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Sevda TASAN, Mehmet TASAN

YARI NEMLI BIR BOLGEDE GUNLUK REFERANS
BITKi SU TUKETIMININ TAHMINI ICIN UC FARKLI
MAKINE OGRENiMi MODELLERININ GELISTIiRILMESI
VE KARSILASTIRILMASI

0z

Su kaynaklarinin planlanmasi ve tarimsal su yonetimi i¢in referans bitki su
tiikketiminin (ET)) dogru tahmin edilmesi olduk¢a énemlidir. Bu galigmada ii¢
farkli makine 6grenimi yonteminin, ¢ok degiskenli uyarlanabilir regresyon egrileri
(MARS), rassal aga¢ (RT) ve gauss stire¢ regresyonu (GPR), yar1 nemli iklim ko-
sullarina sahip bir bélgeden alinan iklim verileri kullanilarak giinlitk ET 1 tahmin
etme performanslar1 arastirilmistir. Modelleri egitmek ve test etmek i¢in Bafra il-
¢esinde 2018-2020 doneminde toplanan giinlitk meteorolojik verilerin bes girdi
kombinasyonu [glinliik ortalama (Tort), maksimum (Tmax) ve minimum sicaklik
(Tmin), riizgar hiz1 (u,), bagil nem (RHort) ve giineslenme siddeti (Rs) hem tam
hem de eksik kombinasyonlar: dahil] kullanilmistir. Makine 6grenimi modelle-
rinin performansi ise FAO-56 Penman Monteith (FAO-56 PM) standart denkle-
mi ile karsilastirilmistir. Modellerin dogrulugunu degerlendirmek i¢in dort farkl
istatistiksel performans indeksi kullanilmistir [belirleme katsayis1 (R?), ortalama
mutlak hata (MAE), hata kareleri toplaminin karekokii (RMSE) ve Nash-Sutcliffe
etkinlik katsayis1 (NSE)]. Sonuglar, genel olarak MARS modellerinin RT ve GPR
modellerinden daha iyi performans gosterdigini ortaya koymustur. Tim verile-
rin girdi olarak kullanildig1 besinci senaryo i¢cin MARS modeli tarafindan tahmin
edilen ET degerlerinin FAO-56 PM degerleri ile iyi bir uyum i¢inde oldugu be-
lirlenmistir (R>=0.982, MAE=0.250, RMSE=0.305, NSE=0.965). Bununla birlikte
meteorolojik veriler tam olmadiginda bile sadece Tort, RHort ve Rs ile olduk¢a
yiiksek giinliik ET | tahminleri elde edilmistir. Genel olarak, radyasyona dayali ma-
kine 6grenimi modelleri, sicakliga dayali makine 6grenimi modellerinden daha iyi
performans gostermistir. Sonuglar, yart nemli iklim 6zelliklerine sahip bir bolgede
MARS modelinin ET 1 oldukga verimli ve dogru bir sekilde modellemek igin etkili
bir gekilde kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Cok Degiskenli Uyarlanabilir Regresyon Egrileri,
Modelleme, Rassal Agag, Referans Bitki Su Titketimi.
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Yari Nemli Bir Bolgede Giinliik Referans Bitki Su Tiiketiminin Tahmini ...

DEVELOPMENT AND COMPARISON OF THREE DIFFERENT
MACHINE LEARNING MODELS FOR ESTIMATING
DAILY REFERENCE EVAPOTRANSPIRATION IN
SUB-HUMID REGION

ABSTRACT

Accurate estimation of reference evapotranspiration (ET,) is very important
for water resource planning and agricultural water management. This study inves-
tigates the performance of three different machine learning methods, multivari-
ate adaptive regression splines (MARS), random tree (RT), and gaussian process
regression (GPR), for predicting daily ET using climate data from a sub-humid
climate region. Five input combinations [including both complete and incomplete
combinations of daily average (Tavg), maximum (Tmax) and minimum (Tmin)
temperature wind speed (u,), relative humidity (RHavg), and solar radiation (Rs)]
of daily meteorological data collected in Bafra district during the 2018-2020 pe-
riod were used for model training and testing. The performance of machine lear-
ning models was compared with the standard FAO-56 Penman-Monteith equation
(FAO-56 PM). Four different statistical performance indices were used to evaluate
the accuracy of the models [coefficient of determination (R?), mean absolute er-
ror (MAE), root mean square error (RMSE), and Nash-Sutcliffe efficiency coefti-
cient (NSE)]. The results revealed that MARS models outperform the RT and GPR
models. For scenario 5, using all data as input, the ET values estimated by the
MARS models agreed well with the FAO-56 PM values (R*=0.982, MAE=0.250,
RMSE=0.305, NSE=0.965). However, even if the meteorological data are incomp-
lete, very high daily ET  estimates have been obtained using only Tavg, RHavg, and
Rs. Overall, the radiation-based machine learning models outperformed the tem-
perature-based machine learning models. The results show that the MARS model
can be used effectively to model ET quite efficiently and accurately in a region
with sub-humid climate characteristics.

Keywords: Multivariate Adaptive Regression Splines, Modeling, Random Tree,
Reference Evapotranspiration.

e o %
1. GIRIS

Bitki su tiiketimi, toprak yiizeyinden buharlasma ve bitki yapraklarindan terle-
me yoluyla atmosfere gecen su miktarinin toplami olup, bitkiler tarafindan belirli
bir siire boyunca ihtiya¢ duyulan suyu temsil etmektedir (Aghelpour ve Noro-
o0z-Valashedi, 2022). Yiizey suyunun ortama gore bir dl¢iisii oldugu i¢in hidrolojik

ANAJAS, 2023, Cilt 38, Sayi 2, Sayfa 235-254
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dongiideki en 6nemli bilegenlerden biri olarak kabul edilmektedir (Jing ve ark.,
2019). Hidrolojik dongiideki hayati rolii nedeniyle, bir bolgedeki sulama suyu
miktarmin hesaplanmasinda ve programlanmasinda 6nemli bir rol oynamaktadir.
Bu nedenle bitki su tiiketiminin dogru bir sekilde belirlenmesi, tarimsal amagli su
kaynaklarimin yoneticileri ve kullanicilari igin biiylik 6nem tagimaktadir.

Bitki su titketimi dogrudan Bowen orani enerji dengesi yaklasimi, girdap ko-
varyans teknikleri ve lizimetreler kullanilarak gesitli deneysel yontemlerle 6l¢iile-
bilir (Roy ve ark., 2021). Alternatif olarak meteorolojik veriler kullanilarak referans
bitki su titketimi (ET) hesaplanarak dolayl olarak da elde edilebilir. Bu dolayl
yontemde bitki su tiiketimi, referans bitki su tiiketimine (ET ) karsilik gelen bitki
katsayisi (ke) ile carpilmasiyla elde edilebilir (Allen ve ark., 1998). Bu nedenle bitki
su tiiketiminin dogru hesaplanabilmesi i¢in ET ' dogru bir sekilde tahmin edil-
mesi gerekmektedir. ET 1 dolayli olarak tahmin etmek igin gelistirilen gok sayida
matematiksel model bulunmaktadir. ET 1 hesaplamak igin sicaklik tabanli Thor-
nthwaite (1948), Blaney-Criddle (Blaney ve Criddle, 1950) ve Hargreaves-Samani
(Hargreaves ve Samani, 1985), radyasyon tabanli (Makkink 1957), Priestley-Taylor
(Priestley ve Taylor, 1972) ve kombinasyon tabanli FAO-56 Penman-Monteith (Al-
len ve ark., 1998) modelleri 6nerilmistir. Bununla birlikte FAO-56 Penman-Mon-
teith (FAO-56 PM) yonteminin, diger denklemlerle karsilagtirildiginda tstiin ol-
dugu birgok ¢alismada dogrulanmistir (Djaman ve ark., 2016). Bu nedenle FAO-56
PM yontemi, Birlesmis Milletler Gida ve Tarim Orgiitii (FAO), Uluslararasi Sulama
Drenaj Komisyonu (ICID) ve ASCE-Evapotranspirasyon Sulama ve Hidroloji Ko-
mitesi (ASCE-EWRI, 2005) tarafindan diger modelleri degerlendirmek i¢in stan-
dart model olarak onerilmektedir. Bu dolayli yontem, karmasiklik veya maliyet
nedeniyle dogrudan 6l¢iimlerin mevcut olmadig diinyanin bir¢ok yerinde yaygin
olarak kullanilmaktadir (Allen ve ark., 1998). Ancak FAO-56 PM denklemini he-
saplamak icin maksimum ve minimum hava sicakligs, riizgar hizi, bagil nem ve
net radyasyon gibi gesitli iklim parametrelerine ihtiya¢ vardir. Bu da FAO-56 PM
modelinin diinya ¢apinda uygulanmasini 6nemli dl¢iide sinirlandirmaktadir.

ET,, dogrusal olmayan bir hidrolojik siire¢ oldugundan, gesitli makine
Ogrenmesi yontemleri degiskenler arasindaki dogrusal olmayan iliskileri model-
lemek i¢in basari ile kullanilmigtir (Huang ve ark., 2019; Goci¢ ve Arab Amiri,
2021). ETin tahmin dogrulugu, eksik veri bulunmasi durumunda bagiml ve ba-
gimsiz degiskenler arasindaki dogrusal olmayan iliskilerin istesinden gelme ko-
nusundaki kapasiteleri nedeniyle makine 6grenmesi modelleri tarafindan 6nemli
olgiide iyilestirilebilir. Cesitli makine 6grenmesi yontemleri, diinyanin ¢esitli iklim
bolgelerinde ET 1 tahmin etmek i¢in 6nerilmistir. Bunlar arasinda en yaygin ola-
n1 noron tabanli yapay sinir aglaridir (YSA) (Makwana ve ark., 2023). Cekirdek
tabanli makine 6grenmesi algoritmalar1 arasinda en yaygin kullanilan modeller
gauss siire¢ regresyonu (GPR) ve destek vektor makineleridir (DVM). Bu modeller
ET, tahmini i¢in biiyiik 6lgiide uygulanmustir (Karbasi, 2018; Yin ve ark., 2021).

https:/doi.org/10.7161/0muanajas 1211716 d
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Cok degiskenli uyarlanabilir regresyon egrileri (MARS) gibi egri tabanli makine
ogrenmesi modelleri de ET 'in tahmininde bagar ile kullanilmistir (Dong ve ark.,
2022). Mehdizadeh ve ark. (2017)'nin aylik ortalama ET, tahmini i¢in MARS,
DVM, gen ekspresyon programlama (GEP) ve ampirik denklemlerin performan-
sint kargilagtirdiklar: ¢alismada en iyi tahmin performansint MARS modelinin
gosterdigi bildirilmigtir. ET | tahmininde yaygin olarak kullanilan bir diger algo-
ritma ise agag tabanli makine 6grenmesi algoritmalaridir. Bunlar arasinda en yay-
gin olanlari rassal aga¢ (RT) (Salam ve Islam, 2020) ve rassal orman (RF) (Wu ve
ark., 2020) algoritmalaridir. Salam ve Islam (2020) nemli bir iklim bolgesinde ET 1
tahmin etmek igin rassal aga¢ (RT), rassal orman (RF) ve destek vektér makinesi
(DVM) modellerini karsilagtirmistir. Calismada RT modelinin, ET 1 tahmin et-
mede diger modellerden daha iyi performans gosterdigini belirlemiglerdir. Ayrica
riizgar hizi ve glines radyasyonu degiskenlerinin, gozlemlenen ve tahmin edilen
ET 1 en ¢ok etkileyen iki degisken oldugunu bildirmislerdir. Chen ve ark. (2014)
bes ampirik model ve tig stire¢ tabanli modelin (YSA, RT ve DVM) Cin ve komsu
bolgelerindeki bitki su tiiketimini tahmin etme performanslarini karsilagtirmiglar-
dur. Siireg tabanli modellerin daha ytiksek tahmin performansi gosterdigi bildiril-
mistir. Yukaridaki agiklamalar dogrultusunda farkls iklim bolgeleri ve farkli girdi
degiskenlerine gore modellerin tahmin performanslarinin degiskenlik gosterdigi
soylenebilir. Bu sonu¢ muhtemelen, makine 6grenimi modellerinin farkl veri kii-
melerinde farkli performans gostermesinden kaynaklanmaktadir (Zhou, 2016).
Dolayisiyla, ET 'in tahmini i¢in en dogru modelin segimi konusunda ortak bir fikir
birligi yoktur, bu nedenle yeni modeller gereklidir ve dogrulanmalidir.

Bu ¢alisma, Tirkiye'nin yar: nemli iklim 6zelliklerine sahip 6nemli tarimsal
faaliyetlerin gerceklestirildigi Bafra ovasinda giinliik referans bitki su tiiketimini
(ET,) tahmin etmek igin yapilmistir. Bu amagla bes farkli girdi kombinasyonu al-
tinda ti¢ farkli makine 6grenimi (MARS, RT ve GPR) modelinin tahmin perfor-
manslar1 kargilagtirilmigtir. FAO-56 PM denklemi modellerden elde edilen ET,
tahminlerini karsilastirmak icin referans olarak kullanilmistir. Ciinkii bu, 6l¢iilen
bir lizimetre verisi yoksa, standart prosediir olarak kabul edilmektedir (Irmak ve
ark., 2003). Caligmanin ana hedefleri sunlardir: 1) tam ve eksik meteorolojik girdi
degiskenleri ile glinlitk ET tahmini igin bir makine 6grenimi modeli gelistirmek,
2) gesitli makine 6grenimi modellerinin performanslarini karsilastirmak ve 3) ca-
lisma alani igin giinliik ET 1 tahmin etmek i¢in en uygun makine 6grenimi mode-
lini 6nermektir.

ANAJAS, 2023, Cilt 38, Sayi 2, Sayfa 235-254
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2. MATERYAL VE YONTEM

2.1. Calisma Alani ve Verilerin Toplanmasi

Samsun ili, Bafra ilgesi Tiirkiyenin kuzeyinde, Karadeniz bolgesinde 41° 28'-
41° 45' kuzey enlemleri ve 35° 43'- 35° 58" dogu boylamlar1 arasinda yer almaktadur.
Bolgede Karadeniz iklimi hakim olup, yar1 nemli iklim 6zelligi gostermektedir.
Boélgenin uzun yillar ortalama en yiiksek sicaklik degeri Agustos ayinda 23 °C olup,
ortalama en diigiik sicaklik degeri 5.7 °C ile Subat ayinda gerceklesmistir. Yillik
toplam yagis miktar: ise 794.2 mmdir (Tasan, 2018). Bolgede yogun olarak ¢eltik
tarimi yapilmakla birlikte ¢esitli yazlik (domates, biber, karpuz) ve kishk (pirasa,
kirmiz1 ve beyaz bag lahana) sebze ve bugday tarimi da yapilmaktadir.

Bu ¢aligmada referans bitki su tiiketimini (ET,) farkli makine 6grenmesi yon-
temleriyle tahmin etmek igin, hava sicakligi (T), riizgar hiz1 (u,), bagil nem (RH)
ve glineslenme siddetini (Rs) iceren giinliik iklim verileri girdi olarak kullanil-
mustir. Iklim verileri, Meteoroloji Genel Miidiirliigi'ne (MGM) bagl Bafra Top-
rak Su Arastirma (TAGEM) meteoroloji istasyonundan temin edilmistir. Veriler
Ocak 2018- Aralik 2020 tarihleri arasin1 kapsamakta olup, giinlik degerlerdir.
Istasyondaki eksik veriler dogrusal enterpolasyon yéntemi ile tamamlanmugtir
(Zhu ve ark., 2020).

2.2. Referans Bitki Su Tuketimi modeli (Tam Veri Seti ile FRO56 Penmean-Monteith)

Makine 6grenmesi modellerinin performansini gelistirmek ve degerlendirmek
i¢in FAO tarafindan 6nerilen FAO56 Penman Monteith denklemi ile hesaplanan re-
ferans bitki su tiiketimi (ET,) degerleri referans olarak alinmugtir. Bu yéntem farkl
iklimlerde ET 1 tahmin etmek icin evrensel olarak en ¢ok kabul géren denklemdir
(Fan ve ark., 2018).

0408 (R =G+ ey 2z [B5—Eg]

T+273
ET, = A+y (14034 uz) 1)

ET,, referans bitki su tiiketimi (mm giin™'); R , bitki yiizeyindeki net radyasyon
(MJ m? giin!); G, toprak 1s1 akis yogunlugu (MJ m? giin!); T, 2 m yiikseklikte
ortalama giinliik hava sicaklig1 (°C); u,, 2 m yiikseklikte riizgar hizi (m s™), e,
doygun buhar basinci (kPa); e, gergek buhar basinci (kPa); e -e , doygun buhar
basinct agig1 (kPa); A, buhar basinct egrisinin egimi (kPa °C); vy, psikrometrik
sabittir (kPa °C'). FAO56 PM denkleminin ayrintilari, Allen ve ark. (1998)’de
bulunabilir.
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2.3. Referans Bitki Su Tiketimini Tahmin Etmek icin Kullanilan Makine
Odrenimi Algoritmalari

2.3.1. Cok Degiskenli Uyarlanabilir Regresyon Egrileri (MARS)

Cok degiskenli uyarlanabilir regresyon egrileri (MARS) modeli, Friedman
(1991) tarafindan oOnerilen parametrik olmayan bir regresyon yontemidir.
Bu yontemde hedef degiskeni tahmin etmek i¢in esnek regresyon modelleri
olusturulur. Bu algoritmada girdi degiskenleri araliklara (alt kiimelere) ayrilir ve
her araliga bir temel fonksiyon uydurulur. Bagimsiz degiskenler hakkindaki bil-
giler temel fonksiyon ile temsil edilir. Bir temel fonksiyonun baslangi¢ ve bitis
noktalar1 diigiim olarak adlandirilir ve belirli bir aralikta tanimlanir. Temel fonksi-
yonlar, girdi ve hedef degiskenler arasindaki iliskiyi asagidaki gibi gosterir.

y =max (0, x —c) (2)

v =max(0 ¢ —x) (3)

Burada c segilen esik degeri, x girdi degiskeni ve y ise hedef degiskendir.

Bu ¢alismada olusturulacak maksimum temel fonksiyon sayis1 deneme yanil-
ma yoluyla belirlenmistir. Friedman (1991), ceza igin en iyi degerin 2 ile 4 arasinda
oldugunu bildirmistir. Bu ¢aliymada ceza degeri 2 olarak alinmistir. Son derece
karmagik modellerden kaginmak i¢in etkilesim derecesi (max_degree) 2 olarak
ayarlanmisti. MARS hakkinda daha ayrintili bilgi Cheng ve Cao (2014)de bulu-
nabilir. Bu ¢alismada MARS modelini egitmek ve dogrulamak i¢in R Studio prog-
rami earth (enhanced adaptive regression through hinges) paketi kullanilmistir.

2.3.2. Rassal Agac (RT)

Rassal aga¢ (RT) modeli, ¢ok sayida bireysel siniflandirici iireten, degistirilmis
bir topluluk 6grenme algoritmasidir. Rassal agaglar ilk olarak Leo Breiman ve Adele
Cutler tarafindan tanitilmustir. RT modeli, orman olarak da bilinen bir aga¢ tahmin
edicileri toplulugudur. Bu yontem, rassal orman (RF) ve torbalama olarak bilinen iki
topluluk 6grenme algoritmasinin birlesimidir (Mishra ve Ratha, 2016). Bu yontemde
bir karar agaci olusturmak icin rastgele bir veri seti olusturmak {izere bir torbalama
fikri kullanir. Rassal bir ormanda, her diiglim, o diiglimde rassal olarak segilen tah-
min edicilerin alt kiimesi arasindaki en iyi kullanilarak béliiniir. Bu algoritma hem
siniflandirma hem de regresyon problemlerinde kullanilabilmektedir. RT modeli
hakkinda daha fazla ayrint1 Mishra ve Ratha (2016)da bulunabilir. Bu ¢caligmada RT
modelini egitmek ve dogrulamak i¢in Weka 3.8.5 yazilimi kullanilmustir.

ANAJAS, 2023, Cilt 38, Sayi 2, Sayfa 235-254



Sevda TASAN, Mehmet TASAN

2.3.3. Gauss Siire¢ Regresyonu (GPR)

Gauss siireg regresyonu (GPR), birgok alanda genis uygulama alani olan Bayes
teorisine dayali bir ¢ergevedir. Bu model Rasmussen ve Williams (2006) tarafindan
ortak bir Gauss dagilimina sahip karmagik bir rasgele degiskenler kiimesi olarak
tanimlanmustir. GPR genellikle iki fonksiyonla agiklanir. Bunlar: ortalama ve ko-
varyans fonksiyonlaridir. Ortalama fonksiyon bir vektor iken, kovaryans fonksiyo-
nu bir matristir. Kovaryans degeri, girdiler ve ¢iktilar arasindaki korelasyonu belir-
lemektedir. GPR modeli, parametrik olmayan kernel tabanli bir kara kutu teknigi
olarak nitelendirilebilir. Bu ¢aligmada en iyi kernel fonksiyonu, deneme-yanilma
yoluyla belirlenmigtir. GPR modeli hakkinda daha fazla ayrintili bilgi Rasmussen
ve Williams (2006)da bulunabilir. Bu ¢alismada GPR modelini egitmek ve dogru-
lamak i¢in Weka 3.8.5 yazilimi kullanilmistir.

2.4. Girdi Kombinasyonlari

Bu ¢aliymada makine 6grenmesi modellerinin egitimi ve testi i¢in Tort, Tmax,
Tmin, RHort, u, ve Rs dahil olmak iizere giinliik meteorolojik degiskenlerin 5 farkli
girdi kombinasyonu dikkate alinmigtir (Cizelge 1). Bu girdi kombinasyonlar: olus-
turulurken radyasyon tabanli modeller, sicaklik tabanli modeller ve kombinasyon
modellerinde kullanilan girdi degiskenleri goz 6niine alinmistir. Boylece girdiler,
hem tiim meteorolojik degiskenlerin kullanildig1 tam kombinasyondan (kombi-
nasyon 5) hem de farkli degiskenlerin bir araya getirildigi eksik kombinasyonlar-
dan (kombinasyon 1-4) olusmaktadir (Cizelge 1). Egitim asamasindan énce tim
veriler iki gruba ayrilmigtir: 2018 ve 2019 yili verileri (n=730) makine 6grenmesi
modellerini egitmek icin kullanilirken, 2020 yili verileri (n=366) modelleri
dogrulamak i¢in kullanilmistir. Her modelin optimal mimarileri ve hiperparametre
ozellikleri egitim asamasinda deneme yanilma yoluyla belirlenmistir.

Cizelge 1. Ug farkli makine dgrenmesi modeli i¢in olugturulan girdi
kombinasyonlar1

Table 1. Input combinations created for three different machine learning models

Modeller
Kombinasyonlar Girdi Degiskenleri
MARS RT GPR
1 MARSI1 RT1 GPR1 Tort, Rs
2 MARS2 RT2 GPR2 Tort, Rs, RH
3 MARS3 RT3 GPR3 Tort, Tmin, Tmax
4 MARS4 RT4 GPR4 Tort, Tmin, Tmax, Rs
5 MARS5 RT5 GPR5 Tort, Tmin, Tmax, Rs, u,, RH
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2.5. istatistiksel Dederlendirme

Modellerin tahmin dogrulugunu degerlendirmek igin yaygin olarak kullani-
lan dort istatistiksel gosterge kullanilmigtir. Bunlar: belirleme katsayisi (R?), MAE
(Ortalama Mutlak Hata), RMSE (Ortalama Hata Kareleri Toplaminin Karekdokit)
ve Nash-Sutcliffe etkinlik katsayis1 (NSE) (Nash ve Sutcliffe, 1970)dir. Istatistiksel
gostergelerin matematiksel denklemleri agagida agiklanmstir.

o _ IR uo-Tiei-Fpt 4
Rm= I 0i-0* I pi-Fi® @
MAE = zm.ﬂ—pd (5)
RMSE = [E=i@P0t (6)

n
. _ E?:J(DJ_FJH (7)
NSE= L0 -3¢ o

Burada O, P, sirasiyla belirli bir degisken i¢in dlgiilen ve tahmin edilen de-
gerleri temsil eder ve, 0 . P ve n sirastyla Olgiilen ET 'in ortalamasi, tahmin edilen
ET in ortalamasi ve gézlem sayisidir. Daha yiiksek R* ve NSE degerleri, daha iyi
model performansini gosterirken, tersine daha diisitk MAE ve RMSE degerleri ise
daha iyi tahmin dogrulugunu gostermektedir.

Bu ¢alismada makine 6grenmesi modellerinin gereksinimlerini karsilamak
i¢in modelin egitiminden 6nce hem girdi hem de ¢ikt1 degiskenleri 0 ile 1 araligin-
da agagidaki gibi normalize edilmistir.

¥ _ X qmin (8)
norm
Emer-Xmin

Burada X, ham girdi verisidir, Xnorm X ’nin normalize edilmis degeridir, X ve
X, sirasiyla ham verilerin maksimum ve minimum degerleridir.

3. BULGULAR
3.1. Veri Ozeti istatistikleri

Bu ¢aligmada referans bitki su tiiketimi (ET ) tahmininde makine 6grenmesi mo-
dellerini gelistirmek i¢in 1 Ocak 2018 ile 31 Aralik 2020 tarihleri arasindaki giinliik Tort,
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Tmin, Tmax, Rs, u, ve RHort degerleri kullamilmustir. Modellerde kullanilan veri setleri
iki alt kimeye ayrilmustir. Bunlar, egitim ve test veri kiimelerini icermektedir. Egitim veri
seti 1 Ocak 2018 ile 31 Aralik 2019 tarihleri arasinda 6l¢iilen iklim verilerini icerirken,
test veri seti ise 1 Ocak 2020 ile 31 Aralik 2020 tarihleri arasindaki gézlemlenen verileri
icermektedir. Egitim ve test veri setleri i¢in ortalama, minimum, maksimum, standart
sapma, varyasyon katsayisi, carpiklik ve basiklik gibi istatistiksel parametreler ve ET
ile iklim parametreleri arasindaki korelasyon katsayisi Cizelge 2de 6zetlenmistir. Tiim
degiskenler icin egitim ve test veri setlerinin ortalama, en kii¢iik ve en biiyiik degerlerin
birbirine yakin oldugu goriilmektedir. ET, ile en yiiksek korelasyon Rs degiskeni arasin-
da belirlenmistir (Cizelge 2). Tort ve Tmax ile ET  arasinda oldukga iyi bir korelasyon
belirlenmigtir. RHort ile ET, arasinda orta derecede negatif korelasyon belirlenmistir.
Liu ve ark. (2017) tarafindan yapilan ¢alijmada da benzer sonuglar bulunmustur. En
diisiik korelasyon ise ET ile u, arasinda belirlenmistir.

Cizelge 2. Makine 6grenimi modellerinin eitim ve test asamalarinda
kullanilan degiskenlerin tanimlayici istatistikleri

Table 2. Descriptive statistics of variables used in the training and testing phases
of machine learning models

Degisken Veri Seti AO Max Min SS VK Carpiklik  Basiklik  Korelasyon

Egitim 15.36 27.60 1.90 6.50 42.35 0.01 -1.29 0.85
Tort

Test 15.06 26.40 0.70 6.62 43.94 0.00 -1.40 0.83

Egitim 11.05 25.40 -3.10 6.21 56.15 0.07 -1.14 0.79
Tmin

Test 10.55 23.20 -2.70 6.15 58.25 0.06 -1.18 0.74

Egitim 20.29 31.80 3.10 7.27 35.84 -0.19 -1.20 0.85
Tmax

Test 20.04 33.20 3.50 7.48 37.35 -0.15 -1.33 0.84

Egitim 72.61 99.00 36.80 11.83 16.30 0.52 -0.55 -0.30
RHort

Test 74.01 95.20 31.90 10.05 13.58 -0.58 0.89 -0.52

Egitim 245 7.70 0.70 1.11 45.22 1.12 1.23 -0.10
u2

Test 2.44 8.80 1.00 1.05 43.10 1.64 4.37 0.11

Egitim 14.03 29.58 3.13 7.50 53.49 0.29 -1.11 0.88
Rs

Test 14.74 29.93 3.13 8.07 54.73 0.25 -1.22 0.89

Egitim 2.74 6.14 0.30 1.51 55.13 0.41 -1.02 1.00
ET,

Test 2.77 6.67 0.42 1.62 58.56 0.39 -0.93 1.00

Not: Tort: ortalama hava sicakligi (°C), Tmin: en diisiik hava sicakligi (°C), Tmax: en yiiksek hava s1-
cakligi (°C), RHort: ortalama bagil nem (%), u,: 2 m yiikseklikteki riizgar hizi (m s*), Rs: glineslenme
siddeti (MJ m~giin™'), ET: giinliik referans bitki su tiiketimi (mm giin""), AO: aritmetik ortalama, SS:
standart sapma, VK: varyasyon katsayis1 (%)
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3.2. Bes Girdi Kombinasyonu Altinda U¢ Makine Ogrenimi Modelinin
Performans Degerlendirmesi

Bu ¢alismada ii¢ farkli makine 6grenimi algoritmasinin (MARS, RT ve GPR)
giinlitk meteorolojik degiskenler olan Tort, Tmin, Tmax, Rs, u, ve RHort ile refe-
rans bitki su tiiketimini (ET) tahmin etme yetenekleri aragtirilmigtir. Bu amagla
FAO-56 PM yénteminden tahmin edilen ET degerleri, test agamasinda makine
ogrenmesi modellerinin performansini degerlendirmek i¢in referans olarak kabul
edilmigtir. Bafrada giinliik ET 1 tahmin etmeye yonelik {i¢ farkli makine 6grenimi
modelinin istatistiksel analiz sonuglar1 Cizelge 3, Cizelge 4 ve Cizelge 5de verilmis-
tir. Bu ¢izelgelerde hem egitim hem de test asamalarinda bes girdi kombinasyonu
altinda sirasiyla MARS, RT ve GPR modellerinin istatistiksel analiz sonuglar1 su-
nulmustur. Cizelgelerden goriildiigii gibi, tahmin edilen ET, degerleri, arastirilan
modele ve girdi kombinasyonlarina bagli olarak 6nemli 6l¢iide farklilik gostermis-
tir. Genel olarak tiim modeller i¢in en diisiik tahmin performansini sadece sicaklik
verilerinin girdi olarak kullanildig: ti¢iinci kombinasyon gostermistir. Bununla
birlikte en yiiksek tahmin performansi tiim degiskenlerin girdi olarak kullanildig:
besinci kombinasyonda gozlenmistir. Sonuglar, genel olarak MARS modelinin, RT
ve GPR modelinden daha iyi performansa sahip oldugunu gostermistir.

Kargilagtirilan MARS modellerinin ET 1 tahmin etmek i¢in en iyi performan-
s1 tim girdi degiskenlerinin kullanildigt MARS5 igin gozlenmistir. Sadece hava
sicakligr verilerinin girdi olarak kullanildigt MARS3 modelinin test alt kiimesi
i¢in R*(0.703), MAE (0.844 mm giin'), RMSE (1.078 mm giin') ve NSE (0.558)
degerleri dikkate alindiginda en diisiik tahmin performansina sahip oldugu belir-
lenmistir. Sicaklik verilerinin yanina giineslenme siddetinin (Rs) eklenmesiyle test
alt kiimesi i¢cin MARS3 ve MARS4 modelleri karsilastirildiginda R* degeri %27
artmig, MAE ve RMSE degerleri sirasiyla %36.3 ve %40.4 azalmistir. MARSI ve
MARS2 modelleri karsilagtirildiginda ise girdi olarak ortalama bagil nem (RHort)
degiskeninin eklenmesi modelin R? ve NSE’sini 0.895 ve 0.818'den 0.955 ve 0.916%a
yiikseltmis, MAE ve RMSE’sini ise 0.600 ve 0.691'den 0.389 ve 0.470% diigiirmiis-
tir. Bu sonuglara benzer olarak Adnan ve ark. (2021) ¢aligmasinda,makwa Dhaka
istasyonu i¢in ET tahmininde diger degiskenlerin yanina RH degiskeninin eklen-
mesiyle modelin NSE’sinin 0.866'dan 0.922’ye yiikseldigini belirlemistir. Son ola-
rak MARS5®e riizgar hizi (u,) ve bagil nem (RH) birlikte eklendiginde modelin R*’si
%10 artmistir. Riizgar hizi ve bagil nemin, ET in karmagik ve dogrusal olmayan
davranigini modellemek i¢in iyi bir girdi degiskeni oldugu bulunmustur. Makwana
ve ark. (2023), modele riizgar hizinin eklenmesiyle R”nin %30 arttigini belirlemis
ve girdi kombinasyonuna riizgar hizi degiskeninin eklenmesinin, ET | tizerindeki
adveksiyon etkisinden dolay: tahmin dogrulugunu iyilestirdigini bildirmistir.
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Cizelge 3. Farkli girdi degiskenlerine sahip MARS modelinin egitim ve test
agamasindaki istatistiksel degerleri

Table 3. Statistical values of the MARS model with different input variables du-
ring the training and testing phase

Egitim Veri Seti Test Veri Seti

Model MAE RMSE MAE RMSE

R? NSE R? NSE

(mmgin')  (mm giin™) (mm giin!)  (mm giin)

MARS1 0.901 0.358 0.475 0.901 0.895 0.600 0.691 0.818
MARS2 0.963 0.221 0.288 0.963 0.955 0.389 0.470 0.916
MARS3 0.833 0.496 0.615 0.833 0.703 0.844 1.078 0.558
MARS4 0.909 0.354 0.455 0.909 0.893 0.538 0.642 0.843
MARS5 0.987 0.138 0.175 0.987 0.982 0.250 0.305 0.965

Not: Tiim modeller arasindaki en iyi istatistiksel gostergeler koyu renkle isaretlenmistir.

RT modelleri, MARS ve GPR modelleriyle karsilastirildiginda tiim girdi kom-
binasyonlari igin egitim veri setinde en yiiksek R”yi ve en diisik MAE ve RM-
SE’yi veren model olmustur. Bunu sirasiyla MARS ve GPR modelleri izlemistir.
Test agamasinda ise RT modelleri daha diisiik performans gostermis ve tigiincii
girdi kombinasyonu (GPR3) hari¢ diger kombinasyonlar icin MARS modeli, di-
ger iki makine 6grenmesi modelinden daha yiiksek tahmin performans: goster-
mistir. Bu durum RT modellerinde belirli 6l¢iide agirt uyum sorunu oldugunu
gostermistir. Yukaridaki durumun nedeni, aga¢ algoritmalarinin yapist ile ilgi-
li olabilir. En yiiksek performans test alt kiimesi igin téim girdi degiskenlerinin
kullanildig1 RT5 modelinde elde edilmis ve bu modelin R?, MAE, RMSE ve NSE
degerleri sirastyla 0.921, 0.388 mm giin™, 0.499 mm giin've 0.905 olarak belirlen-
mistir (Tablo 4). Sadece Tort, Tmin ve Tmax degiskenlerinin girdi olarak kulla-
nildig1 RT3 modeli ise test asamasinda en diisiik tahmin performansini vermistir
(R*=0.504, MAE=0.960 mm giin"', RMSE=1.213 mm giin"', NSE=0.440). Bununla
birlikte RT modelleri, 5. kombinasyon haricinde ilk dért kombinasyon igin RM-
SEde %10.85 ile %22.27°lik bir artigla MARS modeliyle karsilagtirilabilir giinlitk
ETO tahminleri tiretmistir. Tiim girdi degiskenlerinin kullanildig1 kombinasyon
5de ise MARS5 modeli, RT5 modellerinden oldukga yiiksek tahmin performansi
gostermistir. YSA modeli ile karsilagtirildiginda RT modeli i¢cin RMSEdeki artis
sirasiyla %63.61 olarak meydana gelmistir.
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Cizelge 4. Farkli girdi degiskenlerine sahip RT modelinin egitim ve test agama-
sindaki istatistiksel degerleri

Table 4. Statistical values of the RT model with different input variables during
the training and testing phase

Egitim Veri Seti Test Veri Seti

Model MAE RMSE MAE RMSE

R? NSE R? NSE

(mm giin?)  (mm giin™) (mm gin?)  (mm giin™')

RT1 1.000 0.010 0.019 1.000 0.821 0.630 0.808 0.752
RT2 1.000 0.013 0.022 1.000 0.926 0.419 0.521 0.897
RT3 1.000 0.007 0.016 1.000 0.504 0.960 1.213 0.440
RT4 1.000 0.011 0.020 1.000 0.805 0.611 0.785 0.765
RT5 1.000 0.016 0.025 1.000 0.921 0.388 0.499 0.905

Not: Tiim modeller arasindaki en iyi istatistiksel gostergeler koyu renkle isaretlenmistir.

Egitim ve test alt kiimeleri i¢in giinliik ET 1 tahmin etmek amaciyla bes girdi
kombinasyonu altinda GPR'nin en iyi performansi, kernel fonksiyonu olarak rad-
yal temelli fonksiyon (rbf) kullanildiginda ve besinci kombinasyonda gézlenmis-
tir (R?*=0.911, MAE=0.532 mm giin', RMSE=0.638 mm giin!, NSE=0.845). GPR
modelleri arasinda en diisiik tahmin performansini veren model ise Tort, Tmin ve
Tmax degiskenlerinin kullanildig: tigtincii kombinasyondan (GPR3) elde edilmis-
tir (test veri seti icin R*=0.687, MAE=0.855 mm giin"', RMSE=1.005 mm giin™,
NSE=0.616). Bununla birlikte tigtincii girdi kombinasyonu i¢in karsilastirilan ¢
makine 6grenmesi modeli arasinda ise en yiiksek tahmin performansinit GPR3
modeli gostermistir. Bunun yani sira GPR modeli, 2. ve 5. kombinasyon haricinde
diger kombinasyonlar i¢cin RMSEde %18.2 ile 21.41°lik bir artisla MARS modeliyle
kargilagtirilabilir giinliik ET tahminleri tiretmigtir. Tiim girdi degiskenlerinin kul-
lanildig1 kombinasyon 5de ise MARS5 modeli, GPR5 modelinden oldukga yiiksek
tahmin performans: gostermistir. MARS5 modeli ile karsilagtirildiginda GRP5
modeli igin RMSEdeki artis %109.18 olarak meydana gelmistir.
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Cizelge 5. Farkli girdi parametrelerine sahip GPR modelinin egitim ve test aga-
masindaki istatistiksel degerleri

Table 5. Statistical values of the GPR model with different input variables during
the training and testing phase

Egitim Veri Seti Test Veri Seti

Model Kernel MAE RMSE MAE RMSE

R? NSE R? NSE

(mm giin!)  (mm giin™!) (mm giin!)  (mm giin')

GPR1 rbf 0.869 0.606 0.737 0.761 0.890 0.718 0.839 0.732
GPR2 rbf 0.926 0.560 0.669 0.803 0.931 0.635 0.734 0.795
GPR3 rbf 0.665 0.964 1.123 0.444 0.687 0.855 1.005 0.616
GPR4 rbf 0.854 0.546 0.670 0.802 0.863 0.637 0.759 0.781
GPR5 rbf 0.910 0.482 0.590 0.847  0.911 0.532 0.638 0.845

Not: Tiim modeller arasindaki en iyi istatistiksel gostergeler koyu renkle isaretlenmistir.

Test agamasinda MARS, RT ve GPR modelleri tarafindan tahmin edilen ET
degerleri ile bunlara karsilik gelen FAO56-PM degerleri arasindaki sagilim grafik-
leri sirastyla Sekil 1, Sekil 2 ve Sekil 3'de gosterilmistir. MARS modeli kullanilarak
tahmin edilen ET, degerlerinin, FAO56-PM yontemi ile elde edilen ET degerle-
riyle iyi bir uyum i¢inde oldugu sagilim grafiklerinden goriilmektedir. Sonuglar
bes farkl: girdi kombinasyonu karsilastirildiginda MARS5’in diger kombinasyon-
lardan daha iyi performans gosterdigini agik¢a gostermektedir. Genel olarak tiim
modellerin performanslar1 karsilastirildiginda MARS modellerinin en iyi perfor-
mansi gosterdigi, RT ve GPR modellerinin ise MARS modeli ile yakin tahmin per-
formansi trettigi goriilmektedir.
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Sekil 1. Test asamasinda bes girdi kombinasyonu i¢cin FAO56-PM degerlerine
kargt MARS y6ntemi ile tahmin edilen ET degerlerinin sagilim grafikleri

Figure 1. Scatter plots of ET, values estimated with the MARS method versus
FAO56-PM values for five input combinations in the test phase
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Figure 2. Scatter plots of ET, values estimated with the RT method versus FA-

O56-PM values for five input combinations in the test phase
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Figure 3. Scatter plots of ET, values estimated with the GPR method versus FA-

O56-PM values for five input combinations in the test phase
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4. TARTISMA

Bu caligmada genel olarak, sicaklik ve giineslenme siddetinin kullanildig rad-
yasyona dayali makine 6grenimi modelleri, sadece sicaklik verilerine dayali maki-
ne 6grenimi modellerinden daha iyi performans gostermistir. Bunun nedeni gii-
neslenme siddetinin (Rs), bitki su tiiketimi i¢in birincil enerji kaynagi olmasindan
kaynaklanabilir. Bu sonug, Fan ve ark. (2018) ve Zhu ve ark. (2020)’nin bulgulariyla
uyumludur. Minimum ve maksimum hava sicakliklarinin girdi olarak kullanildig1
kombinasyon 4 ile bagil nemin girdi olarak kullanildig1 kombinasyon 2 karsilasti-
rildiginda bagil nemin model performansina katkist daha fazla olmustur. Bununla
birlikte, sicakliga dayali modellerle karsilastirildiginda, bagil nem ve riizgar hizi
gibi daha fazla iklimsel verinin girdi olarak kullanilmasiyla modellerin dogrulu-
gu 6nemli oranda artmistir. Bu sonug, ger¢ek zamanl sulama tahminleri i¢in ha-
len kullanilmakta olan sadece sicakliga dayali referans bitki su tiitketimi tahmin
modellerinin dikkatli kullanilmas1 gerektigini dogrulamaktadir. Yapilan énceki
caligmalarda, meteorolojik girdi degiskenlerinin hepsinin kullanildig1 modellerin
daha dogru tahmin sonuglar1 verdigi belirlenmistir. Fan ve ark. (2018) girdi olarak
kullanilan farkli meteorolojik degiskenlerin kombinasyonlarinin, makine 6greni-
mi modelleriyle ET'in tahmin dogrulugunu belirlemede birincil rol oynadigini
bildirmistir. Shan et al. (2020) Giineybat1 Cin'in yar1 kurak bélgelerinde giinlitk
ET’yi tahmin etmek i¢in MARS, YSA ve ampirik modelleri karsilagtirmistir. Genel
olarak, MARS modellerinin tiim biiytime asamalarinda diger modellerden daha iyi
performans gosterdigi bildirilmistir.

Referans bitki su tiiketimi, ¢ok sayida meteorolojik faktore bagli karmasik, di-
namik ve dogrusal olmayan bir hidrolojik olgudur. Bu ¢aligmadan elde edilen bul-
gular, MARS modellerinin ET, ile meteorolojik degiskenler arasindaki karmagik ve
dogrusal olmayan iliskileri basarili bir sekilde modelleyebildigini gostermistir. Bu-
nunla birlikte RT ve GPR modelleri, ET 1 tahmin etmede MARS ile kargilastirilabi-
lir iyi bir performansa sahip olmustur. Bu ¢alismada olusturulan MARS modelleri,
eksik meteorolojik veri olmasi durumunda bile yar1 nemli iklim 6zelliklerine sahip
bolgelerde referans bitki su titketimini tahmin etmek i¢in dnerilebilir. Tiim bunlarin
sonucunda Tiirkiye'nin yar1 nemli iklim 6zelligine sahip Bafra Ovasrnda su kaynak-
larinin planlanmasinda ve sulama suyu miktarinin belirlenmesinde MARS modeli
kullanilarak ET 'in tahmin edilmesinin daha dogru olacagi sonucuna varilabilir.
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5. SONUC

Referans bitki su tiiketiminin dogru, hizli ve giivenilir tahmini, bolgesel su
yonetimi ve tarimsal planlama basta olmak iizere sulama uygulamalarinin basarili
olabilmesi i¢in 6nemli bir rol oynamaktadir. Bu ¢alismada Bafra Ovasi i¢in giinliik
ET,’1 tahmin etmek amaciyla farkl girdi kombinasyonlarinda MARS, RT ve GPR
makine 6grenmesi modelleri degerlendirilmistir. FAO-56 PM denklemi, modeller-
den elde edilen ET, tahminlerini karsilastirmak igin referans olarak kullanilmistir.
Sonuglar, tam veya eksik girdi degiskenlerinin modellerin performansini énemli
olgtide etkiledigini gostermistir. Genel olarak, radyasyona dayali makine 6grenimi
modelleri, sicakliga dayali makine 6grenimi modellerinden daha iyi performans
gostermistir. Giineslenme siddeti (Rs), riizgar hiz1 (u,) ve bagil nem (RH), ET,
tahmininde sicaklik degiskenlerine oranla tahmin sonucunu daha ¢ok etkilemistir.
Farkli performans indekslerine gore her ti¢ modelin de tahmin performansi olduk-
¢a benzer ve yakin olmasina ragmen MARS modelinin RT ve GPR modellerinden
daha iyi oldugu belirlenmistir. En dogru sonuglar, diger iki modele (RT ve GPR)
kiyasla daha iyi tahmin performansi gosteren MARS ile ve alt1 girdi degiskeninin
hepsinin kullanildig: besinci girdi kombinasyonu ile elde edilmistir (Test veri seti
icin R?>=0.982, MAE=0.250 mm giin', RMSE=0.305 mm giin"', NSE=0.965). Bu
nedenle ¢alisma alani gibi yar1 nemli iklim &zelligine sahip alanlarda giinliik ET 1
tahmin etmek icin MARS modeli tavsiye edilmektedir. Bununla birlikte yapilan
calismalarm gogu sinirlt iklim verisiyle ET’1 tahmin etmeye odaklanmistir. Oysa
ki ET ’mn tahmin dogrulugunun gelistirilmesi de 6nemlidir. Bu amagla gelecekteki
calismalarda modellerin optimizasyon parametrelerinin belirlenmesinde biyolojik
ilhamli sezgisel algoritmalar arastirilabilir.
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SAMSUN iLINDEKI FINDIK HARMAN MAKiINALARI iMALAT
SANAYININ SORUNLARI VE COZUM ONERILERI

0z

Samsunda faaliyet gosteren findik harman makinast imalat: yapan isletmelerin
sorunlari ve ¢6ziim Onerileri bu ¢aligma kapsaminda degerlendirilmistir. Aragtirma
verileri, anket yontemiyle, tam sayim yapilarak elde edilmistir. Hazirlanan anket
formlari, belirlenen 12 isletmeye gidilerek, yonetici ve ¢alisanlarla karsilikli goriis-
meler yoluyla gerekli bilgi ve veriler elde edilerek doldurulmustur. Anket kapsamin-
da, findik harman makinasi imalatgilarinin alet ve makina varligl, mevcut tiretim
ve teknik kapasiteleri, sermaye ve ham madde durumlari, enerji tiiketimleri, {iretim
sekilleri, pazarlama imkanlar ile karsilagtiklar1 sorunlar ve ¢6ziim Onerileri ele
alinmigstir. Anket formlary, verilen bilgi ve gozlemlere dayali olarak doldurulmustur.
Calismada elde edilen veriler 2022 yili imalat donemini icermektedir. Elde edilen
anket sonuglarina gore; imalat¢i firmalarin mevcut tiretim durumu bélgenin ihtiyag
duydugu findik harman makinasi gereksinimini yeterli diizeyde karsiladig, destek
ve hibe konusunda yeterli bilgiye sahip olmadiklar: belirlenmistir. Ayrica, imalatci
firmalar tiretim iglerinde yeterli diizeyde ve kalitede kalifiye eleman bulamadiklari-
ni1 bildirmiglerdir. Bu amagla, yetismis elemanlarin teknik bilgi ve beceri yoniinden
egitilmeleri, bununla birlikte firmalarin girisimci ve yenilikgi yonlerini gelistirebil-
meleri i¢in bilgilendirilme yapilarak tesvik edilmesi gerekmektedir.

Anahtar Kelimeler: Findik Harman Makinasi, Tarim Makinalari, Imalat, Samsun.

ek

PROBLEMS AND SOLUTION SUGGESTIONS FOR THE
HAZELNUT THRESHING MACHINERY MANUFACTURING INDUSTRY
IN SAMSUN

ABSTRACT

The problems and solution proposals of the firms that manufacture hazelnut th-
reshing machines operating in Samsun are evaluated within the scope of this study.
The survey method obtained the research data by making a complete census. The
prepared questionnaires were filled in by visiting 12 selected businesses and obta-
ining necessary information and data through mutual interviews with managers
and employees. Within the scope of the survey, the problems faced by the hazel-
nut threshing machine manufacturers with the availability of tools and machinery,
current production and technical capacities, capital and raw material situations,
energy consumption, production methods, and marketing opportunities were dis-
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cussed. Survey forms were filled out based on the information and observations
given. The data obtained in the study include the manufacturing period of 2022.
According to the survey results, it has been determined that the manufacturing
firms current production situation meets the region’s hazelnut threshing machine
requirement at a sufficient level, and they do not have enough information about
support and grants. In addition, manufacturing firms reported that they could not
find sufficient and quality qualified personnel in their production works. For this
purpose, personnel should be trained in terms of technical knowledge and skills,
and firms should be informed and encouraged to develop their entrepreneurial
and innovative aspects.

Keywords: Hazelnut Thresher Machinery, Agricultural Machinery, Manufacturing,
Samsun.

e e
1. GIRIS

Tiirkiye yaklagik 700 bin ha ile diinya findik dikim alanlarinin %74.50’sine
sahiptir. Kabuklu findik olarak tiretim miktar: ise yaklasik 665 bin ton olup
diinya findik {iretiminin %76’sin1 karsilamaktadir. Findik ihracati ise yaklagsik
500 bin ton olup diinya findik ihracatinin %75’ini gerceklestirmektedir (TUIK,
2022). Bununla birlikte findik, yaklasik 500 bin dolayinda ciftci ailesinin tek
gecim kaynagini olusturmaktadir.

Turkiyede yetistirilen findik gesitleri, genellikle meyveyi sikica saran uzun zu-
ruflara sahiptir. Bu nedenle, olgun meyveler kendiliginden zuruftan ayrilmamakta
ve ¢otanaklar halinde dokiilmektedir (Ayfer, 1986). Daldan veya yerden ¢otanaklar
halinde toplanan findiklar, zuruf soyma iglemi yapilabilmesi i¢in agik havada ku-
rutulmak tizere harman yerlerine serilmektedir. Tiirkiyede, findik harman maki-
nalari tizerinde ilk aragtirmalar 1939 yilinda baslamis ise de, 1970’li yillarin basina
kadar findikta zuruf soyma isleminde yaygin olarak kullanilan yontem, zuruflar:
iyice kurutulmus ¢otanaklarin, ahsap tirmiklarla déviilmesi seklinde olmustur.
Yine, baz1 bolgelerde, yore imalatcilar: tarafindan gelistirilmis insan veya motor
giiciiyle galistirilan diisiik performans karakteristiklerine sahip basit makinalar da
kullanilmistir. S6z konusu yontemler, topografik yap: nedeniyle ulagimi gii¢ olan
yorelerde azda olsa halen kullanilmaktadir (Beyhan ve ark., 2008).

1973 yilinda, yore imalatgilar: tarafindan, zuruf soyucu {initesi siirtiinme ve
ovma etkisiyle calisan ytiksek kapasiteli findik harman makinasi gelistirilmistir. Fin-
dik tiretim alanlarinin hizli bir sekilde diiz ve diize yakin arazilere kaymasi nedeniyle,
verim ve {iretim miktarlarindaki artis, bu makinaya olan ilgiyi arttirmistir. Makina,
pahali olmasi nedeniyle, cogunlukla makina isletmecileri tarafindan satin alinmis ve
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ticret karsiliginda calistirilmaya baglanmistir. Glintimiizde, toplam 4887 adet oldugu
bildirilen (TUIK, 2022) findik harman makinalarinin bityiik ¢ogunlugunu olusturan
bu makina, traktorlerin ulasabildigi tiim alanlarda yaygin olarak kullanilmaktadir.

Tarim makinalar1 imalat sektorii birkag¢ biiyiik firma disinda, genel olarak
kiigtik o6lgekli isletmelerden meydana gelmektedir. Kiigiik 6lgekli isletmeler yeterli
¢alisma alanina sahip olmadiklarindan atélyelerine gerekli olan tezgah, ekipman ve
makine yerlestiremediklerinden modern teknikler kullanamamaktadir. Bu neden-
le isletmelerin gogunda teknik bilgi ve beceriye sahip eleman ¢aligtirilamamaktadir.
Ayrica, kalifiye elemanlarin niteliksiz is¢ilere gore daha yiiksek ticret talep etmeleri
ve imalathanelerin ekonomik olarak yeterli diizeyde olmamalar1 nedeniyle istih-
dam edilmeleri zor olmaktadir. Bu alandaki agigin kapatilmasi, tarim makinalar1
imalat sektoriiniin gelecegi agisindan olduk¢a 6nemlidir.

Findik harman makinalarinin gerek imalat1 ve gerekse kullanimi sirasinda
yasanan problemlerin ¢oziimiine yonelik arastirmalara rastlanilmakla birlikte bu
alandaki gelismelere daha kalic1 ¢6ziim onerilmesi de {izerinde durulmas: gere-
ken 6nemli konular olarak giindemde tutulmasi gerekmektedir. Bu alanda yaganan
problemlerin tespiti ve ¢oziime kavusturulmasi ile findik harmanlanmasinda ma-
kinalarin tasarimina ve kullanimina iligkin somut veriler sunulabilir.

Tiirkiyede iller bazinda tarim makinalar imalatinin durumu, sorunlar ve ¢6-
ziim oOnerileri konusunda bir¢ok arastirmalar yapilmistir (Zeren ve Bayat, 1990;
Ergiines ve ark., 1994; Demir ve ark., 1995; Pinar ve ark., 1995; Tarak¢ioglu ve ark.,
1995; Cakmak, 1999; Aybek ve ark., 2001; Igdz, 2001; Gezer ve ark., 2001; Demir-
can ve ark., 2003; Kara ve Kalyoncu, 2005; Altuntas ve ark., 2006; Bayraktar 2007;
Unal ve ark., 2007; Keskin, 2007; Bayhan ve ark., 2007; Paksoy ve Giiles, 2007; Kah-
ya, 2008; Can, 2010; Caligkan, 2011; Artan, 2016; Saglam ve Cetin, 2016). Ancak
findik harman makinas: imalat¢ilarin sorunlarina yonelik su ana kadar herhangi
bir ¢alismanin yapilmadig: sdylenebilir.

Samsunda faaliyet gosteren findik harman makinasi imalati yapan igletmelerin
sorunlar1 ve ¢oziim Onerileri bu ¢alisma kapsaminda degerlendirilmistir. Arastir-
ma verileri, anket yontemiyle, tam sayim yapilarak elde edilmistir. Hazirlanan an-
ket formlary, belirlenen 12 isletmeye gidilerek, yonetici ve ¢alisanlarla karsilikli go-
riigmeler yoluyla gerekli bilgi ve veriler elde edilmistir. Anket kapsaminda, findik
harman makinasi imalat¢ilarinin alet ve makina varligi, mevcut iiretim ve teknik
kapasiteleri, sermaye ve ham madde durumlari, enerji tiiketimleri, tiretim sekilleri,
pazarlama imkanlari ile karsilastiklar: sorunlar ele alinmustir.
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2. MATERYAL VE METOT

Samsun ili Terme il¢esinde findik harman makinalar1 imalat1 yapan isletme-
ler arastirmanin ana materyalini olusturmaktadir. Bu amagla, verilerin ilgili fir-
malardan elde edilmesi i¢in bir anket formu olusturulmustur. Arastirma verileri,
anket yontemiyle tam sayim yapilarak tespit edilmistir. Isletmelerin mevcut iiretim
durumu, makina teghizat varliklar1 ve teknik tiretim kapasiteleri ile ilgili verileri
2022 yilina aittir.

Bu ¢alisma, tiniversite etik kurulunun 27.05.2022 tarih ve 2022-499 karar sayili onay1
ile findik harman makinasi imalati yapan 12 isletmeye gidilerek, yonetici ve ¢alisanlarla
karsihikli goriigmeler yoluyla gerekli bilgi ve veriler elde edilmistir. Anket kapsaminda,
findik harman makinas: imalat¢ilarinin alet ve makina varligi, mevcut tiretim ve
teknik kapasiteleri, sermaye ve ham madde durumlari, enerji titketimleri, iiretim
sekilleri, pazarlama imkanlari, yapisal 6zellikleri ile karsilastiklar: sorunlar ele alin-
mustir. Anket formlari, verilen bilgi ve gézlemlere dayali olarak doldurulmustur.

3. BULGULAR VE TARTISMA

3.1. Isletmelerin Genel Yapisi ve Ozellikleri

Anket yapilan findik harman makinasi imalati yapan firmalarin tiretime basla-
dig1 yillar, kapali alan varlig1 ve dagilimlar: ¢izelge 1'de verilmistir.

Cizelge 1. Isletmelerin iiretime bagladig1 y1l, kapali alan varlig1 ve dagilimlar

Table 1. Year the firms started production, closed area presence, and distribution

Uretime Baslama Yil Fi"(:gessym Da(%/:l)lm
1980 Oncesi 4 33.34
1980-2000 arast 5 41.66
2000 sonrast 3 25.00
Toplam 12 100
Kapali Alan Varhig: Firma Sayis1 Dagilim
(m?) (adet) (%)
<100 3 25.00
101-200 2 16.66
201-400 6 50.00
=401 1 8.34
Toplam 12 100
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Cizelge 1’de gorildigi lizere, 12 isletmenin %34.34’i 1980 ve Oncesine,
%41.66’s1 1980-2000 yillart arasinda ve %25°1i 2000 yili sonrasinda iiretime bas-
lamigtir. Kapali alan varligi bakimindan <100 m?’lik alana sahip isletmelerin sa-
yisal orant %25, 101-200 m*’lik alana sahip isletmelerin sayisal oran1 %16.66,
201-400 m?’lik alana sahip igletmelerin sayisal orani %50 ve >401 m?’lik alana
sahip isletmelerin sayisal orani ise %8.34’e karsilik gelmektedir. Kapali alan var-
l1ig1 bakimindan en biiyiik oran %50 ile 201-400 m*’dir. Ayrica isletmelerin %25’
kiraladiklar isletme tesislerinde, %75°1 ise miilkiyeti kendilerine ait olan tesisler-
de tiretim yapmaktadir. Elde edilen verilere, isletmeler kiigiik 6lgekli isletmeler
oldugunu gostermektedir.

Isletmeler yapilanma sekli bakimindan incelendiginde, 12 isletmenin %67’si

aile igletmesi, %251 limitet sirketi ve %8’i anonim sirketi olarak faaliyetlerine
devam etmektedir.

3.2. isletmelerin Personel Durumu

Findik harman makinasi imalat1 yapan isletmelerin personel sayis1 ve dagilimi
gizelge 2'de verilmistir.

Cizelge 2. [sletmelerin personel sayisi ve dagilimi

Table 2. Number of personnel and distribution of firms

Personel Durumu Galigan Says letme Sayis
Idari Personel 12 12
Tarim Makinalar1 Mithendisi 1 1
Teknik Ressam 3 3
Teknisyen/Tekniker 7 2
Usta 42 12
Isci 120 5

Cizelge 2den de goriildiigii tizere, 12 isletmede toplam 185 galisan sayisi bu-
lunmaktadir. Personel durumu isletmelere bagh olarak farklilik géstermektedir.
12 isletmede 12 idari personel ve 42 usta bulunmakla birlikte, sadece 1 isletmede
tarim makinalar1 mithendisi ¢alismaktadir. Yine, 3 isletmede 3 teknik ressam, 2
isletmede 7 teknisyen/tekniker ve 5 isletmede 120 is¢i oldugu goriilmektedir.

Personelin egitim durumlar1 dikkate alindiginda %42’si ilkokul, %8’i orta-
okul, %25’i lise ve %25’i tiniversite mezunudur. Isletmelerin calisma siirelerine
bakildiginda, isletmelerin %58’1 9 saat/giin, %42’si 10 saat/giin ¢alistig1 belirlenmistir.
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Findik harman makinasi imalat1 yapan igletmelerin personele sundugu im-
kanlar goz 6niine alindiginda, isletmelerin %58’i ikramiye, %42’si servis, %92’si
yemek ve %581 de giyecek imkani sunmaktadir. Isletmelerde giivenli olarak ire-
timin yapilabilmesi ve uygun kosullarin saglanmasi, bu kogullarin iyilestirilmesi,
yasam ve saglik hakkini garanti altina almak i¢in biitiin ¢alisanlar sigortali olarak
calistirlmaktadir (Cizelge 3).

Cizelge 3. Isletmelerin personele sundugu imkanlar

Table 3. Opportunities offered by firms

Sunulan imkanlar islet(l:deg;lym Da(go/tl)lm
Sigorta 12 100
Ikramiye 7 58
Servis 5 0
Yemek 11 9
Giyecek 7 58

Calisanlarin yil olarak deneyim durumu incelendiginde, 5 yildan daha fazla
is deneyimi olan kisilerin %55.13’likk bir dagilim gosterdigi ve deneyim gruplari
yil olarak ytikseldik¢e personel sayisinin azaldig gortilmiistiir. Pinar ve Tekgiiler
(1995), 5 yildan daha az deneyimi bulunan is¢ilerin deneyimsiz kabul edildigini
bildirmektedirler. Buna gore, 1-5 yil arasinda deneyimi bulunan %44.87 oranin-
daki is¢i, deneyimi yetersiz personel olarak belirlenebilir. Bunlar, egitilmelerine
gereksinim duyulan kisilerdir. Calisanlar kendilerini ayrica ¢irak, kalfa veya usta
olarak tanitmiglardir. Personelin %42.42°i ¢irak, %30.31’i kalfa ve %27.27’ini de
usta olusturmaktadir.

Gorildugt tizere, findik harman makinasi imalat1 yapan isletmelerde, teknik
eleman olarak miihendis sadece bir isletmede bulunmakta, profesyonel yonetici ise
hi¢ bulunmamaktadir. Ayrica, muhasebe ve pazarlama konusunda egitim gormiis
personel bulunmamaktadir.

3.3.isletmelerin Techizat ve Makina Varligi

Findik harman makinasi imalati yapan igletmelerin kullandiklar1 techizat ve
makina varlig1 Sekil 1'de verilmistir.
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Sekil 1. isletmelerin techizat ve makina varlig:

Figure 1. Equipment and machinery availability of firms

Sekil I'den de goriildiigii tizere, en fazla sahip olunan makinalar; %28.76 ile
kaynak makinasi, %15.48 ile matkap ve %9.74 ile testere gelmektedir. Sadece 1 fir-
mada CNC torna tezgahi bulunmaktadir.

Isletmecilerin genel sorunlarinin baginda alet, ekipman ve makina boyutlar:
g6z ontine alindiginda kapali ¢aligma alanlarimin yiizélgiimtiniin kiigiik olmasi
gelmektedir. Buna bagl olarak da, imkanlar1 olmasina ragmen alet, ekipman ve
makina alamadiklarini séylemislerdir.

3.4.isletmelerde Uretilen Findik Harman MakinAsi Sayisi

Isletmelerin yillik aldiklar1 malzeme miktari, iirettikleri yillik harman makina
say1s1 makinalarin kapasiteleri Sekil 2'de verilmistir.
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Sekil 2. Isletmelerin yillik findik harman makinas iretim kapasitesi

Figure 2. Annual hazelnut threshing machine production capacity of firms
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Sekil 2’den de gorildiigii iizere, 12 isletmenin %50si yilda 11-20 adet, %16.68’i
yilda 1-10 adet, %8.33’i1 yilda 21-30 adet, %8.33’ii yilda 31-40 adet, %8.33’i1 yilda
41-50 adet ve %8.33’ii yilda 51-60 adet findik harman makinasi trettigini bildir-
mislerdir. Isletme sahipleri iirettikleri makina sayisinin alinan siparise gore belir-
lendigini s6ylemislerdir. Malzeme fiyatlarinin yiiksek olmasi nedeniyle siparis tize-
rine ¢aligtiklarini, satamadiklari tiriinleri stok yaptiklarini belirtmislerdir.

3.5. isletmelerin Malzeme Temini, Uretim Sekli ve Enerji Tiiketimi

Malzemeleri kendi iireten ve ayni zamanda yan sanayi {iriinlerini kullanan is-
letmelerin oran1 yaklasik %84’ diir. Isletmeler, yan sanayi iiriinlerini Samsun’dan
tedarik ettiklerini belirtmislerdir. Isletmelerin hem seri hem de siparise gore iire-
tim yapma orant ise %66.66’dir.

Findik harman makinast imalati yapan igletmeler de sadece elektrik enerji-
si kullanilmaktadir. Isletmelerin yillik elektrik enerjisi tiikketimleri, 12 isletmenin
%16.66’s1 1-3000 kWh/y1l, %16.66’s1 3000-6000 kWh/y1l, %16.66’s1 6000-9000
kWh/y1l, %33.33°1 9000-15000 kWh/y1l ve %16.66’s1 215000 kWh/y1l’dir.

Isletmeler ham madde temin etme konusunda da bazi sorunlar yasamaktadir.
Bu sorunlar; fiyatlarin yiiksek olmasi, o ay igerisinde aldig1 malzemeyi diger ay
farkl fiyattan almasi, depolama ve nakliye gibi sorunlar1 siralanabilir.

3.6. isletmelerin Uretimde Kullandigi Standartlar

Yapilan anket ¢aligmasinda ilgcedeki findik harman makinasi imalat¢ilarinin
tamami ISO ve CE belgesi standartlarini kullanmaktadirlar. Sadece isletmelerin
%33.33'de TSE belgesi bulundurmaktadir. Bu sayinin az olmasinin sebebi ise TSE
belgesinin masrafli ve zor alintyor olmas: seklinde agiklanabilmektedir.

3.7.isletmelerde Finans ve Pazarlama

Findik harman makinasi imalati yapan isletmelerin pazar yeri ve pazarlama
ag1 durumlar incelendiginde, isletmelerin sadece %6’s1 Tarim Kredi Kooperatifi
aracilig1 ile satis yapmaktadir. Bunlarin disinda, %12’si bayilerle, %23’ internet
aracilig1 ile %59’u ise dogrudan satis yoluyla tirettikleri findik harman makinalari-
nin satigint yapmaktadir.

Isletmelerin kredi kullanim gostergeleri ise, kredi kullanmayan isletmele-
rin oran1 %41.66 olup kendi sermayeleriyle islerini siirdiirmektedir. Isletmelerin
%58.34i1 ise kredi kullanmaktadur. Isletmelerin sadece %16.66’s1 Ticaret ve Sanayi
Odasina, %83.34i1 ise Esnaf ve Sanatkarlar Odasina iiyelikleri bulunmaktadir.
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Isletmelerin higbiri fuarlarda stand agmamiglardir. Son yillarda birgok isletme
gibi bu yoredeki isletmelerde internet erisim ag; ile tirtinlerini tanitmaya ve yurt-
dist ile baglant: kurmaya baglamislardir. Isletmelerin %65’i Giircistan, Azerbaycan
gibi iilkelere ihracat yapmaktadir.

3.8. isletmelerin Mevcut Sorunlari

Findik harman makinasi imalati yapan isletmelerin karsilastiklar1 sorunlar
Sekil 3de verilmistir.

67%

Kalifiye Teknik Kalifiye Tggi Uygun Fiyata Pazarlama Yan Sanayinin  Finans Stkmtisy
Eleman Eksikligi Eksiklizi Malzeme Yetersiz Olmasi
Bulamama

Sekil 3. Isletmelerdeki baslica sorunlar

Figure 3. The main problems in firms

Sekil 3den de gorildiigii lizere, isletmeleri %67’si kalifiye eleman eksikligi
oldugunu, %84t kalifiye is¢i eksikligi oldugunu, %100’ uygun fiyata malzeme
bulamadiklarini, %50’si pazarlama sorunu oldugunu, %67’si yan sanayinin yetersiz
oldugunu ve %39’u da finansman sikintis1 oldugunu belirtmislerdir.

4. SONUC VE ONERILER

Aragtirma sonucunda, findik harman makinasi imalat sektoriinde faaliyet gos-
teren isletmelerin biiyiik gogunlugunun kurumsallasma siirecini tamamlayamamis
kiiciik ve orta olgekli aile sirketi oldugu goriilmektedir. Bu isletmelerde ustalik kiil-
tirtniin egemen oldugu, mithendislik kiiltiirtiniin ise heniiz olgunlasmadig belir-
lenmigtir. imalat sektoriinde faaliyet gosteren igletmelerin hicbirinde Ar-Ge galigmast
yuritilmemektedir. Bu duruma neden olacak yatirimlar icin yeni-ileri imalat teknolo-
jilerinin kullanilmasinin yiiksek maliyet gerektirmesi ve nitelikli isglictiniin bulunma-
mast soylenebilir.

Genel olarak, findik harman makinas imalat sektdriiniin temel problemlerin fi-
nansal problemler oldugu bunun yaninda da ham madde ve pazarlama konularinda
ciddi sorun yasadiklar: goriilmektedir. Bu problemlerin kisa vadede tiretilebilecek en
onemli ¢6ziim, destek ve tesvik programlarindan etkin bir sekilde yararlanmalar: oldu-
gu soylenebilir. Bahsedilen problemlerin ¢oziime kavusturulmas: amaciyla paydaslara
(tiniversite, sivil toplum orgiitleri vb.) 6nemli sorumluluklar ve gérevler diigmektedir,
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Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢atismasi olmadigini beyan ederim.

Etik

Bu ¢alisma, Ondokuz Mayis Universitesi etik kurulunun 27.05.2022 tarih ve
2022-499 karar sayili onayi ile yapilmistir.

Yazarlarin Katki Oranlari

Galigmanin Tasarlanmasi (Design of Study): ZKO(%40), HS(%60)
Veri Toplanmast (Data Acquisition): ZKO(%50), HS(%50)

Veri Analizi (Data Analysis): ZKO(%20), HS(%80)

Makalenin Yazimi (Writing Up): ZKO(%40), HS(%60)

Makalenin Génderimi ve Revizyonu (Submission and Revision): ZKO(%20),
HS(%80)
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GENETIC DIVERSITY ANALYSIS OF AVENA STERILIS L. GERMPLASM
BY MICROSATELLITE MARKERS

ABSTRACT

Avena sterilis is an important grassy weed that causes problems in wheat culti-
vation areas, and herbicides are used intensively to control this weed. The know-
ledge of genetic diversity is important to have information on the effect of weed
species on environmental factors and herbicides. The high level of genetic diversity
within the species is a guarantee for adaptation to changing environmental con-
ditions. This study was conducted based on complaints of the loss of effectiveness
during the chemical control. Analyses were carried out on 24 selected populations
collected from wheat cultivation areas in Turkey’s central Black Sea region. Sevent-
y-seven alleles from microsatellite loci were detected, and the average number of
alleles per locus was determined as five using 17 microsatellite primers. The ave-
rage genetic diversity (GD) and polymorphism information content (PIC) values
were 0.894 and 0.732, respectively. According to the UPGMA dendrogram genera-
ted using Average Linkage, the populations were clustered into two main groups.
A high degree of diversity was found among the studied sterile oat genotypes, and
it has been observed that there is no geographical isolation. It is understood that
this situation is primarily caused by the adaptation of sterile oat seeds transferred
between regions in several ways. Although they are highly self-pollinating species,
they may also have some cross pollination mechanism as well. It was concluded
that there might be gene escape between resistant and susceptible sterile oat po-
pulations, as resistant weeds can show high genetic diversity. According to these
findings, issues such as crop rotation, cultural control methods, encouraging the
use of certified seeds, and the use of herbicides with different mechanisms of acti-
on can be listed among the measures that can be taken to control the high genetic
diversity, which is an indicator of herbicide resistance.

Keywords: Sterile Oat, Wheat, Genetic Diversity, SSR.

ek

AVENA STERILIS L/iN MIKROSATELLIT iSARETLEYICILERI ILE
GENETIK CESITLILIK ANALIZI
0z

Avena sterilis, bugday ekim alanlarinda sorun olan 6nemli bir yabanci ot olup,
miicadelesinde yogun herbisit kullanimi s6z konusudur. Herbisitlerin ve ¢evresel
taktorlerin yabanci ot tiirleri iizerindeki etkisi hakkinda bilgi sahibi olmak a¢isin-
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dan genetik gesitlilik caligmas: 6nem tasir. Tiirler i¢indeki yiliksek diizeyde genetik
cesitlilik, degisen gevre kogullarina adaptasyonun garantisidir. Bu ¢alisma ile A.
sterilis’in kimyasal miicadelesindeki etkinlik kaybina iligkin tiretici sikayetleri dog-
rultusunda, genetik ¢eistliligin belirlenerek herbisit dayaniklilik potansiyelinin or-
taya konulmasi amaglanmigtir. Analizler Tiirkiye'nin Orta Karadeniz bolgesindeki
bugday ekim alanlarindan toplanan 24 se¢ilmis popiilasyon tizerinden gerceklesti-
rilmistir. 17 mikrosatellit primeri kullanilarak yapilan ¢aligmada, lokuslarda toplam
77 allel tespit edilmis, lokus basina ortalama allel sayis1 bes olarak belirlenmistir.
Ortalama gen ¢esitliligi (GD) ve polimorfizm bilgi icerigi (PIC) degerleri sirasiyla
0.894 ve 0.732dir. Average Linkage kullanilarak olusturulan UPGMA dendrogra-
mina gore popiilasyonlar iki ana gruba ayrilmistir. Incelenen kisir yabani yulaf ge-
notipleri arasinda yiiksek derecede gesitlilik tespit edilmis olup, cografi izolasyonun
olmadig goriilmistiir. Bu durumun 6ncelikle yabanci ot tohumlarin cesitli yollarla
taginarak o cografi bolgelere adaptasyonuyla iliskili oldugu anlagilmaktadir. Daya-
nikli yabanci otlar yiiksek genetik cesitlilik gosterebileceginden, direngli ve duyarli
steril yulaf popiilasyonlar: arasinda gen kagist olabilecegi sonucuna varilmistir. Bu
bulgulara gore; ekim nobeti, kiiltiirel kontrol yontemleri, sertifikali tohum kullani-
munin tegvik edilmesi, farkl etki mekanizmalarina sahip herbisitlerin kullanimi gibi
hususlar, herbisit dayanikliliginda gostergeci olan yiiksek genetik ¢esitliligin kontrol
altinda tutulmas icin alinabilecek 6nlemler arasinda siralanabilir.

Anahtar Kelimeler: Kisir Yabani Yulaf, Bugday, Genetik Cesitlilik, SSR.

2

1. INTRODUCTION

Wheat is a widely grown grain product and major staple foods in several count-
ries worldwide. Common wheat (Triticum aestivum L.), durum wheat (Triticum
durum Desf.) and club wheat (Triticum compactum Host) are the most important
wheat genotypes among thousands of known wheat varieties. Wheat is grown as a
cash crop as it gives a good yield per unit area, grows well in a temperate climate
with a moderately short growing season and is a versatile crop. Wheat, which cons-
titutes 20% of the calories taken from food worldwide and is the staple food of 35%
of the population, is also vital to Turkey (Yagd1 et al., 2020).

Wheat is the second most produced cereal grain after maize, and the global
trade of wheat is greater than all other crops combinedly (FAO, 2022). In the 2020-
2021 production season, while the worldwide grain production is 2.7 billion tons,
28% of this is wheat. In the 2019-2020 production season, while the world has a
planting area of 217 million hectares and a wheat production of 764 million tons,
Turkey constitutes 3.2% of the world’s wheat cultivation area and ranks tenth with
a production of approximately 20 million tons (FAQO, 2022).
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Wheat production is limited by many biotic and abiotic factors. It is stated that
the yield loss caused by biotic factors such as disease agents, pests (fungi, bacteria,
nematodes, viruses, insects, etc.) and weeds can exceed 30% worldwide (Ozer et
al., 2001). Since the competitiveness of weeds is generally high, cereal products re-
main weak and yield decreases. Yield loss in cereals due to weed competition varies
between 20-40% on average in the world (Giincan, 2010).

Weeds pose a major problem in wheat cultivation as in other cultivated plants.
Among these weeds, Lolium spp., Bromus tectorum L., Alopecurus myosuroides,
Phalaris spp., Avena sterilis L., Raphanus raphanistrum, Vicia sativa L., Sinapis ar-
vensis L., Silybum marianum (L.) Gaertn., Convolvulus arvensis L., Fumaria offici-
nalis L., Galium aparine L., Matricaria chamomilla L., Papaver rhoaes L., Capsella
bursa-pastoris (L.) Medical, Cirsium arvense (L.) Scop, Avena fatua L. and many
narrow and broad-leaved weeds cause significant losses in wheat cultivation areas
(Aksoy et al., 2005).

The species belonging to the genus Avena, which is a problematic weed in whe-
at cultivation areas, especially A. sterilis (Sterile oat), are among the first weeds
that pose problem in wheat-growing areas in Turkey as well as all over the wor-
1d (Anonymous, 2017). Chemical control is the most effective control method to
reduce yield loss caused by weeds in wheat cultivation areas. The emergence of
resistance in weeds due to the continuous use of chemical herbicides carries a sig-
nificant risk (Anonymous, 2017).

Herbicide resistance is a situation that emerges due to the use of the same effe-
ctive substances against the target weed for many years in a row and the application
of high doses (Demirkan, 2009). Excessive use of herbicides leads to an increase in
the cost of production, changes in the natural ecosystem, environmental pollution
problems and the formation of resistant populations in weeds, loss of effectiveness
of current control methods and severe yield losses.

In Turkey, wheat ranks first among the plants in which herbicides are used in-
tensively, and as a result, resistance develops among these weeds (Tiirkseven, 2015;
Kaya Altop et al., 2017 a,b; Kaya Altop et al., 2022). Resistance to herbicides started
with sterile oats (Avena sterilis L.) in wheat cultivation areas for the first time in
Turkey (Uludag et al., 2001). Afterwards, resistant populations of sterile oat conti-
nued to emerge in several new populations as well.

Herbicide resistance has become an increasingly common problem. With the
increased resistance to herbicides worldwide, weeds have become one of the impor-
tant problems in agricultural production. Currently, there are 266 herbicide-resistant
weed species (153 broad-leaved and 113 narrow-leaved) worldwide (Heap, 2022).
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With the increase in resistance to herbicides, the concern that chemical war-
fare is insufficient in the fight against weeds is increasing, and there is a need for
more advanced methods to be used in the diagnosis and identification of these
weeds (Kaya, 2008).

Like many weed species, A. sterilis shows high genetic differences due to its
reproduction and morphological characteristics depending on the area where it
grows. There are differences between the genotypes of a species in terms of morp-
hological, anatomical, physiological, biochemical and behavioural characteristics.

Variations between populations derive from alleles of a gene and the different
frequency distributions of these alleles among populations. All of the genetic diffe-
rences within a species are called genetic diversity. Determining genetic diversity,
one of the components of biological diversity, is one of the most important con-
ditions for healthy and efficient ecosystems and their sustainable operation. The
high level of genetic diversity within the species is a guarantee for adaptation to
changing environmental conditions. Species and races with high genetic diversity
can adapt more successfully to changing ecological conditions according to time
and place (Isik, 1997). Genetic diversity is undesirable for weeds. When evaluated
in this context, the high genetic diversity plays a triggering role in the phenomenon
of resistance to herbicides. Also, it supports the increase in the adaptation abilities
of resistant populations (Kaya, 2008).

Genetic variation studies not only evaluated in an evolutionary context but also
assist as an essential part of research in eradication and weed control (Sun, 1997).
With knowing the genetic diversity of species that spread very rapidly, the geog-
raphical origins can be determined (Meekins et al., 2001), and it is possible to se-
lect biocontrol agents with this information (Nissen et al., 1995). Genetic variation
should be determined to choose the biological control agents to be applied against
strains that have developed resistance. Different molecular DNA marker techniqu-
es are used to reveal this genetic variation among plants (Yalim, 2005; Kaya, 2008;
Yilmaz, 2021). The simple sequence repetition (SSR) markers are used in many
tields such as the evolution of plants, genetic diversity studies, genetic linkage map-
ping, etc. (Ozden Cift¢i and Altinkut Uncuoglu, 2019; Yorgancilar et al., 2015).

Genetic diversity study is essential to know how herbicides and environmental
factors affect weed species (Sterling et al., 2004). Studies on detecting genetic va-
riation in many weed species, as well as in species belonging to the genus Avena,
using the SSR method are being carried out rapidly around the world. Although A.
sterilis is a self-pollinating plant, cross pollination, which is seen at a low rate, may
cause genetic differentiation of this species.
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This study was conducted with the prediction that genetic differentiation may
cause an increase in herbicide resistance of sterile oats. In order to develop more
effective control methods against A. sterilis, genetic diversity was determined and
its effect on the resistance phenomenon was investigated.

2. MATERIAL AND METHOD

2.1. Sampling and Breeding of Populations

Seeds of A. sterilis were collected from 150 different locations of wheat cultivati-
on areas of Samsun (60), Sinop (10), Corum (25), and Amasya (55) provinces. Whi-
le collecting samples that survived after the herbicide application during the wheat
growing period from the locations belonging to the same province, care was taken
to ensure that the distance between the locations was at least 5-10 km (Barret, 1982).

BLACK SEA

Figure 1. Survey locations

Collected samples were kept at +4°C for three months for cooling requirements.
For the pre-germination process, the seeds of each population were placed in Petri
dishes with a diameter of 9 cm with a double layer of moistened blotter paper and
germinated in the incubator at +22 °C at a 12/14 light period. Germination was ac-
hieved in 24 out of 150 populations and these populations were grown in sterile soil
under controlled conditions in the greenhouse. Twenty-four populations (4 Sam-
sun (SAM-19, SAM-35, SAM-8, SAM-58), 1 Sinop (SIN-4), 13 Corum (COR-1,
COR-3, COR-7, COR-10, COR-12, COR-14, COR-15, COR-17, COR-19, COR-
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20, COR-21, COR-22, COR-24), 6 from Amasya (AMS-3, AMS-5, AMS-8, AMS-
12, AMS-50, AMS-55) were included for further study (Figure 1).

2.2. DNA Extraction and PCR Application

When the plants grown under greenhouse conditions reached the 4-6 leaf stage
leaves samples were taken and genomic DNAs were extracted using the DNeasy
DNA extraction kit (Qiagen, Germany) according to the kit protocol. Genomic
DNA extraction was performed from 100 mg of fresh leaves tissues. The DNAs
obtained following the applied DNA protocol were stored at -80 °C until the SS-
R-PCR application.

The PCR applications in which the SSR molecular marker tests were carried out
in a total volume of 25 uL. PCR reaction mix; 2 pl (1.0 ng/pL-1) genomic DNA, 1 pl
(25 ng) of each forward and reverse primers ((Table 1), Li et al., 2007) PCR master
mix 2x: 12.5 pl, 8.5 pl sdH,O. The temperature values and times to be applied for
PCR were established as follows: (1) 94 °C > 3 min., First step; 5 cycles (2) 94 °C >
1 min., (3) 55°C - 1 min. (decreased 1 °C per cycle up to 40 degrees), (4) 72 °C >
1 min., Second step; 30 cycles (5) 94 °C - 1 min., (6) 55 °C> 1 min., (7) 72 °C>10
min. and (8) 72 °C-> 10 min. (last incubation). 1 x TBE buffer (100 mM Tris, 100
mM boric acid, 2 mM EDTA, pH 8.3) for 3.5% agarose gel for analysis of DNA
fragments formed after PCR, 2 g agarose (Serva Agarose) (Serva, Germany) was
carried out on a horizontal type maxi electrophoresis device (BioRad) using 1.5 g
micropore agarose (Nusseive GTG Agarose) (Combrex, USA). Photographs of the
bands obtained under the reference of 1IKb DNA marker (New England Biolab-
s°UK) were taken with the help of a gel imaging device (Vilberlurm).

Table 1. SSR primers used in the study

Locus Repeat Motif Primer Sequence (5°-3°) Tm (°C)

F: GGATCCTCCACGCTGTTGA
LOC1 (AG)21 (CAGAG)6 46
R: CTCATCCGTATGGGCTTTA

F: GGTAAGGTTTCGAAGAGCAAAG
LoC2 (AG)34 48
R: GGGCTATATCCATCCCTCAC

F: GTGAGCGCCGAATACATA
LOC3 (AG)21 48
R: TTGGCTAGCTGCTTGAAACT

F: CAAAGCATTGGGCCCTTGT
LOC4 (AG)19 48
R: GGCTTTGGGACCTCCTTTCC

F: CGAGATTTCGGTGTAGAC
LOC5 (AO)13 44
R: CCGGGAATTAACGGAGTC
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F: ATAGAACGGCATGATAACGAAATA
LOCe6 (AC)3 (AC)6 (AC)5 (AC)7 48
R: GCGCGACAACAGGACCTTC

F: TGTCGATTTCTTTAGGGCAGCACT
LOC7 (TG)10 (CG)5 50
R: TCGCGAGAAAGATGGAAAGGAGA

F: ACGTTGGTCTCGGGTTGG
LOC8 (AT)5 (AC)5 (AC)5 46
R: AAATCCTTGACTTCGCTCTGA

F: ATTGTATTTGTAGCCCCCAGTTC
LOCY (AC)22 46
R: AAGAGCGACCCAGTTGTATG

F: TCTTTAAGGATTTGGGTGGAG
LOC10 (AC)19 45
R: AATCTTCGAGGGTGAGTTTCT

F: GTTATTGATTTCCTGATGTAGAGA
LOCI11 (AAG)5 (TCA)5 45
R: AGAGCCAAGAAAGCAACTG

F: AGCCTGGACATGTAATCTGGT
LOCI12 (AC)8 (AC)4 (CT)4 47
R: AGCCCTGGTCTTCTTCAACA

F: CAAAGGCCAAATGGTGAG
LOC13 (AAG)10 45
R: CCGCAAAGTCATATGGAGCAT

F: GACCTCTTGAGTAAGCAACG
LOC14 (GAA)8 46
R: TGGTCTTCCTATCCACAATG

F: TCCCGCAAAATCATCACGA
LOC15 (GAA)9 43
R: AAGGGAGCATTGGTTTTGTT

F: TGAAGATAGCCATGAGGAAC
LOCl16 (GAA)14 43
R: GTGCAAATTGAGTTTCACG

F: GCAAAGGCCATATGGTGAGAA

LOC17 (GAA)23 47
R: CATAGGTTTGCCATTCGTGGT

2.3. Statistical Analysis

The genetic diversity of sterile oat was assessed by using 17 microsatellite (SSR)
primers. The band images obtained from the gel were evaluated with reference to
the marker sizes, and band matrices were created. The number of alleles, gene di-
versity (GD) and polymorphism information content (PIC) was calculated using
the genetic analysis program NTSYSpc2.1 software. Further processing of data was
done by carrying out sequential agglomerative hierarchical non-overlapping cluste-
ring (SAHN) on a squared Euclidean distance matrix. Dissimilarity matrices were
used to construct the UPGMA (Unweighted Pair Group Method with Arithmetic
average) dendrogram. In addition, the genetic relationships among genotypes were
represented using a PCA (Backhaus et al., 1989) analysis with SPSS 21.0 software
(IBM Corp. Released, 2012) ( Claerhout et al., 2015; Karn and Jasieniuk, 2017).
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3. RESULTS AND DISCUSSIONS

The genetic diversity of twenty-four sterile oat populations collected from
wheat cultivation areas in the central Black Sea region of Turkey was determined
using 17 microsatellite primers. All microsatellites showed inter and/or intraspe-
cific polymorphism. The total number of alleles per locus detected in sterile oat is
given in Table 2.

A total of 77 alleles from microsatellite loci were detected, and these alleles
ranged from 2 to 10 alleles per locus. The average number of alleles was determi-
ned as five. In a genetic diversity study with SSR analysis of sterile oats, Li et al.
(2007) detected 36 alleles from nine microsatellite loci in 4. fatua, with the num-
ber of alleles per locus ranging from 2 to 12. The average number of alleles per
microsatellite locus is 4.0.The same as Li et al. (2000) identified 3.8 alleles/loci
in 12 Avena species and 3.4 alleles/loci in 20 Avena sativa populations. Data (5
alleles/locus) from this study were higher than Li et al. (2000; 2007). These results
showed that microsatellite markers of cultivated oat cultivars have high efficiency
in examining and determining their genetic diversity.

In the studies, aiming at detecting genetic diversity in different species., it was
seen that SSR analysis revealed strong gene expression (Randazzo et al., 2019;
Xiong et al., 2019; Singh et al., 2020; Guo et al., 2022). When the genetic makeup
of Centaurea corymbosa, an endemic plant, was compared, it was stated that SSR
analysis using six microsatellite loci revealed a broad differentiation between po-
pulations. These microsatellites were founded more potent than allozyme loci in
detecting gene flow coverage (Lopez-Vinyallonga et al., 2011).

The gene diversity of A. sterilis ranged from 0.764-1.199. Polymorphism infor-
mation content values changed from 0.381-1.018. The average gene diversity and
PIC values were 0.894 and 0.732, respectively (Table 2). Different studies confirm
the high genetic diversity detected in different populations. These studies inves-
tigating genetic variation, population structure and diversity of A. sterilis alleles
have generally concluded that resistance develops by differentiation in the process,
and resistance is distributed through gene flow (Menchari et al., 2006; 2007). Weed
species with high levels of genetic diversity exhibit considerable potential for weed
adaptation; therefore, the effectiveness of frequently used weed-control techniques
may be reduced (Dekker, 1997; Holtand Hochberg, 1997).

Naghavi et al.,, (2009) studied 21 SSR primers to determine the genetic relati-
onship between 52 Triticum aestivum and 13 Aegilops species using SSR markers.
Boylu and Kaya Altop, (2021) looked at 11 SSR primers to assess the genetic re-
lationship of 40 Alopecurus myosuroides populations. Caglar (2010) used 3 SSR
primers in his study and it was seen that the genetic similarity rate in the Centaurea
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nivea biotype varied between 26%- 76%. In another study conducted with 5 SSR
primers, the genetic diversity ratio among 62 Echinochloa oryzoides populations
supported the results of the current study (Altop et al., 2018).

Table 2. Genetic characterization of A. sterilis populations

Locus Number of Allels GD PIC Value
LOC1 4 0.995 0.764
LOC2 8 0.902 0.511
LOC3 8 0.764 0.441
LOC4 3 1.199 1.018
LOC5 3 0.770 0.674
LOC6 3 0.920 0.987
LOC7 3 0.854 0.971
LOC8 3 1.025 0.893
LOCY 2 0.804 0.658
LOC10 5 0.782 0.639
LOCI11 2 0.809 0.893
LOCI12 3 0.826 0.830
LOC13 6 0.851 0.619
LOC14 5 1.002 0.686
LOCI15 3 0.927 0.846
LOC16 10 0.782 0.381
LOC17 6 0.993 0.635
Mean 5 0.894 0.732

According to the UPGMA dendrogram, constructed using the Average Lin-
kage, populations divided into two major clusters. Genetic distance ranged from
0 to 0.25. The first cluster formed different levels of branching and included
22 of the 24 populations (Figure 2). This main cluster was characterized by a
wide geographical distribution. It is not possible to talk about clear geographical
isolation. The second main cluster consisted of COR7 and COR24 populations
(belonging to Corum province).

https:/doi.org/10.7161/0muanajas.1205286 d



Genetic Diversity Analysis of Avena sterilis L. Germplasm ...

Figure 2. Dendrogram created by hierarchical cluster analysis method
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When the correlation matrix created according to the SSR-PCR band and re-
sults of 4. sterilis populations were examined, the correlation between populations
representing the second main group was determined as 83% (Table 3). Amasya,
AMSS55-AMS50 and Corum COR22-COR15 populations were defined as gene-
tically closest populations. Genetic similarity was considered to be expected since
the distance between them was relatively close. But, despite belonging to the same
province COR1 and COR20 populations, only 2% similarity was observed. These
results showed that geographical distance could not lead to a clear inference in
interpreting genetic differences. In addition, COR7 with SIN4 from Sinop provin-
ce (distance of about 478 km) and SAM48 (Samsun’s population) with COR17
(distance of about 250 km) were genetically the most distant populations. Cluster
analysis results of the US and Chinese populations of Avena also supported our
findings (Li et al., 2007).
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Table 3. Correlation matrix of A. sterilis populations created according to
SSR-PCR band results

SAM[SAM] SIN [AMS[COR[COR [AMS[COR [COR[SAM [COR|COR|[COR[COR [AMS[COR [SAM|COR|[COR[AMS[AMS|AMS[COR|[COR

48 19 4 ! 1 B! 12 19 55! 1 21 12 24 5 22 58 14 10 55 50 8 20 15

SAM48 100

0.17 11,00

SAM19

el 0141041 11,00

LD 0.0610.0910,0611.00

oyl 0,08 100710081019 11.00

oy 00610211017 1028103 1.00

LNBY 0071017101410231012104111.00

oK 0,06 10,06 028 1 0. 02110651100
oy 0.14 003ﬁ043 0010181013108 11.00
SLRE i 02410191054101510241019102410,5511.00
CORYY 0.061003102810,541006101710381033106411.00

COR21

0041024101910431015102410.19102410,4510,68 10541 1.00

oz 005102610211046100310261037100810491072104710.6111.00

oy 0111008100510461003102610211008107810611036105010.6511.00

LIRS 0,09101310101030/100710131028101310411051103610.510.68104111.00

COR22 00710171014103910121017 10141017 105310641047 10.6410,5210,52 1083 11.00

SLREH 012101510121019100910071012101510221043104110431061101710.7510,51 11,00

CORE 0.1410411036102310081017101410061027104910.3210491068103710.6510,57 1071 11.00

CORID 0071017101410231008101710.141006104010491032106410,52105210.651079 103110, 1.00

i 0091013101010301007101310101013104110511036105110411041106810831041104610.65]1.00

LUREN 00610461023102410,04100910061009103310541040)0.54]104610341059107210501]05610.56]0.8 1.00

AMS8

00910111008} 1008 101110151022104410221012101210331043102210251025/0.63105411.00

OR2 0.111024100410.19 00710041007 10261036102310361028102810.5110.64102910.341049]0, 0, 0,47 11,00 |

CoRe 0.0710.0610.

=

023101210061007101710401049104710491037103710,65107910.51103610,5710,6510.5610.2510.4911.00

4. CONCLUSION

A high degree of diversity was detected among the investigated A. sterilis genot-
ypes, and there was no geographical isolation among genotypes. The main reason of
this situation is the adaptation ability of sterile oat seeds transferred from different
regions. Although they are highly self-pollinating species, they may also have some
cross pollination. In addition, it has been concluded that resistant weeds may cause
high genetic diversity and a high probability that gene escape may occur between
resistant and susceptible populations. This study can shed light on the next researc-
hers and issues. Suggestions for the solutions to these problems, which emerged as
a result of the findings, can be listed as follows; a) Crop rotation should be done in
wheat fields. b) Cultural control methods (soil cultivation, use of clean seeds, sele-
ction of early or late varieties according to the growing period of the weed, fallow
application, good soil preparation, and attention to the cleanliness of the used equ-
ipment) must be applied. ¢) Seeds should be well controlled within the country. d)
The use of herbicides with different mechanisms of action should be recommended.
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THE EFFECT OF NITROGEN AND HUMIC ACID TREATMENTS ON
FLOWER YIELD AND ITS L-DOPA CONTENT WITH AGRONOMIC
CHARACTERISTICS OF FABA BEAN (VICIA FABA L.)

ABSTRACT

In addition to its agricultural characteristics, the faba bean plant is remarkable due
to its L-DOPA content. In this study, the effects of 3 different humic acid doses (HO:
control, H1:21da-1, H2:6 | da-1) and nitrogen fertilizer (5 kg da-1) treatments on some
characteristics of Lara and Macka genotypes and L-DOPA content in its flowers were
investigated. The trial was carried out in the Strip Plots Trial Design in Samsun for one
year. According to the findings, the effect of HA treatments on the amylose content in
the seed was found to be statistically significant, and the values obtained from the tre-
atments were equivalent to the control values in other examined properties. It has been
determined that there are statistically significant differences between genotypes in many
of the characteristics examined; It was determined that the flower yield and the amount
of L-DOPA transferred to the tea water were higher in Magka genotype.

Keywords: Faba Bean, Nitrogen, Humic Acid, Flower, Flower Tea, L-Dopa.

e

AZOT VE HUMIK ASIT UYGULAMALARININ (VICiA FABA L.’'NIN
CICEK VERIMI VE L-DOPA iCERIGI ILE TARIMSAL
OZELLIKLERINE ETKISI

0z

Bakla bitkisi tarimsal ézelliklerinin yanisira L-DOPA igerigi nedeniyle dikkat geki-
ci bir bitkidir. Bu ¢alismada, 3 farkli hiimik asit dozu (HO: kontrol, H1:2 It da-1, H2:6
It da-1) ve azotlu giibre (5 kg da-1) uygulamasimnin Lara ve Magka genotiplerinin bazi
ozellikleri ile cigek, cigekteki L-DOPA igerigine etkisi aragtirlmistir. Deneme Samsunda
Serit Parseller Deneme Deseninde bir yil siire ile yiiriitilmiistiir. Elde edilen bulgulara
gore; H uygulamalarin istatistiki agidan tanede amiloz icerigine etkisi 6nemli bulunmus
olup diger incelenen 6zelliklerde uygulamalardan elde edilen degerler kontrol degerle-
rinle benzer bulunmustur. Incelenen birgok 6zellikte genotipler arasinda istatistiki ag1-
dan 6nemli farkhiliklar oldugu tespit edilmis; ¢igek verimi ve gay suyuna gegen L-DOPA
miktarmm Magka genotipinde daha yiiksek oldugu belirlenmistir.

Anahtar Kelimeler: Bakla, Azot, Hiimik Asit, Cigek, Cigcek Cay1, L-DOPA.

ek
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1. INTRODUCTION

The faba bean plant, which is one of the cool climate legumes, is an important
legume plant due to its strong growth ability, high nitrogen fixation ability, and
its ability to be planted in the winter in Samsun conditions and grown without
the need for irrigation. When planted in winter, the high L-DOPA content in its
flowers and the fact that flower harvests can be made in mid-April and May (Bo-
zoglu and Bezmen, 2021; Oguz 2022) allow summer crops to be planted in the
region. In the region, the fresh harvest period coincides with May and the dry har-
vest at the end of June. After the dry seed harvest, it is possible to plant field crops
such as corn and soybean as a second crop, and to grow many vegetables such as
leek, spinach, and cabbage.

Bezmen and Bozoglu (2021) reported that the flowers of the plant, which are
poured because they cannot turn into pods and therefore considered as a loss of
energy, can be dried and used based on our herbal tea culture, and L-DOPA is trans-
ferred to the tea water when the tea is brewed. Topal et al. (2016) determined the
L-DOPA content of 4.23%, 0.98% and 0.076%, respectively, in flowers, pollen and
honey obtained in a greenhouse environment where only pods were grown. Pollen
and honey from bees feeding on both faba bean flower tea and flowers can be con-
sidered sources of L-DOPA. Therefore, in this study, although L-DOPA is found in
leaves and fresh pods (Topal and Bozoglu, 2016), especially flower yield and L-DO-
PA content were emphasized, and yield and quality-enhancing practices were tried.

Humic acids (H) are components with high organic matter content used in
agriculture as fertilizers, inhibitors against diseases and pests, and remedies that
increase the cation exchange capacity of the soil and facilitate the uptake of nu-
trients by the plant. Humic acid is effective in the root development of plants, re-
production of soil microorganisms, decomposition of the stubble in the field in a
short time, increasing the wate- holding power of light soils and germination of
seeds in a short time. It is also known that humic acid facilitates the uptake of plant
nutrients such as nitrogen, phosphorus, potassium, iron and zinc, and has positive
effects on improving the structure of heavy clay soils, preventing salt accumula-
tion in soils and aeration of soils (Kaya et al. 2005). In some studies on different
types of plants, with different treatment methods and doses, humic acid treatments
have a positive effect on nutrient intake (Sarwar et al. 2012, Demirtas et al. 2013,
Gezgin et al. 2013) and in some studies, it provides an increase in yield (El-Bas-
siony et al. 2010, Khan et al. 2010, Kaptan and Aydin 2012, Giirsoy et al. 2016)
are reported. Roudgarnejad et al. (2021), according to the research, H treatment
to faba bean (Vicia faba L.) resulted in positive effects on plant height, seed yield,
protein, moisture and nutrient content of the seed. According to some research
results, the expected results for the increase in yield from H treatments in legumes
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could not be obtained (Oktem 2017, Cakmak 2019, Sarilar 2021). However, humic
acids are substances with a complex structure and their effects should be evaluated
from multiple perspectives. Therefore, even if it does not directly increase yield, it
may have positive effects on soil biology, diseases and pests, and product quality.
Dawood et al. (2019), reported that foliar treatment of humic acid to faba bean
(Vicia faba L.) caused significant increases in carbohydrate content, total phenolic
content, proline, and free amino acids compared to the control.

We have been working to increase the diversity of use of the faba bean, empha-
sizing that it is an important plant with its L-DOPA content and easy to grow for the
region. In this study, it was aimed to investigate the effects of humic acid doses treat-
ed foliar and nitrogen fertilization which is the classical recommendation dose to the
plant in the field, on some properties of faba bean and L-DOPA content in its flowers.

2. MATERIAL AND METHOD

The soil of the trial field was found to be clayey, pH neutral, salt-free, organic
matter content of 1.88%, and high P content. In the trial period, the lowest tempera-
ture was in January and it was 0.8 °C higher than the long years. According to the
data of many years, while the total amount of rainfall was 504.6 mm in the vegetation
period, 478.3 mm of rainfall fell in the trial year. Before sowing, the precipitation that
saturated the soil with water and coincided with the interval between the first emer-
gence and the vegetative growth period of the plant was sufficient for plant growth.

In this study, Lara variety (G,) and Magka genotype (G,), which varieties that
were found to have high L-DOPA content in their flowers in a study conducted in
the same region in previous years were used. Lara (G) is a registered variety de-
veloped for fresh consumption; it is purple and the Magka (G,) is a cream-brown
coloured line that we brought from this region and selected. The trial was carried
out in strip plots trial design with 3 replications in the 2019-2020 growing season.
In the trial, the genotypes were placed in vertical strips and the treatments (K: con-
trol, N: nitrogen at 5 kg da-1, H: humic acid at 2 1t da-1, H,: humic acid at 6 It da)
in horizontal strips. Seeds were sown manually in 4 rows and in plots with 2 m row
length and 60 cm row spacing on November 22, 2019. In March, when the rainfall
decreased and the temperature increased, H were treated to the leaf, and ammo-
nium sulfate with 21% N was treated from the soil around the root of the plant.
As H, a liquid form commercial product of Leonardite origin (Black Strong HUM
VET) was used at the doses recommended by the company for legumes. H content;
total humic and fulvic acids are 18%, total organic matter is 13%, water-soluble
potassium oxide is 3.9%, pH is 8-10. When necessary, weed control was done, and
watering and any pesticide treatment were not considered necessary.
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Variance analysis was performed with the MSTATC package program, DUN-
CAN multiple comparison test was used to compare the means. The correlations
between the characteristics to take into account the mean of all data were deter-
mined by using the SPSS21 program by correlation analysis.

3. RESULTS AND DISCUSSION

According to the results of the analysis of variance, the significance of the gen-
otype difference and the effects of the treatments on the characteristics and the
groupings are given in Table 1 and Table 2 and the relations between the character-
istics are given in Table 3.

Faba bean is a tall and upright legume. In previous studies in the ecology where
this research was conducted, the plant height of different faba bean genotypes was
found to be 56-123 cm (Peksen, 2007; Bezmen, 2019). Bezmen (2019) determined
the plant height as 66.26 cm and 81.73 cm, respectively, in Lara and Magka gen-
otypes. In this study, the Lara mean was 80.3 cm, and the Magka selected from a
local material was 104.3 cm long, and this difference was found to be statistically
significant (P<0.01) (Table 1).

Magka had higher values than Lara in other investigated agromorphological
characteristics except for seed yield per decare. Bezmen (2019), the mean seed
yield per decare for Lara and Magka was found to be respectively 743.58 and 891.97
kg genotypes. In the study, 872.78 kg for Lara and 746.12 kg for Magka. Although
the effect of HA and N treatments on seed yield was not found to be statistically
significant, the responses of genotypes to treatments (P<0.01) differ. While Lara
gave the highest value in control, Macka was positively affected by N and H1 treat-
ments (Table 1).

Biological yield includes all organic content produced by the plant. Peksen
(2007) reported the variation range of biological yield in 15 different genotypes
of faba bean (Vicia faba L.) plant, 1620.33-173.33 kg da-1. Biological yield in Lara
and Magka genotypes, Bezmen (2019) determined 1150 and 1747 kg, respectively,
and they are close to the values in this study. Although the difference between
genotypes and the effect of treatments on biological yield were not statistically sig-
nificant, it was determined that biological yield decreased in both genotypes in H,
treatment (Table 1).
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Table 1. Means of some agro-morphological characteristics of faba bean
genotypes treated with nitrogen and different H doses

Treatments G Treatments G
Ger(lgt)ype N | H, | H, | H, MEANS N | H, | H, H, MEANS
Plant Height (cm) - Biological Yield (kg da™)
8 78.30 75.60 79.90 87.40 80.3b 1347.87 1445.10 1440.58 1250.03 1370.89
, 94.87 93.77 131.10 97.70 104.3 a 1710.52 1713.56 1598.28 1463.24 1621.40
Toows | 8658 | 8468 | 10550 | 9255 152920 | 157933 | 1519.43 1356.63
Number of Pods (per plant) Seed Yield (kg da')
8 12.67 16.00 14.67 12.67 14.00 755.91 872.78 843.98 728.65 800.33
16.33 13.67 15.00 13.00 14.50 824.92 746.12 793.82 707.91 768.19
T s 1450 | 14.83 | 1483 | 12.83 79041 | 809.45 818.90 718.28
100 Seed Weight (g) - Crude Protein Ratio in Seed (%) o
8 105.68 101.51 106.01 100.84 103.5b 19.86 21.64 20.47 21.41 20.84b
120.70 123.26 124.59 131.50 125.0a 22.79 22.72 22.85 21.49 22.46a
T \eans 113.19 112.38 115.30 116.17 21.33 22.18 21.66 21.45

*P<0.05, **P<0.01

Flower harvests were made 3 times at one-week intervals, and the total dry
flower yield (kg) per decare was calculated. The flower yield of Lara decreased in
the 2nd harvest but increased in the 3rd harvest. On the other hand, Magka inc-
reased flowering after the 2nd and 3rd harvest (Table 2). According to the results
of the correlation analysis, the 2nd and 3rd flower harvests are in an important
and positive relationship with the previous harvests. Flower plucking stresses the
plant and encourages re-bloom. According to the statistical analysis, while the tre-
atments did not have a significant effect on the flower yield, a significant difference
was found in terms of both the flower yield (P<0.01) and L-DOPA (P<0.05) content
of the genotypes. In the study conducted under similar conditions and techniques,
Bezmen (2019) reported the mean dry flower yield as 20.40 kg per decare. While
the dry flower yield per decare was 36.29 kg in the Lara variety, it was 46.72 kg in
Magka by a wide margin. Bezmen (2019) determined the highest L-DOPA amount
in the Lara genotype (8.25%) among 18 genotypes. The researcher reported that
the Magka genotype (7.73%) is one of the genotypes with the potential to be a
candidate for registration due to its high flower yield and high L-DOPA content.

Based on the hypothesis that tea can be made from flowers due to the rich
L-DOPA content in faba bean flowers, the effect of the treatments on the L-DOPA
content in the tea prepared with the infusion method with different amounts of
flowers was not found to be statistically significant. However, the difference betwe-
en genotypes was significant (P<0.05) and the L-DOPA content of the Magka was
found to be higher (Table 2). Bozoglu and Bezmen (2021) determined the amount
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of L-DOPA in tea to be 8.04% on the mean. In this study, when the number of flowers
added to the water was 100 mg, the L-DOPA content was 8.33% on the mean in the
control, which is similar to the value reported by Bozoglu and Bezmen (2021). In this
study, when the number of flowers used in tea was increased to 200 mg, it was determi-
ned that the L-DOPA diffision increased, and the amount of L-DOPA became 20.84%
in tea water (Table 2).

Topal (2012), determined that the crude protein ratio in flowers varies between
27.08% and 62.17%, and the mean is 36.26% in 26 faba bean genotypes sown in winter.
In this study, the difference between the proteins in the flowers of the genotypes was
found to be statistically significant (P<0.05). This value was 26.05% for Lara and 27.50%
for Magka in the control, and the effect of the treatments was not found to be significant
(Table 2). In addition, Topal (2012) determined that the relationship between protein
and L-DOPA contents is positive and important. However, such a relationship could
not be determined in this study. As a result of the correlation analysis, there was a posi-
tive correlation between the protein ratio in the seed and the protein in the flower (r=
0.605**), L-DOPA in 100 mg flower tea (r=0.516**) and L-DOPA in 200 mg flower tea
(r=0.521**), a significant relationship was determined (Table 3).

Table 2. Means of flower yield and quality of faba bean genotypes treated with
nitrogen and different H doses

Treatment Treatment
G MEANS G MEANS
Genotype | N | H, | H, | H, N | H, H, H,
() 1st Harvest Flower Yield (g plant™) Flower Crude Protein Ratio (%) *
| 0.72 0.73 0.80 0.78 0.76 25.31 26.05 25.45 25.53 25.59b
) 0.80 0.68 0.90 1.01 0.85 26.16 27.50 26.83 25.92 26.60 a
Toems | 076 | 071 0.85 0.90 2573 | 2678 | 2614 | 2573
2nd Harvest Flower Yield (g plant™) > L-DOPA in 100 mg Tea (%) *
. 0.40 0.51 0.47 0.37 0.44b 8.15 8.13 7.53 8.48 8.13b
) 0.89 0.71 0.92 0.95 0.87a 8.43 8.54 9.05 8.78 8.54a
s | 064 | 061 0.69 0.66 8.29 8.33 8.29 8.63
3rd Harvest Flower Yield (g plant™) > L-DOPA in 200 mg Tea (%) *
G, 0.59 0.94 0.96 0.77 0.81b 20.33 20.36 18.88 21.20 20.19b
G, 1.57 1.41 1.61 1.66 1.56 a 21.05 21.33 22.68 2193 21.75a
MEANS 1.08 1.17 1.28 1.21 20.69 20.84 20.78 21.57
Dry Flower Yield (kg da™') >
G, 28.41 36.29 37.13 31.94 33.44b
G, 54.28 46.72 57.02 60.35 54.59 a
Toes | 4134 | 4151 | 4707 | 4615

*P<0.05, **P<0.01
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The most important quality characteristics of legumes are the coat ratio of the
seed, their water intake and swelling capacity, and protein, starch and amylose con-
tents. As the seed coat ratio increases, the water intake rate decreases, thus delaying
both cooking and germination. Genetic differences are an effective factor in coat
ratios. According to the analysis of variance, it was determined that the coat ratio,
crude protein ratio in the seed and amylose content in the seed showed statistical
differences (P<0.05) in the genotypes. Magka gave high values in the three cha-
racteristics. A previous study with similar techniques in the same ecology, Bez-
men (2019) determined the mean protein and starch content in seeds to be 23.33%
and 36.38%, respectively. In this study, the protein and starch contents of the seed
were determined respectively as 20.84% and 38.40% in Lara, 22.46% and 37.99%
in Magka. (Figure 1). Seed content is directly related to the genetic structure as
well as the nutrient content obtained from the soil. Neither nitrogen nor humic
acid treatments did not change the coat, protein and starch content of the seed.
Differently, the effect of the treatments on the amylose content in the seed was
found to be significant (P<0.05). While the amylose content was 8.42% in control,
it increased to 10.05% with the N treatment (Figure 3). In order to reduce the risk
of diabetes, cardiovascular diseases, insulin resistance and obesity, foods with a low
glycemic index and high amylose content come to the fore. Considering the use of
faba beans as a food, the content of amylose is considered important.

The water intake and swelling capacity of the seed were positively affected by
the treatments, and the lowest water intake capacity value was seen in the cont-
rol with 1.12 g seed-1. The highest value was given by H2 treatment with 1.29 g
seeds-1 (Figure 2).
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Figure 1. Means of some seed characteristics of Lara (G1) and Magka (G2) genotypes
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Figure 2. The effect of N and H treatments on the water intake and swelling
capacity of the seed
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Figure 3. The effect of N and H treatments on the coat, protein, starch and
amylose ratios of seed

According to the correlation analysis we conducted to determine the relations-
hips between characteristics, positive and very important relationships were found
between seed yield and biological yield (r=0.758**), similar to the results reported
by Peksen (2007) and Bezmen (2019). Again, a significant and positive relationship
was determined between biological yield and the number of pods (r=0.726**), and
also between the number of pods and seed yield (r=0.829**) (Table 3).

As the coat ratio decreases, which is one of the most important characteristics
that will affect the cooking time, the swelling of the seed increases (Karayel, 2012).
A positive and significant relationship was determined between hundred seed we-
ight and water intake capacity (r=0.657**) and swelling capacity (r=0.752*), but
a negative and significant correlation with seed coat ratio (r=-0.652**) (Table 3).
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The relationship between flower yield in the 2nd harvest (r=0.646**), flower
yield in the 3rd harvest (r=0.644**) and total dry flower yield (r=0.631**) with 100
seed weight was found to be positive and significant (Table 3).

Table 3. Relationships between some characteristics of faba bean

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

2 -.206 1

3 .000 726" 1

4 -290 | 829" | 758" 1

5 287 064 512 141 1

6 118 -.009 | -.109 .067 229 1

7 362 .105 276 -.024 646" 5707 1

8 225 372 573" 322 644" 489" 853" 1

9 270 253 405 198 6317 6727 935" 961" 1

10 361 117 239 022 328 237 .336 313 338 1

11 493" .165 256 .091 189 265 .355 370 .385 267 1

12 483" 177 257 102 191 276 .354 373 .389 270 999" 1

13 156 -.283 .030 -.057 657" 298 .389 .286 352 -.046 195 196 1

14 247 -.153 131 -.036 752" 332 493" 368 441" 054 .059 063 .839” 1

15 -405" | -.054 | -.398 012 -.652" -143 | -.6697 | -.573" | -.578" | -.358 -.146 | -.138 -214 -.333 1

16 4307 372 412 175 396 .108 261 304 284 605" | 5167 | 5217 .007 137 -.362 1
17 =179 | -.406" | -.343 | -.440° -132 -427 -.185 -215 -.273 -.194 -278 | -279 128 -133 062 -.373 1
18 -.025 .066 314 .140 352 -.015 316 273 .260 -.168 162 152 326 326 -.170 .023 | .011

1: Plant Height. 2: Number of Pods. 3: Biological Yield. 4: Seed Yield. 5: 100 Seed Weight. 6:1st Har-
vest Flower Yield. 7: 2nd Harvest Flower Yield. 8: 3rt Harvest Flower Yield. 9: Dry Flower Yield.
10: Crude Protein Ratio in Flower. 11: L-DOPA in 1. Dose Flower Tea 12: L-DOPA in 2. Dose Flower Tea.
13: Water Intake Capacity. 14: Swelling Capacity. 15: Seed Coat Ratio. 16: Crude Protein Ratio in Seed.

17: Starch Ratio in Seed. 18: Amylose Ratio in Seed.

4, CONCLUSION

Thanks to their nitrogen fixation abilities, legumes not only meet their own
needs, but also feed the soil, especially in terms of nitrogen. In this sense, the use
of synthetic fertilizers is different from other plant groups. The economic and eco-
logical disadvantages of fertilizers lead to the use of organic materials such as hu-
mic acids. Humic acids are used as both fertilizer and remedy. Therefore, in this
study, the effects of N treatment, which is the recommended dose for legumes, and
H doses on some characteristics of faba bean were investigated. According to the
findings, N and H treatments showed similar results with the control in most of the
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characteristics examined in both genotypes. In other words, while the effect of the
H doses we chose was not significant compared to the control, it was determined
that the N given with the calculation of 5 kg da-1 did not make a difference either.
Based on the studies on different legumes in the literature, it was concluded that
humic acid and nitrogen fertilizer treatments should be evaluated by examining
both the soil and plant protective-healing effects rather than the increase in yield.
The faba bean plant can be easily grown in Samsun ecological conditions without
the need for additional inputs. In addition to the use of the plant as food, research on
the possibilities of using it as medicinal plant due to its L-DOPA content continues.

In this study, it was observed that the flower yields of the faba bean and the
L-DOPA contents in the tea obtained from the flowers were remarkable. We think
that cheap and natural methods that encourage flowering and L-DOPA synthesis
should be studied in order to increase the L-DOPA yield per unit area in the case
of using pod flowers due to their high L-DOPA content. In this study, H was treat-
ed once foliar with the onset of flowering in March, when the climatic conditions
became favourable. Our observations indicate that different treatment times and
doses should be investigated as the climate permits. The differences between the
Lara variety used in the trial and the Magka genotype were found to be significant
in many of the characteristics examined. The biological yield of the Magka geno-
type is higher, and the flower yield is remarkable due to its high L-DOPA content.
With these characteristics, it stands out in this research that it is a genotype that
can be nominated for a variety.
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Fikret OZKARAMAN

SERA KOSULLARINDA SICAKLIK, ISIK VE FARKLI BUDAMALARIN
KAVUNDA (CUCUMIS MELO L.) BUYUME, GELISME
VE VERIM UZERINE ETKILERI

0z

Bu aragtirma ilkbahar ve sonbahar donemlerinde kavunda biiytime, gelisme ve
verim i¢in uygun ¢evre sartlar1 ve budama tipinin belirlenmesi amaciyla yiiriitiil-
mistiir. Arastirmada yetistirme yeri olarak plastik sera, cam sera ve %50 golgeli cam
sera kullanilmis ve 3 farkli budama tipi uygulanmistir. Dikimden itibaren 15 giin
araliklarla budama tipi uygulamalarinda; bitki boyu, gévde ¢ap1, bogum sayisi, yap-
rak say1s1 belirlenmigtir. Ol¢imii yapilan parametrelerin farkli sicaklik ve 151k sidde-
tindeki degisimleri ve verime olan etkileri incelenmistir. Bu parametreler icerisinde
diisiik 151k ve yiiksek sicaklikta bitki boyu artarken, yiiksek 151k ve yiiksek sicaklikta
ise govde ¢ap1, bogum sayis1 ve yaprak sayisi artmustir. Kavunda disi ¢igekler, yiiksek
151k ve diistik sicaklik (plastik sera) ile yiiksek 151k ve yiiksek sicaklik (cam sera) sart-
larinda, dikimden 10 giin sonra 1. yan dalin 2. veya 3. yaprak koltugunda olugurken,
diisiik 151k ve yiiksek sicaklik sartlarinda (%50 golgeli cam sera) dikimden 31 giin
sonra 17. veya 18. yan dalin 4. veya 5. yaprak koltugunda olusmustur.

Anahtar Kelimeler: Isik, Kavun, Sebzelerde Budama, Sera, Sicaklik, Verim.

e

THE EFFECTS OF TEMPERATURE, LIGHTING AND
DIFFERENT PRUNING ON GROWTH, DEVELOPMENT AND
PRODUCTION OF MELON (CUCUMIS MELO L)) IN
GREENHOUSE CONDITIONS

ABSTRACT

This research was carried out in order to determine the suitable environmental
conditions and pruning type for growth, development and yield of melon in spring
and autumn periods. In the research, plastic greenhouse, glass greenhouse and 50%
shaded glass greenhouse were used and 3 different pruning types were applied. In
all pruning type applications at 15-day intervals from planting; plant height, stem
diameter, number of nodes, number of leaves The changes of the parameters of dif-
ferent temperature and light intensity and their effects on yield were investigated.
Plant height increased at low light intensity and high temperature. At high light
intensity and high temperature, stem diameter, number of nodes and number of
leaves increased. In melon, female flowers are formed in high light and low tempe-
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rature (plastic greenhouse) and high light and high temperature (glass greenhouse)
conditions, 10 days after planting, from the 1" side branch and in the 2 or 3™ leaf
axil of this side branch, while in low light and high temperature (glass greenhouse)
conditions. formed in the 4" or 5" leaf axil of the 17" or 18" lateral branch, 31 days
after planting, under high temperature conditions (50% shaded glass greenhouse).

Keywords: Light, Melon, Vegetable Pruning, Greenhouse, Temperature, Yield.

e e
1. GIRIS

Ulkemizin i¢inde bulundugu cografi 6zelliklerin farkliigindan dolayi, bél-
gelere gore degismekle beraber hem 6rtiialtinda, hem de agikta sebze yetistiri-
ciligi bakimindan énemli bir potansiyele sahiptir. Ulkemizde gelisen ekonomi,
gida ihtiyaci ve sebze tireticilerinin yetistiricilikte uyguladiklar: teknikler dikkate
alindiginda, ortiialt: yetistiriciligini gelistirme ¢aligmalar1 6nem kazanmaktadir
(Uzun ve ark., 2013).

Artan diinya niifusunun beslenme ihtiyacini kargilamak i¢in, giin gectikge yeni
tiretim teknolojileri uygulanmaktadir. Farkl iiretim teknolojilerinin temel amaci
birim alanda hem kaliteli hem de maksimum iiriin elde edebilmektir. Bu amacin
gergeklesebilmesinde kaliteli tohum, kiiltiirel uygulamalar, uygun besin maddeleri
ve fotosentez oranini artirmak igin gesitli terbiye ve budama sistemlerinin uygulan-
mas1 onem tasir. Verim ve kalite artirmada birinci derecede etkili olan genotipin
yanu sira sicaklik, 11k, nem ve CO, gibi evre faktorleri de 5nemli rol oynamaktadur.

Ortiialt sistemlerinde cevre faktérlerinin kontrol altina alinmast ve degisik
kiiltiirel uygulamalarin yapilmas: ile bitki bityiime ve gelismesi de 6nemli 6lgiide
kontrol altina alinarak kalite ve verim artmuis olacaktir (Uzun, 1996; Demir ve ark.,
1998; Ozdemir ve Ozer 2015; Saribas ve ark., 2018).

Bitkilerin toprak ustii organlarinin diizenlenmis sekli bitki kanopisi olarak ifa-
de edilir. Bitki kanopisi, bitki ekolojisini, enerji doniisiimiini, enerji kullanim et-
kinligini, toprak ile bitki arasindaki iliskiyi ve bitki tizerindeki farkli noktalardaki
biiylime ve gelismeyi etkilemektedir (Uzun ve ark., 1998).

Bitkilerin fotosentez sonucunda kuru madde tiretimi, bu kuru maddenin bitki-
nin degisik organlarina dagilma durumu bitki kanopi-isik iligkilerinden etkilene-
bilmektedir (Uzun, 1997).

Yapilan ¢aligmalarda, biiylimeyi belirleyen temel unsurun bitkideki kuru mad-
de degisimi oldugu ve bu unsurun sayisal olarak ifade edilmesi 6nem kazanmistir
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(Uzun, 1996). Kuru madde degisiminin gevre sartlar1 sabit olmak koguluyla, tek
bir bitki ¢esidinden elde edilen 6l¢iim ve gozlemler ile tespit edildigi bilinmektedir.
Bu 6l¢iim ve gozlemlerde bitkilerin sahip oldugu yaprak sayilari, yaslar: ve bitki
kanopisindeki dagilimi etkili olmaktadir.

Bitkilerin bityiime ve gelismelerinde, ¢evre kosullarindan maksimum diizeyde
faydalanmak i¢in farkli budama sistemleri uygulanmaktadir. Istklanmayi artirmak
amaciyla, yapilan budamalarla fotosentez olumlu yonde etkilenmektedir. Buda-
nan bitkilerin budanmayan bitkilere gore daha kaliteli ve daha fazla verim verdigi
yapilan aragtirmalar sonucunda belirlenmigstir (Sevgican, 1999; Ozdemir ve Ozer
2015). Budama islemiyle fazla 151$1n kanopiye giris yapmasi ve 1518a maruz kalan
ylizey alaninin artmasi sonucunda, bitki fotosentezde daha fazla 151k kullanacak,
tiretilen kuru madde bitkinin sadece vejetatif organlarinda degil, ayn1 zamanda
generatif organlarinda da birikeceginden verim ve kalite artis1 saglanacaktir (Seniz
ve ark., 2000; Ozdemir ve Ozer 2015).

Bazi kiiltiir sebzelerinde (patlican, domates, hiyar, kavun, vb.) fotosentetik et-
kinligi artirmak i¢in 151ga maruz kalan bitki yiizeyi genisletilmektedir. Bu sekildeki
uygulamalar ile verimde dnemli derecede artislar saglanabilmektedir. Kiiltiirel is-
lemler icerisinde yer alan budama ve terbiye sistemleri sera kosullarinda kavun
bitkisi (Cucumis melo L.) i¢in 6nemli bir yer tutmaktadir (Eltez ve ark., 1999).

Kavun, biyolojik olarak monoik ¢igek yapisina sahiptir. Ancak kavunda disi
gigekler ana govde iizerinde degil, yan dallarin yaprak koltuklarinda olusmaktadir.
Erkek gigekler ise hem ana govde {izerinde hem de yan dallarda ince uzun sapl bir
sekilde olugsmaktadir. Kavun bitkisinin bu 6zelliginden dolay: yan dal olusumunu
artiran her tiirlii kiiltiirel uygulamalar verim ve kaliteyi direkt olarak etkilemekte-
dir. Kiiltiirel uygulamalarin etkili olabilmesi i¢in optimum ¢evre sartlar: ile kombi-
ne edilmesi gerekmektedir (Eltez ve ark., 1999; Uzun ve ark., 1998).

Bu ¢aligmanin amaci sera kavun yetistiriciliginde, farkli budama sistemleri ile
farkli ¢evre sartlarinin verim ve kaliteye etkilerinin belirlenmesidir.

2. MATERYAL VE YONTEM

Bu aragtirma Ondokuz Mayis Universitesi Ziraat Fakiiltesi Bahge Bitkileri Bo-
limii cam ve plastik seralarinda yiriitilmiistiir. Aragtirmada Ananas tipi kavun
cesidi olan NEVA F1 kullanilmistir. iki farkli ekim zamani (ilkbahar yetistiriciligi
i¢in 4 Mart, sonbahar yetistiriciligi i¢in 29 Temmuz) uygulanmistir. Fide yetistiri-
ciligi 9x9 cm ¢apli saksilara yapilmis ve ortam olarak 2:1:0,5 oraninda yanmus ¢ift-
lik giibresi, bahge topragi, dere kumundan hazirlanan harg¢ kullanilmistir. Fideler 4
gercek yaprakl donemde 40x100 cm boyutlu siyah plastik torbalara, her torbaya 3 bitki
ve sira aras1 90 cm olacak sekilde ¢ift sira dikim sistemine gore dikilmistir. Bu yetistirme
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torbalarinda da ayni harg kullanilmistir. Arastirmada 3 farkli ortam kullanilmigtir; bun-
lar; I. Ortam: Isitmasiz plastik sera, II. Ortam: Isitmasiz cam sera, III. Ortam: Isitmasiz
%50 golgeli cam seradr.

Tiim uygulamalarin tohumlari cam serada ekilmis ve ilkbahar tohum ekiminde ilk
dénemde 1sitma yapilmustur.

Ortamlara ait sicaklik, 151k ve nem degerleri, bilgisayarda programlanabilen Hobo
markali veri kaydedicilerle ler saatlik ara ile kaydedilmistir. Sicaklik ve oransal nem
degerlerinde 24 saatlik ortalama, 151k siddeti degerlerinde ise glindiiz saatlerinin orta-
lamasi kullanilmugtur. Isik verileri PAR (Fotosentetik Aktif Radyasyon (MJ m? giin! )a
cevrilmigtir. [lkbahar dénemine ait dikimden itibaren giinliik ortalama sicaklik, 1g1k ve
oransal nem degerleri Sekil 1, 2 ve 3de, sonbahar donemine ait dikimden itibaren giin-
liik ortalama sicaklik, 151k ve oransal nem degerleri Sekil 4, 5 ve 6da verilmistir.
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Sekil 1. flkbahar donemi giinlitk ortalama sicaklik (°C)
Figure 1. Spring period average daily temperature (°C)
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Sekil 2. ilkbahar donemi giinliik ortalama 1s1k siddeti (PAR= MJ m?giin™')
Figure 2. Spring period average daily light intensity (PAR= M] m~day™)
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Sekil 3. ilkbahar donemi giinlitk ortalama oransal nem (%)

Figure 3. Spring period average daily relative humidity (%)
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Sekil 4. Sonbahar donemi giinliik ortalama sicaklik (°C)

Figure 4. Autumn period average daily temperature (°C)
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ekil 5. Sonbahar donemi ginliik ortalama 1sik siddeti (PAR= MJ m2giin™)
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Figure 5. Autumn period average daily light intensity (PAR= M] m?day”)
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Sekil 6. Sonbahar donemi giinliik ortalama oransal nem (%)

Figure 6. Autumn period average daily relative humidity (%)

Farkli ortamlardaki bitkilere budama harig, sulama, giibreleme ve diger kiiltii-
rel islemler ayni sekilde yapilmustir. Arastirmada 4 farkli budama sistemi uygulan-
mistir. Bunlar;

1. Budama: Ana govdede tel seviyesinden (180-190 cm) tepe alindiktan sonra
yan dallar {izerinde olusan meyvelerden sonra 5 yaprak tizerinden yan dal
ucu almak (1B).

2. Budama (Kontrol): Ana govdenin gelismesini saglayarak tel tizerinden sar-
kitmak ve yan dallar izerinde olusan meyvelerden sonra 5 yaprak tizerinden
yan dal ucu almak (2B).

3. Budama: Dikimden sonra 3-4 yaprak tizerinden bitki tepesi alinarak 2 yan
dal (3B1 ve 3B2 olarak taniml) iizerinden gelismesini saglamak ve bu yan
dallarda olusan ikinci yan dallardaki meyveden sonra 5 yaprak {izerinden
yan dal ucu almak.

4. Budama: Dikimden sonra ana gévdenin yani sira bir yan dalin (4A ve 4Y ola-
rak tanimli) gelismesini saglayarak ve o anda mevcut olan diger yan dallar
keserek tel seviyesinden tepe almak ve yan dallar {izerinde olugsan meyveler-
den sonra 5 yaprak tizerinden yan dal ucu almak.

Tim uygulamalarda aymi kiltiirel islemler (sulama, giibreleme vb.)
gerceklestirilmistir.

Arastirmada; tohum ekiminden fide ¢ikisana kadar gegen siire, ilk ¢igeklenme
(disi gigek) tarihi, ilk meyve tutum tarihi, ilk hasat tarihi ve vejetasyon periyodu bo-
yunca biiyiime ve verim parametreleri incelenmistir. Calismada dikimden itibaren
15er giin ara ile; govde ¢ap1 (0.01 mm’ye duyarh dijjital kompas ile ilk bogumun orta
noktasinda mm olarak ol¢lilmiistiir), bitki boyu (gévdenin baslangi¢ noktasindan
en u¢ noktasina kadar olan mesafe serit metre ile cm olarak ol¢tilmistiir), yaprak sa-

ANAJAS, 2023, Cilt 38, Sayi 2, Sayfa 293-314



Fikret OZKARAMAN

yist (6l¢tim zamaninda mevcut olan biitlin yapraklar sayilmustir), bogum sayisi (g6v-
de tizerindeki bogum sayilar1 (koparilmis yaprak bogumlari dahil) tespit edilmistir.

Arastirmada; meyve sayisi (her budama tipine ait ve 6lgiim zamaninda mevcut
olan tutmus meyve sayilari) ve meyve agirligi (hasat edilen meyvelerin laboratuvar-
da tartilmast ile elde edilmistir) degerleri ol¢tilmiistiir.

Aragtirma sonucunda verim ve meyve kalitesini belirlemek amaciyla her ortam
ve budama tipine ait ortalama meyve agirlig1 (g), toplam meyve agirligi ve toplam
meyve sayisi, SCKM ve asitlik 6l¢timleri yapilmistir.

Caligma kapsaminda elde edilen verilerin, bilgisayarda MS Excel, SlideWrite ve
SPSS programlari ile istatistiksel analizleri yapilmis ve grafikler ¢izilmistir. Bitkiler-
de biiytime, gelisme ve verim parametreleri ile sicaklik-151k ve sicaklik-nem arasin-
da goklu regresyon analizi yapilmis ve aralarindaki iliski SlideWrite programinda 3
boyutlu grafik seklinde belirlenmistir.

3. BULGULAR VE TARTISMA

3.1. Gévde Capi

[Ikbahar ve sonbahar yetistirme déneminde biitiin budama tiplerinde, ortamla-
ra gore govde caplarinin (mm) degisimi Sekil 7'de verilmistir. Sekil 7de gorildigi
gibi biitiin ortamlarda ve budama tiplerinin tamaminda govde ¢ap1 artis1 vejetas-
yon baslangicinda hizli olurken, vejetasyon periyodunun sonuna dogru daha yavas
olmus ve durma noktasina gelmistir.

T+ 1B Fiy m Q@ a1 -+ |z
rFs an - &
15
I I I
1z
£ ]
3
H
E
s
10 m 0 40 50 -] TO B0 S0 100

Dikimdon Bbann Gin Sayis

Sekil 7. flkbahar ve sonbahar dénemi farkli budama tiplerinde (1B, 2B, 3B1,
3B2, 4A ve 4Y) govde ¢ap1 artisginin (mm) degisik ortamlarda, dikimden itibaren
glin sayisina gore degisimi (Hata barlar1 %5 olasilik diizeyine gore yerlestirilmistir).

Figure 7. Variation of stem diameter increase (mm) in different pruning types (1B, 2B,
3B1, 3B2, 4A and 4Y) in spring and autumn according to the number of days since plan-
ting in different environments (Error bars are placed according to 5% probability level).
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Govde capr degisimi bakimindan hem ilkbahar hem de sonbahar doneminde
ayn1 ortamlar birbirlerine yakin degerler gostermistir. Genel olarak her iki donem-
de de IL ve III. Ortam arasinda fark bulunmazken, I. Ortam ile II. ve III. Ortam
arasinda onemli diizeyde fark belirlenmistir. Bu farkin budama sistemi ile foto-
sentetik kapasitenin artirilmasindan kaynaklandig diistinilmektedir. Fotosentez
artigt ile kuru madde artigi saglanmigtir. Artan kuru madde gévde ve depo organla-
rinda birikerek govde ¢ap1 artisina neden olmustur. Bu konuda yapilan arastirma-
larda bitkilerde kuru madde birikiminin, sicaklik, teknik ve kiiltiirel islemlere gore
degisiklik gosterdigi ve tretilen kuru maddenin bitkinin organlarina dagilimini
etkiledigi belirtilmektedir (Uzun ve ark., 1998; Saribas ve ark., 2018).

3.2. Bitki Boyu

[lkbahar ve sonbahar déneminde bitki boylarinin (cm) budama tiplerine gore
ortamlardaki degisimi Sekil 8de verilmistir. Sekil 8 genel olarak incelendiginde
biitiin ortamlarda ve budama tiplerinde vejetasyon periyodunun baslangicinda
hizli bir bityiime gozlenirken (47. giin), bu hiz1 vejetasyon periyodu sonuna dogru
yavaslamaktadir.
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Sekil 8. Ilkbahar ve sonbahar dénemi farkli budama tiplerinde ( 1B, 2B, 3B1,
3B2, 4A ve 4Y ) bitki boyu artisinin (cm) degisik ortamlarda, dikimden itibaren
glin sayisina gore degisimi ( a: I. Ortam, b: II. Ortam, c: III. Ortam ) (Hata barlar1
%5 olasilik diizeyine gore yerlestirilmistir (uygulamalardaki kesik ¢izgili dogrular
istatistiki analize dahil edilmemistir)).

Figure 8. Variation of plant height increase (cm) in different pruning types (1B,
2B, 3BI, 3B2, 4A and 4Y) in spring and autumn according to the number of days
after planting in different environments (a: I. Environment, b: II. Environment, c: II1.
Environment ) (Error bars are placed according to 5% probability level (dashed lines
in applications are not included in the statistical analysis)).

Bitkilerin boylanmasinda ¢evre kosullarinin etkili oldugu bilinen bir gergektir.
Yapilan arastirmalarda bitkilerde diisiik 151k ve yiiksek sicaklik sartlarinda boylan-
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manin arttif1 belirtilmektedir (Uzun, 1996; Robert, 1998; Uzun ve ark., 1998; Vural
ve ark., 2000). Ancak bu degiskenlerden olan sicaklik, 151k siddeti ve oransal nem tek
bagina etkili olmadig, bunlar birbirleriyle interaksiyon halinde bitki boyuna etkili
oldugu ifade edilmistir (Uzun, 1996; Saribas ve ark., 2018; Kandemir ve Uzun, 2019).

Kavunda, sicaklik, 151k siddeti ve oransal nemin bitki boyuna etkisi ekil 9 a ve
bde verilmistir (bu degerlendirmede kontrol bitkileri (2B) kullanilmistir).
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Sekil 9. Kavunda bitki boyu (cm) artisina sicaklik (°C), 151k siddeti (M]
m-gilin™') ve oransal nemin (%) etkisi ( a: Sicaklik-Isik, b: Sicaklik-Nem ).

Figure 9. The effect of temperature (°C), light intensity (M] m?day™) and relative
humidity (%) on plant height (cm) increase in melon (a: Temperature-Light, b: Tem-
perature-Humidity).

Yapilan regresyon analizleri sonucunda bitki boylanmasinda etkili olan sicaklik
(24-28 °C) ve 151k siddeti (2-11 MJ m™ giin!) arasindaki iliskinin derecesi (r?) 0.97
olarak ¢ok 6nemli bulunmug ve denklemi Esitlik 1'de verilmistir.

Bitki Boyu (2B) = -2078.84 + 95.7777xS + 8.1467xSxI - 0.35735x5%I ........... (1)
SH = (285.294)*( 10.815)** ( 1.611)*** ( 0.061)***
12 = 0.97

Bitki boyu sicaklik (24-28 °C) ve oransal nem (%50-65) arasindaki iligkinin
derecesi (r*) 0.91 olarak ¢ok 6nemli bulunmus ve denklemi Esitlik 2'de verilmistir.

Bitki Boyu (2B)= 1270.63-5.098xN?-0.089xS2xN+0.364xN?xS-0.00539xS2xN>........(2)
SH = (109.22)* ( 1.351)** (0.008)*** (0.1046)** ( 0.00199)*

rr =091
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Sekil 9a incelendiginde en yiiksek bitki boyu artisi, diisiik 151k ve yiiksek s1-
caklik sartlarinin kombine etkili oldugu gorillmektedir. Sicaklik ve 1g1g1n birlikte
etkisi dikkate alindiginda, ytiksek 1s1k yiiksek sicaklik ve disiik 151k diistik sicaklik
sartlarinda bitki boyunun artmadigi, diigiik 151k yiiksek sicaklik sartlarinda daha
fazla vejetatif biytime gosterdigi soylenebilir. Bu konuda yapilan arastirmalarda
genel olarak diistik 151k yiliksek sicaklik sartlarinda bitkilerde boylanmanin artacagi
belirtilmektedir (Uzun, 1996; Robert, 1998).

Sekil 9b incelendiginde bitki boylanmasinin yiiksek oransal nemde belirli bir
sicaklik derecesine kadar etkili oldugu, yiiksek sicaklik sartlarinda ise daha az etkili
oldugu anlagilmaktadir. Diistik oransal nem ve diisiik sicaklik sartlarinda oransal
nemin bitkinin boylanmasina etkili olmadig1 goriilmektedir. Bitkilerin transpiras-
yonunda oransal nem etkili bir faktérdiir. Oransal nemin yiiksek olmasi sonucun-
da bitki daha az su kaybederek genis bir yiizey alanina sahip olacag1 ve buna paralel
olarak boylanmanin artabilecegi disiintilmektedir.

3.3. Bitki Bogum Sayisi

Bitkilerdeki bogum sayilari, farkli budama uygulamalarinda, aski teli seviye-
sinde u¢ alma yapildigindan dolayi sinirlanmistir. Bu nedenle bogum sayilarindaki
artig hizlar1 dikkate alinmistir. Her iki doneme ait bogum sayilarindaki degisim
hiz1 Sekil 10da verilmistir.
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Sekil 10. flkbahar dénemi farkli budama tiplerinde ( 1B, 2B, 3B1, 3B2, 4A ve 4Y )
bitki bogum saysi artisinin degisik ortamlarda, dikimden itibaren giin sayisina gére
degisimi (a: .Ortam, b: II.Ortam, c: II1.Ortam) (Hata barlar1 %5 olasilik diizeyine
gore yerlestirilmistir).

Figure 10. Variation of the number of plant nodes in different pruning types
(1B, 2B, 3B1, 3B2, 4A and 4Y) in the spring period according to the number of days
[from planting in different environments (a: I. Environment, b: II. Environment, c: II1.
Environment ) (Error bars are placed at 5% probability level).

ANAJAS, 2023, Cilt 38, Sayi 2, Sayfa 293-314



Fikret OZKARAMAN

Sekil 10 incelendiginde biitiin budama tiplerinde, bitki bogum sayilarinda
dikimden sonra vejetasyon periyodu baglarinda hizli bir artis olurken (47. giine
kadar), vejetasyon periyodu sonlarina dogru bu hiz yavaslamaktadir. Bogum say1-
larinin dikimden sonra ilk zamanlarda hizli artmasinin nedeni bitkilerin vejetatif
gelisme gosterdigi ve daha sonra bogum sayilarindaki artig hizinin azalmasinin ise
bitkinin generatif gelismeye baslamasi ve dolayli olarak vejetatif gelismenin baski
altina alinmasindan kaynaklanabilecegi diistintilmektedir.

Kavun bitkisinin bitkisel 6zelliginden dolay disi ¢iceklerin, yan dallardaki yap-
rak koltuklarinda olugmasi nedeniyle bogum sayisinin fazla olmasi, verimi olum-
lu yonde etkilemektedir. Yapilan arastirmalarda diistik 151k sartlarinda bitkilerde
etiollesmenin oldugu ve bunun sonucunda bogumlar arasi mesafenin artmasi ve
birim uzunluktaki bogum sayisinin azalmasindan dolayi, verimin olumsuz yonde
etkilendigi belirtilmektedir (Uzun ve ark., 1998; Kandemir ve Uzun, 2019).

3.4. Bitki Yaprak Savyisi

Bitki yaprak sayilar1 hem ilkbahar hem de sonbahar déneminde, budama uy-
gulamalar1 sonucunda aski teli seviyesinde ug alma islemi yapilmasindan dolayu si-
nirlanmigtir. Ancak yaprak sayilarindaki degisim yan dal sayilarinin fazlahigindan
kaynaklanmaktadir. Budama tiplerinde bitki yaprak sayilarinin, dikimden itibaren
ortamlara gore degisimi Sekil 11'de verilmistir (biitiin uygulamalarda koparilan
yapraklar, yaprak sayilarina dahil edilmemistir).

o Serpow

Sekil 11. Kavunda farkli budama tiplerinde ( 1B, 2B, 3B1, 3B2, 4A ve 4Y ) bitki
yaprak sayist artisinin degisik ortamlarda, dikimden itibaren giin sayisina gére
degisimi (a: I. Ortam, b: II. Ortam, c: III. Ortam) (Hata barlar1 %5 olasilik diizeyine
gore yerlestirilmistir).

Figure 11. Variation of plant leaf number increase in different pruning types (1B,
2B, 3B1, 3B2, 4A and 4Y) in melon according to the number of days from planting
in different environments (a: I. Environment b: II. Environment, c: III. Environment)
( Error bars are placed at 5% probability level).
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Her iki donemde de biitiin budama tiplerinde ve biitiin ortamlarda bitki yaprak
sayilar1 sicaklik, 151k siddeti ve oransal nem ile degismektedir. Bu degisim ve arala-

rindaki iligki Sekil 12a ve 12bde verilmistir (bu degerlendirmede kontrol bitkileri
(2B) kullanilmistir).
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Sekil 12. Kavunda bitki yaprak sayisina sicaklik (°C), 151k siddeti (M] mgiin™)
ve oransal nemin (%) etkisi ( a: Sicaklik-Isik, b: Sicaklik-Nem ).

Figure 12. The effect of temperature (°C), light intensity (M] m?day’) and
relative humidity (%) on the number of plant leaves in melon (a: Temperature-Light,
b: Temperature-Humidity).

Yapilan regresyon analizinde bitkilerin yaprak saysi ile sicaklik (24-28°C) ve
151k siddeti (2-11 MJ m™ glin) arasindaki iligki 0.96 (r?) olarak ¢ok 6nemli bulun-
mus ve iliskinin denklemi Egitlik 3'de verilmistir.

Yaprak Sayist (2B)= -22.44+1.58x5-0.000039xS2x1+0.0052x1x5-0.023xSx] ........(3)
SH = (7.365)** (0.279*** (3.99E-06)*** (0.00036)*** (0.0055)***

r’ =0.96**

Bitkilerin yaprak sayist ile sicaklik (24-28 °C) ve oransal nem (%50-65) arasin-
daki iliskinin derecesi 0.88 (r*) olarak ¢ok 6nemli bulunmus ve denklemi Esitlik

4de verilmistir.

Yaprak Saysi(2B)= 37.5569+0.1933xN? - 0.01489xN?)S + 0.00028xN?xS"..........(4)

SH =(0.863)***(0.0701)* (0.00545)* (0.00011)*
r? =0.88***
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Sekil 12a incelendiginde yiiksek sicaklik ve yiiksek 151k sartlarinda yaprak sayi-
siun arttiy, diigiik 151k ve ditgiik sicaklik sartlarinda ise yaprak sayilarindaki arti-
sin ¢ok yavas oldugu gorillmektedir.

Sekil 12b incelendiginde diisiik sicaklik ve diisiik nem sartlarinda yaprak sayilari-
nin artti1 ve bu artigin nem oraninin azalmasi ile daha belirgin oldugu goriilmektedir.

Sonug olarak bitkilerde yiiksek 151k ve yiiksek sicaklik sartlarinda yaprak sayilari-
nin arttigy, diisiik 151k ve diisiik sicaklik sartlarinda artis hizinin yavasladigi soylenebi-
lir. Bu konuda yapilan arastirmalarda bitkilerde yaprak sayisinin, sicaklik tarafindan
kontrol edildigi ve artan sicaklik ile pozitif yonde iliskili oldugu belirtilmektedir
(Uzun, 1996; Uzun ve ark., 1998; Saribas ve ark., 2018; Kandemir ve Uzun, 2019).

4. GOZLEMLER

4..Dikimden itibaren ilk Ciceklenmeye Kadar Gecen Giin Sayisi

Aragtirmada erkek ¢igekler biitiin ortamlarda dikimden 3-4 giin sonra, hem
ana govde tizerindeki yaprak koltuklarinda hem de yan dallardaki yaprak koltuk-
larinda olusmugstur. Ortamlar ve farkli budama tiplerine gére dikimden itibaren ilk
disi cigeklerin olugmasina kadar gegen giin sayis1 Cizelge 1'de verilmistir.

Cizelge 1. Kavun bitkisinin farkli dénemlerde (ilkbahar ve Sonbahar), farkli
ortamlarda (L, IL ve III. Ortam) ve degisik budama tiplerinde (1B, 2B, 3B ve 4B)
dikimden itibaren ilk disi ¢i¢ek olusumuna kadar giin sayisi

Table 1. The number of days from planting to the first female flower formation of
the melon plant in different periods (Spring and Autumn), in different environments
(L, 1. and III. Environment) and in different pruning types (1B, 2B, 3B and 4B).

Dikim Doénemleri I. Ortam II. Ortam III. Ortam

1B 2B 3B 4B 1B 2B 3B 4B 1B 2B 3B 4B

ilkbahar Dénemi 10 10 10 10 10 10 10 10 31 31 39 39

Sonbahar Donemi 21 21 21 21 21 21 21 21 34 34 34 34*

Cizelge 1 incelendigimde, ilkbahar déneminde ilk disi ¢igekler, biitiin budama
tiplerinde I. Ortam ve II. Ortamda dikimden itibaren 10.giinde, III. Ortamda ise
1B ve 2B budama tiplerinde dikimden itibaren 31. giinde, 3B ve 4B budama tip-
lerinde 39. giinde olugsmustur. Sonbahar doneminde ise biitiin budama tiplerinde
I. Ortam ve II. Ortamda dikimden itibaren 21. giinde, III. Ortamda ise gok seyrek
olarak 34. giinde disi ¢igekler goriilmiistiir.
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Bu gozlemlerin sonucunda III. Ortamda disi ¢iceklerin daha geg olusmasi, bu or-
tamda ytiksek sicaklik ve diisiik 151k sartlarinin etkili oldugu ve bitkilerin bityiime ve
gelismelerinin vejetatif yonde oldugu séylenebilir. Bu konuda degisik bitkilerde yapilan
arastirmalarda, optimum sicaklik sartlarinda 11k siddetinin artmasiyla verim arasinda
pozitif iligkinin oldugu belirtilmistir (Uzun, 1996; Uzun ve Celik , 1999). Ayrica Uzun
(1996), domates ve patlicanda, tohum ekiminden ¢igeklenmeye kadar gecen siirenin
151k siddetinin artmastyla azaldigini ve sicakligin artmasiyla arttigin tespit etmistir. Bit-
kilerde gigek gozii tiretiminin, artan sicaklik ile azaldig1 bir¢ok aragtirici tarafindan da
ortaya konmustur (De Koning, 1994; Uzun, 1997; Uzun, 2000; Ozer, 2017).

Her iki dénemde de III. Ortamda ilk ¢igeklenmenin gecikmesine paralel olarak
meyve tutumu da ge¢ olmustur. Bunun nedeni ise %50 golgeleme sonucunda olusan
diisiik 151k siddeti ve yiiksek sicakliktan dolay: ITI. Ortamdaki bitkilerde yan dallarin
daha tist seviyedeki yaprak koltuklarmdan olugmas ve disi cigeklerin de bu yan dallarin
7.veya 8. yaprak koltuklarinda olusmasindan kaynaklanmaktadir.

4.2. Dikimden itibaren ilk Meyve Tutumuna Kadar Gecen Giin Sayisi

Kavun bitkisinde sicaklik ve 151k siddetinin, dikimden itibaren ilk meyve tutum
tarihine kadar gegen giin sayisina etkisi Sekil 13de verilmistir. Yapilan regresyon analizi
sonucunda ilk meyve tutumu ile sicaklik ve 151k giddeti arasindaki iligkinin derecesi
0.91 (r?) olarak ¢ok 6nemli bulunmus ve iliskinin denklemi Esitlik 5de verilmistir.

Meyve tutumu (giin)= 110.9209 - 2.05566xS - 8.52928xI + 0.000694xSxI>......(5)
SH = (20.406)***( 0.698)** (' 1.105)*** (10.00012)***

r’= 0.91%**

Sekil 13. Fide dikiminden itibaren ilk meyve tutumuna kadar giin sayisina
sicaklik (°C) ve 151k siddetinin (M]J m?giin™) etkisi.

Figure 13. The effect of temperature (°C) and light intensity (M] m?day™) on the
number of days from seedling planting to first fruit set.
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Sekil 13. Incelendiginde, dikimden itibaren ilk meyve tutumuna kadar gegen
giin sayisy, 151k siddetinin azalmasiyla artarken, yiiksek 1s1k ve diistik sicaklik inte-
raksiyonunda, dikimden itibaren ilk meyve tutumuna kadar giin say1s1 azalmakta-
dir. Bunun sonucunda erken meyve tutumu ile erkenciligin tesvik edildigi, distiik
151k ve yliksek sicaklik sartlarinda ise ilk meyve tutumuna kadar gegen giin sayisini
artirarak daha ge¢ meyve tutumuna neden oldugu ve gecciligi tesvik ettigi soy-
lenebilir. Bu durum, Uzun (1996)’un domates ve patlicanda yaptig1 arastirmanin
sonuglariyla paralellik gostermektedir.

5.VERIM

5.1. Ortalama Meyve Sayisi

Budama tiplerinin ilkbahar ve sonbaharda ortamlara gore ortalama meyve sa-
yilar1 Sekil 14de verilmistir. Sekil 14 genel olarak incelendiginde, biitiin budama
tiplerinde, bitki bagina en yiiksek ortalama meyve sayisi (4.3 adet/bitki) I. Ortam-
daki bitkilerden elde edilirken, ortalama en diisitk meyve sayis1 (1 adet/bitki) ise
III. Ortamdaki bitkilerden elde edilmistir. Biitiin budama tiplerinde ortamlar ara-
sinda 6nemli diizeyde fark tespit edilmistir. Sonbahar uygulamalar: da ilkbahar
uygulamalarina paralellik gostermistir.

50 olortam Oll.Orem OlLOrEm sa. @l.0tsm QllCram  OllLOrtam

‘irtalama varim (meywe sagel i)
ra

(Crtalamea Warkm (meyve sayie ! Dkl
1

.
'
N
MEEE )
B k]

2B 3B 2 o
Budama Tipleri Budama Tipleri

a b

Sekil 14. Budama tiplerinin ortamlardaki (I., II. ve III. Ortam) ortalama meyve
sayilarinin (meyve sayisi / bitki) farkli dikim zamanlarina (a: [lkbahar, b: Sonbahar)
gore degisimi ( Hata barlar1 %5 olasilik diizeyine gore yerlestirilmistir).

Figure 14. The variation of the average fruit number (fruit number / plant) of
pruning types in environments (L, II. and III. Environment) according to different
planting times (a: Spring, b: Autumn) (Error bars are placed according to 5% proba-
bility level).
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Sonug olarak her iki donemde, biitiin budama tiplerinde de en yiiksek ortala-
ma verim I. Ortamdaki bitkilerden, en dusiik ortalama verim ise III. Ortamdaki
bitkilerden elde edilmistir. Bunun nedeni, I. Ortamda diger ortamlara gore diisiik
sicaklik ve yiiksek 151k sartlarinin varligi nedeniyle vejetatif ve generatif gelismenin
dengeli olmasindan kaynaklandig: s6ylenebilir. ITII. Ortamda ise %50 golgelenme
neticesinde olusan diisiik 151k ve ytiksek sicaklik sartlari, vejetatif gelismenin gene-
ratif gelismeden daha baskin olmasina neden oldugu ve ortalama meyve sayisinin
en diisiik seviyede olmasina neden oldugu soylenebilir. De Koninig (1994) ve Uzun
(2000) verimin maksimuma ulagmasi i¢in, vejetatif ve generatif dengenin saglan-
mas1 gerektigini ve bunun da sicaklik ve 1g1k siddetine bagli oldugunu belirtmek-
tedirler. Isigin cicek gozli ve sonucta meyve sayisi lizerine olan etkisini arastiran
bir¢ok aragtiricy, yliksek 151k yogunlugunun disiik 151k yogunluguna oranla meyve
sayisini arttirdigini ortaya koymustur (Doaris ve ark. 1991; Uzun, 1996; Ozer, 2017).

Aragtirmada budama tiplerinin verim, sicaklik ve 151k siddeti arasindaki iligki
Sekil 15de verilmistir. Coklu regresyon analizi neticesinde, verim, sicaklik ve 151k
siddeti arasindaki iliskilerin dereceleri, biitiin budama tiplerinde ¢ok 6nemli bu-
lunmus ve denklemleri esitlikler halinde agagida verilmistir.

Verim 1B= 3.058 - 0.665xSxI + 0.0239xSxI + 0.083xI%xS - 0.00303xS*xI............ (6)
SH = (0.647)**(0.123)*(0.0045)***(0.0139)*** (0.00052)***
r’=0.80***

Verim 2B=-14.758 + 0.693xS + 2.87xI - 0.155XSxXI + 0.0045XI?XS......cccocvvvererrnenes (7)
SH =(7.820) (0.307)* (1.226)* (0.0539)* (0.00106)***

12 =0.77%%

Verim 3B=-33.392144 + 1.25003xS + 4.44531xI - 0.005503XS%X1.....c.ceovrevevrrerenne (8)
SH = (11.5258)* (0.4385)* (0.797)*** (0.001167)***

r’=0.87%%*

Verim 4B= -25.174 + 1.0276xS + 7.524xI + 0.000108xS*xI? - 0.308xSx[................ (9)
SH =(11.101)* (0.4198)* (1.751)*** (2.98E-05)** (0.0657)***

r’=0.89***
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Sekil 15. Kavun bitkisinde farkli budama tiplerinde verim (ortalama meyve

say1s1/bitki) ile sicaklik (°C) ve 151k siddeti (M] m?giin™) arasindaki iligki ( a:1B, b:
2B, c: 3B ve d: 4B)

Figure 15. The relationship between yield (average fruit number/plant) and tem-

perature (°C) and light intensity (M] m?day™) in different pruning types in melon
plant (a:1B, b: 2B, c: 3B and d: 4B)

Sekil 15 a, b, ¢ ve d incelendiginde, biitiin budama tiplerinde, incelenen sicaklik
(24-28 °C) ve 151k siddeti (2-11 M] mgiin™') gergevesinde, diisiik sicaklik ve diisiik
151k siddetinde en diisiik verim elde edilirken, en yiiksek verim ise diisiik sicaklik
ve yiiksek 151k sartlarinda elde edildigi sdylenebilir. Bu konuda De Koning, (1994),
uzun vadede verimin maksimuma ulagmasi, vejetatif ve generatif biiylime arasin-
da uygun bir dengenin saglanip saglanamamasina bagl oldugunu, Doaris ve ark.
(1991), ise domateste yaptiklar: bir arastirmada yiiksek 151k yogunlugunun diisitk
151k yogunluguna oranla meyve sayisini arttirdigini belirtmislerdir.
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5.2. Ortalama Meyve Agirligi

Her budama tipine ait ortalama meyve agirliklari, hasat edilen meyveler labo-
ratuvarda tartilarak belirlenmistir. ITI. Ortamdaki budama tiplerine ait meyveler
hasat zamaninda ¢ok az ve yeterli olgunluga erisemedigi igin degerlendirme dis1
birakilmistir. Budama tipleri ve ortamlara gore ortalama ve toplam meyve agilikla-
rinin degisimi Sekil 16da verilmistir.
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Sekil 16. Budama tiplerine (1B, 2B, 3B ve 4B) ve ortamlara (I. Ortam ve II
Ortam) gére meyve agirliklarinin degisimi ( a: Budama tiplerine gore ortalama
meyve agirligs, b: Ortamlara gore ortalama meyve agirligi, c: Budama tiplerine gore
toplam meyve agirlig1, d: Ortamlara gore toplam meyve agirligr) (Hata barlar1 %5
olasilik diizeyine gore yerlestirilmistir).

Figure 16. Variation of fruit weights according to pruning types (1B, 2B, 3B and
4B) and environments (I. Environment and II. Environment) (a: Average fruit weight
according to pruning types, b: Average fruit weight according to environment, c: Total
fruit weight according to pruning types, d: Total fruit weight according to environ-
ment) (Error bars are placed according to 5% probability level).
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Sekil 16 a incelendiginde ortalama meyve agirlign bakimindan budama tip-
leri ile ortamlar arasinda fark bulunmazken, Sekil 16 bde her iki ortamda da en
yiksek ortalama meyve agirligi 3B (427g) budama tipinde, en diisiik ortalama
meyve agirligi ise 1B (340g) budama tipinde elde edilmistir. Biitiin budama tiple-
ri arasinda ortalama meyve agirligi bakimindan istatistiki olarak 6nemli diizeyde
fark bulunmustur.

Sekil 16 ¢ ve dde toplam meyve agirligi bakimindan en yiiksek deger I. Or-
tamda 3B (1836g) budama tipinde, en diisitk deger ise II. Ortamda 2B (680g)
budama tipinde elde edilmis ve budama tipleri ile ortamlar arasindaki fark ista-
tistiki olarak 6nemli bulunmusgtur.

Bu konuda Pearson (1992) ve Uzun (1996), domateste yaptiklar: calismada mey-
ve agirliginin artan 151k yogunlugu ile arttigini ancak artan sicaklikla azaldigin
belirtmislerdir.

5.3. Ortalama Sckm (%) Miktarlar

Ortamlar arasindaki SCKM (Suda Coziinebilir Kuru Madde) miktarlarinin
degisimi Sekil 17de verilmistir. Ayni ortamdaki budama tiplerinde, meyvelerin
SCKM degerleri birbirlerine yakin sonug vermistir.

O LSriam ONCGrian OB Griam

Ortatama SGHKM Miktarian | %)

Crtamlar

Sekil 17. Kavunda olgun meyvelerde SCKM (%) degerlerinin ortamlara gore
degisimi (Hata barlar1 %5 olasilik diizeyine gore yerlestirilmistir).

Figure 17. Variation of (%) soluble solid content values in ripe fruits in melon
according to environments (Error bars are placed according to 5% probability level).

Sekil 17. incelendiginde en yiiksek SCKM (10.25) I. Ortamdaki meyvelerde,
en disitk SCKM (4.2) ise III. Ortamdaki meyvelerinden elde edilmistir. I. ve IL
Ortam arasinda istatistiki olarak fark bulunmazken, III. Ortam ile digerleri arasin-
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da 6nemli diizeyde fark bulunmugtur. Bunun nedeni ise I. ve II. Ortamda yiiksek
151k siddetinin olmasiyla artan kuru madde tiretimine paralel olarak meyvelerde
SCKM miktarlar1 da artmigtir.

5.4. Ortalama Asit (%) Miktarlari

Biitiin budama tiplerinde ayn1 ortam igerisindeki meyvelerin asit miktarlar1 (%
sitrik asit) ayni sonucu vermis, ancak ortamlar arasindaki asit miktarlar: arasinda
farkliliklar tespit edilmistir. Ortamlardaki meyvelerin asitlik miktarlar1 degisimi
Sekil 18de verilmistir.
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Sekil 18. Hasat edilen kavun meyvelerindeki asit (%) miktarlarinin ortamlara
gore degisimi (hata barlar1 %5 olasilik diizeyine gore yerlestirilmistir).

Figure 18. Variation of (%) acid amounts in harvested melon fruits according to
environments (error bars are placed according to 5% probability level).

Sekil 18 incelendiginde I. Ortamdaki bitkilerin meyvelerinden en yiiksek asit
(sitrik asit) degeri (0.225) elde edilirken, en diisiik asit degeri (0.133) ise IIL. Or-
tamdaki meyvelerden elde edilmistir. Asitlik bakimindan II. ve ITI. Ortam arasin-
da fark bulunmazken, I. Ortam ile diger ortamlar arasindaki fark istatistiki olarak
6nemli bulunmugtur. Meyvelerde bulunan asit miktarlarinin belirli bir diizeye ka-
dar olmasinin tat ve aroma bakimindan 6nemli oldugu belirtilmektedir (Karagaly,
1990). Bu konuda yapilan ¢alismalarda yiiksek 1s1k siddeti ve yiiksek sicaklik sart-
larinda meyvelerin daha kisa siirede olgunlagmas: (Uzun, 1996; Uzun, 2000), bu
meyvelerde olgunluktan hasada kadar gegen siirenin uzamasiyla % asit miktarlar
da azaldigi belirtilmektedir (Ozbek, 1975).
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6. SONUC VE ONERILER

Bu arastirma kavunlarda, bityiime, gelisme ve verim icin uygun ¢evre sartlari ve
budama tipinin belirlenmesi amaciyla yapilmistir. Caligmada sicaklik (24-28°C),
151k siddeti (2-11 MJ/m?*/giin) ve oransal nem (%50-65) degerleri ile budama tipleri
arasinda 6nemli sonuglar elde edilmistir. Biitiin budama tiplerinde, gévde ¢apr ar-
tisy, diigiik sicaklik ve yiiksek 11k sartlarinda en yiiksek olurken, diisiik 151k siddeti
ve yitksek sicaklik sartlarinda en diisiik gévde ¢api elde edilmistir. Yiiksek sicaklik
ve diisiik 1s1kta bitki boyunun arttig1, diisiik sicaklik ve diigiik 151k ile yiiksek sicak-
lik ve yiiksek 151k sartlarinda boylanmanin az oldugu ve boylanmanin oransal nem
ile dogru orantili oldugu tespit edilmistir.

Ortamlar icerisinde en diisiik ve olumsuz degerler genel olarak III. ortamda elde
edilmis ve yiiksek sicaklik (28°C) ve diisiik 151k (2-4 MJ m~giin™) sartlarindan dolay1
bu ortamdaki bitkilerde vejetatif biiylime ve gelisme fazla, disi ¢igek olusumu diisiik
ve daha ge¢ zamanda olmasi neticesinde verim ve kalite diisiik diizeyde kalmustir.

Disiik 151k sartlarinda meyve tutumu ve bitylimesi gecikirken, yiiksek 151k ve
diisiik sicaklik sartlarinda meyve tutumunun arttig: tespit edilmistir.

Arasgtirmanin temel amaci biitiin bityiime ve gelisme parametrelerinin degisti-
rilmesiyle verim ve kaliteyi arttirmaktir. Bunun sonucunda budama tipleri ve or-
tamlarda en yitksek verim ve en yiiksek ortalama meyve agirlig1 3B budama tipi
ve L. ortamdan elde edilmistir. Biitiin budama tiplerinde verim ve kalitenin 151k ile
pozitif, sicaklik ile negatif iliskide oldugu tespit edilmistir.

Meyve kalitesini etkileyen unsurlardan biri olan SCKM ise, en yiiksek I. Or-
tamda, en digiik III. Ortamdaki meyvelerden elde edilmistir. SCKM miktarinin
diigiik sicaklik ve yiiksek 1s1k sartlarinda arttigi sdylenebilir. SCKM miktarinin
yiiksekligi tat ve aroma bakimindan istenen bir 6zelliktir.

Arasgtirmada elde edilen sonuglar biitiin olarak degerlendirildiginde, kavun-
da sera sartlarinda, biiylime, gelisme ve verim iizerine, giinliik ortalama 24-28 °C
sicaklik ve 8-11 MJ m~giin™ 151k siddeti ile iki yan dal budama sisteminin (3B),
verim ve kalite yéniinden en iyi sonucu verdigi séylenebilir.

Cikar Catismasi
Bu ¢aligmada herhangi bir ¢ikar ¢atigmas: olmadigini beyan ederim.
Etik

Bu ¢alisma etik kurul onay gerektirmez.
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OHXF 97 VE OHXF 333 ARMUT KLON ANAGLARININ
MIKROCOGALTIMI

0z

Son yillarda hizli ve hastaliksiz fidan tiretimine olanak saglayan doku kiiltiiri
yontemleri 6nem kazanmustir. Ancak gerek ¢ogalma gerekse koklenme asamala-
rinda karsilasilan sorunlar doku kiiltiirii teknikleriyle tiretimi siirlandirmakta-
dir. Bu ¢aligmada, OHxF-97 ve OHxF-333 armut anaglarinda bazi uygulamalarin
mikrogogaltim tizerine etkileri aragtirilmistir. Arastirmanin gogaltma asamasinda
iki farkli deneme yapilmustir. 1. denemede benzil amino piirinin (BAP) farkli doz-
lar1 (2, 3, 4, ve 5 mg/l) ile indol biitirik asitin (IBA) farkli dozlarinin (0.3 ve 0.5
mg/1) olusturdugu kombinasyonlar MS besin ortamina eklenmistir. Denemede iyi
sonug veren uygulamanin (2 mg/l BAP+0.5 mg/l IBA) kontrol olarak kullanildig
2. denemede ise karbon kaynag1 olarak sakkaroz ve glikoz ile glimiis tiyostilfatin
(GTS) (5 ve 10 uM) gogalma iizerine etkileri belirlenmistir. Ik denemede hem
OHXxF-97 hem OHxF-333 anaglarinda besin ortamina 2 mg/l BAP+0.5 mg/l IBA
ilavesinin en ytiksek siirgiin sayisini (sirastyla, 5.2 ve 2.1 adet/eksplant) verdigi be-
lirlenmistir. 2. denemede karbon kaynagi ve GTSnin OHxF-97 anacinda gogalma
tizerine etkisi 6nemsiz bulunmugtur. OHxF-333 anacinda ise besin ortamina gli-
koz ve glikoz+5 uM GTS ilavesinin kontrole gore siirgiin sayisini (sirasiyla, 2.6 ve
2.5 adet/eksplant) 6nemli oranda artirdig1 belirlenmistir. Caliymanin kéklendirme
asamasinda da 2 deneme kurulmustur. Ik denemede, IBA (1, 2 ve 3 mg/1) ve aktif
kémiir (0 ve 1 mg/l) kombinasyonlarinin etkisi belirlenmistir. Buna gore en yiiksek
koklenme orani her iki anagta da 2 mg/l IBA igeren aktif komiirsiiz %2 MS orta-
minda meydana gelmistir. Aktif komiir uygulamasinin koklenmeye etkisi 6nemsiz
bulunmugtur. 2. denemede ise en yiiksek kéklenme orani her iki anacta da 2 mg/1
IBA+150 mg/l demir (Fe-EDDHA) ilave edilmis ¥4 MS ortaminda gerceklesmistir.

Anahtar Kelimeler: Aktif Kémir, Armut, Demir, Giimus Tiostlfat.

ek

MICROPROPAGATION OF PEAR CLONE ROOTSTOCKS
OHXF 97 AND OHXF 333

ABSTRACT

Recently, micropropagation that allow rapid and disease-free plant propagation
have gained importance. However, the problems encountered in both the propa-
gation and rooting stages limit the micropropagation. In this study, the effects of
some applications on micropropagation of OHxF-97 and OHxF-333 pear roots-
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tocks were investigated. Two different trials were conducted during the propagati-
on stage. In the first trial, combinations of different doses of benzyl amino purine
(BAP) (2, 3, 4, and 5 mg/1) and different doses of indole butyric acid (IBA) (0.3 and
0.5 mg/l) were added to the MS medium. The effects of sucrose and glucose as a
carbon source and silver thiosulfate (5 and 10 uM) on propagation were determined
in the second experiment, in which the application that gave good results in the first
experiment (2 mg/l BAP+0.5 mg/l IBA) was used as the control. It was determined
that the addition of 2 mg/l BAP+0.5 mg/l IBA to the medium in OHxF-97 and
OHxF-333 rootstocks gave the highest shoot number (5.2 and 2.1 units/explant,
respectively). In the second experiment, the effects of carbon source and silver thio-
sulfate on propagation in OHxF-97 rootstock were found to be insignificant. It was
determined that the addition of glucose and glucose+5 UM silver thiosulfate to the
medium in OHxF-333 rootstock significantly increased the number of shoots (2.6
and 2.5 units/explant, respectively) compared to the control. In the rooting stage of
the study, 2 trials were set up. In the first trial, the effect of combinations of IBA (1, 2
and 3 mg/l) and activated charcoal (0 and 1 mg/l) was determined. Accordingly, the
highest rooting rate occurred in %2 MS medium with 2 mg/l IBA on both rootsto-
cks. The effect of activated charcoal on rooting was found to be insignificant. In the
second experiment, the highest rooting rate was achieved in % MS medium with 2
mg/l IBA+150 mg/l iron (Fe-EDDHA) on both rootstocks.

Keywords: Activated Coarcoal, Iron, Pear, Silver Thiosulphate.

e e
1. GIRIS

Armut (Pyrus communis L. ) Rosales takiminin, Rosaceae familyasinin, Pyrus
cinsi igerisine girmektedir. Diinyada 22 tiirti bulunmakla birlikte, Pyrus communis
L. ekonomik olarak yetistiriciligi yapilan en 6nemli tiirdiir (Dumanoglu ve ark.,
2006; Serttas ve Oztiirk, 2020a). Son yillarda armut bahgce tesisinde kuvvetli bii-
yiime ve gelisme gosteren ¢ogiir anaglarin yerine, bodur yada yar1 bodur gelisme
gosteren ayva ve armut klon anaglar: tizerine agilanmis gesitler kullanilmaktadir.
Armut klon anaglari, ayva klon anaglarina gére daha kuvvetli gelisme gostermek-
tedir. Ayva klon anaglar1 kullanildiginda agaclarin gelisme kuvvetlerinin kontro-
lii, erkencilik, meyve verim ve kalitesinde artis saglanmaktadir. Ancak ayva klon
anaglarinin kloroza, kis soguklarina ve ates yaniklig1 hastaligina hassasiyet, topraga
zayif tutunma ve ast uyusmazlig1 gibi olumsuz faktorlerden dolayi farkli anag 1slah
¢alismalar1 yapilmistir. Caligmalar sonucunda gelistirilen Pyrodwarf, OHxF, Fa-
rold, Fox ve BP serisi armut klon anaglarinin kullanimi artis gostermistir (Serttas
ve Oztiirk, 2020b). Klon anaglar1 ayn1 kalitsal yapida olduklarindan dolay: ayni
ozelliklere sahip bireyler meydana gelmektedir. Klon anaglarin iizerine agilanan
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gesitlerin gelisme kuvvetleri, soguga, kurakliga, hastalik ve zararlilara kars1 daya-
nikliliklar1 aynidir. Klon anaglar tizerine asili ¢esitler daha erken meyveye yatmak-
ta, verim ve kalite daha ytiksek olmaktadir. Anaglarin bodurlastirici 6zellikleri sa-
yesinde bakim ve kiiltiirel islemler daha az is giicii ile yapilabilmektedir (Ozden,
2007). Klon anaglarinin ¢ogaltilmasinda kullanilan daldirma, gelik gibi yontemlerin
yanisira, kisa siirede ¢ok fazla bitki tiretimini saglayan mikrogogaltim yontemleri
kullanilmaya baglanmus ve giderek 6nem kazanmaktadir (Alizadeh ve ark., 2018).

Doku kiiltiirti tekniklerinin bitki yetistiriciligi ve genetigi yoniinden 6nemli
avantajlar1 vardir. Bu teknikler kisa siirede hizli ve kitlesel iretime olanak sagladi-
&1 gibi, bitki materyallerinin hastaliklardan armmis olarak iiretilmesi de saglana-
bilmektedir. Ayrica nesli titkenmekte olan tiirlerin korunmasi ve gogaltilmasi zor
olan tiirlerin tretiminde de doku kiiltiirii yontemlerinden yararlanilabilmektedir
(Sengtil, 2012). Ancak mikrogogaltimda; yavas biiyiime, vitrifikasyon (hiperhid-
risite), kontaminasyon, yogun isgiicii ve girdi kullanimi sonucu olusan ytiksek
maliyet, zayif koklenme, dis kosullara aktarmada diisiik tutum orani gibi olum-
suzluklar meydana gelmekte ve bu olumsuzluklar da ¢ok fazla ekonomik kayiplara
neden olabilmektedir. Bu sorunlarin biiyiik bir kism1 besin ortaminin iceriginden
kaynaklanmaktadir. Besin ortami; genel olarak saf su, makro-mikro elementler,
vitaminler, karbonhidratlar, bitki bityiime diizenleyicileri ile jel yapict maddeler-
den olusmaktadir. Bununla birlikte mikrogogaltimda sorunlar ile karsilagildigin-
da ¢ogalma katsayis1 ve koklenmeyi artirmak amaciyla besin ortamlarina bazi
organik bilesikler, poliaminler, aktif komiir gibi maddeler de ilave edilebilmekte-
dir (Ozzambak ve ark., 2018). Son yillarda bircok siis bitkisi tiirlerinde ve meyve
anaglarinda doku kiiltiirii teknigi yaygin olarak kullanilmaktadir. Ancak bir¢ok
bitki tiiriiniin doku kiiltiirii ile tiretiminde 6nemli sorunlar bulunmaktadir. Armut
anaglarinin da doku kiltirii yontemleri ile gogaltimina yo6nelik aragtirmalar ya-
pilmistir (Erig ve ark., 2004; Nikolova, 2017; Alizadeh ve ark., 2018). Ancak gerek
¢ogaltma agamasl, gerekse koklenme agamasinda hala sorunlarla kargilagiimakta-
dir. Bugiine kadar yapilan ¢alismalarda armut anaglarinin doku kiiltiirti ile gogalti-
minda glimiis tiyosiilfat (GTS) kullanimina rastlanmamistir. Kéklenme asamasin-
da besin ortamina organik demir ilave edilmesine yonelik ise sinirli sayida ¢alisma
bulunmaktadir (Sotiropoulos ve ark., 2006). Bu nedenle ¢ogaltma katsayisinin ve
koklenme oraninin artirilmasi i¢in yeni aragtirmalarin yapilmas: gerekmektedir.

Calismada armut fidan iiretiminde anag olarak kullanilan verimli, hastaliklara
ve soguklara kars1 dayanimi oldukga iyi olan OHxF 333 ve OHxF 97 armut klon
anaglarinin mikrogogaltiminda kullanilan protokollerin gelistirilerek daha etkili
bir gogaltima katki saglamak hedeflenmistir.
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2. MATERYAL VE YONTEM

2.1. Materyal

Bu ¢aligmada bitkisel materyal olarak OHxF 97 ve OHxF 333 armut klon anagla-
rinin siirgiinlerinden elde edilen eksplantlar kullanilmistir. Anaglara ait yaklagik 2-3
cm uzunlugundaki stirgtin uglar1 Egirdir Meyvecilik Arastirma Enstitiisti biinyesinde
ylritilen proje kapsamindaki bitkilerden mayzs ay1 ierisinde alinmustir.

OHxF 97 armut anaci, kuvvetli bir gelisim gostermekte olup, verimli, armut
ates yaniklig1 ve armut geriye dogru 6liim (peardecline) hastaliklarina ve soguklara
karst dayanikl bir anactr.

OHXF 333, OHXF serisinin ticari olarak en ¢ok tercih edilen anacidir. OHxF
333, ates yaniklig1 (Erwinia amylovora (Burill)) ve armut geriye dogru 6liim (pear-
decline) hastaliklarina olduk¢a dayanikli, yar1 bodur, verimli ve topraga tutunma
kuvveti iyi olan bir klon anagtir. Uzerine agilanan armut gesitleriyle uyusmazlik
sorunu da olmadigindan fidancilik sektériinde yar1 bodur armut fidani tiretiminde
yaygin olarak tercih edilmektedir (Alizadeh ve ark., 2018; Hepaksoy, 2019).

2.2.Yontem

Anaglardan mayis ay1 i¢inde 2-3 cm uzunlugunda alinan siirgiin uglart musluk
suyu altinda 15 dakika siire ile ytkanmistir. Sonra %70’lik etanol igerisinde 1 daki-
ka bekletilmis ve steril saf su ile yikanarak alkolden arindirilmistir. Son olarak ise
birka¢ damla tween 20 igeren %18’lik sodyum hipoklorit (%15 Cl igerikli) ¢ozelti-
sinde 18 dakika ¢alkalanmis ve 3 kez 5er dakika siireyle steril saf su ile yikanarak
sodyum hipokloritten tamamen arindirilmistir. Steril edilen siirgiin uglar steril
kurutma kagid1 tizerinde nemi alindiktan sonra yaklagik 0.5-1cm uzunlugunda
hazirlanarak besin ortamlarina aktarilmigtir. Baglangic ortamida MS (Murashige
ve Skoog) besin ortamina 1mg/l BAP, 0.01 mg/l IBA ve 0.3 mg/l GA, ilave edilmis-
tir. Besin ortamlarinin pH’s1 5.8% ayarlandiktan sonra 30 g/l sakkaroz, 7 g/l agar
eklenmistir. Calismanin tiim agamalarinda besin ortamlar1 121°C sicaklikta otok-
lav icerisinde 14 dakika siire ile steril edilmistir. Stirgtin uglar1 baglangi¢ ortaminda
yaklasik 3 hafta siire ile 24+1° C sicaklik ve yaklagik 120+10 pmol/m?s 151k siddetine
ayarli iklim odasinda 16 saat aydinlik 8 saat karanlik kosullarda kiiltiire alinmistur.
Bu siirenin sonunda saglikl: stirgiinler gogalma asamasi i¢in hazirlanan besin or-
tamlarima aktarilarak ¢ogaltilmigtir. Calismanin hem ¢ogaltma hem koklendirme
asamalarinda eksplantlar ayni iklim odas: kosullarinda kiiltiire alinmistir.
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2.2.1. Surgiin Cogaltma Asamasi

Cogaltma agamasi 2 agamali olarak yapilmistir. Denemenin 1. asamasinda
eksplant olarak 2-3 bogumlu (=2cm) mikrosiirgiinler kullanilmistir. Bu agamada
2,3, 4 ve 5 mg/l BAP dozlari ile 0.3 ve 0.5 mg/l IBAnin olusturdugu kombinasyon-
lar besin ortamina ilave edilmistir. Ayrica besin ortamlarina 30 g/l sakkaroz ve 7
g/l agar eklenerek pH’ s1 5.8% ayarlanmustir. Hazirlanan besin ortamlar1 100 ml ig
hacme sahip olan magenta kaplarina 25 ml olarak konulmus ve 2-3 bogumlu mik-
rostirgiinler dikilmistir. Kiltiirler 4er hafta araliklarla 2 defa alt kiiltiire alinmigtir.
Her iki alt kiiltiirtin sonunda regenerasyon oranlari, eksplant bagina siirgiin say1-
lar1 ve stirgiin uzunluklar: belirlenmis ve iki alt kiltiirtin ortalamalar alinmistir.

Denemenin 2. asamasinda ise GTS ve karbon kaynagimnin ¢ogalma katsayisi
tizerine etkileri aragtirilmistir. Bu amagla 1. denemede en iyi sonucu veren 2 mg/1
BAP + 0.5 mg/l IBA igeren besin ortamlarima GTS (0, 5 ve 10 uM) ve karbon kay-
nag1 olarak 30 g/l sakkaroz ya da glikoz ilave edilmistir. Besin ortamina dikilen 2-3
bogumlu mikrosiirgiinler ayn1 iklim odasi kosullarinda 4’er hafta siire ile 2 defa alt
kiiltiire tabi tutulmustur. Kiiltiirlerin sonunda her bir alt kiiltiir i¢in regenerasyon
orani, eksplant basina siirgiin sayisi ve siirgiin uzunlugu degerleri belirlenmis ve
ortalamalar1 alinmistir.

2.2.2. Kéklendirme Asamasi

Koklendirme agamasinda 2 farkli deneme yapilmistir. Birinci denemede IBA
ve aktif komiiriin koklenme tizerine etkileri arastirilmigtir. Bu amagla % MS besin
ortamina 0, 1, 2 ve 3 mg/l IBA dozlar1 ile 1 g/ aktif komiir, 20 g/l sakkaroz ve 7 g/l
agar ilave edilmis ve pH’s1 5.8% ayarlanmistir. Daha sonra sitilarak agar ve aktif ko-
miirii ¢oziilen besin ortamlari, 100 ml'lik cam magentalar icerisine yaklagik 25%er
ml olacak sekilde konulmus ve otoklavlanarak steril hale getirilmistir. Yaklasik 2
cm uzunlugunda hazirlanan saglikli mikrostirgtinler besin ortamlarina aktarildik-
tan sonra sicakligi 24+1°C olan iklim odasinda kiiltiire alinmugtir. Inkiibasyonun
ilk 10 gtiniinde karanlik kogullarda birakilan kiiltiirler, sonraki giinlerde 16 saat
aydinlik/8 saat karanlik kosullarda 4 haftalik inkiibasyona tabi tutulmugtur. Bu
siirenin sonunda mikrosiirgiinlerde koklenme orani, kok sayis1 ve kok uzunlugu
degerleri 6l¢tilmiistiir.

fkinci denemede besin ortamina selatlanmis Fe (Sequestrene 138) ilave edile-
rek koklenme {izerine etkileri arastirilmigtir. Bu amagla koklendirme denemesinin
ilk asamasinda en yiitksek koklenme oraninin elde edildigi 2 mg/l IBA igeren Y
MS ortamina ilave olarak 100 yada 150 mg/l demir ilave edilmistir. Besin ortam-
larina dikilen yaklagik 2 cm uzunlugundaki saglikli siirgiinler ayni kosullardaki
iklim odasinda 10 giin karanlik, 4 hafta aydinlik kosullarda inkiibasyona tabi tutul-

https://doi.org/10.7161/omuanajas.1252461 d



OHXF 97 ve OHxF 333 Armut Klon Anaglarinin Mikrogodaltimi..

mugtur. Bu siirenin sonunda mikrosiirgiinlerde koklenme orani, kok sayist ve kok
uzunlugu degerleri belirlenmistir.

2.2.3. Deneme Deseni ve Verilerin Degerlendirilmesi

Aragtirmada, ¢ogaltma ve koklendirme denemeleri tesadiif parselleri deneme
desenine gore 5 tekerriirlii ve her tekerriirde 4 eksplant olacak sekilde kurulmus-
tur. Elde edilen sonuglar Minitab 17 paket programi kullanilarak varyans analizine
tabi tutulmus ve 6nemli ¢ikan ortalamalar arasindaki farklilik Tukey ¢oklu kars:-
lagtirma testine gore belirlenerek farkli harfler ile gosterilmistir. Istatistik analizler-
de ytizde degerlerin arcsin ag1 transformasyon karsiliklar: kullanilmstir.

3. BULGULAR VE TARTISMA

3.1. Siirgiin Cogaltma Asamasi

Siirgiin ¢ogaltma asamasinda 2 farkli deneme yapilmistir. 1. deneme sonucun-
da rejenerasyon orani, eksplant bagina siirgiin sayisi ve siirgiin uzunlugu degerleri
Cizelge 1'de verilmistir. Cogaltma asamasinda kullanilan farkli bitytimeyi diizenle-
yici kombinasyonlarmin eksplant basina siirgiin sayisi ve stirgiin uzunlugu tizerine
etkisi incelendiginde, ortamlar arasindaki farklar istatistik olarak %5 hata seviye-
sinde 6nemli bulunmustur. OHxF 97 anacinda yapilan ¢alismada; rejerenasyon
orani %95-100 oraninda gerceklesmistir. Caliymada tiim uygulamalarin eksplant
basina siirgiin sayist degerlerini onemli diizeyde artirdig1 saptanmistir. Uygula-
malarin siirgiin uzunlugu degerlerini ise kontrole gore artirmadigl saptanmigtir.
Bununla birlikte istatistiksel olarak énemli olmamakla birlikte BAP konsantrasyo-
nunun artmast ile kontrole gore siirgiin uzunlugunun azaldig1 gortilmustiir. OHxF
97 anacinda siirgiin sayis1 bakimindan 4 mg/l BAP+0.3 mg/l IBA uygulamasi di-
sindaki kombinasyonlari igeren uygulamalar arasindaki farklilik istatistiksel olarak
onemli bulunmamustir. Istatistik anlamda 6nemli olmamakla birlikte en yiiksek
stirgiin sayis1 5.2 adet/eksplant ve en yiiksek siirgiin uzunlugu 27.42 mm ile 2 mg/l
BAP+0.5 mg/l IBA ile desteklenmis MS ortaminda elde edilmistir (Sekil 1A).

OHxF 333 anacinda rejenerasyon orani ve siirgiin sayist bakimindan uygu-
lamalar arasindaki farklilik istatistik olarak onemsiz iken, uygulamalarin siirgiin
uzunlugu iizerine olan etkisi istatistik olarak 6nemli bulunmustur. Calismada, is-
tatistik anlamda 6nemli olmamakla birlikte 2 mg/l BAP + 0.5 mg/l IBA ile destek-
lenmis MS ortaminda 2.1 adet/eksplant ile en yiiksek siirgiin sayisi ve 24.96 mm ile
en yiiksek siirgiin uzunlugu elde edilmistir.
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Cizelge 1. Farkli oranlarda BAP ve IBA iceren MS ortamlarinin OHxF 97 ve
OHXF 333 anaglarinin mikrogogaltimi tizerine etkileri

Table 1. Effects of MS media containing different ratios of BAP and IBA on mic-
ropropagation of OHxF 97 and OHxF 333 rootstocks

Uygulamalar OHXxF 97 OHXxF 333
BAP IBA Rejenerasyon Ss“:ygl:? Siirgiin Rejenerasyn Ssu:ygl::l Siirgiin
(mg/l)  (mg/l) Orani (%) (adet) Uzunlugu (mm) Orani (%) (adet) Uzunlugu (mm)

0 0 95 1.2 c* 23.02 abc 95 1.0 18.50 c
2 0.3 100 5.1 a 26.80 ab 100 1.1 24.59 ab
2 0.5 95 52 a 27.42 a 100 2.1 24.96 a
3 0.3 95 4.9 ab 2349 abc 95 1.1 18.56 c
3 0.5 95 4.3 ab 23.32 abc 100 1.1 20.05 abc
4 0.3 100 3.7 b 21.06 c 100 1.1 15.65 c
4 0.5 100 4.5 ab 22.90 abc 100 1.2 19.90 bc
5 0.3 100 4.3 ab 2101 c 95 1.1 18.37 c
5 0.5 95 4.5 ab 21.72 bc 95 1.7 20.28 abc

* Ayni sittunda farkli harflerle gosterilen ortalamalar arasindaki farklar istatistik olarak 6nemlidir (P<0.05).

Bu ¢alismada, OHxF 97 klon anacinda 2 mg/l BAP iceren MS ortaminda en
yiiksek siirgiin sayisi elde edilmistir. Bizim ¢alisgmamiza benzer sekilde yapilan
diger caligmalarda (Boudabous ve ark., 2010; Giiglii ve ark., 2010; Sulusoglu ve
Cavusoglu, 2013; Rehman ve ark., 2014; Nikolova, 2017; Aydin ve Yarilgag, 2021;
Ozelgi ve Yigit, 2022) MS ortamina BAP ilavesinin siirgiin sayisin1 kontrole gore
6nemli oranda artirdig: bildirilmektedir. Bu aragtirmada, ¢ogaltma ¢aligmalarinin
ilk denemesinden elde ettigimiz sonuglar degerlendirildiginde, besin ortamina bii-
yiimeyi diizenleyici maddelerden BAP ilavesinin OHxF 97 anacinda siirgiin say1-
sin1 artirdigl, OHxF 333 anacinda ise etkili olmadig1 belirlenmistir. Her iki anagta
da BAP konsantrasyonunun artmasina paralel olarak siirgiin uzunlugunda belli
oranda bir azalmanin oldugu tespit edilmistir. Benzer sonuglar bagka arastirici-
lar tarafindan da ifade edilmektedir. Siddique ve ark. (2015) tarafindan yapilan
aragtirmada besin ortamina ilave edilen TDZ, BAP ve KIN konsantrasyonlarinin
artmast ile siirglin uzunlugunun azaldig: bildirilmektedir. Mikrogogaltim ¢alisma-
larinda siirgiin uzunlugunun ¢ok diisiik olmasi istenmemektedir. Nitekim Clapa ve
ark. (2013) yaptiklar: arastirmada basarili bir koklenme i¢in siirgiin uzunlugunun
3 cmden yiiksek olmasi gerektigini bildirmislerdir. Arastiricilar 2.5 cmden kisa
stirgiinlerin yaklagik %62 oraninda kéklendigini, 3 cmden uzun siirgiinlerin ise
%98 oraninda koklendigini belirtmislerdir. Mikrogogaltim ¢alismalarinda siirgiin
say1s1 yaninda siirglin uzunlugu degerlerinin de énemli bir kriter oldugu bildiril-
mektedir. Bu nedenle ¢ogaltma asamasinda gereksiz yiiksek sitokinin konsantras-
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yonundan kaginilmalidir. Ayrica bu asamada siirgiin uzunlugunu artiric1 uygula-
malar tizerinde durulmalidir.

Siirgiin ¢ogaltma asamasinin ikinci denemesinde armut anaglarinin mikrogo-
galtimi iizerine besin ortamina GTS ve glikoz ilave edilmesinin etkileri belirlen-
mistir (Cizelge 2). OHxF-97 anacinin mikrogogaltimi iizerine, besin ortamina
GTS ve farkli karbon kaynaklar: ilave edilmesinin istitistiksel olarak 6nemli ol-
madig1 belirlenmistir. OHxF 97 anacinda uygulamalara gore rejenerasyon oranlari
%90 ile %100 arasinda, siirgiin sayilar1 4.3 ile 5.0 adet/eksplant arasinda ve siirgiin
uzunlugu degerleri ise 12.54 ile 18.48 mm arasinda degismistir.

Arastirmada besin ortamina farkli karbon kaynagi ve GTS ilave edilmesinin
OHXF 333 armut anacinda rejenerayon orani lizerine etkisi istatistik olarak 6nem-
siz, siirgilin sayis1 ve siirgiin uzunlugu {izerine etkileri ise istatistik olarak 6nem-
li bulunmustur. Siirgiin sayis1 bakimindan degerlendirildiginde glikoz igerikli
gogaltma ortaminda 0 ve 5 pM GTS igeren ortamlarin siirgiin sayisin1 (sirasiyla,
2.6 ve 2.5 adet/eksplant) kontrole gére 6nemli oranda artirdigi, diger uygulama-
larin ise etkilemedigi tespit edilmistir. Stirglin uzunlugu degerleri incelendiginde
ise sakkaroz igerikli ¢ogaltma ortamina 5 ya da 10 uM GTS ilavesinin OHxF 333
anacinda siirgiin uzunlugunu (sirasiyla, 24.59 ve 24.96 mm) kontrole gére 6nemli
oranda artirdig1 saptanmistir (Cizelge 2).

Cizelge 2. GTS ve farkli karbon kaynaklarinin OHXF 97 ve OHxF 333 armut
anaglarinda rejenerasyon orany, siirgiin sayisi ve siirgiin uzunlugu tizerine etkileri

Table 2. The effects of GTS and different carbon sources on regeneration rate,
shoot number and shoot length in OHxF 97 and OHxF 333 pear rootstocks

Uygulamalar* OHXF 97 OHXxF 333
Karbon Siirgiin Siirgiin
Kaynag GTS  Rejenerasyon Sayis1 Uzunglu'u Rejenerasyon Siirgiin Sayis1 Siirgiin Uzunlugu
ynag (uM) Orani (%) (adet/ & Orani (%) (adet/eksplant) (mm)
(30g/1) (mm)
eksplant)
Sakkaroz 0 100 4.7 18.48 95 14 b** 18.50 c
Sakkaroz 5 100 5.0 13.24 95 2.1 ab 24.59 ab
Sakkaroz 10 90 43 12.54 95 1.7 ab 24.96 a
Glikoz 0 100 4.9 14.00 100 2.6 a 18.56 c
Glikoz 5 100 4.6 17.90 100 2.5 a 20.05 abc
Glikoz 10 100 4.7 15.15 95 2.1 ab 15.65 C

* Tiim uygulamalara 2 mg/l BAP ve 0.5 mg/l IBA ilave edilmistir.
**Ayni sutunda farkl harflerle gosterilen ortalamalar arasindaki farklar istatistik olarak onemlidir
(P<0.05).
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Yaptigimiz caligmada ¢ogaltma ortamina GTS ilavesinin her 2 anagta da eksplant
basina siirgiin sayisi {izerine bir etkisinin olmadig tespit edilmistir. Ancak besin
ortamina sakkaroz yerine glikoz yada glikoz + 5 uM GTS ilave edilmesinin OHxF
333 anacinda eksplant basina stirgiin sayisi izerine olumlu etki gosterdigi goriil-
miigtiir. Sakkaroz icerikli besin ortaminda ise 5 vel0 uM GTS ilavesinin siirgiin
uzunlugunu kontrole gore artirdig1 saptanmustir. Farkli karbon kaynaklarinin ve
AgNO, uygulamalarinin mikrogogaltim basarisi {izerine etkili oldugu bagka aras-
tiricilar tarafindan da ifade edilmektedir. Prunus mume tiirtiniin mikrogogaltimi
tizerine yapilan bir ¢aligmada bizim sonuglarimizi destekler sekilde besin ortamina
glikoz ilave edilmesinin sakkaroz, sorbitol ve friiktoz ilave edilmesine gore daha
basarili sonuglar verdigi bildirilmektedir (Harada ve Murai, 1996). Arastiricilar
sakkaroz iceren ortamlarda kloroz gorildiigini bildirmiglerdir. Sarropoulou ve
ark. (2016) yapmus olduklar1 ¢aligmada visne (CAP-6P) ve kiraz (Gisela 6) anag-
larinda etilen inhibitérii olan Ag SO,, CoCl, ve AgNO, uygulamalarinin etkilerini
aragtirmuglardir. Aragtirmalarinin sonucunda AgNO, uygulamasinin her iki anag-
ta da kontrol uygulamasina gore siirgiin sayisini 6nemli oranda artirdigini bildir-
mislerdir. Ag SO, ve CoCl, uygulamalarinda ise CAP-6P anacinda siirgiin say1sin-
da 6nemli bir artis olmadigini, Gisela 6 anacinda ise siirgiin sayisinda 6nemli artis
oldugunu tespit etmislerdir. Daha 6nce yapilan ¢aligmalar ve ¢alismamizin sonug-
lar1 degerlendirildiginde etilen inhibitorlerinin etkilerinin farkli olmasinin sebe-
bi tiir ve gesitler arasindaki genetik farkliliktan kaynaklandigi disiiniilmektedir.
Mikrogogaltim ¢alismalarinda besin ortamlarina GTS ilavesinin gerekli olmadik¢a
eklenmemesi gerektigi s6ylenebilir. Ancak in vitro kosullarda etilen tiretiminden
kaynaklanan, sararma, yaprak dokiilmesi ya da gelisme geriligi gibi sorunlar ile
kargilagildiginda besin ortamina GTS ilavesinin ¢6ziim getirebilecegi diistintilmek-
tedir. Cogalma katsayis: diisiik olan OHxF 333 anacinda glikoz ile birlikte besin
ortamina 5 uM GTS ilavesinin etkili olmasi, bu anacta etilen birikimi sorununun
olabilecegini diistindiirmektedir. Besin ortamina GTS ilave edilmesinin bitkilerde
etilen sentezini engelledigi ve buna bagli kararmalar1 6nledigi Feng ve ark. (2010)
tarafindan da bildirilmistir.

3.2. Kéklendirme Asamasi

Cogaltma asamasinda elde edilen mikrosiirgiinlerin koklendirilmesi amaciyla
2 farkli deneme yapilmistir. 1. denemede IBA ve aktif komiiriin farkli dozlarinin
olusturdugu kombinasyonlari igeren besin ortamlarinin koklenme tizerine etkileri
incelenmigstir. Arastirma sonucunda elde edilen koklenme orani, kok sayist ve kok
uzunlugu degerleri Cizelge 3'de verilmistir. OHxF 97 anacinda en yiiksek koklenme
oranlari 1, 2 ya da 3 mg/1 IBA ilave edilmis %> MS ortamlarinda (sirasiyla, %60, %65
ve %55) meydana gelmistir. Istatistiksel olarak 6nemli olmamakla birlikte en yiiksek
kok say1s1 (4.00 adet) 2 mg/l IBA ve 1g/1 aktif komiir ilave edilmis % MS ortaminda
elde edilmistir. Ortama aktif komiir ilavesinin kok uzunlugu degerlerini artirdig:
belirlenmigstir (Cizelge 3).
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OHXxF 333 anacinda en yiiksek kéklenme orani (%55) 2 mg/1 IBA ilave edilmis
Y2 MS ortaminda meydana gelmistir (Sekil 2B). Koklenen eksplant basina en yiik-
sek kok sayis1 degeri 8 adet ile 3 mg/l IBA+1 g/l aktif komiir ilave edilmis ortamda
tespit edilmistir. Bununla birlikte bu ortam ile 2 ve 3 mg/l IBA iceren % MS ortam-
larindan elde edilen kok sayilar: (sirasiyla,4.67 ve 5.21 adet/eksplant) arasindaki
fark 6nemsiz bulunmustur. OHxF 333 anacinda uygulamalarin kok uzunlugu tize-
rine etkisi ise 6nemsiz kalmigtir.

Sekil 1. A; 2 mg/l BAP+0.5mg/l IBA igeren MS ortaminda siirgiin rejenerasyonu,
B; 2mg/l IBA igeren % MS ortaminda koklenme, C; 2mg/l IBA+150mg/] Fe-
EDDHA (Sequestrene 138) iceren % MS ortaminda koklenme.

Figure 1. A; Shoot propagation in MS medium containing 2 mg/l BAP+0.5 mg/I
IBA, B; Rooting in ¥ MS medium containing 2 mg/l IBA, C; Rooting in ¥» MS medi-
um containing 2 mg/l IBA+150 mg/l Fe-EDDHA (Sequestrene 138)
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Cizelge 3. Farki IBA ve aktif komiir kombinasyonlarinin OHxF 97 ve OHxF
333 anaglarinda koklenme tizerine etkileri

Table 3. Effects of different combinations of IBA and activated charcoal on roo-
ting of OHxF 97 and OHxF 333 rootstocks

Uygulamalar OHXxF 97 OHXxF 333
IBA Kj?il::iifr Koklenme Kok Sayist Kok Uzunlugu Koklenme Kok Sayist sz:ll\{lgu
(mg/1) @ Orani (%) (adet /eksplant) (mm) Orani (%) (adet /eksplant) (mm)

0 0 0 b* 0 c

1 0 60 a 32 2.60 ab 15 be 3.5 be 2.48

2 0 65 a 35 2.64 ab 55 a 4.67 ab 1.07

3 0 55 a 2.2 1.82 b 40 ab 5.21 ab 0.66

1 1 10 b 15 4.50 a 0 c

2 1 15 b 4.0 4.10 a 5 c 1.00 c 3.00

3 1 5 b 3.0 5.30 a 5 c 8.00 a 1.56

*Ayni stitunda farkli harflerle gosterilen ortalamalar arasindaki farklar istatistik olarak onemlidir (P<0.05).

Koklendirme ¢alismalarinda seyreltilmis besin ortamlarinin kullanimi, ta-
mamen karanlik kogullarda inkiibasyon ve besin ortamina IBA ve aktif kdmiir
ilave edilmesinin olumlu etkilerinin oldugu baska arastiricilar tarafindan da bil-
dirilmistir (Grigoriadou ve Leventakis 2000; Thomas, 2008; Dumanoglu ve ark.,
2009; Aygiin ve Dumanoglu, 2015; Yildirim ve ark., 2015). Mersinin mikrogo-
galtimi tizerine yapilan bir arastirmada %2 MS ortama 1 mg/l IBA ve 2 g/I aktif
komiir ilavesinin koklenmeyi %80 oraninda tesvik ettigi ifade edilmistir (San ve
ark., 2015). Yine bizim sonuglarimiza benzer sekilde Guardian seftali anacinin in
vitro koklendirilmesi ¢alismasinda %> MS ortamina 2 mg/l NAA ya da IBA ilave
edildikten sonra 1 hafta karanlik ve ardindan aydinlik kosullarda inkiibasyonun
koklenmeyi tegvik ettigi belirtilmektedir (San ve ark., 2015). Besin ortamina ak-
tif komiir ilave edilmesinin ise koklenmeyi etkilemedigi bildirilmektedir (Erig ve
ark., 2004). Ancak Xiaolong ve ark. (2021) ve Boudabous ve ark. (2010) ise ¢a-
ligmalarinda aktif komiiriin kontrol uygulamasina gore koklenme oranini 6nemli
derecede arttirdigini bildirmiglerdir. Yaptigimiz ¢aliymanin sonucu ve diger calis-
malarin sonuglarini degerlendirdigimizde, koklenme ortamlarina aktif komiir ila-
vesinin farkls tiir ve cesitlerin in vitro koklendirme ¢aligmalarinda farkls etkisinin
oldugu gorillmektedir. Besin ortamina aktif komiir ilavesinin baz bitkilerin yara
ytizeylerinden salgilanan fenolik maddeleri adsorbe ederek eksplantin zarar gor-
mesini engelledigi, yine 151k klimasini degistirerek koklenmeyi tesvik ettigi bil-
dirilmektedir (Thomas, 2008). Bununla birlikte besin ortamina ilave edilen aktif
kémiiriin vitaminleri, demir-¢inko selatlarini ve bityiimeyi diizenleyici maddeleri
de adsorbe edebildigi bilinmektedir. Bizim ¢aligmamizda aktif komiiriin kéklenme
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oranini diisiirmesinin nedeni besin ortamina ilave edilen IBAnin aktif komtir tara-
findan adsorbe edilmesinden kaynaklanmais olabilecegi diistintilmektedir. Nitekim
yapilan aragtirmalarda besin ortamina ilave edilen 2,4-D ve BA'in sirastyla %99.5 ve
%98’inin aktif komiir tarafindan adsorbe edildigi bildirilmistir (Thomas, 2008). Bu
nedenle aktif komiirlii ortamlarda in vitro koklendirme ¢aligmalar1 planlanirken,
diisiik dozda aktif komiir ve daha yiiksek dozda biiylimeyi diizenleyici maddelerin
besin ortamina ilave edilmesi diisiiniilmelidir.

Koklendirme denemelerinin 2. asamasinda besin ortamina gselatlanmis Fe
(Sequestrene 138) ilavesinin etkileri arastirilmigtir. Yapilan ¢alisma sonucunda
koklenme orani, eksplant bagina kok sayist ve kok uzunlugu degerleri Cizelge
4de verilmistir. Koklendirme agamasinda kullanilan ortamlarin koklenme oran,
eksplant bagina kok sayis1 ve kok uzunlugu {izerine etkisi incelendiginde, OHxF 97
anacinda ortamlar arasindaki farklar istatistik olarak onemsiz, OHxF 333 anacinda
ise koklenme orani ve kok uzunlugu degerleri bakimindan ortamlar arasindaki
farklar istatistik olarak 6nemli bulunmustur. OHxF 97 ve OHxF 333 armut anag-
larinda en yiiksek koklenme oranlar: (sirastyla, %80 ve %75) ve en yiiksek kok
sayilar1 (sirastyla 3.40 ve 5.30 adet/eksplant) 150 mg/l demir ilave edilmis %2 MS
ortaminda meydana gelmistir (Cizelge 4, Sekil 1C). Kok uzunluklar1 bakimindan
degerlendirildiginde ise OHxF 97 anacinda istatistik olarak 6nemsiz olmakla bir-
likte en yiiksek degerin (9.42 mm) 150 mg/l demir ilave edilmis ortamda oldugu
tespit edilmistir. OHXF 333 anacinda ise en yiiksek kok uzunlugunun (11.05 mm)
100 mg/1 demir ilave edilmis ortamda oldugu saptanmistir.

Yaptigimiz ¢aligmada koklendirme ortamina demir ilavesinin etkisi OHxF 333
anacinda istatistik olarak 6nemli bulunmustur. OHxF 97 anacinda istatistik olarak
6nemsiz olmakla birlikte koklenmeyi nispeten olumlu yonde etkiledigi diistiniil-
mektedir. Bizim ¢aligmamiza benzer sekilde baska arastiricilar tarafindan da besin
ortamlarina organik demir ilavesinin kontrol uygulamasina gére koklenme orani-
n1 artirdigi bildirilmektedir (Molassiotis ve ark., 2003; Antonopoulou ve ark., 2007;
Sadeghi ve ark., 2014). Antonopoulou ve ark. (2007) tarafindan yapilan aragtirma-
da GF-677 anacinin in vitro kéklenmesi iizerine Fe-EDDHA uygulamasinin etkileri
arastirilmigtir. Arastiricilar bizim sonuglarmmiza paralel olarak 93.5 mg/1 Fe-EDD-
HA igeren ortamda %30 koklenme elde ederken, 187.0 ve 280.5 mg/l Fe-EDDHA
iceren ortamlarda %100 koklenme basarisi elde etmislerdir. Bagka bir arastirmada
GF-677 anacinin Fe-EDTA (MS ortamu) yada FeCl, iceren ortamlarda koklenmedigi,
Fe-EDDHA (Sequestrin 138) igeren besin ortamlarinda ise %100 oraninda kok-
lendigi bildirilmektedir (Molassiotis ve ark., 2003). Benzer sekilde Sotiropoulos
ve ark. (2006) tarafindan OHxF 333 armut anacinin in vitro koklenmesi iizerine
farkli demir kaynaklarimin [FeSO4-7H20, (NH4)2Fe(S04)2-6H20 ve FeEEDDHA |
etkileri incelenmis ve en yiiksek kéklenmenin (NH4)2[Fe(SO04)2]-6H20 igeren
besin ortaminda gergeklestigi belirtilmistir. Caliymamizda Sequestrin 138 iceren
ortamlarda kéklendirilen bitkilerin daha saglikli ve yesil oldugu dikkat ¢ekmis-
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tir. Sequestrin 138 iceren ortamlarda koklenme oraninin yitksek olmasinin nede-
ni bitkilerde demir eksikliginin olmamasi olabilir. Nitekim Clapa ve ark. (2018)
yaptiklar1 aragtirmada besin ortamina ilave edilen demir selat: (Sequestrin 138)
dozunun artisina paralel olarak stirglin uzunlugunun arttigini, bitkilerin klorofil
ve karotenoid iceriginin yiikseldigini tespit etmislerdir. Arastiricilar Sequestrin
138 igeren ortamlarda ¢ogaltilan bitkilerin dis kogullara daha kolay adapte oldu-
gunu da ifade etmislerdir. Bununla birlikte besin ortamina ilave edilen demir kay-
naklarinin farkli sonuglar verdigi de gortilmektedir. Licea-Moreno ve ark. (2015)
tarafindan 9 farkli ceviz melezinin mikrogogaltimi tizerine 2 farkli demir kaynag-
nin (Fe-EDTA, Fe-EDDHA) etkileri aragtirilmistir. Arastiricilar bazi genotiplerin
Fe-EDTA iceren ortamda daha iyi koklendigini, bazi genotiplerin ise Fe-EDDHA
iceren ortamda daha iyi koklendigini bildirmislerdir.

Cizelge 4. Koklenme ortamina farkli dozlarda demir ilavesinin OHxF 97 ve
OHXxF 333 anaglarinin kéklenmesi tizerine etkileri

Table 4. The effects of iron supplementation at different doses on the rooting
medium of OHxF 97 and OHxF 333 rootstocks.

Uygulamalar OHXxF 97 OHXxF 333
IBA Demir Ko(l)(i::llne Kok Sayist Ulef:lll(lgll Koklenme Kok Sayist sz]:]llflgu
9
(mg/1) (mg/1) (%) (adet /eksplant) mm) Orani (%) (adet /eksplant) (mm)
2 - 50 2.42 5.74 45 b* 3.70 6.29 b
2 100 45 2.89 6.85 65 ab 4.40 11.05 a
2 150 80 3.40 9.42 75 a 5.30 9.31 ab

* Ayni sittunda farkli harflerle gosterilen ortalamalar arasindaki farklar istatistik olarak 6nemlidir (P<0.05).

4. SONUC

Sonug olarak elde edilen verilere gore bitki biiyiime diizenleyicilerden BAP
¢ogaltma ¢alismalar icin yeterli sonu¢ vermis, ancak daha iyi sonuglar elde edile-
bilmesi i¢in BAP’in yaninda farkli bitki biiytime diizenleyici kombinasyonlarinin
birlikte etkisinin incelenmesi gerektigi diisiiniilmektedir. Yapilan literatiir aras-
tirmalarinda aktif komiiriin kéklendirme ¢alismalarinda genel olarak koklenme
oranini arttirdigy bildirilmistir. Ancak yapmis oldugumuz ¢alismada ortama ak-
tif komir ilavesi koklenme oranini digiirmistiir. Aktif komirin farkh bitki tar
ve gesitlerinde genetik farkliliktan dolay1 in vitro koklendirmeye etkisinin ayni
olmadig diisiiniilmektedir. Koklendirme ¢alismamizin ikinci asamasinda ortama
organik demir (Sequestrene 138) ilavesi yapilmis ve kontrol ortamina gére kok-
lenme oraninda artig goriilmiistiir. In vitro koklendirme caligmalarinda oksin
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ozellikli bitytimeyi diizenleyiciler ile birlikte farkli demir kaynaklarinin etkileri
tizerine daha detayli aragtirmalar yapilmalidir. Sonug olarak ¢alismamizda kulla-
nilan yontemlerden elde edilen sonuglar, OHxF 97 anacinin mikrogogaltimi i¢in
uygun bulunmustur. Ancak OHxF 333 anacinin mikrogogaltimi i¢in daha fazla
aragtirmaya ihtiya¢ duyulmaktadir.
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FARKLI AMBALA] MATERYALLERININ DEPOLANAN
FINDIKLARIN GEOMETRIK VE RENK OZELLIKLERIYLE
AFLATOKSIN OLUSUMUNRA ETKISI

0z

Bu caligma jiit ve naylon (propilen kumas dokuma) ambalajlarin, depolama
stiresince Tombul ve Karafindik gesitlerinin meyve ve i¢ boyutlari, renk 6zellikleri
ve aflatoksin diizeylerine etkisini belirlemek amaciyla ytriitilmiistiir. Bu amagla
bir y1l siireyle depolanan findiklarin meyve ve i¢lerinin boyutlari, agirliklari, randi-
mant, kabuk kalinligi, gébek boslugu, saglam ve kusurlu i¢ orani, beyazlama orani
ile diger bazi kalite ozellikleri incelenmistir. Natiirel ve kavrulmus findiklarin L*,
a*, b*, kroma ve hue agis1 degerleri belirlenerek renk skalasi elde edilmistir. Ayri-
ca depolama siiresince drneklerdeki aflatoksin olusumu takip edilmistir. Caligma
sonuglarina gore ambalaj farkinin meyve ve i¢ boyutlar iizerinde 6nemli bir etki
olusturmadig1 ancak naylon ambalajin saglam i¢ oranini digiirdiigii, kusurlu i¢
ve beyazlama oranini arttirdigl gézlenmistir. Naylon ambalajin parlakligi ve renk
doygunlugunu arttirdigy goriilse de farklilik duyusal olarak net anlagilamamustir.
Depolama siiresinin meyve ve i¢ boyutlarini genellikle etkilemedigi ancak saglam
i¢ oranini diisiirdiigli, kusurlu i¢ orani ve beyazlama oranini arttirdig1 ayrica renk
degerlerini duyusal olarak fark edecek diizeyde etkilemedigi gozlenmistir. Depo-
lama siiresince higbir 6rnekte aflatoksin olusumuna rastlanmamugtir. Incelenen
parametrelere gore depolama ambalaji olarak, beyazlama oranini diistirmesine
ragmen kusurlu i¢ oranini arttirmayan jiit ambalaj kullaniminin faydali olacag:
distiniilebilir.

Anahtar Kelimeler: Aflatoksin, Ambalaj, Depolama, Fiziksel Ozellikler, Renk.

ek

EFFECT OF DIFFERENT PACKAGING MATERIALS ON
GEOMETRIC, COLOR PROPERTIES AND AFLATOXIN
FORMATION OF STORED HAZELNUT

ABSTRACT

This study was carried out to determine the effect of jute and nylon (propylene
fabric weaving) packaging on the nut - kernel dimensions and color characteristics
of Tombul and Karahazelnut varieties and aflatoxin levels during storage. For this
purpose, the dimensions, weight, kernel percentage, shell thickness, kernel cavity,
good and defective kernel ratio, blanching ratio and some other quality characte-
ristics of the nuts and kernels of hazelnuts stored for one year were investigated.
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Color scale was obtained by determining the L*, a*, b*, chroma and hue angle
values of natural and roasted hazelnuts. In addition, aflatoxin formation in the
samples was monitored during storage. According to the results of the study, it
was observed that the packaging difference did not have a significant effect on the
nut and kernel dimensions, but it decreased the good kernel ratio of the nylon pa-
ckaging and increased the defective kernel and blanching rate. Although it is seen
that nylon packaging increases the brightness and color saturation, the difference
cannot be clearly understood sensory. It was observed that the storage period ge-
nerally did not affect the nut and kernel dimensions, but decreased the good kernel
rate, increased the defective kernel rate and blanching rate, and did not affect the
color values at a sensory level. No aflatoxin formation was observed in any of the
samples during storage. According to the parameters examined, it can be thought
that the use of jute packaging, which does not increase the defective kernel rate,
will be beneficial, although it reduces the blanching rate.

Keywords: Aflatoxin, Color, Packaging, Physical Properties, Storage.

e o
1. GIRIS

Tiirkiyede yetistiriciligi yogun olarak yapilan Antep fistig1, badem, ceviz ve kes-
tane gibi sert kabuklu meyveler ierisinde yer alan findik, uzun yillardir tilkenin en
onemli tarimsal ihrag trtinti konumundadir. Fagales takimi Betulaceae familyasi
i¢inde yer alan findigin anavatani olan Anadolu, en 6nemli yabani ve kiiltiir ¢esit-
lerinin dogal yayilma alanidir (Karaosmanoglu ve Ustiin, 2019). Yillik yaklasik 650
bin ton kabuklu findik tiretimiyle Tiirkiye Diinyada en 6nemli findik iireten tilke
konumundadir. Diger taraftan 2021-22 sezonunda 340 bin tonluk ihracattan elde
edilen 1.9 milyar dolarlik gelir findig1 iilkemizin tiim ihrag triinleri igerisinde tek
basina en 6nemli ilk 20 ihrag tirtinii igerisine sokmaktadir (TIM, 2022; KiB, 2022).

Tirkiyede findik hasadi y1l, gesit, lokasyon, yiikselti ve olgunlagma gibi para-
metrelere gore degismekle birlikte agustos ayinin ilk yarisinda baglamakta ve ey-
lil ayinin ilk haftalarina kadar siirmektedir. Hasat edilen findiklardaki nem ora-
n1 %30’lardan %6 seviyesine diislirmek i¢in genellikle giines altinda, iklime gore
degismekle birlikte 3-5 giin siireyle kurumaya birakilmaktadir. Kurtulan findiklar
biiyiik oranda iireticilerin depolarinda ortam sartlarinda, ekonomik kaygilar nede-
niyle 1 yili bulan siirelerde depolanmaktadir.

Gida kalitesi, endiistriyi ve tiiketicileri yakindan ilgilendiren bir kavramdur,
dolayisiyla gidalarin kalitesini ve giivenligini tehlikeye atacak fiziksel ve kimyasal
degisikliklerin minimize edilerek {iriinlerin uygun kosullarda muhafaza edilmesi
bitylik 6nem arz etmektedir (Guiné ve ark., 2015). Gida {iriiniiniin dis ¢evrenin et-
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kisinden korunmasinda birincil rol oynayan gida ambalajinin temel amaci, giday:
en ekonomik sekilde muhafaza etmek, hem endiistriyel hem de tiiketici ihtiyacla-
rin1 kargilamak, gida giivenligini saglamak ve ¢evresel etkileri en aza indirmektir
(Sharma ve ark., 2021). Bu nedenle gidalarin uygun ambalaj malzemesiyle depo
edilmesi raf omrii siiresince gidanin korunmasinda 6nem tagimaktadir.

Geleneksel olarak findiklarin depolanmasi jiit guval olarak isimlendirilen
organik malzemeden tretilmis ambalajlarda yapilmaktadir. Ancak son yillarda
direticiler, jiit cuvala gore daha ekonomik olmasi, findik doldurma ve bosaltma
islemleri sirasinda tozuma yapmamasi, temizliginin kolay olmasi, daha az yer
kaplamasi ve hafif olmasi gibi nedenlerle plastik temelli olan ve naylon ¢uval ola-
rak isimlendirilen ambalaj malzemelerini yogun olarak tercih etmeye baglamis-
lardir. Findigin depolanmasinda kullanilan geleneksel ambalaj malzemesi olan jiit
¢uvalin findiklarin renk ve fiziksel 6zellikler ile findik muhafazasinda 6nemli bir
risk olan aflatoksin olusumu tizerine etkisi bilinmektedir (Bostan ve Giiler, 2016;
Akar, 2016; Turan ve Karaosmanoglu, 2019). Ancak son yillarda yukarida sira-
lanan sebeplerle kullanimi hizla yayginlagan naylon ¢uvallarin depolanan findik-
larin kalitesi tizerindeki etkisine iliskin bir ¢calismaya literatiirde rastlanmamigtir.
Bu ¢alisma, bir yil siireyle naylon ve jiit guvallarda depolanan findiklarin (Corylus
avellana L. Cvs. ‘“Tombul’ ve ‘Karafindik), gidalarin market degerini ve tiiketici
tercihlerini yakindan etkileyen fiziksel ve renk ozellikleriyle aflatoksin diizeyine
ambalaj malzemesinin etkisini belirlemek amaciyla yiirttilmistir.

2. MATERYAL VE YONTEM

2.1. Ornek Toplama ve Depo Sartlari

Caligmanin bitkisel materyali olarak 6nemli Tiirk findik cesitleri olan Giresun
Kalite Tombul ve Levant Kalite Karafindik gesitleri se¢ilmistir. Findik 6rnekleri, Gi-
resun (Tiirkiye) ili, Batlama vadisi, Akkoy (40° 51’ 38.52” N, 38° 18’ 58.69” E), Seyit-
koy (40° 51" 40.40” N, 38° 19’ 09.72” E) ve Alinca (40° 51’ 59.55” N, 38° 19’ 00.26”
E) koylerindeki bahgelerden elle yerden hasat edilmistir. Hasat kriteri olarak findik
¢otanaklarinin kahverengilesdigi ve dallarin sallanmasiyla toplam findigin 2/3’tiniin
dokillmeye basladigi donem esas almmistir (Tombul: 16 Agustos, Karafindik 22
Agustos). Hasat edilen findiklar, zuruflarindan patozla ayrilmis ardindan beton har-
manda, jiit tente (5x5 m) tizerinde giines altinda 3 giin boyunca sabah 09.00 aksam
19.00 saatleri arasinda (ortalama sicaklik 23.6 °C) kurumaya birakilmistir. Ayrica
kurutma siiresi boyunca her giin 5 defa karistirilmistir. Aksam 19.00dan sonra her
tente ortaya toplanarak {izerleri nem gecisinin engellenmesi i¢in naylon ortiiyle
ortiilmiistiir. 3. giiniin sonunda findiklarin nem oranimin %6 nin altina inmesiyle
kurutma islemi sonlandirilmigtir. Nem takibi, harmanin 9 farkli noktasindan alinan
orneklerin nem tayin cihaziyla (Shimadzu Mod-63U, Japonya) nem oranlarinin be-
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lirlenmesiyle gerceklestirilmistir. Kurutulan yaklasik 3 ton findiktan rastgele 6rnek-
ler segilerek depolama igin jiit ve naylon ¢uvallara koyulmustur (Sekil 1). Her gesit
i¢in 3 jiit ve 3 naylon ¢uval ortam sartlarinda (Sekil 2) 12 ay siireyle depolanmustir.
Her 4 ayda bir (0, 4, 8 ve 12. aylar) depodan drnek alinarak analiz edilmistir.

Sekil 1. Naylon (A) ve Jiit (B) ¢uvallar
Figure 1. Nylon (A) and Jute (B) sacks
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Sekil 2. Depo sicaklik ve nem degerleri

Figure 2. Temperature and humidity values of the warehouse
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Calismada, jiit cuval olarak genellikle Hindistan ve Banglades’te yetigen jiit bit-
kisinin dokunmasiyla Kanavice kumas ya da Jut kumas olarak adlandirilan ku-
maslardan 10 oz dokuma sikliginda imal edilen (70x110 cm, 311g/m?*) ambalajlar,
naylon ¢uval olarak polipropilen dokuma kumaslar kullanilarak 8x8 dokuma sikli-
ginda iiretilen (70x110 cm, 60g/m?*) ambalajlar kullanilmistir.

2.2.Yontem

2.2.1 Meyve ve i¢ Boyutlari

Kabuklu findik 6rnekleri ve iclerinin geometrik boyutlar: (Sekil 3) rastgele
secilen 30 meyve tizerinde tespit edilmistir. Kabuklu findiklarin meyve uzunlugu
(L), meyve genisligi (W) ve meyve kalinlig1 (T) 0.01 mm duyarlikli dijital gostergeli
kumpas (Insize, Italya) ile dlgiiliip degerlerin aritmetik ortalamasinin alinmastyla
belirlenmigtir. Meyve uzunlugu; meyve tablasi ile ug arasinin, meyve genisligi; iki
kotiledon birlesim ¢izgisi arasindaki en genis mesafenin, meyve kallig her iki
kabuk yanaklar: arasindaki en genis mesafenin dl¢iilmesiyle tespit edilmistir. Bo-
yutlar: belirlenen meyveler kiracak yardimiyla kirilarak elle kabuklarindan ayrilmis
elde edilen natiirel findiklarla ayni él¢timler yapilarak i¢ boyutlar: belirlenmistir.
Meyve agirliklar ve ayni meyveye ait i¢ agirliklar, 6rneklerin 0.01 g hassasiyetli
dijital hassas terazi ile tek tek tartilip sonuglarin aritmetik ortalamasinin alinmasryla
belirlenmistir (Ayfer ve ark., 1986; Karaosmanoglu, 2022a). Meyve ve natiirel igle-
rin; basiklik indeksi (BI), sekil indeksi (1), bityiiklitk (Dg), yuvarlaklik indeksi (®),
yuzey alani (S) (Ercisli ve ark., 2011), hacimleri (V) ve yiizde hacim degisim (AV)
(Delprete ve Sesena, 2014) degerleri asagidaki formiiller yardimiyla belirlenmistir.

e
| T

L

Sekil 3. Kabuklu ve natiirel i¢ findigin boyutlar1 (L: uzunluk, T: kalinhk, W, genislik)

Figure 3. Dimensions of shelled and natural hazelnut kernels (L: length,
T: thickness, W, width)
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Bi=" (1)
Sj: = (11.-':?']_."2 |:2-:|
Dg = VIWT )
®="""5100 )
§ = Dg? &)
V=_milli=tm 2= nlWT (6)
AV =100 (1 -y ™

Kabuk kalinlig1; meyve tablasinin {ist tarafindaki orta kismin en kalin yerinin
olgiilmesiyle, gobek boslugu; natiirel i¢in ortadan ikiye ayrilmasiyla aradaki boslu-
gun en genis kismindan 6l¢iilmesiyle belirlenmistir. I¢ orani (randiman); toplam
meyve agirliginin toplam i¢ agirligina, saglam i¢ orani; kabugu tamamen doldur-
mus kusursuz i¢lerin toplam meyve sayisina, kusurlu i¢ orani; saglam olmayan ve
bos i¢li meyveler disindaki meyvelerin i¢lerinin toplam meyve sayisina oranlan-
mastyla hesaplanmigtir (Ayfer ve ark., 1986; Karaosmanoglu ve Ustiin, 2017).

2.2.2. Renk Degerleri

Kabuklu, natiirel ve kavrulmus i¢ findik, natiirel ve kavrulmus findik unlari-
nim L*, a* ve b* degerleri bir renk tayin cihazi (Konika Minolta CR 400, Japonya)
ile belirlenmistir. Yirmi findik cam silindirin igerisine yerlestirilip farkli noktalar-
dan gekim yapilarak L*, a* ve b* degerleri tespit edilmistir (Mexis ve Kontominas,
2009). Ayrica L*, a* ve b* degerleri Adobe photoshop-CS6 programinda Lab renk
sistemine girilerek renk skalasi olusturulmustur. Munsell renk sistemine gore; renk
yogunlugunun veya doygunlugunun bir 6lgiisii olan ve 0 (tamamen doymamuis)
ile 100 (saf renk) arasinda degisen kromatikligi tanimlayan kroma (C) ve rengin
tonunu yansitan ve 360° 6lgekte derece olarak ifade edilen hue acist (h°) degeri
(McGuire, 1992; Karaosmanoglu, 2022b) ve kahverengilesme indeksi (KI) (Mar-
zocchi ve ark., 2017) asagidaki formiillerle belirlenmistir. Zar atma orani (beyaz-
lama orani); saglam i¢ findiklarin konvansiyonel firinda 175 °Cde 15 dk kavrulup
el ile ovularak zarindan ayrilmasi ve beyazlayan findiklarin toplam findik sayisina
oranlanmasi ile hesaplanmigtir. Ayrica natiirel ve kavrulmus findiklarin blenderde
ogiitiilmesiyle elde edilen unlarin renk degerleri de belirlenmistir.
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€ =y(a)* + () (&)

h® = arctan (b/a) (%)

Ki =100 x -t'—lll.'il.J — (a+L75L) (10:]
0,17 (5.645L+a—3.01258)

AE = /412 + da? + Ab? (11)

2.2.3. Aflatoksin Analizi

Depolanan findiklarin toplam aflatoksin (TA) ve aflatoksin B1 seviyeleri HPLC
(Shimadzu Corporation, Japan) cihaz ile tespit edilmistir. Oncelikle yaklasik 500 g ka-
buklu findik el kiracag: ile kirilmis ve elde edilen natiirel iglerden 250 g tartilarak elekt-
rikli parcalayici ile 6giitiilmiigtiir. Ogiitiilen 6rnekten 125 g tartilarak {izerine 5 g sod-
yum Kloriir ve 125 mL %70’lik metanol ilave edilmistir. Stispansiyon 2 dakika boyunca
yiiksek hizda karistirilip filtre edilmistir. Elde edilen siiziintiiden 10 mL alinip, 10 mL
deiyonize su ile karigtirilmistir. Son karigimdan 3 mL, 3 mL/dk hizla immiinoafinite
kolondan gegirilmistir. Kolondan 1 mL metanol gegirilerek aflatoksin ayrildiktan sonra
1 mL deiyonize su gegirilerek yikanmistir. Elde edilen 6ziitten 50 uL. HPLC cihazina
enjekte edilerek analiz edilmistir (TSE, 2010; Karaosmanoglu, 2022a).

2.2.4. istatistiksel Analiz

Gruplarin ortalamalarin kargilastirmak icin ti¢ yollu karisik ANOVA (1- i¢inde,
2- arasinda) yapildi. Zaman noktalarindaki ortalamalar icin ¢oklu karsilastirmalar,
diizeltilmis p degeri ile Bonferroni yontemiyle tespit edilmistir. Analiz i¢in SPSS v26
kullanildi ve %5 p- degeri istatistiksel anlamlilik diizeyi olarak kabul edilmistir.

3. BULGULAR VE TARTISMA

3.1. Farkli Ambalaj Materyalleriyle Depolanan Findiklarin Meyve ve g
Boyutlari ile Bazi Kalite Ozellikleri

Farkli ambalaj malzemeleriyle depolanan Tombul ve Karafindik gesitlerinin meyve
ve i¢ boyutlar: ile bazi kalite 6zellikleri Cizelge 1de sunulmustur. Calisma sonuglarma
gore ambalaj malzemesi farkinin meyve boyutlar tizerine anlamli bir etkisinin olma-
dig1 goriilmiistiir (P>0.05). Depolama siiresince meyve uzunlugu (MU) 17.82-19.16
mm, meyve genisligi (MG) 13.61-14.97 mm, meyve kahnhg (MK) 15.42-16.37 mm
arasinda degisim gostermis ancak varyasyon MU-naylon-Karafindik haricide 6nemsiz
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bulunmugtur. Diger taraftan cesitler arasindaki fark sadece MUda istatistiksel olarak an-
lamli bulunmus (P<0.05) ve Karafindik'in Tombul'a gére daha uzun oldugu tespit edil-
migstir. Bostan ve Giiler (2016) sonuglarimizla uyumlu olarak Tombul ve Karafindikin
MU, MG, ve MKlarini sirastyla 17.73-18.79 mm, 15.72-15.21 mm ve 16.50-17.27 mm
olarak rapor etmislerdir. Akar (2016) 9 aylik depolama siiresince meyve boyutlarmmn
degismedigini bildirmistir.

Cizelge 1. Farkli ambalaj materyalleriyle depolanan findiklarin meyve ve i¢ bo-
yutlariyla ve bazi kalite 6zellikleri

Table 1. Nut and kernel dimensions and some quality characteristics of hazelnuts
stored with different packaging materials

Depolama Siiresi (ay)

Parametre Cesit Ambalaj Materyali 0 4 8 12
Jiit 17.82 + 1.15Ax 18.29 + 1.08Ax 18.14 + 0.72Ax 18.30 + 1.04Ax
Tombul
Meyve Naylon 17.82 + 1.15Ax 18.25 + 1.01Ax 18.30 + 0.99Ax 18.36 + 1.26Ax
Uzunlug
(mm) Jiit 18.84 + 1.37Ay 18.73 + 1.71Ax 19.13 + 1.14Ay 18.57 + 1.58 Ax
Karafindik
Naylon 18.84 + 1.37ABy 19.16 + 1.41Ay 18.63 + 1.70ABx 18.17 + 1.50Bx
Jit 14.54 £ 0.95 14.87 £0.93 1492 £ 1.29 14.70 £ 1.32
Tombul
Meyve Naylon 14.54 +0.95 14.96 +0.83 14.80 + 1.24 14.97 + 1.24
Genigsligi
(mm) Jiit 14.17 £ 1.15 1418 + 1.15 1427 +1.18 1422 +1.14
Karafindik
Naylon 14.17 £ 1.15 14,13 £1.23 14.05 + 1.58 13.61 £1.26
Jit 15.96 + 1.02 16.37 +0.96 16.03 + 1.35 16.00 + 1.32
Tombul
Meyve Naylon 15.96 + 1.02 16.13 £ 0.95 16.09 + 1.25 16.12 £ 1.12
Kalinhg:
(mm) Jit 15.75 + 1.17 1582+ 1.19 16.11 £ 1.25 15.75 £ 1.36
Karafindik
Naylon 1575+ 1.17 1592 +1.20 15.74 + 1.85 15.42 + 1.40
Jiit 13.93 + 0.86Ax 14.49 + 1.05Ax 14.34 + 0.70Ax 14.16 + 1.23Ax
. Tombul
I¢ Naylon 13.93 + 0.86Ax 14.35 + 0.91Ax 14.47 + 0.81Ax 14.38 + 1.14Ax
Uzunlus
(mm) Jit 14.62 + 1.74Ax 14.62 + 1.46Ax 15.10 + 1.24Ay 14.01 + 1.98Ay
Karafindik
Naylon 14.62 + 1.74ABx 14.68 + 1.87Ax 14.59 + 1.27ABx 13.83 + 1.37By
Jit 11.31 + 1.31ABx 11.82 + 1.00Ax 11.83 + 1.12Ax 10.81 + 1.67Bx
Tombul
i¢ Genisligi Naylon 1131 £ 1.31Ax 11.61 + 0.98Ax 11.51 + 1.31Ax 11.57 + 1.10Ax
(mm) Jiit 9.60 + 1.60ABay 8.95 + 1.87Bay 9.95 + 1.95Aay 9.31 + 1.93ABay
Karafindik
Naylon 9.60 + 1.60Aay 9.11 + 1.84Aay 8.83 + 1.97Aby 8.78 + 1.84Aay
Jit 11.87 +1.52 12.39 +0.84 12.02 + 1.05 11.45+1.39
Tombul
¢ Kalinh Naylon 11.87 +1.52 11.96 + 1.19 12.05 + 1.40 12.02+1.13
(mm) Jiit 10.35 + 1.85 10.16 + 1.77 10.35 + 1.90 10.16 + 1.65
Karafindik
Naylon 10.35+1.85 10.08 + 1.76 10.23 + 1.47 9.50 +2.04
Jat 1.60 + 0.35 1.77 £ 0.32 1.69+0.29 1.57 £0.39
Tombul
Meyve Naylon 1.60 +0.35 1.65+0.21 1.68 £ 0.39 1.72 £0.36
Agurhig (g) Jiit 142+ 0.39 147 +0.44 158+ 0.47 140 + 0.45
Karafindik
Naylon 1.42+0.39 1.4+047 1.42+0.37 124 +£0.41
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Jiit 0.86 £ 0.21 0.95 £0.20 0.95+0.25 0.79 £0.30
Tombul
fc Agirlig Naylon 0.86 +0.21 0.89+0.13 0.90 +0.23 0.94+0.18
(® Jiit 0.65+026 073028 0.82+032 0.69 %028
Karafindik
Naylon 0.65 £ 0.26 0.70 £0.27 0.67 £0.24 0.59 +0.27
Jiit 0.92+0.17 1.05+0.11 1.00 + 0.15 0.97 +0.15
Tombul
Kabuk Naylon 0.92+0.17 1.00 0.10 1.02+0.14 1.01+0.19
Kalinhig
(mm) Jiit 0.91£0.15 0.98£0.18 1.01£0.18 0.96 +0.16
Karafindik
Naylon 0.91+0.15 0.99+0.15 1.01+0.17 0.97 +0.15
Jiit 0.84 + 1.07 1.30 + 0.9 117 +1.03 1.20 + 1.09
. Tombul
Gobek Naylon 0.84 +1.07 1.29 + 1.03 1.32 + 1.06 116 + 1.23
(mm) Jiit 125+ 0.80 122+ 1.00 166 + 1.00 171+ 1.07
Karafindik
Naylon 1.25+0.80 1.33+0.94 1.47 +1.19 1.20+1.23
Jiit 0.56 +0.17 0.56 £0.15 0.58 £0.17 0.53£0.25
Tombul
Rand Naylon 0.56 +0.17 0.55+0.12 0.55+0.16 0.58+0.18
(%) Jiit 0.46 £ 0.16 0.52%020 0.56 %028 0.53+024
Karafindik
Naylon 0.46 £0.16 0.55+0.25 0.51+0.24 0.52£0.29
Jiit 99.33 + 1.15Aax 93.33 + 0.00Bax 90.67 + 1.15Cax 90.67 + 1.15Cax
Tombul
Saglam I¢ Naylon 99.33 + 1.15Bax 93.33 +0.00Aax 90.67 + 1.15Bax 88.67 + 0.39Bbx
Orant (%) Jiit 100.00 % 0.00Aax 100.00 + 0.00Aay 88.67 + 0.39Bay 90.67 + 1.15Bax
Karafindik
Naylon 100.00 + 0.00Aay 86.79 + 0.19Cby 88.67 + 0.39Bay 88.67 + 0.39Bbx
Jiit 1.67 + 1.15Cax 6.66 + 0.00Bax 9.33 + 1.15Aax 9.33 + 1.15Aax
Tombul
Kusurlu I¢ Naylon 1.67 £ 1.15Cbx 6.66 + 0.00Bax 9.33 + 1.15Aax 11.33 £ 0.39Abx
Orant (%) Jiit 0.00 + 0.00Bax 0.00 + 0.00Bay 11.33 £ 0.39Aay 9.33 + 1.15Aax
Karafindik
Naylon 0.00 + 0.00Cay 13.2 +£0.17Aby 11.33 + 0.39Bay 11.33 + 0.39Bbx
Jiit 93.42 +0.17Bax 91.00 + 1.73Bax 100.00 £ 0.00Aax  86.00 + 1.00Cax
Tombul
Tam Naylon 93.42 + 0.17Aax 92.00 + 1.73ABax 90.14 + 0.16Bbx 88.17 + 0.76Cbx
Oran (%) Jiit 44.77 + 0.5Aay 41.00 + 3.46ABay 40.52 + 0.02Bay 4121 +0.71Bay
Karafindik
Naylon 44.77 £ 0.5Bay 52.00 + 1.73Aby 45.43 +0.11Bby 50.83 + 0.03Aby
Jiit 96.58 + 0.18Aax 99.00 + 1.73Aax 100.00 + 0.00Aax  95.00 + 1.00Aax
Tombul
Bevazl Naylon 96.58 + 0.18Aax 99.00 + 1.73Aax 96.44 + 0.28 Aax 97.67 + 0.58 Abx
Orant (%) Jiit 81.24 + 0.15Aay 67.67 + 2.31Cay 82.51 + 20.36Aax 74.00 + 1.00Bay
Karafindik
Naylon 81.24 + 0.15Aay 77.00 + 1.73Bby 90.66 + 0.38Aax 77.99 + 0.02Bby
Jiit 0.91 +0.04 0.91 +0.05 0.93 +0.05 0.92 +0.05
Tombul
Meyve Naylon 0.91 £0.04 0.93 £0.04 0.92 £0.05 0.93 +0.05
Basiklik
indeksi Jiit 0.90 +0.03 0.90 + 0.04 0.89 +0.04 0.90 +0.03
Karafindik
Naylon 0.90 +0.03 0.89 +0.04 0.90 + 0.06 0.88 +0.04
Jiit 0.96 £ 0.09Ax 0.96 £ 0.07Ax 0.98 £ 0.06Ax 0.95 + 0.12Ax
Tombul
¢ Basiklik Naylon 0.96 + 0.09Ax 0.97 + 0.06Ax 0.96 + 0.09Ax 0.96 + 0.07Ax
Indeksi Jiit 0.93 +0.08Aay 0.89 +0.15Aay 0.97 £ 0.17Aax 0.91 +0.10Aay
Karafindik
Naylon 0.93 £ 0.08Aay 0.91 £ 0.13Aay 0.87 + 0.20Aby 0.93 £ 0.08Aay
Jiit 117+ 0.08 117+ 0.08 118 0.1 1.2+0.09
Tombul
Meyve Sekil Naylon 1.17 £ 0.08 1.18 +0.08 1.19+0.11 1.18 +0.09
Indeksi it 1.26 +0.08 1.25+0.08 1.26 +0.07 1.24+0.08
Karafindik
Naylon 1.26 + 0.08 1.28+0.10 1.26 + 0.09 1.26 + 0.08
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Jut 16.04 +0.85 16.44 +0.78 16.30 +0.98 16.25+ 1.10
Tombul
Naylon 16.04 + 0.85 16.38 + 0.69 16.31 +£0.94 16.41 + 1.01
Dg- Meyve
Jiat 16.13 + 1.11 16.13 + 1.21 16.38 + 1.09 16.07 +1.25
Karafindik
Naylon 16.13 + 1.11 16.26 + 1.10 16.02 + 1.61 15.61 +1.27
Jit 0.90 £ 0.04 0.90 £ 0.04 0.9 +0.05x 0.89 £ 0.04x
Tombul
Naylon 0.90 +0.04 0.90 +0.04 0.89 + 0.05x 0.89 + 0.04x
- Meyve
Jiit 0.86 +0.04 0.86 + 0.04 0.86 + 0.03y 0.87 + 0.04y
Karafindik
Naylon 0.86 +0.04 0.85 +0.04 0.86 + 0.04y 0.86 + 0.04y
Jiit 8.11 +0.86 8.51 +0.81 8.37+0.97 8.34+1.11
Tombul
S- Meyve Naylon 8.11+£0.86 8.44+0.71 8.39+0.97 8.49 +1.04
(cm?) it 822+ 112 8224123 8.46+ 1.12 8.16+1.25
Karafindik
Naylon 822+ 1.12 834+ 1.12 8.14 + 1.55 7.71 +1.21
Jiit 1.22+0.15 1.20+0.11 121+0.13 1.29+0.14
Tombul
i‘\: Sekil Naylon 122 +0.15 123 +0.13 124 +0.16 122 +0.12
Indeksi Jiit 150 +0.28 155+0.17 152+0.22 147 +0.24
Karafindik
Naylon 1.50+0.28 1.55+0.19 1.57 £0.30 1.56 +0.25
Jit 12.29 + 1.02ABx 12.83 + 0.74Ax 12.66 + 0.76ABx 12.03 + 1.25Bx
Tombul
) Naylon 12.29 + 1.02Ax 12.56 + 0.75Ax 12.59 + 0.94Ax 12.58 + 0.90Ax
Dg-I¢
Jiit 11.29 + 1.54Aay 10.95 + 1.52Aay 11.54 + 1.56Aay 10.94 + 1.66Aay
Karafindik
Naylon 1129+ 154Aay 1101+ 1.65ABay  10.89+ 1.22ABby  10.46 + 1.74Bay
Jiit 0.88 +0.07 0.89 +0.05 0.89 +0.06 0.85 +0.06
Tombul
. Naylon 0.88 +0.07 0.88 +0.06 0.87 +0.07 0.88 +0.06
$-I¢
Jit 0.78 £ 0.08 0.75 £ 0.06 0.76 £ 0.07 0.79 £ 0.10
Karafindik
Naylon 0.78 +0.08 0.75 +0.06 0.75+0.08 0.75+0.07
Jiit 4.78 +0.77ABx 5.19 £ 0.59Ax 5.06 + 0.59ABx 4.59 + 0.88Bx
Tombul
. Naylon 4.78 + 0.77Ax 4.98 + 0.60Ax 5.00 + 0.73Ax 5.00 + 0.70Ax
S- I¢ (cm?)
Jiit 4.08 + 1.09Aay 3.84 + 1.08Aay 426+ 1.11Aay 3.85+ 1.18Aay
Karafindik
Naylon 4.08 + 1.09Aay 3.89 + 1.16ABay 3.77 + 0.82ABby 3.53 + 1.13Bay
Jiit 2875.72 £ 453.89 3089.64 + 443.48 3020.85 + 505.52 3006.09 + 594.87
Tombul
V- Meyve Naylon 2875.72 + 453.89 3050.27 + 380.88 3028.60 + 525.24 3085.87 + 561.85
Hacmi
(mm®) Jiit 2941.00 + 596.92 2945.51 + 662.51 3072.91 + 605.85 2918.62 + 666.50
Karafindik
Naylon 2941.00 £ 596.92 3009.25 + 602.07 2918.12 £794.58 2678.31 £617.91
Jiat 1307.03+311.56AB 1474.38+250.83A 1416.98+241.19AB 1263.97+339.96B
Tombul
V- i‘; Hacmi Naylon 1307.03+311.56 1348.33+250.81 1399.05+297.56 1396.34+287.53
(mm?) Jiit 1047.63+415.75 957.76+410.50 1117.07+422.44 967.38+451.02
Karafindik
Naylon 1047.63+415.75 982.26+439.23 923.75+296.93 852.38+396.63
AV Jit 53.75+12.34 51.67 £9.75 53.48 £9.95 57.16 +£13.28
Tombul
Naylon 53.75+12.34 54.10 + 8.95 52.68 £ 12.65 53.91 +10.24
. Jiit 63.72 + 14.85 67.49 +12.94 62.62 + 14.06 68.48 +12.09
(}f‘:“:.'m. Karafindik
Degisimi) Naylon 63.72 + 14.85 67.16 £ 13.88 66.43 +13.47 67.80 + 13.70

Veriler ortalama + standart sapma olarak sunulmugtur. Ayni satirda farkli bityiik harflerle (A-D) isaret-
lenmis ortalamalar arasinda istatistiksel olarak fark vardir (P<0.05). Ayni siitun, parametre ve gesitte
farkli kiitik harfle (a-b) isaretlenmis ortalamalar arasinda istatistiksel olarak fark vardir (P<0.05). Ayn
stitun, parametre ve farkli ¢esitte farkli x, y sembolleri ile isaretlenmis ortalamalar arasinda istatistiksel
olarak fark vardir (P<0.05).
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Depolama siiresince i¢ boyutlar1 genellikle meyve boyutlariyla paralel davranis
gostermis ve i¢ boyutlarindaki degisim depolama boyunca genellikle 6nemsiz ¢ik-
mistir. Ambalaj malzemesinin etkisi ise i¢ genisliginde (IG) 8. aydaki farklilik hari-
cinde anlamli olmamustir. Meyve boyutlarindan farkli olarak Tombul'un daha fazla
[G’ye sahip oldugu goriilmiistiir. Turan (2019) sonuglarimiza oldukea yakin olarak
Tombul findikta i¢ uzunlugu (IU), IG ve i¢ kalinhg1 (K) sirasiyla 13.13mm, 12.64
mm ve 12.86 mm olarak dl¢miistiir. Guine ve ark. (2015) Portekiz findiklarinin iU
(11.80 mm), IG (10.20 mm) ve IK’sin1 (9.90mm) daha diisiik olarak, Aydin (2002)
ise sonuglarimizdan bir miktar daha yiiksek i¢ boyutlar1 bildirmistir.

Depolama siiresince Tombul'un meyve (MA) ve i¢ agirhg (I1A) 1.57-1.77 g,
0.79-0.95 g Karafindikin ise 1.24-1.58 g, 0.59-0.82 g arasinda degistigi gorilmiis
ancak farklilik anlamli bulunmamigtir. Ayni sekilde ambalaj malzemesinin ve cesit
faktériiniin de MA ve 1A {izerinde etkili olmadig1 gériilmiistiir (P>0.05). MA ve
[Ay1 Tombul'da Karaosmanoglu ve Ustiin (2017) 1.59-1.78, 0.88-0.97 g araliginda,
Ozdemir ve Akinci (2004) Karafindikda biraz daha yiiksek olarak 2.31, 1.33 olarak
bildirmislerdir. Randiman findigin ticari degerini belirleyen en 6nemli unsurdur
ve IA ve MA ile yakindan iligkilidir. Depolama siirecinde 1A ve MAda farklilik olus-
mamasina bagli olarak randimanda ayrica kabuk kalinliginda belirlenen varyasyon
6nemsiz bulunmugtur. Diger taraftan ambalaj malzemesi, depolama siiresi ve cesit
parametrelerinin higbirisinin gébek boslugunu (GB) etkilemedigi goriilmiistiir.
GB c¢evresinde polifenoloksidaz enzimlerinin fenolik bilegikleri esmer renkli
bilesiklere doniistiirmesiyle findik icinde renk koyulasmasi goriilebilmektedir (Ka-
raosmanoglu, 2022a). Ortam sartlariyla beraber her iki ambalaj malzemesinin de
GBYyi arttirmayarak bu tip bozulmay1 yavaslattig1 soylenebilir.

Caligma sonuglarina gore saglam i¢ orani (SIO) iizerinde depolama siiresinin
yaninda ambalaj malzemesinin de 6nemli diizeyde etkisinin oldugu anlagilmis-
tir (P<0.05). Baglangigta Tombulda %99.33 olan SIO 12. ay sonunda jiit cuvalda
%90.67’ye, naylonda %88.67’ye dismiistiir. Benzer sekilde Karafindikdaki %100
saglamlik orani jiit ve naylonda sirasiyla %90.67 ve %88.67’ye diismiistiir. Jiit mal-
zemenin yaklagtk %2 daha fazla SIO sagladigi saptanmugtir. Burusuk ic, abortif
ig, ciirtik i¢ ve kiiflii i¢ gibi kusurlarin toplanmasiyla elde edilen kusurlu i¢ orani
(KI10), SIO’nin tam tersi sekilde davranig gostererek depolama siiresince genel-
likle artis gostermistir. Depolama baslangicinda Tombul ve Karafindikda %1.67
ve %0 olan KIO siire sonunda her iki esitte de jiitte %9.33, naylonda %11.33 ol-
dugu gorilmiistiir. Beyazlama orani (BO) findign ticari degerini 6nemli diizeyde
etkileyen, kullanim yoniinii belirleyen ve yiiksek olmasi arzu edilen endiistriyel
bir ozelliktir (Beyhan, 2000; Karaosmanoglu, 2022a). Tombul findigin BO’sunun
depolama siiresince %95-%100 arasinda degistigi ancak varyasyonun istatistiksel
olarak anlamli olmadig1 (P>0.05) yani zamanla beyazlama oraninin degismedigi
gorulmistiir. Diger taraftan naylon ¢uvalin jiite kiyasla depolama sonunda BO’yu
bir miktar arttirdig1 saptanmistir (P<0.05). Karafindikda ise depolama zamani-
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nin ilerlemesiyle BO'da dalgali bir seyir goriilmekle birlikte her iki ambalajda da
BO azalmustir. Ancak depolama siiresi sonunda naylon ambalajin (%77.99) jiite
(%74) gore daha yiiksek BO sagladigr saptanmistir (P<0.05). Ayrica Tombul'un
KarafindiKa gore oldukga yiiksek (yaklasik %15-%25 fazla) BO’ya sahip oldugu
belirlenmistir. Sonuglarimizla uyumlu olarak Beyhan (2000) Tombul, Palaz, Sivri,
Karafindik cesitleri icerisinde en yiiksek BO’yu Tombulda rapor etmistir.

Meyve basiklik indeksi tizerinde hi¢bir parametrenin etkili olmadig: goriilir-
ken ig basiklik indeksi (IBI) iizerinde gesit faktdriiniin etkili oldugu (P<0.05) ve
Karafindikin daha basik i¢ yapisinin oldugu anlasilmistir. Depolama siiresince
meyve biiyliklilk indeksinde (mDg) degisim olmazken, i¢ biyiiklikk indeksinde
(iDg) sadece Karafindik-naylon uygulamasinda farklilik tespit edilmistir. Hasat
sonunda 11.29 olan deger depolama sonunda 10.46’ya gerilemistir (P<0.05). Am-
balaj malzemesi Karafindik ¢esidinde 8. ay disinda etkili olmazken ¢esit faktori
iDg tizerinde etkili olmustur. mDgde farklilik olmazken Karafindikin daha yiiksek
iDg degerleri almas1 Tombul’a kiyasla meyve icini daha iyi doldurdugu anlamina
gelebilir. Meyve ve i¢ sekil indeksleri ile meyve yiizey alani (S) depolama siiresi ve
ambalaj malzemesinden etkilenmezken i yiizey alan1 (IS) kismen etkilenmistir.
Naylon ¢uvalda depolanan Karafindik'larin iDg diisiisiine bagli olarak IS degerleri
de 4.08den 3.53 digmistir (P<0.05). Caligma sonuglarimiz Tirk findiklarinda
hasattan hemen sonra yiiriitiilen baz1 ¢aligmalarla (Ozdemir ve Akinci, 2004; Balta
ve ark., 2006; Ercisli ve ark., 2011) olduk¢a uyumludur. Ancak hasat sezonu, gesit,
lokasyon (Pliestic ve ark., 2006; Milosevic ve Milosevic, 2017; Ferrao ve ark., 2021)
ve analiz yontemi (Cetin ve ark., 2020) gibi farkliliklarin meyve ve i¢ boyut deger-
lerini etkilemesi nedeniyle farkl: cesit ve lokasyondan toplanan findiklarla yapilan
bazi caligmalarda incelenen parametreler agisindan farklilik gozlenebilmektedir.

3.2. Farkli Ambalaj Materyalleriyle Depolanan Findiklarin Kabuk, Natirel
ic ve Natiirel Un Renk Degerleri

Depolanan findiklarin kabuk, natiirel i¢ ve natiirel unlarina ait renk degerleri
Cizelge 2'de sunulmustur. Depolama siiresince Tombul findik kabugunun L* deger-
leri dalgali bir seyir gosterirken Karafindik siirekli diisiis gostermis ve her iki gesitte
de siire baslangici ve sonunda anlaml farklilik gorillmemistir. Cesitler arasinda fark
goriilmis, hasat sonras1 Karafindik kabugu daha parlak bulunurken depolamanin
etkisiyle L* degeri azalmis ve siire sonunda Tombul daha parlak bulunmugtur. Siire
baslangicinda Karafindik kabugunun a* ve b* degerleri daha yiiksekken siire so-
nunda farklihigin kalmadig1 saptanmugtir. Orneklerin L*, a*, b*, C* ve he degerleri
tizerinde ambalaj malzemesi farkinin genellikle etkili olmadig1 goriilmistiir.
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Cizelge 2. Farkli ambalaj materyalleriyle depolanan findiklarin kabuk, natiirel
i¢ ve natiirel un renk degerleri

Table 2. Shell, natural kernel and natural flour color values of hazelnuts stored
with different packaging materials

Depolama Siiresi (Ay)

Parametre Cesit Ambalaj Materyali 0 4 8 12
Jut 38.76 + 0.19ABx 43.17 £ 5.03Ax 35.7 + 1.04Bx 46.06 + 0.73Ax
Tombul
Naylon 38.76 £ 0.19ABx 48.6 + 3.15Ax 37.99 £ 2.30Bx 39.46 + 4.85Bx
L*-kabuk
Jut 43.05 + 0.03Ay 42.56 + 3.15Ax 40.00 + 4.20Ax 37.24 + 5.74Ay
Karafindik
Naylon 43.05 + 0.03Ay 43.84 + 4.98Ax 38.66 + 3.46Ax 40.00 + 3.48Ax
Jut 4.24 £ 0.02Ax 6.00 + 0.81Ax 4.59 + 1.75Ax 6.85 + 1.35Ax
Tombul
Naylon 4.24 + 0.02Bx 10.33 + 2.28Ax 5.30 = 2.09ABx 8.83 + 3.23ABx
a*-kabuk
Jut 8.06 + 0.01Ay 6.71 + 2.40ABx 3.91 + 1.30Bx 7.30 + 4.27ABx
Karafindik
Naylon 8.06 + 0.01Ay 6.56 + 3.80ABx 4.48 £ 0.19Bx 6.51 = 3.30ABx
Jut 8.32 £ 0.02ABx 10.6 + 2.49ABx 5.68 + 2.09Bx 12.39 + 0.66Ax
Tombul
Naylon 8.32 + 0.02ABx 14.64 + 2.81Ax 7.18 + 1.48Bx 11.06 + 2.49ABx
b*-kabuk
Jut 11.82 +0.01Ay 8.48 + 2.87ABx 7.32 £ 1.02Bx 10.21 + 4.65ABx
Karafindik
Naylon 11.82 £ 0.01Ay 8.68 + 4.09ABy 6.99 +0.79Bx 9.87 + 2.69ABx
Jit 9.33 + 0.01Ax 12.20 + 2.52Ax 7.31 £ 2.71Ax 14.18 + 1.20Ax
Tombul
Naylon 9.33 +0.01Bx 17.92 + 3.61Ax 8.95 + 2.40Bx 14.19 + 3.88ABx
C-kabuk
Jut 14.3 £ 0.02Ay 10.81 + 3.73ABx 8.4 +0.43Bx 12.58 + 6.23ABx
Karafindik
Naylon 14.3 £ 0.02Ay 10.89 + 5.55ABx 8.3 +0.76Bx 11.9 + 3.90ABx
Jut 62.82 + 0.02Aax 60.04 + 3.60Aax 51.21 + 2.99Aax 61.29 + 3.73Aax
Tombul
Naylon 62.82 +0.02Aax  54.92 + 0.98ABbx 54.35 + 5.30ABax 51.96 + 4.87Bax
h-kabuk
Jiat 55.67 + 0.02Ay 51.74 £ 0.99Ay 61.65 £ 10.83Ax 56.18 £ 5.46Ax
Karafindik
Naylon 55.67 + 0.02Ay 53.87 + 2.92Ax 57.26 + 1.96Ax 58.15 + 9.20Ax
Jut 45.78 £ 0.02Aax  44.22 + 1.20ABax 44.54 + 2.13Aax 40.67 + 1.55Bax
Tombul
Naylon 45.78 +0.02Aax  42.71 +2.90Aax 43.98 + 1.12Aax 39.29 + 0.61Abx
L*-ig
Jut 46.31 £ 0.01Ay 45.63 + 1.90ABx 44.65 + 1.79ABx 41.64 + 0.14By
Karafindik
Naylon 46.31 = 0.01Ay 44.79 £ 0.93ABx 45.93 + 1.57Ax 42.28 + 1.59Bx
Jut 7.91+0.01Bx 8.13 + 0.54ABx 9.5+ 0.94ABx 10.73 + 1.72Ax
Tombul
Naylon 7.91 + 0.01Ax 7.49 + 1.46Ax 10.24 + 0.72Ax 9.97 + 1.51Ax
a*-i¢
Jut 9.44 + 0.01Ay 8.45 + 0.88Ax 8.83 + 2.47Ax 11.18 + 0.41Ax
Karafindik
Naylon 9.44 + 0.01ABy 7.46 +0.40Cx 9.11 + 1.59ABx 10.23 £ 0.57Ax
Jut 12.34 + 0.02Bax 10.69 + 0.14Bax 12.86 + 1.62ABax 14.74 + 0.64Aax
Tombul
Naylon 12.34 + 0.02Aax 9.63 + 1.75Bax 11.75 + 0.31Aax 13.23 + 0.96Abx
b*-i
¢ Jut 16.44 + 0.02Ay 11.06 + 0.50Cx 12.59 + 1.43BCx 14.3 + 0.78Bx
Karafindik
Naylon 16.44 + 0.02Ay 11.53 + 0.31By 12.9 + 1.31Bx 13.94 + 0.22Bx
Jut 14.66 + 0.01Bax 13.44 + 0.42Bax 15.99 + 1.85ABax 18.29 + 0.68Aax
Tombul
Naylon 14.66 + 0.01Bax 12.2 +2.28Bax 15.59 + 0.58 ABax 16.58 + 1.53Abx
C-i
s Jiat 18.96 + 0.02Ay 13.93 £ 0.91Bx 15.43 + 2.34ABx 18.17 + 0.46Ax
Karafindik
Naylon 18.96 + 0.02Ay 13.73 £ 0.37Bx 15.8 + 1.97ABx 17.3 + 0.51ABx
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Jit 57.32 £ 0.02Ax 52.77 + 1.56Bx 53.50 £ 0.89ABx 54.07 + 5.37ABx
Tombul
Naylon 57.32 +0.02Ax 52.00 + 0.43Bx 48.96 + 1.90Bx 53.15 + 3.34ABx
h-i¢
Jut 60.13 £ 0.02Aay 52.71 + 1.86Bax 55.45 + 6.40ABax 51.94 + 2.36Bax
Karafindik
Naylon 60.13 +0.02Aay  57.1 + 1.44ABby 5494 +2.11ABax  53.74 + 1.11Bax
Jut 69.11 + 0.01Ax 68.59 + 0.16Ax 70.12 + 1.78Ax 69.49 + 1.78Ax
Tombul
Naylon 69.11 + 0.01Ax 69.20 + 1.64Ax 70.34 £ 1.51Ax 67.93 + 0.99Ax
L*-un
Jut 65.01 £ 0.02Ay 66.79 + 1.96Ax 66.52 + 2.01Ax 63.80 £ 2.07Ay
Karafindik
Naylon 65.01 + 0.02By 65.30 + 1.46By 70.09 + 2.51Ax 66.73 + 3.50ABx
Jut 2.49 + 0.00Ax 2.16 + 0.02Ax 1.94 + 0.47Ax 2.51 £ 0.19Ax
Tombul
Naylon 2.49 + 0.00Ax 1.89 + 0.32Ax 1.70 + 0.59Ax 2.68 +0.63Ax
a*-un
Jit 2.38 + 0.00Bx 3.18 £ 0.51Ay 2.92 +0.23ABx 3.69 + 0.61Ay
Karafindik
Naylon 2.38 + 0.00Ax 3.03 + 0.36Ay 2.59 + 0.77Ax 3.49 +0.77Ax
Jut 15.71 £ 0.01Ax 14.08 + 0.55Ax 13.37 £ 2.47Ax 14.23 + 1.05Ax
Tombul
Naylon 15.71 £ 0.01Ax 14.21 £ 0.77Ax 14.43 + 1.09Ax 16.24 + 1.22Ax
b*-un
Jit 14.87 + 0.01Ay 13.86 + 1.58Ax 12.70 + 1.42Ax 14.60 + 0.79Ax
Karafindik
Naylon 14.87 £ 0.01Ay 13.69 + 0.41Ax 13.25 + 2.16Ax 15.16 + 1.56Ax
Jit 15.88 + 0.01Ax 14.25 + 0.54Ax 13.51 + 2.51Ax 14.45 + 1.06Ax
Tombul
Naylon 15.88 + 0.01Bx 14.34 + 0.77Bx 14.54 + 1.02ABx 16.47 + 1.12Ax
C-un
Jut 15.05 + 0.01Ay 14.23 + 1.43Ax 13.05 + 1.34Ax 15.07 £ 0.87Ax
Karafindik
Naylon 15.05 + 0.01Ay 14.03 + 0.47Ax 13.52 + 2.09Ax 15.56 = 1.68Ax
Jut 80.98 + 0.01Ax 81.26 + 0.33Ax 81.75 + 0.92Ax 79.97 + 0.44Ax
Tombul
Naylon 80.98 + 0.01Ax 82.42 + 1.27Ax 83.39 + 2.43Ax 80.52 + 2.75Ax
h-un
Jut 80.89 £ 0.01Ay 76.85 + 3.37By 76.89 + 2.30ABx 75.86 + 1.80By
Karafindik
Naylon 80.89 + 0.01Ay 77.54 + 1.11ABy 78.72 + 3.85ABx 77.10 + 1.55Bx

Veriler ortalama + standart sapma olarak sunulmugtur. Ayni satirda farkl biiyiik harflerle (A-D) isaret-
lenmis ortalamalar arasinda istatistiksel olarak fark vardir (P<0.05). Ayni siitun, parametre ve gesitte
farkl: kiigtik harfle (a-b) isaretlenmis ortalamalar arasinda istatistiksel olarak fark vardir (P<0.05). Ayni
stitun, parametre ve farkl gesitte farkli x, y sembolleri ile isaretlenmis ortalamalar arasinda istatistiksel
olarak fark vardir (P<0.05).

Natiirel i¢ findiklarin L* degerleri her iki ¢esit ve ambalaj malzemesinde sii-
rekli diistis gostermis Tombul-naylon uygulamas: haricinde istatistiksel olarak an-
lamli bulunmugtur (P<0.05). Tombulda siire basinda 45.78 olan L* degerleri siire
sonunda jlitte 40.67’ye, naylonda 39.29%a diismiis yani naylon ¢uvalda renk daha
fazla kararmistir. Bu fark olusturulan renk sklasinda anlagilmakla beraber duyu-
sal olarak ¢ok dikkat ¢ekecek diizeyde degildir (Sekil 4). Bostan ve Gtiler (2016)
sonuglarimiza benzer gekilde depolama stiresince L* degerinin giderek azaldigini
bildirmiglerdir. Orneklerin L* degeri nem oraninin diigmesine bagli olarak diigmiis
olabilir. L* degerine benzer sekilde a degeri de stirekli artmasina ragmen jiit-Tom-
bul uygulamasi hari¢ anlamli goriilmemistir. a* degerine ambalaj farkinin etkisi
olmazken cesit faktorii etkili olmus 0. ayda Karafindik daha yiiksek deger alirken
siire sonunda rakamsal farklilik olsa bile anlamli fark olusmamistir. Orneklerin
b* degerlerinin tamami depolama siiresi boyunca once diisiis sonra da artig gos-
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termistir. Ambalaj farki Tombulda etkili olurken jiit (14.74) naylona (13.23) ki-
yasla daha yiiksek b* degeri saglamistir. Mexis ve Kontominas (2009) L*, a*, b*
degerlerini sirasiyla 30.45, 6, 84 8,70 olarak rapor etmisleridir. Giiler ve ark (2017)
depolanan findiklarin a* degerlerini 2.79-7.69, b* degerlerini 15.95-18.36 araligin-
da ¢aligmamiza yakin sekilde bildirmislerdir. Ak¢in ve Bostan (2019) depolanan
findiklarin a* ve b* degerlerinde dalgalanmalar rapor etmislerdir. Cetin ve ark.
(2020) ise b* degerini daha yiiksek (15.31) tespit etmislerdir. Yetistiricilik yapilan
ekoloji, hasat y1li, ¢esit, depo ortam kosullari (Guine ve ark., 2015), 6l¢iim metodu
ve mevsimsel kosullar (Karaosmanoglu ve Ustiin, 2021) findiklarin renk degerle-
ri tizerinde etkili olabilmektedir. Literatiir sonuglariyla olan farkliliklar siralanan
nedenlerden kaynaklanabilir. Diger taraftan natiirel unlarin renk degerleri de i¢
findiklara benzer davranis gosterirken renk skalasindan (Sekil 4) anlasilabilecegi
gibi gozle fark edilebilecek net bir degisim saptanamamustir.

3.3. Farkli Ambalaj Materyalleriyle Depolanan Findiklarin Kavrulmus i¢ ve
Kavrulmus Unlarinin Renk Degerleri

Jut ve naylon c¢uvallarda depolanip kavrulmus i¢ findik ve unlarina ait renk
degerleri Cizelge 3'de verilmistir. Kavrulmus iglerin renk degerleri tizerinde amba-
laj malzemesinin etkili olmadig1 ancak depolama siiresi ve ¢esit faktoriiniin etkili
oldugu goriilmistiir (P<0.05). Tombulun L* degeri depolama siiresince 6nce artip
sonra azalirken Karafindikda dalgalanma olmustur. a degerlerinin her iki gesit ve
ambalaj malzemesinde de 6nce azalip sonra arttig1 gortilmustiir. Jiitte depolanan
findiklarin b* degerleri her iki cesitte dalgalanma davranigi gosterirken naylonda
once azalip sonra artmistir. Renk skalasi (Sekil 4) incelendiginde 0 ve 4. aylarda
duyusal olarak farklilik gézlenemezken 8 ve 12. aylarda farklilik olugsmus ve de-
polama sonunda Tombulda jiitte, Karafindikda naylonda depo edilen 6rneklerin
daha koyu oldugu gozlenmistir. Ozdemir ve ark. (2001) kavrulmus findiklarin L*,
a*, b* degerlerini sirasiyla 58.29-70.09, 4.07-8.66 ve 18.74-22.66 araliginda sonug-
larimiza yakin olarak rapor etmiglerdir.

Kavrulmus unlarm L* degerleri depolama siiresince 6nce artig sonrada azalig
gosterdigi ayrica son dénem haricinde Tombul'un Karafindika kiyasla daha yiik-
sek L* degerleri alig1 tespit edilmistir. {lk ii¢ ddSnemde ambalaj malzemesi etkili
olmazken siire sonunda naylonda depolanan érneklerin daha parlak oldugu sap-
tanmustir. a* degerleri tiim 6rneklerde 6nce azalip sonra artarken, 12. ay haricinde
Karafindik ¢esidinin daha yiiksek a* degerleri aldig1 belirlenmis ayrica ambalaj
malzemesi etkili olmamigtir (P>0.05). b degerleri depolama siiresince genellikle
once azalip sonra artig gostermistir. a* ve b* degerleri naylon-Tombul uygulamasi
haricinde baslangi¢ degerinden diistik ¢ikmistir. Depolama sonunda her iki ¢esit-
te de naylondaki 6rneklerin a* degerleri daha yiiksek tespit edilmistir (P<0.05).
Ercoskun (2009) depolanan unlarin L* degerlerinin azalarak baslangi¢ degerinin
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altina indigini, a* ve b* degerlerinde ise dalgali bir seyir oldugunu bildirmistir.
Bostan ve Giiler (2016) ise farkli olarak L* degerinde diizenli bir azalis a* dege-
rinde diizenli bir artis ve b* degerlerinde dnce artis sonra azalig rapor etmislerdir.
Literatiirle olan farklilik, hasat sezonu, 6rnek farkliligi, depolama sartlar1 ve renk
tayin yontem farkindan kaynaklanabilir. Orneklerin kahverengilesme indeksi (KI)
ve renk farkliligi (AE) genel olarak depolama siiresi ve ambalaj faktoriinden etki-
lenmezken ¢esit etkili olmustur.

Cizelge 3. Farkli ambalaj malzemeleriyle depolanan findiklarin kavrulmus ig
ve kavrulmus un renk degerleri

Table 3. Roasted kernel and roasted flour color values of hazelnuts stored with
different packaging materials

Depolama Siiresi (Ay)
. Ambalaj
Parametre Cesit Materyali 0 4 8 12
Jit 56.46 + 3.61ABax 63.55 + 3.63ABax 70.02 + 1.74Aax 49.14 + 7.84Bax
Tombul
. Naylon 56.46 + 3.61 ABax 68.95 + 6.82Aax 57.97 +10.88Abx 54.00 + 3.53Bax
L*-i¢
Jiat 57.38 £7.29Ax 49.38 + 4.40Ay 63.3 + 3.67Ax 60.61 + 14.00Ax
Karafindik
Naylon 57.38 £ 7.29Ax 51.89 £ 7.75Ay 51.43 + 5.22Ax 58.27 + 2.05Ax
Jit 5.70 + 0.80ABx 4.09 + 0.20ABx 3.61 +0.59Bx 11.03 + 1.19Ax
Tombul
Naylon 5.70 + 0.80ABx 3.40 + 1.90Bx 7.78 £ 3.57Ax 10.18 + 0.59Ax
a*-i¢
Jiit 7.52 + 1.38Ax 5.77 £ 2.72Ax 7.42 + 3.09Ax 7.46 + 4.00Ax
Karafindik
Naylon 7.52 £ 1.38Ax 7.19 + 2.00Ay 8.60 + 1.59Ax 9.58 + 0.93Ax
Jiit 23.69 + 2.14Ax 21.22 + 1.26Ax 24.17 £ 0.81Ax 21.18 + 7.09Ax
Tombul
Naylon 23.69 + 2.14Ax 22.56 + 0.87Ax 19.73 + 4.75Ax 26.67 £ 1.59Ax
b*-i¢
Jiit 24.54 + 4.09Ax 13.98 + 3.38By 24.57 £ 1.34Ax 21.85 £ 3.70ABx
Karafindik
Naylon 24.54 + 4.09Ax 16.90 + 6.02Ax 17.75 + 5.71Ax 26.24 £ 2.26Ax
Jiit 24.36 £ 2.21Ax 21.61 + 1.27Ax 24.44 + 0.89Ax 23.98 + 6.66Ax
Tombul
Naylon 24.36 £ 2.21Ax 22.86 + 1.17Ax 21.59 + 3.32Ax 28.56 + 1.40Ax
C-ig
Jiat 25.70 + 4.00Aax 15.33 £ 3.11Bay 25.77 £ 1.77 Aax 23.31 + 3.76ABax
Karafindik
Naylon 25.7 + 4.00Aax 18.74 + 4.44Aax 20.01 + 4.28Abx 27.95 £ 2.12Aax
Jut 76.49 +1.43 79.08 £ 0.20 81.54+ 1.11 61.11+£7.10
Tombul
Naylon 76.49 +1.43 81.57 +4.29 67.23 +12.87 69.07 £ 1.91
h-i¢
Jut 72.74 + 3.60 67.00 +10.78 73.40 + 6.42 71.34 £ 10.16
Karafindik
Naylon 72.74 + 3.60 64.53 +15.37 62.33 +12.72 69.87 + 2.54
Jiit 66.11 + 0.28Cax 68.92 + 0.56Bax 72.09 + 1.46Aax 63.17 + 1.20Dax
Tombul
Naylon 66.11 + 0.28Bax 69.10 + 0.39Aax 71.58 + 0.92Aax 65.46 + 0.61Bbx
L*-un
Jiit 56.07 = 0.30Cay 62.85 + 0.67Bay 68.04 * 0.64Aay 61.95 + 0.18Bax
Karafindik
Naylon 56.07 + 0.30Day 62.74 + 0.34Cay 67.52 = 0.79Aay 65.57 + 0.60Bbx
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Jiat 7.79 £ 0.20Ax 5.22 +£0.55Cx 4.70 + 0.40Cx 7.32 £ 0.38Bx
Tombul
Naylon 7.79 £ 0.20Ax 4.77 + 0.80Bx 5.01 £ 0.55Bx 7.62 £ 0.13Ax
a*-un
Jit 9.14 + 0.39Ay 6.33 + 0.51BCx 5.74 £ 0.93Cx 7.19 £ 0.29Bx
Karafindik
Naylon 9.14 + 0.39Ay 7.08 + 0.52By 6.43 + 0.40By 7.15 + 0.30Bx
Jiit 28.03 + 0.47Aax 26.2 + 0.52Bax 24.48 +1.20Cax 26.1 + 0.65Bax
Tombul
Naylon 28.03 + 0.47Aax 25.18 + 0.67Bbx 24.73 £ 0.15Bax 27.51 + 0.66Abx
b*-un
Jit 25.18 £ 0.78 Aay 24.55 + 0.46Aay 24.97 £ 0.85Aax 24.21 + 0.23Aay
Karafindik
Naylon 25.18 £ 0.78Bay 25.56 + 0.48ABax  25.40 + 0.37ABax 26.69 + 0.80Abx
Jiit 29.09 + 0.50Aax 26.71 £ 0.62Bax 24.93 +1.22Cax 27.11 £ 0.52Bax
Tombul
Naylon 29.09 + 0.50Aax 25.64 + 0.81Bax 25.23 £ 0.26Bax 28.55 + 0.67Abx
C-un
Jiit 26.79 £ 0.85Aay 25.36 + 0.57Aay 25.63 + 1.04Aax 25.26 + 0.29Aay
Karafindik
Naylon 26.79 £ 0.85Bay 26.52 + 0.60Bax 26.21 + 0.46Bax 27.63 + 0.84Abx
Jiit 74.48 + 0.14Bx 78.75 £ 0.93Ax 79.04 + 0.81Ax 74.33 + 1.16Bx
Tombul
Naylon 74.48 + 0.14Bx 79.32 + 1.46Ax 78.57 + 1.16Ax 74.51 £ 0.17Bx
h-un
Jiat 70.07 £ 0.38Day 75.56 + 0.86Bay 77.10 £ 1.61Aax 73.47 + 0.55Cax
Karafindik
Naylon 70.07 + 0.38Bay 74.53 £ 0.81Aay 75.81 £ 0.66Aay 75.00 + 0.30Abx
Jut 60.49 + 2.80 44.54 +0.68 45.29 + 3.59 70.94 +12.36
Tombul
Kahverengi- lesme Naylon 60.49 + 2.80 43.2149.70 5116 + 351 80.12 + 2.56
Indeksi (i) Jiit 64.30 + 7.61 41.18 +5.81 57.03 +8.03 56.14 + 19.62
Karafindik
Naylon 64.30 £ 7.61 48.63 + 6.69 53.72+8.55 70.51 + 4.06
Jiit 62.59 + 1.05Ax 52.38 +2.18Cx 45.44 + 1.94Bx 60.66 + 0.23Ax
Tombul
Kahverengi- lesme Naylon 6250+ 1L.05Ax  4943%203Bx 4670+ 1.62Bx  61.87 + 148Ax
Indeksi (un) Jiit 7023 +3.02Aay 5591+ 162Bay  51.02+3.30Cay  57.11+0.84Bay
Karafindik
Naylon 70.23 + 3.02Aay 59.5 + 1.59Bby 53.27 +2.07Cay 59.16 + 2.33Bax
Jit 19.6 + 4.07Ax 22.41 + 3.18Ax 28.57 £ 0.97Ax 10.06 + 5.73Ax
Tombul
Naylon 19.6 + 4.07Ax 29.72 + 7.86Ax 16.47 £ 11.31Ax 17.89 + 4.30Ax
AE (i¢)
Jiat 14.03 + 8.01ABax 6.72 + 2.88Bay 22.27 £ 5.29Aax 21.21 + 14.00ABax
Karafindik
Naylon 14.03 + 8.01ABax 11.36 + 6.55Bay 8.26 + 5.06Bbx 20.23 + 4.10Aax
Jit 13.75 + 0.43Aax 12.52 + 0.57Aax 11.92 + 1.91Aax 14.38 + 1.10Aax
Tombul
Naylon 13.75 + 0.43Aax 11.47 + 0.56Bax 11.10 + 0.68Bax 12.60 + 0.06ABbx
AE (un)
Jiit 15.24 + 0.75Aay 11.97 + 0.93Bax 12.84 + 1.30ABax 10.50 + 1.06Bay
Karafindik
Naylon 15.24 + 0.75Aay 12.87 £ 0.52Bay 13.30 + 1.42ABax 12.45 + 0.96Bbx

Veriler ortalama + standart sapma olarak sunulmustur. Ayni satirda farkli biiyiik harflerle (A-D) isaret-
lenmis ortalamalar arasinda istatistiksel olarak fark vardir (P<0.05). Ayni siitun, parametre ve gesitte
farkli kiigiik harfle (a-b) isaretlenmis ortalamalar arasinda istatistiksel olarak fark vardir (P<0.05). Ayni
stitun, parametre ve farkl gesitte farkli x, y sembolleri ile isaretlenmis ortalamalar arasinda istatistiksel

olarak fark vardir(P<0.05)
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Depolama Siiresi (ay)

Kabukls

Kavrulmaug i

Sekil 4. Depolanan findiklarin kabuk, natiirel i¢, natiirel un, kavrulmus i¢ ve
kavrulmus unlarina ait renk skalasi

Figure 4. Color scale of the shell, natural kernel, natural flour, roasted kernel and
roasted flours of stored hazelnuts
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3.4. Farkli Ambalaj Materyalleriyle Depolanan Findiklarin Aflatoksin
Diizeyleri

Findigin depolanmasi ve pazarlanmasindaki en 6nemli mikrobiyolojik prob-
lem Aspergillus tirii kiifler tarafindan sentezlenen ikincil metabolitler olan
aflatoksindir (Keskin ve Giirsoy, 2019). Findigin aflatoksin olusturan kiiflerle kon-
taminasyonu ve sonrasinda aflatoksin olusumu; bah¢ede meyve gelisimi siiresince,
hasatta 6zellikle de toprakla temas halinde, kurutma, depolama, nakliye ve isleme
agamalarinda gerceklesebilmektedir (Kabak, 2016; Karaosmanoglu 2022a). Afla-
toksinin insanlarda mutajenik, kanserojen, akut karaciger hasari, karaciger sirozu,
tiimor inditksiyonu ve teratojenik etkilerle iligkili oldugu bildirilmistir ve bu ne-
denle bir¢ok iilke gida tiriinlerine aflatoksin limitleri koymustur (Keskin ve Giir-
soy, 2019; Sengiil, 2016).

Calisma sonuglarimiza gore her iki ambalaj malzemesiyle muhafaza edilen
findiklarda da aflatoksin olusumu tespit edilmemistir. Toprak kaynakli mikroor-
ganizmalar olan Aspergillus tirii kiiflerin yetistirme esnasinda findiga kontamine
olmasi kaginilmazdir. Ancak daha sonraki asamalarda uygun nem ve sicakliga
sahip ortamlarda aflatoksin sentezi gergeklesebilmektedir. Sonug olarak ¢alismada-
ki ortam sartlarinda (Sekil 2) her iki ambalaj malzemesininde icerisinde aflatoksin
olusumunu engelleyecek diizeyde hava ve 1s1 transferini sagladig1 soylenebilir.

4. SONUC

Bu ¢aligma jiit ve naylon malzemeden yapilmis ambalajlarda depolamanin Tom-
bul ve Karafindik ¢esitlerinin fiziksel ve renk 6zellikleri ile aflatoksin diizeylerine
etkisinin belirlendigi ilk arastirmadir. Caligma sonuglarina gore naylon ambalajin
saglam i¢ oranim diigiirdiigli, kusurlu i¢ ve beyazlama oranini ise arttirdigi tespit
edilmistir. Naylon ambalaj 6zellikle kavrulmus unlarin L* (parlakligini), sarilik (b*)
ve doygunlugunu arttirmis ancak olusan renk farkliliklar: duyusal olarak renk ska-
lasina ¢ok dikkat cekecek diizeyde yansimamistir. Depolama siiresinin meyve ve i¢
boyutlarini genellikle etkilemedigi, zamanin ilerlemesiyle saglam i¢ oraninin diis-
tiigii, kusurlu i¢ orani ve beyazlamanin arttig, renk degisiminin ise duyusal olarak
algilanamayacak diizeyde oldugu goézlenmistir. Depolama siiresince hicbir 6rnekte
aflatoksin olusumu tespit edilmemistir. Ancak aflatoksin sentezi iizerinde ortam
kogullarmin da etkili oldugu unutulmamalidir. Sonug olarak incelenen parametre-
ler agisindan beyazlama oranini diigiirmesine ragmen 6zellikle kusurlu i¢ miktarini
arttirmamasi nedeniyle jiit guvalin kullaniminin faydali olacag: s6ylenebilir.
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Tesekkir

Findik orneklerinin temini ve deponun tahsisi i¢in Yasemin ve Abdullah
KARAOSMANOGLU’na tegekkiir ederim.

Cikar Catismasi
Yazarlar herhangi bir ¢ikar catigmasi olmadigini beyan eder.
Etik

Bu ¢aligma etik kurul onay1 gerektirmez.
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iSPIR KURU FASULYE (PHASEOLUS vULGARIS L.) HATLARININ
TANE KALITE OZELLIKLERI YONUNDEN KARARKTERIZASYONU

0z

Bu arastirma, {istiin tane kalite 6zelliklerine sahip Ispir kuru fasulye hatlari-
nin belirlenmesi amaciyla yiiriitiilmiistiir. On bes Ispir kuru fasulye hatt1 tescilli
iki ¢esit (Elkoca-05 ve Aras-98) ile birlikte Erzurum tarla kosullarinda tesadiif
bloklar1 deneme desenine gore denemeye alinmis ve elde edilen tohumlarin gesitli
kalite 6zellikleri (kuru agirlik, yas agirlik, su alma kapasitesi, su alma indeksi,
kuru hacim, yas hacim, sisme kapasitesi, sisme indeksi ve protein orant) incelen-
mistir. Sisme indeksi hari¢ incelenen diger 6zellikler yoniinden genotipler arasin-
da 6nemli bir varyasyon oldugu belirlenmistir. Ispir kuru fasulye hatlari, sisme
indeksi ve protein igerigi harig, incelenen tiim 6zelliklerde standart ¢esitlere gore
daha yiiksek degerlere sahip olmustur. Su alma kapasitesi, su alma indeksi ve sis-
me kapasitesinin tohum agirlig1 ve hacmi ile pozitif yonde dnemli dlgiide iliskili
oldugu belirlenmistir. Ayrica, dnemsiz olmakla birlikte, incelenen tiim 6zellikler
protein icerigi ile negatif iligkili bulunmustur. Temel bilesen analizinde, kuru agir-
lik, yas agirlik, su alma kapasitesi, kuru hacim, 1slak hacim ve sisme kapasitesinin
onemli yiike sahip oldugu PC1 ekseni toplam varyasyonun %76.3’iinii; sisme in-
deksi ve protein oraninin 6nemli yiike sahip oldugu PC2 ekseni ise toplam var-
yasyonun %10.5’ini agiklamigtir. Kiimeleme analizi ise genotiplerin dort grupta
kiimelendigini gostermistir. Kiimeleme analizinde yiiksek tane kalite 6zellikleri
ile 6n plana ¢ikan ikinci gruptaki bes ispir fasulye hattinin (kayit no 4, 16, 17, 19
ve 67), yliksek tane kalitesine sahip gesitlerin gelistirilmesinde dogrudan kulla-
nilabilecegi gibi tane kalitesini iyilestirmeye yonelik 1slah ¢alismalarinda da bu
genotiplerden yararlanilabilecegi sonucuna varilmistir.

Anahtar kelimeler: Fasulye, Tane Kalite Ozellikleri, Karakterizasyon, Temel
Bilesen Analizi, Kiimeleme Analizi.

ek

CHARACTERIZATION OF ISPIR DRY BEAN (PHASEOLUS VULGARIS L.)
LINES FOR SEED QUALITY TRAITS

ABSTRACT

The objective of this investigation was to select candidate lines of Ispir dry bean
having high seed quality traits. The fifteen Ispir dry bean lines were tested with two
check cultivars (Elkoca-05 and Aras-98) in Erzurum field conditions in a randomi-
zed block design and their seeds were analyzed for their quality traits (dry weight,
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wet weight, water absorption capacity, water absorption index, dry volume, wet
volume, swelling capacity, swelling index and protein content). Except for swel-
ling index, there was a considerable variation in the quality traits tested within the
genotypes. Ispir dry bean lines had higher values than standard cultivars in all tra-
its studied, except swelling index and protein content. Water absorption capacity,
water absorption index and swelling capacity were significantly correlated with
weight and volume of the seed. Although insignificant, it was determined that all
the traits examined were negatively correlated with the protein content. In prin-
cipal components analysis (PCA), the dry weight, wet weight, water absorption
capacity, dry volume, wet volume and swelling capacity on PC1 explained 76.3%
of total variation, and swelling index and protein content on PC2 explained 10.5
% of total variation. Cluster analysis indicated that the genotypes were clustered
in four groups. It has been concluded that the five Ispir bean lines (registration
number 4, 16, 17, 19 and 67) in the second group, which stand out with their high
grain quality characteristics, can be used directly in the development of varieties
with high grain quality, and these genotypes can also be used in breeding studies
to improve grain quality.

Keywords: Common Bean, Seed Quality Traits, Characterization, Principal
Component Analysis, Cluster Analysis.

e e
1. GIRIS

Kuru tanelerinde % 16-30 arasinda protein igeren fasulye (Phaseolus vulgaris
L.), énemli bir besin kaynagidir (Saba ve ark., 2016). Tahillardan 6nemli seviyede
yiiksek protein icermesi yaninda, basta lisin olmak tizere, esansiyel amino asitler
bakimindan da tahil taneleri i¢in ¢ok iyi bir tamamlayici protein kaynagidir (Per-
la ve ark., 2003; Teshome ve Emire, 2012). Bu nedenle, gelir seviyesi az oldugu
i¢in gogunlukla protein orani diisiik tahillarla beslenen gelismekte olan tilkelerde,
protein agiginin kapatilmasinda 6nemli bir alternatif olusturmaktadir (Moraghan
ve Grafton, 2001; Teshome ve Emire, 2012). Kuru fasulye ayrica yiiksek miktar-
da karbonhidrat, vitamin (6zellikle A ve B vitaminleri) ve mineral maddeler ile
insan saghg: tizerinde ¢ok olumlu etkilere sahip olan diyetsel lif igerir (Kutos ve
ark., 2003; Perla ve ark., 2003; Costa ve ark., 2006; Anton ve ark., 2008; Saha ve
ark., 2009; Pinheiro ve ark., 2010; Gouveia ve ark., 2014). Fasulye biitiin bu istiin
ozellikleri nedeniyle yetersiz beslenmeyi azaltmaya yardimci olabilecek gidalarin
baginda gelmekte ve mitkemmel bir besin olarak kabul edilmektedir (Shimelis ve
Rakshit, 2005; Saba ve ark., 2016; Ferreira ve ark., 2017).

Fasulye tiiketiminin, kandaki kolesterol seviyesini diisiirdiigii (Anderson ve
Gustafson, 1988) ve buna bagli olarak koroner kalp hastalig1 riskini azalttig1 (Me-
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notti ve ark., 1999); basta bagirsak olmak tizere, cesitli kanser tiirlerine (Mathres,
2002; Hangen ve Bennink, 2002), obeziteye ve seker hastaligina karsi korudugu
bildirilmektedir (Geil ve Anderson, 1994: Hayat ve ark., 2014). Gelismis tilkelerde
titketicilerin saglikli beslenme konusundaki biling seviyesinin giderek yiikselmesi
(Piergiovanni ve ark., 2000) ve yapilan aragtirmalarla fasulyenin beslenme ve sag-
lik tizerindeki olumlu etkilerinin ortaya konulmas, fasulyeyi daha ¢ok az gelismis
ya da gelismekte olan tilkelerin besini olmaktan ¢ikartmis, gelismis iilkelerde de
iretim ve tiiketiminin 6nemli seviyede artmasini saglamistir (Kaur ve ark., 2009).
Nitekim giiniimiizde kuru fasulye, diinyada en ¢ok ekilen (35.9 milyon ha) ve
iretilen (27.7 milyon ton) yemeklik baklagil tiiradiir (Anonim, 2021). Tiirkiyede
ise 107.7 bin ha ekim alani ve 305 bin ton tiretim ile (Anonim, 2021) iilkemiz
insanlarinin beslenmesinde ¢ok 6nemli bir yere sahiptir.

Ulkemizin ekolojik kosullar yoniinden énemli bir gesitlige sahip olmasi, fasulye
tizerinde etkili olmus ve ¢ok sayida yerel genotip/ekotipin ortaya ¢ikmasini sagla-
mustir (Soydas ve ark., 2021). Degerlendirilmesi gereken ok 6nemli birer kaynak
niteliginde olan bu yerel fasulye genotipleri, ytiksek kalite ve besin degeri ile bulun-
dugu yerel kosullara adaptasyon ve diisiik girdi gereksinimi gibi ¢ok 6nemli avan-
tajlara sahiptirler (Arvanitoyannis ve ark., 2007; Mavromatis ve ark., 2010). Ayrica,
lezzetli olmalar1 ve yiiksek pigsme kalitesi yoniiyle de tercih edilmektedirler (Yeken
ve ark., 2019). Kuru ve yas tohum agirlig, su alma kapasitesi, su alma indeksi, sigme
kapasitesi, sisgme indeksi, kuru ve 1slak hacim, pisme siiresi ve protein orani tane-
nin kalite 6zelliklerini ifade etmektedir (Shimelis ve Rakshit, 2005; Anton ve ark.,
2008; Gathu ve Njage, 2012; Ferreira ve ark., 2017). Yerel fasulye genotiplerinin tane
verimine ilaveten bu ozellikler yoniinden de arastirilmasi, yiiksek verimli ve ayni
zamanda mutfak kalitesi yiiksek olan ¢esitlerin gelistirilmesine yonelik 1slah calis-
malari i¢in biiytik 6nem tagimaktadir (Saha ve ark., 2009; Yeken ve ark., 2019).

Kuru fasulyede tane iriligi ve sekli, su emme, yumusak doku ve ince kabuk gibi
ozellikler ile pisme kalitesi tiiketici tercihleri {izerinde 6nemli rol oynamakta ve
fasulyenin ticari degerini artirmaktadir (Gonzalez ve ark., 2006; Mkanda ve ark.,
2007; Gathu ve Njage, 2012). Beyaz, iri taneli ve seker fasulyesi tipindeki yar1 sa-
rilici yerel Ispir fasulye popiilasyonu yiiksek miktarda su alarak sismesi, kabugun
taneden ayrilmamasi, kisa siirede pismesi ve lezzetli olmas: nedeniyle tiiketiciler
tarafindan “Ispir fasulyesi” olarak taninmakta ve oldukca ragbet gormektedir (Oz-
turk ve ark., 2009; Topcu ve ark., 2010; Sakiroglu ve ark., 2013).

Yapilan 6nceki calismalarda Ispir fasulye popiilasyonu icerisinden tek bitki
seleksiyonu yontemiyle saf hatlar elde edilmis ve bunlarin morfolojik karakteri-
zasyonu, tarimsal ozellikleri ve seleksiyonu iizerine bir seri arastirma yiiriitiilerek
timitvar hatlar belirlenmistir (Aydogan ve ark., 2020; Biyikli ve ark., 2021). Ancak,
bugiine kadar bu ¢ok degerli fasulye popiilasyonunda tane kalite parametreleri-
nin belirlenmesine yonelik kapsamli bir arastirma yiiriitiilmemistir. Dolayisiyla bu

https://doi.org/10.7161/omuanajas. 269278 d



ispir Kuru Fasulye (Phaseolus Vulgaris L) Hatlarinin Tane ...

calisma, baz1 kalite parametreleri ve teknolojik ozellikler bakimindan ileri Ispir
fasulye hatlar1 arasindaki varyasyonu belirlemek ve bu varyasyondan yararlanarak
yiiksek tane kalitesine sahip ¢esitlerin gelistirilmesine yonelik ¢alismalar i¢in ma-
teryal temin etmek amaciyla yiiratillmustiir.

2. MATERYAL VE YONTEM

2.1. Arastirmada Kullanilan Fasulye Genotipleri

Erzurum’un Ispir ilgesindeki kéyler hasat zamani ziyaret edilerek tek bitki se-
leksiyonu yontemiyle 40 hat elde edilmis ve yapilan 6n verim ¢aligmasinda bu hat-
lardan 15 tanesi iistiin bulunmugtur (Biyikli ve ark., 2021). Umitvar bulunan bu 15
ileri Ispir fasulye hatti ile Dogu Anadolu Bélgesi ve Erzurum ekolojik kosullarina
uygunlugu yoniiyle tescil almus olan iki gesit (Elkoca-05 ve Aras-98) bu ¢alismanin
materyalini olusturmugtur (Cizelge 1).

Cizelge 1. Arastirmada kullanilan Ispir fasulye hatlar1 ve tescilli gesitler

Table 1. [spir bean lines and registered cultivars used in the research

Lokasyon
Saf Hat No Temin Edildigi Yer l;r::gei ?:;f Enlem Boylam R(all;l)m
3,4,6,10,16,17,19 C)ztoprak Koyt Beyaz Seker 40.518 41.052 1431
32,33,35 Yesilyurt Koyii Beyaz Seker 40.518 41.069 1549
39,40 Maden Kéyi Beyaz Seker 40.435 40.851 1226
67,69 Maden Kopriibas: Beldesi Akbag Mah. Beyaz Seker 40.434 40.819 1286
49 Elmali Beldesi Agildere Koyt Beyaz Seker 40.401 40.834 1470
Tescilli Cesitler Islah¢1 Kurulus
Aras-98 Dogu Anadolu Tarimsal Aragtirma Beyaz Horoz

Enstitiisit Midirliigii/Erzurum

Atatiirk Universitesi Ziraat Fakiiltesi
Flkoca-05 Tarla Bitkileri Bolimii/Erzurum Beyaz Horoz

2.2. Deneme Alaninin Toprak Ozellikleri

Arastirmada kullandigimiz fasulye genotipleri Atatiirk Universitesine ait de-
neme alaninda tretilmistir. Az kirecli (% 0.38), hafif alkali (pH 7.26) ve killi-tinlt
yapida olan deneme alaninin tuz igerigi oldukga diisiik (0.12 mmhos cm™) ve or-
ganik madde miktar: ise azdir (% 1.75). Deneme alaninin azot igerigi diisiik (2.6
kg da), fosfor igerigi orta (5.9 kg da), potasyum igerigi ise yiiksek (106.9 kg da™')
seviyededir (Aydin ve Sezen, 1995).
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2.3. Tarla Calismalan

Tarla ¢aligmalar: Tesadiif Bloklar: Deneme Desenine gore 3 tekrarlamali olarak
kurulmus ve yiiriitiilmistiir. Elle 18 Mayis'ta yapilan ekimde, ekim derinligi 5-6 cm
olacak sekilde ayarlanmistir. Sira arasinin 50 cm, sira {izerinin ise 6-7 cm olarak
ayarlandig: parsellerde, 4 m uzunlugunda 4 sira yer almis ve metrekareye yaklasik
32 adet tohum ekilmistir. Deneme alanina ekimden hemen énce 4 kg N da™! ve 6 kg
PO, da'hesabiyla % 21’lik amonyum siilfat ve % 45’lik triple stiperfosfat giibreleri
uygulanmistir (Anonim, 2001). Deneme alani ihtiya¢ duyulduk¢a salma sulama
yontemi ile sulanmis ve yabanci ot miicadelesi ¢apa ile yapilmistir. Hasattan sonra
bitkiler seraya tasinmis ve 3-4 giin kurutulduktan sonra harman edilmistir.

2.4. Laboratuvar Calismalari Ve Verilerin Elde Edilisi

Laboratuvar ¢aligmasinda, Tohumluk Tescil ve Sertifikasyon Merkezi Midiir-
liigi'niin Tarimsal Degerleri Olgme Denemeleri Teknik Talimatina gére (Anonim,
2001) agagidaki ozellikler belirlenmistir:

2.4.1. Kuru Adirlik (g)

Her parselden elde edilen {iriinden 100 adet tohum sayilip tartilmis ve bu kuru
agirhik olarak kaydedilmistir.

2.4.2.Yas Agirlik (g)
Kuru agirlig1 belirlenmis olan 100 adet tohum 500 mI'lik erlenmayerde 16 saat

stireyle oda sicakliginda saf su igerisinde bekletilmistir. Erlenmayer icerisinden
¢ikarilan tohumlar iyice kurulandiktan sonra tartilmis ve yas agirlik belirlenmistir.

2.4.3. Su Alma Kapasitesi (g tane-1)

Esitlik 1ve 2 araciligi ile hesaplanmaigtir:
Sismeyen tohum var ise; Su alma kapasitesi (g tane™)=Y- [X-(X/100)*N2)]/(N1-N2) (1)

Y= sismeyen taneler ayrildiktan sonraki yas agirlik, X= kuru agirlik, N1= orijinal
tohum sayis1 (100), N2= sert (su gekmeyen) tohum saysi

Sismeyen tohum yok ise; Su alma kapasitesi (g tane™)= (Y-X) / 100 (2)
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2.4.4. Su Alma indeksi
Su alma indeksi (g tane!)/(kuru agirlik/100) formiilii kullanilarak hesaplanmugti. ~ (3)
2.4.5. Net Kuru Hacim (ml)

Dereceli silindire konulan 100 adet tohum {izerine 50 ml su ilave edilmis ve
toplam kuru hacim belirlenmistir. Toplam kuru hacimden eklenen suyun hacmi
(50 ml) gikarilmis ve elde edilen deger net kuru hacim olarak kaydedilmistir.

2.4.6. Net Yas Hacim (ml)

Kuru hacmi belirlenmis olan 100 adet tohum saf su icerisinde 16 saat siireyle
oda sicakliginda bekletilmistir. Siire sonunda su bogaltilmis ve tohumlar kurutma
kagidi ile iyice kurulandiktan sonra dereceli silindire alinmis ve iizerine 100 ml su
ilave edilerek sonug toplam yas hacim olarak kaydedilmistir. Daha sonra toplam yas
hacimden eklenen suyun hacmi (100 ml) ¢ikarilarak net yas hacim belirlenmistir.

2.4.7. Sisme Kapasitesi (ml tane-1)
Esitlik 4 ve 5 aracilig ile hesaplanmugtir:
Sismeyen tohum var ise; Sisme kapasitesi (ml tane™)= Y- [X-(X/100)*N2)] / (N1-N2) (4)

Y= net yas hacim, X= net kuru hacim, N1= orijinal tohum sayis1 (100),
N2= sert (su ¢gekmeyen) tohum sayisi

Sismeyen tohum yok ise; Sisme kapasitesi (g tane™)= (Y-X) / 100 (5)

2.4.8. Sisme indeksi

(Net yas hacim)/(Net kuru hacim) esitligi ile belirlenmistir. (6)

2.4.9.Tane Protein Orani (%)

Ogiitiilmiis tohumlardan 0.3 g numune alinarak Kjeldahl yontemi ile % azot
belirlenmistir. Elde edilen degerler 6.25 ile ¢arpilarak ham protein orani belirlen-

mistir (Kacar ve Inal, 2008).

2.5. Verilerin Analizi

Verilerin analizinde MSTATC istatistik programi kullanilmigtir. Onemli ¢ikan
ortalamalar arasindaki farklar ise Duncan ¢oklu kargilagtirma testi ile % 5 ihtimal
seviyesinde kontrol edilmistir. Temel bilesen ve kiimeleme (cluster) analizleri i¢in
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SPSS paket programi kullanilmigtir. Kiimeleme analizinde Ward’s yontemi esas
alinmigtir (Ward, 1963).

3. BULGULAR VE TARTISMA

Varyans analizi sonuglari, sisme indeksi harig, incelenen parametreler baki-
mindan genotipler arasinda 6nemli farkliliklarin oldugunu gostermistir (Cizelge 2).

3.1Kuru Agirlik

Kuru fasulyede tane iriligi 6nemli bir verim unsuru olmasi yaninda, iri tane-
li gesitler ozellikle iilkemizde tiiketiciler tarafindan daha ¢ok tercih edilmektedir
(Mavromatis ve ark., 2012; Caligkan ve ark., 2018). Bu nedenle kaliteyi artirma-
ya yonelik 1slah ¢alismalarinda, tane iriligi 6nemli bir parametre olarak dikkate
alinmaktadir (Saba ve ark., 2016). Aras-98 ve Elkoca-05’te sirasiyla 42.7 g ve 48.9
g olan kuru agirlik degerleri, Ispir fasulye hatlarinda 51.0 g (kayit no 40) ile 59.2 g
(kayit no 4) arasinda gok énemli bir varyasyon gostermistir (Cizelge 2). Biri harig
(kayit no 40), Ispir fasulye hatlarinin tamamu tescilli esitlerden 6nemli seviyede
yiiksek kuru agirlik degerlerine sahip olmustur. Diger taraftan 4, 17, 19 ve 67 nolu
hatlar ise diger biitiin Ispir fasulye hatlarindan énemli seviyede yiiksek (58.3-59.2
g) kuru agilik degerleri ile oldukga dikkat ¢ekici bulunmuslardir (Cizelge 2). Fa-
sulyede tane iriligi yitksek bir kalitim derecesine sahip olup (Blair ve ark., 2009),
yapilan diger ¢aligmalarda da tane iriligi bakimindan fasulye genotipleri arasinda
6nemli varyasyonlarin bulundugu rapor edilmektedir (Elkoca ve Cinar, 2015; Bo-
ros ve Wawer, 2018; Sozen ve Karadavut, 2020)

3.2.Yas Agirlik

Arastirmamizda yas agirhgm kuru agirlikla pozitif yonde ¢ok 6nemli (r=
0.99**) iliski i¢erisinde oldugu belirlemistir (Cizelge 3). Ayni iliskinin varlig1 diger
aragtiricilar tarafindan da rapor edilmistir (Sofi ve ark., 2014; Saba ve ark., 2016;
Caliskan ve ark., 2018). Yas agirlikta da en disiik degerler Aras-98 ve Elkoca-05
gesitlerinde (sirasiyla, 88.0 ve 101.6 g) saptanmuistir (Cizelge 2). Yas agirlik degeri
Ispir fasulye hatlarinda ise 107.8 g (kayit no 40) ile 126.8 g (kayit no 4) arasinda
olmak iizere genis bir aralikta degisim gostermistir. Hatlardan 40 nolu olan harig,
Ispir fasulye hatlarinin yas agirhiklar: tescilli gesitlerden énemli seviyede yiiksek
bulunmustur. Ispir fasulye hatlar1 arasinda ise 4, 17, 19 ve 67 nolu hatlar 6n pla-
na ¢ikmis ve bu hatlarin yas agirlik degerleri (125.1-126.8 g) diger hatlarin tama-
mindan 6nemli seyide yiiksek olmugtur (Cizelge 2). Benzer sekilde, fasulyede yas
agirlik degerlerinin 29.8-167.8 g (Sofi ve ark., 2014), 24.2-163.0 g (Saba ve ark.,
2016), 37.0-129.2 g (Yeken ve ark., 2019) ve 43.6-90.5 g (Sozen ve Karadavut, 2020)
arasinda olmak {izere, genotiplere gore dnemli degisim gosterdigi rapor edilmistir.
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3.3. Su Alma Kapasitesi

Su alma kapasitesi, tohumlarin islatildiginda suyu ne 6lgiide emdiginin bir gos-
tergesi olup, yiiksek su alma kapasitesine sahip genotipler daha gegirgen tohum
kabugu ve daha yumusak kotiledonlara sahiptirler (Ozer ve ark., 2010). Kuru bak-
lagillerde pisirmeden 6nce suda bekletme, tanelerin su alarak sismesini saglamakta
ve bu durum pisme esnasinda daha iyi bir 1s1 transferine imkan saglayarak pigme
stiresini kisaltmaktadir (Wang ve ark., 2003). Fasulyede de yumusakligin ve yiiksek
gegirgenligin ok onemli gostergesi olan yiiksek su alma kapasitesi, pisirme siire-
sini kisaltarak, pisirme kalitesini artirmaktadir (Shimelis ve Rakshit, 2005; Kinaci
ve ark., 2008). Bu nedenle kuru fasulyede su alma kapasitesinin yiiksek olmasi arzu
edilmekte, gerek tiiketiciler ve gerekse isleme tesisleri yiiksek su alma kapasitesine
sahip kisa stirede pisen kuru fasulye gesitlerini tercih etmektedirler (Shimelis ve
Rakshit, 2005; Shimelis, 2006).

Aragtirmamizda en diigitk su alma kapasitesine Aras-98 (0.453 g tane™) ve El-
koca-05 (0.527 g tane) gesitleri sahip olmustur. Ispir fasulye hatlarinda ise su alma
kapasitesi 0.567 g tane™ (kayit no 40) ile 0.676 g tane! (kayit no 4) arasinda dnemli
bir degisim gostermistir (Cizelge 2). Ispir fasulye hatlarinin tamami Aras-98'den; 6
ve 40 nolu hatlar hari¢ digerleri ise Elkoca-05den 6nemli seviyede yiiksek su alma
kapasitesine sahip olmuglardur. Ispir fasulye hatlar1 birbiriyle kiyaslandiginda ise su
alma kapasitesi 0.667-0.676 g tane™ arasinda yer alan 5 hat (kayit no 4, 16, 17, 19,
67) ilk siralarda yer almistir (Cizelge 2). Diger arastirma sonuglar: dikkate alindi-
ginda, Ispir fasulye hatlarinin su alma kapasitesinin Hindistan (0.12-0.42 g tane™')
(Wani ve ark., 2017), Tunus (0.222-0.539 g tane') (Nciri ve ark., 2014), Etiyopya
(0.081 ile 0.194 g tane™') (Shimelis ve Rakshit, 2005), Polonya (0.180-0.567 g tane™)
ve Ukrayna (0.397-0.516 g tane) (Boros ve Wawer, 2018) fasulye genotipleri ile
tilkesel tescilli bazi fasulye cesitleri i¢in belirtilen degerlerden (0.344-0.493 g tane™)
(Sozen ve Karadavut, 2020) daha yiiksek oldugu saptanmistir.

Tanenin su alma kapasitesi tane iriligi ile de yakindan iliskilidir (Kinaci ve ark.,
2008; Ozaktan, 2021). Nitekim tane agirlig1 ve hacmi ile tanenin su alma kapasitesi
arasinda belirledigimiz yiiksek korelasyon katsayilari (r= 0.97-0.99**) da bu duru-
mu teyit etmistir (Cizelge 3). Aynu iliskinin varligi diger pek ¢ok arastirma sonu-
cunda da rapor edilmigstir (Kaur ve ark., 2009; Sofi ve ark., 2014; Saba ve ark., 2016).

3.4. Su Alma indeksi

Tanenin kuru agirligina oranla ne kadar su aldigini gésteren su alma indeksi,
kuru fasulyede pisme kalitesi iizerine etki eden énemli parametrelerden biri olup
(Mavromatis ve ark., 2012; Teshome ve Emire, 2012), su alma indeksi yiiksek olan
genotiplerin erken pistigi bildirilmektedir (Shimelis ve Rakshit, 2005; Boros ve
Wawer, 2018). Baklagillerde tane iriligi, tane hacmi ve kabuk kalinlig1 su alma in-
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deksini 6nemli 6lgiide etkilemektedir (Sefa-Dedah ve Stanley, 1979; Kaur ve ark.,
2009; Tripathi ve ark., 2012). Arastirmada hesapladigimiz korelasyon katsayila-
r1 da su alma indeksinin tane agirligi ve hacmi ile 6nemli iligki (r= 0.70-0.73**)
icerisinde oldugunu gostermistir (Cizelge 3).

Kullandigimiz genotiplerin tamaminda su alma indeksinin birden biiyiik oldu-
gu; diger bir ifadeyle genotiplerin tanelerine kuru agiliklarindan daha fazla mik-
tarda su aldiklar1 belirlenmistir (Cizelge 2). Arastirmamizda Aras-98 (1.061) ve
Elkoca-05 (1.078) gesitleri su alma indeksi yoniinden son sirada yer almiglardir. Su
alma indeksinin 1.079 (kayit no 6) ile 1.177 (kayit no 35) arasinda ¢ok onemli bir
degisim gosterdigi Ispir fasulye hatlarinda ise 35 ve 10 nolu hatlar yiiksek su alma
indeksi degerleri ile ilk sirada yer almiglardir (Cizelge 2). Coklu karsilastirma testi
sonuglari, 3 ispir fasulye hatt1 (kayit no 6, 32, 40) hari¢ digerlerinde su alma in-
deksinin standart ¢esitlerden 6nemli seviyede yiiksek oldugunu ortaya koymustur
(Cizelge 2). Yapilan diger calismalarda da fasulyede su alma indeksinin 0.48-0.93
(Wani ve ark., 2017), 0.78-1.25 (Saha ve ark., 2009), 0.47-0.52 (Nciri ve ark., 2014)
1.03-1.70 (Mavromatis ve ark., 2012) ve 0.97-1.18 (Boros ve Wawer, 2018) olmak
tizere genotipler arasinda 6nemli degisim gosterdigi bildirilmistir.

3.5. Kuru Hacim

Tescilli cesitlerde 33.3 ml (Aras-98) ve 39.0 ml (Elkoca-05) olan kuru hacim
degerleri, Ispir fasulye hatlarinda 39.3-47.0 ml arasinda énemli bir degisim goster-
mistir. Ispir fasulye hatlarindan dért tanesi (kayit no 4, 17, 19 ve 67) yiiksek kuru
hacim degerleri (45.7-47.0 ml) ile 6n siralarda yer almisladir. Coklu karsilastirma
testi sonucunda Ispir fasulye hatlarinin tamaminin Aras-98'den; 6 ve 40 nolu hatlar
harig diger hatlarin ise Elkoca-05den 6nemli seviyede yiiksek kuru hacim deger-
lerine sahip oldugu saptanmustir (Cizelge 2). Iri taneli genotiplerde kuru hacim
degerlerinin de yiiksek oldugu gozlenmis ve kuru agirlik ile kuru hacim arasinda
hesapladigimiz yiiksek korelasyon katsayisi da (r= 0.98**) bu durumu istatistiki
olarak dogrulamistir (Cizelge 3). Aynu iliskinin varligina vurgu yapan diger aras-
tiricilar da kuru hacim degerleri yoniinden fasulye genotipleri arasinda dnemli
varyasyonlarin bulundugunu rapor etmislerdir (Sehirali ve Atly, 1993; Caligkan ve
ark., 2018; Yeken ve ark., 2019).

3.6. Yag Hacim

En digitk yas hacim degerleri Aras-98 (79.7 ml) ve Elkoca-05 (96.0 ml)
cesitlerinde belirlenmistir (Cizelge 2). Ispir fasulye hatlarinin yas hacim degerleri
ise 95.3 ml (kayit no 40) ile 113.7 ml (kayit no 4) arasinda olmak {izere olduk¢a
genis bir varyasyon gostermistir. Kuru hacim gibi yas hacmin de kuru agirlikla
iligkisi pozitif yonde ve énemli (r= 0.99**) bulunmugstur (Cizelge 3). Bu duruma
bagl olarak, aynen kuru hacimde oldugu gibi, yas hacim degerleri yoniinden de
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4, 17, 19 ve 67 nolu hatlar (112.3-113.7 ml) ilk siralarda yer almug ve Ispir fasulye
hatlarinin tamami Aras-98den 6nemli seviyede yiliksek yas hacim degerlerine
sahip olmuslardir. Yas hacim degeri 95.3 ml ile 103.0 ml arasinda degisen 6, 33, 39,
40 ve 69 nolu hatlar ise Elkoca-05 ile ayn1 grup icerisinde yer alirken, geri kalan
hatlarin tamami Elkoca-05den 6nemli seviyede yiiksek yas hacim degerleri ile 6n
plana ¢ikmisladir (Cizelge 2). Bat1 Anadolu fasulye gen kaynaklar: izerinde ¢aligan
Yeken ve ark. (2019) da yas hacmin kuru agirlikla pozitif yonde 6nemli iligki icinde
oldugunu ve genotipler arasinda yas hacim degerleri yontinden 6énemli farklarin
bulundugunu saptamslardir.

3.7. Sisme Kapasitesi

Su alma kapasitesi gibi yumusakligin ve yiiksek gecirgenligin ¢ok 6nemli bir
diger gostergesi olan ve bu nedenle tanenin en onemli fiziksel kalite 6zelliklerin-
den biri olarak kabul edilen yiiksek sisme kapasitesi de fasulyede pisirme siiresini
kisaltarak pisme kalitesini artirmaktadir (Shimelis ve Rakshit, 2005; Kinaci ve ark.,
2008). Sigme kapasitesi tescilli gesitlerde 0.463 ml tane™ (Aras-98) ve 0.570 ml tane’
! (Elkoca-05) iken, Ispir fasulye hatlarinda 0.560-0.673 ml tane arasinda yer al-
mistir. Coklu kargilastirma testi sonuglari Ispir fasulye hatlarinin tamaminin Aras-
98den istatistiki olarak 6nemli seviyede yiiksek sisme kapasitesine sahip oldugunu
gostermistir. Sisme kapasitesi 0.560-0.620 ml arasinda yer alan 3, 6, 32, 33, 35, 39,
40, 49 ve 69 nolu hatlar ise Elkoca-05 ile ayn1 grup igerisinde yer alirken, geri ka-
lan hatlarin tamami Elkoca-05’ten 6nemli seviyede yiiksek sisme kapasitesine sahip
olmuglardir (Cizelge 2). Yapilan diger arastirmalarda da fasulyede sisme kapasi-
tesi degerlerinin genotiplere bagli olarak 0.30-0.56 ml tane™ (Wani ve ark., 2017),
0.21-0.50 ml tane! (Nciri ve ark., 2014), 0.165-0.493 ml tane (Ercan ve ark., 1994),
0.297-0.420 ml tane! (S6zen ve Karadavut, 2020) ve 0.17-0.80 ml tane! (Boros ve
Wawer, 2018) olmak {izere genis bir aralikta degistigi belirlenmistir. Ispir fasulye
hatlarinda belirledigimiz sisme kapasitesi degerlerinin, Boros ve Wawer (2018) ha-
ri¢, diger aragtiricilarin bildirdigi degerlerden daha yiiksek oldugu dikkati cekmistir.

Daha buytik kotiledon kiitlesine sahip tohumlar daha fazla su emmekte ve
daha fazla su emilimi ise daha fazla sismeye yol agmaktadir (Sofi ve ark., 2014). Bu
nedenle yemeklik baklagillerde sisme kapasitesi, hacim ve agirlik cinsinden tane
iriligi ile yakindan iligkilidir (Igbal ve ark., 2006). Nitekim bu ¢aligmada da kuru
agirlik, yas agirlik, kuru hacim ve yag hacim yontinden ilk siralarda yer alan 4,
17, 19 ve 67 nolu genotipler yiiksek sisme indeksi degerleri ile de oldukea dikkat
¢ekici bulunmuslardir. Korelasyon katsayilar: da sisme kapasitesinin tane agirlig
ve hacmi ile pozitif yonde ¢ok 6nemli (r= 0.97-0.99**) iliski icinde oldugunu gos-
termis (Cizelge 3), diger baz1 arastirmalarda da benzer iligkinin var oldugu rapor
edilmistir (Kaur ve ark., 2009; Tripathi ve ark., 2012).
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3.8. Sisme indeksi

Sisme indeksi tescilli gesitlerde 2.390 (Aras-98) - 2.457 (Elkoca-05), Ispir
fasulye hatlarinda ise 2.373 (kayit no 6) - 2.465 (kayit no 67) arasinda yer almis ve
fasulye genotipleri arasinda istatistiki anlamda 6nemli bir farkin olmadig: belir-
lenmistir (Cizelge 2). Kuru hacimleri ile kiyaslandiginda, genotiplerin yas hacim-
lerinde 2.39 ile 2.46 kat arasinda artis meydana gelmistir (Cizelge 2). Tane iriligi-
ne ilaveten kabuk kalinlig: ve sertligi, hiicre duvari yapisi, tane igerigi ve tanedeki
hiicrelerin siklig1 gibi diger unsurlar da tanenin su emme ve sisme 6zelligi tizerine
etki etmektedir (Muller, 1967; Sefa-Dedah ve Stanley, 1979; Kaur ve ark., 2005;
Shimelis, 2006; Sofi ve ark., 2014; Saba ve ark., 2016). Bu durumu dogrular sekilde,
hesapladigimiz korelasyon katsayilar1 da sisme indeksinin, sigme kapasitesi harig,
inceledigimiz diger parametrelerle iliskisinin 6nemli olmadigin, yani diger para-
metrelerden bagimsiz oldugunu gostermistir (Cizelge 3).

3.9. Protein Orani

Genotiplerin ortalamas: dikkate alindiginda, tane protein oraninin % 22.97 ol-
dugu belirlenmistir. Tane protein oran1 Aras-98'de % 24.13 ve Elkoca-05’te % 23.05
iken, Ispir fasulye hatlarinda % 20.48 (kayit no 17) ile % 25.05 (kayit no 33) arasin-
da 6nemli bir degisim gostermistir (Cizelge 2). Hatlardan sekiz tanesi (kayit no 3,
4,6, 33, 35, 40, 67 ve 69) hem genel ortalamadan daha ytiksek (% 23.01-25.05) hem
de tescilli cesitlerle benzer protein oranina sahip olmalari ile dikkati ¢ekmiglerdir
(Cizelge 2). Yapilan diger bir¢ok caligmada da fasulyede tane protein oraninin ge-
notipik etkiye bagli olarak 6nemli degisim gosterdigi bildirilmistir. Bu ¢alismalarin
bir kisminda genotiplerin tane protein oranlar: aragtirma sonuglarimizdan daha
disiik (%17.96-22.07) (Shimelis ve Rakshit, 2005,) bir kisminda arastirma sonug-
larimizla benzer (%22.03-24.86) (Barros ve Prudencio, 2016), diger bir kisminda
ise arastirma sonuglarimizdan daha yiiksek (%21.0-30.0) bulunmustur (Pinheiro
ve ark., 2010). Hesapladigimiz korelasyon katsayilari, 6nemsiz olmakla birlikte,
incelenen biitiin 6zelliklerin tane protein orani ile negatif iliskili oldugunu goster-
mistir (Cizelge 3). Tane protein iceriginin diger parametrelerle iliskisini aragtiran
caligmalarda birbirinden farkli sonuglar rapor edilmistir. Bu ¢alismalarin bir kis-
minda, aragtirmamizda oldugu gibi, protein oranindaki artisin su alma ve sisme
kapasitesini azalttigi (Coelho ve ark., 2009; Wani ve ark., 2017) ve buna bagli olarak
protein oranindaki artigin pigme siiresini uzattigi (Yeken ve ark., 2019); diger bir
kisminda ise tam aksine bu parametrelerin protein orani ile pozitif iliskili oldugu
belirlenmistir (Saha ve ark., 2009; Barros ve Prudencio, 2016). Aragtirmalardan
elde edilen bu farkli sonuglar, tane protein igeriginin su emme ve sisme kapasitesi
tizerindeki etkisinin, tanenin diger 6zelliklerine bagl olarak farklilik gosterebildi-
¢gini ifade etmektedir.
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Cizelge 2. Ispir fasulye hatlari ve tescilli gesitlere ait tane kalite 6zellikleri

Table 2. Grain quality characteristics of Ispir bean lines and registered cultivars

Hatno Wuruagele  Yasaguhk () S alma, Sualma mdekst Korw hacim Yahacm (mll  Sgmekapadica  Smemdcds Protein oram (%)
i lagasiies) ] iml tane ')
g tane ')
3 stsal nesal a2 b 1.0 bl 1060 cef 620 hode A maabe
4 =2a 12682 05763 ha nara 0667k 2419 2345 abed
& 528 ale 1058 of a5 de LEN 10003 fght w580 def XV ] 21N abed
1] sA5al nazhe 0637 abe 0.7 bade 106.3 berdel 0627 abod 2435 2175 ade
1% sTaah 124.53b 06T ab 5.0 abed 1103 abede w653 abe 252 2237 bade
w @sa 12582 0T ab 5.7 abe 1123abed wssTab 260 mase
5 wia 12602 067 ab T E 1127 abe 0667 ab L9 2136 de
a w1 be nesal as13al 0.7 bofe 1053 defy w617 bafe 213 227 abede
n st ad 114.7 cife o5 af LER 07 fgh 0603 crdef 2A26 a2
£ sasal nashe 0642 abe 3 boe 1053 def w10 cdef LEY] 1rabe
£ Shibade 1138 cadef o608 af 27 def 100 fgh 0603 crdef 2415 21.89 bade
0 seoef 1078 g o567 de Wiy 531 as60 A 2306 abed
£ sTc n7zc 0626 abe B3 ale 1047 oy 0613 cle 216 2199 bade
&7 @ia 1512 0668 ab 4600 2k 1133ab wEma LA65 1198 abe
& sLade 1009 def 0552 af w3 fg 5.7 ghi 0583 def 247 MT6a
Aras 53 ory sih 53 | N 797} a3 g 2390 H13ab
Elknca 05 el wLeg asae ET T P60 hi s el 257 2305 abed
Ortakim 51 1154 0513 o 101 wsl 2A25 a7
F Degeriert
Canotip 1848 229 msg* & 173 149" Az o™ SEEY
VI (%) Al EE] ay 1) ay e 51 22 &2

* ve ** sirastyla % 1 ve % 5 ihtimal seviyesinde &nemli. OD, énemli degil. Siitun ige-

risinde ayni harfle gosterilen ortalamalar arasinda onemli fark (P < 0.05) yoktur.
* and * are significant at 1 % and 5 % probability levels, respectively. OD (NS, non-significant).

Mean values with the same letters in a column are not significantly different at P < 0.05
Cizelge 3. Tane kalite 6zellikleri arasindaki iliskileri gdsteren korelasyon katsayilart

Table 3. Correlation coefficients of the relationship between grain quality
characteristics

KA YA SAK SAI KH YH SK Si PO
Kuru Agirlik (KA) 1.00 0.99%*  0.98*  0.70**  0.98** 0.99** 0.98** 0.39 -0.39
Yas Agirhik (YA) 1.00 0.99**  0.78**  0.98** 0.99** 0.98** 0.38 -0.39
Su Alma Kap. (SAK) 1.00 0.83**  0.97** 0.98** 0.97** 0.37 -0.38
Su Alma Indeksi (SAI) 1.00 0.73** 0.73** 0.72%% 0.24 -0.26
Kuru Hacim (KH) 1.00 0.99** 0.97** 0.28 -0.38
Yas Hacim (YH) 1.00 0.99** 0.41 -0.40
Sisme Kapasitesi (SK) 1.00 0.49* -0.41
Sisme Indeksi ($1) 1.00 -0.26
Protein Orani (PO) 1.00
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3.10. Temel Bilesen Analizi

Galigilan Ispir fasulye hatlarina ait eigen degerleri, varyans ve toplam varyans
ile incelenen 6zelliklerin bilesen agirliklar1 Cizelge 4’te sunulmustur. Incelenen
ozellikler agisindan eigen degerleri 0'dan biiyiik olan 5 bagimsiz temel bilesen (PC)
belirlenmistir. Bu temel bilesenlerin eigen degerleri 0.0287 ile 6.8681 arasinda de-
gismekte olup toplam varyasyonun %100’tini agiklamaktadir. Temel bilesen anali-
zinin etkin kullanimi ve sonuglarin dogru yorumlanmast igin ilk iki veya ii¢ temel
bilesenin toplam varyasyonun en az %25’ini agiklamasi gerektigi bildirilmektedir
(Mohammadi ve Prasanna, 2003). Bu agidan degerlendirildiginde, bu ¢aliymada
toplam varyansin %86.8’ini aciklayan ilk iki temel bilesenin genotiplerin ayrimin-
da ve sonuglarin yorumlanmasinda etkin bir sekilde kullanilabilecegi sonucuna
varilmugtir. Arastirilan 6zelliklerin temel bilesenler tizerindeki agirliklar: dikkate
alindiginda (Cizelge 4), PC1 ekseninde kuru agirlik, yas agirlik, su alma kapasi-
tesi, net kuru hacim, net yas hacim, 1slak hacim ve sisme kapasitesi 6zelliklerinin
pozitif ve 6nemli yiike sahip oldugu ve bu eksenin toplam varyasyonun %76.3’tinii
agikladig1 saptanmistir. PC2 ekseninde ise en biiyiik negatif yiike sisme indeksi, en
biiyiik pozitif yiikse ise protein orani sahip olmus ve bu eksen toplam varyasyonun
%10.5’ini agiklamugtir.

Biplot analizinde, daralan vektor acilar1 6zelliklerin yakinligini, genisleyen vek-
tor acilar ise ozellikler arasindaki iligkilerin zayifladigini ifade etmektedir (Yan,
2014). PC1 ekseninde en biiyiik yiike sahip olan ve aralarinda dar ag1 bulunan
kuru agirlik, yas agirlik, su alma kapasitesi, net kuru hacim, net yas hacim, 1slak ha-
cim ve sigme kapasitesinin birbiri ile 6nemli ve pozitif iliskili oldugu belirlenmistir
(Sekil 1). Su alma kapasitesi, su alma indeksi ve sisme kapasitesi fasulyede pisme
kalitesinin 6nemli gostergeleri olarak kabul edilmektedir (Shimelis ve Rakshit,
2005; Kinaci ve ark., 2008; Boros ve Wawer, 2018). Bu ii¢ 6zelligin birinci bilesende
onemli yiike sahip olmas: nedeniyle “hidrasyon ekseni” olarak adlandirilabilecek
PC1 bilesenin pisme kalitesi ile iligkili oldugu anlagilmaktadir. PC2 ekseninde en
biiyiik yiike sahip olan sisme indeksi ve protein oraninin ise diger parametrelerle
iligkisinin zayif oldugu goriilmektedir (Sekil 1). Elde edilen bu bilgiler 15181 altinda,
her iki eksendeki bu 6zelliklerin Ispir fasulye hatlarinin tane kalite 6zelliklerinin
tanimlanmasinda yeterli oldugu kanaatine varilmustir.

https://doi.org/10.7161/omuanajas. 269278 d



Slala0h  Ispir Kuru Fasulye (Phaseolus Vulgaris L) Hatlarinin Tane ...

Cizelge 4. Temel bilesen analizine ait eigen degerleri, varyans, toplam varyans
ve tane kalite 6zelliklerinin ana bilesenlerdeki ytikleri

Table 4. Eigen values, variance, total variance and component loadings of the
grain quality characteristics in principal component analysis

PC1 PC2 PC3 PC4 PC5
Eigen Degeri 6.8681 0.9473 0.7480 0.4075 0.0287
Varyans (%) 76.3 10.5 8.3 4.6 0.3
Toplam Varyans (%) 76.3 86.8 95.1 99.7 100

incelenen Ozelliklerin Ana Bilesenlerdeki Yiikleri

Ozellikler PCI1 PC2 PC3 PC4 PC5

Kuru Agirhik (g) 0.375 0.057 -0.009 0.250 -0.483
Yas Agirlik (g) 0.379 0.087 -0.007 0.065 -0.412
Su Alma Kapasitesi (g tane™) 0.378 0.106 -0.006 -0.066 -0.358
Su Alma Indeksi 0.302 0.228 -0.006 -0.890 0.114
Net Kuru Hacim (ml) 0.371 0.160 0.071 0.218 0.418
Net Yag Hacim (ml) 0.378 0.044 -0.023 0.188 0.387
Sisme Kapasitesi (ml tane™) 0.378 -0.030 -0.083 0.167 0.363
Sisme Indeksi 0.170 -0.723 -0.635 -0.123 -0.002
Protein Orani (%) -0.172 0.613 -0.765 0.103 0.001
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Sekil 1. Tane kalite 6zellikleri bakimindan temel bilesen analizi

Figure 1. Principle component analysis in terms of grain quality characteristics

3.11. Kimeleme (Cluster) Analizi

Bazi tane kalite parametreleri bakimindan ileri Ispir fasulye hatlari arasindaki
benzerlik ve farklhiliklar1 ortaya koymak amaciyla genotipler cluster analizine tabi
tutulmus ve genotiplerin dort grupta kiimelendigi belirlenmistir (Sekil 2). Grup-1
sekiz, Grup-2 bes Ispir fasulye hattini igerirken, Grup-3de Elkoca-05 ile birlikte iki
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Ispir fasulye hatt1 kiimelenmis; Grup-4’te ise yalnizca Aras-98 yer almistir (Sekil 2 ve
Cizelge 5). Grup ortalamalar1 dikkate alindiginda, protein orani haric, incelenen bii-
tiin 6zellikler yoniinden ikinci grubun daha tistiin oldugu saptannustir (Cizelge 5).

2397

49,32

Benzerlik

74,65

100,00 | i |

e
§ 23523 %83 2:2:5:343¢2c¢
RS EE LR

Sekil 2. Cluster analizine ait dendogram

Figure 2. Dendogram of cluster analysis

Cizelge 5. Cluster analizinde olusan gruplar, her bir grupta yer alan genotipler
ve gruplarin incelenen 6zelliklere ait ortalamalar:

Table 5. Groups formed in cluster analysis, the genotypes in each group and ave-
rages of groups in terms of the features studied

Grup-1 Grup-2 Grup-3 Grup-4
Genotip 3,10, 32, 33, 35,39,49,69  4,16,17,19,67 6, 40, Elkoca-05 Aras-98
Ozellikler
Kuru Agirlik (g) 54.0 58.6 50.9 42.7
Yas Agirlik (g) 115.8 125.6 106.4 88.0
Su Alma Kapasitesi (g tane') 0.618 0.671 0.555 0.453
Su Alma Indeksi 1.145 1.147 1.089 1.061
Kuru Hacim (ml) 43.0 45.9 40.2 333
Yas Hacim (ml) 104.0 112.5 97.2 79.7
Sisme Kapasitesi (ml tane™) 0.609 0.665 0.570 0.463
Sisme Indeksi 2.417 2.449 2418 2.390
Protein Orani (%) 23.22 2231 23.04 24.13
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4. SONUC

Yemeklik baklagillerde énemli 6lgiide besin kaybina neden olan uzun pigirme
stiresi, fasulye basta olmak tizere, kuru baklagillerin gida olarak titketimlerindeki
en 6nemli kisitlayicilarin baginda gelmektedir (Shimelis ve Rakshit, 2005; Costa ve
ark., 2006; Ozer ve ark., 2010; Teshome ve Emire, 2012). Bu nedenle pisme siiresi
kisa olan genotipler fasulye 1slah programlarinda biiyiik 6nem tagimaktadir. Kuru
fasulyede su emme ozelligi tizerine yapilan pek ¢ok ¢alismada, yiiksek su alma ve
sisme kapasitesine sahip ¢esitlerin daha kolay ve hizl1 pistigini belirlenmis ve bu iki
ozelligin pisme kalitesinin artirilmasina yonelik yapilacak ¢caligmalarda etkili birer
seleksiyon kriteri olarak kullanilabilecegi rapor edilmistir (Balcha ve ark., 2010;
Correaa ve ark., 2010; Mavromatis ve ark., 2012; Saba ve ark., 2016). Bu agidan
degerlendirildiginde, yiiksek tane kalite 6zellikleri ile 6n plana ¢ikan ikinci grup-
taki bes ispir fasulye hattinin (kayit no 4, 16, 17, 19 ve 67), yiiksek pisme kalitesine
sahip cesitlerin gelistirilmesinde dogrudan kullanilabilecegi gibi tane kalitesini
iyilestirmeye yonelik 1slah galismalarinda da bu genotiplerden yararlanilabilecegi
sonucuna varimigtir.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar catigmasi olmadigini beyan eder.
Etik

Bu ¢aligma etik kurul onay1 gerektirmez.

Yazar Katki Oranlari

Caligmanin Tasarlanmasi (Design of Study): EE(%50), CA(%30), KH(%10),
MA(%10)

Veri Toplanmasi (Data Acquisition): EE(%40), CA(%40), KH(%10), MA(%10)
Veri Analizi (Data Analysis): EE(%40), CA(%20), KH(%20), MA(%20)
Makalenin Yazimi (Writing Up): EE(%50), CA(%30), KH(%10), MA(%10)

Makalenin Gonderimi ve Revizyonu(Submission and Revision): EE(%70),
CA(%10), KH(%10), MA(%10)

Tesekkiir

Bu galigma, Atatiirk Universitesi Fen Bilimleri Enstitiisi’'nde yiiriitiilen “Ileri Ispir
Kuru Fasulye (Phaseolus vulgaris L.) Hatlarinda Verim ve Kalite Caligmalar1” bas-
likl: yiiksek lisans tezinin bir kismini kapsamakta olup, yazarlar desteklerinden
dolay1 TUBITAK’a (Proje no 1150260) tesekkiir etmektedir.
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TURKIYE’DE iSTILACI KRHVERENGI KOKARCANIN
[HALYOMORPHA HALYS STAL (HEMIPTERA: PENTATOMIDAE)]
YERLI YUMURTA PARAZITOITi TELENOMUS
TURESIS (WALKERY'IN iLK KAYDI

0z

Halyomorpha halys (Hemiptera: Pentatomidae) Dogu Asya (Cin, Japonya, Kore
ve Tayvan) kokenli bir tiirdiir ve dogal yasam alanlarinda énemli bir polifag za-
rarl1 olup, yayilis gosterdigi alanlar1 kisa zaman igerisinde yiiksek bir popiilasyon
meydana getirerek istila etmekte ve tarimsal tiretim icin 6nemli bir tehdit olus-
turmaktadir. Tiirkiyede 6zellikle Karadeniz sahil seridi boyunca yayilis gosterdigi
alanlar icerisinde bagta findik olmak tizere pek ¢ok tiriinde 6nemli kalite ve verim
kaybina sebep olabilir. Bu ¢aligma, Sakaryada farkli habitatlarda H. halys’in yerli
yumurta parazitoitlerini ve bu tiirlerin etkinliklerini belirlemeyi ama¢lamaktadur.
Bu amagla, arazi sartlarinda elde edilen bir giinliik yastaki 20 yumurta paketi (600
yumurta) 9 farkli lokasyonda farkli bitkilere asilmis ve 4 giin sonra toplanarak la-
boratuvara getirilmistir. Toplanan yumurtalarin genel parazitlenme orani %7,5 ol-
masina ragmen, bu yumurtalardan bagarili bir sekilde yalnizca ti¢ parazitoit ¢ikisi
meydana gelmistir. Morfolojik olarak teshisleri yapilan bu parazitoitler, sitokrom
¢ oksidaz alt birim I genine (CO1) dayali molekiiler teshis ile dogrulanarak, Tele-
nomus turesis (Walker) oldugu belirlenmistir. Halyomorpha halys’in yerli yamurta
parazitoit tiirli, bu ¢alisma ile Tirkiyede ilk kez rapor edilmektedir. Bu kapsam-
da istilac1 tiriin tilkemizde yayilig gosterdigi alanlarda dogal diigman faunasinin
aragtirilmasi, miicadele i¢in 6nemli agamalardan birisi olup daha fazla aragtirmaya
ihtiya¢ duyulmaktadir. Ek olarak, uzun vadeli stirdiirtilebilir yaklagim olan klasik
biyolojik miicadele kapsaminda, ithalati gerceklestirilen Trissolcus japonicus (Ash-
mead)’un hizli ve kontrolli bir sekilde kitlesel iiretimine gecilmesi ve salimi yiik-
sek derece 6nem arz etmektedir.

Anahtar Kelimeler: Tirkiye, Istilaci Tiir, Pis Kokulu Bocek, Biyolojik Miicadele,
Dogal Ditgman.
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Tirkiye'de Istilaci Kahverengi Kokarcanin [Halyomorpha Halys ...

FIRST RECORD OF TELENOMUS TURESIS (WALKER), NATIVE EGG
PARASITOID OF INVASIVE BROWN MARMORATED STINK
BUG [HALYOMORPHA HALYS STAL
(HEMIPTERR: PENTATOMIDAE)] IN TURKEY

ABSTRACT

Halyomorpha halys (Hemiptera: Pentatomidae) is a native insect to East Asia
(China, Japan, Korea, and Taiwan), and the insect, which is an important polyp-
hagous pest in its natural habitat, invades areas where it poses a significant threat
to crop production, establishing a large population in a short period. It may sig-
nificantly decrease the yield and quality on many products, as well as hazelnuts,
especially in areas where it spreads along Turkey’s Black Sea coastline. The purpose
of this research is to determine the native egg parasitoids of H. halys and their
effectiveness in various habitats in Sakarya. For this reason, 20 egg masses (600
eggs) of H. halys at < 24 h-old obtained under field conditions were exposed to
field condition on different plants in 9 different locations, and these were carried to
the laboratory, collecting 4 days after field exposure. Despite the fact that the ove-
rall parasitism rate of the collected eggs was 7.5%, only three parasitoids emerged
successfully from these eggs. These parasitoids were identified morphologically
as Telenomus turesis (Walker), which was confirmed by molecular identification
using the cytochrome c oxidase subunit I gene (CO1). With this study, the native
egg parasitoid species was reported for the first time in Turkey. One of the critical
stages of the management is the investigation of natural enemy fauna in areas in
which invasive species have spread in Turkey, and additional studies are needed.
Furthermore, quick and controlled mass production and release of imported Tris-
solcus japonicus (Ashmead) is critical within the framework of classical biological
control, which is a long-term sustainable method.

Keywords: Turkey, Invasive Species, Stink Bug, Biological Control, Natural
Enemy.

e e %
1. GIRIS

Halyomorpha halys Dogu Asya (Cin, Japonya, Kore ve Tayvan) kokenli bir tiir-
diir ve dogal yasam alanlarinda 6nemli bir polifag zararli olup, yayilis gosterdigi
tilkeleri/alanlari, kisa zaman igerisinde yiiksek bir popiilasyon meydana getirerek
istila etmekte ve tarimsal iiretim i¢in 6nemli bir tehdit olusturmaktadir (Leskey ve
Nielsen, 2018). Halyomorpha halys’in erginleri ve nimfleri sokucu emici agiz yapi-
lar1 ile meyvelere tiikritk enzimlerini enjekte edip bitki 6z suyunu emerek zarara
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sebep olmaktadir (Rice ve ark., 2014). Ilk olarak zarar nekrotik alanlar seklinde ka-
rakterize edilir ve meyve olgunlastik¢a esas zarar ortaya ¢ikmaktadir. Zarar goren
drtinler piyasa degerini 6nemli 6l¢iide kaybetmektedir (Rice ve ark., 2014; Bariselli
ve ark., 2016). Ek olarak, bocek kislamak tizere evlerde veya bu tip yapilarda yiik-
sek populasyona ulagsmakta olup, ¢ikardig: pis kokular nedeniyle insanlarda saglik
problemlerine sebep olmakta ve dolayisiyla zararli, kentsel entomoloji agisindan
da bir sorun olusturmaktadir (Inkley, 2012). Halyomorpha halys’in 300den fazla
konukguya sahip olmas: (Nielsen ve Hamilton, 2009) ve sezon igerisinde konuk-
¢u bitkiler arasinda hareket edebilmesi bocegin zarar potansiyelini artirmaktadir.
[lk olarak 1990’larin ortalarinda Pennsylvania (ABD)da kaydedilen Halyomorpha
halys (Hoebeke ve Carter, 2003), suan da ABD’nin 44 eyaletinde ve Kanadanin 4
bolgesinde bulunmaktadir (Anonymous, 2018). Avrupada ise ilk olarak 2004 y1-
linda Isvigrede (Haye ve ark., 2014), ardindan Avrupanin tiim iilkelerine ve birgok
Asya tilkesine kisa siire igerisinde yayilis gostermistir. Bugtinlerde zararli, kiltiir
bitkileri i¢in diinya ¢apinda bir tehdit olarak gortilmektedir (Leskey ve ark., 2012a;
Rice ve ark., 2014; Haye ve ark., 2015). Halyomorpha halys Tirkiyede 2017 yilinda
faunistik olarak Istanbul'da (Cerci ve Kocak, 2017) ve kislamak iizere sorun olus-
turmasiyla Glircistan’a sinir Artvin (Kemalpasa)de kislaklarda (Giincan ve Giimiis,
2019) rapor edilmistir. Zararli Karadeniz sahil seridi boyunca Ak ve ark. (2019,
2023) ve Ozdemir ve Tuncer (2021)’in bildirdigi illerin yani sira Diizce ve Bartinda
da tespit edilmistir. Dolayisiyla, bahsedilen alanlar icerisinde basta findik olmak
tizere kivi, trabzonhurmasi, misir, kiraz, elma, seftali ve tizim tiirlerinde 6nemli
kalite ve verim kayiplarina sebep olabilecegi bildirilmistir (Ak ve ark., 2019, 2023;
Ozdemir ve Tuncer 2021).

Tiirkiye gibi yeni istila edilen alanlarda H. halys entegre miicadele programlari-
nin basarisiz olmasina sebep olmaktadir (Leskey ve ark., 2012a; Morrison ve ark.,
2018). Bu alanlarda baslica, biyoteknik ve kimyasal miicadele 6ne ¢itkmaktadur. Bi-
yoteknik miicadele kapsaminda zararlinin toplanma feromonlari ve farkli tuzak
tipleri zararlinin mevsimsel dagilimini ve yogunlugunu belirlemek i¢cin 6nemli bir
ara¢ oldugu bildirilmistir. Hatta piramit ve seffaf feromon tuzaklarinin oldukg¢a et-
kili oldugu saptanmustir (Adachi ve ark., 2007; Weber ve ark., 2017). Zararliya kars:
bu yontemlerin miicadelede yetersiz kalmasi nedeniyle, agirlikli olarak kimyasal
miicadele tercih edilmektedir (Morrison ve ark., 2018). Bu amacla daha ¢ok kulla-
nilan genis spektrumlu insektisitler genellikle yeterli etkinlik gostermemeleri (Les-
key ve ark., 2012a, b; Kuhar ve ark., 2017), gevreye zararli olmalar1 (Weber ve ark.,
2014) ve entegre zararli yonetimi (IPM) stratejileriyle uyumsuzlugunun (Leskey ve
ark., 2012b) yanu sira yalnizca kisa vadeli bir ¢6ztim saglamaktadir. Halyomorpha
halys’in popiilasyonlarini diigiirmek icin uzun vadeli ve diisitk maliyetli strateji,
Trissolcus japonicus (Ashmead) (Hymenoptera: Scelionidae) ile yapilabilecek olan
klasik biyolojik miicadeledir (Sabbatini-Peverieri ve ark., 2020).
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Halyomorpha halyse anavataninda saldiran Trissolcus, Telenomus (Hymenop-
tera: Scelionidae) ve Anastatus (Hymenoptera: Eupalmidae) gibi en dominant
cinslerinden olugan 14 farkli parazitoit tiirti tespit edilmistir (Lee ve ark., 2013)
ve bunlarin icerisinde T. japonicus %80 ulasan parazitleme saglamistir (Yang ve
ark., 2009; Quil ve ark., 2010; Zhang ve ark., 2017). Kuzey Amerikada, son on yilda
yiritiilen aragtirmalar, basta yumurta parazitoidleri olmak tizere H. halys’in bir-
kag dogal diigmaninin tespitine ek olarak yerli yumurta parazitoitlerinin evrimsel
uyumsuzlugun bir sonucu olarak diisiik parazitleme oranlariyla zararli kontrol et-
mede etkili olmadig bildirilmistir (Rice ve ark., 2014; Jones ve ark., 2014; Talamas
ve ark., 2015; Herlihy ve ark., 2016; Ogburn ve ark., 2016). Benzer sekilde, Avru-
pada, H. halys’in yamurtalarina saldiran yerli tiirler icerisinde A. bifasciatus diger
tiirlere gore (T. cultratus, T. semistriatus, T. basalis, T. turesis) dogal olarak birakilan
yumurtalardan en yogun olarak ortaya ¢ikan parazitoittir (Roversi ve ark., 2016;
Haye ve ark., 2015; Sabbatini ve ark., 2018; Moraglio ve ark., 2020, 2021; Zapponi
ve ark., 2021; Bout ve ark., 2021). Tirkiyede H. halys’in yerli yumurta parazitoiti
olarak yalnizca A. bifasciatus kaydedilmistir (Altanlar ve ark., 2023). Bu ¢alisma,
Sakaryada farkls habitatlarda H. halys’in yerli parazitoit tiirlerini ve bunlarin etkin-
liklerini belirlemeyi ama¢lamaktadir.

2. MATERYAL VE YONTEM

2.1 Bécek Popiilasyonunun Toplanmasi Ve Yumurta Paketlerinin Elde
Edilmesi

Bocegin erginleri Sakarya ili Arifiye ilcesinde ormanlik alanda konumlandi-
rilan feromon etrafindan toplanmis ve Arifiyede findik bahgesinde parazitoitle-
rin girisini engelleyecek tiil kafeslere (50x100 cm) alinmistir. Bocekler, kafeslere
5 erkek ve 5 disi olmak {izere koyuldu ve ocaklardan en az 10 ¢otanak bulunan
dallar secilip kafeslenerek, boceklerin yumurtlamasina imkan taninmistir. Kafesler
giinliik agilarak gorsel inceleme yoluyla kontrol edilmis ve H. halys’in findik yap-
raklarina biraktigi maksimum bir giinliik yastaki yumurta paketleri toplanmigtir
(Ozdemir ve ark., 2023).

2.2 Yumurta Paketlerinin Araziye Maruz Birakilmasi Ve Parazitoitlerin
Elde Edilmesi

Sakaryada Corylus avellana L. (findik), Malus domestica L. (elma), Ficus carica
L. (incir), Castanea sativa Mill. (kestane) bulunan 9 farkli lokasyonda 20 yumur-
ta paketi (paket bagina ortalama yumurta= 30+2.52) bitkilerin yapraklarinin alt
tarafina zimbalanmustir. Lokasyonlar rastgele secilmis olup, zimbalanan paketleri
tekrar bulabilmek i¢in kirmizi kusaklar kullanilarak isaretlenmis ve koordinatlar
alinmustir. Yumurta paketleri agaglara asildiktan 4 giin sonra toplanarak falkon
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tiiplere konulmug ve Sakarya Uygulamali Bilimler Universitesi, Ziraat Fakiiltesi,
Bitki Koruma Anabilim Dali biinyesindeki Entomoloji laboratuvarina getirilmistir.
Bu yumurta paketleri 25 + 1°Cde, 16 saat 151kta, %70 bagil nemde 70 giin boyunca
iklimlendirme kabininde plastik kutularina koyularak giinliik olarak izlenmis ve
parazitoid/nimf cikiglar: kaydedilmistir.

2.3 Parazitoit Teghisi

Yumurtalardan ¢ikan parazitoitler elde edildigi lokasyona gore siniflandirila-
rak, %70 etanol iceren plastik tiiplere alinmistir. Teshis i¢in parazitoit 6rnekleri 6n-
celikle alkolden ¢ikarilip kurutulmus ve bir noktadan kart uclarina yapistirilarak,
100X’ kadar biiylitmede led spot 15181 ile aydinlatilan stereomikroskopta (Wild
M5A, Heerbrugg, Switzerland) incelenmistir. Telenomus turesis, Dr. Elijah Talamas
tarafindan saglanan T. turesis Walker'in 6rnek goriintiileri ile kargilastirilarak ta-
nimlanmustir. Parazitoidler Dr. Francesco Tortorici tarafindan teshis edilmistir ve
bu tiiriin bir kismi Dipartimento di Scienze Agrarie, Forestali e Alimentari, Torino
Universitesi — Torino, Italya (DISAFA)da muhafaza edilmektedir.

Teshisi yapilan parazitoit tiiriine ait bir 6rnek [T. turesis (SA01)] kullanilarak ge-
nomik DNA ekstraksiyonu gerceklestirilmistir. Mitokondriyal DNAnin (mDNA)
sitokrom c oksidaz alt birim I geninin (CO1) barkod bolgesini ¢ogaltmak i¢in PCR
reaksiyonu, iireticinin talimatlarina takip edilerek dogrudan PCR Master kit (Kat.
No. PCR-111S; Jena Bioscience GmbH, Jena, Almanya) kullanilarak gercekles-
tirilmistir. Bu amagla 6rnekten alinan bacaklar, kullanilan kit yontemi ile DNA
ekstraksiyonu gerceklestirilerek lizat elde edilmistir. PCR reaksiyon karigimi, 1 pl
ornek lizat, 10 pm olan LCO1490-puc ve HCO2198-puc (Talamas ve ark., 2019)]
primerlerin her birinden 2 pl, 25 ul dogrudan PCR Master Mix eklenmis ve kari-
sim ve PCR-grade su kullanilarak 50 pl'ye tamamlanmigtir. PCR kosullari, 94°C'de
10 dakika i¢in ilk denatiirasyonun ardinadan 35 dongii olarak 30 saniye 94°C, 60
saniye 48°C ve 60 saniye 72°C olarak ayarlanmigtir. Ardindan 10 dakika 72°C son
uzatma basamag iceren PCR reaksiyonu T100 termal dongtileyicide (Bio-Rad, Bi-
o-Rad, Hercules, CA, ABD) gergeklestirilmistir. Uretilen DNA fargmentleri saflas-
tirilmasi ve sekanslama islemi i¢in Macrogen firmasina (Seoul, Korea) ayn1 primer
seti ile birlikte gonderilmigtir. Ortaya ¢ikan sekanslar, DNASTAR yazilimi siirim
7.1.0n (DNASTAR Inc., Madison, Wisconsin, ABD) MegAlign modiili ile iglen-
mis ve manuel olarak diizeltilmistir. Nihai sekans, Basic Local Alignment Search
Tool (BLAST) kullanilarak GenBank veri tabani (http://www.ncbinlm.nih.gov/
genbank) ile kargilastirilmis ve yine GenBank sekans veri tabanina kaydedilmistir.
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3. BULGULAR

3.1 Parazitleme Orani ve Tir Cesitliligi

2022 yili temmuz ve agustos aylar1 arasinda 600 H. halys yumurtasi (20 paket)
orman alanlarinda bulunan kestane ve incir agaglar1 ile elma ve findik bahgelerin-
deki bu bitkiler tizerinde arazi sartlarina maruz birakilmistir (Tablo 1). Parazitle-
nen yumurtalara ait oran %7.66 belirlenmistir. Bu yumurtalar igerisinden bagar1
ile ¢ikis gosteren parazitoitlere ait oran %0.5 olup, bu tiirler morfolojik olarak T.
turesis olarak teshis edilmistir. Parazitoitler 40°41°59.0”K, 30°20’53.1”D lokasyo-
nunda incir agacina asilan paketten elde edilmistir. Arazi sartlarina maruz biraki-
lan yumurtalarin %91’1 agilarak nimf ¢ikislar1 gerceklesmistir.

Tablo 1. Sakaryada 2022 Temmuz ve Agustos aylarinda farkli lokasyonlarda H.
halys’in yumurta parazitoitlerinin belirlenmesi i¢in kullanilan yumurtalara ait veriler

Maruz Yumurta Toplam Parazitlenen Cikan Ortaya Cikan
Konukgu Bitki Birakilma Paket Yumurta Yumurta Nimf Parazitoit
Zaman1 Sayis1 Sayis1 Sayis1 Sayis1 Sayis1
19/07 2 35 13 22
Corylus Avellana 22/07 2 41 - 41
05/08 3 107 - 107
19/07 1 34 13 21
25/07 2 57 N 56
09/08 3 111 - 111
Ficus Carica
14/08 2 78 - 78
18/08 1 28 6 21 3Tt (29,13)
23/08 2 53 14 33
Malus Domestica 18/07 1 28 - 28
Castanea Sativa 18/07 1 28 - 28

Tt= Telenomus turesis

3.2 Barkodlama Genine Dayali Parazitoit Teghisi

Tirti (T turesis) temsil eden 6rnegin CO1 lokusu 629 bp uzunlugunda bir
amplikon drettigi gortilmiistiir. GenBank niikleotit kiitiiphanesindeki en yakin
dizileri belirlemek i¢in yapilan BLAST analizi sonucu H. halysden elde edilen pa-
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razitoit tiiriin T. turesis Ornekleri ile yitksek oranda eglestigi goriilmiistiir. Ayrica
bu CO1 sekansinin GenBanK'tan elde edilen T turesis 6rnegi (140214Q) (erisim
no. AB971833) ile %99.84 benzerlige sahip oldugu belirlenmistir. Telenomus tu-
resis orneginin (SA01) kaydina istinaden GenBank tarafindan OQ786855 erisim
numarasi atanmaistir.

4. TARTISMA

Bu ¢aligma, istilact H. halys’in Tirkiyede ilk tespitinden beri (Cergi ve Kogak,
2017), zararlinin dogal diismanlarindan birisi olan yerli yumurta parazitoiti T. tu-
resis’in ilk kaydini rapor etmektedir. Ozdemir ve ark. (2023) Palomena prasina L.
(Hemiptera: Pentatomidae)’nin Sakarya ili findik bahgelerinde en baskin yumurta
parazitoitlerinden birisi olan T. turesis’in varligini rapor etmisler ve hatta bu ¢a-
lisma ile tespit edilen yumurta parazitoitlerinin H. halys ile iliskisi bildirilerek bu
yerli tiirlerin 6nemini vurgulamiglardir. Benzer sekilde, Sener ve ark. (2018) T.
turesis’i Diizce ili bugday tiretim alanlarinda Eurygaster spp. L. (Hemiptera: Scutel-
leriadae)’in 6nemli bir dogal diismani olarak belirlemislerdir.

Halyomorpha halys’in yerli dogal diismanlar1 arasinda canli yumurtalardan basa-
rili bir sekilde gelismesi nedeniyle 6zellikle Avrupada en genis yayilis gosteren yerli
yumurta parazitoiti A. bifasciatus potansiyel biyolojik miicadele ajani olarak diistinii-
lebilmektedir (Haye ve ark., 2015; Roversi ve ark., 2016). Ulkemizde findik bahcele-
rinde yerli pis kokulu bécek yumurtalarindan ortaya ¢ikan bu tiir (Ozdemir ve ark.,
2023), H. halys’in yerli yamurta parazitoiti olarak kaydedilmistir (Altanlar ve ark.,
2023). Bu istilac1 tiiriin yerli yumurta parazitoiti olarak Kuzey Italyada dogal ola-
rak birakilan yumurta kiimelerinin toplanmas: sonucunda (Moraglio ve ark., 2021)
ve Isvicrede nébetsi (sentinel) yumurta paketleri ile yiiriitiilen galismada (Stahl ve
ark., 2019), yerli dogal ditymanlardan birisi olarak T turesis tespit edilmis ve bizim
calismamizla da uyum gosteren ¢ok diigiik bir oranda parazitlenmeye sebep oldugu
bildirilmistir. Dahasi, laboratuvar sartlarinda se¢imsiz (no-choice) testlerde 30 giin
boyunca iftlesmis 2 giinliik yastaki 30 farkli disi T. turesise birer H. halys yamurta
paketi verilmesi sonucunda yumurtadan ¢ikis yapan parazioit oranin %0.12, orta-
ya ¢ikan nimf oranmnin %92.13 ve agilmayan yumurtalara ait oranin %7.75 oldugu
belirlenmistir (Moraglio ve ark., 2021). Benzer sekilde bu ¢alismada, parazitlenen
yumurtalardan ortaya ¢ikan T. turesise ait oran %0.5 iken, parazitlenerek kararan
fakat parazitoit ¢ikigi gerceklesmeyen yumurtalarin orani %7.66 olarak bulunmus-
tur. Istilact bécek yumurtalarinin yerli dogal diismanlar tarafindan parazitlenmesi
¢ogu zaman konukeularin yumurtalarinda aborsiyona sebep olarak iiremeyi engel-
leyici olumsuz etkiler meydana getirmektedir (Abram ve ark., 2016, 2019 ; Kaser ve
ark., 2018). Moraglio ve ark. (2021) tarafindan test edilen tiim yerli Trissolcus ve Te-
lenomus tiirlerinin bocegin yumurtalarinda aborsiyona sebep oldugu belirlenmistir.
Yerli tiirler tarafindan parazitlenen yerli pentatomidlerin yumurta paketlerinin
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bulundugu bélgede, bu yerli parazitoitler istilaci tiirtin yumurtalarini kesfedebilme
kabiliyeti gostermistir. Fakat arazide bu egzotik tiire ait yitksek sayida parazitlenmis
acilmayan yumurtanin gozlemlenmesi (Moraglio ve ark., 2021), muhtemelen bu yer-
li tiirlerin bocegin tiremesine olumsuz etkileri nedeniyle H. halys yumurtalar1 bu pa-
razitoidler i¢in evrimsel bir tuzak olarak diistintilmektedir (Abram ve ark., 2014). Bu
hipotezin molekiiler tekniklerle dogrulanmasi gerekse de, bu durum Kanada, Isvigre
ve Cinde ortaya konuldugu gibi Italyaya 6zel olmadigi bildirilmistir (Gariepy ve ark.,
2014, 2019; Konopka ve ark., 2019).

5. SONUC

Bu ¢alisma, son yillarda Karadeniz bolgesinde hizli bir yayilis gosteren ve basta
findik olmak tizere pek c¢ok kiiltiir bitkisi i¢in 6nemli bir zarar potansiyeline sa-
hip istilact H. halys ile iliskili yerli yumurta parazitoitlerinin varlig: {izerine temel
bir bilgi saglamaktadir. Ayni zamanda, zararlinin yerli yumurta parazitoiti olan T.
turesis, bu ¢aligma ile Tiirkiyede ilk kez rapor edilmektedir. Bu kapsamda istilac
tiirtin tilkemizde yayilis gosterdigi alanlarda dogal diisman faunasinin aragtirilma-
s1, miicadele i¢in ilk ve 6nemli agamalardan birisi olup bu kapsamda daha fazla
aragtirmaya ihtiya¢ duyulmaktadir. Bunun yani sira, Tiirkiye proaktif bir tarzda
uzun vadeli stirdiiriilebilir bir yontem olan klasik biyolojik miicadele kapsaminda
zararlinin anavataninda en etkili dogal diisman olan T. japonicus’un ithal kararini
alarak 6nemli bir adim atmustir. Zararl ile ilgili hali hazirdaki durum degerlendi-
rildiginde, dogal diigmanin hizli ve kontrollii bir sekilde kitlesel tiretimine gegil-
mesi ve salimi yiiksek derece 6nem arz etmektedir.

Cikar Catigmasi

Yazarlar herhangi bir ¢ikar ¢atigmasi olmadigini beyan eder.
Etik

Bu ¢alisma etik kurul onay gerektirmez.
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Parazitoitlerin morfolojik teshisinin yapilmas: hususunda destek veren Dr. Fran-
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Dogana tesekkiir ederim.
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COMPETITION INDICES OF FORAGE TURNIP CEREAL MIXTURES
IN DIFFERENT SEEDING RATIO

ABSTRACT

The aim of current study was to determine of intercropping forage turnip “FT”
with cereals “C” (barley, “B”, wheat “W” and oat “O”) for herbage yield and com-
petitive ratios in Bilecik conditions in 2019-2020 and 2020-2021 growing periods.
Plants were sown as sole and in 3 different mixtures (75FT+25C%, 50FT+50C%
and 25FT+75C%). Experiments were arranged in a randomized complete block de-
sign with three replications. In the study, herbage yield, land equivalent ratio (LER),
competitive ratio (CR), aggressivity (A) and actual yield loss (AYL) values were de-
termined. The herbage yield was ranged from 23.91 to 43.24 t ha’.The highest LER
value 50FT+500% (1.43), while the lowest was in 75FT+25W% (0.94) mixture. It
was determined that the competitive ratios of cereals are higher than forage turnip.
Besides, the AYL decreased with the increase in cereals ratio in mixtures.

As a result, it was determined that the addition of cereal to the forage turnip
increased the herbage yield and the mixtures performed better than the monoc-
rops. Besides, according to the all traits, it was concluded that it would be approp-
riate to sown forage turnip with barley and oats at a seed rate of 50FT+50B% and

25FT+750% seed rates in Bilecik ecological conditions.

Keywords: Forage Turnip, Cereal, Intercropping, Herbage Yield, Competition.

ek

YEM SALGAMI TRHIL KARISIMLARININ FARKLI EKiM
ORANLARINDA REKABET iNDEKSI

0z

Bu caligma, 2019 ve 2020 vejetasyon doneminde Bilecik ekolojik kosullarinda
yem salgami “YS” ile farkli tahil “T” (arpa, “A”, bugday “B” ve yulaf “Y”) karisimla-
rinin yesil ot verimi ve rekabet oranlarinin belirlenmesi amaciyla yiirtitiilmistiir.
Bitkiler yalin ve 3 farkli karisim (75Y$+%25T 50FT+%50C ve 25FT+%75C) ora-
ninda ekilmistir. Calisma Tesadif Bloklar1 Deneme Desenine gore ii¢ tekerriirlii
olarak kurulmustur. Calismada yesil ot verimi, alan esdegerlik orani (LER), reka-
bet indeksi (RI), agresivite (A) ve gergek verim kayb1 (GVK) degerleri belirlen-
mistir. Yesil ot verimi 23.91 ile 43.24 t ha! arasinda degismistir. AEO en yiiksek
50Y$+%50Y (1.43), en disiik ise 75YS$+%25B (0.94) karisiminda olmustur. Tahil-
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larin rekabet oranlarinin yem salgamina gore daha yiiksek oldugu belirlenmistir.
Ayrica karigimlarda tahil orani arttikga GVK azalmistir.

Sonug olarak, yem salgamina tahil ilavesinin yesil ot verimini arttirdig1 ve
karigimlarin yalin ekimlere gore daha iyi performans gosterdigi belirlenmistir.
Ayrica tiim 6zelliklere gore Bilecik ekolojik kosullarinda arpa ve yulafin yemlik
salgam ile %50Y$+50A ve %25Y$+75Y tohum oraninda ekiminin uygun oldugu
sonucuna varilmstir.

Anahtar Kelimeler: Yem $algami, Tahil, Karisikekim, Bitki Verimi, Rekabet.

ek

1. INTRODUCTION

Animal-based food has occupies a significant place in people’s diets in Turkey.
However, there are some problems associated with livestock production, the pri-
mary ones being high input costs and the insufficiency of high-quality roughage.
Meadows and grasslands are damaged as they have long been overused for grazing
and overgrazing pasturing. Therefore, as the cheapest source of roughage, they
have lost their efficiency to a significant extent. On the other hand, the gradual
increase in the number of livestock in recent years led to the intensification of the
roughage problem, one of the main challenges in the industry. Developing forage
crop agriculture has become essential in overcoming this bottleneck. As a matter
of fact, the latest data demonstrates that there are 19 million cattle units (BBHB)
in Turkey. The annual roughage need of animal stock in Turkey is 86 million tons.
The roughage yield obtained from forage crop fields, meadows and grasslands cor-
responds to 31 million tons, with the deficit being 55 million tons (Acar et al.,
2020). This leads to an inability to feed the existing cattle with high-quality roug-
hage, resulting in reduced yield.

The diversity of the climate, soil and production pattern variety in Turkey al-
lows the successful cultivation of many forage crops. However, the number of fo-
rage crop types cultivated has not yet reached a sufficient level, meaning a further
increase in the roughage needed by the existing animal stock. As a matter of fact,
the decline in farming areas due to the growing national and global population is
a widely acknowledged fact. Therefore, cultivators have resorted to mixed planting
systems to make better use of available farming areas in recent years.

Mixed planting refers to the cultivation of multiple species in the same area
simultaneously. It enables an increase in both the overall yield and cultivator inco-
me. Also, plants cultivated in the same environment use the available soil, water,
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light and nutrients more effectively, causing less impact on the environment (Onal
Asci et al.,, 2015; Acar et al., 2017).

As one of the most significant ways of increasing the yield of forage crops,
mixed planting is a widespread choice, particularly in tropical and subtropical re-
gions. In addition to enabling better use of available resources, a mixed planting
system is an attractive option for other reasons as well. Firstly, it also reduces risk
factors and protects soil fertility through simultaneous cultivation, where if one
species fails to grow, the other can thrive. Moreover, it prevents erosion by forming
dense vegetation and increases profitability by allowing for more effective use of
the household workforce (Zohry et al., 2020).

Determining the species to be used in mixed planting is essential, as the po-
tential competition among the plants can lead to problems. The plants included
in the mixture can belong to the same family or different families. Thus, they may
compete against each other in light, water and nutrient uptake due to their dif-
ferent morphological properties. Seed ratios in the mixture are as influential in
competition as the species themselves. In fact, when the cereal ratio in the mix
is high, the cereals would prevent the other species’ growth as they grow faster in
spring. Therefore, it is critical to adjust the species and seed ratios in the mixture
well to ensure interspecies balance. Mugi-Ngenga et al. (2023) indicated that in in-
tercrops, inter-specific competition is inevitable and counterbalances the benefits
of potential improved total productivity and biological nitrogen fixation by the
legumes. Competitive interactions and the potential for complementarity between
the component species determine the performance of intercropping systems.

Lenox, also known as forage-type turnip, is a non-perennial forage crop, the cul-
tivation of which requires no irrigation. Its high protein content improves livestock
yield and quality. This plant, directly impacting milk yield and quality, adds value to
cultivator income as well. The plant has a very high oil rate and is quite rich in vita-
mins and nutrients. The hair of animals that feed on forage turnip becomes shinier,
with a marked decrease in foot diseases and diarrhea cases. Sheep, goats, heifers,
cattle and dairy cows consume the leaves and roots of the plant with great appetite.

This study aims to determine the herbage yield and competition rates of forage
turnip and barley, wheat and oat mixtures.

2. MATERIAL AND METHODS

The experiments were conducted at the Agricultural Practice and Research
Area, Bilecik Seyh Edebali University, Turkey, during 2019-2020 and 2020-2021
winter growing season. In this study, forage turnip (Brassica rapa L. cv. “Lenox”),
barley (Hordeum vulgare L. cv. “Ramata”), wheat (Triticum aestivum L. cv. “Reis”)
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and oat (Avena sativa L. cv. “Checota”) was used as a material and they were sown
in five different mixtures (100:0%, 75:25%, 50:50%, 25:75% and 0:100%).

The meteorological data of the experiment area during growth season (Decem-
ber - May) show in the Table 1. During to growing season, total precipitation was
322.0 mm at the long-term; it was 342.3 mm for 2019-2020 and 338.3 mm for
2020-2021 (Table 1). Besides, the long-term, 2019-2020 and 2020-2021 years ave-
rage temperatures at 7.7 °C, 8.9 °C and 8.8 °C, respectively.

Table 1. Meteorological data of experiment area in the long-term and studied
years

Temperature (°C) Precipitation (mm) Moisture (%)
Months
LT** 2019-20 2020-21 LT** 2019-20 2020-21 LT 2019-20 2020-21

November 9.0 12.7 8.3 37.2 27.6 3.6 71.1 63.0 72.0
December 4.5 5.6 7.9 55.9 78.4 9.7 76.0 78.0 71.5
January 2.4 24 5.6 50.1 45.4 78.3 76.5 74.0 58.6
February 3.7 52 5.7 42.0 65.6 37.7 73.2 72.1 68.0
March 6.4 8.6 5.1 47.3 34.1 101.0 69.3 68.8 72.1
April 11.5 10.8 11.4 41.8 36.0 73.0 64.2 61.0 67.0
May 16.1 16.7 17.5 47.7 55.2 35.0 64.5 62.0 60.1
Average 7.7 8.9 8.8 70.7 68.4 67.0
Total 322.0 342.3 338.3

*Tukish State Meterogical Service; **: Long-term

Experiment field soil proporties were clay-loam type with pH of 7.71 and
7.82% CaCO,, 257.2 kg ha-' phosphorus, 1605.0 kg ha potassium and 1.25% or-
ganic matter.

Experiment was arranged in a randomized complete block design with three
replications. The plots were formed 6 rows with 20 cm space and 5 m length. In
pure sowings, 10 kg ha™! for seed was used for forage turnip, 220 kg ha™* for barley,
200 kg ha for wheat, 200 kg ha" for oat. The P fertilizer (P,0,) 80 kg ha" was
uniformly applied to the soil with sowing. Pure forage turnip and mixtures were
harvested at the flowering stage based on forage turnip, while the cereals were har-
vested at milk-dough stages (Harvest was determined using Zadoks scale 73) (Za-
doks et al., 1974; Mut et al., 2015; Mut et al., 2018). All treatments were manually
harvested and then the species were separated as forage turnip and cereal.
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The herbage yields were calculated by converting the plot weights to hectares
of the treatments. The land equivalent ratio and other competitive indexes of the
treatments were determined according to the herbage yield.

The land equivalent ratio (LER) was determined according to the method by
Willey (1979). When LER values are <1, intercropping is disadvantageous compa-
red to pure sowing, when LER = 1, intercropping is equal compared to pure sowing
and when LER > 1, intercropping is advantageous compared to pure sowing,

(Feng et al,,

2022).

The land equivalent ratio (LER): LERFT + LERc

LERFT:
LERC :
FT
C

FTHY :
FTSY
CHY

CSY

FTHY/ FTSY
CHY/ CSY

: Forage Turnip

: Cereals

Herbage yield of forage turnip in the intercrops

: Herbage yield of forage turnip in sole crops.
: Herbage yield of cerals in the intercrops

: Herbage yield of cereals in sole crops.

The competition ratio (CR) and aggressivity (A) were determined according to
the method by Willey ve Rao (1980) and Bantie et al. (2014).

CRFT :
CRC
FTSR
CSR
(AFT) :

(AC)

(LERFT/LERC) x (FTSR/ CSR)

. (LERC/LERFT) x (CSR/FTSR)
: Seed ratio of forage turnip

: Seed ratio of cereal

(FTHY / FTSYXFTSR) - (CHY/ CSYXCSR)

: (CHY/ CSYXCSR) - (FTHY / FTSYXFTSR)

If the AFT : 0, it is equal in both species, if the AFT is positive, forage turnip is
dominant and if the AFT is negative, forage turnip is the suppressed species (Dhi-
ma et al., 2007; Lithourgidis et al., 2011).
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Actual yield loss (AYL) of mixtures was calculated according to the method
Banik et al. (2000). Accordingly, If AYL is positive, intercrops are advantageous
compared to sole crops, If AYL is negative, intercrops are disadvantageous compa-
red to sole crops

AYL :AYLFT + AYLC
AYLFT : ((FTHY/ FTSR)/( FTSY /100)-1)
AYLC : ((CHY/CSR)/(CSY/100)-1)

The results were analyzed according to the randomized complete block design
using the SPSS.22 statistical package program. Differences between the considered
traits were revealed by Duncan’s multiple-range test.

3. RESUT AND DISCUSSION

Values of herbage yield and land equivalent ratio (LER) of forage turnip and
cereal mixtures are given in Table 2, which demonstrates very significant statis-
tical variance (p<0.01) between procedures in separate and combined years, with
no variance between years in terms of herbage yield. In terms of LER, there was
a variance of 5 percent between years on the level of possibility, with no variance
between procedures in separate and combined years (Table 2).

In combined years, the highest herbage yield varied between 36.99 and 43.24 t
ha™. The lowest herbage yield was obtained from the 75%FT+25%W procedure as
23.91 tha' (Table 2). It is seen that cereals contribute positively to the herbage yield
of mixtures. This results from the formation of a dense habitus by way of cereal til-
lering. In addition, barley and oat proved to be more suitable for forage turnip mix-
tures than wheat in this study. In individuals, forage turnip, barley and oat were in
the same statistical group having a higher herbage yield compared to wheat (Table
2). Orak and Nizam (2012) stated that the herbage yield of lupin, Hungarian vetch,
Narbonne vetch and common vetch mixtures with barley in different ratios varied
between 7.27 and 46.32 t ha-1 and that mixtures exhibited better performance than
individuals.

LER varied between 0.94 and 1.43 in combined years (Table 2). These results
demonstrate that procedures other than 75%FT+25%W are more advantageous
than individual planting. This indicates that the plants in the mixture have different
root and stem structures, nutrient requirements and reactions to ecological con-
ditions and thus use environmental resources more effectively than individuals.
Copur Dogrusoz et al. (2019) remarked that the LER values of forage turnip and
Hungarian vetch, common vetch and pea vary between 0.61 and 2.39.
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Table 2. Herbage yield and land equivalent ratios of forage turnip cereal mixtures

Herbage Yield (t ha) Land Equivalent Ratio (LER)

Treatments

2019-20** 2020-21* Mean** 2019-20 2020-21 Mean
100FT 28.82 bed 28.98 bed 28.90 bed - - -
100B 29.47 bed 28.01 bed 28.74 bed - - -
100W 25.00 cd 24.09d 24.55d - - -
1000 30.27 bed 27.20 bed 28.74 bed - - -
75FT+25B 35.98 abc 40.98 ab 38.48 ab 1.26 1.44 1.35
75FT+25W 21.95d 25.87 cd 2391d 0.82 1.06 0.94
75FT+250 37.40 ab 39.00 abc 38.20 ab 1.27 1.48 1.38
50FT+50B 37.95 ab 36.02 a-d 36.99 abc 1.32 1.28 1.30
50FT+50W 25.43 cd 30.29 a-d 27.86 cd 1.44 1.11 1.28
50FT+500 42.11a 44.37 a 4324 a 1.20 1.66 1.43
25FT+75B 39.72 ab 36.93 a-d 38.33 ab 1.34 1.34 1.34
25FT+75W 30.38 bed 33.51a-d 31.95 bed 1.21 1.37 1.29
25FT+750 38.19 ab 39.56 ab 38.88 ab 1.27 1.47 1.37
Mean 32.51 33.44 1.24 B* 1.36 A*

FT: Forage Turnip; B: Barley; W: Wheat; O: Oat; *(p<0.05); **(p<0.01).

There was a variance between years in the competition rates of forage turnip
and cereal mixtures on the level of 1% possibility, with no variance between tre-
atments in separate and combined years (Table 3). Generally, it can be said that
barley is more dominant in mixtures compared to wheat and oat. This is because
barley is an early plant with a high tillering potential in comparison to other cereals
(Acar etal., 2017). In a study they conducted with legume-cereal mixtures, Dordas
et al. (2012) stated that cereals are more dominant than legumes. Similarly, cereals
proved to be more dominant than forage turnip in this study.
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Table 3. Competitive ratios of forage turnip cereal mixtures

Competitive Ratios of Forage Turnip

Competitive Ratios of Cereals

Treatments
2019-20 2020-21 Mean 2019-20 2020-21 Mean

75FT+25B 0.19 0.21 0.20 5.62 4.73 5.17
75FT+25W 0.32 0.23 0.28 4.11 5.31 4.71
75FT+250 0.28 0.34 0.31 4.17 6.12 5.15
50FT+50B 0.19 0.26 0.22 7.71 4.19 5.95
50FT+50W 0.37 0.53 0.45 2.78 223 2.50
50FT+500 0.47 0.35 0.41 4.01 3.64 3.82
25FT+75B 0.40 0.49 0.45 3.44 2.32 2.88
25FT+75W 0.62 0.86 0.74 2.42 1.47 1.95
25FT+750 0.31 0.52 0.41 3.52 2.34 2.93
Mean 0.35 B** 0.42 A+ 4.20 A%+ 3.59 B**

FT: Forage Turnip; B: Barley; W: Wheat; O: Oat; **(p<0.01).

Table 4. Aggressivity values of forage turnip cereal mixtures

Aggressivity Values of Forage Turnip

Aggressivity Values of Cereals

Treatments

2019-20** 2020-21** Mean** 2019-20** 2020-21** Mean**
75FT+25B -0.0258 ¢ -0.0278 -0.0268 e 0.0258 a 0.0278 a 0.0268 a
75FT+25W -0.0134 ab -0.0198 de -0.0197 de 0.0134 be 0.0198 ab 0.0166 bc
75FT+250 -0.0204 be -0.0190 de -0.0166 cd 0.0204 ab 0.0190 ab 0.0197 ab
50FT+50B -0.0180 be -0.0151 bed -0.0166 cd 0.0180 ab 0.0151 bed 0.0166 be
50FT+50W -0.0035 a -0.0064 ab -0.0141 cd 0.0035 ¢ 0.0064 de 0.0050 de
50FT+500 -0.0115 ab -0.0167 cd -0.0124 bed 0.0115 be 0.0167 be 0.0141 be
25FT+75B -0.0101 ab -0.0077 abc -0.0089 abc 0.0101 be 0.0077 cde 0.0089 cde
25FT+75W -0.0053 a -0.0028 a -0.0050 ab 0.0053 ¢ 0.0028 e 0.0041 e
25FT+750 -0.0108 ab -0.0139 bed -0.0041 a 0.0108 be 0.0139 bed 0.0124 bed
Mean -0.0132 A** -0.0144 B** 0.0132 B** 0.0144 A**

FT: Forage Turnip; B: Barley; W: Wheat; O: Oat; **(p<0.01).
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Table 4 shows the aggressivity values of forage turnip and cereal mixtures. The-
re was a very significant variance (p<0.01) between forage turnip and cereal mix-
tures in separate and combined years. It was seen that aggressivity values decreased
as the planting rates of cereal seed ratios did. The opposite was observed in forage
turnip. Since cereals tiller, they can tolerate the decrease in seed ratios. Thus, ce-
reals can tiller more and grow in sparse planting (Onal As¢1 and Egritag, 2017).
Moreover, aggressivity values varied between cereals. This results from the varying
tillering properties, primary stem lengths and development rates of different spe-
cies. The aggressivity values in this study were coherent with those obtained by
Dhima et al. (2007), who stated that the species and planting ratios used in mixtu-
res determined interspecies competition.

In terms of actual yield loss (AYL), the variance was very significant (p<0.01)
between forage turnip and cereal mixtures in separate and combined (Figure 1).
AYL ranged between -0.26 and 2.05 in combined years. It was observed that actual
yield loss was higher in mixtures with a forage turnip rate of 75%. As the cereal ra-
tio in mixtures increased, actual yield loss decreased. Yilmaz et al. (2015) remarked
that the AYL values of barley and vetch mixtures ranged between -0.382 and 2.002.

2.6

2.1

ab
1.6

1.1

cd
0.6 d

0.1
oo ol |2 ale e e o ]
04 & s )
- f\x'f"‘b m"q B F > 5 A% 3
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FT: Forage turnip; B: Barley; W: Wheat; O: Oat; **(p<0.01).

Figure 1. Actual yield loss of forage turnip cereal mixtures in combined years

4, CONCLUSION

In this study, it was aimed to determine intercropping herbage yield and com-
petition ratios of forage turnip with barley, wheat and oat mixtures in Bilecik eco-
logical conditions in the 2019-2002 and 2020-2021 growing periods.
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The highest herbage yield was determined in 75FT+25B% (38.48 t ha'),
75FT+250% (38.20 t ha!), 50FT+50B% (36.99 t ha!), 50FT+500% (43.24 t ha'),
25FT+75B% (38.33 t ha'!), 25FT+750% (38.88 t ha!) mixtures. The LER value was
ranged between 0.94-1.43. It has been determined that the competitive ratios of
cereals are higher than forage turnip. Besides, The AYL decreased with the increase
in cereals ratio in mixtures.

As a result, it was determined that the addition of cereal to the forage turnip
increased the herbage yield and the mixtures performed better than the monoc-
rops. Besides, according to the all traits, it was concluded that it would be appropri-
ate to sown forage turnip with barley and oats at a seed rate of 50+50% and 25+75%
in Bilecik ecological conditions.
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DETERMINATION OF NUCLEAR DNA CONTENT AND
CHROMOSOME NUMBER OF VERBASCUM SCAMANDRI
MURB. (SCROPHULARIACEAE)

ABSTRACT

The study aimed to determine the chromosome number and nuclear DNA con-
tent of an endemic plant, Verbascum scamandri, using 14-week-old plants germi-
nated from seed and to determine the genetic stability based on flow cytometry
analyses in callus tissues induced MS medium containing 1 mg/L Kin + 1 mg/L
2,4-D and 9-week-old propagated plants, induced and developed on MS medium
containing 2 mg/L Kin + 0.1 mg/L 2,4-D. In the mitotic chromosome counts, it was
determined that V. scamandri had 2n = 32 chromosome number. Flow cytometric
analysis revealed that 14-week-old in vitro grown plants had 0.73 pg/2C + 0.01,
callus tissues had 0.76 pg/2C + 0.02 and propagated plantlets had 0.79 pg/2C +
0.01 mean nuclear DNA content. The results proved that propagated plants had si-
milar DNA content to the seed-derived plants which showed analysed plants were
genetically stable.

Keywords: Nuclear DNA Content, Chromosome, Tissue Culture, Mullein.

ek

VERBASCUM SCAMANDRI MURB. (SCROPHULARIACERE)
TURUNUN CEKIRDEK DNA iCERIGININ VE KROMOZOM
SAYISININ BELIRLEMESI
0z

Caligmanin amaci, endemik bir bitki olan Verbascum scamandri tiriinin
in vitro buyttiilen 14 haftalik bitkiler kullanilarak kromozom sayisi ve ¢ekirdek
DNA igeriginin belirlenmesi, 2 mg/L Kin + 0.1 mg/L 2,4-D igeren MS ortaminda
¢ogaltilan 9 haftalik in vitro bitkilerde ve 1 mg/L Kin + 1 mg/L 2,4-D igeren MS
ortaminda indiiklenen kallus dokularinda flow sitometri analizleri ile genetik ka-
rarliligin tespit edilmesidir. Mitoz kromozom sayimlarinda tiiriin kromozom say1-
sinin 21 = 32 oldugu belirlenmistir. Flow sitometri analizinde, in vitro yetistirilen
bitki 6rneklerinin 0.73 pg/2C + 0.01, kallus 6rneklerinin 0.76 pg/2C * 0.02, in vitro
cogaltilmis bitkiciklerin DNA igerigi ise 0.79 pg/2C + 0.01 belirlenmistir. Yapilan
flow sitometri analizleri tohumdan gelisen bitkiler ile in vitro ¢ogaltilan bitkilerin
benzer ¢ekirdek DNA igeriklerine sahip olduklarini gostermis ve dolayisiyla gene-
tik stabil olduklar1 anlagilmistir.

Anahtar Kelimeler: Cekirdek DNA Icerigi, Kromozom, Doku Kiiltiiri,
Sigir Kuyrugu.
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1. INTRODUCTION

The genus Verbascum L. belongs to the family Scrophulariaceae is commonly
known as mullein. The genus Verbascum includes about 459 species and is dist-
ributed mainly in Asia, Europe, and North America (Heywood, 1993; POWO,
2023). In the flora of Tiirkiye, 253 natural species and 130 hybrid species are found.
Among these species, 198 of them were classified as endemic species. The ende-
mism rate of the genus is about 80% in Tiirkiye (Huber-Morath, 1978; Karave-
liogullar1, 2015a; 2015b; Cingay and Karaveliogullar1 2016; Duman et al., 2017;
Cingay et al., 2018). Most Verbascum species contain many secondary metabolites
including iridoid glycosides, phenylethanoid glycosides, flavonoids, saponins, mo-
noterpenoid glucosides, neolignan glucosides, phenolic acids, steroids, and sper-
mine alkaloids (Tatli and Akdemir, 2004). These compounds have antioxidant (Mi-
hailovi¢ et al., 2016), antiviral (Zanon et al., 1999), antibacterial (Hacioglu Dogru
et al., 2021), antiinflamatuar (Kupeli et al., 2007), anticancer (Zhao et al., 2013),
wound healing (Akdemir et al., 2011), antifibrosis (Wu et al., 2018), neuroprotec-
tive (Esposito et al., 2010; Xue et al., 2012), and osteoprotection effects (Young et
al., 2017). Due to these effects, Verbascum species are used in traditional medicine
for some diseases such as respiratory tract diseases, eczema, for the treatment of
tumors, asthma, and migraine (Turker and Camper, 2002; Kozan et al., 2011). Ver-
bascum scamandri Murb. is a biennial plant species, 50-80 cm high, with shortly
and densely stellate-tomentose or glabrescent (Huber-Morath, 1978). This species
is distributed on mountain slopes in Northwest Anatolia, Tiirkiye-Kazdagi, known
as “Kazdag1 Mullein”. The conservation status of this species is declared as endan-
gered (EN, B1-B2a) according to IUCN criteria (IUCN, 2012).

Plant tissue culture is used in plant breeding applications such as haploid plant
production, gene transfer, somatic hybridization, species hybridization, somaclo-
nal variation, and in many non-breeding and commercial studies such as synthetic
seed, disease-free plant, secondary metabolite production, and micropropagation
(Babaoglu et al., 2001). In addition, it is used for the protection of genetically va-
luable plant species that are difficult or impossible to reproduce by vegetative and
generative means, and plant gene resources that are at a risk of extinction from
nature (Mikulik, 1999; Rout et al., 2000). These methods provide the opportunity
to multiply plant species in a short time, in a narrow area, regardless of the growing
season. However, in vitro propagated plants are expected to be genetically uniform
and genetically equivalent to donor plants. Callus culture is one of the tissue cultu-
re types and is widely used in the production of secondary metabolites of medici-
nally important plant species. Callus tissues are irregular and undifferentiated pa-
renchymatic cells (Sokmen and Giirel, 2001; Caligkan et al., 2019). However, many
factors such as callus stage, number of subcultures, explant source, plant growth
regulators, or applied chemicals may cause environmental stress in culture and
induce genetic or epigenetic variations, widely known as somaclonal variation, in
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propagated plants during the culture process (Leljak-Levanic et al., 2004; Temel et
al., 2008; Chinnusamy and Zhu, 2009; Lira-Medeiros et al., 2010). For this reason,
it is necessary to analyse and compare the nuclear DNA content of callus tissues
and in vitro propagated plants to determine if genetic changes occur during culture
(Cordiik et al., 2018).

The nuclear DNA content is the total amount of DNA which present in each
cell nucleus of a eukaryotic organism. In species with the same ploidy level, nuc-
lear DNA content is mostly constant among cells of an individual and relatively
constant among individuals of species (Bennett and Leitch, 1955). Therefore, it is
crucial data in genome analysis (Rees and Walters, 1965), ploidy analysis, evolu-
tion, taxonomy (Ohri, 1998), and breeding studies (Lee et al., 2020). Nowadays,
the flow cytometry method (FCM) has been used commonly to estimate the nuc-
lear genome size which is a convenient, fast, and reliable method (Dolezel et al.,
2007; Galbraith, 2009). FCM can also allow detecting DNA amounts from mate-
rial cultured in vitro (Dolezel et al., 1989; Makowczyniska et al., 2008). Somaclonal
variation in tissue culture resulted instability in DNA content of plant material
(Escobedo-Gracia-Medrano et al., 2018; Sliwinska, 2018) and screening of genetic
stability of plants propagated through tissue culture techniques has been analy-
sed successfully using flow cytometry in different plant species (Kubalakova et al.,
1996; Kevers et al., 1999; Makowczynska et al., 2008). Although nuclear genome
size is a fundamental biological character, it has been only estimated until now
in a limited number of Verbascum species e.g. V. levanticum (0.75 pg/2C) and V.
virgatum (1.44 pg/2C) (Castro et al., 2012). In the Verbascum genus, chromosome
number showed variation among species and even within the species (Benedi et
al., 2009). However, there is no information about the nuclear DNA content and
chromosome number of V. scamandri.

This research aimed to determine the chromosome number and nuclear DNA
content of V. scamandri species using 14-week-old in vitro grown plants by flow cy-
tometry for the first time. Also, the DNA content of 9-week-old propagated plant-
lets and callus tissues of V. scamandri were analysed and compared to determine
whether genetic changes occur during in vitro culture.

2. MATERIALS AND METHODS

2.1 Plant Material

The studies were carried out using the in vitro cultures of V. scamandri that
had been established by Cambaz (2022). V. scamandri seeds were collected from
in Canakkale-Bayramig, Tiirkiye during the flowering period in Agust 2021. The
taxonomic identification was made according to the genus Verbascum L. in Flora
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of Turkey and the East Aegean Islands (Huber-Morath, 1978), and checked with
reference collection in in Canakkale Botanic Garden Herbarium (CBB, Canakkale,
Tiirkiye) by Prof. Dr. Ersin KARABACAK from Canakkale Onsekiz Mart Univer-
sity, Faculty of Science, Department of Biology. A voucher specimen was recorded
in the CBB under the number “CBB00002743”.

V. scamandri seeds were sterilized in 5% (v/v) sodium hypochlorite for 20 mi-
nutes and then rinsed 4-5 times with sterile distilled water. The seeds were inocula-
ted on Murashige and Skoog basal medium (MS: Murashige and Skoog 1962) con-
taining 3% (w/v) sucrose and 0.7% (w/v) phytoagar. The adventitious shoots were
induced from leaf explants (5x5 mm) cultured on MS medium containing 2 mg/L
Kinetin (Kin) + 0.1 mg/L 2,4-Dichlorophenoxyacetic acid (2,4-D), 3% sucrose, 1
g/L polyvinylpyrrolidone (PVP, Sigma Aldrich), and 0.7% phytoagar. The shoots
were propagated and rooted on MS medium without plant growth regulators. Cal-
lus induction has occurred from leaf explants (5x5 mm) cultured on MS medium
containing 1 mg/L Kin + 1 mg/L 2,4-D, 3% sucrose, 1 g/L PVP, and 0.7% phytoagar.
All media were adjusted to pH 5.75 before autoclaving at 121°C for 15 min. All the
cultures were kept in the growth chamber at 25 + 2 °C under 16 h light/8 h dark
photoperiod, 50 + 5% humidity with 72 pmol m?s™.

2.2. Nuclear DNA Content Estimation

The nuclear DNA content of V. scamandri samples was determined by the
flow cytometer (Partec, CyFlow® Space Miinster, Germany) equipped with a green
solid-state laser (Cobolt Samba, 532 nm, 100 mW). Lycopersicon esculentum (2C
= 1.96 2C/pg) was used as an internal standard. The intact nuclei suspension was
prepared from the youngest and healthy leaves of both the in vitro grown plants
and the propagated plants, as well as from the callus tissues. The intact nuclei sus-
pensions were prepared using commercial kits (CyStain PI absolute P) manufac-
tured by Sysmex Partec GmbH (Miinster, Germany). Approximately 20 mg fresh
leaf of sample and 40 mg fresh leaf of internal standard was co-chopped into small
pieces for approximately 40-60 s using a razor blade in a petri dish containing 500
ul nuclei extraction buffer. The homogenized solution was transferred into a glass
tube through a 30 um filter. A 2 pl of staining buffer (CyStain PI Absolute P) was
added to each tube and the samples were incubated at room temperature in the
dark for at least 1 h before analysis. 2C nuclear DNA contents of samples were cal-
culated based on the ratios of the G1 peak means of sample and internal standard
in three replicates per sample using the following equation: Nuclear DNA content
of sample = (mean of sample G1 peak/mean of standard G1 peak) x Known DNA
content of standard (pg)
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2. 3. Chromosome Preparation

Cytological analysis was done on root tips of 14-week-old in vitro grown plants.
Chromosome preparations were performed according to the protocol as described
by Tsuchiya and Nakamura (1979) with some modifications. Roots, approximately
1.0-2.0 cm long, cut from the plants were immersed in 0.002 M 8-hydroxyquinoli-
ne (Sigma, USA) for 2 h at room temperature followed by fixation in ethanol/gla-
cial acetic acid (3:1) and stored at +4°C until use. Hydrolytic maceration was done
in 1IN HC1 at 60°C for 10 minutes. Root tips were stained with 2% acetocarmine
and kept for about 3 or 4 days at 4 °C. The root cap of stained-root tips was remo-
ved before squashing and samples were squashed on a glass slide. Chromosome
counts were performed under the light microscope (Motic, BA210) for at least five
metaphase cells.

3. RESULT AND DISCUSSION

The seeds of V. scamandri were successfully germinated on MS medium and
the seedlings were healthy grown in vitro for 14 weeks (Figure 1a). In this work, the
adventitious shoot induction has occurred from leaf explants on MS medium con-
taining 2 mg/L Kin and 0.1 mg/L 2,4-D. The shoots were propagated and rooted on
MS medium without plant growth regulators. The propagated plants were grown
for 9 weeks (Figure 1b). Callus induction was achieved by culturing leaf explants
on MS medium containing 1 mg/L Kin, 1 mg/L 2,4-D within 3-4 weeks of culture
(Figure 1c). 14-week-old in vitro grown plants, 9-week-old propagated plantlets,
and callus tissues of V. scamandri were used for analyses.

Figure 1. 14-week-old in vitro seedling (a), 9-week-old propagated plantlet of
V. scamandri (b), callus tissue induced from leaf explants cultured on MS medium
with 1 mg/L Kin + 1 mg/L 2,4-D (c) (bar = 5mm)
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The nuclear DNA content of V. scamandri was estimated using flow cytometry
with L. esculentum (1.96 pg/2C) as an internal standard plant. L. esculentum was
excellent as an internal standard for V. scamandri since V. scamandri G1 peak was
distinguishable from the L. esculentum G1 peak (Figure 2). Based on the flow cy-
tometric analysis of nuclear DNA content, the in vitro grown plants, propagated
plantlets, and callus tissues all have very similar amounts of DNA. The mean nuc-
lear content of seed derived plants of V. scamandri was determined as 0.73 pg/2C £
0.01, while callus tissues and the leaf of propagated plantlets had a slightly higher
DNA content with 0.76 pg/2C + 0.02 and 0.79 pg/2C + 0.01, respectively. The flow
cytometry analysis indicated that nuclear DNA content remained stable during the
successive subcultures.

LT

V. seamandr

L. esculentum

B - bihacabadhidnd Lo & ¥ .
= wx un m fr
ALl s

Figure 2. Relative positions of G1 peaks of V. scamandri and standard

The 2C DNA content of some Verbascum species previously was reported. Ba-
sed on the results of the previous study using flow cytometry, the nuclear DNA
contents of V. levanticum, V. litigiosum, and V. pulverulentum were reported as 0.75
2C/pg, 0.76 2C/pg, and 0.78 2C/pg, respectively. The previously analysed nuclear
DNA content of species indicated similar results obtained in the present study. On
the other hand, the nuclear DNA content of V. virgatum was reported as 1.44 2C/
pg, which is approximately two-fold of other analysed species (Castro et al., 2012).

In V. scamandri genome, analyses of leaves from in vitro grown plants and in
vitro propagated plants had similar nuclear DNA content. Similarly, the in vitro
culture of Plantago asiatica produced genetically stable material. The nuclear DNA
content of the leaves of the following seedling and plant materials of P. asiatica cul-
tured in vitro ranged from 2.97 to 3.45 pg/2C using flow cytometry. It was reported
that in vitro culture material produces genetically stable material since the nuclear
DNA content of the samples was similar to the source of the material (Makowc-
zynska et al., 2008). Cordiik et al. (2017) reported DNA ploidy levels remained
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stable in vitro cultures cloned of Digitalis trojana since regenerated plantlets and
seed derived plants had 2.80+0.03 pg and nuclear DNA 2.80+0.1 pg/2C nuclear
DNA content with same chromosome number (21=56) respectively. On the other
hand, somaclonal variation had been determined in different species such as Plum-
bago zeylanica (Sivanesan, 2007) and rice cultivar (Aratjo et al., 2001). It has been
reported that somaclonal variation is particularly common in plants regenerated
from callus (Bhatia and Sharma, 2015; Cordiik et al., 2017).

Based on cytological investigations and mean nuclear DNA content analyses
chromosome number of the in vitro grown plants was determined 2xn = 32 with
0.73 pg/2C + 0.01 (Figure 3). In genus Verbascum wide range of chromosome
number variation is reported for example, 2n = 18, 24, 28, 30, 32, 34, 36, 40, 48, 44,
52,58 (Benedi et al., 2009; Petrova and Vladimirov 2020). Dysploidy was suggested
as the possible reason for variability in chromosome number in Verbascum (Cast-
ro et al., 2012). Numerical and structural changes in chromosomes are important
mechanisms that can drive speciation and diversification in plants (Lysak and We-
iss-Schneeweiss, 2021).

Figure 3. The mitotic chromosomes of V. scamandri, 2n = 32 (scale bar =10 pm)

4. CONCLUSION

In conclusion, chromosome number of endemic V. scamandri was determined
2n = 32. The mean nuclear DNA content of V. scamandri was determined 0.73
pg/2C. In addition to that analysis of V. scamandri using flow cytometry has proven
that flow cytometry is a rapid and simple technique to estimate nuclear DNA con-
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tent in plant genome analyses. It was determined that the culture conditions were
suitable for in vitro propagation of this species since no somaclonal variation was
occurred during the culture. According to the flow cytometry results, regenerated
plants had similar nuclear DNA content to the source of the material. Additionally,
this allowed us to control the nuclear DNA content stability during in vitro culture.
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THE EFFECT OF DIFFERENT IRRIGATION WATER
SALINITY LEVELS ON RICE GERMINATION AND EARLY
SEEDLING DEVELOPMENT

ABSTRACT

Rice (Oryza sativa L.) is a vital cereal group that provides the basic food source
for over half of the world’s population and almost half of the daily calorie require-
ment. However, rice is susceptible to salt stress during germination and early se-
edling development. This study was conducted to determine the effect of different
NaCl and CaCl concentrations on rice germination and early seedling develop-
ment. The Efe variety, commonly grown in our country, was used in the study. See-
ds were germinated and irrigated during the seedling and early growth stages using
solutions prepared at 7 different NaCl and CaCl, concentration levels: 0.38 dS m™*
(T0),1.5dSm™* (T1),3dSm™* (T2),5dS m™ (T3),7 dSm™ (T4), 9 dSm™ (T5), and
11 dS m™ (T6). The germination rate was examined 5 days after seed planting, whi-
le seedling growth parameters and leaf and root mineral contents were examined
15 days after planting. Salt tolerance and vigor index values were calculated. The
study was conducted with 3 replications according to the randomized complete
block design. Statistically significant differences were observed among the studied
traits. The germination rate and early seedling growth traits decreased as the salt
concentration increased. Regarding root mineral content, as salinity increased, Na,
K, and Caincreased while the K/Na and Ca/Na ratios decreased. Similarly, regar-
ding seedling mineral content, as salinity increased, Na, K, and Caincreased while
the K/Na and Ca/Na ratios decreased. These findings indicate that rice plants are
sensitive to salt stress during the germination and early seedling growth stages. The
analysis showed that the maximum salt concentration for 80% germination was 7
dS m™* (T3) for the Efe rice variety commonly grown in our country.

Keywords: Rice; Salinity Stress; Mineral Content, Seedling Establishment, Growth.
ek
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FARKLI SULAMA SUYU TUZLULUK SEVIYELERININ CELTIKTE
CIMLENME VE ERKEN FIDE GELISiMi UZERINE ETKISi

Celtik (Oryza sativa L.), diinya niifusunun yarisindan fazlasinin temel besin
kaynagini ve giinliik kalori ihtiyacinin neredeyse yarisini saglayan hayati bir tahil
grubudur. Bununla birlikte, celtik, ¢imlenme ve erken fide gelisimi sirasinda tuz
stresine karsi hassastir. Bu ¢alisma, farkli NaCl ve CaCl konsantrasyonlarinin geltik
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¢imlenmesi ve erken fide gelisimi tizerindeki etkisini belirlemek amaciyla yapil-
mustir. Arastirmada iilkemizde yaygin olarak yetistirilen Efe ¢esidi kullanilmuistir.
Tohumlar, fide ve erken biiytime donemlerinde 7 farkli NaCl ve CaCl konsantras-
yon seviyesinde hazirlanan soliisyonlar kullanilarak ¢imlendirilmis ve sulanmistir.
0.38 dS m (T0), 1.5 dS m (T1), 3 dS m™ (T2), 5 dS m (T3), 7 dS m™ (T4), 9
dS m™* (T5) ve 11 dS m™ (T6). Cimlenme orani tohum ekiminden 5 giin sonra,
fide biiytime parametreleri ile yaprak ve kok mineral icerikleri ise ekimden 15 giin
sonra incelenmistir. Tuz toleransi ve canlilik indeksi degerleri hesaplanmistir. Ca-
ligma tesadiif bloklar1 deneme desenine gore 3 tekrarlamali olarak yliriitilmistiir.
Incelenen ozellikler arasinda istatistiksel olarak énemli farkliliklar gdzlenmistir.
Tuz konsantrasyonu arttikca ¢cimlenme orani ve erken fide bityiime 6zellikleri azal-
mustir. K6k mineral icerigine bakildiginda, tuzluluk arttik¢a Na, K ve Ca mineral
igerikleri artarken, K/Na ve Ca/Na oranlar1 azalmistir. Benzer gekilde fide mineral
igerigi bakimindan tuzluluk arttik¢a Na, K ve Ca artarken, K/Na ve Ca/Na oranlar1
azalmigtir. Bu bulgular, geltik bitkilerinin ¢imlenme ve erken fide biiyiime agama-
larinda tuz stresine duyarli oldugunu gostermektedir. Yapilan analizler, iilkemizde
yaygin olarak yetistirilen Efe celtik cesidi i¢cin % 80 ¢imlenme i¢in maksimum tuz
konsantrasyonunun 7 dS m™ (T3) oldugunu géstermistir.

E

INTRODUCTION

Rice (Oryza sativa L.) constitutes the staple source of livelihood and basic food
commodity for three billion people worldwide, primarily in Africa and Asia. The
global average rice consumption exceeds 50 kg per capita per year, and it consti-
tutes the basic food item for 90% of the population in the Asian continent (Heong
et al., 2005; Vibhuti et al., 2015; Khush, 1997; Carrijo et al., 2017). The projected
increase in the global population to 9.6 billion by 2050 indicates a continual rise in
food demand. Despite the constant increase in rice production, it is not sufficient
to meet the global demand (FAO, 2021; Steduto et al., 2012). Rice is a versatile
crop that can grow in diverse climatic conditions, but different abiotic and biotic
stress factors affect its yield. Among the abiotic stress factors, salinity is a major
limitation to rice productivity worldwide (Riaz et al., 2019). Approximately 6% of
the approximately 800 million hectares of land used for agricultural production
worldwide suffer from soil salinity issues, which equates to 20 % of the total irri-
gated area (Gerona et al., 2019; FAO, 2008; Munns, 2002). In Turkey, the problem
of salinity and alkalinity in agricultural soils has become increasingly prevalent in
recent years due to the rapid development of irrigation practices and associated
drainage issues. Of the total 2.7 million hectares of land affected by drainage prob-
lems, approximately 1.5 million hectares suffer from salinity and alkalinity issues
(Ding et al., 1993). Paddy is a plant that can grow continuously underwater and is
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therefore mainly cultivated in areas close to the sea, with a high demand for water.
In rice cultivation in these regions, the use of groundwater leads to the entry of
seawater, resulting in salinization of irrigation water (Mori and Kinoshita, 1987).
Excessive accumulation of Na* in plants under salt stress inhibits the uptake of K
(Siegel et al., 1980), and Cl' can negatively affect NO," uptake, leading to disrupti-
ons in ion balance in plants (Kirkby et al., 1977; Glines et al., 1994; Inal et al., 1995;
Lewitt, 1980). Although the salinity problem affects the growth and development
of rice throughout its entire life cycle, the extent of the impact varies depending
on the severity of salinity and the duration of exposure to salt. Additionally, rice
is more sensitive to salt stress during germination and early seedling development
(Kakar et al., 2019). Rice production is decreasing in many developing countries
due to salinity and water scarcity, which raises concerns about global food security.

This research was carried out to determine the effect of different irrigation wa-
ter salinity levels on germination and early seedling growth in rice.

MATERIALS AND METHODS

This study was conducted in 2021 at the Field Crops Department Laboratory
of the Faculty of Agriculture at Ondokuz Mayis University. The “Efe” rice variety
was used as the experimental material. In the study, 7 different saline water con-
centrations were applied using NaCl, and CaCl, salts: 0.38 dS m™ (T0), 1.5 dS m™
(T1), 3 dS m*! (T2), 5dS m* (T3), 7 dS m* (T4), 9 dS m* (T5), and 11 dS m!
(T6). The experiment was designed with a randomized complete block design with
three replications. Prior to germination, seeds were subjected to surface steriliza-
tion for 10 minutes in a 5% sodium hypochlorite solution (Uyanik et al., 2014).
Twenty seeds were placed in transparent plastic containers (10x10x4 cm) lined
with double-layered drying paper, and 10 ml of NaCl and CaCl, solutions pre-
pared at different salt concentrations were added to the containers using forceps
(Akay et al., 2019; Oztiirk et al., 2021). The germination containers were placed
in a climate cabinet at a temperature of 25+1°C and 75% humidity, with a daily
12-hour light cycle of 12.000 lux. To prevent salt accumulation, filter papers were
replaced every 2 days (Rehman et al., 1996). In the study, seeds that germinated
during the first 7 days were counted, and seeds with a 2 mm radicle length were
considered germinated (ISTA, 2003). On the 15th day of the study, measurements
and calculations were carried out for root length, shoot length, root-to-shoot ratio,
root dry matter content, shoot dry matter content, and germination rate (Akay et
al., 2019; Oxztiirk et al., 2021), seedling vigor index (Butola and Badola, 2004), salt
tolerance index (Matwijcuk et al., 2012), vigor index (Hu et al., 2005), ash content,
and organic matter content. The seedling vigor index (SVI) was determined using
the formula “SVI = (Root + Shoot Dry Weight) / (Days after Sowing)” (Butola and
Badola, 2004) for rice seeds grown under different irrigation water salinities. The
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salt tolerance index (STI) was determined using the formula “STI = (Root + Shoot
Dry Weight under Saline Treatment) / (Root + Shoot Dry Weight under Control
Treatment)” (Matwijcuk et al., 2012; Akay et al., 2019). Root and shoot samples
were dried at 70°C for 48 hours and ground for mineral content analysis. The Na,
K, and Ca? mineral contents were measured using a flame photometer, and the K/
Na and Ca?/Na ratios were calculated (Sezer et al., 2021). The statistical analysis of
the data was performed using the JMP statistical software. The significance of the
differences between the means of the groups was determined using the Tukey test.
Biplot, Pearson, and clustering analyses were conducted to investigate the relati-
onships among the examined traits (JMP, 2019). Regression analysis was perfor-
med using Microsoft Excel.

RESULTS AND DISCUSSION

The average values of root length obtained in the study are presented in Table 1.
When the results are analyzed according to different irrigation water salinity levels, the
highest root length was determined as 5.09 cm at TO (Control) level. The lowest root
length was determined as 1.22 cmat T6 (11 dSm™) level (Table 1). As the salinitylevel in
irrigation water increased, root length decreased, showing a 76% reduction compared
to the control group. The average root length value was determined as 3.08 cm. Signifi-
cantdecreasesinrootlength occurred as the salt concentration increased. Root develop-
mentisan essential indicator of a plant’s tolerance to salt. The roots show average growth
if there is no salt barrier in water uptake during germination. Therefore, the setbacks in
root development due to salt stress are caused by plant water uptake reductions (Yilmaz
and Bayram, 2019). Direct exposure of the primary root system to NaCl suppresses cell
expansion and cell cycle, directly inhibiting root growth. Alzahrani-Motos et al. (2018)
demonstrated that abiotic stress factors, such as salinity, can significantly impact root
anatomy and function.

When the results were analyzed regarding the salinity of the irrigation water,
the highest stem length was determined to be 19.78 cm at level T1 (3 dS m™), while
the lowest stem length was determined to be 14.00 cm at level T6 (11 dS m™) (Table
1). When the salinity levels in irrigation water of T1 and T2 were examined, they
were found to be in the same statistical group regarding stem length. As the sali-
nity levels of irrigation water increased (except for T0), the stem length decreased,
showing a 70% decrease compared to the T1 level. The mean stem length value was
determined to be 17.64 cm. The research data indicate that increasing salt con-
centrations hurt seedling height. A study conducted on sorghum found that low
salt concentrations promoted germination, but at increasing levels, seedling heigh-
ts decreased (Atig, 2011). Another survey of maize genotypes concluded that ion
toxicity resulting from salt stress negatively affected plant growth and could cause
a decrease in a root-shoot increase. The results obtained in light of this information
are similar to those of the studies conducted.
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When the stem dry matter ratio was examined according to different irrigation
water salinity levels, the highest percentage was determined to be 21.93% at the T3
(7 dS m™!) concentration, while the T4 and T5 concentrations (21.71% and 20.07%,
respectively) were in the same statistical group. The lowest stem dry matter ratio
was 15.88% at the control level TO concentration. The mean stem dry matter ratio
was determined to be 18.95%. Generally, as the salt concentration levels increased,
the stem dry matter ratio also increased.

When Table 1 is examined, it is determined that the relationship between dif-
ferent salt concentrations and the mean root dry matter ratio is statistically indis-
tinguishable. Root dry matter ratio ranged between 9.23% and 11.23%. The lowest
root dry matter ratio was 9.23% at the T3 (7 dS m™) salinity level, while the highest
root dry matter ratio was 11.2% at the T5 (9 dS m™) salinity level. The mean root
dry matter ratio was 10.04% (Table 1).

Table 1. Parameters examined at different irrigation water salinity concentrations*

Salt Root Length Stem Length Stem Dry Matter Content Root Dry Matter Content
Concentrations (cm) (cm) (%) (%)
TO 5.09+0.46a 19.06 £0.63 a 15.88 +3.23b 10.45 £ 058
T1 4.17 £0.56 b 19.78 £ 0.53 a 1590 + 1.55b 9.56 £0.73
T2 4.00 £ 0.33b 18.72 +0.75ab 18.06 + 1.55ab 9.34 £1.28
T3 3.83 +041b 18.28 + 0.86 abc 2193 £ 1.78a 9.23 £1.47
T4 194 £041c¢ 17.11 + 0.77 be 21.71 £ 2.21a 9.88 £ 1.22
T5 128 £0.31¢ 16.50 + 0.78 ¢ 20.07 £ 2.23a 11.23 £1.02
T6 122 £0.36¢ 14.00 + 0.56d 19.07 + 1.84 ab 10.57 £ 1.64
Ort. 3.08 + 0.40 17.64 £ 0.70 18.95 +2.06 10.04 £ 1.13
KO 7.31%* 11.49** 18.62** 1.63
Cv 9.34 4.56 7.54 9.11
Germination Seedling Strength Salt Tolerance Vigor
Rate (%) Index Index Index
TO 98.33£2.59a 16.50 £0.92a 100.00 £ 0.00 a 2374.17 £109.81 a
T1 86.67 + 2.47b 13.58 £0.76 b 96.22 +3.96 ab 2075.83+95.19b
T2 86.67 + 2.96 b 12.89 +1.03 be 88.83 +£4.23 bc 1971.11 + 127.41 be
T3 80.00 + 3.70 be 11.06 £ 0.49 ¢ 8217 £2.74 cd 1768.89 + 55.37 ¢
T4 75.00 + 3.09¢ 8.58+0.58d 78.69 £5.43d 1429.17 £72.90 d
T5 66.67 + 1.11d 6.50£0.34e 70.09+1.43 e 1183.33 +53.89 ¢
T6 56.67 + 222 e 4.05+0.32f 58.06 +4.05 f 861.67 +45.06
Ort. 78.57 £2.59 10.45 £ 0.63 82.01 +£2.94 1666.31 +79.95
KO 578.97** 56.38** 649.40** 854575**
Ccv 19.81 6.70 3.62 5.19
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Table 1 shows that rice seeds are significantly affected by increasing salinity conditions, and
the germination rate varies between 56.67% and 98.33%. Results show that the highest germina-
tion rate among different irrigation water salinity concentrations, except for the control group,
is 86.67% at the salinity levels of 1.5 dS m™ (T1) and 3 dS m™ (T2). The lowest germination rate
is 56.67% at the salinity level of 11 dS m™ (T6). As the irrigation water salinity levels increase,
the germination rate decreases by 35%, except for the control (T0) group (Table 1, Figure 1).

Figure 1. Regression plot showing the effect of different irrigation water salinity levels on
germination rate (%)
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60.00
55,00

50,00

TO Tl T2 T3 T4 T3 T6

Based on the regression analysis conducted on the examined germination rate
values, it was determined that there is a linear decrease in germination rate as the
irrigation water salinity concentration increases (R2 = 0.9861). There is a highly
significant relationship (Figure 1). Upon evaluation of the data obtained in this
study, it shows similarities with many studies (Ravikovitch and Porath, 1967; Ga-
tes et al, 1966; Cooper and Dumbroft, 1973; Clarkson and Hanson, 1980; Epstein,
1981) indicating that germination rate decreases with increasing different irrigati-
on water salt concentrations. It is thought that the increase in different irrigation
water salinity concentrations may cause osmotic stress in the environment where
germination takes place, reducing the available water ratio and negatively affecting
germination, or may increase ion accumulation in the seed, causing toxic effects
and reducing germination rate (Joshi, 1984).

When Table 1 is examined, it is determined that rice seeds are significantly
affected by increasing salinity conditions, and the seedling strength index values
vary between 4.05 and 16.5. When the findings are examined regarding different
irrigation water salinity concentrations, the highest seedling strength index value,
except for the control group, was determined to be 13.58 in 1.5 dS m™ (T1). When
evaluated for different irrigation water salinity concentrations, the highest seedling
vigor index value, except for the control group (T0), was determined to be 13.58
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at 1.5 dS m™ (T1). The lowest seedling strength index value was 4.05 at the 11 dS
m™ (T6) level. The mean seedling strength index value was determined to be 10.45.
As the irrigation water salinity levels increased, except for the control (T0) group,
the seedling strength index decreased by 70% (Table 1). Compared with other stu-
dies, the germination and early seedling development periods are reported as the
most sensitive periods for plants under salty conditions. Therefore, the resistance
of plants to salinity during these periods is crucial (Ghoulam and Fares, 2001; Akay
etal., 2019, Oztiirk et al., 2021; Sezer et al., 2021).

In environments with high salt content levels, plants’ ability to sustain their
growth and development is defined as salt tolerance, and the values obtained th-
rough calculations are defined as salt tolerance indices (Maathuis and Altmann,
1999; Matwijcuk et al., 2012). Table 1 shows that rice seeds are significantly affected
by increasing salinity conditions and the salt tolerance index values range between
58.06 and 99.22, except for the control group (T0). When examined in terms of
different irrigation water salinity concentrations, the highest salt tolerance index
value, except for the control group, was 96.22 at the salinity level of 1.5 dS m™ (T1).
The lowest salt tolerance index value is determined as 58.06 at the salinity level of
11 dS m* (T6). The average salt tolerance index value is defined as 82.01. The salt
tolerance index value decreased by 42% except for the control (T0) group, as the
irrigation water salinity levels increased (Table 1). Similar to many other studies,
the salt tolerance index values decrease as the salt dose levels increase (Lacerda et
al., 2003; Oztiirk et al., 2021; Akay et al., 2019).

Upon examination of Table 1, it was determined that rice seeds were signifi-
cantly affected by increasing salinity levels, and the vigor index values ranged from
2374.17 to 861.67. When analyzed concerning different irrigation water salinity
concentrations, the highest vigor index value, except for the control (T0) group,
was found to be 2075.83 at 1.5 dS m™ (T1) salinity level. The lowest vigor index va-
lue was determined to be 861.67 at the 11 dS m™ (T6) level. The mean vigor index
value was found to be 1666.31. As irrigation water salinity levels increased, the vi-
gor index decreased by 64% compared to the control (T0) group (Table 1). Similar
results were found in the study conducted by Oztiirk et al. (2021) when analyzed
concerning vigor index values.

The results, presented in Figure 2, showed significant differences in ash and
organic matter content between the different salt concentrations at a probability
level of 0.01. The highest ash content was observed at a salinity level of 11 dS m
(T6) with 9.75%, while the lowest ash content, except for the control groupwas ob-
served at a salinity level of 1.5 dS m™ (T1) with 6.48%. Upon examining Figure 2,
it was determined that the ash content increased linearly with increasing irrigation
water salinity concentration. The average ash content in the roots was determined
to be 9.75%. On the other hand, it can be observed from Figure 2 that there is an

https://doi.org/10.7161/omuanajas.1296440 d



The Effect of Different Irrigation Water Salinity Levels on Rice...

inverse relationship between the ash content and the organic matter content. As
the irrigation water salinity level increases, the organic matter content in the roots
decreases. The highest organic matter content was determined to be 95.04% in
the control group, while the lowest organic matter content was determined to be
84.85% at a salinity level of 11 dS m™ (T6). The average organic matter content in
the roots was determined to be 89.88%.
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Figure 2. Values of organic matter, ash and mineral contents of rice plant roots
grown at different irrigation water salinity levels.
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It was determined that there were significant differences at the 0.01 probability
level in terms of the Na, K, and Caratios examined in the roots. The highest Na
ratio was 2.84% at a salinity level of 11 dS m™ (T6), while the lowest ratio, except
for the control group, was 1.11% at a salinity level of 1.5 dS m™ (T1). The K ratio
varied values between 0.21% and 0.40%. The highest K ratio was 0.40% at a salinity
level of 11 dS m™ (T6). Except for the control group, the lowest ratio was 0.24% at
a salinity level of 1.5 dS m™ (T1). In terms of the Ca ratio values, it was determined
that they varied between 0.64% and 1.58%. The highest Ca® ratio was 1.58% at a sa-
linity level of 11 dS m™ (T6), while the lowest balance, except for the control group,
was 0.69% at a salinity level of 1.5 dS m™ (T1).

When analyzed in general, it was determined that as the irrigation water sali-
nity levels increased, the Na, K, and Ca ratios also increased (Figure 2). The incre-
ase in calcium ratio plays an important role in the selective transport of potassium
to make the plant resistant to salinity in the presence of excess sodium. Therefore,
an increase in calcium uptake parallel to sodium uptake was reported by Clarkson,
Hanson and Epstein (Clarkson and Hanson, 1980; Epstein, 1981).

The analysis found significant differences at the 0.01 probability level regarding
K/Na and Ca/Na ratios. It was observed that the K/Na and Ca/Na ratios calcula-
ted for the roots generally decreased as the irrigation water salinity concentration
increased. The highest K/Na ratio was determined to be 0.23 in the control group,
while the lowest percentage was found to be 0.13 at the salinity level of 11 dS m™!
(T6). The highest Ca/Na ratio was 0.69 in the control group, while the lowest ratio
was 0.57 at the salinity level of 11 dS m™ (T6).
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Figure 3. Values of organic matter, ash and mineral contents examined in rice
plant seedlings grown at different irrigation water salinity levels.

When examined for ash content, it was found that as salt levels increased, the
ash content increased, and the organic matter content decreased (Figure 2). The
highest ash content was 31.97% at the 11 dS m™' (T6) level, while the highest orga-
nic matter content was 77.85% at the control (T0) level. The lowest ash content was
22.28% and 23.63% at the control and 1.5 dS m™ (T1) levels, respectively, while the
lowest organic matter content was 68.05% at the 11 dS m™ (T6) levels.
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Significant differences were found at the 0.01 probability level regarding the
Na, K, and Ca’ ratios analyzed in rice seedlings. The highest Na ratio was 2.04% at
the 11 dS m™ (T6) salinity level, while the lowest percentage was 1.35% at the 1.5 dS
m™ (T1) salinity level except for the control group. The K ratio values ranged from
0.66% to 1.13%. The highest K ratio was determined to be 1.13% at the 11 dS m
(T6) salinity level, while the lowest ratio was 0.76% at the 1.5 dS m™ (T1) salinity
level except for the control group. In terms of Ca? ratio values, it was determined to
vary between 0.87% and 1.12%. The highest Ca ratio was determined to be 1.12%
at the 11 dS m™ (T6) salinity level, while the lowest percentage was 0.93% at the 1.5
dS m™ (T1) salinity level except for the control group.

The K/Na and Ca/Na ratios for the roots generally decreased as the salinity le-
vels of the irrigation water increased. The highest K/Na ratio was determined to be
0.23% in the control group, while the lowest ratio was 0.13% at the salinity level of
11 dS m™ (T6). The highest Ca/Na ratio was determined to be 0.69% in the control
group, while the lowest ratio was 0.57% at the salinity level of 11 dS m™ (T6).

Component 2 {10 %)

Gomprrent 116%)

Figure 4. Biplot plot showing relationships between investigated traits and salt
concentrations

The relationship between the studied features and different irrigation water sa-
linity concentrations is presented in Figure 3 through a biplot graph. In this study,
the first principal component was 81.6%, and the second principal component
was 10%, resulting in a total variation of 91.6%. As the angle between the vectors
narrows in the biplot graph, the relationship between the parameters the vectors
represent strengthens, while it weakens as the angle widens (Oztiirk et al., 2021).
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In biplot analysis, the relationship between features and the relationship betwe-
en salinity concentrations are explained. As the angle value between the vectors of
two parts decreases (<90°), it indicates a positive relationship, whereas as the angle
value increases (90°>), it shows a negative relationship. Furthermore, the positio-
ning of salt applications also demonstrates which salt application has high values
in terms of which features (Kendal, 2020).

Especially the TO0, T1, and T2 applications indicate a positive relationship in
terms of parameters such as root number, root K/Na ratio, seedling organic mat-
ter, root organic matter, salt tolerance index, vigor index, seedling strength index,
germination rate, root length, and seedling length in the region. It has been found
that the T3 application is positively related to seedling K/Na ratio, while the T6
application is closely related to root calcium content and seedling sodium content.
The angle value between the vectors of germination rate and seedling length, root
length, seedling and root organic matter content, salt tolerance index, vigor index,
and seedling strength index is relatively narrow, indicating a high positive correla-
tion between these features. On the other hand, there is a wide angle between the
vectors of germination power and root and seedling Ca, Na, K, and ash content,
showing a negative correlation between the two (Figure 2). The study found a po-
sitive relationship between agronomic features such as root length and seedling
length of seedlings grown under salinity treatments and the germination rate.

CONCLUSION

This study examined the effect of different irrigation water salinity levels on
rice germination and early seedling growth, and significant results were obtained
in terms of the parameters investigated. As the level of salt concentration increa-
sed, it was determined that the germination rate and seedling growth characteristi-
cs decreased. It is possible to say that there are significant differences between rice
plants under salty conditions in terms of their development and mineral content.
Their growth may be limited by insufficient water use by the plants and disturban-
ces in ion uptake and especially ion balance.
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SCREENING OF SOME REGISTERED TURKISH BARLEY CULTIVARS
REACTIONS AGAINST RHYNCHOSPORIUM COMMUNE

ABSTRACT

Barley is one of the most significant cereals used as feed and malt both in the
world and in Turkey. There are several abiotic and biotic factors affecting the produc-
tion and quality of barley. Of these factors, fungal diseases play a vital role. Especially,
barley scald (Rhynchosporium commune), a fungal pathogen, is threatening the barley
grown areas in terms of quality and production. One of the most common methods
of controlling of this fungal disease is to develop resistant barley cultivars. The study
was carried out in the laboratories and greenhouses of Field Crop Central Research
Institute, Yenimahalle, Ankara in 2020-2021. The aim of this study was to investigate
the reaction of 55 registered barley cultivars against barley scald. The results show that
Erginel-90 is immun, as well Avc1-2002, Ocak, Kendal, Hevsel, Yiikse, Sahin-91 and
Akhisar-98 cultivars are resistant. On the other hand, Yesevi-93, Tarm-92, Orza-96,
Larende, Biilbiil-89, Karatay-94 and Ayranci are detected as susceptible to this disease.

Keywords: Barley Scald, Rhyncosporium Commune, Barley, Cultivars, Reaction.
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BAZI TESCILLIi CESITLERIN RHYNCHOSPORIUM COMMUNE

HASTALIGINA KARSI REAKSIYONLARININ DEGERLENDIRILMESI
0z

Arpa hem diinyada hem tilkemizde hayvan beslenmesi ve malt yapiminda kullani-
lan 6nemli tahil grubundan biridir. Arpa alanlarinda iiretimi ve kaliteyi etkileyen cesitli
faktorler mevcuttur. Bu abiyotik ve biyotik faktorler igerisinde fungal hastaliklar 6nemli
yer tutmaktadirlar. Ozellikle arpa yaprak lekesi (Rhynchosporium commune) arpa iiretim
alanlarinda siklikla goriilen ve verim ve kaliteyi etkileyen onemli bir fungal etmendir.
Bu fungal etmen ile savagimda ise en yaygin kullanilan yontemlerden birisi de dayanikli
gesit gelistirmektir. Caligma 2020-2021 yillar1 arasinda Tarla Bitkileri Merkez Arastirma
Enstitiisii sera ve laboratuvarlarinda yiiriitillmistiir. Calismanin amaci Tiirkiyede tescil
edilmis 55 tescilli arpa cesitlerinin bu hastaliga kars: reaksiyonlar1 aragtirilmasidir. Buna
gore Erginel-90 immun, Avci-2002, Ocak, Kendal, Hevsel, Yiikse, Sahin-91 ve Akhisar

98 tescili arpa gesitleri dayanikli olarak tespit edilmistir. Yesevi-93, Tarm-92, Orza-96,
Larende, Biilbiil-89, Karatay-94, Ayranci hassas cesitler olarak tespit edilmistir.

Anahtar Kelimeler: Arpa Yaprak Lekesi, Rhyncosporium Commune, Arpa,
Tescilli Cesit, Reaksiyon.
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INTRODUCTION

Barley, the most important cereal that grows in temperate regions, is used in
animal feeding as well as malt production and human nutrition (Ullrich, 2010).
For Turkey, a rise in both barley grown areas and production was reported in 2020,
however, a decrease in cultivation area (3,2 million ha) and an increase (5.8 milli-
on metric tonnes) in yield were observed in 2021 ( Anonymous, 2021). In addition
to this, the world’s yield of barley is 147 million metric tonnes (Anonymous, 2022).

There are various factors affecting the production and quality of barley negati-
vely which are abiotic (heat, drought and cold stresses) and biotic (diseases, pests
and weeds) factors. Barley scald, a biotic factor, is an important pathogen and brin-
gs about approximately 20% loss in barley areas (Aktas, 2001). According to a study
conducted in the UK, this causes a 100 £ financial loss per tonne (HGCA, 2011).
This disease, reported nearly all over the world (Avrova and Knogge, 2012), mi-
ght cause lesions in different parts of the plant (Anonymous, 2008). Those lesions
have a green-gray colour and oily texture in the beginning, after that they become
lesions gray-white in the center and brownish around them (Anonymous, 2008).
The life cycle of the pathogen is not fully understood yet, however, it is known that
the disease spreads through beak shaped conidia splashing from rain or irrigation
water. Additionally, pathogens can infect the plant when the temperature is 4-25 °C
and the humidity is high (Anonymous, 2008; Avrova and Knogge, 2012).

The most significant control method for this disease is the development of re-
sistant cultivars since the pathogen might cause up to 40% loss in susceptible vari-
ties (Paulitz and Steffenson 2010). The pathogen is polycyclic, therefore the chance
of seeing recombinations/mutations among the individuals rises, which means
new cultivars might emerge in a season (Zhang et al. 2020). Therefore, the diversity
of this pathogen is high both phenotypically and genotypically (Stefansson et al.
2014). As the pathogen exhibits highly virulent patterns even in small-scale geog-
raphic locations (Zaffarano et al., 2006; Linde et al., 2009; McDonald, 2015,)366
Rhynchosporium secalis isolates causing scald on barley, rye, and wild barley
(Hordeum spontaneum, the pathogen may easily overcome resistance genes deplo-
yed in barley cultivars ( Zhang et al., 2020). In 2018, thirthy pathohtypes has been
reported in Turkey (Azamparsa et al 2019). Additionally, a variety of reaction stu-
dies were conducted in Turkey. Azamparsa et al. 2018 tested 198 landraces and 106
wild relatives against six different R.commune isolates and found that one landrace
and 27 wild relatives were as immune to all isolates Exploring the new durable ge-
nes in barley germplasm is an important step in terms of controlling the pathogen.
So far, 150 resistant loci have been identified from different barley materials, which
wild relatives and landraces are the most significant sources of resistance genes.
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Recently, a study done on wild relative and landrace populations of barley collected
from Turkey revealed 21 QTL, of which 13 were reported as new. (Clare et al 2023)

This study aims to identify the registered barley cultivars’ phenotypical reacti-
ons against to barley scald disease. For this reason, this study is a guide for produ-
cers and farmers in terms of controlling the disease, and it is also thought that this
will be helpful for breeders in their breeding programmes.

MATERIALS AND METHOD

The material for this study consists of fifty-five registered barley cultivars deve-
loped by General Directorate of Agricultural Research and Policies (TAGEM) rese-
arch institutes in Turkey, a susceptible cultivar (Biilbiil-89) to barley scald and the
most virulent R. commune isolate, 75, isolated from a single spore and determined
its virulence pattern kept at the fungal collection of Field Crops Central Research
Institute (FCCRI). The study was carried out in the laboratories and greenhouses of
FCCRI, Yenimahalle, Ankara.

Each genotype was planted in 7x7x9 cm pots with a mixture of soil: sand: fer-
tilizer (60: 20: 20) with 5-7 seeds for each genotype under greenhouse conditions
at 22-25°C. Plants were developed up to the 1.5-leaf stage (Zadoks scale 11-12)
(Zadoks et al., 1974). Isolate 75 was transferred to petri dishes in Lima Bean Agar
(LBA) medium and incubated for 14 days in a 17+2°C incubator for the inoculati-
on. The new isolates developed were removed from the petri dishes with the help
of sterile slides by adding sterile distilled water. For inoculation, the obtained sus-
pension was filtered with the help of a cheesecloth and large colony residues were
removed and adjusted to 1x10° spore concentration using a thoma slide and Tween
20 (1000pl/1) was added to it. After that the suspension was sprayed on the plants in
the 1.5-1eaf period with the help of a hand pulverizer. After inoculation, the plants
were incubated for 48 hours at 100% humidity and 16-17°C and then transferred
to the greenhouse at 22-25°C (Mert and Karakaya, 2004). Plants were watered as
needed. After 14 days of inoculation, the plants were evaluated according to the 0-4
scale (El-Ahmed, 1981). This scale indicates 0 as immune (I), 0.1-1.0 as resistant
(R), 1.1-2.0 as moderately resistant (MR) 2.1-3.0 as susceptible (S) and 3.1-4.0 as
highly susceptible (S). Experiments were carried out in a randomized block design
with three replications. Statistical analysis of variance was made with Duncan test
in R Environment (version 4.3.0) using agricolae library. Briefly, a 0-to-5 scale
was used, where 0 = symptom free, 1 = traces or small necrotic flecks, 2 =
some chlorosis or necrosis along margins, 3 = necroses but less than 40% affec-
ted tissue, 4 = necroses on 40 to 80% of the lamina, and 5 = more than 80% and up
to a fully wilted leaf (Abang et al., 2006).
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Evaluations were made based on a per/pot basis in which: Highly resistant (0),
no visible symptoms; resistant (1), small lesions on the tips or on the base of the
leaf; intermediate (2), one to two small lesions on the blade and/or a narrow band
of lesions extending at the margin of the leaf; susceptible (3),well-developed le-
sions on the blade, but without collapse; highly susceptible (4), leaves collapsed
(El-Ahmed, 1981)

RESULTS AND DISCUSSION

The resilience of fifty-five cultivars against a virulent isolate was assessed accor-
ding to 0-5 scale (Abang et al., 2006). In accordance with the scores of the assess-
ments, Erginel-90 was immune, seven cultivars ( Avc1-2002, Ocak, Kendal, Hevsel,
Yiiksel, Sahin-91 and Akhisar-98) showed resistance and twenty-nine cultivars
exhibited susceptible reactions (Table 1). In other words, 53.7%, 12.9%, 1.8% of
the cultivars were susceptible, resistant and immune, respectively. The differences
among the mean values are statistically significant about 5% according to Duncan
test (p=0.05) Biilbiil-89, among the susceptible cultivars, was used as a control in
many studies (Azamparsa et al., 2019, Azamparsa et al., 2020, Azamparsa et al.,
2015a, Azamparsa et al., 2015b).

Table 1 The assessments of 55 barley cultivars’ reactions to R. commune according
to El-Ahmad (1981) scale

No Cultivar 2/6 Rowed Mean Reaction
1 Akar 2 3fgh* S
2 Akhisar 98 6 1bc R
3 Altikat 6 2de MR
4 Anka 06 2 3efg N
5 Asil 2 4ghi HS
6 Avc1-2002 6 1bc R
7 Ay 6 2cd MR
8 Aydanhanim 2 2de MR
9 Ayranci 2 3def N

10 Barig 2 3efg S
11 Bilgi-91 2 3efg S
12 Bolayir 2 3efg N
13 Bozlak 2 3efg N
14 Burakbey 2 2de MR
15 Biilbiil 89 2 4hi HS
16 Cacabey 2 4hi HS
17 Cumbhuriyet 50 2 3efg S
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18 Cetin 2000 6 2de MR
19 Cildir 02 2 2de MR
20 Dara 6 3efg N
21 Erginel 90 6 0a I
22 Giildeste 6 3def N
23 Hamidiye 2 3efg N
24 Hasat 2 2de MR
25 Helke 6 3efg S
26 Hevsel 2 1bc R
27 Ince-04 2 3cd S
28 Karatay 94 2 3fgh N
29 Kendal 6 1bc R
30 Keser 2 3efg N
31 Keykubad 2 3efg S
32 Kiral-97 6 2cd MR
33 Larende 2 3fgh N
34 Mart1 6 4hi HS
35 Misket 2 3efg N
36 Ocak 2 1bc I
37 Olgun 6 2de MR
38 Orza 96 2 4fgh HS
39 Ozen 2 3efg S
40 Sabribey 2 2de MR
41 Samyeli 2 4i HS
42 Sladoran 2 2cd MR
43 Sur-93 2 4ghi HS
44 Sahin-91 2 1bc R
45 Tarm-92 2 3fgh

46 Tokak 157/37 2 4ghi HS
47 Tosunpasa 2 2de MR
48 Unver 2 2de MR
49 Yalin 2 2de MR
50 Yaprak 6 2cd MR
51 Yergil-147(Franken gerste) 2 2de MR
52 Yesevi 93 2 3efg N
53 Yesilkoy 387 6 2de MR
54 Yiiksel 2 lab R
55 Zeynel Aga 2 3

*Means with the same letter are not significantly different. (p=0.05)
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Mert and Karakaya (2004) conducted a similar study and tested five different
isolates on 37 barley cultivars. Findings show that Erginel-90 was detected as re-
sistant against all isolates, which is confirmed by this study. Besides Kiral-97 and
Cetin-2000 were assessed as resistant by Mert and Karaya (2004), these cultivars
were observed as intermediately resistant in this study. The isolates in the previous
study and in this study were obtained from the same province, which may indicate
the evolution of the pathogen population. The other studies confirm that the pat-
hogen may adopt rapidly, therefore overcoming the resistance of the plants (Wil-
liams, 2003; Abang et al., 2006; Zaffarano et al., 2006)866 isolates recovered from
the field experiments showed significant, and sometimes opposite, changes in the
frequencies of R. secalis genotypes during the growing season (parasitic phase.)

Additionally, 15 six-rowed and 40 two-rowed barley cultivars were tested. Re-
sults show generally six-rowed barley cultivars were resistant while two-rowed bar-
ley cultvars were more susceptible (Mert and Karakaya, 2004).

Dusunceli et al. 2008 detected the response of 36 barley cultivars to scald dise-
ase both in greenhouse and in the field, resulting reported Cetin 2002, Avct 2002,
Erginel 90, Kiral 97, Kaya 7794, Akhisar 98, Zafer 160 and Yesilkoy 387 cultivars
were durable under greenhouse and field conditions. This study similarly found
Avc1 2002, Erginel 90 ve Akhisar 98 to be immune/resistant and only Cildir 02 cv
exhibited moderate resistant differently.

Hekimhan et al. 2021 screened sixty-three baley cvs. for five virulent R.commu-
ne isolates in Eskisehir. In the common cvs, Avc1-2002 was resistant, Aydanhanim,
Cetin-2000, Kiral-97 and Olgun were moderate resistant, Bilgi-91, Sladoran and
Zeynelaga were susceptible in both studies. The resistance responses of the other
cultivars differed from each other.

In another study conducted in 2015, twenty-five advanced barley lines and five
cultivars were tested against a virulent scald isolate in the greenhouse. While Biil-
biil 89 and Karatay 94 were grouped as susceptible and highly susceptible, respe-
ctively, Avci-2002 expressed a resistance (Azamparsa, 2015b). Similarly, this study
found Bilbiil 89 and Karatay 94 as highly susceptible and susceptible respectively
whereas Avci 2002 was durable.

The dissimilarity in the reactions between this study and the studies above
might be due to the virulence differences of the pathogens. Though it was reported
that the genetic diversity is low according to a study carried out with sixty isolates
collected from various points of Turkey (Celik et al., 2021), thirty pathotypes were
detected as a result of the surveying across the country (Azamparsa et al., 2015a)
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There are plenty of resistant genes identified in wild relatives and in different
barley cultivars where 148 QTLs are summarized by Zhang et al. (2020). It is repor-
ted that most of these are located in the 3H chromosome (Bjernstad et al., 2002),
and among them, Rrs 1 is an important locus having different identified resistant
genes (Looseley et al., 2020) and recent studies reported various loci with identi-
fied with Rrs 1 (Daba et al., 2019)net form (NFNB. A study done recently reported
novel durable QTL regions in wild relatives and landraces obtained from Turkey
(Clare et al., 2023). It is still complicated to understand the mechanism lying under
R. commune due to the existence of various genes and the impacts of environmen-
tal conditions on these genes, thereby more studies need to be done in this area
(Zhang et al., 2020).

CONCLUSION

Breeding is one of the most effective and environmentally-friendly ways to
control the plant diseases. In breeding programmes, it is important to identify the
resistance of barley cultivars both phenotypically and genotypically. This study de-
termines the phenotypic reactions of barley cultivars against R.commune and is the
basis for further studies. Not only for breeding studies, this study is also a guide for
producers/farmers who struggle with choosing a suitable cultivar.
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ISKORPIT BALIGI KAS DOKUSUNDAN GLUTATYON
S-TRANSFERAZ ENZIMININ KISMi SAFLASTIRILMASI

0z

Canli organizmalarda enzimlerin gérevleri yasamsal fonksiyonlar: saglikli ve
stirdiiriilebilir hale getirmektir. Viicudumuz igin bu direnci saglayan enzimlerin en
énemlilerinden biri olan glutatyon S-transferaz enzimi ksenobiyotiklerin detok-
sifikasyonunu saglamaktadir ve ksenobiyotik maddelerin detoksifikasyonundaki
fonksiyonu iyi bilinen bir enzimdir. Bu nedenle bu enzim oksidatif stres sonucu
olusan endojen bilesiklerin ve antitiimoér ilaglar, gevresel karsinojenler gibi kse-
nobiyotiklerin faz II agamasiyla transformasyonunu saglayarak ksenobiyotikleri
¢oziiniir hale getirmektedir. Bu galismada iskorpit balig1 kas dokusundan glutat-
yon S-transferaz enzimi literatiirde ilk kez kismi olarak saflagtirilmis ve kinetik
karakterizasyon ¢alismalar1 yapilmistir. Caligma prosediirii islemi sirastyla homo-
jenat hazirlama, amonyum siilfat ¢oktiirmesi ve diyaliz olarak {i¢c asamada yapil-
mustir. Amonyum siilfat ¢oktiirme aralig1 %40-60 olarak bulunmustur. Optimum
karakterizasyon ¢alismalar1 yapilarak optimum iyonik siddeti 150 mM Tris-HCI
tamponunda, optimum pH: 6.0 ve optimum substrat miktar1 ise 2.5 mM CDNB
olarak tespit edilmistir. Akuatik canlilardan antioksidant enzimlerin karakterizas-
yonu ¢alismalar1 olduk¢a yaygin olmasina ragmen ¢alismamizin sonuglariin bu
alanda aragtirmalar yapan bilim insanlari icin faydali olacag: diigiintilmektedir.

Anahtar Kelimeler: Enzim Saflagtirllmasi, Glutatyon S-Transferaz, Iskorpit Balig,
Karakterizasyon Calismast.

ek

PARTIAL PURIFICATION OF GLUTATHIONE S-TRANSFERASE
ENZYME FROM MUSCLETISSUE OF SCORPIONFISH

ABSTRACT

Enzymes serve to make vital functions healthy and sustainable in living or-
ganisms. GST enzyme, which is one of the most important enzymes that provide
such a resistance in human body, provides the detoxification of xenobiotics and is
a well-known enzyme in the detoxification of xenobiotic substances. Therefore,
GSTs convert endogenous substances produced by oxidative stress and xenobi-
otics such as antitumour drugs and environmental carcinogenics, into dissoluble
form via phase II transformation. In this study, glutathione S-transferase enzyme
from muscle tissue of scorpion fish was partially purified for the first time in
the literature and optimum characterization studies were performed. The working
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procedure was carried out in three steps as homogenate preparation, ammonium
sulfate precipitation and dialysis, respectively. Ammonium sulfate precipitation
interval was found in the range of 40-60%. Optimum ionic strength was determi-
ned in 150 mM Tris-HCI buffer, optimum pH value was found to be 6.0 and opti-
mum substrate concentration was determined as 2.5 mM CDNB. Despite studies
involved in characterization of antioxidant enzymes from aquatic organisms are
quite common, results of this study are considered to be beneficial for scientists
studying on this research area.

Keywords: Enzyme Purification, Glutathione S-Transferase, Characterization
Study, Scorpion Fish.

e 2
1.GIRIS

Scorpaenidae familyasindan olan iskorpit balig1 (Scorpaena porcus) 219 tiir-
den olusmaktadir. Yapilan aragtirmalar sonucunda son 10 yilda bunlarin sadece 17
tiird taninmis ve tespit edilmistir (Mahe ve ark., 2014). Dogu Atlantikde, Britanya
Adalarrndan Fas’a ve tilkemiz sinirlari igerisinde ise en ¢ok Ege Denizi, Karadeniz
ve Akdenizde dagilim gostermektedir (Fischer ve ark., 1986; Erbay, 2013). Bir dip
tiirit balik olan Iskorpit baliginin (Scorpaena porcus) 800 m derinlige kadar yasa-
dig1 gozlenmektedir (Pallaoro ve Jardas, 1991). Etgil bir tiir olan iskorpit baliklari
kabuklular ve omurgasizlar olmak iizere kii¢iik baliklarla beslenmektedir (Hureau
ve Litvinankov, 1986; Bas¢inar ve Saglam, 2009; Rosca ve Arteni, 2010).

Normal hiicresel metabolizmanin iriinlerinden olan serbest radikaller, dis ka-
bugunda veya dis yoriingelerde bir veya daha fazla eslesmemis elektron iceren bir
atom veya molekil olarak tanimlanir. Serbest radikal elektronlarinin tek olmasi onu
kararsiz yapmasinin yani sira kisa omirlii ve reaktif olmasina neden olmaktadir
(Mukherji ve Singh, 1986). Hem reaktif oksijen tiirleri (ROS) hem de reaktif nitro-
jen tiirleri (RNS) serbest radikalleri ve diger radikal olmayan reaktif tiirlerini olus-
turmaktadir (Valko ve ark., 2007). ROS ve RNS arasindaki denge canli sistemi i¢in
hem yararli hem de toksik bilesikler olarak ikili bir rol oynamaktadir. Orta ve diigitk
seviyelerdeki ROS / RNS arasindaki denge yararl: etkiler gostermektedir. Bu yararl
etkiler bagisiklik fonksiyonunu, bir dizi hiicresel sinyal yolu ve redoks diizenlemesi
gibi gesitli fizyolojik fonksiyonlar1 diizenlemektedir (Valko ve ark., 2007; Nordberg
ve Arner, 2001). Yiiksek konsantrasyonlarda ise ROS ve RNS oksidatif stres olus-
turarak biyomolekiillerde hasara neden olmaktadir. Bunun sonucunda da oksida-
tif stres olusumunun nedeni agirt ROS/RNS tiretimi olmakla beraber enzimatik ve
enzimatik olmayan antioksidanlarin eksikligi sonucunda goriilmektedir (Pham ve
ark., 2008). Oksidatif stres proteinlerin, lipidlerin, DNA ve niikleik asitlerin fonk-
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siyonlarini hasara ugratmas: sonucunda viicudumuzda kanser, diabetes mellitus,
norodejeneratif, kardiyovaskiiler vb. hastaliklarin olusumuna yol agmaktadir.

Dogal veya disaridan ek takviyeler yoluyla saglanan antioksidanlar tireterek
oksidatif strese kargt savunma mekanizmasina sahip olmaktadir (Pham ve ark.,
2008). Antioksidanlar diisiik konsantrasyonlarda oksidatif stresin olusturdugu
oksidatif stireci engelleyen veya olugsmasini geciktiren, ancak kendileri oksitlenen
maddeler olarak tanimlanmaktadir. Bu nedenle yapilan ¢aligmalar sonucunda
serbest radikalleri nétralize edebilmesi icin gesitli endojen ve eksojen antioksi-
danlarin kullanildig1 rapor edilmistir. Bunun sonucunda ise antioksidanlarin re-
doks dengesini korudugu ve viicudu serbest radikallerden korudugu gortilmiistiir
(Pham ve ark., 2008; Valko ve ark., 2007).

Glutatyon (GSH), glutamat, sistein ve glisinden sentezlenen bir tripeptittir.
Glutatyonun dnemi, bitkilerde, memelilerde, mantarlarda ve baz1 prokaryotik or-
ganizmalarda agik¢a anlagilmaktadir (Anderson, 1988). GSH, detoksifikasyona
ek olarak, glioksalaz sistemi, riboniikleotitlerin indirgenmesi, tiyol:disiilfit reak-
siyonlarimin diizenlenmesi dahil olmak tizere diger hiicresel reaksiyonlarda da rol
oynamaktadir (Mullineaux, 1997). GSH, antioksidan savunma, ksenobiyotiklerin
veya metabolitlerin detoksifikasyonu, hiicre dongiistiniin ilerlemesi ve apoptozun
diizenlenmesi, sisteinin depolanmasi, redoks potansiyelinin siirdiiriilmesi, bagi-
siklik fonksiyonunun modiilasyonu ve fibrojenez dahil olmak tizere birgok haya-
ti fonksiyonda rol oynamaktadir (Ballatori ve ark., 2009; Forman ve ark., 2009;
Meister ve Anderson, 1983; Pallardé ve ark., 2009; Lu, 2009). Glutatyon, doku-
larda indirgenmis glutatyon (GSH) ve okside glutatyon (GSSG) olmak iizere iki
fakli formda bulunarak bir denge saglamaktadir. Hiicresel dongii anahtar1 olarak
gorev yapan GSH/GSSG hiicrenin oksidatif durumu hakkinda fikir vermektedir.
GSH/GSSG oraninin ¢ok diisitk olmas: oksidatif stresin o oranda ilerlemis oldugu
sonucuna isarettir (Schafer ve Buettner, 2001). Kisaca glutatyon bir antioksidan
molekil olarak hiicre, doku ve organ sistemlerinin yapisal ve fonksiyonel form-
lariin korunmasinda 6nemli bir etkiye sahiptir. Asir1 oksidatif stres sonucu veya
diisiik antioksidan potansiyeliyle, antioksidan hasar gozlenmektedir. Bu nedenle
glutatyon seviyesi diiser ve serbest radikal hasarlar1 sonucunda patolojik hastalik-
lar goriiliir. GSH; yaslanma, kanser, ateroskleroz ve nérodejeneratif hastaliklar gibi
bir¢ok hastaligin temelinde yer almasi agisindan 6nem tagimaktadir (Aksoy, 2002).

Glutatyon-S-transferaz (GST) enzimi detoksifikasyon metabolizmasinin son
tiriind olan merkapturik asit olusumu reaksiyonunun ilk basamagini katalizleyen
bir enzimdir. Bu nedenle katalizlenen bu reaksiyon sonucunda canli viicudunun i¢
ve dis dengesini korumada 6nemli bir enzim haline gelmistir (Bas ve ark., 2006).
Hiicre sitozoliinde bol miktarda bulunan GST enzimlerinin karaciger hiicrelerinin
mikrozomal kisminda da bulundugu belirtilmistir. GST enziminin mikrozomal
membranina siki bir sekilde bagli olmasinin yani sira bazi 6zelliklerinin sitozolik
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formlardan farkli oldugu goriilmiistir (Boyer ve Kenney, 1985; Morgenstern ve
ark., 1988). GSHin endojen ve ksenobiyotik kokenli elektrofillerle konjugasyo-
nunu katalize etmede gorev alan GST enzimi detoksifikasyon sistemleri arasinda
onemli bir gorevi bulunmaktadir (Hayes ve Pulford, 1995; Moden ve Manner-
vik, 2014). Bunun sonucunda ksenobiyotik ve endojen kokenli bir¢ok bilesigin
genotoksik ve kanserojen etkilerine kargi savunma mekanizmas: saglamaktadir
(Mannervik ve ark., 2005).

2. MATERYAL VE METOT

2.1. Kimyasallar

Calismada kullanilan tiim kimyasallar Sigma-Aldrich’ten ve MercKten temin
edilmistir.

2.2. Glutatyon S-transferaz (EC 2.5.1.18, GST) Enzim Aktivitesi

Glutatyon- S-transferaz (GST) enzimi glutatyon molekili ile bir aroma-
tik elektrofilin konjugasyonunu katalize etmektedir. 1-kloro-2,4-dinitrobenzen
(CDNB) en ¢ok kullanilan aromatik elektrofildir. Dinitrobenzen 5-glutatyon (DN-
B-SG) substratinin kullanilmasiyla GST enziminin katalizledigi reaksiyon tiriinii
340 nmde absorbans gosterir ve bu dalga boyundaki absorbans artisindan fayda-
lanilarak aktivite 6lgiimii yapilmaktadir. Ortamda GSH yoklugunda CDNB glutat-
yon- S-transferazi inaktive etmektedir. Bundan dolay: reaksiyonun GSH ile basla-
tilmasi gerekir. Enzim aktivitesi olgiimleri spektrofotometrik olarak 340 nmde 3
dk siireyle gerceklestirilmistir. Ol¢iim igin toplam hacim 1 ml olacak sekilde kiivet
icerigi hazirlanmistir (Habig ve ark., 1974).

2.3. Homojenatin Hazirlanmasi

Temin edilen iskorpit baligindan kas dokusu steril kogullarda alindi (Sekil 1ve
2). Alinan kas dokusundan 6.789 gram tartilarak sivi azot igerisinde fiziksel parca-
lama islemine tabi tutuldu. Ezilen kas dokusu 50 ml falkon tiip igerisine alinarak
tizerine I mM EDTA + 0,15 M KCI igeren 0,1 M KH,PO, (pH: 7,6) tamponu ek-
lenerek 40 ml'ye tamamlandi. Daha sonra +4°Cde 15000 rcf'de 1 saat boyunca
santrifiij islemi yapildi. Yapilan santrifiij isleminin ardindan stizge¢ kagidindan sii-
pernatant ve ¢6kelek kismi birbirinden ayrildi. Siipernatant kismindan 340 nmde

absorbans artigina gore enzim aktivitesi 6l¢tildii (Habig ve ark., 1974).
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Sekil 1. Iskorpit baligi (Scorpaena porcus)
Figure 1. Scorpion fish (Scorpaena porcus)

Sekil 2. Iskorpit balig1 kas dokusu

Figure 2. Scorpion fish muscle tissue

2.4, Amonyum Siilfat Céktiirmesi ve Diyaliz

Protein saflastirilmasi isleminde ilgilenilen proteinin konsantrasyonunun artti-
rilmast i¢in kullanilan yontemlerden biri o proteinin ilgilenilmeyen proteinlerden
ayristirilmasidir. Proteinlerin ¢6ziiniirligii, o proteinin icerdigi hidrofilik ve hid-
rofobik kisimlarin dagilimu ile iligkilidir. Bu 6zellikler sayesinde amacimiza uygun
olarak ¢oktiirme islemi yapilir. Bu ¢oktiirme islemlerinin en ¢ok tercih edileni yiik-
sek tuz derigikleri ile ¢oktiirmedir. Iskorpit balig1 kas dokusundan hazirlanan ho-
mojenat i¢in amonyum siilfat islemi boyunca farkli %0-20, %20-40, %40-60, %60-
80 araliklarinda ¢oktiirme igslemi gerceklestirildi. Bu islem igin kat1 (NH,),SO,
parca parca eklenerek manyetik karistirici yardimiyla buz igerisinde homojenata
aktarildi. Yapilan ¢oktiirme sonucunda %40-60 araliginda doygunluga ulasarak

https.//doi.org/10.7161/omuanajas 1287072 &)



iskorpit Baligi Kas Dokusundan Glutatyon S-Transferaz...

enzimin en yiiksek aktiviteye sahip oldugu belirlendi. Cokelti TRIS-HCI (150 mM;
pH: 6.0) tamponu iginde ¢6ziildi. Belirlenen araliktan sonra protein ¢ozeltisinin
tuzlardan arindirilmast igin diyaliz islemi yapildi. Daha sonra 15 mM TRIS-HCI
(pH: 6.0) tamponu iginde 3 saat boyunca diyaliz islemine tabi tutuldu.

2.5. iskorpit Baligi Kas Dokusundan GST Enziminin Karakterizasyon
Calismasi

2.5.1. GST Enziminin Optimum iyonik Siddetinin Belirlenmesi

Iskorpit baligi kas dokusundan GST enziminin aktivite gosterebilmesi i¢in en
uygun optimum iyonik siddetin belirlenmesi amaglanarak TRIS-HCI tamponlari-
nim 50, 100, 150, 200, 300, 400, 500, 600, 700, 800 mM konsantrasyonlarda hazir-
land: ve aktivite dl¢timleri yapildi. Yapilan él¢iimler sonucunda optimum iyonik
siddet 150 mM TRIS-HCI tamponunda belirlendi.

2.5.2. GST Enziminin Optimum pH Degerinin Belirlenmesi

TRIS-HCI tamponunun optimizasyonu sonucunda en yiiksek aktivite gosteren
konsantrasyonda pH optimizasyonu yapildi. 150 mM TRIS-HCI tamponundan 6,
6.5,7, 7,5 pH degerleri optimizasyon i¢in hazirlandi ve aktivite dl¢timlerine bakil-
di. Yapilan dl¢timler sonucunda optimum pH’1 150 mM TRIS-HCI tamponunda
pH: 6.0 olarak belirlendi.

2.5.3. GST Enziminin Optimum Substrat Miktarinin Belirlenmesi

Iskorpit balig1 kas dokusundan belirlenen optimum tampona 50, 60, 70, 80,
90 ve 100 pl CDNB eklenerek aktivite tayini yapildi. Yapilan 6l¢iimler sonucunda
kas dokusunun GST enziminin optimum substrat1 150 mM TRIS-HCI (pH: 6.0)
tamponu kullanilarak 2.5 mM olarak belirlendi.

3. BULGULAR VE TARTISMA

Yasamui olugturan ¢ok cesitli biyokimyasal tepkimelerin neredeyse tiimii, en-
zimler olarak bilinen bir dizi dikkate deger biyolojik katalizor araciligiyla gercek-
lesir. Bu yiizden enzimler enerji agisindan uygun yollar1 katalize ederek metaboliz-
madaki tiim olaylar1 saglarlar (Goziikara, 1997).

Serbest radikal ve oksidanlarin tiretiminin artmasi, hiicre zarlarini, proteinleri,
lipitleri, lipoproteinleri ve DNA gibi molekiillerin yapilarina zarar vererek oksidatif
stresi meydana getirirler (Droge, 2002; Willcox ve ark., 2004; Pacher ve ark., 2007;
Genestra, 2007; Halliwell, 2007; Young ve Woodside, 2001). Hiicrelerde olusan faz-
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la serbest radikaller yeterince yok edilemediginde ortaya oksidatif stres ¢ikabilir.
Ozellikle proteinler ROS/RNS tarafindan hasar gorerek yapisal degisikliklere yol
acar. Bunun sonucunda enzim {izerinde aktivite kaybina yol a¢tig1 gortilmiistiir.
Oksidatif hasar sonucunda viicut, DNA onarim enzimlerini veya antioksidanlari
kullanarak bu saldirilara kars1 gesitli savunma mekanizmasi gelistirmistir (Will-
cox ve ark., 2004; Pacher ve ark., 2007; Genestra, 2007; Halliwell, 2007). Oksidatif
strese karg1 bu mekanizma uygun sekilde diizenlenmedigi takdirde, gesitli kronik
ve dejeneratif hastaliklarin yani sira yaslanma siirecini ve bazi akut patolojilerini
tetikleyebilmektedir (Pham ve ark., 2008).

Ulkemizde artmakta olan cevre kirliligi 6zellikle denizlerde ve akarsularda
biriken kirlilikler deniz canlilarinin hayatini tehlikeye atmaktadir. Insanlar icin be-
sin kaynagi olan bu deniz canlilar1 izerinde toksik etkiler birakarak besinsel takviye
yoluyla insanlara gegmektedir. Enzimlerin gorevleri arasinda en 6nemlisi viicudu-
muzdaki yasamsal fonksiyonlarin saglikli ve siirdiiriilebilir hale getirilmesidir. Vii-
cudumuzdaki bu direnci saglayacak antioksidan enzimlerden en énemlilerden biri
GST enzimidir. GST enzimi ksenobiyotiklerin detoksifikasyonunu saglamaktadir.

GST enzimi dimerik yapida olan bir enzimdir. Indirgenmis glutatyon (GSH) ile
beraber ksenobiyotiklerin konjugasyonunu saglamada beraber rol oynamaktadir.
GSH yapisinda bulunan tiyol grubu antioksidan gérevini saglamaktadir. Bu neden-
le GST’ler oksidatif stres sonucu olusan endojen bilesiklerin ve antitimor ilaglar,
cevresel karsinojenler gibi ksenobiyotiklerin faz IT agamasiyla transformasyonunu
saglayarak ksenobiyotikleri ¢oziiniir hale getirerek safra ve idrar vasitastyla viicut-
tan atilimini gergeklestirir. Glutatyon S-transferaz enziminin canli organizmalarda
onemli bir yeri vardir (Boyland ve Chasseaud, 1969).

Bu calismada iskorpit balig1 (Scorpaena porcus) kas dokusundan glutatyon
S-transferaz (GST) enziminin kismi saflastirilmasi saglanarak optimum ka-
rakterizasyon ¢aligmasi yapilmigtir. Caligma sirasinda izlenilen yol homojenat
hazirlama, amonyum siilfat ¢oktiirme, diyaliz ve optimum karakterizasyon
¢alismalariyla saglanmistir.

Yapilan ¢alismada ilk olarak homojenat hazirlama islemi gerceklestirildi. Elde
edilen kas dokusu homojenatlarina %0-100 araliklarinda amonyum siilfat ¢oktiir-
me iglemi yapildi. Coktiirme isleminin sonucunda GST enziminin %40-60 ara-
liginda ¢oktiigh belirlendi. Bu islemde birgok safsizliklar yok edilerek proteinler
daha derisik hale getirildi. Yapilan ¢alismalarla kiyasladigimizda Giiven (2021)
eskina baligindan GST enzimi i¢in amonyum siilfat aralig1 %70-80, Yilmaz (2022)
tavuk karacigerinden GST enzimi i¢in amonyum siilfat aralig1 %40-100, Yiiksel
(2022) koyun dalak dokusundan GST enzimi i¢in amonyum siilfat araligin1 %20
-80, Ahmed (2017) Japon bildircin kalbinden GST enzimi i¢in amonyum siilfat
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aralig1 %60-70, Tays1 (2018) Japon bildircin cigerinden GST enzimi i¢in amonyum
stilfat aralig1 %20-80 araliklarinda bulundugunu bildirmistir.

Yapilan karakterizasyon galismalarinda ise GST enziminin optimum iyonik
siddeti 150 mM tris (TRIS-HCI) tamponunda, optimum pH: 6.0 ve optimum
substrat konsantrasyonu ise 2.5 mM CDNB olarak bulunmustur. Literatiirdeki
diger galismalarla kiyaslandiginda Giiven (2021) Eskina baliginda GST enzimi-
nin optimum iyonik siddeti 20 mM tris tamponu, optimum pH: 7.0 ve optimum
substrat miktar1 3.125 mM CDNB, Kiziltung (2023) Brokoliden GST enzimi i¢in
optimum iyonik siddeti 1.25 M KH,PO, tamponu, optimum pH: 7.5, Sayin (2022)
kaz karacigerinden GST enzimi i¢in optimum iyonik giddeti 100 mM KH,PO,
optimum pH: 7.0, Yilmaz (2022) tavuk karacigerinden GST enziminin optimum
iyonik siddeti 150 mM tris tamponu, optimum pH: 8.5, Duran (2019) Siraz balig1
karaciger dokusundan GST enzimi igin optimum iyonik siddeti 100 mM KH,PO,
optimum pH: 7.5 olarak bulmuglardur.

4.SONUC

Bu caligmada iskorpit balig1 kas dokusundan GST enziminin kismi saflasti-
rilmasi saglanmis ve kinetik karakterizasyon ¢alismasi yapilmistir. Birgok farkli
eksojen ve endojen bilesigin detoksifikasyonunu saglamada gore alan GST mul-
tifonksiyonel enzimlerden biridir. Uzaklastirilmas: istenen toksik maddelerin
detoksifikasyon iglemi sirasinda bu toksik maddeler enzimatik reaksiyon sonucu
suda ¢oziiniir hale getirilerek safra ve idrar vasitasiyla viicutta atilimi saglanmak-
tadir. Cevresel kirleticiler 6zellikle agir metaller sucul canlilarin biinyesinde bi-
rikmekte ve besin yoluyla insan viicuduna ge¢mektedir. Bunun sonucunda canl
biinyesinde oksidatif stres aciga ¢ikararak hiicresel fonksiyonlara zarar vermek-
tedir. Antioksidan enzimlerden en 6nemlilerinden biri olan GST enzimi oksida-
tif hasara karsi savunma mekanizmasi olusturarak detoksifikasyon igleminde en
bilinen enzim haline gelmistir.

Sonug olarak, bu ¢aligmada iskorpit balig1 kas dokusundan GST enzimi, amon-
yum siilfat ¢ktiirmesi ve diyaliz islemi ile kismi olarak saflagtirilmistir. Karakte-
rizasyon ¢aligmasiyla optimum iyonik siddet, optimum pH ve optimum substrat
miktarlar belirlenerek optimizasyonu saglanmistir.

Bu calisma icerdigi yiiksek protein miktarindan dolay: énemli olan iskorpit
balig1 kas dokusu GST enzimi iizerinden yapilan ilk ¢alismadir. Yapilan ¢aligma-
da sonuglarin glutatyon S-transferazin kas dokusundaki islevinin aydinlatilmasi-
na katkida bulunacagini diigiinmekteyiz. Caligmamizin bundan sonra yapilacak
GST enzimi ve iskorpit balig1 kas dokusu ile ilgili ¢aligmalara 6rnek olabilecegi
diistincesindeyiz.
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