yeni Zelanda, Italya, Sili, Yunanistan ve Tiirkiye
olmak tiizere i1liman-tropik iklime sahip dinyanin
farkli bolgelerinde yaygin olarak yapilmaktadir
(Carlos, 2014). Tiirkiye'de kivi {iretimi 1988 yilinda

Kivi (Actinidia chinensis Planch), meyvesi taze olarak
tuketildigi gibi pasta, kek, dondurma, recel, marmelat,
konserve ve c¢ay olarak da tliketilmekte ve
kullanilmaktadir. Anavatani Cin olan kivi tim
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Yalova’'da yapilan adaptasyon denemeleri ile baglamig
olup ilerleyen yillarda basta Yalova yoresi ve
Karadeniz Bolgesinde olmak lizere hizla artmis ve
yayginlasmistir (Kahraman ve Dardeniz, 2019).
Gunimiuzde 2990 ha alanda 61.920 ton tUretime sahip
olan Tirkiye, tretim miktar1 agisindan diinyada
yedinci sirada yer almaktadir (FAO, 2018).

Bitki paraziti nematodlar, diinya genelinde tarimsal
uretimde bir¢ok triinde ciddi kayiplara yol actiklar:
sekilde kivi iiretimini de tehdit etmektedir (El-Borai
ve Duncan, 2005; McKenna ve ark., 2009; McKenry,
2016). Kivide zarar yapan bitki paraziti nematodlar
icerisindeki en 6nemli grup ise kok-ur nematodlar
(Meloidogyne spp.) olarak bilinmektedir (Cabrera ve
El-Borai, 2018). Bugiine kadar kivide zarar yapan M.
incognita (Kofoid & White, 1919) Chitwood, 1949, M.
arenaria (Neal, 1889) Chitwood, 1949, M. hapla
Chitwood, 1949, M. javanica (Treub, 1885) Chitwood,
1949, M. ethiopica Whitehead, 1968, M. aberrans
Tao,Xu, Yuan, Wang, Lin, Zhuo & Liao, 2017, M.
actinidiae Li ve Yu, 1991 olmak tizere yedi tiir tespit
edilmistir (Vovlas ve Roca, 1976; Haygood ve ark.,
1990; Li ve Yu, 1991; Philippi ve ark., 1996; Carneiro
ve ark., 2004; Tao ve ark., 2017).

bitkisinde

Turkiye'de kivi zarar yapan kok-ur

nematodlar ile ilgili yapilan ¢calismalar Ordu ili ile
sinirli kalmig olup, bu ilde kivi yetistiriciligi yapilan
alanlarda M. incognita, M. arenariave M. hapla tiirleri
tespit edilmistir (Akyazi ve Felek, 2013a, Akyazi ve
ark., 2017).

Bu c¢alisma ile kivi yetistiriciliginin son yillarda
giderek arttigt Bati Karadeniz Boélgesi Diizce,
Zonguldak ve Bartin illeri kivi bahgelerindeki kék-ur
nematodlarinin tespiti, yayginlik ve yogunluklarinin
belirlenmesi amag¢lanmigtir.

MATERYAL ve METOD
Toprak Orneklemesi

Kivi bahgelerinde énemli bitki paraziti nematodlari
belirlemek amaciyla 2015 yil1 agustos ayinda ve 2016
yili1 ekim ayinda yapilan ¢aligmalarda Bartin ilinden 3,
Diizce ilinden 2 ve Zonguldak illinden 2 olmak tizere
toplam 8 kivi bahgesinden toprak ve bitki kok
ornekleri alinmistir (Cizelge 1). Toprak ve kok
orneklerini almak amaciyla bahcelerde dikili kivi omca
siralar1 aralarinda zikzak seklinde bir yol izlenerek
kivi omcas1 ta¢ izdisiminin 5 ayr1 noktasindan
toprak sondasi yardimiyla 0-30 cm’den toprak ve kok
ornekleri alinmigtir.

Cizelge 1. Calisma kapsaminda 6rnekleme yapilan kivi bahgeleri
Table 1. Kiwi gardens sampled within the scope of the study

Ornek No IIge/Koy Koordinat Erisim Numaralari

Sample No _ Province / District / Village Coordinate Accession Numbers

B1 Bartin / Merkez /Yanaz 41°34'56.75"N 32°25'0.70"E MW174767

B2 Bartin / Merkez / Terkehaliller 41°33'59.80"N 32°23'46.07"E

B3 Bartin / Merkez / Ak¢ali 41°36'10.44"N 32°23'30.19"E

D1 Diizce / Akg¢akoca / Arabaci 41° 2'52.35"N 31° 5'37.85"E MW174768, MW186930

D2 Diizce / Yigilca / Nuhlar 40°54'39.82"N 31°14'24.22"E

Z1 Zonguldak / Alapl / Yesilyurt 41° 7'35.26"N 31°24'49.43"K MW174766

zZ2 Zonguldak / Alaph / Kabalar 41° 5'45.96"N 31°24'27.40"E

Z3 Zonguldak / Eregli / Elmaci 41°20'569.71"N 31°38'17.92"E MW186931
Nematodlarin Ekstraksiyonu ve Sayimi yumurta  paketlerinden  gergeklestirilen = DNA

Laboratuvara getirilen 6rneklerden alinan 200 g’lik alt
orneklerden 3 tekerriirli olarak “Modifiye Baerman
Funnel” yontemi kullanilarak nematodlar ekstrakte
edilmistir (Hooper, 1986). Elde edilen siispansiyonun
icindeki kok-ur nematoduna ait 2. dénem larvalar
sayllmigtir. Bu amagcla falcon tiip igerisinde en az 2
saat Dbekletilen suspansiyondan pastor pipetiyle
cekilerek gozlem kabina aktarilan alt orneklerde
sayim yapilmis ve bu igleme sayilacak nematod
kalmayana kadar devam edilmigtir. Sayim isleminde
invert mikroskop (Leica DMI 400B) kullanilmistir. Her
poptiilasyon i¢in 3 tekerriirden elde edilen Meloidogyne
spp. sayisinin ortalamasi alinarak 100 g topraktaki
ikinci dénem larva sayisi belirlenmigtir.

Kok-ur Nematodlarinin Teghisi
Laboratuvara getirilen urlu koklerden elde edilen
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ekstraksiyonu DNAeasy Tissue and Blood Kit (Qiagen,
Hilden, Germany) kullamilarak séz konusu kitlerin
protokoliine gére yapilmigtir. Real-time PCR
caligsmalarinda, ClearDetection  firmasmna  ait
Meloidogyne tropical spp. (M. incognita, M. javanica,
M. mayaguensis, M. ethiopica, M. arenaria, M.
floridensis, M. arabicida, M. morrociensi) (katalog no
RT-N-D-1302), M. hapla (katalog no RT-N-D-1310) ve
M. enterelobii (katalog no RT-N-D-1307) primerleri
kullanilmigtir. Kullanilan karigimin igerigi ve real-
time PCR kogullar1 ClearDetection firmasinin
protokollerine gore yapilmigtir. Buna gore 2 pl hedef
primer, 10 pl ClearDetection PCR mix, 3 pl PCR
enhancer ve 5 ul hedef DNA iceren toplam 20 pul
karisim hazirlanarak kullanilmigtir. DNA
amplifikasyonlar1 ise 95°C 3 dk enzim aktivasyonu,
95°C 10 sn, 63°C 60 sn, 72°C 30 sn 35 dongli ve
72—95°C 0.2-0.5°C olacak sekilde programlanan real-
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time PCR cihazinda (Roche 480)

gerceklestirilmigtir.

LightCycler

Real-time PCR ile pozitif sonug elde edilen 6rneklerde
28S rRNA D2D3 bélgesini ¢cogaltan Meloidogyne spp.

iniversal primerleri MF/MR (5'-
GGGGATGTTTGAGGCAGATTTG-3, 5'-
AACCGCTTCGGACTTCCACCAG-3) kullanilarak

PCR gergeklestirilmistir (Hu ve ark., 2011). PCR
reaksiyonu, her érnek icin, 6 pl of Master Mix (Solis
Biodyne), 0.5 pl of her primerden, 2 pl genomik DNA
ile 21 ul ddH20 karigtirilarak, toplamda 30 ul hacimde
gerceklestirilmigtir. DNA amplifikasyonlar: 94°C’de 2
da baglangi¢ denatiirasyonu, ve 94°C’de 30 sn, 64°C’de
30 sn, 68°C’de 1 da ve 35 dongliyli miiteakiben 72 °C’de
5 da sonlandirma olacak sekilde programlanan PCR
cihazinda (BioRad) gerceklestirilmistir. PCR {iriinleri
%1.5'luk agaroz jel hazirlanarak kosturulmus ve elde

loidog
Figure 1. Kiwi roots infected with Meloidogyne spp.

Sekil 1. Me

Calismada Meloidogyne spp. ile bulasik 4 bahceden
elde ikinci dénem larvalara ait DNA’larla yapilan real-
time PCR sonucunda; D1 popiilasyonu (Arabaci koyii)
(Tm: 86.68, Cp: 24.38), Z1 (Yesilyurt koyit) (Tm: 86.91,
Cp: 30.00) ve B1 (Yanaz koyi) (Tm: 86.70, Cp: 20.23)
koylerinden Meloidogyne tropical spp. primeriyle

Wihey buane

Research Article
edilen duriunlerde BM Laboratuvar Sistemleri
firmasindan hizmet alinarak sekans analizleri
gerceklestirilmistir. Sekans sonuglar1 Chromas

programinda manuel olarak edit edildikten sonra
Genbank’ta (NCBI, http://www.ncbi.nlm.nih.gov) ayr1
ayr1 BLAST yapilarak diger dizilerle karsilagtirilmig
ve tanimlanmalar1 yapilmigtir. Tanimlanan izolatlara
ait sekanslarin GenBank’a girigleri yapilarak ve
erisim numaralar1 alinmistir (Cizelge 1).

BULGULAR ve TARTISMA
Diizce, Zonguldak ve Bartin illeri kivi bahcelerinde
yapilan siirvey calismasi sonucunda 8 kivi

bahcesinden Bartin ve Diizce illerinde birer ve
Zonguldak ilinde iki adet olmak {tizere toplam 4
bahcenin kok-ur nematodu (Meloidogyne spp.) ile
bulasik oldugu belirlenmistir (Sekil 1).

(Meloidogyne tropical spp. pozitif kontrol Tm: 86.97,
Cp: 20.32), Z3 (Elmac1 kéyii) (Tm: 80.36, Cp: 22.24) ve
D1 (Arabaci kéyi) (Tm: 80.15, Cp: 30.00) koylerinde ise
M. hapla primerleriyle (M. hapla pozitif kontrol Tm:
80.44, Cp: 25.82) pozitif sonu¢ alinmistir (Sekil 2).
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Sekil 2. Kok-ur nematodu ile bulagik bulunan kivi bahcgelerine ait DNA’lar ile pozitif ve negatif kontrollerin
Meloidogyne tropical spp. (A) ve M. hapla primerleriyle (B) Real time PCR sonucu elde edilen melting

peakler

Figure 2. Melting peaks obtained as a result of Real-time PCR with the DNA of the root-knot nematode and the
positive and negative controls with Meloidogyne tropical (A) and M. hapla primers (B)

Meloidogyne spp.'ye spesifik MF/MR primerleriyle
yapilan PCR sonucunda dort 6rnekte de beklenildigi
sekilde yaklagik 500 bp bant gézlenmistir. Elde edilen
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dizilerin NCBI veri tabaminda yapilan BLAST
sorgulart sonucunda GenBank'ta kaydedilenlerden
karsilik gelen tirlerle % 98.56-99.77 nikleotid
benzerligine sahip olarak Z1 (Yesilyurt koyii) ve Bl
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(Yanaz koyii) popiilasyonlar1 M. incognita, 73 (Elmaci
koyii) popiilasyonu M. haplaolarak teshis edilirken D1
popiilasyonu (Arabaci kéyt) M. incognita ve M. hapla
olarak teshis edilmistir. S6z konusu kivi bahgelerinde
kok-ur nematodunun yani sira Pratylenchus spp.,
Pratylenchoides spp.-, Helicotylenchus spp.,
Ditylenchus spp., Coslenchus spp., Filenchus spp. ve
Aphelenchoides spp. cinslerine ait tirler oldugu
belirlenmigtir.

Bu sonucglara gore 6rnekleme yapilan 8 kivi bahgesi
acisindan kok-ur nematodu yayginlik orani %50 olarak
belirlenirken M. incognita yayginhig1 %37.5, M. hapla
yayginhgi ise %25 olarak belirlenmistir. Turkiye'de
kivi bahgelerinde bitki paraziti nematodlar agisindan
yapilmis az sayida ¢alisma bulunmaktadir. Akyazi ve
Felek (2013a) Ordu ili merkez ve ilcelerinden kok-ur
nematodu ile bulagsik bahgelerden alinan 17 6rnegin
tamamimin M. incognita ile bulagsik oldugunu
bildirirken bir diger ¢alismada ise Ordu ili Altinordu
ilgesinde bir bahcede M. hapla ve M. arenaria
tirlerinin tespit edildigini bildirmislerdir (Akyaz ve
ark., 2017). Ayrica gerek Yalova (kisisel goriisme Zir.
Yiik. Mith. Onur DURA, Atatiirk Bah.Kiil.Ars.Ens.)
gerekse de Mersin cevresindeki (kisisel goriisme Dr.
Refik BOZBUGA, Adana Biy.Miic.Ars.Ens.) kivi
bahgelerinde koék-ur nematodlarinin yayginligr ve
zarar1 her gecen giin artmaktadir. Ug tropikal tiir M.
incognita, M. arenariave M. javanica ile iliman tir M.
hapla major kok-ur nematodu tiirleri olarak kabul
edilmekte olup, bu dort turin yayginlik acisindan
yaklagik 100 tiri iceren Meloidogyne cinsinin
%99undan fazlasini olusturdugu bildirilmistir (Taylor
ve ark., 1982; Moens ve ark., 2009). Neredeyse kiiltiir
bitkilerinin tamaminda zarar yapan, tim dinyada
yaygin, son derece 6nemli obligat bitki patojenleri olan
kok-ur nematodlari, bitki paraziti nematodlar
igerisinde diinyada kivide zarar yapan tek nematod
grubudur (Cabrera ve El-Borai, 2018). Bugiine kadar
kivide zarar yapan yedi farkli nematod tiuri tespit
edilmis olup bu ¢alismada tespit edilen tiirlerden farkl

olarak Amerika, Brezilya, Cin, Iran, 1spanya ve Sili’'de
M. javanica, Brezilya, Sili ve Yunanistan’da M.
ethiopica, Cin’de M. aberrans ve M. actinidiae turleri
tespit edilmistir (Haygoog ve ark., 1990; Li ve Yu,
1991; Verdejo-Lucas, 1992; Philippi ve ark., 1996;
Maafi ve Mahdavian, 1997; Randig ve ark., 2004;
Cofcewicz ve ark., 2007; Conceicdo ve ark., 2012; Tao
ve ark., 2017).

Nematodlarin hizl ve giivenilir teghisi, dogru ve etkili
miicadelenin uygulanmasi ve karantina agisindan son
derece o6nemlidir. Koék-ur nematodlarimin klasik
teshisleri ikinci dénem larvalarin morfolojik ve
morfometrik karakterleriyle, disi bireylerin perineal
kesitlerine gore yapilmakta ve bu iglem hem tecriibe
istemekte hem de zaman almaktadir. Bu nedenle, kisa
stirede kesin sonug¢ veren molekiler yontemler her
gecen gin daha fazla kullanilmaktadir. Ayrica
gecmiste klasik yontemlerle yapilan bir¢ok kaydin
teshisi molekiiler yontemlerle yapilan yeni ¢alismalar
sonucunda degismektedir. Ik olarak 1980 yilinda
Amerika’nin Kuzeybat1 Pasifik bélgesinde teshis
edilen M. chitwoodi daha once M. hapla olarak teghis
edilirken (Golden ve ark., 1980) ayni tiir Hollanda’da
ise M. arenaria olarak teshis edilmistir (Brinkman ve
ark., 1994). Ulkemiz popilasyonlar1 ile ilk kez
kullanilan ClearDetection primeleri c¢alismada yer
alan popilasyonlar i¢in basarili sonug¢lar vermistir. Bu
sonuglar bu primerlerin tlkemiz Meloidogyne spp.
poptilasyonlarinin tanimlanmasinda
kullanilabilecegini géstermistir.

Kok-ur nematodu bulasiklig: tespit edilen bahcelere
ait bilgiler ve elde edilen ikinci dénem larva sayilari
Cizelge 2’de verilmistir. Calisma kapsamina giren
bahcelerde popiulasyon yogunlugunun 31-252 J2/100 g
toprak arasinda degistigi belirlenmis olup en yuksek
popiilasyon yogunlugu M. incognita ile bulasik
bulunan Bartin ili Yanaz koylindeki kivi bahcesinde
(B1) 252 J2/100 g toprak (Agustos 2015) olarak
belirlenmigtir.

Cizelge 2. Kok-ur nematodu tespit edilen bahceler ve Kék-ur nematodu yogunluklar: (Meloidogyne spp. J2/100 g

toprak)
Table 2. Gardens infested with root-knot nematodes, root-knot nematode species and densities (Meloidogyne spp.

J2/100 g soil)

Ornek No  IVlIge/Kiy Tir Agustos/August 2015 Ekim/October 2016

Sample No Province / District / Village Species J2/100 g toprak* J2/100 g toprak

J2/100 g soil ** J2/100 g soil

B1 Bartin/Merkez/Yanaz M. incognita 252 179

D1 Diizce/Akgakoca/Arabaci M. incognita, M. hapla 128 63

Z1 Zonguldak/Alapl/Yesilyurt M. incognita 31 86

Z3 Zonguldak/Eregli/Elmaci M. hapla 56 145

* Tkinci donem larva sayisi / 100 gram toprak
**Number of second stage larvae / 100 gram soil

Ordu ilinde M. incognita tespit edilen iki ayr1 kivi
bahgesinde yapilan popililasyon seyri calismasinda
popllasyon yogunluklarimin 12-213 ve 16-175 J2/100

cm? toprak olarak degistigi ve en ylksek popllasyon
seviyelerinin mart ayinda tespit edildigi bildirilmigtir
(Akyaz1 ve Felek, 2013b). Saks1 denemelerinde /.
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hapla'ya nispeten toleranshi bulunan Hayward
cesidinde (Philippi ve Budge, 1992) M. incognita irk
1'in ciddi buylime azalmasina neden oldugu ve tahmini
tolerans limitinin 0.43 yumurta+J2/ml toprak oldugu
bildirilmis olup (Di Vito ve ark., 1988) calismada kok-
ur nematodu ile bulasik bulunan bahgelerdeki
popilasyon seviyeleri bu yogunlugun tizerinde oldugu
belirlenmigtir.

SONUC ve ONERILER

Turkiye’de kivi tretimi son yillarda basta Yalova
yoresi ve Karadeniz Bolgesinde olmak tizere hizla
artarak yayginlagsmaktadir. Bugline kadar yapilan az
sayidaki calismada da gorilecegi tUzere kivi
yetistiriciliginde o6nemli diizeyde ekonomik zarara
neden olan kék-ur nematodlarinin kivi bahgelerindeki

yayginliginin  arttigt  ve popiilasyon seviyesinin
ekonomik zarar seviyesinin Uzerinde oldugu
belirlenmigtir. Bugiine kadar kivide kok-ur

nematodlarina dayanikli anac¢larin tespitiyle ilgili bir
bilgi bulunmamaktadir. Cabrera ve El-Borai (2018)
tarafindan ethoprophos ve fenamiphos aktif maddeli
nematisitlerin kabul edilebilir seviyede kontrol
sagladigi Dbildirilmekle beraber Turkiye'de kivide
ruhsatli nematisit bulunmamaktadir (Anonim, 2020).
Hali hazirda tesis edilmis ve Meloidogyne spp. ile
bulasik olan bahcelerde koék-ur nematodlarinin
konukgusu olan Ortici bitkilerin kullanimindan
kagimilmasi ve sulama sikliginin attirilmasi tavsiye
edilmektedir (McKenry, 2016). Ayrica bazi organik
giibrelerin, mal¢glamanin ve Dbiyolojik  kontrol
ajanlarmin kullaniminin kék-ur nematodunun kivi
agaclarinda meydana getirdigi zarari1 kontrol
edebildigine dair baz1 ¢aligmalar bulunmaktadir
(Verdejo ve ark., 1990; Cayrol ve ark., 1991; Gonzalez,
1993; Maccari ve ark., 1993). Sonuc olarak giiniimiiz
sartlarinda kivide kok-ur nematodu zararini azaltacak
micadele araci1 yok denenecek kadar az olup yapilacak
toprak analizleriyle kok-ur nematodu agisindan temiz
oldugu bilinen alanlarda yeni bahgelerin tesis
edilmesi, bu alanlarda sertifikal fidanlar kullanilmas:
ve disaridan olusabilecek yeni bulagmalarin
engellenmesi acgisindan azami dikkat gosterilmesi
biylk 6nem tasimaktadir.
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Bu c¢alisma Tarimsal Arastirmalar ve Politikalar
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ABSTRACT

Research Article

The parasitic discomycete genus, Stamnaria Fuckel, was reported for

the first time from Turkey based on the collection of Stamnaria
americana Massee & Morgan on living stems of Equisetum hyemale
L. Short description of the newly recorded species and the photographs
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related to its macro and micromorphologies were provided.
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Stamnaria Fuckel: Turkiye Mikobiyotasi i¢in Yeni Bir Diskomiset Cins Kayd:

OZET

Aragtirma Makalesi

Parazitik bir diskomiset cinsi olan Stamnaria Fuckel, Stamnaria

americana Massee & Morgan. nin canli Fquisetum hyemale L.
govdeleri tizerinden toplanmasina bagl olarak Tirkiye'den ilk kez
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INTRODUCTION

Stamnaria Fuckel is a parasitic discomycete genus
within the order Helotiales. The genus was founded by
Fuckel (Seaver, 1932) and mainly characterized by an
apothecia erumpent through epidermis, a strongly
gelatinized ectal excipulum with cells containing
yellow-orange carotenoids, and members growing on
Equisetum spp. (Hosoya et al., 2013; Haelewaters et
al., 2018). Kirk et al. (2008) gives the existing number
of Stamnaria as 3, but Index Fungorum
(www.indexfungorum.org; accessed 1 January 2021)
lists 8 confirmed taxa. By the end of the December
2020, 87 members of Helotiales belonging to 17
families and 37 genera have been reported from
Turkey. But the checklists (Sesli et al., 2020; Uzun and
Kaya, 2020a) on macromycota of Turkey and the
contributory studies (Dogan et al., 2018; Isik and
Turkekul, 2018; Alli et al., 2019; Uzun and Kaya, 2019,
2020b; Acar et al., 2019; Keles, 2020; Sesli, 2020)

presented after the checklists indicate that any
member of the genus Stamnaria has been recorded
from Turkey. The work aims to make a contribution to
the mycobiota of Turkey.

MATERIALS and METHOD

Stamnaria americana samples were collected in 2019
during routine field trips in Karaman and Mersin
provinces. Using a Sony HX-400V, the fruiting bodies
were photographed at their natural habitats, and notes
were taken related to its ecology, morphology and
geographic position etc. After collection, the samples
were placed in paper boxes and transferred to the
fungarium. Due to the size of the fruit bodies, an
Olympus SZ2-ILST stereomicroscope and E-330
camera were used for additional macroscopic
photographs.  Microscopic  investigations  were
conducted in fungarium on dry materials. A Nikon
Eclipse Ci-S trinocular microscope was used for
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studying micromorphological features, and a DS-Fi2
digital camera was used to obtain microstructural
photographs. The samples were identified according to
Morgan (1902), Seaver (1932, 1951), Moingeon and
Page (2003), Kiinkele et al. (2005) and Hosoya et al.
(2013). The systematic of the taxon is given in
accordance with Index Fungorum. The samples were
kept at Karamanoglu Mehmetbey University, Kamil
Ozdag Science Faculty, Department of Biology.

RESULTS

Fungi Bartling

Ascomycota Caval.-Sm.
Pezizomycotina O .E. Erikss. & Winka
Leotiomycetes O.E. Erikss. & Winka

Leotiomycetidae P.M. Kirk, P. Cannon, Minter &
Stalpers

Helotiales Nannf.
Incertae sedis

Stamnaria americana Massee & Morgan, J. Mycol.
8(4): 183 (1902)

Macroscopic and microscopic features

Apothecia about 0.5-0.6 mm across and high,
erumpent, generally crowded in clusters of three to
four or more, sessile or with a short stipe-like base, at
first rounded and surrounded by a gelatinous
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Figure 1. Ascocarps of Stamnaria americana
Sekil 1. Stamnaria amaricana nin askokarplari

excipulum, expands at maturity, pale orange to
somewhat yellowish, hymenial surface plane, slightly
concave, scarious at the margin (Fig. 1). Asci 130-170
x 17-23 pm, cylindrical to clavate, rounded at the apex,
8-spored, spores 1 or 2 seriate or partially so.
Paraphyses cylindrical to filiform, some branched,
enlarged at the apex. Ascospores 24-29 X 7.5-8.5 pm,
ellipsoid to elliptic-fusiform, slightly inequilateral,
straight or curved, surface smooth, usually with two
large oil-drops, some with only one oil drop, content
granular outside the oil drops (Fig. 2).

Ecology

Stamnaria americana grows on dead or living stems of
FEquisetum species, especially FEquisetum robustum
A.Br. and Equisetum hyemale L. (Morgan, 1902;
Seaver, 1951; Kiinkele et al., 2005; Hosoya et al.,
2013).

Specimen examined

TURKEY - Karaman, Zengen (Basharman) Village,
near irrigation channel, on living stems of £. Ayemale,
37°05'N-33°22'E, 1190 m, 04.05.2019, Yuzun 7394;
Mersin, Silifke, Degirmendere Village, Goksu River
bank, under Populus L. sp. and Salix L. sp., on living
stems of E£. hyemale, 09.11.2019, 36°24'N-33°48'E 40
m, Der-Kap 301; 36°26'N-33°46'E, 50 m, 27.11.2019,
DerKap-395.
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Figure 2. Asci and paraphyses (, b) and ascospores of Stamnaria americana (c) (bars: 15 pm)
Sekil 2. Stamnaria americana’nin askus ve parafizleri (a,b) ve askosporlari (c) (barlar: 15 um)

DISCUSSION CEVIK for his kind help during field study in Karaman
Stamnaria americana was added as new record for the province.

mycobiota of Turkey. This is the first member of the

genus to be reported in Turkey. Stamnaria is regarded Author’s Contributions

as a genus in Helotiaceae by Mycobank (2021), but the Authors declares the contribution of the authors is
Index Fungorum gives its current family category as equal.

Incertae sedis (Helotiales). The ecological and

morphological characteristics of the investigated Statement of Conflict of Interest

collections are in agreement with Seaver (1932, 1951);
Moingeon and Page (2003) and Hosoya et al. (2013).

Morgan (1902) reported S. americana on dead stems of REFERENCES
E. hyemale L. But Turkish collections were made on Acar I, Uzun Y, Keles A, Dizkirct A 2019. Suillellus

Authors have declared no conflict of interest.

living stems of . hyemale as reported by Haelewaters amygdalinus, a new species record for Turkey from
et al. (2018). Though the members of Stamnaria may Hakkari Province. Anatolian Journal of Botany
share some morphological and ecological properties, 3(1): 25-217.

the strongly gelatinized excipulum is a remarkable Al H, Tevlim G, Sen I 2019. A New Record for
feature of this fungus (Hosoya et al., 2013). Stamnaria Turkey’s Mycobiota from an Interesting Habitat in
americana may be confused with S. yugrana Filippova, the Mugla Province: Hortiboletus bubalinus
Haelew. & Baral. But the latter species grows on dead (Oolbekk. & Duin) L. Albert O Dima. Mugla Journal
or fallen branches of . sylvaticum L. The solitary and of Science and Technology 5(1): 114-118.

distinctly stalked apothecia also differentiate it from .S. Dogan HH, Bozok F, Tagkin H 2018. A new species of
americana morphologically (Haelewaters et al., 2018). Barssia (Ascomycota, Helvellaceae) from Turkey.

Turkish Journal of Botany 42(5): 636-643.

ACKNOWLEDGEMENT Haelewaters D, Filippova NV, Baral HO 2018. A new
The authors would like to thank Fahri Tunahan species of Stamnaria (Leotiomycetes, Helotiales)
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ABSTRACT
The purpose of the present work is to identify 7ulostoma samples
collected from Ankara and Kirikkale provinces (Turkey). Both
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traditional methods and ITS rDNA-based molecular phylogeny were Received 112.12.2020

implemented to identify the specimens. When the high sequence Accepted $11.02.2021

similarities were taken into account, the collected specimens ANK

Akata & Altuntas 647 and ANK Akata & Altuntas 675 were identified Keywords

as T. simulans and 7. subsquamosum respectively; and the Mycobiota

morphological data further supported these findings. Short Tulostoma

descriptions of the species are given together with their macro-and New records

micromorphology and spore images taken by a scanning electron Turkey

microscope (SEM).

Turkiye Tulostoma larina Iki Yeni Katki

OZET Aragtirma Makalesi

Bu calismanin amaci Ankara ve Kirikkale illerinden (Tiirkiye)

toplanan  Tulostoma G6rneklerini  tespit etmektir. Ornekleri Makale Tarihgesi
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molekiiler filogeni uygulanmigtir. Yiiksek dizi benzerlikleri dikkate
alindiginda, toplanan ANK Akata & Altuntas 647 ve ANK Akata &
Altuntas 675 ornekleri, sirasiyla 7. simulans ve T. subsquamosum
olarak teshis edilmis; ve morfolojik veriler de ayrica bu bulgular:
desteklemigtir. Turlerin kisa tanimlari, makro ve mikromorfolojileri
ve taramali elektron mikroskobu (SEM) ile alinan spor gériintiileri ile

Anahtar Kelimeler
Mikobiyota
Tulostoma

Yeni kayitlar

birlikte verilmektedir.

Turkiye

To Cite : Akata I, Sahin E, Altuntag D, Kabaktepe S 2021. Two New Additions to Turkish Tulostoma. KSU J. Agric Nat 24 (5):

1104-1110. DOI: 10.18016/ksutarimdoga.vi.839465.

INTRODUCTION

Tulostoma Pers., commonly known as stalked
puffballs, is a large gasteroid genus containing
approximately one hundred and seventy currently
existing species (www.indexfungorum.org; accessed 20
November 2020). Members of the genus are
characterized by globose and stalked spore-sac opened
by an apical mouth, double peridium, pulverulant
gleba, globose to ovoid, smooth or ornamented
basidiospores, simple or branched capillitium with
septa. Members of the genus are cosmopolitan, which
prefer primarily sandy and calcareous soil in
temperate and tropical regions (Pegler et al.,1995;
Calonge, 1998).

The genus was ascertained by Persoon (1794, 1801) to
compile  puffball species having  “peridium
pedicellatum”, a small hole with an “ore cylindraceo
cartilagineo". Two species (7. squamosum (J.F. Gmel.)
Pers. and 7. brumale Pers.) were accommodated in the

genus by Persoon. While Tournefort (1700) formerly
illustrated 7. brumale as Lycoperdon parisiense,
Linnaeus (1753) described 7. squamosum as
Lycoperdon  pedunculatum. Four  species T.
fimbriatum, T. laceratum (syn. Schizostoma lacerata),
T. tortuosum, and viz. T. mammosum (including 7!
squamosum) were described by Fries (1829). However,
Fries (1829) subsequently renamed 7ulostoma with
Tulasnodea, for the honor of the Tulasne brothers, who
were his mycologist colleagues from France. However,
considering the nomenclature rules, “7Tulostoma’
coined by Persoon should be regarded as the legitimate
name for this typical genus (Persoon, 1801). In older
literature, sometimes an orthographic variant,
Tylostoma, 1is encountered. The knowledge of
Tulostoma was developed by the early works of some
researchers.  Schroeter (1876) described the
development of basidia and capillitium, parts of
basidiomata, in this genus. Later Wright (1955)
elucidated the unique morphological characters of the
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genus. In his work entitled “The Genus
Tulostoma/Gasteromycetes: A World Monograph”
Wright (1987), included 139 species. Wright’s species
concept mostly relied on studies of type specimens and
various herbarium samples. With the advancements in
scanning electron microscopy (SEM), fine spore
morphology could be employed as a guide for the
taxonomic revisions and appendance of new species.

The inclusion of the molecular analysis resulted in
fundamental changes in the fungus systematics and
taxonomy. The order Agaricales was established to
include basidiomycetous gasteroid fungi including the
puffball genus 7Tulostoma by Hibbett et al. (1997)
Although a considerable amount of morphological data
concerning the genus Tulostoma have been
accumulated, relatively less molecular phylogenetic
studies related to this genus have been reported. These
published studies mostly focus on a low number of
species and they are geographically restricted
(Jeppson et al., 2017).

Considering the literature on Turkish 7Tulostoma
(Giicin and Oner, 1982; Sesli, 1995; Afyon, 1996; 1997;
Solak et al.,1999; Afyon et al., 2000; Kasik et al., 2000;
Sesli et al., 2000; Isiloglu, 2001; Solak et al., 2002;
Aktas et al., 2003; Tirkekul and Sesli, 2003; Kaya,
2005; 2006; Dogan and Oztirk, 2006; Dogan and
Turkoglu, 2006; Al et al., 2007; Dogan et al., 2007;
Turkoglu et al., 2007; Yagiz et al., 2007; Dogan et al.,
2011; Kiris et al., 2012; Akata et al., 2014), so far 5
species (7. brumale, T fimbriatum Fr., T. squamosum
, T. pluriosteum Long & S. Ahmad and 7. wighti
Berk.) which were identified based on morphological
features have been listed for Turkish mycobiota.
However, there was not any report of 7Tulostoma
simulans Lloyd and Tulostoma subsquamosum Long &
S. Ahmad in Turkey. The aim of the present paper is
to contribute new species for Turkish Tulostoma.

MATERIAL and METHOD
Morphological study

Tulostoma samples were collected from Ankara and
Kirikkale provinces (Turkey) in 2019. At their site of
collection, the macroscopic and ecological features of

the samples were recorded. At the
laboratory, microscopic
features were scrutinized using  both simple  light

microscope (LM) and scanning electron microscope
(SEM). Inlight microscopy, measurements were
repeated roughly 30 times under a light microscope
(Euromex  Oxion Trinocular  microscope). Each
microscopic structure was examined with 100X
magnification rates and the compiled data were
assessed statistically. For SEM, pieces of mass inside
the gleba were fixed on stubs using double-sided sticky
tape, coated with gold particles, and visualized using
an EVO 40XVP (LEO Ltd., Cambridge, UK) scanning
electron microscope with an accelerating voltage of 20
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kV. Sample identification was performed in light of the
relevant literature (Pegler et al.,1995; Calonge, 1998;
Jeppson et al, 2017; Rusevska et al., 2019).
Fungarium materials were prepared from the
identified specimens and deposited into Fungarium of
Ankara University Faculty of Science, Department of
Biology.

Determination of the ITS rDNA Sequences

For the genomic DNA extraction from ANK Akata and
Altuntas 647 and ANK Akata and Altuntas 675, CTAB
method was implemented as described previously
(Rogers and Bendich, 1994). For the quality and
quantity measurements, the isolated genomic DNA
was spectrophotometrically (Nanodrop Lite Thermo
Scientific) analyzed, and later it was utilized as the
template in order to amplify the Internal Transcribed
Spacer (ITS) rDNA regions via the polymerase chain
reaction (PCR) method. By using the ITS1 forward and
ITS4 reverse universal oligonucleotides, PCR
amplification of the ITS rDNA regions was
implemented as described elsewhere (Stielow et al.,
2015). The presence of the amplification products was
electrophoretically verified on an agarose gel and then
they were purified with Expin Gel, PCR, and CleanUp
SV Kit (GeneAll) and sequenced with Sanger dideoxy
sequencing method. For the sequencing PCR
conducted using the BigDye™ Direct Cycle Sequencing
Kit (Thermo Fisher Scientific), the same ITS1 and
ITS4 oligonucleotides were employed and the fragment
analyses were carried out by using ABI Prism 3130
Genetic Analyzer. Agarose gel electrophoresis and the
Sanger sequencing were conducted as described
previously (Chen et al., 2014).

Molecular Phylogeny Study

DNAMAN Version 10 sequence assembly software
(Lynnon Corporation) was used to assemble the sanger
reads obtained from ITS1 and ITS4 primers were
assembled and BLASTn search was conducted with
the assembled sequence for the identity index analysis.
Based on the results of the BLAST search, the in-group
and the out-group sequences were retrieved from
NCBI GenBank and used in the phylogenetic analysis
(Table 1) (Pawlik et al., 2015; Jeppson et al., 2017). The
ClustalW algorithm of MEGAX software was used to
align the assembled sequences and the nucleotide
sequences of the retrieved in-group and out-group
members (Kumar et al., 2018). The phylogenetic tree
exhibiting the evolutionary history of ANK Akata and
Altuntas 647 and ANK Akata and Altuntag 675 was
predicted using the Maximum Likelihood method and
GTR+G+I nucleotide substitution model (Nei and
Kumar, 2000). The bootstrap method was selected for
improving the accuracy of the estimation using 1000
bootstrap replicates (Felsenstein, 1985).
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Table 1. GenBank accession numbers of the ITS sequences belonging to the 16 fungi specimens used in this study
Tablo 1. Bu ¢alismada kullanilan 16 mantar ornegine ait ITS dizilerinin GenBank erisim numaralari

Tulostoma Species GenBank number (ITS) Geographical origin | References

ANK Akata & Altuntas 647 MT798590.1 Turkey Current study
(Tulostoma simulans)

Tulostoma simulans KU519053.1 Hungary Jeppson et al., 2017
Tulostoma simulans KU519046.1 Spain Jeppson et al., 2017
Tulostoma brumale KU519061.1 Slovakia Jeppson et al., 2017
Tulostoma grandisporum KU519004.1 Hungary Jeppson et al., 2017
Tulostoma striatum KU518959.1 Spain Jeppson et al., 2017
Tulostoma fimbriatum KU518981.1 Spain Jeppson et al., 2017
Tulostoma berkeleyi MK578704.1 USA Jeppson et al., 2017
Tulostoma winterhoffii KU518977.1 Sweden Jeppson et al., 2017
Tulostoma squamosum KU519097.1 France Jeppson et al., 2017
Tulostoma rufum KU519107.1 USA Jeppson et al., 2017
Tulostoma calcareum KU519088.1 Hungary Jeppson et al., 2017
Tulostoma subsquamosum KU519092.1 Spain Jeppson et al., 2017
ANK Akata & Altuntas 675 MT798591.1 Turkey Current study
(Tulostoma subsquamosumn)

Tulostoma subsquamosum KU519093.1 Hungary Jeppson et al., 2017
Coprinus comatus JQ901445.1 Poland Pawlik et al., 2015

RESULTS and DISCUSSION

The systematics of the newly reported 7Tulostoma
species was in accordance with Index Fungorum
(www.indexfungorum.org; accessed 20 November
2020). Short descriptions were provided together with
collection dates, localities, notes on habitats,
geographical positions, herbarium numbers, and
images of their macro-and micromorphology, and

spores viewed by a scanning electron microscope
(SEMD.

1.

Syn.: Tulostoma mammosum var. simulans (Lloyd)
Sacc. & Trotter (1912).

Macroscopic and microscopic features

Tulostoma simulans Lloyd (1906), (Figure 1).

Spore-sac 6-10 mm diam., globose. Mouth circular.
Exoperidium membranous. Endoperidium papery,
smooth, yellowish to light brown. Stipe 15-30 x 2-3
mm, yellow to light brown, cylindrical. Gleba light
yellow to light brown. Basidia not seen. Basidiospores
4-5 um diam, globose, almost smooth to slightly warted
under LM, with conical or isolated warts under SEM.
Capillitium up 9 pm diam, branched, septate, and
thick-walled, sometimes with irregular crystals on the
capillitial wall.

Ecology: Fall to winter, in sandy soil (Rusevska et al.,
2019).

Distribution: Asia, Australia, Europe, North, and
South America (Jeppson et al., 2017).

Material examined: TURKEY—Ankara: Ankara
University Besevler 10.Yil campus, under Picea
pungens Engelm. (Pinaceae), 867 m, 39°56' N, 32°50'E,
02.09.2019, ANK Akata & Altuntag 647.
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Remarks: Although it is difficult to distinguish 7.
simulans and 7. brumale in detail by conventional
methods, the exoperidial characteristic, spore
dimensions, and the presence of crystals may help to

separate these species (Jeppson et al., 2017; Rusevska
et al., 2019).

2. Tulostoma subsquamosum Long & S. Ahmad
(1947), (Figure 2).

Macroscopic and microscopic features

Spore-sac 10-15 mm diam., globose. Mouth tubular or
circular. Exoperidium membranous. Endoperidium
papery, smooth, whitish, ochraceous to light brown.
Stipe 25-40 x 2—-3 mm, brownish squamules on a white
background, slightly woody. Gleba light yellow to
brownish. Basidia not seen. Basidiospores 4-5 pm
diam, globose, verrucose-echinate under LM, with
conical or cylindrical warts anastomosed in ridges
under SEM. Capillitium up to 8 pm diam, branched
and septate.

Ecology: Fall, in sandy soil (Rusevska et al., 2019).

Distribution: Asia, Europe, North, and South America
(Jeppson et al., 2017).

Material examined: TURKEY—Kirikkale: Bahsili,
near road, 710 m, 39°44', N, 33°27' E, 10.10.2019, ANK
Akata & Altuntas 675.

Remarks: 7' subsquamosum can be distinguished from
other Tulostoma members by its verrucose-echinate
spores (under LM) and hyphal exoperidium with
scattered sphaerocyst-like cells (Rusevska et al., 2019)

The nuclear ITS rDNA sequences of ANK Akata and
Altuntas 647 and ANK Akata and Altuntas 675
obtained from Sanger dideoxy sequencing were
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deposited into NCBI GenBank with the accession Tulostoma species were retrieved from NCBI GenBank
numbers MT798590.1 and MT798591.1 respectively. database and used as in-group sequences in the
In phylogenetic analyses of ANK Akata and Altuntas phylogenetic analysis. As the out-group sequence,
647 and ANK Akata and Altuntas 675, 13 different nuclear ITS rDNA sequences of Coprinus comatus
nuclear ITS rDNA sequences belonging to 11 different (O.F. Miill.) Pers. was selected.

Figure 1. Tulostoma simulans: a. basidiomata, b. spores (LM), c-d. capillitium (LM), e. spores (SEM).
Sekil 1. Tulostoma simulans: a. bazidiyomata, b. sporlar (LM), c-d. kapilisyum (LM), e. sporlar (SEM).

Sekil 1. Tulostoma simulans: a. bazidiyomata, b. sporlar (LM), c-d. kapilisyum (LM), e. sporlar (SEM).

As a result of the phylogenetic analysis, the specimens implemented with the nuclear ITS rDNA sequence of
ANK Akata and Altuntas 647 and ANK Akata and ANK Akata and Altuntas 647 and ANK Akata and
Altuntas 675 were clustered with species of 7. Altuntas 675 revealed as high as 100% similarity rates

simulans and T. subsquamosum respectively. On the between these specimens and different isolates of 7.
other side, Coprinus comatus fell into a distinct branch simulans and 7. subsquamosum. The phylogenetic
separate from the Tulostoma species and formed an analyses conducted herein further solidified the close

out-group as expected. The BLAST analysis identity relationship of the specimens ANK Akata and
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Altuntas 647 and ANK Akata and Altuntas 675 with
T. simulans and 7T. subsquamosum respectively
(Figure 3).

For the reliable identification of fungal taxa,
conventional methods employing morphological data
may not always sufficient per se. Hence, conserved
regions of genomic DNA including nrITS, nrSSU, and
nrLSU as well as sequences of protein-coding genes are

benefited for molecular taxonomic studies for decades
(Raja et al.,, 2017). Furthermore, ITS is the most
generally used DNA barcoding marker for fungi and
this reason endows valuable information for molecular
phylogenetic studies. Thus, we benefited from nuclear
ITS rDNA sequences for the molecular identification of
the specimens ANK Akata and Altuntag 647 and ANK
Akata and Altuntag 675.

79/ ANK Akata & Altuntas 575 (MT798591.1)

100

O

100

100

Tulostoma subsquamosum voucher MJ6563 (KU519093.1)

Tulostoma subsquamosum voucher AH19024 (KU519092.1)

Tulostoma rufum voucher BPI 704578 (KU519107.1)

Tulostoma calcareum voucher Finy40 (KU519088.1)

Tulostoma squamosum voucher EL260 06 (KU519097.1)

Tulostoma grandisporum voucher MJ8793 (KU519004.1)

2] — Tulostoma brumale voucher Bruzek140112 (KU519061.1)
Tulostoma simulans voucher AH15633 (KU519046.1)
100! | ANK Akata & Altuntas 547 (MT798590.1)
97! Tulostoma simulans voucher MJ4902 (KU519053.1)
Tulostoma fimbriatum voucher MJ870 (KU518981.1)
— Tulostoma berkeleyi voucher JLH MyCoPortal 6604754 (MK578704.1)
Tulostoma winterhoffii voucher MJ2379 (KU518977.1)

Tulostoma striatum voucher AH15543 (KU518959.1)

0.020

Coprinus comatus strain CCM14 (JQ901445.1)

Figure 3. The Maximum Likelihood tree demonstrating the phylogenetic relationships of 39 fungi predicted from
the nuclear ITS rDNA region. Percentage bootstrap values that are more than 50 were stated for each
branch. All of the sequences included in the phylogenetic analysis were retrieved from GenBank except
for specimens ANK Akata and Altuntag 647 and ANK Akata and Altuntas 675. Nuclear ITS rDNA
sequences of Coprinus comatus was included as the outgroup sequence in the phylogenetic analysis.
GenBank accession numbers are also stated. The scale bar at the lower left shows a genetic distance of

0.02.

Sekil 3. Cekirdek ITS rDNA bélgelerine gore hesaplanan, 39 fungusun filogenetik iligkisini gosteren maksimum
olasilik agaci. Her bir dal i¢in yiizde onylikleme degeri 50'den fazla olanlar belirtilmistir. ANK Akata ve
Altuntas 647 ve ANK Akata ve Altuntas 675 érnekleri harig¢ filogenetik analize dahil edilen tiim diziler
GenBank'tan elde edilmistir. Coprinus comatus'un Cekirdek ITS rDNA dizisi, filogenetik analize dis grup
dizisi olarak dahil edilmigstir. GenBank erigsim numaralari da belirtilmistir. Asagi sol tarafta yer alan 6lcek

¢izgisi 0.02 genetik mesafeyi gostermektedir.
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ABSTRACT
Although Turkey has significantly increased beef production in the
last fifty years via livestock protection and domestic support policies,
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and evaluate the sector. This study aimed to forecast beef production

of Turkey by considering structural breaks. The data of the study was Keywords

Time Series Analysis
Structural Break
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Beef Production

time series of beef production for the period 1961-2019 and it was
obtained from the Turkish Statistical Institute and, Food and
Agriculture Organization. Data was analysed and forecasted using
ARIMA Model. The results indicated that ARIMA (1, 1, 0) is the best-

fitted model and beef production would regularly increase in four Turkey

years period and reach 1,133,687 tons in 2023. This research

concluded that despite two structural breaks of beef production in

1983 and 2009, imports and domestic support policies substantially

shaped the trend of beef time series in the last decade in Turkey.

Tirkiye’nin Sigir Eti Uretiminde Yapisal Kirllma Analizi
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Turkiye hayvanciligl koruma ve destekleme politikalar: ile son elli

yilda sigir eti tretimini 6nemli 6lglide artirmis olmasina ragmen, Makale Tarihgesi
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saglayamamistir. Sigir etinin tahmin edilmesi, sigir eti pazarinin
yapisini analiz etmek ve sektorii degerlendirmek i¢in gereklidir. Bu
calismada yapisal kirilmalar dikkate alinarak Tirkiye'deki sigir eti
tUretiminin tahmin edilmesi amaglanmigtir. Arastirmanin verileri
Tirkiye Istatistik Kurumu ve FAO’dan alinan 1961-2019 dénemi sigir
eti uretim verileridir. Verilerin analizi ve tahmini ARIMA Modeli
kullanilarak yapilmistir. Sonuclara gére ARIMA (1, 1, 0) modelinin en
uygun model oldugu, sigir eti tretiminin dort yillik donemde diizenli
olarak artacagr ve uretimin 2023'te 1,133,687 tona wulasacagi
ongorilmektedir. Tirkiye'de sigir eti iretiminde 1983 ve 2009
yillarindaki iki yapisal kirilmaya ragmen, ithalat ve yurtigi destek
politikalarinin son on yilda uretimi 6nemli 6l¢tide sekillendirdigi
ortaya konmustur.

Anahtar Kelimeler
Zaman Serisi Analizi
Yapisal Kirilma
Box-Jenkins

Sigir Eti

Turkiye

To Cite:  Alhas Eroglu N, Bozoglu M, Bilgic A, Kili¢ Topuz B, Bager U 2021. Structural Break Analysis in Beef Production

of Turkey. KSU J. Agric Nat 24 (5): i-viii. DOI: 10.18016/ksutarimdoga.vi.812961.

INTRODUCTION

Although Turkey has great potential in agriculture,
livestock production has always been of secondary
importance concerning crop production. The livestock
sector has further supported since 2000 and the share
of livestock supports in the total agricultural supports

encountered, the share of the livestock sector in the
total agricultural production value increased from 22%
to 29% in the period 2000-2016 (FAO, 2020a). In the
last two decades, the share of beef production in total
meat production has increased almost two times
(TurkStat, 2014; 2020a). However, a 13% decrease in

was increased from 0.5% to 31% by 2019 (MoFAL,
2015; Anonymous, 2018). Meanwhile, with the support
provided to the livestock producers due to the problems

real producer price of beef with a perpetual increase in
consumer price in the same period indicated that beef
producers could not get use from increasing of
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consumer prices (TurkStat, 2020b). However, there
has been an increasing trend in the main production
cost items such as concentrated feed and breeding
materials constituted of a large part of the production
costs (Gozener and Sayily, 2015; Celik and Sari6zkan,
2017; Alhas Eroglu and Bozoglu, 2019).

The last sixty years period of beef production series
indicated that there has been an increasing trend
despite two essential structural breaks (Figure 1). The
first structural break was caused only by an increase
in the level and maintained its almost constant slope
level until the world food crisis of 2009. The second
break is quite significant than the first one because the
impacts of policies due to the meat crisis in Turkey at
the beginning of 2009 and these are very effective on
this change and the government has started to import
alarge number of cattle and beef along with supporting
the producers since then. For this reason, examining
and forecasting are inevitable by researchers to
evaluate the appropriateness of such beef production
policies and obtain sound forward-looking insight.

In the literature, few studies have forecasted different
research areas of the livestock sector in Turkey such as
farm animals, production, consumption, etc. Cenan
and Giircan (2011) examined some farm animals,
whereas Yavuz and Zulauf (2004), Celik (2012), Akgiil
and Yildiz (2016), Celik (2017) and Ordu and Zengin
(2020) forecasted amount of meat production. Alhas
Eroglu et al. (2019) also forecasted amount of
production but beef production data contain two
structural breaks. In this study, structural breaks are
taken in consideration. Not only meat but other
livestock products were also forecasted in Turkey
(Karkacier, 2000; Kaygisiz and Sezgin, 2017; Kosum et
al.,, 2019; Yildirim and Altung, 2020). On the other
hand, Ozen et al. (2019) forecasted meat consumption
whereas Yavuz et al. (2013), Ayyildiz and Cigek (2018)
and Kiiciikoflaz et al. (2019) forecasted yield and price
of meat sector. Although the livestock sector and
especially beef production are of vital importance,
there has been a scant number of studies in Turkey.
This scarcity could be resulted not only from the
uncertainty of the sector as a result of livestock policies
but also from the nature of the sector that depends on
living beings. Also, the meat sector is a controversial
subject in the country due to the lack of a detailed
understanding of the sector as well as the existence of
distinct dynamics, policy implications, and structural
problems. Since beef is the main part of meat
production, the forecasting of the meat production is
indispensable for developing more effective support
policies in the red meat market. Consequently, this
study aimed to forecast beef production of Turkey by
considering structural breaks and evaluate sectoral
developments in the light of policies and practices in
Turkey.

This paper is structured as follows: The second section
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describes material and method and the third section
presents model results and discussion. The fourth

section introduces the conclusion with
recommendations.
MATERIAL and METHOD

In this study, 59 years of time-series data (1961-2019)
of Turkey were examined to forecast beef production
over the period 2020 to 2023 in the light of
endogenously determined structural breaks. Data
were obtained from the TurkStat and, Food and
Agriculture Organization (FAO) (TurkStat, 2020a;
FAO, 2020b).

Auto-Regressive Integrated Moving Average Model
(ARIMA) is one of the approaches used to forecast time
series which was formulated in the context of Box-
Jenkins methodology (Box and Jenkins, 1976). This
methodology consists of four steps: i) model
identification, ii) estimation of parameters, 1iii)
diagnostic tests and, iv) forecasting. The model is
denoted by ARIMA (p, d, @) where p is the number of
autoregressive terms indicating the dependent
relationship between the observations and some
number of lagged observations; d is the differencing
levels of series to make the time series stationary and
q is the number of moving average terms keeping the
dependency between observation and residual errors.
The general form of the model can be shown as:

(A= 1L — ppl? — = ¢, LP)AY, = 6 + &, + 0164 + =+ O,6,4 (1)

In classical time series analysis, the Augmented
Dickey-Fuller (ADF) test has extensively been used to
determine the unit root. One important issue
regarding ADF type endogenous break unit root tests
is that they omit the possibility of a unit root with a
break. If a break exists under the unit root null, two
undesirable results can follow: i) These endogenous
break unit root tests will exhibit size distortions such
that unit root null hypothesis is rejected too often.
When utilizing such tests, researchers may incorrectly
conclude that a time series is stationary with a break
when in fact the series is nonstationary with the break.
i) ADF type endogenous break unit root tests
incorrectly estimate breakpoint (Lee and Strazicich,
2001; 2003; 2004).

First of all, the data generating process based on the
unobserved component model could be attained as
follows:
Ve =0Z,+X;
BXt-1+ &
In the formula, Z, contains exogenous variables and
the unit root null hypothesis is described by =1. Lee
and Strazicich defined two models of structural
change: i) The first model is a crash model that allows
for a one-time change in intercept under the
alternative hypothesis. ii) The other one allows for a
shift in intercept and change in trend slope under the

X, 2

>
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alternative hypothesis. Then, unit root statistics can
be obtained from;

Ayt = 6’AZ£ + ng—l + ut (3)
Unit root null hypothesis is described by @ = 0 and the
LM t-test statistic can be formulated as follows:

¥ = t statistic testing the null (4)
hypothesis @ =0
Autocorrelated errors could be corrected with

augmented terms Aft_j and j 1,..., k as in the
standard ADF test. The location of the break (TB) is
determined by searching all possible breakpoints for
the minimum (.e., the most negative) unit root test t-
test statistic as follows (Lee and Strazicich, 2001;
2004):

Inf#(1) = Inf£(1) where (5)

A=Tg/T
This study used ARIMA ML methodology to forecast
and Lee-Strazicich method to analyze structural
breaks. Data analysis and forecasted amount of beef
production were obtained via R  statistical

1200000

programming.

RESULTS and DISCUSSION

Figure 1 reported the actual and first difference of beef
production of Turkey for the period 1961-2019 and
revealed some significant points. 1) The amount of beef
production has distributed through mean with
constant variance and has constant slope during the
1961-1983 period. ii) In 1983, the amount of beef
production has increased almost 2.5 times in
comparison with the former period. Therefore, beef
production had an essential break in the level and it
has continued with a constant mean until 2009. iii)
Since 2009, beef production has an upward trend as a
result of imports and supports. Especially after 2009,
the increasing slope has indicated that beef production
would not have constant mean and variance as a result
of import and support policies. Therefore, the time
series of beef production would be non-stationary at
level but would be stationary at the first difference
(Figure 1).

BEEF
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Figure 1: Actual and First Differenced Meat Quantity Series

1995 2000 2005 2010 2015

Figure 1. Actual and first differenced beef production of Turkey for 1961-2019
Sekil 1. Tiirkiye'de 1961-2019 y1l1 igin gergek ve birinci farkll alinmigs sigir eti tiretimi

In this context, the time series of beef production
should be examined to decide whether the series have
unit root or not. First of all, the number of lags should
be determined and unit root tests should be applied
with considering these lags. Table 1 presented
information criteria for ADF lag lengths of beef
production and indicated that lag length would be 1 for
AIC whereas 0 for BIC and HQ.

Lee-Strazicich unit root test which considers
structural breaks was applied within 2 different
scenarios of lag lengths. Table 2 presents Lee-
Strazicich unit root test results and indicates that we
cannot reject the null hypothesis of a unit root in the
time series of beef production and it is non-stationary
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despite two different lag analyses. Therefore, the first
difference should be applied but primarily structural
breaks should be examined. The results indicated that
two structural breaks have observed in 1983 and 2009.
On the other hand, the non-stationary structure of
time series of beef production probably resulted from
the rise of production after 2008.

Dickey-Fuller unit root test has applied to decide
whether the series have unit root or not. The results
highlighted that beef production is stationary in the
first difference and the null of a unit root in the first
difference could be rejected at a 5% significance level
both for with and without constant (Table 3).
Therefore, beef production is stationary at the first



KSU Tarim ve Doga Derg 24 (5): 1111-1117, 2021
KSU J. Agric Nat 24 (5): 1111-1117, 2021

Arastirma Makalesi
Research Article

difference and it constituted a basis for Box-Jenkins
ARIMA models. In ARIMA (p, d, @) combination, d=1
and then p and q would be examined via BIC and AIC,
respectively.

AIC analysis indicated that AIC would be smallest in
p=1 and gq=0 combination and Box-Jenkins ARIMA
model (1, 1, 0) best fitted (Table 4).

Table 1. Information criteria for ADF lag lengths for beef production
Cizelge 1. Sigir eti tiretiminde ADF gecikme uzunluklari i¢in bilgi kriterleri

Lags AIC BIC HQ MAIC ADF
0 22.447 22.564% 22.491* 22.386 -1.200
1 22.442% 22.598 22.501 22.343* -0.719
2 22.479 22.674 22.553 22.391 -0.816
3 22.469 22.703 22.557 22.472 -1.366
4 22.508 22.781 22.612 22.548 -1.307
5 22.531 22.843 22.649 22.717 -1.561
6 22.542 22.893 22.675 23.087 -1.911
7 22.584 22.974 22.731 23.143 -1.473
8 22.624 23.053 22.786 23.026 -1.058
9 22.638 23.106 22.815 23.987 -1.436
10 22.677 23.184 22.869 24.296 -1.439
Table 2. Lee-Strazicich unit root test results
Cizelge 2. Lee-Strazicich birim kok testi sonuglari
Lag length Variable Coefficient T-Stat 0.01 0.05 0.10
0 St} -0.6855 -5.2075 -7.0040 -6.1850 -5.8280
Constant -5770.8162 -0.6948
D (1983:01) 235201.5779 6.0400
DT (1983:01) -5197.7617 -0.4661
D (2009:01) -205609.1875 5.0352
DT (2009:01) 98657.3904 5.7313
1 st} -0.6875 -5.1724 -7.0040 -6.1850 -5.8280
Constant -6389.5972 -0.7444
D (1983:01) 235226.4655 5.9887
DT (1983:01) -4603.8683 -0.4042
D (2009:01) 205502.1889 4.9892
DT (2009:01) 98789.2766 5.6881
Table 3. Dickey-Fuller Unit Root Test Results for First Difference
Cizelge 3. Birinci farkta Dickey-Fuller birim kok testi sonuglari
Without constant With constant
Significance Level Critical Value Critical Value
0.01 (*¥) -2.60328 -3.54775
0.05 (*) -1.94628 -2.91271
0.10 -1.61878 -2.59371
T-Statistic -4.57515%* -5.07107**
Table 4. AIC analysis of models for beef production
Cizelge 4. Sigir eti tiretimi 1i¢in modellerin AIC analizi
AR/MA 0 1 2 3 4 5
0 1453.2038 1453.4536 1453.2654 1454.4251 1456.3812 1456.5633
1 1452.9500% 1454.7685 1454.1984 1456.3942 1467.4033 1458.5525
2 1454.3817 1458.0244 1456.1237 1460.4975 1459.8501 1457.5893
3 1453.7948 1455.7816 1457.7058 1459.2965 1460.7169 1459.0296
4 1455.7882 1457.7692 1460.6272 1466.4068 1467.4703 1467.1843
5 1457.5751 1464.5476 1460.2238 1461.5382 1473.0750 1464.0345
Table 5. Final estimates of parameters
Cizelge 5. Parametrelerin son tahminleri
Parameters Coefficient Std error T-Stat P-value
Constant 16783.17692 7338.09593 2.28713 0.02598
AR 1 -0.19470 0.13174 -1.47790 0.14503
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The parameters of the beef model were estimated and
presented in Table 5. Accordingly, it was determined
that the estimation of parameters in the constant
model is statistically significant (p<0.05).

Table 6 and Figure 2 reports the forecasted amount of
beef production of Turkey for the period 2020-2023
period. The results highlighted that beef production
would reach 1,081,585.524 tons 1n 2020 and
1,133,687.858 tons in 2023. Therefore, increasing the
trend of beef production in Turkey would continue in
the near future. The results of the study are compatible
with Celik (2012) and Akgiil and Yildiz (2016) who
revealed that production of meat would increase from
2014 to 2020 and red meat production would increase
up to 2023, respectively. On the other hand, the results
of the model highlighted that structural breaks are not
as essential as the increasing trend of the last ten
years. Therefore, the forecasted amount of this study
is quite similar to the results of Alhas Eroglu et al.
(2019) who did not consider the structural breaks. In

this sense, the time series trend of Turkish beef
production has considerably shaped in the last ten
years period and there are some reasons for this
change. i) The impacts of the support policies in this
period are more serious concerning former periods. The
government imported a high amount of cattle since
2011 and it has increased year by year. Although the
government has supported producers to alleviate the
costs and to increase beef production, the level of
production could not reach the desired level and prices
of beef meat have perpetually risen. i) The
methodological change of TurkStat in the computation
of beef production is also of vital importance. Until
2010, the amount of beef production was calculated as
the sum of two components in Turkey: Slaughtering at
the slaughterhouses and slaughtering during Festival
of Sacrifice which is taken from Turkish Air
Association as hides collected by them. The beef
production covers slaughterings inside and outside of
slaughterhouses starting from 2010 (TurkStat, 2019a).

Table 6. Forecasted amount of beef production for Turkey in the 2020-2023 period (tons)
Cizelge 6. Tiirkiye'de 2020-2023 déneminde éngériilen sigir eti iiretim miktari (ton)

2020

2021

2022 2023

Production forecast
Std. error

1,081,585.524
(66600.242)

1,100,447.431
(85510.993)

1,116,825.882
((102302.647)

1,133,687.858
(116467.063)
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Figure 2: Forecasted Meat Quantity with ARIMA(1,1,0

)

1990

2000 2010 2020

Figure 2. Forecasted amount of beef production in the period 2020-2023
Sekil 2. 2020-2023 déneminde tahmini sigir eti liretim miktari

iii) The change of population has also affected beef
production in Turkey. Until 2000, population has
determined via census and total population of Turkey
was 67.8 million. Since 2007, population has been
calculated at the end of every year and the population
of Turkey was 70.5 million by 2007. The number of
population has increased 1.37% on average in the
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period 2007-2019 (TurkStat, 2020c). iv) Lastly, since
2000, the number of visitors has substantially
increased year by year. For example, almost 13.5
million departing visitors have visited Turkey in 2001
but this number has risen to 32 million by 2009
(TurkStat, 2020d). Therefore, consumption has also
increased with tourism. For these reasons, the rise of



KSU Tarim ve Doga Derg 24 (5): 1111-1117, 2021
KSU J. Agric Nat 24 (5): 1111-1117, 2021

Arastirma Makalesi
Research Article

beef production should be assessed with all of these
impacts, and policies should be regulated to increase
productivity and efficiency.

Table 7 and Figure 3 revealed the residuals for
ARIMA. According to the fluctuations in the previous
years, we can observe that, even after the world food
and financial crisis in 2008, there were high swings
around zero in residuals of the forecasted ARIMA

Table 7. Autocorrelation analysis of the model for residuals

Cizelge 7. Model kalintilari i¢in otokorelasyon analizi

model as expected, but they were damped in the
following periods. Meanwhile, the test statistics
indicated that there is no autocorrelation in residuals
((Ljung-Box Q (10)) and even in squared residuals
(McLeod-Li (10)). On the other hand, a zero-mean of
residuals is also examined by the t-test. Therefore, it is
indicated that Box — Jenkins ARIMA (1, 1, 0) is the best
model for forecasting of beef production.

Test

Stat

istic P-Value

Ljung-Box Q(10)
McLeod-Li(10)
Turning Points

Difference Sign
Rank Test

6.82
5.80

-0.1054

0.22
0.78

82
25

0.7416
0.8316
0.9160
0.8216
0.4326

54
48

300000
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250000
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150000
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"
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N /

A A
-50000 NS \/\/ Ve
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Residuals from ARIMA(0,1,2)
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Figure 3:

Figure 3. Residuals from ARIMA (1, 1, 0)
Sekil 3. ARIMA (1, 1, 0)'dan kalintilar

CONCLUSION

This study examined to forecast beef production of
Turkey from 2020 to 2023 via Box-Jenkins
methodology by considering structural breaks. The
results of the study highlighted that in the next four-
year period, beef production would increase without
any interruptions. Model results revealed that future
beef production has been substantially formed thanks
to the last ten-year production. We can highlight that
the prohibition of the slaughter of pregnant and high
breeding female animals during the Feast of Sacrifice,
the opening of import permission for breeding animals
from abroad and the grants and incentives for breeding
heifers were effective in these increases. Therefore,
two structural breaks are not as significant as times
series of the last ten years and this period has been
mainly dominated by policy applications named
imports and supports. Unfortunately, imports are
much more efficient on beef production than supports
and both producers and consumers have been poorly
affected by this policy. Therefore, market regulation
through imports should not be an agricultural policy

1995
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2000

2005 2010 2015

for the livestock sector and the government should
take necessary precautions to increase the amount of
beef production via support and grants towards
breeding heifers in particular. In this way, the
sustainability of the sector and market balance could
be achieved in favour of both producers and consumers.
In future studies, with the help of the dummy variable,
it can be shown how the import plays a role in the meat
production estimations and whether it is compatible
with the Central Bank monetary policies in the
country.
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OZET Aragtirma Makalesi

Siyah Alaca , Jersey ve Esmer sut sigir1 irklarina ait 1350 adet

laktasyon kaydina Wood, ters polinomiyal, Wilmink, logaritmik Makale Tarihgesi
kuadratik, kuadratik, logaritmik linear, Cobby ve Le Du, Cappio- Gelig Tarihi  :23.12.2020
Borlino, Grossman, parabolik tstel ve Guo-Salve modelleri Kabul Tarihi :19.02.2021

uygulanmig ve bireysel laktasyon egrileri elde edilmigstir. Siyah Alaca,
Jersey ve Esmer sut sigirlar1 irkina ait bu egrilerin
karsilagtirilmasinda hata kareler ortalamalari, belirleme katsayisi,
diizeltilmis belirleme katsayisi, Akaike bilgi kriteri, Bayesian bilgi
kriteri ve durbin-watson otokorelasyon degerleri hesaplanmis ve
modellerin karsilastirilmasinda kullanilmistir. Calisma sonucunda,
Esmer, Jersey ve Siyah Alaca sigirinda Wood, Cobby ve Le Du ve
Cappio-barlino modellerinin en iyi sonuc¢lari verdigi tespit edilmigtir.
Esmer ve Siyah Alaca sigirinda Wilmink, sigirinda ise kuadratik
modelin incelenen modeller icerisinde en k6t sonuglara sahip oldugu
belirlenmigtir.

ABSTRACT

1350 lactation records of Brown Swiss, Jersey and Holstein dairy
cattle were applied to Wood, reverse polynomial, Wilmink, logarithmic
quadratic, quadratic, logarithmic linear, Cobby and Le Du, Cappio-
Borlino, Grossman, parabolic exponential and Guo-Salve models and
individual lactation curves were obtained. In comparing these curves
belonging to Holstein, Jersey and Brown Dairy cattle breeds, the mean
squares, determination coefficient, corrected determination
coefficient, Akaike information -criterion, Bayesian information
criterion and durbin-watson autocorrelation values were calculated
and used in comparing the models. As a result of the study, it was
determined that the Wood, Cobby and Le Du and Cappio-barlino
models gave the best results in Brown, Jersey and Holstein cattle. It
was determined that the Wilmink model in Brown and Holstein cattle
and the quadratic model in Jersey cattle had the worst results among
the analyzed models.
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GIRIS ¢ikarilana kadar devam eden sit uretim siireci

Tarimsal Uretim sektérinin en 6nemli kollarindan
biri hayvanciliktir. Hayvanciligin 6nemli unsuru olan
et ve silt, Uretim kaynagimin biyik bir kismini
olusturmaktadir. Stt tretimi kiigiikbag ve biytkbasg
hayvanlardan elde edilmekle birlikte, Diinya’ da ve
Tiurkiye’ de Uretim kaynaginin biyik bir kismini
biylikbag hayvanlar olusturmaktadir. Hayvanin
buzagilamasiyla baglayan ve hayvan kuruya

"laktasyon" olarak adlandirilir. Sut sigirciliginda
laktasyon siiresinin standart olarak 305 giin oldugu
kabul edilir. Buzagilama siirecini izleyen ikinci ay
icerisinde (rklara ve bakim kosullarina bagh olarak 7,
8 veya 9. haftada) giinliikk siit verimi maksimum
seviyeye ulagir. Siit veriminin maksimum seviyede
oldugu zaman, pik dénemi olarak adlandirilir. Bu
dénemden sonra siit verimi yavas yavas azalma
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egilimi gosterir ve bu azalma derecesini ifade etmek
icin "persistensi" ifadesi kullanmilir. Sit verimini
etkileyen faktorler genetik ve gevresel faktorlerdir
(Cagan ve Ozyurt, 2008; Atashi ve ark. 2009). Genel
olarak siit verimini etkileyen faktorleri irk, laktasyon
doénemi, canli agirlik, hayvanin yasi, sagim sayisi,
aralig1 ve siiresi, kizginlik, beslenme, ¢evre sicaklig,
buzagilama mevsimi, kuruda kalma sliresi ve
hastaliklar olarak alt baslhiklar halinde siralamak
mumkiindiir. Genetik ve ¢evresel faktorlerin etkisiyle
sekillenen, buzagilama ile baslayip kuruya ¢ikma ile
sonlanan siit verimindeki degisiklikler "laktasyon
egrisi" olarak adlandirilir (Orhan ve Ertugrul, 1999;
Orhan ve Kaygisiz, 2002; Kaygisiz ve ark., 2003).

Laktasyon egrisi, sut verimlerinin belirli zaman
araliklarina (giin, ay, yil, vb.) gore grafigi cizilerek
olusturulur. Laktasyon egrisinde pik noktasindan
sonra azalisin az olmasi inegin sUt verim
devamhiliginin iyi oldugunun Dbir gostergesidir.
Laktasyon siiresince ¢ok fazla degisiklik géstermeden
slit veren bir inek, laktasyon baslangicinda ¢ok, az bir
kismini ise sonraki dénemlerde veren diger bir inege
tercih edilir (Wood, 1967; Batra, 1986). Bir siirtiniin
laktasyon egrisine ait fonksiyonel yapinin bilinmesi

yetistiriciye bir¢cok acidan fayda saglayacaktir.
Laktasyon egrileri, farklhi irkta ve farklh yas
gruplarinda  farklihk  gosterecektir.  Arastirici

varyasyonun daha fazla oldugu grubu 1slah materyali
olarak kullanacaktir. Ancak siirii bazinda yapilacak
olan laktasyon egrileri sturii ortalamasina ait gunliitk
slit verim degerlerini kullandigi icin, elde edilecek egri
stirtiiniin genel egilimini temsil edecektir. Bu durum
sirti ortalamasindan yiiksek veya disik bireylerin
se¢imini zorlagtiracaktir. Her bir bireye ait laktasyon
egrisinin elde edilmesi ig yiki getirmekle birlikte,
stiriide damizliga ayrilacak ve ayiklanacak bireylerin
seciminde buyik kolaylik saglayacaktir. Boylece
seleksiyonda isabet derecesi artacak, seleksiyon ve
ayiklamada hatali se¢imlerin 6ntine gecilebilecektir
(Akbulut ve Emsen, 1994; Ileri, 2010).

Bu ¢alismada Siyah Alaca (Holstein ), Jersey ve Esmer
(Brown Swiss-Isvicre esmeri) irklarma ait 50' ser
orjinal veri setinden elde edilen ortalama ve standart
sapma degerleri dikkate alinarak hipotetik olarak
(3x450)  olusturulan 1350 laktasyon kaydi
kullanilmigtir. Bu ¢alismanin amaci baglangigta her
bir siit kontrol giiniine ait ortalama ve standart sapma
degerleri hesaplanmis ve tilretilen siit kontrol
giinlerine ait degerlerin bu araliklarda olmasi
saglanmigtir. Boylece her bir irka 06zgi standart
laktasyon egri seklinin korunmasi saglanmigtir. Diger
yvandan her bir 1rk igin aykir1 laktasyon egrisi
sekillerinin olugsmasi da engellenmigtir.

MATERYAL ve METOD

Bu calisgmada farkli sigir irklarinin farkli laktasyon
egrileri tiretecegi gercegi goz 6nline alinarak, ti¢ farkl

irka ait (Siyah Alaca, Jersey ve Esmer) veri seti
kullanilmig ve 11 farklh matematiksel esitligin farklh
s181r wrklarinda modellemedeki etkinligi
kargilagtirmali olarak incelenmigtir. Ayrica Siyah
Alaca, Jersey ve Esmer sigir irklarina ait laktasyon
egrilerinin modellenmesinde Wood, ters polinomiyal,
Wilmink, logaritmik kuadratik, kuadratik, logaritmik
linear, Cobby ve Le Du, Cappio-Borlino, Grossman,
parabolik ustel ve Guo-Salve olmak tzere toplam 11
farkli model kullanilmigtir. Parametre tahminlerinde
Gauss-Newton algoritmasi kullanilmigtir.

Bu galismada Siyah Alaca, Jersey ve Esmer irklarina
ait 50'ser orjinal veri setinden elde edilen ortalama ve
standart sapma degerleri Cizelge 1.” de verilmigtir.

Cizelge 1. Siyah Alaca, Jersey ve Esmer irklarina ait
ortalama ve standart sapma degerleri
Table 1. Average and standard deviation values of
Holstein, Jersey and Brown breeds
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Siyah Alaca dJersey Esmer

30. Gin 25.60+0.52 16.54+1.54 21.18+2.18
60. Glin 26.40+0.84 16.04+1.85 21.08+2.79
90. Glin 25.90+2.18 15.12+2.13 19.70+2.96
120.Gin 24.20+2.10 3.70+1.99 18.10+2.95
150. Gin 1.90+2.47 12.26+1.93 16.64+2.83
180. Giin 19.90+2.38 11.08+1.95 15.08+2.93
210. Gun 18.20+1.55 9.88+1.88 13.42+2.71
240. Glin 16.00+1.25 8.74+1.63 11.78+£2.57
270. Gin 14.60+1.51 7.38+1.52 9.66+2.20

305. Giin 13.00+£2.00 5.76+1.65 7.54+1.91

Egri grafikleri ve model parametre tahminleri SAS

paket programinda yapilmistir (Kaygisiz, 1996; SAS,
1999; Giiler, 2006).

Bu amagcla baslangigta her bir siit kontrol giintine ait
ortalama ve standart sapma degerleri hesaplanmig ve
turetilen sit kontrol gilinlerine ait degerlerin bu
araliklarda olmasi saglanmistir. Boylece her bir irka
0zgu laktasyon egri seklinin korunmasi saglanmistir.
Diger yandan her bir 1irk i¢in aykir1 laktasyon
egrilerinin olugsmas1 da engellenmistir (Yilmaz ve
Kaygisiz, 2000).

Bu calismada Siyah Alaca, Jersey ve Esmer sigir
irklarina ait laktasyon egrilerinin modellenmesinde
Wood, ters polinomiyal, Wilmink, logaritmik
kuadratik, kuadratik, logaritmik linear, Cobby ve Le
Du, Cappio-Borlino, Grossman, parabolik tistel ve
Guo-Salve egitliklerinin noktasal dagilima ne kadar iyi
uyum sagladiginin tespitinde, diizeltilmis belirleme
katsayisi, hata kareler ortalamasi, Durbin-Watson
otokorelasyon testi, AIC (Akaike Bilgi Kriteri) ve BIC
(Bayesian Bilgi Kriteri) dikkate alinmistir (Sahin ve
Efe, 2010; Cankaya ve ark., 2014).

Model Karsilagtirma Kriterleri
Belirleme katsayis1 (R2?)

R? =1 — (HKT/GKT)
seklindedir. Burada,

HKT: Hata kareler toplamin,

(1
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GKT: Genel kareler toplamini ifade eder.
Diizeltilmis belirleme katsayis1 (R?)
R2=1- E:_;;] « (1 — R%);
seklindedir. Burada,

R?: Belirleme katsayisini,

n-Gozlem ¢ifti sayisini,

P Modeldeki parametre sayisini ifade eder.

2

Belirleme katsayisinin degeri, veri setine gore
olusturulan egri modelinin, veri setindeki toplam
degisimin ne kadarlik bir kismini ifade edebildiginin
bir él¢iistidiir (0</2%<1). Belirleme katsayisinin yiiksek
olmasi, modelin noktasal dagilima uygunlugunun
yiksek oldugu anlamina gelir. Dizeltilmis belirleme
katsayisinda ise esitlik 1' den anlagilacag tizere
parametre sayis1 dikkate alinir ve her zaman belirleme
katsayisindan disik bir degere sahip olmaktadir
(Grossman ve ark., 1986; Yedes, 1999).

Hata Kareler Ortalamasi1 (HKO)
HKO = HKT/(n — p)

seklindedir. Burada,

HKO: Hata Kareler Ortalamasini,

n’ Gozlem Cifti Sayisini,

(3

p-Modeldeki Parametre Sayisini ifade etmektedir.
Akaike Bilgi Kriteri (AIC)

Akaike bilgi kriteri, farkli modellerin kiyaslanmasi s6z
konusu oldugunda, istatistiksel olarak en uygun olani
secmekte yaygin olarak kullamilan bir degerdir. Bu
degeri en kiiciik olan modelin en uygun model oldugu
kabul edilir. Akaike bilgi kriterine ait esitlik,

HKT

AIC = x In (5) + 2k (4)
n
seklindedir. Burada,
HKT: Hata Kareler Toplamini,
g% < v 3 3
+ + + ' "+
0 dw, dw 4 ~dw 4 ~dw,

Sekil 1. Durbin Watson cetvel degerleri
Figure 1. Durbin Watson ruler values

BULGULAR ve TARTISMA

Siyah Alaca, Jersey ve Esmer siit si8ir1 irklarina ait
1350 adet laktasyon kaydina Wood, Ters polinomiyal,
Wilmink, Logaritmik kuadratik, Kuadratik,
Logaritmik linear, Cobby ve Le Du, Cappio-Borlino,
Grossman, parabolik tstel ve Guo-Salve modelleri
uygulanmigtir. Bu modeller bireysel laktasyon
egrilerinin elde edilmesinde kullamilmigtir. Yani

otokorclasyon
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n’ Goézlem Cifti Sayisini,
k:Modeldeki Parametre Sayisini ifade etmektedir.
Bayesian Bilgi Kriteri (BIC),

Bayesian bilgi kriteri parametre sayilar1 farkl
modellerin  kargilagtirnlmasinda yaygin  olarak
kullanilmaktadir. Akaike bilgi kriterinde oldugu gibi,
bu degeri en kiigik olan modelin en uygun model
oldugu kabul edilir. Bayesian bilgi kriterine ait esitlik,

BIC =nx In (%) +k.In(n) (5)
seklindedir. Burada,

HKT: Hata Kareler Toplamini,

n’ Goézlem Cifti Sayisina,

k>Modeldeki Parametre Sayisini ifade etmektedir.
Durbin-Watson Otokorelasyon Testi (DW);

Durbin-Watson otokorelasyon testi, modelde hata
terimlerinin iligki (korelasyon) halinde olup
olmadigini test etmeye yarar. Bu testle elde edilen
saymin 2 civarinda olmasi1 otokorelasyon olmadigi
anlamina gelir (Durbin ve Watson, 1951). Durbin
Watson test istatistigi,
DW = Z11/:l=2(elf_elf—1)2

n 2
t=16t

(6)

seklinde yazilabilir.

Burada e;= hata terimi ve ¢ = zaman ifadesini

gostermektedir.

DW degeri her zaman 0 ile 4 arasinda yer alir ve
degerin 2 olmasi durumunda otokorelasyonun
olmadig1 kabul edilir. Durbin Watson istatistigine ait
hesap degeri bulunduktan sonra alt L (dw ) ve {ist
aralik U (dw ) degerleri Durbin Watson cetvelinden
elde edilir ve Sekil 1° deki aciklamalar dikkate
alinarak degerlendirme yapilir.

toplamda 1350 adet laktasyon kaydi kullanilmis ve
1350 adet laktasyon egrisi elde edilmigtir.

Bu egrilere ait her bir 1irk i¢in ayr1 ayr1 hata kareler
ortalamalari,  belirleme  katsayisi, dizeltilmis
belirleme katsayisi, Akaike bilgi kriteri, Bayesian bilgi
kriteri ve durbin-watson otokorelasyon degerleri
hesaplanmistir. Model karsilastirma kriteri olarak
kullanilacak olan hata kareler ortalamalari, belirleme
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katsayisi, diizeltilmis belirleme katsayisi, Akaike bilgi
kriteri, Bayesian bilgi kriteri ve durbin-watson
otokorelasyon degerlerine ait aritmetik ortalamalar ve
standart hatalar1 Cizelge 2, Cizelge 3 ve Cizelge 4' te
verilmistir.

Cizelge 2' de goriildiigi tizere Wood (R?=0.998+0.001),
Cobby ve Le Du (R?=0.996+0.001) ve Cappio-barlino
(R2=0.998+0.001) modelleri ve diizeltilmis belirleme
katsayilari bakimindan diger modellerden daha
yiksek degerlere sahiptir. Hata kareler ortalamalari
bakimindan (Wood HKO; 0.925+0.001, Cobby ve Le Du
HKO; 0.782+0.075, Cappio-barlino HKO; 0.864+0.055)
ise U¢ modeldeki degerde 1 degerinin altinda
bulunmustur. Bu ii¢ modele ait Akaike ve Bayesian
bilgi kriteri degerleri (Wood AIC; -7.116+1.1, BIC; -
6.208+0.1, Cobby ve Le Du AIC; -12.264+1.1, BIC; -
11.356+5.1 Cappio-barlino AIC; -16.311+3.1, BIC; -

14.798+3.2 ) ise diger modellere gore en kiiclik
degerlere sahip oldugu gorilmektedir. Otokorelasyon
gostergesi olan Durbin-Watson degerleri
incelendiginde (Wood DW; 2.01+0.2, Cobby ve Le Du
DW; 1.63+0.1, Cappio-barlino DW; 1.91+0.2) ise
herhangi bir sikintili durum s6z konusu degildir.

Cizelge 2' de yer alan Siyah Alaca sigirina ait hata
kareler ortalamasi, belirleme katsayisi, diizeltilmig
belirleme katsayisi, Akaike bilgi kriteri, Bayesian bilgi
kriteri ve Durbin-Watson otokorelasyon degerleri
bakimindan incelendiginde Wood, Cobby ve Le Du ve
Cappio-barlino modellerinin birbirine ¢ok yakin
degerler verdigi ve en iyi sonuglarin elde edildigi
sOylenebilir.

Cizelge 2'de yer alan modellerin diger modellerle
beraber siit verimi &lgimlerine gore egriler Sekil 2,
Sekil 3 ve Sekil 4'te verilmistir.

Cizelge 2. Siyah alaca sigir irkina ait bireysel laktasyon egrileri i¢in hata kareler ortalamalari, belirleme katsayisi, diizeltilmis
belirleme katsayisi, Akaike bilgi kriteri, Bayesian bilgi kriteri ve Durbin-Watson otokorelasyon degerleri (X 4 Sg).

Table 2. Average error squares, determination coefficient, corrected coefficient of determination, Akaike information criterion,
Bayesian information criterion and Durbin-Watson autocorrelation values for individual lactation curves of

Holstein cattle breed X + Sg).

Siyah Alaca

Modeller HKO R2 R? AIC BIG DW
Wood 0.925:0.001  0.999:0.001  0.998:0.001  -7.116+1.1 -6.208:0.1  2.01£0.2
Ters Polinomiyal 202740120  0.997:0.001  0.995:0.001  3.438+0.1 4.346:0.3  2.33+0.3
Wilmink 1.33040.102  0.929:0.008  0.908:0.010  0.897+2.3 1.89240.7  2.47+0.1
Logaritmik Kuadratik 0.553:0.033  0.977+0.002  0.965:0.003  -5.823+0.3 4613411 2.15:0.4
Kuadratik 1.22640.107  0.94740.004  0.932:0.006  2.825+3.1 3.733:31  1.78:0.2
Logaritmik Linear 0.835:0.049  0.959+0.003  0.947+0.004  -3.493+2.4 2.586£0.9  1.94+0.7
Cobby ve Le Du 118240075  0.998:0.001  0.99640.001  -12.264+1.1  -11.856+5.1 1.63+0.1
Cappio-barlino 0.86420.055  0.999+0.001  0.998+0.001  -16.811+3.1  -14.79843.2 1.91+0.2
Grossman 2.03240.140  0.998:0.001  0.995:0.001  11.34544.2  12.858:0.5  2.6440.1
Parabolik Ustel 0.824+0.051  0.999+0.001  0.998+0.001  -0.578+3.1 0.330£0.7  2.99+0.1
Guo-Salve 0.937+0.060  0.952+0.005  0.949+0.001  -8.147+2.6 7239411 2.99+0.4
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Sekil 2. Siyah alaca sigir 1rk i¢in, Wood, ters polinomiyal, Wilmink, logaritmik kuadratik, kuadratik, logaritmik linear, Cobby
ve Le Du, Cappio-Borlino, Grossman, parabolik tustel ve Guo-Salve modellerine ait laktasyon egrileri.

Figure2. For Holstein cattle breed, lactation curves of the Wood, inverse polynomial, Wilmink, logarithmic quadratic, quadratic,
logarithmic Ilinear, Cobby and Le Du, Cappio-Borlino, Grossman, parabolic exponential and Guo-Salve models.
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Sekil 3. Jersey sig1ir irki icin, Wood, ters polinomiyal, Wilmink, logaritmik kuadratik, kuadratik, logaritmik linear, Cobby
ve Le Du, Cappio-Borlino, Grossman, parabolik tustel ve Guo-Salve modellerine ait laktasyon egrileri.

Figure 3. For Jersey cattle breed, lactation curves of the Wood, inverse polynomial, Wilmink, logarithmic quadratic,

quadratic, logarithmic linear, Cobby and Le Du, Cappio-Borlino, Grossman, parabolic exponential and Guo-

Salve models.
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Sekil 4. Esmer s1g1ir 1irki i¢in, Wood, ters polinomiyal, Wilmink, logaritmik kuadratik, kuadratik, logaritmik linear, Cobby
ve Le Du, Cappio-Borlino, Grossman, parabolik tustel ve Guo-Salve modellerine ait laktasyon egrileri.

Figure 4. For the brown cattle breed, lactation curves of the Wood, inverse polynomial, Wilmink, logarithmic quadratic,

quadratic, logarithmic linear, Cobby and Le Du, Cappio-Borlino, Grossman, parabolic exponential and Guo-

Salve models.

Cizelge 2 incelendiginde Jersey irkinda da, Siyah
Alaca si1girinda oldugu gibi Wood (R? =0.990+0.001),
Cobby ve Le Du (R?=0.991+0.004) ve Cappio-barlino
(R?=0.994+0.002) modelleri diizeltilmis belirleme
katsayilari bakimimdan diger modellerden daha
yiksek degerlere sahiptir. Hata kareler ortalamalar
bakimindan (Wood HKO; 0.925+0.001, Cobby ve Le Du
HKO; 0.394+0.039, Cappio-barlino HKO; 0.419+0.029)
ise Guo-Salve modeli diginda bu ti¢ modeldeki degerler
en diigiik degerlere sahiptir. U¢ modele ait Akaike ve
Bayesian bilgi kriteri degerleri (Wood AIC; -9.606+0.1,
BIC; -8.699+0.2, Cobby ve Le Du AIC; -7.016+0.7, BIC;
-16.108+0.7, Cappio-barlino AIC; -10.95+0.6, BIC; -
9.442+1.1) bakimindan ise diger modellere goére en
kiigiik degerlere sahip oldugu goriilmektedir. Durbin-
Watson degerleri incelendiginde (Wood DW; 2.11+0.1,
Cobby ve Le Du DW; 1.59+0.3, Cappio-barlino DW;
1,79£0.4) anlaml sonuc elde edilmigtir..

Cizelge 3' te yer alan Jersey sigirina ait hata kareler
ortalamasi, belirleme katsayisi, diizeltilmis belirleme
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katsayisi, Akaike bilgi kriteri, Bayesian bilgi kriteri ve
Durbin-Watson otokorelasyon degerleri bakimindan
incelendiginde Siyah Alaca sigirinda oldugu gibi Wood,
Cobby ve Le Du ve Cappio-barlino modellerinin
birbirine ¢ok yakin degerler verdigi ve en iyi
sonuglarin elde edildigi s6ylenebilir.

Cizelge 3' te yer alan modellerin diger modellerle
beraber sut verimi 6l¢iimlerine gore egriler Sekil 2' de
verilmigtir.

Cizelge 4 incelendiginde Esmer sigir irkinda da, Jersey
ve Siyah Alaca sigirinda oldugu gibi  Wood
(R? =0.991+0.004), Cobby ve Le Du (R?=0.989+0.002)
ve  Cappio-barlino  (R?=0.980+0.013)  modelleri
belirleme katsayilari ve diizeltilmis belirleme
katsayilari bakimimdan diger modellerden daha
yiksek degerlere sahip oldugu gorilmektedir. Hata
kareler ortalamalari bakimindan Wood ve Cobby ve Le
Du (Wood HKO; 0.925+0.005, Cobby ve Le Du HKO:;
0.929+0.074) diigiik degere sahip oldugu, Cappio-
barlino (HKO; 3.243+2.313) modele nispeten daha
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yiiksek degere sahip oldugu gériilmektedir. U¢ modele
ait Akaike ve Bayesian bilgi kriteri degerleri (Wood
AIC; -9.79+0.2, BIC; -8.88+0.2, Cobby ve Le Du AIC; -
9.84+1.1, BIC; -8.93+0.4, Cappio-barlino AIC;

15.86+1.5, BIC; -14.35+1.01) bakimindan ise diger
modellere gére daha kii¢ciik degerlere sahip oldugu

gorilmektedir. Durbin-Watson degerleri
incelendiginde ise (Wood DW; 2.21+0.1, Cobby ve Le
Du DW; 1.41+0.1, Cappio-barlino DW; 1.66+0.2)
herhangi bir otokorelasyon durumu s6z konusu
degildir.

Cizelge 3. Jersey sigir irkina ait bireysel laktasyon egrileri i¢in hata kareler ortalamalari, belirleme katsayisi,
diizeltilmis belirleme katsayisi, Akaike bilgi kriteri, Bayesian bilgi kriteri ve Durbin-Watson

otokorelasyon degerleri (X + Sy).

Table 3. Averages of error, coefficient of determination, corrected coefficient of determination, Akaike information
criterion, Bayesian information criterion and Durbin-Watson autocorrelation values for individual

lactation curves of Jersey cattle breed (X + Sy).

Jersey

Modeller HKO R2

Wood 0.925+0.001 0.997+0.001
Ters Polinomiyal 0.842+0.051  0.994+0.001
Wilmink 0.396+0.041 0.966+0.003
Logaritmik Kuadratik 0.273+0.022  0.980+0.001
Kuadratik 0.421+0.035 0.963+0.003
Logaritmik Linear 0.343+0.033  0.971+0.002
Cobby ve Le Du 0.394+0.039  0.996+0.003
Cappio-barlino 0.419+0.029  0.997+0.001
Grossman 0.660+0.069 0.995+0.002
Parabolik Ustel 1.624£1.270  0.989+0.007
Guo-Salve 0.350+0.030 0.969+0.002

R? AIC BIC DW
0.990+0.001 -9.606+0.1 -8.699+0.2 2.11+0.1
0.992+0.001 1.155+0.5 2.063+0.6 2.42+0.2
0.956+0.004 -1.362+1.2 -0.452+0.7 2.17+0.2
0.969+0.002 -6.106x1.1 -4.896+1.4 2.35+0.2
0.953+0.004 -5.426+1.2 -4.518+1.3 1.71+£0.3
0.963+0.002 -2.079+0.5 -1.171£1.1 1.82+0.1
0.991+0.004 -17.016+0.7 -16.108+£0.7  1.59+0.3
0.994+0.002 -10.95+0.6 -9.442+1.1 1.79+0.4
0.990+0.004 0.610+0.2 2.122+0.4 2.79+0.2
0.984+0.010 -10.399+1.2 -9.491+1.5 2.12+0.1
0.966+0.001 -14.794+1.1 -1.887+0.9 3.01+0.3

Cizelge 4. Esmer si8ir irkina ait bireysel laktasyon egrileri i¢in hata kareler ortalamalari, belirleme katsayisi,
diizeltilmis belirleme katsayisi, Akaike bilgi kriteri, Bayesian bilgi kriteri ve Durbin-Watson otokorelasyon

degerleri X + Sy).

Table 4. Averages of error squares, determination coefficient, corrected determination coefficient, Akaike information
criterion, Bayesian information criterion and Durbin-Watson autocorrelation values for individual lactation

curves of brown cattle breed (X + S;).

Esmer

Modeller HKO R2

Wood 0.925+0.005 0.994+0.003
Ters Polinomiyal 1.876+0.150 0.991+0.002
Wilmink 1.084+0.099 0.930+0.009
Logaritmik Kuadratik 0.600+0.044 0.969+0.002
Kuadratik 1.095+0.099 0.939+0.005
Logaritmik Linear 0.840+0.064 0.949+0.005
Cobby ve Le Du 0.929+0.074 0.993+0.001
Cappio-barlino 3.243+2.313 0.990+0.007
Grossman 3.039+1.376 0.993+0.003
Parabolik Ustel 4.541£2.581  0.996+0.000
Guo-Salve 0.878+0.072 0.946+0.006

R? AIC BIC DW
0.991+0.004 -9.79+0.2 -8.88+0.2 2.21+0.1
0.987+0.003 -0.04£0.5 0.86+0.3 2.62+0.1
0.910+0.012 1.13+0.6 2.046+0.1 2.37+0.6
0.954+0.004 -8.09+0.4 -6.88+0.1 2.30+0.7
0.921+0.006 8.16+0.1 9.069+0.8 1.82+0.4
0.935+0.007 2.79+1.9 3.704+0.5 1.75+£0.4
0.989+0.002 -9.84+1.1 -8.93+0.4 1.41+0.1
0.980+0.013 -15.86+1.5  -14.35+10.1 1.66+0.2
0.986+0.005 17.27+£1.7 18.78+1.3 2.93+0.9
0.976+0.013 4.06+0.9 4.97+2.1 2.49+0.2
0.930+0.001 -3.18+0.6 -2.27+1.9 3.12+0.1

Cizelge 4' te yer alan Esmer sigirina ait hata kareler
ortalamasi, belirleme katsayisi, diizeltilmis belirleme
katsayisi, Akaike bilgi kriteri, Bayesian bilgi kriteri ve
Durbin-Watson otokorelasyon degerleri bakimindan
incelendiginde Jersey ve Siyah Alaca irki sigirlarda
oldugu gibi Wood, Cobby ve Le Du ve Cappio-barlino
modelleri modellerinin birbirine ¢ok yakin degerler
verdigi ve en iyi sonuglarin elde edildigi séylenebilir.

Bu calismada siyah alaca, jersey ve esmer sigir
irklarina ait laktasyon egrilerinin modellenmesinde
Wood, ters polinomiyal, Wilmink, logaritmik
kuadratik, kuadratik, logaritmik linear, Cobby ve Le
Du, Cappio-Borlino, Grossman, parabolik tstel ve
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Guo-Salve egitliklerinin noktasal dagilima ne kadar iyi
uyum sagladiginin tespitinde belirleme katsayisi,
diizeltilmig  belirleme katsayisi, hata kareler
ortalamasi, Durbin-Watson otokorelasyon testi, AIC
(Akaike Bilgi Kriteri) ve BIC (Bayesian Bilgi Kriteri)
dikkate alinmigtir. Calisma sonucunda, Esmer, Jersey
ve Siyah Alaca sigirinda Wood, Cobby ve Le Du ve
Cappio-barlino modellerinin en iyi sonuglar1 verdigi
tespit edilmistir. Cobby ve Le Du (1978), Akbulut ve
Emsen (1994), Orman ve Ertugrul (1999), Orhan ve
Kaygisiz (2002), Keskin ve Tozluca (2004), Giiler
(2006), Ileri (2010), Sahin ve Efe, (2010), Cankaya ve
ark. (2011), Gok ve ark. (2019) min elde ettikleri
sonuglar ile uyum igerisindedir.
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SONUC ve ONERILER azaltmistir.

Sut sigirciliginda, stut tretiminin uygun modeller ile .

ifade edilebilmesi, gerek bir laktasyon déneminde, = TESEKKUR

gerekse Omirleri boyunca verecekleri siit iretiminin Bu calisma yiiksek lisans tez calismasindan
tahmin edilebilmesine olanak saglamaktadir. Siit tiiretilmistir.

uretimi gibi bir¢ok gen tarafindan kontrol edilen bir
¢iktinin, 6nceden tahmin edilmesi, isabetli bir 1slah
calismasi i¢in son derece 6nemlidir. Bu sebeple uygun
modellerin se¢imi zaman ve maliyet acisindan son
derece 6nemlidir. En uygun modelin se¢imi, seleksiyon
baglangicinda, bireysel laktasyon egrileri lizerinden
secim ve ayiklamaya imkan tamiyacak ve dogal olarak
uzun zaman gerektiren seleksiyon c¢aligmalarinda
isabet derecesinin yiikselmesine neden olacaktir. Stri
ortalamalar1 lizerinden yapilan laktasyon egrisi
modellemelerinde, Ustiin genetik yapiya sahip
bireylerin secimi veya dusiik st verimine sahip
bireylerin ayiklanmasi, bireysel modellemeye gore
nispeten zordur.

Siyah Alaca ve Esmer sigirinda belirleme ve
diizeltilmig belirleme katsayilar1 bakimindan en kot
sonuclari  Wilmink modeli, Jersey irkinda ise
Kuadratik model vermigtir. Durbin-Watson degerleri
bakimindan incelendiginde ise Siyah Alaca sigirinda
Guo-Salve ve Parabolik Ustel modelin, Jersey ve
Esmer sigirinda ise Guo-Salve modelinde negatif
otokorelasyona yakin (kararsiz bélge) degerler verdigi
(stmir degerleri; dwr =0.604, dwu =1.001, 4- dwvu
=2.999, 4- dw1=3.396) gériilmektedir.

Jersey ve Siyah Alaca sigirinda her ne kadar
birbirlerine ¢ok yakin deger verseler de bir siralama
yapmak gerekirse, tium karsilastirma kriterleri
dikkate alindiginda, Cappio-Borlino, Wood ve Cobby
ve Le Du sgeklinde siralamak mumkindiir. Esmer
sigirinda ise siralama, Wood, Cobby ve Le Du Cappio-
Borlino seklinde yapilabilir.

Burada dikkat edilmesi gereken konu modellerin
farkll veri setlerinde farkli sonuglar tretebilecegidir.
Bu durum siit sigircihginda laktasyon egrilerinin
modellenmesinde birden fazla modelin kullanilmasina
neden olmaktadir. Diger yandan model karsilagtirma
kriterlerinin miimkiin oldugunca fazla olmasi ve
model se¢iminde bu kriterlerin toplu olarak
degerlendirilmesi arastiricinin istatistiksel anlamda
en uygun modeli belirlemesine yardimci olacaktir.

Ozellikle siirii icerisinde genetik kapasitesi yiiksek
bireylerin se¢iminde, slrii bazli egri modellemenin
1slah acisindan faydasi son derece kisithdir. Bu
nedenle bireysel laktasyon egrilerinin modellenmesi
ve 1slah calismalarinda baglangi¢ noktasi olarak
kullanilmasi son derece 6nemlidir. Bireysel laktasyon
egrilerinin modellenmesi ile ilgili literatiirde ¢ok az
calisma yapilmis olmasinin, biiyik suriilerde getirdigi
ekstra 1s giiciinlin bir sonucu olarak diisiniilmektedir.
Ancak bilgisayar ve yazilim teknolojilerindeki ilerleme
bu zorlugu ginimizde mumkin oldugu kadar
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Aragtirmacilarin Katki Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyan1
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catigsmasi olmadigini beyan ederler.
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