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ARASTIRMA MAKALESi RESEARCH ARTICLE

Edirne ili Uzunképrii ilcesinde Yetistirilen Aycicegi (Helianthus annuus L.) Bitkisinin
Bazi Makro Besin Elementi Iceriklerinin Belirlenmesi*

Determination of Some Macro Element Contents of Sunflower (Helianthus annuus L.) Plant
Grown in Uzunkdprii District

Seving ADILOGLU’, Ali DERIN?

Oz

Bu ¢alisma Edirne ili Uzunkoprii ilgesinde yetistirilen aygicegi (Helianthus annuus L.) bitkisinin bazi makro besin
elementi igeriklerinin belirlenmesi amaciyla yapilmistir. Bunun ig¢in Uzunkoprii ilgesinin 25 farkli aygigegi bitkisi
tarlasindan yaprak 6rnegi alinarak analiz edilmistir. Yaprak orneklerine ait analiz sonuglari referans degerler ile
karsilagtirilarak incelenen aygicegi tarlalarinin bazi makro besin elementi durumlari ve beslenme sorunlari tespit
edilmeye calisilmistir. Elde edilen bulgulara gore, aycicegi tarlalarindan alinan 6rneklerin N, P, K, Ca ve Mg
igerikleri sirasiyla %2,63— %3,83; %0,15 — %,0,54; %1,31— %5,67; %2,18 — %5,41 ve %0,18— %0,80 arasinda
bulunmustur. Bu sonuglar sinir degerleri ile karsilastirildiginda; N %100 yeterli; fosfor %52 yeterli, %48 eksik;
K %380 yeterli, %20 eksik, %4 fazla; Ca %64 yeterli %36 yiiksek ve ise Mg %64 yeterli %36 cksik olarak
belirlenmistir.

Anahtar Kelimeler: Makro besin elementi, ay¢icegi, yaprak analizi, Uzunkoprii

Abstract

This study was done to determine the some macro element contents of sunflower (Helianthus annuus L.) plant
of Uzunkoprii district in Edirne province. For this purpose, leaf samples, which were collected from 25 different
agricultural areas of Uzunkoprii district and were analyzed. At the end of this research, the leaf samples results
were compared with the critical reference values. According to the leaf samples analyzed results, min and max
values of N, P, K, Ca and Mg macro nutrient elements; 2,63%- 3,83%; 0,15%- 0,54%; 1,31%- 5,67%; 2,18%-
5,41% and 0,18%- 0,80% were obtained, respectively. When these results were compared critical values, N 100%
sufficient; P 52% sufficient, 48% deficient; K 80% sufficient, 20% deficient; Ca 64% sufficient, 36% excess and
Mg 64% sufficient, 36% deficient were obtained.

Keywords: Macro nutrient element, sunflower, leaf analysis, Uzunkoprii
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Extended Summary

In recent years, due to the fact that agricultural areas continuously reducing because of many factors such as
out of purpose uses, therefore it is necessary that the production in the existing agricultural areas be sustainable in
order to get the maximum product from the unit area. The amount of product obtained from the soil depends on
many factors such as the use of certified seed, not to use seeds of unknown origin, climate, time, and the cultivation
technique. It is important to reveal the nutritional status of the Sunflower (Helianthus annuus L.) which takes an
important place in cultivation in the Thrace Region of Turkey. Moreover, it is crucial to carry out the fertilization
program for this plant in an appropriate way. For this purpose, the results of the leaf analysis of the plant are
considered as a guide to reveal the nutritional deficiencies. Some macro nutrient element contents were determined
in leaf samples taken from sunflower plants (Jones ve ark. 1991) grown in 25 different fields in Uzunkoprii district
of Edirne province. Then, the results of the analysis were compared with the critical values for each element and
the nutritional status of plants was determined accordingly. Sunflower plant leaf samples were taken from Hamitli,
Kurtbey, Kadikdy, Cakmak, Copkdy, Omerbey, Yenikdy, Kavacik, Karapiar and Tiirkobast villages of Uzunkdprii
district. Total N, P, K and Ca elemental contents were determined (Kacar and Inal, 2010). Nitrogen contents of
plant samples were determined to be between 2.63% and 3.83% in this research. Nitrogen contents of sunflower
leaf samples taken from 25 points were compared with the limit values specified by Jones et al. (1991) and all were
found to be sufficient. Phosphorus contents of plant samples were determined to be between 0.15% and 0.54%.
When the results were compared with those of Jones et al. (1991), 42% of them were found to be deficient and 52%
of them were found to be sufficient. Potassium contents of plant samples were determined to be between 1.31%
and 5.67%. The potassium contents of 20% of the plants were deficient while 76% were sufficient and 4% were
in excess levels when compared with the results of Jones et al. (1991). Calcium contents of plant samples were
determined to be between 2.18% and 5.41%. The calcium contents of 64% of the plants were sufficient and 36%
of them were in excess levels when compared with the results of Jones et al. (1991). Magnesium contents of plant
samples were determined to be between 0.18% and 0.80%. In the sunflower samples, the desired magnesium limit
values suggested by Jones et al. (1991) varies between 0.25% and 1.00%. The magnesium contents of 64% of the
plants were sufficient and 36% of them were insufficient when compared with the results of Jones et al. (1991). It
was found that the nitrogen contents of the sunflower plants in the subject area subject were at a sufficient level
in all samples and these values were among the reference values. When all of the phosphorus-based leaf analyzes
was evaluated according to the critical level, 52% of the plants had sufficient phosphorus contents, while 48% of
them did not have enough phosphorus content. This result suggests that phosphorus fertilizer application was not
balanced, so a healthy fertilization program should be done according to the results of the leaf analyses. While 76%
of the potassium analysis results were found to be sufficient, 20% of the samples were deficient and 4% had excess
potassium. These results show that appropriate fertilizer having nitrogen, phosphorus, and potassium should be
applied to the soil of the research areas by taking the soil analysis results of the sunflower plant into account. While
calcium levels were sufficient in 64% of sunflower plant samples, it was found to in excess levels in 36% of the
plants. Magnesium deficiency was found 36% of the plant samples while 64% of them were sufficient in terms of
magnesium. Fields should be subject to magnesium containing fertilizer application according to the results of the
research. This research is very important for sunflower.
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Son yillarda tarim alanlarmin amag disi kullanim gibi birgok faktor sebebiyle siirekli olarak daraltilmasi
nedeniyle birim alandan maksimum iiriin alinmasi i¢in, mevcut tarim alanlarindaki {iretimin siirdiiriilebilir olmas1
gereklidir. Topraktan kaldirilan iiriin miktari; toprak, bitki, sertifikali tohum kullanilmasi kékeni bilinmeyen
tohumlarin kullanilmamasi, iklim, zaman yetistirme teknigi gibi birgok faktdre baglidir. Toprak faktorii igerisinde
ise, besin elementi durumunun tespiti ve buna gore yapilmasi gerekli olan giibreleme programi énemli bir yer
tutmaktadir (Saglam, 2012; Bellitiirk 2011).

Topragin verimliliginde en 6nemli husus, topraktaki bitki besin elementlerinin bitkilere yarayish ve elverisli
miktarinin en hassas ve dogru bir sekilde belirlenmesidir. Verimli toprak irdelendiginde bitki besin elementleri
bitkilerde yeterli miktarlarda ve dengeli oranlarda bitki kok bolgesinde bulunmasi gerekir. Ayrica bitki gelisimi
acisindan toprakta toksik agir metallerin veya hastalik gibi olumsuz kosullarin olusmamasi gerekmektedir
(Karaman ve ark., 2012).

Tarim alanlarinin amag¢ dis1 kullanimi, kirlilik gibi bir¢ok nedenlerle azalmasi insanoglunun beslenme
ihtiyacinin karsilanmasini gittikge giiclestirmistir. Bu ihtiyaci gidermek igin birim alandan en yiiksek verimi
almanin 6nemi daha da artmaktadir. Yiiksek verim almak iginde bilingli ve etkin tarim sistemlerinin kullanilmast
gerekmektedir. Dogru ve etkin giibreleme ve sulama programlar bitkisel iiretiminde dnceligini artmistir (Adiloglu
ve Eraslan, 2012).

Ulkemizde aycicegi (Helianthus annuus L.) yetistiriciliginde ilk siray1 alan Trakya Bolgesi igin énemli bir
kiiltiir bitkisi olan aygicegi bitkisinin beslenme durumunun net olarak ortaya konulmasi ve giibreleme programinin
dogru bir bigimde yapilmasi biiyiik 6nem tasimaktadir. Bunun i¢in de bitkinin yaprak analizi sonuglar1 beslenme
noksanliklarmin ortaya konulmasinda bir rehber olarak kabul edilmektedir.

Tiirkiye’de aygicegi ekilen alan son yillarda yaklasik olarak 5 milyon dekar ile 6 milyon dekar arasinda
degismektedir. 2013-2016 yillar1 arasinda aygigegi liretimi ise 1.380.000 ton ile 1.500.000 ton arasinda
degismektedir. Verim agisindan irdelendiginde son dort yilda ortalama verimin 265-244 kg/da arasinda degistigi
goriilmektedir. Edirne ili olarak ay¢icegi tarimi degerlendirildiginde son dort yildaki veriler iilke geneli degerlerinin
altinda olmakla birlikte Uzunkoprii ilgesinde Edirne ili degerlerinin iizerinde oldugu bilinmektedir. Ayni zamanda
Uzunkdprii ilgesi aygigegi tarimi agisindan Edirne ilinin diger ilgeleriyle karsilastirildiginda ilk siray1 almaktadir

(TUIK, 2017).

Ayg¢igegi bitkisi, tohumunun igeriginde 6nemli miktarlarda protein, karbonhidrat ve yag bulundurmasi
nedeniyle insan beslenmesinde oldugu kadar, hayvansal {iretimde hayvan yemi olarak da kullanilmaktadir. Ayrica
aycicegi bitkisi son zamanlarda bir siis bitkisi olarak park ve bahgelerde de kullanilmaktadir. Ay¢igegi bitkisi
saglikli beslenme bakimindan degerlendirildiginde de 6nemli bir kiiltiir bitkisidir. Ay¢igegi bitkisinin 6zellikle
potasyum ve E vitamini igerigi yiiksektir. Ay¢igegi ¢ekirdegi ayn1 zamanda 6nemli bir linoleik asit kaynagidir
(Biiyiikfiliz, 2016).

Gtineri ve ark. (2016) tarafindan yapilan bir arastirmada artan miktarlarda fosfor ve potasyumlu giibre
uygulamalarinin kamkat (Fortunella margarita L.) bitkisinin fidan gelisimi, meyve 6zellikleri, verim ve beslenme
diizeylerine etkisi incelenmistir. Saks1 denemesi yapilarak bitkilere ii¢ farkli doz fosfor (10, 40 ve 80 mg/kg)
NH,H,PO, formunda ve ti¢ farkli doz potasyum (150, 300 ve 450 mg/kg) K,SO, seklinde birbiri ile kombine
edilerek modifiye edilmis Hoagland ¢o6zeltisine ilave edilerek topraktan uygulanmigtir. Denemenin sonunda
fosforlu ve potasyumlu giibrelerin 2. dozlar1 (40 mg/kg fosfor ve 300 mg/kg potasyum); bitkinin kdk uzunlugu,
meyve agirligl, meyve sayisi ve verimini en yiiksek diizeylere ¢ikarmistir. Fosfor uygulamalar bitki yapraklarinin
N, P, Fe ve Mn kapsamlar1 artmis; potasyum uygulamalari ise bitki yapraklarinin sadece K miktarlarinda artiga
neden olmustur. Eryilmaz Ac¢ikgdz ve ark. 2017 tarafindan roka bitkisi ile ilgili yapilan arastirmada da benzer
veriler ortaya konulmustur.

Ayc¢igegi potasyum ihtiyaci agisindan musir bitkisi ile karsilastirildiginda; aygiceginin potasyumu daha fazla
kaldirdig1 anlagilmaktadir. Yapilan birgok ¢alisma bitkilerde protein sentezinde potasyumun Snemli oldugunu
gostermistir. Potasyum ayciceginde yag sentezini kolaylastirmakta ve yag oranint 6nemli dlgiide etkilemektedir.
Farkli pH’ lar da ekstrakte edilebilir potasyumun degisimi yag oranini etkilemektedir (Adiloglu ve ark., 2010).

Dogu Karadeniz Boélgesi findik bahgelerinin beslenme durumlarini toprak ve bitki analizleri ile incelendigi
bir aragtirmada, 30 farkli findik bahgesinden toprak ve yaprak ornekleri alinmigtir. Alinan bu 6rnekler analiz
edilmis ve aragtirma bolgesindeki bazi makro bitki besin elementlerinin eksikliklerinin 6nemli boyutlarda oldugu
goriilmiistiir. S6z konusu bu bitki besin elementi eksiklikleri %73,4 oraninda Ca, %50,0 oraninda Mg, %26,7
oraninda P, %20,0 oraninda N ve %6,7 oraninda K seklinde bulunmustur (Adiloglu ve Adiloglu, 2005).
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Bu arastirmada Edirne li Uzunképrii Tlgesi’nde yetistirilen aycicegi (Helianthus annuus L.) bitkisinin bazi
makro bitki besin elementleri igerikleri alinan yaprak érneklerinde yapilan N, P, K, Ca ve Mg analizleriyle ortaya
konularak beslenme durumunun yeterli olup olmadig1 degerlendirilmistir.

Materyal ve Yontem
Edirne ili Uzunkdpril ilgesi’nde 25 farkli tarlada yetistiriciligi yapilan aygicegi bitkisinden alinan yaprak
orneklerinde (Jones ve ark. 1991) baz1 makro bitki besin elementi (N, P, K, Ca ve Mg) analizleri yapilmistir. Daha
sonra elde edilen analiz sonuglart her bir element i¢in kritik degerler ile karsilagtirilmis ve bitkinin her bir element
ile beslenme durumu ortaya konulmustur.

Aycicegi bitki 6rnekleri Uzunkoprii ilgesinin Hamitli, Kurtbey, Kadikdy, Cakmak, Copkoy, Omerbey, Yenikdy,
Kavacik, Karapinar, Tiirkobas1 kdylerinden alinmistir. Alinan bitki 6rneklerinde toplam N, P, K, Ca ve Mg bitki
besin elementi igerikleri belirlenmistir (Kacar ve Inal 2010).

Bulgular ve Tartisma
Bitkilerin Baz1 Makro Besin Elementi icerikleri
Aragtirma noktalarindan alinan ay¢igegi bitkisinin N, P, K, Ca ve Mg igerikleri Tablo 1°de verilmistir.

Tablo 1. Aycicegi bitkisi yaprak érneklerinin bazi makro besin elementi icerikleri, %

Table 1. Some macro nutrient element contents of sunflower plant samples, %

Ornek Azot Fosfor Potasyum Kalsiyum Magnezyum

No ™) (P) ) (Ca) Mg)
1 2,63 0,26 2,21 2,83 0,26

2 3,54 0,26 2,43 2,44 0,22

3 2,93 0,27 1,89 2,78 0,36

4 3,02 0,18 2,11 2,35 0,24

5 3,75 0,26 2,65 2,61 0,24

6 3,77 0,35 2,67 2,84 0,35
7 3,33 0,24 2,98 2,38 0,25

8 3,15 0,29 3,38 3,40 0,18
9 3,13 0,15 2,34 2,92 0,27
10 2,74 0,22 2,25 2,86 0,24
11 3,58 0,31 2,15 3,08 0,29
12 3,16 0,25 2,54 3,20 0,30
13 3,83 0,28 3,17 2,88 0,26
14 3,16 0,24 2,08 2,66 0,37
15 3,76 0,54 5,67 5,41 0,64
16 3,03 0,33 2,46 3,39 0,20
17 2,88 0,28 2,31 3,44 0,41
18 2,98 0,18 1,98 2,19 0,27
19 3,48 0,23 2,70 2,18 0,18
20 3,09 0,22 1,31 2,86 0,48
21 3,03 0,22 2,28 2,50 0,34
22 2,98 0,23 2,73 2,94 0,18
23 3,16 0,25 1,90 3,02 0,43
24 2,38 0,26 2,18 3,06 0,44
25 2,97 0,24 1,49 3,28 0,80
Min. 2,63 0,15 1,31 2,18 0,18
Max. 3,83 0,54 5,67 5,41 0,80

Bitkilerin Azot icerikleri
Bu aragtirmada alinan yaprak 6rneklerinin azot i¢eriklerinin %2,63 ile %3,83 arasinda degistigi goriilmektedir

(Sekil 1)
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Sekil 1. Bitki orneklerinin N i¢erikleri
Figure 1. Nitrogen contents of plant samples

Aygicegi yaprak Orneklerinin azot igerikleri Jones ve ark. (1991) tarafindan belirtilen sinir degerleri ile
karsilagtirildiginda 25 noktadan alman bitki 6rneklerinin %100’linde azot miktarlarinin yeterli diizeyde
oldugu gorilmiistiir (Sekil 2.). Eryilmaz A¢ikgoz (2011) karalahana ile ilgili yapilmis arastirmada farkli hasat
olgunluklarinda bitkinin makro ve mikro bitki besin elementlerinin igerigindeki degisim incelenmistir. Bitki farkl
olmakla birlikte azot agisindan en yiiksek degeri bu bitki i¢in tam hasat olgunluk déneminde yapilan hasatdaki
orneklemede oldugu goriilmiistiir. Aycicegi bitkisinde biitiin 6rneklerde yeterli ¢ikmasinin bir nedenin de bu durum
oldugu diistiniilmektedir.

Sekil 2. Azot elementinin simir degerlerine gore degerlendirilmesi

Figure 2. Evaluation of N contents of plants according to critical values

Bu ¢aligsmanin sonuglari ile benzerlik gosteren bir arastirma Dogu Karadeniz Bolgesi cay tariminin yapildigt
bahgelerde belirlenmistir (Adiloglu ve Adiloglu, 2006). Arastirma konusu ¢ay bahgelerinin tamaminda bitkilerin
N igerikleri yeterli ve yliksek diizeylerde oldugu ortaya konulmustur.

Tekirdag ili Muratli ilgesinde yapinla bir arastirmada ise bugday bitkisi yaprak érneklerinde N eksikligi sadece
% 10 diizeyinde oldugu belirlenmistir (Caktii, 2016).

Sekil 3. Bitki 6rneklerinin P icerikleri
Figure 3. Phosphorus contents of plant samples.
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Bitkilerin Fosfor icerikleri

Bu aragtirmada alinan yaprak drneklerinin fosfor i¢eriklerinin %0, 15 ile %0,54 arasinda degistigi goriilmektedir
(Sekil 3.) Aygicegi bitkisinde fosforun Jones ve ark. (1991)’e gore %0,25 — %0,60 arasinda yeterlilik diizeyi
bulunmaktadir. Alinan yaprak drneklerinin fosfor igeriklerinin Jones ve ark. (1991) tarafindan olusturulan sinir
degerler ile karsilastirildiginda 6rneklerin %42’ sinde fosfor eksikliginin oldugu goriilmiistiir. Bitki 6rneklerinin
%352’ sinde ise fosfor diizeyleri yeterli oldugu belirlenmistir (Sekil 4.).

Sekil 4. Fosfor elementinin sinir degerlerine gore degerlendirilmesi
Figure 4. Evaluation of P contents of plants according to critical values

Ceviz bahgelerinin beslenme durumlarmin bitki analizleriyle degerlendirildigi bir arastirmada, incelenen
bahgelerde bitkilerin P eksikliklerinin %4,39 oraninda oldugu, ceviz bahgelerinin %89,13” unda ise bitkilerin
fosfor igeriklerinin ise yeterli oldugu belirlenmistir (Solmaz ve Adiloglu, 2017).

Bitkilerin Potasyum icerikleri
Bu arastirmada alinan yaprak &rneklerinin potasyum igeriklerinin %1,31 ile %5,67 arasinda degistigi
goriilmektedir (Sekil 5).

Sekil 5. Bitki érneklerinin K icerikleri
Figure 5. Potassium contents of plant samples

S6z konusu bu degerler Jones ve ark. (1991)’ e gore degerlendirildiginde bitkilerin potasyum igeriklerinin
%76’ s1 yeterli, %41 fazla %20’si ise yetersizdir (Sekil 6). Bu ¢alismanin sonuglarina benzer bir sekilde karayemis
(Prunus laurocerasus L.) bitkisi ile yapilan bir ¢aligmada bitki yaprak érneklerinin potasyum igeriklerinin %55
‘inin yeterli ve %45’inin ise fazla diizeylerde oldugu belirlenmistir (Adiloglu ve ark., 2013).
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Sekil 6. Potasyum elementinin sinir de@erlerine gore degerlendirilmesi
Figure 6. Evaluation of K contents of plants according to critical values

Bitkilerin Kalsiyum icerikleri
Bu arastirmada kullanilan aygicegi yaprak oOrneklerinin kalsiyum igerikleri %2,18 ile %5,41 arasinda
degiskenlik gostermistir (Sekil 7).

Sekil 7. Bitki 6rneklerinin Ca i¢erikleri
Figure 7. Calcium contents of plant samples

Ayc¢icegi orneklerinin kalsiyum igerikleri Jones ve ark. (1991) tarafindan belirlenen refereans verileriyle
karsilastirildiginda 6rneklerin %36’sinin Ca igerikleri fazla ve %64 iiniin ise yeterli oldugu tesbit edilmistir (Sekil
8.).

Ceviz bahgelerinin kalsiyum igeriklerinin incelendigi bir aragtirmada (Solmaz ve Adiloglu, 2017), inceleme
konusu ceviz bahgelerinin %84,78’inin kalsiyum igeriklerinin yeterli ve %13,04’{inlin ise fazla diizeylerde
kalsiyum icerigine sahip oldugu belirlenmistir.

Sekil 8. Kalsiyum elementinin simir degerlerine gore degerlendirilmesi
Figure 8. Evaluation of Ca contents of plants according to critical values
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Bitkilerin Magnezyum icerikleri
Aygicegi yaprak orneklerinin magnezyum igeriklerinin %0, 18 ile %0,80 arasinda degistigi belirlenmistir (Sekil
9.

Sekil 9. Bitki érneklerinin Mg icerikleri
Figure 9. Magnesium contents of plant samples

Aycicegi drneklerinde istenen magnezyumun Jones ve ark. (1991)’e gore yeterlilik sinir1 % 0,25 — % 1,00
arasinda degismektedir. Alinan yaprak orneklerinin magnezyum igeriklerinin Jones ve ark. (1991) tarafindan
belirlenen refereans degerleri ile kiyaslandiginda 6rneklerin %64 i yeterli %36’°s1 yetersiz oldugu tespit edilmistir
(Sekil 10).

Sekil 10. Magnezyum elementinin sinir degerlerine gore degerlendirilmesi
Figure 10. Evaluation of Mg contents of plants according to critical values

Sonug¢ ve Oneriler
Edirne ili Uzunkdprii ilgesinde belirlenen kdylerde yer alan Aygigegi tarlalarinin mutlak gerekli bazi makro
bitki besin elementi igeriklerinin belirlenmesi amaci ile Uzunkdpri ilgesinin 10 farkli koyilinde bulunan 25 farkl
aycicegi tarlasindan, bitkilerden alinan yaprak Orneklerinin analizleri sonucunda, gerekli analizler yapilarak
sonuglar1 degerlendirilmistir.

Elde edilen sonuglara gore arastirmaya konu olan bolgedeki aygicegi bitkisinin azot igeriklerinin %100 {in{in
yeterli seviyede oldugu ve bu degerlerin referans degerler arasinda oldugu goriilmiistiir. Fosfor agindan yaprak
analizlerinin tamamu kritik seviyeye gore degerlendirildiginde, bitkilerin %52 sinin fosfor igerikleri yeterli miktarda
iken %48’inin fosfor igeriklerinin yetersiz oldugu belirlenmistir. Bu sonug bize fosforlu giibre uygulamasinin
dengeli olarak yapilmadigi, toprak ve yaprak analizleri dikkate alinarak saglikli bir giibreleme programinin
yapilmasi gerekliligini ortaya koymaktadir. Diger bir element potasyum analiz sonuglarinin %76’sinin yeterli
seviyede oldugu belirlenirken, drneklerin %20’sinde eksiklik, %4’iinde ise potasyum fazlaligi oldugu ortaya
konulmustur. Bu sonuglar gosteriyor ki aygigegi bitkisinin toprak analiz sonuglari da dikkate alinarak azot, fosfor,
potasyumlu giibre uygulanmalidir.
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Aygicegi bitki drneklerinin %64 ’iinde kalsiyum yeterli seviyede iken, %36’sinda ise fazla oldugu belirlenmistir.
Magnezyum agisindan bitki 6rneklerinin degerlendirildiginde %641 yeterli %36’sinda ise magnezyum yetersizligi
oldugu belirlenmistir. Toprak ve bitki analizleri sonucunda eksikligi olan tarlalarda bu eksikligin giderilmesi i¢in
yapraktan magnezyum igerikli giibreler ile giibreleme yapilmasi gerekmektedir.

Bu arastirmanin sonuglaria gore, en yiiksek besin elementi eksikligi %48 ile fosfor eksikligi, %36 magnezyum
eksikligi ve %20 potasyum eksikligi gézlenmis olup, giibreleme programlar: bu besin elementlerinin eksiklikleri
g0z Oniinde bulundurularak olusturulmalidir.

Bu aragtirma sonuglarina gore, bolgede 6zellikle fosfor, magnezyum ve potasyum giibrelemesine 6zel bir 5nem
verilmelidir. Diger taraftan da 6zellikle giibre kaynakl kirlilik sonucunda olusan toksisitenin dniine gegmek ve
insan sagligina etki edecek sartlarin ortadan kaldirilmasi i¢in de giibreleme uygulamalarinda bilingli olarak hareket
edilmelidir.

Tesekkiir
Bu arastirma Yiiksek Lisans Tezinden hazirlanmistir. Bu ¢alisma, NKUBAP tarafindan NKUBAP.03.YL.16.045
numarali proje ile desteklenmistir.




) . . Adiloglu & Derin
Edirne Ili Uzunkdprii llgesinde Yetistirilen Aygicegi (Helianthus annuus L.) Bitkisinin Bazi Makro Besin Elementi I¢eriklerinin Belirlenmesi

Kaynakca/References

Adiloglu, A. & Adiloglu, S. (2005). An Investigation on nutritional problems of hazelnut (Corylus avellana L.) grown in acid soils.
Communications in Soil Science and Plant Analysis, 36(15-16), 2219-2226.

Adiloglu, A. & Adiloglu, S. (2006). An Investigation on nutritional status of tea (Camellia sinensis L.) grown in Eastern Black Sea Region of
Turkey. Pakistan Journal of Biological Sciences, 9(3), 365-370

Adiloglu, A., Karaman, M.R., Adiloglu, S. & Karakas, O. (2013). Elementel composition of cherry laurel (Prunus laurocerasus L.) grown
natural conditions in Eastern Black Sea Region of Turkey. Soil Water Journal, 2(1), 753-760.

Adiloglu, A., ve Eraslan, F. (2012). Bitki Besleme. (Ed. M.R. Karaman). B6liim 4. Giibreler ve Giibreleme Teknigi, s:347-474, Giibretas Rehber
Kitaplar Dizisi: 2, Dumat Ofset Matbaacilik Ltd. Sti., Ankara.

Adiloglu, S., Stimer, A., Goniilsiiz, E. & Adiloglu A. (2010). Determination of suitable chemical extraction methods for exchangeable potassium
content of having different pH value soils in Tekirdag. Soil Management and Potash Fertilizer Uses in West Asia and North Africa Region,
International Symposium of Potash Institute Held. Antalya, November, 22-25.

Bellitiirk K. (2011). Edirne 1li Uzunképrii ilgesi tarim topraklarmin beslenme durumlarinin belirlenmesi. Tekirdag Ziraat Fakiiltesi Dergisi,
8(3): 8-15.

Biiyiikfiliz, F. (2016). Vermikompost giibrelemesinin aycicegi bitkisinin verim ve bazi kalite parametreleri iizerine etkisi. Namik Kemal
Universitesi Fen Bilimleri Enstitiisii, Toprak Bilimi ve Bitki Besleme Anabilim Dali, Yiiksek Lisans Tezi Tekirdag.

Caktii, E. (2016). Tekirdag Ili Muratly ilesinde yetistirilen bugday (Triticum aestivum L.) bitkisinin beslenme durumunun bitki analizleriyle
belirlenmesi. Namik Kemal Universitesi Fen Bilimleri Enstitiisii Toprak Bilimi ve Bitki Besleme Anabilim Dali, Yiiksek Lisans Tezi, 34
s, Tekirdag.

Agikgoz F.E. (2011). Mineral, vitamin C and crude protein contents in kale (Brassica oleraceae var. acephala) at different harvesting stages.
African Journal of Biotechnology, 10:17170-17174.

Acikgoz, F.E., Adiloglu, S., Solmaz, Y. & Adiloglu, A. (2017). The Influence of potassium fertilizer practices on some macro and micro
nutrient element ingredient of rocket (Eruca vesicaria subsp. sativa) plant. Oxidation Communications, 40(3): 1209-1217.

Giineri, M., Akat, H., Yagmur, B. & Yokas, 1. (2016). Effect of phosphorus and potassium applications on growth of kumquat (Fortunella
margarita L.) swing plant. Journal of Agricultural Faculty of Gaziosmanpasa University, 33(1): 64-74.

Jones, J.B., Wolf B. & Mills, H.A. (1991). Plant Analysis Handbook. Micro-Macro Publishing, Inc., USA, 213p.
Kacar, B. & Inal, A. (2010). Bitki Analizleri. Nobel Yaynlar1 No:1241.

Karaman, M.R., Brohi, A.R., Miiftiioglu, N.M., Oztas, T. & Zengin, M. (2012). Siirdiiriilebilir Toprak Verimliligi. Koyulhisar Ziraat Odas1
Kiiltiir Yayinlar1 No:1 Giincellenmis 3. Bask1. ISBN 978-605-86684-0-9.

Saglam, M.T. (2012). Giibreler ve Giibreleme. Namik Kemal Universitesi Yaymlar1. Yaymn No: 14, Ders Kitabi No: 6, Tekirdag.

Solmaz, Y. & Adiloglu, A. (2017). Determination of nutritional status of walnut orchards by leaf analysis in Tekirdag Region. Tekirdag Ziraat
Fakiiltesi Dergisi, 14(1): 88-92.

TUIK, 2017. Tarim Istatistikleri. Tiirkiye Istatistik Kurumu, Ankara.

10



[ ] . R Ocak/January 2019, 16(1)
J O t CI Journal of Tekirdag Agricultural Faculty Basvuru/Received: 01/02/18

s e e . . .. Kabul/Accepted: 22/02/18
Tekirdag Ziraat Fakiiltesi Dergisi DOIL: 10.33462/jotaf. 516734

http://dergipark.gov.tr/jotaf
http://jotaf.nku.edu.tr/

ARASTIRMA MAKALESi RESEARCH ARTICLE

An Optimization Study for The Production of Origanum onites Tincture by Response
Surface Methodology: Effect of Liquid/Solid Ratio, Ethanol Concentration and Storage
Period

Origanum Onites Tentiirii Uretim Sartlarmin Tepki Yiizey Yéntemi ile Optimizasyonu: Sivi/Kati
Orani, Etanol Konsantrasyonu ve Depolama Siiresinin Etkisi

Mahmut KAPLAN', Mustafa Miicahit YILMAZ??, Rabia USLU?, Serap KOPRU?,
Hiirmet GOZELLE?, Gamze MUHDEREM?

Abstract

In this study, Origanum onites was used for the production of tincture, a hydroalcholic extract, and manufacturing conditions
were optimized to determine the processing factor variable levels to increase the final quality of samples. For this purpose,
response surface methodology study was applied and Box Behnken design was used for the optimization. Three factors were
selected namely liquid/solid ratio, ethanol concentration and storage period for the preparation of samples. Total phenolic
content, antiradical activity and efficient of concentration (EC50) values were determined to evaluate the bioactivity of tincture
samples. It was observed that the total phenolic content of the tincture samples was affected by ethanol concentration and
liquid/solid ratio. Total phenolic contents of tincture samples were in the range of 964.1-7020.8 mg GAE/ L samples while the
efficient concentration (EC50) ranged from 44.88 to 89.56. Increase of solid level increased the bioactivity values of samples,
but this increment decreased the tincture yield significantly. Optimization results showed that the highest total phenolic content
would be at 50% ethanol concentration, 6 ml ethanol level which means the liquid/solid ratio is 1:5 and 15 days storage for the

tincture samples.

Keywords: O. onites, tincture, bioactivity, optimization, response surface methodology

Oz

Bu ¢aligmada, bir hidroalkolik ekstrakt tipi olan tentiir liretimi amaciyla Origanum onites bitkisi kullanilmis ve son iiriin
kalitesini artirmaya yonelik olarak iiretim sartlarini optimize etmek iizere proses faktor seviyelerinin belirlenmesi amaglanmustir.
Bu amagla, optimizasyon islemi igin tepki ylizey yOntemi tabanli Box-Behnken deneme tasarimindan faydalanilmistir.
Orneklerin hazirlanmasi amaciyla sivi/kati orani, etanol konsantrasyonu ve depolama siiresi faktor olarak secilmistir. Tentiir
orneklerinin biyoaktif 6zelliklerinin belirlenmesi amaciyla toplam fenolik madde miktari, antiradikal kapasite ve EC50 degeri
hesaplanmistir.S1vi/kat1 orani ve etanol konsantrasyonunun érneklerin toplam fenolik madde miktari iizerinden etkili oldugu
goriilmiistiir. Orneklerin toplam fenolik madde degerleri 964.1-7020.8 mg GAE/ L, EC50 degerleri ise 44.88-89.56 araliginda
degisim gostermistir. Ornek konsantrasyonunun artis1 toplam fenolik madde miktarini artirirken, bu artis tentiir veriminde
diisiise yol agmistir. Optimizasyon sonuglar1 en yiiksek toplam fenolik madde miktarinin, %50 etanol konsantrasyonunda, 1:5

kati/s1v1 oraninda, 15 giinliik depolama siiresi sonunda elde edilebilecegini gostermistir.

Anahtar Kelimeler: Origanum onites, tentiir, biyoaktivite, optimizasyon, tepki yiizey yontemi
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Oregano (Origanum vulgare L., fam. Lamiaceae) which is a medicinal and aromatic herb grows commonly in
Europe and Asia, especially in the Mediterranean region (Josifovic et al., 1974). It is used as a spice by humans all
around the world for ancient times and it is a good raw material for the production of tincture to use against some
diseases like cold, for digestive and respiratory problems (Ivanova et al., 2005; Leporatti and Ivancheva, 2003). In
folk medicine, to treat many health problem like respiratory disorders, dyspepsia, painful menstruation, rheumatoid
arthritis and urinary tract disorders, O. vulgare is one of the commonly used as medicinal plant (Gruenwald et al.,
2000). Oregano was reported that it had strong biological activity in many published papers (Barros et al., 2010;
Economou et al., 1991; Kaurinovic et al., 2011; Kosar et al., 2005; Spiridon et al., 2011; Ozbek et al., 2008; Sahin
et al., 2004). For the biological activity of oregano, in general essential oil of the plant was characterized and in
recent years biological activities of the essential oil of O. vulgare have intensively been studied (Castilho et al.,
2012; Sahin et al., 2004). It was reported that the oregano essential oils and extracts include phenolic substances
such as carvacrol and rosmarinic acid and they have strong antioxidant and antibacterial activities (Baydar et al.,
2004; Kosar et al., 2003; Pizzale et al., 2002; Tepe et al., 2004). As is well known, antioxidants are compounds
capable of delaying, retarding or preventing oxidation. They can react with free radicals or can interrupt the
chain reaction in the propagation of oxidation (Valko et al., 2007). Botanical extracts are well recognized sources
of antioxidants. The supplementation with phytochemicals such as polyphenols, including flavonoids, could be
help to protect the body against diseases. Because they are free radical scavengers and antioxidantcompounds
having capacity to reduce the negativeeffect of oxidative stress and free radicals (Seifriedet al., 2007).Tincture
is a hydroalcoholic extracts of the medicinal plants and they are galenic preparation of many herbs which could
be used for the medicinal treatments. This method of plant material extraction used are recommended by several
Pharmacopoeias, e.g. European Pharmacopoeia and Polish Pharmacopoeia (Olech et al., 2012). Preparation of
tinctures in phypthreapy is very common technique to increase the bioactivity of plant on the disease. It is reported
that the solid form of the plant powders had common usage in the medicinal treatment but liquid preparation
of the herbs have many advantage compared to solid form like easy preparation of a unique formulation and
another considerable advantage of liquids is that if properly prepared, they include minimal processing during
manufacturing and so they reflect the chemical spectrum of the original herb. Also, tinctures which are the liquid
form of the herbs have superior bioavailability because all important phytochemical constituents are already in
solution compared to solid-dose preparation. It was also stated that the herbal liquids confer considerable dose
flexibility and intake of liquids is every time easier by the children compared to solid ones (Bone, 2003). Due to
the stated advantages of the above, tincture is preferred by the doctors compared to solid powder form.

According to our knowledge, there was no published paper regarding the optimization of production conditions
for the oregano tincture. The main purposes of the current study was to determine the bioactivity of Origanum
onites plant and its produced tinctures in terms of total phenolic content, antiradical activity and EC, values and
optimized conditions for the production of tincture having high bioactivity. For this aim, three processing variables
were determined as liquid/solid ratio, ethanol concentration and storage period and response surface methodology
Box Behnken design was used for the determination of effective factors and optimized production conditions.

Material and Methods
In the current study, Origanum onites was purchased from Boralife Medicinal Plant Company (Ankara, Turkey)
as dried material. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was purchased from Sigma-Aldrich(Madrid,Spain), and
ethanol was from Tekkim Co. (Istanbul, Turkey). Folin Ciocalteu reagent and sodium carbonate were procured
from Merck (Germany). All of the reagents used were of analytical quality.

Sample preparation and experimental design

In the current study, both bioactivity of plant and also its tincture were characterized. The plant samples were
ground using a grinder for further analysis. To extract the total phenolics as active substance in the plants, the related
amount of the plant material was weighed as 1 g (moisture: 9.27%) and placed in a glass jar. After that, ethanol at
desired concentration(5 ml, 10 ml or 30 ml) according to the experimental designin Table 1 was incorporated and
mixed for 1 minute. Finally, the jars were covered tightly and stored in dark conditions at room temperature during
the determined storage time. At the end of the storage period, the samples were filtered using a filter paper and the
filtrate was used for further analysis. The tincture production was performed as similarly. As is known, tincture is
the ethanolic extract of the plant samples. So, the filtrated samples was used as tincture (Bone, 2003).
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Table 1. Box-Behnken design matrix used to evaluate the effects of processing variables on bioactive properties of O. onites plant
extract and tincture

Coded values Actual values
Runs X1 X2 X3 Liquid/solid (ml) Ethanol concentration (%) Time (day)
1 0.00 0.00 0.00 10 50 8
2 0.00 1.00 1.00 10 75 15
3 0.00 0.00 0.00 10 50 8
4 -1.00 1.00 0.00 30 75 8
5 0.00 1.00 -1.00 10 75 1
6 1.00 -1.00 0.00 6 25 8
7 1.00 1.00 0.00 6 75 8
8 0.00 -1.00 1.00 10 25 15
9 1.00 0.00 1.00 6 50 15
10 -1.00 0.00 -1.00 30 50 1
11 1.00 0.00 -1.00 6 50 1
12 0.00 0.00 0.00 10 50 8
13 -1.00 0.00 1.00 30 50 15
14 -1.00 -1.00 0.00 30 25 8
15 0.00 -1.00 -1.00 10 25 1

Determination of total phenolic content

To determine the total phenolic content of the samples, Folin Ciocalteu method suggested by Singleton and
Rossi (1965) was used. For this purpose, 200 pl of sample extract was placed in a tube including 1800 pl of
distilled water. Afterthat, 1 ml of Folin reagent (1/10 diluted) was incorporated and waited for 1 min. At the end, 2
ml of sodium carbonate (2% w/v) was added and the tubes were covered, vortexed and incubated for 2 h in a dark
place at room conditions (24-25 °C). At the end of the incubation, the absorbance values of samples were measured
at 765 nm by a UV-VIS spectrophotometer (Schimadzu, Japan) and the total phenolic content of the plant samples
were calculated as mg GAE/g sample for plant material and mg GAE/L for tincture samples.

Determination of antiradical activity

To determine the antiradical activity of samples, 2,2-Diphenyl-1-picrylhydrazyl (DPPH) was used as radical
substance and scavenging activity of samples was determined as % inhibition. For this purpose, 100 pl of extract
sample (diluted as 1/40) was mixed with 3900 pl of DPPH solution (0.1mM in methanol) and vortexed in tube.
The absorbance values of the samples were measured at 517 nm after 30 min incubation in dark place at room
conditions by using a UV-VIS spectrophotometer (Schidamzu, Japan). The % inhibition value was calculated
using following equation:

%Inhibition=[(Abs -Abc )/Abs ]x100 (Eq.1)

where Abs_is the absorbance of the control and Abs_is the absorbance of the sample (Kaplan et al., 2018).

Determination of antiradical efficiency (EC,)

To determine the EC, values of the samples, the methodology described by Moreno et al. (1998) and Brand-
Williams et al (1995) was used. For this purpose, 100 pl of the extract samples diluted at different concentrations
was mixed with 3900 pl of DPPH solution (0.1mM in methanol) and vortexed in tube. The absorbance values
of the each sample were recorded at 517 nm after 30 min incubation in dark place at room conditions by using a
UV-VIS spectrophotometer (Schidamzu, Japan). The remaining DPPH concentration in the reaction medium was
calculated from the following calibration curve equation (Eq.2) determined by linear regression:

DPPH,, (mg/ml)=[37.92xAbs, +0.27]x1000 (R*=0.997)(Eq.2)

REM

The percentage of the remaining DPPH was also calculated by dividing the DPPH level at the end of the
reaction to the DPPH level at the beginning as following equation:
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% DPPH, ~[DPPH]/[DPPH]_, (Eq.3)

REM

The percentage of remaining DPPH against the standard concentration was then plotted to calculate the amount
of antioxidant necessary to decrease the initial concentration of radical substance by 50%.

Measurement of tincture yield
The tincture yield of the samples was determined by measuring the liquid volume after filtration of the sample
by using a measuring cylinder and the results were given as ml.

Data analysis, modeling and optimization

In this study, a 3-factor-3-level Box-Behnken experimental design (Box and Behnken, 1960) with three
replicates at the center point was used to develop predictive models for studied parameters. The factors (processing
variables), levels and experimental design in terms of coded and uncoded are presented in Table 1.

N N
Y-e=05+ Z Bx;+ Zﬁ-—'fl}: + Z Z ik
il el fml =i+l

(Eq.4)

where Y is the corresponding predicted response value, 3, is the intercept term, 3, is the linear term, §, is the
quadratic term, ,b’ij is the interaction term, and X and X' are the coded levels of the independent variables. The
regression coefficients of linear, quadratic and interaction terms were determined by using Design Expert package
software for each output parameter.

In this context, ethanol level (6,10 and 30 ml for 1 g plant), ethanol concentration(25, 50 and 75%), time
(1, 8 and 15 days) were selected as the processing variables. Design-Expert® Software Version 7.0 (Stat-Ease
Inc., Minneapolis, USA) was used for the computational work including designation of experimental points,
randomization, analysis of variance, fitting of the second-order polynomial models and graphical representations
as well as optimization was performed.

Optimization procedure was performed by using desirability function of the Design-Expert® Software Version
7.0 (Stat-Ease Inc., Minneapolis, USA) and maximum and minimum values and their conditions were calculated.

Results and Discussion
O. onites plant properties
Table 2 shows the bioactivity values of all plant samples prepared according to the experimental design in
Table 1.

Table 2. Bioactivity of O. onites plant and tincture samples as affected by processing variables

O. onitesplant O. onitestincture

Runs PTPC TTPC EC,, ARA TY
1 45.25 4524.9 42.63 323 16
2 31.86 3186.1 80.66 16.4 13
3 45.29 4528.9 53.19 33.0 15.5
4 46.69 1556.4 51.44 10.6 22
5 38.71 3870.8 64.69 27.7 15.5
6 20.07 33455 84.99 28.8 15.5
7 34.05 5674.9 73.64 25.0 11.7
8 39.53 3953.2 57.63 22.6 15.9
9 42.12 7020.8 44.88 435 10
10 50.30 1737.2 44.97 13.3 21
11 34.61 5767.8 68.53 44.7 9
12 40.51 4050.5 48.72 31.0 14.5
13 46.31 1543.8 55.54 7.4 19.6
14 28.92 964.1 89.56 33 20
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15 20.97 2096.9 83.22 22.0 13.5

PTPC: Plant Total Phenolic Content (mg GAE/g sample), EC50: Efficient concentration, TY: Tincture yield (ml),
TTPC: Tincture Total Phenolic Content (mg GAE/L), ARA: Antiradical activity (% inhibition for 1/40 diluted samples)

Total phenolic content of samples showed a significant variation depending on the processing variables and it
was observed that the lowest total phenolic content of O.onites plant was determined for the sample prepared with
the lowest solvent level (6 ml) and 25% ethanol concentrationfor 1 g plant and stored eight days in dark conditions.
The highest total phenolic content was determined for the sample prepared with the highest solvent level (30 ml)
and 50% ethanol concentration for 1 g plant and stored 15 days in dark conditions (run 10 in Table 1). Ozkan
et al. (2009) investigated the harvesting time on total phenolic content of the O. onites and reported that they
had 106.1-149.4 mg GAE/g extract and they stated that the total phenolic level was significantly affected by the
harvesting time. Lucina et al. (2013) also studied the effect of different solvent type on some bioactive parameters
of Origanum vulgare and reported that the highest total phenolic content was determined for the only water and
ethanol to be 235 and 135 mgGAE/g extract, respectively. Similar findings were reported by Teixeira et al. (2013)
for the O. vulgare and they reported total phenolic content of cold water extract to be 17.8 mg GAE/g sample while
the ethanolic extract of the sample was 13.5 mg GAE/g sample.The total phenolic level of the samples was affected
by the species of oregano and solvent type significantly. Total phenolic content of O.onites plant was affected by
the processing variables and especially liquid/solid level and ethanol concentration showed a significant effect on
the phenolic level to be extracted from the plantleaves. It was concluded that the extractable phenolics increased by
the increase of liquid/solid level (P<0.05, Table 3). Fig.1 shows the change of plant total phenolic content (PTPC)
according to the change of processing variables and as it could be seen from the 3D surface plots in Fig.1, PTPC
increased by the increase of solvent level which added to the constant plant amount (1 g). Ethanol concentration
increase provided an increment in the phenolic level of plant samples to the constant extent significantly (P<0.05)
and more increase of ethanol in the extraction solvent caused a decrease of the extractable phenolic content.
Storage period increase also increased the PTPC but this increase was found to be insignificant (P>0.05, Table 3)
showing that the phenolics could be extracted easily in short time by addition of suitable ethanol concentration
which was obtained from the optimization results.

Fig. 1 Effect of processing variables on plant total phenolic content (PTPC) of O. onites
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Table 3. Significance of the regression models (F values) and the effects of processing variables on bioactive properties of O. onites
plant extract and tincture

Parameters®
Df PTPC EC,, TY TTPC ARA
Model 9 0.007* 0.028* 0.007* 0.010? 0.001*
Linear

A2 1 0.014* 0.0312 0.001* 0.002° 0.001*

B 1 0.005* 0.409 0.706 0.116 0.138

C 1 0.243 0.503 0.808 0.368 0.0332

Cross product

AB 1 0.186 0.101 0.130 0.499 0.016

AC 1 0.105 0.110 0.448 0.370 0.251

BC 1 0.012* 0.0432 0.135 0.121 0.071°

Quadratic

A? 1 0.097 0.082¢ 0.066° 0.056° 0.215

B’ 1 0.001* 0.003* 0.330 0.026° 0.009?

(o 1 0.998 0.824 0.071° 0.956 0.807
Residual 5

Lack of fit 3 0.396 0.269 0.180 0.096 0.059
Pure error 2
Cor error 14

R 0.955 0919 0.955 0.947 0.986

A Liquid/solid (ml), B: Ethanol concentration (%), C: Time (day)

YPTPC: Plant Total Phenolic Content (mg GAE/g sample), EC,: Efficient concentration, TY: Tincture
yield (ml), TTPC: Tincture Total Phenolic Content (mg GAE/L), ARA: Antiradical activity (%
inhibition for 1/40 diluted samples), * p<0.01, ®p<0.05, *p<0.1

O. onites tincture properties

Tincture is the hydroethanolic extract of the plant samples and produced with the processing of constant level
of plant added with ethanol:distilled water for a while like 15 days in dark conditions. Bioactivity of tincture
samples such as total phenolic content, efficiency concentration and antiradical activity of diluted at constant level
for the determination of optimized values for the tincture production were given in Table 2. Tincture phenolics
varied within the wide range depending on the processing variables. The highest tincture total phenolic content
was determined to be 7020.8 mg GAE/L for the sample with the addition of 6 ml 50% of solvent for 1 g plant and
stored for 15 days while the lowest value (964.1 mg GAE/L) for the tincture samples was for the sample prepared
with the addition of 30 ml of 25% ethanol and stored for eight days (run 14 in Table 1). Total phenolic content of
tincture sample was significantly affected by the solvent level in the mixture (P<0.01, Table 3). Fig.2shows the
change of total phenolic level of tincture samples depending on the plant concentration used for the preparation of
tinctures. Increase of liquid level used for the extraction decreased the phenolic concentration of tincture samples
significantly (P<0.05) because of the dilution in the active substances levels. It could be concluded that the amount
of plant used for the preparation of tincture had a significant effect on the bioactivity of tinctures and so, to produce
highly concentrated sample in terms of phenolic substance, the ratio between the liquid (solvent) and solid (plant)
should be considered and minimized. As could be seen in the Fig.2, phenolic content of tincture samples was
recorded to be low when the water or ethanol level was set to be high in the mixture, but the mixtures containing
both of liquids at equal level showed higher phenolic level.
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Fig. 2 Effect of processing variables on tincture total phenolic content (TTPC) of O. onites

Efficient concentration (EC,)) of tincture samples was given in Table 2. As is known, efficient concentration
level is desired to be low and its decrease means that the bioactivity increase for the extract samples. The
highest EC, ) was determined for the tincture samples prepared with the addition of 30 ml of 25% ethanol
and stored for eight days (run 14 in Table 1) which was the sample having the lowest total phenolic content.
The lowest EC, was calculated for the sample having the highest total phenolic content level as is seen in
Table 2. EC, values were affected by the liquid/solid ratio significantly (P<0.05, Table 3). Increase of liquid
level compared to solid one increased the EC, | value showing that the active substance dilution decreased the
bioactivity of tincture samples and caused the increase for the EC_, value which means that the level of extract
amount should be increased to scavenge of 50% of antiradical substances. EC, values were also affected by
the ethanol concentration and time and the lowest EC, value was calculated for the tincture samples having
the highest total phenolic substances (Fig. 3). A negative correlation was determined between total phenolic
substances and EC,, value of the tincture samples. Increase of the total phenolic substances caused to the
decrease of EC_ value.
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Fig. 3 Effect of processing variables on EC50 values of O. onites

Antiradical activity as percentage inhibition of all tincture samples diluted as 1/40 to compare was given in
Table 2. The highest antiradical activity was calculated as 44.7% while the lowest value was 3.3%. The lowest
antiradical activity value was determined for the tincture sample having the lowest total phenolic content
level (run 14 in Table 1). Increase the total phenolic content of the tincture samples increased the antiradical
activity and a positive and significant correlation between them was determined (r=0.899). The liquid/solid
ratio and timeshowed a significant effect on the antiradical activity of tincture samples and as is shown in
Fig.4, increase in the liquid level decreased the antiradical activity of the samples. Increase or decrease
after 50% ethanol concentration caused a decrement in the antiradical activity of tincture. It was reported
that the antiradical activity of O.onitescomes from its active substances isolated by Kikuzaki and Nakatani
(1989) namely as protocatechuic acid, caffeic acid, rosmarinic acid, a phenyl glycoside and 2-caffeoyloxy-
3-[2-(4-hydroxybenzyl)-4,5-dihydroxyphenyl] propionic acid.
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Fig. 4 Effect of processing variables on antiradical activity (ARA) of O. onites

The extract yield which is important for the economic reasons in the tincture manufacturing process was also
considered. It was measured after filtration of the plant samples for each sample and given as volume in Table 2. As
is seen in the table, the lowest tincture yield (9 ml) was calculated for the sample prepared by the addition of 6 ml
ethanol to the sample. The highest one was 30 ml ethanol. As expected, tincture yield was determined to be directly
related with the addition of ethanol level (Table 3), linear effect of concentration was determined to be significant
statistically (P<0.05) while the other two factors (ethanol concentration and time) did not show a significant effect
on the tincture yield values of the samples (P>0.05). Fig. 5 shows the change of tincture yield values of samples
depending on the processing factors and it is clear from the figure that the tincture yield increased with the increase
of liquid level in the samples.
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Fig. 5 Effect of processing variables on tincture yield values of O. onites

Optimization for the parameters

Optimization of processing variables levels for the studied parameters was performed by using desirability
function and the results were given in Table 4. As is seen in the table, maximum plant total phenolic content (56.11
mg GAE/g sample) would be at the level of 30 ml liquid level, 60% ethanol and 1.14 day while the minimum value
(24.33 mg GAE/L was for the sample prepared by the addition of 6 ml ethanol (25%) for 5 day storage. It could
be said that toextract the maximum level of phenolic substance from the cell of the plants, the ethanol level should
be high compared to plant level which means that the increment of the liquid level in the mixture will provide the
better extraction of phenolic substance. For the tincture samples, the highest phenolic content was would be at 6
ml liquid per one gram plant and 50% ethanol concentration stored for 15 days while the lowest phenolic content
would be at 30 ml liquid and 73% ethanol concentration. It could be said that the optimized processing parameters
for the best tincture formulation having high bioactivity were 50% ethanol and 1:5 liquid/solid ratio and 15 days
storage. Antiradical activity of samples was determined to similar to the phenolic results and the highest antiradical
activity was for the samples prepared by50% ethanol and 1:5 liquid/solid ratio. In addition to that, the highest
tincture yield would be at 30 ml liquid while the lowest yield was for 6 ml liquid.
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Table 4. Response optimization for calculation of maximum (Max) and minimum (Min) response values of bioactive parameters
of O. onites plant extract and tincture

Parameters A B C Max Min Desirability
PTPC 30 60  1.14 56.11 i :
6 25 5 :
ECsp 375 23 1.7
30 61.5 2.3
TY 30 67  1.73
6 72.5 15
TTPC 6 500 13
30 73 14
ARA 6 50.5 1

30 725 13

A Liquid/solid (ml), B: Ethanol concentration (%), C: Time (day)

$PTPC: Plant Total Phenolic Content (mg GAE/g sample), EC,: Efficient
concentration, TY: Tincture yield (ml), TTPC: Tincture Total Phenolic Content
(mg GAE/L), ARA: Antiradical activity (% inhibition for 1/40 diluted samples)

Conclusion

Effects of three factors namely ethanol concentration, liquid/solid ratio and storage time on the bioactivity of
final tincture sample were determined and it was concluded that these factors affected the bioactive parameters
of samples significantly except storage time. O. onites tincture was determined to be effective in terms of the
total phenolic content and antiradical activity. Increase of liquid level in the samples resulted in an increase of
total phenolic content of plant materials and increase or decrease of ethanol concentration after 50% caused
a decrement in the phenolic level of the tincture samples because of the solubility of the phenolic decrement.
Tincture yield changed significantly depending on the liquid/solid ratio. It was concluded that the best extraction
conditions for the plant sample would be at 60% ethanol concentration and 30 ml ethanol level. These parameters
were determined to be 6 ml (1:5 solid/liquid) ethanol level, 50% ethanol concentration and 15 days storage for
the tincture production. These results would be useful for the producers to manufacture more effective tincture
samples having concentrated phenolic substance.
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ARASTIRMA MAKALESi RESEARCH ARTICLE

Trans Yag Asidi Icermez Beyam1 Bulunan Bazi Endiistriyel Gidalarin Yag Asidi Profilleri*
Fatty Acid Profiles of Selected Industrial Foods with Zero Trans Fatty Acids Claim*
Bekir Alper DEMIR', Murat TASAN'**

Oz

Bu arastirmada, etiketlerinde “trans yag asidi igermez” beyan1 bulunan baz1 gida gruplarindaki trans yag asit oranlarmin Tiirk
Gida Kodeksi’nin gida maddelerinin genel etiketleme ve beslenme yoniinden etiketleme kurallari tebligine gore uygunlugu
incelenmistir. Giiniimiiz insan beslenmesinde 6nemi giderek artan trans izomerlerin yapisi, 6zellikleri, olusumuna neden olan
etkenler ve trans izomer olusumunu dnlemek i¢in uygulanabilecek alternatif metotlar belirtilmistir. Trans yag asitlerinin ana
kaynaklari olarak gosterilen margarin grubuna ilave olarak yogun olarak tiiketilen ve igerisinde dnemli diizeyde lipid sortening
(endiistriyel yaglar) bulunan farkli gida gruplari olusturulmustur. Gida gruplari olarak kek (8 adet), biskiivi (8 adet), margarin (8
adet) ve cips (5 adet) olmak {izere 29 farkli markaya ait 6rnekler incelenmistir. Kapiler gaz-sivi kromatografisi (GLC) metodu
ile belirlenen yag asidi bilesimleri {izerinden degerlendirmeler yapilmistir. Calismada trans oleik asit (C18:1), trans linoleik
asit (C18:2) ve trans linolenik asit (C18:3) igerikleri belirlenmistir. Elde edilen sonuglara gore kek, biskiivi, margarin ve cips
orneklerinde ortalama toplam trans yag asidi oranlan sirastyla; %0,17-0,92; %0,11-0,46; %0,19-0,79 ve %0,26-1,21 arasinda
bulunmugtur. Incelenen 6rneklerden bir marka harig diger 6rneklerdeki toplam trans yag asidi ieriklerinin ilgili tebligdeki

kosullara uygun oldugu tespit edilmistir.

Anahtar Kelimeler: Trans yag asitleri, etiketleme, kek, margarin, biskiivi, cips.

Abstract

In this study, labeled “trans fatty acid-free” declaration of trans fatty acids in the proportions of certain food groups of the Turkish
Food Codex food labeling and nutrition labeling rules in terms of compliance were examined according to communigue. There
were stated the trans isomers structures, specifications, factors to be formed and applicable alternative methods to prevent
to come into being trans isomers which are getting increasing importance for human nutrition in nowadays. Several food
groups which are frequently consuming and existing considerable lipid shortening (industrial fatty) were formed in additional
to margarine groups which are shown as main source of trans fatty acids. Food groups as the cakes (8 pieces), biscuits (8
pieces), margarines (8 pieces) and chips (5 pieces) of the sample to be analyzed 29 different brands. Capillary gas-liquid
chromatography (GLC) method for the assessment was made of the fatty acid composition. In the study, trans oleic acid
(C18:1), trans linoleic acid (C18:2) and trans linolenic acid (C18:3) was determined. According to the results, total trans fatty
acid contents were found in the cakes, biscuits, margarines and chips varies between %0.17 to 0.92; %0.11-0.46; %0.19-0.79
and %0.26-1.21. Except one of the examples in the samples examined, expect for trans fatty acid contents were verified to be

appropriate in the circumstances notification.

Keywords: Trans fatty acids, labeling, cake, margarine, biscuit, chips.
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Extendend Summary

The Food and Drug Administration (FDA) ruled that, effective January 1, 2006, the nutrition labels for all
conventional foods and supplements must indicate the content of trans fatty acids. This ruling represents the
first substantive change to food labeling. This development has affected the food sector, especially the vegetable
oil sector. In this regard the national vegetable oil sector in Turkey took very important measures. As a result,
margarine and shortening contents of trans fatty acids has been very serious progress. In the national vegetable oil
sector, there have been intense efforts to reduce the content of trans fatty acids by the influence of various legal
and voluntary regulations and nutritional requirements. Many food industry companies in Turkey are working on
new alternative options to produce trans fatty acid reduced foods. As a result of pressures to reduce or completely
remove the amounts of trans fatty acids in food, food producers are hesitant to use the term hydrogenated oil in
their food labels. Food manufacturers not only meet nutritional demands but also face the challenge of protecting
the functional performance of non-trans products. In addition, The FDA issued a formal notice of industrially
produced trans fats that no longer considered “generally safe” (GRAS) oils. With regard to food products contained
trans fatty acids in Turkey, Turkish Food Codex “in terms of general labeling and nutrition labeling rules of
foodstuffs” was organized in 2007 an amendment to the notification. In order not to include trans fatty acids in the
statement table for nutrients, trans-fatty acid should be less than 1g in 100g of total fat in the product. Due to their
natural structure, it was stated that conjugated polyunsaturated fatty acids would not be included in the calculation
of the amount of trans fatty acids in foods containing meat, milk and their products. declaration of trans fatty acid
content in food is compulsory in Turkey. This necessity is influential in the national food industry and especially in
the vegetable oil sector. At the same time, the awareness of consumers or awareness of the consumers also requires
new transformations in the food industry. The food industry is rapidly moving away from the partial hydrogenation
technique which is the main source of trans fatty acids or changes the parameters of this technique. In addition,
alternative techniques or new vegetable oil sources are used in the sector and used in production. In this study,
labeled “trans fatty acid-free” declaration of trans fatty acids in the proportions of certain food groups of the
Turkish Food Codex food labeling and nutrition labeling rules in terms of compliance were examined according
to communigue. There were stated the trans isomers structures, specifications, factors to be formed and applicable
alternative methods to prevent to come into being trans isomers which are getting increasing importance for
human nutrition in nowadays. Several food groups which are frequently consuming and existing considerable lipid
shortening (industrial fatty) were formed in additional to margarine groups which are shown as main source of
trans fatty acids. Food groups as the cakes (8 pieces), biscuits (8 pieces), margarines (8 pieces) and chips (5 pieces)
of the sample to be analyzed 29 different brands. In the selection of these food groups, large companies which
are widely known and have national production and widespread distribution network are preferred. Margarine
materials are in the package margarine. All materials were originally packaged. The materials are provided
with three batch numbers for each brand, with different batch numbers from local markets. Capillary gas-liquid
chromatography (GLC) method for the assessment was made of the fatty acid composition. In the study, trans oleic
acid (C18:1), trans linoleic acid (C18:2) and trans linolenic acid (C18:3) was determined. According to the results,
total trans fatty acid contents were found in the cakes, biscuits, margarines and chips varies between %0.17 to 0.92;
%0.11-0.46; %0.19-0.79 and %0.26-1.21. Except one of the examples in the samples examined, expect for trans
fatty acid contents were verified to be appropriate in the circumstances notification. The results show that in the
national vegetable oil sector, due to various legal and voluntary regulations and nutritional requirements, intensive
efforts to reduce the content of trans fatty acids results. In addition, further studies are needed to solve various
problems in product diversity and functional properties of the product. The optimization of fatty acid compounds
in terms of saturated fatty acid (unsaturated fatty acid) / unsaturated fatty acid ratios is an important requirement.
In our country, besides the rules for declaring the content of trans fatty acids in food labels, legal regulations which
have the power to reduce the consumption of trans fatty acids and limit the content of trans fatty acids, especially
in the case of Denmark, should be considered as the most effective option.
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Insan viicudunun biyolojik gereksinimleri igin diyetle alinmasi zorunlu olan besin 6gelerinden yaglar, yasamsal
etkinliklerin gerektirdigi enerjiyi biiylik 6l¢iide saglamalarinin yani sira, 6zellikle temel yag asitlerini de igermeleri
nedeniyle, diyetimizin vazgecilmez unsurudur (Karaali, 1997). Diger taraftan, fizyolojik olarak ¢ok dnemli olan
yaglarin fazla alimi veya bazi yag asitlerinin metabolizma {izerine olumsuz etkilere sahip olmasi nedeniyle
alimmin sinirh diizeyde tutulmasi gerekmektedir. Yaglarin asir1 miktarlarda alimi obezite gibi hastaliklara neden
olurken, 6zellikle trans yag asitlerinin yiiksek diizeylerde alinmasi koroner kalp hastaliklarina yakalanma riskini
artirmaktadir. Tiiketilen yaglarin doymus ve doymamis yag asidi igerikleriyle bunlarin kandaki kolesterol diizeyi
tizerine etkileri bilinmektedir. Buna gére doymus yag asitleri kanda kolesterol diizeyinin yiikselmesine neden
olurken, doymamis yag asitlerinin bu riski azalttig1 belirlenmistir. Son yapilan ¢alismalara gore trans yag asitleri
de doymus yag asitlerinde oldugu gibi kolesterol diizeyini artirict etkiye sahip oldugu goriilmiistiir. Ayrica trans
yag asitlerinin LDL kolesterol diizeyini artirmanin yaninda HDL kolesterol diizeyini diisiirdiigii ve LDL/HDL
oranimni da yikselttiginden kardiyovaskiiler kalp hastaliklar riskini ciddi bir oranda artirmaktadir (Kayahan,
2003). Calismalar trans yag asitlerinden elde edilen toplam enerjide %2’lik bir artigin kalp krizi sonucunda 6lim
riskinde %23’liik bir artis ile iligkili oldugunu gostermektedir (Mozaffarian ve ark., 2006, Brouwer ve ark., 2013).
Ayni zamanda, trans yag asitlerinin A-6-desaturaz enzimini inhibe ederek, esansiyel yag asitleri metabolizmasini
etkiledigi de belirtilmektedir. Tlave olarak, trans yag asitleri alimi ile baz1 kanser tiirleri olus dereceleri arasinda
onemli iliskiler bulundugu da bildirilmektedir (Innis ve ark., 1999). Trans yag asitlerinin bazi arastirmalarda tip
2 diyabetlerini ilerlettigine dair bir iliski oldugu savunulmakta, ¢ocuklarda ise alerji ve astim olusumuna etkisi
oldugu one siirilmektedir (Tasan ve ark., 2007).

Trans yag asitleri, insan beslenmesinde her zaman yer almistir. Ruminant hayvanlarin rumenlerinde, doymamis
yag asitlerinin biyohidrojenasyonu sonucu dogal olarak az miktarlarda olusmakta ve bu nedenle siit ve siit {irtinleri
ile diger hayvansal yaglarda bulunmaktadir (Tavella ve ark., 2000, Martin ve ark., 2005). Diger taraftan, bitkisel s1v1
yaglarin rafinasyonunda, deodorizasyon asamasinin 6zellikle sicaklik ve siiresine bagli olarak, yag asidi bilesimi
etkilenmekte ve bu yaglarda az miktarlarda trans yag asitleri olusabilmektedir (Tasan ve Demirci, 2003, Tasan
ve ark., 2005, Tasan ve Geggel, 2008). Buna karsilik, trans yag asidi igerigi yiiksek yaglarin biiyiik ¢apl ticari
iiretimleri, gelisen margarin endiistrisiyle baglamistir. Ciinkii margarin ve lipid sortening formiilasyonlarinda yer
alan kismi hidrojenize yaglarin tiretimi siiresince, doymamis yag asitlerinin trans izomerleri meydana gelmektedir
(Tasan ve Daglioglu, 2005).

Yapisinda margarin ya da hidrojenize bitkisel yaglar bulunan hazir gidalar gesitli toplumlarda fazlaca
tiiketilebilmektedir. Kismi hidrojenize yaglar kek, biskiivi, kurabiye, mayonez, cips, milfdy hamuru, pizza,
gofret ve benzeri bir¢ok {iriiniin liretiminde ve derin yagda kizartilmis fast-food tipi gidalarin hazirlanmasinda
kullanilmaktadir. Ozellikle kismi hidrojenasyon teknigi kullanilarak elde edilmis yaglar1 5Snemli miktarlarda igeren
snack (tatli, cerez vb.), fast-food iiriinleri (cips, hamburger, pizza vb.) ve benzer diger iriinler ¢ocuklar ve gengler
tarafindan yiiksek oranlarda tiiketilmektedir (Enig ve ark., 1995). Bu nedenle endiistriyel kaynakli trans yag asidi
alimi ytiiksek diizeylerde gergeklesmektedir. Sz konusu bu gidalardan endiistriyel kaynakli trans yag asidi aliminin
tamamen engellenmesi ve/veya belirli diizeyler altinda tutulmasi 6nem arz etmektedir. Bu amacin saglanabilmesi
ancak oncelikle tiiketilen gidalardaki trans yag asidi diizeylerinin belirlenmesi ile miimkiin olabilmektedir (Zock
ve Katan, 1997).

Gida-Tarim Orgiitii (FAO) ve Diinya Saglik Orgiitii (WHO) tarafindan gida proseslerinin trans yag asidi
olusumunu azaltacak yonde uygulanmasi konusunda tavsiyeler yapilmaktadir. 2003 yilit FAO teknik raporunun
916.serisi, trans yag tiikketiminin miimkiin oldugunca diisiik (toplam enerji aliminin %1’inden az) olmasi gerektigini
belirtmektedir. Diinya ¢apinda trans yaglar konusunda bir politika uygulayan ilk {ilke 2003 yilinda Danimarka
olmustur. Bunun akabinde ise, Isvi¢re (2008), Avusturya (2009), izlanda (2011), Macaristan (2014) ve Norveg’te
(2014) ayn1 limitleri getiren yonetmelikler uygulamaya koymustur (Anonim, 2015). Bunlarla birlikte, Avrupa
Birligi’'nde ise gidalarda trans yag asidi igerigi ile ilgili yasal bir diizenleme bulunmamaktadir. Kanada’da trans
yag asidi iceriginin 0,2 g’dan daha fazla olmasi halinde etiket {izerinde porsiyon bagina diigen gram seklinde
belirtilmesine yonelik goze ¢arpan etiketleme kanunu 6rnegi mevcuttur (Anonim, 2014). Amerika Birlesik
Devletleri (ABD), Gida ve flag¢ Kurumu (FDA), biitiin gida maddeleri etiketlerinde trans yag asidi icerigine ait
bilgilerin bulundurulmasiyla ilgili kriterler belirlemistir. Bu kriterler, etiket i¢eriginde trans yag asidi miktarinin
belirtilmesi zorunlulugunu 1 Ocak 2006’dan itibaren yasal olarak getirmistir. Buna gore, tiriiniin porsiyonunda
trans yag asidi igeriginin 0,5 g degerini agmasi1 halinde {iriin etiketinde ifade edilmesi zorunludur. 0,5 g degerinin
altinda olmasi halinde “trans yag asidi igermemektedir” terimi kullanilabilecektir. Bununla birlikte, endiistriyel
olarak ve rumen hidrojenasyonu neticesinde olusan trans yag asidi arasinda herhangi bir ayirim yapilmamaktadir
(Tasan ve Geggel, 2008). Ayrica trans yag asidi miktarinin miimkiin oldugunca diisiik olmasinin gerektigini
tiiketicilere tavsiye etmektedir. Bu nedenle, pek ¢ok gida sanayi kurulusu da trans yag asidi miktar1 diigtiriilmis
gidalari liretmeye yonelik yeni alternatif segenekler {izerinde ¢caligmaktadirlar (Bensadoun, 2003). Gidalarda trans
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yag asitleri miktarlarinin azaltilmasi veya tamamen kaldirilmasi yoniindeki baskilar neticesinde gida iireticileri gida
etiketlerinde “hidrojenize yag” terimini kullanmaktan dahi ¢ekinmektedir. Gida iireticileri sadece besinsel talepleri
karsilama degil, ayn1 zamanda trans i¢cermeyen lriinlerin fonksiyonel performanslarimin (fiziksel, kimyasal ve

tekstiir vb. 6zellikler) korunmasi zorluklariyla karsi karsiya kalmaktadir (Wassell ve Young, 2007).

WHO Avrupa Bolge Ofisi (Anonim, 2015) gidalardaki trans yag asidi igerigi smirlandirilmadigindan
dolay1 yiliksek oranlarda trans yag asidi iceren ¢ok sayida gida iirlinliniin hala Avrupa piyasasinda bulundugu
belirtilmektedir. Ureticilerin goniillii olarak yaptiklari diizenleme ile Avrupa Birligi’ndeki cogu gida iiriiniiniin her
100 g yag icin en fazla %2 oraninda trans yag icerdigi, fakat bunun tilkeden tilkeye degistigi ifade edilmektedir.
Rapora gore, Avrupa Birligi iilkeleri arasinda en yiiksek trans yag oranina sahip iilkeler Polonya, Bulgaristan,
Slovenya, Hirvatistan ve Isve¢ olarak verilmektedir. Bununla birlikte, trans yag asidi tiiketiminin olumsuz
etkilerine yonelik olarak kuvvetli kanitlar ve artan toplumsal biling, Avrupa gida iireticilerinin iizerindeki trans
yag asidini azaltmaya yo6nelik baskiy1 arttirmistir. Buna bagli olarak, bir¢ok {irlin yeniden formiile edilerek trans
yag asidi icerikleri diisiiriilmiistiir (Craig-Schmidt, 2006). FDA endiistriyel olarak iiretilen trans yaglarin artik
“genellikle giivenilir kabul edilen” (GRAS) yaglardan olmadigini belirleyen resmi bildirimi yaymlanmistir. 18
Haziran 2018 i¢in 0ngoriildiigii sekilde bunun tamamen uygulamaya konulmasi halinde, bu durum endiistriyel
olarak tiretilen trans yaglarin onaylanmamis gida katkis1 konumunda olacagi ve bunlari igeren iirlinlerin yasal
olarak satilamayacagi anlamina geldigi belirtilmektedir (FDA, 2013). Dolayisiyla ABD’de iireticilerin gida
iirtiinlerinde kismi hidrojenize yaglarin kullanimina son vermeleri gerekecektir.

Ulkemizde igeriginde trans yag asitleri bulunan gida iiriinleri ile ilgili olarak, Tiirk Gida Kodeksi “gida
maddelerinin genel etiketleme ve beslenme yoniinden etiketleme kurallar1” tebliginde 2007 yilinda yapilan
degisiklikle (Teblig No: 40) bir takim diizenlemelere gidilmis ve besin 6geleri ile ilgili beyan tablosunda “trans
yag asidi igermez” ifadesinin yer alabilmesi i¢in trans yag asidinin {rlindeki toplam yagm 100g’inda 1g’dan
az olmasi kosulu getirilmistir (Anonim, 2007). Ayrica tebligde dogal yapilar1 nedeniyle et, siit ve bunlarin
tirtinlerini iceren gidalardaki trans yag asidi miktarinin hesaplanmasinda konjuge ¢oklu doymamis yag asitlerinin
hesaba dahil edilmeyecegi de ifade edilmistir. Diger taraftan, Gida, Tarim ve Hayvancilik Bakanligi Tiirk Gida
Kodeksi “Gida Etiketleme ve Tiiketicileri Bilgilendirme” yonetmeligini (Anonim, 2017) yayimlayarak beslenme
bildiriminin igeriginde trans yag asitleri konusunda ilave ve yeni bir diizenleme getirmistir. Sz konusu diizenleme
ilgili yonetmeligin 35/1. maddesi ¢ bendinde “Diger mevzuat hiikiimleri sakli kalmak kaydiyla; yag, doymus yag,
karbonhidrat, sekerler, protein ve tuz miktarlari bilgilerine ilave olarak, sadece ilgili gida kodeksinde tanimlanan
stirtilebilir yag/margarinler, yogun yaglar, bitkisel yaglar ve bu yaglar igeren gidalarin %2’den fazla trans yag
icermesi durumunda trans yag miktar1 bildirilir” seklinde yer almaktadir. Ayrica 31 Aralik 2019 tarihine kadar ilgili
yonetmelik (Anonim 2017) hiikiimlerine uyulmasi zorunlulugu da getirilmistir.

Ulkemizde 2007 y1lindan bu yana bir¢ok {iretici firma goniillii olarak bu konuda etiket bilgilerinde diizenlemeye
gitmekle birlikte tirtiniin toplam yagindaki trans yag asidi oranin1 %1’in altina indirdiklerini de “trans yoktur”
ibaresiyle etiketlerinde beyan etmektedirler. Ulkemizdeki biiyiik margarin iireticilerinin diinyada en gelismis
modifikasyon tekniklerini uygulamalar1 bu olumlu tabloyu ortaya cikardigi belirtilmektedir. Diger taraftan,
WHO bulasict olmayan hastaliklarin 6nlenmesi ve kontrolii aksiyon plani (2013-2020) kapsaminda iiye iilkelere
endiistriyel iiretim ile olusan trans yag asitleri yerine doymamis yag asidi orani yiiksek yaglarin kullanilmasi
i¢in gerekli tedbirlerin hayata gegirilmesi ¢agrisinda bulunmaktadir. Uluslararas1 Gida ve Igecek Ittifaki (IFBA)
tiyeleri, tiiketicilerin dengeli beslenmesine ve saglikli bir yagam tarzin1 benimsemelerine yardimci olmak amaciyla,
tiriinlerinde bulunan trans yag asitleri miktarini asamali olarak azaltma taahhiidiinde bulunmaktadir. IFBA {iyeleri
yaptiklari agiklamada, en ge¢ 2018 yili sonuna kadar diinya genelinde iiriinlerinde bulunan trans yag asidi miktarini
100 gramda 1 gramin altina indirmeyi taahhiit etmektedir (Anonim, 2016).

Bu caligmada, etiketlerinde “trans yag asidi igermez” beyani bulunan bazi endiistriyel gida gruplarindaki
trans yag asidi igeriklerinin Tiirk Gida Kodeksi’nin “Gida maddelerinin genel etiketleme ve beslenme yoniinden
etiketleme kurallar tebliginde degisiklik yapilmasi hakkinda teblig, No. 40” goére uygunlugu incelenmistir.
Ulkemizde gida maddelerindeki trans yag asidi igeriklerinin beyan zorunlulugu ulusal gida endiistrisine ve zellikle
de bitkisel yag sektoriine etkili olmaktadir. Ayn1 zamanda tiiketicilerin bilgilendirilmeleri veya bilinglenmeleri de
gida endiistrisinde yeni doniisiimleri gerekli kilmaktadir. Gida endiistrisi trans yag asitlerinin baslica kaynagi olan
kismi hidrojenizasyon tekniginden hizla uzaklagmakta veya bu teknigin parametrelerini degistirmektedir. Bunun
yaninda, alternatif teknikler veya yeni yag kaynaklari sektorde degerlendirilmekte ve iiretimde kullanilmaktadir. Bu
calisma, son yasal diizenlemelerin gida endiistrisine etkilerinin anlagilmasinda bir kesit sunmay1 da amaglamaktadir.
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Materyal ve Metot

Materyal

Materyal olarak, dort farkli endiistriyel gida grubu segilmistir. Bu gruplar; margarin, kek, biskiivi ve cips
seklinde olusturulmustur. Bilindigi {izere, insan beslenmesinde trans yag asitlerinin ana kaynaklar1 endiistriyel
olarak iiretilen margarin ve lipid sortening gruplar1 (endiistriyel yaglar) gosterilmekte ve ilgi bu gruplar {izerine
odaklanmaktadir. Margarinler direkt olarak tiiketiciye ulagmasina ragmen lipid sorteningler genellikle cesitli
endiistriyel gidalarin formiilasyonlarinda yer alarak ulagmaktadir. Materyal seciminde once “trans yag asidi
icermez” beyani bulunan gida gruplar belirlenmistir. Daha sonra secilen margarin grubuna ilave olarak yogun
olarak tiiketilen ve igerisinde 6nemli diizeyde lipid sortening bulunan yukarida isimleri verilen 3 farkli gida grubu
daha olusturulmustur. Bu gida gruplarina ait marka se¢imlerinde ise, yaygin olarak bilinen, ulusal diizeyde tiretim
yapan ve yaygin dagitim ag1 bulunan biiyiik firmalar tercih edilmistir. Buna gore, ifade edilen firmalara ait 8
farkli markali margarin, 8 farkli markali kek, 8 farkli markali biskiivi ve 5 farkli markali cips materyal olarak
kullanilmistir. Sonugta toplam 29 farkli marka degerlendirmeye alinmistir. Materyaller, analiz edilinceye kadar
+4°C’de orijinal ambalaji ile muhafaza edilmistir.

Margarin materyalleri paket margarin sinifindadir. Tiim materyaller orijinal ambalajli halde alinmistir.
Materyaller, lokal marketlerden farkli parti numaralarina sahip olacak sekilde, her bir marka i¢in {i¢ adet olmak
iizere temin edilmistir. Her bir marka kendi gida grubu igerisinde kodlanmistir (1, 2, 3... seklinde).

Metot

Secilen gida maddelerinden yaglarin ekstraksiyonu

Gida gruplarindan kek, biskiivi ve cipslerin yag ekstraksiyonlar1 ICC (1982)’nin 136 nolu metodunda verilen
kosullara gore gergeklestirilmistir. Margarin grubunda ise yag fazi Torres ve ark. (2002)’ye gore ayristirtlmistir.
20g 6rnek 50°C’de 20 dakika siire i¢erisinde eritilerek santrifiij yardimi ile alinmistir. Yag fazi, susuz sodyum siilfat
(NaSO04) ile kurutulmustur. Yag oranlar1 gida maddelerinin toplam agirlig1 iizerinden % olarak ifade edilmistir.

Yag asidi metil esterlerinin hazirlanmasi ve kapiler gaz-sivi kromatografisine enjeksiyonu

Ekstraksiyonla elde olunan yag 6rnekleri AOCS (1992)’nin Ce 2-66 nolu metoda gére BF3-metanol ile yag asidi
metil esterlerine doniistliriilmiistiir. Yag asidi metil esterleri, Agilent 6890 Series kapiler gaz-sivi kromatografisinde
(GLC) alev iyonizasyon detektorii (FID) ve Agilent 6890 Series kromatografi cihazinda analiz edilmistir.
Kullanilan kolon silika kapiler kolon (DB-23 60 m x 0,25mm i.d., film kalinlig1: 0,2pm). Kolon sicakligi; kolon
firm programu ile 1300C’de 10 dakika bekletildikten sonra 5 kademelik artisla 1800C’ye, sonrasinda 3 kademelik
artigla 2300C’ye getirilerek bitirilmistir. Enjeksiyon ve detektor sicakliklar: 250, split oran1 1:100, enjeksiyon
hacmi ise 1ul’dir. Tasiyici gaz olarak da akis hizi 1 ml/dk olan helyum gazi kullanilmigtir. Yag asidi metil esteri
standartlart Nu-Chek-Prep Inc.’den (Elysian, MN) temin edilmistir.

Istatistiksel analizler

Elde edilen veriler her bir gida grubunda her bir marka i¢in aritmetik ortalama halinde verildi. Elde edilen
verilere tesadiifi bloklar1 deneme desenine gére SPSS paket programi (SPSS Inc., Chicago, IL) kullanilarak
varyans analizleri uygulandi. Onemli bulunan varyasyon kaynaklarma Duncan ¢oklu karsilastirma testi uyguland.
Cizelgelerde ortalama veriler arasindaki farkin 6nem durumu harflendirme sistemi ile gosterildi.

Bulgular ve Tartisma

Bu calismada materyal olarak degerlendirilen dort farkli endiistriyel gida grubuna ait yag oranlari, yag asidi
bilesimleri ve trans yag asidi igerikleri belirlenmis olup sonuglar Cizelge 1, Cizelge 2, Cizelge 3 ve Cizelge
4’de verilmistir. Orneklerde trans yag asitlerine rastlanmis olup bu yag asitleri toplam trans oleik asit (C18:1),
toplam trans linoleik asit (C18:2), toplam trans linolenik asit (C18:3) olarak ifade edilmistir. Bu asitlerin toplam1
ise toplam trans yag asitleri olarak belirtilmistir. {lgili Cizelgelerde ayrica trans yag asitleri disinda belirli baz
doymus ve doymamis yag asitlerine de yer verilmigtir. Ancak sonuglar agirlikli olarak trans asitleri izerinden
degerlendirilmistir.

Kek grubuna ait sonuclar

Cizelge 1’e bakildiginda, sekiz farkli markaya ait kek drneklerindeki toplam trans yag asitleri % 0,17 ile %
0,92 arasinda degistigi goriilmektedir. En ytliksek toplam trans yag asit miktar1 3 no’lu markaya ait kek 6rneginde,
en diisiik toplam trans yag asit miktarin ise 1 no’lu markaya ait kek 6rneginde belirlendigi goriilmektedir.
Sekiz farkli markaya ait keklerdeki trans oleik asit (C18:1) degerinin % 0,09-0,37 arasinda degismekte olup,
incelenen tiim kek 6rneklerinde trans oleik asit (C18:1) varligina rastlanilmigtir. Diger taraftan, incelenen tiim kek
orneklerinde ortalama yag oranlar1 % 16,0-31,9 araliginda degisim gostermistir.
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Cizelge 1. Kek orneklerin ortalama yag oranlari, yag asidi bilesimleri ve trans yag asidi icerikleri *

Table 1. The average fat content, fatty acid composition and trans fatty acid content in the cakes *

Yag asitleri Kek grubu marka kodlar1
(%) 1 2 3 4 5 6 7 8
Cl16:0 32,35¢ 35,92cd 17,88a 22,43b 35,33cd  39,74d 22,45b 23,52b
C18:0 8,92d 7,56¢ 5,62a 6,65b 9,82 7,82cd 8,11d 5,49a
C18:1 26,890 19,46a 32,05¢ 29,56bc 38,43d  33,23cd  32,29¢ 29,12bc
¥ C18:1 trans 0,11a 0,22b 0,12a 0,12a 0,09a 0,10a 0,24b 0,37¢c
C18:2 26,73 33,96 40,21 37,50 11,91 15,45 33,67 36,56
> C18:2 trans - 0,19¢ 0,80d 0,12a 0,16bc 0,14ab 0,10a 0,13a
C18:3 0,92¢ 0,69bc - - 0,12a 0,26a 0,34ab 1,32d
2 C18:3 trans 0,06b 0,02a - - 0,03a 0,02a 0,03a -
Diger yag asitleri b 4,02d 1,98a 3,32bc 3,62cd 4,11d 3,24bc 2,77b 3,49¢
X trans yag asidi 0,17a 0,60c 0,92d 0,24a 0,28ab 0,26a 0,37b 0,50c
Kek yag icerigi (%) 16,0a 24,6¢d 21,7b 27,2d 26,4d 27,1d 23,5bc 31,9

*Sonuglar her bir marka i¢in ii¢ tekerriiriin ortalamas1 olarak verildi. Yag asitlerine ait degerler toplam yag
asitleri metil esterlerinin yiizdesi olarak verildi. Farkli harflerle gosterilen ortalamalar arasindaki fark istatistiksel
acidan 6nemli bulundu (P<0,01). Cizelgedeki istatistiksel farklilik degerlendirmesi yatay hizadaki harflendirmeler
arasinda yapildi.

b8, 10, 12, 14, 17, 20, 22, 24 karbonlu doymus yag asitleri ve 16, 17, 20, 22, 24 karbonlu-tek ¢ift bagh
doymamuis yag asitleri toplamidir.

Huang ve ark. (2006) caligmalarinda, keklerdeki toplam trans yag asidi miktarlarin1 % 0,51-1,77 arasinda
bulmustur. En énemli trans yag asidi tiiriiniin trans oleik asit (C18:1) oldugunu belirtmislerdir. inceledigimiz
kek orneklerinde de en 6nemli trans yag asidi tiiriiniin trans oleik asit (C18:1) oldugu belirlenmistir. Gegmis
yillarda (Daglioglu ve ark., 2002), iilkemize ait keklerdeki trans yag asidi miktarinin % 4,6 oldugu belirtilmistir.
Ulkemizde yapilan diger bir ¢aligmada (Karabulut, 2007) ise 5 adet mini kek ve 4 adet kaplamali kek ornegi
incelenmis ve sonug olarak mini keklerde toplam trans yag asidi % 2,40, kaplamal1 keklerde ise % 5,33 oranlarinda
belirlenmistir. Baska bir ¢alismada (Caglav, 2008), keklerdeki toplam trans yag asidi i¢eriginin ortalama %1,08
diizeyinde tespit edilmistir. Cakmak ve ark. (2011) ¢alismalarinda keklerdeki toplam trans yag asidi oranint %
0-5,05 araliginda belirlemislerdir. Bu ¢alismada ise keklerdeki toplam trans yag asidi miktarinin ortalama %
0,42 oldugu belirlenmistir. Literatiirde yer alan sonuglar incelendiginde, hem diinyadaki hem de iilkemizdeki
kek iirlinlerinde toplam trans yag asidi igeriginin hizla diistiigii anlasilmaktadir. Bilhassa literatiirde 1970-1990
yillart ile 2000-2010 yillar karsilastirildiginda biiyiik farkliliklar ortaya ¢ikmaktadir. Diger taraftan, Trattner ve
ark. (2015), bu iirlin kategorisinde doymus yag asidi oranlarinda, bilhassa palmitik asit i¢eriklerinde, artiglar
goriildiigiinii vurgulamaktadirlar.

Biskiivi grubuna ait sonuclar

Cizelge 2 incelendiginde, sekiz farklt markaya ait biskiivi drneklerindeki toplam trans yag asitlerinin %
0,11-0,46 arasinda degistigi goriilmektedir. En yiiksek toplam trans yag asit miktar1 3 no’lu markaya ait biskiivi
orneginde, en diisiik toplam trans yag asit miktar1 ise 4 no’lu markaya ait biskiivi drneginde belirlenmistir.
Incelenen tiim biskiivi drneklerinde trans linoleik asit (C18:2) belirlenmis olup % 0,01-0,40 araliginda degisim
gostermistir. Trans oleik asit (C18:1) 3 no’lu markaya ait biskiivi 6rneginde tespit edilemez iken, diger drneklerde
ise % 0,09-0,21 araliginda belirlenmistir. Diger taraftan, incelenen tiim biskiivi drneklerinde ortalama yag oranlari
% 14,8-29,1 araliginda degisim gostermistir.

Cizelge 2. Biskiivi 6rneklerin ortalama yag oranlari, yag asidi bilesimleri ve trans yag asidi icerikleri *

Table 2. The average fat content, fatty acid composition and trans fatty acid content in the biscuits *

Yag asitleri Biskiivi grubu marka kodlari
(%) 1 2 3 4 5 6 7 8
Cl16:0 33,41d  30,56cd  27,89bc  18,95a  25,54b 16,05a  42,52¢  35,20d
C18:0 7,09d 6,29cd 9,74¢ 4,27a 5,30b 5,26b 429a  6,01bc
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(Cizelge 2 devami)

C18:1 32,26de  36,80ef  26,91b 19,21a  27,61b 38,37t 26,67b  26,34b
¥ C18:1 trans 0,11a 0,14b - 0,09a 0,12ab 0,19¢cd 0,18¢c 0,21d
C18:2 25,04ab 23,92a 30,78bc  55,35f  38,24d  35,57¢d  21,31a  30,27b
> C18:2 trans 0,07¢c 0,03a 0,40c 0,01a 0,02a 0,03a 0,10b 0,09b
Cl18:3 0,22b 0,16b 0,07a 0,33¢c 0,67d 0,75d 0,27bc 0,09a

2 C18:3 trans - 0,05¢cd 0,06d 0,01a 0,03bc - 0,01a -
Diger yag asitleri b 1,80a 2,05ab 4,15¢cd 1,78a 2,47b 3,78¢ 4,65d 1,79a
X trans yag asidi 0,18ab 0,22bc 0,46d 0,11a 0,17ab 0,22bc 0,29¢ 0,30c
Biskiivi yag igerigi (%) 29,1d 26,4c 21,1b 25,9¢ 25,6bc 15,2a 14,8a 20,6b

* Sonuglar her bir marka i¢in ii¢ tekerriiriin ortalamasi olarak verildi. Yag asitlerine ait degerler toplam yag
asitleri metil esterlerinin yiizdesi olarak verildi. Farkli harflerle gosterilen ortalamalar arasindaki fark istatistiksel
acidan 6nemli bulundu (P<0,01). Cizelgedeki istatistiksel farklilik degerlendirmesi yatay hizadaki harflendirmeler
arasinda yapildi.

8, 10, 12, 14, 17, 20, 22, 24 karbonlu doymus yag asitleri ve 16, 17, 20, 22, 24 karbonlu-tek ¢ift bagh
doymamuis yag asitleri toplamidir.

Sharp (2001), yirmi endiistriyel biskiivi 6rneginde sadece bir markanin iiretiminde hidrojene yaglar kullanildig:
ve sadece % 6,5 oraninda trans oleik asit igerdigini belirtmistir. Inceledigimiz biskiivi érneklerinde en dnemli
trans yag asidi tiirliniin trans oleik asit (C18:1) oldugu belirlenmis olup ortalama % 0,15 oraninda trans oleik asit
bulunmustur. Daglioglu ve ark. (2000) ¢alismasinda, {ilkemizde iiretilen biskiivilerin farkli oranlarda trans C18:1,
trans C18:2 ve trans C18:3 igerdiklerini, bu farkliliklarin biskiivi tipi, firma farklilig1 ve en ¢ok da iiretimde farkli
yag asidi bilesimlerine sahip sorteninglerin kullanildigini, biskiivi ¢esitlerinin %1-30,5 oraninda toplam trans yag
asidi igerdigi belirlenmistir.

Brezilya kaynakli kraker ve biskiivilerde (Martin ve ark., 2005) sirasiyla trans C18:1 % 8,8-28,3; trans C18:2
% 0,0-0,15; trans C18:3 % 0,0-0,75 arasinda tespit edilmistir. Huang ve ark. (2006) ise biskiiviler de % 0,51-
1,77 araliginda trans yag asidi bulmustur. Kandhro ve ark. (2008), Pakistan biskiivilerinde % 9,3-34,9 arasinda
yiiksek miktarda toplam trans yag asidi belirlemistir. Yakin tarihlerde yapilan ¢aligmalarda ise, Kadioglu (2009)
biskiivilerde trans oleik asit (18:1) oranlarint % 0,68-3,11 araliginda belirlemistir. Kala (2014), Hindistan’da
tiretilen biskiivilerde toplam trans yag asidi miktarint % 0,7-6,9 araliinda ve Santos ve ark. (2015), Portekiz
kaynakli biskiivilerde toplam trans yag asidi miktarin1 % 0,08-0,94 araliginda belirlemislerdir. Bu ¢aligmada
inceledigimiz sekiz farkli markali biskiivi ¢esidindeki ortalama toplam trans yag asidi miktarinin % 0,24 oldugu
tespit edilmistir. Etiketlerinde “trans yag icermez” ifadesi bulunan sekiz farkl: biskiivideki toplam trans yag asit
miktarlarin %1 in altina diisiiriildiigii ve firmalarin beyan ettikleri degere uygun hareket ettikleri tespit edilmistir.
Kek iiriinlerinde oldugu gibi, biskiivi lirinlerinde de hem diinya hem de iilkemiz literatiiriine bakildiginda, trans
yag asidi igeriklerinin hizla diigiirildiigii goriilmektedir. Bu firiinlerde kullanilan lipid sorteninglerin kismi
hidrojenasyon teknigine alternatif tekniklerle liretilmesi trans yag asitlerinin azaltilmasini saglarken, baz1 iiriinlerde
doymus yag asidi oranlarinin da yiiksek ¢ikmasina neden olmaktadir.

Margarin grubuna ait sonuglar

Cizelge 3’te sekiz farkli markaya ait margarin 6rneklerindeki toplam trans yag asidi miktarlarinin % 0,19-
0,79 arasinda degistigi goriilmektedir. En yliksek toplam trans yag asit miktar1 % 0,79 ile 1 no’lu markaya ait
margarin orneginde belirlenmistir. Margarin 6rneklerindeki trans oleik asit (C18:1) degerleri % 0-0,37 arasinda
degigsmektedir. Margarin markalarinin yedisinde toplam trans oleik asit (C18:1) belirlenmistir. Toplam trans
linoleik asit (C18:2) miktarlari ise % 0-0,42 arasinda degismektedir. Margarin markalarinin iigiinde trans linolenik
asit (C18:3) belirlenememistir.

Cizelge 3. Margarin drneklerin ortalama yag oranlari, yag asidi bilesimleri ve trans yag asidi icerikleri *

Table 3. The average fat content, fatty acid composition and trans fatty acid content in the margarine *

Yag asitleri Margarin grubu marka kodlari
(%) 1 2 3 4 5 6 7 8
C16:0 35,56cd  37,95d  30.81b  2422a  3922de  4125f 32,97bc  35,28cd
C18:0 5,21ab 6,43b 9,34e 6,68b 7,49d 6,74bc 4,22a 4,78a
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(Cizelge 3 devami)

C138:1 29,04ab  31,87b  33,62bc  33,31b 34,29¢ 36,50d  37,52d 2791a
¥ C18:1 trans 0,37d - 0,13ab 0,10a 0,10a 0,20c 0,09a 0,15b
C18:2 14,79¢ 13,15b 16,36d 12,82b 12,82b 9,27a 13,32bc 17,42d
X C18:2 trans 0,42d 0,19a 0,30b 0,35¢ 0,35¢ 0,32bc - 0,26ab
C18:3 0,45b 0,76¢ 0,33ab 0,97d 0,97d 0,21a 1,39 0,55b

¥ C18:3 trans - - 0,12bc 0,09ab 0,09ab 0,05a 0,17¢ -
Diger yag asitleri b 14,16¢ 9,65b 8,99b 4,67a 4,67a 5,46a 10,32b 13,65¢
X trans yag asidi 0,79¢ 0,19a 0,55b 0,54b 0,54b 0,57b 0,26a 0,41b
Margarin yag igerigi (%) 80,3¢c 42,8a 60,8b 61,4b 61,4b 60,5b 62,2b 80,9¢

* Sonuglar her bir marka i¢in ii¢ tekerriiriin ortalamasi olarak verildi. Yag asitlerine ait degerler toplam yag
asitleri metil esterlerinin ytizdesi olarak verildi. Farkli harflerle gosterilen ortalamalar arasindaki fark istatistiksel
acidan onemli bulundu (P<0,01). Cizelgedeki istatistiksel farklilik degerlendirmesi yatay hizadaki harflendirmeler
arasinda yapildi.

8, 10, 12, 14, 17, 20, 22, 24 karbonlu doymus yag asitleri ve 16, 17, 20, 22, 24 karbonlu-tek ¢ift bagli
doymamis yag asitleri toplamidir.

Wagner ve ark. (2000) ¢aligmalarinda margarinlerde trans yag asidi oranin % 1’in altinda oldugunu beyan
edenlerde % 0,3-0,8 ve diger beyan etmeyenlerde % 3,0-3,7 oldugunu belirlemistir. Beninca ve ark. (2009)
calismalarinda, Brezilya kaynakli margarinlerin %13’{inde etiketleme diizenlemelerinin ihlal edildigi tespit
edilmistir. Bu galismada sekiz farkli iireticiye ait markalarda sonuglara gore, iireticilerin etiketleme diizenlemelerine
uygun hareket ettikleri ve toplam trans yag asidi miktarinin % 1’in altina distirildiigli anlagilmaktadir. Diger
taraftan, Gagliardi ve ark. (2009) ¢alismalarinda, trans yag asidi i¢eriginin diistiriilmesine ragmen yiiksek diizeyde
doymus yag asidi (cogunlukla palmitik asit) icerdigini belirlemistir. Toplam trans yag asidi igeriklerini, Kroustallaki
ve ark. (2011) margarinlerde % 0,16-0,97 araliginda, Cirakli (2011) paket ve kase margarinlerde % 0-1,11
araliginda, Ergoniil (2013) margarinlerde % 1,1-2,2 araliginda belirlemislerdir. Ulkemizde yapilan daha 6nceki
benzer ¢aligmalara bakildiginda (Kayahan ve Tekin, 1994, Giindiig, 1995, Tas, 1998, Arici ve ark., 2002, Basol ve
Tasan, 2008, Dabanoglu, 2005, Karabulut ve Turan, 2006), gegmis yillarda margarinlerin toplam trans yag asidi
igeriklerinin ¢ok daha yiiksek oranlarda oldugu, trans yag asitlerinin saglikla iliskisini ortaya koyan arastirmalar,
gesitli saglik kuruluslarinin tavsiyeleri ve yasal diizenlemeler sonucunda, diinyada yasanan gelismelere paralel
olarak yakin zaman igerisinde bu oranin hizla diisiirildiigii anlagilmaktadir. Ayn1 zamanda, lilkemizdeki etiketleme
diizenlemesi trans yag asitlerinin azaltilmasi veya kaldirilmasini tesvik eden bir rol oynamustir. Diger taraftan,
Danimarka’daki trans yag asidi yasal limitinin uygulanmasi 6rnegi degerlendirildiginde, trans yag asitleri yerine
doymus yag asitlerinin baslica alternatif teskil ettigi de goriilmektedir. WHO Avrupa Boélge Ofisi (Anonim, 2015)
raporunda, kiiciikk ve orta 6lgekli firmalar tarafindan iretilen/kullanilan ve muhtemelen trans yag asidi igerigi
yiiksek yag kaynaklarinin ambalajsiz triinlerin formiilasyonlarinda yer almasii azaltmada veya engellemede
zorunlu etiketleme ve goniillii reformiilasyon uygulamalarimin etkili olamayacagi ve diigiik sosyoekonomik gruplar
i¢in bu durumun dezavantaja neden olacagi vurgulanmaktadir.

Cips grubuna ait sonuglar

Cizelge 4 incelendiginde, bes farkli markaya ait cips 6rneklerindeki toplam trans yag miktariin %0,26-1,21
arasinda degistigi goriilmektedir. En yiiksek toplam trans yag asit miktar1 3 no’lu markaya ait cips drneginde
belirlenmistir. En diigiikk toplam trans yag asit miktari 1 no’lu markaya ait cips orneginde belirlenmistir. Tiim
markalara ait cips 6rneklerinde trans oleik asit (C18:1) belirlenirken, bu deger %0,07-0,99 arasinda degigsmektedir.
Benzer olarak, tiim markalara ait cips orneklerinde belirlenen trans linoleik asit (C18:2) degerleri %0,15-0,27
araligindadir.

Cizelge 4. Cips orneklerin ortalama yag oranlari, yag asidi bilesimleri ve trans yag asidi icerikleri *

Table 4. The average fat content, fatty acid composition and trans fatty acid content in the chips *

Yag asitleri Cips grubu marka kodlar1
(%) 1 2 3 4 5
C16:0 39,76¢ 29,08a 41,19¢ 39,12¢ 35,43b
C18:0 5,27ab 4,76a 5,89bc 6,23¢c 4,46a
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(Cizelge 4 devami)

C18:1 42,54bc 47,92d 38,20a 40,29ab 44,78cd

2 C18:1 trans 0,07a 0,16b 0,99d 0,25¢ 0,09a

C18:2 9,33a 16,11c 10,09ab 12,36b 12,56b

> C18:2 trans 0,15b 0,27¢c 0,17b 0,10a 0,18b

C18:3 0,43b 0,74c 0,21a 0,30a 0,29a

2 C18:3 trans 0,04a 0,03a 0,05a - -

Diger yag asitleri b 2,41b 0,93a 3,21¢c 1,35a 2,21b

X trans yag asidi 0,26a 0,46b 1,21c 0,35a 0,27a

Cips yag igerigi (%) 24,1ab 31,6¢c 20,3a 28,4bc 32,8¢

*Sonuglar her bir marka i¢in ii¢ tekerriiriin ortalamas1 olarak verildi. Yag asitlerine ait degerler toplam yag
asitleri metil esterlerinin yiizdesi olarak verildi. Farkli harflerle gosterilen ortalamalar arasindaki fark istatistiksel
acidan 6nemli bulundu (P<0,01). Cizelgedeki istatistiksel farklilik degerlendirmesi yatay hizadaki harflendirmeler
arasinda yapildi.

8, 10, 12, 14, 17, 20, 22, 24 karbonlu doymus yag asitleri ve 16, 17, 20, 22, 24 karbonlu-tek ¢ift bagh
doymamuis yag asitleri toplamidir.

Aro ve ark. (1998) patates cipslerinde toplam trans yag asidi diizeyini % 0,67 olarak belirlenmistir. Yigit
(2007) galismasinda cipslerdeki toplam trans yag asidi miktarini %0,02-1,35 bulmustur. Wijesundera ve ark.
(2007), Avustralya’da kizartilmig patates cipslerinde trans yag asidi degerinin yaklasik % 0,1-0,2 oldugunu
belirtmistir. Fernandez (2000) ise, patates cipslerindeki bu degeri % 0,9 olarak belirlemistir. Huang ve ark. (2006)
calismalarinda oldukga yiiksek bir deger olarak patates cipslerindeki % 6,39’u vermektedir. Benzer olarak, Semma
(2002)’de Japonya’daki patates cipslerinde bu degeri % 11 olarak bulmustur. Yiiksek degerler cipslerin iiretiminde
kullanilan yaglarin formiilasyonlarinda kismi hidrojenize yaglarin oldugunu gostermektedir. Cipslerdeki trans
oleik asit (C18:1) miktarinin kaynag: biiyiik ihtimalle kismi hidrojene teknigi ile tiretilen yaglardir. Trans linoleik
(C18:2) ve trans linolenik (C18:3) asitleri ise rafinasyon teknigi sirasinda ve/veya cipslerin kizartilmalar1 sirasinda
uygulanan yiiksek sicakliklardan kaynaklanabilmektedir.

Calismada bes farkli markaya ait cips 6rneklerinde belirlenen ortalama toplam trans yag asidi diizeyi % 0,51 olup,
inceledigimiz 6rneklerde bir markaya ait drneklerin ortalama degerleri (% 1,2; 3 no’lu marka) harig, toplam trans
yag asidi miktarinin %1’in altinda oldugu anlasilmaktadir. Verilen literatiirlerden de anlasildig Gizere, cipslerdeki
toplam trans igerigi genis bir aralikta degismektedir. Ancak diinyada ve de ililkemizde gesitli yasal veya goniillii
diizenlemelerin uygulanmasi ile bu degerlerin ge¢mise nazaran diisiis gosterdigi de goriilebilmektedir. Ulusal
bitkisel yag sektoriimiizde margarin ve lipid sortening alt sektorii hem sahip oldugu son derece gelismis liretim
teknolojileri hem de iiretim kapasitesi ile dnemli bir yere sahiptir. Diinya yag sektoriinde yasanan gelismelerin
etkisiyle, Avrupa Birligi politikalarina paralel olarak margarin ve lipid sortening tiriinlerinin igerikleri konusunda
hizli bir doniisiim yagsanmaktadir.

Sonug¢

Bu arastirmada, etiketlerinde “trans yag asidi igermez” beyani bulunan bazi gida gruplarindaki trans yag
asit oranlarmin Tirk Gida Kodeksi’nin gida maddelerinin genel etiketleme ve beslenme yoniinden etiketleme
kurallar tebligine gore uygunlugu incelenmis olup, analiz edilen kek, biskiivi, margarin ve cips gida gruplarina
ait 6rneklerde belirlenen yag asidi bilesimi verilerine gore toplam trans yag asidi oranlar sirasiyla; %0,17-0,92;
%0,11-0,46; %0,19-0,79 ve %0,26-1,21 arasinda bulunmustur. Incelenen 6rneklerden bir markaya ait drnekler
hari¢ diger orneklerdeki toplam trans yag asidi iceriklerinin ilgili tebligdeki kosullara uygun oldugu tespit
edilmistir. Elde edilen sonuglar, ulusal bitkisel yag sektoriinde, ¢esitli yasal ve goniillii diizenlemelerin ve besinsel
gereksinimlerin etkisiyle trans yag asidi igeriklerinin azaltilmasina yonelik yogun cabalarin netice verdigini
gostermektedir. Bunlarla birlikte, {iriin ¢esitliligi ve {irliniin fonksiyonel 6zellikleri konularinda ortaya ¢ikan gesitli
sorunlari ¢ézmeye yonelik daha fazla calismanin yapilmasi, bilhassa saglik gerekgeleri sebebiyle doymus yag
asidi (palmitik asit)/doymamis yag asidi oranlari bakimindan yag asidi bilesimlerinin optimizasyonu énemli bir
gerekliliktir. Ulkemizde, gida etiketlerinde trans yag asidi igerigini beyan kurallar1 yaninda, bilhassa Danimarka
orneginde oldugu gibi tiiketicilerin trans yag asidi tilketiminin azaltilmasi konusunda yaptirim giicii olan ve trans
yag asidi igerigini kisitlayici yasal diizenlemelerin en etkili segenek olarak degerlendirilmesi gerekmektedir.
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ARASTIRMA MAKALESi RESEARCH ARTICLE

Farkh Bitki Ucucu Yaglarin Erwinia amylovora’ya Kars1 Antibakteriyel EtkKisinin
Belirlenmesi

Determination of Antibacterial Effect of Different Plant Essential Oils Against Erwinia
amylovora

Benian Pmar AKTEPE!, Kerem MERTOGLU?, Yasemin EVRENOSOGLU?, Yesim AYSAN3*

Oz

Erwinia amylovora’nin neden oldugu ates yanikligi hastaligi Rosaceae familyasina ait 39 farkli cins ve 128 tiire ait bitkide
hastalik olusturmaktadir. Bu hastalikla miicadelede farkli yontemler kombine halde kullanilarak entegre hastalik yonetimi
tercih edilir. Son yillarda hastaligin miicadelesinde alternatif yontemlerin arastirilmasi lizerine ¢alismalar yogunlagmistir. Bu
yontemlerden birisi de tibbi ve aromatik bitkilerden elde edilen ugucu yaglardir. Bu ¢alismada, 16 farkli bitki ugucu yagn,
Erwinia amylovora’ya kars1 antibakteriyel etkisi in vitro kosullarda arastirilmistir. Caligmada, yedi farkli bitkinin (A/lium
sativum, Cinnamomi ceylanici, Cymbopogon citratus, Lavandula officinalis, Mentha arvensis, Syzygium aromaticum ve Thymus
vulgaris) ugucu yag1 Erwinia amylovora’nn in vitro kosullarda gelisimini engellemede basarili olmustur. Cymbopogon citratus
ucucu yagi hari¢ diger alt1 bitkinin ugucu yag1 streptomisin antibiyotiginden kuvvetli antibakteriyel etkiye sahip olmustur.
Allium sativum, Cinnamomi ceylanici ve Mentha arvensis ugucu yaglarinda sirasiyla 16.44, 15.11 ve 12.94 mm inhibisyon
zonu elde edilmis ve bu ucucu yaglar giiclii antibakteriyel etkilerle dikkat ¢ekici bulunmustur. Etkili bulunan bu ugucu yaglar,

hastaligin miicadelesinde umut verici olarak degerlendirilmistir.

Anahtar Kelimeler: Ugucu yag, Erwinia amylovora, Allium sativum, Cinnamomi ceylanici, Mentha arvensis

Abstract

Fire Blight caused by Erwinia amylovora is a disease of plants belonging to Rosaceae family of 39 different genera and 128
species. Integrated disease management is preferred by combining different methods in the disease control. Nowadays, studies
on alternative methods to control of the disease were intensified. One of these methods is using of essential oils obtained from
medical and aromatic plants. In this study, antibacterial activity of 16 different plant essential oil was investigated against to
Erwinia amylovora in vitro conditions. Seven essential oils (4//ium sativum, Cinnamomi ceylanici, Cymbopogon citratus,
Lavandula officinalis, Mentha arvensis, Syzygium aromaticum and Thymus vulgaris) inhibited successfully the growth of
Erwinia amylovora in vitro conditions. The higher antibacterial efficacy was produced by the six plant essential oil except
Cymbopogon citratus, compared to streptomycin. Essential oils from Allium sativum, Cinnamomi ceylanici and Mentha
arvensis were obtained in 16.44, 15.11 and 12.94 mm inhibition zones, respectively and these essential oils had the highest

antibacterial effects. These effective essential oils was found as promising in this disease control.

Keywords: Essential oil, Erwinia amylovora, Allium sativum, Cinnamomi ceylanici, Mentha arvensis
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Extended Summary

Erwinia amylovora, caused by fire blight disease, is a pathogenic bacterium that can infect the entire subsoil
and aboveground parts of the plant species belonging to the Maloideae subfamily and cause the death of the whole
plant because it acts systemically (Vanneste 2000; Gaaliche ve ark., 2017). It is also difficult to control of this
pathogen which causes a destructive infection by progressing rapidly on all parts of the plant. Due to phytotoxic
effect of copper preparations, especially in vegetative period, antibiotic resistance problem and not being licensed
in our country have made us to do research on the use of alternative methods in the struggle of the disease.
One of these methods is the essential oils obtained from medicinal and aromatic plants, which are considered
as natural antibiotics. Herbal essential oils, which have strong antibacterial activity and are environmentally
friendly, have provided promising results in the control of this disease. Studies investigating the antibacterial
effects of different volatile oils against Erwinia amylovora have been reported to suppress pathogen development
(Scortichini ve Rossi, 1989; Scortichini ve Rossi, 1991; Basim ve ark., 2000; Basim ve Basim, 2004; Kokoskova
ve Pavela, 2007; Karami-Osboo ve ark., 2010; Kokoskova ve ark., 2011; Salem ve ark., 2014). In this study, the
antibacterial effect of essential oils obtained from medicinal and aromatic plants against Erwinia amylovora was
investigated in vitro condition. The study included sage (Salvia officinalis), rosemary (Rosmarinus officinalis),
laurel (Laurus nobilis), rose (Rosa sp.), Nettle (Urtica sp.), Clove (Caryophyllus aromaticum), thyme (Thymus
vulgaris), lavender (Lavandula angustifolia) lemon (Citrus limonum), lemon grass (Cymbopogon citratus), mint
(Mentha arvensis), fennel (Foeniculum vulgare), garlic (Allium sativum), cinnamon (Cinnamomi gazelle), kitten
(Artemisia absinthium) and ginger (Zingiber officinale) essential oils are used. As a result of in vitro tests, 11 of
16 essential oils were found to have antibacterial activity against Erwinia amylovora with an inhibition zone of
1.11 to 16.44 mm. The antibiotic streptomycin, which was used as a positive control, produced an average of 5.11
mm of inhibition zone. At the end of the study, Allium sativum, Mentha arvensis, Cinnamomi gazerici, Thymus
vulgaris, Lavandula officinalis, Syzygium aromaticum and Cymbopogon citratus were found to be successful in
inhibiting the growth of Erwinia amylovora. Application with the strongest antibacterial effect was obtained from
Allium sativum essential oil with 16.44 mm inhibition zone. This application was followed by Mentha arvensis
with 15.11 mm inhibition zone and Cinnamomi anticancer essential oils with 12.94 mm blocking zone and they
were the more effective than streptomycin antibiotic. The strong effect of these essential oils is thought to be due
to the antibacterial effect of the chemicals forming the components against Erwinia amylovora.

Various extracts and/or their essential oils obtained from medicinal and aromatic plants serve as natural
bactericides and use as a part of an integrated struggle in the control of plant bacterial disecases is seen as a
promising alternative. The active ingredients of these essential oils contribute to the emergence of new chemicals
in agriculture. The active ingredients of these essential oils contribute to the emergence of new chemicals in
agriculture. Antibacterial compounds obtained from medicinal and aromatic plants are considered as alternative to
antibiotics and copper in the fight against bacterial diseases.
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Erwinia amylovora adl1 bakteri, Rosaceae familyasina ait 39 farkli cinse dahil 128 tiirde ates yaniklig1 hastaligina
neden olmaktadir (Beer ve Opgenorth, 1976). Yumusak ¢ekirdekli meyve tiirlerinin en tahripkar hastaligi olan ates
yaniklig1, bitkinin toprak alt1 ve toprak {istii aksamimin tamamini enfekte edebilen ve sistemik hareket ettiginden
tiim bitkinin 6liimiine sebep olabilen bir hastaliktir (Vanneste 2000; Gaaliche ve ark., 2017).

Yaklagik 250 yillik gecmisi olan hastalik, iilkemizde ilk kez 1985 yilinda Afyon iline bagl Sultandagi
ilcesindeki armut bahgelerinde tespit edilmistir (Oktem ve Benlioglu, 1988). 1987 yil1 itibariyle Tiirkiye nin biitiin
armut yetistirme alanlarinda ates yaniklig1 belirtileri gortilmiis ve cogu bolgede ciddi zararlar olugturarak pek ¢ok
bahgenin sokiilmesine neden olmustur (Momol ve Yegen, 1993).

Hastalik etmeni, pek ¢ok iilkede karantinaya tabi olmasina ragmen armut yetistiriciliginin yapildig1 yerlerde
yaygin olarak goriilmektedir (Kokoskova ve ark., 2011). Kimyasal miicadelenin kesin ¢6ziim olmamasi, insan
ve cevre sagligina olan olumsuz etkisi, kalint1 sorunlarina sebep olmasi ve organik yetistiriciligin her gecen
giin tiiketiciler arasinda popiilarite kazanmasi nedenleriyle; dayanikli ¢esit ile anaglarin kullanimi, sanitasyon
yontemleri ve biyolojik miicadeleyi kapsayan entegre yontemler hastaligin miicadelesinde 6ne g¢ikmaktadir
(Mertoglu ve Evrenosoglu, 2017; Aktepe, 2018; Evrenosoglu ve Mertoglu, 2018).

Bakarli preparat ve antibiyotik uygulamalari kismen kontrol saglamakta (Johnson ve Stockwell, 1998), ancak bu
kimyasallarin da pek ¢ok dezavantaji bulunmaktadir. Patojen bakterinin antibiyotiklere diren¢ gelistirmesi, hedef
dis1 canlilara etkisi, dogal dengeyi bozmasi ve ¢evreyi kirletmesi gibi nedenlerle bir¢ok iilkede kullanim1 yasaktir
(Tacobellis ve ark., 2005; Kokoskova ve ark., 2011). Bakirli preparatlar ise vejetatif donemde fitotoksik etkileri
nedeniyle ancak dormant donemde uygulanabilmektedir. Bu nedenle ates yanikligi hastaliginin miicadelesinde
alternatif yontemlerin arastirilmasi zorunludur. Bu yontemlerden birisi de dogal antimikrobiyal etkinlige sahip
olarak nitelendirilen, tibbi ve aromatik bitki ekstraktlar1 ve ugucu yaglaridir.

Gtiglii antibakteriyel aktiviteye sahip ve ¢evre dostu olan bitkisel ugucu yaglar, bitkisel ve gida kdkenli hastalik
etmenlerin yani sira, bitki zararlilar ile miicadelede umut verici sonuglarin alinmasini saglamistir (Soylu ve ark.,
2009; Soylu ve ark., 2010; Sertkaya ve ark., 2010). Farkli ugucu yaglarin, Erwinia amylovora’yakarsi antibakteriyel
etkilerinin arastirildigi ¢alismalarda, patojen gelisimini baski altina aldigi bildirilmistir (Scortichini ve Rossi,
1989; Scortichini ve Rossi, 1991; Basim ve ark., 2000; Basim ve Basim, 2004; Kokoskova ve Pavela, 2007;
Karami-Osboo ve ark., 2010; Kokoskova ve ark., 2011; Salem ve ark., 2014). Ayrica ugucu yag uygulamalarinin,
bitkilerde sinyalizasyon ag1 iizerine olumlu etkiler gostererek, dayaniklilik mekanizmasini etkiledigi yapilan
calismalarla ortaya konmustur (Kokoskova ve ark., 2011; Umarusman, 2018). Bu amaglar dogrultusunda, son
yillarda gelistirilerek piyasaya stiriilen birgok biyopestisit bulunmaktadir. Etkilerinin hizli ve net olmasina ilave
olarak fiyatlarinin uygun olmasi, ragbet gormelerini saglamistir (Isman, 2006). Etkilerinin, bakir veya diger
kimyasal bilesikler ile arttirtlabilecegi ve etken maddesinin sentetik olarak iiretilerek, epideminin oldugu yer ve
yillarda giivenle kullanilabilecegi belirtilmistir (El-Astal, 2004; Kokoskova ve Pavela, 2007; Bajpai ve ark., 2011;
Mengulluoglu ve Soylu, 2012).

Bu calismanin amaci, 16 farkli tibbi ve aromatik bitkilerden elde edilen ugucu yaglarin in vitro kosullarda E.
amylovora 'ya kars1 antibakteriyel etkisini tespit etmektir.

Materyal ve Yontem
Patojen Bakteri: Cukurova Universitesi Bitki Koruma béliimii bakteriyoloji laboratuvari kiiltiir koleksiyonunda
bulunan tanis1 yapilmis 69/1-1r kodlu Erwinia amylovora izolat1 calismada kullanilmistir. Bu izolat, izmir’in
Odemis ilgesinde 1993 yilinda ayva agacindan izole edilmistir (Aysan ve ark., 1994).

Ucucu Yaglar: Ugucu yaglardan zencefil ve 1sirgan yaglar1 Defne-Doga (Antalya, Tiirkiye) firmasina ait
iirtinler olup, kullanilan tiim diger yaglar Carl-Roth (Karlshure, Almanya) firmasinin iirtinleridir (Cizelge 1).

Cizelge 1. Ucucu yaglarin elde edildigi bitkiler

Table 1. Essential oils derived from plants

Bitki Tiirt Familyas1 Yerel Adi
Allium sativum Amaryllidaceae Sarimsak
Artemisia absinthium Asteraceae Yavsan
Cinnamomi ceylanici Lauraceae Tar¢in
Citrus limon Rutaceae Limon
Cymbopogon citratus Poaceae Limon Otu
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(Cizelge 1 devami)

Foeniculum vulgare Apiaceae Rezene
Laurus nobilis Lauraceae Defne
Lavandula officinalis Lamiaceae Lavanta
Mentha arvensis Lamiaceae Nane
Rosa sp. Rosaceae Giil
Rosmarinus officinalis Lamiaceae Biberiye
Salvia sclarea Lamiaceae Adagay1
Syzygium aromaticum Myrtaceae Baharat Karanfil
Thymus vulgaris Lamiaceae Kekik
Urtica sp. Urticaceae Isirgan
Zingiber officinale Zingiberaceae Zencefil

Patojen inokulumunun Hazirlanmas:: King B besi yerinde 48 saat gelistirilen Erwinia amylovora izolatindan
spektrofotometrede 600 nm dalga boyunda 0.2 6lg¢iim degerinde hazirlanan siispansiyondan seyreltme serisi
hazirlanmistir. Her bir seriden 100 pl alinarak {i¢ tekrarli olarak King B besi yerine cam baget ile yayma islemi
yapilip 25°C’de 48 saat gelistirildikten sonra koloni sayimi yapilarak patojen popiilasyonu 7x107 hiicre/ml’ye
ayarlanarak kullanilmustir.

Antibakteriyel Etkinin Saptanmasi: Ugucu yaglarin Erwinia amylovora’ya antibakteriyel etkisi, in vitro
petri denemeleriyle kagit difiizyon disk yontemine gore arastirilmigtir (Mangamma ve Sreeramulu, 1991; Mirik
ve Aysan, 2005; Umarusman, 2018). King B besi yeri i¢eren 9.0 cm ¢apl petrilere Erwinia amylovora’nin 7x107
hiicre/ml popiilasyonu igeren siispansiyondan 100 pl eklenerek drigalski spatiiliiyle yayilmistir. Petriler kuruduktan
(yaklasik 3 saat) sonra, 1 cm ¢apinda yuvarlak steril kagit disk birbirinden esit uzaklikta olacak sekilde petrilerin
ii¢ ayr1 noktasina yerlestirilmistir. Ugucu yaglardan 10 pl alinip kagit disk lizerine damlatilmistir. Negatif kontrol
olarak steril su ve pozitif kontrol olarak streptomisin antibiyotigi (0.02gr/litre) kullanilmigtir. Deneme, her petride
ii¢ kagit disk olmak {izere {i¢ petri kullanilarak kurulmustur. Petriler 25°C’de 48 saat inkiibe edildikten sonra kagit
disklerin ¢evresinde olusan engelleme zonlari (inhibisyon) mm olarak dl¢tilerek not edilmistir.

Degerlendirme ve istatistiksel Analiz: Ugucu yaglarin olusturdugu engelleme zonlart mm olarak 6l¢iildiikten
sonra antibakteriyel etki indeksi (AEI) pozitif kontrolle karsilastirilarak asagidaki formiile gore hesaplanmistir
(Kokoskova ve Pavela, 2007; Kokoskova ve ark., 2011). AEI oran1 uygulamalarin streptomisine gore etkinin oranini
ifade etmektedir. Bu oran grafik haline getirildiginde grafigin iizerinde yer alan uygulamalar streptomisinden
daha etkili olan uygulamalarken, grafigin altinda kalanlar streptomisinden daha az etkiye sahip uygulamalar
gostermektedir. 1

AEI (%)= [-1*(C-T)/(C+T)]*100
C: pozitif kontrolde (streptomisin) olusan ortalama zon, T: uygulamada (ugucu yag) olusan ortalama zon

Inhibisyon zonu dl¢iimlerine gore elde edilen verilerle istatistiki analizler yapilmis ve uygulamalar arasindaki
fark, ANOVA istatistik programinda tek yonlii varyans analiziyle Duncan ¢oklu karsilastirma testiyle %5 6nem
diizeyinde degerlendirilmistir. Ayn1 gruba giren uygulamalar ayni harfle isaretlenmistir.

Bulgular
Cizelge 2°de ve Sekil 1°de goriildiigh gibi, denemeye alinan 16 adet ugucu yagmn 11°i Erwinia amylovora’ya
karst 1.11 ile 16.44 mm arasinda inhibisyon zonu olusturarak antibakteriyel aktiviteye sahip oldugu saptanmistir.

Artemisia absinthium, Citrus limon, Foeniculum vulgare, Urtica sp. ve Zingiber officinale tiirlerinden elde
edilen ugucu yaglar, Erwinia amylovora’nin gelisimi iizerine herhangi bir engelleyici etkide bulunmamuistir. Rosa
sp., Rosmarinus officinalis, Salvia sclarea ve Laurus nobilis ugucu yaglarinda ise sirast ile 1.11, 1.78, 1.83 ve 2.39
mm’lik inhibisyon zonlari 6l¢iilmiis ve istatistiksel agidan negatif kontrolle (steril su) ayn1 grupta yer alan etkisiz
uygulamalar oldugu saptanmustir (Cizelge 2).

Calisma sonucunda, yedi ugucu yagin Erwinia amylovora’nin in vitro kosullarda gelisimini engellemede
basarili oldugu tespit edilmistir. Pozitif kontrol olarak kullanilan streptomisin adli antibiyotik, ortalama 5.11
mm’lik inhibisyon zonu olusturmustur. Cymbopogon citratus ugucu yagi ise 5.02 mm’lik engelleme zonuyla,
istatistiksel olarak streptomisinle ayn1 grupta yer almis ve streptomisine esdeger etkiye sahip oldugu bulunmustur.
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Diger alt1 bitkinin (Allium sativum, Cinnamomi ceylanici, Lavandula officinalis, Mentha arvensis, Syzygium
aromaticum ve Thymus vulgaris) ugucu yagi streptomisinden daha gii¢lii antibakteriyel aktiviteye sahip olmustur.
En kuvvetli antibakteriyel etkiye sahip uygulama ortalama 16.44 mm’lik inhibisyon zonuyla 4//ium sativum ugucu
yaginda kayit edilmistir. Bu uygulamayr 15.11 mm’lik engelleme zonuyla Mentha arvensis ve 12.94 mm’lik
engelleme zonuyla Cinnamomi ceylanici ugucu yaglar takip etmistir. Istatistiksel olarak diger bir grupta yer alan
diger basarili uygulamalarda (Thymus vulgaris, Lavandula officinalis ve Syzygium aromaticum) ise sirasiyla 9.83,
8.69 ve 7.55 mm engelleme zonu kaydedilmistir. Erwinia amylovora’nin in vitro sartlarda gelisimini engellemede
etkili bulunan bu ugucu yaglar, hastaligin miicadelesinde umut verici olarak degerlendirilmistir.

Cizelge 2. Ucucu yaglarin Erwinia amylovora’ya antibakteriyel etkisi sonucu olusan inhibisyon zonlar1 (mm) ve antibakteriyel etki
indeksi (AEI)

Table 2. Inhibitory zones (mm) and the antimicrobial efficacy index (IAE) resulting from the antibacterial effect of essential oils
to Erwinia amylovora

Ucucu Yag inhibisyon zonu (mm) AEI (%)
Allium sativum 16.44a* 52,58
Artemisia absinthium 0.00e -100,00
Cinnamomi ceylanici 12.94b 43,38
Citrus limon 0.00e -100,00
Cymbopogon citratus 5.02d -0,88
Foeniculum vulgare 0.00e -100,00
Laurus nobilis 2.39% -36,30
Lavandula officinalis 8.69¢c 25,93
Mentha arvensis 15.11ab 49,45
Rosa sp. 1.11e -73,47
Rosmarinus officinalis 1.78e -48,39
Salvia sclarea 1.83e -47,20
Syzygium aromaticum 7.55¢ 19,30
Thymus vulgaris 9.83¢c 31,60
Urtica sp. 0.00e -100,00
Zingiber officinale 0.00e -100,00
Streptomisin (PK) 5.11d
Steril su (NK) 0.00e

AETI: antibakteriyel etki indeksi; mm: milimetre; PK: pozitif kontrol; NK: negatif kontrol

* Siitun i¢inde yer alan ortalama degerlerin (n=3) yanindaki ayn1 harfler uygulamalar arasindaki farkin istatistiksel olarak
onemli olmadigini gosterir (Duncan ¢oklu karsilastirma Testi, P<0.05)

antibakteriyel etki indeksi (%)
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20,0
0,0
-20,0

-40,0

L filsiiobilish
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Sekil 1. Ugucu yaglarin Erwinia amylovora’ya karsi antibakteriyel etki indeksi

Figure 1. The antibacterial effect index of essential oils against Erwinia amylovora
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Tartisma

T1bbi ve aromatik bitkilerin ugcucu yaglar giiglii antimikrobiyal etkileri ve ¢evre dostu olmalarindan dolay1 pek
cok bitki koruma probleminin ¢dziimiinde alternatif olarak diistiniilmektedir. Ates yaniklig1 hastaliinin etmeni
olan Erwinia amylovora’ya karst in vitro kosullarda denenen, Mentha arvensis (Kokoskova ve Pavela, 2007;
Kokoskova ve ark., 2011), Melissa officinalis (Kokoskova ve Pavela, 2007; Kokoskova ve ark., 2011), Nepeta
cataria (Kokoskova ve ark., 2011), Origanum compacum (Kokoskova ve Pavela, 2007; Kokoskova ve ark., 2011),
Origanum vulgare (Kokoskova ve Pavela, 2007; Kokoskova ve ark., 2011), Rosa damascena (Basim ve Basim,
2004), Thymbra spicata var spicata (Basim ve ark., 2000), Thymus vulgaris (Kokoskova ve Pavela, 2007; Karami-
Osboo ve ark., 2010; Kokoskova ve ark., 2011), ugucu yaglarinin patojeni baskilama iizerine olan olumlu etkileri
daha onceki calismalarla ortaya konmusgtur.

Bu ¢alismada kullanilan ugucu yaglardan, Allium sativum, Mentha arvensis, Cinnamomi ceylanici, Thymus
vulgaris, Lavandula officinalis, Syzygium aromaticum ve Cymbopogon citratus, patojen bakteri Erwinia
amylovora’nin gelisimini in vitro kosullarda engellemistir. Cymbopogon citratus harig diger etkili ugucu yaglar
streptomisin antibiyotiginden bile giiclii antibakteriyel aktivite gdstermistir.

Benzer sonuglar, Mentha arvensis (Kokoskova ve Pavela, 2007; Kokoskova) ve Thymus vulgaris (Kokoskova
ve Pavela, 2007; Karami-Osboo ve ark., 2010; Kokoskova ve ark., 2011) ugucu yaglarinin kullanilarak elde
edildigi bildirilmistir. Erwinia amylovora’ya etkili bulunan diger ugucu yaglarin antibakteriyel 6zellikleri ise ilk
defa yapilan bu ¢alismayla ortaya konmustur. Mengulluoglu ve Soylu (2012) yapmis olduklari ¢alismada Thymbra
spicata L. subsp. spicata Thymus serpyllum L., Origanum majorana L., Mentha spicata L., Lavandula stoechas
L. subsp. stoechas, Melissa officinalis L., Rosmarinus officinalis L. ve Ocimum basilicum L. ugucu yaglarinin
antibakteriyel etkinliklerini karpuz bakteriyel meyve leke hastaligi etmeni Acidovorax avenae subsp. citrulli’ye
kars1 arastirmis ve en etkili antibakteriyel etkinligin 7. spicata’dan elde edilen ugucu yag tarafindan gosterildigini
belirlemis olup, bu yagi sirastyla T. serpyllum, O. majorana, M. spicata, M. officinalis, R. officinalis, L. stoechas
ve S. officinalis ugucu yaglariin takip ettigini bildirmistir.

Rosa damascena’nin, Erwinia amylovora’ya antibakteriyel etkisi bilinmesine ragmen (Basim ve Basim,
2004), calismamizda kullanilan yagda (Rosa sp.) bu etki saptanamamustir. Rosa damascena “Isparta Giilii” olarak
adlandirilan, kendine 6zgii, zengin ve yogun allelokimyasal iceren bir giil tiirtidiir (Baydar ve Kazaz, 2013).
Calismamizda kullandigimiz giil yaginin boylesine zengin bir kompozisyona sahip olmadigindan ayni sonuca
ulastlamadigr diistiniilmektedir. Ayrica, tibbi ve aromatik bitkilerin yetistirildigi cografi alan, o yilki yetisme
kosullari, bitkinin alt tiirlerinin varligi, hasat zamani, hasat sekli, depolama kosullar1 veya ugucu yagm elde
edilmesinde kullanilan yontemler ugucu yag icerigi ve bilesenlerini etkileyebilir (Soylu ve ark., 2010; Kokoskova
ve ark., 2011). Bu sayilan faktorlerden bir veya bir kaginin etkisiyle bizim ¢aligmamizda farkli sonuglar elde
edilmis olabilecegi diisiiniilmektedir.

Calismada Allium sativum, Cinnamomi ceylanici ve Mentha arvensis ugucu yaglart Erwinia amylovora’ya
kars1 sergiledikleri giiclii antibakteriyel etkilerle dikkat g¢ekici bulunmustur. Allium sativum ugucu yaginin
ana bilesenlerinin diallyl trisulfide (%33.57), diallyl sulfide (%30.93) ve methyl allyl trisulfide (%11.28)’den
(Martinez-Velazuquez ve ark., 2011), Cinnamomi ceylanici ugucu yagmin ana bilesenlerinin cinnammaldehyde
(%78.4) ve cinnamyl acetate (%5.7)’dan (Park ve ark., 2005), Mentha arvensis ugucu yaginin ana bilesenlerinin
menthol (%74.5), menthone (%9.2) methyl acetate (%3.1)’dan olustugu (Kokoskova ve ark., 2011) bilinmektedir.
Ugucu yaglarin bilesenlerini olusturan bu kimyasallarin Erwinia amylovora’ya karsi antibakteriyel etkiye sahip
oldugu diistintilmektedir.

Tibbi ve aromatik bitkilerden elde edilen c¢esitli ekstraktlar ve/veya onlarin ugucu yaglari, dogal bakterisitler
olarak gorev yapmakta olup, bitki bakteriyel hastaliklarinin miicadelesinde entegre miicadelenin bir pargasi olarak
kullanilmast umut verici bir alternatif olarak goriilmektedir. Bu ugucu yaglarimin etken maddeleri tarimda yeni
kimyasallarin ortaya ¢ikisina katki saglamaktadir. T1bbi ve aromatik bitkilerden elde edilen antibakteriyel bilesikler,
bakteriyel hastaliklarin miicadelesinde antibiyotiklerin ve bakirin alternatifi olarak degerlendirilmistir (Soylu
ve ark., 2009; Mengulluoglu ve Soylu, 2012; Savoia, 2012; Umarusman, 2018). Antibiyotik kullanimina bagh
olarak, bakteri kokenli hastalik etmenlerinin dayanikli formlar gelistirmesinin (Forster ve ark., 2015) engellenmesi
bakimindan, ugucu yaglarin entegre miicadele kapsaminda kullanimi son derece 6nemlidir (Gwinn, 2018). Ayrica
basta 1slah ¢aligmalari olmak iizere, melezlemeler sonucu elde edilen tohumlar, toprak kokenli giirtik¢iil patojenlere
kars1 oldukga hassastirlar (Evrenosoglu ve ark., 2011). Melezleme 1slaht ile yeni ¢esitlerin gelistirilmesi siirecinde,
melez bitkilerin elde edilecegi tohumlar, Erwinia amylovora gibi sistemik yayilan hastaliklara karsi infeksiyon
tehdidi altindadir (Thomson, 1986; Vanneste, 2000, Farkas ve ark.,2012). Umut verici bulunan; A/lium sativum,
Cinnamomi ceylanici ve Mentha arvensis ugucu yaglari, ekim oncesi tohum uygulamalar1 ve tarim aletlerinin
temizligi noktasinda kullanimi 6nerilmektedir. Direk bitki uygulamalari ise yapilacak olan in vivo denemeler
sonrast miimkiin olacaktir.
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RESEARCH ARTICLE ARASTIRMA MAKALESI

Determination of Silage Yield and Quality Characteristics of Some Maize (Zea mays L.)
Varieties

Bazi Misir (Zea mays L.) Cesitlerinin Silajlik Verim ve Kalite Ozelliklerinin Belirlenmesi
Fatih ONER" , Adem GUNES?

Abstract

This research was to determine in 2015 vegetation period in Ordu. In research, 13 maize varieties was used as
experimental materials. There search was done 3 times according to randomized block test pattern. In research,
plant height changed between 309.93-365.20 cm, ear height changed between 99.80-150.63 cm, stem diameter
changed between 23.44-27.84 mm, leaf count changed between 11.67-13.63, sowing to silking time changed
between 55-65.33 days, anthesis to silking time changed between 59-67.33 days, stover yield changed between
4525.17-5984.28 kg/da, core yield changed between 2166.17-3569.57 kg/da, leaf/stem rate changed between
35.86-53.85 %, core/plant rate changed between 32.10-41.10 %, forage yield changed between 6736.33-9476.72
kg/da, dry matter yield rate changed between 1758.41-2153.43 kg/da, ADF rate changed between 25.61-30.80 %,
NDF rate changed between 50.57-57.43 %, crude protein rate changed between 7.63-9.32 %. The highest green
herb yield was obtained from Everest, TK 6063, OSSK 602, Sagunto, Cadiz, Hido and Carella varieties.

Keywords: Quality, Silage Maize, Yield
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Bu arastirma 2015 yilinda Ordu’da yiiriitiilmiistiir. Aragtirmada 13 musir ¢esidi materyal olarak kullanilmisgtir.
Aragtirma tesadiif bloklar1 deneme desenine gore 3 tekerriirlii olarak yapilmistir. Aragtirmada bitki boyu 309.93-
365.20 cm, ilk kogan yiiksekligi 99.80-150.63 cm, sap ¢ap1 23.44-27.84 mm, yaprak sayis1 11.67-13.63 adet, tepe
puskiilii gosterme siiresi 55-65 giin, kogan piiskiilii gésterme siiresi 59-67 giin, stover verimi 4525.17-5984.28 kg/
da, kogan verimi 2166.17-3569.57 kg/da, yaprak/sap oran1 % 35.86-53.85, kogan/bitki oran1 % 32.10-41.10, yesil
ot verimi 6736.33-9476.72 kg/da, kuru madde verimi 1758.41-2153.43 kg/da, ADF orant % 25.61-30.80, NDF
orani % 50.57-57.43, ham protein oran1 % 7.63-9.32 arasinda degismistir. En yiiksek yesil ot verimi Everest, TK
6063, OSSK 602, Sagunto, Cadiz, Hido ve Carella ¢esitlerinden elde edilmistir.
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Oner & Giines
Determination of Silage Yield and Quality Characteristics of Some Maize (Zea mays L.) Varieties

Maize or corn (Zea mays L.) commonly grown across all continents of the world ranks second in the world,
following wheat, regarding the production area and ranks first regarding production quantity due to its high
yield (Anonim, 2016a). In Turkey, maize ranks third following wheat and barley regarding cultivation area and
production (Anonim, 2017).

In Turkey, according to the Turkish Statistical Institute (TurkStat) data, grain maize had 6.4 million tons of
production in 680,019 hectares of cultivation area and yield of 942 kg/da. Silage maize had 20.14 million tons of
production in 413,826 hectares of cultivation area and yield of 4868 kg/da in 2016. In the province Ordu, according
to the TurkStat data, grain maize had 6089 tons of production in 5610 hectares of area and a yield of 109 kg/da in
2016. Silage maize had 7591 tons of production in 283 hectares of area and yield of 2678 kg/da in 2016 (Anonim,
2017).

Maize uses solar energy best and produces the highest yield among hot and cool climate cereals and the highest
yield of dry matter per unit area (Kirtok, 1998). The use of maize in the industry has also been gradually increasing
compared to other grains. The reasons include easy cultivation, harvesting, transportation, and storage as well as
higher yield per unit area. In addition to being industrial raw material, maize is an important crop used in human
and animal nutrition (Yal¢in, 1997; Topuz, 2005).

Maize is the primary plant grown in the world for silage production. Maize (Zea mays L.) is among the most
important forages. Maize is also among the most preferred plants for silage in Turkey and the world due to its high
energy yield, suitability for mechanized agriculture from cultivation to harvesting, ease of storage and use, low
loss rate, high dry matter content, high digesting rate, utilization as high-quality and delicious silage, high yield per
unit area, availability of seeds, and storability in silos without any additives (A¢ikgoz et al., 2002).

With the development of new varieties of silage maize, there has been a change in the understanding that high-
quality and efficient grain maize varieties can also be varieties of high-quality silage maize and selection criteria
and cultivation techniques have been reevaluated for silage maize (Ma et al., 2006). Therefore, in silage maize
breeding, silage-specific soft-grain varieties with low NDF, high digestibility content, and slowly-declining kernel
moisture are preferred rather than high-grain and strong-bodied varieties with rapidly-declining kernel moisture
(Dwyer et al., 1998).

This research set out to determine silage yield and quality characteristics of some maize varieties to identify
varieties that can be suggested for cultivation in the ecological conditions of Ordu. Thus, this research contributes
to developing production and yield potential.

Materials and Methods
The research used 13 hybrid maize varieties obtained from seed companies as experimental material. The
maize varieties were OSSK 596, OSSK 644, OSSK 602, TK 6063, Carella, Hido, SY Reserve, Everest, SY Inove,
Calcio, Cadiz, Sagunto, and Tavascan.

The research was carried out in a farmens land in Ordu from May to August 2015 vegetation period. The trial
site is located at 40°57>37.96» N latitude and 37°56>23.64» E longitude at an altitude of 9 meters.

The average temperature was 21.83 °C, the total precipitation 194.7 mm, the average sunshine hours per month
599.8 hours, and the average humidity per month 71.75%.

The soil properties are as follows: clayey, ph7.89, 2.15% of organic matter, 4.47 kg/da of phosphorus, and 77.7
kg/da of potassium.

The trial was based on a randomized block experimental design with three replications. Seeding was carried
out on May 13th, 2015 on plots of 14 m? with an inter-row spacing of 70 cm, and intra-row spacing of 20 cm, and
a depth of 5 to 6 cm. A mix of 20 kg nitrogen, 10 kg potassium, and 10 kg phosphorus per decare was used for
fertilization (Gligdemir, 2006; Anonim, 2010).

After an edge effect of 30 cm and one row from each plot were excluded, 10 crops were randomly selected
from each plot. The data were analyzed using SAS-JMP 11.0 statistical software. The Least Significant Difference
(LSD) test was run to measure significant differences between means.
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Results and Discussion
Plant Height (cm)
The difference in the plant height of the varieties was statistically significant (p < 0.01).

The smallest plant height was observed in the Hido variety with 309.94 cm and the greatest plant height in
OSSK 644 with 365.20 cm. The mean plant height of the varieties was 326.94 cm (Table 1).

Table 1. Values of corn varieties taken for experiment were belong to plant height (PH), firs cob height (FCH), stem diameter (SD),
number of leaf per plant (NLPP), sowing to silking (SS) and anthesis to silking interval (ASI).

Varieties BB** IKY** SC YS** TPGS** KPGS**
TK 6063 332.30b 133.53 be 25.74 13.17 a 58.00 efg 60.00 ef
Tavascan 323.57 bed 11257 f 25.24 1343 a 59.00 def 61.00 def
SY Inove 33740 b 130.27 cd 25.69 1237 ¢ 59.00 def 61.00 def
Sagunto 330.07 be 118.13 ef 27.84 13.63 a 64.33 ab 66.33 ab
SY Reserve 330.77 be 99.800 g 23.65 12.20 cd 56.00 fg 60.00 ef
OSSK 644 365.20 a 150.63 a 24.13 13.13 ab 59.00 def 61.00 def
OSSK 602 332.67b 143.70 ab 25.96 11.67 d 55.00 g 59.00 f
OSSK 596 334.50 b 118.20 ef 25.83 12.53 be 61.00 cde 63.00 cde
Hido 309.93d 134.07 be 23.44 1343 a 65.33 a 67.33 a
Everest 308.47 d 125.47 cde 24.65 13.50 a 64.00 abc 66.00 abc
Carella 312.27 cd 113.90 ef 24.34 1343 a 63.00 abc 65.00 abc
Calcio 322.27 bed 120.33 def 24.97 13.13 ab 63.67 abc 65.67 abc
Cadiz 310.87d 111.50 f 26.26 13.03 ab 62.00 bed 64.00 bed
General Average 326.94 124.00 25.21 12.97 60.71 63.03
% VK 3.37 5.57 5.68 2.85 2.95 2.84

*Significant at *(P< 0.05), **(P<0.01)

The results on the plant height are above those reported to be 257-291 cm in Bayram (2010), 254-293.33 cm in
Kiiciik (2011), 193.3-230 cm in Moralar (2011), 210-260 cm in Martin et al. (2012) , 203.86-301.67 cm in Olgun
et al. (2012), and 286.7-315.6 cm in Han (2016). However, they are consistent with 298-341 cm in Ergiil (2008),
301-330 cm in Oner et al. (2011a), and 280-324 cm in Ozata et al. (2012).

Ear Height (cm)

The difference in the ear height of the varieties was also statistically significant (p< 0.01). While the smallest
ear height was obtained from SY Reserve with 99.80 cm and the greatest ear height from OSSK 644 with 150.63.
The difference between OSK 644 and OSK 602 was statistically insignificant. The mean ear height of the varieties
was 124.00 cm (Table 1).

The results on the ear height are above those reported to be 106.8-123.6 cm in Aydogan (2010) and 85-126.6
cm in Moralar (2011) but below 119.7-177.7 cm in Kabakci1 (2014). However, they are consistent with 100-140 cm
in Martin et al. (2012), 92-135 cm in Oner et al. (2011b), and 110-153.3 ¢cm in Han (2016).

Ear height is an important criterion for maize silage since it affects plant resistance to laying down.

Stem Diameter (mm)

The difference in the stem diameter of the varieties was statistically insignificant. The results on the stem
diameter values are consistent with those reported to be 20.31-26.46 mm in Bayram (2010), 19-27 mm in Martin
et al. (2012), 24.3-27.3 mm in Karaalp (2015), and 22.3-26.4 mm in Han (2016), while they are below 30.3-32.6
mm in Moralar (2011). The mean stem diameter of the varieties was 25.21 mm.

The stem diameter affects plant weight, namely forage yield in a directly proportional manner but silage quality
in an inversely proportional manner.

Leaf Count (pieces)

The difference in the leaf count of the varieties was statistically significant (p< 0.01). The lowest leaf count
was observed in OSSK 602 with 11.67 pieces; its difference with SY Reserve was statistically insignificant. The
highest leaf count was observed in Sagunto with 13.63 pieces; its difference with the varieties Everest, Carella,
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Hido, Tavascan, TK 6063, Calcio, OSSK 644, and Cadiz was insignificant statistically. The mean leaf count of the
varieties was 12.97 (Table 1).

The results on the leaf count are above those reported to be 8.73-10.97 pieces in Akbay (2012) and 9.8-11.6
pieces in Kabakc1 (2014) but below 15.33-17.33 pieces in Moralar (2011) and 12.13-15.77 pieces in Kirendibi
(2015). Howeyver, they are consistent with 12.33-14.68 pieces in Balmuk (2012) and 11.5-14.25 pieces in Aykanat
(2015).

Leaves affect yield in silage maize. Leaves and stem are involved in photosynthesis. Leaves also contribute
to the production of nutrients and the removal of excess water from plants through evaporation (Emeklier, 2012).

Sowing to Silking Period

There was a statistically significant (p< 0.01) difference between the varieties concerning the sowing to silking
period. The shortest sowing to silking period was observed in OSSK 602 with 55.00 days; its difference with SY
Reserve and TK 6063 statistically insignificant. The longest sowing to silking period was observed in Hido with
65.33 days. The mean sowing to silking period of the varieties was 60.71 days.

The results on the sowing to silking period are above those reported to be 47.2-56.5 days in Eralp (2007) but
below 71-74 days in Oner et al. (2011b), 73.67-91.33 days in Akbay (2012), and 64.7-76.7 days in Kabakc1 (2014).
However, they are consistent with 53-63 days in Oner et al. (2011a) and 60.67-65.67 days in Kirendibi (2015).

Maize plants continue to grow height until silk emergence. When the balance of the sowing to silking period
and the anthesis to silking interval is disturbed, it affects corp yield (Emeklier, 2012).

Anthesis to Silking Interval

There was a statistically significant (p< 0.01) difference between the varieties concerning the anthesis to silking
interval. The shortest anthesis to silking interval was observed in OSSK 602 with 59.00 days; its difference with
SY Reserve, Tavascan, SY Inove, OSSK 644, and TK 6063 was statistically insignificant. The longest anthesis to
silking interval was observed in Hido with 67.33 days; its difference with Sagunto, Everest, Calcio, and Carella
was statistically insignificant. The mean anthesis to silking interval was 63.03 days (Table 1).

The results on the anthesis to silking interval are above those reported to be 51.3-61.2 days in Eralp (2007) but
below 73-77 days in Oner et al. (2011b) and 65.7-75.7 days in Kabakc1 (2014). However, they are consistent with
65.67-71.67 days in Kirendibi (2015).

Stover Yield (Leaf+Stem)

The difference in the stover yield of the varieties was statistically significant (p< 0.01). The lowest stover yield
was obtained from OSSK 644 with 4525.17 kg/da, while the highest stover yield was from TK 6063 with 598.428
kg/da. The mean stover yield of the varieties was 5189.21 kg/da (Table 2).

Table 2. Values of corn varieties taken for experiment were belong to stover yield (SY), corncob yield( CY), leaf / stem ratio (L/S),
cob/plant ratio (C/P) and forage yield (FY).

Varieties SV#* KV** Y/S** K/B** YOV**
TK 6063 5984,28 a 3051,06 bed 40,84 de 34,05 de 9035,34 ab
Tavascan 4930,12 be 2868,94 cde 46,95 be 36,69 bed 7799,06 bede
SY Inove 4643,01 ¢ 2500,41 ef 41,36 cde 35,06 cde 7143,43 de
Sagunto 5896,44 a 3027,49 bed 46,06 bed 33,95 de 8923,93 ab
SY Reserve 4583,02 ¢ 3198,90 abc 46,83 be 41,10 a 7781,92 bede
OSSK 644 4525,17 ¢ 2603,26 def 40,91 de 36,52 bed 7128,43 de
OSSK 602 5860,01 ab 3066,06 bed 35,86 ¢ 34,42 de 8926,07 ab
OSSK 596 4632,30 ¢ 2802,52 cde 39,61 e 37,83 be 7434,82 cde
Hido 5159,38 abc 3353,17 ab 51,58 ab 39,39 ab 8512,55 abe
Everest 5907,15 a 3569,57 a 53,85a 37,66 bc 9476,72 a
Carella 5075,82 abc 3138,91 abce 48,81 ab 38,24 abc 8214,73 abcd
Calcio 4570,17 ¢ 2166,17 £ 48,88 ab 32,1e 6736,33 ¢
Cadiz 5692,89 ab 2963,22 bede 39,59 ¢ 34,18 de 8656,10 abc
General Average 5189.21 2946.90 44.70 36.24 8136.11
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% VK 10.84 9.36 7.44 5.29 9.55
*Significant at *(P< 0.05), **(P<0.01)

The results on the stover yield are above those reported to be 916.66-1601.19 kg/da in Balmuk (2012), 358.67-
1017.87 kg/da in Akbay (2012), and 992.78-1352.78 kg/da in Kirendibi (2015).

Core Yield (kg/da)
The difference in the core yield of the varieties was statistically significant (p< 0.01).

The lowest core yield was obtained from Calcio with 2166.17 kg/da and the highest core yield from Everest
with 3569.57 kg/da. The mean core yield of the varieties was 2946,90 kg/da.

The results on the core yield are above those reported to be 916.70-2452.38 kg/da in Balmuk (2012) and
1507.78-2000 kg/da in Kirendibi (2015) but 1595.23-6107.13 kg/da in Akbay (2012).

Core yield is of great importance for silage quality. 50% of green ear yield and 70% of nutrients are obtained
from cores (A¢ikgoz, 1991).

Leaf:Stem Ratio (%)

The difference between varieties was statistically significant concerning the leaf:stem ratio (p< 0.01). The
variation in the leafistem ratio was within the range of 35.86 to 53.85%. The mean leaf:stem ratio of the varieties
was 44.70%.

The results on the leaf:stem ratio are above those reported to be 26-43% in Oner et al. (2011a) but consistent
with 41.3-52.3% in Erdal et al. (2009).

The quality of forage depends on the high volume of the leaf:stem ratio, protein concentration, and digestible
nutrients but on the low volume of lignin and fiber (Heath et al., 1985). What is desired in silage maize varieties is
high yield, high leaf count, and high core rate but low stem rate.

Core:Plant Ratio (%)

The difference between varieties was statistically significant (p< 0.01) concerning the core:plant ratio. The
lowest core:plant ratio was obtained from Calcio with 32.10%. The highest core:plant ratio was from SY reserve
with 41.10%. The mean core:plant ratio of the varieties was 36.24%.

The results on the core:plant ratio are above those reported to be 28.6-38.2% in Ergiil (2008) and 23.84-32.48%
in Kiigiik (2011) but below 44.26-58.05% in Aydogan (2010), 39.51-59.69% in Olgun et al. (2012), and 41.23-
47.66% in Kabakci (2014). However, they are consistent with 33-41% in Oner et al. (2011a), 30-48% in Ozata et
al. (2012), and 28.1-43% in Asar (2014).

The highest quality silage is obtained from materials with 25-30% or even more dry matter. For this reason, the
grain content of silage is very important and it is desired that grain produces at least 25% of the harvested material
(Heath et al., 1985).

Forage Yield (kg/da)

The difference in the forage yield of the varieties was statistically significant (p< 0.01). The lowest forage yield
was obtained from Calcio with 6736.33 kg/da and the highest forage yield from Everest with 9476.72 kg/da. The
mean forage yield of the varieties was 8136.11kg/da.

The results on the forage yield are above those reported to be 3190-7050 kg/da in Martin et al. (2012), 4673.7-
8753.7 kg/da in Kabakc1 (2014), 2020-2330 kg/da in Safdarian et al. (2014), and 4693-6029 kg/da in Anonim
(2015) but below 9290-11356 kg/da in Aydogan (2010) and 6698.81-13487.14 kg/da in Olgun et al. (2012).
However, they are consistent with 6795-10348 kg/da in Ergiil (2008) and 7270-8441 kg/da in Han (2016).

Dry Matter Yield (kg/da)
The difference in the dry matter yield of the varieties was statistically insignificant (Table 3).
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Table 3. Valuesof corn varieties taken for experiment were belong to dry matter production (DMP), ADF (%), NDF (%) and crude
protein yield (CPY).

Varieties KMV ADF* NDF* HPO*
TK 6063 2098.53 30,8 a 57,14 a 8,1cd
Tavascan 1989.07 28,43 abed 52,25 bed 7,63 d
SY Inove 1928.92 30,75 ab 55,73 ab 7,74 d
Sagunto 2055.95 28,12 abed 54,21 abcd 9,23 ab
SY Reserve 2098.65 25,61 d 50,57 d 8,48 abed
OSSK 644 1867.12 27,14 cd 51,95 bed 8,38 abed
OSSK 602 2120.28 27,87 bed 52,87 bed 8,44 abcd
OSSK 596 2004.52 26,52 cd 51,11 cd 8,34 bed
Hido 1968.94 28,78 abc 54,81 abc 8,96 abc
Everest 2153.43 26,91 cd 52,41 bed 932a
Carella 2008.83 27,07 cd 52,42 bed 9,03 abc
Calcio 1758.41 30,49 ab 57,43 a 791d
Cadiz 1932.76 29,28 abc 55,58 ab 9,09 ab
General Average 1998.87 28.29 53.73 8.51
% VK 7.99 6.13 4.28 6.69

*Significant at *(P< 0.05), **(P< 0.01)

The results on the dry matter yield are above those reported to be 1243.72-1725.88 kg/da in Balmuk (2012),
1867.7-1105 kg/da in Ozata et al. (2012), 733.94-1697.70 kg/da in Akbay (2012), and 469.5-2001.5 kg/da in
Ferreira, (2015) but below 2402-3242 kg/da in Aydogan (2010) and 1826.67-4100.33 kg/da in Olgun et al. (2012).
However, they are consistent with 1374.71-2152.67 kg/da in Kiiciik (2011), 1606.6-1895.8 kg/da in Asar (2014),
and 1527-2320 kg/da in Ferreira et al. (2014).

ADF (%)
The difference between varieties was statistically significant concerning ADF rate (p< 0.05). ADF rate varied
from 25.61 to 30.80%. The mean ADF rate of the varieties was 28.29%.

The results on the ADF rate are consistent with those reported to be 27.3-30.8% in Ferreira et al. (2014) but
below 28.67-40.92% in Bayram (2010), 31-41% in Oner et al. (2011a), 24.1-40.9% in Ozata et al. (2012), 22.7-
44.0% in Martin et al.(2012), 27-33% in Safdarian et al .(2014), and 32.9%-34.8% in Karaalp (2015).

ADF is composed of cellulose and lignin and indicative of the digestibility of nutrients. The digestibility of
cellulose varies; however, a high amount of lignin has a negative effect on the digestibility of cellulose. The lower
ADF rate is, the greater digestibility is. ADF rate is expected to be low in forages (Anonim, 2016b).

Considering that the ADF rates were lower than 31%, all maize varieties are classified as top quality.

NDF (%)

The difference between varieties was statistically significant (p< 0.05) concerning NDF rate. The lowest NDF
rate was observed in SY Reserve with 50.57% and the highest NDF rate in Calcio with 57.43%. The mean NDF
rate of the varieties was 53.73%.

The results on the NDF rate are above those reported to be 46.3-47% in Karaalp (2015), 43.7-47.5% in Row et
al. (2015), and 33.89-43.94% in Anonim (2015) but below those reported be 48.0-65.8% in Martin et al. (2012),
57.50-73.85% in Balmuk (2012), and 52.1-59% in Safdarian et al.(2014). However, they are consistent with 49-
60% in Oner et al. (2011a), 47.5-58.9% in Ozata et al. (2012), and 41.8-58.8% in Ferreira (2015).

NDF represents all nutrients that form the digestible and indigestible cell wall (structural carbohydrates). A low
NDEF rate is desired (Anonim, 2016b).

The NDF rate of OSSK 602, Carella, Everest, Tavascan, OSSK 644, OSSK 596, and SY Reserve varied from
47 to 53%, indicating a good quality; the remaining varieties demonstrated a medium quality.
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Crude Protein Ratio (%)

The difference between varieties was statistically significant (p< 0.05) concerning crude protein content. The
lowest crude protein content was observed in Tavascan with 7.63% and the highest crude protein content in Everest
with 9.32%. The mean crude protein value of the varieties was 8.51%.

The results on the crude protein content are above those reported to be 5.13-5.93% in Aydogan (2010), 5.2-
6.5% in Asar (2014), 4.2-7.2% in Safdarian et al. (2014), 6.94-7.93% in Anonim (2015), and 6.5-8.1% in Han
(2016) but below 6.72-11.26% in Kirendibi (2015), 6.7-11.5% in Ferreira (2015), and 10.4-10.9% in Row et al.
(2015). However, they are consistent with 5.11-11.16% in Balmuk (2012), 5.2-9.06% in Ozata et al. (2012), 6.3-
10.7% in Martin et al. (2012), 7.7-8.8% in Ferreira et al. (2014), and 7.7-8.8% in Karaalp (2015).

Protein ratio is an important quality criterion in silage maize; thus, high protein content is desired.

The crude protein ratio of Calcio, SY Inove, and Tavascan was lower than 8%, indicating a poor quality while
the remaining varieties demonstrated a low quality.

Conclusion
The plant height varied from 308.47 to 365.20 cm. While the smallest plant height was observed in Everest
with 308.47 cm, the greatest plant height was in OSSK 644 with 365.20 cm. The greatest ear height was observed
in OSSK 644 with 150.63 cm and the smallest ear height in SY Reserve with 99.80 cm. The Sagunto variety had
the largest stem diameter with 27.84 mm, while Hido had the smallest stem diameter with 23.44 mm.

The leaf count varied from 11.67 to 13.63. Sagunto had the highest leaf count with 13.63 pieces. Considering
the sowing to silking period, the earliest variety was OSSK 602 with 55 days, while the latest was Hido with 65
days. Everest produced the highest core yield with 3569.57 kg/da. Similar to the sowing to silking period, OSSK
602 demonstrated the shortest anthesis to silking interval with 59 days and Hido the longest with 67 days. TK
6063 produced the highest stover yield with 598.428 kg/da. The lowest Stover yield was obtained from OSSK 644
cultivars with 4525.17 kg/da. Everest had the highest leaf:stem ratio with 53.85% and OSSK 602 had the lowest
with 35.86%. SF Reserve had the highest core:plant ratio with 41.10%.

The highest forage yield was obtained from Everest with 9476.72 kg/da, while the lowest forage yield was
from Calcio with 6736.33 kg/da. Similar to the forage yield, Everest produced the highest dry matter yield with
2153.43 kg/da and Calcio produced the lowest with 1758.41 kg/da. The highest ADF rate was obtained from TK
6063 with 30.80% and the lowest from SF Reserve with 25.61%. The highest NDF rate was obtained from Calcio
with 57.43% and the lowest from SF Reserve with 50.57%. Everest had the highest crude protein content with
9.32% and Tavascan had the lowest with 7.63%.

This study found that the ecological conditions in Ordu are suitable for silage maize cultivation and the silage
maize forage yield is higher than in most places in Turkey. The silage maize varieties, which stand out in terms of
forage yield in the ecological conditions in Ordu are Everest, TK6063, OSSK 602, Sagunto, and Hido.
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ARASTIRMA MAKALESi RESEARCH ARTICLE

Bazi1 Korunga (Onobrychis viciifolia) Cesit ve Popiilasyonlarinin Mikrosatellit Belirtecleri
Kullanilarak Genetik Karakterizasyonu*

Genetic Characterization of Sainfoin (Onobrychis viciifolia) Varieties and Populations Using
Microsatellite Markers

Selman OZKAN!, Behiye Banu BILGEN?**

Oz

Ulkemizin dzellikle I¢ ve Dogu Anadolu bblgelerinde yaygin bir sekilde yetistiriciligi yapilan korunga (Onobrychis viciifolia
Scop.) hayvan beslenmesinde, toprak yapisim iyilestirmede ve arilar i¢in nektar kaynagi olarak dnemli bir baklagildir. Bu
calismada iilkemizin tescilli gesitleri Ozerbey ve Liitfiibey’de, Kirsehir bolgesinden elde edilmis iki yerel populasyonda
(Kirsehir-1, Kirsehir-2) ve Bulgaristan’a ait Pleven populasyonunda 10 SSR lokusu kullanilarak ¢esit ve populasyonlarin
genetik yapisi incelenmistir. Caligmada kullanilan 10 SSR lokusunun tamami polimorfik olarak saptanmistir. Analiz edilen
91 ornekte toplam 68 allel tespit edilmistir. Genetik gesitlilik parametrelerinden, lokus basina diisen ortalama allel sayist
(Na=1.365), etkili allel sayis1 (Ne=1.348), Shannon Sabiti (I=0.322), Nei’nin genetik ¢esitlilik degeri (h=0.210) ve Nei’nin
tarafsiz cesitlilik degeri (uh=0.222) hesaplanmistir. Populasyonlarin genetik cesitliliginin biiyiik oranda (%92) populasyon
igerisinde oldugu, populasyonlar arasi ¢esitliligin ise ¢ok diisiik oldugu (%8) goézlenmistir. Calisma sonucunda elde edilen
UPGMA dendrogramina gére birbirine yakin bulunan Ozerbey ve Liitfiibey bir grup, Pleven ve Kirsehir-2 ayr1 bir grup olarak

belirlenmistir. Elde edilen sonuglar tiiriin genetik yapisi hakkinda 6nemli bilgiler vermistir.

Anahtar Kelimeler: Baklagiller, Genetik ¢esitlilik, Molekiiler belirtegler, Onobrychis viciifolia, SSR

Abstract

The sainfoin (Onobrychis viciifolia Scop.), which is widely grown in our country especially in the Central and Eastern Anatolian
regions, is used for animal feed, improving the structure of soil and nectar source for bees. In this study, genetic structure of two
cultivars (Ozerbey and Liitfiibey) and three populations (Pleven, Kirsehir-1 and Kirsehir-2) were investigated using 10 SSR loci.
All of the SSR loci used in the study were polymorphic. A total of 68 alleles were identified in 91 samples analyzed. Genetic
diversity parameters such as; mean number of alleles per locus (Na=1.365), effective allele number (Ne=1.348), Shannon
information index (I=0.322), Nei’s genetic diversity level (h=0.210), and Nei’s unbiased genetic diversity level (uh=0.222)
were calculated. It was observed that the genetic diversity of the populations was mainly due to within population variation
(92%) and the remaining portion was due to variation between populations (8%). According to the UPGMA dendrogram
obtained from the study, Ozerbey and Liitfiibey occurred in one cluster, Pleven and Kirsehir-2 populations occurred in the
second cluster. The results obtained from this study provided important information on the genetic structure of the studied
sainfoin populations.

Keywords: Fabaceae, Genetic diversity, Molecular markers, Onobrychis viciifolia, SSR
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Extended Summary

The genus Onobrychis belonging to Fabaceae family includes approximately 130 species. Cultivated sainfoin
is an allotetraploid species (2 = 4x = 28). Eastern Mediterranean region and western Asia are the main biodiversity
centers for Onobrychis viciifolia. The sainfoin (Onobrychis viciifolia Scop.), which is widely grown in our country
especially in the Central and Eastern Anatolian regions, is used for animal feed, improving the structure of soil
and nectar source for bees. ‘Sainfoin’ word is originated from the two French words “sain” and “foin” that
means “healthy hay”. It is characterized by high contents of condensed tannins and these tannins support protein
digestion in some grazing animals. Moreover, sainfoin has anthelminthic effect due to containing tannins and
secondary compounds. In Turkey, around 70 sainfoin species are grown naturally and 27 of them are reported
to be endemic to our country. The molecular studies about genetic characterization, genetic diversity, molecular
phylogeny, transcriptome analysis, gene transfer, and cloning started rapidly in the 2000s. Many researchers have
carried out different studies (agro-morphological, biological, cytological, phenological, genetic characterization,
gene transfer etc.) in various countries with the sainfoin. Although there are not enough number of microsatellite
markers specifically designed for Onobrychis species, there are some studies in the literature about the genetic
characterization of sainfoin genotypes with the use of markers designed for other legume species. Generally AFLP,
SSR, ISSR, RAPD, ITS region, trnL-trnF region and SRAP markers designed for other legume species mainly
used for molecular studies in sainfoin populations. Kempf et al. (2016) reported new novel SSR markers firstly
in diverse sainfoin germplasm and then these SSR markers are being used in genetic diversity studies. The main
aims of our study were (1) to determine the genetic structure of the studied sainfoin cultivars and populations by
SSR analysis; (2) to estimate the genetic diversity parameters; (3) to compare acquired information about genetic
diversity with the other studies in the literature.

Fresh leaves of around 20 individuals from each of the varieties (Ozerbey and Liitfiibey) and populations
(Pleven, Kirgehir-1, and Kirsehir-2) of O. viciifolia were used for DNA extraction. Fresh leaves were stored at
-80°C until DNA isolation. The leaves belonging to individuals of each population was ground with a ball mill
before DNA isolation. Total genomic DNA was isolated by Doyle and Doyle (1990) CTAB based protocol with
slight modifications. The DNA in samples was quantified with Qubit® 2.0 Fluorometer and also controlled by
electrophoresis on 1% agarose gels. The extracted DNA samples stored at +4°C for further use. In this study,
genetic structure of two varieties and three populations were investigated using 10 SSR loci (OVK036, OVK 094,
OVK125, OVMO033, OVK161, OVM125, OVK046, OVMO061, OVK 174, and OVK101) selected from developed
101 microsatellite markers (SSRs) specific to O. viciifolia from the study of Kempf et al. (2016). M 13 tail protocol
developed by Schuelke (2000) was used because of its economical nature for the determination of PCR fragment
size. M 13 primers were 5’ end-labeled with fluorochromes (PET, NED, VIC, and FAM). The PCR amplifications
were performed as described in Kempf et al. (2016). The DNA amplifications by PCR were carried out by using the
Applied Biosystems® ProFlex™ PCR System Thermal Cycler. Amplified allele fragments were separated using a
3500 Genetic Analyzer and their size was determined with GeneMapper software version 5.0. For the analysis of
SSR data, allelic frequencies, effective numbers of alleles (N ), polymorphism level, Shannon’s information index
(I), Nei’s genetic diversity level (h and uh) and polymorphic information contents (PIC) were calculated using the
software GenAIEx Version 6.3 (Peakall and Smouse, 2006) and (Roldan-Ruiz et al. 2000). Cluster analysis was
performed by using the unweighted pair group method (UPGMA). UPGMA tree was constructed by Molecular
Evolutionary Genetics Analysis Version 6.0 (MEGAG6) software (Tamura et al., 2013).

All of the SSR loci used in the study were polymorphic. Using 10 SSR, 68 alleles with a mean of 6.8 alleles per
population and locus were identified in 91 samples analyzed. Considering five studied sainfoin groups, OVK046
has the highest number of alleles (11 alleles) and the locus OVK174 has the lowest number of alleles (three
alleles). OVK161 has 9 alleles, OVK036 and OVK094 have 8 alleles, OVM033 and OVMO061 have 7 alleles,
OVK101 has 6 alleles, OVK125 has 5 alleles, OVM125 has 4 alleles. There were totally 16 private alleles in
studied sainfoin varieties and populations. Ozerbey has one private allele for OVK 101, Liitfiibey has two private
alleles for OVK036 and OVK161. Pleven has seven private alleles for OVK036, OVK094, OVMO033, OVK046,
OVMO61, OVK174 and OVK101, Kirsehir-1 has 2 private alleles for OVK036 and OVK046, and Kirsehir-2 has
4 private alleles for OVK094, OVMO033, OVK161 and OVK046. When we consider all of the studied sainfoin
individuals, the overall mean PIC (polymorphic information contents) value of studied SSR loci was estimated as
0.210. The highest mean PIC value was observed in OVK125 primer. The lowest mean PIC value was observed
in OVK161 primer. PIC estimation results in both this study and Kempf et al. (2016) study were consistent with
each other.

Genetic diversity parameters such as; mean number of alleles per locus (N =1.365), effective allele number
(N,=1.348), Shannon information index (I=0.322), Nei’s genetic diversity level (h=0.210), and Nei’s unbiased
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genetic diversity level (uh=0.222) were calculated. Overall mean Shannon’s Information index (I) was estimated
as 0.322, the highest in Pleven population (0.385) and lowest in Kirsehir-1 population (0.251). The highest Nei’s
(1987) unbiased genetic diversity (uh) level was calculated as 0.269 in Pleven population, whereas the lowest value
was 0.170 in Kirgehir-1 population. It was observed that the genetic diversity of the populations was mainly due to
within population variation (92%) and the remaining portion was due to variation between populations (8%). The
AMOVA result shows that there is a wide range of genetic diversity within the populations. Nei’s (1987) genetic
similarity coefficient ranged from 0.943 (Pleven-Kirsehir-1) to 0.982 (Ozerbey-Liitfiibey) among all possible
population pairs. When all population pairs were taken into consideration, the mean genetic distance value was
0.038 and the mean genetic similarity value was calculated as 0.963. According to the UPGMA dendrogram
obtained from the study, Ozerbey and Liitfiibey occurred in one cluster, Pleven and Kirsehir-2 populations occurred
in the second cluster. According to the results obtained, it is seen that Kirgehir-1 population is genetically diverse
slightly than the other sainfoin varieties and populations.

Allelic richness and availability of population-specific alleles (private alleles) are the important basic diversity
measurement tools. Determined high level of private alleles and allelic richness may be regarded as a clear
expression of genetic diversity of individuals. Genetic characterization of existing germplasm is significant in
order to conserve sainfoin genetic resources, reveal genetic potential and provide new alternative approaches for
further breeding programs. The results obtained from this study provided important information on the genetic
structure of the studied sainfoin populations. The SSR primers used in this study were first SSR primers which
are specific to O. viciifolia (Kempf et al. 2016). This study, which we used sainfoin specific SSR loci, provided
information about the genetic diversity of the species, inter and intra population variation, and also will be the
significant reference for subsequent studies. It will also inform us about the genetic structure of the species and
guide us to the biodiversity that sainfoin have. With the molecular studies, we can reveal the hidden information
in the genomes of plants that can be grown especially at marginal habitats, therefore the breeding studies based on
the genetic structure knowledge of studied species will be planned in order to develop new varieties or cultivars.
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Insanoglunun dengeli, yeterli ve saglikl1 beslenebilmesi bakimindan hayvansal kaynakli gidalar biiyiik énem arz
etmektedir. Hayvansal {irlinlerin liretim agamasinda yapilan masraflarin %70°lik gibi biiyiik bir kismin1 olusturan
yem ve besleme masraflari, igletmenin karliligin1 6nemli bir 6l¢iide etkilemektedir. Bu nedenle hem nispeten daha
ucuz hem de ruminant hayvanlarin sindirim faaliyetlerini olumlu yonde etkileyen kaba yemler ve kaba yemleri
olusturan bitkiler biiyiik 5nem arz etmektedir (Ozkan ve Demirbag, 2016). Korunga (Onobrychis viciifolia Scop.),
Baklagiller (Fabaceae) familyasina ait, farkli ekolojik kosullarda yetisebilen, yabanci doéllenen faydali ¢ok yillik
bir yem bitkisi tiiriidiir (Elgi, 2005). Korunganin yayilma alani igerisinde yer alan {ilkemizde 70 kadar korunga tiirii
dogal olarak yetismektedir ve tespit edilen bu tiirlerden 27 tanesinin endemik tiir oldugu bildirilmistir (Aktoklu,
1995; Acikgdz, 2001). Ulkemizde en fazla korunga yetistiriciligi Dogu Anadolu ve I¢ Anadolu bdlgelerimizde
yapilmaktadir. Kirag ve kiregli toprak yapisindaki alanlarda yetistirilebilecek en uygun yem bitkisi olan korunga,
ot kalitesi ve hayvan performansi agisindan verimli olmasi, hayvanlarda sisme yapmamasi, yapay meralarda ve/
veya 1slah ¢alismasi yapilan meralarda genis bir kullanim alaninin bulunmasi, igerdigi tanenler ve ikincil bilegikler
nedeniyle antihelmintik etki gdstermesi, igerdigi yiiksek miktardaki nektar ve polen nedeniyle iyi bir ar1 merasi
olarak islev gdrmesi gibi birgok dzellik bakimindan énemli bir bitkidir (Tosun, 1992; Ozbek, 2011; Ozalp ve
Temel, 2016).

Korunga bitkisi ile ilgili molekiiler ¢calismalar 2000°1i yillarda gelisen teknoloji ile hizlanmistir. Onobrychis
tiirii icin spesifik olarak dizayn edilmis mikrosatellit belirtecleri yayinlanana kadar diger baklagil tiirlerinde dizayn
edilmis belirteclerin korunga tiirlerinde denenmesine yonelik ¢aligmalar literatiirde mevcuttur. Carbonero (2011)
tarafindan yapilan tez calismasinda, 291 farkli korunga aksesyonu hem morfolojik hem de molekiiler tabanl
olarak arastirilmistir. Aksesyonlar arasi ¢esitliligin belirlenmesi icin AFLP ve SSR belirtegleri kullanilmistir. Tiiriin
molekiiler yapisi ve gesitliligi ile ilgili ilkemizde yapilan ¢alismalarin basinda, Avci ve ark. (2014) tarafindan
Tiirkiye’den 6rneklenen 58 Onobrychis taksonu iizerinde yapilan ¢alismada yakin akraba tiirlerine ait 95 SSR
lokusu denenmis, bu lokuslardan 14 tanesi genetik cesitliligin belirlenmesi amaci ile kullanilmigtir. Demdoum ve
ark. (2012) tarafindan yapilan arastirmada Medicago trancatula’dan secilen 24 SSR primeri ve Glysine max’dan
secilen 3 SSR primeri kullanilarak 23 korunga aksesyonunda genetik benzerlik oran1 belirlenmistir.

Bu ¢alisma kapsaminda; farkli korunga gesit ve populasyonlarinin SSR lokuslari agisindan genetik yapilari
ortaya konulmus, ¢alisilan ¢esit ve populasyonlarin genetik parametrelerinin tahmin edilmesi ile genetik ¢esitlilik
diizeyleri belirlenmis ve belirlenen genetik cesitlilik diizeyleri literatiirde mevcut olan diger ¢aligmalarla
karsilastirilmistir. Calismadan elde edilen sonuglarin yiiksek adaptasyon kabiliyeti ve performansa sahip yeni
korunga cesitlerinin gelistirilmesinde kullanilacak en uygun 1slah stratejilerinin belirlenmesinde 1slahgilara
yardimet olacag diisiiniilmektedir.

Materyal ve Yontem
Bitki materyali
Bu ¢alismada, bitki materyali olarak iilkemizin tescilli 2 korunga gesidi (Ozerbey ve Liitfiibey) ve biri yurtdist
kaynakli (Pleven populasyonu) diger ikisi yurti¢i kaynakli (Kirgehir-1 ve Kirsehir-2 populasyonlari) 3 korunga
populasyonu kullanilmigtir.

DNA izolasyonu

Korunga (O. viciifolia) bitkisinden saf DNA elde etmek igerdigi yiiksek tanen ve ikincil bilesikler nedeniyle
giiclesmektedir. Kaliteli ve iyi miktarda DNA izolasyonu yapabilmek i¢in ¢alismada birden ¢ok izolasyon metodu
ve modifikasyonlari denenmistir (Doyle ve Doyle, 1990; Souza ve ark., 2012; Healey ve ark., 2014). DNA
izolasyonu optimizasyonlar1 sonucunda Doyle ve Doyle (1990) metodu bazi modifikasyonlarla kullanilmistir.
Tarladan toplanan gesit ve populasyonlara ait geng ve taze yaprak ornekleri Retsch® MM4000 homojenizator
yardimiyla ezilmis, ardindan DNA izolasyonu gerceklestirilmistir. izole edilen DNA 6rneklerinin kalite ve miktar
tayinleri Nanodrop®1000 spektrofotometre cihazi yardimiyla Akdeniz Universitesi, Fen Fakiiltesi, Biyoloji
Boliimii, Bitki Biyoteknolojisi Laboratuvarinda ve Tekirdag Bagcilik Arastirma Enstitiisii Molekiiler Genetik
Laboratuvarinda yapilmis ve %1°lik agaroz jel i¢inde 1X TBE tamponunda 90 Voltta 45 dk yiiriitiilerek UV 151k
altinda Gel Imaging System Vilber Lourmat Quantum ST5 ile goriintiilenmistir. Elde edilen DNA 6rnekleri PCR
islemleri yapilincaya kadar +4°C’de buzdolabinda muhafaza edilmistir.

SSR analizleri

Bu caligmada kullanilmak iizere belirlenen 10 SSR primeri Kempf ve ark. (2016) tarafindan korungaya spesifik
olarak ilk gelistirilen 101 SSR primeri i¢inden se¢ilmistir. Calismada, ekonomik olmasi sebebiyle Schuelke (2000)
tarafindan gelistirilen M 13 primer isaretleme yontemi kullanilmistir. DNA amplifikasyonlari, SSR primerleri i¢in
PCR analizleri Kempf ve ark. (2016)’nin ¢aligmasindaki reaksiyon kosullarinda ve PCR dongiilerinde denenmis,
ayrica laboratuvar sartlarimiza uygun gerekli optimizasyonlar1 yapilmistir. PCR bantlarinin istenilen bdlgede olup
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olmadigini ve spesifik baglanmalarin olup olmadigini kontrol etmek igin %2’lik agaroz jelde 1X TBE tamponunda
110 Voltta yaklasik 120 dk yiiriitiilmiistiir. Bantlar UV 1s1k altinda Gel Imaning System Vilber Lourmat Quantum
STS ile goriintiilenmistir. Elde edilen PCR {iriinlerinin DNA parga (fragment) biiyiikliiklerini belirlemek igin hizmet
alimi yapilmigtir. Calisilan gesit ve populasyonlardaki 6rneklerden DNA par¢a (fragment) analizlerinin sonuglart
laboratuvarimizda GeneMapper Software 5.0 (Applied Biosystems) yazilimi ile degerlendirilmis ve primerlerin
sahip oldugu allellerin biiytikliikleri tespit edilmistir. Verilerin istatistiki analizleri ¢esit ve populasyonlarin genetik
yapisint belirleyebilmek i¢in her birinde, polimorfik lokuslar ve yiizdeleri, polimorfik lokuslarda gézlenen allel
sayisi (Na), etkili allel sayst (Ne), Nei (1987)’nin genetik ¢esitlilik degeri (h), Nei (1987)’nin tarafsiz genetik
cesitlilik degeri (uh), Shannon sabiti (I) ve standart hatalar1 hesaplanmistir. Polimorfik bilgi igerigi (PIC) Roldan-
Ruiz ve ark. (2000)’nin gelistirdikleri formiil kullanilarak hesaplanmustir. Istatistiki analizler i¢in elde edilen
veriler GenAlEx (Version 6.5) (Peakall ve Smouse, 2006) istatistik yazilim programi kullanilarak yapilmistir.
Basamakli mutasyon modeline gére molekiiler varyans analizinde (AMOVA) GenAlEx (Version 6.5) istatistik
programindan yararlanilmistir. Nei’nin populasyonlar arasindaki genetik farklilagsma diizeyini tespit etmek igin
Nei’'nin tarafsiz genetik mesafe ve benzerlik katsayilari hesaplanmistir (Nei, 1987). Sonuglarin daha anlagilir
bir sekilde sergilenebilmesi i¢in Nei’nin tarafsiz genetik mesafe katsayist ve UPGMA (Unweighted Pair-Group
Method with Arithmetic Average) kiimelendirme yontemi kullanarak bir dendrogram olusturulmustur (Sneath ve
Sokal, 1973). Bu dendrogramin olusturulmasinda MEGA6: Molecular Evolutionary Genetics Analysis Version
6.0 programindan yararlanilmigtir (Tamura ve ark., 2013). polimorfik olarak saptanmis ve primerlere ait bilgiler
Cizelge 1’de verilmistir.
Cizelge 1. Caliymada kullamilan 10 SSR primerine ait genetik parametreler

Table 1. Genetic parameters of 10 SSR primers used in the study

Primer Ort. PIC  Min. PIC Maks. PIC  NoA I}\’Ir(:\l/A Ort. AF Min. AF Maks. AF  Bant Aralig1
OVKO036 0.193 0.095 0.492 8 3 0.267 0.05 0.875 141-173
OVK094 0.194 0.095 0.487 8 2 0.128 0.05 0.421 234-257
OVKI125 0.296 0.1 0.494 5 0 0.377 0.053 1 196-212
OVMO033 0.241 0.095 0.5 7 2 0.207 0.05 0.722 306-324
OVKI161 0.147 0.095 0.5 9 2 0.131 0.05 0.75 206-274
OVM125 0.293 0.095 0.5 4 0 0.345 0.05 0.8 167-181
OVKO046 0.215 0.095 0.5 11 3 0.23 0.05 0.9 128-172
OVMO61 0.208 0.095 0.494 7 1 0.297 0.05 0.947 151-179
OVK174 0.245 0.117 0.499 3 1 0.439 0.063 1 247-252
OVK101 0.154 0.095 0.488 6 2 0.113 0.05 0.632 360-388

(PIC=Polimorfik bilgi igerigi, Ort.= Ortalama, Min.=Minimum, Maks.=Maksimum, NoA=Gozlenen allel
sayis1, NoA Priv.=Populasyona 6zgii allel sayisi, AF=Allel frekansi)

Bulgular

Calisilan biitiin populasyonlar1 bir biitiin olarak degerlendirdigimizde 10 SSR primerinin tamami Calisilan
O. viciifolia g¢esit ve populasyonlarinda kullanilan 10 SSR lokusu i¢in toplam 68 allel tespit edilmistir. Bu
calismada kullanilan her bir lokusdaki allellerin, arastirilan tiim populasyonlara gére dagilimlarina bakildiginda
bazi allellerin yalnizca bir populasyona 6zgii allel oldugu (private allel) gézlenmistir. Populasyona 6zgii alleller
(private allel) Ozerbey cesidinde 1 allel, Liitfiibey cesidinde 2 allel, Pleven populasyonunda 7 allel, Kirsehir-1
populasyonunda 2 allel ve Kirgehir-2 populasyonunda 4 allel olarak tespit edilmistir. Analiz edilen biitiin 6rnekler
ele alindiginda ortalama Shannon sabiti (I) 0.322+0.014 olarak tespit edilmistir. Shannon sabiti (I), 0.385 degeri
ile en yiiksek Pleven populasyonunda, 0.251 degeri ile en diisiik Kirgehir-1 populasyonunda hesaplanmistir. Nei
(1987)’nin genetik gesitlilik (h) ve tarafsiz genetik ¢esitlilik degeri (uh) her cesit ve populasyon igin ayr1 ayri
hesaplanmistir. Nei (1987)’nin genetik cesitlilik degeri (h) ortalama 0.210+0.010 olarak hesaplanmuis, en yiiksek
deger Pleven populasyonunda (0.252), en diisiik deger ise Kirsehir-1 populasyonunda (0.161) gézlenmistir. Nei
(1987)’nin tarafsiz genetik cesitlilik degeri (uh) ortalama 0.222+0.011 olarak hesaplanmis, en yiiksek deger
Pleven populasyonunda (0.269), en diisiik deger ise Kirsehir-1 populasyonunda (0.170) belirlenmistir (Cizelge
2). Calismada kullandigimiz 10 SSR belirtecine ait ortalama polimorfik bilgi icerigi (PIC) degeri, populasyon
bazinda degerlendirdigimizde, Ozerbey gesidinde 0.220, Liitfiibey ¢esidinde 0.202, Pleven populasyonunda 0.252,
Kirsehir-1 populasyonunda 0.161 ve Kirsehir-2 populasyonunda ise 0.213 olarak hesaplanmistir. Analiz edilen
tiim 6rnekleri bir biitiin olarak ele aldigimizda ortalama PIC degeri 0.210 olarak tespit edilmistir (Cizelge 2).
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Cizelge 2. Korunga cesit ve populasyonlarina ait genetik cesitlilik parametreleri
Table 2. Genetic diversity parameters of sainfoin varieties and populations

Cesit ve

Populasyonlar N AS Na Ne I h uh PIC
1.338 1.373 0.332 0.22 0.232

Ozerbey 19 46 (£0.114)  (20.045) (+0.034) (0.024) (0.025) 0.22
1.294 1.333 0.311 0.202 0.214

Liitfiibey 18 44 (£0.117)  (20.042) (+0.032) (£0.023) (£0.024)  0.202
1.603 1.421 0.385 0.252 0.269

Pleven 16 55 (+0.096) (£0.043) (#0.030) (£0.022) (£0.023) 0.252
1.147 1.264 0.251 0.161 0.17

Kirsehir-1 20 39 (#0.121)  (+0.041) (+0.032) (+0.022) (£0.023)  0.161
1.441 1.347 0.329 0.213 0.225

Kirksehir 2 18 49  (0.110)  (£0.041) (+£0.031) (+£0.022) (£0.023) 0213
18.2 1.365 1.348 0.322 0.21 0.222

Ortalama (£0.072)  46.6  (£0.050) (#0.019) (£0.014) (£0.010) (£0.011) 0.21

(N = ornek sayisi, AS = Toplam allel sayisi, Na = lokus basina diisen ortalama gézlenen allel sayisi, Ne = etkili
allel sayisi, I = Shannon sabiti, h = Nei (1987)’nin genetik ¢esitlilik degeri uh = Nei (1987)’nin tarafsiz genetik
cesitlilik, PIC = Polimorfik bilgi icerigi, + standart hata)

Basamakli mutasyon modeline gore yapilan varyans analizi (AMOVA) sonuglarina gore ¢alisilan bes korunga
cesit ve populasyonu arasindaki varyasyonun biiyiik oranda (%92) populasyonlar igerisinde oldugu, populasyonlar
arasi ¢esitliligin diisiik oldugu (%8) gozlenmistir (FST=0.076). Elde edilen sonu¢ korunga populasyonlari
icerisinde genis bir genetik cesitliligin oldugunu gostermektedir. Nei’nin tarafsiz genetik benzerlik ve genetik
farklilik katsayis1 kullanilarak populasyonlar arasi genetik farklilasmanin diizeyi belirlenmistir (Nei 1987). Calisma
kapsaminda kullanilan 10 SSR lokusuna ait bilgilere dayanarak elde edilen genetik benzerlik ve genetik mesafe
degerleri Cizelge 3’de gosterilmistir. Genetik benzerlik degerleri 0.943 ile 0.982 arasinda degisim gostermektedir.
En yiiksek genetik benzerlik degeri Ozerbey ve Liitfiibey cesitleri arasinda, en diisiik genetik benzerlik degeri
ise Pleven ve Kirsehir-1 populasyonlari arasinda hesaplanmistir. Tiim populasyon ciftleri goz oniine alindiginda
ortalama genetik mesafe degeri 0.038 ve ortalama genetik benzerlik degeri 0.963 olarak hesaplanmistir. Caligmada
kullanilan korunga ¢esit ve populasyonlarindaki genetik farklilagsmanin gorsel bir grafik {izerinde goriilmesi igin
Nei (1987)’nin genetik mesafe degerleri UPGMA kiimelendirme yontemi ile siniflandirilmis ve dendrogram
olusturulmustur (Sekil 1).

Cizelge 3. O. viciifolia ¢esit ve populasyonlar: arasinda Nei (1987)’ye gore hesaplanan genetik benzerlik ve genetik mesafe degerleri
(sol alt diyagonal: genetik benzerlik, sag iist diyagonal: genetik mesafe degerleri)

Table 3. Genetic similarity and genetic distance values calculated according to Nei (1987) between species and populations of O.
viciifolia (left lower diagonal: genetic similarity values, right upper diagonal: genetic distance values)

Cesit ve Populasyonlar Ozerbey Litfibey Pleven Kirsehir-1 Kirsehir-2
Ozerbey ok 0.018 0.039 0.055 0.032
Liitfiibey 0.982 ook 0.031 0.047 0.037

Pleven 0.961 0.969 Hokk 0.058 0.025
Kirsehir-1 0.947 0.954 0.943 ook 0.037
Kirgehir-2 0.968 0.964 0.976 0.964 ok
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Sekil 1. O. viciifolia ¢esit ve populasyonlarinin Nei’nin (1987) genetik mesafe degerlerine gore olusturduklar: dendrogram

Figure 1. Dendrogram constructed using Nei’s (1987) genetic distance values for O. viciifolia varieties and populations

Tartisma ve Sonug¢

Korunga ile ilgili daha 6nce yapilan ¢aligmalara bakildiginda; tiirtin agronomik, fizyolojik ve morfolojisi iizere
birgok aragtirma literatiirde mevcuttur. Ancak tiiriin molekiiler genetigi ile ilgili calismalar nadirdir. Fakat gelisen
teknoloji ve bilimdeki yeniliklerle birlikte 2000°’li yillardan sonra molekiiler ¢aligmalarin ivme kazandig1 lakin yine
de sinirli sayida calisma oldugu goriilmiistiir. Yapmis oldugumuz ¢aligmada kullanilan 10 SSR lokusu, ¢alisilan bes
korunga populasyonu bir biitiin olarak ele alindiginda hepsi polimorfik olarak tespit edilmistir. Caligmamizda 10
SSR lokusundan toplam 68 allel belirlenmis, primer bagina ortalama allel sayis1 6.8 olarak hesaplanmistir. Benzer
genetik caligmalarla karsilastirildiginda; Kempf ve ark. (2016)’nin 29 farkli aksesyondan 32 farkli bireyde 400
primer ile yaptiklar1 calismada, polimorfik 101 primer belirlenmis, 1159 allel tespit edilmis, 1154’1 polimorfizm
gostermistir. Kempf ve ark. (2016)’nin ¢caligmasinda primer basina ortalama allel sayis1 11.4 olarak ve lokus basina
diisen allel say1s1 2 ile 21 arasinda bildirilmistir. Bu ¢alismada kullanilan SSR primerleri Kempf ve ark. (2016)’nin
calismasindan secilmis ve elde edilen sonuglarin birbiri ile uyumlu oldugu goriilmiistiir. Aver ve ark. (2014)’nin 58
Onobrychis taksonundan 6rneklenen bireylerde yapilan ¢aligmasinda bezelye ve yoncadan gelistirilen belirtecler
kullanilarak analizler yapilmis ve 18 SSR belirtecine ait 79 lokus ve 725 allel bildirilmistir. Ayrica bu calismada
lokus basina diisen allel sayis1 9.18 olarak belirtilmistir. Demdoum ve ark. (2012)’nin yaptiklar1 ¢caligmada genetik
kargilagtirma, M. trancatula ve G. max tiirlerine ait 27 EST-SSR primeri kullanilarak yapilmistir. Bu calismada
kullanilan 27 EST-SSR primerinin 22 tanesinin (%81) korungada PCR ¢ogaltiminin yapilabildigi ve 14 tanesinin
polimorfik oldugu bildirilmigtir. Ayn1 ¢aligmada genetik yapinin belirlenmesi i¢in segilen 6 SSR belirtecinde
toplam 35 allel, lokus basina diisen allel sayis1 5.83 olarak tespit edilmistir.

Tetraploid tiirlerde SSR allellerinin hangi oranlarda bulundugunun (dozaj) belirlenmesi zordur. Kapiller
elektroforez kullanilarak elde edilen SSR allelerinin dozajlarini belirlemek eger birey belirli bir SSR lokusunda
4 farkl allelden daha az allel tasiyorsa genellikle imkansizdir. Geleneksel olarak hesaplanan PIC degeri formiilii
(Botstein ve ark., 1980) diploid tiirler i¢in gelistirilmistir. Tetraploid tiirler igin farkli allel (1-4 allel) dozlarindan
dolayi allellerin varligindan veya yoklugundan yola ¢ikarak allel frekans1 hesaplanmasi giigtiir. Bu nedenle diploid
tirler igin gelistirilen formiiller korunga gibi tetraploid tiirlerde kullanilamamaktadir. Bu nedenle, tetraploid
tirler i¢cin PIC degeri, her bir allellin var/yok sayimi goz oniine alinarak olusturulmus Roldan-Ruiz ve ark.
(2000)’in gelistirdigi formiil ile hesaplanmaktadir. Bu formiile gore ulagilan maksimum PIC degeri 0.5°dir, bu
da populasyonun %50’sinde bulunan allellere kargilik gelir. Kii¢iik PIC degeri, ya bol bulunan allel ya da nadir
allellere karsilik gelir (Kempf ve ark. 2016). Kempf ve ark. (2016) 101 SSR lokusunda ortalama PIC degerini 0.14
(OVK141) ile 0.36 (OVK101) arasinda saptamistir. Calismada en diisiik PIC degerinin 0 (OVK042, OVK172,
OVMO031, OVMO072 ve OVM100) ile 0.17 (OVK131) arasinda, en yliksek PIC degerinin ise 0.3 (OVK172)ile 0.5
(16 farkl lokus) arasinda oldugu hesaplanmistir. Bu ¢alisma da elde edilen sonuglar ile Kempf ve ark. (2016)’nin
calismasindaki PIC degerleri birbiri ile uyumludur (Cizelge 1). Demdoum ve ark. (2012)’nin yaptiklar1 arastirmada
Medicago trancatula ve Glysine max’dan gelistirilen 6 primere ait PIC degerleri 0.45 ile 0.85 (ortalama 0.72)
arasinda bulunmustur. Zarrabian ve Majidi (2015) tarafindan 33 Onobrychis tiiriine ait 102 aksesyon iizerinde
yapilan ¢alismada 22 ISSR primerine ait PIC degerleri 0.34 ile 0.47 arasinda hesaplanmistir. Bhattarai (2017)
yaptig1 tez ¢aligmasinda farkli iilkelerden 38 korunga aksesyonunda 5 AFLP primeriyle yaptig1 ¢alismada PIC
degerini 0.126 ile 0.196 arasinda hesaplamistir. Caligmada AFLP belirteclerinin dominant bir belirte¢ olmasi ve bu
nedenle homozigot ve heterozigot alelleri ayirt edememesine ragmen, genetik ¢esitlilik ve genotipler arasindaki
iliskileri bilinen tiirlerde yeterli genomik bilgi yoklugunda kullanilabilecegi bildirilmistir.

Calisilan lokuslardaki genetik gesitliligin en temel dlgiilerinden biri allellik zenginligin ve populasyona 6zgii
allellerin belirlenmesidir. Populasyonlarda belirlenen ¢ok sayida populasyona &zgii allel, bireylerin genetik
farkliligimin agik¢a bir ifadesi olarak kabul gorebilir. Calismamizda tiim primerlerde populasyonlara 6zgii
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(private) allel tespit edilmistir. Kempf ve ark. (2016)’nin ¢alismasinda 101 SSR primerine ait 250 adet bireye
0zgii (private) allel tespit edilmistir. Kempf ve ark. (2016)’nin ¢alismasinda (bu ¢aligmada ortak olarak kullanilan)
10 SSR primeri i¢in toplam 18 bireye 6zgii allel belirlenmistir. Kempf ve ark. (2016)’nin ¢alismasinda OVK036
primerinde populasyona 6zgii allel gdzlenmezken, bizim ¢alismamizda toplam 3 adet populasyona 6zgii (private)
allel tespit edilmistir.

Calisilan cesit ve populasyonlar icin genetik ¢esitlilik parametrelerinden bir tanesi olan Shannon sabiti (I)
en yiiksek Pleven populasyonunda (0.385%0.030), en diisiik ise Kirsehir-1 (0.251£0.032) populasyonunda
hesaplanmuistir. Nosrati ve ark. (2012)’nin farkli bélgelerden topladiklari 5 yabani korunga populasyonunda 5 RAPD
primerleriyle yaptig1 calismada, I degeri 0.364 ile 0.461 arasinda hesaplanmistir. Nosrati ve ark. (2016)’nin ISSR
primerleri ile yaptiklari caligmada, I degeri 0.181 ile 0.277 arasinda hesaplanmistir. Zarrabian ve ark. (2013)’nin 46
Iran ve 34 egzotik olmak iizere toplam 80 korunga aksesyonunda yaptig1 calismada I degeri 0.33 ile 0.57 arasinda
hesaplanmus, en fazla cesitliligin Iran grubu Zagros Daglarinda (0.44), egzotik bdlge aksesyonlarindan Asya ve
Dogu Avrupa aksesyonlarinda (0.45) oldugu belirlenmistir. Calismanin sonuglarina bakildiginda Avrupa’daki
korunga aksesyonlarinin Asya ve Dogu Avrupa arasindaki bir bolgeden geldigi hipotezinin desteklendigi
goriilmiistiir.

Bu ¢alisma kapsaminda hesaplanan Nei’nin genetik ¢esitlilik degeri (h) 0.161 (Kirsehir-1) ile 0.252 (Pleven)
arasinda hesaplanmustir. Hejrankesh ve ark. (2014)’nin 10 Iran yerel korunga gesitlerinde 90 RAPD belirteci ile
yaptiklari ¢aligmada, h degeri 0.300 ile 0.343 arasinda bildirilmistir. Nosrati ve ark. (2016)’nin ISSR belirte¢leriyle
5 Iran populasyonunda yaptiklar1 ¢aligmada, h degerinin 0.118 ile 0.179 arasinda oldugu bildirilmistir. Nosrati
ve ark. (2012)’nin RAPD primerleriyle 5 korunga populasyonunda yaptiklari ¢alismada h degeri 0.246 ile 0.318
arasinda bulunmustur. Aver ve ark. (2014) tarafindan yapilan ¢aligmada Nei’nin genetik ¢esitlilik degeri 0.140
ile 0.307 arasinda hesaplanmistir. Bu ¢alismadan elde edilen sonuglart benzer ¢aligmalarla mukayese ettigimizde
calisilan populasyon sayilarinin ve belirteg tipinin farkli olmasi h degerinin bazi ¢alismalardan yiiksek/diisiik veya
yakin olarak hesaplanmasini saglamistir.

Basamakli mutasyon modeline goére elde edilen verilerin incelenmesiyle yapmis oldugumuz molekiiler varyans
analizi (AMOVA) sonuglarina gore, ¢alisilan bes korunga gesit ve populasyonlari arasindaki genetik ¢esitlilik
%92 oraninda populasyonlar icerisindedir. Hejrankesh ve ark. (2014)’min Iran yerel gesitlerinde yaptiklari
caligmada molekiiler varyans analizi sonuglarma gore genetik cesitliligin biiyiik oranda populasyon iginde
oldugu (%83.87), populasyonlar arasi ¢esitliligin az oldugu goriilmistiir (%16.13). Hejrankesh ve ark. (2014)’nin
calismasinda yerel gesitlere ait popualsyonlar ici ¢esitliligin yiiksek olmasi korunganin yabanci déllenmesi ve
tozlayici boceklerin korungalari tozlamasiyla meydana geldigi bildirilmistir. Zarrabian ve ark. (2013)’nin Diinya
koleksiyonlarinda ISSR belirtegleri kullanarak yaptiklari ¢alismadan elde edilen AMOVA sonuglarina gore, 2 gruba
ayrilan aksesyonlara bakildiginda, Iran gruplarinda ve egzotik gruplarda gesitliligin biiyiik oranda aksesyonlar
icinde (sirastyla %80.21 ve %80.42) oldugu bildirilmistir. Rasouli ve ark. (2013) tarafindan yapilan ¢aligmada
populasyonlar arasi ¢esitliligin diisiik (%22) ve populasyonlar i¢i ¢esitliligin yiiksek (%78) oldugu bildirilmis ve
populasyon i¢i varyasyonun yiiksek olmasinin yiiksek gen akisi ile ilgili oldugu diisiiniilmektedir.

Caligmamizda populasyonlar arasi genetik farklilasma diizeyi, Nei’nin tarafsiz genetik benzerlik ve farklilik
katsayilar1 kullanilarak hesaplanmustir (Nei, 1987). Genetik farkhilik degerlerine baktigimizda Ozerbey ve
Liitfiibey populasyonlar1 arasinda en diisiik (0.018), Pleven ve Kirsehir-1 populasyonlar: arasinda da en yiiksek
(0.058) bulunmustur. Bu sonuglara gore, Pleven ve Kirsehir-1 populasyonlari genetik yapilarina gore birbirine
en uzak populasyonlardir. Ulkemizde tescilli ilk iki gesidi olan Ozerbey ve Liitfiibey birbirlerine en yakin
cesitler olarak belirlenmistir. Burada ayni bdlgeden olan Kirsehir-1 ve Kirgehir-2 populasyonlarinin birbirinden
uzak olmalar1, Kirsehir ilinin farkli bolgelerinden toplanan populasyonlar oldugunu diisiindiirmektedir. Avci ve
ark. (2014)’nin 58 korunga taksonunda yaptiklari ¢aligmada, Nei’nin genetik benzerlik degeri 0.013 ile 0.399
arasinda hesaplanmigstir. Onobrychis genomlarina benzerlik gosteren P. vulgaris ve M. trancatula genomlari
arasindaki %10’1luk farkin korunga ¢aligmalarinda yakin akrabalarindan kullanilacak primerlerin sinirli oldugunu
gostermistir. Nosrati ve ark. (2012) farkli bolgelerden 5 yabani korunga populasyonunda genetik mesafe degerini
0.635 ile 0.165 arasinda bildirmistir. Burada cografi mesafelerden ¢ok ekolojik etkinin genetik varyasyona etki
ettigi ve genetik varyasyonun gevresel kosullarla iliskisinin ya dogal seleksiyon yada lokal gen ayrimi nedeniyle
oldugu disiiniilmistiir. Calismamizda kullandigimiz SSR primerleri Kempf ve ark. (2016) tarafindan korungaya
spesifik gelistirilen ilk primerlerdir. Korungaya 6zgii gelistirilen primerleri kullanarak yaptigimiz bu ¢aligma tiiriin
genetik cesitliligi, populasyon arasi ve populasyonlar i¢i varyasyonu belirleyerek bundan sonra yapilacak olan
calismalara kaynak saglayacaktir. Ayrica tiirlin genetik yapisini ortaya ¢ikararak sahip oldugumuz biyogesitlilikten
faydalanmada yol gosterecektir. Korunga gibi iizerinde ¢aligilmasi gereken yem bitkilerinin 6zellikle marjinal
alanlarda yetigebilen bu tiir bitkilerin genomlarinda gizli kalmis bilgiler a¢iga ¢ikartilarak, 1slah ¢aligmalariyla yeni
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RESEARCH ARTICLE ARASTIRMA MAKALESI

Effect of Drought Stress and Seed Pretreatment with CCC on Yield and Yield
Components of Maize Varieties

Muisir Varyetelerinde Kuraklik Stresi ve Tohumlaria Cycocel Uygulamasinin Verim ve
Verim Componentleri Uzerine Etkisi

Amir SOLTANBEIGI"

Abstract

In order to study the effects of drought stress and seed pretreatment of two maize varieties with Cycocel an
experiment was carried out with the aim to reduce the stress on the yield of this crop during their critical growth
stages.Field trials were arranged in split-split plot design and randomized complete block design with three
replications. For statistical evaluation, irrigation as the main factor at four levels (complete irrigation as the control
and eliminating one stage of irrigation at the beginning of stalking, tasseling and dough stages), maize var. KSC704
and KSC666 as the sub factor at two levels and application of Cycocel as the sub-sub factor at three levels (0,
0.4, and 0.8 g L' concentration) were created. Eliminating one stage of irrigation in stalking and tasseling stages
affected the ear length, ear diameter, grain number per ear, grain number per row and ultimately the grain yield,
while the drought stress at dough stage had no significant difference in the results of the experiment compared
to the control group. Apart from enhancing 1000-grain weight, the use of Cycocel pretreatment affected the test
results slightly and comparison of these findings with similar studies, which applied Cycocel as foliar, indicates
the higher ability of foliar than the pretreatment.

Keywords: Chlormequat Chloride, Drought, Irrigation, Maize, PGRs

Oz

Bu deneme iki farkli misir varyetesinde, bitkinin en hassas biiylime ve gelisme donemlerinde kuraklik stresi ve
tohumlara bitki biiyiime diizenleyici olarak Cycocel muamelesinin verim iizerine etkilerinin en aza indirmek
amaciyla kurulmustur. Deneme Split-split Plot Deneme Desenine gore 3 tekrarlamali olarak yiiriitiilmiistiir.
Istatistiksel degerlendirmede, sulama ana parselleri dort diizeyde (diizenli sulama kontrol ve sapa kalkma dénemi,
¢iceklenme dénemi ve danelerin hamurlagsma doneminin basinda bir nébet sulama kesintisi), misir varyetesi alt
parselleri iki diizeyde (KSC704 ve KSC666) ve Cycocel uygulamasi alt-alt parsellerini ii¢ diizeyde (0, 0.4, and 0.8
g L' concentration) olusturmustur. Kontrol bitkilerle karsilastirildiginda sapa kalkma ve ¢igeklenme donemlerinin
basinda bir nébet su kesimi kogan uzunlugu, kogan capi, koganda dane sayisi, her sirada dane sayisi ve dane
verimini olumsuz etkileyerek, dane hamurlagsma dénemi kuraklik stresinden etkilenmemistir. Misir tohumlarinda
Cycosel uygulamasi 1000 dane agirlig1 yiikselisi hari¢, deneme sonuglarini ¢ok az etkilemistir. Bu bulgular diger
benzeri arastirma sonuglartyla karsilastirildiginda yapraktan uygulama Cycocel yontemi, tohum uygulamasindan

daha etkilidir.

Anahtar Kelimeler: Chlormequat Chloride, Kuraklik, Misir, PGRs, Sulama
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Drought is one of major abiotic stresses which cause heavy crop production losses around the world. Furthermore,
the climatic-change models predict that crop losses due to increased aridity in most regions of theworld will be
enhanced more in future (Athar and Ashraf, 2005). Drought is a permanent constraint on agricultural production
in most of developing countries and an occasional cause of agricultural production losses in developed ones
(Ceccarelli and Grando, 1996). Essentially, moisture stress plays significant role on numerous plant processes such
as photosynthesis, cell development, and division and accumulation of nutrients’transfer (Boyerand Mcpherson,
1998). Iran, with an annual rainfall equal to 240 mm, is classified as a dry region of the world and drought is one
of the most devastating environmental stresses which hasaffected Iran (Jajarmi, 2009).

Maize (Zea mays L.) is one of the most developing dynamic cereal crops around the world.Maize production
has been increasedapproximately 70% aroundthe world in the last fifteen years (Sandor, 2010). Soil drought stress,
especially along withtoo high temperatures is the most common constraint on yield throughout the world (Beck
et al., 1996). Maizeis sensitive to drought stress in some stages of growth andtheyield of this plant has a potential
close relationship with access to water (Koliaei et al., 2011). Drought stress has a particular effect on the ability of
maize plant to produce seed at three critical stages of plant growth: at the beginning of growing season (when plant
has sufficient growth), at flowering stage, and during the middle to the end of grain filling (Guelloubi et al., 2005).

Adverse effectsof water stress on maize growth and yield depend on the time of stress, growth stage, plant
genotypes, varieties, cultivation methods, soil quality, deficiency level and environmental conditions during the
drought period (Allen and Musick, 1993). Maizegrain yield reduction,caused by drought, ranges from 10 to 76%
depending on the severity and stage of occurrence (Bolaoos et al., 1993). Drought stress reduces the yield and some
of its components (Ilkaei et al., 2010;Golbashy et al., 2010; Shiri et al., 2010; Khodarahmpour and Hamidi, 2012).
Hashemzadeh (2009), indicatedthe significant effects ofdifferent irrigationtreatmentsatdifferent growthstagesof
maizeon some traitssuch asear length, ear diameter, 1000-grain weight,andgrain yield. Irrigation after 70 mm
evaporation was associated with improved grain yield properties.

Nowadays, different methods have been considered to get over the effects of drought stress (Royo et al.,
2004). One of these methods is to apply the chemical plant growth regulators such as Cycocel (Gallagher and
Biscoe, 1978). Plant growth regulators (PGRs) consist of a large group of endogenous and exogenous chemical
compounds which can regulate the plant growth in numerous ways (Rajala, 2003). There are some further evidence
under which the applied PGRs as a seed treatment at early growth stages may improve the tolerance of cereals to
abiotic stresses. Seed treatment along with PGRs improves the drought, heat and waterlogging tolerance (Webb
and Fletcher, 1996; Gilley and Fletcher, 1997). Foliar and soil application of PGRs have significant disadvantages
such as waste and accumulation of this chemicals (Barrett and Nell, 1992) while seed priming with PGRs solutions
is an alternative method to control plant growth that has more benefits such as cost reduction, accumulation of
active substances reduction and also is ease of use (Pasian and Bennett, 2001).

Chlormequat chloride or Cycocel is a plant growth regulator (PGR) which belongs to the quaternary ammonium
class of chemicals. Cycocel inhibits the plant hormone biosynthesis, which is useful in regulating the growth
propertiesin most of the plants (US Environmental Protection Agency, 2007). It can make the plant shorter but
stronger (Shekoofa and Emam, 2008), make the leaves darker and thicker and increase the ability to resist the
collapse, drought and cold stresses (Emam and Moaied, 2000). Cycocelplays the role in thickening thestemsand
this enhances the plant stability in water stress tolerance (Farooq and Bano, 2006). Applying different concentration
of Cycocel in different periods of plant growthhas a significant effect on growth and yield of plant components and
it enhances the plant yield through increasing the number of florets (Moniruzzaman, 2000). Cycocel application,
which depends on the concentration and climatic conditions, increased the cereal products from 0-13 percent.
Seed treatment with Cycocel increased the number of maizein spatial unit and consequently increased the rate
of ultimate yield (Peltonen-Sainio and Rajala, 2001). Cycocel treatmentcaused asignificant increaseinmaizegrain
yield (Ilkaei et al., 2010). Furthermore, application of Cycocelin maize increasedthe stem diameter, ear length, ear
diameter, cobweight, 1000-grainweight, biological yield, grainyieldandharvest index (Hashemzadeh, 2009).

Material and Methods

This study was conducted at the fieldofAgriculture Research Station and Natural Resources in Khoy city
in 2009. This areais located atlatitude 38°35" North and longitude 44° 57" East at an altitude of 1103 meters.
According toKoppen climate classification, this area hassemi-arid climate with dry summers (FAO, 2014). Some
meteorological data of experiment region during crop growth is shown in Table 1.Results of soil analysis at the
depth of 30 and 60 cm indicate that the soil of farm wasloamy-clay with pH equal to 7.4 with electrical conductivity
equal to 0.64dsm™ (Table 2). N, P and Zn fertilizers were applied according to recommendations of soil testing in
form urea, triple superphosphate and zinc sulphate, respectively. Considering the results of soil analysis, 310 kgha!
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of pure urea (1/3 during planting, 1/3 in stalking stage and 1/3 in flowering stage), 180 kg ha' phosphorus (during
planting) and 25 kg ha™' of zinc (during planting) were applied.

Table 1: Some meteorological data of experiment region during crop growth (2009)

Temperature (°C)

Rain Relative humidity
Month Minimum Maximum Mean (mm) (%)
June 14.3 28.6 21.4 65.1 52
July 17.7 32.6 25.1 8.8 50
August 15.8 30.7 232 2.9 51
September 12.3 25.4 18.8 69.1 61

Khoy city meteorological service

This experiment was done as split-split plots inrandomized complete block design with three replications. In
this test, irrigation was chosen as the main factor at four levels, maizevarieties as the sub factors at two levels,
and different concentration of Cycocel as sub-sub factor at three levels. Choosing the stages of eliminating an
irrigation step was done based on the critical stages of maizegrowth and theregular irrigation continued after
stress. The first level (I )was considered as the stage without eliminating the irrigation until the end of plant
growth stage after each 70+5 evaporationdetermined using daily evaporation rate of class Aevaporation pan (121
cm diameter and 25.4 depth with an anemometer)as thecontrol. The other levels (I, LL&I,) were considered as the
stage for eliminatingone step of irrigation at the beginning of stalking, tasseling and dough stages, respectively,
and regularirrigation continued after 140+5 mm evaporation from class A evaporation pan.All calculations of
evaporation were performed by climatology experts fromKhoyweather station. Also, from planting to stalking
stage and first moisture stress (I,),sprinkler irrigation method was used and after that continued surface irrigation
trough the furrows.Seeds,applied in experiment were thevar. KSC704 and KSC666. For Cycocel treatment, the
seeds were put in distilled water (control) andprepared solutionsfrom0.4 and 0.8 gL' growth regulator obtained
from Cycocelcrystal soluble in distilled water and ethanol as second and third levels, respectively,based on the
type of treatmentfor 4 hours.After drying,the seeds were planted into the holes onridgesas stackor two or three
seeds in each hole on June 7th. Plots had 5x2 dimensions with cultivating lines spacing equal to 60 cm and plants
spacing on cultivating strip equal to 20 cm. Farm fertilizer was preparedaccording to the results of soil analysis
(Table 2) and it was appliedon the strip and Scm lower than theseeds planted at recommended stages. When the
whole farm became green and reached 4-6 leaf stage, the extra bushes were thinned and after a while the weeds
were pulled with handymethod of weeding and later the soil was added to the plant’s foot. Traits were measured
afterremoving the margins through randomized selection of eight plants from each plot and then obtained data was
statisticallyanalyzed by MSTAT-C software.

Table 2: Physical and chemical properties of soil

P O0.C TNV EC Depth
Fe Ma Zn Cu K (ppm) (p.p.m) (%) (%) pH (ds m™) S.P. (cm)
540 630 1.04 2.60 217 5.13 0.76 13.0 7.4 0.64 45 30
8.66 748 1.12 3.02 107 1.55 0.67 12.0 6.54 0.52 50 60

Results and Discussion

Ear length

According to analysis of variance, the effect of different levels of irrigation on ear length was statistically
significantat the 1 % level (Table 3). Mean comparison indicated that theshortest ear lengthwas related to themoisture
stress treatment at stalking stage and also moisture stress treatment at tasseling stage (Table 4). It seems that the
longer intervals between irrigations will lead to the reducedear length. Sadeghi et al. (2007), Hashemzadeh (2009)
and Khodarahmpour and Hamidi (2012), also support the idea of different irrigation types on the ear length. Effect
of varietyon the ear length was statistically significant atl1% level (Table 3). Given themean comparison, it was
identified that the variety 666 produced long earcompared to the variety 704 (Table 4). Interaction of irrigation and
variety on ear length was also significant at 5% level (Table 3).Thus, the maximum length of earwas consequence
of interaction between the control treatment and moisture stress atdough stage and variety 666 (Figure 1). This can
be justified as the variety 666 has higherear length and also because theplant vegetative growth is not affected by
the drought stress in treatments of control irrigation and moisture stressat dough stage.
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Table 3: Analysis of variance on some traits associated with yield and its components

M. S.
Source of variance D.F.  Earlength Ear diameter Row number per ear  Grain number per row
Replication 2 7.819 11.885 0.097 30.597
Irrigation 3 23.328" 12.958" 1.532 307.458"
Error 1 6 2.310 1.478 0.606 14.208
Variety 1 47.450™ 17.781™ 2.347 165.014™
Irrigationx Variety 3 2.622" 3.106 0.236 30.755
Error 2 8 0.628 0.580 0.264 9.611
CCC 2 1.502 5.354 1.097 13.181
IrrigationxCCC 6 2.068 2.294 1.671 12514
VarietyxCCC 2 5.590 1.890 0.181 11.931
Irrigationx VarietyxCCC 6 1.128 0.911 0.347 8.782
Error 3 32 2.127 2.407 0.563 14.792
Cv 7.23 3.44 4.89 8.67

** and *, Significant at 0.05 and 0.01 probability levels, respectively

Table 4: Mean comparison on some traits associated with yield and its components

Ear length Ear diameter
Treatment (cm) (cm) Row number per ear Grain number per row
Irrigation
I 20.92a 45.49a 15.50 46.94a
I 19.14b 4521a 15.33 42.78b
IR 19.27b 43.92b 14.94 39.28¢c
I, 21.38a 45.87a 15.61 48.39a
Variety
704 19.37b 45.62a 15.53a 45.86a
666 20.99a 44.63b 15.17b 42.83b
ccc
control 19.89 44.62 15.17 43.50
04 (gL 20.32 45.55 15.58 44.67
0.8 (gL 20.32 45.20 15.29 44.87

The means which have no letters are statistically non-significant at 5% probability level
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Figure 1: Mean comparison interaction of the irrigation and variety on ear length

Eardiameter
Effect of different irrigation treatments on the ear diameter was significant at5%level (Table 3). Accordingly,
the results of meancomparison indicate that the moisture stresstreatment at tasseling stage had lowerear diameter
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compared to other treatments (Table 4) and other treatments were classified in a statistical group. Results of this
study on the effect of drought stress on ear diameterwere consistent with the results of test by Hashemzadeh (2006)
and Dagdelen et al.(2008), who studied the effect of different irrigation types on ear. Investigating the results
of analysis of variance table indicatesthat the effect of variety on ear diameter is significant at 1% level (Table
3). The results of mean comparison suggest that themaizevariety 704 had higher diameter than the variety 666.
Since the variety 704 is aserotinousvariety compared to 666, it seems that it has long period of growth and this
enhances thecell division and dimensions of thisvariety and finally theear diameter through continuing process of
photosynthesis. Moisture stress at tasseling stage led to thedisruption in the growth and ultimate development of
tasseling, thus the plant became incapable to produce perfect pollen during pollination, so tasseling is among the
most critical steps in supply of water for plants, and the lack of plant’s access to water during the above-mentioned
period will lead to the irreparable damages at maize plant. Interaction of irrigation and variety became significant
at 5% level (Table 3). Thus Variety of 704 in all irrigation treatments except eliminating irrigation at tasseling
stageproduced high Ear diameter and were put in the same statistical group (Figure 2).
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Figure 2: Mean comparison interaction of the irrigation and variety on ear diameter

Row number per ear

Impact of variety on the number of rows in ear was statistically significant at 5% level (Table 3). Corresponding
mean comparison indicated that the variety 704 had a larger number of rows than variety 666 (Table 4). This is
due to the genetic characteristics of plant and is less affected by the environmental factors (Wu et al., 2003). Other
treatments showed no significant effect (Table 3).

Grain number per row

Impact of different irrigation types on thegrain number per row was statistically significant at 1% level (Table
3). Mean comparison in Table 4 showed the lowest grain numberinmoisture stress treatmentat tasseling stage
and stalking stage, respectively. Occurrence of stressat the early vegetative stages and before differentiation
ofmalereproductiveorgan is less effective than any stresses in the ear differentiation and growth as well aspollination.
This was clearly observed inmoisture stress treatments at tasseling stage, so that most of produced earsin this
treatment had heterogeneousappearance and irregular rows. Results of this test are consistent with the results by
Karimian et al. (2005) and Khodarahmpouret al. (2012). According to theanalysis of variance in Table 3, the effect
of variety on the number of grains per row was significant at 1% level. Conducted mean comparisonin Table 4
indicates that thevariety 704 has more grains per row compared tovariety 666 and this is probablydue to the genetic
characteristics of plant.

Grain number per ear

Impact of different irrigation types on the number ofgrain per row was statistically significant at 1% level
(Table 5). Mean comparison showed the lowest grain number in stress treatment at tasseling stage and stalking
stage, respectively (Table 6). Results of this study are consistent with findings of tests by Dagdelen et al. (2008)
and Hashemzadeh (2009),based on the production of less number of grainin ear as the result of drought stress.
As previously explained, the grain production deficiencyat tasseling stage is due to the damage to the system of
production and eventually the plant pollination. According to the results of analysis of variancein table 3, theeffect
of variety wassignificant on the number of grains per ear at 1%level and thevariety 704 hadgreater potential for
grain production than the variety 666 (Table 6).
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Table 5: Analysis of variance on some traits associated with yield and its components

M. S.
Source of variance D.F. Grain number per ear 1000 grain weight Grain yield
Replication 2 9354.389 2097.775 6939431.136
Irrigation 3 91916.704™ 1417.925 42749564.511"
Error 1 6 5286.093 609.816 4959332.016
Variety 1 64320.889™ 15332.921™ 438344.511
Irrigationx Variety 3 2726.407 924.850" 4703359.002
Error 2 8 1860.028 184.710 1473526.576
CCcC 2 9129.264 859.582" 3759989.761
IrrigationxCCC 6 6333.301 843.366" 2961082.208
VarietyxCCC 2 2734.847 986.596 12132271.121"
Irrigationx VarietyxCCC 6 1438.032 323.781 1454284.875
Error 3 32 4033.285 266.920 2315351.955
CcvV 9.30 5.42 11.98

** and *, Significant at 0.05 and 0.01 probability levels, respectively

Table 6: Mean comparison of for some traits associated with yield and its components

1000 grain weight Grain yield
Treatment Grain number per ear (gr) (kg ha')
Irrigation
I 723.78a 307.17 13678.11a
L 663.94b 288.83 11802.04b
I, 590.67¢ 308.04 11031.24b
. 752.06a 302.51 14305.38a
Variety
704 712.50a 287.04b 12626.17
666 652.72b 316.23a 12782.22
ccc
control 661.50 295.11b 12427.77
04 (gL 699.96 306.87a 13157.62
0.8 (gL 686.37 302.93ab 12527.19

The means which have no letters are statistically non-significant at 5% probability level

1000-Grain weight

Effect of experimental varieties on 1000-grain weight was significant at 1% level (Table 5). Results of mean
comparison indicated that the variety 666 had higher 1000-grain weight compared to variety 704 (Table 6). The
above-mentionedtrait is influenced by various environmental factors in addition to thegenetic characteristics of the
plant. This is probably due to the high yield of variety 666 in transmitting morePhotosynthetic materialsto grains
during grain filling stageunder which theheavier grains are produced.Despite the fact that theearly-mature varieties
have less number of grainand also the number of grainshave thenegative relationship with itsweight,hybrid 666
as anearly-mature variety has higher 1000-grainweight. Effect of Cycocel on 1000-grain weight wassignificant
at5% level according to the results of Table 5. Consumption of 0.4 g L''ofCycocelled to the greatest effect on the
increase of 1000-grain weight. Consumption of 0.8 g L-'of Cycocel also was put in the next rank with production
of 1000-grain weight and ultimately the lack of Cycocel consumption was put in the final rank (Table 4). Cycocel
probablyincreases the1000-grain weight through affecting the grain size; It also seems that the anti-transpiration
materials play role in filling the grains and increasing the weight ofgrainsthrough transferringsufficient
photosynthetic materialsto grains. Hashemzadeh (2006) and Kazempour and Tajbakhsh (2002), also reported
similar results about the effect of Cycocel on grain weight. According to the results of analysis of variance in
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Table 5, the interaction of irrigation and variety, irrigation and Cycocel and variety and Cycocelwas significant
at 5% level. With evaluation of mean comparisonsin Figure3., 4. and 5.on the one side and revisal the results in
Table 6. about 1000-grain weight on the other side, we can explain the interaction effects of experimental factors.
This result indicates the effectiveness of Cycocel in mitigating the effects of drought stress and also vulnerable of
stalking and tasseling stages in maize.
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Figure 3: Mean comparison interaction of the irrigation and variety on 1000 grain weight
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Figure 4: Mean comparison interaction of the irrigation and CCC on 1000 grain weight
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Figure 5: Mean comparison interaction of the variety and CCC on 1000 grain weight

Grainyield

The effect of different irrigation types on grainyield was significant at5% level based on analysis of variancein
Table5. According to the results of mean comparing (Table 6), themoisture stress treatment atdough stage of
grain and controlirrigation were put in the same experimental group withhighest grain yield. Moisture stress
treatments during tasseling and stalkingalso had the lowest yield per unit area and were statistically put inthe
same group (Table 6). The grain yieldis increased due to enhanced consumed water throughincreased ear length
and diameter, number of grains per ear, number of grain per row, number of grain per ear,and 1000-grain weight
(Hashemzadeh, 2006). Numerous tests alsoreported the grain yield increase through the rate of consumed water
and this is consistent with the findings of this experiment (Patrick et al., 2004; Nadvar et al., 2006). Since the
reproductive parts are created atstalking stage and also thetasseling stage is the closest time to the emergence of
maize and grain, plant has thehighest influence by stressat these two stages. Interaction of variety and Cycocel was
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also significant at 1%level (Table 5). Thus, variety 666 led to the highest grain yield through applying Cycocel
concentration equal to 0.4gL" (Figure 6).
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Figure 6: Mean comparison kg ha'of the variety and CCC on grain yield

Conclusion

The obtained results in the current studyindicate that the highest damage in moisture stress is made during
tasseling and stalking stages and this refers to the sensitivity of these twophases in plant growth process. Results
of numerousstudies byagricultural researchers in the field of drought stress indicate that the normal procedure of
irrigation and not damaging to the plants due to themoisture stress during the vegetative and reproductive stages
will lead to the maximal and normal yield of plant. Not damaging at themoisture stress treatmentat dough stage is
also because of reaching the later stages of plant growth and completion of plant vegetative and reproductive growth
phase under which the plant enters the feedback phase (movement of stored materials to the grainand accumulation
in grains). Despite the fact that the impact of seed pretreatment with Cycocel plant growth regulatorwas observed
on various traits, investigating different resources similarto this experiment indicate that the foliar application of
Cycocel was more efficient and led to better results.
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ARASTIRMA MAKALESi RESEARCH ARTICLE

Tarimsal Uretimde Kadinlarin Karar Alma Siireclerine Katiimi ve Kooperatiflerden
Beklentileri

Women’s Contribution to Decision Making Processes in Agricultural Production and Their Expectation
From Cooperatives

Emine YILMAZ'*, Giilen OZDEMIR’, Yasemin ORAMAN?,
Gokhan UNAKITAN?, Sema KONYALI!

Oz

Kirsal kesimde kadinlarin rolleri ve islevleri olduk¢a 6nemli olmasina ragmen bir¢ok alanda iicretsiz aile isgisi olarak ¢aligmaktadirlar.
Kadinlar bir yandan giinliik rutin ev isleri yaparken, diger taraftan el sanatlar1 ve tarimsal iiretim gibi gelir getirici isler yaparak aile biitgesine
katki saglamaktadir ancak aile i¢inde ve tiretimle ilgili alinan kararlara etkin olarak katilamamaktadir. Arastirma Tekirdag ili merkeze bagh
55 koyde yasayan 255 kadini kapsamaktadir. Arastirma, gesitli yazili kaynaklardan ve alandan toplanan 6zgiin verilerden yararlanilarak
hazirlanmistir. Arastirmaya katilan kirsal kadinlara anket uygulanarak, 6grenim durumu, aile yapisi, gelir kaynaklarinin neler oldugu, sosyal
giivence durumlart, aile i¢i kararlara katilimlari gibi konular incelenmistir. Arastirmada elde edilen sonuglara gore, ankete katilan kadinlarin
%60.8’1 ilkokul mezunudur. Kadinlar, bitkisel iiretimde ¢apalama ve ekim-dikim; hayvansal iiretimde siit sagimi gibi {iretimin her asamasina
katilmaktadir. Kadinlar en ¢ok ailede giyim esyalarinin satin alinmasina (%40.4) karar vermektedir. Eslerin birlikte karar verdigi konularin
basinda ise sahip olunmak istenen g¢ocuk sayisi (%82.3) gelmektedir. Arastirmada elde edilen sonuglarda aile i¢inde alinan ekonomik ve
sosyal kararlarda etkili olan kisi genelde aile reisi olmaktadir. Aragtirmada kirsal alanda yasayan kadimlarin kooperatiflerden beklentilerini

konumlandirmak iizere yapilan cok boyutlu 6lgekleme (CBO) analizinden yararlanilmistir. Arastirmada kirsal kesimdeki kadinlarin kooperatif

ortakligindaki dnceliklerinin tarimsal girdi temini ve Uriinlerini pazarlayabilmek oldugu belirlenmistir.

Anahtar Kelimeler: Kirsal Kalkinma, Kirsal Kadin, Isgiicii, Kooperatif
Abstract

Although the roles and functions of women are very important in rural places, they work as unpaid family workers in many areas. On the one
hand, women carry out the daily chores; on the other hand, they contribute to the family budget by doing profitable works such as handcrafts
and agricultural production. However, they do not contribute effectively to decisions made in the family or about production. The research
includes 255 women living in 55 villages in Tekirdag. The research has been prepared with data obtained from various written sources and from
authentic data collected from the area. Through the questionnaire method done to rural women within the scope of the research, subjects such as
rural family structure and education level of women, income sources, and contribution to decisions on agricultural production were examined.
According to the results of the study, 60.8% of women who took part in the questionnaire are primary school graduates. Women contribute to
every level of production by ploughing and planting in plant production; and milking animals in animal production. Women mostly decide on
the purchase (40.4%) of clothes in the family. The subject that couples decide together (82.3%) is primarily on how many children they would
have. According to the results of the study, the patriarch of the family is generally the effective on making on financial and social decisions.
The research employs multi-dimensional scaling (MDS) analysis in order to position women’s expectations from cooperatives. The study has

determined that women’s priorities in cooperative partnership are input supply and marketing their products.
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Extended Summary

In the agriculture sector, female labor is not seen as an income-generating activity because women who work
are unregistered, lack insurance, and constitute unpaid family workers involved in production, and they also are not
reflected in the statistics. The fact that women are seen as an aid to cheap labor or family economy, and that most
of their activities are considered as part of their natural life — not in the real sense of domestic work — cause a low
perception of the work. The population of Turkey reached 80.810.525 by the end of 2017, and 92.5% of population
lives in urban areas, while 7.5% lives in rural ones. Some 50.2% of total population is male, and 49.8% is female;
also, 50.6% of total rural population is male, and 49.4% is female. There are no major differences between male
and female population in urban and rural areas. The most important role assumed by women in rural areas is
agricultural production. Women go through the struggles of production, but, unfortunately, they cannot make use
of its benefits. The majority of women employed in agricultural labor in rural areas receives marginal jobs and
work as unpaid family workers. Women contribute to the right and healthy nutrition of the family, which is the
smallest unit of the social structure. Nutrition plays an important role in the education of children by transferring to
new generations various patterns of behavior, as well as information and culture. As long as women carry out the
tasks they assume, they contribute significantly to the developments in the socio-economic and cultural structure of
society. Although the roles and functions of women are very important in rural places, they work as unpaid family
workers in many areas. On the one hand, women carry out the daily chores; on the other hand, they contribute
to the family budget by doing profitable works such as handcrafts and agricultural production. However, they do
not contribute effectively to decisions taken in the family or about production. Although women largely take part
in agricultural production in Turkey, their roles should be improved in marketing and entrepreneurship. Women
cannot put forth their entrepreneurship skills in rural areas. Thus, their active participation in entrepreneurship and
marketing processes will play a significant role for them to assume more active roles in both economic and social
processes in rural areas.

The present research concerns 255 women living in 55 villages in Tekirdag. It has been prepared with data
obtained from various written sources and from authentic data collected from the area. Through the questionnaire
method applied to rural women within the scope of the research, subject matters, such as rural family structure
and education level of women, income sources, and contribution to decisions on agricultural production, were
examined. According to the results of the study, some 60.8% of women who took part in the questionnaire are
primary school graduates. Women contribute to every level of production by ploughing and planting in plant
production, and by milking animals in animal production. Women decide mostly on the purchase (40.4%) of
clothes in the family. The subject on which the couples decide together (82.3%) is primarily on how many children
they would have. According to the results of the study, the husband and/or father of the family is actually in effect
in making financial and social decisions. Our research employs multi-dimensional scaling (MDS) analysis in
order to position women’s expectations from cooperatives. The study has determined that women’s priorities in
cooperative partnership are input supply and the marketing of their products.

In order to increase the tendency to create various forms of communion in rural areas, trainings should be
organized and the existing unions and organizations should be further developed. Cooperatives represent an
important tool for women in rural areas. Therefore, women should be partners in cooperatives. Increasing the
impact of women’s existence and decision-making processes in cooperatives should be important in meeting the
cultural, social and economic needs of women, as well as in meeting the needs for the production of goods and
services within the scope of economic activities and their marketing. In this way, important steps would be made
in reducing the poverty, increasing instead the income distribution of women living in rural and being involved in
agricultural activities by providing them with different forms of cooperation and organization.

Women entrepreneurship in rural areas, the inadequacy of women’s access to property, material resources and
education, and low income levels limit the rate of traditional labor force participation. Women’s cooperatives can
be an important role model for women’s labor force participation.
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Tiirkiye’de kirsal ve kentsel alanlarda kadinlarin isgiiciine katilimlarinda biyiik farkliliklar vardir. Kirsalda
calisan kadnlarin orani erkeklerin oranindan daha fazladir. Kadin, sehirlerde ekonomik 6zgiirliigiinii kazanabilmek
icin daha iyi sartlarda c¢alisirken, kirsal kesimde daha agir sartlarda ¢aligmak durumundadir. Kirsalda kadinin
calistig1 isler genellikle tarimsal faaliyetlere yoneliktir. Kadinlar iilkemizde kirsal kesim ekonomisini ayakta tutan
temel bir giictiir. Tarimsal faaliyetlere de biiyiik 6l¢lide bedenen katilan kirsal kadinlar aile iginde de evinin kadini
ve anne olarak biiyiik sorumluluklar tagimaktadirlar.

Kirsal alanda, kadinin tiretimdeki emek yogunlugu ¢ok yiiksektir. Kirsalda kadinlar ve geng kizlar ticretsiz aile
is¢isi konumunda olup ayni1 zamanda agir bir is yiikiine de sahiptirler (Fazlioglu 2002).

Kadm, toplumsal yapinin en kiigiik birimi olan ailenin, dogru ve saglikli beslenmesine katkida bulunur. Diger
taraftan cocuklarina davranis bigimlerini, bilgilerini ve kiiltiiriinii aktararak ¢ocuklarin egitiminde de dnemli bir
role sahiptir. Kadinlar iistlenmis oldugu gorevleri yaptiklar siirece, toplumun hem sosyo-ekonomik, hem de
kiiltiirel yapisindaki gelismelere 6nemli katk: saglamis olurlar.

Bu arastirma ile Tekirdag ili’nde kirsal kesimdeki kadinlarin isgiiciine ve iiretime katilim diizeyleri, tarimsal
iretim ile ilgili kararlara katilimlari, kooperatif ortakligindaki dncelikleri degerlendirilmeye ¢alisilmis ve oneriler
ortaya konulmusgtur.

Materyal ve Yontem
Bu galismanin ana materyalini Tekirdag ili merkezine bagli 55 kdydeki 255 kadindan anketlerle saglanan
veriler olugturmaktadir. Calismanin anket asamasinda uygulanacak anketlerin eksikligini gidermek amaciyla pilot
anketler hazirlanmistir. Hazirlanan bu anketler tesadiifi olarak segilen ailelere uygulanmistir. Pilot anketlerden
elde edilen sonuglardan hareketle anket formlar1 tekrar gbzden gegirilmis, diizenlemeler yapilmis ve esas anketler
hazirlanarak anket ¢caligmasina baglanmistir. Arastirmada konu ile ilgili daha 6nce yapilmis ¢esitli aragtirmalardan
yararlanilmistir. Caligmanin 6rnek hacmi asagidaki formiil yardimiyla hesaplanmistir (Malhotra, 1999).

N.p(1-p)
(N-Do}. +p(1-p)

n=

Formiilde N: populasyon, n: 6rnek hacmi, p:populasyonun 6zelligi (kirsal kesimde kadinlarin orani), (1-p):

kirsal kesimde erkeklerin orani, oranlarin standart sapmasi, d: 6rnekleme hata pay1, Z , giiven aralig

Tekirdag merkez ile bagli 55 kdyde 4601 hane halki bulunmaktadir. Yukaridaki drnekleme formiiliine gore %95
giiven aralig1 ve 0,05 hata pay1 dikkate alindiginda 6rnek hacmi 255 olarak hesaplanmistir. Her bir hanede bir kadin
bulundugu varsayimindan hareketle en yiiksek 6rnek hacmine ulagabilmek iizere p ve (1-p) 0,50 kabul edilmistir.
Ornek hacmi Tekirdag merkez ile bagli kdyler arasinda oransal olarak dagitilmistir. Calisma kapsaminda 55 adet
kdyiin tamamu ziyaret edilerek, 6rnek hacmini olusturan 255 haneden birer kadin ile yiiz yiize goriisiilmiistiir.

Anket sonucglarinin degerlendirilmesinde kirsal alanda yasayan kadinlarin kooperatiflerden beklentilerini
konumlandirmak iizere yapilan ¢ok boyutlu 6lgekleme (CBO) analizinden yararlanilmistir.

Arastirma Bulgular
Kadinlarin Demografik Yapisi
Iklim ve arazi kosullarindaki olumsuzluklar, kdyde yasamay1 zorlastirmaktadir. Tiim aile bireylerinin
yasadigi bu zorlugu kadinlar ¢ok daha fazla yasamaktadir. Ciinkii kadin, giinliik hem ev isleri ve hem de ev
disindaki islerde yogun bir sekilde emek harcamakta, erkegin ¢aligmak i¢in kdy digina ¢ikmasi nedeni ile de ailenin
yiikiinii tek bagina listlenmektedir. Boylece kadin, ailenin gida giivenliginde ve kirsal kalkinmada da 6énemli bir rol
oynamaktadir (Demir, 2002).

Kadinlarin yagslar1 diger nitelikleri arasindaki iligkileri ortaya c¢ikarmasi bakimindan &nem tasimaktadir.
Yas, Tiirk toplumunda bireylerin kabul gérmesinde, toplumda belli bir yer edinmesinde, ayrica kendilerini ve
cevrelerini belirli bir bigim ve diizeyde etkilemelerinde 6nemlidir (Yildirak ve ark., 2003). Bu sebeple arastirma
kapsamindaki kirsal kadinlarin yag durumlart Cizelge 1° de verilmistir.
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Cizelge 1. Ankete Katilan Kadinlarin Yas Durumu
Table 1. Age Status of Women Participated in the Survey

Yas Say1 Oran (%)
15-24 21 8.2
25-34 49 19.2
35-44 86 33.7
45-54 66 25.9
55-64 22 8.6
65-+ 11 4.2

Toplam 255 100

Cizelge 1°de kadmnlarin yas gruplarina gore dagilimi verilmistir. Cizelgeden goriildiigii gibi kadinlarin yaklasik
%33.7’sinin 35-44 yas grubunda oldugu, bunu sirasiyla %25.9 ile 45-54 ve yine %19.2 ile 25-34 yas grubunun
izledigi goriilmektedir.

Kalkinmanin odak noktasinin insan olarak dikkate aldigimizda, diinyadaki biitiin iilkeler egitimi énemli bir
yatirim aract olarak kabul etmektedirler. Durum bdyleyken, iilkemizde kirsal kesimdeki kadinlar, egitim agisindan
olumsuz kosullarda bulunmaktadir (Karatas,1997; Ozgen ve Ufuk, 2011).Tekirdag koylerinde yasayan anket
katilimeist kadinlarin egitim diizeyleri Cizelge 2°de verilmistir.

Cizelge 2. Ankete Katilan Kadinlarin Egitim Durumu

Table 2. Education Status of the Surveyed Women

Say1 Oran (%)
Tlkokul 155 60.8
Ortaokul 51 20.0
Lise 37 14.5
Universite 12 4.7
Toplam 255 100

Ankete katilan kadimlarin egitim durumlari incelendiginde, %60.8’sinin ilkokul mezunu oldugu goriilmektedir.
Ortaokul mezunlari %20, lise mezunlariin oran1 %14.5, liniversite mezunu olanlarin orani ise %4.7’dir.

Schultz’a gore; kadini egitmek, verimlilik artig1 saglar ve buna bagl olarak da kisisel licret getirilerini
arttirir, dogurganligi ve ¢cocuk dliimlerini azaltir. Kadinin sosyal ¢evresinin disa agilmasini saglar, cocuklarin iyi
bir egitim ve saglik olanaklarina erismesiyle kusaklar arasi farkliliklar1 giderir, geliri diisiik ve yiiksek olanlar
arasinda firsat esitligi saglar. Bir kadin1 egitmek, bir aileyi ve bir toplumu egitmekle esdegerdir (Bubolz, 2001).
Kadm egitiminin, toplumun gelismesine olumlu katki sagladiginin bilinmesine ragmen, 6zellikle gelismekte olan
iilkelerde, kadinlarin egitimine daha fazla 6nem verilmesi gerektigi dikkate alinmamaktadir (Yumusak, 2004).
Calismada goriildiigii tizere kirsaldaki kadinlari egitim diizeyi biiyiik bir gogunlukla ilkokul ve ortaokul diizeyinde
olup, egitim seviyesinin yiikseltilmesi acisindan daha ¢ok yol alinmasi gerektigi ortaya ¢ikmaktadir.

Kadinlarin Isgiiciine Katthm Durumu

Diinyada oldugu gibi Tiirkiye’de de tarim ve hayvancilik sonucunda elde edilen iiriinler, gida giivenliginin
onemli bir parcasidir ve bu faaliyetler ¢ogunlukla kadinlar tarafindan yerine getirilir. Tiirk toplumunda kirsaldaki
kadinlar biiyiik 6l¢iide liretime katilmakta ve ekonomik kalkinmaya katki saglamaktadir. Aragtirmanin yapildigi
Tekirdag’in kdylerinde de kadinlarin tarim ve hayvancilik faaliyetlerine katilimlart oldukea yiiksek diizeydedir.

Sosyo-ekonomik faktorler sebebiyle son yillarda geng neslin go¢ ederek tarimsal faaliyetlerden uzaklagmasi
farkli is sektorlerinde ¢alismaya baglamasi, kadinlarin ev i¢i ve disinda yeni gorev ve sorumluluklar yiiklenmesine
neden olmustur. Kadnlar ev i¢indeki gorev ve sorumluluklarinin disinda hayvansal ve bitkisel iiretimde de emek
yogun faaliyetlere katilmak durumunda kalmislardir. Ulkemizde yapilan arastirmalara bakildiginda kadinlarin
isgiiciine katilim1 baslica {iretim faaliyeti ve isletmenin mekanizasyon diizeyi gibi pek ¢ok etken tarafindan
belirlenmektedir. Ornegin kadinlar hasat sonrasi faaliyetlere veya hayvansal iiretim faaliyetine, erkeklerden gok
daha fazla katilmaktadir. Aile diisiik mekanizasyon diizeyine sahip olundugunda da kadinlar tarimsal faaliyetlerde
daha fazla yer almaktadir (Ozcatalbas, 2001).
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Ankete katilan kadinlarin tarimsal faaliyetlerde yaptiklari isler, hayvansal iiretim ve bitkisel tiretim seklinde
iki gruba boliinerek Cizelge 3’te verilmistir.

Cizelge 3 incelendiginde, kadinlarin bitkisel iiretim faaliyet alaninda en ¢ok (%78.4) capalama, ekim (%64.3),
dikim (%60.8) islerinde ¢aligtiklar1 goriilmektedir. Sulamada ¢alisan kadinlarin orani % 54.0, topragi ekime
hazirlamada ¢alisanlarin orani %39.6, hasatta calisanlarin oran1 %37.6, giibrelemede calisanlarin oran1 %33.7,
ilaglamada caliganlarin orani %21.6 olarak belirlenmistir. Hayvansal tiretimle ilgili faaliyetlere bakildiginda,
kadinlarin %76,5 inin siit sagimi1, %61,2’sinin ahir-agil temizligi, %62,0’sinin hayvan besleme, %58,0’inin hayvan
sulama, %38,0’inin hayvan otlatma islerini yaptig1 goriilmektedir. Elde edilen bu bilgilere gore kirsalda kadinlarin
tarimsal tiretimin her asamasinda yer aldiklarini sdylemek miimkiindiir.

Cizelge 3. Tarimsal Faaliyetlerde Kadmlarin Yaptiklari isler

Table 3. Women’s Works in Agriculture

Tarimsal faaliyet Yapilan isler Kadin sayis1 Oran (%)
Ekim 164 64.3
Dikim 155 60.8
Sulama 140 54.0
Toprag1 Ekime Hazirlama 101 39.6
Giibreleme 86 33.7
Capa Yapma 200 78.4
Bitkisel Uretim Budama 61 239
Hasat 96 37.6
Tasima 81 31.8
Uriin Pazarlama 49 19.2
flaglama 55 21.6
Asi Yapma 21 8.2
Tohum Ekme 122 47.8
Ahir-Agil Temizligi 156 61.2
Yem Hazirlama 151 59.2
Hayvansal Uretim Siit Sagim - 195 76.5
Hayvan Beslemesi 158 62.0
Hayvan Otlatma 97 38.0
Sulama 148 58.0

Not: Sorulara birden fazla cevap vermistir.

Aragtirma alanindaki hayvancilik faaliyetleri g¢ogunlukla kadimnlar tarafindan yerine getirilmektedir.
Bakilabilecek hayvan c¢esidi ve sayisinin belirlenmesi, satilacak hayvanlarin hangileri oldugunun kararinin
verilmesi genellikle kadinlara aittir. Hayvanlarin sagilmasi, bakimy, siitiin islenerek ikincil {iriinlere doniistiiriilmesi
cogunlukla kadinlarin sorumlulugundadir.

Kadinlarin Aile i¢i Kararlara Katihm

Tiirkiye’de genellikle kirsal ya da kentsel alanda aile bigimlerine gore farklilik olsa da karar asamasinda
erkekler daha etkin rol almaktadir. Giinlimiizde hizla degigen diinya kosullari igerisinde kentlesme, ulagim, saglik,
egitim, go¢ ve teknolojideki gelismelere kosut olarak, kadinlarin aile i¢i ve dis1 iligkilerinde, iiretim siireglerindeki
rollerinde, kararlara katilimlarinda olumlu ydnde bir gelisme olmamaktadir. Kirsal kadinin topluluk diizeyinde
etkili olamamasi temel olarak geleneksel cinsiyete dayali tabakalagsma ve egitim diizeyinin diisiikliigiinden
kaynaklanmaktadir. Karar vermede s6z sahibi olamama her kesimdeki kadinlar tarafindan hissedilen, ama kirsal
alan kadinlarinda daha belirgin olan bir gergektir (Fazlioglu 2001).

Kirsalda aile igerisinde erkek, kadin ve ¢ocuklar farkli konumlarda bulunurlar. Genellikle aile igerisinde biitiin
dikkatler ilk 6nce baba, sonra erkek ¢ocuklar iizerinde toplanmakta ve kadin ise ikinci planda yer almaktadir. Karar
alma iglemi zihinsel bir faaliyet sonucunda ortaya ¢ikmakta ve bu islem bir siireci gerektirmektedir. Bu yoniiyle
kirsalda yasayan kadinlarin tarimsal iiretim faaliyetinin karar siirecine katilmalar1 ekonomik anlamda bir istir. Bu
nedenle tarimsal igletmede alinan kararlara katilim, tiretim faaliyetine katilim kadar incelemeye degerdir. (Merter,
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1990).

Kadinlarla erkeklerin ayn1 oranda karar verme siirecine katilmasi, tilkemizde 6nemli engellerle karsilagmistir.
Bu engellerin bir boliimii toplumsal bir boliimii ise kiiltiireldir. Aile sisteminde karar verme bir uzlagma bicimidir.
Kirsal alandaki kadmin karar verme siirecine katilimi ailedeki ataerkil yapinin boyutlar1 ve kadinin statiisii ile
yakindan iliskilidir (Bayoglu, 2010).

Anket yapilan kadinlarin %352.1°1 arazi satin alinip satilmasina ailede erkeklerin karar verdiklerini
belirtmislerdir. Kadinlar en ¢ok ailede giyim esyalarinin satin alinmasina (%40.3), ikinci sirada da hangi siyasi
partiye oy verilecegine (%36.0) karar vermektedirler. Eslerin birlikte karar verdigi konularin basinda ise sahip
olunmak istenen ¢ocuk sayis1 (%82.3) gelmektedir. Arastirmada elde edilen sonuglarda aile iginde alinan ekonomik
ve sosyal kararlarda etkili olan kisi genelde aile reisi olmaktadir.

Cizelge 4. Kirsal ailede kadinin kararlara katilim

Table 4. Women’s participation in decisions in rural family

Aile Uyeleri

Kadin Erkek Esler Birlikte Birlikte Toplam
Kararlar
Savi Oran Savi Oran Savi Oran Savi Oran Savi Oran

M O BRI ¢ B ) W ) B )
Arag Gereg Satin alimi 16 6.27 113 4431 99 38.82 27 10.58 255 100
Yeni teknolojik arag gereglerin 13549 116 4549 92 3607 34 1333 255 100
kullanilmasina
Arazi satin aliip satilmasina 4 1.56 133 52115 81 31.76 37 14.50 255 100
Yeni bir tanmsal iriin esidinin 9 4137 136 4941 68 32 1254 255 100
tretimine
Uriinlerin ne zaman satilacagina 33 1294 123 4823 68 31.76 31 12.15 255 100
Aile gelirinin harcanmasina 19 7.45 48 1882 150 58.82 38 14.90 255 100

Ev egyalarinin satin alinmasina 55 21.56 24 9.41 142 55.68 34 13.33 255 100

Giyim esyalarinin satin

103 40.39 6 235 116 4549 29 11.37 255 100

alinmasina
Cocuklarin 6grenim siiresine 15 5.88 28 1098 133  52.15 53 20.78 255 100
Kadinin tarim dist bir iste 55 2156 48 1832 130 5098 34 1333 255 100
¢aligmasina

Secimlerde hangi siyasi partiye

L 92 36.07 36 1411 191 7490 27 10.58 255 100
oy verilecegine

Sahip olunmak istenen ¢ocuk
sayisina

13 5.09 18 7.05 210 8235 11 431 255 100

Kirsal alanda yapilan bir¢ok arastirmada kadinlarin, tarimsal iiretim faaliyetlerine katilmalarina ragmen,
tarimsal Uretimle ilgili aliman kararlarda karar verici olarak degil de kararin olugsmasinda katkida bulunan
oldugu goriilmiistiir. Kadinlar aile iginde alinan bir¢ok kararda da etkili olamamaktadir. Konya ilinde yapilan bir
aragtirmada erkeklerin tarim dis1 islerde ¢alismasi kadin iggiicli kullanimini arttirdigi, fakat kadinlarin isletme
ile ilgili kararlarda pek fazla etkili olamadiklar1 belirlenmistir (Miilayim, 1999). Amerika Birlesik Devletlerinde
kirsal alanda yagayan kadinlarin tarimsal faaliyetlere ve kararlara katiliminin arastirildigi bir caligmada, isletmede
uygulamaya yonelik kararlar1 genellikle esin ya da aile biiyiigii olan baska bir erkegin verdigi, kadinlarin %2-4
orantyla son derece diisiik bir katilima sahip oldugu belirlenmistir (Rosenfeld, 1986).

Antalya ilinde sera sebzeciliginde calisan iiretici kadinlarla yapilan bir aragtirmada, kadinlarin serada sebze
iiretiminde isgiicii olarak ¢ok biiyiik katkilar1 olmasina ragmen isletmede pazarlama ve iiretim ile ilgili konularda
alinan kararlarda etkili olarak rol almadig1 belirlenmistir (Ozkan 2000). Kentucky’de yapilan bir ¢alismada ise
kirsal alanda isleri yapan kadinlar olmalarina ragmen, isletme ile ilgili kararlara katilimlarinin diisiik oldugu
goriilmiistiir (Bokemier ve Garkouich,1987). Elde edilen bu veriler bize, kadinlarin tarimsal iiretim ile ilgili birgok
faaliyete katilmasina ragmen, karar alma mekanizmasinda yeterince etkili olamadiklarin1 gostermektedir.

Trabzon ilinin orman kdylerinde kirsal kadinlarla yapilan bir ¢aligmada, kadinlarin %71,0’1 aile ile ilgili nemli
kararlar alinirken eslerinin kendilerine danigtigini belirtmislerdir (Alkan ve Toksoy, 2009). Konya ilinin Yaylacik
Koyiinde yapilan bir arastirmada kadinlara aile gelirinin harcanmasinda karar1 kimler verir diye soruldugunda
kadmlarin, %40,0’1 kocasmin karar verdigini, %36,4’li kocasi ile birlikte karar verdiklerini, %21,8’i tiim aile
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bireyleri ile birlikte karar verdiklerini, %1,8’1 yalnizca kendisinin karar verdigini belirtmistir (Oguz ve Kan, 2010).

Kirsal alanda yasayan kadinlarin, tarimsal tiretim faaliyetlerinin her asamasina katildiklar1 ancak alinacak
kararlarda ¢ogu zaman etkili olamadiklar1 Kulak (2011), Oguz ve Kan (2010), Ozer ve Talug (2008), Kutlar
(2002), Ozcatalbas (2001), Ozkan (2000), Miilayim (1999) ve Hablemitoglu (1996) tarafindan da tespit edilmistir.
Yapilan bir ¢aligmada da kirsal alanda yasayan kadinlarin %24,3liniin elde ettikleri kazang¢larinin kullanimima
iligkin karar siirecinde de hicbir s6z hakki olmadig1 gortilmiistiir (Kulak, 2011). Kirsal alanda kadin gelir getirici
bir iste caligsa bile elde ettigi geliri esine vermekte ya da ailenin ihtiyaglari icin harcamaktadir. Bu sonuglardan da
anlagildig1 lizere verilen 6rnekler arastirma bulgularini destekler niteliktedir.

Kadinlarin Kooperatife, Birlige, Dernege Ortak veya Uye Olma Durumlar: ve Kooperatifierden Beklentileri

Fertlerin tek baslarina yapamayacaklar1 veya birlikte yapmalarinda fayda bulunan isleri en iyi bir bigimde
ve maliyet fiyatina yapmak {izere dayanigma suretiyle ekonomik giiclerini bir araya getirmelerine kooperatif
denilmektedir (Miilayim, 1992). Ulkemizde sayisal olarak 4-5 milyon ortagi bulunan tarimsal kooperatifler
cesitli alanlarda faaliyet gdstermesine ragmen, bat iilkelerinde oldugu gibi etkili degildir (Yilmaz ve Giil, 2010).
Arastirma kapsamindaki kadinlara tarimsal kalkinma kooperatifi, tarim kredi kooperatifi, pancar kooperatifi,
ziraat odast, Uretici birligi, onder ¢iftci denegi gibi kooperatif ve diger kuruluslara ortak olup olmadig1 sorulmus,
%79.3’1i liye veya ortak olmadiklarini ifade etmislerdir.

Uye veya ortak oldugunu belirten kadinlara (53 kadina) “hangisine iiyesiniz?” diye soruldugunda, kadinlarin
% 32,0°1 ziraat odasina, %19,0°1 iiretici birligine, % 13.22°si tarim kredi kooperatifi- tarim kalkinma kooperatifi,
% 11.371 onder ¢iftgi- pancar kooperatifine iiye- ortak oldugunu belirtmistir.

Ozdemir ve ark. (2017) Trakya Boélgesinde yapmis olduklar arastirmada da kadmlarm %30.2’si Trakya
birlige, % 21’1 Ziraat odasina, %16.8’1 tarim kredi kooperatifine, %15.9’u pancar kooperatifine iiye- ortak oldugu
goriilmektedir. Bélgede yapilan aragtirmalar da hemen hemen ayni sonucu desteklemektedir.

Kooperatifler, ekonomik agidan darda ve zorda olan kadinlarin ekonomik geligsmeleri i¢in olduk¢a dnemli
araglardir. Kooperatiflerin kurulmasinda dikkat edilmesi gereken nokta, tabandan gelen goniillii bir hareketle
kurulmalaridir. Kadinlar gergekten ihtiyag duyarak bu harekete baglamalidir. Tiirkiye’de tarimda yer alan bazi
kooperatif 6rneklerine bakilacak olursa, yillarca devlet giidiimlii ve ortaklarin sahiplenmedigi kooperatifler olarak
varliklarimi stirdiirdiikleri goriilmektedir. Bunlar olumsuz birer drnek olarak karsimiza ¢ikmaktadir. Ancak bunlarin
yaninda bagimsiz, tipki kadin kooperatifierinde oldugu gibi tabandan gelen drgiitlenme ile kurulmus kooperatifler
de ekonomik olarak gii¢siiz ve dagmik bir yapida gelismelerini siirdiirmektedirler. Bu nedenlerden dolay1 kadin
kooperatiflerinin aynt duruma diigmemeleri i¢in, kooperatiflesmeyi bilingli bir sekilde orgiitlemek ve yonetmek
gerekmektedir (Ozdemir, 2013).

Aragtirmaya katilan kadinlara destek verildiginde kendi aralarinda kooperatif kurmayi diisiiniir miisiiniiz? diye
soruldugunda kadinlarin %60.7’si evet, % 39.2’si hayir cevabini vermistir.

Doganay (1993)’1n da bildirdigi gibi kooperatif politikasinin amaci, tarimsal tiretimin ulusal kalkinmaya olan
dolayli ve dolaysiz katkilarini en yiiksek diizeye ulastirma ve bu gereklere uygun nicelik ve niteliklerde tarimsal {iriin
tiirlerinin tiretilmesini gerceklestirmektir. Bunun anlami ise tarim kesiminin planlanmasinda kooperatifciligin etkin
bir ara¢ olarak kullanilabilecegidir. Kooperatif¢ilik uygulamalari, tarimsal {iretimi planlamanin etkin araclarindan
birisi olarak kullanilabilirse, tarimsal gelir ve liretimdeki artis hizlar1 hem istenilen biiyiiklige ulastirilabilir hem
de tarimsal tiretimde yildan yila goriilen degisiklikler ortadan kaldirilabilir. Tiirkiye’de tarim kiiciik treticiler
tarafindan yapilmakta ve kiiciik iireticiler fiyatlarin olugmasinda tek bagina yeterli olamamaktadirlar.

Cizelge 5. Kooperatif Kuruldugunda Kadinlarin Kooperatiften Beklentileri

Table 5. Women Expectations From Cooperative When Cooperative Founded

O el ez N G e C ol onemii
degil etmez
Tecriibeleri paylasmak 2.0 1.6 5.1 41.9 43.8
Gelir elde etmek 0.4 2.7 0.8 329 54.1
Ihtiyac sahiplerine yardime1 olmak 0.4 24 43 34.1 54.1
Tarimsal girdi saglamak 0.4 0.8 5.1 50.3 393
Uriinii pazarlamak 0.4 0.4 5.5 27.7 61.9

Kooperatif kurmay: diisiinen kadinlara kooperatif kuruldugunda kooperatiften beklentileri soruldugunda
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%61.9’u {irlinlinii pazarlamanin, %54.2’si gelir elde etmek ve ihtiyag sahiplerine yardimeci olmanin ¢ok dnemli
oldugunu belirtmislerdir.

Kirsal alanda yasayan kadinlarin kooperatifierden beklentilerini konumlandirmak iizere yapilan ¢ok boyutlu
dlcekleme (CBO) analizinden yararlanilmistir.

Cok boyutlu dlgekleme analizi sonucunda iki boyutlu gosterim incelendiginde Kruskal’m (1978) gelistirdigi
stres degerinin 0,00766 oldugu goriilmektedir. Bu deger veri ve konfigiirasyon uzakliklari arasindaki uyumun tam
oldugunu ifade etmektedir. Elde edilen matrise ait determinasyon katsayisi (R?) 0,99 hesaplanmigtir. Caligmada ele
alman verilerin geometrik gosterimi lineer form ile uyumlu sonuglar vermektedir. Bu sonug, gdzlem uzakliklart
ve farkliliklar arasinda lineer bir iligki oldugu anlamina gelmektedir (Stres=0,00766<0,025). Sekil 3.1’de verilen
Shepard diyagrami gozlenen uzakliklar ile konfigiirasyon uzakliklarinin dagilimimi gostermektedir.

Uzakiklar
¢

¥ T & T T
L5 - .5 LI i

Farkhlikilar

Sekil 1. Shepard Diyagranm
Figure 1. Shepard Diagram

Cok boyutlu 6l¢ekleme analizinin iki boyutlu grafigi ekonomik ve sosyal faktorler olarak belirlenmistir.
Kadinlarin kooperatiflerden beklentilerinin dagilimi1 Sekil 3.2’de verilmistir. Ekonomik boyut incelendiginde
tarimsal girdi tedariki ve iiriinlerin pazarlanmasi pozitif yonde konumlandirilirken, gelir elde etme istegi negatif
bolgede konumlanmistir. Aslinda uygun fiyatlarla girdi tedarik edilmesi ve {irlinlerin pazarlanmast dogrudan gelirin
arttirtlmasina yonelik beklentilerdir. Ancak deneklerin gelir elde etme istegini dogrudan dogruya belirtemedikleri
goriilmektedir.
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Sekil 2. Kooperatif kuruldugunda beklentiler

Figure 2. Expectations when the cooperative is established

Dagilimin sosyal boyutu incelendiginde ise kadinlarin ¢esitli konularda tecriibe edinme isteklerinin pozitif
yonde konumlandig1 goriiliirken ihtiya¢ sahiplerine yardimci olmak kriterinin negatif yonde konumlandigi
goriilmektedir. Buna gore kirsal kesimdeki kadinlarin kooperatif ortakligindaki 6nceliklerinin tarimsal girdi temini
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ve {rilinlerini pazarlayabilmek oldugu sdylenebilmektedir.

Sonuc¢
Aragtirma sonuglarini degerlendirdigimizde, kirsal kesimde yasayan kadinlarin hem hayvansal hem de bitkisel
iiretimin her asamasma katkida bulunduklari ve egitim diizeylerinin oldukg¢a diisiik oldugunu goérmekteyiz.
Kirsalda kadmlarin ekonomik katkilari fazla olmasina ragmen bu katki goriinmez nitelikte oldugundan kadinlar
hak ettikleri yerin gerisinde kalmaktadir.

Aragtirmaya katilan kadinlarin % 56,1’inin sosyal giivencesinin oldugu belirlenmistir. Sosyal giivencesi olan
kadimlarin esinden dolay1 BAG-KUR , SSK ve emekli sandig1 ile sosyal giivenceye sahiptir. Ailelerin %47,6’sinin
50 dontimden az araziye sahip oldugu goriilmektedir.

Kadinlarin bitkisel {iretim faaliyet alaninda en fazla ekim, dikim, ¢apalama islerinde ¢aligtiklar1 anlagilmaktadir.
Hayvansal iiretimle ilgili faaliyetlere katilimlaria bakildiginda, kadinlarin hayvan besleme, siit sagimi, sulama,
ahir-agil temizligi gibi isleri yaptig1 belirlenmistir. Kirsalda kadinlarin tarimsal {iretimin her asamasinda yer
aldiklar1 goriilmektedir.

Aragtirma alanindaki hayvancilik faaliyetleri ¢ogunlukla kadmlar tarafindan yerine getirilmektedir.
Bakilabilecek hayvan sayist ve cesidinin belirlenmesi, satilacak hayvanlarin hangileri oldugunun kararmin
verilmesi genellikle kadinlara aittir. Hayvanlarin sagilmasi, bakimu, siitiin iglenerek ikincil iiriinlere doniistiiriilmesi
cogunlukla kadinlarin sorumlulugundadir.

Aragtirma kapsamindaki kadinlara tarim kredi kooperatifi, tarimsal kalkinma kooperatifi, pancar kooperatifi,
ziraat odast, lretici birligi, onder ¢iftci dernegi gibi kooperatif ve diger kuruluslara {iye veya ortak olup olmadig1
sorulmus, %79.31i iiye veya ortak olmadiklarini ifade etmislerdir. Uye veya ortak oldugunu belirten kadinlarin %
32.0°1 ziraat odasina iiye- ortak oldugunu belirtmistir.

Kooperatif kurmay: diisiinen kadinlara kooperatif kuruldugunda kooperatiften beklentileri soruldugunda
tirlinlinii pazarlamanin, gelir elde etmek ve ihtiyag sahiplerine yardime1 olmanin ¢ok nemli oldugunu belirtmislerdir.

Cok boyutlu dlgcekleme analizinin ekonomik boyutu incelendiginde tarimsal girdi tedariki ve {irtinlerin
pazarlanmasi pozitif yonde konumlandirilirken, gelir elde etme istegi negatif bolgede konumlanmistir. Aslinda
uygun fiyatlarla girdi tedarik edilmesi ve {irlinlerin pazarlanmasi dogrudan gelirin arttirilmasima yonelik
beklentilerdir. Ancak deneklerin gelir elde etme istegini dogrudan dogruya belirtemedikleri goriilmektedir. Bu
sonug Ozellikle kirsal alanda kadinlarin karara alma siireglerine katilimi agisindan 6nemli bir bulgudur. Kadinlarin
hala gelir elde etmek konusunda geri planda kaldiklar1 ve bu konuda aktif hale gelebilmeleri icin egitilmeleri
gerekmektedir. Daha énce Ozdemir ve ark.(2015) yaptig1 bir calismada kadimlarin ciftciligi meslek olarak kabul
etmemeleri de bu sonucu destekler niteliktedir.

Toplumun sosyal, ekonomik ve kiiltiirel agilardan gelismesi cinsiyet acisindan kadin ve erkeklerin esit
imkanlara sahip olmasina baglidir. Toplumu olusturan bireylerin biitiin olanaklardan esit oranda yararlanmasi
toplumun dengeli kalkinmasinda oldukca 6nemlidir. Toplumun biitiin kesiminde, her konuda basari saglamanin
en onemli kosulu egitimdir. Kirsal kesimdeki erkeklerin ve kadinlarin egitim diizeyleri verilecek egitimlerle
yiikseltilmelidir. Boylece esler arasinda is bolimii ve yardimlagsma da artirilabilir. Kadinlarin karar verme
stirecine daha fazla katilmalart i¢in gerekli girisimler planlanarak hayata gecirilmelidir. Kirsal kadimlarin bilgi
ve becerilerini gelistirmek i¢in cesitli kurslar diizenlenmeli, ayn1 faaliyetlerde bulunan kadmnlarin 6rgiitlenmeleri
saglanmali, sosyal giivenlik hizmetleri sunarak kadinlarin kendi ayaklari iizerinde durmalar1 ve kendilerini ifade
edebilmeleri i¢in ortam olusturulmalidir.

Kirsal alanda orgiitlenme egilimini arttirmak i¢in egitimler yapilarak mevcut olan orgiitler gelistirilmelidir.
Kirsal alandaki kadinlar i¢in kooperatifler 5nemli birer arag niteligini tasimaktadir. Bu nedenle kadinlarin kooperatif
ortag1 olmalar1 saglanmalidir. Kooperatiflerde kadin varligiin ve karar verme siireclerindeki etkisinin artirilmasi
kadinlarin kiiltiirel, sosyal ve ekonomik ihtiyaglarinin karsilanmasinda ve ekonomik faaliyetler kapsaminda yer
alan mal ve hizmet iiretimi ile bunlarin pazarlanmasina yonelik ihtiyaglarin karsilanmasinda 6nemli olacaktir. Bu
sekilde kirsalda yasayan ve tarimsal faaliyet i¢inde bulunan kadinlarin kooperatiflesme, 6rgiitlenme ile daha fazla
gelir elde etmelerine katkida bulunarak, yoksullugun azaltilmasi ve gelir dagiliminin iyilestirmesinde énemli bir
adim olacaktir.

Tarimsal tiretimin biitiin asamalarinda yer alan kirsal kadinlarin ihtiya¢ duyduklar tiim konulardaki bilgilerin
yerinde saglanmasi ve kendilerine hak ettikleri degerin verilmesi gerekmektedir. Kadinlara yonelik gerceklestirilen
biitiin projeler ve faaliyetler, yetistirmis olduklari ¢ocuklara ve boylece de nesilden nesille aktarilmis olacaktir. Bu
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konuda yapilan ¢aligmalar ne kadar verimli olursa, yeni yetisen nesillerin de o kadar bilingli olarak yetisecegini
sOyleyebiliriz.
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RESEARCH ARTICLE ARASTIRMA MAKALESI

Agronomic Performance of Seeds of Some Bread Wheat (7Triticum aestivum L.) Cultivars Exposed
to Drought Stress

Kuraklik Stresinde Kalmig Bazi Ekmelik Bugday (Triticum aestivum L.) Cesitlerinin Tohumluklarinin
Agronomik Performanslari

Alpay BALKAN'*

Abstract

This study was carried out to determine agronomic performance of seeds of some bread wheat cultivars exposed to artificial
drought stress. Seeds obtained from eight bread wheat cultivars with different response to drought (Konya 2002, Alpu 2001,
Sultan 95 and Eser as drought sensitive cultivars; Karahan 99, Tosunbey, Kate A1 as drought resistant cultivars and Golia as
moderate drought resistant cultivar) after their treatment, in previous years, by artificial drought stress through using chemical
desiccant (4% potassium cholorate-KC1O3) at the post-anthesis stage were used as experimental material. The field experiment
was arranged in a split-plot design with 3 replicates during 2009-2010 and 2010-2011 wheat growing seasons. Cultivars were
adjusted as main plots and seeds were allotted as subplots. In the experiment, seeds obtained from desiccant applied plants
(SDAP) and control (non-desiccant) plants (SCP) were compared for plant height (PH), spike length (SL), number of grain per
spike (NGPS), grain weight per spike (GWPS), grain yield (GY) and thousand kernel weight (TKW). It was determined that
the drought resistant cultivars had generally higher values for PH, GWPS, GY and TKW than the other cultivars. However, the
highest NGPS was obtained from the drought sensitive cultivars. The study has shown that desiccant application has detractive
impact on seed size in all cultivars. Therefore, the SCP showed significantly higher performance for all examined traits than
the SDAP. Consequently, data showed that artificial drought stress by chemical desiccant application at the post-athesis stage
affected negatively seed quality in bread wheat.

Keywords: Potassium chlorate, drought, seed quality, grain yield, yield components.

Oz

Bu caligma, yapay kuraklik stresinin etkisinde kalmis bazi ekmeklik bugday cesitlerinin tohumluklariin agronomik
performanslarini belirlemek amaciyla yiiriitiilmiistiir. Bir 6nceki yil ¢iceklenme sonrast déonemde kimyasal desikant (%4
potasyum klorat-KCl03) kullanilarak olusturulan yapay kuraklik stresinin etkisinde birakilmis kuraga yanitlar: farkli sekiz
ekmeklik bugday ¢esidinden (Konya 2002, Alpu 2001, Sultan 95 ve Eser kuraga hassas gesitler; Karahan 99, Tosunbey,
Kate A1l kuraga dayanikli gesitler ve Golia kuraga orta dayanikli ¢esit) elde edilen tohumluklar deneme materyali olarak
kullanilmigtir. Tarla denemesi 2009-2010 ve 2010-2011 bugday yetistirme donemlerinde bélinmiis parseller deneme desenine
gore 3 tekrarlamali olarak kurulmustur. Cesitler ana parsellere, tohumluklar ise alt parsellere yerlestirilmistir. Denemede,
desikant uygulanmis bitkilerden elde edilmis tohumluklar (DUBT) ile kontrol bitkilerden elde edilmis tohumluklar (KBT)
bitki boyu (BB), basak uzunlugu (BU), basakta tane sayisi (BATS), basakta tane agirligi (BATA), tane verimi (TV) ve bin
tane agirligi (BTA) bakimindan karsilastirilmistir. Genellikle, BB, BATA, TV ve BTA bakimindan kuraga dayanikli gesitler
hassas gesitlerden daha yiiksek degerlere sahip olmustur. Bununla birlikte, en yiiksek BATS kuraga hassas gesitlerden elde
edilmistir. Caligmada, desikant uygulamasinin biitiin ¢esitlerde tane boyutu iizerine olumsuz etki yaptigi goriilmistiir. Bu
nedenle, incelenen tiim 6zellikler bakimindan KBT, DUBT dan daha iyi performansi gostermistir. Sonug olarak, elde edilen
veriler ekmeklik bugdayda ¢igeklenme sonrasi donemde kimyasal desikant uygulanarak olusturulan yapay kuraklik stresinin
tohumluk kalitesini olumsuz etkiledigini gdstermistir.

Anahtar Kelimeler: Potasyum klorat, kuraklik, tohumluk kalitesi, tane verimi, verim unsurlari.
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Wheat (Triticum aestivum L.) is a strategic plant and a stable food for more than 35% of the world’s population
(Khakwani et al., 2011), and it is also one of the most important cereal crops in Turkey. According to FAO’s latest
forecast, wheat production of the world and Turkey are 749.4 Mt and 20.6 Mt, respectively (Anonymous, 2016).
While wheat is the second crop after maize (1.06 Bt) as production amount in the world, it is the first crop in
Turkey. Wheat grows as a rain-fed crop in semi-arid and arid regions of Turkey, where large fluctuations occur in
the amount and frequency of precipitation from year by year.

In recent years, abiotic stress factors result from global climate change has greatly affected by wheat production
in many arid and semi-arid regions of the world. Drought is one of the most common abiotic/environmental
stresses that affect growth and development of plants. It is assumed that by the year 2025, around 1.8 billion
people will face absolute water shortage and 65% of the world’s population will live under water-stressed
environments (Nezhadahmadi et al., 2013). The response of plants to water stress depends on several factors such
as developmental stage, severity and duration of stress and cultivar genetics (Beltrano and Ronco, 2008). Although
all phenological stages of wheat are affected by drought stress, especially the reproductive and grain-filling stages
are the most sensitive (Pradhan et al., 2012). Drought during reproductive and grain-filling stages is known as
terminal drought (Reynolds et al., 2005). Under terminal drought, the grain-filling rate decreases due to reduced
photosynthesis, accelerated leaf senescence, and sink limitations (Farooq et al., 2014). Therefore, terminal drought
early grain development curtails potential grain size by reducing the rate and duration of grain filling (Saini and
Westgate, 2000). Cseuz (2009) indicated that drought stress during post-anthesis and grain-filling stages may cause
grain yield reduction due to seed shriveling as high as 20-50%.

One of the methods that were approved as effective for the selection of cereal varieties resistant to drought is
the chemical desiccant application (Dogan et al., 2012). For this purpose, chemical desiccants such as potassium
iodide (Sawhney and Singh, 2002), magnesium chlorate (Blum et al., 1983), sodium chlorate (Haley and Quik,
1993) and potassium chlorate (Budakli et al., 2007) are used. Artificial drought stress induced by applying chemical
desiccant at the post-anthesis stage caused the reduction in seed size and weight (Blum et al., 1983; Haley and
Quik, 1993; Chandra et al., 2005; Cseuz, 2009; Mohammadi et al., 2009).

Seed size is an important physical indicator of seed quality that affects vegetative growth and it is frequently
related to yield, market grade factors and harvest efficiency (Rukavina et al., 2002). Seed size as a characteristic
of seed quality, also plays a major role on germination and establishment of vigorous seedlings that is essential to
achieving high yield in wheat (Nik et al., 2011). Generally, large seed has better field performance than small seed
(Ambika et al., 2014). Farahani et al. (2011) explained that the effect of seed size was significant on germination
percentage, seedling dry weight and seedling vigour in bread wheat. The highest germination percentage, seedling
dry weight, seedling vigour, and seedling length were achieved came up to large seeds. Kara and Akman (2007)
indicated that emergence rate, seedling length, dry weight of above-soil surface organs and root dry weight were
higher in large seeds than small and medium seeds, but tillering and root/dry weight ratio of above-soil surface
organs were not affected from seed size. Akinci et al. (2008) reported that effect of seed size on plant height, spike
length, spikelet number, grains number per spike and grain weight per spike was not significant in durum wheat.
They also indicated that increasing seed size increased seedling emergence, thousand kernel weight and grain
yield. Taner et al. (2011) stated that thousand kernel weight, test weight and grain yield was higher in larger seeds
than small seeds, and plant height was not affected by seed size. Zareian et al. (2012) emphasized that increasing
seed size increased seedling emergence percentage, number of spikes per m? and grain yield in three bread wheat
cultivars. Kahraman and Avci (2016) stated that thousand kernel weight, test weight and grain yield were higher in
large seeds than small seeds in bread wheat. They also found no interaction between seed size and number of spike
per m? and number of grain per spike. Haider et al. (2016) studied on influence of seed priming and seed size on
wheat performance under different tillage systems. Researchers found that large seeds had better performance than
small seeds in terms of plant height, spike length, number of productive tillers per m?, spikelets per spike, grains
per spike, thousand kernel weight, biological yield, straw yield and grain yield.

In our previous study, it was examined the characteristics of germination and seedling growth of seeds obtained
from plants exposed to artificial drought stress using potassium chlorate in bread wheat cultivars. We found that
non-desiccant/large seeds showed higher performances for root number, coleoptiles length, seedling length,
seedling fresh weight, seedling dry weight, root fresh weight and root dry weight than desiccated/small seeds
(Balkan, 2012). Thus, the aim of this study was to determine grain yield and yield components of seeds of some
bread wheat cultivars exposed to artificial drought stress under field conditions, and also to examine effect of
artificial drought stress on seed quality in bread wheat.
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Materials and Methods
Experimental site and growing conditions:
This study was carried out in the experiment area of Field Crops Department of Agricultural Faculty of Tekirdag
Namik Kemal University, Tekirdag, Turkey between 2009-2010 and 2010-2011 wheat growing seasons. Tekirdag
district locates at latitude 40° 36°-40° 31’ and longitude 26° 43°-28° 08’and asl is 10 m.

According to soil analysis results, experimental area’s soil was clay-loam, slightly acidic (pH 6.7), limeless,
and poor (1.05%) in the organic matter. In addition, K,O content of the soil was adequate, but P,O, and nitrogen
content was very low.

The climate data during the 2009-2010 and 2010-2011 wheat growing seasons and long-term average were
given in Table 1. In the first year of the study, the total precipitation, the average temperature and relative humidity
were 525.0 mm, 12.1 °C and 84.0%, respectively. The total precipitation and relative humidity of this year was
higher than long-term (Table 1). In the second year of the study, the total precipitation, the average temperature
and relative humidity were 459.0 mm, 11.3 °C and 78.0%, respectively. The climatic data of the second year were
similar to the long-term (Table 1).

Experimental materials and design:

Eight bread wheat cultivars with different responses to drought (Konya 2002, Alpu 2001, Sultan 95 and
Eser as drought sensitive cultivars; Karahan 99, Tosunbey, Kate Al as drought resistant cultivars and Golia as
moderate drought resistant cultivar) were used as experimental material in this study. These cultivars were grown
in separate plots of 5 m? in the experimental area of Field Crops Department of Agricultural Faculty of Tekirdag
Namik Kemal University during 2007-2008 and 2008-2009 growing seasons. Fourteen days after the heading of
cultivars (Zadoks 69. stage-post-anthesis), artificial drought stress was induced by spraying chemical desiccant
(4% potassium chlorate-KClO,) on 1 m part of each plot (Budakli and Celik, 2005). Thus, the complete drying
of the plants was achieved after 48 hours of desiccant application. Desiccant applied parts and non-desiccant
(control) parts of each plot were harvested separately when the plants reached maturity. The material of the field
experiments in 2009-2010 and 2010-2011 consisted of these seeds. A thousand kernel weights (TKW) of seeds
obtained from desiccant applied plants (SDAP) and control (non-desiccant) plants (SCP) in 2009 and 2010 are
given at Table 2. As can be seen from Table 2, seeds of control plants (non-desiccant) were larger than seeds of
desiccant applied plants in all cultivars.

Table 1. Some climatic parameters during the wheat growing season in 2009-2010 and 2010-2011.

Months Precipitation (mm) Average Temperature (°C) Relative Humidity (%)
2009-10 2010-11 Long-term 2009-10 2010-11 Long-term 2009-10 2010-11 Long-term
November 322 30.6 81.3 11.9 153 11.4 97.6 82.6 81
December 132.8 107.8 86.2 9.2 8.8 7.2 97.4 78.5 82
January 74.6 45.8 69.9 4.8 5.3 44 94.2 84.7 82
February 150.2 40.2 54.7 7.9 5.1 53 85.5 77.1 80
March 46.6 222 55.6 8.5 7.3 6.8 79.2 77.0 79
April 27.6 75.2 429 13.2 10.5 11.5 73.7 76.5 76
May 14.4 41.8 37.6 18.7 16.5 16.6 71.9 77.4 75
June 46.6 95.4 37.8 22.7 21.9 28.9 72.9 70.4 71
Total 525.0 459.0 466.0 - - - - - -
Average - - - 12.1 11.3 11.5 84.0 78.0 78.2

Source: Tekirdag Meteorological Station.

The field experiment was carried out in a split-plot design with cultivars as main plots and seeds as subplots,
with 3 replicates in 2009-2010 and 2010-2011 years. Experimental plots consisted of six rows, 5 m long and
spaced 20 cm apart. The experiments were sowed on 07 November 2009 and 11 November 2010 with a seedling
rate of 500 seeds m?. At sowing, 5 kg da pure nitrogen (N) and 5 kg da™' pure phosphor (P,O,) were applied as
20.20.0 composed fertilizer. Also, 8 kg da! pure N as urea fertilizer (46% N) and 3 kg da™! pure N as ammonium
nitrate fertilizer (26% N) were applied at tillering and stem elongation stages, respectively. Weeds in the plots were
controlled with chemical control methods between tillering and stem elongation stages in spring. The plots were
harvested with a HEGE-160 combine harvester on the July 2010 and 2011 during the maturity (Zadoks 93. stage).
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In the experiment, grain yield (GY-kg da™'), plant height (PH-cm), spike length (SL-cm), number of grains per
spike (NGPS-no), grain weight per spike (GWPS-g), harvest index (HI-%), thousand kernel weight (TKW-g) were
determined.

Table 2. Mean thousand kernel weights of seeds of each cultivar

TKW (g)
Cultivars 2009 2010
SCp SDAP SCP SDAP
Kate Al 36.82 20.18 34.70 23.92
Golia 30.56 17.01 29.67 21.97
Konya 2002 38.62 24.18 36.57 24.97
Karahan 99 33.54 21.17 32.96 22.47
Alpu 2001 37.31 23.00 33.07 23.53
Sultan 95 24.59 19.17 24.00 17.23
Tosunbey 35.93 22.38 35.27 27.93
Eser 24.62 19.30 23.10 17.41

Statistical analysis:

All the data obtained from the experiments were subjected to variance analysis (ANOVA) using JMP 5.0.1
statistical software, and mean values were compared using Fisher’s Least Significant Difference (LSD) test (Steel
& Torrie 1960).

Results and Discussion
ANOVA results indicate significant effect of both cultivars and seeds on PH, SL, NGPS, GWP, GY and TKW
in both years (Table 3-6).

Plant height (PH-cm):

PH was significantly affected by cultivar, seed and cultivar x seed interaction in both years (Table 3 and 5). In
2010, PH varied between 57.4 and 110.7 cm for cultivars. The highest PH was measured in Karahan 99 cultivar
followed by Konya 2002 cultivar (101.0 cm), and the lowest Golia cultivar (Table 3). PH of SCP (94.9 cm) was
significantly more than SDAP (90.1 cm) (Table 3). In cultivar x seed interaction, PH varied from 54.0 to 114.5
cm. SCP of Karahan 99 cultivar had the longest PH followed by SDAP of same cultivar (106.9 cm) (Table 3). The
shortest PH was determined in SDAP of Golia cultivar followed by SCP of same cultivar (60.8 cm). Similar results
to the first year were obtained in the second year of the experiment (Table 5). Karahan 99 cultivar had the highest
mean value of PH (120.4 cm) followed by Konya 2002 cultivar with 114.0 cm. The shortest PH occurred in Golia
cultivar (65.0 cm) followed by Eser cultivar with 90.8 cm. There was a significant difference between SCP and
SDAP, and their mean values for PH were determined as 104.3 cm and 96.8 cm, respectively (Table 5). Mean PH
values were varied between 62.0 cm and 125.2 cm in cultivar x seed interaction (Table 5). The longest PH was
measured in SCP of Karahan 99 cultivar followed by SCP of Konya 2002 cultivar with 120.2 cm. SDAP of Golia
cultivar had the shortest PH followed by SCP of Golia cultivar with 68.0 cm.

Our results showed that mean values of PH in 2011 were higher than 2010 year. This may result from the higher
amount of precipitation in the second year at the stem elongation stage of plants (in April) (Table 1). A significant
variation for PH was determined among cultivars. This may be associated with different genetic structure of the
cultivars. Golia cultivar already has a genetically short plant height. Results of this study showed that SDAP had
significantly lower mean values of PH than SCP. Mean PH values of SDAP was 5.06% and 7.19% lower in the
experiment years, in comparison with SCP. This situation can be ascribed to their seed size. This result is also in
agreement with the observations of Shahwani et al. (2014) and Haider et al. (2016), who found that large seeds had
longer PH than small seeds. However, Taner et al. (2011) stated that PH was not affected by seed size.

Spike length (SL-cm):

The effects of cultivar and seed on SL were statistically significant in both experimental years. Cultivar x
seed interaction was not significant in the first year, but significant in the second year (Table 3 and 5). In the first
year, mean values of cultivars for SL varied between 8.6 and 11.3 cm (Table 3). Eser cultivar had the highest SL
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followed by Sultan 95 cultivar with 10.7 cm. The lowest SL was obtained from Golia cultivar with the shortest
PH. Mean values of SL in SCP and SDAP were 10.6 cm and 9.7 cm, respectively (Table 3). In 2011, Karahan 99
cultivar had the highest SL with 11.1 c¢m, followed by Kate A1 (9.8 cm) and Sultan 95 (9.7 cm) cultivars. Golia
cultivar had the lowest SL. In cultivar x seed interaction, mean values of SL varied between 6.9 and 11.8 cm. The
highest SL value was obtained from SCP of Karahan 99 cultivar followed by SDAP of same cultivar (10.5 cm).
SDAP of Golia cultivar had the lowest SL followed by SCP of same cultivar (7.2 cm) (Table 5).

In this study, mean values of SL in 2010 year were lower than 2011. This may be associated with PH values
of years. As stated by Geng (1977), increasing PH value caused decreasing of SL. The effects of cultivars on SL
were statistically significant. As similar to plant height values, Golia cultivar had the shortest SL in both years.
When SDAP (small size) compared with SCP (large size), it had the 8.49% to 10.20% shorter SL than SCP. Our
results were similar to the finding of Sarker and Malaker (2009), Shahwani et al. (2014) and Haider et al. (2016).
However, Akinci et al. (2008) reported that effect of seed size on SL was not significant.

Number of grains per spike (NGPS-no):

NGPS was significantly affected by cultivar, seed and their interaction in both experimental years (Table 3 and
5). Among cultivars, NGPS varied between 37.0 and 62.2 in 2010, 36.6 and 50.1 in 2011. In the first year, Alpu
2001 (62.2) and Eser (62.1) cultivars had the highest NGPS, these followed by Sultan 95 cultivar (56.8). The
lowest NGPS were obtained from Karahan 99 cultivar followed by Kate Al cultivar (39.8) (Table 3). Similarly,
in the second year, the highest mean values of NGPS were determined in Sultan 95 (50.1), Eser (45.5) and Alpu
2001 (44.4), respectively. Kate A1 (36.6), Karahan 99 (36.7) and Golia (37.6) had the lowest mean values of NGPS
(Table 5). Results shown that SDAP had the lower mean value of NGPS than SCP in both years. While mean
values of NGPS in SDAP were 46.9 and 44.5, SCP had 46.9 and 38.7 mean value of NGPS (Table 3 and 5). In
cultivar x seed interaction, in 2010, SCP of Eser (65.8) and Alpu 2001 (64.5) had the highest NGPS value, SDAP
of Karahan 99 (35.3) was the lowest (Table 3). In 2011, the highest mean value of NGPS was recorded for SCP of
Sultan 95 (52.4). The lowest NGPS was determined in SDAP of Golia (33.1), Karahan 99 (33.5) and Konya 2002
(35.2) (Table 5).

According to results of the present study, mean values of NGPS in 2010 were higher than 2011. This may be due
to the spikes were longer in 2010 and precipitation was higher. Differences among 8 cultivars were significant for
NGPS. This result indicated that cultivars used in this study are genetically different for this trait. As an expected
result, drought sensitive cultivars, which were improved for irrigated conditions, had the higher NGPS values than
the other cultivars. There was also a significant difference between SDAP and SCP for NGPS in both years. Mean
values of SCP for NGPS were 12.82% to 13.03% higher than SDAP. This result indicated that large seeds in bread
wheat produced more NGPS. This result is also agreement with the results of Shahwani et al. (2014) and Haider et
al. (2016), who reported that large seeds had higher NSPS than small seeds. In contrary, Sarker and Malaker (2009)
and Zareian et al. (2012) found that NGPS was significantly decreased by increasing of seed size. Besides, Akinci
et al. (2008) and Kahraman and Avci (2016) stated that NGPS in wheat was not significantly affected by seed size.

Grain weight per spike (GWPS-g):

Effects of cultivar, seed and cultivar x seed interaction on GWPS were statistically significant in both years
(Table 3 and 5). In the first year, mean value of GWPS in cultivars ranged from 1.52 to 2.26 g. The highest GWPS
was determined in Alpu 2001 cultivar closely followed by Tosunbey (2.23 g). GWPS was the lowest in Golia
cultivar (Table 3). It was determined that GWPS value of SCP (2.09 g) was higher than SDAP (1.60 g). Mean
values of GWPS varied between 1.25 and 2.62 g in cultivar x seed interaction (Table 3). SCP of Alpu 2001 had the
highest GWPS, and the lowest in SDAP of Sultan 95. In the second year, mean values of GWPS ranged from 1.11
to 1.50 g among 8 cultivars (Table 5). The highest GWPS obtained in the Tosunbey cultivar followed by Konya
2002 (1.45 g) and Kate A1 (1.42 g) in the same statistical group. GWPS was the lowest in Sultan 95 cultivar. There
was a significant difference between SCP and SDAP for GWPS, and their GWPS was determined as 1.45 and
1.13 g, respectively (Table 5). In cultivar x seed interaction, the highest GWPS was recorded for SCP of Tosunbey
cultivar (1.72 g) followed by SCP of Kate A1 (1.67 g). SDAP of Sultan 95 cultivar (1.00 g) had the lowest GWPS
followed by SDAP of Eser (1.02 g), Alpu 2001 (1.04 g) and Golia (1.07 g) in the same statistical group (Table 5).

The results of this study shown that mean values of GWPS in the first were higher than the second year. The
more NGPS was obtained with the effect of high precipitation in the first year. This caused increasing of GWPS.
There were significant differences among 8 cultivars in terms of GWPS. Generally, Sultan 95, Eser and Golia
cultivars had the lower mean values of GWPS than other cultivars in both years. This may be due to that these
cultivars have genetically small seeds. This research also indicated that SDAP with small size had the 23.44% to
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22.06% lower GWPS than SCP with large seed. Our results were similar to the findings of Rukavina et al. (2002)
in barley, who found that GWPS of large seeds was higher than small seeds. However, Akinci et al. (2008) reported
that effect of seed size on GWPS was not significant.

Grain yield (GY-kg da™):

GY was significantly affected by cultivar, seed and their interaction in 2010 (Table 4). GY ranged from 424.3
to 631.3 kg da’! among examined cultivars. The highest GY was determined in Kate A1 cultivar followed by Golia
(607.6 kg da'). Sultan 95 cultivar had the lowest GY followed by Eser (426.6 kg da™') in the same statistical group
(Table 4). GY of SCP (569.1 kg da!) with large seeds was significantly higher than SDAP (497.2 kg da!) with
small seeds. In cultivar x seed interaction, the highest GY was recorded for SCP of Kate A1 (656.0 kg da!) closely
followed by SCP of Golia (640.5 kg da!) and Tosunbey (638.6 kg da!). SDAP of Sultan 95 (376.3 kg da!) had the
lowest GY followed by SDAP of Alpu 2001 (390.2 kg da!) and Eser (395.9 kg da!) (Table 4). In 2011, the effects
of cultivar and seed on GY were statistically significant. However, cultivar x seed interaction was not significant
for GY (Table 6). Mean values of cultivars for GY ranged from 330.5 to 629.5 kg da™! (Table 6). Golia cultivar had
the highest GY followed by Tosunbey (510.6 kg da!) and Kate A1 (508.1 kg da'!). The lowest GY was determined
in Karahan 99 cultivar followed by Eser (359.7 kg da!) and Alpu 2001 (361.7 kg da!). GY of SCP (476.3 kg da!)
was significantly higher than SDAP (398.2 kg da!) with small seed (Table 6).

In the present study, as an expected result, mean values of GY in 2010 were higher than 2011. The high
precipitation in the first year may have caused this. In both years, Sultan 95, Eser and Alpu 2001 cultivars had the
lowest mean values for GY. This result shown that these cultivars were more affected by chemical desiccation than
the other cultivars. This research also indicated that SDAP with small size had 12.63% to 16.40% lower GY than
SCP with large seed. Similar findings were recorded by Akinci et al. (2008), Sarker and Malaker (2009), Taner
et al. (2011), Zareian et al. (2012), Shahwani et al. (2014), Haider et al. (2016), Kahraman and Avci (2016), who
reported that large seeds had higher GY than small seeds in wheat.

Thousand kernel weight (TKW-g):

The cultivar and seed had significant effect on TKW, but effect of their interaction was not significant in 2010
(Table 4). Among cultivars, Konya 2002 had the highest TKW (38.1 g) in 2010 followed by Tosunbey (37.7 g) in
the same statistical group. The lowest TKW value occurred in Eser (30.2 g) followed by Sultan 95 (31.0 g) in the
same statistical group (Table 4). Mean value of SCP (36.8 g) for TKW was higher than SDAP (32.6 g). In 2011,
TKW was significantly affected by cultivar, seed and their interaction (Table 6). Tosunbey cultivar (31.5 g) had the
highest TKW followed by Konya 2002 (30.9 g), Kate A1 (30.6 g) and Alpu 2001 (30.4 g). The lowest TKW value
was obtained from Eser cultivar (24.8 g) followed by Sultan 95 with 25.1 g in the same statistical group. In cultivar
x seed interaction, mean values of TKW varied between 22.6 and 32.9 g (Table 6). The highest TKW value was
determined in SCP of Kate A1 cultivar followed by SCP of Tosunbey and Alpu 2001 cultivars with 32.6 g in the
same statistical group. SDAP of Eser cultivar had the lowest TKW followed by SDAP of Sultan 95 cultivar with
24.3 g (Table 6).

Our results showed that mean values of TKW in 2010 year were more than 2011. This may be associated
with precipitation amount of year. The precipitation amount in 2010 was higher than 2011. Differences among 8
cultivars for TKW were statistically significant. This result indicated that cultivars had genetically different seed
size. SDAP had 11.41% to 10.20% lower TKW than SCP. This result may be associated with the reduction in seed
size due to chemical desiccant application. Sarker and Malaker (2009), Taner et al. (2011), Sahin et al. (2013),
Aydogan et al. (2014), Shahwani et al. (2014), Haider et al. (2016) and Kahraman and Avci (2016) found similar
results in that large seeds have higher TKW in comparison with small seeds.

Table 3. Mean values and significance groups for plant height (PH), spike length (SL), number of grains per spike (NGPS) and
grain weight per spike (GWP) in 2010.

PH (cm) SL (cm) NGPS (no) GWPS (g)
Cultivars Seeds Seeds Seeds Seeds
———————————— Mean ——————— Mean ———————————— Mean ——————————— Mean
SCpP SDAP SCP SDAP SCP SDAP SCP SDAP
Kate Al 1009d 98.0ef 99.5¢ 102 9.3 9.7d 42.1¢g 375h 39.8f 1.85de 1.65f 1.75¢
Golia 60.81 540m 574g¢g 8.9 8.4 86¢ 53.9d 421g 48.0d 1.65f 1.39¢ 1.52d

Konya2002 103.7c¢ 984e 101.0b 105 9.5 10.0bcd 50.7e 417g 462e¢ 2.12bc 1.76e 1.94b
Karahan 99 1145a 1069b 110.7a 10.9 9.7 10.3bcd 38.8h 3531 370g 1.86de 142g 1l.64cd
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(Continuation of the Table 3)

Alpu 2001 8955 845k 87.0f 109 10.1 10.5 be 64.5a 599b 622a 2.62a 1.90d 2.26a
Sultan 95 96.6fg 932h1 949de 11.2 103 10.7ab  59.8bc 53.7d 568D 2.02¢ 1.25h  1.64cd
Tosunbey 97.7ef 93.8h 957d 103 9.2 9.8 cd 54.6d 46.6f 50.6c 241b 2.05¢ 223a
Eser 959g 9201 94.0e 117 10.9 11.3a 65.8a 584c 621a 2.17b  134gh 1.76¢
Mean 949a 90.1b 92.5 10.6a 9.7b 10.1 53.8a 469b 50.3 2.09a 1.60 b 1.84
LSD 0 C™: 1.351, 51292563, CXSH:C”: 0.736.S™: 0.260, CxS™: C™: 1415, 31348512, CxS™:C™: 0.144, %::05)040, CxS™

**: Significant at 1%, ™: Non-significant

Table 4. Mean values and significance groups for grain yield (GY) and thousand kernel weight (TKW) in 2010.

GY (kg da) TKW (g)
Cultivars Seeds Seeds
SCP SDAP Mean SCP SDAP Mean
Kate Al 656.0 a 606.6 ¢ 6313 a 35.6 337  34.7bc
Golia 640.5b 574.6 ¢ 607.6 b 335 312 324cd
Konya 2002 583.4de 4985¢ 5409d 40.0 36.2 38.1a
Karahan 99 617.6 ¢ 5479 f 582.8¢c 393 35.4 37.4 ab
Alpu 2001 487.6 f 390.2 j 4389¢ 38.8 33.7 363ab
Sultan 95 4723 h 376.3 k 4243 f 33.9 28.1 31.0d
Tosunbey 638.6 b 587.3d 613.0b 39.8 355 37.7a
Eser 457.31 395.9] 426.6 f 332 27.2 30.2d
Mean 569.1 a 4972 b 533.1 36.8a 326D 34.7
LSD C™: 8.634,S™:4.243, CxS™: 11.999C™": 2.808, S*: 0.792, CxS™: -

(P<0.05)

s

*and *: Significant at 1% and 5%, ™: Non-significant

Table 5. Mean values and significance groups for plant height (PH), spike length (SL), number of grains per spike (NGPS) and
grain weight per spike (GWP) in 2011.

PH (cm) SL (cm) NGPS (no) GWPS (g)
Cultivars Seeds Seeds Seeds Seeds
SCp SDAP Mean SCP SDAP Mean SCp SDAP Mean SCPp SDAP Mean
Kate Al 115.6¢c 1099d 112.7¢ 103b 93de 9.8b 37.7gh 354h 36.6e 1.67ab 1.17f 142 a
Golia 68.01 620m 650h 72h 69h 7.0d 42.0ef 3311 37.6de 1.28e¢ 1.07g 1.18cd
Konya 2002  120.2b 107.7e¢ 114.0b 9.4d 84g 89c 435de 3521 393d 161b 1.29¢ 145a
Karahan 99 1252a 1157c¢ 1204a 11.8a 105b 1l.1a 399fg 3351 367e¢ 137d 1.20f 1.29b
Alpu 2001 957h  91.7j 93.7f 99c¢ 89f 94bc 483D 40.5f 444bc 1.50c 1.04g 1.27bc
Sultan 95 105.6f 99.7g 102.6e 103b 9.1ef 9.7b 524a 478b 50.1a 122ef 1.00g 1.11d
Tosunbey 110.5d 100.1g 1053d 9.4d 88f 9.1bc 451cd 405f 428¢c 1.72a 1.28¢ 1.50a
Eser 93.51 88.1k 908g 98¢ 88f 94bc 473bc 43.7de 455b 123ef 1.02¢g 1.13d
Mean 1043a 96.8b  100.6 9.8a 8.8b 9.3 445a 38.7b 41.6 1.45a 1.13b 1.29
LSD C™: 1.039, S™: 0.423, CxS™:.C™: 0.715, S™: 0.107, CxS™:C™: 2.560, S™: 0.871, CxS™":C™: 0.094, S™: 0.024, CxS™:
(P<0.05) 1.195 0.304 2.464 0.077

**: Significant at 1%, ™: Non-significant

Table 6. Mean values and significance groups for grain yield (GY) and thousand kernel weight (TKW) in 2011.

GY (kg da™) TKW (g)
Cultivars Seeds Seeds
Mean Mean
SCP SDAP SCP SDAP
Kate Al 555.9 460.3 508.1b 329a 284d 306a
Golia 699.7 559.4 629.5 a 300c¢c 26.7ef 283D
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(Continuation of the Table 6)

Konya 2002 451.9 385.0 4184c 31.8ab 30.1c  309a
Karahan 99 353.1 307.8 3305¢ 30.0c 27.8de 289D

Alpu 2001 4006 3228 361.7de 32.6a 28.1de 304a
Sultan 95 4009 3578  3794d  260f 243g 251c
Tosunbey 560.6 460.6 510.6 b 32.6a 304bc 315a
Eser 3878 3316 359.7de 27.0def 22.6h 248c
Mean 4763a 3982b 4372 304a  273b 289
LSD ..,  C":32.364,5":15.534 CxS™ - ™ 1226, Sl*'zgg‘s 30, Cx8%

s

*and *: Significant at 1% and 5%, ™: Non-significant

Conclusion
As aresult, it was determined that artificial drought stress by chemical desiccant application affected negatively
seed quality due to its detractive effect on seed size in bread wheat. Generally, this effect in drought sensitive
cultivars was more than resistance cultivars. Consequently, it can be said that it is necessary to use large seeds,
which obtained from grown plants in areas without drought stress, to reach high grain yield in bread wheat.
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ARASTIRMA MAKALESi RESEARCH ARTICLE

Ganos Daglar1 Dogal Florasinda Bulunan Kiiltiir Asmalarimin (Vitis vinifera L.) Molekiiler ve
Ampelografik Karakterizasyonu

Molecular and Ampelographic Characterization of Grapevine (Vitis vinifera L.) Genetic
Materials Collected in Natural Flora of Ganos Mountains

Elman BAHAR!, ilknur KORKUTAL', Nihan SAHIN', Fatma Seren SAGIR!, Demir KOK’,
Onur ERGONUL?, Tamer UYSAL?, Zeliha Orhan OZALP?

Oz

Bu calisma, Trakya Bolgesi Ganos (Isiklar) Daglar1 dogal florasina adapte olmus ve varligini siirdiiren Vitis vinifera L. asma formlarina
ait popiilasyonlarin molekiiler ve morfolojik karakterizasyonlarinin belirlenmesi amaciyla yapilmisti. DNA izolasyonlari i¢in kullanilan
materyaller 2014 ve 2016 yillar1 Mayis, Haziran, Temmuz aylarinda daglarin kuzey ve giiney yamaglarindan 7 farkli alandan toplanmistir.
2014 yilinda yapilmis olan sorvey ¢alismalarinda belirlenen 103 6rnekten, salkim gosteren 34 tanesinden 2016 yilinda materyal alinmis ve
molekiiler karakterizasyonlart yapilmistir. Genotiplerin ampelografik ve molekiiler 6zellikler agisindan genel olarak birbirlerinden farkli
oldugu ve 5 ayr1 kiime olusturdugu belirlenmistir. 34 genotipin molekiiler karakterizasyonunda iki temel bilesene gore yapilan kiimeleme
analizinde ise 3 ayr kiime olugmustur. Sonug olarak bolgedeki asma biyogesitliliginin molekiiler karakterizasyonunun tanimlanmas ileride
yapilacak 1slah ¢aligmalari ve molekiiler ¢alismalarda genotiplerin belirlenmesi i¢in bir referans niteligindedir. Bu ¢aligmanin sonucunda
elde edilmis bulgular ile bolgesel kiiltiir asma cesitlerinin gelistirilmesi adina pratikte yararh olacaktir. Ote yandan ileride SSR belirtegleri ile

yapilacak diger ¢alismalar ile de karsilagtirilabilecektir.
Anahtar Kelimeler: Vitis vinifera L., SSR, Molekiiler Karakterizasyon, Biyogesitlilik, Ganos Daglari, Trakya.

Abstract

This study was carried out to determine the molecular and morphological characterization of the populations of Vitis vinifera L. grapevine
forms which have been adapted to the natural flora of the Trakya Region in Ganos (Isiklar) Mountains. Materials were collected from 7
different areas on the northern and southern slopes of the mountains between 2014 and 2016 (May, June and July) used for DNA isolation. In
2014 year, 103 samples were taken from surveys. Molecular characterization was carried out in 2016 year on 34 samples were used which have
grape clusters. It has been determined that genotypes are different from each other in terms of ampelographic and molecular properties and
basis 5 different clusters. In the molecular characterization of 34 genotypes, it performed on the two basic components, there were 3 different
clusters formed in terms of clustering analysis. As a result, grapevine biodiversity with molecular characterization in the region is defined. This
will be a reference for the further grapevine breeding studies, and also the identification of genotypes. It will be opportunity to practical use in
the future for growing regional cultivars. On the other hand these findings will be used as a reference to comparison with SSR marker studies

about grape varieties.

Keywords: Vitis vinifera L., SSR, Molecular characterization, Bio-diversity, Ganos Mountains, Trakya.
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Extended Summary

Previous research the morphological description of the grapevine genetic biodiversity in the Ganos Mountains
(Northwest of Turkey — Trakya Region) was made; however, it has not been identified by the molecular markers.
This study was carried out to determine the molecular and morphological characterization of the populations of
Vitis vinifera L. grapevine forms which have been adapted to the natural flora of the Trakya Region in Ganos
(Isiklar) Mountains, Turkey.

Materials were collected from 7 different areas on the northern and southern slopes of the Ganos Mountains
between 2014 and 2016 (May, June and July) used for DNA isolation. DNA isolation procedures Doyle and Doyle
(1987) CTAB protocol was modified. UV gel imaging system and gel images were taken with GelAnaylzer 2010a,
afterwards, the score tables were created by using these sizes. 24 genotypes collected from the region (Al, A2,
A3, A4, A5, A6, A7, A8, A9, A10, All, A12, A13, Al4, A15, Al16, A17, A18, A19, A20, A21, A22, A23, A24)
and some leaf and shoot characteristics were examined according to the OIV 2009 criteria (OIV.68, OIV.601,
OIV.602, OIV.603, OIV.604, OIV.066-5, OIV.605, OIV.606, OIV.070, OIV.076, OIV.612, OIV.614, OIV.613,
OIV.615, OIV.81, OIV.083-1, OIV.083-2, OIV.84). In 2014 year, 103 samples were taken from surveys. Molecular
characterization was carried out in 2016 year on 34 samples were used which have grape clusters.

It has been determined that genotypes are different from each other in terms of ampelographic and molecular
properties and basis 5 different clusters. In the molecular characterization of 34 genotypes, it performed on the
two basic components, there were 3 different clusters formed in terms of clustering analysis. As a result, grapevine
biodiversity with molecular characterization in the region is defined.

This will be a reference for the further grapevine breeding studies, and also the identification of genotypes. It
will be opportunity to practical use in the future for growing regional cultivars. On the other hand these findings
will be used as a reference to comparison with SSR marker studies about grape varieties
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Kiiltiir asmasiin (Vitis vinifera L.) anavatan1 Anadolu-Kafkasya olup, MO 3500’lii yillarin éncesine dayanan
kokli bir tarihsel gegmise sahip olup diinyada yetistirilen birgok {iziim ¢esidinin kdkeni bu bolgeye dayanmaktadir
(Winkler 1962). Trakya bolgesi ve dolayistyla Ganos Daglart da MO 2000 yillarina kadar uzanan bageilik kiiltiiriine
sahiptir ve dogal melezlerin yayilma alanidir (Celik 2011).

Asmalarm tanimlanmasi ile ilgili ¢caligmalar 19. yilizyilda ampelografik yonteme dayanirken giiniimiizde bu
yontemlerin yaninda DNA belirtecleri kullanilmaya baglanmustir.

Tekirdag Bagcilik Arastirma Enstitiisii, lilkemiz genelinden yaklasik 1 436 gesit toplayarak asma genetik
potansiyelinin tanimlanmasi ve korunmasi amaci ile Milli Koleksiyon Bagi olusturmustur. Ampelografik
caligmalarin tamamlandig1 bu koleksiyonda farkli veya benzer morfolojik &zelliklere sahip ancak ayni isimle
adlandirilan ¢esit gruplar1 (homonim ve sinonim) ile karsilagilmaktadir (Yildirim 2010).

Asmada ilk DNA testleri CSIRO’ da 1990’11 yillarda, DNA parmak izi tanimlama ile yapilmistir. Bu teknoloji
giiniimiizde daha gelistirilmis ve alinan herhangi bir asma dokusundan kisa siirede tanimlama yapilabilmektedir.
OIV tarafindan Descriptor List for Grape Varieties and Vitis Species listesinin ikinci siirimiinde ampelografik
niteliklerin yan1 sira izoenzim karakteristikleri ve fitopatolojik 6zellikler de eklenmistir (Tassie 2010). Asmada
kullanilan molekiiler belirte¢lerin en 6nemlileri SSR belirteglerdir (Yildirrm 2010). Cesit tanimlama amagh
uygulamalar, cins, tiir ve gesitler arasinda farklilik (polimorfizm) gosterecek belirteglerden yararlanilarak, gen
kaynaklarimin tanimlanabilmesini ve siniflandirilabilmesini ger¢eklestirmektedir (Agaoglu ve Ergiil 1999).

[k asma mikrosatellit (SSR) ¢aligmalar1 Avusturya’da Thomas ve Scott (1993) tarafindan yapilmistir. Thomas
ve ark. (1994) tarafindan yiiriitiilen diger bir ¢calismada ise; SA Teleki ve Kober 5SBB anaglarinin SSR analizleri
gerceklestirilmig, kullanilan belirtecler ile ayrim saglanamamigtir. Yine Avusturya’da 18 sofralik liziim ¢esidi 11
SSR belirteci ile tanimlanmis, boylelikle genetik belirteglerin ticari liziim ¢esitlerinde isim dogrulugu tespitinde
kullanilabilirligi kanitlanmigtir (Sefc ve ark. 2009).

Regner ve ark. (2001), Vitis tiirlerine ait 1 200 kadar 6rnegin genetik tanimlamasini SSR, ISSR, AFLP ve
RAPD gibi tekniklerle yapmislardir. Fossati ve ark. (2001), Italya Schiave grubuna ait 10 iiziim gesidinde hem
AFLP hem de SSR markérlerle calismislardir. Ulkemizde yapilan bir ¢alismada 17 yerli asma kiiltiir ¢esidinin
genetik tanimlamasi RAPD markorleri araciligi ile gergeklestirilmistir. Caligmada 22 primer kullanilmis, 179 bant
amplifiye edilmis bunlardan 110 tanesinin polimorfik oldugu saptanmigtir (Ergiil ve ark. 2002).

Anadolu’da asmanin orijini olduguna destek olan bir ¢aligmada (Arroyo-Garcia ve ark. 2006), iiziimiin iki
orjininden birinin Anadolu, digerinin ise Ispanya oldugu tespit edilmistir. Vouillamoz ve ark. (2006), Tiirkiye,
Giircistan ve Ermenistan’dan toplanan 6rneklerde 6 SSR belirteci ile genetik analizler yapmuslar; Tiirkiye’deki
cesitler ile diinya ¢apinda taninmis diger cesitler arasinda sinonim iligkisini arastirmis buna gore, iridaneli ile
Italia, Parmak ile Jerusalem Bleu cesitlerinin sinonim olabilecegini belirtmislerdir.

Tangolar ve ark. (2009) ¢alismada on dort SSR belirteci kullanmiglardir. Adana ve ¢evresindeki 59 asma kiiltiir
¢esidinde toplam 117 allel tanimlamislardir. Ortalama allel sayis1 8,357 ve beklenen ve gbzlenen heterozigoti orant;
sirastyla 0,743 ve 0,749 olarak belirlenmistir. Hizarci ve ark. (2012) Kuzeydogu Anadolu’daki Yusufeli bolgesinde
bulunan 27 asma kiiltiir ¢esidinde yaptiklari ¢alismada 6 farkli SSR belirteci kullanarak genetik karakterizasyonu
ve 2 kiiltiir ¢esidi (Cabernet-Sauvignon ve Merlot) ile parmak izi belirleme ¢alismasi yapmiglardir. Calismanin
sonucunda toplam 52 allel belirlenmistir ve her lokus bagina ortalama allel degeri 8,670 olarak bulunmustur.

Ulkemize ait bazi {iziim ¢esitlerinin RAPD mark®érler kullanarak tanimlamalar Ergiil ve ark. (2002) tarafindan
yapilmustir. Arastiricilar 17 iziim ¢esidini kullandiklar1 kiimeleme analizi sonucunda iki ana grup belirlemislerdir.
Genetik farklilik ve bolgesel ayrim yaparak 4 grup olustugunu; ilk grupta Hafizali, Razaki, Miiskiile ve Kadin
Parmag iizlim ¢esitlerinin yer aldigini, bu grubun Ege ve Marmara Bolgelerinden geldigini, Hafizali ile Razaki’nin
yiiksek benzerlik gosterdigini saptamuslardir. ikinci gruptaki Hasandede ve Emir cesitlerinin de benzer olduklarini,
ayrica Kozak beyazi ve Kozak Siyahi’nin da akraba oldugu tespit etmislerdir. Okiizgozii {iziim gesidinin Dogu
Anadolu, Papazkarasi ¢esidinin Trakya’da yer alarak yerel genotip olduklarini ifade etmislerdir.

Tekirdag Bagcilik Arastirma Enstitiisii Milli Koleksiyon Bagi’nda bulunan; Giineydogu Anadolu orijinli 55
(Vitis vinifera L.) tiztim gesidini SSR markdrleri kullanarak tanimlayan Boz ve ark. (2011), yaptiklar1 arastirmada
Cabernet-Sauvignon, Merlot ve Pinot Noir ¢esitleri referans olarak kullanmiglardir. Arastiricilar SSR yonteminin
diger tanimlama yontemlerinden daha avantajli ve 14 SSR markoriiniin ¢esit-klon tanimlamada ve ayrica akrabalik
analizinde daha etkin oldugunu belirtmislerdir. Ayrica, sinonim ve homonim olan gesitleri de ortaya koyarak;
iilkemizde homonim ¢esitlerin sayisinin ¢ok oldugunu ifade etmislerdir.
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Karatas ve ark. (2014) Tirkiye’nin Gilineydogu Anadolu Bdlgesi’nde bulunan yabani ve kiiltiire alinmig
asmalarin genetik ¢esitliliginin belirlenmesi amaciyla yiiriittiikleri bir ¢alismada 21 yabani ve 13 kiiltlir asmasinin
siirgiin ucu orneklerinden DNA analizi yapmiglardir. Yabani asmalardan alinan yaprak ve gigcek orneklerinin
ampelografik tanimlamalart sonucu Vitis sylvestris ile birgok benzer morfolojik 6zellik gdsterdigini belirlemislerdir.
Vitis sylvestris’in kiiltiir asmalartyla melezlenmesi ile ¢ok genis alanlara yayildigi; bunun da ¢ogunlukla kuslar
nedeniyle oldugunu ifade etmislerdir. Arastiricilar nSSR ve cpSSR markérlerinin kiiltiir ve yabani asmalarda genetik
farkliliklarin ortaya konmasinda ve akrabalik seviyelerinin belirlenmesinde kullanish oldugunu saptamislardir.

Ganos Daglari’nda bulunan asma genetik biyogesitliliginin daha énce NKU.BAP.00.24.AR.14.18 nolu proje
kapsaminda 2014 yilinda alinan 6rnekler ile morfolojik tanimlamasi yapilmis; ancak molekiiler belirtecler ile
tanimlanmas1 yapilmamistir. Bu ¢alisma, Trakya Bolgesi Ganos (Isiklar) Daglart dogal florasina adapte olmus ve
varligini stirdiiren Vitis vinifera L. asma formlarina ait popiilasyonlarin ileride yapilabilecek 1slah ¢aligmalari i¢in
tespiti ve bunlardan elde edilen materyallerin 6nce morfolojik; sonrasinda molekdiler belirtegler (SSR) ile genetik
karakterizasyonlarinin belirlenmesi amaciyla yapilmistir.

Materyal ve Yontem
Materyal ve Konum
Ganos Dagi1 dogal florasinda Vitis vinifera L.’ ya ait birgok asma yetismektedir. Tekirdag ili sinirlar1 i¢inde yer
alan Ganos Dagi’nin diger bir ismi de Isiklar Dagi’dir. Bu dag Sarkdy ilge sinirlar ile ilimize adini veren Tekir
Daglar’nin en yiiksek (945m) yeridir. Dag ikinci jeolojik zamanda Kuzey Anadolu dag kusag1 i¢inde yer alir. Dag,
adin1 Ksenofon’ un Trak krali Seuthes’e ait kiy1 sehri oldugunu yazdig: ve bugiin Gazikdy sinirlarinda yer alan
antik Ganos yerlesim yerinden almaktadir.

Sorvey Calismalari
Sorvey ve ornek toplama ¢aligmalarinda Bitki Genetik Kaynaklarinin standart toplama formatlar1 kullanilmistir.
Ornek toplamada ii¢ farkli yol izlenmistir;

* Arkeolojik caligmalar sonucu belirlenmis olan eski uygarliklarin yerlesim alanlari [Isiklar Eski Kilise, Siitliice
Manastiri, Bilinmeyen Kilise, Heraion Teikhos, Hieron Oros (Kartalkaya), Kaletepe, Giizelkoy (Melen) Manastir
mevkii, vb.] veya yakinlarinda inceleme yapilmis ve bulunan 6rnekler alinmistir (Karatas ve ark. 2014).

* Koylerde yasayanlarin bilip tespit ettikleri (Hoskdy, Gazikdy, Isiklar, vb.) asmalardan 6rnek alinmistir.

* Asma bulunmasi ihtimali yiiksek olan bolge ve dere yataklarindan (Citlenbik deresi, Giibiirlik deresi,
Polatandere, Mermer deresi, Menekse deresi, Kavaklar deresi, Karadere, Ayvasil deresi, U¢makdere, Cinarlidere,
vb.) aramak suretiyle 6rnekler toplanmistir (Sekil 1).

Sekil 1. Ornek toplama calismalari

Figure 1. Collecting grapevine samples

2014 yilinda yapilmis olan soérvey ¢aligmalarinda belirlenen 103 6rnekten salkim gdsteren 34 tanesinden 2016
yilinda materyal alinmis ve 6 SSR belirteci kullanilarak molekiiler karakterizasyonlar1 yapilmistir. Elde edilen 24
genetik materyalde, 18 ampelografik karakter OIV (2009)’e gore incelenmistir.
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Molekiiler Karakterizasyon

DNA izolasyon islemleri Doyle ve Doyle (1987) CTAB protokolii modifiye edilerek yapilmistir. Ayrica bazi
orneklerdeki kalintilarin temizlenmesi i¢in fenolle yikama prosediirii uygulanmistir (Moore ve Dowhan 2002).
DNA izolasyonlar1 sonrasinda PCR amplifikasyonlari i¢in OIV tarafindan 6nerilen VVMDS5, VVMD6, VVMD?7,
VVMDS, VrZAG79, ViZAG67 (Bowers ve ark. 1996, Sefc ve ark. 1999) SSR primerleri kullanilmistir. PCR
kosullar1 Bowers ve ark. (1996) ve Sefc ve ark. (1999)’de bildirildigi gibi ayarlanmistir. PCR iglemleri sonrasinda
elektroforez islemleri %10 pl/ml (v/v) etidyum bromit ile boyanmis %2’lik agaroz jelde 130 Voltta 35 dakika
yiriitiildiikten sonra UV jel goriintiileme sistemi ile gorlintiilenmistir. Gorilintiisii alinan jel fotograflar1 GelAnaylzer
2010a ile incelenerek DNA bant biiyiikliikleri belirlenmis, daha sonra bu biiyiikliiklerden faydalanilarak skor
tablolar1 olusturulmustur.

Morfolojik Karakterizasyon

Bolgeden toplanan 24 genotipte (A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, All, Al12, A13, Al4, A15, Ale6,
Al7, A18, A19, A20, A21, A22, A23, A24) baz1 yaprak ve siirgiin 6zellikleri incelenmistir (OIV.68, OIV.601,
OIV.602, OIV.603, OIV.604, OIV.066-5, OIV.605, OIV.606, OIV.070, OIV.076, OIV.612, OIV.614, OIV.613,
OIV.615, OIV.81, OIV.083-1, OIV.083-2, OIV.84) (OIV 2009).

Istatistiki Analiz

Kiimeleme analizi Ward metodu (en kiigiik varyans) ile R istatistik programi (3.3.2 Sincere Pumpkin Patch)
kullanilarak yapilmistir. Temel bilesenler analizi (PCA) yine R istatistik programinda FactoMiner kiitiiphanesi
kullanilarak yapilmistir (Husson ve ark. 2010). Ayn1 analizler SPSS-PASW Statistics 18 paket programi ile
tekrarlanmuistir.

Bulgular ve Tartisma
Caligmada kullanilan alt1 belirte¢ toplam 17 farkli allel iiretmistir. Alt1 belirtec i¢in yapilan temel bilesenler
analizinde iki 6nemli bilesenin ortaya ¢iktig1 ve bu iki temel bilesenin genotipler arasindaki toplam varyasyonun
%38,796’s1n1 icerdigi gortilmiistiir (Cizelge 1). Birinci temel bilesen i¢in en yiiksek etkinligin VVMD6 belirtecinin
1. ve 3. allelinde, VVMD?7 belirtecinin 1. ve 3. allelinde ve VVMDS belirtecinin 2 ve 3. allellerinde oldugu
goriilmiistiir. Ikinci temel bilesen i¢in en yiiksek etkinlikler ise VVMDS5 ve VVMD7 belirteglerinin tiim allellerinde
olmustur.

Sekil 2’de incelenen 34 genotipin ii¢ ana kiimede toplandig1 goriilmektedir. Olusan ilk kiimede A3, A4, AS, A9,
A12, A22, A23 ve A28 genotipleri yer almaktadir, Tkinci kiimede ise A2, A6, A7, A10, A13, A14, A16, A18, Al9,
A20, A21, A24, A26, A27, A29, A30, A31, A32 ve A34 olmak lizere 19 genotip yer almistir. Diger iki kiimeden
tamamen bagimsiz olan, iiglincii ve son kiimede ise A1, A8, All, A15, A17, A25 ve A33 genotipleri yer almigtir.
Faktor ve kiimeleme haritalarinda benzer sekilde, kiimeleme analizinde de genotipler ayni gruplar igerisinde yer
almastir.

Cizelge 1. Alt1 belirtec icin iki temel bilesen degerleri (L1: Lokus 1; L2: Lokus 2; L3: Lokus3; L4: Lokus 4; LS: Lokus 5; L6: Lokus
6; Al: Allel 15 A2: Allel 2; A3: Allel 3, PIC: Polimorfik Bilgi Icerigi)

Table 1. Two principle components for six markers (L1: Locus 1; L2: Locus 2; L3: Locus3; L4: Locus 4; LS: Locus 5; L6: Locus
6; Al: Allel 1; A2: Allel 2 2; A3: Allel 3, PIC: Polymorphic Information Content)

. Temel Bilesen Katkist
Belirteg Allel - - PIC
Bilesen 1 Bilesen 2
Al 0,061 27,317 0.3893
VVMDS5 (L1)
A2 0,012 18,688 0.3270
Al 16,585 0,269 0.2907
VVMDG6 (L2) A2 1,114 1,857 0.1107
A3 9,760 0,843 0.1107
Al 14,650 1,052 0.2509
VVMD7 (L3) A2 4,361 3,864 0.4931
A3 13,937 0,731 0.3270
Al 0,467 0,039 0.1107
VVMDS (L4) A2 16,447 1,061 0.2907
A3 18,427 1,100 0.2509
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(Cizelge 1 devami)

Al 0,450 2,395 0.2076
A2 0,079 3,239 0.2076
VrZAG64 (LS)
A3 0,627 2,308 0.2907
A4 0,881 0,011 0.1107
Al 2,091 17,067 0.3893
VrZAG79 (L6)
A2 0,043 18,149 0.2907
Eigen Degerleri 4,209 2,386
% Varyans 24,758 14,037
Y%Kiimiilatif Varyans 24,758 38,796

Sekil 2. incelenen 34 genotipin iki temel bilesene gore kiimeleme haritasi

Figure 2. Factor map of examined 34 genotypes according to two principle components

Morfolojik bulgulara gbre yapilan PCA sonucunda iki énemli bilesen ortaya ¢ikmis ve bu iki bilesenin
toplam varyasyonun %54,99’unu agikladigi goriilmiistir (Cizelge 2). %41,90 toplam varyasyonu igeren ilk
bilesen grubunda en yiiksek etkinlige sahip karakterler OIV.602, OIV.603 ve OIV.614 olurken, toplam varyansin
9%13,20’sini igeren ikinci bilesen grubunda en yiiksek etkinligin OIV.066-5, OIV.613 ve OIV.604 karakterlerinde
oldugu goriilmiistiir.

Cizelge 2. Yirmidort genotipte incelenen ampelografik ozellikler icin temel bilesen degerleri

Table 2. Ampelographic characteristics of 24 genotypes’ principle component values

Temel Bilesen Katkist
Karakter
Bilesen 1 Bilesen 2
OIV.68 0,896 1,062
OIV.601 0,896 2,029
OIV.602 11,720 1,931
OIV.603 10,948 4,802
OIV.604 6,672 5,681
OIV.066-5 8,296 9,478
OIV.605 8,485 4,173
OIV.606 8,325 5,256
OIV.070 0,027 4,539
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(Cizelge 2 devami)
OIV.076 0,421 1,871
O1V.612 7,563 2,797
OIV.614 10,747 4,445
OIV.613 5,857 6,471
OIV.615 6,541 4,228
OIV.81 0,585 3,132
OIV.083-1 1,573 1,290
OIV.083-2 0,163 1,797
OIV.84 0,448 4,105
Eigen Degerleri 7,523 2,376
% Varyans 41,794 13,202
%Kiimiilatif Varyans 41,794 54,997

Degiskenlere ait faktdr haritasi incelendiginde; karakterlerin haritanin dort boliimiinde de bulundugu
goriilmektedir (Sekil 3). Her iki bilesen acisindan da pozitif olan ilk grupta OIV.083.2, OIV.605, OIV.606,
OIV.066.5, OIV.601, OIV.602, OIV.603 ve OIV.604 karakterleri yer almaktadir. Bu karakterlerin timii her iki
bilesen i¢in de pozitif etkili olmustur. Birinci bilesen igin pozitif, ikinci bilesen igin negatif olan ikinci grupta
OIV.614, OIV.613, OIV.612, OIV.615, OIV.68 ve OIV.81 karakterleri yer almaktadir. Bu karakterlerin birinci
bilesene katkilar1 pozitif olurken, ikinci bilesen agisindan negatif etkili olmuslardir. Birinci bilesen agisindan
negatif, ikinci bilesen agisindan pozitif olan diger {igilincii grupta OIV.83.1, OIV.76.1 ve OIV.70.1 karakterleri yer
almistir. Her iki bilesen i¢in negatif olan dordiincii grupta ise OI'V.84 karakteri tek bagina yer almistir.

Sekil 3. incelenen 34 genotipin kiimeleme analizi dendogrami
Figure 3. Cluster analysis dendogram of 34 genotypes

iki temel bilesen gz oniine almip kiimeleme analizi yapildiginda incelenen 24 genotipin 5 kiimeye ayrildig:
Sekil 4’de goriilmektedir. Birinci kiimede A17, A9, A12, A1, A16, A20 ve A21 yer almustir. Ikinci kiimede A21,
Al19, A13, A10, A6, AS, Al14 ve A7 yer almigtir. A21 genotipinin her iki kiimenin kesistigi alanda yer aldig1
goriilmiistiir. Ugiincii kiime tiim diger kiimelerden uzakta A15 ve A8 genotiplerini icermektedir. Dordiincii kiimede
A22, A18, A23 ve A24 genotipleri yer alirken, besinci kiimede A2, A4, A1l ve A3 genotipleri yer almustir.

98



Bahar & Korkutal & Sahin & Sagir & Kok & Ergoniil & Uysal & Ozalp
Ganos Daglar: Dogal Florasinda Bulunan Kiiltiir Asmalarinin (Vitis vinifera L.) Molekiiler ve Ampelografik Karakterizasyonu

Sekil 4. Yirmidort genotipin 18 ampelografik (OIV) karaktere bagh olarak iki temel bilesene gore kiimeleme analizi grafigi

Figure 4. Two principle components cluster analysis map of 24 genotypes according to the 18 ampelographic characters (OIV)

Incelenen genotiplerin kiimeleme analizi dendogrami Sekil 5’de verilmistir. Dendogram incelendiginde
genotiplerin iki ana kiime altinda gruplandig1 gériilmektedir. ilk kiimede temel bilesenler analizinde de oldugu
gibi A8 ve A15 genotipleri yer almakta, diger tiim genotipler ikinci ana kiimede yer almistir.

Sekil 5. incelenen 24 genotipin 18 ampelografik (OIV) karaktere gore kiimeleme analizi dendogrami

Figure S. Cluster analysis dendogram of examined 24 genotypes according to the 18 ampelographic characteristics (OIV)

Olusan ikinci ana kiime de kendi igerisinde iki alt gruba ayrilmus, ilk alt grupta A12, A16, A17, A9, A20, Al
ve A21 yer almistir. ikinci alt grupta ise A23, A24, A18, A22, A2, A4, All, A3, A6, A7, A10, A19, A5, A13 ve
Al14 genotipleri yer almistir. Dolayisiyla OIV’ye ait 18 ampelografik karaktere gére A8 ve A15 genotiplerinin
birbirleriyle ¢ok benzer bireyler oldugunu sdylemek miimkiin goziikmektedir. Ayrica A24 ile A23 ve A18 ile A22
genotipleri de birbirlerine ¢ok yakindir. Ayri bir grup olusturan A12, A16, A17, A9, A20, Al ve A21 genotiplerinin
icerisinde A12 genotipi tek basina yer alirken, A17 ve A9 yakin, A16 ise onlarla yakin iliskili olarak goriilmektedir.
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Bu grup igerisindeki Al ile A21 yine birbirine yakin genotipler olarak goziikmekteyken A20 genotipinin de
bunlarla yakin iliskili oldugu anlagilmaktadir.

A2,A4,Al11,A3,A6,A7,A10,A19, A5, A13 ve Al4 genotiplerinin olugturdugu diger bir grupta A2 ile A4 ve
All ile A3 genotiplerinin birbirleriyle ¢ok benzer ve iki grubun birbiriyle yakin iliskili olduklar1 gériilmektedir.
A6, A7, A10 ve A19 genotipleri arasindaki iliski A13, A14 ve A1S5 arasindaki iliskiye benzer sekildedir. A13 ve
A14 birbiriyle ¢ok yakin iligkili ve A15 genotipinin de bunlarla baglantili oldugu saptanmistir. Tiim genotipler
icerisinde A8 ile 15 genotiplerinin olusturdugu grup ile A13 ve A14 genotiplerinin olusturdugu grup, birbirleriyle
en az iligkili olmustur (Sekil 5).

Genotiplerin kendi iclerinde incelendigi molekiiler ve ampelografik iki kiimeleme analizi (Sekil 3 ve Sekil
5) karsilastirildiginda; genotipler benzer dagilimlar gdstermistir. Ampelografik verilere gore yapilan kiimeleme
analizinde (Sekil 3) ilk kiime igerisinde yer alan A8 ve A15, molekiiler verilere gore yapilan ikinci kiimelemede
de ilk kiime igerisinde yer almis, bu iki genotipe ek olarak, ampelografik analizde ikinci kiime igerisinde yer alan
Al, All1, A17 ve molekiiler analizde dahil edilen A25 ve A33 genotipleri de bu kiime igerisinde yer almistir. A22,
A5, A3,A23,A10,A12, A4, A9, A24, A21, A19, A6, A16, A13, Al4, A18, A20, A2, A7 her iki analizde de ikinci
kiime igerisinde bulunmustur. Molekiiler kiimeleme analizinde ilk defa eklenen A28, A26, A27, A34, A32, A31,
A30 ve A29 genotiplerinin de ikinci kiime igerisinde yer aldig1 goriilmistiir. Her iki dendogram incelendiginde
A13 ve Al4 genotipleri beraber dagilmistir. Buna ek olarak A8 ve A15; A12 ve A9; A6 ve A19 genotipleri de her
iki dendogramda birbirine oldukg¢a yakin dagilim gostermistir.

Sonuc¢
Bu ¢alismada, Trakya bdlgesinde yer alan Ganos (Isiklar) Daglar1 dogal florasinda bulunan asmalardan (Vitis
vinifera L.) 34 genetik materyal toplanmistir. Ampelografik 6l¢iimlerle bu asmalarin siirgiin ucu, geng yaprak ve
olgun yaprak 6zellikleri belirlenirken, DNA’lar1 izole edilerek 6 belirteg (VVMDS, VVMD6, VVMD7, VVMDS,
VIZAG64, ViZAG79) ile molekiiler karakterizasyonlar1 yapilmugtir. Ornekler; Karaevli alti, Kumbag, Naip-Isiklar
arasi, Mermer-Yenikoy arasi, Ugmakdere kdyii, Gazikoy, Hoskoy-Miirefte-Sarkdy hatti olmak iizere 7 farklh
alandan toplanmigtir. Caligsma sonucunda:

Elde edilen genetik materyallerden 24 tanesi 18 ampelografik karakter agisindan karsilastirilmistir ve bunun
sonucunda 5 ayr1 kiime olusmustur. Ayrica 34 genotipin molekiiler olarak iki temel bilesene gore yapilan kiimeleme
haritasinda ise 3 ayr1 kiime olusmustur.

Ampelografik karsilastirmada birbirlerine ¢ok yakin iligkili olarak bulunan A13 ve A14 genotipleri, molekiiler
karakterizasyonlar sonucunda da ayni kolda ve birbirlerine yakin olarak bulunmuslardir. Benzer sekilde A8 ve
Al5,A12 ve A9, A6 ve A19 genotipleri her iki dendogramda da birbirlerine oldukg¢a yakin dagilim gostermistir.

Dogal florada nispeten dar bir gevrede olmalarina ragmen ¢alismada yer alan genotiplerin hem ampelografik hem
molekiiler incelemeler sonucunda gogunlukla birbirlerinden farkli olduklari saptanmistir. Ampelografik dl¢limlerin
sonucunda birbirleriyle tamamen ayni olan higbir genotipe rastlanmazken, molekiiler karakterizasyonda incelenen
lokuslar bakimindan A31, A32, A30, A29, A18 ve A20 genotiplerinin ve A19, A21, A6 ve A16 genotiplerinin
birbirleriyle tamamen ayni oldugu tespit edilmistir. Dolayisiyla ayni bdlgeden alinan genotiplerin ampelografik
ve genetik olarak farkli 6zellikler gosterebildigi ve farkli bolgelerden toplanan bazi genotiplerin de birbirleriyle
benzer 6zellikler tasidig1 anlagilmigtir.

MO 2000 yillarina dayanan gegmise ve genetik cesitlilige sahip Trakya Bélgesi’nde incelenen genotiplerin
kiiltiire alinarak morfolojik 6zellikleri ile fenolojik gelisimlerinin gézlenmesi, bdlgenin yerel ¢esitleriyle (Tekirdag,
Edirne, Kirklareli, Canakkale ¢esitleri) karsilagtirmali olarak incelenmeleri, bolgenin asma biyogesitlilik haritasinin
cikarilmasi, ekonomik degeri olan yerel ¢esitlerimizin taninmasi ve gelistirilmesi i¢in faydali olacaktir.

Sonug olarak; genis kapsamli ¢alismalarla bolgeden daha fazla genotip toplanmasi, ampelografik ve molekiiler
karakterizasyonlarinin yapilmasi, genetik materyal olarak koleksiyon haline getirilmesi vb. islemlerin biyolojik
cesitliligimizin korunmasi ve gelecekteki 1slah caligmalari i¢in materyal saglanmasi bakimindan bilyliik 6nem
tagidigi diistiniilmektedir.
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RESEARCH ARTICLE ARASTIRMA MAKALESI

Improvement of Grain Yield and Yield Associated Traits in Bread Wheat (Triticum aestivum L.)
Genotypes Through Mutation Breeding Using Gamma Irradiation

Ekmeklik Bugday (7Triticum aestivum L.) Genotiplerinde Tane Verimi ve Verimle iliskili Ozelliklerin Gamma Isin
Kullanilarak Mutasyon Islahi ile Gelistirilmesi

Alpay BALKAN'*, Oguz BILGIN', ismet BASER', Damla BALABAN GOCMEN?,
Alp Kayahan DEMIRKAN!, Birol DEVIREN!

Abstract

The present research was conducted to evaluate the M1, M2, M3 and M4 bread wheat (Triticum aestivum L.) mutant populations for yield and
yield related traits during 2010-11, 2011-12, 2012-13 and 2013-14 at Tekirdag ecological conditions. Three wheat genotypes were treated with
different levels of gamma rays (100 Gy, 200 Gy, 300 Gy, 400 Gy, 500 Gy and Control). The mutated plants were evaluated along with parental
lines (control) for grain yield (GY) and its contributing traits such as plant height (PH), spike length (SL), the number of spikelets per spike
(NSPS), the number of grains per spike (NGPS), grain weight per spike (GWPS), harvest index (HI) and thousand grain weight (TGW) under
field conditions. The results obtained from the present study showed that the genotypes significantly and variably differed in their response
for various traits at different gamma rays doses. The traits such as PH, TGW and grain yield (GY) showed generally reduction with higher
gamma irradiation doses as compared to low doses, while mutagenic treatments shifted the mean values mostly towards the negative direction
in the other yield components. But, the negative or positive shifts were not unidirectional or equally effective for all the traits. These findings
suggested that the variability could be induced through the use of gamma irradiations in bread wheat. Some of the traits showed improvement
due to the induced mutations could be used in future wheat breeding programs. The differences in mean values and the nature of variability
observed in M2 indicated a possible preference of selection in M3 generation.

Keywords: Bread wheat (Triticum aestivum L.), mutation, population, grain yield

Oz

Bu arastirma, M1, M2, M3 ve M4 ekmeklik bugday mutant populasyonlarini verim ve verime etkili 6zellikler bakimindan degerlendirmek
igin 2010-11, 2011-12, 2012-13 ve 2013-14 yillarinda Tekirdag ekolojik kosullarinda yiiriitiilmiistiir. Ug bugday genotipine farkli dozlarda
gamma 15101 (Kontrol, 100 Gy, 200 Gy, 300 Gy, 400 Gy ve 500 Gy) uygulanmistir. Mutant bitkiler anaglar1 (kontrol) ile birlikte tane verimi
(TV) ve bitki boyu (BB), basak uzunlugu (BAU), basakta basak¢ik sayisi (BABS), basakta tane sayis1 (BATS), basakta tane agirligi (BATA),
hasat indeksi (HI) ve bin tane agirligi (BTA) gibi verime etkili 6zellikler bakimindan tarla kosullarinda degerlendirilmistir. Caligmadan elde
edilen sonuglar, genotiplerin ¢esitli 6zellikler i¢in farklt gamma 1511 dozlara yanitlarinin énemli ve degisken bir sekilde farkli oldugunu
gostermistir. Bitki boyu, bin tane agirlig1 ve tane verimi gibi ozellikler diisiik dozlarla karsilastirildiginda yiiksek gamma 151m1 dozlarinda
genellikle azalma gosterirken, mutagen uygulamalart diger verim unsurlarinda ortalama degerleri gogunlukla negatif yone dogru kaydirmistir.
Ancak, negatif ya da pozitif yondeki kaymalar tiim 6zellikler i¢in tek yonde ya da esit derecede etkili olmamistir. Bu bulgular, bugdayda gamma
1sinlar1 kullanilarak varyabilitenin olusturulabilecegini gostermistir. Olusturulan mutasyonlara bagli olarak gelisme gosteren bazi 6zellikler
gelecekte bugday 1slahi ¢aligmalarinda kullanilabilecektir. M2’de gézlenen varyabilite ve ortalama degerlerdeki farklar M3 generasyonunda
seleksiyonun miimkiin olabilecegini gostermistir.
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Due to the increasing of global population together with a growing demand for meat and dairy products, a
substantial increase of grain production in the next decades is critical. This is particularly challenging as the basic
manageable resources for crop growth and yield (water, nutrients) will not increase (Connor and Minguez, 2012)
and the land available for crop production is likely to decline (Albajes et al., 2013). Among the major crops, wheat
is one of the most critical for warranting human nourishment: it is the most widely crop grown globally and is
the primary source of protein for the world population, representing c. 20% of the daily intake for developing
countries (Braun et al., 2010). In order to maintain balance between demands and supply alternative ways and
means to further raise wheat yield must be found (Chand, 2009). The grain yield, a complex polygenic trait is
highly affected by environmental stresses (Sial et al., 2010), itself is determined by yield component traits, which
besides the number of spikes per unit area are characteristics of the spikes and kernels. Previous studies suggest
that the number of grains is much more plastic than the seed morphology, and yield in the wheat therefore appears
to be more related to grain number than to grain weight (Fischer, 2011). Consequently, wheat yield improvements
appear to have been realized mainly through an increase in the grain number rather than through the size of grains
(Calderini et al., 1995). A promising approach to continue improving yield levels in the wheat is therefore the
targeted exploitation of genetic variation for yield component traits such as the PH, SL, NSPS, NGPS, GWPS,
TGW and HI.

Mutagenesis and hybridization are generally the most commonly used breeding methods to develop new
superior varieties. Mutation breeding has some advantages compared to cross breeding. When comparing mutation
and hybridization; the occurrence of even a few desirable mutation in high yielding varieties has the great advantage
of becoming homozygous and expressing its superiority within a couple of generations after induction in M, or M,
as compared to F, or F, generations in case of hybridization (Chakraborty and Paul, 2013). Mutation breeding has
become an appropriate option to improve plant traits when conventional breeding does not work, or the desired
traits were recessive, or improving another character in an established plant variety, or improving one or two main
character(s) (Ahloowalia and Maluszynski, 2001; van Harten, 1998). In addition, mutagenesis is able to isolate
mutant with multiple traits, as compared to transgenes where only line can be introduced, it’s the major advantage
of induce mutations (Louali et al., 2015). Mutation breeding can be applied to improve a specific character without
changing other characters and it is possible to improve a single line without causing an important disturbance in the
genome. Furthermore, it may create a new character that was not belong to parental plants The mutants developed
in the wheat have a great potential for direct release and for inclusion in hybridization breeding programs (Sakin
et al., 2005). The released mutant cultivars in different crops had great economic impact on agriculture and food
productions and added billion of dollars in the economy of many countries (Jain, 2006). More than 3000 varieties
of different crops have been officially released by mutation breeding technique. Mutation induction with radiation
has been the most frequently used method to develop direct mutant varieties, accounting for about 90% of obtained
varieties (64% with gamma-rays, 22% with X-rays) (Ahloowalia et al., 2004). Gamma ray mutagen was effective
in broadening genetic variability and increasing means of the wheat cultivars for the GY and its components,
helping plant breeders to practice an efficient selection in the M, and next mutated generations (Khanna et al.,
1986; Al-Naggar et al., 2007). Mutant populations have now been created for many cereal crops, including rice
(Suzuki et al., 2008), durum wheat (Baser et al. 1997; Sakin and Yildirim, 2004) and the bread wheat (Slade et al.,
2005). The present work envisages providing information on the effects of gamma rays with regard to
the PH, SL, NSPS, NGPS, GWPS, TGW, HI and GY of M,, M,, M, and M, populations in the bread wheat
genotypes.

Materials and Methods
Plant material
Three bread wheat (Triticum aestivum L.) genotypes, Bezostaja 1 (tall, mid-early, awnless, superior in flour
quality for bread making, but inferior in lodging resistance and yield capacity), Kate A-I (tall, mid-early, awnless
and inferior in flour quality for bread making, lodging and disease resistance and superior in yield capacity) and
IBWSN4 (tall, early, awned and inferior in flour quality for bread making, disease resistance and superior in
lodging and yield capacity), were used as the experimental material.

Gamma irradiation

The moisture contents of seeds of wheat genotypes (Triticum aestivum L.) used in the study were 11.4% for
Bezostaja 1, 11.7% for Kate A-I and 12.0% for IBWSN4. The grains for each genotype were divided into six groups
(A, B, C, D, E and F), each of which contained 2000 grains. Group A was kept un-irradiated (Control), while the
other groups were irradiated with various levels of gamma ray (100, 200, 300, 400 and 500 Gy). Gamma treatment
was obtained from ®Cobalt, Ob-Servo Sanguis Co-60 Research Irradiator with isotope model, while the dose
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rate was 2.190 kGy h' in before the 2009-2010 growing season sowing at the Turkish Atomic Energy Authority,
Saraykdy Nuclear Research and Training Center, Ankara, Turkey. The unit for the absorbed dose of radiation
energy is the gray (Gy), which is equivalent to 1 J Kg' and 100 rads. Right after irradiation, the experiment was set
up using a total of 15 M, combination seeds together with the un-irradiated (Control) in the experimental field of
the Field Crops Department of the Faculty of Agriculture of Tekirdag Namik Kemal University during the growing
season of 2009-2010. The experiment was carried out in a randomized complete block design (RCBD) with 3
replicates. Plots were sown on Nov.15, 2010 by hand at the rate of 350 seeds per m* and were 2 m in length x 1.0
m wide, with 6 rows 0.2 m apart. 20.20.0 composed fertilizer was used which include 50 kg ha! pure nitrogen (N)
and 50 kg ha"' pure phosphor (P,0,) was with the sowing. In addition to this, 60 kg ha" pure N as urea fertilizer
(46% N) at the tillering stage and 50 kg ha'! pure N as ammonium nitrate fertilizer (33% N) at the stem elongation
stage were also given. The plots were kept free of weeds by hand hoeing when necessary. The remaining seeds
were sown in the greenhouse in order to guarantee the work. The seeds obtained from the harvested plants in M,
generation were sown in 2011-12(M,), 2012-13 (M,) and 2013-14 (M,) growing seasons as 20 cm row distance in
5 meters of 6-row parcels with 4 replicates and as 400 seeds in each row.

Data Collection

To study the effect of gamma irradiation doses on yield and yield related characters such as the PH-cm, SL-
cm, NSPS-no, NGPS-no, GWPS-g, HI-%, TGW-g and GY-kg da' were investigated in the M, M,, M, and M,
generations of the studied genotypes.

Statistical analyses

The data thus collected on yield and some yield components was subjected to analysis of statistical manipulation
as outlined by Steel and Torrie (1980). The statistical analysis concerned mainly as a comparison between data of
the control and that of the corresponding population using two groups t-test (means) and one tail F-ratio (variances).

Results and Discussion
Analysis of variance for the experiment with six treatments (gamma rays) and three genotypes for eight traits
viz., PH, SL, NSPS, NGPS, GWPS, HI, TGW and GY were carried out in the M,, M,, M, and M, generations for
testing the significance of variance among the treatments for each trait through ‘F’ test (Table 1).

The ‘F’ test indicated that variances due to genotypes were highly significant for all the characters which
provided the evidence for the significant genetic variability for heading among the varieties.

The analysis of variance results for the treatments (which means the gamma radiation doses), indicated that the
traits out of HI in the M,, PH, GWPS and HI in the M, and NGPS in the M, under study were highly significant at
(p<0.01) probability level. Whereas, significant for the NSPS and TGW in the M, for the PH and TGW in the M,
for the TGW in the M, at (p<0.05) probability level.

Table 1. Significances of variance components for 8 traits in the bread wheat mutated populations of M,, M,, M, and M,

Replication Treatments Genotype Treatment x genotype d.f.=
Traits df=2 df=5 df=2 10

M M, M M M M, M M, M M, M M M M M M,

PH (Cm) ns * ns kk K3k % ns k3k k3k 3k k3 kk k3k ns ns kk
SL(Cm) ns ns ns * sk3k Kk sk sk sk * sk k sk sk3k sk ns
NSPS (no) ns ns ns *k * *k *k ns *k *k *k *k * * *k *k
NGPS (nO) ns ns ns ns k3k L L kk kk k3k sk L * k3k kk sk
GWPS (g) ns ns ns ns sk kk ns sk * sk sk kk sk ns sk sk
HI (%) ns ns ns ns sk ns ns sk sk sk sk ek sk * kK sk
TGW (g) ns % ns ns * * k3 * sk k3k ks k3 kk k3k % kk
GY (kg da-l) ns ns ns ns sk sk sksk sk sk sk sk sk ns kk ns *

d.f.: degree of freedom, ns: non-significant, *: significance at 5% level, **: significance at 1% level.

Mean values at 100, 200, 300, 400 and 500 Gy of gamma rays and its controls in tested three genotypes for
the investigated characters during the M, M,, M, and M, generations are presented in Tables 2-4. However, the
response was non-conventional; following results explore the findings of present investigation.
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The PH is widely used as an index in determining the biological effects of various physical mutagens. In the
present investigation, it was observed that all the gamma rays treatments were non-equally effective in shifting the
mean values significantly towards reduced height.

Among genotypes, Bezostajal genotype was the least affected by gamma irradiation, while IBWSN4 showed
high response to gamma irradiations. However, the maximum reduction of the PH was happened in the M,
generation of all the varieties for gamma rays 500 Gy (Tables 2-4). The grains irradiated with low dose (100
Gy) of gamma radiation surpassed the other four-irradiation doses and the control in the PH, while, high gamma
irradiation doses caused high reduction in the PH for 4 mutated generations of the three genotypes.

Table 2. Mean performance and significances of the M,, M, M, and M, generations of Bezostaja 1

Generation G(;‘:;fsla PH SL NSPS  NGPS  GWPS HI TGW GY
(Gy) (cm) (cm) (no) (no) (2) (%) (g) (kgda™)
Control  114.6 10.2 21.3 28.5 1.103 32.68 425 330.0
100 108.1%* 104 21.1 24.01%%  0.797%% 3135 38.8%* 329.7
200 115.2 10.6 215 33.9%F  1270%*  31.04%  30.8%* 318.0
M, 300 92.4% 103 203%%  27.0% 1.153 31.97  38.7%* 348.7%
400 102.7** 106 19.9%%  333%%  ]303** 3398  40.0%* 264.0%
500 99.2% 10.7 213 34.5%%  1330%* 3414 39.9%* 264.3%
Control  104.3 10.5 20.6 34.6 1.440 30.61 37.8 525.0
100 107.8 10.6 207 40.6**  1.580% 29.62 37.6 406.3%*
" 200 99.9% 10.5 20.9 332 1.463 3273 36.2%* 472.0%
2 300 1029 10.1%%  2].5%x 34.4 1.200%% 3597  353%* 453.0%
400 99.8%  10.3%%  21.4%F  369%  1240%*  34.95 38.6 441.0%*
500 97.3%x 10.6 208  433%  1.650**  33.08 38.3 403.0%*
Control  118.9 10.0 20.3 31.8 1.047 28.88 35.6 579.3
100 119.8 10.1 202 32.8 1077  3128% 356 528.7*
" 200 115.9% 10.2 20.6 314 1.100 30.73% 327+ 569.3
’ 300 116.9%  11L1%%  22.4%%  43.7%%  [387%%  31.02%%  31.9%F  482.0%*
400 118.1 10.9%%  21.6%%  40.5%*%  1263%%  30.89%  32.4%* 534.3
500 119.0  ILS**  201.5%  41.7%# 1 400%*%  3231%F  31.8%%  4983%*
Control 1107 9.2 227 479 1.697 36.15 44.6 604.7
100 105.8 9.4 2.6 40.7+* 1.887 42.33 47.0% 588.3
" 200 1020  10.3%* 237 48.1 2.283* 43.10  48.1%+ 651.7%
s 300 1110 10.5%* 229  41.8* 1.923 42.83 47.8% 587.0
400 86. 1%  10.7¥* 227 434%  2.103* 42.70 45.9% 625.0
500 1102 10.4%* 227 433% 2.070 37.28 44.1 622.0

* and **statistically significant differences from control at %5 and %1 level.

The stimulatory effect of gamma irradiation at low doses was reported by several researchers such as Farag and
El-Khawaga (2013) and Shubhra et al. (2013). The irradiation of seeds with high doses of gamma rays disturbs
the synthesis of protein, hormone balance, leaf gas-exchange, water exchange and enzyme activity which may the
possible causes of adverse effects of gamma radiations on the PH in the present investigation.

The SL and NSPS are the most important yield components, as they determine the ultimate GY (Siddiqui
et al., 1979). The highest SL in the four evaluated generations (M,, M,, M, and M,) were 11.5 cm for IBWSN4,
11.3 cm for IBWSN4, 11.5 cm for Bezostajal and 11.1 cm for Kate A-1 were shown in genotypes derived from
irradiation with 500 Gy and 400 Gy gamma ray dose. These present results also shows co-linearity with the studies
of Bano et al. (2017) in which they observed significant increase of spike length in nearly all the radiation doses.
The highest NSPS in the four evaluated generations (M,, M,, M, and M,) were 21.5 for Bezostajal, 23.1 for
IBWSN4, 22.7 for IBWSN4 and 23.7 for Bezostajal were shown in genotypes derived from irradiation with 200,
500, 500, 200 Gy gamma ray doses, respectively. Gamma radiation resource displayed positive effects upon these
traits. The increase was however non-significant in 100 Gy and 200 Gy. Every additional after 200 Gy dose of
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radiation progressively increased the NSPS and SL. In such treatments it is difficult to select desirable plants
with respect to the SL and NSPS. These results are similar to those of Mohammad et al. (2004) and Githinji
and Birithia (2015), who also reported highly significant differences for the SL in the bread wheat.

The NGPS and GWPS are a reliable measure of yielding ability (Borojevic and Borojevic, 1972). In addition,
they were the most sensitive traits to mutagenic action, and were suggested as criteria for investigating the action
of gamma rays (Rachovska and Dimova, 2000).

Concerning to the NGPS, it was significantly altered mutated populations of studied genotypes from that
of the controls. In comparison between the controls and irradiation treatments, NGPS was significantly
increased in the four evaluated generations of IBWSN4 and Bezostajal, while it reduced in M,, M,, M, and M, of
Kate A-1. However, these shifts were not unidirectional.

Table 3. Mean performance and significances of the M,, M,, M, and M, generations of IBWSN4

Generation Gamma PH SL NSPS NGPS GWPS HI TGW GY
doses (cm) (cm) (no) (no) (® (%) (2 (kg da™)
Control 103.4 9.1 215 38.1 1.113 30.36 332 407.0
100 99.5%%* 9.5 ** 20.6* 34.9* 1.020%* 31.48 34.7 420.7
M 200 106.6 9.8%* 21.5 39.8%* 1.123 32.36* 36.9%* 394.3
! 300 102.1 10.2** 19.9%* 41.1* 1.850%* 39.10%* 37.8%* 373.3%%*
400 100.0* 10.5%* 22.6* 39.7* 1.253%** 40.14** 41.8%* 310.0%*
500 72.0%* 11.5%* 20.6 33.3% 1.323* 35.72%* 42.8%* 227.7%*
Control 87.1 9.0 19.9 48.5 1.677 36.00 334 594.3
100 90.5%* 9.3%* 21.5%%* 52.5%* 1.957** 38.21%%* 36.4* 446.7%*
M 200 89.4%* 10.2%%* 21.9%* 53.4%* 1.940** 38.19%* 36.6%** 494 .3**
: 300 84.9 10.2** 21.9%* 45.7 1.493%* 36.32%* 36.5* 463.0%*
400 85.7 10.3** 21.5%%* 47.5 1.777* 36.98%* 37.4%* 544.0%*
500 82.9%* 11.3** 23.1%* 55.7%%* 2.090** 36.14** 38.0%* 402.7%*
Control 102.8 9.1 20.6 41.9 1.237 36.06 314 721.0
100 104.6%* 9.5%* 21.3%* 43.1%* 1.360%* 37.60%* 29.3%%* 685.7%*
M 200 103.8** 9.8%* 21.8%* 50.3%* 1.583%* 38.70** 28.6** 678.3%*
} 300 99.6** 10.1** 22.1%* 45.6%* 1.417%* 38.58%* 28.8%* 681.3%*
400 100.1** 10.4%** 22.7%%* 45.7%* 1.193 36.84 27.3%%* 660.0%*
500 98.2%%* 11.1%* 22.7%* S1.1%* 1.577** 35.68 28.7%* 574.3%*
Control 91.5 9.6 21.5 48.9 2.407 41.51 43.0 735.7
100 100.2%** 10.4* 21.2 48.9 2.250 42.00 43.8 709.3
M 200 89.8%* 10.4* 223 55.5%%* 2.787* 42.11 43.8 788.0*
¢ 300 92.0 10.5%* 21.9 474 2.250 42.34 43.5 696.3
400 95.0%* 10.8%* 22.9% 479 2.137 42.54 43.1 734.7
500 91.4 10.8%%* 23.5% 49.5 2.790* 42.45 44.0 575.0%*

* and **statistically significant differences from control at 5% and 1% level.

The highest NGPS was counted in IBWSN 4 (41.1 no for M, at 300 Gy, 55.7 no for 500 Gy in M,, 51.1 no
for 500 Gy in M, and 55.5 no for 200 Gy in M,). These results collaborate with those of Ahmad et al. (2011) who
found a highly significant difference (p<0.01) in mixed genotypes showing diverse types of the wheat genotypes.
This could be attributed to the different genetic makeup of the three wheat genotypes or be the rearrangement of
the genes on the same or other chromosomes. In case of GWPS, in comparison between controls and irradiation
treatments, grains weight per spike was significantly increased in the four evaluated generations of IBWSN4 and
Bezostajal, while it reduced in M|, M,, M, and M, of Kate A-1. However, these deviations were not systematic as
that of NGPS. The highest GWPS was weighted in IBWSN 4 (1.850 g for M, at 500 Gy, 2.090 g for 500 Gy in M,
1.583 g for 200 Gy in M, and 2.790 g for 500 Gy in M,). The results also concur with those of Sobieh and Ragab
(2000) who explained although they are not regular in the M, generation, there is an increase in the grain weight
increases with increasing mutation doses.
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Table 4. Mean performance and significances of the M,, M,, M, and M, generations of Kate A-1

Gamma PH SL NSPS NGPS GWPS HI TGW GY
Generation  905¢8 (cm) (cm) (no) (no) (® (%) (® (kg da™)
Control 117.8 9.4 19.3 30.7 1.043 32.47 36.1 427.3
100 114.0%* 9.9%* 19.0 30.9 0.870* 24.26** 35.1% 412.3
M 200 113.6 ** 9.7 18.4** 37.5%%* 1.237%% 34,02 ** 35.8 382.0%*
' 300 103.3%* 10.5%* 18.1%* 33.9 1.200* 34.90 ** 36.1 429.3
400 105.4** 10.5%* 20.3%* 35.8%* 1.250%** 31.91 35.0% 362.3%*
500 79.9%* 9.6 18.9* 24.7%* 0.987 25.32 ** 33.0* 195.7%*
Control 95.9 9.9 19.3 40.2 1.467 35.84 345 561.3
100 95.1 9.8 19.5 40.8 1.480 36.73 33.9 488.7**
M 200 88.1** 10.1 19.7 42.6* 1.280* 36.74 334 507.7**
: 300 89.5%* 10.3%* 19.5 36.4%%* 1.317 36.56 335 467.7%*
400 87.6%* 10.3%* 18.6* 34.3%* 1.417 36.41 33.1 402.3**
500 83.3** 10.7%* 19.0 35.7%%* 1.370 35.53 344 354.7%*
Control 116.5 10.2 20.6 47.0 1.373 40.18 30.8 704.3
100 113.4%* 10.8* 20.6 45.8* 1.580** 38.78** 28.9%%* 660.7*
200 118.3%* 10.2 21.2 36.2%%* 1.163%* 38.59%** 29.4% 731.7
M, 300 112.5%* 10.4 21.4% 41.4%* 1.350 37.21%* 30.3 645.3%*
400 112.3%* 10.0 20.5 42.7%* 1.483 38.65%* 27.5%* 623.0%**
500 109.4** 9.4% 19.8%* 35.1%%* 1.200%* 37.64%* 29.1* 619.3%*
Control 106.9 9.0 20.2 40.7 1.763 42.34 44.7 689.7
100 101.4* 9.7* 213 49.3%* 2.430%** 43.48 43.6 687.3
M 200 107.3 10.6** 21.5 46.1%* 2.613** 43.07 41.6* 695.0
¢ 300 101.8%* 10.5%* 20.9 45.5%%* 2.167%* 42.74 42.0%* 708.0
400 98.8%* 11.1%* 20.4 53.3%x* 2.160** 42.67 40.6** 633.0*
500 82.5%* 10.7%* 18.9 34.9%* 2.067** 41.66 44.8 618.3%*

* and **statistically significant differences from control at %5 and %1 level.

The grain yield can be determined from the components of the biological (biomass) yield and harvest index
(Passioura, 1977), and the potential yield of bread wheat has increased due to increases in the harvest index
(Gustavo and Andrade, 1989; Curtis, 2002). The HI is considered to be associated with the PH, stem dry weight
and straw yield. Reduction in the PH had the greatest effect on the stem dry weight and least on the GY. Reduction
in the PH lowered the dry weight of the vegetative parts and thereby lowered the straw yield, which resulted in an
increased the HI (Singh and Stoskopf, 1971). Recently, the values of HI have been increased to 40% and even 45%.
However, the future purpose is to the increase HI to over 50%. Regarding to the HI, gamma irradiations shifted
the mean values from the control towards positive or negative direction depending on genotype and dose, but
these siftings were not consistent. Among the genotypes, it was found that the plant treated with gamma irradiated
at 200-300 Gy gained the highest increase when compared with control in the Bezostaja 1 and Kate A-1 genotypes
except M, and M, generations. In case of IBWSN4, out of M, generation, significant deviations from the controls
were observed in the M|, M, and M,, indicating that the IBWSN4 is more sensitive to gamma irradiations than the
other two bread wheat genotypes. These findings are supported by results of Mohammad and Abdollah (2011) who
stated that harvest index were affected with different levels of irradiation.

In addition to being a very important yield component, the thousand grain weight is also considered as an
important quality criterion and a feature used in the calculation of the amount of seed to be sown in the unit area.
Different dose of gamma rays irradiation in three wheat varieties affected TGW differently in different genotype.
The highest TGW in the four evaluated generations (M,, M,, M, and M,) were 42.8 g for IBWSN4 (500 Gy), 38.6
for Bezostajal (400 Gy), 35.6 for Bezostajal (Control and 100 Gy) and 48.1 for Bezostajal (200 Gy), respectively.
In general, gamma irradiations shifted the mean values from the control towards negative direction in all mutated
generations of Bezosytajal and Kate A-1, while that of IBWSN4 was towards positive direction, indicating that
the effect of irradiation was depressing with increase in irradiation doses, which is transmitted from generation to
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generation (Ayub et al., 1989).

Radiation in general reduced the grain yield (Table 2, 3 and 4). In all the genotypes gamma rays displayed
progressive decrease with the increase of radiation dosage in all the cases except 100 and 200 Gy treatment
where the character showed some improvement over the control in M|, M,, M, and M,. Yield is a dependent
character, and is the result of all the biological processes going on during the growth and development of
plant (Scarascia-Mugnozza, 1964). The general trend of reduced yield among the mutagenic treated material
could be due to pleiotropic effects (Brock, 1965; Gaul, 1977) on other characters. However, the present results
suggest that the lower doses of gamma rays in general and 100-200 Gy treatment in particular can be useful
from breeding point of view for selecting higher yielding plants in early generations. Gamma-rays are effective
in broadening genetic variability and increasing means of wheat cultivars for grain yield and its components,
helping plant breeders to practice an efficient selection in the M, and next mutated generations (Sobieh, 2002; Al-
Naggar et al., 2007). From practical breeding point of view increased variation assumes greater significance.
Frey (1969) reported that mutagen derived variability for quantitative characters in crop plants is heritable and
that the response to selection is good. The relative value of this source of variability for use in crop improvement,
therefore, depends almost entirely upon the nature of phenotypic expression caused by the mutations induced at
polygenic loci.

Conclusion

The shifts in the M|, M,, M, and M, generations were significantly important than that in the control for the PH,
NGPS and GY, indicating that these are the most sensitive to gamma irradiation. In the ascending order, NSPS, SL,
HI, TGW and GWPS were the least sensitive characters to the gamma irradiation. The results of the study showed
that 200 and 300 Gy irradiation were the most beneficial doses for improving yield and its components.
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