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Ozet. Bu calismada 2013 ile 2015 yillari arasinda Tombul, Palaz, Fosa, Cavcava, Uzunmusa, Kalinkara,
incekara ve Sivri findik cesitlerinin tepe daldirmasi yéntemi ile cogaltima performanslarinin
belirlenmesi amaglanmistir. Ana bitki olarak 5-6 adet govde bulunan 6 yasli ocaklar ve ocak basina 20
adet genc siirgiin kullanilmistir. Arastirma 2 yil Gist ste ayni ana bitkiler Gizerinde tekrarlanmustir. ilk yil
kontrol, tomurcuk koparma, kabuk alma ve bogma uygulamalari yapilmis, ikinci yil kontrol, kabuk alma
+ bogma ve IBA + bogma uygulanmistir. incelenen fidan gelisimi ve kéklenme 6zellikleri bakimindan
Tombul, Palaz, Fosa ve Kalinkara en yiiksek sonuclara sahip olmuslardir. Uygulamalar arasinda en
yiksek etkiyi ise bogma gostermistir. Uygulamalarin cesitler Gzerindeki etkisi ¢esit x uygulama
kombinasyonlarina gére degisim gostermistir. Kdklenme orani %14.44 ile %80, kdklenme degeri 1.08
ile 4.533, primer kok sayisi 3.17 adet ile 38.97 adet, primer kok uzunlugu 6.44 cm ile 25.53 cm, yas kok
agirhd 0.307 gile 9.556 g, kuru kék agirhgi 0.183 g ile 4.378 g, fidan boyu 49.65 cm ile 122.65 cm, fidan
cap! 6.01 mm ile 11.11 mm, gévde bogum sayisi 11.60 adet ile 28.26 adet, yas gévde agirligi 9.43 g ile
74.35 g, kuru gévde agirhigr 4.78 g ile 39.37 g ve yaprak alani 56.15 cm? ile 126.06 cm? arasinda
degismistir. Calismada 2013-2014 déneminde biylk oranda basari elde edilmis ancak 2014-2015

doneminde fidan gelisimi ve kok kalitesi diistik olmustur.

Propagation of Hazelnut by Mound Layering

Keywords:
Hazelnut, adventitious

rooting, girdling, layering
(stooling), vegetative
propagation

Abstract. The objective of this study was to determine the propagation performance of the hazelnut
cultivars; Tombul, Palaz, Fosa, Cavcava, Uzunmusa, Kalinkara, incekara and Sivri by mound layering
(stooling) between 2013 and 2015 years. 6 old bushes with 5-6 stools are used as stock plants and 20
stool shoots are used per bush. This research has been repeated on the same stock plants two years in a
row. In the first year, control, bud removal, bark removal and girdling treatments have been conducted.
In the second year, control, bark removal + girdling and IBA + girdling have been applied. In terms of
rooting and stool shoot development traits that are examined, Tombul, Palaz, Fosa and Kalinkara cultivars
has had the highest results. Girdling treatment has performed the highest effect among all other
treatments. The treatments have had various effects depending on the cultivars and treatment
combinations. Rooting percentage has varied between 14.44% and 80%, rooting grade has varied
between 1.08-4.533, primary root number has varied between 3.17 and 38.97, primary root length has
varied between 6.44cm and 25.53cm, fresh root weight has varied between 0.307 g-9.556 g, dry root
weight has varied between 0.183 g and 4.378 g, shoot length has varied between 49.65 cm and 122.65
cm, shoot diameter has varied between 6.01 mm ile 11.11 mm, bud number has varied between 11.60
and 28.26, fresh shoot weight has varied between 9.43 g and 74.35 g, dry shoot weight has varied
between 4.78 g and 39.37 g and the leaf area has varied between 56.15 cm? and 126.06 cm?. In the study,
great success has been achieved during 2013-2014 period however stool shoot development and root

quality has been low during 2014-2015.
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Aci ve Beyhan, Findigin Tepe Daldirmasi Yontemi ile Cogaltiimasi

GIRiS

Findigin anavatani ve gen merkezlerinden biri olan
Ulkemizde, ekonomik dmriini tamamlamis bahcelerin
yenilenmesi ve standartlara uygun olmayan cesitlerin
iyi cesitlerle degistirilmesi dncelikli konulardan biridir.
Gec yapraklanan ve boylelikle ekstrem yillarda yasanan
ilkbahar donlarindan etkilenmeyen, verim
dalgalanmasi ve verim dustkligi gibi problemleri
olmayan, yuvarlak sekilli, kabuklu ve i¢ findik
standartlarina uygun Cakildak ve Fosa (Yomra) ¢esitleri
yeni bahce tesislerinde 6n plana ¢ikmistir (Beyhan ve
ark., 1999; 2007; Beyhan 2015).

Talep edilen cesitlerden standartlara uygun
sertifikall  fidan dretmek icin  findik fidancilik
sektoriinlin  kurulmasi gerekmektedir. Bu amacla,
findik fidancilik sektoriiniin kurulmasi ile ilgili alt yapi
calismalarinin baslangici olan findik ¢esitlerimizin
fidanhk sartlarina uygun ¢ogaltma yontemlerinin ve
cesitlerimizin - bu  yodntemler ile cogaltilabilme
potansiyellerinin belirlenmesi nem tasimaktadir.

Findik  Ulkemizde bugline kadar kapama
bahcelerden sokilen kokll dip surgtnleri kullanilarak
cogaltiimis ve halen de bu yontem kullaniimaktadir. Bu
durum giinimiize kadar fazla sayida ve bilingsiz bir
cesit karisimina sebep olmustur (Kantarci ve Ayfer
1989). Ayrica, bu geleneksel yontemde, tohumdan
¢ikan cogurlerin de dip slrgunleri ile birlikte fidan
olarak kullanilabilme ihtimali vardir. Bu nedenle
tohumdan olusan bitkilerdeki genetik agilmanin, uzun
yillardan bugiline siire gelen findik yetistiriciliginde
cesitlerin dejenerasyonunda etkisi oldugu
distndlmektedir (Beyhan ve ark., 1995).

Findik her yil cok sayida kok ve dip slirglini Gretme
ozelligine sahip cali formunda bir bitki taridur. Dip
strginlerinin blyumelerine firsat verilmeden yilda
birkac kez temizlenmeleri gerekmektedir. Meyve
Uretimi ile birlikte fidan Gretimi yapilan isletmelerde ise
kok strglinleri zamaninda kesilmemekte ve bu amacla
1 veya 2 yil blyutilmektedir (Beyhan 1997; Balik ve
ark., 2016). Bunun beslenme, 1sik, su kullanimi ve diger
yonlerden sirglnlerin  ana bitkiler ile rekabet
olusturmalar disinda baska olumsuz yonleri de
bulunmaktadir. Bunlarin basinda gerek elle hasat ve
gerekse makineli hasatta hasadi gugclestirmeleri
gelmektedir. Bir digeri ise satisa sunulacak stirglnlerin
sOkllmeleri sirasinda hem yavru bitkilerde ve hem de
ana bitki koklerinde mekanik zararlarin meydana
gelmesi (Kopuzoglu ve Sen 1991) ve kapama
bahcelerden alinan sirgunlerin kullanilmasinda ciddi
fitopatolojik ~ problemlerin  ortaya  ¢ikmasidir
(Scortichini 2002).

Findigin kok stirgiinleri ile cogaltiimasinda yukarida
sozi edilen olumsuz yonler dikkate alindidinda,
alternatif ¢ogaltma yontemleri biylk bir 6nem
tasimaktadir. Findigin ¢ogdaltilmasinda, dip sirglnleri
disinda kullanilabilecek diger vegetatif yontemlerden
en uygun olani daldirma ile ¢cogaltmadir (Lagerstedt
1979, 1983; Radicati et al, 1994). Daldirma ile
cogaltma ABD (Oregon), italya ve Fransa gibi tlkelerde
ticari olarak fidanliklarda kullaniimaktadir. Findikta
kullanilabilecek daldirma sekilleri “adi daldirma” ve
“tepe daldirmasi” yontemleridir. Tepe daldirmasi
yontemi ile ¢odaltmada fidan kalitesi daha yiksek
olmaktadir (Hartmann and Kester 1974; Baron et al.,
1985; Pierce 1991; Caliskan ve Kog 2002; Barut 2012).

Bu calismada Tombul, Palaz, Fosa, Cavcava,
Uzunmusa, Kalinkara, incekara ve Sivri findik
cesitlerinin Glkemizde yaygin olarak kullanilan dip
strgunleri ile cogaltmaya bir alternatif olabilecek tepe
daldirmasi uygulanarak ¢ogaltilma performanslarinin
belirlenmesi amaclanmistir.

MATERYAL VE METOT

Bu calisma 2013 ile 2015 yillan arasinda, OMU
Ziraat Fakiltesi Bahcge Bitkileri Bolimune ait findik
koleksiyon bahcesinde bulunan Tombul, Palaz, Fosa,
Cavcava, Uzunmusa, Kalinkara, incekara ve Sivri
cesitlerine ait 6 yash bitkiler Gzerinde yuritilmustar.
Arastirma ayni bitkiler Gzerinde 2 yil tekrarlanmistir.
Materyal olarak kullanilan findik bahgesinde sira arasi
mesafe 4 m, sira Uzeri ana bitki (stool) ocaklar arasi
mesafe 1 m' dir. Her cesit icin 6 ocak, her ocakta 5-6
adet ana bitki (20 mm goévde capl) yer almis ve ocak
basina 20 adet genc slirgtin kullaniimistir.

Calismada kullanilan “Tepe Daldirmasi” metodu
Pathak et al. (1978), Ahn et al. (1982), Hartmann et al.
(1990), Erdogan and Smith (2005) tarafindan bildirilen
islemler dikkate alinarak uygulanmistir. Arastirmanin
birinci yil calismalari Subat 2013 ile Ocak 2014 arasinda
yUratllmdistar. Gozler uyanmaya baslamadan 6nce, 09
Subat 2013 tarihinde ana bitki govdeleri yaklasik
olarak toprak yiizeyinin 3-7 cm Uzerinden kesilmistir.
Kesim isleminden 1 ay sonra, mart ayinin ilk haftasinda
strgin cikislari baslamistir. Adventif kok olusumunu
uyarici uygulamalar, gévde kesim isleminden yaklasik
45 ay sonra 26 Haziran 2013 tarihinde
gerceklestirilmistir. Uygulamadan &nce yaklasik 40-50
cm boya sahip slrgunler birakilmis ve daha kisa
olanlar ¢ikariimistir. Bdylece hem su ve besin maddesi
rekabetini azaltmak amaciyla seyreltme yapilmis ve
hem de olabildigince bir 6rnek gelisme gosteren
strglnler kullanilmistir.  Denemede  yapilan
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uygulamalar asagida
gerceklestirilmistir.

1. Kontrol: Sirgilinlerde hicbir islem yapilmadan
kapatilmistir.

2. Tomurcuk Koparma: Sirgiinlerin 20-25 cm’lik dip
kisimlarindaki  yapraklar ve  tomurcuklar elle
kopariimistir.

3. Kabuk alma: Sirgilnlerin 20-25 cm ‘lik dip
kisimlarindaki gozler kabuk dokusu ile birlikte
kalemden asi go6zi alma islemine benzer sekilde
kesilerek alinmistir. Bu uygulamada yaprak, goz ve
kabuk dokusu alinmis olmaktadir.

4. Bogma: Sirgiinlerin 20-25 cm ‘lik dip kisimlarindaki
yapraklar budama makasi ile saplarindan kesilmistir.
Daha sonra slrgtnlerin dip kisimlari 3 mm kalinliginda
sert beyaz plastikten yapilmis ve i¢ kisminda ince metal
tel bulunan kuruyemis telleri ile bir kez cepegevre
kusatilmis ve telin uc kisimlari kivrilarak sabitlenmistir.

Uygulamalarin ardindan vakit gegirmeden sirgilin
boyunun yaklasik 1/3'G ve 20-25 cm’lik dip kisimlari
koklendirme ortami ile kapatilmistir. Surgin dip
kisimlarinin kapatiimasinda torf ve bahce topragi (1:2)
karisimi kullaniimistir. Yabanci ot ¢ikisini engellemek
ve topragin nem kaybini dnlemek amaciyla malg olarak
siyah renk zemin orttusi kullanilmigtir. Deneme
sliresince dlzenli olarak damla sulama ve glibreleme
yapilmis, mal¢ disinda kalan alanlarin yabanci ot
temizligine 6zen gdsterilmistir.

Arastirmanin ikinci yil calismalar Ocak 2014 ile
Subat 2015 arasinda yUrutilmustir. 22 Ocak 2014
tarihinde ilk yil sirginlerinin sdkim islemleri ile
birlikte 2014-2015 dénemi ana bitki kesim islemi
gerceklestirilmistir. 2014 yiinda hem ana bitki
govdelerinden ve hem de bir dnceki yil kdklendirilmis
strglnlerin  kesim vyerlerinden slren sirgulnler
kullanilmistir. Kesim isleminden 2 ay sonra (nisan
ayinin 1. haftasi) stirgiin cikislar baglamistir. ilkbaharda
slren sezon sirginlerindeki kdklenmeyi uyarici
uygulamalar, govde kesim isleminden yaklasik 6 ay
sonra 9 Agustos 2014 tarihinde gerceklestirilmistir.
Siirglin sayisinin azalmasi ve ilk yil bazi uygulamalarin
etkili olmamasindan dolayr 2014-2015 ddneminde
kontrol dahil olmak Uzere uygulama sayisi 3" e
indirilmis ve asagida aciklandigi sekilde yurGttulmastdr.
1. Kontrol: Sirgilinlerde higbir islem yapilmadan
bitkilerin dipleri kapatiimistir.

2. Bogma+Hormon: ilk yil yapilan bogma islemi ile
birlikte strgtnlerin dip kisimlarina 750 ppm’lik IBA
¢Ozeltisi puskirtilmustar.

3. Bogma+Kabuk alma: ilk yil yapilan bogma ve
kabuk alma islemleri birlestirilmistir.

Koklenme dénemi sonunda kéklenen siirgiin
sayisina gore kdklenme orani (%) ve kdklenme degeri

aciklandig sekilde

(1-5) belirlenmistir. Koklenme degeri
derecelendirmesine gore ¢ok az koklenenler 1, az
kdklenenler 2, orta derece 3, iyi 4 ve cok iyi koklenenler
5 puan almislardir (Solar et al, 1994). Koklenen
strgunlerde primer kodk sayisi (adet), en uzun 10 adet
primer kok uzunlugunun (cm) aritmetik ortalamasi
alinarak bulunmustur. Primer kok sayisi 10'dan az
olanlarda, var olan koklerin timinde ol¢lim
yapilmistir. Kdklerin asi bicagi ile kesilerek gévdeden
ayrildiktan sonra 0,0001 g’ a duyarh hassas terazide
tartilmasi ile yas kok agirhgi (g) belirlenmistir. Yas
agirliklart tartilan koklerin etiivde 80 °C'de sabit
agirhga gelene kadar kurutulup 0,0001 g'a duyarl
hassas terazide tartiimasi ile kuru kok agirhgr (g)
belirlenmistir. Gévde ozellikleri olarak fidan boyu (cm),
fidan ¢api (mm), gévde bogum sayisi (adet), yas gévde
agirhgi (g) ve kuru gévde agirhgi (g) belirlenmistir. Her
bitkiden rastgele alinan 2 adet yaprak kullanilarak
yaprak alani saptanmistir (cm?).

istatistik analizler Tesadif bloklarinda faktériyel
deneme desenine gore (gesit x uygulama) SPSS 21
paket programi kullanilarak yapilmistir. Sayilarak elde
edilmis % verilerde normal dagilim gdsterenler
transformasyona tabi tutulmamistir. Her uygulamada
3 tekerrir ve her tekerrirde 10 adet bitki kullaniimistir.
Her iki dénemde toplam 1320 adet fidan materyali
Uzerinde calisiimistir. Varyans analiz sonuglarinda
istatistiksel olarak énemli (P<0.01 ve P<0.05) etkileri
olan uygulamalar icin “Duncan Coklu Karsilastirma
Testi” uygulanmistir.

BULGULAR VE TARTISMA

Koklenme Orant

Arastirmanin her iki déneminde kéklenme oranlari
bakimindan cesitler arasinda istatistiksel  fark
bulunmustur (Cizelge 1 ve 2). En yiksek kdklenme
oranlart 2013-2014 doneminde Fosa c¢esidinden,
2014-2015 doéneminde ise Kalinkara cesidinden elde
edilmistir.  2013-2014  ddneminde  uygulamalar
arasinda en yiksek kdklenme orani bogmaya ait
olmustur. Adventif kdk olusumunun tesvik edilmesi
icin en etkili ydntemin bogma oldugu birgok arastirici
tarafindan vurgulanmistir. Bogma bazi Ulkelerde ticari
fidanhklarda rutin  bir uygulama olarak da
kullanilmaktadir (Lagerstedt 1983; Pandey 1996;
Erdogan and Smith 2005; Roversi et al.,, 2008; Malvicini
et al, 2009). Bogma uygulamasi sonucunda kok
olusumu bogma yapilan yerin Ust kisminda meydana
gelmektedir.

Her iki calisma yilinda, cesit x uygulama etkilesimi
Onemsiz olmakla birlikte, kbklenme oranlari genis bir
aralikta (%14.44 ile %80) degisim gOstermistir.

3
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Calismada sadece Cavcava ve Uzunmusa cesitleri haric,
ikinci yil elde edilen kéklenme oranlari ilk yildan daha
distk olmustur.

Findikta tepe daldirmasi konusunda ©nceki
calismalar incelendiginde, sirglnlerde (stool shoot)
kdklenme oranlarinin ana bitki (stool) yasi, cesitler
arasindaki genotipik farklliklar, koklenmeyi uyarici
cesitli uygulamalar, ekoloji ve kdklendirme ortamlari
gibi faktorlere bagli olarak farkliliklar gostermis
oldugu anlasiimaktadir. Tepe daldirmasi
calismalarinda, Caliskan ve Kog¢ (2002) tarafindan
Tombul findik cesidinde %92.9; Achim et al. (2001)
tarafindan Valcea 22, White Lambert ve Hall's Giant
cesitlerinde ortalama %50; Malvicini et al. (2009)

Cizelge 1. 2013-2014 déneminde kéklenme 6zellikleri.

tarafindan Tonda Gentile delle Langhe cesidinde en
ylksek %78.29; Solar et al. (1994) tarafindan “Istrska
debeloplodna leska” ve “Tonda gentile delle Langhe”
findik ¢esitlerinin mevsim stirgiinlerinde %75, bir yillik
strgunlerde ise %57 koklenme oranlari elde edilmistir.
Bizim ¢alismamizda sadece mevsim surginleri
kullanilmis ve ilk yil elde ettigimiz koklenme oranlari
onceki bazi sonuglar ile uyumlu olmustur. Ancak gticlu
ve genis govde caplarina sahip ana bitkiler ile yiksek
sonuclar elde edilmistir. Roversi et al. (2009) 20 yasl
‘Tonda Gentile delle Langhe' c¢esidinde tim
uygulamalarda %95’ in Uzerinde kdklenme oranlari
bildirmislerdir. Benzer bir calismada Roversi (2015)
%96.52 oraninda koklenme orani elde etmistir.

Table 1. Rooting properties in 2013-2014.

Koklenen Koklenme Primer Primer Yas Kuru
Cesit Uygulama  Sirgtin Orani Degeri Kok Sayisi Kok zunlugu Kok Agirhigi Kok Agirhg
(%) (1-5) (Adet) (cm) () (@)
Tombul K 58.89 3417 16.00 bed” 16.03 bc” 1.964 b” 1.280 bc™
TK 70.00 2.740 14.79 bcd 11.49 bc 1.232b 0.830 bc
KA 57.44 2.801 12.00 bcd 16.02 bc 1376 b 0.948 bc
B 77.78 3.732 15.32 bed 14.57 bc 2404 b 1.600 bc
Ort. 66.03 AB™ 3.173 A” 14.53 A* 14.53 1.744 B’ 1.165 AB™
Palaz K 58.80 1.797 6.07 cd 8.54 c 0.699 b 0.390 ¢
TK 36.67 3.150 12.53 bed 14.96 bc 2904 b 1.461 bc
KA 65.92 2.757 12.55 bed 12.14 bc 2200 b 1.042 bc
B 71.50 4.533 38.97 a 25.53 a 9.556 a 4378 a
Ort. 58.22 ABC 3.059 A 17.53 A 15.29 3.840 A 1.818A
Fosa K 75.71 2.853 15.28 bed 10.30 bc 2334 b 1.165 bc
TK 78.89 2.759 12.40 bcd 13.91 bc 1.794 b 1.003 bc
KA 80.00 3.292 18.97 bc 12.52 bc 1.958 b 1.062 bc
B 75.19 4.000 19.76 b 17.09 abc 3.868 b 2344 b
Ort. 77.45 A 3.226 A 16.60 A 13.46 2.489 AB 1.394 AB
Cavcava K 24.07 2417 4.08 d 19.52 ab 1183 b 0.721 bc
TK 45.56 3.048 7.99 bed 15.03 bc 1.963 b 1.048 bc
KA 48.15 2.033 440d 19.26 ab 1.225b 0.611c
B 66.67 3.313 8.58 bcd 15.53 bc 3.162 b 1.383 bc
Ort. 46.11 BC 2.703 AB 6.26 B 17.34 1.883 B 0.941 B
Uzunmusa K 39.17 1.722 3.55d 16.70 abc 1362 b 0.672c
TK 14.44 2.167 3.67d 18.77 ab 0922 b 0.522 ¢
KA 44.44 2.055 392d 12.89 bc 1.295b 0.715 bc
B 57.41 2.867 11.03 bed 14.54 bc 2702 b 1.393 bc
Ort. 38.87C 2.203 B 5.54 B 15.73 1.570 B 0.826 B
K 51.33 b° 2.441b™ 9.00 b* 14.22 1.508 b™ 0.844 b™
Uygulama TK 49.11b 2773 b 10.28 b 14.83 1.763 b 0.973 b
KA 59.19 ab 2.588 b 10.37 b 14.57 1.611b 0.875 b
B 69.71a 3.689 a 18.73 a 17.45 4.338 a 2.219a

Ayni stitunda farkh biyUk harflerle gosterilen ortalamalar arasindaki farklilk dnemlidir (*: P<0.05; **: P<0.01).
Ayni sttunda farkh kiglk harflerle gosterilen ortalamalar arasindaki farkliik dnemlidir (*: P<0.05; **: P<0.01).
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Cizelge 2. 2014-2015 déneminde kéklenme 6zellikleri.
Table 2. Rooting properties in 2014-2015.

Koklenen Koklenme Primer Primer Yas Kuru
Cesit Uygulama  Sirgln Orani  Degeri (1-5) Kok Sayisi Kok Uzunlugu Kok Agirhgr Kok Agirhg
(%) (Adet) (cm) (9) (9)
Tombul K 35.55 217 10.58 abcd” 10.82 0.812 0.426
KA+B 46.33 1.90 10.70 abcd 14.28 1.230 0.547
IBA+B 44.34 1.81 14.17 ab 9.12 0.693 0.346
Ort. 42.07 BC’ 1.96 A™ 11.82 A™ 11.41 AB” 0.912 AB™  0.440 AB"
Palaz K 57.67 2.45 12.56 abc 11.10 1.595 0.807
KA+B 57.74 1.65 5.80 cde 10.47 0.694 0.360
IBA+B 25.00 1.11 4.89 de 10.84 0.381 0.203
Ort. 46.80 ABC 1.74 AB 7.75 ABC 10.80 AB 0.890 AB 0.457 AB
Fosa K 64.17 1.88 10.96 abcd 10.03 0474 0.250
KA+B 51.55 1.53 6.20 cde 10.77 0.368 0.183
IBA+B 65.00 1.63 6.05 cde 11.78 0.481 0.211
Ort. 60.24 AB 1.68 AB 7.74 ABC 10.86 AB 0.441 B 0.215 C
Cavcava K 40.00 1.34 517 de 10.90 0.449 0.219
KA+B 70.00 1.25 10.29 bcd 6.44 0.307 0.277
IBA+B 80.00 2.00 16.88 a 7.40 0.648 0.361
Ort. 63.33 AB 1.53 AB 10.78 AB 8.25B 0.468 B 0.286 BC
Uzunmusa K 60.00 142 5.75 cde 14.85 0.647 0.324
KA+B 70.00 1.78 8.10 bcde 12.15 0.840 0433
IBA+B 53.33 1.78 6.78 cde 12.04 1.129 0.541
Ort. 61.11 AB 1.66 AB 6.88 ABC 13.01 A 0.872 AB 0.433 AB
Kalinkara K 80.00 133 6.70 cde 8.27 0.652 0.323
KA+B 66.66 1.17 6.51 cde 6.94 0.330 0.192
IBA+B 60.00 137 6.76 cde 9.50 0.723 0.329
Ort. 68.89 A 1.29B 6.66 BC 8.24 B 0.568 B 0.281 BC
incekara K 53.33 2.03 7.50 bcde 9.34 1.226 0.556
KA+B 52.22 1.92 8.94 bcde 6.78 1.422 0.636
IBA+B 40.00 1.92 7.92 bcde 8.83 0.969 0.393
Ort. 48.52 ABC 1.96 A 8.12 ABC 8.32B 1.206 A 0.528 A
Sivri K 40.00 1.19 4.87 de 10.55 0.386 0.205
KA+B 18.89 1.08 317e 15.61 1.020 0.520
IBA+B 43.33 1.25 533 de 15.32 0.773 0.423
Ort. 34.07 C 1.18 B 4.46 C 13.83 A 0.726 AB 0.383 ABC
K 53.84 1.73 8.01 10.73 0.780 0.389
Ortalama KA+B 54.17 1.53 7.46 10.43 0.776 0.394
IBA+B 51.38 1.61 8.60 10.60 0.725 0.351

Ayni sttunda farkh biyUk harflerle gosterilen ortalamalar arasindaki farklilk dnemlidir (*: P<0.05; **: P<0.01).
Ayni situnda farkh kiglk harflerle gosterilen ortalamalar arasindaki farklihk dnemlidir (*: P<0.05; **: P<0.01).

Koklenme Degeri

2013-2014 doneminde cesitlere ait koklenme
degerleri ve ayrica uygulamalar arasinda ¢ok 6nemli
fark bulunmustur (Cizelge 1). En ylksek degerler Fosa
(3.226), Tombul (3.173) ve Palaz (3.059) cesitlerinden
elde edilmistir. Uygulamalar arasinda ise en yliksek
koklenme degerinin (3.689) bogmaya ait oldugu
goriilmektedir. interaksiyon etkileri kombinasyonlara
gore  degisken  olmus, Palaz x  bogma
kombinasyonunda 4.533’e ulasan kdklenme degeri
Uzunmusa x kontrol kombinasyonunda 1.722'ye

dismustir. 2014-2015 doneminde kdklenme degeri
bakimindan cesitler arasinda ¢ok 6nemli istatistik fark
bulunmustur (Cizelge 2). En ylksek deger Tombul ve
incekara (1.96) cesitlerinden elde edilmistir. Uzunmusa
cesidi hari¢ tutulursa, uygulamalarin kéklenme degeri
Uzerinde etkili olmadigi ve hatta kontrole gore
kdklenme degerini dislirmis oldugu da soylenebilir.
Kok sistemi yeterince gelismemis fidanlar satisa
sunulamayacagindan  koklenen sirgin  oraninin
yaninda koéklenme degeri de belirlenmektedir. Bu
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calismada kok gelisimi Solar et al. (1994) ile Erdogan
and Smith’in (2005) kullanmis olduklari yénteme gore,
subjektif olarak 1-5 puan arasinda degerlendirilmistir.
Findikta cap, boy ve kbék yogunlugu birlikte
degerlendirilerek ekstra, I. Sinif, Il. Sinif ve Iskarta
olmak Uzere ticari siniflandirmanin  kullanildig
calismalar da bulunmaktadir (Roversi et al, 2008;
Roversi 2015). Solar et al. (1994) 4 ve 5 puan alan
fidanlarin dikime hazir olduklarini, 3 ve 2 puan
alanlarin  ise fidanlikta 1 yil  bekletiimelerini
onermislerdir. Arastiricilar 1 puan alan fidanlarin ise
hicbir sekilde kullanilamayacaklarini bildirmislerdir.
Tirk findik cesitlerinde, kok kalite degerine gore bu
sekilde kesin bir yargiya varilabilmesi icin, her bir
kdklenme degerine sahip fidanlarin dikim sonrasindaki
performanslarinin belirlenmesi yararli olacaktir.

Malvicini et al. (2009)e gore, pazarlanabilir
nitelikteki fidanlarin yaklasik olarak %50" sinde
koklenme degeri 3.39 ile 4.83 arasinda degismistir.
Koklenme degeri ve fidan kok kalitesi bakimindan
daha yuksek sonuclara ulastigimiz sdylenebilir.

Erdogan and Smith (2005) tomurcuk koparma ve
kabuk alma uygulamalarinin kéklenme degerini
onemli dizeyde etkilemedigini bildirmislerdir. Bu
sonuglar  bizim  bulgularimizi  desteklemektedir.
Arastiricilar IBA uygulamasinin  kéklenme degerini
artirdigini bildirmislerdir. Bizim calismamizda sadece
ikinci yil IBA kullanilmis ve kontrole gére 6nemli bir
etki saptanmamistir. Bu durum ikinci yil gelismenin
zayif olmasindan dolayr uygulamanin geciktirilmis
olmasi ve bu gecikmeye bagh olarak govde
dokularinda odunlagsmanin artmasindan kaynaklanmis
olabilir.

2013-2014 déneminde en ylksek kdklenme degeri
bogmada elde edilmistir. Bogma uygulamasinin tepe
daldirmasi  yonteminde adventif kdk gelisimi
Uzerindeki olumlu etkisi Roversi and Mozzone (1998)
ve Roversi et al. (2008) calismalari ile uyumluluk
gostermektedir. Koklenmeyi tesvik edici uygulamalarin
koklenme degeri Uzerindeki etkilerinin genellikle
kdklenme oranina goére daha belirgin oldugu
bildirilmektedir (Roversi and Mozzone 1998; Erdogan
and Smith 2005; Roversi et al., 2008).

Primer Kok Sayust

Arastirmanin 2013-2014 doneminde primer kdk
sayisi bakimindan cesitler arasinda, uygulamalar
arasinda ve ayrica interaksiyon etkileri arasinda
istatistik olarak fark bulunmustur (Cizelge 1). Cesitler
arasinda en fazla primer kok Tombul, Palaz ve Fosa'da,
uygulamalar arasinda ise bogmada elde edilmistir.
Cesit x uygulama interaksiyon etkilerinde en fazla
primer kok Palaz gesidinin bogma uygulamasindan

elde edilmistir (38.97 adet). 2014-2015 déneminde
cesitler arasinda istatistik fark bulunmustur (Cizelge 2).
En fazla kok Tombul cesidinden elde edilmistir. Cesit x
uygulama interaksiyon sonuglari arasinda da onemli
istatistik farkliliklar saptanmustir.

incelemeler sirasinda, cok sayida zayif primer kdke
sahip olan fidanlarin yaninda, az sayida fakat giiclu
primer kdke sahip olanlar da gozlenmistir. Bazi fidanlar
primer kok sayisi fazla olmadigi halde yiksek
kdklenme puani almislardir. Bu nedenle primer kék
sayisi tek basina cok anlaml géziikmemektedir. Ancak
ileride degisik kdklenme  kriterleri  kullanilarak
yapilacak modelleme calismalarinda primer kok sayisi
temel verilerden biri olarak &nemli rol oynayabilir.
Findikta yapilmis tepe daldirmasi c¢alismalarinda
primer kok sayisi ile ilgili bulguya rastlanmamistir.
Fidan basina olusan primer kok adedi ilk kez bu
calisma ile ortaya konmus olmaktadir.

Primer Kok Uzunlugu

2013-2014 doneminde primer kok uzunlugu
bakimindan cesitler arasinda ve ayrica uygulamalarin
etkileri arasinda istatistik olarak 6nemli fark
bulunmamaktadir (Cizelge 1). Cesit x uygulama
interaksiyon etkisi ise dnemli bulunmustur. En yiksek

kok uzunlugu degeri Palaz  x bogma
kombinasyonundan elde edilmistir (25.53 cm).
Uygulamalarin  gesitlerin  primer kdk uzunlugu

Uzerindeki etkileri farkh olmus, bogma uygulamasi
sadece Palaz ve Fosa cesitlerinde 6n plana ¢ikmistir.

2014-2015 doneminde cesitler arasinda istatistik
fark bulunmustur (Cizelge 2). Uygulamalarin kok
uzunluguna etkileri arasinda ve cesit x uygulama
sonuglari arasinda istatistik farklilik bulunmamaktadir.
Bunula birlikte, Sivri' de Kabuk + Bogma ve IBA +
Bogma kombinasyonlarina ait degerler yiksektir
(15.61 ve 15.32 cm). Sivri gesidinde koklerin daha
derinlere inebilme yeteneginin olmasi ihtimali akla
geliyor olsa da, bu dustinceyi destekleyici bir literattir
bilgisi bulunmamaktadir. ikinci yil tim cesit ve
uygulamalarda daha disik degerler elde edilmis,
primer kok uzunluklart kisalmistir. Benzer sonugclar
elde etmis olan Nagi (2013), tepe daldirmasi ile
cogaltilan seftali, erik ve kayisi anaglarinda, ikinci yil
kdk uzunlugu degerlerinin kisaldigini bildirmistir.

Calismamizda, oldukca uzun primer kdklerin fazla
yan kok olusturmayip zayif yapili olabildikleri de
go6zlenmistir. Dolayisiyla incelenen materyalde kdkler
uzun oldugu halde diger ozellikleri distk olabilir.
Primer kok uzunlugu verileri diger kok kriterleri ile
birlikte degerlendirilmelidir. Findikta bu calisma ile
tepe daldirmasi yonteminde fidanlarda primer kok
uzunlugu ilk kez ortaya konmustur.
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Yas Kok Agurligt

Calismanin  2013-2014 doneminde vyas kok
agirliklar bakimindan cesitler arasinda 6nemli fark
bulunmustur (Cizelge 1). En ylksek yas kok agirhgi
Palaz ¢esidine ait olmustur. Uygulamalarin yas kok
agirhklarina etkisi istatistik olarak ¢ok ©6nemli
bulunmustur. En vylksek yas kdk agirhgi bogma
uygulamasindan  elde  edilmistir (4338 ).
Uygulamalarin cesitler Gzerindeki etkisi sadece Palaz x
bogma kombinasyonunda digerlerinden  farkli
bulunmus ve en ylksek degere sahip olmustur (9.556
g). 2014-2015 doneminde yas kok agirliklari
bakimindan sadece cesitler arasinda istatistiksel fark
bulunmus, uygulamalarin yalin etkileri arasinda ve
ayrica ¢esit x uygulama interaksiyonlari arasinda
farklilik bulunmamistir (Cizelge 2). Bu donemde elde
edilen yas kok agirhgr degerleri ilk yila goére disik
olmustur. Bu durum ikinci yil gelismenin zayif
olmasindan kaynaklanmig olabilir. ikinci yil incekara 6én
planda olmakla birlikte Palaz cesidi her iki yilda da en
yuksek degere sahip grupta yer almistir.

2013-2014 doneminde en yiksek yas kok agirlig
bogmada elde edilmis olmasina karsilik ikinci il
onemli bir etkisi olmamistir. Hatta bazi cesitlerde
istatistik anlamda olmamakla birlikte, uygulamalarin
yas kok agirligini azalttigr bile sdylenebilir. En ylksek
yas kok agirligr Palaz x bogma kombinasyonundan
(9.556 g) elde edilmistir. Bu kombinasyona ait primer
kok adedi ve primer kok uzunluklarn da diger
kombinasyonlara gore oldukga ylksek bulunmustur.

Findikta tepe daldirmasi konusunda yapilmis az
sayida calismanin sadece birka¢ adedinde yas kok
agirhigi ile ilgili verilere rastlanmistir. Malvicini et al.
(2009) calismalarinda sadece ekstra sinif fidanlara ait
degerleri vermislerdir. Bundan dolayl elde etmis
olduklari yas kok agirliklan bizim bulgularimizdan
farkli gozikmektedir. Ayrica gesit ve ekolojiye bagl
farkhliklar da bulunmaktadir. Malvicini et al. (2009)
tarafindan, Tonda Gentile delle Langhe findik
cesidinde ekstra kategoriye giren fidanlarda sadece
bogma yapildiginda yas kék agirliginin 57.8 g oldugu
kaydedilmistir. Roversi et al. (2009) anag bitki yasI ve
olusan sirglinlerin glicline bagh olarak yas kok
agirhklarinin oldukga genis bir aralikta degistigini,
standart bogma uygulanan |I. sinif fidanlarda 130.6 g
ile 220.9 g arasinda oldugunu bildirmislerdir.

Kuru Kok Agurligt

Arastirmanin  2013-2014 doéneminde kuru kok
agirliklari bakimindan cesitler arasinda ¢ok 6nemli fark
bulunmustur (Cizelge 1). En yiksek kuru kok agirlig
Palaz cesidinde elde edilmistir. Uygulamalarin kuru
kok agirliklar Uzerine etkileri istatistiksel olarak ¢ok

onemli bulunmustur. En yiksek kuru agirlik bogmada
elde edilmistir. Bogma, hem yas kdk ve hem de kuru
kok agirhigr bakimindan én plandadir. interaksiyon
etkileri istatistiksel olarak ¢cok 6nemli bulunmus, en
yuksek  kuru kok agirhgr  Palaz  x bogma
kombinasyonunda (4.378 g) elde edilmistir. Yas kok
agiriginda oldugu gibi, kuru kék agirhgr bakimindan
da uygulamalarin cgesitler Gzerindeki etkisi istatistiksel
olarak sadece Palaz x bogma interaksiyonunda
digerlerinden farkli olmustur.

Arastirmanin  2014-2015 doéneminde kuru kok
agirliklart  bakimindan  cesitler arasinda 6nemli
istatistiksel fark bulunmustur (Cizelge 2).
Uygulamalarin kuru kdék agirh@r uzerine olan yalin
etkileri arasinda, ayrica interaksiyon sonuclari
arasindaki farklilk 6nemsizdir. Findikta yapilmis
cahismalarin hicbirinde kuru kék agirhgi ile ilgili verilere
rastlanmamistir. Findikta bu calisma ile stirglin veya
fidan basina olusan ortalama kuru kok agirhgi ilk kez
ortaya konmus olmaktadir.

Kullanilan ebeveyn bitkilerin  yasi, cesitlerin
genotipik  Ozelliklerine  bagh  olarak  gelisme
kuvvetlerinin de farkli oldugu ve bu farliliklarin kok
sistemini de etkiledigi bilinmektedir. Ana bitkinin
gelisme kuvveti arttikca kok sisteminin cok daha
yogun ve glicli olacagi Roversi (2015) tarafindan
saptanmistir.  Genel olarak degerlendirildiginde,
kontrole ait yas ve kuru kok agirhginin, farkl
uygulamalarin etkisi ile istatistik olarak ¢ok &nemli
dizeyde yukseldigi yontndeki olumlu etkiler bizim
sonuglarimizi desteklemektedir.

Fidan Boyu

2013-2014 ve 2014-2015 donemleri olmak Uzere
calismanin her iki yihinda da fidan boyu bakimindan
cesitler arasinda istatistik olarak fark bulunmustur
(Cizelge 3 ve 4). Buna karsilik uygulamalar arasinda
sadece 2014-2015 doéneminde onemli fark ortaya
cikmistir. Cesit x uygulama interaksiyonu da 6nemsiz
bulunmustur.

Bu calismada fidan boyunu etkileyen en 6nemli
faktorin cesit oldugunu, uygulamalarin ise cesit kadar
dikkat cekici bir etkisinin olmadigini soyleyebiliriz.
Tombul ve Palaz gesitleri her iki arastirma yilinda da en
yuksek boy degerlerinin oldugu grupta yer almislardir.
ikinci yil Kalinkara bu yiiksek boy degerlerinin oldugu
gruba dahil olmustur. Eger Kalinkara cesidinden ilk yil
veri alinabilmis olsa idi, belki de Tombul ve Palaz’ dan
uzun boy degerleri elde edilebilirdi. Bunu bahge
gozlemlerimize gore de soyleyebiliriz. Tim cesitlerde
ikinci yil fidan boyu kisalmis, 2013-2014 doneminde
77.78 cm ile 122.65 cm, 2014-2015 doneminde ise
49.65 cm ile 91.47 cm arasinda degismistir.
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Findikta tepe daldirmasi calismalarinda en yuksek
govde boy degerleri Erdogan and Smith (2005)
tarafindan 126.39 cm, Malvicini et al. (2009) tarafindan
196.7 cm, Roversi et al. (2009) tarafindan 155 cm,
Fischbach and Brasseur (2010) tarafindan 53.59 cm,
Ellena et al. (2014) tarafindan 87.68 cm, Roversi (2015)
tarafindan ise 216.7 c¢cm olarak saptanmistir. Bizim
bulgularimizin literatir bildirislerinden farkli oldugu ve
cesitli arastiricilarin sonuclari arasinda da farkliliklar
bulundugu gorilmektedir.

Bu calismada ilk yil yapilan uygulamalarin fidan
boyu Uizerine istatistik bir etkisi olmamustir. ikinci yil ise
IBA + bogma’ nin etkisi kabuk + bogma'ya gore daha
distk olmustur. Erdogan and Smith (2005) IBA
uygulamasinin koklenmeyi ilerlettigini ancak vegetatif
blylimeyi sinirlandirdigini vurguladiklari calismada
IBA uygulamasinda kontrolden daha kisa boy degerleri
bildirmislerdir. Bu calismada fidan boyunu etkileyen en
onemli faktorin gesit oldugu, uygulamalarin ise gesit
kadar dikkat cekici bir etkisi gorilmemekle birlikte,
bizim calismamizin ikinci yilinda literatlire benzer bir
etki ortaya ¢iktigini sdyleyebiliriz.

Cizelge 3. 2013-2014 déneminde fidan gévde 6zellikleri.
Table 3. Stool shoots characteristics in 2013-2014 period.

Fidan Capt

Arastirmanin  2013-2014 doneminde fidan capi
bakimindan ¢esitler arasinda dnemli fark bulunmustur
(Cizelge 3). Uygulamalar arasinda istatistik olarak
onemli fark bulunmamis olmakla birlikte uygulamalara
ait degerlerin kontrolden distk olmasi dikkati
cekmektedir. Bu calismada yapilan uygulamalar fidan
govde cap degerlerini azaltmis olabilir.

Arastirmanin  2014-2015 doneminde fidan c¢api
bakimindan cesitler arasinda cok 6nemli istatistiksel
fark  bulunmustur (Cizelge 4). Calismanin bu
déneminde boy ve cap degerleri birbirleri ile paralellik
goOstermis, Kalinkara cesidi her iki 6zellik bakimindan
da en yuksek, Cavcava ise en disuk degere sahip
olmustur. Bu calismada fidan boyunu etkileyen en
onemli faktoriin  ¢esit oldugu o6nceki bolimde
vurgulanmisti. Fidan capi bakimindan da en etkili
faktoriin cesit oldugunu, uygulamalarin ise cesit kadar
etkili olmadigini soyleyebiliriz.

Cesit Uygulama Fidan Fidan Govde Bogum Yas Kuru Yaprak Alani

Boyu (cm) Capi (mm) Sayisi (adet)  Govde Agirhigi (g) Govde Agirhgr (g) (cm?)

Tombul K 114,10 10,87 28,26 73,28 38,64 107,27
TK 107,57 10,99 26,13 67,57 35,87 96,45

KA 107,61 10,37 25,24 56,31 30,03 112,54
B 122,65 11,11 28,04 72,14 39,24 89,43

Ort. 112,98 A” 10,84 A’ 26,92 A 67,33 A" 35,95 A” 101,42 B”

Palaz K 117,38 9,18 24,34 68,09 36,21 119,90

TK 107,50 9,55 21,07 64,24 32,00 111,57

KA 109,67 10,00 21,05 59,67 29,31 111,69

B 118,34 10,82 23,21 74,35 39,37 126,06

Ort. 113,22 A 9,89 AB 22,42 B 66,59 A 34,22 AB 117,31 A

Fosa K 114,26 10,82 22,48 58,35 31,35 92,43
TK 107,68 9,99 20,73 50,73 26,81 87,57
KA 115,69 10,38 22,58 55,77 29,25 93,87

B 103,59 9,46 20,07 48,38 25,99 100,88

Ort. 110,31 A 10,16 AB 21,478 53,31 AB 28,35 ABC 93,69 B
Cavcava K 91,71 9,34 17,59 42,08 22,70 77,75
TK 92,76 8,86 16,43 43,78 24,17 82,41
KA 99,82 9,44 17,27 48,30 25,37 80,88
B 77,78 8,42 15,85 33,32 18,79 78,13

Ort. 90,52 B 9,02 B 16,79 C 41,87 B 22,76 C 79,79 C
Uzunmusa K 108,05 9,94 21,79 53,34 28,67 97,85
TK 91,87 8,62 16,76 41,37 22,30 93,41
KA 103,43 9,71 19,97 49,26 26,31 97,23
B 92,41 9,25 18,11 49,52 26,83 90,26

Ort. 98,94 AB 9,38 B 19,16 BC 48,37 B 26,03 BC 94,69 B
K 109,10 10,03 22,89 a’ 59,03 31,51 99,04
Ortalama TK 101,48 9,60 20,22 b 53,54 28,23 94,28
KA 107,25 9,98 21,22 ab 53,86 28,05 99,24
B 102,95 9,81 21,06 ab 55,55 30,04 96,95

Ayni situnda farkh biylk harflerle gosterilen ortalamalar arasindaki farklik dnemlidir (*: P<0.05; **: P<0.01).
Ayni sttunda farkh kiguk harflerle gosterilen ortalamalar arasindaki farkliik dnemlidir (*: P<0.05; **: P<0.01).
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Cizelge 4. 2014-2015 doneminde fidan govde ozellikleri.
Table 4. Stool shoots characteristics in 2013-2014 period.

Cesit Uygulama Fidan Fidan Govde Bogum Yas Kuru Yaprak Alani
Boyu (cm) Cap! (mm) Sayisi (adet)  Govde Agirhgi (g)  Govde Agirhigr (g) (cm?)
Tombul K 83.83 7.87 20.93 26.71 13.82 86.27
KA+B 88.24 8.33 20.37 28.83 14.90 75.95
IBA+B 86.19 8.06 21.81 28.22 14.65 103.66
Ort. 86.09 A” 8.09 BC™ 21.04 A~ 27.92 ABC™ 14.16 ABC" 88.63 AB”
Palaz K 91.22 8.80 19.46 32.64 17.03 109.62
KA+B 91.47 9.15 19.00 3233 17.28 84.86
IBA+B 82.95 8.10 18.24 26.44 13.62 104.99
Ort. 88.55 A 8.68 B 18.90 AB 30.47 AB 15.98 AB 99.82 A
Fosa K 84.81 8.03 16.61 24.46 12.66 78.13
KA+B 76.70 7.30 16.10 18.29 9.41 64.98
IBA+B 81.40 7.67 17.66 21.51 11.18 73.17
Ort. 80.97 AB 7.67 C 16.79 BC 21.42 CD 11.08 D 72.09 BC
Cavcava K 49.65 6.01 11.80 9.43 478 61.12
KA+B 58.40 6.23 12.00 11.46 5.47 62.70
IBA+B 56.15 6.14 11.60 11.00 537 56.15
Ort. 54.73 D 6.13 D 11.80 D 10.63 E 5.21E 59.99 C
Uzunmusa K 85.16 8.52 18.93 24.05 12.68 75.20
KA+B 87.09 8.56 20.11 26.74 14.11 69.90
IBA+B 70.75 7.37 15.93 16.07 8.08 67.02
Ort. 81.00 AB 8.15 BC 18.32 AB 22.29 CD 11.62 CD 70.71 BC
Kalinkara K 87.03 9.63 22.60 32.26 16.21 86.89
KA+B 91.29 9.21 20.47 33.31 16.80 92.30
IBA+B 89.73 9.63 20.73 34.13 16.13 76.21
Ort. 89.35 A 9.49 A 21.27 A 33.23A 16.38 A 85.13 AB
incekara K 70.58 8.08 16.73 23.28 11.91 73.66
KA+B 82.01 9.54 19.14 32.00 16.07 78.78
IBA+B 64.87 8.21 15.00 20.65 10.33 68.58
Ort. 72.49 BC 8.61B 16.96 BC 25.31 BCD 12.77 BCD 73.67 BC
Sivri K 67.51 7.63 15.00 15.57 8.97 69.75
KA+B 68.70 7.67 14.34 20.40 10.73 69.85
IBA+B 70.93 7.79 16.40 18.54 9.28 81.30
Ort. 69.05 C 7.70 C 15.25C 18.84 D 9.66 D 73.63 BC
K 77.47 ab’ 8.07 17.76 23.80 ab” 12.26 ab” 80.08
Ortalama KA+B 80.49 a 8.25 17.69 2542 a 13.10 a 74.91
IBA+B 75.37b 7.87 17.17 22.07b 11.08 b 78.88

Ayni stitunda farkh biyUk harflerle gosterilen ortalamalar arasindaki farklik dnemlidir (*: P<0.05; **: P<0.01).
Ayni stitunda farkh klglk harflerle gosterilen ortalamalar arasindaki farklihk dnemlidir (*: P<0.05; **: P<0.01).

Her iki yilda da sadece cesitler arasinda onemli
farkhlik tespit edilmis, uygulamalarin etkileri &nemsiz
olmustur. Tombul, Palaz ve Fosa cesitleri ilk yil en
yuksek cap degerlerinin oldugu grupta yer almisken,
ikinci yil siralama degismis ve Kalinkara cesidi en
yuksek capa sahip olmustur. Kalinkara' dan ilk yil veri
alinmamistir. Genel olarak kuvvetli gelisen bir cesit
oldugundan eger ilk yil veri alinmis olsaydi cap degeri
diger cesitlerden yiksek olabilirdi.

Fidan cap degerleri ilk yil 8.42 mm ile 11.11 mm
arasinda, ikinci yil ise 6.01 mm ile 9.63 mm arasinda
degismistir. Fidan boyunda oldugu gibi fidan capi da
ikinci yil kictlmustir. Bu durum ikinci yil slrgin
gelismesinin zayif olmasindan kaynaklanmis olabilir.

Findikta gévde cap degerleri Erdogan and Smith
(2005) tarafindan 9.7 mm, Malvicini et al. (2009)
tarafindan en yiiksek 11-15.9 mm, Roversi et al. (2009)

tarafindan en ylksek 11.8-16.1 mm ve Roversi (2015)
tarafindan 8.3-14.8 mm olarak saptanmistir. Elde
ettigimiz govde cap sonuclarinin genel olarak literatiir
bulgulari ile desteklendigini sdyleyebiliriz. Literatlrler
arasindaki farkhiliklarin ~ farkli  ekolojilerde, farkl
yaslarda ana  bitkiler ve  farkh  cesitlerin
kullanilmasindan kaynaknakmis oldugu sdylenebilir.

Literaturlerin gcogunda calismalar bir yil yapiimistir.
O nedenle ikinci yila ait sonuglarimizla direkt olarak
karsilastirma yapilamamistir. Daldirma ile ¢ogaltma
tekniginde, genellikle bir yillik ¢ogaltmanin ardindan
ana bitkiler birka¢ yil dinlendirildikten sonra tekrar
¢ogaltma yapilmasi 6ngorilmektedir (Achim et al,
2001).
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Govde Bogum Say:st

Galismanin 2013-2014 doéneminde fidan goévde
bogum sayisi bakimindan cesitler arasinda istatistik
olarak ¢ok 6nemli fark bulunmustur (Cizelge 3).
Uygulamalarin fidan gévdesinde bogum sayisi lizerine
etkisi istatistik olarak 6nemli bulunmus ve bogum
sayisini  azalticc  yonde bir etki gOstermistir.
Calismasinin  2014-2015 doéneminde de cesitler
arasinda cok Onemli istatistik fark bulunmustur
(Cizelge 4). Tombul c¢esidi c¢alismanin  her iki
doneminde de en yiiksek bogum sayisi degerlerine
sahip olmus, Cavcava ¢esidi ise yine iki donemde de
en disik degerleri goéstermistir. ilk yil yapilan

uygulamalar fidan govdesinde bogum sayisini
azaltmis olmasina karsilk, ikinci yil uygulamalarin yalin
etkileri arasinda onemli istatistik ~ farkhhk

bulunmamistir.

Findikta govde bogum sayisi 6zelligi ¢cok az sayida
calismada incelenmistir. Bogum sayisi Erdogan and
Smith (2005) tarafindan Barcelona findik cesidinde
24.71 adet olarak kaydedilmistir. Bizim ¢alismamizda
Tombul ve Palaz cesitlerinden elde edilen degerler
literatlirden daha ytksek olmustur. Fosa’ nin degerleri
literatire yakin, diger cesitler ise dustuk olmustur.
Farkhliklar cesitlerin genetik yapisindan kaynaklanmis
olabilir.

Yas Govde Agrligi
2013-2014 doéneminde yas govde agirlig
bakimindan cesitler arasinda c¢ok o6nemli fark

bulunmustur (Cizelge 3). Uygulamalarin fidan yas
govde agirhgi Gzerine dnemli bir etkisi olmamistir. Bu
dénemde fidan yas govde adirhgi degerleri
bakimindan c¢esit x uygulama interaksiyonu da
onemsiz bulunmustur. Tombul, Palaz ve Fosa
cesitlerine ait kombinasyonlarda genel olarak yas
govde agirliklari 50 g'in Uzerinde bulunmustur. En
yuksek deger Palaz ¢esidinin Bogma uygulamasindan
(74.35 g) elde edilmistir.

2014-2015 déneminde yas govde agirligi degerleri
bakimindan cesitler arasinda cok dnemli istatistiksel
fark bulunmustur (Cizelge 4). En ylksek yas govde
agirhklar birinci yil Tombul, Palaz ve Fosa cesitlerine
ait olmustur. Ikinci yil verilerine gére, en yiiksek yas
govde agirligr Kalinkara cesidine ait olmus, bunu Palaz
ve Tombul izlemistir. Tombul ve Palaz her iki yilda da
en yluksek degerlere sahip olmuslardir. Cavcava ¢esidi
her iki yilda da en distk yas govde agirhgina sahip
olmustur. Diger kok ve govde o6zelliklerinde oldugu
gibi govde yas agirhiginda da ikinci yil daha dustk
degerler elde edilmistir. Dislis oranlari ise c¢esit
bazinda degismistir. Genel olarak, ikici yil gévde yas

agirhgr degerleri ilk yila gore %50 azalmis, Cavcava
cesidinde bu dusis %75 civarinda olmustur.

Kuru Govde Agurligi

2013-2014 doéneminde kuru govde agirhig
bakimindan cesitler arasinda istatistiksel olarak ¢ok
onemli fark bulunmustur (Cizelge 3). Uygulamalar
fidan kuru govde adirliklarini  dnemli diizeyde
etkilememislerdir. Tombul, Palaz ve Fosa cesitlerine ait
kombinasyonlarin cogunda kuru gdévde agirliklari 30
g'in Uzerinde olmustur. En ylksek deger Palaz
¢esidinin  Bogma uygulamasindan (39.37 g) elde
edilmistir.

Calismanin 2014-2015 déneminde cesitler arasinda
cok onemli istatistiksel fark bulunmustur (Cizelge 4).
Ayrica uygulamalar arasinda da dnemli istatistiksel fark
bulunmustur. Calismanin her iki déneminde de kuru
govde agirhgr sonuglari ile yas gévde agirlik sonugclari
benzerlik gostermektedir. En yilksek kuru goévde
agirliklart birinci yil Tombul ve Palaz cesitlerine ait
olmustur. ikinci yil verilerine gére, en yiiksek kuru
govde agirligi Kalinkara cesidine ait olmus, bunu Palaz
ve Tombul izlemistir. Tombul ve Palaz her iki yilda da
en yuksek kuru govde agirhigi degerlerine, Cavcava
cesidi ise en distik degere sahip olmustur. Kuru gévde
agirhginda da ikinci yil daha dusiuk degerler elde
edilmistir. Genel olarak, ikinci yil kuru gévde agirhig
degerleri ilk yila gére %45 civarinda azalmis, Cavcava
cesidinde bu dislis %75 civarinda olmustur.
Odunlagma derecesine ve yillar arasindaki iklimsel
farkliliga bagh olarak gesitler arasinda suirgiinlerdeki su
icerikleri farklihk gosterebilmektedir.

Yaprak Alant

Arastirmanin  her iki yillinda da yaprak alani
bakimindan cesitler arasinda cok 6nemli istatistiksel
fark bulunmustur (Cizelge 3 ve 4). Cesitleri kendi icinde
kiyasladigimizda, genel olarak Palaz c¢esidinin iri,
Tombul, Fosa ve Uzunmusa cesidinin orta, Cavcava
cesidinin ise klictk yapraklara sahip oldugu séylenebir.
Uygulamalarin yaprak alani Uizerine istatistik diizeyde
onemli bir etkisi olmamistir. Yaprak alani degerleri
yiksek olan Palaz cesidinde, cesit x uygulama
kombinasyon degerleri de yiiksek olmustur. ikinci yil
sonuclari ilk yila gére distk bulunmustur.

Beyhan ve Demir (1997) Palaz findik ¢esidinde
yapmis olduklar bir calismada, verim cagdindaki
bitkilerde yaprak alanlarinin 46.73 cm? ile 83.13 cm?
arasinda degismis oldugunu belirlemislerdir. Findikta
bitki yasi ile yaprak alanlari arasinda istatistiksel olarak
onemli bir iliski tespit edilememis olmakla birlikte
(Bostan 2001), bu calismada Palaz cesidine ait geng
strglinlerde Beyhan ve Demir (1997) in
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bildirdiklerinden ¢ok daha yuksek sonuclar elde
edilmistir.

Bostan (2001), Tombul, Palaz ve Sivri findik
cesitlerine ait farkl yaslardaki bitkilerde 57 cm? ile 127
cm? arasinda degisen yaprak alani degerleri tespit
etmistir. Palaz findik ¢cesidinde Tombul‘a gére, Tombul’
da ise Sivri'ye gore daha yuksek yaprak alani degerleri
bulunmustur. Yaprak alani bakimindan bu g cesidin
bulyukten kiicige dogru siralamasi ve 6l¢ciim sonuglari
bu calismada da benzer olmustur.

SONUC

Bu calismada incelenen 6zellikler bakimindan genel
olarak cesitler arasinda Tombul, Palaz, Fosa ve
Kalinkara, uygulamalar arasinda ise bogma en yiiksek
degerleri gostermistir.  Bogmanin olumlu etkisi
koklenme oranindan ziyade kok kalitesi Uzerinde
olmustur.

Findikta yapilan bu calismada ilk yil buyik oranda
basari elde edilmis ancak ikinci yil fidan gelisimi ve kdk
kalitesi dusuk olmustur. Bir yillik cogaltmanin ardindan
birka¢ yil dinlendirme uygulamasi yapilabilir. Buna
alternatif olarak, ikinci yil fidanlarinin tlplere
sasirtilmasi yoluyla bir yil daha bekletilerek yeterli kok
gelismesi saglandiktan sonra dikimi dnerilebilir.

Bu calisma ile Ulkemizde yetistirilen 8 adet findik
cesidi icin tepe daldirmasi ile cogaltma yonteminde ilk
sonuclar alinmistir. ileride yapilacak calismalarda
bogma standart bir islem olarak uygulanmalidir. Ayrica
farkli uygulama zamanlari, kéklenme ortamlari ve daha
yuksek hormon konsantrasyonlari kullanilarak ilk
Uretim yilini izleyen yillarda basari orani yikseltilebilir.
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fruit flesh firmness loss that occurs during cold storage can be delayed by MelJA treatment.

Hasat Oncesi Metil Jasmonat Uygulamalarinin Sogukta Muhafaza Siiresince Fuiji
Elmasinin Meyve Kalitesi Uzerine Etkisi

Anahtar kelimeler: Ozet. Arastirma hasat 6ncesi farkli dozlarda uygulanan (1120, 2240 ve 4480 mg L") metil jasmonatin
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sertlik, SCKM, titre edilebilir belirlemek iin yurGtilmustar. Arastirmada, M9 anaci (izerine asili 5 yash Fuji elma agaglarn kullaniimigtir.

asitlik

(MeJA) sogukta muhafaza siresince Fuji elmasinin meyve kalite 6zellikleri Uzerine olan etkilerini

MelA, 3 farkl zamanda (ticari hasattan 2, 3, ve 4 hafta 6nce) agaclara uygulanmistir. Sogukta muhafaza
suresince agirlik kaybi Gizerine MeJA'nin etkisinin uygulama dozuna bagli olarak degistigi tespit edilmistir.
MelJA uygulama dozu arttikca, meyve etinde meydana gelen yumusama 6nemli derecede geciktirilmistir.
Depolama siiresince, MeJA ile muamele olan meyvelerin SCKM ve asitlik icerigi daha ylksek bulunmustur.
MelJA ile muamele olmus meyvelerin pH degeri diisiik olmasina ragmen, nisasta indeksi tGzerine MeJA

uygulamalarinin dnemli bir etkisi gézlemlenmemistir. Sonug olarak, sogukta muhafaza siiresince meyve

eti sertliginde meydana gelen kaybin MeJA uygulamasi ile geciktirilebilecegi belirlenmistir.
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INTRODUCTION

Apple is one of the fruit species that have the
highest world production. Due to its fruit qualities and
the fact that it can be cultivated in many regions of
Turkey, apple is prefered and consumed by the
consumers throughout the year. Consumption of
apples year round is possible with high-quality fruits
at harvest and post-harvest storage. As with many fruit
species, it is very important to maintain post-harvest
quality of apple and to provide continuous supply in
the market. Apple can be stored for a longer time due
to its fruit characteristics. But it is not possible to
maintain fruit quality as it is untill the end of cold
storage. In this sense, it is important to minimize fruit
quality losses that occur during cold storage.

The quality losses, which occur at the cold storage,
can be reduce by the preharvest (Zhang and Whitting
2011; Einhorn et al, 2013; Gimenez et al, 2014;
Martinez-Espla et al, 2014; Valverde et al, 2015) and
postharvest (Petracek et al, 2002; Valero et al, 2011;
Giacalone and Chiabrando 2013; Valero et al, 2014)
applications.

The pre-harvest treatments improve fruit quality
and have positive effects at the cold storage, while
post-harvest treatments prevent potential losses in
fruits during cold storage (Meheriuk et al,, 1995).

Due to the development of resistance by
pathogens to some fungicides and food safety and
environmental pollution, the alternative measures was
developed in controling of diseases at cold storage
(Ragsdale and Sisler 1994). Therefore, pre-harvest
treatments that can increase fruit firmness and protect
fruit against diseases that may occur after harvest are
in the foreground.

Previous researchers tried to reduce these
postharvest losses with different growth regulators
like aminoethoxyvinylglycine (Oztirk et al, 2017),
gibberellic acid (Ozkan et al, 2016), methyl salicylate
(Valverde et al, 2015), lysophosphatidylethanolamine
(LPE) (Ozgen et al, 2015), salicylic acid (Gimenez et al,
2015, 2017), Aloe vera (Castillo et al, 2010) and methyl
jasmonate (Kucuker and Ozturk 2015). Methyl
jasmonate (MeJA), elicitor or signalling agent involved
in many physiological and biochemical processes,
exists naturally in a wide range of higher plants
(Creelman and Mullet 1997). It has been reported that
postharvest MeJA treatment has reduced the number
of stress-induced injuries during cold storage, such as
chilling injury, mechanical and salt stress (Pena-Cortes
et al, 2005; Sayyari et al, 2011).

It has been determined that MeJA treatment
suppressed fungal decay, for example, grey mold rot
in strawberry (Moline et al, 1997), and anthracnose in
tomato (Tzortzakis 2007) and loquat fruit (Cao et al,
2008). Yao and Tian (2005) have determined that pre-
harvest MeJA treatments reduce fungal infections
caused by Monilinia fructicola on sweet cherry. It has
also been reported that the pre-harvest MelA
treatment delayed the softening of fruit during
storage (Rudell et al, 2005). The studies with MelA
generally focus on postharvest treatments and the
fruit firmness mechanism.

There are very few studies on pre-harvest MeJA
treatments and their effects on harvested and post-
harvest storage fruit quality. In this study, which had
been carried out by considering this situation, the
effects of pre-harvest MeJA treatments on the fruit
quality during harvest and after harvest and on losses
occur at cold storage have been evaluated.

MATERIALS AND METHODS

Plant Material and Experimental Design

The study carried out with five year-old Fuji trees
grafted on M9 rootstock was laid out as three
replicates according to randomized plots trial design
and there were 4 trees in each replicate. Cultural
practices such as irrigation, fertilization, pruning and
thinning were carried out on the trees. The trees were
trained as slender spindle training system. Irrigation
was carried out with double-line drip irrigation system
with plumbing irrigation pipes positioned at 20 ¢cm
intervals giving 2 liters of water per hour. The study
consisted of four treatments: three different
concentrations of MeJA (1120, 2240 and 4480 mg L")
and control (0 mg L. The treatments of MeJA were
applied repetitively at three different times: 2, 3 and 4
weeks before commercial harvest date. During the
commercial harvest, 10 kg of fruit was harvested for
each repetition and 3 kg of fruit (1 kg for each
repetition) was allocated for each analysis period. The
fruit was harvested by hand and injured, diseased or
harmed fruits were removed.

Besides measurements made during harvest,
additional measurements were performed in 2" , 4t
and 6™ months. All fruits were stored at 0°C and
90+5% RH for 6 months in the same storage which has
normal atmosphere conditions, and quality analysis
and measurements were made in 60-days intervals.
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Weight Loss

Fruit weights were determined using a digital scale
(£0.01 g) (Radvag PS 4500/C/1, Poland). Weight loss
was determined by the difference between the initial
and final weights of each replicate during cold storage
and expressed as percent.

Fruit Flesh Firmness

After the fruit peel has been removed by a cutting
tool, flesh firmness (five fruits) was measured on three
sides of equatorial line of each fruit using a press-
mounted penetrometer (FT-327 MoCormick Fruit
Tech., Yakima, ABD) with 11.1 mm tip. The values
measured are expressed as Newton (N).

Solible Solids Content,
Acidity

A sample of juice was taken from one piece of each
of ten fruits per tree, and 3 different measurements
were obtained from each replication. SSC was
determined with a digital refractometer (PAL- 1,
McCormick Fruit Tech., Yakima, Wash) and the values
had been expressed as % (°Brix). For titratable acidity
(TA), 10 mL of extract was taken from each sample, 10
mL distilled water was added and the value
corresponding to consumed sodium hydroxide
(NaOH) during the titration with 0.1 N NaOH to
increase the pH of samples to 8.1 was expressed in
malic acid (g malic acid 100 mL™).

pH and Titratable

Starch Index

Samples whose fruit firmness was measured were
divided into 2 equal parts and a circular slice about 1
c¢m thick was taken from the remaining part of the
stem side and 0.5% iodized potassium iodide (IKI)
solution was sprayed to the circular slice until it was
completely wetted.

After about 5 minutes, the area containing the
starch was stained dark blue and values were given
according to the scales (1-8 scale interval, 1 = 100%
blue painted, 8 = 100% starch turned into sugar) that
the investigators (Blanpied and Silsby 1992) had
prepared.

Statistical Analysis

The experiment was set up in 3 replications
according to randomized plot trial design and there
were 4 trees in each repetition and 48 trees were used
in total. All statistical analyses were performed with
SAS Version 9.3 (SAS Institute Inc, Cary, NC, USA).
Data were analyzed by analysis of variance. Mains of
treatments were separated by Duncan’'s multiple
range tests at a significance level of 0.05.

RESULTS

Weight Loss

Considering the storage times, the fruit weight loss
increased in proportion to the cold storage time. It has
been determined that the effect of MeJA on weight
loss depends on concentration and cold storage times.
On the 60" day of the cold storage, while 4480 mg L™’
MelA treatment did not affect weight loss, 1120 mg L
T MeJA treatment led to an increasing in weight loss
and 2240 mg L' MeJA treatment led to a decrease in
weight loss. On the 120" and 180™ day of storage, it
has been observed that weight losses in control and
2240 mg L' MeJA treatment were at the similar levels,
whereas 1120 mg L' MeJA and 4480 mg L' MeJA
doses increased weight loss (Table 1).
Table 1. Effects of pre-harvest MeJA treatments on weight

loss of Fuji apples.
Cizelge 1. Fuji elmasinin agurlik kaybt lizerine hasat dncesi
MeJA uygulamalarinin etkisi.
Weight loss (%)
60 120 180

MelJA treatments

Control (0 mg L") 098b 153b 215b
1120 mg L' MeJA 1.53a 240a 327 a
2240 mg L' MeJA 0.65c 144b 209b
4480 mg L' MeJA 116 b 217 a 298 a

The means with the same letter do not differ according to Duncan’s
multiple range test, P<0.05.

Fruit Flesh Firmness

It has been observed that with the MelA dose
increases, the softening of fruit flesh delayed. It was
determined that the increase in cold storage duration
caused a decrease in the flesh firmness values in all
treatments. The maximum decrease in fruit firmness
values at the end of the storage was found to be in the
control treatment. It has been determined that MelA
treatment has a significant effect on maintaining fruit
firmness at cold storage and the effect of MeJA
treatment changes depending on the concentration
and the effectiveness increases with increases in
application concentrations (Table 2).

Solible Solids Content (SSC)

Fruits with high SSC ratio were harvested from
MelA treated trees, but the difference in SSC at harvest
between MelJA dose was not significant . Considering
the cold storage durations, it was determined that the
rates of SSC increased up to 120 days, and then
decreased. While the MeJA application is effective in
changes in SSC in storage, this effect causes the values
to decrease at the 60" and 120" days of storage and
increase at the end of storage (Table 3).
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Table 2. Effects of pre-harvest MeJA treatments on fruit
flesh firmness of Fuji apples.
Cizelge 2. Fuji elmasinin meyve eti sertligi lzerine hasat

oncesi MeJA uygulamalarinin etkisi.

Fruit flesh firmness (N)

MeJA treatments

Harvest 60 120 180
Control (0 mg L") 69.45 ¢ 67.65 ¢ 66.38 ¢ 5232 c
1120 mgL"MeJA 7769 b 76.85 b 7112 b 69.32 b
2240 mgL'MeJA 8456a 82.08 a 69.00 b 68.34 b
4480 mgL"'MeJA 8679 a 84.37 a 7717 a 7521 a

The means with the same letter do not differ according to Duncan’s multiple
range test, P<0.05.

Table 3. Effects of pre-harvest MeJA treatments on SSC of
Fuji apples.

Cizelge 3. Fuji elmasinin SCKM icerigi lizerine hasat dncesi
MeJA uygulamalarinin etkisi.

SSC (%)
MeJA treatments
Harvest 60 120 180
Control (0 mg L") 13.7 a 147 a 15.5a 13.1b
1120 mg L' MeJA 130b 141b 144 b 13.7a
2240 mg L' MeJA 131b 132 ¢ 158 a 13.8a
4480 mg L' MeJA 129b 140b 146 b 13.7a

The means with the same letter do not differ according to Duncan’s multiple
range test, P<0.05.

Titratable Acidity

When the values of measurable acidity
measurements after harvest and during storage were
examined, it was determined that there was no
statistically a significant difference between control
and treatment of 1120 mg L' MelJA at harvest and at
60" and 120%™ days of storage, and only at the 180t
day of cold storage a difference was observed.
However, with MelA treated at concentrations of 2240
mg L and 480 mg L, it was determined that the
titratable acidity values were increased and the acid
content at cold storage was maintained. As a result of
the analysis during cold storage period, the increase in
the duration cold storage leads to a decrease in the
ratio of titratable acidity (Table 4).

Table 4. Effects of pre-harvest MelA treatments on
titratabale acidity content of Fuji apples.
Cizelge 4. Fuji elmasinin titre edilebilir asitlik icerigi lizerine

hasat éncesi MeJA uygulamalarinin etkisi.

Titratabale acidity (% malic acid)

MeJA treatments

Harvest 60 120 180
Control OmgL")  042b 371, 031p  023b
1120mgL'MeJA  041b (39  030b 027a
2240mgL'MeJA 0483 445, 0355 030a
4480mgL'MeJA 0522 445 035, 0294

The means with the same letter do not differ according to Duncan’s multiple
range test, P<0.05.

pH

When it was compared to the control treatment, it
has been determined that the pH values obtained at
the harvest or at the end of the cold storage were
lower in the fruits treated with MeJA. It has been found
that an increase in the pH values of all treatments in
proportion to the cold storage durations occurred and
that increase was higher in the control treatment
(Table 5).

Table 5. Effects of pre-harvest MeJA treatments on pH value
of Fuji apples.
Cizelge 5. Fuji elmastnin pH degeri lizerine hasat éncesi MeJA
uygulamalarinin etkisi.

pH
MeJA treatments
Harvest 60 120 180
Control (0 mg L") 3.9 a 4.06 b 438 a 479 a
1120mgL'MeJA 387D 407b 426b 451b
2240 mg L' MeJA 385b 418a 429b 452b
4480 mg L' MeJA 387b 4.16 a 428b 456b

Y1 = 100% starch and 8 = 0% starch. The means with the same letter do not
differ according to Duncan’s multiple range test, P<0.05.

Starch Index

In the analyses made at harvest, the effect of 1120
mg L7 MeJA on starch index was not significant,
whereas with 2240 mg L' MeJA and 4480 mg L' MeJA,
the amount of starch decreased. Retention of fruits in
storage has led to an increase in the starch index. It
has been determined that there were significant
differences in starch index values between treatments
on the 60" day of storage. The highest value was
obtained by application of 2240 mg L' MeJA, while
the lowest value was recorded with 1120 mg L' MeJA.
However, no statistically significant difference was
found between 4480 mg L' MelJA and control
treatments. On the 120" and 180™" days of cold
storage, it had been determined that there was no
difference between the treatments in terms of starch
quantities (Table 6).

Table 6. Effects of pre-harvest MeJA treatments on starch
index of Fuji apples.

Cizelge 6. Fuji elmastnin nisasta indeksi lizerine hasat dncesi
MeJA uygulamalarinin etkisi.

Starch index ¥

MeJA treatments

Harvest 60 120 180
Control (0 mg L) 60a 70b 80a 80a
1120 mg L' MeJA 6.2a 63c 80a 80a
2240mgL'MeJA 55,  80a 80a 80a
4480mgL'MeJA  40c 73b 80a 80a

Y1 = 100% starch and 8 = 0% starch. The means with the same letter do not
differ according to Duncan’s multiple range test, P<0.05.

16



Adlar and Oztiirk, Effects of Pre-Harvest Methyl Jasmonate Treatments on Fruit Quality of Fuji Apples during Cold Storage

DISCUSSION

After harvest, the weight loss due to water loss in
fruit leads to significant economic losses by affecting
the structure and the appearance of the fruit. In the
study we have done to minimize the losses that may
occur at cold storage, it was determined that the
weight loss of the fruit was increased during cold
storage. Similar to our results, Veravrbeke et al. (2003)
found that an increase in postharvest cold storage
duration increased the weight loss of the fruit, and that
the loss varied depending on the amount of waxy layer
on the fruit surface and chemical structure of the fruit.
Gavalheiro et al. (2003) reported that the waxy layer
could maintain its strength until the 90™ day after
harvest, and that the wax layer was damaged and the
losses increased after 120 days of cold storage. In the
study which was conducted with an expectation that
MelJA may enhance the resistance mechanism of the
plant and contribute to the amount and chemical
content of the wax layer, it was observed that MeJA
treatment has not been effective in preventing weight
loss at cold storage. Fujita et al (2006) and
Wasternack (2007) reported that jasmonates (methyl
jasmonate and jasmonic acid) are multifunctional
compounds that play a role in critical processes
associated with biotic and abiotic stress response as
well as plant development. Jasmonates are able to
elicit protective effects against the plant stress by
reducing hydrogen peroxide  (H.0;) and
malondialdehyde (MDA) levels and increasing
antioxidant capacity in plants (Maksymiec and Krupa
2002; Piotrowska et al, 2009; Kovacik et al,, 2011; Dar
et al, 2015). Hentrich et al (2013) have found that
jasmonates promote auxin (IAA) biosynthesis. Fruit
firmness is the most significant fruit quality
characteristic that is effective at cold storage.Quality
fruit is the first condition for maintaining fruit firmness
at cold storage, but it is impossible to maintain the
fruit quality obtained at harvest until the end of cold
storage. The storage period can be extended by
minimizing fruit firmness loss by preharvest and
postharvest applications. In the study, which was
carried out towards this aim, higher quality fruit at
harvest has been achieved by preharvest MelA
treatment. It was determined that MejA was effective
in maintaining fruit firmness at cold storage, the effect
of MelJA treatment changes depending on the
concentration and the increase in concentration also
increased the effectiveness. Karaman et al (2013)
reported that MeJA applied 2 weeks before harvest did
not affect the fruit firmness, but after 28 days of the

cold storage MelA treated plums remained firmer
than controls. (Martinez-Espla et al, 2014), has
determined that preharvest MeJA treatments resulted
in firmer fruits at time of harvest in ‘Black Splendor’
and ‘'RoyalRosa’ plums.

Methyl jasmonate (MeJA) is a natural plant growth
regulator with a great role played in plant growth,
development and resistance to environmental
stressors (Rudell et al, 2002; Kondo 2005). MeJA has
significant effects on physical (size, color, firmness)
and chemical (pH, SSC, TA) characteristics and
pigment contents of fruits (Ozturk et al, 2013). JAs
treatments positively effect fruit quality characteristics
in many fruit (Rohwer and Erwin 2008). Perez et al
(1993) reported that JA stimulated carotene synthesis
in tomato, and (Rudell and Mattheis 2008) have
determned that exgenous JAs led to phenolic
compound (anthocyanin) accumulation. Furtermore,
JAs promoted volatile emission in apple (Kondo et al,
2005) and has an effect on fruit quality and antioxidant
capacity in blackberry (Wang et al, 2009). Martinez-
Espla et al (2014), have reported that preharvest MeJA
treatments led to fruit with higher size and weight,
firmness and TA at time of harvest in ‘Black Splendor’
and ‘RoyalRosa’ plums, and the phenolic content and
antioxidant activity were also higher in treated than in
control fruit during the last 3 weeks of fruit
development in both plum cultivars.

In the study, in which fruits with higher ratio of SSC
were harvested by MelA treatment, MeJA has had an
effect on changes that occur in SSC at cold storage. It
was determined that MeJA treatment increased the
titratable acidity values and had an effected on
maintaining the acid content at cold storage. It has
been determined that the effect of MeJA on the starch
index is not significant, and pH values were lower in
MelJA treatment.

CONCLUSION

As a result of the study, MelA application
significantly reduced the quality losses at cold storage.
With MeJA treatment, the softening of fruit is delayed
significantly. As a result, it is determined that the fruit
firmness loss that occurs during cold storage can be
delayed by MeJA treatment.
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Anahtar kelimeler: Ozet. Bu calisma farkli kék bakterilerinin (Azot-1, Azot-2, Fosfor-1, Fosfor-2, Azot+Fosfor), 3 cilek
Cilek, kok bakterisi, meyve cesidinde (Albion, San Andreas ve Monterey) verim ve bazi meyve Ozellikleri (zerine etkilerini
ozellikleri arastirmak amaciyla yapilmistir. Calismada bakteri uygulamalarindan meyve verimi Uzerine en etkili

sonug 99.88 g bitki" ile Fosfor-1 uygulamasindan elde edilmistir. Bakteri uygulamasi sonucunda cesitler
arasinda en yuksek verim, 93.02 g bitki" ile San Andreas cesidinden elde edilmistir. Bakteri
uygulamalan bakimindan, en yiksek meyve sayisi 3.48 adet bitki"' ile Azot-1 uygulamasindan elde
edilmistir. Bunun yaninda en fazla meyve sayisi 4.28 adet bitki™ ile Monterey cesidindeki Azot-1
grubundan elde edilmistir. Bakteri uygulamalarinda ortalama meyve agirligi bakimindan, en yiksek
sonucu 30.17 g meyve™ ile Fosfor-2 uygulamasi vermistir. Ayni sekilde en yiksek ortalama meyve
agirhdi 32.38 g meyve™ ile San Andreas ¢esidinde Fosfor-2 uygulamasinda belirlenmistir. Suda ¢oézinur
kuru madde icerigi acisindan bakteri uygulamalarindan en ylksek deger %10.02 ile Azot-1
uygulamasinda belirlenmistir. Fosfor-2 uygulamasinda en ytksek suda ¢ézinir kuru madde miktari
%10.98 ile Monterey cesidinde elde edilmistir. Bakteri uygulamalari sonucu en ylksek pH degere 3.97
ile Azot-2 uygulamasindan ulasilmistir. incelenen cilek cesitleri arasinda en yiiksek pH 9.92 ile Albion
cesidinde kontrol grubundan elde edilmistir. Bakteri uygulamalarinda en yiksek titre edilir asitlik %0.92
ile Fosfor-2 uygulamasinda belirlenmistir. Cilek cesitlerinde ise en fazla titre edilir asit %1.18 ile San
Andreas cesidinde Fosfor-2 uygulamasindan elde edilmistir. Calisma sonucunda incelenen
parametreler bakimindan kdék bakterisi uygulamalarinin verim ve kalite yoninden faydali olacagi
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distnitlmektedir.

The Effects on Fruit Yield and Fruit Properties of Plant Growth Promoting Bacteria
Applications on Some Strawberry Cultivars

Keywords: Abstract. This study was conducted to investigate the effect of different plant growth promoting

Strawberry, plant growth  bacteria (Nitrogen-1, Nitrogen-2, Phosphor-1, Phosphor-2, Nitrogen+Phosphor) on yield and some fruit

promoting bacteria, fruit characteristics of three strawberry cultivars (Albion, San Andreas, and Monterey). Among bacteria

properties applications, phosphor-1 gave the highest yield amount with an average of 99.88 g plant-1. The highest
yield amount was recorded for San Andreas cultivar (93.02 g plant-1). In fruit number, nitrogen-1
application produced the highest value (3.48 number plant-1). Besides, the highest fruit number was
obtained by applying Nitrogen-1 to Monterey cultivar with 4.28 number plant-1. Phosphor-2 among
bacteria applications provided the best result in fruit index (30.17 g/fruit). Similary, the highest value of
the fruit index was also obtained from San Andreas cultivar with the same application. The best soluble
solid content (10.02%) was achieved with Nitrogen-1 application. Among the strawberry cultivars,
Monterey cultivar gave the highest level of soluble solid content (10.98%). The highest pH value of 3.97
was obtained for Nitrogen-2 application. The highest pH value of 9.92 was possible with the control
group in Albion cultivar. In titrable acidity, the highest value of 0.92% was obtained by Phosphor-2
application. The highest titrable acidity value (1.18%) was achieved by applying Phosphor-2 to San
Andreas cultivar. As a result of the study, root bacterium applications are thought to be beneficial in
terms of yield and quality.
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GiRiS

Cilek (Fragaria vesca L.) cok genis ekolojik sinirlar
icerisinde yetistirilebilen, glzel gorinimu, rengi,
kokusu ve lezzeti ile albenisi ylksek olan ve Uretimi
giderek artan bir meyve turtdur (Agaoglu 1986). Taze
tlketiminin yaninda recel, marmelat, dondurma, pasta,
yogurt, stt Grunleri, alkolli ve alkolsiiz ickilerde ham
maddesi olarak kullanilan, 6zellikle ilkbaharda pazarda
tlketici tarafindan aranilan ve yiksek fiyatlarla satisa
sunulan meyvesinin, C vitamini, mineral madde
iceriginin ytksek olusu ve lezzetinin yaninda yuksek
albenisi ile tlketicinin ilgisini cekmektedir (Konarh
1986; Hancock 1999; Cengiz 2007; Agaoglu ve
Gergekgioglu 2013).

Cilek, sindirimin kolaylastirilmasinda buyutk roli
olan selliloz icerigi bakimindan da zengindir (Tiremis
ve ark, 2000). icerigindeki ellajik asit ve yiiksek
antioksidan kapasitesi acisindan kanseri engelledigi
aciklanmistir (Kosar et al,, 2004).

Cilek Uretiminde bitki gelisimi, meyve verimi ve
kalitesi agisindan istenilen sonuglara ulasabilmenin
yolu kaliteli fide kullanimi, uygun cesit segimi, dikim
zamanli, toprak hazirligi, bitkide stres olusturan ylksek
sicakliklarin etkisinin degisik uygulamalarla azaltilmasi,
glbreleme ve sulama gibi faktorlerin iyi ve dengeli
planlanmasi cok énemlidir (Agaoglu 1986; Oztiirk ve
Demirsoy 2004). Bunun yaninda glbreleme ve diger
kultarel islemlerin etkinligini artirabilecek bitki
blylime ve gelismesini artirici humik ve fulvik asitler
iceren bitki blyumesini tesvik edici ve toprak
duzenleyicisi kok bakterilerinin de kullanilmasi énemli
faydalar saglayacaktir. Bazi kdk bakterileri, bitkilerde
gelismeyi artirici veya biyokontrol ajani olarak ya da
her iki sekilde de davranarak bitkiler tGzerinde yararli
etkide bulunurlar (Romerio 2000).

Gunlmduzde kok bolgesinde kendiliginden olusan
ve bitki kok kisimlari ile faydali etkilesim icinde
bulunan  mikroorganizmalarin ~ dnemi  zamanla
artmaktadir. Bitki gelisimini artiran kok bakterilerinin
(Plant Growth Promoting Rhizobacteria —PGPR-)
antagonistik etkilerinin yaninda, bitki gelisimi ve
veriminde artis saglayarak 6nemli yere sahip olduklari
bildirilmistir (Altin ve Bora 2005).

Bitki gelisimini tesvik eden bakteriler; tohumun
¢imlenmesi, kok gelisimi, bitkinin sudan yararlanmasi,
blylime hormonlarinin Uretilmesi, faydali
mikroorganizmalar lehine kék bélgesinde mikrobiyal
dengeyi degistirmesi, mineral madde oranini
dizenleyerek dolayli olarak bitki gelisimini etkilemesi,
bakteriyel ve fungal hastaliklari engellemesi, viral
hastaliklara karsi koruma gorevi Ustlenmektedir
(Siddiqui 2006).

Toprak bakterileri  bitki gelisiminde patojen
mikroorganizmalarin bazi zararli etkilerini
engelleyerek dolayli olarak veya mikroorganizma
tarafindan dretilen ve kok bolgesinde besinlerin
alimini  kolaylastiran  bir  bilesigi  sentezleyerek
dogrudan etkili olabilmektedirler (Bayrak ve Okmen
2014).

Bitki gelismesini uyaran koék bakterilerinin (PGPR)
mekanizmalari tam aciklanmamasina ragmen, biyotik
ve abiyotik stres kosullarina karsi direng saglayarak,
bitkinin kok aktivitesi Gzerine olumlu etkide bulunmak
suretiyle besin elementi alinimini artirmaktadirlar (Lucy
et al., 2004).

Bitki gelisimini uyaran kdk bakterileri (PGPR) kok
bdlgesini yasam alani edinen toprak bakterileri bitki
gelisimini direkt ve in direkt tesvik edebilmektedirler.
Bitki gelisimini uyaran kok bakterileri atmosferdeki
serbest bulunan azotu tutup, fosforu ¢ézen, enzim ve
fitohormon Ureterek bitkiler icin yarayisl olmalarini
saglamaktadir.  Bitki  gelisimini  uyaran  kok
bakterilerinin bitkisel Gretimde biyolojik glibre olma
ozelligi yaninda biyolojik kontrol ajani olma 6zelligine
sahip olduklari belirtilmistir (imriz ve ark., 2014).

Bu calismada, Ug farkli cilek cesidinde (Albion, San
Andreas ve Monterey) kontrole kiyasla 5 farkli kok
bakterisi uygulanmasinin (Azot-1, Azot-2, Fosfor-1,
Fosfor-2, Azot+Fosfor) meyve verim ve kalitesi (izerine
etkileri arastinimistir.

MATERYAL VE METOT

Deneme Igdir merkeze bagh Hoshaber beldesinde
kurulmustur. Bu calismada Albion, San Andreas ve
Monterey c¢ilek cesitleri kullanilmistir. Uygulama;
Kontrol  grubu, azot fikse eden  Bacillus
amyloligvefaciens - MFD6 (Azot 1) ve Pseudomonas
vesicularis - MFD13 (Azot 2), fosfor ¢6zlcl Bacillus
viscosus - Hv26 (Fosfor 1) ve Bacillus megaterium -
Hk12 (Fosfor 2) ve Azot + Fosfor ¢ozlicii Pseudomonas
putida - MFD3 bakterileri kullanilarak alti sekilde
planlanmistir. Calismada yer alan bakteriler 1gdir
Universitesi, Ziraat Fakiltesi, Bitki Koruma B&limi
bakteri koleksiyonundan temin edilmistir. Calisma
alanina ait toprak 6zellikleri Cizelge 1'de sunulmustur.

Dekara 3-4 ton ahir gubresi ile glbreleme
yapilmistir. Hazirlanmis olan masuralara damla sulama
sistemi kurulmus ve yastiklarin Uzeri siyah malg ile
ortllmistir. 6 Nisan 2015 tarihinde frigo fideler
kullanilarak sira arasi ve Gizeri 35X35 cm olacak sekilde
tcgen dikim sisteminde fide dikimi yapilmistir. -80
°C'de muhafaza edilen bakteriler, nutrient besi
ortamina ekilerek 26 °C'de 3 giin inklibe edilmistir.
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Gelisen kaltirler 100p alinarak icinde nutrient broth
bulunan ortama aktarilmis ve bir gece calkalayicida
inkiibasyona birakilmistir. inkiibasyon sonrasi gelisen
bakteri  solisyonunun 100 ml'si 1000 ml'ye
tamamlanarak seyreltiimis ve inokulum yogunlugu
107 cfu 1 ml olacak sekilde ayarlanmistir.
Uygulamadan 6nce soliisyona bakterinin tutunmasini
saglamak amaciyla sukroz ilave edilmistir. Bitki kokleri
hazirlanan bakteri sollisyonlarinda 1 saat slreyle
bekletildikten sonra dikimi yapilmistir.

Cizelge 1. Deneme yerinin toprak ozellikleri.
Table 1. Soil properties of work place.

Ozellik Deger
Derinlik (cm) 0- 20/20- 40
Tekstlr Killi-Tinli
pH 8.12/8.08
Tuz (%) 1.6/1.8
Kireg (%) 11.56/12.38
Organik Madde (%) 1.60

N (%) 0.1

P (ppm) 3.2/39

K (ppm) 126/136
Fe (ppm) 3.94
Mn (ppm) 49

Zn (ppm) 0.27

Cu (ppm) 2.33

Verim Miktart
Her uygulamadaki meyveler hasat edilerek ve
toplam verim miktari g bitki-! olarak belirlenmistir.

Meyve Saytst

Hasat edilen meyveler sayilarak ve parselde
bulunan bitki sayisina bolinerek bitki basina disen
meyve sayisi adet bitki"' seklinde hesaplanmistir.

Ortalama Meyve Agrligi
Verim miktarlart  meyve sayisina boéllnerek
ortalama meyve agirligi g meyve' belirlenmistir.

Suda Coziiniir Kuru Madde Miktart

Hasat sonrasi sansa bagli olarak segilen bes meyve
ezilerek suyu alinmis ve dijital refraktometre (Model
HI-96801Hanna, German) yardimiyla suda c¢ozindr
kuru madde miktarlari % olarak belirlenmistir.

Titre Edilebilir Asitlik
Titre edilebilir asitlik Kili¢ ve ark. (1991)'e gore
titrasyon yontemiyle belirlenmistir.

Meyve pH'’st

Meyve suyu pH'si, pH metrenin (Hanna-HI 98103)
elektrot ucu meyve suyu icinde kalacak sekilde
konulmustur. Ekranda goriinen deger sabit hale
gelince kaydedilmistir.

istatistiksel Analizler

Uzerinde durulan  &zelliklere iliskin  tanitici
istatistikler (X+Sx ) standart hata olarak ifade edilmistir.
Uc tekerriirlii ve her tekerriirde alti bitki olarak
yurGttlen calisma sonucunda elde edilen veriler
tesadif bloklarinda faktoériyel deneme deseni temel
alinarak Varyans analizine tabi tutulmustur. Onemli
farkhhklarin belirlenmesinde Duncan coklu
karsilastirma testi kullaniimistir. Elde edilen veriler IBM
SPSS 23 paket programi ile analiz edilmistir.

BULGULAR VE TARTISMA

Verim Miktart

Bakteri uygulamalarinin verim miktari Gzerine etkisi
istatistiksel olarak 6nemli bulunmustur (Cizelge 1).
Bakteri uygulamalarinda en yiiksek meyve verimi 99.88
g bitki" ile Fosfor-1 uygulamasindan elde edilmistir.
Bakteri uygulamasi sonucunda incelenen cesitler
arasinda en yuksek verim 93.02 g bitki" ile San
Andreas cesidinde belirlenmistir. Bakteri uygulamalari
bakimindan; Azot-1 uygulamasi ile en yiksek verim
115.59 g bitki~! ile Monterey cesidinden elde edilirken,
Azot-2 uygulamasinda en yuksek verim 79.69 g bitki”
ile  Albion c¢esidinden saglanmistir.  Fosfor-1
uygulamasi sonucu en ytiksek verim 110.84 g bitki" ile
Monterey cesidinden saglanirken, Fosfor-2
uygulamasinda en yiiksek verim 80.95 g bitki" ile San
Andreas cesidinden saglanmistir. Bakteri
kombinasyonlari sonucu (Azot+Fosfor) en yiiksek bitki
basina verim de 79.45 g ile San Andreas cesidinden
saglanmustir.

Fern cilek cesidinde bitki basina en yiiksek meyve
verimi 99.68g ile B. pumilus RC23 + P. agglomerans
RCYE58 uygulamasindan elde edilmistir (Tuzlaci 2014).
Ozbay (2016) Albion cilek cesidinde meyve veriminin
2774 g bitki" oldugunu belirlemistir. Kilic (2016) Sera
ve sera + tunel uygulamalari sonucunda, Albion
cesidinden 134.87 g bitki" verim elde etmistir. Ates

Cizelge 2. Bakteri uygulamalarinin meyve verimi tzerine etkileri
(g bitki™).
Table 2. Effects of bacteria applications on fruit yield (g plant™).

Albion San Andreas Monterey  Bakteri
Kontrol  64.11£19.47 127.99+3238  73.45+18.46 88.52+15.70B*
Azot 1 67.60+25.70 94.72+15.99 115.59+35.80 92.64+15.21AB
Azot 2 79.69+£8.37  79.25+13.37 57.03+23.23 71.99+8.93B
Fosfor 1 93.04+12.00 95.77+7.21 110.84+39.44 99.88+12.40A
Fosfor 2 74.73+17.67 80.95+12.32 70.57+x746  7542+6.75B
Azot T52,05£6.55  79.45+21.10 78.95+299  70.15+7.87B
Fosfor
Cesit 71.87+6.42 93.02+7.68 84.41+10.06

* Ayni sttunda farkli harf tasiyan bakteri uygulama ortalamalari arasindaki
fark 6Gnemlidir (P<0.05).
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(2015) Ekoflora, Mog, Bio-One, Ferbanat L ve
Bioplasma gubreleri ile farkli malg uygulamalarinda
organik cilek tretiminde Monterey ¢esidinde 700 g
bitki" ve Albion cesidinde 740 g bitki" verim elde
etmistir. Aromas cilek cesidinde, Alcaligenes 637Ca
bakteri uygulamasi % 47 oraninda bitki basina verimi
arttirirken ortalama meyve agirligini %17.7 oraninda
yiikseltmistir (ipek ve ark., 2009).

Fern ¢ilek cesidinde, Bacillus OSU-142 bakterisi ve
sivi humik asit uygulamalar sonucunda 6zellikle verim
ve verim unsurlar Ulzerine negatif yonli etkide
bulundugu belirlenmistir (Pehluvan 2007).

Meyve Saytst

Meyve sayisi Uzerine bakteri uygulamalarinin etkisi
istatistiksel olarak 6nemsiz bulunmustur (Cizelge 2).
Bakteri uygulamalariyla en fazla meyve sayisina 3.48
adet bitki' ile Azot-1 uygulamasinda ulasilmistir.
Cesitler arasinda ise bakteri uygulamasi sonucu en
ylksek meyve sayisi 3.10 adet bitki”" ile San Andreas
cesidinden elde edilmistir.

Bakteri uygulamalarinda en ¢ok meyve sayisi 4.28
adet bitki" ile Monterey cesidinin Azot-1 grubundan
elde edilmis, Azot-2 uygulamasinda ise en yiksek
meyve sayisi 2.94 adet bitki" ile Albion cesidinde
belirlenmistir. Fosfor-1 uygulamasi sonucu en yiiksek
meyve sayisi 3.33 adet bitki'" ile Monterey ve San
Andreas cesitlerinden elde edilirken, Fosfor-2
uygulamasinda en ylksek meyve sayisi 2.50 adet bitki-
Tile San Andreas ve Albion cesitlerinden saglanmistir.
Bakteri kombinasyonlari sonucu (Azot+Fosfor) en
ylUksek meyve sayisi da 2.67 adet bitki”" ile Monterey
cesidinden elde edilmistir.

Cizelge 3. Bakteri uygulamalarinin meyve sayisi Uzerine
etkileri (adet bitki").
Table 3. Effects of bacteria applications on fruit number

(number plant’’).
Albion San Andreas Monterey Bakteri

Kontrol 2.33+0.63 4.17+0.53 2.39+047 2961041
Azot 1 2.83+0.76 3.33+0.54 428+1.29 3.48+0.51
Azot 2 2.94+039 2.61+0.31 244+099 2.66+0.33
Fosfor 1 3.28+0.64 3.33+0.25 3.33+0.68 3.31+0.28
Fosfor 2 2.50+0.26 2.50+0.00 244+0.06 2.48+0.08
Azot + Fosfor 2.44+0.36 2.66+0.50 2.67+0.17  2.59+0.19
Cesit 2.72+0.20 3.10+0.20 2.92+0.31

Ortalama Meyve Agirligi

Ortalama  meyve agirhgr  Uzerine  bakteri

uygulamalarinin etkisi istatistiksel olarak 6nemsiz
bulunmustur (Cizelge 3). Bakteri uygulamalari ile en
yuksek ortalama meyve agirh@ini 30.17 g meyve™ ile
Fosfor-2  uygulamasinda  belirlenmistir.  Cesitler
arasinda ise uygulamalar bakimindan en yiksek

ortalama meyve agirhgi San Andreas ¢esidinde (29.79
g meyve) belirlenmistir. Bakteri uygulamalari
agisindan; en yiksek meyve agirhgr Fosfor-2
uygulamasinda 32.38 g meyve' ile San Andreas,
Fosfor-1 uygulamasinda 31.18 g meyve™' ile Monterey
cesidinden elde edilmistir. Azot-1 uygulamasinda en
yuksek ortalama meyve agirligi 28.74 g meyve' ve
Azot-2 uygulamasinda 3030 g meyve' ile San
Andreas cesidinden saglanmustir. Bakteri
kombinasyonlari sonucu (Azot+Fosfor) en yiksek
ortalama meyve agirligi 29.92 g meyve' ile Monterey
cesidinde tespit edilmistir.

Bakteri uygulamalari sonucunda en ylksek
ortalama meyve agirhg Fern gilek cesidinde 6.70 g ile
S acidaminiphila RCYE47 uygulamasinda
belirlenmistir (Tuzlaci 2014).

Cizelge 4. Ortalama meyve agirhg Uzerine bakteri
uygulamalarinin etkisi (g meyve™).

Table 4. Effects of bacteria applications on fruit yield (g plant™).

Albion San Andreas Monterey  Bakteri

Kontrol 27.98+4.25 29.14+3.03 29.89+3.52 29.22+1.99
Azot 1 21.75£399 28741209 2690+0.21 25.80+1.67
Azot 2 27.39+£129 30.30+2.84 2243+562 26.71+2.19
Fosfor 1 29.43+272 2882+693 31.18+525 29.81+2.80
Fosfor 2 29.25+4.01 32.38+4.93 2887+2.87 30.17+2.09
Azot + Fosfor 21.63+231 2871322 29.92+2.65 26.75+1.89
Cesit 26.24+138 29.79+1.18 28.20+1.48

Suda Coziiniir Kuru Madde Miktart

Cesitler bakimindan bakteri uygulamalarinin suda
¢OzUnir kuru madde miktari Gzerine etkisi istatistiksel
olarak o6nemli bulunmustur (Cizelge 4). Bakteri
uygulamalarinda en ylksek suda ¢ozinlr kuru madde
miktart %10.02 ile Azot-1 uygulamasinda dlgtlmustdr.
Cesitler arasinda ise en ylksek suda ¢ozinlr kuru
madde miktari %10.22 ile Monterey cesidinde
belirlenmistir.

Bakteri uygulamalari bakimindan; en yiksek suda
¢6zundr kuru madde miktari Fosfor-2 uygulamasinda
%10.98 ile Monterey, Fosfor-1 uygulamasinda %9.89
ile yine Monterey cesidinde elde edilmistir. Azot-1
uygulamasi ile en yuksek suda ¢ozlinir kuru madde
miktari %10.54 ile Albion, Azot-2 uygulamasinda ise
%10.21 ile Monterey cesidinden belirlenmistir. Bakteri
kombinasyonlari sonucu (Azot+Fosfor) en yliksek suda
¢6zlnUr kuru madde miktart %710.22 ile Monterey
cesidinden elde edilmistir.

Kandemir (2016) bazi gilek cesitlerinin Karadeniz
Bolgesi'nde (Samsun), ortlaltinda performanslarinin
belirlenmesi amaciyla yapmis oldugu arastirmada
suda ¢ozlnlr kuru madde igerigini en yuksek
Monterey and Albion (% 6.8-6.5) cesitlerinden elde
etmistir.
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Fern cilek cesidinde en yiksek suda ¢ozlnebilir
kuru madde miktari P. polymyxa RCYE283
uygulamasindan (%23.07) elde edilmistir (Tuzlac
2014).

Cizelge 5. Suda c¢ozlnlr kuru madde Uzerine bakteri
uygulamalarinin etkisi (%).
Table 5. Effects of bacteria applications on soluble solid
content (%).

Albion San Andreas Monterey  Bakteri

Kontrol 10.34+0.69 8.60+0.56  10.16+0.23 9.70+0.38
Azot 1 10.54+0.92 9.03+0.27  1043+0.70 10.02+0.42
Azot 2 10.00+0.23 9.63+0.85  10.21+1.03 9.95+0.40
Fosfor 1 9.46+020 835+035 9.89+0.69 9.23+0.33
Fosfor 2 9.08+0.38  9.76+0.27  10.98+1.71 9.94+0.37
Azot + Fosfor 9.80+0.55  10.01+0.24 9.68+0.53  9.83+0.02
Cesit 9.87+0.23A* 9.23+0.22B  10.22+0.26A

* Ayni satirda farkli harfle gosterilen cesit ortalamalari arasindaki fark
o6nemlidir (P<0.05).

Meyve pH'st

Cesitler bakimindan bakteri uygulamalarinin pH
Gzerine etkisi istatistiksel olarak 6nemli bulunmustur
(Cizelge 5). pH yoniinden, bakteri uygulamalarindan
en ylksek sonucu 3.97 ile Azot-2 uygulamasi vermistir.
Cesitler arasinda ise bakteri uygulamasi sonucu en
yiksek pH degeri Monterey c¢esidinden (3.99)
alinmustir.

Ayrica en ylksek pH degeri 9.92 ile Albion
cesidinde ve kontrol grubundan elde edilmistir.
Uygulamalari bakimindan; en yiiksek pH 3.94 ile Azot-
1 uygulamasinda Monterey cesidinde, Azot-2
uygulamasinda pH 4.07 ile Monterey c¢esidinde
saglanmistir. pH degerleri Fosfor-1 uygulamasinda
3.92 ile Monterey cesidinde, Fosfor-2 uygulamasinda
3.99 ile Monterey cesidinde ve Azot+Fosfor
kombinasyonlari sonucu 3.98 ile Monterey cesidinde
gerceklesmistir.

Cizelge 6. pH Uzerine bakteri uygulamalarinin etkisi.
Table 6. Effects of bacteria applications on pH.

Albion San Andreas Monterey Bakteri

Kontrol 9.92+0.08  3.84+0.04  4.02+0.04 3.92+0.04
Azot 1 3.89+0.05 3.91+0.05 3.94+0.07 3.92+0.03
Azot 2 3.94+0.07 3.90+0.05 4.07+0.08 3.97+0.04
Fosfor 1 3.79+0.01 3.82+0.05 3.92+0.04 3.84+0.03
Fosfor 2 3.86+0.01 3.86+0.02  3.99:+0.06 3.90+0.03
Azot + Fosfor 3.91+0.02  3.85+0.03  3.98+0.03 3.91+0.02
Cesit 3.88+0.02B* 3.87+0.02B 3.99+0.02A

* Ayni satirda farkli harfle gosterilen gesit ortalamalar arasindaki fark
6nemlidir (P<0.05).

Titre Edilebilir Asitlik

Titre edilir asit Uzerine bakteri uygulamalarinin
etkisi istatistiksel olarak 6nemsiz bulunmustur (Cizelge
6). Bakteri uygulamalariyla en ylksek asitlik degerini
%0.92 ile Fosfor-2 uygulamasi vermistir. Cesitler
arasinda ise en yuksek asitlik %0.83 ile Monterey
cesidinde belirlenmistir.

Bakteri uygulamalar degerlendirildiginde en
yiksek asitlik degerleri ise Azot-1 uygulamasinda
%0.87 ile Monterey, Azot-2 uygulamasinda %0.95 ile
San Andreas, Fosfor-1 uygulamasinda %0.91 ile
Monterey, Fosfor-2 uygulamasinda %1.18 ile San
Andreas ve Azot+Fosfor kombinasyonunda %0.83 ile
Albion ¢esidinden elde edilmistir.

Cizelge 7. Titre edilir asitlik Gzerine bakteri uygulamalarinin
etkisi (%).
Table 7. Effects of bacteria applications on titrable acidity (%).

Albion San Andreas Monterey Bakteri

Kontrol 0.83+£0.04™y 0.83+£0.03%¢ 0.80£0.02° 0.82+0.02
Azot 1 0.69+0.11% 0.69+0.02°xs 0.87+0.04°x 0.76+0.04
Azot 2 0.83+0.05°%4 0.95+0.07°xs 0.78+0.08°x 0.85+0.04
Fosfor 1 0.79+0.04°x 0.69+0.05% 0.91+0.12°% 0.80+0.05
Fosfor 2 0.75+£0.06°x 1.18+0.07°a 0.84+0.10°%4 0.92+0.08
Azot + Fosfor 0.83+0.06°4 0.72+0.05%s 0.74+0.07°a 0.76+0.04
Cesit 0.79+0.02  0.83+0.05 0.83+0.03

x: Ayni satirda farkh kiglik harf tasiyan cesit ortalamalar arasindaki fark
6nemlidir (P<0.05).
y: Ayni situnda farkl biyuk harf tasiyan uygulama ortalamalari arasindaki fark
o6nemlidir (P<0.05).

SONUC

Igdir ili sahip oldugu mikroklima o&zellikleri
sayesinde diger bircok meyve tiriinde oldugu gibi
cilek tretiminde de 6nemli bir zenginlige sahiptir. Bu
avantaji ile cilek fidesi tretimi, fide gelisimi ve meyve
verimi  bakimindan  herhangi  bir olumsuzluk
yasanmamaktadir. ilkbahar déneminde erkencilik
sayesinde diger illerde cilegin olmadigi aralikta ve gz
doneminde pazarda c¢ilegin sonlandigi zaman
diliminde Uriin elde etme imkani bulunmaktadir. Bu
calisma ile de sahip olunan avantajlara ilave olarak kdk
bakterisi uygulamalarinin cilekte meyve verimi ve
kalitesi Uzerinde faydali etkilerin olacagi anlasiimistir.
Bu iklime uygun gesit se¢imi, dikim zamani ve ydntemi,
glbreleme ve diger kdilttrel islemlerin dizenli olarak
sirdirilmesinin  yaninda blyime ve gelisme
bakimindan  o6nemli  olan  kok  bakterilerinin
kullanilmasinin da bitki gelisimi, meyve verimi ve
meyve kalitesini artirmadaki etkisinin g6z ardi
edilmemesi gerekmektedir.
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Abstract. Members of Trichogramma genus are the most widely used as natural enemies in
€99 biological control programs. Choice of natural enemies is known to have a critical important for
the succession of biological control. Their morphologic identification has some bottlenecks as
laborious, time-consuming and mostly based on very small structures of the bodies. Molecular
techniques have been widely used for detection, discrimination, phylogenetic analysis,
identification and characterization in biological control agents belong to Trichogramma spp. In
this study, the efficacy of the direct sequencing analysis of internal transcribed spacer locus of
rDNA was investigated for analyzing the genetic variation within nine Trichogramma brassicae
population from corn growing areas in Dlzce province. The comparison of the sequences was

performed with other ITS2 locus of Trichogramma species available in GenBank database. The

result of analyses indicated that no genetic variation was determined in the Dlzce population.

Yumurta Parazitoiti, Trichogramma brassicae Bezdenko (Hymenoptera:
Trichogrammatidae)’nin Diizce ilindeki Popiilasyonlan icerisindeki Genetik

Varyasyonlarin Belirlenmesi

Anahtar kelimeler:
Trichogramma  brassicae,
parazitoiti, genetic varyasyon,

Ozet. Trichogramma turleri, biyolojik mucadele programlarinda en cok kullanilan dogal
yumurta

Diizce dismanlardandir. Dogal dismanin seciminin, biyolojik kontroliin basarisi agisindan kritik bir

oneme sahip oldugu bilinmektedir. Bu cinse bagli turlerin morfolojik teshisleri zahmetli olmalari,
zaman kaybi olusturmalari ve viicut yapilarinin oldukga kiigiik boyutlarda olmasina bagli olarak
problem olusturmaktadir. Molekdiler teknikler, Trichogramma cinsine ait biyolojik kontrol
ajanlarinda tespit etme, ayirt etme, filogenetik analiz, tanimlama ve karakterizasyon igin yaygin
olarak kullaniimaktadir. Bu ¢alismada, Diizce ilinde misir yetistirilen alanlardan elde edilen dokuz
Trichogramma brassicae populasyonunun genetik varyasyon analizi icin rDNA'nin ITS bdélgesinin
dogrudan sekanslama analizinin etkinligi arastirilmistir. Sekanslarin karsilastiriimasi, GenBank veri
tabaninda mevcut olan Trichogramma tirlerinin ITS2 bolgeleri ile gerceklestirilmistir. Analiz

sonuglari, Diizce popilasyonlarinda genetik varyasyonun tespit edilmedigini gdstermistir.

ORCID ID (By author order)
0000-0002-7657-5615

0000-0002-7217-9092 0000-0002-2390-2053




Koca et al, Determination of the Genetic Variation within the Egg Parasitoid, Trichogramma brassicae, Bezdenko
(Hymenoptera: Trichogrammatidae) Populations in Diizce Province, Turkey

INTRODUCTION

The genus Trichogramma belongs to the
Trichogrammatidae family, which comprises of 80
genera and about 620 species. (Pinto and Stouthamer
1994).

Trichogrammatidae) species which are egg parasitoids

Trichogramma Westwood (Hymenoptera:
have been used as biological control agents for more
than 100 years and these species are polyphagous egg
parasitoids on ten insect orders, containing Diptera,
Lepidoptera, Hemiptera, Coleoptera, Neuroptera and
Hymenoptera (Smith 1996).

Among the 180 Trichogramma species identified,
the 70 of them are used in control of insect pests in
agro-ecosystem (Li 1994). This genus has been very
effective in biological control especially Lepidopteran
pests. It is thought by researchers that this genus
contains a large number of cryptic species because the
general morphology within the group is similar
(Knutson 1998). Trichogramma species are difficult to
determine because of their small size and low
interspecific morphological character leading to many
diagnosis problems (Nagarkatti and Nagaraja 1977;
Smith and Hubbes 1986). Previously, diagnosis of
these species has been based chiefly on the male
genitalia and the male antennae (Nagarkatti and
Nagaraja 1977; Pinto 1999). According to recent
studies, they have been focused on the use of mtDNA-
COl and rDNA-ITS2 regions for species diagnosis. The
rDNA occurs of three preserved regions that encode
ribosomal RNA and is separated by two conserved
regions within the species, but vary fairly amongst
species. Because of these regions are so preserved,
specific primers work in a wide variety of taxa (Sumer
et al., 2009). The rDNA-ITS2 sequences are useful as a
general diagnosis technique for Trichogramma
species. Before any character source can be proposed
as appropriate for separating species, potential
intraspecific  variation must be taken into
consideration (Stouthamer et al, 1999). rDNA-ITS2
and COI ensure a powerful tool for phylogenetics at
low taxonomic levels (Cruickshank 2002).

Meksem and Kahl (2005)

polymorphism occurs naturally and depends on the

reported that

variation in the DNA sequence, it also creates the basis
of intra-species and inter-species variation in plant
and animal genomes. The aim of this research was to

determine whether current DNA techniques could
differentiate intra-population genetic variation of
these nine T. brassicae populations and other
Trichogramma species present in GenBank database
of National Center for Biotechnology Information
(NCBI).

MATERIALS AND METHODS

Trichogramma Cultures

Corn fields which are infested with European corn
borer, Ostrinia nubilalis (Hubner) in Dizce province
have been identified and the populations of pests and
egg parasitoids have been followed up by the weekly
intervals since the first egg was determined. The
collected O. nubilalis egg clusters were placed in glass
tubes individually. The eggs were maintained at 25 °C
until European corn borer larvae and parasitoids
emerged. After the parasitoids and larvae emergence
are complete, the eggs are counted as parasitized and
non-parasitized. Trichogramma species, which are
emerged from parasitized eggs have continued to
produce under laboratory conditions. Eggs of Ephestia
kuehniella Zeller (Lepidoptera: Pyralidae) were used as
hosts for this purpose. The obtained E. kuehniella eggs
were glued onto cardboards as a daily. The cardboards
containing the E. kuehniella eggs were placed in tubes
with the Trichogramma adults and maintained in
climatic chambers regulated at 25+1 °C, 70+5% RH,
and 16:8 h photoperiod. About 9-10 days later, the
Trichogramma adults began to appear. Insect culture
of the

was continued until the identification

Trichogramma species was completed.

DNA Extraction and PCR Amplification

DNA was isolated as identified by Waeyenberge et
al. (2000) with some revisions described follow; one to
ten frozen parasitoids were crushed with a crusher into
45 ul of distilled water (ddH20) in 1.5 ml eppendorf
tube and the crushed parasitoid contents were
centrifuged. After that 40 pl of the sample mix were
transferred to PCR tube comprising 50 pl of WLB
(Worm Lysis Buffer) and 10 pl of Proteinase K (20 mg
ml-1). The PCR tubes were frozen at -80 °C for at least
10 minute, then incubated at 65 for 1 hour and 95 °C
for 10 minute in a thermocycler. After, the tubes were
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centrifuged for 1 minute at 14000 rpm and these
extracted DNA samples were stored at -20 °C until PCR
amplification (Waeyenberge et al., 2000).

The amplification of the rDNA-ITS region was
carried out in a total 50 pl reaction volume in PCR
thermocycler. The reaction volume including that 30 pl
ddH20, 15 pl of Dream Taq PCR Master Mix (2X)
(Fermentas Life Sciences, Germany), 1 pM of each
forward and reverse primer (Table 1), and 3 pl of DNA.
The PCR condition were initial denaturation for 3 min
at 94 °C; 35 cycles of 94 °C denaturation (45 s), 53 °C
annealing (45 s) and 72 °C extension (45 s); a final
extension for 3 min at 72 °C. After PCR amplification,
10 pl of each PCR product was mixed with 1 pl of 6X
loading buffer (Fermentas Life Sciences, Germany) and
then loaded on a 1.5 % standard TAE buffered agarose
gel. After electrophoresis (100 V for 60 min), the gel
was stained with ethidium bromide (0.1 ug ml-1) for
UV-light and
photographed. The remaining PCR products were kept
at -20 °C (Subbotin et al, 2003; Tanha Maafi et al.,
2003).

20 min, and Vvisualized under

Sequencing

The remainder of the PCR products were loaded on
a 1 % agarose gel for electrophoresis (100 V, 60 min).

Table 1. Primers used in the amplification of DNA.
Cizelge 1. DNA amplifikasyonunda kullanidan primerler.

The purification method was done as defined in the
manufacturer's instructions (Wizard® SV Gel and PCR
Clean - Up System Kit, Promega). DNA from nine
samples, representing nine populations, were
sequenced in a sequencing facility (Refgen, Ankara,
Turkey) in both directions to get matching sequences
of both DNA strands. The sequences were formatted
and evaluated. Eventually, all sequences were added
to GenBank (Sequin V. 9.00,
http://www.ncbi.nlIm.nih.gov) and accession numbers
were obtained for each population. The sequences of
nine DNA samples from this research were placed in

GenBank with accession numbers (Table 2).

Phylogenetic Analysis

The sequences of nine DNA samples were edited
and alignments were made by CLUSTALW as
implemented in BIOEDIT (Hall 1999). All aligned
characters were implemented in the phylogenetic
analysis. Phylogenetic trees were derived using
maximum likelihood and this was constructed with
using the MEGA v 7.0. (Kumar et al, 2016). The
evolutionary history was inferred by using the
Maximum Likelihood method based on the Kimura 2-

parameter model (Kimura 1980).

Primer 5 3’ References
Forward TGTGAACTGCAGGACACATG Staouthammer et al., 1999
Reverse GTCTTGCCTGCTCTGAG Staouthammer et al., 1999

Table 2. Identified Trichogramma brassicae and accession numbers.
Cizelge 2. Tanimlanan Trichogramma brassicae ve erisim numaralart

Sample No Species Original Host Accession Number
1 Trichogramma brassicae Ostrinia nubilalis KX010935
2 Trichogramma brassicae Ostrinia nubilalis KX010936
3 Trichogramma brassicae Ostrinia nubilalis KX010937
4 Trichogramma brassicae Ostrinia nubilalis KX010938
5 Trichogramma brassicae Ostrinia nubilalis KX010939
6 Trichogramma brassicae Ostrinia nubilalis KX010940
7 Trichogramma brassicae Ostrinia nubilalis KX010941
8 Trichogramma brassicae Ostrinia nubilalis KX010942
9 Trichogramma brassicae Ostrinia nubilalis KX010943
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RESULTS AND DISCUSSION

Trichogramma specimens were collected from corn
fields in Dlzce province of Turkey. Nine sequences
were obtained from the Diizce samples and amplified
partial sequences of the rDNA-ITS2 of Trichogramma
samples by use the polymerase chain reaction (PCR).
All tested populations were defined as T. brassicae. A
general consensus sequence was derived from the
obtained sequences and used for phylogenetic
analysis. T. brassicae sequences were placed in
GenBank with the numbers from KX010935 to
KX010943 (Table 2). Dendograms were formed
together with sequences of different Trichogramma
species obtained from the GenBank.

The rDNA-ITS2 sequences of nine T. brassicae
samples obtained from Diizce province were 100%
similarity to each other, in other words, there is no
genetic variation among the populations (Figure 1.).
However, when the samples belonging to T. brassicae
in different countries (AY182766, JF920441, JF920451)
available in GenBank database were compared with
our samples, the similarity rate was found to be 62%
(Figure 2.). In addition, these samples were most
similar to T. evanescens, and were found to be quite
different from other Trichogramma species.

Our results show that there is no genetic variation
in T. brassicae populations. Parasitization rate
obtained in different corn field in Diizce province is
very high (98%) and very close to each other (Kutuk
2016). This supports homogenity of identified T.
brassicae population in Diizce province.

The rDNA-ITS2 is a significant molecular marker
that can be used for comparing closely related

100

T. brassicae JF920451
4[1 brassicae AY182766

T. brassicae JF920441

subspecies, species and populations. The molecular
method provides specific and precision results for the
diagnosis of single and multiple species of egg
parasitoids in agricultural systems (Sumer Ercan 2011).

Chang et al. (2001) sequenced the ITS1 region of
Trichogramma chilonis and T. ostriniae species which
are egg parasitic wasps of Asian corn borer (Ostrinia
furnacalis Guenée). It was found that the two parasitic
wasps were 86,1% similar. Alvarez and Hoy (2002) used
the sequences of [rDNA-ITS2 for separating
populations of the parasitoid Ageniaspis citricola
(Hymenoptera: Encyrtidae) from different
geographical zones. Moreover, Thomson et al. (2003)
studied the identification of Trichogramma species in
southeastern Australia and used for ITS2 sequence
analysis. It was found that the length of ITS2 is
different for each species. Kumar et al. (2009) used the
ITS2-RFLP method to distinguish 12 indigenous and
exotic Trichogramma species in India. Sumer Ercan et
al. (2011) reported that the differences between T.
brassicae and T. euproctidis in their ITS2 sequence.
Similarly, Sumer Ercan et al. (2013) analyzed that
sequence variation of ITS2 examined differentiation of
T. euproctidis and T. brassicae populations. Joeng et al.
(2010) ITS2 gene sequences have been used to identify
two Trichogramma species, T. ostriniae and T.
brassicae, in Korea. Thiruvengadam et al. (2016) have
studied the evolutionary relationships based on ITS2
gene of these species in order to identify
Trichogramma species and to determine their
differences.

T. brassicae KX010940
T. brassicae KX010941
T. brassicae KX010939
T. brassicae KX010938
T. brassicae KX010937
T. brassicae KX010936
T. brassicae KX010935
T. brassicae KX010942
T. brassicae KX010943

Figure 1. Phylogenetic tree (Maximum Likelihood) of T. brassicae sub-tree separately.
Sekil 2. T. brassicae’nin alt dallarina ayriims filogenetik agact.

29



Koca et al, Determination of the Genetic Variation within the Egg Parasitoid, Trichogramma brassicae, Bezdenko
(Hymenoptera: Trichogrammatidae) Populations in Diizce Province, Turkey

T. brassicae KX010940
T. brassicae KX010941
T. brassicae KX010939
T. brassicae KX010938
6217, brassicae KX010937
T. brassicae KX010936
T. brassicae KX010935
T. brassicae KX010942
T. brassicae KX010943
rT. brassicae JF920451
T. brassicae AY182766

T. brassicae JF920441
56 | _,71 evanescens KC488720
51 T. evanescens KP176444

T. euproctidis HM116410
5#

T. euproctidis DQ389076
53'T. euproctidis JF920453
T. cacoeciae AY166700

52 E‘{T. cacoeciae KM279940
48 'T. cacoeciae AF408654

ﬂ,—T. dendrolimi HG316501

T. dendrolimi AF453560

50 T. oleae DQ389070
44 7{ T. oleae EU547678
T. oleae U74601

3g [ T- bourarachae AF043623

41 |T. bourarachae AF043624

T. bourarachae DQ389072

T. pintoi DQ088052

. pintoi AY182757

T. pintoi JF920460

—T. nerudai DQ872853

IT. nerudai AY244467

“T. nerudai AY182756
Eulophidae sp. KY047817

43

42

37

Figure 1. Phylogenetic tree created through the rDNA-ITS sequence alignment from nine T. brassicae populations. Eulophidae
sp. is used as an outgroup.

Sekil 1. Dokuz T. brassicae poptilasyonundan rDNA-ITS sekans gruplart ile olusturulan filogenetik agac. Eulophidae sp. grup dist
olarak kullandmustur.
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CONCLUSION

Trichogramma species are important biological
agents in biological control programs. The choice of
the appropriate natural enemy in the control of the
target pest is very essential for reaching the successful
biological control. Techniques based upon sequence
analysis of the ITS2 locus of rDNA are used effectively
in the identification of these species. Sequence
analysis of the rDNA-ITS region of Trichogramma
brassicae samples showed that the samples were
genetically similar, but were quite different from other
Trichogramma species. Genetic variations among
different Trichogramma species are thought to be
useful in the development of rapid diagnosis and
detection methods based on PCR.
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Abstract. Rosemary,(Rosmarinus officinalis L.) belongs to Lamiaceae family, is an aromatic
plant, widely distributed in Mediterranean region. Rosemary has been used in folk medicine,
cosmetics, and in food endustry. In this study the herbs of rosemary were collected from Campus
of Kahramanmaras Siitcli imam University. Plant materials were obtained in summer, autumn,
winter and spring. The essential oil of the dried plant material was obtained by distillation
method. Essential oil of the samples were analysed by GC-MS. As the results of the analyses
twenty seven component were determined. The major components were 1.8 cineole (41.25%-
45.96%), isoborneol (11.96%-14.89%), a-pinene (9.28%-11.22%) and a-terpineol (4.65%-8.41%).
Camphene (3.29%-3.51%), limonene (2.89%-3.61%), p-cymene (3.64%-4.26%) and bornyl
acetate (2.02%-3.13%) found as moderately high compounds. As the results, amount of the
main components showed significant diversity by seasonal variation and chemotype of the R.

officinalis determined as 1.8 cineole.

Mevsimsel Varyasyonun Rosmarinus officinalis (L.) Ucucu Yag Bilesenlerine Etkisi

Anahtar kelimeler:
Rosmarinus  officinalis, — mevsimsel
varyason, GC-MS, ugucu bilesen

Ozet. Biberiye (Rosmarinus officinalis L) Lamiaceae familyasina ait olup, Akdeniz Bélgesi'nde
yaygin olarak bulunan aromatik bir bitkidir. Biberiye, halk tibbinda, kozmetikte ve gida
endustrisinde kullanilmaktadir. Bu calismada biberiyenin toprakusti kisimlari Kahramanmaras
Sitcti imam Universitesi Kampisi‘'nden yaz, sonbahar, kis ve ilkbahar mevsimlerinde
toplanmustir. Kurutulmus bitki materyallerinin ugucu yaglar distilasyon metodu ile elde edilmistir.
Ucucu yaglar GC-MS cihazi ile analiz edilmistir. Analiz sonuglarina gére yirmi yedi bilesen tespit
edilmistir. Ana bilesenler 1.8 sineol (%41.25-%45.96), izoborneol (%11.96-%14.89), a-pinen
(%9.28-%11.22), a-terpineol (%4.65-%8.41) olarak tespit edilmistir. Kampen (%3.29-%3.51),
limonen (%2.89-%3.61), p-simen (%3.64-%4.26) ve bornil asetat (%2.02-%3.13) yiksek oranli
bilesenler olarak bulunmustur. Calismanin sonucunda, biberiyenin ucucu yagd bilesenleri
miktarinin mevsimlere gore 6nemli degisiklik gosterdigi ve kemotipinin 1.8 sineol olarak

belirlendigi tespit edilmistir.
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INTRODUCTION

The genus Rosmarinus belonging to the Lamiaceae
family, includes two species, R. officinalis L. and R.
eriocalyx Jordan & Fourr. R. officinalis known as
rosemary. R. officinalis grows naturally in the
Mediterranean regions such as Spain, Morocco,
Tunisia, France, Italy and Turkey. Plants, including
herbs and spices with an intense pleasent smell
reminiscent of pine wood. The herb is economically
important that cultivated or imported and sold in
many markets all over the world. Rosemary is used
fresh or dried. Its essential oil and herbs were widely
used in folk medicine, cosmetics, phytocosmetics,
flavouring and conservation of food products (Arnold
et al, 1997; Pintone et al, 2002; Del Pilar Sanchez-
Camargo and Herrero, 2017). The plant has
antiinflammatory, chemopreventive, anti-cancer, anti-
proliferative, antimicrobial activities, protective
towards neurological disorders. The rosemary tea used
for decreasing the risks related to obesity, diabetes
and metabolic syndrome (Del Pilar Sdnchez-Camargo
and Herrero, 2017). The oil of rosemary used in
traditional medicine as a pulmonary antiseptic, a
choleretic, a colagoguic and in cosmetic sector as
soaps, perfumes, room sprays and deodorants. It has
also stomachic, antidiarrhoic and antirheumatic
properties (Arnold et al, 1997; Pintone et al., 2002;
Ozcan and Chalchat, 2008; Tawfeeq et al, 2016).
Rosemary oil main components especially 1.8 cineole
showed insecticidal effect on third instar larvae of the
cabbage looper (Tak et al,, 2016) and including other
components as, camphor, a-pinene or borneol have
also been related to generally antioxidant and
antimicrobial activities (Del Pilar Sanchez-Camargo
and Herrero, 2017).

Rosemary oil can be distinguished with respect to
two major types of main constituents: oils with over
40% of 1,8-cineole (Morocco, Tunisia, Turkey,
Yugoslavia, Greece, lItaly, France) and oils with
approximately equal ratios (20-30%) of 1.8-cineole, a-
pinene and camphor (Spain, France, Italy, Bulgaria,
Greece). Generally, a-pinene chemotypes are offen
from Spain, bornyl acetate type from France, myrcene
chemotype from Porteque and verbenone chemotype
known from Eygpt (Tisserand and Young, 2012; Satyal
et al, 2017). The external uses of rosemary are
similarly numerous among the local people. In this
study, the effect of seasonal variation on essential oil
components of R. officinalis was detected by GC-MS.

MATERIALS AND METHODS
Plant Material

The herbs of rosemary were collected from
Kahramanmaras Siitcii imam  University Campus
(altitude 530 m from sea level) between January and
December, 2016. The average climatic values of the
research year for Kahramanmaras are given in Table 1
(Anonymous, 2016). The growing area of the plant is
irrigated regularly in the summer. The soil structure of
the campus area consists of clay, silt and sand (loamy
soil) and average ph is 7.28 (Karagoktas and
Yakupoglu, 2014). Plant materials were obtained in
summer, autumn, winter and spring at different eleven
months except for Agust. The flowering period was
started early spring (March) and had flowers until
autumn (end of October). Dried herba (leaves, flowers)
of the plant (30 g) hydrodistilled for 3h using a
Clevenger type apparatus. Essential oil of the samples
was analysed by GC-MS.

GC-MS Analyses

Analysis were conducted in the Plant Physiology
Laboratory in Biology Dept. of KSU. Qualification of
the oil was analyzed on an Agilent 5975C Mass
Spectrometer coupled with Agilent GC-6890Il series.
The GC was equipped with HP-88 capillary column
(100 m x 250 ym x 0.20 pm film thickness) and flow
rate of carrier gas was 1.0 mL/min. Oven temperature
of GC was programmed as follows: 70 °C (1 min), 230
°C at of 10 °C/min and then kept at 230 °C at 20 min.
The injection part temperature was 250 °C. The mass
spectrometer was operating in El mode at 70 eV. Split
ratio was 20:1. Mass range 35-400 m/z; scan speed
(amu/s): 1000. 10 yL of the oil was shaked in 0.5 ml
diethyl ether and 1 pL of the mixture injected into the
column. The components were identified by mass
spectra with those of pure authentic samples and
Flavor2, Willey7n.1 and NIST98 libraries reference
compounds. Retention indices were computed from
gas chromatograms by logarithmic interpolation
between n-alkanes. The homologous series of n-
alkanes C7-C40, Supelco, USA were used as standard.
Retention indices calculated as HP-88 capillary
column. All samples were repeated three times for
GC/MS analysis.

Statistical Analysis

The main components statistical analyses were
performed using SPSS 15.0 programme with Waller-
Duncen Test.
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Table 1. Mean temperature and total precipitation values of Kahramanmaras 2016.
Cizelge 1. Kahramanmaras 2016 yilina ait ortalama sicaklik ve toplam yagts degerleri

Summer Autumn Winter Spring

J J S O N D J F M A M
Temp. C° 26.7 30.0 24.8 20.5 11.2 45 4.00 1 12.8 19.3 20.6
Precip. mm 17.8 0.00 29.3 13.6 383 1466 1405  30.1 61.3 17.6 18.1

RESULTS AND DISCUSSION

The essential oil composition of rosemary herba
according to seasons and GC-MS chromatogram of
main components were given in Table 2 and Figure 1,
respectively. The major compounds were found as a-
pinene, 1.8-cineole, o-terpineol, isoborneol and
shown on the chromatogram as 1,2,3,4, respectively
(Figure 1). As the results of GC-MS, 97.68 %, 98.60 %,
96.98 %, 96.48 % of the volatile components identified
in rosemary essential oil from summer to spring.
Rosemary oil was also dominated by monoterpenoids,
especially oxygenated monoterpenes such as 1.8
cineole, a-terpineol, isoborneol. Only, B-caryophyllene
and caryophyllene oxide found as sesquiterpenes.

Major compounds statistical analysis according to
seasons were given in Figure 2. Seasonal variations
showed significant differences as statistically (P<0.01).
The main components 1.8 cineole and a-pinene were
increased with starting of hot temperature at spring
and autumn while a-terpineole and isoborneol were
decreased.

Many studies about R. officinalis growing in Turkey
have been conducted so firstly we discussed similar
climatic locations with Kahramanmaras province.
Celiktas et al. (2007) analysed the essential oil
composition from Mersin location at four different
seasons and main components were found as 1.8
cineole with highest percentage (61.4%, 60.9%, 50.7%,
58.1%) and a-pinene contents were moderately high
(10.2%, 7.8%, 9.4% and 8.8%) at December, March,
June and September, respectively. Giilbaba et al.
(2002) determined the rosmary chemotypes as 1.8
cineole (41.7%-56.4%, 54.3%-44.4%, 48.2%-55.6% at
April, July, October, respectively) distributed between
Adana-Mersin locations. Our findings shown similarity
to Celiktas et al. (2007) and Gilbaba ve ark. (2002)
reports. Ozcan and Chalchat (2008), determined the
main components of rosemary as p-cymene (44.02%),
linalool (20.5%), y-terpinene (16.62%), in May from
Mersin. Baskaya et al. (2016) determined the essential
oil composition of R. officinalis at three vegetative
period and found the main components as borneol
(12.69%-20.45%), 1.8 cineole (15.82%-17.93%) and

phor (11.50%-14.36%) at Hatay province. Kirpik (2005),
determined the volatile compounds of 15 genotype R.
officinalis growing in Cukurova dryland and highland
conditions and main components (a-pinen, camphen,
myrcene, cymol, limonene, 1.8 cineole, campher,
borneol) were shown differences according to
genotype. As the studies according to different
geographical region from Turkey, Topal et al. (2008)
determined the main components as b- camphor
(12.94%) and borneol (14.21%), Orhan et al. (2008)
found as 1,8-cineole (44.42%) chemotype from
Balikesir province and Glirbiz et al. (2016) determined
the chemotype of rosmary collected from izmir, Aydin,
Antalya, Mersin, Adana and Hatay but growing in
Ankara ecologic conditions. Mersin and izmir
genotype determined as 1.8 cineole but the others
camphor. Celiktas et al. (2007) studied differences of
chemical compounds of rosemary according to
seasons from Canakkale and izmir beside Mersin
location, reffered above. The main component 1.8
cineole content was found higher in izmir than
Canakkale and Canakkale oils were richer about
camphor and verbonene.

The studies about R. officinalis essential oil from
other countries; 1.8-cineole chemotype detected from
Grecee, Morocco, UK (Papageorgiou et al,, 2008; Ait-
Ouazzou et al., 2011; Tawfeeq et al., 2016), camphor
chemotype reported from italy, Spain and Brazil
(Arnold et al, 1999; Porte et al, 2000) and a-pinene
chemotype determined from Lebanon, Italy, Iran (Diab
et al, 2002; Pintore et al, 2002; Jamshidi et al.,, 2009).
Jordan et al. (2013), collected 150 rosmary plant from
different bioclimatic zones at Spain and determined
the chemotypes as 1.8-cineole, camphor and a-pinene
type and were not shown statistically significant
differences between the zones. Diab et al. (2002)
detected that main component a-pinene was reached
maximum level at flowering period. Papageorgiou et
al. (2008) investigated the differences of chemical
composition and observed that the highest
component 1.8-cineole (50.6%-58.7%) had been in
higher amount at May and Agust than February. These
findings were supported our results.
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Table 2. Chemical composition of R. officinalis herba according to seasons.
Cizelge 2. R. officinalis toprak sti kistmlarinin mevsimlere gére kimyasal kompozisyonu.

Components RT RI Summer Autumn Winter Spring
a-pinene 10.81 1012 11.22 9.55 9.28 9.87
camphene 11.26 1085 3.39 333 3.29 3.51
B-pinene 11.57 1126 1.72 2.05 2.78 2.82
myrcene 11.69 1141 1.21 1.18 1.18 1.18
a-phellandrene 11.90 1166 0.18 0.13 0.13 0.15
limonene 12.09 1188 3.61 3.17 2.89 3.09
ocimene 12.29 1210 0.38 0.24 0.29 0.31
sabinene 12.50 1231 0.92 0.72 0.93 1.02
1.8 cineole 12.98 1278 43.61 44.54 41.25 45.96
p-cymene 13.27 1305 4.19 4.26 3.64 3.67
1-octen-3-ol 14.71 1427 1.60 0.68 0.64 0.65
linalol 15.79 1430 1.14 1.3 1.01 135
B-caryophyllene 16.53 1582 0.75 0.50 1.14 0.87
fenchyl alcohol 16.82 1606 0.27 0.28 0.35 0.27
bornyl acetate 17.05 1626 3.13 2.02 2.95 3.13
exo-methyl-camphenilol 17.40 1655 0.10 0.24 0.23 0.36
a-terpineol 17.90 1696 6.05 8.41 711 4.65
1soborneol 18.27 1730 13.00 14.52 14.89 11.96
myrtenal 18.86 1781 0.16 0.17 0.10 0.10
cis-verbenol 19.11 1803 not found 0.11 0.28 0.03
geranyl acetone 19.66 1855 0.12 0.27 0.63 0.24
methyl eugenol 21.47 1974 not found 0.19 0.20 0.13
benzothiazole 21.82 1993 0.33 0.06 0.47 0.12
thymol 21.94 1999 0.13 0.09 0.26 0.15
caryophyllene oxide 22.20 2031 0.40 0.45 0.88 0.80
carvacrol 22.64 2083 0.07 0.11 0.10 0.06
eugenol 23.15 2147 not found 0.03 0.08 0.03
Total 97.68 98.60 96.98 96.48
Monoterpene hydrocarbons 26.82 24.63 24.41 25.62
Oxygenated monoterpenes 67.41 71.54 68.58 67.63
Sesquiterpene hydrocarbons 0.75 0.50 1.14 0.87
Oxygenated sesquiterpenes 0.40 0.45 0.88 0.80
Phenylpropanoids not found 0.22 0.28 0.16
Others 2.30 1.26 1.69 1.40

RT: Retention Time. RI: Retention Index.
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Figure 1. GC-MS chromatogram of R. officinalis essential oil.
Sekil 1. R. officinalis ucucu yaginin GC-MS kromatogram.
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Figure 2. The percentage of the R. officinalis main
components according to seasons.
Sekil 2. R. officinalis ana bilesenlerinin mevsimlere gére orant.

CONCLUSION

To the best of our knowledge, this is first report
about chemical composition of rosmary, growing in
Kahramanmaras province. As the result of this study,
R. officinalis essential oil shown 1.8 cineole chemotype
and the seasons affected the main components
amount. This result confirmed the Tisserand and
Young (2012) chemotype classification according to
geographical region. As conclusion, we discussed the
reports on essential oil composition of R. officinalis
from different regions of the world and Turkey and the
stuides were shown that 1.8-cineole, camphor, «o-
pinene, camphene, bornyl acetate, a-terpineol and
verbenone were found as main components and these
components amount was shown differences between
the locations and different chemotypes could be seen
in the same region.

Differences on the components and percent of the
components may be affected from soil, climate,
altitude and vegative period of the plant. In Turkey,
rosemary growing at Adana-Mersin province
preffered by customers. R officinalis from
Kahramanmaras shown similar chemotype with
Adana-Mersin samples. As a result, R. officinalis can
be grown in these area and preffered to harvest at
spring for high 1.8 cineole content.
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Anahtar kelimeler: Ozet. Bu calisma, Igdir ili Aralik ilcesi sinirlarinda dogal olarak yetisen devekiran (Atraphaxis spinosa L.)

Atraphaxis  spinosa, besin

o AT calisinin gelisme dénemlerine gore aylik besin icerigi degisiminin belirlenmesi amaciyla 2015 yilinin
icerigi, cali bitkisi, donem

Nisan ve Temmuz aylari arasindaki dénemde yuritulmastir. Bu amagla bitki materyallerinde ham
protein (HP), nétr deterjan lif (NDF), asit deterjan lif (ADF), asit deterjan lignin (ADL), kuru madde
sindirilebilirligi (KMS), sindirilebilir enerji (SE), metabolik enerji (ME), kuru madde tiiketimi (KMT), nispi
yem degeri (NYD) ve kuru ot orani (KOO) igeriklerinin aylara gore degisimleri belirlenmistir. Devekiran
cahsinin gelisme goésterdigi 7 aylik donem boyunca sahip oldugu HP, NDF, ADF, ADL, KMS, SE, ME,
KMT, NYD ve KOO degerleri sirasiyla %5.93-12.79, %44.41-68.28, %27.13-47.13, %3.62-14.46, %52.18-
*Sorumlu yazar

bilalkeskin66@yahoo.com 67.75, 2.50-3.17 Mcal kg, 2.05-2.60 Mcal kg™, %1.75-2.71, 71.46-142.32 ve %27.33-70.66 araliginda

belirlenmistir. Arastirma sonuglarina goére, olgunlasmanin artmasiyla istenen kalite Ozelliklerinin

dlstigu, arzu edilmeyen kalite degerlerinin ise artigi gorulmastar.

Changes in Nutrient Content during the Growth Process of Goat's Wheat Manna
(Atraphaxis spinosa l.)

Keywords: Abstract. This study was conducted to determine the monthly nutrient content changes according to
Atraphaxis spinosa, nutrient

content, shrub, period the developmental stages of the goat’'s wheat manna (Atraphaxis spinosa L.) which spontaneously grows

in the Aralik district of 1§dir province between April and July in 2015. In this study, Crude protein (CP),
Neutral Detergent Fiber (NDF), Acid Detergent Fiber (ADF), Acid Detergent Lignin (ADL), Dry Matter
Digestibility (DMD), Digestible Energy (DE), Metabolizable Energy (ME), Dry Matter Intake (DMI), d
Relative Feed Value (RFV) and Dry Matter Rate (DMR) contents of Goat's wheat manna was determined.
Changes according to month CP, NDF, ADF, ADL, DMD, DE, ME, DMI, RFV and DMR value of goat’'s wheat
manna were 5.93-12.79%, 44.41-68.28%, 27.13-47.13%, 3.62-14.46%, 52.18-67.75%, 2.50-3.17 Mcal kg,
2.05-2.60 Mcal kg™", 1.75-2.71%, 71.46-142.32 ve 27.33-70.66%, respectively. According to the results of
the research, with the maturation, the undesirable nutritional values increased, as the desired quality

characteristics decreased.
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GIRiS

Ulkemizde hayvanlarin kaliteli kaba yem ihtiyaci,
cayir, mera ve tarla tarimi igerisinde yetistirilen yem
bitkileri olmak Uzere UG¢ ©nemli kaynaktan
karsilanmaktadir. Dogal cayir meralar, gevis getiren
hayvanlarin tabi besin kaynadi durumundadir. Dogal
cayir ve mera alanlarinda 0Ozellikle yaz ve sonbahar
donemlerinde yeterli miktarda ve kalitede kaba yem
Uretememektedir. Oysa odunsu (cali ve agac) tirler,
otsu tirlerin kurudugu ve besin degerinin distigu yaz
doénemlerinde  ve  gelismenin  durdugu  kis
doénemlerinde hayvanlara yem temin eden bir kaynak
durumundadir (Temel and Tan 2011; Tan ve Temel
2012).

Dogal kosullarda yetisen pek cok cali ve odunsu
tarlin, kuvvetli ve derin olan kok sistemleri sayesinde
kurakhga toleranslari ylksek olup, kiltir bitkisinin
gelisemedigi alanlarda rahatca yetisebilmektedirler.
Ayrica ¢ali bitkileri hayvanlar icin enerji, mineral,
vitamin ve besin igerigi yoninden zengin kaba yem
Uretebilmektedirler (Ghazanfar et al,, 2011; Temel and
Tan 2011; Tan ve Temel 2012).

Bolge halkinin biyik bir ¢odunlugu gegimini
hayvancilik yaparak saglamaktadir. Yapilan
hayvancilikta ise hi¢ stphesiz, kaliteli ve ucuz yem
saglayan cayir ve mera alanlari 6nemli bir yer
tutmaktadir. Ancak I1gdir ili Aralik ilcesinde yaz
aylarinda sicakligin yuksek, yagisin dasik olmasi,
gerek tarim alanlarinda gerekse mera alanlarinda pek
cok otsu tlrln yetismesini sinirlandirmaktadir. 1§dir
ilinde cayir mera alanlarinda 73.286 ton ve tarla
alanlarinda ekilen yem bitkilerinde 142.172 ton kuru ot
elde edilmektedir. 1§dir ilinde 91.304 Bulyik Bas
Hayvan Birimi'nin ihtiyag¢ duydugu kuru ot miktari yillik

Cizelge 1. Igdir ilinin 2015 yilina ait bazi iklim 6zellikleri.
Table 1. Some climate features of Igdur province in 2015.

ortalama 333.260 ton'dur. ilin kaliteli kaba yem acig
yaklasik olarak %35.35'dir (Temel ve Sahin 2010).

Atraphaxis  spinosa  bitkisi  kuzukulagigiller
(Polygonaceae) familyasindandir. Atraphaxis cinsinin
siniflandiriimasi tlrler arasindaki yogun melezlemelere
ve turlerin sahip olduklart morfolojik 6zelliklere bagli
olarak ylksek oranda cesitlilik gostermektedir.
Glineydogu Avrupa, Glineybati ve Merkez Asya, Gliney
Sibirya, Mogolistan ve Cin'de Atraphaxis cinsine bagli
yaklasik 30 ttr tanimlanmistir (Pavlov 1936; Lovelius
1979). Atraphaxis spinosa 1.05 ile 1.45 m arasinda bitki
boyu, 2.95 ile 5.55 m genisliginde ve 2.80 ile 446 m
eninde bir alani kapladigi belirlenmistir (Karakus 2016).
Atraphaxis spinosa Ulkemizin Dogu ve Giineydogu
Anadolu boélgelerinde yayilis gdstermektedir. 1gdir ili
Aralik ilcesindeki erozyon sahalarinda hakim cali
formasyonlarindan biridir.

Bu calismada bolgenin erozyon, tuzlu, alkali ve
kurak gibi ekstrem alanlarinda yaygin olarak bulunan
ve hayvanlarin otladigi devekiran calisinin gelisme
doénemlerine bagli olarak besin iceriginin belirlenmesi
hedeflenmistir.

MATERYAL VE METOT

Bu calisma, 1gdir ilinin Aralik ilgesi sinirlari iginde yer
alan rlzgar erozyon sahasinda yetisen devekiran
(Atraphaxis spinosa L.) cahsinin yillik besin icerigi
degisiminin  belirlenmesi amaciyla 2015 yilinda
yurattlmdastar.

Igdir ilinin iklim verileri Cizelge 1'de verilmistir.
Cizelge 1 incelendiginde; 2015 yili toplam yagis 302.4
mm'dir.

Aylik Toplam Yagis

Sicaklik Degerleri (°C)

Aylik Ort.

Aylar (mm) Min. Ort. Max. Nispi Nem (%)
Ocak 2.2 -9.8 1.2 15.6 63.3
Subat 44 -4.8 6.8 15.8 59.5
Mart 52.0 -4.7 11.0 204 50.8
Nisan 441 35 16.4 29.9 477
Mayis 41.5 7.0 213 322 52.9
Haziran 27.8 12.5 28.5 37.8 40.0
Temmuz 0.3 16.2 318 38.8 33.6
Agustos 14.3 13.6 30.2 414 40.7
Eyliil 14 10.7 27.2 35.6 424
Ekim 96.2 4.8 16.6 273 713
Kasim 45 -36 9.2 18.3 66.0
Arahk 13.7 -7.8 1.5 11.3 68.8
Top/Ort. 302.40 16.81 53.08
Uzun Yil Ort. 257.6 11.6 63.00
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Sicaklik acisindan bakildiginda en dustk sicaklik -
9.8 °Ciile Ocak ayi en yuksek sicaklik 41.4 °C ile Austos
ayinda yillik sicaklik ortalamasi ise 16.81 °C'dir. Nispi
nem olarak incelendiginde 2015 yili ortalamasi %
53.08'dir.  Arastirmanin  ylrutaldigud  Nisan-Ekim
donemlerinde toplam yadis miktari 225.6 mm,
ortalama sicaklk 23.01 °C ve ortalama nispi nem
%46.94  olarak  gergeklesmistir.  Uzun  yillar
ortalamasina gore Igdir ilinin yillik yagis miktar (257.6
mm) disuk, sicaklik derecesi ise ortalama 11.6 °C'dir.
Bu verilere gore Igdir ili Turkiye'nin en kurak yerleri
arasinda kalmaktadir (Anonim 2015).

Arastirma alaninda 0-40 cm toprak derinliginde
alinan toprak &rnekleri 1gdir Universitesi Ziraat
Fakdltesi Laboratuvarlarinda analiz edilmis ve elde
edilen analiz sonuclari Cizelge 2'de verilmistir. Cizelge
2 incelendiginde, denemenin kuruldugu topraklarin
tuzsuz, orta alkali karakterde, organik madde icerigi
cok az, kireg icerigi orta, fosfor icerigi yiksek, azot
icerigi cok az ve potasyum iceriginin ise yiksek oldugu
gorilmdistir (Kacar, 1972).

Devekiran (Atraphaxis spinosa |.) bitkisinde Nisan-
Ekim aylari arasinda 7 ay sireyle, her ayin sonunda
alinan bitki materyallerinde (sap + yaprak) HP, NDF,
ADF, ADL, KMS, SE, ME, KOO, KMT ve NYD ozellikleri
incelenmistir. Bitki kalite &zelliklerinin belirlenmesi
amaciyla bitkinin sap + vyaprak kisimlarinda
hayvanlarin otlatma aliskanliklari taklit edilerek
ornekler alinmistir. Cali 6beklerinin oldugu deneme
alani 3 parcaya bollinmus ve her biri bir blok olarak ele

Cizelge 2. Deneme alanina ait toprak ozellikleri.
Table 2. Soil properties of the experiment area.

alinmistir. Arastirmanin tek faktori olan ornek alim
zamanlari (aylar)'nin istatistiksel analizleri tesaduf
bloklari deneme desenine gore yapilmistir. Ayrica blok
olarak belirlenen alanda bitkilerin besin iceriklerini
daha iyi yansitabilmesi icin 5 ¢ali 6beginde bitki 6rnegi
alinmis ve karistirilarak tek 6rnek olusturulmustur.

Elde edilen 6rneklerde ham protein orani (Kacar,
1972); NDF , ADF ve ADL oranlarn (Van Soest et al.,
1991); KMS (Kuru madde sindirilebilirligi)=88.9-(0.779
X %ADF) (Oddy et al, 1983); SE (Sindirilebilir enerji
Mcal kg™)=0.27 + 0.0428 x (% KMS) (Fonnesbeck et al.,
1984); ME (Metabolik enerji Mcal kg™) = 0.821 x SE
(Mcal kg™ (Khalil et al, 1986); KMT (Kuru madde
tiketimi) orani= 120 / (%NDF) (Sheaffer et al., 1995);
NYD (Nispi yem degeri)= (KMS x KMT) /1.29 Sheaffer
et al. (1995)e gobre yapilmistir. Kuru ot oranini
belirlemek icin ise her ay alinan bitki 6rnekleri acik
havada kurutulduktan sonra 70°C'ye ayarli kurutma
finninda kurutularak bulunmustur. Ornekler kurutma
firninda agirliklar sabitlesinceye kadar bekletilmis ve
tartilmistir. Kurutulan ot orneklerinin agirhgr yas ot
orneklerine oranlanip kuru ot oranlari tespit edilmistir.

Denemede elde edilen sonugclarin varyans analizleri
ve ortalamalarin Duncan coklu karsilastirma testi SPSS
paket programinda yapilmistir (SPSS 1991).

BULGULAR VE TARTISMA

Devekiran calisinin gelisme gosterdigi Nisan-Ekim
aylari arasindaki besin icerikleri Cizelge 3'de verilmistir.

pH (1:2.5") EC (dSm) Kireg (%) Organik Toplam Azot (%) Fosfor (ppm) Potasyum (%)
Madde (%)
8.07 1.41 8.71 0.17 0.008 29.39 0.20

Cizelge 3. Farkli gelisme dénemlerinde devekiran (Atraphaxis spinosa |.) calisinin besin maddesi icerikleri.
Table 3. Nutrient content of Goat's Wheat Manna(Atraphaxis spinosa ) during different periods of development.

HP NDF ADF ADL KMS SE ME KMT NYD KOO
Aylar (%) (%) (%) (%) (%) (Mcal kg™) (Mcal kg™) (%) (%)
Nisan 1279a 4441d 2713c 362b 67.75a 3.17a 2.60 a 271a 14232a 2733f
Mayis 937b 51.33c¢ 3803ab 935a  59.27 bc 2.80 bc 2.30 bc 234b 107.71b 3133e
Haziran 820bc 6228 b 44.45ab 1040a 54.27 bc 2.59 bc 2.12 bc 193 cd 81.15¢cd 6133 b
Temmuz 593d 6849a 47.13a 1446a 5218c 250c 205¢ 1.75d 7146d 70.66a
Agustos 820bc 59.69b 39.33ab 11.82a 5825bc 2.76 bc 2.26 bc 2.01c 90.75bc 69.66 a
Eyliil 8.13 bc 56.41bc 4127ab 1244a 56.74 bc 2.69 bc 2.21 bc 2.13 bc 9420 bc 58.66 b
Ekim 6.95cd 60.72b 3540bc 13.76a 61.32ab 2.89ab 2.37 ab 197 c 9383 bc 5033 c
Ort. 8.52 57.62 38.96 10.84 58.55 2.78 2.28 2.12  97.35 52.75
F Degerleri 15.67™ 17.74™ 3.82" 4.56" 3.82° 3.82" 3.82° 21.91" 16.68™  210.46™
CV Degeri 1120 5.60 14.84 27.26 7.69 6.95 6.90 547  9.95 4.00

** %1 ihtimal duzeyinde ¢ok dnemli, * %5 ihtimal diizeyinde 6nemlidir. Benzer harfli olanlar arasindaki fark dnemli degildir.
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Bitkinin gelisme donemlerine (aylara) gore HP,
NDF, KMT, NYD, KOO, ADF, ADL, KMS, SE ve ME
degerlerindeki degisim dnemli bulunmustur. Bitkinin
aktif olarak gelisim gosterdigi donem boyunca sahip
oldugu en dusik ve en yiksek HP orani %5.93 ve
12.79, NDF %51.33 ve 68.49, ADF %27.13 ve 47.13, ADL
%3.62 ve 14.46, KMS %52.18 ve 67.75, SE 2.50 ve 3.17
Mcal kg™', ME 2.05 ve 2.60 Mcal kg™', KMT %1.75 ve
2.71, NYD 71.46 ve 142.32 ve KOO %27.33 ve 70.66
olarak bulunmustur.

Farkli cali tirlerinin besin iceriginin belirlenmesi
amaciyla bircok calisma yiritilmastir.  Ornegin;
Parlak et al. (2011) tarafindan yuritllen bir cahismada
kermes mesesi (Quercus coccifera) galisinin yilin 12 ayi
stresince alinan 6rneklerinde HP icerigini 56.3-136.3 g
kg, NDF'yi 298.0-649.3 g kg, ADF'yi 224.9-523.7 g
kg™, ADL degerini 101.6-257.7 g kg, KMS oranini
%43.6-70.8 ve ME degerlerini ise 1.76-2.71 Mcal kg™
olarak belirlemislerdir.

Yurtseven (2011) Sakiz geveni (Astragalus
gummifera)'nin toprak Ustl organlarinin NYD, KMS ve
KMT degerlerini sirayla 56.03, %43.5 ve %1.66 olarak
belirlenmis ve bu degerlerin otsu tiirlere gore oldukga
yuksek oldugunu belirtmistir.

ilkbahar aylarinda devekiran calisinin HP, KMS, SE,
ME, KMT ve NYD icerikleri ylksek (sirasiyla %12.79,
%67.75, 3.17 Mcal kg, 2.60 Mcal kg', %2.71 ve
142.32), NDF, ADF, ADL ve KOO oranlar ise dislk
(sirasiyla %44.41, %27.13, %3.62 ve %27.33) olmustur.
Ancak olgunlasmayla birlikte arzu edilen kalite
ozellikleri azalmis, kaliteyi olumsuz etkileyen degerler
artmistir. Buna gore en ylksek HP (%12.79), KMS
(%67.75), SE (3.17 Mcal kg™"), ME (2.60 Mcal kg™"), KMT
(%2.71) ve NYD (142.32) oranlari Nisan ayinda, en
dustk HP (%5.93), KMS (%52.18), SE (2.50 Mcal kg™"),
ME (2.05 Mcal kg), KMT (%1.75) ve NYD (71.46)
degerleri ise Temmuz ayinda belirlenmistir (Cizelge 3).
Oysa NDF (%68.49), ADF (%47.13), ADL (%14.46) ve
KOO (%70.66) oranlar en yiiksek Temmuz ayinda, en
distik NDF (%44.41), ADF (%27.13), ADL (%3.62) ve
KOO (%27.33) oranlari ise Nisan ayinda belirlenmistir.
Genellikle ilk aylara gére Temmuz ve Ekim aylarinda
besin kaybi daha fazla gerceklesmistir. Temmuz ayinda
sicakhk degerlerinin diger aylara gore yiiksek olmasi,
en distk yagis miktarinin ve en disuk aylk ortalama
nispi nemin Temmuz ayinda gorilmesi nedeniyle bu
ayda bitki gelismesinin  zayifladigi ve bunun
sonucunda HP oraninda azalma oldugu
distntlmektedir.

Bitkilerin  olgunlasmasiyla  birlikte  yaslanan
hiicrelerde lifli bilesiklerin birikimi gen¢ hicrelere
oranla daha fazla bulunur (Lyons et al, 1999). Bitkiler

olgunlastikca NDF ve ADF gibi hiicre duvar bilesikleri
artmakta ve bitkilerde arzu edilen ham protein gibi
bilesikler ise azalmaktadir (Haddi et al.,, 2003; Akbag et
al., 2014; Parissi et al., 2005). Bitki gelismesinin ileri
donemlerinde sap orani artmakta, yaprak orani ise
azalmaktadir (Frost et al, 2008). Bitkinin diger
organlarina gore, saplar daha fazla sellloz
icermektedir (Buxton 1996; Claessens et al., 2005). Cali
bitkisi (kermes mesesi) lizerinde yapilan bir calismada,
bitkinin olgunlasmasiyla birlikte daha yiksek ADF ve
NDF, daha distik HP icerigine sahip oldugunu
belirlenmistir (Papachristou et al.,, 2005).

Otsu tirlerde oldugu gibi ¢ali ve agac tlrlerin de
gelisme doénemlerine bagl olarak yapraklarindaki
besin icerikleri degismektedir. Degisik ekolojik
sartlarda ylrGtilen pek ¢ok calismada odunsu (gali ve
agac) tlrlerin olgunlagmasiyla birlikte HP, KOO, ME
iceriklerinin azaldigi, NDF, ADF, ADL ve kil iceriklerinin
ise arttigi belirtilmistir (Papachristou and Papanastasis
1994; Atasoglu et al, 2010; Parlak et al, 2011; Tan ve
Temel 2012).

Bitkinin ilkbaharda biylimeye baslamasi ile birlikte
genc hticre sayisi artmakta ve gencg hicrelerin icerdigi
protein miktari diger bilesiklere gbre daha fazla
olmaktadir. (Kacar ve ark., 2006). Ancak sonbahar ve
yaz donemlerinde bitkilerin icerdigi HP icerigi
dismekte, lif ve kil icerigi ise artmaktadir (Mountousis
et al, 2008; Atasoglu et al, 2010). Yine bitkilerin
besleme degerini etkileyen en 6nemli unsurlardan
birisi de 6rnekleme zamanidir (Buxton et al, 1985;
Kamalak et al, 2005a,b). Genellikle bitkilerde gelisme
donemi ilerledikce kuru madde ve ham seliiloz
oraninin arttigi, buna karsilik ham proteinin azaldig
bildirilmistir (Akyilldiz  1986; Erglil 1988). Ayrica
bitkilerin olgunlasmasiyla sap/yaprak orani
yukselmekte (Frost et al., 2008) ve bunun sonucunda
NDF, ADF ve ADL bilesikleri artmakta, ham protein
bilesikleri ise azalmaktadir (Parissi et al., 2005).

Genellikle odunsu tirlerin HP icerigi daha disuk, lif
ve kil igerigi ise daha yiksektir. Yapilan calismalarda
protein iceriklerinin ilkbahar donemlerinde ylksek
oldugu, yaz dénemlerinde ise azaldigi belirlenmistir
(Gonzalez-Andres and Ceresuela 1998; Papachristou et
al, 2005). Cal ve agac tirlerinde ilkbahar blylime
doéneminde protein iceriginin yiksek oldugu, bitkinin
olgunlasmasiyla birlikte kuru madde verimi ve hiicre
duvari icerikleri artmakta ve buna paralel olarak besin
kaybi yasandigi tespit edilmistir (Papachristou et al.,
2005; Kamalak 2006). Bundan dolay bu tiirler 6zellikle
yaz donemlerinde daha yiksek lif ve kil, distik ham
protein igerigine sahiptirler (Atasoglu et al,, 2010).
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SONUC
Igdir ili Aralik ilcesinde riizgar erozyonun yogun
oldugu alanlarda yaygin olarak yetisen devekiran calisi

ile ylrutilen bu calhismada, olgunlasmanin
ilerlemesiyle birlikte bitkilerdeki istenen kalite
Ozelliklerinin  dustigl, arzu edilmeyen  besin

degerlerinin ise arttigi gérilmustir. Ozellikle biyime
baslangicina gére Temmuz ve Ekim aylarindaki arzu
edilen besin icerikleri daha disiik olmustur.

Sonu¢ olarak, devekiran calisinin  gelisme
gosterdigi donemlerde bu alanlardan faydalanan
hayvanlara iyi bir yem kaynadi olabilecegi
belirlenmistir. ilkbahar dénemlerinde ham protein
oraninin yiksek, NDF, ADF ve ADL miktarlarinin diistuk
olmasi nedeniyle, bu donemdeki otlatmalarin
hayvanlarin bu yemden yararlanmasi ylkseltecektir.
Ayrica ekstrem iklim ve toprak sartlarinin yasandigi
yerlerde otsu tlrlerin sarardidi, yeterli miktar ve
kalitede yem materyalinin temin edilemedigi ve
ortamda otlanacak yem materyalinin kalmadig
doénemlerde de hayvanlar icin bir yem kaynagi oldugu
ortaya konulmustur.
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landraces of dry beans grown over long time period are more resistant to low input growing
conditions its genetic and morphologic properties and quality is more acceptable by the
growers. From this perspective, 83 dry bean landraces were collected from different bean
growing areas of Western Anatolia Region of Turkey in 2015-2016. The dry bean landraces were
grown on the experimental farm of Abant Izzet Baysal University, Bolu during 2016 growing
season. A single plant from each dry bean landrace was selected according to morphological
characterization results and weighted scaling method, and twenty (8 climber and 12 bush types)
dry bean lines were accepted as promising. In the present study, yield and yield components of
12 dry bean lines and 2 commercial cultivars were compared in Bolu province under western
black sea ecological condition of Turkey. The experiment was arranged in a Randomized Block
Design with three replicates in 2017 growing season on the experimental farm of Abant Izzet
Baysal University. Emergence percentage (69.50-96.00%), days to flowering 50% (48.00-52.00
days), days to maturity (86.00-107.33 days), plant height (37.20-58.30 c¢m), height to first pod
(12.50-19.00 cm), number of branches per plant (6.25-8.25), number of pods per plant (16.96-

*Corresponding author 41.50 pods), seeds per pod (4.00-6.40 seeds), seed yield per plant (25.41-96.83 g plant™") and 100

yekenmehmetzahit@gmail.com seeds weight (29.82-55.35 g) were determined according to IPGRI and EU-CPVO criteria. As a
result, lines CNK-2, CNK-4, YLV-28, YLV-32 and BLCK-7 had superior with respect to yield and
yield components and hence selected advanced promising lines will be transferred to regional
yield trials required for the official procedures of cultivar registration.

Tiirkiye'deki Yerel Phaseolus vulgaris Populasyonlarini Kullanarak
Kuru Fasulye Cesitlerinin Islahi

Anahtar kelimeler:
Kuru fasulye, yerel popilasyon,
seleksiyon, islah

Ozet. Verim ve verim 6geleri diinya capinda baklagil islah programinin temel hedeflerinden
birisidir. Kuru fasulye islah programinda genetik cesitliligin etkin kullanimi ve arzu edilen tiplerin
secimi icin bu 6zelliklere ait bilgilere ihtiya¢ duyulmaktadir. Uzun yillardir yetistirilen yerel kuru
fasulye popdlasyonlari, dusik girdili yetistirme kosullarina genetik ve morfolojik 6zellikleri
sayesinde daha dayanikli ve yetistiriciler tarafindan kalitesi daha kabul edilebilir diizeydedir. Bu
amac dogrultusunda, Tlrkiye'nin Bati Anadolu Bolgesi‘'ndeki farkli fasulye yetistirme alanlarindan
83 yerel kuru fasulye popilasyonu 2015-2016 yillarinda toplanmis ve 2016 yili yetistirme
sezonunda Abant izzet Baysal Universitesi deneme alaninda yetistirilmistir. Tartil derecelendirme
ve morfolojik karakterizasyon sonuglarina goére her bir fasulye popilasyonundan tek bitki
secilmis ve 20 kuru fasulye hatti (8 sarilici ve 12 bodur) Gmitvar kabul edilmistir. Bu calismada, 12
yerel kuru fasulye hatti ile 2 ticari cesit verim ve verim 6geleri bakimindan Turkiye'nin Bati
Karadeniz Bolgesi Bolu ekolojik kosullarinda karsilastinimistir. Arastirma, Abant izzet Baysal
Universitesi deneme alaninda 2017 yilinda tesadiif bloklari deneme desenine gére (ic tekrarlamali
olarak yuratulmustir. Cimlenme orani (%69.50-96.00), %50 ciceklenme glin sayisi (48.00-52.00
glin), olgunlasma suresi (86.00-107.33 giin), bitki boyu (37.20-58.30 c¢cm), ilk bakla yiksekligi
(12.50-19.00 cm), bitkide dal sayisi (6.25-8.25 adet), bitkide bakla sayisi (16.96-41.50 bakla),
baklada tane sayisi (4.00-6.40 tane), bitki basina tohum verimi (25.41-96.83 g bitki") ve 100 tane
agirhdi (29.82-55.35 g) IPGRI ve EU-CPVO kriterlerine gore belirlenmistir. Sonug olarak, verim ve
verim 6geleri bakimindan CNK-2, CNK-4, YLV-28, YLV-32 ve BLCK-7 Ustlin Umitvar hatlar olarak
secilmis ve bu hatlarin cesit tescil icin boélge verim denemelerine aktarilmasina karar verilmistir.
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INTRODUCTION

Among edible legumes crops, dry bean (Phaseolus
vulgaris L., 2n=2x=22) is a self-pollinated crop species.
Beans are globally important crop and appeal both to
farmer and consumers. Nearly 50% of grain legumes
for direct human consumption in the most of
developing countries are dry beans (McClean et al,
2004). Beans are staple food for more than 200 million
people of sub-Saharan Africa (Schmutz et al,, 2014). It
is the most important crop after chickpea and lentil
among the grain legumes in Turkey. Annual bean
production exceeds 26 833 394 tonnes in worldwide
while production is yearly about 235 000 tonnes in
Turkey (FAO 2016). It is protein crop and phaseolin, a
seed storage protein, makes up the majority of total
seed protein in dry beans (Madakbas et al., 2014).

Phaseolus  wvulgaris L. was independently
domesticated in present day north Mexico and Andes
mountains to northwest Argentina around 8000 years
ago (Gepts and Debouck 1991; Mamidi et al, 2011;
Blair et al., 2012; Bitocchi et al, 2013). Mesoamerican
gene pool originated from Mexico to Columbia, while
Andean gene pool domesticated in from south Peru to
Nothwestern Argentina (De la Fuente et al, 2012).
Domestication of cultivated common at two
independent regions such as Mesoamerican and
Andean zones, endowed the crop relatively high
diversity (Gepts and Debouck 1991; Gepts 1998).
Beans are believed to have been brought together
with maize to Mediterranean coast by Portuguese and
Spanish traders in the 16™ and 17t century (Greenway
1945; Gentry 1969) and then introduced to Anatolia in
the 17th century (Bozoglu et al, 2011). Varying
geography, different climatic regions and natural
selection for organoleptic requirements over this
period created rich bean diversity of landraces in
Anatolia (Madakbas et al,, 2014).

Productivity, seed quality, seed mineral contents,
and resistance to biotic and abiotic stress and many
other traits are important plant traits for future bean
breeding in order to meet ever increasing global food
demand. In order to increase the efficiency of
selection, maximum use of natural genetic diversity is
one of the most critical and significant objectives of
crop improvement program.

Dry bean landraces, which have been cultivated in
different regions for many years, have various
characteristic traits as a result of spontaneous
mutations. Assessing these differences, identification
of dry bean germplasm containing high yield and yield
components is crucial for dry bean breeding. Earlier
work by Ciftci et al. (2009) selected common bean

genotypes of early maturity, high yield potential and
salt resistance from landraces from Van-Gevas. 23
genotypes were selected by weighed ranking method
on the basis of selection criteria among 75 genotypes
on the bases of phenological and morphological
properties as days to maturity, seed yield per plant,
pod lengths, 1000 seeds weight of selected types were
found as 103-140 days, 119.28-9.59 g plant’, 11.04-
23.10 cm and 278.29-681.89 g, respectively. In another
study, a collection of 418 bean landraces collected
North East Anatolia and Coruh Valley were evaluated
in characterization and selection work in Erzurum in
2008, 2009 and 2010 selecting high yielding dry bean
landraces for the field conditions. On the bases of
germination days, days to flowering, plant height,
number of branch per plant, number of pods per plant,
height to first pod, seeds per pod, days to maturity,
1000 seeds weight of genotypes were detected as 13-
16 days, 38-92 days, 37-118 cm, 1.0-5.6 pieces, 1.2-
27.0 pods plant™, 6.4-15.0 cm, 1.0-6.2 seeds, 113-120
days, 219.0-1003.4 g in 2008, respectively (Kantar et
al, 2010). As part of another study, Ciftci et al. (2012)
collected and evaluated 414 bean genotypes from the
South of Eastern Anatolia provinces selecting a total of
4 landraces for dry consumption and 38 for fresh
consumption. On the basis of emergence percentage,
days to flowering, days to first pod, days to maturity,
pod height were determined as 10-100%, 49-67 days,
55-98 days, 78-161 days, 8.38-24.61 cm.

Dry beans production is a household activity in all
regions and there are many dry bean landraces unique
to each region in Turkey. The effective use of the local
gene resources is very important for breeding studies.
The aim of this work was to select advanced dry bean
(Phaesolus vulgaris L.) lines. Selected dry bean lines will
be transferred to advance yield experiments for
registration and production permit according to
national rules.

MATERIALS AND METHODS

Plant Materials

Eighty-three dry bean landraces were collected
from farmers’ fields of different provinces (Dulzce,
Kocaeli, Yalova, Bilecik, Bursa, Balikesir, Canakkale) of
Turkey from October 2015 to March 2016.
Morphological and agronomic characterization of
these 83 dry bean landraces were performed
according to the cultivar evaluation criteria developed
by IPGRI (International Plant Genetic Resources
Institute) and EU-CPVO (European Union Community
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Plant Variety Office) on the experimental farm of
Abant Izzet Baysal University, Bolu during 2016
growing season. A single plant from each dry bean
landrace was selected according to morphological
characterization results and weighted scaling method.

Twenty (8 climber and 12 bush types) dry bean lines
were regarded as promising.

Twelve promising lines (YLV-28,32, BLKSR-3,4, BRS-
3,21,22, BLCK-7 and CNK-2,4,6,8) (Figure 1 and 2) with
two commercial cultivars (Onceler-98 and Goyniik-98)
were compared in this experiment (Table 1).

Table 1. Passport data of dry bean landraces collected from Northwestern Turkey.
Cizelge 1. Tiirkiye'nin kuzey batisindan toplanilan kuru fasulye popiilasyonlarinin pasaport bilgileri.

L;r::l;:c;s I’; ann.;:asc:: Collstz::on District Village Alt(::;de Coordinates

1 YLV-28 Yalova Merkez Kurtkoy 362 40°33'12.70"N/29°12'52.17"E
2 YLV-32 Yalova Merkez Sugoren 428 40°33'38.32"N/29°19'34.07"E
3 BLKSR-3 Balikesir Manyas Salur Mh. 29 40° 5'58.61"N/27°56'16.65"E
4 BLKSR-4 Balikesir Manyas Akgaova Mh. 30 40° 7'16.68"N/27°51'15.26"E
5 BRS-3 Bursa Yenisehir Osmaniye 377 40°10'18.45"N/29°37'15.12"E
6 BRS-21 Bursa Kestel Kozluéren 496 40° 7'39.19"N/ 29°21'9.43"E

7 BRS-22 Bursa Kestel Aksu 360 40°10'2.02"N/ 29°18'58.01"E
8 BLCK-7 Bilecik Pazaryeri Derekoy 813 39°59'12.52"N/ 29°51'7.17"E

9 CNK-2 Canakkale Yenice Cinarcik 320 39°57'6.22"N/ 27°10'54.75"E
10 CNK-4 Canakkale Biga Asagidemirci 58 40°14'38.70"N/ 27°22'17.65"E
11 CNK-6 Canakkale Biga Gerlengeg 25 40°17'26.36"N/ 27°25'14.56"E
12 CNK-8 Canakkale Bayramic Besik 306 39°44'15.48"N/ 26°41'34.82"E
13 Goynuk 98 Registered Cultivar

14 Onceler 98 Registered Cultivar

Map of dry bean lines
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Figure 1. Map of North West of Turkey from which dry bean landraces were collected. Provinces where landraces were

collected were marked in red.

Sekil 1. Turkiye'nin kuzey batisindan toplanilan kuru fasulye populasyonlarinin haritast. Fasulye popiilasyonlarinin toplandigi

iller kirmizu ile isaretlenmistir.
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BLCK-7

Figure 2. Seeds of dry bean (Phaseolus vulgaris L) lines used in the study.
Sekil 2. Calismada kullanian yerel kuru fasulye (Phaseolus vulgaris L.) hatlarinin tohumlart.

Climate Conditions

The altitude of the experimental site from sea level
is approximately 754 m and located at 31°37' E and
40°44' N. The growth period in 2017 after sowing had
relatively higher rainfall in comparison to the long
term average of last sixteen years’ average (Table 2).
Average temperature in growing period was similar to
long term climate data. However, Table 2 reveals that
total precipitation in July 2017 (1.6 kg m) was lower
than that of the long term average (304 kg m=).
Consequently, the year 2017 was an exceptionally
drier year.

Crop Sowing and Experimental Design

The experiment was arranged in randomized block
design with three replicates in 2017 growing season
on the experimental farm of Abant Izzet Baysal
University, Bolu, Turkey. The bean lines were sown on
15t of May 2017 in the plots consisting two rows of 4
m long with row spacing of 45 ¢cm and intra row
spacing of 10 cm. A fertiliser rate of 4 kg of nitrogen

and 6 kg of phosphorous were given at the time of
sowing in the form of ammonium sulphate and triple
super phosphate. Standard agricultural practices were
applied equally in all the plots.

Yield and Yield Components

Dry bean lines were evaluated according to IPGRI
and EU-CPVO on five plants from each plot.
Emergence percentage (EP), days to flowering 50%
(DF), days to maturity (DM), plant height (PH), height
to first pod (HFP), number of branches per plant (BN),
number of pods per plant (P/P), seeds per pod (SPP),
seed yield per plant (SY) and 100 seeds weight (SW)
were recorded on plots (Anonymous 2009).

Statistical Analysis

The data were analyzed using Analysis System
computer software (SAS Version 9.0). Means values
were separated according to Least Significant
Difference (LSD) test at p=0.05.

Table 2. Monthly total precipitation, temperature and relative humidity in 2017 and long term average (2000-2016).
Cizelge 2. 2017 yili ve uzun yular ortalamast (2000-2016) aylik toplam yadts, stcaklik ve nisbi nem.

2017 May June July August September
Average Temperature °C 12.8 17.4 20.6 20.0 17.5
Total Precipitation kg m-2 64.8 1.6 39.6 4.4
Average Relative Humidity % 74.7 73.3 65.8 70.1 65.3
2000-2016 May June July August September
Total Precipitation kg m- 58.7 521 304 244 27.3
Average Temperature °C 17.5 19.9 19.7 16.1
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RESULTS AND DISCUSSION

Emergence Percentage

Significant differences were found among bean
lines in terms of emergence percentage (EP) (p<0.05)
(Table 3). The average EP was observed as 81.68% of
bean lines. The highest EP was seen in BLKSR-4 (96%)
and followed by CNK-4 (89%), the lowest EP was
determined in BRS-22 (69.5%). EP of commercial
cultivars (Onceler-98 and Goéyniik-98) was found as
85% and 70%, respectively. While EP of Onceler-98
was observed as lower than 3 lines (CNK-4,8 and
BLKSR-4), Goyniik-98 was only seen to be higher than
BRS-22. In previous studies, variations in bean
genotypes can be seen in terms of the cardinal
temperature requirement for germination and
emergence. Genotypes with a low cardinal
temperature requirement emerged in a shorter time
(Wagenvoort and Bierhuizen 1977; Kantar and Elkoca
2001). It was reported that no germination was seen
under 10°C and above 35°C and under extreme
conditions (Demir and Yanmaz 1994; Sehirali 2002;
Balkaya 2004; Kurtar et al, 2004). The average
temperature was recorded as 12.8°C in May of 2017
and affected positively to germination.

Days to flowering (50%)

Days to flowering 50% (DF) recorded in the field of
the lines investigated were regarded as early, medium
and late flowering, 45, 50 and >50 days, respectively
(Balkaya and Yanmaz 2003; Madakbas et al., 2009;
2010; Dizdemir and Ece 2010; Madakbas and Ergin
2011). No significant variations were recorded among
the lines in DF (Table 3). With regard to DF, Goynuk-
98, YLV-32 and BRS-22 were determined as late
flowering, and the rest of the lines (CNK-2,4,6,8; BLCK-
7: YLV-28; BLKSR-3,4; BRS-3,21) were observed as
medium flowering (Table 3). CNK-8, BRS-21 and
BLKSR-3 were detected as the early lines with 48 days.
These values are within the range reported by early
works done with lines (Cift¢i 2009; Kantar 2010; Fivawo
and Msolla 2011; Madakbas and Ergin 2011; Sofi et al.,
2011; Aydogan 2017).

Days to Maturity

Significant differences were observed among bean
lines in terms of days to maturtiy (DM) (p<0.05). The
average DM for all lines recorded was 97.95 days with
the highest DM being in YLV-32 (107.33 days) and the
lowest being in CNK-8 (86 days) followed by BRS-21,
BLKSR-3 (Table 3). DM of ten lines (CNK-2,4,6,8; BRS-
3,21,22; BLKSR-3,4; YLV-28) were earlier than
commercial cultivars (Onceler-98 and Goyniik-98).

A study reported that days to flowering and maturity
can be influenced by environmental factors such as
temperature and photoperiod (Rana et al. 2015).
Bozoglu and S6zen (2007) and Guines (2011) reported
DM values of 73-170, 99-135 days for lines. DM values
recorded in our experiment are within the range of
early works done (Cift¢i 2009; Kantar 2010; Fivawo and
Msolla 2011; Sofi et al, 2011; Aydogan 2017; Yeken
2017).

Plant Height

High variability was recorded for plant height (PH)
ranging from 37.20 to 58.30 cm amongst bean lines
(p<0.05). PH was the highest (58.30 cm) for Géyniik
and the shortest (37.20 cm) for CNK-8 with an average
value of 49.23 cm (Table 3). PH values of lines varied
with environmental conditions (Bozoglu 1995; Peksen
2005; Ulker 2008). Although PH in bean has high
heritability degree (84.6-90.0%) (Ciftci and Sehirali,
1984). In other studies, significant variations were
recorded for PH (Bozoglu and S6zen 2007; Ceyhan et
al., 2009; Cift¢i 2009; Kantar 2010; Fivawo and Msolla
2011; Sofi et al., 2011; Yeken 2017).

Height to First Pod

Height to first pod (HFP) is one of the most
important parameters for the mechanical harvesting.
The varieties, which have high HFP), can be harvested
by machine (Elkoca and Cinar 2015). It was seen that
HFP had significant differences among bean lines in
Table 3 (p<0.05). While the highest HFP was recorded
in CNK-2 (19.0 cm), the lowest was determined in YLV-
28, 32 (12.5 cm), and the average HFP was being 15.39
cm. With regard to HFP, eight lines (CNK-2,4,8; BRS-
3,21,22; BLKSR-4; BLCK-7) were detected as higher
than commercial cultivars. In previous studies, it is
reported that HFP showed high significant variation
ranging from 6.9 cm to 29.3 cm amongst bean lines
(Bozoglu 1995; Anlarsal et al, 2000; Dizdemir ve
Akdag 2001; Peksen 2005; Elkoca and Cinar 2015).

Number of Branches Per Plant

The statistical analysis of data on number of
branches per plant (BN) showed remarkable
differences (p<0.05) among bean lines (Table 3). The
mean BN was 7.51 pieces, and it ranged from 6.25
pieces for BRS-21 to 8.25 pieces for CNK-2. Ozcelik
and Gulimser (1988) found the BN as 7.4-9.0 in their
study, which investigated on vyield and yield
components of 10 common bean genotypes in
Samsun ecological conditions of Turkey. Another

study reported that
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yield, yield components and technological
characteristics of some dry beans genotypes were
determined in Ordu ecological conditions, and BN was
in the range of 3.03-5.33 33 (Ozbekmez 2015). Other
researchers reported that there are significant
differences between years in terms of BN as a
consequence of climatic differences (Karakus et al.,
2005; Peksen 2005; Elkoca and Cinar 2015).

Number of Pods Per Plant

There were statistically (p<0.05) significant
differences among bean lines terms of number of
pods per plant (P/P) with, the values ranging between
16.96 and 41.50 pods plant’ and the highest being
BLCK-7 and lowest being BRS-21 (Table 3). The
average P/P was 25.13 pods/plants. With regard to
P/P, seven lines (CNK-2,4; BRS-3; BLKSR-4; BLCK-7;
YLV-28,32) were higher than commercial cultivars. P/P
was reported as 4.5-25.0 pods plant™” by Pesken and
Gulumser (2005) and 17.9-58.0 pods plant™ by Yildiz
(2015). Tikka and Kumars (1976) reported that P/P is
one of the most important factors which directly affect
yield. Another study noted that increasing P/P and SPP
can increase plant yield (Yilmaz et al, 2014). Many
previous studies indicated that direct effect of P/P on
seed yield was positive and significant (Rodrigo et al.,

Seeds Per Pod

Table 3 indicates that seeds per pod (SPP) varied
significantly (p<0.05) among bean lines. Mean, lowest
and highest values of bean lines were 4.71, 4.00, and
6.40 seeds, respectively. Three lines (BRS-21,22;
BLKSR-3) were higher than commercial cultivars in
terms of SPP (Table 3). SPP of 4274 common bean
accessions in the Indian hill region were observed
between 4-8 seeds by Rana et al. (2015). Furthermore,
some researchers reported that SPP varied between
2.10-9.60 seeds depends on ecological conditions
(Bursa, Erzurum, Samsun, Konya, Yozgat, Ordu and
Van-Gevas) and genetic diversity (Azkan and Ydrir
1987; Elkoca and Kantar 2004; Peksen 2005; Ulker and
Ceyhan 2008; Cift¢i 2009; Fivawo and Msolla 2011;
Nechifor et al., 2011; Sofi et al, 2011; Varankaya 2011;
Ozbekmez, 2015; Aydogan 2017).

Seed Yield Per Plant

Seed yield per plant (SY) is the most important
traits for crop plants. Statistically significant
differences (p<0.05) were observed of beans lines in
this study. The average SY was 49.50 g plant™ (Table
3) with the lowest SY being in CNK-8 (25.41 g plant™),
and the highest value BLCK-7 (96.83 g plant™)
followed by YLV-32. BLCK-7, YLV-28,32, CNK-2,4,6,

1972; Sehirali 1980; Dhiman 1996; Pooran-Chand
1999; Amini et al, 2002). P/P in our study was in the
range reported by previous studies (Cift¢i 2009; Yildiz
2015; Aydogan 2017).

BRS-3 and BLKSR-4 had the highest SY of the lines,
being higher

Table 3. Plant Growth Data of dry bean lines in comparison with commercial cultivars and LSD groups.
Cizelge 3. Yerel kuru fasulye hatlarinin bitki biiyiime verilerinin ticari cesitlerle karsilastiriimast ve LSD gruplart.

EP DF DM PH HFP BN P/P SPP sy 100 SW
BLCK-7 78.50 bcd 50.00 103.03 bc 55.24 ab 15.50 b-e 8.00 ab 4150 a 440 de 96.83 a 54.53 a
BLKSR-3 85.00 abc  48.00 86.67 f 52.50 bc 14.00 ef 7.60 ab 18.25 de 640 a 35.17 def 32.01 gh
BLKSR-4 96.00 a 49.00 98.63 de  47.00 de 15.00 c-f 6.50 cd 25.65 cd 470 cd  47.37 cde 4235 bc
BRS-3 80.50 bcd  49.00 98.53 de  49.90 cd 18.00 ab 8.00 ab 29.99 bc 4.20 ef 48.80 cd 36.91 def
BRS-21 79.50 bcd  48.00 86.47 f 4460 e 17.00 a-d 6.25 d 16.96 e 5.50 b 35.31 def 36.47 ef
BRS-22 69.50 d 51.00 98.53 de  43.80 e 14.50 def 7.00 bcd 19.53 de 490 c 38.13 def 40.84 cd
CNK-2 81.50 a-d  49.00 97.03 e 52.70 bc 19.00 a 8.25 a 29.29 ¢ 470 cd 58.09 c 45.16 b
CNK-4 89.00 ab 49.00 96.27 e 48.60 cde 17.50 abc 8.20 a 25.22 cd 4.20 ef 55.06 c 51.29 a
CNK-6 83.00 a-d  50.00 9733 e 52.50 bc 14.00 ef 7.50 abc 22.17 cde 460 cd 4040 de 39.24 cde
CNK-8 87.50 abc  48.00 86.00 f 37.20 f 17.00 a-d 7.83 ab 18.89 de 4.60 cd 2541 f 29.82 h
YLV-28 85.00 abc  49.00 98.53 de 43.80 e 12.50 f 7.85 ab 24.40 cde 470 cd 5794 c 52.57 a
YLV-32 73.5. cd 52.00 107.33 a 55.13 ab 12.50 f 7.00 bcd 38.00 ab 4.00 f 80.54 b 55.35 a
Goynuik-98 70.00 d 52.00 106.00 ab 5830 a 14.50 def 7.25 a-d 18.83 de 4.10 ef 34.38 ef 4551 b
Onceler-98 85.00 abc  49.00 101.57 cd 47.90 cde 14.50 def 7.87 ab 23.19 cde 4.88 ¢ 39.55 de 34.49 fg
Average 81.68 49.50 97.95 49.23 15.39 7.51 25.13 4.71 49.50 42.61
F value 2.06* 0.90 22.78* 11.41* 4.02* 2.81* 6.94* 24.09* 16.84* 33.93*
CV % 10.82 4.96 2.52 5.92 11.28 8.58 19.35 4.68 16.58 5.87
LSD (0.05) 14.83 4.11 4.89 2.91 1.08 8.16 0.37 13.77 4.20

*' P < 0.05, EP: Emergence percentage, DF: Days to flowering 50%, DM: Days to maturity, PH: Plant height, HFP: height to first pod, BN: Number of branches per
plant, P/P: Number of pods per plant, SPP: Seeds per pod, SY: Seed yield per plant and SW: 100 seeds weight.
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than commercial cultivars (Table 3). Eberhart and
Russell (1966) reported that an ideal variety combines
high yield with stability of performance. Researchers
reported that among various traits, seed traits were
the most crucial in common bean varieties (Park et al.,
2000; Bisht et al.,, 2014; Rana et al., 2014; 2015). Seed
traits were greatly heritable (Singh et al., 2007; Blair et
al. 2010). According to Ciftci et al. (2009), SY of
selected types were detected to vary between 9.59-
119.28 g plant’ at Van-Gevas in 2008. Similar
observations on SY were determined in other studies
(Sézen 2012; Ozkorkmaz Atici 2013).

100 seeds weight

100 seeds weight (SW) significantly varied (p<0.01)
among bean lines ranging from 29.82 to 55.35 g (Table
3). The average SW was 42.61 g. With regard to SW,
four lines (YLV-28,32; BLCK-7; CNK-4) were higher
than commercial cultivars. Several researchers
reported that seed weight was associated positively
with various other yield traits in bean germplasm (Blair
et al, 2006; Rai et al., 2006; Dursun 2007; Apostolova
et al, 2009; Bhushan et al,, 2009; Kumar et al.,, 2009;
Karasu and Oz 2011; Sofi et al, 2011; Ahmed and
Kamaluddin 2013; Sofi et al., 2014). The other studies
noted that SW ranged between 3.5-96.3 g and 42.2-
60.3 g in the genotypes by Rana et al, (2005) and
Aydogan (2017). Roy et al. (2006), Fivawo and Msolla
(2011), Nechifor et al. (2011), Sofi et al. (2011), Ahmad
and Kalamuddin (2013) and Ali et al. (2016) reported
also same range values for 100 seeds weight.

CONCLUSIONS

Dry bean lines were compared with commercial
cultivars according to IPGRI and EU-CPVO in the study
in terms of emergence percentage, days to flowering
50%, days to maturity, plant height, height to first pod,
number of branches per plant, number of pods per
plant, seeds per pod, seed yield per plant and 100
seeds weight. Among the commercial cultivars and
lines investigated, BLCK-7 and YLV-32 were
statistically significantly superior in terms of seed yield
per plant (96.83 g plant” and 80.54 g plant”) and
number of pods per plant (41.5 pods plant™ and 38
pods plant™). Among lines investigated in the
experiment, BRS-21, BLKSR-3 and CNK-8 were of early
maturation period. However, these lines were lower
than other lines in terms of seed yield per plant (35.31,
35.17 and 25.41 g plant™) and number of pods per
plant (16.96, 18.25 and 18.89 pods plant). On the
other hand, CNK-2, CNK-4 and YLV-28 were higher
than commercial cultivars (Onceler-98 and Géyniik-
98) and other lines (CNK-6,8; BRS-21,22; BLKSR-3) in

terms of seed yield per plant (58.09, 55.06 and 57.94 g
plant™”) and number of pods per plant (29.29, 25.22
and 24.40 pods plant™). In conclusion, lines of CNK-2,
CNK-4, YLV-28, YLV-32 and BLCK-7 had superior yield
and yield components for variety registration and
commercialization.
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Abstract. Digitalis lanata, due to the presence of cardenolides in the leaves, is widely used in
drug industry for the treatments of congestive heart diesases. In this present study, natural
populations of D. lanata in Thrace region were collected. Thereafter, cardiac glycoside analysis
of D. lanata subsp. lanata grown in natural habitats and micropropagation from shoot tips were
established as a model work for a consistent and a sustainable plant production. Of the
cardenolides, Lan A (ranging between 24.8 and 300.4 mg 100 g™") and Lan C (42.1 and 258 mg
100 g were predominantly found in the samples as compared to lanatoside B, digoxin and
digitoxin. After seed germination, shoot-tip cultivation was achieved after a subsequent shoot
and root formation on MS medium. Indole-3-acetic acid (IAA) and indole-3-butyric acid (IBA)
depending on their concentrations were found to be effective in shoot and root formation
accordingly. Maximum two shoots from shoot tips were produced after 8 weeks of cultivation,
and at the end of 12" weeks of cultivation each shoots produced an average number of 6.4 roots
in 8.1 cm length. Acclimatization was also achieved successfully with a maximum survival rate
(95 %) for 4 weeks. This study is the first report on cardenolide profiling of Thracian D. lanata at
different locations, and shoot tip cultivation of the population selected under in vitro conditions.

Trakya’da Dogal Yayilis Gosteren Digitalis lanata Ehrh. subsp. lanata’nin (yiinlii
yiiksiikotu) Siirgiin-Ucu Kiiltiirii ve Kardenolit iceriginin Belirlenmesi

Anahtar kelimeler:

Digitalis
Klonal ¢cog

lanata, Yiunlu yiksikotu,
altim, Kardenolitler, Trakya

Ozet. Yapraklarindaki kardenolit igerigi nedeniyle Digitalis lanata, ilag endUstrisinde konjestif
kalp hastaliginin tedavisinde yaygin olarak kullaniimaktadir. Bu calismada, Trakya boélgesinde
yayilis gosteren D. lanata'nin dogal populasyonlari toplanmistir. Toplanan drneklerde cardenolit
analizi ardindan siirglin uglarindan mikrogogaltim yéntemiyle, strddrdlebilir bir bitki Gretimi igin
model olabilecek bir protokol olusturulmustur. incelenen kardenolitler arasindan, lanatosit B,
digoksin ve digitoksin ile karsilastirildiginda, numunelerde agirlikh olarak Lan A (24.8 ve 300.4
mg 100 g™ arasinda degisen) ve Lan C (42.1 ve 258 mg 100 g™") bulundugu tespit edilmistir.
Aseptik kosullarda ¢imlendirme islemi ardindan, stirglin-ucu kilttrt, MS ortaminda slirgiin ve
kék olusumu ardindan basariyla tamamlanmustir. indol-3-asetik asit (IAA) ve indol-3-biitirik asit
(IBA) konsantrasyonlarina bagh olarak, siirgin ve kok olusumunda etkili oldugu gorilmustir.
Surglin uglarindan en fazla iki strgiin, 8 haftalik kiltir sonunda uretilmis olup, 12. haftanin
sonunda her siirgiiniin ortalama 8.1 cm uzunlugunda ortalama 6.4 kok Urettigi tespit edilmistir.
iklimlendirme asamasi ise 4 haftalik bir maksimum sag kalma orani (% 95) ile basariyla
gergeklestirilmistir. Bu calisma ilk defa Trakya'da yayilis gosteren ytnli yiksikotunun kardenolit
iceriginin belirlenmesi ve seqili popilasyonlardan stirgin-ucu kultirinin in vitro kosullarda
gergeklestiriimesini rapor etmektedir.
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INTRODUCTION

Digitalis lanata Ehrh. subsp. lanata (wooly
foxglove) is highly toxic to the mammals due to the
presence of cardenolides in leaves. However,
cardenolides are of great importance for the cardiac
diseases, and D. lanata provides almost all commonly
known major cardenolides used in drug industry,
especially digoxin which has been sold in drugstores
for the therapy of congestive heart diseases. In
addition, cardenolides have been exploited to cure
such cancer lines including prostate and breast cancer
chemotherapies in last decades (Newman et al., 2008).
Digitalis lanata is mostly found in Balkan Peninsula,
and distributed mainly in Thrace region having 25 %
of Turkish floral richness (Asan and Yargici 1993). Since
it is a biennial plant, micropropagation from shoot-
tips might be available for the domestication of the
selected population depending on cardenolide
content in leaves. In literature, there are plenty of
tissue culture protocols developed for almost all
species of the genus Digitalis L. (Clemente et al, 2011;
Verma et al, 2017). Due to the economic importance
of D. lanata, different tissue culture studies including
suspension, callus and shoot-tip cultures have been
exploited largely in last three decades (Kreis 2017). In
this study, after subsequent field excursions in Thrace,
different locations of D. lanata subsp. lanata were
determined, and cardenolide contents in leaves were
determined by HPLC analysis accordingly. This study
also reports for the first time, fluctuations of
cardenolide spectra in leaf samples of wooly foxgloves
grown naturally at six different locations. In this
respect, for a sustainable and true-to-type plant
production, a simple and efficient regeneration system
from shoot tips of the seedlings germinated in vitro
was established from selected D. lanata population. In
order to achieve this, we aimed at shortening the
cultivation process testing different auxins at different
concentrations for one-step cultivation without an
additional rooting stage in vitro.

MATERIALS AND METHODS

Sample Collection
Plant materials (leaves and seeds) were collected in
July 2013 in following locations (L1 to L6) in Thrace: L1

(N40°10.11", E036°22.26', 24 m, Eker 3455), L2
(N40°18.87', E026°34.24', 26 m, Eker 3457), L3
(N41°51.89", E027°18.89', 493 m, Eker 3460), L4
(N41°55.63", E027°22.65', 441 m, Eker 3462), L5

(N41°55.55', E027°23.63', 465 m, Eker 3463), and L6
(N40°51.38', E027°27.35', 117 m, Eker 3473). Botanical
descriptions were made according to Davis (1978) and

Eker et al, (2016), and the voucher specimens (from
Eker 3455 to 3472) were stored in Herbarium of Abant
izzet Baysal Universitesi (AIBU).

Chemical Disinfection and Germination of The
Seeds

In this experiment, seeds were added into 100 mL
20 % (v/v) Domestos® [5 % (w/v) sodium hypochlorite]
in a 500 mL beaker, and stirred at 400 rpm on a
magnetic stirrer for 10 min. After rinsing the seeds at
least 5 times, they immediately were inoculated in
plastic disposable Petri plates containing 25 mL of MS
medium (Murashige and Skoog 1962) containing 30 g
L sucrose and 8 g L' Plant agar at pH 5.7 prior to
autoclaving at 121 °C for 15 min. The frequency of
seed germination was scored every 3 days intervals for
a period of three weeks in a plant growth chamber
under full darkness or a 16 light photoperiod provided
by cool-white fluorescent light (Philips Master, Poland)
with irradiance of 27 umol photons m2 s, and at 70
% relative humidity. Additionally, establishment of
seed germination was carried out using MS medium
for 6 weeks under darkness in plant growth chamber.
When cotyledonary leaves appeared, frequency of
seed germination was scored in germination
experiments.

Shoot Formation, Rooting and Acclimatization

For the establishment of in vitro shoot formation,

shoot tips (0.5 cm) as explant source were excised
from 3 weeks-old in vitro germinated seedlings. The
explants were cultured on MS medium (described
above) containing indole-3-acetic acid (IAA), indole-3-
butyric acid (IBA) or napthylene acetic acid (NAA) at
various concentrations (0.25, 0.50, 1.0 or 20 mg L") in
jars (volume size 330 mL with transparent lids). The
mean number of shoots and the percentage (%) of
shoots developing roots were recorded after 8- and 12
weeks of culture initiation, respectively.
Following the root formation, all vitro-plants were
washed under tap water to clean the agar residues.
Afterwards, they were subsequently transferred to
plastic pots filled with autoclaved commercial
compost containing a mixture of soil, manure, and
sand at a 1:2:1 (w/w/w) ratio for 4 weeks. All the potted
plantlets were covered with transparent lid to maintain
high humidity for one week, and then all were moved
to the greenhouse at 25 °C with a low relative humidity
(20-35%).

To achieve shoot formation, five explants per Petri
plates were sustained in their respective treatments
with three replicates. For root formation, two shoots
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per jar in 10 replicates were used. All regeneration
experiments were carried out in a growth room as
mentioned above, and the chemicals used in tissue
culture studies were purchased from Duchefa
Biochemie, the Netherlands.

Cardenolide Extraction and HPLC Analysis

Cardenolide extraction was established using heat-
dried (40 °C) leaves collected from natural populations
in different locations of Thrace. After powdering the
leaves with mortar and pestle, 50 mg of powdered leaf
material was added to 1 mL of 70 % (v/v) methanol in
a 2 mL micro-centrifuge tube. After ultrasonication for
30 min at 55 °C, the extracts were cooled on ice for 2
min, and then centrifuged at 25°C for 10 min at
11,300xg (12,000 rpm). Afterwards, the supernatant
was added to 250 pL of 15 % (w/v) lead acetate. After
centrifugation, monosodium phosphate [500 pL of 4
% (w/v)] was mixed with the methanolic supernatant
prior to centrifugation. The mixture was added to
another micro-centrifuge tube (2 mL in size), and it
was diluted using water to a final volume of 2 mL.
Mixture was then rapidly vortexed for 30 sec. Finaly,
the supernatant phase was separated equally into two
micro-centrifuges tubes (2 mL), each containing a
mixture of 500 pL chloroform:isopropanol (3:2 [v/v]).
After a quick vortexing, the mixture was centrifuged at
for 10 min. As a final product in micro-centrifuge tube,
two phases were appeared. Of these, the lower one
was added into a new micro-centrifuge tube. The
remaining  solution was transfered into a
chloroform:isopropanol  mixture to repeat the
extraction for the recovery. Consequently, both
extracts were combined, and dried in vacuo for 1 h.
Finally, each sample was dissolved in 1 mL methanol.

Thin-layer chromatography (TLC) for the qualitative
analysis, was employed according to the protocols
described by Ylcesan et al (2016) using TLC plates
(10x20 cm silica gel 60 W, Merck, Darmstadt,
Germany) with 30 pL extract. The development of TLC
was done using a mobile phase mixture containing
chloroform/methanol/water (80:18:2). In order to
detect cardenolides, Jensen—Kny's reagent (Jork et al,
1990) was sprayed on TLC plates. After heating the
plates at 120°C for 5-10 min, cardenolides were visible
with yellow, turquoise and blue bands referring to the
respective derivatives of cardenolides.

HPLC analysis was employed using a similar
protocol described by Yiicesan et al. (2016). The flow
rate of the system was 0.8 mL min“" with a binary pump
(LPG 3400SD Thermo, Germany), operating at 220 nm
(MWD-3100 UV-VIS Detector, Thermo, Germany), and
an autosampler (WPS-3000-SL, Thermo, Germany)

with 10 pl injection volume. For the column
preference, C18 column (Thermo, 150 x 4.6 mm) with
3 pm particle size was used, and it was maintained at
30°C in a column oven (TCC-3000SD, Thermo,
Germany). Cardenolides were eluted in a gradient flow
with acetonitrile (ACN) and water (80% ACN from 0-
10 min and 50% ACN from 11-30 min). Cardenolides
were identified using pure standards of lanatoside C,
digoxin, and digitoxin (Sigma-Aldrich Chemie,
Germany), lanatosides A and B were provided from
Friedrich-Alexander University, Germany.

Data Analysis

All data were analyzed statistically using SPSS,
Version 17.0 (SPSS Inc, Chicago, IL). Analysis of
variance (One way-ANOVA) was performed to
calculate statistical significance, and means + standard
error (SE) differing significantly were compared using
Duncan's multiple range test at 0.05 level. HPLC data
were expressed as percentage + standard deviation
(SD).

RESULTS

Cardenolide determination

Cardiac glycoside content of D. lanata subsp.
lanata was determined in the leaf samples collected
from natural habitats in Thrace (Figure 1).

Figure 1. Plant materials (leaves and seeds) were collected in July
2013 in following locations (L1 to L6) in Thrace: L1
(N40°10.11", E036°22.26', 24 m, Eker 3455), L2 (N40°18.87',
E026°34.24', 26 m, Eker 3457), L3 (N41°51.89', E027°18.89',
493 m, Eker 3460), L4 (N41°55.63', E027°22.65', 441 m,
Eker 3462), L5 (N41°55.55', E027°23.63', 465 m, Eker 3462),
and L6 (N40°51.38', E027°27.35', 117 m, Eker 3473).

Sekil 1. Bitki materyallerinin (yapraklar ve tohumlarin) toplandigt

2013 yili Temmuz aywina iliskin Trakya'daki lokasyon

bilgileri (L1'den L6'ya): LT (N40°10.11', E036°22.26', 24 m,

Eker 3455), L2 (N40°18.87', E026°34.24', 26 m, Eker 3457),

L3 (N41°51.89, E027°18.89, 493 m, Eker 3460), L4

(N41°55.63, E027°22.65', 441 m, Eker 3462), L5

(N41°55.55', E027°23.63', 465 m, Eker 3462), ve L6

(N40°51.38', E027°27.35, 117 m, Eker 3473).
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Of the cardenolides, Lan A (ranging between 24.8 and
300.4 mg 1007'g) and Lan C (42.1 and 258 mg 1007'g)
were predominantly found in the samples as
compared to Lan B, digoxin and digitoxin. Among the
six locations, the least observed cardenolide was
digitoxin (4.5 mg 100'g DW). This finding was
followed by digoxin and Lan B contents (17.7 and 33.2
mg 100"'g DW) in the leaves, respectively. Cardenolide
spectra of the samples showed great fluctuations in
one location to another. As seen in Table 1, L1 had the
most of the cardenolides with an average content of
154.9 mg 100"'g DW, while the least was L5 with 25.4
mg 100-"g DW. Digitoxin content (44.1 mg 100'g DW)
was the greatest in L1, while it was not detected in L3,
L4, L5 and L6. On the other hand, digoxin content
varied (3.3 to 82.3 mg 100'g DW) largely in their
natural habitats (i.e.,, compare L3 with L2 or L1). For the
shoot-tip cultivation the seeds collected from L1 was
used for the germination in vitro.

One-step cultivation and rooting

In vitro seed germination of the seeds collected
from L1 was successful in full darkness for three weeks
as compared to 16h/8h (light/dark) photoperiodism
(data not provided). After germination (Figure 2a),
shoot-tip cultivation resulted in subsequent shoot and
root formation on the same regeneration medium
without a subcultivation (Table 2). Of the auxin tested,
both indole-3-acetic acid (IAA) and indole-3-butyric
acid (IBA) depending on their concentrations were
found to be effective in shoot and root formation.

Maximum two shoots from shoot tips were produced
after 8 weeks of cultivation. IAA at 0.25 or 0.50, IBA at
0.25, 0.50 or 1.0, and NAA at 0.25 mg L were found
to be effective on shoot formation producing 2 shoots
per explant (Figure 2b, c). As seen in Table 2, NAA
concentrations (more than 0.25 mg L") produced
more callus formation without shoot formation at all,
while IAA or IBA (1.0 or 2.0 mg L' IAA, or 2.0 mg L'
IBA) produced single shoot. In this study, the best
regeneration medium was MS plus 0.25 mg LM IAA, or
plus 0.50 mg L' IBA. MS medium containing 0.25 mg
L' IAA produced 6.4 roots in 8.1 cm length per shoot.
When the concentration of IAA was doubled, the roots
differed significantly in size (from 8.1 to 6.2 cm).
However, this pattern was not observed when the
concentration of IBA increased from 0.25 to 0.50. In
this case, mean number of roots increased two-folds
from 3.2 to 6.4 roots with an increase of root size in
length. In addition to MS plus 0.25 mg L IAA, MS
medium containing 0.50 mg L' IBA was also effective
producing 6.4 roots per shoot with 7.2 cm root in
length (Figure 2d). In either medium composition
wherein regenerants were produced, acclimatization
was achieved successfully with a maximum survival
rate (95 %) for 4 weeks (Table 2; Figure 2e). It was
observed that the rise in the mean root number and
root length per shoot affected the survival success of
the regenerants. Due to the intervening callus
formation, survival rate in NAA treatments was the
lowest (0 or 5 %) as compared to IAA or IBA varied
between 45 and 95 % under non-axenic conditions.

Table 1. Cardenolide content of Digitalis lanata subsp. lanata collected from different locations in Thrace (Lan: lanatoside; mg

100 g DW; + Standard error; LOD: limit of detection).

Cizelge 1. Trakya bélgesinde farkli lokasyonlardan toplanan Digitalis lanata subsp. Lanata’'nin kardenolit icerikleri (Lan:

lanatosit; mg 100 g™' KA; + Standart hata).

Location* Lan A Lan B LanC Digoxin Digitoxin Total
L1 300.4+12.3 89.4+2.1 258.0+10.4 82.3+4.7 443+3.6 154.9£17.3
L2 246.0+11.1 62.5+3.1 127.0+£5.6 10.3+1.1 47+0.2 90.1+£12.9
L3 32.5+2.3 44+2.1 60.4+4.3 3.2+£0.0 LOD> 20.1+4.8
L4 79.9+29 11.2+0.5 42.1+£1.9 3.310.1 LOD> 34.1+6.2
L5 47.8+2.1 13.1+£1.1 63.1+2.3 3.2+0.1 LOD> 254+33
L6 24.8+2.0 18.7+2.8 165.7+9.8 3.9+0.8 LOD> 42.6+10.4
Total amount 121.9+8.1 33.2+43 119.4+9.9 17.7+3.2 4.5+2.1

*(L1 to L6) in Thrace see Figure 1: L1 (N40°10.11', E036°22.26', 24 m, Eker 3455), L2 (N40°18.87', E026°34.24', 26 m, Eker 3457), L3 (N41°51.89,
E027°18.89', 493 m, Eker 3460), L4 (N41°55.63', E027°22.65', 441 m, Eker 3462), L5 (N41°55.55', E027°23.63', 465 m, Eker 3462), and L6

(N40°51.38', E027°27.35', 117 m, Eker 3473).
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Figure 2. Digitalis lanata subs. lanata collected from natural habitats (L1 and L6) in Thrace (a and b), its in vitro regeneration
and acclimatisation steps. Four weeks old seedlings germinated in vitro (c), shoot regeneration after 8 weeks- (d),
and root formation on MS medium containing 0.25 mg L™ IAA after 12 weeks of culture initiation (e), acclimitisation
step of regenerants in pots (f).

Sekil 2. Digitalis lanata subs. lanata’in Trakya'da toplanan (L1 ve L6) dogal popiilasyonlart (a ve b), in vitro rejenerasyon ve
iklimlendirme basamaklart. In vitro ¢cimlendirme ile elde edilen dort haftalik fideler (c), 8 hafta sonunda stirgiin- (d) ve
12 hafta sonunda kék Uretiminin MS besi ortaminda 0.25 mg LIAA iceren besi ortaminda gerceklestirilmesi (e),
iklimlendirme asamast icin rejenerantlarin sakswya aktaridmast
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Table 2. Mean number of shoot and root number in Digitalis lanata subsp. lanata cultivated on different MS medium with or
without IAA, IBA or NAA (at 0.25 or 0.50 mg L"), and survival rate of regenerants in pots during acclimatization for 4

weeks.

Cizelge 2. IAA, IBA veya NAA (0.25 veya 0.50 mg L") iceren veya icermeyen MS besi ortamlarinda kultlre alinan Digitalis lanata
subsp. lanata explantlarinin ortalama siirgiin ve kék sayisi, beraberinde saksilara aktarilan rejenerantlarin 4 haftalik

stirede hayatta kalma oranlar..

. Number of Number of Mean root length .

Medium shoot/explant* root/shoot** (cm) ° Survival rate (%)
No PGR 2.0+0.0° 3.1£0.2b 3.4+.05 60
0.25mg L' IAA 2.0+0.0° 6.4+0.82 8.1+.1.0° 95

0.50 mg L"IAA 2.0+0.0° 6.3+0.62 6.2+1.0° 95

1.0 mg LTIAA 1.2+0.2° 3.4+0.3° 3.0+0.5d 55

2.0 mg LTIAA 1.0£0.1° 2.7+0.4° 3.2+0.2d 45

0.25 mg L"IBA 2.0+0.0° 3.2+0.2b 42+0.7¢ 60

0.50 mg L"IBA 2.0+0.0° 6.4+0.82 7.2+1.120 95

1.0 mg L'"IBA 2.0+0.0° 3.3£0.2b 2.1+0.2¢ 55

2.0 mg L''IBA 1.0+0.1° 24+£0.1b 2.0+0.0¢ 45

0.25 mg L'"NAA 2.0+0.0° 1.0£0.0b 4.2+0.7¢ 5

0.50 mg L'"NAA 0 0 0 0

1.0 mg L'"NAA 0 0 0 0

2.0 mg L' NAA 0 0 0 0

Data were scored after 8 weeks *, and 12 weeks™ of shoot-tip cultivation.

cardenolides in cell suspension cultures. In

DISCUSSION

Cardenolides are of a great value in medicinal
plants, especially in D. lanata subsp. lanata. In earlier
studies, D. lanata subsp. lanata populations in natural
habitats were monitored based on their value-added
cardenolide spectra for the selection of suitable
genotypes in agricultural practices. Since D. lanata
subsp. lanata is a biennial plant, it forms rosette leaves
in its first vegetation year, blooms with cauline leaves
between May and June in the second year. It is also
noteworthy to mention that rosette leaves contain
more cardenolide than cauline leaves in Digitalis
species. Therefore, a consistent plant propagation is
needed to obtain more rosette leaves for a large scale
production. To achieve this, micropropagation is a
useful approach for true-to-type plant production. In
literature, several tissue culture protocols have been
developed in last two decades for the genus Digitalis
including hairy root culture for cardenolide production
(Pradel et al, 1997), shoot-tip culture (Luckner and
Dietrich, 1992), somatic embryogenesis from callus
cultures (Kuberski et al, 1984), haploid plant
production (Diettrich et al, 2000), and clonal
propagation in temporary immersion system and
cardenolide production (Perez et al, 2012). Although
D. lanata subsp. lanata contains more value-added
cardenolides like digoxin, cell suspension cultures do
not synthesize cardenolides de novo due to
inefficiency of the tissues during cell differentiation
(Kreis et al, 1998). However, Padua et al, (2012)
pointed out that certain D. lanata lines are capable of
biotransformation of steroidal reactions including

thismanner, field excursions for natural habitats
provides a new insight for understanding cardenolide
profiles. Therefore, in this present contribution, cardiac
glycoside analysis of D. lanata subsp. lanata grown in
natural habitats and micropropagation from shoot tips
were established for the assements of natural sources
in Thrace region as a sustainable production of value-
added D. lanata species. Recently, vegetation patterns
of Anatolian foxgloves have been published by our
research group (Eker et al,, 2016), and D. lanata subsp.
lanata has been hypothesized as a common ancestor
having entrance from Balkan Peninsula along with
Thrace region towards the rest of Anatolia. Therefore,
D. lanata subsp. lanata which might have a critical
status for the speciation patterns on some Eastern
Digitalis species (e.g., D. lamarckii lvanina, D. cariensis
Boiss. ex Benth., and D. lanata Ehrh. subsp. trojana
(Ivanina) Ylcesan & Eker), was investigated for their
cardenolide spectra in Thrace where they were
distributed. Since D. lanata subsp. lanata produce
large amounts of digoxin as compared to the other
Digitalis species, investigation of cardenolide contents
might be useful in domestication purpose of the most
appropriate population of this wild species. It was
shown that total cardenolide content was the highest
in L1, and those natural populations of foxgloves
grown in L1 can be selected for a continuous
production with respect to their value-added
cardenolides (ie. higher digoxin level than other
locations). The great diversity of cardenolide content
of the leaves in such locations, for example L1 and L3,
L4 or L5, might have high hybridization pattern of
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Digitalis species especially found in its section
Globiflorae Benth. (Chene 2010;

Eker et al, 2016). Therefore, determination
cardenolide content as an alternative guideline for the
natural populations might provide an understanding
for the selection of the populations to be produced.
Similarly, this study provides an insight for the
selection of population as well as the cultivar
development for a future effort with respect to their
phytochemical constituents. To achieve this, we've
been inspired from numerous studies under in vitro
conditions (Clemente et al, 2012, and references
therein). Of those studies, there are two reports in
which shoot-tip multiplication were studied by same
research group (Dietrich et al, 1989; Luckner 1992).
They reported the influence of shoot-tip size on shoot
formation success, and effects of different BAP
concentrations (ranging from 1.3 to 4.1 mg L"). on
mean number of shoot per explant. Their callus-
mediated shoot regeneration was more effective (9 to
2 shoots per explant) than this present study in which
no callus formation was aimed during in vitro
cultivation. Instead, we aimed at shortening the
cultivation process.

It was shown that survival rate of the regenerants
was dependent on the treatments from where
maximum mean number of roots and root length were
produced. In this study, less than 6 roots per shoot
resulted in a low survival (less than 60 %). this finding
was also consistent with mean length of roots less than
4 cm. It was clearly shown that IAA at 0.25 mg L
provided optimal rooting under in vitro conditions for
4 weeks. Alternatively, IBA can also be used at 0.5 mg
L for root formation with a high survival rate. These
findings were correlated with earlier studies on root
induction studies of several Digitalis species (see the
references in Clemente et al, 2011 and Verma et al,
2017). However, NAA was not effective for root
induction, instead it produced massive callus at the cut
edges of the explants in its every dosage.
Acclimatization is one of the most critical step for
tissue culture studies, since the period of adaptation
to the non-axenic conditions of the greenhouse
wherein the plants were not protected against bacteria
and fungi. Moreover, for the success of the survival
rate, Luckner (1992) reported the abnormality of the
stomata developed under in vitro conditions can be
eliminated by the replacement with the new leaves
formed in the greenhouse. In addition to these
findings, influence of root number and length on the
success of acclimatization should be taken into
consideration as reported in this present study.

In conclusion, natural populations of D. lanata
grown in southeast European showed different
cardenolide spectra depending on the locations where
they distributed. This might be due to the high
hybridization pattern of the species and/or genetic
makeup which reflects different expression levels of
the genes having role(s) in cardenolide metabolism.
Even in both cases, cultivar selection and clonal
propagation techniques together are challenging
approaches for the value-added medicinal plants. This
study reports an efficient shoot-tip cultivation with
one-step regeneration system for 12 weeks without
applying an additional rooting stage.
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Ozet. Ongérii calismalarinin zenginligi, cogu zaman, éngéri kalitesini artinir. Ancak Tirkiye kimyasal
glbre tiketimlerinin gelecegine yonelik calismalar azdir. Bu makaleyle, 1999 yilinda 6nerilen ve 2004
yilindan itibaren Uretilmeye baslanan bir kompoze giibrenin, heniiz tahmin edilen diizeyde tiketilmiyor
olmasinin neden ve sonuglari tartisilmistir. Turkiye'de ciftciler 6zellikle hububat tGretiminde ekim &ncesi
veya ekimle glbrelemede cogunlukla azot ve fosforu birlikte iceren kompoze gubreleri tercih
etmektedirler. Bu tercih, ciftcileri DAP ve 20.20.0 kompoze gubrelerini yaygin olarak kullanmaya
yonlendirmistir. 1999 yilinda énerdigimiz, 2004 yilindan bu yana Uretilen 20.32.0. 15(SO3)+Zn gubresi,
bazi hububat alanlari icin ¢ok daha uygun azot fosfor dengesi saglayan dogru bir alternatiftir. Ancak
bilinirligi cok sinirhdir. Yillik tiketim miktarinin son 3 yil ortalamasi yaklasik 19 bin ton diizeyindedir ve
bu durum beklentilerimizin altindadir. Toprak analizine dayali, nitelikli glibreleme tavsiyeleri sayisinin
artisi; bu ve bu glbredeki N/P20s dengesine yakin 6zellikte Uretilecek glbrelere artan miktarlarda
tlketim sansi verecektir. Olmasini bekledigimiz bu artis, dengesiz azot-fosfor kullanima bagli ekonomik
kayiplari azaltabilecektir. Bilgi ve gozlemlerimizin hemen tamami Tirkiye'de toprak ve bitki analiz
desteginin ¢ok 6zel bir degere sahip olduguna isaret etmektedir. Kimyasal glbre tiketim desteginden
daha oncelikli olarak, toprak ve bitki analiz desteginin uygulama kalitesi gelistiriimelidir. Bu yolla
glibrelemelerin analiz sonuclarina dayal olarak yapilmasini gerceklesebilecektir. Sonugta kimyasal
glbre kullanim etkinligi artacaktir.

The Neglected Option in Choosing the Right Fertilizer: 20.32.0+15 (SO3)+Zn and Soil

Analysis Support

Keywords:

Chemical fertilizers,
compound fertilizers,
20.32.0+15 (SO3)+Zn

fertilizer, soil analysis support

Abstract. The prosperity of their forecasting studies often increase the quality of forecasting. This article
discusses the causes and consequences of a compound fertilizer that has been recommended to be
produced in 1999 and which has been produced since 2004, but not yet consumed at the estimated level.
In Turkey, farmers especially prefer the compound fertilizer containing nitrogen and phosphorus in pre-
sowing and sowing fertilization cereal production. This prefence has led farmers to use DAP and 20.20.0.
compound fertilizers extensively. The compound fertilizer (20.32.0+15 (SO3)+Zn) we proposed in 1999
and produced since 2004 is a true alternative that provides a more favorable nitrogen/phosphorus
(N/P20s) for some cereal fields. But awareness is very limited. The average annual consumption for the
last three years is around 19 thousand tons, which is below our expectation. Increased number of
qualified fertilization recommendations based on soil analysis, this and the fertilizer that will be produced
in the chose proximity to the N/P2Os equilibrium will give the consumption chance in a increasing
quantities. This increase we expect may reduce economic losses due to unbalanced nitrogen-
phosphorus. Our knowledge and observations point to the fact that soil and plant analysis support in
Turkey has a very special value. Prior to chemical fertilizer consumption support, the application quality
of soil and plant analysis support should be improved. In this way, fertilization can be done based on the
result of the analysis. As a result, chemical fertilizer use efficiency will increase.
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Kaplan ve Maltas, Dogru Taban Giibre Seciminde ihmal Edilen Secenek: 20.32.0.+15 (SO3) + Zn Gibresi ve Toprak Analiz

Destegi

GiRiS

Ongérii calismalarinin zenginligi, cogu zaman,
ongora kalitesini artinr. Ancak Ulkemizde kimyasal
glbre tuketimlerinin gelecegine yonelik c¢alismalar
azdir. Akademik cevrelerde bu tlrden calismalara
bicilen degerin ¢ok dusiik oldugunu sdylemek gerekir.
Calismalarin azligi rekabet yetersizligine ve kalite
problemine neden olabilmekte; belki de bu sonug,
sektoriin akademiden bu konuda olmasi gereken
taleplerini  ¢cok sinirlamaktadir. Zaman zaman
calismalar yaparak, 6ngoérulerde bulunmak ve bir siire
sonra ongorilerin gerceklesme durumlari ile birlikte
nedensellik analiz sonuclarini ortaya koymak, daha
sonraki ongériler icin ¢cok faydal olabilir.

Bu makale ile yillar dnce dnerilmis ve daha sonra
Uretim asamasina gegilmis bir kompoze glbrenin
tiketim yetersizligine dikkat cekerek, bu ve benzeri
glbre cesitlerinin  dogru arazilerde kullanimlarini
artirmak amaglanmaktadir.

MATERYAL VE METOT

Makalede degerlendirilen glbrenin  tiketim
verileri, T.C. Gida Tarim ve Hayvancilik Bakanhgi,
Bitkisel Uretim Genel Mudurligu, Bitki Besleme ve
Tarimsal Teknolojiler Daire Baskanligi'ndan saglanmis
ve hesaplamalar gerceklestirilmistir. Elde edilen veriler
literatlirde yer alan konu ile ilgili makalelerde gorusler
marifetiyle yorumlanmistir.

BULGULAR VE TARTISMA

Turkiye kimyasal gulbre tiketimi igerisinde en
yuksek miktarda kullanilan ve kullaniilmasi gereken
ikinci element fosfordur. Cok buyik olclide fosforun
tamami ekim-dikimden ©nce veya ekim—dikimle
birlikte uygulanmaktadir. Taban glbrelemeleri olarak
ifade edilen bu gibrelemelerde, tek basina fosfor
uygulamasinin  Ureticilerimiz ~ tarafindan  tercih
edilmedigi gorilmektedir. Hububatta azot ve fosforu
ekimde uygulayanlar cok bliylik oranda bu iki elementi
birlikte iceren glbreleri tercih etmektedirler. Tirkiye
P,0s tlketimi icerisinde TSP glbresi tliketimi 1986
yllinda % 25.38 iken, bu oran 2014 yilinda % 1.90'a
dismustir (Cizelge 1). Nitekim bu egilime yonelik
degerlendirme ve ongoriler ¢ok daha ©nceden
bildirilmistir (Kaplan 1987).

Ulkemizde taban giibre uygulamalarinda DAP ve
20.20.0. bilesimli kompoze glibre en ¢ok tercih edilen
fosforlu glibrelerdir. Taban gubresi olarak sadece azot
ve fosfor verilmek istendiginde daha ¢ok DAP tercih
edilirken, ikinci sirada 20.20.0 kompoze gibre tercih
edilmistir. 1998 yilindan sonra 20.20.0.+Zn gulbresi de
kullanilmaya  baslanmis ve kullanimda  payini

artirmistir. Sadece azot ve fosfor iceren baska baz
kompoze glbreler Uretilmis olsa da, tiketimleri hem
cok az olmus, hem de sureklilik gosterememistir
(25.5.0, 26.13.0, 16.20.0 ). Bu sonuclar (Uretilecek
kompoze glbrelerin besin dengelerinin  dogru
tespitinin dnemini ortaya koymaktadir. 2004 yilinda
Uretime baslanarak giibre tiketicisine sunulan baska
bir secenek de 20.32.0.+15 (SO3)+Zn kompoze
glbresidir (Cizelge 1).

1999 yilinda "yeni bir kompoze gibre (retim
Onerisi" basgligi altinda gerekgelendirerek yazdigim
makale ile yapilan 6neri (Kaplan 1999), 2004 yilinda
Toros gubre tarafindan 20.32.0.+15 (SOs3) +Zn
glbresinin Uretilmesi ile uygulanmis gozikmektedir.
Ancak bu gubrenin piyasaya sunumunun yulksek
fiyatlandirma  yapilarak  baslatiimasi,  glibrenin
ulagsmasini  6ngoérdigimiz  tiketim  dizeyine
ulasamamasina neden olmustur. Daha ¢ok kikirt ve
cinko icerigine odaklanilarak ve 6zel tesvik olmadigi
icin, biraz da yetersiz tanitimla satista kalmaya devam
etmesi, glinimizde de fiyat dezavantaji bulunmasa
bile yeterince yiksek miktarlarda tiketim seviyesine
ulasamamasina yol actigi ifade edilebilir.

Bu makale ile; 20.32.0.+15(SO3)+Zn glbresinin
sahip oldugu farkli N/P.Os oranina tekrar dikkat
cekmek ve basta tahil Gretimi yapilan, orta diizeyde
alinabilir fosfor (6-8 kg) iceren tarlalarda, ozellikle de
hububat tariminda kullanimini onermek
amaglanmistir. 1999  makalesindeki gerekgelerin
giderek glclendigini tahmin etmeme ragmen; bu
glbrenin tliketim degerleri son 3 yil ortalamasinin
(2014-2016) yaklasik olarak yillik 19 bin ton diizeyinde
kalmasi, hala analiz sonuglarina dayali glibrelemede,
yeterince basarili olamadigimizi gdsteren bir delil
olarak gostermek yanlis olmaz. Ciftginin analize dayal
glbrelemeyi tercih etmesi ve analiz sonucunda yapilan
tavsiyelerin boyle bir glibre segeneginin farkinda
olmasi, bu gulbrenin de tlketiciye yeterince
ulastirilabilmesi halinde, Glkemizdeki tiketiminin hizla
artabilecegini  6ngorebilir,  artmasi  gerektigini
soyleyebiliriz. Clnkl topraklarimizda devam eden
fosforlu giibrelemenin topraklarimizin yarayish fosfor
icerigini artirdigi, diger bir ifade ile topraklarimizin
yarayish fosfor durumunu iyilestirdigi (Cizelge 2)
bildirilmistir (Kaplan 1999).

Cunkl Ulkemizde hububatta, 6zellikle bugdayda
taban glbresi olarak dekara 3-6 kg azot tercih
edilirken, cogu zaman dogru fosfor miktari DAP ve
20.20.0 kompoze ile saglanamamaktadir.
Glbrelemede fosfor esas alindiginda da ilk azot
uygulamasinda yetersizlik ya da fazlalik olarak,
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dengesizlikler olusmakta ve verim igin olumsuz etkiler
dogabilmektedir. Topraklarimizin killi bir tekstire
sahip oldugunu, giibrelemelere bagli olarak fosforun
zamanla toprakta yavas da olsa birikebildigini dikkate
alarak, orta- uzun dénemde analize dayali ve daha
dogru glibrelemeye yoneldik¢e DAP glibresinin taban
glbre icerisindeki payinin azalacagini, DAP giibresinin
payinin N/P,Os dengesi daha disik olan kompoze

glbresi secimine yardim edebilme potansiyeli
yuksektir. Ama bu henlz 2015 yili itibariyle
gerceklestirilememistir.  Clnkl analiz sonuglarina

dayali tavsiyelerde azot-fosfor dengesine bagh cesit
seciminde bu makalede anlatiimak istenen, N/P.0s
dengesi konusunda yeterli bilgilenmenin mevcut
olmadigi  gorilmektedir. Bu konular yeterince
tartisilarak, toprak analiz desteginden beklenilen

glbrelere  dogru yoOnelebilecegini  dngodrebiliriz. faydalarin saglanabilmesi igin bazi dlzenlemeler

Glbrelemede toprak analiz desteginin bugiinkl yapilmasi gerekmektedir.

uygulamasinin yetersizliklerine ragmen, dogru taban

Cizelge 1. Turkiye'de P,Os tiiketimi icerisinde N-P ve P iceren giibrelerin tiketim oranlari.

Table 1. Consumption rates of fertilizers containing N-P and P in P.Os consumption in Turkey.
Yillar TSP DAP-P20s 20.32.0+15 20.20.0 20.20.0+Zn 25.5.0 26.13.0 16.20.0 NSP

(%) (%) (S03)+Zn (%) (%) (%) (%) (%) (%)
(%)

1986 25.38 37.68 - 30.65 - - - - -
1987 19.84 37.05 - 36.42 - - - - -
1988 20.58 32.53 - 39.37 - - - - -
1989 14.98 42.07 - 33.86 - - - - -
1990 11.68 45.54 - 32.68 - 0.20 - - -
1991 10.23 52.83 - 29.11 - 0.74 - - -
1992 7.10 51.31 - 30.41 - 0.53 - - -
1993 9.24 51.60 - 24.76 - 0.02 - - -
1994 8.13 46.33 - 30.98 - 0.01 - - -
1995 6.71 44.47 - 32.29 - 0.06 - - -
1996 448 57.96 - 33.74 - 0.15 - - -
1997 5.98 4717 - 35.22 - 0.13 0.02 - -
1998 4.10 47.56 - 3043 3.68 0.07 0.03 - -
1999 3.24 45.55 - 33.03 4.99 - 0.02 - -
2000 3.12 46.11 - 32.37 5.30 - - - -
2001 2.72 4217 - 34.99 497 - - 0.02 -
2002 2.22 37.22 - 35.26 6.93 - - 0.02 -
2003 3.07 42.46 - 32.58 7.62 - - 0.01 -
2004 3.16 44.30 4.05 29.48 7.65 - - - -
2005 4.13 47.52 1.56 24.57 8.05 - - 0.01 0.62
2006 3.77 48.39 0.26 24.63 8.40 - - - 0.45
2007 3.36 38.13 0.21 27.82 11.49 - - - 0.32
2008 2.54 20.86 0.08 32.98 15.05 - - - 0.85
2009 1.72 52.68 0.06 24.22 8.30 - - - 0.18
2010 1.68 44.25 0.07 27.24 12.37 - - - 0.10
2011 2.56 36.27 0.14 27.73 14.17 - - - 0.25
2012 1.96 39.80 0.97 25.28 13.05 - - - 0.10
2013 1.81 45.48 1.52 23.53 10.65 - - - 0.05
2014 1.90 40.43 1.39 2443 12.24 - - - 0.06
2015 2.80 35.39 0.91 25.83 13.80 - - - -
2016 1.78 51.54 0.69 20.69 9.64 - - - -

Cizelge 2. Tirkiye topraklarinin fosfor durumu (Kaplan 1999).

Table 2. Phosphorus state of Turkey's soils (Kaplan 7999).

Fosfor kg P20s dekar’
il Toprak 3 3-6 6-9 9-15 15
Sayisi Cok az Az Orta Fazla Cok fazla

1974’e kadar 31.441 44.30 30.30 11.30 7.10 6.80
1984'e kadar 65.008 33.30 32.80 18.00 8.70 7.20
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Alinabilir ~ fosfor igerigi  bakimindan  Tirkiye
topraklarinin  gruplandirmasinin  yapildigi  ¢alisma

sonuclarina gore, orta diizeyde alinabilir fosfor iceren
topraklarin orani % 17'dir (Tablo 3). Bu veriye bakilarak
taban glbrelemesinde sadece azot ve fosforu birlikte
tek gubre ile uygulamak isteyen ciftcilerin en az % 10
‘u icin bu glbrenin dogru bir secim olabilecegini
ongorebiliriz. Ancak gerceklesmenin ¢ok kiiciik olmasi,
giftgilerimizin hala dogru kompozisyonda gibre
secemediklerine isaret etmektedir. Nitekim gibre
tiketim dizeyi ylksek olan Marmara Bolgemizde
topraklarinda alinabilir fosfor miktari 12 kg P20s da
""dan fazla olan topraklarimizin oraninin % 35.50'ye
ulagsmasi dogru guibre se¢imi konusundaki slipheleri
glclendirmektedir (Cizelge 3). Marmara bdlgesi
topraklarinin besin maddesi kapsamlarinin belirlendigi
bir baska calismada alinabilir fosfor kapsami 12 kg da-
" dan daha fazla olan topraklarin orani % 41.3 olarak
bildirilmistir (Tasova and Akin 2013). Ancak Marmara
boélgemizde  DAP  tliketim  oraninin  Tirkiye
ortalamasinin cok altinda bulunmasi da sevindirici ve
olumlu bir sonug¢ olarak belirtiimelidir. Ancak
20.32.0.+15 (SO3)+Zn bilesimli glibrenin tiketiminin
bu bolgede de cok disik olmasi glbre tanitiminin
dogru ve yeterli yapilamadigini gostermektedir. Ancak
kimyasal gibrelemelere bagl olarak topraklarimizda
fosforun zamanla artisinin ciftciler DAP yerine N/P20s
dengesi daha yuksek glbrelere yoneltecegini
ongorebiliriz. Marmara bdlgemizdeki degisim de buna
isaret etmektedir.

20.32.0.+15 (SO3)+Zn bilesimli glibrenin cinko
icermeyen cesidi de Uretilerek, ¢ift¢i agisindan secenek
zenginligi yaratilabilir ve daha dogru bir taban

glbrelemesi gerceklestirilebilir. Ancak bitin bunlarin
yeterli sayl ve dogrulukta toprak analiz sonucuyla
gerceklestirilebilecegi aciktir. Bu noktada dogru bir
toprak analiz sonucunun ne kadar kiymetli ve ylksek
etki degerine sahip olabilecegine tekrar dikkat cekmek
gerekir. Analiz desteginin onceki uygulamasinda
karsilasilan yanhslik ve yetersizlikleri engellenerek, ¢ok
saglikli bir analiz desteginin yeniden uygulamaya
konulmasi; dengeli, dogru ve ekonomik getirisi ylksek
bir glibreleme igin zorunluluktur.

SONUC

Tirkiye'de ciftciler ozellikle hububat Uretiminde
olmak Uzere pek ¢ok bitkinin yetistiriciliginde; ekim
oncesi veya ekimle glbrelemede codunlukla azot ve
fosforu birlikte iceren glbreleri tercih etmektedirler.
Bu tercih, giftcileri DAP ve 20.20.0 kompoze glibrelerini
yaygin olarak kullanmaya yonlendirmistir. Ancak bu iki
glibre yaninda baska segeneklerin sunulmasi etkin
glbreleme icin vyararlidir. Ancak glbrelemelerin
istenilen diizeyde toprak analizine dayal yapilmiyor
olmasi yeni gibre seceneklerin kullanim gereginin
anlasiimasinin éniinde bir engel olarak durmaktadir.
Analize dayali tavsiyelerde bile gerekli oldugu
kosullarda ihmal ediliyor olmasi dikkat cekicidir.
Toprak analizine destegin verildigi donemde bile bu
secenekler tavsiyelerde yer almamistir. Ancak Tirkiye
topraklarinin alnabilir fosfor durumu incelendiginde
20.32.0.+15(SO3)+Zn glbresinin  teorik  kullanim
potansiyeli tiketim gerceklesmesinin ¢ok Ustiindedir.
Cesitli yollarla bu alternatiflerin tanitimi yapilarak etkin
glbreleme konusunda ilerlemeler gergeklestirilebilir.

Cizelge 3. Turkiye topraklarinin tarim bélgelerine gére alinabilir fosfor (P.Os kg da™') dagilimi (Eytupoglu 1999).
Table 3. Phosphorus (P;Os kg da’') distribution of Turkey's soils according to agricultural regions.

Bolgeler <3 Cok Az 3-6 Az 6-9 Orta 9-12 Fazla >12 Cok Fazla
Marmara 16.6 19.2 16.1 12.6 355
Karadeniz 34.8 23.9 11.3 7.3 22.7
Ortakuzey 24.7 33.6 19.4 9.2 13.2
Giineydogu 395 341 15.4 6.8 4.2
Kuzeydogu 343 27.8 15.5 9.8 12.6
Ege 19.7 27.6 20.6 11.1 21.0
Ortagiiney 27.2 26.6 18.4 11.2 16.6
Akdeniz 15.6 24.6 20.3 12.6 26.9
Ortadogu 484 27.8 12.5 5.1 6.2
Ortalama 28.5 26.7 17.2 9.6 18.0
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GiRIS

Tarim alanlarinin  kullaniminda karsimiza cikan
sorunlar araziye ait verimlilik analizleri ve etit
calismalari yapilmadan tarimsal faaliyetlerin yapilmasi
ve buna bagh olarak basta toprak kaybi olmak lzere
zamana bagli olarak arazilerin verimsizleserek elden
cikmasidir.

Ulkemizde her yil yaklagik 500 milyon ton verimli
toprak cesitli faktorlerin etkisi ile kayba ugramaktadir.
Arazi kullanim sekli, asir otlatma, yanlis glibreleme ve
bilingli veya bilingsiz arazi yonetimi, ormansizlastirma
gibi dis etkenler ile kayba ugrayan toprak miktarini ya
artirmakta ya da azaltmaktadir (Mater 2004; Tagil
2009). Turkiye'nin yillik toprak kaybi bir km?lik alanda
800 ton iken, Avrupa, Amerika ve Asya’'da sirasiyla 84
ton m?2 491 ton m? ve 610 ton m? olarak
belirlenmistir (Dogan 1995). FAO ve ITP'nin 2015
verilerine gore su erozyonu ile 20-30 Gt (Gigaton) yilI"
1, rizgar erozyonu ile 2 Gt yil'" ve toprak isleme ile de
5 Gt yil'" toprak kayba ugramaktadir. Su erozyonu ile
tarim alanlarindan her yil 23-24 Mt (Megaton) azot ve
14.6-26.4 Mt P tasinmaktadir (Anonim 2015).

Genel olarak Ulkemiz arazilerinin %63.2'sinde cok
siddetli ve siddetli, %20'sinde orta ve %13.8'de ise hafif
erozyon veya erozyon gorilmektedir (Anonim 1978).
Dogal yollarla meydana gelen erozyonun yani sira
yanlis toprak isleme, pulluk altindaki egimli arazilerde
koruyucu 6nlemlerin alinmamasi, asiri otlatma (Durak
ve Oguz 1994) gibi tarimsal islemler ile gerceklesen
hizlandirilmis erozyonun yani sira sehirlesmenin ve
endistrilesmenin getirdigi diizensiz blyime, kirlilik
gibi bazi faktorler var olan toprak varligimizi tehdit
etmektedir.

Bolu ili, yaklasik 8276 km? yiizélctimii ile Glkemizin
yuzélciminin  %1.015'lik  bélimini  kaplar.
arazisinin yaklasik %18'in tarim alanlari, %59'u Orman
alanlari, %15 Cayir ve mera ve %8 tarim disi alanlardan
olusmaktadir (Anonim 2015).

Gllser (1992), Van golu havzasi topraklarinin
verimlilik durumunu ortaya koymak icin yiritmus
oldugu calisma sonunda havzanin genel olarak ¢inko
noksanligi gosterdigi, diger elementlerce sorununun
bulunmadigini bildirmistir.

Sahin  (1995) Burhaniye Yoresi topraklarinin
verimlilik ve diger problemlerini belirlemek amaciyla
yaptigi calisma sonucunda teksttr siniflarinin Kumlu ile
Killi arasinda degistigi, tuzsuz topraklar oldugu,
reaksiyon siniflarinin hafif-orta derecede alkali, kireg
siniflarinin ¢ok az, az ve orta dizeyde oldugunu
belirlemistir. Arastirma topraklarinin organik madde
siniflarinin ok degiskenlik gosterdigi ve toprakla ilgili
diger problemlerin de mevcut oldugunu belirlemistir.

Taban ve ark. (1997) yaptiklar calismada toprak
orneklerinin 5'te 3'Uinde azot, 4'te 1'inde P, 10'da
3'inde Zn ve 10'da 9unda da Mn noksanhgi
belirlemislerdir

Basar (2001), yaptigi calisma sonunda topraklarin
teksturlerinin orta bunyeli, tuzluluk bakimindan tuzsuz
sinir degerlerin altinda oldugu, pH'larinin hafif-kuvvetli
alkalin reaksiyonlar arasinda degistigini ve degisen
oranlarda kire¢ kapsadigini bildirmistir. Topraklarin
yarisindan biraz fazlasinda organik madde, 5'te 1'inde
alinabilir P ve alinabilir K iceriklerinin noksan
degerlerde oldugunu belirlemistir.

Akgul ve Basayigit (2005), Sileyman Demirel
Universitesi kampiis topraklarinin detayli toprak ettidii
ve haritalamasi ile ilgili yaptiklar ¢alismada, kampus
topraklarinin orta ve orta-ince blinyeli, toprak
derinliginin fazla oldugunu, oldukca kiregli, tuz
bakimindan sorun olusturmadigi, toprak pH'sinin
hafif-orta derece alkalin  karakterli olduklarini
belirlemisler.

Turan ve ark (2010), yaptiklar calisma sonucunda
Bursa ili tarim topraklarinin genel olarak orta binyeli,
hafif alkali reaksiyonlu, az ve orta diizeyde kireg
icerdigini, organik madde, azot, fosfor, kikdrt, cinko ve
mangan bakimindan  6nemli oranda noksan
olduklarini bildirmiglerdir. Bunun yaninda topraklarin
degisebilir potasyum, kalsiyum, magnezyum, demir ve
bakir  iceriklerinin  yeterli  oldugunu  ortaya
koymuslardir.

Sénmez ve ark. (2013) Siirt ili ve bazi ilcelerinde
alinan bag alanlarinin toprak orneklerinde yaptiklari
analizler sonucunda ornekleme alanlarinin  kireg
iceriklerinin ve pH'larinin ylksek oldugu, fosfor (P),
demir (Fe) ve cinko (Zn) igeriklerinin disiuk oldugunu
belirlemislerdir.

Akca ve ark. (2015), yaptiklari calisma sonunda
Ankara Universitesi Ziraat Fakdiltesine ait Arastirma ve
Uygulama istasyonu topraklarinin tekstlr olarak genel
itibari ile agir binyeli, pH bakiminda hafif alkalin, tuz
icerigi acisindan tuzsuz, kireg bakiminda orta kirecli ve
organik madde iceriginin orta diizeyde oldugunu
belirlemisler.  Ayrica besin  elementi icerikleri
bakimindan kimi elementlerde 6nemli dizeyde
noksanlik belirlemislerdir. Sonu¢ olarak bu alanda
yapilacak calismalarda glbre programi
uygulamalarinin olmasini énermislerdir.

Abant izzet Baysal Universitesi Golkdy kampiisi
sinirlari igerisinde yer alan arastirma ve deneme
arazileri ile Ziraat ve Doga Bilimleri Fakiltesine tahsis
edilen sahis arazisinin verimlilik durumlar bu
calismayla ortaya konularak arastiricilar icin gerekli
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bazi 6nemli toprak fiziksel ve kimyasal Ozelliklerinin
belirlenmesi amaclanmistir.

MATERYAL VE METOD

Arastirmanin ylrutaldigu alanlardan  bir kismi
Abant izzet Baysal Universitesi Golkdy yerleskesi
sinirlari icerisinde yer almakta, bir kismi ise Ziraat ve
Doga Bilimleri Fakdltesi kullanimina tahsis edilen sahis
arazisinden olusmaktadir (Sekil 1 ve 2).

Toprak Orneklerin Alinmast ve Analizler

Arastirma ve deneme alanlarinin sahip olduklari
blyuklik ve arazinin egimi dikkate alinarak o6rnek
sayllari  belirlenmistir. I. deneme alanindan 2
ornekleme noktasi, Il. deneme alaninda 3 6rnekleme
noktasi, lll. deneme alaninda 2 6rnekleme noktasi, IV.
deneme alaninda 3 6rnekleme noktasi, V. deneme

“'j‘.

Figure 1. AIBU Gé6lkSy campus research and trial areas.

IS deneme alani

Sekil 1. AiBU Golkdy kampiisii arastirma ve deneme alanlari.

alaninda 4 6rnekleme noktasi ve VI. deneme alaninda
1 ornekleme noktasi olmak (izere toplam 15
ornekleme noktasi belirlenmis ve iki derinlikten (0-20
cm, 20-40 cm) ornekler alinmistir.

Laboratuara getirilerek analize hazir hale getirilen
toprak  orneklerinde yapilan analizler; tekstir,
hidrometre yontemi (Bouyoucous 1951); toprak pH’si
1:2.5 toprak:su karisiminda (Jackson, 1958); toplam
tuz, elektriksel iletkenlik (EC Metre) ile (Richards, 1954);
kireg, Schiebpler kalsimetre yontemi ile (Hizalan ve
Unal 1966); organik madde, Modifiye edilmis Walkley-
Black yontemine goére (Jakson 1958); alinabilir fosfor
(P), sodyum bikarbonat (Olsen et al, 1954) ve Bray ve
Kurtz No. 1 (Ulgen ve Atesalp 1974) ydntemlerine
gore; ekstrakte edilebilir potasyum, kalsiyum ve
magnezyum, Thomas (1982)'a goére ve mikro

) NI

Sekil 2. Ziraat ve Doga Bilimleri Fakdltesine tahsis edilen sahis arazisi.
Figure 2. Personnel share out to the Faculty of Agriculture and Natural Sciences.
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elementler dietilen triamin penta asetik asit
ekstraksiyonu (DTPA; 0.005 M DTPA + 0.01 M kalsiyum
kloriir (CaCl2) +0.1 M tri etanol amin (TEA), pH 7.3)
(Lindsay and Norvel 1978) ile calkalanip stzikler elde
edilmis ve elde edilen stziklerde element okumalari
ICP-OES (Perkin Elmer Optima 8300DV ICP-OES)
kullanilarak yapiimistir. Deneme alanlari topraklarina

ait analiz sonuclari Cizelge 1'den yararlanilarak
degerlendirilmistir.
BULGULAR VE TARTISMA

Arastirma ve Deneme Alanlarimn Fiziksel ve
Kimyasal Ozellikleri

Arastirma ve deneme alanlarina ait fiziksel ve
kimyasal analiz sonuclarn ile korelasyon analiz
degerleri Cizelge 2, 5 ve 6'da verilmistir.

Ziraat ve Doga Bilimleri Fakultesine tahsis edilen
deneme alanlarinin pH degerlerinin 0-20 cm derinlikte
5.90 ve 8.00 arasinda, 20-40 cm derinlikte ise 6.20 ile
8.21 arasinda degistigi tespit edilmistir. Toprak pH’si
siniflandirmasina gore asit, hafif asit, nétr ve alkali
siniflarinda degistikleri belirlenmistir (Cizelge 2). 0-20
c¢m derinlikten alinan &rneklerde yapilan korelasyon
analiz sonuclarina gore pH ile kire¢ (r:0.476**) ve Ca
(r:0.700***) arasinda pozitif, kil (r:-0.665***), Mg (r:-

0.601***), Na (r:-0.622***), Fe (r:-0.803***) ve Cu (r:-
0.594***) arasinda negatif iliski belirlenmistir. 20-40 cm
derinlikten alinan &rneklerde yapilan korelasyon
analizi sonucunda pH ile kireg (r:0.563**), silt (r:0.451%),
organik madde (r:0.604***) ve Ca (r:0.793***) arasinda
pozitif iliski, kil (r:-0778***), Mg (r:-0505**), Fe (r:-
0.688***) ve Cu (r:-0.583***) arasinda ise negatif iliski
saptanmistir (Cizelge 5 ve 6). Ulkemizde diger
bolgelerde yapilan calismalarda da benzer iliskiler
tespit edilmistir (Timsavas ve Aksoy 2008; Bellitlirk ve
ark., 2009;Turan ve ark., 2010; Akca ve ark., 2015; Soba
ve ark., 2015)

Kireg icerikleri bakimindan en distk degerler 0-20 cm
derinlikte %0.22 ile ikinci deneme alaninda, en yuksek
deger ise %22.77 ile 5. deneme alaninda belirlenmistir.
20-40 cm derinlikten alinan 6rneklerde en dustk
degerler %0.11 ile ikinci deneme alaninin 1. ve 2.
ornekleme alanlarinda belirlenmistir. En ytksek deger
ise %30.44 ile besinci deneme alaninin 1. drnekleme

mevkisinde belirlenmistir. Genel olarak I, Il., Ill, IV. ve
VI. deneme alanlarinin kire¢ icerikleri 0-20 cm
derinlikte %0.22 ile %5.47 arasinda, 20-40 cm

derinlikte ise  %0.11-7.41 arasinda  degistigi
belirlenmistir. Besinci deneme alani gerek 0-20 cm’de
(%11.62-22.77) gerekse 20-40 cm'de (%12.62-30.44)

Cizelge 1. Toprak analiz sonuglarini degerlendirmede kullanilan sinir degerleri.

Table 1. Limit values used to evaluate soil analysis results.

Analizler Yeterlilik sinifi Kaynak
Cok Az Az Yeterli Fazla Cok Fazla
Yarayish P, <3.0 3.0-6.0 6.0-10.0 10.0-15.0 >15.0 Aydeniz 1985
mg kg™’
Alnabilir K, mg kg <150 150-200 200-300 300-400 >400
1
Alinabilir Mg, m Fakir Orta Yiiksek Cok yiiksek
kg " 80-160 160-350  >350 Gokuysal ve
- - — Erbas 2004
Alinabilir Ca, mg Cok fakir Fakir Orta lyi Fazla Cok fazla
kg™ <714 715-1428 1429- 2144-2857 2858- >3571
2143 3571
1 _Az Orta Yeterli

Faydali Fe, mg kg™ —575 2.5-4.5 >4.5
Faydali Zn, Noksan Noksanlik g6zlenebilir iyi
mg kg! <0.5 0.5-1.0 >1.0 Lindsay ve
Faydali Cu, Yetersiz Yeterli Norwell 1978
mg kg' <0.2 >0.2
Faydali Mn, <1.0 >1.0
mg kg™’

Cok az kirecli Az kirecli Orta Fazla kirecli Cok fazla kirecli
Kirec, % kiregli Ulgen ve

<1.0 1.0-5.0 5.0-15.0 15.0-25.0 >25.0 Yurtsever

. o Cok az Az Orta lyi Yiiksek 1974

Organik madde, % —75 1.0-2.0 2030 30-40 >4.0

Tuzsuz Hafif tuzlu Orta Tuzlu Maas 1986
EC, dS m™’ tuzlu

0-4 4-8 8-15 >15
pH Orta asit Hafif asit Notr Hafif alkali  Kuvvetli alkali Richards 1954

4.5-5.5 5.5-6.5 6.5-7.5 7.5-8.5 >8.5
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en ylksek kire¢ degerlerine ulasilan yer olarak
karsimiza c¢ikmaktadir (Cizelge 2). Kireg icerigi ile
incelenen Ozellikler arasinda yapilan korelasyon analizi
sonucunda 0-20 cm ve 20-40 cm derinlikten alinan
orneklerde sirasiyla silt (r:0.767*** ve 0.848***), K
(r:0.614*** ve 0.488**) ve Ca (r:0.737*** ve 0.811***)
arasinda arasinda ise negatif iliski belirlenmistir
(Cizelge 5 ve 6). Taban ve ark. (2004), Alag6z ve ark.
(2006), Soba ve ark. (2015) ve Akca ve ark. (2015)
yaptiklar calismalarda benzer iliskiler belirlemislerdir.
Kacar ve ark. (1998) tarim alanlarinin kireg iceriginin
ylksek olmasinin P ve Zn elementleri basta olmak
Uzere bircok elementin alimini  guclestirdigini
bildirmislerdir.

Tuzluluk bakimindan tim deneme alanlarinin
tuzsuz (0-4 dS m™") sinir degerlerinin icinde yer aldig
belirlenmistir. 0-20 cm derinlikte en yiksek tuz degeri
1.516 dS m™" ile VI. deneme alaninda, en dusik deger

Cizelge 2. Arastirma alanlari toprak érneklerinin analiz sonuglari.

Table 2. The soil of research areas samples.

ise 0.165 dS m™ ile birinci deneme alaninin 2.
ornekleme noktasinda belirlenmistir.  20-40 c<m
derinliginde en ylksek tuz degerine 0.739 dS m™ ile
besinci deneme alaninin 3. 6érnekleme noktasinda, en
dusik deger ise 0.104 dS m™ ile birinci deneme
alaninin 1. 6rnekleme noktasinda belirlenmistir
(Cizelge 2). Korelasyon analizi sonucunda 0-20 cm
derinlikten alinan orneklerde tuz ile kireg (r:0.529**),
silt (r:0.632***), organik madde (r:0.451%), P (r:0.399%),
K (r:0.712***), Ca (r:0.745***) ve Mn (r:0.570**) arasinda
pozitif iliski, kum (r:-0.369*) ve kil (r:-0.747***) ile
negatif iliski tespit edilmistir (Cizelge 5 ve 6). Elde
edilen sonuclara gore bu alanlarda tarimsal Uretim
bakimindan tuzluluk bakimindan sorun olmadig
belirlenmistir. Soba ve ark. (2015) ve Akca ve ark.
(2015) yaptiklari calismalarda toprak tuzlulugu ile K, B,
Fe, Zn, Cu ve Mn arasinda pozitif iliski oldugunu
bildirmislerdir.

. . Tuz Kireg Kum Kil Silt Organik
o
dSm™ % %
1 0-20 0.226 7.36 147 44 16 40 Tin 3.11
20-40 0.104 7.85 1.25 42 24 34 Tin 1.16
I 2 0-20 0.165 7.38 0.40 44 24 32 Tin 3.06
20-40 0.131 747 0.40 30 24 46 Tin 241
1 0-20 0.644 6.20 0.44 44 26 30 Tin 1.67
20-40 0.285 6.21 0.11 40 28 32 Killi-Tin 1.38
I 2 0-20 0.467 6.17 0.22 38 32 30 Killi-Tin 1.64
20-40 0.207 6.20 0.11 38 32 30 Killi-Tin 1.59
3 0-20 0.244 5.90 0.22 36 30 34 Killi-Tin 1.94
20-40 0.258 6.20 0.33 46 24 30 Tin 1.53
1 0-20 0.419 7.66 4.55 52 20 28 Kumlu-Kil-Tin 4.60
i 20-40 0313 7.79 4.77 54 20 26 Kumlu-Kil-Tin 1.54
2 0-20 0.427 7.72 3.96 48 22 30 Tin 2.14
20-40 0.258 8.16 4.26 46 20 34 Tin 1.86
1 0-20 0.369 7.95 4.59 50 18 32 Tin 223
20-40 0.299 8.21 5.73 50 16 34 Tin 146
v 2 0-20 0.446 793 5.47 48 18 34 Tin 2.96
20-40 0.337 8.09 6.53 48 18 34 Tin 1.98
3 0-20 0.493 7.89 4.62 48 16 36 Tin 4.53
20-40 0.371 8.15 741 54 16 30 Kumlu Tin 2.68
1 0-20 0.686 8.00 2277 26 4 70 Siltli Tin 275
20-40 0.512 8.08 3044 26 4 70 Siltli Tin 1.75
2 0-20 0.696 7.95 11.62 28 6 66 Siltli Tin 3.94
v 20-40 0.732 7.91 13.84 28 6 66 Siltli Tin 2.76
3 0-20 0.664 7.92 1546 28 6 66 Siltli Tin 3.40
20-40 0.739 8.03 12.62 30 4 66 Siltli Tin 1.74
4 0-20 0.843 7.99 6.68 30 6 64 Siltli Tin 3.99
20-40 0.636 7.99 8.49 30 8 62 Siltli Tin 3.22
Vi 1 0-20 1.516 7.59 0.63 50 22 28 Tin 1.86
20-40 0.635 7.84 0.74 50 22 28 Tin 1.80
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Cizelge 3. Arastirma alanlari 6rneklerinin yarayisli P ve degisebilir katyon icerikleri.
Table 3. Analyzes of available P and available cation elements of the research area samples.

Deneme Ornek Derinlik Fosfor Potasyum Kalsiyum Magnezyum Sodyum
alanlan noktasi  (cm) mg kg!
1 0-20 25.2 256.3 4077 187.1 55.92
I 20-40 20.6 198.3 3346 254.0 58.60
2 0-20 234 261.5 3842 2483 53.90
20-40 18.2 2135 3648 2723 55.33
| 1 0-20 28.5 290.6 1369 162.1 69.01
20-40 17.6 270.2 1337 158.3 66.24
2 0-20 26.1 281.2 1890 289.1 67.93
20-40 143 256.6 2189 355.8 67.96
3 0-20 21.6 2783 1871 296.4 58.58
20-40 15.1 256.7 2134 3537 66.07
m 1 0-20 24.6 2413 5961 102.8 55.87
20-40 15.2 241.6 6172 110.1 51.25
2 0-20 271 245.0 6350 115.2 55.04
20-40 18.6 219.6 6516 120.6 52.54
v 1 0-20 222 233.0 5785 85.69 52.46
20-40 13.2 198.2 5865 92.83 52.68
2 0-20 26.7 275.6 5436 85.74 51.92
20-40 14.1 199.5 5779 9147 53.39
3 0-20 20.5 616.2 5674 114.6 50.15
20-40 15.3 440.2 5507 95.11 50.20
1 0-20 26.1 3884 9753 1333 54.86
20-40 20.5 381.1 9123 123.6 55.92
2 0-20 225 434.8 10320 2237 57.53
v 20-40 18.3 427.0 10690 212.6 57.48
3 0-20 243 470.9 10350 301.8 69.79
20-40 203 407.7 9804 297.7 69.98
4 0-20 26.9 368.6 10780 178.6 53.46
20-40 19.4 379.2 10560 173.6 55.25
Vi 1 0-20 315 2733 4415 210.2 64.30
20-40 204 2643 4446 213.9 67.42

Deneme alanlarinin %kum, %silt ve %kil icerikleri
incelendiginde, 0-20 cm derinlikten alinan drneklerde

sirasiyla  %28-52, %28-66, ve %4-32 arasinda
degistikleri, 20-40 cm derinlikten alinan 6rneklerde ise
sirastyla  %26-54, %26-70 ve %4-32 arasinda

degistikleri tespit edilmistir. Blinye sinifi bakimindan
incelendiginde, 0-20 cm derinlikten alinan &rneklerin
sekiz ornekleme noktasinin; Tin, iki O6rnekleme
noktasinin; Killi-Tin, bir 6rnekleme noktasinin; Kumlu-
Killi-Tin, dort ornekleme noktasinin ise Siltli-Tin
sinifinda oldugu 20-40 cm den alinan 6rneklerde ise
yedi Ornekleme noktasinin; Tin, iki ©rnekleme
noktasinin; Killi-Tin, bir 6rnekleme noktasinin; Kumlu-
Killi-Tin, dort oérnekleme noktasinin; Siltli-Tin ve bir
ornekleme noktasinin ise Kumlu-Tin sinifinda yer aldigi
belirlenmistir  (Cizelge 2). Korelasyon analizi
sonuclarina goére 0-20 cm derinlikten alinan
orneklerde kumile kil (r:0.475*** ) arasinda pozitif iliski
belirlenmisken silt (r:-0.877***), P (r:-0.559**), K (r:-
0.438*), Ca (r:-0.465**), Mg (r:-0.366*) ve Fe (r:-0.416%)
arasinda negatif iligskiler belirlenmistir. 20-40 cm
derinlikten alinan 6rneklerde kum ile kil (r:0.577***) ve

Zn (r:0.368*) arasinda pozitif iligki, silt (r:-0.891***), K
(r:-0.428%), Ca (r:-0.578***), Mg (r:-0.524**) ve Fe (r:-
0.499**) arasinda negatif iliski belirlenmistir (Cizelge 5
ve 6). Taban ve ark. (1997), Tiumsavas (2003) ve Soba
ve ark. (2015) tarafindan yapilan ¢alismalarda benzer
iliskiler belirlenmistir.

Organik madde iceriklerinin 0-20 cm derinlikten
alinan orneklerde %1.67-4.60 arasinda, 20-40 cm
derinlikten alinan orneklerde ise %1.16-3.22 arasinda
degisim gosterdigi  tespit edilmistir.  0-20 cm
derinlikten alinan drneklerin organik madde igerikleri
Ulgen ve Yurtsever (1974)'in bildirdigi sinir degerleriile
kiyasladigimizda, organik madde igerigi bakimindan
iki 6rnekleme noktasinin fazla (>%4), bes érnekleme
noktasinin yeter (%3-4), dort 6rnek noktasinin orta
(%2-3) ve dort ornekleme noktasinin ise az (%1-2)
sinifinda yer aldigi belirlenmistir. 20-40 cm derinlikten
alinan orneklerde ise bir 6rnek noktasinda yeter (%3-
4), 3 6rnek noktasinda orta (%2-3) ve onbir 6rnek
noktasinda ise az sinifinda (%1-2) yer aldigi tespit
edilmistir (Cizelge 2). Korelasyon analiz sonuglarina
gore 0-20 cm derinlikten alinan 6rneklerde organik
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madde ile K (r:0.595***) ve Ca (r:0.577***) arasinda Arastirma Alanlaruun Bitki Besin Elementi
pozitif iliski, Na (r:-0.364*) ile negatif iliski icerikleri

belirlenmistir. Alt toprak (20-40 cm) alinan 6rneklerde
organik madde ile K (r:0.552**) ve Ca (r:0.588***)
arasinda pozitif iliski, P (r:-0.443*), Fe (r:-0.399*) ve Cu
(r:-0.437*) arasinda negatif iliski belirlenmistir (Cizelge
5 ve 6). Elde ettigimiz bu sonucglar yapilan diger
calismalarin sonuclari ile uyum icerisindedir (Parlak ve
ark., 2008; Bellittirk ve ark., 2009; Soba ve ark., 2015).
Ozyazici ve ark, (2014), yaptiklari calismada toprak
organik maddesi ile tekstlr bilesenleri arasinda
korelasyon olmadigini  bildirmislerdir. Topraklarin
organik madde icerikleri hem fiziksel o©zelliklerinin
iyilesmesi bakimindan hem de besin elementi kaynagi
olusturmasi nedeniyle blylik 6nem tasimaktadir. Bu
nedenle organik madde igeriginin dusik oldugu
alanlara 2-3 ton/da ayrismis ciftlik glibresi uygulamasi

Deneme alanlarinin besin element analiz sonuglari
ile korelasyon analiz degerleri Cizelge 3-4 ile Cizelge
5-6'da verilmistir.

Deneme alanlarinin  yarayish P icerikleri
incelendiginde, 0-20 cm derinlikten alinan 6rneklerin
timunun ok fazla (15 mg kg'<) sinifinda yer aldigi
belirlenmistir. En yiksek degerler 31.5 mg kg™ ile
altinci deneme alaninda, en duslk deger ise 20.5 mg
kg™ ile dérdinci deneme alaninin 3. oérnekleme
noktasinda tespit edilmistir. 20-40 cm derinlikten
alinan orneklerin yarayish P iceriklerinin fazla (10-15
mg kg™) ile cok fazla (15 mg kg'<) arasinda degismis
ve en yuksek P icerigi 20.6 mg kg™ ile birinci deneme
alaninin 1. 6rnekleme noktasinda, en dustik deger ise
132 mg kg’ ile doérdinci deneme alaninin 1.

yararli olacaktir (Rosen et al., 1999). Ornekleme noktasinda belirlenmistir  (Cizelge 3).
Cizelge 4. Arastirma alanlar 6rneklerinin yarayisli mikro element icerikleri.
Table 4. Available microelement analysis results of research area samples.
Ornek Derinlik Fe Zn Mn Cu
Deneme alanlari R
noktasi (cm) mg kg!
1 0-20 13.33 0.42 1.67 18.85
I 20-40 14.26 0.12 1.68 20.40
2 0-20 17.79 0.44 1.99 20.24
20-40 17.37 0.19 2.38 18.38
1 0-20 49.80 0.58 2.24 39.18
20-40 43.70 0.54 2.26 35.50
" 2 0-20 39.20 0.41 2.22 40.04
20-40 39.84 0.32 2.24 42.76
3 0-20 47.96 0.50 2.26 43.84
20-40 40.86 0.36 2.31 42.86
1 0-20 10.80 0.40 1.5F1 8.58
m 20-40 10.80 0.40 1.53 9.71
2 0-20 11.72 0.32 1.74 13.76
20-40 11.60 0.30 1.75 14.06
1 0-20 10.46 0.60 1.74 12.30
20-40 11.34 0.14 2.04 11.82
v 2 0-20 11.36 0.44 1.53 15.48
20-40 11.84 0.16 1.90 10.81
3 0-20 16.1 0.88 1.60 13.92
20-40 11.60 0.51 1.52 12.41
1 0-20 24.76 0.21 2.24 12.58
20-40 21.26 0.14 2.06 11.16
2 0-20 17.94 0.38 2.26 11.95
v 20-40 23.04 0.26 2.64 15.86
3 0-20 46.28 0.56 3.22 11.420
20-40 34.80 0.28 3.08 14.84
4 0-20 24.30 0.36 244 52.12
20-40 28.26 0.40 2.72 50.48
Vi 1 0-20 16.62 242 4.66 42.90
20-40 17.46 2.10 4.82 46.08
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0-20 c¢cm derinlikten alinan &rneklerin korelasyon

analiz sonuglarina gore P ile Ca (r:0.362*) ve Mn
(r:0.446*) arasinda pozitif iliski belirlenmistir. 20-40 cm
derinlikten alinan 6rneklerde ise P ile Mn (r:0.544**),
Zn (r:0.454*) ve Cu (r:0.428*) arasinda pozitif, K (r:-
0.401*) ile de negatif iliski belirlenmistir (Cizelge 5 ve
6). Alinabilir fosfor ile diger elementler arasindaki
iliskilere ait korelasyon analiz sonuclari yapilan benzer
calismalar ile uyum go&stermektedir (Taban ve ark.
1997; Cimrin ve Boysan 2006; Parlak ve ark. 2008, Soba
ve ark. 2015; Akca ve ark. 2015).
Alinabilir K igerikleri bakimindan deneme alanlarinin
dagilisi su sekilde olmustur. 0-20 cm derinlikten alinan
orneklerin on 6rnekleme noktasinda yeterli (200-300
mg kg™, iki 6rnekleme noktasinda ylksek (300-400
mg kg™") ve U¢ 6rnekleme noktasinda cok yuksek (400
mg kg™ <) sinifinda yer aldiklar belirlenmistir. 20-40
cm derinlikten alinan  6rneklerin  G¢ 6rnekleme
noktasinin dustk (150-200 mg kg™), yedi érnekleme
noktasinin yeterli (200-300 mg kg™, iki 6rnekleme
noktasinin yuksek (300-400 mg kg™") ve l¢ 6rnekleme
noktasinin ise ¢cok yuksek (400 mg kg'<) sinifinda yer
aldigi belirlenmistir (Cizelge 3). Korelasyon analiz
sonucuna gore K ile Ca arasinda 0-20 cm ve 20-40 cm
derinlikteki orneklerde (r:0.646*** ve r:0.492*) pozitif
iliski belirlenmistir (Cizelge 5 ve 6). Soba ve ark. (2015)
yaptiklari calismada K ile B, Zn, Cu ve Mn arasinda
pozitif iliski oldugunu bildirmislerdir.

Deneme alanlarinin  alinabilir  Ca icerikleri
incelendiginde, 0-20 cm derinlikten alinan 6rneklerin
iki 6rnekleme noktasinin orta (1429-2143 mg kg™"), bir
ornekleme noktasinin fazla (2144-2857 mg kg™") ve
oniki érnekleme noktasinin ¢ok fazla (3571 mg kg'<)
sinifinda yer aldigi belirlenmistir. 20-40 cm derinlikten
alinan érneklerin bir 6rnek noktasi fakir (715-1428 mg
kg™"), bir 6rnek noktasinin orta (1429-2143 mg kg™),
bir drnek noktasinin iyi (2144-2857 mg kg™"), birérnek
noktasinin fazla (2858-3571 mg kg') ve onbir
ornekleme noktasinin ¢ok fazla (3572 mg kg'<)
sinifinda  yer aldigi belirlenmistir  (Cizelge 3).
Korelasyon analiz sonucunda 20-40 c¢cm derinlikten
alinan orneklerde Ca ile Cu (r:-0.333***) arasinda
negatif iliski belirlenmistir (Cizelge 6)

Deneme alanlarinin  alinabilir Mg icerikleri
incelendiginde, 0-20 cm derinlikten alinan 6rneklerin
alti 6rnekleme noktasinda orta (80-160 mg kg') ve
dokuz 6rnekleme noktasinda ise yiksek (161-350 mg
kg") sinifinda yer aldigi belirlenmistir. 20-40 cm
derinlikten alinan 6rneklerden yedi Ornekleme
noktasinin orta (80-160 mg kg™), alti 6rnekleme
noktasinin yiksek (161-350 mg kg™") ve iki 6rnekleme
noktasinin ¢ok ytksek (351 mg kg'<) sinifinda yer
aldiklari belirlenmistir (Cizelge 3). 0-20 cm derinlikten

alinan &rneklerin korelasyon analiz sonuglarina gore
Mg ile Na (r:0.754***), Fe (r:0.658***) ve Cu (r:0.527**)
arasinda pozitif iliski tespit edilmistir. 20-40 cm
derinlikten alinan drneklerde ise Mg ile Fe (r:0.673***),
Mn (r:0.478**) ve Cu (r:0.429*) arasinda pozitif iliski
belirlenmistir (Cizelge 5 ve 6).

Alinabilir Na icerikleri bakimindan deneme

alanlarinin her iki derinliginden alinan &rneklerde
sorun olmadigi belirlenmistir. 0-20 c¢cm derinlikten
alinan orneklerde en yiksek Na icerigi 69.79 mg kg™
ile V. deneme alaninda, en distk 50.5 mg kg ile IV.
deneme alaninda tespit edilmistir. 20-40 cm
derinlikten alinan orneklerde en yiksek Na igerigine
69.98 mg kg™ ile V. deneme alaninda, en dusiik 50.20
mg kg™ ile IV. deneme alaninda belirlenmistir (Cizelge
3). 0-20 cm derinlikten alinan orneklerde yapilan
korelasyon analizi sonucu Na ile Fe (r:0.799***), Mn
(r:0.608***), Cu (r:0.378*) ve Zn (r.0.604***) arasinda
pozitif iliski belirlenmistir (Cizelge 5 ve 6).
Yarayish mikro element igerikleri bakimindan deneme
alanlarinin her iki derinlik icin Zn elementi haric diger
elementler genelde yeterli sinir degerlerinin ¢ok
Ustiinde olduklari belirlenmistir. Yarayisli Fe icerikleri
incelendiginde 0-20 c¢cm derinlikten alinan drneklerin
10.80 mg kg’ ile 4980 mg kg' arasinda
degismektedir. 20-40 cm derinliklerden alinan
orneklerde ise 10.80 mg kg™ ile 43.70 mg kg™ arasinda
degistikleri belirlenmistir (Cizelge 4). 0-20 cm ve 20-40
cm'den alinan &rneklerde yapilan korelasyon analizi
sonucu Fe ile Cu arasinda (r:0.634*** ve 0.498**) pozitif
iliski belirlenmistir (Cizelge 5 ve 6). Benzer olarak Soba
ve ark. (2015) ve Akga ve ark. (2015) yaptiklari
calismada Fe ile Zn, Cu, Mn ve K arasinda pozitif iliski
oldugunu bildirmislerdir.

Altinci deneme alani hari¢ diger deneme alanlarinin
hem 0-20 cm hemde 20-40 c¢cm derinlikten alinan
orneklerde vyarayish Zn icerikleri noksan degerler
icerisinde yer aldigi1 ve genel bir Zn noksanlidi ile kars!
karsitya oldugumuz sonucu ortaya c¢ikmistir. 0-20 c¢cm
derinlikten alinan 6rneklerin Zn icerikleri 0.21 mg kg™
(V. deneme alani, 1. drnekleme noktasi) ile 0.88 mg kg
T (IV. deneme alani, 3. drnekleme noktasi) arasinda, 20-
40 cm derinlikten alinan rneklerde ise 0.12 mg kg™ (I.
deneme alani, 2. 6rnekleme noktasi) ile 0.54 mg kg™
(Il. deneme alani, 1. ornekleme noktasi) arasinda
degistigi belirlenmistir. Altinci deneme alaninda ise 0-
20 cm derinlikte 2.42 mg kg™, 20-40 cm derinlikte ise
2.10 mg kg™" olarak Zn degerleri belirlenmistir (Cizelge
4). Korelasyon analizi sonucu Zn'un yalnizca 0-20 cm
derinlikteki 6rneklerde Cu (r:0.498**) ile pozitif iligki
gosterdigi  belirlenmistir (Cizelge 5 ve 6). Benzer
iliskiler Timsavas (2003), Cimrin ve Boysan (2006),
Turan ve ark. (2010) ve Soba ve ark. (2015) tarafindan
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Cizelge 5. Abant izzet Baysal Universitesi arastirma alanlari topraklarinin 0-20 cm &rneklerinin bazi fiziksel ve kimyasal &zellikleri arasindaki korelasyon katsayilari.

Table 5. Correlation coefficients between some physical and chemical properties of 0-20 cm samples of Abant izzet Baysal University research aredas.

0-20 pH EC Kireg Kum Kil Silt O.M. P K Ca Mg Na Fe Mn Zn
EC 0.351ns

Kireg  0.476** 0.526**

Kum 0.033 -0.369* -0.513**

Kil -0.665***  -0.747***  -0.836***  0.475**

Silt 0.313ns 0.632*** 0.767*** -0.877** -0.836***

O.M.  0.349ns 0.451* 0.230 -0.339 -0.476** 0.462*

P 0.261 0.399* 0.333 -0.559** -0.381* 0.544*  0.121

K 0.217 0.712%** 0.614*** -0.438* -0.708*** 0.657***  0.595***  0.319

Ca 0.700*** 0.745%** 0.737*** -0.465** -0.943%+* 0.790***  0.577*** 0.362*  0.646***

Mg -0.601***  -0.064 -0.321 -0.366* 0.295 0.096 -0.160 0.165 -0.022 -0.306

Na -0.622***  0.200 -0.223 -0.253 0.231 0.049 -0.364*  0.256 0.057 -0.302  0.754**

Fe -0.803**  0.121 -0.113 -0.416* 0.166 0.195 -0.129 0.057 0.217 -0.233  0.658***  (0.799***

Mn -0.021 0.570** -0.074 0.180 -0.105 0.170 0.119 0.446*  0.156 0.107 0.333 0.608*** 0.244

Zn -0.031 0.323 -0.269 0.316 0.186 -0.302 0.003 0.258 0.019 -0.167  0.041 0.378* -0.003 0.805***
Cu -0.594***  0.089 -0.422* -0.095 0.361* -0.117 0.089 0.126 -0.017 -0.308  0527** 0.604*** 0.634***  0.549**  0.498**

*P< 0.05, **P< 0.01, ***P< 0.001.

Cizelge 6. Abant izzet Baysal Universitesi arastirma alanlari topraklarinin 20-40 cm &rneklerinin bazi fiziksel ve kimyasal &zellikleri arasindaki korelasyon katsayilari.
Table 5. Correlation coefficients between some physical and chemical properties of 20-40 cm samples of Abant lzzet Baysal University research areas.

20-40 pH EC Kireg Kum Kil Silt O.M. P K Ca Mg Na Fe Mn Zn
EC 0.217
Kireg 0.563** 0.178
Kum -0.033 -0.120 -
0.675***
Kil -0.778***  -0.263 - 0.577***
0.835%**
Silt 0.451* 0.214 0.848***  --0.891***  -0.885***
O.M. 0.604***  -0.088 0.328ns  -0.108 -0.595*** 0.391*
P -0.053 0.642***  -0.105 0.129 0.101 -0.131 -0.443*
K 0.338 0.179 0.488**  -0.428* -0.549** 0.549** 0.552** -0.401*
Ca 0.793***  0.281 0.811***  -0.578*** -0.940*** 0.852***  0.588***  -0.098 0.492*
Mg -0.505**  0.043 -0.091 -0.524** 0.178 0.201 -0.245 -0.066 0.081 -0.128
Na -0.027 -0.235 -0.152 0.063 0.136 -0.112 0.023 -0.100 -0.117  -0.124 0.170
Fe -0.688***  0.029 0.018 -0.499** 0.216 0.164 -0.399* 0.032 0.142 -0.235 0.673*** -0.076
Mn -0.020 0.803***  0.060 -0.205 -0.073 0.158 -0.310ns  0.544** 0.064 0.101 0.478** -0.051  0.292
Zn 0.028 0.713**  -0.295 0.368* 0.184 -0.312 -0.232 0.454* 0.006 -0.204 0.082 -0.066  -0.097 0.7871%**
Cu -0.583*** 0.355ns  -0463*  -0.131 0.380* -0.137 -0.437* 0.428* -0.198  -0.357ns  0.429* -0.044  0.498** 0.454* 0.324ns

*P< 0.05, **P< 0.01, ***P< 0.001.
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Belirlenmesi

bildirilmistir. Bulgulara gore deneme alanlarina Zn
iceren  glbrelerin  uygulanmasi  biytik fayda
saglayacaktir.

Deneme alanlarinin yarayisli Mn ve Cu iceriklerinin
yeter sinir degerlerinin ¢ok Ustinde olduklar tespit
edilmistir. 0-20 cm derinlikten alinan érneklerin Mn ve
Cu icerikleri sirasiyla 1.51 mg kg™ ile 4.66 mg kg™', 8.58
mg kg ile 52.12 mg kg™ olarak belirlenmistir. 20-40
cm derinlikten alinan érneklerde sirasiyla 1.52 mg kg™
ile4.82mgkg™,9.71 mg kg 'ile 50.48 mg kg ™" arasinda
belirlenmistir  (Cizelge 4). Korelasyon analizi
sonucunda Mn'in hem 0-20 cm derinlikten alinan
orneklerde hemde 20-40 cm derinlikten alinan
orneklerde Zn (r:0.805*** ve 0.549 **) ve Cu (r:0.781***
ve r0454*) ile pozitif iliski  gosterdigi
belirlenmistir(Cizelge 5 ve 6). Benzer iliskiler farkli
arastiricilar - tarafindan da yapilan calismalar ile
bildirilmistir (Timsavas 2003; Cimrin ve Boysan 2006;
Turan ve ark., 2010; Soba ve ark. 2015).

SONUC

Bu calisma 2016 yilinda AIBU Ziraat ve Doga
Bilimleri Fakiltesine tahsis edilen arastirma ve
uygulama alanlarindan iki derinlikten alinan (0-20 cm
ve 20-40 cm) toplam 30 toprak &rneginde
yurattlmdstur. Yapilan analizler sonucunda arastirma
ve deneme alanlarinin pH degerlerinin hafif asit ile
hafif alkali arasinda degistigi, kire¢ iceriklerinin
oldukca degiskenlik gosterdigi, tim 6rneklerin tuzsuz
sinifinda yer aldigi, V. deneme alani hari¢ arazilerin
lokasyonlarina bagli olarak genelde kum igeriklerinin
fazla oldugu ve tin bunye agirlikli oldugu, organik
madde iceriklerinin, o6zellikle 0-20 cm derinlikten
alinan 6rneklerde, cogu yerde orta ve yeter degerler
arasinda degistigi belirlenmistir. Yarayish fosfor ile
alinabilir potasyum icerikleri bakimindan herhangi bir
noksanlik gozlenmezken, alinabilir kalsiyum ve
magnezyum iceriklerinin kimi bélgelerde orta seviyede
olduklari  belirlenmistir.  Arastirma ve deneme
alanlarinin mikro element durumlar incelendiginde
¢inko bakimindan genel bir noksanlik belirlenmis,
diger elementlerin fazla sinifindaki degerler icerisinde
oldugu belirlenmistir. Bu alanlarda yurGtilecek
bilimsel calismalarda 6zellikle ¢inko gibrelemesine
ayrica bir 6nem verilmesi ve kimi yerlerde de
magnezyumlu ve kalsiyumlu glbre uygulamalarina
ihtiyag duyulabilir.
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Abstract. Nest predation is an important practical challenge for the protection of many
endangered species of birds and reptiles, and has the potential to reduce hatching success and
slow the recovery of the threatened populations. Estimating the temporal and spatial variation
of the nest predation has the potential to optimize predation management. In this study, the
temporal and spatial variation of mammalian predation was investigated in the green sea turtle
(Chelonia mydas) nests on Samandag beach, Eastern Mediterranean, Turkey. A total of 964 nests
were examined between 2012 and 2017, which 733 of them were protected with screened metal
grid and 231 of them unscreened control nests. The most effective nest predator was identified
as the Jackal (Canis aureus). The protection of the nests with the screened metal grid has
effectively increased the hatching success. The number of predated nests showed a positive
trend over the years, but this trend was not statistically significant. The likelihood of predation
increased towards the end of the incubation period, and did not change in the spatial variation
according to the distance to the sea and vegetation. Also, the likelihood of the predation
increased towards the end of the beach. Investigation of the likelihood of predation by nest
density and nest depth in future studies is important. Also, the investigation of population
ecology and status of the Jackals, which is predominant predators on the Samandag beach, is
important for the both species.

Samandag Kumsali Yesil Deniz Kaplumbagasi (Chelonia mydas) Yuvalarinda
Memeli Predasyonunun Zamansal ve Mekansal Degisiminin incelenmesi

Anahtar kelimeler:

Predasyon, Canis aureus, Chelonia
mydas, Yesil deniz kaplumbadasi,
Samandag

Ozet. Yuva predasyonu, bir¢cok nesli tikenmekte olan kus ve siriingen tiriiniin korunmasi igin
onemli bir pratik zorluktur ve yavru basarisini azaltma ve tehdit altindaki populasyonlarin
iyilesmesini yavaslatma potansiyeline sahiptir. Yuva predasyonunun zamansal ve mekansal
degisiminin tahmin edilmesi predasyon ydnetimini optimize etme potansiyeline sahiptir. Bu
calismada, Samandag kumsalinda yesil deniz kaplumbagasi (Chelonia mydas) yuvalarinda
memeli predasyonunun zamansal ve mekansal degisimleri arastirildi. 2012 ve 2017 yillari
arasinda 733'0 metal 1zgarali kafes ile korunan, 231'i ise metal 1zgara ile korumaya alinmamis
kontrol yuvalari olan toplam 964 yuva arastirildi. En etkili yuva predatori Cakal olarak tespit
edildi. Yuvalarin metal 1zgarali kafes ile korunmasi yavru basarisini etkin bir sekilde arttirdi.
Predasyona ugrayan yuva sayisi yillara gore pozitif bir egilim gosterdi, ancak bu egilim
istatistiksel olarak anlamli degildi. Predasyon olasihgi kulucka déneminin sonuna dogru artti ve
deniz ve bitki ortusiine olan mesafeye gére mekansal degisimde farkllik ortaya ¢ikmadi. Ayrica,
kumsalin sonuna dogru predasyon olasiligi artti. Yuva yogunlugu ve yuva derinliklerine baglh
predasyon olma ihtimalinin ileride arastirimasi 6nemlidir. Ayrica Samandag sahilinde baskin
yirtict olan Cakallarin populasyon ekolojisi ve stattsiiniin arastirnimasi da her iki tir icin de
onemlidir.
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INTRODUCTION

Turkey's Mediterranean coast have important
nesting beaches for the green sea turtle (Chelonia
mydas) and loggerhead sea turtle (Caretta caretta)
(Canbolat 2004). Also, Samandag beach is the most
important nesting beach for the green sea turtle in the
Eastern  Mediterranean  (Yalcin-Ozdilek  2007).
According to IUCN Red List criteria, the Mediterranean
subpopulation of the green sea turtle is in the "Critical
Endangered" (CR) status (Hilton -Taylor 2000), while
the Mediterranean sub-population of the loggerhead
sea turtle is in the "Least Concern" (LC) status (Casale
2015). Sea turtles, which typically have adapted to
aquatic life, need coastal habitats for the nesting. Over
the last 500 years, the consumption of sea turtles’
flesh, eggs, shells, oil and skin has caused the
generation of these species to face the danger of
extinction (Ripple 1996). The main threats of sea
turtles are dangers faced by nests in the coastal
habitats. These threats can be biotic as predators
(Baskale and Kaska 2005), and abiotic under the flood
of beach, erosion, degradation of nesting beach
(Sénmez and Yalcin Ozdilek 2013).

Nest predation requires the application of practical
and usable conservation methods for a number of
endangered species of birds and reptiles (Stancyk
1982; Leighton et al., 2011). Nest predators can be of
various numbers, including mammals, birds, lizards,
crabs, and insects (Stancky 1982; Brown and
Macdonald 1995; Yerli et al, 1997; Kaska 2000;
Ozdemir et al., 2004; Baskale and Kaska 2005). The nest
predation by the mammals is perhaps the most
important biotic problem for the sea turtles to
successfully complete their incubation (Kurz et al.,
2011). It has been reported, however, that in some
nesting beaches 97% of the nests are partially or
totally predated by mammals (Hopkins and Murphy
1980; Talbert et al, 1980; Schroeder 1981). Similar
results were also reported in Mediterranean nesting
beaches (Brown and Macdonold 1995; Yerli et al,
1997; Kaska 2000; Baskale and Kaska 2005; Akcinar et
al., 2006). In addition, predation is an important reason
of death for the eggs and hatchlings of endangered
sea turtles (Stancyk 1982). It has been reported in the
North Cyprus beaches that the hatching success is very
low for the reason of mammalian predation (Kaska
2000). Although the populations of sea turtle in
juvenile and adult period are very sensitive to the
death, the nest predation may have adverse effects on
future populations in the long term (Heppell et al,
1996). In addition, experimental and theoretical
research results have shown that it is important that

the their eggs and hatchlings survive in order to
continue the future population. (Dutton et al., 2005;
Mazaris et al, 2006). However, it is known that
significant reductions in survival rates in the first year
of their life cause their populations to decline more
rapidly (Crouse et al., 1987; Crowder et al,, 1994). For
this reason, the protection of the nests against the
predation is important for the future population's
existence. Against predation; a number of
conservation methods are proposed, such as predator
removal, transfer the eggs to other beach or
hatcheries, use of chemical pesticides and nest
protection (Yerli et al,, 1997). It has been reported that
the method of removing the predator is advised to be
used for intensive and repetitive predation (Windberg
and Knowlton 1988), and the chemical repellent
method is inadequate as it provides little success in
removing the predators (McMurtray 1986). It has been
stated that the transport of the nests to more suitable
beaches or hatcheries changes the sex ratio due to the
nest temperature (McMurtray 1986) and negatively
affects the morphology of the hatchlings (Sénmez et
al, 2011). When the costs and benefits of these
approaches are analyzed, it turns out that nest
protection is the most promising approach and has
the advantage of causing minimum level of
destructive and highly specific (Hopkins and Murphy
1983; McMurtray 1986).

The risk of exposure of the nest to predation may
change temporarily during the season and during the
incubation period, but research on these effects are
limited (Leighton et al, 2011). Several authors have
suggested that the risk of exposure of the nests to
predation could be variably through nesting season
because it could be changes depending on learn of the
predators (Stancyk 1982; Leighton et al, 2009).
However, it has been reported that nest predation is
more frequent at the beginning of the incubation
(Stancyk et al, 1980; Nellis and Small 1983; Leighton
et al, 2009) or at the end of the incubation (Fowler
1979; Nellis and Small 1983). Furthermore, several
studies have indicated that there is a relationship
between the spatial location of the nests on the beach
and the risk of exposure to predation (Leighton et al.,
2009; Leighton et al., 2011). It was reported that the
areas near the vegetation have a higher risk of
predation, and predation reduction methods need to
be concentrated in these areas (Leighton et al, 2011).
On the contrary, Brown and Macdonald (1995)
reported that the spatial distributions of the nests on
the Akyatan nesting beach was not influenced by the
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likelihood of exposure to predation. In this study, the
effectiveness of the nest protection activity with the
screened metal grid was investigated against mammal
predation on the Samandag nesting beach, and also
the temporal and spatial variation of mammal
predation was examined.

MATERIALS AND METHODS

The study was carried out between 2012-2017
nesting seasons at the Samandag beach (36° 07' N, 35°
55'E) in the Eastern Mediterranean, Turkey. Samandag
beach is 14 kms long, extending in the north-south
direction, between Sabca Cape in the South and Cevlik
Harbour in the North (Figure 1). Samandag beach is
divided into 3 sub-sections. These; Firstly Cevlik sub-
section which is located between the Cevlik Harbour
and the Seyh-Hizir Tomb and it is the most northly
point of the beach and is about 5.5 km long. Secondly
Seyh-Hizir sub-section, which is located between the
Seyh-Hizirr Tomb and Asi River and is about 4.1 km
long, and finally, Meydan sub-section, located
between Asi River and Sabca Cape 4.4 km long (Yalgin-
Ozdilek 2007). The most preferred sub-sections by the
sea turtles for nesting are Seyh-Hizir, Meydan and
Cevlik sub-sections, respectively (Yalcin-Ozdilek 2007).
The study was carried out in Seyh-Hizir and Cevlik sub-
sections (between 0 and 10000 meters) where daily
monitoring activities were carried out. In the study
area, the port of Cevlik in North is defined as the
reference point.

Daily monitoring was carried out by a team of five
people between 1 June and 15 September on every
nesting season. During the daily monitoring, the
nesting and non-nesting emergences were recorded,
and nest chambers were determined using reed sticks.
Also, the all emergences tracks were removed after
each examination to avoid duplication. Nest location
was marked with the planting stick. After the nest has
been determined, the distance from the nest to the sea
(DFS) and vegetation (DFV) that is the vertical
distribution of the nests was measured from the nest
chamber with the tape meter. The distance to the
reference point was recorded with the GPS (= 5 m,
GARMIN) to find the horizontal distributions. The
incubation duration of the nests is the time between
the day when the egg was laid and the day when the
first hatchlings was emergenced. The nest age was
calculated as the time between the day when the eggs
were laid by the turtle and the day when the nest
predated by the mammals. Hatching success was
calculated as a percentage of hatchlings in a clutch.
The total number of eggs was calculated as the sum of
the empty shell counts, dead embryo counts and

unfertilized egg counts. The nest protection under
threat from the predators such as mammalian were
screened with a metal grid (72 x 72 cm), with a 9 cm
mesh placed above the nest at a depth of 20 cm from
the surface above the center of the egg chamber, and
galvanize metal grid were used for this protection
(Kaska 2000; Baskale ve Kaska 2005). All nests under
threat from the predators were not screened and
some of them were left as a control group (unscreened
nest).

The normality analysis of the data was carried out
using Levene statistics. One-way analysis of variance
(ANOVA) was used to compare the DFS and DFV of the
screened and unscreened nests. The non-parametric
Mann-Whitney U test was used to compare the
hatching success of the nests. Firstly, frequency
distribution of the DFS, DFV, the nest age, horizontal
location of all unscreened nests were separately
obtained for each relationship test. No classification
was made and it was assumed that all frequencies
were raw data. The Pearson correlation test was
performed for each data, and then Poisson regression
analysis was subjected. Classical regression analysis is
based on the assumption that the dependent variable
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Figure 1. General view of the research area.
Sekil 1. Calisma alaninin genel gériiniimdi.
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is a continuous random variable. In addition, it is based
on assumptions that it is established on the
indepented variable with the error term. If the
dependent variable shows events occurring at a
certain time interval, applying the Poisson regression
gives more accurate results (Gardner et al, 1995). In
the Poisson regression model, a distribution model is
constructed on the probability number of occurrences
of a rare event, and general estimates of the
regression process are performed using the most
likelihood methods (Gardner et al., 1995). In a standard
Poisson model with the simplest count data model, it
is assumed that the variance is equal to the mean, but
the actual data often have larger variance than the
mean, ie overdispersed (Gardner et al., 1995). For this
reason, the data set should not be overdispersed. In
the overdispersed test, the null hypothesis assumes
that the data set shows the Poisson distribution, that
is the calculated p-value means that the level of
significance is greater than alpha = 0.05.

The frequency of predated nests over the years
were performed by means of the nonparametric and
nonseasonal Mann-Kendall Trend test (Hipel and
McLeod 1994). In the trend analysis, the Theil-Sen
regression was used to predict the regression
constants based on the Mann-Kendall Trend test and
the Kendall correlation coefficient (Sen 1968). The
Mann-Kendall test is based on the calculation of
Kendall's tau measure of association between two
samples, which itself is based on the ranks with the
samples. However, the existence of positive
autocorrelation in the data increases the probability of
detecting trends when actually none exists or vice
versa. A modified non-parametric trend test which is
suitable for autocorrelated data is proposed by
Hamed and Rao (1998). They stated that the accuracy
of the modified test in terms of its empirical
significance level was found to be superior to that of
the original Mann-Kendall trend test without any loss
of power. The comparison of the screened and
unscreened nests were performed with the SPSS 17.0
statistical package program, and also Mann-Kendall
Trend, Pearson correlation, Poisson regression and
overdispersion test were performed with the XLSTAT
2018 statistical package program.

RESULTS AND DISCUSSION

During the six nesting seasons, a total of 964 nests
under the predation risk were examined. Of these, 733
were screened group and 231 were unscreened
control group. The frequency distribution of the
screened and unscreened control groups according to
the years was shown in Figure 2.

150

100~

1SN [0.DU0D)

50

Frequency
<

150

100+

1IN PIWIIDS

50

T T T T T T T
2011 2012 2013 2014 2015 2016 2017 2018

Years
Figure 2. The frequency distribution of the nests according
to the years.
Sekil 2. Yillara gére yuvalarin frekans daguimu.

The mean DFS of screened nests is 37.64+13.31
(10-99) meters while the mean DFS of unscreened
nests is 35.98 +13.51 (8-79) meters. There were no
significant differences between the screened and
unscreened nests in terms of DFS (F=2.712, df=1,
P=0.100). The mean DFV of screened nests is 11.12
+12.58 (0-66) meters while the mean DFV of
unscreened nests is 12.35+13.28 (0-55) meters. There
were no significant differences between the screened
and unscreened nests in terms of DFV (F=1.557, df=1,
P=0.212). Out of 31 (4.2%) nests in screened groups,
due to natural reasons, the incubation was unable to
successfully completed, and at least 88% of the
screened nests were predated by the mammals at least
once. However; no damage was done to any nest due
to being screened with metal grid. When the
unsuccessful nests due to natural reason were
included for hatching success, the average of the
hatching success of screened nests was calculated as
76.85+25.80 (0-100). All nests in the unscreened
control group were destroyed by the predator and no
hatchlings emergences from any nests. Moreover, all
the eggs in the nests were completely destroyed when
the first predation was done. A total of 19328 eggs was
destroyed, of which 98% were jackals and 2% were
domestic dogs. The screened and unscreened nests
showed significant difference for the hatching success
(Mann-Whitney U test, Z=-22.164, P=0.0001).

Protection of the nests under threat of mammalian
predation with metal grid is an effective protection
method. Although 88% of the protected nests were
exposed to mammallian predation at least once, the
nest protection effect with metal grid was 100%
successful, and increased hatchling success. It was
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reported that the nest protection with metal grid have
achieved high success on the beach of Akyatan, which
is an important nesting beach for the green sea turtle
in the Eastern Mediterranean (Yilmaz et al., 2009). A
similar result was also reported for the loggerhead sea
turtle on the Dalaman beach (Baskale and Kaska 2005).
The nest protection method with grid cage was
reported to be successful for many species of the sea
turtles on the many beaches (Addison and Henricy
1994; Jordan, 1994; Kaska, 2000; Longo et al., 2009;
Kurz et al, 2011). It was found that predominant
predator species on the Samandad beach was the
Golden Jackal (Canis aureus). Golden Jackal was
reported as a nest predator on many nesting beaches
for the green sea turtle (Brown and Macdonald 1995;
Akcinar et al., 2006; Yilmaz et al,, 2009; Yilmaz et al,,
2015). However; the predators such as foxes, raccoons
and domestic dogs were also reported for the same
and different sea turtle species on the different
beaches (Jordan 1994; Yerli et al,, 1997; Baskale and
Kaska 2005; Akademi 2006).

The variation of the predated nests according to
the years are shown in Figure 3a. Although the
predated nests showing a positive upward change
with respect to the years, this change is not significant
in the Pearson correlation test (r=0.271, P=0.603).
Furthermore, the number of predated nests was
analyzed by the Mann-Kendall Trend test. According
to the results of this test, there were no significant
trend in the number of predated nests from 2012 to
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2017  (Kendall's  tau=0.200,
slope=10.00) (Figure 3b).

P=0.707, Sen’'s

Although the number of predated nests has shown
a positive trend in terms of the years, it did not show
any significant difference. Aureggi et al. (2000)
reported that the number of nest on the Akyatan
beach during 1995- 1998 differs from year to year, but
the number of predated nest is similar to the previous
years. In contrast, Engeman et al. (2003) reported that
the predation rate of 3 sea turtle species (loggerhead,
green and leatherback) nest changed seasonally.
However, it should not be forgotten that this
difference will be related to the amount of food and
population status of the predators (Fowler 1979).

The frequency distributions of the DFS, DFV, nest
age and horizontal locations of the predated nests
were shown in Figure 4. According to the distance to
the sea, the frequency of predation showed a
significant negative correlation (r=-0.461, P=0.001).
As seen in the 95% confidence interval ellipsis graph
in the relationship between the predation frequency
and DFS, the probability of the predation decreases as
the nests move away from the sea. (Figure 5a). It was
found that DFS and the predation likelihood of the
nests showed significance in the Poisson regression
test (Table 1). However, DFS very weakly explained the
probability of predation in the Poisson regression
model (McFadden R? = 0.054)
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Figure 3. The variation of the predated nests according to the years (a), the temporal change of predated nest numbers and

Theil-Sen Trend line (b).

Sekil 3. Predasyon olan yuvalarn yillara gére degisimi (a), predasyon olan yuva sayilarinin zamansal degisimi ve Theil-Sen Egim

cizgisi (b).
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Sekil 4. Predasyon olan yuvalarin DFS, DFV, yuva yast ve yatay yerlerinin frekans daguimlart (DFS: denize uzaklik, DFV: bitki

ortiistine uzaklik).

In reference to the distance to the vegetation, the
frequency of predation showed a significant negative
correlation (r=-0.400, P=0.006). As seen in the 95%
confidence interval ellipsis graph in the relationship
between the predation frequency and DFV, is less
likely to probability of the predation as the nests move
away from the vegetation (Figure 5a). However; it was
found that DFV and the predation likelihood of the
nests not showed significance in the Poisson
regression test (Table 1). Furthermore, DFV very
weakly explained the probability of predation in the
Poisson regression model (McFadden R? = 0.001).

In response to the nest age, the frequency of
predation showed a positive correlation. On the
contrary, this positive correlation was not statistically
significant (r 0.230, P = 0.154). The relationship
between predation frequency and nest age is shown
in the 95% confidence interval ellipsis graph (Figure
5¢). In contrast, it was found that the age of the nests
and the likelihood of predation were significant in the
Poisson regression test (Table 1). The nest age is
weakly explained the probability of predation in the
Poisson regression model (McFadden R? = 0.216). The
location of the predated nests in the horizontal
distance and the frequency of predation showed a
positive correlation. However, this positive correlation

was not statistically significant (r = 0.664, P = 0.151).
The relationship, which is not significant between the
predation frequency and the horizontal distance of the
predated nests, is shown in the 95% confidence
interval ellipsis graph (Figure 5d). On the contrary, it
was found that the horizontal distance and the
predation likelihood of the nests showed significance
in the Poisson regression test (Table 1). The horizontal
distance location of nests strongly explained the
probability of predation in the Poisson regression
model (McFadden R? = 0.944).

The predation nests showed a significant
correlation acording to both the distance from the sea
and the distance from the vegetation. In the Poisson
regression test, the spatial variation of the nests did
not affect the possibility of predation on the
Samandag beach. It was reported that the spatial
variation of predated nests on the Akyatan beach did
not affect the predation rate (Brown and Macdonald
1995). On the other hand, it was reported that the
predation probability of Eretmochelys imbracata nests
in the vegetation habitats is high, and the survival rate
of the hatchlings is less than 50% (Leighton et al,
2011). Vegetation on the beach, which uses as a
habitat not only for mammalian predators, but also
other predators such as invertebrata (Ozdemir et al.,
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Table 1. The model of predation probability of the nests according to the DFS, DFV, nest age and horizontal location in the
Poisson Regression (DFS: distance from sea, DFV: distance from vegetation).

Cizelge 1 Poisson Regresyonunda DFS, DFV, yuva yast ve yatay konuma gére yuvalarin predasyon olasuliginin modeli (DFS: denize
uzaklik, DFV: bitki értiistine uzaklik).

Overdispersion

Poisson Regression (2 Log (Likelihood)

T

P

Chi-square

Pr > Chi2 R2 (McFadden)

DFS (m)
DFV (m)
Nest Age (Days)
Horizontal (Km)

0.077
1.705
0.648

2.168

0.939
0.095
0.521

0.082

15.699
0.027
54.057

799.

< 0.0001
0.869
< 0.0001

< 0.0001

0.054
0.001
0.216
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Figure 5. The relationships between the predation frequency and DFS (a), DFV (b), nest age (c) and horizontal location (d) in
the 95% confidence interval ellipsis graph (DFS: distance from sea, DFV: distance from vegetation).
Sekil 5. %95 giiven araligi elips grafikte predasyon sikligt ile DFS (a), DFV (b), yuva yast (c) ve yatay konum (d) arasindaki iliskiler

(DFS: denize uzaklik, DFV: bitki ortiistine uzaklik).

2004; Wetterer et al., 2007) are an important predictor
for the predation. The nesting beaches of the sea
turtles consists of a mixture of both vegetated and
non-vegetated habitats. The beaches that are selected
by sea turtles as a nesting area and selected as a
habitat by the predators can reveal irregularities in the
predation risk (Fowler 1979). In addition, the intensity
of beach use by people also affects the risk of
predation (Leighton et al, 2011). In contrast, many
predators, such as domestic dogs, jackals and foxes,
can actively play a role in nest predation in all types of
habitats and in all areas of the nesting beaches (Fowler

1979; Leighton et al., 2011). The nest predation, which
was destroyed by the jackals on the Samandag beach,
has emerged effectively both in the open area and in
the vegetation area.

The predated nests assessed according to their
horizontal position on the beach. There is a non-
significant positive correlation between the horizontal
distance position and the predation frequency of
nests. However, in the Poisson regression test, the
model, that is the nest position in the horizontal
location, is strongly explain of the probability of
predation. The likelihood of the predation is increasing
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towards the end of the beach. Perhaps this
relationship is also related to the nest density of the
beach. This is due because the nest density on the
Samandag beach increases towards the end of the
beach (Yalgn Ozdilek 2007). Leighton et al. (2011)
stated that there is a strong negative relationship
between the nest density and the possibility of
predation in the open area, but also there is no
relationship between nest density and predation in the
vegetation areas. Spatial accumulation of the nests in
an area can be attractive to the predators, and can
increase the per capita risk of the nests (Leighton et
al, 2011). However, in a study conducted for
freshwater turtles, it was reported that the nest density
did not affect the risk of predation (Burke et al., 1998).
A similar finding was also reported for sea turtles
(Fowler 1979). These differences between the beaches
may be related to the feeding ecologies and habitats
of the predators. At the same time, it is important
which area of each beach is open for human use.

In the Poisson regression test, the probability of
predation is increasing towards to the end of
incubation. It was reported that predation is increasing
towards the end of the incubation of the green sea
turtle nests in northern Cyprus (Kaska 2000). A similar
result was also reported in Costa Rica green sea turtle
nests (Fowler 1979). It was reported that predation on
the Akyatan beach is more frequent after the fourth
week of incubation (Brown and Macdonald 1995).
However, some researchers report that in different
species and on different beaches, the nests are
predominantly predated in the early days of the their
incubation (Stancyk et al., 1980; Nellis and Small 1983;
Leighton et al., 2011). Kaska (2000) stated that there is
predation risk for the loggerhead sea turtle nests
throughout to the incubation duration. It is suggested
that because of changes depending on learning in
predator, the predation probability must change
throughout the nesting season (Stancyk 1982;
Leighton et al., 2009). Leighton et al. (2011) reported
that the risk of predation may change temporarily
during the incubation period. Since the predation risk
is related to the availability and location of the nest
(Fowler 1979), perhaps the nest depth of the green sea
turtle has a negative impact on the availability of the
nest. Leighton et al (2009) stated that the shallow
nests under the threat of mongoose predation in the
E. imbricata should be primarily protected. The most
of the predators are using smell to find the egg
(Stancky 1982), and nest depth may help remove the
nest sense by hiding the smell cue (Leighton et al.,
2009). The smell resulting from an increased metabolic
activity due to the growth of the embryo towards the

end of the incubation may increase the availability of
the shallow nests. However; in this study, the
relationship between probability of predation and nest
depth is not investigated. In future studies, it is
suggested to investigate relations between the depth
of the nest and the probability of predation.

CONCLUSION

The protection of nests that are under threat
mammalian predator by screened metal grid in the
Samandag beach effectively increases the hatching
success. However, the galvanized metal grid used in
nest protection have some negative effects on
hatchlings orientation (Irwin et al, 2004). For this
reason, as well as increase the hatching success, the
use of a grid made of plastic material can be an
effective protection method without adverse effect on
the orientation. While the probability of the predation
were increasing towards the end of the incubation
duration, the probability of the predation according to
the spatial distance to the sea and vegetation had not
changed. However, the probability of the predation
towards the end of the beach, where the nest density
was high, showed an increase. Investigation of the
possibility of predation with nest density and nest
depth in future studies, as well as the investigation of
the population ecology and status of the Jackals, a
predominant predator on the Samandag beach, are
important for future generations of both species.
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Abstract. Production of organic plants started the 1980s in Turkey, and organic fruits such as
pistachio, almond, walnut, olive, and pomegranate have a short history in Anatolia. Many regions
in our country have suitable ecological conditions for organic production of many fruit cultivars.
Although organic agricultural production was realized to be 1.164.202 tons in Turkey in 2015,
organic pistachio production was 1.141 tons. Turkey is not at the desired level when considering
its potential and there is a need for maximizing to its potential. Therefore, organic pistachio
production should be increased. Lack of knowledge of farmers on organic pistachio production,
lack of research works and high costs production are the main problems in the organic
production. The aim of this paper is to raise awareness of the organic pistachio potential and to

encourage farmers on organic orcharding in our country.

Tiirkiye'de Organik Antepfistig: Yetistiric

-I.vc

iligi ve Gelistirme Olanaklan Uzerine Bir
Derleme

Anahtar kelimeler:
Organik Uretim, Antep fistigi, Turkiye

Ozet. Turkiye de organik tarim 1980 lerde baslamistir ve antep fistigl, badem, ceviz, zeytin, nar
gibi meyvelerin Anadolu da organik olarak Uretilmesi kisa bir gecmise sahiptir. Ulkemizdeki
bircok bdlge, cogu meyve tirtiniin organik tretimi icin uygun ekolojik kosullara sahiptir. Turkiye
de organik tarim Uretimi 2015 yilinda 1.164.022 ton gergeklesmesine ragmen, organik antep
fistigi Gretimi 1.141 ton da kalmistir. Tlrkiye'nin organik tarim Gretim potansiyeli géz 6niine
alindiginda, Uretimin istenilen seviyede olmadigi ve bu potansiyelin Ust diizeye cikariimasi
gerektigi soylenebilir. Bundan dolayr organik tarim dretimi arttinlmaldir. Organik tarim
Uretiminde, arastirma sayisinin az olmasi, giftgilerin bilgi eksikligi ve Gretimde maliyetlerin ylksek
olmasi organik tarim Uretimini sinirlamaktadir. Bu ¢alismada organik antep fistigi potansiyeli
ortaya konularak bu konudaki farkindaligi arttirmak ve giftcileri organik meyve bahceleri kurmaya

tesvik etmek amaglanmaktadir.
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INTRODUCTION

Organic farming is a method of crop and livestock
production that involves much more than choosing
not to use pesticides, fertilizers, genetically modified
organisms, antibiotics and growth hormones. Organic
production is a holistic system designed to optimize
the productivity and fitness of diverse communities
within the agro-ecosystem, including soil organisms,
plants, livestock and people. The principal goal of
organic production is to develop enterprises that are
sustainable and harmonious with the environment
(IOF 2018).

Pistachio (Pistacia vera L) is one of the most
important nuts in the world due to its special
organoleptic characteristics (Acena et al, 2010; Tsantili
et al, 2010). This species has been used as a savory
snack or as a major ingredient in many traditional
desserts, pastries, fermented meats, and puddings
throughout human history. Today, pistachios are
cultivated as an important agricultural commaodity in
Iran, Turkey, the United States, Syria, Greece, Italy, and
Spain (Rodriguez-Bencomo et al,, 2015). After Iran and
USA, Turkey is the third biggest importer and exporter
of pistachio nuts (FAO 2015).

Many fruit species were grown in Anatolia a few
thousand years ago (Gercekcioglu et al, 2014; Simsek
2015; Gllsoy et al, 2016). In this context, Turkey is the
motherland of many nuts, such as pistachio, walnut,
hazelnut, chestnut, and almond (Sykes 1975; Soylu
1984; Koksal 2002; Akca 2009; Balik et al, 2016).

All kinds of pistachio are conventionally produced
in Anatolia (Satil et al, 2003). In addition, grafted
pistachio cultivars on wild Pistachio species are also
grown in different regions of Turkey (Kaska 1995).
Therefore, the production of pistachio in Turkey has
increased in recent years. But, organic pistachio
production was 1.141 tons in Anatolia. This fruit
production is not at the desired level when
considering its potential in Turkey. According to
agricultural certificate, 30 Turkish Liras per decare for
organic pistachio are given organic production
support (RG, 2017). It is a system which is the
guarantor for the consumer of the inspection and
certification bodies certified by ISO 65 (EN45011)
certification. The farmers who produce organic
pistachios must produce in accordance with the
principles of the certification body (OTKS 2018).
Organic products have been more consuming by
people in developed countries (Kaya 2003). However,
organic pistachios are evaluated as fresh, salted,
roasted, sweetened and in the industry. Some projects
such as organic pistachio breeding and the

improvement of biological substructure in pistachio
have been finalized. Pistachio cultivars such as Siirt,
Uzun, Kirmizi and Ohadi and pistachio rootstocks such
as buttum, menengic and atlantic sakizi are common.
For example, vaccination of the Siirt variety on the
Buttum mother can provide a good product. However,
new rootstocks and varieties that can be used for
different purposes in my country should be developed
by working diligently on rootstock and variety
breeding.

The soil should be selected according to the
requirements of the organic pistachio. Organic
pistachio seedlings must be intact, free of disease and
harmful substances, and must be produced in clean
areas. If cultivation area is affected by a certain disease
and pest is common, using diversification on it will
help to facilitate agricultural warfare in the future. In
general, tillage, pruning, fertilization, irrigation,
asthma and aggression must be cautious in the
subject. In addition, if some of the live and inanimate
materials with the following names using organic fruit
clusters are needed, they can be evaluated in cultural
measures in pistachio farming. These are: stable,
compost, agricultural lime, leonardite, organic wastes,
pit and peat, perlite, phosphate rock, potas rock,
poultry waste, bordeaux slurry, arab soap, tobacco
water, garlic water, milkweed water, raw milk, odor
calcium polysulphite, potassium permanganate,
azadirachtin, pyretherum, mineral oils, wax, thyme oil,
rose essence, arabic soap, paraffin oils, pigment oils,
light traps, food traps, visual traps, hunter insects,
some copper compounds, sulfur, rock flour and
bacillus thuringiensis (Simsek 2015).

Stable fertilizer can be given 2-4 tons once every 2-
3 years to soil of organic pistachio. Peat and Shrub
soils area can evaluation for organic pistachio
orcharding. Green manure such as alfalfa and
kongkunga can be evaluated in organic pistachio
fields. Microbial fertilizers are rich in nutrients that will
increase production during the production of organic
pistachios. Organomineral fertilizers contain both
mineral nutrients and at least 15% organic matter and
can be increase production during the production of
organic pistachios. Microbiological fertilizer is useful
for the improvement of organic pistachio soil. Bacteria,
Actinomycetes, Mycorrhizae, Algae and Worms can be
evaluated in organic pistachio farming (biological
fertilization) (Simsek 2013).

The use of compost can be achieved by using
different methods and techniques from all kinds of
vegetable and animal organic substances that we take
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out of the system in various meanings, and by
application in various forms in accordance with the
purpose of the breeding technique and purpose. Thus,
resources are gained by evaluating the waste materials
and the contamination and deterioration of the
natural resources formed by storing the organic
garbage in inappropriate conditions is prevented
(Simsek 2013).

Pistachio is one of the most popular tree nuts in the
World (Aldars-Garcia et al, 2016). This fruit is the
richest fatty-acids, metals and phytosterols, phenolic
compounds (Dreher 2012). Because the pistachio is
rich in nutrient content, this fruit must be produced
more organically. Therefore, in this study, through
presenting the existing status of organic pistachio
production, it was aimed to increase the awareness
and keep light to decision- makers in Anatolia.

ORGANIC PISTACHIO’S PRODUCTION IN TURKEY

The world has about 1.023.000 tons of total
pistachio production. The largest producer of
pistachio in the world is Iran with 480.000 tons. After
Iran, USA, Turkey, China and Syria produce 240.000,
144.000, 80.000 and 57.000 tons annually, respectively
(FAO 2015). In addition, about 20 pistachio cultivars
are grown in Turkey. The names of these cultivars are
Siirt, Uzun, Kirmizi, Halebi, Ohadi, Keten Gomlegi,
Beyaz Ben, Degirmi, Cakmak, Sultani, Vahidi, Miimtaz,
Sefidi and Haci Serifi. Some pistachio cultivars are
given in Figure 1; Siirt pistachio cultivar is given figure
2. Kirmizi pistachio cultivars is given in Figure 3, a
pistachio tree is given Figure 4 and the map of
provinces having organic pistachio growth in Turkey is
given in Figure 5. The most popular pistachio cultivars
in our country are Siirt, Kirmizi, Ohadi, Kellekogi, Uzun
and Halebi (Gezging ve Duman 2004). The fruit
appearances of Siirt and Kirmizi varieties are shown in
figure 2 and 3. Although there are so many pistachio
varieties and pistachio production, until now organic
pistachio production is 1.141 tons (RTMFAL 2015) and
this production amount is very small. But, the
ecological conditions of many provinces in Anatolia
are suitable for growing organic pistachios. Therefore,
the production of organic pistachios should be
increased.

(&

Figure 1. Some pistachio cultivars (SPC 2017).
Sekil 1. Bazt antepfistigi cesitleri (SPC 2017).
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Figure 2. Siirt pistachio (SP 2017).
Sekil 2. Siirt fistige (SP 2017).
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Figure 3. Kirmizi pistachio cultivar (KPC 2017).
Sekil 3. Kirmuzt antep fistigi cesidi (KPC 2017).

Figure 4. Pistachio Tree (PT 2017).
Sekil 4. Antep fistigt agact (PT 2017).
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Figure 5. Map of provinces having organic pistachio
production in Turkey (MPOPP 2017).

Sekil 5. Turkiyede organik antepfistigt yetistirilen illerin
haritast (MPOPP 2017).

ORGANIC
PROVINCES

The map of our provinces having organic pistachio
production is given in Figure 5. Although pistachio
growth is traditionally grown in 40 provinces of Turkey
(TSI 2015), organic pistachio production is grown on 8
provinces of Turkey (RTMFAL 2015). Considering the
provinces in Turkey, Gaziantep and Sanliurfa rank first
and second with 646 and 412 tons of pistachio
productions respectively. After these provinces,
Adiyaman, Kilis, Diyarbakir, Aydin and Canakkale
produce 38, 21, 12, 11 and 2 tons, respectively as
Mersin province come last with a production of only 1
ton (RTMFAL 2015). This production amount is very
small despite, the ecological conditions of these
provinces are suitable for growing organic pistachios.
Therefore, the production of organic pistachios should
be increased in these provinces.

PISTACHIO GROWTH OF OUR

DEVELOPMENT OPPORTUNITIES OF PISTACHIO IN
TURKEY

Organic pistachio growth in Turkey needs to
develop policies to get the expected profit from shell
nuts together with production plans for domestic
consumption and exports. These producers need to
make regular cultural processes to reduce profit
inefficiency. Organic pistachio yield and quality will
increase in case of more contribution to scientific
research and will make a positive contribution to the
economy. Organic pistachio’s fruits are in the group of
risky products in terms of Aflatoxin. Technical and
scientific studies must be done to reduce input cost in
organic pistachio production.

CONCLUSION

Pistachio growth and production potential are
very important for Turkey. Although pistachio
production is traditionally grown on fourty provinces
in Turkey, organic pistachio production is grown in
eight provinces. Organic pistachio production is very

small in Anatoli. Therefore,this nut producers
should act in cooperation with other institutions
and organizations, for example, agricultural
faculties, and other colleges and the universities’s
institutes and Ministry of Food, Agriculture and
Livestock. In provinces where organic pistachios
grow, organic production and marketing strategies
should urgently be developed. In addition, the
programs supporting producers as making aware of
the consumers for organic pistachio growth should be
prepared and implemented. Because Gaziantep,
Sanliurfa, Adiyaman, Kilis and Diyarbakir provinces are
suitable for organic pistachio production.
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