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OZET Aragtirma Makalesi

Bu arastirma, tritikale (x 7riticosecale Wittmack) tohumlarina

¢imlenme 6ncesi uygulanan GA3’iin tuzlu kosullarda ¢imlenme ve ilk Makale Tarihgesi

gelisme donemi lizerine etkilerinin incelenmesi amaciyla Gelig Tarihi - 15.04.2019

yurttulmustir. Arastirmada Mikham-2002 tritikale cesidine dort Kabul Tarithi :05.07.2019
farkli GA3 (0, 100, 200 ve 300 ppm) ve tuz (0, 50, 100 ve 200 mM

NaCl) konsantrasyonu uygulanmistir. Deneme, Tesadiif Parselleri Anahtar Kelimeler
Deneme Deseni’ ne gore faktoriyel diizende 4 tekerriirlii olarak Tlfltlkale' i
kurulmustur. Arastirmada ¢imlenme giicii (%), ¢cimlenme oran1 (%), Gibberellik Asit (GA3)
cimlenme indeksi (%), ortalama ¢imlenme siiresi (giin), hassashk '%Lzﬂgazls?

indeksi (%), kék uzunlugu (cm), gévde uzunlugu (cm), kok yas ve
kuru agirhg (mg), gévde yas ve kuru agirhgr (mg) degerleri
incelenmigtir. Arastirmanin sonucuna gore artan tuz dozlarinin
tritikale (x 7Triticosecale Wittmack) c¢imlenme ve biiyiime
parametrelerini engelledigi tespit edilmistir. Artan GA3 (Giberellik
asit) dozlarinin, tuz stresi altindaki tritikale tohumlarinin ¢imlenme
ve buylime parametreleri tizerine uzerine olumlu ve 6nemli etki
yaptig1 gorulmustir. Tritikale tohumunda en 1yi ¢cimlenme 6zellikleri
300 ppm giberellik asit + 0 mM (kontrol) tuz kombinasyonundan
elde edilmigtir.

Effect of Salt Stress (NaCl) in the Triticale (x Triticosecale Wittmack) Applied Pretreatment of
Gibberellic Acid

ABSTRACT Research Article

The research was conducted to determine the properties of

gibberellic acid pre-treatments that reducing the negative effects of Article History

salt stress on the seeds germination of triticale (x 7riticosecale Received ©15.04.2019
Wittmack) plant under salt stress. In the study, four different Accepted - 05.07.2019
gibberellic acid (0, 100, 200 and 300 ppm) and salt applications at O,

50, 100 and 200 mM (NaCl) concentrations , a factorial experiment ?gyyvoi'ds

was conducted in completely randomized design (CRD) with four Glfﬂ:];ca Eil' Acid (GA3)

replications, In research, germination power (%), germination rate 1bbereliic Act
Germination

(%), germination index (%), average germination time (days),
sensitivity index (%), root length (cm), stem length (cm), root fresh
and dry weight (mg), shoot fresh and dry weight (mg) values were
examined. According to the result of the research; when the salt
concentrations increase, the germination and growth parameters of
triticale were inhibited. It was seen that increasing doses of
gibberellic acid pre-treatments have significant and positive effects
on the germination and growth parameters of triticale seeds under
salt stress. The best germination properties of triticale seeds were
obtained from 300 ppm giberellic acid + 0 mM (control) salt
combination.

Salt Stress

To Cite : Altuner F, Oral E, Tunctirk R, Baran I 2019. Gibberellik Asit On Uygulamasina Tabi Tutulmus Triticale (x
Triticosecale Wittmack) de Tuz (Nacl) Stresinin Cimlenme Uzerine Etkisi. KSU Tarim ve Doga Derg 22(Ek Say1 2):
235-242. DOI: 10.18016/ksutarimdoga.vi.553769.
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GIRIS
Tarimsal Gretimde kalite ve verimi kisitlayan bir ¢ok
ekolojik  faktér bulunmaktadir. Bu kisitlayic

faktorlerin elemine edilmesinde ilk adim iyi bir
tohum yatagi ve ¢imlenme sartlarinin saglanmasidir
(Yildiz ve ark., 2007). Bu sartlarin saglanmasinda;
tohum kabugu, tohumun yasi, dormansi, sicaklik,
nem, 1s1k gibi bir ¢ok bitkisel ve cevresel faktor rol
oynamaktadir (Hartmann ve ark., 1990; De Villiers

ve ark.,, 1994; Khan ve Ungar, 1997). Bitkiler
acisindan cevresel faktorlere karsi en hassas
olduklari dénem ¢imlenme, c¢ikis ve erken fide

dénemidir. Bu ¢evresel faktorlerin tamamina stres
faktorleri denir. Bu faktorlerin bitki tizerindeki
etkileri ¢ogu zaman tek tek ya da birlikte ortaya
cikmaktadir. Bu nedenle kaynagina gére abiyotik ve
biyotik olmak tizere iki baslikta incelenmektedir
(Anonim, 2015). Bu calismada ele alinan abiyotik
stres faktorlerinden birisi de tuzluluktur (Yilmaz ve
ark., 2011). Topraktaki tuzluluk probleminin kisa
vadede c¢ozulemedigi durumlarda izlenmesi gereken
en temel yaklasim tuza dayanikli turlerin
belirlenmesidir (Kara ve ark., 2011).  Ozellikle
basingli  sulama sistemlerinin yetersiz oldugu
bolgelerde uygulanan vahsi sulama uygulamalar: bu
problemin biytimesine neden olmustur. Dinya
tuzerinde sulu tarim alanlarimin yaklasik 1/3’lik
kisminda (950 milyon/ha), iilkemizde ise 1.5-2 milyon
hektarda bu tehlikenin oldugu tahmin edilmektedir.
En basta bugday tariminin yapildigr bolgeler olmak
tzere bozuk drenaj ve yanlis sulama sistemlerinin
kullanildig1 yerlerde ¢ok acil tedbir alinmasi
gerekmektedir. Bu yanlis uygulamanin sonucu olarak
topraklarimizda alkalilik ve tuzluluk problemi ortaya
cikmigtir. Toprakta olugan tuzluluk Dbitkilerde
transpirasyon, solunum, su alimimi olumsuz
etkilerken, kok ve govde gelisiminin azalmasina
neden olmaktadir. Bunun sonucunda hormonal
dengesizlik, transpirasyon bozuklugu, yetersiz su ve
nitrat alinimi meydana gelmektedir (Leopold ve
Willing, 1984; Délarslan ve Giil, 2012). Bir diger
problem ise tuzlu topraklarda bulunan Na* ve CI
iyonlar1 nedeniyle olusan toksik etkiler ve iyon
dengesinin bozulmasidir. (Siegel ve ark., 1980;
Flowers ve Yeo, 1981; Inal ve ark., 1995).

Bu amagla gesitli bitkilerde yuritilecek
arastirmalarla bu =zararin Dbitkiler {lizerindeki
etkilerinin tespit edilmesi gerekmektedir. (Gupta ve
Srivastava, 1989; Pessarkli ve ark., 1991; Van Hoorn
1991). Bu nedenle tuza dayanakligin belirlenmesinde
cesitlere ait tohumlarin tuzlu ortamlarda bekletilerek
¢cimlenme Kkriterleri lzerine etkileri dikkate alinir
(Begum et al.,, 1992). Tuzluluk calismalarinda en
fazla bitkilerin ¢imlenme ve fide gelisim dénemleri
incelenmistir. Bunun temel sebebi ise bitkilerin erken
¢imlenme ve fide dénemlerinin tuzluluga dayaniklilik
bakimindan en hassas dénem olmasidir (Shannon,

236

1984). Ayrica her bitkinin tuza tolerans esigi de
dénemsel olarak farklilhik gostermektedir
(Shannon,1985).  Bitkisel {iretimde  verimliligi
simirlayan tuzluluk probleminden kaynakli verim
kayiplarin1i en aza indirecek uygun cesitlere ve
uygulamalara ihtiya¢ duyulmaktadir (Senay ve ark.,
2005). Bitkisel iiretimde ekilen tohumlarda
¢imlenmeyi hizlandirarak homojen ¢ikis yapmayi
saglayacak c¢esitll arastirmalar yurutilmektedir
(Duman ve Esiyok, 1998). Bu amagla Primining
uygulamalar1  (katlama, suda 1slatma, asitle
asindirma, buylime gelisme diizenleyicileri ve
hormonlarla muamele vb.) yapilmaktadir. (Ercisli ve
ark., 1999; Yildiz ve ark., 2017). Bunlarin icerisinde
hormonlar ve 6zellikle de GAS3 (Gibberellik asit)
yogun bir sekilde kullanilmaktadar.

Bu calismada tritikale tohumuna GA3 (Gibberellik
asit) uygulanarak tuzlu topraklardaki tuzun olumsuz
etkilerinin azaltilmasi amaclanmistir (Zheng ve ark.,
2009; Kayis, 2014).

MATERYAL ve METOT

Bu c¢alisma, 2019 yilinda Van Yizunci Yil
Universitesi Ziraat Fakiiltesi Tarla Bitkileri Bélumii
Tohum  Fizyolojisi Laboratuvarinda  Faktoriyel
diizende Tesaduf Parselleri Deneme Deseni’ ne gore 4

tekerrurli olarak yuUruatilmustir. Aragtirmada
Mikhame-2002 tritikale c¢esidi Bahri Dagdas
Uluslararas1 Tarimsal Arastirma Enstitistinden

temin edilmistir. Arastirmada dért farkli GA3 (0,
100, 200 ve 300 ppm) ve tuz seviyeleri (0, 50, 100 ve
200 mM NaCl) kullamilmigtir. Tritikale tohumlar1 %
2,5 (v/v) sodyum hipoklorid ile 5 dk yiizey
sterilizasyonu yapilmis ve saf sudan gecirilerek fazla
nemi alinmigtir. Tohumlar 9 cm c¢apinda steril
petrilere 20 adet tohum  olacak  sekilde
yerlestirilmigtir. Hazirlanan farklh dozlardaki NaCl
soliisyonlarindan (0, 50 ,100 ve 200 mM) her petriye
5 ml ilave edilmigtir. Kontrol uygulamalar: i¢in ayni
miktarda saf su kullamilmigtir. Bu uygulamalar
sonrasinda petrilerdeki tohumlar 20+1 °C sicaklhik
kosullarinda ve 16:8 saatlik aydinlik: karanhk
fotoperiyotta ¢imlenme ve c¢ikis testii¢in inkiibatore
yerlestirilmistir (Resim 1). Tohumlardaki baslangic
testleri ISTA (1996) kurallarina gére belirlenmistir.

Bu calismada; cimlenme giicii (%), ¢cimlenme orani
(%), cimlenme indeksi (%), ortalama cimlenme siiresi
(cm), hassaslik indeksi (%), kék uzunlugu (cm), gévde
uzunlugu (cm), kék yas agirhgn (mg), kék kuru
agirhg (mg), govde yas agirhgr (mg) ve gévde kuru
agirhign (mg) degerleri incelenmistir. Cimlenme giicii
ve ¢imlenme oranmi tohumlarin 7. ve 14. giinde elde
edilen ¢gimlenen tohum sayisinin toplam ekilen tohum
sayisina oranlanmasi sonucu elde edilmistir (Akinci
ve Caliskan, 2010). Cimlenme indeksi degeri
asagidaki esitlik kullanilarak elde edilmistir.
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Resim-1: Petri kaplarindaki tritikale tohumlar:

CI=2 (Gi/Tt) (Wang ve ark, 2004),

CI: i.ci giin tohum ¢imlenme orani; Tt: giin say1si
Ortalama ¢imlenme siiresi (OCS) asagidaki esitlikten
yararlanilarak hesaplanmistir, CS= X (fx) / Zf

f: Cimlenen tohum sayisi; x: cimlenme giinii (Ellis ve
Roberts, 1980),

Hassashik indeksi (Hi) hesaplamalarinda asagidaki
formiil kullanilmistir (Foolad ve Lin, 1997).

HI tuz uygulamasinda OCS /
uygulamasinda OCS.

kontrol

Kok uzunlugu, gévde uzunlugu, kok ve goévde yas
agirhiklari, denemenin sonlandirildigi 14. giin
yapilmig, ancak kuru kék ve govde agirliklar: ise 70
°C sicaklik ayari yapilmig etiutte 24 h siliresince
bekletilen bitkisel materyaller hassas terazide
tartilarak mg olarak ifade edilmigtir.

Elde edilen verilerin istatistiksel analizleri COSTAT
(siiriim 6.3) paket programina ile verilerin coklu

kargilagtirma testleri ise Duncan testine goére
yapilmigtir (Diizgiines ve ark. 1987).

BULGULAR ve TARTISMA

Tritikale (7riticosecale x Wittmack) bitkisinde GA3

ve tuz (NaCl) uygulamalar: sonucu elde edilen veriler
Cizelge 1 ve 2'de gosterilmigtir.

Arastirma sonucglarina gére GA3 6n uygulamasi
sonucu tuz dozlarimin ortalama c¢imlenme siresi
disinda incelenen tim c¢imlenme parametreleri
uzerine etkisi istatiksel olarak 6nemli bulunmustur.
Elde edilen sonuglara gore en yluksek ¢imlenme giicii
ve orani swrasiyla % 90.6- % 69.2 olarak kontrol
uygulamalarindan elde edilirken, en dusiik degerler

swrastyla; % 71.9-13.6) 200 mM tuz (NaCL)
konsantrasyonundan elde edilmistir (Cizelge 1).
Calismada gibberellik asit uygulamalarinin

¢imlenme glicii ve oran tizerine etkisi ise istatistiksel
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olarak oOnemli olup, en ylksek c¢imlenme glci ve
orani ise % 82.7 ve % 41.8 degerleri ile 300 ppm GA3
uygulamasindan elde edilmistir. Cimlenme oram
uzerine 200 ve 300 ppm GAS3 uygulamalari arasinda
istatistiksel bir farkliligin olmadigi ayni duncan
grubunda yer aldig1 Cizelge 1’ de gorilmektedir. Her
iki parametrenin kontrol uygulamalarinda bu
degerlerin en diisiik oldugu goriilmektedir. (% 77.7-
35.4). Calismamiz ile benzer bulgularin elde edildigi
arastirma sonuglar1 incelendiginde; gibberellic asit
dozlar1 artmasinin  ¢imlenme o6zellikleri t{izerinde

tuzun tersine yoniinde bir etkiye neden oldugu
belirlenerek  tuz stresine maruz  birakilan
tohumlardaki ¢imlenme glici ve oraninin artan

dozlara paralel olarak azaldigini belirtmiglerdir.
(Sharma ve ark. 2004; Khan ve ark. 2005; Kizilgeci ve
ark. 2010).

Calismada, ortalama ¢imlenme siliresi lizerine GA3
uygulamalarinin etkisi istatistiksel olarak olumlu ve
énemli (P<0.01) bulunmustur (Cizelge 1). Artan GA3
dozlarina bagh olarak tohumlarda ortalama
¢imlenme siiresinin kisaldig1 tespit edilmistir. En
uzun ortalama ¢imlenme suresi 4.8 gun ile kontrol
uygulamalarindan elde edilirken en kisa ¢imlenme
stiresi 3.7 gun ile 300 ppm GAS3 dozundan tespit
edilmigtir. Benzer arastirmalarda bazi bitki
tohumlari GA3 6n uygulamasina tabi tutuldugunda
artan dozlara baghh olarak ortalama ¢imlenme
siiresinin kisaldigini tespit etmiglerdir (Topgu ve ark.,
2016; Ozturk ve ark., 1994; Ghoulam ve Fores,
2001; Gulzar ve Khan, 2002; Cavusoglu ve ark.,
2007).

Arastirmada, ¢imlenme indeksi lzerine tuz ve GA3
uygulamalarinin etkisi istatistiksel olarak 6nemli
bulunmustur. (Cizelge 1).

Tuz uygulamalar1 bakimindan en yiksek ¢imlenme
indeksi degeri % 8.36 ile kontrolden, en dusik
cimlenme indeksi deger ise (% 4.02) 200 mM
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konsantrasyonundan elde edilmistir. 100 and 200 mM
tuz dozlari aymi duncan grubunda yer almaktadir.
Gibberellik asit uygulamalar: bakimindan en yiiksek
Cimlenme indeksi degeri (% 6.62) 300 ppm GA3
dozundan elde edilirken, diger tiim GA3 uygulamalar:
ile aym1 duncan grubunda yer aldigi Cizelge 1’ de

Cizelge 1. Giberellik asit uygulamasina tabi tutulan tritikale (x7riticosecale Wittmack)

stresinin ¢imlenme 6zellikleri lizerine etkisi

gorilmektedir. En digsiik Cimlenme indeksi degeri ise
kontrol (% 5.55) dozundan elde edilmistir. Yuonesi
and Moradi (2015) tarafindan bugdayda yapilan bir
calismada GA3 o6n wuygulamalarina tabi tutulan
tohumlarin bitki geligsimi lizerinde olumlu ve 6nemli
katk: sagladig: belirtilmigtir.

tohumlarinda tuz

Stres Uygulamalan Cimlenme Cimlenme Ortalama Cimlenme Hassaslik
Giict Orani Cimlenme Indeksi Indeksi
Tuz Dozlar, GA3 %) %) Siiresi (giin) (%) %)
GAO 89.0 68.3 3.2 7.93 -
Kontrol (To) GA100 90.0 68.5 2.4 8.05 1.02
GA200 90.2 70.0 1.4 8.25 1.05
GA300 93.3 70.2 1.2 9.21 0.95
TO Ortalama 90.6 A 69.2 A 2.1 8.36 A 0.75 B
Gao 78.8 36.5 4.2 6.32 1.23
50 mM (Ts0) GA100 80.6 37.7 4.2 5.98 1.15
GAz00 80.5 45.9 3.8 6.35 1.10
GAsoo 88.2 53.2 3.5 6.87 1.08
Ts0 Ortalama 80.1 B 43.3 B 3.9 6.38 B 1.14 A
Gao 73.0 25.6 5.5 4.12 1.32
100 mM (T100) GAioo 74.5 27.4 5.3 5.78 1.25
GAz00 74.6 27.4 5.0 4.65 1.12
GAsz00 75.5 27.8 4.5 5.45 1.10
T100 Ortalama 74.4 C 271 C 5.1 5.00 C 1.19 A
Gao 70.1 11.2 6.2 3.85 1.29
200 mM (Ts00) GAioo 70.2 11.9 5.7 4.05 1.08
GAsz00 73.4 15.4 5.6 3.25 0.98
GAsoo 74.0 15.8 5.5 4.95 0.85
Ta00 Ortalama 71.9 C 13.6 D 5.8 4.02 C 1.05 A
Gao 77.7D 35.4B 4.8 A 5556 B 0.96 B
Gas Doz Ort. GAioo 78.8 C 36.4 B 4.4 A 6.00 A 1.15A
GA200 79.7B 39.7A 3.9B 5.70 A 1.06 A
GAsoo 82.7 A 41.8 A 3.7B 6.62 A 1.00 B
CV (%) 14.7 12.5 6.8 7.9 10.8

GA: Giberellik asit, Gao: Kontrol dozu To: Kontrol Tuz Dozu

*Ortalamalar arasindaki fark Duncan ¢oklu karsilagtirma metoduyla P<0.05 ve P<0.01 seviyesinde degerlendirilmigtir.

** Ayni harfle gosterilen ortalamalar arasinda fark énemsizdir (%5).

Hassaslik  indeksi  tizerine  tuz  ve GA3
uygulamalarinin etkisi istatistiksel olarak 6nemli
bulunmustur. En yiiksek hassashk indeksi degeri (%
1.19) 100 mM tuz uygulamasindan elde edilirken
diger tuz uygulamalar: ile aralarinda istatistiksel bir
farkliligin olmadig1 gériilmektedir (Cizelge 1). En
diisiik hassashik indeksi degeri ise (% 0.75) kontrol
uygulamalarindan elde edilmigtir. Gibberellik asit
dozlar1 bakimindan en ylksek hassaslik indeks
degeri (% 1.15) 100 ppm GA3 uygulamalarindan elde
edilirken, 200 ppm GA3 uygulamalari ile ayn1 duncan
grubunda yer aldig1r goriilmektedir (Cizelge 1).En
diisiik deger ise (% 0.96) kontrolden elde edilerek 300
ppm GAS3 dozu ile ayni duncan grubunda yer almistir.
Benzer arastirmalarda oldugu gibi ¢imlenme indeksi
gibi hasaslik indeksi degerleri de artan tuz dozlarina
kars1 ¢imlenme 6zellikleri lizerine olumlu ve 6nemli
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derecede etkili olmustur (Younesi and Moradi (2015).

Kok uzunlugu 1tzerine GA3 ve tuz dozlan
uygulamalar1 ile GA3 x Tuz interaksiyonunun etkisi
istatistiksel olarak 6énemli bulunmustur (Cizelge 2).
Tuz wuygulamalar1i bakimindan en ylksek kok
uzunlugu (2.43 cm) 50 mM tuz
konsantrasyonlarindan elde edilirken control ile ayni
grup igerisinde yer almigtir. En disiik kék uzunlugu
degeri (1.26 cm) ile 200 mM tuz uygulamalarindan
elde edilmisgtir. Ancak 100 mM tuz uygulamalar ile
aynit duncan grubundadir. Gibbrellik asit o6n
uygulamalar1 bakimindan; en yiiksek kok uzunlugu
5.40 cm ile 300 GA3 dozundan elde edilirken en kisa
kok uzunlugu 0.77 cm ile 100 ppm GA3 dozundan
elde edilmistir. Kontrol ve 200 ppm GA3
uygulamalar1 ile aralarinda istatistiksel bir
farkliligin olmadig Cizelge 2’ de gériilmektedir. Tuz x
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GAS3 interaksiyonu yo6niinden en fazla kék uzunlugu
7.44 cm 1le 300 ppm GA3 ve tuzun kontrol
uygulamasindan elde edilmistir. Ancak, 300 ppm GA3
ve 50 mM tuz wuygulamalari ile ayn1 duncan
grubundadir. Yiikksek dozlarda tuzluluga maruz kalan
bitkilerde osmotik basincin yiiksek olmasindan dolay:
tohumlarin su absorbe etme kabiliyetlerinde
azalmalar meydana gelmektedir. Distik tuz
dozlarinda , kdék uzunlugunun azaldigin1 tespit
etmislerdir (Kizilgeci ve ark., 2010). K6k uzunlugu bu
bakimdan 6nemli olmakla beraber tuza dayaniklik
1slahinda bir seleksiyon kriteri olarak
degerlendirilmektedir (Atak ve ark., 2006; Saboora ve
Kriarostami 2006).

GA3 ve NaCl uygulamalar1 ile GA3 X Tuz
interaksiyonunun goévde uzunlugu ftzerine etkileri
istatiksel 6nemli bulunmustur (Cizelge 2). Tuz
konsantrasyonlarina bagli olarak en uzun goévde
uzunlugu (7.34 cm) 50 mM tuz dozundan, en kisa
govde uzunlugu ise 2.21 cm (200 mM) olarak

olculmustir. GA3 uygulamalar1 acisindan en uzun
govde boyu (8.03 cm) 300 ppm GA3’ ten ve en az
gévde boyu (0.33 cm ) kontrolden saglanmistir. GA3 x
tuz interaksyonu yoéninden ise, en uzun gévde boyu
(10.77 ecm) GA300 x 0 mM uygulamalarindan elde
edilmigtir. 100, 200 ve 300 ppm GA3 ile 50 mM tuz
uygulamalar1 bakimindan istatistiksel bir farklihik
gozlemlenmemistir  (Cizelge  2). Artan tuz
konsantrasyonlar1  ile  bitkilerin ilk  gelisim
dénemlerinin inhibe edildigi belirlenmistir (Sadat
Noori ve McNeilly, 2011). Bu calismada, tuzun
gelisim parametrelerini baskilayici 6zelligine ragmen
artan gibberellik asit dozlarimin fide biiylimesi
uzerine olumlu etkide bulundugu tespit edilmistir.

Ortalamalar  arasindaki fark Duncan  ¢oklu
kargsilagtirma  metoduyla P<0.05 ve P>0.01
seviyesinde degerlendirilmigtir. Elde edilen sonuglara
gore yas ve kuru kok agirliklar: tizerine GAS3 ve tuz
(NaCl) uygulamalari ile GA3 x Tuz interaksiyonu
istatistiksel olarak énemli bulunmustur (Cizelge 2).

Cizelge 2. Giberellik asit 6n uygulamasina tabi tutulan tritikale (x7riticosecale Wittmack) tohumlarinda tuz

stresinin ¢imlenme 6zellikleri izerine etkisi

Stres Uygulamalari Kok Govde

Yas kék Yas  govde Kuru govde

uzunlugu  uzunlugu agirhg agirligy K‘uru' kok agirhigy
Tuz Dozlar: GA3 (cm) (cm) (mg) (mg) agirhg (mg) (mg)
Gao 0.36d 1.34d 0.00 c 2.00 ¢ 0.00b 0.01d
Kontrol (To) GAio0o 0.11d 4.45b 1.00 c 9.00 ¢ 0.02b 0.03d
GAz00 1.31c 8.56 b 5.00 b 25.00 b 0.04b 6.54 ¢
GA300 7.44 a 10.77 a 36.00 a 85.00 a 3.20 a 22.20 a
To Means 2.31 A 6.28 B 10.05 B 30.25 A 0.81 A 7.19 A
Gao 0.00d 0.00d 0.00 ¢ 0.00 ¢ 0.00 ¢ 0.00d
50 mM (Tso) GA100 1.58 ¢ 8.94 a 5.00 b 15.00 b 0.03 ¢ 0.03d
GAz00 1.57¢c 10.26 a 29.00 a 29.00 b 1.70 b 3.90 ¢
GA300 6.57 a 10.17 a 35.00 a 77.00 a 3.60 a 19.20 a
Ts0 Means 2.43 A 7.34 A 17.25 A 30.25 A 1.33 A 5.80B
Gao 0.00d 0.00d 0.00 ¢ 0.00 ¢ 0.00 b 0.00d
100 mM (T100) GA100 0.50d 3.97¢ 4.00b 13.00 b 0.01b 0.02d
GAz00 0.66 d 4.35b 4.00 b 14.00 b 0.01b 0.02d
GA3s00 4.79b 8.47b 35.00 a 42.00 a 3.30 a 11.20b
T100 Means 1.48 B 4.19C 10.75 B 17.25 B 0.83 A 2.81C
200 mM (T200) Gao 0.00 d 0.00 d 0.00d 0.00d 0.00b 0.00d
GA100 0.92d 2.52 ¢ 2.00 ¢ 6.00 c 0.00b 0.01d
GAs00 1.31c 3.61c 5.00 b 17.00 a 0.01b 0.02d
GA3o0 2.82¢ 2.7l c 15.00 b 13.00 ¢ 0.03 a 0.03 a
T200 Means 1.26 B 221D 5.50 C 9.00 C 0.02B 0.02D
Gao 0.90 B 0.33 C 0.00 B 0.05B 0.00 C 0.00 C
GA3 Doz Ort. GA100 0.77B 5.06 B 3.00 B 10.75 B 0.02B 0.03 C
GAs00 1.21 B 6.69 B 9.75 B 21.25B 0.44 B 2.62 B
GA3o0 5.40 A 8.03 A 30.25 A 54.25 A 2.53 A 13.20 A
CV (%) 11.6 13.2 9.1 9.3 6.2 13.7

GA: Giberellik asit,Gao: Kontol dozu, To: Kontrol tuz dozu
*QOrtalamalar arasindaki fark Duncan ¢oklu karsilagtirma metoduyla P<0.05 ve P<0.01 seviyesinde degerlendirilmigtir.
** Aym harfle gésterilen ortalamalar arasinda fark énemsizdir (%5).
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En yuksek yas ve kuru koék agirhiklar: sirasiyla 17.25
ve 1.33 mg ile 50 mM (NaCl) uygulamalarindan elde
edilirken, en diisiik degerler ise (5.50, 0.02 mg) 200
mM tuz (NaCL) konsantrasyonu uygulamalarindan
elde edilmigtir. Calismamiz ile benzer sonuglarin elde
edildigi baska bir arastirmada, artan tuz
konsantrasyonlarinin yas ve kuru kok agirhiklarinm
azalttig1 tespit edilmistir. (Kizilgeci ve ark., 2010).
Gibberellik asit uygulamalar1 bakimindan en yuksek
yas ve kuru kok agirliklar: (15.0 ve 0.03 mg) 300 ppm
GA3 uygulamalarindan elde edilirken, en dusik
degerler 0.0 mg olarak kontrolden saglanmigtir.
Ancak kuru kok agirlign bakimindan 300 ppm GA3
hari¢ digger tim uygulamalar aym grupta yer
almistir. GA3’ in 0 ppm dozunda ise yas ve kuru kok
agirhigi 6lgilememistir. Bu sonuglara gore gibberellik
asitin ¢imlenme Uzerindeki etkisinin degerli oldugu
distnilmeketdir. GA3 x Tuz interaksiyonlari
bakimindan en yiiksek yas ve kuru kok agirliklar
(36.0 ve 3.60 mg ile kontrol ve T50 tuz dozlariin 300
ppm GA3 6n uygulamalarindan elde edilmistir.yas
kok agirligi interaksiyonunda 50 ve 100 mM tuz
dozunda 200 ve 300 GA3 uygulamalar1 ile ayni
Duncan grubunda iken, kuru koék agirligi bakimindan
ise 50, 100 ve 200 mM tuz uygulamasi ile 300 ppm
GA3 uygulamalar1 ayni Duncan grubundadir.
Arastirmamizda elde edilen sonuclara gore GA3
uygulamalarinin yag ve kuru kék agirligini nispeten
artirdigy goriilmiistiir. Shahzad ve ark., (2012), yerel
ekmeklik bugday cesitleri 1le yurutiukleri bir
calismada; tuzun yas ve kuru kok agirligim
azalttigini belirtmiglerdir. Yas ve kuru kok agirhiklar
onemli bir parametre olup, klasik ve modern 1slah
metodlar: ile olusturulacak gen havuzlarinda islah
materyali seciminde kullanilabilmektedir.

Arastirma sonucunda elde edilen verilere gore; yas ve
kuru govde agirhiklar1 Ulzerine tim uygulama
faktorleri ve interaksiyonlarinin etkisi istatistiksel
olarak 6nemli bulunmustur (Cizelge 2). En yiiksek
yas ve kuru govde agirhiklar: sirasiyla 30.25 ve 7.19
mg ile kontrolden elde edilirken, en dusiik degerler
ise (9.00, 002 mg 200 mM tuz (NaCl
konsantrasyonlarindan elde edilmistir. Yas govde
agirhgr  bakimindan kontrol ile 50 mM tuz
uygulamalar1 arasinda istatistiksel bir farklhilik
gorilmemektedir (Cizelge 2). Artan tuz
konsantrasyonlarina bagh olarak yas ve kuru gévde
agirhiklarinin azaltigina dair arastirmaci bulgular
(Kizilgeci ve ark.,, 2010; Oztirk ve ark., 1994) ile
calisma sonuclarimiz benzerdir. Gibberellik asitin
dozlar1 bakimindan en yiksek yas ve kuru koék
agirliklar: (17.0 ve 0.03 mg) sirasiyla 200 ve 300 ppm
GA3 ten elde edilirken, higbir verinin alinmadig:
kontrol uygulamalarindan en olumsuz sonuglar elde
edilmigtir. Yag govde agirlhigr i¢cin kontrol, 100 ve 200
ppm GAS3 uygulamalri aymi duncan grubunda yer
almigtir. GA3 ve Tuz interaksiyonu bakimindan ise
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en yliksek degerler sirasiyla; 85.0 ve 22.20 mg olarak
kontrol (NaCl) ve 300 ppm GAS3 uygulamalarindan
elde edilmigtir. Yag govde agirhiginda kontrol
uygulamalar: ile 50 ve 100 mM tuz ve 300 ppm GA3
dozu aym grupta, kuru gévde agirliginda ise kontrol
ile 50 mM tuz ve 300 ppm GAS3 uygulamalar1 aym
Duncan grubunda yer almistir. en mli olup, en
yiksek yas ve kuru koék agirliklar: 54.25 ve 13.20 mg
ile 300ppm uygulamasindan elde edilmistir. En
diustik degerler ise 0.05 ve 0.00 mg ile 0 ppm
dozundan tespit edilmistir. Tritikale tohumlari
uzerine tuz x GA3 interaksiyonlarida istatiksel olarak
onemli c¢ikmigtir. En yiksek yas ve kuru goévde
agirliklar1 85.00 ve 22.20 mg ile 0 mM ve 300 ppm
GAS3 kontrasyonundan elde edilmistir. Tuz dozlarinin
50, 100 ve 200 nM ile 0 ppm GA3 uygulamlarindan
yvag ve kuru govde agirhiklar: ¢ok diisiik ¢iktigindan
dolay1 ol¢ulememistir. Benzer arastirmalarda artan
tuz konsantrasyonlarmin bitkilerde yas ve kuru
govde agirhiklarim azaltig1 belirtilmistir (Muhammad
ve Hussain 2012; Akbari ve ark., 2007).

SONUC

Bu arastirma sonucuna gore, tritikale tohumlarinda
GA3 6n uygulamalariin artan tuz (NaCl) dozlarina
kars1 6nemli ve olumlu etkisinin oldugu goérilmiustir.

Bitkinin ¢imlenme ozelliklerine ait tim
parametrelerde tuz stresinin fizyolojik baskis1 somut
olarak tespit edilmigtir. Ozellikle yiiksek tuz

konsantrasyonlarinda su alinimi inhibe edilmis ve
enzimatik aktivitelerin yavaslamasina bagl olarak
bluyime gelismenin geriledigi gorilmustir. Tuz
dozlarimin baskilayici bu etkisine kargsi GA3 6n
uygulamalarinin ¢imlenme 6zellik ve parametreleri
uzerinde olumlu ve o6nemli katki sagladig
gorulmustiir. Sonug olarak; en iyl sonuclarin; 0 mM
(kontrol) tuz konsantrasyonunda 300 ppm GAS3 én
uygulamalarindan elde edilmigtir. Trtikale
tohumlarina GA3 6n uygulamalarinin tuzun (NaCl)
¢imlenme tzerindeki etkilerini hafiflettigi tespit
edilmigtir.
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OZET Aragtirma Makalesi

Bu calismada, biberiye (Rosmarinus officinalis L.) ekstraktlarinin

depolanmis énemli bir tahil olan bugday (Zriticum aestivum L.) Makale Tarihgesi
tohumlarinin ¢imlenmesi tuzerindeki fitotoksik etkisi ve tahil Gelis Tarihi  : 03.04.2019
zararhlar olan Sitophilus oryzae (L.) ve Rhyzopertha dominica (F.) Kabul Tarihi :11.09.2019
turleri tzerindeki insektisidal aktiviteleri arastirilmigtir. Biberiye :

bitkisinin yaprak kisimlarindan ekstrakt elde edilmesi icin farkli  Znahtar Kelimeler
coziiciiler (etanol, metanol ve aseton) kullanilmis ve en yiiksek Rgsmaz_"mus officinal
ekstrakt verimi %10.5 ile aseton ¢oziiciisiinden elde edilmistir. Aseton Sitophilus oryzae ..
ekstraktinin 250 pg/ml (Ass0) ve 500 (Aso0) pg/ml konsantrasyonlar: R.by Z0p 6’.1'1.'[23 dominica
bugday tohumlarinin ¢imlenmesinde en yuksek degere F1t9t0k51s1te

(srasiyla  %96.7 ve %95.6) sahip olurken, kontrol (%98.9)  DBugday

uygulamalari ile aralarinda istatistiki fark olmadigi tespit edilmistir.
Hatta Asso ekstrakti (85+0.6 mg) ile kontroll (92+0.6 mg)
uygulamalarinda istatistiki olarak en yiiksek bitki taze agirlig:
saptanmigtir. Tim ekstraktlar bugday bitkisinin radikula ve plumula
uzunluklar1 tizerinde negatif etkiye sahip olmustur. Biberiye
ekstraktlarinin artan konsantrasyonlar: tiim parametrelerde negatif
etkiyi artirmistir. Ayrica ekstraklarin depo tahil zararhsi tirler
uzerindeki insektisidal etkisi incelendiginde, 72 saat sonunda en
yiiksek deger R. dominca icin aseton ekstrakinda (%68.33), S. oryzae
icin ise etanol ekstrakinda (%58.33) bulunmustur. Sonug olarak,
biberiye ekstraklarinin depolanmig tahal zararhlarinin
miicadelesinde kullanilabilecegi tartigilmigtir.

The Effects of Rosemary Extracts on Wheat Germination and Grain Storage Pests

ABSTRACT Research Article

In this study, the phytotoxic effects of rosemary (Rosmarinus

officinalis L.) extracts on the germination of wheat (7riticum aestivum Article History

L.) and insecticidal effects on the Rhyzopertha dominica (F.) and Received - 03.04.2019
Sitophilus oryzae (L.) species were investigated. Different solvents Accepted ©11.09.2019
(ethanol, methanol and acetone) were used to obtain extract from

leaves of rosemary, and the highest extract yield was obtained from Keywords —

acetone solvent with 10.5%. The 250 pg / ml (A2s0) and 500 (Aso0) pg/ml R osmarinus officinal
concentrations of acetone extract sustained the highest seed Sitophilus oryzae ..
germination of wheat as 96.7% and 95.6%, respectively, and there was Rhyzop 61."1/‘}.13 dominica

no statistical difference between the controls (98.9%). In addition, Sél}ifetszoxmlty

controll (92+0.6 mg) and Asso extract (85+0.6 mg) resulted in the
highest fresh weight of wheat statistically. All the extracts had a
negative effect on the radicula and plumula length of wheat.
Moreover, as efficacy of the extracts on stored grain pests was
examined, after 72 hours exposure. The highest mortality was found
as 68.33% in acetone extract for R. dominca, whereas this ratio was
58.33% in ethanol extract for S. oryzae. In conclusion, it was seen that
rosemary extracts can be used in controlling the pests of stored grains.

To Cite : Yaman C, Simgek S 2019. Biberiye Ekstraktlarmimn Bugday Cimlenmesi ve Tahil Depo Zararhlar: Uzerine Etkileri.
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GIRIS

Bugdaygiller (Poaceae) familyasinin iiyesi olan bugday
(Triticum aestivum L.), kiiltiir bitkileri icerisinde
insan beslenmesinde yer alan, diinyada ekilis alam ve
Uretimi bakimindan 6nemli bir yere sahip olan bir
bitkidir. Gostermis oldugu varyasyondan dolay: diinya
genelinde yaygin olarak tarimi yapilan bugday, bir¢cok
ulkede insanlarin temel ihtiya¢ maddelerinden biridir.
Dinyada 2017 yilinda 218.5 milyon hektar alanda
771.71 milyon ton bugday tretimi gerceklesmis olup,
Turkiye'de ise 7.6 milyon hektar alanda ve 21.5 milyon
ton tiretim elde edilmistir (FAO, 2019).

Tahillarin tretiminden tiketimine kadar meydana
gelen tim kayiplar yetistirme, hasat, depolama,
isleme ve tiketim asamalarinda meydana
gelmektedir. Bunlar igerisinde ise depodaki kayiplar
onemli bir yer tutmaktadir. Bu asamada depo
zararlhlar1 6nemli oranda iriin kaybina sebebiyet
vermektedir (Kumar ve Kalita, 2017). Depolama
déneminde bocek zararlilari tahillara hem niteliksel
hem de niceliksel olarak zarar vermekte, bu da tohum,
yiyecek veya yem i¢in uygun olmamalarina sebep
olmaktadir. Ayrica, gida kontaminasyonu nedeniyle
gida endiistrisi i¢in ciddi problemler olusturmaktadir
(Rajendran, 2002). Sitophilus oryzae (L.) (Coleoptera:
Curculionidae) ve  Rhyzopertha  dominica (F.)
(Coleoptera: Bostrychidae) tahil depolarmda rastlanan
en 6nemli bocek zararhlari arasindadir (Hardman,
1978).

Depolanmig tahil zararlilarinin etkin kontrold igin
sentetik kimyasal pestisitler aktif olarak yillardir
kullanilmaktadir. Fakat sentetik kimyasallarin
memeliler i¢in potansiyel risk olusturmasi, iglenmis
urlinlerdeki kimyasal kalintilarinin tiketiciler igin
endise  olusturmasi, bdécek  popililasyonlarinda
kimyasallara karsi dayanmiklilik olusmasi, ekolojik
dengenin degismesi, kimyasal maliyetlerinin artisi
gibi sebeplerden dolay1 bilim adamlar1 depolanmig
urin zararhlarinakarsi miicadele i¢in yeni ve dogal
iiriinler arastirmaya baglamistir (Aslam ve ark., 2002;
Salem ve ark., 2007; Mahdian ve Rahman, 2008).
Gunumiuzde kimyasal bocek ilaglarina kargi giivenli
alternatiflerin kullanilmasina duyulan biiyiik ihtiyacg,
dinyanin pek c¢ok yerinde glcli bir gekilde
savunulmaktadir. Oncelikle ¢evreye ve insan saghgina
daha az zararhh ve ucuz organik kaynaklar
aragtirilmak istenmigtir. Ozellikle son zamanlarda
bircok Dbiyolojik aktivitesi oldugu bilinen tibbi
bitkilerin insektisidal, herbisidal vb. aktivitelerine
yonelik bir¢ok arastirma yapilmis ve yapilmaktadir
(Guru-Pirasanna-Pandi ve ark., 2018; Chen ve ark.,
2018; Trivedi ve ark., 2018; Ito ve ark., 2018; Khan ve
ark., 2019). Tibbi bitkiler dogal iiriin olmalarindan
dolay1 daha gilivenli tarim durlnleri i¢in zemin
hazirlamakta ve daha az kirlilige neden olmaktadir
(Sodaeizadeh ve ark., 2010).
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Tibbi ve aromatik bitkiler grubunda yer alan ve birgok
biyolojik aktiviteye sahip olan biberiye (Rosmarinus
officinalis L.; Lamiaceae familyas1), tipik olarak
Akdeniz boélgesinde bulunan ¢ok yillik bir bitkidir
(Alipour ve Saharkhiz, 2016). Antioksidan
aktivitesinin yliksek olmasi ve geleneksel tipta
kullanilmasindan dolay1 insan saghg: i¢in sifali bir
bitki olarak bilinmektedir (Vicente ve ark., 2013;
Rajendran ve ark., 2014; Ablat ve ark., 2016; Yeddes
ve ark., 2018). Ayrica biberiye ekstraktinin
antibakteriyel (Amaral ve ark., 2018; Keikhaie ve ark.,
2018), antifungal (Ksouri ver ark., 2017; Sepehri ve
ark., 2016) ve insektisidal (Isman ve ark., 2008;
Pavela, 2006; Papachristos ve ark., 2004) gibi
aktivitelere sahip oldugunu gosteren cesitli caligmalar
bulunmaktadir.

Bu nedenle bu g¢aligmada, insan saghgma zararh
olmayan dogal bir insektisit elde edebilmek amaciyla,
biberiye ekstraktlarinin tahil zararlisi olan Sitophilus
oryzae (L.) ve Rhyzopertha dominica (F.) tiirleri
uzerine insektisit etkisi ile 6nemli bir tahil olan
bugday tohumlarnin ¢gimlenmeleri Gzerine fitotoksik
etkileri incelenmigtir.

MATERYAL ve METOD
Materyal

Bu calismada Bozok Universitesi Ziraat Fakiiltesi
Tarla Bitkileri Bo6liminden ekmeklik bugday
(Triticum aestivum L.) tohumlar: (Tosun bey, 2017) ve
Atatiirk Bahce Kiilturleri Merkez Arastirma
Enstitiistinden (40°39'32 N, 29°16'55 E, 6 m) kiiltir
olarak yetigtirilen ve ikinci yilinda hasat edilen
biberiye (Rosmarinus officinalis) bitkisinin yaprak
kisimlari  kullamilmigtir.  Calismada  kullanilan
bocekler (Sitophilus oryzae ve Rhyzopertha dominica)
Ankara Zirai Arastirma Enstitisinden alinarak
Yozgat Bozok Universitesi Ziraat Fakiltesi Bitki
Koruma Boélimii'nde stok kiltiri olusturulmus ve
denemelerde kullanilmigtir.

Ekstraksiyon

Biberiye Dbitkisinin yaprak kisimlari  golgede
kurutulup blenderda (Waring-8011 EB) égiitiilmiistiir.
Elde edilen 6rneklerden 4 g tartilip lzerine 40 ml
¢oziicii (etanol, metanol ve aseton) eklenmistir. Her
ornek icin uygulamalar 3 tekrarh olarak yapilmagtir.
Cozeltiler etiivde 40 °C’de 1 giin (24 saat) siire ile

bekletilmigtir. Elde edilen c¢ozeltiler santrifiiy
cihazinda (Hettich 1401-01) toprak {istii cézeltileri
4.500 rpm’de santrifiij edilmigtir. Silipernatant

kisimlar1 alinmig ve evaporatér yardimi ile organik
¢oziici ayristirnlmigtir. Elde edilen ekstraktlarin
miktari belirlenmig ve +4 °C’de muhafaza edilmistir.
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Fitotoksik Etki

Bugday tohumlarinin ¢imlenmesi testi Dikshit ve ark.
(1979) tarafindan belirtilen metodu modifiye edilerek
uygulanmistir. Ekstraktlardan 250, 500 ve 1000 ug/ml
konsantrasyonlarda  solusyonlar  hazirlanmigtir.
Soliisyonlar A(250, 500, 1000) aseton ekstaklar:,
E(250, 500, 1000) etanol ekstaklari, M(250, 500, 1000)
metanol ekstaklar1 olarak ifade edilmigstir. Ayrica
kontrol olarak saf su (Kontrol 1) ve aseton (Kontrol 2)
kullanilmigtir. Onceden steril edilmis 9 cm
caplarindaki petri kaplarina steril kurutma kagitlar
konulmus ve iizerine % 15 hipoklorit (%50 NaOCI
iceren HES camagir suyw) ile steril edilmis
tohumlardan 30 adet yerlestirilmistir. Her bir petri
kabina 5 ml 6rnek soliisyonlardan eklenmis ve 48 saat
boyunca petri kaplar1 parafinli olarak tutulmustur.
Tohumlar petri kaplari i¢ginde kurutma kagitlar
arasinda 8 saat karanlk, 22+2 °C ve 16 saat 11kl
ortamda 27+2 °C’de iklim odasinda tutularak
¢imlenmeye birakilmigtir. Cimlenme orani 24, 48, 72,
96 ve 120 saat sonunda belirlenmigtir. Kokgiik
(radikul)iin 2 mm’lik ¢ikisi ¢cimlendirme kriteri olarak
ele alinmis ve ¢cimlenme oranlar1 (%) tespit edilmistir.
Ayrica 6 giniin sonunda radikula uzunlugu, plumula
uzunlugu ve bitki yas agirhigi da 6l¢tilmustir. Her bir
deneme 3 tekerrirli olarak yapilmistir.

Kontak Etki Testi

Kontak etkinin belirlenmesinde Gokce ve ark.
(2010)'min kullandig1 yéntem takip edilmistir. Kontak
etki denemelerinde, S. oryzae ve R. dominica erginleri
yag ve cinsiyet gozetmedenher bir petri kabina 10 adet
olacak sekilde stok kultiirlerinden transfer edilmigtir.
Calismada metanol, etanol ve asetondan elde edilen
ekstraktlarin %10’ luk agirhik/hacim (wiv)
konsantrasyonlar1 aseton ¢oziliciisti ile hazirlanmagtir.
Hazirlanan konsantrasyonlar mikro-aplikator
(Hamilton, Pb-600-1 Repeating Dispenser, 50 pul
Gastight & Microliter Syringe), yardimiyla %10luk
ekstrakt ¢ozeltilerinden her bir bécege 1 pl topikal
olarak boécegin ventral kismina uygulanmigtir.
Kontrolde 1ise boceklere ayni sekilde aseton
uygulamas1 yapilmigtir. Deneme iki tekrarli olmak
uzere 3 tekerriirli olarak kurulmus ve her
uygulamada toplamda 60 adet bocek kullanilmis, petri
kabi icerisine besin (3g bugday tanesi) ilave edilerek
27+2 °C’de inkiibe edilmigtir. Oliim sayilar1 24 saat
arayla 3 giin boyunca kayit altina alinmistir.

Istatistik Analizi

Biberiye ekstraktlarinin bugday tohumlar: tizerine
fitotoksik etkileri ve S. oryzaeve R. dominica erginleri
uzerindeki kontak toksisitelerinin  belirlenmesi
amaciyla elde edilen veriler degerlendirilmigtir.
Verilerin ylizde degerleri istatistiki analizden once
arcsin ac1 degerlerine doniistiiriilerek (Snedecor ve
Cochran, 1967), varyans analizine (ANOVA) tabi
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tutulmusg ve ortalamalar arasindaki farkhiliklar %5’1ik
onem seviyesinde Duncan ¢oklu karsgilagtirma testi ile
ortaya konulmustur (Diizgiines ve ark., 1983). Kuru 4g
biberiye bitkisinden farkli ¢oziiciilerden elde edilen
ektraklar: mg cinsinden hesaplanmis ve aralarindaki
farkhihk %5lik 6nem seviyesinde Duncan c¢oklu
kargilagtirma testi ile ortaya konulmustur.

BULGULAR ve TARTISMA
Ekstrakt verimi

Yapilan c¢alisma sonucunda Dbiberiye ekstrakt
veriminde kullanilan ¢éziicii (metanol, etanol, aseton)
tirtinin etkili oldugu tespit edilmistir. En yiksek
ekstrakt verimi %10.5 ile aseton ¢o6zliciisiinden, en
dustiik ekstrakt ise verimi %9.1 ile etanolden elde
edilmis ve aralarindaki farkin (mg bazinda)
istatistiksel olarak o6nemli oldugu saptanmistir
(p<0.05) (Cizelge 1).

Cizelge 1. Biberiye bitkisinin farkl ¢oziiculerdeki
ekstrakt verimi
Ekstrakt verimi

Coziic Ekstrakt miktar: (mg)! % Ekstrakt oran
Aseton 0.43+0.01a 10.5
Metanol 0.39+£0.01ab 9.6
Etanol 0.37+0.02b 9.1

14g kuru madde i¢erisinde mg ekstrak miktari

Birgok arastirmaci ekstrakt verimini ¢6ziicti, sicaklik,
ekstraksiyon yontemi, pH gibi parametrelerinin
etkiledigini bildirmistir (Lu ve ark., 2011; Prasad ve
ark., 2012). Rodriguez-Rojo ve ark. (2012) yag
cikartilmig biberiye yapraklarinin etanol ekstrak
verimini %2.4 olarak belirlemistir. Sanchez-Camargo
ve ark. (2014) biberiye yapraklarindan %7 etanolde 40
°C ve 150 bar basingta yiiksek ekstrakt verimini %6.50
olarak tespit etmistir. Tavassoli ve ark. (2011) biberiye
yapraklarindan mikrodalga firininda %60 metanol
¢ozuclsiinde %21.5 ekstrakt verimi elde ettiklerini
bildirmiglerdir. Bu ¢alismalardan da anlagilacag: gibi
ekstraksiyon  yontemi  ve  ¢Ozlcllerin  bitki
ekstraklarinin verimine oldukc¢a ektili oldugu ve
nitekim mevcut c¢alismada da benzer sekilde
¢Ozliclinlin biberiye bitkisinin ekstrak verimine etki
ettigl gérilmustir.

Biberiye ekstraktlarmin bugday ¢imlenmesi iizerine
etkisi

Biberiye Dbitkisinden farklh ¢ézlci ve farkh
konsantrasyonda ekstraktlar hazilanmis ve bugday (7.
aestivum L.) tohumlarimin cimlenmesi ve fide
biiylimesi iizerine etkileri incelenmistir (Cizelge 2).
Her bir uygulama i¢in ¢imlenme yiizdesi bes farklh
zamanda degerlendirilmistir (48, 72, 96, 120 ve 144 s)
(Sekil 1).
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Sekil 1. Farkli ¢6ziicli ve konsantrasyonundaki biberiye ekstraktlarinin bugday ¢imlenmesi tizerine etkisi

Sekil 1'de gorilduga gibi ekstraktlarin  artan
konsantrasyonlarinin bugday c¢imlenmesi tizerindeki
olumsuz etkisinin oldugu, fakat bu etkinin az oldugu
gozlenmistir. Ayrica, 144 saatin sonunda, tim
uygulamalar incelendiginde en diisik ¢imlenme
oraninin % 80'in lizerinde oldugu tespit edilmigtir. 72
saat sonunda, etanol ekstraktlar: hari¢ diger ekstrakt
uygulamalarinda %50’den fazla ¢imlenme
saptanmigtir. 96 saat sonunda, Asoo ekstrakti %95.6 ile
maksimum ¢imlenme oranina ulagsmis ve Kontrol 1 ile
ayni oldugu gézlenmigtir. 144 saat sonunda, en ylksek
¢imlenme %98.9 ile Kontrol 1 ve Kontrol 2'de
gézlenmis olup, Kontrol 1, Kontrol 2, Asso (%96.7) ve
Asoo (%95.6) arasinda istatistiksel olarak anlaml bir
fark gozlenmemistir (p<0.05) (Cizelge 2). En diisiik
cimlenme ise % 81.1 ile Miooo'den elde edilmistir.
Istatiksel olarak degerlendirildiginde etanol ve
metanol ekstraktlarimin  timi ile Aioo aseton
ekstraktinin ¢imlenme tizerinde olumsuz etki yaptigi

ve bu farkin istatiksel olarak anlamh
kaydedilmistir (p<0.05).

Biberiye ekstraktlarimin farkli konsantrasyonlardaki
uygulamalarinin bitki ¢imlenmesi tizerine etkilerinin
yami sira bitki agirhigr ile radikula ve plumula
biylmesini 6nledigi de tespit edilmistir. Uygulamalar
sonucu elde edilen bitki agirhgmin 73 ile 92 mg
arasinda degistigi ve Azso ekstrakt uygulamasi (85 mg)
ile Kontrol 1 (92 mg) uygulamas1 arasinda istatistiki
bir fark olmadig1 belirlenmistir (p<0.05). Ekstraktlar
arasindan Asso ekstrakt: yiiksek ¢gimlenme sergiledigi
gibi bitki agirligi acisindan da diger ekstraktlara
oranla daha az negatif etki sergilemesine ragmen,
istatiksel olarak sadece Eiooo ile farkli oldugu tespit
edilmigtir.. Ayrica tim ekstraktlarin artan dozlar
bitki agirliginda azalmaya neden olmustur. Aseton
¢ozuclisi bitki agirligr tizerinde etanol ve metanole
gore daha az inhibitér etki gdéstermesine karsin bu
farklilik istatistiksel acidan 6nemli ¢citkmamaistir.

oldugu

Cizelge 2. Biberiye ekstraktlarinin bugdayin ¢cimlenme ve fide bliylimesi tizerine etkileri

Ekstraktlar Cimlenme yiizdesi!(%) Radikula uzunlugu (cm) Plumula uzunlugu (cm)  Bitki taze agirhig (mg)
Kontroll 98.9+0.16a 5.28+0.35a 4.01+0.66a 92+0.6a
Kontrol2 98.9+0.16a 1.85+0.30cd 1.9440.08cde 62+0.4d
Asso 96.7+0.20ab 2.03+0.46¢d 1.85+0.27de 85+0.6ab
Asoo 95.6+0.07abc 1.2240.11d 1.184+0.26de 82+0.8be
Ai1o00 91.1+0.15bcd 2.544+0.84¢c 2.83+0.58bc 80+0.5bc
Ezs0 91.1+0.15bcd 1.56+0.50cd 1.51+0.39de 81+0.9bc
Eso0 84.4+0.14d 1.35+0.30d 1.17+0.40de 80+0.9bc
E1o00 82.2+0.10d 1.20+0.09d 1.010.06e 73+0.2¢
Maso 91.7+0.16bcd 3.56+0.00b 2.98+0.00b 77+0.0bc
Mso0 87.8+0.21cd 2.13+1.05¢cd 2.13+1.03bed 74+0.2bc
Mio00 81.1+0.07d 1.83+0.85¢cd 1.77+0.82de 75+0.5bc

1Bugday tohumlarinin 144 saat sonundaki ¢imlenme ytizdeleri

246



KSU Tarim ve Doga Derg 22(Ek Say1 2): 243-250, 2019

Aragtirma Makalesi/Research Article

Aseton ekstraktlar1 bugday tohumlarinin ¢imlenme
yizdesi ve bitki agirhg tzerinde disik etki
gosterirken, radikula ve plumula uzunlugu tzerinde
yiksek inhibitor etki gosterdigi belirlenmigtir. Fakat
bunun aksine, Maso ekstraktlar: plumula ve radikula
uzunluklar: lizerinde diger ¢6zlici ektraklarina goére
daha diisik inhibitér etki gostermistir. Cozicl
ekstraktlarinin artan konsantrasyonlar: ile (aseton
uygulamasi hari¢) inhibitér etkinin arttig1 tespit

edilmigtir. Benzer olarak, Hassannejad ve Garbi
(2013)  biberiye sulu  ekstraktlarmmin  artan
konsantrasyonlarinin  kiiskit otu tohumlarmin

cimlenmesi iizerine daha diisiik inhibitér etki (en az %
60 cimlenme) gosterdigi, ayrica ¢cimlenen tohumlarin
taze ve kuru bitki agirlig1 lizerine etkisinin hi¢ yok
denecek kadar az oldugunu bildirmiglerdir. Fakat
biberiye ug¢ucu yagmin artan konsantrasyonlarinin
kiltir bugday cesitlerinin ¢imlenmeleri, bitki taze
agirhigi ile siirgin ve kék uzunlu tlzerine kuvvetli
inhibitér etki sergiledigi tespit edilmistir (Atak ve ark.,

2016). Begum ve ark. (2017) tarafindan 7Thuja
orientalis L. ve Thevetia peruviana (Pers.) Schum
turlerinin metanol ekstraktlarmin artan
konsantrasyonlarinin bugday tohumlarinin

¢imlenmesi, k6k ve surgin geligimi tzerinde negatif
etki yaptigi bildirilmigtir.

Biberiye ekstraktlarimin S. oryzae ve K. dominica
erginlerine kargi kontak etkisi

Yapilan c¢alismada biberiye Dbitkisinin = farkh
¢ozuculerle hazirlanan ekstaraktlarinin S. oryzaeve R.
dominica erginleri Uzerindeki kontakt toksisitesi test
edilmistir. Calisma sonucunda 24 saatte S. oryzaéye
karst en yiksek toksisiteyl %16.67 6lim oram ile
etanol ekstrakti uygulamasinda belirlenmistir. 48 saat
(%30) ve 72 (%58.33) saat sonunda en yiiksek 6liim
oranini yine etanol ekstrakti gostermistir (Cizelge 3).
72 saat sonunda etanol ekstraktindan sonra en yuksek
toksisiteyl %33.3 6lim orani ile metanol ekstrakt:
gostermistir (Cizelge 3). Elde edilen sonuglar
degerlendirildiginde yetmis 72 sonunda etanol
ekstraktinin etkinligi istatistiksel olarak kontrolden
ve diger muamelelerden farkli bulunmustur (p<0.05).

Biberiye bitkisinden elde edilen ekstraktlarin £.
domincaya karsi test edilmesi sonucunda ise ilk 24
saatte en yiksek o6lim orani %46.67 ile aseton
ekstraktinda gozlemlenirken en diisik 6lim orani ise
%33.33 o6lim oran1 ile metanol ekstraktinda
gozlemlenmistir (Cizelge 4). Calismanin 72. saatinde
ise en yiiksek 6liim sirasiyla aseton (%68.33) ve etanol
(%45.00) ekstraktlarinda gézlemlenmistir. 72 saat
sonunda tim muameleler istatistiki  olarak
karsilagtirildiginda aseton ekstraktinin kontrolden ve
diger muamelelerden farkli oldugu, metanol ve etanol
ekstraktinin ise istatistiki olarak ayni grupta yer
aldigi, aseton ve kontrolden 1ise farkli oldugu
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bulunmustur (p<0.05).

Yapilan calismalarda daha c¢ok biberiye bitkisinden
elde edilen ugucu yagin zararhlar tizerindeki etkinligi
test edilmigtir. Bitkiden elde edilen ekstraktlarin bu
iki  zararhh  Uzerindeki  etkinligini  arastiran
calismalarin kisitli oldugu goriilmektedir.

Cizelge 3. Farkli ¢oziiciilerden elde edilen biberiye

ekstraktlarinin Sitophilus oryzae

uzerindeki kontak etkisi
Orneklers % Olim orani £S.hata

24 saat 48 saat 72 saat

Kontrol Ob 5.00+4.12b 9.17+3.29¢
Metanol 8.33+5.47ab  23.33+3.49a 33.33+2.09b
Aseton 13.33+5.84a 18.33+4.86a 26.67+2.46b
Etanol 16.67+6.80a  30.00+2.57a 58.33+1.80a

Ayni sutundaki ortalamalar1 takip eden farkli kigik harfler,
ortalamalarin istatistiksel olarak 6nemli derecede farkli oldugunu
gosterir (Anova P<0.05, Duncan test)

Cizelge 4. Farkli c¢oziciilerden elde edilen biberiye
ekstraktlarinin  Rhyzopertha  dominica
uzerindeki kontak etkisi

Ornekler % olum orani=S.hata

24 saat 48 saat 72 saat
Kontrol Oc Oc 3.33+3.88¢
Metanol 33.33+3.41b  35.00+3.02b  43.33+3.25b
Aseton 46.67+2.88a 55.00+4.57a  68.33+3.62a
Etanol 26.67+2.13b  38.33+1.00b  45.00+1.97b

Ayni sutundaki ortalamalar1 takip eden farkli kigik harfler,
ortalamalarin istatistiksel olarak 6nemli derecede farkl oldugunu
gosterir (Anova P<0.05, Duncan test)

Farkli arastiricilar tarafindan yapilan ¢alismalar ile
R. officinalisin birgok zararli bocek tizerinde farkl
sekillerde etkili oldugu ortaya konulmustur (Isikber ve
ark., 2006; Saeidi ve ark. 2013; Salman ve ark., 2014;
Shalaby ve Khater, 2005). Yildirim ve ark. (2011) elde
ettikleri biberiye ugucu yagmin Sitohilus granarius
L.Gzerinde %93 oraninda &lime neden oldugunu
belirtmigtir. Biberiye ugucu yaginin S. oryzae tizerinde
test eden Kiran ve Prakash (2015) ugucu yagin 72 saat
sonunda %75 oraninda 6lime sebep oldugunu tespit
etmistir. Bunun sebebinin biberiye ugucu yaglarinda
yiuksek miktarda 1,8 cineole, a-pinene ve B-
caryophyllene bulunmasindan (Bertoli ve ark., 2011;
Rojht ve ark., 2012; Kiran ve Prakash, 2015)
kaynaklanmaktadir. Rozman ve ark. (2007) biberiye
ucucu yag bileseni olan 1,8 cineole’nin R. dominica ve
S. oryzae tizerine fumigant etkinligini test etmisler ve
S. oryzaetizerinde %100, K. dominica Uizerinde ise %97
oraninda 6lime neden oldugunu bildirmislerdir.

Biberiye ekstraktlari ugucu yag ve ucucu yagin
birlesikleri kadar depo zararlilar1 tzerinde etkili
olmasada, Piper nigrum, Schizonepeta tenuifolia,
Artemisia princepsvar. orientalis gibi  birgok bitki
ektraklarina gore daha etkili oldugu tespit edilmigstir
(Kim ve ark., 2003; Manzoor ve ark., 2011; Lucie ve
ark., 2013).
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SONUC

Yapilan calismada biberiye bitkisinden farkl
¢ozuciler kullanilarak elde edilen ekstraktlarin £.
dominica ve S. oryzae lizerinde kullanilma potansiyeli
oldugu goriilmistir. Ozellikle aseton ekstraktinin .
dominica tzerinde etkili olmasi ve diger ekstraktlara
gore bugday tohumlar: tizerinde daha az negatif etki
sergilemesi  (diisik  dozlarda)  kullamilabilirlik
acisindan  degerlendirilebilir. Ileride  biberiye
ekstraktlarinin tahillarin kalitesi lizerindeki etkileri
hakkinda yapilacak daha detayli calismalar bu
zararlilarla miicadelede kullanilabilirligini daha net
ortaya ¢ikartabilir.
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OZET Aragtirma Makalesi

Bu c¢alismada, Bat1 Anadolu Bélgesi'nde 10 ilde tliretilen 156 6nemli

yerel fasulye ekotipi 2015 yilinda toplanmis ve ekotipler arasindaki Makale Tarihgesi

biyolojik cesitliligi arastirmak ve karakterize etmek i¢in 2016 yilinda Gelis Tarihi ~ :18.06.2019
Akdeniz  Universitesi Ziraat Fakiiltesinde tarla denemesi Kabul Tarihi  :22.08.2019
yirttilmiistiir. Incelenen karakterler acisindan en belirgin degisim
kuru sap ve tane veriminde kaydedilirken bunu bitkide bakla sayisi,
baklada tane sayisi, bitki boyu ve yiiz tane agirligi takip etmistir. En ol
yitksek bitki bagma tane verimi MGL-30 (145.6 g), MGL-38 (101.7g), ~ Morpholojik ozellikler,
ANT-43 (87.8 g) ve MGL-26 (81.9 g) genotiplerinden elde edilmistir. ~ Yerel ekotipler,

Temel bilesen analizinde, 17 bilesen yerel fasulye genetik Genetik kaynaklar
kaynaklarindaki varyasyonun %74.9unu izah etmigtir. Bakla rengi,

bitki tipi ve sarilma ozelligi en fazla katki saglayan ozellikler

olmustur. Bitki boyu ve olgunlagma giin sayisi, biplot analizinde tane

verimi ile aym1 yonde ve en dar acgiya sahip vektorler olmustur.

Morfolojik 6zellikler kullanilarak tretilen benzerlik dendogrami

genotipleri iki ana gruba (A ve B) ve dért alt gruba (A1, A2, B1 ve B2

) ayrilmistir. Morfolojik 6zellikler acisindan en uzak gruplarda yer

alan MGL-01, KTH-01, MNS-01 ve ANT-13 ile USK-01, ANT-01,

MGL-05 ve AYD-02 ekotipleri kullanilarak melezleme 1slahi ile yeni

cesitler geligtirilebilir.

Anahtar Kelimeler
Phaseolus sp.,

Investigation and Characterization of Phaseolus bean bio-diversity in Western Anatolia

ABSTRACT Research Article

In this study, 156 important local bean ecotypes produced in 10

provinces in the Western Anatolia Region were collected in 2015, and Article History

field trial was conducted in 2016 at Akdeniz University, Faculty of Received - 18.06.2019
Agriculture in order to investigate and characterize biodiversity. The Accepted ©22.08.2019

highest variation was recorded for straw yield and seed yield per plant
followed by pod number per plant, seed number per pod, plant height
and 100 seed yield. MGL-30 (145.6 g), MGL-38 (101.7 g), ANT-43 (87.8  Lhaseolussp.,

g) and MGL-26 (81.9 g) gave the highest seed yields per plant. In Morphologic traits,
principle component analysis, 17 components explained 74.9% of Landraces,
genetic variation in local bean genetic resources. Pod color, plant Germplasm
growth and speed of climbing were the most important traits

contributing to diversity. In biplot vector analysis, plant height and

days to maturity were of the closest and parallel vector angle to seed

yield. Hierarchal constellation cluster analysis on the bases of

morphological traits produced two main groups (A and B) and 4 sub-

groups (A1, A2, B1, and B2). Most distant landraces of MGL-01, KTH-

01, MNS-01, and ANT-13 to the genotypes of USK-01, ANT-01, MGL-

05 and AYD-02 may be used in a hybridization program.

Keywords
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GIRIS

Fasulye, diinyada en fazla yetistirilen yemeklik tane
baklagil bitkisidir (Singh et al., 2007). Giiniimiizde
fasulye bitkisinin; Orta Amerika (Mesoamerica) ve
Giiney Amerika (Andean) bolgeleri olmak tizere iki gen
havuzuna sahip oldugu cesitli arastiricilar tarafindan
bildirilmistir (Blair et al., 2012; Bitocchi et al., 2013).
Orta  Amerika  (Mesoamerica) gen  havuzu,
Meksika’dan Kolombiya’ya, Giiney Amerika (Andean)
gen havuzu ise, Gliney Peru’dan Kuzeybat1 Arjantin’e
uzanmaktadir (Kwak et al., 2009; De la Fuente et al.,
2012). Durango, Jalisco ve Mesoamerica Orta Amerika
gen havuzunda, Peru, Nueva Granada ve Sili Gliney
Amerika gen havuzunda yer almaktadir (Nadeem et
al., 2018). Fasulye, protein, karbonhidrat, lif, vitamin
ve mineral maddeler agisindan zengin bir besin
kaynagidir (Aquino-Bolafios et al., 2016). 2016 yili
itibariyle diinya tizerinde kuru fasulye ekim alani 29
M hektar1 gecerken 1.5 M hektar da taze fasulye
tretimi yapilmigtir (Anonim, 2018a). Uretim ise
sirasiyla kuru fasulyede 26.8 M ton ve taze fasulyede
23.5 M tonu gecmistir (Anonim, 2018a). Tiirkiye'de
kuru fasulye, nohut ve mercimekten sonra tglinci
sirada bulunmaktadir (Anonim, 2018b). Yine tarla ve
sera sartlarinda 6nemli miktarda taze fasulye Uretimi
bulunmaktadar. 2013 yilinda 85.000 ton kuru
fasulyenin yaninda 632.000 ton taze fasulye uretimi
yapilmistir. Ticari liretimin yaninda genellikle kirsal
kesimde her hanede kiicik bahge ve tarlada tretim
yapilmaktadir. Turkiye cok zengin fasulye genetik
cesitliligine sahip bulunmaktadir (Elkoca et al., 2010;
Khaidizar et al., 2012). Cografik cesitlilik, farkl iklim
tipleri ve zengin toprak yapisi yaninda farkli tarim
teknikleri ve degisen taleplere goére yapilan dogal
seleksiyon (Scarano et al., 2014) sonucu Anadolu’da
zengin bitki cesitliligi olugsmustur. Bat1 Anadolu
Bolgesi'nde bir¢ok iriinde yayginlasmis yogun ticari
tarimsal uygulamalara ragmen fasulye tiretimi esas
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itibariyle geleneksel yerel tohumlarla yapilmaktadir.
Yerel tohumlar Gstin lezzetleri ve yiksek adaptasyon
yetenekleri dolayisiyla tiretici ve tiiketiciler tarafindan
tercih edilmektedir. Bir bélge ve lokasyonda o civara
ozgii fasulye tipi ve yerel cesidi bulunmaktadir (Ispir
fasulyesi, Candir fasulyesi vb.). Bélgeye 6zgii yerel
tipler tiketici tarafindan tercih edildigi i¢in ciftciler
yerel fasulye uretimine devam etmektedir. Ancak,
yiksek verimli yeni fasulye c¢esitlerinin tretime

girmesi, ekim alanlarinin azalmasi1 ve ithalatin
artmas1 yerel fasulye tipleri tzerinde bask:
olusturmaktadir. Yerel tohumlarin toplanmasi,

karakterizasyonu, muhafazasi ve 1slahta kullanilmasi
biyolojik  c¢esitliligin  korunmasi  i¢in  gerekli
gorulmektedir. Birgok 6zellik bakimindan karakterize
edilmis fasulye genetik kaynaklar1 mevcut ve
gelecekte yapilacak 1slah programlarinda ylksek
adaptasyon yetenegi, ustliin kalite 6zellikleri ve stres
faktorlerine toleransa sahip cesitlerin gelistirilmesi
icin kullanilabilecektir. Bu calisma, Bati Anadolu

Bolgesinde 10 ilde yerel fasulye tohumlarinin
toplanmasi, morfolojik 6zelliklerinde cesitliligin
incelenmesi ve yerel tiplerin karakterizasyonu

amaciyla yuritiulmustur.

MATERYAL ve YONTEM
Bitki Materyali

Bati1 Anadolu Bolgesinde bulunan Antalya, Isparta,
Burdur, Mugla, Denizli, Aydin, Izmir, Manisa, Usak ve
Kiitahya illerinden (Sekil 1) 2015 Ekim ve 2016 Mart
aylarinda toplanan 156 yerel fasulye (Phaseolus) gen
kaynag1 calismada materyal olarak kullamilmagtir.
Yerel fasulye ekotiplerine toplanildigi bélgeyi
gostermesini kolaylastirmak amaciyla kod ve numara
verilmistir (Orn. Antalya= ANT, Burdur=BRD,
Isparta=ISPT, Denizli=DZL, Mugla=MGL,
Aydin=AYD, Izmir=IZM, Manisa=MNS, Usak=USK ve
Kiitahya=KTH. )

Sekil 1. Yerel fasulye gen kaynaklarinin toplandig: bolge ve iller
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Aragtirma Sahasinin Iklim ve Toprak Ozellikleri

Arastirma yerinin denizden yiiksekligi yaklasik 24 m
olup, 36°53.933' kuzey enlemi ve 30°38.557' dogu
boylaminda yer almaktadir. Denemenin yurttuldagi
aylara ait meteorolojik veriler Cizelge 1’ de verilmistir.
Ortalama sicaklik degerleri uzun yillar ortalamas ile
benzerlik gosterirken, 2016 yilindaki toplam yagis
miktarinin uzun yillar ortalamasindan oldukga diigiik
oldugu tespit edilmigtir. Uygulama alaninin toprak

ozellikleri kumlu-killi-tinli yapida olup, alkalilik
ozelligi gostermektedir (pH:7.96). Deneme alani
topraklar: organik madde yéniinden diisiik (%1.87),
alinabilir potasyum (0.61 meq/100 g) bakimindan iyi,
fosfor bakimindan (9.37 ppm) yeterli bulunmustur.
Yapilan analizlerde deneme alami topraklarinin tuz
icerigi 0.93 mS/cm (tuzluluk tehlikesi yok), kirec icerigi
ise %26.5 (asir1 kirecli) olarak tespit edilmistir (Cizelge
2).

Cizelge 1. Antalya ilinin arastirmanin yiritildigi yil ile uzun yillar ortalamasina ait bazi iklim verileri.

Yil Nisan Mayis Haziran Temmuz Agustos
Ortalama Sicaklik 2016 19.38 20.37 26.90 29.86 30.46
(O)) UYO** 17.50 21.20 26.0 29.1 29.6
o o i G B 08 0w oson oo
Ortalama Nisbi Nem 2016 68.76 72.36 61.79 59.70 65.08
(%) UYoO 63.9 67.9 61.0 60.2 59.8

*T.C. Orman ve Su Isleri Bakanhg1, Devlet Meteoroloji Isleri Genel Miidiirliigii ve Meteoroloji 4. Bolge (Antalya) Mudiirligi,

**UYO: Uzun Yillar Ortalamas

Cizelge 2. Deneme yerinin toprak analiz sonuglari.

Olgiilen Parametreler Bulunan Degerler Degerlendirme

pH 7.96 Alkali

E.C (mS/cm) 0.93 Tuzluluk tehlikesi yok
CaCOs (%) 26.5 Agir kiregli
Kum (%) 45.08

Kil (%) 31.28

Silt (%) 23.64

Biinye Kumlu-Killi-Tinh
Organik Madde (%) 1.87 Distik
Toplam N (%) 0.10 Orta

P (ppm) 9.37 Yeterli

K (meg/100 g) 0.61 Iyi

Na (meq/100 g) 0.15 Diigiik

Ca (meq/100 g) 37.71 Iyi

Mg (meq/100 g) 7.12 Iyi

Fe (ppm) 3.56 Noksanlik gosterebilir
Zn (ppm) 0.74 Noksanlik gosterebilir
Mn (ppm) 23.15 Yeterli

Cu (ppm) 1.36 Yeterli

Incelenen Ozellikler

Aragtirmada, Turkiye'nin Bati Anadolu Bélgesinden
toplanan 156 yerel kuru fasulye genotipi 8 Nisan 2016
tarithinde 2 m uzunlugundaki siralara, bodur tiplerde
45 cm sira aras1 10 cm sira lzeri, sarilici tiplerde ise
70 cm sira arasi 20 cm sira iizeri olacak sekilde tek sira
halinde markérle ciziler acilarak elle ekilmigtir.
Ekimle birlikte dekara 2.7 kg azot ve 6.9 kg fosfor
dozlarinda Diamonyum Fosfat (DAP) formunda giibre
verilmigtir. Bitki gelisme mevsimi boyunca ihtiyaca
gore yagmurlama sulama ve insektisit uygulamasi
yapilmigtir. Yabanci ot miicadelesi elle yolunarak
yapilmigtir. Bitki gelisme doénemi siliresince her
siradan secilen 5 temsili bitki uzerinde IPGRI
(International Plant Genetic Resources Institute) and
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EU-CPVO (European Union Community Plant Variety
Office) tarafindan belirlenen ve Cizelge’3 de verilen
gbzlem ve Olglimler yapilmigtir.

Istatistik Analizler

Temel istatistik analizler ve korelasyon Minitab
version 17  istatistik  programi  kullanilarak
yapilmigtir. Temel Bilesen Analizi XLSTAT software
(2016.2 version) programi ile yapilmigtir. Eigen
degeri >1 olan bilesenler analize dahil edilmistir.
Incelenen karakterlerin dagilimi ve ekotiplerin
dagilimi ilk iki bilesen kullanmilarak gorsel hale
getirilmigtir. Ekotiplere ait benzerlik takimyildizi
grafigi JMP 13.2.0 istatistik programi kullanilarak
olusturulmustur.
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BULGULAR ve TARTISMA

156 yerel fasulye ekotiplerini tizerine yapilan bu
calisma incelenen genetik kaynag icinde nitel (gorsel-
kalitatif) ve mnicel (6lciilebilir-kantitatif) &zellikler
acisindan o6nemli oranda varyasyon bulundugunu
gostermistir (Cizelge 3).  Fide, yaprak, sap, cicek ve
bakla gibi gorsel olarak degerlendirilen morfolojik
ozellikler 1ilgili skala degerine gore degisim
gostermistir (Cizelge 3). Olgiilebilir (kantitatif)
degerler acisindan da ekotipler arasinda oOnemli
oranda varyasyon tespit edilmistir(Cizelge 3).
Salkimda ¢icek tomurcugu sayis1 1-14, cikis %10-%
100, ¢iceklenme giin sayis1 38-59 giin, bitki boyu 33.8-
340.0 cm, bitkide bakla sayisi 5-65 adet, yiiz tane
agirhgr 12.4-79.4 g, bitki basina tane verimi 7.1-145.6
g, bitki basina kuru sap verimi 10.6-680.3 g,
olgunlagma stiresi 50.0-168.0 giun ve baklada tane
say1s1 3-9 adet arasinda degisim gostermistir (Cizelge
3). En yiiksek degisim kuru sap ve tane veriminde
kaydedilirken bunu bitkide bakla sayisi, baklada tane
sayisi, bitki boyu ve yiiz tane agirligi takip etmistir
(Sekil 2, Cizelge 3).

Verim ve bazi1 onemli verim unsurlar1 acisindan
genotip ortalama degerlerinde kaydedilen degisim
Sekil 2’de goriilmektedir. Bitki boyu 10 misli degisim
gostermistir (33.8-340.0 cm, ortalama 158.8 cm (Std.

sapma=79.02)). Bitki bagsina bakla sayis1 10 kat
degisim goéstermistir (Ortalama=22.4 adet, St. sapma
12.13). Olgunlasma giin sayis1 3 kati degisim
gostermistir (Ortalama =135.5, Std. sapma=27.97).
Yiz tane agirligi ise 12.44 g ile 79.35 g arasinda
degismis ve ortalama 33.53 g (Std. sapma =11.73)
olmustur. PKS-01 (79.4 g), ANT-42 (71.9 g), ANT-07
(68.0 g), KTH-18 (64.1 g), MGL-10 (60.1 g), BRD-03
(55.3 g) ve AYD-16(54.5 g) en yiiksek yiiz tane
agirhigina sahip genotipler, ANT-24 (17.9 g), ANT-15
(17.8 g), ANT-13 (17.6 g), ANT-21 (16.4 g), ANT-44
(16.1 g), MGL-01 (13.4 g) ve MGL-32 (12.4 g) ise en
diugtk yiz tane agirligina sahip genotipler olarak
kaydedilmigtir. Ortalama yiiz tane agirhig 33.5 g
olmustur. Bitki bagina tane verimi ortalama 30.04 g
(Std. sapma=18.91) olup 6.38 kat1 degisim gostermistir
(7.1-145.6 2. MGL-30 (145.6 g), MGL-38 (101.7 g),
ANT-43 (87.8 2) ve MGL-26 (81.9 g genotipleri en
yiksek verime sahip olurken diger genotiplerin
ortalama tane verimi 72 g Dbitki! altinda
gerceklesmistir.  Bitki boyu 100 cm’nin altinda
bulunan 43 bodur fasulye genotipinin tane verimi
ortalamasi1 22.9 g olarak hesaplanmigtir. Bodur
gelisme formuna sahip KTH-04 (69.3 g), KTH-31 (38.5
g), BRD-24 (38.0 g), AYD-06 (37.5 g) ve KTH-29 (35.4
g) en yiiksek tane verimi iireten genotipler olarak
ortaya ¢ikmigtir.
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Sekil 2. Yerel fasulye genetik kaynaklar: icinde bitki boyu (BB), bitki basina bakla sayis1 (BBS), olgunlasma siiresi (0S), yiiz
tane agirhig1 (YTA) ve bitki bagina tane verimi (TV) degerlerinin degisimi.
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Cizelge 3. Bati Anadolu Boélgesi'nde 10 ilden toplanilan 156 fasulye ekotipi tizerinde tarla sartlarinda

yapilan gézlem ve

6lcumler
Ozellik (Kisaltma) Min.—Maks. Ozellik (Kisaltma) Min.-Maks.
Bitki Tipi: Sarilic1 0 — Bodur 1 (S-B) 0-1 2.Rengin yogunlugu (3= Zayif, 5= Orta, 7= 3-7
Yogun) (2.R.K.)
Fide Antosiyanin (1=Yok, 9=Var) (A) 1-9 Olgunlagmamis Tanenin Kabuk Rengi (1= 1-2
Beyaz, 2= Yesil) (OTKR)
Sarilma Baslangic1 (3=Erken, 5=Orta, 7=Gec) 3-7 Kilgiklilik (1=Yok, 9= Var) (K) 1-9
(SB)
Sarilma Hiz1 ( 3=Yavas, 5=Orta, 7=Hizl1) (SH) 3-7 Bakla Kesit Sekli (1=Eliptik, 2=Cordate, 3= 1-3
Dairesel, 4= 8 sekilli) (BKS)
Sarilma Giicti ( 3=Az, 5=Orta, 7=Giicli) (SG) 3-7 Baklanin Bitkideki Durumu (Bodur Tiplerde) 2-3
(1=Altta, 2= Ortada, 3=Ustte, 4=Ucta,
5=Diger) (BBD)
Sarilma Egilimi ( 3=Erken, 5=Orta, 7=Gec) 37 Bakla Ucunun Gaga Uzunlugu (1=Cok kisa, 1-9
(SE) 3=Kisa, 5=Orta, 7=Uzun, 9=Cok uzun) (BUGU)
Yaprak Rengi (1=Cok acik yesil, 3=Acik yesil, 1-9 Bakla Genisligi (3= Dar, 5= Orta, 7= Genis) 3-7
5=Orta yesil, 7=Koyu yesil, 9=Cok koyu yesil) (BG)
(YR)
Piirtizliliik (3= Zayif, 5= Orta, 7= Fazla) (P) 3-7 Gaganin Kivrilmasi (1=Cok gii¢siiz, 3=Gicsiiz, 1-9
5=0rta, 7=Giiclii, 9=Cok giiclii) (GK)
Orta Yaprakeigin Biyiikligi (3=Kiiciik, 3-7 Bakla Yiizeyinin Yapis1 (83=Diiz, 5= Orta, 7= 3-5
5=0Orta, 7=Biiyiik) (OYP) Kivrik) (BYY)
Orta Yaprakagin Sekli (1=Ug¢ kégeli, 2=Ug 1-5 Gaganin Olusum Sekli (1=Gdiclii, 2=Orta, 1-3
koseliden dairesele, 3=Dairesel, 4=Daireselden 3=Gii¢siiz) (GOS)
koseliye, 5=Kosgeli) (0YS)
Orta Yaprakcigin Ug Sekli (3=Kisa, 5= Orta, 3-7 Gaganin Uzunlugu (3=Kisa, 5= Orta, 7=Uzun) 3-7
7= Uzun) (OYUS) (GU)
Brakte Boyutu (3=Kiiciik, 5= Orta, 7=Biiyiik) 3-7 Baklanin Kivrim Sekli (1= Diiz, 3=Hafif, 1-9
(BB) 5=Orta, 7=Kuvvetli, 9=Cok kuvvetli) (BKS)
Brakte Rengi (1=Yesil, 2=Acik mor, 3=Koyu 1-2 Bakla Kivriminin I¢ biikey Dig biikey Olusu 1-3
mor, 4=Diger) (BR) (1= i¢ biikey, 2=Giiclii, 3=D1s biikey)
(BKIDBO)
Brakte Sekli (1=Mizrak, 3= Orta, 5=0val) (BS) 1-5 Cikis (%) (CKS) 10-100
Bayrak Yaprak Rengi (1= Beyaz, 2=Pembe, 1-3 Ciceklenme Giin Sayis1 (Giin) (CGS) 38-59
3=Menekse, 4=Yesil) (BYR)
Kanatcik Rengi (1=Beyaz, 2= Pembe, 3= Mor) 1-3 Bakla Baglama Giin Sayis1 (Giin) (BBGS) 43-63
(KR)
Kanatciklarin Acilim Durumu (3=Birbirine 3-7 Bitkide Dal Sayis1 (Adet) (BDS) 3.0-9.6
Paralel, 5=Birbirinden Ayrilmig, 7=Birbirinden
Iyice Ayrilmig) (KAD)
Bodur Tiplerde Cicegin Bitkide Bulundugu Yer 1-1 Ilk Bakla Yiiksekligi (cm) (IBY) 7-38
(1= Yaprak I¢inde, 2=Yaprak Kisminda,
3=Yaprak iizerinde) (BTCBBY)
Cigek Uzunlugu (mm) (CU) 10.2-41.3  Bitki Boyu (cm) (BB) 33.8-340.0
Cicek Sap1 Uzunlugu (mm) (CSU) 5.3-38.4  Bitkide Bakla Sayis1 (Adet) (BBS) 5-65
Cicek Boyutu (3=Kiiciik, 5=Orta, 7=Biiyiik) 3-7 Yiiz Tane Agirhig: (g) (YTA) 12.4-79.4
(CB)
11k Cicek Bogum Sayisi (adet) (ICBS) 2-7 Tane Verimi (g/bitki) (TV) 7.1-145.6
Salkimda Cicek Tomurcugu Sayis1 (adet) 1-14 Olgunlagma Siiresi (Giin) (OS) 50.0-168.0
(SCTS)
Baklanin Koyulugu (3= Hafif, 5= Orta, 7= 3-7 Kuru Sap Verimi (g/bitki) (KSV) 10.5-680.3
Koyuw) (BK)
Baklada Cift Renk (1= Yok, 9= Var) (BCR) 1-9 Baklada Tane Sayisi (Adet) (BTS) 3-9
Bakla Kabugunda 2.RENK (1= Kirmizi, 2= 1-2 Tane D6kme(0=Yok, 1=Var) (TD) 0-1

Mor) (BK 2.RENK)

Toplam sayis1 113 olan sarilic1 genotiplerin (bitki boyu
>100 cm) bitki basina tane verimi ortalama 32.8 g
olarak hesaplanmigtir. Sarilici bitki gelisme 6zelligine
sahip MGL-30 (145.6 g), MGL-38 (101.7 g), ANT-43
(87.8 g), MGL-26 (81.9 g) ve ANT-29 (68.75) en yiiksek

dane verimine sahip genotiplerdir. Bodur tipler i¢inde
en yiiksek tane verimine sahip KTH-04 (69.3 g), KTH-
31 (38.5 g), BRD-24 (38.0 g), AYD-06 (37.5 g), KTH-29
(35. 4 g) ve MNS-05 (35.2 g) en yiiksek verime sahip

olmustur.
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Verim ve onemli verim unsurlar: arasinda hesaplanan
korelasyon katsayilar: incelendiginde (Cizelge 4) tane
verimi, bitki basina bakla sayisi ile 6nemli oranda
iliskili (r=0.545, P<0.01) bulunurken kuru sap verimi
bitki boyu ile (r=0.521, P<0.01) iligkili bulunmustur.
Tane verimi ile kuru sap verimi arasindaki iligki
onemli, fakat diisik korelasyon katsayisi degerine
(r=0.371, P<0.01) sahip olmustur. Diger verim ve
evrim unsurlari arasinda tespit edilen korelasyon
katsayilar1 genellikle diisiik (r<0.6) bulunmustur
(Cizelge 4).

Genetik kaynaklara ait incelenen karakterler tizerinde
temel bilegsen analizi yapilmigtir. Yerel fasulye genetik
kaynaklar1 temel bilegen analizinde 17 bilegsen 1>
eigen degerleri vermistir (Cizelge 5). Eigen degeri 1 ve
tzeri olan 17 bilesen varyasyonun %74.9unu izah
etmistir (Cizelge 5). En yiiksek Eigen degerleri
sirasiyla 8.50, 4.48 ve 298 ile F1, F2 ve F3
bilesenlerinden elde edilmistir (Cizelge 5). En yiiksek
Eigen degerine sahip 5 bilesen Cizelge 6’da verilmigtir.
F1 ekseninde en yiiksek degerler bitki tipi (S-B) (0.94),
BTCBBY (0.94), BBD (0.93), sarilma hiz1 (SH) (-0.90),
sarilma giicti (SG) (-0.90), sarilma egilimi (SE) (-0.76)
ve sarilma baglangici (SB) (-0.75) 6zelliklerine ait
olmustur. F1 ekseni bitki tipi ve sarilma 6zelliklerini
aciklamakta olup 8.50 ile en yiiksek Eigen degerini
vermistir (Cizelge 6). Fasulye genotiplerinde 6lciilen
morfolojik 6zellikler bakimindan varyasyona en
yiuksek katkiyi, bitki tipi, sarilma ve ilk fide
gelismesine ait degerler vermistir (Cizelge 6). Ikinci
en yuksek Eigen degerine sahip bilesen olan F2
ekseninde ise bayrak yaprak rengi (BYR) (0.66),
kanatcik rengi (KR), (0.65), baklada cift renk (BCR)
(0.77), bakla kabugunda 2.renk (0.77) ve 2.rengin
yogunlugu (0.73) en yiiksek degerlere sahip olmustur
(Cizelge 6). Fasulye genetik kaynaklarina ait
morfolojik 6zellikler ig¢inde c¢igek ve bakla rengi,
varyasyona en fazla katki saglayan ikinci 6nemli
ozellikler olarak ortaya cikmastir. Baklada ¢ift renk
(BCR) (0.45), bakla kabugunda 2.renk (0.43), 2.rengin
yogunlugu (0.42), bakla ucunun gaga uzunlugu
(BUGU) (0.50) ve bakla genisligi (BG) (-0.45)
ozellikleri ayni zamanda F3 ekseninde en yuksek
Eigen degerini veren (2.98) bilesenler olarak ortaya
cakmigtir. Bakla rengi ve bakla 6zellikleri varyasyona
uglinci derecede katki saglayan ozellikler olmustur
(Cizelge 6). F4 ekseninde olgunlagmamis tanenin
kabuk rengi (OTKR) (-0.44) ve kilgiklihik (K) (0.57) ve
F5 ekseninde cicek uzunlugu (CU) (0.62), cicek sap1
uzunlugu (CSU) (0.49) , SCTS (0,43), BYY (0,42), TD
(0,41) ve ¢igek boyu (CB) (0.40) sirasiyla 4. ve 5. en
yiiksek Eigen degerlerine sahip bilesenlerdir (Cizelge
6). Incelen temel bilegenlerin kismi katkilar: Sekil 2'de
verilmigtir. Ikinci bilegene ait baklada ¢ift renk (BCR),
bakla kabugunda 2.Renk (BK 2. Renk) ve baklada
ikinci renk (2. Renk) en yiiksek kismi katki degeri
(11.0-12.5) verirken bunu I. temel bilegeni olusturan
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bitki tipi (sarilici-bodur) (S-B), sarilma baglangici (SB),
sarilma hizi (SH), sarilma giicii (SG), sarilma egilimi
(SE), bodur tiplerde cicegin bitkide bulundugu yer
(BTCBBY), baklanin bitkideki durumu (bodur
tiplerde) (BBD) ve bitki boyu (BB) ézelliklerine ait
katk: degerleri takip etmistir (Sekil 3). Ikinci temel
bilegenleri BYR ve KR katkis1 yine I. temel bilesen
faktorlerine yakin olmustur (Sekil 3). III. temel
bilesenlerinden Bakla ucunun gaga uzunlugu (BUGU),
bakla geniglizi (BG), gagamin kivrilmas1 (GK), Ilk
cicek bogum sayis1 (ICBS), gaganin olusum sekli
(GOY), ilk bakla yiiksekligi IBY) ve Gaga Uzunlugu
(GU) azalan oranlarda 7.5 ile 5.0 arasinda kismi katk:
degerlerine sahip olmustur (Sekil 3). Incelenen
morfolojik  ve  fenolojik  karakterlerin  vektor
uzunluklar ve tane verimi dahil karsilikl iligkilerini
gosteren Biplot grafigi Sekil 4’te verilmistir. Bodur
tiplerde cicegin bitkide bulundugu yer (BTCBBY),
baklanin bitkideki durumu (bodur tiplerde) (BBD),
bitki tipi (sarilici-bodur) (S-B), kuru sap verimi (KSV)
, bakla Kabugunda 2.renk (BK 2.RENK), 2.Rengin
yogunlugu (2.R.K.), sarilma egilimi (SE) ve sarilma
baslangic1 (SB) en yiiksek vektér uzunluklarina sahip
olmustur (Sekil 4). Bitki boyu (cm), olgunlasma giin
say1s1 (OG), cicek sap1 uzunlugu (CSU), cicek boyutu
(CB), ilk ¢icek bogum sayis1 (ICBS), orta yaprakcigin
buyiikliga (OYB) ve ilk bakla yiksekligi (IBY)
ozellikleri tane verimi ile ayni yonde ve en dar agiya
sahip vektor degerlerine sahip 6zellikler olarak ortaya
cikmigtir (Sekil 4). Bakla ucunun gaga uzunlugu
(BUGU), gaga uzunlugu (GU),gaganin olusum sekli
(GOY), baklanin kivrim sekli (BKS), baklada kilgiklilik
(K), bakla kesit sekli (BKS) ve yaprak rengi (YR)
ozellikleri tane verimine en genis ac¢ili ve zit yonde
vektorler olarak ortaya cikmistir (Sekil 4). Erken
sarilma baslangici (SB=3), hizli sarilma (SH=7), giiclii
sarilma (SG=7) ve erken sarilma egilimi (SE=3)
ozellikleri 6l¢t olarak alindiginda bitki boyu 129.6 cm
ile 340 cm boya sahip sarilict 22 genotip One
cikmaktadir (Cizelge 7). 22 genotipten ANT-43 (87.8
g), MGL-18 (68.4 g), DZL-09 (56.2 g), MGL-24 (49.0 g)
ve PKS-01 (36.3 g) en yiiksek tane verimine sahip
olmustur (Ort. 29.8 g) (Cizelge 7). Bayrak Yaprak
Rengi (BYR) ézelligi Baklada Cift Renk (BCR)
(r=0.414, P<0.01), Bakla Kabugunda 2.Renk (BK
2.RENK) (r=0.397, P<0.01), 2.Rengin yogunlugu (2
RK) (r=0.381, P<0.01), Olgunlasmamis Tanenin
Kabuk Rengi (OTKR) (r=0.189, P<0.05) ve Kilcakhilik
(K) (r=0.420, P<0.01) 6zelligi ile iliskili bulunmustur.

Ayrica, Kanatgik Rengi (KR) 6zelligi Baklada Cift
Renk (BCR) (r=0.414, P<0.01), Bakla Kabugunda
2.Renk (BK 2.RENK) (r=0.397, P<0.01), 2.Rengin
yogunlugu (2 R.K) (r=0.381, P<0.019) , Olgunlagsmamis
Tanenin Kabuk Rengi (OTKR) (r=0.219, P<0.05) ve
Kilakhihk (K)(r=-0.420, P<0.01) ozelligi ile iligkili
bulunmustur.
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Cizelge 4. Bati Anadolu Fasulye Genetik Kaynaklar:1 Verim ve Verim Bilegenleri Arasindaki korelasyon

katsayilari

CGS BBGS BDS IBY BB BBS YTA TV 0S KSV BTS
CKS% -0.018 -0.014 -0.118 0.127 0.005 0.061 0.120  0.206**  0.054 0.059 -0.086
CGS(giin) 1 0.987** 0.137 0.042 0.305%** 0.165* -0.357**  0.031  0.202* 0.276%*  (.283**
BBGS(giin) 1 0.129 0.026 0.309** 0.162* -0.364**  0.039  0.192* 0.279**  (0.302**
BDS(adet) 1 0.002 0.078 0.043  -0.137 0.016 0.058  0.204* 0.024
IBY(cm) 1 0.121  0.003 0.066 0.034 0.118 0.062 0.142
BB(cm) 1 0.121  -0.041  0.179* 0.283** (0.521** 0.15
BBS(adet) 1 -0.32%*  (0.545%* (0.226%* (0.252*%*  (0.219**
YTA (g) 1 -0.038  -0.118 -0.01 -0.224%%*
TV(g bitki) 1 0.235%*  0.371%* 0.192*
0OS(giin) 1 0.26%* 0.083
KSV(g bitki1) 1 0.159*
BTS(adet) 1

*P <% 0.05 seviyesinde 6nemli, ** P<0.01 seviyesinde énemli

Cizelge 5. Yerel Fasulye genetik kaynaklar: temel bilesen analizine ait eigen degerleri, yiizde varyasyon ve
kiimilatif degerleri

F1 F2 F¥3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17

Eigen degeri 8.50 4.48 2.98 2.67 252 213 203 188 1.71 156 1.42 136 1.29 1.19 1.15 1.09 1.03
Varyasyon (%) 163 86 57 51 48 40 39 36 32 30 27 26 24 22 22 21 19
Kiimilatif % 16.3 249 30.7 35.8 40.6 44.7 48.6 52.2 555 585 61.2 63.8 66.3 68.6 70.8 72.9 74.9

Cizelge 6. Yerel Fasulye genotiplerine ait temel bilesen analizi

Ozellik F1 F2 F3 F4 F5 Ozellik F1 F2 F3 F4 F5
S-B 094 0.03 002 012 -003 K 0.18 -0.37 024 057 0.03
A -0.16 0.35 0.12 0.17 -0.16 BKS 0.15 -0.12 -0.12 -0.09 -0.16
SB -0.75 -0.29 0.10 0.11 -0.01 BBD 0.93 0.04 0.03 010 -0.02
SH -0.90 -0.07 -0.07 -0.12 0.08 BUGU 0.36 -0.15 050 -0.21 0.18
SG -0.90 -0.07 -0.05 -0.11 0.08 BG 0.06 0.40 -0.45 -0.20 0.33
SE -0.76  -0.23 0.07 -0.03 0.05 GK -0.23  0.13  -0.41 0.55 0.08
YR 0.21 -0.21 0.18 0.06 -0.31 BYY 0.13 -0.08 -0.04 002 042
P -0.04 -0.12 0.15 -0.16 0.02 GOS 0.31 -0.13 0.41 -0.50 0.03
OYB -0.12 0.25 -0.07 -0.16 -0.12 GU 0.47 -0.16 0.36 -0.27 0.13
0YsS -0.02 -0.18 0.05 -0.16 0.06 BKS -0.25  -0.07 -0.27 0.12  0.06
oYUS 0.20 0.37 -0.04 -0.06 0.05 BKIDBO -0.28 -0.06 -0.27 0.24  0.09
BB -0.10 -0.14 0.06 0.07 0.04 CKS -0.04 0.20 -0.03 0.18 -0.02
BR 0.18 0.04 0.10 -0.24 0.04 CGS -0.47 -0.38 0.19 -0.28 -0.21
BS -0.10 -0.29 0.36 0.16 -0.06 BBGS -0.47 -0.38 0.19 -0.28 -0.23
BYR -0.15 0.66 0.08 -0.38 -0.16 BDS -0.14 -0.14 0.05 -0.08 0.10
KR -0.16 0.65 0.07 -0.38 -0.18 IBY -0.16 0.24 -0.39 -0.05 -0.29
KAD -0.00 0.21 004 021 -0.18 BB -0.72  0.12 -0.10 -0.15 0.12
BTCBBY 094 0.03 0.02 0.12 -0.03 BBS -0.33  -0.07 0.35 0.44 -0.15
(00 -0.10 0.10 0.34 -0.10 0.62 YTA 0.23 049 -0.30 -0.06 0.39
CSU -0.21 0.09 0.30 -0.08 0.49 TV -0.29  0.10 0.22 029  -0.02
CB -0.13 0.03 0.02 -0.11 0.40 OS -0.48 0.06 0.13 0.14 -0.03
ICBS -0.24 0.15 -0.41 -0.07 -0.32 KSV -0.52  -0.03 0.05 0.02 0.20
SCTS -0.21 -0.09 0.02 004 0.43 BTS -0.31  -0.09 0.15 -0.06 -0.38
BK 0.00 0.14 0.19 0.18 -0.11 TD -0.13  0.09 -0.15 0.15 0.41
BCR -0.22 0.77 0.45 021 -0.07 Eigen degeri 850 4.48 298 267 252
BK 2RENK -0.22 0.77 0.43 0.20 -0.05 Varyasyon(%) 16.35 862 572 513 4.84
2R.K. -0.20 0.73 042 0.16 -0.04 Kiimilatif (%) 16.35 24.97 30.70 35.83 40.67
OTKR 0.02 0.16 -0.16 -0.44 -0.22
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Cizelge 7. Bat1 Anadolu Bélgesi illerinden toplanilan yerel fasulye genotipleri, bitki boyu (cm) ve bitki bagina
tane verimleri (g bitki1)

Genotip Bitki Tane Genotip  Bitki Tane Genotip  Bitki Tane Genotip  Bitki Tane

No boyu  verimi No boyu verimi No boyu verimi No boyu verimi
MGL-30 200.0 145.6 MGL-25 190.0 35.6 MGL-04 414 25.3 KTH-30 72.7 17.3
MGL-38 180.0 101.7 KTH-29 81.0 35.4 IPT-10 220.0 25.2 KTH-25 50.2 17.0
ANT-43 270.0 87.8 BRD-14  120.0 35.3 DZL-06 112.0 25.0 MGL-36 100.0 16.8
MGL-26 210.0 81.9 MNS-05 41.7 35.2 ANT-47  199.0 24.8 ANT-38  250.0 16.5
KTH-04 56.2 69.3 MGL-13 41.0 35.0 ANT-10  250.0 24.5 ANT-07 177.5 16.3
ANT-29 164.0 68.8 KTH-21 280.0 34.9 ANT-15 215.0 24.0 MGL-11 260.0 16.3
MGL-18 260.0 68.4 ANT-50 103.0 34.8 BRD-20 270.0 23.9 MGL-33 270.0 16.3
ANT-24 194.0 67.8 KTH-18 160.0 34.7 DZL-02 126.3 23.5 BRD-03 80.0 15.9
ANT-04 200.0 64.5 AYD-11 193.0 33.5 IPT-01 143.0 23.3 KTH-32 270.0 15.7
KTH-03 181.0 62.9 ANT-02 240.0 32.7 MGL-01 240.0 23.3 ANT-09 135.0 14.7
ANT-08 190.0 56.8 ANT-48 45.0 32.6 USK-01 42.8 23.2 IPT-03 46.4 14.5
DZL-09 160.0 56.2 BRD-29 210.0 32.5 KTH-01 183.3 23.1 MNS-07 46.3 14.0
AYD-15 190.0 55.8 KTH-16 42.0 324 BRD-07 153.0 23.1 MGL-07 66.0 13.9
ANT-40 230.0 55.7 ANT-21 82.0 32.0 MGL-09 72.0 22.6 KTH-05 280.0 13.8
MGL-27 270.0 55.5 IZM-01 155.3 31.8 BRD-18 142.0 22.5 MGL-05 41.6 13.5
ANT-13 183.0 53.7 IPT-09 290.0 31.6 MNS-08 48.6 22.4 BRD-02 42.6 13.5
KTH-02 183.0 53.6 ANT-26  109.0 31.5 ANT-22 129.6 22.3 AYD-04 38.0 13.2
KTH-11 144.0 49.4 AYD-07 200.0 31.3 MGL-43 38.0 21.6 AYD-02 39.8 13.2
MGL-24 260.0 49.0 ANT-42 190.0 31.2 BRD-25 96.7 21.1 1ZM-02 41.4 13.1
MGL-40 179.0 48.4 MGL-19 250.0 31.0 ANT-01 167.4 21.0 MGL-39 170.0 13.1
ANT-25 207.0 47.6 ANT-30 162.0 29.8 MNS-03 233.7 20.9 KTH-08 214.0 12.9
MGL-29 201.0 46.2 MGL-08 340.0 29.6 MGL-10 235.0 20.8 MGL-32 245.0 12.9
ANT-14 192.0 44.7 ANT-44 160.0 29.0 DZL.-03 50.7 20.7 AYD-05 42.4 12.8
KTH-09 105.0 44.3 DZL-05 160.0 28.8 IPT-07 225.0 20.6 MNS-01 95.7 12.1
MGL-21 120.0 43.8 ANT-37 179.0 28.5 IPT-05 210.3 20.5 AYD-01 39.0 12.1
ANT-49 157.0 43.8 MNS-04  200.0 28.1 ANT-06 68.3 20.4 MGL-16 180.0 11.2
IZM-04 245.0 43.1 BRD-26 114.0 28.0 KTH-28 50.0 20.3 ANT-32  100.0 10.2
IPT-11 225.0 42.3 KTH-24 53.8 27.9 MNS-06 46.3 20.2 ANT-05 59.6 10.1
AYD-16 197.0 42.0 IPT-04 260.0 27.7 MGL-15 77.0 19.9 ANT-41 195.0 9.7
ANT-35 170.0 39.1 KTH-06 40.2 27.4 AYD-08 187.0 19.9 ANT-36 153.0 9.4
KTH-31 50.0 38.5 BRD-28 220.0 27.2 ANT-39 230.0 19.6 BRD-09 195.0 8.8
BRD-24 86.7 38.0 ANT-45 183.3 26.3 BRD-13 180.0 19.5 MGL-17 230.0 8.3
MGL-22 165.0 38.0 BRD-19 230.0 26.3 KTH-27 49.2 19.3 KTH-19 340.0 8.2
AYD-06 51.6 37.5 BRD-16 103.0 26.1 BRD-17 190.0 19.2 BRD-15 320.0 7.3
KTH-26 160.0 37.4 ANT-18 205.2 26.1 MGL-14 160.0 19.2 BRD-22 178.0 7.2
DZL-01 130.0 37.3 AYD-03 49.3 26.0 ANT-23 248.0 19.0 KTH-17 156.0 7.1
MGL-20 160.0 36.8 IPT-08 162.0 25.8 KTH-33 60.0 18.8 Ortalama  158.7 30.0
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IPT-02 227.0 36.1 MGL-42  265.0 25.5 KTH-15 78.3 17.4 St. Sapma  79.01 18.90
MGL-03 178.0 35.9 AYD-14  281.0 25.4 IPT-06 33.8 17.3 N 156 156

150 Legend
I Prinl
Il Prin2

125 I Frin3

10,0

1.5

Partial Contributions

5.0

25

g ——

YRS,

5 =

OYB-{

BS - —

BYR:

00

S8
A
5B
SH
sG
BE-{=
BR-{=
cE
BK
K
BG

oYus P —

OY§—=
KR

KAD —j
BTCBBY
BCR

BK 2RENK
BKS

BEBD
BUGU

CU (mm)-f&

CEU (MM | —

ices

SCTS

2RK

OTKR

GK

BYY

GOS

GU

BKS 2

BKIDEO

CKS%

Sekil 3. Yerel fasulye genetik kaynaklarina ait incelen morfolojik 6zelliklerin varyasyona nisbi katkisi

258



KSU Tarim ve Doga Derg 22(Ek Say1 2): 251-263, 2019

Aragtirma Makalesi/Research Article

Biplot (axes F1 and F2: 24.97 %)

BK 2.RENK
BCR

° [ ]
2.R

[ )
kR BYR

F2(8.62 %)

1 . LA T oYUs o
iBY (cM) 0 @
TV (G/BITKI) ¢ CKSEBO\ § o LI
BB (CM) csu (rﬁH\Lmﬁ'D / ’ BBD
05 (GUN Bl esf e
(GUN) iy o %% BTCBEY
0 ' o ;
KSV (G/BITKi) ¢ % o °
SH o
56 BTS (AD sucu®Y
[ )
SE GOS
SB ° o0
4 CGS (GUN)
BBGS (GUN)

K.

YTA (G)

F1(16.35 %)

Sekil 4. Yerel fasulye genetik kaynaklarinin morfolojik

Yerel fasulye genetik kaynaklarina ait morfolojik
ozelliklere ait veriler kullanilarak tretilen benzerlik
takimyildiz1 grafigi (dendogram) Sekil 5'te verilmistir.
Takimyildiz1 grafigi UPGMA benzerlik dendogramina
gore daha az yer tutmakta ve genotipler daha net
olarak okunabilmektedir. @ Benzerlik takimyildizi
dendogrami ekotipleri 6nce iki ana gruba ayirmigtir (A
ve B). Grafigin sag iist kosesinde USK-1 ile baslayan
A kiimesi iki alt kiimeye ayrilmigtir. MGL-30 genotipi
ile baglaya ve MGL-01 ile biten B kiimesi ise 6nce Bl
ve B2 geklinde iki alt kiimeye ayrilmig ve her bir alt
kiime iki alt-alt kiimeye ayrilmistir (Sekil 5).
Benzerlik takimyildizi grafigine gore B.2.1.2 grubunda
yer alan MGL-01, KTH-01, MNS-01, ANT-13, ANT-15,
KTH-02 ve MGL-38 genotipleri Al ve A2 grubunda yer
alan USK-01, ANT-01, MGL-05, AYD-02, IPT-06, IPT-
03 ve IZM-02 genotipleri ile en yiiksek farklilik (en
uzak benzerlik) oranina sahip olmuslardir (Sekil 5). A2
grubunda yer alan MGL-04, MGL-43, AYD-01, KTH-
25, KTH-27 ve KTH-28 genotipleri B1 grubuna giren
MGL-30, AYD-16, AYD-15, MGL-09, ANT-43 ve MGL-
27 genotipleri ile en yiiksek benzerlik oranina sahip
olmusglardir. Her bir alt grup i¢inde ayni grup iginde
yer alan genotipler arasinda benzerlik oram yiiksek

ozelliklerine ait temel bilesen analizi biplot grafigi

bulunmaktadar.

156 yerel ekotipi igeren fasulye genetik kaynagi ile
yuritiulen bu ¢alisma Bati Anadolu Boélgesimin yerel
fasulye genetik kaynaklar1 acisindan zengin bir
cesitlilie sahip oldugunu géstermektedir. Ustiin
kalite oOzelliklerine ve yerel sartlara uzun streli
adaptasyon kapasitesine sahip yerel ekotiplerin
toplanmasi, karakterizasyonu, 1slah programlarinda
kullanarak yeni cgesitlerin 1slahi fasulye tariminin
geligtirilmesi agisindan oldukca oOnemlidir. Diger
urunlerde goériillen yogun tarim uygulamalarinin ve
ticari ¢esitlerin kullaniminin yayginlagmasina ragmen
fasulye tariminda yerel ekotiplerin kullanimi devam
etmektedir. Onceki calismalar da bu bolgedeki
cesitliligin varhigim teyit etmektedir (Canci, 2016).
Turkiye genel anlamda fasulye biyogesitliligi
acisindan zengin kabul edilmektedir. Bati Karadeniz
Bélgesi (S6zen et al., 2012), Karadeniz Bélgesi (Peksen
and Giliimser (2005), Dogu Akdeniz Bélgesi (Anlarsal
et al. 2000) ve Dogu Anadolu Bélgesi (Elkoca and
Cinar, 2015) genetik kaynaklar: {izerinde yiiriitiilen
calismalar zengin yerel cesitlilige isaret etmektedir.
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Yiizyillardan beri hemen hemen her hanede devam
eden fasulye uretimi, lezzet agisindan treticiler
tarafindan yapilan seleksiyon ve yerel ekotiplere olan
tuketici talebi yerel biyocgesitliligin olugsmasinda
onemli faktorler olarak ortaya c¢ikmaktadir. Bu
makale, kapsamli tarama, toplama ve morfolojik
karakterizasyon c¢alismasi ile Bati Anadolu Bolgesi
fasulye biyogesitliliginden istifade edilebilmesi igin
gerekli alt yapiy1 hazirlamaktadir. Benzerlik analizi
sonucu uretilen genotiplere ait takim grafigi Bati
Anadolu Bolgesi fasulye genetik kaynaklari iginde
morfolojik  6zellikler  bakimindan  polimorfizim
oldugunu gostermektedir. Dogu Anadolu
Bolgesi'nden toplanilan fasulye genetik kaynaklari
tizerinde Simple Sequence Repeat (SSR) DNA
belirtegleri ile yapilan analizlerde yiiksek oranda
polimorfizm tespit edilmistir (Khaidizar et al., 2012).
Benzer gekilde, tilkemiz fasulye genetik kaynaklari ile
yapilan calismalarda da, fasulyenin Turkiye orjinli
olmamasina ragmen genotipler arasindaki genetik
cesitliligin  yiksek oldugu cesitli arastiricilar
tarafindan bildirilmistir (Balkaya and Yanmaz, 2002;
Sarikamis et al., 2009; Erdinc et al., 2017; Ekincialp ve
Sensoy, 2018; Nadeem et al., 2018). Bélgesel, toprak
ve iklim sartlari, farkli yetistirme teknikleri ve farklh
tuketici talepleri dogrultunda seleksiyon gibi
uygulamalar1 biyolojik ¢esitliligin olusmasinda etkili
oldugu bildirilmistir (Scarano et al., 2014). Yukaridaki
calismalar sonucunda tespit edilen polimorfizimden
yararlanilarak yerel ve boélgesel amaglar igin 1slah
calismalar1 yapilabilir. Bu c¢alismada benzer sekilde
tespit edilen polimorfizimden istifade edilerek (6rn.
MGL-01, KTH-01, MNS-01, ANT-13, ANT-15, KTH-02
ve MGL-38 genotipleri ile USK-01, ANT-01, MGL-05,
AYD-02, IPT-06, IPT-03 ve IZM-02 genotipleri
arasinda goriilen yiiksek polimorfizim) melezleme
1slahi ile yeni ¢esitler gelistirilebilir.

Fasulye genetik kaynaklar: i¢inde o6l¢iilen morfolojik
ozellikler agisindan gesitlilige en yiuksek katkiyr bitki
tipi, sarilma hiz1 ve ilk fide gelismesine ait degerler
vermigtir. Bunlar: ¢icek rengi, bakla rengi ve bakla
ozellikleri takip etmigtir. Fide gelisme hizi ve bitki tipi
fasulye uretiminde o6nemli 6zellikler olarak ortaya
citkmaktadir.  Hizlhi ¢imlenme, hizli ¢ikis, hizh fide
geligimi ve erken kanopi tesisi baklagil bitkilerinde
avantaj olarak ortaya ¢ikmaktadir. FErken kanopi
tesisi tarla sartlarinda erken yaprak alani tesisi,
glines 1s1gindan daha fazla istifade edilmesi,
evaporasyonun azaltilmasi, kuraklik stresinden
kaginma ve yabanci otlarla rekabet avantajlarini
saglamaktadir. Erkenci fasulye gesitlerinin yiiksek
verim sagladig1 bildirilmistir (White and Izqueredo,
1991). Erken gelisme 6zelligine sahip ANT-43, MGL-
18, DZL-09, MGL-24 ve PKS-01 1slah calismalarinda

kullanilabilir. Cicek ve bakla rengi 1slah
caligmalarinda morfolojik markor olarak
degerlendirilebilir.

Bu calismada bitki bagina tohum verimi, bitki bagina
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bakla verimi ile 6nemli ve pozitif korelasyon (r=0.545,
P<0.01) gostermistir. Fasulye iizerine yapilan Path
analizi ¢aligmalar1 bitki basina bakla sayis1 tohum
verimi ile yiiksek oranda iliskili cickmistir (Toker and
Cagirgan, 2004; Duzdemir, 2009; Petrova and
Desheva, 2016).  Yiriitiilen bu calismalarda bitki
bagina bakla sayisi ve tane agirligi en 6nemli verim
unsurlar: olarak belirlenmistir. Vigna mungo (L.
Hepper bitkisinde tohum verimi, bitki bagina bakla
sayisi, 100 tane agirligi, bitki boyu ve bakla uzunlugu
ile iligkili ickmigtir (Parveen et al., 2011). Iri daneli
mercimek bitkisinde ise (Lens culinaris Medik.) bitki
bagsina bakla sayis1 en az etkili verim unsuru olarak
belirlenmistir (Canci and Toker, 2006). Kulaz and
Ciftci (2012), bodur kuru fasulye (Phaseolus vulgaris
L.) bitkisinde bu verim unsurlarinin yaninda toplam
biyolojik veriminde de 6nemli oldugunu bildirmigtir.
Taze fasulye verimi Uzerine bakla sayisinin 6nemli
etkisi oldugu bildirilmistir (Prakash et al., 2015). Bu
caligmada bitki boyu (cm), olgunlasma giin sayis1 (OG),
cicek sap1 uzunlugu (CSU), cicek boyutu (CB), ilk ¢icek
bogum sayis1 (ICBS), orta yaprakgigin biyikligi
(OYB) ve ilk bakla yiiksekligi (IBY) 6zellikleri tane
verimi ile ayni yénde ve en dar aciya sahip vektor
degerlerine sahip 6zellikler olarak ortaya ¢ikmigtir.
Bakla sayis1 yaninda tane veriminin yukaridaki
ozelliklerle iligkisinin daha detaylhi incelenmesi
gerekir. Ancak, butiin bahsedilen denemelerden elde
edilen sonuclarla birlikte degerlendirildiginde bitki
basina bakla sayisinin 6nemli bir seleksiyon kriteri
olarak kullanilabilecegi gériilmektedir. Bitki basina
tane verimi ortalama 33.53 g (Std. sapma=11.73) olup
minimum 7.1 g ile 145.6 g arasinda 6.38 kat1 degisim
gostermistir. Diger calismalarda (Anlarsal ve ark.,
2000) bitki basina tohum verimi bodur tiplerde 7.3 g
ile 14.3 g arasinda, sarilici tiplerde 3.6 g ile 9.4 ¢
arasinda, Ciftci ve ark. (2009) ise 9.59-119.28 g
arasinda degistigi bildirilmistir. Bu ¢calismada degisim
oran1 daha yiiksek bulunmustur. Ozellikle yiiksek
verimli MGL-30 (145.6 g), MGL-38 (101.7 g), ANT-43
(87.8 g) ve MGL-26 (81.9 g) 1slah ¢alismalinda ileri yol
materyali olarak kullanilabilir. Bu calismada
morfolojik ve fenolojik 6zellikler agisindan tespit
edilen degerlerdeki degisim, 6nceki bazi1 ¢calismalardan
(Sézen ve ark., 2012; Peksen ve Giiliimser, 2005;
Elkoca ve Cmar, 2015; Canci, 2016) daha yiiksek
bulunmustur. Bu ¢alismada tespit edilen bitki boyu
degerleri (33.8-340.0 cm, ort.158.8 cm), Elkoca and
Cinar (2015) (37.7-50.5 cm ), Peksen ve Giiliimser
(2005) (17.7- 103 cm) ve Sozen ve ark. (2012) (39.2-
262.0 cm) tarafindan rapor edilen degerlerden daha
yiksek bulunmustur. Belirtilen farkhihk diger
fenolojik ve morfolojik 6zelliklerde de goriilmektedir.
Bu farklhilik, tizerinde g¢aligilan genetik kaynaklarin
toplama alanlarindaki cografi ¢esitlilikle ilgili olabilir.
Bu ¢alismada Akdeniz Bolgesi illeri yaninda Bat1 ve
Kuzey Ege Bolgesi illeri gibi farkhi iklim ve cografya
alanlarindan toplama yapilmigtir.  Kiitahya gibi



KSU Tarim ve Doga Derg 22(Ek Say1 2): 251-263, 2019

Arastirma Makalesi/Research Article

Marmara, Ege ve I¢ Anadolu bélgelerinin birlesme
alaninda yer alan illerin biyolojik cesitlilik acisindan
daha zengin oldugu bilinmektedir.

SONUC

Bat1 Anadolu Bolgesi’nde ¢ok farkli iklim ve cografik
ozelliklere sahip 10 ilinden toplanilan 156 yerel
fasulye ekotipi tizerinde tarla sartlarinda yapilan
gozlemlerde fenolojik ve morfolojik 6zellikler a¢isindan
¢ok zengin bir varyasyon belirlenmistir. Yerel
ekotiplerdeki bu varyasyondan istifade ederek tstin
verimli ve adaptasyon yetenegi yiiksek fasulye
cesitleri geligtirilebilir.  Tespit edilen morfolojik
ozellikler seleksiyon ve melezleme 1slahinda markor
olarak kullamilabilir. Yiksek tane verimine sahip
sarilicc MGL-30, MGL-38, ANT-43 ve MGL-26 ve
bodur KTH-04, KTH-31, BRD-24 ve AYD-06 ekotipleri
ileri 1slah c¢alismalarinda kullanilabilir. Morfolojik
ozellikler acisindan en uzak gruplarda yer alan MGL-
01, KTH-01, MNS-01 ve ANT-13 ile USK-01, ANT-01,
MGL-05 ve AYD-02 ekotipleri kullanilarak melezleme
1slahi ile yeni ¢esitler gelistirilebilir.
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OZET

Bu arastirma bazi makarnalik bugday ve ekmeklik bugday cesitlerinin
kalite oOzelliklerinin karsilastirilmasi amaciyla yurutilmustir. Yedi
makarnalik ve yedi ekmeklik bugday ¢esidinin sulu kosullarda tesaduf
bloklar1 deneme desenine gore 2 tekerriirlii olarak kalite ve istatistik
analizleri yapilmistir. Arastirma sonuglarmma gore; ekmeklik bugday
cesitlerinde ortalama degerlerin degisim araligi; bin tane agirhigi
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Anahtar Kelimeler

31.10-41.31 g, hektolitre agirlig1 72.38-78.48 kg, protein oran1 % 14.16-  Makarnalik bugday
16.09, ekmek hacmi 410-570 cm3, farinograf su absorbsiyonu % 62.50-  Ekmeklik bugday
68.20, miksograf gelisme stresi 1.43-2.77 dk., miksograf toplam alan1  Kalite

358-401 Nm olarak belirlenmistir. Makarnalik bugday cesitlerinde
ortalama degerlerin degisim araliklari; bin tane agirhg 37.05-49.41 g,
hektolitre agirligr 74.12-78.92 kg, protein orani % 14.46-16.07, ekmek
hacmi 390-475 cm3, farinograf su absorbsiyonu % 67.60-71.10,
miksograf gelisme stresi 2.18-3.42 dk., miksograf toplam alani1 334-412
Nm olarak bulunmustur. Ekmeklik bugday cesitlerinin reolojik hamur
ozelliklerinin makarnalik bugday cesitlerinden daha iyi oldugu
belirlenmistir. Fakat kullanim amacina goére hammadde kalite
talebinin degisebilecegi goz onlinde bulundurularak tiretim yapilacak
¢esit secimine dikkat edilmelidir.

Research of Quality Traits of Some Durum Wheat and Bread Wheat Varieties

ABSTRACT Research Article

This research was carried out to compare the quality traits of some

durum wheat and bread wheat varieties. Quality of seven durum and  Article History

seven bread wheat varieties were analyzed in a randomized block  Received 1 13.05.2019
design experiment in irrigated conditions. According to the research  Accepted $11.09.2019
results, change range of average values in bread wheat varieties were

determined as; 31.10-41.31 g of thousand kernel weight, 72.38-78.48 kg =~ Keywords

test weight, 14.16-16.09% protein content, 410-570 cm3 bread volume, = Durum wheat
62.50-68.20% farinograph water absorption, 1.43-2.77 min farinograph  Bread wheat

development time, and 358-401 Nm mixograph total area. Range of  Quality

change of average values in durum wheat varieties were found as;
37.05-49.41 g thousand kernel weight, 74.12-78.92 kg test weight,
14.46-16.07 % protein content, 390-475 cm3 bread volume, 67.60-
71.10% farinograph water absorption, 2.18-3.42 min farinograph
development time, and 334-412 Nm mixograph total area. It was
determined that rheological dough properties of bread wheat varieties
were better than durum wheat varieties. Considering the raw material
quality demand may change according to the purpose of use, the
selection of variety should be paid attention.

To Cite : Aydogan S, Sahin M, Gokmen Akgacik A, Demir B, Hamzaoglu S, Yakisir E 2019. Bazs Makarnalhik ve Ekmeklik
Bugday Cesitlerinin Kalite Ozelliklerinin Arastirilmasi. KSU Tarim ve Doga Derg 22(Ek Say1 2): 264-271. DOI:
10.18016/ksutarimdoga.vi.563954.
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irinlere gore daha fazla énem tagimaktadir. Ulke
nifusunun kalori ve protein ihtiyacinin
kargsilanmasinda bugday diinyada oldugu gibi
ulkemizde de stratejik bir Grindir. Degigen tiketim
aligkanliklar1 ve gelisen teknolojiye bagli olarak,
bugday turunleri cesitlenmekte ve tiliketicilerin
istekleri de degismektedir. Diinyada ve tulkemizde
bugday ekim alanlar1 cesitli faktorlere bagli olarak
degismektedir. 2017 yilinda diinyada bugday ekim
alan1 219 milyon hektar tretim 757.7 milyon ton
olmus, tlkemizde ise ekim alani 7.7 milyon hektar
uretim 20.6 milyon ton olup, makarnalik bugdayin
uretimdeki orani ise 2.76 milyon ton olmustur
(Anonymous, 2017). Kalite ve kullanim amacina gore
bugdaylar ekmeklik (7riticum aestivum), biskiivilik
(Triticum compactum) ve makarnalik (7riticum
durum) olarak iic¢ tiir icinde yer almaktadir (Morris,
2004). Makarnalik bugdaylar tetraoploid (AABB; 2n =
4x = 28) olup kalite 6zellikleri hekzaploid yapidaki
(2n=6x=42, AABBDD) 7. aestivum ve 7T. compactum
bugdaylarindan farklidir. Makarnalik bugdaylar
makarna, bulgur, kuskus ve irmik drlnlerinin
iiretiminde kullamlmaktadir. Sissons ve ark. (2014)
makarnalik bugdaylarin diinyanin baz {lkelerinde
ekmek yapiminda kullanildigini fakat ekmeklik
bugday ile kargilastirildiginda diigsiik hacim ve tekstiir
ozelligi gosterdigini belirtmiglerdir. Bugday kalitesini
belirleyen ana faktorlerden birisi protein miktar: ve
yapisidir. Protein miktar1 cevreden etkilenmesine
ragmen protein Kkalitesi kalitsal bir &zelliktir.
Makarnalik  bugdaylarda ekmeklik kalitesinin
distkligine, ekmeklik bugdaylarin kalitesini 6nemli
sekilde etkileyen D-genomu krozomlarinin
yoklugunun neden oldugu bilinmektedir (Sapirstein ve
ark., 2007). Ayrica makarnalik bugdaylarda alfa-
gliadin 42’ye sahip cesitlerin zayif glutene, alfa gliadin
45 bandina sahip ¢esitlerin ise kuvvetli glutene sahip
olduklar ifade edilmistir (Edwards ve ark., 2007).
Makarnalik bugdaylarin endosperm yapisi ¢ok sert,
protein oranlari genellikle ekmeklik
bugdaylarinkinden daha yiiksektir. Bugdaylarin
kullanim alanlarinin belirlenmesinde protein miktar
ve kalitesi belirleyici faktorlerdir.

Bir bugday genotipinin kalitesinin belirlenmesinde,
diger genotiplerle karsilagtirilmasinda, son trin
kalitesinin tahmin edilmesinde; fiziksel, kimyasal
ozelliklerinin yaninda reolojik 6zelliklerinin  de
belirlenmesi 6nemlidir. Farinograf ve miksograf gibi
reolojik analiz cihazlar1 ile yapilan analizlerde
hamurun yogurmaya karsi gosterdigi davraniglar,
direng, su absorbsiyonu, gelisme sliresi, stabilite,
yumusama degeri gibi ozellikler
degerlendirilebilmekte, incelenen bugday ununun
hangi trin grubu i¢in uygun olabilecegine karar
verilebilmektedir. Bu ¢alisma ile bazi1 makarnalik ve
ekmeklik bugday cesitlerinin fiziksel 6zellikleri (bin
tane agirhigl, hektolitre agirlig1), protein orani, baz
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reolojik kalite parametreleri, ekmek hacmi ve
agirhigiin belirlenmesi ile farkliliklar: tespit edilmeye
caligilmigtar.

MATERYAL ve METOT

Bu arastirmada 2013-2014 tiretim yilinda, Konya
merkez lokasyonunda sulu kosullarda yetistirilen 7
makarnalik bugday cesidi (Altintas-95, C-1252,
Dumlupinar, Eminbey, Meram-2002, Selcuklu-97 ve
Yelken-2000) ve 7 ekmeklik bugday cesidi (Ahmetaga,
Ekiz, Goksu-99, Giun-91, Konya-2002, Pehlivan ve
Tosunbey) materyal olarak kullanilmistir. 2013-2014
yetistirme sezonunda Konya merkez lokasyonuna
digsen yagis miktar1 320 mm olarak belirlenmis, iki
defa sulama yapilarak 140 mm su verilmigtir. Sulu
kogullarda ekimle birlikte her parsele 4 kg/da N ve 9
kg/da P20s verilmistir. Ust giibre olarak 8 kg/da N
verilmigtir. Cesitlerde bin tane agirligi, protein orani,
reolojik testler (farinograf, miksograf) ve ekmek
denemeleri yapilmigtir. Laboratuvar c¢aligmalarinda
bugday érnekleri, AACC metot 26-95’e gore (% 14.5
rutubet olacak sekilde) tavlanarak, Brabender Junior
degirmende AACC metot 26-50’ye gore ogutilmustir
(Anonymous, 2000). Protein oran1 AOAC 992.23’e gore
(Anonymous, 2009) belirlenmigtir. =~ Miksograf
analizleri, 35 g’lik miksograf cihaz1 (National Mfg.Co.
Lincoln. NE) ile AACC 54-40A, farinograf analizleri
(Farinograf-AT, Brabender Germany) AACC 54-21e
gore (Anonymous, 2000) yapilmistir. Ekmekler % 14.5
nem esasina goére 100 g un tartilarak % 3 maya ve %
1.5 tuz katilarak farinograf su absorbsiyon degerine
gbre hesaplanmig olan su ilavesi ile hamur yogrulup
30 dk., 30 dk. ve 55 dk.’ ik fermantasyon siiresi
sonucunda 220 °C’ de 25 dakika firinda pisirilerek elde
edilmigtir. Ekmek hacmi, i¢inde sorgum tohumu
bulunan ekmek hacmi 6lgme cihaz ile yer degistirme
metoduna gore belirlenmigtir. Denemelerden elde
edilen sonuglarin degerlendirilmesinde, varyans
analizi (JMP11) istatistik analiz programina goére
yapilmis ve farkliliklari onemli olan 6zelliklerin
ortalama  degerleri AOF (%5) testine gore
gruplandirilmistir (Anonim, 2014).

BULGULAR ve TARTISMA

Konya merkez lokasyonunda 2013-2014 dretim
yilinda, sulu kosullarda yuritilen bu arastirmada
elde edilen bazi kalite 6zelliklerine ait varyans analiz
sonuglar1 ve ¢nemli gortlen farkhihklar (p<0.01,
p<0.05) Cizelge’l de verilmistir. Incelenen ekmeklik
bugday cesitlerinde bin tane agirligi deneme araligi
31.10-41.31 g arasinda degismis, deneme ortalamasi
36.29 g olarak belirlenmigtir. Ekmeklik bugday
cesitlerinde en yiiksek bin tane agirligi Pehlivan
¢esidinden, en dislik deger ise Goksu-99 ¢esidinden
elde edilmigtir. Incelenen makarnalik bugday
¢esitlerinde bin tane agirligl1 deneme aralig1 ise 37.05-
49.41 g arasinda degismis, deneme ortalamasi 42.72 g
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Cizelge 1. Ekmeklik ve Makarnalik Bugday Cesitlerinde Incelenen Ozelliklerin Varyans Analizi

Ekmek}ik Varyasyon | Kareler F Degeri | P Makar?ahk Varyasyon | Kareler F Degeri p
Kaynag Toplam1 Kaynag Toplami

Bin Tane Agirhg 174.20724 | 2438902 | <.0001** | Bin Tane Agirhg 286.5920 | 73485.14*%* | <.0001
Protein Orani 8.0078857 | 5547123 | <.0001** | Protein Orani 3.873371 | 2.772513** | <.0001
Hektolitre Agirhign 56.974470 | 38054.6 | <.0001** | Hektolitre Agirhign 41.04328 | 118.6792** | <.0001
Ekmek Agirhig 56.908043 | 1327850 | 0.0012* | Ekmek Agirhg 812.9174 | 156760.9* 0.0013
Ekmek Hacimi 39485.714 | 1.50121 | <.0001** | Ekmek Hacmi 24285.71 | 9.148513** | <.0001
F. Geligsme Siiresi 43.472443 | 11146.7 | <.0001** | F.Geligsme Siiresi 9.405385 | 50644.38** | <.0001
F. Su Absorbsiyonu 56.004043 | 16132.8 | <.0001** | F. Su Absorbsiyonu 16.88000 | 3256214** <.0001
M. Gelisme Sturesi 2.1598857 | 1325655 | 0.0012* | M. Gelisme Stiresi 3.476342 | 12167.20* 0.0012
M. Pik Yiiksekligi 210.08788 | 1218405 | <.0001** | M.Pik Yiksekligi 358.9977 | 1256492*%* <.0001
M.Yumusama Derecesi | 171.69674 | 2236555 | <.0001** | M. Yumusama Derecesi | 61.25028 | 235652.1** | <.0001
M. Pik Genigligi 69.215527 | 22513.4 | <.0001** | M. Pik Genisligi 120.2238 | 27405.45* 0.0015
M. Pik Alam 3689.5759 | 5041388 | <.0001** | M. Pik Alam 10337.08 | 2002756** <.0001
M. Toplam Alan 2893.7346 | 71343.1 | <.0001** | M. Toplam Alan 11655.21 | 70476.74** | <.0001

* ** Sirasiyla 0.05 ve 0.01 diizeyinde 6nemli, F: Farinograf, M: Miksograf

olarak belirlenmistir. Makarnalik bugday cesitlerinde
en yliksek bin tane agirligit Eminbey cesidinden, en
diisiik bin tane agirhigi ise Altintas-95 ¢esidinden elde
edilmis olup, genel olarak degerlendirdigimizde bin
tane agirliglr bakimindan 6.43 g farkla makarnalik
bugdaylarda daha ylksek deger elde edilmistir.
Szumilo ve ark. (2010), yapmis olduklar: bir calismada
makarnalik bugday genotiplerinde bin tane agirliginin
ekmeklik bugdaylara kiyasla daha yiksek oldugunu
belirtmiglerdir. Ekmeklik bugdaylarda hektolitre
agirhigi deneme aralignr 72.38-78.48 kg arasinda
degismis, deneme ortalamasi 76.11 kg olarak
belirlenmistir. Ekmeklik bugday cesitlerinde en
yiksek hektolitre agirlig1 Konya-2002 ¢esidinde tespit
edilmigtir. Makarnalik bugday cesitlerinde hektolitre
agirhigi deneme araligl ise 74.12-78.92 kg arasinda
degismis, deneme ortalamasi 76.55 kg olarak
belirlenmigtir. Makarnalik bugday cesitlerinde en
yiksek hektolitre agirligr Yelken-2000, en disiik deger
ise Eminbey cesidinden elde edilmistir. Ekmeklik ve
makarnalik bugdaylarin ortalama hektolitre agirlig:
arasindaki fark 0.44 kg olup, makarnalik bugdaylarda
yiksek deger tespit edilmistir. Hektolitre agirligi hem
genotip hem de cevre sartlarindan etkilenen fiziksel
bir ozelliktir. Makarnalik bugday cesitlerinde
hektolitre agirhign ve bin tane agirhiginin yiiksek
olmasindan danenin fizyolojik tane dolum dénemini iyi
degerlendirdigi  anlagilmaktadir. Tane kalites,
tanenin fiziksel ve bilesimsel o6zelliklerinin son
kullanim amacina uygunlugudur. Tane protein oranm
ve bilesimi, son kullanim kalitesini, reolojik 6zellikleri
(hamur kuvveti, gelisme siiresi, uzayabilirlik,
yumusama) ve ekmek hacmini etkileyen énemli bir
kalite ol¢tisidir ki bunlarin hepsi ekmek yapim
isleminin etkinligini ve {Uriin kalitesini belirler
(Nuttall ve ark., 2017). Protein orani makarna ve
ekmek kalitesini belirleyen en o6nemli faktordiir
(Sissons, 2004). Incelenen ekmeklik bugday
¢esitlerinde protein orami deneme aralign % 14.16-
16.09 arasinda degismis, deneme ortalamasi % 15.03
olarak belirlenmistir. Ekmeklik bugday gesitleri iginde
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en yiiksek protein orani Tosunbey, en diisiik protein
orani ise Ahmetaga c¢esidinden elde edilmistir.
Incelenen makarnalik bugday c¢esitleri icinde ise
protein orani deneme araligr % 14.46-16.07 arasinda
degismis, deneme ortalamasi % 15.45 olarak tespit
edilmigtir. Makarnalik bugday cesitleri i¢inde en
yiksek protein orani Meram-2002, en diigiik protein
orani ise Altintag-95 c¢esidinden elde edilmigtir.
Calismada incelenen ekmeklik ve makarnalik bugday
cesitlerinin protein orani arasindaki fark % 0.42 olup,
makarnalik bugdaylarda yiksek deger tespit
edilmistir (Cizelge 2).

Bugdayin gerek sanayide gerekse ticari amagla deger
kazanmasinda ekmeklik 6zellikleri etkili olmaktadir.
Incelenen ekmeklik bugday cesitlerinde ekmek agirlig:
deneme araligi 138.61-143.31 g arasinda degismis,
deneme ortalamasi1 141.13 g olarak belirlenmigtir.
Ekmeklik bugday c¢esitlerinde en yiksek ekmek
agirligt Konya-2002 c¢esidinden, en dusik ekmek
agirligi ise Ekiz ¢esidinden elde edilmigtir. Makarnalik
bugday cesitlerinde ekmek agirhigi deneme araligi
126.40-151.00 g arasinda degismis, deneme ortalamasi
142.56 g olarak tespit edilmistir. Makarnalik bugday
cesitlerinde en yiksek ekmek agirligt Dumlupmar
¢esidinden, en diigik ekmek agirhigi ise Altintag-95
cesidinden elde edilmistir. Ekmeklik ve makarnalik
bugdaylar ekmek agirlig1 arasinda fark ise 1.43 g olup
makarnalik bugdaylarda yiiksek deger elde edilmigtir.
Makarnalik bugdaylarda tane yapisinin sert olmasina
bagli olarak 6gitme sirasinda zedelenmis nigsasta
oraninin ylkselmesine neden oldugu, buna bagh
olarak hamurun su absorbsiyon degerlerinde artisa
neden oldugu distintilmektedir. Incelenen ekmeklik
bugday cesitlerinde ekmek hacmi deneme araligi1 410-
570 cm3 arasinda degismis, deneme ortalamasi 482.14
cm3 olarak  belirlenmigtir. Ekmeklik  bugday
cesitlerinde en ylksek ekmek hacmi Ahmetaga
cesidinden, en distik ekmek hacmi ise Pehlivan
cesidinden elde edilmistir. Incelenen makarnalk
bugday cesitlerinde ekmek hacmi deneme aralig1 390-
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475 cm3 arasinda degismis, deneme ortalamasi 430
cm3 olarak Dbelirlenmistir. Makarnalik bugday
cesitlerinde en yiiksek ekmek hacmi Eminbey, en
disiik ekmek hacmi ise Meram-2002 ¢esidinden elde
edilmistir. Ekmeklik ve makarnalik bugdaylar ekmek
hacmi arasinda fark ise 52.14 cm3 olup ekmeklik
bugdaylarda yiiksek deger tespit edilmistir (Cizelge 3).
Sahin ve ark. (2013) kuru kosullarda yetistirilen
ekmeklik bugday genotiplerinde ortalama ekmek
hacmini 473 cm3, sulu kosullarda yetistirilen
genotiplerde 470 cm3 oldugunu ve ortalamalar
arasindaki farkin istatistiki bakimindan Onemsiz
bulundugunu tespit etmiglerdir. Boyacioglu ve
D’Appolonia (1994) makarnalik bugdaylarin éncelikle
makarna Urilinleri iretmek i¢in kullanilacagini ancak
ekmek yapiminda da potansiyele sahip oldugunu
belirtmiglerdir. Makarnalik bugdaydan yapilan

ekmegin, ekmeklik bugdaydan yapilana gére daha
kiglik hacimli oldugu, buna ragmen durum bugday:
ekmeginin daha sari1 renkli, kendine o6zgi tat ile
kokuda olup raf o6mrunin daha uzun oldugu
belirtilmektedir (Pehlivan ve Ikincikarakaya, 2017).
Iyi bir ekmek yapim unu, hamur olusumu sirasinda
genig bir viskoelastik matris tiretebilen giigli gluteni
gerekli kilar (Sissons, 2008). Abecassis ve ark. (2012)

iyi bir ekmek yapmak i¢in protein orani, su
absorbsiyonu, hamur  kuvveti ve  esnekligi
ozelliklerinin onemli oldugunu, makarnalik

bugdaylarda ekmek hacminin genel olarak ekmeklik
bugdayinkinden daha diisiik oldugunu, makarnalik
bugdayda ekmegin hacim kazanmasinda énemli olan
hamur elastikiyetinin  bir eksiklik  oldugunu
belirtmiglerdir.

Cizelge 2. Ekmeklik ve Makarnalik Bugday Cesitlerinin Bin Tane Agirligi, Hektolitre Agirlig1 ve Protein Orani

Ortalama Degerleri

Bin Tane Agirhig (g) Hektolitre Agirhig (kg) Protein (%)

Ekmeklik Makarnalik Ekmeklik Makarnalik Ekmeklik Makarnalik
Ahmetaga 32.31 Altintag-95 37.05 Ahmetaga 75.44  Altintas-95 78.05 Ahmetaga 14.16 Altintag-95 14.46
Ekiz 36.61 (-1252 41.61 Ekiz 76.31 (C-1252 75.44  Ekiz 14.75 G-1252 15.67
Goksu-99 31.10 Dumlupinar 48.41 Goksu-99 72.38 Dumlupinar 77.18 Goksu-99 16.02 Dumlupinar 14.94
Gin-91 39.11 Eminbey 49.41 Gun-91 77.61 Eminbey 74.12  Gin-91 15.49 Eminbey 15.76
Konya-2002 39.11 Meram-2002 44.71 Konya-2002 78.48 Meram-2002 77.61 Konya-2002 14.55 Meram-2002 16.07
Pehlivan 41.31 Selcuklu-97 39.51 Pehlivan 74.55  Selcuklu-97 74.55  Pehlivan 14.24 Selcuklu-97 15.86
Tosunbey 34.561 Yelken-2000 38.41 Tosunbey 78.05  Yelken-2000 78.92  Tosunbey 16.09 Yelken-2000 15.45
OI:!:alama 36.29 42.72 76.11 76.55 15.03 15.45
AOF .05 3.14 3.58 1.45 1.65 1.03 0.78
DK) 6.31 5.75 5.48 4.99 4.17 3.87
Cizelge 3. Ekmeklik ve Makarnalik Bugday Cesitlerinin Ekmek Agirlig: ve Ekmek Hacmi Ortalama Degerleri
Ekmek Agirhig (g) Ekmek Hacmi (cm3)

Ekmeklik Makarnalik Ekmeklik Makarnalik

Ahmetaga 142.21 Altintag-95 126.40 Ahmetaga 570 Altintag-95 405
Ekiz 138.61 C-1252 137.90 Ekiz 485 C-1252 465
Goksu-99 139.11 Dumlupinar 151.00 Goksu-99 425 Dumlupinar 465
Gln-91 142.81 Eminbey 145.20 Gun-91 515 Eminbey 475
Konya-2002 143.31 Meram-2002  143.40 Konya-2002 520 Meram-2002 390
Pehlivan 138.81 Selcuklu-97 145.50 Pehlivan 410 Selcuklu-97 410
Tosunbey 143.11 Yelken-2000 148.50 Tosunbey 450 Yelken-2000 400
O];talama 141.13 142.56 482.14 430
AOF©.05 1.45 2.20 22.12 14.47
DK 6.47 5.75 4.92 5.78

Farinograf, parametreleri hamurun yogrulma ve
ekmeklik ozellikleri hakkinda bilgi saglamaktadir.
Farinograf 6zellikleri gluten proteinlerinin miktar ve
kalitesi 1ile ilgilidir. Incelenen ekmeklik bugday
cesitlerinde farinograf gelisme siiresi deneme aralig:
3.59-8.52 dk. arasinda degismis, deneme ortalamasi
6.62 dk. olarak belirlenmistir. Ekmeklik bugday
cesitlerinde en yiliksek farinograf gelisme suresi
Ahmetaga, en dustiik farinograf gelisme suiresi ise Ekiz
cesidinden elde edilmistir. Makarnalik bugday
cesitlerinde farinograf gelisme siiresi deneme aralig:
2.05-4.34 dk. arasinda degismis, deneme ortalamasi
2.90 dk. olarak belirlenmistir. Makarnalik bugday
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cesitlerinde en ylksek farinograf gelisme siiresi
Eminbey, en diisiik farinograf gelisme siliresi ise
Meram-2002 ¢esidinden elde edilmistir. Ekmeklik ve
makarnalik bugday c¢esitlerinde farinograf gelisme
stiresi arasindaki fark 3.72 dk. olup ekmeklik
bugdaylarda yiiksek deger elde edilmistir. Ekmeklik
bugdaylarda farinograf gelisme siliresinin yiiksek
olmasinin nedeninin gluten proteinlerinin miktari ve
elastikiyetinin makarnalik bugdaylara gore fazla
olmasindan kaynaklandig: distnilmektedir.
Ekmeklik bugdaylarda su absorbsiyon degeri deneme
arahgr % 62.50-68.20 arasinda degismis, deneme
ortalamas1 % 66.32 olarak belirlenmistir. Incelenen
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ekmeklik bugday cesitlerinde en yluksek farinograf su
absorbsiyon degeri Pehlivan c¢esidinde, en disik
farinograf su absorbsiyon degeri ise Goksu-99
cesidinde tespit edilmistir. Incelenen makarnalik
bugday cesitlerinde farinograf su absorbsiyon degeri
deneme aralignt % 67.60-71.10 arasinda degismis,
deneme ortalamasi % 70.10 olarak belirlenmigtir.
Makarnalik bugday cesitlerinde en yliksek farinograf
su absorbsiyon degeri Dumlupinar, en dusik
farinograf su absorbsiyon degeri Altintas-95 cesidinde
elde edilmigtir. Ekmeklik ve makarnalik bugday
cesitlerinin farinograf su absorbsiyon degerleri
arasindaki fark % 3.78 olup makarnalik bugdaylarda

yiiksek deger tespit edilmistir (Cizelge 4). Makarnalik
bugdaylarda su absorbsiyonunun yiiksek olmasi
zedelenmis nigsasta oraninin yiiksek olmasindan
kaynaklanmaktadir. Benzer bir ¢alismada Dexter ve
ark. (1994) zedelenmis nisasta miktarinin, farinograf
su absorbsiyonunu, gelisme siiresini ve kararliligini
etkileyen baskin faktér oldugunu belirtmiglerdir.
Szumilo ve ark. (2010) makarnalik bugdaylarda su
absorsiyonunun ekmeklik bugdaylara goére daha
yiuksek oldugunu belirlemigler, su absorbsiyonunun
yiiksek olmasinin iyi bir teknolojik kalitenin gostergesi
oldugunu bildirmiglerdir.

Cizelge 4. Ekmeklik ve Makarnalik Bugday Cesitlerinin Farinograf Gelisme Siiresi ve Farinograf Su Absorbsiyonu

Ortalama Degerleri

Farinograf Gelisme Siiresi (dk.)

Farinograf Su Absorbsiyonu (%)

Ekmeklik Makarnalik Ekmeklik Makarnalik
Ahmetaga 8.52 Altintag-95 3.55 Ahmetaga 65.10 Altintag-95 67.60
Ekiz 3.59 C-1252 2.50 Ekiz 66.30 C-1252 70.40
Goksu-99 8.04 Dumlupinar 2.11 Goksu-99 62.50 Dumlupmar  71.10
Giin-91 7.37 Eminbey 4.34 Gin-91 67.80 Eminbey 70.20
Konya-2002 4.29 Meram-2002 2.05 Konya-2002 67.70 Meram-2002  69.80
Pehlivan 7.05 Selcuklu-97 2.28 Pehlivan 68.20 Selcuklu-97 70.90
Tosunbey 7.49 Yelken-2000 3.46 Tosunbey 67.10 Yelken-2000  70.70
Ortalama 6.62 2.90 66.32 70.10
AOF .09 2.41 1.56 1.02 0.98
DEKw) 4.75 3.97 5.96 5.21

Miksograf analizinde hamur yogurma sirasinda belirli
reolojik Ol¢imler yapilir ve elde edilen 6lgiimler son
kullanim kalitesinin iyi bir gostergesidir (Bordes ve
ark., 2008). Ekmeklik bugdaylarda miksograf gelisme
stiresi deneme araligi 1.43-2.77 dk. arasinda degismis,
deneme ortalamasi 2.10 dk. olarak belirlenmistir.
Incelenen ekmeklik bugday cesitlerinde en ylksek
miksograf gelisme siiresi Tosunbey cesidinde
belirlenmistir. Aydogan ve ark. (2010) 2009-2010
yillarinda sulu kosgullarda 16 ekmeklik bugday c¢esidi
ile yaptiklar1 bir calismada denemede yer alan
cesitlerin miksograf gelisme stresinin 1.80-4.98 dk.,
arasinda degistigini c¢esitlerin ortalama gelisme
stiresinin 2.94 dk. oldugunu, en ylksek gelisme
stiresinin 4.98 dk. ile Tosunbey cesidinden elde
edildigini tespit etmislerdir. Li ve ark. (2013) hamur
reolojik 6zeliklerindeki varyasyonun genotip ve
cevreden etkilendigini, reolojik ozellikler tzerine
genotip etkisinin yiiksek oldugu bildirmislerdir.
Incelenen makarnalik bugday cesitlerinde miksograf
gelisme sliresi deneme aralig1 2.18-3.42 dk. arasinda
degismis, deneme ortalamasi 2.63 dk. olarak
belirlenmistir. Makarnalik bugday c¢esitlerinde en
yiksek miksograf gelisme sliresi Eminbey gesidinde
tespit edilmigtir. Incelenen ekmeklik ve makarnalik
bugday c¢esitlerinin miksograf gelisme siiresi

arasindaki fark 0.53 dk. olup makarnalik bugdaylarda
yiiksek deger elde edilmistir. Aydogan ve ark. (2014)
makarnalik bugdayda miksograf parametrelerini
inceledikleri bir c¢alismada gelisme siiresinin sulu
kogullarda 1.69-3.45 dk., kuru kosullarda ise 1.37-2.37
dk. arasinda degistigini belirlemiglerdir. Ekmeklik
bugdaylarda miksograf pik yiiksekligi deneme araligi
% 69.15-79.34 arasinda degismis, deneme ortalamasi
% 74.25 olarak belirlenmigtir. Ekmeklik bugday
cesitlerinde en ylksek pik ylksekligi Konya-2002
cesidinde, en diusik deger ise Pehlivan c¢esidinde
belirlenmistir. Aydogan ve ark. (2010), 2009-2010
yillarinda yaptiklar1 bir c¢alisma sonucunda 16
ekmeklik bugday c¢esidinin sulu kosullarda miksograf
pik yuksekligi deneme ortalamasimin % 60.51
oldugunu, en yiksek pik yiksekliginin % 70.99 ile
Demir-2000 c¢esidinden elde edildigini tespit
etmiglerdir. Makarnalik bugdaylarda miksograf pik
yuksekligi deneme araligr % 63.73-79.13 arasinda
degismis, deneme ortalamasi % 69.99 olarak
belirlenmigtir. Makarnalik bugday cesitlerinde en
yiiksek pik yiiksekligi Eminbey ¢esidinden, en diisiik
deger ise C-1252 ¢esidinden elde edilmistir. Incelenen
ekmeklik ve makarnalik bugday cesitlerinin miksograf
pik yiiksekligi arasindaki fark % 4.26 olup ekmeklik
bugdaylarda yiiksek deger tespit edilmistir (Cizelge 5).

Cizelge 5. Ekmeklik ve Makarnalik Bugday Cesitlerinin Miksograf Gelisme Stresi ve Miksograf Pik Yiksekligi

Ortalama Degerleri



KSU Tarim ve Doga Derg 22(Ek Say: 2): 264-271, 2019

Aragtirma Makalesi/Research Article

Miksograf Geligme Siiresi (dk.)

Miksograf Pik Yiiksekligi (%)

Ekmeklik Makarnalik Ekmeklik Makarnalik
Ahmetaga 2.40 Altintag-95 2.18  Ahmetaga 77.46 Altintag-95 66.61
Ekiz 2.02 C-1252 2.48  Ekiz 78.61 C-1252 63.73
Goksu-99 1.84 Dumlupinar 2.45  Goksu-99 71.78 Dumlupinar 71.87
Gun-91 1.43 Eminbey 3.42  Gun-91 73.23 Eminbey 79.13
Konya-2002 2.23 Meram-2002 2.71  Konya-2002 79.34 Meram-2002 68.20
Pehlivan 2.06 Selcuklu-97 2.21  Pehlivan 69.15 Selcuklu-97  65.81
Tosunbey 2.77 Yelken-2000 3.01  Tosunbey 70.17 Yelken-2000 74.60
Ortalama 2.10 2.63 74.25 69.99
AOF .05 0.45 0.33 2.47 3.10
DK 5.78 5.14 4.87 5.14

Ekmeklik bugdaylarda pik yiksekliginin yiksek
olmas1 gluten direncinin yiiksek olmasindan
kaynaklanmaktadir. Mao ve ark. (2013) genel olarak,
gligli hamurlarin gelisme siirelerinin uzun, pik
degerlerinin  yiikksek  oldugunu  belirtmiglerdir.
Incelenen ekmeklik bugday cesitlerinde miksograf
yumusama derecesi deneme araligi 7.60-13.14 %/dk.
arasinda degismig, deneme ortalamasi1 11.18 %/dk.
olarak belirlenmigtir. En yiksek yumugama derecesi
Pehlivan cesidinde, en diisiik yumugsama derecesi ise

Tosunbey c¢esidinden elde edilmigtir. Hamurun
gelisme  siiresinin  yliksek olmasinin  yaninda
yumusama derecesinin de disiuk olmasi

istenmektedir. Aydogan ve ark. (2010) yumusama
derecesinin disik olmasinin gluten aglarinin kuvvetli
oldugunu ve hamurun paletlere kuvvetli bir direng
gosterecegini ifade etmekte oldugunu, 16 ekmeklik
bugday cesidi ile sulu kosgullarda yaptiklari bir
calismada, en diisiik yumusama derecesinin Tosunbey
¢esidinden elde edildigini belirtmiglerdir. Incelenen
makarnalik bugday cesitlerinde miksograf yumusama
derecesi deneme araligi 11.24-16.00 %/dk. arasinda
degismis, deneme ortalamas1 13.93 %/dk. olarak
belirlenmigtir. En yliksek yumugsama derecesi Meram-
2002, en disiik yumusama derecesi ise Eminbey
¢esidinden elde edilmistir. Incelenen ekmeklik ve
makarnalik bugday cesitlerinde miksograf yumusama
derecesi arasinda fark 2.75 %/dk. olup makarnalk
bugdaylarda yiiksek deger elde edilmistir. Incelenen
ekmeklik bugday cesitlerinde miksograf pik genigligi
deneme aralig1 % 5.17-9.93 arasinda degismis, deneme
ortalamasi % 7.66 olarak belirlenmistir. Ekmeklik
bugday cesitlerinde en yiiksek pik genigligi Ekiz, en
diusik pik genigligi ise Pehlivan c¢esidinden elde
edilmigtir. Pik genigligi hamurun mikser pimlerine
gosterdigi direng olup yliksek olmas1 ekmeklik bugday
icin istenen bir durumdur. Incelenen makarnalik
bugday cesitlerinde miksograf pik genigligi deneme
araligt % 3.88-7.52 arasinda degismis, deneme
ortalamasi % 5.64 olarak belirlenmigtir. Makarnalik
bugday cesitlerinde en yluksek pik genigligi Eminbey,
en diislik pik genisligi ise Selguklu-97 ¢esidinden elde
edilmigstir. Incelenen ekmeklik ve makarnalik bugday
¢esitlerinde miksograf pik genigligi arasindaki fark %
2.02 olup ekmeklik bugdaylarda yiiksek deger tespit
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edilmistir (Cizelge 6).

Ekmeklik bugdaylarda pik genigliginin yuksek
olmasinin gluten direncinin yliksek olup analiz sonuna
kadar glutenin mukametini korumakta olmasindan
kaynakli oldugu duguniulmektedir. Miksograf pik
alaninin yiksek olmasi yogrulan hamurun gluten
yapisinin  kuvvetli oldugunu, yogrulma sirasinda
hamurun paletlere vermis oldugu direncin fazla
oldugunu gostermektedir. Buna bagh olarak pik
alaninin genis olmasina ve gelisme siiresinin de uzun
olmasina neden olmaktadir. Ekmeklik bugdaylarda
miksograf pik alani deneme aralign 77-123 Nm
arasinda degismisg, deneme ortalamasi 98 Nm olarak
belirlenmigtir. Incelenen ekmeklik bugdaylarda en
yiksek pik alani Tosunbey, en disik pik alan ise
Gin-91 ve Pehlivan c¢esitlerinden elde edilmistir.
Makarnalik bugday c¢esitlerinde pik alani deneme
araligi 71-111 Nm arasinda degismis, deneme
ortalamasi1 90 Nm olarak tespit edilmigtir. Makarnalik
bugday cesitlerinde en yiiksek pik alan1 Eminbey
cesidinden, en diisiikk pik alam1 ise Selguklu-97
cesidinden elde edilmistir. Incelenen ekmeklik ve
makarnalik bugday cesitleri pik alani1 arasindaki fark
8 Nm olup ekmeklik bugdaylarda yiiksek deger elde
edilmistir. Miksograf toplam alan degerinin yiiksek
olmasi 1yi bir hamur 6zelliginin géstergesi olup gelisme
siiresinin ve pik ylksekliginin yiksek olmasina
baghdir. Ekmeklik bugdaylarda miksograf toplam
alan1 deneme aralig1 358-401 Nm arasinda degismis,
deneme ortalamasi 375 Nm olarak belirlenmigtir.
Ekmeklik bugday cesitlerinde en yiksek miksograf
toplam alan Ekiz cesidinden, en disik miksograf
toplam alan ise Pehlivan cesidinden elde edilmigtir.
Makarnalik bugday c¢esitlerinde miksograf toplam
alan1 deneme aralig1 334-412 Nm arasinda degismis,
deneme ortalamasi 365 Nm olarak belirlenmigtir.
Makarnalik bugday cesitlerinde en yliksek miksograf
toplam alan Eminbey, en diisiik deger ise (-1252
cesidinden elde edilmigtir. Incelenen ekmeklik ve
makarnalik bugday cesitlerinde miksograf toplam
alami arasindaki fark 10 Nm olup ekmeklik
bugdaylarda yiiksek deger tespit edilmistir (Cizelge 7).
Ekmeklik bugdaylarda miksograf toplam alanin
yiuksek olmasinin gluten direncinin  yiiksek
olmasindan kaynaklandig1 distintilmektedir.
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Karababa ve Ercan (1995) yapmis olduklari bir
¢alisma sonucunda kuvvetli gluten 6zelliklerine sahip
makarnalik bugdaylarin, kaliteli ekmeklik bugdaylara

benzer miksograf degerleri gosterdigini

belirlemiglerdir.

Cizelge 6. Ekmeklik ve Makarnalik Bugday Cesitlerinin Miksograf Yumusama Derecesi ve Miksograf Pik Genigligi

Ortalama Degerleri

Miksograf Yumugama Derecesi (%/dk.)

Miksograf Pik Genigligi (%)

Ekmeklik Makarnalik Ekmeklik Makarnalik
Ahmetaga 12.89 Altintag-95 14.52 Ahmetaga 7.95 Altintag-95 5.24
Ekiz 11.84 C-1252 12.09 Ekiz 9.93 C-1252 4.64
Goksu-99 10.45 Dumlupinar 15.61 Goksu-99 5.50 Dumlupinar 5.71
Gun-91 11.14 Eminbey 11.24 Giin-91 6.84 Eminbey 7.52
Konya-2002 11.25 Meram-2002  16.00 Konya-2002  9.01 Meram-2002 5.39
Pehlivan 13.14 Selcuklu-97 15.00 Pehlivan 5.17 Selcuklu-97 3.88
Tosunbey 7.60 Yelken-2000 13.08 Tosunbey 9.46 Yelken-2000 7.17
Ortalama 11.18 13.93 7.66 5.64
AOF .05 1.14 1.54 2.47 1.87
DK 3.15 4.85 4.47 3.98
Cizelge 7. Ekmeklik ve Makarnalik Bugday Cesitlerinin Miksograf Pik Alani1 ve Miksograf Toplam Alan Ortalama
Degerleri
Miksograf Pik Alan (Nm) Miksograf Toplam Alan (Nm)
Ekmeklik Makarnalik Ekmeklik Makarnalik
Ahmetaga 106 Altintag-95 83 Ahmetaga 380 Altintag-95 356
Ekiz 112 C-1252 80 Ekiz 401 C-1252 334
Goksu-99 84 Dumlupinar 109 Goksu-99 361 Dumlupinar 393
Giin-91 77 Eminbey 111 Gin-91 365 Eminbey 412
Konya-2002 110 Meram-2002 101 Konya-2002 387 Meram-2002 336
Pehlivan 77 Selcuklu-97 71 Pehlivan 358 Selguklu-97 340
Tosunbey 123 Yelken-2000 80 Tosunbey 375 Yelken-2000 385
Ortalama 98 90 375 365
AOF .09 6.21 5.54 4.89 8.15
DEKw) 5.14 4.98 3.78 4.12
SONUC hacmi ve agirhig bakimindan Ahmetaga ve Konya-
Konya lokasyonunda sulu kosullarda bazi makarnalik 2002 gesitlerinin  yiksek  degerler  verdigi
ve ekmeklik bugday cesitlerinin fiziksel ve kimyasal belirlenmigtir. Makarnahk bugday cesitleri esas

ozelliklerinin, hamur reolojisinin, ekmek
denemelerinin incelenmesi, ekmeklik ve makarnalik
bugday cesitlerinin karsilagtirilmasi, farklihbk ve
benzerliklerine farkindalik olusturulmasi amaciyla
yuratilen bu c¢alisgmada; Incelenen makarnalik ve
ekmeklik bugday cesitleri arasindaki kalite 6zellikleri
farkhilhiklarinin istatistiki olarak o6énemli oldugu
belirlenmistir. Calismanin yapildigi yilda incelenen
makarnalik bugday cesitleri bin tane agirhg,
hektolitre agirhigi, protein orani, ekmek agirhig,
farinograf su absorbsiyonu, miksograf gelisme siiresi
ozellikleri bakimindan ekmeklik bugday cesitlerine
gore yuksek degerler vermiglerdir. Ekmek hacmi,
farinograf gelisme suresi, miksograf pik yiiksekligi,
miksograf pik genigligi, miksograf pik alani ve
miksograf toplam alan bakimindan ise ekmeklik
bugday c¢esitlerinin makarnalik bugday cesitlerine
gore yliksek deger verdigi tespit edilmigtir. Miksograf
hamur o6zellikleri bakimindan makarnalik bugday
cesitlerinde Eminbey, ekmeklik bugday cesitlerinde
Ekiz, Konya-2002 ve Tosunbey g¢esitlerinin, ekmek
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olarak makarna Uretimi i¢in uygun olup kimyasal
ozellikleri, hamur reolojisi ve ekmek o6zellikleri
bakimindan ekmeklik bugdaylara benzer 6zelliklerde
gostermekte olup gelisen teknolojiye ve uretimdeki
¢esitlenmeye bagl olarak istenen kalite 6zelliklerine
sahip genotiplerin ¢esitli alanlarda kullanilabilecegi
distntlmektedir.
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ABSTRACT Research Article
In this study, some fruit and seed characteristics and seed yield of a 22
genotypes of Turkish Lagenaria siceraria germplasm were determined.  Article History
Ten seedlings from each genotype were transplanted with 3.0 m*0.5 m  Received ©20.05.2019
spacing to open field. 10 kg N da?, 10 kg P2Os da! and 10 kg K20 dat  Accepted ©22.08.2019
fertilizers were added to the soil during soil preparation. Fruit

Keywords

diameter, fruit length, fruit seed yield, 100 seed weight, seed width,
seed length and seed thickness were determined in three replication
with five fruits. While the fruit length was between 134.2 and 1.15 cm,

Lagenaria siceraria
Fruit characteristics

the fruit diameter varied between 2.34 and 9.42 cm. LLS31-09 produced Seeg yie_ldh
the highest seed yield with 153.85 g fruit!l, and the lowest seed yield See d weig t
eed size

was obtained from LS01-18 with 2.53 g fruitl. Genotypic variation was
significant in 100 seed weight, and the 100 seeds weight with a mean
of 20.1 g ranged from 3.7 g to 28.1 g. The fruit diameter was positively
correlated with the seed yield per fruit, seed length and 100 seed
weight. Overall, 100 seed weight was positively correlated with fruit
seed yield, seed width and seed index, and a strong positive correlation
between 100 seed weight and seed length. This study showed that
Turkish bottle germplasm have high seed yield genotypes..

Tiirkiye Genetik Kaynaklarindan Baz1 Su Kabag (Lagenaria siceraria Molina Standl.) Genotiplerinin

Meyve ve Tohum Ozellikleri ve Tohum Verimi

OZET Aragtirma Makalesi
Bu calismada, Turk su kabaklari genetik kaynaklarindan 6rnek bir
grubun bazi tohum ve meyve 6zelikleri ile tohum verimi belirlenmigtir. Makale Tarihgesi
Her genotipten 10 fide 3.0 *0.5 m aralikla acik tarla kosullarina Gelis Tarihi  :20.05.2019
dikilmistir. Toprak hazirlig1 déneminde 10 kg N da‘l, 10 kg P:Osdalve  Kabul Tarihi :22.08.2019
10 kg K20 dal olacak sekilde giibre verilmistir. Meyve ¢api, meyve :
uzunlugu, meyve tohum verimi, 100 tohum agirligi, tohum genigligi , Anahtar 'Kel'lmelel"
tohum uzunlugu ve tohum kalinlig1 g tekerriirlii olarak 5 meyvede Lag enaria siceraria
Meyve 6zellikleri

belirlenmistir. Meyve uzunlugu 1.15 ile 134.2 cm arasinda degisirken,
meyve ¢ap1 2 ile 6 cm arasinda degismistir. En yiiksek tohum verimi
153.85 g meyve! ile LS31-09 genotipinden alinirken, en disiik tohum
verimi 2.53 g meyve!ile LS01-18 genotipinde belirlenmigtir. Genotipik
varyasyonun 6nemli oldugu 100 tohum agirlig: 3.7 g ile 28.1 g arasinda
degismis ve ortalama 100 tohum agirligi 20.1 g olmustur. Meyve ¢ap1
meyve basina tohum verimi, 100 tohum agirlig1 ve tohum uzunlugu ile
pozitif korelasyon gostermistir. 100 tohum agirhign meyve tohum
verimi, tohum eni ve tohum indexi ile pozitif korelasyon gosteriken,
tohum uzunlugu ve 100 tohum agirligr arasinda giicli pozitif
korelasyon tespit edilmigtir. Bu c¢alisma, Turk su kabagi genetik
kaynaklarinin yiiksek tohum verimli genotiplere sahip oldugunu
gostermigtir.

Tohum verimi
Tohum agirlig1
Tohum buyuklugi

To Cite : Yetisir H, Aydin A 2019. Fruit, seed characteristics and seed yield of some bottle gourds (Lagenaria siceraria Standl.
Mol.) genotypes from Turkish germplasm. KSU J. Agric Nat 22 (Suppl. 2): 272-281. DOI: 10.18016/
ksutarimdoga.vi.568008.
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INTRODUCTION

Conservation and utilization of genetic resources are
two basic steps of the inevitable processes in ensuring
efficiency and sustainability in plant production. The
most essential consistent way to cope with yield and
quality reduction due to various stress (biotic and
abiotic) factors can be the determination of genotypes
resistant to the stress conditions among the available
genetic resources. In sustainability and productivity of
plant production, to the introduction of underutilized
species 1s as critical as developing and delivering
productive genotypes that are resistant to stress
conditions. The orphan, abandoned, lost, poorly used,
local, minor, traditional, alternative, niche or
unimproved species which are known as neglected and
underutilized species are also called forgotten or smart
food. These crop species are domesticated plant species
that have been cultivated for long times for their roots,
leaf, stems, flowers, fruits, seed, fiber, oil or medicinal
properties, however, they have lost their importance
over time due to certain products and use restrictions.
One of the well known underutilized vegetable species
is the calabash (Lagenaria siceraria Standl. Moll)
which was domesticated 12,000 years ago (Whitaker
1971).

Lagenaria siceraria, known as bottle gourd, is a
member of the Cucurbitaceae family. Bottle gourd,
which is extremely strong climbing, herbaceous and
monoecious, 1is easily distinguished from other
members of the Cucurbitaceous family with its large
white flowers. It is a native species for Africa with its
five wild species, and it is widely distributed in both
hemispheres. Wild species of bottle gourd are L.
abyssinica (Hook. f.) C. Jeffrey, L. brevifilora (Benth.)
Roberty, L. rufa (Gilg) C. Jeffrey, L. sphaerica E. Mey.
and L. guineensis (G. Don) C. Jeffrey (Decker-Walters
et al 2001, 2004; Morimoto et al 2005). Cultivated L.
siceraria with a pan-tropic dispersion was
domesticated independently in both old and new
worlds (Harris, 1967). On the other hand, Withaker
(1971), who does not accept this theory, suggests that
the bottle gourd which is native to Africa was carried
to the American continent by ocean currents. Morimoto
has reported that it had been distributed by the ocean
currents or people migration. This ancient vegetable
species has been produced for different purposes by
humans in different parts of the world.

L. siceraria’s young fruits are consumed as a vegetable
in some African and Asian countries. Fresh and young
fruits are consumed by making moussaka, frying or
stuffing as in the summer pumpkins (Cucurbita pepo).
Bottle gourd fruits can be cooked simply or mixed with
other vegetables and foods. In some cases, fresh fruits
are dried to consume when fresh fruits are not
available. In some African countries, the young leaves,
tendrils, and shoots of bottle gourds are consumed as
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leafy vegetables. After the inside of the ripe fruit (seed
and spongy texture) is removed, they can be used in
making kitchen cups, water flask, musical instrument,
decorative stuff, water pipe or in some cases, fishing
net floaters (Decker-Walters et al 2001; Morimoto et al
2005). Oil is also extracted from the bottle gourd seeds
in some African countries (Loukou et al 2007; Mariod
et al 2015). Young fruits, seeds, tendril, shoots, and
young leaves extracts have been also used in some local
drug mixtures (Herklots 1972; Moerman 1998;
Manandhar 2002). Another use area of the bottle
gourds is as rootstocks for some Cucurbitaceous
species such as watermelon and cucumber against soil-
borne diseases and some adverse soil conditions such
as low temperature, salinity stress and excessive water
(Lee 1994; Yetisir et al 2006; Karaca et al 2012). The
watermelon grafting onto bottle gourd was performed
first in Korea and Japan (Ashita 1927) in the late
1920s, and a high graft compatibility rate was
determined (Lee 1994; Oda 1995; Yetisir and Sari
2003).

Although L. siceraria is not an indigenous plant
species for Turkey, morphological characteristics of
fruit and seed show significant diversity (Yetisir et al
2008). As stated above, as in some African countries,
bottle gourd has been also grown for several purposes
such as food, containers, music instruments and
decoration equipment depending on the fruit
characteristics in Turkey, especially in rural areas
(Yetisir et al 2008). In plant production,
characterization and evaluation of plant germplasm
according to their intended use is one of the crucial
issues. As mentioned above, bottle gourds are used for
oil extraction and rootstocks for some Cucurbitaceous
species. Seed yield is an important criterion for
rootstock production and in producing oil from seeds.
Amangoua et al (2018) reported a higher seed yield in
calabash type bottle gourds and they determined
significant heterosis in seed and 100 seed weight when
calabash types were used as the maternal parent. A
substantial variation among bottle gourd landrace in
seed dimensions and seed yield was also reported by
Buthelezi et al (2019). Bottle gourd plants grown in a
trailing system produced more seed yield with high
quality than the traditional growing system (Sharma
et al 2016). According to our knowledge, the previous
study on seed yield and seed production in L. siceraria
is limited and there is no study about seed yield and
production in Turkish bottle gourds genotypes.
Therefore, the current study aimed to determine seed
yield and characteristics of L. siceraria sampled from
Turkish bottle gourd germplasm.

MATERIAL and METHODS

The codes and collection sites of 22 bottle gourds
genotypes used in this study were given in Table 1.
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Table 1. Code, collection sites and fruit shape of the bottle gourd genotypes.

Genotypes Collection locations Fruit shape
LS01-16 Cukurova University, Department of Horticulture, Adana Bottle
LS01-17 Cukurova University, Department of Horticulture, Adana Bottle
LS01-18 Cukurova University, Department of Horticulture, Adana Bottle
LS07-04 Mahmutlar, Alanya Bottle
LS07-06 Dim cay1, Alanya Elongated
LS07-42 Turuncova, Finike Pyriform
LS07-45 Sahin tepesi, Kumluca ,Antalya Pyriform
LS09-01 Horsunlu, Aydin Bottle
LS20-02 Hisar Village- Denizli Bottle
LS20-06 Tavas, Denizli Bottle
L.S31-08 Biiyiik cat Village, Samandag, Hatay Club
LS31-09 Karaagac, Iskenderun,Hatay Club
1.S31-43 Hassa, Hatay Bottle
1.S33-02 Karakaya Village, Silifke - Mersin Bottle
LS33-15 Kizkalesi, Silifke, Mersin Bottle
LS33-35 Elvankoy, Erdemli, Mersin Elongated
LS33-41 Cerci Village, Erdemli, Mersin Bottle
LS33-45 Adanalioglu,Mersin Pyriform
LS35-01 Sirince, Selcuk, Izmir Bottle
LS46-03 Efiragz1 Village, Andirin, Kahramanmaras Bottle
LS47745 Yavuzeli, Gaziantep Club
1.S48-07 Saklikent, Fethiye, Mugla Club

Seeds of the bottle gourd genotypes were sown in mul-
tipots filled with a potting mixture consist of peat and
perlite (1:1) on 17.03.2004 in an experimental
greenhouse of Horticultural Department, Agricultural
Faculty of Mustafa Kemal University. Ten seedlings
from each genotype with 2-3 true leaves were planted
with 3.0 * 0.5 m spacing to open field conditions which
was located on 36°18 22” N, 36° 13’ 33” E and elevation
above sea level is 82 m. The average annual
precipitation for the experimental region is 1,125 mm
and varies between 570 and 1,160 mm and the soil is
characterized as sandy-loam having a low amount of
lime (Yetisir et al 2008). 10 kg N da'l, 10 kg P2Os da’!
and 10 kg K20 da’! chemical fertilizers were added to
the soil during soil preparation. Plants were watered
with drip irrigation depending on soil and plant
observations. Fruit length and diameter (cm), fruit
seed yield (g and number), 100 seed weight (g), and
seed dimensions (length-cm, width-cm and thickness-
mm) were determined with three replication in five
fruits. The length of the fruit was measured with a
ruler as the distance between the peduncle attachment
point and the blossom end, while the diameter was
calculated from the circumference measured with the
help of a tape measure from the widest part of the fruit.
Seeds were extracted from mature dry fruit manually
for recording seed yield and morphological
characteristics. 100 seed weight was determined with
0.01 precision balance. The seed length and width were
determined in cm with a ruler, while the seed
thickness was measured in mm with a digital caliper.

Statistical Analysis

Data was subjected to variance analysis according to
randomized plot experimental design by using SAS
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Statistical Software (SAS 9.0, SAS Institute Inc., Cary,
NC, USA). The means were compared by Tukey test at
0.01 and 0.05 significance levels. Correlation analysis
was performed to determine the relationship between
the investigated parameters.

RESULTS and DISCUSSION

A significant variation among bottle gourd genotypes
in terms of fruit dimensions was observed. Fruit length
was significantly affected by genotypes. While the
longest fruit was determined in LS33-35 with 134 cm,
LS01-18 had the shortest fruit with 1.15 cm. Mean
fruit length was calculated as 52.45 cm. The difference
between the longest fruit genotype and the shortest
fruit genotype was calculated as 117 folds. The
genotypes 07-06, 33-35 and 47745 were significantly
different from other genotypes in terms of fruit length.
Bottle gourd genotypes segregated into three distinct
groups as regarded to fruit length. Bottle gourds are
divided into three groups in terms of fruit sizes. These
groups are long (33-35, 07-06 and 47745), short (01-18)
and medium (others 18 genotypes) (Table 2, Figure 1).
As in fruit length, fruit diameter was also significantly
affected by genotypes and fruit diameter varied from
2.34 cm to 9.42 cm with 7.85 cm average. The largest
diameter fruits were produced by the genotype 07-06
with 12 cm, while the fruits with the smallest diameter
were harvested from the genotype 01-18 with 2.2 cm.
Variation in fruit length was found higher than the
fruit diameter (Table 2 and Figure 2). Fruit index
(Fruit length/fruit diameter) was calculated, and it
ranged from 2.2 (01-18) to 23.94 (33-35) with 6.9
average (Table 2). At the present study, a significant
phenotypical difference was found in fruit shape and
volume. While a higher variation was determined in
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fruit length than Mashilo et al. (2016) and Buthelezi et
al. (2019) reported, a lower variation in fruit diameter
than the two previous studies was determined.
Significant variability in fruit characteristics of bottle
gourd accessions from different part of Kenya
(Morimoto et al 2005), from the southern part of
Turkey (Yetisir et al 2008), Serbia (Mladenovié et al
2009) and South Africa (Buthelezi et al 2019) were
reported. As in Africa, the genetic origin of the bottle
gourd species (Morimoto et al 2005), as well as in other
parts of the world, morphological features such as fruit
dimensions and shape have been important traits in

the description of local bottle gourd landraces. More
recently, Mashilo et al (2017) reported that presence or
absence of fruit neck, fruit shape, degree of neck
bending and fruit neck length positively correlated the
phenotypic variation of South African bottle gourd
landraces. In the family of squash (Cucurbitaceae), the
significant range of fruit phenotypic variation has been
also indicated in C. pepo (Paris 2001), Citrullus
lanatus (Maggs-Kolling et al 2000; Gusmini 2003), L.
siceraria (Morimoto et al 2005; Koffi et al 2009;
Buthelezi et al 2019) and C. maxima (Balkaya et al
2010).

Table 2. Descriptive statistics of bottle gourd genotypes based on some morphological fruit and seed characteristics

Fruit Fruit Fruit 100 seed Seed yield per Seed number Seed Seed Width Seed Seed
length diameter index weight (g) fruit (g) per fruit length (cm) thickness index
(cm) (cm) (cm) (mm)
Minimum 2.53 2.34 2.2 3.7 2.53 68.38 0.7 0.44 0.24 1.84
Maximum 153.85 9.42 23.41 28.06 153.85 691.77 2.18 1.03 0.39 3.11
Mean 52.20 7.85 6.94 20.14 64.97 315.81 1.84 0.76 0.33 2.44
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Figure 1. The fruit length of bottle gourd genotypes (cm). P<0.01; Lsd- 9.531.
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Figure 2. The fruit diameter of bottle gourd genotypes (cm) P<0.01, Lsd- 0.649 .

Seed yield per fruit showing significant variation is
summarized in Figure 3. While seed yield per fruit
raged from 2.53 g/fruit! to 153.85 g/fruit’! with, mean
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seed yield per fruit was calculated as 64.97 g/fruit.
The highest seed yield per fruit was determined in 31-
09 with 153-85 g /fruitl, followed by 47745 and 31-43
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and the lowest seed yield per fruit was determined
with 2.53 g /fruit ! in 01-18.

Similar results were obtained in the number of seeds
per fruit. The number of seeds per fruit was
significantly influenced by the bottle gourd genotypes,
and the number of seeds per fruit having an average of
316 seeds ranged from 68 to 962 seeds per fruit. While
the highest number of seeds per fruit was determined
in the genotype LS31-09, it was followed by LS 31-43
and the least seed number per fruit was found in
genotype LS 01-18 (Figure 4).

Seed size (100 seed weight) and shape showed
significant diversity depending on genotypes (Figure 5,
Figure 9). 100 seeds weight with an average of 20.14 g
varied from 3.7 g to 28.06 g. The heaviest seeds were

produced by LS 20-06, LS 01-16, LLS 33-02, LS 33-45
and LS 33-41, respectively, while the lightest seeds
were harvested from 01-18 (Figure 5).

A significant variation was found in seed length among
bottle gourd genotypes. Seed length ranged from 0.7 to
2.18 cm, while average seed length was calculated as
1.84 cm. The longest seeds were harvested from LS 33-
41 with 2.2 cm and the shortest seeds were obtained
from LS 01-18 with 0.7 cm. A difference of more than
three folds was found between the longest seeds and
the shortest seed. While the number of genotypes
having a longer seed length than the mean was 14, the
other eight genotypes had seeds that were shorter than
the average.
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Figure 3. Seed yield of bottle gourd genotypes (g/fruit?), P<0.01; Lsd: 7.922.
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Figure 4. Seed yield of bottle gourd genotypes (seed number/fruit ), P<0.01; Lsd- 36. 706.
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Figure 5. 100 seed weight (g), P<0.01; Lsd- 2.032.
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Figure 6. The seed length of bottle gourd genotypes (cm), P<0.01, Lsd: 0.133.
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Figure 7. The seed width of bottle gourd genotypes (cm), P<0.01, Lsd- 0.094.

Seed width showed significant variation among bottle
gourd genotypes. Seed width changed between 0.38 cm
and 1.03 cm. While the largest seeds were determined
in genotype LS 07-45 and LS 33-02 with 1.03 cm and
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0.99 cm respectively, the narrowest seeds were
determined in genotype LS 01-18 with 0.44 cm. The
average seed width was calculated as 0.76 cm, and the
number of genotypes having a seed width higher than
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the average seed width was 8 (Figure 7).

Findings related to seed thickness are given in Figure
8 and differences between genotypes were found
significant. As shown in Figure 8, seed thickness
ranged from 0.24 mm to 0.39 mm with 0.33 mm
average. While the thickest and thinnest seeds were
harvested from genotype LS 01-18 and LS 48-07 with
0.39 mm and 0.24 mm, respectively, the average of the
seed thickness was calculated as 0.33 mm. As in fruit
index, seed index also showed significant variation. It
varied from 1.84 to 3.11 (Table 2, Figure 9).

Correlation coefficients were given in Table 3. While

the fruit length was found positively correlated with
the fruit diameter, it was strongly positively correlated
with the fruit index. The fruit diameter was positively
correlated with the seed yield per fruit (g) and strongly
positively correlated with 100 seed weight and seed
length. 100 seed weight was positively correlated with
seed yield per fruit (g), seed width and seed index, and
it was strongly positively correlated with seed length.
The seed yield (g) per fruit showed a positive
correlation with the seed index and a strong positive
correlation with the number of seeds per fruit. The
seed length had a strong positive correlation with seed
width and seed index.
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Figure 8. The seed thickness of bottle gourd genotypes (mm), P<0.01, Lsd: 0.051.

Figure 9.
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Seed shape and size of bottle gourds from Turkish bottle gourd germplasm.
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Table 3. Correlation coefficients between investigated fruit and seed characteristics (n=66)

Fruit Fruit 100 seed Seed SN. Per Seed Seed Seed Seed

diameter index weight yield fruit length width thickness index
Fruit length 0.96%** 0.97%** 0.21 0.16 0.14 0.41 0.21 0.07 0.27
Fruit diameter 0.360  0.40 0.52*  0.39 0.55%* 0.33 -0.18 0.36
Fruit index 0.01 -0.02 0.02 0.31 0.16 0.12 0.20
100 seed weight 0.49*  0.17 0.70%* 0.42 -0.05 0.45*
Seed yield 0.92%** 0.52* 0.17 -0.04 0.42*
SN. per fruit 0.36 0.12 -0.11 0.30
Seed length 0.58** -0.01 0.63**
Seed width 0.01 -0.24
Seed thickness -0.04

SN: Seed number; *, **, *** gignificant at 0.05, 0.01, 0.001 respectively.

Seed characteristics and seed yield presented
significant variation based on bottle gourd genotypes.
In the family of squash (Cucurbitaceae), the significant
variation in seed shape and seed yield has been also
indicated in C. pepo (Paris 2001), Citrullus lanatus
(Maggs-Kolling et al 2000; Gusmini 2003), L. siceraria
(Pradhan et al 2013; Buthelezi et al 2019) and C.
maxima (Balkaya et al 2010). In agreement with our
results, a significant variation in seed characteristics
of bottle gourd was previously reported from different
parts of the world (Morimoto et al 2005; Mladenovié et
al 2009; Amangoua et al 2018; Buthelezi et al 2019).
Significant variation in seed characteristics of Turkish
bottle gourds was reported in previous studies (Yetisir
et al 2008; Tas et al 2019). This variation in the
Turkish gourd is attributed to the introduction of
bottle gourd from different places and the high rate of
cross pollination of bottle gourd. As can be seen from
the seed shapes given in Figure 5, it was determined
that all bottle gourds genotypes used in our study
belong to the calabash group except for 01-18 with
small fruit and seed size. Similarly, lower seed yield
and smaller fruits were reported in oleaginous types
bottle gourds by Amangoua (2018). 100 seeds weight
(3.70-28.06 g) and seed yield per fruit! (2.53-153.85
g/fruit? and 68.38-691.77 seed per fruit) were in
accordance with Sharma et al. (2016), Amangoua et al
(2018) and Buthelezi et al (2019). Average calculated
seed yield for calabash types is higher (1400 kg/ha)
than seed yield Sharma et al. (2016) reported in
conventional growing methods. While the results of the
seed length and seed width were in agreement with
Buthelezi et al (2019), their average values were 1.84
and 0.76 cm, respectively. As reported in Saharma et
al (2016) and Buthelezi et al (2019), seed size and fruit
size were significantly positively correlated with seed
yield. Since bottle gourds can climb, they can be grown
vertically (trailing). With this growing system, it is
possible to increase the seed yield by planting more
plant to the unit area. Sharma et al (2016) reported a
15% increase in seed yield per fruit and 11% increase
in seed yield per unit area by using the trailing
method. This study showed that calabash type bottle
gourds produced significantly higher seed than
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Cucurbita pepo (1200-1300 kg ha!) (Tuik 2018), and
egusi melon (770-1020 kg ha'!) (Emeka 2015). The high
seed production capacity of the bottle gourds (Achigan-
Dako et al 2006) with high adaptability to different
adverse conditions can be used as an alternative oil
source to vegetable oils (Loukou et al 2012). Variation
in seed yield and seed physical properties are
important for C. pepo, watermelon and bottle gourds
grown for seed production. In seed production, both
seed yield of genotypes and end-use purpose of seed are
important. Producers demand high yielding varieties
suitable for confectionary (C. pepo and watermelon) or
oil extraction (bottle gourd). The high genetic diversity
is the only important powerful tool in the hands of
plant breeders. The higher the genetic diversity, the
stronger the breeder's hand. In this regard, it was seen
that Turkish bottle gourd germplasm has a significant
variation in both seed yield and seed characteristics.

CONCLUSION

It was determined that all bottle gourd genotypes used
in the present study belong to calabash type except for
LS 01-18. Fruit and seed morphology and seed yield
showed significant variation. All bottle gourd
genotypes had larger seeds and higher seed yield than
previous studies except for LLS01-18 which have the
smallest fruits and seeds. As suggested by Amangoua
et al (2018), calabash type genotypes should be selected
as a female parental line in hybrid seed production. It
can be concluded that bottle gourd with a significant
amount of oil and protein in its seeds can be an
alternative oil plant with high seed productivity. L.
siceraria, one of the underutilized species, genotypes
from Turkish bottle gourd germplasm showed
considerable potential in seed yield and this potential
can be exploited in the future oil plant or rootstocks
breeding program.
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OZET Aragtirma Makalesi
Bu calismada; Stachys L. cinsi (Lamiaceae) Distantes altseksiyonu ) )
taksonlar1 tizerinde karsilastirmali anatomik ve mikromorfolojik Makale Tarihgesi

calismalar yapilmis ve altseksiyonun taksonlari i¢in ayirt edici Gelig Tarihi  :08.05.2019
karakterler belirlenmigtir. Anatomik ¢aligmalarda, elle kesit alma ve Kabul Tarihi :30.06.2019
parafine gomme yoluyla mikrotomda kesit alma yontemleri
kullanmilmigtir. Mikromorfolojik calismalar ise LM (Isik Mikroskobu) -
ve SEM (Taramali Elektron Mikroskobu)’ de gerceklestirilmistir. Anatomi,

Anahtar Kelimeler

Anatomik calismalarda, taksonlarin govde ve yaprak yapilarinda Lamlacgg &
benzerlikler bulunmasinin yaninda bazi ayirt edici farkhihiklar da Morfoloji,

tespit edilmistir. Mikromorfolojik calismalarda ise taksonlarin tiiy ve Nl.ltlet’

nutlet ozelliklerinin tiur ve tir alt1 seviyede kullanigh karakterler gilii’tantes, Stachys,

oldugu gorulmustiir. Calisma neticesinde gévde yapisinda koselerde
demet seklinde sklerenkima varhigi, salg: tiiylerinin varligi ve tipleri,
nutlet ylizey ornamentasyonu, nutletteki kanat varhigi ve karin
bélgesinin yapisi taksonlarin ayirt edilmesinde kullanilabilecek
onemli karakterlerdir. Numerik bulgulara gore tiy ve nutlet
mikromorfolojik karakterlerinin anatomik karakterlerden daha
onemli oldugu gorulmustir.

Comparative Micromorphological and Anatomical Investigations on the Subsection Distantes R.
Bhattacharjee (Stachys L./Lamiaceae)

ABSTRACT Research Article

In this study; comparative anatomical and micromorphological

studies were performed on the subsection Distantes of the Stachys L. Article History

genus (Lamiaceae). Also, it was determined distinctive anatomical Received - 08.05.2019
characters for the taxa of subsection in the study. In anatomical Accepted ©30.06.2019
studies, free-hand cross-sections and the paraffin embedding method

was applied with the microtome. Micromorphological studies were Keywords
performed in LM (Light Microscope) and SEM (Scanning Electron Anat.omy,
Microscope). In anatomical studies, besides of similarities in stem and Lamiaceae,

leaf structures there were also some differences in taxa. In Morphology,
micromorphological studies, the trichome and nutlet characteristics NPtlet’

were found to be useful characters on taxa and at species and ?;is(fﬁ;l:rfs’ Stachys,

subspecies level. As a result of the study, the presence of sclerenchyma
like a bundle in the stem structure and the presence and types of
glandular trichomes and ornamentation on the surface of nutlet, the
presence of the wing and ventral structure in the nutlet were
important characters that can be used to distinguish taxa. According
to the numerical findings, trichome and nutlet micromorphological
characters were more important than anatomical characters.

To Cite : Agar M, Satil F 2019. Distantes R. Bhattacharjee (Stacbys"L. /Lamiaceae) Altseksiyonu Taksonlari Uzerinde
Karsilastirmali Anatomik ve Mikromorfolojik Calismalar. KSU Tarim ve Doga Derg 22(Ek Say1 2): 282-295. DOIL:
10.18016/ksutarimdoga.vi.562089

GiRiS temsil edilmektedir (Chase, 2018). Ulkemizde de

Lamiaceae familyasi diinyada 236 cins 7203 tiir ile Ballibabagiller olarak adlandirilan Lamiaceae
familyas1 46 cinse ait 586 takson icermektedir (Giiner
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ve ark. 2012). Stachys L. (Delicay) Lamiaceae
familyasinin taksonomik anlamda biiyiik ve kompleks
bir cinsidir. Subkozmopolit bir cins olup 1iliman
iklimlerde Akdeniz ve Gilineybati Asya’ da, ikinci
olarak Kuzey ve Gluney Amerika ile Kuzey Afrika’da
yayilis gosterirken Avustralya’da ve Yeni Zelenda’da
yayilis gostermemektedir (Bhattacharjee, 1980).
Diinyada yaklasik olarak 370 tir ve 435 taksonla
temsil edilmektedir (Harley ve ark. 2004, Govaerts,
2015). Tiirkiye’ deki Stachys cinsinin 2 altcins ve 14
seksiyona ait 91 tur ve 118 taksonu bulunmaktadir ve
bu taksonlardan 57 tanesi endemik olup endemizm
oran1 %48 dir (Akcicek ve ark. 2016). Distantes
altseksiyonu bu 14 seksiyondan Olisia Dumort.
seksiyonunda siniflandirilmigtir. Endemizm orani
yiiksek olan bu altseksiyon Akdeniz bélgesinde yayilig
gostermektedir.

Mikromorfolojik karakterler, Lamiaceae familyasinin
bazi cinslerinde en kullanigh taksonomik karakterler
olarak bilinir. Son zamanlarda, Lamiaceae' nin bir¢gok
cinsi tizerinde, nutlet ylizeyi ve nutlet karakterlerinin
taksonomik degeri olduguna dair onemli elektron
mikroskop (SEM) calismalar: yapilmistir (Husain ve
ark. 1990; Demissew & Harley, 1992; Marin ve ark.
1996; Budantsev & Lobova, 1997; Jamzad ve ark.
2000). Budantsev & Lobova (1997) tarafindan
Lamiaceae' deki nutlet morfolojisinin taksonomik
hiyerarsinin farkli seviyelerinde degisen derecelerde
faydali oldugunu kanitlamistir. Aym sekilde,
Lamiaceae' de salg1 tiylerinin morfolojisi, dagilimi ve
siklign subfamilya dizeyinde ayirt edici karakter

olarak kullanilmaktadir (Ascensao ve ark. 1995).

Yapilan literatir arastirmalarinda Stachys cinsi
uzerinde bir takim anatomik ve mikromorfolojik
caligmalar yapildigr goriilmiistiir (Satil ve ark., 2012;
Ding ve Oztirk, 2008; Salmaki, 2008). Bunun yaninda
bu ¢alismalardan bazilar1 Distantes altseksiyonunun
da simiflandig1 Olisia seksiyonu taksonlar: tizerinedir
(Salmaki ve ark. 2009; Salmaki ve ark. 2011; Temel ve
ark. 2015; Potoglu ve ark. 2010). Ancak Distantes
altseksiyonu  tlzerinde yapilmig anatomik ve
mikromorfolojik ¢aligsmalara rastlanmamigtir.

Bu caligmada Tirkiye’ de yetisen ve oOzellikle bazi
taksonlar1 morfolojik olarak yakin benzerlik gosteren
S. aleurites, S. bombycina ve S. pseudobombycina, S.
distans subsp. distans ve S. distans subsp. cilicica
taksonlarinin genel anatomik o6zellikleri ile tohum

yuzeyl ve tly oOrtasi incelenmigtir. Calisma
sonucunda, taksonlar arasinda benzerlikler ve
farkliliklar ortaya konmus, altseksiyonunun

sistematigine anatomik ve mikromorfolojik olarak
katk: saglanmasi1 amaglanmisgtar.

MATERYAL ve METOT

Calisma materyalini olusturan Stachys L. cinsi
Distantes altseksiyonuna ait taksonlar Balikesir
Universitesi Necatibey Egitim Fakiiltesi (NEF)
herbaryumundan ve BAP 2015/122 no’ lu proje
kapsaminda araziden temin edilmistir. Taksonlarin
lokaliteleri Cizelge 1’ de verilmigtir.

Cizelge 1. Taksonlarin toplandig: lokaliteler ve herbaryum kayitlari

Table 1. Localities and herbarium records

Stachys aleurites Boiss. & Heldr.
(Endemik)

Antalya: Falez otelin arkasi, deniz kenar: falezler, 0-30 m, 36° 53' 049"
N-30° 40' 827" E, 20.04.2013, EA 5543 (NEF), T. Dirmenci, O. Giiner, T.
Ozcan, 24.05.20183, ibid., EA 5601 (NEF), O. Giiner.

Antalya: Kursunlu selalesi, kayalik nemli alanlar, 37° 00' 180" N-030°
49' 209" E, 60 m, 24.05.2013, EA 5594 (NEF), T. Dirmenci, O. Giiner.

Stachys bombycina Boiss. (Endemik)

Antalya: Konyaalt1 plajlari, kayalik yamaglar, 10 m, 36° 49' 762" N-30°
35' 724" E, 20.04.2013, EA 5544 (NEF), T. Dirmenci, O. Giiner.

Stachys pseudobombycina (Endemik)

Antalya: Kemer, Kiigiikgalticak mevkii, orman alt1, EA 5813 (NEF), T.
Dirmenci, O. Guner.

Stachys distans Bentham var. cilicica

R.Bhattacharjee (Endemik)

Mersin: Erdemli, Ayas beldesi, Merdivenli kuyu mevkii, deI}iz kenarsi,
nehir, yatagi, 5 m, 22.04.2013, EA 5527 (NEF), T. Dirmenci, O. Giiner.

Stachys distans Benth. var. distans

Mersin: Erdemli, Limonlu, Omerqul 36° 34' 08.81" N-34° 14' 28.03" E,
20 m, 22.06.2015, EA 5807 (NEF), O. Giiner.

Toplanan &rnekler herbaryum materyali haline
getirilmis olup, Balikesir Universitesi Necatibey
Egitim  Fakultesi ve  Munzur  Universitesi’

herbaryumlarinda muhafaza edilmektedir. Anatomik
calismalar; canli ornekler ile %70° lik etil alkol
icerisinde muhafaza edilen 6rnekler ve herbaryum
ornekleri Uzerinde yapilmigtir. Anatomik ¢alismalar;
her takson i¢in populasyonu temsil edecek sekilde en
az iki birey tizerinde yapilmistir. Kesit alma iglemleri
hem el ile hem de parafine gomme metodu ile
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gerceklestirilmistir (Johansen, 1940; Ozban ve
Ozmutlu, 1994) Doku ve hiicrelerin daha iyi ayirt
edilebilmesi i¢in sartur reaktifi veya safranin-
fastgreen ile boyandiktan sonra entellan ile veya
gliserin-jelatin yontemiyle daimi preparat haline
getirilmistir (Baytop, 1972). Taksonlarin trikom
mikromorfolojisi i¢in, herbaryum ornekleri
kullanilmigtir. Gévde ve yapraklardan alinan kiigik
parcalar ‘Masaiistii SEM (JCM-5000)’ de incelenmis ve
mikrofotograflar: cekilip siniflandirilmalar:
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yapilmigtir (Metcalfe & Chalk, 1972; Ascensao & Pais,
1998; Werker ve ark. 1985; Giuliani & Bini, 2008; Satil
ve ark. 2011; Cantino, 1990). Nutlet yiizey ézellikleri
ve genel nutlet ozellikleri belirlenerek
siniflandirilmistir (Bojhansky & Fargasova, 2007;
Satil ve ark. 2012; Salmaki ve ark. 2008; Kaya &
Dirmenci, 2008;). Anatomik o6lctimler Imaged 1.4.3.67
(Rasband, 1997-2016)  programi  aracilifiyla

Cizelge 2. Istatistiksel caligmalarda kullanilan karakterler

Table 2. Characters used for statistical studies

yapilmistir. Anatomik incelemeler Olympus BX53,
Olympus CX21 ve Leica Dmil Inverter mikroskopta
yapilmigtir. Istatistiksel caligmalar
PAleontoSTatistics (PAST) programi araciliiyla
yapilmigtir (Hammer, Harper, and Ryan 2001).
Istatistiksel calismalarda kullamlan karakterler
Cizelge 2’ de verilmigtir.

Anatomik niceliksel karakterler

Anatomik niteliksel ve mikromorfolojik karakterler

Govde epidermis genigligi

Yaprak epidermis antiklinal duvar yapisi (diiz, dalgali, kivrimly)

Govde kosesindeki kollenkima tabakasi
genigligi

Govde ve yaprakta hipodermis varligi

Govde koseler aras1 parenkima tabakasi

Stomanin epidermis

seviyesine gére durumu (higromorf,

genisligi mezomorf)
Govde endodermis hiicre genigligi Stomanin  bulundugu  yaprak yiizeyi (amfistomatik,
hipostomatik)

Govde endodermis hiicre uzunlugu

Stoma dis diizliiklerinin deseni (cizgili, hafifce cizgili, diiz)

Govde kogelerde sklerankima tabakasi

genigligi

Stoma bekci hiicre sekli (eliptik, darca eliptik, suborbikulat)

Govde kogelerde floem tabakasi genigligi

Yaprak orta damarin genel durumu (iist ve alt yiizeyde ¢okme
durumu)

Govde trake cap1

Yaprak iletim demetinde gelismis ¢eperli sklerankima hiicreleri
varhigl

Govde 6z orani

Nutlet yapisinda érti tuylnin varlig:

Yaprak kiitikula kalinlig:

Nutlet ylizey yapisinda damarlanma durumu

Yaprak alt epidermis hiicre genigligi

Nutlet yapisinda kanat varlig:

Yaprak tist epidermis hiicre genigligi

Nutlette kanat yapisinin bulundugu bélge (apeks, taban ya da
her ikisini kapsayacak sekilde)

Yaprak stoma bekgi hiicre genigligi

Nutlet yiizey ornemantasyonu (tiiberkiil seklinde siislemeler
varligl)

Yaprak stoma bekci hiicre uzunlugu

Nutlet yiizey siislerinin bulundugu yiizey (sadece apeks kismi ya
da tiim yiizeyde)

Yaprak mezofil genigligi

Nutlet yiizey dokusu (ags1, hiicresel, kabarik)

Yaprak orta damar iletim demeti genigligi

Nutlet apeks ve taban kisminin gekli

Yaprak trake ¢ap1

Nutlet karin bélgesindeki cikinti (rib) yapisinin durumu ve
bulundugu kisim (boylu boyunca olmasi, belirgin ya da belirsiz
olmasi)

Nutlet rengi

Govde ve yaprakta bulunan tiy tipleri

BULGULAR
Anatomik Bulgular

Taksonlarin gévdelerinden ve yapraklarindan alinan
kesitler incelenmis ve anatomik o6zellikleri asagida
verilmistir (Cizelge 3-4-5-6, Sekil 1-3).

Govde dort koseli ve kogelerdeki kollenkima belirgin
ve kalindir. Kollenkimay1 sirasiyla; parankima,
endoderma, sklerenkima, floem ve ksilem dokular:
izlemektedir. Taksonlarin hepsinde kollenkima tipi
laktinardir. Bunun yaninda sadece S. aleurites
tirtinde gévde koselerinde birkag sira kollenkimanin
altinda sklerenkima hiicreleri bir demet seklinde
bulunmaktadir. Altseksiyonun goévde trake caplar: ise
16.77-33.64 um arasinda Olglilmustir. Ayrica
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taksonlarin hi¢birinde gévdede hipodermis tabakasina
rastlanmamigtir. Taksonlarin gévde yapisinda 6z
bolgesi genis yer kaplamigtir. Taksonlarin yaprak
epidermis antiklinal duvarlar1 ise kivrimh yap1
gostermektedir. Taksonlarin stoma durumu higromorf
ve mezomorf seklinde olup stoma sekli darca eliptikten
eliptike kadardir (Sekil 4). Ayrica altseksiyonda stoma
bulundugu yiizeye gére amfistomatik ve hipostomatik
tip olarak gozlenmistir (Sekil 5). Yaprak mezofil tipi
bifasiyaldir. Mezofil tabakas1 68.69-139.31 pum
arasinda Ol¢ulmistir. Orta damar abaksiyal yonde
¢ikint1 yapmistir. Orta damar iletim demetinde tstte
ksilem altta floem yer almistir.

Bunun yaninda floem sklerankimatik bir sapka
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tarafindan yarim ay seklinde sarilmistir. Orta damar
gelismis olup yaprak iletim demeti genigligi 95.31-

182.52 um arasindadir. Taksonlarin gévde ve yaprak

Cizelge 3. Taksonlarin tiiy tipleri dagilimi ve yogunlugu
Table 3. Distribution and density of trichome types of taxa

yapilarinda kristallere rastlanmigtir. Altseksiyonda
rafit, tekli cubuk, ikiz tip, tc¢li tip, kare, prizmatik ve
druz tipde kristaller gézlenmistir (Sekil 4).

Govde (Stem) Yaprak (Leaf)
Taksonlar (Taxa) N C1 C2 N C1 C2
S. aleurites +++ ++ - +++ ++ -
S. bombycina +++ - ++ +++ ++ +
S. pseudobombycina +++ - ++ +++ +—+ T+
S. distans var. distans +++ + ++ +++ ++ ++
S. distans var. cilicica +++ ++ + +++ ++ +

Tiy yogunlugu: +: nadir, +: seyrek, ++: yogun, +++: ¢ok yogun. N: Ortii tityii, C1-C2: Kapitat tip salg tiiyii
Trichome density: +: rare, +: sparse, ++: dense, +++: very dense. N: Nonglandular, C1-C2: Capitate type glandular trichome

Cizelge 4. Taksonlarin anatomik niteliksel karakterleri
Table 4. Anatomical qualitative characters of taxa

Taksonlar Stoma Stoma Stoma Stoma Mezofil
(Taxa) (Stomata) (Stomata) (Stomata) (Stomata) (Mesophyll)
S. aleurites Higromorf Amfistomatik Halfifce ¢izgili Eliptik 2-3 sira pp, 4-5 sira sp
(Hygromorph) | (Amphistomatic) | (Slightly striate) | (Elliptic) (2-3 layered palisade
p, 4-5 layered spongy
p)
S. bombycina Higromorf Hipostomatik Hemen hemen | Eliptik 1-2 sira pp, 3-4 sira sp
(Hygromorph) | (Hypostomatic) | diiz (Elliptic) (1-2 layered palisade
(almost smooth) p, 3-4 layered spongy
p)
S. pseudobombycina Higromorf Hipostomatik Hemen hemen | Eliptik 1-2 sira pp, 3-4 sira sp
(Hygromorph) | (Hypostomatic) | diiz (almost | (Elliptic) (1-2 layered palisade
smooth) p, 3-4 layered spongy
p)
S. distansvar. distans | Higromorf Hipostomatik Diz Darca 2-3 sira pp, 4-5 sira sp
(Hygromorph) | (Hypostomatic) | (Smooth) eliptik (2-3 layered palisade
(Narrowly p, 4-5 layered spongy
elliptic) p)
S. distans var. cilicica | Higromorf Hipostomatik Hafif gizgili | Darca 2 sira pp, 3-4 sira sp
(Hygromorph) | (Hypostomatic) | (Slightly striate) | eliptik (2 layered palisade p,
(Narrowly 3-4 layered spongy p)
elliptic)
Cizelge 5. Taksonlarin gévde anatomik niceliksel karakter 6lgtimleri
Table 6. Anatomical quantitative stem character measurements of the taxa
GOVDE (um) (STEM)
TAKSONLAR Epidermis | Kollenkim | Koseler aras: | Endo.genisglik | Endo. Koselerde Koselerde | Trake 0z (%)
(TAXA) hiic a tabakasi | Parankima | (Endodermis | Uzunluk | Sklerenkima | Floem cap1 (Pith)
geniglik (Collenchy | (Paranchym | widht) (Endoderm | Tabakas1 tabakas1 | (Trachea
(Epidermis | malayer) |a  between is length) (Sclerenchy | (Phloem | diameter
cell widht) corner layer) ma layer in |layer in
the corners) | the
COI‘HEYS)
S. aleurites 17.90 71.57 78.51 17.30 9.50 35.20 42.05 24 58
S. bombycina 14.19 87.50 81.63 21.20 13.20 17.04 38.29 16.8 53
S. pseudobombycina | 15.33 75.78 200.02 24.80 11.40 28.80 46.80 29.8 39
S. distans  var. | 16.80 88.90 102.47 19.70 13.80 28.02 40.80 33.6 45
distans
S. distans var. | 13.74 78.33 41.27 19.50 11.70 34.84 34.80 23.9 56
cilicica
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Cizelge 6. Taksonlarin yaprak anatomik niceliksel karakter 6l¢iimleri
Table 6. Anatomical quantitative leaf character measurements of the taxa

YAPRAK (um) (LEAF)
TAKSONLAR Kiitikula | Alt Ust Stoma Stoma Mezofil Tletim Trake
(TAXA) (Cuticle) | epidermis h. | epidermis h. | genislik | uzunluk | tabakasi demeti capi
geniglik geniglik (Stoma | (Stoma | (Mesophyll | genislik (Trachea
(Lower (Upper widht) length) | layer) (Vascular diameter)
epidermis epidermis bundle
cell widht) cell widht) widht)
S. aleurites 1.32 17.29 32.61 20.95 25.13 139.31 167.71 6.26
S. bombycina 1.20 15.10 24.41 17.43 26.48 86.55 118.42 6.25
S. 1.10 13.37 20.84 16.49 20.09 68.69 125.26 5.59
pseudobombycina
S. distans var. 1.18 17.18 27.81 17.36 24.37 124.82 182.52 5.93
distans
S. distans var. 1.60 14.88 21.70 17.39 22.85 97.66 95.31 4.95
cilicica
E1l

Sekil 1. Taksonlarin anatomik kesit goruntiileri. A-S. aleurites, B-S. bombycina, C-S. pseudobombycina, D-S. distans var.
cilicica, E- S. distans var. distans- 1-2: Govde anatomik yapisi, 3- Yaprak anatomik yapisi

Figure 1. Anatomical crosssections of taxa

Mikromorfolojik Bulgular

Hem govde hem de yapraktaki tiiyler értii (N tipi) ve
salg tiiyii seklinde olup salg tiiyleri ise kapitat tip (C
tipi) seklindedir (Cizelge 3-Sekil 2). C tipi kendi i¢inde
iki alt tipe ayrilmaktadir. C1 Tip: Kisa bir sap kismi
ile bir veya ¢ok hiicreli bag bolgesine sahip nispeten
kisa kapitat ile C2 Tip: Nispeten uzun bir sap kisma ile
bir ya da ¢ok hiicreli basg bolgesine sahip nispeten uzun
kapitat geklinde olup bununla beraber N tip ise:
Papilsiz ¢ok hiicreli ipliksi ve karigik sekilde 6rtu tiiyu
seklindedir. Taksonlarin nutlet sekilleri obovat-eliptik
sekillerinde olup ytizeylerinde herhangi bir tiiberkil
yapisina rastlanmamistir (Cizelge 7, Sekil 6).

Istatistiksel Analizler

Taksonlarin butiin  verileri  kullanilarak Temel
Bilesenler Analizi (PCA), Kiimeleme (Cluster) ve
Korelasyon analizleri yapilmistir (Sekil 7-8-9, Cizelge

8). Temel Bilegsenler analizine go6re taksonlar
arasindaki varyasyonu agiklayan en 6nemli anatomik
niceliksel karakterler; kogelerarasi parankima

genigligi, mezofil genigligi, 6z bélgesi genigligi, iletim
demeti genigligi ve yaprak st epidermis genigligi
oldugu gorulmustir. Kimeleme analizine gore ise
altseksiyonun taksonlar: 3 alt kiimede
siiflanmislardir (Sekil 8).

TARTISMA ve SONUC

Arastirma sonucuna gore; genel anlamda taksonlarin
anatomik ve mikromorfolojik yapilar1 birbirlerine
yakin 6zellik gostermekte olup bunun yaninda ayirt
edici baz1 farkhliklar da tespit edilmistir. Bununla

birlikte, S. bombycina ve S. pseudobombycina
taksonlari arasinda anlamh farkhliklar
bulunmamigtir.
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Sekil 2. Taksonlarin gévde ve yapraklarinda bulunan tiy tipleri (C1-C2: Kapitat tip salg: tiyi, N: Orti tityi)
Figure 2. Types of trichome in the stem and leaves of taxa (C1-C2- capitate type glandular trichome, N: nonglandular

Sekil 3. Taksonlarin yaprak orta damar ve mezofil anatomik gériuntiiler: 1- S. aleurites 2- S. bombycina 3- S.
pseudobombycina 4- S. distans subsp. cilicica 5- S. distans subsp. distans
Figure 3. Leaf midrib and mesophyll anatomy of taxa
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Sekil 4. Taksonlarin stoma yiizeysel ve kristal (oklar cesitli tipte kristalleri géstermektedir) goriintiileri. 1- S. aleurites 2- S.
bombycina 3- S. pseudobombycina 4- S. distans subsp. cilicica 5- S. distans subsp. distans
Figure 4. Stoma and crystal (arrows indicate various types of crystals) images of taxa

Govde Anatomik Yapilarinda Goriilen Farkliliklar

Distantes altseksiyonu taksonlarinda; goévde dort
kogeli olup koselerdeki iletim demetleri daha fazla
geligsmistir. Taksonlarin gévde epidermis genigligi en
yiiksek olan S. aleurites (17.90 um) ve en diisiik olan
S. distans subsp. cilicica’ dir (13.74 um). Taksonlarin
higbirinde hipodermis tabakasina rastlanmamigtir.
Taksonlarin hepsinde kollenkima tipi lakiinardir.
Govde koselerinde kollenkima tabakasi en dar olan
(71.57 um) ise S. aleurites’ dir. Taksonlar arasinda
govde koselerindeki kollenkima tabakasi en kalin S.
distans subsp. distans (88.9 um) ve S. bombycina’ da
gorilmiistiir (87.5 um). Altseksiyonda en fazla koseler
aras1 parankima dokusuna sahip olan takson ise
yaklagik 200 um ile S. pseudobombycina’ dir, onu
102.47 pum 1ile S. distans subsp. distans takip
etmektedir. Ksilem boélgesinde trake c¢aplar1 16.77-
33.64 um arasinda degismektedir. S. pseudobombycina
(29.78 um) hem de S. distans subsp. distans (33.64
um)’daki gévde trake caplar: diger taksonlara nazaran
daha genistir. S. aleurites, S. bombycina ve S. distans
subsp. cilicica taksonlarinda gévdesindeki 6z boélgesi
oldukca genis olup, tiim gévdenin %50 sinden fazla yer
kaplamaktadir. Goévde 06z orama en disuk S
pseudobombycina’da (%39) 6lctilmiistiir.

Yaprak Anatomik Yapilarinda Goériilen Farkhiliklar

Taksonlarin yaprak kiitikula kalinligi en genis olan S.
distans subsp. cilicica (1.60 pm) iken en dar olam .S
pseudobombycina dir (1.10 pm). Taksonlardan S.
aleurites taksonu amfistomatik diger butiin taksonlar
ise hipostomatik olmasiyla birbirilerinden farklh
ozellik gostermigleridir. Stoma durumu higromorf ve
mezomorf geklinde olup stoma sekli darca eliptikten
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eliptike kadar degismektedir. Ayrica taksonlarin
stoma ylzey yapilari Dbirbirlerinden farklilik
gostermektedir. S. aleurites ve S. distans subsp.
cilicica ¢izgili yapida iken diger taksonlar diiz desen
gostermektedir. Mezofili en genis S. aleurites (139.31
um) ve S. distans subsp. distans (124.82 um) iken en
dar mezofil S bombycina (86.55 pm) ve S
pseudobombycing da (68.69 pm) goriilmiistiir.
Taksonlardan en fazla palizat parankimasi hiicre
siras1 S. distans subsp. distans ve S. aleurites’te (2-3
sira pp) goriilmiisken en az sira ise S. bombycina ve S.
pseudobombycina da (1-2 sira pp) goriilmiistiir. Bunun
yaninda singer parankimasinda ise en fazla sira yine
S. distans subsp. distansve S. aleurites’te (4-5 sira sp)
goriillmiis olmakla beraber diger taksonlar benzer
ozellik géstermistir. Bunun yaninda iletim demeti en
genis S. distans subsp. distans (182.52 pm) en dar ise
S. distans subsp. cilicica (95.31 pm) ’da 6l¢iilmiistiir. S.
aleurites (6.26 um) ve S. bombycinad da (6.25 pm)
yaprak trake caplarimin diger taksonlardan daha
biyik olmasi ile ayrilmaktadir.

Kristal Tiplerinde Goériillen Farkhiliklar

Taksonlarin govde ve yaprak yapilarinda birtakim
kristal tiplerine rastlanmistir. Genel anlamda
altseksiyonda rafit, tekli cubuk, ikiz tip, Ggli tip, kare,
prizmatik ve druz tipi kristallere rastlanmagtr.

Ozellikle S. aleurites tiriinde bu o6zellik daha
belirgindir. Druz tipi sadece S. bombycina da
gbzlenmistir, S. pseudobombycina da ise epidermiste
prizmatik kristallere daha sik rastlanmistir, S
aleurites’ da yogun rafit kristalleri gorilmustir. S.
distans digerlerine nazaran daha az miktarda ve daha
az cesitte kristal barindirmaktadar.
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Sekil 5. Taksonlarin yaprak tiiyleri alt ve tst ytzeysel mikromorfolojik gériintiileri. 1- S. aleurites 2- S. bombycina 3- S.
pseudobombycina 4- S. distans subsp cilicica 5- S, distans subsp distans.

Figure 5. Lower and upper leaves surface of taxa
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Sekil 6. Taksonlarin nutlet yapilari. 1-S. aleurites, 2-S. bombycina, 3-S. pseudobombycina, 4-S. distans var. cilicica, 5-S
distans var. distans.

Figure 6. Nutlet structures of taxa
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Cizelge 1. Nutlet 6zelliklerinin Flora of Turkey ve ¢alisma verileri ile kargilagtirilmas:
Table 7. Comparison of nutlet characteristics with Flora of Turkey and our study data

Taksonlar Ebat (Geniglik x | Sekil (Shape) Yiizey Apeks-Taban (Apex- | Kanat (Wing) Renk (Color)
(Taxa) Uzunluk mm) ornamentas | Base)
(Dimension yonu
(WidhtxLength (Surface
mm)) ornamentati
on)
Flora Calisma | Flora of | Calisma Calisma Flora of | Calisma Flora of | Calisma Flora of | Calisma sonucu
of sonucu Turkey sonucu sonucu Turkey | sonucu Turkey sonucu Turkey | (Study results)
Turkey | (Study (Study (Study (Study (Study
results) results) results) results) results)
S. aleurites 2-2.5 1.3-1.6 x | Obovoid | Eliptik-ters | Ags1 Yuvarlak- Yok Koyu
1.8-2.0 yumurtams: | (Reticulate) Yuvarlak (Absent) kahverengi
(Elliptic- (Rounded- (Dark brown)
obovoid) Rounded)
S. bombycina 2-2.5 1.5-1.6 x | Obovoid | Eliptik-ters | Dalgali- Kesik- Yok Koyu
2.1-2.2 yumurtamsi | hiicresel Yuvarlak (Absent) kahverengi
(Elliptic- (Undulate- (Truncate- (Dark brown)
obovoid) reticulate) Rounded)
S. 1.4-1.9 x Eliptik-ters | Dalgali- Kesik- Yok Koyu
pseudobombyci 2.0-2.5 yumurtams1 | hiicresel Yuvarlak (Absent) kahverengi
na (Elliptic- (Undulate- (Truncate- (Dark brown)
obovoid) reticulate) Rounded)
S. distans var. | 1.8x1 | 1.3-1.6 x | Obovoid | Eliptik-ters | Agsi- Yuvarlak- Yok Koyu
cilicica 1.8-2.3 yumurtams: | hiicresel Obtus (Absent) kahverengi
(Elliptic- (Reticulate- (Rounded- (Dark brown)
obovoid) cellular) Obtuse)
S. distans var. 1.3-1.5 x Eliptik-ters | Agsi- Yuvarlak- + Koyu
distans 2.1 yumurtams1 | hiicresel Obtus (Sadece kahverengi
(Elliptic- (Reticulate- (Rounded- taban) (Only (Dark brown)
obovoid) cellular) Obtuse) base)
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Sekil 7. Taksonlarin anatomik niceliksel karakterler arasi
korelasyon analizi
Figure 7. Correlation analysis according to anatomical
quantitative characters of taxa
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Sekil 8. Distantes altseksiyonu anatomik niceliksel
karakterler PCA dagilim grafigi
Figure 8 PCA scatter plot according to anatomical

quantitative characters

Cizelge 1. Distantes altseksiyonu anatomik niceliksel
karakterler PCA 6zdegerleri

Table 8 PCA eigenvalues according to anatomical
quantitative characters

PC (Bilegenler) Ozdeger % Varyans

PC (Components) | (Eigenvalues) | (% Variance)
1 3916.5 65.557
2 1860.82 31.148
3 149.183 2.4971
4 47.6802 0.7981

Tiy Yapilarinda Goérilen Farkhiliklar

Taksonlarin goévde orti tlly tipleri birbirine benzer
olup oldukga yogun bir tily 6rtiisiine sahiptir. Salg: tiy
tiplerinde de birtakim benzerlikler ve farkhiliklar
gorilmistiir. Taksonlar arasinda tiy tiplerinde
benzerlik olmasina ragmen tiiy tiplerinin taksonlar
arasinda dagilim yogunlugunda farkhliklar

gorilmustur. C1 tip kapitat salgi; S. bombycina ve S.
pseudobombycina da gévde yapilarinda goériillmezken
yaprak yapilarinda gorilmiustir. Ancak diger
taksonlarin hem gévde hem de yaprak yapilarinda C1
tip tiy bulunmaktadir. C2 tip ise S. aleurites turunde
rastlanmazken diger taksonlarda tespit edilmigtir. C2
tip taksonlar arasinda en az S. distans var. cilicica’da
rastlanmistir. Taksonlarin higbirinde peltat tiiy tipine
rastlanmamagtir.

Nutlet Yapilarinda Goériilen Farkhiliklar

Caligilan  bitin  taksonlarin  nutletleri  koyu
kahverengi olup yine butun taksonlarda karin kismi
iki kenarda diizlesmigtir. Hi¢birinde tiiberkil yapisi
gorulmemistir. S. aleurites’in ylizey ornamentasyonu
ags1 olup, S. distans taksonlarinda agsi- hiicresel yapi
gostermektedir. S. bombycina’ da ise agsi oOzellik
gorillmeyip hiicresel yapi dalgal ozellik
gostermektedir. Nutlet apeks kismi sadece S
bombycina ve S. pseudobombycina’ da kesik (trunkat)
sekildeyken digerlerinde yuvarlak sekildedir. Ayrica
nutlet taban kismi S. distans taksonlarinda obtus
sekilde iken diger Distantes taksonlarinda yuvarlak
sekildedir. Distantes altseksiyonu taksonlarinda
sadece S. distans subsp. distans’ ta kanat yapisi
gorulmiis olup ancak bu kanat yapisi belli belirsiz
sadece taban bélgesinde yer almaktadir. Nutlet karin
yapisl butiin taksonlarda ¢ati yapili olup S. aleurites’
te bu cat1 yapisi belirgin bir sekildedir. S. bombycina
ve S. pseudobombycina ve S. distans subsp. cilicica’da
cat1 yapisi belirsiz ¢ikintili iken S. distans subsp.
distans’ta gikint1 kismi daha belirgindir.

Istatistiki Analiz Sonuglar

Yapilan istatistiksel analizlere gore; anatomik
niceliksel karakterler arasindaki korelasyon Sekil 7’
de gosterildigi gibidir. Buna gore mezofil genigledik¢e
stoma genigliginin de artigi, govde sklerenkima
tabakas1 genigledikge yaprak kiitikulanin da
genigledigi, govde endodermis genigligi arttikca
mezofilin yaprak epidermisin ve stoma genigliginin ise
azaldig1 gorulmektedir. Anatomik niceliksel
karakterlerin él¢iimlerine gore yapilan PCA’ da (Temel
bilesenler analizi) taksonlarin anatomik verileri
degerlendirilmigtir. Buna gore taksonlar arasi
varyasyonun énemli bir kismini 1. bilegsen %65.557 ve
2. bilesen %31.148 ini agiklamigtir. Boylece bu ilk 2
bilesen varyasyonun %96.705 ini agiklarken geri
kalan 2 bilegen ise sadece %3.295 ini agiklamaktadir
(Cizelge 8). Anatomik niceliksel karakterlerin analiz
edilmesi ile elde edilen PCA sonuglarina gore
taksonlarin formasyonu Sekil 8 deki gibidir. Ayrica
taksonlar arasindaki varyasyonu agiklayan en énemli
karakterler; kégelerarasi parankima genigligi, mezofil
genigligi, 6z bolgesi genigligi, iletim demeti genigligi ve
yaprak list epidermis genisgligi oldugu gorilmiistir.
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Sekil 9. Distantes altseksiyonu tiim anatomik ve mikromorfolojik karakterler Gower indeksi kiimeleme analizi
Figure 9. Cluster analysis according to all anatomical and micromorphological characters

Yani bu karakterler Distantes altseksiyonundaki
varyasyonu en 1yl tanimlayan anatomik niceliksel
karakterlerdir.

Daha sonra biitiin karakterler bir arada kullanilarak
kiimeleme (cluster) analizi yapilmistir. Bu analize gore
UPGMA algoritmas1 Gower indeksine gore taksonlar
arasindaki dendogram Sekil 9’ daki gibidir. Buna gore
biitin altseksiyon 3 kiimede siniflanmiglardir.

S. aleurites birinci kiime, S. distans subsp. cilicica ve
S. distans subsp. distans ikinci kiime ve S. bombycina
ile S. pseudobombycina tucgunci klime olarak
gorilmektedir. Bu sinmiflamaya gére birbirlerine en
yakin taksonlar S. bombycina ve S. pseudobombycina
olarak gorilmustur. S. aleurites ise diger taksonlara
en uzak olan taksondur. Ayrica taksonlarin
kiimelenmesi sadece anatomik niceliksel karakterlere
gore yapilan kimelemeden farkli ¢ikmistir. Ancak
niteliksel ve mikromorfolojik verilerle beraber yapilan
kiimeleme morfolojik simiflamaya benzer o6zellikte
gorilmustir.

Bhattacharjee (1980) Distantes altseksiyonunun
bulundugu Olisia seksiyonu hakkinda kseromorfik bir
seksiyon oldugunu séylemektedir. Yapmis oldugumuz
calismada  Distantes  altseksiyonu  taksonlari
c¢ogunlugu hipostomatik  olusu, floemi saran
sklerankimatik sapka yapisi, yogun tily 6rtiisii, yaprak
trake capi, stoma gibi karakterlerin kiigiik olgiide
ozellik gostermesi ve epidermis hiicrelerinin antiklinal
duvarlarinin  kivriimli  olmas1  kseromorfik 6zellik
gosterdigini dogrulamaktadir. Salmaki ve ark. (2011)
baz1 Stachys tirlerinde floemi saran sklerenkimatik
bir sapka yapisi oldugunu belirtmistir. Caligma
neticesinde butin Distantes taksonlarinda bu
sklerenkimatik sapka yapis1 gézlenmis olup yarim ay
seklindedir. Potoglu ve arkadaslar1 (2010) ise, Olisia
seksiyonuna ait diger bir takson olan S. 1berica subsp.
iberica var. densipilosa’nin mezofil tipinin ekvifasiyal,
stoma tipinin ise anizositik oldugunu belirtmiglerdir.
Bizim ¢alismamizda ise butiin turlerimiz bifasiyal
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tipte mezofil 6zelligi gostermekte olup stomalar: ise
diastik tipte diizenlenmistir. Giuliani ve ark. (2012),
Stachys cinsinin Betonica ve Stachys altcinslerinden

farkli tiplerde salg1 tuyleri tanmimlamiglardir.
Yaptiklar:1 calismada Olisia seksiyonuna ait S. annua
subsp. annua’ da peltat tip salgi taylne
rastlamiglardir.  Ancak  yaptigimiz  c¢alismada

Distantes altseksiyonu taksonlarinin hicbirinde peltat
tip (Labiatae tipi) salg1 tiiyiine rastlanmamistir.
Salmaki ve ark. (2008) Iran’ da yayilis gosteren Olisia
seksiyonuna ait S. iberica nutletlerinin agsi yluzeye ve
dar kanat yapisina sahip oldugunu belirtmiglerdir.
Elde ettigimiz bulgulara gére ise Distantes
altseksiyonu taksonlarindan sadece S. distans subsp.
distans taksonunda tabana yakin bolgede darca kanat
yapisina rastlanmasinin yaninda biitiin altseksiyonun
nutlet ylizeyl agsi1 bir yapiya sahip oldugu
gorilmustir. Bunun yaninda Lamiaceae familyasinin
diger familyalarin aksine nutlet 6zelliklerinin 6zellikle
yakindan iligkili turlerde bile yiiksek varyasyon
gostermesi sebebiyle diisik filogenetik degere sahip
oldugu belirtilmistir (Salmaki ve ark. 2008, Satil ve
ark. 2012). Calisilan taksonlarda sonuglar, bu
cikarimla benzer nitelikte olup altseksiyonun
genelindeki ortak ozelliklerden ziyade, taksonlarin
ayirnminda nutlet mikromorfolojik 6zelliklerin tiirleri
ve tur alt1 taksonlar1 ayirmada kullanigh ve faydal
karakterler  oldugu  goérulmustir. Ayrica S
pseudobombycina  tiri  betimlenirken sadece
morfolojik veriler kullanilmistir (Yilmaz ve ark. 2010).
Akgicek ve Giiner (2015) S. pseudobombycina tiirtiniin
S. bombycina’ nin sinonimi oldugunu belirtmiglerdir.
Yapilan ¢alismada S, bombycina ve S
pseudobombycina turleri arasinda sadece anatomik
niceliksel karakterlerinde, o0zellikle gévde kdoseler
aras1 parankima tabakasi kalinligi gibi farkhliklar
gorilmistir. Bunun yaninda tiy ortisiinde tay
tiplerinin gévde ve yaprak gibi bulunduklari
yerlerdeki dagiliminda farkliliklar gorilmiis olup
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diger anatomik ve mikromorfolojik 6zelliklerinin
benzer oldugu goriilmiistir. Bu sebeple genel anlamda
bu iki tiir birbiriyle ¢ok benzer oldugu gorulmustir.

Bu ¢alisma ile Distantes altseksiyonu taksonlarinin ilk
defa anatomik ve mikromorfolojik yénden incelenmesi
yapilmigtir.
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OZET

Bu calismada, Sanliurfa’da dogal yayilis gésteren Araceae dJuss.
Familyasinin  Eminium (Blume) Schott cinsine ait tiirlerinin
morfolojik ve anatomik 6zellikleri incelenmigtir. Sanhurfa’da yapilan
floristik calismada Eminium intortum (Banks & Sol.) Kuntze, .
rauwolffii (Blume) Schott ve K. spiculatum (Blume) Schott’'un dogal
yayilis gosterdigi tespit edilmigtir. Toplanan tirler herbaryum
standartlarina uygun olarak kurutulmus ve morfolojik o6lgiimler
yapilmistir. Yapilan ol¢tiimler ‘Resimli Tiirkiye Florasi’ ve ‘Flora of
Turkey’ ile karsilagtirilmistir. Anatomik ¢alismalar parafin yontemi
modifiye edilerek yapilmigtir. Anatomik calismalarda el kesitleri de
alinmigstir. Calisilan taksonlarin kok, skapa ve yaprak anatomileri
incelenmigtir. Bu calismada ele alinan skape anatomisinde; Z.
spiculatum ve E. intortum’da epidermisin altinda belirli araliklarla
dizilmis kollenkima hiicre kiimeleri gézlenmistir. £. rauwolffirde
kollenkimatik hiicre kiimeleri gozlenmemistir. Yaprak anatomisinde
her t¢ turde de Epidermiste stoma hiicreleri mezomorf ve
amfistomatik’tir. Stoma tipi anomositik ve parasitik stomadir.
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Juss.) Family, Which Shows Natural Distribution in Sanhurfa Region

ABSTRACT

In this study, the morphological and anatomical features of the species
of the genus Emineum (Blume) Schott belong to Araceae Juss family,
were investigated. The floristic study conducted in Sanliurfa showed
that Eminium intortum (Banks & Sol.) Kuntze, £ rauwolffii (Blume)
Schott and Z. spiculatum (Blume) Schott have a natural distribution
in the area.. The collected species were dried according to herbarium
standards and morphological measurements were performed. These
measurements compared to Tllustrated Flora of Turkey 'and' Flora of
Turkey. Anatomical studies were done by modifying the paraffin
method. Hand sections were also taken in anatomical studies. The
root, scape and leaf anatomies of the taxa were studied. Scapa and leaf
anatomy of the Eminium genus were studied for the first time in this
study. In this study, the scape anatomy discussed; in the Eminium
spiculatum and E. intortum, collenchymal cell clusters were observed
at regular intervals under the epidermis. Collenchymatic cell clusters
have not been observed at E. rauwolffii. In all three species of leaf
anatomy, stoma cells in the epidermis are mesomorphic and
amphistomatic. Stoma type was anomocytic and parasitic stoma.
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GIRIS
Tiirkiye Bitkileri Listesi (Damarh Bitkiler) kitabina
gore; Turkiye’de 167 familya, 1320 cins ve bu cinslere

ait

toplam 11707 takson bulunmaktadar.

Taksonlardan 3649 iilkemiz icin endemiktir (Giiner
ve ark., 2012). Tiirk Botanik¢ilerinin yaptig1r yogun
calismalar sonucu Tiirkiye Florastmin 11. cildi (2.ek
cilt) (Giiner ve ark., 2000) hazirlanmistir.
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Araceae (Yilanyastigigiller) familyasi 1789 yilinda
Fransiz botanik¢i Antoine Laurent de dJussieu
tarafindan bilim dinyasina tamtilmigtir. Mayo ve
arkadaslarina gére (1997) Araceae familyas1 105 cins
ve 3300 tiir igerir. Cinslerin yaklagik %90, tiirlerin ise
yaklasik %951 tropikal alanda bulunur (Boyce ve
Croat, 2011). Yilanyastigigiller familyas1 zehirli
bitkiler i¢gremektedir. Biyiik ¢ogunlugu i¢gmekan siis
bitkileridir. Turkiye’de yayilis gosteren en o6nemli
cinsleri, Arum, Biarum ve Eminium, Dracunculus
Mill. ve Arisarum Mill. cinsleridir. Bu c¢alismada
Eminium cinsine ait turler arastirilmistir. Eminium
cinsi Anavatani Tirkiye, Iran, Irak, Israil, Msir,
Suriye, Afganistan, Tacikistan, Kazakistan,
Ozbekistan ve Turkistan’dir (Bown, 1988).

Turkiye Florasina goére Eminium cinsi llkemizde 5
taksonla temsil edilmekte (Davis, 1984) iken 1991
yilinda FEminium koenenianum Lobin & P.Boyce
tirintn bilim dinyasina tanitilmasiyla bu sayir 6
takson’a ¢ikmistir. Tiirkiye Bitkileri Listesi (Giiner ve
ark., 2012) kitabinda Eminium heterophyllum (Blume)
Schott tiirii Resimli Tirkiye Florasinda(Giiner ve
ark., 2018) Eminium rauwolffi (Blume) Schott var.
(Blume) Schott taksonunun

rauwolffii sinonimi
yapilmigtir. Son yapilan revizyon c¢alismasiyla
Eminium cinsinin ulkemizdeki takson sayis1 5
olmustur. Diinyada 1se 7 takson ile temsil

edilmektedir (Lobin & Boyce, 1991; Giiner ve ark,
2018). Ulkemizde dogal yayilis gosteren Eminium
cinsine ait taksonlar; Eminium spiculatum (Blume)
Schott var. spiculatum, E. intortum (Banks & Sol)
O.Kuntze, E. rauwolffii (Blume) Schott var. rauwolffii
(Blume) Schott, E. rauwolffii (Blume) Schott var.
kotschyi (Schott) H.Riedl ve E. koenenianum Lobin ve
P.C.Boyce’dir.

Turkiye'de dogal yayilis goésteren Eminium tirleri
yorede kardi, kari, ziliké ereba, asalan, kurt kulaga,
fise pire isimleriyle bilinir (Alpinar, 1987; Akan ve
ark., 2008; Akan ve ark., 2013).

Eminium ile ilgili yapilmis olan onceki calismalar
arasinda; Riedl (1980), Davis (1984), Lobin ve Boyce
(1991), Mayo ve ark. (1997, Zharylgasina (2010), Tiras
(2011), Afifi ve ark. (2012) ve Akan ve ark. (2013)
gosterilebilir.

Bu g¢alisma Turkiye'nin Guney Dogu Anadolu
Bolgesi’'nde bulunan Sanhurfa y6resinde dogal yayilis
gosteren Eminium taksonlarinin anatomik ve
morfolojik yonden incelenmesini kapsamaktadir. Bu
calismanin ileride yapilacak daha kapsamh Eminium
cinsi ile alakali ¢aligmalara katkida bulunacagini timit
edilmektedir.

MATERYAL ve METOT
Morfolojik Yontem

Sanliurfa yoresinde dogal yayilis gosteren Araceae
familyasina ait Eminium cinslerine ait taksonlari
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2017-2018 vejetasyon donemlerinde farkl
lokalitelerden  toplanmistir. Araziden toplanan
érneklerin yam sira Harran Herbaryumu (HARRAN)
biinyesinde bulunan 6rnekler incelenmigtir.

Eminium i¢in taksonomik deger tasiyan tanimlayici
karakterler belirlenmistir. Yumru sekli, bitki boyu,
yaprak sekli, yaprak ayasi uzunlugu-genisligi, yaprak
damarlanma bi¢imi, yaprak sapi uzunlugu ve ylizey
ozellikleri, spata sekli, rengi, boyutlari, skapa
uzunlugu durumu, spadiks uzunlugu, apendiks sekli,
uzunlugu ve rengi, erkek zon uzunlugu, steril zon
uzunlugu, disi zon uzunlugu taksonlar arasinda
farklilik  gosteren  taksonomik  6neme  sahip
karakterlerdir. Bu karakterlerin incelenen her bir
ornek i¢in aldig1 degerler not edilerek taksonlarin
genel deskripsiyonlar: ortaya c¢ikarilmistir. Tirlerin
betimlemeleri Yildirnrm H., (2018) baz alinarak
diizenlenmisgtir.

Anatomik Yontem

Anatomik c¢aligmalarda cesitli parafin yontemleri
modifiye edilerek kullamilmistir (Johansen, 1940;
Ozban ve Ozmutlu, 1991). Bu yéntemler 6rneklerin
kok, govde ve yaprak kesitlerinin alinmasini, alinan
kesitlerin standart yontemlerle boyanmasi ve kalici
preparatlarin hazirlanmasini igermektedir. Anatomik
calismalarda el kesitinden de yararlanilmistir. El
kesitlerinde ikili boyama yontemi kullanilmigtir. Bu
yontem el kesitlerinde kullanilabilmesi ve renk
farkiyla dokular1 net bir sgekilde ayirt etmesi
bakimindan pratiklik ve kesinlik saglamaktadir. Bu
yontemde, safranin ve fast-green boyalarinin belirli
oranlarda karisimindan olugan ikili boya, hem
monokotil hem de dikotil bitki 6rneklerinde
kullanilabilmekte ve uzun slre oda sicakliginda
bozulmadan saklanabilmektedir (Bozdag ve ark.,
2016). Anatomik kesitler Leica marka mikrotom ile
alinmig preparatlarin 6lgiimi ve fotograflandirilmas:
ise Leica CMS GmbH 1s1k mikroskobu ve Leica kamera
yardimi ile yapilmigtir.

BULGULARI ve TARTISMA
Aragtirma Alaninin Cografik Durumu

Arastirma alani olan Sanliurfa ili David grid sistemine
gore C6, C7 ve C8 karesindedir (Davis 1965-1985).
Sanhurfa ili Guneydogu Toroslarin orta kisminin
gliney etekleri tizerinde yer alir. Dogusunda Mardin,
Batisinda Gaziantep, Kuzeydogusunda Diyarbakir,
kuzeybatisinda Adiyaman, Guneyinde ise Suriye yer
alir. Ortalama yiikselti 518 metredir. Ilin en yiiksek
dagi Karacadag (1938 m)dir (Anonim, 2017).
Arastirma alan1 haritas1 Sekil 1’de verilmigtir.

Sanliurfa’da yayihs gosteren Eminium tiirlerinin
morfolojik ve Anatomik 6zellikleri

1. Eminium intortum(Banks &Sol.) Kuntze (Sekil 2-6).
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Yumrular kuremsi, yaklasik 2,1-4,5 cm c¢apinda.
Yapraklar 2-4 adet; yaprak sapi1 6-25 c¢cm boyunda,
yaprak sap1 tabaninda mor benekli. Yaprak ayas1 3
parcali; orta lop genis ya da dar mizraksidir. Boyutlar:
6-12 cm boy, 2-3,5 cm enindedir. Yan loplar birkag kez
kugiik loplara ayrilir, orta lobun 1/8’i uzunlugundadir.
Skapa 14-37 cm boyunda. Spata 9-16 cm boyunda,
spata ayas1 4-12 boyunda, 4-9 c¢m eninde, mizraksi-
ug¢gensi, dik ya da ige dogru kivrik; spata dig kismi
sarims1 yesil renkte, yogun koyu mor benekler ile
kapl. I¢ kismi kadifemsi ve mor-menekse renkte.
Spata tiipu i¢ kism1 pembemsi fildigi renkte, dig kismi
cizgili bazen mor beneklidir. Spadiks 5-7,6 cm
boyunda. Disi cicek bolgesi 9-16 mm boyunda. Steril
bélge 3-3,5 cm boyunda. Pistilotlar 5-8 mm, beyazimsi-
sari. Erkek c¢icek bolgesinin uzunlugu 7-8 mm.

Apendaj 10-30 X 6-12 mm boyutlarinda, konimsi,
siyaha yakin yada
Meyvelenme durumu kiremsi,
beyaz.

koyu-kahverengi, plruzsiz.
olgunlukta fildisi
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Sekil 1. Arastirma alaninin haritasi

Ciceklenme Zamani: Mart, Nisan
Yetigme Ortami: Taghk yamaglar,
kenarlari

Yetisme Yiikseltisi: 440-1600 m
Tehlike Kategorisi: LR (Lower Risk), az tehdit altinda
Endemizm Durumu ve Yayilisi: Endemik degil.
Tirkiye, Suriye

C7 Sanhurfa: Siverek karacadag etekleri, tarla kenar,
1558 m, 37° 46" 3' K, 39° 47" 54" D. 24.03.2018, Cecen

tarla 1i¢i, yol

1009; ibid., Gobekli tepe, tashk step, 737 m, 37° 13" 2

K, 38° 54' 52" D., 25.03. 2018, Cecen 1010; ibid.,
Karakopru, step, 660 m, 11.04.2015, M. Balos 2000
(Harran U. Herb.)); Ibid., Karaképrii, agik yamaclar,
642 m, 37°13'52'K, 38°47'4'D. 23.03.2018, Cecen 1011;
Ibid., Harran Univ. Osmanbey kampiisii, 04.04.2018,
gézlem!, Tbid., Akcakale yolu yardimer yol ayrimi 1.
km, 07.04. 2018, gozlem!.
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Eminium intortum’un anatomik 6zellikleri
Kok anatomisi

En dista kokin dis ylizeyinde tek sirali epidermis
hiicreleri bulunmaktadir. Epidermisin tizerinde ince
bir kiitikiila tabakasi vardir. Epidermisin altinda 2-3
sirali ekzoderma yer alir. Korteks tabakasi 6-7
tabakalidir, endodermisin korteks tarafina bakan
geperleri kalinlagmigtir. Endodermisin altinda tek sira
halinde ince duvarlh hiicreler olusturan periskl
tabakas1 vardir. Iletim demeti radyal tiptir. Kokiin
iletim demetlerini olusturan ksilem kollar1 sayis1 6-7
dir, poliarktir. Iletim demetlerinin orta bélgesinde 3
merkezi metaksilem vardir. Floem ise ksilem kollar:
arasinda yer alir (Sekil 3).

Skapa anatomisi

Skapanin enine kesitinde dista kutikula tabakasi
ayirt edilmektedir. Kitikula tabakasinin altinda
belirgin tek sirali, kibik ve dikdortgen sekilli
hiicrelere sahip olan epidermis tabakasi bulunur.
Epidermis hiicrelerinin bazi kisimlarinda tek sirali
parankima hiicreleri altinda sklerenkima hiicreleri yer
alirken skapa boyunca sklerenkimanin olmadigi
yerlerde ise epidermis altinda hava bogluklar: yer alir.
Vagkiiler demetler dairesel bir diizende siralidir.
Vaskiiler demetlerinde floem, ksileme gore daha genis
bir alan kaplar. Gévdenin merkezinde, hiicreler arasi
bosluklar1 olmayan kalin c¢eperli c¢okgen sekilli
parankima hiicreleri 6z bélgesini olusturur (Sekil 4).

Yaprak anatomisi

Yaprak enine kesitinde her iki yiizeyinde ince kutikula
tabakasiyla kaplidir. Kitikula hemen altinda tek
sirali epidermis tabakasi yer alir. Alt ve tst epidermis
tabakasi benzer kalinliktadir. Mezofil tabakasinda 3-4
sirali palizat parankimasi ve sonrasinda slnger
parankimasi 5-6 sira halinde bulunur. Mezofilde hava
bosluklar: yer alir. Yaprakta yer yer rafit kristallerine
de rastlanmaktadir. Yapragin her iki ylzeyinde de
stomalar yer alir. Stoma tipi anomositik ve parasitiktir
(Sekil 5-6).

2. Eminium rauwolffii (Blume) Schott var. rauwolffi
(Blume) Schott (Sekil 7-11)

Yumru kiiremsi, 2-5,5 cm ¢apinda. Yaprak sap1 1-10
cm boyunda, benekli degildir. Yaprak ayas1 3 loptan
meydana gelir, orta lob ve iki yan loplu. Orta lob
gelismig, 3-18x1-6 cm boyutlarinda, liggensi yada
dikdortgensi-mizraksi, yumurtams:1 yada yuvarlak-
dikdérgensi, ucu kit veya sivri; yan loplar az gelismis.
Skapa 5-25 cm boyunda. Spata 7-18 cm boyunda; spata
ayasi 4-11 x 2-5 cm boyutlarinda, tiggensi yada eliptik-
mizraksidir. Durusu dik veya u¢ kisimdan hafifge
geriye yatiktir. Dig ylizeyi yesil, benek bulunmaz, ig¢
yuzey koyu mor, kadifemsidir. Spata tipt igte agik
sarimsi, yesil, dista sarimsi-yesil yada yesil renklidir.
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Spadiks 4-11 ¢m boyunda. Apendaj 12-47 x 4-8 mm
boyutunda, silindirik veya hafif konimsi, siyahimsi-
mor renkte; plurizsiz. Disi ¢icek bolgesi 7-16 x 4-8 mm,
steril bolge bolge 16-28 mm boyunda, yukar: kivrik
mor yada hafif pembe mor. Erkek ¢icek bolgesi 5-12
mm boyunda. Sitaminotlar beyaz veya fildisi renginde,

bazen tabanda mor rente, yukar: dogru kivriktir.
Ciceklenme Zamam: Mart, Nisan

Yetisme Ortami: Ekilmemis bos alanlar, tagh yiksek
tepeler, hububat tarlalar

Yetigme Yiikseltisi: 335-850 m

Sekil 2. Eminium intortum, A: gigek goruntusii, B: spata dig goriiniis, C:, meyce D: ¢icegin organlari
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ko

Sekil 3. Eminium intortum kék (A;4x-B;10x); ek: ekzoderma, en: endoderma ep: epidermis, fl: floem, ko: korteks,
ks: ksilem, ku: kutikula, pr: periskl

Sekil 5. Eminium intortum yaprak enine kesit (A;4x-B;40x); Aep: alt epidermis, ku: kutikula, hk: hava keseleri,
kr: rafit kristal, vd: vaskuler demet, Uep: list epidermis, sp: singer parankimasi, pp: palizat parankimasi
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Sekil 6. Eminium intortum stoma dagilis ve gériiniisleri (A;10x-B;40x); st stoma

Endemizm Durumu ve Yayilisit Endemik degil.
Suriye, Iran, Irak, Filistin

Populasyon durumu: Sanliurfa’da popiilasyonu en
yaygin Eminium tiridur.

C7 Sanhurfa: Birecik, Arat dagi, tashk yamaclar, 830
m, 37°3'38 K, 38°7'42 D., 22.03.2018, Cecen 1012;
ibid., Birecik, 446 m, 37°1'36' K, 38°0'23 D. 2018,
Cecen 1013, Ibid., Ceylanpinar civari, 10 iv 2003, 1.
Eker 464 (Harran U. Herb!), Ibid., Karaképri-Masuk
yakini, step, 650 m, 18.6. 2015, M. Balos 2004
(Harran Univ. Herb.!), Ibid, Masuk yakin, step, 650
m, 18.04.2015, M. Balos 2015 (Harran Univ. Herb.)),
Ibid, Susuz Daglan, .I'_'T(;konak koéyl gluneyindeki
tepeler, 25.04.2003, I. Eker 548 (Harran Univ.
Herb.!), ibid, Tektek Daglari, Bagsakli koyii civari, 27
ii 20083, 1. Eker 324 (Harran U. Herb.!), Ibid., Tektek
Daglar;, Karakug koyi, 04 iv 2003, I. Eker 433
(Harran U. Herb.!), Ibid., Tektek Daglari, Ugurlu
kéyd batisy, 16 iv 2003, I. Eker 501 (Harran U.
Herb.!).

Eminium rauwolffii (Blume) Schott var. rauwolffi
(Blume) Schott’nin anatomik ézellikleri

Kok anatomisi

En dista kokin dis yiizeyinde tek sirali epidermis
hiicreleri bulunmaktadir. Epidermisin tizerinde ince
bir kutikila tabakasi vardir. Epidermisin hemen
altinda korteks tabakasi gelmektedir. Bu tabaka 8-
10 katmanli parankimatik hicrelerden olusur.
Endodermisin korteks tarafina bakan ¢eperleri
stuberinlegmigtir. Endodermisin altinda tek sira
halinde ince duvarli hiucreler olusturan periskl
tabakas1 vardir. Tletim demeti radyal tiptir. Kokiin
iletim demetlerini olugturan ksilem kollar1 sayis1 7-8
kolludur, poliarktir. Iletim demetlerinin orta
bélgesinde 1-2 merkezi metaksilem vardir. Floem ise
ksilem kollar1 arasinda yer alir (Sekil 8).

Skapa anatomisi
Skapanin enine kesitinde digta ince bir kiitikula
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tabakasi ayirt edilmektedir. Kiitikula tabakasinin
altinda belirgin tek sirali hiicrelere sahip olan
epidermis tabakasi bulunur. Epidermis hiicrelerinin
baz1 kisimlarinda tek sirali parankima hicreleri
altinda sklerenkima hiicreleri yer alir. Hiicre arasi
hava bosgluklar1 yer alimaz. Vaskiler demetler
dairesel bir diizende siralidir. Vaskiiler demetlerinde
ksilem, floeme gore daha genis bir alan kaplar.
Govdenin merkezinde, hicreler arasi bosgluklar
olmayan kalin c¢eperli ¢okgen sekilli parankima
hiicreleri 6z bélgesini olusturur (Sekil 9).

Yaprak anatomisi

Yaprak enine kesitinde her iki ylizeyinde ince
kutikula tabakasiyla kaphdir. Kitikula’nin hemen
altinda tek sirali epidermis tabakasi yer alir. Alt ve
ust epidermis tabakasi birbirine yakin kalinliktadir.
Mezofil tabakasinda 2-3 sirali palizat parankimasi ve
sonrasinda siinger parankimasi bulunur. Palizat
parankimas1 ve siinger parankimasi arasinda belli
araliklarla vaskiiler demetler ayirdedilmektedir.
Hiucreler arasi genis hava bogluklar1 yer alir.
Yaprakta yer yer rafit kristallerine de
rastlanmaktadir. Yapragin her iki yiizeyinde de
stomalar yer alir. Stoma tipi anomositik ve
parasitiktir (Sekil 10-11).

3. Eminium spiculatum (Blume) Schott (Sekil 12-16)
Yumru basik kiiremsi 2-6 ¢m ¢apinda. Yaprak sapi
12-38 cm, mor benekli yaprak ayas: pargalidir. Orta
lob dikdértgensi-mizraksidir.Yan loblar iyi geligmis,
derin parcalara ayrilir, her bir yan lop birkag¢ kez
daha kuguk loplara ayrilir. Yaprak ayasi 2-13 cm
boyunda 0,5-2 cm enindedir. Skapa 6-24 cm
boyundadair.

Spata 7-20 cm boyunda, dista agik yesil yada mor
benekli, ¢ogunlukla kirmizimsi-mor benekli. Spata
tupl dista agik yesil yada yogun mor benekli i¢te agik
sarimsi yesil, kirmizimsi-mor renktedir. Spata ayasi
5-13 x 2,5-10 cm boyutlarinda, etli, genis dikdérgensi
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yada genis yumurtamsidir.

Spata dista yesil, bazen koyu mor benekli, icte
siyahims1 mor veya koyu kirmizi-kahverengi,

prizli. Spadiks 7-12 em boyunda. Disi ¢icek bolgesi
7-14 mm, steril bolge yukar: dogru kivrik, sar1 veya
acik sar1 renkte 2-4 cm, erkek ¢icek bolgesi 5-13 mm
boyundadir. Apendiks 21-56 X 4-11 mm boyutlarinda,
siyahimsi-mor yada agik sarimsi-kahverengi renkte,
yuzeyli burusuk-sigilli, silindirik yada eliptik-
silindiriktir.

Ciceklenme Zamani: Nisan, Mayis

Yetisme Ortami: Tash stepler, kirectash tepeler,
hububat tarlalar

Yetigme Yukseltisi: 470-750 m

Endemizm Durumu ve Yayiligit Endemik degil.

T " -~ B
o :

Tirkiye, Suriye, Iran

Populasyon durumu: Sanhurfa’da bulundugu
bolgelerde popiilasyonu en az olan Eminium
taradur.

C7 Sanlurfa: Kabahaydar civari, Yenice koyii, bagici,
623 m, 19 iv 2015, M. Balos 2003 (Harran Univ.
Herb.!); Ibid.,Akziyaret koyii, kéye varmadan 3 km
tarla ic¢i, 683 m, 37° 22' 17 " K, 38° 47" 16 " D,
22.03.2018, CECEN 1014; Ibid., Ceylanpinar civar,
10 iv 2003, 1. Eker 465 (Harran U. Herb.);
Ibid.,Kabahaydar civari, Yenice Koyii, Bagici, 623 m,
19 iv 2015, M. Balos 2003 (Harran Univ. Herb.!),
Ibid., Tektek Daglari, Karakus Koyt 2 km giineyi, 14
iv 2003, I. Eker 473 (Harran Univ. Herb.!).

Sekil 8. Eminium rauwolffii kok (A;4x-B;10x); ek: ekzoderma, en: endoderma ep: epidermis, fl: floem, ko: korteks,

ks: ksilem, ku: kutikula, pr: periskl
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Sekil 9. Eminium rauwolffii var. rauwolffi skapa ( A;4x-B;10x); ep: epidermis, fl: floem kp: korteks parankimasi,
kl: kollenkima, ks: ksilem, ku: kutikula, vd: vaskiiler demet

t .e%’ oM
X o r
Sekil 10. Eminium rauwolffii var. rauwolffi yaprak enine kesit (A;4x-B;40x); Aep alt epidermis, ku: kutikula, hk:
hava keseleri, kr: rafit kristal, vd: vaskiiler demet, Uep: iist epidermis, sp: siinger parankimasi, pp:

palizat parankimasi

Sekil 11. Eminium rauwolftii var. rauwolfti stoma daglhs ve gorunuslerl (A,10x B;40x); st stoma
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Sekil 13. Eminium spiculatumkok (A;4x-B,10x); ek: ekzoderma, eniendodéfma ep: pidermis, fl: floem, ko: korteks,
kst ksilem, ku: kutikula, pr: periskl

rx AT ]
f’*f%f e

- 2805

Sekil 14.. Eminium épjc;]atum skaba A
kollenkima, ks: ksilem, ku: kutikula, vd: vaskiiler demet
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Sekil 15.

Eminium spiculatum yaprak enine kesit (A;10x-B;40x; Ae alt

N
o '\

P,
| d

N
epidermis, ku: kutikula, hk: hava

keseleri, kr: rafit kriistal, vd: vaskiiler demet, Uep: iist epidermis, sp: siinger parankimasi, pp: palizat

parankimasi

Sekil 16. Eminium spiculatum stoma dagilis ve goriiniisleri (A;10x-B;40x); st* stoma

Eminium spiculatum’un anatomik 6zellikleri
Kok anatomisi

En digta kékin dis yluzeyinde tek sirali epidermis
hiicreleri bulunmaktadir. Epidermisin lizerinde ince
bir kiitikiila tabakasi vardir. Epidermisin hemen
altinda korteks tabakasi gelmektedir. Bu tabaka 9-10
katmanh parankimatik hiicrelerden olusur.
Endodermisin korteks tarafina bakan c¢eperleri
stiberinlesmistir. Endodermisin altinda tek sira
halinde ince duvarh hiicreler olusturan periskl
tabakas1 vardir. Iletim demeti radyal tiptir. Kokiin
iletim demetlerini olusturan ksilem kollar1 sayis1 8
kolludur, poliarktir. Iletim demetlerinin orta
bolgesinde 1 merkezi metaksilem vardir. Floem ise
ksilem kollar1 arasinda yer alir (Sekil 13).

Skapa anatomisi

En dista tek sirali bir epidermis tabakas:
bulunmaktadir. Epidermis hiicreleri dikdértgen ve
kiibik sekillidir. Epideral hiicrelerin dis ylizeyinde
kutikula tabakasinin  varhgi ayirt edilebilir.
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Epidermisin altinda belirli araliklarla dizilmig
kollenkima hiicreleri yer alir. Hiicre arasi bogluklara
sahip olmayan ince duvarli ¢okgen ve dairesel ¢ok
sirall parankima hiicrelerden olugsan korteks tabakasi
bulunmaktadir. Vaskiiler demetler skapada daginik
sekilde bulunmaktadir. Vaskiiler demetlerde Floem,
ksilem'den daha genis bir alanda gézlemlenir. Rafit
kristalleri gézlenmemistir (Sekil 14).

Yaprak anatomisi

Alt ve ust epidermis tabakasi birbirine yakin
kalinhiktadir. Mezofil tabakasinda 3-4 sirali palizat
parankimasi ve sonrasinda slinger parankimasi
bulunur. Palizat parankimasi ve siinger parankimasi
arasinda belli araliklarla vaskiler demetler
ayiwrdedilmektedir. Hiicreler arasi genis hava
bogluklar: yer alir. Yaprakta yer yer rafit kristallerine
de rastlanmaktadir. Yapragin her iki ytizeyinde de
stomalar yer alir (Sekil 15).

Yaprak orta damarda ve mezofilde asagidaki

elementler gézlenmistir; yaprakta ustte tek sirali izeri
ince bir kiitikula ile 6rtili epidermis bulunmaktadir.
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Ust epidermis alt epidermis ile ayni kalinliktadir.
Epidermiste Stoma hiicreleri epidermis hiicreleri ile
ayn1 seviyede bulunur (mezomorf). Yapragin hem alt
hem de st ylzeyinde stomalar bulunur
(amfistomatik). Stoma bekei hiicreleri 4-5 yardimci
hiicre ile ¢evrelenmistir. Tipi anomositik ve parasitik
stomadir. Epidermis altinda mezofilde palizat ve
siinger parankimasi bulunur (bifasiyal tip yaprak).
Ust epidermisin altinda bulunan palizat parankimasr,
uzun ve sindirik sekillidir. Palizat parankimasi 3-4
sirali olarak sekilde diizenlenmigtir. Palizatin altidan
bazen tam olarak farklilasmamis bazen daha belirgin
sekilde Siinger parankimasi ise 8-9 sirali olarak

gorilmustir. Palizat parankimasi ve silinger
parankimas1 arasinda Dbelli araliklarla wvaskiler
demetler ayirdedilmektedir. Mezofilde kristallere

rastlanmigtir. Kristaller rafit tipindedir.

Iletim demetleri belirgindir ve farkll biyiiklikte
parankima hicelerinden olugsan demet kimi ile
sarihdir. Ustte ksilem altinda floem olarak
diizenlenmistir (kolletral tip). Orta damarda iiste tek
sirali bir epidermis, hemen altida 2-3 sirali kollenkima
bulunmaktadir. Kollenkimanin altinda 2-3 sira
parankima dokusu gelmektedir. Hemen altida iletim
demeti gelir . Ustte ksilem altinda floem olarak
diizenlenmistir(kolletral tip) floemin altinda 1-2 siral
parenkima tabakasi gelip onun hemen altidan 5-7 sira
kollenkima bulunur. Kollenkimanin altinda ise alt
epidermis gelmektedir (Sekil 16).

SONUC

Bu c¢alisma ile Sanhurfa'da yayihs gosteren Eminim
tirlerinin  morfolojik ve anatomik ozellikleri
verilmigtir. Eminium tlrlerine ait arastirma
alanindan elde edilen morfolojik karakterlerin
sonuclar1 Resimli Turkiye Floras: ve Flora of Turkey
ile karsilastirilarak Cizelge 1’de verilmigtir.

Cizelge 1’de Flora of Turkey ile spata, spata tipu,
steril bolge ve meyve bakimindan farklihiklar
goriliirken, Resimli Turkiye Flora’siyla benzerlikler
gorilmustir.

Eminium tirlerine ait arastirma alanindan elde edilen
morfolojik karakterlerin sonucglari Resimli Turkiye
Floras1 ve Flora of Turkey ile karsilatirilarak Cizelge
2’de verilmisgtir.

Eminium tirlerine ait arastirma alanindan elde edilen
morfolojik karakterlerin sonucglari Resimli Turkiye
Florasi ve Flora of Turkey ile karsilatirilarak Cizelge
2’de verilmigtir.

Cizelgede 3'de goruldiuga gibi Flora of Turkey ile
apendiks bakimindan farkliliklar gérilurken, Resimli
Tirkiye Flora’siyla benzerlikler gorilmiistiir.

Eminium tirlerinin anatomisinin karsilagtirilmasi

E. spiculatum, E. intortum ve E. rauwolfil turlerinin
kok anatomisinde digta tek sirali epidermis hiicreleri
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ve onun epidermisin tizerinde ince bir kiitikila
tabakas1 yer alir. E. rauwolftii ve E. spiculatunida
Epidermisin altinda 3-4 siraly, £. intortumda 2-3 sirali
ekzoderma yer alir. E. intortunm’da korteks tabakasi 6-
7, FE. spiculatum’da ve E. rauwolfirde 7-8
tabakalidir.Endodermisin korteks tarafina bakan
geperleri her ii¢ tiirde de kalinlagmigtir. Endodermisin
altinda tek sira halinde ince duvarli hicreler
olugturan periskl tabakasi vardir. Iletim demeti radyal
tiptir. Kokiin iletim demetlerini olugturan ksilem
kollar1 sayis1 E. spiculatunida 8, E. rauwolfirde 7-8 E.
intortum’da 7 kolludur, poliarktir. Iletim demetlerinin
orta bolgesinde E. spiculatum ve E. rauwolfirde bir
veya daha fazla, E. intortun’da ise 3 metaksilem
vardir.

Skapa anatomisinde her g tirde de en dista tek sirali
bir epidermis tabakasi bulunmaktadir, epidermisin
ustiinde ince bir kitikula tabakasi yer alir. E.
spiculatum ve FE. intortum’da epidermisin altinda
belirli araliklarla dizilmis kollenkima hicre kiimeleri
gozlenmis FE. rauwolffirfde kollenkimatik hiicre
kiimeleri gézlenmemistir. Her ti¢ tiirde de hiicre arasi
bogluklara sahip olmayan ince duvarli ¢okgen ve
dairesel ¢ok sirali parankima hiicrelerden olusan
korteks tabakasi bulunmaktadir. Iletim demetleri
skapade daginik gsekilde bulunmaktadir. Her ¢ tiirde
de floem, ksilem'den daha genis bir alanda
gozlemlenir. Her g tirde de yaprakta ustte tek sirali
uzeri ince bir kutikula ile oOrtali epidermis
bulunmaktadir. Ust epidermis alt epidermis ile ayni
kalinliktadir. Epidermiste stoma hiicreleri epidermis
hiicreleri ile ayni seviyede bulunur (mezomorf).
Yapragin hem alt hem de st ylizeyinde stomalar
bulunur (amfistomatik). Stoma tipi anomositik ve
parasitik stomadir. Epidermis altinda mezofilde
palizat ve siinger parankimasi bulunur (bifasiyal tip
yaprak). Ust epidermisin altinda bulunan palizat
parankimasi, uzun ve sindirik gsekillidir.

Palizat parankimasi1 FE. spiculatum’da 3-4 sirali E.
Intortum’da 4-5 swrall, E. rauwolffirde 3-4 swralidir.
Palizatin altidan bazen tam olarak farklilagsmamisg
bazen daha belirgin sekilde Stinger parankimasi ise .
spiculatum’da 8-9 swali, FE. intortum’da 5-6 F.
rauwolffifde 3-4 swralidir. Palizat parankimasi ve
singer parankimasi arasinda belli araliklarla
vaskller demetler ayirdedilmektedir. Mezofilde
kristallere rastlanmigtir. Kristaller rafit tipindedir.
Iletim demetleri belirgindir ve farkli biiyiiklikte
parankima hiicrelerinden olusan demet kim ile
sarihdir. Ustte ksilem altinda floem olarak
diizenlenmistir (kolleteral tip).

FEminium cinsi Gizerinde yapilmig anatomik ¢alismalar
sadece kok ile simirli kalmistir. Tiras (2011)a gore
kokiin iletim demetlerini olusturan ksilem kollar
sayis1 K. spiculatum 5-6, E. intortum 6, E. rauwolfirde
9 kolludur.
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Cizelge 1. Eminium intortum morfolojik 6zelliklerinin diger calismalarla karsilastrilmas:

mm, koyu kestane rengi
veya siyahimsi-mor ek

silindirik silindiriktir

siyah yada koyu-kahverengi

Kargilagtirilan Flora of Turkey (Davis, | Resimli  Tiirkiye Floras: | Bu arastirmanin sonuglari
karakterler 1984) (Giiner ve ark., 2018)
Tuber Yumrular globose 25 x 23- | 2,5-4 cm 2,1-4,5 cm
32 mm
Yaprak sap1 11-18 cm 7-22 cm 6-25 cm
Yaprak ayasi 4.5-8x 2.5-3 cm 7-10 X 2-3,5 cm 6-12 X 2-3,5 cm
Skapa 6-15 cm 16-34 cm 14-37 cm
Spata 10-15 cm 9-16 cm
Spata tiipii Dista boyuna ¢izgili, acik yesil | Dista boyuna ¢izgili, bazen
bazen acik mor benekli actk mor Dbenekli, igte
pembemsi fil digi
Spata ayasi i¢ ve dig Diiz, yesil disinda, | Dista boyuna cizgili | Ic¢te kadifemsi ve mor-
cikolata mor bordo ve | yukarilarda acik yesil, icte | menekse renkte
kadife yumusak i¢ pembemsi Digsta sarimsi yesil, yogun
koyu mor beneklerle kaph
Spadiks 5-8 cm 6-7,5 cm 5-7,6 cm
Spadiks steril zon 20-24 mm 3-3,5cm 3-3,5 cm
Spadiks erkek zon 7-8 mm 7-8 mm 7-8 mm
Spadiks disi zon H-13 mm 10-15 mm 9-16 mm
Steril ¢icek durumu Beyazimsi sar
Meyve Kiremsi olgunlukta fildisi
beyaz renkte
Apendiks Hafifce konik, 8-32 x 3-3,5 | Konimsi, ylzeyl pirizsiz, | Konimsi, siyaha yakin ya da

koyu kahverengi, ylzeyi

puruzsiz

Cizelge 2. Eminium rauwolftii morfolojik 6zelliklerinin diger calismalarla karsilastrilmas:

yarisinda beyazimsi

acik sarimsi-yesil

Kargilagtirilan Flora of Turkey (Davis, | Resimli Tiirkiye Florasi | Bu aragtirmanin sonuglar
karakterler 1984) (Giiner ve ark., 2018)

Tuber 40 x 20-30 mm 2-5 cm 2-5,5 cm

Yaprak sap1 9-17 cm 1-9 cm 1-10 cm

Yaprak ayasi 6.5-13.5x 2-4 (-14) cm 3-15x 1-5cm 3-18 X 1-6 cm

Skapa 5-19 cm 5-23 cm 5-25 cm

Spata 8-16 x 2-6,5 cm 7-18 cm 7-18 cm

Spata tiipi Morumsu iste yakin, tst | Digta sarimsi-yesil, icte | I¢te acik sarims: yesil, dista

sarimsi yesil ya da yesil

Spata ayas1i¢ ve dig | Oval-hancger ovate, | Dik veya geriye yatik, | Dis yilizeyi yesil, benek
genellikle spadiks, yesil | beneksiz, 1i¢ siyah-mor | bulunmaz, i¢ yuzeyi koyu
disinda, maroon ve | plruzsiz mor, kadifemsidir
puruzsiiz i¢ tizerinde kivrik
i¢ ige

Spadiks 4.5-7 cm 4-10 cm 4-11 cm

Spadiks steril zon 12-20 mm 18-27 mm 16-28 mm

Spadiks erkek zon 5-9 mm 6-11 mm 5- 12 mm

Spadiks digi zon 10-20 mm 7-14 x 4-7 mm 7-16 X 4-8 mm

Steril ¢icek durumu

Sert degil, konik, silindirik

Diizdin dagilimli, yukar

Yukar1 dogru kivrik, mor ya

Meyve

yonli

da hafif pembe mor

Apendiks

Konik, silindirik, siyah-
mor-koyu mor bordo, kisa
stireli veya sapsiz

Silindirik basik konimsi,
siyah mor plriizsiiz

basik
mor

Silindirik  ya da
konimsi, siyahimsn
renkte, plriuzsiz
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Cizelge 3. Eminium spiculatum morfolojik 6zelliklerinin diger ¢alismalarla karsilastrilmas:

boyali, dista acik yesil mor
benekli

Karsilagtirilan Flora of Turkey Resimli Tiirkiye Florasi Bu aragtirmanin sonuclar

karakterler (Davis, 1984) (Giiner ve ark., 2018)

Tuber Basik-globose 2-5,5 cm 2-6 cm

Yaprak sap1 17-31 cm 10-40 cm 12-38 cm

Yaprak ayasi 7-9x 9-16 cm 5-13,5 cmX 0,5-3 cm 2-13 cm X 0,5-2 ¢cm

Skapa 17 cm 5-22 cm 6-24 cm

Spata 7-20 x 4-10 cm 7-18 cm 7-20 cm
Ayasi belirgin kabarcikly, sigilli | Ayas1 belirgin kabarcikli,
yapida sigilli yapida

Spata tiipi Benekli Icte ack sarmst  yesil | Digta acik yesil ya da yogun
gogunlukla kirmizimsi1 mor | kiigiik mor benekli

Spata ayasi i¢ ve dig

Genis, mor benekli

Cogunlukla geriye yatik ve dik

Dista yesil, bazen koyu mor

yatik, etli, seffaf sivilceli, kirig | benekli, igte siyahimsi
kirig, dis koyu yesil, i¢ | plrizli
siyahims1 mor

Spadiks 10-11 cm 7-11 cm 7-12 cm

Spadiks steril zon 35-40 (-60) mm 2,1-4 cm 2-4 cm

Spadiks erkek zon 11-12 mm 5-12 mm 5-13 mm

Spadiks disi zon 12-14 mm 8-15 mm 7-14 mm

Steril ¢icek durumu

Genis silindirik, koyu
mor, kisa siirede ¢oker

Yukari dogru kivrik, sar1 veya

Yukari dogru kivrik, sari

acik sari

veya agik sari

Meyve -

Apendiks - Silindirikal veya dar eliptik | Silindirik yada dar eliptik,
silindirik, siyahimsi  mor, | siyahimsi  mor, ylzeyi
yuzeyi sivilceli burusuk sivileeli buruguk

Bu calismada ksilem kollar1 sayis1 £. spiculatum’da 8, kiimeleri  gozlemlenmistir. Bu c¢alismada £

E. rauwolfirde 7-8, E. Intortum’da 6-7 kolludur,
poliarktir. Farkhiligin sebebi Tiras (2011)de E.
spiculatum olarak teghis edilmis olan tirin yanlis
teshis edilmesinden kaynaklanmaktadir. Dogrusu £.
Intortum olacaktir. E. intortum olarak teghis edilen
tur ise K. rauwolfii var. kotschyrdir. E. rauwolftii var.
kotschyi olarak teghis edilen takson da F£. rauwolfii
var. rauwolfii olacaktir. E. spiculatum turi ise aslinda
calistlmamigtir. Yanhs teshis sonucu bir ¢ok tiir
birbirinin yerini almigtir. Bu da bizim ¢alismamiz ile
Tiras (2011) calismasinin farkli sonuclar vermesine
neden olmustur.

Yapilan literatir arastirmalarinda Araceae
familyasindan Biarum tiri tzerinde anatomik bir
calisma yapilmistir ( Akyol ve ark., 2018). Bu
calismada yapilan B pyrami (Schott) Engl. var.
pyraminin kok anatomisinde ksilem kollar: sayis1 4-5,
B. marmariense (P.C. Boyce) P.C. Boyce tiiriinde ise
ksilem kollar1 sayis1 6-8 oldugu belirtilmistir. Bu
calismada ise ksilem kollar1 sayis1 £. spiculatum’da 8,
FE. rauwolfirde 7-8, E. intortum’da 6-7'dir. Her 1ki
calismada da Skapa anatomisinde iletim demetleri
skapada monokotil bitkilerin bariz 6zelligi olan
daginik sekilde dizilmislerdir. Akyol ve ark. (2018)
calismasinda B. pyrami var. pyrami ve B.
marmariens€de  epidermis altinda  kollenkima
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spiculatum ve FE. intortum’da epidermisin altinda
belirli araliklarla dizilmis kollenkima hiicre kiimeleri
gozlenmis FE. rauwolffirfde kollenkimatik hiicre
kiimeleri gozlenmemistir. Akyol ve ark. (2018)’e gére
B. marmariense de parasitik stoma tipi gézlenirken B.
pyrami var. pyramide anomositik stoma tipi
kaydedilmigtir. Bu c¢alismada her ¢ tirde de
anomositik ve parasitik stoma’ya rastlanmagtir.
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OZET Aragtirma Makalesi
Turlerin korunmasi1 amaciyla diinyada kabul gérmiis birincil strateji

korunan alanlarin ilanmidir. Bu kategorilerin digsinda devlet Makale Tarihgesi
kurumlarinin bulundugu alanlar ya da Cukurova Universitesinde Gelis Tarihi  :18.03.2019

oldugu gibi, {iiniversite yerleskeleri de biyolojik c¢esitliligin Kabul Tarihi :11.09.2019
korundugu/korunabilecegi o6nemli alanlardir. Arastirma alanin ;

olusturan Cukurova Universitesi Yerlegkesi, 1 977.26 hektarlik bir A?ahtf“.r Kel?m.e.ler

alami kapsamaktadir. Bu alan zengin biyolojik cesitlilige sahip B1y0103.1k ggsﬁhhk
olmasina ragmen, artan yapilagsma siireci tehdidi altindadir. Bu Raunklaer'm h'ayat fqrmlarl
gercekten hareketle calismanin amaci, Cukurova Universitesi Synantropizm indeksi
Yerleskesinde artan egitim o6gretim dokusu kapsamindaki

yapilasmalarin flora {zerine etkilerinin belirlenmesidir. Amaci

dogrultusunda arastirmada ilk olarak yerleskenin 1987 yili ile 2018

yili alan kullamimlar1 ArcGIS 10.0 bilgisayar yazilimi ile

siiflandirilmistir. Arazi ¢calismalar: kapsaminda elde edilen veriler

dogrultusunda bitkiler, 6ncelikle Raunkiaer’in hayat formlarina gore

siniflandirilmig, yerleskede endemizm oranmi saptanmis ve daha

sonra yerleskenin antropojenik degisim derecesi saptanmigtir. Basta

endemik turler olmak tizere bircok bitki turt i¢in habitat olan

alanlarin  egitim G6gretim dokusu i¢in yapilagsmaya acildigi

belirlenmigtir.

Determination of the Effect of Increasing Settlement on Flora in Cukurova University Campus

ABSTRACT Research Article

The primary strategy adopted in the world for the protection of the

species 1s the declaration of protected areas. Besides these Article History

categories, university campuses like Cukurova University are also Received - 18.03.2019
important areas where biological diversity can be protected / Accepted ©11.09.2019

maintained, as well as in areas where government institutions are
located at. Cukurova University Campus, which constitutes the
research area, covers an area of 1 977.26 hectares. Although this
area has rich biodiversity, it is threatened by an increased
structuring process. The aim of this study is to determine the effects
of the buildings on the flora of the Cukurova University Campus in
the context of increased education and training. In line with its
objective, the campus' 1987 land uses and 2018 land uses were
classified by ArcGIS 10.0 computer software. In line with the data
obtained in the scope of area studies, plants were classified primarily
according to the life forms of Raunkiaer, was determined to the rate
of endemism on campus, and then the degree of anthropogenic
change of the campus was determined. It has been determined that
the areas that are habitats for many plant species, especially
endemic species, are opened to construction.

Keywords

Biological diversity
Raunkiaer life forms
Synantropizm index
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GIRIS

Hizla geligen teknolojinin bilingsiz kullanimi, sanayi
devrimi ile fosil yakit kullanimindaki artig, artan
nifus ve buna paralel olarak artan ve degisen
tiketim aligkanhklar1 ile kentlesme gibi insan
etkinlikleri sonucu diinyada var olan dogal denge,
doganin aleyhinde hizla degismektedir (Yiicel, 2005).
S6z konusu olumsuz degisimler ilk baglarda hava, su,
toprak ve gurulta kirliligi gibi gesitli ¢evre sorunlari
ile sonuclanirken; giiniimlzde tirlerin ve yasam
alanlarinin varliginin tehlikeye girmesi ve/veya yok
olmasi olarak ciddi boyutlara ulagmistir.

Dogada stregelen insan baskisinin olumsuz etkilerini
onlemek amaciyla turlerin ve yasam alanlarinin,
buna ek olarak kiltiirel, jeolojik, arkeolojik ve tarihi
degerlerin korunmasi1 gerekliligi fikri olugsmustur
(Demirel, 2005). Bu fikir geregi olusturulan korunan
alanlar Giilez (1992)in de belirttigi gibi, tehlike
altinda, nadir ve ender bulunan tirler ile yasam
alanlarinin  korunmasimi saglayarak; dinyadaki
ekolojik dengenin ve silireclerin devamliligini garanti
altina almay1 amacglamaktadir. S6z konusu amacin
gerceklestirilmesinde ise korunan alanlarin sayica ve
alansal olarak arttirilmasi tim tlkelerce birincil
strateji olarak kabul edilmis ve 100 yili agkin bir
stiredir birbirinden farkli koruma kategorileriyle
korunan alanlar ilan edilmistir (Chape ve ark., 2005;
Liu ve ark., 2010; Lu ve Qu, 2018, Hummel ve ark.,
2019).

Kilturel ve biyolojik cesitlilik agisindan ¢ok zengin
olan ulkemizde ise biyolojik ¢esitlilik, milli parklar,
doga koruma alanlari ve dogal sitler gibi 10 farkl
kategoride 60 yilin lzerinde bir  suredir
korunmaktadir. 27 Aralik 1996 tarihinde Biyolojik
Cesitlilik Sozlesmesine de taraf olan tilkemizde,
biyolojik gesitliligin korunmasi amaciyla
gerceklestirilen alansal koruma c¢alismalari, korunan
alanlarin sayica arttirilmasiyla devam etmektedir.
Ancak biyolojik c¢esitliligin korunmasinda sadece
koruma altina alinmig alanlar degil, hentz bir
koruma statisii olmayan, buna ragmen yilksek
diizeyde biyolojik c¢esitlilige sahip olup korunmasi
gerekli alanlar da bulunmaktadir. Ulkemizde
ozellikle devlet kurumlarinin bulundugu alanlar ve
Cukurova Universitesi Yerlegkesi gibi tiniversite
yerlegkeleri de dogru planlama streci ile biyolojik
cesitliligin korunmasina katki saglayacak o6nemli
alanlardandir.

Aragtirmaya konu olan Cukurova Universitesi
Yerlegkesi, Adana kentinin kuzeyinde Seyhan Baraj
Golu kiyisinda yer almasi, sinirlari iginde degisken
topografik yap1 oOzelliklerine sahip olmasi, Yaban
Hayat1 Gelistirme Sahasi1 sinirlari icerisinde yer
almas1 ve en oOnemlisi de kentlesme baskisindan
korunmus olmasi gibi nedenlerle biyolojik cesitlilik
acisindan oldukga zengindir. Yerlegskenin dogal yapisi
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kapsaminda yapilan 6nceki ¢alismalar da yerleskenin
zengin biyolojik gesitliligini kanitlamigtir.
Yerleskenin ilk kuruldugu yillarda Tiirkmen (1987)
tarafindan yapilan arastirma sonuclarina goére
yerleskede 67 familya ve 265 cinse ait 415 bitki tiiri
saptanmig, ayrica tirlerin habitat ve yasam formlar:
agisindan cesitliligine de vurgu yapilmistir. Unal
(1995), dogal bitki ortiisiiniin rejenerasyon siireci
icerisinde ortaya ¢ikan bitki taksonlarinin sosyolojik
ozellikleri konusunda detayh arastirmalar
gerceklestirerek, yerleskedeki agaclandirma
alanlarini; ibreli tiirler ve yaprakl turler olmak tizere
iki  smifta saptamistir. Gocitk  (1996)  ise
gerceklestirdigi arastirmasinda yerleskenin soganl,
yumrulu ve rizomlu tirler bakimindan da
zenginligini ortaya koymustur. Gévrek (1997);
Altunkasa ve ark. (1999) ise gerceklestirdikleri
calismalarinda  yerlegskenin dogal potansiyelini
belirleyerek, bu potansiyel kapsaminda farkli biyotop
ozellikleri gosteren alanlarin c¢esitliligini  ortaya
koyarak, bu alanlarin biyolojik cesitlilik i¢in 6nemini
vurgulamiglardir. Daric1 ve ark. (2016) ise diinyanin
pek c¢ok tlkesini temsil eden aga¢ ve calilarin
Cukurova Universitesi Yerlegkesinde yetistigini
belirttikleri c¢alismalarinda yerleskenin bir botanik
bahg¢esi kadar zengin oldugunu belirtmiglerdir.
Ulkemizin biyolojik c¢esitlilik acisindan en oénemli
yerleskelerinden biri olan Cukurova Universitesi, her
yil acgilan yeni fakiilteler ve buna bagli olarak artan
karayolu ulasim ag1 nedeniyle 6nemli bir yapilasma
baskis1 altindadir. Yapilagsmanin biyolojik cesitlilik
uzerine en belirgin olumsuz etkisi de bitki tirlerinin
yetisme ve yagsama alanlarinin daralmasi ve/veya yok
olmas1 geklinde kendini gostermektedir. Arastirma
alaninda gercgeklestirilen farkli ¢aligmalarla bu etki,
farkl yillar i¢in belirlenmistir (Tirkmen, 1987; Unal,
1995; Gocguk, 1996; Govrek, 1997; Altunkasa ve ark.,
1999). Ancak 6zellikle 2010 yili sonrasinda yerleske
yapilagsma slreci gecmis yillara gore hiz kazanmig ve
yapilagsma alani, yerleskenin florasi i¢in oldukga
onemli alanlar olan yerleske giineydogusuna dogru
yonelmigtir. Bu durum da flora tzerinde o6nemli
baskilara neden olmaktadir.

Bu c¢aligmanin amaci, Cukurova Universitesi
Yerlegkesinde hizla artan yapilagsma siirecinin flora
tuzerindeki etkisini belirlemek ve biyolojik cesitliligi
korumaya yonelik ¢6ziim onerileri gelistirmektir.

MATERYAL ve METOT

Aragtirma alamim Cukurova Universitesi Yerlegkesi
olugturmaktadir. Cukurova Universitesi Yerlegkesi,
Adana kenti kuzeyinde, Sarigam ilge sinirlar
igerisinde, Seyhan Baraji Goéli'nin dogusunda yer
almakta olup, cografik konum olarak 37°00°34” —
37°05°00” kuzey enlemleri ile 35°20°157-35°23’30”
dogu boylamlar1 arasindaki 1 977.26 hektarlik bir
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alam1 kapsamaktadir. Alanmin kuzeyinde Menekse
Koyii, dogusunda Koza Arena Stadyumu (eski asfalt
santiyesi) ile Sofulu Mahallesi, giineyinde TEM-90
Otoyolu, Kopriilt, Kisla, PTT Evleri Mahalleleri ve
DSI kanali, batisinda Seyhan Baraj Goli yer
almaktadir (Sekil 1).

30.11.1973 tarihinde ¢ikan 1786 Sayih Kanun ile 2
Fakilte olarak kurulan Cukurova Universitesi'nde,
2019 yili Ocak ayi itibariyle 18 Fakilte, 4 Enstiti, 4

Yiksekokul, 12 Meslek Yiksekokulu, 1 Devlet
Konservatuari ile 25 Arastirma ve Uygulama Merkezi
ile egitim, arastirma ve Dbilimsel faaliyetler
stirdirilmektedir.

Arastirmada yerleskedeki artan yapilagma siirecinin
floraya olan etkisi, 5 agsamada belirlenmisgtir.

Yerleskede yapisal degisimin mevcut floraya etkisinin
belirlenmesi ve glnimiz floristik degisimin
belirlenmesi i¢in Cukurova Universitesi Yerleskesi
alanindaki ilk floristik calisma olan Tirkmen (1987)
referans alinmigtir. Dolayisiyla arastirmada ilk
olarak yerleskenin 1987 yili alan kullanimlar1 ile
gliniimiiz (2018 yil1) alan kullanimlari Googleearth
uydu goruntisi verileri kullanilarak, ArcGIS 10.0
bilgisayar yazilimi ile siniflandirilmigtir.

Aragtirmanin  ikinci asamasinda, yerleskenin

giinimiiz florasinin belirlenmesi ic¢in floristik arazi
calismalar: yapilmistir.

Arastirma alanminda eksiksiz bir floristik tarama
yapabilmek icin oOncelikle alan, farkli habitat
ozellikleri gosteren Sekil 2’deki bolgelere ayrilmis ve
bu Dbolgelere gore floristik arazi c¢aligmalar
gerceklegtirilmigtir.

Floristik arazi calismalari, en az ayda bir kez olmak
uzere, 2016-2018 yillarin1 kapsayan 2 yil boyunca
yapilmistir. Arazi ¢alismalar: sirasinda mevcut bitki
turleri yerinde fotograflanarak teghis edilmig, teshis
edilemeyenlerden o6rnek alinarak basta Flora of
Turkey (Davis, 1965-1985) olmak iizere cesitli flora ile
ilgili kaynaklar (Giiner ve ark., 2000; Giiner ve ark.,
2012) yardimiyla tanilari yapilmistir. Alanda
saptanan endemik ve nadir turlerin tehlike siniflar:
ise Ekim ve ark. (2000), IUCN (2012), IUCN (2016)’ye
gore belirlenmistir. Bu asamada ayrica yerleskede
endemizm orani da saptanmistir.

Arastirmanin lc¢lincli asamasinda arazi calismalar:
kapsaminda elde edilen veriler dogrultusunda
bitkiler, 6ncelikle Raunkiaer’in hayat formlarina gore
siniflandirilmistir (Raunkiaer, 1934). Daha sonra
yerleskenin antropojenik degisim derecesi
saptanmistir. Yerleskenin antropojenik degisim
derecesinin belirlenmesinde synantropizm indeksi
kullanilmis olup, Esitlik 1’e gére hesaplanmigtir
(Jackowiak, 1990; Antipina, 2003; Kaminski, 2006).

Cukurova Universitesi Yerlegkesinde
Fzikse! Yapilass 1 Biyolojik Cesgitlili
Uzerine Etiilerinin Saptanmas: ve
Cozum Onerilerinin Geligtirimesi
(FBA-2016-6790)

% -

——

Sekil 1. Arastirma alaninin konumu

312



KSU Tarim ve Doga Derg 22(Ek Say1 2): 310-322, 2019

Aragtirma Makalesi/Research Article

Lejant

E Aragtirma alam sinin

o Maki
e Oman
® Frigana
©  Tarim alanlan

Meters
0 460 920 1840 2760 3680

C.0. BAP FBA-2016-6790
Cukurova Universitesi Yerlegkesi Uzerinde
Fiziksel Yapalagmanmn Biyolojik Cesitlilik
Uzerine Etkilerinin Saptanmasi ve Cozim

Onerilerinin Geligtirilmesi

Sekil 2. Arastirma alaninda floristik arazi ¢alismalar: i¢in belirlenen bolgeler

Synantropizm Indeksi= (Ap + An) / (Ap+Sp+ An) x

100 (1)
Burada;
Apofitler (Ap) : Synantropik dogal tiirler (insanlar

tarafindan olusturulan alanlarda yayillan dogal
bitkiler).

Spontanofitler (Sp): non-synantropik dogal tiirler
(yayillmasinda insan etkisi olmayan tiirler)
Antropofitler: (An): alien (yabanci) tiirler (insanlar
tarafindan olusturulan alanlarda yayilan bélge igin
dogal olmayan bitkiler).

Yerleskedeki bitki tlrlerinin o6nemli bir kisma,
bitkilendirme caligmalar kapsaminda
olusturulmusgtur. Bu nedenle arastirmanin dérdinci
asamasinda, bitkilendirme c¢aligmalar1 kapsaminda
kullanilan tirler, dogal ve yabanci yurtlu olmak
uzere iki sinifta degerlendirilerek, tiir bazinda tespit
edilmistir.

Aragtirmanin  beginci = ve son  asamasinda,
yerleskedeki tiir degisimlerinin belirlenmesi amaciyla

Mezark (M)
[ Egitn-Ogrebm Dokusu (EOD)
@ Ozel Mok (OM)
I 35t Gorevtler Kenukevi (AK)
Gamirtepe Lojmanian (GL)

SEYHAN
BARAJ GOLU

Spor Alani (SA)
I susvopik Moyvelor Ara. ve Uyg. Morkez (SM
I ot Bnoesi ©8)

SEYHAN
BARAJ GOLU

Tiirkmen (1987)in  yerleskede gerceklestirdigi
floristik arazi calismasi bulgulari ile bu arastirma
kapsaminda ger¢eklestirilen floristik arazi c¢alisma
bulgular1 karsilagtirilmis ve yerleskede 1987 yilina
gore ginumiuzde kaybolan ve/veya yeni gelen turler

belirlenmigtir. Béylece  yerleskedeki  yapilagma
stirecinin flora lzerindeki etkisi belirlenerek,
yapilasma riski altindaki alanlar ArcGIS 10.0

bilgisayar yazilimi ile haritalanmis ve bu alanlar i¢in
oneriler geligtirilmigtir.

BULGULAR

Cukurova Universitesi Yerleskesinin Alan Kullamim
Degigimi

Aragtirma alaninin 1987-2018 yillarn arasindaki
zaman diliminde alan kullanimlarinda 6nemli oranda
bir degisim oldugu belirlenmistir (Sekil 3). Bu
degisim en belirgin olarak egitim ve 6gretim dokusu
ile kara yolu wulagim aglarindaki artista
gozlemlenmigtir.

[ Gatesma asam Sin
I toivet Digina Gikan Alanlar (MGA)
Alan Kullanimlan
N [ I Asaciandima asan (AA)
e B Mezarlk (M)
I £t Ogreten Dokusu (E0D)
1 1 Ozol Malk (OM)
I Avastirma Goreviten Konukevi (AK)
Gamidspe Lojmanian (GL)
Spor Alan (SA)
[ subtropik Meyveler Aras, vo Uyg. Merkezi (MY
B sotanik Bahces: (88)
0 Benzin lstasyonu (8)
. Vo v)
I oyl Tesisir ve Lograniar (ST)
T <yihnane (<)
I Anackulu (AO)
I Toknokent Alan: (TA)
I Ogronci Yurtlan (OY)
ZF. Aragtema Uygulama Gifig| (ZFG)

s Bitri Oretim Alan (58)
I ok Tesisen (BG)
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Yerleskenin kuruldugu ilk dénemler olan 1980’1
yillarda arastirma alaninin kuzeyinde yer alan egitim
o6gretim dokusu, zaman iginde alanin giineydogusuna
dogru hizla ilerlemeye baslamigtir. Egitim 6gretim
dokusu 1987 yilinda 75.05 ha ile toplam alanin %
3.50’sini olustururken, 2018 yilinda 148.74 ha ile
alanin % 6.90'mina ulagmistir. Yapilasma nedeniyle
alanin gineyinde bulunan tarim alanlar1 ve zengin
floraya sahip vadi alanlar1 basta olmak tizere mera ve
agacglandirma alanlar1 da tahrip olmustur.

Yapilagma stirecine paralel olarak artan 6grenci ve
personel sayisi nedeniyle de, hem mevcut karayolu

ulagim aglar: genigletilmis hem de yeni ulagim aglari
olusturulmustur. Karayolu ulagim aglari, hem gectigi
giizergah boyunca habitatlarin yok olmasina hem de
gectigi alan icinde habitatlarin béliinmesine neden
olarak yerlegkenin biyolojik c¢esitliligini olumsuz
yonde etkilemigtir.

Cukurova Universitesi Yerlegkesinin Floras:

Bu arastirma kapsaminda gercgeklestirilen floristik
arazi calismalari sonucunda yerlegske alaninda 71
familya, 290 cins, 439 tir ve 454 dogal takson
saptanmistir (Cizelge 1).

Cizelge 1. Cukurova Universitesi Yerlegkesinde saptanan bitki familya cins, tiir ve takson sayilary

No Familya Cins (adet) Tiir (adet) Takson (adet)
1 AMARANTHACEAE 1 2 2
2 ANACARDIACEAE 3 5 5
3 APIACEAE 13 17 17
4 APOCYNACEAE 1 1 1
5 ARACEAE 1 1 1
6 ARALIACEAE 1 1 1
7 ASPARAGACEAE 1 1 1
8 ASTERACEAE 43 59 64
9 BORAGINACEAE 9 10 10
10 BRASSICACEAE 13 14 14
11 CAMPANULACEAE 2 3 3
12 CAPPARACEAE 1 1 1
13 CAPRIFOLIACEAE 1 1 1
14 CARYOPHYLLACEAE 7 10 11
15 CHENOPODIACEAE 1 3 3
16 CISTACEAE 3 8 8
17 CONVOLVULACEAE 1 4 4
18 CUCURBITACEAE 1 1 1
19 CUSCUTACEAE 1 1 1
20 CYPERACEAE 3 4 4
21 DIPSACACEAE 2 2 2
22 EPHEDRACEAE 1 1 1
23 EQUIESETACEAE 1 1 1
24 ERICACEAE 2 2 2
25 EUPHORBIACEAE 4 9 9
26 FABACEAE 25 66 67
27 FAGACEAE 1 1 1
28 GENTIANACEAE 2 2 2
29 GERANIACEAE 2 6 7
30 HYPERICACEAE 1 3 3
31 ILLECEBRACEAE 1 1 1
32 IRIDACEAE 4 5 5
33 JUNCACEAE 1 1 1
34 LAMIACEAE 15 17 17
35 LAURACEAE 1 1 1
36 LILIACEAE 13 22 22
37 LINACEAE 1 2 2
38 MALVACEAE 5 7 7
39 MORACEAE 1 1 1
40 MYRTACEAE 1 1 1
41 OLEACEAE 4 4 5
42 ORCHIDACEAE 3 4 4
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43 OROBANCHACEAE 1 1 1
44 OXALIDACEAE 1 2 2
45 PAPAVERACEAE 4 5 5
46 PINACEAE 1 1 1
47 PLANTAGINACEAE 2 6 6
48 PLUMBAGINACEAE 1 1 1
49 POACEAE 32 49 52
50 POLYGALACEAE 1 2 2
51 POLYGONACEAE 2 3 3
52 PORTULACACEAE 1 1 1
53 PRIMULACEAE 2 2 3
54 RANUNCULACEAE 6 12 14
55 RESEDACEAE 1 1 1
56 RHAMNACEAE 3 4 4
57 ROSACEAE 5 5 5
58 RUBIACEAE 5 8 8
59 RUTACEAE 1 1 1
60 SANTALACEAE 1 1 1
61 SCROPHULARIACEAE 7 12 12
62 SOLANACEAE 3 4 4
63 STYRACACEAE 1 1 1
64 TAMARICACEAE 1 1 1
65 THYMELAEACEAE 2 2 2
66 TYPHACEAE 1 1 1
67 URTICACEAE 1 1 1
68 VALERIANACEAE 1 1 1
69 VERBENACEAE 3 3 3
70 VITACEAE 1 1 1
71 ZYGOPHYLLACEAE 1 1 1
Toplam 290 439 454

Bu 454 taksondan 1 tanesi Pteridophyta (egreltiler),
453 tanesi Spermatophyta (Tohumlu veya cicekli
bitkiler) béliimiine (division) aittir. Bu taksonlar
icerisinde 2 tanesi Gymnospermae (Aciktohumlu),
452 tanesi Angiospermae (Kapalitohumlu) alt
b6limiine dahildir. Angiospermae alt boliimiine dahil
bitkilerden 91 tanesi Monokotiledon (Tekcenekli)
sinifinda  yer alirken, 363 tanesi Dikotiledon
(Ciftcenekli) sinifinda yer almaktadar.

Yerleskedeki Taksonlarin Hayat Formlarina Goére
Smflandirilmasi

Arastirma alaninda tespit edilen taksonlarin
Raunkiaer’in hayat formlarina gore siniflamasi, Sekil
4’de belirtilmistir.

Sekil 4’de belirtildigi gibi, hayat formalar1 agisindan
Yerleskedeki taksonlarin yarisi terofitlerden, % 22’si
hemikriptofitlerden, % 10u ise geofitlerden
olugsmaktadir. Yerleskede hayat formlar: agisindan en
az bulunan takson ise % 5 ile kamefitlerdir.

Hayat formlarina gore arastirma alaninda bulunan
turlerin % 13'4 odunsu karakterde, geri kalaninin ise
otsu karakterde oldugu tespit edilmigtir.

Yerlegkedeki Endemik Bitkiler

Yerleskede endemizm orani ise % 4.4 bulunmus olup,
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yerleske alanindaki toplam 21 taksonun Turkiye i¢in
endemik oldugu saptanmistir. Bu taksonlar Cizelge
2’de tehlike siniflari ile verilmigtir.

Endemik turlerin habitatlar: incelendiginde
%19unun (4 takson) daha korunakli sayilabilecek
maki ve orman alanlarinda yasadigi, % 42’sinin (9
takson) frigana, % 38inin (8 takson) terkedilmis
tarim alanlarinda yer aldigi belirlenmigtir. Buna gore
buyik c¢ogunlugunun yasadig® alanlar, alan
kullanimlarimin ~ degigsmesi  tehdidi ile  karsi
kargiyadir. Yerlegskedeki endemik tiirlerden TUCN
tehlike smiflarina gore 4 tir VU (Vulnerable-
Duyarly), 4 tiir CR (Critically Endangered-Kritik), 7
tir LC (Least Concern-Diisiik riskli) ve 6 tiir de NT
(Near Threatened-Tehdite yakin) tehlike siniflarina
girmektedir.

Yerleske Alaninda Antropojenik Degigim Derecesi
Aragtirmanin bu béliminde tiirlerin antropojenik

degisim  derecesi, synantropizasyon indeksinin
hesaplanmasi1 ile belirlenmistir. Floristik arazi
calismalar: ve yapilan onceki caligmalar

dogrultusunda, arastirma alanindaki bitki tirleri
Apofitler, Spontanofitler ve Antropofitler olarak
siniflandirilmistir (Cizelge 3 ve Sekil 5).

Yerlegskedeki bitki turlerinin % 251 apofitlerden, %
9u antropofitlerden ve % 66’s1 da spontanofitlerden
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olusmaktadir. Sekil 5deki veriler kullanilarak,
arastirma alaninin antropojenik degisim derecesi
hesaplanmig ve % 33.5 bulunmustur.

Yerleskede Bitkilendirme Caligsmalar: ve Kullanilan

yillarindan itibaren strdirilmektedir. Kurulug
yillarinda ¢am tiirleri (Pinus sp.), servi tiirleri
(Cupressus  sp.), yalanci akasya (Robinia
pseudoacacia) ve okaliptis (Eucalyptus
camaldulensis) basta olmak {izere cesitli tiirlerle

Tirler

Yerleskedeki bitkilendirme ¢alismalar:

bitkilendirmeler yapilmigtir.

kurulusg

Cizelge 2. Yerlegke alani endemik bitkileri, tehlike simiflar1, hayat formlar: ve habitatlar1 IUCN (2012, IUCN, 2016)

No Adx Tirkge ad1 IUCN tehlike Hayat Formu Habitat
smifi*
APIACEAE
1 Bupleurum polyactis Post ex Snogerup Koca geytanayagn VU Terofit Maki
ASTERACEAE
2 Centaurea calcitrapa L. subsp. cilicica Cobanziplatan CD Terofit Terkedilmig
(Boiss. et Bal.) Wagenitz Tarim Alanlar
3 Centaurea haradjianii Wagenitz Kaputkulak VU Hemikriptofit Terkedilmig
Tarim Alanlar
4 Centaurea solstitialis L. subsp. carneola Al kababas NT Terofit Terkedilmig
(Boiss.) Wagenitz Tarim Alanlar
5 Centaurea solstitialis L. subsp. pyracantha Kababag dikeni NT Terofit Terkedilmig
(Boiss.) Wagenitz Tarim Alanlar
6 Onopordum boisseri Willk. Kahve dikeni NT Hemikriptofit Frigana
FABACEAE
7 Onobrychis tournefortii (Willd.) Desv. Evliya otu LC Hemikriptofit Frigana
8 Trifolium aintabense Boiss. et Hausskn. Antep tirfili NT Terofit Terkedilmig
Tarim Alanlar
9 Trigonella kotschyi Fenzl Ak boyotu LC Terofit Terkedilmig
Tarim Alanlari
HYPERICACEAE GUTTIFARAE
10 Hypericum polyphyllum Boiss. et Bal. Hos kantaron NT Hemikriptofit Frigana
subsp. polyphyllum Boiss. et Bal.
LAMIACEAE
11 Stachys annua (L) L. subsp. cilicica (Boiss.) Dag caycesi LC Terofit Ormanlik
Bhattacharjee Alanlar
12 Stachys sparsipilosa Bhattacharjee et Hub.- Seyrek deligay LC Hemikriptofit Terkedilmisg
Mor. Tarim Alanlari
13 Thymus cilicicus Boiss. et Bal. Kilgik kekigi LC Kamefit Frigana
LILIACEAE
14 Allium gayi Boiss. Kiigiik sogan NT Geofit Frigana
15 Bellevalia modesta Wendelbo Tarla stimbiili CD Geofit Frigana
16 Hyacinthella glabrescens (Boiss.) K. Koése stimbiil CD Geofit Frigana
Persson et Wendelbo
17 Hyacinthella heldreichii (Boiss.) Chouard Gece simbiili LC Geofit Frigana
18 Hyacinthella hispida (J. Gay) Chouard Killi stimbiil vU Geofit Terkedilmis
Tarim Alanlar
19 Muscari muscarimi Medikus Migkiirim VU Geofit Frigana
RHAMNACEAE
20 Rhamnus hirtellus Boiss. Has cehri LC Fanerofit Maki
SCROPHULARTACEAE
21 Scrophularia trichopoda Boiss. et Bal. Ug siraca CD Hemikriptofit Maki

* VU-Duyarli, CD-Korumaya tabi, LC-Dusgiik riskli, NT-Tehdite yakin

Cizelge 3. Turlerin antropojenik degisim indeksi degerlerinin agiklamasi

Antropojenik Déniigiim Sinifi Aciklamas1

Apofitler (Ap) Synantropik dogal tiirler (insanlar tarafindan olusturulan alanlarda yayilmaci
dogal tiirler/antropofilik tiirler).

Spontanofitler (Sp) Non-synantropik dogal tiirler (dogal alanlara 6zgii insan aktivitelerinden olumsuz
etkilenen tiirler/antropofobik tiirler).

Antropofitler (An) Alien yani alanda 6énceden olmayan yabanci tiirler (aragtirma alanina sonradan

katilan antropofilik/synantropik ve non-synantropik/antropofobik tiirler).
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Fanerofit; 30; 7%

o Geofit; 44; 10%
Nanofanerofit; 29;
6%

Kamefit; 24; 5%

Hemikriptofit; 99;
22%

Terofit; 228; 50%

= Geofit =Terofit » Hemikriptofit =Kamefit = Nanofanerofit =~ Fanerofit

Hayat Formu | Aciklmas: (Cepel, 1982)

s bitkilerdir. Bugday, arpa, gavdar bu gruba girer.

Tohum ve sporla ireyen, kigt tohum halinde gegiren bir yillik

aynlirlar.

Tomurcuklar: toprak yiizinden 25 cm.den daha yiksekte olan yiksek
Fanerofit boylu callar ve agaglar. Bunlar da boylarina gére dort alt gruba

Nanofanerofit |Boyvlan 0.25-2.0m olan bitkilerdir. (callar ve agaglar)

karasal bitkiler bu gruba girer (otsu bitkiler, yosunlar, vb.)

Elverigsiz mevsimlerde toprak tistii organlarmin biyikk bir kismu Slen,
Hemikriptofit |tomurcuklar: ve gévde kismlar: toprak yizeyinde bulmnan kokli

Toprak altindaki sogan, rizom ve yumrulari ile elverigsiz mevsimi

Geofit toprak altmda geciren bitkilerdir (soganli, yumrulu, rnizomlu bitkiler
gibi).
Kamefit Tomurcuklar: toprak yiizinden 1-25 cm yiksekte olan kisa boyh
calilar ve otsu bitkilerdir.
Sekil 4. Taksonlarin hayat formlar ve yuzdelik dilimleri
Antropofitler
39; 9%
Apofit; 113; 25%
u Antropofitler
m Spontanofit
u Apofit Spontanofit; 302
66%

Sekil 5. Turlerin antropojenik degisim indeksi degerlerine dagilimlari

Ancak, bu konuda belirli bir plan cercevesinde
yapilmis projeler bulunmamaktadir. Yeni yapilan
bazi birimlerin ¢evreleri i¢in bazi peyzaj projeleri
uretilmekle Dbirlikte, bunlar yerleske geneli ile
oranlandiginda kii¢ik parcalar halinde kalmaktadir.
Aym1 zamanda bu projelerin uygulanmasinda da
genelde sert zemin tasarimlarina agirhik verilmekte,
bitkisel tasarimda ise projelere daha az uyum
saglanmaktadar.

Arastirma  alaninda  bitkilendirme calismalarn
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kapsaminda 181 adet tiir saptanmig olup, bu
turlerden 138 adedi yabanci yurtlu tiirlerden, sadece
43 adedi ise dogal bitki ortiistine ait olan tiirlerden
olusmaktadir (Cizelge 4).

Yerleske  genelinde  bitkilendirme  c¢aligmalar
kapsaminda yabanci yurtlu tirlerin  kullanim
yogundur. Kent genelinde kullanim yogunlugu fazla
olan  tirler yerleske genelinde de  yogun
kullanilmigtir. Ornegin kent genelinde yollar boyunca
kullanilan palmiyelere yerleskedeki yollarda da
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rastlanmaktadir. Son zamanda yapilan dizenleme ile
yerleskeye girig-cikis yolu boyunca neredeyse 1 m
arayla palmiyeler dikilmistir. Ayrica yerleske i¢indeki
tim alanlara gereginden sik diuizende c¢ok sayida
Ficus microcarpa turinin bireyleri dikilmektedir.
Yabanci yurtlu ve tropik bélgelere ait olan bu tiiri
disiik sicakliklardan korumak amaciyla da cesitli
onlemler alinmaktadir.

TARTISMA ve SONUC

Cukurova Universitesi Yerlegkesi bulundugu bélge
Akdeniz havzas: i¢inde énemli bir koridor tizerinde
yer  almaktadir  (Critical Ecosystem, 2017).
Dolayisiyla tim Akdeniz havzasinda Cukurova
Universitesi Yerlegkesinin de i¢inde bulundugu bélge,
Tiire ve Bociikk (2010)iin de belirttigi gibi yiiksek
koruma gereksinimi olan bolgeler arasindadir.

Yerleske alaninda bulunan bitki tirlerinin Akdeniz
Havzasi, Turkiye ve Adana ili 6lgegindeki gesitlilik
durumu incelendiginde, Turkiye'deki bitkilerin %
10.7sini barindiran Adana Ilinin toplam dogal

Cizelge 6. Floristik bulgularin kiyaslanmasi

taksonlarmin % 32.3unin Cukurova Universitesi

Yerlegskesinde  temsil edildigi  anlasilmaktadir
(Cizelgeb).
Dolayisiyla  arastirma  alani  olan Cukurova

Universitesi Yerlegkesi, Daric1 ve ark. (2016)’nin da
belirttikleri gibi dinyanin pek g¢ok tulkesini temsil
eden agac ve c¢alilari barindirmasi ve bir botanik
bahgesi kadar zengin olmasi nedenleriyle, bitki
turlerinin ve bu tlrlerin yasam alanlarinin
korunmasinda olduk¢a o6nemli bir alandir. Ancak
Yerleskenin egitim 6gretim dokusu ve ulasim gibi
yapilasma slireci de devam etmektedir. Yerlegke
yapilasma siirecinin flora tlizerindeki etkisini
belirlemek amaciyla, yerleske smirlarinda flora
konusunda yapilan ilk calisma olan Tiirkmen (1987)
referans alinarak, bu arastirma kapsaminda yapilan
floristik arazi calisma bulgular ile karsilagtirilmigtir.
Kargilagtirma sonucunda yerleske florasindaki
degisimler tespit edilmis ve familya, cins, tir ve alt
tur  duzeyindeki  degisiklikler  Cizelge  6'da
belirtilmistir.

Tiirkmen (1987) Floristik arazi cahgmasi bulgular (2017-2018)
Familya sayisi 67 71
Cins sayisi 265 290
Tur ve tir alt1 takson sayisi 415 454
Bu arastirmanin floristik bulgulary formlarina gore degisimleri tespit edilmistir. Yeni

degerlendirildiginde, yerleskenin 30 yillik degisim
siireci kapsaminda Tiirkmen (1987) bulgularina gore
yerleske florasinda takson kaybi olmadigi, yerleske
florasina 4 yeni familya, 25 cinse ait 39 tur veya tlr
alt1 takson eklendigi tespit edilmigtir. Bunlarin 18
tanesi (Arum dioscorides, Bidens bipinnata, Carduus

pyenocephalus  subsp. albidus, Chrysanthemum
segetum, Taraxacum hellenicum, Nonea ventricosa,
Hirschfeldia incana, Ochtodium  aegyptiacum,

Vaccaria pyramidata, Stellarta media, Medicago
sativa, Trifolium pratense, Geranium molle, Ficus
carica, Oxalis pes-caprae, Veronica polita, Anagallis
arvensis var. arvensis, Adonis microcarpa)
synantropik dogal taksonlar, geriye kalan 21 tanesi
ise non-synantropik dogal taksonlardir (Cizelge 7).

S6z konusu alanda takson sayis1 artiginin
nedenlerinin baginda, alanin disaridan gelen kentsel
yapilasma baskisindan korunmasi gelmektedir.

Bu arastirma sonucglar1 ile kayda gecen yeni
taksonlarla yerlegkenin tiir ve tiir alt1 takson sayisi
454, cins sayis1 290 ve familya sayisinin 71 oldugu
belirlenmigtir. Ayrica, yerleske alaninda endemizm
oraninin % 4.4 oldugu belirlenerek, toplam 21
taksonun Tirkiye i¢in endemik oldugu saptanmigtir.
Cizelge 7'de belirtilen yeni eklenen taksonlar, hayat
formlarina gére simiflandirilmis ve Tiirkmen (1987)'in
gerceklestirdigi aragtirma bulgular1 ile
karsilagtirilarak Cizelge 8'de taksonlarin hayat

318

eklenen taksonlarin ozellikle terofit formunda artis
oldugu gozlenmigtir. Yerleskenin terofitler olarak
oldukea zengin bir alan oldugu saptanmigtar.

Yerleskeye yeni eklenen taksonlarin habitat
dagilimlar: (Sekil 6) degerlendirildiginde ise, 6zellikle
yerleskedeki terkedilmis tarim alanlarimin ve
friganalarin yerleskeye yeni eklenen taksonlar ig¢in
o6nemli alanlar oldugu belirlenmigtir.

Yeni eklenen taksonlarla birlikte tim yerleske
florasindaki taksonlar degerlendirildiginde ise, en
fazla takson iceren Fabaceae familyasinin % 23.9'u
(16 takson) maki, % 55.2’si (37 takson) terkedilmis
tarim alanlari, % 9 (6 takson) frigana, % 11.9 (8
takson) nemli yerlerde yer aldig1 saptanmistar.

Bu familya uyelerinden sadece % 23.9u daha
korunakli alanlar olarak kabul edilebilecek maki
formasyonu ig¢inde yasam alani bulmustur. Diger
taksonlar ise o6zellikle yeni yapilagmalarin oldugu
terkedilmis tarim alanlari, frigana ve nemli alanlarda

yasamaktadir. Benzer sekilde Asteraceae
familyasinin sadece % 15.6's1 (10 takson) daha
korunakli sayilabilecek maki iginde, Poaceae

familyas1 iiyelerinin % 21.11 (11 takson) maki ve
orman alanlarinda, Liliaceae familyasinin % 27.27’si
(6 takson) de yine daha korunakl sayilabilecek maki
ve orman alanlarinda yagsamaktadir.
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Cizelge 7. Yerleske florasinda yeni kayda gecen taksonlar (koyu renkli olanlar synantropik, digerleri non-
synantropik taksonlardir)

Sira Familyas: Adr Habitat1
1 Araceae Arum dioscorides SM. Frigana
2 Araliaceae Hedera helix L. Maki
3 Asparagaceae Ruscus aculeatus L. Maki
4 Asteraceae Bidens bipinnata L. Frigana
5 Carduus pycnocephalus L. subsp. albidus Terkedilmis Tarim Alanlar:
(BIEB.) KAZMI
6 Chrysanthemum segetum L. Terkedilmis Tarim Alanlan
7 Inula viscosa (L..) AITON Frigana
8 Taraxacum hellenicum DAHLST Terkedilmis Tarim Alanlar
9 Boraginaceae Nonea ventricosa (SM.) GRISEB. Terkedilmis Tarim Alanlar:
10 Brassicaceae Hirschfeldia incana (L.) LAG.-FOSS Terkedilmig Tarim Alanlar
11 Ochtodium aegyptiacum L. Terkedilmig Tarim Alanlar
12 Vaccaria pyramidata MEDIK. Terkedilmis Tarim Alanlar
13 Caryophyllaceae Stellaria media (L.) Vill. Frigana
14 Cistaceae Fumana arabica L. Frigana
15 Ericaceae Arbutus andrachne L. Maki
16 Fabaceae Cercis siliquastrum L. Maki
17 Medicago sativa L. Terkedilmig Tarim Alanlari
18 Pisum sativum L. subsp. sativum L. var. Terkedilmig Tarim Alanlar
arvense POIRET
19 Trifolium pratense L. Terkedilmis Tarim Alanlar
20 Geraniaceae Geranium molle L. Terkedilmis Tarim Alanlar
21 Liliaceae Hyacinthella glabrescens (BOISS.) K. Frigana
PERSSON ET WEND.
22 Hyacinthella heldreichii (BOISS.) Frigana
CHOUARD
23 Hyacinthella hispida (J. GAY) CHOUARD Terkedilmis Tarim Alanlar:
24 Muscari tenuiflorum TAUSCH Frigana
25 Smilax excelsa L. Frigana
26 Moraceae Ficus carica L. Frigana
27 Orchidaceae Ophrys umbilicata DESF. Frigana
28 Orchis italica POIRET Frigana
29 Oxalidaceae Oxalis pes-caprae L. Terkedilmis Tarim Alanlar
30 Plantaginaceae Misopates orontium (L.) RAFIN. Frigana
31 Poaceae Phragmites australis (CAV.) TRIN. EX Nemli yerler
STEUDEL
32 Primulaceae Anagallis arvensis L. var. arvensis L. Terkedilmig Tarim Alanlar
33 Ranunculaceae Adonis microcarpa DC. Terkedilmis Tarim Alanlar
34 Clematis vitalba L. Frigana
35 Rhamnaceae Rhamnus oleoides L. Maki
36 Rosaceae Rosa canina L. Maki
37 Rubiaceae Putoria calabrica (L. FIL.) DC. Terkedilmis Tarim Alanlari
38 Scrophulariaceae Anarrhinum orientale BENTHAM Frigana
39 Veronica polita FRIES Terkedilmis Tarim Alanlar1

Cizelge 8. Hayat formlarindaki degisimin kiyaslanmasi

Geofit Terofit Hemikriptofit Kamefit  Nanofanerofit Fanerofit Toplam

Yeni Veriler 43 229 99 24 29 30 454
Tirkmen (1987) 35 211 98 21 28 22 415
Degisim 8 18 1 3 1 ) 39
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Sekil 6. Yeni eklenen taksonlarin habitatlara gére dagilimi

Endemik tirlerin yasam alanlar: incelendiginde ise %
19’unun (4 takson) daha korunakl sayilabilecek maki
ve orman alanlarinda yasadigl, % 42’sinin (9 takson)
frigana, % 38inin (8 takson) terkedilmis tarim
alanlarinda yasadigi belirlenmigtir. Yerleskedeki
endemik tiirlerden IUCN tehlike siniflarina gore VU
smifindaki 4 tir ve CR smifindaki 4 tir makilik
alanlarda, terkedilmis tarim alanlar1 ve friganada;
NT sinifindaki 6 tiir ise frigana ve tarim alanlarinda
yer almaktadir. Dolayisiyla ITUCN kategorilerine gore
endemik turler i¢in frigana, maki ve terkedilmis
tarim alanlari oldukg¢a énemli yasam alanlaridir.

Yerlegskenin cografi o6zellikler bakimindan zengin

olmasi, bir boliminin korunan alan smirlarn
icerisinde olmasi (Sekil 7) ve alamin kamu alam
olmasindan dolay1 kent kaynaklh yapilasma
baskisindan korunmasi, yerleskedeki flora

zenginliginin 6nemli nedenleri arasindadir. Ayrica
yerleskedeki artan egitim 6gretim dokusu kaynakl
yapilagsma siureci her ne kadar dogal yapi tizerinde
olumsuz etkilere neden olsa da, s6z konusu yapilagan
alanlar cevresinde yapilan bitkilendirme c¢alismalari
da florada artan takson sayisinin nedenleri arasinda
yer almaktadir. Ancak s6z konusu bitkilendirme
calismalar yerleske genelinde yapilan bir planlama
kapsaminda olusturulmamakta, yeni yapilagsan
alanlar c¢evresinde projelerle olusturulmaktadir. Bu
durum da yerleskedeki yesil alanlardan beklenen
fonksiyonlarin elde edilememesine sadece yesil alan
miktarimin arttirilmasina katk: saglamaktadir. Oysa
Cukurova Universitesi Yerlegkesi sadece kendi i¢inde
degil, Adana genelinde de yasamsal 6nemde bir yesil
alan niteligindedir. Dolayisiyla Yerleske genelinde
belirli bir plan dahilinde, dogal yapiy1 koruyacak ve
gelistirecek, yesil alanlardan beklenen fonksiyonlari
yerine getirebilecek bir bitkilendirme yapilmasi ve
bakim uygulamalariyla da bu alanlarin
stirdirilebilirliginin saglanmas1 gerekmektedir. Bu
kapsamda yerleske geneli igin yapilacak genel
bitkilendirme esaslari, smiflandirilmig alanlara
uygun olarak ele alinmalidir. Genel olarak egitim
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dokusu i¢inde  kullanicilarin  konforuna  ve
egitimlerine; ayrica bolgenin dogal yapisina destek
veren bir anlayigla bitkilendirme ¢aligmalar:
yapilmalidir. Bu kapsamda Yerleske alani igin
hazirlanacak bir plan-proje dahilinde bitkilendirme
calismalarinin yeniden ele alinmasi ve bakim-
yonetim iginin kurumsallasarak, bitkilendirme ve
bakim c¢alismalarina belirli bir bitcenin ayrilmasi
gerekmektedir.

Sonug olarak, yerleske alanindaki mevcut dogal flora,
30 yil Oncesindeki degal floraya goére hem
synantropik, hem de non-synantropik dogal tiirlerin
yerlegsmesiyle 415 taksondan 454 taksona artmagstir.
Sayisal olarak gerceklesen bu artis, florada belirgin
bir degisime neden olmustur. Yerleskenin 30 yil
onceki florasinin synantropik doéniisim derecesi
Tiirkmen (1987) tarafindan % 27.2 olarak
belirlenmigken; bu arastirma ile glinumiuzdeki
synantropik dontstim derecesi % 33.5 olarak
saptanmigtir. Bu degerler, yerleske florasinin
synantropik degisim derecesinin gittik¢e arttigini
gostermektedir. Bu degisimin olumlu yonde mi yoksa
olumsuz yonde mi sonuclanacag, ilerleyen yillarda bu
arastirmaya benzer calismalarin yapilmasiyla daha
somut olarak gorilecektir. Ancak s6z konusu siirec
kapsaminda yerleskedeki yapilagsma silirecinin flora
uzerinde yaptigr olumsuz etkiler Sekil 7’de acikga
goriilmektedir. Floradaki takson sayis1 her ne kadar
artig gostermis olsa da, yerleskedeki yapilagma
stireci, taksonlarin yasam alanlarina hem dogrudan,
hem de dolayl olarak zarar vermektedir. Ozellikle
yerleskedeki yeni egitim Ogretim dokusu 1ile
Teknokent alanlari ve bu alanlara ulasimi saglayan
karayolu aglarinin c¢ogunlugu flora ig¢in riskli
alanlarda yapilandirilmaktadir. Ayrica endemik
taksonlarin biiylik g¢ogunlugunun yasadigi alanlar,
alan kullanimlarinin degismesi tehdidi ile kars:
karsiyadir (Sekil 7).

Sekil 7'de de goruldigi gibi yerleskenin kuzey ve bati
kism1 yaban hayat1 gelistirme sahasi igerisinde yer
almaktadir ve dolayisiyla da bu alanda yapisal alan
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disindaki yerler maki ve ormanlhk alanlarla értuli
durumdadir. Boylece bu alanlardaki flora,
yerleskenin diger alanlarindaki floraya gore kismen
de olsa daha iyi korunmustur.

Yaban hayati gelistirme sahasi sinirlar: diginda kalan
alanlarda ise makinin tahribi ile olusan frigana yer
almaktadir. Sekil 7'deki 1 nolu alan flora ¢alismalari
icin temel alinan 1987 yilinda frigana olup, floranin
zengin oldugu vadiler ve vadiler disinda ise tarim

yapilan alanlardir. Flora i¢in olduk¢a 6nemli olan bu
frigana alani giiniimiizde (Sekil 7'deki 4 nolu alan)
Teknokent, anaokulu, kongre merkezi gibi yapilagsma
baskis1 altinda kalmistir. Ayrica yine 1987 yilinda
tarim ve mera alani olarak kullanilan Sekil 7’deki 2
nolu frigana o6rtiilii alan, giiniimiizde (Sekil 7'deki 5
nolu alan) yeni egitim 6gretim dokusu ve karayolu
ulagim ag1 ile yapilagmis ve flora geri donilemez
sekilde tahrip olmustur.

SEYHAN

M BARAJ GOLU "'
A

SEYHAN
BARAJ GOLU

SEYHAN
BARAJ GOLU

Vadiler ve tarum alanlari
Taru vemera alanlan

Teknokent, anaokulu, yeni kampiis

M Maki D Galigma Alani Sinin 21 2:::::
F  Frigana Il Voikivet Disina Gikan Alanlar (MGA) 3 Tarunveeski 6&renc yurt alanlan
O  Orman I Egitim-Ogretim Dokusu (EOD) 4 Frigana
T Tarm Yaban Hayat: Geligtirme Sahast 5 Frigana  Yeni kampis
6 YenioZrenc yurtlan

C.U BAP FBA - 2016-6790
CGukurova Universitesi Yerleskesi Uzerinde
Fiziksel Yapilagmanin Biyolojik Cesitlilik
Uzerine Etkilerinin Saptanmasi ve Cozim
Onerilerinin Gelistiriimesi

Sekil 7. Yerlegke florasi i¢in 6nemli habitatlarin yapilagsma baskisi ile degisimi

Sekil 7'de gorilen 3 nolu alan ise eski 6grenci
yurtlarinin oldugu alan olup, bu alan cevresi tarim
alanlar1 olarak kullanilmaktaydi. Ancak giniimizde
artan Ogrenci sayisi gereksinimleri dogrultusunda
yeni yurtlarin ingaati ve Teknokent yapisal alanlari
ile bu terkedilmis tarim alanlarindaki (Sekil 7'deki 6
nolu alan) floray1 da geri déniilemez sekilde yok
etmigtir.

Yerlegkenin yapilagma streci devam etmektedir. Yeni
fakiilte ingaatlar1 Sekil 7'deki 5 nolu alanin giineyine
dogru devam etmektedir. Bir diger ifadeyle yapilagma
slireci basta frigana olmak uzere, terkedilmis ve/veya
mevcutta halen tarim yapilmakta olan alanlarda
devam etmektedir. Bu durumun da mevcut flora
uzerindeki baskiy1 arttirmasi ka¢inilmazdir.

Synantropik  tirler, genellikle kozmopolit ve
tahribata direngli olduklar1 igin toprak yiizeyleri
betonla kaplanmadigi siirece varliklarini devam
ettirebilmektedir. Non-synantropik turler ise hem
endemik taksonlar1 kapsamalar: hem de antropojenik
aktivitelere / tahribata direngsiz olmalar1 nedeniyle
koruma oOnlemlerinde ilk sirada yer almalidir. Bu
nedenle non-synantropik tirlerin dogal habitatlarinin
(maki, frigana) ve terkedilmis tarim alanlarinin
yerleskede korunmasi, yerleske florasinin
surdurulebilirligi igin son derece 6nem tagimaktadir.
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OZET Aragtirma Makalesi

Bu ¢alisma, tibbi bitki Limnophila aromatica (Lamk.) Merr.'nin doku

kilturi teknikleriyle hizli ve verimli bir gekilde tretilmesi tzerine Makale Tarihgesi

Zeatin (ZEA) ve oksin kombinasyonlariin etkilerini sunmaktadir. L. Gelis Tarihi  :19.04.2019
Kabul Tarihi :17.07.2019

aromatica'min yaprak eksplantlar: 0.10-1.60 mg L1 ZEA ve 0.10 mg L
1indol-3-asetik asit (IAA), indol-3-butirik asit (IBA) ve naftalen asetik
asit (NAA) eklenmis Murashige ve Skoog (MS) besin ortaminda alt

Anahtar Kelimeler

hafta  boyunca kulture alinmistir. Hormon uygulamalar: QOku kﬁlti‘irﬁ
kiyaslandiginda eksplant bagina maksimum siirgiin sayis1 0.10 mg L M..arom?tllca
1 ZEA + 0.10 mg L IBA iceren MS besin ortaminda elde edilmistir OliCI_‘OQOga tim
(25.29 adet), ardindan 0.10 mg L1 ZEA + 0.10 mg L1 IBA iceren MS st
. . T - Yaprak eksplant
besin ortaminda tespit edilmistir (23.72 adet). Siirgiin uzunluklar: Toati
eatin

ZEA+TAA uygulamalarinda 1.24-1.41 cm, ZEA+IBA uygulamalarinda
1.28-1.47 cm ve ZEA+NAA uygulamalarinda 1.16-1.34 cm olarak elde
edilmigtir. En uzun strginler ZEA+IBA'min kullanildigr kultir
ortamlarinda kaydedilmigtir. Rejenere siirgiinler, 0.25 mg L1 IBA
iceren MS ortaminda koklendirilmis ve koklenmisg bitkiler akvaryuma
basariyla alistirilmistir. Sonug¢ olarak in vitro tiretim i¢in en uygun
hormon kombinasyonu 0.10 mg L't ZEA + 0.10 mg L' IBA olarak
tespit edilmistir. Bu uretim protokoli, ticari olarak buyik olgekte
tretim i¢in faydali olabilir.

ABSTRACT
This study presents the effects of Zeatin (ZEA) and auxin
combinations on the fast and efficient production of medicinal plant

The Effect of Zeatin and Different Auxin Combinations on In Vitro Micropropagation of Limnophila
aromatica (Lamk.) Merr., an Important Medicinal Plant

Research Article
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number of shoots per explant compared to hormone applications were L..aromaﬁc .
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obtained in MS nutrient medium containing 0.10 mg L1 ZEA + 0.10

mg L1 IBA (25.29), followed by in the MS nutrient medium containing guxfin 1
0.10 mg L' ZEA + 0.10 mg L* IBA (23.72). The shoot lengths were Zeat.exp UL
eatin

obtained as 1.24-1.41 cm in ZEA + IAA applications, 1.28-1.47 cm in
ZEA + IBA applications and 1.16-1.34 cm in ZEA + NAA applications.
The longest shoots were recorded in culture media using ZEA + IBA.
The regenerated shoots were rooted on MS medium containing 0.25
mg L' IBA and then the rooted plantlets were successfully
acclimatized in an aquarium. As a result, the most suitable hormone
combination for in vitro production was determined as 0.10 mg L
ZEA + 0.10 mg Lt IBA. This production protocol may be useful for
commercially large scale production.

To Cite : Dogan M 2019. Zeatin ve Farkli Oksin Kombinasyonlarimn Onemli Tibbi Bitki Limnophila aromatica (Lamk.)

Merr.nin In Vitro Mikrogogaltimi Uzerine Etkisi. KSU Tarim ve Doga Derg 22(Ek Say1 2): 323-329. DOI: 10.18016/

ksutarimdoga.vi.555790.
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GIRIS

Diinya nifusunun hizla artmasi ve buna bagh olarak
artan antropojenik aktiviteler, dogal ekosistemi hizla
asindirmakta ve ¢ok sayida bitki tiiriiniin dogal yasam
alan1 tahrip etmektedir. Ayrica Dbirgok bitkinin
habitatlarindan asir1 toplanmasi, bitkilerin neslini
tehlikeye sokmaktadir. Bitkilerin geleneksel
yontemler ile  Uretilmesi  bir¢ok  kisitlamayi
beraberinde getirir. Tohum yoluyla yetistirilen
bitkinin c¢ogu yiiksek heterozigottur ve biylme-

gelisme ve verim acgisindan buyuk farkhihiklar
gosterebilir. Ayrica, bitkilerin bircogu kesme ve
asilama yoluyla vejetatif cogalmaya elverigli

olmadigindan istenen cesitlerin Uretilmesi sinirhdir.
Bu endise verici durumla basa ¢ikmak i¢in en 6nemli
yontemlerin basinda biyoteknolojik bir uygulama olan
bitki doku kiiltiirii gelmektedir (Sharma ve ark., 2010).

Bitki doku kulturi 1sik, nem ve sicaklik kontrolli ve
aseptik kogullar altinda suni bir besin ortaminda bitki
hiicre ve dokularindan yeni bitki ve bitkisel trtinlerin
elde edilmesi olarak tanimlanabilir (El-Sherif, 2018).
Bu kontrolli Giretim sistemi, ayni genetik 6zelliklere
sahip yuksek verimli bitkilerin Uretilmesine imkan
verir ve uretimde homojenlik ve standardizasyonun
saglanir (Chaturvedi ve ark., 2007). Bu teknik ile
cesitli alanlarda kullanilabilen biyoaktif bilesiklerin
uretimi  ve oOzellikle de Dbiyolojik ¢esitliligin
stirdirulebilir bir sekilde korunmasi saglanabilir
(Karuppusamy, 2009). 1994 yilinda Birlesmis Milletler
Gida ve Tarim Orgiitii (FAO), bitki hiicresi ve doku
kultiri tekniklerini gida amacghh dogal bilesikler
iiretme siireci olarak desteklemistir (Anand, 2010;
Roberto ve Francesca, 2011; Diasa ve ark., 2016).

Mikrogogaltim,  bitkilerin  dokularindan  veya
tohumlarindan bitkisel biiyitme ve ¢ogaltma siirecidir
(Zhou ve Wu, 2006). Mikrogogaltim, bitki hiicrelerinin
ve dokularinin yepyeni bir bitkiye déniisme yetenegi
olan totipotensi kavramina dayanmir. Geleneksel
uretimde, birgok bitki filizlenmez, ¢icek agcmaz, belirli
iklim kosullarinda tohum {iretmez veya uzun buyiime
ve c¢ogalma stirelerine sahiptir. Mikrogogaltim,
minimum alan ve zaman kullanarak diizenli bir
sekilde bitki tedarigi saglayabilir. Bitkinin in vitro
mikrogogaltiminin avantajlar1 asagida listelenmistir
(Sidhu, 2010)

Yiiksek gogaltim orani
Bitkinin 6zel ihtiyaglarim
kontrolli ortamda tretim.

Tim yi1l boyunca, bdélgesel veya mevsimsel
degisikliklerden bagimsiz tiretim

Istenilen 6zelliklere sahip klonlarin tiretimi
Sekonder metabolitlerin tiretimi

Genetik olarak gelistirilmig bitkiler tiretilebilir
Tehdit altindaki bitki tiirlerinin korunmasi
Kriyoprezervasyonla  genetik  materyalin
korunmasi

kargilayarak,
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Mikrogogaltim ¢alismalarinda kitlesel tiretim i¢in bitki
biiylime diizenleyicileri / bitki hormonlar1 etkin rol
oynamaktadir. Bitki hormonlari, dasik
konsantrasyonlarda fizyolojik suregleri etkileyen
organik bir gruptur. Etkilenen siirecler genel olarak
buyume, farklilasma ve gelismedir. Ancak stoma
hareketi gibi diger surecler de etkilenebilir. Bitki
organlar1 arasindaki morfolojik farkliliklarin, hormon
kompozisyonlarindaki farkliliklardan kaynaklandig:
diistiniilmektedir (Davies, 2010). Ayni zamanda bitki

hormonlar1 olarak da Dbilinen bitki biylime
diizenleyicilerinin kegfedilmesi, bitkilerin
¢imlenmesinden biliyiime-gelismesine kadar tim

fizyolojik siirecin kontrol edilmesine izin verilerek,
organ ve doku gibi 6zellesmig hiicrelerden 1n vitrobitki
kiltirinin gelismesinde ©6nemli katki yapmastir
(Diasa ve ark., 2016). Son yillarda bitki biiyiime
duizenleyicilerin farkli konsantrasyonlarda etkilerinin
arastirildig: giincel bircok calisma yaymlanmistir (Sun
ve ark., 2018; Emsen ve Dogan, 2018; Dogan, 2018,
2019, Imtiaz ve ark., 2019).

Limnophila aromatica (Lamk.) Merr. tibbi ve baharat
amaglh kullanmilan bir Dbitkidir. L. aromatica,
tamamlayic1  tip uygulamalarinda diyare, bazi
bakteriyel enfeksiyonlar, sindirim sorunu, tulser,
iltihap, nefes darligi ve kan damari hastaliklarin
iyilestirilmesinde yararlanilmaktadir
(Kukongviriyapan ve ark., 2007). Bu calismada, Zeatin
(ZEA) ve farkli oksin kombinasyonunun L.
aromaticanmin yaprak eksplantlarindan in vitro
mikrogogaltimi tizerine etkileri arastirilmigtir.

MATERYAL ve METOT

Calismada kullamilan L. aromatica bitkileri,
Turkiye'nin Konya ilinde akvaryum bitkileri satan bir
magazadan temin edilmistir. On sterilizasyon iglemi
olarak 3-5 bogum boélgesini igeren iist gévde parcalari
kesildi ve 15 dakika boyunca musluk suyu altinda
bekletilmigtir. Bitkinin yuzey sterilizasyonu i¢in bu
ust govde parcgalar: 10 dakika boyunca % 20 ¢amasir
suyu (NaOCl ile muamele edilmistir. Ardindan her
biri 3 defa 5 dakika boyunca strekli karistirilarak
sterilize distile su ile durulanmastir. Yiizey
sterilizasyonundan sonra, bogum eksplantlar1 steril
kosullar altinda izole edilmis ve % 3 sukroz (Duchefa)
ile takviye edilmis ve % 0.65 agar (Duchefa) ile
katilastirilmis Murashige ve Skoog (MS) (1962)
ortaminda dort hafta boyunca kiiltiire alinmigtir. Stok
bitki olusturulmasi i¢in kiiltir ortamlarina herhangi
bir biiyiime diizenleyicisi ilave edilmemistir.

Cogaltim ¢alismalarinda buralardan elde edilen steril
stirglnlerin yaprak eksplantlar1 kullanmilmigtir.
Yaprak eksplantlar1 % 3 sukroz, % 0.65 agar ve farkl
konsantrasyonlarda Zeatin (ZEA) ile 0.10 mg L* indol-
3-asetik asit (IAA), indol-3-butirik asit (IBA) ve
naftalen asetik asit (NAA) iceren MS besin ortaminda
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alt1 hafta siire ile kiltire alinmistir. Eksplantlar
ayrica kontrol grubu olarak biliyime varyantlar
olmayan MS ortaminda kiiltiire alinmistir (Cizelge 1).
Bitki biylme dizenleyicileri, uygun c¢o6ziiclilerle
¢ozuldikten sonra 1 mg mL?! oraninda stok
solisyonlar1  hazirlanmigtir.  Hazirlanan  stok
soliisyonlar -20 °C’de saklanmagtir. Hazirlanan kultir
ortamlarina aktarilacak ZEA, IBA ve TAA filtre ile
steril edildikten sonra MS Dbesin ortamlarina
aktarilmigtir. NAA ise MS besin ortamlari ile birlikte
otoklavda steril edilmistir.

Tum ortamlarin pH'1 otoklavlanmadan énce 1IN NaOH
ve 1IN HCI ile 5.8 £ 0.1'e ayarlanmigtir. Ardindan
ortamlar 120 °C'de 20 dakika boyunca 118 kPa
atmosferik  basingta  otoklavlanmistir. Biitun

kiltirler, beyaz floresan lambalar altinda 16 saat 1s1k
fotoperyodunda (5000 liikks), 24+1 °C'de inkiibe
edilmigtir. Alt1 haftalik kultirden sonra, deney
sonlandirilmig ve stirgiin rejenerasyon verileri alinmisg
ve analiz edilmigtir.

Aseptik kogullar altinda rejenere surginler yaklagik 3
cm uzunlugunda kesilmig ve in vitro koklendirme i¢in
0.25 mg L1 IBAlh MS ortamini igeren Macenta GA’
kaplarinda kultire alinmistir. Doért haftahik
kiltirlenme stresinden sonra, koklenen stirginler
uzerindeki agar akan musluk suyu altinda dikkatlice
uzaklagtirilmigtir. Daha sonra bitkiler, iklimlendirme
i¢cin musluk suyu ve kum igeren akvaryuma transfer
edilmistir ve iic hafta beklenmistir (16 saat 1s1k; 23 °C).

Cizelge 1. Cogaltim ¢aligmalarinda kullanilan bitki bliylime diizenleyicileri

Zeatin Indol-3-asetik asit Indol-3-butirik asit Naftalen asetik asit
(ZEA - mg L) (TIAA - mg L) (IBA-mgLY) (NAA - mg L)
0 0 0 0

0.10 0.10 - -

0.20 0.10

0.40 0.10

0.80 0.10

1.60 0.10 -

0.10 0.10

0.20 0.10

0.40 0.10

0.80 0.10

1.60 0.10 -

0.10 - 0.10

0.20 0.10

0.40 0.10

0.80 0.10

1.60 0.10
Her deneysel wuygulama, alt1i tekrar halinde pseudocerasus Lindl (Sun ve ark., 2018) ve Echinops
gerceklestirilmigtir. Elde edilen veriler SPSS 21 for kebericho (Enyew ve Feyissa, 2019) verilebilir.
Windows programi istatistiksel olarak analiz Mevcut calismada, yaprak eksplantlarindan ilk

edilmigtir. Post Hoc testleri igin de Duncan testleri
uygulanmigtir. Veriler arasindaki korelasyon analizi
icin Pearson tek yonli analiz kullanilmigtir.
Yiizdelerde verilen veriler istatistiksel analizden 6nce
arkine déniisiime tabi tutulmustur (Snedecor ve
Cochran, 1997).

BULGULAR ve TARTISMA
Bu calismada, L. aromaticanin yaprak eksplantlar: in
vitro mikrogogaltim amaciyla farkh

konsantrasyonlarda ZEA ve 0.10 mg L IAA, IBA ve
NAA igeren kultir ortaminda alt1 hafta boyunca
inkiibe edilmig ve bitkilerin etkin tretimi basariyla
saglanmistir. Doku kiltiirt teknikleri ile bitkilerin
uretiminde yaprak eksplantlar1 6nemli bir doku
parcasidir. Bu nedenle yaprak eksplantlar
kullanilarak in vitro bitki tretimi konusunda son
yillarda giincel raporlar yaymlanmaktadir. Uretimi
gergeklestirilen bitkilere Aechmea ramosa var. ramosa
Mart. ex Schult. (Faria ve ark., 2018), Prunus
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sturglinlerin cikigi, IBAli MS besin ortaminda 14.
giinde, NAA’lh MS besin ortaminda 16. giinde ve TAA'Th
MS besin ortaminda 18. giinde gézlenmistir. U¢ hafta
sonunda kiiltiir ortamindaki yaprak eksplantlarindan
¢oklu stirglinler Dbelirgin sekilde goézlenmeye
baglanmistar. Alta hafta sonunda deneme
sonlandirilmigs ve rejenerasyon verileri alinarak
varyans analizine tabi tutulmustur (Cizelge 2).
Cizelge 2de goruldiugu gibi, ZEA + TAA
uygulamalarinda slirgiin rejenerasyon yiizdesi ve
eksplant bagina stirgiin sayis1 p < 0.01 seviyesinde
anlamli bulunurken, sirgin uzunlugu p < 0.05
seviyesinde anlamli bulunmustur. ZEA + IBA ve ZEA
+ NAA uygulamalarinda strgiin rejenerasyon ylzdesi,
eksplant bagina siirgiin sayis1 ve siirglin uzunlugu
verileri p <0.01 diizeyinde istatistiksel olarak 6nemli
bulunmustur. Bu farkliligin 6nem diizeyini belirlemek
amaciyla Duncan testi yapilmistir (Cizelge 3).
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Cizelge 2. ZEA+IAA, ZEA+IBA ve ZEA+NAA kombinasyonlarinin L. aromaticanin yaprak eksplantlarindan
slirgiin rejenerasyonuna ait varyans analizi

Surgiin Rejenerasyon | Eksplant Basina - <

. .o . Siirgiin Uzunlugu (cm)
Varyasyon Serbestlik Euzciem (%) IS{u]rglun Sayisi (adet)
Kaynaklar Derecesi | o0 as | F degeri Ortalama | F degeri gareler F degeri

) o rtalamasi

ZEA + TAA
Ortam 5 1407.656 13.03** 64.12 21.39** 0.03 3.43*
Hata 12 108.03 - 3.00 - 0.01 -
Genel Toplam 17 - - - - -
** p<0.01 dizeyinde 6nemli; * p < 0.05 diizeyinde 6nemli
ZEA + IBA
Ortam 5 666.82 7.20%* 186.85 24.43%* 0.04 4.32%*
Hata 12 92.61 - 7.65 - 0.01
Genel Toplam 17 - -
** p<0.01 dizeyinde 6nemli
ZEA + NAA
Ortam 5 805.76 5.80%* 97.10 15.53*%* 0.02 3.33**
Hata 12 138.91 - 6.25 - 0.01
Genel Toplam 17 - -
** p<0.01 diizeyinde 6nemli

Cizelge 3. ZEA+IAA, ZEA+IBA ve ZEA+NAA kombinasyonlarinin L. aromaticanin yaprak eksplantlarinda stirgiin
rejenerasyonuna etkisi

Biliytime Diizenleyicileri Sirgiin  Rejenerasyon Eksplant Bagina Sirgiin
(mg L-1) Yiizdesi (%) Siirgiin Sayis1 (adet)  Uzunlugu (cm)
ZEA TAA

0 0 44.44c¢ 3.11d 1.15b
0.10 0.10 88.89ab 9.20¢ 1.372
0.20 0.10 94.442 11.53¢ 1.412
0.40 0.10 100.00= 15.27ab 1.3562
0.80 0.10 100.00= 15.612 1.29ab
1.60 0.10 72.22b 12.32bc 1.24ab
ZEA IBA

0 0 61.11b 3.16¢ 1.18¢
0.10 0.10 83.332 25.292 1.45ab
0.20 0.10 100.00= 23.722 1.472
0.40 0.10 100.00= 18.33b 1.42ab
0.80 0.10 94.44a 18.30P 1.35abe
1.60 0.10 94.442 15.16P 1.28bc
ZEA NAA

0 0 55.55b 3.44¢ 1.12¢
0.10 0.10 100.002 15.402b 1.28ab
0.20 0.10 100.002 19.502 1.342
0.40 0.10 88.892 17.58b 1.27ab
0.80 0.10 83.332 16.342b 1.23abc
1.60 0.10 88.892 13.42b 1.16b¢

ZEA+IAA ZEA+IBA ve ZEA+NAA uygulamalar i¢in aym stitunda farkhi harflerle gosterilen ortalamalar arasinda fark p < 0.05 diizeyinde
o6nemlidir.

Siirgiin rejenerasyon yiizdeleri ZEA+IAA igeren MS ~ uygulamalarinda 0.40 ve 0.80 mg L' ZEA +0.10 mg L’
besin ortaminda % 72.22-100.00, ZEA+IBA ve ' IAA  igeren kiltir ortaminda, ZEA+IBA
ZEA+NAA iceren MS besin ortamlarmda % 83.33- ~ uygulamalarinda 0.20 ve 0.40 mg L* ZEA + 0.10 mg I
100.00 arasinda degismistir. Maksimum surgin ! IBA igeren kiiltiir ortaminda ve ZEA+NAA
rejenenasyon oranlam (% 100) ZEA+IAA uygulamalarinda 0.10 ve 0.20 mg L't ZEA + 0.10 mg
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L1 NAA igeren kiltir ortaminda tespit edilmigtir. uzerindeki etki mekanizmasindaki farkhliklarindan
Genel olarak yiliksek slrgiin rejenerasyon degerleri kaynaklanabilir. Bu bulgular1 destekleyen sonuclari
kaydedilmistir. En digik slrgin rejenerasyon Haddadi ve ark. (2013) Fragaria x ananassa cv.
frekanslar1 ise tiim denemelerde bitki blytime Camarosa’da bildirmigtir. 0-16 um ZEA, kinetin ve 6-
diizenleyici icermeyen (kontrol grubu) MS besin a,a-dimethylallylamino  piirine  iceren  kiiltiir
ortamlarinda belirlenmigtir. Mevcut c¢alismayla ortaminda en ylksek in vitro siirglin ¢gogaltimini 4-pm
uyumlu olarak, ylksek oranda stokinin ve disiik ZEA igeren MS kiiltir ortaminda elde etmigstir.

oranda oksin igeren kiltiir ortamlarinin in vitro Eksplant basina siirgiin sayisi istatistiksel olarak p <
¢ogaltim i¢in etkin kullanimi daha 6nce Ayyavu ve ark. 0.05 diizeyinde 6nemli bulunmustur. ZEA + IAA

(2012), Maheshwari ve Kumar (2006) ve Sivanesan ve eklenmig kultiir ortaminda 9.20-15.61 adet, ZEA + IBA
Jeong (2007) tarafindan raporlanmigtir. Tafvizi ve ark. eklenmis kiiltir ortaminda 15.16-25.29 adet, ZEA +
(2009) Gossypium hirsutum L.in in vitro sirgin — NAA eklenmis kiltir ortaminda 13.42-19.50 adet

rejenerasyonu iizerine ZEA'nin etkisini aragtirmis ve olarak sayilmistir (Cizelge 3). ZEA + IAA
goklu strgiin indiksiyonu i¢in en iyi uygulamanin uygulamalarinda en ylksek sayida surgiinler 15.61
ZEAmm disiik oranda (0.1 mg L) kullamldizn MS adet ile 0.80 mg L1 ZEA + 0.10 mg L IAA iceren
besin ortaminda tespit etmistir. Buna karsin, Enyew kiiltiir ortaminda (Sekil 1a), ardindan ise 15.27 adet

ve Feyissa (2019) E  keberichdin yaprak ile 0.40 mg Lt ZEA + 0.10 mg L TAA iceren kiiltiir
eksplantlarin1 1.0-2.5 mg L1 BAP + 0.5 mg L't NAA ortaminda  elde edilmistir. 7EA + IBA

igeren MS besin ortamina aktarmig ve d}’isi.ik oranda uygulamalarinda eksplant basina maksimum siirgiin
slirgiin rejenerasyon frekanslar kaydetmistir (% 6.67- sayist 25.29 adet ile 0.10 mg L' ZEA + 0.10 mg L1 IBA
33.33). Bu sonuglar, sﬁrgi’m rejenerasyonu ﬁzer?ne iceren MS besin ortaminda (Sekil 1b), ardindan 23.72
hormonlarin etki mekanizmalarinin bitki tiirlerine adet ile 0.20 mg L1 ZEA + 0.10 mg L'! IBA iceren MS
gore farklilik gosterebilecegini ortaya koymustur. besin ortaminda tespit edilmistir. ZEA + NAA
Eksplantlarinin ZEA ve farkli oksin hormonlar ile denemelerinde en fazla strgiin sayis1 19.50 adet ile

kombinasyonlarina  verdikleri tepkiler farklilik 0.20 mg L'l ZEA + 0.10 mg L't NAA iceren MS besin
gostermistir. Ornegin, ZEA+IBA uygulamasinda ortaminda (Sekil 1c), ardindan 17.58 adet ile 0.40 mg
ZEAmin orta seviyelerde kullanilmasi ve ZEA+NAA L1ZEA + 0.10 mg L't NAA iceren MS besin ortaminda
uygulamasinda ise genel olarak ZEAmnin dustik kaydedilmistir. Masekesa ve ark. (2019) tath patates

seviyelerde kullanilmas1 hiicrelerin rejenerasyon bitkilerinin doku kulturt ile uretimi igin farklh
kabiliyetini pozitif yonde tegvik etmistir. Diger yandan konsantrasyonlarda sitokininleri iceren (ZEA, Kinetin
ZEA+IAA denemelerinde ZEA'min yluksek seviyelerde ve  Tidiazuron) kualtir  ortaminda deneme
kullanilmasi1 hfcrelerin  rejenerasyon kabiliyetini kurmuglardir. En yiksek slirgin sayis1  ve
olumlu tegvik etmigtir. Bu farkl etkiler, hormonlarin rejenerasyonunu 0.2 mg L1 ZEA iceren MS besin
yapisal farklihigindan veya hormonlarin eksplant ortaminda elde etmiglerdir.
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Sekil 1. Sekiz hafta sonunda ZEA+IAA, ZEA+IBA ve ZEA+NAA igeren MS besin ortaminda L. aromaticanin yaprak eksplantlarindan in vitro
siirgiin rejenerasyonlari. (a) 0.80 mg L1 ZEA + 0.10 mg L TAA igeren kiiltiir ortamindaki 7n vitro siirgiinler (b) 0.10 mg L'* ZEA +
0.10 mg L* IBA iceren kiiltiir ortamindaki 7n vitro siirgiinler (c¢) 0.20 mg L' ZEA + 0.10 mg L NAA igeren kiiltiir ortamindaki in

vitro strgiinler

Eksplant bagina siirgiin sayisi bakimindan her g olumlu yonde etkilerken, IAA uygulamalarinda
farkli hormon uygulamalar1i karsilastirildiginda en ZEAmn yiksek seviyelerde kullamm daha iyi
yitksek sonuclar ZEA+IBA'da, en diisiik sonuclar sonuglar vermistir. Bu sonuglar degerlendirildiginde
ZEA+IAA’da tespit edilmistir. Ayrica, IBA ve NAA sirglin sayis1 Uzerinde oksin hormonlarinin farklh
uygulamalarinda ZEA'min dusiik seviyede etkiler gosterdigi anlagilabilir.

kullanilmasi yaprak eksplantlarindan strgiin ¢ikigini Yaprak eksplantlarindan ¢ikan rejenere surgiinlerin
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uzunluklar istatistiksel olarak p < 0.05 seviyesinde
onemli bulunmustur. Strgin uzunluklari ZEA+IAA
uygulamalarinda 1.24-1.41 cm, ZEA+IBA
uygulamalarinda 1.28-1.47 cm ve ZEA+NAA
uygulamalarinda 1.16-1.34 cm olarak kaydedilmigtir
(Cizelge 3). IBA iceren kiiltiir ortamindaki siirgiinlerin
boylari, TAA ve NAA igeren kultir ortamindaki
surginlerden daha uzun olarak 6l¢ilmustur. Ayrica
0.20 mg L1! ZEA igeren kultir ortamlari sirgin
uzunlugu bakimindan daha iyi sonuglar vermistir.
Buna karsin, en kisa strglnler ise 1.60 mg Lt ZEA
iceren kiiltiir ortaminda belirlenmistir. Bu sonuglar, L.
aromatica i¢in sitokinin ve oksinlerin yuksek oranda
kombinasyonununun siirglin uzunlugunu azaltic1 etki
yapabilecegini gostermistir. Benzer sekilde yiiksek
sitokinin ve oksin uygulamasinin sirgin uzunlugunu
azaltic1 etkisi daha 6nce Ruta graveolensL. (Ahmad ve
ark., 2010), Jatropha curcas (Kumar ve Reddy, 2010)
ve Toddalia asiatica (L.) Lam (Anand ve ark., 2015)
bitkilerinde de bildirilmistir.

Cizelge 4'de verilen korelasyon matrislerine gore,
eksplant basina siirgiin sayisi ile stirgiin rejenerasyon

degerleri arasinda pozitif yonla iligki oldugu tespit
edilmistir (ZEA+IAA i¢in r = 0.747, p< 0.01; ZEA+IBA
icin r = 0.477, p < 0.05; ZEA+IBA i¢in r = 0.712, p <
0.01). Eksplant bagina siirgiin sayis1 ve siirgiin
uzunlugu arasinda ZEA+IBA (r = 0.752, p < 0.01) ve
ZEA+NAA (r = 0.634, p < 0.01) icin pozitif yonli bir
iligki belirlenirken, ZEA+IAA uygulamasinda anlamli
bir iligki belirlenmemistir (r = 0.390, p > 0.05). Bu
sonuglar bize siirgiin rejenerasyon, siirgiin sayisi ve
stirglin uzunlugu verilerinin birbiriyle iligkili
parametreler oldugunu géstermistir.

Rejenere surglnlerin in wvitro koklendirilmesi igin
yvaklagik 3 cm uzunluklarinda kesilen st govde
parcalar1 0.25 mg L1 IBA igeren kiltir ortamina
transfer edilmistir. Koklendirme iglemi dort hafta
sonunda basariyla saglanmastir. Kokla Dbitkiler
ardindan ex vitro kosullara aligtirilmasi i¢in su igeren
akvaryumlara aktarilmistir. Ilk bir haftada bitkilerin
yapraklarinda ve boylarinda uzamalar gézlenmigtir.
Uctincii haftada doku kiiltiri sartlarinda cogaltilan
bitkiler akvaryum ortamina basariyla alistirilmigtir
saglamistir.

Cizelge 4. Farkli ZEA+IAA, ZEA+IBA ve ZEA+NAA uygulamalari i¢cin L. aromatica'da Pearson korelasyon katsayilar:

ZEA+IAA uygulamalar1 Stirgiin Rejenerasyonu Eksplant Bagina Siirgiin Sayisi Stirgiin Uzunlugu
Siirgiin Rejenerasyonu 1 0.747%* 0.666**
Eksplant Bagina Surgiin Sayisi 0.747*%* 1 0.390
Stirgin Uzunlugu 0.666** 0.390 1
ZEA+IBA uygulamalar: Stirglin Rejenerasyonu Eksplant Bagina Siirgiin Sayisi Stirgin Uzunlugu
Strgin Rejenerasyonu 1 0.477* 0.550%*
Eksplant Bagsina Strgiin Sayisi 0.477*% 1 0.752%*
Stirgiin Uzunlugu 0.550%* 0.752** 1
ZEA+NAA uygulamalari Stirglin Rejenerasyonu Eksplant Bagina Siirgiin Sayisi Stirgiin Uzunlugu
Stirgiin Rejenerasyonu 1 0.712%* 0.652%*

Eksplant Bagina Sturgin Sayisi 0.712%* 1 0.634**

Strgiin Uzunlugu 0.652** 0.634** 1

*Korelasyon 0.05 seviyesinde énemli (Tek yonlii)
**Korelasyon 0.01 seviyesinde 6nemli (Tek y6nlii)

SONUC

In vitro mikrocogaltim c¢alismalary, tibbi ve ticari
acidan o6nemli bitkilerin tretilmesi igin 6nemli bir
yontemdir. Ayrica bu yontem eczacilik alaninda ve ilag
sanayinde kullanilan bitkilerin buytik o6lgekli
uretimine imkan saglayabilmektedir. Mevcut bu
calisma, ZEAmin farklh oksin hormonlar1 ile
kombinasyonu durumunda L. aromaticanin yaprak
eksplantlarindan in vitro hizli ve c¢oklu iretimini
sunmaktadir. Yaptigimiz literatiir arastirmalarina
gore ZEA ve farkl oksinleri igeren kultiir ortaminda L.
aromaticamn yaprak eksplant: ile bir doku kiltiri
calismas1 tespit edilmemigstir. ZEA ve oksin
etkilesimini igeren bu calisma L. aromatica i¢in ilk
rapordur. ZEA+IAA, ZEA+IBA ve ZEA+NAA
kargilastirildiginda maksimum sayida slirgliin sayisi
ve surgin uzunlugu ZEA+IBA kombinasyonunda
tespit edilmigtir. Siirgin sayist bakimindan en iyi
hormon kombinasyonlar: ise 0.80 mg L' ZEA + 0.10
mg L1 TAA, 0.10 mg L1 ZEA + 0.10 mg L1 IBA ve 0.20

mg L'1 ZEA + 0.10 mg L'1 NAA olarak bulunmustur. L.
aromatica 6nemli bir tibbi ve aromatik bitkidir. Bu
uretim protokolii, ticari olarak buylk olgekte liretim
icin faydali olabilir. Ayrica, L. aromaticanmin dogal
ortamlarindan toplanmasinin 6niine gecerek neslinin
korunmasina yardimei olabilir.
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ABSTRACT

The aim of this research was to induce earliness in apricot cultivars
Aurora, Ninfa and Roxana grown in containers in greenhouse under
the Antalya environmental conditions. The plants were planted in 30
L black plastic containers filled with peat: manure (%60:%40) mixture.
The plants were treated with control, Dormex 2.5%, 200 ppm
gibberellic acid (GAs) and artificial chilling (30 days/720 hours at 5
°C). Then they were transferred into the greenhouse, and kept there
until harvest. During the vegetation periods, some phenological and
pomological parameters were determined. Among the apricot
cultivars, Ninfa treated with Dormex %2.5 was the earliest one in
flowering and harvesting time. On the other hand, artificial chilled
Ninfa was the best in terms of fruit set ratio and yield. The better
results were recorded in respect to soluble solid content in Roxana
cultivars treated with 200 ppm GAs. The results showed that selection
of suitable cultivars such as Ninfa for Antalya climatic conditions in
apricots seemed quite important. Aurora and Roxana apricots were
poor in fruit sets in control plants. The low production could be related
to inadequate chill requirements. About 7 to 10 days earliness in fruit
harvesting can be obtained in selected apricot cultivars under the
same conditions when all the required treatments and cultivation
practices are properly followed.

Saksida Erkenci Kayis1 Yetigtiriciligi

OZET

Aragtirmanin amaci, Antalya ekolojik kosullarinda plastik serada
saksida yetisen Aurora, Ninfa ve Roxana kayis1 cesitlerinde
erkenciligi saglamaktir. Bitkiler icgerisinde %60 torf:%40 ciftlik
giibresi karigimi bulunan 30 litrelik saksilarda yetistirilmigtir.
Bitkilere kontrol, %2.5 Dormex, 200 ppm GAs ve soguk depoda (30
giin/720 saat) uygulamalar1 yapilmistir. Daha sonra plastik seralara
tasinmiglar ve meyve hasatlar1 yapilincaya kadar plastik serada
bekletilmiglerdir. Deneme suresince bitkilerde bazi fenolojik ve
pomolojik 6zellikler belirlenmistir. Kayisi ¢esitleri arasinda, en erken
ciceklenme ve hasada gelme bakimindan %2.5 Dormex uygulanmig
Ninfa olmustur. Diger taraftan, sogukta bekletilmis Ninfa, meyve
tutumu ve bitki basina verim bakimindan en iyi sonug¢lari vermigtir.
En iyi suda ¢oziinebilir kuru madde miktar: 200 ppm GA3 uygulanmig
Roxana ¢esidinden elde edilmistir. Arastirma sonuglari, Antalya
ekolojik kogullar: igin Ninfa gibi soguklama ihtiyaci dusiik cesitlerin
seciminin 6nemliligini géstermigtir. Aurora ve Roxana ¢esitlerinin
kontrol bitkileri meyve verimleri disiikk olmustur. Bu durum
soguklamanin yeterli karsilanamamasi ile 1ilgili olabilir. Ayni
uygulamalar yapilmasina ragmen, sera kosullarinda yetisen
kayisilarda dig kogullarda ortamda yetigenlere gore yaklasik 7-10 giin
erkencilik saglanmigtir.
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INTRODUCTION

Turkey is an important apricot producing country in
the world with 985.000 tons production and 64.000
tons exported as table consumption (Anonymous,
2018). Most of the world table apricot exports are made
by apricot producing Mediterranean countries (Giilcan
et al., 2000). Earliness in apricot production is
important to increase producer income (Ayanoglu and
Kagka, 1993). Most of the table apricot production in
Turkey takes place nearby Mediterranean coast (Son,
2018). The most important limiting factors for apricot
growing in the subtropical region is the chilling
requirements (Askin, 1989; Zhuang et al., 2016).

Artificial chilled apricot (cv. Canino and Sayeb) and
sweet cherry (Cv. Burlat and pollinators) in plastic
containers filled with volcanic tuff were grown in
Hamat Gader in the Jordan valley area at 100 m below
to the sea level. The apricot trees bloomed (early
January) earlier than sweet cherries (late January),
and they ripened 7 and 5 weeks earlier, respectively
that of the corresponding cultivars in the coastal plain
of Israel (Ran and Erez, 1993).

Different hydrogen cyanamide (H2CN3) concentrations
were sprayed to Trinto apricot cultivar grown in
containers. After application, some trees were grown
in controlled conditions (23°C + 1) for 15-20 days, and
others outside. Higher concentrations of H2CNa2
inhibited flower bud break, but lowest concentration
promoted flower bud break. Leaf buds showed better
HCN tolerance than flower buds treated later and at
higher concentrations (Bartolini et al., 1997).

The performance of 42 apricot varieties was studied in
the greenhouse, the best results were obtained from
9803 type. Chilling requirement of 9803 types was 490
chilling unit (CU). In this type, the fruits were ripened
in mid-April, flower initiation was started 10-15 days
after harvest, and suitable pruning types was V shape
(Xiang He et al., 2004).

H2CN2 has many effects on dormancy breaking, early
and uniform bud break and chilling requirements in
almond, apple, actinidia, fig, grapevine, peach,
persimmon and plum. H2CN:z also reduce catalase
activity (Shulman et al., 1986).

Chilling requirements of peach trees grown in small
containers filled with volcanic tuff or mixtures of
volcanic tuff and peat moss were fulfilled by artificial
chilling and transferring the trees in autumn to 450 m
higher mountain. The trees were trained to the
mechanized meadow orchard system. Artificial chilling
gave good results than transferring to mountains in
terms of leafing, bloom and yield. But, artificial
chilling was determined more expensive (Erez et al.,
1993).

The result of Dormex (%49 H2CN2) and promalin
application to Tokaloglu and Karacabey apricots and
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Papaz plum bloomed early 2 - 5 days, and 4 - 8 days,
respectively, gave good fruit set, fruit weight
increased, and harvested 2 - 9 days earlier than control
plants (Son and Kiiden, 2005).

Liu (2018) has reported that Guozhixian and Moorpark
apricots varieties are more profitable for producers
when they are grown in greenhouses in Liaoning
province in China.

Zhai and Liu (2018) have made selection for low chill
apricot genotypes to determine early fruit bearing
types in greenhouse conditions and Xiajin type were
found to be promising for furthers studies in Yuncheng
district of Shanxi Province in China

The aim of this research was to induce earliness in
fruit production in apricots (Aurora, Ninfa, Roxana)
grown in containers in the plastic greenhouse under
the Antalya environmental conditions.

MATERIALS and METHODS

This research was conducted in a plastic greenhouse in
the Research and Application Field of Agriculture
Faculty of Akdeniz University. The greenhouse was 51
m long, 18 m wide and 6 m high and it was composed
of three tunnels. The greenhouse was located at 36° 54
028' N, 030° 38-810' E and 38 m above sea level.

In this research, 1-year old Aurora, Ninfa and Roxana
apricot trees grafted on apricot seedling were used.

Drip irrigation was used as an irrigation system and
one spaghetti tube (having 2 L/h water discharge) was
placed in each container.

The trees were planted in 30-liter containers and 60%
peat + 40% organic manure (sheep manure) was used
as the growing media. During planting, the taproot
was cut in order to prevent taproot development, and
other roots were pruned normally. The trees were
planted so that the graft union was 15 cm above the
growing media.

Trees were pruned to an open vase style. During
planting, trees were topped at 60 cm and shoots, which
were located in the first 30 cm, were removed. Three to
four scaffold branches 5-10 cm apart were evenly
distributed in 360°. As a result of branch selection, an
open vase style was formed as middle of the canopy
stayed open. Then, summer pruning was done in the
middle of June until bearing by selecting lateral
branches on the scaffold branches and the angle of
scaffold branches was set at 45-60° from horizontal.
Following that, winter pruning was done in early
January every year.

In order to preserve plants from hot weather in
summer, the trees were placed in a shade area covered
with a net, which transmitted 40% light. In the second
and later years, control, 2.5% Dormex (contains 49%
H2CNa, Agrikem), 200 ppm GAs and artificial chilling
(30 days/720 hours at 5 °C) treatments were applied.
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Treatments were applied after 15th January every
year. Dormex and 200 ppm GAs3 treatments were
applied with a knapsack sprayer until trees were
completely wet. Distilled water was sprayed on control
plants with a knapsack sprayer, and subsequently
plants were moved to cold storage, which had 80-85%
humidity and 5 °C temperature for the 30-day holding
treatment. At bloom time, bumblebee hives were
placed (2 hives inside and 1 hive outside of the
greenhouse) to insure pollination. After fruit harvest,
plants inside and outside of the greenhouse were
moved to a 40% shade area in order to preserve plants
from hot summer weather. The plants were held in
that area until the treatments for the next year.
Following second year of the experiment, the same
treatments were done as in the first year.

Fertilization scheduling was prepared according to soil
and leaf analysis results and 30 g N.P.K (15:15:15) was
given to each container using fertigation in early
March, April, May and June. Additionally, Fe-EDTA

Table 1. Average flowering dates in apricots

was sprayed to leaves with a knapsack sprayer to
prevent chlorosis in plants.

Phenological observations like blooming time, fruit set
percentages, harvest time, and yield per plant were
made on each tree. Furthermore, pomological analyses
like total soluble solids, and titratable acidity were
made at harvest.

The experiment was conducted with 3 replications,
SAS software was used for statistical analyses of data
and comparison of means was done with LSD test.

RESULTS and DISCUSSION
Bloom time

The earliest flowering was obtained at the end of
February in 2.5% Dormex treatment, to Ninfa,
followed by 2.5% Dormex applied to Aurora and
artificial chilled to Roxana. Treatments induced early
flowering more than control. Flowering date lasted 2 -
5 days depending on the year (Table 1).

Cultivars Treatments Average flowering times
First bloom Full bloom End of bloom
Ninfa Control March 13 March 15 March 18
2.5% Dormex February 26 March 01 March 04
200 ppm GA3 March 02 March 05 March 07
Artificial chilling March 08 March 09 March 12
Aurora Control March 26 March 27 March 28
2.5% Dormex March 10 March 11 March 12
200 ppm GAs March 13 March 16 March 18
Artificial chilling March 11 March 13 March 16
Roxana Control March 25 March 26 March 28
2.5% Dormex March 17 March 19 March 20
200 ppm GAs March 19 March 21 March 23
Artificial chilling March 14 March 16 March 18
Fruit set from 200 ppm GAs and 2.5% Dormex applications

The highest fruit set was determined in artificial
chilled apricots with 33.96%, and lowest in control with
8.60%. Approximately same results were obtained

Fruit set

Artficial chilling
200 ppm GA3
Dormex 2.5%

Control

I 86 c

0 5 10 15 20

I 19.69 b

(Figure 1).
Fruit set rate was significantly higher in Ninfa and

Aurora than Roxana, and the highest fruit set rate in

Ninfa with 27.54% (Figure 2).

= 3396 @

— 20.83 D

25 30 35 40

Figure 1. Average fruit set according to applications (LSDus: 6.5549).
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Fruit set

Roxana NN 6.33 Db
Ninfa I 27 .54 a
Aurora IEEE——— 2566 a
0 5 10 15 20 25 30
Figure 2. Average fruit set in Aurora, Ninfa and Roxana apricot cultivars (LSDs: 5.9467)

Table 2. Average harvest dates in apricot cultivars
according to treatments

Harvest date
Treatments were matured fruits earlier than control,

and the earliest harvest was in Dormex treated Cgltivars Treatments Harvest date
apricots, and 200 ppm GAs and artificial chilling Ninfa Control May 13
treatments were followed it. Ninfa was matured earlier 2.5% Dormex May 03
than Aurora and Roxana. The earliest harvest was 200 ppm GA3 May 05
done in Ninfa on May 3, and latest was made in Artificial chilling May 08
Roxana on May 18 (Table 2). Aurora Control May 15

2.5% Dormex May 04
Yield per plant 200 ppm GA3 May 05
Treatments were increased yield according to the Artificial chilling May 08
control. The highest yield was obtained in artificial Roxana Control May 18
chilling with 980.44 g/plant, and lowest in control with 2.5% Dormex May 06
170.63 g/plant. The results of Dormex 2.5% and 200 200 ppm GAs3 May 07
ppm GAS3 treatments were not significant (Figure 3). Artificial chilling May 10
Among the apricot cultivars, Ninfa showed the highest
yield with 1088.84 g/plant, and yield of Aurora and
Roxana were almost the same with 358.50 and 322.62
g/plant, respectively (Figure 4).

Yield
Artficial chilling I 980.44 a
200 ppm GA3 I 658.93 b
Dormex 2.5% N 522.83b
Control N 170.63c
0 200 400 600 800 1000 1200

Figure 3. Yield per plant according to the treatments (g/plant) (LSDes: 202.65)

Yield

Roxana [N 322.62b

Ninfa | 1088.84 2

Aurora NG 353.50b

0 200 400 600 800

1000

1200

Figure 4. Yield per plant in Aurora, Ninfa and Roxana apricot cultivars (g/plant) (LSDys: 88.873)
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Soluble solid content

Treatments affected soluble solids content according to
control, but soluble content did not change more
amongst the treatments, the highest soluble solids
content was with 200 ppm GA3 treatment with 14.85
(Figure 5).

Among the apricot cultivars, the highest soluble
content was in Roxana with 18.03, followed by Aurora
with 16.68 and Ninfa with 11.89, respectively (Figure
6).

Soluble content (%)

Artficial chilling
200 ppm GA3

Dormex 2.5%

I 14.05 ab
I 13.89b

Control

134 136 13,8 14 142 144

14,6

Titratable acidity

Treatments increased acidity. The highest acidity was
shown in artificial chilling with 1.56 g/100 ml, and the
lowest was in control with 1.09 g/100 ml (Figure 7).
The highest titratable acidity was in Aurora with 1.61
g/100 ml, and lowest in Ninfa with 1.14 g/100 ml
(Figure 8).

I 14.54 2b

I 14.85a

14,8 15

Figure 5. Total soluble content according to treatments (%) (LSDys: 0.9565)

Souble content

Roxana | 18.03a

Ninfa [ 11.89c

Aurora | 16.68b

0 5 10

20

Figure 6. Soluble content in Aurora, Ninfa and Roxana apricot cultivars (%) (LSDws: 0.658)

Titratable acidity

Artficial chilling
200 ppm GA3

Dormex 2.5%

Ry 156 @
I — 1.30b
I, 1.23 b

Control

Figure 7. Titratable acidity according to treatments (g/100 ml) (LSDuws: 0.0955)

— 1.09c

0 02 04 06 08 1 12 14 16
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Figure 8. Titratable acidity in Aurora, Ninfa and Roxana apricots (g/100 ml) (LSDs5: 0.1177)

DISCUSSION

Some chemicals affected dormancy breaking, early bud
break and chilling requirements in many fruits.
Dormex and GAs treated apricots shown early bud
break and bloomed higher than control plants
(Shulman et al, 1986; Son and Kiiden, 2005;
Westwood, 1993). In the experiment, similar results
were obtained, and early bud break and bloom were
seen in Dormex%2.5 and 200 ppm GAs treatments.
Control plants bloomed later than treatment plants.
Environment also had an important role on early bud
break and bloom. Untreated Roxana apricots bloomed
19 February in Kahramanmaras which is 150 km
inside from Mediterranean Sea, and has micro climate
zone, climatic conditions (Yilmaz, 2002). Nevertheless,
in the experiment in Antalya conditions which is near
the Mediterranean Sea, control Roxana apricots
bloomed early and mid-March. This may be a result
from weather temperatures. Because, there was a cold
weather in Antalya during the experiment. Thus,
Asma and Ozturk (2005) indicated that apricot
cultivars can bud break in late February or mid-March
according to the years.

Failure to meet the cold demand is a major problem for
growing of temperate fruits in the Mediterranean
region, and there are some methods to provide chilling
such as chemical treatments, cold storage, and
transference to high altitudes in pots. Bartolini et al.
(1997) determined that Dormex treatment provided
chilling requirement and early bud break in apricots.
In this experiment, Dormex treatment shown early
bloom, but good fruit set and yields was obtained from
artificial chilling. The results indicated that cold
storage is an appropriate method to achieve chilling
requirement.

Ninfa was early blooming cultivar in some experiments
(Yilmaz, 2002; Asma, 2012). Similar result was
obtained in the experiment, and Ninfa bloomed earlier
than Aurora and Roxana.
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Fruit set, harvest dates, and yield varies according to
years, age, cultivar, self-fertilization capability,
pollinator use and environmental conditions. In the
experiment, fruit set varied between 6-25%, and the
highest fruit set recorded was with 27.35% in Ninfa
from artificial chilled apricots. Polat and Caliskan
(2014) indicated that fruit set rate varied between 2.3-
14% in apricots in Hatay environmental conditions.
Caliskan et al. (2012) harvested Ninfa, Aurora and
Roxana in 2, 6 and 25 May, respectively. Ninfa was
harvested in 26 May in Italy (Bianco et al., 2010) and
in 31 May in Kahramanmaras (Yilmaz, 2002). Yield
varied between 322.68 and 1.088.84 g/plant in
cultivars, and the highest yield was obtained from
artificial chilled Ninfa with 1.1150 g/plant in the
experiment. Similarly, (Yilmaz (2002) obtained 1.018
g/plant yield from Ninfa. Mratinic et al. (2011) found
4-34 kg yield/plant in apricots, and Ugurluay (2009)
determined 4.97 kg/plant in Hacihaliloglu apricot
cultivar in Manisa.

Treatments increased soluble solids content and
titratable acidity in apricot cultivars, the highest
soluble content and acidity was obtained from 200 ppm
GA3 treatment with 14.85% and artificial chilled
treatment with 1.56 g/100 ml. Bianco et al. (2010) was
13.8% soluble content in Ninfa, and Oparnica et al.
(2005) measured 1.45 g/100 ml acidity in Ninfa and
Aurora. The results of the experiment were consistent
with the results of previous experiments researchers.

The results shown that Ninfa can be grown in Antalya
environmental conditions without encountering
chilling problems. But, Aurora and Roxana cultivars
could face with inadequate chilling.
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ABSTRACT
The objective of this experiment was to investigate the effects of
exogenous salicylic acid (SA) on strawberry plants under NaCl stress.

Research Article

Article History

The strawberry (Fragaria X ananassa Duch.) cv Kabarla was used in Received :28.03.2019
the experiment. Until the beginning of the experiment, all plants were Accepted $19.07.2019
irrigated with tap water and 1-month after planting, all plants were

applied with three different SA doses (1, 2 and 4 mM) and were Keywords

watered with 35 mM NaCl solution. Control and salt plants were not
applied with SA, salt plants were watered with NaCl solution and
compared to controls. Three months after the salinity (in March), salt
stress decreased root volume by 37% compared to control. Overall, 4
mM SA and control had the highest values of root tissue density (0.113
and 0.117 g cm3, respectively). Moreover, 4 mM SA treatment
increased stomatal conductance by 87% compared to salt plants. The
dry matter was less partitioned to roots in salt stressed strawberry
plant. Dry matter partitioning between shoots and roots was
differently affected by supply of SA under salinity condition.
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Tuz Stresi Altindaki Cilek Bitkilerinde Salisilik Asit Uygulamasiyla Kuru Madde Dagilimi ve Tuz
Toleransi

OZET Aragtirma Makalesi
Calismanin amaci, disarindan uygulanan salisilik asidin (SA) tuz

stresi kosulu altinda yetistirilen c¢ilek Dbitkilerindeki etkileri Makale Tarihgesi
incelemektir. Kabarla cilek (Fragaria X ananassa Duch.) cesidi Gelis Tarihi :28.03.2019
calisma igin segilmistir. Deneme baglayana kadar tiim bitkiler musluk Kabul Tarihi :19.07.2019

suyu ile sulanmistir ve dikimden 1 ay sonra bitkilere 3 farkli dozda
SA (1, 2 ve 4 mM) uygulanmis ve 35 mM NaCl c¢ozeltisi verilmistir.
Kontrol ve tuz bitkilerine SA uygulanmamis olup tuz uygulanan
bitkiler kontrol bitkileriyle kiyas edilmistir. U¢ aylik tuz stresi
sonucunda (Mart ayinda), tuz stresi kok hacmini kontrol bitkilerine
kiyasla %37 azaltmigtir. 4 mM SA ve kontrol grubu en yuksek kok
yogunluguna (sirasiyla 0.113 ve 0.117 g cm™3) sahip olmustur. Ayrica,
4 mM SA uygulamasi stoma iletkenligini tuz bitkisine kiyasla %87
artirmigtir. Tuz uygulamasi1 sonucunda kuru madde koke daha az
gonderilmigtir. Kok ve slirglinler arasinda kuru madde dagilimi SA
uygulamas ile farkli derecede etkilenmigtir.
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Salisilik asit,
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INTRODUCTION

In many areas of the world, salinity has been
considerably the main constraint for crop production.
High concentration of NaCl, the dominant salt in the
soil (Pessarakli and Szabolcs, 2010), diminishes fruit
yield and quality in many plants (Colla et al., 2006;
Huang et al., 2009). Growth reduction due to the

presence of sodium chloride (NaCl) at certain
concentrations was reported in many fruit species
(Aras et al., 2015; Akcay and Esitken, 2017; Aras and
Esitken, 2018). Among these fruit species, strawberry
was suggested to be salt-affected and salt stress may
cause decrease in strawberry fruit yield and quality
(Garriga et al., 2015). Salinity causes physiological
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dysfunctions (Yin et al., 2010), ion imbalance (Karlidag
et al., 2011), depression in photosynthesis (Galli et al.,
2016), leading to growth reduction (Kaya et al., 2002)
and decrease in fruit quality and taste (Kaya et al.,
2002; Keutgen and Pawelzik, 2008) in strawberry.

Plant growth regulator treatments were found to play
an important role in plant responses to stress factors
(Chakrabarti and Mukherjee, 2003). Salicylic acid (SA)
plays an important role in the regulation of plant
growth, development and responses to abiotic stresses
(Noreen and Ashraf, 2008; Miura and Tada, 2014).
Application of exogenous SA enhanced the salt stress
resistance of many plants (Szepesi et al., 2009; Nazar
et al., 2011). Gunes et al. (2007) found that SA
treatment increased the plant growth in maize plants
under salinity. In addition, some studies showed that
exogenous SA could alleviate the salinity damage in
strawberry (Karlidag et al., 2009; Tohma and Esitken,
2011). SA could increase chlorophyll content and
maintain the stability of cell membrans, which was
benefical to plant growth under salinity condition
(Gunes et al., 2007; Szepesi et al., 2009).

Environmental stress factors affect dry matter
partitioning between root and shoot and plant
morphological traits such as root and shoot fresh and
dry weights, root tissue density, root:shoot dry weight
in many plants (Marschner et al., 1996; Chartzoulakis
et al., 2002; Aras and Egsitken, 2018). Many studies
have supported clear evidences that SA treatment
ameliorates salinity stress and increases plant growth
in many plants. However, evidence is scarce for dry
matter distribution in strawberry plant. The objective
of the this study was to assess the effect of SA on plant
growth and dry matter partitioning in strawberry
plant under salinity condition.

MATERIALS and METHODS
Pot trials and experimental design

The study was conducted between November of 2015
and March of 2016 in a heated greenhouse located in
Department of Horticulture at Selcuk University,
Konya, Turkey. Well-rooted frigo strawberry plant
(Fragaria x ananassa Duch.) cv. Kabarla was used for
the experiment. The experiment was a randomized
plot design with three replication, three plants each.
The plants were potted in 5 L plastic pots filled with
mixture of soil, peat and perlite in a volume ratio of
1:4:1. Until the beginning of the experiment, all plants
were irrigated with tap water and 1-month after
planting, all plants were applied with three different
SA doses (1, 2 and 4 mM) and were watered with 35
mM NaCl solution (growing media’s salinity of plants
exposed salt stress maintained in a range of 2.0-2.5 mS
cm! EC through applying 35 mM NaCl). SA was
applied to the roots of strawberry plants for once with
irrigation water. Control and salt plants were not
applied with SA, salt plants were watered with NaCl
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solution. When the growing media’s salinity exceeded
2.5 em'! EC plants were irrigated with tap water and
when the media’ s salinity was belowed the 2 cm! EC
NaCl solution were used for irrigation. Three months
after the salinity (in March), many plant growth
properties were evaluated.

Growth, SPAD
Measurements

and Stomatal Conductance

The growth promoting effects of SA treatments were
evaluated by determination of root volume, root and
shoot dry and fresh weights. Root volume was
calculated by displacement of water in the volumetric
cylinder. Root and shoot dry weights were measured
after drying the plant material at 70°C for 48-72 hours.
The value of root:shoot dry weight was calculated as
dry weights of root:shoot. Moreover, root volume, root
mass ratio (RMR, root dry weight:whole dry weight, g
g'1), shoot mass ratio (SMR, shoot dry weight/whole dry
weight, g g'1), and root tissue density (RTD, root dry
weight/root volume, g cm™3) were calculated as reported
previously (Lupini et al., 2016).

Relative chlorophyll (SPAD) value was measured with
a Minolta SPAD-502 chlorophyll meter (Minolta
Camera Co, Ltd, Osaka, Japan). Stomatal conductivity
was conducted on the youngest fully expanded leaves
on upper branches of the plants with leaf porometer.

Statistical analyses were performed with SPSS,
version 20.0. The means were compared by the
Duncan’ s Multiple Range Test te at 5% level.

RESULTS

Compared to the salt plants, SA-induced salinity
tolerance was reflected in the significant alterations of
root volume, root tissue density, root mass ratio, shoot
mass ratio, root:shoot dry weight, SPAD value and
stomatal conductance (Table 1 and 2). Salt stress
decreased root volume by 37% compared to control.
Overall, 4 mM SA treament sustained the lowest root
volume. On the contrary, 4 mM SA and control
sustained the highest root tissue density (0.113 and
0.117 g cm3, respectively). Exogenous SA increased the
root mass ratio by 86% compared to salt plant. In case
of non-SA condition, shoot mass ratio showed a slight
change under salt stress (Table 1).

SPAD value for leaves treated with SA decreased more
slowly than those non-treated salt plants (Table 2). SA
treatments leaded increases in stomatal conductance
under salt stress. Moreover, 4 mM SA treatment
increased stomatal conductance by 87% compared to
salt plants.

DISCUSSION

Salt stress affects the morphological and physiological
characteristics of plants due to physiological
disruptions, nutrient imbalance, chlorophyll loss (Yin
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et al., 2010; Aras and Egitken, 2018). In the current
study, we investigated the ameliorative effects of
exogenous SA on strawberry growth under salinity
condition. Compared to salt plants, many growth traits

were manifested as a significant decrease as a result of
salinity and alleviated by SA treatment. The change
trend between morphological characteristics was more
obvious when SA concentration was 4 mM.

Table 1. Effect of SA on root volume, root tissue density, root and shoot mass ratio and root:shoot dry weight in

salt-treated strawberry plants

Root volume Root tissue density Root mass Shoot mass Root:shoot
(cm?3) (g cm™) ratio (g g1) ratio (g g'1) dry weight
Control 45.0 a 0.117 a 0.269 ab 0.730 a 0.370 b
Salt 28.3 b 0.077b 0.211b 0.771 a 0.280 e
SA (1 mM) + Salt 28.7b 0.076 b 0.227Db 0.772 a 0.288 ¢
SA (2 mM) + Salt 29.0b 0.077 b 0.224 Db 0.775 a 0.285d
SA (4 mM) + Salt 20.0 ¢ 0.113 a 0.393 a 0.606 b 0.637 a

Means separation within column by Duncan’s multiple range test, £<0.05

Table 2. Effect of SA on SPAD and stomatal

conductance in salt-treated strawberry
plants
SPAD Stomata_l _Conductance
(mmolm2s71)
Control 45.46 a 111.6 be
Salt 38.40 b 102.83 ¢
SA (1 mM) + Salt  41.73 ab 180.93 ab
SA (2 mM) + Salt  39.62b 148.93 abc
SA (4 mM) + Salt  39.86b 192.30 a

Means separation within column by Duncan’s multiple range
test, <0.05

Root tissue density reflects root functional status that
is associated with physiological activities in plant body
(Wahl and Ryser 2000; Ostonen et al., 2007). The
tissue density is affected by cell wall material, lignin
and percentage of air space (Koike, 1988; Garnier and
Laurent, 1994). In our study, 4 mM SA increased root
tissue density, although the lowest root volume was in
4 mM SA treatment. Low tissue density enables a fast
growth rate with a low investment on dry matter
(Hummel et al. 2007). Some studies showed that
higher root respiration result in decrease in dry matter
accumulation in roots, which, in turn, leads to decrease
in root tissue density (Wardlaw, 1990; Masoni et al.,
2007). In the current experiment, salt stress decreased
root tissue density when compared with control may be
due to increase in root respiration triggered by salt
stress. High density tissue leads a better protection
against adverse environment with a high investment
on dry matter (Pammenter et al., 1986). Thus, SA
treatment provided better root growth via dry matter
partitioning to roots.

SA treatments increased rootishoot dry weight in
strawberry. Root:shoot dry weight was about 2-fold by
4 mM SA treatment to that of control plants. In a
previous study it was reported that acquisition of
necessary nutritions for photosynthesis such as
nitrogen and Sulphur could be performed by SA
treatment and photosynthesis increases (Nazar et al.,
2011). In our experiment, increase in root:shoot dry
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weight by 4 mM SA might be attributed to increment
in photosynthesis and then higher transport and use of
photoasimilates in the roots.

Decrease in the root mass ratio was more obvious in
salt plants as compared to the controls. Moreover,
there was a slight decrease in shoot mass ratio. These
changes show that shoot growth was less affected than
root growth. This finding confirms the evidence
regarding the effect of salinity on root by decreasing
root:shoot dry weight under salt stress. Therefore,
salinity in strawberry may alter the pattern of dry
matter distribution favoring the shoot. Apparently,
salt stressed strawberry plants partitioned more
carbon to the shoots during salt stress period.

Chlorophyll (SPAD value) content was significantly
decreased by 35 mM NaCl treatment. Similarly,
Tohma and Esitken (2011) also reported that
chlorophyll content was decreased by salt stress in
strawberry. Salt stress damages cell membrane and
causes the leakage of chlorophyll molecules and
declines chlorophyll content (Mehta et al., 2010).
Furthermore, decline in chlorophyll content could be
due to an increase in the chlorophyll degradation (El-
desouky and Atawia, 1998). In our experiment, there
are considerable preventions of the chlorophyll
reductions by SA compared to salt plant. Szepesi et al.
(2009) also reported SA treatment prevented the
chlorophyll loss in tomato plants under salinity
condition. Moreover, SA treatment increased stomatal
conductance under salinity. Stomatal conductance
recorded on plants treated with 4 mM SA was 87%
higher than those recorded in salt plants. Reduction in
stomatal conductance was due mainly to an increase in
Na* content (Zrig et al., 2011). A protective effect of SA
on stomata was reported under salt stress in many
studies (Nazar et al., 2011).

CONCLUSION

SA treated plants sustained better growth and this
may be attributed more chlorophyll and stomatal
conductance compared to salt stressed plant. The
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interpretation of the presented data indicated that the
dry matter was less partitioned to roots in salt stressed
strawberry plant and more allocated in leaves
compared to control. Dry matter partitioning between
shoots and roots was differently affected by supply of
SA under salinity condition. Root tissue density and
root:shoot dry weight could be used as indices of dry
matter partitioning between root and shoots. In
conclusion, our data show that SA, especially 4 mM
dose, provided the dry matter distribution to roots and
decreased the adverse effects of salt stress in
strawberry plant growth.
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sonunda baz fizyolojik ve mikroklima o6zellikleri degerlendirilmigtir.
Yesil file en yiikksek SPAD degerine (39.79) sahipken kirmiz file en
diisiik degere (34.99) sahip olmustur. Fotoselektif netler bitkilerin
antosiyanin icerigini kontrole kiyasla artirmistir. Stoma iletkenligi
kirmiz1 filede tam giines 1s181na kiyasla %38 azalmistir. En disiik
toprak sicakligi yesil filede belirlenmigtir. Renkli fileler hava
sicakligin1  kontrol grubuna gore artirmistir. Sonu¢ olarak,
fotoselektif filelerin radyasyona karsi faydah etkisi kurakhik, asiri
151k radyasyonu, tuzluluk gibi gevresel streslerin zararh etkilerini
azaltmada kullanilabilir.

ABSTRACT Research Article
The sunlight manipulation can be utilized to promote the desired
plant physiology by using photoselective nets. In our study, we tested Article History
different colored nets to determine the physiological responses of the Received 111.04.2019
strawberry plant. The study was conducted in 2016 at Selcuk Accepted :24.07.2019
University in Turkey. A strawberry (Fragaria X ananassa Duch.) cv
Kabarla was used in the study planted in 7 L pots. Before the Keywords
shading treatment, all plants were grown outdoors. For the shading Photoselective net
experiment, sunlight was declined by red, green and black nets Physiology
allowing 40% shade with covering from July until September of 2016 Shading
(during 2 months). At the end of the experiment, some physiological Strawberry
and microclimate properties were evaluated. The green net showed
the highest SPAD value (39.79), while the lowest value was obtained
in red net (34.99). The photoselective nets increased anthocyanin
compared to control. Stomatal conductance in the red colored net
decreased by approximately 38% when compared to full sunlight.
The lowest soil temperature was observed under green colored net.
Colored nets increased air temperature compared to control. As a
result, the mitigative effect of the photoselective nets against
radiation could be used to decrease the malignant effects of
environmental stresses such as drought, excessive solar radiation,
salinity.
Fotoselektif Netlerin Cilek Bitkilerine Fizyolojik Etkileri
OZET Aragtirma Makalesi
Gunes 1s181indan faydalanma fotoselektif fileler araciligiyla bitki
fizyolojisini istenilen dogrultuda degistirmek amaciyla kullanilabilir. Makale Tarihgesi
Calismamizda farkli renkteki fileleri cilek bitkisinin fizyolojik Gelis Tarith1  :11.04.2019
tepkilerini belirleme amaciyla denenmistir. Calisma 2016 yilinda Kabul Tarihi :24.07.2019
Selcuk Universitesinde kurulmustur. Kabarla cilek cesidi calisma
icin secilmis ve Mayis ayinda 7 litrelik saksilara dikilmistir. Anahtar Kelimeler
Denemeye baglamadan 6nce butun bitkiler disarida yetistirilmis ve Fotoselektif file,
diizenli sulanmigtir. Golge uygulamas: igin, giines 18181 %40’ hik Fizyoloji,
golgelemeye sahip kirmizi, yesil ve siyah filelerle azaltilmis ve Golgeleme,
Temmuz-Eylil aylar1 arasinda (2 ay) golgelenmistir. Calismanin Cilek
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INTRODUCTION

The sunlight management has been an important
study to maintain optimum fruit production and
quality in orchard systems. Optimizing of sunlight
use can be performed with some cultural practices
such as pruning, training system, orchard design,
with regard to improve the quantity of light (the
amount of photosynthetically active radiation, PAR)
(Corelli-Grappadelli and Lakso, 2007; Bastias and
Corelli-Grappadelli, 2012). Moreover, growers use
protective netting to reduce the light quantity for
prevention of fruit sunburn, reduction in soil water
and diminishing hail damages (McCaskill et al., 2016;
Kalcsits et al., 2017; Mupambi et al., 2018). Besides,
light quality (spectral composition of sunlight)
dramatically influence plant growth and physiology
was less studied in fruits. Light quality controls many
regulations such as stomatal activity, flower
induction, fruit development, increase in plant growth
and biomass (Smith, 1994; Matsuda et al., 2004).
These responses as a result of light quality are
mediated by many pigment-based photoreceptors
such as cryptochromes, phototropins (Batschauer,
1998; Wang and Folta, 2013).

Light quality management can be performed by
utilizing photo selective (colored) nets to promote
physiological responses and plant growth, so these
nets can alter both quantity and quality of solar
radiation (Martins et al., 2008; Bastias and Corelli-
Grappadelli, 2012; Oliveira et al, 2016).
Photoselective nets change the spectrum of
transmitted light, with the blue and red nets
exhibiting peaks in the blue-green (400-540 nm)
region and in the red region (590 nm), respectively
(Oren-Shamir et al., 2001).In addition, the colored
nets increases the relative content of scattered vs.
direct light and absorbs infra-red radiation (Shahak
et al., 2004). The effect of color type of nets on plants
is similar to that of the color of light reflecting the
same behavior on plants. For instance, red net
provides the benefits by the greater availability of the
red radiation (above 590 nm) (Henrique et al., 2011).
Red shade nets decrease blue, green, and yellow
waves and add waves in the red and far-red spectral
range (Pinto and Bertolucci, 2014; Stagnari et al.,
2018).

Photoselective nets leads to morphological and
physiological alterations in plants (Bassett et al.,
2006). Growth changes due to the presence of white,
red-white, red-black and green-black colored nets
were reported for apple (Solomakhin and Blanke,
2008). Light modification under red and white
photoselective net provided better apple fruit yield
and quality compared to blue, grey and black once
(Shahak et al., 2008). Bastias et al. (2011) reported
that net photosynthesis in apple was significantly
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higher under 46.3% blue and 56.3% grey nets
compared to 12.5% pearl net. Moreover, increase in
chlorophyll content has been reported in basil plant

as an effect of the green colored net (Stagnari et al.,
2018).

Many researches related with nettings have focused
on shade percentages of the nets and black, white and
dark green colored shade nets are widely utilized
types. However, as far as we know, detailed
information about use of colored net is currently
limited. To gain insights into different colored nets,
finding out the responses of plants under
photoselective shade nets have a significance.
Furthermore, the physiological changes in plant by
light quality via photoselective nets has been studied
in many fruits such as apple (Solomakhin and
Blanke, 2008), orange (Zhou et al., 2018), avocado
(Tinyane et al., 2018), less studied in strawberry.
Therefore, it is still unknown the effects of
photoselective nets on the physiology of strawberry
plant. Accordingly, here we identified physiological
impacts of colored nets on strawberry plant.

MATERIAL and METHOD

The experiment was performed in 2016 in a
greenhouse of Department of Horticulture at Selcuk
University in Turkey. Strawberry (Fragaria X
ananassa Duch.) cv Kabarla was chosen for the study.
The experiment was designed as randomized plot
design with three replications, three plants each. The
plants were planted in 7 L pots containing soil,
substrate and perlite (1:3:1; v/v/v) in May of 2016.
Before the shading treatment, all plants were grown
outdoors. For the shading experiment, sunlight was
declined by red, green and black nets allowing 40%
shade with covering from dJuly until September
(during 2 months) of 2016. Nets placed over a metal
tunnel werel.5 m high, and each group was separated
from the other plots.

SPAD and anthocyanin measurements

Relative chlorophyll (Chl) was measured as SPAD
value with a Minolta SPAD-502 chlorophyll meter.
Relative anthocyanin content of the leaves was
measured with Anthocyanin Content Meter (ACM-
200 plus).

Stomatal conductance and leaf temperature

Stomatal conductivity and leaf temperature were
measured with a leaf porometer (Li-COR).

Leaf relative water content (LRWC)

Leaf relative water content (LRWC) was determined
by the procedure of Smart and Bingham (1974). Fresh
weights (FW) of leaves were determined and then
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leaves were placed in distilled water to rehydrate.
After 5 hours, turgid weights (TW) were determined.
Afterward, leaves were oven-dried and dry weights
(DW) were determined. LRWC was calculated using
the equation as:

LRWC(%) = (FW-DW)ATW-DW))x 100

Soil temperature, air temperature and air humidity

Soil temperature was measured by using soil
termometer. Air temperature and air humidity of
phyllosphere (on the leaf surface) under the
fotoselective nets and above the un-shaded control
plants were recorded by using mobile data logger at
the time when the soil temperature was recorded.

Statistical analyses

Data were analyzed with the statistical software
package SPSS (20.0) compared by the Duncan’ s test
at 5%.

RESULTS

The red, green and black shade nets as compared to
full sunlight significantly influenced physiology of
strawberry plant and the air temperature and

Table 1. Effects of colored nets on the plant physiology

humidity. Thus, the results demonstrated significant
differences among colored nets in quality of light.
SPAD readings showed that chlorophyll content in
leaves slightly changed after installation of the
photoselective nets. The highest SPAD value was
measured in green net treatment (39.79) (Table 1).
The highest anthocyanin was obtained from black net
(12.13) and while the lowest value was in full sunlight
(9.72). Red net (150.36 mmol m32s?) leaded a
remarkable decrease in stomatal conductivity
compared to control (241.83 mmol m2s1). Stomatal
conductance in the red colored net decreased
approximately 38% when compared to full sunlight.
The leaf temperature was not affected significantly.
Plants growing under intense radiation had higher
LRWC than plants in shaded conditions. Colored nets
considerably decreased water loss compared to
control.

The lowest soil temperature (23.06 °C) was observed
under green colored net (Table 2). Colored nets
increased air temperature compared to control. The
highest air humidity was seen in control (35.33%),
while black and red nets had the highest values
(30.66 and 31.00%, respectively).

. Stomatal Leaf
SPAD Anthocyanin Conductance Temperature LRWC
Control 35.84 b 9.72b 241.83 a 32.16 68.00 b
Red Net 34.99 b 11.17 ab 150.36 b 32.30 81.57 a
Green Net 39.79 a 10.63 ab 230.26 a 32.43 83.57 a
Black Net 35.83 b 12.13 a 244.76 a 32.03 83.89 a

Means separation within column by Duncan’s multiple range test. p<0.05

Table 2. Effects of colored nets on the microclimate conditions

Soil Temperature (°C)

Air Temperature (°C)

Air Humidity (%)

Control 24.75 a
Red Net 24.66 a
Green Net 23.06 b
Black Net 23.56 ab

31.90 b 35.33 a
32.73 a 31.00 ¢
32.46 a 33.66 b
32.76 a 30.66 ¢

Means separation within column by Duncan’s multiple range test. p<0.05

DISCUSSION

Strawberry is an important berry fruit distributed
worldwide. In the current study, we utilized different
colored nets at moderate shade level (40%) in order to
reveal plant responses against different light quality.
Alterations in plant responses with different color
screens were observed compared to the cultivation in
full sunlight. It is evident that the photoselective nets
affected both physiological and environmental factors.
Thus, it can be inferred that the plant of ‘Kabarla’
strawberry 1is sensitive to light quality, and
physiologically reacts with regard to coloring.
Furthermore, we speculated that colored net affected
the plants as reflecting the effects of own color in the
spectrum of light.
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Increase in chlorophyll content an adaptation of plant
to shade conditions in order to receive more light
amounts under limited light (Stagnari et al., 2018). Li
and Syvertsen(2006) reported that citrus trees grown
under red net exhibited the lowest chlorophyll
contentthan citrus trees grown under other types of
shade nets. In the current study, shading had a
significant effect on leaf relative chlorophyll content
(SPAD). The green net enhanced SPAD value
compared with full sunlight and red and black nets.
Similar to chlorophyll content, photoselective nets
significantly increased the relative leaf anthocyanin
content compared with control. Plants accumulate
anthocyanins as an adaptive response to capture
more light. Plants also produce anthocyanin to
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alleviate photooxidative damages in leaves (Gould et
al., 1995). In a previous experiment, the anthocyanin
content of Polygonum hydropiper plant increased
under red light (Miura and Iwata, 1981). The light
receptors such as phytochrome (red light) may play
roles in anthocyanin synthesis (Mizuno et al., 2009).

Plants subjected to drought stress demonstrate a

decrease in stomatal conductance as a defense
mechanism to avoid water loss. In the current
experiment, significant alterations 1in stomatal
conductance were observed when comparing

strawberry plant grown under the photoselective nets
in relation to full sunlight plant. The stomatal
conductance tended to be lower under red and green
net and evaluation among different colored nets
demonstrated that red net effectively decreased leaf
stomatal conductance when compared to full sunlight.
Moreover, there was no significant differences in
stomatal conductance were found between control and
black nets. In a study of Goins et al. (1997) it was
reported that photosynthesis decreased under red
LEDs may be associated with lower stomatal
conductivity. There was no statistical difference in
leaf temperature among shading treatments due to
using the same shading level above plants and the
leaf temperature was not affected by color of net.

The increase in LRWC caused by photoselective nets
was observed in our study. Protection of water loss is
a result of lower levels of irradiance leaded by shade
treatment. There was no significant difference in leaf
relative water content occurred among photoselective
nets.

Photoselective nets reduced soil temperature. The
rankings of the treatments based on the soil
temperature were as follows: green < black <red
=control. Similar results as decreasing soil
temperature were obtained in apple trees under blue
and red nets (Kalcsits et al., 2017). Many studies
reported that nets reduced canopy temperature.
However, in our experiment air temperature above
the leaves increased under nets. The current study
was built semi-opened and well-ventilated conditions.
Therefore, the air temperature and humidity were
mainly affected by the external climatic conditions as
reported in the study of Zhou et al. (2018).

In the current experiment, green net leaded higher
chlorophyll content, while black net had the highest
anthocyanin content among colored nets. In addition,
red net showed the lowest stomatal conductance
value. Different colored nets possessed distinct
properties on plants, thus the color of net should be
chosen according to their behaviors on plants.
Farmers should decide the color of net on their
purpose depending environmental conditions such as
drought condition.
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CONCLUSION

We suggest that different colored nets lead distinct
physiological responses and modified light quality
leading to protection of water loss, higher air
temperature and lower air humidity on phyllosphere
as compared to the unshaded plants. As a result, the
mitigative effects of the photoselective nets against
radiation could be used to decrease the malignant
effects of environmental stresses. When we consider
which photoselective net was the most useful for
strawberry plant, many factors should be taken into
account. For instance, the red net should be the most
suitable for strawberry production under water-
limited conditions through decreasing stomatal
conductance. However, the data wwere preliminary
and more research is required for understanding the
physiological mechanisms underlying changes in the
plant responses and for evaluating the results with
other fruit species.
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ABSTRACT Research Article

Fruit thinning is an essential practice to improve fruit size and

quality, control alternate bearing and increase return bloom in the Article History

next season. Fruit thinning is performed by hand or by using some Received +31.05.2019

chemicals. In this study, the effect of chemical thinning, namely two Accepted ©22.08.2019

doses of 5 and 10 ppm of Naphthalene Acetic Acid (NAA) or of 100 and

150 ppm of Benzyladenine (BA) on fruit thinning and some fruit Keywords

quality traits Golden Delicious, Red Chief and Granny Smith apple Ap.ple.

cultivars grafted on MM 106 clone rootstock in 2015 was tested and Thlnmng

compared with the effect of hand thinning. Chemical treatment was Quality .
Benzyladenine

applied after three weeks of full bloom, while the hand thinning was
made to be released a fruit per cluster on each branch in small fruit
period after June-drops. The results showed that the highest fruit
thinning ratio was found in the Granny Smith cultivars, with 5 ppm
(93.80%) and 10 ppm (91.65%) of NAA, 100 ppm (89.88%) and 150 ppm
88.98%) of BA. It can be concluded that the applications of 10 ppm of
NAA and 100 and 150 ppm of BA were found effective for fruit
thinning and fruit quality. Furthermore, the hand thinning
application increased the fruit weights more than all the chemical
applications.

Naphthalene Acetic Acid

MM106 Anaci Uzerine Asih Baz Elma Cesitlerinde Benziladenin ve Naftalen Asetik Asit
Uygulamalarinin Meyve Seyreltmesi ve Kalitesi Uzerine Etkisi

OZET Aragtirma Makalesi

Meyve seyreltmesi, meyve buyukligua ve kalitesini iyilestirmek

periyodisiteyi kontrol etmek ve sonraki yilin ¢icek tomurcugu Makale Tarihgesi
olusumunu arttirmak i¢in yapilan énemli bir uygulamadir. Meyve Gelig Tarthi - 31.05.2019
seyreltmesi, elle veya baz1 kimyasal maddeler kullanilarak yapilir. Kabul Tarihi :22.08.2019

2015 yilinda yuriitilen calismada MM 106 klon anaci lzerine asili

Granny Smith, Golden Delicious ve Red Chief elma c¢esitlerinde Anahtar Kelimeler

NAA'min 5 ve 10 ppm’lik dozlar1 ile BA'nin 100 ve 150 ppm’lik Elma

dozlarinin meyve seyreltmesi ve baz1 meyve kalite 6zellikleri {izerine Sey.reltme

etkisi aragtirilmig ve elle seyreltme uygulamasiyla karsilagtirilmigtir. Kaht? .

Elle seyreltme uygulamasi Haziran dékiimiinden sonra her hiizmede Benziladenin . .
Naftalen Asetik Asit

ortada bir meyve kalacak sekilde yapilirken, kimyasal seyreltme
uygulamas: tam ¢igeklenmeden 3 hafta sonra yapilmistir. Calismada
en yiksek seyreltme oran1 Granny Smith ¢esidinde sirasiyla NAAnin
5 ppm’lik (%93.80) ve 10 ppmlik (% 91.65), dozlar: ile BA'nin 100
ppm’lik (%89.88) ve 150 ppm’lik (% 88.98) dozlarindan elde edilmistir.
Elde edilen sonuglara géore NAA'nin 10 ppm’lik ve BA ‘nin 100 ve 150
ppm’lik uygulamalar: etkili meyve seyreltmesi ve meyve kalitesi igin
onemli bulunmustur. Ayrica elle seyreltme uygulamasi kimyasal
uygulamalara gére meyve agirligim1 daha fazla arttirmigtir.

To Cite : Turak B, Gulsoy E, Aslantas R 2019. Effects of Benzyladenine and Naphthalene Acetic Acid Applications on Fruit
Thinning and Quality of Some Apple Cultivars Grafted onto MM 106 Rootstocks. KSU J. Agric Nat 22 (Suppl 2):
347-353. DOI: 10.18016/ksutarimdoga.vi.572969.




KSU J. Agric Nat 22(Suppl 2): 347-353, 2019

Arastirma Makalesi/Research Article

INTRODUCTION

One of the most important goals in apple growing as in
other fruit species is to obtain high yield and high-
quality products. Thinning of the apples increases the
value of the product by improving the quality
characteristics such as size, color and taste, and by
allowing the trees to produce products on a regular
basis every year. Therefore, the fruit thinning is
considered as an important factor determining
profitability in apple growing (Link, 2000).

Thinning is the process of removing excessive flowers
and fruits from the tree using certain methods of
removal (Dennis, 2000; Webster, 2002). Thinning is
carried out manually, mechanically, or in the form of
thinning of flowers and fruits by the use of some
chemical substances (Ryugo, 1988; Rom, 2001). The
efficiency of the thinning used in apple cultivation may
vary depending on factors such as species, varieties,
climate factors, type of chemical and application dose,
physiological structure of tree (Jones et al. 2000;
Greene, 2002).

NAA is the first synthetic auxin type chemical agent
used in apple thinning (Wertheim, 2000). NAA is
absorbed from the leaf and promotes the formation of
the separation layer by promoting the formation of
ethylene, thus forming the breakdowns (Tromp, 2000).
The most effective application time of NAA as a
chemical thinner is when the fruit diameter reaches
11-13 mm or 7-9 mm (Greene, 2002; Pesteanu, 2013).

Generally, the efficient amount of NAA concentration
is between 5 and 20 ppm (Keserovic et al. 2016). As the
dose of application increases, the thinning rate
increases as well, but the higher doses cause damage
to the leaves and the fruits remain small (Burak et al.
1997).

Benzyladenine (BA) is a more effective and stable
compound in apple thinning by increasing fruit size
and quality, but decreasing the fruit yield (Greene et
al., 1990). Through the stimulation of cell division, BA
leads to the production of bigger fruits by increasing
the number of cells per fruit (Yuan and Greene, 2000).
Even though it is stated that BA responds to thinning
in the period when fruits reach a larger diameter
(Elfving and Cline, 1993), the most effective period of

Table 1. Some climate parameters of Igdir (2010-2015).

application is when the fruit diameter reaches 10 mm
(Basak, 1996).

The aim of this study was to determine the effect of
thinning applications on some fruit properties and
fruit quality. The effects of some chemical substances
(NAA, 5 and 10 ppm; BA, 100 and 150 ppm) were
tested and compared to the hand thinning in Golden
Delicious, Red Chief and Granny Smith apple varieties
grafted on clone rootstock MM 106.

MATERIAL and METHOD
Study field

Having a microclimate feature and a vegetation period
between 137-191 days according to the Frost Calendar
of Turkey (Simsek et al., 2017), Igdir province and its
surroundings sustain a different position in the
Eastern Anatolia Region in terms of -climatic
conditions and plant variety. Igdir plain with an
average of 850 m elevetion from the sea is surrounded
by altitudes of 1200-2000 meters. This geological
structure of Igdir province can sometimes be
advantageous (agricultural diversity) and sometimes
cause difficulties (drainage problem, salinity, cold air
mass subsidence).

Soil properties of study field are as follows: Textures of
study fields were clay loam, and pH, EC%, OM%,
lime%, potassium (kg da!) and phosphorus (kg da)
values were between 7.25-7.30 (slightly alkaline);
0.031-0.048 (salt-free); 2.17-4.40 (medium, good and
high); 6.16-6.98 (medium calcareous); 81.90-124.60
(much and too much); 0.17-0.38 (very low),
respectively.

According to 2010-2015 average, temperature, rainfall
and relative humidity of Igdir province are given in
Table 1. According to these values, summers are hot
and dry, winters are cold and dry. Springs are more
rainy with a insufficient level.

Orchard

This study was conducted in Igdir in 5-6 years old
apple orchard in 2015. The experiment site included
semi-dwarf Golden Delicious, Granny Smith, and Red
Chief apple trees grafted onto MM 106 clone rootstock.
The trial was set as a completely randomized design
with three replication.

PM 1 2 3 4 5 6 7 8 9 10 11 12 A

T 0.1 3.1 8.4 14.2 189  24.6 280 270 228 14.1 6.6 -0.4 13.9
Pr 7.8 11.0 33.1 46.4 544  29.8 8.0 11.4 7.3 62.2 8.6 14.6 294.5
RH 684 62.1 48.7 49.6 54.3  43.2 38.6  41.1 44.7 67.2 68.2 72.4 54.8

P: Parameters; M: Months; A: Annual; T: Average temperature (°C); Pr: Precipitation (mm),

RH(%): Relative Humudity.
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Thinning applications

Two thinning applications were applied. Hand
thinning was performed after June drop for each
cultivar and left one fruit per cluster when fruit
diameter was between 12-16 mm. Chemical thinning
treatments were applied at 5 and 10 ppm
concentration for NAA, at 100 and 150 ppm
concentration for BA. The chemicals were applied 20
days after the full flowering dating 11th May of 2015.
The control group trees were left untreated.

In the harvested fruits, fruit size, weight, firmness,
yield efficiency, total soluble solids content and
titratable acidity were determined. The fruit
diameters were measured using a digital calliper. The
fruits weighted by a sensitive scale (sensitive to 0.01
). Fruit firmness was measured with a penetrometer
by tipped 7/16 inch from Yilmaz (2008). The total
soluble solids were determined by refractometer and
expressed as percentage TSS in the juice. The
titratable acidity (TA) was measured by titration with
0.1 N NaOH to pH 8.1 at juice extraction and expressed
as percentage in malic acid (Ersilia, 2003).

Statistical Analysis

The study data was analyzed by SPSS 17.0 and the
means were compared by Duncan’s multiple range
test. The P values of less than 0.05 were considered to
be significant (George, 2011).

RESULTS AND DISCUSSION

The fruit size, yield efficiency, thinning ratio and the
mean values of the total soluble solids content were
found to be significant in the study (P <0.05) and no
significant interactions among the cultivars x thinning
applications were found.

In the study, the highest fruit width of 3 apple varieties
was obtained by hand thinning application. The
highest average fruit width and length were found in
Granny Smith with 77.84 mm and 71.95 mm,
respectively. According to the results obtained in terms
of fruit width and length statistical difference was
observed in the cultivars of apples (Table 2). Fruit sizes
increased in all three cultivars through hand thinning
application. When the applications were compared
with the control group, the doses of NAA at 10 ppm and
BA at 150 ppm were slightly increased in all 3 varieties
of fruit width and length (Table 2). Sadeler and Bolat
(1999) have reported that Golden and Starking apple
varieties of different doses of NAA and NAAm
applications increase fruit size, and Yilmaz (2008), has
reported a slight increase with the increase in the
application doses in the apple size of Starkrimson
Delicious and Granny Smith cultivars and Hehnen et
al. (2012), has reported increase in the apple sizes of
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Buckeye Gala apple varieties in both chemical and
mechanical thinning applications.

When the applications were compared with the control
group in terms of yield efficiency, all of thinning
applications increased the productive efficiency in Red
Chief. In Golden Delicious, in all the applications
except the BA 150 ppm dose the yield efficiency
reduced. In Golden Delicious and Granny Smith
varieties BA application of 150 ppm increased
efficiency (Table 2). In some of the previous literature,
thinning applications are associated with lower yields
(Paul and Proctor 1995; Meland, 1997, Tiirkeli and
Barut, 2003; Karakus and Kalyoncu 2010) while in
some other cases, there is no trace of significant effect
on yield (Stopar, 2006; Reyes et al. 2008; Yilmaz, 2008).

According to the results, all applications increased the
thinning rate in all 3 cultivars when compared to the
control group. The highest thinning ratio gained in
Granny Smith of NAA 5 ppm (93.80%) application, the
lowest thinning ratio gained in Golden Delicious of BA
100 ppm (62.72%) application. In the study, the
highest thinning rate was found in Granny Smith with
an average of 88.04%. While the increase of NAA and
BA doses in the Golden Delicious and Red Chief
increased the Thinning rate, increasing the dosage of
both chemicals decreased the thinning rate slightly in
Granny Smith (Table 2). In terms of thinning ratio, the
differences between varieties may be caused by
different auxin content of Golden Delicious, Granny
Smith and Red Chief varieties in the NAA and BA
application time.

Similar studies reported that the thinning rate has
shown differences depending on the thinning method,
the cultivar and dose of the chemical thinners used, the
time of application, the cultivar and the ecology (Bound
et al. 1991; Turkeli and Barut 2003; Yilmaz, 2008;
Radivojevié, 2011; Sebek, 2016).

In the study, the highest total soluble solids content
(TSS) was obtained in Red Chief in all applications and
the lowest was obtained in Granny Smith (except NAA-
5 ppm dose) (Table 2). In all applications, the highest
TSS for all 3 varieties increased to a maximum in the
dose of 150 ppm BA (Table 1). The increase in the doses
of NAA and BA in the Golden Delicious increased the
TSS and decreased in the Granny Smith and Red
Chief. In a similar study in contrast to the results
found in this study, thinning applications decreased
the TSS in Golden Delicious and increased in Red
Chief (Reyes et al. 2008). Another study reported that
use of NAA or BA + CB as a thinner reduces the
content of TSS (Khanizadeh et al., 2004). The
researchers attributed the increase in the rate of TSS
to the decrease in the product load (Kong et al. 2009),
to the increase in the absorption rate of the fruit ratio
and related to the larger leaf area, and to the better
nutrition of the fruits (Henriod et al. 2011).
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Table 2. The effect of different fruit thinning applications on some fruit characteristics and thinning rates in three

apple cultivars

Cultivars Control Hand NAA NAA BA BA Average
5 ppm 10 ppm 100 ppm 150 ppm

Fruit Width (mm)

Golden Delicious 72.79b 79.71c 68.56a 74.2'7b 72.35b 74.59b 73.71B™
Granny Smith 75.14a 79.93b 78.46b 77.82a 78.53b 77.16a 77.84A
Red Chief 70.71a 75.81b 71.97a 70.91a 73.30ab 73.90b 72.77B
Average 72.88B™ 78.48A 73.00B 74.33B 74.73B 75.22B

Fruit Lenght (mm)

Golden Delicious 67.36b 75.74d 65.40ab 69.81ac 67.26ab 70.86¢ 69.41B*
Granny Smith 68.57a 75.14c 71.46b 72.79b 72.00b 71.73b 71.95A
Red Chief 64.34a 69.88b 70.07b 66.41a 66.43a 68.10b 67.54B
Average 66.76C* 73.58A 68.98BC 69.67BC 68.57BC 70.23B
Yield Efficiency (kg cm™2)

Golden Delicious 3.12 1.90 2.10 2.43 1.78 3.20 2.42A*
Granny Smith 1.22 0.88 1.36 1.10 0.94 1.35 1.14B
Red Chief 0.19 0.25 0.23 0.22 0.25 0.20 0.22C
Average 1.51a" 1.01b 1.23ab 1.25ab 0.99b 1.58a

Thinning Ratio (%)

Golden Delicious 52.18 65.93 64.65 77.86 62.72 73.96 66.22C**
Granny Smith 73.72 90.21 93.80 91.65 89.88 88.98 88.04A
Red Chief 57.11 85.99 72.76 80.66 68.76 74.28 73.26B
Average 61.00C™ 80.71A 77.07AB 83.39A 73.79B 79.07AB
Total Soluble Solid Content (%)

Golden Delicious 12.37 12.37 11.60 11.77 12.93 14.33 12.56B*
Granny Smith 12.10 11.97 12.07 10.63 12.10 12.20 11.84C
Red Chief 13.33 14.00 14.40 13.47 14.57 14.47 14.04A
Average 12.60ab” 12.78ab 12.69ab 11.96b 13.20a 13.67a

** There are 5% differences between the averages shown in different letters in the same row and column. OD: There is no
difference between the averages shown in the same letters on the same line.

In the study, the difference between apple varieties
fruit weight, firmness and titratable acidity mean
values (P <0.05) was found to be very important and
Interaction between apple varieties x applications was
found to be significant.

The highest (Hand thinning, 231.66 g) and lowest
(NAA-5ppm, 144.92 g) fruit weight were determined in
Golden Delicious. In all varieties, thinning
applications increased fruit weight compared to the
control group. Granny Smith showed the highest fruit
weight with an average weight of 212.88 g (Figure 1).

In previous studies, it was reported that chemical
thinning applications had more effect on increasing
fruit weight than hand thinning (Sadeler and Bolat
1999; Mert and Soylu 2001; Yilmaz, 2008). Albeit hand
thinning in this study was more effective in increasing
fruit weight than chemical thinning applications, this
difference is thought to be due to the application time,
application dose, effectiveness and interaction with
annual maintenance works.

The highest fruit firmness was obtained from Granny
Smith with 100 ppm (8.91 kg) application and the
lowest was obtained from the application of hand
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thinning (Golden Delicious-4.57 kg). The highest fruit
firmness 8.32 kg of was obtained via BA-100 ppm
thinning in Granny Smith (Figure 2). In the hand
thinning application, the fruit firmness was found to
be low in all varieties compared to the controls.
Although the highest firmness was obtained from the
control group in similar studies (Bound et al.1991;
Elfving and Cline 1993; Tiirkeli and Barut 2003), the
highest value was obtained in the chemical
applications in this study.

It has been reported that the increase in fruit firmness
may be the result of the reduction in the number of
fruits and yield due to the thinning causing increase in
the amount or activity of related enzymes (Jemric et al.
2003).

The highest titratable acidity was found in Granny
Smith in all applications (Figure 3). As compared to the
control group, the highest titratable acidity in Golden
Delicious and Red Chief was obtained from 150 ppm of
BA and 100 grams of BA in Granny Smith. In a
previous study, it was determined that hand thinning
increases titratable acidity by 20% more than control
group (Henriod et al. 2011).
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Figure 2. Cultivar x application interaction in terms of fruit firmness
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Similar results were obtained in this study. When
titratable acidity was compared with previous studies
Yilmaz, (2008) titratable acidity was higher than the
results of Radivojevic et al. (2011) and it was lower
than the results of Tiirkeli and Barut, (2010).

CONCLUSION

In this study, both hand thinning and NAA and BA
applications were positively effective in thinning the
fruits of Golden Delicious, Granny Smith and Red
Chief cultivars. All applications increased the thinning
rate in all 3 cultivars compared to the control groups.
The increase in NAA and BA doses in the Golden
Delicious and Red Chief increased the thinning rate,
whereas the same chemical doses decreased the
thinning rate slightly in the Granny Smith.

In terms of thinning ratio, different results were
obtained between cultivars and these differences can
be attributed to differences in the auxin content of
Golden Delicious, Granny Smith and Red Chief
cultivars at the time of thinning. The variation of the
BA's response to thinning may be partly due to
differences in environmental conditions during
application. In terms of increasing the fruit weight
hand thinning application leads to better results than
chemicals. The highest fruit weight was recorded in
Granny Smith according to the average of all
applications. According to the results of the study, 10
ppm of NAA with 100 and 150 ppm of BA were found
to be important for fruit thinning and fruit quality.
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OZET Aragtirma Makalesi
Bu calisma, farkli kokenli bazi pamuk genotiplerinin Verticillium ) )
solgunlugu hastaligina dayaniklihik durumlarini tespit etmek Makale Tarihgesi

amaciyla yapilmigtir. Calisma, tesaduf bloklar1 deneme deseni Gelig Tarihi  :25.03.2019
uyarinca, U¢ tekerriirli olarak kontrolli iklim kabininde Kabul Tarihi :22.08.2019
yurutilmustir. Calismada inokulasyon iglemi, bitkilerinin 2-3 gergek
yapraga sahip oldugu donemde, kokleri V. dahliaenin T:1 patotipine
iliskin i1zolatinin 107 konidi ml! konsantrasyonundaki spor
stuspansiyonuna daldirilarak yapilmistir. Calisma sonucunda,
genotiplerin yaprak ve iletim dokusu semptomlarina gore, hastalik
indeksi degerleri arisindaki farkliliklarin, istatistiksel olarak % 1
diizeyinde o6nemli oldugu saptanmigtir. Calismada incelenen
genotiplere iliskin  hastalik  indeksi  degerlerinin  yaprak
semptomlarina goére istatistiksel olarak 13; iletim dokusu
semptomlarina gore ise 16 farkli grupta toplandig: tespit edilmigtir.
Materyal olarak kullanilan pamuk genotipleri arasinda, yaprak
semptomlarina goére, hastaliga en dayanikli genotiplerin sirasiyla
ABD kékenli Tamcot Camd-ES (1.39), Tiirkiye kékenli PG 510-7 (1.64)
ve BA-525 (1.72); iletim dokusu semptomlarina gore ise sirasiyla ABD
kékenli Tamcot Camd-ES (1.31), Tiirkiye kokenli PG 510-7 (1.47) ve
IH-26-K-5 oldugu saptanmigtir. Bu c¢alisma sonucunda, genotiplere
iligkin olarak yaprak ve iletim dokularindaki semptomlara gore elde
edilen hastalik indeksi degerleri arasinda yiiksek diizeyde pozitif
yonde korelasyon (r= 0.972) oldugu saptanmistar.

Anahtar Kelimeler
Gossypium hirsutum
Verticillium dahliae
Yaprak semptomlar:
Tletim dokusu semptomlari

Investigation of Resistance to Verticillium Wilt in Some Cotton Genotypes with Different Origins

ABSTRACT Research Article

The aim of this study was to determine the resistance of some

genotypes with different origins against Verticillium wilt. The study Article History

was conducted in randomized complete block design with three Received ©25.03.2019
replicates in controlled growth chamber. Cotton seedlings in 2-3 true Accepted ©22.08.2019
leaf stage were inoculated with 107 conidia ml! spore suspension of V.
dahliae which is leaf defoliating T: pathotype by root dip technique.
The differences between disease indexes from leaf and vascular
tissues were significant (P<0.01). Genotypes used in this study were
categorized into 13 groups for leaf symptoms and 16 groups for .
vascular symptoms. Tamcot Camd-ES (1.39) from USA, PG 510-7 Vascular tissue symptoms
(1.64) and BA-525 (1.72) from Turkey were most resistant based on

leaf symptoms. However, Tamcot Camd-ES (1.31) from USA, PG 510~

7 (1.47) and IH-26-K-5 from Turkey were the most resistant genotypes

based on vascular symptoms. In this study a high positive correlation

(r=0.972) was found between diseases indexes from leaf and vascular

tissues.
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GIRIS

Ulkemizde baglica éneme sahip tarimsal triinlerden
birisi olan pamuk, bagta tekstil olmak tlizere birgok
sanayi kolunda hammadde olarak kullanilan stratejik
bir Urindir. Diinya nifusunun hizla artmasina
paralel olarak insanlarin yasam bicimleri ve
standartlarinin da degisiklik gostermesi, pek c¢ok
uretim alaninda oldugu gibi tekstil sanayisinin de
énemini her gecen giin artirmaktadir. Ulkemizde
2015-2016 pamuk tUretim sezonunda 738 bin ton
pamuk iretim gergeklesirken tiiketim miktar1 1.656
milyon ton olmustur (Oziidogru 2017). Mevcut durum,
Dinya’da ¢nemli bir yere sahip olan tekstil
sektorimiizin hammadde ihtiyacini 6nemli 6l¢lide
kargilayamadigin1 ve hammadde ihtiyaci1 yoniinden %
55.4 oranda disa bagimli oldugunu gostermektedir.
Hammadde ihtiyacimizin yerli uretimle
karsilanabilmesi yoniinden pamuk verim ve
Uretimimizin arttirilmas: biiyik 6nem tagimaktadir.
Bu baglamda tiretimin arttirilmasina yonelik olarak
hastalik ve zararli gibi verimi olumsuz yonde etkileyen
faktorlerin minimize edilmesine yonelik ¢alismalarin
yapilmasi bluyik 6nem tagimaktadar.

Pamukta verimi etkileyen en oOnemli biyotik
faktorlerden biri hastaliklardir. Verticillium
solgunlugu hastaliginin etmeni ve toprak kékenli bir
fungus olan Verticillium dahliae Kleb. 400’in tizerinde
konukguya sahiptir. Konuk¢ular1 arasinda pamugun
yani sira enginar, biber, patlican, antepfistigi, zeytin,
patates, cilek, domates, karpuz ve pek cok crusifer
bitki yer almaktadir (Koike ve ark., 1994; Krikun ve
Bemier, 1987; Subbarao ve ark., 1997). Fungusun
toprakta mikrosklerot halinde 15 yila kadar canlh
kaldig1 bilinmektedir (Agrios, 2005). Konukcuya ait
kok  salgilariyla ~ dormant doénemi  sonlanan
mikrosklerotlar ¢imlenerek ¢ok erken dénemde bitki
koklerinden giris yapmaktadir. Daha sonra fungusun
miselyumlar1 kokte ilerleyerek iletim dokularina
ulagsmakta ve ileriki asamada sistemik enfeksiyona
neden olmaktadir. Iletim dokularinda hizla cogalan
fungus burada su ve besin maddesi iletimini
aksatmakta ve nihayetinde sona erdirmektedir
(Gubler, 1996). Enfeksiyon cok erken dénemde baslasa
da ilk belirtiler genellikle bitki tarak ve erken koza
donemindeyken goriilmeye baglamaktadir. Erken
donemde ¢ok siddetli enfeksiyon olmasi durumunda
bitkiler ctice kalabilmektedir. Enfekteli bitkilerin
yapraklarinda sararmalar ortaya cikmakta, goévdesi
enine kesildiginde iletim dokularinda
kahverengilesmenin bagladig1 gorilmektedir.
Hastaligin ilerleyen dénemlerinde ise yaprak damar
aralarindan baglayan bir kuruma ortaya ¢ikmakta,
iletim dokularindaki rengin de kahverengiden siyaha
dogru dontstigi  gorilmektedir. Bu  durum
Verticillium solgunluguna has c¢ok karakteristik bir
belirtidir (Karcilioglu ve ark., 1992). Bu tarz enfekteli
bitkiler genellikle ¢ok az sayida koza tasimakta ve bu
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kozalar ya hi¢ agmamakta yada ag¢salar bile bunlardan
elde edilecek pamukta lif kalitesinden s6z etmek pek
miimkiin olmamaktadir (Korolev ve ark., 2001; P’erez-
Art’es ve ark., 2000). Verticillium dahiaenin baz
patotiplerinde ve vejetatif uyum gruplarinda
bitkilerde gsiddetli  yaprak  dokimi ortaya
cikabilmektedir (Dobinson ve ark., 2000; Jim’enez-
D1az ve ark., 2006; Goére 2007; Dervis ve ark, 2008).
Pamukta  Verticillium  solgunlugu hastaliginin
micadelesine yonelik yogun ¢alismalar yapilmaktadir.
Bu hastaligin kontrolii amaciyla ekim noébeti, dengeli
giibreleme, dengeli sulama, yabanci ot miicadelesi gibi
baz1 kiiltiirel islemler énerilmektedir (Erdogan ve ark.,
2014). Ancak, genis pamuk ekim alanlarinda
Verticillium solgunluguna karsi etkin herhangi bir
kimyasal ya da farkli bir savasim yontemi
bulunmamaktadir. Bundan dolayi, hastaligin
kontroliinde en etkili yontemlerden birisi olarak
dayanikl cesit kullanimi énerilmektedir (Wilhelm ve
ark., 1974a,b; Schnathorst ve Cooper, 1975, Akiscan,
2011).

Bu c¢alismanin amaci, bazi pamuk genotiplerin
Verticillium solgunlugu hastaligina kars1 dayaniklilik
durumlarmin tespit edilmesi ile ileride Verticillium
solgunlugu hastaligina dayamiklihlk konusunda
yapilacak 1slah ¢alismalarina dayanmikli ana¢ segimi
yoniinden katki saglamaktir.

MATERYAL ve METOT

Bu ¢alisma, Hatay Mustafa Kemal Universitesi, Ziraat
Fakiiltesi, Tarla Bitkileri ve Bitki Koruma Boélumu
laboratuvarlarinda 2015 yillinda yuritilmustar.
Calismada Cizelge 1’de verilen 42 pamuk (Gossypium
hirsutum L.) genotipi bitki materyali, Dervis ve ark.
(2008) tarafindan yiiksek virulentlige sahip oldugu
bildirilen V. dahliae patojeninin VCG1A grubunda yer
alan 47 kodlu T: (yaprak déken) patotipine iliskin
izolat ise hastalik materyali olarak kullanilmigtir.
Calismaya iliskin saksida patojenite denemeleri,
Gillimser ve ark. (2002) tarafindan kontrollii
(homojen) kosullar icin onerilen, tesadiif bloklar
deneme deseni uyarinca, 3 tekerriirlii (birbirini takip
eden donemler seklinde) olarak yiiriitiilmiistiir. Bu
kapsamda, ylizey sterilizasyonu yapilan pamuk
tohumlarinin ekimi yapilmig ve bitkiler 26/18 °C
glnduz/gece sicakliginda, 14 saat fotoperiyodla iklim
kabininde yetigtirilmigtir. Genotiplerin Verticillium
solgunlugu hastaligina dayanikhliklarini belirlemek
amaciyla, oncelikle izolatin PDA (Potato Dextrose
Agar) ortaminda tek sporlar1 hazirlanmistir. Tek
sporlardan elde edilen 7 giinlik taze kiltiirlerden
alinan diskler tetrasiklin iceren (50 mg 1) PDA
ortamina aktarilmig ve 25 °Cye ayarlanmis
inktubatérde 1 hafta gelismeye birakilmigtir. Bu
inkiibasyonun sonunda patojenite testleri i¢in spor
soliisyonu hazirlamak amaciyla PDA besi ortaminda
geligtirilmig kiiltirlerin tizerine steril saf su eklenerek
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konidilerin saf suya gegmesi saglanmig, elde edilen
slispansiyon, 4 kat tiilbentten gecirilerek miselyal
artiklar ile  besi  ortamlar1  siispansiyondan
uzaklastirilmis ve bu siispansiyona Tween 20 (100ul I

1) eklenerek spor yogunlugu Thoma Lami ile
mikroskop altinda 107 konidi ml! konsantrasyona
ayarlanmigtir.

Cizelge 1. Materyal olarak kullanilan pamuk genotipleri ve kékenleri

Genotip Koken Genotip Koken
Acala-1517V ABD IH-26-K-5 Tiirkiye
DP-499 ABD IH-27-TYL Tirkiye
Prema ABD IH-82-K-3 Turkiye
ST-468 ABD IH-82-Y-1 Tirkiye
Tamcot Camd-ES ABD Lydia Turkiye
Tamcot SP37H ABD PG 424-1 Turkiye
Tamcot Sphinx ABD PG 426-4 Turkiye
Gloria Avusturalya PG 510-15 Turkiye
Natalia Bulgaristan PG 510-7 Turkiye
MCH-578 Hindistan PG 511-7 Turkiye
H-4028 Israil PG 518-11 Tiirkiye
Tagkent-1 Ozbekistan PG 519-19 Turkiye
Tagkent-3 Ozbekistan PG 520-7 Turkiye
CIM-496 Pakistan PG 53-KT-2 Turkiye
BA-151 Turkiye PG 53-YT-11 Turkiye
BA-320 Turkiye PG-2018 Turkiye
BA-525 Turkiye PG-300 Turkiye
BA-811 Turkiye PG-310 Turkiye
Carisma Turkiye VD-4 Turkiye
Cukurova 1518 Turkiye BA-308 Yunanistan
IH-20 Turkiye Teks Yunanistan

Inokulasyon iglemi, 2-3 gercek yapraga sahip pamuk
bitkilerinin kokleri su ile yikandiktan sonra ylizeyden
sterilize edilmis makasla tiraglanarak hazirlanan spor
sispansiyona  daldirilmasiyla  yapilmistir.  Bu
kapsamda, her bir pamuk genotipinden 12 adet bitki
patojenle muamele edilirken, 4 adet bitki de kontrol
amaciyla aynmi sekilde steril saf su ile muamele
edilmigtir. Daldirma iglemi sonrasinda bitkiler steril
edilmis torf, perlit ve bahce topragi (1:1:1) iceren 10x10
cm boyutlarindaki saksilara her bir saksiya ayni
genotipten 4 bitki olacak sekilde aktarilmigtir. Bu
igslem sonrasi bitkiler iklim kabinine yerlestirilmig ve
anilan kosullarda gelismeye birakilmistir. Saksilarin
toprak nemi glnlik olarak gravimetrik yontemle
kontrol edilmis ve eksilen su tarla kapasitesinin %
65’ine tamamlanmigtir. Daldirma isleminden 37 giin
sonra yaprak ve iletim dokusu semptomlar: dikkate
alinarak hastaliga iligkin degerlendirme iglemi
yapilmigtir. Yaprak semptomlarina goére hastahk
siddeti degerleri, Verticillium solgunlugu hastaliginin
pamuk bitkilerinin yapraklarinda meydana getirdigi
semptomlar esas alinarak, O - 4 yesil aksam skalasina
gore (0: gdzle goriiliir bir semptom yok; 1: yapraklarda
yeni baglamis solgunluk ya da 6nemsiz sararmalar gibi
az ve kesin olmayan semptomlar; 2 ve 3: yapraklarda
sararma, damarlar arasi1 nekroz, yaprak dokiilmesi ve
uctan itibaren geriye dogru olim;4: 6lmiis veya
olmekte olan bitki) bitkiler tek tek incelenerek
hastalik siddetleri (Sekil 1) saptanmistir (Wilhelm ve
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ark. 1974a,b). Iletim dokusu semptomlarina gére
hastalik siddeti degerleri ise Verticillium solgunlugu
hastaliginin pamuk bitkilerinin goévde kesitlerinde
meydana getirdigi semptomlar esas alinarak, 0 - 4
govde semptomu skalasina gére (0 iletim dokularinda
renk bozulmasi yok; 1: odun dokusunda % 1-25 renk
bozulmasi; 2: odun dokusunda %26-50 renk bozulmasi;
3: odun dokusunda % 51-75 renk bozulmasi; 4: odun
dokusunda %76-100 renk bozulmasi) bitkiler tek tek
incelenerek hastalik siddetleri belirlenmistir (Bhat ve
Subbarao, 1999). Ardindan saptanan hastalik siddeti
degerleri kullanilarak esitlik 1 araciligi ile yaprak ve
iletim dokusu semptomlarina gére hastalik indeksi
degerleri hesaplanmigtir. Anilan esitlikte “0, 1, 2, 3, 4”
hastalik siddetine iligkin skala degerlerini, “a, b, ¢, d,
e” her bir skala degerine giren bitki sayisini, “n” ise
toplam bitki sayisin1 gostermektedir (Karman, 1971).
Hesaplanan hastalik indeksi degerleri 2’den 0’a dogru
gittikge hastaliga dayanikliligin artigini ifade ederken,
2’den 4’e dogru gittikge hastaliga hassasiyetin arttiginmi
ifade etmektedir.
O0a+ 1b + 2c+ 3d + 4e
n

Genotiplere iligkin olarak elde edilen yaprak ve iletim
dokusu semptomlarina goére, hastalik indeksi
degerleri, SAS istatistik paket programi (SAS
Institute Inc., 1998) aracihigr ile tesadiif bloklar:
deneme deseni uyarinca varyans analizine tabi
tutulmusg ve ortalamalar arasindaki farkliliklar F testi

Hastalik indeksi =
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uyarinca irdelenerek DUNCAN testi vasitasi ile yoniinden genotipler arasinda, istatistiksel olarak

P<0.05 oOnem  seviyesinde  gruplandirilmigtir. P<0.01 duzeyinde, o6nemli  farklihk  oldugu

Korelasyon analizi ise JMP v.10 (SAS Institute Inc., saptanmistir (Cizelge 2).

2012) istatistik paket programi aracihf ile Calisma sonucunda elde edilen yaprak semptomlarina

yapilmigtir. gore hastalik indeksi degerleri incelendiginde
istatistiksel olarak 13 farkli grup olusmustur (Cizelge

BULGULAR 3). En disik hastalik indeksi degerine sahip

genotiplerin yer aldigi “m” grubunda bulunan ABD
kokenli Tamcot Camd-ES (1.39) hastalik indeksi
degeri en dusiik genotip olurken Turkiye kokenli PG
510-7 (1.64) ve BA-525 (1.72) onu takip etmistir.

Farkli kokenli pamuk genotiplerine iligkin olarak
yapilan varyans analizi sonucunda, yaprak ve iletim
dokusu semptomlarina gore hastalik indeksi degerleri

Cizelge 2. Hastalik indeksi degerlerine ait varyans analiz sonuclari
Kareler Ortalamasi

Varyasyon Serbestlik

Kaynag Derecesi Yaprak sempto-mlarln.a gore, Tletim dokusu sem.ptomla'rma gore,
hastalik indeksi hastalik indeksi

Bloklar 2 0.361 0.411

Genotipler 41 23.180%* 0.552 **

Hata 82 4.825 0.067

C.V. (%) 9.93 10.74

** jstatistiksel olarak P<0.01 dizeyinde 6nemlidir.
Cizelge 3 incelendiginde, yaprak semptomlar: Israil, Ozbekistan, Pakistan, Tiirkiye ve Yunanistan’in
yoninden dayanikli genotiplerin yer aldigi 0 ile 2 oldugu 8 farkh tilke kékenli 34 genotipin yer aldig: 14
indeks degerleri arasinda 9 pamuk genotipi oldugu, farkli istatistiksel grup olusmustur. Iletim dokusu
bunlardan 4’{iniin (Tamcot Camd-ES, ST-468, Tamcot semptomlarina goére Verticillium solgunluguna en

SP37H, DP-499) ABD kékenli, 5’inin ise (PG 510-7, hassas genotiplerin bulundugu “a” grubunda (3.11-
BA-525, IH-26-K-5, PG 53-KT-2, Lydia) Tiirkiye 2.64) ise 6 farkl iilkeden 18 farkl genotip (VD-4, H-
kokenli oldugu dikkat c¢ekmektedir. Verticillium 4028, Tagkent-1, IH-27-TYL, PG 519-19, Cukurova
solgunluguna hassas genotiplerin bulundugu 2 ile 4 1518, PG 518-11, PG-310, PG 53-YT-11, Acala-1517V,
indeks degeri arasinda 33 pamuk genotipi PG 520-7, MCH-578, CIM-496, PG 510-15, PG 511-7,
bulunmaktadir. Yaprak semptomlarina gore PG-2018, Carisma, PG 426-4) yer almistir. Bu
Verticillium solgunluguna en hassas genotiplerin yer gruptaki VD-4 genotipi, iletim dokusu semptomlarina
aldig1 “a” grubunda (3.14-2.67) ise aralarinda ABD, gore 3.11 indeks degeri ile en hassas genotip olarak
Israil, Ozbekistan, Pakistan ve Tiirkiye kékenli 5 belirlenmigtir.

farkl tlkeden 17 genotip (VD-4, IH-27-TYL, PG 519-

19, Taskent-1, H-4028, Cukurova 1518, PG 518-11, PG TARTISMA VE SONUC

520-7, PG-310, CIM-496, PG 426-4, PG 510-15, Acala- Kontrollii kogullarda iklim kabininde yiiriitiilen bu
1517V, PG-2018, Carisma, Prema ve BA-811) yer calisma sonucunda, genotiplere iliskin olarak yaprak

almigtir. Bunlardan VD-4 genotipinin istatistiksel ve iletim dokularindaki semptomlara gére elde edilen
olarak aym1 grupta yer almakla birlikte yaprak hastalik indeksi degerleri arasinda yiiksek dizeyde
semptomlarina gore 3.14 indeks degeri ile en hassas pozitif ~yonde korelasyon (r= 0.972) oldugu
genotip oldugu tespit edilmistir (Cizelge 3). saptanmistir (Sekil 1). Konuyla ilgili olarak Liiders ve
Tletim dokularina goére hastalik indeksi degerleri ark. (2008), sera kosullarinda yaptiklar: calismada,
1statistiksel olarak 16 farkhi grup olusturmustur. En inceledikleri Backcross 2 popilasyonunda hastalik
distik hastalik indeksi degerine sahip genotiplerin indeksi degerlerini yaprakta 1.82, iletim dokularinda

[ {2

bulundugu “p” grubunda 3 genotip yer almaktadir 3.34, F1 popiilasyonunda ise yaprakta 2.14, iletim
(Cizelge 3). Bunlardan ABD koékenli Tamcot Camd-ES dokularinda 2.52 olarak saptamistir. Buradan yaprak

(1.31) hastalik indeksi degeri en diiiik genotip olurken ve iletim dokusu semptomlarina gére hastalik indeksi
Tiirkiye kokenli PG 510-7 (1.47) ve IH-26-K-5 ise onu degerlerinin Backcross 2 popiilasyonunda 1.51 sapma
takip etmistir. Iletim dokusu semptomlar: yoniinden gosterdigi ancak F1 popiilasyonunda sapmanin sadece
dayanikl genotiplerin bulundugu 0 ile 2 indeks degeri 0.38 oldugu goriilmektedir. Karademir ve ark. (2010)
arasinda yer alan 8 genotip oldugu, bunlardan 3’tinin ise tarla kosullarinda inceledikleri tiim pamuk
ABD (Tamcot Camd-ES, ST-468, Tamcot SP37H), genotiplerinde V. dahliaénin meydana getirdigi
1’inin Avustralya (Gloria) ve geri kalan 4’{iniin ( PG yaprak ve iletim dokusu semptomlarina gére hastalik

510-7, IH-26-K-5, BA-525, Lydia) ise Turkiye kokenli indeksi degerlerinin birbirine yakin seyrettigini
oldugu dikkat ¢ekmektedir. Iletim dokusu yoniinden bildirmislerdir.

hassas genotiplerin yer aldig1 2 ile 4 indeks degeri Benzer sekilde Khaskheli ve ark. (2013) sera ve tarla
arasinda aralarinda ABD, Avustralya, Hindistan, kosullarinda yaptiklar1 ¢alismada, inceledikleri tiim
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genotiplerde yaprak ve iletim dokusuna gére hastalik
indeksi degerleri arasinda ¢ok yliksek derecede pozitif
korelasyon (r=0.966) oldugunu bildirirken Zhou ve ark.
(2014) 2013 yilinda tarla kosullarinda yaptiklar1 3
farklhi denemede yaprak ve iletim dokusu
semptomlarina goére hastalik indeksi degerleri
arasinda birinci denemede 6nemsiz ve yok denecek
kadar diisiik (r=0.03), ikinci denemede 6nemli ve
diigiik (r=0.39) ve iiciincii denemede ise orta derecede
onemli  pozitif korelasyon degerleri (r=0.58)
saptamiglardir. Farkli c¢alismalarda arastiricilarin

ayni Dbitkiler tuzerinden hastaliga iligkin olarak
aldiklar1 yaprak ve iletim dokusu semptomlarina ait
degerler arasinda zaman zaman oOnemli derecede
farkliliklar oldugu dikkat ¢ekmektedir. Bu durumun,
tarla ve sera gibi ¢evre kogullarinin kontrolsiiz veya
net olarak kontrol edilemedigi kosullarda, bitki
yapraklarinin hastalik, zararli, ilacglama, besin
maddesi noksanlig1 veya fazlalig: gibi bir¢ok biyotik ve
abiyotik  faktoriin  etkisine ag¢ik  olmasindan
kaynaklandig1 diigtinlilmektedir. Bu nedenle, 6zellikle

Cizelge 3. Farkli kokenli pamuk genotiplerinde saptanan hastalik indeksi degerleri ve olusan gruplar

Genotipler Yaprak Semptomlarina Gére,

Tletim Dokusu Semptomlarina Gére,

Hastalik Indeksi* Hastalik Indeksi
Acala-1517V 9.69 abcde 9,79 abedefg
BA-151 2.42 defgh 2.98 fghijklm
BA-308 2.36 defghi 9.33 efghijklm
BA-320 2.58 bedefg 9.58 bedefghij
BA-525 1.72 klm 1.84 mno
BA-811 2.67 abedef 9.5() cdefghijk
Carisma 2.67 abedef 9.64 abedefghi
CIM-496 2.75 abed 9.67 abedefgh
Cukurova 1518* 2.92 abe 2.86 abed
DP-499 1.97 hijkl 9.99 ghijklmn
Gloria 2.11 ehiik 2.00 klmn
H-4028 2.92 abe 3.03 ab
TH-20 2.42 defgh 9.39 defghijkl
1H'26'K'5 1.83 jkl 1.72 nop
IH-27-TYL 3.06 ab 9 94 abe
1H-82-K-3 2.36 defghi 9.98 fghijklm
TH-82-Y-1 2.42 defgh 998 fghijklm
Lydla 2.00 hijkl 1.92 lmno
MCH-578 2.58 bedefg 967 abedefgh
Natalia 2.20 fehij 9.19 hijklmn
PG 424-1 2.64 bedef 9.47 cdefghijk
PG 426-4 9.75 abed 9.64 abedefghi
PG 510-15 2.72 abed 2.67 abcdefgh
PG 510-7 1.64 Im 1.47 op
PG 511-7 2.58 bedefg 9.67 abedefghi
PG 518-11 2.92 abe 9,80 abede
PG 519-19 3.06 ab 2.97 abe
PG 520-7 2.92 abe 9.79, abedefg
PG 53-KT-2 1.89 ikl 2.03 kimn
PG 53-YT-11 2.61 bedef 9.78 abedef
PG'2018 2.67 abedef 2.61 abcedefghi
PG-300 2.50 cdefg 9.56 bedefghij
PG-310 2.81 abed 2.81 abede
Prema 9.67 abedef 2.55 bedefghij
ST-468 1.84 ikl 1.89 lmno
Tamcot Camd-ES 1.39 m 1.31»
Tamcot SP37TH 1.92 ikl 1.92 lmno
Tamcot Sphinx 2.03 hijkl 2.08 jklmn
Tagkent-1 2.94 abe 3.083 ab
Taskent-3 2.22 efghij 9.14 iiklmn
Teks 2.11 ehijk 9.14 iiklmn
VD-4* 3.14 = 3.11

*Farkl harflerle gosterilen degerler DUNCAN testine gére % 5 6nem seviyesinde farklidir.
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tarla kogullarinda yapilacak calismalarda gerek ig
yiukiiniin azaltilmasi, gerekse yapraklarin yukarida
belirtildigi gibi pek ¢ok faktériin etkisine agik ve
kolayca etkilenebilir olmasi sebebiyle tarla ve sera gibi
kogullarda yapilacak Verticillium’a dayaniklihigin
belirlenmesine yonelik yapilacak galismalarda daha
saglikli sonucglar elde edilebilmesi yoninden iletim
dokusu semptomlarina gére hastalik indeksi
degerlerinin kullanilmasi 6nerilebilir.

r=0.972

iletim Dokusu Semptomlarina
Gére, Hastalik Indeksi

255 3
Yaprak Semptomlarina
Gore, Hastahk Indeksi

Sekil 1. Genotiplerin hastalik indeksi degerlerine
iligkin korelasyon tablosu
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OZET Aragtirma Makalesi
Bu calismada geleneksel 6ldiirme yontemleri ile elde edilmis ve farkl ) )
kogullarda muhafaza edilen Tephritidae familyasina ait Fuaresta Makale Tarihgesi

bullans (Wiedemann, 1830) orneklerinden DNA izole edilerek  Gelis Tarihi = :24.05.2019
muhafaza kosullar: ve muhafaza sturelerine bagh olarak DNA kalitesi Kabul Tarihi :23.08.2019
ve PZR basarilar: arastirilmistir. Bu anlamda standart barkod geni

olan mitokondriyal sitokrom oksidaz I (COI) gen bélgesi Anahtar Kelimeler

kullamilmistir. 15 yillik érneklerden kuru ortamda (miize materyali) Isntll{)lNA kosull
muhafaza edilenlerin yag1 ile PZR basaris1 arasinda tam bir iligki CaOI ama xosuliari
gozlemlenmemistir. Ancak alkolde (%95’lik etil alkol) saklanan r bull
orneklerde ise DNA kalitesi ve PZR basarisi yuksek bulunmustur. uares t'a uilans
Tephritidae

The Effects of Different Storage Conditions and Storage Time on The Quality of The Mitochondrial DNA
on Insects: Sample Study is A Fruit Fly (Diptera: Tephiritidae)

ABSTRACT Research Article

In this study, DNA was isolated from the samples of Fuaresta bullans

(Wiedemann, 1830) belonging to the Tephritidae family which was Article History

obtained by traditional killing methods and kept under different Received ©24.05.2019
conditions. In this sense, the standard barcode gene mitochondrial Accepted ©23.08.2019
cytochrome oxidase I gene (COI) was used. The lack of relationship

observed between the age of samples that were kept in dry conditions Ke%v;ﬁ:ds
(museum material) for 15 years and PCR success. However, the DNA rSnt diti
quality and PCR success of the samples stored in alcohol (95% ethyl Ctgi'age eI IALETS
lcohol found to be high.
alcohol) were found to be hig Fuaresta bullans
Tephritidae

To Cite : Akpinar A, Junaid F, Gormez V, Kitiik M, Can C 2019. Boceklerde farkl mubafaza kosullar: ve zamanin mitokondrial
DNA kalitesi iizerine etkisi: Bir Diptera (Tephiritidae) 6rnegi calismasi. KSU Tarim ve Doga Derg 22(Ek Say1 2): 361-
364. DOI: 10.18016/ ksutarimdoga.vi.569813.

GIRIS bazi problemlerin ortaya ¢gikmasina neden olmaktadir.
Meyve sinekleri (Diptera: Tephritidae), diinyada genig ~ Bu nedenle dinyada son yillarda molekiiler
bir yayilis gosterip, zirai acidan olduk¢a 6nemli tiirler caligmalarla bu problemlerin guzume

icermektedir. Diinyada 481 cinse ait 4352 tiir, kavusturulmasina c¢alisilmaktadir. 20001i yillarda
paleoarktik bélgede ise 137 cinse ait 882 tiirtin varhg Hebert ve ark. (2003) hayvanlarda DNA barkod geni

bilinmektedir (Korneyev, 1999; Norrbom, 1999). uzerine yaptiklari arastirmalarda mitokondriyal
Ulkemizde meyve sineklerine ait bugiine kadar 165 DNAmin 655-658 bp lik COI bolgesinin ‘standart
tiirdt bulunmasina karsin bunlardan daha ¢ok tarimi barkod geni’ olarak kullanilabilecegini belirtmistir.
yapilan meyvelerde zararli olanlar1 bilinmektedir Giintimiizde ¢ogu hayvan grubunun tammlamalarinda
(Yaran ve ark., 2018a; Caliskan Kece ve ark., 2019). bu bélge kullanilmaktadir. Béylece morfolojileri zarar

gormis olan  orneklerin  DNA’lari  tzerinden

Birgok bocek grubunun siniflandirilmasi ¢ogunlukla tamimlama yapmak miimkiin olabilmektedir.

geleneksel yontemler ile morfolojik karakterlere

dayanarak yapilmaktadir. Bu mnedenle bocekler, Bu ¢ahsmada, 2003-2018 yillar1 arasinda Tiirkiye'nin
taksonomistler tarafindan morfolojik karakterlerin Qeﬁlﬂl bélgelerinden toplanan Tephrltldae. (Dlptgra)
koruyacak sekilde muhafaza edilmektedir. Ancak familyasindan  Fuaresta  bullansa  ait  miize
zamanla  morfolojik  karakterlerde meydana kogullarinda kuru érnek olarak saklanan bireyler ile

gelebilecek zararlar, taksonlarin tanimlanmasinda %96k etanol  ortaminda  muhafaza  edilen
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bireylerinden kaliteli DNA izole edilmesi ve
mitokondriyal sitokrom oksidaz I (COI) gen bélgesi
kullanilarak farkli saklama kosullarindaki PZR basgar:
oranlarinin degerlendirilmesi amacglanmaktadar.

MATERYAL ve METOD
Orneklerin toplanmasi ve saklanma kogullar

Calismada kullanilan FEuaresta bullans tirine ait
ergin oOrnekler konukc¢u bitkiler tzerinden atrap
sallanarak toplanmig ve etil asetatli &ldirme
sigelerine alinarak Gaziantep Universitesi Zooloji
mizesine getirilmigtir. Preparasyonu yapilan érnekler
daha sonra naftalinli saklama dolaplarinda muhafaza
edilmistir. Orneklere ait lokalite bilgileri ve saklanma
kosullar: yillara ve muhafaza sekillerine gore Cizelge

1’de verilmistir. Orneklerin tamami Gaziantep

Universitesi Biyoloji Bolimii Entomoloji

Laboratuvarinda  oda sicakliginda  muhafaza

edilmektedir.

Cizelge 1. FEuaresta bullans tirinin toplandig:
lokaliteler ve saklanma kogullar:

R . n Saklama
Tarih Il ve lge (Ornek sayis))  Kosullar
2003 Samsun 5 Kuru 6rnek
2005 Kayseri 10 Kuru 6rnek
2009 Kahramanmaras 2 Kuru 6rnek
2010 Kahramanmaras 15 Kuru 6rnek
2017 Amasya 13 Kuru 6rnek
2017 Samsun 15 Kuru 6rnek
2017 Sinop 13 Kuru 6rnek
2017 Yozgat 11 Kuru 6rnek
2018 Yozgat 5 Kuru 6rnek
2018 Corum 15 %96 Alkol
DNA izolasyonu

DNA izolasyonu, Fuaresta bullans tiriune ait toplam
104 ergin birey Uzerinde gerceklestirilmistir. DNA
izolasyonu, 6rneklerin kanat kisimlar: hari¢ tiim viicut
kullanilarak DNA izolasyon kiti ile (Qiagen, DNeasy
Blood&Tissue Kit ) yapilmistir. Elde edilen
DNAGrneklerinin spektrofotometrik analiz ile kalite
ve konsantrasyonlar: 6l¢iilmiistir (Orneklerden 1,5 ul
alinarak Nano Drop spektrofotometre ile 6l¢iilmiistiir).

PZR Caligmalar1
Izole edilen DNA’lar kullamlarak COI (655bp) gen
bolgesi ¢ogaltilarak jel goriintileri elde edilmigtir. Bu

asamada kullanilan primerler; LCO1490 Forward (5'-
GGTCAACAAATCATAAAGATATTGG-3) (Folmer ve

ark., 1994) ve HCO2198 Reverse (5
TAAACTTCAGGGTGACCAAAAAATCA-3) (Barrett
and  Hebert, 2005) seklindedir. Calismada

gerceklestirilen PZR dongi sayilari ve kogullar
Cizelge 2 ve Cizelge 3’te verilmigtir.
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Cizelge 2. PZR donguleri

Islem ads Islem sicakh@ Siire
Denatiirasyon 96 °C 1dk

Baglanma 94°C/55°C/172°C 1 dk/1 dk/1.5 dk
Sonlanma 72° 7 dk

Dongii sayisi 35/30

Cizelge 3. DNA’larin cogaltilmasi i¢in hazirlanan
reaksiyon igerigi

Reaksiyon igerigi Miktar
ddH20 11.88 pl
10X Taq Buffer (KC1) 2.5 ul
dNTP mix 0.5ul
2,5mM MgCl2 2 ul

10 umol Ileri Primer 1ul

10 pmol Geri Primer 1pl
Taq Polimeraz 0.12 ul
Genomik DNA 6 nl
Toplam Hacim 25 ul

Ayrica PZR sonucunda elde edilen drinlerin
gozlemlenebilmesi igin, 6rneklere %1,2 lik agaroz jelde
1X TBE tamponu igerisinde elektroforez islemi
uygulanmigtir. Her bir kuyucuga 6 pl PZR trint, 3 pl
yukleme tamponu olmak tizere 9 pl tiriin konularak 80
voltta 45 dk yuriutilmus ve UV 1g1k altinda DNA
fragmentleri gézlenmigtir.

BULGULAR ve TARTISMA

Bu ¢alismada, Tirkiye'nin cesitli illerinden 2003 ve
2018 yillar arasinda toplanan ve farkli ortamlarda
muhafaza edilen Fuaresta bullans érneklerinin DNA
kaliteleri ve PZR Dbasarilar1 degerlendirilmigtir
(Cizelge 4).

Oldiirme yontemleri ve saklama siiresi, DNA verimini,
¢gikarilan DNA'nmin fragman boyutunu ve / veya PZR
basarisini etkilemektedir (Dean ve Ballard, 2001).
Arastirmacilar gesitli ¢alismalarda, saklanmis bocek
bacag1 orneklerinden elde edilen genetik materyal
kullanilarak ~ mitokondriyal (mt) DNA  dizi
varyasyonunu karakterize etmistir (Goldstein ve
DeSalle, 2003; Lodge ve Freeland, 2003). Tipik olarak
calismalarda artan numune yasi ile birlikte PZR
basarisinda (basarih PZR sayis1 veya cogaltilabilecek
fragmanin uzunlugu ile tanimlanir) genel bir diisiis
gozlenir. Bununla yaninda, 6rnegin yasiyla birlikte
DNA ve / veya PZR basari orani verimindeki
degisiklikle ilgili hala hicbir nicel veri yoktur (Watts
ve ark., 2007). Yapilan bu ¢alismada da érneklerin yas:
ile DNA kalitesi ve PZR basaris1 arasinda bir iligki
gorilmemistir  (Cizelge 4). Béceklerin alkolde
igerisinde muhafaza edilmesi sirasinda, derigimi %
95'lik etanolden daha diisiik ortamlarda saklanmasi
genellikle onerilmez, ¢iinkii bécek viicudundaki su
etanoli seyreltecegi i¢in, bu durum DNAmin
parcalanmasina neden olabilir. Bazi arastiricilar
bécek 6rneklerini %100 etanol icerisinde oldiirdikten
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sonra +5 °C’de muhafaza etmis ve bunun sonucunda
iyl kalitede DNA elde etmislerdir (Catzeflis, 1991).
Yapilan bu arastirma kapsaminda da Corum ilinden
2018 yilinda toplanmis %99 etil alkolde oda
sicakliginda (6 ay) muhafaza edilmis 15 6rnegin DNA
kalitesi ve PZR basaris1 (%100) yiiksek ¢cikmigtir (Sekil
1.B). Ancak uzun siire alkolde saklanacak érneklerin -

20 °C saklanmasi DNA kalitesi acgisindan daha
uygundur. Kuru ortamda muhafaza edilen 6rneklerde
DNA kalitesi ve basarisin1 etkileyen en Onemli
faktorlerden biri de ortam sicakligidir. DNA
konsantrasyon degerleri 40 °C ve uzeri sicakliklarda
diismektedir (Vink ve ark, 2005). Bu durumda PZR
bagar1 oranlarini distirmektedir.

Cizelge 4. Elde edilen DNA konsantrasyonlari ve PZR basarisi

Tarih Il ve Ilge n DNA konsantrasyonu A260\A280  PZR basarist
(Ornek say1s1) ng/pl %

2003 Samsun 5 57.712 1.43 100 %

2005  Kayseri 10 59.189 1.66 60 %

2009 Kahramanmaras 2 41.08 1.29 100 %

2010 Kahramanmaras 15 38.58 1.66 93 %

2017  Amasya, Samsun, 52 49. 45 1.64 67 %

Sinop, Yozgat
2018  Yozgat 5 15.28 1.63 40 %
2018  Corum 15 47.91 1.65 100 %

Sekil 1. Euraesta bullansin PZR iiriinlerine ait elektroforez goriintiisii; A) Alkol icinde muhafaza edilen 6rnekler;

B) kuru otamda muhafaza edilen 6rnekler

Artan molekiiler temelli ¢alismalarda kaliteli DNA
elde etmek temel amactir. Bu anlamda o6rneklerin
dogru saklanmasi, sonraki asamalar (PZR, dizi
analizi) icin o6nemlidir. Yapilan bu calismada
boceklerin yag1 ile DNA kalitesi acisindan birebir
paralel bir iliski bulunmamistir. Boceklerin kuru
ortamlarda miuzelerde muhafaza edilirken oda
sicakliginin tizerinde olmamasi ve UV 1g1ga maruz
birakilmamasi DNA kalitesi agisindan énemlidir. Bu
calisma, miizelerde uzun yillarca muhafaza edilen
bécek materyallerine ait DNA barkotlarmin (DNA
barkod kiitiiphaneleri) hazirlanmasinda 6rnek tegkil
edebilecek bir arastirmadir.

TESEKKUR
Bu calismaya, Gaziantep Universitesi, Bilimsel
Aragtirma  Projeleri  Birimi'nin, FEF.YLT.18.20

numarali proje ile vermis olduklar1 destekten dolayi
tesekkir ederiz.
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ABSTRACT Research Article

The purpose of this study was to investigate the phytochemical

analysis of D. pentaphyllum and its cytotoxic activity on human Article History

cervical cancer (HeLa) cells with possible mechanisms. Total phenolic Received ©19.06.2019
contents (TPC) and phytochemical analysis of the extract were Accepted - 01.08.2019
evaluated wusing spectrophotometric method and RP-HPLC,

respectively. The cytotoxic effect of the extract was evaluated using KGS ..ords
the MTT assay. The mechanism of the cytotoxic effect of the extract Cplolptoslls
ell cycle

was also evaluated in terms of apoptosis, cell cycle, and mitochondrial X
membrane potential (MMP) using the fluorometric methods. The TPC Cervix cancer

of the extract was calculated as 68.9+2.3 mg gallic acid equivalent per Cytotox'lcn:y

g sample and quercetin was determined as the major phenolic in the Doryenium pentaphyllum
extract. The extract showed a selective cytotoxic effect (6.5-fold) on

HeLa cells compared to normal fibroblast cells. The cytotoxic effect of

the extract was found to be due to the arresting of the cell cycle in the

S phase and increasing apoptosis through decreased MMP. Further

studies are needed for the comprehensive effects of the extract on cell

signaling.

Dorycnium pentaphyllum'un Fitokimyasal Analizi ve Serviks Kanseri Hiicreleri Uzerindeki
Antiproliferatif Etkisi

OZET Aragtirma Makalesi
Bu calismanin amaci, D. pentaphyllum'un fitokimyasal analizini ) .
gerceklestirmek ve bitkinin insan serviks kanseri (HeLa) hiicreleri Makale Tarihgesi

uzerindeki sitotoksik aktivitesini olasit mekanizmalarla birlikte Gelis Tarthi  :19.06.2019
arastirmaktir. Ekstraktin toplam fenolik icerik (TPC) ve fitokimyasal Kabul Tarihi :01.08.2019
analizi, sirasiyla spektrofotometrik yontem ve RP-HPLC ile :
degerlendirildi. Ekstraktin sitotoksik etkisi MTT metodu kullanilarak ~ “nahtar Kelimeler
belirlendi. Ekstraktin sitotoksik etkisinin mekanizmas: ise apoptoz, ~ “POPt0Z
hiicre déngiisi ve mitokondriyal membran potansiyeli (MMP) D?ry CHI_L,Im p e'1'1tap hyllum
agisindan florometrik yontemler kullanilarak arastirildi. Ekstraktin Hucr.e dongusu'

TPC degeri g 6rnek bagina 68.9+2.3 mg gallik asit esdegeri olarak Sfaerks kgnserl
hesaplandi ve kuersetin ekstrakt icindeki ana fenolik bilesik olarak Sitotoksisite

belirlendi. Ekstrakt normal fibroblast hiicrelerine kiyasla, HelLa

hiicrelerinde segici bir sitotoksik etki (6.5 kat) gosterdi. Ekstraktin

sitotoksik etkisinin, hiicre dongiisiinii S fazinda durdurmasindan ve

azalmig MMP nedeniyle artmis apoptozdan kaynaklandigi bulundu.

Ekstraktin hiicre sinyalizasyonu tizerindeki detaylh etkilerinin

belirlenmesi igin daha ileri ¢galigmalar gerekmektedir.

To Cite : Aliyazicioglu Y, Demir S, Yaman SO, Sener SO, Ayvazoglu Demir E, Aliyazicioglu R, Turan I 2019. Phytochemical
Analysis of Dorycnium pentaphyllum and Its Antiproliferative Effect on Cervix Cancer Cells. KSU J. Agric Nat 22
(Suppl 2): 365-373. DOI: 10.18016/ ksutarimdoga.vi.579938.
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INTRODUCTION

Cancer is a disease characterized by uncontrolled and
non-stopped cell growth (Demir et al., 2016a).
International Agency for Research on Cancer reported
14.1 million new cancer cases and 8.2 million deaths
worldwide in 2012, and predicted 21.7 million cancer
incidents and 13 million deaths in 2030. Lung, breast,
colorectal, gastric, prostate, cervix, and liver cancers
are the most seen cancer types in humans. These
cancers have represented 55% of the global cancer
incidence in 2012 (Kim and Kim, 2018). Cervical
cancer is the second most common type of cancer in
women worldwide (Di Domenico et al., 2012). The main
treatment methods for cervical cancer in humans are
surgery, radiotherapy, and chemotherapy (Chaddha et
al., 2018). Although chemotherapy is a frequently used
method in the treatment of cervix cancer, it has some
disadvantages, such as nausea, headache, gastritis,
anorexia, oral wulceration, constipation, diarrhea,
alopecia, and neuropathy (Oyenihi and Smith, 2019).
In addition, the development of resistance to
chemotherapeutic drugs in cancer cells and their
undesirable effect on healthy cells are other serious
disadvantages of chemotherapy (Turan et al., 2017a).
Natural products represent significant potential for
drug development studies for many years and many
new generation chemotherapeutic agents are derived
from natural products (Demir et al., 2017a).

The Fabaceae (Leguminosae) family is one of the
largest families of flowering plants consisting of 730
genera and more than 19400 species (Saha et al.,
2013). The genus Dorycnium belongs to the family
Fabaceae, and is widely distributed in Europe and Asia
(Stefanovié et al., 2015). Members of Fabaceae family
have been used for many years in traditional medicine
to treat rheumatism, arthritis, inflammation,
neoplasm, hemorrhoid, bronchitis, asthma, urinary
tract infections, and liver diseases (Bremner et al.,
2009; Lacerda et al.,, 2014; Kumar et al., 2017).
Doryecnium genus has many biological activities, such
as anti-inflammatory, antimicrobial, cytotoxic, and
antioxidant (Bremner et al., 2009; Usta et al., 2014;
Demir et al., 2019a). Many studies have reported the
cytotoxic effects of wvarious extracts of different
Fabaceae family species. Soni et al (2013)
demonstrated that Mucuna pruriens Linn. extracts
exhibit a cytotoxic effect on human prostate and breast
cancer cells, while Zingue et al. (2016) reported that
phenolic fraction of Millettia macrophylla Benth
exhibits a cytotoxic effect on human breast cancer
cells. Recently, it is reported that D. pentaphyllumhas
a cytotoxic effect on human breast, liver and lung
cancer cells (Demir et al., 2019a). However, no study in
the literature has investigated the cytotoxic effect of D.
pentaphyllum extract on human cervical cancer
(HeLa) cells. The purpose of this study was to
investigate the phytochemical content of .
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pentaphyllum and to evaluate the probable cytotoxic
effect in HeLa cells together with the mechanism
involved.

MATERIALS and METHOD
Chemicals

All the chemicals (ACS grade or higher) used in the
phytochemical analysis were purchased from Sigma-
Aldrich (St. Louis, MO, USA). All chemicals used in
cell culture experiments were purchased from Lonza
(Verviers, Belgium) and Biological Industries (Kibbutz
Beit Haemek, Israel).

Extract Preparation

D. pentaphyllum samples were collected from Sinop,
Turkey. Plant specimen was deposited in the
herbarium at the herbarium of the Faculty of
Pharmacy, Ankara University, Turkey (voucher
specimen number AEF-26707). The leaf portions of the
plant were dried at room temperature and converted
to a fine powder using a blender and grinding
procedure. 0.5 g of the powdered sample was then
mixed with 10 mL of dimethyl sulfoxide (DMSO) and
the resulting mixture was stirred at 150 rpm at 45°C
for 24-h. At the end of the time, the mixture was passed
through filter paper and then through 0.2 pm filters,
and the extract was deposited at -20°C (Demir et al.,
2019a).

Determination of Total Phenolic Content (TPC)

The TPC of the extract was determined using the
previously described colorimetric method (Slinkard
and Singleton, 1977). Gallic acid was used as a
reference compound and the TPC value was calculated
as mg gallic acid equivalent (GAE)/g sample.

Determination of Total Flavonoid Content (TFC)

The TFC of the extract was determined using the
previously described colorimetric method (Moreno et
al., 2000). Quercetin was used as a reference compound
and the TFC value was calculated as mg quercetin
equivalent (QE)/g sample.

Determination of Phenolic Compounds by RP-HPLC

HPLC analysis was performed on a Shimadzu
Corporation LC 20 AT (Kyoto, Japan) system equipped
with a UV-Vis detector. The analysis was performed
using a reverse phase Cis column (150 x 4.6 mm, 5 pm;
Waters Spherisorb, Milfort, MA, USA) in a gradient
program with two solvent systems; methanol and 2%
acetic acid in water at a constant solvent flow rate of
1.5 mL/min. The injection volume was 20 pnL. Seven
standards were used for HPLC analysis; p-OH benzoic
acid, vanillic acid, syringaldehyde, p-coumaric acid,
sinapic acid, benzoic acid, and quercetin (Aliyazicioglu
et al., 2017; Ozkan et al., 2017).
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Cell Culture

Human cervix adenocarcinoma (HeLa, ATCC-CCL-2)
cancer and human normal foreskin fibroblast (ATCC-
CRL-2522) cells were supplied by the American Type
Culture Collection (Manassas, VA, USA). Both cells
were cultured in Eagle's minimum essential medium
supplemented with 10% fetal bovine serum and 1%
antibiotic solution.

Cytotoxicity Experiments

The cytotoxic effects of D. pentaphyllum extract and
cisplatin [used as a chemotherapeutic drug in the
treatment of cervical cancer (Demir et al., 2018a)] on
HeLa and fibroblast cells were evaluated by MTT test
after 72-h treatment (Mosmann, 1983). Briefly, cells
were seeded into a flat-bottomed 96-well plates, and
the cells were then treated with varying
concentrations of D. pentaphyllum extract (0-500
pg/mL) and cisplatin (0-10 pg/mL) for 72-h. At the end
of the incubation, the crystals formed by adding 10 uL
of MTT dye (0.25 mg/mL) to each well were then
dissolved with DMSO. Finally, absorbance values in
the wells were measured with a microplate reader
(Molecular Devices Versamax, California, USA) at 570
nm. Absorbance values were compared with negative
control cells and %cell viability values were calculated.
Using these values, the ICs0 values of the extract and
cisplatin in each cell series were determined. ICso
values determined in both cell lines of extract and
cisplatin were used to calculate the selectivity index
with the following formula (Demir et al., 2019b):

Selectivity Index = Fibroblast cells ICso/HeLa cells ICso

Flow Cytometry Analysis

HeLa cells were treated with 37.5-150 pg/mL
concentrations of D. pentaphyllum extract for 72 h,
before being harvested, and washed twice with buffer
solution. All procedures were performed according to
the manufacturer's recommendations (BD Biosciences,
Cat No: 340242, San Diego, CA). 30000 cell counts
were performed on a flow cytometer (BD Accuri C6, MI,
USA) for each group. The results were finally
compared with those of the negative control cells.

Determination of Mitochondrial Membrane Potential
(MMP)

Cells were seeded into a flat-bottomed 96-well black-
walled plate and then treated with 37.5-150 pg/mL
concentrations of D. pentaphyllum extract for 72-h. At
the end of the time, the cells were washed with
phosphate buffered saline solution and stained with 10
nM 3,3'-dihexyloxacarbocyanine iodide [DiOC6(3)] for
30 min in the dark. At the end of the incubation,
fluorescence measurement was performed on a plate
reading fluorometer (Molecular Devices SpectraMax
Paradigm Multi-Mode, Sunnyvale, CA, USA) at an
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excitation wavelength of 484 nm and an emission
wavelength of 525 nm. Fluorescence values were
compared with negative control cells and results were
expressed as relative MMP (Demir et al., 2017a; Turan
et al., 2018).

Statistical Analysis

All experiments were carried out in triplicate and the
results were expressed as a meantstandard deviation.
Compatibility with normal distribution was
determined using the Kolmogorov-Smirnov test. One-
way ANOVA analysis was used to compare differences
among the groups. p<0.05 was regarded as significant.

RESULTS and DISCUSSION

Oxidative stress is caused by the overproduction of
reactive oxygen species (ROS), which is due to the
insufficient antioxidant capacity of the cell. The effect
of ROS on cells depends on the level at which they are
present. Low levels of ROS contribute to cell
proliferation and survival, while high levels of ROS
may damage macromolecules and even cause cell
death (Aliyazicioglu et al., 2011; Di Domenico et al.,
2012). It is therefore asserted that oxidative stress is
involved in the etiology of many pathological
conditions, such as cancer, diabetes, and
cardiovascular diseases (Mentese et al., 2014; Yalcin et
al., 2016). Antioxidant activity is therefore important
for human health and it is claimed that many
biological activities have been caused by the
antioxidant effect. It is also believed that phenolics in
natural products can provide protection against
chronic diseases associated with oxidative stress due
to their antioxidant activities. Therefore, the
determination of the antioxidant activity of a natural
product whose biological properties are investigated is
considered as a starting point for more comprehensive
studies (Aliyazicioglu et al., 2017; Demir et al., 2017a;
Ozkan et al., 2017). Various in vitro methods are used
to determine the antioxidant activity of natural
product extracts and it is recommended to use at least
two different methods in researches (Demir et al.,
2019b). We therefore determined the antioxidant
properties of extract using TPC and TFC methods in
this study, and the results are shown in Table 1.

Table 1. Antioxidant properties of D. pentaphyllum
extract (n=3)

Antioxidant Parameters
Total Polyphenolic Content (mg GAE/g sample)
Total Flavonoid Content (mg QE/g sample)

68.9£2.3
18.84+0.2

Consistent with our results, Stefanovié¢ et al (2015)
reported that the TPC and TFC value of ethanolic
extract of D. herbaceum was 75.77 mg GAE, and
110.07 mg rutin equivalent per g sample, respectively.
In another study, the TPC and TFC value for the
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methanolic extract of Pterocarpus erinaceus, a
member of Fabaceae family, was reported as 814.7 mg
tannic acid equivalent, and 10.3 mg QE per g sample,
respectively (Noufou et al., 2016). It is known that
there is a strong relationship between the amount of
phenolic compounds and antioxidant activity (Turan et
al., 2017b). Therefore, after determining the total
levels of phenolic compounds by TPC, we used RP-
HPLC analysis to identify the phenolic compounds
responsible for the antioxidant properties of the
extract. A chromatogram of phenolic standards and the
extract is shown in Figure 1.

The phenolics found in D. pentaphyllum are
summarized in Table 2, and the values are expressed
as mg/g sample. Quercetin was the most abundant
compounds in D. pentaphyllum (Figure 2).

It i1s reported that Fabaceae family rich in phenolics,
such as gallic acid, fumaric acid, chlorogenic acid, 4-
hydroxybenzoic acid, caffeic acid, cinnamic acid, p-
coumaric acid, catechin derivatives, quercetin,
hesperidin, taxifolin, naringenin, myricetin,
resveratrol, apigenin, and galangin (Sobeh et al., 2016;
Bencherchar et al.,, 2017). Our phenolic composition
results are not exactly compatible with those from
previous studies. This may have arisen from the plant
type, type of extraction method and solvent employed,
environmental factors, soil, geographic region, harvest
season, and post-harvesting conditions. In addition,
the compounds determined may be altered by the
method used in phytochemical analysis. We think that
further studies with other standard compounds may
reveal the phenolic composition of D. pentaphyllum.

mAU
p70nmnm (1.00)
275

250
225

200

-25+

00

Figure 1. RP-HPLC chromatogram of phenolic standards investigated in D. pentaphyllum samples. Peak
identification: (1) p-OH benzoic acid, (2) vanillic acid, (3) syringaldehyde, (4) p-coumaric acid, (5) sinapic

acid, (6) benzoic acid, and (7) quercetin.

Table 2. Phenolic composition of D. pentaphyllum extract analyzed using RP-HPLC

Phenolic compound Retention Standard Correlation Amount
assignment time (min) curves coefficient (r) (mg/g)
p~OH-benzoic acid 4.43 y = 56.637x+70148 0.9999 ND
Vanillic Acid 5.12 y = 39.126x+6315.9 0.9996 ND
Syringaldehyde 6.41 y = 4.0135%x-1263.2 0.9999 ND
Coumaric Acid 7.47 y = 14.202x-4598.7 0.9999 ND
Sinapic Acid 7.97 y = 18.75x-4448.1 0.9999 ND
Benzoic Acid 9.62 y=14.671x-1614 0.9998 3.52
Quercetin 14.76 y = 57.65x-33068 0.9997 3.16

ND: Not determined.
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Figure 2. Chromatogram of D. pentaphyllum sample

Cancer is one of the leading cause of disease related
deaths and is a major public health problem worldwide
(Demir et al., 2018a). Gynecological (uterus, cervix,
and ovary) and breast cancers constitute 19% of the
cancers in the world (Zingue et al., 2016). Although
chemotherapy is one of the most widely used methods
of cervical cancer, it has many serious side effects such
as drug resistance, toxicity, low specificity, bone
marrow suppression, nausea and vomiting, hair loss
and loss of appetite (Naghibi et al., 2014; Demir et al.,
2018a). Recent studies have therefore focused on the
discovery of more effective chemotherapeutics with
lower side effects (Naghibi et al., 2014; Demir et al.,
2018b). Natural products are a great source of
potential for anticancer research due to their selective
cytotoxic effects in cancer cells compared to normal
cells (Demir et al., 2016b). Dorycnium species are
medicinal plants with a long history of use in
traditional medicine (Bremner et al., 2009; Lacerda et
al., 2014; Kumar et al., 2017). There are several
reports of biological activities including anti-
inflammatory, antimicrobial, cytotoxic, and
antioxidant properties and these beneficial activities
being attributed to their phenolic compounds
(Bremner et al., 2009; Stefanovié et al., 2015; Demir et
al., 2019a). Numerous studies have reported in vitro
cytotoxic effects of different Fabaceae species in recent
years (Soni et al., 2013; Zingue et al., 2016), but there
have been only limited studies on the cytotoxic effects
of D. pentaphyllum (Demir et al., 2019a). In addition,
no previous research has determined the cytotoxic
effect and mechanism of action of D. pentaphyllum on
HeLa cells. To investigate the potential selective
cytotoxic effect of D. pentaphyllum, Hel.a and normal
fibroblast cells were treated with varying
concentrations of extract and the results were
determined by the MTT method. D. pentaphyllum
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extract significantly inhibited HeLa cell growth in a
dose-dependent manner (Figure 3).

The ICso values and selectivity index of extract and
cisplatin are given in Table 3.

Cancer is a cellular disease and is mainly caused by an
imbalance between normal cellular proliferation and
death. Stopping the cell cycle and increasing apoptosis
are the two main strategies in cancer therapy (Demir
et al., 2016a; Turan et al., 2018). In order to determine
whether the antiproliferative effect of extract was
associated with changes in cell cycle regulation and
apoptosis, we treated HeLa cells with 37.5-150 pg/mL
concentrations of D. pentaphyllum extract for 72-h and
analyzed propidium iodide-stained cells in a flow
cytometer. The cell cycle analysis results are
summarized in Figure 4 and 5.

All the concentrations of D. pentaphyllum extract
significantly increased the cell numbers at the sub-Gi
phase (p=0.0001). Additionally, all the extract
concentrations (except with 37.5 pg/mL) significantly
increased the cell numbers at the S phase and
decreased the cell numbers at the Go/Gi phase
compared to the untreated cells (p=0001).

The DNA content analysis also showed that the
hypodiploid sub-G1 cell population was increased with
extract treatment, this proves the apoptotic effect of
this extract. Since decreased MMP is an indicator of
activation of the intrinsic apoptosis pathway (Demir et
al., 2016a), we investigated the effects of the extract on
MMP. All the concentrations of . pentaphyllum
extract significantly reduced MMP in HeLa cells
(p=0.0001). The percentage reductions in MMP caused
by D. pentaphyllum extract were 42.5%, 50.5%, 66.7%,
and 82.1% for the concentrations of 37.5, 75, 112.5, and
150 pg/mL, respectively (Figure 6).

Totally, our results demonstrate that extract induces
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S phase arrest followed by mitochondrial dependent
cell death in HeLa cell lines. Previous studies with
Fabaceae species have shown that the Gymnocladus
dioicus extract exhibits a cytotoxic effect on HeLa cells
in a concentration-dependent manner (Jantova et al.,
2001).
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Bremner et al (2009) reported that Ononis
ramosissima extract exhibits a cytotoxic effect on HeLa
cells, while Rathi et al (2009) demonstrated that
Glycyrrhiza glabra extract exhibits a cytotoxic effect on
human breast cancer (MCF-7) cells.
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Figure 3. Anti-growth effect of the D. pentaphyllum extract. Viability of HeLa and fibroblast cells after the
treatment with varying concentrations of extract for 72-h was measured by MTT assay. The results are
mean of three independent experiments and the error bars indicate SD. *Denotes statistically significant
differences in comparison with untreated cells (p<0.05).

Table 3. ICs0 values calculated for extract and cisplatin on HeLa and fibroblast cells

Test Compound Hela Cells Fibroblast Cells Selectivity Index
Extract 74.2+0.4 483.7+9.5 6.5
Cisplatin 0.76+0.03 5.27+0.3 6.9
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Figure 4. Cell cycle analysis of HeLa cells treated with increasing concentrations of . pentaphyllum extract for
72-h. aRepresents significant result (p<0.05) compared with untreated cells.
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Figure 5. Effect of D. pentaphyllum extract on cell cycle phase distribution. Cells were treated with 37.5-150 pg/mL
extract for 72-h and analyzed for DNA content using PI staining assay.
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Figure 6. The effect of D. pentaphyllum extract on mitochondrial membrane potential in HeLa cells. 2Represents
significant result (p<0.05) compared with the untreated cells.

Zhang et al. (2013) reported that ethyl acetate and
butanol fractions of aqueous extract of Peltophorum
pterocarpum exhibits cytotoxic effect on human
leukemia (HL-60), and stomach cancer (AZ521) cells,
while Hussein et al (2016) demonstrated that
Caesalpinia ferrea Martius extract exhibits a cytotoxic
effect on human liver (HepG2), breast (MCF-7), colon
(HCT-116), larynx (Hep2) and prostate (PC-3) cancer
cells.
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Recently, Bencherchar et al (2017) reported that
chloroform, ethyl acetate, and methanolic extract of
Genista ferox exhibits a cytotoxic effect on HeLa cells.

Polyphenols are an important class of secondary plant
metabolites and are known to have strong antioxidant
character (Turan et al., 2015; Demir et al., 2017Db).
These strong antioxidant properties of phenolic
compounds are reported to provide cytotoxic,
anticarcinogenic, antidiabetic, antibacterial and anti-
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inflammatory effects (Demir et al., 2019b). Anticancer
properties of phenolics may derive from their ability to
increase apoptosis and the cell cycle arrest, inhibit
DNA synthesis, and modulate signal transduction
pathways (Demir et al., 2017b; Demir et al., 2018b;
Oyenihi and Smith, 2019). In both our characterization
studies and other previous studies, Fabaceae species
have been shown to be rich in phenolics, such as gallic
acid, fumaric acid, chlorogenic acid, 4-hydroxybenzoic
acid, caffeic acid, cinnamic acid, p-coumaric acid,
catechin derivatives, quercetin, hesperidin, taxifolin,
naringenin, myricetin, resveratrol, apigenin, and
galangin (Sobeh et al., 2016; Bencherchar et al., 2017).
There are many studies on the anticancer effects of
these phenolic compounds on various cancer cells (Di
Domenico et al., 2012; Oyenihi and Smith, 2019).
Therefore, we think that the selective cytotoxic activity
of the extract in HeLa cells may be due to its phenolic
content.

CONCLUSION

This study is the first to evaluate the antiproliferative
properties of D. pentaphyllum extract on human
cervical cancer cells. Additional in vivo and clinical
investigations are now necessary to obtain a more
detailed understanding of the exact interaction of the
signaling pathways.
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ABSTRACT Research Article

Bu ¢alismada, Mese palamudunun (. coccifera) dis-kabuk, kiilah ve

i¢c kismindan elde edilen ozitlerin; A549, MCF-7, HeLa kanser Article History

hiicreleri ve kanserli olmayan HUVEC hiicrelerine kars1 potansiyel Received ©21.06.2019
antikanser, antiproliferatif ve nekrotik kapasiteleri arastirilmigtir. Accepted ©01.08.2019
Analizler sonucunda, mese palamudunun farkl kisimlarindan elde
edilen ekstrelerin en disiik konsantrasyonda dahi antikanser ve
antiproliferatif etkiye sahip olduklari ortaya konulmustur. Palamut
meyvesinin kiilah kismindan elde edilen etanol 6ziitleri, 5.04+0.02 ile

Keywords
Q. coccifera L.,
Mese palamudu,

18.04+£0.16 pg/mL arasinda degisen ICso degerleriyle, diger int}karllf??r, £
kisimlarindan elde edilen 6ziitlerden daha yiksek antikanser aktivite S,I;tltpio 1 ?tratl 5
itotoksisite

gostermigstir. En yiiksek oranda sitotoksik aktivite MCF-7 hiicrelerine
kars1 gozlenirken; en dusiik sitotoksik aktivite ise A549 hiicrelerinde
gozlenmigtir. Antikanser ve antiproliferatif aktivite sonuglarinin
aksine, en yiiksek LDH aktivitesi HeLLa hiicrelerinde belirlenmigtir.
MTT ve tripan mavisi analiz sonuglariyla uyumlu olarak, en yluksek
LDH salininm kapasitesi kiillah kismindan elde etanol 6ziitlerinde
saptanmistir. Bu ¢alisma; mese palamudunun, kanser hiicrelerinde
hiicre biiyiimesini konsantrasyon ve zamana bagh olarak engelleme
potansiyeline sahip oldugunu ortaya koyan, 6zgiin bir ¢alismadar.

Anticancer, Antiproliferative and Lactate Dehydrogenase Enzyme Activities of Different Parts of Acorn
(Quercus coccifera L.) against A549, MCF-7 and HeLa Human Cancer Cells

OZET Aragtirma Makalesi
In this study, potential anticancer antiproliferative and necrotic ) }
capacities of the extracts obtained from shell, cup and shelled acorn Makale Tarihgesi

parts of acorn (. coccifera) were investigated against A549, MCF-7, Gelis Tarthi  :21.06.2019
HeLa cancer cells and non-tumorous HUVECs. As a result of the Kabul Tarihi :01.08.2019
analysis, it was proved that the different parts obtained from the
acorns have anticancer and antiproliferative effects, even at the
lowest concentration. The ethanol extracts obtained from the cup

Anahtar Kelimeler
Q. coccifera L.,

parts of acorn showed higher anticancer activity with ICso values ico?n,

ranging from 5.04+0.02 to 18.04+0.16 ug/mL than the extracts from An?can{:.?r, G

other parts. The highest rate of cytotoxic activity was observed against ntiprolilerative,
Cytotoxicity

MCF-7 cells, whilst the lowest cytotoxic activity was observed against
A549 cells. In contrast to anticancer and antiproliferative activity
results, the highest LDH activity was determined in Hel.a cells. In
accordance with the MTT and trypan blue assay results, the highest
LDH release capacity was found in the ethanol extracts obtained from
the cup part. This is an original study that reveals acorn has the
potential to inhibit cell growth in the cancer cells depending on
concentration and time.
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GIRIS

Diinya tizerinde yaklagik 300 farklh takson ile temsil
edilen Quercus (Fagaceae) cinsi iilkemizde dogal
olarak yetigsmekte olup, bu taksonlardan bes tanesi
tlkemiz i¢in endemiktir. Ulkemizde “Mese” olarak

bilinen Quercus tirleri genel olarak mobilya
yapiminda ve insaat malzemesi olarak
kullamilmaktadir. Kermes mesesi olarak anilan

Quercus coccifera L. tura ise Akdeniz iklim kusagina
uyum saglamis bir mese tiiri olup, bélgede yaygin
sekilde yayilis gostermektedir (Ozcan ve Baycu, 2005;
Senol ve ark., 2018). Meyveleri insan ve hayvan gidas1
olarak kullanilan kermes mesesinin farkli bitki
kisimlar: yuzyillardir ¢esitli hastaliklarin tedavisinde
halk ilaci olarak kullanilmakta, bitkinin meyvelerinin;
sahip oldugu antimikrobiyal, antiiilser, antihelmintik,
antiinflamatuvar ve antioksidan aktivitelerinden
dolayi, Anadolu Halk Hekimliginde hemoroit, seker
hastalig1 ve bobrek tasi rahatsizliklarinda kullanildig:
belirtilmektedir (Akcan ve ark., 2017; Sohretoglu ve
ark., 2007). Cesitli tibbi ve etnobotanik
kullanimlarinin yani sira palamut adi verilen mese
meyveleri kavrulup 6glitildiikten sonra farkli aromasi
ile kahve gseklinde de tiiketilmektedir (Gezici ve
Sekeroglu, 2019a).

Kermes mesgesinin  farkli  bitki  kistmlarimin
fitokimyasal yapis1 ve biyolojik aktivitesi tzerinde
yapilan son ¢alismalar, bitkinin meyvesi, kabuk kismi
ve yapraklarinda ¢ok sayida bilesigin varligini ortaya
koymustur. HPLC (yiiksek performansh sivi
kromotografisi) ve ESI-MS (elektrosprey
iyonizasyonunu kiitle spektrometrisi) ile yapilan bir
calismada, bitkinin meyve ve yapraklarinda 41 farkh
bilesik tespit edilmis, ana bilesiklerin gallik asit
turevleri, sakkaritler ve flavonoidler oldugu ortaya
konulmustur. Bu ¢alismalar kapsaminda tespit edilen
gallotanelerin ise mesge bitkilerine 0zgu
fitokimyasallar oldugu ve bu bilesiklerin 6zellikle kalp
koruyucu potansiyelinin bulundugu belirtilmistir
(Molina-Garcia ve ark., 2018). Kermes mesesinin farkl
kisimlarinin halk hekimliginde yanik ve yara iyi edici
olarak  kullanmildigi  bilinmekte olup, bitkinin
dallarindan o6ziltlenen ekstrelerinin yara iyl edici
ozelligi, gelismis fibroblast proliferasyonu, yara
kapanma hizi, kollojen sentezi, antibakteriyel aktivite
ve iltihap giderici 6zellikleri temelinde bilimsel olarak
ta ispatlanmigtir (Anlas ve ark., 2019).

Tibbi ve aromatik bitkiler ve bunlardan elde edilen
ekstre, ucucu yag ve diger biyoaktif bilegenlerin;
antikanser, antiproliferatif, antioksidant ve
noroprotektif potansiyellerini ortaya koymaya yonelik
cok sayida calisma laboratuvarimizda
gerceklestirilmis olup (Akgunlu ve ark., 2016;
Belkhodja ve ark., 2017; Gezici ve ark., 2017;
Sekeroglu ve ark., 2017, Gundogdu ve ark., 2018;

Karik ve ark., 2018; Sekeroglu ve ark., 2018; Senol ve
ark., 2018; Gezici, 2018, 2019; Gezici ve Sekeroglu,
2019a; 2019b; Shida ve ark., 2019), mese
palamudunun (@. coccifera L.) dis kabuk, kiilah ve i¢
kisimlarindan elde edilen ekstraktlarin toplam
polifenolik igerikleri, in vitro antioksidan kapasiteleri
ve noroprotektif aktiviteleri de onceki
calismalarimizda tespit edilmistir (Senol ve ark., 2018;
Gezici ve Sekeroglu, 2019b).

Mese palamudunun (@. coccifera L.) farkl kisimlari ile
yapmis oldugumuz o6nceki c¢alismalarimizdan elde
edilen veriler ve daha &nce ilgili bitki kisminin
herhangi bir biyolojik aktivitesini ortaya koymaya
yonelik calismalarin  gergeklestirilmemis olmasi
nedeniyle; bu calismada mese palamudunun olasi

antikanser, sitotoksik, antiproliferatif ve laktat
dehidrojenaz  aktivitelerinin  ortaya  konulmasi
amaglanmigtir.

MATERYAL ve METOT

Bitki Materyali

Mese palamudu, Tirkiye'nin Dogu Akdeniz

Bolgesimde bulunan Kilis ilinden Kasim-Aralik
aylarinda yabani @. coccifera L. agaclarindan ve
calilardan toplanmistir. Bitki materyalinin
taksonomik olarak tamimlanmasi Kilis 7 Aralik
Universitesi, Biyoloji Béliimii tarafindan, Davis (1982)
Turkiye Florasi'na gore yapilmig olup; bitki materyali
Biyoloji Bolumu Herbaryum’unda saklanmaktadar.

Numune ve Ekstrelerin Hazirlanmasi

Calismada kullanilan 6ziitleri hazirlamak i¢in, mese
palamudu dig kabuk, kilah ve meyvenin i¢ kismi
olmak tzere u¢ ayri kisim olarak calismaya déahil
edilmigtir. Her bir kisim ayr1 ayri olarak laboratuvar
ortaminda kurutulmus ve her bir numuneden 40’ar
gram alinarak etanol ve distile su ile oda sicakliginda
maserasyon yontemi ile 6zlitlemeye tabi tutulmustur.
Ektraksiyon iglemi daha énceki yayinlarda belirtilen
prosediire gére yapilmistir (Gezici ve ark., 2017; Gezici
ve Sekeroglu, 2019a). Mese palamudunun farkh
kisimlarindan iki farkli ¢6ziicii ile toplamda alti
ekstrakt elde edilmis olup, ekstraktlarin ylizde 6ziit
verimlilikleri (% a/a) Cizelge 1’de verildigi gibidir. Elde
edilen ozutler -20°C derin dondurucuda muhafaza
edilmis ve farkli konsantrasyonlarda DMSO ile
¢oziilerek  analizlerde  kullanima  hazir  hale
getirilmigtir.

Hiicre Hatlar: ve Kiiltiir Kosullar:

Mese palamudunun kabuk, kiillah ve i¢ kismindan elde
edilen ekstrelerinin sitotoksik, antiproliferatif ve
laktat dehidrojenaz enzim aktiviteleri Amerikan Tip
Kiiltiir Koleksiyonundan (ATCC, ABD) elde edilen
insan kanser hiicre hatlarina karsi test edilmigtir
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Calismaya dahil edilen hiicre hatlari; insan akciger
karsinomu (A549), meme adenokarsinomasi (MCF-7),
rahim agz kanseri (HeLa) hiicreleri ve malign
olmayan insan umblikal ven endotel hicre
(HUVEC)leridir. A549 ve HeLa hiicreleri, %10 (h/h)
FBS, %1 antibiyotik (%100 U / ml penisilin / 100ug / ml
streptomisin) ve %1 L-glutamin iceren RPMI-1640
besiyerinde kultiire alimirken; HUVEC ve MCF-7
hiicreleri ise DMEM besiyerinde kiltlir ortamina
alinmigtir. Hicre kiltiir ortamlar: ve kogullari, Gezici

ve ark. (2017), Gezici (2018) ve Gezici (2019)
tarafindan daha once belirtildigi sekilde
gerceklestirilmistir.
Cizelge 1. Mese palamudunun (. coccifera L.) bziit
verimliligi
Mege Palamudunun . Oziit verimliligi
Kisimlari Ektraksiyon (%a/a)
EtOH 0.83
Dis Kabuk dH:z0 1.21
. EtOH 0.58
Kilah Kism dH20 6.68
. EtOH 3.41
Iy Kisim dH20 12.56

Antikanser Aktivitenin Belirlenmesi

Bitki ekstrelerinin antikanser aktiviteleri daha 6nce
Mosmann (1983) tarafindan belirlenen MTT (3- (4,5-
dimetiltiazol-2-i1)  -2,5-difeniltetrazolyum  bromdiir)
yontemine gore yapilmigtir. Bu yontemde, 5 x 103
hiicre yogunluguna ulasan hiicreler 200 ul besiyeri
iceren ortamda 24 saat 96 kuyucuklu plakalara
ekilmis ve mese palamudunun farklh kisimlarinin
etanol ve sulu oziitleri 10 ile 200 ug/mL arasinda
degisen konsantrasyonlarda ayri ayr1 kuyucuklara
eklenmistir, 37 °C'de 48 saat siireyle inkiibasyona
birakilmigtir. Inkiibasyondan sonra, her bir kuyucuga
MTT c¢o6zeltisi ilave edilerek, 37 °C'de 4 saat siireyle
inkiibasyona birakilmig ve spektrofotometrede
(Thermo Lab 408 Multiskan) 570 nm’de absorbans
degerleri ol¢ulmiuistiir. Her bir 6zit ve her bir hicre

hatti icin ayr1 ayr1 ICso (ug/mL) degerlerini
hesaplanmigtir.

Antiproliferatif Aktivitenin Belirlenmesi

Mese  palamudu  ekstrelerinin  antiproliferatif

potansiyellerini ortaya koymak amaciyla, Strober
(2015) tarafindan ortaya konulan Trypan Blue
Exclusion metodu uygulanmistir. Bu metotta
kullanilan kimyasallar ve analiz kosullar1 Gezici
(2018) ve Gezici (2019) yayinlarinda belirtildigi gibi
olup, mese palamudunun farkh kisimlarinin etanol ve
sulu ekstreleri 10, 50, 100 ve 200 ug /mL
konsantrasyonlarinda A549, MCF-7 ve Hela kanser
hiicrelerine kargi analiz edilmistir. Tripan mavisi
uygulama sonrasi, her bir hiicre hattindaki hiicrelerin
canliliklar1 doz ve zamana baglh olarak mikroskobik
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olarak belirlenmis ve otomatik hiicre sayim cihazinda
(Cedex XS Analyzer) sayilmistr.

Laktat Dehidrojenaz (LDH) Aktivitesinin Belirlenmesi

Laktat dehidrojenaz (LDH) enzim salinim aktivite
analizleri, Al-Qubaisi ve ark. (2011) tarafindan tarif
edilen yonteme gore yapilmis olup, tiim kimyasallar ve
kosullar Gezici (2018) tarafindan belirtildigi gibidir.
Kisacas1 bu yontemde, 2 x 10% hiicre / kuyucuk
yogunluguna ulagsan hicreler, MTT yonteminde
oldugu gibi 10, 50, 100 ve 200 wug /mL
konsantrasyonlarinda mese palamudu ekstreleri ile
sirasiyla 24, 48 ve 72 saat boyunca inkiibe edilmig ve
daha sonra bir ELISA mikroplaka spektrofotometre
okuyucu (Thermo Lab systems 408 Multiskan)
kullanilarak 340 nm dalga boyunda absorbans verileri
elde edilmigtir. Ortamdaki LDH salim ytizdesi, ayni
kuyucuktaki hicre lizatindaki toplam LDH ile
kargilagtirilarak hesaplanmis ve her bir o6zt
konsantrasyon ve muamele zamanina baglh olarak her
bir hiicre hatt1i icin ICso (ug/mL) degerlerini
hesaplanmigtir.

Istatistiksel Degerlendirme

Calismada yer alan butin analizler birbirinden
bagimsiz i¢ tekrar halinde gerceklestirilmistir. Ug
tekrarli analizlerden elde edilen verilerin ortalamasi
ve standart sapma (ortalama + SS) olarak ifade
edilmistir. ICs0 degerlerini hesaplamak i¢in dogrusal
regresyon analizi yapilmistir. P <0.05 istatistiksel
olarak 6nemli kabul edilirken, p <0.01 ise istatistiksel
olarak ¢ok 6nemli olarak kabul edilmisgtir.

BULGULAR ve TARTISMA
Antikanser Aktivite Bulgular

Q. coccifera L. (mege palamudu) bitkisinin kabuk,
kiilah ve i¢ kismindan elde edilen ekstrelerinin doz ve

zamana bagli olarak sitotoksik ve antikanser
aktivitelerinin  belirlenmesi i¢in MTT yontemi
uygulanmig olup, analizlerde doksorubisin pozitif

kontrol olarak kullanilirken, DMSO ise negatif kontrol
olarak kullamilmigtir. Mese palamudu ekstrelerinin
A549, MCF-7 ve HeLa kanser hucrelerine kargi 48
saatlik bir muamele sonrasinda elde edilen antikanser
aktivite sonuclari, ICso degerleriyle Cizelge 2'de
verilmigtir.

MTT analiz sonuglarindan goérildigi tzere, mese
palamudu farklh kisimlari ile birlikte test edilen
kanser hiicrelerine kars1 giigli sitotoksik aktivite
gostermis olup, kiillah kismindan elde edilen o6zitler
5.04£0.02 ile  18.04+0.16 pg/mL  (200pg/mL
konsantrasyonda) arasinda degisen ICso degerleriyle,
diger kisimlardan elde edilen ekstrelere gére daha
yiksek bir sitotoksik aktivite sergilemigtir. Test edilen
mese palamudu kisimlari, uygulanan doz miktar: ile
dogru orantili olarak degismekle birlikte, en yliksek
doz konsantrasyonunda MCF-7 hiicre hattina kars: en
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yiksek seviyede antikanser aktivite goOsterirken
(5.04£0.02 — 21.34+0.04 ng/mL arasinda degisen ICso
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Cizelge 2. @. coccifera L. (Mese palamudu) kisimlarinin A549, MCF-7 ve HeLa insan kanser hiicrelerine kars: antikanser aktivitesi

Ekstrakt konsantrasyonu (ug/mL)=

Hiicre Hatlan Bitki Kism1
10pg/mL 50pg/mL 100pg/mL 200pg/mL
Dis Kabuk EtOH 45.13+0.12* 37.16 £ 0.08 33.55 +£1.10° 23.10+0.18*
dH20 65.04 + 0.46" 40.82 + 1.06* 32.78 + 0.48" 29.12 +1.14*
EtOH 34.09 +0.11** 26.18 +0.17* 21.09 + 1.08* 14.08 + 1.12*
Ab49 Kiilah Kism1
dH20 53.02 + 1.05* 47.05 + 1.02* 40.12 + 0.03* 19.12 + 0.16*
fe Ky EtOH 38.41 +0.18" 36.06 + 0.15* 27.14 + 0.02" 18.04 + 1.09**
Ssim
¢ dH:0 58.17 + 0.15" 46.18 + 0.92° 31.04+1.17° 20.15 + 0.08"
Dis Kabuk EtOH 35.46 + 1.04* 28.94 + 0.04" 18.02 £ 1.01** 10.68 £0.16**
dH20 42.01 + 1.04* 38.96 + 0.08™ 29.65 + 1.12 21.34 + 0.04*
EtOH 24.68 + 0.06* 19.01 + 1.05* 8.42 + 0.12* 5.04 + 0.02*
MCF-7 Kiilah Kism1
dH20 41.02 + 0.07* 35.25 + 1.02** 25.01 +0.18* 15.01 + 0.16*
fe Ky EtOH 32.90 + 0.09** 26.04 +0.12* 13.61 + 0.14* 7.06 + 0.46™
Ssim
¢ dH20 47.26 +1.12" 35.18 + 0.08™ 26.60 + 0.03* 17.98 + 1.04™
Dis Kabuk EtOH 40.02 +0.11* 34.18 + 0.54** 23.10 + 0.51* 18.24 + 0.12**
dH20 60.02 + 0.08* 45.88 + 0.68* 28.04 + 0.96* 12.69 + 0.46"*
EtOH 32.10 + 1.06™ 18.69 + 0.13** 12.15 + 0.05** 9.48 +0.13*
HeLa 2 Kiulah Kismi
dH20 36.28 £ 0.21* 42.04 + 1.04* 29.09 + 0.38* 11.05 + 0.18*
fe K EtOH 37.06 + 1.18* 30.14 £ 0.12* 17.02 + 0.01** 10.62 +0.16*
sSim
¢ dH20 49.12 + 1.01* 37.04 +0.15* 20.64 + 0.08* 18.78 + 0.26™
Doksorubisin P 6.89 + 1.02 3.01+ 0.08 2.26 + 0.05 1.78 £ 0.15
DMSO (dimetil siilfoksit) ¢ 0 0 0 0

aVeriler ICs0 + SS olarak ifade edilmistir (n=3).

b Doksorubisin, pozitif kontrol olarak kullanilmigtir.

¢ DMSO; dimetil siilfoksit, negatif kontrol olarak kullanmilmistir.

“P degeri <0.01 ise istatistiksel olarak ¢ok énemli, “P degeri <0.05 ise énemli olarak kabul edilmistir.
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degeri); A549 hiicre hattina karsi en diisiik seviyede
aktivite gostermistir (ICs0= 14.08+1.12 — 29.12+1.14
pg/mL). Mese palamudunun dis kabuk kismindan elde
edilen su ozitlerinin antikanser aktivitesi en disiik
olarak saptanmakla birlikte; ¢alismaya dahil edilen
hiicre hatlarina goére antikanser aktivitesine
bakildiginda, A549 hiicre hattina karsi en disik
antikanser aktivite (ICso= 29.12+1.14 pg/mL)
gozlenirken, ilgili kisimdan elde edilen su 6ziitlerinin
HeLa hicrelerine kargt 12.69+0.46 pg/mL ICso
degeriyle en ylksek aktivite gosterdigi belirlenmigtir
(Cizelge 2).

Antiproliferatif Aktivite Bulgular

Mesge palamudunun farkli kisimlarindan su ve etanol
¢ozuctlleri ile elde edilen ekstrelerinin uygulanan doz
ve uygulama siiresine bagli olarak antiproliferatif
aktivitelerinin belirlenmesi Tripan mavisi deneyine
gore yapilmigtir. Ekstrelerin farh
konsantrasyonlarina baglh olarak sirasiyla 24, 48, 72
saat muamele sonrasinda mikroskop altinda canli ve

yapilmigtir. En yiiksek ekstre uygulama dozu olan 200
pg/mL ile 48 saat muamele sonrasinda A549, MCF-7
ve HeLa insan kanser hiicrelerinde elde edilen hiicre
canlilik (%) yiizdesi Sekil 1'de gésterildigi gibidir. A549,
MCF-7 ve HeLa insan kanser hiicrelerinde belirlenen
yuzde hucre canliliklari malign olmayan HUVEC
hiicreleri ile kiyaslanmigtir.

Sekil 1'de goéruldugi tzere, antiproliferatif aktivite
sonuclari, MTT analiz sonuglar1 ile uyumluluk
gostermektedir. Mese palamudunun farkl
kisimlarindan elde edilen ekstreler, doz ve zamana
bagli olarak test edilen her ii¢ kanser hiicre hattina
karst %15 ile %42 arasinda degisen hiicre canlilik

yuzdesiyle, hiicre canliligin1 azaltici ve hiicre
biiylimesini engelleyici yonde etki géstermistir. Hiicre
canlihiginda en yluksek oranda azalma mese

palamudunun kiillah kismindan elde edilen etanol
ozutlerinde MCF-7 hiicrelerine kars: belirlenirken; dig
kabuk kismindan elde edilen su o6zitlerinde A549
hiicrelerine karsi en diigiik oranda hiicre canliliginda
azalma gozlenmistir (Sekil 1).

cansiz  hiicreler goézlenerek  hiicre  sayimlar:
.o L J
% Hiicre Canlihign
100
90
80
70
60
50
40 HUVEC
30 HeLa
20 MCF-7
10
0
Dig Dig Kilah Kilah I¢Kisim  I¢ Kisim
Kabuk Kabuk Kismi Kismi EtOH dH20
EtOH dH20 EtOH dH20

mA549 EMCF-7 mHeLa mHUVEC

Sekil 1. A549, MCF-7 ve HeLa insan kanser hiicrelerinde yiizde (%) hiicre canlilig1
*Hicreler 200ug/mL konsantrasyonda ekstrakt ile 48 saat stire ile muamele sonucunda veriler alinmigtar.
“* HUVEC hiicreleri kontrol hiicreler olarak kullanilmis olup, hiicre canliliklar1 %100 olarak kabul edilmigtir.

Laktat Dehidrojenaz (LDH) Aktivite Bulgular

LDH enzimi, piruvatin laktata doéniigiminde rol
oynayan sitoplazmik bir enzimdir ve hiicre zarinin
hasar gormesi durumunda nekrotik hiicre zarlarindan
salinmaktadir. Bu nedenle LDH enzim salinim
miktari, hiicrelerde meydana gelen nekrotik hasar ve
6lumlerin bir belirteci olarak kullanilmaktadir. A549,
MCF-7 ve HelLa insan kanser hiicrelerinden LDH
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enzim salinim aktivitesi, 10, 50, 100 ve 200 ug/mL
olmak tlzere farkli konsantrasyonlarda mese
palamudu ekstraktlar ile sirasiyla 24, 48 ve 72 saat
muameleden sonra ICso (ug/mL) degerleri acisindan
zamana bagh olarak Cizelge 3'de verilmigtir. LDH
aktivite analizinde, malign olmayan HUVEC hiticreleri
kontrol hiicre hatt1 olarak ve doksorubisin ise standart
sitotoksik ajan olarak kullamlmistir (Cizelge 3).
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Cizelge 3. @. coccifera L. (Mese palamudu) kisimlarinin A549, MCF-7 ve HeLa insan kanser hiicrelerine karsi LDH salinim aktivitesi

ICso (ug/mL) degerleri 2

Bitki Kismi Ekstraksiyon Siire
A549 MCF-7 HeLa
24 saat 46.20 + 1.08* 37.12 + 0.02* 30.03 + 1.01*
EtOH 48 saat 49.16 £ 0.13" 45.24 +0.18" 46.12 £0.10™
72 saat 62.45 £ 1.02™ 42.66 + 0.62™ 48.06 £ 0.06™
Dis Kabuk o . ”
24 saat 52.04 £ 1.10 48.02+ 0.34 38.16 £0.37
dH20 48 saat 55.02 £ 0.14™ 41.04+0.47* 46.04 £ 0.26*
72 saat 64.90 + 0.19* 55.12 + 1.06" 55.00 + 1.02*
24 saat 28.76 £ 0.51™ 21.18 £ 0.04" 20.11+0.14™
EtOH 48 saat 36.08 £ 1.20* 28.46 + 0.26** 21.05+1.12*
. 72 saat 42.06 + 0.02™ 30.90 £ 0.90" 34.17 £ 0.04*
Kiulah Kism
24 saat 31.98 +0.10* 32.94 + 1.51* 25.16 + 0.80*
dH20 48 saat 36.68 £0.12* 38.26 £ 0.09™ 31.10 £ 1.04™
72 saat 35.10+0.13* 44,52 + 0.34* 40.02 + 0.09*
24 saat 39.46 £0.18™ 31.18 £ 1.04" 24.18 £ 0.06™
EtOH 48 saat 43.08 +£ 0.16* 40.12 £ 0.18* 29.78 £0.14™*
. 72 saat 46.80 + 1.02" 46.10 £ 1.26™ 32.30 £ 1.05™
I¢ Kisim . % x
24 saat 51.38 £0.78 35.64 £0.01 29.15+ 0.80
dH20 48 saat 58.01 £ 0.62™ 48.36 +0.14™ 36.42 £ 1.04™
72 saat 55.70 + 1.46* 44.20 + 0.25* 42,18 £ 1.16™

Doksorubisin b

3.20+0.16

3.04 +0.08

2.67 +0.05

aVeriler, 200pug/mL konsantrasyonda bitki 6ziitii uygulama sonrasi ICs0 + SS (ug/mL) olarak ifade edilmigtir
b Doksorubisin, pozitif kontrol olarak kullanilmigtir.

“P degeri <0.01 istatistiksel olarak ¢ok énemli, “P degeri <0.05 ise énemli olarak kabul edilmistir.
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LDH salinim sonuglarindan goérildigi tizere, mese
palamudunun her ¢ kismindan elde edilen tim
ekstrelerin, hiicrelerde nekroz olugsumunu tesvik
ederek hiicre =zarinda tahribatlar olusturdugu
gorilmektedir. Antikanser ve antiproliferatif aktivite
analiz sonuclari ile benzer olarak; mege palamudunun
kilah kismindan elde edilen etanol ekstrelerinde en

yiksek seviyede LDH salinimi  g6zlenmigtir
(20.11+0.14 — 42.06+0.02 pg/mL arasinda degisen ICso
degeri). Ancak calismada uygulanan diger

analizlerinden elde edilen verilerden farkh olarak,
mese palamudu 6ziitleri MCF-7 hiicre hattina karsi en
yiksek seviyede antikanser ve antiproliferatif aktivite
gosterirken; HeLa hiicrelerine karsi en yiksek
seviyede LDH enzim salinim aktivitesi géstermigtir
(Cizelge 3).

Son yillarda yapilan arastirmalara gore, kanser;
yiksek 6lim orani ve gorilme siklig1 ile ¢agimizin en
onemli saghk sorunlarindan biri olarak karsimiza
citkmaktadir. Diinya ve Tirkiye geneli kanser
istatistikleri, gelecek yillarda hem gelismis hem de
gelismekte olan ulkelerde kanserin daha kritik bir
saglik sorunu haline gelecegini éngérmektedir (Siegel
ve ark., 2018). Bu baglamda, artan kanser vakalarinin
onlenmesi i¢in var olan tedavi sistemlerinin yani sira,
etkili tedavi stratejilerinin gelistirilmesi hayati 6nem
arz etmektedir. Bitkilerden elde edilen o6ziitler, ugucu
yaglar ve biyoaktif bilesenler; dogal kaynakli olmalari
nedeniyle, daha az yan etki ile etkin tedavi sunma
potansiyelindedir (Manoharachary ve Nagaraju, 2016;
Gezici ve Sekeroglu, 2019b). Bu nedenle, bu calismada
Q. coccifera L. (mege palamudu) bitkisinin kabuk,
kiilah ve i¢ kisimlari ayr1 ayri o6zutlenerek, doz ve
zamana bagli olarak antikanser ve antiproliferative

potansiyellerine ve laktat dehidrojenaz enzim
aktivitelerine gore A549, MCF-7 ve HelLa kanser
hiicrelerine  karsit  degerlendirilmistir. Mese

palamudunun, en disik konsantrasyonlarda dahi
kanser hucrelerinde sitotoksik etki gostererek, hiicre
proliferizasyonu azalttigi ve bunun bir sonucu olarak
test edilen kanserli hiicre hatlarinda kanser gelisimini
engelledigi ortaya konulmustur. Bu durum, @.
coccifera L. (mese palamudu)’ nun yaprak ve govde
kisimlari ile daha o6nce yapilmis olan igerik
analizlerinde rapor edildigi iizere, bitkinin &zellikle

hidrolize edilebilir tanenler agisindan zengin
polifenolik icerige sahip olmasindan
kaynaklanmaktadir. Ayrica, yapilan antioksidan

aktivite analizlerinde de bitkinin yiiksek oranda
serbest radikal stpiirme kapasitesine sahip oldugu
gosterilmis olup, oksidatif hasar kaynakli kanser
gelisgiminin bitkinin sahip oldugu antioksidanlar
sayesinde engellenebildigi diisiiniilmektedir (Ito ve
ark., 2002; Senol ve ark., 2018; Gezici ve Sekeroglu,
2019b).
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SONUC ve ONERILER

Mese palamudunun (§. coccifera L.) kabuk, kiilah ve
i¢ kismindan farkl ¢oziiciiler ile elde edilen ekstrelerin
antikanser, antiproliferatif ve nekroza ugrayan
hiicrelerden salinan laktat dehidrojenaz enzim
aktivitesinin ortaya konulmasini amaclayan bu
calisma; literatiir agisindan ilk verileri sunan 6zgin
bir calismadir. Calismadan elde edilen veriler, mese
palamudunun farkli kisimlarimin test edilen insan
kanser hiicrelerine karsi dusiik konsantrasyonlarda
dahi kanser geligsimini inhibe edici potansiyele sahip
oldugunu ortaya koymustur. Gerceklestirilen
calismadan elde edilen veriler; kanser tedavisinde
antikanser ve sitotoksik etkileriyle yararli olabilecek
tibbi, farmosétik ve farmakolojik calismalarina 6n veri
sunarak, bu alanda daha sonra yapilacak olan
arastirmalara 1s1k tutacak niteliktedir.
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ABSTRACT

With their nano-sized structure, exosomes are involved in a wide
variety of cellular processes such as genetic information flow, immune
system modulations, intercellular communication, and
pathophysiological changes. The use of exosomes are exponentially
growing particularly in the areas of identification of biomarkers,
development of nanocarriers for effective drug delivery, and vaccine
production. In recent years, edible plant derived exosomes gained much
interest with their strong antimicrobial activities, modulatory
activities on the intestinal stem cells, and the anticancer activities.

In this study, the cytotoxic effects of fig, lemon, olive and turnip derived
exosomes were investigated through the neutral red uptake assay. It
was observed that 100 pg/mL protein containing lemon and turnip
derived exosomes inhibited the cell proliferation significantly, on the
other hand, fig and olive derived exosomes did not alter the
proliferation of MCF-7 cells. Since the results for the cytotoxic activity
of turnip exosomes are original in this research, it was found worthy to
emphasis the utility of turnip exosomes for the development of new
anticancer agents or new drug delivery nanocarriers.
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Incir, Limon, Zeytin ve Turp Ekzozomlarinin MCF-7 Hiicrelerinde Sitotoksik Etkisinin Aragtirilmasi

OZET

Nano-boyutlu yapilariyla ekzozomlar genetik bilgi akigi, immun sistem
diizenlenmesi ve patofizyolojik degisiklikler gibi ¢ok ¢esitli hiicresel
stireclere  dahil olurlar. Ekzozomlarin, o6zellikle
tamimlanmasi, etkin ila¢ dagitimi i¢in nanotasiyicilarin gelistirilmesi
ve ag1 uretilmesi alanlarinda kullanimlari hizla artmaktadir. Son
yillarda yenilebilir bitkilerden tiirevlenen ekzozomlar
antimikrobiyal etkileri, bagirsak kok hiicreleri tizerinde diizenleyici
etkileri ve antikanser etkileriyle 1lgi cekmektedir.

Bu calismada incir, limon, zetin ve turp turevli ekzozomlarin sitotoksik
etkileri nétral kirmizis1 alim testiyle arastirilmigtir. Protein miktari
100 pg/mL olan limon ve turp ekzozomlarinin hiicre gogalmasini
engelledigi gozlenirken incir ve zeytin tiirevli ekzozomlarin MCF-7
cogalmasini  etkilemedigi  gorulmustir. Turp ekzozomlarinin
sitotoksistik aktivitesi sonuclari, bu arastirmada orijinal oldugu icin,
yeni antikanser ajanlarinin veya yeni ila¢ dagitim nanotasiyicilarinin
geligtirilmesi igin turp ekzozomlar1 kullanimina vurgu yapmanin
degerli olabilecegi diigtintilmiistiir

Aragtirma Makalesi

Makale Tarihgesi
biyoisaret  Gelis Tarihi :10.07.2019

Kabul Tarihi :23.08.2019

yiksek  Anahtar Kelimeler

Ekzozomlar

Sitotoksisite

MCF-7

Turnip

To Cite : Karaosmanoglu O 2019. Investigation of The Cytotoxicity of Fig, Lemon, Olive, and Turnip Exosomes on MCF-7 Cells.
KSU J. Agric Nat 22(Suppl 2): 382-387. DOI: 10.18016/ksutarimdoga.v22i49454.589845

INTRODUCTION

Exosomes are endocytic vesicles of late endosomes
released as multivesicular bodies. After three decades
of dismissing exosomes as a disposal mechanism of
cellular waste molecules, researchers have been
uncovering the functions of these nanoscale-sized
(poses maximum of 100 nm diameter) extracellular
vesicles. Recent publications suggest exosome-

mediated intercellular transfer of genetic information
with the shuttling of DNA, mRNAs, miRNAs, and
IncRNAs (Dragomir et al., 2018; Deatherage and
Cookson, 2012; Nagarajah, 2016; van Niel et al., 2018).
In physiological conditions, exosomes have involved in
coagulation, inflammation, cellular homeostasis
(Boriachek et al., 2018), immune surveillance (Schorey
and Bhatnagar, 2008), fetal survival in pregnancy
(Mincheva-Nilsson and Baranov, 2010), and
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neuroprotection (Xin et al., 2013). In pathological
conditions, exosomes have included in pre-metastatic
niche formation (Hoshino et al., 2015), promotion of
angiogenesis (Mineo et al., 2012), metastasis (Min et
al., 2018), and extension of neurodegenerative diseases
(Pant et al., 2012). Exosomes have both beneficial and
detrimental effects on the immune system, such as
having anti-tumor effects and inducing immune
evasion (Li et al.,, 2006). By reporting the cellular
status instantly and easily achievable from various
body fluids, exosomes are considered to be an
attractive pool of biomarkers in miscellaneous diseases
from cancer (Karaosmanoglu et al., 2018) to Alzheimer
(Ma et al., 2018). In addition, with the proven of anti-
tumor and immune stimulatory effects of exosomes by
clinical trials, their utilitization in vaccine production
has been investigated in recent decades (Escudier et
al., 2005). Moreover, exosomes are considered to be
effective nanocarriers for drug delivery with their non-
immunogenic, biocompatible and highly stable
biological properties (Kibria et al., 2018).

Exosomes are also secreted by plant cells. During
fungal and bacterial infections exosomes containing
antimicrobial compounds and immune defence-related
proteins are accumulated on the regions of being
attacked, next, transfer the antimicrobial agents to the
invading pathogen (An et al., 2006; Bohlenius et al.,
2010; Meyer et al., 2009). In addition, to immune
defence, exosomes released from edible plants (carrot,
ginger, grapefruit and grape) have been shown to
induce the expression of antioxidant, anti-
inflammation cytokine-related genes in recipient
intestinal macrophages and stem cells (Mu et al.,
2014). Paralelly, grapefruits derived exosomes are
shown to functional in the intestine system (B. Wang
et al., 2014). Moreover, the ability of grapefruit
exosomes to prevent the oral mucositis that is
associated with the chemoradiation treatment of head
and neck cancer has been shown in a clinical trial
(NCT01668849). Besides, grapefruit-derived
nanovectors have been observed to be useful for
delivering therapeutic agents to inflammatory tumor
sites (Wang et al., 2015). Not only grapefruit-derived
exosomes but also ginger-derived exosomes are well
studied in the literature. In a study, the prophylactic
effects of ginger-derived exosomes against alcohol-
induced liver damage have been reported (Zhuang et
al., 2015). Finally, there is a recent study, conducted
with exosomes from 11 edible fruits and vegetables
(blueberry, coconut, ginger, grapefruit, Hami melon,
kiwifruit, orange, pea, pear, soybean, and tomato)
demonstrating the association of exosomal miRNAs
with the inflammatory response and cancer-related
pathways (Xiao et al., 2018).

Since edible plant derived exosomes have the potential
of being used for cancer therapy, the present study
conducted to evaluate the cytotoxic effects of exosomes
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isolated from fig, lemon, olive and turnip which were
grown by local Turkish farmers.

MATERIAL METHOD

Differantial Ultracentrifugation Mediated Exosome
Isolation

All fresh fruits are purchased at their season from a
local bazaar in Eskisehir (Turkey) then washed
thoroughly three times with tap water to remove dirt
and dust particles. Seconder wash was performed by
using phosphate buffered saline (PBS) for the
elimination of contaminating ions and elements in the
tap water. For the extraction of lemon juice, hand
squeezing was used. For the extraction of olive and
turnip juices, 100 g pieces were weighted, sliced then
homogenized with 100 mL PBS in a mixer. For the
extraction of fig juices, 100 g pieces were weighted,
sliced then homogenized with 500 mL PBS in a mixer.
The collected juices from all samples were filtered
through a clean muslin cloth and subjected to
sequential centrifugation consisting of at 1200 x g for
20 min, 3000 X g for 20 min, and 10000 X g for 60 min
at 4 °C in a Heraeus biofuge centrifuge (Stratos,
Thermo, USA), to remove the cellular debris and
particles. Using aseptic techniques from this step,
supernatant was filtered through a 0.2-pm filter
(Minisart, Sartorius, Germany) then centrifuged at
150000 x g for 120 min at 4 °C in an LE-80 K
ultracentrifuge (Beckman Coulter, Palo Alto, CA,
USA) using Type 45 Ti Rotor (Beckman Coulter, Palo
Alto, CA, USA) to obtain exosomes. Isolated exosomes
were resuspended in 1 mL sterile PBS and pooled in a
new ultracentrifuge tube. Final ultracentrifugation at
150000 X g for 120 min at 4 °C was implemented to
pellet the concentrated exosomes.

Exosome Preparation

The concentrations of exosomes were determined by
analyzing protein contents in a fluorescence-based
quantitation device (Qubit 2, Thermo, USA). Briefly,
ten volumes of exosome suspension in PBS was mixed
with a volume of 10x RIPA buffer. Next, the protein
content of the mixture was determined with Qubit
protein assay kit (Thermo) according to the directions
of the manufacturer. The protein contents of the stock
exosome pellets are equalized to 1 mg/mL by diluting
in sterile PBS. Then the exosomes were aliquoted and
stored at — 80°C

Cell Culture

MCF-7 human breast adenocarcinoma cells (ATCC,
HTB-22) obtained from Prof. Dr Tansu Koparal
(Eskigehir Technical University, Eskisehir, Turkey)
was cultured in exosome-depleted Dulbecco’s modified
Eagle’s medium (exofree-DMEM) as previously
reported (Théry et al., 2006). Briefly, DMEM (Sigma-
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Aldrich, USA) was supplemented with 20 % fetal
bovine serum (FBS) then centrifuged at 100000 X g in
the LE-80 K ultracentrifuge (Beckman Coulter, Palo
Alto, CA, USA) using Type 45 Ti Rotor (Beckman
Coulter, Palo Alto, CA, USA) for overnight at 4°C. The
supernatant was filtered through a 0.2-pm filter
(Minisart, Sartorius, Germany) to a sterile bottle.
Processed DMEM which contains 20% FBS was used
to prepare the 10% FBS (Gibco, USA) and 1% penicillin
(100 U/mL)-streptomycin (100 pg/mL). Cells were
incubated at 37°C in a humidified atmosphere
containing 5% COa.

Cellular Morphology and Cytotoxicity Assessment

The cytotoxic effects of isolated exosomes were
evaluated with neutral red uptake assay as formerly
specified (Karaosmanoglu et al., 2018). Briefly, cells
were separated from the culture flasks by treatment of
0.25% trypsin/EDTA (Invitrogen) and plated a 96-well
culture plate (Thermo Scientific, Germany) with the
concentration of 1 x 104 cell/200 pLL DMEM. Following
overnight incubation, cells were treated with 100
pg/mL  protein containing exosomes and further
incubated for 72 h. Since 20 ug/mL nanovesicle
containing lemon exosomes was reported to
significantly inhibit the proliferation of tumor cells
(Raimondo et al., 2015), the cytotoxicity of lemon
exosomes was used as a positive control for the
evaluation of the cytotoxicity of fig, turnip and olive
exosomes. After morphology was evaluated by an
inverted microscope (Olympus, BX 50, Center Valley,
PA, USA). Next, DMEM containing 50 pg/mL neutral
red dye was applied to cells further incubation

Control

Fig

Olive

continued for 3 h. The dye medium was then poured,
and cells was washed with PBS. Next, dye extraction
solution consisting of acetic acid-water-ethanol in
water (1:49:50) was added to each well. After plates
were incubated for 15 min at room temperature with
shaking on a GFL 3012 shaker (Gesellschaft fiir
Labortechnik mbH, Burgwedel, Germany). Finally,
absorbance values originated from the viable cells was
measured by ELx 808 Ultra Microplate Reader
(Biotek, USA) equipped with a 540 nm filter. The
viability was evaluated based on a comparison with
untreated cells. The ICs0 values were calculated by
linear regression using Microsoft Excel and presented
as a table.

Statistical Analysis

The experiments were implemented with three
independent biological replicates. Graphing and
statistical analyses and were executed with GraphPad
(GraphPad Prism 6, San Diego, CA, USA). One-way
ANOVA with Dunnet post hoc test was used for
variance analyses, and p-values less than 0.05 were
assigned as statistically significant.

RESULTS
Cellular Morphology

MCF-7 cells treated with 100 pg/mL protein containing
fig, lemon, olive, and turnip exosomes for 72 h were
photographed by an inverted microscope. As it can be
seen from images in Figure 1, control cells were
healthy and at a satisfactory concentration for
evaluating the exosome-mediated growth alterations
of MCF-7 cells.

Lemon

Turnip

Figure 1. MCF-7 cells treated with 100 pg/mL protein containing fig, lemon, olive, and turnip exosomes for 72 h
were photographed by an inverted microscope.
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Fig exosomes-treated cells were nearly identic with the
control cells based on their morphology and
concentrations. Lemon exosomes-treated cells were
exhibited the impaired growth percentage. Therefore,
lemon exosomes might promote cellular death
mechanisms in MCF-7 cells. Olive exosomes-treated
cells were observed to decrease the cellular growth,
however, this reduction was not statistically
significant. Turnip exosomes-treated cells exerted the
most promising results in microscopic examinations.
The cell concentration was remarkably reduced in a
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field of view, suggesting the turnip exosome-mediated
growth inhibition of MCF-7 cells.

Cytotoxicity Assessment

The viabilities of MCF-7 cells treated with fig, lemon,
olive, and turnip exosomes were estimated through the
neutral red uptake assay. The percentage of viable
cells treated with the fig, lemon, olive and turnip
exosomes were 99%, 48%, 87%, and 27% respectively.
These results imply the anticancer activities of lemon
and turnip exosomes.

Figure 2. The viabilities of MCF-7 cells treated with 100 pg/mL protein containing fig, lemon, olive and turnip
exosomes for 72 h. Statistical comparisons were performed with ANOVA followed by Dunnet’s post hoc

(*p<0.05).

As is seen from Table 1, the ICso values of lemon and
turnip exosomes were estimated to be 98.03 and 61.15
pg/mL. However, fig and olive exososmes were not
cytotoxic to 100 pg/mL.

Table 1. Cytotoxicity of tested exosomes towards MCF-
7 cells determined by the neutral red assay

Exosome ICso (ug/mL Mean+SD)

Fig >100

Lemon 98.03+13.65

Olive >100

Turnip 61.16+5,63
DISCUSSION

The present study is conducted to screen the possible
anticancer activities of edible plant derived exosomes
from fig, lemon, olive, and turnip. It was demonstrated
that while fig and olive exosomes have not any growth
inhibitory activities, lemon and turnip exosomes were
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significantly inhibited the breast cancer proliferation.
This observation may be related with the differences of
the constituents of exosomes originated from different
plants. While some exosomes originated from a
particular plant like turnip and lemon can contain
nucleic acids, and proteins that have tumor suppressor
effects, others such as fig and olive may not. In the
literature, lemon exosome-mediated inhibition of the
proliferation of leukemia, colorectal adenocarcinoma,
and lung carcinoma cell lines are reported (Raimondo
et al., 2015). However, this is the first publication to
demonstrate the better cytotoxic activities of turnip
exosomes than lemon exosomes on a breast cancer cell
line.

Lemons are a member of evergreen trees, originated
from India, cultivating for more than 4000 years.
Polymethoxyflavones enriched in lemons have been
well known to exhibit anticancer activities (L. Wang et
al., 2014). Moreover, Citrus limon-derived exosomes
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are proven to inhibit cancer cell proliferation and
suppress chronic myeloid leukemia xenograft growth
by inducing TRAIL-mediated cell death (Raimondo et
al., 2015). In this study, it was concordantly realised
that the lemon exosomes have inhibitory effects on the
proliferation of breast cancer cells.

Turnips are a member of cruciferous vegetables, grown
in cool climates, and they have been planted from the
Roman times. Organosulphur compounds found in the
turnip have been shown to decrease the proliferation
of cancer cells (Farag and Motaal, 2010). In addition,
broccoli-derived exosomes observed to inhibit mouse
colitis (Deng et al., 2017). In this study, the observation
that 100 pg/mL protein containing turnip exosome-
mediated inhibition of the proliferation of a breast
cancer cell is unique for exosome-mediated growth
inhibition of cancer cells, therefore this is an important
contribution to the anticancer activities of cruciferous
vegetables.

Despite the absence of data regarding to the cytotoxic
effects of turnip exosomes on primary normal cells, this
study can initiate new investigations for future studies
that are deciphering the mechanism of cell death
promoted by turnip exosomes. Besides, since adverse
drug reactions are one of the most challenging
obstacles in cancer treatment, turnip derived exosomes
can be engineered for developing a new drug and/or
drug delivery vehicle which has minimum side effects
with the edible character of turnip.
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In this study, the antioxidant activity of the ethanolic extract of

Colocasia esculenta tubers were determined by four different  Article History
antioxidant tests including DPPH and ABTS radicals scavenging  Received 109.07.2019
activities, metal chelating activity and reducing power. The  Accepted :23.08.2019
scavenging effect of extract of C. esculenta tubers and standards on

DPPH radical at the highest concentration (600 ug mL!) decreased in ~ Keywords

the following order: Vitamin C>Trolox>C. esculenta>BHA and were  Colocasia esculenta

found as 95.4, 93.6, 83.8 and 78.8 %, respectively. The scavenging
effect of C. esculenta tuber extract and standards on ABTS radical at
the highest concentration (100 pg mL1) decreased in the order: Trolox
= BHA>C. esculenta and were found as 100, 100, 94.6 %, respectively.
The metal chelating capacity of extract of C. esculenta tubers and
standards decreased in the order of C. esculenta>BHA>Trolox at
lowest concentration (100 pug mL1) and was found to be 78.0, 76.0,
63.5 %, respectively. Reducing power of extract of C. esculenta tubers
and standards at the highest concentration (600 pg mL1) followed the
order: BHA>Trolox>C. esculenta. Total phenolic compound and
flavonoid amounts of C. esculenta tubers were designated as 2400 mg
GAE/kg extract and 2050 mg QE/kg extract, respectively.

Golevez [(Colocasia esculenta (L.)] Yumrularmin Etanol Ekstresinin Antioksidan Aktivitesinin

Belirlenmesi

OZET

Bu calismada Gélevez (Colocasia esculenta) yumrularmin etanol
ekstresinin antioksidan aktivitesi DPPH ve ABTS radikallerini
giderme aktiviteleri, metal selatlama aktivitesi ve indirgeme giicii
gibi dort farkli antioksidan metotla belirlendi. C.esculenta
yumrulariin ekstreleri ve standartlarin en yiiksek konsantrasyonda
(600 pg mL1) DPPH radikali {izerindeki giderme etkisi Vitamin C
>Trolox> C.esculenta>BHA sirasina gore azaldi ve sirasiyla % 95.4,
93.6, 83.8 ve 78.8 olarak bulundu. C. esculenta yumrularinin
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ABTS radikali tizerindeki giderme etkisi Trolox=BHA>C.esculenta
seklinde azaldi ve sirasiyla % 100, 100 ve 94.6 olarak bulundu.
C.esculenta yumrularinin ekstreleri ve standartlarin en distik
konsantrasyonda (100 pg mL71) metal selatlama aktiviteleri C.
esculenta>BHA>Trolox sirasina gore azaldi ve sirasiyla % 78.0, 76.0
ve 63.5 olarak bulundu. C. esculenta yumrularinin ekstreleri ve
standartlarin en yiiksek konsantrasyonda (600 pg mL7) indirgeme
gicleri BHA>Trolox>C.esculenta seklinde siralandi. C.esculenta
yumru ekstrelerinin toplam fenolik bilesik ve flavonoid miktarlar:
sirasiyla 2400 mg GAE/kg ekstre ve 2050 mgQE/kg ekstre olarak
belirlendi.
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INTRODUCTION

Reactive Oxygen Species (ROS) are produced by
various biochemical reactions in the human body and
living organisms (Dehpour et al., 2009) during normal
cellular functions (Mates, 2000). They become toxic
when their levels increased (Ferreira et al., 2007).
Excessive ROS and production of other radical
molecules can damage biomolecules like proteins,
carbohydrates, polyunsaturated fatty acids and DNA
(Brighente et al., 2007). ROS also can cause many
sicknesses like Parkinson’s disease, cancer, diabetes,
rheomatrid arthritis, aging, ischemia and liver
disorders (Gowri and Madhavan, 2013). Giil¢in (2010)
reported that ROS play a role in more than 100
ailments related to excessive ROS. Antioxidants are
often added to foods for retarding the oxidation
process. These compounds can also clear free radicals
and delay the advance of plenty of chronical
sicknesses (Giilgin, 2012). Nowadays, butylated
hydroxyanisole (BHA), butylated hydroxytoluene
(BHT) and propyl gallate are among the most
prevalent used antioxidants in food and
pharmaceutical industries (Ak and Giilcin, 2008).
However, BHA and BHT are both potent antioxidants
but have been reported to have carcinogenetic activity
(Madsen and Bertelsen, 1995). Therefore, interest in
natural and safer antioxidants from natural products
has been increased (Giilgin et al., 2012).

Colocasia esculenta is commonly known as Goélevez in
Turkish folk medicine (Tanker et al., 2014). Also, it is
grown in Souheast Asia, Cyprus and Turkey,
especially in Mersin and Anamur (Tanker et al.,
2014). Moreover, it was locally cultivated and used as
a vegetable in India (Yadav et al., 2017). It belongs to
the family of Araceae (Tuti et al., 2015) and is a
tropical perennial plant, specific to Asia and the
Pacific and widely spread out in tropical regions (Li et
al., 2014). Colocasia esculenta include dietary fiber,
protein and vitamins including vitamin C, thiamine,
riboflavin and niacin (Yadav et al., 2017) and
minerals such as iron, potassium, sodium and zinc
(Nakharekar and Berde, 2016). Therefore, it is used
as a source of protein, vitamins and starch (Sheikh
and Tembhre, 2016). It is also recognized for its color,
flavor and therapeutic value (Nakharekar and Berde,
2016). C. esculenta is reported to display some
biological activities including antidiabetic, anti-
inflammatory (Li et al., 2014; Tuti et al., 2015; Yadav
et al.,, 2017) antibacterial, antifungal, anthelmintic
(Tuti et al., 2015), antioxidant and anticancer effects
(Li et al., 2014; Yadav et al., 2017). Its edible corms
and leaves are traditionally used for hepatic ailments
(Nakharekar and Berde, 2016).

This study was carried out in order to determine the
antioxidant activities of the ethanolic extracts of
Colocasia esculenta (L.) tubers. The results were
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compared to standard antioxidants, which are
Vitamin C, BHA and Trolox. At the same time, in the
extract total phenolic compound and flavonoid
amounts were detected.

MATERIALS and METHODS
Materials and Extraction Procedure

Colocasia esculenta (L.) tubers collected in Anamur,
Mersin, and Mediterranean region of Turkey. The
ethanolic extract was prepared according to Elmastasg
et al., (2006). Peels of tubers thinly separated with a
knife and the tubers dried in an oven at 40 °C. Then
25 g Colocasia esculenta tuber was powdered by
blender and mixed with 500 mL ethanol. Residual
uptake was continued until the extraction solvent had
lost its color. The extracts were combined and filtered.
The ethanol was taken out with rotary evaporator at
40 °C. The remaining extract transferred to a plastic
flask and protected at -20 °C until used.

DPPH free radical scavenging activity

The DPPH free radical scavenging activity of the
ethanolic extract was determined according to the
Blois method (1958). For this purpose, 1 mL solution
of DPPH (0.1 mM) was added to 3 mL of sample
extract at various concentrations (100-600 ug mL1).
The mixture incubated in room condition in dark
about thirty minutes. The absorbance was
spectrophotometrically recorded at 517 nm. BHA,
Trolox and Vitamin C were used as standard radical

scavengers. Radical scavenging activity was
calculated by following equation:
Radical scavenging activity (%) = [(Acontror

ASample)/AControl] x100

ABTS radical scavenging activity

ABTS radical scavenging effect of the ethanol extract
was conducted as indicated in method of Re et al.
(1999) and Giilgin (2009). Firstly, 2 mM ABTS and
2.45 mM Na2S20s solutions were mixed in a 1: 2 ratio
and kept for 6 hours in the dark. The absorbance was
read at 734 nm. To adjust the absorbance, the
melange was diluted with phosphate buffer (0.1 M,
pH: 7.4) when the absorbance was higher than 0.75.
The sample was then placed in test tubes at different
concentrations (5-100 ug mL1). Phosphate buffer was
added to obtain a total volume of 3 mL. After this
process, 1 mL of ABTS radicals was added to the
mixture, then was vortexed and waited at room
temperature for half an hour. Finally, its absorbance
was spectrophotometrically recorded at 734 nm. The
scavenging capability of extract and standards were
calculated from equation, which given below:

ABTS  scavenging  effect (%)
ASample)/AControl] x100

[(ACOHH‘OI-
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Metal chelating activity

The chelating activity of C. esculenta tubers extracts
and standards was determined in the light of
literature (Dinis et al., 1994). Shortly, 0.4 mL of FeCls
(2 mM) and 0.4 mL of ferrozine (5 mM) solutions were
added to the extracts of varied concentrations (100-
600 pg mL1). The volume was completed to 4 mL with
ethanol. The mixture was strongly vortexed and
waited at room heat for 10 min and the absorbances
were recorded by spectrophotometry at 562 nm. Metal
chelating effect of extract and standards were
calculated from following equation:
(%) = [(ACOntrol -A

Metal chelating effect

Sample)/ACOntrol] X100

Reducing power

The reducing power effect of the extract was
measured by taking the procedure proposed by
Oyaizu (1986). Varied concentrations of Colocasia
esculenta (L.) tuber extracts (100-600 pg mL1) were
put into test tubes and 2.5 mL phosphate buffer (0.2
M, pH: 6.6) and 2.5 mL (1 %) potassium ferricyanide
solutions were added. The mixture was thoroughly
mixed, incubated at 50 °C for 20 min. Then 2.5 mL of
TCA (10 %) solution was added to, and centrifuged for
10 min at 3000 rpm. Then 2.5 mL of supernatant and
0.5 mL of FeCI3 (0.1 %) were mixed. The absorbance
of the reaction mixture was read and recorded at 700
nm.

Determination of total phenolic content

Total phenolic compounds in C. esculenta tuber
extracts were determined according to literature
(Slinkard and Singleton, 1977) using gallic acid as a
standard phenolic compound. Shortly, 1 mL of the
extract solution was taken up in a volumetric flask
and diluted with pure water (46 mL) and 1 mL Folin-
Ciocalteu reagent was added and mixed well. After 3
minutes, 3 mL sodium carbonate (2 %) was added,
then the mixture was allowed to stand for 2 hours at
room temperature. The absorbance was measured at
760 nm in a spectrophotometer. The total phenolics in
ethanolic extract was determined as milligram of
gallic acid equivalent by using an equation that was
obtained from a standard gallic acid graph.

Determination of total flavonoid amount

Total flavonoid quantification of the extracts was
done as indicated in the literature (Moreno et al.,
2000; Park et al., 1997) and was expressed as mg
quercetin equivalent (QE). Briefly, 90 mg of extract
was prepared with 15 mL of ethanol and 1 mL of was
taken to a test tube. Then 0.1 mL of aluminum
nitrate (10 %) and potassium acetate (1.0 M) were
added and vortexed and the volume was completed
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with ethanol to obtain 4 mL. It was waited at room
heat for forty minutes and the absorbance was read at
415 nm.

RESULTS and DISCUSSION
It has been reported that natural antioxidants show a

large spectrum of biological effects such as
antibacterial, antiviral, anti-inflammatory,
antiallergic,  antithrombotic and  vasodilatory

activities (Giil¢in et al., 2010). Antioxidant capacity is
commonly used to for -characterizing foods or
medicinal plants and their biologically active
ingredients (Telci et al., 2009). Many antioxidant
techniques and modifications are used to evaluate
antioxidant capacity (Giilgin et al., 2004).

DPPH free radical scavenging activity

DPPH method is widely used to determine the
antioxidant effect (Baydar, 2013). The method is
based on electron-transfer that produces a purple
solution in ethanol. If there is an antioxidant
molecule in the ambit, the DPPH radical is reduced
and leads to a colorless ethanol solution. Since the
method is easy and fast, it may be useful to evaluate
different products in terms of antioxidant activity at

one time with spectrophotometry (Garlica et al.,
2012).

C.esculenta tubers extracts scavenging effect and
standards on the DPPH radical at the highest
concentration (600 pg mL?) decreased in the order of
Vitamin C>Trolox>C. esculenta>BHA and were 95.4,
93.6, 83.8 and 78.8 %, respectively and at lowest
concentration (100 pg mL?) decreased in the order of
Trolox>Vitamin C>BHA>C. esculenta> and were 88.7,
82.4, 63.4 and 24.2 %, respectively. The results were
shown in figure 1.

ABTS radical scavenging activity

The ABTS radical scavenging method is often used to
evaluate the antioxidant capability of foods (Fitriana
et al., 2016) and biological samples (Shang et al.,
2018). C. esculenta tubers extracts scavenging effect
and standards at the lowest concentration (5 pg mL1)
on ABTS radical decreased in order: Trolox>BHA> C.
esculenta and were 100, 96.6 and 6.3 %, respectively
and at highest concentration (100 ug mL) decreased
in the order of Trolox=BHA>C. esculenta and were
100, 100 and 94.6 %, respectively. The results were
shown in figure 2.

Metal chelating activity

The metal chelating activity of an antioxidant
prevents the oxidative formation and consequently
oxidative detriment. Metal chelation plays an
important role in antioxidant mechanisms as it
reduces the transition metal concentration. These
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ions are powerful catalysts and are capable of
initiation lipid peroxidation particularly in cell
membranes (Ruiz Ruiz et al, 2015). The metal
chelating effect of C. esculenta tubers and standards
decreased in the order of C. esculenta>BHA>Trolox at
the lowest concentration (100 pg mL1) and were
found as 78.0, 76.0 and 63.5 %, respectively and
decreased in the order of Trolox>C. esculenta>BHA at
the highest concentration (600 pg mL'1) and were
found as 71.5, 68.0 and 64.0 %, respectively. The
results were shown in figure 3.

Reducing power

Reducing power of a compound may function as an
important reflection of its potency antioxidant
capacity (Benslama and Harrar, 2016). Reducing
power of C. esculenta tubers and standards at the
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highest concentration (600 pug mL71) followed the
order: BHA>Trolox>C. esculenta, respectively and at
the lowest concentration (100 pg mL'1) followed the
order: BHA>Trolox>C.esculenta, respectively. The
results were shown in figure 4.

Determination of total phenolic compound amount

Phenolics are the most important compounds that
were found in plants (Elmastas et al., 2006). It was
emphasized that the antioxidant activity of the plants
was caused by phenolic compounds (Mathangi and
Prabhakaran, 2013). These particularly have strong
antioxidant, antimicrobial, and antiviral effects and
make strong the organisms and prevent diseases
(Liaudanskas et al., 2017). Total phenolic compound
amount of C. esculenta was determined as 2400 mg
GAE/kg extract.

 C.esculenta
= BHA

& Trolox
mVitC

DPPH free radical scavenging activity of Colocasia esculenta tubers and standards

# C.esculenta
= BHA

& Trolox

Figure 2. ABTS scavenging activity of Colocasia esculenta tubers and standards
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Figure 3. Metal chelating activity of Colocasia esculenta tubers and standards
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Figure 4. Reducing power activity of Colocasia esculenta tubers and standards

Determination of total flavonoid amount

Flavonoids are responsible for antioxidant effects and
prevent the growth of bacteria and viruses and
provide resistance to cancer and heart attack
(Baydar, 2013). It has been reported that dietary
flavonoids play a protective role against coronary
heart disease (Khan et al., 2014). Total flavonoid
amount of C. esculenta tuber was detected as 2050
mg QE/kg extract.

As a result, in this study, it was observed that the
effective antioxidant activity of C. esculenta tuber
extract was depending on its concentration. The plant
has a powerful antioxidant activity to remove DPPH
and ABTS radicals at the highest concentrations.
Reducing power was also determined at high
concentration but lower than the standards (Trolox
and BHA). On the contrary at lowest concentration
the plant showed higher metal chelating activity than
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standards (Trolox and BHA). It is thought that the
radical removal activity of C. esculenta tuber extract
was due to the flavonoid and phenolic compounds it
contains. Due to radical scavenging activities and
phenolic compounds, C. esculenta tubers may be
preferred as an alternative source instead of synthetic
antioxidants in food industry.
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ABSTRACT
Conventionally stained and C- banded karyotypes of Guenther’s vole
(Microtus guenther)), Major's pine vole (Microtus major) and
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Article History

Common vole (Microtus arvalis) were studied from Turkey. Diploid Received ©20.03.2019
chromosome numbers of M. guentheri, M. arvalis and M. majori were Accepted ©05.08.2019
found as 2n=54 and NFa=52, 2n=46 and NFa=68 and 2n=54 and

NFa=56, respectively. All chromosomes of M. guentheri were Keywords

pericentromeric C- band. In Microtus arvalis (obscurus cytotype) and COIanl:l vole

Microtus majori karyotypes, autosomal chromosomes were C- banding

Guenther’s vole
Major's pine vole
Obscurus cytotype

heterochromatin C band positive and negative band. In M. arvalis
(obscurus cytotype), sex chromosome was C band negative. In this
study, heterozygote chromosome was not found in the obtained
autosomal chromosome set of M. arvalis. M. majori has enlarged
heterochromatin block from centromere to telomere on the long arm
of X chromosome. Y chromosome was completely heterochromatin.

Microtus guentheri, Microtus arvalis ve Microtus majori (Mammalia: Rodentia) Tiirlerinin Sitogenetik
Ozellikleri: Konstitiitif Heterokromatin Dagilimi

OZET Aragtirma Makalesi

Bu calismada, Giientheri tarla faresi (Microtus guenther:), Kisa

kulakl kir faresi (Microtus majorn) ve Yaygin tarla faresi (Microtus Makale Tarihgesi

arvalis) tiirlerinin standart karyotipleri ve kromozomlarin C-bant Gelig Tarthi - 20.03.2019
Kabul Tarihi :05.08.2019

ozellikleri belirlendi. M. guentheri tiiriiniin diploid kromozom sayisi
(2n) = 54 ve otozomal kromozomlarin kol sayis1 (NFa) = 52, M. arvalis
(obscurus sitotip) tiirtiniin 2n = 46 ve NFa = 68, M. majori tiiriiniin 2n
= 54 ve NFa = 56 geklindedir. M. guentheri otozomal ve esey
kromozomlarda pericentromerik C-bant oldugu belirlendi. Microtus
arvalis (obscurus sitotip) ve Microtus majori karyotiplerinde otozomal
kromozomlar C bant pozitif ve negatif seklindedir. M. arvalis tiiriinde
X ve Y kromozomu C bant negatif 6zelliktedir. M. majori karyotipinde
X kromozomunun uzun kolunda sentromerden telomere dogru
geniglemis heterokromatin blok bulunmaktadir. Y kromozomu ise

Anahtar Kelimeler
C-bantlama
Guenther tarla faresi
Kisa kulakh kir faresi
Obscurus sitotip
Yaygin tarla faresi

tamamen heterokromatindir.

To Cite : Selguk AY, Bilir MA, Kefelioglu H 2019. Cytogenetic Characteristics of Microtus guentheri, Microtus arvalis sensu
lato and Microtus majori (Mammalia: Rodentia) From Turkey: Constitutive Heterochromatin Distribution. KSU J.
Agric Nat 22(Suppl 2): 395-400. DOI: 10.18016/ksutarimdoga.vi.542371.

INTRODUCTION

Microtus is the most branched species genus among
the rodents distributed in the Palearctic (Shenbrot and
Krasnov, 2005). It is very difficult to morphologically
distinguish the Microtus, which is represented by 65
species, from each other (Musser and Carleton, 1993;
Jaarola et al., 2004). However, they are frequently
used in comparative cytotaxonomy studies since they
differ from each other in terms of diploid chromosome
numbers (2n=17-62) despite their morphological
similarities (Zima and Kral, 1984; Modi, 1987

Zagorodnyuk, 1990; Lemskaya et al., 2010). Twelve of
the vole species, M. dogramacii, M. anatolicus, M.
hartingi, M. levis, M. arvalis, M. subterraneus, M.
daghestanicus, M. irani, M. schidlovskii, M. majori, M.
guentheri and M. socialis have been reported from
Turkey (Jaarola et al., 2004; Krystufek and Vohralik,
2005; Krystufek et al., 2012; Arslan et al., 2016; Selguk
and Kefelioglu, 2018; Demirtas and Giirler, 2019).
These species distributed in Turkey are classified in
three main groups as ‘pine voles’, ‘social voles’ and
‘arvalis group’ (Krystufek and Vohralik, 2005).
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According to Tougard et al., (2013) in the Microtus
arvalis sensu lato, cytogenetic studies revealed that
there were two distinct cytotypes in the Microtus
arvalis sensu lato; the common (arvalis cytotype) and
Altai (obscurus cytotype) voles. These cytotypes were
attributed to the common (arvalis) and Altai (obscurus)
voles having, respectively, fundamental number of
autosomes (NFa)=80 in Caucasian populations;
NFa=68-70 (Meyer et al., 1996). Within the
distribution areas of populations of M. majors, M.
guentheri and obscurus cytotype, various researchers
have conducted karyological studies in the form of
conventional chromosome staining (Kefelioglu, 1995;
Colak et al., 1997a, b; Colak et al., 1998; Kefelioglu and
Krystufek, 1999; Yigit and Colak, 2002; Arslan and
Zima, 2014), G- banding (Macholan et al., 2001; Zima
et al., 2013), C and Ag-NOR banding (Yigit and Colak,
2002; Baydemir et al.,, 2011; Tougard et al.,2013;
Yorulmaz et al., 2013; Zima et al., 2013). According to
these studies, variations was found in the autosomal
and sex chromosome morphologies of M. guentheri, M.
arvalis (obscurus cytotype) and M. majori species.

The objective of this study was to compare the
conventional karyotypes of M. majori, M. guentheri
and M. arvalis (obscurus cytotype) species and their
constitutive heterochromatin regions, which is a
karyotypic characteristic, with previously conducted
studies and thus contribute to future karyological
studies.

MATERIAL and METHOD

Chromosome preparations were obtained from the
femoral bone marrow cells of colchicine treated
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animals (Ford and Hamerton, 1956). Two samples (two
females) of M. guentheri species were obtained from
Tokat province (N40°21-E36°37, Central Anatolia),
two samples (two males) of M. majori species were
obtained from Artvin province (N41°13-E41°59’,
Northeast Anatolia, Caucasia region) and one sample
of M. arvalis (obscurus cytotype) was obtained from
Ardahan-Kars border province (N40°48-E42°52’,
Northeast Anatolia) by using live animal traps. Diploid
chromosome number (2n) and fundamental number of
autosomal arms (NFa) and sex chromosomes of small

mammals used in the study were defined as
metacentric, acrocentric, submetacentric  and
subtelocentric. The constitutive heterochromatin

distribution was determined by using techniques from
Summer (1972). From each specimen, 10 to 20 slides
were prepared and at minimum of 10 well-spread
metaphase plates were analysed. Karyotype slides and
chromosome-fixative solution, which did not undergo
diffusion procedure, are being kept at Ondokuz Mayis
University Cytogenetic Laboratory under -20 degrees
for future studies.

RESULT

Karyotype is 2n=54 and NFa=52 in Tokat samples of
M. guentheri. The karyotype has 26 pairs of
acrocentric autosomal chromosome in different sizes
(chromosomes no: 1-26). In sex chromosomes, X
chromosome is large subtelocentric. In the C-banding
pattern of M. guentheri, positive constitutive
heterochromatins are in centromere region. The X
chromosome is positive C-band (Figure 1).
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Figure 1. Metephase plate (a) and C-banded karyotype (b) of Microtus guentheri (female) from Tokat (Central

Anatolia)
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Karyotype is 2n=46 and NFa=68 in Kars sample of M.
arvalis (obscurus cytotype). The karyotype has four
pairs of different sizes of metacentric and
submetacentric (chromosomes no: 1-4), one pair of
subtelocentric (chromosome no: 5), seven pairs of small
metacentric and submetacentric (chromosomes no: 6-
12) and 10 pairs of different sizes of acrocentric
(chromosomes no: 13-22) autosomal chromosome. The
X chromosome 1is large metacentric and the Y
chromosome is small metacentric (Figure 2).
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The karyotype has positive and negative constitutive
heterochromatin. While small two-armed
chromosomes  (chromosomes no: 6-11) have
pericentromeric C- positive banding pattern, only
chromosomes: 13-15-16-19-22 have pericentromeric C-
positive banding pattern in acrocentric chromosomes.
Sex chromosomes (X and Y) are C- band negative
(Figure 3).
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Figure 2. Conventional karyotype and metaphase plate of M. arvalis (obscurus cytotype) (male) from Kars. In box:
Homomorphic subtelocentric autosomal chromosome, arrows: homomorphic subtelocentric chromosome
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Figure 3. C-banded karyotype and metaphase plate of M. arvalis (obscurus cytotype)

In Microtus majori Artvin samples, the karyotype is
2n=54, NFa=56. While X chromosome is large
submetacentric, Y chromosome is acrocentric (Figure
4). The karyotype has two pairs of submetacentric
(chromosomes no: 1-2) and 24 pairs of acrocentric
autosomal chromosome (chromosomes no: 3-26). The
karyotype has positive (chromosomes no: 2, 3, 4, 8, 20,
22, 25) and negative C- banding pattern (Figure 4). The
long arm of the X chromosome has heterochromatin
block enlarged from centromere to telomere. The Y
chromosome is completely heterochromatin (Figure 4).
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DISCUSSION

Microtus guentheri karyotype (2n=54) was found to be
compatible in similar with the studies conducted in the
Anatolia and neighbouring regions (Kefelioglu, 1995;
Baydemir et al., 2011; Zima et al., 2013). M. guentheri
shows variations in terms of sex chromosome
morphology (X=acrocentric, metacentric,
submetacentric, subtelocentric). X chromosome is
metacentric in studies conducted in South Anatolia
(Colak et al., 1997a) and in various regions of Anatolia
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(Kefelioglu, 1995; Yigit and Colak, 2002); acrocentric
in studies conducted in Central and Southern Anatolia
(Colak et al., 1998; Baydemir et al., 2011);
submetacentric in studies conducted in Central
Anatolia (Baydemir et al., 2011); and subtelocentric in
Southern Anatolia and Syria population (Zima et al.,
2013) and the present study (central Anatolia).
Constitutive heterochromatin distribution s
homomorphic and pericentromeric in autosomal
chromosomes (O’Brien, 2006; Baydemir et al., 2011;
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Zima et al., 2013; in this study). In Harput (Southern
Anatolia) samples, while the short arm of the X
chromosome consists of completely heterochromatin
block (Zima et al., 2013), constitutive heterochromatin
is in the pericentromeric region of subtelocentric or
submetacentric X chromosome in Central Anatolia
sample (Nevsehir samples, Baydemir et al., 2011;
Konya samples, Zima et al., 2013; Tokat samples in the
present study).

Figure 4. Metephase plate (a) and C-banded karyotype (b) of Microtus majori (male) from Artvin (Northeast
Anatolia, Caucasia region). Arrows: X and Y chromosome

In terms of M. arvalis (obscurus cytotype) diploid
chromosome number, this study was similar to
previously conducted (Zima and Kral, 1984; Kefelioglu,
1995; Yorulmaz et al., 2013) studies. However, due to
pericentric inversion, NFa number can differ (Gileva
and Rakitin, 2006; Baskevich et al., 2016). Due to
pericentric inversion, there may be one pair of the
heteromorphic chromosome (subtelocentric and
acrocentric) in autosomal chromosome set of obscurus
cytotype (Gileva and Rakitin, 2006; Yorulmaz et al.,
2013; Baskevich et al., 2016). In this study,
(chromosome no: 5) and in Kefelioglu (1995)’s study
conducted in Turkish populations, heterozygote
chromosome was not found in the obtained autosomal
chromosome set. However, Heteromorphic
chromosome was found in the Artvin (Turkey) sample
(Yorulmaz et al., 2013).While X chromosome is
metacentric in obscurus cytotype (Zima and Kral,
1984; Kozlovskii et al., 1988; Kefelioglu 1995; Tougard
et al., 2013; Yorulmaz et al., 2013; Baskevich et al.,
2016), variations can be seen in the centromere
position of Y chromosome (Baskevich, 1996). While Y
chromosome was found to be acrocentric in a study
conducted in Turkey by Kefelioglu (1995) and in
Chinese by Tougard et al., (2013), it is metacentric in
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the present study. Constitutive heterochromatin
distribution generally shows negative C- banding
pattern in autosomal chromosomes and this is similar
to a study conducted by Yorulmaz et al., (2013) from
Turkey. In addition, X chromosome has negative C-
banding pattern in our study.

Microtus majori diploid chromosome number and sex
chromosome morphology was similar in the studies
conducted previously in Turkey and Caucasia (Zima
and Kral, 1984; Macholan et al., 2001; O’Brien, 2006;
Kuliev and Bickham, 2010; Arslan and Zima, 2014;
Baskevich et al., 2015). As an exception to this result,
in studies conducted by Colak et al., (1997b) on
samples of M. majori species, X chromosome was
reported to be subtelocentric. While constitutive
heterochromatin distribution is obscurely C- positive
banded 1in autosomal chromosomes, autosomal
chromosomes are generally C- negative banded. A
similar result was found in a study conducted by
Kuliev and Bickham (2010) on the Greater Caucasus
Mountains and Lesser Caucasia Mountains.
Autosomal chromosome set generally shows C- band
negative characteristic (Kuliev and Bickham, 2010; in
this study). A wide heterochromatin block extending
down the centromere from the long arm of the X
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chromosome is similar to samples obtained from
Greater Caucasus Mountains by Kuliev and Bickham
(2010) and samples obtained by Macholan et al., (2001)
from Turkey. However, in samples obtained from
Lesser Caucasia Mountains, there was not a wide
heterochromatin block in the long arm of the X
chromosome (Kuliev and Bickham, 2010). The Y
chromosome consists of completely heterochromatin
block in both Caucasian and Turkish population
(Macholan et al., 2001; Kuliev and Bickham, 2010; in
this study).
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ABSTRACT
In this study exopolysaccharide production quantities of 88
Streptococcus thermophilus and 28 Lactobacillus bulgaricus bacteria
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were investigated. Chemical, physical and sensory properties of Received - 16.05.2019
yogurt in which added the combination of the highest and the lowest Accepted ©21.08.2019
exopolysaccharide producing bacteria were determined. In all 9 yogurt

samples titration acidity, pH, acetaldehyde and lactate production, gsgjﬁrds

serum separation, viscosity and sensory evaluation results were
investigated. In the yogurt samples examined, acidity in terms of
lactic acid (%), pH, acetaldehyde, lactate, syneresis and viscosity
values were found in the range of 0.63-1.055 %, 3.82-4.46, 20.45- 33.63
mg kg1, 50.41-144.56 mg kg1 9.3-10.6 mL, 5339-9280 cP, respectively.
Sensory properties of yogurts produced with the highest
exopolysaccharide producing bacteria combination were most
preferred by the panel group.

Streptococcus thermophilus
Lactobacillus bulgaricus
Exopolysaccharide

Ekzopolisakkarit Ureten Streptococcus salivarus ssp. thermophilus ve Lactobacillus delbrueckii ssp.
bulgaricus ‘larin Yogurtta Kullanim Potansiyelinin Belirlenmesi

OZET Aragtirma Makalesi

Bu calismada 88 adet Streptococcus thermophilus ve 28 adet

Lactobacillus bulgaricus bakterilerinin ekzopolisakkarit turetim Makale Tarihgesi

miktarlar1 arastirnlmigtir. En yuksek ve en diisiik ekzopolisakkarit Gelig Tarthi - 16.05.2019
Kabul Tarihi :21.08.2019

ureten bakteri kombinasyonlar: kullanilmig ve elde edilen yogurtlarin
kimyasal, fiziksel ve duyusal 6zellikleri tespit edilmistir. Uretilen 9 .
yogurt 6rneginde titre edilebilir asitlik, pH, metabolit Giretimi, serum Anahtar Kelupeler
ayrilmasi, viskozite ve duyusal degerlendirme sonuclari incelenmigtir. St. t]zermop hilus
Yogurt orneklerinde laktik asit cinsinden asitlik degeri, pH, Lb. bulgaricus
asetaldehit, laktik asit, serum ayrilmasi ve viskozite degerleri Yogurt . .
sirasiyla % 0.63-1.055, 3.82-4.46, 20.45- 33.63 mg kg, 50.41-144.56  Lkzopolisakkarit
mg kg1, 9.3-10.6 mL, 5339-9280 cP degerleri arasinda bulunmustur.

En ylksek ekzopolisakkarit treten bakteri kombinasyonlari ile

uretilen yogurtlarin duyusal o6zelliklerinin panelistler tarafindan

daha ¢ok begenildigi saptanmigtar.

To Cite : Kiling AE, Gezging Y 2019. Determination of The Potential Use of Exopolysaccharide-Producing Streptococcus
salivarus ssp. thermophilus and Lactobacillus delbrueckii ssp. bulgaricus in Yogurt. KSU J. Agric Nat. 22 (Suppl 2):
401-408. DOI: 10.18016/ksutarimdoga.vi.566373

INTRODUCTION

One of the most known of the fermented foods is
yogurt. Yogurt is identified as a coagulated milk
product that results from the fermentation of lactic
acid in milk by Lactobacillus bulgaricus (Lb.
bulgaricus) and Streptococcus thermophilus (St.
thermophilus) (Bourlioux and Pochart, 1988). In milk
medium lactic acid bacteria (LAB) as starter cultures
exhibit symbiotic relations during their growth for

yogurt production. So, well-selected mixture of LAB
species is used to complete each other and to achieve a
considerable efficiency in acid production (Chandan
and Shahani, 1993). Yogurt starter cultures have a
remarkable impact on smooth texture, relevant
viscosity, acceptable flavor and low post fermentation
acidity of the milk product (Cheng, 2010).

Some LAB secrete a polysaccharide polymer. This
extracellular polysaccharide, or exopolysaccharide
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(EPS) is economically important because it can impart
functional effects to foods and confer beneficial health
effects (Welman and Maddox, 2003). In some countries,
EPS plays a vital role in the production of fermented
dairy products (Duboc and Mollet, 2001). EPSs from
LAB have found their most precious application in the
improvement of the texture, rheology and mouthfeel of
fermented milk products, such as yogurt. The yogurt
cultures producing EPS may reduce the extent of
syneresis that considered as a major defect in yogurt
(Giizel-Seydim et al., 2005).

There is a high consumer request for smooth and
creamy yogurt products, which is typically met by
increasing the content of fat, sugar, proteins or
stabilizers. Consumer request for products with low fat
or sugar content and low levels of additives, as well as
cost factors, make EPSs a suitable alternative (Jolly et
al., 2002). Although having no taste of their own, EPSs
from LAB increase the time the milk product spends in
the mouth, and hence impart an enhanced perception
of taste (Duboc and Mollet, 2001). An additional
hypothesized physiological benefit is that EPSs will
remain for longer in the gastrointestinal tract, thus
enhancing colonization by probiotic bacteria (German
et al., 1999). In addition, LAB EPSs have been asserted
to have antitumor effects (Kitazawa et al., 1998),
immunostimulatory activity (Hosono et al., 1997 ,
Chabot et al., 2001) and to lower blood cholesterol
(Nakajima et al., 1992).

In these days, a great importance is given to use of
EPS-producing LAB in the production of fermented
dairy products. Because of this importance, a study has
been planned and potential use of exopolysaccharide-
producing LAB in yogurt has been investigated. For
this purpose, EPS production quantities of
Streptococcus salivarius ssp. thermophilus and
Lactobacillus delbrueckii ssp. bulgaricus strains were
found and the combinations of the highest and the
lowest EPS-producing bacteria were used for yogurt
production. The yogurts were compared in terms of
titration acidity, pH, acetaldehyde and lactate
production, serum separation, viscosity and sensory
evaluation.

MATERIAL and METHODS

Bacterial strains used in this study were listed in Table
1. UHT whole milk was used for production of yogurt.

Growth of Bacterial Strains

Control strains of St. thermophilus NI1ZO 130 and Lb.
delbrueckii ssp. bulgaricus LB 340 LYO 2 DCU were
obtained from Netherlands Institute for Dairy
Research and Danisco. Isolates of St. thermophilus and
Lb. delbrueckii ssp. bulgaricus were provided from
Kahramanmaras Sutcu Imam University Food
Engineering Laboratory -80 °C Culture Collection.
St.thermophilus strains were cultured in M17 medium
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added with 1 % (w/v) sucrose (SM17 medium) at 42 °C
whereas Lb. bulgaricus strains were grown on de Man—
Rogosa and Sharpe broth (MRS) at 37 °C.

Table 1. Bacterial strains and combinations used for
yogurt production

Strains Combinations

BioStr 33 BioStr 33-BioLb 94
BioStr 56 BioStr 33-BioLb 103
BioStr 164 BioStr 56-Biol.b 94
BioStr 166 BioStr 56-BioLb 103
BioStr 132 BioStr 164-BioLb 94
NIZ0130 (control) BioStr 164-BioLb 103
BioLb 94 BioStr 166-BioLb 94
BioLb 103 BioStr 166-BioLb 103
BioLb 124 BioStr 132-Biolb 124
LLB 340 LYO 2 DCU | NIZO130-LLB 340 LYO 2 DCU
(control) (control)

Exopolysaccharide Isolation and Quantification

Valerie et al. (1999)'s method was used for
determination of EPS production quantities of .St
thermophilus and Lb. bulgaricus strains. At the end of
the incubation, the samples were cooled to 4 °C. 1 mL
of the sample was centrifuged at 13000 rpm for 25 min
by adding 85% trichloroacetic acid (TCA) (0.17 % = 1.7
pL). In order to determine EPS production quantities,
Dubois et al. (1956) 's method was used. Total EPS
production  quantities were  determined by
spectrophotometric method by applying phenol
sulfuric acid method using standard glucose. The
optical density was measured spectrophotometrically
at 490 nm. EPS quantities of samples were determined
asmg L1

Yogurt Production

UHT milk was used for yogurt production. After the
milk was heated to 45 °C in a water bath, it was
distributed to a sterilized glass bottle (200 mL) under
aseptic conditions. Lb. delbrueckii ssp. bulgaricus and
St. thermophilus starters were inoculated with 1 %
(v/v). The starter cultures that contain NIZO130 and
LB 340 LYO 2 DCU, were used as the control group.
One of the St. thermophilus isolates was mixed with
one of the Lb. delbrueckii ssp. bulgaricus isolates and,
thus 10 different mixed starter sets were generated.
Each mixed inoculation was adequate to obtain initial
counts of 108 cfu mL! and incubation times were set
for 6 h to find better combination. Fermented products
were cooled at 4-5 °C overnight before testing at
different periods of time. Bacterial strains were
selected from the highest EPS-producing (BioStr 33,
BioStr 56, BioStr 164, BioStr 166, BioLb 94 and BioLb
103) and the lowest EPS-producing (BioStr 132 ve
BioLb 124) strains respectively and control strains.
Bacterial strains and combinations used for yogurt
production are listed in Table 1.
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Chemical Analysis of Yogurt

Titration acidity determination was followed by Dave
and Shah (1997) and Metin and Oztiirk (2002)
methods; 10 g of the homogenous sample was weighed
and 10 mL of distilled water at 40 °C was added. 0.5
mL of phenolphthalein indicator solution was added
dropwise to the homogenized diluted yogurt and
titrated with a 0.1 N NaOH solution until at least 30
sec. permanent pink color was obtained. The pH values
of the yogurt samples were measured by using a
microprocessor pH meter (Inolab WTW, Measurement
system, FL, ABD).

The amounts of lactate and acetaldehyde produced in
yogurt samples were analyzed using HPLC (Ozogul et
al., 2000). Briefly, 1mL of a yogurt sample was
centrifuged at 14.000 g at 4 °C for 5 min. The
supernatant was filtered and placed in a fresh
ependorf tube. The sample was diluted 1 fold in 0.5 %
meta-phosphoric acid (Sigma-Aldrich, MO, USA) and
20 pL of the solution was injected onto the HPLC.
Separation was made on a Capcell Pak 5 uM C18 MG
column (150%4.6 mm).

Physical Analysis of Yogurt

The viscosity of the yoghurt samples was measured at
4 °C by a Brookfield viscometer, Model DV-III Ultra
(Brookfield Engineering Laboratories, Stoughton, MA,
USA) with an RV spindle (spindle No. 63) set at 10
rpm. All measurements were taken in triplicates and
readings (cP) were taken for each sample at 30 s
(Gassem and Frak, 1991). Syneresis was measured by
weighing 100 g yoghurt in to a stainless-steel cylinder
(50 mm ID) with a 120 mesh stainless steel screen
base. The amount of whey (mL) collected after 3 h at 4
°C was taken as an index of syneresis (Modler et al.,
1983).

Sensory Analysis of Yogurt

12 panelists were used in the sensory evaluation of the
yogurt samples. Samples were presented to panelists
and evaluated according to the taste, smell,
consistency, and appearance criteria over 5 points.

Statistical Analysis

The Shaphiro wilk test was used to check the normal
distribution of continuous variables. Mann Whitney u
test was used to compare 2 independent groups of non-
normal distributions. Introductory statistics were
given as mean + SD values. SPSS for Windows version
23.0 package program was used for statistical analysis
and P <0.05 was considered statistically significant.

RESULTS and DISCUSSION
Chemical Properties of Yogurt Samples

The EPS production of the 88 St. thermophilus and 28
Lb. bulgaricus strains isolated from traditional yogurt
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were analysed. In Figure 1 and 2, it showed that
different strains had different EPS production. In this
study the highest EPS production amounts were
obtained from BioStr 56 (408.74+3.17 mg L), BioStr
166 (370.21+0.20 mg L), BioStr 33 (365.75+8.08 mg
L1, BioStr 164 (337.67+5.76 mg L) and BioLb 94
(332.35+2.89 mg L'1), BioLb 155 (242.83+9.63 mg L),
BioLb 159 (214.86+13.22 mg L1), BioLb 103
(213.01£3.29 mg L) strains and the lowest EPS
production amounts were obtained from BioStr 132
(38.15+8.02 mg L)) and BioLb 124 (54.72+11.71 mg L
1) strains. Han et al. (2016) reported the EPS
production of St. thermophilus strains range from 45+7
mg L1to 384+22 mg L1. Garcia-Garibay and Marshall
(1991) were determined for Lb. bulgaricus strains
between 60 mg L'l and 150 mg L1,

Acidification capacity of a strain is the priority
characteristic to select it as a yogurt starter culture.
Acidity is responsible of aroma, texture and flavor of
yogurt. When the acidity levels of the samples were
examined, it was observed that the acidity levels of the
samples produced with the high amount EPS-
producing strains were higher than the samples
produced with the low amount EPS-producing strains.
The acidity (%) values of the yogurt samples produced
using the highest and lowest EPS producing strains
and control strains are given in Table 2. The highest
acidity value was found in the yogurt produced with
Str164-Lb94 combination (1.05+0.02 %) and the lowest
acidity value was found in the yogurt produced with
Str132-Lb124 combination (0.63 £0.00 %). The acidity
value in the yogurt produced by the control culture was
0.91+0.02 %. In the statistical analyzes, it was
determined that the effect of all strains on acidity was
significant (p <0.05). The titratable acidity (%) values
of the obtained yogurt samples were between 0.63 +
0.00 % - 1.05 + 0.02 %. According to Turkish Standards
Institution method (Anonymus, 1999), it is stated that
the degree of acidity that should be in yogurt should
not be less than 0.8 % and not more than 1.6% by mass
of lactic acid type. Giizel-Seydim et al. (2005) reported
the degree of acidity between 0.7 % and 0.78 %. The pH
values of the yogurt samples produced using the
highest and lowest EPS producing strains and control
strains are given in Table 2. The highest pH value was
found in the yogurt produced by the combination of
Str132-Lb124 (4.46+0.03) and the lowest pH value was
found in the yogurt produced by the combination of
Str164-Lb94 (3.82+0.05). The pH value of the yogurt
produced by the control culture was 4.20+0.02. When
the pH values of the samples were examined, it was
found that the pH values of the samples produced with
the highest number of EPS-producing strains were
lower than the samples produced with the lowest
number of EPS-producing strains. In the statistical
analyzes, it was determined that the effect of all
strains on pH was significant (p <0.05).
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Figure 1. EPS production of St.thermophilus strains
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Figure 2. EPS production of Lb. bulgaricus strains

Table 2. Acidity (%) and pH values of yogurts produced with different combinations*

Strain combinations Acidity (%) pH

Str 33-Lb94 0.72+0.01¢ 4.34+0.02bc
Str33-Lb103 0.69+0.05¢4 4.38+0.02abc

Str56-Lb94 0.88+0.03> 3.89+0.02¢f
Str56-Lb103 0.65+0.014 4.41+0.002b
Str164-Lb94 1.05+0.022 3.82+0.05f
Str164-Lb103 0.66+0.01¢d 4.33+0.01Pc
Str166-Lb94 0.99+0.062 3.92+0.02¢
Str166-Lb103 0.67+0.01¢d 4.30+0.06¢
Str132-Lb124 0.63+0.004 4.46+0.032

Control 0.91+0.02b 4.20+0.024

*Different letters within each column are significant at /4<0.05

The pH values of the obtained yogurt samples were
between 3.82+0.05-4.46+0.03. Measurement of pH
presents a critical quality control step in the
production of yogurt. Yogurt samples obtained with
high amounts of  EPS-producing  bacterial
combinations have low pH values from yogurt sample
obtained with low amount of EPS-producing bacteria
combination. The pH changes in commercial yogurt
samples in western countries range between 3.8 and
4.0 (Birollo et al., 2000). The pH values varied within
the range are generally considered as “acceptable” for
yogurt. However, in Turkey, most consumers find
yogurts with the pH between 4.8 to 5.2 more desirable
(Dede et al., 2004). Furthermore, different commercial
brands may have been produced by different starter
cultures, which may have different acidification
properties.

The acetaldehyde and lactic acid (lactate) values of
yogurt samples produced using the highest and lowest
EPS producing strains and control strains are given in
Table 3. The acetaldehyde values of the obtained
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yogurt samples were between 20.45+0.50 mg kgl —
33.63+0.69 mg kg'l. The basic aroma substance for the
characteristic yogurt flavor is acetaldehyde. The
highest acetaldehyde values were found in the yogurts
produced with the combinations of Str33-Lb94 and
Str56-Lb94 (33.63+0.69 mg kg, 33.22+1.30 mg kg
and the lowest acetaldehyde value was found in the
yogurt produced with the combination of Str132-Lb124
(20.45+0.50 mg kg). The acetaldehyde level in the
yogurt produced by the control was 25.33+0.42 mg kg
1, In the statistical analyzes, it was determined that
the effect of all strains on acetaldehyde level was
significant (p<0,05). Acetaldehyde, the component that
is responsible of fresh, fruity, pungent taste of yogurt,
is produced by starter cultures from lactose and/or due
to the formation of acetyl coenzyme A (Chaves et al.,
2002). It has been accepted that the amount of
acetaldehyde should be among 23 and 40 mg kglof
yogurt for a desirable aroma (Cheng, 2010). In fact, the
values were generally lower than expected for a mixed
starter culture (2.0 and 41.0 mg kg'!) even on the first
day of the storage (Routray and Mishra, 2011).
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Table 3. Lactate and Acetaldehyde values of yogurts
produced with different combinations (mg kg'1)*

Strain Lactate Acetaldehyde
combinations (mg kg1 (mg kg
Str 33-Lb94 127.64+0.82b 33.63+0.692
Str33-Lb103 144.56+5.62a 23.61+1.28bc
Str56-Lb94 126.88+4.26P 33.22+1.302
Str56-Lb103 65.40+5.404def 21.09+1.00e

Str164-Lb94
Str164-Lb103

60.66+4.32¢f
78.45+7.55b¢

22.19+0.72de
23.89+0.56b¢

Str166-Lb94 80.14+6.21bc 20.96+0.64¢
Str166-Lb103 | 71.11+5.04de 29.08+0.83b
Str132-Lb124 | 50.41+4.31f 20.45+0.50¢
Control 90.44+7.42¢ 25.33+0.42¢

*Different letters within each column are significant at
F<0.05

Lactate, which is extremely important in the yogurt
aroma, allows the yogurt to acquire acidic, sharp,
pleasing taste. During fermentation of milk into
yogurt, pyruvate is produced from glucose through
Embden-Meyerhoff Pathway (EMP) and it is
transformed to lactic acid by lactate dehydrogenase
enzyme (Yildiz, 2010). Lactic acid production plays a
specific role in the aroma and flavor properties of
yogurt. The primary function of lactic acid cultures
used in yogurt manufacture is to produce lactic acid
required for the formation of the coagulum. Around 20-
40% of lactose present in milk is converted into lactic
acid during yogurt fermentation process and the
content of lactic acid in yogurt reaches up to 0.9 %
(Tamime and Robinson, 2007).

The combinations of the strains were found to produce
different amounts of lactic acid and these differences
were statistically significant (P<0.05) compared to the
control. Analyses made for each yogurt sample
revealed that the maximum amount of lactic acid was
generated by Str33-Lb103 combination (144.56+6.62
mg kg1), while the minimum accumulation value was
measured in Str132-Lb124 (50.41+4.31 mg kg'!) at the
initiation. Lactic acid contents of the samples in
control group, on the other hand, were determined to
90.44+7.42 mg kg! (Table 3). Although lactic acid
producing capacity is one of the most important factors
to be evaluated for a starter culture to be used in a
well-flavored yogurt production, it is also known that
not only the amount but also the ratio of D(-)/L(+)
isomers are needed to be considered in order to make a
reasonable judgement about its contribution to the
taste (Gezginc et al, 2015). Knowing that we did not
perform such a separation in terms of lactic acid
isomers, it is not feasible for us to make a conclusion
on this regard.

Physical Properties of Yogurt Samples

Syneresis is an important factor effecting the
acceptance of yogurts by consumers. Syneresis is
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obtained by measuring the quantity of liquid separated
from yogurt as a function of time. Syneresis values of
the yogurt samples produced using the highest and
lowest EPS producing strains and control strains are
given in Table 4. The highest serum separation value
was found in the yogurt produced with Str132-Lb124
combination (10.6 + 0.2 mL) and the lowest serum
separation value was found in the yogurt produced
with Str33-Lb94 combination (9.3 + 0.1 mL). Syneresis
value in yogurt produced with control culture was
found 10.25 + 0.14 mL. When the syneresis values of
the samples were examined, it was found that the
syneresis values of the samples produced with the
highest amounts of EPS-producing strains were lower
than the samples produced with the lowest amount of
EPS-producing strains. In the statistical analyzes, it
was determined that the effect of all strains on
syneresis value was significant (p<0.05).

The syneresis values of the obtained yogurt samples
were between 9.30+0.10 mL- 10.60+0.20 mL. Syneresis
or otherwise, water release is a common flaw in yogurt
and an important quality criterion. Yogurt samples
obtained with high amounts of EPS-producing
bacterial combinations have low syneresis values from
yogurt sample obtained with low amount of EPS-
producing bacteria combination. Amatayakul et al.,
2005, reported that yogurt samples obtained with EPS-
producing bacterial combinations have low syneresis
values from yogurt sample obtained with non EPS-
producing bacteria combination.

Table 4. Syneresis (mL) and viscosity (cP) values of
yogurts produced with different combinations®

Strain Syneresis (mL) | Viscosity (cP)
combinations

Str 33-Lb94 9.30+0.10¢ 9280+3502
Str33-Lb103 9.75+0.05 7485+405bc
Str56-Lb94 9.75+0.15P 8350+2502
Str56-Lb103 9.40+0.10bc 8411+409ab
Str164-Lb94 9.40+0.20bc 8770+£530ab
Str164-Lb103 9.35+0.15b¢ 8727+476ab
Str166-Lb94 9.65+0.15b¢ 7585+150P
Str166-Lb103 9.70+0.10be 8496+554ab
Str132-Lb124 10.60+ 0.202 5339+1324
Control 10.25+0.142 6470+135¢

*Different letters within each column are significant at
FP<0.05

The viscosity values of the yogurt samples produced
using the highest and lowest EPS producing strains
and control strains are given in Table 4. The highest
viscosity value was found in the yogurt produced with
the Str33-Lb94 combination (9280+350 cP) and the
lowest viscosity value was found in the yogurt
produced with the Str132-Lb124 combination
(5339+132 cP). The viscosity value of the yogurt
produced with the control culture was 6470.50+13.50
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cP. When the viscosity values of the samples were
examined, it was found that the viscosity values of the
samples produced with the highest amounts of EPS-
producing strains were higher than the samples
produced with the lowest amount of EPS-producing
strains. In the statistical analyzes, it was determined
that the effect of all strains on the viscosity values was
significant (p <0.05).

The viscosity values of the obtained yogurt samples
were between 5339+132 cP - 9280+350 cP. Yogurt
samples obtained with high amounts of EPS-producing
bacterial combinations have high viscosity values from
yogurt sample obtained with low amount of EPS-
producing bacteria combination.

Sensory Properties of Yogurt Samples

Sensory properties of yogurt have an important effect
on consumer acceptability. A good yogurt must have
an unique light sour taste, a unique acidic odor. It
should have a bright and homogeneous appearance,
should not be in dirty color, should not be observed in
serum separation. In our study, the sensory properties
of the yogurt samples produced with high amounts of
EPS-producing bacterial combinations were more
appreciated by the panelists in terms of taste, odor,
consistency and appearance.

Sensory values of the yogurt samples produced using
the highest and lowest EPS producing strains and
control strains are given in Table 5. The highest taste

score was found in the yogurt produced with the
Str132-Lb124 combination (3.50+0.00). The highest
odor score was found in the yogurts produced with the
combinations of Str33-Lb94, Str56-Lb94 and Str164-
Lb103 (4.50+0.00, 4.50+0.00, 4.50+0,00) and the lowest
odor score was found in the yogurt produced with the
Str132-Lb124 combination (3.75+0.25). The highest
consistency score was found in the yogurts produced
with combinations of Str33-Lb94, Str56-Lb94 and
Str164-Lb103 (4.75+0.25, 4.75+0.25, 4.75+0.25) and
the lowest consistency score was found in the yogurt
produced with the Str132-Lb124 combination
(3.25+0.25). The highest appearance score was found
in the yogurt produced with the combinations of Str33-
Lb94 and Str164-Lb94 (5+0.00, 5£0.00) and the lowest
appearance score was found in the yogurt produced
with the Str132-Lb124 combination (440.00). The
taste, smell, consistency and appearance scores of the
yogurt produced by the control culture were 4.50+0.50,
4.00 +£0.50, 4.50+0.00 and 4.50+0.00. When the taste,
odor, consistency, and appearance scores of the
samples were examined, it was seen that the scores of
the samples produced with the highest number of EPS-
producing strains were higher than the scores of the
samples produced with the lowest number of EPS-
producing strains. In the statistical analyzes, it was
determined that the effect of all strains on taste,
consistency and appearance was significant (p <0.05).
In a previous study reported by Gursoy et al., 2010, it

score was found in the yogurt produced with the Str56- was stated that sensory evaluation in yogurt
Lb94 combination (5.00+0.00) and the lowest taste (treatment D) ranged from 3.46 to 5.00.
Table 6. Sensory analysis values of yogurts produced with different combinations
Strain combinations Taste Odor Consistency Appearance Total
Str 33-Lb94 4.75+0.25 4.50+0.00 4.75+0.25 5.00+0.00 19.00+0.00
Str33-Lb103 4.50+0.00 4.00+0.00 4.25+0.25 4.50+0.00 17.25+0.25
Str56-Lb94 5.00+0.00 4.50+0.00 4.75+0.25 4.75+0.25 19.00+0.50
Str56-Lb103 4.50+0.00 4.00+0.50 4.50+0.00 4.50+0.00 17.50+0.50
Str164-Lb94 4.75+0.25 4.25+0.25 5.00+0.00 5.00+0.00 19.00+0.00
Str164-Lb103 4.50+0.50 4.50+0.00 4.75+0.25 4.75+0.25 18.50+1.00
Str166-Lb94 4.50+0.50 4.25+0.50 4.50+0.00 4.50+0.00 17.75+0.75
Str166-Lb103 4.50+0.50 4.00+0.50 4.50+0.00 4.50+0.00 17.50+1.00
Str132-Lb124 3.50+0.00 3.756+0.25 3.25+0.25 4.00+0.00 14.50+0.50
Control 4.50+0.50 4.00+0.50 4.50+0.00 4.50+0.00 17.50+1.00
CONCLUSION ACKNOWLEDGMENTS

As a result, the use of high amounts of EPS-producing
cultures (BioStr33, BioStr56, BioStr 164, BioStr166,
BioLb94, BioLb103) contributed positively to all the
quality criteria examined for yogurt. By using these
cultures instead of the use of additives, desired results
can be obtained, regulation of the intestinal flora,
lowering of cholesterol, antitumor and anti-ulcer
activity of exopolysaccharides will result in
preservation of human health. Also contributes to the
economy.

407

The authors would like to thank Kahramanmaras
Sttt Imam University Scientific Research Council for
financial support (Project No: 2015/1-75YLS) and the
present study was derived from the MSc thesis
entitled: Determination of The Potential Use of
Exopolysaccharide-Producing Streptococcus salivarus
ssp. thermophilus and Lactobacillus delbrueckii ssp.
bulgaricus in Yogurt.

REFERENCES
Amatayakul T, Halmas A L, Sherkat F, Shah N P



KSU J. Agric Nat 22(Suppl 2): 401-408, 2019

Aragstirma Makalesi/Research Article

2005. Physical characteristics of yoghurt made
using exopolysaccharide-producingstarter cultures
and varying casein to whey protein rations.
International Dairy Journal, 1:1-11.

Anonymus 1999. Yogurt Standardi. TS 1330. Tirk
Standartlar: Enstitiisti, Ankara.

Bourlioux P, Pochart P 1988. Nutritional and health
properties of yogurt. World Review of Nutrition
Dietetics, 56:217-58.

Chabot S, Yu H L, Leseleuc L, Cloutier D, Calsteren M
R, Lessard M, Roy D, Lacroix M, Oth D 2001.
Exopolysaccharides from Lactobacillus rhamnosus
RW-9595M stimulate TNF, IL-6 and IL-12 in
human and mouse cultured immunocompetent
cells, and IFN-g in mouse splenocytes. Lait, 81:
683—697.

Chandan R C, Shahani KM 1993. Yogurt. In: Hui YH,
ed. Dairy Science and Technology Handbook. New
York: VCH Publishers, Inc, 1-57.

Chaves A C, Fernandez M, Lerayer A L, Mierau I,
Kleerebezem M, Hugenholtz J 2002. Metabolic
engineering of acetaldehyde production by
Streptococcus thermophilus. Applied and
Environmental Microbiology, 68: 5656— 5662.

Cheng H F 2010. Volatile flavor compounds in yoghurt:
A Review. Critical Reviews in Food Science and
Nutrition, 50 (10): 938-944.

Dave R I, Shah N P 1997. Viability of yoghurt and
probiotic bacteria in yoghurts made from
commercial starter cultures. International Dairy
Journal, 7: 31-41.

Duboc P, Mollet B 2001. Applications of
exopolysaccharides in the dairy industry.
International Dairy Journal, 11: 759-768.

Dubois M, Gilles K A, Hamilton J K, Rebers P A, Smith
F 1956. Colorimetric method for determination of
sugars and related substances. Analitical
Chemistry, 28 (3): 350-352.

Garcia-Garibay M, Marshall V M E 1991. Polymer
production by Lactobacillus delbrueckii ssp
bulgaricus. Journal of Applied Bacteriology, 70;
325-328.

Gassem M A, Frak J F 1991. Physical properties of
yoghurt made from milk tread with proteolytic
enzymes. Journal of Dairy Science, 74: 1503.

German B, Schiffrin E J, Reniero R, Mollet B, Pfeifer
A, Neeser J R 1999. The development of functional
foods: lessons from the gut. Trends Biotechnology,
17: 492-499.

Gezginc Y, Topcal F, Comertpay S, Akyol I 2015
Quantitative analysis of the lactic acid and
acetaldehyde produced by Streptococcus
thermophilus and Lactobacillus bulgaricus strains
isolated from traditional Turkish yoghurts using
HPLC. Journal of Dairy Science, 98: 1426-1434.

Giizel-Seydim Z B, Sezgin E, Seydin A 2005. Influences
of exopolysaccharide producing cultures on the

408

quality of plain set type yogurt. Food Control, 16:3,
205-209.

Han X, Yang Z, Jing X, Yu P, Zhang Y, Yi H, Zhang L
2016. Improvement of the texture of yogurt 10 by
use of exopolysaccharide Producing Lactic Acid
Bacteria. BioMed 11 Research International, 6 -12.

Hosono A, Lee J, Ametani A, Natsume M, Hirayama
M, Adachi T, Kaminogawa S 1997.
Characterization of a water-soluble polysaccharide
fraction with immunopotentiating activity from
Bifidobacterium adolescentis M101-4. Bioscience
Biotechnology and Biochemistry, 61: 312—316.

Jolly L, Vincent S J F, Duboc P, Neeser J R 2002.
Exploiting exopolysaccharides from lactic acid
bacteria. Antony van Leeuwenhoek, 82: 367-374.

Kitazawa H, Harata T, Uemura J, Saito T, Kaneko T,
Itoh T 1998. Phosphate group requirement for

mitogenic activation of lymphocytes by an
extracellular phosphopolysaccharide from
Lactobacillus delbrueckii Ssp. bulgaricus.

International Journal Food Microbiology, 40: 169—
175.

Metin M, Oztirk G F 2002. Siit ve mamiilleri analiz
yontemleri (Duyusal, fiziksel ve kimyasal
analizler), Ege Meslek Yiiksekokulu Basimevi,
Bornova-Izmir, 439 s.

Modler H W, Larmond M E, Lin C S, Froehlich D &
Emmons D B 1983. Physical and sensory properties
of yoghurt stabilized with milk proteins. Journal of
Dairy Science, 66: 422,

Nakajima H, Suzuki Y, Kaizu K, Hirota T 1992.
Cholesterol lowering activity of ropy fermented
milk. Journal Food Science, 57: 1327-1329.

Ozogul F, Taylor K D A, Quantick P C, Ozogul Y A
2000. Rapid HPLC-determination of ATP-related
compounds and its application to herring stored
under modified atmosphere. International Journal
of Food Science & Technology, 35: 549.

Routray W, Mishra H N 2011 Scientific and Technical
Aspects of Yogurt Aroma and Taste:A Review.
Comprehensive Review of Food Science, 10(4), 208-
210

Tamime AY, Robinson R K 2007 Yoghurt: Science and
Technology 3rd ed. Woodhead Publishing Limited,
Abington, England. 220.

Valerie M M, Rawson H L 1999. Effects of
exopolysaccharide-producing strains of
thermophilic lactic acid bacteria on the texture of
stirred yoghurt. International Journal of Food
Science and Techonology, 34: 137-143.

Welman A D, Maddox I S 2003. Exopolysaccharides
from lactic acid bacteria: perspectives and
challenges. Trends in Biotechnology, 21:6, 269-274.

Yildiz,F.2010. Development and Manufacture of
yogurt and Functional Dairy Products. Taylor and
Francis Group, United States. 454p.



\’
KSU Tarim ve Doga Derg 22(Ek Say1 2): 409-417, 2019 2\ '
KSU J. Agric Nat 22(Suppl 2): 409-417, 2019 g
DOI:10.18016/ksutarimdoga.vi.551016

The Effects of Dried Wormwood (Artemisia absinthium) on Performance, Carcass
Characteristics and Biochemical Parameters of Broiler Chicks

Mehmet CETIN'™, Sabri YURTSEVENZ, Abdurrahim KOCYiGIT?, Fissun TEMAMOGULLARI4
Mehtap Gl ALTAS, Zafer OZYILDIZ6, Rahsan YILMAZ?, Abdullah TASKINS

12Harran University, Agriculture Faculty, Department of Animal Science, Sanliurfa, Turkey, Bezm-i Alem Vakif University, Medical Faculty,
Department of Biochemical Science, Istanbul, Turkey, ‘Harran University, Veterinary Faculty, Department of Pharmacology and Toxicology,
Sanliurfa, Turkey, *Harran University, Veterinary Faculty, Department of Parasitology, Sanliurfa, Turkey, ®Mehmet Akif Ersoy University,
Veterinary Faculty, Department of Pathology, Burdur, Turkey, "Harran University, Veterinary Faculty, Department of Pathology, Sanliurfa,
Turkey, 8Harran University, Health Faculty, Department of Nursing, Science, Sanliurfa, Turkey

thttps://orcid.org/0000-0002-2895-3618, 2https://orcid.org/0000-0002-6600-8772, 3https://orcid.org/0000-0003-2335-412X
4https://orcid.org/0000-0001-7738-1145, Shttps://orcid.org/0000-0002-0120-9266, Shttps://orcid.org/0000-0002-6009-9191
Thttps://orcid.org/0000-0002-0944-2230, 8https://orcid.org/0000-0001-8642-1567

P4 mehmetcetin63@harran.edu.tr

ABSTRACT Research Article
Aim of this study was to determine the most appropriate dose for dried ) )
wormwood (W) in Ross 308 broiler diets. Wormwood was added to Article History

diets in different doses for a period of 42 days. The doses were WO Received ©31.05.2019
(Control), W1 (11.76), W2 (23.53), W3 (35.29) and W4 (47.06 g kg'1). Accepted :22.08.2019
In this experiment, a total of 180 chicks were used. Results showed
that there was no significant differences in live weight and feed Keywords

Performance

conversion ratio except for feed consumption among treatment groups
(P<0.01). Feed consumption was negatively correlated with the
increase of wormwood doses in the diet. Liver and pancreas weights
in the W1 group was significantly higher than those of the other
groups (P <0.05). Blood parameters indicated that ceruloplasmin and
phosphorus were significantly higher in W2 group than those of other
groups (P<0,05), on the other hand triglyceride (P<0,01) was found
significantly lower in all treatment groups when compared to the
control (WO0) group. As a conclusion, W1 (11.76 g kg-1) was determined
to be the most suitable dose in broiler rations.

Prophylactic feed additive
Appetite suppressant
Eimeria oocyt

Kurutulmus Pelin (Artemisig Absinthium) Otunun Etlik Piliglerin Performans, Karkas Ozellikleri ve
Biyokimyasal Parametreler Uzerine Etkisi

OZET Aragtirma Makalesi
Bu calismanin amaci, Ross 308 etlik pili¢ rasyonlarinda kurutulmus ) .
pelin otu (Artemisia absinthium) icin en uygun dozu belirlemektir. Makale Tarihgesi

Pelin otu rasyona 42 gun boyunca farkli dozlarda katilmigtir. Dozlar Gelis Tari}.li' ©31.05.2019
WO0(Kontrol), W1(11.76), W2(23.53), W3(35.29) ve W4(47.06 g kg Kabul Tarihi :22.08.2019
1ydir. Bu calismada toplam 180 pilic kullanildi. Canl agirlik ve

yemden yararlanma orani bakimindan gruplar arasinda énemli bir Anahtar Kelimeler

fark goriilmez iken yem tiiketimi bakimindan énemli bir farklhilik f?liform? ns Katk
goriilmiistiir (P<0,01). Rasyonda pelin dozu arttikca yem tiiketimi [lizsitinel yen Lo
Istah baskilayici

dismistir. Karaciger ve pankreas agirliklar1 W1 grubunda diger
gruplara gére onemli derecede yiiksek bulunmustur (P<0,05). Kan
parametrelerinden seruloplazmin ve fosfor W2 grubunda diger
gruplara gore 6nemli derecede yiiksek bulunmustur (P<0,05), diger
taraftan tim muamele gruplarinda trigliserit kontrol grubuna goére
énemli derecede diisiik bulunmustur (P<0,01). Sonuc olarak, etlik
pilic rasyonlarinda en uygun dozun W1 (11.76 g kg1) oldugu
belirlenmigtir.

Oosit sayis1

To Cite : Cetin M, Yurtseven S, Kogyigit A, Temamogullar: F, Altas MG, Ozyildiz Z, Yilmaz R, Tagkin A 2019. The Effects of
Dried Wormwood (Artemisia absinthium) on Performance, Carcass Characteristics and Biochemical Parameters of
Broiler Chicks KSU J. Agric Nat 22(Suppl 2): 409-417. DOI: 10.18016/ksutarimdoga.vi.551016.
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INTRODUCTION

Alternative feed additive has extensively increased
and the significant attention has been paid to medical
herbs as alternative for antibiotic growth since
phytogenic substances have several advantages over
generally used antibiotics (Salih and Giirbiiz, 2015;
Giirbiiz and Ismael, 2016; Cetin, 2016).

Wormwood is an herbal feed additive (Muto et al.,
2003; Kostadinovié et al. 2015), which has cytotoxic,
antihepatotoxic, antibacterial, antifungicid,
antioxidant, antimalarial, antitumor, antiparasitic
features. It contains terpenoid, flavonoid, cumarin,
caffeic acid, sterol and acetylenes (Bora and Sharma,
2010a; Brisibe et al., 2008). Rezaeinodehi and
Khangholi (2008) reported that wormwood contains
1.3% essential oil that has 23.8% B-pinene and 18.6%
B-thujone in its composition. Thujone content gives a
bitter taste to wormwood (Lee et al., 2013; Tariku et
al., 2011).

Excessive feeding and fat deposition have become a
major problem in broiler nutrition. To control excess
feed consumption, the use of feed restriction or
suppressing appetite seems to be a practical method.
Restriction of feed consumption can make an animal
aggressive, while suppressing the appetite can offer
more optimistic results. To overcome this problem,
herbal products may be considered as an option to
suppress appetite.

It has been reported that the wormwood cures stomach
pain and stimulation of the heart, restores memory
and decreasing mental functions, reperfusion injuries
in rats, and behavior disorders caused by oxygen
deprivation of the brain, 100-200 mg kg of methanol
extract significantly reduced oxidative stress and
damage in the brain (Bora and Sharma 2010b).

In recent studies, the direct use of plant itself has been
on the agenda instead of the use of essential oils
(Brisibe et al., 2008).

Wormwood leaves and stem contain bitter compounds
that can control abnormal feed consumption without
restriction. In this sense, they may be used in the
management of feed intake of broiler, especially for
breeding without any adverse effect.

The effects of using wormwood directly as prophylactic
stimulators or appetite suppressants at microscopic
levels are not known yet. In this study, it was aimed to
reveal whether dried wormwood leaves reduce feed
consumption without affecting performance in broiler.
For this reason, live weight (LW), feed consumption
(FC), feed conversion ratio (FCR), oxidative stress and
blood parameters were examined. The changes within
the duodenal wall structure of dried wormwood as well
as the antioxidant and anticoccidial effects were also
studied under normal feeding conditions.

410

MATERIALS and METHODS

In this experiment, a total of 180 Ross 308 chicks (both
sexes were randomly distributed) were used in one
control and four treatment groups of wormwood with
the following doses; WO (Control), W1 (11.76), W2
(23.53), W3 (35.29) and W4 (47.06 g kg?1). Each
treatment group consisted of three replicates, 12
chicks for each. The number of male and female chicks
in the treatment groups are presented in the
corresponding tables (Tables 2-5). The wormwood
doses were added to broiler diets for a period of 42
days. At the beginning of the study, the live weights of
the groups were equalized. Broilers feed, which
contained 230, 200, 180 crude protein and 3100 kcal
metabolizable energy per kg diets, was given for
respectively 0 to 14 d, 15 to 35 d and 36 to 42 d of age.
The contents of the trial rations are presented in Table
1.

The ground wormwood was added to rations without
any chemical treatment such as extraction process. To
determine the amount of wormwood to be included in
the ration, the amount of extract in the wormwood was
taken into account. The amount of extract of the
wormwood was measured as 8.5 g extract kgl
wormwood (Baytop, 1999; Tariq et al., 2009). Pelin
herb doses were considered as 100, 200, 300 and 400
mg extract kg! ration, and equivalent wormwood was
administered as wormwood kg ration of 11.76, 23.53,
35.29 and 47.06 g respectively.

At the trial, the chicks were weighed on the first day
and the wing number was fitted after being handed out
as completely randomized to groups (Yildiz and Bircan,
1991).

The chicks were housed in the main machines for the
first 15 days and then taken to the floor divisions. The
experiment was conducted during May and June. The
lighting program consisted of 23 hours of light and one
hour of darkness during the experimental period. Feed
and water were offered as ad-libitum consumption
throughout the experiment. Feed intake and body
weights were measured weekly. The experiment was
conducted for 6 weeks, from hatch to 42nd day. At the
end of the study, all chicks were individually weighed,
slaughtered, and tested.

Chemical Analysis

Following an analysis of the protein, fat, fibre, dry
matter and ash contents of the raw materials used in
the assay based on the method of Weende (Bulgurlu
and Ergiil, 1978; Akyildiz, 1984). Calculation of ME
values of maize, wheat, soybean and whole oil soybean
was done according to ETEVPF (1989), and ME value
of wormwood was calculated according to MAFF
(1976). The reason is the high cellulose content of
wormwood. Trial rations were established according to
these results.
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Table 1. Content of broiler diets, (kg)

Raw Materials 0-14 days (Starter), 0-14 ginler (Baslangig) 15-35 days (Grover), 15-35 giinler (Biiyiitme) 36-42 days (Finisher), 36-42 giinler (Bitirme)
Ham Maddeler W0 W1 W2 w3 W4 W0 Wi W2 w3 W4 W0 W1 W2 w3 W4
Corn, Misir 400 400 400 400 400 460 460 460 460 460 470 470 470 470 470
Wheat, Bugday 90.50 73.73 56.97 39.71 22.94 117 100.73 84 67 50 165 148 131 114.4 97.5
Soybean pulp 361 364 367 370 373 242.50 245 248 251.21 254 107.40 110.6 113.67 116.41 119.44
Soya kiispesi

Fullfat soybean 50 50 50 50 50 100 100 100 100 100 200 200 200 200 200
Tam yagli soya

Wormwood, Pelin 0 11.77 23.53 35.29 47.06 0 11.77 23.53 35.29 47.06 0 11.77 23.53 35.29 47.06
Soybean oil 56 58 60 62.5 64.5 36.50 38.5 40.47 42.5 44,94 13.60 15.63 17.80 19.90 22.00
Soya yag1

Limestone 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
Mermer Tozu

Di Calcium | 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
phosphat, DCP

Vitamin* 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Mineral* 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Lysine, Lisin 0.50 0.50 0.50 0.50 0.50 1 1 1 1 1 1 1 1 1 1
Methionine 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2
Metiyonin
Salt, Tuz 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Total, Toplam 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
Calculated Nutritional Values, Hesaplanan Besin Degerleri

Crude Protein (%) | 23.03 23.03 23.03 23.02 23.02 20.03 20.01 20.01 20.02 20.01 18.01 18.02 18.02 18.01 18.01
Ham protein
Metabolisable 3100.3  3099.7 3099.1 3101.3 3100.7  3101.7 3101.6  3100.8 3100.2 3102.2 3100.6 3100.0 3100.3 3100.5 3100.4
Energy (kcal/kg)
Metabolik enerji

Ham Yag, % 8,68 8,89 9.10 9,36 9,58 7,62 7,83 8,04 8,26 8,52 6,98 7,20 7,43 7,65 7,87
Crude Fat, %

Ham Kiil, % 3,32 3,37 3,42 3,46 3,51 2,93 2,97 3,02 3,07 3,11 2,63 2,68 2,73 2,77 2,82
Crude Fiber (%) 2.89 3.22 3.55 3.88 4.21 2.86 3.19 3.52 3.85 4.18 2.98 3.31 3.64 3.97 4.30
Ham selliiloz

Ca, % 1.20 1,20 1,20 1,20 1,20 1,18 1,18 1,18 1,18 1,18 1,17 1,17 1,17 1,17 1,17
P, % 0.76 0,76 0,76 0,75 0,75 0,74 0,73 0,73 0,73 0,72 0,72 0,72 0,72 0,71 0,71
Lisin, % 1.30 1,30 1,30 1,31 1,31 1,16 1,16 1,17 1,17 1,17 1,04 1,05 1,05 1,05 1,06
Metiyonin 0.46 0,46 0,46 0,46 0,46 0,53 0,52 0,52 0,52 0,52 0,50 0,50 0,50 0,50 0,50

* Per 2 kg Vitamin Premix Content: Vitamin-A 15.000.000 IU, Vitamin-D 6.000.000 IU, Vitamin-E 100.000 mg, Vitamin-K3 3.000 mg, Vitamin-B; 5.000mg, Vitamin-B:
8.000mg, Niacin 60.000mg, Ca-D Pantothenate 15.000mg, Vitamin-Be 5.000mg, Vitamin-B12 20mg, D-Biotin 200mg, Folic Acid 2.000mg, Vitamin-C 100.000mg,
Antioxidan 120.000mg,

** Per kg Mineral Premix Content: Mn 120.000mg, Fe 80.000mg, Zn 80.000mg, Cu 16.000mg, I 200mg, Se 300mg

ME: Metabolisable energy, (Kcal kg')) W0, W1, W2, W3, W4: Wormwood doses, (g kg'! rations)
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Wormwood contained 6% crude protein, 2.78% crude
fat, 30.17% crude fibre, 92.52% dry matter, 4.66%
crude ash, 48.91% nonprotein nitrogen and 2377 kcal
kg! of metabolizable energy.

ETEVPF (1989): ME (kcal’kg) = [(CP%*15.15) +
(CFat%*35.75) + (NN%*15.59)] *2.39

MAFF (1976): ME(kcal/kg) [(CP%*28.71)
(CF%*11.96) + (CFat%*74.16) + (NN%*33.49)]
ME: Metabolisable energy, DM: Dry matter, CP: Crude
protein, CF: Crude fibre, CFat: Crude fat, NN:
Nonprotein nitrogen

+

Determination of Extract Amount in Wormwood Plant

A. absinthium L. belongs to the Asteraceae family
(Koul, 1997). The plant material for the present study
was collected from the local fields of Simav, Kiitahya
province, in Turkey. It was identified and
authenticated by a pharmacologist in the Department
of Pharmacology and Toxicology, University of Harran,
Sanliurfa province, Turkey. The amount of A.
absinthium extract was measured in accordance with
to the method mentioned by Baytop (1999) and Tariq
et al. (2009). In this process, 8.5 g extract kg!
wormwood was obtained.

Analysis of the Blood Parameters

At 42 days of age, six broilers per treatment were
randomly selected and slaughtered by cervical
dislocation for analysis of the blood parameters.

Determination of Total Oxidant Status (TOS)

Serum TOS was determined using a novel automated
measurement method as developed by Erel (Erel,
2005).

Determination of Total Antioxidant Status (TAS)

Total antioxidant status in serum was determined
using an automated measurement method (Erel,
2004).

Calculation of The Oxidative Stress Index (OSI)

(arbitrary units)=TOS (umol H202 equiv/L) / TAS
(mmol Trolox equiv/L) X 10-1.

Determination of PON1 and ARE Activities

PON1 activities were measured using diethyl-0-
pnitrophenylphosphate as a substrate.

Determination of Erytrocyte Cell DNA Damage

The endogenous chicken eritrocytecell DNA damage
was analyzed by alkaline comet assay according to
Singh et al. (Singh et al., 1988) with minor
modifications.
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Analysis of Plasma Total Peroxide (LOOH)

Concentration

Total peroxide concentrations were determined using
the “FOX:” method (Miyazawa, 1989) with minor
modifications.

Analysis of Thiols Activities (Sh)

Serum total thiol concentration or sulfhydryl groups
(SH) were measured by the methods originally
described by Ellman (1959) and modified by Hu (1994).

Analysis of Ceruloplasmin

Erel's ceruloplasmin measurement method was used.
(Erel, 1998; Erel, 2004).

Analysis of the Fecal Samples

To determine the fecal oocyte count reductions of
chickens, fresh fecal samples of each group in the
respective treatment groups were collected directly
from plastic sheet which had been put on the ground
in half on weekly basis. The fecal samples were not
used for oocyte counting according to Mec. Master
sedimentation technique (Hodgson, 1970) due to the
negative image. For oocyte counting, zinc sulphate
flotation technique (Bartlett et al., 1978; Kassai, 1999)
was used. Oocyte counting was constructed in the
Department of Parasitology, University of Harran,
Sanliurfa province, Turkey

Histological Analysis of The Intestine

At 42 days of age, six broilers per treatment were
randomly selected and slaughtered by cervical
dislocation for the collection of tissue samples from the
duodenum, jejunum and ileum. The contents of the
intestinal regions were carefully hand-stripped.
Overall, 1/3 segment from the end of the duodenum,
jejunum and ileum was excised, washed in
physiological saline solution, and fixed in 10% buffered
formalin. Then, the tissue samples were processed
using routine histological methods and later embedded
in paraffin wax blocks. Then 5 um thick sections were
cut and painted with routine haematoxylin-eosin
staining. All specimens were examined under a light
microscope (Luna, 1968) equipped with a digital
camera head and a camera control unit. The villus
height was measured using an image analysis system.
Villus height was measured from the top of the villus
to the top of the lamina propria. Three measurements
were taken per bird and the mean value was recorded.

Statistical Analysis
In the evaluation of the data obtained at the end of the
experiment, parameters related to feeding

consumption, live weight, feed utilization rate, cut and
duodenal characteristics were analyzed using SPSS,
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(2013) in a one-way ANOVA and the means were
compared by The Duncan Multiple Range Test.
Statistical analyzes of biochemical parameters were
performed by using Non-Parametric Test in this same
program. The Mann-Whitney U test was used to
control the significance of the differences between the
groups.

RESULTS and DISCUSSION

Live weight changes, feed consumption and feed
conversion ratio of control and treatment groups
during the experiment are presented in Table 2. There
was no significant difference between the treatments
at LW and FCR at the end of the 6-week trial.
However, significant differences were observed in the
mean FC between the groups at 0-6 weeks (P<0.01).
There was no significant difference in live strength
among the experimental groups.

In this study, live weight and feed conversion rate were
not affected by the doses of wormwood added to the
ration. The highest feed consumption was observed in

W1 group. Feed consumption has decreased in
response to increasing doses of wormwood. Reduced
consumption of feed might result from the strong odor
and bitter taste inside the wormwood.

It is reported that taste plays an important role in feed
selection and eating motivation (Gentle, 1971). It can
be also attributed to high bitter taste and its toxic
thujone content depending on dose in wormwood
leaves (Lee et al., 2013). Therefore, it may play a role
in the management of feed intake control of broiler,
especially for breeding without any adverse effect.

Different suppressants were tested to control feed
consumption without altering performance. It 1is
obvious that the most suppressant effect of wormwood
was observed in broilers which consumed 47.06 g of
ground wormwood (W4). In this study, 4-5% reduction
was found in feed consumption respectively in W1 and
W4 at the end of the 6 weeks feeding period. FC
pattern showed that wormwood can be used as
suppressant factor for broilers.

Table 2. The effect of dried wormwood addition on Live Weight (g), Feed Consumption (g) and Feed Conversion

Ratio of Broilers (n=36)

Weeks Criteria Groups, Gruplar
Hafta Ozellik wo W1 w2 w3 W4 P SEM
0-3 LW 41.56°¢ 39.50bc 37.25% 36.262 36.412 0.000 0.88
FC 60.68¢ 58.18P 56.492 58.28P 56.512 0.000 0.39
FCR 1.482 1.502 1.552b 1.64P 1.592 0.026 0.04
4-6 LW 94.65 99.25 93.08 94.46 91.60 0.258 2.52
FC 161.732 169.14¢ 163.072b 165.34P 161.492 0.000 0.82
FCR 1.74 1.73 1.79 1.78 1.80 0.753 0.05
0-6 LW 2867.88 2922.03 2763.52 2743.91 2711.07 0.088 63.20
FC 4670.482b 4777.57¢ 4615.452P 4694.96"¢ 4581.162 0.000 24.65
FCR 1.65 1.66 1.69 1.73 1.72 0.404 0.04
Sex, End of Trial 13F,20M 14 F, 19 M 18F, 14 M 12 F, 22 M 16 F,17M
a,b.e: Different superscript letters within the rows show differences insignificant (P<0.05).
LW: Live weight, FC: Feed consumption, FCR: Feed conversion ratio = n: Number of animal F:Female M: Male

W0, W1, W2, W3, W4: Wormwood doses, (g kg! rations) P: Probability, SEM: Standard error means,

However, when broiler diets were supplemented with
dried wormwood, 100, 150, 200 g kgl, LW and FC
increased, but FCR decreased (Kostadinovié et al.,
2015).

In this study, feed conversion ratio was not adversely
affected by the doses of wormwood. The highest LW
and FC and the best FCR were achieved in group W1.
Therefore, it can be said that the ideal dose was W1
and the chicks were accustomed to this dose.

The mean weights of carcass, liver, heart, gizzard and
abdominal fat are presented in Table 3. Wormwood
caused significant differences between liver and
pancreas weights (P<0,05) whereas carcass, heart,
gizzard and abdominal fat were not significantly
affected by the process. The highest liver and pancreas
weights were observed in W1. Lee et al (2006) and
Kostadinovié¢ et al., (2015) suggested that nutrient
utilization and abdominal fat deposition significantly
decreased as the levels of wormwood addition
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increased. Lee et al., (2006) also advise that less than
1% addition of wormwood to broiler diets may have
beneficial effects for human health by reducing the
abdominal fat deposition of broiler chickens.

The oxidative stress and blood parameters are
presented in Table 4. There was no significant
difference between the treatment groups in terms of
aryl, esterase, paraoxonase, lipid peroxidase, free thiol
groups, total antioxidant, total oxidant, oxidative
stress index, DNA damage, alkaline phosphates, total
protein, albumin, total cholesterol, HDL cholesterol
and calcium levels, yet there was a significant
difference in ceruloplasmin, phosphorus (P<0,05) and
triglyceride (P<0.01) levels.

The oxidative stress index (OSI) was not significant.
Bora and Sharma (2010b) reported that 100-200 mg kg’
1 of methanol extract in rats significantly reduced
oxidative stress and damage in the brain.
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Table 3. The effect of dried wormwood addition on carcass and inner organ weights (g) of broilers (n=36)

Parameters, Ozellik Groups, Gruplar

WO W1 W2 W3 W4 P SEM
Carcass, Karkas 2093.44 2162.63 2043.28 2062.24 2011.78 0.261 | 49.44
Liver, Karaciger 58.13ab 62.03c 52.072 55.70ab 56.28ab 0.025 | 2.10
Heart, Kalp 13.81 14.33 13.19 13.62 13.61 0.607 | 0.50
Gizzard Tashk 38.00 38.09 38.71 38.36 37.00 0.811 | 0.99
Pancreas, Pankreas 6.56ab 7.17° 6.85P 6.082 6.59ab 0.015 | 0.21
Abdominal Fat, Karin Yag: | 41.25 44.26 43.22 41.00 40.32 0.730 | 2.33

Sex, End of Trial 13F,20M | 14F, 19M | 18F,14M | 12F,22M | 16 F, 17 M

a,b, ¢: Different superscript letters within the rows show differences insignificant (P<0.05).
W0, W1, W2, W3, W4: Wormwood doses, (g kg! rations), P: Probability SEM; Sandard error means

n: Number of animal F:Female M: Male

Table 4. The effect of dried wormwood addition on oxidative stress and some blood parameters of broilers

Parameters, Ozellik

Groups, Gruplar

WO | W1 | W2 | W3 | W4 P SEM
The parameters of oxidative stress, Oksidatif stress parametreleri
Areyl esteraz, U 1.1 43.9 44.5 43.4 44.3 44.5 0.688 | 0.51
Aril esteraz
Paraxonase, U L1 3.1 3.0 3.5 3.3 2.9 0.733 3.79
Paraksonaz
Lipid peroxidase, pmol L1 4.1 3.9 3.8 3.9 3.9 0.855 | 0.24
Lipit peroksidaz
Ceruloplasmin, U L1 (Seruloplazmin) 254.42> | 258.5b¢ | 262.7¢ 254.42> | 253.92 0.013 | 1.10
Free thiol groups, mmol L1 0.15 0.15 0.15 0.15 0.15 0.944 | 0.00
Serbest tiol gruplar
TAS, Toplam antioksidant durumu 1.11 1.02 0.89 0.84 1.04 0.136 | 0.06
T0S, Toplam oksidant durumu 8.8 10.26 9.67 11.53 11.20 0.414 | 5.43
OSI, Oxidative Stress Index., AU 0.79 1.08 1.19 1.19 1.18 0.245 | 0.54
DNA Damage, AU 8.0 10.0 10.0 9.0 8.0 0.328 | 2.61
DNA hasan

The results of biochemical analysis, Biyokimya analiz sonuglari

Alkaline phosphates, U L1 723.66 | 978.98 | 1616.80 | 924.47 1070.92 | 0.435 | 240.18

Alkalin fosfataz

Total Protein, g dLi'! 1.51 1.55 1.64 1.21 1.55 0.721 | 0.15

Toplam protein

Albumin, g dL.’t, Albumin 0.73 0.70 0.75 0.59 0.77 0.653 | 0.07

Triglyceride, mg dL'1, Trigliserit 33.43p 25.072 24.67-2 18.452 22.622 0.004 | 2.85

Total cholesterol, mg dL1 80.00 74.70 72.30 53.90 76.30 0.328 | 6.32

Toplam kolesterol

HDL cholesterol, mg dL! 74.25 69.94 65.43 57.54 68.30 0.100 | 4.87

HDL kolesterol

Calcium, mg dL1, Kalsiyvum 8.20 8.40 8.60 8.15 8.35 0.572 | 0.46

Phosphorus, mg dLi'1, Fosfor 8.402b 9.55bc 10.20¢ 7.90ab 7.552 0.042 | 0.57
Sex, End of Trial 5F,6M|1F,5M|3F,3M|3F,3M |3F,3M

a,b, e Different superscript letters within the rows show differences insignificant (P<0.05).
TAS: Total antioxidant status, pmol Trolox Equiv. I'T TOS: Total oxidant status, pmol H202 Equiv. L'
OSI- Oxidative stress index, AU HDL: High density lipoprotein, P: Probability SEM; Standard error means

W0, W1, W2, W3, W4: Wormwood doses, (g kg! rations) F:

The highest ceruloplasmin and phosphor (P) levels
were obtained in W2. Ceruloplasmin is a protein that
plays an important role in iron (Fe) metabolism, and
its increase may be considered as a sign of increased
iron levels (Demir et al., 2002). Phosphorus, along with
calcium, plays an important role in bone formation and

Female M: Male
metabolism (Kutlu et al., 2005).

The wormwood induced a significant decrease (P<0,01)
in serum triglycerides. In this study the levels of
plasma triglyceride which is linked to higher risk of
heart diseases, were found significantly decreased
related to wormwood addition. Daradka et al. (2014)
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suggested that wormwood extract reduced serum
triglyceride in rabbits.

According to the results of present study wormwood
had neither negative nor positive effects on
antioxidant status in the body, as explained by the OSI
and LOOH value, indicators of oxidative stress.
Furthermore, it appears that the antioxidant effect of
wormwood did not originate from protein oxidation
and reduced lipid peroxidation since the concentration
of both thiol groups (SH) and lipid peroxide (LOOH),
their indicator, were unaffected by the powder.

The antioxidant effect of wormwood did not tend to
reduce DNA damage in the supplemented groups. One
of the main causes of DNA damage is oxidative stress.
The similarity in DNA damage, which resulted from
the use of wormwood, indicates that animals may not
be under stress.

Morphology results of the total mucosa, duodenum
villus height (dvh), duodenum crypt depth (ded) and
gland depth (gd) (Micrometre p) are presented in Table
5. There was no difference between treatment and
control groups in terms of total mucosa, villus heights
and gland depth of the duodenum. To identify any
possible changes at the level of duodenum,
microscopically sections were taken from the intestinal
wall on the layers of the duodenum. It is assumed that
an elevated villus height increases digestion and
absorption due to the increased absorbent surface area
(Pluske et al., 1996). The present result may be a
consequence of the use of wormwood at low dose unlike
the study of Lee et al., (2006). Any damage to the
integrity of the villus epithelium was not detected.
There was no evidence of a serious cell infiltration to
point out an infection in Lamina propria.

Table 5. The effect of dried wormwood addition on Total villus heights and crypt depth (um) of duodenum of broilers

Criteria, Ozellik Groups, Gruplar

W0 | W1 | W2 | W3 | W4 P SEM
Villus height (Dvu), Villus yiiksekligi
Dvh, first 1/3, ilk 1168.86 1114.57 1425.36 1269.51 1380.84 0.901 112.26
Dvh, middle 1/3, orta 1257.90 1144.93 1046.80 1259.02 1173.40 0.835 | 80.13
Dvh, last 1/3, son 1155.76 1300.53 1348.34 1238.80 1251.20 0.466 | 93.20
Crypt depth (Dcd), Cript derinligi
Decd, first 1/3, ilk 220.35 194.71 229.05 215.08 229.42 0.451 27.36
Dcd, middle 1/3, orta 227.13 183.44 254.57 253.60 209.74 0.178 | 32.33
Decd, last 1/3, son 216.58 205.62 235.85 232.69 203.63 0.540 18.91

Sex, End of Trial 3F, 4M 2F, 6 M 3F, 4M 3F, 3M 3F, 3M

a, b, ¢ Different superscript letters within the rows show differences insignificant (P<0.05).

Dvh:Duedonum villus height, Ded:Duedonum cript depth (um : Micrometer)

F:Female M: Male

WO, W1, W2, W3, W4: Wormwood doses, (g kg-1 rations) P: Probability SEM; Standard error means,

There were no significant changes in the number or
morphologic status of intestinal glands. The absence of
any signs of inflammatory cellular infiltration related
to oocytes and deterioration of villi epithelia might
inndicate antibacterial, anthelmentic or antiprotozoal
features of wormwood.

There were not any significant differences between the
pathological parameters and intestinal analysis of the
broiler chicken regardless of wormwood doses.

The dried wormwood leaves were preferred primarily
for being a natural anticoccidial agent. Fresh fecal
samples were collected from each group in order to
count oocytes on weekly basis. The oocytes output was
not found in feces obtained from all treatment groups
either. This is also confirmed by the chemical analysis
of the feces. Kostadinovié et al., (2014) suggested that
the essential oil of wormwood was effective in reducing
the oocytes output of infected broilers. Lee et al., (2006)
reported that small intestine contents in the broilers
significantly increased as the levels of wormwood
increased (from 1% to 10% of diet). Our results can also
be attributed to the absence of stress conditions
affecting the broilers, none of whom was infected.
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CONCLUSIONS

In conclusion, the addition of wormwood to the diets of
broiler chicks reduced feed intake and higher doses of
wormwood (W2, W3 and W4) may be used as a very
effective feed suppressant in breeding broilers. It was
further observed that the highest live weight, feed
consumption, liver weight and the best feed conversion
ratio were obtained in W1 group. Therefore, it can be
said that the ideal dose was W1. The higher doses of
wormwood may be used as abdominal fat suppressant.
Fast growing is parallel to the unwanted abdominal
fat, thus addition of wormwood to broiler feed would
both diminish abdominal fat and ensure long term
beneficial effects especially on broiler breeding. The
antioxidant effect of wormwood did not tend to reduce
DNA damage in the supplemented groups. The
similarity in DNA damage indicates that animals may
not be under stress. Any damage to the integrity of the
villus epithelium was not detected. There were no
significant changes in the number or morphologic
status of intestinal glands. The absence of any signs of
inflammatory cellular infiltration related to oocytes
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and deterioration of villi epithelia might point out
antibacterial, anthelmentic or antiprotozoal features
of wormwood. The oocytes output was not found in
feces obtained from all treatment groups either. On the
other hand, the highest ceruloplasmin and phosphorus
were significantly higher in 23.53 (W2) group than
those of other groups. Plasma triglycerides levels
decreased in the wormwood groups. In addition, it may
be necessary to reveal the effects of wormwood addition
on the digestive system in further studies.
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ABSTRACT

The relationship and inbreeding are special concepts in animal
breeding, for this reason, a free of charge VBA software was developed
to calculate the coefficients of relationship and inbreeding in Microsoft
Excel. The tabular method algorithm was implemented by using
pedigree. The software was called as EasyNRM and verified with the
inclusion of bull Comet's pedigree. Finally, the numerator relationship
matrix was created and certified with the results of the literature. It
would be beneficial for EasyNRM to be used by researchers and
breeders in estimating the breeding values of animals.

OZET

Hayvancilikta akrabalik ve akrabali yetistirme ayricalikli 6neme
sahip kavramlardir. Bu nedenle yaygin kullanilan Microsoft Excel
ortaminda adi gecen degerleri hesaplamak tlizere ticretsiz ve 6zgin bir
yazilim gelistirilmigtir. Programda soykiitiigiine dayal tablo yontemi
uygulanmigtir. Yazilim EasyNRM olarak adlandirilmis ve bu konuda
kaynaklar tarafindan bilinen Comet isimli boganin pedigrisi ile
denenmistir. Sonu¢ olarak Excel sayfalarinda paydan akrabalik
matrisi ve akrabali yetistirme katsayilar: hesaplanmis ve bu bulgular
literatiir ile teyit edilmistir. Bu yazilimin damizlik deger tahmininde
akrabalik iligkilerini de dikkate almak isteyen arastirmacilar ve
yetistiriciler i¢in yararh olacagi kanaatine varilmistir.
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INTRODUCTION

The inbreeding coefficient of an animal is defined as
the probability that two alleles in a locus of that animal
are identical by descent from a common ancestor. The
formula for the inbreeding coefficient is as follows:

k

w3

CA=1

ny+ny+1

(1+F) 6))

Where Fxis the inbreeding coefficient of the individual
X, CAis a common ancestor of the sire and dam of X; &
is the number of common ancestors in X's pedigree; n:
is the number of generations separating the common
ancestor from the sire of X, nzis the number of
generations separating the common ancestor from the
dam of X; Fais the inbreeding coefficient of the common

ancestor A, from whom the lines of descent arise. The
relationship of parents of individual X reflects the
genotypic similarity due to common ancestors. The
formula for expressing the degree of relationship, that
is the genetic covariance between two individuals, is:

w=21)

Due to it is the numerator of Wright’s coefficient of
relationship (Wright, 1922) between sire (S) and dam
(D), it is called as the numerator relationship. The
complete formula is expressed as follows:

ni+n;

1+ Ep)] @)

Tsp

o0 = AT P i)l

3
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So, the measure of relationship has been corrected for
the effects of inbreeding. The numerator relationship
for any pair of parents is twice the value of the
inbreeding coefficient of the offspring. The numerator
relationship matrix (NRM) of animals in a population
is needed to estimate more accurate breeding values.
The inverse of NRM is used in mixed models to reliably
predict genetic parameters and breeding values
(Bourdon, 2013; Kerr et al., 2012; Kaygisiz and
Kosetirkmen, 2011; Nicholas, 2010; Legates and
Warwick, 1990; Tier, 1990; Van Vleck et al., 1987;
Henderson, 1976; Biyikoglu, 1973; Emik and Terrill,
1949; Lush, 2011; Wright, 1922).

There is a number of softwares (Cole, 2007; Sargolzaei
et al., 2006; Gutiérrez and Goyache, 2005; Boichard,
2002) using different computing languages and
algorithms for calculating inbreeding and relationship
coefficients, NRM and inverse of NRM. The tabular
method suggested by different researchers (Nicholas,
2010; Van Vleck et al., 1987; Cruden, 1949; Emik and
Terrill, 1949) is practiced for computational ease.
Microsoft Excel [Microsoft Corp., CA, USA] harbours a
type of visual programming language named Visual
Basic for Application (VBA) to bring under control the
different functions. Excel is widely used by animal
scientists for data processing. An intuitive VBA

EasyNRM 1.0

] About | Contact |

Row:
Change the ActiveSheet name to "Pedigree" on:

Coll

Starting time: |
Finishing time: I

Elapsed time l

(seconds):

0% Completed

program, called EasyNRM, was written by using the
tabular method for generating the numerator
relationship matrix, inverse of NRM and Wright’s

relationship  coefficient matrix 1in  pedigreed
populations.
MATERIAL AND METHODS

An Overview

The program was developed at the Laboratory of
Department of Animal Science in the Faculty of
Veterinary Medicine, Afyon Kocatepe University. This
program was created in .xlam format. It can work in
every Excel .xlsx extention files when it is loaded as an
add-in. To install the program “File”, “Options”, “Add-
ins” and “Go” are clicked to select an add-in type
respectively, and then “Add-ins” are browsed to locate
and EasyNRM.xlam is selected by pressing “Ok”. After
the excel file containing the pedigree was opened, it
can be run using the “ctrl+shift+[c]” shortcut. The
software comprises of codes in a module and visual
components. Each subroutine in the module had been
connected with the individual buttons on the userform.
The userform including the respective buttons,
textboxes showing elapsed time for calculation, and a
progress bar was presented in Figure 1.

X

Figure 1. EasyNRM Home page view.

Preparing Pedigree File

Before the inbreeding and relationship coefficients are
computed, some prerequisites have to be fulfilled.
Alphanumeric individual IDs must be converted to
numeric ones. Parents' ID numbers should not be
greater than that of their offspring. Animal, sire and
dam IDs must be written down the first, second and
third columns, respectively. Individual IDs are sorted

419

from the oldest to the youngest according to the date of
birth. Animals with problematic records must be
pruned from the pedigree file. Editorial softwares such
as RE-NUM-OR (Yazgan, 2018) or Pedigri Yildiza
(Tekerli, 2018) would be useful for reordering and
renumbering of animals in the pedigree file. According
to VanRaden (1992), inbreeding coefficients of the
animals with unknown parents may be equalized to
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the mean of animals with known parents born in the
same period (Aquilar and Misztal, 2008). Because of
this fact, the inbreeding coefficients of animals with
unknown parents can be manually replaced with the
mean after emerging of NRM. Provided that it has
xlsx extensioned any simple name can be given to
pedigree file containing animal, sire and dam IDs. It
must be considered that the maximum column number
for .xlsx extension is 16.384. EasyNRM is restricted
with Excel's infrastructure. If the file format is .xls, the
number of columns will be limited with 256. The
pedigree worksheet is automatically renamed as
“Pedigree’ by pressing the corresponding button.

Functioning of the software

How to use the tabular method to construct the
numerator relationship matrix was illustrated by
different researchers (Legates and Warwick, 1990;
Nicholas, 2010; Tier, 1990; Van Vleck et al., 1987). The
EasyNRM constitutes the NRM based on animal
pedigrees starting from the individuals of the main
population in which the relationship between their
parents is unknown or ignored. The algorithm was
presented step by step. Every phase is realized by
pressing its respective button. The program starts with
the button named “Change the ActiveSheet name to
Pedigree”and traces the following steps.

Step 1: Placing the IDs of individuals and their parents
into rows and columns

The individual IDs are written to the second row and
column on the newly created worksheets called
"NumeratorRelationshipMatrix’ and
“RelationshipCoefficientMatrix’, from up to down, and
left to right. Parent IDs (Sire and Dam) are written to
column cells in the first row on the top of the
individuals which are placed in the second row. "0" is
placed instead of the IDs for unknown parents. The
operations until now can be executed by pressing the
button " Place Individuals into Rows and Columns" on
the userform (Figure 1).

Step 2: Computing the Numerator Relationship Matrix

The calculation is launched from the first cell of
diagonal. When the presence of a relationship between
parents, since the relationship of an individual with
itself (X) is 1 by definition, the animal's own
relationship coefficient (Rxx) is equal to 1 plus its
inbreeding coefficient (Fx). Inbreeding coefficient (Fx)
of the individual, is half of the relationship between
parents and is calculated according to the formula Fy =

(%) .Tsp from the cell where parents' rows and columns

intersect. This is the formula of the inbreeding
coefficient for an individual. The values of each off-
diagonal cells are computed by getting half of the
relationship between the individual (Y) in the row and
the parents (S and D) of the individual (X) in the

420

1

2
After every individual row has been finished, its
transpose is copied to the column having the same ID.
The computation continues until the NRM is
completed. The interpreter executes the codes
associated with numerator relationship matrix after
pressing the button "Numerator Relationship Matrix"
(Figure 1).

column according to the formula ry, = (—) (rsy + 1py)-

Step 3¢ Computation Relationship

Coefficients Matrix

of Wright’s

The denominator of the relationship coefficient may
not be higher than 1.0 in the majority of the herds.
Therefore, this part of Equation 3 can be ignored in
real life. However, Lush (2011) declared that the
inbred lines in a population show the tendencies for
drifting apart from each other and so the inbreeding
makes the population more variable than expected.
Therefore, terms in the denominator of Equation 3
must be used to consider the fact that a couple of
animals may be inbred individually. In this connection,
the numerator relationship at the intersecting cell of
two individuals is determined. Then the value at this
cell divided by \/(1 + Fy).(1 + Fy) to uncover the true
relationship coefficient of Wright. This process is
performed by pressing the “Wright’s Relationship
Coefficient MatrixX’ button in EasyNRM’s home page
window (Figure 1).

Step 4: Listing of Inbreeding Coefficients

After the formation of the numerator relationship
matrix, the inbreeding coefficient (Fy = ryy — 1) of each
individual is calculated from the diagonal of the NRM
sheet and listed on the newly created worksheet called
"InbreedingCoefficients'. This running can be
accomplished by pressing the "Listing of Inbreeding
Coefficients" button.

Step 5: Calculating the inverse of Numerator

Relationship Matrix

NRM is used in BLUP (best linear unbiased prediction)
analysis. So, NRM is useful for adjusting biases in the
estimation of breeding values in mixed models
(Henderson, 1976; Kim et al., 2016). The inverse of
NRM is applied for this purpose. Through, by pressing
the last button called “Inverse of NEM’ this aim can be
achieved.

RESULTS AND DISCUSSION

Testing of the Software with an Approved Example.
The EasyNRM program, running with an algorithm
according to the tabular method was used to calculate
the inbreeding coefficient of a bull named Comet with
the pedigree presented in Figure 2. This sample was
given in previous literature (Garcia-Cortés et al., 2010;
Wright, 1922).

Firstly, the names were converted to IDs manually



KSU J. Agric Nat. 22(Suppl 2): 418-423, 2019

Aragtirma Makalesi/Research Article

before the program was executed (Figure 3).

All the outcomes were obtained by clicking the
respective buttons. Figures 4, 5, 6, 7 and 8 represent
the results as individuals and their parents in the rows
and columns, NRM, and Wright’'s relationship
coefficient matrix, individual inbreeding coefficient
and inverse of NRM, respectively.

A e e -
1 |Animal Sire Dam
2 1 o o
3 2 o o
a 3 o o
5 a o o
6 5 1 o
7 6 2 5
8 74 a 3
9 8 7 6
10 | s 7 5
11 10 8 El
12 11 10 9
i3 12 10 11|

Eas

Pedigree [
Figure 3. The numerical pedigree of the Comet bull
after conversion.

A B ) c D
1 1D Animal Sire Dam
2 1 Alcock’s bull - -
21 = Dalton duke - -
a 3 Haughton - -
=3 - R Barker’s bull = =
6 s Fawvorite (cow) Alcock’s bull -
7 6 | Young strawberry| Dalton duke Favorite (cow)
8 7 Foljambe R Barker’'s bull Haughton
S 8 Bolimbroke Foljambe Young strawberry
10| o Phoenix Foljambe Favorite (cow)
11 |10 Favorite Bolimbroke Phoenix
12 |11 Young phoenix Favorite Phoenix
13 |12 Comet Favorite Young phoenix
ia
= | I
16 |

az| ] )
| Pedigree @

Figure 2. The real pedigree of the Comet bull (Garcia-
Cortés et al., 2010; Wright, 1922).

Comet's inbreeding coefficient was found to be 0.4687.
This was consonant with the findings by Garcia-Cortes
et al. (2010) and Wright (1922). After computing the
NRM according to Equation 2 it was recalculated with
Equation 3 for Wright’s Relationship Coefficient
Matrix. Individual inbreeding coefficients were listed
on the "InbreedingCoefficients" page (Figure 7).

In the last step, the inverse of NRM is found and shown
on the page "NRMinverse" (Figure 8).

G19 - fe v
A B (% D E F G H I J K L M N -
it | 0-0 0-0 0-0 0-0 1-0 2-5 4-3 7-6 7-5 8-9 10-9 10-11
2 | 1 2 3 4 5 6 7 8 9 10 11 12
3| 1
4 | 2
5 | 3
6 | 4
7 | 5
8 | 6
9 | 7
10 | 8
11| 9
12| 10
13| 1
14 | 12
15 4
16 |
l L -
Ll ‘ NumeratorRelationshipMatrix | Pedigree ‘ ® 4 »
ez 22} m - 1 + %100
Figure 4. Placing of individual animals and their parents on NumeratorRelationshipMatrix and
RelationshipCoefficientMatrix sheet.
N15 * fx v
| A B | ¢ | b | E | F G H | v | 3 | ok | e | m N -
1 | 0-0 0-0 0-0 0-0 1-0 2-5 4-3 7-6 7-5 8-9 10-9 10-11
2 | 1 2 3 4 5 6 7 8 9 10 11 12
3 | 1 1 0 0 0 0,5 0,25 0 0,125 0,25 0,1875 0,21875 0,203125
4 | 2 o 1 o ] o 0,5 o 0,25 o 0,125 0,0625 0,09375
5 | 3 0 0 1 0 0 0 0,5 0,25 0,25 0,25 0,25 0,25
6 | 4 0 0 0 1 0 0 0,5 0,25 0,25 0,25 0,25 0,25
7 | 5 0,5 0 0 0 T 0,5 0 0,25 0,5 0,375 0,4375 0,40625
8 | 6 0,25 0,5 0 0 0,5 1 0 0,5 0,25 0,375 0,3125 0,34375
9 | 7 0 0 0,5 0,5 [ 0 1 0,5 0,5 0,5 0,5 0,5
10 | 8 0,125 0,25 0,25 0,25 0,25 0,5 0,5 1 0,375 0,6875 0,53125 0,609375
11| 9 0,25 0 0,25 0,25 0,5 0,25 0,5 0,375 1 0,6875 0,84375 0,765625
12 | 10 0,1875 0,125 0,25 0,25 0,375 0,375 0,5 0,6875 0,6875 1,1875 0,9375 1,0625
13| 11 0,21875 0,0625 0,25 0,25 0,4375 0,3125 0,5 0,53125 0,84375 0,9375 1,34375 1,140625
14 12 0,203125 0,09375 0,25 0,25 0,40625 0,34375 0,5 0,609375 0,765625 1,0625 1,140625 1,46875
15
16 1
l | | | | v
4 ‘ NumeratorRelationshipMatrix | Pedigree ‘ ® < »
=) i} M = i + %100

Figure 5. Numerator Relationship Matrix.
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Af - £ v
A B c D E F G | H TR K L M N -
1 | l 0-0 0-0 0-0 0-0 1-0 2-5 4-3 7-6 7-5 8-9 10-9 10-11
2 | 1 2 3 4 5 6 7 8 E 10 11 12
3 | 1 1 0 0 0 0,5 0,25 0 0,125 0,25 0,172062 0,188707 0,167606
4| 2 0 1 0 0 0 0,5 0 0,25 0 0,114708 0,053916 0,077357
5 | 3 0 0 1 0 0 0 0,5 0,25 0,25 0,229416 0,215666 0,206284
6 | 4 0 0 0 1 0 0 0,5 0,25 0,25 0,229416 0,215666 0,206234
7 | 5 0,5 0 0 0 1 0,5 0 0,25 0,5 0,344124 0,377415 0,335212
8 | 6 0,25 0,5 0 0 0,5 1 0 0,5 0,25 0,344124 0,269582 0,283641
9 | 7 0 0 0,5 0,5 0 0 1 0,5 0,5 0,458831 0,431331 0,412569
10' 8 0,125 0,25 0,25 0,25 0,25 0,5 0,5 1 0,375 0,630893 0,458283 0,502818
11_ 9 0,25 0 0,25 0,25 0,5 0,25 0,5 0,375 1 0,630893 0,727871 0,631746
12 10 0,172062 0,114708 0,229416 0,229416 0,344124 0,344124 0,458831 0,630893 0,630893 1 0,742156 0,804523
13 | 11 0,188707 0,053916 0,215666 0,215666 0,377415 0,269582 0,431331 0,458289 0,727871 0,742156 1 0,811913
14 | 12 0,167606 0,077357 0,206284 0,206284 0,335212 0,283641 0,412569 0,502818 0,631746 0,804523 0,811913 1
15
16|
17| | =
» ‘ RelationshipCoefficientsMatrix NumeratorRelationshipMatrix (E—) 4 »
e i B = ] + %100
Figure 6. Wright’s Relationship Coefficients Matrix.
Due to its visual components and being hosted in excel Al = £ D
the EasyNRM is different from the other similar = 5 c o . .
softwares such as PEDIG (Boichard, 2002), PyPedal 1 [io linbreedingcoefficient
(Cole, 2007), ENDOG (Gutiérrez and Goyache, 2005), ; L g
N . . 2 0
Numericware N (Kim et al., 2016), CFC (Sargolzaei et - 5 :
al., 2006) and RELAX2 (Stranden and Vuori, 2006). 5 | a 0
These programs written in Fortran (Boichard, 2002; :; 2 :
Stranden and Vuori, 2006), Python (Cole, 2007) and 2 = o
C++ (Kim et al., 2016; Sargolzaei, 2006) are available 9 8 0
. . 10 9 0
for pedigree analyses. EasyNRM shows a difference = o
due to written in VBA. All inputs and outputs can be 12 11 034375
viewed in a single Excel workbook. Different types of = 12 D7
. . . 14
data files are easily read in Excel. Whereas the =
majority of the others works with only a given type of 16|
data files. For example, PyPedal (Cole, 2007) and 17] L
. . . 4 edigree nbreedingCoefficients (O]
INBUPGF90 (Aquilar and Misztal, 2008) handle with - —_—

ASCII formatted files for input. However, ENDOG
(Gutierrez and Goyache, 2005) can use .xls files.

Figure 7. Inbreeding coefficients of individuals.

Al s fe v
A 8 | ¢ | o | E |k | 6 | o | v |y | k| | M| N | o |

1 0-0 0-0 0-0 0-0 1-0 2-5 4-3 7-6 7-5 8-9 10-9 10-11

2 | ) 1 2 3 4 5 6 7 8 9 10 1 12

3 ‘ 1 1,33333 0,00000 0,00000 0,00000 -0,66667 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000

4 | 2 0,00000 1,50000 0,00000 0,00000 0,50000 -1,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000

5 ‘ 3 0,00000 0,00000 1,50000 0,50000 0,00000 0,00000 -1,00000 0,00000 0,00000 0,00000 0,00000 0,00000

6 | 4 0,00000 0,00000 0,50000 1,50000 0,00000 0,00000 -1,00000 0,00000 0,00000 0,00000 0,00000 0,00000

7 ‘ 5 -0,66667 0,50000 0,00000 0,00000 2,33333 -1,00000 0,50000 0,00000 -1,00000 0,00000 0,00000 0,00000

8 | 6 0,00000 -1,00000 0,00000 0,00000 -1,00000 2,50000 0,50000 -1,00000 0,00000 0,00000 0,00000 0,00000

) ‘ 7 0,00000 0,00000 -1,00000 -1,00000 0,50000 0,50000 3,00000 -1,00000 -1,00000 0,00000 0,00000 0,00000

10 \ 8 0,00000 0,00000 0,00000 0,00000 0,00000 -1,00000 -1,00000 2,50000 0,50000 -1,00000 0,00000 0,00000

11 ‘ 9 0,00000 0,00000 0,00000 0,00000 -1,00000 0,00000 -1,00000 0,50000 3,05172 -0,44828 -1,10345 0,00000

12 | 10 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 -1,00000 -0,44828 3,23258 -0,42260 -1,36170

13 ‘ 11 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 -1,10345 -0,42260 2,88775 -1,36170

14 | 12 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 -1,36170 -1,36170 2,72340

15

16 | v
» ! NRMinverse \ InbreedingCoefficients RelationshipCoefficientsMat ... ] »

Figure 8. Inverse of NRM

EasyNRM was manufactured by using visual
components of Excel VBA. Therefore, it is easy to use
by the users relative to above mentioned programs.
Especially, beginners can learn and operate this
program with relative ease. In addition, Excel

functionality gives some possibilities to extend the
software. For example, Excel's MInverse function can
be used to find the inverse of NRM, without extra
codes.
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CONCLUSION

EasyNRM is user friendly and can be applied to plant
and human pedigrees besides animals. It has also
potential as a component for using in any software
incorporating BLUP subroutines. It would be useful for
the researchers interested with statistical mixed
models, breeders who want to develop the successful
mating strategies for their herds and the students of
population genetics. The EasyNRM is free of charge.

The software, Comet’s pedigree sample, and

instruction video are available from the

www.sametcinkaya.com.

REFERENCES

Aguilar I, Misztal I 2008. Recursive algorithm for
inbreeding coefficients assuming nonzero

inbreeding of unknown parents. Journal of Dairy
science, 91(4): 1669-1672.

Biyikoglu MK 1973. Hayvancilikta
Yetistirme Sistemleri (in Turkish).
Turkey: Atatiirk Universitesi Yaymlar:.

Boichard D 2002. PEDIG: A Fortran package for
pedigree analysis suited for large populations.
Proceedings of the 7th world congress on genetics
applied to livestock production, Montpellier,
France.

Bourdon RM 2013. Understanding Animal Breeding
2nd ed. Pearson Education Limited, Essex,
England.

Cole JB 2007. PyPedal: A computer program for
pedigree analysis. Computers and Electronics in
Agriculture, 57 (1): 107-113. Doi: 10.1016/j.compag.
2007.02.002

Cruden D 1949. The computation of inbreeding
coefficients for closed populations. Journal of
Heredity, 40 (9): 248-251.

Emik LO, Terrill CE 1949. Systematic procedures for
calculating inbreeding coefficients. dJournal of
Heredity, 40 (2): 51-55. doi: 10.1093/oxfordjournals.
jhered.a105986

Garcia-Cortés LA, Martinez-Avila JC, Toro MA 2010.
Fine decomposition of the inbreeding and the
coancestry coefficients by using the tabular method.
Conservation Genetics, 11 (5): 1945-1952. doi:
10.1007/s10592-010-0084-x

Gutiérrez JP, Goyache F 2005. A note on ENDOG: a
computer program for analysing pedigree
information. Journal of Animal Breeding and
Genetics, 122 (3): 172-176. Doi: 10.1111/j.1439-
0388.2005. 00512.x

Henderson CR 1976. A simple method for computing
the inverse of a numerator relationship matrix used
in prediction of breeding values. Biometrics, 32 (1):

Uygulanan
Erzurum,

423

69-83. Doi: 10.2307/2529339

Kaygisiz A, Kosetirkmen E 2011. Isvicre Esmeri
Sigirlarda Akrabali Yetistirme Diizeyi ve Akrabali
Yetistirmenin St Verim Ozellikleri Uzerine
Etkileri (in Turkish). Kahramanmaras Stit¢ii Imam
Universitesi Doga Bilimleri Dergisi, 14(2): 1-6.

Kerr RJ, Li L, Tier B, Dutkowski GW, McRae TA 2012.
Use of the numerator relationship matrix in genetic
analysis of autopolyploid species. Theoretical and
Applied Genetics, 124 (7): 1271-1282. Doi:
10.1007/s00122-012-1785-y

Kim B, Beavis WD, Léon J 2016. Numericware N:
numerator relationship matrix calculator. Journal
of Heredity, 107 (7): 686-690. Doi: 10.1093/jhered/
esw057

Legates JE, Warwick EJ 1990. Breeding and
Improvement of Farm Animals. McGraw Hill Inc,
New York, USA.

Lush JL 2011. Animal breeding plans (Second
Edition). Breiningsville, PA USA.

Nicholas F 2010. Introduction to Veterinary Genetics.
1st ed. Wiley-Blackwell, Singapore.

Sargolzaei M, Iwaisaki H, Colleau JJ 2006. CFC: A tool
for monitoring genetic diversity. 8th World
Congress Genetics Applied Livestock Producion,
Belo Horizonte, Brazil.

StackOverflow-community, Test or check if sheet
exists, https://stackoverflow.com/questions/
6688131/test-or-check-if-sheet-exists, 2019.

Strandén I, Vuori K 2006. RelaX2: pedigree analysis
programme. In Proceedings of the 8th World
Congress on Genetics Applied to Livestock
Production, Belo Horizonte, Minas Gerais, Brazil,
13-18 August, 2006 (pp. 27-30). Instituto
Prociéncia.

Tekerli M 2018. Pedigri Yildiz,
unpublished pedigree software.
Tier B 1990. Computing inbreeding coefficients
quickly. Genetics Selection Evolution, 22 (4): 419-

430. D0i:10.1186/1297-9686-22-4-419

VanRaden PM 1992. Accounting for inbreeding and
crossbreeding in genetic evaluation of large
populations. Journal of Dairy Science, 75(11): 3136-
3144.

Van Vleck LD, Pollak EdJ, Oltenacu EA 1987. Genetics
for the Animal Sciences. W.H. Freeman and
Company, New York, USA.

Wright S 1922. Coefficients of Inbreeding and
Relationship. The American Naturalist 56 (645):

Excel based

330-338. Retrieved from http://www.jstor.org/
stable/2456273
Yazgan K 2018. RE-NUM-OR: Python-based

renumbering and reordering software for pedigree
files. Czech Journal of Animal Science, 63(2): 70-77.


https://dx.doi.org/10.1186%2F1297-9686-22-4-419

KSU Tarim ve Doga Derg 22(Ek Say1 2): 424-430, 2019
KSU J. Agric Nat 22(Suppl 2): 424-430, 2019
DOI:10.18016/ksutarimdoga.vi.583400

The Effects of Progesterone and Estrogen Hormone Levels on Some Reproductive
Characteristics of The Akkaraman Sheep

Afsin KOCAKAYA"™ , Ceyhan OZBEYAZ?

Department of Animal Science, Faculty of Veterinary Medicine, Ankara University, Ankara, Turkey
thttps://orcid.org/0000-0003-2023-8895, 21https://orcid.org/0000-0002-3748-9992
P<: akocakaya@ankara.edu.tr

ABSTRACT Research Article

In this study, progesterone and estrogen hormone levels of

Akkaraman (White Karaman/WK) sheep and their effects on some Article History
reproductive traits were investigated. The data obtained, from 31 Received ©27.06.2019
ewes, as 90.32% for lambing, 53.57% for a single birth, 46.42% for Accepted ©21.08.2019
twinning, 132.25% for lamb production and 1.46 for litter size.

Between the first and second estrus, progesterone levels were found E}eg{words (White K )
to be between 3.69-12.20 ng/ml for singles and 3.04-10.44 ng/ml for Sh araman e L i
twins; estrogen levels were determined to be between 39.40-84.03 E eep
pg/ml for singles and 52.44-72.77 pg ml for twins. The equivalent BEogen

Progesterone

values at anestrus period of progesterone were 0.20-10.20 ng/ml, and
estrogen levels were 6.30-169.60 pg/ml. The effects of birth type on
estrogen level were not-significant, while progesterone levels were
determined to be significant on the second and third days before the
second estrus (P<0.05 and P<0.001). In conclusion, least square means
and standard errors and differences between maximum and minimum
progesterone hormone levels were similar to those of prolific breeds.
Estrogen levels were found lower than prolific breeds but were higher
than non-prolific breeds. Therefore, Akkaraman breed can be foreseen
as a combine prolific breed.

Reproductive Traits

Akkaraman Koyunlarmin Baz Ureme Ozellikleri Uzerine Progesteron ve Ostrojen Hormon
Seviyelerinin Etkileri

OZET Aragtirma Makalesi

Bu calismada, Akkaraman koyunlarinin tireme doéneminde

progesteron ve Ostrojen hormon duzeylerini ve bu hormonlarin bazi Makale Tarihgesi

treme ozellikleri tizerine etkileri incelenmistir. Incelenen 31 bas Gelig Tarthi - 27.06.2019

koyunda dogum orani %90.32; tek dogum orani %53.57; ikizlik orani Kabul Tarihi :21.08.2019
%46.42; kuzu verimi %132.25 ve tek doguma kuzu orani ise 1.46

olmustur. Birinci ikinci Ostrus arasi progesteron seviyeleri tek Anahtar Kelimeler

doguran koyunlarda 3.69-12.20 ng/ml; ikiz doguran koyunlarda 3.04- %kkaraman

10.44 ng/ml; 6strojen miktarlar: tek doguran koyunlarda 39.40-84.03 Ooyun

pg/ml ve ikiz doguran koyunlarda 52.44-72.77 pg/ml olarak SITg
Progesteron

bulunmustur. Progesteronun andstrus dénemindeki seviyesi 0.20-
10.20 ng/ml; 6strojenin  6.30-169.60 pg/ml olmustur. Ostrojen
hormonunun dogum tipi tizerine etkisi Onemsiz; progesteron
seviyelerinin ikinci 6strustan 6nceki ikinci ve tiglincii glinlerde dogum
tipine etkisinin énemli oldugu (P<0.05 ve P<0.001) tespit edilmistir.
Sonu¢ olarak, progesteron hormonunun ortalama degerleri ile
maksimum ve minimum degerleri arasindaki farklilik prolifik irklara
benzerlik géstermektedir. Ostrojen hormonu seviyeleri prolifik
wrklardan dustk, prolifik olmayan irklardan yiiksek olmustur. Bu
nedenle Akkaraman irkinin kombine verimli prolifik bir irk olarak
degerlendirilebilecegi diistintilmektedir.

Ureme Ozellikleri

To Cite : Kocakaya A, Ozbeyaz C 2019. The Effects of Progesterone and Estrogen Hormone Levels on Some Reproductive
Characteristics of The Akkaraman Sheep. KSU J. Agric Nat. 22(Suppl 2): 424-430. DOI: 10.18016/
ksutarimdoga.vi.583400.
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INTRODUCTION

Sheep breeding is an important production field and
common in many countries, which have arid climate
conditions and wide pastures. With the advantage of
characteristic traits of species, sheep breeding is
highly profitable in low-quality pastures. Sheep is
livestock with good adaptability, easy handling, and
low costs. Moreover, sheep can provide most of its
nutritional needs from pasture (Akcapinar, 2000).

Although sheep breeding has an important place in
Turkey's livestock sector, a vast majority of the sheep
breeds are native breeds with a low efficiency like WK.
It is important for Turkey to conduct some research to
improve the yields of these native breeds, and develop
new genotypes with high efficiency and to ensure
sustainable small ruminant production (Atasoy et
al.,2003; Unal et al., 2003; Unal et al., 2004).

WK sheep is a multipurpose, fat-tailed, indigenous
breed growing in the semi-arid continental climate
conditions in Central Anatolia. The purpose of this
study was to determine the levels of the progesterone
and estrogen hormones along with the natural estrous
cycle and investigate the relationship between
reproductive characteristics and steroid hormones
(progesterone and estrogen) of the WK sheep.

MATERIALS AND METHODS
The research approved by Ankara University Animal
Experiments Local Ethics Committee (dated

11/04/2012, decree number 2012-8-54).

Animals and experimental design

This research was conducted in 2012-2013 at the Go6zlu
State Farm (38° 29" N - 32° 27” E) in Turkey. Thirty-
one WK ewes in heat with different ages (2; 3; 4 and 5)
were selected from the elite flocks by using teaser
rams, and they did not mate until the second estrus.
The ewes were selected in three days at the beginning
of the mating season. All of the ewes were monitored
by rams twice a day for 12 days from the first estrus,
and they mated when in heat. The blood samples were
collected daily from the first estrus to the fifth day
after the second estrus. The blood samples (10 ml) were
taken twice again from the same ewes in the 4th month
of lactation which is an anestrus period.

Sampling and obtaining data

Total of 629 X 10 ml (6.290 ml) blood samples were
taken from the jugular vein into tubes and the samples
were centrifuged at 3000 rpm for 10 minutes to the
obtained serum (Bartlewski et al., 1998). The samples
were stored at -80°C until the analysis of the
progesterone and estrogen hormone levels (Tworoger
et al., 2006).

The time between the 1st and the 2nd estrus calculated
as the estrus cycle length. The birth of sheep was
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monitored and the days between the conception and
the birth were calculated as the gestation period (Unal
and Akcapinar, 1994; Unal et al., 2006a). The lambing
rate, fertility, single and twin birth rates and the litter
size of the ewes were determined. The progesterone
and estrogen levels of the serum were determined by
Enzyme-Linked Immunosorbent Assay (ELISA) (Ali et
al., 2006; Haliloglu and Serpek, 2000; Sulu et al.,
1988).

Statistical Analysis

The obtained data were compared by birth type groups.
The t-test was used to analyse the data of the
progesterone and the estrogen levels (STATA 12/MP4).

RESULTS
Reproductive Characteristics

At the lambing season, 28 ewes gave birth, and three
ewes remained infertile. The means for reproductive
traits were obtained as 90.32% for the lambing rate,
53.57% for the single birth rate, 46.42% for the
twinning rate, 132.25% for the lamb production and
1.46 for the litter size. The average gestation period by
the type of birth was determined as 149.92+0.43 days
for the single lambing ewes and 150.63+0.24 days for
the twin lambing ewes. Similarly, the average estrous
cycle duration by birth type was determined as
14.57+0.35 for the single lambing ewes and 16.00+0.33
for the twin lambing ewes.

Progesterone and Estrogen Hormone Levels

The progesterone and estrogen levels of the WK ewes
were analysed during the estrus and anestrus period
by type of the birth.

As a result of the ELISA tests, the hormone levels of
progesterone and oestrogen could not be determined on
some days. This situation could have resulted from the
problems in the samples. For this reason, there were
differences in the numbers of the animals according to
the sample collection days.

The progesterone hormone levels according to the type
of birth on the six-day period before the second estrus
and the importance of the controls between the groups
are given in Table 1. During all examination days,
except for the 6th day before the second estrus, the
levels of the progesterone of the single lambing ewes
were found higher than the twin lambing ewes.
However, the differences between the levels of the
progesterone on the days second and 3rd before the
second estrus were found statistically significant
(P<0.05; P<0.001). The levels of progesterone were
higher in the single lambing ewes than those of the
twin lambing ewes on the 2nd and third days before
the second estrus.

The estrogen hormone levels of ewes were determined
in 11 days (six days before the second estrus, on the
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day of second estrus and four days after the second
estrus). As a result of the analyses, it was found that
the effect of type of birth on the levels of estrogen was
significant (P<0.05) on the 4th day after the second
estrus, but was not significant on all other days. The
statistics for estrogen hormone were given in Tables 2
and 3, respectively. The amount of the estrogen does
not follow a regular pattern by type of birth.

Assuming that sheep in lactation was in anestrus, the
research material for the hormone analysis of the
anestrus period was sampled twice in a total of 27
heads in 24 hours in June 2013. The hormone levels of
the progesterone and estrogen were detected to be
between 0.20-10.20 ng/ml and 6.30-239.60 pg/ml,
respectively.

Table 1. Average progesterone levels + standard error in the days before the second oestrus by birth type (ng ml)

Days?
Birth Type -6 -5 -4 -3 -2 -1

n n n n n n
Singleb 15 7.80+£1.71 192 11.18+2.76 13 11.53+2.85 15 12.20£2.72 15 8.924250 15 3.69+1.31
Twine 11 9.96+2.69 19 10.444+2.81 192 10.00+2.22 192 6.80+1.45 12 2.60+£0.67 12 3.04+1.99
P * *kk

a Six days period before the second oestrus.; P Single lambing ewes.; ¢ Twin lambing ewes.

Table 2. Average Oestrogen levels + standard error in the days before the second oestrus by birth type (pg ml)

Days?
Birth -6 -5 -4 -3 -2 1
Type n n n n n n
Single 6 43.98+£17.6 1 84.03+26.9 1 83.47+20.7 1 78.54+24.7 1 79.33+37.9 1 39.40+10.8
b 9 4 2 4 8 5 7 2 1 4 2
Twine¢ 6 62.95+32.2 1 72.68+32.1 1 72.77+33.7 1 52.44+15.8 1 54.17+23.0 1 56.54+29.8
0 3 1 1 7 2 6 2 0 1 1
P - -

a Six days period before the second oestrus.; P Single lambing ewes.; ¢ Twin lambing ewes.

Table 3. Average Oestrogen levels + standard error on the second oestrus and four days after the second oestrus by birth type

(ng ml)

Days?
Birth Type 2nd Qestrus 1 2 3 4

n n n n n
Singleb 15 69.33+31.60 14 46.12+17.98 14 58.50+23.00 12 50.34+17.47 12 81.47+35.27A
Twin® 10 97.57+47.66 11 68.72+36.21 13 56.27+33.17 11 65.54+28.98 8 38.66+8.398
P *

a Second oestrus day and four days period after the second oestrus.; » Single lambing ewes.; ¢ Twin lambing ewes.

DISCUSSION
Reproductive Characteristics

The average gestation periods for this study were
149.92+0.43 for the single lambing ewes and
150.63+0.24 days for the twin lambing ewes. These
values were close to the gestational periods that were
reported before for the WK sheep (Akcapinar and
Kadak, 1982; Unal et al., 2006a), similar to the values
determined for the WK crossbreeds (Unal et al., 2006a)
as between 144-152 days (Akcapinar, 2000) which were
reported for sheep breeds. The effect of birth type on
gestation period was found non-significant. This
situation does not overlap with a prior report that
mentions the increasing the number of offspring that
leads to a decrease in the duration of the gestation
period (Giiler, 2007); this could be due to the numbers
of animals in the groups.

The average estrus cycle lengths were determined as
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14.57+0.35 days for the single lambing ewes and
16.00+0.33 days for the twin lambing ewes. While
these values were lower than previous ones for the WK
and its crossbreeds (Unal et al., 2006a). They were also
among the values that were reported for the sheep
species which are 14-19 days (Akcapinar, 2000).

In this study, the estrus cycle lengths, which varied
between 13-18 days, were shorter than those of given
for Bafra sheep (15-21 days) (Ozarslan, 2014). This
situation may be related to the insufficient
luteinisation and the shorter lifespan of Corpus
Luteum (CL) (Bartlewski et al., 2011). Similar to the
earlier reports, the effect of birth type on the estrus
cycle was not significant (Ozarslan, 2014). A previous
study showed that there was a negative correlation
between the cycle length and litter size (Ozarslan,
2014). In this study, despite the estrus cycle being not
affected by birth type, the lengths of the estrus cycle of
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the twin lambing ewes were longer than those of the
single lambing ewes. It indicates that the single and
multiple births were occurring independently of the
estrous cycle length.

The determination of the gestation period and estrous
cycle length according to breeds would be useful for
some management applications in sheep breeding such
as the determining the mating time, practising of
flushing, detection of the second mating time, the
timing of gestation applications, and determination of
the lambing season in the flock.

The results of this study showed that the birth rate
(90.32%) was higher than the earlier studies of the WK
sheep (Akcapinar et al., 1982; Unal et al., 2006a;
Yakan et al., 2012), and it was lower than the value
reported by Akcapinar et al., (Akcapinar et al., 2000).
Moreover, it is among the values that were reported in
some studies (Colakoglu and Ozbeyaz, 1999; Tekerli et
al., 2002). Lamb production (132.25%), which was the
most critical reproductive output, was higher than the
values in the earlier results (Akcapinar et al., 1982;
Colakoglu and Ozbeyaz, 1999; Yakan et al., 2012) and
simlar to Biyiiktekin and Oztirk (2018)’s findings.
The single birth rate (53.57%) was lower than the
values reported in other studies (Akcapinar et al.,
2000; Tekerli et al., 2002; Yakan et al., 2012). The
twinning rate (46.42%) was similar to the earlier
results (Colakoglu and Ozbeyaz, 1999), and it was
higher than the values reported in some studies
(Tekerli et al., 2002; Yakan et al., 2012). Also, it was
higher than the general values for WK and its
crossbreeds reported by Akcapinar et al., (2000). The
litter size (1.46) was higher than the values of the
various studies for WK and its crossbreeds (Akcapinar
et al., 1982; Akc¢apinar et al., 2000; Tekerli et al., 2002;
Unal et al., 2006b; Yakan et al., 2012). Furthermore, it
was similar to the earlier reports (Colakoglu and
Ozbeyaz, 1999) and lower than the values reported for
the WK crossbreeds (Unal et al., 2006b).

The lamb production, twinning rate and litter size in
this study were found higher than other studies. This
situation would be as a result of the animal material of
this study, which was selected from the elite flock at
the Gozlu state farm.

Progesterone Levels

The mean progesterone levels on the six-day period
before the second oestrus were analyzed by the birth
type groups. The levels of progesterone were
significantly higher in the single lambing ewes than
twin lambing ewes on the 2nd and third days, before
the second oestrus. This was opposite to Haliloglu and
Serpek, (2000)’s findings for the Merino sheep.
However, Canoglu and Saribay, (2012) reported that
the high progesterone levels suppress the growth of
seconder and graafian follicles. As a consequence, in
this study, a high level of progesterone was required
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for the low amount of ovum development. Also,
Bartlewski et al., (2017) reported that the progesterone
injections decreased the ovulation rate in prolific ewes.

According to Goodman and Inskeep, (2015), the
ovulatory follicles of the twin ovulations need more
days for maturing than the single ovulations and twin
ovulations occurring due to the reducing of the atresia
of smaller and larger follicles. This situation was
related to the penultimate and last follicular
development. While the large follicles developing on
the penultimate wave were retained, the small follicles
on the last wave reach the ovulatory size and
competence. Then both were ovulated. More follicles
ovulated from the penultimate wave in the ewes with
lower progesterone levels. Bartlewski et al., (2011)
reported that the high ovulation rate in some prolific
breeds might be related to follicles in the last two
follicular waves, and that prolific breeds had lower
progesterone levels than non-prolific breeds. Moreover,
the prolific breeds have more but a smaller CL.
Likewise, Johnson et al., (1996) found that the lower
levels of progesterone increased the ovulation rate.

The rate of ovulation was affected by hormonal, genetic
and environmental factors. The most critical hormonal
effect on the ovulation rate is progesterone; lower
progesterone levels increase the ovulation rate
independent of nutritional management (Goodman
and Inskeep, 2015). In some studies which were
investigated, the lower progesterone effects on the
ovulation rate reported that lower progesterone levels
increased the ovulation rate (Johnson et al., 1996) and
the prolific breeds had lower progesterone levels
compared to the non-prolific breeds (Bartlewski et al.,
1999). Another study reported that the lower
progesterone levels resulted in more ovulation by
ensuring the continuity of the previous follicles, but
increasing the ovulation rates did not lead to an
increase in the number of lambs. In the same study, it
was reported that oocytes from the penultimate wave
were old and they had an inability for the fertilization
or an embryonic development like cattle. Additionally,
it was reported that the litter size could be limited with
the uterus capacity (Devonish et al., 2009). However,
in this study, the twin lambing ewes have lower
progesterone levels, and the difference between the
progesterone levels was found statistically significant
on 20 and third days before the second estrus (P<0.05,
P <0.001). Because the WK breed was medium-sized
and also slightly bigger than medium-sized breeds, it
was considered that there will not be a problem with
the uterine capacity. Eventually, this kind of problem
did not occur in this study.

The progesterone levels during the period that starts
six days before the second estrus ranged between 2.60-
12.20 ng/ml and during the estrous cycle between 0.20-
39.50 ng/ml. Values in this study were higher than the
progesterone levels determined before as 0.10-2.00
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ng/ml by Karagiil et al., (1999) and similar with the
progesterone levels determined before as 0.02—6.17
ng/ml by Arsoy and Sagmanhgil (2018) for the WK
sheep and various studies (Ali et al., 2006; Ali and
Hayder, 2008; Coelho et al., 2006; Cunningham et al.,
1975; Haliloglu and Serpek, 2000; Seekallu et al.,
2010) that were conducted on non-prolific breeds. They
found similar mean progesterone levels reported in
various studies (Mitchell et al., 1999; Ozarslan, 2014;
Sulu et al., 1988) on prolific breeds.

Goodman and Inskeep, (2015) reported that
fluctuations in progesterone hormone levels in the
estrus cycle did not change between breeds, but the
maximum progesterone levels can be changed.
Accordingly, it was considered that the high
progesterone levels determined in this study could be
specific for the WK breed.

The average amount of progesterone determined in the
present study was higher than the reported values of
0.10-2.00 ng/ml for WK determined by Karagil et al.,
(1999). It could be because of the difference in the
origins of animals, numbers of animals and trial
procedures.

In summary, the mean levels and the differences
between the minimum and maximum values of the
progesterone levels were similar to the prolific breeds.
Also, the mean levels of progesterone were higher than
those of the non-prolific breeds.

Estrogen Levels

For the estrogen level analyses, blood samples were
collected six days before the second estrus, on the day
of the second estrus and four days after the second
estrus. As a result of the analyses, the effect of type of
birth on the estrogen levels was significant only on the
4th day after the second estrus.

The oestrogen levels showed a certain fluctuation on
the days when it was measured (Goodman and
Inskeep, 2015). The level of estrogen fell on the day
before the second estrus and peaked on the day of the
second estrus and then began to decrease. With that,
on the 2nd day after the second estrus, estrogen started
to rise again (Ozarslan, 2014).

During the test days, the estrogen levels varied
between 38.66-97.57 pg/ml. These values were found
out to be close to the mean values (20.00-60.00 pg ml)
that were determined by Karagiil et al., (1999) and
higher than the estrogen levels determined before as
3.50-8.42 pg/ml by Arsoy and Sagmanlgil (2018) for
WK sheep, higher than the estrogen levels reported in
various studies (Bartlewski et al., 1999; Haliloglu and
Serpek, 2000; Seekallu et al., 2010) and lower than the
mean estrogen levels reported for Bafra sheep
(Ozarslan, 2014).

Johnson et al., (1996) reported that the ewes with high
levels of estrogen before mating failed to conceive
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compared to the ewes with low concentrations of
estrogen. It could be due to the effect of the high levels
of estrogen on the oocyte development in all pre-
ovulatory follicles or alter function in the oviduct and
uterus. In the present study, on the six-day period
before the second estrus progesterone and estrogen
levels were higher in the single lambing ewes than in
the twin lambing ewes.

This study indicates that the lower progesterone levels
are necessary to increase the ovulation rates and low
levels of progesterone with lower estrogen levels are
essential for increasing the number of lambs.

Progesterone and Estrogen Levels during Anestrus

The mean levels of progesterone and estrogen were
detected as 1.60 ng/ml and 45.14 pg/ml, respectively in
the samples taken twice at a 24-hour interval during
the anestrus period. When these values were compared
to those of estrus period, the mean level of the
anoestrus progesterone was lower than the estrus
levels, and the estrogen level was similar to the oestrus
levels.

The mean levels of progesterone in the anoestrus
period were lower than the mean levels for Western-
White Faced sheep (Bartlewski et al., 1998) and Santa
Inés sheep (Coelho et al., 2006). Those were between
the levels of progesterone detected in autumn, winter
and spring for Ossimi sheep (Ali et al., 2006) and these
were similar to the Bafra sheep anestrous
progesterone levels (Ozarslan, 2014).

While the level of oestrogen in the anestrus period was
higher than Western-White Faced sheep (Bartlewski
et al., 1998), it was similar to levels of Bafra sheep
(Ozarslan, 2014).

In this study, some sheep in the anestrus period have
similar levels of hormones in the oestrus period and
have similar levels of hormones with prolific Bafra
sheep which was known to show estrus throughout a
year. It suggests that the Akkaraman sheep could
show estrus during a year.

To conclude, the estrus cycle length and the gestation
period for the single lambing ewes were determined to
be 14.57+0.35 and 149.92+0.43 days, respectively.
Similarly, the estrus cycle length and the gestation
period for the twin lambing ewes were determined to
be 16.00+0.33 and 150.63+0.24 days, respectively. This
data would be useful for the management practices in
sheep breeding.

The reproductive hormone levels were determined in
this study and the effect of birth type on estrogen
(except the 4th day after the second estrus) was not
found significant (P>0.05). It is important that the
difference between the minimum and maximum values
of progesterone was higher than those of non-prolific
breeds in general, similar to the values reported in the
prolific breeds, and that the levels of estrogen are lower



KSU J. Agric Nat. 22(Suppl 2): 424-430, 2019

Arastirma Makalesi/Research Article

but more similar to the prolific breeds. This situation
indicates that the WK breed needs to be investigated
for prolificacy.

The levels of progesterone were higher in the single
lambing ewes ascompared to the twin lambing ewes,
and were found statistically significant on second and
third days before the second estrus (P<0.05, P<0.001).
It suggests that there would be a negative relationship
between the levels of progesterone and the twinning
rate.

The similarity between the anoestrous and estrous
progesterone levels and the resemblance of the
progesterone levels with yearlong to polyoestrous
breeds was an essential finding of the present study.
This situation indicates that the ability of the WK
breed to show estrus in the anoestrus period should be
investigated. It is essential to study the ability of the
breed to show estrus through the year under natural
conditions and to examine the possibility of three
lambing in two years.

In conclusion, this study indicates that the low
progesterone levels with the low oestrogen levels on
oestrus cycle result with multiple births. It could be
used in selection for increasing twin births.
Additionally, the Akkaraman sheep could be utilised
as a prolific breed.
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ABSTRACT

In this study, Path analysis was used to determine the direct and
indirect effects of some morphological traits such as wither height,
sacrum height, body length, chest depth, chest girth and chest width
on the weaning weight of sheep. The data was obtained from 200
heads of Awassi lambs raised in Gaziantep province. The results of
the path analysis indicated that the variants of sacrum height and
body length sustained the most significant effect on the weaning
weight. Consequentely, chest girth and body length were the most
favorable measurements to estimate weaning weight in Awassi and
could be used as a reliable criteria for practical selection in Awassi
lambs.
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Ivesi Kuzularinda Siitten Kesim Agirhigi ve Bazi Morfolojik Ozellikler Arasindaki Iligkinin Path

Analizi
OZET Aragtirma Makalesi
Bu calismada, koyunlarin siitten kesim agirlig1 Uzerine sagri
yuksekligi, cidago yuksekligi, viicut uzunlugu, gégus derinligi, gogus Makale Tarihgesi
¢evresi gibi bazi morfolojik 6zelliklerin dogrudan ve dolayh etkilerini Gelig Tarthi  :29.04.2019
belirlemek amaciyla path analizi kullanilmigtir. Calismanin verileri, Kabul Tarihi :18.07.2019
Gaziantep ilinde yetistirilen 200 bas Ivesi kuzulardan elde .
Anahtar Kelimeler

edilmigtir. Path analiz sonuglarina gore, cidago yiliksekligi ve viicut
uzunlugu degiskenlerinin Ivesi kuzularinda siitten kesim agirhig:
uzerinde onemli etkiye sahip oldugu ve go6gus c¢evresi ve viicut
uzunlugunun Ivesi kuzularinda siitten kesim agirhgim tahmin
etmede en uygun olgiimler ve pratik se¢im igin guvenilir bir kriter
olarak kullanilabilecegi belirlenmisgtir.

Path analizi

Stutten kesim agirlig:
Viicut élciileri

Ivesi

To Cite : Gl S, Keskin M, Giizey YZ, Behrem S, Giindiiz Z 2019. Path Analysis of the Relationship Between Weaning Weight

and Some Morphological Traits in Awassi Lamb. KSU J. Agric Nat

10.18016/ksutarimdoga.vi.558957.

22(Suppl 2): 431-435. DOLI:

INTRODUCTION

The primary goal in animal breeding is to increase
the yield of the concerned animal. However, several
factors such as birth weight, mother age, breed,
feeding regime can affect the yield. The extent of the
impact on emphasized yield and the knowledge of the
influential factors is a prerequisite for a precise
selection. Correlation analysis is commonly used to
determine this relationship. However, the correlation
coefficients are not always sufficient to explain the
cause and effect relation between the variables. The
reason is the fact that the relation between two
variables can be affected by a third variable.
Therefore, the levels of direct and indirect interaction
between the yield obtained and the factors that

affecting that yield need to be distinguished (Okut
and Orhan, 1993; Topal and Esenbuga, 2001; Orhan
and Kasikc1, 2002). In addition, any variable in the
multivariable data structure under revision may be
dependent on some variables, but independent of
others. In this case, the correlation and regression
analyses will be insufficient to reveal the cause and
effect relations. Therefore, path analysis was used to
determine the relationship between variables more
accurately (Alpar, 2011).

The theory and practice of the path analysis was first
introduced to the literature by the study “Correlation
and Causation” published in 1921 by geneticist
Sewall Wright who developed and introduced this
method to solve the problems on the importance of
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inheritance and environment in breeding.

The main goal of the study was to determine the
direct and indirect effects of the morphological traits
such as withers height, sacrum height, body length,
chest depth, chest girth and chest width of the Awassi
ewes on weaning weight.

MATERIALS AND METHODS

Total of 200 Awassi lambs raised in Gaziantep
province was used as an animal material of this
study. The animals were managed under extensive
system. The live weights of lambs at 60. days
(weaning weight) determined by scale. After
determining the live weight, each lamb was placed on
all four legs on an even surface, and some body
measurements were taken with the measuring tape
according to Yakubu (2010). The data on body
measurements of the animals were height at withers
(HW), sacrum height (SH), body length (BL), chest
depth (CD), chest girth (CG) and chest width (CW) in
addition to weaning weight (WW).

Descriptive statistics including standard deviation,
standard error, min-max and confidence interval (95
%) for all variables were calculated. Kolomgrov-
Smirnov method was used to test normality of the
variables. The relationship between the variables
were determined with Pearson correlation analysis.
Path analysis was used to determine the direct and
indirect effects of the body measurements in the
present experiment.

Wright (1921) defined that the path coefficient as the
ratio of the independent variable (X) to the total
standard deviation in the dependent variable (Y) and
demonstrated as in equation 1.
Pyy = 2% (Equation 1)
gy
Let Y be the dependent variable or effect, and X the
independent variable or cause. The expression oyy
was used for the standard deviation of Y, which 1is

found under the foregoing conditions, and may be

read as the standard deviation of Y due to X (Wright,
1921; Wright, 1923). This definition of Wright is the
same as the definition of the standardized regression
coefficient. Wright (1923) referred the coefficient pyy
as path coefficient and also used the term path
regression showing as pyeg, -

The most important part of path analysis is creation
the path diagram which determines the direction of
the relationship between variables. Expert opinions
can be consulted at this point (Alpar, 2011; Gérgiili,
2011).

Figure 1 includes the path diagram designed in order
to reveal the direct and indirect effects of the body
measurements on live weight for male and female
lambs.

Figure 1. Path diagram of weaning weight and other
body measurements

The path equations generated according to the path
diagram (Figure 1) of the model showing the
relationship between weaning weight and body
measurements are as below.

Tx,y = Prx1 T Txix2 * Prx2
Tx2y = Pyx2 T Tx2x1 * Prx1

3y = 3 3X1 1
Txay = Dyxa t Txax1 * Pyx

4y = 4 4X1 1
Txay = Dyxa T Txax1 * Pyx
Txsy = Pyxs T Txsx1 * Prx1

Txey = Prxe T Txex1 * Prx1

+ Tx1x3 * Prx3
+ Tx2x3 * Pyxs
+ Txzx2 * Pyxz
+ Txaxz * Pyxz
+ Txsx2 * Pyx2

+ Txex2 * Pyx2

+ Tx1x4 * Pyxa
+ Tx2xa * Dyx4
+ Tx3xa * Dyxa
+ Txax3 * Pyxs
+ Txsx3 * Pyxs
+ Tx6x3 * Pyxs3

+Tx1xs * Pyxs + Tx1ixe * Prxe
+Tx2x5 * Pyxs t Tx2x6 * Pyxe
+Tx3x5 * Dyxs + Tx3xe * Dyxe
+Txaxs * Dyxs + Txaxe * Dyxe
+Txs5x4 * Dyxa t Txsxe * Pyxe

+Tx6x4 * Pyxa T Txexs * Prxs

SPSS 21.0 was used for the statistics calculation of
the study and Amos 21.0 was used for the path
analysis (IBM SPSS Amos Statistics for
Windows,Version 21.0. Armonk, NY: IBM Corp.,
USA). The significance level was accepted as 0.05.

RESULTS
Descriptive statistics of height at withers (HW),
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height at sacrum (HS), body length (BL), chest depth
(CD), chest girth (CG), chest width (CW) and weaning
weight (WW) were shown Table 1.

The results of the pearson correlation analysis that
reveal the linear releations between some body
meauserements and weaning weight of Awassi Sheep
was shown Table 2.
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Table 1. Descriptive statistics of variables

Variables Sex n

Mean F Std. Deviation Std. Error

Minimum Maximum 95% Confidence interval

HW (cm) M 112 48.75?3.26 0.30 42.50 57.00 48.14-49.36
F 82 48.87+3.63 0.40 39.50 62.00 48.07-49.67
HS (cm) M 112 51.724__-4.47 0.42 44.50 66.00 50.89-52.56
F 82 51.96+4.75 0.52 45.00 67.00 50.91-53.00
BL (cm) M 112 45.08?5.73 0.54 34.00 63.20 44.00-46.15
F 82 45.98+5.96 0.65 36.00 60.50 44.67-47.29
CD (em) M 112 20.18?3.26 0.31 15.00 35.50 19.57-20.80
F 82 19.48+2.62 0.28 12.00 31.00 18.90-20.06
CG (em) M 112 58.30?6.03 0.57 48.00 80.50 57.17-59.43
F 82 58.37+4.96 0.54 50.00 79.50 57.28-59.46
CW (cm) M 112 11.47?2.46 0.23 5.90 19.50 11.01-11.94
F 82 11.54+2.60 0.28 7.00 22.00 10.97-12.11
WW(kg M 112 18.99F4.39 0.51 9.35 27.50 18.16-19.81
Table 2. Pearson correlation coefficient among body measurements and weaning weight(Y) of female and male
lambs
Variables X2 X3 X4 Xs Xe Y
Height at withers (X1) 0.653™ 0.144™ 0.526™ 0.583™ 0.422™ 0.151™
Height at sacrum(X2) 0.445™ 0.553™ 0.769™ 0.434™ 0.529™
Fermale  BOOY length (X3) 0.225" 0.364” 0245° 0550
Chest depth(X) 0.512 0.518 0.268
Chest girth(Xs) 0.289™ 0.485™
Chest width(Xe) 1 0.201™
Height at withers (X1) 0.772™ 0.197" 0.531™ 0.542™ 0.482™ 0.309™
Height at sacrum(Xz) 0.408™ 0.564™ 0.684™ 0.498™ 0.569™
Male Body length (Xs) 0.369™ 0.295: 0.464: 0.601:
Chest depth(Xa) 0.557 0.768 0.420
Chest girth(Xs) 0.407™ 0.436™
Chest width(Xs) 0.421™

** significant at p<0.01; * significant at p<0.05; "™ at not significant

When we examine the Table 2 which includes the
correlation coefficients of male animals, a statistically
significant relation was seen among all variables
(P<0.05). The most linear relation of WW is with BL
(r = 0.601**). The lowest linear relation of WW was
with HW (r = 0.309**). Upon reviewing the correlation
table of female animals (Table 2), we determined that
the relation of WW with HS and CW (r = 0.151»s, r =
0.201rs, respectively) was not statistically significant
(P>0.05). The correlation coefficients showing the
linear relations of WW with HS, BL,, CD and CG were
statistically significant (P>0.05).

DISCUSSION

The highest correlation of WW is with BL (r = 0.500**)
and the lowest correlation of it is with HW ( =
0.1510s). Several previous studies on sheep reported
significant relations between the live weight and body
measurements (Cam et al., 2010; Yilmaz et al., 2013).

Table 3 includes the direct and indirect effects
calculated by the use of path analysis. According to
these results, HS had the highest direct effect in male
animals (Pyx2=0.500"*) and CW has the lowest effect
(Pyx6=0.035"s). The direct effects of HW and BL on

WW etkileri (Pyxi1=-0.234"*, Pyxs=0.387**, respectively)
are statistically significant (P<0.05). Norris et al.
(2015) and Tyasi et al. (2015) reported that the direct
effect of BL in male animals was statistically
significant (P<0.05). The direct effects of CD, CG and
CW on WW (Pyx4=0.058v, Pyx5=0.060ns, Pyxs=0.0350s,
respectively) were statistically insignificant. HS had
the highest direct effect on WW (Pyx2=0.385"") in
female animlas just like the male animals. The direct
effects of HW and BL on WW (Pyxi=-0.291*,
Pyxs=0.333"", respectively) in female animals were
statistically significant (P<0.05). Norris et al. (2015),
Yakubu (2010), Dekhili and Aggoun (2013) reported
that the direct effect of BL in femal animals is also
statistically significant (P<0.05). Dekhili and Aggoun
(2013) found a negative and statistically significant
direct effect of HW on WW which was similar to our
study (P<0.05). The direct effects of CD, CG and CW
on WW (Pyx4=0.0.0167s, Pyx5=0.2297s, Pyx6=0.001"s,
respectively) in female animals were statistically
insignificant (P<0.05). The variables HW, BL, CD, CG
and CW in both sexes had an indirect effect on WW
mostly over HS. HS had the highest indirect effect on
WW through BL.
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Table 3. Direct and indirect effect of the body measurements on live weight

Path ways Effect value male lambs Effect value female lambs
The relations of heiht at withers and weaning weight

Direct effect -0.234" -0.291"
Indirect effect over height at sacrum 0.386 0.251
Indirect effect over body length 0.076 0.048
Indirect effect over chest depth 0.030 0.008
Indirect effect over chest girth 0.035 0.134
Indirect effect over chest width 0.016 0.001
Total indirect effect 0.543 0.442
Total correlation 0.309™ 0.151"
The relations of heiht at sacrum and weaning weight

Direct effect 0.500** 0.385™
Indirect effect over height at withers -0.180 -0.190
Indirect effect over body length 0.156 0.149
Indirect effect over chest depth 0.032 0.007
Indirect effect over chest girth 0.044 0.176
Indirect effect over chest width 0.017 0.002
Total indirect effect 0.069 0.144
Total correlation 0.569™ 0.529™
The relations of body lenght and weaning weight

Direct effect 0.387™ 0.333™
Indirect effect over height at withers -0.046 -0.041
Indirect effect over height at sacrum 0.204 0.171
Indirect effect over chest depth 0.022 0.004
Indirect effect over chest girth 0.018 0.082
Indirect effect over chest width 0.016 0.001
Total indirect effect 0.214 0.217
Total correlation 0.601™ 0.550™
The relations of chest depth and weaning weight

Direct effect 0.058" 0.016"™
Indirect effect over height at withers -0,125 -0.153
Indirect effect over height at sacrum 0.282 0.212
Indirect effect over body length 0.143 0.075
Indirect effect over chest girth 0.033 0.117
Indirect effect over chest width 0.029 0.001
Total indirect effect 0.362 0.252
Total correlation 0.420™ 0.268"
The relations of chest girth and weaning weight

Direct effect 0.060™ 0.229™
Indirect effect over height at withers -0.127 -0.169
Indirect effect over height at sacrum 0.342 0.296
Indirect effect over body length 0.115 0.121
Indirect effect over chest depth 0.032 0.007
Indirect effect over chest width 0.014 0.001
Total indirect effect 0.376 0.256
Total correlation 0.436™ 0,485™
The relations of chest width and weaning weight

Direct effect 0.035"™ 0.001"
Indirect effect over height at withers -0.113 -0,122
Indirect effect over height at sacrum 0.249 0.168
Indirect effect over body length 0.180 0.082
Indirect effect over chest depth 0.045 0.006
Indirect effect over chest girth 0.025 0.066
Total indirect effect 0.386 0.200
Total correlation 0.421™ 0.201™

** significant at p<0.01; * significant at p<0.05; ™ at not significant
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CONCLUSION

According to the results of this study which uses path
analysis to examine the relations between WW and
some body measurements in male and female lambs,
HS was the body measurement with the highest effect
on WW in lambs. In addition to the direct effect of
HW on WW, there were also numerous indirect effects
of other body measurements through HS. BL also
sustained much direct effect on WW like HS.
Therefore, researchers on breeding need to consider
in their studies regarding the WW increase that HS
and BL were important selection criteria. Breeders
are recommended to pay attention to the HS and BL
measurements in practical animal selection.
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The data sets are available upon request from the
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ABSTRACT

Collared Pratincoles (Glareola pratincola) have a large, fragmented
breeding distribution throughout the Palearctic. Turkey is in
migration road where it has Collared pratincole population as both
breeding area and transition region. Research area was in
Bogazkent/Antalya, Southwest Turkey. In this study, breeding biology
of Collared pratincole were investigated in 2016. Bogazkent was
transiting region for Collared pratincole, while some individuals
transit, some others stay and breed there. Average of 370 birds
transited during spring migration and 35 of which stayed and bred in
Bogazkent at the end of the May.

OZET

Bataklik kirlangicr (Glareola pratincola)nin Palearktik boyunca,
genig ve parcali bir tireme yayilis1 vardir. Gog yollar: tizerinde olan
Turkiye, Bataklik kirlangicinin hem transit gécer hem de treme
populasyonlarina sahiptir. Arastirma alani, Turkiye'nin
Guneybatisinda yer alan Bogazkent/Antalya’dir. Calismada 2016
sezonu Bataklik kirlangici’nin tureme Dbiyolojisi arastirilmigtir.
Bogazkent, Bataklik kirlangici i¢in daha ¢ok gegis bolgesidir. Bununla
birlikte gec¢is yapan bireylerin yaninda bazi bireyler alanda kalir ve
trer. Ilkbahar gocii boyunca ortalama 370 birey gecis yapmis,
bunlarin 351 ise mayis sonuna kadar Bogazkent'te kalmig ve

Research Article

Article History
Received
Accepted

:25.06.2019
+21.08.2019

Keywords
Antalya/Bogazkent
Breeding biology
Collared pratincole
Glareola pratincola.

Bataklik Kirlangici (Glareola pratincola)’min Bogazkent/Antalya (Giineybat1 Tiirkiye) Populasyonunun
2016 Ureme Sezonu Verileri

Aragtirma Makalesi

Makale Tarihgesi
Gelig Tarihi  :25.06.2019
Kabul Tarihi :21.08.2019

Anahtar Kelimeler
Antalya/Bogazkent
Ureme Biyolojisi
Bataklik kirlangici
Glareola pratincola.

uremistir.

To Cite :  Oztirk Y, Ozkan L O 2019. Breeding Data of Collared Pratincole (Glareola pratincola) population of
Bogazkent/Antalya (Southwest Turkey) in 2016. KSU J. Agric Nat. 22 (Suppl 2): 436-439. DOI:
10.18016/ksutarimdoga.vi.582227.

INTRODUCTION with North Africa population arrival, departure and

Collared Pratincoles have a large, fragmented
breeding distribution throughout the Palearctic
(Cramp and Simmons 1983, Del Hoyo et al., 1996).
Range from South Europe to Pre Asia as summer
visitor and wintering in Africa (Collins, 2009). In North
Africa, Collared Pratincole have breeding population
in Morocco, (Cramp and Simmons 1983) and Algeria
(Isenmann and Moali 2000). Especially Spain and
France have large population and many studies have
been undertaken on the breeding ecology of the species
(Calvo and Alberto, 1990; Calvo and Furness, 1995;
Tajuelo and Manez, 2003; Vincent-Martin, 2007) in
Europe. Also Turkey has Collared pratincole
population as both breeding area and transition region
in migration road (Onmus and Siki, 2011). Compared

breeding time of Turkey population is different.

MATERIALS and METHODS

Research area is Bogazkent/Antalya where is located
Southwest Turkey. Bogazkent that is between two
rivers are Acisu and Koprucay is located of
Mediterranean Sea (Figure 1). In this study, we
investigated breeding biology of Collared pratincole in
2016 breeding season. The species have been
determined by Line transect and Point counts method
(Dobinson, 1976; Bibby and Burgess, 1992).
Observation started at the beginning of March in three
times a week to determine migration phenology. We
also continued our observation all of the breeding
season. We determined to arrival and departure time
of Collared pratincole in Bogazkent. We counted



KSU J. Agric Nat 22(Suppl 2): 436-439, 2019

Aragstirma Makalesi/Research Article

individuals, nests numbers, eggs number, hatchlings
and determined incubation period.

Laying date was determined either by knowing the
date the first egg was laid or by backdating from the
known hatching date (Cramp and Simmons 1983;
Feduccia 2001). The hatching and fledging success was
calculated in relation to the eggs laid. The fledging
success was also calculated in relation to the eggs
hatched (Makrigianni et.al., 2008). Statistical analyses
were performed using SPSS 17.

Bogazkent

Figure 1. Bogazkent/Antalya from Google Earth

RESULTS AND DISCUSSION
A dispersed breeding colony of Collared Pratincole
(Glareola pratincola) was observed on

Bogazkent/Antalya in 2016 (Figure 2). Especially
Bogazkent is transiting region for this species. Besides,
while some individuals transit, some others stay and
also breed there. Firstly, observed 60 birds that
transited from Bogazkent in April 24 and last
transition was June 12. Average 370 birds (Figure 3)
transited during spring migration and 35 of them
stayed in Bogazkent at the end of the May. Mating
behaviours observed during the May, egg laying
started in late May and followed by end of the August.
Collared pratincole nested sand and grassland. We
found 16 nest belong to them. In total 30 eggs were laid
in 16 nests. Clutch size mostly was 2 (50%) also 1
(31.25%), 3 (18.75) and mean 1.88+0.72 (Table 1).

Incubation period was 17 days. 26 chicks hatched, and
12 fledged successfully. According to hatchling, we
calculated breeding success 86.7% and 46.2% for
fledgling (Figure 4). Departure from the colonies
started in end of August and continued until middle of
the September.
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i

igure 9. Collared pratincole (Glareola pratincola) in

Bogazkent
Date of Transition and Bird
Numbers
June 12th
June 4th
May 2%th
May 28th
May 7th
May 1th
April 30th
April 24th
0 20 40 60 80

Figure 3. Transit bird numbers of Collared pratincole

Table 1. Clutch size distribution of Collared Pratincole
in the Bogazkent/Antalya.

Clutch size (number Number of  Percentage
of eggs per nest) nests of nests (%)
1 5 31.25
2 8 50
3 3 18.75
Total 16 100
40
35
30
25
20
15
10
s :
0
Individual Nest Egg Hatchling Fledgling

Figure 4. Parameters about Bogazkent population of
Collared pratincole.
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Hanane et.al., (2010) state that arrival date of Collared
pratincole to breeding area was March 8 in 2003 and
March 10 in 2004. However, egg laying started in the
first half of April (April 7 in 2003 and April 16 in 2004),
Departure from the colonies started in mid-July and
Average clutch size was 2.28 in 2003 and 2.14 in 2004
about population of Northwest Morocco from two
different habitats. According to Bensaci et al., (2014),
arrival time end of the March, first egg laying was
April 28 and clutch size was 2 in Algeria. Compared
with North Africa population arrival, departure and
breeding time of Turkey population is different.
Turkey population breeding activity start late as
different from North Africa. We think that temporal
differences result from weather condition. Weather
getting warmer after April in Turkey as different from
North Africa. On the other hand, other breeding data
like similar other research.

Black-winged Stilt (Himantopus himantopus), Pied
Avocet (Recurvirostra avosetta), Eurasian Thick-knee
(Burhinus oedicnemus), Common Ringed Plover
(Charadrius  hiaticula), Little Ringed Plover
(Charadrius dubius) and Spur-winged Lapwing
(Vanellus spinosus) are other migratory wader birds in
Bogazkent (Karaardic et al., 2017).

Common Ringed Plover and Spur-winged Lapwing are
also breeding waders in there (Ozkan et al., 2017).
Compared to others Spur-winged Lapwing has the
most crowded breeding population in Bogazkent. It 1s
known as summer migrant species but some
individuals of Bogazkent population hasn’t return to
Africa in fall and winter period in recent years.
According to compare Turkey and Africa, temperate
increase more fast Africa than Turkey (Ozkan and Kog,
2017).

CONCLUSION

While both Spur-winged lapwing and Collared
pratincole globally are listed as LC (Least concern) in
TUCN Red List, they are categorized as VU
(Vulnerable) in Turkey (Kilic ve Eken, 2004). They
need similar habitat type and share Bogazkent that is
2170 ha to breeding. Last years they bred different
part in Bogazkent from each other (Ozkan, 2012;
Ozkan et al., 2012; Karaardi¢c and Ozkan, 2017). But
according to our data spur-winged lapwing nests
surround Collared pratincole nests. Habitat
destruction, lost and any other factors narrow their
breeding site and close each other in Bogazkent
(Figure 5).

When examining predation factor for breeding success
of Collared pratincole in Bogazkent, The predation risk
is very high during both breeding and post breeding
period for this species. Hooded crow (Corvus corone),
fox (Vulpes vulpes) and dogs are the most predators.
Besides, human activities like agriculture, tourism are
negative effect for breeding success in area.
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Figure 5. Comparison of Collared pratincole and Spur-
winged lapwing nest site.

As a result of this study revealed the Collared
Pratincole's first breeding data for turkey. It is
important to determine the distribution of animals by
starting to see the effects of climate change in the
world and in our country. This varies depending on
different factors. The data in this study are important
for determining the change. In future studies,
reproductive data at different times should be
compared and the changes of this species should be
monitored.
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Bu ¢alismada, Canakkale'nin Gokgeada ilgesinde koyun yetistiriciligi

yapan tureticilerin sosyo-ekonomik yapisinin incelenmesi ve onlarin Makale Tarihgesi
koyunculuk faaliyeti ile ilgili bazi uygulamalarimin belirlenmesi Gelis Tarthi  :10.07.2019
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ornekleme yontemiyle belirlenen koyunculuk faaliyeti ile ugrasan 125

isletmeden anket yoluyla elde edilen veriler olusturmustur. Anahtar Kelimeler

Aragtirma verilerinin analizinde, tanimlayici istatistikler ve 5'li likert IG{ok(;ead? K 1 1
Olcegi kullanilmigtir. Arastirma sonuglarina gore, tireticilerin genel Koyuncu ux uygulamalari
yas ortalamasi 48.2, ortalama egitim sturesi 7.8 yil, ortalama 217 G

hanehalkl buyukluga 4.2 kisi, ortalama koyunculuk faaliyeti Likert 6lgegi

deneyiminin 24 yil ve ftreticilerin %10.4iniin en ylksek gelire
(>50.001TL) sahip oldugu belirlenmistir. Ayrica, koyun yetistiriciligi
yapan ureticiler tarafindan damizlhk seciminde dikkat edilen en
onemli faktorin "hayvanin fiziksel 6zelliklerine bakarim" kavramina
iligkin oldugu ve siit sagiminda dikkat edilen en 6nemli faktoriin" ise
sagimcinin hijyen kurallarina uymasi" kavramina iliskin oldugu
belirlenmigtir. Sonug olarak, bu ¢alismanin ilce ekonomisine ve kirsal
kalkinmaya katki saglamasi beklenmektedir.

Socio-economic Structure of Farmers That Make Sheep Breeding and Practices Related to Their Sheep
Breeding Activities

ABSTRACT Research Article
Aim of this study was to examine the socio-economic structure of
farmers of sheep breeding in Gékgeada district of Canakkale province Article History
and to determine their practices related to farmers' breeding activity. Received ©10.07.2019
The data of the present study were obtained from surveying of 125 Accepted ©23.08.2019
farms of sheep breeding by using the simple random sampling

e o o Keywords
method. Descriptive statistics and 5-point likert-type scale were used Gokceada
to analyze the data. According to the results of study, it was found that
the average age of farmers was 48.2 years, the average year of
schooling of farmers was 7.8, the average household size was 4.2
persons, the average experience of farmers in sheep breeding was also
24 years and 10.4% of the farmers had the highest income
(>50.001TL). Furthermore, the most factor that is pay attention in
brood stock selection and in the milking were determined as "I look at
the physical characteristics of the animal" and "keeping to hygienic
measures of farmer that make milking" concept for farmers that
dealing with sheep breeding, respectively. As a result, this study is
expected to contribute district's economy and to rural development.

Sheep practices
Keeping record
Likert scale

To Cite : Ozsayin D, Everest B 2019. Koyun Yetistiriciligi Yapan Ureticilerin Sosyo-Ekonomik Yapisi ve Koyunculuk
Faaliyetiyle Ilgili Uygulamalari. KSU Tarim ve Doga Derg. 22(Ek Say1 2): 440-448. DOI: 10.18016/
ksutarimdoga.vi.589725

GIRiS temel unsurlarindan biri olarak kabul edilmektedir.
Cunki, bu faaliyet 6zellikle kirsal alanda yasayan
ureticilerin beslenme ve nakit para ihtiyaclarinin
kargilanmasinda énemli rol oynamaktadir (Inan 2001,

Hayvancilhik faaliyetinden elde edilen hayvansal
urinler, gelismekte olan iilkelerde tarimsal {iretimin
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Demirve ark. 2015). Hayvancilik sektoriinde énemli
bir alt faaliyet alami olan koyun yetistiriciliginde,
ureticilere disik kalitedeki meralar ile sigirlarin

yararlanamadigi bitki ortisina iyi bir sekilde
degerlendirebilme, bakim ve beslemede ¢esitli
kolayliklar saglama gibi birgok yonden c¢esitli

avantajlar sunmaktadir (Paksoy ve Ozcelik 2008,
Semerci ve Celik 2016).

Ege denizinin kuzeybatisinda yer alan ve yuzélgimu
bakimindan da Tirkiye'nin en biyiuk adasi olan
Gokceadanin ekonomisi, tarimsal tretim ve turizme
dayanmaktadir. Ancak, Gokceada’da turizm
mevsiminin kisa olmas1 nedeniyle, ilgede yirutilen
tarimsal faaliyetlerin ana kaynagimin hayvancilik
oldugu soylenebilir. Ilgedeki iireticilerin biiyiik
cogunlugu keci ve koyun yetistiriciligini birlikte
yurutmektedir. Onlarin o6nemli bir kisminin ise
koyunculuk faaliyetinde yogunlastigr gérulmektedir
(Anonim 2017). Koyun yetistiricilii yapan tireticilerin
genelikle bu faaliyet alaninda yogunlastigi dikkate
alindiginda; bu durum, ilgede koyun yetistiriciliginin
bu kadar yaygin olmasina ragmen hentiz bu faaliyetin
ni¢in istenilen seviyelere ulagilamadigi sorusunu da
beraberinde  getirmektedir. Oysa, hayvancilik
sektoriinde tiiketici taleplerine yonelebilen, hayvan
saghgina 6nem veren ve dogal kaynaklarin yanisira
cevreyl de koruyabilen bir tretim ortaminda ancak
rekabet edebilen igletmelerin faaliyetlerine devam
edilebilecegi diigsintlebilir. Bu durumdan hareketle;
koyun yetistiriciligi yapan tlireticilerin sosyo-ekonomik
yapisinin incelenmesi ve onlarin koyunculuk faaliyeti
ile ilgili uygulamalarmnin belirlenmesinin gelecekte
verim ve rekabet glicinli arttirmada etkili olmasi
beklenmektedir.

Koyunculuk faaliyeti ile ilgili ¢ok sayida yerli ve
yabanci literatiir bulunmaktadir. Konu ile ilgili daha
once yapilmig bilimsel c¢alismalarin o6nemli bir
kismi,bu faaliyet alanini ya sosyo-ekonomik acidan ya
da 1igletme O6zellikleri bakimindan degerlendirmistir
(Dossa ve ark. 2008, Aktas 2009, Altincekic 2014,
Demir ve ark. 2015). Arastirma alam olarak secilen
Gokcgeada'da yurutilen bir calismada ise entansif
kosullarda hayvancilik (biiyiikbas ve kii¢iikbag) yapan
isletmelerin genel sosyo-ekonomik durumlar: ortaya
konulmustur (Aktiirk ve ark. 2005). Yapilan bu
arastirma ilgede daha o©nce yiritilmis olan
calismanin kapsami ve igerigi bakimindan farklilik
gostermektedir. Bu nedenle, arastirmanin ilgede
koyun  yetigtiriciligi yapan  Uretici  profilinin
belirlenmesi ve onlarin bu faaliyet alanindaki
uygulamalarinin  ortaya  konulmasi  agisindan
onemlidir.

Bu ¢alismada, koyun yetistiriciligi yapan treticilerin
sosyo-ekonomik yapisinin incelenmesi ve onlarin
koyunculuk faaliyeti ile ilgili baz1 uygulamalarinin
ortaya konulmasi amaglanmigtir. Calismadan elde
edilecek  bulgularin ilge ekonomisine, kirsal
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kalkinmaya ve bu konuda yapilacak daha sonraki
caligmalara da katki saglamasi beklenmektedir.

MATERYAL ve METOT
Materyal

Calismada, arastirma materyali olarak birincil ve
ikincil  veri  kaynaklarindan  yararlanilmigtir.
Gokeeada ilgesinde koyun yetistiriciligi yapan
ureticiler ile yapilan anketler aragtirmanin birincil
veri kaynaklarini, arastirma konusu ile ilgili diger
aragstirmacilarin yaptigr bilimsel c¢alismalar, baz
kamu kurum ve kuruluslarin yapmis olduklar
yayinlar ile resmi istatistikler ise arastirmanin ikinecil
veri kaynaklarinmi olusturmaktadir.

Metot

Gokceada ilgesi ve koylerindeki igletmelerin
belirlenmesinde Tlge Tarim ve Orman Miidirligiinin
2017 yihh kayitlarindan yararlamilmistir. Buna gore,
ilcede kiicikbas hayvancilik faaliyeti ile ugrasan
toplam igletme sayisinin 334 oldugu ve bu treticilerin
ise koyun ve keci yetistiriciligi faaliyetlerini birlikte
yurittigii belirlenmistir (Anonim 2017). Ancak,
kiicikbas hayvancilik yapan treticilerin buytk
cogunlugunun (%71,2) koyunculuk faaliyetine 6nem
verdikleri dikkate alindiginda; arastirmadan elde
edilecek  verilerin  givenilirligi ve sonuglarin
yorumlanabilirligi acgisindan calisma o6rnekleminde
anakitle olarak sadece koyun yetistiriciligi yapan
isletmelerin secilmesine karar verilmistir.Calismada,
ornek populasyondan anket yapilacak igletmelerin
seciminde, Gékgeada Tlge Tarim ve Orman Mudirligi
Cift¢i Kayit Sistemine (CKS)ne kayith koyunculuk
igsletmeleri dikkate alinmigtir. Bu treticiler i¢inden
anket uygulanacak igletmelerin belirlenmesinde ise
basit tesadifi o6rnekleme yontemi kullanmilmigtir.
Isletmelerin  koyun varhg dikkate alinarak
populasyonu temsil edecek igletme sayis1 da agagidaki
formiil yardimiyla bulunmustur (Karadas 2016,
Karadas 2017).

(N-1) * D2 + o2

Bu formilde, n=populasyonu temsil edecek igletme
sayis1, N=populasyondaki toplam igletme sayis1 (334),
o=populasyonun standart sapmasi, d=kabul edilebilir
hata payr (populasyon ortalamasinin (X x 0.05),
X=ortalama hayvanvarhg: (bas), t=%95 giiven
sinirlarinda tablo degeri (1.96) olarak ifade edilmistir.
Formiil kullanilarak yapilan hesaplama sonucunda
%95 gliven aralign ve %5 hata payr ile anket
uygulanacak isletme sayisl (n)125 olarak
belirlenmigtir.  Anket  formlarimin  igletmelere
uygulanmasi agamasinda ise yiiz ylize gériisme teknigi
kullamlmistir  (Bag  2013).Calisma  verilerinin
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analizinde ise SPSS paket programi kullanmilmigtir
(SPSS, 2008). Popiilasyonun tanimlayici
istatistiklerinin belirlenmesi asamasinda, oransal
degerler (%) ile ortalamalardan, kullamilan veri
setlerinin yapilacak analizler acgisindan
giivenilirliginin tespitinde ise giivenilirlik analizinden
yararlamilmistir (Uzgéren 2012). Bu analiz, érneklemi
olusturan birimler tzerinden veri toplama amaciyla
gelistirilen ve 6l¢gme aracini olusturan ifadelerin, kendi
aralarinda tutarhlik gosterip gostermedigini test
etmek amaci ile kullanilmaktadir. Mevcut calismanin
amact ve kullanilan veri oOzellikleri dikkate
alindiginda, giivenilirlik analizi igin Cronbach Alpha
(@) yontemi tercih edilmistir. Cronbach Alpha (o)
katsayr degerinin  buytkligine gore; olgegin
guvenirliligi ve i¢ tutarliligr 0.60<a<0.70 arasinda ise
Olcek yeterli giuvenirlik diizeyine sahip, 0.70<a<0.90
arasinda ise yuksek giivenilirlik diizeyine sahip ve
a>0.90 i1se ¢ok yuksek giivenilirlik diizeyine sahip
olarak yorumlanmaktadir (Ural ve Kilic 2006,
Nakiboglu 2007, Ozdamar 2013). Koyun yetistiriciligi
yapan Ureticilerin damizlik se¢imi kriterlerinin ve siit
sagiminda dikkat edilmesi gereken uygulamalarinin
belirlenmesi asamasinda 1ise likert oOlgeginden
yararlanilmistir. Bu o6lgek, bireyin kendisi hakkinda
bilgi vermesi esasina dayanmakta olup bireylerin bir
konudaki davranis puanlarini belirlemeyi saglayan bir
yontemdir. Farkli sayida belirlenen secenekler sirali
bir bi¢cimde ardigik olarak dizilerek, dengeli ya da
sirall sayisal degerlerle puanlandirilir (Karagoz ve
Ekici 2004, Tavsancil 2014). Ayrica; bu calismada,
6lcekteki unsurlar arasinda karsilastirma yapmak ve
onlarin 6nem derecelerini belirlemek amaci ile mevcut
unsurlara agirlik verilmis ve agirliklar ise unsurlarin
yuzde degerleri ile ¢arpilarak toplanmasi neticesinde
skor degerler elde edilmistir (Everest ve Yercan 2016,
Ozsayin ve ark. 2018).

BULGULAR ve TARTISMA

Calismanin arastirma bulgularinda ilk olarak koyun
yetigtiriciligi yapan Ureticilerin  sosyo-ekonomik
yapisina deginilmistir. Sonrasinda ise onlarin
koyunculuk faaliyetine iligkin uygulamalarina yer
verilmigtir.

Ureticilerin Sosyo-Ekonomik Yapisi

Bitkisel ve hayvansal Uretim faaliyetlerinde bulunan
ureticiler i¢in yas kriterinin, onlarin iretim sonuglari
tuzerinde farklhi etkilere sahip oldugu bilinmektedir

(Koksal 2009). Ciinkii, f{ireticilerin yaslarindaki
degisime baglh olarak tercihlerinin de degismesi
beklenmektedir. Bu nedenle, dretici yasinin

belirlenmesinin igletme faaliyetleri agisindan 6nemli
oldugu soylenebilir. Caligmada, koyun yetistiriciligi
yapan ureticilerin %37.6’sinin 33-45 yas araliginda,
%29.6’s1n1n 46-59 yas araliginda, %23.2’sinin 60 yas ve
tizerinde ve %9.6’s1nin ise 20-32 yas araliginda oldugu
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belirlenmistir. Ureticilerin genel yas ortalamas1 ise
48.2 olarak bulunmustur. Bu sonucglara gore; ilgede
koyun yetistiriciligi yapan Ureticilerin  biyuk
¢ogunlugunun 33 ile 59 yag araliginda oldugu ifade
edilebilir. Koyunculuk faaliyetiyle ilgili daha o6nce
yuritilen baz1 c¢alismalarda, dreticilerin biyik
gogunlugunun 35 ile 50 yas araliginda oldugu
belirlenmistir (Dayan 2007, Boz ve ark. 2008,
Karakaya ve Kiziloglu 2014). Bu sonuclara gore;
arastirma alanindan elde edilen bulgular ile daha
onceki arastirma sonuclari arasinda oOnemli bir
farkliigin olmadigini ve treticilerin 6nemli bir
kisminin da orta yas ve Uzeri oldugunu séylemek
mimkiindir.

Egitim diizeyi, ureticilerin sosyo-ekonomik
durumlarmin ortaya konulmasinda etkili olan bir
faktordiir (Koksal 2009). Bu faktériin de kisilerin
tercihleri tizerinde olumlu ya da olumsuz etkilerinin
oldugu séylenebilir. Bu calismada, koyun yetistiriciligi
yapan ureticilerin  %47.2’sinin  ilkokul mezunu,
%23.2’sinin ortaokul mezunu, %20.8’inin lise mezunu,
%3.2’sinin yiiksekokul mezunu, %5.6’s1nin tiniversite
mezunu oldugu ve onlarin ortalama egitim sliresinin
ise 7.8 yil oldugu belirlenmistir. Dogu Akdeniz Bolgesi
ile Ardahan ve Nigde illerinde ytrutiulen calismalarda,
koyun yetigtiriciligi yapan ureticilerin %50'sinden
fazlasinin ilkokul mezunu oldugu saptanmistir (Boz ve
ark. 2008, Demir ve ark. 2015, Ceyhan ve ark. 2015).
Bu sonuclara gore; Gokgeada'da koyun yetistiriciligi
yapan TUreticilerden elde edilen bulgular ile daha
onceki arastirma sonuclarinin  benzer oldugu
soylenebilir. Sosyo-ekonomik yapinin iyilestirilmesi ve
giftci egitimlerinde bu durumun dikkate alinmasi
gerekmektedir.

Koyun yetistiriciligi yapan ureticilerin, %42.4iniin
hanehalki birey sayisinin 1-3 kisi arasinda oldugu,
%46.4inlin 4-6 kisi arasinda oldugu, %11.2’sinin ise 7
kisi ve tzerinde oldugu ve ortalama hanehalk:
biuyukliginin ise 4.2 kigi oldugu belirlenmigtir. Bu
sonuglara gore; ilgede koyun yetistiriciligi yapan
ureticilerin  buyik cogunlugunun kucik aile
igsletmelerinden olustugunu soéylemek mimkindiir.
Sanliurfa ve Bingdl illerinde yiirutilen ¢calismalarda,
yetigtiricilerin biyiik ¢ogunlugunun hanehalk: birey
sayisitmin = 4 kigiden fazla oldugu bildirilmistir
(Karakaya ve Kiziloglu 2014, Karadas 2017). Buna
gore; calismadan elde edilen bulgular ile daha 6nceki
arastirma sonuglarinin birbirine yakin oldugu,
iireticilerin ortalama hanehalk: biiyiikligiiniin (4.2
kisi) Tiirkiye ortalamasinin (3.4 kisi) biraz iizerinde
oldugu ifade edilebilir (TUIK, 2018).

Ilcede koyun yetistiriciligi yapan ireticilerin
%18.41ntlin 10 y1l ve altinda koyunculuk deneyiminin
oldugu, %31.2'sinin 11 ile 20 yil arasinda deneyimin
oldugu, %50.4"intn 20 yil ve lizerinde deneyiminin
oldugu ve onlarin ortalama deneyim siirelerinin 24 yil
oldugu belirlenmigtir. Koyun yetistiriciligi yapan
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ureticilerin 6nemli bir kisminin 20 yil ve Ulzerinde
deneyime sahip olmasi, onlarin gegim kaynagi olarak
koyunculuk faaliyetini 6nemsediklerinin bir géstergesi
olarak ifade edilebilir. Ardahan ilinde yurutilen bir
calismada, treticilerin 10.8 yildan beri koyunculuk
faaliyetinde bulundugu, Sanliurfa ilinde yurutilen bir
calismada ise bu siirenin 29 yil oldugu saptanmigtir
(Demir ve ark. 2015, Karadas 2017). Buna gore;
ilcedeki koyun yetigtiriciligi yapan {reticilerin
Ardahan ilindeki treticilerden koyunculuk faaliyeti ile
ilgili daha fazla deneyime sahip oldugu, Sanliurfa
ilindeki treticilerden ise daha az deneyime sahip
oldugu soylenebilir.

Koyun yetistiriciligi yapan fireticilerin hayvancilik
faaliyetinden elde ettikleri gelirler, en yiuksek orandan
en dusiik orana dogru siralandiginda; bu oranlar
%30.4 (20.001TL-30.000TL), %24.0 (30.001TL-
40.000TL), %12.8 (10.001TL-20.000TL), %11.2 (0-
10.000TL ve 40.001TL-50.000TL) ve %10.4 (=50.001)
olarak belirlenmigtir. Bu sonuglara goére; koyun
yetistiriciligi yapan ureticilerin hayvancilik
faaliyetinden elde ettikleri gelir diizeyinin oransal
olarak en fazla 20.001TL-30.000TL arasinda (%30.4)
oldugu, en diisiik ise 50.001TL ve iizerinde (%10.4)
oldugu ifade edilebilir. Buna gore; ilcedeki mevcut
yetigtiricilerin biiyiik cogunlugunun (%50.4) orta gelir
ve lizerinde oldugu soylenebilir.

Kirsal alanda yasayan ureticilerin yapmis olduklari
faaliyet alanlar1 ile ilgili oOrgitlenme egiliminde
olmalar1 ayr1 bir 6nem tagimaktadir. Clinkd, tarimsal
faaliyetlerle ugrasanlarin sermaye birikimlerini ve
ekonomik yetersizliklerini dengelemek i¢in bir destek
olusturmak adina bir araya gelme mecburiyetleri
ortaya cikabilir. Kirsal alandaki bu birlesmeler,
genelde kooperatifcilik seklinde kendini
gostermektedir (Akin  2008). Ilgedeki iireticilerin
kooperatiflere tiye olma durumlar: incelendiginde;
%52.8'1inin kooperatiflere tiye oldugu ve %47.2’sinin
uye olmadig1 belirlenmigtir. Ayrica, bazi1 treticilerin
tarim kredi kooperatifine (%40.8) ve damizlik koyun
keci yetistiriciler birligine (%11.2) iye olduklar:,
bazilarinin ise birden fazla kooperatife (%0.8) iiye
olduklar saptanmigtir. Bu sonuglara gore; Ureticilerin
cesitli girdilerini degisik yerlerden temin etme
egiliminde olduklar1 séylenebilir. Ardahan (%74.2) ve
Bingsl (%58) illerinde yiiriitillen calismalarda
ureticilerin biiyik c¢ogunlugunun kooperatiflere tiye
oldugu, Dogu Akdeniz Bolgesinde yiritilen bir
calismada ise ureticilerin %25’inin kooperatiflere tiye
oldugu belirlenmistir (Boz ve ark. 2008, Karakaya ve
Kiziloglu 2014, Demir ve ark. 2015). Buna gore;
ilcedeki treticilerin Ardahan ve Bingdl illerindeki
ureticilere gore kooperatiflere liye olma olasiliklarinin
daha dusiik oldugu, Dogu Akdeniz Bélgesindeki
ureticilere gore ise daha fazla oldugu ifade edilebilir.
Bu sonuglar, kirsal alanda o6rgiitlenme kavraminin
halen daha O©neminin yeterince anlagilamamig
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olmasinin bir gostergesi olarak yorumlanabilir. Bu
nedenle, ilcedeki kooperatiflerin treticilere yonelik

faaliyetlerinde daha etkin olmalar1 ve onlan
destekleyici uygulamalara yer vermeleri
gerekmektedir. Diger yandan koyun yetistiriciligi

yapan Ureticilerin damizlik koyun ve kegi yetistiricileri
birligine iiye olma oranlarinin neden daha disiik
oldugu da irdelenmelidir.

Calismada, koyun yetistiriciligi yapan ureticilerin
%44.8'1nin 25 dekardan fazla araziye sahip oldugu,
%39.2’sinin 25 dekardan az araziye sahip oldugu,
%16’sinin arazisinin olmadig1 ve sahip olunan milk
arazi miktarinin ise ortalama 33.2 dekar oldugu
belirlenmigtir. Dogu Akdeniz Bolgesinde yurutiilen bir
calismada, tureticilerin sahip oldugu milk arazi
miktar1 ortalama 40.6 dekardir (Boz ve ark. 2008).
Buna gore; ilgedeki dreticilerin Dogu Akdeniz
Bolgesindeki treticilere gore sahip oldugu miilk arazi
miktarinin daha disiik oldugu soéylenebilir. Bu
durumun, arastirma alaninin ada olmasindan dolay:
kaynaklanmis olabilecegi diigtintlebilir.

Koyun yetistiriciligi yapan ureticilerin %16.8'inin 20
bas ve altinda koyuna sahip oldugu, %32.8'inin 21 bas
ile 50 bag arasinda koyuna sahip oldugu, %50.4"iintin
50 bag ve lzeri koyuna sahip oldugu ve sahip olunan
koyun sayisinin da ortalama 90.2 bas olarak
belirlenmigtir. Dogu Akdeniz Bolgesinde yiiriitilen bir
¢alismada ortalama koyun sayisinin 82.4 bas oldugu,
Bingél ilinde yurutilen bir calismada ise koyun
sayisinin 51-200 bag arasinda oldugu agiklanmigtir
(Boz ve ark. 2008, Karakaya ve Kiziloglu 2014).Buna
gore; yetistiricilerin  koyun sayilar1 bakimindan
ilceden elde edilen bulgular ile daha 6nceki arastirma
sonuclarinin birbirine yakin oldugu ifade edilebilir.
Verimli g¢aligan bir tarim igletmesinde toplam
sermayenin en az %25inin hayvan sermayesinden
olusmas1 beklenmektedir (Akin 2008). Ayrica, hayvan
sermayesinin igletme verimini arttirmadaki rolinin
yanisira surekli nakit akis1 saglayabilen bir faydasi da
bulunmaktadir. Bu durumda; ilgede koyunculuk
faaliyeti 1le wugrasan ureticilerin  hayvancilik
yapmayan ureticilere nazaran daha avantajli oldugu
soylenebilir.

Koyun yetistiriciligi yapan tureticilerin %64Uintin
kiltir irkt hayvana sahip oldugu ve %36'sinin ise
kiltir irki hayvana sahip olmadigi belirlenmigtir.
Dogu Akdeniz Bolgesinde yiiriitilen bir ¢aligmada
yetigtiricilerin sadece %5'inin kiiltir irki hayvana
sahip oldugu, Yozgat ilinde yiriitilen bir ¢alismada
yetigtiricilerin biiyiik gogunlugunun yerli irk: hayvana
sahip oldugu saptanmistir (Boz ve ark. 2008, Tamer ve
Sariézkan, 2017). Bu sonuclara gére; ilcede
koyunculuk yapan yetistiricilerin kiltir irki hayvan
sayisitmin Dogu Akdeniz Boélgesindeki yetistiricilere
gore oldukc¢a fazla oldugu ancak Yozgat ilindeki
yetistiricilerin ise daha ¢ok yerli irk hayvanlara sahip
oldugu soylenebilir.
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Ureticilerin Koyunculuk Faaliyetiyle Ilgili Baz
Uygulamalari

Koyun yetigtiriciligi yapan treticilerin  biyuk
cogunlugu (%44.8) hayvanlarinin hastalik
kontrollerini veteriner hekimler yoluyla giinliik olarak
yaptirirken, %2.414  bu  kontrollerini  yilhik

olarak,%32'si ise sadece hayvanlarinin hasta oldugunu
fark edince yaptirmaktadirlar (Cizelge 1). Van ilinde
yuritilen bir ¢aligmada, yetistiricilerin %52.6'sinin
hayvanlarinin saghk sorunu ile karsilagtigini fark
edince veteriner hekime bagvurdugu, Dogu Akdeniz
Bolgesinde ise bu kontrollerin en fazla yillik olarak
yapildig1 belirlenmistir (Boz ve ark. 2008, Karakus ve
Akkol, 2013). Buna gore; ilcedeki yetistiricilerin
hayvan hastaliklar:1 ile ilgili kontrollere verdikleri
6nemin, Van 1ili ve Dogu Akdeniz Boélgesindeki
yetistiricilerden daha fazla oldugu s6ylenebilir. Ayrica,
ureticilerin hayvan hastaliklarinin énemi konusunda
bilgi sahibi olduklar: ve hastalik kontrollerinde erken
teshisin  bu  hastaliklarin  diger hayvanlara
yayilmasinin onlenmesi asamasinda o6nemli rol
oynadiginin bilincinde olduklar1 séylenebilir.

Koyun yetistiriciligi yapan treticilerin  gilibre
degerlendirme sekilleri incelendiginde; %92.8'inin
glbreyi kendi arazisine attig1 saptanmistir. Ardahan,
Karaman ve Yozgat illerindeki yetigtiriciler ile Dogu
Akdeniz Bolgesindeki yetistiriciler giibrelerinin
onemli bir kismini kendi arazisinde kullanmakta,
geriye kalan fazla kismi da ya satmakta ya da yakacak
olarak degerlendirmektedir (Boz ve ark. 2008, Sahinli
2014, Demir ve ark. 2015; Tamer ve Saribzkan, 2017).
Van ilinde yurutiilen bir calismada ise yetigtiricilerin
onemli bir kismi1 (%44.6) giibrelerini yakacak olarak
degerlendirmektedir (Karakus ve Akkol, 2013). Bu
sonuclara gore; ilcedeki yetistiriciler ile Ardahan,
Karaman, Yozgat illeri ve Dogu Akdeniz Bélgesindeki
yetistiricilerin énemli bir kisminin giibrelerini kendi
arazilerinde degerlendirme isteklerinin daha yiiksek
olmasindan dolay1 onlarin giibrelerini degerlendirme
sekilleri bakimindan benzerlik gosterdigi soylenebilir.
Koyun yetistiriciligi yapan tireticilerin uyguladigi kog
katimi, kuzu buylutme, koyun otlatma ve sagim
yontemleri incelendiginde; %77.6'sinin hayvanlarina
serbest usulde agim yoénetimin kullandigi, %93.6'sinin
kuzular i¢in dogal biyltme yoéntemini kullandig,
tireticilerin  6nemli bir kisminin (%61.6) ise
hayvanlarini ¢obansiz olarak otlattigi, %52.8'inin elle
sagim yaptig1 ve ureticilerin %54.4'intlin ise sUtini
satmadigl belirlenmigtir. Van, Izmir, Artvin, Konya
illerinde ve Dogu Akdeniz Boélgesinde yiritiilen
caligmalarda igletmelerin nerdeyse tamaminin serbest
agim yaptig1 saptanmistir (Direk ve ark. 2000; Aydin
ve Dellal, 2001; Boz ve ark. 2008; Karakus ve Akkol,
2013; Kandemir ve ark. 2015). Koc¢ katim yéntemlerine
iligkin elde edilen sonucglardan, yetistiricilerin daha
¢ok geleneksel yontem ve uygulamalar: tercih ettikleri
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soylenebilir. Yozgat, Izmir illerinde ve Dogu Akdeniz
Bolgesinde yuritilen c¢alismalarda yetistiricilerin
biytk ¢ogunlugunun sagimi elle yaptigi
belirlenmigtir. Buna sonuglara g6- re yetistiricilerin
sagim kolaylig1 ve hijyeni acisindan makineli sagim
teknigine yonlendirilmelerinin gerekli ve O6nemli
oldugu dustintilmektedir.

Cizelge 1. Koyunculuk faaliyetiyle 1ilgili bazi
uygulamalar
Hastaliklar i¢in kontrol sikhign ~ Say: %
Glinlik 56 44.8
Haftalhk 5 4.0
Ayhk 17 13.6
Mevsimlik 4 3.2
Yillik 3 2.4
Hasta oldugunu fark edince 40 32.0
Toplam 125 100.0
Giibrenin degerlendirilme sekli  Say1 %
Giibre kullanmiyor 5 4
Kendi arazisine atiyor 116 92.8
Satiyor 1 0.8
Kendi arazisine atiyor + 3 2.4
satiyor
Toplam 125 100.0
Uygulanan kog¢ katim yontemleri Say: %
Elde asim 11 8.8
Sinif usuli agim 17 13.6
Serbest agim 97 77.6
Toplam 125 100.0
Kuzu biiytitme yéntemleri Say1 %
Dogal biiytitme 117 93.6
Erken siitten kesme 7 5.6
Kalinta siitle besleme 1 0.8
Toplam 125 100.0
Koyun otlatma yontemleri Sayi %
Cobanla otlatma 48 38.4
Cobansiz otlatma 77 61.6
Toplam 125 100.0
Sagim yontemleri Say1 %
Suti sagmiyor 52 41.6
Elle sagim 66 52.8
Makine ile sagim 5 4.0
Her ikisi 2 1.6
Toplam 125 100.0
Sagilan siitin satilma siklign ~ Say %
Stti satmiyor 68 54.4
Her giin satiyor 16 12.8
Iki-ti¢ giinde bir satiyor 12 9.6
Haftada bir satiyor 9 7.2
Suti peynir yaparak satiyor 20 16.0
Toplam 125 100.0
Hayvancihik faaliyetinde, teknik ve ekonomik

konularla ilgili kayit tutulmasi igletme faaliyetlerinin
surdurulebilirligi agisindan oldukg¢a 6nemlidir. Ayrica,
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kayit tutma islemleri isletme planlarina gerekli
verileri saglamada c¢esith katkilar sunmaktadir
(Karagolge 1996). Ilgedeki iireticilerin 6nemli bir
kisminin (%60) siirtiden cikarilan hayvanlara iliskin
kayit tuttuklar: belirlenmistir. Bunu ise sirasiyla agim
tarihi, koyun ve kogun adi ve numaralarinin kaydi, kog
katim zamani kaydi, dogan hayvanlarin dogum tarihi,
dogum sekli ve tipi, hastaliklarla ilgili, yemleme ile
1lgili, koyunlarin siit miktari, siitteki yag, protein ve
kuru madde miktar1 izlemektedir (Cizelge 2). Buna
gore; koyun yetistiriciligi yapan ureticilerin biiyiik
¢ogunlugunun siriden c¢ikarilan hayvanlara iligkin
kayit tuttugu ancak koyunculuk faaliyeti ile ilgili diger
uygulamalar konusunda kayit tutma egilimlerinin
oldukca dusik oldugu gorulmektedir. Bu nedenle,

ilcedeki Ttreticilere igletmelerde, koyunculuk i¢in
tutulmasi  gerekli olan kayitlarin  dneminin
anlatilarak, onlarin bu yoéndeki egilimlerinin

arttirilmasimin  gerekli oldugu dustunilmektedir.
Karaman ilinde yiriitiilen bir ¢aligmada, treticilerin
yarisindan fazlasinin koyunculuk faaliyeti ile ilgili
kayitlar: tutmadigr belirlenmistir (Sahinli 2014). Bu
sonuclara gore; ilcedeki tureticilerden elde edilen
sonuclar ile Karaman ilindeki treticilerden elde edilen
bulgular arasinda benzerlik oldugu ifade edilebilir. Bu
durumdan hareketle; koyun yetistiriciligi yapan
ureticilerin, bu faaliyetlerinin strdirulebilirligi
acisindan kayit tutma egilimlerinin arttirilmasinin
olduk¢a 6nemli oldugu soylenebilir.

Cizelge 2. Ureticilerin koyunculuk faaliyetinde kayit tutma durumu

Kayit Tutma Say1 %
Dogan hayvanlarin dogum tarihi, dogum sekli ve tipi Tutuyor 37 100.0
Tutmuyor 88 100.0
Ko¢ Katim tarihi, koyun ve kogun adi ve numaralari Tutuyor 51 100.0
Tutmuyor 74 100.0
Striden gikarilan hayvanlara ait kayitlar Tutuyor 60 100.0
Tutmuyor 65 100.0
Koyunlarin siit miktari Tutuyor 10 100.0
Tutmuyor 115 100.0
Stutteki yag, protein ve kuru madde miktar: Tutuyor 3 100.0
Tutmuyor 122 100.0
Asilama zamanlar Tutuyor 42 100.0
Tutmuyor 83 100.0
Hastaliklar ile ilgili Tutuyor 37 100.0
Tutmuyor 88 100.0
Yemleme ile ilgili Tutuyor 23 100.0
Tutmuyor 102 100.0
Koyun yetigtiriciligi yapan {reticilerin damizhik veya kesinlikle katildigi, az sayida lreticinin ise bu
seciminde dikkat ettikler:i faktorleri likert oOlgegi ifadeler icin kararsiz oldugu ve bu ifadelere
yardimi1 ile belirlemeden o6nce verilerin istatistiki katilmadign ~ saptanmagtir. "Hayvanmin  fiziksel

analizlere uygunlugunu o6l¢gmek i¢in belirlenen 8
ifadenin giivenilirlik analizi yapilmigtir. Bu analiz
sonuglarina gore; Cronbach Alpha glvenilirlik
katsayis1 0.838 olarak bulunmustur.Buna gore; 8
ifadeli 6lgegin calismaya uygun ve "yiiksek giivenilirlik
diizeyine sahip" oldugunu soéylemek mimkindir.
Ayrica; Hotelling 7% testine gore, soru ortalamalari
arasindaki fark ise istatistiksel olarak anlamh
bulunmustur (54.512 ; p=0.000)(Cizelge 3).Arastirma
sonuglara gore; koyun yetistiriciligi yapan ureticilerin
%17.6'sitnin - "hayvanin 1rk o6zelliklerini yeterince
tasiyip tasimadigina bakarim" ifadesine kesinlikle
katildigi, %68.8'"inin katildigi, %10.4'intin katilmadig:
ve %3.2'sinin ise kararsiz oldugu belirlenmistir. Bu
durum, treticilerin koyun se¢iminde 1rk o6zellikleri
bakimindan bilgi sahibi olduklarinin bir gdstergesi
olarak yorumlanabilir. "Hayvanin hastalik veya
anatomik bozukluk olup olmamasina bakarim" ifadesi
ile "hayvanin d6l veriminin yiiksek olmasina bakarim"
ifadesine treticilerin bluytk c¢ogunlugunun katildig:
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ozelliklerine bakarim" ifadesine tireticilerin énemli bir
kism1 (%78.4) kesinlikle katildigini ifade etmistir.
"Hayvanin slit verimine bakarim" ifadesine
ureticilerin  %76.8'inin  katildign veya kesinlikle
katildig1 saptanmastir. "Hayvanin biiyiime hizina
bakarim" ifadesine ureticilerin %66.4'intin kesinlikle
katildigi, %15.2'sinin  katildigi, %4'iniin kararsiz
oldugu ve %14.4'inln ise katilmadig1 belirlenmistir.
"Hayvanin kuzu verimine bakarim" ifadesine
ureticilerin %76.0'inin kesinlikle katildigi, %18.4inlin
katildig1, az sayida ireticinin ise bu ifadeler igin
kararsiz oldugu ve bu ifadelere katilmadig:
saptanmigtir. "Hayvanin hastaliklara kars1 direncine

bakarim"  ifadesine ise  Ureticilerin  biyik
¢ogunlugunun katildigi veya kesinlikle katildigi
belirlenmigtir. Yukarida agiklanan 8 ifadeye

ureticilerin biiyiik ¢ogunlugunun katilmasi, onlarin
koyun sec¢iminde siirii yonetimi uygulamalarina,
hayvan bakimi ve saghg kurallarina 6nem
verdiklerinin bir gdstergesi olarak yorumlanabilir.
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Cizelge 3'deki likert skor hesaplamasi sonucglarina
gore; koyunculuk faaliyeti ile ugrasan treticiler
tarafindan damizlik se¢iminde dikkat edilen en 6nemli
faktérin "hayvanmin fiziksel 6zelliklerine bakarim"
ifadesine iligkin oldugu belirlenmigtir. Boz ve ark.
(2008) tarafindan Dogu Akdeniz Bélgesinde yiiriitiilen

Cizelge 3. Koyunculukta damizlik se¢imi

bir calismada koyunculukta damizlik segerken dikkate
allman en onemli faktériin hayvanin fiziksel
ozelliklerine iligkin oldugu belirlenmistir. Buna gore;
ilcedeki ve Dogu Akdeniz Boélgesindeki yetistiricilerin
damizlik se¢iminde en fazla hayvamin fiziksel
ozelliklerine 6nem verdigi ifade edilebilir.

£ g .
=
< & g 5 2 of .
_ : : ) o5 2 SR = 5 g
Damizlik se¢iminde dikkat edilen faktoérler TE g g 2 > i S =
a5 —= © = g2 = o
= 5 § 5 2 5
5 2 2 2 2B @ %
@ 2 (CVICY (6))
Hayvann} ik oOzelliklerini  yeterince  tasiyip 0 104 32 688 17.6 3936 (8
tagimadigina bakarim
Hayvanin hastalik veya anatomik bozukluk olup 0 40 16 320 624 4908 (5)
olmamasina bakarim
Hayvanin dél veriminin yiiksek olmasina bakarim 0 8.0 56 70.4 16.0 3944 (7)
Hayvanin fiziksel 6zelliklerine bakarim 0 4.8 24 144 784 466.4 (1
Hayvanin st verimine bakarim 0 20.0 3.2 16.0 60.8 4176 (6)
Hayvanin biylime hizina bakarim 0 14.4 40 152 66.4 4336 (4)
Hayvanin kuzu verimine bakarim 0 4.8 0.8 184 76.0 465.6 2
Hayvanin hastaliklara karsi direncine bakarim 0 7.2 1.6 192 720 456.0 (3)

Koyun yetistiriciligi yapan ureticilerin siit sagim ile
ilgili uygulamalarin likert 6lgegi ile belirlemeden 6nce
verilerin istatistiki analizlere uygunlugunu o6lgmek
icin ortaya konulan 4 ifadenin guvenilirlik analizi
yapilmistir.Bu analiz sonucglarina goére; Cronbach
Alpha  guivenilirlik  katsayis1  0.935 olarak

Cizelge 4. Siit sagiminda dikkat edilen uygulamalar

bulunmustur. Buna gore; 4 ifadeli 6lgegin ¢alismaya
uygun ve 'yiksek guvenilirlik duzeyine sahip"
oldugunu séylemek miumkiindir. Ayrica; Hotelling 7%
testine gore, soru ortalamalari arasindaki fark ise
istatistiksel olarak anlamli bulunmustur (52.970 ;
p=0.000) (Cizelge 4).

5 8

v > 2 § 8 O M

g £ N > S z
Uygulamalar 2 2 & £ i< 5

ygulamala .:03 % & g B ':"3 E’i E -c:w

=) ) b ) M 5 75 0

(1) (2) ® @ 6
Sagim oncesi meme temizliginin ve
dezenfeksiyonunun yapilmasi 44.8 8.8 0.8 6.4 39.2 286.4  (2)
Sagimcinin hijyen kurallarina uymasi 44.8 5.6 3.2 4.0 42.4 293.6 (1)
Sagim makinesinin temizliginin ve bakiminin 45.6 36.8 40 39 104 196.0 (4
yapilmasi
Sagim sonrasi meme temizligi ve dezenfeksiyonunun 44.0 94.8 9.4 9.4 96.4 242.4  (3)

yapilmasi

Arastirma sonuglara gore; koyun yetistiriciligi yapan
ureticilerin %44.8'inin "sagim 6ncesi meme temizligi
ve dezenfeksiyon uygulamasi" ile "sagimcinin hijyen

kurallarina uymasi" kurallarim kesinlikle
uygulamadigr saptanmigtir. "Sagim makinesinin
temizliginin ve bakiminin yapilmasi" kuralim

%45.6's1n1n kesinlikle uygulamadigi ve %10.4'tintlin ise
kesinlikle uyguladigi belirlenmistir."Sagim sonrasi

meme temizligi ve dezenfeksiyonunun yapilmasi"
kuralim ureticilerin %44"inin kesinlikle
uygulamadigi ve %26.4'liniin ise kesinlikle uyguladig:
belirlenmigtir. Cizelge 4'deki likert skor hesaplamasi
sonucglarina gore; koyunculuk faaliyeti ile ugrasan
ureticiler tarafindan sit sagiminda dikkat edilen en
onemli uygulamanin "sagimcinin hijyen kurallarina
uymas1" kuralina iliskin oldugu belirlenmigtir.
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Isletmeler acisindan siit sagiminda hijyen kurallarina
uyum olduk¢a 6nemlidir. Ancak, koyunculuk yapan
ureticilerin siit sagiminda dikkat etmeleri gereken
baz1 kurallara yeterince o6nem vermedikleri, bu
kurallarin uygulanmasinin 6nemi konusunda ise
yeterince bilgi sahibi olmadiklar1 ve bu konularda
ureticilere  c¢esitli  bilgilendirme toplantilarinin
yapilmasinin gerekli oldugu diigtintilmektedir.

SONUC ve ONERILER

Gokgeada ilgesinde koyunculuk faaliyeti ile ugrasan
ureticilerin 6nemli bir kismi 20 yil ve ftizerinde
deneyime sahiptir. Bu durum, onlarin ge¢im kaynagi
olarak  koyunculuk faaliyetini 6nemsediklerini
gbstermektedir. Ilcede bu faaliyetin gelistirilmesine
yonelik yapilacak uygulamalarin ise ilge ekonomisine
katkis1 acisindan o6nemli oldugu diistinulmektedir.
Ilcedeki iireticilerin yarisindan fazlasimin (%52.8)
kooperatiflere tiiye olmasi, onlarin bu yondeki
egilimlerinin yuksek oldugunu ancak yeteri kadar
kooperatifgilik bilincine sahip olmadiklarini
gostermektedir. Bu nedenle, ureticilerin
kooperatiflesme konusunda bilgilendirilmesinin ve
desteklenmesinin gerekli oldugu distinilmektedir.
Ilcedeki tireticilerin énemli bir kismi elle sagim
yontemini tercih etmektedir. Elle sagim yapan
ureticilerin sagim kolayligi ve hijyeni acisindan sit
sagim makinesi ile sagim uygulamalarina yonelik
bilgilendirme ve uygulama faaliyetlerinin
yapilmasinin  gerekli oldugu dustnilmektedir.
Ilcedeki iireticilerin kayit tutma egilimleri oldukca
disuktir. Bu nedenle, onlara isletmelerde kayit
tutmanin 6nemi anlatilarak, bu yondeki egilimlerinin
arttirnlmasinin ~ gerekli oldugu distnilmektedir.
Isletmeler agisindan sit sagiminda hijyen kurallarina
uyum oldukca 6nemlidir. Ancak, il¢edeki treticilerin
sit sagiminda dikkat edilmesi gereken kurallara
yeterince oO6nem vermedikleri gorilmektedir. Bu
nedenle, tireticilerin siit sagimi sirasinda uygulanmasi
gereken kurallarin onemi konusunda
bilgilendirilmeleri ve  onlarin  bu  kurallan
benimsemeleri yoninde desteklenmelerinin oldukca
onemli oldugu diistintilmektedir.
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ABSTRACT Research Article
The objective of this study is to determine the consumption behaviour
and factors affecting the consumption of bee products of consumers in Article History
Kahramanmaras. The main material of the study is the data obtained Received - 08.05.2019
from surveys conducted with 270 consumers living in Kahramanmaras = Accepted - 11.09.2019
city centre in 2018. Descriptive statistics, One-way ANOVA and t-test

Keywords

were used to analyse the data. According to the results, while 84.4% of
the consumers consume honey, the percentage of the consumers
consuming pollen and royal jelly are 7.8% and 1.5% respectively.

Bee products
Consumer behaviour

Moreover, 28.5% of the consumers stated that they consume honey I?Ionsumptlon
every day, whereas the share of the consumers consuming comb honey Tonlf Y
urkey

every day is 25.6%. In addition, most of the consumers prefer to buy
honey from producers and markets. According to the results, factors
affecting the amount of honey consumption are gender, income, the
number of individuals in the family and the condition of having
diabetes. On the other hand, marital status, age, and education level of
consumers were not found to be importand factors on the amount of
honey consumption.

Kahramanmarasg Ili Merkez IlgedeYagayan Tiiketicilerin Ar1 Uriinleri Tiiketim Davramsglar

OZET Aragtirma Makalesi
Bu c¢alismanin amaci Kahramanmaras ili Merkez ilgede yasayan
tiiketicilerin ar1 tiriinleri tiiketim durumlarim ve tiikketimlerinde etkili ~ Makale Tarihgesi
olan faktorleri belirlemektir. Arastirmanin ana materyalini 2018 Gelig Tarihi  :08.05.2019
yilinda Kahramanmaras kent merkezinde 270 tiiketici ile gortsiilen Kabul Tarihi :11.09.2019
anketlerden elde edilen veriler olusturmaktadir. Verilerin analizinde .

Anahtar Kelimeler

tanimlayica istatistikler, One-way ANOVA ve t testinden
yararlanilmistir. Arastirma sonuglarina gore tiketicilerin %84.4intin
bal, %7,781nin polen, %1.5’inin ar1 siitii ve polen tikettikleri tespit

Ar1 trtnleri
Tuketici davranmglar:

edilmistir. Ureticilerin %28.51 siizme bali, %25.6’s1 petek bali her giin ']I;ﬁ?etun
tikettiklerini, ar1 Urunlerini satin alirken de oncelikli olarak direkt ? .
Turkiye

uretici ve marketleri tercih ettiklerini belirtmislerdir. Sonuglara gore,
bal tiketim miktarini etkileyen faktorler, cinsiyet, gelir, ailedeki birey
sayisi ve seker hastasi olma durumudur. Diger yandan, medeni durum,
yas, egitim ve ¢ocuk sayilarinin bal tiikketim miktarinda etkili olmadig:
tespit edilmigtir.

To Cite : Aytop Y, Akbay C, Meral H 2019. Consumers Behavior Towards Bee Products Consumption in The Centre District of
Kahramanmaras Province. KSU Tarim ve Doga Derg 22(Ek Say1 2): 449-455. DOI: 10.18016/ksutarimdoga.vi.561320.

INTRODUCTION

The beekeeping activity can be called the most
dependent livestock activity due to the habits of honey
bees and their collecting raw materials from nature
(Kekegoglu et al., 2007). Although honey is the most
well-known product of the beekeeping activity, there
are also several bee products such as beeswax, pollen,
royal jelly, and propolis. In Turkey, there are around

83210 beekeepers, and they produce 144471 tonnes of
honey from 7991072 hives (TUIK, 2017a). Although
the name of honey products, which are very beneficial
regarding human health, are well known, the benefits
of honey products are not known well by consumers. It
is determined that pollen strengthens the immune
system, shows as an antibiotic effect against
microorganisms causing severe diseases and has
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antibacterial and antiviral properties. Beeswax 1is
mostly used to make honeycomb. It is also used in the
cosmetic and pharmaceutical industry, dye and
varnish production. Bees consume an average of 10-25
kg of honey to produce 1 kg of beeswax. When it comes
to Propolis, it is a sticky organic substance that has a
significant anti-viral, the anti-bacterial and anti-
fungal effect that bees collect from plant buds and
sprouts (Central Beekeeping Association, 2017). Honey
products, especially honey, are used in various areas
from food to cosmetics industry, and in recent years
they have been widely used in apitherapy in called
"treatment with honey bee products" (Baki et al.,
2017).

Though there are many studies concerning honey
consumption in Turkey (Boluktepe and Yilmaz, 2006;
Boluktepe and Yilmaz, 2008; Tunca et al., 2015; Baki
et al., 2017; Niyaz and Demirbag, 2017), and in other
countries (Arvanitoniyannis and Krystallis, 2006;
Pocol, 2011; Schifani et al., 2016), the number of
studies that examine the honey consumption
behaviour is limited. Boluktepe and Yilmaz (2006)
found that 49.6% of Turkish consumers prefer only
branded honey, while 42.9% consume prefer buying
both branded and local unbranded honey. Moreover, it
is determined that branded honey is purchased from
general stores or supermarkets while unbranded
honey is purchased from sellers in local bazaars or
directly from producers. Tunca et al. (2015) carried out
research in 11 provinces in Turkey. They found that
the percentage of consumers consuming 0-500 grams
of honey per month is around 40%. In addition, 51.2%
of consumers buy honey from beekeepers whom they
generally know, and 41% of consumers buy honey from
market and bazaar. The rate of the consumers who
found the advertisements on television as convincing
was determined as 5.9%. Consumers' levels of
knowledge about propolis, pollen, bee venom and royal
jelly were 28.2%, 22.9%, 56.8% and 23.3%,
respectively. Niyaz and Demirbas (2017) found that
consumers consumed an average of 315.35 gr liquid
honey and an average of 44.45 gr comb honey.
Moreover, the least known bee product by consumers
was bee venom, and consumers generally prefer to
purchase honey from beekeepers and Beekeepers
Association.

Schifani et al. (2016) and Nabwire et al. (2016) stated
that consumers prefer buying local honey and are
willing to pay more to local honey products. In
addition, according to Batt and Liu (2012), brand
reputation, the origin and the price of honey products
are the most important factors affecting consumers’
attitudes towards buying honey. Zavodna and Pospisi
(2016) found that the main reason why
Czechoslovakian consumers tend to buy bee products
is the benefit of honey products for human health.
Consumers generally prefer to buy bee products from
directly beekeepers because they have high quality.
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Kos Skubic et al. (2018) found that the price of products
is the most important factor affecting a consumer's
willingness to buy honey. Gyau et al. (2014)
determined that education and age are significant
factors affecting consumer decisions when purchasing
honey in terms of consumer characteristics.

The objective of the research is to analyse consumers’
honey bee products (beeswax, pollen, royal jelly and
propolis) consumption behaviours in Kahramanmaras
province of Turkey.

MATERIAL and METHODS

The main material of the study is the data obtained
from face to face interviews with the consumers living
in the central district of Kahramanmaras province in
January-March 2018. In the survey, the consumers
were questioned open-ended questions, close-ended
questions, and five-point Likert questions. The
proportional sampling method was used to determine
the sample size (n) (Newbold, 1995):

_ Np@— p)
Ogg\l —Do; +p@d—p)

where  Px is Variance of Ratio, N is population, pis
the ratio (in order to reach the maximum sample
volume, p = 0.5).

According to the Turkey Statistical Institution, the
population of the central district of Kahramanmaras
province is 63.2487 people (TUIK, 2017b). In this
context, the sample size was found to be 270 with a
90% confidence interval and a 5% error margin.
Descriptive statistics, One Way ANOVA and
Independent Sample t-test were used to analyse the
data.

RESULTS and DISCUSSION

Results show that 58.5% of consumers are male, the
average age of consumers is 41.3 years, and average
education of consumers is 8.7 years (Table 1). While
32.96% of consumers work in the private sector,
22.22% of them were self-employed.

Moreover, the majority of the consumers (84.07%) were
born in Kahramanmaras, an average number of
individuals living in the household is 4.11 people, and
the average number of children living in the household
is 2.44.

However, the average number of people working from
household is 1.43. The household average monthly
income is 700.11 $, and the monthly expenditure on
food is 160.54$. The share of honey expenditure on
total food expenditure is around 3.3%.

Table 2 gives information about the preferences of
consumers in honey consumption and the amount of
honey consumed. The majority of respondents (84%)
consume honey. While the percentage of the consumers
consuming liquid honey was found 61.11%, the ratio of
responders consuming comb honey was 53.33%.
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Table 1. Socio-demographic characteristics of consumers

Moreover, the rate of those consuming both liquid and
comb honey was 30.40%. Similar to the results of the
study, Sayili (2013) found that 86.76% of the
consumers consume liquid honey, and 74.63% of
consumers consume comb honey in Tokat province.

It is found that the average amount of liquid honey
consumed per year by responders is 499.19 gr year’l,
whereas the average amount of comb honey
consumption is 432.99 gr year!.

The amount of the annual consumption of honey per
person is 923.18 gr. In another study, Baki et al. (2017)
found that annual per capita honey consumption is
1.565 kg, and approximately half of this honey
consumption is composed of pine honey. On the other
hand, Niyaz and Demirbas (2017) found that
consumers living in Canakkale province consume comb
honey around 44.35 gr month'and liquid honey about
315.35 gr month'!. Schifani et al. (2016) found that the
percentage of responders consuming honey rarely is
around 29%, whereas the proportion of responders
consuming honey every day is about 18%. In another
study, Arvanitoyannis and Krystallis (2006) stated
that although Romania is the third biggest honey
suppliers in the world, the annual per capita honey
consumption is between 100-150 gr. Furthermore, a
similar result found in Bulgaria, the yearly per capita
honey consumption is between 400-500 gr (Nikolov,
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Demographic Number of Percentage | Demographic Number | Percentage
Characteristics people (%) Characteristics of people (%)
Age (year) Income ($)

<30 71 26.30 <512 104 38.52

31-50 128 47.41 513-1026 125 46.30

>51 71 26.30 >1027 41 15.19

Total 270 100.00 Total 270 100.00
Gender Marital status

Female 112 41.48 Single 61 22.59

Male 158 58.52 Married 209 77.41

Total 270 100.00 Total 270 100.00
Number of people working in the household Occupation

<1 171 63.33 Civil servant 23 8.52

2 76 28.15 Private sector 89 32.96

>3 23 8.52 Retired 23 8.52

Total 270 100.00 Self-employment 60 22.22
Education level (year) Housewife + non-working 44 16.30

<5 108 40.00 Farmers 18 6.67

6-8 43 15.93 Others 13 4.81

9-12 66 24.44 Total 270 100.00

>13 53 19.63 Hometown

Total 270 100.00 Kahramanmaras 227 84.07
Number of members in the household Other 43 3.33

<3 97 35.93 Total 270 100.00

4-5 131 48.52

>6 42 15.56

Total 270 100.00

2005).

Consumers spend an average 42.08 $ per year on liquid
honey, while they spend an average 22.34 $ on comb
honey. The share of liquid and comb honey in annual
food expenditure are 3.15% and 1.67%, respectively.
The consumption of royal jelly and propolis, which are
the other honey products of the consumers, is quite
low. The average annual consumption of pollen, royal
jelly, and the propolis are 34.74 gr year'l, 12.37 gr year
Land 12.96 gr year'1, respectively. In another study,
Niyaz and Demirbas (2017) found that the responders
consume 14.87 gr pollen, 3.52 gr propolis, 0.98 gr royal
jelly per month. In addition, the most commonly
consumed bee product is honey, whereas the
consumption frequency of other bee products was quite
low.

The percentage of responders consuming liquid honey
several times a week is around 29, while whereas
22.22% of the consumers stated that they did not
consume liquid honey in Table 3. Moreover, while the
percentage of responders consuming comb honey every
day is 25.56%, the percentage of those who consume
comb honey a few times in a week is 20%, and the rate
of those who do not consume comb honey is 46.67%. In
addition, the proportion of responders consuming
pollen every day is only 0.74%. Niyaz and Demirbag
(2017) found that 34% of consumers always consumed
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honey, while the majority of the consumers never
consumed other bee products. Klickovic et al. (2017)
found that 47% of consumers consume honey several
times a week. On the other hand, the percentage of
respondents who consume honey very rarely is 12%. In

another study, the frequency of honey consumption
was asked to young people, the percentage of
respondents who consume honey every day is around
11%, while the percentage of responders who consume
honey occasionally is about 55% (Zak, 2017).

Table 2. Consumers honey consumption decision and amount of consumption

Consumption (%) Amount of consumption Expenditure
-1
Consume Not Househ(?ld 8 | g4 Dev. Per perSf)n gr ($ year?)
consume year’! year’!
Liquid honey 61.11 38.89 2051.67 |2761.991 499.19 42.08
Combhoney 53.33 46.67 1742.59 |2520.725 423.99 22.34
Total . 84.44 | 15.56 3794.26 | 3706.52 923.18 64.43
honeyconsumption
Pollen 7.78 92.22 34.74 194.699 8.45 0.71
Royaljelly 1.48 98.52 12.37 183.417 3.01 19.03
Propolis 1.48 98.52 12.96 183.366 3.15 2.49
Table 3.The frequency of consumption of bee products
Liquid honey Comb honey Pollen Royal jelly Propolis

Number | Ratio | Number |Ratio| Number | Ratio | Number | Ratio | Number |Ratio

of people (%) of people | (%) | of people | (%) |of people | (%) | of people | (%)
Don't consume 105 38.89 126 |46.67 249 92.22 266 98.52 266 |98.52
Every day 77 28.52 69 |25.56 2 0.74 0 0.00 0| 0.00
Several times 60 22.22 54 120.00 5 1.85 1 0.37 1| 0.37
a week
Once a week 9 3.33 3.33 0.74 1 0.37 1| 0.37
Several times 10 3.70 1.85 1.85 1 0.37 1| 0.37
a month
Rarely 9 3.33 7 2.59 7 2.59 1 0.37 1| 0.37
Total 270 100.00 270 100.00 270 [100.00 270 [100.00 270 100.00

Consumers generally prefer to buy honey products
from the beekeepers (Table 4). While the majority of
consumer (50.91%) buy the honey directly from the
producer, the percentage of the consumers who buy
honey from the supermarket is 46.67%. The rest of
responders (2.42%) buy honey from the specialised
honey shops.

As for comb honey, the percentage of responders
buying comb honey from the producer is 61.81%, while
the percentage of responders buying comb honey from
the supermarket is 5.55%. Niyaz and Demirbasg (2017)
found that producer and the Bee Growers Association
are the most common channel preferred by consumers
to buy honey. Béliiktepe and Yilmaz (2006) found that
branded honey is mostly bought from markets and
supermarkets, while unbranded honey is mostly
bought from local suppliers and producers.

According to the survey conducted in the province of
Tokat, 63.98% of responders consuming liquid honey
and 71.92% of responders consuming comb honey
prefer to buy honey from beekeepers. The proportion of
consumers buying pollen, royal jelly and propolis from
the sales centre 1s 9.52%, 25%, and 50%, respectively.

452

Schifani et al. (2016) stated that consumers tend to buy
local honey instead of buying honey produced in
another country. The main reason for this is that
consumers believe that purchasing honey of local
origin have a positive effect on the economy of rural,

which means it helps to increase sustainable
entrepreneurship.
When it comes to preferred package type by

consumers, 79.4% of respondents buying liquid honey
prefer a glass jar, and 81.97% of responders buying
comb honey prefer the wooden box. Moreover, the
majority of responders (76.22%) buying pollen prefers
a glass jar and all consumers buying royal jelly prefer
a glass jar (Table 5).

Giirer and Akyol (2018) found that glass jars (64.3%)
are the most preferred by consumers, while plastic
packages are the least preferred (2.4%) by consumers
in the purchase of honey in Nigde province.

The socio-demographic characteristics of the
consumers were analysed by using One Way ANOVA
and Independent Samples T-test (Table 6). According
to the results of the T-test, it is found that there is a
statistically significant difference between the gender
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(p<0,10), the condition of having diabetes (p <0,05) and
the amount of honey consumption. It is found that
male consume honey more than female. On the other
hand, Bianca (2011) found that the frequency of honey
consumption among woman living in Romania is

Table 4. Bee products purchased places (%)

higher than that of man. When it comes to diabetes,
consumers having diabetes consume less honey than
consumers not having diabetes. On the other hand,
Arani et al. (2018) stated that probiotic honey has a
beneficial effect on people who have diabetes.

Liquid honey Comb honey Pollen
Direct producer 50.91 61.81 61.90
Specialised honey shops 2.42 5.55 9.52
Market-supermarket 46.67 33.33 38.10
Grocer, bazaar and others 5.02 0,76 0.00
Table 5. A preferred package type of bee products (%)
Liquid honey Comb honey Pollen
Plastic box 15.15 17.36 14.27
Glass jar 79.40 0.00 76.22
Tin box 5.45 2.78 4.76
Wooden box 2.42 81.97 0.00
Bag / Paper 0.61 0.71 4.76
According to the result of F test, it is found that there CONCLUSION
are two statistically significant variables (p<0,10) The objective of this study is to analyse the consumers’
which are the number of individuals in the family (p honey bee products consumption decision in

<0,05) and income (p<0,10). In this context, it was
determined that the amount of honey consumption
increase when income and the number of individuals
in the family increase. Erdogan (2013) found that there
1s a statistically significant difference between income
and honey consumption among stuff working at Afyon
Kocatepe University. There is a positive relationship
between income and the amount of honey
consumption, which means the amount of honey
consumption increased when the income of consumers
increased. Tunca et al. (2015) carried out research in
various provinces of Turkey and found that there is a
statistically significant difference between income and
the consumption of honey. According to Schifani et al.
(2016), income is a significant factor affecting
consumer consumption behaviour in local honey, and
it is supported by Bianca (2011). He stated that people
having low income consume less honey than people
having a high income. Furthermore, Roman et al.
(2013) found that there is a positive correlation
between the level of income and the amount of honey
consumption among consumers living in Poland. As for
household size, Ismaiel et al., (2014) found that there
is a negative correlation between household size and
the amount of honey consumption, which means per
capita honey consumption decreases when the
household size increases. On the other hand, marital
status, age, education and the number of children in
the household do not have an impact on honey
consumption.
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Kahramanmaras province of Turkey. According to the
results, the most commonly consumed honey bee
products is honey. The other honey bee products such
as propolis, pollen and royal jelly are not consumed
very much because of insufficient knowledge about
these products. In particular, the consumption of
propolis and royal jelly, which have a significant
contribution to the immune system, can be increased
through public and consumer awareness.

The honey that people consume to heal is
unfortunately produced under the counter, and it has
been sold on the market. Fake honey is produced in
various ways, such as by feeding honey bees with sugar
syrups instead of nectar or secretion then producing
honey from these syrups or directly adding sugar
syrups to honey. (Mutlu et al., 2017). This kind of fake
honey affects people health adversely. It is difficult to
figure out the difference between fake and real honey
for the consumers. Therefore, consumers should be
raised awareness about between fake and real honey
by the Ministry of Agriculture and Forestry and the
Turkish Association of Beekeepers. In addition, a
public service announcement should publish to enable
consumers to distinguish fake honey and to consume
real honey.

Consumers do not prefer purchasing honey bee
products over the internet as fake honey is sold to
consumers especially via internet and telephone. The
rate of consumers buying from the bee products sales
centre is also very low. Research results show that
honey producers and sellers can further increase their
income from honey sales if they benefit from market
segmentation according to consumer preferences.
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Table 6. Socio-demographic characteristics of consumers affecting honey consumption

Test- value
N Mean Std. Error (p-value)
Gender
Female 112 3335.27 301.263 -1.787
Male 158 4119.62 319.168 (0.075)
Marital status
Single 61 3367.21 500.397 -0.985
Married 209 3918.90 252.188 (0.327)
Age
0-30 71 3470.42 447.296
0.455
31-50 128 3826.95 335.279
(0.635)
51 and above 71 4059.15 416.291
Education (year)
0-5 108 3461.11 356.920
6-8 43 3779.07 526.239 0.623
9-12 66 3971.97 432.438 (0.601)
>13 53 4264.15 569.960
Household income
<512 $ 104 2995.19 276.802
513-1026 $ 125 3859.60 334.373 7.796
(0.010)
>1027 $ 41 5621.95 756.263
Household size
1-3 97 3006.19 301.684
45 131 4100.00 349.824 3.866
(0.022)
>6 42 4660.71 619.082
The number of children
0-1 79 3236.71 356.619
2-3 131 3883.21 326.513 LETE
>4 60 4334.17 545.465 (0.209)
Total 270 3794.26 225.571
The condition of having diabetes
No 243 3980.86 242.709
Yes 27 2114.81 457.370 6.280
(0.013)
Total 270 3794.26 225.571
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ABSTRACT
Orchards can generate financial benefits and are thus capable of
alleviating poverty and food insecurity. It is important to broaden and
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INTRODUCTION

Orchards are permanent crops whose benefits can be
exploited for many years. They are common sights in
rural communities in Nigeria ranging from a few
stands to plantation sizes. Economically valuable ones
in this region include; Avocado pear (Persea
americana), mango (Mangifera indica), coconut (Cocos
nucifera), orange (Citrus sinensis), ogbono (Irvingia
gabonensis), cocoa (Theobroma cacao) and pepper fruit
(Dennettia tripetala). Economically valuable in this
context is defined as having power to generate income
owing to steady demand for that commodity. Studies
have shown that some of these orchards not only
improve nutrition and boost food supply, they also
enhance economic conditions of farmers especially in
rural areas and bring in needed cash for sustainable
development. Marketing and processing of orchard
fruits could provide employment and source of income
for a good number of rural people and very relevant in
poverty reduction (Achoja, 2013; Oladipo, 2008). There
are indications from related literatures that orchards
are important components of rural economic system

and environment. The volume of the tree fruitssold by
fruits marketers in market places, the bulk of which
comes from the rural environment is an indication that
these tree crops have income generating potentials and
deserve a documented study (Chukwuji, et al 2001).

However, the continued increase of poverty and food
insecurity levels in the rural economic system have not
been linked to the potentials of orchards ownership
especially in the emerging economic reality conditions
that envelop agricultural production. In spite of being
common features in Nigerian environment, orchards
have received less attention in poverty studies. A need
therefore arises for this gap to be filled.

It is argued that in order to reduce poverty or increase
household income, it is fundamental that economic
policies be directed at strategies that promote rapid
rural economic growth (Bigsten et al, 2003; Amalu
2005). It becomes pertinent to find out if orchards
through its direct and indirect effects have the
potential to influence poverty alleviation in Nigeria.

There are arguments that job creation through
orchards plantation are irregular and therefore cannot



KSU J. Agric Nat 22(Suppl 2): 456-464, 2019

Arastirma Makalesi/Research Article

sustain livelihood development (Mayers, 2006). The
need to dispute, accept or modify this assertion is of
relevance to this study. Deepening our understanding
on poverty alleviating potential of orchards could
unfold some variables that correlate with orchards
ownership. There is need to identify factors that
motivate farmers to consider orchards as alternative
source of income and employment. A clear
understanding of such factors is important in
formulating policies to develop the tree crop sector of
economy.

Inadequate information has also been published about
the multiplier effects (chain reaction) of orchards in
rural economy through the owners of plantation
(producers) and marketers of orchards products.

With food security being an important indicator of
welfare of every rural household, it becomes necessary
to bring to the limelight the positive relationship
between orchards ownership and food security.

Orchards have a lot of untapped potentials with
regards to poverty alleviation. Households in the study
area are faced with the problem of making ends meet.
The study wishes to postulate a concept first of its kind
where rural households can make substantial ends
meet from owning orchards thereby checkmating rural
poverty. According to Chukwuji, et al.(2001) the fact
that some of these trees do not exist by deliberate act
of propagation by rural dwellers but by accident and
unintended human activities relegate them to the
background of unfocused economic attention. Hence,
the information gap with regards to multiplier effects
of orchards products on rural economy as well as the
usefulness of orchards in addressing food security and
poverty alleviation among households and climate
change mitigation will be filled. The various
opportunities in local and foreign markets for orchards
products can be harnessed through policy advocacy,
thus enabling rural dwellers especially youths to see
orchards ownership as alternative source of income
and employment.

In view of the above, the study was aimed at
stimulating the formulation of policies by relevant
authorities capable of attracting fruit-based cottage
industries to the rural areas. This can further
encourage more households in rural communities to
participate in backyard orchard ownership. It is also
aimed at attracting the attention of stakeholders and
international organizations such as United Nations,
World Bank etc. to support this concept which will
revolutionize orchards sub-sector in the future

The broad objective of this study was to examine the
dual impact assessment of selected orchards
ownership among rural households in Delta State,
Nigeria. However, the specific objectives of the study
were to:

1ii.

1v.
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determine the direct impact of orchards
ownership on household income level;

determine the indirect impact of orchards
ownership on orchards fruit marketer’s income level;

determine the multiplier index of orchards
ownership on rural economy;

identify the factors that determine the ownership
decision of orchards and

determine the impact of orchards on food security

level of rural households

1.

1i.

V.

The following hypotheses were tested to guide the
study:

Ho:i:  The poverty status of orchards owners is not
significantly different from those without orchards.

Hos:  The selected socioeconomic factors do not
significantly determine orchards ownership decision in
the study area.

Hos:  The food security level of orchards owners is
not significantly different from the food security level
of those without orchards.

MATERIALS and METHODS

Area of Study, Sampling Procedure and Data
Collection Techniques

The research was carried out in Delta State, Nigeria.
This area was chosen because of the presence of
Orchards of interest to this study. The major economic
activities of people include, trading, farming, menial
jobs and civil service. Major crops cultivated include,
cassava, maize, plantain, banana, vegetables and fruit
trees. Livestock reared include poultry, piggery, sheep,
goat and fishery.

A two staged sampling procedure was adopted to
compile the sample for the study. The sampling frame
was gotten from the respective clan chairmen as
informant.

Stage 1: Of the seven (7) clans, six (6) clans were
randomly selected these are; Agbarha, Ogor, Ewreni,
Owheru Agbarho and Orogun clans.

Stage 2: Ten (10) orchards owners with at least each
owning one of the seven (7) orchards being studied, ten
(10) non-owners of orchards and five (5) sellers of
orchards fruits were randomly and respectively
selected from each of the 6 clans. This gave a total of
(150) one hundred and fifty respondents that were
selected and studied.

Data for the study were obtained from primary and
secondary sources. Primary data was gathered using
structured questionnaires which were personally
administered to and retrieved from the respondents in
the study area. The questionnaire was sectioned
according to the specific objectives of the study such
that it could effectively capture the required and
relevant information needed for this study. Secondary
data was gathered from published articles, journals
and books.



KSU J. Agric Nat 22(Suppl 2): 456-464, 2019

Arastirma Makalesi/Research Article

Method of Data Analysis

Base on the specific objectives and hypothesis of the
study both descriptive and inferential statistics were
employed in the analysis of data collected. In addition
to income level of orchards owners was assumed to
respond to number of trees possessed (tree diversity)
as derived from Simpsons Diversity Index.

Model specification for Simpson Diversity Index
Determination.

yn(n-1)
N(N-1)

Simpson Index (D) ==——— ... ... ... Equation 1

Where;
n = Number of tree of a particular specie
N = Total number of all tree species in the population

Decision rule: The closer the SDI value to 1 the higher
the impact it creates on orchards owner’s income and
vice versa.

Poverty status determination proxy

Poverty status of orchards owners and non-owners of
orchards were determined using annual income as a
proxy (Achoja and Oguh. 2017).

High income level = low poverty level
Low income level = high poverty level

Determination of direct impact of orchards ownership
on household income level.

The impact of orchards ownership on household
income level as stated in objective 1 was analyzed
using counterfactual information obtained from t-test
of income differential between orchards owners and
non-owners of orchards. Following Achoja and Oguh
(2017), the model is specified and modified as:

t = alrd

SDx? | SDy?

Nx-1 ' Ny-1
Where;
X = Mean income of orchards owners
y = Mean income of non-owners of orchards
SDx? = Variance of income of orchards owners
SDy? Variance of income of non-owners of
orchards
Nx = Number of orchards owners
Ny = Number of non-owners of orchards

Determination of indirect impact of orchards

ownership on household income level.

The proportion of income of orchards crop fruit
marketers attributed to the sales of fruit was used as
a measure of the indirect impact of orchards ownership
on rural economy in objective 2. This is shown in the
following model;
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Model specification of proportion of income of
orchards fruit marketers

__income from economic tree fruit sale

100 .
- X — Equation 5
Total household income 1

Determination of multiplier index of orchards

ownership on rural economy
Multiplier index of orchards on rural economy as
stated in objective 3 was analyzed using the percentage
difference in income of orchards crop owners and non-
owners of orchards. This is shown in the following
model;
Model specification on multiplier index
Income dif ferential 100
T

Equation 6
Bench mark income q

Where;

Income differential = Difference in income between
orchards owners and non-owners of orchards

Bench mark income = income of non-orchards owners

Factors that determine the ownership decision of
orchards

The factors underpinning ownership decision of
orchards as captured in objective 4 were analyzed with
the aid of logistic regression model. This is shown in
the following model and description of symbols of
variable in model is shown in Table 1;

Model specification for ownership decision

In (Pij/C-Pij) = Bo + B1ELO + B2:AVMKT + BsEINC +
B4FOL + BsENSHT+ BsPFSC + B7POP + BsLGP +
BoAIGN + B1oAES + B11TDI + B12AST + B13sBDE+ ei ...
...... Equation 7

Determination of the impact of orchards on food
security level of households.

Effect of orchards on food security level of rural
household as stated in objective 5 was analyzed with
the aid of annual household food consumption
expenditure (food security index) as used by Achoja
and Oguh (2017). This is given as;

Model specification on effects of orchards on food
security level of household

Food security status determination proxy

Using the United Nations US$1 a day expected food
security bench mark

<US$1 = Food Insecure

>US$1 = Food Secure

% difference in food security level
HFCEe — HFCEn

- HFCEn

Where;

HFCEe =Household food consumption expenditure of

orchards owners

HFCEn= Household food consumption expenditure of

non-owners of orchards

Equation 8
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Table 1. Description of symbols of variable in model

Symbol | Description Measurement Expected signs
Pij Probability of owning orchards | 1, if yes, O, otherwise
ELO Evidence of land ownership Strongly Agree = 5, Agree = 4, Undecided = 3, +ve
Disagree= 2, Strongly Disagree = 1
AVMKT | Availability market Strongly Agree = 5, Agree = 4, Undecided = 3, +ve
Disagree= 2, Strongly Disagree = 1
EINC Expected income Strongly Agree = 5, Agree = 4, Undecided = 3, +ve
Disagree= 2, Strongly Disagree = 1
FOL Fertility of land Strongly Agree = 5, Agree = 4, Undecided = 3, +ve
Disagree= 2, Strongly Disagree = 1
ENSHT | Enterprise shift Strongly Agree = 5, Agree = 4, Undecided = 3, +ve
Disagree= 2, Strongly Disagree = 1
PFSC Perception of orchards as food | Strongly Agree = 5, Agree = 4, Undecided = 3, +ve
security crop Disagree= 2, Strongly Disagree = 1
POP Price of products Strongly Agree = 5, Agree = 4, Undecided = 3, +ve
Disagree= 2, Strongly Disagree = 1
LGP Long gestation period Strongly Agree = 5, Agree = 4, Undecided = 3, -ve
Disagree= 2, Strongly Disagree = 1
AIGN Actual Income generated Strongly Agree = 5, Agree = 4, Undecided = 3, -ve
Disagree= 2, Strongly Disagree = 1
AES Access to extension | Strongly Agree =5, Agree = 4, Undecided = 3, +ve
information on trees Disagree= 2, Strongly Disagree = 1
TDI Tree diversity index 0<TDI>1 +ve
AST As a lifelong asset Strongly Agree = 5, Agree = 4, Undecided = 3, +ve
Disagree= 2, Strongly Disagree = 1
BDE Boundary demarcation Strongly Agree = 5, Agree = 4, Undecided = 3, +ve
Disagree= 2, Strongly Disagree = 1
B1 —B1s Co-efficient of parameter
estimate
Bo Intercept
ei Stochastic error term
RESULTS and DISCUSSION second highest with 30% after 31-40 age bracket

Socio-demographic Characteristics of Respondents

Table 2 shows results of socio-demographic
characteristics of the surveyed backyard orchard
owners in the study area.

Sex: The result showed that majority of the tree owners
are males (70%) while females were (30%)(Table 2).
The implication is that backyard orchards owners are
male owing to the fact that they are family heads. This
is similar to Ajayi and Solomon (2010) who studied;
Influence of extension contact on farmers socio-
economic characteristics on adoption of oil palm
technologies in Aniocha North LGA of Delta State and
discovered that 74% and 26% were male and female
respectively.

Age: From the study it is seen that respondents aged
between 51-60 years ranked highest (36.7%) (Table 2).
This is a clear indication that backyard orchard owners
are advanced individuals and this is due to the long
gestation period of the trees. In studying small scale
palm o1l processing business in Nigeria, Elijah, et al
(2014) discovered that 50 years and above ranked
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representing 31%.

Marital Status: The study showed that majority
(81.7%) of the respondents is married while (18.3%) are
single (Table 2). This is related to having a large
household size for the purpose of having
companionship and family labor.

Household Size: The study showed that (53.3%) of
backyard orchards owners have a household size of 6-
8 persons, 43.4% have a household size of 1-5 persons
and 3.3% a household size of 11-15 persons (Table 2).
This result is similar to that of Ekine and Onu (2008)
who reported that 58.3% of households had a
population of 6-10 members. This high number of
household size derives from the polygamous nature of
rural households in Africa and high birth rate which
constitute family labor.

Level of Education: The study shows that majority of
backyard orchard owners are literate. That is 38.3% of
them have primary education background others had
secondary and tertiary education (26.7%) and (1.7%)
respectively (Table 2).
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Table 2. Distribution of Socio- demographic Characteristics of Respondents

S/N/ Variables Features Frequency (Percentage) /N=60 Mean/Mode
1.Sex
Male 42(70.0 male
Female 18(30.0)
2.Age
<20 -
21-30 2(3.3)
31-40 7(11.7)
41-50 11(18.3)
51-60 22(36.7) 55.5
>61 18(30.0)
3.Marital status
Single 3(5.0)
Married 49(81.7) married
Widowed 8(13.3)
Divorced -
4.Household size
1-5 26(43.4)
6-10 32(53.3) 8 persons
11-15 2(3.3)
16 and above
5.Level of education
No formal education (illiterate) 20(33.3)
Primary education (literate) 23(38.3) literate
Secondary education (literate) 16(26.7)
Tertiary education (literate) 1(1.7)
6.Years of experience
1-5 years 18(30.0)
6-10years 22(36.7) 6-10 years
11-15years 06(10.0)
16-20years 04(6.7)
Above 20 years 10(16.7)
7.Major Occupation
Farming 37(61.6)
Civil service 12(20.0)
Trading 07(11.6)
Others 04(6.6)
8.Farm size
< 0.50hectares 57(95.0) < 0.5hectares
0.50-1.00hectares 03(5.0)
>1.00hectare 00(00.0)
9.0rchard ownership pattern
personal 30(50.0) Personal ownership
on lease contract 10(16.6)
purchased 6(10.0)
inherited 14(23.3)
10.Annual income(X)
<40000 1.7
41000-80000 3(5)
81000-120000 9(15)
121000-160000 1(1.7)
161000-200000 45 (75) N169.937.29
201000-240000 0 (0)
241000-300000 1(1.7)

Source: 2018 field data
*Figures in parenthesis are the corresponding percentage values.
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About 33.3% of them did not receive formal education.
In Ekine and Onu (2008) studied tree crops and
revealed that 32% of the tree crop farmers had primary
education while 7% and 9% had diploma and tertiary
education respectively. The most likely reason for this
trend in low tertiary and high primary education level
could be poor family economic background during
childhood and teenage years.

Years of Experience: The finding of the study in Table
2 indicates that the average backyard orchard owner’s
farming experience falls within a modal group that
ranges from 6-10 years. The result further shows that
backyard orchard owners have 1-5years experience
(30%), 11-15years experience (10%), 16-20years
experience and above 20years experience

Major Occupation: The result shows that the major
occupation of backyard orchard owners is farming
(61.6%) (Table 2). The finding further shows that 20%
of them were civil servants; 11.6% were traders and
the others (6.6%) were into other means of livelihood.

Farm Size: The result in Table 2 indicates that the
farm size of backyard orchard owners was below 0.5ha
(95%). Very few (3%) had a farm size of 0.5-1.0ha.

Backyard Orchards Ownership Pattern: Majority of
backyard orchards (50%) were personally established
by the owners in their personal compounds (Table 2).
Further finding indicates that 16.67% of them was on
lease contract; 10% was purchased together with
buildings as landed properties, while 23.3% was
inherited from late parents. This finding could be
attributed to the fact that the backyard orchards were
established on private lands or within family owned

compounds. However, a backyard orchard could be
leased out to fruit marketers for an agreed period of
time.

Annual Income from Orchards Fruits: The study
showed that 75% of the respondent had an annual
income of between N 161000 - N 200000, 15% had
#81000 - N120000, 5% had between N41000 - N80000,
1.7% had less than 840000, another 1.7% had between
N121000--N160000 while another 1.7% had between
N241000 - N300000 (Table 2). This study agrees with
Unaeze, et al. (2013) study on; Collecting and
marketing bitter kola (Garcinia kola) in Nkwere Local
Government Area of Imo State Nigeria. The study
revealed high profit margins in the sale of bitter kola
by producers and intermediaries. The reason for this
variation gap in income is as a result of seasonal price
fluctuation, tree diversity index and high returns from
some orchards such as “pepper fruit” and “ogbono”.

of ownership

Distribution orchards

respondents

Table 3 shows the distribution of the 7 orchards
investigated by this study. The result shows that in
order of frequency, coconut was highest with (84
stands) followed by mango (80 stands), ogbono (79
stands), orange (57 stands), pear (31 stands), pepper
fruit (27 stands) and cocoa (11 stands) respectively.
This result expresses the diversity in the ownership of
orchards among the respondents thus justifying the
use of Simpson Diversity Index as a determinant of
orchards ownership owning to the income derivable
from the diversity.

among

Table 3. Distribution of orchards ownership among respondents

S/N Orchards Frequency Mean Income (N)
1 Pear trees 31 43200
2 Mango trees 80 57600
3 Coconut trees 84 48400
4 Orange trees 57 82050
5 Ogbono trees 79 91500
6 Cocoa trees 11 28100
7 Pepper fruit trees 27 31200

*Note: Multiple responses were recorded

Direct impact of orchards on household income level

Table 4 shows the t- test result at 1% level between the
annual income of orchards owners and non-owners of
orchards shows that there is a significant difference
between the income of orchards owners and non-
owners of orchards. This is so because orchards owners
have a higher mean annual income level than non-

owners of orchards resulting from the extra income of
N37,394.92 gotten from owning orchards. According to
Chukwuji et al (2001) the annual cash income from
compound tree crops though small in magnitude was
appreciated when viewed in the light of being the
major supplemental income of rural dwellers annual
income.

Table 4. T- test result of annual income of orchards and non-owners of orchards

Variables Mean SD Df t. cal T critic
Orchards owners N169,937.29 61812.93 58 46.04** 1.67
Non owners of orchards N132,542.37 53450.37
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Hypothesis testing

Hol: The poverty status of orchards owners is not
significantly different from those without orchards.
From the result in Table 4 since the T-cal. is greater
than T- tab, the null hypothesis is rejected. Thus the
alternate is accepted that there is a significant
difference in the poverty status of orchards owners and
non-owners of orchards.

Indirect impact of orchards ownership on household
income level

Contribution of orchards fruit marketing to

households’ income in rural areas is shown Table 5.
Table 5 shows the result shows that 24.2% of the

income of fruit marketers is attributable to the sale of
tree fruits. Further result (Table 5) shows that
backyard orchard owners realized 75.8% (N184,600) of
total household income from other sources. This
finding implies that backyard orchard owners derive
additional income from the orchards to support
household income as a strategy to alleviate poverty.
This agrees with Rana and Islam (2010) earlier study
on the role of tree husbandry in the rural economy of
the south-eastern region of Bangladesh and reported
that palm trees contributed 26% of total annual income
of the households. This proportion can be seen as the
indirect contribution of orchards ownership on
household income in the rural economy.

Table 5. Contribution of orchards fruit marketing to households’ income in rural areas

S/N | Variable Mean income Proportion of Household Income
1 Income from the sale of Tree fruit N59000 24.2%
2 Income from other sources N184600 75.8%
3 Total income of fruit marketers N243600 100%
Multiplier index of orchards ownership on rural Similarly, Hiralal (2015) study emphasized the

economy

From Table 6 the result shows that general income
level in the rural economy will increase by 28.2% as a
result of mean income of orchards owners injected into
the rural economy. This finding implies that backyard
orchard owners are more empowered by the income
derived from orchards to address rural poverty.

importance of backyard coconut farming in Indian
agriculture by exerting profound influence on the rural
economy of many states in India; providing economic
sustenance to more than 10 million people. It also
showed that processing and related activities centered
in backyard coconut farming generate employment
opportunities for over two million people in India’

Table 6. Result of multiplier index of orchards ownership on rural economy

S/N | Variable Mean income Income differential Multiplier index
1 Tree crop owners N 169937.29 N37394.92 28.2%
2 Non owners N132542.37

Table 7 shows the result of the Logistic regression of
factors that determine orchards ownership decision.
The R2 of this analysis implies that 67.7% of the
variation in tree ownership decision is as a result of the
changes in the identified factors while the other 32.3%

is attributed to other variables not captured in the
study one of which is transplanting shocks (TM). The
result shows that of the 13 identified variables 7 were
significant and their test of significance help to
indicate their importance in explaining the orchards
ownership decision.

Table 7. Regression Result showing the Factors that determine the ownership decision of orchards

Variables coefficient Standard error P. value t.value
ELO 1.620 0. 881 0.067 1.83
AVMKT 0.629 0..434 0.148 1.45
EINC 0.590 1.137 0.604 0.52
FOL 1.387 0.655 0.034* 2.12
ENSHT -1.007 0.485 0.041* -2.47
PFSC 3.098 0.971 0.016* 3.19
.907 .907 .907 .907 .907
LGP -0.073 1.128 0.948 -0.07
AIGN 0.907 1.013 0.371 0.90
AES 0.911 0.431 0.034* 2.11
TDI 3.089 0.971 0.001** 3.18
AST -0.888 1.349 0.510 -0.66
BDE 2.663 1.336 0.046* 1.96

** = 1% significant level, * = 5% significant level, R2= 67.7%

462



KSU J. Agric Nat 22(Suppl 2): 456-464, 2019

Arastirma Makalesi/Research Article

Fertility of land (FOL):The study revealed that
Fertility of land was positive and significant at 1%. It
therefore means that the more fertile the land the more
the tendency to grow or own orchards and vice versa.

Enterprise shift (ENSHT):Enterprise shift was
identified to be significant at 1% and negative implying
an opposite direction in movement that is the higher
the tendency to shift to other on farm agricultural
enterprises the lesser the tendency to own orchards
and vice versa. This shift could be attributable to the
long gestation period of orchards in terms of growth
and returns.

Access to extension information on trees (AES): Access
to extension information on trees was also significant
at 1% and positive implying that the more information
farmers receive with regards to orchards the more the
desire to own them and vice versa.

Factors that determine the ownership decision of
orchards

Tree diversity index (TDI): Tree diversity index was
discovered to be positive and significant at 1%. TDI is
a measure of how the ownership of more than one kind
of orchards influences income and thus ownership
decision. The study revealed that the higher the TDI
the higher the tendency to own orchards and vice
versa.

Boundary demarcation (BDE): Boundary demarcation
was discovered to be significant at 5% and positive that
is the more people view or see orchards as a cheaper
and long-term form of securing landed property while
making returns from sales the higher the tendency to
own orchards and vice versa.

Perceived as a food security crop (PFSC): Perceived as
a food security crop was identified as significant at 1%
and positive that is the higher the perception as a food
security the higher the tendency to own orchards and
vice versa.

Price of product (POP): Price of product from the study
was discovered to be positive and significant at 1%.
POP is an income indicator it therefore means that the
higher the price of the product the higher the income
the higher the decision to own orchards and vice versa.
This is particularly true for trees like “ogbono” and

“pepper fruit” with high product prices.

Hypothesis testing

Hoz:  The selected socioeconomic factors do not
significantly determine orchards ownership decision in
the study area. The result in Table 6 shows that the
selected factors significantly determine orchards
ownership decision thus the null hypothesis is rejected
and the alternate accepted that the selected factors
significantly determine orchards ownership decision
among rural people.

Effect of orchards ownership on food security level of
households

From Table 8 the result of the analysis shows that
monthly household food consumption expenditure
(HFCE) of orchards owners was N12,250 while that of
non-owners is N10,620. The percentage difference of
13% implies that the household food consumption
expenditure of tree owners is higher than that of non-
owner of orchards by 13%. This means that the
significant difference in the income level of these two
groups as seen in Table 1 is relating to the food security
level in favour of orchards owners. The table also
shows the food security status of the two groups. Using
the United Nations 1 dollar a day (360.50) expected
food security bench mark, the daily actual food security
level of orchards owners was discovered to be N395 per
day weigh above the bench mark thus making them
food secure while that of non-owners of orchards was
N342 per day weigh below the bench mark thus
making them food insecured. This also signifies that
the significant difference in the income level of these
two groups reveals their food security status. This
agrees with Jill (1993) study on: Household food
security, farm tree, and agro-foresting. A comparative
study in Indonesia and Philippines; which revealed
that ownership of orchards enhances household food
security directly by providing food and indirectly
through provision of input to other food producing
parts of the farm system. Implying therefore that trees
provide cash enabling many rural households to
purchase food while for farming household with
limited resources, trees provide products to eat or sell.

Table 8. Effect of orchards ownership on food security level of households

S/N | Variable Monthly | % Daily expected | Daily actual | Remark
HFCE Difference | HFCE HFCE
1 Orchards owners N12250 13% $1USD (N360.50) | N395 Food secured
2 Non owners of orchards | 10620 $1USD (N360.50) | N342 Food insecured
Hypothesis testing level of orchards owners and non-owners of orchards.

Hos: The food security level of orchards owners is not
significantly different from the food security level of
non owners of orchards. The result in Table 8 shows
that there is significant difference in the food security

Thus, the null hypothesis is rejected and the alternate
accepted that the food security level of orchards owners
is significantly different from the food security level of
non-owners of orchards.
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CONCLUSION

This study empirically investigated the direct and
indirect impact of orchards on household food security,
poverty status and ownership decision of orchards. We
got sufficient evidence to conclude that the incomes of
orchards owners were found to be significantly higher
than that of non-owners of orchards. Orchards were
also found to have significant indirect impact on the
rural economy in through increase in the annual
income of fruit marketers. Orchards ownership has
extensive (multiplier) effect on rural economy. We
found sufficient evidence to conclude that income
expectancy is the most significant driving variable that
influenced backyard orchard ownership by rural
people. In addition, orchards ownership decision was
perceived by respondents as strategic food security
option. Orchards ownership was found to create
significant impact on the food security level of owners.

On the basis of the findings we recommended that tree
planting campaigns of the Government and Non-
governmental organizations should be anchored on
backyard orchard ownership as a means of addressing
rural household poverty and food security in
developing countries such as Nigeria. Further research
should be carried out to examine the attitude of rural
people towards orchards planting for environmental
sustainability in Nigeria.
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ABSTRACT Review Article
The use of plants as therapeutic agents have been known since the ) )
ancient times. In developing countries, traditional medicinal plants Article History

are critical for disease treatment. Various herbal drugs are obtained  Received - 06.04.2019
from these plants for therapeutic use. These herbal drugs are used in Accepted ©22.08.2019
the treatment of many diseases from diabetes to cancer. Today, cancer
is one of the most important life-threatening diseases for human. Keyyv ords

Anticancer

Some of the methods used in the treatment of cancer include herbal
sources. The scientific world is not oblivious to many herbal drugs
used for cancer in traditional treatment methods. Due to the limited
effectiveness of drugs, an increasing number of studies have been
conducted in the last decade to increase the success of cancer
treatments. In recent years, the importance given to the herbal drugs
used for medicinal purposes and the studies on the medicinal uses of
plants have increased in our country. In this review, researches about
the herbal drugs traditionally used against cancer by the local people
were investigated. As a result of the study, 160 plant taxa and 17
multi-herbal formulas were reported for cancer treatment in Turkish
traditional medicine.

Tiirk Geleneksel Tibbinda Tibbi Bitkilerin Antikanser Kullanimlar

OZET Derleme Makalesi
Bitkilerin terapotik ajanlar olarak kullanimi, antik ¢aglardan beri

bilinmektedir. Gelismekte olan iilkelerde, geleneksel sifali bitkiler =~ Makale Tarihgesi

hastalik tedavisi i¢in kritik 6neme sahiptir. Bu bitkilerden terapotik ~ Gelis Tarihi ~ :06.04.2019
kullanim icin cesitli bitkisel ilaclar elde edilmistir. Bu bitkisel ilaglar ~ Kabul Tarihi = :22.08.2019
diyabetten kansere kadar bir¢cok hastaligin tedavisinde kullanilir.

Medicinal plants

Herbal drugs

Multi-herbal formulas
Turkish traditional medicine

Ginimiuzde kanser, insan yagsamini tehdit eden en Onemli IAma.Illitar Kelimeler
hastaliklardan biridir. Kanser tedavisinde kullanilan baz1 ntl, anser
Tibbi bitkiler

yontemlerin de bitkisel kaynaklari vardir. Bilim diinyasi, geleneksel
tedavi yontemlerinde kansere karsi kullanilan pek ¢ok bitkisel ilaca
kayitsiz kalmamagtir. Kanser tedavisinde ilac¢larin sinirli etkinligi
nedeniyle, tedavi basarisim1 arttirmak i¢in Dbitkisel ilaclarin
kullaniminda son on yilda artan sayida arastirma yapilmistir. Son
yillarda tlkemizde tibbi amagla kullanilan bitkisel ilaglara verilen
6nem artmig ve bitkilerin tibbi kullaniminlarina iligkin ¢alismalar
¢ogalmigtir. Bu derlemede, yerel halk tarafindan kansere karsi
geleneksel olarak kullanilan bitkisel ilaglar hakkindaki arastirmalar
incelenmigtir. Calismanin sonucunda, Tirk geleneksel tibbinda
kanser tedavisinde kullanilan 160 bitki taksonu ve 17 g¢oklu-bitkisel
formiil bildirilmistir.

Bitkisel ilaclar
Coklu-bitkisel formiiller
Turk geleneksel tibb1

To Cite : Bozyel ME, Merdamert Bozyel E, Canli K, Altuner EM 2019. Anticancer Uses of Medicinal Plants in Turkish
Traditional Medicine. KSU J. Agric Nat. 22(Suppl. 2): 465-484. DOI: 10.18016/ ksutarimdoga.vi.550334.

INTRODUCTION that the injured animals were trying to heal
In the first ages, it was thought that people benefit themselves with the plants around them (Altan et al.,
from medicinal plants began with the observation 1999).
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Starting from the prehistoric period, the civilizations
more advanced than other civilizations such as
Mesopotamia, Ancient Egypt, Hittite, Greek, Roman,
Seljuk and Ottoman, gave importance to the use of
plants as natural therapeutics and transferred this
information to later generations. They used the plants
for medicinal purposes and made the nomenclature in
a way to draw attention to their medicinal properties.
It is known that the civilizations living in Anatolia
have been using medicinal plants since the first ages.
In the Republican Period, traditional medicinal
researches were conducted to collect and transfer
information to future generations (Ozbek, 2005).

Producing and using synthetic drugs was one of the
most important developments occured with the
industrial revolution (Van Overwalle, 2006). After the
industrial revolution, synthetic drugs were found to
have side effects. Because consumers were provided
more information about health, their tendency has
shifted towards medicinal plants instead of synthetic
drugs (Baser, 1998). Drugs containing the
composition of medicinal substances, which are
synthesized by one or more plants belonging to the
group of medicinal plants are called herbal drugs
(Van Overwalle, 2006).

According to the report prepared by the WHO and
studies from 91 countries, the total amount of
medicinal plants used for treatment purposes were
around 20,000 (WHO, 1979; Penso, 1983). It is
believed that this number is far from the actual
amount. Because, although up to only 140 medicinal
plants were recorded for Turkey, which were
registered in the Turkish codex of 1948 and 1974
(Penso, 1983), the number of medicinal plants
currently used in the treatment purposes are known
to be at least about 500. It is emphasized that the
actual amount of medicinal plants used in the world
should be around 100.000 (Baytop, 1999).

Because of its important geographical location,
Turkey is one of the leading countries in aromatic and
medicinal plant trade. The superiority provided by its
geographical location has brought wealth to Turkey in
terms of aromatic and medicinal plants compared to
other countries and this has enabled the creation of
many industrial inputs (Bayram et al., 2010).

Instead of ignoring the benefits that can be obtained
from plants used for centuries, it has been thought
that it would be more appropriate to investigate local
formulas or recipes with the studies (Faydaoglu and
Siiriiciioglu, 2011). In recent years, the importance
given to the plants used for medicinal purposes and
the number of related studies have increased in our
country (Baser et al.,1986; Malyer et al., 2004;
Comlekgioglu and Karaman, 2008; Monteiro et al.,
2010; Polat et al., 2011; Tuluk¢u and Sagdig, 2011;
Selvi et al., 2012; Canli et al.,, 2016; Canli et al.,
2017a; Canli et al., 2017b; Canli et al., 2017¢; Canli et
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al., 2017d; Bozyel and Merdamert, 2018; Canli et al.
2019; Bozyel et al., 2019).

This study examines the recent ethnobotanical
studies to form a compilation on medicinal plants
used as anticancer in Turkish Traditional Medicine
with their local names, parts and usage forms.

The Importance of Medicinal Plants in Cancer
Treatment

Cancer can result from abnormal proliferation of any
of the different kinds of cells in the body, so there are
more than a hundred distinct types of cancer, which
can vary substantially in their behavior and response
to treatment. The most important issue in cancer
pathology is the distinction between benign and
malignant tumors. A tumor i1s any abnormal
proliferation of cells, which may be either benign or
malignant. A benign tumor, such as a common skin
wart, remains confined to its original location, neither
invading surrounding normal tissue nor spreading to
distant body sites. A malignant tumor, however, is
capable of both invading surrounding normal tissue
and spreading throughout the body via the circulatory
or lymphatic systems (metastasis). Only malignant
tumors are properly referred to as cancers, and it is
their ability to invade and metastasize that makes
cancer so dangerous. Whereas benign tumors can
usually be removed surgically, the spread of
malignant tumors to distant body sites frequently
makes them resistant to such localized treatment
(Cooper and Hausman, 2007).

Studies have shown that DNA sequence changes or
mutations caused by various chemical, physical or
toxic agents are responsible for cancer (Herceg and
Hainaut, 2007). Overall, 80% of all cancers are
thought to be due to environmental factors (Higginson
and Muir, 1977).

Both benign and malignant tumors are classified
according to the type of cell from which they arise
(Cooper and Hausman, 2007). Cancers are usually
divided into four groups based on the cell type.
Leukemia and lymphomas are composed due to the
excessive proliferation of leukocytes and lymphocytes.
Sarcomas are recognized as tumors of tissues that
develop from embryological mesoderm, such as
muscle, bone and cartilage. Carcinomas constitute
85% of cancers and they originate from glands,
breast, skin and urogenital tissues (such as prostate,
cervix) (Dilsiz, 2009).

Tumors are further classified according to tissue of
origin (e.g., lung or breast carcinomas) and the type of
cell involved. For example, fibrosarcomas arise from
fibroblasts, and erythroid leukemias from precursors
of erythrocytes (red blood cells) (Cooper and
Hausman, 2007).

One of the main reasons for the difficulties associated
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with cancer treatment is the metastatic nature of
cancer. The asymptomatic nature of certain cancers
and the lack of diagnosis allow the cancer to spread to
different parts of the body from its site of origin
without any medical intervention. The first site where
the cancer is starts is called the “primary cancer site”
whereas the sites in which cancer has spread is
known as the “secondary or metastatic site”. In order
to spread the cancer cells, primary sites have
acquired the ability to invade and colonize a distant
site and eventually spread into different parts. There
are three major methods of cancer metastasis: local
spread, through blood circulation and via the
lymphatic system. So, when cancer metastasizes the
treatment should not only be directed towards the
primary cancer but also needs to eliminate the
secondary ones. This poses a great problem.
Moreover, there are certain metastatic events in
cancer which are too small to be detected. These are
called micro metastases events. For a few cancers,
blood tests can detect the marker proteins released by
the cancer cells. These markers can indicate the
presence of cancer spread which is difficult to identify
by normal scanning. But unfortunately, most of the
cancer specific markers have not yet been identified
(Chakraborty and Rahman, 2012).

Cancer is a disease, which has a rapid increase in
incidence and mortality rate. Although it took place in
7th-8th places in the list of diseases causing death at
the beginning of the century, today it is the second
place in many countries after cardiovascular diseases
(Haydaroglu, 2007). The most common types of cancer
are lung, colorectal and prostate cancer in men;
breast, colorectal and cervical cancer in women
(Tuncer, 2009).

Today, the active substance of many drugs, such as
paclitaxel, used in the treatment of cancer is derived
from natural sources. Most of these natural sources
are plants that can synthesize a wide variety of
chemicals. Plant chemicals show their anticancer
effects by mechanisms such as carcinogen
inactivation, antiproliferation, cell cycle suspension,
induction of  apoptosis and  differentiation,
suppression of angiogenesis, antioxidation and
reduction of multiple drug resistance (Vauzour et al.,
2010).

In recent years, studies of cancer treatment with
herbal drugs has increased in Turkey (Ceylan et al.,
2002; Inang et al., 2006; Tarhan et al., 2009; Tuna et
al., 2011; Arslan et al., 2013; Kogaslh and Demircan,
2017; Yalcin et al., 2017).

According to the World Health Organization (WHO)
data (WHO, 2001), 80% of the world's population is
treated with herbal drugs (Sar1 et al., 2010; Chikezie
and Ojiako, 2015; Msomi and Simelane, 2018). In this
case, ethnobotanical knowledge transferred from the
first ages to the present day comes to the fore and the
use of medicinal plants is gaining importance (Bozyel
and Merdamert, 2018).

Since there are many plants with this feature, only
the most used 160 taxa from 53 families are listed
(Table 1). However, most studies have addressed
unspecified cancer as mentioned in Figure 1.

In addition, 17 different multi-herbal formulas are
also listed (Table 2). However, most studies have
addressed unspecified cancer as mentioned in Figure
2.

Table 1. Anticancer Plants in Turkish Traditional Medicine

Plant species Local name* Parts Usage form Disease type | References
Adoxaceae
Sambucus Mirver otu Fruits raw eaten | Unspecified Kocyigit and Ozhatay, 2006,
ebulus L. (mature) cancer Tuzlaci, 2016
Viburnum Gilaburu Whole - Unspecified Tarakei, 2006
opulus L. plant cancer
Amaranthaceae
Spinacia Ispanak Leaves Unspecified Deniz et al., 2010
oleracea L. cancer
Amaryllidaceae
Alllum Pirasa Whole raw eaten, | Unspecified Gizel et al., 2015
ampeloprasum plant cooked cancer
L.
Allium cepa L. Sogan Bulbs infusion Unspecified Hayta et al., 2014

cancer
Alllum sativum | Sarmisak Bulbs crushed and | Unspecified Tuzlaci, 2016
L. mixed with | cancer

lemon juice
Leaves raw eaten (fresh)
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Table 1. Anticancer Plants in Turkish Traditional Medicine (contunied)

Plant species Local name* Parts Usage form Disease type | References
** Alllum Tunceli Bulbils raw eaten Unspecified Tuzlaci and Dogan, 2010;
tuncelianum sarmisagi cancer Altundag and Ozturk, 2011,
(Kollmann) Bulbs Tuzlaci, 2016
Ozhatay,
B.Mathew and
Siraneci
Narcissus Nergis Stems decoction Blood cancer | Comlekgioglu and
tazetta L. Flowers Karaman, 2008
Anacardiaceae
Cotinus Boyaa Leaves decoction Unspecified Kiltir, 2007,
coggygria Scop. sumagi cancer Tuzlaci, 2016,
Colon cancer
Skin cancer
Wood Glzel et al., 2015
Pistacia Menengic Branches | raw eaten Unspecified Tetik et al., 2013
terebinthus L. Leaves cancer
Pistacia Menengic Leaves fresh or boiled | Unspecified Tuzlaci, 2016
terebinthus ssp. mixed with olive | cancer
terebinthus L. oil
Pistacia Cogre Branches | decoction Unspecified Polat et al., 2013
palaestina Boiss. Leaves cancer
Apiaceae
FEryngium Yer Roots decoction Prostate Tuzlaci and Senkardes,
campestre L. var. | kestanesi, cancer 2011;
virens Link Kengel Tuzlaci, 2016
Whole plant Breast cancer
Heracleum Pogluk Leaves decoction Unspecified Polat et al., 2013,
trachyloma Stems cancer Tuzlaci, 2016;
Fisch. and Altundag and Ozturk, 2011
C.A.Mey. raw eaten
Apocynaceae
Nerium oleander | Zakkum Flowers decoction Unspecified Tuzlaci, 2016;
L. cancer Akaydin et al., 2013,
Leaves Karci et al., 2017,
infusion Sargin et al., 2015,
Flo.
branches
Buds
Pedicel
Scape
Latex -
Roots decoction (grind) Tuzlaci, 2016
Whole -
plant
Araceae
Arum elongatum | Yilanclcigi Tubers raw eaten Unspecified Diker, 2008
Steven cancer
Arum  italicum | Domuz Fruits raw eaten (fresh) | Unspecified Tuzlaci, 2016
Mill. lahanasi Tubers decoction cancer
grated and
mixed with
honey
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Table 1. Anticancer Plants in Turkish Traditional Medicine (contunied)

Plant species Local name* Parts Usage form Disease type | References
Dracunculus Yilanbigag Fruits raw eaten Unspecified Bulut, 2008,
vulgaris Schott cancer Tuzlaci, 2016
Tubers
Leaves
Asparagaceae
Asparagus Tilkisen Fruits raw eaten (fresh) | Unspecified Tuzlaci, 2016
acutifolius L. cancer
Aspleniaceae
Asplenium Dalakotu Leaves decoction Unspecified Tuzlaci, 2016
ceterach L. cancer
Asteraceae
Achillea arabica | Hazanbel Leaves infusion Unspecified Tekin, 2011
Kotschy Flowers cancer
Aerial Tuzlaci, 2016
parts
Achillea Kurpotu Aerial decoction Lung cancer Kualtar, 2007;
pannonica parts
Scheele Leaves infusion Unspecified Tuzlaci, 2016
cancer
Anthemis Kog papatyas1 | Capitula | infusion Prostate Tuzlaci, 2016
kotschyana var. cancer
kotschyana
H.Duman
Artemisia Aci1 pelin Leaves infusion Unspecified Comlekgioglu and
absinthium L. Flowers cancer Karaman, 2008
Calendula Portakal Aerial infusion Skin cancer Sargin et al., 2015,
arvensis M.Bieb. | nergisi parts
Capitula | crushed Tuzlaci, 2016
Calendula Aynisafa Aerial infusion Unspecified Ugulu et al., 2009;
officinalis L. parts cancer Tuzlaci, 2016
Carduus nutans | Esekdikeni Fruits decoction Unspecified Tuzlaci, 2016
L. (crushed) cancer
Carduus nutans | Esekdikeni Flowers mixed with | Throat cancer | Tuzlaci, 2016
ssp. nutans L. honey or sugar
Carduus nutans | Kerbeg Aerial decoction Unspecified Yesilyurt et al., 2017
ssp. leiophyllus parts cancer
(Petrovi¢)  Stoj.
and Stef.
Centaurea Peygamber Capitula | infusion Intestinal Tuzlaci and Senkardes,
depressa Bieb. cigegi cancer 2011,
Colorectal Tuzlaci, 2016
cancer
Cichorium Hindiba Roots Unspecified Tuzlaci, 2016,
intybus L. . raw eaten cancer Sezik et al., 2001,
Aerial - Tuzlaci, 2016,
parts
. . Blood cancer .
Flo. infusion Sargin et al., 2015
branches
Stems
Cirsium sp. Deve dikeni Roots decoction Unspecified Simsek et al., 2004;
cancer Tuzlaci, 2016
Cirsium Incekangal Aerial decoction Unspecified Tuzlaci, 2016
haussknechtii parts cancer
Boiss.
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Table 1. Anticancer Plants in Turkish Traditional Medicine (contunied)

Plant species Local name* Parts Usage form Disease type | References
Cirsium Bargana Capitula | raw eaten Unspecified Tuzlaci, 2016
rhizocephalum cancer
C.A Mey.
Cota tinctoria | Boyaci Flowers decoction Unspecified Cakilcioglu et al., 2011,
(L) J.Gay ex | papatyasi infusion cancer Tetik et al., 2013
Guss. var. Leaves
tinctoria Aerial decoction Lung cancer Tuzlaci, 2016

parts
Helichrysum Olmezcicek Aerial infusion Unspecified Tuzlaci, 2016
arenarium (L. parts cancer
Moench
Helichrysum Yaylagulia Aerial infusion Unspecified Tuzlaci, 2016
arenarium  Ssp. parts cancer
rubicundum
(K.Koch)
P.H.Davis and
Kupicha
Helichrysum Mantuvar Flowers infusion Unspecified Gunes et al., 2017,
plicatum DC. Aerial cancer
ssp. plicatum parts Laryngeal Tuzlaci, 2016

cancer

Matricaria Alman Aerial infusion Throat cancer | Sargin et al., 2015
chamomilla L. papatyasi parts

Flo.

branches

Flowers
Onopordum Galagan Seeds powder mixed | Unspecified Ozgen et al., 2012,
acanthium L. with honey cancer

Fruits mixed with Tuzlaci, 2016

honey
Onopordum Atdikeni Stems raw eaten | Unspecified Tuzlaci, 2016
tauricum Willd. (peeled-fresh) cancer
Onopordum Bozkangal Flowers mixed with | Throat cancer | Tuzlaci, 2016
turcicum Danin honey or sugar
Picnomon acarna | Kilgikdiken Leaves infusion Unspecified Sargin et al., 2015
(L.)Cass. cancer
Sonchus  asper | Gevirtlek Leaves decoction Unspecified Tuzlaci, 2016
ssp. glaucescens salad with | cancer
(Jord.) Ball vinegar and
garlic

Aerial raw eaten

parts
Tussilago farfara | Oksiirikotu Root decoction Unspecified Tuzlaci, 2016
L. barks cancer
Boraginaceae
Heliotropium Deli Flo. infusion Unspecified Tuzlaci and Dogan, 2010;
circinatum bambulotu branches cancer Altundag and  Ozturk,
Griseb. 2011,

Liver cancer Tuzlaci, 2016

Trachystemon Kaldirik Leaves decoction Breast cancer | Karci et al., 2017
orientalis (L.
G.Don
Brassicaceae
Brassica cretica | Adalahanas: Flo. parts | raw eaten Prostate Tuzlaci, 2016
Lam. decoction cancer
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Table 1. Anticancer Plants in Turkish Traditional Medicine (contunied)

Plant species Local name* Parts Usage form Disease type References
Capsella  bursa- | Cobancantas1 | Leaves - Unspecified Doganoglu et al., 2006
pastoris L. Shoots cancer
Medik. Seeds
Nasturtium Suteresi Aerial decoction Unspecified Tuzlaci, 2016
officinale R.Br. parts cancer
Raphanus sativus | Turp Tuber inside of tuber | Unspecified Glnbatan et al., 2016
L. scooped out and | cancer
filled with
honey; after one
night, water
that spilled
over from the
pit is drunk.
Sinapis arvensis | Hardal Leaves decoction Unspecified Tuzlaci, 2016
L. cancer
Capparaceae
Capparis  sicula | Delikarpuzu Fruits mixed with | Unspecified Akaydin et al., 2013;
ssp. sicula Veill. honey cancer Tuzlaci, 2016
Roots decoction
Caprifoliaceae
** Cephalaria Yildiz Flo. decoction Unspecified Tuzlaci and Dogan, 2010;
speciosa Boiss. | pelemiri branches cancer Altundag and  Ozturk,
and Kotschy 2011,
Aerial parts Lung cancer Tuzlaci, 2016
Dipsacus Fescitarag: Aerial decoction Unspecified Tuzlaci and Dogan, 2010,
laciniatus L. parts cancer Tuzlaci, 2016,
poultice Altundag and Ozturk, 2011
Stems decoction
poultice
Cistaceae
Cistus laurifolius | Karagan Flower decoction Unspecified Giinbatan et al., 2016,
L. buds cancer
Leaves Tuzlaci, 2016
Colchicaceae
Colchicum sp. Acicigdem Seeds decoction Unspecified Tuzlaci, 2016
cancer
Convolvulaceae
Convolvulus Tarla Aerial raw eaten | Unspecified Tuzlaci, 2016
arvensis L. sarmasigl parts (fresh) cancer
infusion
Cucurbitaceae
Citrullus Ilanatus | Karpuz Exocarp dried, burnt, | Mouth cancer | Giines, 2017
(Thunb.) Matsum. and made into
and Nakai ash/applied/ext.
Cucurbita Helvaa Fruits raw eaten Prostate Glzel, et al., 2015
maxima Lam. kabag Seeds cancer
Cucurbita pepo L. | Sakiz kabagi Seeds decoction Prostate Tuzlaci, 2016
(crushed) cancer
Cupressaceae
Cupressus Servi Cones decoction Unspecified Tuzlaci, 2016
sempervirens L. cancer
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Table 1. Anticancer Plants in Turkish Traditional Medicine (contunied)

Plant species Local name* Parts Usage form Disease type References
Juniperus Katran ardici | Cones decoction with | Prostate Tuzlaci, 2016
oxycedrus SSp. sugar cancer
oxycedrus decoction Unspecified
cancer
Equisetaceae
Fquisetum Kirk kilitotu Leaves - Unspecified Doganoglu et al., 2006
giganteum L. Shoots cancer
Ericaceae
Rhododendron Kafkas Leaves - Unspecified Sarac et al., 2013;
caucasicum Pall. ormanguli cancer Tuzlaci, 2016
Fabaceae
Astragalus Kitgeven Aerial decoction Unspecified Tuzlaci, 2016
amblolepis Fisch. parts cancer
Astragalus Yagli geven Gum mixed with | Unspecified Tuzlaci and Dogan, 2010;
brachycalyx honey cancer Tuzlaci, 2016,
Fisch. ex Boiss. ) Altundag and  Ozturk,
. 2011,
Roots decoction Polat et al., 2013
Astragalus Anadolu Stems oil Unspecified Korkmaz and Karakurt,
microcephalus kitresi Leaves cancer 2014
Willd.
Ceratonia siliqua | Keciboynuzu Fruits grind and | Unspecified Kultur, 2007;
L. boiled cancer Tuzlaci, 2016,
- Glizel et al., 2015
Genista albida | Akborcak Whole mixed with | Throat cancer | El¢i and Erik, 2006,
Willd. plant honey
Shoots boiled
Aerial powdered and Tuzlaci, 2016
parts mixed with
honey
decoction
Glycyrrhiza Meyan Roots decoction Unspecified Altundag and Ozturk, 2011
glabra L. cancer
Glycyrrhiza Meyan Roots syrup Unspecified Tuzlaci, 2016
glabra var. glabra cancer
L.
Lotus corniculatus | Gazal Aerial infusion Unspecified Tuzlaci, 2016
var. corniculatus | boynuzu parts cancer
L.
Hypericaceae
Hypericum Kantaron Aerial with olive oil Skin cancer Yesilada et al., 1995,
perforatum L. parts infusion Unspecified Tuzlaci, 2016;
cancer Sargin et al., 2015,
Flowers Karci et al., 2017,
Lung cancer Tuzlaci, 2016,
Flo. Sargin et al., 2015
branches
Hypericum Cizgili Flowers decoction Unspecified Tuzlaci, 2016
tetrapterum Fr. kantaron cancer
Iridaceae
Crocus biflorus | Berfan Roots infusion Unspecified Korkmaz and Karakurt,
Mill. ssp. tauri cancer 2014

(Maw.) B.Mathew
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Table 1. Anticancer Plants in Turkish Traditional Medicine (contunied)

Plant species Local name* Parts Usage form Disease type References
Juglandaceae
Juglans regia L. Ceviz Leaves decoction Unspecified Tuzlaci, 2016,
cancer Karci et al., 2017
Lamiaceae
Melissa officinalis | Ogulotu Leaves decoction Unspecified Tuzlaci, 2016
L. cancer
infusion Stomach
cancer
Lung cancer
Melissa officinalis | Ogulotu Aerial infusion Unspecified Kiltir, 2007;
L. ssp. officinalis parts cancer Tuzlaci, 2016
Mentha Iongifolia | Pink Flowers infusion Unspecified Tekin, 2011
(L) L. cancer
Mentha x piperita | Nane Leaves decoction Unspecified Yesilyurt et al., 2017
L. cancer
Lamium Tek balicak Aerial infusion Unspecified Sargin et al., 2015
garganicum  Ssp. parts, cancer
striatum (Sm.) Flowers
Hayek
Lavandula Karabas Leaves infusion Unspecified Tuzlaci, 2016
stoechas L. cancer
Lavandula Karabas Flo. decoction Unspecified Tuzlaci, 2016,
stoechas ssp. branches | infusion cancer Tuzlaci and Bulut, 2007,
stoechas L. Leaves Ugulu et al., 2009,
Whole Sezik et al., 1997,
plant
Aerial Breast cancer | Tuzlaci, 2016
parts
** Origanum Delikmercan Leaves+ infusion Breast cancer | Tuzlaci, 2016
hypericifolium flo. parts
0.Schwarz and
P.H.Davis
Phlomis Boz savlak Aerial decoction Unspecified Giinbatan et al., 2016;
armeniaca Willd. parts cancer Tuzlaci, 2016
** Phlomis nissolii | Obek calba Aerial infusion Unspecified Sargin et al., 2015
L. parts cancer
Flo.
branches
Rosmarinus Biberiye Leaves Decoction Unspecified Glzel et al., 2015,
officinalis L. cancer Tuzlaci, 2016
Flo.+ infusion
leaves powdered
Salvia tomentosa | Salba Aerial decoction Unspecified Tuzlaci, 2016
Mill. parts cancer
Salvia virgata | Fatmanaotu Leaves decoction Uterus cancer | Tuzlaci and Aymaz, 2001;
Jacq. Tuzlaci, 2016
Teucrium Kisamahmut | Whole - Unspecified Uce and Tungtirk, 2014;
chamaedrys ssp. plant cancer
sinuatum (Celak.) Aerial decoction Tuzlaci, 2016
Rech.f. parts
Teucrium polium | Aciyavsan Aerial decoction Unspecified Karci et al., 2017;
L. parts cancer Tuzlaci, 2016
Thymus fallax | Catri Aerial infusion Unspecified Tuzlaci, 2016,
Fisch. and parts cancer Altundag and Ozturk, 2011
C.A. Mey. decoction
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Table 1. Anticancer Plants in Turkish Traditional Medicine (contunied)

Plant species Local name* Parts Usage form Disease type References
Thymus Kekik Aerial infusion Unspecified Polat et al., 2015
kotschyanus parts cancer
Boiss. and Hohen.
Thymus Kekik Aerial infusion Unspecified Tuzlaci, 2016,
kotschyanus parts cancer Altundag and Ozturk, 2011
Boiss. and Hohen. decoction
ssp. kotschyanus
** Thymus Anakekik Leaves infusion Unspecified Tuzlaci, 2016
leucostomus cancer
Hausskn. and
Velen.
Thymus As kekigi Leaves - Unspecified Giinbatan et al., 2016;
longicaulis  ssp. Whole infusion cancer Tuzlaci, 2016
longicaulis C.Presl plant
Thymus migricus | Peynir kekigi | Aerial infusion Unspecified Altundag and Ozturk, 2011
Klokov and Des.- parts cancer
Shost.
Thymus praecox | Yayla kekigi Aerial infusion Unspecified Altundag and Ozturk, 2011
ssp.  grossheimii parts cancer
(Ronniger) Jalas
Thymus Kir kekigi Aerial infusion Unspecified Altundag and  Ozturk,
transcaucasicus parts cancer 2011;
Ronniger Tuzlaci, 2016
Vitex agnus- | Hayit - Unspecified Tarakei, 2006,
castus L. Fruits crushed and | cancer Tuzlaci, 2016
mixed with
honey
Linaceae
Linum Keten Seeds infusion Colon cancer Ugulu et al., 2009;
usitatissimum L. Tuzlaci, 2016
Lythraceae
Punica granatum | Nar Fruit decoction Unspecified Giizel et al., 2015
L. peels cancer
Malvaceae
Malva sp. Ebegtimeci Whole decoction Unspecified El¢i and Erik, 2006,
plant cancer Tuzlaci, 2016
Aerial
parts
Malva neglecta | Cobancoregi Roots - External cancer | Yesilada et al., 1995,
Wallr. - Stomach cancer | Yegilyurt et al., 2017,
Whole plant | - Unspecified Giinbatan et al., 20186,
cancer
Leaves decoction Stomach cancer | yegilyurt et al., 2017,
raw eaten Karci et al., 2017
Roots boiled, eaten
with yoghurt
Malva sylvestris | Ebeglimeci Aerial decoction Breast cancer | Tuzlaci, 2016,
L. parts Unspecified Glnes, 2017,
cancer Tuzlaci, 2016,
Flo.+Leaves
Leaves Breast cancer | Kiltir, 2007,
Flowers infusion Akbulut and Ozkan, 2014
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Table 1. Anticancer Plants in Turkish Traditional Medicine (contunied)

Plant species Local name* Parts Usage form Disease type References
Moraceae
Ficus carica L. Incir Latex - Unspecified Karci et al., 2017,
Fruits raw eaten cancer Sargin et al., 2015
Leaves -
Pedicels -
Branches | -
Morus alba L. Akdut Leaves - Unspecified Glinbatan et al., 2016,
decoction cancer Akaydin et al., 2013;
Tuzlaci, 2016
Morus nigra L. Karadut Leaves - Unspecified Sarac et al., 2013,
cancer Tuzlaci, 2016
Fruits raw eaten
molasses
Myrtaceae
Mpyrtus communis | Mersin Leaves decoction Unspecified Tuzlaci, 2016
ssp. communis L. cancer
Oleaceae
Olea europaea L. | Zeytin 0Oil - Gastrointestin | Karci et al., 2017;
SSp. europaea al cancers Tuzlaci, 2016
Orobanchaceae
Orobanche minor | G6veotu Aerial infusion Unspecified Tuzlaci, 2016
Sm. parts cancer
Papaveraceae
Papaver rhoeas L. | Gelincik Flowers decoction Lung cancer Tuzlaci, 2016
Pinaceae
Pinus brutia Ten. | Kizilcam Branc. oil, infusion Unspecified Gines et al., 2017,
Bark cancer
Cones
Leaves
Resin
Bark decoction Sargin et al., 2015
Pine tar
Pinus nigra J. F. | Karagam Cones decoction Intestinal Gtinbatan et al., 2016
Arnold Ssp. cancer
pallasiana
(Lamb.) Holmboe
Pinus nigra J. F. | Karagam Bark decoction Unspecified Bagci et al., 2016
Arnold ssp. cancer
pallasiana
(Lamb.) Holmboe
var. pallasiana
Plantaginaceae
Plantago major L. | Sinirotu Leaves raw eaten Unspecified Tuzlaci, 2016,
ssp. major decoction cancer Tuzlac1 and Tolon, 2000;
Karci et al., 2017;
El¢i and Erik, 2006;
Seeds ) Tuzlaci, 2016,
raw eaten Giinbatan et al., 2016,
mixed with Kiiltiir, 2007,
honey Tuzlact, 2016
Aerial parts | decoction Laryngeal
cancer
Plantago major L. | Yedidamarotu | Leaves - Unspecified Giinbatan et al., 2016;
ssp. Intermedia cancer Karci et al., 2017,
(Gilib.) Pilg. Seeds raw eaten Kiiltiir, 2007
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Table 1. Anticancer Plants in Turkish Traditional Medicine (contunied)

Plant species Local name* Parts Usage form Disease type References
Plantago Yilandili Leaves decoction Uterus cancer | Altundag and Ozturk, 2011
maritima L.
Plantago Damarlica Leaves decoction Uterus cancer | Tabata et al., 1994,
lanceolata L. - Prostate Tuzlaci, 2016
cancer
Unspecified
cancer
Lung cancer Tarakegi, 2006
Poaceae
Zea mays L. Masir Corn decoction Breast cancer | Tuzlaci, 2016,
silks Prostate Tetik et al., 2013
infusion cancer
Polygonaceae
Rheum ribes L. Isgin Aerial Breast cancer | Uce and Tungtiirk, 2014
parts
Portulacaceae
Portulaca oleracea | Semizotu Aerial raw eaten Unspecified Sargin et al., 2015,
L. ssp. oleracea parts cancer Glnbatan et al., 2016
cooked
Portulaca rausii Aerial plant Unspecified Glnes, 2017
Danin parts crushed/applied | cancer
on warts/ext.;
eaten
Primulaceae
Primula Cuha cigegi Whole Unspecified Uce and Tuncgturk, 2014
auriculata Lam., plant cancer
Tabl.
Ranunculaceae
Clematis vitalba | Akasma Bark resin  applied | Mouth cancer | Gunes, 2017
L. on/ext.
Nigella segetalis | Kara ¢orekotu | Seeds infusion Unspecified Korkmaz and Karakurt,
Bieb. oil cancer 2014
Rhamnaceae
Rhamnus Topcehri Leaves+ decoction Lung cancer Tuzlaci, 2016
Iycioides ssp. Shoots
oleoides (L.
Jahandiez and
Maire
Rosaceae
Armeniaca Kayis1 Fruits raw eaten Unspecified Tuzlaci, 2016
vulgaris Lam. cancer
Crataegus Alig Fruits infusion Unspecified Paksoy et al., 2016
monogyna Jacq. cancer
Cydonia oblonga | Ayva Fruit decoction Unspecified Karci et al., 2017
Mill. shell cancer
Fragaria vesca .. | Cilek Fruits raw eaten Unspecified Sargin et al., 2015
cancer
Prunus spinosa L. | Cakalerigi Fruits decoction Unspecified Yesilyurt et al., 2017
cancer
Pyrus Bulgar ahlat1 | Fruits juice Stomach Tuzlaci, 2016
elacagnifolia ssp. cancer
bulgarica (Kuth.
and Sachokia)
Vulev
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Table 1. Anticancer Plants in Turkish Traditional Medicine (contunied)

Plant species Local name* | Parts Usage form Disease type References
Rosa canina L. Kugburnu Fruits juice Unspecified Tuzlac1 and Erol, 1999,
marmalade cancer Tuzlaci, 2016,
decoction Karci et al., 2017,
. Stomach cancer | Sezik et al., 2001,
gzszse S gzzl;ggg;l/dec' Prosta‘;e cancer Akbglut and Ozkan, 2014,
Seeds Unspecied Cancer | Sargin et al., 2015,
Galls
mixed with Elci and Erik, 2006;
honey Tuzlaci, 2016
Rubus sp. Bogitirtlen Roots decoction Unspecified Tuzlaci, 2016
cancer
Rubus caesius L. Bikiziimi Leaves decoction Unspecified Paksoy et al., 2016
Roots cancer
Rubus  canescens | Cobankéstegi | Roots decoction Unspecified Tuzlaci, 2016
DC. cancer
Rubus  canescens | Cobankéstegi | Fruits infusion Unspecified Tuzlaci and Senkardes,
var. canescens DC. cancer 2011,
Tuzlaci, 2016
Rubus idaeus L. Ahududu Aerial Unspecified Sarag et al., 2013,
parts cancer
Und.gr.
parts
Whole Tuzlaci, 2016
plant
Rubus sanctus | Bogirtlen Fruits raw eaten | Unspecified Kocyigit and  Ozhatay,
Schreb. (mature) cancer 20086,
jam Tuzlaci, 2016
decoction Yesilyurt et al., 2017,
Leaves infusion Tuzlact and Senkardes,
infusion 2011,
Roots decoction Yesilada et al., 1999;
decoction Tuzlaci, 2016
Sorbus aucuparia L. | Kus tivezi Leaves decoction Unspecified Kultur, 2007;
cancer Tuzlaci, 2016
Rubiaceae
Galium  odoratum | Orman Whole infusion Unspecified Korkmaz and Karakurt,
(L..) Scop. iplik¢igi plant cancer 2014
Galium verum ssp. | Sari Flowers powdered Unspecified Tuzlaci, 2016
glabrescens yogurtotu cancer
Ehrend.
Galium verum L. | Boyalik Flowers Unspecified Ozturk et al., 2013,
Ssp. verum powdered cancer Altundag and  Ozturk,
2011,
Leaves Ozturk et al., 2013
Salicaceae
Populus nigra L. | Karakavak Sap Stomach Tuzlact and Senkardes,
ssp. nigra (obtained cancer 2011;
from cut Intestinal Tuzlaci, 2016
stems) cancer
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Table 1. Anticancer Plants in Turkish Traditional Medicine (contunied)

Plant species Local name* | Parts Usage form Disease type References
Santalaceae
Viscum album L. Okseotu Whole Decoction Unspecified Glinbatan et al., 2016,
plant cancer
infusion Elci and Erik, 2006,
Leaves Korkmaz and Karakurt,
Stems 2014,
Fruits
raw eaten Tuzlaci, 2016
decoction
Leaves+
brances
Fruits+
leaves
Viscum album ssp. | Okseotu Leaves+ keeped in water | Unspecified Tuzlaci, 2016
album L. brances for 8 hours cancer
Smilacaceae
Smilax excelsa L. Dikenucu Shoots decoction Unspecified Tuzlaci, 2016
(fresh) cancer
Solanaceae
Lycopersicon Domates Fruits raw eaten Unspecified Tuzlaci, 2016
esculentum Mill. cancer
Solanum tuberosum | Patates Tubers juice Stomach Tuzlaci, 2016
L. cancer
Theaceae
Camellia  sinensis | Cay Leaves Unspecified Sarag et al., 2013;
(L.) Kuntze cancer Tuzlaci, 2016
Urticaceae
Urtica dioica L. Isirgan Leaves infusion Unspecified Tuzlaci and Bulut, 2007,
Aerial decoction cancer Akaydin et al., 2013,
parts decoction Gunes, 2017; Tuzlac1 and
(fresh) Erol, 1999,
Seeds infusion (dried)
raw eaten Glnes, 2017,
infusion Kiltiir, 2007,
pounded with | Lung cancer Simsek et al., 2004,
honey
Whole with honey Unspecified
plant with honey, | cancer Tuzlac1 and Tolon, 2000,
Fruits butter
decoction
Shoots with honey
Leaves+ raw eaten Tuzlact and Senkardes,
seeds decoction 2011,
Yesilada et al., 1999,
Kialtir, 2007
Urtica Cincar Fruits crushed and | Unspecified Tuzlaci, 2016
membranacea mixed with | cancer
Poiret ex Savingy honey
Urtica pilulifera L. Dalagan Fruits - Unspecified Tuzlaci and Bulut, 2007,
- cancer Turkan et al., 2006,
Whole Ozturk et al., 2013,
plant
Aerial decoction Akaydin et al., 2013
parts
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Table 1. Anticancer Plants in Turkish Traditional Medicine (contunied)

Plant species Local name* | Parts Usage form Disease type References
Urtica urens L. Cilagan Leaves decoction Unspecified Tuzlacit and Bulut, 2007,
Aerial decoction cancer Akaydin et al., 2013,
parts decoction Gtines, 2017; Tuzlaci and
(fresh) Erol, 1999,
infusion (dried) Giines, 2017
Verbenaceae
Verbena officinalis | Minegicegi Aerial decoction Unspecified Tuzlaci, 2016
L. parts cancer
Vitaceae
Vitis vinifera L. Asma Fruits juice Unspecified Tuzlaci, 2016,
raw eaten | cancer
(fresh and
Seeds dried) Gunbatan et al., 2016,
boiled  (make Giines, 2017,
wine) Lung cancer
Leaves
Fruits decoction )
Branches | crushed, eaten | Ungpecified Sargin et al., 2015,
Seeds with honey cancer
infusion Lung cancer
Latex Deniz et al., 2010,
Sargin et al., 2015
raw eaten
Xanthorrhoeaceae
Aloe vera L. Sarisabir Gel Infusion Unspecified Comlekcioglu and
cancer Karaman, 2008,
Leaves sap Giizel et al., 2015
Asphodelus Kirgickoki Leaves raw eaten | Unspecified Guzel et al., 2015,
aestivus Brot. (fresh) cancer Sargin et al., 2013
Whole
plant
* Gliner et al., 2012; ** Endemic taxon; “-”: No information
H Blood M Breast H Colon M Colorectal M External
M Gastrointestinal M Intestinal M Laryngeal Liver W Lung
B Mouth Prostate Skin Stomach Throat
Unspecified Uterus
2%
69%

Figure 1. Distribution of Turkish medicinal plants according to different cancer types
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Table 2. Multi-herbal Formulas Used As Anticancer in Turkish Traditional Medicine

Plant species Local name* Parts Usage form | Cancer type | References
Juglans regia+ Ceviz+ Branches, leaves+ infusion Unspecified Tuzlac and
Quercus coccifera+ Kermes megesit+ Leaves+ cancer Erol, 1999
Rubus sanctus+ Bogurtlen+ Leaves, fruits+
Sorghum  halepense var. | Ekin stplrgesi Rhizome
halepense
Rosa canina+ Kusburnu+ Fruits+ decoction Unspecified Tuzlac and
Urtica dioica/Urtica urens Isirgan/Cilagan Seeds cancer Erol, 1999
Hypericum perforatum+ Kantaron+ Aerial parts decoction Leukemia Yesilada et al.,
Malva neglecta+ Cobancoregi+ 1995
Sugar Seker
Trachystemon orientalis+ Kaldirik+ Roots decoction Breast cancer | Yesilada et al.,
Urtica dioica+ Isirgan+ 1999;
Rubus sanctus+ Bogtuirtlen+ Tuzlaci, 2016
Smilax excelsa Dikenucu
Urtica dioica+ Isirgan+ Leaves decoction Unspecified Yesilada et al.,
Rubus sanctus Bogurtlen cancer 1999;
Tuzlaci, 2016
Camellia sinensis+ Cay+ Leaves decoction Unspecified Sara¢ et al,
Urtica dioica+ Isirgan+ cancer 2013
Plantago major Sinirotu
Rhododendron caucasicum+ | Kafkas Leaves decoction Unspecified Sara¢ et al.,
Robinia pseudoacacia+ ormanguli+ cancer 2013
Castanea sativa+ Yalanci akasya+
Bellis perennis+ Kestane+
Plantago major+ Koyungézi+
Asplenium trichomanes+ Sinirotu+
Quercus sp. Sacakotu+
Mese

Asphodelus aestivus+ Kirgickokii+ Tubers+ decoction Lung cancer Tuzlaci, 2016
Plantago lanceolata Sinirotu Leaves
Capparis spinosa+ Kebere+ Roots+ decoction Breast cancer | Tuzlaci, 2016
Citrus Iimon Limon Peel
Ficus carica+ Incir+ Latex+ Added 2-3 | Skin cancer Tuzlaci, 2016
Cicer arietinum Nohut Seed powder drops of latex

in chickpea

powder
Inula montbretiana+ Kokeayr+ Aerial parts+ decoction Unspecified Tuzlaci, 2016
Potentilla speciosa Kaya parmakotu Whole part cancer
Juglans regia+ Ceviz+ Branchestleaves+ decoction Unspecified Tuzlaci, 2016
Quercus coccifera+ Kermes megesi+ Leaves+ cancer
Rubus sanctus+ Bogurtlen+ Leaves+ruits+
Sorghum  halepense var. | Ekin siiptirgesi Rhizome
halepense
Malva nicaeensis+ Tlmikotu+ Leaves+ cooked with | Unspecified Tuzlaci, 2016
Rumex sp. Labada Leaves oil cancer
Olea europaea ssp. | Zeytin+ Oil+ mixed Unspecified Tuzlaci, 2016
europaea+ Keten Seeds cancer
Linum usitatissimum
Origanum onites+ Bilyah kekik+ Aerial parts+ infusion Blood cancer Tuzlaci, 2016
Vitis vinifera Asma Fruits mixed with

grape

vinegar
Populus alba+ Akkavak+ Flo. branches+ decoction Throat cancer | Tuzlaci, 2016
Pinus sp.+ Cam+ Cones+
Urtica dioica+ Isirgan+ Whole plant+
Thymus sp.+ Kekik+ Whole plant+
Tagetes minuta Kokarot Whole plant
Rosa canina+ Kusburnu+ Fruits+ decoction Unspecified Tuzlaci, 2016
Urtica dioica+ Isirgan+ Fruits+ cancer
Urtica urens Cilagan Fruits

* Guner et al., 2012
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Figure 2. Distribution of multi-herbal formulas according to different cancer types

CONCLUSION

This review includes 160 medicinal plant taxa
representing 53 families and also 17 different multi-
herbal formulas. The highest number of medicinal
plants were observed in the Lamiaceae family. Herbal
drugs used by the local people are prepared as
decoction, infusion, raw eaten, poultice, powder, etc.
The most commonly used plant parts are leaves,
flowers and fruits. In addition, other aerial and
underground plant parts such as seeds, branches,
stems, buds and roots can also be used in the
treatment of cancer. Most of these studies have
addressed unspecified cancer type.

Cancer, an abnormal malignant growth of body tissue
or cell, 1s main health problem in both developed and
developing countries. Today, the active substances of
many drugs used in cancer treatment are obtained
from medicinal plants. Medicinal plants have to be
screened for anticancer activity for more of use.
Herbal drugs show their anticancer effects by
mechanisms such as carcinogen inactivation,
antiproliferation, cell cycle suspension, induction of
apoptosis and differentiation, suppression of
angiogenesis, antioxidation and reduction of multiple
drug resistance.

This review presents some of the medicinal plants
possessing anticancer activity for various types of
cancer. It is believed that results of this study will
help others to explore herbs to further extent and its
use in various other disease and toxicity studies along
with clinical trials.
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