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OZET

Arastirma Makalesi

Bu ¢alismada; yeni sentezlenmis beg schiff bazinin S. cerevisiae kiiltir
ortamlarinda toplam protein, glutatyon (GSH) ve malondialdehit
(MDA) analizleri yapildi. S. cerevisiaenin gelisimi ve cogalmasi icin
YEPD besiyeri ortami hazirlandi. Uygulama gruplari ic¢in; schiff
bazlarin her birinden 10 mg/mL ’hk ve 20 mg/mL ’hk
konsantrasyonlar1 kiltliir ortamina ilave edildi. Inkiibasyon sonunda
elde edilen besiyeri ile toplam protein, glutatyon (GSH), okside-
glutatyon (GSSG) ve MDA analizleri yapildi. Kontrol grubu ile schiff
bazi gruplarinin sonuglar1 karsilastirildiginda; yeni sentezlenmig
schiff bazlarinin S. cerevisiae¢da; toplam protein, GSH ve MDA
miktarlarini arttirdigr belirlendi. Sonug olarak; yeni sentezlenmis
schiff bazlarinin 6zellikle antioksidan savunma etkisi ve sitotoksik
ozelligi ile gelecekte hastalik tedavilerine yonelik yapilacak olan
calismalara destek olacagi ve literatire katki saglayacag:
disunulmektedir.

ABSTRACT

In this study; total protein, glutathione and lipid peroxidation (MDA)
analyzes of five schiff bases that are newly synthesized were
performed in S. cerevisiae culture media. YEPD medium was
prepared for growth and multiplication of S. cerevisiae. Overall, 10
mg/mL and 20 mg/mL concentrations of schiff bases were added for
the creation of application groups in to the culture medium. The
obtained supernatant was used for total protein, glutathione (GSH),
oxidized-glutathione (GSSG) and MDA analyzes. When the results of
the control and schiff groups were compared; newly synthesized schiff
bases in S. cerevisiae was determined to increase total protein, GSH
and MDA concentration. As a conclusion, it i1s thought that newly
synthesized schiff bases will support the future studies that will be
carried out the antioxidant defense effect and cytotoxic properties and
it is thought that will contribute to the literature.
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GIRIS

Fosfazenler; azot, fosfor halojen ve organik yan gruplar
iceren bilegikler olarak bilinir. Fosfazenlerin yapisi
azot ve fosfor arasinda ¢ift bag bulunmasiyla olusur
(Shaw ve ark., 1962), yapilarinda tekrarlanan —P=N-
birimlerinden olusan, her fosfor atomunda iki organik
veya inorganik yan gruplarin bulundugu lineer veya

halkal1 yapiya sahip bilesiklerdir (Allcock, 1972;
Gleria ve Jaeger, 2004).

Fosforun azot ile olusturdugu bilegikler li¢ ana grupta
incelenir. Fosfor ve azot arasindaki bag sayisi tek
oldugu zaman fosfazan (H:N-PH4), cift bag
olusturduklar1 zaman fosfazen (HN=PH3), iclii bag
olusturduklar1 zaman da fosfazin (N=PH3) olarak
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isimlendirilir. Fosfazenler de monofosfazenler (diiz
zincirli  fosfazenler dogrusal  fosfazenler),
siklofosfazenler (halkali fosfazenler) ve polifosfazenler
olmak lzere ¢ ana grupla smiflandirilir.
Siklofosfazenler veya polifosfazenler; biyokimyasal ve
farmakoloji  ¢alismalarinin  en ¢ok  yapildigi
fosfazenlerdendir (Kilic ve ark., 1996; Laguna ve ark.,
2002). Bunlardan en ¢ok calisilan ve en iyi bilinen
fosfazen bilegsikleri hekzaklorosiklotrifosfazen ve
polifosfazenlerdir.

Fosfazenlerden; fosfor sinerjilerinden dolay1 sicaklik
ve yanmaya dayanikli bilesikler sentezlenmis olup
(Walker, 1972) yanmay1 engelleyici &zellikleri ile;
tekstil, sentetik, kauguk madde sanayisinde bu yeni
bilesiklerle patent alinmigtir (Allen, 1993). Ayrica sivi
kristal ve gaz gecirgenligi (Moriya ve ark., 2003;
Allcock ve ark., 1993; Peterson ve ark., 1993), biyo
uyum saglama 6zelligi ile organ naklinde (Langone ve
ark., 1995), protez kemik yapiminda (Lakshmi ve ark.,
2003; Bernheim ve ark., 1999), kontakt lens
yapiminda, dis tedavisinde dolgu malzemesi olarak,
antibakteriyal ozelligi ile (Van Der Huizen, 1984;
Allcock, 1992) biyomedikalde kullanilmalarina yénelik
calismalar mevcuttur (Laurencin ve ark., 1987).
Ligand olarak ziridin bulunduran siklofosfazen
tiirevlerinin giicli antitiimér etkisiyle (Van Der
Huizen, 1984; Song ve ark., 2003) AIDSe bagh
lenfomlara karsi koruyuculugu tespit edilmigtir
(Brandt ve ark., 2001). Sitotoksik, antikonviilzan
(norolojik hastaliklarda nébet durumlarinin énlenmesi
ve tedavisinde), antiproliferatif (cogalim o6nleyen)
olarak biyolojik alanlarda kullanilmigtir. Maya
hiicrelerine ve bakterilere etki gosterdigi ¢aligsmalar:
da yer almaktadir (Oztirk ve ark., 2000; Yilmaz ve
ark., 2002).

Yeni formiile edilen fosfazen tiirevlerinin canlhilar
uzerindeki biyokimyasal, molekiiler ve fizyolojik etki
mekanizmalarinin incelenerek kullanilmasi gerekir.
Bu amagla yapilan c¢alismalarda memeli hiicre
modelleri ile maya hiicre modelleri kullanilmaktadir.
Mayalardan Saccharomyces cerevisiae hiicre modelleri
icinde yer alir. S. cerevisiae; genetik yapisindan dolay:
yararlh bir arastirma mikroorganizmasidir. Bu
bilimsel kaynak, hiicre genetigi ve fizyolojisinin yapisi
ve organizasyonu hakkinda temel Dbilgilerin
geligtirilmesinde ¢ok 6nemli bir konuma sahiptir. S.
cerevisiae, hayvansal organizmalar lizerinde yapilan
genomik, proteomik ve metabolik c¢alismalarda,
muhtemel biyolojik mekanizmalarin ortaya
c¢ikarilmasinda en iyl karakterize edilen
organizmalardan biri olarak kabul edilmektedir
(Braconi ve ark., 2006; Braconi ve ark., 2015).

Calismamizda; yeni sentezlenmig Schiff baz
bilesiklerinin canh organizmalar uzerindeki
etkilerinin belirlenmesi amag¢lanmaktadir. Bu amagcla;
yeni sentezlenmis bes schiff baz1 olan (Hekza [4-(2-
hidroksi-4- klorofenilimino) metil) fenoksil
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siklotrifosfazen, Hekza [4-(4-hidroksifenilimino) metil)
fenoksi] siklotrifosfazen, Hekza [2-metoksi-4(2-
hidroksifenilimino) metil) fenoksi] siklotrifosfazen,
Hekza [2-metoksi-4(2-hidroksi-4-klorofenilimino)
metil) fenoksi] siklotrifosfazen, Hekza [2- metoksi-4(4-
hidroksifenilimino) metil) fenoksil siklotrifosfazen)’
nin Saccharomyces cerevisiae maya hiicresinde toplam
protein, MDA, GSH, GSSG miktarlarn tzerindeki
etkileri aragtirilmigtir.

MATERYAL ve METOT
Schiff Bazlari

Kullanilacak olan bu maddeler TBAG 107T407 No'lu
Tubitak projesi kapsaminda sentezlenerek elde
edilmigstir. Bu maddeler:

1-(M1) = Hekza [4-(2-hidroksi-4-klorofenilimino) metil)
fenoksil siklotrifosfazen

Molekiiler formuli: C7sHs4CL6N9O12P3

Molekiiler agirhigi: 1614.955746

Birlesimi: C(%58.01) H(%3.37) N(%7.81)

2-(M2) Hekza [4-(4-hidroksifenilimino) metil)
fenoksil siklotrifosfazen

Molekiiler formiili: C7sHeoN9O12P3

Molekiler agirhig:: 1408.285386

Birlesimi: C(%66.52) H(%4.29) N(%8.95)

3-(M3) Hekza [2-metoksi-4(2-hidroksifenilimino)
metil) fenoksi] siklotrifosfazen

Molekiiler formuli: CssH7aNoO1sP3

Molekiiler agirhgi: 1588.441266

Birlesimi: C(%63.52) H(%4.57) N(%7.94)

4-(M4) Hekza [2-metoksi-4(2-hidroksi-4-
klorofenilimino) metil) fenoksi]

Siklotrifosfazen

Molekiiler formiili: CssHesCL6N9O1sP3

Molekiler agirhigi: 1795.111626

Birlesimi: C(%56.20) H(3.71) N(%7.02)

5- (M5) = Hekza [2-metoksi-4(4-hidroksifenilimino)
metil) fenoksi] siklotrifosfazen

Molekiiler formiilii: CssH72N9O1sP3

Molekiiler agirhigi: 1588.441

Birlesimi: C(%63.52) H(%4.57) N(%7.94)

Maya Ornekleri

Calismada kullanilan S. cerevisiae BY4741- Yabani
Tip maya hiicresi (Genotip: MATa his3 leu2 metl5
ura3) Izmir Yiiksek Teknoloji Universitesi Molekiiler
Biyoloji ve Genetik Laboratuvari’ndan temin
edilmigtir.

METOT
Schiff Bazi Soliisyonlarinin Hazirlanmasi

M= 0.040g
M:= 0.060g
Ms= 0.083g
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M= 0.047g

Ms= 0.049g’ ik schiff bazlarindan 10 mg alimip 1 mL
DMSO (dimethyl siilfoxide)’ da ¢oziilmesi saglanip 10
mg/mL ve 20 mg/mL’lhik  olacak  sekilde
konsantrasyonlar: hazirlanmigtir.

Maya Kiiltiir Ortaminin Hazirlanmasi

Deneyde kullanilacak olan S. cerevisiae BY4741-
Yabani Tip maya hiicresinin (Genotip: MATa his3 leu2
met15 urad) gelisimi ve ¢cogalmasi icin YEPD (200 mL
icin; 2 g maya ekstrak, 4 g baktopepton, 4 g glukoz )
besiyeri ortami her grup icin tekrar sayis1 (n) = 5
olacak  gekilde  hazirlandi.  Besiyeri  ortami
hazirlandiktan sonra asagidaki gruplara ayrilda:

Kontrol grubu: Bu gruptaki .S. cerevisiae hiicreleri igin,
YEPD besiyeri ortami hazirlanda.

Schiff Bazi Uygulama Gruplari: Bu gruptaki S.
cerevisiae hucreleri icin, YEPD Dbesiyeri ortami
igerisine maya hiicresi inokiile edildikten sonra OD600
degerleri 0.4-0.6 civarmna [yaklasik olarak 1-3 107
hiicre ml (Bergman, 2001)] ulasinca schiff bazlarinin
her birinden 10 mg/mL’ ik (X gruplar1) ve 20 mg/mIL’

0.6

0.5

0.4

0,3

Absorbans

0,2

0,1

D T T T T

y = 0,0035% - 0,0237
R2 = 0,9974

Iik (Y gruplar) konsantrasyonlar1 icerecek sekilde
eklenerek gruplar hazirlandi. Asilama igleminden
sonra kiltirler 30 °C’de 72 saat inkiibasyona birakildi.
Bu siirenin sonunda kiltturler laboratuvar sartlarinda
517 nm’de hiicre yogunluklar 6l¢iildikten sonra, 6000
rpm’de 5 dakika streyle +4 °C’de santrifiij edilerek
hiicreler toplandi. Hiicreler pellet olarak toplandiktan
sonra yas agirliklar: belirlendi.

Hiicre pelletleri, 20 mM Tris HCl-baz (pH= 7.4) ve 20
mM EDTA karigimi ile homojenize edilip santrifiy
edildikten sonra siipernatant kismi ile GSH, GSSG,
total protein ve MDA 6l¢timleri yapildi. Sonuglar SPSS
istatistik  programi kullanilarak analiz edilip
farkhiliklar istatistik agidan degerlendirildi.

Maya Hiicresinde Total Protein Miktarmnin Olgiilmesi

Orneklerin total protein miktarlarmin 6l¢iimii Lowry
(1950) yontemine gore yapildi. Gruplar 750 nm’de
blank’a karsi okundu ve okunan degerlere gore Sekil
1’deki kalibrasyon egrisi olusturuldu. Orneklerin
protein miktarlar1 elde edilen bu kalibrasyon
egrisindeki denklem vasitasiyla hesaplandi, sonuclar
(mg/g) seklinde verildi.

20 40 G0 &0

Konsantrasyon

Sekil 1. Protein kalibrasyon egrisi
Figure 1. Protein calibration curve

Glutatyon(GSH) ve Okside Glutatyon(GSSG) Analizi

Glutatyon ve okside glutatyon miktarlarinin 6lgimu
ilgili metoda uygun olarak HPLC cihazinda analiz
edildi (Klejdus ve ark., 2004; Yilmaz ve ark., 2009). 1
mL supernatant tizerine 1 mL % 10’luk TCA eklenerek
deprotenize edildi. 6000 rpm’de santrifiij edildikten
sonra 1 mL otosampler viallerine alindi. Kantitatif
Olcimlerde 214 nm’de Shimadzu marka full otomotik
HPLC cihazi kullanildi. LC-10 AD VP UV-visible
pompa, SPD-M10A VP, PDA dedektori, CTO-10AS VP
kolon firmmi, SIL 10ADVP otosampler, DGU-14A
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degasser unitesi ve Class VP 6.26 igletim programi
(Shimadzu, Kyota Japan) kullanildi. Mobil faz olarak
% 0,1 TFA ve metanol (% 94/% 6, v/v) karigimi
kullanildi. Ayirma igslemi ODS-3 HPLC kolonunda
yapildi. Hesaplama islemi standart karisimlardan
hazirlanan kalibrasyon egrisine goére Class VP 6,26
programi (Shimadzu, Kyota Japan) ile hesaplanda.

Maya Hiicresinde MDA Miktarmimn Olgiilmesi

Malondialdehit (MDA) miktarlarinin él¢iimii  icin
HPLC cihazinda uygun metod kullanarak analizi
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yapildi (Karatas ve ark., 2002). TrissEDTA h
stipernatandan 1 mL alimip % 10luk perklorik asit
(HCLOs) ile muamele edilmesiyle proteinleri
¢oktlrildi. Olusan bu karisim 5000 rpm’de 5 dakika
santrifij edildi. Santrifij sonrasi elde edilen
slipernatantlar1 otosampler viallerine alinmasiyla
HPLC cihazinda analizi yapilda.

Analiz i¢cin full otomotik Shimadzu marka HPLC
sistemi (Kyoto Japan) kullanildi. Mobil faz olarak
metil alkol karisimi (% 82.5- %17.5 HsPO4 ile pH= 4.0)
ve 30 mmol KH2PO4 (Karatepe, 2004); kolon olarak da
ODS-3 HPLC kolonu (150 mm x 4,6-5 pm) kullanilda.
PDA dedektor dalga boyu 244 nm, mobil faz akis hiz1
da 1 ml/dk olarak belirlendi. Standart karigimlardan
hazirlanan kalibrasyon egrisine gore hesaplanmasi
Class VP 6,26 software (Shimadzu, Kyota Japan) ile
yapildi.

Istatistik Analizi

Deney sonucunda elde edilen veriler SPSS 15.0
istatistik programi ile degerlendirildi. Kontrol grubu
ile uygulama gruplarinin ortalamalari aras1 farklar

once tek-yonli ANOVA ile daha sonra da her bir
grubun digerinden olan farkliliklar post hoc LSD testi
yapilarak belirlendi. Degerler ortalama + standard
sapma (mean+S.D.) belirtildi. Istatistik yonden énemli
bulunan farklar metin icinde de istatistiksel P (p>0,05,
p<0,05, p<0,01, p<0,001) degerleri seklinde ifade
edildi.

BULGULAR

Farkhh Konsantrasyonlardaki Schiff Bazlarinin
Saccharomyces cerevisiae Hiicresinin Total Protein
Seviyesi Uzerindeki Etkisi

Schiff bazlarinin 10 mg/mL ve 20 mg/mL’ hk
konsontrasyon gruplarimin kontrol grubu ile total
protein miktar: bakimindan kiyaslamasi yapildiginda;
madde ilave edilen maya hiicrelerindeki total protein
miktarimin Xs, X4, X5, Ye, Yz ve Y4 gruplarinda belirgin
seviyede arttig1 saptandi (p<0.05, p<0.01, p<0.001). X;,
Xo, Y1 ve Y5 schiff bazlarinin oldugu gruplarin total
protein seviyesinde kismi seviyede azalma oldugu
belirlendi (p<0.05) (p<0.01) (p<0.001) (Cizelge 1).

Cizelge 1. Schiff bazlarinin S. cerevisiae hiicresindeki total protein dizeyine etkisi
Table 1. The effect of Schiff bases on total protein levels in S. cerevisiae cell

10 mg/mL’ lik konsantrasyon grubu (X) 20 mg/mL’ ik konsantrasyon grubu (Y)
10 mg/mL concentration group 20 mg/mL concentration group
Total protein (mg/g) Total protein (mg/g)
Total protein Total protein
Kontrol (Control) 1.562 + 0.047 Kontrol (Control) 2.460 + 0.35
M 1.470 £ 0.100 M 1.804 + 0.06¢
M 1.406 = 0.033 M. 3.212 +0.52
M3 1.684 + 0.087¢ Ms; 2.664 + 0.402
My 1.870 + 0.070¢ My 2.850 + 0.86P
M;s 1.858 + 0.10¢ Ms 1.642 + 0.064
a: p>0.05, b: p<0.05, ¢! p<0.01, d: p<0.001, cd: p<0.0001
Farkli Konsantrasyonlardaki Schiff Bazlarimin kiyaslandiginda; schiff bazi ilave edilen maya

Saccharomyces cerevisiae Hiicresinin GSH ve GSGG
Seviyesi Uzerindeki Etkisi

Schiff bazlari ilave edilen gruplar ile kontrol grubu

hiicrelerindeki GSH miktarinin bir¢cok grupta belirgin
oranda arttign (p<0.001) (p<0.0001); Ys Ys ve Ys
gruplarinda ise kismi diizeyde azaldigi tespit edildi
(Cizelge 2.).

Cizelge 2. Schiff bazlarinin S. cerevisiae hiicresindeki GSH diizeyine etkisi
Table 2. The effect of Schiff bases on GSH levels in S. cerevisiae cell

10 mg/mL’ lik konsantrasyon grubu (X) 20 mg/mL’ ik konsantrasyon grubu (Y)
10 mg/mL concentration group 20 mg/mL concentration group
GSH (pmol/g) GSH (umol/g)

Kontrol (Control) 292.13 + 10.06 Kontrol (Control) 73.948 + 4.99
M 456.39 + 15.314 M 96.19 +9.77d
M 505.65 = 32.05¢d M 109.46 + 24,92¢cd
Ms 448.70 + 41.694 M3 61.78 +14.60
M4 405.53 £ 51.74 M, 73.398 £ 11.492
Ms 471.18 + 30.804 Ms 62.40 +11.42

a: p>0.05, b: p<0.05, c: p<0.01, d: p<0.001, cd: p<0.0001

Kontrol grubu ile schiff bazi ilave edilen gruplar GSGG
miktar1i bakimindan karsilastirildiginda, kontrol

284

grubuna goére baz igeren tim gruplarda belirgin
diizeyde artis oldugu goriildii (p<0.001, p<0.0001). 10
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mg/mLl’ lik schiff bazi iceren gruplarda GSGG
miktarinin, 20 mg/mL’ ik konsontrasyon gruplarina

gore artig farkinin daha fazla seviyede oldugu tespit
edildi (Cizelge 3).

Cizelge 3. Schiff bazlarinin S. cerevisiae hiicresindeki GSGG duzeyine etkisi
Table 3. The effect of Schiff bases on GSGG levels in S. cerevisiae cell

10 mg/mL’ ik konsantrasyon grubu (X) 20 mg/mL’ lik konsantrasyon grubu (Y)
10 mg/mL concentration group 20 mg/mL concentration group
GSGG (umol/g) GSGG (umol/g)
Kontrol (Control) 36.870 + 4.52 Kontrol (Control) 12.750 £ 2.19
M 58.636 + 5.09 M 13.194 £ 1.542
M: 73.464 + 7.10 Ms 26.752 = 5.874
Ms 128.56 + 11.43¢d Ms; 14.194 + 3.77
My 108.31 + 8.57<d My 24,484 + 2.704
Ms 140.92 + 4.56¢ M; 21.918+5.18
a: p>0.05, b: p<0.05, ¢: p<0.01, d: p<0.001, cd: p<0.0001
Farkli Konsantrasyonlardaki Schiff Bazlarimin konsantrasyon grubunda M4 haricindeki diger

Saccharomyces cerevisiae Hiicresinin MDA Seviyesi
Uzerindeki Etkisi

Schiff bazi ilave edilen gruplardaki MDA miktarlar
kontrol grubu ile karsilagtirildiginda; 10mg/mL’ lik

gruplarda miktarin 6nemli diizeyde azaldig1 saptandi
(p<0.01, p<0.001). 20 mg/mL’ lik konsontrasyon iceren
maddelerin gruplarindaki MDA miktarinda ise kontrol
grubuna oranla artis oldugu tespit edildi (p<0.01)
(p<0.001) (Cizelge 4).

Cizelge 4. Schiff bazlarinin S. cerevisiae hiicresindeki MDA diizeyine etkisi
Table 4. The effect of Schift bases on MDA levels in S. cerevisiae cell

10 mg/mL’ ik konsantrasyon grubu (X) 20 mg/mL’ ik konsantrasyon grubu (Y)
10 mg/mL concentration group 20 mg/mL concentration group
MDA (nmol/g) MDA (nmol/g)

Kontrol (Control) 66.172 + 4.64 Kontrol (Control) 103.50 £ 9.41
M: 49.632 =+ 3.904 M 109 +17.35
M 44.114 £ 6.134 M 141.45 + 14.064
M3 57.07 £2.13 M; 128.88 + 10.39¢
My 67.812 + 8.622 My 157.69 + 37.564
M; 54.582 + 1.28¢ M; 127.07 + 7.67

a: p>0.05, b: p<0.05, c: p<0.01, d: p<0.001, cd: p<0.0001
TARTISMA ve SONUC

Inorganik olan bilesik ve bilesik gruplarinin yiiksek
yapili organizmalara uygun olup olmamasinin ortaya
konulmas:1 i¢in canli sisteme direkt uygulanmasina
gerek olmadigi son yillarda yapilan calismalar ile
ortaya konmustur (Ispir ve ark.. 2008; Pratap ve ark.,
2011; Timer ve ark., 2008). Bu sebeple basit yapil
organizmalardan eukaryotik grubuna dahil olan S.
cerevisiae yuksek yapili organizmalara benzerlik
gostermesinden  dolayr  deneysel  g¢aligmalarda
kullanilmigtir. Bir¢ok ¢alismada S. cerevisiae maya
hiicresinin maruz birakildigi yeni sentezlenmisg schiff
bilesiklerine gostermis oldugu tepkisel sonuglar ile
uygunlugu denetlenerek bilime 1g1k tutulmustur (Ispir
ve ark.. 2008; Pratap ve ark., 2011; Timer ve ark.,
2008).

Bu c¢alismada bes yeni sentezlenmig olan schiff
bazlarinin S. cerevisiaé 1n kultir ortamina 10
mg/mL’lik ve 20 mg/mL’lik konsantrasyonlarinin
ilavesinden sonra bazi biyokimyasal parametreler
uzerine etkileri arastirnlmigtir. Yapilan calismada
etkisi bilinmeyen yeni sentezlenmis schiff bazlarinin
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S. cerevisiae tUzerindeki total protein, glutatyon,
okside glutatyon ve malondialdehit sonuc¢larinin
etkileri degerlendirilmigtir.

Yaptigimiz arastirmada; total protein miktar: tizerine
schiff baz1 gruplarimin 6nemli diizeyde artisa neden
oldugu belirlenmistir. Oksidatif stres karsisinda
sentezlenen proteinlerin ya da hasara ugramis
proteinlerin hiicrede birikimine sebep olabilecegini
daha 6énce yapilan calismalar ile bildirilmistir (Vincent
ve ark., 2004). Bu artis schiff bazlar1 ile hasara
ugramig proteinlerin birikimi ile agiklanabilir.
Kullandigimiz schiff bazlar etkisi ile hiicrede anormal
protein birikimi olusabilir. Bu sonugta hiicrede protein
diizeyinin artis1 ile sonuglanmaktadir. Bununla
birlikte oksidatif strese kargt hiicrelerde yeni
proteinlerin sentezi de protein diizeyinde artigsa neden
olabilmektedir. Bu  hipotez literatiirde baz
arastiricilar tarafindan desteklenmektedir. Tamarit
ve ark., (1998), oksidatif strese bagh olarak bir grup
oksitlenmig proteinin ortaya ¢iktigini belirtmiglerdir.

Non-protein tiyol yapisinda olup o6nemli bir
antioksidan olan GSH’in yeni sentezlenmis bes schiff
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bazinin 1ki  farklhi  konsontrasyonunu igeren
gruplarindaki miktarlar: ile kontrol grubundaki GSH
miktar1 kiyaslandiginda; M1 ve M2 gruplarinin her iki
konsontrasyon grubunda artis oldugu tespit edildi.
M3, M4 ve M5 gruplarinda ise konsontrasyonlar:
arttikca GSH seviyesinde azalma oldugu gorildi.
Glutatyon miktarindaki artigin nedeni olarak maya
hiicresinin  schiff bazlarina karsi bir savunma
mekanizmas gelistirmig olabilecegi ve GSH miktarini
arttirarak  oksidatif = hasarlara  karst = uyum
saglayabildigi goriusiini ileri siurebiliriz. Penninckx
yaptiglr calismada S. cerevisiae maya hicresinin
oksidatif strese ve birgok farkli besin kaynaklarina
karsi yanit olusturmak adina glutatyon sentezleyerek
GSH miktarinda artigsa sebep oldugunu saptamistir
(Penninckx, 2000).

Okside glutatyon miktarindaki degisimlerin kontrol
grubu ile kiyaslanmasinda; schiff bazi igeren tiim
gruplarda belirgin diizeyde artis oldugu saptanmigtar.
Bu durumun; maya hicresinin schiff bazlarina kars:
bir savunma mekanizmas1 gelistirip, glutatyon
miktarima arttirmasi ve boylece oksidatif hasarlara
karg1 adaptasyon goOsterebilmesi ile iligkili oldugu
sonucuna varilmistir. Izawa ve ark., (1995) yaptiklar:
calismada H:202ye karsi olusturulmus olan ortama
saglanmigs uyumun, hiicre i¢indeki glutatyon
miktarinda artisa sebep olabilecegini  6ne
sirmusglerdir. Bu c¢alisma, arastirmamizdaki schiff
baz1 gruplarinda gézlemlenen artisi aciklamak adina
benzer bir c¢alisma Ornegidir. Calismamizdaki
glutatyon miktarindaki bu artis; maya hiicrelerinin
ortamina ilave edilen schiff bazlarinin hiicrede

olusturduklar: hasarlar1 onarabilmek adina bir él¢ut
olarak kabul edinilebilir.

MDA; lipid peroksidasyonunun son uriniudir ve
artmis olmasi hiicresel hasarin bir gostergesidir
(Garcia ve ark., 1997). MDA seviyesi lipid
peroksidasyonun bir 6l¢iisii olarak kabul edilmektedir.
Kontrol ile schiff baz1 gruplarindaki MDA
miktarlarimin  kargilagtirmasinda; 10 mg/mL’lik
konsantrosyon gruplarinin ¢ogunda belirgin diizeyde
azalmanin oldugu goézlemlenirken, 20 mg/mL’lik
konsantrasyon gruplarinin timiinde belirgin dizeyde
artis oldugu tespit edildi. MDA diizeyindeki artis
kullanilmisg olan test maddelerinin lipit
peroksidasyonunu artirarak hasar olusumuna sebep
oldugunun gostergesi olabilir. MDA hiicre diizeyinde
metabolize edilmekte ya da diffiize olmakta ve diger
hiicrelerde hasar olusturmaktadir. MDA pek c¢ok
hiicrede membran butiinliginin bozulmasina sebep

olmakta ve bunun sonucunda lizozomal
membranlarda yirtilmaya, hiicre membran
butinliginin kaybina neden olmaktadir. Yapilan

benzer bir calismada; Bozhan (2017) 2-(2-(3 hydroxy-4-
methoxyphenyl)ethlidene)hydrazinecarbothioamide

schiff bazinin 2, 4 ve 8 ppm kosantrasyonlardaki
uygulamalar sonucuda, 8 ppm grubundaki MDA
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miktarinda 6nemli  dizeyde artis oldugunu
belirlemistir, bu artigsin sebebinin ise maya hiicresinin

ortama eklenen maddelere gosterdigi direngten
kaynaklandigini ileri sirmugstiir.

Yaptigimiz c¢alismada yeni sentezlenmig schiff
bazlarinin S, cerevisiaenin  kiultir ortamina

uygulanmasiyla olusturulmus gruplarda oksidatif
stresten dolayi; total protein, GSH ve MDA
seviyelerinin kontrol gruplarina kiyasla yiiksek
olmasi, S. cerevisiae’ nin savunma ve biyokimyasal
sistemi tUzerinde farkli etkilere sahip oldugunu
gostermektedir. Bu veriler dogrultusunda; ilag
sanayinde siklikla kullanilan Schiff bazli bilegiklerin
canl sistemler uzerindeki biyokimyasal
degisimlerinin belirlenmesi ve etkilerinin ortaya
konulmasina olumlu katkida bulunulmustur.

Cikar Catigmasi Beyani

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

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan ederler.
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ABSTRACT
Sphaerophysa kotschyana, an endemic plant belonging to Fabaceae,
is distributed around the Tuz Lake in the Konya region. In this study,
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capacity. According to obtained data; free radical scavenging capacity Accepted ©19.12.2019
(DPPH®) and reducing power activity were observed to be lower than
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standard antioxidants, cation radical scavenging activity (ABTSe*)
was similar to the standard antioxidants. Total phenolic compound
was found in leaf-stem and fruit 0.357 mg GAE/kg DW and 0.006 mg
GAE/kg DW, respectively. D-pinitol and sucrose were isolated and
identified by chromatographic and spectroscopic techniques.

Sphaerophysa kotschyana
Antioxidant Capacity
Isolation

Sphaerophysa kotschyana Bitkisinin Antioksidan Aktivitesi ve Baz1 Kimyasal Bilegenlerinin Izolasyonu
ve Belirlenmesi

OZET Aragtirma Makalesi
Fabaceae'ye ait endemik bir bitki olan Sphaerophysa kotschyana,

Konya bolgesindeki Tuz Goli ¢evresinde dagilim gosterir. Bu Makale Tarihgesi
calismada, S. kotschyana bitkisinden elde edilen metanol Gelis Tarithi  :05.11.2019
ekstrelerden antioksidan kapasitesi degerlendirildi. Elde edilen Kabul Tarihi :19.12.2019

antioksidan aktivite sonuclarina gore; serbest radikal (DPPHe)
giderme aktivitesi ve indirgeme guci aktivitesi standart
antioksidanlara gore dugiik oldugu gozlemlenirken, katyon radikal
(ABTS**) giderme aktivitesi standart antioksidanlara benzer bir
aktivite gostermektedir. Toplam fenolik bilesiklerin tayininde
sirasiyla yaprak-sapi ve meyvede, 0,357 mg GAE / kg kuru bitki ve
0,006 mg GAE / kg kuru bitki olarak bulunmustur. D-pinitol ve sukroz
kromatografik ve spektroskopik teknikler ile izole edildi ve yapisi
aydinlatilda.

Anahtar Kelimeler
Sphaerophysa kotschyana
Antioksidan kapasite
Izolasyon

To Cite: Giizel A, Elmastas M 2020. Antioxidant activity, isolation and identification of some chemical constituents of
Sphaerophysa kotschyana. KSU J. Agric Nat 23 (2): 289-296. DOI: 10.18016/ksutarimdoga.vi.642953.

INTRODUCTION

The Sphaerophysa genus belonging to the Fabaceae is
represented by two species in the world. These are
Sphaerophysa kotschyana Boiss. and S. salsula
DC.(Polhill, 1981) Sphaerophysa salsula is widely
distributed in the Middle-Asian and northwest of
China. In traditional Chinese medicine, S. salsula is
used as a phytotherapic agent for the cure of certain
diseases such as nephritis, hypertension, chronic
hepatitis and angioneurotic oedema. The plant is
resistant to normal drought and plays an important
role in improving inefficient soil environments (Lin et
al., 2009; Ma et al., 2004). Phytochemical investigation
on S. salsula resulted in the isolation of flavonoids (Ma
et al., 2004), isoflavans (Jiao et al., 2018), sterols (Li et
al., 2005), lignan (Ma et al., 2003) and stilbenes (Ma et

al., 2002). Sphaerophysa kotschyana included in the
list of preservation plant which is halophyte plant is
endemic for the Central Anatolian province (Hamzao
and Aksoy, 2009; Trouwborst, 2014; Yildiztugay et al.,
2013). It can resist salt-related damages at low salt
concentrations (Yildiztugay et al., 2013). This property
may come from its secondary metabolites contents.

Oxygen that produces reactive oxygen species is a
reactive substance with a capacity to damage living
tissue. This is a contrast to metabolism (Davies, 2000;
Halliwell and Gutteridge, 1984). Oxidation, takes
place by electron transfer, compose an important part
of metabolic activities. ATP production, the last
electron acceptor in the electron transport chain (ETC)
is oxygen (Giilgin et al., 2003; Halliwell and Cross,
1994). During electron flow, unpaired electrons are
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formed. Unpaired electrons in free radicals want to go
into a stable state and take electrons from a stable
compound and convert it into a new free radical
(Davies, 2000; Giil¢in, 2012). This sequence of chain
reactions initiated by free radicals continues until
stopped by antioxidants. If the antioxidants remain
insufficient, then these electrons form free radicals and
cause various damages to the organism (Gulcin et al.,
2008; Halliwell and Cross, 1994). The increase of free
radicals can cause various diseases because it can
damage the function of the cell (Attaur Rahman and
Choudhary, 2001; Davies, 1995).

All aerobic organisms and human beings have defence
mechanisms to preserve against these oxidant
damages. These defence mechanisms are called
antioxidant defence mechanisms (Davies, 2000;
Vermerris and Nicholson, 2006). The antioxidant
defence mechanism can act in many different stages of
an oxidative sequence. Antioxidants carry out defence
mechanisms such as preventing radical formation,
capturing radicals, increasing elimination of damaged
molecules, and destroying excess damaged DNA cells
to prevent the growth of transformed cells (Halliwell
and Gutteridge, 2007).

According to our literature research, we did not find
any studies on isolation and antioxidant capacity of S.
kotschyana. Therefore, we aim to work determination
of antioxidant capacity of methanolic extract of the
plant. The second aim of the study is isolation and
identification of some chemical compounds. As a result
of this study, new information about phytochemical
properties of this plant will be given to the literature.

MATERIALS and METHODS
General experimental procedures

NMR spectrum analyses were performed by Bruker-
400 MHz spectrometer (400 MHz for proton and 100
MHz for carbon analysis). UV measurements were
executed on a Hitachi U-2900 UV-VIS spectrometer.
Column chromatography was performed on Silica Gel
(60-230 mesh, E. Merck, Germany). TLC was carried
out on aluminium plates coated with Silica Gel (0.25
mm, E. Merck, Germany). Material detection was
carried out by spraying seric sulfate solution over TLC
and then heating.

BHT, BHA, Trolox, trichloroacetic acid (TCA), ABTS,
Folin-Ciocalteu reagent, gallic acid, DPPH -, Potasium
ferricyanide (KsFe(CN)s), potassium persulfate
(K2S208) were used for antioxidant assays and All
solvents and chemical compounds supplied from
chemical company E. Merck (Germany).

Plant Material

The plant materials were collected from Konya, the
central Anatolia region of Turkey during the fruit
period in July and identified by Prof. Dr. Murad Aydin
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Sanda and sent to our laboratory for leaf-stem and
fruit chemical analysis of the S. kotschyana plant
which was dried in a way that would not see the sun.
(Herbarium Number: Sanda 2350).

Extraction and isolation

Extraction for total phenolic compound analysis and
antioxidant activity assay

The leaf-stem and fruits of arial plant were dried and
powdered. 0.2 g the leaf-stem and 0.2 g fruits weighed
into capped glass tubes then extracted with 10 mL
methanol/dichloromethane mixture (4: 1). It was
vortexed and left in the ultrasonic bath for 15 minutes
and then incubated for 1 day.

Extraction for isolation

Dried and powdered leaf-stem extracted with
methanol. Filtered extract was evaporated in rotary
evaporator and 8 g extract were obtained from leaf-
stem.

Isolation

Isolation was accomplished by adding methanol
extract (8 g) to the silica gel column (5x120 cm, DxL).
Fractionation was performed with increasing polarity
from hexane to EtOAc and from EtOAc to MeOH. In
the isolation study, a total of 373 fractions were
collected by taking 100 ml into each tube. All eluates
were subjected to thin layer chromatography and then
the compounds having the same R¢ value were
combined. Pinitol (1) and Sucrose (2) were isolated
from the fractions of 209 and 288, respectively.

Evaluation of Antioxidant Activities

Ferric Ions (Fe3*) Reducing Antioxidant Power Assay
(FRAP)

The reducing powers of S. kotschyana leaf-stem and
fruits extracts were determined by modified Oyaizu
method (Elmastas et al., 2006; Oyaizu, 1986). To the .S.
kotschyana extract solutions (40, 80, 120 pg/mL) in 1
mL of methanol was mixed with 2.5 mL of phosphate
buffer (0.2 M, pH 6.6) and 2.5 mL of 1% potassium
ferricyanide [KsFe(CN)s]. The mixtures were
incubated at 50°C for 20 min. Trichloroacetic acid (2.5
mL, 10%) was added to each mixture and they were
centrifuged (at 3,000 rpm for 10 min). The upper layers
of solutions (2.5 mL) were mixed with distilled water
(2.5 mL) and FeCls (0.5 mL, 0.1%), and absorbances
were measured at 700 nm. Increased absorbance of the
reaction mixture indicates an increase of reduction
capability.

DPPH- Free Radical Scavenging Activity

DPPH" free
kotschyana

scavenging activity of S
and fruits extracts and

radical
leaf-stem
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standards were measured by the method of Blois
(Blois, 1958). 0.1 mM solution of DPPH" in ethanol was
prepared and 1mL of this solution was added to 3mL
of the samples solution in methanol at different
concentrations (60, 80, 160 pg/mL). These solutions
were vortexed thoroughly and kept in the darkness for
30 min. The absorbance was measured at 517 nm by a
spectrophotometer and the lower absorbance of the
reaction mixture revealed the higher free radical
scavenging activity. The capability to scavenge DPPH"
radical was calculated using the following equation:

DPPH" scavenging effect (%) = (Absorbance of control
- Absorbance of sample) / Absorbance of control x 100

ABTS+ Radical Cation Scavenging Assay

ABTS *scavenging activity assay was carried out
according to Re method (Re et al., 1999). The process
of ABTS"* (2.0 mM) in water with potassium persulfate
(K2S20s) (2.45 mM) at room temperature in dark for 4
h gave the ABTS cation radical. Dilution of ABTS"*+
was applied with phosphate buffer (0.1 mol/L, pH 7.4)
to measure the absorbance at 734 nm. The reactions of
ABTS +solution (1.0 mL) with samples solution in
ethanol (3.0 mL) at different concentrations (2.5, 5.0,
10.0 pg/mL) were performed. The inhibition was
calculated at 734 nm for each concentration. The
scavenging ability of ABTS'+ was calculated as the
following equation:

ABTS +scavenging activity (%) = [(Ac — As) /Ac] x 100
where Ac 1s the initial concentration of ABTS +and as

is the absorbance of the remaining concentration of
ABTS +*in the samples.

Determination of Total Phenolic Compounds

Folin-Ciocalteu reagent and gallic acid as a standard
were used to determine the total phenolic constituent
of S. kotschyana leaf-stem and fruits extracts
(Slinkard and Singleton, 1977). 10-fold diluted Folin-
Ciocalteu reagent (2.5 mL) and Na2COs (2 mL, 75 g/L)
were added to the plant extract (0.5 mL, 1 mg/mL).
After this mixture was vortexed and incubated for 2
hours. The absorbance measurement was performed at
760 nm by a spectrophotometer. Calibration graph was
performed according using gallic acid. Accordingly, the
results were calculated as milligram gallic acid
equivalent (GAE) per kg dry plant.

Statistical analysis
The results of the study were performed by taking the

average + SD of at least three independent
measurements.
RESULTS and DISCUSSION

Natural products

In this study, D-pinitol (1) and sucrose (2) are isolated
from methanol extract by silica gel column
chromatography (Figure 1). Their molecular formula
was determined as C7H14Os (1) and C12H22011 (2) by
1H-NMR, HETCOR, COSY, HMBC,13C-NMR, APT,
DEPT-90 and DEPT-135 spectrums.

H O\\\\\\\ .

OH

(1) D-Pinitol

(2) Sucrose

Figure 1. Structures of compounds isolated from S. kotschyana
Sekil 1. S. kotschyana bitkisinden izole edilen bilesiklerin yapisi

D-Pinitol (3-O-Methyl-D-chiro-inositol) compound was
shown to have seven carbon atoms in the 13 C-NMR,
APT, DEPT-90 and DEPT-135 spectra (Figure 2.A).
The DEPT-90 spectrum showed six methines carbons.
The carbon at 60.06 ppm belongs to the methyl carbon
in the methoxy group from the DEPT-135 and APT
spectra. From the 1H-NMR spectrum of the D-pinitol
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compound, the —OH protons range from 4.3 to 4.8; The
H-3 proton was triplet at 3.01 (/= 9.04 Hz) and the H-
4 proton at 3.50 ppm as a multiplet resonance. While
H-5 and H-6 protons signal at 3.63 and 3.62 ppm, —
OCH3 protons showed singlet at 3.43 ppm
(Figure.2.B). D-Pinitol In the HMBC spectrum, —
OCHS carbon (60.07 ppm) with H-3 proton (3.01 ppm),



KSU Tarim ve Doga Derg 23(2): 289-296, 2020
KSU J. Agric Nat 23 (2): 289-296, 2020

Arastirma Makalesi
Research Article

C-6 carbon (72.85 ppm) with H-5 proton (3.63 ppm) and
C-3 carbon (84.21 ppm) with H-1 proton (3.44 ppm) was
seen to interact with long distance (Table 1). NMR

values of D-Pinitol compound are consistent with those
given in the literature (Blanco et al., 2008; Misra and
Siddiqi, 2004; Sharma et al., 2016).

Table 1. 1H-NMR, 13C-NMR chemical shift values and HMBC correlations of D-Pinitol and Sucrose (400 MHz,

100 MHz, DMSO-d6)

Cizelge 1. D-Pinitol ve Sukroz bilesiginin 1H-NMR ve 13C-NMR kimyasal kayma degerleri ve HMBC

korelasyonlari (400 MHz DMSO-d6)

D-Pinitol Sucrose

C/H 8c (ppm) 61 (ppm) HMBC 8c ppm 61 ppm (Hz) HMBC
1 71.38 3.44, m 62.58 3.55 Hs
2 73.04 3.35 104.18 Hiy
3 84.21 3.01, (t, J/=9.04) Hi: 77.50 3.87 (t, J=8.00)

4 70.53 3.50, m 74.45 3.76 ND
5 72.40 3.63, m 83.00 3.56 He
6 72.85 3.62, m Hs 62.52 3.40 Hs
1’ 92.23 5.17

2' 72.09 3.16 Hi
3’ 73.27 3.48 Hs
4' 70.31 3.16

5' 73.27 3.65 Hs
6’ 60.95 3.59

OCH; 60.07 3.43, s Hs

Sucrose was isolated in crystalline form. The 13C
spectrum revealed the presence of twelve carbons
compatible with the structure (Figure 2.C). The peaks
of 4.30-5.30 ppm in the 1H-NMR spectrum of sucrose
compound belong to —OH protons (Figure 2.D). The
triplet at §3.87 belongs to proton H-3 (J = 8.00 Hz)
(Table 1). In the HMBC spectrum, protons H-1 (5.17
ppm) with C-2 (104.18 ppm) and C-2 (72.09 ppm), H-6
(3.40 ppm) proton with C-5 (83.00 ppm) carbon, C-3'
and C-5' carbons (73.27 ppm) with H-5 ile and H-3’
protons (3.16 ppm) was showed to interact with long
distance (Table 1). The signal values of the sucrose
compound are proper with the literature data (El-
Domiaty et al., 2009; Popov et al., 2006).

Antioxidant activities

Antioxidant properties of functional compounds in
foods are important for medical bioactivity. In this
work, the antioxidant activity of methanol extract of S.
kotschyana leaf-stem and fruits were compared to
standard antioxidants (BHA and trolox). The activity
of the S. kotschyana of the leaf-stem and fruit section
was high in the determination of ABTS'* cation free
radical scavenging activity (Figure 3).

As shown in figure 3 and figure 4, S. kotschyana is low
in DPPH, FRAP and total phenolic compounds.
Phenols and their derivatives have antioxidant
activity because they have hydroxyl groups. 0,357 and
0,006 mg gallic acid equivalent of phenols were
detected in leaf-stem and fruit respectively. The
presence of low amounts of total phenolic compounds
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content in this work may be the cause of these low
antioxidant activities. However, the ABTS'+ cation
radical scavenging activity of S. kotschyana showed
the same activity as standard antioxidants (Figure 5).
This may be due to chemical contents in the plant
which react with ABTS"+ cation radical.

Sucrose and D-Pinitol isolated from the S. kotschyana
firstly and obtained results from the study was
presented new data into literature. Because sucrose
and D-pinitol isolated and elucidated their structures
from S. kotschyana firs time. DPPH, superoxide
scavenging activity, nitric oxide scavenging activities
of D-pinitol were reported previously. It was reported
that its activity was close to standard (Rengarajan et
al., 2014). At the same time D-pinitol has been found
to have an anti-inflammatory effect (Singh et al.,
2001).

CONCLUSION

When the results are evaluated, it is seen that there is
a paradox in terms of antioxidants. Because ABTS" * is
higher than other antioxidant tests. However, ABTS* +
can be used as a free radical cation clearing agent. In
the future studies on S. kotschyana can be performed
for other chemical content isolation and elucidation.
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Figure 2. (A) 13C-NMR spectrum of the compound D-Pinitol (100 MHz, DMSO-ds). (B) 400 MHz 'H-NMR of D-
pinitol in D20. (C) 13C-NMR spectrum of the compound Sucrose (100 MHz, DMSO-d 6). (D) 400 MHz 'H-
NMR of Sucrose in D20

Sekil 2.(A) D-Pinitol bilesiginin 13C-NMR spektrumu (100 MHz, DMSO-ds). (B) D-Pinitol bilesiginin D:0Tu 400
MHz 'H-NMR spektrumu. (C) Sukroz bilesiginin 13C-NMR spektrumu (100 MHz, DMSO-ds). (D) Sukroz
bilesiginin D=0lu 400 MHz ' H-NMR spektrumu.
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DPPH
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Figure 3. DPPH free radical scavenging activity of
extracts and standard antioxidants

Sekil 3. Fkstraktlarin ve standart antioksidanlarin
DPPH serbest radikal giderme aktivitesi
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Figure 4. FRAP reducing power activity of extracts and
standard antioxidants

Sekil 4. Ekstraktlarin ve standart antioksidanlarin
FRAP indirme giicii aktivitesi
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Figure 5. ABTS cation radical scavenging activity of
extracts and standard antioxidants

Sekil 6. Ekstraktlarin ve standart antioksidanlarin
ABTS katyon serbest radikal giderme
aktivitesi
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ABSTRACT

Fritillaria imperialis needs 2-3 years to regenerate from seeds, which
makes its production quite challenging. In this study, effects of three
concentrations of 6-Benzylaminopurine (BAP) (0.00, 0.10 and 0.15
mg/L) and three different amounts (0.0, 3.0 and 3.5 g/L) of activated
carbon (AC) on the growth of F. imperialis plantlets in vitro were
determined. The auxins were at similar concentration (0.01 mg/L of
NAA and 0.01 mg/L of IAA) for all treatments. It has been found that
the size and number of bulblets, as well as root and shoot numbers in
regenerated plantlets were increased significantly (p<0.05) by adding
3.5 g/Li of AC in culture medium supplemented with 0.10 mg/L of BAP.
Moreover, addition of AC significantly reduced the length of roots in
all doses studied (p<0.05). The supreme concentration of BAP (0.15
mg/L) decreased the bulblet number in all treatments, however, when
supplemented with 3.5 g/L of AC, it was found to raise all the values
measured (p<0.05). Overall, the best growth of the plant parts from
callus were achieved with the highest concentration of AC and 1.5
mg/L of BAP.

OZET

Fritillaria imperialis turi bitkiler, tohumlarimi yenilemek igin iki
yildan fazla bir siireye ihtiyaci duymakta ve bu durum tretimlerini
zorlagtirmaktadir. Bu c¢alismada, t¢ farkli derisimdeki 6-
Benzilaminopurinin (BAP) (0.00, 0.10 ve 0.15 mg/L) ve ii¢ farkh
miktardaki (0.0, 3.0 ve 3.5 g/L) aktif karbonun (AC) F. imperialis
bitkilerinin biiylimesine etkisi in vitro olarak incelenmigtir. Tim
muamele gruplari icin benzer konsantrasyonda oksin (0.01 mg/L NAA
ve 0.01 mg/L IAA) kullanilmigtir. 0.10 mg/L BAP ilave edilmis kiiltiir
ortamlarina 3.5 g/l AC eklenmesinin bitkilerin yumru ¢ap uzunlugu
ve sayisinin yaninda kok ve slrgin sayillarimi istatiksel olarak
anlaml bir sekilde (p<0.05) arttirdig1r gozlenmistir. Dahasi, AC
eklenmesi, ¢aligilan tiim dozlarda kok uzunluklarini 6nemli 6lgtide
azaltmistir (p<0.05). Yiiksek BAP konsantrasyonunun (0.15 mg/L)
caligilan tim gruplarin yumru sayilarim azalttigi, ancak 3.5 g/, AC
ile desteklendiginde o6l¢lilen tim degerlerin artisin1  sagladig:
bulunmustur (p<0.05). Genel olarak, kallustan bitki kisimlarinin en
1iyi sekilde biiytimesi, en yiiksek konsantrasyonda AC ve 1.5 mg/L BAP
ile elde edilmigtir.
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INTRODUCTION

Fritillaria imperialis L. belongs to Liliaceae family,
and. it can be used as ornamental plant and in flower
arrangements. Besides, it is considered as a valuable

plant material for medicine because of possessing
steroidal alkaloids with multiple pharmaceutical
properties (Eshaghi et al., 2018). The fact that the
bulbs of F. imperialis have extreme amounts of
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alkaloids and non-alkaloids led to their role in
traditional drug in Turkey, China and Japan (Li et al.,
2000; Wang et al., 2005). In addition to these remedies,
most species of Fritillaria have high starch content and
they can be used as new starch sources for the food
production (Wang et al., 2005; Li et al., 2011).

Fritillarta imperialis usually lives more than two
years, and the species belonging to Fritillaria genus
are dispersed around different regions on the earth
including Middle East (Iraq, Turkey, and Iran),
Anatolia, Southern Asia and some places of United
States (Ronsted et al.,, 2005). In the natural
environment, a complete growth of the requires more
than two years through sexual production (Sun and
Wang, 1991). Moreover, the low rate of propagation
from seeds hampers large scale cultivation of the
species. Consequently, the number of bulbs produced
in wild becomes insufficient to meet the demand
adequately, therefore it is necessary to solve the
problem by using in vitro techniques such as
micropropagation (Almeida et al., 2005).

In vitro culture methods are essential components of
plant genetic resources management and they are
becoming more important for the conservation of
endangered and rare plant species (Bhatia et al., 2002;
Almeida et al., 2005). Micropropagation techniques
can allow fast and large-scale propagation of plants.
Regeneration without crossing callus is named as
direct organogenesis. Indirect organogenesis, which
includes the crossing of callus, has been applied for
overcoming geophyte dependency and keeping long
period to totipotency in Cuminum cyminum
(Ebrahimie et al., 2006).

Under in vitro culture conditions, the growth of the
bulblets of F. Iimperialis can be stimulated by a
combination of plant growth hormones (Li et al., 2011).
Suitable bulblet size for acclimatization is also
achieved by transferring the plantlets to a growth
medium containing no plant growth regulator (PGR)
but an elevated level of carbohydrate contained with
activated carbon (Staikkidou et al., 2000).

In in vitro culture, AC is widely used to promote the
rooting of micropropagated plantlets since it helps the
uptake of vitamins, ferritin, hormones, and darkens
the medium (Dumas and Monteuuis, 1995). Besides,
the detrimental substances generated by the explant
or culture medium are adsorbed by AC (Fridborg and
Eriksson, 1975; Fridborg et al.,, 1978). Cytokinin
hormone is an important component of the medium for
micropropagation, particularly at the proliferation
stage. It has been widely known that cytokinin plays
various roles in plant growth such as protein synthesis,
simulation of division and cell expansion (George et al.,
2008). This study investigates the impact of varying
amounts of AC alone and combined with different
concentrations of BAP. on the development of
micropropagated F. imperialis grown in the media
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containing the same amount of Naphthaleneacetic acid
(NAA) and Indole-3-acetic acid (IAA).

MATERIALS and METHODS
Plant materials

The plant materials were kindly provided by Prof. Dr.
Mehmet Nuri Nas of Horticulture Department of
Kahramanmaras Sutcu Imam University. The fresh
bulbs before sterilization are seen in Figure 1. Soil
particles, dead parts and insects were removed from
the bulb surface by washing them thoroughly by tap
water and rinsing with sterile water three times
(Figure 2)

Figure 1. The fresh bulbs of F. imperialis before
sterilization process
Sekil 1. Sterilzasyon isleminden énce F. imperialis’in
taze sogancigi

> =9
Figure 2 Washing the samples with water
Sekil 2. Orneklerin su ile yikanmasi

-

Growth medium

In our experiment, we used Murashige and Skoog (MS)
basal medium to grow the explants. The medium pH
was set to 5.5+0.9 and it was autoclaved at 121°C for 15
minutes before adding 5.5 g/L of agar plant (Duchefa
Biochemie, Netherland) into the medium in order to
provide it with a gel-like texture. As the energy and
carbon source, 30 g/Li of sucrose was added to the
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medium. The plant materials were cultured in a
growth room with a constant 25+2°C temperature and
66+4% humidity and 16/8 hours light/dark period
(sustained by enlightening with white fluorescence).

Callus Formation

The clean bulbs were cut into smaller pieces and
soaked in 1% (w/v) NaClO (sodium hypochlorite)
(Hypo, Turkey) with Tween-20 (1%) (OGH, Germany)
for fifteen minutes (Figure 3). Then, the surface-
sterilized pieces were prepared washed extensively
with distilled water for four times and cultured (Figure
4) on MS supplemented with 0.125 mg/L of TDZ
(Thidiazuron) (Sigma-Aldrich, Germany).

Figure 3. The bulbs of Fritillaria imperialis in
sterilization process.

Sekil 3. Fritillaria 1imperialis soganciklarinin
sterilizasyonu

Figure 4 Surface-sterilization of the pieces before
placing them on media

Sekil 4. Besiyeri igerisine koymadan dnce ylizey
sterilizasyonu

Experimental Set Up

Once the callus was generated, the parts with 2¥2 ¢m?
surface area were selected, and cultured in MS
containing various amounts (0.0, 3.0, 3.5 g/L) of AC
(Merck KGaA, Germany), three concentrations (0.00,
0.10, 0.15 mg/L) of BAP (Duchefa Biochemie,
Netherland) and an equal concentration of auxins (0.01
mg/LL NAA and 0.01 mg/L IAA). All the above-
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mentioned processes were performed under sterilized
conditions.

Statistical analysis

IBM SPSS Statistics software was used to perform
statistical analyses. In order to distinguish the effect
of activated charcoal and hormones, and to find out
their interaction, variance analyses were made by Two
Way ANOVA. Groups with a p value lower than 0.05
were considered as significantly different (p<0.05). For
the purpose of confirmation of the results of Two-Way
ANOVA and to label the experimental and control
groups depending on their similarities, Tukey’s HSD
post hoc test was applied.

RESULTS and DISCUSSION

We evaluated the impact of three different doses (0.0,
3.0 and 3.5 g/L) of AC by itself or in combination with
three different amounts (0.00, 0.10, 0.15 mg/L) of BAP
on the growth of the plantlets of . imperialis, cultured
via indirect organogenesis. When we made the first
measurements on the 9t week, we found that the
moderate amount (0.10 mg/L) of BAP along with the
maximum dose of AC (3.5 g/L) produced more bulblets,
roots and shoots (13.00+3.1, 23.40+5.6 and 16.60+1.9)
compared to the control group (1.20+0.4; 14.60+2.0;
14.20+3.30) to which no AC and no BAP was applied
(Table 1). When the plantlets were grown in the media
containing no AC but with moderate concentration
(0.10 mg/L) of BAP, the lowest number of roots and
shoots (6.80+1.9 and 8.20+1.9) were generated. Our
results showed that adding AC to the growth media
stimulated and fed plants tissue more effectively and
that helped the explants in modification and
differentiation. These observations were in agreement
with the reports authored by Sipayung and co-workers
in 2018. Similarly, Olah (2017) demonstrated that AC
could improve bulblet growth by possibly prohibiting
exudates that cause tissue browning. Moreover,
according to Cheng et al. (2013), AC could act as a
promoter of embryogenesis in the microspore culture of
different Capsicum annuum L genotypes.

After 13 weeks of treatment, number of roots, shoots
and the bulblets were determined (Table 2). We found
that adding AC to the media with no cytokinin has an
increasing impact on the number of bulblets, roots and
shoots in a dose-dependent manner, which reached
their maximum level with the highest doses of AC as
8.40+1.8, 73.20+£5.8, and 25.40+4.9, respectively.
Besides, our results revealed that, of all conditions
studied for 13 weeks, the medium containing the
highest dose (3.5 g/L) of AC with 0.10 mg/L of BAP
generated the greatest number (13.00+3.1, 76.60+17.7
and 32.00+7.5) of bulblets, roots and shoots
respectively (Table 2).
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Tablel. Bulblet, Root and Shoot Number of F. imperialis plantlets after 9 Weeks of Growth.
Tablo 1. 9 Hafta Biliylimeden sonra F, imperialis Bitkiciklerindeki Sogancik, Kok ve Siirgiin Sayisi

AC g/L BAP mglL Nu{nber of bulblets Nlimber of roots N?mlier of shoots
Sogancik sayisi Kok sayisi Siirgtin sayisi
0.00Cyto 1.2042+0.4 14.6A7+£2.0 14.204b+3.3
0.0AC 0.10Cyto 2.604b+£0.5 6.804a+1.9 8.2042+1.9
0.15Cyto 1.8042:0.4 8.40%x1 5 10.2040£1.7
0.00Cyto 3.40%a+0.5 16.8042+3.6 12.804a+1.9
3.0AC 0.10Cyto 3.2042+0.8 23.408b+5.6 17.808a+3.7
0.15Cyto 2.4042+0.5 24.008b+4.7 16.6082+3.8
0.00Cyto 5.20%441.3 15.80442.4 17.20Ab+4.3
3.5AC 0.10Cyto 13.0080£3.1 27.408+3.5 16.6050+1.9
0.15Cyto 8.20B2+1.9 11.0042+1.8 11.204a+1.3

Means within a column followed by same letters are not significantly different at (P<0.05) as determined by Tukey’s HSD test

(n=5). Capital letters indicate AC effect, small letters indicate BAP effect.

Table 2. Number of Bulblets, Roots and Shoots of F. imperialis after 13 Weeks of Growth.
Tablo 2. 13 Hafta Biiyiimeden sonra F. imperialis Bitkiciklerindeki Sogancik, Kok ve Stirgiin Sayisi

AC g/L BAP mg/L Nufnber of bulblets Nllllmber of roots N?mtier of shoots
Sogancik sayisi Kok sayisi Stirgiin sayisi
0.00Cyto 2.204a+0.4 31.804b+5.8 12.204+1.9
0.0AC 0.10Cyto 3.804b+(0.8 23.0042+4.6 12.4042+2.3
0.15Cyto 4.404b+0.5 19.0042+3.8 18.604+3.2
0.00Cyto 5.20Ba+1.3 43.00B2+1.2 23.00B2+2.9
3.0AC 0.10Cyto 4.804b+1.0 27.00424+2 2 16.6042+3.3
0.15Cyto 8.80Bb+2.1 48.00Bb+8.6 20.6042+4 2
0.00Cyto 8.40C2+1.8 73.20Cc+5.8 25.40Bb+4.9
3.5AC 0.10Cyto 13.00B8+3.1 76.60B+17.7 32.00B8v+7.5
0.15Cyto 8.20B2+1.9 59.20Cb+3.7 22.4042+2 8

Means within a column followed by same letters are not significantly different at P<0.05 as determined by Tukey’s HSD test
(n=5). Capital letters indicate AC effect, small letters indicate BAP effect.

Despite the fact that they worked on another species
(Narcissus tazetta), Steinits and Yahel (1982) also
showed that AC promoted the growth of bulblets,
which was in line with our findings. The presence of
AC in the growth media was likely to increase the
efficiency of cytokinin hormone which in turn improves
the growth of the explants (Nhut et al., 2001). Besides,
activated charcoal was also known to remove the effect
of inhibitory compounds from the medium
(Anagnostakis, 1974). Expectedly, we have observed
the lowest number of shoots and bulblets (2.20+0.4 and
12+1.9) in the culture medium containing neither AC
nor BAP (Table 1). As for the roots, the fewest numbers
(19.00+3.8) were determined in the medium containing
the highest concentration of BAP (0.15mg/L) without
AC (Table 2).

The inhibition observed in embryogenesis and
morphogenesis of the plants grown in no AC containing
media is most likely to be related to the presence of
phenolic compounds in the growth medium, as it was
previously reported by Nayanakantha et al. (2010)
Although the concentration of BAP was more than ten
folds less compared to our previous (Saeed and
Cémertpay, 2017) work (1.75 mg/L), but the negative
impact of the phenolic compounds was observed on root

300

numbers in the absence of AC in the growth medium.

When the measurements obtained for both the 9th and
the 13tk week were compared, it was revealed the best
growth performance of bulblets (number and diameter)
were  determined when  moderate  hormone
concentration (0.10 mg/L) BAP and the highest dose of
AC (3.5 g/L) were added to the media (Figure 5). These
results were in accordance with of Staikkidou and
coworkers (2000), who reported that the bulblets were
grown better when PGR levels were reduced during the
multiplication phase, which counts for the role of
activated charcoal in adsorbing PGR. The highest
amount (3.5g/L) of AC and moderate concentration
(0.10 mg/L) of BAP increased the diameter of bulblets
t0 0.46+0.1 and 0.75+0.1 after 9 and 13 weeks of growth
respectively (Figure 5).

Within 9 weeks of growth, the longest roots (3.50+0.5)
were produced when the plantlets were treated with
0.10 mg/LL of BAP accompanied by 3.5g/LL of AC.
Surprisingly, when the treatment duration was
extended to 13 weeks, the plantlets grown in the media
supplemented with 0.15 mg/L of BAP and a higher dose
of AC (3.5 g/L) generated the longest root (10.00+1.5)
(Figure 6).
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Figure 5. Bulblets Diameter of F. imperialis Plantlets after 9 and 13 weeks of Growth (n=5), (+): represents the best condition
for bulblets diameter in 9 weeks. (*): represents the best condition for bulblets diameter in 13 weeks.
Sekil 5. 9 ve 13 haftalik biiyiimelerden sonra F. imperialis bitkiciklerinin sogancik ¢aplar1 (n=5), (+) 9 haftalik biiyiime i¢in
sogancik ¢apl bakimindan en iyi kosulu temsil etmektedir. (*) 13 haftalik biiyiimeda sogancik ¢ap: bakimindan en iyi
kosulu temsil eder
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Figure 6. Root Length in Centimeter of F. imperialis Plantlets after 9 and 13 weeks (n=5), (*) represents the best condition for
length of root in 9 weeks. (+) represents the best condition for length of root in 13weeks.

Sekil 6. 9 ve 13 haftalik biiyiimelerden sonra F. imperialis bitkiciklerinin santimetre cinsinden kék boylar1 (n=5), (*) 9 haftalik
biiyiime i¢in kék boyu bakimindan en iyi kosulu temsil etmektedir. (+) 13 haftalik biiyiime igin en iyi kék uzunlugu
kosulunu temsil eder.
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On the contrary, and regardless to the duration of the
treatment, shorter roots were produced when 0.10
mg/L of BAP was used in the growth media with no AC.
Similar to what we have observed, Staikkidou et al.
(2000) stated that charcoal effected the development of
the plantlets by inducing the formation of large
number of roots and stimulating root elongation.

Some representative figures of plantlet development
are presented in Figure 7.

CONCLUSION

Results of our study indicate the positive role of AC in
the growth media on the development of the F.
Imperialis plantlets, especially on bulblet, root and
shoot formation. The positive effects of AC is more
pronounced at low concentrations of BAP with an
adverse tendency at higher BAP levels. More studies
are needed to address the interaction between
nutrients and the AC in the growth media to
standardize the application of the active carbon.

Figure 7. Plantlets of F. imperialis grown in different media

Sekil 7. Farkli besiyerinde biiyiimiis F. imperialis bitkicikleri.

(A)-Developed Callus on MS Medium after 40 Days of Incubation (40 giinliik inkiibasyon sonunda MS besiyerinde gelisen

kallus)

(B)-MS Medium without BAP and AC (BAP ve AC igermeyen MS besiyeri)
(C) MS Medium with 0.10mg/ L. BAP (0.10mg/ L BAP i¢eren MS besiyerr)
(D) MS Medium with 0.15 mg/ L. BAP (0.15 mg/ L BAP igeren MS besiyeri)

(E) MS Medium with 3.0 g/ L AC (5.0 g/ L AC igeren MS besiyeri)
(F) MS Medium with 8.5 g/ L AC (3.5 g7/ L AC igeren MS besiyeri)

(G) MS Medium with 0.10mg/L BAP and 3.5 g/L. AC (0.10mg/L BAP ve 3.5 g/L AC i¢eren MS besiyeri)
(H) Regenerated Bulblet After 13 Weeks (13 hafta sonunda tiretilen soganciklar)
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OZET Arastirma Makalesi

Bu calismada, disi siganlara 14 giin boyunca oral gavaj ile farkh

dozlarda (kontrol (0), 0.5, 5, 50 mg/kg/giin) CuO nanopartikiilii (NP) Makale Tarihcesi

verildi. Bunu takiben bobrek, beyin ve ince bagirsak dokularinda Gelig Tarithi  :15.05.2019
ATPaz aktiviteleri ve beyin dokusunda asetilkolinesteraz (AChE) Kabul Tarihi :08.11.2019

aktivitesi Ol¢uldi. Ayrica, karacigerde farkli glutatyon formlar:

(toplam GSH, rGSH, GGSG) ve lipit peroksidasyonu {iiriinii olan Anahtar Kelimeler

TBARS (tiyobarbitiirik asit reaktif maddeleri) diizeyleri de 6l¢iildii. Metal

Diger yandan, dokularda CuO NP birikimi bir transmisyon elektron Bakir oksit
mikroskobu (TEM) yardimiyla gériintiilendi. Sonuclar, beyin AChE Nanopartikiil
aktivitesinde anlamli (P<0.05) azalmalar oldugunu gostermistir. Memeli
Beyin ve ince bagirsak ATPaz aktiviteleri istatistiksel olarak anlaml Biyomarkir
degisimler gostermezken (P>0.05), bébrek ATPaz aktivitesinde TEM

istatiksel olarak (P<0.05) anlamh azalislar olmustur. Farkh glutatyon
formlarmnin dizeyleri en yiiksek doz haricinde anlamli bir sekilde
degismemigtir. Benzer sekilde, TBARS diizeyleri sadece en yliksek
dozda istatiksel olarak anlamh (P<0.05) artislar géstermistir. TEM
gortintiilleri CuO NP'lerin sican dokularda birikebilecegini gostermis
olup, bu goriuntiler sicanlarda enzimatik ve enzimatik olmayan
biyobelirteclerde meydana gelen degisikliklerin dokularda CuO NP
birikmesinden kaynaklandigini vurgulamigtir.

ABSTRACT
In this study, different doses (control (0), 0.5, 5, 50 mg/kg b.w./day) of
CuO nanoparticle (NP) were administered to female rats via oral

Investigation of Some Metabolic Responses in Mammals (Rattus norvegicus var. albinos) Exposed to
Copper Oxide Nanoparticles

Research Article

Article History

gavage for 14 days. Following the exposures, the activities of ATPases Received ©15.05.2019
in the kidney, brain and small intestine and activity of Accepted - 08.11.2019
acetylcholinesterase (AChE) in the brain were measured. Levels of

different glutathione forms (total GSH, rGSH, GGSG) and TBARS ~ Leywords

(thiobarbituric acid reactive substances) were also measured in the Metal .

liver of rats. The accumulation of CuO NPs in the tissues were Copper OX_lde’
demonstrated following capture of tissue images by a transmission Nanoparticle

electron microscope (TEM). Data demonstrated that activity of AChE Mammale

in the brain decreased significantly (P<0.05). ATPase activity in the gg)ﬁarker

brain and small intestine did not change significantly (P>0.05),
though there were significant decreases (P<0.05) in ATPase activity
in the kidney. Levels of glutathione forms did not change significantly,
except the highest dose. Similarly, levels of TBARS increased
significantly (P<0.05) at the highest dose. TEM images showed that
CuO NPs were able to accumulate in the tissues, emphasizing
occurred alterations in enzymatic and non-enzymatic biomarkers
were due to CuO NP accumulation in the tissues.
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GIRIS

Son yillarda agir metallerin nanoteknolojide
kullanimlar1 hiz kazanmigtir. Nanopartikiil denen bu
maddeler 1-100 nm arasinda olup, ¢esitli, metallerle
(Ag, Cu, Ti, Zn vb.) olusturulan 6zgiin kristallerdir.
Metal-oksit nanopartikiilleri Ustin fiziko-kimyasal
ozellikleri sayesinde nanoteknoloji alaninda aranan
maddeler haline gelmigtir. Nanopartikilleri 6zgin
yapan oOzellikler arasinda genig ytizey alanlarina sahip
olmalari, 6zgin ylizey yapilari, sekilleri, fonksiyonel
gruplari, reaktiviteleri, elektronik ve kristal 6zellikleri
sayilabilir (Handy ve Shaw, 2007; Bahadar ve ark.,
2016). Bu ozellikleri sayesinde nanopartikiiller ilac
endistrisi, beyaz egyalar, gilines kremi, besin
endustrisi, dokuma sanayi, dis macunu, filtreler,
nemlendirici, ¢ocuk oyuncaklari, paketleme triinleri

ve elektronik cihazlar gibi  bir¢gok alanda
kullanilmaktadir. Diger yandan, baz1 metal
nanopartikiilleri (AgO ve CuO) cesitli antimikrobiyal
urunlerde istenmeyen mikroorganizmalarin
uremelerini durdurmak i¢in de siklikla

kullanilmaktadir (Handy ve Shaw, 2007; Asharani, ve
ark., 2008; Schrand ve ark., 2010). Metallerin nano
teknolojik amaclar i¢in kullanimi 6énemli ekonomik
sonuc¢lar ve yenilikler sunarken, igcermis olduklar:
toksik metaller sebebiyle c¢evreye ve insanlara
yapacaklar1  olumsuz  etkiler de c¢evrecileri
diistindiirmektedir (Auffan ve ark, 2011; Canli ve ark.
2019a; Canli ve ark., 2019b). Bu nedenle,
nanopartikillerin cevresel risklerinin ve
toksisitelerinin farkli hayvan gruplarinda erken
belirlenmesi daha sonra meydana gelebilecek biiyuk
felaketlerin énlenmesi bakimindan énemlidir.

Yapilan ¢alismalar nanopartikillerin hem sucul, hem
de karasal hayvanlarin biyolojik zarlarindan gegerek
kan yoluyla tasinabildigini ve hedef dokularda
birikerek toksik etkiler yaptigini gostermistir (Hagen
ve ark., 2007; De Jong ve Borm, 2008; Canli ve ark.,
2018; Canli ve ark. 2019a; Canli ve Canli, 2019). Bu
nedenle, her yastan insan nanopartikillere maruz
kalabilir ve bunun sonucu olarak hayati organlar
olumsuz yonde etkilenebilir. NP'ler bir kere viicuda
girdikten sonra, yarilanma émirleri uzun oldugundan
viicuttan atilmalar: oldukea zordur. Ayrica, ayni metal
NP'leri karsilastirnldiginda daha kii¢iik boyutlu olan
NPlerin biyiiklere oranla daha toksik olduklar:
gosterilmistir (Yang ve Watts, 2005; Mostafalou ve
ark., 2013). Nanopartikiillerin metal icerigi
toksisiteleri bakimindan oénemlidir. Ornegin ZnO,
Al20O3, TiO2 nanopartikiillerinin farelerde farkl
diizeylerde doku hasarlarina neden oldugu, benzer
sekilde farkli diuzeylerde oksidatif strese yol agtiklari
gosterilmistir (Shrivastava ve ark. (2014). Benzer
sekilde, Canli ve ark. (2017) oral yolla verilen
nanopartikiillerin (Alz0s, CuO ve TiO2) sigcanlarin
serum degerlerinde farkli biyokimyasal etkilere neden
olduklarin1 gostermiglerdir. Gergekte, cevreye Dbir
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sekilde yayilan nanopartikiiller biitin organizmalar:
degisik diizeylerde etkileyebilmektedir (Bondarenko
ve ark. 2013). Arastiricilar farkli nanopartikiillerin
(AgO, CuO, ZnO) algler, mantarlar, protozoanlar,
kabuklular, nematodlar, balklar ve memeliler
uzerinde toksik etkileri oldugunu gosterirken,
organizmalarin etkilenme duzeylerinin de farklh
olabilecegini vurgulamiglardir.

Na'K-ATPaz hiicre zarinda bulunan bir enzim olup 2 K
iyonunun hicre i¢ine girigini ve diger yandan 3 Na
iyonunun hiicre digina atilmasini katalizleyerek
ozmoregilasyonda 6nemli gérevleri olan bir enzimdir.
Iyon tagimmi ozmotik gradientin tersi ydénde
yapildigindan (aktif tasima) c¢ok miktarda ATP
harcanmig olur. Soyle ki, hiicrelerin ihtiya¢ duydugu
toplam enerjinin yaklastk %30 u Na,K-ATPaz
tarafindan kullanilmaktadar. Mg-ATPaz ise
sitoplazmada ve mitokondride bulunur ve hiicre
icindeki Mg iyon konsantrasyonunu diizenler ve
mitokondride oksidatif fosforilasyonda kullanilir
(Howarth ve ark., 2012). ATPaz grubu enzimlerin
cevresel kirleticilere kargt duyarli  olduklar
gosterilmistir (Guo ve ark., 2013; Singh ve ark., 2013;
Canli ve Canli, 2017; Canli ve ark. 2019a; Canli ve
Canli, 2019b). AChE sinir sisteminde gérev alan ve
impuls iletimi sirasinda en fazla aktivite gosteren bir
enzimdir. Bu enzimin gérevi norotransmitter madde
olan asetilkolinin asetat ve koline par¢alanmasinin
saglanmasidir. Yapilan c¢alismalar, bu enzimin de
cevre kirleticileri  tarafindan olumsuz yonde
etkilendigini géstermistir (Durmaz ve ark., 2006;
Piner and Uner, 2012; Silva-Herdade ve Saldanha,
2013; Yilmaz ve ark. 2015; Canli ve ark., 2019a; Canli
ve ark., 2019b).

Enzimatik biyobelirtecler gibi, enzimatik olmayan
biyobelirte¢ler de nanopartikiiller dahil c¢evre
kirleticilerin etkilenmektedir. En ¢ok kullanilan
biyobelirte¢ler arasinda metabolizmada etkili bir
antioksidan oldugundan farkli glutatyon trinleri
(GSSG, rGSH, tGSH) sayilabilir. Glutatyon dogal
olarak veya kirletici etkisiyle olusan serbest
radikalleri yok eden indirgeyici bir tripeptit olarak
bilinmektedir (Pena-Llopis ve ark 2001; Hidalgo ve
ark, 2002; Kanak ve ark, 2014; Canli ve ark 2017;
Canli ve ark, 2019b). Organizmalarda normal
sartlarda antioksidanlar ve oksidanlar arasindaki bir
denge vardir. Bu dengenin antioksidanlarin lehine
bozulmas1 sonucu oksidatif stres meydana gelir
(Winston, 1991). Nanopartikiillerin oksidatif strese
neden olduguna iligkin ¢aligmalar mevcut olmasina
karsin, yeterli bilgi heniiz elde edilememistir (Canli ve
ark. 2019b). Syama ve ark. (2013) nanopartikiillerin
memelilerde oksidatif strese yol acgtigini ve
antioksidan sisteminin nanopartikiiller tarafindan
olumsuz etkilendigini belirtmislerdir. Hiicre zarlar1 da
serbest radikaller nedeniyle hasar gérebilmektedir.
Bunun sonucu zar lipitlerden elektronlar ¢alinmakta
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ve boylece lipit peroksidasyonu meydana gelmektedir.
Cevre kirleticilerinin lipit peroksidasyonuna neden
olup olmadigim belirlemek icin MDA (malondialdehit)
veya TBARS seviyeleri ol¢ilmektedir. Boylece, bu
veriler organizmanin yasadigi oksidatif stres igin
onemli belirtec olmaktadir (Wang ve ark., 2009; Lei ve
ark., 2015; Hong ve ark., 2015; Yilmaz ve ark. 2017;
Canli ve ark., 2019b).

Bu calisma CuO NP etkisinde kalan albino Wistar
sicanlarmin farkli sistemlerinin vermis oldugu
tepkiler Dbelirlenmigtir. Bunun i¢in, yetigskin disi
sicanlar 14 giin boyunca farkl dozlarda NP'lere (0, 0.5,
5, 50 mg/kg/giin) maruz birakilmis ve farkli metabolik
sistemlere ait enzimatik ve enzimatik olmayan
biyobelirte¢ degerleri élgtilmustiir. Diger yandan, CuO
NP’lerin dokularda birikimi TEM ile géruntilenerek
meydana gelen toksik etkilerin NP etkisi ile oldugu
vurgulanmagtir.

MATERYAL ve METOT
Deney Hayvanlarinin Hazirlanmasi

Disi albino sicanlar (Rattus norvegicus var. albino)
Cukurova Universitesi DETAUM Merkezinden temin
edildi ve laboratuvar sartlarina uyum saglamalar i¢in
bir hafta siireyle 12 saat aydinlatmasi ve 22 + 1.5 °C
sicakliga sahip (nem % 50) deney odasinda bekletildi.
Deneylerin yapilabilmesi i¢in Cukurova Universitesi
Hayvan Deneyleri Yerel Etik Kurulundan 26.09.2017
tarith ve 8 sayili toplanti karari ile izin alinmistir.
Deneylerde agirliklari 195-206 g arasinda degisen
yetigkin digi sicanlar kullanildi. Sican agirliklar
kontrol ve diger gruplar arasinda istatistiksel olarak
fark (P>0.05) géstermemistir.

Deneylerin Yapiligt

Deneyler biri kontrol grubu ve tigii CuO NP gruplar
olmak tizere 4 grup halinde yurutilmustiir. Hayvanlar
hem adaptasyon suresince, hem de deneyler sirasinda
normal sican yemi ile beslendi ve kisitlamasiz bir
sekilde su erisimi saglandi. Deneylerde kullanilan
CuO nanopartikiilii ~ Sigma-Aldrich  (Germany)
sirketinden temin edilmigtir. Nanopartikiil deneylerde
kullamilmadan 6nce 20 dakika sire ile buz igerisinde
sonikasyona (Bandelin HD2200, Germany) maruz
birakilmigtir. Deneylerde kullanilacak son NP
derisiminin (0.5, 5, 50 mg/kg/giin) saglanmasi i¢in bir
stok hazirlanmigtir. Bu derisimlerin siganlar i¢gin ayni
deneysel sartlar altinda on doért glin siire sonunda
lethal olmadigti daha  6nceki ¢aligmamizda
gosterilmistir (Canli ve Canli, 2017). Sicanlara bakir
NP oral olarak (200 pl su ile) verilmis olup, kontrol
hayvanlar sadece aym1 miktarda su almiglardir. On
dort giin siiren deney sonrasi biitiin sicanlar gtigli bir
anestezi ile (ketasol 10%, Harson Lab. India)
6ldirildi ve dokular1 alinarak -80 °C derin
dondurucuda (Esco UUS-480A) bir ay kadar saklandi.
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Dokularin Homojenizasyonu

Analizi yapilacak olan doku derin dondurucudan
¢gikartildiktan sonra buzun ¢oéziilmesi beklendi ve 90
saniye siire ile buz icinde homogenizde (9500 rpm)
edildi. Homojenizasyon tamponu (100 mM KH:POq
(pH 7.4), 100 mM KCl, 1 mM EDTA) kullanilan doku
agirhigina goére (1:10 w/v) kullanildi. Homojenize edilen
dokular daha sonra sogutmali (+4 °C) santrifiijde
(Hettich Universal 30 RF) 30 dakika siire ile 10,000 g
de santrifij edildi. Ust kisminda bulunan kisim
(supernatant) dikkatli bir sekilde bagka tiiplere
aktarilarak butiin analizlerde kullanildi.

Biyobelirte¢ Analizleri

Dokulardaki ATPaz (umol Pi/mg/protein/h) ve AChE
(U/mg protein) aktiviteleri sirasiyla Atkinson ve ark.
(1973) ve Ellman ve ark. (1961) metotlarina gore
yapildi. Dokulardaki TBARS (U/mg protein) ve
glutatyon (U/mg protein) diizeyleri ise sirasiyla
Ohkawa ve ark. (1979) ve Griffith (1980) metotlar:
kullanilarak yapildi. Bitiin dokularda protein
analizleri ise Lowry metodu (Lowry ve ark., 1951)
kullanilarak yapildi ve protein degerleri biyomarkir
degerlerini normalize etmek i¢in kullanildi.

Nanopartikiil Karakterizasyonu ve TEM analizleri

Deneylerde kullanilan CuO NP’lerin boyutu (~40 nm),
saflig1 (>99 %), ylizey alam (>20 m?/g) ve yogunlugu
(6.50 glcm?) olarak belirtilmistir. Daha detayh
analizler i¢cin TEM, XRD ve EDX -cihazlan
kullanilmigtir. Bakir NPlerin gecirimli TEM
goriintiisii Jeol JEM-1010 TEM (80kW) (GATAN 782

ES500W Erlangshen kamerall) cihazi ile elde
edilmigtir (Sekil 1a). XRD analizleri Rigaku RadB
SmartLab marka bir diffraktometre cihazi

kullanilarak (CuKal, A=1.5405 A, 30 kV, 15 mA,
20=10°-90°, scanning rate 2°/min) yapilmistir. XRD
analiz verilerine gére CuO NP’leri polikristal yapida ve
monoklinik fazdadir (Sekil 1b). EDX analizleri ise FE-
SEM (taramali elektron mikroskobu) (Zeiss/Supra 55
VP) ile elde edilmistir (Sekil 1c). Buna gére CuO
NPlerinde Cu atomlari %48.74 olarak bunmustur.
Agirlik olarak hesaplandiginda CuO NP’lerinde Cu
atomlar1t %79.06 olarak bulunmustur. Geri kalan
kismin sadece oksijen atomlarindan ibaret oldugu
belirlenmigstir. Dokularinda nanopartikil birikiminin
belirlenmesi i¢in de ayn1 TEM cihazi kullanilmig olup,
doku gorintileri Sekil 2-5 de verilmistir.

Istatistiksel Analizler

Biyomarkir verilerinin analizinde SPSS istatistiksel
paket program kullanmilmistir (SPSS 20, Chicago, IL,
ABD). Veri dagilimina baglh olarak istatistiksel
kargilagtirmalar i¢cin One-way ANOVA veya Kruskal-
Wallis testi kullanilmigtir. Anlamh diizeylerde fark
(P<0.05) bulunan veriler, farklihga neden olan
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gruplari belirlemek i¢in bir post-hoc testi ile yeniden rakamlar (ortalama + standart hata) olup, kontrolden
analiz edilmigtir. Bitiin biyomarkir verileri sekil 6-9 anlaml diizeyde (P<0.05) farkh olanlar
da verilmigtir. Bu veriler 6 sicandan elde edilen igsaretlenmigtir.
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lec.
Sekil 1. CuO nanopartikiiliiniin karakterizasyonu. CuO nanopartikiiliiniin XRD deseni (a), EDX spektrumu (b) ve
TEM gériiniimii (c) verileri.
Figure 1. Characterization of CuO nanoparticle. XRD pattern (a), EDX spectra (b) and TEM image (c) of CuO
nanoparticle.

Sekil 2. Kontrol sicanda beyin (a), bébrek (b) ve karaciger (c) dokusunun TEM gériintiileri.
Figure 2. TEM images of brain (a), kidney (b) and (liver (c) of control rats.

a b c
Sekil 3. On dért giin siiresince oral olarak en diisiik dozda CuO NP (0.5/kg/giin) alan sicanda beyin (a), bébrek (b)
ve karaciger (c) dokusunda nanopartikiil birikimini gésteren TEM goriintiileri.
Figure 3. TEM images of brain (a), kidney (b) and liver (c) tissues of rats received the lowest dose of CuO NP (0.5
mg/kg/day) for 14 days.
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a

b

C

Sekil 4. On dért giin siiresince oral olarak orta dozda CuO NP (5/kg/giin) alan sicanda beyin (a), bobrek (b) ve
karaciger (c) dokusunda nanopartikiil birikimini gésteren TEM gériintiileri.
Figure 4. TEM images of brain (a), kidney (b) and liver (c) tissues of rats received the medium dose of CuO NP (5

mg/kg/day) for 14 days.

C

Sekil 5. On dért giin siiresince oral olarak en yiiksek dozda CuO NP (50/kg/giin) alan sicanda beyin (a), bobrek (b)
ve karaciger (c) dokusunda nanopartikiil birikimini gésteren TEM goriintiileri.
Figure 5. TEM images of brain (a), kidney (b) and liver (c) tissues of rats received the highest dose of CuO NP (50

mg/kg/day) for 14 days.

BULGULAR ve TARTISMA

Bakir oksit NP dozlarinin (0, 0.5, 5, 50 mg/kg/giin)
higbiri 14 giin iginde siganlari1 6ldiirmemis olup, aym
zamanda deneyler sirasinda goriinir bir saghk sorunu
da (6rnegin géz rengi, beslenme aligkanlhiginda
degisim, aktivite azlig1 veya fazlaligl) olmamistir. Bu
nedenle, caligitlan CuO NP dozlari, 14 giin oral
uygulama i¢in subletal olarak kabul edilmisgtir. TEM
goruntilerine bakildiginda kontrol hayvan
dokularinda herhangi NP varligina rastlanmazken,
NP verilen siganlarin dokularinda TEM goériintileri
doza bagl olarak CuO NP varligim géstermistir (Sekil
2-5). Bu goriintiillerden de goriilecegi {izere
dokulardaki CuO NP birikimi en disik doza gore
yiksek dozlarda daha yogun olarak belirlenmistir. Bu
gorintiiler oral yolla verilen CuO NP'lerin bagirsak
duvarindan gectigini ve damarlara ge¢ip oradan kan
yoluyla dokulara ulagarak dokularda biriktigini
gostermektedir. Literatur verileri incelendiginde bezer
durumlara rastlanmistir (Meena ve Paulraj, 2012;
Shrivastava ve ark., 2013; Jovanovic, 2015; Canli ve
ark., 2018; Tang ve ark., 2019; Canli ve ark., 2019b).
Ayni metalin NP formu ile iyonik formu arasinda
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toksisite bakimindan ciddi farklar olabilecegi
bildirilmistir (Ema ve ark., 2016). Literatiir verileri
ayrica NP toksisitesinin uygulama suresi ve
dozundaki artiglarla artabilecegini gostermektedir
(Janrao ve ark.,, 2014; Rizk ve ark., 2017; Chen ve ark.,
2019).

Dokularda nanopartikil birikimi ve doz arasindaki
pozitif iligki genellikle biyomarkir diizeylerinde
meydana gelen anlamli degisimlere de yansimigtir.
Biyomarkir tepkileri genellikle en yiiksek dozda daha
fazla goralmiigtiir. Ornegin karaciger tGSH, rGSH ve
GSSG diizeyleri sadece en yiiksek dozda anlamlh
azalmalar goOsterirken, bunun sonucu olarak
GSH/GSSG orani da yine en yiiksek dozda degismistir
(Sekil 6a-d). Bilindigi gibi glutatyon bir tripeptit olup,
serbest radikallere karsi iyi bir indirgen ve glicli bir
antioksidan olarak bilinmektedir (Hidalgo ve ark.,
2002; Kanak ve ark., 2014; Canli ve ark., 2017). Bu
nedenle, glutatyon dizeyinde meydana gelebilecek
artig veya azaliglarin organizmanin yasadig: oksidatif
stresin gostergesi olabildigi cesitli arastirmalarda
vurgulanmistir (Yu ve ark., 2014; Hu ve ark., 2015; Lei
ve ark., 2015; Rizk ve ark., 2017; Canli ve ark., 2019a).
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Bu durum NP'lerin enzimatik reaksiyonlara miidahale
ederek veya enzimlerin aktif bolgelerine baglanarak
metabolizmada  degisimlere neden olabildigini
gostermektedir. Literatiir verileri TiO2, CuO, ZnO ve
Al2O3 NPlere maruz kalan memeli hayvanlarda
serbest radikal artigi ile antioksidan sisteminin
yetersizligi arasinda iliski oldugunu gostermigtir.
Buna tepki olarak hayvan metabolizmas1 glutatyon
miktarim artirarak oksidatif stresle miicadele etmeye
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calismaktadir (Yu ve ark., 2014; Hu ve ark., 2015; Lei
ve ark., 2015; Park ve ark., 2015; Rizk ve ark., 2017).
Diger yandan, literatiir verileri glutatyon diizeylerinin
tepkisinin hem artis, hem de azalig yoninde
olabilecegini ve her iki durumda da organizmanin
antioksidan  sisteminin  olumsuz  etkilendigini
belirtmislerdir (Rizk ve ark., 2017; Elnagar ve ark.,
2018).
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Sekil 6. On dért giin siiresince oral olarak CuO NP alan si¢canlarin karacigerinde toplam glutatyon (a), indirge glutatyon (b),
okside glutatyon (c) ve toplam glutatyonun okside glutatyona orani (d). Veriler 6 sicanin ortalamasin géstermektedir.
(Yildizlar kontrol ve farkli dozlarda NP alan sicanlar arasindaki anlamli (P<0.05) farklar: gostermektedir).

Figure 6. Levels of total glutathione (a), reduced glutathione (b), oxidized glutathione (c) and the ratio between reduced and

oxidised glutathione (d) in the liver of rat orally received CuO NPs for 14 days. Data are the mean of 6 rats. )Asterisks
indicate significant (P<0.05) differences between control rats and rats received different doses of NPs).

Ozmoregiilator organlar olan bébrek ve ince bagirsagin
CuO NPlere olan tepkisi farkli yonlerde olmustur.
Incelenen dokular arasinda sadece bébrek ATPaz
aktiviteleri anlamli (P<0.05) degisime ugramistir
(Sekil 7a-c). Ilging bir sekilde, daha énce yayinlanmis
olan verilerimiz, sicanlarin eritrositlerinde ATPaz
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aktivitelerinin NP etkisinde ciddi azalmalar
gosterdigini vurgulamistir (Canli ve Canli, 2017).
Bezer sonuclar1 Li ve ark. (2008) beyaz tavsanlarda
gostermiglerdir. Arastiricilar NPlerin eritrositlein
yuzeyine adsorbe oldugunu ve 6zellikle zar enzimleri
inhibe ettigini  belirtmiglerdir. Bilindigi gibi,
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eritrositler kanda serbest dolagan NP'lerle genig ylizey
alanlar1 sayesinde karsi karsiya gelebilir ve bunun
sonucu olarak NP'ler eritrositlerin hiicre zarina
baglanarak iyon tasinmasini engelleyebilir. Boylece
NP’lerin farklh dokularda farkh etkiler
gosterebilecegini sonucu cikarilabilir (Canli ve Canli,
2017). Kumari ve ark. (2012) Fe-NP verilen sicanlarin
beynin dokusunda Na,K-ATPaz, Mg-ATPaz ve Ca-
ATPaz aktivitelerinin anlamli olarak azaldigim
gostermiglerdir. Benzer sekilde, Zhou ve ark. (2017) 90
giin siiresince burun yoluyla titanyum NP (1-5
mg/kg/giin) verdikleri farelerde Na,K-ATPaz, Ca-
ATPaz ve Mg-ATPaz aktivitelerinde anlaml
azalmalar oldugunu belirtmiglerdir. ATPaz
aktivitelerinde olan azalmalar Hong ve ark. (2015)
tarafindan da goOsterilmistir. Arastiricilar 2 ay
stiresince 2.5-10 mg/kg/gun dozlarindaki TiO2 NP alan
erkek  farelerde Na,K-ATPaz ve Ca-ATPaz
aktivitelerinde anlamlh azalmalar oldugunu
gosterirken, altin NP verilen sicanlarin beyninde
Na,K-ATPaz aktivitesinin % 100 arttigini, buna kargin

Mg-ATPaz aktivitesinin ise degismedigini
belirtmiglerdir. Chichova ve ark. (2014), NP'lerin
toksik etkilerinin, hicre zarlarindan difizyon

kapasiteleri ile iligkili oldugunu, mitokondrinin ig
zarinda olan Mg-ATPaz enziminin inhibe olabilmesi
icin buraya kadar wulagsma o6zelliginde olmasi
gerektigini vurgulamiglardir. Bu c¢alismada, Mg-
ATPaz aktivitesinde goriillen azalmalar CuO NP’lerin
mitokondri  ig¢ zarina kadar ulagabildigini
vurgulamaktadir. Metal toksisitesinde oldugu gibi,
nanopartikillerin  toksik  etkileri  arastirmada
deneylerin sonuglar in vitro veya in vivo 6zelliklerine
gore degismektedir (Vasic ve ark., 2009). Benzer
sekilde, Canli ve Stagg (1996) in vivo sartlar altinda
enzimlerin farkli davrandigini ve in vitro sartlarda
goriilen  toksik  etkilerin in  wvivo sartlarda
goriilmeyebilecegini vurgulamiglardir. Buna neden
olarak, enzimlerin in vivo sartlarda turnover sayilarini
artirabilmelerini géstermislerdir. Bu nedenle, ATPaz
grubu enzimler s6z konusu oldugunda in vivo ve In
vitro deneylerin sonuglarinin yorumlanmasinda
dikkatli olunmasi gerektigini belirtmiglerdir.

AChE enzimi her cesit kas kasilmasi esnasinda olugan
impuls sirasinda norotransmiter olarak goérev yapan
o6nemli bir enzim olup hem cevresel, hem de merkezi
sinir sistemi i¢in anahtar roli olan enzimdir. Yapilan
calismalar bu enzimin c¢evre Kkirleticilerine karsi
oldukca hassas oldugunu géstermistir (Frasco et ve
ark., 2005; Yilmaz ve ark., 2015; Canli ve ark., 2019a).
Memelilerde beyin AChE aktivitesinin nanopartikiil
etkisinden en fazla etkilenen enzim oldugu
goriilmektedir. Hem bu ¢alismada, hem de daha 6nceki
calismalarimizda (Canli ve ark., 2019a) NPlerin
sicanlarda beyin AChE aktivitesini (Sekil 8) anlaml
olarak azalttigi gosterilmistir. AChE aktivitesinde
gorilen azalmalar gesitli calismalarda gosterilmistir.
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Singh ve ark., (2013) oral olarak yiiksek dozda MnO
NP verdikleri sicanlarda AChE aktivitesinin anlamli
olarak azaldigimi belirtmiglerdir. Arastiricilar, MnO
NP’lerin ayni zamanda biyokimyasal, histolojik ve
genetik degisimlere de neden oldugunu
gostermislerdir. Benzer sekilde altin NPler (100
ng/kg) 24 saat icerisinde sicanlarin beyin AChE
aktivitesinde anlamli azalmalara yol agtigini
belirtmiglerdir. Kumari ve ark. (2012) demir NP
verdikleri siganlarda eritrosit ve beyin AChE
aktivitelerinde  6nemli  degisimlerin  oldugunu
belirtirken, demir gibi dusiik toksisiteye sahip bir
metalin NP formunda daha toksik olabilecegini
vurgulamiglardir. Demir gibi aliiminyum metali de NP
formunda memelilerin beyin AChE aktivitesini
anlaml olarak azaltabilmektedir (M'rad ve ark., 2018;
Canli ve ark. 2019a). Literatiir verileri ve bu
¢alismanin sonucglarina goére, NP etkisinde kalan
memelilerde beyin AChE aktivitesi en fazla etkilenen
biyomarkirlar olarak géze carpmaktadir. Ozellikle oral
yolla alinmasina karsin enzim aktivitesinde anlaml
azalmalarin olmasi insanlar icin de bir alarm
niteligindedir. Cunkii insanlar glnlik yasamda
nanoteknolojik trinleri sik¢a kullanmaktadar.
Karaciger TBARS diizeyleri CuO NP etkisinde kalan
sicanlarda genelde bir artig goriilmekle birlikte, sadece
en yliksek CuO NP dozunda istatistiksel olarak
anlaml artislar gériilmistir (Sekil 9). Literatiir
incelendiginde memelilerde karaciger TBARS ve MDA
duizeyleri lipit peroksidasyonunu gostergesi olarak
kullanilmaktadir (Rohner ve ark., 2007; Wang ve ark.,
2009; Yilmaz ve ark., 2015; 2017; Canli ve ark.,
2019a). Oksidatif strese neden olan ksenobiyotiklerin
ayni zamanda lipit peroksidasyonuna da neden oldugu
bilinmektedir. Verilere bu acidan bakildiginda,
glutatyon duzeylerini etkileyen en yiksek CuO NP
dozunun aymi zamanda TBARS diizeylerini de
etkiledigi goriilmektedir. Bu nedenle, en yiksek CuO
NP dozunun hem oksidatif strese, hem de lipit
peroksidasyonuna neden oldugunu séylemek miimkiin
goziikmektedir (Lei ve ark., 2015; Hong ve ark., 2015).
Bu ¢alisma CuO NPlerin lipit peroksidasyonuna
neden olarak muhtemelen zar yapisini bozdugunu
gostermektedir. Wang ve ark. (2009) silica NP'lere
maruz kalan insanlarin embriyonik hiicrelerinde
TBARS diizeylerinin arttigin1  gosterirken, lipit
peroksidasyonuna dikkat ¢ekmiglerdir. Benzer
sekilde, aluminyum NP etkisinde kalan siganlarin
karacigerinde TBARS dizeylerinde artiglar oldugu
gosterilmistir (M'rad ve ark., 2018; Canli ve ark.,
2019a).

Bu c¢alisma sican metabolizmasina ait enzimatik ve
enzimatik olmayan biyomarkirlarin CuO NP etkisine
verdigi tepkileri goéstermektedir. Sonuglar, dokuya
06zgin vel/veya biyomarkira bagh olarak degisen
etkilerin olabilecegini vurgulamigtir. Siganlarin beyin
ve bobrek dokular: CuO NP’lerden en fazla etkilenmek
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Figure 7. Activities of ATPases in the kidney (a), intestine (b) and brain (c¢) of rats. Details are given in Fig. 6.
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le beraber, karaciger dokusu da en yiliksek dozda
etkilenmigtir. TEM gortuntiileri bu etkilerde NP
birikiminin rolii olabilecegini net bir sekilde
vurguladigindan 6nemli gérintilerdir. Ayn1 zamanda,
sonuclar NP etkisinin ve etki mekanizmalarinin daha
kapsamli olarak arastirilmasi gerektigini de
vurgulamigtir. Ayrica, memeli hayvanlarda metal
oksit nanopartikiillerinin letal dozlarinin ve besin

kabul edilebilirlik diizeylerinin belirlenmesi de
gereklidir.
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ABSTRACT

This research was conducted to determine the effect of increasing
pellet farmyard manure on mineral nutrition of rye (Secale cerale L.)
plant. For this purpose, a pot experiment was established in
greenhouse conditions with three replications. Five farmyard
manure doses (FMo: 0 %, FM1: 4 %, FM2, 8 %, FM3: 12 % and FM4:
16 %) were applied to pots a month prior to sowing. Nitrogen (14 kg
N da-1), phosphorus (8 kg P205 da-1 and potassium (5 kg K20 da-1)
were applied to each pot from NH4NO3 and KH2PO4 fertilizers. Rye
(Secale cerale L. was harvested 60 day after planting and dry
matter yield and some macro and micro element (N, P, K, Ca, Mg,
Fe, Cu, Zn and Mn) contents of plants were determined. According to
the results, significant increases of dry matter yield of plants were
determined with increasing farmyard manure applications. Also,
increasing farmyard manure application on N, P, K, Fe, Cu, Zn and
Mn contents of rye (Secale cerale 1. were found statistically
significant at the level of 5 %.
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Ciftlik Giibresinin Cavdar (Secale cerale L.) Bitkisinin Mineral Beslenmesine Etkisi

OZET

Bu arastirma, artan miktarlarda c¢iftlik gubresi uygulamasinin
cavdar bitkisinin (Secale cerale L.) mineral beslenmesi {izerindeki
etkisini belirlemek amaciyla yapilmistir. Bu amacgla sera
kogullarinda ti¢ paralelli bir saksi denemesi yapilmigtir. Denemede
bes doz pellet haline getirilmis ciftlik giibresi (Co: % 0, C1: % 4, C2: %
8, C3: % 12 ve Ca: % 16) tohum ekiminden bir ay énce uygulanmistr.
Saksilarin her birine 14 kg N da-1, 8 kg P205 kg da-1 ve 5 kg K20
da-1 NH4NO3 ve KH2PO4 giibrelerinden uygulanmistir. Bitkiler
ekimden 60 gin sonra hasat edilmis ve kuru madde miktarlar: ile
birlikte baz1 makro ve mikro bitki besin elementi icerikleri (N, P, K,
Ca, Mg, Fe, Cu, Zn ve Mn) belirlenmistir. Elde edilen bulgulara gore,
artan miktarlarda ¢iftlik gibresi uygulamalar1 ile birlikte ¢avdar
bitkisinin kuru madde miktar1 {zerinde o©nemli artiglar
saptanmigtir. Ayrica ¢iftlik giibresinin artan miktarlar ile ¢avdar
bitkisinin N, P, K, Fe, Cu, Zn ve Mn iceriklerinde de % 5 diizeyinde
o6nemli artiglar oldugu gorulmuistir.
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INTRODUCTION

In the last century, the developed countries, that were
trying to solve the nutrition problem of humanity,
have proposed to use fertilizers that are more
chemical on wunit area in order to increase
productivity in agriculture. However, even the yields
may have increased by the application of more
chemical fertilizers on the unit area; this caused

serious impairment of product quality, environmental
pollution, especially the pollution of natural sources,
notably soil and water resources, and important
health problems on the living beings.

In recent years, scientists tried to solve the problem
caused by chemical fertilizers and revealed the need
for the use of organic fertilizers. One advantage of
organic fertilizers is that they have a capacity to
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eliminate the pollution of soil and water resources
caused by chemical fertilizers. Several kinds of
organic fertilizers have been intensely used in
agriculture lately.

In a study carried out in Chile, some plant nutrient
contents of aquaculture wastes were analyzed for
agricultural use. Some plant nutrient macro elements
of the aquaculture wastes were found to be 1.56 %
phosphorus, 3.89 % calcium, and 0.63 % potassium.
Micro nutrient elements were found to be 27.948
mg/kg iron, 446 mg/kg manganese, and 393 mg/kg
zinc. The researchers suggested the use of the
mentioned aquaculture wastes with high element
contents in organic agriculture as the plant nutrient
(Salazar and Saldana, 2007).

The effects of the apple pulp used as the organic
material was determined on some fertility
characteristics of the soil (Yilmaz and Alagéz, 2009).
Increasing amounts of apple pulp (1, 2 and 4 tone/da)
showed significant increase in the organic material,
N, P, Fe, Mn, and Cu contents of soil in the
experiment area.

A study was conducted in France to determine the
necessity of absolute use of farmyard manure in order
to increase the organic material of the agricultural
soils (Le villo et al., 2004).

The effects of vermicompost as organic material on
the yield of red onion (Allium cepa L.) were analyzed
in a research, in Azerbaijan. For this purpose,
increasing amounts of vermicompost (2, 4, 6 tones/ha)
were tested. The highest yield, protein and ascorbic
acid values were obtained from the parcel where the
highest dose (6 tone/ha) of vermicompost was applied
(Bai and Malakouti, 2007). The need for the
dissemination of the organic fertilizers in agriculture
was obtained at the end of the research.

The effects of different organic materials on some
nutrient elements, quality parameters and yield
characteristic of the spinach (Spinacea oleracea L.)
were determined in study where farmyard manure
and organic materials commercially named bioform
and perlhumus were applied together. The results
showed that fertilizer applications significantly
increased the yield, N, P, K, Ca, Mg, Fe, Cu, Zn and
Mn contents of the plants compared to controls
(Tepecik et al., 2012).

Increasing amounts of aquaculture waste and
vermicompost were applied to lettuce (Lactuca sativa
L. var. crispa) in order to determine the effects of
them on plant yield in greenhouse experiment.
Increasing amounts of aquaculture and vermicompost
significantly enhanced the plant yield, fresh weight,
plant diameter, leaf number, leaf length and width.
While the aquaculture application did not change Fe
and Mn content of the plant, they were increased by
the application of vermicompost together with
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aquaculture (Adiloglu et al., 2016).

The effects of increasing amounts of pellet farmyard
manure application on the mineral nutrition of the
rye plant (Secale cerale 1..) were determined in this
study.

MATERIALS and METHODS

In this study, a greenhouse pot experiment were
established using rye (Secale cerale 1.) as plant
material. Overall, 300 cc in volume plastic pots were
filled with soil samples taken from Application and
Research area of Tekirdag Namik Kemal University
Faculty of Agriculture. Three replicates of 5 different
farmyard manure doses (FMo: 0 %, FMi: 4 %, FMa, 8
%, FMs: 12 % and FM4: 16 %) were applied to pots.
The aforementioned organic fertilizer was mixed well
with soil one month before sowing. After thirty days
rye seeds (Secale cereale L..) were sown into the pots
and nitrogen (14 kg N da'l), phosphorus (8 kg P20s da’
1 and potassium (5 kg K20 dal) applied to each pot
from NH4NOs and KH2PO4 fertilizers. Into each pot,
20 seeds were sown and dilution was applied to have
homogeneous 15 plants growth. After two months of
growing, plants were harvested, dry matter yield
were determined (Kacar and Inal, 2010). The results
were evaluated and the effects of increased amounts
of farmyard manure doses on some macro and micro
nutrient elements of plant growth were investigated.
determined

Some physical and chemical characteristics of the
farmyard manure used in this study were as follows:
pH: 7.50-9.50, EC: 7.40 dS/m, organic matter: 40 %,
total (humic + fulvic) acid: 5 %, total phosphorus
(P205): 1.50 %, soluble potassium (K:0): 1.50 %,
carbon/nitrogen ratio (C/N): 8.90, humidity: 20 %.
These results were given in some information on
farmyard manure bag.

The pH, salt, lime, organic matter, available
phosphorus, exchangeable potassium, calcium and
magnesium contents (Saglam, 2012), some available
trace elements (Fe, Cu, Zn, Mn) contents (Lindsay
and Norvell, 1978), and texture (Tuncay, 1994) of the
soil analyses were conducted. Nitrogen, P, K, Ca, Mg,
Fe, Cu, Zn and Mn contents of the plants were
determined according to Kacar and Inal (2010).
Variance analyses of results were performed in
MSTAT 3.00/EM software, and the means were
compared with LSD test at 5% significance level
(Diizgiines et al., 1987).

RESULTS and DISCUSSION

Some Physical
Experiment Soil

and Chemical Properties of

Some physical and chemical properties of the soil
sample are given in Table 1.
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Tablel. Some physical and chemical properties of the
soil sample
Tablol. Toprak orneginin bazi fiziksel ve kimyasal

ozellikleri
Soil property Analysis result
pH 7.23
EC x 106 241
Lime, % 2.80
Organic matter, % 0.71
Available phosphorus, P20s5, kg/da 9.25
Exchangeable, K20, kg/da 41.68
Exchangeable, Ca, % 1.51
Exchangeable, Mg, % 0.18
Available Mn, mg/kg 12.32
Available Cu, mg/kg 3.74
Available Fe, mg/kg 4.83
Available Zn, mg/kg 0.41
Texture class Clay (C)

The Table 1 shows that the soil is in neutral reaction,
salt-free, has low lime, insufficient organic matter,
medium level of available phosphorus, changeable K,
Ca, Mg, and sufficient available Fe, Cu and Mn, but
insufficient Zn (Karaman et al., 2012a). Moreover, the
texture of the soil is clay.

The effects of farmyard manure application on dry
matter amount of the rye plant

The effects of the increasing doses of farmyard
manure application on rye (Secale cerale L.) plant dry
matter yield are presented in the Table 2.

Table 2. The effect of farmyard manure application on
dry matter yield of rye plant,

Tablo 2. C(iftlik giibresi uygulamasinin g¢avdar
bitkisinde kuru madde miktarina olan
etkisi

Farmyard manure dose Dry matter yield, gr pot?!
FMo: % 0 2.26* b**

FMi: % 4 3.46 b

FM2: % 8 5.11 ab

FMs: % 12 6.35 a

FM4: % 16 6.62 a

*! values average of three replications, **: significant at the
level of 5 %

Results revealed that application of increasing
amounts of farmyard manure to rye, dry matter yield
of the plant increased (p< 0.05) (Table 2). The
increase in the dry plant weight with addition of
increasing amounts of organic material to the soil is
an expected situation when the insufficient amount of
organic matter in the experimental soil is taken into
account.

Many previous researches indicated the increase of

plant dry weight because of addition of increasing
amounts of organic matter to soils, which were
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insufficient in organic matter (Stumpe et al., 2000,
Saglam et al., 2012, Adiloglu et al., 2016).

Effects of Farmyard Manure Application on Some
Macro Nutrient Element Contents of Rye Plant

The effects of increasing amounts of farmyard
manure on some macro nutrient elements of the rye
(Secale cerale L.) are given in Table 3.

There was no significant change among the doses of
the applied of increasing amounts of manure in terms
of the Ca and Mg contents of the rye plant (Secale
cerale L.) compared to control. However, the N, P, K
contents of the plant increased significantly with
increasing amounts of farmyard manure compared to
the control.

The reason of this situation might be because of the
insufficient organic matter, sufficient P and
changeable K, Ca and Mg were available. Moreover,
the duration of the experiment could have been short
resulting a plant harvest before reaching to full
harvest level.

The results of a research conducted on rye (Secale
cerale L.) with increasing amounts of leonardite as
the organic material showed that the effects of this
organic material on N, P, K, Ca and Mg contents of
the plant varied while plant nutrient element
contents usually increased (Adiloglu et al., 2018).

According to Werner (1997), addition of increasing
amounts of organic fertilizer to the soil increased the
availability of some macro nutrient elements such as
N, P, and K in the soil and in the plant.

Effects of the Farmyard Manure Application on Some
Trace Element Contents of Rye Plant

The effects of increasing amounts of farmyard
manure on some trace elements (Fe, Cu, Zn and Mn)
of rye (Secale cerale L. are given in Table 4.
Increasing amounts of farm manure positively
affected and significantly increased (P< 0.05) the
trace elements (Fe, Cu, Zn and Mn) of the rye
compared to the control condition.

In a research by Alam et al. (2007) increasing
amounts of vermicompost, which is an organic
fertilizer, enhanced the contents of some trace
elements of the potato plant. The results of the
mentioned research are consistent with the results of
this study.

A research conducted in Chile showed that increasing
amounts of organic fertilizer applications significantly
increased some trace elements such as Fe, Zn, Mn in
plants (Celis and Sandoval, 2010).

Another related research found that different organic
materials applied to lettuce significantly increased
some trace elements including Fe and Mn (Adiloglu et
al., 2016).
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Table 3. The effects of farmyard manure application on some macro element (N, P, K, Ca, Mg) contents of rye

plant, %,

Tablo 3. Ciftlik giibresi uygulamasinin ¢avdar bitkisindeki bazi makro elementler (N, P, K, Ca, Mg) iizerine

etkisi, %

Farmyard manure dose ~ N** P K Ca Mg

FMo: 0 % 2.83* b 0.23 b*** 5.33 Db 0.96 ns 0.10 ns
FMi: 4 % 4.33 a 0.52 a 6.22 a 1.33 ns 0.15 ns
FMs: 8 % 4.76 a 0.66 a 6.62 a 1.58 ns 0.16 ns
FMs: 12 % 4.86 a 0.83 a 6.88 a 1.41 ns 0.14 ns
FM4: 16 % 4.83 a 0.82 a 6.79 a 1.43 ns 0.12 ns

*: values average of three replications, **: each element was evaluated individually,

**%: gignificant at the level of 5 %.

Table 4. The effects of farmyard manure application on some trace element (Fe, Cu, Zn ve Mn) contents of rye

plant, mg/kg,

Tablo 4. Ciftlik giibresi uygulamasinin ¢avdar bitkisindeki bazi mikro elementler (Fe, Cu, Zn ve Mn) iizerine

etkisi, mg/kg,

Farmyard manure dose = Fe** Cu 7n Mn
FMo: % 0 39.33* b 8.83 c*** 12.82 ¢ 80.37 ¢
FMi: % 4 110.13 a 11.95b 20.35b 92.52b
FMs: % 8 117.16 a 16.26 a 23.86 b 94.06 b
FMas: % 12 119.93 a 16.12 a 30.64 a 105.59 a
FM4: % 16 112.40 a 16.76 a 31.52 a 106.64 a

*: values average of three replications, **: each element was evaluated individually, :

CONCLUSION

The results of this study revealed that a significant
increase in dry mass of the rye (Secale cerale L.) were
observed when increasing amounts of farmyard
manure were used.

Moreover, N, P, K contents of the plant was seen
significantly higher than the control by increasing
amounts of manure. However, the Ca and Mg
contents of the plant were not significantly different
with the same applications. The Fe, Cu, Zn and Cu
contents of the rye were also significantly increased
with increased amount of farmyard manure.

The use of organic fertilizers to meet the needed plant
nutrient element of the cultivars has been rapidly
increased worldwide. Intense use of chemical
fertilizer mostly degenerated the nutrition balance,
resulting production of unhealthy products, which
started threaten the human health seriously all over
the world.

It has been an obligation to disseminate the use of
organic materials such as farm manure in the
agriculture in order to increase the organic matter
content of our soils. The more dissemination of
organic fertilizer use in agriculture would enhance
the organic matter content of the soils, which may
even recover some quality parameters of the plants
that were destroyed by the intense use chemical
fertilizers.

The absolute need for the use of farm manure was
revealed with this study. The importance of
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*kk

significant at the level of 5 %.

dissemination of the organic fertilizer use becomes
more obvious when the organic matter insufficiency of
soils of Turkey is taken into account.
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ABSTRACT

The aim of this study is to investigate the existing changes for corn
yield with the changes on the soil properties after the applications of
increased sewage sludge (SS 0 %, 2.5 %, 5 %, 7.5 %, 10 %). While
statistically significant decreases were determined in the pH and
lime contents of the experimental soil, there were also statistically
significant increases for the contents of organic matter and salt of
the soil by the effects of applied sewage sludge at the increased doses.
The applications statistically increased corn fresh and dry root
weights, fresh and dry shoot weights, plant height and diameter
compared to the control in the all treatments. It can be concluded
that that sewage sludge is not appropriate to use in the agricultural
soils in the present form because of very high salt amounts presence
in the sewage sludge although there were some positive effects on
the plant and soil properties to some great extent with no determined
heavy metal toxicity by the application of that sewage sludge into
soil at different rates taken freshly from the biological sewage sludge
foundation of district Iskenderun of province Hatay.

OZET

Bu calismanin amaci, artan aritma ¢camuru (% 0, % 2.5, % 5, % 7.5,
% 10) uygulamalari sonrasi misir bitkisinin verim ve deneme
topraginin bazi 6zellikleri tizerindeki degigsimler ile misir bitkisinin,
kok ve kok tstu kisimlar: ile bitki boyu ve ¢apinda meydana gelen
degisimleri incelemektir.Artan dozda uygulanan aritma gamurunun
etkisiyle deneme topraginin pH ve kire¢ iceriklerinde istatistiki
acidan 6nemli azalmalar belirlenirken, topragin tuz, organik madde
iceriklerinde ise istatistiki agidan oOnemli artiglar meydana
gelmigtir. Uygulamalar misir bitkisinin kék yas ve kuru ile kok tistii
yas ve kuru verimleri, bitki boyu ve bitki ¢apini taniga goére tiim
uygulamalarda istatistiki acidan onemli olarak arttirmigtir. Sonug
olarak, Hatay ili Iskenderun ilgesi Biyolojik aritma tesisinden taze
alinan aritma camurunun farkl oranlarda topraga uygulamasi ile
her ne kadar bazi bitki ve toprak ozelliklerine olumlu etkilerinin
bulunmasina ragmen bu aritma ¢gamurunda bulunan ¢ok yliksek tuz
miktarlar: nedeniyle, bu haliyle tarim topraklarinda
kullanilmasinin uygun olmadig: séylenebilir.
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INTRODUCTION

Urban sewage purification systems and municipal
waste water treatment plants hold a place as a
reciprocal response for sewage sludge come out.
Various methods such as storing, burning, discharging
to the sea and using in agricultural land are applied

for the disposal of these sewage sludge. However, most
of these methods are temporary solutions, and when
uncontrolled conditions return to the soil, mainly by
the dynamics of the environmental conditions, the
consequent risks take place for food chain resulting
from the contamination of soil, groundwater and
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plants. Recently, it has become more and more
important to apply the sludges into agricultural land
and to evaluate the soil as a source of organic matter
and plant nutrients (Cimrin et al. 2000; Demir and
Cimrin, 2011; Yalcin et al. 2011). When these wastes
are involved into the soil in appropriate quantities and
proportions under controlled conditions, there will be
alternative or having sustaining effect for the
commercial fertilizers resulting from the content
differences (Cimrin et al. 2000; Angin and Yaganoglu
2009; Yalcin ve ark., 2011).

The application of sewage sludge can improve the
physical and chemical properties of the soil and
increase its efficiency but the salt and heavy metal
content of the treated sewage sludge may affect the soil
and environment health negatively. Thus, different
properties of the sludge originated from the different
materials can alter the effects on the treated soil and
the yield and their usage possibilities. The treated
sludges must be analyzed and their contents
determined before applying into the soil, and for this
reason, it 1s necessary to determine the most
appropriate, if necessary, doses by testing different
treated sludges in different soil.

The aim of this study is to determine the effects on the
plant corn grown on the agricultural soil by the
application of freshly treated sewage sludge obtained
from the biological municipal wastewater treatment
plant of the district Iskenderun of province Hatay.

MATERIALS and METHODS

The soil used in the study is placed district of Reyhanh
in province of Hatay called as Gazimursel hill surface
soil. The sewage sludge used in the study was brought
to the laboratory on the same day after putting into
plastic bag freshly from the production facility of
Iskenderun ~ Municipality  biological domestic
wastewater treatment plant. Soil and sludge brought
to the laboratory were first used after air drying under
shade. In the study, Pioneer 1570 summer hybrid seed
of plant corn (Zea mays L.) with 99 % germination rate
was used as plant material.

According to Jackson (1958) the textures were
prepared for the analysis and determined according to
Bouyoucous (1951), in soil and sludge the reaction was
1: 2.5 in soil / water suspension Jackson (1958), total
salt 1: 2.5 soil / water suspension in Richards ( 1954)
with the electric conductivity meter lime with
Scheibler calcimeters (Hizalan and Unal, 1966),
organic matter modified Walkley Black method
(Walkley and Black, 1934), total nitrogen Bremner
(1965), available phosphorus by sodium bicarbonate
method (Olsen et al., 1954), the coloring was
determined in blue and the sludge samples and colored
with Barton yellow color method (Kacar, 1984).
Exchangeable potassium in soil and sewage sludge by
shaking of 1 N ammonium acetate (Thomas 1982) and
the extracts were determined by microwave plasm
(MPAES) atomic emission spectrophotometer (Table
1).

Table 1. Some physical and chemical properties of soil and sludge used in the experiment
Cizelge 1. Denemede kullanilan aritma ¢amuru ve topragin bazi fiziksel ve kimyasal ozellikleri

Soil properties (Toprak ézellikler:)

Sewage sludge properties (Aritma ¢amuru ézellikler:)

Clay, Kil (%) 62.04
Silt, Silt (%) 25.00
Sand, Kum (%) 12.96
Texture, Tekstiir Killi
pH (1:2.5 water) 7.76
Salt, Tuz (us/cm) 967.5
Lime, Kireg (%) 13.19
Organic mat.,Organik mad.(%) 1.71
N, Azot (%) 0.13
Available P, Alinabilir P (mg/kg) 12.74
Exchangeable K, Degisebilir K (mg/kg) 584.0

pH (1:2.5 su) 6.91
Salt, Tuz (us/cm) 21060
Lime, Kireg (%) 9.71
Organic mat.Organik mad (%) 33.8
N, Azot (%) 4.07
Available P, Alinabilir P (mg/kg) 868.51
Total K, Toplam K (mg/kg) 34800

According to the analytcal data, the trial soil is clayey
structure, slightly alkaline reaction, unsalted, highly
calcareous, organic matter content in the middle,
nitrogen and phosphorus content 1is sufficient,
potassium content is high. The pH of the treatment
sludge used in the study is slightly acidic, extremely
highly salty, high in organic matter content, nitrogen
and phosphorus contents are found high with very high
potassium content.

The experiment was carried out as four replicates,
according to the trial design of random plots, in a total
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of 20 pots at five different sludge doses, as a pot
experiment at Mustafa Kemal University greenhouses.
On the basis of the weight principle, fresh sewage
sludge was removed from the Dbiological domestic
wastewater treatment plant in  Iskenderun
Municipality and air-dried, at doses of 0%, 2.5%, 5%,
7.5% and 10%. Accordingly, the trial subjects used in
this study were generated as follows.

1- SSo (% 100 Soil) (Control)
2- SSo5 (% 97.5 Soil + % 2.5 Sewage Sludge)
3- SSs (% 95 Soil + % 5 Sewage Sludge)
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4- SS75 (% 92.5 Soil + % 7.5 Sewage Sludge)
5- SS10 (% 90 Soil + % 10 Sewage Sludge)
After adding air-dried sewage sludges to the

experimental soil, it was allowed to incubate for
approximately 50 days by irrigating with pure water.
After the incubation period of eight seeds were sown in
the pots and irrigated with distilled water. On the 3rd
day of sowing, the first germination was observed and
germination was completed on the 8th day and four
plants were left in the each pot. Basic dressings was
applied to each pot in the form of 100 mg kg! N, 40 mg
kgl P and 40 mg kg Kin 18+18+18 fertilizers. During
the experiement, the plants were irrigated with pure
water and the experiment was terminated on the forty-
eighth day after seed sowing. The data obtained from
the study was subjected to analysis of variance using
the SPSS-22 statistical package program, significant
effects on the average present application are grouped
according to Duncan's multiple range test.

RESULTS and DISCUSSION

Effects of sewage sludge on some physical and
chemical properties of soil after the harvest

The effects of soil (pH) on the pH, salt, lime and organic
matter content of the treated sewage sludge applied to
experimental soils with the subsequent statistical
evaluations are given in Table 2. As can be seen from
the analysis of the table, the effects of soil sewage
sludge treatments on pH, total salt, lime and organic
matter contents were found to be significant (P <0.01).
While the soil's average pH and lime content showed a
linear gradual decrease by the effect of the treatment
sewage sludge applied to the soil in the gradually
increasing doses, a linear gradual increase was
observed in the mean salt and organic matter contents
of the soil. The highest value measured in average pH
values with the application of increased sewage sludge
was found in the control application (SSo) in which the
treatment sludge was not applied with 7.81, followed
by an SSs dose of 7.80 to SS25 and 7.74, and these three
applications were included in the same Duncan group.
The applications of SS75 and SSi0 were taken into
different Duncan groups by taking pH values of 7.63
and 7.25, respectively (Table 2). Different results were
found in the studies conducted in different places
related to the subject. For example, Bozkurt et al.
(2001) reported that the effect of increasing sludge
doses on soil pH was not significant as a nitrogen
source in winter barley. Snyman et al. (1998) reported
that the effects of treatment sludge on the pH of soil
are significant. This could be explained by the
difference in the physical and chemical properties of
the different sewage sludge and treated soil.

With increasing amounts of soil treatment sludge
applications, a linear increase has occurred in the
average salt content of the soil. The salt content of SSo,
SS25, SSs and SS7s applications to soil were
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determined as 596.00, 655.25, 721.38 and 924.13
uS/em respectively and all of them were in the same
Duncan group. However, the salt content of the soil
applied by sewage sludge at the highest rate was SS1o
2555.00 ps / ecm, and was determined as a different
group from all others where the salt level reached to
the highest average value in the Duncan test (Table 2).

Significant decreases in the lime content of the soil
were determined by increasing Sewage sludge
applications in soil. The highest content of lime
without sewage sludge treatment was determined as
12.86 % by SSo treatment being in the same Duncan
group with in 12.62 % by SSz25 treatment followed by
12.54% by SSs, 11.96% by SS75 and 11.22% by SS1o
ones as percentage values in the order of linearly
decreasing direction. However the reverse was the case
for the organic matter contents starting with 1.78% as
the lowest value up to the highest value of 2.92% in the
order of gradually increasing direction by the
treatments in the same order (Table 2). That is
consistent with findings of many researchers of soil
organic matter increase by sewage sludge treatment
(Mantovi et al., 2005; Demir & Cimrin, 2011). On the
other hand, sewage sludge applications resulted in
similar trends in many studies in terms of increasing
the salt and organic matter content of the soil but
reducing the content of pH and lime (Unal and Katkat,
2003; Angin and Yaganoglu, 2009; Cicek et al. 2013).

Application of Corn Yield and Plant Height and
Diameter Effects:

Increasing sewage sludge treatment to the soils
affected significantly fresh root and shoot and, dry
shoot weight at P <0.001, while on the root dry weights
at P <0.01 level was statistically significant.

When the effect of sewage sludge on fresh root and
shoot weights was examined, it was observed that all
applications increased the yield gradually according to
the witness but there were statistically insignificant
decrements in the increases in question starting by
SS75 treatment for fresh root weight but the
statistically significant decrease for dry root weight by
SS10 treatment. Nevertheless, statistically significant
yield decrease for fresh and dry shoot weights were
determined by the SSio treatment but statistically
insignificant decrease started by SSs treatment for dry
shoot weight (Table 3). That indicates the changing
toxicity effect starting point of treatments independent
from each other to decrease yield.

Fresh root weights of corn plants obtained from
witness application (SSo) with the lowest yield value of
6.98 g increased statistically significantly with
increasing doses by SS25 as the value of 9.42 g and by
SSs as the value of 11.30 g but insignificant decreases
were determined in the increases in question at the
following doses by SS7.5 treatment as the value of 10.90
g and SSio treatment as the value of 9.42 g. (Table 3).
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Table 2. Mean values of soil, pH, salt, lime and organic matter contents of sewage sludge applications and Fcan
with Duncan groups showing the difference between standard errors and averages

Cizelge 2. Aritma ¢amuru uygulamalarinin topragin pH, tuz, kire¢ ve organik madde igeriklerine ait ortalama
degerleri ile standart hatalari ve ortalamalar arasindaki farkr gosteren Duncan gruplari ile 6nem

diizeyleri
Treatment, pH Salt, Tuz Lime, Kireg Organic matter,
Uygulamalar (uS/cm) (%) Organik mad. (%)
Sewage Sludge (Aritma camuru (SS, %))
SSo 7.81+0.01 a 596.00+ 53.18 b 12.86+0.29 a 1.78+0.06 ¢
SS2.5 7.80+0.02 a 655.25+106.14 b 12.62+0.14 a 2.32+0.06 b
SSs 7.74+£0.03 a 721.38+ 33.78 b 12.54+0.08 ab 2.43£0.07 b
SS75 7.63+£0.06 b 924.13+ 68.88 b 11.96+0.16 b 2.90+0.05 a
SS10 7.25+0.03 ¢ 2555.00+£265.82 a 11.22+0.22 ¢ 2.92+0.08 a
F values 45.05%** 37.82%** 11.46%** 50.08%**

a, b, c: the difference between the values shown in the same letter (P> 0.05)

*** With the F values were significant at the level of 0.1%

Table 3. Treatment of sludge treatment corn plant root and shoot fresh and dry weight of the average values with
standard errors and Duncan group and F values indicating the difference between the averages.

Cizelge 3. Aritma camuru uygulamalarinin masir bitkisinin kék ve surgin taze ve kuru, agirliklarina ait
ortalama degerleri ile standart hatalari ve ortalamalar arasindaki fark: gosteren Duncan gruplar: ile

onem dizeyleri

Fresh root
Weight, Taze
kok agirlign

Dry root
Weight, Kuru
kok agirlign

Treatment,
Sewage sludge,
Aritma ¢camuru

(SS) (g/plant) (g/plant)
SSo 6.98£0.56 b 0.87+0.07 ¢
SSso5 9.42+0.43 a 1.09+0.04 a
SSs 11.30+£0.77 a 1.22+0.04 a
SS75 10.90+0.78 a  1.06+0.09 ab
SS10 9.42+0.28 a  0.88+0.02 bc
F Values 7.96%** 6.10%*

Fresh shoot Dry shoot

Weight, Taze strgiin  Weigh, Kuru sturgin

agirhgi agirhgi

(g/plant) (g/plant)
19.55+1.34 ¢ 2.89+0.22 ¢
41.184+0.96 ab 4.86+0.12 a
42.124+3.58 ab 4.64+0.35 a
45.46+2.05 a 4.60+0.28 a
38.02+1.46 b 3.80+0.14 b

23.93%** 11.54%**

a, b, c: the difference between the values shown in the same letter (P> 0.05)
The F values indicated by ** and *** are significant at 1% and 0.1%, respectively.

When the Duncan test was carried out, the SSo
treatment of fresh root weights were in a group while
all others were in a different group of Duncan (Table
3). Corn plant root dry weight of 0.87 g was minimum
for treatment of SSo. However, SS25 and SSs
treatments increased the dry root weights but SS7s
and SSio treatments resulted in the decrements in the
yield increases obtained. Duncan analysis showed that
the root dry weight were also create a situation similar
to the fresh root weight (Table 3). When the effects of
sewage sludge on various plants are examined in
different studies, similar results have been reported in
many studies. For example, Cimrin et al. (2000), Triple
Super Phosphate and sewage sludge combinations as a
source of phosphorus to a soil application resulted in
the significant increase for plant dry weight compared
to the control application. It was reported by Onal et
al. (2003) in the study called as the effect of urban
sludge applied to soil in tomato plants that plant
growth, improvement of fruit properties and fruit
mineral content, dry matter weight and yield values
increased by increasing amount of applied sludge
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doses. On the other hand, in some studies, the effects
of treatment sludge on root age and dry weight were
significant, while in others it was insignificant. For
example, Bozkurt et al. (2000) applied a increasing
dose of sludge and a single dose of humic acid to the
maize plant grown in calcareous soil. They reported
that the root dry weight of corn plant increased with
increased sludge applications. Turkmen et al. (2001) in
their study on the effect of urban sewage sludge on
cucumber output and seedling development, reported
that applications have a positive effect on root age and
root dry weights. Demir and Cimrin (2011) by sludge
and humic acid application on development of corn
development of corn reported that nutrient and heavy
metal contents with some soil of sludge applied at
increasing doses resulted significant increase in fresh
and dry root weight. Akat et al. (2017), the effect of
sludge treatment on root growth weight, plant growth,
flowering and quality in cut rose cultivation were not
found to be statistically significant, while the effect on
root dry weight was found to be statistically
significant.
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When the effect of the treatment of sewage sludge on increase to the value of 4.86 g at the dose of SS25 that
fresh shoot weights is evaluated, it can be seen that after that increase the declines in the increase took
according to the witness, all applications increase the place for the other treatments and after that increased
weight of fresh shoots but the fresh shoot weights compared to the other doses (SSs, 4.64 g5 SS75, 4.60 g
decrease after the application of 7.5% Sewage sludge and SSio, 3.80 g) (Table 3). Similar results have been
treatment (Table 3). While the corn plant is obtained reported by many researchers studying with different
from the control application (SSo) with the lowest fresh plant and sewage sludge (Bozkurt et al 2000; Cimrin
shoot weight value of 19.55 g, fresh shoot weights et al 2000; Demir ve Cimrin 2011; Akat et al 2015;
increased by increasing doses linearly by SS2s Akat et al 2017).

treatment as the yield value of 41.18 g by the SSs On the other hand, it is seen that sewage sludge
treatment as the yield value of 42.12 g and by SS7s applications develop the upper ground component
treatment as the yield value of 45.46 g by the rather than underground part of the plant. This can be

increasing doses but decreased as the yield value of attributed to the advantage of adding some nutrients
38.02 g at the last increased dose of SSiotreatment. In to the soil by the treatment sludge, by adding salt and
the Duncan analysis, the witness (SSo), who had no  heayy metals to the soil, which in turn leads to the
treatment of Sewage sludge was in a separate group comparable loss yield in the underground part. As a
while the others were in a different group of Duncan. matter of fact, Cimrin et al. (2000), despite the increase
When the dry weight of the shoots in Table 3 is in the concentration of available phosphorus in the soil
evaluated, all applications according to the control by treatment Sewage sludge applications, the plant's
(witness) have increased the dry weight of the shoots, phosphorus need was not provided with sewage sludge
similar to the fresh shoot weights. However, as reported. In summary, the study showed that while the
different from the fresh shoot weights, it is seen that sludge and TSP combinations and 80 mg / kg sludge
root dry weights decrease after application of 2.5% applications significantly increased the phosphorus
sewage sludge (Table 3). In the Duncan analysis, a content of the corn plant according to the witness but
total of three groups were formed, the witness (SSo) the content decreased as the amount of treatment

and the highest treatment sludge applications (SSio) sludge increased.
were formed in two different groups while all other
applications (SSq25, SSs and SS7.5) were included in the
same Duncan group. While the dry shoots of corn
plants were obtained from the witness application
(SSo) as the lowest value of 2.89 g, the doses lead to

Variance analysis results of the effects of increasing
sewage sludge applications on plant height and plant
diameter of maize plant are given in Table 4.

Table 4. Treatment of sewage sludge on corn plant height and diameter values of the mean values with standard
errors and Duncan group and F values indicating the difference between means

Cizelge 4. Aritma ¢amuru uygulamalarinin misir bitkisi bitki boy ve ¢ap ortalama degelerinin standart hatalari
ve ortalamalar arasindaki farki gésteren Duncan gruplari ile 6nem diizeyleri

Treatment (Uygulamalar) Plant height (Bitki boyu (cm) Plant diameter (Bitki cap1 (mm)
Sewage sludge SS (%) (Aritma Camuru)

SSo 93.65+2.99 ¢ 5.79+0.18 b

SSe.5 110.78+1.18 a 8.16x£0.12 a

SSs 107.62+3.79 ab 8.74+0.40 a

SS75 108.75+1.70 a 8.73+0.26 a

SS1o 100.50+1.44 be 8.66+0.09 a

F Values 8.44%** 28.14%**

a, b, c: the difference between the values shown in the same letter (P> 0.05)
**% With the F values were significant at the level of 0.1%

The effect of treatment sewage sludge doses on the question were obtained ?ompared to the control
plant height and plant diameter of the corn plant was treatment (SSs, 107.62 cm; SS75, 108.75 cm ve SSio,

statistically significant at 0.1%. According to the plant 100.50 cm). The corn plant was obtained from control
height in Table 4, it is seen that all applications application (SSo) with the lowest plant diameter of 5.79

increase the plant height according to the witness mm, while the diameter of the plant increased (SSas,
(SS0), but the highest plant height was obtained by 8.16 mm; SSs, 8.74 mm; SS7.5,8.73 mm; SS10, 8.66 mm)
2.5% sewage sludge treatment as seen in the same with increasing doses compared to the control
Duncan groub. Corn plant height was obtained from treatment. Similarly, Turkmen et al. (2001) reported
control application (SSo) with a minimum value of the effects of urban sewage sludge with the positive
93.65 cm and increased to 110.78 cm at SS25 dose. In effect on growth and seedling development in a study
all other doses, slight decreases in the increase in on the shoot and root size with. Demir and Cimrin
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(2011) reported in a study about the development of
corn plant by application of sludge and humic acid on
nutrient and heavy metal contents and some soil
properties that increasing the amount of applied
sewage sludge increases the plant height significantly.
Akat et al. (2015) studied on Limonium sinuatum
compindi white flower variety as plant material on
growth, yield and quality of by the treatment of sewage
sludge including the length and thickness of flower
stalks and it was reported that there were significant
effects on control.

As a result, in the study conducted with fresh sludge
from the domestic biological treatment plant in the
district Iskenderun of province Hatay, although the
treatment sludge applications have positive effects on
some plant properties, there were reverse effects such
as increased salinity with decreased the pH and lime
content in the soil indicate that it is not appropriate to
use this treatment sludge directly in agricultural soils..
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ABSTRACT Research Article

The objective of this study was to determine the effect of the increasing

doses of sewage sludge and different application times on DTPA Article History
(diethylenetriaminepentaacetic acid) extractable nutrients and heavy Received ©24.09.2019
metal concentration in calcareous soil for three years. For this Accepted ©28.11.2019
purpose, sewage sludge was applied at different rates (0, 4.1, 8.2, 16.4

t ha-1) and periods (spring and autumn) to meet the nitrogen fertilizer Keyvs.lord:s =
requirement of grass-legume mixtures. Experiment results showed Apphc.atlon timing
that cumulative sludge applications significantly increased DTPA Biosolid
extractable metal concentrations for 0-20 cm. Sludge application in DTPA
spring period reduced the soil pH and increased the extractable metal Hgavy metals

Soil depth

concentrations compared to the autumn. Sludge application doses
increased DTPA-Zn concentration for all soil depths and years. At the
end of the experiment, it was determined that the heavy metal
contents in the soil did not reach the levels that would have a negative
effect on plant production. The fact that Van soil is rich in lime and
alkaline pH of the soil, where the experiment was carried out, caused
the solubility of heavy metals from sewage sludge to be low and toxic
effect not to be seen. However, long-term sludge application should be
followed in soil.

Kirecli Bir Mera Topraginda Aritma Camuru Dozlarinin ve Uygulama Zamaninin Ekstrakte Edilebilir
Metal Konsantrasyonuna Etkisi

OZET Aragstirma Makalesi

Bu ¢alismanin amaci artan oranlarda aritma ¢amuru dozlarinin ve

uygulama zamaninin ii¢ y1l siireyle kirecli bir toprakta DTPA (dietilen Makale Tarihgesi

triamin penta asetikasit) ile ekstrakte edilebilir besin elementi ve agir Gelig Tarihi  :24.09.2019
metal konsantrasyonuna etkisini belirlemektir. Bu amacla, mera Kabul Tarihi :28.11.2019
karigiminin azotlu giibre ihtiyacini karsilamak i¢in aritma ¢amuru

farkli oranlarda (0, 4.1, 8.2 ve 16.4 ton hal) ve dénemlerde (ilkbahar Anahtar Kelimeler

ve sonbahar) uygulanmistir. Elde edilen sonuclara gore, artan camur Uygulama zamani
uygulamalar: 0-20 cm derinlikte DTPA ile ekstrakte edilebilir metal Aritma ¢camuru
konsantrasyonunu o6nemli diizeyde artirmistir. Sonbahara gore DTPA

ilkbahar donemi ¢amur uygulamasi toprak pH'sin1 azaltmis ve Agir metal
ekstrakte edilebilir metal konsantrasyonlarini artirmistir. Artan Toprak derinligi

aritma ¢amuru dozlar1 ile DTPA Zn konsantrasyonu tim toprak
derinliklerinde her iki yil artmistir. Deneme sonunda, toprakta
belirlenen agir metal igeriklerinin bitkisel tiretim agisindan olumsuz
etki olusturacak diizeylere ulagsmadigi belirlenmigtir. Denemenin
yurutildigi Van yoresi topraklarinin yliksek kire¢ ve alkalin pH'ya
sahip olmas1 gamurdan gelen agir metallerin ¢ozinurliginin dusik
olmasina ve toksik etki goérilmemesine neden olmustur. Buna
ragmen, mera topraklarinda uzun dénem ¢amur uygulamalarinin
etkisi takip edilmelidir.

To Cite : Bozkurt MA, Akdeniz H, Keskin B 2020. The Effects of Sewage Sludge Application Doses and Times on Extractable
Metal Concentrations in a Calcareous Pasture Soil. KSU J. Agric Nat 23 (2): 328-335. DOI: 10.18016/
ksutarimdoga.vi.623765.
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INTRODUCTION

Sewage sludge is the residue product of wastewater
treatment and has been used in agriculture for many
years as a fertilizer. This organic waste is typically rich
in organic matter and contains high level nitrogen,
phosphorus, potassium and micronutrients that are
required for plant growth. Sewage sludge, also known
biosolid, can be used to improve the growth and
nutritional quality of crops and forage grasses while
reducing the need for chemical fertilizer (Sharma et
al., 2017; Mohamed et al., 2018; Neves et al., 2018).
Moreover, sludge application to agriculture lands can
increase water holding capacity, decrease bulk density,
stimulate aeration and root penetrability and increase
soil microorganism activity (Kukal et al. 2012; Wolna-
Maruwka et al., 2018). However, one concern on
application of sewage sludge is its relatively high
heavy metal contents, which can potentially cause soil
pollution and negative effect on plant growth.

Heavy metals in sewage sludge may limit the use of
sewage sludge as a soil amendment. Rigueiro-
Rodriguez et al. (2012) observed that fertilization with
sewage sludge increased the total Zn in the soil over
time but never exceeded the limit values and did not
cause harmful effects in the grassland. Wolejko et al.
(2015) stated that municipal sewage sludge application
did not significantly affect the content of heavy metals
both in the grass and in the soil. Malinowska (2016)
reported that the highest application of sewage sludge
resulted in the highest concentration of Zn, Cu and Cd
in the grass while the highest concentration of Ni and
Pb was in the soil. Because of the presence of both
beneficial (nutrient and organic matter) and
nonbeneficial (heavy metal and soluble salts)
components in sewage sludge, it is necessary to
systematically study the impacts of sewage sludge
application on plant growth and on the soil physical
and chemical properties to arrange sewage sludge
dose.

Although much research has been done on the
beneficial and harmful effects of sludge application
doses, there has not been enough research on the time
of sludge application. The time of sewage sludge
application is very important because, if the sewage
sludge is applied in autumn, nutrients can be leached
as the plant roots are not able to absorb them because
of the low temperatures. However, if applied too late,
nutrient use is delayed and the grown season could be
shortened. When the mineralization process of the
sewage sludge is taken into consideration, it is difficult
to determine the optimum application time (Rigueiro-
Rodriguez et al., 2010). Sorensen and Rubaek (2012)
compared the effect of manure application timing and
soil texture on the nutrient leaching. According to
experiment results, it is determined that solid manure
should not be applied to winter wheat on sandy and
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sandy loam soils under irrigated conditions.

The objective of this study was to determine the effect
of sewage sludge doses and application times on DTPA
extractable nutrient and heavy metal concentrations
in calcareous pasture soil for three years.

MATERIAL and METHODS

The experiment was conducted on grass-legume
mixtures in Van Turkey, 1725 m above sea level,
during 2004-2007. Rainfall and mean temperature in
area i1s around 380 mm and 8.8 °C. Annual total
rainfall and average temperature during the 3 years
experimental period (2004-2006) were 426 mm, 337
mm, 427 mm and 9.5 °C, 9.9 °C, 10.0 °C, respectively
(Anonymous, 2019).

The sludge used in this experiment was obtained from
Van Municipality Wastewater Treatment Plant.
Aerobically stabilized sewage sludge was dried in
holding pools. In this process, organic matter in the
sludge decomposes and pathogen microorganisms
reduce. As a mean 3 years, physico-chemical properties
of soil and sewage sludge used in this experiment are
given at Table 1. Field experiment was conducted
using split plot design with 4 replications. Main plot
was determined by application times (spring and
autumn) and sub-plot was determined by sludge doses
(0, 4.1, 82, 164 t hal) and nitrogen fertilizer
application (60 kg N hal). Experimental plot was
1.8X5 m= 9 m? in size. Grass-legume mixtures was
sown 6 May 2004 with 30 cm row space.

There were five application rates and two application
times (spring and autumn) in the experiment design.
Five application rates:

1. Control

2. Chemical nitrogen fertilizer: 60 kg N ha!

3. Sludgei1: 4.1 t sewage sludge ha!

4. Sludges: 8.2 t sewage sludge ha'!

5. Sludges: 16.4 t sewage sludge ha!

Cumulative sludge rates (3 years) were 12.3, 24.6 and
49.2 t ha'l. Sludge applications were made for three
years (2004-2006) and soil samples were taken in the
last two years of experiment (2005-2007). Soil samples
were taken from the various depths (0-20 cm, 20-40 cm,
40-60 cm) and about 6 months after sludge
application. The last soil samples at the experiment
were taken in April 2007. The annual nitrogen
requirement of grass-legume mixtures was accepted
as 60 kg N ha'l. Sludge doses were determined to be
half, full and double of the plant nitrogen requirement.
It was accepted that about 30-35 % of the total nitrogen
in the sludge was available in the first year (Cogger et
al., 2001). Nitrogen fertilizer was applied only in the
spring season and in the form of ammonium sulphate
for both application times. Triple superphosphate at 80
kg P205 ha'! was applied to control and nitrogen
fertilizer plots. Sewage sludge was mixed in the early
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spring with a shovel to a depth about 20 ¢cm before
sowing. The other sludge applications were made on
surface soil and mixed with a hand hoe. The spring

applications of the sewage sludge were carried out in
April, and the autumn applications were carried out in
September.

Table 1. Some characteristics of soil and sewage sludge used in experiment (dry weight basis)
Cizelge 1. Denemede kullanilan toprak ve camurun baz ézellikleri (kuru agirlik esasina gére)

Properties Soil Sewage Sludge Permitted values for sewage sludge
(Anonymous, 2005)

Texture Sandy clay loam

CaCOs, % 15.7

EC, mS cm'! 0.270 4.74

pH, 1:2.5 8.77 6.97

Organic Matter, % 1.58 51.4

Total N, % 0.105 2.20

Total P, % 0.45

Total K, % 0.49

Olsen P, mg kg'! 9.0

Extractable K, mg kgt 300

DTPA Fe, mg kg1 3.30

DTPA Mn, mg kg1 5.80

DTPA Zn, mg kgl 0.27

DTPA Cu, mg kg'! 1.10

Total Fe, % 0.96

Total Mn, mg kg'! 427

Total Zn, mg kg1 795 4000

Total Cu, mg kg'! 84 1750

Total Cd, mg kg'! 1.37 40

Total Cr, mg kg'! 130 1200

Total Pb, mg kg'! 47 1200

Total Ni, mg kg1 100 400

In the soil of the experiment area, texture was
determined using the hydrometer method for making
particle size analysis. Soil pH was determined in a
1:2.5 soil-water suspension. Organic matter was
analyzed colorimetrically with the modified Walkley
Black method. Calcium carbonate was measured with
calcimeter. Extractable K was measured by atomic
absorption spectroscopy (AAS) with using ammonium
acetate extraction. Total N was measured by the
Kjeldahl method and available P was determined by
the Olsen procedure for calcareous soil. DTPA
(diethylenetriaminepentaacetic acid) extractable Fe,
Mn, Zn, Cu, Pb, Cd, Cr and Ni were extracted using a
solution (pH=7.3) containing 0.005 DTPA, 0.1 M TEA
and 0.01 M CaClz with 2 hours shaking time using
AAS. Total heavy metals in soil and sewage sludge
were determined using flame atomic absorption
spectroscopy  following  extraction by  nitric-
hydrochloric acid digestion (Kacar, 1994; Khan and
Frankland, 1983).

Statistical analysis was performed by using the
analysis of variance procedure for each year. If the F-
value indicated significant differences (P<0.05), means
compared using Duncan's multiple range test (Gomez
and Gomez, 1984).
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RESULTS
Effects of Sewage Sludge Application Doses

The effects of sludge application doses on the soil pH ,
DTPA extractable nutrient and heavy metal
concentrations for different soil depths are given in
Table 2 and Table 3. Soil pH is very important factor
determining directly about the possibility of plant
growth, nutrients and heavy metals uptake and
biological processes. The increasing sewage sludge
applications slightly decreased the soil pH for all
depths. The soil pH changed from 8.85 to 8.75 in sludge
doses for 0-20 cm soil depth. But, this change is not
important statistically. Changes on the soil pH was
smaller for 20-60 cm depth. The greater pH as soil
depth increases is due to a calcareous soil horizon.

While DTPA extractable Mn concentration did not
show any significant change in the second year of
experiment, it increased significantly with the addition
of sewage sludge for 0-20 cm soil depth in the third
year. The highest Mn concentration was obtained at
the application dose of sludge: for 0-20 cm. For other
soil depths, the effects of sludge application was not
significant (Table 2 and Table 3). DTPA extractable Fe
concentration increased significantly with sewage
sludge application for 0-20 cm depth in the third year.
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Table 2. Effect of different sewage sludge doses on the DTPA extractable nutrient and heavy metal concentrations
(mg kg') for 0-60 cm soil depth in the second year of experiment

Cizelge 2. Denemenin ikinci yilinda 0-60 cm toprak derinligi icin DTPA ile ekstrakte edilebilir besin elementi ve
agir metal konsantrasyonlarina farkli camur dozlarinin etkisi

Depth Treatment Mn 7n Cu Pb Cd Cr
Control 3.85 0.18 ¢ 0.92 0.40 0.028 b 0.020
Nitrogen fertilizer 4.01 0.17 ¢ 0.90 0.40 0.027 b 0.020
0-20 cm Sludge: 4.17 0.35b 1.02 0.45 0.036 a 0.020
Sludges 4.16 0.45b 0.94 0.40 0.033 ab 0.020
Sludges 4.51 0.92 a 1.00 0.46 0.039 a 0.021
F value ns 68.3"" ns ns 6.0 ns
Control 4.26 0.16 b 0.96 0.39 0.028 0.023
Nitrogen fertilizer 4.05 0.15b 0.90 0.42 0.027 0.019
20-40 cm Sludge: 4.26 0.22 b 0.99 0.45 0.027 0.019
Sludges: 3.78 0.23 b 0.84 0.36 0.030 0.021
Sludges 4.31 0.34 a 0.89 0.37 0.030 0.021
F value ns 7.1 ns ns Ns ns
Control 4.24 0.15b 0.96 0.38 0.027 0.021
Nitrogen fertilizer 3.76 0.13b 0.89 0.40 0.028 0.019
40-60 cm Sludge: 3.84 0.15b 0.97 0.41 0.030 0.020
Sludges: 3.72 0.15b 0.79 0.38 0.029 0.021
Sludges 3.84 0.22 a 0.84 0.39 0.030 0.021
F value ns 5.3 Ns ns Ns ns

Sludgei: 4.1 t ha'l, Sludges: 8.2 t ha'l, Sludges: 16.4 t hal, **: P<0.01, ***:P<0.001, ns: not significant. Means followed by the
same letter within the same column and depth are not statistically different (Duncan test, P<0.05)

Table 3. Effects of different sewage sludge doses on soil pH, DTPA extractable nutrient and heavy metal
concentrations (mg kg'!) for 0-60 cm soil depth in the third year of experiment
Cizelge 3. Denemenin lglincti yilinda 0-60 cm toprak derinligi icin PH, DTPA ile ekstrakte edilebilir besin elementi
ve agir metal konsantrasyonlarina farkli camur dozlarinin etkisi

Depth Treatment SoilpH Mn Fe Zn Cu Pb Cd Cr Ni
Control 8.85 6.59 ¢ 297¢ 0.30d 1.15b 0.50b 0.018b 0.027 0.31b
Nitrogen 8.83 7.24bc 2.60c 031d 1.14b 047b 0.017b 0.029 0.32Db
fertilizer

0-20 cm Sludge: 8.81 8.76 a 3.80b 1.06¢c 1.38a 0.67a 0.019ab 0.031 0.47a
Sludges: 8.75 7.96ab 4.43ab 1.93b 1.26ab 0.65a 0.020ab 0.028 0.44 a
Sludges 8.77 7.66abc 451a 268a 1.34a 0.70a 0.022a 0.028 0.38ab

F value ns 14,7 14.7  72.56™  3.83" 12.8™  3.59" ns 3.23"
Control 8.96 6.23 2.81 0.26 ¢ 1.15 0.44b 0.018 0.028 0.32
Nitrogen 8.89 6.43 2.65 0.27¢ 1.10 0.42b 0.017 0.030 0.34
fertilizer

20-40 cm  Sludge: 8.88 7.68 2.91 0.36b  1.38 0.56a 0.017 0.027 0.44
Sludges: 8.93 6.40 2.72 047a 1.18 0.47ab 0.018 0.029 0.37
Sludges 8.88 5.95 2.79 049a 1.15 0.51ab 0.019 0.030 0.39

F value ns ns ns 11.7"" Ns 3.15° ns ns ns
Control 8.99 6.03 2.98 0.21c¢ 1.13 0.49b 0.018 0.030 0.35
Nitrogen 8.92 4.38 2.84 0.21c¢ 0.97 0.45b 0.016 0.032 0.33
fertilizer

40-60 cm  Sludge: 8.95 6.80 2.84 0.29ab  1.32 0.57a 0.019 0.031 0.35
Sludges: 8.96 4.80 2.57 0.26bc  1.04 0.50b 0.018 0.027 0.32
Sludges 8.96 5.03 2.58 0.31a 1.05 0.50b 0.019 0.027 0.38

F value ns ns ns 7.4 ns 3.32% ns ns ns

Sludge:: 4.1 t hal, Sludgez: 8.2 t ha'l, Sludges: 16.4 t hal, *: P<0.05, ***:P<0.001, ns: not significant. Means
followed by the same letter within the same column and depth are not statistically different (Duncan test, P<0.05)

Extractable Fe concentration increased from 2.97 mg dose for 0-20 cm (Table 3).
kgl to 4.51 mg kg at the highest sludge application Among extractable metals, the most notable changes
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were observed in Zn concentration. Sewage sludge
doses increased significantly DTPA-Zn for all depths
and years. The most important increases on the DTPA-
Zn were obtained for 0-20 cm depth in third year.
DTPA-Zn increased significantly from 0.30 mg kg to
2.68 mg kgl for 0-20 cm at the highest sludge dose.
The highest sludge application showed 9 fold increase
in DTPA-Zn (Table 3).

Sewage sludge application doses did not cause a
significant change in DTPA-Cu concentration for all
depths in the second year. However, increasing sludge
doses increased significantly DTPA-Cu for 0-20 c¢cm in
the end of experiment. Extractable Cu concentration
increased from 1.15 mg kg! to 1.34 mg kg! at the
sludge: dose (Table 2 and Table 3). While DTPA-Pb
concentration did not show any significant change in
the second year of experiment, it increased
significantly with the addition of sewage sludge for all
depths in the third year. Extractable Pb concentration
at the highest sludge dose increased significantly from
0.50 mg kg-! to 0.70 mg kg for 0-20 cm soil depth
(Table 3).

DTPA extractable Cd concentration increased
significantly from 0.028 mg kg1 to 0.039 mg kgl in the
second year and from 0.018 mg kg! to 0.022 mg kg1 in
the third year with increasing sludge doses for 0-20 cm
depth, respectively. For 20-60 cm soil depths, sewage
sludge applications did not cause a significant change
in DTPA-Cd (Table 2 and Table 3). Also, sludge
applications did not affect DTPA extractable Cr
concentration for all depths and years. DTPA-Ni
concentration increased significantly with the addition
of sewage sludge for 0-20 ¢cm in the end of experiment.
The highest DTPA-Ni was obtained at the sludge:
dose. For other soil depths, the effect of sludge

application was not significant (Table 3). Soil pH and
DTPA-Fe and Ni concentrations were determined only
in the last year of experiment.

Effects of Sewage Sludge Application Time

The effect of sewage sludge application time on the soil
pH, DTPA extractable nutrient and heavy metal
concentrations for different soil depths are given in
Table 4 and Table 5. The effect of sludge application
time on the soil pH was found to be important for all
depths after three years of sludge application. Sludge
application in the spring period resulted in lower soil
pH than in the autumn period for all depths in the end
of experiment. Soil pH, which determined as 8.70
sludge application in the spring period, rose to 8.90 in
the autumn period (Table 5).

The effect of sludge application time on the DTPA
extractable Mn concentration was not statistically
significant for all soil depths in the second year of
experiment. However, this effect was important
significantly for 0-20 ¢cm in the third year. DTPA-Mn
concentration increased significantly to 8.14 mg kg

with sewage sludge application in the spring period
(Table 4 and Table 5).

The effect of sludge application time on the DTPA-Fe
concentration was important for 0-20 cm depth. In the
spring period, DTPA-Fe concentration was found to be
significantly higher than the application of the sludge
in the autumn. Extractable Fe concentration increased
to 4.07 mg kg! with sewage sludge application in the
spring period. Effect of dose X time interaction was
found to be significant for 0-20 cm. The effect of
application time on the DTPA-Fe was not significant
for 20-60 cm soil depth (Table 5).

Table 4. Effect of sewage sludge application time on the DTPA extractable nutrient and heavy metal concentrations
(mg kg1) for 0-60 cm depth in the second year of experiment
Cizelge 4. Denemenin ikinci yilinda 0-60 cm toprak derinligi icin DTPA ile ekstrakte edilebilir besin elementi ve
agir metal konsantrasyonlarina ¢gamur uygulama zamaninin etkisi

Depth Application time Mn Zn Cu Pb Cd Cr

0-20 cm Spring 4.06 0.38Db 0.93 0.40 0.032 0.020
Autumn 4.26 0.45 a 0.98 0.44 0.033 0.021

F value ns 5.17 Ns ns ns ns

F value DosexTime interaction ns 3.17 Ns ns ns ns

20-40 cm Spring 4.03 0.21 0.90 0.38 0.027 0.019
Autumn 4.23 0.23 0.94 0.41 0.030 0.022

F value ns ns Ns ns ns ns

F value DosexTime interaction ns ns Ns ns ns ns

40-60 cm Spring 3.69 0.15 0.85 0.40 0.027 0.019b
Autumn 4.07 0.17 0.93 0.38 0.030 0.022 a

F value ns ns Ns ns ns 4.50"

F value DosexTime interaction ns 3.0" Ns ns ns ns

*: P<0.05, ns: not significant. Means followed by the same letter within the same column and depth are not statistically

different (Duncan test, P<0.05)
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Table 5. Effect of sewage sludge application time on the soil pH, DTPA extractable nutrient and heavy metal
concentrations (mg kg'!) for 0-60 cm soil depth in the third year of experiment

Cizelge 5. Denemenin ti¢tincii yilinda 0-60 cm toprak derinligi icin pH, DTPA 1le ekstrakte edilebilir besin elementi
ve agir metal konsantrasyonlarina ¢camur uygulama zamaninin etkisi

Depth Application Soil pH Mn Fe Zn Cu Pb Cd Cr Ni
Time

0-20 cm Spring 8.70b 8.14 a 407a 16la 132a 0.64a 0.020a 0.028 0.45a
Autumn 8.90 a 7.15b 3.256b 091b 1.19b 056b 0.018b 0.029 0.32b

F value 33.0""  8.3" 16.8"  41.2™ 7.12" 9.8 7.59" ns 12.5"

F value DosexTime ns ns 3.9 16.4™*  3.14" ns 4.75" ns ns
interaction

20-40 cm  Spring 8.83b 6.98 2.87 0.35 1.22 0.563a 0.019a 0.028 0.41a
Autumn 8.98 a 6.10 2.69 0.38 1.17 0.43b 0.017b 0.030 0.33b

F value 16.7 ns ns ns Ns 10.8" 7.40" ns 6.68"

F value DosexTime ns ns ns ns Ns ns ns ns ns
interaction

40-60 cm  Spring 8.90b 5.90 2.89 0.24 1.13 0.56a 0.019a 0.029 0.37
Autumn 9.01 a 4.92 2.63 0.27 1.07 0.45b 0.017b 0.030 0.32

F value 18.1° ns ns ns Ns 27.0" 823" ns ns

F value DosexTime ns ns ns 3.1° Ns ns 3.83" ns ns
Interaction

*: P<0.05, **: P<0.01, ***:P<0.001, ns: not significant. Means followed by the same letter within the same column and depth

are not statistically different (Duncan test, P<0.05)

DTPA-Zn concentration was the most affected by the
sludge application time among all metals. The effect of
sludge application time on the DTPA-Zn concentration
was found to be important for 0-20 cm depth in both
years. Moreover, effect of dose X time interaction was
important for 0-20 and 20-40 cm soil depths. The
higher DTPA-Zn concentration was obtained in spring
period for third year while it was obtained in the
autumn for second year. However, the dose X
application time interaction showed that the higher
DTPA-Zn was in the spring period for both years.
DTPA-Zn concentration, which was 0.91 mg kg! in
autumn, increased to 1.61 mg kg! by spring
application for 0-20 cm (Table 4 and Table 5).

While the effect of sludge application time on DTPA-
Cu concentration was not significant in the second
year, it was found significant for 0-20 cm depth in the
end of experiment. Copper concentration increased
considerable to 1.32 mg kgl with sewage sludge
application in the spring period. Effect of dose X
application time interaction on the extractable Cu
concentration was found to be significant for 0-20 cm.
The highest DTPA-Cu was obtained at sludges
application in spring period.

DTPA-Pb and Cd concentrations did not show any
significant change due to the effect of sludge
application time in the second year. However, sludge
application time significantly affected the DTPA-Pb
and Cd for all soil depths in the end of experiment.
Sludge application in the spring period resulted in
higher DTPA-Pb and Cd than in the autumn period for
all soil depths. DTPA-Pb and Cd for 0-20 cm increased
to 0.64 mg kg! and 0.020 mg kg! with sludge
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application in the spring period, respectively. Effect of
the dose X application time interaction on the DTPA-
Cd concentration was important. The highest DTPA-
Cd was obtained in the spring sludge application in
third year (Table 5). Effect of sludge application time
on the DTPA extractable Cr concentration was not
significant for all depths. DTPA-Ni concentration
changed significantly with sludge application time for
0-40 cm depth. In the spring period, DTPA-Ni was
found to be significantly higher than sludge
application in the autumn. Extractable Ni increased to
0.45 mg kg! with sludge application in the spring
period for 0-20 cm soil depth (Table 5).

DISCUSSION and CONCLUSION

The toxic effect of heavy metals from sewage sludge on
agricultural soils is largely dependent on factors such
as the heavy metal concentration of sludge, amount of
sludge applied, soil pH, rate of sludge decomposition,
climatic and soil properties (Singh and Kumar, 2014;
Kitczak et al., 2016; Zahedifar et al., 2017). Compared
with the allowable critical values, the heavy metal
content of the sludge used in the study is found to be
low under Turkey law (Anonymous, 2005). Zinc was
the element with the highest proportion with respect
to the limit indicated by law as dangerous but was only
20 % of the total recommendation.

An important parameter used in determining heavy
metal level in the agricultural soils is the DTPA
extractable heavy metal concentrations. In this
regards, while the total heavy metal concentration
provides information on potential pollution,
extractable heavy metals provide information on active
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pollution. Many investigators prefer to use the DTPA-
extractable amounts of soil to determine the heavy
metal pollution (Wu et al., 2012; Bansal et al., 2014;
Ullah and Khan, 2015; Tziachris et al., 2017).

The results of research showed that the increasing
sludge doses over a 3-years period had no significant
effect on soil pH. This may be due to the lime and
buffering power of the soil. However, the effect of
sludge application time on the soil pH was found to be
significant. Mohamed et al. (2018) reported that soil
pH was significantly affected by sewage sludge,
becoming less alkaline compared to the control. On the
contrary, Mosquera-Losada et al. (2001) reported that
sewage sludge application did not cause a significant
change in soil pH of silvopastoral system. The pH of
the sludge used in the study was determined to be 6.97.
At the end of the experiment, the effect of sludge
application doses on soil pH can be explained by the
neutralization of the sludge pH used in the experiment
and the low sludge application doses. It is also likely
that the autumn-winter season in the Van Region is
cold compared to the spring-summer period, resulting
in a low level of decomposition in the sludge organic
matter a low effect on soil pH. Rigueiro-Rodriguez et
al. (2010) argued that the effect of sludge applications
at different times was not very clear and that it would
be more appropriate to apply it in February.

Extractable Zn and Cd concentrations increased
significantly with increasing sludge application to a
calcareous soil in the second year of experiment while
DTPA-Mn, Cu, Pb and Cr concentrations were not
affected. The effect of increasing sludge application
became more pronounced in the end of the experiment.
All extractable metal concentrations except Cr were
increased by the sludge addition for 0-20 cm depth.
Extractable Zn and Pb concentrations increased for all
soil depths. The concentrations of extractable Mn, Fe,
Zn, Cu, Pb, Cd and Ni were significantly changed by
the effect of sludge application time at 0-20 cm depth
in the end of experiment. Higher nutrient and heavy
metal concentrations were obtained in the spring
period application.

Probably, the high decomposition rate of organic
matter and lower soil pH due to the higher
temperature in spring-summer period resulted in
higher concentration of extractable nutrients and
heavy metals. Similarly, it is reported that the high
temperature increases the decomposition rate of
sludge organic matter and the availability of heavy
metals (Wolejko et al., 2014). It was determined that
the treatment of sewage sludge on urban lawn grasses
did not significantly affect the heavy metal
concentration in the soil (Wolejko et al., 2015). Various
studies on different ecological conditions showed that
sewage sludge applications increased the heavy metal
concentration in soil and plant. But, these increases
did not cause harmful effects (Keskin et al., 2012; Silva
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et al. 2013; Kwon et al.,, 2014). Probably, the high
content of lime and pH of experiment soil prevented it
from increasing the availability of heavy metals.
However, policies with respect to the application of
sewage sludge as a fertilizer must regulate heavy
metal availability in soil because environmental risk is
better evaluated in this way. In addition, the high lime
content, high pH and low available Fe and Zn
concentrations of Van Soils, where the research is
carried out, make the sludge application more
attractive in this soil.

In conclusion, at the end of the 3-years study, Van
Municipal sewage sludge application at increasing
rates did not cause a significant change in soil pH. On
the other hand, sludge application at different times
significantly affected soil pH. Soil pH was significantly
reduced with the application of spring period. At the
end of the experiment, DTPA extractable Mn, Fe, Zn,
Cu, Pb, Cd and Ni concentrations increased
significantly by the sludge addition for 0-20 cm soil
depth. For Zn and Pb concentrations, this increase was
found to be important for all soil depths. In spring,
DTPA extractable Mn, Fe, Zn, Cu, Pb, Cd and Ni
concentrations were significantly increased by sludge
application compared to in metal concentrations in the
soil, while not reaching toxic level. As stated in Table
1, lime content and pH value of the experiment soil are
high and DTPA-Fe and Zn concentrations are low. In
this case, the addition of sludge which enriches the soil
with Fe and Zn may be useful.
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ABSTRACT Research Article
In a 2-year study, it was determined how winter planting various ) )
forage legumes (Hungarian vetch, narbon vetch and forage pea) before Ar tlgle History
applying nitrogen (0, 5, 10, 15 and 20 kg N da'!) affected the yield Received ©13.11.2019
components of silage maize grown afterward. Fallow was applied for Accepted ©26.12.2019
control treatment. The results showed that among the forage legumes
Keywords

cultivated from October to May, forage peas afforded the highest fresh
weight (4279 kg da'!) and the dry matter ratio (20.50%). However,
narbon vetch affected all other yield components of silage maize except
dry matter ratio more positively than the other legumes and increased
the green yield by 30.3% compared yields achieved in control plots.
The dry matter ratio of silage maize was higher in plots grown with
Hungarian vetch and forage pea plots because of their later sowing
and harvest times. Later, applying nitrogen positively affected the
green yields of silage maize by up to 15 kg N dal. Such results readily
apply to cultivating crops with high nitrogen demands (e.g., maize) in
soils with low organic matter content. It was concluded that narbon
vetch as a previous crop should be advised for silage maize and top-
dressing of 15 kg N da! could be beneficial for increasing green maize
yield.

Narbon vetch
Hungarian vetch
Forage pea
Green yield
Silage maize

Baklagil Yem Bitkilerinden Sonra Yetistirilen Silajlik Misirin Verimi Uzerine Azot Uygulamalarinin
Etkileri

OZET
Iki yilbik bu calismada, kighk olarak ekilen farkli baklagil yem

Aragstirma Makalesi

bitkileri (Macar figi, koca fiZ ve yem bezelyesi) ve azot Makale Tarihgesi
uygulamalarinin (0, 5, 10, 15 ve 20 kg N da'!) daha sonra ekilen silajlik Gelig Tarihi  :13.11.2019
misirin verim bilesenlerini nasil etkiledigi belirlenmistir. Nadas, Kabul Tarihi :26.12.2019

kontrol uygulamasi olarak kullanilmistir. Arastirma sonuglarina goére

ekim-mayis aylar1 arasinda yetistirilen baklagil yem bitkileri Anahtar Kelimeler

arasinda en yiiksek yas ot verimi (4279 kg da'!) ve kuru madde orani
(% 20.50) yem bezelyesinden elde edilmistir. Bununla birlikte, koca
fig kuru madde orani hari¢ silajlik misirin tim verim bilegenlerini
diger baklagillerden daha olumlu etkilemis ve kontrol parsellerine
gore misirin yesil ot verimini % 30,3 oraninda arttirmigtir. Silajlik
misirin kuru madde orani geg ekilen ve hasat edilen Macar figi ve yem
bezelyesi parsellerinde daha yiiksek c¢kmigtir. Azotlu giibre
uygulamasi, silajlik misirin yesil ot verimini 15 kg da'''a kadar olumlu
etkilemigtir. Bu tir sonuclar, organik madde seviyesi disik ve N
talebi ylksek olan misir gibi bitkilerin yetistirilmesine uygun
topraklar i¢in olduk¢a 6nemlidir. Bu ¢aligmada, silajlik misir i¢in 6n
bitki olarak koca figin tavsiye edilmesi gerektigi ve list glibre olarak
15 kg N da! uygulamasinin misirin yesil veriminin arttirilmasinda
yararh olabilecegi sonucuna varilmigtir.

Koca fig
Macar figi
Yem bezelyesi
Yesil ot verimi
Silajhik misir
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INTRODUCTION

Using chemical fertilizers and pesticides to enhance

yields per unit area in crop production has caused the
physical, chemical, and biological degradation of soils.
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In response, methods of sustainable agriculture have
recently emphasized reducing the use of inorganic
chemicals in a bid to protect the environment. Among
such methods, incorporating crops that improve soil
fertility in cropping systems can further contribute to
agricultural sustainability.

For improving the soil in crop rotations, forage
legumes rank among the best crops, particularly due
to their tap-root and nitrogen fixation. Forage legumes
with such nitrogen-fixing properties reduce the
amount of nitrogen required by subsequent cash crops
as well as benefit at different depths of the soil. Forage
legumes also positively affect soil organic matter and
biological activity, both via green manuring or root and
leaf residues (Fageria et al., 2005).

A common way of including forage legumes in cropping
systems is by replacing the winter fallow (Dabney et
al., 2001). In that process, cold-tolerant forage legumes
can be sown in autumn to afford them sufficient time
to form rosettes before winter, such that they can grow
rapidly in spring and leave the soil before summer cash
Crops are sown.

Forage peas, vetches, and grass peas are widely used
1n crop rotation systems, largely because they rapidly
decompose and contribute high volumes of organic
matter to the soil (Fageria et al., 2005; Gatiboni et al.,
2011; Sieversa and Cook, 2018). Addressing those crop
species, researchers have conducted some studies on
integrating narbon and Hungarian vetches in cropping
systems as cover crops. Among them, Ozyazici and
Manga (2000) obtained higher grain yields of maize
after incorporating common and narbon vetches in the
soil, which respectively increased yields by 51.7% and
50.0%. Somewhat more recently, Giil et al (2008) found
that silage maize did not respond to the application of

more than 12 kg N da! following the cultivation of
Hungarian vetch instead of leaving the land fallow. In
other studies, forage peas have also positively affected
cash crop yields when used as cover crops (Bahl et al.,
2000; Skoufogianni et al., 2013; Marsh, 2014; Cicek et
al., 2014; Liebman et al., 2018).

In this study, it was investigated how different
applications of nitrogen affected the yield components
of silage maize following the cultivation of cold-
tolerant forage legumes (i.e., forage peas, narbon
vetch, and Hungarian vetch) in the continental climate
of central Turkey.

MATERIAL and METHODS

The field experiments of this 2-year study were
conducted in the 2016-2017 and 2017-2018 growing
seasons in Eskigehir, Turkey, at 390 45' 23' N, 300 28'
40" E, and 798 m above sea level. That central region
of Turkey, dominated by a continental climate, has an
average total rainfall of 331 mm per year, an average
temperature of 11.2 °C, and an average relative
humidity of 73.2% (Table 1). In the years in which it
was performed this field experiments, however,
rainfall greatly exceeded the average precipitation in
the region. The soil of the experiment site is clayey-
loam, pH: 7.90 and 1.68% organic matter.

In the experiments, with split plots in a randomized
block design with four replications, the main plots
hosted the pre-applications (.e., control, Pisum
arvense cv. Tore, Vicia narbonensis cv. Balkan, and
Vicia pannonica cv. Budak), whereas the subplots
received five different applications of nitrogen, in
amounts of 0, 5, 10, 15, and 20 kg da™l.

Table 1. Climatic data at the experimental fields in 2016, 2017 and 2018 years
Cizelge 1. Deneme alaninin 2016, 2017 ve 2018 yillarina ait iklim verileri

Rainfall (mm)

Temperature (°C)

Relative humidity (%)

Yagis Sicaklik Nispl nem
Long-term Long-term Long-term
2016 2017 2018 Uzun yillar 2016 2017 2018 Uzun yillar 2016 2017 2018 Uzun yillar
January 81.4 33.0 372 444 00 -20 16 0.0 87.3 87.1 86.4 84.0
February 32.8 9.2 39.8 27.2 6.6 19 5.8 1.9 81.1 783 823 179.3
March 40.6 16.2 46.4 31.1 7.5 76 92 6.0 70.3 68.7 735 73.0
April 30.6 62.0 126 29.5 129 9.6 13.8 10.2 64.5 66.9 61.6 70.1
May 44.4 50.8 62.2 42.6 14.1 144 16.8 15.0 74.2 732 74.8 69.8
June 7.0 44.8 46.6 34.7 21.0 19.1 199 194 62.1 734 695 66.9
July 12.0 134 46.0 5.2 22.8 23.1 223 224 58.3 59.5 655 62.1
August 26.4 314 12.6 17.7 22.8 22.0 229 224 66.0 67.3 635 64.1
September 31.1 2.6 2.8 18.0 17.8 196 18.6 17.7 67.1 57.0 655 68.1
October 8.0 464 292 36.6 124 10.8 13.3 12.0 73.4 729 774 1765
November 27.8 28.2 18.0 22.0 53 55 7.6 6.1 69.6 854 825 804
December 23.8 36.4 422 22.0 -1.1 39 23 1.7 84.4 86.5 91.0 84.6
Mean/Total 365.9 374.4 395.6 331.0 11.8 11.2 12.84 11.2 71.562 73.01 74.45 73.2

(All data were provided by Turkish State Meteorological Service)
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In each year of the study, forage legumes were sown in
an arrangement of 30 X 5 cm from October 1 to 15.
When the lower pods began to fill, the Balkan variety
was mown on May 15, whereas the Tére and Budak
varieties were mowed on May 25. Before mowing, four
samples were collected from an area of 1 m2 in order to
determine the fresh weight and dry matter ratio.

Silage maize (cv. Truva) was sown in control plots at
the beginning of May as well as in plots cultivated with
forage legumes within 1 week after harvest in an
arrangement of 70 X 14 cm. When the crops were 50
cm tall, N fertilizer (i.e., urea) was applied as top
dressing to the plants. Considering drip flow rates and
decreasing moisture levels with crop water
consumption at the effective root depth, irrigation was
performed 8 times for 12 h during the growing season.

Silage maize was harvested when the ears’ milk line
reached 50% (.e., 115-120 d after sowing). Once stems

and ears were separated and weighed, the separated
parts were passed through a shredder and left to dry
at 70 °C for 72 h. Chlorophyll content was measured
with the help of chlorophyll meters (SPAD-502 Plus).

The results were analyzed in MSTAT software and the
means were compared with Duncan’s test. Correlation
analysis was performed in SPSS version 16.0.

RESULTS and DISCUSSION

The fresh weight of forage legumes ranged from 3326
to 4279 kg da’! (Table 2). Forage peas had the highest
fresh weight and dry matter ratios, and Hungarian
vetch exhibited a similar dry matter ratio (19.24%)
despite its low fresh weight. The lowest dry matter
ratio was obtained from narbon vetch (15.85%). The
dry matter yield obtained with forage peas confirms
the findings of Uzun et al. (2012) and Ates and Tekeli
(2017).

Table 2. The fresh weight and dry hay rate of preceding crops

Cizelge 2. On bitkilerin yesil ot agirligh ve kuru ot orani

Preceding crops

Fresh weight (kg da'!)

Dry matter (%)

o Yags agirlik Kuru madde
On bitkiler 2017 2018 Mean 2017 2018 Mean
P. arvense (cv.Tére) 4558atf 4000¢ 42792 20.09 20.92 20.502
V. pannonica (cv.Budak) 3410e 3243¢f 3326b 19.38 19.10 19.24a
V. narbonensis (cv.Balkan) 36344 4166" 39002 14.41 17.28 15.85P
Mean 3867 3803 17.96 19.10

T: Letters show different groups at 5% level

Table 3 presents the mean values of the yield
components, all of which for silage maize except for
stem thickness varied from year to year. In 2017, ear
ratio, dry matter ratio, and SPAD values were greater,
whereas plant height and green yield were higher in
2018. Generally, however, pre-applications positively
affected the yield components of maize except for ear
ratio. Narbon vetch increased green yields by 30.3%
compared to yields in the control application, a result
that paralleled SPAD and stem thickness values. In
terms of dry matter ratio, the Hungarian vetch and
forage peas sown and harvested relatively late had
higher values than the control and narbon vetch plots.
Top dressing fertilization exceeding 15 kg da! did not
positively affect green yield values.

Forage legumes that fix nitrogen with Rhizobium sp.
bacteria increase the yield of subsequent cash crops
(Peoples et al., 1995; Fageria et al., 2005; Briggs et al.,
2005; Parr et al., 2011; Liebman et al., 2018). These
findings regarding the high yield potential of narbon
vetch confirm the results of Ozyazici and Manga
(2000). In their study, sowing common and narbon
vetches as cover crops and incorporating them in soil
increased subsequent maize yields by 50%.

Forage legumes also produced a greater accumulation
of dry matter in silage maize than the control
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application. However, the dry matter ratio of silage
maize was higher in Hungarian vetch and forage pea
plots, most likely due to the delayed harvest date. Such
findings also likely stemmed from the decreased air
temperature at the time of harvest in the region.
Miedema et al. (1987) observed that the dry matter
content of maize tended to increase in low
temperatures, presumably because low night
temperatures decrease respiration and increase the
accumulation of dry matter.

Increased doses of nitrogen positively affected yield,
although no significant difference surfaced between
doses of 15 kg dal and higher doses. Generally, the
most effective dose for grain and silage yield in maize
is 20 kg da'! (Giil et al., 2008; Buriro et al., 2014; Kavut
et al., 2015). From another angle, these findings
support the results of Ozyazic1 and Manga (2000), who
observed no statistically significant difference between
doses of 10 kg da'! and 20 kg da'! in maize yields.

Generally, forage legumes increased the stem
thickness in maize compared to the control application,
and the highest stem thickness was obtained by
applying 10-15 kg N da™! to the cultivated silage maize
on narbon vetch plot (Figure 1). In contrary to this
finding, Idikut et al. (2009) indicated that stem
thickness of maize increased with increasing nitrogen
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doses, but not affected by the interaction of pre-
applications x nitrogen doses.

Increasing doses of fertilizer instead of the pre-
applications increased the ear ratio, which peaked
with the application of 15-20 kg N da‘! to the narbon
vetch plots. However, no significant difference
emerged between 15-20 kg N da! doses of the
application and the control application (Figure 2).

Similarly, Turgut et al. (2005) reported that the effect
of pre-applications x nitrogen doses interaction on ear
ratio of maize was significant and common vetch with
the application of 24 kg N da-1 gave the best response
for ear ratio.

The highest dry matter ratio (32.33%) occurred when
no fertilizer was applied to the forage pea plots.
However, no significant difference surfaced between
that value and the values obtained by applying 0 or 20
kg N da! to Hungarian vetch plots, which were 32.01%
and 31.51%, respectively (Figure 3).

Last among the findings, the relationships between

green yield and plant height, stem thickness, ear ratio,
and SPAD values were positive and significant (Table
4), whereas the relationship between green yield and
dry matter ratio was significant but negative.

CONCLUSIONS

Despite numerous studies on integrating forage
legumes into crop rotation systems and the crops’
contributions to sustainable agriculture, few studies
have addressed sowing Hungarian and narbon vetches
in hard winter conditions and their effects upon the
yield components of silage maize grown afterward. In
this study, the highest green yield of silage maize was
obtained by sowing the narbon vetch as a pre-plant,
followed by applying 15 kg N dal to the maize. Such
rotations enriched the nitrogen content of the soils and
the quality of roughage required by animals. In that
way, bare soils during the winter can be evaluated
efficiently and cost-effectively without limiting the
vegetation period of the subsequent plants.

Table 3. Analysis of variance and differences between mean values of silage maize grown on various nitrogen and

pre-applications at 2017 and 2018 years.

Cizelge 3. 2017 ve 2018 yillarinda silajlik misirin gesitli azot dozlarl ve on uygulamalar altinda yetistirilmesiyle
elde edilen degerlerin varyans analiz sonuglari ve ortalama degerler arasindaki farklar.

Plant Stem thickness Ear ratio Green yield Dry matter Spad
Factors Hgight (m) (mm) (%) (kg (?la'l) o ratio (%) value
Bitki boyu  Sap kalinlig Kogan Yesil ot verimi  Kuru madde Spad
orani orani degeri
Years (Yillar)
2017 3.23bf 24.94 37.002 11142b 30.682 49.382
2018 3.502 25.80 34.02P 125012 28.23P 37.29b
Pre-applications (On uygulamalar)
Control 3.22b 23.34c¢ 35.22 101024 27.254 37.224
V. pannonica 3.402 24.45b 35.71 11690¢ 31.07- 43.47¢
P. arvense 3.442 25.05bP 35.12 123200 30.27b 45.32b
V. narbonensis 3.402 28.632 36.00 131732 29.25¢ 47.332
Nitrogen doses (kg da')) (Azot dozlar1)
0 3.32b 24.78 33.03¢ 10689 29.68 38.59d
5 3.392 25.44 35.16P 11614b 29.16 41.89¢
10 3.34ab 25.47 35.26P 11727 29.26 43.00¢
15 3.38ab 25.79 37.182 125092 29.65 45.53bP
20 3.402 25.36 36.932 125682 29.54 47.672
Analysis of variance (Varyans analizi)
Year (Y) EX ns sk % sk B
Pre-applications i wk ns w* wk wk
(PA)
Nit. doses (N) * ns ok ok ns o
PAx N ns * ** ns ** ns
YxPAxN ns ns * ns ** **
CV (%) 5.05 8.90 3.75 9.30 3.69 6.63

* k%
, .
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significant level of 5% and 1%, respectively, ns: non-significant. {: letters show different groups at 5% level.
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Figure 1. Stem thickness of maize after various N fertilization and pre-applications [(Control, Hungarian vetch, forage pea and
narbon vetch) (Vertical bars indicate mean values + s.e. at P < 0.05)].

Sekil 1. Cesitli N giibrelemesi ve 6n uygulamalardan sonra misirin sap kalinligr [(Kontrol, Macar figi, yem bezelyesi ve koca
£ig) (Dikey cubuklar, P <0.05'te ortalama degerler + standart hata’y1 gosterir)].
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Figure 2. Ear ratio of maize after various N fertilization and pre-applications (Control, Hungarian vetch, Forage pea and narbon
vetch) (Vertical bars indicate mean values * s.e. at P < 0.05).

Sekil 2. Cesitli N giibrelemesi ve on uygulamalardan sonra misirin kogan orani [(Kontrol, Macar figi, yem bezelyesi ve koca fig)
(Dikey ¢ubuklar, P <0.05'te ortalama degerler + standart hata 'y gosterir)].
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Figure 3. Dry matter ratio of maize after various N fertilization and pre-applications (Control, Hungarian vetch, Forage pea
and narbon vetch) (Vertical bars indicate mean values * s.e. at P < 0.05).

Sekil 3. Cesitli N giibrelemesi ve én uygulamalardan sonra misirin kuru madde orani [(Kontrol, Macar figi, yem bezelyesi ve
koca fig) (Dikey ¢ubuklar, P <0.05'te ortalama degerler + standart hata’y1 gosterir)].
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Table 4. The correlation between the investigated characters.

Cizelge 4. Incelenen karakterler arasindaki korelasyon
Result of correlation Plant Stem Green yield  Ear ratio Dry matter Spad
test height thickness Yesil ot Kocgan ratio value
Korelasyon testi Bitki boyu Sap kalinligi  verimi orani Kuru  madde Spad
sonuglari orani degeri
Plant height 1
Bitki boyu
Stem thickness 0.377** 1
Sap kalinhigi
Green yield 0.511%** 0.702**
Yesil ot verimi
Ear ratio -0.1050s 0.168ns 0.459** 1
Kogan orani
Dry matter ratio -0.375%* -0.314** -0.248%* 0.283* 1
Kuru madde orani
Spad value 0.486** 0.516** 0.733%* 0.368** -0.14ns 1
Spad degeri

* k%
5 .
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ABSTRACT
This research was conducted at Akdeniz University, Faculty of
Agriculture's research greenhouse in 39 plastic pots. Different
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bacteria solutions (5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55 mL bacteria ~ Received ©09.05.2019
solution per 1 kg seed) were inoculated in the seeds of common vetch Accepted $07.11.2019
plant (Vicia sativa L.) with each replication. In addition, the most

convenient bacteria dosage and differences between bacterial and Keywords

artificial fertilizer applications were determined by applying (13 Inoculation

applications in total) sole fertilizer so that 1 kg of nitrogen (N) falls Vet.ch ]

per decare in 1 pot and by applying control (non-inoculated seeds) for R,]HZOb]um

1 pot. Analyses revealed that bacteria solution applications of 45 mL gf:llity

on plant height; 5 mL on plant nitrogen content; 0, 5, 10, 15 and 25
mL on plant phosphorus content; 25 mL on plant potassium content;
0, 5, 35, 40 and 45 mL on fresh weight; 55 mL on root weight; 30 mL
on number of bacteria in soil; 30 mL on dry matter percentage and 5
mL on crude protein percentage have taken the first place. Fertilizer
application did not sustain in any first place for any of the features,
which indicate that bacteria applications can give better results.

Adi Fig (Vicia If:) Tohumlarina Farkhi Oranda Bakteri (Rhizobium leguminosarum) Asillamasinin Verim
ve Baz1 Kalite Ozellikleri Uzerine Etkisi

OZET

Bu arastirma, Akdeniz Universitesi Ziraat Fakiltesi deneme

Aragtirma Makalesi

serasinda 39 adet plastik saksilarda yiiriitiilmistir. Adi fig (Vicia Makale Tarihgesi
sativa L.) bitkisinin tohumlarina her bir tekerriirde farkl bakteri Gelig Tarihi  :09.05.2019
soliisyonu (bir kilogram tohuma; 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, Kabul Tarihi :07.11.2019

55 mL bakteri soliisyonu) uygulanmistir. Ayrica 1 saksida dekara 1
kg azot disecek sekilde sadece gubreleme ve 1 saksida kontrol

Anahtar Kelimeler

(bakteri uygulanmamis tohumlar kullanilmis) uygulanarak (toplam Agilama
13 uygulama) en uygun bakteri dozu asilamasi ile bakteri ve suni Fig

giibre uygulamalar1 arasindaki farkhiliklar da belirlenmigtir. Rhizobium
Sonuglara bakildiginda bitki boyunda 45; bitki azot igeriginde 5; bitki Verim
fosfor iceriginde 0, 5, 10, 15 ve 25; bitki potasyum igeriginde 25; yas Kalite

agirlikta 0, 5, 35, 40 ve 45; kok agirhiginda 55; topraktaki bakteri
sayisinda 30; kuru madde oraninda 30 ve ham protein oraninda 5 mL
bakteri soliisyonu uygulamalarimin ilk sirada yer aldiklarn
anlagilmaktadir. Giibre uygulamasinin ele alinan higbir 6zellikte ilk
sirada yer almamig olmasi bakteri uygulamalarinin daha iyi sonuglar
verebileceginin gostergesidir.

To Cite : Ertekin I, Cakmaker S 2020. Effect of Different Rates of Bacteria (Rhizobium leguminosarum) Inoculated in Seed on
Yield and Some Quality Parameters of Common Vetch (Vicia sativa L.). KSU J. Agric Nat 23 (2): 343-348. DOIL:
10.18016/ksutarimdoga.vi.562310.

INTRODUCTION

Leguminous plants compose a major part of plants
used for animal feeding purposes all over the world.
They grow naturally in meadows and pastures and are

essential in supplying roughage for animals.
Leguminous plants' nutritional value and their
expediency on animals are significantly high (Anil et
al., 1998). Leguminous plants are not only used in
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animal feeding but also in human nutrition and
biological nitrogen fixation (Anjum et al., 2006).

Vetches have bacteria called Rhizobium, which fix the
free nitrogen in the air. In this symbiotic relationship,
Rhizobium take the free nitrogen from the air and
quickly convert it into ammonium and protein
compounds. Thus, the plant obtains the nitrogen needs
from Rhizobium (Cassida, 2004). Leguminous plant
seedlings use the nitrogen in the soil to grow until their
roots form nodules. If there isn't enough nitrogen in the
soil, seedlings get damaged and their growth
decelerate due to nitrogen deficiency. If these bacteria
are not sufficient and effective in the soil, seeds should
be inoculated with the appropriate type of Rhizobium
according to their varieties (Onder and Akgin, 1991).

Nitrogen is a basic element for protein synthesis which
enables organisms to survive (Canfield et al., 2010).
Nitrogen (N2) in the form of gas is present in the
atmosphere, but most living organisms cannot
metabolize nitrogen in this form (Cheng, 2008). This
gas needs to be converted to ammonia (NHs) to be
useful (Jia and Quadrelli, 2014). This process is called
nitrogen fixation (Cleveland et al., 1999) and is an
important processing the nitrogen cycle (Gruber and
Galloway, 2008).

It has been shown that the use of chemical fertilizers
containing nitrogen, phosphorus and potassium are
effective for increase of yield of meadows and pasture
plants (Elliott and Abbott, 2003). However, chemical
agricultural practices (including chemical fertilizers)
create environmental problems (Socolow, 1999). For
these reasons, alternative approaches that are
environment-friendly (such as microbial fertilizers) are
proposed to increase the yield in agricultural areas
(Cebel, 2004).

In this research, the effect of Rhizobium
leguminosarum, a nitrogen fixing bacteria, on yield
and quality of common vetch was examined.

MATERIALS and METHODS
Materials

As plant material, Giilhan 2005, a variety of common
vetch which is widely cultivated, was used in this
research. As  bacteria inoculant, Rhizobium
leguminosarum bacteria strains, provided by NCIMB
(National Collection of Industrial, Food and Marine
Bacteria) were used.

Methods

Bacteria kept as dry dust at -20°C were prepared for
inoculation in the microbiology laboratories of Antalya
Wastewater Treatment Plant Water Quality Control
Unit. Initially, inactive bacteria were dissolved in 0.5
mL Maximum Recovery Diluent (MRD), 0.9% sodium
chloride, Tryptic Soy Broth (TSB), peptone water,
sterile distilled water. This solution, then, was added
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to 500 ml TSB media and incubated at 25°C for 3 days.
At the end of the incubation period, a turbidity was
formed in the medium indicating bacterial growth.
Number of bacteria present in the medium was
determined by using the dilution plate count method
and expressed as colony forming unit (cfu) ml*. In this
process, 1 mL of the medium with bacterial growth was
transferred to a tube containing 9 mL of TSB. This
tube constitutes the 101 dilution.1 mL from this
dilution tube was then transferred to another tube to
create 102 dilution. This step was repeated several
times to prepare serial dilution tubes. After that, 1 ml
from each dilution tube was transferred to separate
plates containing YMA (Yeast Mannitol Agar) nutrient
media. The plates were incubated at 25 °C for 3 days
and then colonies were counted. Following this
enumeration, number of bacteria in the media were
determined to be 3x104cfumll.

Seeds inoculated with bacteria were planted in pots,
eight in each, on January 4th, 2016. On January 13th,
seedlings were observed in pots. On January 27th
subtilization process was carried out in order to leave
4 plants in each pot. On February 1st, plants were
disinfested of leaf miner (Liriomyzatrifolin) and plant
lice (Aphidoidea) and on April 15t plants were
harvested.

Applications

Inoculation to seeds was done by taking 5, 10, 15, 20,
25, 30, 35, 40, 45, 50, 55 ml kg'! respectively from the
bacteria produced in YMA nutrient media. Sucrose
was used as an adhesive during inoculation. In
addition to this, control (non-inoculated seeds) and also
fertilizer in 1 pot were applied. Seeds to be planted in
pots were randomly selected among the inoculated
seeds. All 13 applications were planted in pots with a
mixture of soil, pearlite and turf and were covered with
a thin layer of turf. In order to compare the effect of the
bacteria with the plants grown with fertilizer, fertilizer
with 1 kg of nitrogen per decare (Acikgoz, 2001) was
applied. Therefore, a total of 13 applications (11
bacteria, 1 control and 1 fertilizer) were carried out in
each replication. They were then irrigated periodically.

Yield Factors

Heights of 4 plants in each experimental unit were
measured and mean values were calculated. Right
after the shaping process, their fresh weights were
determined. Plant roots in each pot were washed with
water to remove soils and their weights were
measured. For each application, plants whose fresh
weight (A) has been pre-determined were kept at 70°C
for 48 hours in order to determine their dry weight (B)
and their dry matter percentages were calculated with
the formula (B/A)*100.
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Quality Factors

Plants which were dried in incubators and whose dry
weights were measured, were pulverized by grinding.
The nitrogen contents of the samples were then
determined with Kjeldahl method (AOAC, 1990).
Crude protein percentages of the samples were
determined by multiplying nitrogen content with the
coefficient 6.25. Dried plant samples were wet digested
in HNO3+HCIOy4 solution and analyzed with, ICP-AES
(Varian Liberty Series II) to determine their
phosphorus and potassium content.

Others

Total number of aerobic mesophilic bacteria was
determined by using the dilution plate count method
and expressed as cfu g-! dry weight soil (Parkinson et
al., 1971). All resulting data were analyzed using the
SAS 9.1 statistical software and the differences

Table 1. Mean V_alues of Yield Parameters
Tablol. Verim Ozelliklerinin Ortalamalari

between the averages were determined by the LSD
test.

During the period in which the research was carried
out, min.-max. temperature and min.-max. humidity
were 8.4-32.3 °C and 21.5-69.3% in January; 14.3-40.2
°C and 15.4-60.4% in February; 12.6-41.4 °C and 15.0-
56.7% in March, respectively.

According to the climate data obtained from the
greenhouse every day, environmental conditions was
appropriate for both bacterial growth and common
vetch cultivation during the experiment.

RESULTS and DISCUSSIONS
Yield Factors

Averages of plant height, fresh weight, root weight and
dry matter percentages obtained from this study are
given in Table 1..

Dosages (ml kg'1) Plant Height (cm)  Fresh Weight  Root Weight (g plant?)  Dry Matter (%)
Dozlar (ml kg?) Bitki Boyu (cm) (g plant) Kok Agirliga (g bitki?)  Kuru Madde (%)
Taze Agirlik
(2 bitki1)
Control (Kontrol) 118.00 101.55 36.62 36.06
Fertilization (Giibreleme) 108.83 92.81 35.60 39.20
5 112.00 102.47 34.98 34.72
10 112.25 93.67 33.69 37.55
15 106.25 84.67 33.46 39.95
20 126.83 94.57 35.23 37.36
25 113.17 69.99 31.93 46.28
30 115.67 78.59 35.48 46.70
35 114.17 98.23 35.57 37.76
40 124.33 98.60 37.07 37.79
45 128.17 97.68 36.22 38.30
50 122.33 88.89 35.75 41.00
55 125.33 87.39 38.42 44,41
LSD 20.35 26.08 2.77 10.47

LSD: Least Significant Differences

When the averages of plant height were examined, it
was seen that the values ranged from 106.25 to 128.17
cm. The highest plant height was achieved with 45 ml
kgldosage and the lowest plant height was obtained
with 15 ml kg'ldosage. This indicates that dose
increase in the bacteria inoculation raises the plant
height. Gék and Onag (1995) stated that bacteria
inoculation positively affects the vegetative
development. Karadavut and Ozdemir (2001)
determined in a study carried out on chickpea under
Hatay province conditions that bacteria inoculation
increases the plant height. Ségiit (2005) conducted
bacteria inoculation and nitrogen fertilizer application
on some soybean varieties and found out that bacteria
inoculation increased plant height more in comparison
to nitrogen fertilizer application. Kacar et al. (2005)
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indicated based on a study carried out on some French
bean’s varieties under Bursa province conditions for 2
years that bacteria inoculation had no statistical effect
on plant height increase. However, they reported
differences with increasing nitrogen fertilization
dosages. Ozrenk et al. (2003) determined that bacteria
inoculation increased plant height in proportion to
control in chickpea. Meral et al. (1998) found in a study
carried out on chickpea under Ankara province
conditions that bacteria inoculation to seed increased
plant height compared to control. Onder (1992)
indicated that inoculation increases plant height more
than control in dwarf French beans. In a study
conducted with chickpea under Eskigehir province
conditions, inoculation increased the plant height by
1.6-3.6% in varieties (Cakir, 2005).
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When the mean values of fresh weight were evaluated,
no linear relationship was observed between bacterial
dose increase and fresh weight increase. In that, the
lowest fresh weight was obtained with 25 ml kg dose
and the highest fresh weight was observed at 10 ml kg
1 dose. Meral et al. (1998) determined that bacteria
inoculation increased plant height compared to control
in chickpea.

In the mean value of root weight, while 55 ml kg'! dose
gave higher values than other dosages did, 25 ml kg-
ldose resulted in the lowest value. The highest root
weight average at the highest dose, 55 ml kg1,
suggests that bacteria inoculation positively affects the
root development. Meral et al. (1998) determined that
bacteria inoculation on chickpea plants increased root
weight compared to control. Unver et al. (1999) stated
in a study conducted on lentil and Hungarian vetch
that nitrogen and phosphorus-based fertilizers applied
during plantation along with bacteria inoculation
resulted in Dbetter development in aerial and

Table 2. Mean Values of Quality Parameters
Tablo 1. Kalite Ozelliklerinin Ortalamalari

belowground plant parts.

While control dose and 5 ml kgl dose gave the lowest
dry matter values, other doses of bacteria inoculations
increased dry matter percentages. This suggests that
bacteria inoculations contribute positively to the
increase in dry matter. In a study conducted under
Ankara and Samsun province conditions, Albayrak
and Sevimay (2005) determined that bacteria
inoculations resulted in an increase in both fodder and
seed yield compared to control in all varieties. It has
been indicated that with FRhizobium inoculation dry
matter content accumulation significantly increased in
total N content and all plant parts including Nodules.

Quality Factors

The mean values of plant nitrogen content, phosphorus
content, potassium content and crude protein content
are given in Table 2.

Dosages (ml kg'1) Nitrogen Content Phosphorus Potassium Crude Protein (%)
Dozlar (ml kg'!) (%) Content (%) Content(%) Ham Protein (%)
Azot Igerigi (%) Fosfor Igerigi (%) Potasyum Igerigi (%)

Control (Kontrol) 2.55 0.25 2.16 15.91

Fertilization(Giibreleme) 2.75 0.22 2.29 17.21

5 3.42 0.26 2.06 21.34

10 2.81 0.27 2.37 17.53

15 3.03 0.25 2.08 18.94

20 2.56 0.17 1.87 16.00

25 2.95 0.25 2.60 18.41

30 2.70 0.22 2.21 16.85

35 2.60 0.21 2.07 16.25

40 2.85 0.23 2.11 17.79

45 2.59 0.20 2.07 16.21

50 2.89 0.21 2.03 18.04

55 2.99 0.24 1.98 18.97

LSD 0.52 0.08 0.30 3.23

LSD: Least Significant Differences

When considering the effect of these treatments on
plant nitrogen content, it can be seen that the values
vary between 2.55 and 3.42% and that while the
highest value was achieved with 5 ml kg! dose, the
lowest one was obtained with the control treatment.
Therefore, bacteria inoculation plays a positive role in
increasing the content of nitrogen in the plant. Ozrenk
et al. (2003) reported that bacteria inoculation in
chickpea plant positively affects plant nitrogen
content. Similarly, Dogan et al. (2007) determined that
inoculation increased nitrogen content in peanut.

It was observed that plant phosphorus content varied
between 0.17 and 0.27% and that while the highest
average was achieved with 10 ml kg!, the lowest value
was observed with 20 ml kg!. Ozrenk et al. (2003)
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indicated that bacteria inoculation in chickpea
positively affects plant phosphorus content. Sahin
(2008) stated in a study carried out with chickpea in
Tokat Region that in the wake of the inoculations,
significant differences occurred in total N and
available P contents of the soil.

Plant potassium content was found to be between
1.87% and 2.60%. The highest value was obtained with
25 ml kg! dose while the lowest one was with 20 ml kg
ldose.

While the control treatment gave 15.91% crude protein
percentage, values from other treatments varied
between 16.00 and 21.34%. This indicates that bacteria
inoculation increases crude protein percentage in
plants at a certain rate. In addition, crude protein
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content of the treatment receiving N fertilizer was
found to be 17.21%. This indicates that nitrogen
fertilizer also increases protein content compared to
the control. In the 3-year doctoral dissertation with
dwarf French bean varieties, Onder (1992) observed
that bacteria inoculation increased the crude protein
compared to control. However, Yagmur and Engin
(2005) ascertained in a 2-year study on chickpea under
Van province ecological conditions that bacteria
inoculation did not influence crude protein percentage.

At the beginning of the experiment, initial number of
total aerobic mesophilic bacteria in the test soil was
found to be 1.0 x 10¢cfu g'ldw. Results of enumeration
of bacteria in soil at the end of the experiment are
given in Table 3. Statistical analysis showed that
effects of applications on bacterial number in soil were
significant (p < 0.05). According to LSD Test, the
highest bacterial number was obtained from the
application rate of 30 ml. In general, bacterial numbers
elevated with increasing application rate until 30 ml.
With application rates above 30 ml, however, bacterial
numbers slightly decreased and stabilized. This shows
that rates above 30 ml may not provide extra benefits
in terms of economics.

Table 3. Mean Values of Total Aerobic Mesophilic
Bacterial Number in Soil
Tablo 8. Topraktaki Toplam Aerobik Mezofilik Bakteri

Sayisi

Dosages (mL kg'})- Number of Total Aerobic mesophilic

Dozlar (ml kel) Bacteria (x0¢cfu g dw soil)
Toplam Aerobik Mezofilik Bakteri
Sayis1 (x106cfu g dw soil)

0 1.167 AB
5 1.800 AB
10 1.700 AB
15 1.800 AB
20 2.200 AB
25 2.233 AB
30 2.767 A
35 2.200 AB
40 2.300 AB
45 2.000 AB
50 2.000 AB
55 2.000 AB

Soil with fertilizer 1.200 AB

(Giibreli toprak)
Initial Soil 1.000 B
(Baslangig toprag)
CONCLUSIONS

Analyses revealed that application dosages of 45 ml on
plant height; 5 ml on plant nitrogen content; 0, 5, 10,
15 and 25 ml on plant phosphorus content; 25 ml on
plant potassium content; 0, 5, 35, 40 and 45 ml on fresh
weight; 55 ml on root weight; 30 ml on number of
bacteria in soil; 30 ml on dry matter percentage and 5
ml on crude protein percentage took the first place.

In general, higher plant height and root weight values
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and dry matter contents were achieved with
application dosage of 40 ml and above. On the other
hand, lower application rates yielded higher values in
fresh weight, plant nitrogen, phosphorus and
potassium contents, and crude protein content.

Total aerobic mesophilic bacterial number of the soil
prepared at the beginning of the experiment was
determined as 1.0 x 108cfu gl'dw. Following the
experiment, the fact that 2.767 x 106cfu g'ldw soil was
achieved with 30 ml dose indicates that bacterial
application increases the number of bacteria in the
soil. In addition, the highest value of root weight that
was seen with 55 ml dose suggests that bacteria
inoculation positively contributes mostly to the
development of root structure. The fact that chemical
fertilizer application did not yield highest values in
any of the features indicates that bacteria applications
may be more effective and give better results.
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OZET

Bu arastirma, kinoa (Chenopodium quinoa Willd.) tohumlarina ¢imlenme
oncesi uygulanan GAsun tuzlu kogullarda ¢imlenme ve ilk gelisme
uzerine etkilerinin incelenmesi amaciyla yuritulmustur. “Titicaca” kinoa
cesidi dért farkli Giberellik asit (0, 100, 200 ve 300 ppm) 6n uygulamasi
ve daha sonra dért farkhh tuz (0, 100, 200 ve 400 mM NaCl
konsantrasyonunda strese maruz birakilmistir. Arastirmanin ikinci
giiniinden itibaren ¢imlenme giicii (%), ¢imlenme oranm (%), ¢imlenme
indeksi (%), ortalama ¢imlenme siiresi (giin), hassaslik indeksi (%) ile 14.
giin itibari ile kék uzunlugu (cm), gévde uzunlugu (cm), kok yas agirhig
(mg), kok kuru agirhg (mg), gévde yas agirhgn (mg) ve govde kuru
agirlig1 (mg) degerleri incelenmistir. Elde edilen sonuclara gore; artan tuz
dozlarinin, kinoa (Chenopodium quinoa Willd.) tohumlarinin ¢cimlenme ve
bliyime parametrelerini engelledigi tespit edilmigtir. Tuz dozlarinin
aksine artan GAs (Giberellik asit) dozlarinin ise ¢imlenme ve biiyiime
uzerine olumlu ve 6nemli etki yaptigir goriilmustiir. Kinoa tohumunda en
iyi cimlenme 6zellikleri 300 ppm giberellik asit + 0 mM (kontrol) tuz
kombinasyonundan elde edilmigtir.
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ABSTRACT

This research was conducted to examine the effects of gibberellic acid
(GAs), which was treated to quiona (Chenopodium quinoa Willd)
seeds before germination, on the germination and the seedling
growth under saline conditions. Quinoa Titicaca variety, four
different GAs (0.0, 100, 200 and 300 ppm), and four different salt
(0.0, 100 mM, 200 mM and 400 mM NaCl) concentrations of exposed
stress. Germination power (%), germination ratio (%), germination
index (%), mean germination time (day), sensitivity index (%) as of
the second day of the research, and radicula length (cm), plumula
length (cm), radicula fresh weight (mg), radicula dry weight (mg),
plumula fresh weight (mg), and plumula dry weight (mg) on the 14th
day were examined. The results indicated that the increasing doses
of salt prevented germination and growth parameters of kinoa
(Chenopodium quinoa Willd.) seeds. It was observed that the doses of
GAs (Gibberellic acid), which increased gradually before the doses of
salt, affected germination and growth positively and significantly.
The best results of germination characteristics of wheat seed were
obtained from the combination of 300 ppm Gibberellic acid + 0 mM
(control) salt.
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1sinma yeterli ve dengeli beslenme konusunda 6nemli
problemlerin ortaya cikmasina neden olmustur (Kaya
ve Karaer, 2017). Bu durum insanlari yeni kaynaklar
bulmaya ve gelistirmeye sevk etmigtir. Ozellikle
hayvansal ve bitkisel uretimde kalite ve verimi
artiracak her iklim ve dogal sartlar altinda iretim
yapma olanagi saglayacak bitki tir ve cesitlerinin
kullanimi zorunlu hale gelmistir (Kir, 2016). Ozellikle
insan beslenmesinde en temel besin kaynagini
olusturan bugday, arpa, pirin¢ gibi tahillarin ¢6lyak
hastaligina neden oldugu bilinen bir gergektir
(Ozkaya, 1999; Battais ve ark., 2005). Bu problemin
¢bozumune yonelik farklh bitki tir ve gesitlerinin kegfi
ve kullanimina yo6nelik bazi arayislar bu dénemde
kendini géstermistir. Beslenme agisindan bu olumsuz
durumu ortadan kaldirabilecek potansiyele sahip,
genig bir cografyada yetigtiriciligi yapilabilen kinoa
(Chenopodium quinoa Willd.) alternatif bir bitki
olarak 6énemli bir rol iistlenebilir. Botanik 6zellikleri
itibariyle ¢ift ¢enekli tek yillik bir bitki olan kinoa
(Chenopodium quinoa Willd.) kazayaggiller veya
1spanakgiller (Chenopodiaceae) familyasindandir.
Bolivya, Peru, Ekvator ve Sili gibi tilkelerde ¢ok eski
donemlerden beri yetigtirilmekte olup, anavataninin
Giiney Amerika oldugu bilinmektedir. (Pearsall,
1992). Bu bitkinin zengin bir besin degerine sahip
olmasi ekim alanlarinin hizli bir sekilde artmasina
neden olmustur. Ulkemizde ¢ok az bilinen bu bitki
ozellikle Amerika ve Avrupa’da yogun bir ilgi
gormustir. Bu ilgiye karsilhik olarak 2013 yili
Birlesmis Milletler tarafindan kinoa (Chenopodium
quinoa Willd.) yili olarak ilan edilmistir (Miranda ve
ark., 2012).

Ozellikle Diinya niifusunun yarisindan fazlasinin
yetersiz ve duzensiz beslendigi ginimiizde bu sorunu
¢ozecek alternatif Girtinlere ihtiya¢ duyulmaktadir. Bu
bitkilerden biri olarak gorulen kinoa “stiper besin”,
“mucize tahil” olarak isimlendirilir. Bu sekilde
tamimlanmasinin temel sebebi tanelerindeki yuksek
miktarlarda protein ve amino asitlerin varhigidir. Bu
igerigin yam sira A, B, C, D, E ve K vitaminleri ¢ok
yiiksek seviyededir (FAO, 2017).

Ulkemizde ve bélgemizde tahil tariminin yapildig
yerlerde alternatif bir Urin olarak kinoa
yetigtiriciliginin yayginlagtirilmasi gerekmektedir.
Mayinli ve nadasa birakilan araziler basta olmak
izere birgok marjinal alanin tretime katilmasinda
énemli katki saglayacaktir (Kir ve Temel, 2017). Bu
sekilde katma degeri ylksek bir tarimsal trinin
bélgeye kazandirilmas:1  saglanacaktir. Ozellikle
toprak tuzlulugunun yogun oldugu bolgelerde
tuzluluga dayanikh bitki tirlerinin tarimi tegvik
edilmelidir.

Bolgemizde tarimsal tretimi kisitlayan en o6nemli
faktor sulama suyunun yetersiz olusudur. Bu nedenle
basarili bir tarimsal {Uretim icin toprakta su
diizeyinin yeterli olmasi gerekmektedir. Kok
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bélgesinde suyun azalmasi ile bitki su kullaniminda
azalma meydana gelir. Toprak tuzlulugu bitki-su
ekonomisinin sekteye ugratan en temel sebeptir. Kék
bolgesinde tuz konsantrasyonun artigi dénemlerde
bitki daha fazla enerji harcayarak daha az su
tiketmektedir. Bu durum bitkisel tretim agisindan
verim ve Kkalite kayiplarina neden olur. Tuzlu
topraklarda bu kayiplar1 azaltacak dayanikli bitki tiir
ve cesitlerine ihtiyac bulunmaktadir (Yurtseven ve
Bozkurt, 1997; Yurtseven, 2000; Yurtseven ve ark,
2001).

"Yiikksek besin igeriginin yaninda ekstrem ekolojik
sartlara (kuraklik, don, tuzluluk vb) dayamkhlig
kinoay: ilgi odagi haline getirmistir (Yazar ve Kaya,
2014). Bolgemizde asir1 tuzluluk ve alkalilik
nedeniyle bir c¢ok urinde yiiksek kalite ve verim
kayiplar: gérilmektedir. Marjinal alanlarin
degerlendirilebilmesi i¢in, bu bitkilerin tuzluluga ne
kadar toleranslh olduklarinin bilinmesi gerekmektedir
(Gonzalez ve ark., 2009). "

Bu calismada kinoa tohumlarina GAs (Giberellik asit)
uygulanarak tuzlu topraklardaki tuzun olumsuz
etkilerini ne kadar hafifletebilecegi arastirilmigtir.

MATERYAL ve METOT

Bu c¢alisma, 2019 yilinda, Van Yizinci Yil
Universitesi Ziraat Fakiiltesi Tarla Bitkileri Béliim
Laboratuvarinda  Faktoriyel Duizende  Tesadif
Parselleri Deneme Deseni'ne gore 4 tekerrirli olarak
petri  kaplarinda  ylrutilmistir. Arastirmada,
"Titicaca" kinoa ¢esidi kullanilmagtir.

Arastirmada, dort farkli GAs (0, 100, 200 ve 300 ppm)
ve dort farkli tuz seviyesi (0, 100, 200 ve 400 mM
NaCl) belirlenmistir. Deneyler, 4 tekerriirlii olmak
uzere toplam 64 petri kullanilarak
gerceklestirilmistir. Ardindan, GAs (100, 200 ve 300
ppm) ve distile su (H20) icinde, nem icerikleri % 12-
13 oluncaya dek, 12 saat boyunca 25+1°C'de karanlik
kosullarda bekletilmistir (Kuscu ve ark., 2017).
Bekleme suiresi sonrasinda tohumlar stzilip iki kat
kurutma kagidi yerlestirilmis 9 ecm c¢apindaki petri
kaplarina 20°ser tohum olacak sekilde
yerlestirilmistir. Daha sonra hazirlanan farkh
dozlardaki NaCl soliisyonlarindan (50, 100, 200 mM)
ve saf sudan (kontrol icin kullamlan petrideki
tohumlarin su ihtiyaci ig¢in 5’er ml uygulanmigtir.
Bu uygulamalar sonrasinda petrilerdeki tohumlar
25+1 °C sicaklik kogullarinda g¢imlenme ve c¢ikig
testi icin inkiibatére yerlestirilmistir (Resim 1).
Tohumlardaki baslangic testleri ISTA (1996)
kurallarina  gére  belirlenmigtir.  Bu kurallar
geregince inkiibasyon periyodu 14 giindiir (ISTA,
1996).

Bu ¢aligsmada;

Cimlenme giici (%), ¢cimlenme orami (%), ¢cimlenme
indeksi(%), ortalama cimlenme siiresi (giin), hassaslhik
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Sekil 1. Petri kaplarinda ¢imlenmeye birakilan kinoa tohumlar:

Figure 1. Quinoa seeds for germination in petri dishes

indeksi (%), kék uzunlugu (cm), gévde uzunlugu (cm),
kok yas agirhg (mg), kék kuru agirhign (mg), gévde
yas agirhigl (mg) ve govde kuru agirhigr (mg) degerleri
incelenmistir. Buna gore;

1-Kinoanin 7. giinde ¢imlenen tohum
"¢cimlenme oran1",

sayisinin

2-14. ginde g¢imlenen tohum sayisinin "¢imlenme
glci",

3-Cimlenme oram1i (GR):14.giine kadar c¢imlenme
yapan toplam tohum sayisi1 / Toplam ekilen tohum
say1s1 (Akinc: ve Caliskan, 2010),

4-Cimlenme endeksi (GI): GI = £ (Gi/ Tt) (Wang ve
ark, 2004),

GI: Cimlenme endeksi; Gi: .ci glin tohum ¢imlenme
orant; Tt: glin sayisi

5-Ortalama c¢imlenme siiresi (MGT): Asagidaki
endeks kullanilarak hesaplanmistir (Ellis ve Roberts,
1980),

MGT =2 (fx) / Zf
f: Cimlenen tohum sayisi; x: ¢imlenme giini

6-Hasaslik indeksi (SI) Asagidaki  formiil
kullanilmigtir (Foolad ve Lin, 1997).

SI = tuz uygulamasinda MGT / kontrol
uygulamasinda MGT.

Elde edilen verilerin istatistiksel analizleri COSTAT
(siiriim 6.3) paket programi; verilerin coklu
kargilagtirma testleri 1ise Duncan testine goére
yapilmistir (Diizgiines ve ark. 1987).

BULGULAR ve TARTISMA

Arastirmadan elde edilen sonuclara gore; GAs

(giberellik asit) 6n uygulamasina tabi tutulmus kinoa
(Chenopodium quinoa Willd) tohumunda cimlenme
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ozelliklerine ait tim parametrelerde tuzlulugun

etkisi istatistiksel olarak o6nemli bulunmustur
(Cizelge 1, Cizelge 2).
GA3s o6n uygulamasina tabi tutulmus kinoa

tohumlarinda en yiksek ¢cimlenme giici % 60.00 ile 0
mM ile NaCl uygulamasindan elde edilirken, en
diisiik deger ise (% 37.50) 400 mM tuz (NaCl)
konsantrasyonundan elde edilmistir (Cizelge 1).
Artan tuz dozlarimin g¢imlenme glcini azaltigi
goriilmiistiir (Sharma ve ark. 2004). Giberellik asit én
uygulamasinin ¢imlenme giici Uzerine etkisi ise
6nemli olup, en yiilksek ¢gimlenme giicii % 88.33 orani
ile 300 ppm GAs uygulamasindan en dugiik deger ise
%10.42 kontrol (0 ppm) uygulamasindan elde
edilmigtir. Tuz dozlarinin aksine artan gibberellik
asit dozlarinin ¢imlenme orami basta olmak lizere
diger ¢cimlenme 6zellikleri tizerine etkisinin olumlu ve
onemli oldugu tespit edilmistir. Kinoa tohumlar
uzerine tuz x GAs interaksiyonlari 6nemli olup, en
yiksek ¢imlenme giici 0 mM tuz dozunda 300 ppm
GAs kontrasyonundan (%100) elde edilirken, en
diigiik degerler (%8.33) 200 ve 400 mM tuz
konsantrasyonu uygulamalarinda tespit edilmigtir.
Aragstirmamizdan elde edilen sonucglara gore; GAs
uygulamalari, tohumlarin ¢imlenme giiglerinin
artmasmna neden olmustur. Yirutilen benzer
arastirmalarda artan tuz konsantrasyonlarinin bu
oranlar Uzerinde olumsuz ve oOnemli -etkilerinin
oldugu belirtilmistir (Khan ve ark. 2005; Kizilgeci ve
ark. 2010).

Aragtirma sonucunda elde edilen verilere gore; kinoa
tohumlarinin ¢cimlenme orani (%) iizerine GAs, tuz ve
bunlarin interaksiyonlar1 istatiksel olarak 6énemli
bulunmustur. En yiiksek ortalama ¢cimlenme orani (%
100) 0 mM tuz dozundan, en diigiik oran (% 42.50) ise
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400 mM tuz konsantrasyonundan elde edilmistir.
Artan tuz konsanstasyonun bitkilerde su alimini
azaltig1r gibi ¢imlenme oranl lzerinde 6nemli ancak
olumsuz etkileri olmustur (Khan ve ark. 2005).
Giberellik asit dozlarinda ise kademeli artiglarin
¢imlenme oranini olumlu etkiledigi tespit edilmistir.
Bu sonuglara gore en yliksek ¢imlenme orani %91.66
orani ile 300 ppm, en diigiik oran (% 14.16 ) ise 0 ppm
dozundan elde edilmigtir. Cimlenme orani degerleri

Cizelge 1. Giberellik asit uygulamasina tabi tutulan kinoa (Chenopodium quinoa Willd.)

stresinin ¢imlenme 6zellikleri izerine etkisi
Table 1. Effect of salt stress on germination characteristics of kinoa (Chenopodium quinoa Willd.) Seeds treated

GAs x tuz interaksiyon degerleri de istatiksel olarak
onemli bulunmustur. En yiksek ¢imlenme orani 0 ve
100 mM tuz konsantrasyonunda elde edilirken (%
100), en diisiik oran ise 100, 200 ve 400 mM tuz
konsantrasyonunda (% 8.33) tespit edilmistir.
Yuonesi ve Moradi (2015), yiriittiikleri bir calismada
tuz stresine karsi GAs 6n uygulamasinin ¢imlenme
ozelliklerine olumlu etki ettigini belirtmiglerdir.

tohumlarinda tuz

with gibberellic acid
Stres Uygulamalar Cimlenme Cimlenme O.rtalama Cimlenme Hassaslik
Tuz Dozlar: GAs Giicti (%) Orani (%) g‘l.mle.n e Indeksi (%)  Indeksi (%)
iiresi (giin)
GAO 16.67 d 16.67 ¢ 3.66 b 0.67 c 0.00
Kontrol (T0) GA100 28.33 c 40.00 b 3.83 a 1.63 b 0.82
GA200 95.00 a 95.00 a 2.38 ¢ 4.69 a 0.28
GA300 100.00 a 100.00 a 0.81d 5.61 a 0.11
TO Ortalama 60.00 A 62.92 A 2.67 A 3.15 A 0.30 B
GAO 8.33d 23.33 ¢ 3.90 a 0.42c 0.07
100 mM (T'100) GA100 40.00 c 43.33 b 4.10 a 1.31Db 0.33
GA200 90.00 a 93.33 a 2.65 ¢ 4.15 a 0.77
GA300 100.00 a 100.00a 0.26d 5.28 a 0.93
T100 Ortalama 59.58 A 65.00 A 2.72 A 2.79 A 0.52 A
GAO 8.33d 8.33 ¢ 4.15a 0.48 c 0.08
200 mM (T200) GA100 26.67 c 40.00 b 291c 0.81¢c 0.14
GA200 66.67 b 66.67 b 2.66 ¢ 3.21b 0.55
GA300 83.33 a 90.00 a 0.40d 4.32 a 0.76
T200 Ortalama 46.25 B 51.25 B 253 A 2.20 B 0.38 B
GAO 8.33d 8.33 ¢ 3.66 b 0.42c 0.07
400 mM (T400) GA100 10.00d 16.67 c 3.41D 0.64 ¢ 0.11
GA200 61.67b 68.33 b 1.25d 2.48D 0.44
GA300 70.00 b 76.67 b 0.35d 3.77b 0.67
T400 Ortalama 37.50 B 42.50 B 2.16 B 1.82 B 0.32 B
GAO 10.42 C 14.16 D 3.84 A 0.49D 0.06
GA3 Doz Ort. GA100 26.25 B 35.00 C 3.56 B 1.09C 0.35
GA200 84.17 A 80.83 B 2.23C 3.63 B 0.51
GA300 88.33 A 91.66 A 0.45D 4.74 A 0.61
VK (%) 12.3 13.4 12.7 11.8 12.3

GA: Giberellik asit, GAO: Kontrol dozu To: Kontrol Tuz Dozu, VK(%): Varyasyon katsayisu.
*Ortalamalar arasindaki fark Duncan ¢oklu karsilastirma metoduyla P<0.05 ve P<0.01 seviyesinde degerlendirilmistir.

GAs o6n uygulamasina tabi tutulmus kinoa
tohumlarinda ortalama ¢imlenme giin sayisi iizerine
GAs, tuz ve bunlarin interaksiyonlar1 istatistiksel
olarak &énemli bulunmustur (Tablo 1). En kisa
ortalama ¢imlenme siiresi 2.53 gin ile 200 mM tuz
dozundan, en uzun siire ise 2.72 giin ile 100 mM tuz
konsantrasyonundan elde edilmigtir. Artan tuz
konsantrasyonu bitkilerde su alimini azaltigi gibi
ortalama c¢imlenme slrelerini uzattig1 tespit
edilmistir (Kuscu ve ark., 2017). Giberellik asit
dozlarinda ise kademeli artiglarin ¢imlenme
stirelerini kisaltigi gorilmistir. En kisa ¢imlenme
siiresi 300 ppm (0.45 giin) en uzun siire ise 0 ppm
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(3.84 giin) olarak ol¢iilmiistiir. Ortalama cimlenme
sliresi tzerine GAs x tuz interaksiyonu 6nemli
bulunmustur (Cizelge 1). En uzun ortalama cimlenme
stiresi 4.15 giin ile 200 mM tuz konsantrasyonunda 0
ppm GA3 6n uygulmasindan elde edilirken, en kisa
stire 0.26 giin ile 300 ppm GAs 6n uygulmasindaki
100 mM tuz konsantrasyonundan elde edilmigtir.
Elde edilen bu sonuglara gére; artan tuz dozlarinin,
¢imlenme glin sayis1 lizerine 6nemli ancak olumsuz
etkileri olmustur. Taiz ve Zeiger (2002), benzer bir
aragtirmada NaCl konsantrasyonlardaki artigin
osmatik dengeyi bozarak c¢imlenme surelerini
uzattigini belirtmiglerdir.
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Cimlenme indeksi degerlerini istatiksel olarak 6nemli
bulunmustur (Cizelge 1. Artan tuz
konsantrasyonlarindaki ¢imlenme indeks degerlerini
azaltig1 tespit edilmistir (Kuscu ve ark., 2017). En
yuksek indeks degeri % 3.15 ile tuz uygulanmayan
kontrol grupla elde edilirken, en diisik indeks deger1i
(% 1.82) 400 mM tuz konsantrasyonundan elde
edilmistir (Cizelge 1). Cimlenme indeks degerlerinde
en yiiksek oran (% 3.77) 300 ppm GAs dozundan; en
diisiik oran (% 0.42) 0 ppm GAs dozundan elde
edilmigtir. En digiik endeks degeri ise % 0.42 olarak
bulunmustur (100-400 mM, O ppm). Benzer
arastirmalarda buna yakin sonuclar elde edilmigtir
(Yuonesi ve Moradi, 2015).

Calismamizda, kinoa tohumlarinin hassashk indeksi
degerleri, artan tuz konsantrasyonlarina bagh olarak
anlamh degisimler gostermistir (Cizelge 1). Indeks
degeri, 100 mM NaCl uygulamasinda % 0.52 ile en
yiksek olurken; 200 ve 400 mM NaCl
uygulamalarinda azalmalar (% 0.38 ve 0.32)
gostermistir. Yuonesi ve Moradi de c¢alismalarinda
(2015), artan tuz konsantrasyonlarmin, cimlenme
indeks degerlerinde oldugu gibi hassaslhik indeks
degerlerinde de azalmalara neden oldugunu
belirtmiglerdir.

Laboratuvar ortaminda elde edilen sonuglara goére
kinoa tohumlarinda koék uzunlugu degerleri
uygulamalar ve bunlarin interaksiyonlari
bakimindan énemli ¢ikmistir (Cizelge 2). En diisiik
kok  uzunlugu (1.25 cm) 400 mM tuz
konsantrasyonunda, en yiiksek kok uzunlugu (4.57
cm) tuz uygulanmayan kontrol grupta elde
edilmigtir.Tuz gibi stress kaynaklarinin ¢imlenme ve
kok wuzunlugunu oOnemli ancak olumsuz yonde
etkiledigi belirtilmistir (Ikuma ve Thimann, 1963)
Gibrellik asit uygulamalarinda ise en uzun kok 7.78
cm ile 300 ppm dozundan elde edilirken, 0 ppm GAs
dozundan koék uzunlugu ol¢ilememistir. Artan GAs
6n uygulamalar1 tohumda g¢imlenmeyi tesvik ettigi
gibi kék uzunlugunda artma meydana getirmistir
(Saharma ve ark., 2004). Tuz x GAs interaksyonunda
ise en uzun kék uzunlugu 11.87 cm (0 mM x 300 ppm)
iken, tim tuz dozlar1 ile 0 ppm GAs dozunda kok
uzunlugu oOlgilememigtir. Tuz stres altndaki
tohumlarin su alma yeteneklerinde 6nemli azalmalar
meydana geldiginden, kok ve siirglin olusumu
meydana gelmemistir (Kizilgeci ve Yildirim, 2014).

Arastirma sonuglarina goére; uygulamalarin goévde
uzunlugu tUzerine etkileri o6nemli bulunmustur
(Cizelge 2). Tuz konsantrasyonlarina baglh olarak en
uzun govde uzunlugu (5.98 cm) 100 mM tuz
dozundan, en kisa gévde uzunlugu (1.50 cm) 400 mM
tuz dozundan olgilmistiir.Tuzun bu baskilayica
ozelligine ragmen artan giberellik asit dozlarinin
gévde uzunlugunu artirdigr gérilmiistiir (Cavusuglu,
2006). En uzun govde uzunlugu (5.59 cm) 300 ppm
GAs dozundan, en diisiik gévde uzunlugu (0.24 cm)
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GAs uygulanmayan (0 ppm) gruptan elde edilmistir.
Tuz x GAs interaksiyonunda ise en uzun goévde
uzunlugu 100 mM NaCl x 200 ppm GAs
uygulamasindan (10.78 cm) elde edilmistir. GAs
uygulanmadiginda (0 ppm), 0 ve 400 mM tuz
konsantrasyonlarinda ¢ikis olmadigindan goévde
uzunlugu da o6l¢lilememigtir.Tuz stresi altndaki
tohumlarin su alma yetenekleri azalarak, ¢imlenme
ve ilk fide olusumunu sekteye ugratarak azaltmigtir
(Kizilgeci ve Yildirim, 2014).

Elde edilen sonuglara gore; yas ve kuru kok
agirliklar1  iizerine uygulamalardan elde edilen
sonuglar istatistiksel olarak o6nemli bulunmustur
(Cizelge 2). Tuz stresine maruz birakilan kinoa
tohumlarinda en yiiksek yas ve kuru kék agirliklar
sirasiyla 3.35 ve 0.42 mg ile 100 mM NaCl
uygulamasindan elde edilirken, en disiik degerler ise
(0.90 ve 0.02 mg) 400 mM NaCl konsantrasyonundan
elde edilmistir. Artan tuz konsantrasyonlar:
tohumlarin su aliminin etkiledigi gibi yas ve kuru
koék agirhiklarim azaltign gériilmistiir (Kizilgeci ve
Yildirim, 2014). Giberellik asitin yas ve kuru kok
agirliklar tzerine etkileri 6nemli olup, en yliksek yas
ve kuru kok agirliklar: 4.70 ve 0.04 mg ile 400 ppm
uygulamasindan elde edilmistir. GAs 0 ppm dozunda
ise en disiik degerler 0.01 ve 0.00 ile 0 ppm dozundan
tespit edilmigtir. Artan GAs uygulamalar: su alimini
artmasina ve dolayisiyla enzimatik faaliyetlerin daha
hizlanarak kok yas ve kuru agirliklarina énemli ve
olumlu etkisi olmustur (Cavusoglu, 2006). Kinoa
tohumlar1 tzerine tuz x GAs interaksiyonlar1 da
istatiksel olarak 6nemli ¢ikmigtir. En yiiksek yas ve
kuru kok agirliklar: 7.50 ve 1.10 mg ile 0 mM tuz ve
300 ppm GAs kontrasyonundan elde edilirken, en
disiik agirlik degerleri sirasiyla (0.01 ve 0.00 mg)
tim tuz konsantrasyonlarinda O ppm GAs
uygulamasinda tespit edilmistir. Arastirmamizda
elde edilen sonuclara gore GAs uygulamalarinin yas
ve kuru kok agirligini nispeten artirdiglr gorilmustir.
Shahzad ve ark. (2012), yerel ekmeklik bugday
cesitleri ile yuritikleri bir c¢alismada; artan tuz
konsantrasyonlarinda yas ve kuru koék agirliklarinin
azaldigini tespit etmiglerdir. Bu parametrenin islah
caligmalarinda kullanilabilecegi belirtilmistir.

Arastirma sonunda elde edilen sonuglara gore; yas ve
kuru gévde agirliklarin uygulamalar: arasindaki fark
istatistiksel olarak énemli bulunmustur (Cizelge 2).

Elde edilen sonuclar itibari ile yas ve kuru gévde
agirliklar arasindaki sonuglar uygulamalar itibari ile
paralellik gostermektedir. En yiiksek yas ve kuru
govde agirhiklar: sirasiyla 40.25 ve 5.75 mg ile 100
mM (NaCl) uygulamasindan elde edilirken, en diisiik
degerler ise (1.50, 0.50 mg) 400 mM tuz (NaCl)
konsantrasyonundan  elde edilmigtir. Benzer
aragtirmalarda artan tuz konsantrasyonlarinin
bitkilerde yas ve kuru goévde agirhiklarimi azaltig:
belirtilmistir (Muhammad ve Hussain 2012; Akbari
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ve ark., 2007; Kizilgeci ve Yildirim, 2014). Giberellik
asitin yas ve kuru kok agirhiklari tizerine etkileri
onemli olup, en yuksek yas ve kuru kok agirliklar
42.00 ve 5.50 mg ile 300 ppm uygulamasindan elde

Cizelge 2. Giberellik asit uygulamasina tabi tutulan kinoa (Chenopodium quinoa Willd.)
stresinin ¢imlenme 6zellikleri tizerine etkisi

edilmistir. GAs uygulmasinin 0 ppm oldugu dozlarda
yas ve kuru govde agirhiklar1 elde edilememigtir.
Kinoa tohumlar1  Uzerine tuz x GAs
interaksiyonlarida istatiksel olarak 6nemli citkmagtir.

tohumlarinda tuz

Table 2. Effect of salt stress on germination characteristics of kinoa (Chenopodium quinoa Willd.) Seeds treated

with gibberellic acid
Stres Uygulamalar
Kok Govde Kok Yas Kok Govde Govde
Uzunlugu Uzunlugu Agirhig Kuru Yas Kuru
Tuz Dozlan GAs (cm) (cm) (mg) Agirhign  Agirhg Agirhiz
(ng) (mng) (mg)
GAO 0.00 c 0.00 c 0.01c 0.00 c 0.00d 0.00 ¢
Kontrol (T0) GA100 0.23 c 4.77b 3.00 ¢ 0.00 c 11.00Db 0.02b
GA200 6.18 a 6.35 a 2.90 a 0.60b 68.00a 7.00 a
GA300 11.87 a 6.90 a 7.50 a 1.10a 78.00a 8.00 a
TO Ortalama 4.57 A 4.50 AB 3.35 A 0.42B 39.50 A 3.75 A
GAO 0.00 c 0.51c 0.01c 0.00 c 1.00d 0.00 ¢
100 mM (T'100) GA100 1.20b 6.87 a 0.00 c 0.01c 21.00b 4.00 b
GA200 5.46 a 10.78a 5.00 b 0.08a 61.00 a 9.00 a
GA300 10.46 a 5.78 a 5.10 a 0.08 a 78.00 a 10.00 a
T100 Ortalama 428 B 598 A 252 A 0.04 A 40.25 AB 5.75 A
GAO 0.00 c 0.46 ¢ 0.01c 0.00 c 0.00d 0.00 c
200 mM (T200) GA100 0.12 ¢ 2.60b 1.00 c 0.01c 2.00 c 0.00 c
GA200 1.14 b 2.87b 1.00 b 0.03b 7.00 b 2.00 b
GA300 5.43 a 6.28 a 3.90 b 0.06a 8.00b 3.00 b
T200 Ortalama 1.67 B 3.05 BC 1.47 B 0.03B 4.25 BC 1.25 B
GAO 0.00 c 0.00 c 0.01c 0.00 c 0.00d 0.00 c
400 mM (T400) GA100 0.00 c 0.27c 0.00 c 0.00 c 0.00d 0.00 c
GA200 1.62 b 2.32Db 1.20 b 0.04b 3.00c 1.00 b
GA300 3.37b 3.40 b 2.60Db 0.06b 3.00c 1.00 b
T400 Ortalama 1.25B 1.50 C 0.90B 0.02B 1.50C 0.50 B
GAO 0.00 C 0.24 C 0.01C 0.00C 0.00C 0.00 C
GA3 Doz Ort. GA100 0.38C 3.16 B 1.00 C 0.02B 850B 1.00 B
GA200 3.60 B 5.568 A 2.50 A 0.04A 34.75 A 4.75 A
GA300 7.78 A 5.569 A 4.70 A 0.04A 42.00 A 5.50 A
VK (%) 3.97 5.57 6.67 3.98 4.01 4.63

GA: Giberellik asit, GAO: Kontrol dozu To: Kontrol Tuz Dozu, VK(%): Varyasyon katsayisi.
*Ortalamalar arasindaki fark Duncan ¢oklu karsilastirma metoduyla P<0.05 ve P<0.01 seviyesinde degerlendirilmistir.

En yiksek yas ve kuru govde agirliklari 78.00 ve
10.00 mg ile 100 mM tuz ve 300 ppm GAs
konsantrasyonundan elde edilirken, en distk
degerler ise tuz stresinden dolay1 ¢cimlenme ve ilk fide
gelisimi meydana gelmediginden dolay1 yas ve kuru
agirhk  degerleri elde edilememigtir. Benzer
arastirmalarda (Datta ve ark., 1998; Kaur ve ark.,
1998; Cavusoglu, 2006) GAs, Kin ve E én
uygulamalarinin  tuz stresine maruz birakilan
bugday, arpa ve nohut fidelerinde koleoptil ve epikotil
gelisme ylizdesi basta olmak tizere kok ve govde
uzamasi ile taze yas agirligi artirdig1 tespit edilmigtir.
Bu biiyime diizenleyicileri 6zellikle zarar géren hiicre
membranlarinin  (Taylor and Cosgrove, 1989)
stabilizasyonunu saglayarak hidrolitik enzimlerin
sentezini tesvik etmektedir. ( Taylor ve Cosgrove,
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1989; Kaur ve ark., 1998). Bunun sonucunda; hiicre
boliilnmesini (Liu and Loy, 1976) izleyen protein ve
niikleik asit miktarlarinin artmasina (Mozer, 1980)
ve tuz tegvikli ABA inhibisyonunu ortadan kaldirarak
olumlu etki yapmistir (Khan ve Ungar, 2001).

SONUC

Bu arastirma sonuglarina goére kinoa tohumlarinda
GAs 6n uygulamasmin artan tuz (NaCl) dozlarina
kargt 6nemli ve olumlu etkisi oldugu gorilmustir.
Bircok arastirmaci tarafindan belirtilen ¢imlenme
ozelliklerine ait tiim parametrelerde tuz stresinin
fizyolojik baskisi somut olarak tespit edilmigtir.
Ozellikle yiikksek tuz konsantrasyonunda su alimi
sekteye ugradigi gibi enzimatik aktivite yavaslhigina



KSU Tarim ve Doga Derg 23 (2): 349-356, 2020
KSU J. Agric Nat 23(2): 349-356, 2020

Arastirma Makalesi
Research Article

bagli biyime gelisme geriligi goérulmektedir. Ancak
GAs dozlarinin beli bir noktaya kadar tuzun bu
olumsuz etkilerini azaltigr ve ¢imlenme o6zellik ve
parametreleri uzerinde olumlu ve onemli katk:
sagladig gorilmustir.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir gkar
catismasi olmadigini beyan ederler.

Aragtirmacilarin Katk: Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan ederler.
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Bu ¢alisma 2013 ve 2014 yillarinda farkli etki mekanizmasina sahip

olan Mesosulfuron-methyl + Iodosulfuron-methyl sodium (ALS) ve Makale Tarihgesi
Clodinafop-propargyl (ACCase) herbisitlerinin kisir yabani yulaf Gelis Tarthi  :22.05.2019
(Avena sterilis L.) popiilasyonlarina karsi etkisinin belirlenmesi Kabul Tarihi :19.07.2019
amaciyla yapilmigtir. Osmaniye ili bugday tarlalarindan toplanan
kisir yabani yulafa ait popiulasyonlarla kurulan sera denemelerinde
uygulanan herbisitlerin bitki boyu ve yas agirliga olan etkileri
incelenmigtir. Osmaniye ili yogun bugday ekimi yapilan alanlarda
Mayis ayinda her 3 km’de bir 50 noktada durus yapilarak sadece 15
tarlada kisir yabani yulaf popiilasyonlarina ait o6rneklemeler
gerceklestirilmistir. Daha sonra bugday tarlalarindan toplanan olgun
kisir yabani yulaf tohumlariyla sera denemeleri kurulmustur.
Poptilasyonlarda bitki boyu ve yas agirhga olan etkinin
belirlenmesinde iki farkll etki mekanizmasina sahip herbisitin g
farkli (N/2, N: tavsiye dozu, 2N) dozu uygulanmigtir. Bitki boylarina
gore tavsiye dozlarinda ALS inhibitériinde popiilasyonlarin %50’sinin,
ACCase inhibitorinde ise %27’sinin etkilendigi belirlenmistir. Yasg
agirliklarda ise ALS inhibitoriinde %50’sinin, ACCase inhibitoriinde
%20’sinin etkilendigi saptanmigstir. Populasyonlar tizerinde tavsiye
dozu basta olmak tlizere, bitki boyu ve yas agirliga olan genel etkiler
ALS inhibitériinde daha yliksek saptanmistir.

Anahtar Kelimeler

Avena sterilis
Clodinafop-propargyl
Mesosulfuron-methyl +
1odosulfuron-methyl sodium,

Bitki boyu ve yas agirlik,

Bugday

Determination of Effects on Weed Height and Weed Biomass of Wild Oat (Avena sterilis L.) Populations
in Wheat Fields against ALS and ACCase Herbicides

ABSTRACT Research Article

This study was determined for the effect of Mesosulfuron-methyl +

Iodosulfuron-methyl sodium (ALS) and Clodinafop-propargyl Article History

(ACCase) herbicides against wild oat (Avena sterilis L.) populations Received $22.05.2019
in 2013 and 2014. The effects of applied herbicides on weed height and Accepted ©19.07.2019
weed biomass in greenhouse experiments established with wild oat
populations collected from wheat fields of Osmaniye province were
investigated. In intense wheat growing areas in Osmaniye province,
stands were performed in 50 points in every 3 km in May and
sampling was performed in only 15 fields of wild oat populations.
Then, greenhouse tests were established with mature wild oat seeds
collected from wheat fields. Three different (N/2, N: recommended
dose, 2N) dose of herbicide with two different action mechanism were
applied to determine the effect on height and biomass of weed
populations. Population of weed height were evaluated that 50% of
ALS inhibitor and 27% of ACCase inhibitor were affected at
recommended doses. It was also found that 50% of ALS inhibitor and
20% of ACCase inhibitor had an effect on weed biomass. General
effects on weed height and weed biomass, especially the recommended
dose on populations were higher in ALS inhibitor.
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GIRIS

Diinyada insan beslenmesi acgisindan stratejik ve
o6nemli bir yere sahip olan tahillarda yabanci otlarla
miicadele edilmemesi durumunda yabanci otlar yogun
popllasyonlar olusturarak kalite ve kantiteyi diigurur,
verim kaybina sebep olurlar.

Tahil alanlarinda sorun olan Poaceae familyasina ait
kisir yabani yulaf tiirleri (Avena spp.) bugdayin énemli
yabanci ot tiirlerindendir (Kadioglu ve ark., 1990;
Torner ve ark., 1991; Kadioglu ve ark., 1993). Bu
turler, bugdayin 1si1k, su ve besinine ortak olup,
gelisimini etkileyerek rekabet gii¢lerini ytlikseltirler
(Carlson ve Hill, 1985). Miicadele edilmedigi takdirde
yabani yulaf tirlerinin bugdaya oranla hizli gelismesi
bugdaydaki veriminin azalmasina neden olmaktadir.
Bu nedenle bu tirlerle micadelede treticiler kisa
vadede sonu¢ almak i¢in kimyasal micadeleye
yonelmigtir. Kolay uygulanmasi, kisa slrede etki
gbstermesi ve maliyetinin az olmasi nedeniyle lretici
tarafindan tercih edilen kimyasal miicadele bugdayda
yabanci ot kontroliinde giinimiizde en ¢ok kullanilan
yontemdir. Ancak tretici tarafindan dogru dozda ve
yabanci ot gelisim doneminde uygulanmamasiyla
birlikte, kimyasal kullanimindaki artis yabanci ot
popllasyonlari  tzerinde  herbisit  etkinliginin
azalmasina sebep olmus ve kullanilan herbisitlerin bu
tiirleri etkilemedigi gérillmistiir (Legere ve ark., 2000;
Valverde, 2007). Ulkemizde bugdayda kimyasal
micadelede en ¢ok kullanilan herbisitler ACCase
(Acetyl-CoA carboxylase) ve ALS (Acetolactate
synthase) etki mekanizmasina sahip herbisitlerdir ve
asir1 kullamimi Turkiye’deki 6mrint de kisaltmistir.
Cukurova Bolgesi'nde kullanilan ACCase ve ALS
inhibitéri herbisitlerin bazi yabanci ot turlerini
etkilemedigi ve bugday tarlalarinda zamanla
cogalarak sorunlara neden oldugu bildirilmistir
(Yiicel, 2004; Avci, 2009; Ayata, 2014; Giirbiiz, 2016;
Torun, 2017).

Dinya genelinde yapilan ¢alismalarda yabanci otlarla
kimyasal miicadelede herbisit uygulamalarinin
yabanci otlar tzerindeki etkilerinin belirlenmesinde
bitkilerin, kdék wuzunlugu, tohum sayisi, yaprak
fotosentez hizi, kuru agirhg ve yas agirhig gibi
parametreler baz alinarak incelenmigtir. Benzer
sekilde Beckie ve Kirkland (2003) ACCase inhibitérii
herbisit uygulamalarinin Avena fatua popiilasyonu
tuzerindeki etkileri belirlemek amaciyla popiilasyon
yogunluguna, tohum olusturulmasina ve topraktaki
tohum rezervlerinin canliligina olan parametreleri
incelemislerdir. Bat1 Kanada’da Heap ve ark. (1993)
dort tarlada Avena fatua populasyonunda beg farklh
ACCase inhibitérii (Diclofop-methyl, Fenoxaprop-P-
ethyl, Quizalofop-ethyl, Sethoxydim, Tralkoxydim)
herbisitleri denemig ve sadece yariya yakin
popllasyonlarin ¢ok daha yuksek dozlarda 6ldigini
belirlemistir. Ayrica, yiksek dozda kok kuru
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agirhiginin -~ %27’sinde  azaliglarin  olabilecegini
bildirmistir. Amerika’da Seefeldt ve ark. (1994) Avena
fatua populasyonu orneklerinde ACCase inhibitora
Diclofop etkili maddesine kars1 poptlasyonlarin 1sik
kullaniminin, bitki boyunun, kuru agirliginin, yaprak
yuzeyinin, kardeslenme zamaninin ve ¢iceklenme
stirelerinin  birbirinden farkli oldugunu ortaya
koymustur.

Bu calismada 2013 ve 2014 yillarinda, tlkemizde
bugdayin en énemli yabanci otlarindan biri olan kisir
yabani yulaf (Avena sterilis L.)ta iki farkli etki
mekanizmasina  sahip  Mesosulfuron-methyl +
Todosulfuron-methyl sodium ile Clodinafop-
propargyl’in kisir yabani yulaf popilasyonlar:
uzerindeki etkisi aragtirilmigtir. Bu sayede Osmaniye
ilinde ornekleme yapilan bazi kisir yabani yulaf
popiilasyonlarinin sera denemeleri sonucunda bitki
boyu gelisimine ve yas agirliklarina kars1 gosterdigi
degisimler belirlenmis ve bu herbisitlerin farkh
uygulama dozlarindaki etkileri aragtirilmigtir.

MATERYAL ve METOT

Calismanin ana materyalini, Osmaniye ili [Kadirli (K),
Sumbas (8), Merkez (M), Diizici (D), Toprakkale (T) ve
Hasanbeyli (H)] ilceleri bugday tarlalarindan toplanan
olgun kisir yabani yulaf (Avena sterilis L.) tohumlari,
20 ml/da uygulama dozunda kullanilan Clodinafop-
propargyl (240 g 1-1) etkili maddeli ACCase inhibitérii
herbisit, 30 g/da + 100 ml (yayici-yapistiric) uygulama
dozunda kullanilan Mesosulfuron-methyl +
Todosulfuron-methyl-sodium + Mefenpeyr-diethyl
(Yayica-Yapistiric) (%3 + %0.6) etkili maddeli ALS
inhibitéri herbisit, denemelerde 3 atm basingla
calisan sarjli st pilverizatéric (Matabi), sera
denemelerinde kullanilan standart fide viyolleri ve
yabanci ot yas agirhik tartimi esnasinda kullanilan
kese kagitlar: olusturmustur.

Osmaniye ilinde yogun bugday ekilen alanlarda her 3
km’de bir rastlantisal olarak, durus yapilan noktada
bugday tarlasina girilerek 1 dekarlik alan icerisinde
ornekleme yapilmigtir. Toplam olarak 2013 yilinda 50
bugday tarlasina girilmis ve sadece olgun tohuma
sahip 15 tarladan kisir yabani yulaf poptlasyonlarina
ait Orneklemeler yapilmigtir (Yiicel, 2004; Ayata,
2014). Tki yil st iiste Mayis ay1 itibariyle aym
tarlalara gidilmigtir. Tarlalardan toplanan olgun
tohumlar daha sonra laboratuvarda kavuzlarindan
ayrilmigtir. Kavuzlar1 ayrilan tohumlar bir ay kadar
+4°C buzdolabinda bekletilerek dormansinin kirilmasi
saglanmagtir.

Sera calismalari, Cukurova Universitesi Bitki Koruma

Bolumine ait seralarda yuritalmistir. Calisma
tesadif parselleri deneme desenine gore dort
tekerrurli ve 1ki kez kurulmustur. Calismada

kullanilan materyali olugturan toprak daha énce hig
herbisit kullanilmamis yerden temin edilmis ve
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viyollere konulan toprak materyali 1:1:1 oraninda
kum: c¢iftlik giibresi: toprak karisimindan meydana
gelmigtir. Kullanilan her viyoliin bir ¢ukur ebat1 5x5
cm olup, hazirlanmis olan toprak karisimi esit
miktarda  olacak  sekilde viyol c¢ukurlarina
dagitilmigtir. Ardindan tohumlar 2 cm derinlige
konduktan sonra doldurulmustur (Yiicel, 2004; Ayata,
2014; Giirbiiz, 2016; Torun, 2017). Her cukura 3 adet
kisir yabani yulaf tohumu ekilmis ve 2-4 yaprakl
dénemde ise en iyi geligen bir adet kisir yabani yulaf
birakilarak herbisit uygulamasi gercgeklestirilmigtir.
Secilen herbisitler yelpaze tipi meme kullanilarak
uygulanmigtir. Ornekleme yapilan tarlalara ait
popllasyonlardan elde edilen tohumlardan fideler
yetistirilerek, herbisitlerin ii¢ farkli dozu (N/2, N:
tavsiye dozu, 2N) uygulanmistr.

Herbisitlerin uygulama o6ncesi bitki boylar: olgiilerek
birinci sayim, uygulama sonrasindaki 28. giinde ikinci
sayim yapilarak bitki boylarn kaydedilmistir.
Herbisitlerin etkisini tam olarak géstermis oldugu 28.
giin sonunda Dbitkiler toprak ylizeyinden hasat
edilmistir (Uygur ve ark., 1984). Daha sonra bitki
materyalleri kese kagitlar1 icerisine koyulmusg ve
laboratuvarda yas agirliklar: alinmistir. Bir aylik bir
yetisme doneminden sonra herbisitlerin farkh
uygulama  dozlar1  uygulanarak  populasyonlar
icerisinde dozlar arasinda kiyaslamalar yapilmigtir.

Bu sayede bitki boyu ve yas agirlik belirlenerek,
kullanilan farkli etki mekanizmalarina sahip
herbisitlerin durumu ortaya c¢ikarilmig, boylelikle
hangi etki mekanizmasinin ayni popilasyon i¢erisinde
daha etkili oldugu saptanmigtir. Dozlara gore elde
edilen bitki boyu ve yas agirlik sonuc¢larina SPSS
istatistik programinda (ANOVA) analiz yapilmig
(Anonim, 2009), popiilasyonlar icin elde edilen
ortalama degerlere Duncan ¢oklu karsilastirma testi
uygulanmigtir. Ayrica popiulasyonlar arasinda tavsiye
dozu hesaplanarak popilasyonlarin Mesosulfuron-
methyl + Iodosulfuron-methyl sodium ve Clodinafop-
propargyl herbisitlerine karsi gosterdigi reaksiyon
ortaya cikarilmistir (Abbott, 1925).

BULGULAR ve TARTISMA

Osmaniye ilinde 2013 yilinda yapilan survey sonrasi
15 farklhh bugday tarlasindan toplanan kisir yabani
yulaf poptilasyonlarina ait 6rneklerle sera denemeleri
kurulmustur. Ardindan 2014 yilinda aym tarlalarda
orneklemeler gerceklestirilmigtir. Osmaniye’de
Toprakkale’den bir adet, Hasanbeyliden ti¢ adet,
Kadirli’den ¢ adet, Merkez'den iki adet, Diizi¢i'nden
¢ adet ve Sumbas’dan ¢ adet popiilasyon
denemelerde kullanilmigtir. Toplam 15 kisir yabani
yulaf popiilasyonu tzerinde iki farkli etki
mekanizmasinin bitki boy ve yas agirhk tizerindeki
etkileri saptanmistir (Cizelge 1, 2 ve 3). Osmaniye’de
bugday tarlalarindan getirilen kisir yabani yulaf
popllasyonlarina ait tohumlar serada yetistirilerek
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Mesosulfuron-methyl + Iodosulfuron-methyl sodium
ve Clodinafop-propargyl herbisitleri uygulanmigtir.

Hasat sonras1 yas agirhklar kendi iginde
incelendiginde Mesosulfuron-methyl + Iodosulfuron-
methyl sodium’a 15 popiilasyon icerisinde %50’sinin
(yedi popiilasyon) tavsiye dozunda istatistiki olarak
etkilendigi belirlenmigtir. Tavsiye dozunda etkili olan
poptiilasyonlarin  yas agirhiklarimin  0.53-0.64 ¢
arasinda degistigi, kontrol popiulasyonlarinin 1.01-
2.66 g arasinda oldugu saptanmigtir. Bitun
populasyonlar  icerisinde K9, K7 ve D6
populasyonlarinin sadece iki kati dozda %20’sinin
etkilendigi kaydedilmistir. Popiilasyonlarin %25'inde
(H5, D3, S7, S3) yas agirliklarin tavsiye dozu ile iki
kat1 doz araliginda etki ettigi gorulmustir. Tavsiye
dozu ile iki kati1 doz araliginda etki saptanan yas
agirliklarin 0.52-0.79 g arasinda oldugu belirlenmisgtir.
M3 popililasyonunun ise tavsiye dozunun yarisindan
itibaren istatistiki olarak etkilendigi belirlenmigtir
(Cizelge 1).

Clodinafop-propargyl’in %20’sinin sadece uc
popiilasyonda (T5, H2, D6) tavsiye dozunda 0.80-0.86
g arasinda etkilendigi gozlenmigtir. D3
populasyonunun sadece iki kat1 uygulama dozunda ve
K9, M11, D1 ile S7 popiilasyonun %27’sinin tavsiye
dozu ile iki kat1 doz araliginda etkilendigi istatistiki
anlamda ortaya c¢ikarilmigtir. Clodinafop-propargyl
herbisitinin H5, H4, K7, K6, M3, S5 ve S3
populasyonlarinda tavsiye edilen dozun yarisindan
itibaren etkili oldugu fakat gerek tavsiye dozu yas
agirhiginin, gerekse 1ki kati tavsiye dozu yas
agirliginin istatistiki anlamda ve yas agirlik degisimi
anlaminda bu popilasyonlarda kendi igerisinde
birbirine yakin olusu uygulanan herbisitin popilasyon
icerisinde etkisiz olabilecegini kisaca etkinin
goriillmeyebilecegini dustindirmustir. Sadece iki kat1
dozda etki gorilen D3 popilasyonun yas agirhiginin
benzer sekilde minimum 0.82 g oldugu kaydedilmistir.
Kontroliin ise maksimum 1.65 g yas agirliga sahip
oldugu Cizelge 1’de goézlenmistir. Kadioglu ve ark.
(1990) bugday ekim alanlarinda kullanilan Dichlofop-
methyl etkili maddeli herbisitin kisir yabani yulafin
micadelesinde 2-4 yaprakli dénemde tek bagina
yeterli oldugunu, ancak ilerleyen gelisim déneminde
bitki agirhgimin  azaltilmas1  i¢in  baska etki
mekanizmasina sahip herbisitlerin mutlaka kombine
edilerek kullanilmasi gerektigini bildirmistir. Benzer
sekilde Avustralya’da Mansooji ve ark. (1992) ACCase
inhibitorleriyle kurduklar1 denemelerde Avena
turlerine ait topladiklar1 popillasyonlarin sadece
%67’sinin herbisitler tarafindan etkilendigini ve bitki
agirliklarinda azalmalarin olabilecegini belirlemistir.

Sera denemelerinde uygulamadan sonra segilen biitiin
dozlarda Mesosulfuron-methyl + Iodosulfuron-methyl
sodium’un, Clodinafop-propargyl’e gére yas agirhgi
daha fazla azalttig1 gozlenmistir (Cizelge 1). Ancak
Heap ve Knight (1986) ACCase inhibitérii olan
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Diclofop-methyl'i Lolium rigidum popiilasyonlarina aktif maddelerini uygulayarak kullanilan tim aktif
uygulamis, bu popiilasyonlara ayni etki maddelerin artik popiilasyonlar {izerinde etkisi
mekanizmasina sahip Fluazifop-butyl ve Oxyfluorfen olmadigini bildirmigtir.

Cizelge 1. 2013 ve 2014 yillarinda Osmaniye ili 6rnekleme yapilan il¢elerde kisir yabani yulaf popiilasyonlariyla
kurulan sera denemeleri sonucu Mesosulfuron-methyl + Iodosulfuron-methyl sodium (ALS) ve
Clodinafop-propargyl (ACCase) herbisitlerinin bitki yas agirligi (g) ortalamasina etkisi

Table 1. The effect of Mesosulfuron-methyl + Iodosulfuron-methyl sodium (ALS) and Clodinafop-propargyl
(ACCase) herbicides on weed biomass (g) averages of screenhouse tests with wild oat populations in the
sampling districts of Osmaniye province in 2013 and 2014

Mesosulfuron-methyl + . i
. Todosulfuron-methyl sodium (ALS) Clodinafop-propargyl (ACCase)
Yas Agirlik (g) - .
Weed biomass (g) | Kontrol N (Tavsiye dozu) Kontrol N (Tavsiye dozu)
N/2 Recommended 2N N/2 Recommended 2N
Control Control
dose dose
2.66¢c |1.01b 0.61 a 0.59 a 1.35b 1.27b 0.86 a 0.95 a
Toprakkale 5(T5) CD AB BCD FG A B
. 2.11c |1.02b 0.52 a 0.67 ab 1.28b 1.00 a 1.24Db 0.99 a
Hasanbeyli 5(H5) CD A DE BC BC B
. 1.30c |[1.00Db 0.62 a 0.65 a 1.16 ab | 0.93 a 0.87 a 0.82 a
Hasanbeyli 4(H4) cD AB DE AB A AB
. 1.80c |[1.02b 0.64 a 0.78 a 1.64 ¢ 1.19b 0.83 a 0.81 a
Hasanbeyli 2(H2) D AB FG EFG A AB
.. 1.01c |0.66Db 0.63 b 0.49 a 1.50d | 0.81b 0.73 a 0.85¢
Kadirli 9(K9) A AB A A A AB
.. 1.89¢ |0.99b 0.66 ab 0.52 a 1.62 Db 1.04 a 1.34 a 1.24 a
Kadirli 7(K7) CD AB AB BCD C C
.. 1.89¢ |1.05Db 0.53 a 0.51 a 1.65b | 0.97 a 0.95a 1.42Db
Kadirli 6(K6) BCD A AB B A D
1.62¢c |[1.01b 0.62 a 0.60 a 1.16 ¢ 1.12 ¢ 0.82 a 0.95b
Merkez 11(M11) CD AB CD CDE A B
1.69b |1.00 a 0.63 a 0.62 a 1.54b 1.00 a 0.82 a 0.88 a
Merkez 3(M3) CD AB DE BC A AB
Diizici 6(D6) 1.12d | 0.89¢ 0.63 b 0.53 a 1.40 c 0.95b 0.80 a 0.74 a
¢ BC AB ABC B A A
Diizici 3(D3) 1.06d | 0.86¢ 0.61 a 0.70 b 1.33 ¢ 0.98b 1.00 b 0.82 a
¢ B AB EF BC AB AB
Ditzici 1(D1) 1.29¢ [0.95b 0.61 a 0.64 a 1.38¢ | 1.17 be 0.83 a 0.91 ab
¢ BCD AB DE DEF A AB
Sumbas 7(S7) 2.20c |1.28b 0.64 a 0.77 ab 1.53b |1.23 ab 0.92 a 1.22 ab
E AB FG EFG A C
1.12Db | 1.30c 0.64 a 0.77 a 1.52b 1.32 a 1.28 a 1.43 ab
Sumbas 5(S5) B AB FG G BC D
1.15d | 1.01c 0.70 a 0.79 ab 1.51b 1.29 a 1.27 a 1.43 ab
Sumbas 3(S3) cD B G FG BC D

*Aymn satirda farkh kiigiik harflerle ve ayni stitunda farklh biiyiik harflerle gosterilen ortalamalar Duncan Coklu Karsilastirma
Testine gore P<0.05 6nem seviyesinde birbirinden farklidir.

Popiilasyonlarin  yas  agirliklari  incelendiginde agirhga olan etkisinin (0,53-0.64 g), Clodinafop-
Mesosulfuron-methyl + TIodosulfuron-methyl propargyl herbisitine (0.80-0.86 g) gére daha yiiksek
sodium’un tavsiye dozunda Clodinafop-propargyl’e oldugu saptanmigtir. Yas agirliga gére Mesosulfuron-
gére daha fazla popiilasyonda etki gorillmiistiir. Hatta methyl + Iodosulfuron-methyl sodium herbisitinin
Clodinafop-propargyl’in baz1 popiilasyonlarda (H5, H4, tavsiye dozu ile iki kat1 doz araliginda etki goériilen
K7, K6, M3, S5 ve S3) yas agirhga olan etkilerinin popiilasyonlarda (0.52-0.79 g) da benzer sekilde
neredeyse tiim uygulama dozlarinda ayni oldugu Clodinafop-propargyl herbisitine gére (0.74-0.95 g)
kaydedilmistir. Mesosulfuron-methyl + Iodosulfuron- daha fazla etki gozlenmistir (Cizelge 1). Avustralya’da

methyl sodium herbisitinin tavsiye dozunda vyas Preston ve Powles (2002) yaptiklari calismalarda
tarlalarda uzun siire kullanilan ALS inhibitéri
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herbisitlert Lolium rigidum popilasyonlar: tzerine
uygulayarak bitki i¢erisindeki biyokimyasal déngiileri
takip etmistir. Bu popiilasyonlara uygulanan ALS
inhibitéra herbisitlerinin etkisinin ¢ok kisa bir siirede
kaybolabilecegini ve zamanla etkisini yitiribilecegini
bildirmigtir. Popiilasyonlar igerisinde tavsiye dozunda
T5 ve H2'nin, tavsiye dozu ile iki kat1 doz araliginda
S7nin  her iki inhibitor tarafindan etkilendigi
saptanmagtir. Popiilasyonlar arasinda Mesosulfuron-
methyl + Iodosulfuron-methyl sodium herbisitinin
tavsiye dozunun yarisinda K9 populasyonunu, tavsiye
dozunda H5 ve K6 popiilasyonlar1 ve sadece iki
katinda gene K9 popililasyonunda en etkili oldugu
istatistiki olarak bulunmustur. Clodinafop-propargyl
tavsiye dozunun yarisinda K9, tavsiye dozunda HS5,
K7, K3, D3 ve S5 popiulasyonlar1 hari¢ diger tim
populasyonlarda ve tavsiye dozunun iki kati
uygulamasinda istatistiki anlamda en fazla etki D6
popilasyonda belirlenmistir. Ayrica popilasyonlar
arasinda her iki herbisitte tavsiye dozunun yarisinda
K9da, tavsiye dozunda K6'da en etkili oldugu ortaya
cikarilmistir (Cizelge 1).

Kisir yabani yulaf bitki boylarinda poptlasyonlarin
yaristnin (K9, K6, M11, D6, D1, S5 ve S3)
Mesosulfuron-methyl + Iodosulfuron-methyl sodium
tavsiye dozunda istatistiki anlamda etkilendigi,
kontrol olarak birakilan bitkilerin boy uzunlugunun
H5 hari¢ tim popilasyonlarda en yluksek oldugu
Cizelge 2'de goriilmektedir. Popiilasyonlarin %20’sinin
(H4, H2 ve S7) Mesosulfuron-methyl + Iodosulfuron-
methyl sodium herbisitinin tavsiye dozu ile iki kat1 doz
araliginda bitki boylarini etkiledigi belirlenmisgtir.
Geri kalan popiilasyonlardan T5 ile D3in tavsiye
dozunun yarisindan itibaren etkilendigi
kaydedilmigtir. H5, K7 ve M3 populasyonlarinin ise
kendi icerisinde sadece tavsiye dozunun iki katinda
etkilendigi saptanmistir. Kontrolde bitki boylarindaki
degisimlere bakildizinda H5 (11 cm) o&rnekleme
noktasi digsinda diger populasyonlarin 21.10-33.00 cm
arasinda oldugu goézlenmistir. Tavsiye dozunda etki
belirlenen K9, K6, M11, D6, D1, S5 ve S3
popilasyonlarinda bitki boylarinin 6.40-16.70 cm
arasinda degistigi, tavsiye dozu ile i1ki kati doz
araliginda etki goriilen popiilasyonlara ait boylarin ise
4.40-14.00 cm arasinda oldugu gériillmiistiir (Cizelge
2). Benzer bir calismada Tardif ve Powles (1993) Avena
sterilis, Lolium rigidum, L. multiflorum ve Sorghum
halepense popilasyonlarina karsi ruhsatli tavsiye
dozunda kullanilan bazi herbisitlerin popilasyonlar
tizerinde herhangi bir degisiklige neden olmadigini
bildirmigtir.

Clodinafop-propargyl herbisiti uygulamasi sonrasinda
ikinci sayim olan 28. giin sonunda popilasyonlarin
kendi igerisinde bitki boylarn kiyaslandiginda
popiilasyonlarin %27’sinin (H4, H2, D1, ve S3) tavsiye
dozunda etki gordigi, popllasyonlarin %35’inin
tavsiye dozu ile iki kat1 doz araliginda (T5, H5, K7, M3
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ve S5) etkilendigi saptanmistir. H2 popiilasyonunun
kontrol bitki boy uzunlugu (15.50 cm) cok diisiik
bulunmustur. Kontroldeki bitki boyu degisim
araliginin 21.00-34,60 cm arasinda oldugu, tavsiye
dozunda bitki boylarinin H4, H2, D1 ve S3
populasyonlarinda 7.50-14.90 cm arasinda oldugu
belirlenmigtir. Tavsiye dozu ile iki kat1 doz araliginda
etki gorilen popllasyonlarin bitki boylarindaki
degisimlerde H5; 4.50 cm ile en diisiik, S5; 20.60 ile en
yiksek bulunmusg, diger popililasyonlar bu boy
uzunlugu araliginda degiskenlik géstermistir (Cizelge
2). Adana’da yapilan bir calismada bugday ekim
alanlarindan  toplanan  Phalaris  brachystachys
poptilasyonlarimin artik kullanilan ACCase ve ALS
inhibitéri herbisitlerine karsi tavsiye dozunda bitki
gelisiminde  herhangi bir etkisinin  olmadig1
bildirilmistir (Avel, 2009). Clodinafop-propargyl
tavsiye dozunun yarisinda popiilasyonlarin %27’ sinin
(K9, M11, D6 ve S7) kendi igerisinde etkilendigi ve
sadece 1ki kati uygulama dozunda ise K6 ve D3
popiilasyonlarinin etkilendigi saptanmistir (Cizelge 2).

Kisir yabani yulafta bitki boylarina bakildiginda
tavsiye dozunda D1 ve S3 popilasyonlarinin iki

herbisitte de etkilendigi belirlenmistir. Tavsiye
dozunda populasyonun kendi icerisinde bitki
boylarinda etki gorilen poptilasyonlarin

Mesosulfuron-methyl + Todosulfuron-methyl
sodium’da 7.60-16.70 cm, Clodinafop-propargyl’de
7.50-21.40 cm arasinda oldugu saptanmastir. Kisaca
Mesosulfuron-methyl + Iodosulfuron-methyl sodium
bitki boylarini1 Clodinafop-propargyl’e gore tavsiye
dozda daha fazla etkilemistir. Yine tavsiye dozu ile iki
kati dozda etki gorulen popiilasyonlarin boy
uzunluklarinin Mesosulfuron-methyl + Iodosulfuron-
methyl sodium’da daha etkili oldugu da
kaydedilmistir.  Popiulasyonlar arasi istatistiki
anlamda Mesosulfuron-methyl + Iodosulfuron-methyl
sodium’un tavsiye dozunun yarisinda D3’de, tavsiye
dozunda H2de ve tavsiye dozunun iki kati
uygulamasinda H5 popiilasyonunda en yuksek etkiyi
gosterdigi  gorulmustir.  Clodinafop-propargyl’de
populasyonlar arasinda istatistiki olarak en yliksek
etkinin tavsiye dozunun yarisinda H4, D3, S7 ve S5'de,
tavsiye dozunda H5'de ve tavsiye dozunun iki kati
uygulamasinda gene D3 popilasyonunda oldugu
Cizelde 2'de gorilmektedir. Ayrica tim popiilasyonlar
arasinda her iki herbisit de D3 popilasyonunda
tavsiye dozunun yarisinda en etkilidir. Amerika’da
Ball ve ark. (2007  Bromus  tectorum
popiilasyonlarinda yaptiklar1 ¢calismada yedi yil ist
uste herbisitle kimyasal miicadele yapilan tarlalari
se¢mis ve bu populasyonlarda muhtemel ACCase
inhibitéri olan Fluazifop-p etkili maddesine kars:
etkinligin popililasyonlar tiizerinde yildan yila
azaldigini gézlemistir.
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Cizelge 2. 2013 ve 2014 yillarinda Osmaniye ili 6rnekleme yapilan ilgelerde kisir yabani yulaf poptlasyonlariyla kurulan sera
denemeleri sonucu Mesosulfuron-methyl + Iodosulfuron-methyl sodium (ALS) ve Clodinafop-propargyl (ACCase)
herbisitlerinin bitki boyu (cm) ortalamasina etkisi

Table 2. The effect of Mesosulfuron-methyl + Iodosulfuron-methyl sodium (ALS) and Clodinafop-propargyl (ACCase) herbicides
on weed height (cm) averages of screenhouse tests with wild oat populations in the sampling districts of Osmaniye

province 1in 2013 and 2014

Mesosulfuron-methyl + .
o Iodosulfuron-methyl sodium (ALS) Clodinafop-propargyl (ACCase)
Bitki boyu (cm) : :
Weed height (cm) Kontrol N (Tavsiye dozu) Kontrol N (Tavsiye dozu)
N/2 Recommended 2N N/2 Recommended 2N
Control Control
dose dose
1.Sayim 6.70 10.00 8.50 8.60 8.00 6.70 8.70 7.80
Toprakkale 5(T5) 2.Sayim | 36.50 17.70 13.50 18.00 37.00 29.50 21.50 25.30
Fark 29.80c | 7.70ab 5.00a 9.40b 29.00d | 22.80¢ 12.80a 17.50b
AB ABC BCD CDE CD EF
1.Sayim 7.00 7.50 7.90 9.20 9.10 7.70 7.50 8.10
Hasanbeyli 5(H5) 2.Sayim | 18.00 22.30 15.50 12.50 35.10 28.30 12.00 20.60
Fark 11.00b | 14.80c 7.60b 3.30a 26.00d | 20.60c 4.50a 12.50b
C ABCDE A ABCD A CD
1.Sayim 7.90 7.80 7.30 6.90 7.50 6.50 7.30 7.70
Hasanbeyli A(H4) 2.5ayim | 29.00 24.40 12.00 18.50 32.50 24.50 14.80 16.20
Fark 21.10d | 16.60c 4.70a 11.60b 25.00c | 18.00b 7.50a 8.50a
CD AB CDEF A AB AB
1.Sayim 8.50 9.30 8.10 7.50 8.50 7.50 7.80 7.80
Hasanbeyli 2(H2) 2.Sayim | 32.50 19.80 12.50 15.00 24.00 29.70 22.70 22.50
Fark 24.00c | 10.50b 4.40a 7.50ab 15.50a | 22.20b 14.90a 14.70a
B A B BCDE D DE
1.Sayim 7.40 8.30 8.10 9.30 8.60 8.40 8.30 8.30
Kadirli 9(K9) 2.Sayim | 36.00 33.60 18.50 21.60 43.00 31.80 36.80 33.60
Fark 28.60b | 25.30b 10.40a 12.30a 34.40c | 23.40a 28.50b 25.30ab
E EF CDEF DEF F G
1.Sayim 7.10 7.50 7.40 9.00 8.80 6.50 6.70 7.20
Kadirli 7(K7) 2.5ayim | 33.90 27.50 24.50 22.90 40.10 29.00 22.00 27.50
Fark 26.80c | 20.00b 17.10ab 13.90a 31.30c | 22.50b 15.30a 20.30b
D H F CDE D F
1.Sayim 8.30 8.10 8.50 8.50 7.00 7.50 8.30 6.80
Kadirli 6(K6) 2.Sayim | 38.30 32.30 25.20 22.80 40.30 31.90 29.70 23.30
Fark 30.00c | 24.20b 16.70a 14.30a 33.30c | 24.40b 21.40b 16.50a
E H F EF E E
1.Sayim 8.20 7.90 9.30 8.40 8.00 9.30 8.30 8.00
2.5ayim | 33.20 26.00 22.30 19.60 37.50 29.30 33.90 38.50
Merkez 11M1D) = ™ 95.00¢ | 18.10b 13.00a 11.20a | | 29.50¢ |20.00a 25.60b 30.50c
CD FG BCDEF ABCD F H
1.Sayim 8.30 8.30 8.80 6.50 7.40 6.80 6.00 7.30
Merkez 3(M3) 2.Sayim | 38.50 28.30 23.00 16.50 35.50 33.50 15.80 22.30
Fark 30.20d | 20.00c 14.20b 10.00a 28.10c | 26.70c 9.80a 15.00b
D GH BCDE F BC DE
1.Sayim 7.00 8.40 7.60 7.80 9.40 7.00 7.80 7.20
Diizici 6(D6) 2.5ayim | 40.00 27.00 14.00 16.90 30.40 25.60 20.60 32.20
Fark 33.00c | 18.60b 6.40a 9.10a 21.00b | 18.60b 12.80a 25.00c
D ABCD BC AB CD G
1.Sayim 6.70 7.70 6.30 7.70 8.50 7.40 9.50 9.30
Diizici 3(D3) 2.Sayim | 36.20 12.30 14.80 17.50 36.00 24.50 23.80 15.00
Fark 29.50c | 4.60a 8.50b 9.80b 27.50c | 17.10b 14.30b 5.70a
A CDE BCDE A D A
1.Sayim 7.80 8.40 8.50 8.90 7.80 7.40 8.80 8.20
Diizici 1D1) 2.5ayim | 36.80 34.00 22.80 22.00 42.40 30.90 20.90 22.70
Fark 29.00b | 25.60b 14.30a 13.10a 34.60c | 23.50b 12.10a 14.50a
E GH DEF DEF CD CDE
1.Sayim 7.10 9.50 9.60 7.90 8.70 9.50 9.00 7.30
Sumbas 7(S7) 2.Sayim | 36.10 29.60 17.80 21.90 37.70 27.80 34.60 31.40
Fark 29.00d | 20.10c 8.20a 14.00b 29.00c | 18.30a 25.60bc 24.10b
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D BCDE F A F G
1.Sayim | 7.60 9.20 9.50 7.60 8.40 8.10 6.50 6.80
Sumbas 5(S5) 2.Sayim | 33.00 | 28.80 20.80 20.90 34.40 | 26.10 19.60 27.40
Fark 25.40c | 19.60b 11.30a 13.30a 26.00c | 18.00b 13.10a 20.60b
D EFG EF A CD F
1.8ayim | 7.40 7.90 7.50 8.30 7.00 8.40 7.10 7.80
Sumbas 3(S3) 2.Sayium | 32.00 | 26.00 17.10 19.90 34.70 | 28.00 17.10 18.80
Fark 24.60c | 18.10b 9.60a 11.60a 27.70c | 19.60b 10.00a 11.00a
CD DEF CDEF ABC BC BC

*Ayni satirda farkh kiigiik harflerle ve ayni stitunda farklh biiytik harflerle gésterilen ortalamalar Duncan Coklu Kargilagtirma Testine

gore P < 0.05 6nem seviyesinde birbirinden farklidir.

Cizelge 3. 2013 ve 2014 yillarinda Osmaniye ili 6rnekleme yapilan ilgelerde kisir yabani yulaf populasyonlariyla

kurulan sera denemeleri sonucu populasyon icerisinde kontrole gére Mesosulfuron-methyl +
Iodosulfuron-methyl sodium (ALS) ve Clodinafop-propargyl (ACCase) tavsiye dozunun yas agirhik ve
bitki boyu ortalamalarina kars: yiizde (%) etkisi

Table 3. The effect of Mesosulfuron-methyl + Iodosulfuron-methyl sodium (ALS) and Clodinafop-propargyl

(ACCase) recommended doses compared to the weed biomass and weed height averages (%) according
to the control of screenhouse tests with wild oat populations in the sampling districts of Osmaniye
province in 2013 and 2014

Yas agirlik % etki Bitki boyu % etki
. Weed biomass % eftect Weed height % effect
Popiilasyon ;
[ . Mesosulfuron-methyl Clodinafop-propargyl Mesosulfuron-methyl Clodinafop-
+ Todosulfuron-methyl (ACCase) + lodosulfuron-methyl propargyl
sodium (ALS) sodium (ALS) (ACCase)
Toprakkale 5(T5) 77.06 36.29 83.22 55.86
Hasanbeyli 5(H5) 75.35 3.12 30.91 82.69
Hasanbeyli 4(H4) 52.30 25.00 77.73 70.00
Hasanbeyli 2(H2) 64.44 49.39 81.67 3.87
Kadirli 9(K9) 37.62 51.33 63.64 17.15
Kadirli 7(K7) 65.07 17.28 36.19 51.12
Kadirli 6(K6) 71.95 42.42 44.33 35.74
Merkez 11(M11) 61.72 29.31 48.00 13.22
Merkez 3(M3) 62.72 46.75 52.98 65.12
Diizici 6(D6) 43.75 42.85 80.61 39.05
Diizici 3(D3) 42.45 24.81 71.19 48.00
Diizici 1(D1) 52.71 39.85 50.69 65.03
Sumbas 7(S7) 70.90 39.86 71.72 11.72
Sumbas 5(S5) 42.85 15.78 55.51 49.62
Sumbas 3(S3) 39.13 15.89 60.98 63.90

*Serada yapilan calismada %60 ve Ustli 6nemli olarak kaydedilmistir.

Tavsiye dozunda kullanilan Mesosulfuron-methyl +
Todosulfuron-methyl sodium ve Clodinafop-propargyl

herbisitlerinin  bitki boylar1 ve yas agirhiklarn
uzerindeki yizde etkiler yapilan calismayla
belirlenmigtir. Yas agirliklarda tavsiye dozda

Mesosulfuron-methyl + Iodosulfuron-methyl sodium’a
etki bulunan poptlasyonlar T5, H4, H2, K6, M11, D1
ve S5 popiilasyonlar: olup, bu popilasyonlardan T5;
%77.06 en yuksek, S5; %42.85 en diisik yluzde etkiye
sahip olmustur. Clodinafop-propargyl’de ise her ne
kadar istatistiki anlamda T5, H2 ve D6
popllasyonlarinin tavsiye dozunda etki goriilse de bu
popllasyonlarin yas agirligina yiizde etkisi %50'nin
altinda kalmigtir. H2 poptilasyonu %49.39 ile en yakin
bulunmustur (Cizelge 3). Fahad ve ark. (2013)
yaptiklari c¢alismada bugdayda farkli herbisitleri
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secerek Convolvulus arvensis, Avena fatua, Phalaris
minor, Galium aparine, Fumaria indica ve Melilotus
indica turlerinin bulundugu alanlarda deneme
kurmus ve %87 ile Isoproturon etkili maddeli
herbisitin en fazla yabanci ot yas agirhgim
etkilendigini bildirmigtir. Avrupa Hirvatistan’da
bugdayda Iodosulfuron-methyl sodium + Mefenpyr-
diethyl, Fluoroglycofene-ethyl + Triasulfuron ve 2.4-D
ester + Metosulam herbisitlerinin karigimini disik
dozda genis yapraklhi yabanci otlardan Matricaria
Inodora, Ambrosia artemisiifolia, Galium aparine ve
Stellaria media tirlerinin hakim oldugu deneme
alaninda uygulayarak yas agirhklarin %89-100
arasinda degistigini belirlemistir (Knezevic ve ark.,
2008). Litvanya’da ise Florasulam + 2.4-D ester
herbisitinin 4 farkli uygulama dozu kullanilmig ve
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Stellaria media, Chenopodium album, Galeopsis
tetrahit ile Sinapis arvensis tirlerinin farkh gelisim
donemlerine ait yas agirliklar Uzerindeki etkiler
arastirilarak en etkin belirlenen dozda %75-95
arasinda etki ortaya cikarilmistir (Auskalnis ve
Kadzys, 2006). Béylelikle yabanci ot tiirlerine ve
herbisitlerin 6zelliklerine gore yas agirliklar tizerinde
herbisit etkilerinin degigebilecegi saptanmistir.

Bitki boylar1 acgisindan Mesosulfuron-methyl +
Todosulfuron-methyl  sodium  tavsiye  dozunda
istatistiki anlamda etki saptanan K9, K6, M11, D6,
D1, S5 ve S3 popilasyonlarindan sadece D6
popiilasyonunun yiiksek etki gosterdigi belirlenmigtir
(Cizelge 3). Benzer bir calisgmada Bibi ve ark. (2008)

Pakistan’da bugdayda yabanci otlara karsi baz
herbisitlerin  uygulama sonrasi  bitki  boylar
uzerindeki etkilerini arastirmig, hasat Oncesi

kontrolde en fazla bitki boyu oldugunu, diger bitki
boylarinin yakin ancak Clodinafop-propargyl ve
Carfentrazon  ethyl-ester  herbisitlerinde  bitki
boylarinin daha kisa oldugunu Dbelirlemigtir.
Cukurova’da yapilan calismalarda da kisir yabani
yulafa karsi ALS ve ACCase inhibitérii herbisitlerin
farkli uygulama dozlarinda bitki boylarinmi etkiledigi
ortaya konmustur (Yicel, 2004; Avci, 2009; Ayata,
2014; Giirbiiz, 2016; Torun, 2017). Yapilan
calismalarla herbisitler tarafindan bitki boylarinin
etkilenebilecegi ve farkli uygulama dozlarinin ortam
kogullarina gore poptlasyonlarda farklilik
olusturabilecegi ortaya cikarilmistir. Bu ¢alismada ise
popllasyonlar tUzerinde tavsiye dozunda bitki
boylarina karsi ACCase inhibitorii herbisitinin
etkisinin, ALS inhibitoéri herbisitine goére daha az
oldugu sera ¢alismalarinda belirlenmistir. Uygulanan
ACCase herbisitinde H4, H2, D1 ve S3 popilasyonlar:
tavsiye dozunda etkili bulunmustur fakat sadece H4,
D1 ve S3 popiilasyonlarinda %63.00-70.00 arasinda
degisen bir etki goriilmistiir (Cizelge 3). Kanada'da
Legere ve ark. (2000) Avena fatua popiilasyonlarinda
kullanilan herbisitlerin etkinliginin arttirilmas: adina
farkli etki mekanizmasina sahip herbisitlerin
kesinlikle kullanmilmasinin  6nemini  belirtmigtir.
Hububat ve genis yaprakli drinlerde herbisit
rotasyonunun yapilarak yabanci otlar {izerinde
herbisit etkinliginin sadece bu yolla saglanabilecegini
bildirmigtir.

SONUC

Kisaca yapilan ¢alismada bugdayda kullanilan ALS ve
ACCase inhibitérlerinin popiilasyonlar tizerindeki
degisimleri belirlenmis ve sera ¢alismalarinda gerek
bitki boyuna, gerekse yas agirliga olan etkilerinin ALS
inhibitérii tavsiye dozunda daha fazla oldugu
saptanmigtir. Ayrica ACCase inhibitorinde
popllasyonlarda en fazla bitki boyu ve yag agirliga etki
eden doz araliginin tavsiye dozu ile iki kat1 doz araligi
oldugu belirlenmistir. Ozellikle bugdayda sorun olan
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yabanci otlarla kimyasal miicadelede kesinlikle farkl
etki mekanizmasina sahip herbisitler tercih
edilmelidir. Cinkii aym1 etki mekanizmasinin
tarlalarda daimi kullanimi sorun olan yabanci ot
turleri Uzerinde herbisit etkinliginin yitirilmesine
sebep  olabilmektedir. Bugdayda farkhh  etki
mekanizmasina sahip herbisitlerin kullanimiyla
tarlalar herbisit rotasyonuna tabii tutulmali ve sorun
olan yabanci otlarla miicadelede herbisit etiketi
uzerinde yazan tavsiye dozunda uygulanmalidir.
Ancak temel anlamda kimyasal micadelede
herbisitlerin uygulanmasinda yabanci otlara kars:
olan etkiyi arttirmak istiyorsak muhakkak turetici
nezdinde hatali ve yanlhis uygulamalardan dolay1
bilin¢lendirme yapilmali ve farkh tirtin rotasyonlar: da
tarlalarda uygulanmalidir.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir gkar
catismasi olmadigini beyan ederler.

Aragtirmacilarin Katki Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamis

olduklarini beyan ederler.
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ABSTRACT

The objective of this study was to determine some biological
parameters of red California worm (ZKisenia fetida) in pesticides
applied vermicompost. The study conducted under in-vitro conditions,
as Randomized Block Design with five raplications. Commonly used
Granland®, Demond® and Safacol® pesticides in Mus province
(Turkey) were used as treatments. The temperature and humidity
ratio for the experiment were 20-29°C and 70 to 90%, respectively.
The experiments were resumed until the young worms hatched from
a cocoon reproduced cocoons again. For investigating the effect of the
treatments on specific features One-Way Analysis of Variance (One-
way ANOVA) and for determining of different groups TUKEY
Multiple Comparison Test were used. Variance analysis indicated
that there was no statistically differences among fungicide doses in
terms of worm weight (P=0.113); however, there were differences in
terms of insecticide and herbicide doses (P=0.000). It was detected
that there were significant differences among pesticide doses in
respect to the cocoon and worm numbers (P=0.000).

OZET

Bu calismanin amaci, pestisit uygulanmis vermikompostlarda kirmizi
Kaliforniya solucaninin (Fisenia fetida) bazi biyolojik parametrelerini
belirlemektir. Calisma n-vitro sartlarda, Tesaduf Parselleri Deneme
Diizeninde 5 tekerrirli olarak yapilmistir. Pestisit muamelesinde,
Mus ilinde ¢ok¢a kullanilan baz pestisitler (Granland®, Demond® ve
Safacol®) kullanilmistir. Deney ortaminin sicaklign 20-29°C ve nem
orani %70-90 arasinda tutulmus ve deney, kokonlardan ¢ikan yavru
bireylerin tekrar kokon vermesine kadar devam etmigtir.
Muamelelerinin belirlenen 6zelliklere etkisinin arastirilmasinda Tek
Yénlii Varyans Analizi Tekniginden (One-way ANOVA), farkh
gruplarin  belirlenmesinde ise TUKEY Coklu Karsilagtirma
Testinden yararlanilmigtir. Yapilan varyans analizi sonucunda;
solucan agirhigr bakimindan fungisit dozlari arasinda istatistiksel
olarak énemli farklarin bulunmadig1 (P=0.113), buna karsin insektisit
ve herbisit dozlar1 bakimindan s6z konusu farklarin énemli oldugu
goriilmiistiir (P=0.000). Kokon ve solucan sayilari bakimindan ise
pestisit dozlar1 arasinda 6nemli farklarin bulundugu tespit edilmigtir
(P=0.000).
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INTRODUCTION

It is significant that pesticides are effective in
agricultural pest control; but, if they are used
randomly and excessively, beneficial organisms and
the other constituents of environment would be

affected severely (Digrak et al., 1999). Worms are
considered as the significant bioindicators of chemical
toxicity in soil ecosystem (Yasmin and D'Souza, 2010).
The advantage of wusing these organisms as
bioindicator is that they are easy and affordable to be
obtained (Bustos-Obregén and Goicochea, 2002).
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Helling et al. (2000) determined that E. foetida's
growth and reproducing cocoon decreased considerably
in fungicide Copper oxychloride® treatments of > 8.92
mg kg!. Bustos-Obregén and Goicochea (2002)
revealed that Parathion® decreased the body weight
and survival rate of E. foetida. Espinoza-Navarro and
Bustos-Obregén (2005) detected a considerable
decrease in the body weight of E. foetida subjected to
Malathion®. Xiao et al. (2006) determined that
Acetochlor® did not have a long-termed effect on the
growth and reproduction of £. foetida at field doses,
however sublethal toxicity effect to %. foetida was seen
at higher doses. Yasmin and D'Souza (2007) observed
that pesticides affected the growth and reproduction of
E.  foetida adversely, and Carbendazim® and
Dimethoate®  sustained  greater harm  then
Glyphosate®. Correia and Moreira (2010) found that
Glyphosate® and 2,4-D® treatments had serious effects
on FE. foetida’s growth and reproduction. Farrukh and
S-Ali (2011) stated that Dichlorovos® led to the
decrease in the weight of £. foetida and reproduction
and avoidance behaviors were affected significantly. In
pesticide treatments to E. fetida, Gupta et al. (2011)
detected that Endosulfan®, Aldicarb® and Aarbaryl®
were the most eco-hazardous pesticides; Chlorpyrifos®
and Monocrotophos® were less toxic and ecologically
safe. In the study on the effect of 45 pesticides to E.
fetida, Wang et al. (2012) pointed out that
Clothianidin®, Fenpyroximate® and Pyridaben® were
super toxic for £. fetida based on LC50 values, and
those were followed by Carbaryl®, Pyridaphenthion®,
Azoxystrobin®, Cyproconazole® and Picoxystrobin®.
Rico et al. (2016) determined the evolution of avoidance
behavior in worms after a two-day-exposure; and
death, loss in weight, enzymatic activities and
histopathologic effects after a fourteen-day-exposure,
in their study on the toxicity of five pesticides to £.
fetida. Wang et al. (2016) determine that the toxic
effects of some pesticides to F. fetida, stated that
Imidacloprid®, Lambda-cyhalothrin®, Atrazine® and
Chlorpyrifos®, respectively, had toxic effects. Jovana et
al. (2014) stated no death in their insecticide and
limacide treatment to the worm Z. fetida (Savigny,
1826), but Terbis® created the most toxic effect.
Vermeulen et al. (2001) detected that Mancozeb® did
not have a significantly harmful effect on
thereproduction or reproduction of FE. fetida, at
recommended dose or estimated environmental
concentration.

This research was carried out with the objective to
determine some biological parameters of red California
worm (Z. fetida) in widely used some certain pesticides
applied vermicomposts in Mus province (Demond®,
Safacol® and Granland®)

MATERIAL and METHOD

The study was conducted under in-vitro conditions, in
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2018. The vermicompost needed for the experiment
was obtained from 100% cow manure; cocoons from
regenerating from stock culture; and pesticides
purchased from trading companies. The study was
carried out in Randomized Block Design with five
replications. The recommended dose and 4 sub-doses of
the pesticides (herbicide Granland®, insecticide
Demond® and fungicide Safacol®), which are widely
used in Mug province (in Turkey), were applied. The
steps given below were followed in the experiment;

1) For pesticide treatments; 100 gr vermicompost was
placed into 300 cm3sized containers; to each sample, 10
ml pesticide solution [for Granland® Normal dose
(0.0125 g 100 ml), one-sub-dose (0.006 g 100 ml), two-
sub-dose (0.003 g 100 m]), three-sub-dose (0.0016 g 100
ml), four-sub-dose (0.0008 g 100 ml), and the control
group (with no treatment but only tap water is
provided); for Demond®: Normal dose (1.25 g 100 ml),
one-sub-dose (0.625 g 100 ml), two-sub-dose (0.313 g
100 ml), three-sub-dose (0.156 g 100 ml), four-sub-dose
(0.078 g 100 ml) and the control group to which no
treatment but only tap water is provided; for Safacol®:
Normal dose (0.05 g 100 ml), one-sub-dose (0.025 g 100
ml), two-sub-dose (0.013 g 100 ml), three-sub-dose
(0.006 g 100 ml), four- sub-dose (0.003 g 100 ml) and
the control group to which no treatment but only tap
water is provided], and to the control group, tap water
were provided.

2) After treatments, 10 cocoons per container were
placed.

3) The temperature and humidity rate of experiment
environment were maintained at 20-29°C and 70 to
90%, respectively (Gunadi et al., 2002). For conserving
the ambient air humidity, 10 ml tap water was added
periodically to the samples every other day.

4) The weight of worms, the number of produced
cocoons and the number of young members hatching
from each cocoon were determined on a weekly basis
until the young worms hatching from a worm cocoon
would then reproduce cocoons.

In the statistical analyses of data obtained from this
research, One-Way Analysis of Variance (One-way
ANOVA) and in the determination of different groups
Tukey Multiple Comparison Test were applied. For the
mentioned statistical analyses to be carried out,
Minitab (Version 17) statistical package programs
were benefitted from (Winer et al., 1971).

RESEARCH FINDINGS and DISCUSSION
Effects of insecticide (Demond®) treatment

Results of variance analysis on the effect of insecticide
doses on worm weight were presented in Table 1 and
Figure 1. When Table 1 is considered, it is seen that
the effect of insecticide doses on the worm weight is
statistically ~significant (P=0.000). It was also
determined that 92.96% of the variation observed in
worm weight could be explained by the doses
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(R?=92.96%). Results of Tukey Multiple Comparison (Table 2). The average worm weight was found that
Test revealed that differences among doses were none of the worm survived at Recommended-dose
significant and normal dose treatment had toxic effect whereas It was maximum at Two-sub-dose (0.512 g).

Table 1. Results of variance analysis by the effect of insecticide doses on worm weight
Tablo 1. Insektisit dozlarinin solucan agirligina etkisi bakimindan varyans analizi sonuglari

Source DF Adj SS Ady MS F-Value P-Value
Varyasyon Kaynaklari Serbestlik  Kareler Kareler F-Degeri Onemlilik
Derecesi Toplami Ortalamasi Diizeyi (P)
Treatment (Zla¢ Uygulamasi) 5 0.862 0.173 63.340 0.000
Error (Hata) 24 0.065 0.003
Total (Genel) 29 0.928
R2 =%92.96

Table 2. Descriptive statistics and Tukey multiple comparison test for weights of worms
Tablo 2. Solucan agirliklar: bakimindan tanimlayici istatistikler ve Tukey ¢oklu karsilastirma testi

Insecticide Treatments N Mean Grouping SE Mean  Minimum Maximum
Insektisit Uygulamalar Tekrar Ortalama Gruplandirma Ort. St. En Az En Cok
Sayisi Hatasi

Two sub-dose (Ik7 alt doz) 5 0.512 A 0.022 0.455 0.590
One sub-dose (Bir alt doz) 5 0.468 AB 0.030 0.408 0.546
Three sub-dose (Ug alt doz) 5 0.445 ABC 0.024 0.369 0.507
Four sub-dose (Ddrt alt doz) 5 0.374 BC 0.036 0.273 0.464
Control (Kontrol) 5 0.348 C 0.005 0.332 0.363
Recommended-dose (Onerilen do2) 5 0.000 D 0.000 0.000 0.000

Note: Differences among doses which are represented by different letters are significant
Not: Farkli harflerle gosterilen dozlar arasindaki farklar onemlidir
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Figure 1. Effect of insecticide doses on worm weight
Sekil 1. Insektisit dozlarinin solucan agirligina etkisi
Results of variance analysis on the effect of insecticide detected that the most toxic effecfc emerged when
doses on cocoon number were presented in Table 3 and normal and one-sub-dose were applied. Th? averages
Figure 2. The results of Tukey Multiple Comparison of cocoon number was found minimum ?‘t
Test to determine doses causing the differences were Recommended-dose (0.000 pcs) and maximum in
given in Table 4. Variance analysis resulted that the control treatment (7.600 pcs) (Table 4).
effect of insecticide doses on cocoon number was Results of variance analysis for the effect of insecticide
significant (P=0.000) and 93.06% of the variation doses on the number of worms were presented in Table
observed in cocoon number could be explained by doses 5 and Figure 3, and Tukey test results were given in

(R2=93.06%). Seeing the results of Tukey test, it was Table 6.
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Table 3. Results of variance analysis by the effect of insecticide doses on cocoon number
Tablo 3. Insektisit dozlarinin kokon sayisina etkisi bakimindan varyans analizi sonuglari

Source DF Adj SS Ady MS F-Value P-Value
Varyasyon Serbestlik Kareler Kareler F-Degeri Onemlilik
Kaynaklar Derecesi Toplami Ortalamasi Diizeyi (P)
Treatment (Zlag Uygulamas) 5 209.070 41.813 64.330 0.000
Error (Hata) 24 15.600 0.650
Total (Genel) 29 224.670

R2=%93.06

2
[S
2 a |
c
3
8 3
(&)

2

|
; /

One sub-dose Four sub-dose

Two sub-dose

Control Recommended-dose Three sub-dose

Treatments

Figure 2. Effect of insecticide doses on cocoon number
Sekil 2. Insektisit dozlarinin kokon sayisina etkisi

Table 4. Descriptive statistics and Tukey multiple comparison test for numbers of cocoons
Tablo 4. Kokon sayilar1 bakimindan tanimlayici istatistikler ve Tukey ¢oklu karsilastirma testi

Insecticide Treatments N Mean Grouping SE Mean Minimum Maximum
Insektisit Uygulamalari Tekrar  Ortalama Gruplandirma Ort. St. FEn Az En Cok
Sayisi Hatasi

Control (Kontrol) 5 7.600 A 0.245 7.000 8.000
Four sub-dose (Dért alt doz) 5 5.600 B 0.600 4.000 7.000
Three sub-dose (Ug alt doz) 5 3.600 C 0.245 3.000 4.000
Two sub-dose (/&7 alt doz) 5 2.400 C 0.400 1.000 3.000
One sub-dose (Bir alt doz) 5 0.800 D 0.374 0.000 2.000
Recommended-dose (Onerilen doz) 5 0.000 D 0.000 0.000 0.000
Note: Differences among doses which are represented by different letters are significant

Not: Farkli harflerle gosterilen dozlar arasindaki farklar onemlidir

Table 5. Results of variance analysis by the effect of insecticide doses on worm number

Tablo 6. Insektisit dozlarinin solucan sayisina etkisi bakimindan varyans analizi sonuglari
Source DF Adj SS Adj MS F-Value P-Value
Varyasyon Serbestlik Kareler Kareler F-Degeri Onemlilik
Kaynaklar Derecesi Toplami Ortalamasi Diizeyi (P)
Treatment (Zla¢ Uygulamasi) 5 824.000 164.800 36.900 0.000
Error (Hata) 24 107.200 4.467
Total (Genel) 29 931.200

R2=%88.49
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Figure 3. Effect of insecticide doses on worm number
Sekil 3. Insektisit dozlarinin solucan sayisina etkisi

Table 6. Descriptive statistics and Tukey multiple comparison test for numbers of worms
Tablo 6. Solucan sayilar: bakimindan tanimlayici istatistikler ve Tukey ¢oklu karsilagtirma testi

Insecticide Treatments N Mean Grouping SE Mean Minimum Maximum
Insektisit Uygulamalari Ortalama Gruplandirma Ort. St. H En Az En Cok
Control (Kontrol) 5 22.800 A 1.390 20.000 28.000
Three sub-dose (Ug alt doz) 5 15.800 B 0.970 13.000 18.000
Four sub-dose (Do"rt alt doz) 5 13.600 BC 0.600 12.000 15.000
Two sub-dose (Ik7 alt doz) 5 12.000 BC 1.300 10.000 17.000
One sub-dose (Bir alt doz) 5 10.600 C 0.510 9.000 12.000
Recommended-dose (Onerilen doz) 5 5.600 D 0.400 5.000 7.000

Note: Differences among doses which are represented by different letters are significant
Not: Farkli harflerle gosterilen dozlar arasindaki farklar onemlidir

Based on variance analysis, it was determined that the
effect of insecticide doses on worm number was
statistically significant (P=0.000) and 88.49% of the
variation observed in the number of worms could be
explained by doses (R2=88.49%). Concerning Tukey
test results, it was detected that the most toxic effect
emerged when Recommended-dose was applied. The
average of worm number was found minimum at
Recommended-dose (5.600 pcs) and maximum in
control treatment (22.800 pcs) (Table 6).

Effects of herbicide (Granland®) treatment

Results of variance analysis on the effect of herbicide
doses on worm weight were presented in Table 7 and
Figure 4. The effects of herbicide doses on the worm
weight is statistically significant (P=0.000) (Table 7).
It was also determined that 64.47% of the variation
observed in worm weight could be explained by the
doses (R2=64.47%). Results of Tukey Multiple
Comparison Test showed that differences among doses
were significant and one-sub-dose treatment had toxic
effect (Table 8). The average worm weight found
minimum at One-sub-dose (0.136 g) and maximum at
Three-sub-dose (0.428 g) (Table 8).
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Results of variance analysis on the effect of herbicide
doses on cocoon numbers were presented in Table 9
and Figure 5. Also, the results of Tukey Multiple
Comparison Test to determine dose differences were
given in Table 10. Based on variance analysis results,
the effect of herbicide doses on cocoon number was
significant (P=0.006) and 47.57% of the variation
observed in cocoon number could be explained by doses
(R?2=47.57%). Based on the Tukey test, the most toxic
effect emerged when Three-sub-dose were applied. The
average of cocoon number was found minimum at
Three-sub-dose (3.200 pcs) and maximum at Four-sub-
dose (7.000 pcs) (Table 10).

Results of variance analysis for the effect of herbicide
doses on worm number were presented in Table 11 and
Figure 6, and Tukey test results were given in Table
12. As a result of variance analysis showed that the
effect of herbicide doses on worm number was
statistically significant (P=0.000) and 63.81% of the
variation observed in the number of worms which
could be explained by doses (R2=63.81%). The average
number of worm was found minimum in control
treatment  (13.000 pcs) and maximum at
Recommended-dose (20.200 pcs) (Table 12).
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Table 7. Results of variance analysis by the effect of herbicide doses on worm weight
Tablo 7. Herbisit dozlarinin solucan agirligina etkisi bakimindan varyans analizi sonuglari

Source DF Adj SS Ad; MS F-Value P-Value
Varyasyon Serbestlik Kareler Toplami1  Kareler F-Degeri Onemlilik
Kaynaklarr _ Derecesi Ortalamasi Diizeyi (P)
Treatment (Ilag Uygulamas) 5 0.256 0.051 8.710 0.000
Error (Hata) 24 0.141 0.006
Total (Genel) 29 0.397
R2=%64.47

0.6

0,5 ‘

-
S
g o~ /g/ T
/ T

£ / =
g 0,3 | |

0,2

0,1

One sub-dose Four sub-dose Two sub-dose Control Recommended-dose ~ Three sub-dose
Treatments

Figure 4. Effect of herbicide doses on worm weight
Sekil 4. Herbisit dozlarinin solucan agirligina etkisi

Table 8. Descriptive statistics and Tukey multiple comparison test for weights of worms
Tablo 8. Solucan agirliklar bakimindan tanimlayici istatistikler ve Tukey ¢oklu karsilastirma testi

Herbicide Treatments N Mean Grouping SE Mean Minimum Maximum
Herbisit Uygulamalar: Tekrar Ortalama Gruplandirma Ort. St. FEn Az FEn Cok
Sayisi Hatasi

Three sub-dose (Ug alt doz) 5 0.428 A 0.035 0.368 0.563
Recommended-dose (Onerilen doz) 5 0.380 A 0.016 0.346 0.433
Four sub-dose (Dort alt doz) 5 0.358 A 0.022 0.296 0.416
Two sub-dose (Iki alt doz) 5 0.349 A 0.027 0.277 0.442
Control (Kontrol) 5 0.320 A 0.066 0.134 0.464
One sub-dose (Bir alt doz) 5 0.136 B 0.002 0.133 0.143

Note: Differences among doses which are represented by different letters are significant
Not: Farkli harflerle gosterilen dozlar arasindaki farklar onemlidir

Table 9. Results of variance analysis by the effect of herbicide doses on cocoon number
Tablo 9. Herbisit dozlarinin kokon sayisina etkisi bakimindan varyans analizi sonuglari

Source DF Adj SS Adj MS F-Value P-Value
Varyasyon Serbestlik Kareler Kareler F-Degeri  Onemlilik
Kaynaklar Derecesi Toplami Ortalamasi Diizeyi (P)
Treatment (Zla¢ Uygulamasi) 5 41.370 8.273 4.350 0.006
Error (Hata) 24 45.600 1.900
Total (Genel) 29 86.970

R2=%47.57
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Figure 5. Effect of herbicide doses on cocoon number
Sekil 6. Herbisit dozlarinin kokon sayisina etkisi

Table 10. Descriptive statistics and Tukey multiple comparison test for numbers of cocoons

e

Three sub-dose

Tablo 10. Kokon sayilar1 bakimindan tanimlayici istatistikler ve Tukey ¢oklu karsilastirma testi

Herbicide Treatments N Mean Grouping SE Mean Minimum Maximum
Herbisit Uygulamalari Tekrar  Ortalama Gruplandirma Ort. St. FEn Az En Cok
Sayisi Hatasi
Four sub-dose (Dért alt doz) 5 7.000 A 0.316 6.000 8.000
Control (Kontrol) 5 6.200 A 0.800 5.000 9.000
Recommended-dose (Onerilen doz) 5 5.600 AB 0.748 3.000 7.000
One sub-dose (Bir alt doz) 5 5.200 AB 0.490 4.000 6.000
Two sub-dose (Iki alt doz) 5 5.000 AB 0.707 3.000 7.000
Three sub-dose (Ug alt doz) 5 3.200 B 0.490 2.000 5.000
Note: Differences among doses which are represented by different letters are significant
Not: Farkli harflerle gosterilen dozlar arasindaki farklar onemlidir
Table 11. Results of variance analysis by the effect of herbicide doses on worm number
Tablo 11. Herbisit dozlarinin solucan sayisina etkisi bakimindan varyans analizi sonuglari
Source DF Adj SS Adj MS F-Value P-Value
Varyasyon Serbestlik Kareler Kareler F-Degeri Onemlilik
Kaynaklar Derecesi Toplami Ortalamasi Diizeyi (P)
Treatment (Zla¢ Uygulamasi) 5 197.500 39.493 8.460 0.000
Error (Hata) 24 112.000 4.667
Total (Genel) 29 309.500
R2=%63.81

Table 12. Descriptive statistics and Tukey multiple comparison test for numbers of worms
Tablo 12. Solucan sayilar: bakimindan tanimlayici istatistikler ve Tukey ¢oklu karsilastirma testi

Herbicide Treatments N Mean Grouping SE Mean Minimum Maximum
Herbisit Uygulamalari Tekrar Ortalama Gruplandirma Ort. St. En Az En Cok
Sayisi Hatasi
Recommended-dose (Onerilen doz) 5 20.200 A 0.663 18.000 22.000
Four sub-dose (Ddrt alt doz) 5 18.000 A 0.894 16.000 20.000
One sub-dose (Bir alt doz) 5 17.800 A 0.800 15.000 20.000
Three sub-dose (Ug’ alt doz) 5 16.400 AB 0.748 15.000 19.000
Two sub-dose (Iki alt doz) 5 13.400 B 0.510 12.000 15.000
Control (Kontrol) 5 13.000 B 1.700 7.000 17.000

Note: Differences among doses which are represented by different letters are significant

Not: Farkli harflerle gosterilen dozlar arasindaki farklar onemlidir
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Effects of fungicide (Safacol®) treatment

Results of variance analysis of the effect of fungicide
doses on worm weight were presented in Table 13 and
Figure 7. The effect of fungicide doses on the worm
weight was not significant (P=0.113) (Table 13). It was
determined that 29.55% of the variation observed in
worm weight could be explained by the doses
(R2=29.55%). The average worm weight was found
minimum at Four-sub-dose (0.172 g) and maximum at
Two-sub-dose (0.934 g) (Table 14).

22,5

20,0

17,5

15,0 |

12,5

Worm number

10,0

7.5

5,0

One sub-dose Four sub-dose

Two sub-

dose

Results of variance analysis of effect of fungicide doses
on cocoon number were presented in Table 15 and
Figure 8. The results of Tukey Multiple Comparison
Test to determine doses causing the differences were
given in Table 16. The effects of fungicide doses on
cocoon numbers was statistically significant (P=0.004)
and 49.66% of the variation observed in cocoon number
could be explained by doses (R2=49.66%). The average
cocoon number was found minimum at Recommended-
dose (5.800 pcs) and maximum at Three-sub-dose
(11.200 pes) (Table 16).

Control Recommended-dose Three sub-dose

Treatments

Figure 6. Effect of herbicide doses on worm number
Sekil 6. Herbisit dozlarinin solucan sayisina etkisi

Table 13. Results of variance analysis by the effect of fungicide doses on worm weight
Tablo 13. Fungisit dozlarinin solucan agirligina etkisi bakimindan varyans analizi sonuglari

Source DF Adj SS Adj MS F-Value P-Value
Varyasyon Serbestlik Kareler Kareler F-Degeri Onemlilik
Kaynaklar Derecesi Toplami Ortalamasi Diizeyi (P)
Treatment (Zla¢ Uygulamasi) 5 0.177 0.035 2.010 0.113
Error (Hata) 24 0.423 0.018
Total (Genel) 29 0.600
R2=%29.55

Table 14. Introductory statistics for the worm weight according to fungicide doses

Tablo 14. Fungisit dozlarina gére solucan agirligi bakimindan tanitici istatistikler
Fungicide Treatments N Mean SE Mean Minimum  Maximum
Fungisit Uygulamalari Tekrar Ortalama Ort. St. Hatasi En Az En Cok

Sayisi

One sub-dose (Bir alt doz) 5 0.347 0.033 0.252 0.426
Four sub-dose (Dért alt doz) 5 0.172 0.002 0.167 0.181
Two sub-dose (/ki alt doz) 5 0.398 0.135 0.218 0.934
Control (Kontrol) 5 0.263 0.014 0.218 0.304
Recommended-dose (Onerilen doz) 5 0.349 0.025 0.289 0.439
Three sub-dose (Ug alt doz) 5 0.239 0.030 0.175 0.323
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Figure 7. Effect of fungicide doses on worm weight
Sekil 7. Fungisit dozlarinin solucan agirligina etkisi

Cocoon number

One sub-dose Four sub-dose

Two sub-dose

Control Recommended-dose Three sub-dose

Treatments

Figure 8. Effect of fungicide doses on cocoon number
Sekil 8. Fungisit dozlarinin kokon sayisina etkisi

Table 15. Results of variance analysis by the effect of fungicide doses on cocoon number
Tablo 15. Fungisit dozlarinin kokon sayisina etkisi bakimindan varyans analizi sonuglari

Source DF Adj SS Adj MS F-Value P-Value
Varyasyon Serbestlik Kareler Kareler F-Degeri Onemlilik
Kaynaklari Derecesi Toplami Ortalamasi Diizeyi (P)
Treatment (Ila¢ Uygulamasi) 5 127.900 25.573 4.740 0.004
Error (Hata) 24 129.600 5.400
Total (Genel) 29 257.500

R2=%49.66

Results of variance analysis for the effect of fungicide
doses on worm number were presented in Table 17 and
Figure 9, and Tukey test results were given in Table
18. The effects of fungicide doses on worm number
were statistically significant (P=0.003) and 51.14% of
the variation observed in the number of worms could
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be explained by doses (R?=51.14%). Tukey test showed
that the most toxic effect emerged when
Recommended-dose were applied. The average of worm
number were found minimum at Recommended-dose
(16.000 pcs) and maximum at Three-sub-dose (21.600
pes) (Tablel8).
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Table 16. Descriptive statistics and Tukey multiple comparison test for numbers of cocoons
Tablo 16. Kokon sayilar: bakimindan tanimlayici istatistikler ve Tukey ¢oklu karsilastirma testi

Fungicide Treatments N Mean Grouping SE Mean Minimum Maximum
Fungisit Uygulamalar: Tekrar Ortalama Gruplandirma Ort. St. FEn Az En Cok
Sayisi Hatasi
Three sub-dose (Ug alt doz) 5 11.200 A 1.110 9.000 15.000
Control (Kontrol) 5 10.200 AB 0.374 9.000 11.000
One sub-dose (Bir alt doz) 5 8.800 AB 0.663 7.000 11.000
Two sub-dose (Iki alt doz) 5 6.400 B 1.120 3.000 10.000
Four sub-dose (Dort alt doz) 5 6.400 B 1.440 3.000 10.000
Recommended-dose (Onerilen doz) 5 5.800 B 1.160 3.000 10.000

Note: Differences among doses which are represented by different letters are significant
Not: Farkli harflerle gosterilen dozlar arasindaki farklar onemlidir

Table 17. Results of variance analysis by the effect of fungicide doses on worm number
Tablo 17. Fungisit dozlarinin solucan sayisina etkisi bakimindan varyans analizi sonuglari

Source DF Adj SS Ady MS F-Value P-Value
Varyasyon Serbestlik Kareler Kareler F-Deger1 Onemlilik
Kaynaklar Derecesi Toplami Ortalamasi Diizeyi (P)
Treatment (Zla¢ Uygulamas1) 5 104.270 20.853 5.020 0.003
Error (Hata) 24 99.600 4.150
Total (Genel) 29 203.870

R2=%51.14

Table 18. Descriptive statistics and Tukey multiple comparison test for numbers of worms
Tablo 18. Solucan sayilar: bakimindan tanimlayici istatistikler ve Tukey ¢oklu karsilastirma testi

Fungicide Treatments N Mean Grouping SE Mean Minimum Maximum
Fungisit Uygulamalari Tekrar Ortalama Gruplandirma Ort. St. En Az En Cok
Sayisi Hatasi
Three sub-dose (Ug alt doz) 5 21.600 A 1.210 18.000 25.000
One sub-dose (Bir alt doz) 5 21.200 A 1.020 18.000 24.000
Two sub-dose (/&7 alt doz) 5 20.600 A 0.872 18.000 23.000
Four sub-dose (Dért alt doz) 5 20.600 A 0.872 18.000 23.000
Control (Kontrol) 5 20.400 A 0.812 18.000 23.000
Recommended-dose (Onerilen doz) 5 16.000 B 0.548 15.000 18.000

Note: Differences among doses which are represented by different letters are significant
Not: Farkli harflerle gosterilen dozlar arasindaki farklar onemliidir
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One sub-dose Four sub-dose Two sub-dose " Control Recommended-dose ~ Three sub-dose
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Figure 9. Effect of fungicide doses on woriu nuiuver
Sekil 9. Fungisit dozlarinin solucan sayisina etkisi
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Compared to the control, insecticide treatments,
particularly at recommended field doses and other
doses, resulted negative effects on the worms weight,
cocoon numbers and worm numbers. These results was
supported by the findings by Haque and Ebing (1983),
Bustos-Obregén and Goicochea (2002), Espinoza-
Navarro and Bustos-Obregén (2005), Farrukh and S-
Ali (2011), Rico et al. (2016), Wang et al. (2016) and
Gupta et al. (2011). However, as slightly different from
the results obtained from others, Jovana et al. (2014)
detected that insecticide Galition G-5®did not cause
any death in £. foetida members, albeit showing some
sensitivity to the insecticide. Findings obtained from
fungicide treatments were supported by the findings
by Helling et al. (2000); yet, they differ from the results
of Vermeulen et al. (2001). The findings obtained from
herbicide treatments in this research were not very
similar to those of Haque and Ebing (1983), Xiao et al.
(2006), Correia et al. (2010), Jovana et al. (2014) and
Wang et al. (2016), yet, It was considered that the
results were partially compatible. In the light of
findings obtained from this research, it has been
determined that insecticide (Demond®) and fungicide
(Safacol®), especially at the recommended dose for the
field use have negative effects on E. fetida weight, the
number of produced cocoon and the number of
hatching from the cocoons; but, herbicide (Granland®)
showed less negative effect. It has been realized that
these results share similarity with the findings
obtained by Heimbach (1992), Yasmin and D'Souza
(2007), and Wang et al. (2012).

CONCLUSIONS

Consequently, it has been detected that among the
pesticides tested, especially insecticide and fungicide
have negative effects on . fetida. With the awareness
that pesticides regarded as a must in agricultural
activities in present-day conditions effect every
individual and every single thing, it is recommended
that;

1) Pesticides should be definitely subjected to a wide
range of toxicity tests before they are launched to the
market,

2) Should be specific to the target pest,

3) Should not be used above the recommended dosing
rate, and

4) Should be considered as measure of the last resort
in pest control.
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OZET Aragtirma Makalesi

Bu ¢alismada Samsun, Amasya, Tokat ve Eskigehir illerinin memeli

faunasi arastirilmig ve belirlenen memeli tiirlerinin koruma statiileri Makale Tarihgesi
belirtilmigtir. Samsun, Amasya, Tokat ve Eskigehir illerinde 2014- Gelig Tarihi  :22.07.2019
2016 yillar1 arasinda arazi c¢alismasi gercgeklestirilmigtir. Arazi Kabul Tarihi :08.11.2019

calismalar1 sirasinda, canli hayvan yakalama kapanlari, cukur
tuzaklar, fotokapan, yuva alanlari, hayvan diski ve izleri ve pelet
iceriklerindeki (baykus kusmuklar1)) memeli hayvan kalintilarindan
(kafatas1 ve cene kemikleri) faydalamilmistir. Bu calismalar
sonucunda Bocekeiller (Eulipotyphla), Kemiriciler (Rodentia),
Tavsanlar (Lagomorpha), Etciller (Carnivora) ve Cift Toynaklilar
(Cetartiodactyla) takimlar: icerisinde simiflandirilan Samsun ili i¢in
47, Amasya ili i¢in 32, Tokat ili i¢in 49 ve Eskisehir ili i¢in 34 memeli
hayvan tiri tespit edilmigtir.

Anahtar Kelimeler
Biyolojik ¢esitlilik
Kromozom

Kafkasya kiiclik bocekeili
Microtus sp. Pelet

Mammalian Fauna of Samsun, Amasya, Tokat and Eskisehir Provinces and Conversation Status of
Species (Classis: Mammalia)

ABSTRACT Research Article

In this study, the mammalian fauna of Samsun, Amasya, Tokat and

Eskisehir provinces was investigated and their protection status was Article History
determined. In 2014-2016, field studies were carried out in Samsun, Received ©22.07.2019
Amasya, Tokat and Eskigehir provinces. During the field studies, it Accepted -08.11.2019
was utilized from live animal trapping tools, pit traps, phototraps,

nest areas, animal feces and traces, and mammalian remains (skull Kfaywqrds - -

and jaw bones) in pellet contents (owl pellets). As a result of these Biological diversity
investigations, 47 mammal species classified in insectivors Chromosome
(Eulipotyphla), rodents (Rodentia), Rabbitish (Lagomorpha), Microtus sp., Pellet

Carnivors, Even-toed ungulates (Cetartiodactyla) mammal groups Sorex volnuchini

were identified for Samsun province, 32 for Amasya province, 49 for
Tokat province and 34 for Eskisehir province.

To Cite : Selguk AY, Kefelioglu H 2020. Samsun, Amasya, Tokat ve Eskigehir lleri Memeli Faunas: ve Tirlerin Koruma
Statiileri. KSU Tarim ve Doga Derg 23 (2): 378-386. DOI: 10.18016/ksutarimdoga.vi.595008.
GIRIS Adizel, 2018 Yagci, 2019). Bu arastirmada

Turkiye, Asya, Afrika ve Avrupa arasindaki cografik
konumu, iklimsel ¢esitliligi, essiz jeolojik ge¢cmisinden
dolay1 biyolojik ¢esitlilik agisindan olduk¢a zengindir
(Karatas, 2006). Ulkemizdeki 160'tan fazla memeli
tird bulunmaktadir (Karatas, 2006). Tiirkiye'de
yayilis gosteren 150’ den fazla memeli tiiriiniin (deniz
memelileri hari¢) Krystufek ve Vohralik (2001, 2005,
2009) koruma statiileri ise, global élgekte 10 tiir veri
yetersiz (DD), 11 tiir hassas (VU), 10 tiir tehlikeye
girebilir (NT), 2 tiir tehlike altinda (EN) ve 117’den
fazla tiir diisiik risk (LC) seklindedir IUCN, 2019).

Son yillarda Turkiye’de memeli hayvan gesitliliginin
belirlenmesine yonelik bircok calisma

gerceklestirilmistir (Karatas, 2016; Bulut ve ark.,
2017; Goziitok, 2017; Toyran ve ark., 2017; Toyran ve

gerceklestirilen arazi ¢alismalar: sonucunda Samsun,

Amasya, Tokat ve Eskigehir illerinin memeli
faunasinin gilincel durumuna katki yapilmasi ve
turlerin koruma statiilerinin anlagilmasi
amaglanmigtir.

MATERYAL ve METOD

Bu calismada, Samsun, Amasya, Tokat ve Eskigehir
illerinde yayilis gosteren memeli tiirlerinin

belirlenmesine yonelik 2014 ve 2016 yillar1 arasinda
her ilde ayr1 ayr1 arazi calismalar: gergeklestirilmigtir.
Calisma alaninda agirhigi 100 g’dan daha diistiik olan
kiiciik memeliler igin yiiksek hassasiyete sahip canh
hayvan yakalama kapanlari (Sherman tipi kapan, 100
adet) ve cukur tuzak yoéntemi kullamilmistir. Arazi



KSU Tarim ve Doga Derg 23 (2): 378-386, 2020
KSU J. Agric Nat 23 (2): 378-386, 2020

Arastirma Makalesi
Research Article

calismalari  sonucunda elde edilen Memeli
hayvanlarin, i¢ ve dis morfolojik karakterleri ve
ayirnminda guglik cekilen tirler i¢in kromozom
analizleri ve mt-DNA sitokrom b gen bélgesi (1140 baz
cifti) tir teshislerinin gerceklestirilmesinde
kullamlmistir.  Kromozom  analizler  (standart
karyotip, C-bantlama, Ag-NOR bantlama) Ford ve
Hamerton (1956), Summer (1972), Howell ve Black
(1980)’a gore gerceklestirilmistir. mt-DNA sitokrom b
gen boélgesi analizinde ise Selcuk (2018) de
gerceklestirilen yontem kullanilmigtir. mt-DNA
sitokrom b gen bolgesi elde edildikten sonra Gen
Bankasinda (NCBI) her bir dizinin BLAST (Basic
Logal Aligment Search Tool) analizi sadece Sorex
turlerinin teshisinde kullanilmistir. BLAST analizi
gerceklestirilerek her bir sitokrom » dizisinin Sorex
turlerine ait diger orneklerle benzerligi kontrol
edilmistir (Selcuk, 2018). Microtus (Tarla fareleri)
turleri  morfolojik  karakterlerine dayali  tur
teshislerinin yapilmasi1 yanilmalara yol acabilecegi
icin Microtus cinsi igerisinde yer alan turlerin
teshisinde kromozom analizlerinin sonuglar1 dikkate
alinmigtir. Canlh yakalama kapanlarinin yani sira,
calisma alaninda yayilis gostermesine ragmen canl
yakalama kapanlari ile yakalanamamis kii¢guk
memelilerin belirlenebilmesi i¢in, arazi c¢alismasi
boyunca baraka, terkedilmis binalar, bozkir alanlar ve
camlhik alanlardan baykus ve yirtici kus peletleri
(kusmuklar1) toplanmistir. Tiirkiye’de yayilis gosteren
birgok baykus tirinin ana besin kaynagini kiigiik
memeliler olusturabilmektedir (Bulut ve ark., 2012;
Kaya ve Cogkun, 2017; Selcuk ve ark., 2017, 2018,
2019). Bu nedenle arazi ¢alismalar1 sonucunda elde
edilen peletlerin icerikleri laboratuvar ortaminda
analiz edilmig ve pellet iceriklerinden elde edilen
kiiciik memelilere ait kafatasi ve ¢cene kemikleri tiir
teshisinde kullamilmigtir. Calisma alaninda yayilig
gosteren  bluyik  memelilerin  belirlenmesinde,
fotokapanlar, ayak 1z1, digki, kemirme, esinme,
agacglarda birakilan izlerden faydalamilmigtir. Bu
sayede calisma alaninda yayilis gosteren buylik
memeliler tespit edilmigtir. Yarasa tiirlerinin alandaki
varliginin belirlenebilmesi i¢in Yarasa dedektori
(Anabat ver:1.9, model: Pettersson/M500-384)
kullanilmigtir. Memeli tir teshisleri yapilirken
Krystufek ve Vohralik (2001, 2005, 2009), Turan
(1984), Wilson ve Reeder (2005) dikkate alinmistir.
Biyik memelilere ait ayak izi ve digskidan tir
teshisinde ise WWF- Tiirkiye (Dogal Hayat Koruma
vakfl) "Tiirkiye' deki Memeli Hayvanlarin Iz Rehberi"
kitapgigindan faydalanilmigtir.

BULGULAR ve TARTISMA

2014-2016 yillarn arasinda gergeklegtirilen arazi
calismalari sonucunda (her ilde 40 giin arazi calismasi
gerceklestirilmistir), sirasiyla
Samsun/Amasya/Tokat/Eskisehir illerinde
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Eulipotyphla 7/4/3/3, Chiroptera 6/1/8/3, Rodentia
20/19/24/16, Lagomorpha 1/1/1/1, Carnivora 10/5/9/8,
Cetartiodactyla 3/2/4/3 olmak tlizere toplam Samsun
i¢in 47, Amasya i¢in 32, Tokat i¢in 49 ve Eskigehir i¢in
34 memeli hayvan tiiri tespit edilmistir. Bu tiirlerden
Samsun ili icin LC: 43 tur, VU: 1 tir, NT: 2 tiir, DD: 1
tur, Amasya ili icin LC: 29 tur, VU:-, NT: 2 tiir, DD: 1
tur, Tokat ili icin LC: 43 tur, VU: 2 tiir, NT: 4 tur, DD:
1 tir ve Eskigehir ili i¢in LC: 31 tiir, VU: -, NT: 2 tiir,
DD: 1 tir koruma statililerinde olduklari belirlendi
(Cizelge 1).

I¢ ve dig morfolojik ézelliklerinin tiirler arasinda fark
edilemeyecek kadar farklilik goéstermesinden dolay:
morfolojik  verilere dayali Sorex taksonomisi
tartismalidir (Churchfield, 1990). Tirkiye'de yayilis
gosteren Sorex turlerinin dis karakterleri tur
teshisinde 6nemli rol oynamaktadir (Krystufek ve
Vohralik, 2001). Ancak, dis karakterlerine dayal tiir
teshisi, arastirmacinin degerlendirmesine bagh
oldugu ve dis karakterlerinin cografik varyasyon
gostermesinden dolay: yetersiz taksonomik veri elde
edilmesine sebep olmaktadir (Dolgov, 1968; Dannelid,
1998). Bu nedenle, morfolojik karakterlere dayal tiir
teghisi yerine kromozom analizi ve sitokrom b gen
bolgesine ait niikleotit dizisinin BLAST analizi
sonucunda (Selcuk, 2018) Samsun ili smirlan
icerisinde Sorex volnuchini tirlerinin  yayilig
gosterdigi belirlenmistir (Sekil 1c, 2, 3c; Cizelge 1).
Arazi caligmasi sonucunda elde edilen Crocidura
suaveolens (2n=40), Crocidura leucodon (2n=28) Sorex
volnuchini (2n=40), Cricetulus migratorius (2n=22) ve
Myodes glareolus (2n=56) tiirlerine ait kromozom
analizlerinin metafaz plaklarn da Sekil 3’de
gosterilmistir. Bu sonucglarin tirler tzerinde daha
once yapilan karyotip ¢alismalari ile uyumlu olduklar:
belirlendi (Arslan ve Akan, 2008; Colak ve Kivanc,
1991; Selcuk ve Kefelioglu, 2017, 2018; Tez, 2000).

Arazi galigmalari sonucunda canh yakalama kapanlar:
ve c¢ukur tuzaklar gibi geleneksel canli hayvan
yakalama teknikleri ile arazi calismalar1 sirasinda
belirlenememis tiirlerin tespit edilmesinde baykus ve
yirtic1 kug peletlerinin analizi olduk¢a kullanigh bir
yontemdir (Teta ve ark., 2010; Yalden, 2009). Samsun
ve Amasya illerinden elde edilen peletlerin analizi
sonucunda Crocidura suaveolens, Crocidura leucodon,
Suncus etruscus, Mus macedonicus, Mus domesticus,
Rattus norvegicus, Apodemus flavicollis, Microtus
levis, Arvicola amphibius, Meriones tristrami,
Cricetulus  migratorius, = Mesocricetus  brandti,
Nannospalax xanthodon, Pipistrellus pipistrellus
tiirler belirlenmistir (Sekil 1a; 4a,c,d,e; Cizelge 1).

Sorex tirlerinde oldugu gibi morfolojik olarak
birbirlerine benzeyen Microtus tiirlerinin (Sekil 5 c, d)
kromozom analizleri sonucunda Microtus guentheri
i¢cin 2n=54 ve NFa=54; Microtus subterrraneus igin
2n=54 ve NFa=56, Microtus levis i¢in 2n=54 ve
NFa=54; Microtus dogramacii i¢in ise 2n=48 ve
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NFa=48 olarak tespit edilmistir. Bu sonuglarin daha
once Tirkiye’den farkli arastirmacilar tarafindan
gerceklestirilen karyolojik c¢alismalar ile uyumlu

Anadolu’da habitat olarak genellikle bozkir alanlar
tercih etmektedirler (Giir ve Giir, 2010; Krystufek ve
Vohralik, 2009). Dar bir cografya da yayilis gosteren

oldugu gozlemlenmistir (Colak ve ark., 1997; her iki tiriin de koruma statiisi Tehlike altina
Kefelioglu, 1995; Kefelioglu ve Krystufek, 1999). girebilir (NT) seklinde olup popiilasyonlar: azalma
Spermophilus  xanthoprymnus (Sekil 6b)  ve gostermektedir (IUCN 2019; Cizelge 1). Tarim
Mesocricetus brandti tirlerinin global olcekte yayilis alanlarim genigletme ¢aligmalar: sonucunda her iki
sinirlarimi biiyik bir béliimiinii Anadolu tirtin de yasam alani olan bozkirlarin bozulmasi,

populasyonlarin par¢calanmasina ve azalmasina neden
oldugu icin tiirler icin tehlike olusturmaktadir (IUCN,
2019).

olusturmaktadir (Krystufek ve Vohralik, 2005, 2009;
Sidlovskij, 1976). Her iki tiirde yayihs gosterdigi

Sekil 1. a: Pelet analizi sonucunda elde edilen Suncus etruscus kafatasi, b: Cukur tuzak yontemi ile yakalanan Crocidura
suaveolens, ¢: Sorex volnuchini kafatasi, d: Neomys anomalus, e: Erinaceus concolor, f: Talpa levantis

Figure 1. a’ Skull of the Suncus etruscus obtained from owl pellet analysis b: Crocidura suaveolens caught with pitfall trap c:
skull of Sorex volnuchini, d: Neomys anomalus, e’ Erinaceus concolor, - Talpa levantis

If'
ATJACAAATCTAC AAAAACCCACCCATTAATAAAAATT1TTAACAJCTCATTTAT
) 70 Y 100 10
TJACTTACCTJCCCCATCCAACATTTCATCATJATJJAACTTTJJCTCCCTCCTAJ
20 {E T30 Y 760
GTG TCT:CCTAATTATCCAAATCCTCACAJ:ACTTTTCCTAJCCATACACTACACA
170 180 190 0 710
TCAJACACAATAACTJCCTTTTCATCAJTCACACACATCTJCCJAJACJTAAACTA
30 740 750 760 770 780
CGGATGATTAATCCGCTACCTCCACGCAAACGGAGCATCAATATTTTTCATCTGCCE
750 300 310 ERL) 330
TATTTCTTCACGTCGGACGAGGTATCTACTACGGATCTTATATATATTTAGAAACA
0 350 360 37 30 30
TGAAACATCGGTGTACTCCTACTATTCGCAGTAATAGCCACTGCCTTTATAGGGTA
30 aT a0 0 0
CBTCCTTCCATBA3FACAAATETCATTCTBA3%T‘CAACA'TCATTACCAACCTAC
430 -16’.'1 -1'0 480 -1'0 503
TTTCAICAATCCCTTACATCJ1CTCAJACCTAJTA1AAT1AATCT1A1JTJTCTTC
570 520 £ 550 550 560

20 30 40 50

Sekil 2. Sorex volnuchini tiiriiniin mt-DNA sitokrom b gen bélgesine ait niikleotit dizisi (sadece 560 baz cifti
gosterilmistir).

Figure 2. Nucleotide sequence of the mt-DNA cytochrome b gene region of Sorex volnuchini (only 560 base pairs
was shown)
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Sekil 3. Calismada elde edilen 6rneklere ait kromozom analiz sonuclari, a: Cricetulus migratorius (2n=22, Standart
karyotip), b: Crocidura leucodon (2n=28, Standart karyotip), c¢: Sorex volnuchini (2n=40, Standart
karyotip), d: Myodes glareolus (2n=56, Ag-NOR bantlama sonucu), e: Microtus levis (2n=54, C-bantlama
sonucu)

Figure 3. Result of the chromosome analysis a‘ Cricetulus migratorius (2n=22, conventional karyotype), b:
Crocidura leucodon (2n=28, conventional karyotype), ¢ Sorex volnuchini (2n=40, conventional
karyotype), d: Myodes glareolus (2n=56, Ag-NOR banding), e: Microtus levis (2n=54, C-banding)

Sekil 4. Digk: 6rnegi ve pelet analizlerinden elde edilen memeli hayvan kalintilari, a: Apodemus flavicollis, b: Canis
Iupus digkisi, ¢: Mus macedonicus, d: Meriones tristrami, e: Rattus norvegicus,

Figure 4. Feces sample and mammals fragments extracted from owl pellets a° Apodemus flavicollis, b- feces of
Canis lupus, ¢: Mus macedonicus, d° Meriones tristrami, e’ Rattus norvegicus,

Turkiye'nin nehir, g6l, akarsu gibi sucul alanlarinda
yayilis gosteren Lutra Iutra tiirtiniin (Sekil 7d,f)
koruma statiisii giiniimiizde Yakin tehdit (NT)
seklinde olup, bu tiirtin popiilasyonlarindaki bireyleri
tehdit eden unsurlarin basinda arac¢ carpmas: (Sekil
7d), avcalik, yasam alanlarimin kirletilmesi ve dogal
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yasam alanlarindaki kiyi1 bitki Ortistintin tahribi
gelmektedir (Roos ve ark., 2001; Simpson, 1997; Turan
ve ark., 2015; Tiiziin ve Albayrak, 2005).
Gerceklestirdigimiz bu calismada Lutra lutra (Sekil
7d), Martes foina, Vulpes vulpes, Erinaceus concolor
(Sekil 1e) tiirlerine karayollarinda 6lii olarak rastlanil-
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Cizelge 1. Samsun, Amasya, Tokat ve Eskigehir illerinde gerceklestirilen arazi ¢alismasi sonucunda belirlenebilen
memeli tirleri ve ITUCN koruma statiileri
Table 1. Identifiable species as a result of field studies conducted in Samsun, Amasya, Tokat and Eskisehir

provinces and IUCN conservation status

Takim Familya Tiir Samsun | Amasya | Tokat | Eskisehir | ICUN
Order Family Species Samsun | Amasya | Tokat | Eskisehir | IUCN
Eulipotyphla Soricidae Sorex volnuchini + LC
Soricidae Neomys anomalus + LC
Soricidae Crocidura suaveolens + + + + LC
Soricidae Crocidura leucodon + + + + LC
Soricidae Suncus etruscus + LC
Erinaceidae FErinaceus concolor + + + + LC
Talpidae Talpa levantis + + LC
Chiroptera Rhinolophidae Rhinolophus + + + LC
ferrumequinum
Rhinolophidae Rhinolophus + + + LC
hipposideros
Rhinolophidae Rhinolophus euryale + NT
Vespertilionidae | Myotis daubentonii + LC
Vespertilionidae | Myotis emarginatus + LC
Vespertilionidae | Myotis myotis + + LC
Vespertilionidae | Eptesicus serotinus + + LC
Vespertilionidae | Pipistrellus pipistrellus | + + + LC
Vespertilionidae | Myotis blythii + LC
Vespertilionidae | Myotis aurascens + LC
Rodentia Sciuridae Scrurus anomalus + + + + LC
Sciuridae Spermophilus + + + NT
xanthoprymnus
Cricetidae Arvicola amphibius + + + + LC
Cricetidae Myodes glareolus + + + LC
Cricetidae Microtus levis + + + + LC
Cricetidae Microtus dogramacii + + + LC
Cricetidae Microtus guentheri + + + LC
Cricetidae Microtus majori + LC
Cricetidae Microtus subterraneus + + + LC
Cricetidae Mesocricetus brandti + + + NT
Cricetidae Cricetulus migratorius + + LC
Muridae Apodemus mystacinus + + + LC
Muridae Apodemus flavicollis + + + + LC
Muridae Apodemus witherbyi + + + LC
Muridae Apodemus uralensis + + + LC
Muridae Mus domesticus + + + + LC
Muridae Mus macedonicus + + + + LC
Muridae Rattus rattus + + + + LC
Muridae Rattus norvegicus + + + + LC
Muridae Meriones tristrami + + + LC
Spalacidae Nannospalax xanthodon | + + + + DD
Gliridae Dryomys nitedula + + + LC
Gliridae Muscardinus + + LC
avellanarius
Gliridae Glis glis + + LC
Dipodidae Allactaga williamsi + + + LC
Lagomorpha Leporidae Lepus europaeus + + + + LC
Carnivora Canidae Canis lupus + + + + LC
Canidae Canis aureus + + + LC
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Canidae Vulpes vulpes + + + + LC
Ursidae Ursus arctos + + + LC
Mustelidae Mustela nivalis + + + + LC
Mustelidae Martes foina + + + + LC
Mustelidae Meles meles + + + LC
Mustelidae Vormela peregusna + + VU
Mustelidae Lutra lutra + + + NT
Felidae Felis silvestris + LC
Felidae Felis chaus + LC

Cetartiodactyla | Suidae Sus scrofa + + + + LC
Cervidae Cervus elaphus + + LC
Cervidae Capreolus capreolus + + + + LC
Bovidae Capra aegagrus + VU
Bovidae Rupicapra rupicapra + LC

migtir. Dogal habitatlarda bulunan karayollarinin
popllasyonlar: parcalamasi ve bariyer gorevi gérmesi,
ara¢ carpmalari sonucunda yaban hayvanlarinin
6liimiine sebep vermesi (Sekil 7d), dogal habitatlarda
kayba sebebiyet vermesi gibi etkilerinin oldugu bircok
arastirmac1 tarafindan rapor edilmistir (Benitez-
Lépez ve ark., 2010; Forman ve ark., 2003; Van der Ree
ve ark., 2011).

Turkiye’de koruma altinda olan ve populasyonu
azalma egilimi gOsteren koruma statiisii ise hassas
(VU) kategorisinde olan Capra aegagrus tiiriinii tehdit
eden baslica unsur bu tiiriin asir1 avlanmasidir IUCN,
2019).

SONUC

Sonug olarak, gerceklestirilen bu ¢aligma ile Samsun
ili igin 47, Amasya ili i¢in 32, Tokat ili i¢in 49 ve
Eskigehir ili i¢in 34 memeli hayvan turi tespit
edilmigtir. Bu turlerden Lutra lutra, Spermophilus
xanthoprymnus, Mesocricetus brandti, Rhinolophus
euryale, Vormela peregusna ve Capra aegagrus nesli
Yakin Tehdit (NT) veya Hassas (VU) kategorisinde yer

almaktadir. Bu t
S ; ; ; R Fau Wl

4

trlerin popiilasyon yogunluklar:

tespit edilerek, tlirlere 6zgii koruma yontemlerinin
uygulanmasi gerekmektedir.

TESEKKUR

Bu calisma, Tarim ve Orman Bakanlhig1 Doga Koruma
ve Milli Parklar Mudirligi tarafindan yurutilen
“‘Ulusal Biyolojik Cesitlilik Envanteri ve Izleme Projesi
(UBENIS) kapsaminda gergeklestirilmigtir. Tarim ve
Orman Bakanligt Samsun, Amasya, Tokat ve
Eskisehir gsube miudurligi calisanlarina arazi
calismalarina katkilarindan dolayr tesekkiir ederiz.
Ayrica sayin Nizamettin Yavuz’a fotograflar i¢in

tesekkiir ederiz (Sekil 5b; Sekil 6a,b,c,d; Sekil
7a,b,c,e,f).

Cikar Catigmasi Beyani

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

Aragtirmacilari Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan ederler.

Sekil 5. a: Arvicola amphibius, b: Rattus norvegicus, ¢: Microtus guentheri, d: Microtus dogramacii
Figure 5. a’ Arvicola amphibius, b’ Rattus norvegicus, ¢’ Microtus guentheri, d: Microtus dogramacii
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Sekil 6. a: Sciurus anomalus, b: Spermophilus xanthoprymnus, ¢: Capreolus capreolus, d: Sus scrofa
Figure 6. a’ Sciurus anomalus, b Spermophilus xanthoprymnus, c¢: Capreolus capreolus, d: Sus scrofa

- . " o

Sekil 7. a: Canis aureus, b: Felis silvestris, ¢c: Lepus europaeus, d: arag ¢garpmasi sonucunda 6lmus olan Lutra lutra, e: Mustela

nivalis, f: Lutra lutra
Figure 7. a° Canis aureus, b’ Felis silvestris, ¢: Lepus europaeus, d- Lutra lutra was killed by a car crash on road, e: Mustela

nivalis, £ Lutra lutra
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ABSTRACT

Research Article

Tremella candelariellae Diederich & Etayo was reported on
Candelariella antennaria Réasdnen first time in Turkey.
Morphological, anatomical and ecological characteristics of the species
are presented. In addition, the sequence analysis of the ITS region was
performed and the phylogenetic tree was formed by closely related
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Tremella candelariellae Diederich & Etayo Turkiye'den ilk kez

Candelariella antennaria Raséanen tzerinden rapor edilmistir. TUrin
morfolojik, anatomik ve ekolojik 6zellikleri verilmistir. Ayrica ITS
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INTRODUCTION

The genus 7Tremella Pers., contains predominantly
mycoparasite species growing in a wide variety of
basidiomycetes and ascomycetes fungi (Chen 1998).
Tremella species is highly variable in appearances,
such as size, shape and colour. Lichenicolous species
usually grow in the host's induced galls. However, they
all have common features. All species within the genus
have been found to be parasites and grow with them in
the hymenium of other fungi (Pippola and Kotiranta,
2008). Millanes et al., 2012 studied the phylogenetic
position of the genus and stated that fifty-one Tremella
species have been identified. Two lichenicolous
Tremella species were reported from Turkey (Halici,
2015; Kocakaya et al., 2018). In this study,
morphological, anatomical, ecological and phylogenetic
features of the species were given.

MATERIAL and METHOD

Lichen sample was collected from Camlik National

Park in 2017. Morphological and anatomical
investigations were performed under a
stereomicroscope  (Olympus SZX10) and light

microscope (Olympus BX53). They were examined by
standard microscopic techniques. Measurements were
made in water. The new record specimen is deposited
in Yozgat Bozok University Herbarium Yozgat,
Turkey.

DNA was extracted using the DNeasy Plant Mini Kit
(Qiagen) following the manufacturer’s protocols with
minor modifications. ITS4
(TCCTCCGCTTATTGATATGC) (White et al., 1990)
and ITS1-F  (CTTGGTCATTTAGAGGAAGTAA)
(Gardes and Bruns, 1993) were used to amplify the ITS
sequence. PCR-amplification was carried out,
following Millanes et al. (2012). PCR products were
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visualized on a 1% agarose gel. The sequence of PCR
product obtained from the 7remella sample was
performed using the Big Dye Terminator Cycle
Sequencing v3.1 (Macrogen, Holland) following the
manufacturer’s protocol and analysed on an ABI
3730XL Genetic Analyser.

Sequence results were analyzed automatically using
the Clustal W option in the BioEdit program, along
with samples from Genbank. Details and GenBank
accession numbers of the samples are listed in Table 1.
Phylogenetic tree was constructed by Maximum
Likelihood analysis using MEGA 7 program. Pairwise
deletion was performed to delete and control data gaps.
The tree reliability was tested with 1000 bootstrap
replications. We selected the out groups used in the
previous phylogenetic analysis of the genus Tremella
(Millanes, et al., 2012).

RESULTS and DISCUSSION
Morphology and Anatomy
Tremella candelariellae Diederich & Etayo 1996

A detailed description is provided by Diederich, P. 1996

Some lichenicolous fungus is easily observed because
they deform the host thallus and form large
abnormally shaped galls. 7. candelariella is an
inconspicuous species that due to the small size of the
host (Candelariella species). It is easily ignored in the
herbarium, because it slightly deforms only small
apothecia in the host (Lendemer, 2008). This species
has been described on the thallus of Candelariella
vitellina (Hoffm.) Miill. Arg. and C. xanthostigma

(Pers. ex Ach.) Lettau (Diederich, 1996). In our
phylogenetic studies, appeared on the apothecia of C.
antennaria (Figure 1. A). Galls occurs on the host
thallus. Galls and host thallus are the same colour.
Gall surfaces are pruinose and covered with numerous
yellow crystals in microscopic sections.

Basidiomata superficial, convex, bright yellow galls on
the host thallus, often with a granular, pruinose
surface (Figure 1.A), 0.1-0.8 mm in diam., hyphae
mixed with host hyphae, basidia, hyaline, ellipsoid, 2
celled 18-20 x 10-12 pm (Figure 1.B), basidiospores
ellipsoid, hyaline 6.5-7 x 5-6 pm. Conidia not seen.

Each particular species of 7Tremella is host-specific,
often limited to a single fungal genus or species.
Therefore, it was not seen on a different genus from
Candelariella. The most closely related species in
phylogenetic studies is 7remella dendrographae
Diederich & Tehler. However, there are significant
differences in morphological and anatomical studies.
T. dendrographae has larger basidia and longer
basidiospores. In addition, host lichens are different. 7.
dendrographae prefer to Dendrographa Darb. genus as
a host. While 7. candelariella formed yellow galls, 7.
dendrographae formed whitish galls on the host
thallus Besides, 7. dendrographae is a very common
fungus that causes a large and visible formation(Nash
et al., 2004).

Specimen examined: Turkey, Yozgat, Camlik National
Park, on Pinus nigra bark, 39°48 047 N, 34° 48 498 E,
alt. 1613 m, August 26, 2017 (Herb. No: CMP 0.086).

Sekil 1. A) C. antennaria'nin apotesyumu tizerindeki gal olusumu B) Bazidyum

Distribution

The species was described in Luxembourg at a altitude
of 300 m on C. vitellina (Diederich, 1996). Later in
Italy, at a altitude of 1300 m, on C. xanthostigma
(Diederich, 1996) and in the U.S.A. In Pennsylvania on
C. xanthostigma (Lendemer, 2008). It also known from
Poland (Kukwa and Jablonska, 2008) and Sweden
(Westberg, et al., 2008). Turkish specimen was
collected in central Anatolia at Camlik National Park,
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1613 m at the altitude on C. antennaria.

Molecular Results

ITS sequence was successfully obtained. It was
evaluated together with the sequence results from the
gene bank (Table 1). The evolutionary history was
inferred by using the Maximum Likelihood method
based on the Tamura 3-parameter model (Tamura,
1992) (Figure 2).
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Table 1. Sequences downloaded from GenBank and newly produced (bold).
Tablo 1. GenBank'tan indirilen ve yeni iiretilen diziler (koyu renk).

Species Locality nrlTS
Tremella caloplacae Greenland JN053468
T. caloplacae France JN053469
T. candelariellae Luxembourg JN053470
T. candelariellae Turkey MN566922
T. cetrariicola Finland JN053490
T. cetrariicola Latvia JN053491
T. cladoniae Estonia JN053477
T. cladoniae France JN053478
T. coppinsii UK JN053495
T. coppinsii Estonia JN053496
T. dendrographae USA JN053471
T. hypogymniae Sweden JN053484
T. hypogymniae Estonia JN053485
T. lobariacearum Madeira JN053473
T. lobariacearum Canary Islands JN053474
T. phaeophysciae Luxembourg JN053479
T. phaeophysciae Estonia JN053480
T. umbilicariae Peru KM507564
Phaeotremella pseudofoliacea Sweden JN053502
Filobasidium uniguttulatum - AF444302
F. floriforme - AF190007

| &

99 | T. cladoniae JN053477
T. cladoniae JN053478

88

94

100 I T. lobariacearum JN053473
T. lobariacearum JN053474

T. umbilicariae KM507564

3 | T. phaeophysciae JN053480
T. phaeophysciae JN053479

98 T. caloplacae JN053468

98

T.

83

| T. caloplacae JN053469

P -[ T. candelariellae MIN566922
T
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9 | T. cetrariicola JN053491
| 7. cetrariicola JN053490
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Phaeotremella pseudofoliacea JN053502

100 T. coppinsii JN053496
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100 = Filobasidium uniguttulatum AF444302
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0.05

Figure 2. Maximum likelihood analysis of the ITS region of 7’ candelariellae and related species. Numbers at tree nodes indicate

e Filobasidium floriforme AF190007

bootstrap values of ML (only values >50%).

Sekil 2. T. candelariellae ve 1liskili tiirlerin ITS bolgesine ait maksimum olabilirlik analizi. Aga¢ nodlarindaki sayilar, ML 'nin

bootstrap degerlerini gosterir (sadece >% 50 degerleri).
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The sequence result compared with the Luxembourg
sample in the gene bank. Our sequence result is
matched in the phylogenetic tree with this sample. 7.
candelariella is similar to 7. dendrographa as the
morphological and anatomical features. Also, this
species are located in the same clad in phylogenetic
tree.
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ABSTRACT

The purpose of this research was to identify Rustroemia samples from
Bolu province (Turkey) on June 22, 2019. The samples were identified
based on both conventional and molecular methods (ITS region of the
rDNA). By considering the high sequence similarity of the collected
samples (Akata 7020) with Rutstroemia elatina (Alb. & Schwein.)
Rehm, the relevant specimen was considered to be R. elatina and the
morphological data supported this finding. This species was firstly
reported from Turkey. The results of the molecular analysis and a
short description of the newly reported species along with its colored
images associated with macroscopic and microscopic structures were
conferred.

Rutstroemia elatina (Ascomycota) 'min Tiirkiye'den ilk raporu

OZET

Bu arastirmanin amaci 22 Haziran 2019'da Bolu (Tirkiye)' den
toplanan Rustroemia orneklerini tanimlamaktir.
tanimlanmasi hem geleneksel hem de molekiiler yontemlere
(rDNAmin ITS bélgesi) dayanarak yapilmistir. Toplanan érneklerin
(Akata 7020) Rutstroemia elatina (Alb. & Schwein.) Rehm ile olan
yuksek sekans benzerligi dikkate alindiginda, ilgili 6rnek R. elatina
olarak kabul edilmis ve morfolojik veriler bu bulguyu desteklemigtir.
Bu tir ilk defa Turkiye'den rapor edilmigtir. Molekiler analizin
sonuclari, makroskobik ve mikroskobik yapilara iligkin renkli
fotograflariyla ile birlikte yeni rapor edilen tiiriin kisa bir betimlemesi
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INTRODUCTION

Rutstroemia is the largest genus of the family
Rutstroemiaceae within the order Helotiales
(Ascomycota). The genus comprises roughly 75 widely
distributed species particularly in temperate regions
and its members are mainly characterized by brownish
to black, cup to funnel or goblet shaped apothecia with
short stipe, eight-spored, uni to biseriate, amyloid and
cylindric asci, branched to unbranched, cylindrical to
filiform paraphyses sometimes thickenings toward to
tips, ellipsoid to allantoid, hyaline, smooth, mostly uni
to biseptate, more rarely multiseptate spores (Hansen
and Knudsen, 2000; Kirk et al., 2008).

R. elatina is an uncommon species growing on the
fallen branchs, twigs or needles of Abies alba (silver
fir). Although it is considered to be specific to silver fir,
it has also been reported on Picea abies (Palmer et al.,
1994). According to the literature (Isik and Tiirkekul,
2018; Sesli and Denchev, 2008; Oztiirk et al., 2010), R.
conformata (P. Karst.) Nannf. and R. firma (Pers.) P.

Karst. have hitherto been registered from Turkey but
there was no report of K. elatina (Alb. & Schwein.)
Rehm for Turkish Rutstroemia. The purpose of this
study was to make a contribution to the larger
Ascomycota of Tukey.

MATERIALS and METHODS

Rutstroemia specimens were collected from Bolu
province during the field study in 2019. Macroscopic
characteristics of the fresh specimens were noted and
their photographs were taken at the growth sites.
Microscopic features such as asci, paraphyses and
spores were examined with Leica DM 1000” bright
field light microscope and some chemicals (Congo red,
Melzer’'s reagent, 5% potasium hydroxide, 10%
ammonium hydroxide etc.) were utilized for this
purpose. We benefited from the relevant literature
(Breitenbach and Kranzlin, 1984; Hansen and
Knudsen, 2000) for identification. The identified
voucher samples were deposited to the Herbarium of



KSU Tarim ve Doga Derg 23 (2): 391-395, 2020
KSU J. Agric Nat 23 (2): 391-395, 2020

Aragtirma Makalesi
Research Article

Ankara University (ANK).

Molecular study
DNA Isolation

The genomic DNA was isolated from the sporophores
of the specimen, according to the modified CTAB
method (Aras et al, 2013). NanoDrop One
Microvolume UV-Vis Spectrophotometer
(Thermofisher) was used to calculate the concentration
and purity of the extracted DNA.

PCR Amplification and Sequencing

The ITS1, 5.8s rRNA gene and ITS2 regions were
amplified with PCR by using the universal ITS1 and
ITS4 oligonucleotides (White et al., 1990). PCR was
conducted in a reaction volume of 25ul. The final
concentrations of the PCR ingredients were adjusted
as follows: 1x Taq DNA polymerase buffer, 2 units of
Taq DNA polymerase (Fermentas), 0,4 mM dNTPs, 3
mM MgCl2, and 15 pmol of both ITS 1 and ITS4
primers. PCR was carried out in a Thermal Cycler
(Applied Biosystems MiniAmp Plus) with the following
thermal cycling protocol: first denaturation step of
95°C for 4 min, persued by 35 cycles of 95°C for 30s,
56°C for 15s, and 72 °C for 40s, and a last elongation
step of 7 min at 72°C. The PCR amplicons were
electrophoretically analyzed in 1.2% agarose gel
containing ethidium bromide, and the amplicon sizes
were defined by the aid of a DNA size marker
(GeneRuler 100 bp Plus DNA Ladder, Thermofisher).
The sequences of the amplicons were determined with

Sanger dideoxy chain termination method at the
laboratory of Macrogen Europe in Amsterdam, The
Netherlands using the same oligonucleotide primers.

Sequence Analysis

The ITS gene sequences of some relevant fungal
species were obtained from GenBank and used for the
phylogenetic analysis of the ‘Akata 7020. While the
ITS sequences of the genera Rutstroemia and Lanzia,
two of the most well-known genera of the
Rutstroemiaceae family, were used as ingroup
sequences, the ITS sequences of Gyromitra esculenta
and Morchella angusticeps were used as the outgroup
sequences. The sequences were assembled by using
Geneious Prime 2019.1.3 software (Biomatters Ltd)
and used for the sequence identity analysis with Basic
Local Alignment Search Tool (BLAST). The DNA
sequences were aligned using the CLUSTALW and
molecular phylogenetic analyses were conducted by
using the neighbor joining method based on the
Kimura 2-parameter substitution model via MEGAX
software with wusing 1000 bootstrap replicates
(Felsenstein, 1985; Kumar et al., 2018).

RESULTS

Ascomycota

Helotiales

Rutstroemiaceae

Rutstroemia elatina (Alb. & Schwein.) Rehm (Figure
1,2).

Figure 1. Rutstroemia elatina: a-d. apothecia
Sekil 1. Rutstroemia elatina‘ a-d. apotezyumliar
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Figure 2. Rutstroemia elatina: a-d. asci, e,f. a portion of paraphyses, g-m. spores.
Sekil 2. Rutstroemia elatina’ a-d. askuslar, e,f. parafizlerin bir boliimii, g-m. sporlar.

Macroscopic and microscopic features:

Apothecia: 3-5 mm broad, dark brown to black, goblet
to cup shaped. Hymenium smooth. Quther surface
slightly fibrous. Stipe up to 3 mm long, the same color
Flesh black and gelatinous. Odor and taste not
distinctive. Asci 145-160 x 11-14 pm, uniseriate,
cylindric, eight-spored, hyaline and amyloid.
Paraphyses up to 5 pm broad, hyaline, filiform, with
slight clavate thickening at the apex. Spores 16-18 X
56 pum, hyaline, ellipsoid to allantoid, guttulate,
smooth, sometimes with a septum in the centre.

Ecology: April to June, on fallen branch or needles of
Abies alba Mill. (silver fir) and Picea abies (L.)
H.Karst. (European spruce) (Breitenbach and
Kranzlin, 1984; Palmer et al., 1994).

Distribution: Bosnia and Herzegovina, Denmark,
France, Germany, Poland, Romania, Russia,
Switzerland and the Czech Republic (Breitenbach and
Kranzlin, 1984; Palmer et al., 1994).

Specimen examined: Turkey—Bolu: Yedigéller road, 2
km distance to entrance of Ayikayasi Nature Park, on
branch of Abies nordmanniana subsp. equi-trojani
(Asch. & Sint. ex Boiss.) Coode & Cullen, 40° 53' 42"
N-39° 40' 05" E, 1628 m, 22.06.2019, Akata 7020.

Using phylogenetic analysis, two distinct clades were
revealed along with an outgroup. While the clade 1
contained fungi species from the genus Lanzia, the
clade 2 included species from the genus Rutstroemia
together with ‘Akata 7020’. On the other hand,
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Gyromitra esculenta and Morchella angusticeps were
branched far from the other fungi species and
constituted an outgroup as expected. The BLAST
analysis performed with the ITS sequence of Akata
7020 provided evidence for 100% similarities of this
new records with Rutstroemia. elatina. The
phylogenetic tree constructed based on the ITS
sequences further supported the close identity
relationship of the new record with R. elatina with a
bootstrap value of 100. The ITS sequence of the isolate
ANK Akata 7020 was deposited to Genbank under the
accession number MN263048.

DISCUSSION

R. elatina is a sabrobe species and its most common
host species is considered to be Abies alba. Moreover,
its samples have also been collected on Picea abies
(Palmer et al., 1994). R. elatina is characterized by
dark brown to black, stipitate, goblet to cup shaped
apothecia up to 5mm in width, smooth hymenium,
uniseriate, amyloid and cylindric asci containing eight-
spores, septate, unbranched and filiform paraphyses
slightly thickening at the tips, smooth, hyaline,
ellipsoid to allantoid spores sometimes with a single
central septum (Hansen and Knudsen, 2000).

R. elatina may Dbe confused with Rutstroemia
bulgarioides (P. Karst.) P. Karst. because of their
similar color and macroscopic appearance. Though
both species have dark olive brown to black, goblet to
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cup shaped and stipitate apothecia, the latter is
separated from the former by its shorter asci (up to 100
pm long) and spores (up to 9 pm long). The most
important characteristics of K. bulgarioides are to grow
on damp spruce (Picea Link) cone lying on the ground
between february and may, especially after the snow
melts (Breitenbach and Kranzlin, 1984).

As the morphological data is not sufficient per se for
the accurate identification of fungal species, the use of
sequence data from the conserved DNA regions such as
ITS is utilized as a useful tool in taxonomic studies for
the last three decades (Baldwin, 1992; Raja et al.,
2017). Additionally, ITS is one of the most common
DNA barcoding markers and therefore serves as an

important source of information for the researchers to
make comparisons of data. Hence, we used ITS region
for the molecular identification of the Akata 7020. The
BLAST and phylogenetic analyses carried out based on
the ITS regions revealed 100% genetic similarity
between the Rutstroemia elatina and the new record
(GenBank ID: MN263048) (Figure 3).

In this present study, R. elatina was firstly recorded
from Turkey and species numbers of Turkish
Rutstroemia increased to total of three. Additionally,
after Abies alba and Picea abies, Abies nordmanniana
subsp. equi-trojani was also reported as a new host
species for R. elatina.

Morchella angusticeps strain M304 (JQ723055.1)

_$|‘_ Lanzia berggreni ICMP.; 19615 (KC164647.1)

Gyromitra esculenta voucher MHHNU 7671 (MK253752.1) ] Oulgroin

Lanzia mic strain HMAS 68521 (DQ986482.1) Clade 1

Rutstroemia bulgarioides isolate KL373 voucher TAAM:172135 (LT158468.1)
Rutstroemia conformata strain CBS 518.75 (KF545323.1)

Lanzia ovispora voucher PDD;: 104600 (MH578498.1)

Rutstroemia elatina isolate ANK Akata 7020 (MN263048.1
L ‘ ’ Clade 2

54

_—

0050

Rutstroemia firma isolate KL290 voucher TU: 104487 (LT158448.1)
Rutstroemia luteovirescens isolate KL217 voucher TU: 104450 (LT158431.1)

IRmstroeniaelat‘na voucher 15858 (JF908711.1)

Figure 3. The neighbor joining tree demonstrating the phylogenetic relationships of 11 fungi inferred from the
nuclear ITS region. Bootstrap values from 1000 bootstrap replicates were given next to the branches.
All sequences were obtained from GenBank except for Akata 7020. Gyromitra esculenta and Morchella
angusticeps were used as the outgroup samples. Accession numbers are given in parentheses. The scale
bar shown at the lower left indicates a genetic distance of 0.05.

Sekil 3. 11 mantar tiirtiniin ¢ekirdek ITS bolgelerinden ¢ikarilan filogenetik iliskilerini gosteren komsu katilimi
agaci. 1000 onyiikleme tekrarlarina ait onylikleme degerleri dallarin yaninda verilmistir. Akata 7020
hari¢ geri kalan tiim diziler GenBank'tan alinmistir. Gyromitra esculenta ve Morchella angusticeps dis
grup ornekleri olarak kullanilmistir. Dizilerin erisim numaralari parantez igerisinde verilmistir. Sol altta
gosterilen olgek ¢ubugu 0.05 genetik uzaklig: belirtmektedir.
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Spermatheca Structure of Cassida atrata Fabricius, 1787 (Coleoptera: Chrysomelidae:
Cassidinae) in Scanning Electron Microscope (SEM)
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ABSTRACT

It is accepted that male genitalia are not diagnostic, spermatheca are
partly diagnostic within the genus Cassida Linnaeus, 1758. However,
so far, it appears that genital studies are based solely on stereo
microscopy. Ultrastructures of genitalia have been not studied except
for a few studies. In this study, female genital structure belonging to
three Cassida atrata Fabricius, 1787 specimens collected from Kayseri
and Nigde provinces in 1996 and 2018 from Turkey was examined for
the first time in SEM in order to determine whether ultrastructural
studies are useful from taxonomic point of view. Thus, new diagnostic
characters were obtained and it revealed that it was diagnostic for
species in other subgenus. Photos of spermatheca taken by both SEM
and stereo microscope are also given.
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Taramali Elektron Mikroskobunda (SEM) Cassida atrata Fabricius, 1787 nin SpermathecaYapisi
(Coleoptera: Chrysomelidae: Cassidinae)

OZET Aragstirma Makalesi
Cassida Linnaeus, 1758 cinsi igerisinde genel olarak erkek genitalinin

ayirt edici olmadigi, spermateka’nin ise kismen ayirt edici oldugu Makale Tarihgesi

kabul edilmektedir. Bununla birlikte simdiye kadar yapilan genital Gelig Tarthi  :08.10.2019
calismalarinin  sadece  stereo  mikroskoba dayali  oldugu Kabul Tarihi :19.12.2019
gorilmektedir. Genital yapilarin ultrastriktirel yapisi birkag

calisma disinda c¢alisilmamastir. Ultrastrikturel calismalarin Anahtar Kelimeler
taksonomik acgidan kullanigh olup olmadigin1 ortaya koymak Chrysomelidae

amaciyla bu ¢alismada Tirkiye’den 1996 ve 2018 yillarinda Kayseri Cassida

ve Nigde illerinden toplanan toplam ti¢ Cassida atrata Fabricius, 1787 SEM

ornegine ait digi genital yapis1i SEM’de ilk defa olarak incelenmigtir. Spermateka

Bu sayede, yeni ve ayirt edici karakterler elde edilmis ve diger bir alt Turkiye

cinsteki daha once c¢alismis tiirlerden ayirt edici oldugu ortaya
konulmustur. Disi genitalinin hem SEM hem de stereo mikroskop

fotograflar: da ¢caligsma igerisinde sunulmustur.

To Cite : Bal N 2020. Spermatheca Structure of Cassida atrata Fabricius, 1787 (Coleoptera: Chrysomelidae: Cassidinae) in
Scanning Electron Microscope (SEM). KSU J. Agric. Nat. 23 (2): 396-401. DOI: 10.18016/ksutarimdoga.vi.630773.

INTRODUCTION

The genus Cassida Linnaeus, 1758, contains numerous
species spread around the world (Palearctic, Neartic,
Oriental, Afro-tropical, Madagascar and Australian
regions). In the Palearctic and Oriental region, species
of the genus Cassida appear to be divided into 15
subgenera (Borowiec, 2007; Ozdikmen and Bal, 2019).

The Cassidinae fauna of Turkey include 51 species of
six genera. The genus Cassida has 41 species of 11
subgenera (Ekiz et al., 2013; Ozdikmen et al., 2014;
Ozdikmen and Kaya, 2014).

The nominotypical subgenus Cassida (Cassida)
Linnaeus, 1758 includes 46 species distributed around
the World (45 Palearctic species including the type

species Cassida nebulosa Linnaeus, 1758 and one
native  species from North  America). The
nominotypical subgenus is represented by 21 species in
Turkey. Cassida atrata Fabricius, 1787 is one of the
species in the nominotypical subgenus.

According to Bordy and Doguet (1987), Borowiec and
Swietojanska (2001) and Borowiec (2007), male
genitalia are not diagnostic within the genus Cassida
Linnaeus, 1758. Spermathecae are partly diagnostic.
However, studies on genitalia have been based on only
stereo microscope up to now. Ultrastructures of
genitalia have never been studied except for a few
recent works (Atas et al., 2019a, 2019b).

Hitherto, we think that arrangement of the subgeneric
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classification in the genus Cassida on the base of
aedeagal and especially spermathecal morphologies
was overlooked due to this acceptance and approval.
However, we believe that ultrastructural and detailed
investigations of aedeagi and spermathecae will be
very important in the genus Cassida with regard to
subgeneric classification especially. With this reason,
detailed investigations of spermatheca of Cassida
atrata Fabricius, 1787 from Turkey were studied with
stereo microscope. Obtaining observations are
presented in below.

The aim of this work is to reveal; detailed morphologies
of spermatheca of Cassida atrata observed by stereo
microscope and SEM.

MATERIALS and METHODS

The available specimens (a total of three specimens)
for the present work were collected from Kayseri and
Nigde provinces in Turkey in 1996 and 2018. The
specimens were deposited at Gazi University (Ankara,
Turkey).

The spermatheca were dissected from abdomen, and
remaining tissue was removed with fine tweezers. For

Figure 1.Cassida atrata Fabricius, 1787; A. dorsal view, B. 4
Sekil 1.Cassida atrata Fabricius, 1787; A. dorsal goriiniim, B. Ventral goriiniim, C. Yandan goériiniim. Olgek ¢ubuk

boyutu 1 mmdir.

The species is widely distributed in Turkey. It has been
recorded from nine provinces including Ankara, Bolu,
Bursa, Corum, Eskigehir, Isparta, Mersin and Nigde
provinces in Asian Turkey and Edirne province in
European Turkey (Ekiz et al., 2013; Ozdikmen and
Kaya, 2014).

Material examined: Kayseri:i Develi, Kocahacil,
38°11'15" N 35°23'50" E, 07.V.2018, 1092 m, 1
specimen; Nigde: Melendiz, between Hancerli-
Kuaciukkoy, 03.VII.1996, 1 specimen; Camard,
29.V1.1996, 1 specimen.

Spermatheca of Cassida atrata was studied with SEM
and stereo microscope. Observations on
ultrastructural and detailed morphologies are
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microscopic examination, the samples were placed in
70% ethanol and examined with Olympus SZX7
stereomicroscope.

For scanning electron microscopy (SEM), cleaned
samples were dehydrated using an ascending series of
ethanol (70%, 80%, 90%, and 100%) and then air dried.
After that, the specimens were mounted onto
SEM stubs using a double-sided adhesive tape, coated
with gold using a Polaron SC 502 Sputter Coater, and
examined with a JEOL JSM 6060 Scanning Electron
Microscope (SEM) at 10 kV.

RESULTS and DISCUSSION
Cassida atrata Fabricius, 1787(Fig. 1)

Cassida atrata is a European species. Its body length
is 5.1-7 mm. It is distributed in Europe (Albania,
Austria, Bulgaria, Bosnia, Croatia, Czech Republic,
France, Germany, Greece, Herzegovina, Hungary,
Italy, Latvia, Macedonia, Moldova, Poland, Romania,
Serbia- Montenegro, Slovakia, Slovenia, Turkey,
Ukraine) and Asia (Turkey) (Warchalowski, 2010;
Borowiec and Sekerka, 2010).

B

ventral view, C. Lateral view.Scale bars size is 1 mm

presented as follows:

Spermatheca: In stereo microscope(Fig. 2): Vasculum
(General view of spermatheca) is eggplant-shaped or
boxing glove-shaped, distinctly curved, relatively
obtuse angled, dissymmetrical C-shaped (apical part of
cornu prolonged). It is generally light brown. In
vasculum, cornu is much thicker than the nodulus,
especially in the apical part. Apical part of cornu is
clearly swollen and dark in color. Apex of cornu is not
rounded. Nodulus is short, almost parallel, not
swollen. Nodulus is darkened on internal surface
basally. Ampulla is in the shape of an elongated
channel or tubular and connected to the nodulus on the
outer surface in the basal part of the nodulus. The
ramus is in the form of a long straight and thick
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channel or pipe which is slightly enlarged in the
middle. The widest part of ramus is slightly thinner
than the thickness of the nodulus. The spermatheca
gland is attached to the ramus at the outer surface of
the ramus. Ductus spermatheca connects straight to
the ramus, which is thick and long. It is in the form of
a flat tube that folds widely in the proximal part. It is
thicker in the next large part, and is regularly curved
in a spiral shape. Ductus spermatheca is thinner than

@
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|

Figure 2. Spermatheca of Cassida atrata Fabricius,
1787. Scale bars size is 0,6 mm.

Sekil 2.Cassida atrata Fabricius, 1787, ‘nin
spermatekasi. Olgek ¢ubuk boyutu 0,5
mmdir.

In SEM (Scanning Electron Microscope)(Figs. 3-6):

Observations obtained by SEM are similar to those of
stereo microscope in general. Therefore, only different
characters in photos of SEM are presented below.

I

W\

XSS Zadsm

Figure 3.Spermatheca of Cassida atrata, lateral view
(SEM). Scale bars size is 200 um.

Sekil 3.Cassida atrata’nin spermatekasinin yandan
gortiniimii (SEM). Olgek g¢ubuk boyutu 200
pm. dir.

Apex of cornu is round. Nodulus has a distinct

integument on internal surface basally. The
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integument behind nodulus fringed that more or less
corrugated. Spermathecal gland connected to proximal
duct before its first curve. Nodulus, cornu, proximal
tube of ductus spermatheca have scattered, irregular
and sparsely ultrastructural pits.

Cassida atrata is in the nominotypical subgenus of
Cassida. According to the results of the present work,
spermathecal morphologies of Cassida atrata
distinctly differ from Cassida nebulosa Which is the
type species of the genus and nominotypical subgenus.

Many characters in detail are diagnostic. These
diagnostic characters can be seen below.

Spermatheca of Cassida nebulosa Linnaeus, 1758 in
stereo microscope (Fig. 7): General view of
spermatheca is in the form of an opened hook or bird
beak-shaped, distinctly curved. Nodulus is distinctly
swollen and bulbous. Apical part of cornu is clearly
sharpened. Apex of cornu is pointed. Cornu has an
integument trace in front of the apex. Collum is
invisible, and much reduced. Ramus is visible, but
small. It is joined to nodulus in latero median part of
external surface basally. Ductus spermatheca is very
long, rather fine, and regularly spiral almost along its
length.

Diagnostic characters of spermatheca for Cassida
nebulosa and Cassida atrata in stereo microscope:

General view of spermatheca is in the form of an
opened hook or a bird beak-shaped, distinctly curved.
Nodulus is distinctly swollen and bulbous. Nodulus is
not darkened on any part. Apical part of cornu is
clearly sharpened. Apex of cornu is pointed. Cornu has
an integument trace in front of the apex. Ramus
visible, but small. It is joined to nodulus in latero
median part of external surface basally. Ductus
spermatheca is very long, rather fine, regularly spiral
almost along its length. Cassida nebulosa Linnaeus,
1758

General view of spermatheca is eggplant-shaped or
boxing glove-shaped, distinctly curved, relatively
obtuse angled, dissymmetrical C-shaped (apical part of
cornu prolonged). Nodulus is short, almost parallel, not
swollen. Nodulus is darkened on internal surface
basally. Apical part of cornu is clearly swollen. Apex of
cornu is rounded. Cornu does not have any integument
trace in front of the apex. Ramus is invisible, very
reduced or absent. Proximal duct is joined to nodulus
in latero median part of external surface basally
because ramus is invisible. Ductus spermatheca is
rather thick, straight tube-shaped at the proximal
part, and then this tube is broadly twisted. These parts
are probably almost 1/3 of all length of ductus
spermatheca. Last part (or last 2/3) of ductus
spermatheca is probably rather long, rather thick and
regularly spiral. Cassida atrata Fabricius, 1787.
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Figure 4. Spermatheca of Cassida atrata, a. Nodulus, cornu and integument; b. Pits on the apical part of cornu; ¢ and d.
Integument, ampulla, spermathecal gland and ductus spermatheca; e. Connection of spermathecal gland on proximal
duct; f. Integument on basal part of nodulus; g. Pits on integument in basal part of nodulus; h and 1. spermathecal
gland on proximal duct in lateral view (SEM).Scale bars size are 100 um, 50 um, 50 ym, 10 ym, 10 um, 10 um,
respectively.

Sekil 4. Cassida atrata nmin spermatekasi, a. Nodulus, cornu ve integument; b.Cornu'nun apikal kismindaki ¢ukurlar, ¢ ve d.
Integiiment, ampulla, spermatekal bez ve spermateka kanali; e. Proksimal kanal tizerindeki spermatekal baglanti.
f. Nodulusun kaide kismi tizerindeki integument; g. Nodulusun kaide kismindaki integiimentteki ¢ukurlar; h ve
1.Proksimal kanaldaki spermatekal bezin yandan gériiniimii (SEM). Olgek ¢ubuklarinin boyutlar sirasiyla 100 um,
50 um, 50 um, 10 um, 10 ym, 10 um'dir.

19k

Figure 5.Spermatheca of Cassida atrata, ramus, spermathecal gland, proximal duct and ductus spermatheca in lateral view
(SEM).Scale bars size are 100 um, 50 um, respectively.
Sekil 5. Cassida atrata nin spermatekasi; ramus, spermatekal bez, proksimal kanal ve spermateka kanalinin yandan gértinimi
(SEM). Olgek ¢ubuklarinin boyutu sirasiyla 100 um, 50 pm'dir.
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Figure 6.Spermatheca of Cassida atrata, spiral part of ductus sperrﬁatheca in lateral view (SEM). Scale bars size

15 10 um.

Sekil 6.Cassida atratamn spermatekasi, spermateka kanalimin spiral kismi yandan gériinimde (SEM). Olgek

cubuk boyutulO um.

Figure 7.Spermatheca of Cassida nebulosa Linnaeus,
1758, lateral view (from Bordy, 2009).

Sekil 7.Cassida nebulosa Linnaeus, 1758 ‘In
spermatekasinin yandan gériiniimii (Bordy,
2009 dan).

CONCLUSION

As mentioned above, nine spermathecal characters for
Cassida nebulosa are determined. The type species
clearly differs from Cassida atrata by all determined
spermathecal characters.

Accordingly, it can be said that the type species
Cassida nebulosa and Cassida atrata are probably not
congeneric.

According to the results of the present study, we
believe that ultrastructural and detailed
investigations of spermathecae will be very important
in the genus Cassida with regard to subgeneric
classification especially.
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ABSTRACT

In this study, lectotypifications of 21 valid or synonym names of the
genus Dianthus L. (Caryophyllaceae) were determined. Among these;
the types of D. acrochlorus Stapf, D. haussknechtii Boiss., D.
hypochlorus Boiss. & Heldr., D. kastembeluensis Freyn & Sint., D.
kotschyanus Boiss. & Heldr., D. Iydus Boiss., D. micranthus Boiss. &
Heldr., D. multipunctatus Ser. var. gracilior Boiss., D. pallens Sibth.
& Sm. var. oxylepis Boiss. and D. striatellus Fenzl were based upon
the specimens collected from two or more localities. The types of D.
bitlisianus Kotschy ex Boiss., D. brevicaulis Fenzl, D. carmelitarum
Reut. ex Boiss., D. cibrarius Clem., D. hymenolepis Boiss., D.
muschianus Kotschy ex Boiss.,, D. polycladus Boiss. and D.
setisquameus Hausskn. ex Bornm. were based upon the specimens
collected from a single locality without mentioning any “type”. And D.
arpadianus Ade & Bornm. var. trojanus Bornm. & Sint., D. engleri
Hausskn. & Bornm. and D. siphonocalyx Blakelock were based upon
the specimens for which multiple “types” were stated. Most of the
specimens of the lectotypes determined in this study were collected
from Turkey and the rest came from Syria and Iraq.

Dianthus L.ta (Caryophyllaceae) Baz Isimlerin Lektotipifikasyonu

OZET

Bu calismada, Dianthus L. cinsinde (Caryophyllaceae) gecerli veya
sinonim durumda olan 21 ismin lektotipifikasyonu yapildi. Bunlar
arasinda; . acrochlorus Stapf, D. haussknechtii Boiss., D.
hypochlorus Boiss. & Heldr., D. kastembeluensis Freyn & Sint., D.
kotschyanus Boiss. & Heldr., D. lydus Boiss., D. micranthus Boiss. &
Heldr., D. multipunctatus Ser. var. gracilior Boiss., D. pallens Sibth.
& Sm. var. oxylepis Boiss. ve D. striatellus Fenzl'de tipler iki veya
daha fazla adresten toplanmis oOrneklere dayandirilmigtir. D.
bitlisianus Kotschy ex Boiss., D. brevicaulis Fenzl, D. carmelitarum
Reut. ex Boiss., D. cibrarius Clem., D. hymenolepis Boiss., D.
muschianus Kotschy ex Boiss., D. polycladus Boiss. ve D.
setisquameus Hausskn. ex Bornm. da tipler, “tip” belirtmeksizin tek
adresten toplanmig 6rneklere dayandirilmistir. Ve D. arpadianus Ade
& Bornm. var. trojanus Bornm. & Sint., D. engleri Hausskn. & Bornm.
ve D. siphonocalyx Blakelock’ta ise, birden fazla “tip” olarak
belirtilmis 6rneklere dayandirilmistir. Bu ¢alismada lektotip olarak
belirlenen 6rneklerin ¢ogunlugu Tirkiye’den, bir kismi ise Suriye ve
Irak’tan toplanmagtir.
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INTRODUCTION

Dianthus L. is the second largest genus in the family
Caryophyllaceae, after Silene L. The genus, which
includes ca. 300 species, is generally distributed in the
Mediterranean region of Europe and Asia (Valente et
al. 2010). The first study focusing on Dianthus species

in the Turkish flora was carried out by Reeve (1967),
and in that study 67 species were recorded. In recent
years, 16 new species and 4 new records were added to
the Turkish Dianthus. On the other hand, it was
determined that 5 species are not grown in Turkey
(Gemici & Leblebici, 1995; Menemen & Hamzaoglu,
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2000; Ozhatay & Kiltiir, 2006; Vural, 2008; Yilmaz et
al., 2011; il(;im et al., 2013; Hamzaoglu et al., 2014;
2015a; 2015b; 2015¢; 2017; 2018; Hamzaoglu & Kog,
2015; 2018a; 2018b; 2019a; 2019b; 2019¢; Deniz et al.,
2016; Oskay, 2018). As a result of these studies, total
species number of the genus Dianthus in Turkey has
reached 82, of which 43 are endemic, so that the
endemism rate 1s about 52 %.

Some taxa of the genus Dianthus determined in
Turkey were based upon the specimens collected from
two or more localities (i.e. syntypes) (Reeve, 1967).
Some of these specimens were collected from a single
locality, without any information about the type
indicated on them. This situation caused a great
uncertainty about which specimen is the “type” of the
species. In some of the taxonomic studies
“lectotypification” of some taxa, such as D. viscidus
Bory & Chaub., D. cruentus Griseb., D. anatolicus
Boiss., D. transcaucasicus Schischk., D. tabrisianus
Bien. ex Boiss. and D. crinitus Sm. var. crossopetalus
Fenzl ex Boiss., distributed also in Turkey, were
carried out in recent years (Strid, 1986; Rechinger,
1988; Nersesyan, 2011). However, these studies are
extremely limited. This study was concerned with the
revision of Dianthus that provided some of the new
data (TUBITAK, Project No. KBAG-111T873). The
lectotypification process was carried out by using
virtual 1images. The virtual herbaria images,
significantly increased in recent years, made these
types of studies much easier than in the past.

MATERIAL and METHOD

The materials of this study were the virtual images
obtained from the K, E, P, JE, WU, BM, PH and BR
Herbaria and related protologues. In addition to these
images mentioned above, the topotype specimens in
the GAZI and ANK Herbaria were also utilized. The
names attributed to the specimens were discussed in
the framework of type localities indicated on the labels
and the details indicated in the protologues by the
authors themselves in their own handwriting. The
rules and recommendations of the ICN (Art. 9.3 and
9.12, Rec. 9A and 9C) have been followed while
designating the lectotype (Turland et al. 2018).

RESULTS

The lectotyped names were evaluated in alphabetical
order and the names of the species were indicated in
italic and bold as follows: The first paragraph of the
lectotypification of the species includes the name of the
taxon, author and the identity. The second and third
paragraphs contain the protologue citation and the
specimen chosen as a lectotype, respectively. Finally,
the reasons for lectotyping of the names were
explained. Whether the lectotyped names are valid or
a synonym was outside the scope of this article. In
addition, the incomplete or incorrect localities on the

labels were corrected in square brackets.

Dianthus acrochlonis Stapf, Denkschr. Kaiserl. Akad.
Wiss., Wien. Math. -Naturwiss. Kl. 51: 350 (1886)!

Protologue citation: “Lycia: Ad Karakiéi (2.viii.1882);
in ruinis monasterii supra Owadjik. (2.VII1.1882.)”.

Lectotype (designated here): “Passhéhe ober Karakioi,
2 August 1882, Luschan” (WU 066702), Figure 1.

Other syntype specimens: “Lycia: In ruinis monasterii
supra Owadjik. (2.VII1.1882)”.

Note: The epithet of this species has been corrected
from the protologue “acrochlorus’ to “acrochlonis’ in
accordance with Article 60.8 of the ICN (Turland et al.,
2018; IPNI, 2019; The Plant List, 2019). It was defined
based on specimens collected from two localities in
Antalya Province, Turkey (Karakioi [Karakéy] and
Owadjik [Ovacik] villages, [Elmali District]) (Stapf,
1886). There was a sheet collected by Luschan from
Karakoy village present in the WU Herbarium. This
specimen with the barcode of “WU0066702” was
chosen as the lectotype (Figure 1).

Dianthus arpadianus Ade & Bornm. var. trgjanus
Bornm. & Sint., Repert. Spec. Nov. Regni Veg. 36: 385
(1934)!

Protologue citation: “Collectus a cl. Sintenis in monte
Kapudagh montium Ida, in Asia minore (Mysia),
1.VII.1883 et distributus sub No. 556”.

Lectotype (designated here): “P. Sintenis: Iter
trojanum 1883. M. Ida, in marmor montis Kapu-Dagh,
/7, No. 556" (E [E00301902] Virtual image!;
isolectotypes: E [E00301899] Virtual image!;
[E00301901] Virtual image!; K [K000725436] Virtual
image!; [K000725437] Virtual image!; P [P05294835]
Virtual image!; JE [JE00015045] Virtual image!;
[JE00015046] Virtual image!; [JE00015047] Virtual
image!), Figure 1.

Note: According to the protologue, this taxon is defined
based on specimens collected from Balikesir Province,
Turkey (Kapudagh [Kapidag, Kaz Dagil) (Ade, 1934).
There were nine sheets collected by Sintenis from
Kapidag in the E, K, JE, and P Herbaria. Three of the
nine sheets had “type specimen” written on them in the
E. Also, there was a sheet in the K with “isotypus”
written on it (K000725436). However, nothing was
written on the remaining sheets in the K
(K000725437), P (P05294835) and JE (JE00015045,
JE00015046, JE00015047). Since the holotype was not
clearly specified, the sheet in the E with the barcode of
“E00301902” was chosen as the lectotype (Figure 1).

Dianthus bitlisianus Kotschy ex Boiss., FI. Orient. 1:
483 (1867)!

Protologue citation: “In aridis prope Bitlis Armenia
meridionalis (Ky!)”.

Lectotype (designated here): “In aridis ad urbem Bitlis
alt. 4600". Diebus Sept., Kotschy Suppl. 762" (P
[P04980977] Virtual image!; isolectotype.
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Figure 1. Lectotype of Dianthus acrochlonis (A), Dianthus arpadianus var. trojanus (B), Dianthus bitlisianus (C)
and Dianthus brevicaulis (D, specimens on the bottom of sheet).
Sekil 1. Dianthus acrochlonis (A), Dianthus arpadianus var. trojanus (B), Dianthus bitlisianus (C) ve Dianthus
brevicaulis (D, kartonun altindaki érnek)’in lektotipi.

P [P04980976] Virtual image!; JE [JE00017149]
Virtual image!), Figure 1.

Note: The type locality of the taxon was given as
“Bitlis” in the protologue (Boissier, 1867). There were
three identical sheets found in the P and JE Herbaria,
labelled “Bitlis, Kotschy 762”. One of these sheets,
(P04980976), was selected as the lectotype (Figure 1).

Dianthus brevicaulis Fenzl, Pug. Pl. Nov. Syr. 10-11
(1842)!

Protologue citation: “In alpibus Tauri occidentalis
(Kotschy coll. n. 91”.

Lectotype (designated here): “In monte Tauro, Aestate
1836, legit Th. Kotschy Ne 91” (K [K000725515] Virtual
image!, specimens on the bottom of sheet; isolectotype:
K [K000725513] Virtual image!; [K000725514] Virtual
image!; WAG [WAG0004000] Virtual image!; S [S07-
16787] Virtual image!; L [1706160] Virtual image!; BM
[BM000571476] Virtual image!; H [H1341175] Virtual
image!), Figure 1.
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Note: According to the protologue, this species was
defined based on specimens collected from west of the
Taurus Mountains in Turkey (Fenzl, 1842). There were
eight sheets found in the K, WAG, S, L, BM, and H
Herbaria, labelled “Kotschy 91”. On some of them, only
the “Type" or "Type Number. HERB. KEW.” was
written. Since the holotype was not clearly specified,
the sheet in the K with the barcode of “K000725515”
was chosen as the lectotype (Figure 1).

Dianthus carmelitarum Reut. ex Boiss., FI. Orient. 1:
512 (1867)!

Protologue citation: “In monte Techdagh Armenia
(Huet)”.

Lectotype (designated here): “In montibus Tech-Dagh
supra Erzeroum, in pascuis, Jul. 1853, Huet du
Pavillon” (K [K000725526]  Virtual image!;
isolectotype: K [K000725527] Virtual image!), Figure
2.

Note: The type locality of the taxon was given as “above
Erzurum, Tekdag” in the protologue (Boissier, 1867).
There were two specimens collected by Huet from
“Tekdag” present at the virtual herbarium in the K.
One of these sheets (K000725526) was selected as the

lectotype, since they are similar (Figure 2).

Dianthus cibrarius Clem., Mem. Reale Accad. Sci.
Torino, II, 16: 256 (1857)!

Protologue citation: “Copiose occurrit in convalle
quadam alpina Olympi bith. latere S.E. Floret Augusto
mense”.

Lectotype (designated here): “In herbidy alpin. Olympi
bith., 18 aug 1850, Clementi collegit” (K [K000725530]
Virtual image!; isolectotypes: K [K000725532] Virtual
image!, specimen on the left of sheet; BM
[BM000571465] Virtual image!), Figure 2.

Note: The type locality of the taxon was indicated as
“Olympi bith. [Uludag, Bursal” in the protologue
(Clementi, 1857). There were three sheets collected by
Clementi from “Olympi bith.” present at the virtual
herbarium in the K. Since the holotype was not clearly
specified, the sheet in the K with the barcode of
“K000725530” was chosen as the lectotype (Figure 2).

Dianthus engleri Hausskn. & Bornm., Mitt. Geogr.
Ges. (Thiiringen) Jena 9: 16 (1890)!

Protologue citation: “alpine Region des kappadok.
Akdagh 1900 m, Exsicc. Nr. 984,

Lectotype (designated here): “Cappadociae bor.: in
summo jugo Karababa in monte Ak-dagh, alt. 2300 m,
2.8.1889”, Bornmiiller 984" (K [K000725512] Virtual
image!; isolectotypes. PH [00011434] Virtual image!;
BR  [0000006969462]  Virtual image!; BM
[BM000571474] Virtual image!; JE [JE00013305]
Virtual image!; KFTA [KFTA0000031] Virtual image!;
GB [GB0047145] Virtual image!), Figure 2.

Note: The type locality of the species was written,
“[Turkey A5 Amasyal in the summo cacumine “Kara

baba” mountains is Akdagh, 2700 m, 1 vii 1889,
Bornm. 984” in the Flora of Turkey and the FEast
Aegean Islands where both the name of the province
and the altitude were indicated erroneously (Reeve,
1967). Floristically, the location of Amasya “Akdag” is
included in the “Galatia” Region (Davis, 1965).
However, it was clearly stated in the protologue that
the species was distributed in the “Cappadocia” Region
(Haussknecht, 1890). In addition, there is no hill with
the name of “Karababa” in the Amasya “Akdag”
mountain range. “Karababa” hill is located in the
“Akdag” mountain range between Sivas and Yozgat
Provinces. The altitude of this hill is 2350 meters,
which does not comply with the altitude of 2700 meters
indicated in the Flora of Turkey. Specimens collected
from the Karababa hill and the region in its close
proximity also verified this fact (Ekim 4132, ANK;
Hamzaoglu 3947 and 6488, GAZI). There were six
sheets, with the identification of “Bornmiiller 984,
Karababa, Akdag”, found in the BM, PH, KFTA, K, JE,
and BR Herbaria. Furthermore, there is no collector’s
number on the sheet label with the barcode
“JE00013306” in the JE Herbarium. However, it was
written “orig.”, that is, “original” in parentheses by
Haussknecht. Of these seven sheets, there was no
expression of “type” or “holotype” written on any of
them by Bornmiuller or Haussknecht. Among these
sheets, only the ones found in the BM, KFTA, and BR
Herbaria were described as the “isotype”. On the other
hand, “typus” was written by Kuzmina in 2000 on a
sheet with the barcode of “JE00013305” found in the
JE Herbarium. However, no lectotype publication was
found that would support and make this note valid. As
a result, there were no signs whatsoever indicating the
type of the specimens obtained from the K, PH, and JE
Herbaria. Since the “holotype” of the species was not
clearly specified, the specimen barcoded “JE00013305”
in the JE Herbarium has been chosen as the lectotype
(Figure 2).

Dianthus haussknechtii Boiss., Fl. Orient. 1: 489
(1867)!

Protologue citation: “In monte Masmeneudagh
Cappadocia (Bal!), in graminosis montis Berytdagh
Cataonia alt. 6000" (Haussk!). F1. Aug.”.

Lectotype (designated here): “In  graminosis
Berytdagh, Taurus Cataonicus, 6000’, 10.8.65,
Haussknecht 1181” (JE [JE00017212] Virtual image!),
Figure 3.

Other syntype specimens: “In monte Masmeneudagh
Cappadocia (Bal!)”.

Note: The species was defined based on specimens
collected from two localities in Adana and
Kahramanmaras Provinces, Turkey (Masmeneudagh
[Karanfil Mountain, Pozanti] and Berytdagh [Berit
Mountain, Goéksun]) (Boissier, 1867). There was a
sheet collected by Haussknecht from “Berit Mountain”
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Figure 2. Lectotype of Dianthus carmelitarum (A), Dianthus cibrarius (B) and Dianthus engleri (C).
Sekil 2. Dianthus carmelitarum (A), Dianthus cibrarius (B) ve Dianthus engleri (C)'nin lektotipi.
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present at the virtual herbarium in the JE. The sheet
with the barcode of “JE00017212” was chosen as the
lectotype (Figure 3).

Dianthus hymenolepis Boiss., Diagn. Pl. Orient. 1(8):
64 (1849)!

Protologue citation: “In Mesopotamia loco non indicato
Kotschy pl. Assyr. No 161”.

Lectotype (designated here): “Pl. Mesopot., 1841,
Kotschy 169" (K [K000725525] Virtual image!;
isolectotype: K [K000725524] Virtual image!), Figure
3.

Note: The type locality of the taxon was indicated only
as “Mesopotamia” in the respective protologue
(Boissier, 1849). There were two sheets present at the
virtual herbarium in the K, labelled “Mesopot., 1841,
Kotschy 169”. Although the labels indicated the correct
form as “Kotschy 169”7, the author mistakenly quoted
this number as “Kotschy 161” in the protologue. Due
to fact that these sheets bear no sign related to
typification, the specimen barcoded “K000725525” was
selected as the lectotype (Figure 3).

Dianthus hypochlorus Boiss. & Heldr., Diagn. PL
Orient. 1(8): 67 (1849)!

Protologue citation: “In pascuis siccis Tauri Isaurici
inter valles Tourtchalar et Ermenek alt. 3000’ et in
regione alpina montis Anemas alt. 7000’ (forma minor)
(Heldreich)”.

Lectotype (designated here): “In pascuis sicuis vallis
Ermenek Isauria. Jul. 1845, Heldreich® (K
[K000725510] Virtual image!, specimens on the bottom
right of sheet; isolectotype: K [K000725511] Virtual
image!; H [H1505683] Virtual image!; WAG
[WAG0004002] Virtual image!; GOET [GOET005973]
Virtual image!), Figure 3.

Other syntype specimens: “In pascuis montis Anemas,
Lycaonia, Aug. 1845, Heldreich” (K [K000725508]
Virtual image!, as var. alpina; [K000725509] Virtual
image!, as var. alpina).

Note: There were two the different type localities of the
taxon indicated in the protologue as “Tourtchalar
[Turcalar, Sariveliler] et Ermenek” and “montis
Anemas [Dedegol Dag1]” (Boissier, 1849). A sheet with
the protologue of “Anemas” was determined in the K
Herbarium. Two labels, two barcodes and four
specimens are present on the sheet (K000725508 and
K000725509). “Dianthus hypochlorus Boiss. & Heldr.
var. alpina’ was written on the labels. These
specimens were determined to be “forma minor” in the
protologue of the original publication, whereas, in the
explanation section, they were determined to be “forma
alpina”. However, the specimens under “forma alpina
(var. alpina)” were not given as “type” but were given
as “syntype” under “Dianthus hypochlorus’.
Consequently, the name “forma alpina (var. alpina)”
was not published as valid and remained as a “nomen

nudum”. A total of five sheets with the protologue of
“Ermenek” were determined. “Type” was written on
one of these, “syntype HERB. KEW.” was written on
two of these, whereas, “isosyntype” was written on the
other two. Since the holotype was not clearly specified,
the sheet with the barcode of “K000725510” was
selected as the lectotype (Figure 3).

Dianthus kastembeluensis Freyn & Sint., Oesterr.
Bot. Z. 43: 375 (1893)!

Protologue citation: “Paphlagonia ad Kastemuni: in
collibus inter Taschldé Chan Eliots die 15. aug. (Exsicc.
no. 4964) et in collibus siccis supra Seidler die 17. aug.
1892 (Exsicc. no. 5018) leg. Sintenis”.

Lectotype (designated here): “Kastambuli: in pascuis
montis supra Seidler. 17.VIII, 1892, Sintenis 5018” (K
[K000725518] Virtual image! isolectotypes. GOET
[GOET005953] Virtual image!; JE [JE00017198]
Virtual image!; BM [BM000572329] Virtual image!;
PRC  [PRC455183]  Virtual image!; KFTA
[KFTA0000030] Virtual image!; S [S07-16959] Virtual
image!; LD [LD-1220430] Virtual image!; [LD-
1220490] Virtual image!), Figure 3.

Other syntype specimens: “Kastambuli: inter Taschlik-
Chan et Eliod. 15.VIII, 1892, Sintenis 4964” (K
[K000725519] Virtual image!; JE [JE00017199]
Virtual image!; LD [LD-1220190] Virtual image!; [LD-
1220550] Virtual image!).

Note: This taxon is defined based on specimens
collected from two localities in Kastamonu Province,
Turkey (Taschlé [Tashk] and “Seidler [Seydiler]
villages) (Freyn, 1893). There were nine sheets present
at the virtual herbaria in the K, JE, S, LD, KFTA, PRC,
BM, GOET labelled “Seydiler, Sintenis 5018”. Of these,
“type” was written on two sheets in the LD Herbarium,
“Isosyntype” was written on the sheets in the BM and
PRC Herbaria and “syntype” was written on the sheet
in the KFTA Herbarium. Whereas, there is no writing
at all related to the typology on the sheets in the K,
GOET, S and JE Herbaria. Since the holotype was not
clearly specified, this sheet (K000725518) was selected
as the lectotype (Figure 3).

Dianthus kotschyanus Boiss. & Heldr., Diagn. Pl
Orient. 1(8): 68 (1849)!

Protologue citation: “In Tauro Cilicia Kotschy Ne 86
sub D. pallenti, Tauro Lycaonica in monte Karadagh
supra Larenda et inter Beychehr et Koniah.
(Heldreich)”.

Lectotype (designated here): “In monte Tauro, Aestate
1836, legit Th. Kotschy Ne 86” (K [K000725439] Virtual
image!; isolectotype. K [K000725438] Virtual image!),
Figure 4.

Note: This taxon is defined based on specimens
collected from three localities in Turkey (Taurus
Mountains, above Karadag, and between Beysehir and
Konya) (Boissier, 1849). There were two sheets present
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in the K Herbarium, labelled “in monte Tauro, Kotschy
86”. There were three specimens on these sheets with
two different barcodes of “K000725439” and

“K000725438”. The specimens have been indicated
with three different names on the sheets as “Dianthus
kotschyanus’, “Dianthus anatolicus’ and “Dianthus
pomeridianus’. There was only “Syntype HERB.

KEW.” written on them. Since the holotype was not
clearly specified, the sheet with the barcode of
“K000725439” was chosen as the lectotype (Figure 4).

Dianthus lydus Boiss., Diagn. Pl. Orient. 1(1): 20
(1843)!
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Figure 3. Lectotype of Dianthus haussknechtii(A), Dianthus hymenolepis (B), Dianthus hypochlorus (C, specimens
on the bottom right of sheet) and Dianthus kastembeluensis (D).
Sekil 3. Dianthus haussknechtii (A), Dianthus hymenolepis (B), Dianthus hypochlorus (C, kartonun altinda
sagdaki érnek) ve Dianthus kastembeluensis (D)in lektotipi.
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Figure 4. Lectotype of Dianthus kotschyanus (A), Dianthus Iydus (B, specimens on the left of sheet), Dianthus
micranthus (C) and Dianthus multipunctatus var. gracilior (D).

Sekil 4. Dianthus kotschyanus (A), Dianthus lydus (B, kartonun solundaki érnekler), Dianthus micranthus (C) ve
Dianthus multipunctatus var. gracilior (D)'un lektotipi.
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Protologue citation: “In montibus Lydia Tmolo, Sypilo
ubi legi Jun. 1842”.

Lectotype (designated here): “Sipylus, Jul. 1842,
Boissier” (K [K000725528] Virtual image!, specimens
on the left of sheet; isolectotypes: E [E00301863]
Virtual image!, specimens on the right of sheet; P
[04986544] Virtual image!, specimens on the right of
sheet), Figure 4.

Note: This taxon is defined based on specimens
collected from two localities in Manisa Province,
Turkey (Lydia Tmolo [Bozdag] and Sypilo [Spil Dag1])
(Boissier, 1843). Three sheets collected by Boissier
from “Sipylus” were found in the E, K and P Herbaria.
The sheet in the K with the barcode of “K000725528”
was chosen as the lectotype (Figure 4).

Dianthus micranthus Boiss. & Heldr., Diagn. Pl
Orient. 1(8): 69 (1849)!

Protologue citation: “In herbidis Tauri Isaurici, in
montibus supra Tourtchalar alt. 4000’ et in parte
occidentali montis Gheidagh. Alt. 6000'". (Heldr.)”.

Lectotype (designated here): “Taurus Isauricus supra
Tourtchalar, Jul. 1845, Heldreich” (K [K000725428]
Virtual image!; isolectotype. K [K000725430] Virtual
image!, only "Taurus Isauricus" written on the label; E
[E00301886] Virtual image!, GOET [GOET005955]
Virtual image!, H [H1341470] Virtual image!, WAG
[WAG0004044] Virtual image!), Figure 4.

Other syntype specimens: “In saxosis montis
Gheidagh, Isauri, a. 6000, Jul. 1845, Heldreich” (K
[K000725429] Virtual image!, as var. minor; GOET
[GOET005954] Virtual image!, as var. minor).

Note: This species was defined based on specimens
collected from two localities in Karaman and Antalya
Provinces, Turkey (Tourtchalar [Turcalar, Sariveliler]
and Gheidagh [Geyik Daglari]) (Boissier, 1849). Two
sheets with the protologues “Gheidagh” were
determined in the K and GOET Herbaria
(K000725429, GOET005954). “Dianthus micranthus
Boiss. & Heldr. var. minor’ was written on the labels
of these sheets. These specimens in the protologue of
the original publication were given as “syntype” under
“Dianthus micranthus’. Consequently, it was not
published as a valid “var. minor’ name and remained
as a “nomen nudum”. Six sheets were found in the K,
E, H, GOET, and WAG Herbaria, labelled “Taurus
Isauricus supra Tourtchalar”. “Type” was written on
four of these sheets, whereas, “syntype” and
“isosyntype” were written on the other two. Since the
holotype was not clearly specified, the sheet with the
barcode of “K000725428” was chosen as the lectotype
(Figure 4).

Dianthus multipunctatus Ser. var. gracilior Boiss., F1.
Orient. 1: 483 (1867)!

Protologue citation: “In regione inferiori Tauri circa
Gulek (Ky exs. 88!), Syria in Amano (Ky exs. 69!), circa

Suadieh et Antiochiam (Boiss!), ad Aintab (Haussk!)”.

Lectotype (designated here): “Locis graminosa-
repestribus ad aquaeduetum supra Beilan alt. 3000’
23. junii, Kotschy 69” (K [K000725408] Virtual image!,
isolectotype. BM [BMO000572318] Virtual image!),
Figure 4.

Other syntype specimens: “Tulluk p. Aintab, 27.6.
1865, alt. 3000” (K [K000725407] Virtual image!),
“Syria Antiochei jul 1846, Boissier” (K [K000725409]).

Note: There were four different type localities
mentioned in the protologue of the taxon as “Gilek
[pass]”, “Amanos”, “Samandag and Antakya”, and
“Gaziantep” (Boissier, 1867). There were two sheets
present at the virtual herbaria in the K and BM,
labelled “Belen, Kotschy 69” and “syntype”. Since the
holotype was not clearly specified, the sheet in the K
with the barcode of “K000725408” was chosen as the
lectotype (Figure 4).

Dianthus muschianus Kotschy ex Boiss., Fl. Orient. 1:
510 (1867)!

Protologue citation: “In alpibus Armenia australis
supra Musch alt. 7500’ (Ky exs. 439!). FI. aest.”.

Lectotype (designated here): “Plantae ex schistosis in
alpibus prope Musch lectae, ad nives deliquescentes
frequens, 7500". Die 6 Sept. 1859, Kotschy 439” (K
[K000725520] Virtual image!; 1isolectotypes: P
[P04998389] Virtual image!; [P04998390] Virtual
image!; [P04998391] Virtual image!; JE [JE00017196]
Virtual image!; H [H1341530] Virtual image!; S [S07-
17165] Virtual image!; BM [BM000571464] Virtual
image!), Figure 5.

Note: According to the protologue, this taxon was
defined based on specimens collected from Mus
Province, Turkey (supra Musch [above Mus]) (Boissier,
1867). Eight sheets collected by Kotschy (no. 439) from
Mus Province were found in the K, P, BM, H, S, and JE
Herbaria. There were two sheets in the H and BM
Herbaria with “type” written on their labels
(H1341530, BM000571464). However, nothing was
written on the remaining sheets in the K, P, S and JE.
Since the holotype was not clearly specified, the sheet
in the K with the barcode of “K000725520” was chosen
as the lectotype (Figure 5).

Dianthus pallens Sibth. & Sm. var. oxylepis Boiss., F1.
Orient. 1: 485 (1867)!

Protologue citation: “In Syria boreali ad Aleppo (Oliv!),
in deserto propi Orfa (Haussk!), ad Siwereek (Ky exs.
99!), in Antilibano versus Damascum (Gaill!), deserto
ad Palmyram (Bl!), montibus Persiae bor. (Buhse! Ky
exs. 445!)”.

Lectotype (designated here): “Pl. Mesopot., Kurdistan
& Mossul, ad Siivereck (=Severek), 1841, Kotschy No.
99” (K [K000725421] Virtual image!; isolectotype. K
[K000725422] Virtual image!), Figure 5.
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Figure 5. Lectotype of Dianthus muschianus (A), Dianthus pallens var. oxylepis (B) and Dianthus polycladus (C).
Sekil 5. Dianthus muschianus (A), Dianthus pallens var. oxylepis (B) ve Dianthus polycladus (C)un lektotipi.

Other syntype specimens: “In m. Elbrus pr. Derbend.,
5 Jul. 1843, Kotschy 445” (BM [BM000572326] Virtual
image!).

Note: There were six different type localities stated in
the protologue of the taxon as “Aleppo”, “Urfa”,
“Siverek”, “Damascum [Sam]”, “Palmira” and
“Northern Iranian Mountains” (Boissier, 1867). There
were two sheets found in the K Herbarium, labelled
“Kotschy 99”. The sheet with the barcode of
“K000725421” was chosen as the lectotype (Figure 5).

Dianthus polycladus Boiss., Diagn. Pl. Orient. 1(8): 65
(1849)!

Protologue citation: “In  montibus aridis et
humulioribus Syriae inter Darkousch ad Orontem et
planitiem Aleppensem. Legi Jun. 1846”.

Lectotype (designated here): “Syria, inter Edlips et
Darkousch, Jun. 1846, Boissier” (K [K000725418]
Virtual image!; isolectotype. K [K000725419] Virtual
image!; PH [PH00011440] Virtual image!; LECB
[LECB0000542] Virtual image!), Figure 5.

Note: There was only one type locality quoted in the
protologue of the species as “between Asi river and
Aleppo in Darkush, Idlib province, Syria” (Boissier,
1849). There were four sheets found in the K, PH and,
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LECB Herbaria, labelled “between Idlib and Darkush”.
These sheets bear no marks about the typification of
the species. Therefore, the specimen barcoded
“K000725418” was selected as the lectotype (Figure 5).
A label that wrote “syntypus” was pasted onto the
sheet found in the LECB Herbarium. It is thought that
this note was written incorrectly, because the taxon
was defined from only one protologue and
consequently, it could not have a “syntype” specimen.

Dianthus setisquameus Hausskn. ex Bornm., Mitt.
Geogr. Ges. (Thiiringen) Jena 9: 15 (1890)!

Protologue citation: “alpine Region des kappadok.
Akdagh 17-1900 m, Bornmiiller. (Exciss. Nr. 975)”.

Lectotype (designated here): “Cappadocia borealis in
regione superiore montis Ak-Dag, 2000 m, 1/viii 89,
Bornmiiller No: 975 (K [K000725452] Virtual image!;
isolectotypes. JE [JE00017232] Virtual image!; S [S07-
17201] Virtual image!; BM [BM000571469] Virtual
image!; LECB [LECB0000543] Virtual image!; BR
[BRO000005231782]  Virtual  image!; = KFTA
[KFTA0000636] Virtual image!; GOET [GOET005961]
Virtual image!), Figure 6.

Note: The type locality of the species is erroneously
quoted in Flora of Turkey and the East Aegean Islands
as “[Turkey A5 Amasyal in regione alpina montis Ak
dagh, 1900 m, 1889, Bornmiiller 975" (Reeve, 1967).
The species was collected from the same locality as
“Dianthus engler?’” mentioned above. That is why the
collection numbers follow each other (Bornmiiller 975
and 984). Apart from that, in both the protologue and
the label of the species, it was clearly stated that the
species grow in the “Cappadocia” Region
(Haussknecht, 1890). In a recent study, there have
been specimens belonging to the same species collected
from the Nalbant hill (Yozgat, Akdagmadeni) in 2017
(Kog¢ 3193, GAZI). “Karababa hill” and “Nalbant hill”
belong to the “Akdag” mountain range located between
Sivas and Yozgat Provinces. There were eight sheets
found belonging to Bornmiiller’s “975, Akdag” in the K,
JE, S, BM, LECB, KFTA, GOET, and BR Herbaria.
Since these specimens had no sign whatsoever of
typification, the specimen barcoded “K000725452” in
the K Herbarium was chosen as the lectotype (Figure
6). A label written “syntypus” was pasted on the sheet
found in the KFTA Herbarium. It is thought that this
note was written incorrectly, because the taxon was
defined only from this protologue and consequently, it
could not have a “syntype” specimen.

Dianthus siphonocalyx Blakelock, Kew Bull. 3: 397
(1948)!
Protologue citation: “N. 'TRAQ: Jabal Rubal (or Robal),

S. of Atrush, 750 m., rocky limestone slope (scrub oak
forest), 14.7.33, E. Guest 3654”.

Lectotype (designated here): “Flora of Irak. Jabal
Rubal, S of Atrust, E.R. Guest 3654” (K [K000725443]
Virtual image!; isolectotypes. K [K000725442] Virtual

image!; [K000725444] Virtual image!; [K000725445]
Virtual image!; [K000725446] Virtual image!), Figure
6.

Note: The type of the related taxon was indicated as
“Guest 3654” in the protologue (Blakelock, 1948). But
there were five sheets in the K Herbarium, all labelled
“Type” and “Guest 3654”. Since the holotype was not
clearly specified, one of them with the barcode of
“K000725443” was chosen as the lectotype (Figure 6).

Dianthus striatellus Fenzl, Pug. Pl. Nov. Syr. 10
(1842)!

Protologue citation: “In Syria prope Svedie ad ostia
Orontis et in regione inferiore Tauri occidentalis
(Kotschy coll. n. 88)”.

Lectotype (designated here): “In monte Tauro, Aestate
1836, legit Th. Kotschy Ne 88” (K [K000725398] Virtual
image!; isolectotypes. K [K000725397] Virtual image!;
[K000725399] Virtual image!; [K000725400] Virtual
image!; [K000725401] Virtual image!; [K000725402]
Virtual image!; GOET [GOET005966] Virtual image!),
Figure 6.

Note: There were two different type localities of the
species quoted in the protologue as “Asi river mouth,
in Samandag [Hatay]” and “Taurus” (Fenzl, 1842). The
specimens were given the same number, although they
were collected from two different localities (Kotschy
coll. n. 88). The specimens numbered “Kotschy 88”
were used later as a “syntype” in the definition of
Dianthus multipunctatus var. gracilior (Boissier,
1867).

ADDITIONAL SPECIMENS SEEN

Dianthus engleri Hausskn. & Bornm. Turkey, Prov.
Yozgat, Akdagmadeni, above Kizilcaova village,
Karababa Mountain, 2020 m, 16.6.2006, Hamzaoglu
3947 (GAZI); ibid., 2170 m, 24.7.2012, Hamzaoglu
6488 (GAZI); ibid., Demirkaya Hill, c. 2000-2200 m,
Ekim 4132 (ANK). Dianthus setisquameus Hausskn.
ex Bornm. Turkey, Prov. Yozgat, Akdagmadeni, near
Kizilcaova village, Nalbant Pass, 2120 m, 13.7.2017,
Kog¢ 3193 (GAZI).
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Figure 6. Lectotype of Dianthus setisquameus (A), Dianthus siphonocalyx (B) and Dianthus striatellus (C).
Sekil 6. Dianthus setisquameus (4), Dianthus siphonocalyx (B) ve Dianthus striatellus (C)'un lektotipi.
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OZET Aragtirma Makalesi

Bu calisma Bursa ilinin giineyinde bulunan Orhaneli ilgesindeki

vaskiiler bitki cesitliligini kapsamaktadir. Calisma alanindan 47 Makale Tarihgesi

farkl istasyondan 2100 bitki 6rnegi toplanmig ve bu érneklerin teghisi Gelig Tarihi  :04.10.2019
sonunda 82 familya 347 cinse ait 713 takson (485 tiir, 157 alt tiir, 70 Kabul Tarithi :19.12.2019
varyete ve 1 melez) tespit edilmistir. Bu taksonlardan 14

Pteridophyta boliimiine, 699’u Spermatophyta bolimune ait oldugu Anahtar Kelimeler

belirlenmistir. 699 taksondan 81 Pinophytina, 691’1 Magnoliophytina Vaskiiler bitkiler
alt bolumundedir. 691 taksondan 583t Magnoliopsida, 10871 Flora )
Liliopsida smifindadir. Bitkilerin fitocografik bdélgelere gore Orhaneli
dagilimlar: ve oranlar1 Akdeniz elementi 149 (% 20.9), Avrupa-Sibirya ']l%gilsi?ye

elementi 89 (% 12.5), Iran-Turan elementi 50 (%7) ve ¢ok bolgeli yada
bélgesi bilinmeyenler 425 (% 59.6) seklindedir. Endemik taksonlarin
tehlike kategorileri de degerlendirilmistir. Taksonlarin Raunkier’in
hayat formlarina gore dagilimlar1 ve oranlar1 59 (% 8.3)'u Fanerofit,
328 (% 46)1 Hemikriptofit, 78 (% 10.9)1 Kriptofit, 231 (% 32.4)i
Terofit, 13 (%1.8)’1i Kamefit ve 4 (% 0.6) i Epifit olarak bulunmustur.
En fazla takson igeren familyalar ve takson sayilar1 sirasiyla,
Asteraceae (83), Fabaceae (64), Poaceae (50), Lamiaceae (45),
Brassicaceae (42) ve Caryophyllaceae (41)’dir. En fazla takson iceren
cinsler ve takson sayilari ise Trifolium L. (18), Alyssum L., Galium L.,
Verbascum L. (12), Vicia L., Hypericum L. (11), Euphorbia L. (9)
olarak bulunmustur.

Vascular Plant Diversity of Orhaneli District (Bursa, Turkey)
ABSTRACT Research Article

This study consists of vascular plants of Orhaneli district that is

located in the south of Bursa province. During the study, 2100 plant Article History

specimens were collected from 47 different stations in the research Received - 04.10.2019
area. At the end of identification, 713 taxa (485 species, 157 Accepted ©19.12.2019
subspecies, 70 varieties and 1 hybrid) belonging to 347 genera and 82

families were determined. The distribution of total taxa according to Keywords
divisio, subdivisio and classis is as follows: 14 taxa in Pteridophyta Vascular plants
division, 699 taxa in Spermatophyta division, 8 taxa in Pinophytina Flora .
subdivision, 691 taxa in Magnoliophytina subdivision, 583 taxa in Orhaneli
Magnoliopsida and 108 taxa in Liliopsida classis. The distribution of %‘ﬁzy

the taxa according to the phytogeographical regions and their rates
are as follows; Mediterranean element 149 (20.9%), Euro-Siberian
element 89 (12.5%), Irano-Turanian element 50(7 %) and
multiregional or unknown originated 425 (59.6 %). The threat
categories of 57 endemic taxa are presented. The threat categories of
these endemic taxa are presented. The largest families are
respectively, Asteraceae (83), Fabaceae (64), Poaceae (50), Lamiaceae
(45), Brassicaceae (42) and Caryophyllaceae (41). The genera
containing highest number of taxa are 7rifolium L. (18), Alyssum L.,
Galium L., Verbascum L. (12), Vicia L., Hypericum L. (11), Euphorbia
L. (9).

To Cite : Bagcivan G, Daskin R 2020. Orhaneli Ilgesinin Vaskiiler Bitki Cesitlilizi (Bursa, Tiirkiye). KSU Tarim ve Doga Derg
23 (2): 416-434. DOI: 10.18016/ksutarimdoga.vi.629511
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GIRIS

Turkiye, bitkisel ¢esitlilik  agisindan  kuzey
yarimkiiredeki 6nemli alanlardan birisidir. Turkiye
Floras1 11.707 taksondan olusmaktadir. Bu

taksonlardan 3649'u Turkiye'ye 6zgi olup endemizm
oran1 yaklasitk %32'dir (Giiner ve ark., 2012).
Endemizm orami diger Avrupa iilkelerine kiyasla
oldukca yuksektir ki bu oran Ispanya'da %18.6,
Yunanistan'da %14.9 ve Fransa'da %2.9dur (Aveci,
2005). Endemizm oraninin yiiksek olusunun sebepleri
arasinda, ulkemizin Asya ve Avrupa kitalarinin
birlestigi yerde, Akdeniz, Avrupa-Sibirya ve Iran-
Turan fitocografik bolgelerinin kesistigi bir bolgede
bulunmasi, topografyasimin  kisa  mesafelerde
degismesi, esgsiz jeolojik yapisi, gesitli ana kaya ve
toprak tiplerini birlikte bulundurmasi, farkh iklim
tiplerinin etkisi altinda olusu ve jeolojik devirlerde
gecirdigi iklimsel degisimleri sayabiliriz.

Bugiine kadar ¢alisma alaninin yakin cevresinde ve
Bursa ilinde bir¢ok floristik calisma yapilmigtir
(Cirpic1, 1989; Dirmenci, 2006; Giinay Daskin ve

Kaynak, 2006; Dagkin ve Kaynak, 2010a,b; Erdogan ve
ark., 2011; Guner ve Akg¢icek, 2013; Baggivan ve
Dagkin, 2019)

Bu calisma ile sahip oldugu farkli ana kaya yapisi,
zengin yer alti kaynaklar1 ve bitkisel cesitliligi ile
Bursa ilinin dikkat c¢eken ilgelerinden Orhaneli’de
yetisen vaskiiler bitkilerin belirlenmesi bu sayede
Bursa ili ve Tirkiye Florasina katki saglanmasi
amaglanmigtr.

MATERYAL ve METOT
Cahsma Alanin Ozellikleri

Bursa ilinin giineyinde Uludag'in eteklerinde yer alan
Orhaneli ilgesi yaklagik 764 km2 olup ylksekligi 487
m’dir. Kuzeyinde Nilifer ve Osmangazi, giineyinde
Biytikorhan, Harmancik, batisinda
Mustafakemalpasa, dogusunda Keles ilceleriyle
cevrilidir. Turkiye Florasinda kullanilan kareleme
sistemine gére (Davis, 1965), alanin biiyiik kismi B2
karesinde yer almaktadir (Sekil 1).
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Sekil 1. Calisma Alaninin Haritasi
Figure 1. Map of study area

T.C. Cevre ve Orman Bakanlig1, Devlet Meteoroloji Igleri Genel Miidiirligii ve Bursa Meteoroloji 11 Midiirliginden alinan
meteorolojik verilere goére Bursa’da yillik ortalama sicaklik 14.5 °C, yillik ortalama yagis 56.4 mm (1976-2006, 31 yil)
Orhaneli’de yillik ortalama sicaklik 13.6 °C, yillik ortalama yagis 44.6 mm (2013-2016, 4 y1l) olarak dl¢iilmiistiir (Anonim, 1976~
2006; Anonim, 2013-2016). Alanin iklimi Akdeniz olup yar1 kurak Akdeniz biyoiklim tipinin kiglar1 soguk alt tipine girmektedir.
Iklimsel veriler Emberger metoduna gére hesaplanmistir (Akman, 1999).

Calisma alaninda Pinus nigrad. F. Arnold subsp. nigra
var. caramanica (Loudon) Rehd., P. brutia Ten.nin
karigik halde bulundugu kurak ormanlar hakimdir.
Cam ormanlarinin yangin, kesim gibi nedenlerle
tahrip oldugu yerlerde Juniperus oxycedrus L. ssp.
oxycedrus, Phyllirea Iatifolia L., Paliurus spina-
christii Mill., Quercus infectoria Oliv. ssp. infectoria,
Rhus coriaria L., Pistacia palaestina Boiss., Cistus
creticus L., C. salviifolius L., Arbutus andrachne L.
tirlerinden olusan g¢ali vejetasyonu goriilmektedir.
Nemli vadi tabani ve iglerinde Fagus orientalis Lipsky,
Alnus glutinosa (L) Gaertn. subsp. glutinosa,

417

Platanus orientalis L., Populus tremula L. subsp.
tremula, Tilia tomentosa Moench, Corylus avellana L.
var. avellana yaygin olup akarsu ve su kanal
kenarlarinda Phragmites australis (Cav.) Trin. ex
Steud., Vitex agnus-castus L., Mentha longifolia L.
subsp. thyphoides (Briq.) Harley, M. pulegium L.,
Rumex crispus L., Polygonum persicaria L., Epilobium
hirsutum L., Lythrum salicaria L., Urtica dioica L.,
Plantago major L. subsp. intermedia (Gilib.) Lange ile
Salix L., Cyperus L. ve JuncusL. turleri yetismektedir.
Alanda 7Taxus baccata L. sadece Sadagi Kanyonu
i¢lerinde lokal olarak bulunmaktadir.
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Calisma alani jeolojik olarak esasen magmatik
kayalardan olusmaktadir. Erenler mevkiinden
baglayarak Harmancik ilgesine kadar anakaya olarak
devam eden ofiyolit seri yer yer bazi yerlerde aginma
ile serpantin kayalar veya taglik alanlar seklinde
goriilmektedir. Alan linyit, mermer, granit, krom,
nikel ve olivin madeni sicak su, maden suyu gibi
yeralti kaynaklarina da sahiptir. Guimugpinar ve
Diindar ¢evresinden ¢ikarilan linyit komiuri, Orhaneli
Termik Santralinde enerjiye donustiiriilmekte, krom,
nikel ve olivin madeni ise SETAT Madenciligin
tesislerinde islenmektedir. Ayrica ilgede c¢esithi
sirketlere ait mermer ve granit ocaklar: da faaliyet
gostermektedir (Anonim, 2010; 2012). Sadag Koyt
ustlerindeki Sadag1 Kanyonundaki Kaya Hamamlar:
ve Agachisar Koyundeki kaplicalar termal turizm
acisindan o6nemli bir potansiyele sahiptir. Sadagi
Kanyonundaki eski hamam kalintilarinin bulundugu
yerdeki kaynaktan c¢ikan sicaksu borularla vadi
boyunca tasinarak Serceler koyu civarindaki Aslanh
Jeotermal tesislerinde kullanilmaktadir.

Sadagi Kanyonu egsiz dogal guizellikleri, sahip oldugu
jeolojik yapisi, su kaynaklari ve bitki cesitliligi
acisindan alanin en dikkat c¢ekici yerlerindendir. Bu
ozelliklerinden dolayr her yil c¢ok sayida yerli ve
yabanci turist tarafindan ziyaret edilmekte olup
Orman ve Su Igleri Bakanhg tarafindan 436 ha'lik
alani Tabiat Parki olarak ilan edilmigtir.

Bitki  Orneklerinin
Listelenmesi

Toplanmasi, Teghisi ve

Bu calismanin materyalini olusturan yaklagik 2100
bitki o6rnegi, 2011-2017 yillarn arasinda farkh
vejetasyon periyodlarinda alandaki 47 lokaliteden
toplanmigtir. Calisma sirasinda toplanan o6rnekler
herbaryum materyali haline getirilerek Bursa Uludag
Universitesi Herbaryumunda (BULU)
saklanmaktadir. Bitki 6rneklerinin teshisinde basta
Tiirkiye Floras: (Davis, 1965-1985; Davis ve ark., 1988;
Giiner ve ark., 2000) olmak iizere baz resimli
kitaplardan (Se¢cmen ve Leblebici, 2008; Malyer ve
ark., 2016) yararlanmilmistir. Bitkilerin adlar1 ve statii
degisiklikleri Tiirkiye Bitkileri listesi (Damarh
Bitkiler) (Giiner ve ark., 2012) isimli kitaptan kontrol
edilmigtir. Hayat formlar1 Dbelirlenirken Raunkier
(1934)den yararlamlmistir. Bitki listesinde sirasiyla
egreltiler, gymnospermler ve angiospermler
verilmigtir. Bu bélim ve alt bolimlerde yer alan
familya, cins ve tur isimleri kendi i¢lerinde alfabetik
olarak listelenmigtir. Bitki listesi verilirken bitkinin
latince i1smi, yazari, lokalitesi, toplanma tarihi,
fitocografik bolge, hayat formu, endemizm durumu ve
tehlike kategorisi verilmigtir.

Simgeler ve Kisaltmalar; Akd.: Akdeniz Elementi,
Avr.-Sib.: Avrupa-Sibirya Elementi, D. Akd.: Dogu
Akdeniz Elementi, CR: Critically Endangered; EN:
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Endangered, END.: ENDEMIK, Epi.: Epifit, Fan.:
Fanerofit, GB: Giilsah BAGCIVAN, Hem.:
Hemikriptofit, Ir.-Tur.. Iran-Turan Elementi, J:
Juniperus, KD: Kirsad DASKIN, Kam.: Kamefit,
Kozm.: Kozmopolit, Kri.: Kriptofit, LC: Least Concern,
NE: Not Evaluated, NT: Near Threatened, P.: Pinus,
RD: Ruziye DASKIN, @.: Quercus, subsp.: Alt tiir, Ter.:
Terofit, var.: Varyete, VU: Vulnerable, ZB: Ziya
BAGCIVAN.

Aragtirma Alaninda Bitki Toplanan Lokaliteler

1. A2(A) Bursa: Orhaneli: Bagkdy-Cinarcik aras,
Cinarcik’a 2 km kala, RD, GB.

2. A2(A) Bursa: Orhaneli: Bagkéy ¢ikisi, 35T 657369 D,
4435736 K, 700 m, RD.

3. A2(A) Bursa: Orhaneli: Cinarcik Baraji iistleri ve
cevresi, 35T 650977 D, 4432753 K, 446 m, RD, GB.

4. A2(A) Bursa: Orhaneli: Cinarcik Korubas1 koyii
arasi, 35T 650183 D, 4438441 K, 430 m, RD.

5. A2(A) Bursa: Orhaneli; Orhaneli yolu, Géktepe yol
ayrimina 500 m kala, 35T 664493 D, 4437429 K, 626
m, RD, GB.

6. A2(A) Bursa: Orhaneli: Erenlere 2 km kala, 35T
662970 D, 4435035 K, 631 m, RD, GB.

7. B2 Bursa: Orhaneli; Orhaneli Bursa, Erenler’e 1
kala, 35S 661822 D, 4433746 K, 543-630 m, RD, GB,
ZB.

8. B2 Bursa: Orhaneli; Nalinlar yol ayrimindan 2 km
once, 495 m, RD, GB.

9. B2 Bursa: Orhaneli: Yériicekler yol ayrimindan 2
km sonra, 35S 6633228 D, 4424277 K, 392 m, RD, GB.
10. B2 Bursa: Orhaneli; Akg¢abiik kéyt Fatih Sakin
mesire alani, 35S 6645090 D, 4424010 K, 385 m, GB.
11. B2 Bursa: Orhaneli: Coreler yol ayrimi gevresi, 35S
665742 D, 4423203 K, 355 m, RD, GB.

12. B2 Bursa: Orhaneli; Orhaneli Deliballilar yol
ayrimi arasi, 35S 670235 D, 4414759 K, 688 m, RD,
GB.

13. B2 Bursa: Orhaneli; Topuk yol ayrimi Topuk arasi,
4. km’si, 35S 671018 D, 4427911 K, 536 m, RD, GB.
14. B2 Bursa: Orhaneli; Topuk Goyniikbelen yolu,
Goyntiikbelen’e 4 km kala, 35S 672598 D, 4426943 K,
705 m, RD, GB, ZB.

15. B2 Bursa: Orhaneli; Stikriye-Belenoluk yolu tizeri,
35S 672735 D, 4418645 K, 672 m, RD, GB.

16. B2 Bursa: Orhaneli; Kabaklar koyu cikisi, 39°
53'30”K, 29° 05’ 13” D, 578 m, RD, GB.

17. B2 Bursa: Orhaneli; Agachisar koylne 5 km kala,
RD, GB.

18. B2 Bursa: Orhaneli; Agaghisar Fadil arasi, 3. km,
RD, GB.

19. B2 Bursa: Orhaneli; Fadil Agachisar aras,
Agachisar’a 5 km kala, 35S 679420 D, 4411608 K, 727
m, RD, GB, ZB.

20. B2 Bursa: Orhaneli; Harmancik Orhaneli arasi,
Orhaneli’'ye 4 km kala, RD, KD.

21. B2 Bursa: Orhaneli; Orhaneli girisi, Gurgir
Cesmesi cevresi, 35S 669256 D, 4420645 K, 417 m, RD,
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GB, ZB.

22. B2 Bursa: Orhaneli; Orhaneli ¢ikigi Bliytikorhan
yolu, 5 km, RD, GB, ZB.

23. B2 Bursa: Orhaneli; Serceler Orhaneli yolu arasi,
447 m, RD, GB, ZB.

24. B2 Bursa: Orhaneli; Sadagi koyu c¢evresi, 35S
663708 D, 4416341 K, 626 m, RD, KD.

25. B2 Bursa: Orhaneli; Sercgeler girigi, Aslanh
Jeotermal Tesisleri ¢evresi, 35S 666137 D, 4417386 K,
441 m, RD, GB, ZB.

26. B2 Bursa: Orhaneli: Sadagi Kanyonu Tabiat Parki,
355 663124 D, 4415244 K, 553 m, RD, GB.

27. B2 Bursa: Orhaneli; Yesiller koyu c¢ikisi, Sadagi
kanyonu ustleri, 35S 662844 D, 4414697 K, 772 m, RD,
GB, ZB.

28. B2 Bursa: Orhaneli; Civili Bal tretim Ormani
cevresi, 35S 651910D, 4416289 K, 641 m, RD, GB.

29. B2 Bursa: Orhaneli; Civili Letafet arasi, 35S
650470 D, 4416179 K, 807 m, RD, GB.

30. B2 Bursa: Orhaneli; Yenidanisment Civili arasi, 1.
km, 35S 665284 D, 4416545 K, 5634 m, RD, GB.

31. B2 Bursa: Orhaneli; Giimispinar Dindar arasi,
35S 658347 D, 4417988 K, 617 m, RD, GB.

32. B2 Bursa: Orhaneli; Diindar Gimusgpinar arasi,
Gumiuspinar yol ayrimi c¢evresi, 35S 659972 D,
4418592 K, 704 m, RD, GB, ZB.

33. B2 Bursa: Orhaneli; Girencik Gumiispinar,
Gumiuspinar’a 3 km kala, 35S 660442 D, 4422201 K,
493 m, RD, GB.

34. B2 Bursa: Orhaneli; Gazioluk Aktag arasi, 2. km,
35S 652657 D, 4412527 K, 777 m, RD, GB.

35. B2 Bursa: Orhaneli; M. Akalan kéyt yol ayrimina
1 km kala, 35S 670300 D, 441644 K, 646 m, RD, GB,
ZB.

36. B2 Bursa: Orhaneli; Tepecik Ozliice arasi, Ozliice
girisi, 35S 665453 D, 4408821 K, 744-877 m, RD, GB.
37. B2 Bursa! Orhaneli; Eskidanisment koyu ¢ikis,
39° 49'23”K, 29° 44’ 29” D, 962 m, RD, GB.

38. B2 Bursa: Orhaneli; Sogut koyu tstleri, 35S
674484 D, 4410329 K, 1059 m, RD, GB.

39. B2 Bursa: Orhaneli; S6git Dinlenme Tesisleri
cevresi, 35S 671582 D, 4408637 K, 856 m, RD, GB.
40. B2 Bursa: Orhaneli; Demirci kéyu gevresi, 35S
672117 D, 4407808 K, 887 m, RD, GB, ZB.

41. B2 Bursa® Orhaneli; Kadi kéyu girisi, 810 m, RD,
KD.

42. B2 Bursa: Orhaneli; Kadikéy Derekoy yol ayrimi
arasi, 35S 6670519 D, 4407023 K, 811 m, RD, GB, ZB.
43. B2 Bursa: Orhaneli; Celaplar yol ayrimina 2 km
kala, RD, GB.

44. B2 Bursa: Orhaneli; Harmancik’a 16 km kala, Ceki
Siril yol ayrimi gevresi, 35S 675482 D, 4404612 K, 965
m, RD, GB.

45. B2 Bursa: Orhaneli; Harmancik yolu, Harmancik’a
14 km kala, 35S 676896 D, 4401689 K, 972 m, RD, GB.
46. B2 Bursa: Orhaneli; Daggliney girisi, GB, ZB.

47. B2 Bursa: Orhaneli; Karaoglanlar koyi i¢i, 760 m,
RD, GB.
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BULGULAR

Calisma Alaninin Floristik Listesi

Divisio: Pteridophyta (Egreltiler)

1. ANTHYRIACEAE

Cystopteris fragilis (L.) Bernh., 26, 12.03.2015, BULU
38221, Kri.

2.ASPLENIACEAE

Asplenium adiantum-nigrum L., 8, 17.04.2015, BULU
35499, Kri.

Asplenium ceterach L., 29, 16.04.2014, BULU 35442, Kxi.
Asplenium ruta-muraria L., 26, 12.03.2015, BULU 38082,
Kri.

Asplenium onopteris L. 30, 16.04.2014, BULU 35411, Kri.
Asplenium trichomanes L. subsp. trichomanes, 35,
23.06.2017, BULU 41599, Kri.

3.DRYOPTERIDACEAE

Dryopteris filix mas (L.) Schott., 27, 12.03.2015, BULU
38260, Kri.

Dryopteris pallida (Bory) Fomin subsp. pallida, 26,
22.04.2014, BULU 35668, Kri.

4. EQUISETACEAE

Equisetum arvense L., 21, 30.07.2017, BULU 42040, Kri.
5.POLYPODIACEAE

Polypodium wvulgare L. var. vulgare, 26, 22.04.2014,
BULU 35666, Kri.

Polypodium interjectum Shivas, 26, 12.03.2015, BULU
38081, Kri.

6.PTERIDACEAE

Cheilanthes marantae (L.) R. Br., 6, 11.05.2016, BULU
39585, Kri.

Cheilanthes persica (Bory) Mett. ex Kuhn, 27, 07.04.2016,
BULU 39526, Kri.

Pteridium aquilinum (L) Kuhn, 37, 24.05.2014, BULU
36479, Kri.

Bolim: Spermatophyta

Alt béliim: Pinophytina (A¢ik Tohumlular)
7.CUPRESSACEAE

Juniperus excelsa M. Bieb. subsp. excelsa, 19, 30.07.2017,
BULU 41968, Fan.

Juniperus foetidissima Willd., 26, 22.04.2014, BULU
35672, Fan.

Juniperus oxycedrus L. subsp. oxycedrus, 15, 30.07.2017,
BULU 41989, Fan

8.EPHEDRACEAE

Ephedra major Host, 35, 23.06.2017, BULU 41562, Fan.
Ephedra campylopoda C. A. Mey., 26, 22.04.2014, BULU
35673, Fan.

9.PINACEAE

Pinus brutia Ten., 3, 10.06.2014, BULU 37083, Fan.
Pinus nigra J. F. Arnold subsp. nigra var. caramanica
(Loudon) Rehd., 9, 17.04.2014, BULU 35535A, Fan.
10.TAXACEAE

Taxus baccata L., 26, 22.04.2014, BULU 35670, Fan.

Alt bsliim: Magnoliophytina (Tohumlu Bitkiler)

Simif: Liliopsida (Monokotiller)

11.ALISMATACEAE

Alisma plantago-aquatica L. subsp. plantago-aquatica,
26, 13.07.2016, BULU 40230, Avr.-Sib., Hem.
12.AMARYLLIDACEAE

Allium ampeloprassum L., 26, 25.06.2015, BULU 38386,
Akd., Kri.



KSU Tarim ve Doga Derg 23 (2): 416-434, 2020
KSU J. Agric Nat 23 (2): 416-434, 2020

Arastirma Makalesi
Research Article

Allium jubatum Macbride, 21, 16.05.2017, BULU 41231,
Ir.-Tur., Kri.

Allium lycaonicum Siehe ex Hayek, 44, 22.05.2015,
BULU 38297, Kri.

Allium paniculatum L. subsp.
25.06.2015, BULU 38379, Akd., Kri.
Allium scorodoprassum L. subsp. rotundum (I..) Stearn,
31, 11.06.2014, BULU 37110, Kri.

Allium sibthorpianum Schult. & Schult. f., 11, 25.05.2016,
BULU 39725, D. Akd., Kri., END., LC.

Galanthus elwesii Hook. f. var. elwesii, 26, 01.03.2016,
BULU 39502, Kri.

13.ARACEAE

Dracunculus vulgaris Schott, 34, 16.04.2014, BULU
35448, D. Akd., Kri.

14.ASPARAGACEAE

Asparagus acutifolius L., 30, 16.04.2014, BULU 35421,
Akd., Fan.

Hyacinthella lineata (Steud. ex Schult. & Schult f.)
chouard, 11, 17.04.2015, BULU 38173, Kri., END., L.C.
Muscari armeniacum Leichtlin ex Baker, 35, 23.06.2017,
BULU 41582, Kri.

Muscari comosum (L.) Mill., 34, 30.05.2013, BULU 41341,
Akd., Kri.

Muscari neglectum Guss. ex Ten., 9, 30.03.2013, BULU
40366, Kri.

Muscari tenuiflorum Tausch, 37, 24.05.2014, BULU
36448, Kri.

Ornithogalum armeniacum Baker, 12, 16.04.2014, BULU
35485, D. Akd., Kri.

Ornithogalum comosum L., 44, 22.05.2015, BULU 38275,
Kri.

Ornithogalum nutans L., 6, 11.05.2016, BULU 39687, D.
Akd., Kri.

Ornithogalum orthophyllum Ten., 13, 22.04.2014, BULU
35799, Kri.

Ornithogalum montanum Cirillo (Sin:O. platyphyllum
Boiss.), 26, 22.04.2014, BULU 35743, D. Akd., Kri.
Ornithogalum sigmoideum Freyn & Sint., 24, 30.03.2013,
BULU 40342, Avr.-Sib., Kri.

Ornithogalum wiedemannii Boiss. var. wiedemannii, 26,
01.03.2016, BULU 39500, Kri.

Prospero autumnale (L.) Speta (Sin: Scilla autumnalis
L.), 29, 24.09.2014, BULU 38001, Akd., Kri.

Ruscus aculeatus L., 30, 16.04.2014, BULU 35422, Kri.
15.CYPERACEAE

Carex caryophyllea Latourr. var. caryophyllea,
22.04.2014, BULU 35790, Avr.-Sib., Kri.

Carex divisa Huds., 26, 22.04.2014, BULU 35750, Kri.
Carex flacca Schreb. subsp. erythrostachys (Hoppe)
Holub (Sin: C. flacca Schreb. subsp. serrulata (Biv.)
Greuter), 9, 17.04.2014, BULU 35537, Akd., Kri.

Carex melanostachya M. Bieb. ex Willd., 9, 16.05.2017,
BULU 41404, Kri.

Carex pendula Huds., 26, 13.07.2016, BULU 40211, Avr.-
Sib., Kri.

Cyperus longus L. subsp. longus, 26, 13.07. 2016, BULU
40228, Kri.

16.DIOSCOREACEAE

Dioscorea communis (L.) Caddick & Wilkin (Sin: Tamus
communis L.), 6, 11.05.2016, BULU 39683, Kri.

paniculatum, 26,

13,
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17.JUNCACEAE

Juncus conglomeratus L., 10, 14.08.2015, BULU 39082,
Avr.-Sib., Hem.

Juncus fontanesii J. Gay ex Laharpe subsp. fontanesii,
26, 13.07. 2016, BULU 40237, Kri.

Juncus inflexus L. subsp. inflexus, 26, 13.07. 2016,
BULU 40239, Hem.

Juncus subulatus Forssk., 35, 30.07.2017, BULU 42039,
Akd., Hem.

Luzula forsteri (Sm.) DC. subsp. caspica Novikov, 30,
16.04.2014, BULU 35422, Avr.-Sib., Kri.

18.IRIDACEAE

Crocus chrysanthus (Herb.) Herb., 26, 01.03.2016, BULU
39501, Kri.

Crocus flavus Weston subsp. dissectus T. Baytop & B.
Mathew, 24, 12.03.2015, BULU 38071, Kri., END., VU.
Crocus pallasi Goldb. subsp. pallasi, 26, 06.11.2015,
BULU 39490, Kri.

Crocus pulchellus Herb., 26, 06.11.2015, BULU 39489,
Kri.

Iris kerneriana Asch. & Sint. ex Baker, 8, 25.05.2016,
BULU 39731, Avr.-Sib., Kri., END., L.C.

Iris purpureobracteata B. Mathew & T. Baytop, 8§,
25.05.2016, BULU 39733, Kri., END., NT.

Iris suaveolens Boiss. & Reut., 44, 17.04.2015, BULU
38115, Avr.-Sib., Kri.

Romulea linaresii Parl. subsp. graeca Beg.,
01.03.2016, BULU 39494, D. Akd., Kri.
19.LILTIACEAE

Fritillaria pinardii Boiss., 45, 17.04.2015, BULU 38125,
H.'Tur., Kri.

Gagea chrysantha (Jan) Schult. & Schult. f., 24,
30.03.2013, BULU 40336, Akd., Kri.

Tulipa orphanidea Boiss. ex Heldr.,, 43, 10.05.2011,
BULU 40400, D. Akd., Kri.

20.0RCHIDACEAE

Cephalanthera epipactoides Fisch. & C. A. Mey., 22,
22.05.2015, BULU 38332, D. Akd., Kri.

Dactylorhiza romana (Seb.) Soo subsp. romana, 18,
19.04.2016, BULU 39609, Akd., Kri.

Limodorum abortivum (L.) Sw. var. rubrum H. Sund. ex
Kreutz, 13, 22.04.2014, BULU 35802, Kri.

Ophrys mammosa Desf. subsp. mammosa, 12, 22.04.2014,
BULU 35786, Akd., Kri.
Ophrys oestrifera M. Bieb.
24.05.2014, BULU 36418A, Kri.
Orchis palustris Jacq. subsp. palustris, 33, 16.04.2014,
BULU 35382, Kri.

Orchis provincialis Balb. ex Lam. & DC., 29, 16.04.2014,
BULU 35444, Akd., Kri.

Orchis purpurea Huds. subsp. purpurea, 26, 25.06.2015,
BULU 38379, Avr.-Sib., Kri.

Orchis simia Lam., 5,09.05.2017, BULU 41211, Akd., Kri.
21.POACEAE

Aegilops geniculata Roth, 15, 11.06.2014, BULU 37230,
Akd., Ter.

Aegilops triuncialis L. subsp. triuncialis, 24, 25.05.2014,
BULU 36658, Ter.

Aira caryophyllea L., 5, 17.04.2014, BULU 35503, Avr.-
Sib., Ter.

Aira elegantissima Schur subsp. elegantissima, 43,

26,

subsp. oestrifera, 44,



KSU Tarim ve Doga Derg 23 (2): 416-434, 2020
KSU J. Agric Nat 23 (2): 416-434, 2020

Arastirma Makalesi
Research Article

11.05.2016, BULU 39660, Akd., Hem.
Agrostis canina L., 36, 10.07.2014, BULU 37629, Avr.-
Sib., Kri.

Agrostis capillaris L. var. capillaris, 30, 11.06.2014,
BULU 37145, Hem.

Alopecurus myosuroides Huds. var. myosuroides, 9,
17.04.2014, BULU 35535B, Avr.-Sib., Hem.

Avena sativa L., 39, 10.07.2014, BULU 37622, Ter.
Brachypodium distachyon (L.) P. Beauv. (Sin: Trachynia
distachya (L.) Link), 11, 25.05.2016, BULU 39702, Akd.,
Hem.

Brachypodium sylvaticum (Huds.) P. Beauv.,,
25.06.2015, BULU 38437B, Avr.-Sib., Hem.

Briza maxima L., 27, 25.05.2014, BULU 36676, Ter.
Bromus hordeaceus L. subsp. hordeaceus, 37, 24.05.2014,
BULU 36466, Ter.

Bromus japonicus Thunb.
11.06.2014, BULU 37229, Ter.
Bromus lanceolatus Roth, 24, 25.05.2014, BULU 36670B,
Ter.

Bromus scoparius L., 26, 14.05.2015, BULU 38269, Ter.
Bromus sterilis L., 9, 25.05.2014, BULU 36517, BULU
37408, Ter.

Bromus tectorum L., 26, 22.04.2014, BULU 35746, Ter.
Calamagrostis pseudophragmites (Haller fil.) Koeler, 26,
25.06.2015, BULU 38437A, Avr.-Sib., Kri.

Catapodium rigidum (L.) C. E. Hubb. subsp. rigidum var.
rigidum, 15, 11.06.2014, BULU 37232, Hem.

Cynosurus echinatus L., 29, 11.06.2014, BULU 37150,
Akd., Ter.

Dactylis glomerata L. subsp. glomerata, 31, 11.06.2014,
BULU 37124, Avr.-Sib., Hem.

Echinochloa colona (L. Link, 21, 30.07.2017, 42066B,
Hem.

Echinochloa crus-galli (L.) P. Beauv., 21, 30.07.2017,
42066A, Hem.

Eragrostis minor Host, 37, 24.05.2014, BULU 36465, Ter.
Festuca callieri (Hack.) Markgr. subsp. callieri, 11,
17.04.2015, BULU 38170, Hem.

Festuca valesiaca Schleich. ex Gaudin, 29, 11.06.2014,
BULU 37158, Hem.

Helictotrichon pubescens (Huds.) Schult. & Schult. f.
subsp. pubescens, 44, 14.05.2014, BULU 36053, Avr.-Sib.,
Hem.

Holcus lanatus L., 26, 23.06.2016, BULU 40201, Avr.-
Sib., Hem.

Hordeum geniculatum All., 31, 11.06.2014, BULU 37123,
Avr.-Sib., Hem.

Lolium perenne L., 21, 30.07.2017, BULU 42065, Avr.-
Sib., Hem.

Lolium rigidum Gaudich var. rigidum, 8, 25.05.2016,
BULU 39745, Ter.

Melica ciliata L. subsp. ciliata, 31, 11.06.2014, BULU
37107, Hem.

Melica uniflora Retz., 26, 25.06.2015, BULU 38404, Avr.-
Sib., Ter.

Phleum exaratum Griseb.
23.06.2017, BULU 41648, Ter.
Phleum pratense L., 46, 25.05.2014, BULU 36636A, Avr.-
Sib., Ter.

Phleum subulatum (Savi) Asch. & Graebn.

26,

subsp. japonicus, 15,

subsp. exaratum, 27,

subsp.
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ciliatum (Boiss.) Humphries, 35, 23.06.2017, BULU
41573B, D. Akd., Ter.

Phragmites australis (Cav.) Trin.
30.07.2017, BULU 42063, Avr.-Sib., Kri.
Poa alpina L. subsp. fallax F. Herm., 34, 16.04.2014,
BULU 35465, Hem.

Poa bulbosa L., 30, 16.04.2014, BULU 35420, Kri.

Poa nemoralis L., 26, 22.04.2014, BULU 35747, Hem.
Poa supina Schrad., 38, 17.04.2014, BULU 35640, Avr.-
Sib., Kri.

Polypogon monspeliensis (L.) Desf., 21, 30.07.2017,
BULU 42064, Hem.

Puccinellia festuciformis (Host) Parl., 26, 30.11.2012,
BULU 40323, Ter.

Rostraria cristata (L.) Tzvelev var. cristata (Sin: Koeleria
cristata (L.) Pers.), 8, 25.05.2016, BULU 39741, Hem.
Sorghum halepense (L.) Pers. var. halepense,
09.07.2014, BULU 37551, Hem.
Taeniatherum caput-medusae
crinitum (Schreb.) Melderis,
39701, Ir.-Tur., Ter.

Tragus rasemosus (L.) All, 40, 21.07.2017, BULU 41676,
Ter.

Vulpia ciliata Dumort subsp. ciliata, 37, 24.05.2014,
BULU 36467, Ter.

Vulpia persica (Boiss. & Buhse) Krecz & Bobrov, 11,
25.05.2014, BULU 36548, Ir.-Tur., Ter.

Vulpia unilateralis (L.) Stace, 44, 14.05.2014, BULU
36074, Ter.

22. XANTHORRHOEACEAE

Asphodeline taurica (Pall.) Endl., 26, 22.04.2014, BULU
35742, D. Akd., Kri.

Asphodeline lutea (L.) Rchb., 6, 19.04.2016, BULU 39627,
AKkd., Kri.

Sinif: Magnoliopsida (Dikotiller)

23.ANACARDIACEAE

Pistacia palaestina Boiss. (Sin: P. terebinthus L. subsp.
palaestina (Boiss.) Engler), 35, 23.06.2017, BULU 41615,
D. Akd., Fan.

Rhus coriaria L., 8, 19.04.2016, BULU 39621, Fan.
24.APTIACEAE

Anthriscus nemorosa (M. Bieb.) Spreng., 30, 11.06.2014,
BULU 37133, Hem.

Artedia squamata L., 44, 24.05.2014, BULU 36442, Hem.
Bifora testiculata (L.) Spreng., 44, 22.05.2015, BULU
38276, Ter.

Buplerum sulphureum Boiss. & Balansa, 44, 09.07.2014,
BULU 37544, Ir.-Tur.,Ter., END., LC.
Chaerophyllum byzantinum Boiss.,
BULU 38414, Ir.-Tur., Hem.

Conium maculatum L., 11, 25.05.2014, BULU 36541,
Hem.

Coriandrum sativum L., 44, 14.05.2014, BULU 36072,
Ter.

Daucus carota L., 10, 27.06.2014, BULU 37380, Hem.
Daucus guttatus Sibter. & Sm., 35, 23.06.2017, BULU
41536, Ter.

Elaeosticta aurea (Boiss.)Menemen (Sin: Muretia aurea
Boiss.), 27, 23.06.2017, BULU 41657, Kri., END., VU.
Eryngium campestre L. var. virens Link, 20, 16.09.2012,
BULU 40404, Hem.

ex Steud., 21,

44,

(L.) Nevski subsp.
11, 25.05.2016, BULU

26, 25.06.2015,
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Ferulago macrosciadia Boiss. & Balansa, 6, 11.05.2016,
BULU 39674, D. Akd., Hem., END., LC.

Ferulago silaifolia (Boiss.) Boiss., 35, 30.07.2017, BULU
41999, Ir.-Tur., Hem., END., EN.

Foeniculum vulgare Mill., 13, 24.05.2014, BULU 39699,
Hem.

Heracleum platytaenium Boiss., 5, 11.05.2016, BULU
41244, Ir.-Tur., Hem.

Johrenia dichotoma DC. (Sin: J. tortuosa (Fisch. & C.A.
Mey.) D. F. chamb.), 5, 23.06.2017, BULU 41663, Ir.-Tur.,
Hem.

Laser trilobum (L.) Borkh., 26, 14.05.2015, BULU 38205,
Hem.

Oenanthe silaifolia M. Bieb., 32, 11.06.2014, BULU
37104, Hem.

Orlaya daucoides (L.), 37, 24.05.2014, BULU 36464, Akd.,
Ter.

Scandix pecten-veneris L., 30, 16.04.2014, BULU 35403,
Ter.

Scandix stellata Banks. & Sol.,, 5, 16.05.2017, BULU
41230 A, Ter.

Smyrnium connatum Boiss. & Kotschy, 27, 23.06.2017,
BULU 41609, Akd., Hem.

Torilis arvensis (Huds.) Link subsp. elongata (Hoffmans
& Link) Cannon, 46, 09.07.2014, BULU 37433, D. Akd.,
Ter.

Torilis arvensis (Huds.) Link subsp. neglecta (Spreng.)
Thell., 35, 23.06.2017, BULU 41583A, Ter.

Torilis leptophylla (L.) Rchb. f., 31, 11.06.2014, BULU
39099 B, Ter.

Torilis ucranica Spreng., 36, 10.07.2014, BULU 37633,
Ter.

Turgeniopsis foeniculacea (Fenzl) Boiss., 36, 23.06.2017,
BULU 41500, Ter.

25.APOCYNACEAE

Cionura erecta (L.) Griseb., 26, 25.06.2015, BULU 38383,
D. Akd., Hem.

Cynanchum acutum L. subsp. acutum, 20, 16.09.2012,
BULU 40402, Hem.

Periploca graeca L. var. graeca, 26, 25.06.2015, BULU
38382, D. Akd., Fan.

Vinca major L. subsp. major, 45, 22.05.2015, BULU
38305, Akd., Hem.

Vincetoxicum fuscatum Rchb. f. subsp. fuscatum, 26,
25.06.2015, BULU 38418, Hem.

Vincetoxicum tmoleum Boiss., 26, 25.06.2015, BULU
38431, Ir.-Tur., Hem.

26.ARALIACEAE

Hedera helix L., 26, 14.05.2015, BULU 38207, Fan.
27.ARISTOLOCHIACEAE

Aristolochia bodamae Dingler, 28, 11.06.2014, BULU
37149, Hem.

Aristolochia pallida Willd., 30, 16.04.2014, BULU 35413,
Hem.

28.ASTERACEAE

Achillea coarctata Poir., 3, 10.07.2014, BULU 37627,
Hem.

Achillea nobilis L. subsp. neilreichii (A. Kern.) Velen., 27,
23.06.2017, BULU 41618A, Avr.-Sib., Hem.

Achillea pannonica Scheele (Sin: A. millefolium L. subsp.
pannonica (Scheele) Oborny), 26, 16.06.2014, BULU

3624, Avr.-Sib., Hem.

Anthemis aciphylla Boiss. var. discoidea Boiss., 36,
10.07.2014, BULU 37628, D. Akd., Hem., END., L.C.
Anthemis cotula L, 20, 23.06.2017, BULU 41546, Hem.
Anthemis cretica L. subsp. anatolica (Boiss.) Grierson, 45,
22.05.2015, BULU 38296, Hem.

Anthemis macrotis (Rech. f) Oberpr. & Vogt (Sin:
Matricaria macrotis Rech.), 1, 22.05.2015, BULU 38350,
D. Akd., Ter.

Anthemis pseudocotula Boiss., 15, 11.06.2014, BULU
37219, Hem.

Anthemis xylopoda O. Schwarz, 27, 23.06.2017, BULU
41221A, D. Akd., Hem., END., CR.

Arctium minus (Hill) Bernh., 5, 21.07.2017, BULU 41854,
Avr.-Sib., Hem.

Asteriscus spinosus (L.) Sch. Bip., 11, 30.07.2017, BULU
41071, Akd., Ter.

Bellis perennis L., 24, 30.03.2013, BULU 40333, Avr.-
Sib., Hem.

Carduus acicularis Bertol., 31, 11.06.2014, BULU 37120,
Akd., Ter.

Carduus nutans L. subsp. nutans, 11, 25.05.2016, BULU
39717, Hem.

Carlina lanata L., 11, 30.07.2017, BULU 42073, Akd.,
Hem.

Carthamus dentatus (Forssk.)Vahl, 19, 30.07.2017,
BULU 41964, Ter.

Centaurea diffusa Lam., 40, 21.07.2017, BULU 41693,
Akd., Hem., END., NE.

Centaurea ertugruliana Uysal, 5, 11.05.2016, BULU
39695, Hem., END., CR.

Centaurea iberica Trev. ex Spreng., 11, 30.07.2017,
BULU 42072, Hem.

Centaurea olympica (DC.) K.Koch, 35, 23.06.2017, BULU
41550, Hem., END., LC.

Centaurea solstitialis L. subsp.
21.07.2017, BULU 41692, Hem.
Centaurea thracica (Janka) Hayek, 9, 25.05.2016, BULU
39754, Hem.

Centaurea urvillei DC. subsp. urvillei, 44, 14.05.2014,
BULU 36046, D. Akd., Hem.

Centaurea wiedemanniana Fisch. & C.A.Mey., 44,
09.07.2014, BULU 37552, Hem., END., VU.

Cichorium intybus L., 8, 25.05.2016, BULU 39768, Hem.
Cirsium hypoleucum DC., 5, 21.07.2017, BULU 41855,
Avr.-Sib., Hem.

Cnicus benedictus L., 12, 22.04.2014, BULU 35785, Hem.
Conyza canadensis (L.) Cronquist, 26, 30.11.2012, BULU
40321, Hem.

Cota altissima (L.) J. Gay (Sin: Anthemis altissima L.),
46, 25.05.2014, BULU 36620 B, Ter.

Cota tinctoria (L.) J. Gay ex Guss. var. pallida (DC.)
Ozbek & Vural (Sin: Anthemis tinctoria L. var. pallida
DC.), 13, 27.06.2014, BULU 37340, Hem.

Cota tinctoria (I.) J.Gay ex Guss. var. tinctoria (Sin:
Anthemis tinctoria L. var. tinctoria), 28, 16.04.2014,
BULU 35431, Hem.

Cota triumfetti (L.) J. Gay ex Guss. (Sin: Anthemis
triumfettii (L.) All.), 37, 24.05.2014, BULU 36474, Hem.
Crepis commutata (Spreng.) Greuter (Sin: C. foetida L.
subsp. commuta (Spreng.) Babc.), 37, 24.05.2014, BULU

solstitialis, 40,
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36462, Hem.

Crepis macropus Boiss. & Heldr., 24, 25.05.2014, BULU
36669B, Ir.-Tur., Hem., END., LC.

Crepis sancta (L) Bornm., 35, 23.06.2017, BULU 41525,
Ter.

Crepis setosa Haller f., 11, 25.05.2016, BULU 39700,
Avr.-Sib., Ter.

Crepis zacintha (L.) Babc., 9, 17.04.2014, BULU 35520,
Akd., Ter.

Crupina crupinastrum (Moris) Vis., 44, 14.05.2014,
BULU 36075, Ter.

Cyanus depressus (M.Bieb.) Sojak (Sin: Centaurea
depressa M. Bieb. var. amasiana Bormn.), 38, 17.04.2014,
BULU 35646, Ter.

Cyanus segetum Hill (Sin: Centaurea cyanus), 36,
23.06.2017, BULU 41508, Ter.

Cyanus thirkei (Sch. Bip.) Holub (Sin: Centaurea thirkei
Sch. Bip. ), 9, 17.04.2014, BULU 35534, D. Akd., Hem.
Cyanus triumfettii Dostal ex A. Love & D. Love subsp.
triumfettii (Sin: Centaurea triumfettii All) , 45,
22.05.2015, BULU 38303, Hem.
Doronicum orientale Hoffm.,
35397, Hem.

Echinops spinosissimus Turra subsp. spinosissimus (Sin:
E. viscosus DC. subsp. viscosus), 35, 23.06.2017, BULU
41575, D. Akd., Hem.

Filago germanica (L.) L. (Sin: F. vulgaris Lam.), 44,
24.05.2014, BULU 36417, Hem.

Helichrysum luteo-album (L.) Rchb. (Sin: Gnaphalium
luteo-album L.), 36, 23.06.2017, BULU 41490, Hem.
Hieracium pannosum Boiss., 19, 30.07.2017, BULU
41972, D. Akd., Hem.

Inula graveolens (L.) Desf., 35, 25.09.2017, BULU 42080,
D.Akd., Ter.

Inula heterolepis Boiss., 27, 12.03.2015, BULU 38088, D.
Akd., Hem.

Jurinea consanguinea DC., 1, 22.05.2015, BULU 38357,
Hem.

Leontodon asperrimus (Willd.) Endl., 27, 10.07.2014,
BULU 37619, Ir.-Tur., Hem.

Leontodon crispus Vill. subsp. asper (Waldst. & Kit.)
Rohl. var. asper, 45, 22.05.2015, BULU 38310, Hem.
Leontodon hispidus L. var. hispidus, 29, 16.04.2014,
BULU 35439, Hem.

Matricaria chamomilla L.
23.06.2017, BULU 41621 B, Ter.
Matricaria chamomilla L. var. recutita (L. Fiori, 37,
24.05.2014, BULU 36474, Ter.

Onopordum illyricum L., 40, 21.07.2017, BULU 41673, D.
Akd., Hem.

Onopordum tauricum Willd.,, 27, 23.06.2017, BULU
41654, Avr.-Sib., Hem.

Picris pauciflora Willd., 31, 11.06.2014, BULU 37117B,
Akd., Ter.

Pilosella hoppeana (Schult.) F.W. Schultz & Sch. Bip
subsp. testimonialis (Naegli ex Peter) P. D. Sell & C. West
(Sin: P. hoppeana subsp. lydia (Bornm. & Zahn) P. D. Sell
& C. West), 36, 10.07.2014, BULU 37634, Hem.

Pilosella piloselloides (Vill) Sojak subsp. magyarica
(Peter) S. Braut. & Greuter (Sin: P. piloselloides subsp.
megalomastix (Nageli & Peter) P. D. Sell & C. West), 45,

30, 16.04.2014, BULU

var. chamomilla, 27,
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22.05.2015, BULU 38311, Hem.

Pilosella piloselloides (Vill.) Sojak subsp. piloselloides, 26,
16.06.2014, BULU 36249, Hem.

Pulicaria dysentarica (L.) Bernh. subsp. dysentarica, 35,
30.07.2017, BULU 42019, Hem.

Rhagadiolus stellatus (L.) Gaertn. (Sin: R. stellatus var.
edulis (Gaertn.) DC.), 1, ,22.05.2015, BULU 38367, Akd.,
Ter.

Scorzonera cana (C. A. Mey.) Griseb. var. jacquiniana (W.
Koch) D. F. Chamb., 45, 22.05.2015, BULU 38319, Hem.
Scorzonera eriophora DC., 17, 19.04.2016, BULU 39591,
Hem., END., LC.

Scorzonera mollis M.Bieb. subsp. mollis, 45, 22.05.2015,
BULU 38319, Hem.

Senecio jacobaea L., 27, 12.03.2015, BULU 38086, Ter.
Senecio vernalis Waldst. & Kit., 12, 16.04.2014, BULU
35491, Ter.

Senecio vulgaris L., 36, 28.03.2017, BULU 41099, Ter.
Sonchus asper (L.) Hill. subsp. glaucescens (Jord.) Ball,
26, 25.06.2015, BULU 38427, Hem.

Tanacetum parthenium (L.) Sch. Bip., 26, 23.06.2016,
BULU 40212, Hem.

Taraxacum hellenicum Dahlst., 18, 19.04.2016, BULU
39613, Hem.

Taraxacum pseudobrachyglossum Soest, 33, 16.04.2014,
BULU 35387, Avr.-Sib., Hem., END., NT.

Taraxacum scaturiginosum G. E. Haglund, 44,
17.04.2015, BULU 38109B, Hem.

Taraxacum serotinum (Waldst. & Kit.) Poir., 26,
22.04.2014, BULU 35716, Hem.

Tragopogon  bupthalmoides (DC.) Boiss.  var.

bupthalmoides, 44, 14.05.2014, BULU 36068, Ir.-Tur.,
Hem.

Tragopogon dubius Scop., 24, 25.05.2014, BULU 36617 B,
Hem.

Tripleurospermum tenuifolium  (Kit.)
22.04.2014, BULU 35717, Avr.-Sib., Hem.
Tussilago farfara L., 26, 01.03.2016, BULU 39496, Hem.
Urospermum picroides (L.) Scop. ex F. W. Schmidt, 31,
11.06.2014, BULU 37117A, Akd., Ter.

Xanthium orientale L. subsp. italicum (Moretti) Greuter
(Sin: X. strumarium L. subsp. cavanillesii (Schouw)
D.Love & P. Dansereau, 21, 30.07.2017, BULU 42047,
Ter.

Xanthium spinosum L., 21, 30.07.2017, BULU 42049,
Ter.

Xeranthemum annuum L., 39, 10.07.2014, BULU 37618,
Ter.

29.BETULACEAE

Alnus glutinosa (L.) Gaertn. subsp. glutinosa, 26,
07.04.2016, BULU 39551, Avr.-Sib., Fan.

Carpinus betulus L., 4, 26.03.2014, BULU 35249, Fan.
30.BORAGINACEAE

Aegonychon purpurocaeruleum (L) Holub (Sin:
Lithospermum purpurocaeruleum L., 17, 19.04.2016,
BULU 39595, Avr.-Sib., Hem.

Alkanna orientalis (L.) Boiss. var. leucantha (Born.) Hub-
Mor., 12, 16.04.2014, BULU 35487, Ir.-Tur., Hem., END.,
NT.

Anchusa hybrida Ten. (Sin: A. undulata subsp. hybrida
(Ten.) Beg.), 14, 19.04.2017, BULU 41200, Akd., Hem.

Freyn, 26,
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Anchusa leptophylla Roem. & Schult. subsp. leptophylla,
39, 08.06.2017, BULU 41415, Hem.

Anchusa officinalis L., 26, 25.06.2015, BULU 38407, Avr.-
Sib., Hem.

Buglossoides arvensis (L) I. M. Johnst. subsp.
sibthorpiana (Griseb.) R. Fern., 28, 16.04.2014, BULU
35430, Ter.

Buglossoides incrassata (Guss.) I. M. Johst. subsp.
incrassata, 44, 24.05.2014, BULU 36420, Akd., Ter.
Cerinthe minor L. subsp. auriculata (Ten.) Domac, 1,
22.05.2015, BULU 38372, Hem.

Cynoglottis barrelieri (All) Vural & Kit Tan (Sin:
Anchusa barrellieri (All) Vitman var. orientalis
Gusuleac), 15, 19.04.2016, BULU 39570, D. Akd., Hem.
Echium italicum L., 24, 25.05.2014, BULU 36657, Akd.,
Hem.

Heliotropium hirsutissimum Grauer,
BULU 39081, D. Akd., Ter.
Heliotropium suaveolens M. Bieb., 35, 23.06.2017, BULU
41614, D. Akd., Ter.

Myosotis arvensis (L.) Hill, 37, 24.05.2014, BULU 36454,
Avr.-Sib.., Hem.

Myosotis incrassata Guss., 44, 17.04.2015, BULU 381010,
D. Akd., Ter.

Myosotis ramosissima Rochel.,
35765, Ter.

Neatostema apulum (L.) I. M. Johnst., 11, 30.07.2017,
BULU 42077, Akd., Ter.

Onosma taurica Willd. var. taurica, 8, 19.04.2016, BULU
39622, Hem.

Onosma thracica Velen., 44, 22.05.2015, BULU 38287,
Avr.-Sib., Hem.

Paracaryum calycinum Boiss. & Balansa, 45, 22.05.2015,
BULU 38301, Ir.-Tur., Hem., END., LC.

Symphytum orientale L., 26, 14.05.2015, BULU 38231,
Avr.-Sib., Hem.

Trachystemon orientalis (I.) G. Don, 26, 14.05.2015,
BULU 38204, Ir.-Tur., Kri.

31.BRASSICACEAE

Aethionema arabicum (L.) Adrz. ex DC., 8, 19.04.2016,
BULU 39619, Ter.

Aethionema cordatum (Desf.) Boiss., 45, 22.05.2015,
BULU 38315, Hem.

Alliaria petiolata (M. Bieb.) Cavara & Grande, 26,
22.04.2014, BULU 35649, Ter.

Alyssum alyssoides (L.) L., 38, 17.04.2014, BULU 35632,
Ter.

Alyssum cassium Boiss., 46, 25.05.2014, BULU 36601, D.
Akd., Hem.

Alyssum corsicum Duby, 11, 25.05.2016, BULU 39698,
Hem.

Alyssum dudleyi Adigiizel & R. D. Reeves, 45, 22.05.2015,
BULU 38320, Hem., END., VU.
Alyssum hirsutum M.Bieb.
16.04.2014, BULU 35385, Ter.
Alyssum minutum Schlecht. ex DC., 30, 16.04.2014,
BULU 35407, Ter.

Alyssum murale Waldst. & Kit. subsp. murale var.
murale, 31, 11.06.2014, BULU 37108, Hem.

Alyssum sibiricum Willd., 26, 14.05.2015, BULU 38200,
Hem.

10, 14.08.2015,

25, 22.04.2014, BULU

subsp. hirsutum, 33,
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Alyssum simplex Rudolph (Sin: A. minus Rothm.), 9,
17.04.2014, BULU 35538, Ter.

Alyssum strigosum Banks & Sol. subsp. strigosum, 12,
16.04.2014, BULU 35490, Ter.

Alyssum strictum Willd., 25, 25.05.2014, BULU 36666,
Ir.-Tur., Ter.

Alyssum umbellatum Desv.,
35441, D. Akd., Hem.
Arabidopsis thaliana (L.) Heynh., 37, 24.05.2014, BULU
36451, Ter.

Arabis alpina L. subsp. alpina (Sin: A. caucasica Willd.
subsp. caucasica), 26, 07.04.2016, BULU 39531, Hem.
Aubrieta olympica Boiss., 27, 12.03.2015, BULU 38093,
Hem., END., VU.

Aurinia saxatilis (I..) Desv. subsp. orientalis (Ard.) T. R.
Dudley, 26, 22.04.2014, BULU 35677, Hem.

Brassica nigra (.) W. D. J. Koch, 36, 23.06.2017, BULU
41499, Ter.

Calepina irregularis (Asso) Thell., 23, 30.03.2013, BULU
40351, Ter.

Capsella bursa-pastoris (L.) Medik., 23, 30.03.2013,
BULU 40357, Kozm., Ter.

Cardamine graeca L., 26, 22.04.2014, BULU 35661, Ter.
Cardamine hirsuta L., 30, 16.04.2014, BULU 35418, Ter.
Clypeola jonthlaspi L., 33, 16.04.2014, BULU 35384, Ter.
Descurania sophia (L) Webb ex Prantl subsp. sophia, 11,
25.05.2016, BULU 39718, Ter.

Draba muralis L., 12, 16.04.2014, BULU 35489, Ter.
Draba verna L. (Sin: Erophila verna L.), 41, 28.04.2013,
BULU 35398, Ter.

Erysimum crassipes Fisch. & C. A. Mey., 44, 22.05.2015,
BULU 38293, Hem.

Erysimum graecum Boiss. & Heldr.,, 37, 24.05.2014,
BULU 36476, Hem.

Hesperis bicuspidata (Willd.) Poir., 6, 19.04.2016, BULU
39629, Ir.-Tur., Hem., END., NE.

Isatis tinctoria L. subsp. tinctoria, 26, 25.06.2015, BULU
38428, Hem.

Isatis tinctoria subsp. tomentella (Boiss.) P. H. Davis, 1,
22.05.2015, BULU 38342, Hem.

Lepidium draba L. (Sin: Cardaria draba (L.) Desv.), 39,
08.06.2017, BULU 41414, Hem.

Microthlaspi perfoliatum (L.) F. K. Mey. (Sin: Thlaspi
perfoliatum L.), 29, 16.04.2014, BULU 35435, Ter.
Raphanus raphanistrum L. subsp. raphanistrum, 36,
23.06.2017, BULU 41498, Ter.

Rapistrum rugosum (L.) All., 11, 25.05.2016, BULU
39722, Ter.

Sisymbrium altissimum L., 39, 08.06.2017, BULU 41412,
Ter.

Sisymbrium officinale (L.) Scop., 37, 24.05.2014, BULU
36171, Ter.

Rorippa sylvestris (L.) Besser subsp. sylvestris, 26,
13.07.2016, BULU 40240, Hem.

Teesdalia coronopifolia (Berg.) Thellung, 28, 16.04.2014,
BULU 35429, D. Akd., Ter.

Thlaspi arvense L., 33, 16.04.2014, BULU 35380, Ter.
32.CAMPANULACEAE

Asyneuma linifolium (Boiss. & Heldr.) Bornm. subsp.
linifolium, 13, 27.06.2014, BULU 37343, D. Akd., Hem.,
END., LC.

29, 16.04.2014, BULU
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Asyneuma virgatum (Labill.) Bornm. subsp. cichoriiforme
(Boiss.) Damboldt, 31, 11.06.2014, BULU 37099A, D.
Akd., Hem.

Campanula betonicifolia Sm. & Sm. subsp. betonicifolia,
6, 11.05.2016, BULU 39677, Hem., END., NT.
Campanula cymbalaria Sibter. & Sm., 26, 14.05.2015,
BULU 38230, Hem.

Campanula lyrata Lam. subsp. lyrata, 8, 25.05.2016,
BULU 39760, Hem.
Campanula persicifolia L.
23.06.2017, BULU 41528, Hem.
Legousia pentagonia (L.) Thell., 25, 25.05.2014, BULU
36644, D. Akd., Ter.

Legousia speculum-veneris (L.) Durande ex Vill., 5,
16.05.2017, BULU 41227, Ter.

33.CANNABACEAE

Celtis australis L. subsp. australis, 19, 30.07.2017, BULU
41981, Akd., Fan.

34.CAPRIFOLIACEAE

Cephalaria transsylvanica (L.) Schrad., 7, 21.07.2017,
BULU 41827, Hem.

Dipsacus laciniatus L., 19, 30.07.2017, BULU 41982,
Hem.

Knautia degenii Borbas ex Formanek, 9, 25.05.2014,
BULU 36501, Akd., Hem.

Knautia integrifolia (L.) Bert. var. bidens (Sm.) Borbas, 1,
22.05.2015, BULU 38373, D. Akd., Ter.

Knautia orientalis L., 10, 27.06.2014, BULU 37372, D.
Akd., Ter.

Scabiosa argentea L., 36, 02.09.2014, BULU 37985B,
Hem.

Scabiosa atropurpurea L. (Sin: S. atropurpurea L. subsp.
maritima (L..) Are.), 21, 30.07.2017, BULU 42048, Hem.
Scabiosa columbaria L. subsp. columbaria var.
columbaria, 9, 25.05.2014, BULU 36508, Hem.

Scabiosa reuteriana Boiss., 15, 11.06.2014, BULU 37240,
D. Akd., Ter., END., LC.

Scabiosa triniifolia Friv., 5, 25.07.2016, BULU 40039B,
Hem.

Pterocephalus plumosus (L.) Coulter, 31, 11.06.2014,
BULU 37106, Ter.

Valeriana dioscoridis Sm., 17, 19.04.2016, BULU 39593,
D. Akd., Kri.

Valerianella carinata Loisel.,, 27, 07.04.2016, BULU
39532, Ter.

Valerianella glomerata Boiss. & Balansa, 35, 23.06.2017,
BULU 41542, Ir.-Tur., Ter., END., L.C.

Valerianella lasiocarpa Steven ex Betcke, 30, 16.04.2014,
BULU 35412, Ir.-Tur., Ter.

Valerianella pumila (L.) DC., 11, 17.04.2015, BULU
39603, Ter.

Lonicera etrusca Santi var. etrusca, 46, 25.04.2014,
BULU 36622, Akd., Fan.

35.CARYOPHYLLACEAE

Agrostemma githago L., 36, 23.06.2017, BULU 41504,
Ter.

Arenaria filicaulis Fenzl subsp. filicaulis, 26, 25.06.2015,
BULU 38395, Hem.

Arenaria serpyllifolia L. subsp. leptoclados (Rchb.)
Nyman (Sin: A. leptoclados (Reichb.) Guss., 37,
24.05.2014, BULU 36453, Ter.

subsp. persicifolia, 35,
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Cerastium banaticum (Rochel) Steud. subsp. banaticum,
30, 16.04.2014, BULU 35417, Kam.

Cerastium brachypetalum Pers. subsp. roeseri (Boiss. &
Heldr.) Nyman, 17, 19.04.2016, BULU 39602, Ter.
Cerastium comatum Desv. (Sin: C. illyricum Ard. subsp.
comatum (Desv.) P. D. Sell & Whitehead, 34, 16.04.2014,
BULU 35452, Akd., Ter.

Cerastium glomeratum Thuill.,, 23, 30.03.2013, BULU
40352, Ter.

Cerastium gracile Dufour, 45, 17.04.2015, BULU 38118,
Ter.

Dianthus anatolicus Boiss., 17, 30.07.2017, BULU 41973,
Hem.

Dianthus carmelitarum Reut. ex Boiss. (Sin. D.
artwinensis Grossh.), 36, 02.09.2014, BULU 37980, Avr.-
Sib., Hem., END., L.C.

Dianthus calocephalus Boiss., 15, 11.06.2014, BULU
37236, Hem.

Dianthus cibrarius Clementi, 35, 23.06.2017, BULU
41557, Hem., END., NT.

Dianthus leptopetalus Willd., 45, 23.06.2017, BULU
41611, Hem.

Dianthus giganteus d’'Urv., 30, 11.06.2014, BULU 37127,
Avr.-Sib., Hem.

Dianthus goekayi Kaynak, Yilmaz & Dagkin,
14.08.2015, BULU 39083, Hem., END., CR.
Herniaria glabra L., 26, 16.06.2014, BULU 36253, Hem.

10,

Herniaria micrantha A.K. Jacks. & Turrill, 35,
23.06.2017, BULU 41523, D. Akd., Hem.
Holosteum wumbellatum L. var. umbellatum, 34,

16.05.2017, BULU 41331, Ter.

Minuartia hirsuta (M. Bieb.) Hand.-Mazz. subsp. falcata
(Gris.) Mattf., 11, 17.04.2015, BULU 38163, Hem.
Minuartia hybrida (Vill.) Schischk. subsp. hybrida, 26,
14.05.2015, BULU 38198, Ter.

Minuartia leucocephaloides (Bornm.)
22.04.2014, BULU 35703, Hem., END., LC.
Moenchia mantica (L.) Bartl., 46, 16.05.2017, BULU
41297, Ter.

Paronychia chionaea Boiss. subsp. chionaea var.
chionaea, 45, 22.05.2015, BULU 38321, Hem.
Petrorhagia cretica (L.) P. W. Ball & Heywood, 44,
09.07.2014, BULU 37547, Ter.

Petrorhagia dubia (Raf) G. Lopez & Romo (Sin: P.
velutina (Guss.) P. W. Ball & Heywood), 34, 11.06.2014,
BULU 37178, Ter.

Petrorhagia prolifera (L.) P. W. Ball & Heywood, 39,
10.07.2014, BULU 37611, Ter.

Saponaria glutinosa M. Bieb., 5, 11.05.2016, BULU
39690, Hem.

Saponaria officinalis L., 26, 23.06.2016, BULU 40223,
Hem.

Scleranthus annuus L. subsp. annuus, 47, 11.06.2014,
BULU 41336, Ter.

Scleranthus annuus L. subsp. verticillatus (Tausch)
Arcang., 37, 24.05.2014, BULU 36461, Ter.

Silene argentea Ledeb. (Sin: S. cappadocica Boiss. &
Heldr.), 13, 27.06.2014, BULU 37347, Ir.-Tur., Hem.
Silene compacta Fisch. ex Hornem., 35, 23.06.2017,
BULU 41608, Hem.

Silene conoidea L., 37, 24.05.2014, BULU 36475, Ter.

Bornm., 26,
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Silene dichotoma Ehrh. subsp. dichotoma, 39, 08.06.2017,
BULU 41400, Hem.

Silene italica (L.) Pers. subsp. italica, 34, 16.05.2017,
BULU 41344, Akd., Hem.

Silene latifolia Poir. subsp. eriocalycinae (Boiss.) Greuter
& Burdet (Sin: S. alba subsp. eriocalycina (Boiss.)
Walters), 5, 16.05.2017, BULU 41235, Hem.
Silene supina M.Bieb. subsp. pruinosa
Chowdhuri, 25, 22.04.2014, BULU 35764, Hem.
Spergula pentandra L., 27, 07.04.2016, BULU 39522, Ter.
Stellaria media (L.) Vill., 24, 30.03.2013, BULU 40332,
Ter.

Vaccaria hispanica (Mill.) Rauschert (Sin: V. pyramidata
Medik.), 11, 25.05.2016, BULU 39721, Ter.

Velezia rigida L., 36, 10.07.2014, BULU 37637, Ter.
36.CHENOPODIACEAE

Chepodium album L. subsp. album var. microphyllum
Boenn. (Sin: C. album L. subsp. microphyllum (Boenn.)
Sterner), 40, 21.07.2017, BULU 41688, Ter.
Chenopodium murale L., 27, 23.06.2017, BULU 41644 A,
Ter.

Chenopodium vulvaria L., 27, 23.06.2017, BULU 41644B,
Ter.

37.CISTACEAE

Cistus creticus L., 9, 25.05.2014, BULU 36501, Kam.
Cistus salviifolius L., 13, 22.04.2014, BULU 35789, Kam.
Helianthemum nummularium (L.) Mill. subsp.
nummularium, 22, 19.04.2016, BULU 39607, Kam.
Helianthemum salicifolium (L.) Mill., 44, 14.05.2014,
BULU 36131A, Ter.

Fumana aciphylla Boiss., 45, 22.05.2015, BULU 38294,
Ir.-Tur., Kam.

Fumana thymifolia (L.) Spach, 44, 24.05.2014, BULU
36424, Kam.

38.CLEOMEACEAE

Cleome ornithopodioides L., 36, 02.09.2014,
37994, D. Akd., Ter.

39.CONVOLVULACEAE

Convolvulus arvensis L., 40, 21.07.2017, BULU 41681,
Kozm., Ter.

Convolvulus cantabrica L., 44, 22.05.2015, BULU 38271,
Akd., Hem.

Convolvulus compactus Boiss., 8, 25.05.2016, BULU
39771, Ir.-Tur., Hem.

Convolvulus holosericeus M.Bieb. subsp. holosericeus, 44,
24.05.2014, BULU 36441, Ir.-Tur., Hem.
40.CORNACEAE

Cornus mas L., 4, 26.03.2014, BULU 35251, Avr.-Sib.,
Fan.

41.CORYLACEAE

Corylus avellana L. var. avellana, 26, 25.06.2015, BULU
38377, Avr.-Sib., Fan.

42.CRASSULACEAE

Umbilicus luteus (Huds.) Webb. & Berthel. (Sin: U.
erectus DC.), 12, 16.04.2014, BULU 35484, Hem.

Sedum acre L. subsp. acre, 31, 11.06.2014, BULU 37115,
Hem.

Sedum album L., 13, 27.06.2014, BULU 37346, Hem.
Sedum hispanicum L., 27, 16.06.2014, BULU 36245, Tr.-
Tur., Hem.

Phedimus obtusifolius (C.A. Mey.) ‘t Hart (Sin. Sedum

(Boiss.)

BULU

obtusifolium C.A.Mey.), 35, 23.06.2017, BULU 416186,
Hem.

Sedum pallidum M.Bieb. (Sin: S. pallidum M. Bieb. var.
bithynicum (Boiss.) D. F. chamb.), 12, 16.04.2014, BULU
35495, Ir.-Tur., Hem.

43.ERICACEAE

Arbutus andrachne L., 3, 26.03.2014, BULU 35248, Fan.
Arbutus unedo L., 9, 25.05.2014, BULU 36520, Fan.
Erica arborea L., 3, 26.03.2014, BULU 35244, Fan.

44. EUPHORBIACEAE

Euphorbia aleppica L., 21, 30.07.2017, BULU 42061, Ter.
Euphorbia anacampceros Boiss. var. anacampceros, 38,
17.04.2014, BULU 35636, Hem., END., LC.

Euphorbia apios L., 33, 16.04.2014, BULU 35379, D.
Akd., Hem.

Euphorbia falcata L. subsp. falcata var. galilaea (Boiss.)
Boiss., 8, 19.04.2016, BULU 39615, Ter.

Euphorbia falcata L. subsp. macrostegia (Bornm.) O.
Schwartz, 35, 30.07.2017, BULU 42006, D. Akd., Ter.
Euphorbia helioscopia L. subsp. helioscopia, 43,
10.05.2011, BULU 40401, Ter.

Euphorbia herniariifolia Willd. var. glaberrima Halacsy,
5, 11.05.2016, BULU 39694, Hem.

Euphorbia prostrata Aiton, 7, 21.07.2017, BULU 41833,
Ter.

Euphorbia taurinensis All., 11, 17.04.2015, BULU 38168,
Ter.

Mercurialis annua L., 23, 30.03.2013, BULU 40362B, Ter.
Mercurialis perennis L., 26, 22.04.2014, BULU 35691,
Avr.-Sib., Hem.

45.FABACEAE

Astragalus gaeobotrys Boiss. & Balansa, 34, 16.04.2014,
BULU 35458; 15, 19.04.2016, BULU 39569, Hem., END.,
EN.

Astragalus coodei D. F. Chamb. & V. A. Mathews, 17,
19.04.2016, BULU 39583, Ir.-Tur., Hem., END., LC.
Astragalus hamosus L., 15, 11.06.2014, BULU 37224,
Ter.

Astragalus glycyphyllos L., 46, 25.05.2014, BULU 36615,
Avr.-Sib., Hem.

Astragalus vulnerariae DC., 45, 22.05.2015, BULU
38300, Hem., END., L.C.

Biserrula pelecinus L., 37, 24.05.2014, BULU 36450,
Akd., Ter.

Bituminaria butiminosa (L.) C.H.Stirt (Sin: Psoralea
butiminosa L.), 35, 10.06.2016, BULU 39963, Akd., Hem.
Cercis siliquastrum L. subsp. siliquastrum, 18,
19.04.2016, BULU 39611, Akd., Fan.

Colutea cilicica Boiss. & Balansa, 15, 11.06.2014, BULU
36228, Fan.

Coronilla scorpioides (I.) W. D. J. Koch, 12, 22.04.2014,
BULU 35777 B, Ter.

Cytisus hirsutus L. (Sin: Chamaecytisus hirsutus (L.)
Link), 30, 16.04.2014, BULU 35415, Kam.

Cytisus pygmaeus Willd. (Sin: Chamamaecytisus
pygmaeus (Willd.) Rothm., 13, 22.04.2014, BULU 35798,
Avr.-Sib., Kam.

Cytisopsis dorycniifolia Jaub. & Spach, 15, 19.04.2016,
BULU 39568, Kam.

Dorycnium graecum (L.) Ser., 30, 11.06.2014, BULU
37169A, Ir.-Tur., Hem.
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Dorycnium pentaphyllum Scop. subsp. herbaceum (Vill.) 11.05.2016, BULU 39678, Ter.
Rouy, 8, 25.05.2016, BULU 39752, Hem. Trifolium nigrescens subsp. petrisavii (Clementi)

Hymenocarpus circinnatus (L) Savi, 1, 22.05.2015,
BULU 38371, Ter.

Lathyrus digitatus (M. Bieb.) Fiori, 38, 17.04.2014, BULU
35644, D. Akd., Hem.

Lathyrus laxiflorus (Desf.) O. Kuntze subsp. laxiflorus,
34, 16.04.2014, BULU 35456, Hem.

Lathyrus sativus L., 34, 16.04.2014, BULU 35457, Akd.,
Hem.

Lathyrus undulatus Boiss., 30, 16.04.2014, BULU 35396,
Ir.-Tur., Hem., END., VU.

Lotus angustissimus L., 29, 24.09.2014, BULU 37999,
Ter.

Lotus corniculatus L. var. corniculatus, 10, 27.06.2014,
BULU 37375, Hem.

Medicago coronata (L.) Bart., 44, 09.07.2014, BULU
37545, Akd., Ter.

Medicago lupulina L., 12, 22.04.2014, BULU 35782, Ter.
Medicago minima (L.) Bartal. var. minima, 12,
22.04.2014, BULU 35782, Ter.

Medicago orbicularis (L.) Bartal., 1, 22.05.2015, BULU
38354, Ter.

Medicago sativa L. subsp. sativa, 12, 16.04.2014, BULU
36716, Hem.

Melilotus officinalis (L.) Desr., 7, 21.07.2017, BULU
41839, Ter.

Onobrychis aequidentata (Sibth & Sm.) dUrv,
25.05.2014, BULU 39762, Akd., Ter.

Onobrychis caput-galli (L.) Lam., 5, 25.05.2014, BULU
36712, Akd., Ter.

Ononis pusilla L., 1, 22.05.2015, BULU 38369, Akd.,
Hem.

Ornithopus compressus L., 37, 24.05.2014, BULU 36455,
Akd., Ter.

Scorpiurus subvillosus L. var. subvillosus (Sin: S.
muricatus L. var. subvillosus (L.) Fiori), 1, 22.05.2015,
BULU 38370, Ter.

Securigera cretica (L.) Lassen, 12, 22.04.2014, BULU
35776, Akd., Ter.

Securigera varia (L.) Lassen (Sin: Coronilla varia L. var.
varia), 30, 11.06.2014, BULU 37166A, D. Akd., Hem.
Trifolium alpestre L. var. alpestre, 6, 11.05.2016, BULU
39672, Avr.-Sib., Hem.

Trifolium angustifolium L., 29, 11.06.2014, BULU 37157,
Hem.

Trifolium arvense L. var. arvense, 9, 25.05.2014, BULU
36520, Avr.-Sib., Ter.

Trifolium campestre Schreb. subsp. campestre var.
campestre, 29, 11.06.2014, BULU 37153, Ter.

Trifolium diffusum Ehrh., 9, 25.05.2014, BULU 36507,
Ter.

Trifolium echinatum M. Bieb., 24, 25.05.2014, BULU
36651; 34, 11.06.2014, BULU 37121, Ter.

Trifolium grandiflorum Schreb. (Sin: T. speciosum
Willd.), 6, 11.05.2016, BULU 39673, D. Akd., Ter.
Trifolium hirtum All., 9, 25.05.2014, BULU 36514, Akd.,
Ter.

Trifolium lappaceum L., 28, 11.06.2014, BULU 37156,
Akd., Ter.

Trifolium nigrescens

9,

Viv. subsp. nigrescens, 5,
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Holmboe, 25, 25.05.2014, BULU 36665, Ter.

Trifolium pallidum Waldst. & Kit., 36, 10.07.2014, BULU
37638, Ter.

Trifolium patens Schreb., 36, 22.05.2015, BULU 38325,
Ter.

Trifolium purpureum Lois. var.
25.05.2016, BULU 39706, D. Akd., Ter.
Trifolium repens L. var. repens, 29, 11.06.2014, BULU
37148, Hem.

Trifolium resupinatum L.
11.06.2014, BULU 37148, Ter.
Trifolium scabrum L., 31, 11.06.2014, BULU 37121, Akd.,
Ter.

Trifolium stellatum L. var. stellatum, 24, 25.05.2014,
BULU 36672A, Ter.

Vicia cracca L. subsp. cracca, 1, 22.05.2015, BULU 38345,
Avr.-Sib., Hem.

Vicia cretica Boiss. & Heldr., 8,19.04.2016, BULU 39618,
Ter.

Vicia grandiflora Scop., 6, 17.04.2014, BULU 35504, Ter.
Vicia hirsuta (I..) Gray, 43, 11.05.2016, BULU 39658,
Ter.

Vicia hybrida L., 12, 22.04.2014, BULU 35779, Ter.
Vicia lathyroides L., 30, 16.04.2014, BULU 35392, Ter.
Vicia meyeri Boiss., 34, 16.04.2014, BULU 35459, Ir.-
Tur., Ter.

Vicia sativa L. subsp. sativa, 13, 22.04.2014, BULU
35794, Ter.

Vicia villosa Roth subsp. dasycarpa (Ten.) Cav., 46,
25.05.2014, BULU 36640A, Ter.

Vicia villosa Roth subsp. eriocarpa (Hausskn.) P. W. Ball,
37, 24.05.2014, BULU 36481, Ter.

Vicia villosa Roth subsp. villosa, 44, 14.05.2014, BULU
36071, Ter.

46.FAGACEAE

Fagus orientalis Lipsky, 26, 14.05.2015, BULU 38237,
Avr.-Sib., Fan.

Quercus cerris L., 68, 14.08.2015, BULU 39068A, Akd.,
Fan.

Quercus frainetto Ten., 5, 11.05.2016, BULU 39688, Avr.-
Sib., Fan.

Quercus infectoria Oliv. subsp. infectoria, 25, 22.04.2014,
BULU 35767, Avr.-Sib., Fan.

Quercus ithaburensis Decne subsp. macrolepis (Kotschy)
Hedge & Yalt., 32, 16.05.2017, BULU 41349, Fan.
Quercus petraea (Matt.) Liebl. subsp. iberica (Steven ex
M. Bieb.) Krassiln., 6, 17.04.2014, BULU 35512, Fan.
Quercus pubescens Willd. subsp. pubescens,
30.07.2017, BULU 41961, Fan.

Ouercus robur L. subsp. robur, 26, 25.06.2015, BULU
38409, Avr.-Sib., Fan.

Quercus trojana Webb subsp. trojana, 6, 17.04.2014,
BULU 35511, D. Akd., Fan.

47.GENTIANACEAE

Centaurium erythraea subsp. turcicum (Velen.) Melderis,
10, 27.06.2014, BULU 37368, Hem.

48.GERANIACEAE

Erodium ciconium (L.) I’ Her., 39, 16.05.2017, BULU
41247, Ter.

purpureum, 11,

var. resupinatum, 28,

19,
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Erodium cicutarium (L.) L’ Her. subsp. cicutarium, 27,
14.05.2015, BULU 38245, Kozm., Ter.

Geranium lucidum L., 26, 22.04.2014, BULU 35706, Ter.
Geranium purpureum Vill., 26, 14.05.2015, BULU 38206,
Ter.

Geranium pusillum Burm.f.,
35762, Ter.

Geranium pyrenaicum Burm.f., 33, 16.04.2014, BULU
35390, Hem.

Geranium rotundifolium L., 34, 16.04.2014, BULU 35453,
Ter.

49.HYPERICACEAE

Hypericum adenotrichum Spach, 29, 11.06.2014, BULU
37154, Hem., END., LC.

Hypericum aviculariifolium dJaub. & Spach,
27.06.2014, BULU 37351, D. Akd. Hem., END., LC.
Hypericum bourgaei (Sin: H. aviculariifolium subsp.
depilatum var. bourgaei (Boiss.) N.Robson), 46,
25.05.2014, BULU 36630, D. Akd., Hem., END., L.C.
Hypericum calycinum L., 5, 21.07.2017, BULU 41848, Ir.-
Tur., Hem.

Hypericum confertum choisy subsp. confertum, 29,
16.04.2014, BULU 35437, Hem., END., L.C.

Hypericum montbretii Spach, 35, 23.06.2017, BULU
41540, Hem.

Hypericum olympicum L., 39, 10.07.2014, BULU 37613,
D. Akd., Hem.

Hypericum orientale L., 34, 11.06.2014, BULU 37182,
Hem.

Hypericum origanifolium Willd. var. origanifolium, 44,
22.05.2015, BULU 38284, Hem.

Hypericum perfoliatum L., 29, 24.09.2014, BULU 37997,
Akd., Hem.

Hypericum perforatum L.
25.05.2014, BULU 36502, Hem.
50.JUGLANDACEAE

Juglans regia L., 5, 21.07.2017, BULU 41862, Fan.
51.LAMIACEAE

Ajuga chamaepitys (L) Schreb subsp. chia (Schreb.)
Arcang., 1, 22.05.2015, BULU 38346, Hem.

Ballota nigra L. subsp. anatolica P. H. Davis, 26,
25.06.2015, BULU 38397, Ir.-Tur., Hem.

Clinopodium alpinum (L.) Kuntze (Sin: Acinos alpinum
(L) Moench), 9, 17.04.2014, BULU 35525, Hem.
Clinopodium suaveolens (Sm.) Kuntze (Sin: Acinos
rotundifolius Pers.), 15, 11.06.2014, BULU 37235, Hem.
Clinopodium vulgare L. subsp. vulgare, 26, 16.06.2014,
BULU 36266A, Avr.-Sib., Hem.
Lamium amplexicaule L.
16.04.2014, BULU 35488, Ter.
Lamium garganicum L. subsp. garganicum var. striatum
(Sin: L. garganicum L. subsp. reniforme (Montbret &
Aucher ex Benter.) R.R.Mill.), 14, 19.04.2017, BULU
41189, Akd., Hem.

Lamium purpureum L. var. aznavourii Gand. ex Aznav.,
23, 30.03.2013, BULU 40354, ir.'Tur., Ter., END., CR.
Lamium purpureum L. var. purpureum, 13, 19.04.2017,
BULU 41193, Avr.-Sib., Ter.

Marrubium peregrinum L., 35, 23.06.2017, BULU 41607,
Hem.

Marrubium vulgare L., 26, 22.04.2014, BULU 35698,

25,22.04.2014, BULU

13,

subsp. perforatum, 9,

var. amplexicaule, 12,
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Akd., Hem.

Mentha longifolia (L..) L. subsp. thyphoides (Briq.) Harley
(Sin: M. longifolia (L.) L. subsp thyphoides (Briq.) Harley
var. typhoides (Briq.) Briq.), 39, 08.06.2017, BULU 414186,
Hem.

Mentha pulegium L., 26, 13.07.2016, BULU 40224, Hem.
Melissa officinalis L. subsp. officinalis, 21, 30.07.2017,
BULU 42058, Avr.-Sib., Ter.

Micromeria myrtifolia Boiss. & Hohen., 15, 11.06.2014,
BULU 37238, Hem.

Nepeta italica L., 30, 11.06.2014, BULU 37167A, Akd.,
Hem.

Origanum vulgare L. subsp. gracile (K. Koch) Ietsw., 27,
23.06.2017, BULU 41640, Ir.-Tur., Hem.

Origanum vulgare L. subsp. hirtum (Link) Ietsw., 26,
25.06.2015, BULU 38440, D. Akd., Hem.

Origanum vulgare L. subsp. viridulum (Martrin-Donos)
Nyman (Sin: O. vulgare L. subsp. viride (Boiss.) Hayek),
10, 27.06.2014, BULU 37363, Hem.

Origanum sipyleum L., 19, 30.07.2017, BULU 41978, D.
Akd., Hem., END., LC.

Prunella laciniata (L.) L., 34, 11.06.2014, BULU 37176,
Avr.-Sib., Hem.

Prunella vulgaris L., 26, 23.06.2016, BULU 40216, Avr.-
Sib., Hem.

Salvia forskahlei L., 10, 27.06.2014, BULU 37364, Avr.-
Sib., Hem.

Salvia sclarea L., 26, 23.06.2016, BULU 40214, Hem.
Salvia tomentosa Mill.,, 29, 11.06.2014, BULU 37151,
Akd., Hem.

Salvia verbanaca L., 27, 14.05.2015, BULU 38256, Akd.,
Hem. .
Salvia virgata Jacq., 21, 30.07.2017, BULU 42056, Ir.-
Tur., Hem.

Salvia viridis L., 30, 11.06.2014, BULU 37168A, Akd.,
Ter.

Sideritis lanata L., 37, 24.05.2014, BULU 36477, D. Akd.,
Ter.

Sideritis montana L. subsp. montana, 31, 11.06.2014,
BULU 37102, D. Akd., Ter.

Sideritis sipylea Boiss., 19, 30.07.2017, BULU 41977, D.
Akd., Hem., END., EN.

Sideritis pisidica Boiss. & Heldr., 27, 16.06.2014, BULU
36627, D. Akd., Hem., END., L.C.

Stachys annua (L..) L. var. lycaonica R. Bhattacharjee, 1,
22.05.2015, BULU 38356, Ir.-Tur., Ter.

Stachys byzantina K. Koch, 44, 24.05.2014, BULU 36433,
Avr.-Sib., Hem.

Stachys cretica L. subsp. bulgarica Rech. f,
23.06.2017, BULU 41581, D. Akd., Hem.

Stachys thirkei K. Koch, 13, 27.06.2014, BULU 37338,
Hem.

Teucrium chamaedrys L. subsp.
09.07.2014, BULU 37540, Kam.
Teucrium orientale L. var. glabrescens Hausskn. ex
Bornm., 35, 23.06.2017, BULU 41532, Ir.-Tur., Hem.
Teucrium polium L. subsp. polium, 11, 25.05.2016, BULU
39705, Hem.

Thymus atticus Celak, 11, 25.05.2016, BULU 39714,
Akd., Kam.

Thymus longicaulis C. Presl. subsp. chaubardii (Rchb.f.)

35,

chamaedrys, 44,
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Jalas, 1, 22.05.2015, BULU 38366, Akd., Kam.

Thymus longicaulis C. Pres] subsp. longicaulis (Sin: T.
longicaulis C. Presl subsp. longicaulis var. subisophyllus
(Borbas) Jalas), 29, 11.06.2014, BULU 37147, Avr.-Sib.,
Kam.

Vitex agnus-castus L., 24, 25.05.2014, BULU 36673 B,
Akd., Fan.

Ziziphora capitata L., 15, 11.06.2014, BULU 37237, Ter.
Ziziphora taurica M. Bieb. subsp. taurica, 13, 27.06.2014,
BULU 37264, Ter.

52.LINACEAE

Linum bienne Mill., 9, 16.05.2017, BULU 41405, Hem.
Linum corymbulosum Rchb., 31, 11.06.2014, BULU
37113, Akd., Ter.

Linum hirsutum L. subsp. anatolicum (Boiss.) Hayek var.
platyphyllum P. H. Davis, 1, 22.05.2015, BULU 38344,
Hem., END., EN.

Linum nodiflorum L., 1, 22.05.2015, BULU 38355, Akd.,
Ter.

Linum pamphylicum Boiss. & Heldr. ex Planch subsp.
olympicum G. Kaynak & O. Yilmaz, 8, 25.05.2016, BULU
39763, Hem., END., CR.

53.LYTHRACEAE

Lythrum salicaria L., 26, 25.06.2015, BULU 38406, Avr.-
Sib., Hem.

54. MALVACEAE

Alcea biennis Winterl (Sin. A. pallida Waldst. & Kit.), 36,
10.07.2014, BULU 37630, Hem.

Malva sylvestris L., 35, 10.06.2016, BULU 39962, Hem.
Tilia tomentosa Moench (Sin: T. argentea DC.), 26,
22.04.2014, BULU 35702, Fan.

55.MORACEAE

Ficus carica L. subsp. carica, 21, 30.07.2017, BULU
42067, Akd., Fan.

56.0LEACEAE

Fraxinus ornus L. subsp. ornus, 6, 19.04.2016, BULU
39626, Avr.-Sib., Fan.

Jasminum fruticans L., 44, 14.05.2014, BULU 36073,
Akd., Fan.

Ligustrum vulgare L., 26, 22.04.2014, BULU 35737, Avr.-
Sib., Fan.

Phillyrea latifolia L., 32, 16.05.2017, BULU 41347, Akd.,
Fan.

57.0NAGRACEAE

Circaea lutetiana L., 26, 23.06.2016, BULU 40219, Hem.
Epilobium hirsutum L., 26, 23.06.2016, BULU 40222,
Hem.

Epilobium montanum L., 34, 11.06.2014, BULU 37175,
Avr.-Sib., Hem.

Epilobium palustre L., 26, 25.06.2015, BULU 38384,
Hem.

58.0ROBANCHACEAE

Bellardia trixago L., 31, 11.06.2014, BULU 37111, Ter.
Orobanche alba Stephan ex Willd. subsp. alba, 8,
25.05.2016, BULU 39727, Epi.

Orobanche fluginosa Reut. ex Jard,. 8, 16.05.2017, BULU
41372, Akd., Epi.

Orobanche lavandulacea Rchb., 26, 14.05.2015, BULU
38236, Akd., Epi.

Orobanche minor Sm., 37, 24.05.2014, BULU 36447, Epi.
Parentucellia latifolia (L.) Caruel subsp. latifolia, 33,
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16.04.2014, BULU 35388, Akd., Ter.
59.PAPAVERACEAE

Chelidonium majus L., 26, 22.04.2014, BULU 35676,
Avr.-Sib., Hem.

Corydalis solida (I..) Clairv. subsp. solida, 26, 12.03.2015,
BULU 38076, Kri.

Fumaria densiflora DC., 14, 19.04.2017, BULU 41198,
Ter.

Fumaria officinalis L. subsp. officinalis, 34, 16.05.2017,
BULU 41340A, Ter.

Fumaria vaillantii Loisel., 36, 23.06.2017, BULU 41441,
Ter.

Papaver argemone L. subsp. argemone, 22, 16.05.2017,
BULU 41263, Ter.

Papaver pilosum Sibter. & Sm. subsp. strictum (Boiss. &
Balansa) N. Wendt ex Kadereit, 26, 16.06.2014, BULU
36251, Hem., END., VU.

Papaver rhoeas L., 11, 25.05.2016, BULU 39726, Ter.
60.PHYLLANTHACEAE

Andrachne telephioides L., 35, 30.07.2017, BULU 42032,
Hem.

61.PLANTAGINACEAE

Linaria corifolia Desf., 8, 19.04.2016, BULU 39620, Ir.-
Tur., Hem., END., LC.

Linaria pelisseriana (L) Mill., 35, 23.06.2017, BULU
41538, Akd., Ter.

Linaria simplex DC., 36, 23.06.2017, BULU 41492, Akd.,
Ter.

Globularia trichosantha Fisch. & C. A. Mey. subsp.
trichosantha, 12, 22.04.2014, BULU 35783, Ir.-Tur.,
Hem.

Gratiola officinalis L., 26, 23.06.2016, BULU 40217, Avr.-
Sib., Hem.

Plantago lanceolata L., 36, 23.06.2017, BULU 41510,
Hem.

Plantago lagopus L., 35, 23.06.2017, BULU 41524, Akd.,
Ter.

Plantago scabra Moench, 40, 21.07.2017, BULU 41670,
Ter.

Veronica arvensis L., 26, 14.05.2015, BULU 38213, Avr.-
Sib., Ter.

Veronica chamaedrys L., 30, 16.04.2014, BULU 35414,
Avr.-Sib., Hem.

Veronica cymbalaria Bodard, 26, 22.04.2014, BULU
35731, Akd., Ter.

Veronica pectinata L. var. pectinata, 4, 26.03.2014,
BULU 36055, Hem.

Veronica pectinata L. var. schzocalyx (Freyn & Sint.)
Bornm., 27, 14.05.2015, BULU 38238, Hem.

Veronica persica Poir., 23, 30.03.2013, BULU 40358, Ter.
Veronica praecox All., 26, 14.05.2015, BULU 38182, Ter.
62. PLATANACEAE

Platanus orientalis L., 21, 30.07.2017, BULU 42062, Fan.
63. PLUMBAGINACEAE

Armeria cariensis Boiss. var. cariensis, 27, 14.05.2015,
BULU 38258, D. Akd., Hem.

64.POLYGALACEAE

Polygala anatolica Boiss. & Heldr., 11, 25.05.2016, BULU
39710, Hem.

Polygala pruinosa Boiss. subsp. pruinosa, 46, 25.05.2014,
BULU 36607, Hem.
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Polygala supina Schreb. subsp. supina, 8, 25.05.2016,
BULU 39729, Hem.

65.POLYGONACEAE

Polygonum arenastrum Boreau, 27, 23.06.2017, BULU
41646, Ter.

Polygonum lapathifolium L., 21, 30.07.2017, BULU
42044, Ter.

Polygonum persicaria L., 21, 30.07.2017, BULU 42050,
Ter.

Rumex acetosella L., 37, 24.05.2014, BULU 36478, Hem.
Rumex crispus L., 21, 30.07.2017, BULU 42045, Hem.
Rumex obtusifolius L. subsp. subalpinus (Schur) Celak,
27, 23.06.2017, BULU 41632, Hem.

Rumex tuberosus L. subsp. horizontalis (K. Koch) Rech.
f., 27, 25.05.2014, BULU 36685, Hem.

Rumex tuberosus L. subsp. tuberosus, 39, 08.06.2017,
BULU 41407, Hem.

66.PRIMULACEAE

Anagallis arvensis L. var. arvensis, 1, 22.05.2015, BULU
38347, Ter.

Anagallis arvensis L. var. caeurulea (L.) Gouan, 36,
23.06.2017, BULU 41507, Ter.

Lysimachia atropurpurea L., 9, 25.05.2014, BULU 36511,
D. Akd., Hem.

Lysimachia verticillaris Spreng., 26, 23.06.2016, BULU
40218, ir.-Tur., Hem.

Primula acaulis (L.) L. subsp. acaulis (Sin: P. vulgaris
Huds. subsp. sibthorpii (Hoffmanns.) N.W. Sm &
Forrest), 29, 16.04.2014, BULU 35445, Avr.-Sib., Kri.
67.RANUNCULACEAE

Anemone blanda Schott & Kotschy, 11, 17.04.2015,
BULU 38161, Kri.

Clematis vitalba L., 7, 21.07.2017, BULU 41846, Hem.
Clematis viticella L., 11, 17.04.2015, BULU 38362, Hem.
Nigella arvensis L. var. glauca Boiss., 36, 02.09.2014,
BULU 37991, Ter.

Nigella sativa L., 44, 09.07.2014, BULU 37546, Ter.
Ranunculus constantinopolitanus (DC.) d’Urv.,
16.04.2014, BULU 35443, Hem.

Ranunculus damascenus Boiss. & Gaill., 47, 11.06.2014,
BULU 41333, Ir.-Tur., Hem.

Ranunculus ficaria L. subsp. ficariiformis Rouy &
Foucaud, 24, 30.03.2013, BULU 40331, Hem.
Ranunculus gracilis E.D.Clarke, 46, 16.05.2017, BULU
41274, Hem.

Ranunculus neapolitanus Ten., 8, 17.04.2015, BULU
38179, Hem.

68.RESEDACEAE

Reseda lutea L. var. lutea, 35, 30.07.2017, BULU 41994,
Hem.

69.RHAMNACEAE

Paliurus spina-christii P. Mill., 11, 30.07.2017, BULU
42075, Fan.

70.ROSACEAE

Agrimonia eupatoria L. subsp. eupatoria, 35, 23.06.2017,
BULU 41572, Hem.

Crataegus monogyna Jacq.
22.04.2014, BULU 35729, Fan.
Filipendula wvulgaris Moench, 8, 25.05.2016, BULU
39753, Avr.-Sib., Hem.

Fragaria vesca L., 30, 16.04.2014, BULU 35405, Avr.-

29,

var. monogyna, 26,
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Sib., Hem.

Geum urbanum L., 6, 19.04.2016, BULU 39628, Avr.-Sib.,
Hem.

Potentilla astranica Jacq. subsp. astranica,
22.05.2015, BULU 38309, Avr.-Sib., Hem.
Potentilla buccoana Clem., 18, 19.04.2016, BULU 38681
A, Ir.-Tur., Hem., END., VU.

Potentilla detommasii Ten., 26, 25.06.2015, BULU 38421,
Hem.

Potentilla inclinata Vill., 6, 11.05.2016, BULU 38681B,
Hem.

Prunus divaricata Ledeb. var. divaricata, 8, 17.04.2015,
BULU 38181, Fan.

Pyracantha coccinea M.Roem., 35, 25.09.2017, BULU
42079, Avr.-Sib., Fan.

Pyrus eleagnifolia Pall. subsp.
22.04.2014, BULU 35704, Fan.
Rosa canina L., 36, 23.06.2017, BULU 41435, Fan.
Rubus canescens DC. var. glabratus (Godr.) Davis &
Meikle, 9, 25.05.2014, BULU 36505, Avr.-Sib., Fan.
Sanguisorba minor L. subsp. lasiocarpa (Boiss. &
Hausskn.) Nordborg, 26, 22.04.2014, BULU 35727, Hem.
71.RUBIACEAE

Asperula arvensis L., 36, 23.06.2017, BULU 41513, Ter.
Asperula involucrata Wahlenb., 6, 17.04.2014, BULU
35515, Avr.-Sib., Hem.

Asperula lilaciflora Boiss. subsp. phrygia (Bornm.)
Schonb.-Tem., 13, 27.06.2014, BULU 37348, D. Akd.,
Hem., END., LC.

Crucianella angustifolia L., 35, 23.06.2017, BULU 41565,
Akd., Ter.

Crucianella bithynica Boiss., 27,
37251, D. Akd., Ter.

Crucianella latifolia L., 31, 11.06.2014, BULU 37119,
Akd., Ter.

Cruciata pedemontana  (Bellardi)
16.05.2017, BULU 41332B, Ter.
Cruciata taurica (Pall. ex Willd.) Ehrend., 34, 17.04.2014,
BULU 35647, Ir.-Tur., Hem.

Galium album Mill. subsp. prusense (K. Koch.) Ehrend. &
Krendl, 16, 24.05.2014, BULU 36415, Hem.

Galium aparine L., 30, 16.04.2014, BULU 35399, Ter.
Galium divaricatum Pourr. ex Lam., 26, 23.06.2016,
BULU 40198, Ter.

Galium fissurense Ehrend. & Schonb.-Tem.,
10.06.2014, BULU 37087, Ir.-Tur., Hem., END., LC.
Galium floribundum Sm. subsp. floribundum, 35,
23.06.2017, BULU 41534, Ter.

Galium murale (L.) All,, 44, 22.05.2015, BULU 38292,
Akd., Ter.

Galium paschale Forssk., 35, 30.07.2017, BULU 42009,
D. Akd., Hem.

Galium peplidifolium Boiss.,
36083, D. Akd., Ter.

Galium setaceum Lam., 27, 16.06.2014, BULU 36265B,
Ter.

Galium spurium L. subsp. spurium, 26, 22.04.2014,
BULU 35688, Avr.-Sib., Ter.

Galium tricornutum Dandy, 8, 17.04.2014, BULU 38180,
H.-Tur., Ter.

Galium verticillatum Danthoine ex Lam., 44, 22.05.2015,

45,

eleagnifolia, 26,

11.06.2014, BULU

Ehrend., 34,

3,

44, 14.05.2014, BULU



KSU Tarim ve Doga Derg 23 (2): 416-434, 2020
KSU J. Agric Nat 23 (2): 416-434, 2020

Arastirma Makalesi
Research Article

BULU 38291, Akd., Ter.

Sherardia arvensis L., 30, 16.04.2014, BULU 35409, Akd.,
Ter.

72.RUTACEAE

Ruta buxbaumii Poir. (Sin: Haplophyllum buxbaumii
(Poir.) G. Don), 7, 25.05.2014, BULU 36624, Hem.
73.SALICACEAE

Populus alba L. var. alba, 16, 30.07.2017, BULU 41988,
Avr.-Sib., Fan.

Populus nigra L. subsp. nigra, 11, 25.05.2014, BULU
36538, Avr.-Sib., Fan.

Populus tremula L. subsp. tremula, 26, 16.06.2014,
BULU 36263, Fan.

Salix alba L. subsp. alba, 13, 19.04.2017, BULU 41201,
Avr.-Sib., Fan.

Salix caprea L., 7, 17.04.2014, BULU 35510, Avr.-Sib.,
Fan.

Salix x fragilis L., 23, 30.03.2013, BULU 40360, Avr.-Sib.,
Fan.

Salix viminalis L., 26, 23.06.2016, BULU 40204, Avr.-
Sib., Fan.

74.SANTALACEAE

Comandra umbellata (L.) Nutt. subsp. elegans (Roch. ex
Sprengel) Piehl, 13, 22.04.2014, BULU 35796, Avr.-Sib.,
Hem.

Osyris alba L., 5, 23.06.2017, BULU 41660, Akd., Fan.
Thesium bergeri Zucc., 44, 24.05.2014, BULU 36434, D.
Akd., Hem.

Thesium billardieri Boiss., 44, 09.07.2014, BULU 37542,
Ir.-Tur., Hem.

75.SAPINDACEAE

Acer campestre L. subsp. campestre, 26, 14.05.2015,
BULU 38209, Avr.-Sib., Fan.
76.SAXIFRAGACEAE

Saxifraga adscendens L. subsp.
22.04.2014, BULU 35726, Hem.
Saxifraga sibirica L., 27, 07.04.2016, BULU 39516, Hem.
Saxifraga tridactylites L., 23, 30.03.2013, BULU 40345,
Akd., Ter.

77.SCROPHULARIACEAE

Scrophularia canina L. subsp. bicolor (Sm.) Greuter, 38,
10.07.2014, BULU 37614, D. Akd., Hem.

Verbascum basivelatum Hub.-Mor., 3, 10.06.2014, BULU
37090, Ir.-Tur., Hem., END., NT.

Verbascum cheiranthifolium Boiss. var. asperulum
(Boiss.) Murb., 35, 23.06.2017, BULU 41601, Hem.
Verbascum cheiranthifolium Boiss. var. cheiranthifolium,
28, 11.06.2014, BULU 37162A, Hem.

Verbascum flavidum (Boiss.) Freyn & Bornm., 47,
11.06.2014, BULU 41334, Avr.-Sib., Hem.

Verbascum glomeratum Boiss., 15, 11.06.2014, BULU
37241, Ir.-Tur., Hem.

Verbascum gnaphalodes M. Bieb., 2, 10.06.2014, BULU
37093, Ir.-Tur., Hem.

Verbascum kastamunicum Murb., 45, 22.05.2015, BULU
38298, Ir.-Tur., Hem., END., LC.
Verbascum luciliae (Boiss.) Kuntze, 27,
BULU 36272, Hem., END., EN.

Verbascum lydium Boiss. var. lydium, 26, 25.06.2015,
BULU 38388, Akd., Hem., END., LC.

Verbascum ovalifolium Donn ex Simas subsp. thracicum

adscendens, 26,

16.06.2014,
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(Velen.) Murb., 13, 27.06.2014, BULU 37337, Avr.-Sib.,
Hem.

Verbascum parviflorum Lam., 26, 16.06.2014, BULU
36271, D. Akd., Hem., END., LC.

Verbascum prusianum Boiss., 7, 21.07.2017, BULU
41847, Avr.-Sib., Hem., END., EN.

78.SOLANACEAE

Datura stramonium L., 27, 23.06.2017, BULU 41643,
Hem.

Hyoscyamus niger L., 11, 25.05.2016, BULU 38171, Hem.
Physalis alkekengi L., 21, 30.07.2017, BULU 42054, Ter.
Solanum americanum Mill. (Sin: S. nigrum L. ), 26,
30.11.2012, BULU 40322, Hem.

79.TAMARICACEAE

Tamarix parviflora DC., 9, 16.05.2017, BULU 41364,
Akd., Fan.

80.URTICACEAE

Parietaria judaica L., 26, 22.04.2014, BULU 35678, Hem.
Urtica dioica L. subsp. dioica, 47, 23.06.2017, BULU
41571A, Avr.-Sib., Hem.

81. VERBANACEAE

Phyla canescens (Kunth) Greene, 17, 19.04.2016, BULU
39608, Hem.

Verbana officinalis L. var. officinalis, 7, 21.07.2017,
BULU 41826, Hem.

82.VIOLACEAE

Viola arvensis Murray, 47, 11.06.2014, BULU 41335, Ter.
Viola canina L., 17, 19.04.2016, BULU 39600, Hem.
Viola odorata L., 27, 01.03.2016, BULU 39492, Hem.

TARTISMA

Calismanin sonucunda alandan 2011-2017 yillar:
arasinda 47 farkli istasyondan yaklagsik 2100 bitki
ornegi  toplanmigtir. Teghisleri yapilan  bitki
orneklerinin 82 familyaya ait, 347 cins, 485 tur, 157
alt tiir, 70 varyete ve 1 melez (Salix X fragilis) olmak
tzere toplam 713 takson oldugu tespit edilmigtir.
Taksonlardan 14’0 Pteridophyta, 699'u
Spermatophyta bolimiine aittir. 81 Pinophytina, 691’1
Magnoliophytina alt bélimiinde, 583t Magnoliopsida,
108’1 Liliopsida sinifinda yer almaktadar.

Taksonlarin Raunkier'in hayat formlarina goére
dagilimlar: ve oranlar: 59 (% 8.3)'u Fanerofit, 328 (%
46)i Hemikriptofit, 78 (% 10.9)i Kriptofit, 231 (%
32.4)1 Terofit, 13 (%1.8)’iit Kamefit ve 4 (% 0.6)i Epifit
olarak bulunmustur. Hemikriptofitlerin birinci sirada
citkmasinin  temel nedeni, dinyanin i1liman
bélgelerinde yaygin olmalari, Akdeniz iklimine
karakteristik olan Terofitlerin ikinci sirada bulunmasi
alaninin  iklim  yapisinin  uygun olmasindan
kaynaklanmaktadir.

Bitkilerin fitocografik bélgelere gore dagilimlari ve
oranlari Akdeniz elementi 149 (%20.9), Avrupa-
Sibirya elementi 89 (%12.5), Iran-Turan elementi 50
(%7) ve cok bolgeli yada bélgesi bilinmeyenler 425
(%59.6) seklinde belirlenmistir (Sekil 2). Calisma alam
ve yakin cevrede yapilmis diger calismalarda (Uludag
floras1 hari¢) Akdeniz elementleri ilk sirada yer
almaktadir. Tkinci sirada Avr.-Sib., ti¢lincii sirada Ir.-
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Tur. Elementleri bulunmaktadir. Akdeniz
elementlerinin ilk sirada yer almasi, alanin Akdeniz
fitocografik bolgesinde ve yari kurak Akdeniz
ikliminin  goruldagi  bolgede  bulunmasindan
kaynaklanmaktadir. Akdeniz elementleri P. brutia
ormani altlari, maki ¢aliliklar1 ve meselik iglerinde
olduk¢a yaygindir. Avrupa-Sibirya elementlerine
gblgelik ve nemli orman altlarinda, yaygin olarak su
kenarlarinda ve vadi i¢ kisimlarinda rastlanmaktadir.
Iran-Turan elementleri cogunlukla taghk kayalik acik
alanlar, calilik igleri, yol ve tarla kenarlarinda
yetismektedir. Alandan tespit edilen 713 taksondan

57’s1 endemik olup endemizm oram %8.0’dir. Alanlar
endemizm oranlar1 bakimindan karsilastirildiginda
Uludag (Dagkin ve Kaynak, 2010a, b) ve Murat Dag1
(Cirpici, 1989'nda en yiiksek oldugu, Biiyiikorhan,
Harmancik (Bursa) ilcelerinde (Bagcivan ve Daskin,
2019), Gélciik (Dursunbey)’de (Dirmenci, 2006), Ulus
Daginda (Giiner ve Akcicek, 2013) calisma
alanindakine yakin oldugu, Bursa Sehir florasi (Giinay
Dagkin ve Kaynak, 2006) ve Katirl1 Daginda (Erdogan
ve ark., 2011) ise daha diisiik oldugu goriilmektedir
(Sekil 2).
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Sekil 2. Fitocografik Bolge Elementleri ve Endemizm Oranlarimin Yakin Bélgelerde Yapilmig Floristik Caligmalar ile

Kargilastirilmasi

Figure 2. Comparision of Study Area and its Neigbour Areas in terms of Phytogeographical Region Elements and Endemism

Rates

(1) Orhaneli (Bursa) florasi; (2) Uludag (Bursa) florasi; (3) Bursa sehir florasi; (4) Katirli Dag1 (Bursa florast; (5) Biiyiikorhan,
Harmancik (Bursa) floras; (6) Golciik (Dursunbey, Balikesir) florasi; (7) Ulus Dag1 (Balikesir) florasi; (8) Murat Dag1 (Kiitahya)

floras1

Aragtirma alaninda en fazla takson igeren familyalar
ve icerdikleri takson sayilar1 Asteraceae (83),
Fabaceae (64), Poaceae (50), Lamiaceae (45),
Brassicaceae (42), Caryophyllaceae (41), Apiaceae (27),

P
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Sekil 3. Taksonlarin familyalara gére dagilimi

Boraginaceae ve Rubiaceae (21) seklindedir (Sekil 3).
En zengin cinsler 7Trifolium (18), Alyssum, Galium,
Verbascum (12), Vicia, Hypericum (11), Euphorbia (9),
Centaurea (8), Quercus (8) olarak bulunmustur (Sekil
4).
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a
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Sekil 4. En zengin cinsler ve igerdikleri takson sayilar:

Figure 3. Distribution of taxa according to the families Figure 4. The richest genera and the number of taxa
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Calisma alaninda bitki gesitliliginin yliksek oldugu
alanlar; yorede yetigsen birgok bitki tiirti igin siginak
olusturan Sadagi Kanyonu igleri ve ustleri, Ceki-Siril
yol ayrimi ¢evresi ve Nalinlar Coreler arasidir. Bu
alanlarda bitki c¢esitliligini tehdit eden faktorler
ozellikle kanyondaki gini birlik ziyaret¢i baskisi,
kanyonun ust kisimlarinda ise kismen otlatma baskis1
sayilabilir. Ceki-Siril yol ayrimi cevresi ve Nalinlar
Coreler arasinda yol genigletme ¢alismalar: gesitliligi
tehdit eden en 6nemli faktor olarak gézlenmigtir. Bitki
¢esitliligin korunmasi amaci ile alinabilecek 6nlemler
arasinda Sadagi  Kanyonundaki gint  birlik
ziyaret¢ilerin sayisinin ve alan i¢indeki faaliyetlerinin
denetlenmesi, otlatmaya ya hi¢ izin verilmemesi yada
kontrolli bir sekilde yapilmasinin saglanmasi
sayilabilir.

Alanda tespit edilen endemik taksonlardan 51 Cok
Tehlikede (CR), 6’s1 Tehlikede (EN), 8’1 Zarar Gorebilir
(VU), 6’s1 Yakin zamanda tehlike altina Girebilir (NT),
30u Az endise verici (@LC) ve 2si NE
(Degerlendirilemedi) kategorisindedir (Ekim ve ark.,
2000; Adiguizel ve Reeves, 2002; Dagkin ve Kaynak,
2011; Cecen, 2014). Sadag Kanyonu icleri ve {ist
kesimleri, Ceki-Siril yol ayrimi c¢evresi, Harmancik
yolu lizerindeki taslik kayalik alanlar, Agachisar Fadil
arasi, Nalinlar, Deliballilar, Coreler, Ak¢abiik ¢evresi,
Cinarcik Baraji tistleri endemik taksonlarin yetistigi
alanlardir. Bu alanlarin ¢ogunda ana kayanin
serpantin olmasi ve son zamanlarda bélgeden yeni tiir
olarak tamimlanan taksonlarin da s6z konusu
alanlarda yayilis gostermesi dikkat ¢ekicidir. Alaninda
yetisen endemiklerden Papaver pilosum ssp. strictum,
Flaeosticta aurea, Centaurea wiedemanniana,
Anthemis  xylopoda, Centaurea  ertugruliana,
Verbascum luciliae, V. kastamunicuni’un yayiliglar
oldukea lokal olup populasyonlar: azdir. Diger yandan
Crocus flavus ssp. dissectus, Alyssum dudleyi,
Aubrieta olympica, Dianthus goekayi, Linum
pamphylicum ssp. olympicum’un alandaki
populasyonlar1 nispeten daha iyi durumdadar.

Bu calisma ile Bursa ili Orhaneli ilgesinde 713
vaskiiler bitki taksonunun yayilis goésterdigi
saptanmig olup calismamizin ileride yorede yetigsen
bitkiler tzerinde arastirmalar yapacak bilim
insanlarina katk: saglayacag: kanaatindeyiz.

TESEKKUR

Bu calisma ilk yazarin doktora tezinin bir kismini
olusturmakta olup c¢alismayr maddi olarak
destekleyen Bursa Uludag Universitesi Bilimsel
Arastirma Projeleri Birimine (Proje no: UAP (F)
2011/73) tesekkiir ederiz.

Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini1 beyan ederler.
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Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye egit oranda katki saglamig

olduklarini beyan ederler.
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ABSTRACT
The present study deals with the anatomical properties of Aethionema
dumanii, which is an endemic species growing in Salt Lake (Konya).

Research Article

Article History

The stem cross-sections have a single-layered epidermis, Received - 05.11.2019
parenchymatous cortex, vascular bundles, and pith cells. An equifacial Accepted $27.12.2019
mesophyll type was observed in the leaves with multiple-layered

palisade tissue, but the spongy parenchyma was reduced. Vascular Keywprds =
bundles were smaller. The cross-sections of fruit had single exocarp, Aethionema dumanii

3- or 4-layered mesocarp, and single-layered endocarp. Transverse Anatf)my

sections of the seed showed an epidermis, palisade tissue, endosperm, Cruf:lferae

and embryo. The anatomical characteristics of A. dumanii has been IS?Z:;:;

found to have valuable taxonomic importance.

OZET

Bu ¢alisma, Tuz Goli'nde yayilis gosteren endemik tir Aethionema

Endemik Aethionema dumanii Vural & Adigiizel'in (Brassicaceae) Anatomik Ozellikleri

Arastirma Makalesi

dumaniinin anatomik o6zelliklerini ele almaktadir. Goévde enine Makale Tarihgesi
kesitleri, tek tabakali epidermis, parankimatik korteks, iletim Gelis Tarithi  :05.11.2019
demetleri ve 6z hiicrelerine sahiptir. Yapraklarda, cok tabakali palizat Kabul Tarihi :27.12.2019

parankimasina kargin slinger parankimasi indirgenmis ekvifasiyal
tip mezofil gozlemlenmistir. Iletim demetleri kiiciiktiir. Meyve enine
kesitleri tek bir ekzokarp, 3 ya da 4 tabakali mezokarp ve tek tabakali
endokarpa sahiptir. Tohum enine kesitleri bir epidermis, palizat

Anahtar Kelimeler
Aethionema dumanii
Anatomi

dokusu, endosperm ve embriyodan olusmaktadir. A. dumanirnin Cruciferae
anatomik karakterlerinin taksonomik 6nemi oldugu belirlenmistir. Meyve
Tohum
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INTRODUCTION

The family Brassicaceae is represented by 321 genera
and about 3660 species worldwide, and at such high
numbers, it is known as a significant dicot family (Al-
Shehbaz, 2012). In Turkey, the list of this family is
composed of 91 genera and 686 taxa (Giiner et al.
2012). The major distribution centres of the family are
the Mediterranean, Irano-Turanian, and Saharo-
Sindian regions (Hedge, 1976). Turkey is one of the
richest countries in this respect, with 653 native
species belonging to 61 genera in the family
Brassicaceae (Al-Shehbaz et al. 2007).

The genus Aethionema W.T. Aiton is represented by
about 43 taxa in Turkey, including 20 endemic species
(Ertugrul, 2012). Hence, the endemism rate for this
genus is approximately 47%.

Turkish Aethionema species have been the subject of
different research areas such as palynology, seed

micromorphology, and molecular studies (Pinar et al.,
2007; Sunar et al., 2016; Karaismailoglu, 2017; Ceter
et al., 2018). Little known about the vegetative organs
and anatomical traits of the genus Aethionema
(Atceken et al., 2016; Karaismailoglu, 2019).
Aethionema dumanii i1s a perennial, dwarf, and
endemic plant that only grows in salty areas. There
have been no anatomical studies about this halophytic
species.

In this study, A. dumanii endemic plant, which is only
known from Salt Lake, were evaluated using their
anatomical characteristics, both vegetative organs,
fruit, and seeds.

MATERIAL and METHODS

The plant materials were collected from Salt Lake in
the province of Konya. Some were prepared according
to standard herbarium techniques, while others were
placed into 70% ethyl alcohol. The paraffin method was
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used for the vegetative organs, fruit and seed of the
studied taxa for cross-sections (Johansen, 1940). 5
plant samples were used and the experiments were
done at least 3 times. The vegetative and generative
organs of the species were cut into small pieces. Next,
they were treated through an increasing alcohol series
to remove the water from the tissues. As the next step,
a portion of paraffin was added to small glass flasks.
The paraffin blocks were made and 12—16-pm-thick
transverse sections were cut using a Leica microtome
with disposable blades. The safranin-fast green were
used for dying anatomical sections. Under a light
microscope (Leica DM 1000), the best sections were
chosen and photographed at magnifications of 10x,
20x, and 40x. The measurements, which were made
with the Kameram 21 software programme, were
based on at least 30 or more cells per specimen. The
mean values of the measurements of all of the
investigated taxa were given (Table 1). If the paraffin
method was unsuccessful, cross-sections were taken by
hand using a razor blade. Permanent slides were
observed under a Leica DM 1000 light microscope
(LM). Measurements were made using the Kameram
21 programme and photos were taken with a Canon
EOS 450D camera that was attached to the LM. The
stomata were classified based on the criteria of
Metcalfe and Chalk (1954).

RESULTS
Stem anatomy

Four main anatomical regions were determined in the
cross-sections of the stems. These layers could be
counted from the peripheral to the centre, as the
epidermis, cortex, vascular bundles, and pith regions
(Figure 1-A). The outermost surface of the stems was
limited to rectangular-shaped epidermis cells with

8.47-12.08 x 12.03-25.05 um (Table 1). Ten or 11 rows
of cortex cells, which were parenchymatous, followed
the epidermis towards the centre and their shape is
defined as oval. The single-lined vascular bundles were
composed of the xylem and phloem with sclerenchyma
above them and they are well-developed. The pith
region was fully filled with oval-shaped
parenchymatous cells and their size were measured as
35.7x70.8 um (Figure 1-B).

Leaf anatomy

The cross-sections of the leaves of the studied species
had 2 epidermis with mesophyll tissue and their
shapes were determined as rectangular-oval (Figure
2). The mesophyll was equifacial and composed of 4 or
5 rows of palisade and reduced spongy parenchyma
cells. The vascular bundles of the leaf were arranged
in a single line and the median one is the biggest. The
other vascular bundles were smaller than the median
one.

The leaves of A.dumanii are amphistomatic and the
stomata was observed as anizocytic type according to
with the level of epidermis (Figure 3). The shapes of
epidermis cells are irregular or polygonal. The cell
walls of epidermis cells are smooth (Figure 3-A,B). The
stomatal index in upper surface was calculated as 33.3
and, 29.3 in lower surface and the ratio of stomata
index 1.13.

Fruit anatomy

The transverse sections of the fruit were triangular-
shaped and the pericarp was composed of a lined
exocarp, 3 or 4 rows of mesocarp, and a single-layered
endocarp (Figure 4-A). The vascular bundle was
located in the endocarp layer (Figure 4-B).

Table 1. The anatomical cell measurements of Aethionema dumanii (um)
Tablo 1. Aethionema dumanii’nin anatomik hiicre 6l¢iimleri (um)

Width Length
Min Max Mean+SD Min Max Mean+SD
Stem Cuticle 8.16 9.79 8.92+0.82
Epidermis 12.03 25.05 18.02+4.8 8.47 12.08 9.83+1.36
Collenchyma 4.45 17.11 10.67+3.04 - - -
Cortex 32.41 44.99 37.16+£3.3
Trachea 16.29 31.87 24.79+5.6
Pith cells 35.7 70.8 59.02+10.12
Leaf Upper cuticle 3.63 5.52 4.3+0.62
Lower cuticle 2.3 6.3 3.87+1.32 - - -
Palisade cells 18.36 41.4 25.7+5.7 40.82 112.7 76.6+19.5
Spongy cells 41.22 84.94 57.0+14.4 - - -
Thickness of mesophyl 457.1 901.8 675.7+155.1 - -
Upper epidermis 22.3 62.8 44.3+14.4 18.9 27.1 21.9+2.87
Lower epidermis 21.8 63.2 37.82+10.4 14.78 27.76 22.5+4.1
Fruit Pericarp thickness 132.1 188.5 157.8+24.1
Seed Testa thickness 86.34 130.4 103.2+16.4
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Figure 1. The cross sections of stem of Aethionema dumanu. A. c: cutlcle, ep: epldermls, co- cortex parenchyma, sc:
sclerenchyma, ph: phloem, x: xylem B. p: pith cell, pi: pith region

Sekil 1. Aethionema dumanii govde enine kesitleri. A. ¢’ kutikula, ep- epidermis, co’ korteks parenkimasi, sc-
sklerenkima, ph’ floem, x’ ksilem B. p- 6z hlicresi, pi’ 6z bolgesi

Figure 2. The cross section of leaf of Aethionema dumanii, ¢: cuticle, ue: upper epidermis, le: lower epidermis, pp:
palisade parenchyma, sp: spongy parenchyma, x: xylem, ph: phloem, st: stomata.

Sekil 2. Aethionema dumanii yaprak enine kesitleri ¢’ kutikula, ue- tist epidermis, le’ alt epidermis, pp- palizat
parenkimasi, sp- siinger parenkimasi, x° ksilem, ph- floem, st: stoma

Figure 3. The surface sections of leaf of Aethionema dumanii. a. Upper surface, b. Lower surface. ep-epidermis,
st-stomata B
Sekil 3. Aethionema dumanii yaprak ytizeysel kesitleri. a. Ust ytizey, b. Alt ylizey. ep-epidermis, st'stoma
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Figure 4. The cross sections of fruit of Aethionema dumanii. A. v: fruit valve, s’ seed B. en’ endocarp layer, me:
mesocarp layer, ex’ exocarp layer, r’ replum.

Sekil 4. Aethionema dumani meyve enine kesitleri. A. v: meyve valfi, s‘tohum B. en‘endokarp tabakasi,
me- mezokarp tabakasi, ex'ekzokarp tabakasi, rrreplum

Figure 5. A. The general view of seed transverse sections ep- epldermJS cp’ crushed palisade cells, p- single layered
palisade tissue, en’ endosperm layer, em: embryo. B. close view of seed layers.
Sekil 5. A. Tohum enine kesitlerinin genel goriinlimii ep-epidermis, cp-par¢alanmigs palizat hiicreleri, p'tek tabakali
palizat dokusu, en‘endosperm tabakasi, em: embriyo. B. Tohum katmanlarinin yakin goriiniimii
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Seed anatomy

The cross-sections of the seed determined the
integuments, endosperm, and embryo (Figure 5-A).
The seed cross-sections showed that there was a single-
layered epidermis. Single-layered palisade tissue was
under the epidermis, as well as crushed palisade
tissue. The endosperm layer was composed of
rectangular—oval-shaped cells (Figure 5-B). The
embryo was present in the seeds.

DISCUSSION and CONCLUSION

The present work 1is the first report about the
anatomical traits of the vegetative organs, fruit, and
seeds of A. dumanii in the family Brassicaceae.
Investigations conducted regarding the anatomical
traits of the genus Aethionema are little-known
(Atceken et al., 2016, Karaismailoglu, 2019). The
epidermis in the stem was similarly shaped, but they
were different with regards to the number of layers. A.
dumanii had a single-lined epidermis, similar to A.
arabicum and A. karamanicum (Atceken et al., 2016).
However, some Aethionema taxa (A. cordatum and A.
armenum) have a 2- or 3-rowed epidermis in their stem
anatomy (Atceken et al., 2016). The cortex was
parenchymatous, and sclerenchymatic groups were
placed above the vascular bundles in A. dumanir.
Atceken et al. (2016) declared that A. karamanicum
and A. armenum had sclerenchyma above the vascular
bundles, but that was not present in A. arabicum and
A. cordatum. Unifacial and equifacial mesophyll in the
genus Aethionema were reported by Atceken et al.
(2016). According, in our study, A. dumanii had
equifacial mesophyll in its leaf anatomy. Moreover, the
palisade parenchyma was well-developed in the leaves
of A. dumanii and increasing palisade tissue occurred
in the habitat (salty soils) of A. dumanii.

The fruit and seed anatomical properties contained
essential information about the taxonomy of the family
Brassicaceae (Mummenhoff et al., 2008; Miihlhausen
et al., 2010; Lenser et al., 2016). In many Brassicaceae
species, a living endosperm layer around the embryo
plays an essential role in the regulation of the
germination and dormancy of the seeds (Miiller et al.
2006; Graeber et al. 2012). A. dumanii had a single-
lined endosperm layer around the embryo, as Lenser
et al. (2016) reported with A. arabicum.

Although the epidermis of testa in A. dumaniiis single
layered Karaismailoglu (2019) had declared that testal
epidermis in the examined Aethionema taxa 1is
scleranchymatic and consists of two layers including
outer and inner epidermis. The outer epidermis
indicated markedly variations among the examined
taxa. The same researcher indicated that the testa
thickness could be change in great variation for
Aethionema genus. A. dumanii has 103.2 um testa
thickness in seed conqruent with Karaismailoglu
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(2019)’s study. Anatomical characteristics might be
useful in the definition of A. dumanii. Nevertheless,
these characteristics will be more valuable if other
species of Aethionema are also examined. In
conclusion, A. dumaniiwas studied in the present work
and the anatomical characteristics of stem, leaf, fruit
and seed were determined for the first time.
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OZET

Bu ¢alismada Turkiye sebzeciliginde 6nemli bir yere sahip olan biber
uretimi, dis ticareti ve rekabet glcli incelenmigstir. Tirkiye’de 2.7
milyon ton civarinda biber (taze ve kuru) iiretilmektedir. 2017
verilerine gore Diinya taze biber Uretiminin % 7.230 Turkiye'de
tretilmistir. Son yillarda Tirkiye'nin toplam biber ihracati 97.31 bin
ton; ithalati ise 251 ton kadardir. Tirkiye'nin biberde rekabet glici
(karsilagtirmal tistiinliigii) 2012-2015 déneminde zayif iken, 2016
déneminde ise orta derecede (2.039) bir rekabet giiciiniin oldugu tespit
edilmigtir. Turkiye'nin biber tretiminde alacagi onlemlerle tretim,
yeterlilik, thracatta rekabet giicint artirmasi mimkundir.

ABSTRACT

In this study, the production, foreign trade and comparative
advantages of peppers, which has a significant value in Turkey, was
evaluated. Pepper is produced about 2.7 million tons (dry or green) in
Turkey. According to 2017 data, Turkey has 7.23 % of total pepper
world production. In recent years, peppers exports and imports in
Turkey were respectively 97.31 thousand tons and 251 tons. While
Turkey's comparative advantages in peppers were weak during the
period of 2012-2015, levels of competitiveness was medium (2,039) in
2016. Therefore, it i1s possible to increase production, qualification,
and comparative advantages in export by means of the measures
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GIRIS

Biber (Capsicum annuum L.) Tiirkiye’de yaygin olarak
uretilen sebzelerde biri olup farkli varyeteleri
bulunmaktadir. Biberin olgunlagsmamis veya olgun
meyveleri taze veya islenmis (biber salcasi, baharat
veya tursu) olarak tiiketilmektedir. 2018 yil1 verilerine
gore Turkiye’de 2.782.354 ton biber tretimi vardir. Bu
uretimin % 8,17’ini kuru biber; % 91.83’Uni ise taze
biber iiretimi meydana getirmektedir. (Anonim, 2018).
Bu veriler Turkiye’de biberin taze tiketimi yaninda
iglenerek mamul iiriin olarak degerlendirilmesinin de
onemli oldugunu gostermektedir. Bu agidan
degerlendirildiginde toplam biber dretiminin %
48.61'lik kisminin sanayiye islenen (kuru ve taze
salcalik) biberlerin  olusturdugunu séylemek
mimkindir. Biber Ege, Marmara ve gliney
illerimizde biber salgasi, kurutmalik veya toz/pul
kirmizibiber (baharat) iiretiminde yetistiricilik ve
igleme agsamalarinda yogun insan emegine ihtiyag
duyulmasi nedeniyle 6nemli bir istihdam kaynagidir
(Giveng 2017). Onemli biber tiretici illerimiz arasinda,

Bursa, Samsun, Izmir, Hatay, Gaziantep, Kilis ve
Kahramanmaras yer almaktadar.

Turkiye'de sebze turetimi ve i¢ ve dig pazarlarda
degerlendirme durumu oOnceki c¢alismalarda da
incelenmistir (Alan ve Giivenc 1992; Giivenc ve Alan,
1994a ve b; Kaymak vd., 2005; Giiveng ve Kaymalk,
2008). Bu incelemelerde ortaya konan ve giiniimiizde
de gecerli olan durum tiretilen sebzenin tamamainin ig
pazarlarda degerlendiril(e)memesidir. Bu nedenle
sebzelerin iiretiminin yani sira pazarlanmasinda da
ozellikle dig ticaret imkanlar1 énemlidir.

Turkiye'nin, geleneksel ihra¢ tarim urinlerinin
cogunda (incir, kuru iziim, findik, fistik ve kuru
kayis1) karsilastirmali {stiinliigiiniin var oldugu
bildirilmistir (Erkan, 2012). Ancak Tiirkiye’'de iiretilen
sebze tirlerinin Turkiye'nin sebze ihracatindaki
uluslararasi rekabet gliciinii ifade eden karsilastirmal
iistiinliiklerini (uluslararas1 rekabet giiciinii) ortaya
koyan arastirma sayisi oldukca sinirhidir. Tirkiyenin
iiretim ve ihracatina agirlik verme(me)si 6nerilen baz
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sebze tUrunleri; 1993-2012 donemini kapsayan bir da bélgenin) uzmanlagmasiyla karsilastirir
arastirma ile kargilagtirmali Gstiinlikler teorisi ve en (Bashimov, 2016). Daha acgik bir anlatimla agiklanmig
uygun kaynak tahsisi yontemleri dogrultusunda karsilastirmali  ustiinliikler katsayisinin (AKU
belirlenmistir (Erkan ve ark., 2015). Farkl ilkelerin endeksi) pay kismi, malin (sektériin) ulusal

sebze ihracatinda durumunu ortaya koymak igin
yapilan calismalarda Macaristan’in kargilastirmal
istiinliige sahip oldugu (Fert6 ve Hubbard 2001);
Slovenyanin ise karsilagtirmali  dstunligunin
olmadig1 (Bojnec ve Fertd 2006) belirlemistir.

Biberde ihracat ve rekabet gliciinii inceleyen
caligmalarin oldukg¢a sinirli olmasi1 konunun ayrintili
incelenmesini zorunlu kilmaktadir. Bu nedenlerle bu
incelemede Turkiye’de islenmis ve taze olarak
degerlendirilen 6nemli bir sebze olan biberin tretimi,
dis ticareti ve rekabet glicti degerlendirilmigtir.

MATERYAL ve YONTEM

Bu ¢alismada, Turkiye'nin biber tiretimi, rekabet giicii
ve dis ticaret durumunu tespit edilmesi amaciyla
Birlesmis Milletler Gida ve Tarim Orgiiti’niin
(FAO/FAOSTAT: Anonymous 2019) istatistikleri
kullanilmistir. Calismada Tirkiye Istatistik Kurumu
(TUIK: Anon., 2018) ile Tarim ve Orman Bakanlhg

Bitkisel Uretim Genel Mudirlugi’niin
(BUGEM)/(Anon., 2019) ilgili verilerinden de
yararlanilmigtir.

TUIK veri tabaninda tiretim ile ilgili kullanilan biber
istatistikleri su isim ve kodlar ile yer almaktadir:
Biber-kuru, islenmemis (01.28.12.00.00.); biber-
salcalilk, kapya (01.13.31.00.01.); biber-dolmalk
(01.18.31.00.02.); biber-sivri (01.13.31.00.03.); biber-
carliston (01.13.31.00.04.). TUIK veri tabaninda bu
kodlu verilerin toplami FAOSTAT istatistiklerinde
taze biber (Chillies and peppers, green) verileri ile
uyumludur.

Calismada Birlesmis Milletler Gida ve Tarim
Orgiiti'ntin (FAO) 401 iirin kodlu (Item Code) taze
biber (Chillies and peppers, green) istatistikleri de
kullanmilmistir. Taze bibere ait bu koddaki Diinya (Area
Code 5000) ve Tiirkiyenin (Area Code 223); ihracat
(Element Code 5910) ve ithalati miktar1 (Element
Code 5610) ve rekabet katsayisim1 hesaplamak icin
ihracat degerlerine (Element Code 5922) ait veriler
kullanilmigtar.

Karsilagtirmali  Ustiinlitk Katsayisi:  Balassamin
Acgiklanmis Kargilagtirmali Ustiinlikk (AKU) katsayist
(Balassa Endeksi), karsilagtirmali istiinliikleri ticaret
sonras1 verilere dayali olarak 6lgmektedir. Ulkenin
belli mallarda (sektorlerde) karsilagtirmali iistiinliige
sahip olup olmadigini ortaya koymaya ¢aligan Balassa
Endeksi; herhangi bir malin (sektériin) {ilkenin toplam
ihracatindaki payinin, sé6z konusu malin (sektériin)
diinyanin (ya da bélgenin) toplam ihracatindaki
payma oranin ifade eder. Diger bir ifadeyle Balassa
Endeksi; iilkenin bir maldaki (sektérdeki) yurtici
uzmanlasmasini (AKU endeksinin pay1), dilnyanin (ya
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ihracattaki paymm (%); payda kismi ise, séz konusu
malin (sektoriin) diinya toplam ihracatindaki payim
temsil etmektedir (Mykhnenko, 2005; Erkan ve ark.,
2015; Bashimov, 2016).

Rekabet giiciinii géstermek amaciyla Balassa’nin AKU
katsayisini 4 asamada siniflandirmaktadir
(Hinloopen, ve Marrewijk, 2001): (1)- Rekabet giicii
yoktur: 0 <AKU< 1; (2)- Zayif bir rekabet giicii vardir:
1 <AKU< 2; (3)- Orta derecede rekabet giicii vardir: -2
<AKUX< 4; (4)- Giiglii bir rekabet giicii vardir: 4 <AKU.

Herhangi  bir tarmmsal Grinin  aciklanmig
kargilagtirmali Ustiinlik katsayisinin 1’den biyik
olmasi, incelenen tilkenin belirli bir doénemde

incelenen Urinin ihracat payinin, ayni donemde
toplam diinya ihracatindaki payindan buytik oldugunu
ifade etmektedir (Bashimov, 2016). Diger bir ifadeyle,
ulke s6z konusu tarimsal Urin ihracatinda rekabet
glicline sahiptir ve uzmanlagmistir.

S6z konusu endekse gére; InAKUjkt > 0 ise Ulke tarim
urtint ihracatinda uzmanlagmistir ve ulkenin s6z
konusu iiriinde ticaret performans: yiiksektir (Erkan
ark., 2015).

Calismada kurumlarin veri tabanlarindan elde edilen
veriler EXCEL programindan yararlanarak ihtiyag
duyulan yiizde (%) ve toplama gibi hesaplamalar
yapilmistir. AKU katsayisinin belirlenmesinde 6nceki
arastiricilarin hesaplama tekniklerinden
yararlamlmistir (Erkan ve ark., 2015; Bashimov,
2016).

BULGULAR

Uretim

2004-2017 doneminde Diinya ve Tirkiye'deki taze
biber uretimindeki degisim Cizelge 1’de verilmistir.
Diinya biber tretimi 2004’de 24.6 milyon ton iken %
46.56 oraninda artarak 2017de 36.09 milyon ton
olarak gerceklesmigtir. Tirkiye diinya taze biber
uUretiminde % 7.23’1iik bir paya sahiptir. Tirkiye biber
uretimi 2004’de 1.7 milyon ton iken 2017'de 2.60
milyon tona ylkselmistir. Tirkiye'nin biber tretimi
incelenen 2004-2017 doéneminde toplamda diizenli
olarak artmistir. Nitekim 2004 tiretimine gére 2017'de
artis oran1 % 53.42’dir. Bu artig niifus artiginin da
uzerindedir. Soyle ki Tirkiye niifusunun 2005 yilina
gore (67.7 milyon) % 19.09 artisla 2018 yilinda 82.0
milyon oldugu belirlenmistir. Tiirkiye'nin niifus artis
hizi dikkate alindiginda fert bagina diigsen biber
uretimindeki artis toplam biber Gretimindeki artistan
daha azdir. Nitekim taze biber tiretimi 2005 yilinda
fert basina 26-27 kg kadar iken 2018 yilinda % 27.74
artigla 33-34 kg’a yiikseldigi belirlenmistir (Cizelge 2
ve 3).
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Cizelge 1. 2004- 2017 déneminde Diinya ve Tirkiye’'de biber tretimi.
Table 1. Production of peppers for the World and Turkey in 2004- 2017.

Yil Diinya (Ton) Degisim (%) Tiirkiye (Ton) Degisim (%) Pay (%)
Years The World (Tone) Changing (%) Turkey (tone) Changing (%) Ratio %
2004 24.626.357 100.00 1.700.000 100.00 6.90
2005 25.353.715 102.95 1.829000 107.59 7.21
2006 26.700.847 108.42 1.842.175 108.36 6.90
2007 27.427.243 111.37 1.757.226 103.37 6.41
2008 28.114.953 114.17 1.796.177 105.66 6.39
2009 28.760.193 116.79 1.837.003 108.06 6.39
2010 29.680.830 120.52 1.986.700 116.86 6.69
2011 30.255.631 122.86 1.975.269 116.19 6.53
2012 30.961.594 125.73 2.042.360 120.14 6.60
2013 31.268.030 126.97 2.159.348 127.02 6.91
2014 32.126.171 130.45 2.127.944 125.17 6.62
2015 33.177.009 134.72 2.191.888 128,93 6.61
2016 34.592.680 140,47 2.457.822 144.58 7.11
2017 36.092.631 146.56 2.608.172 153.42 7.23

Kaynak: FAOSTAT Veri tabanindan yararlanarak hazirlanmistir (Anonymous 2019 ).

Cizelge 2. Tiirkiye’de 2004-2018 déneminde biber iiretim miktari (Ton/Y1l).
Table 2. Quantity of production of peppers for Turkey in 2004- 2018.

Yil Biber, Kuru Salcalik, Kapya | Biber Dolmalik Biber, Sivri Biber Carliston
Years Peppers, dry Capia peppers Peppers, bell Long green Sweet peppers
peppers
2004 30.000 615.000 375.000 710.000
2005 45.000 685.000 400.000 744.000
2006 45.861 673.981 392.617 775.577
2007 67.213 674.788 357.246 725.192
2008 60.000 690.531 371.050 734.596
2009 196.900 700.038 384.273 752.692
2010 186.272 782.173 387.626 816.901
2011 162.125 730.493 364.930 879.846
2012 165.527 748.422 383.213 910.725
2013 198.636 814.372 398.470 946.506
2014 186.291 829.809 391.009 907.126 104.364
2015 204.131 879.775 393.109 919.004 115.568
2016 228.531 957.030 418.435 967.466 114.891
2017 179.264 1.107.713 420.904 945.361 134.194
2018 227.380 1.128.060 397.175 930.349 99.390
Pay-2018 (%) 8,17 40,54 14,27 33,44 3,57

Kaynak: TUIK veri tabanindan yararlanarak hazirlanmigtir (Anon., 2018).

Turkiye'nin biber tretiminin kuru ve taze Uretim
olarak dagilimi Cizelge 2’de sunulmustur. Taze biber
uretimi salcalik, dolmalik, sivri ve carliston olarak
ayrilmaktadir. Tirkiye’de 2018 yili verilerine goére
toplam 2.782.354 ton biber lretimi vardir. Bu yilin
verilere gore miktar olarak tiretimin % 8.17'ini kuru
biber uretimin olustururken taze biber uretimi %
91.83liik bir paya sahiptir. Bagka bir acidan ise
sanayiye islenen (kuru ve salcalik) biber iiretimi ise %
48.61’lik bir paya sahiptir. Bu veriler biberin taze
tiketimi yaninda iglenerek mamul urin olarak
6nemini de gostermektedir.
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Dig Ticaret

Diinya taze biber dis ticaretinde 3.0-3.0 milyon ton
kadar bir tGriin ihracat1 veya ithalati s6z konusudur
(Cizelge 4). Tiirkiye'nin biber ithalat1 yillara gore
dalgali bir durum gostermekle birlikte oldukca
diigiiktur. Dinya biber ihracatinda Turkiyenin pay:
2012'de % 2.391 iken 2016 yilinda % 2.94dir.
Turkiye'nin biber ihracati incelenen 2012-2016
déneminde artmigtir. Bu verilerde Tirkiyenin biber
ihracatinda olumlu y6nde bir gelismenin oldugunu
gostermektedir. Turkiye ihracati/ithalati dengesi
bakiminda biberde azda olsa ihracat fazlasi olan bir
ulke konumundadir.
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Cizelge 3. Turkiye’de 2004-2018 déneminde niifus ve biber tiretimindeki degisim.
Table 3. Changing of population and peppers production in Turkey in 2004-2018.

Yil Niifus Degisim (%) Biber Uretimi (Kg/Fert) Degisim (%)
Years Population Changing (%) Peppers production (kg/Person) Changing (%)
2005 68.860.539 100.00 26.56 100.00
2006 69.729.967 101.26 26.42 99.46
2007 70.586 256 102.51 24.89 93.73
2008 71.517 100 103.86 25.12 94.56
2009 72.561 312 105.37 25.32 95.32
2010 73.722 988 107.06 26.95 101.46
2011 74.724 269 108.52 26.43 99.52
2012 75.627 384 109.83 27.01 101.67
2013 76.667 864 111.34 28.16 106.04
2014 77.695 904 112.83 27.39 103.11
2015 78.741 053 114.35 27.84 104.80
2016 79.814 871 115.91 30.79 115.94
2017 80.810.525 117.35 32.28 121.51
2018 82.003.882 119.09 33.93 127.74

Kaynak: TUIK veri tabanindan yararlanarak hazirlanmistir (Anon., 2018)

Turkiye’nin biber ihracati1 2012’de 74.9 milyon dolar
iken 2016’da 90.0 milyon dolara yiikselmistir (Cizelge
5). Aym yillarda Tiirkiyenin deger olarak diinya
ihracatindaki payi ise sirasiyla % 1.69 ve % 1.82 olarak
belirlenmigtir. Turkiye'nin deger olarak diinya
ihracatindaki payr miktar olarak ihracatindan daha
disiktir. Bu durum dis pazar fiyatlarinin
irdelenmesini gerektirmektedir.

Rekabet Giicii
Turkiye'nin biberde dis ticaretinde rekabet giici 2012-

Turkiye'nin ihracatta rekabet giici var olup, 2012-
2015 doneminde zayif; 2016’da ise orta derecede
rekabet giiciiniin var oldugu belirlenmistir (Cizelge 5).
Bu katsaymnin 1-2 arasinda olmasi zayif; 2 ile 4
arasinda olmasi1 ise bir tlkenin orta derecede
ihracatinda karsilagtirmali tstinliige yani rekabet
giicline sahip oldugunu gostermektedir (Hinloopen, ve
Marrewijk 2001). Bu calismadan elde edilen bulgular
Turkiye'nin rekabet glicinin 2012-2016 déneminde
zayif/orta derecede olsa da var oldugunu ancak 2016
yilinda ise orta derecede avantajinin oldugunu

2016

doneminde

incelenmigtir.

Bu

dénemde

gostermektedir (Cizelge 5).

Cizelge 4. Diinya ve Tiirkiye'nin biberde dis ticareti miktar1 (Ton/y1l).
Table 4. Quantity of foreign trade of peppers for the World and Turkey (Tones/Year).

Diinya (7he World) Tiirkiye (ZTurkey) Diinya Ihracatinda Tirkiye'nin Pay1 (%)
Yil Thracat1 Ithalat Thracat1 Ithalat Percentage of Turkey in the World
Years FExport Import FExport Import export (%)
2012 2.918.541 2.880.246 69.727 7 2.39
2013 3.002.741 2.927.073 68.122 1712 2.27
2014 3.369.674 3.097.021 81.568 197 2.42
2015 3.194.784 3.087.808 88.022 67 2.76
2016 3.314.149 3.243.207 97.314 251 2.94

Kaynak: FAOSTAT veri tabanindan yararlanarak hazirlanmistir (Anonymous 2018) .

Cizelge 5. Turkiye’de biberde toplam ihracat degeri ve rekabet katsayisi.
Table 5. Export values and comparative advantages of peppers in Turkey.

Yil Diinya Tirkiye Tirkiye'nin Pay1 | Rekabet katsayisi Ustiinliik
Years (1000 dolar) (1000 dolar) (%) Comparative Derecesi
The World (1000 US$) Turkey (1000 US$) Percentage of advantages Degree of
Turkey (%) superiority
2012 4.444.460 74.921 1.69 1.980 Zayif
2013 4.959.269 82.234 1.66 1.999 Zayif
2014 4.803.120 79.979 1.67 1.947 Zayif
2015 4.525.720 77.863 1.72 1.972 Zayif
2016 4.940.931 90.019 1.82 2.039 Orta

Kaynak: Anonymous 2018 ve Anon., 2018 ve 2019 verilerinden yararlanarak hazirlanmigtir.
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Bu calismada Tirkiye'nin hem toplamda hem de fert
basina disen biber lretim miktarinda diizenli bir
artigin oldugu belirlenmistir. Bununla beraber biber
ihracatinda miktar ve deger olarak bir artma vardir.
Bu gelismeler biberde ihracatta rekabet giiciini de
etkilemigtir. Nitekim 2012-2015 déneminde ihracatta
rekabet glicinin zayif; 2016 yilinda ise rekabet
giiciiniin orta derecede oldugu (avantajinin var oldugu)
tespit edilmigtir.

Sahip oldugu ekolojik sartlar biber tiretimine oldukca
uygun olan (Giiven¢ 2017) Tiirkiye; bu potansiyelini i¢
ve dig pazar ihtiyaclarini karsilamak igin daha etkin
degerlendirmesi mimkiindiir. Bu amacgla tretim ve
pazarlama  asamalarinda girdi  maliyetlerinin
azaltilmasi, ambalajlama ve standardizasyon gibi
gerekli tedbirler alinmalidar.

Cikar Catigmasi Beyani

Makale yazar1 herhangi bir ¢ikar ¢atismasi olmadigin
beyan eder.
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ABSTRACT
The aim of this study was to determine the factors affecting the fish
consumption in Tekirdag province. The data were obtained from 270
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characteristics were analyzed and responses for preferences about fish

Keywords

consumption habits were discussed. In this study, Factor Analysis was
performed to analyze the purchasing behavior of consumers about fish
consumption. Factor groups were named as “attitude towards
processed and canned products”’, “conscious purchasing”, “opinion
about aquaculture”, “health benefits”, “impact on consumption
amount”. Factors affecting the amount of fish consumption per capita
were explained with Tobit model. Consumer’s income, education level
and factor groups derived from factor analysis were used as
explanatory variables in the model. According to the results conscious
purchasing factor, health benefits factor, consumer income and
education level have positive effect on fish consumption. As a result of
the study, it was observed that the increases in income level and
conscious level would increase fish consumption. Based on the result
of the Tobit model, in order to increase fish consumption, consumers
should be informed about the health benefits of fish.
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Balik Tiiketimini Etkileyen Faktorlerin Ekonometrik Analizi: Tekirdag ili Ornegi

OZET

Bu calismanin amaci Tekirdag ilindeki tuketicilerin balik tiketim
miktarlarina etki eden faktorlerin belirlenmesidir. Tekirdag ilinde
yasayan 48000 haneden tesadufi ornekleme yontemi kullanilarak
secilen 270 tiiketici ile anket uygulamasi yapilarak tuketicilerin
demografik ozellikleri ve balik tiketim aligkanliklar:1 ile ilgili
yargilara verdikleri cevaplar ele alinmigtir. Calismada tlketicilerin
balik tiiketimi ile ilgili satin alma davraniglarimi analiz etmek tizere
faktor analizi kullanilmigtir. Faktor analizi sonunda elde edilen
faktor gruplar: “islenmis ve konserve trtnlere kars: tutum”, “bilin¢li
satin alma”, “yetigtiricilige bakis”, “saghga fayda” ve “tiketim
miktarina etki” olarak belirlenmigtir. Kisi bagi balik tiketim
miktarimi etkileyen faktorler Tobit model yardimi ile agiklanmagtar.
Modelde agiklayici degisken olarak tiiketici geliri, egitim durumu ve
faktor analizinden elde edilen faktor gruplari kullanilmigtir. Analiz
sonucuna gore bilingli satin alma faktori, saghga fayda faktord,
tuketici geliri ve egitim dlzeyi anlamli bulunmustur. Calisma
sonucunda, gelir seviyesi ve biling diizeyindeki artisin balik
tiketimini artiracagi tespit edilmigtir. Tobit modelinin sonuglarina
gore, balik tiiketimini artirmak igin tiiketicilere baliklarin sagliga
faydalar: hakkinda bilgi verilmelidir.
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INTRODUCTION

Since seafood i1s a healthy protein source, it has an

important place in human nutrition. Fish meat
contains high protein and minerals, less o1l than other
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meats. Because of this, its importance and
consumption have been increasing (Sayili et al., 1999).
Worldwide, there i1s a growing trend from the
consumption of red meat to white meat, especially to
the fish. Although rapidly increasing population and
lack of a balanced diet, seafood, especially fish is not
consumed enough in Turkey. This situation about fish
consumption should be reviewed and possible solutions
should be discussed.

Fish consumption in many countries is seen more
important as compared to Turkey. The average fish
consumption per capita is 16.89 kg/year in European
Union countries and 14.19 kg/year in the world.
Despite the known benefits of fish consumption on
human health, fish consumption is still not at the
desired sufficient level in Turkey. The average fish
consumption per capita is 5.58 kg/year in Turkey
(FAO, 2018). Referring to the current situation in
Turkey, fish consumption 1is not sufficiently
widespread and it is lower than the world average.
This situation highlights the fact that the
generalization of fish consumption will be very
important in terms of healthy and balanced nutrition.

There are numerous studies in the literature related
consumers’ fish preference according to the
characteristics of fish (Sar1 et al., 2000; Jaffry et al.,
2004; Colaklioglu et al., 2006; Sen et al., 2008;
Adiguizel et al., 2009; Brécard et al., 2009; Oguzhan et
al., 2009; Claret et al., 2012; Yesilsu et al., 2019) and
the effects of socioeconomic factors on the fish
consumption (Senol and Saygi, 2001; Olsen, 20083;
Arvanitoyannis et al., 2004; Erdal and Esengtin, 2008;
Burger and Gochfeld, 2009; Aydin et al., 2011;
Cosmina et al., 2012; Iton and Hutchinson, 2017;
Uzundumlu, 2017; Korir et al., 2018; Terin, 2019).
There are also plenty of studies about the factors that
are effective on fish consumption preferences by using
factor analysis (Honkanen et al., 2005; Verbeke and
Vackier, 2005; Pieniak et al., 2010; Altintzoglou et al.,
2011; Hall and Amberg, 2013; Birch and Lawley, 2014;
Temel and Uzundumlu, 2015; Tomic et al., 2016). Koc
and Sahin (2018) discussed the Tobit model in detail
and applied the model to fish consumption in
Kahramanmarag, Turkey.

This study is important in terms of determining fish
consumption behaviors of consumers living in
Tekirdag and determining the reasons affecting fish
consumption.

MATERIAL AND METHODS
Material

In this study, data was obtained from consumers living
in Tekirdag province. Also, macro data was obtained
from Turkish Statistical Institute, Food and
Agriculture Organization of the United Nations,
Ministry of Agriculture and Forestry, local and
international studies, projects and reports.

n= Npg
N-Dg+pg

According to the sampling calculated from limited
population formula (90% confidence interval, 5%
margin of error and p=¢=0.5 to achieve maximum
sample size), face to face surveys were applied to the
randomly selected consumers representing 270
different households. The number of households
included in the sample were proportional to the
number of households in the neighborhoods.

In this study, preferences about fish consumption of
the consumers in Tekirdag were grouped by factor
analysis and the effects of the factor groups and
socioeconomic characteristics of households were
determined with the Tobit model.

Method
Factor analysis

Factor analysis is a technique that is used to reduce a
large number of variables into fewer numbers of
factors. This technique extracts maximum common
variance from all variables and puts them into a
common score. In factor analysis, since the observed
number of variables is tried to be explained by a
smaller number of factors, firstly, correlations between
variables are taken into account. While factor analysis
aims to reduce dimension and to eliminate dependence
structure, it aims to find a few number of new
(common) unrelated variables by bringing related
variables together in an event with p variables
(Tathdil, 2002).

Factor analysis is performed in four basic steps. The
first step is to examine the suitability of the data for
factor analysis. The three methods used for this
purpose are the creation of the correlation matrix,
Kaiser-Meyer-Olkin (KMO) and Barlett's tests. In the
calculation of the correlation matrix, there should be a
high correlation between the variables. Variables with
very strong correlation between them will usually be
within the same factor (Nakip, 2003).

The Kaiser-Meyer-Olkin (KMO) Test is calculated by
comparing the simple correlation coefficients with the
partial correlation coefficients as shown in the formula
below. The value of the test ranges from 0 to 1 (SPSS,
1994).

Yixj X1 1)
YizjX Ti2]'+2i==j2ai2j
In formula 1,
ri ¢ the correlation coefficient between the 7z and j.
variable,
ajj * the partial correlation coefficient between 7. and J.
variable.

KMO =

447



KSU Tarim ve Doga Derg 23 (2): 446-452, 2020
KSU J. Agric Nat 23 (2): 446-452, 2020

Arastirma Makalesi
Research Article

KMO values higher than 0.90 indicate the sampling is
adequate. KMO values between 0.89 and 0.80 indicate
the sampling is meritorious and between 0.79 and 0.60
indicate the sampling is middling. KMO values less
than 0.6 indicate the sampling is not adequate.
(Sharma, 1996).

The second step is to determine the number of factors.
The goal is to obtain a small number of factors that
represent the relationships between variables at the
highest level. In the third step, rotation of the factors,
the aim is to obtain the factors that can be named and
interpreted. After determining how many factors the
model consists, the number of variables to be included
in each factor and the distribution of the variables to
these factors are determined. Then the fourth step is
to name the factors (Tavsancil, 2002; Nakip, 2003;
Cokluk et al., 2010).

Tobit model

The models where limited dependent variables are
examined are called Tobit models (Tobin, 1958). These
models are also called censored or discrete regression
models (Gujarati, 2001). In the regression models with
a limit of the variable range of the dependent variable,
if the observations outside of a certain range are
completely lost, the model is called a “truncated model”
and if independent variables can be observed the model
is called “censored model” (McDonald and Moffitt,
1980).

It is known that the estimation methods, such as the
ordinary least square (OLS) for sample subsets of
individuals above the censored threshold, are invalid.
Therefore, researchers generally use the Tobit
estimation method for censored dependent variables.
An important feature of the Tobit estimators is that
they are based on two important information for each
individual.

The effect of an individual on the dependent variable
depends on the probability of over censored threshold
value

The effect of individuals on the censored threshold
value depends on the intensity of the dependent
variable.

When combined these two information in probability
functions, Tobit model estimators give consistent
results. Many researchers use this model to study with
normal random variables because of its features such
as consistency and asymptotic efficiency of the Tobit
estimators.

In Logit and Probit models, the dependent variable
takes the values 0 and 1. In this study, fish
consumption is dependent variable and it is discrete
variable. Tobit model is used since the dependent
variable is fish consumption amount (kg/year), not fish
consumption status (consume=1, not consume=0).

In this study, it is assumed that all households are

consume fish. It 1s accepted that non-consumers do not
consume fish due to income, habit and psychological
reasons. The Tobit model is defined as follows under
the stated acceptances:

Qi = +f1Fy; + oFy; + BsFsy + BuFui + BsFs; + BeEi + Brli + p; (2)
In equation 2,

;' annual fish consumption per capita of 7. household,
Fiit attitude towards processed and canned products of
1. household,

Foi ¢ attitude towards conscious purchasing of I
household,

Fji: opinion about aquaculture of 1. household,

Fui: attitude towards health benefits of 7. household,
F5i: attitude towards effect on consumption amount of
1. household,

E; educational level of 7. household,

I; :income level of 7. household.

RESULTS

The research was conducted with 270 consumers in
Tekirdag. Overall, 43.70% of the consumers were
female and 56.30% were male. Majority of consumers,
about 59% were at the age of between 26 to 40 years
old. Education level and income level results of
consumers are shown in the Table 1. Majority of the
consumers around 42% have bachelor’s degree.
Majority of the consumers, around 34% have an
average income of 2001-3500 TL.

Table 1. Demographic characteristics of consumers
Cizelge 1. Tiiketicilerin demografik ozellikleri
No  Ratio (%)

Educational = Primary school 15 5.56

Level Middle school 5 1.85
High school 57 21.11
Associate degree 23 8.52
Bachelor’s 113 41.85
degree
Postgraduate 57 21.11

Income Level <1000 8 2.96
1000 - 2000 35 12.96
2001 - 3500 92 34.08
3501 - 5000 73 27.04
5001 < 8000 60 22.22
8000 < 2 0.74

Approximately 98% of the consumers indicated that
they consume fish (Table 2). Fish consumption per
capita in Tekirdag province was 14.69 kg.year'!. While
sea fish consumption per capita wasl4.16 kg/year,
freshwater fish consumption per capita was 0.53
kglyear.

The data obtained with the Likert scale from 270
consumers were used in factor analysis,. The total
number of variables was reduced from 23 to 15 by
elimination.
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Table 2.Consumers’ fish consumption
Cizelge 2. Tiiketicilerin balik tiiketimleri

Fish Consumption Frequency Ratio (%)
Yes 264 97.80

No 6 2.20
Total 270 100.00

Bartlett's Test of Sphericity was 0.000 (p <0.005).
Thus, it shows that the correlation between items was
sufficient to run the factor analysis. The standard
Cronbach's alpha statistic, which indicates the
reliability of the variables,was 0.565. This value
indicates that the variables were low reliability. The
KMO value was 0.630 and this means the sample size
was middling level.

The initial eigenvalues and the sum of the squares of
the factor loads after rotation are shown in Table 3.
Five factors were determined whose eigenvalueswere
higher than 1. The first factor explains about 18.41%
of the total variance. The variance explained by the
second factor was 11,43% and the third factor explains
11.24% of total variance. The total variance
explanation percentage of the first 5 factors with
eigenvalues higher than 1 was 63.29%.

According to the results of the rotated factor matrix,
the scale consists of 15 items and 5 factors. The
dimensions were named by taking into account rotated
factor load and the meaning of the factors. The names
of dimensions were “attitude towards processed and
canned products”, “conscious purchasing”, “opinion
about aquaculture”, “health benefits”, “impact on
consumption amount” (Table 4).

The factors affecting the fish consumption of the
households were explained with the Tobit model. In
the model, total income of households, educational
level of consumers and factors groups were

Table 3. Total variance explained
Cizelge 3. A¢iklanan toplam varyans

explanatory variables. As a result of the analysis,
conscious purchasing factor and income were
significant at 99% significance level. The education
level of the consumers was significant at 95%
significance level, while the health benefits factor was
significant at 90% significance level (Table 5).

In regard to Tobit model results, variables were
consistent with expectations. When income and
education level increases, fish consumption would
increase. Also, conscious purchasing and health benefit
factors effects the fish consumption positively.

DISCUSSION

Fish consumption per capita in Tekirdag province was
14.69 kg/year. Although this amount was higher than
the average of Turkey (5.58 kg / year), it is lower than
the EU average (16.89 kg / year) and the world average
(14.19 kg / year).

In regard to factor analysis results, the most effective
factor in fish purchase decision was attitude towards
processed and canned products. Other factors were
conscious purchasing, opinion about aquaculture,
health benefits and effect on consumption amount
respectively.

According to the Tobit model, developed from factor
analysis results, income and education level had a
positive effect on fish consumption per capita. It was
observed that increase of the education level and of the
knowledge about fish would increase the amount of
fish consumption per capita. Sayili et al. (1999), Hatirlx
et al. (2004), Orhan & Yiiksel (2010), Yiiksel et al.
(2011), Wan & Hu (2012), Nalinci (2013), Koc & Sahin
(2018) indicated that when the level of income and
education increased, fish consumption amount
increased.

Factors Initial Eigenvalues Rotation Sums of Squared Loadings
Total % of Variance Cumulative % Total % of Variance Cumulative %

1 2.840 18.933 18.933 2.761 18.406 18.406
2 2.313 15.420 34.353 1.714 11.426 29.831
3 1.567 10.445 44.799 1.687 11.244 41.076
4 1.525 10.168 54.967 1.676 11.172 52.248
5 1.248 8.321 63.288 1.656 11.040 63.288
6 0.988 6.589 69.877

7 0.824 5.496 75.373

8 0.810 5.399 80.772

9 0.641 4.275 85.047

10 0.548 3.655 88.702

11 0.446 2.973 91.675

12 0.373 2.484 94.159

13 0.319 2.128 96.288

14 0.295 1.964 98.252

15 0.262 1.748 100.000

Bartlett's Test of Sphericity = 0.000, KMO=0.630
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Table 4. Denomination of factor groups
Cizelge 4. Faktor gruplarinin adlandiriimasi

Factor Load

% of Variance

Factor 1 - Attitude towards processed and canned products 18.406
My consumption will increase if canned products in the market diversify 0.801
I like to consume canned seafood 0.797
I like to consume canned fish (tons, pickled, etc.) 0.717
My consumption will increase if canned products become widespread. 0.700
I like to consume processed fish (fish finger, nugget etc.) 0.637
Factor 2 - Conscious purchasing 11.426
I am experienced in purchasing fish 0.899
I know seasonal fishes 0.898
Factor 3 - Opinion about aquaculture 11.244
Cultured fish is cleaner than marine fish 0.810
Cultured fish is more nutritious than marine fish 0.796
Aquaculture is essential to increase consumption 0.579
Factor 4 - Health benefits 11.172
Fish consumption has positive effects on child development 0.913
I know the health benefits of fish 0.865
Factor 5 - Impact on consumption amount 11.040
If my income increases, my fish consumption increases 0.801
If my health problem arises, my fish consumption increases 0.726
The decrease in fish prices does not affect my consumption 0.671
Table 5. Results of Tobit model
Cizelge 6. Tobit model sonuglari
Variable Coefficient Probability
Fish consumption per capita (dependent variable)
Factor 1 (Attitude towards processed and canned products) -0.574269 0.5612
Factor 2 (Conscious purchasing) 5.132694 **%0.0000
Factor 3 (Opinion about aquaculture) 0.320052 0.7523
Factor 4 (Health benefits) 1.804754 *0.0642
Factor 5 (Impact on consumption amount) -0.221948 0.8286
Income 4.454390 **%(.0000
Education level 1.203463 **0.0314
Log likelihood -991.8161

* P <0.10, ** P <0.05 and *** P <0.01

There was a positive relationship between the increase
in consciousness level and fish consumption. In other
words, when consumers' experience of purchasing fish
and their knowledge about fish season according to fish
kind increases, fish consumption per capita will
increase. Hatirli et al. (2004) suggested that to raise
awareness of families by explaining the importance of
the fish. Temel & Uzundumlu (2015), determined
health and nutrition motivation and effect of
advertising on consumption among the factors that
increase fish consumption. Olsen (2003) found a
positive relationship between seafood consumption
and health. Trondsen et al. (2004), indicated that with
the increase in knowledge about health, seafood
consumption would increase.

Fish consumption per capita would increase as a result
of consumers’ awareness of its health benefits and
positive effects on child development.

Due to the preferences of consumers about processed
and canned seafood, Factor 1 group had a negative
effect on fish consumption. According to consumers,
due to the fact that there was no difference between
cultured fish and marine fish, Factor 3 group has a
positive effect on fish consumption.

When the meat consumption habit of consumers was
examined, it was seen that red meat is outweighed as
compared to fish consumption in Turkey. However,
chicken meat had a price advantage as compared to
fish prices. For these reasons, fish consumption per
capita is lower than red meat and chicken meat
consumption. As a result of the study, it was observed
that the increases in income level increases fish
consumption. Model results support the fish purchase
behavior of consumers in Turkey. Furthermore,
according to model results, it was understood that
consumption would increase as a result of increasing
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conscious level. In order to increase fish consumption,
consumers should be informed about the health
benefits of fish. Campaigns and training activities
should be organized by public institutions and non-
governmental organizations, in particular educational
institutions, to inform consumers.
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OZET Aragtirma Makalesi
Bu arastirma ile biyolojik ve biyoteknik (B/BT) miicadele yéntemlerini
uygulayan ve uygulamayan igletmelerden olusan iki tretici grubu Makale Tarihgesi

hakkinda tanimlayici istatistikler elde etmek, sahada Gelig Tarihi  :31.07.2019
biyolojik/biyoteknik miicadele uygulamalar1 ve ureticilerin konu Kabul Tarihi :28.11.2019
hakkindaki dusiincelerini 6grenmek ve c¢evre duyarliligi acisindan

gruplar arasinda anlamli farkhiliklar olup olmadigini tespit etmek Anahtar Kelimeler
amaclanmigtir. Arastirma alani olarak secilen illerde tabakali 6rnekleme Entegre zararh yonetimi
yoluyla secilen 108 iiretici ve yine ayni yorede benzer Urin deseni ve Cevre dostu uretim
tarimsal igletme karakteristiklerine sahip, ancak biyolojik ve biyoteknik yontemleri

miicadele materyallerini kullanmayan 108 uretici olmak tizere toplam Cevresel duyarlilik

216 duretici ile anket yapilmigtir. Turunggil ve ortii alt1i sebze
yetigtiriciliginde iki grup arasinda kimyasal ilaclama sayis1 ortalamalar:
arasinda anlaml diizeyde bir farklihk bulunmustur. Ureticilerin
biyolojik/biyoteknik micadele yontemlerini benimsemelerinde uygulama
kolayliginin etkili oldugu anlagilmig, bu miicadele yontemini kullanma
nedenleri siralamasinda insan sagligl secenegi on plana c¢ikmigtir.
Biyolojik/biyoteknik miicadele yontemlerinin, maliyetleri azaltma, farkl
fiyattan Uirin satma veya pazarlama kolayligr saglama bakimindan bir
avantaj olusturmadigi tespit edilmigstir. Bu yontemlerin
yayginlastirilmas1 i¢in Ttreticiler bilgilendirilmeye ve maddi olarak
desteklenmeye devam edilmeli, bunun yaninda tuketicileri de bu
yontemlerle Uretilmig Urtinleri tiiketmeye tesvik edecek bilgilendirme
calismalar1 yapilmalidir. Biytik bolimi ithal edilen B/BT miicadele
materyallerinin yliksek maliyetleri ureticileri bu uygulamalardan
uzaklagtirmakta, yontemlerin uygulanmasi sirasinda yasanan
gecikmelerin de ithalat strecinden kaynaklandigir anlagilmaktadir. Bu
nedenle yerli B/BT materyallerinin tiretimi i¢in gerekli alt yapi ve
girisimler de desteklenmelidir.

Producers' Perspective on Biological and Biotechnical Control and Determining Environmental
Attitudes

ABSTRACT Research Article

The aim of this research was to obtain descriptive information about

two producer groups consisting of agricultural holdings applying and Article History

not applying biological and biotechnical (B/BT) control methods in in Received +31.07.2019
the research field, to determine the B/BT control practices applied in Accepted ©28.11.2019
the field, to know the opinions of producers about B/BT applications,

whether there are significant differences between the groups in Feywordsd
terms of environmental sensitivity. In this study, a total of 216 ntegrate IDeEft management.
Environmentally friendly

producers were selected by using stratified sampling, 108 producers
using B/BT control materials, and 108 producers in the same region
with  similar product pattern and agricultural holdings
characteristics but not using B/BT control materials. A significant
difference was found between the mean numbers of chemical

production methods
Environmental sensitiveness
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application between these two groups. It has been found that ease of
application was effective in the adoption of B/BT control methods by
producers. It was determined that human health option comes into
prominence in the ranking of reasons for using B/BT control method.
It has been found that B/BT control methods were not an advantage
in terms of reducing costs, selling products at different prices or
providing ease of marketing. In order to spread these methods,
producers should continue to be informed and financially supported.
In addition, information should be provided to encourage consumers
to consume these products. Importing B / BT control materials leads

to increased costs and delay in

implementation.

Therefore,

infrastructure and initiatives should be supported to produce B/BT

control materials domestically.

To Cite : S“ayln B, Bayav A, Besen T, Karamiirsel D, Celikyurt MA, Emre M, Kuzgun M, Yilmaz SG, Arslan S 2020.
Ureticilerin Biyolojik ve Biyoteknik Miicadele Uygulamalarina Bakisi ve Cevre Duyarhliklarinin Belirlenmesi.
KSU Tarim ve Doga Derg 23(2): 453-466. DOI: 10.18016/ksutarimdoga.vi.599085.

GIRIS

Tarim sektori, canlilarin besin ihtiyacini karsilama
ve kirsal alanda yasayan nifusun ge¢im kaynagini
olusturmanin yaninda, igleme sanayiine hammadde
temini saglayarak kentsel alanda da istihdam olanagi
yaratmaktadir. Tarimsal urtinlerin  verim ve
kalitesini artirmanin yolu modern tarim tekniklerinin
ve girdilerinin  kullanilmasindan  ge¢cmektedir.
Modern tarimin tamamlayici bir bileseni olarak bitki
koruma turlnlerinden pestisitler de bu girdilerden
biridir (Tiryaki ve ark, 2010).

Turkiye'de pestisit tiiketimi, gelismig tlkelere gore
oldukca dusik olmakla birlikte bélgeler arasinda
farkhilagsmaktadir. Entansif tarim yapilan Akdeniz,
Ege gibi bolgelerin tiiketimi, Tiirkiye ortalamasinin
¢ok tzerinde olup bu Dbolgelerdeki pestisit
kullaniminin gelismis tlkeler diizeyine yaklagtig:
goriilmektedir (Delen ve ark, 1995; Delen ve Ark,
2005). Giiniimiizde siirdiiriilebilir tarimsal iiretim,
insan saghgi, ¢evre ve biyolojik cesitliligin korunmasi
giderek daha fazla 6nem kazandigindan o6zellikle
pestisitler sorgulanmaya baslanmistir (Bulut ve
Gégmen, 2000). Yogun pestisit kullanimi hastalik,
zararli ve yabanci otlarin ilaglara dayamkhlik
mekanizmalarinin gelismesine yol agarken, dogadaki
yararhh organizmalarin olumsuz etkilenmesine neden
olmakta, urinde olusacak pestisit kalintilar1 ise
insan sagligl i¢in sorun tegkil etmektedir. Bunun
yaninda o6zellikle gelismis tulkelerin satin alacaklar:
urinde olabilecek ila¢ kalintisi miktar1 i¢in sinirlar
belirleyerek, saglhikli trine musteri olma egilimi,
ihracatta rekabet glclini azaltan bir faktér olarak
karsimiza gikmaktadir.

Insan ve ¢evre saghginin korunmasi ve siirdiirilebilir
tarimin yapilabilmesi i¢in 1970 yilinda baslatilan

entegre micadele c¢alismalarinin ana hedefi,
ureticilerin egitilerek entegre miicadele
programlarini uygulayabilecekleri diizeye

erismeleridir (Karaturhan 2005). Alternatif miicadele
yontemlerinin baginda ise entegre miicadelenin de en
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onemli bilesenlerinden olan biyolojik ve biyoteknik
micadele yontemleri gelmektedir. Biyolojik miicadele
yontemi ile dogada bulunan yararli organizmalar
kullanilarak, bitkisel tiretimde ekonomik kayiplara
yol agan  zararli  organizmalarla  micadele
edilmektedir. Biyoteknik micadele ise zararh
organizmalar: direk 6ldiirmek yerine baz1 tekniklerle
normal seyrindeki biyolojik ve fizyolojik davraniglar:
engelleyerek  kontrol altina almak anlamina
gelmektedir (Birisik ve ark, 2013).

Klasik biyolojik miicadele amacl ¢alismalar tilkemize
ilk kez 1910 yilinda Torbalikognil’e karsi parazitoit ve
predator ithali ile baglamistir. Daha sonra elma
pamuklubiti, dut kabuklubiti, sline, turunggil
unlubiti, harnup guvesi, kirmizi kabuklubit, esmer
salyangoz, yaprakbitleri, defne beyazsinegi ve
turuncgil beyazsinegine kars: faydali boceklerin ithali
yapilmigtir. Turkiye’de  biyoteknik  miicadele
konusunda yapilan ¢alismalar ise ¢ok eski tarihlere
dayanmamaktadir. 1980’11 yillarda farkli meyve, bag
ve sebze tirlerinde zarar yapan boceklere kars:
baglatilan Ar-Ge c¢alismalar1 sonucunda, biyoteknik
miicadele yonteminin etkinligi ortaya koyulmus ve
teknik talimatlarda bu miicadele yontemine yer
verilmigtir. Ozellikle organik tarimin gelismesine
paralel olarak bu iriinler ithal edilerek yaygin olarak
kullanilmaya baglanmistir (Birisik ve ark, 2013).

Onuncu Kalkinma Plan1 kapsaminda hazirlanan
Bitkisel Uretim Ozel Thtisas Komisyonu Raporunda;
oncelikle bitki saghgi calismalarinin  Avrupa
Birligime ve uluslararas1 standartlara uygun olarak
yuritilmesinin saglanarak, zararli organizmalardan
kaynaklanan kayiplarin % 35ten % 25%e¢ indirilmesi
ve biyolojik ve biyoteknik miicadele uriinlerinin
toplam bitki koruma triinleri igindeki % 1 civarinda
olan pazar payimmin % 25e ¢ikarilmasi hedeflenmigtir
(Anonim, 2014 a). Ayrica biyolojik ve biyoteknik
miicadele materyallerinin kullaniminin 2010 yilindan
itibaren Tarim ve Orman Bakanhg tarafindan
destekleme kapsamina alinmasi, dogal cevreyi ve
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insan saghgini koruma ve ihracati engelleyecek ilag
kalintis1 problemini ¢ézmeye yonelik tedbirlerdendir.
Bagta destekleme uygulamalari olmak lizere alinan
tedbirler Turkiye’de, biyolojik ve biyoteknik miicadele
araglarinin  kullaniminin  yillar  iginde artig
gostermesini saglamistir (Anonim, 2015).

Bu arastirmada ¢aligma alani olarak segilen ve Bati
Akdeniz Boélgesi kapsamina giren Antalya, Isparta ve
Burdur Illeri sahip oldugu tarim potansiyeli ile
Turkiye'nin 6nemli tarim merkezlerindendir. Tirkiye
Istatistik Bélge Birimleri Simflandirmasina gére TR
61 Bat1 Akdeniz Bolgesi olarak adlandirilan bélge;
cografi konumu, verimli topraklari, uygun iklim
kogullari, yeterli su kaynaklari, biiyiikk pazarlara
yakinlig1 ile tarimsal tretim igin oldukga elverigh
kosullara sahiptir. Bolgede 41 cesit sebze ve 36 cesit
meyve  yetigtirilmektedir.  Turkiye'nin  toplam
narenciye Uretiminin % 30u ve toplam tropikal
meyve Uretiminin % 551 Antalya’da yapilmakta olup
bélgenin yas meyve ve sebze ihracati yillik 300 milyon
dolardir (Anonim 2014 b). Bolge Tiirkiye'deki elma,
kiraz, gil, hashas, anason, seracilik, sus bitkileri,
tibbi  aromatik Dbitkiler ve tropikal meyveler
uretiminde 6nemli bir paya sahiptir. Diinyada Cin ve
A.B.D.’nden sonra 3incu sirada yer alan Turkiye
elma Uretiminin yaklagik % 29.8'ini Bati Akdeniz
Bolgesi karsilamaktadir. Akdeniz ulkelerinin toplam
sera alaninmin yaklagik % 181 Turkiye’de bulunmakta,
Turkiye’de mevcut sera Uretiminin % 851 Bati
Akdeniz Bolgesi'nde yapilmaktadir. Bolge
kalkinmasinda gelisme ekseni olarak belirlenen bes
bagliktan birini olusturan Tarimda Modernizasyonun
ve Kirsal Kalkinmanin Saglanmasi bagliginin
oncelikleri arasinda Bitkisel Uretimde
Modernizasyonun  Saglanmasi1 ve Iyi  Tarim
Uygulamalarinin  Yayginlastirilmas1  gelmektedir
(Anonim, 2014 b). Bu baglamda biyolojik ve
biyoteknik miicadele yontemlerinin kullaniminin
yayginlastirilmasi bolge i¢in 6nem arz etmektedir.

Hastalik, zararli ve yabanci otlarla miicadelede
kimyasallarin dogru kullanimi ve ¢evre dostu uretim
teknikleri hakkinda dreticilerin bilgi, tutum ve
davranislarinin yonlendirilmesi gereklidir. Ozkan ve
ark. (1991) yiriittiikleri arastirma kapsaminda
gorustiikleri Ureticilerin  yaklagtk % 85 inin
bahgelerinde gordikleri boceklerin zararli olmadigim
bildiklerini, ayrica % 23 unin de turunggil unlu
bitine kars1 bazi faydali bocek tiirlerini temin ederek
biyolojik miicadele uygulamas1 yaptiklarini ortaya
koymustur. Tiizel ve arkadaglar1 (2010) tarafindan
yurutilen bir ¢alisma kapsaminda incelenen modern
seralarin tamaminda, geleneksel seralarin ise
%80’inde sar1 yapiskan tuzak kullanmildigi ve bu
uygulamanin hizla yayginlastigi ifade edilmistir.
Yanar ve arkadaslar1 (2018) tarafindan yiiriitiilen
calismada da, gorusiilen dreticilerin % 26 sinin
biyolojik miicadele, % 56 oraninda tlireticinin feromon
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tuzak, %74 oraninda Ureticinin ise sar1 yapiskan
tuzak gibi  biyoteknik miicadele yontemlerini
kullandig: tespit edilmistir.

Bu c¢alismanin amaci Antalya, Burdur ve Isparta
Illerinde &rtialtt  sebze yetistiriciligi, turuncgil
yetigtiriciligi ve elma yetigtiriciligi yapan ve
zararhlarla miicadele icin biyolojik ve biyoteknik
(B/BT) miicadele yontemlerini  kullanan ve
kullanmayan {reticilerin bu miicedele metotlarin
uygulama sekilleri, yontemler hakkinda goris ve
distinceleri, hastalik ve zararlilara karsi kimyasal
miicadele uygulamalari, B/BT miicadele hakkindaki

bilgi kaynaklari, B/BT miicadele materyallerini
kullanmama nedenleri ve treticilerin c¢evresel
duyarhliklarina iligkin  bilgiler elde etmektir.

Calismay1 literatiirdeki benzerlerinden ayiran en
onemli fark incelenen baghklar altinda B/BT
micadele yontemlerini uygulayan ve uygulamayan
ureticiler arasinda karsilastirma yapmaktir.

MATERYAL ve YONTEM
Materyal

Calismanin ana materyalini, 2017 yilinda Antalya,
Isparta ve Burdur Illerine baglh koéylerde ortii alti
sebze, turunggil ve elma yetigtiriciligi yapan 216
ureticiden anket yoluyla yuz ylze gorustlerek elde
edilen veriler olusturmaktadar.

Metot

Anket uygulanacak isletme say1sinin
belirlenmesinde; Antalya, Burdur ve Isparta Illeri
Gida Tarim ve Hayvancilik Mudirliklerinden alinan
2016 yili biyolojik ve biyoteknik miicadele destegi
6demesinden faydalanan kisi listesinden
yararlanilmigtir. Varyasyon katsayisimin ¢ok yuksek
(%153) ve popiilasyonun heterojen yapida oldugu
anlagsildigindan 6rnek se¢iminde tabakali 6rnekleme
yontemi kullanilmigtir. Arastirmanin temel kurgusu,
B/BT miicadele yontemlerini uygulayan ve
uygulamayan Ttreticilerden olusan iki grubu ¢esitli
konularda kargilagtirmaktir. Ornek hacmi Neyman
Yontemi ile hesaplanmistir (Yamane 1967; Cicek ve
Erkan, 1996). Arastirmada % 5 hata payr ve % 90
giiven aralig1 esas alinarak populasyondan cekilen
ornek sayis1 108 olarak Dbelirlenmigtir. Bunun
yaninda; yine ayni yorede ve ayni sayida, benzer tirtin
deseni ve tarimsal igletme karakteristiklerine sahip,
ancak biyolojik ve biyoteknik miicadele
materyallerini kullanmayan 108 iiretici gayeli olarak
secilmis bu tireticilerle de anket ¢caligmas: yapilmistir.
Anket uygulamasi Antalya Ilinde turunggil, elma ve
ortialtinda sebze ureten isletmelerde, Burdur ilinde
son yillarda yayla seraciliginin yayginlastig1 ilge ve
koylerdeki 6rtu alt1 domates tireticisi igletmelerde ve
Isparta ilinde elma yetistiricisi igletmelerde
yapilmistir.
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Biyolojik veya biyoteknik miicadele yontemlerini
uygulayan ve uygulamayan isletmecilerle ylz yiize
gorismede kullanmak tzere iki ayri soru formu
hazirlanmisgtir.

Arastirma su sorular tizerinde kurgulanmagtir.

1. Ureticilerin ~ demografik  6zellikleri  ve
isletmeleri tanimlayici 6zellikler nelerdir?

2. Sahada B/BT miicadele uygulamalar1 ve
ureticilerin konu hakkindaki dustinceleri nelerdir?

3. Ureticilerin B/BT miicadele hakkinda bagvuru
kaynaklar1 kimlerdir?

4. Ele alinan turunlerin uretiminde kimyasal
micadele nasil yapilmaktadir?

5. B/BT micadele materyallerinin
kullanilmama nedenleri nelerdir?

6. Ureticilerin cevreye olan duyarliliklar: hangi
diizeydedir?

Tum degigkenler i¢cin temel tanmimlayic: istatistikler
(ortalama, minimum, maksimum, standart sapma
vb.) belirlenmistir. Iki bagimsiz grup arasindaki
farkhiliklar; normal dagilim gosteren  strekli
degiskenler icin t testi; normal dagilim géstermeyen
stirekli degiskenler i¢in ise Mann Whitney U testi
kullanilarak analiz edilmigtir.

Arastirma kapsaminda gorusiilen ciftcilerin cevreye
olan duyarhlik diizeylerini belirlemek amaciyla Yeni
Cevresel Paradigma Olcegi kullanilmigtir (Dunlap ve
ark, 2000; Cordano ve ark, 2003; Giinden ve Miran,
2008). Ureticilere 6lcekte yer alan ifadelere katilip
katilmadiklar1 sorulmus, verilen cevaplara bagh
olarak cevresel tutumlar: saptanmistir.
Degerlendirmede likert o6lgeginden yararlanilmigtir.
B/BT miicadele yapan ve yapmayan ureticilerin yeni
cevresel paradigma o6lgegi puanlar1 arasinda
istatistiksel olarak anlamli bir farklhilhik olup
olmadigini anlamak i¢in bagimsiz 6rneklemler t testi
yapilmigtir.

BULGULAR ve TARTISMA
Isletme sahibi ile ilgili tamimlayica bilgiler

Iki grupta yer alan treticiler; yas, egitim durumu,
ciftgilik deneyim suresi, 6rgiitlenme durumu ve tarim
dis1  gelir wvarligt yoéniinden karsilastirilmistir.

Cizelge 1. Isletme sahibi ile ilgili tanimlayici bilgiler
Table 1. Identifying information about producers

Ureticiler arasinda B/BT miicadele uygulayanlarin %
52.81, uygulamayanlarin % 50.9'u 52 yasin altinda
olup, B/BT miicadele uygulayan {reticilerin yas
ortalamas1 52.3, B/BT miicadele uygulamayan
ureticilerin  yas ortalamasi ise 51.3 olarak
belirlenmigtir. Iki gruptaki {ireticilerin yaglar
arasinda 6nemli bir farklilik yoktur.

Ureticilerin egitim durumlar1 incelendiginde; B/BT
micadele uygulayan treticilerin % 47.2 si ilkokul, %
39.8 1 ortalise mezunudur. B/BT micadele
uygulamayan treticilerde ilkokul mezunu olanlar ile
orta-lise mezunu olanlarin oranmi egit olup % 42.6
olarak belirlenmigtir. On lisans ve tiizeri egitim
alanlarin  orani, B/BT miicadele uygulayan
ureticilerde % 13.0, uygulamayan ureticilerde ise %
14.8 dir. B/BT miicadele uygulayan ireticiler
ortalama 8.1 yil, uygulamayan ureticiler ortalama 8.4
yil egitim almiglardir. Iki grubun egitim siireleri
arasinda anlamh dizeyde bir farklihk tespit
edilmemigtir.

B/BT miicadele uygulayan tureticilerin % 64.87,
uygulamayan Ureticilerin ise % 56.4’t 21 yil ve daha
uzun stireden bu yana ciftcilik deneyimine sahiptir.
Ortalama deneyim siiresi, B/BT micadele uygulayan
ureticiler i¢in 28.3 yil, uygulamayan fureticiler igin
25.5 yil olarak belirlenmis olup iki tretici grubunun
ortalama deneyim siireleri arasinda oOnemli Dbir
farklilik bulunmamaigtir.

B/BT miicadele uygulayan treticilerin % 54.6’sinin,
uygulamayan tureticilerin ise % 49.1’inin tarim dig1
geliri vardir. Tarim dis1 gelir, B/BT micadele
uygulayan  treticilerde  ortalama 23289  TL,
uygulamayan tureticilerde ise 20281 TL’dir. Iki grup
arasinda tarim dig1 gelir yoninden anlamh diizeyde
bir farklilik tespit edilmemistir (Cizelge 1).

Ureticilerin kooperatif, birlik vb. 6rgiitlere tyelikleri
ile 1ilgili olarak yapilan degerlendirmede; B/BT
micadele uygulayan  ureticilerin %  63.0°4,
uygulamayan treticilerin ise % 60.2’s1 olmak uzere
tim Ureticilerin % 61.6’s1min tarim kredi kooperatifi,
yoredeki turetici kooperatifi, sulama birligi veya

kooperatifi, koy kalkinma kooperatifi vb.
kurumlardan birine veya bir kacgina yeligi
bulunmaktadir.

Yas (Age) Egitim siiresi Tarimsal deneyim Tarim dis1 gelir
Fducation Agricultural experience Non-agricultural income
B/BT micadele uygulayan 52.3 8.1 28.3 23289
Applying B/BT control
B/BT micadele uygulamayan 51.3 8.4 25.5 20281

Not applying B/BT control

B/BT micadele uygulayan ireticilerin % 83.3'Q,
uygulamayan tureticilerin ise % 86.1'1 olmak {iizere,
tim ureticilerin % 84.7’si tarim danigmanligl hizmeti

almadigimi ifade etmigtir. Tarimsal danigsmanlik
hizmeti aldigini ifade eden tiim treticilerin % 12.1’1 3
yil ve daha az, % 87.9u da 4 yil ve daha fazla stiredir
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bu hizmetten yararlandigini bildirmistir. Bu ¢alisma
da diger c¢alismalarda oldugu gibi Tirkiye’de tarim
danigmanindan hizmet alan tretici sayis1 ve tarimsal
danigmanlik hizmetleri konusunda yetersizlikler
oldugunu ortaya koymaktadir. Ornegin 2005 yilinda
Antalya ilinde o6rti alt1 tiretim alanlarinda yapilan
bir calismada yorede danigmanlik hizmeti verilen
iretici sayisinin toplam o6rti alt1 yetistirici sayisinin
sadece % 4ini, uUretim alaninmin da toplam o6rti alt
tretim alammnin % 7.6’sin1  olusturdugu tespit
edilmistir (Ates ve Sayin, 2008)

Isletme ile ilgili tanimlayici bilgiler

B/BT miicadele uygulayan ve uygulamayan tarim
igletmeleri, arazi varligi (toplam islenen ve nadas-
bos), miilkiyet durumu (miilk, kiralanan, ortak
isletilen ve kiraya verilen), sulanma durumu (sulanan
ve sulanmayan), parsel sayisi, isletme faaliyet tiiri,
isletme wvarliklarinin toplam ekonomik buyuklagi
bakimindan karsilastirilmigtir. Ortalama islenen
arazi buyuklugi, B/BT miicadele uygulayan
isletmelerde 51.4 da, uygulamayan igletmelerde ise
41.9 dekardir. Milk arazi buyuklugi B/BT miucadele
uygulayan igletmelerde 38.5 da, uygulamayan
igsletmelerde 1ise 38.4 dekardir. B/BT miicadele
uygulayan igletmelerde kiralanan arazi buyukliga
ortalama 9.1 da, uygulamayan igletmelerde ise 3.7
dekardir. B/BT micadele uygulayan igletmelerde
ortakeilikla igletilen arazi buyukligi ortalama 2.8 da,
uygulamayan igletmelerde ise 0.4 dekardir. Iki grup

ortalama islenen ve kiralanan arazi

bakimindan anlaml bir fark
B/BT miicadele wuygulayan ve
uygulamayan 1iki grubun ortakc¢ilikla igletmekte
olduklari  arazi  buyukliklerinin  ortalamalari
arasinda istatistiksel olarak anlamli bir farklilik
vardir.

arasinda,
buyukligu
bulunmamaistir.

Antalya ili Kag il¢esinde biyolojik miicadele yapan ve
yapmayan igletmelerin karsilastirildigi benzer bir
arastirmada, biyolojik micadele yapmayan
isletmelerin, biyolojik miicadele yapan isletmelere
oranla daha fazla ortakgilikla igletildigi, ortak¢iligin
azaltilmasina yonelik o6nlemler alinmasinin bu
igsletmelerin  etkinligine olumlu etki edecegi
bildirilmistir (Yildirim ve ark, 2016). Kiraya verilen
ve sulanan arazi biyikligi bakimindan her iki grup
arasinda anlamli bir fark yoktur. Sulanmayan arazi
buytukligi B/BT miicadele uygulayan isletmelerde
ortalama 5 da, uygulamayan isletmelerde ise 0.45
dekardir. B/BT miicadele uygulayan ve uygulamayan
iki  grubun sulanmayan arazi buytkliklerinin
ortalamalar1 arasinda da istatistiksel olarak anlaml
bir farklilik tespit edilmigtir. Parsel sayis1 B/BT

miicadele uygulayan igletmelerde 1-50 arasinda
degismekte olup ortalama 5.8 adet olarak
belirlenmistir. B/BT micadele uygulamayan

isletmelerde ise parsel sayis1 1-20 arasinda degisirken
ortalama olarak 4.5 adettir. Iki grup arasinda parsel
sayist bakimindan anlamli bir fark bulunmamigtir
(Cizelge 2).

Cizelge 2. Isletme arazi varhgi, miilkiyet ve sulanma durumu, parsel sayisi
Table 2. Farm land assets, ownership and irrigation status, number of parcels

B/BT miicadele uygulayan B/BT micadele uygulamayan Mann
Applying B/BT control Not applying B/BT control Whitney U
Min. Max. Ort. Std. Sp Min. Max. Ort. St. Sp
Min. Max. Mean SD Min. Max. Mean SD
Toplam islenen (da) 1 750 51.4 84.8 3 400 41.9 60.2 .158
Total planted area (da)
Nadas-Bos (da) 0 105 1.5 10.5 0 15 0.3 1.8 740
Fallow (da)
Miilk (da) 0 400 38.5 50.7 0 400 38.4 60.5 .406
Owner(da)
Kiralanan (da) 0 550 9.1 53.9 0 70 3.7 11.3 .983
Leased (da)
Ortak islenen (da) 0 72 2.8 10.9 0 15 0.4 2.2 .043
Partner (da)
Kiraya verilen (da) 0 4 0.1 0.4 0 36 0.3 3.5 .995
Given for rent(da)
Sulanan (da) 0 750 46.5 83.5 3 400 41.9 60.2 .b44
Irrigation
Sulanmayan (da) 0 105 5.0 16.7 0 15 0.5 2.3 .005
Not irrigation (da)
Parsel sayisi (adet) 1 50 5.8 6.2 1 20 4.5 3.8 .079
Number of  parcel
(number)
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B/BT miicadele uygulayan igsletmelerde, B/BT
micadele materyalleri  kullanilarak  micadele
uygulanan arazi buyukligi ortalama 30.6 da, bu
alanin toplam arazi igerisindeki pay1 ise ortalama %
62.7 olarak belirlenmisgtir. Igletmelerde hangi faaliyet
tirinin 6n plana ¢ktig1 incelendiginde, B/BT
micadele uygulayan igletmelerin % 88inde bitkisel
tretim faaliyeti gerceklestirildigi, % 12’sinde bitkisel
iretimin yaninda hayvansal tretimin de yapildig:
anlagilmaktadir. B/BT miicadele uygulamayan
isletmelerde ise bu oranlar sirasiyla % 91.7 ve % 8.3
olarak Dbelirlenmigtir. B/BT miicadele uygulayan
isletmelerde igletme varliklarinin toplam ekonomik
buyuklugi 100000 TL ye kadar olanlar % 7.4, 100001
— 500000 TL arasinda olanlar % 24.1, 500001 -
1000000 TL arasinda olanlar % 20.4, 1000000 —
3000000 arasinda olanlar % 28.7, 3000000 TL ve
daha fazla olanlar ise % 19.4 oranindadir. B/BT
miicadele uygulamayan isletmeler i¢in ise bu degerler
sirasiyla % 7.5, % 23.1, % 20.4, % 34.2 ve % 14.8
olarak belirlenmigtir.

Biyolojik/biyoteknik miicadele uygulamalar
ureticilerin konu hakkinda diigtinceleri

ve

Zararlilara kargt uzun yillardan beri kullanilan
kimyasal mucadele uygulamalarina alternatif olacak
micadele yontemlerinin tercih edilmesi, tarimsal
urunlerde kalite ve verimin artmasini, insan ve c¢evre
saghginin glivence altina alinmasinmi saglayacaktir
(Topuz, 2005). Bitkisel {iretimde zararhlarla
micadele amaciyla B/BT miicadele uygulandiginda,
hedef alinan zararlhiya yonelik kimyasal miicadele
sayis1 ve kullanilan insektisit miktarinda 6nemli
Ol¢iide azalma saglanmaktadir. Arastirma
sonuglarina goére; oOrti altinda biber yetistiren
ureticilerin % 23.1°1 biyoteknik ve biyolojik miicadele
uygulamalarimi bir arada uygularken, % 3.8’1 sadece
biyoteknik, % 73.1'1 1ise sadece biyolojik micadele
yontemini kullanmaktadir. Ortii altinda domates
yetistiren Ureticilerin % 7.7’si biyoteknik ve biyolojik
miicadele uygulamalarini bir arada uygularken, %
92.3'i ise sadece biyolojik miucadele yontemini
29’u biyoteknik ve biyolojik miicadele uygulamalarini
bir arada uygularken, % 35.51 sadece biyoteknik, %
35.51  1se sadece biyolojik miicadele yontemini
kullanmaktadir. Elma treticilerinin tamamai i¢ kurdu
zararlis1 ile miicadele amaciyla sadece biyoteknik
miicadele uygulamaktadir.

Faydali boéceklerin pazarlamasini  yapan firma
yetkilileri biyolojik ve biyoteknik miicadele aparat ve
etmenlerinin satig1 ile birlikte ureticilere uygulama
stirecine iligkin teknik tavsiyeler de yapmaktadir.
Buna gore orti alt1 sebze yetistiriciliginde; beyaz
sinek miicadelesi i¢in dikimden sonra tg¢linci haftada
bir kez, dérduncii veya besinci haftada bir kez olmak
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uzere iki kez, yaprak biti, kirmizi 6riimcek ve diger
minér zararlilar i¢cin de bir kez uygulama yapilmasi
tavsiye edilmektedir. Sékiim asamasina kadar da
zararlh gorilme durumuna goére uygulamalarin
tekrarlanmas1  istenmektedir. Ortii alt1  sebze
ureticilerinin teknik danigmanlar tarafindan biyolojik
micadele uygulamasimi en az U¢ kez yapmalar:
yonunde Dbilgilendirildigi anlagilmaktadir. Ancak
anket formu kapsaminda yapilan gorismeler,
ureticilerin  6nemli bir boliminin bu teknik
tavsiyelere ¢ok fazla uymadigini ortaya koymaktadir.
Soyle ki biber yetistiriciliginde biyolojik miicadele
uygulayan treticilerin % 76’s1 1 kez, % 81 3 kez, %
12’s1 4 kez ve % 44 5 kez uygulama yaptigimi ifade
etmistir. Domates yetistiriciliginde biyolojik miicadele
uygulayan ureticilerin % 23.11 1 kez, % 69.2’s1 2 kez,
% 7.7’s1 4 kez uygulama yaptigini ifade etmigtir.
Turuncgil yetistiriciliginde ise biyolojik miicadele
uygulayan treticilerin tamami tek seferlik uygulama
yaptigini ifade etmistir. Biyolojik miucadelenin bu
alanlarda cevre bahceleri de i¢ine alan butuncul bir
yaklagsimla ylritilememesi en 6nemli handikaptar.

Ureticiler B/BT miicadele uygulamasi sayesinde
urunin hasat edilme takviminde kisitlanmadiklarini,
kimyasal kullaniminda gerekli olan yarilanma
stiresini beklemek zorunda kalmadiklarini ifade
etmiglerdir. Ureticilerin B/BT miicadele
uygulamalarini  benimsemelerinde, uygulamalarin
sagladigi avantajlarin da etkisi bulunmaktadir.
Cogunlukla kiigik aile igletmeleri &lgeginde
yuritulen ortu alt1 sebze yetistiriciligi faaliyetinde,
yogun isglici kullanimi gerektiginden uygulama
kolayligi  saglayan  B/BT  yontemlerine  ilgi
artmaktadar.

Hastalik, zararli ve yabanci otlarla micadelede
kimyasallarin dogru kullanimi ve ¢evre dostu lretim
tekniklerine iligkin tretici bilincinde yasanan olumlu
degisim literatiire de yansimigtir. Celik ve Karakaya
(2017’min  Bingsl 1Ili Adaklh Ilgesinde elma
ureticilerinin tarimsal ila¢ kullanimi ile ilgili bilgi
tutum ve davraniglarim degerlendirdikleri
calismalarinda;  dUreticilerin = %70’inin  tarimsal
ilaglarin cevreye ve diger canlilara zararh etkileri
konusundaki ifadelere kesinlikle katildiklarini ifade
ederken, tarimsal ilaglarin ¢evreye ve diger canhlara
olan zararh etkileri konusundaki ifadelere kesinlikle

katilmiyorum diyen iretici olmadigi  sonucu
belirlenmistir. Bunun yami sira Karabat ve Atis
(2012) tarafindan bildirilen, Manisa Ili bag

alanlarinda incelenen igletmelerde, treticilerin %
70.1'inin geleneksel ilaclama yontemi yerine, cevre
dostu ilaglardan olusan bir ilaglama modelini
uygulamak igin fazladan 6deme yapabilecegi bilgisi
kayda degerdir. Ancak yluksek kazan¢ getiren
Urtinlerin Uretiminde bu durumun s6z konusu
olabilecegi g6z ardi edilmemelidir.
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Arastirma kapsaminda gorigilen ureticiler,
zararlilara karsi kimyasal kullandiklarinda ilag
uygulama sikligi ve sayisi nedeniyle hem kendi
saghiklarinin ve Urin saghiginin tehdit edildigini hem
de daha fazla zaman harcandigini, B/BT miicadele
materyalleri kullanildiginda ise turiinlerin saglkl
olmasinin  yaninda kendi saghklarinin da
bozulmadigini ve zamandan da tasarruf edildigini
ifade etmiglerdir.

Buna karsilhik uygulamada yasanan aksakhlar da soz
konusudur. Ureticilerin serada hastalik ve zararh

icinde zararh popililasyonunun arttigi, bu nedenle de
yayilimi onlemek i¢in kimyasal kullanmak zorunda
kaldiklar1 goriilmiistir. Ureticilerin, stireci bizzat
kendilerinin takip etmesi gerektiginin bilincinde
olmadiklar1 gézlenmigtir. Aparat ve canli materyalleri
pazarlayan firmalarin rutin ziyaretleri zararhlarla

miicadele siirecinin saglikli gelisimi igin yeterli
olmamaktadir.
Aragtirma kapsaminda gorisiilen ureticilerden

zararlilarla micadelede B/BT miicadele metodunu
kullanma nedenlerini énem sirasina gore bildirmeleri

takibini yeterli olgiide yapmadiklari, etkilenen istendiginde ilk iki tercihleri sirasiyla, “Insan
bitkileri seradan uzaklastirmakta ge¢ kaldiklar, saghgim disindigum i¢in” ve “Dogal c¢evreyi
serada zararlinin goérilmesi ile uygulanacak dogal kirletmemek icin” olmustur (Cizelge 3).
dismanlarin siparisinden teminine kadar gecen sire
Cizelge 3. Ureticilerin B/BT miicadele kullanma nedeni tercihleri
Table3. Causes of producers using B/BT control

1.tercih (First choice) 2.tercih(Second choice) 3.tercih(Third choice)

Adet(Number) % Adet(Number) % Adet(Number) %
Dogal ¢evreyi kirletmemek i¢in 7 6.5 37 34.3 24 22.2
To avoid polluting the natural environment
Insan saghgim diistindiigiim icin 40 37.0 29 26.9 26 24.1
For thinking about human health
Micadele masraflarini dastirmek i¢in 9 8.3 14 13.0 16 14.8
To reduce fighting costs
Pazarlama kolaylig: i¢in 6 56 21 19.4 16 14.8
For marketability
Uriiniimii daha iyi fiyata satmak icin 1 09 2 1.9 7 6.5
To sell the product at a good price
Firma/komisyoncu ile anlagma geregi 0 00 O 0.0 2 1.9
By agreement with the company/commisioner
B/BT miicadale yontemlerini uygulamanin olup, tureticilerin bu ifadeye katilip katilmamakta

halihazirda maliyetleri azaltma, farkh fiyattan tirin
satma veya pazarlama kolaylig1 saglama bakimindan
bir avantaj olusturmadig: treticilerin beyanlar: ile de
tespit edilmigtir.

B/BT miicadele uygulamalarimi kullanan treticilere
baz1 ifadelere katilip katilmadiklari sorulmustur.
Buna gore “B/BT miicadele materyallerinin maliyeti
yiksek” ifadesine freticilerin % 41.7si kesinlikle
katilmaktadir. Bu ifade icin 6lcek ortalamasi (3.74)
olarak hesaplanmig olup, tureticilerin bu ifade
tzerinde  olumlu  yonde  hemfikir  olduklar
anlagilmaktadir. Ureticiler, biyiik oranda, B/BT
micadele uygulamas: ile ilgili, yeterli bilgiye sahip
olduklarini, sermaye agisindan sorunlari olmadigini
ifade etmiglerdir. “B/BT miicadele uygulamasi igin
sermaye yetersizligi” ifadesine tureticilerin % 49.11
kesinlikle katilmamaktadir. “B/BT miicadelenin
basaris1 kimyasal miicadeleden disik” seklindeki
yargl bildiren ifadeye ureticilerin % 23.1’1 kesinlikle
katildigini, % 3871 ise kesinlikle katilmadiginmi ifade
etmigtir. “B/BT miicadele ile tiretilen tirtinler daha iyi
kazang saglar” ifadesine ise ureticilerin % 36.1%1
kesinlikle katilmadigini, % 11.1'1 katilmadigini ifade
etmis, % 17.6’s1 ise kararsiz kalmistir (Cizelge 4). Bu
ifade icin dlcek ortalamasi (2.72) olarak hesaplanmis
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kaldign  anlagilmaktadir.  Ureticilerin
beklentisi B/BT micadele ile {iretilen urinlerin
pazarda farklh bir fiyat bulmas1 yonindedir.
Ureticiler, toptanci haline gotiirdiikleri tiriinlerinin
B/BT miicadele wuygulamasi ile tretilmesinin
komisyoncu ve tiiccarlar tarafindan  dikkate
alinmadigini ifade etmiglerdir. Ulkemizde
tuketicilerin de ¢evre dostu ve insan saglhigini gézeten
uygulamalarla tretilen triunlere farkli fiyat 6deme
istekliliginin = yeterli o6l¢ide gelismemis oldugu
literatiirde bildirilmigtir. Ornegin Karabag ve Giirler
(2011) organik ve konvansiyonel tarim yapan
ureticileri kargilasgtirdiklar1 bir ¢aligmada, incelenen
igsletmelerde {reticilerin teknik sorunlardan c¢ok,
tuketiciye ulagsma, pazar ozellikleri ve talep
yetersizligi gibi ekonomik faktorlerin daha agirlikta
oldugu sorunlar1 dile getirdiklerini bildirmiglerdir.
Sayin ve ark. (2015) tarafindan yapilan calismada da,
iyi tarim uygulamalar1 yapan Ureticilerin %
30.4inlin Urinin pazarda diger Urlnlerden farkh
fiyata satilmas1 gerektigi gorusiinde olduklar ifade
edilmigtir. Entegre miicadele yontemleri kullanilarak
yetistirilen {rtinlere farkla fiyat verilememesi bu
yontemlerin yayginlagsmasinin 6niindeki engeller
arasimdadir (Karaturhan ve ark. 2005).

kararsiz
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Cizelge 4. B/BT miicadele yapan iireticilerin bazi ifadelere katilim durumu (%)
Participation of producers using B/BTcontrol to some statements

1 2 3 4 5 Ort
B/BT miicadele materyallerinin maliyeti yliksek 11.1 10.2 13.9 23.1 41.7 3.74
High cost of B/BT conrol materials
B/BT micadele hakkinda bilgi yetersizligi 42.6 30.6 16.7 3.7 6.5 2.01
Lack of information on B/BT control
B/BT micadele uygulamasi i¢in sermaye yetersizligi 49.1 20.4 13.9 7.4 9.3 2.07
Lack of capital for applying B/BT control
B/BT miicadelenin basarisi kimyasal miicadeleden diigiik 38.0 14.8 15.7 8.3 23.1 2.64
Success of B/ CT control is lower than chemical control
B/BT micadele ile tiretilen triinler daha iyi kazang saglar 36.1 11.1 17.6 14.8 20.4 2.72

Products produced with B/ BT control provide better profit

(1)Kesinlikle katilmiyorum (2) Katilmiyorum (3) Orta derecede (4)Katiliyorum (5) Kesinlikle Katiliyorum
(1) Strongly disagree (2) Disagree (3) Neutral (4) Agree (5)Strongly agree

Biyolojik/biyoteknik miicadele hakkinda bilgi kaynag:

Biyolojik micadele uygulamasinin belirli bir bilgi
birikimi gerektirmesi nedeniyle treticiler tarafindan
kullamilmasinda zaman zaman sorunlar yasanmakta,
bu dogal diigmanlarin etkin bir sekilde kullanimi i¢in
yaygin bir danismanlik hizmetinin sunulmasi buyik
onem tasimaktadir (Kilincer ve ark, 2010). Ege
Bolgesi'nde entegre micadelenin yayiminda
karsilasilan sorunlarin incelendigi bir c¢alismada,
entegre miicadelenin yayilmasina yonelik engellerin
tarim  tegkilati  personelinden kaynaklananlar,
ureticilerden kaynaklananlar ve diger sorunlar olarak
i¢  basghk altinda  toplandign  bildirilmigtir
(Karaturhan, B ve ark., 2005). Elma yetistiriciliginde
entegre miicadele yonteminin
gelistirilebilmesi/yayginlastirilabilmesi i¢in yapilmasi
gerekenler konusunda zirai 1ila¢ bayilerinin
goriiglerini inceleyen Giil ve arkadaslar1 (2014),
tireticilerin egitilmesi, bilin¢lendirilmesi (%50), yayim
calismalarina gereken 6nemin verilmesi (%17.2) ve
toplantilara tiiretici katiliminin saglanmasi (%10.3)
gibi 6neriler elde etmigtir.

Aragtirma kapsaminda goérusilen treticilerden B/BT
miicadele uygulamas1 yapanlara B/BT miicadele
yontemi ile ilgili bilgiye ihtiya¢ duyduklarinda hangi
kurumlara bagvurduklari sorulmus, % 50 oraninda
tretici Tarim ve Orman Bakanhginin yereldeki
teskilatina, % 44 oraninda tretici B/BT miicadele
urinlerini satin aldiklar1 firmalara, % 38 oraninda
uretici ilag ve giibre temin ettikleri bayilere, % 10.2
oraninda  Uretici i1se tarim  danmismanlarina
bagvurdugunu beyan etmigstir. Saha gézlemleri ve
ureticilerin beyanlari, Ureticilerin B/BT miicadele
uygulamalarindan haberdar olmalar1 konusunda
Tarim ve Orman Bakanligi'min ilge tegkilat1 teknik
personelinin  6nemli rol oynadigini gostermistir.
Uygulamalarin destekleme kapsaminda olmasinin
yayim personelinin elini giliglendirdigi ve yayim
faaliyetlerinin ¢ift¢i Uzerindeki etkisini artirdigi
distinilmektedir.
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Hastalik ve zararlilara kars: kimyasal miicadele

Hastalik ve zararhilara kars: bitki saghgini korumak
amaciyla kimyasal igerikli ilaglar yaygin olarak
kullanilmaktadir. Aydin’da yapilan bir c¢alismada
ureticilerin % 86.0° smin ortaya c¢ikan Dbitki
zararhlarini yok etmek amaciyla kimyasal savas
yontemini tercih ettigi bildirilmistir (Boz ve
ark,1998). Orta Sakarya havzasinda yapilan bir
calismada, ureticilerin % 78.8'inin tarla ve
bahcelerinde hastalik ve zararhlar gézlenmeden ilag
kullandig1 ifade edilmektedir (Tanrivermis, 2000).
Benzer bicimde Icel'de yuriitiilen bir calismada da
ureticilerin % 58.9'unun zararh goérilmedigi zaman
bile ilaclama yaptign saptanmistir (Zeren ve ark,
1999). Ancak iretim alanlarinda bilingsiz ve yogun
pestisit kullaniminin, zararlilarin ilaclara
duyarliliginin azalmasina ve dayamklilik
mekanizmalarinin gelismesine neden oldugu ve
micadele maliyetlerini giderek arttirdigi da bilinen
bir gercektir. Ozellikle zararhlara yénelik kimyasal
micadele uygulama sayisinda azalma saglamasi,
daha az iggiici istemesi, insan sagligini gozeten ve
¢evre dostu bir yontem olmasi B/BT micadele
yontemlerini zararlilarla miicadelede O6nemli bir
alternatif kilmakta, hastaliklarla micadelede ise
B/BT Dberaberinde kimyasal miucadeleye devam
edilmektedir.

Ortii alt1 sebze yetistiriciligi yapan tireticiler arasinda
B/BT miicadele uygulayan grupta yer alanlar,
hastalik ve zararhlarla micadele amach olarak bir
lUretim sezonunda ortalama 12.3 kez, uygulamayan
grupta yer alanlar ise 23.4 kez kimyasal ilag
kullandigin1 ifade etmigtir. Yapilan istatistiksel
analizde B/BT miicadele uygulayan ve uygulamayan
ortii alt1 sebze treticilerinden olusan iki grubun
kimyasal ilaglama sayis1 ortalamalar1 arasinda
anlaml diizeyde bir farklihk (p< 0.01) bulunmustur
(Cizelge 5). Bunun yaninda bu ilaclarin kullaniminin
dogru ve teknigine uygun olarak yapilmasi ig¢in
teknik bilgi destegine ihtiya¢ duyulmaktadir. B/BT
miicadele uygulayan  ureticilerin % 87.81
uygulamayanlarin ise % 85.40 kimyasal ilaglarla
micadele hakkinda bilgi aldiklarini ifade etmiglerdir.
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Cizelge 5. Kimyasal micadele uygulamasina iligkin bilgiler
Table 6. Information on chemical control

Kimyasal micadele
hakkinda Dbilgi aliyor
musunuz?

Do you have information
about chemical control?

Ortii alt1 sebze
Vegetable in greenhouse

Turuncggil

Elma

Citrus

Apvple

Evet- Yes
Hayir- No
Toplam-Total

Kimyasal ilaglama
say1s1 (ortalama)
Number of
chemical applying
(mean)

Kimyasal ilaglama
sayis1 (std. sapma)
Number of
chemical applying
(standard
deviation)

Evet- Yes

Hayir- No
Toplam-7Total

Kimyasal ilaglama
sayis1 (ortalama)
Number of
chemical applying
(mean)

Kimyasal ilaglama
sayist (std. sapma)
Number of
chemical applying
(standard
deviation)

Evet- Yes

Hayir-No
Toplam-7otal

Kimyasal ilaglama
sayis1 (ortalama)
Number of
chemical applying
(mean)

Kimyasal ilaglama
say1si (std. sapma)
Number of
chemical applying
(standard
deviation)

B/BT B/BT miicadele Toplam Kimyasal ilaclama
miicadele uygulamayan Total sayisl
uygulayan Not  applying (Mann Whitney U)
Applying B/BT B/BT control Number of chemical
control applying
Adet- % Adet % Adet %
Number Number Number
36 87.8 35 85.4 71 86.6
5 12.2 6 14.6 11 13.4
41 100.0 41 1(())0. 39 100.0
12.3 23.4 17.9 0.000
8.951 8.33 10.242
27 87.1 29 93.5 56 90.3
4 12.9 2 6.5 6 9.7
31 100.0 31 100.
0 62 100.0
4.3 7.3 5.8
0.000
2.519 2.657 2.972
25 69.4 27 75.0 52 72.2
11 30.6 9 25.0 20 217.8
36 100.0 36 100.
0 72 100.0
22.4 22.8 22.6
0.783
4.080 5.329 4.7170

Turunggil Uretim alanlarinda goriilen zararhlara
kars1 genellikle kimyasal miicadele uygulandigi, oysa
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predator

olarak bulundugu

turunggil ekosisteminde ¢ok fazla parazitoit ve
turlerin  dogal

ve
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uygulanan kimyasallarin basta bu dogal dismanlar
tzerinde olmak tizere bir ¢ok olumsuz etki yarattig:
bildirilmistir (Satar ve ark, 2012). Turuncgil iiretim
faaliyetinde B/BT miicadele yontemi kullanimi, dogal
ortamda bulunan veya insan eliyle bahceye salinan

avclr turlere zarar vermemek adina, kimyasal
micadele kullaniminin &6nemli o6lglide azalmasini
saglamaktadir. Gorugiilen turunggil treticileri

arasinda B/BT miicadele uygulayan grupta yer
alanlar tretim silirecinde hastalik ve zararhlarla
micadele amacli olarak ortalama 4.3 kez,
uygulamayan grupta yer alanlar ise 7.3 kez kimyasal
ilag kullandigimi ifade etmislerdir. Iki grubun
kimyasal ilaglama sayis1 ortalamalari arasinda
anlaml diizeyde bir farklihk (p < 0.01) vardir. B/BT
miicadele uygulayan turuncgil treticilerinin % 87.11
uygulamayanlarin ise % 93.51 kimyasal ilaglarla
micadele hakkinda teknik bilgi destegi aldiklarim
ifade etmislerdir.

Elma yetistiriciligi yapan tureticiler arasinda B/BT
micadele uygulayan grupta yer alanlar tretim
stirecinde hastalik ve zararhilarla miicadele amaclh
olarak ortalama 22.4 kez, uygulamayan grupta yer
alanlar ise 22.8 kez ila¢ kullandigini ifade etmistir.
B/BT miicadele uygulayan ve uygulamayan elma
ureticilerinden olusan iki grubun kimyasal ilaglama
sayis1 ortalamalari arasinda anlamlhi diizeyde bir
farklilik (p > 0.05) yoktur (Cizelge 5). Elmada kaliteyi
etkileyen en o6nemli unsurlarin basinda karaleke
hastaliginin geldigi, Isparta yoresinde ticari anlamda
yetigtiricilik yapan ftreticilerin hastaligin meyveye
bulagsmasini 6nlemek i¢in hicbir ilag ve ilaglama
masrafindan kacinmadiklari, bir yilda karalekeye
kargt ortalama 13 defa ilaglama yapildig:
bildirilmistir (Boyraz ve ark, 2005). Karamiirsel ve
ark. (2004) tarafindan Egirdir ilgesinde yapilan bir
arastirmada da yorede elma yetigtiriciliginde goriilen
en yaygin hastaligin karaleke, en yaygin zararhilarin
ise i¢ kurdu ve kirmizi o6rimcek oldugu ifade
edilmigtir. Goruldigi gibi hastalik ve zararlilarla
micadelenin birlikte yirutiiliyor olmasi ve kara leke

hastaliginin  tahripkar etkisi nedeniyle yogun
miicadele gerekliligi, her iki grup arasinda ilaglama
sayisinin ayni kalmasinin nedeni olarak

yorumlanabilir. Isparta ili elma uretim alanlarinda
yuratilen bir bagka calismada ise igsletmelerde fazla
ila¢ kullaniminin, uygulanan dozun ve ilaglama
sayisinin fazla olmasi ile her ilaglamada birden fazla
ilacin karigtirilarak uygulanmasindan kaynaklandig:
ifade edilmistir (Demircan ve Yilmaz, 2005). B/BT

miicadele  uygulayan  ireticilerin % 69.4'u4
uygulamayanlarin ise % 75.01 kimyasal ilaglarla
miicadelede  teknik  destek aldiklarini ifade
etmiglerdir.

Ureticilerin  hastallk ve zararlilarla miicadele

sirasinda kullandiklar: kimyasal ilaglar ve kimyasal
miicadele hakkinda teknik destek kaynaklari agirlikli
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olarak bu kimyasallarin satigim1  yapan ilag
bayileridir. B/BT miicadele uygulayan tureticilerin %
63.9’u, uygulamayanlarin % 66.7’s1, tum ureticilerin
de % 65.3'4 i¢in bilgi kaynag ila¢ ve gubre satisi
yapan Dbayilerdir. Karatas ve Alaoglu (2011)
tarafindan Manisa’da yuriitilen calismada da
ureticilerin % 68.0’1 ila¢ se¢iminde ila¢ bayilerinden
tavsiye aldiklarini bildirmiglerdir. Antalya ilinde
yuritilen bir arastirmada ise treticilerin % 30.5'1 ilag
bayilerinin 6nerilerine, % 28.0’1 hastalik ve zararlinin
fillen go6rilmesine, % 25.6's1 6zel danigmanin
onerilerine, % 15.9u ise Tarim II Miidirliginde
caligan gorevlilerin  Onerilerine goére kimyasal
ilaclamaya karar verdiklerini ifade etmiglerdir
(Kutlar ve Ceylan, 2008).

Biyolojik/biyoteknik miicadele materyali kullanmama
nedeni

Kilincer ve ark. (2010) yapmis olduklar1 calismada
biyolojik miicadele uygulamalarinin son derece sinirl
ve bireysel uygulamalar olarak kaldigimi ifade
etmektedir. Karaturhan ve ark. (2005) na gore;
ureticiler aligkanhiklarini birakamamalari, entegre
ilaclarinin pahali olmasindan kaynaklanan trin
kaybetme korkusu, ila¢ ve giibre bayilerinin etkisinde
kalmalari, diger ureticilerden etkilenmeleri, entegre
urin ve girdilerin destek kapsaminda olmamasi,
kultirel onlemlerin  zorlugu, tarim tegkilatina
giivensizlik, entegre micadele uygulayan baz
ureticilerin diger treticilere bilgi aktarmamalar: ve
benzeri gerekeelerle entegre miicadele
uygulamalarina isteksiz kalmaktadirlar.

Aile igletmeciliginin sagladig1 avantajlar kullanilarak
cevre dostu tarimin gelistirilebilecegi, bunun i¢in
modern girdilerin kullanimini azaltmak yerine,
bunlar1 kontrol etmek ve yanlis kullanimini
onlenmek gerektigi, ¢cevre dostu yontemlerle lretilen
urunlerin desteklenmesinin énemi Karaer ve Girlik
(2003) tarafindan bildirilmistir.

B/BT miicadele uygulamasi yapmayan treticilere,
destekleme 6demesi olmasina ragmen hastalik ve
zararhlara karsi miicadelede neden B/BT miicadele
materyali kullanmadiklar: sorulmustur (Cizelge 6).
Cizelgeden de goriuldigi gibi, Ureticilerin % 32.44
B/BT miicadele uygulamasinin yiiksek maliyetli
oldugunu, % 19.44 B/BT miicadele materyallerinin
zamaninda ve yeterli miktarda temin edilemedigini,
% 15.7s1 bu destekleme modelinden habersiz
oldugunu, % 13.9u B/BT miicadele uygulamasinda
verimin disik oldugunu, % 12.9'u B/BT miicadele
uygulamasinin etkili olmadigimi, % 9.2’si komsu
bahcelerde uygulanmadigi middetce kendisinin
kullanmasinin anlamli olmadigini ifade etmiglerdir.
Elde edilen sonuglar bu c¢evre dostu yontemleri
kullanmaktan kaginilmasina neden olan c¢ok sayida
etken oldugunu ortaya koymaktadir.
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Cizelge 6. B/BT miicadele materyallerini kullanmama nedeni

Table 6. Reason for not using B/ BT control materials

B/BT miicadele uygulamayan
Not applying B/BT control

Adet Number) %
Bu destekleme modelinden habersizim (/ am unaware of this support model) 17 15.7
B/BT miicadele uygulamasi yiiksek maliyetli 35 32.4
High cost of B/ IT control application
B/BT micadele materyalleri yeterince ve zamaninda temin edilemiyor 21 19.4
B/ BT control materials cannot be provided adequately and on time
B/BT miicadele uygulamasinda verim dugiikligi oldugunu digiiniiyorum 15 13.9
FEfficiency is low when B/ BT control is applied
B/BT micadele uygulamasinin etkili olmadigini diigtiniiyorum 14 12.9
B/ BT control implementation is not eftective
Komsu bahgelerde uygulanmadig igin anlamh degil 10 9.2
Does not make sense because it is not applied in neighboring gardens
Diger (Others) 16 14.8
Ciftcilerin ¢evre duyarhliklarinin belirlenmesi arkasindaki gerekgeler olarak, ¢iftgilerin  bu

Ureticilerin Yeni Cevresel Paradigma Olceginde yer
alan ifadelere vermis olduklar: cevaplara bagh olarak
saptanan gevresel tutumlar1 Cizelge 7’de verilmigtir.
Buna goére arastirma kapsaminda gorisiilen
ciftcilerin ¢evre tutumu ortalama 3.58 olarak
belirlenmistir. Giinden ve Miran (2008) tarafindan
Izmir Ili Torbali Ilcesinde yapilan calismada ise
yorede bulunan c¢iftgilerin ¢evre tutumunun ortalama
3.62 olarak belirlendigi, buna gore yore c¢iftgilerinin
dogal cevreye duyarliliginin yaklasik orta derecede
oldugu ifade edilmistir. Kutlar (2016) tarafindan
Antalya Ili Merkez Ilgesinde “Entegre Miicadele
Aragtirma, Uygulama ve Egitim” projesine katilan ve
katilmayan treticilerle yapilan bir ¢caligmada, tretim
sirasinda asir1 ve yanhis kimyasal ila¢ kullaniminin
cevreye olumsuz etkileri olacagina dair géruse, egitim
projesine katilan treticilerin % 26.8’1, katilmayan
ureticilerin ise % 12.2’si olumlu goriis bildirmigtir.
Kizilaslan ve Kizilaslan (2005) tarafindan, ciftcilerin
tarimsal ila¢ kullanip kullanmadiklari, nasil karar
verdikleri ve dikkat ettikleri konularin arastirildig:
calismanin sonucglarina goére tarimsal ila¢ kullanan
ciftcilerin % 50’sinin orta, % 27.8inin yiksek |,
%22.2’sinin diistk ¢evre biling diizeyine sahip oldugu
bildirilmigtir. Aym1 ¢calismaya goére ilag satin alirken
cevre ve insan saghginma zararhlik diizeyini
sorgulayan ciftcilerin orani sadece %5.6’d1r.

B/BT miicadele yontemini uygulayan ve uygulamayan
ureticilerin c¢evresel paradigma o6lgegi puanlarini
kiyaslamak i¢in bagimsiz o6rneklemler t testi
yuritilmistir. Yapilan testin sonuglarina gére B/BT
miicadele yapan iireticiler (Ort: 53.68, Std. Sp:5.43)
ve B/BT miicadele yapmayan iireticiler (Ort: 53.70,
Std. Sp:5.57) arasinda anlaml bir fark yoktur. Cevre
duyarliliginin her iki grupta da esit ve orta dizeyde
oldugu sonucu, B/BT miicadele gibi c¢evre dostu
yontemlere her iki gruptaki dreticilerin de ilgi
gosterebilecegini  disundirmektedir. Bir grubun
uygulamas1 ve diger grubun uygulamamasinin
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yontemler hakkinda yeterli bilgi sahibi olmamasi,
yontemlerin etkinligi hakkinda ikna olmadigindan
Urinini riske sokmak istememesi ve B/BT miicadele
materyalleri ile birlikte kullanilabilen kimyasallarin
yiksek fiyath olusundan kaynaklanan maliyet
artiglari  siralanabilir. Bu gerekcgelere istinaden
yontemler hakkinda teknik Dbilgi veren yayim
faaliyetlerinin  artirnlmasinin  ve  yo6ntemlerin
destekleme kapsaminda kalmaya devam etmesinin
yararh olacag: dustinilmektedir.

SONUC

Aragtirma sonuglarina gore; Orti alti  sebze
yetigtiriciliginde ureticilerin B/BT miicadele
uygulamalarini  benimsemelerinde uygulamalarin

sagladig1 avantajlar 6n plana gkmstir. Ortii alty
sebze yetigtiriciligi faaliyeti ¢ogunlukla kiigciik aile
isletmeleri oOlgeginde yurutuldigi ve yogun isgiicu
kullanimi gerektiginden uygulama kolayhig1 saglayan
B/BT yontemlerine 1ilgi giderek artmaktadir.
Turunggil yetistiriciliginde ise birbirine komsu
parsellerin tiimiinde uygulama yapilmadigindan gok
bagarili sonuglar alinamayacagi goriisi yaygindir.

B/BT miicadele yontemlerini uygulayan tireticilerin
oncelikli olarak insan ve gevre saghgim distindikleri
igin bu yontemleri benimsedikleri anlagilmaktadir.
Fakat bunun yaninda B/BT miicadele materyallerinin
yiksek maliyetli olusu gortsii bu dtretici grubu
arasinda da yaygindir. B/BT micadele uygulamayan
ureticiler ise B/BT miicadele uygulamasinin yiiksek
maliyetli olugsunu, biyolojik miicadele materyallerinin
zamaninda ve yeterli miktarda temin edilememesini,
destekleme  6demesinden  habersiz  olduklarini
uygulama yapmamalarinin baglica gerekgeleri olarak
ifade etmiglerdir. Cevresel tutum ve ¢evreye olan
duyarlhilik diizeyleri bakimindan karsilastirildiginda
iki diretici grubu arasinda istatistiksel olarak anlamh
bir farklihk bulunmamig olup cevre duyarhihiklar
orta derecede olarak ifade edilebilir.
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Cizelge 7. Cift¢ilerin ¢evresel duyarhlik durumu
Table 7. Environmental awareness of producers

1. Diinyanin barindirabilecegi insan sayis1 ist sinirina yaklasiyoruz

1. We are approaching the limit of the number of people the earth can support.

2. Insanlarin dogay ihtiyaclarina uygun sekilde diizenleme hakk: vardir

2. Humans have the right to modity the natural environment to suit their needs.

3. Insanlar doga ile ters diistiigiinde genellikle feci sonu¢lar ortaya cikar

3. When humans interfere with nature, it often produces disastrous consequences.
4. Insan akl bir gekilde cevre sorunlarimin da iistesinden gelecektir

4. Human ingenuity will insure that we will not make the earth unlivable

5. Insanlar dogay1 ciddi sekilde istismar etmektedir

5. Humans are severely abusing the environment.

6. Eger nasil gelistirebilecegimizi bilebilirsek diinyada bol miktarda dogal kaynak
mevcuttur

6. The earth has plenty of natural resources if we learn how to develop them

7. Insanlar gibi bitkiler ve hayvanlarin da bu diinyada var olma haklar1 mevcuttur
7. Plants and animals have as much right as humans to exist.

8. Doganin dengesi modern sanayilesmis uluslarin etkileriyle basa cikabilecek
kadar gucludiir

8. The balance of nature is strong enough to cope with the impacts of modern
industrial nations.

9. Ozel yeteneklerimize ragmen biz insanlar halen doganin kanunlarina tabiyizdir.
9. Despite our special abilities humans are still subject to the laws of nature.

10. Insanlarin karsi karsiya oldugu su meshur ekolojik kriz ¢ok fazla
abartilmaktadir

10. The so-alled ‘ecological crisis” facing human kind has been greatly
exaggerated.

11. Diinya c¢ok smirli sayida odasi ve kaynaklari olan bir uzay gemisine
benzemektedir

11. The earth is like a spaceship with very limited room and resources.

12. Insanlar dogamin kendileri disinda kalan kismina hikmetmek tizere
yaratilmiglardir

12. Humans were meant to rule over the rest of nature.

13. Doganin dengesi ¢ok kirilgandir ve kolayca bozulabilir

13. The balance of nature is very delicate and easily upset.

14. Insanlar dogayr kontrol edebilmek i¢in onun nasil isledigine iliskin yeterli
bilgiyi er ge¢ 6greneceklerdir.

14. Humans will eventually learn enough about how nature works to be able to
control it.

15. Eger isler su an olduklar1 gibi devam ederse yakinda buytk bir ekolojik
felaketle kargilagacagiz

156. If things continue on their present course, we will soon experience a major
ecological catastrophe.

Cevresel Uygulama tipi Toplam Ort Std.Sp
paradigma Type of applying Total Mean SD
6lcegi toplam B/BT miicadele uygulayan

puani Applying B/BT control 53.68 3.58 5.429
FEcological

paradigm B/BT miicadele uygulamayan

scale total Not applying B/BT control 53.70 3.58 5.572
point

Ortalama

B/BT B/BT miicadele
miicadele uygulamayan
uygulayan Not  applying
Applying B/BT control
B/BT control

3.44 3.65

2.55 2.72

4.44 4.46

3.32 3.29

4.54 4.40

4.11 4.07

4.44 4.60

2.79 2.58

4.27 4.25

2.58 2.64

3.06 3.14

2.81 2.61

4.06 4.12

3.35 2.90

3.94 4.27

t- testi

t-test

t: -0.037 Sig: 0.970

(1)Kesinlikle katilmiyorum (2) Katilmiyorum (3) Orta derecede (4)Katiliyorum (5) Kesinlikle Katiliyorum

(1) Strongly disagree (2) Disagree (3) Neutral (4)Agree (5)Strongly agree
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Gerek insan sagligi ve dogal denge acgisindan, gerekse
zararlilarda kimyasallara karsi diren¢ olusumu ve
yogun kimyasal kullaniminin o6nlenmesi amaciyla
ureticilerin B/BT miicadele uygulamasina tesviki son
derece 6nemlidir. Bu yontemler hakkinda treticilere
teknik bilgi veren yayim faaliyetlerinin artirilmas:
kisa vadede yapilabileceklerin baginda gelmektedir.
Bu yontemlerin yayginlagtirilmas: i¢in treticiler bu
miicadele yéntemleri hakkinda bilgilendirilmeye ve
maddi olarak desteklenmeye devam edilmeli, bunun
yaninda tiiketicilere de bu yontemlerle tretilmig
uriunleri tiketme egilimi yaratacak bilgilendirme
calismalari yapilmalidir. B/BT micadele
yontemlerinin uygulanmasinda, gerek ureticilerin
eksik bilgi ve ihmallerinden ve gerekse aparat ve
canli materyalleri pazarlayan firmalarin satis sonrasi
ziyaretlerinin yetersizliginden kaynaklanan
aksakliklarin giderilmesi, uygulamalarin basarisina
olan inanci guglendirecektir. Buyuk boéluma ithal
edilen B/BT miicadele materyallerinin yiksek
maliyetleri ureticileri bu uygulamalardan
uzaklastirmakta, yontemlerin uygulanmasi sirasinda
yasanan gecikmelerin de ithalat silirecinden
kaynaklandigi anlagilmaktadir. Bu nedenle B/BT
micadele uygulamalarinin yayginlagsmasimna katki
saglayacak yerli B/BT materyallerinin tretimi igin
gerekli alt yap1 ve girigimlerin desteklenmesi hususu
yetkililer tarafindan orta ve uzun vadeli hedefler
arasina alinmalidir.
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ABSTRACT

Household food insecurity has become a significant problem in recent
years in Afghanistan particularly in the eastern region which is
caused by numerous factors. Hence, the purpose of this paper was to
examine and analyze the factors that affect food security at the
household level in the eastern region of Afghanistan. Government and
international organizations have jointly conducted the household
survey in the Eastern Region of Afghanistan containing 9774
households over 99310 individuals in 49 districts. The result showed
that the critical factors of food insecurity were caused by insecurity,
poverty; unsustainable livelihoods, lack of job opportunities; low wage
and income, landlessness in rural areas, and a huge influx of refugee
and internally displaced people IDP) migration. The study found that
46.9% of households were food insecure while 49.6% faced hunger in
the last one month and 48% of households had poor and borderline
food consumption score. Furthermore, 46.2% of households had
moderate to extremely reduced copy strategy index.

Afganistan'in Dogu Bolgesinde Gida Giivenligini Etkileyen Faktorler

OZET

Hanehalki gida giivensizligi son yillarda Afganistan'da 6zellikle dogu
bolgesinde ¢ok sayida faktoriin neden oldugu 6nemli bir sorun haline
gelmistir. Bu calismanin amaci, Afganistan'in dogu bolgesindeki
hanehalki diizeyinde gida giivenligini etkileyen faktorleri incelemek
ve analiz etmektir. Bu calismada, Afganistan huktumeti ve
uluslararas1 kuruluslarin ortaklasa yurittiikleri ve Afganistan'in
Dogu Bolgesinde 49 ilgede 99310'dan fazla kigiden olugsan 9774
hanehalklariyla gerceklestirilen anketler kullanilmigtir. Analiz
sonuclari, gida guvensizliginin kritik faktérlerinin guvensizlik,
yoksulluk; stirdiirilemez ge¢cim kaynaklari, is imkam eksikligi; diisuk
icret ve gelir, kirsal alanlarda topraksizlik ve biiyik milteci ve
yasadigi bolgeyi terk ettirilen insanlar gégii oldugunu géstermektedir.
Aragtirmada, hanehalklarinin  %46.9'unun gida givensizligi
oldugunu,% 49.6'sinin son bir ayda aglikla kars1 karsiya kaldigini ve
hanelerin%48'inin kotii ve sinirda yiyecek tiiketim skoru yasadigim
saptamigtir. Ayrica, hanehalklarinin %46.2'snda azaltilmis kopya
stratejisi endeksi orta, yiiksek veya ¢ok yuksek diizeyde bulunmustur.
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INTRODUCTION

Household food security can be defined as "access by
all people at all times to enough food for an active,
healthy life (World bank, 1986; Maxwell et al., 1999).
Food security is a situation that exists when all people,
at all times, have physical, social and economic access
to sufficient, safe and nutritious food that meets their
dietary needs and food preferences for an active and
healthy life (FAO, 2003; Uzma and Mohammad, 2004;

Zalilah Mohd and Khor, 2008; FAO, 2009; Lemba,
2009; Crush and Frayne, 2011; Hamad and
Khashroum, 2016). Food insecurity, which is the
absence of one or more of these conditions, is a major
cause of malnutrition that can affect health condition
and damage mental and physical development (FAO,
2009; Hala et al., 2015).

The determinants of food security vary at different
levels from global to regional and national to household
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and individual levels because food security is known as
a multidimensional phenomenon about climate
change, natural disasters, civil conflicts, and social
norms (Abdullah et al., 2017). All of these definitions
consist of four dimensions: availability, access,
utilization, and stability (Gittlesohn et al., 1998;
Weismann, et al., 2009; Anna and Joliffe, 2011; Philip,
2014). Nevertheless, there is no a specific indicator to
capture all dimensions of household food security
(Calogero et al., 2013). Hence, a combination of these
indicators indicates the multifaceted reality of
household food insecurity.

Indeed, a level of household hunger or food insecurity
must be addressed by getting information on different
circumstances, performances, and experiences that
serve as indicators of the unreliable degrees of severity
of the situation or state. However, the measurement of
household food security is a complicated issue; and the
most appropriate tool is the Household Food Insecurity
Scale (HFIS) to measure the food insecurity of
households (Onismo, 2015).

Afghanistan is considered to be one of the food and
nutrition insecure countries where a large number of
households experience in lack of food and malnutrition
by environmental disasters, poverty and four decades
of internal and external conflicts and wars. Therefore,
Afghanistan was ranked 171st food secure country of
the world in 2015 in UNDP Human Development
Index report (FSIN, 2017). In addition, Afghanistan
has one of the lowest Human Development Index
(0.374) in the world (UNDP, 2013). Besides, the
poverty is continuously increasing in the country, as
Afghanistan Living Conditions Survey (ALCS, 2017)
reported that in the last seven years, there has been an
increase in poverty from 36% to 43% in overall
Afghanistan particularly in eastern region, because of
a large influx of internally displaced people (IDP) and
returnees from neighboring countries Pakistan and
Iran. On the other hand, there are 11.1 million food-
insecure people in Afghanistan (SFSA 2017). More or
less 60% of children under the age of five years
experienced chronic and 8% suffered from acute
malnutrition (Johnecheck and Holland, 2007).

The National Risk and Vulnerability Assessment in
2012 estimated that 30.1% or 7.6 million people of the
Afghans are severely to reasonable food insecure and
among these, 8.5% or 2.2 million people is extremely
food insecure; as food consumption is on average less
than 1500 Kcal per person per day (AFSANA, 2014).
Nevertheless, according to the 2012 statistics, about
one-third of the Afghan population suffered from food
insecurity, and 36% lived under the national poverty
line (CSO, 2013).

The SFSA in 2017 noted that the high rate of chronic
food insecurity, which is not the result of a specific
shock, especially among landless households, 1is
indicating that availability of food (Poor harvests) was
not seemed to be the major driver of food insecurity,
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and access to food (distribution of the food available)
were important factors.

The households both in the urban and rural areas are
bared to risk and vulnerability to food insecurity. The
urban households experience more financial shocks,
but the rural households are more faced with natural
disasters and security. Thus, it is estimated that on
average Afghan households spent between 56-77% of
their total income on food (CSO, 2008; CSO, 2013). The
most vulnerable are women and children, not only in
Afghanistan but also all over the world as it is
estimated that 60% of those hungry being women and
more or less two-thirds of the affected households live
in the Pacific region and Asia (FAO, 2017), followed by
the elderly and disabled.

The high rate of food insecurity is caused by the lack of
access to a sustainable income in the country, because
of the high susceptibility of such a large share of the
households, major shocks, siege, conflicts, floods,
earthquakes, droughts or price changes, can quickly
degenerate in acute food security emergencies.
Nevertheless, there are some other principal factors as
well; for example, security, instability, low wages and
salaries, lack of job opportunities, low household
income, inadequate local production of cereals
especially wheat, declining livestock production, lack
of access and poor quality of drinking water,
insufficient water resources for agriculture, lack of
education and health service particularly for rural
areas, and refugee and IDP migration (Michael et al.,
2007).

Eastern region is considered as a food insecure region
due to physical security as well as returning a large
influx (1.6 million) of returnees from neighbor
countries Pakistan and Iran into the region (SFSA,
2017). On the other hand, food insecurity was high in
the insecure areas of the region, which is linked to lack
of employment opportunities, landscaping, lack of
access to agricultural land and water. However, in
2017, Afghanistan has experienced an important
factor affecting household food security: Half of the
country has been controlled by Anti Government
Elements that is limiting access to public services such
as road transportation, education or health services.
The objective of this study is to analyze the factors
affecting household food security and show the status
of household food insecurity and coping strategies to
minimize food insecurity among all households in the
Eastern Region of Afghanistan. This study will help
and give a bright conception on analyzing the socio-
economic characteristics of households, household
hunger score, food security situation, the level of food
insecurity, key factors affecting food availability and
shocks causing of food insecurity, reduce food
consumption coping strategy, main income sources,
food expenditure share and food consumption degree in
the eastern region.
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MATERIAL and METHOD

The primary data of this study comes from a large
household survey which was jointly conducted between
May and September 2017 by the government of
Afghanistan and international organizations in the
eastern region. This was the first survey that has been
done about household food insecurity in one region.
The survey was conducted on 9774 households in the
eastern region of Afghanistan which consists of four
provinces Nangarhar, Laghman, Kunar, and Nuristan
and each includes many districts, villages and
households. It was targeted to cover 10257 households
including IDPs, Returnees, and locals in this study, but
due to security concerns, 9774 households were
included. Furthermore, the households were divided
by cluster-based which were the most food insecure
districts of the eastern region.

The data collection was carried out, when the physical
insecurity increased in the country and the forced
return of millions of refugees, mostly from Pakistan
and Iran and marked by massive internal
displacement, for accuracy. During the data collection
group discussions were conducted with the community
elders on average 25 persons of the selected
communities to make sure that the collected data is
representing the view of the majority of the population
to obtain a general overview of the communities;
however, households were interviewed individually.

RESULTS and DISCUSSION

Socio-Demographic Characteristics of Respondents
This section expresses the socio-demographic
characteristics of respondents and households
including the age, gender, education, residence type,
registered returnees, household size, number of
disabled members (mental or physical) in the
household, and some other special characteristics of
the household head.

Afghanistan is a male dominant society, and it is
considered the responsibility of males to fulfill all the
requirements of household members such as food,
education, and health facilities, clothing and
sheltering. Therefore, most of the households are led
by males although in rare case females also lead the
household in the term of widowed, divorced or
separated. But female-headed households are more
than twice likely to be food insecure compare to those
households which the heads are male (ALCS, 2016).
The male-led households are higher in security assets,
formation, human resources, possession, and
increasing earning opportunities and having food
security. By Contrast, the female-led households are
more food insecure by having low income as the
Zambian Living Conditions Monitoring Survey
explained low-female-headed households are more
likely to be very poor and have higher food insecurity
than male-headed households (Chibende, 2011). The
most important reasons for this are the active role of
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women in agricultural activities, while the majority of
men works in income generating areas other than
agricultural activities. In this study, 95.0% of
respondents are male and 5.0% female (Table 1). This
pattern of male domination of the household heads
situation is similar in all over four provinces in study
areas. However, the female-headed household’s
position changes in some regions of Afghanistan; for
example, the highest percentage of female-headed
households recorded in Farah 22%, Faryab 15.4% and
Nimroz 10% (SFSA, 2014).

In the country like Afghanistan, where the family
structure is very strong and based on strong family
relationships, respects, values and community norms
behavior; the household head is always the decision
maker of the family; therefore, age is very important to
the level of maturity and making better household and
socio-economic decisions (SFSA, 2014). The age of the
household heads relates to food insecurity status as the
age of households increases the vulnerability of
household food security decreases (Bashir et al,, 2012).
In this study, the majority of household heads (91.7%),
which has the highest percentage in the age group, is
in the range of 18-64 years. However, the age groups
under 18 and over 65 are more to be food insecure than
the second group because of lower income and limited
employment opportunities. As Johnecheck and
Holland (2007) reported that there are 60% of children
less than five years old are suffered from chronic and
8% suffered from acute malnutrition in Afghanistan.
The result indicates that 60.9% of household heads are
illiterate (no reading and writing). The household,
whose head has no schooling at all, is more open to food
insecurity and are the worst situation in term of both
food expenditure and consumption. In general, the
level of illiteracy among the household heads is very
high in the study areas; therefore, it is likely to
increase the vulnerability of household food insecurity.
However, the household heads with high school or
higher education have a high level of income, food
consumption, and expenditure; For example,
households, whose head have no education, had 3.5
points food consumption scores lower than those that
had a primary school and nine points lower than
household heads with higher education (SFSA, 2016).
The households’ residence type in the study areas were
classified into three groups: Permanent Residences,
Returnees, and IDPs (Internally Displaced People).
IDPs are groups of people who have been obliged or
forced to flee or to leave their homes, in particular as a
result of or to prevent the effects of armed conflict,
conditions of generalized violence, human-made
disasters or violations of human rights, and who have
not crossed an internationally recognized State border
(UNCHR, 2014). Nevertheless, IDPs are the most
vulnerable and worst affected by food insecurity in
Afghanistan, due to not having access to food,
sanitation and health facilities (FSIN, 2017).
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Table 1. Socioeconomic characteristics of household head in the eastern region of Afghanistan
Cizelge 1. Afganistan'in dogu bolgesindeki hanehalklarinin sosyo-ekonomik dzellikleri

. .. Category Frequency %
Variables (Degiskenler) (Katezori) (Frekans)
< 167 1.7
Age of household head (years) 18
(Hanehalk: reisinin yasi (y1l)) 18 - 64 8961 L7
65 > 645 6.6
Male
Gender of household head (Bay) 9283 95.0
(Hanehalk: reisinin cinsiyeti) Female
491 5.0
(Bayan)
No school
(Okula gitmeyen) 5951 60.9
Primary school
Education level of household head Secondary school 353 37
(Hanehalk: reisinin egitimi) (Ortaokul) ]
ngh schoolﬂor‘ unlyers1te 1300 13.3
(Lise veya iiniversite)
Islamic school
(Islami okul) 369 3.8
. Perrpapgnt residence 4616 47.9
Residence type of household (Daimi ikamet)
(Ev tip) Returnee (Geri dénenler) 3040 31.1
IDP 2118 21.7
. <9 5520 56.5
fovold s
senisis 15-60 1439 14.7
No Income (Geliri yok) 5137 52.6
. <5000 AF's 1181 12.1
f}?ﬁjﬁﬁgﬁl‘“ﬁ,ﬁf (AFs/month) 5001-11999 AFs 2157 22.1
& 12000-19999 AFs 913 9.3
>20000 AF's 386 3.9
As shown in Table 1, the majority of the households are of a country. The average household size 1in

a permanent residence with the percentage of 47.2%,
followed by returnees with 31.1% and 21.7% IDPs.
Among the returnees 17% of households are registered
with the UNHCR and government of Afghanistan and
could get different assistance, however, 14 % remained
unregistered. According to UNHCR report, the total
estimated number of IDPs in Afghanistan was two
million by 2016. Moreover, the number of IDPs is
increasing all over Afghanistan day by day, as merely
318000 persons were newly displaced from 1st January
to 30th September 2017 due to disasters, military
operations and conflicts between the armed groups and
Afghan military forces (FSIN, 2017). Based on
province wise, the highest percentage of returnees and
IDPs are 36.8% and 26.6% in Nangarhar, followed by
Laghman 33.2% and 18.1%; Kunar and the lowest
percentage is in Nuristan 0 and 17%.

Larger households have a higher probability of being
food insecure than smaller ones (Mudefi, 2011). As
Table 1 demonstrates that on average household size
is 10.05 which is larger than a typical household size
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Afghanistan is 8.0 members (UN, 2017). On the other
hand, the result shows that the vast majority of
households (56.5%) had 1 to 9 members followed by
28.7% between 10 to 14 members, whereas 14.7%
accommodated 15 to 60 members. Moreover, the last
two groups are the most vulnerable of household food
insecurity due to having a large household size, as it is
reported in many research that households with a
larger number of members are more likely to be food
insecure.

Sustainable income and its source are essential for
household food security. The results found that 47.8%
of households had one income, while 33.3% had a
second income and the minority (16.4%) had third
income as well .Table 1 demonstrates that the majority
of households (52.6%) did not have any income. Such
families might live in rural or insecure areas where
there are no job opportunities and are the most food
insecure as well as in such case the households
withdraw children from school in order to work rather
than study, followed by 22.1% (12000-19999) which is
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the average income of the country and such households
can be practicing agricultural activities. Therefore, the
minority of households (3.9%) had income more than
20000 AF's and are the most food secure households in
the study areas.

Household food expenditures

Economic vulnerability is the crucial factor of
household food insecurity and can be measured by the
relationship between food expenditures and overall
household expenditures. Since food expenditure is
generally inelastic (there is no percentage difference
with income, as households are likely to increase
spending on other items once food needs are satisfied),
a high share of food expenditure shows a less capacity
to deal with economic shocks and is generally related
with poverty (SFSA, 2014).

Table 2 shows the importance of food expenditure in
each income group. It revealed that the households
with lower income spend an important amount of
expenditure on food items compared to higher income
household, the higher income households spend less
amount of expenditures on food items rather than non-
food items such as health, shelter, and education of the
family members This results similar to Akbay et al
(2007) and Akbay ve Bili¢ (2011). However, it can be
mentioned that when the food prices are higher, so it
is needed to spend more on food items out of the total
income, so less amount remains for other needs like
health, education, and living etc. The structure of
household food expenditure is clearly demonstrated by
Engel's law stating that the share of food expenditure
in total expenditure decreases as income increases
(Patrick, 2012).

As shown in Table 2, on average 11.62% of households
spend their income on food in the study area, which is
much lower than SFSA findings (61.6%) in 2014. It is
revealed that 27% of households did not spend their
income in the last 30 days. It shows that such
households consumed their own agriculture
productions, while households with income less than
5000 AFs spent 18.09% of their income on food.
However, highest income households spent only 7.28%
of their income on food; it might be the case of social
activity such as wedding or death or the month of
Ramadan. The most important reason for these low
shares is that most of the households live in rural areas
and can mostly consume their own products. The
majority of households (36%) spent their income on
cereals as cereals are the typical daily meal of Afghan
food, while 12.65% on oil and fat, 11.29% on sweets
especially sugar, 11.11% on pulses, 9.74% on fruit and
vegetables, 6.14% on meat and fish, and minority of
households (5.51%) spend on dairy products because
most of households have their own dairy production.
As expected, the share of bread and cereals to total food
expenditure declines but share of food away from home
decrease when moving from the first to the fifth
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quintile of the per-capita distribution of food
expenditure. This results similar to Akbay et al (2007
and 2008), Patrick (2012) and Akbay (2018).

Household Food Consumption Scores

The Food Consumption Scores (FCS) considers as a
proxy indicator for measuring the degree of current
food security. FCS are the sum of consumption
frequency (within 7 days recall from the date of the
survey) of each food groups (cereal, vegetables, fruits,
pulses, meat/fish and dairies, eggs, sugar and oil)
weighted by their nutritional values. Standard weights
were used for each of the food groups that constitute
the food consumption score (Calogero et al., 2013). FCS
based on food groups is calculated as following
formula:

FCS = (starches*2)+(pulses*3)+vegetables + fruit +
(meat*4)+ (dairy*4)+ (fats*0.5)+ (sugar*0.5).

On the other hand, Household Food Consumption
Score (HFCS) is the consumption pattern (frequency *
diversity) of households over the past seven days.
Dietary diversity (DD) is the number of different foods
or food groups consumed over the past seven days
(SFSA, 2014). However, food frequency (FF) is the
number of food consumption of a specific food item by
household in the past seven days (Icheria, 2012). The
most diversified and best consumption, with maximal
FCS at 112, means that all food groups are eaten 7
days a week (SFSA, 2014). According to HFCS,
households are divided into three categories as “Poor”
(1-28), “Borderline” (28.01 — 42) and “Acceptable”
(above 42) (SFSA, 2016).

On average, 7.4% of household had poor food
consumption, while, 40.6% had borderline and 52,0%
had acceptable food consumption in study areas
(Figure 1). On the other hand, the similar result was
reported by SFSA in 2014; stating that on average
5.7% of household has poor food consumption, and
25.9% had borderline which was slightly lower than
finding of this study area, however, 68.5% of household
has acceptable food consumption in Afghanistan. As a
similar study, Vaitla (2015) estimated that 10.7% of
household had poor food consumption, while, 22.2%
had borderline and 67.2% had acceptable food
consumption with the pooled data set contained 10
countries: Ethiopia, Haiti, Kenya, Mongolia, Pakistan,
Somalia, South Sudan, Sudan, Uganda, and
Zimbabwe. Butaumocho and Chitiyo (2017) reported
the similar findings when studying food security in
rural Zimbabwe, with only 8% of households having a
poor food consumption and 24% borderline and 68%
having acceptable food consumption. Average FCS in
Zimbabwe was found to be 48.6. According to WFP
(2015), 13% of households having a poor food
consumption, and 21% having a borderline food
consumption in Kathmandu.
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Table 2. The share of food expenditure by household income group (%)
Cizelge 2. Gida harcamalarinin hanehalk: gelir guruplarina gére Dagilimi (%)

Food Expenditures Lowest income (Zero AFs) | 1 to 5000 5001-11999 12000- <20000 Average
(Gida Harcamalari) (Diistik gelir grubu) Afs AFs 19999 AFs AF's (Ortalama)
Bread and cereals
(Bugday ve tahillar) 38.09 37.25 36.33 36.52 33.56 35.98
Meat/Fish
(Et/Balik) 6.57 5.97 5.97 5.97 6.3 6.14
Pulses
(Baklivad) 11.24 11.24 114 10.91 10.92 11.11
Fruit/Vegetables
(Meyve/Sebze) 9.19 9.11 10.15 9.29 10.44 9.74
Oil/Fat
(Bitkisel ve hayvansal 12.79 13.04 12.79 12.29 12.54 12.65
Yaglar)
Dairy products
I 5.88 5.78 5.34 5.52 5.28 5.51

(Stit tirtinler:)
Salt 4.78 4.31 4.2 4.02 3.87 4.16
(Tuz)
Sweets
(Tathlar) 10.03 11.02 11.17 11.42 12.01 11.29
Drinking water

: 0.12 0.11 0.08 0.11 0.17 0.12
(Igme suyu)
Milling 0.56 0.61 0.33 0.39 0.65 0.51
(Unlu mamuller) ) ) ’ ) ’ )
Meals outside
(Ev disinda yemeld) 0.77 1.54 2.23 3.55 4.25 2.79
Total 100.00 100.00 100.00 100.00 100.00 100.00
(Toplam)
Share of food expend.
on total expenditure 27.05 18.09 14.03 11.60 7.28 11.62
(Gidanin toplam
harcamalardaki orani)

The source of food is vital in the case of shock or
vulnerability of household especially in rural areas.
The households were asked about the sources of food
taken in last seven days. It was found that the majority
of the households purchased food from markets. For
instance, on average 56.4% of households bought on

cash while 17.2 bought on credit. Nevertheless, 7.4% of
household consumed own production which is come
from rural areas and 1.4% got food aid assistance
either from government, relatives or international
organizations.

60,0

50,0

52.0%

40.6%

40,0
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20,0

10[0 1.4%

Poor

Borderline

Acceptable

Figure 1. HFCS in overall
Sekil 1. Genel olarak HFCS
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Reduced Household Coping Strategy Index

The Reduced Coping Strategy Index (RCSI) seizes the
relations between household coping strategies and food
consumption and it is a proxy indicator for food
insecurity that records a score to each household
depending on their dependence on food-based coping
strategies in the past seven days (Rukundo et al.,
2016). The above strategies are weighted as per their
severity of borrowing and changing food distribution.

Table 3. Households’ reduced coping strategy index

Cizelge 3. Hanehalki'nin azaltilmis basa ¢ikma stratejileri

According to results, average RCSI was 9.02 and
32.26% of households rely on less preferred and
inexpensive food, while 37.92% limited portion size at
meal time, however, 14.75% borrowed or rely on help
food and 4.32% restrict consumption by adults for
small children to eat (Table 3). Vaitla et al (2015)
estimated RCSI for 20 region and found that RCSI
varied across region from 4.53 (Pakistan) to 24.86
(Sudan).

. . Weighted score =
Number of | Universal severity s
Variables (Degiskenler) days weight+ frequency*weight Percentage
. . (Agirhikh puan = siklik * (Yiizde)
(Giin say1s)) | (Evrensel agiriik) 9
agirlik)
Rely on less preferred and less expensive food
(Daha az tercih edilen ve daha az pahal 2.91 1 2.91 32.26
gidalarin tercihi)
Limit portion size at mealtime
(Yemek zamaninda porsiyonun azaltilmasi) L7 2 3.42 37.92
Re(.i'uc? th'ev{lumber of meals per day 0.97 1 0.97 10.75
(Ghinliik 6giin say1sini azaltan)
Borrow food or rely on help from relatives or
friends
(Gida  odiing almi  veya akraba veya 0.44 3 1.33 14.75
arkadaslarinin yardimina giiven)
Restrict consumption by adults for small
children to eat
(Kiigiik ¢ocuklarin yemesi igin yetiskinlerin 0.39 1 0.39 4.32
tiiketimini kisitlayarak)
Total (Toplam) 9.02 100.00

+: The Universal severity weight is standard formula of World Food Programme (Maxwell and Caldwell, 2008).

In this study, the RCSI classified into five different
categories based on its scores as minimal (0-8),
moderate (9-15), severe (16-25), very severe (25-30)
and extreme (30-56) coping strategy. The Figure 2
shows that on average, 1.6% of household had extreme
category, while 1.3% very severe, however, 12.1% had
severe, 31.1% had moderate and 53.8% had minimal
copying strategy. On the other hand, SFSA reported in

Extreme
1.’7%

. Severe
12.1%

\ery severe
1.3%;

2014 that in overall Afghanistan on average, 1.1% of
the households are both in extreme and very severe
categories, while, 14.3% are in moderate and 79.9% are
in minimal. According to results of Vaitla et al (2015),
41.6% of households were food secure, 15.9% are
moderately insecure and 38.5% are severely food
insecure.

Figure 2. The percentage of households’ reduced coping strategy index in the eastern region of A
Sekil 2. Afganistan’in Dogu bolgesindeki hanehalklarinin azaltilmis basa ¢ikma stratejisi endeksi ytizdeleri
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In this study, the general coping strategy included six
months with a series of questions to understand the
food security situation in the short-run (acute food
insecurity). It was found that 66% have faced a lack of
money to buy food in the past six months due to
different general coping strategies.

Moreover, the survey results show that the most
generally adopted short term strategies were
increasing daily working (43.1%), followed by 27.9%
spent their savings and 21.3% increasing the collection
and selling of natural resources (stones, wild plants,
etc.). However, some of the distress adopted strategies
also observed; for example, 4.1% households withdrew
children from school, 3.9% sold their land or houses
and 1% engaged in illegal activities such committing
crime.

Household Hunger Scale and food insecurity

The Household Hunger Scale (HHS) is an individual
indicator; which is a household food deprivation scale
based on the scheme that the experience of household
food deprivation causes expected responses that can be
recorded by a survey and summarized in a scale
(Ballard et al., 2011). However, the number of
organizations broadly used for estimating the current
food security during the nineties, when other food
security quantitative measures were not available for
quantitative measurements like FCS and the share of
household expenditure on food, with the introduction
of them, the usage of HHS has decreased. However, the
HHS is a tool for measuring the acute food insecurity
merging with other vital indicators, like food diversity
and food groups (SFSA, 2016).

The HHS finds almost a quarter of households during
the pre-harvest period in Afghanistan are so food
deprived that households experience hunger having

inadequate food to feed household members or having
to skip meals for a whole day and night due to the
incapability of accessing any type of food (SFSA, 2014).
Based on data collection on HHS the household were
asked three questions about (i) was there no food, (ii)
did anyone sleeps hungry, (iii) did anyone goes whole
day hungry in the last 30 days? On the other hand, the
answer was recorded with (never for 0, rarely for 1-10
and often more than 10 times) and group into five
scales, no, little, moderate, severe and extreme hunger.
According to survey results, on average 55.5% of the
households reported no hunger, while 25.6% reported
little hunger, moreover, 21.8% had moderate, and 1.7%
had severe hunger, however, the 0.5% of household had
extreme hunger which is not much come in
Afghanistan except in some provinces due to lack of
access to food markets or food production areas (Figure
3). Butaumocho and Chitiyo (2017) reported that the
82% of household little or no hunger, 16% had
moderate and 2% had severe hunger in Zimbabwe. On
the other hand, Samwel (2014) found different results
in Kenya; only 19.4% of the households are food secure
overall while 80.6% of the households are food
insecure. Moreover the study area was revealed to be
food insecure with severe hunger because most of the
households (32.5%) were severely food insecure.

When we compare FCS, RCSI and HHS, the FCS gives
the highest level of food insecurity followed by RCSI
while the HHS gives the lowest food insecurity.
According to FCS, 52% of household food secure but
48% of household food insecure while results for HHS
indicated that 76% of household food secure but 24% of
household food insecure in the research area. These
numbers for RCSI were 53.8 and 46.2%. This results
consistent with the findings of Butaumocho and
Chitiyo (2017) and Maxwell et al (2013).
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Figure 3. Household hunger scale in the region
Sekil 3. Bolgedeki hanehalk: aghk 6lcegi
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According to survey results, on average, 7.4% of
households had poor food consumption, while, 40.6%
had borderline and 52% had acceptable (adequate) food
consumption in study areas. It is found that 32.24% of
households rely on less preferred and inexpensive food,
while 37.93% limited portion size at mealtime,
however, 10.73% borrowed or rely on help food and
4.32 restrict consumption by adults for small children
to eat. According to results, %95.1 of households spent
more than 60% of their total expenditure on food. 2.6%

spent 40-60% of their expenditure on food and 2.4% of
household spent less than 40% of their expenditure on
food. By comparing household food consumption score
and share of food consumption expenditure in total
expenditure, it is found that 46.9% of households are
food insecure (red colored area), while 49.4% were in
borderline (yellow colored area) and 3.8% were food
secure (green colored area) in the study areas (Table
4).

Table 4. Household food insecurity in the eastern region of Afghanistan
Cizelge 4. Afganistan'in dogu bolgesindeki hane halki gida giivensizligi

Expenditure on food (%)
(Gida Harcamasy)

Household food security
(Hanehalk: Gida Griivenligi)

Poor (1-28)
(Fakir)
Food
consumption ‘
score (%) Borderline
(Gida Tiiketim (28.1-42)
skoru) (Sinirda)
Acceptable
(>42)
(Kabul edilebilir)

Poor (>60%)
(Fakir)

Bordering (48.6)
(Sinirda)

Borderline (%40- Acceptable
%60) (<40%)
(Sinirda) (Kabul edilebilir)

Bordering (0.1)
(Sinirda)

Bordering (0.7)
(Sinirda)

Acceptable (0.3)
(Kabul edilebilir)

Acceptable (2.0)
(Kabul edilebilir)

Acceptable (1.5)
(Kabul edilebilir)

CONCLUSIONS and RECOMMENDATIONS

The objectives of this research were to analyze the
socio-economic characteristics of households in the
term of food insecurity in the eastern region, followed
by the food security situation, understand the level of
food insecurity and the key factors affecting food
security and its availability, access and food utilization
in the eastern region of Afghanistan. The study showed
the result of the following questions: What are the
critical factors of food insecurity in the eastern region?
What level of food insecurity is in the region? How can
households suffer from food insecurity?

The findings of this research show that socio-
demographic factors played an important role in
household food insecurity in the eastern region as food
insecurity was higher among vulnerable households;
such as, household heads with less than 18 and over 64
years age; female-headed and separated or divorced
households; illiterate household heads; household size
particularly with 10-14 and 15-60 members including
a large number of children; permanently disabled
household heads; households types especially in tent
camp and open space; newly IDPs and returnees from
Iran and Pakistan; households with no or one income
source.

On the other hand, the primary key factors which
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affected household food security in the eastern region
were: insecurity and conflicts, natural disasters
including floods, droughts, earthquakes and extreme
weather; unsustainable livelihoods and declining
livestock production, the lessening of livelihood assets;
insufficient water resources for irrigation; poor
infrastructures roads, houses, schools and markets;
lack of access and poor utilization of food and under
development, food price fluctuations and inadequate
market functionality, increase in food prices, poverty;
a lack of employment opportunities in the ruler areas;
low wage and household income; lack of education and
health services, particularly for women; landlessness
in rural areas, and huge influx of refugee and IDP
migration; as whole were the significant drivers of food
insecurity in Afghanistan.

According to results, in the research area, the illiteracy
level of the household heads is very high thus it
recommends for the government of Afghanistan to
provide vocational training and short term workshops
about food security to the heads of households. On the
other hand, the vulnerable food insecure household
students must get free monthly food kits such as
cereals, sugar, and oil to reduce students’ school
withdrawal.

As there is a lack of job opportunities for women in the
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eastern region, it is recommended for an international
and governmental organization to provide beekeeping,
poultry, and rug waving assistance to have a
sustainable income to reduce food insecurity.

The eastern region has enough water but the conflict
and war immensely damage the irrigation system, and
all the water goes to Pakistan. It is obligatory for the
government to rebuild the irrigation system and save
the water. On the other hand, there are many
rangelands and desserts the government must
distribute a medium size land to food vulnerable food
insecure households to cultivate and improve their
income as well as the country’s agriculture.

The majority of the households in the rural areas are
directly and indirectly rely on land; most of them are
small farmers and have many problems regarding
cultivations and agriculture inputs. The availability of
the food market is very weak in the eastern region, so
it is better to establish bazaar days during the
weekdays. It will both help farmers and households
because farmers can sell their products and get a good
income and the households can access food quickly and
cheaply.

Results of this study will provide relevant input in
making decisions and policies in the area of household
food insecurity. Therefore, the result will also help
international and local nongovernmental
organizations (NGOs) in the planning of development
food aid programs for the government or international
organizations.
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OZET

Bu calisma, geleneksel yontemle tiretilen Turk yogurtlarindan izole
edilmis laktik asit bakterilerinin, siit laktozunun karbonhidrat
metabolizmasindaki kullanim miktarlarini ve format, pirtivat, 3-
hidroksi-2-biitanon (asetoin), etanol ve 2,3-biitandiol tretim
miktarlarini1 HPLC ile tespit etmek amaciyla yapilmistir. Geleneksel
ve endiistriyel yogurt iiretiminde yaygin olarak kullanilan iki laktik
asit bakteri tiirii Streptococcus thermophilus (St. thermophilus) ve
Lactobacillus delbrueckii subsp. bulgaricus (Lb. bulgaricus) kiiltiir
stogundan kullanilmistir. 88 adet St. thermophilus ve 12 adet Lb.
bulgaricusun  yukarda adi gecen metabolitlerinin  farkh
besiyerlerinde ve siitte Uretim potansiyelleri arastirilmistir. St
thermophilus izolatlari, anaerobik SM17, aerobik SM17, LM17 ve
siitte, Lb. bulgaricus izolatlar1 anaerobik MRS (Man, Rogosa ve
Sharpe Broth) aerobik MRS ve siitte gelistirilmistir. St. thermophilus
izolatlarinin belirlenen metabolit konsantrasyon araliklari format,
pirtivat, 3-hidoksi-2-biitanon, etanol ve 2,3-butandiol miktarlari
sirasiyla  0.1+0.0-77.0+0.2 mg/kg, 0.1+0.0-90.2+0.0 mg/kg, 0.1+0.0-
127.0+8.4 mg/kg, 2.1+0.0-191.4+1.1 mg/kg ve 1.1+0.0-130.0+5.2 mg/kg
olarak belirlenmistir. Lb. bulgaricus izolatlarinin format, piriivat, 3-
hidoksi-2-biitanon, etanol ve 2,3-biitandiol miktarlar1 sirasiyla
0.2+0.0-57.0+1.0 mg/kg, 0.1+0.0-3.2+1.0 mg/kg, 0.1+0.1-77.0+2.0
mg/kg, 9.1£3.0-95.3+5.0 mg/kg ve 6.2+0.2-98.4+£2.0 mg/kg olarak
belirlenmistir. Calismada miktar araliklar: tespit edilen metabolitler,
geleneksel yontemlerle fermente edilen yogurtlardan izole edilen
bakterilerin alt kulturlerine aittir. Bu izolatlar ticari yogurt
endustrisi i¢in baglangi¢ kiltiri olma potansiyeli tagimaktadir.
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Determination of Some Aroma Metabolites of Streptococcus thermophilus and Lactobacillus delbrueckii

subsp. bulgaricus Isolates from Traditional Yogurt, by HPLC
ABSTRACT

This study was conducted to determine lactic acid bacteria isolated
from Turkish yoghurts produced by traditional methods, amounts of
usage of milk lactose in carbohydrate metabolism and formate,
pyruvate, 3-hydroxy-2-butanone (acetoin), ethanol and 2,3-butandiol
production amounts by HPLC. Two lactic acid bacteria species, widely
used in traditional and industrial yoghurt production Streptococcus
thermophilus (St. thermophilus) and Lactobacillus delbrueckii subsp.
bulgaricus (Lb. bulgaricus) were used from cultural stock. Production
potentials of the above mentioned metabolites of 88 pieces of St.
thermophilus and 12 pieces of Lb. bulgaricus were researched in
different mediums and milk. St. thermophilus isolates were grown in
anaerobic SM17, aerobic SM17, LM17 and milk and Lb. bulgaricus
isolates were grown in anaerobic MRS (Man,Rogosa and Sharp Broth),
aerobic MRS and milk. Amounts of formate, pyruvate, 3-hydroxy-2-
butanone, ethanol and 2,3-butandiol determined by HPLC of St
thermophilus isolates were specified respectively as 0.1+0.0-77.0+0.2

Research Article

Article History
Received
Accepted

- 04.08.2019
$28.11.2019

Keywords
Yoghurt

St. Thermophilus
Lb. Bulgaricus
Aroma metabolite

HPLC



KSU Tarim ve Doga Derg 23 (2): 480-493, 2020
KSU J. Agric Nat 23 (2): 480-493, 2020

Aragstirma Makalesi
Research Article

mg/kg, 0.1+0.0-90.2+0.0 mg/kg, 0.1+0.0-127.0+8.4 mg/kg, 2.1+0.0-
191.4+1.1 mg/kg and 1.1+0.0-130.0+5.2 mg/kg. Amounts of formate,

pyruvate, 3-hydroxy-2-butanone,

ethanol and 2,3-butandiol of Lb.

bulgaricus isolates were specified respectively as 0.2+0.0-57.0+1.0

mg/kg, 0.1+0.0-3.2+1.0 mg/kg,
95.3+5.0 mg/kg and 6.2+0.2-98.4+2.0 mg/kg.

0.1+0.1-77.0+2.0 mg/kg,

9.1+£3.0-

Metabolites that

determined quantified ranges in study, belong to subcultures of
bacteria isolated from yoghurts fermented by traditional methods.
These isolates have the potential to be a starter culture for commercial

yogurt industry.

To Cite : Yazdig F, Akyol I, Yazdig FC Geleneksel Yogurtlardan Izole Edilen Strepcoccus thermophilus ve Lactobacillus
delbrueckii subsp. bulgaricus Izolatlarinin Baz1 Aroma Metabolitlerinin HPLC Ile Belirlenmesi. KSU Tarim ve Doga
Derg 23 (2): 480-493. DOI: 10.18016/ksutarimdoga.vi.601431.

GIRIS

Yogurt, Lb. bulgaricus ve St. thermophilus bakteri
kultirleri tarafindan tretilen fermente bir sit
iriiniidiir (Shoji ve ark., 2013). Bu bakteriler, piriivat
metabolizmas1 yoluyla homofermentatif olarak alt
karbonlu sekerleri laktik asit ve cesitli karbonil
bilesiklerine cevirirler (Gezginc ve ark., 2015). L.
bulgaricus ve St thermophilus  arasindaki
biyokimyasal protokooperasyon, Lb. bulgaricusun
buyumesi i¢in gerekli olan ve St thermophilus
tarafindan saglanan format metaboliti ve Lb.
bulgaricus susglar1 tarafindan uretilen siit proteinleri
kaynakli serbest amino asitler ve peptitler tarafindan

uyarilmasina dayanmaktadir (Horiuchi ve Sasaki,
2012).

Bu bilegenlerin miktarlari yogurda aroma verirler ve
yogurdun tekstiir yapisini etkilerler. St.
thermophilusun siit fermentasyonundaki ana roli
galaktozu metabolize etmek suretiyle laktik asit
ureterek asitlik seviyesini yiikseltmektir. Bu asitlik
patojen mikroorganizmalarin bulagsmasina engel olur
(Derzelle ve ark., 2005) ve yogurdun tadina katkida
bulunur.

Tat ve aroma, cesitli fizikokimyasal 6zelliklere sahip
pek ¢ok ucgucu ve ugucu olmayan bilegsenlere baghdir
(Rabha ve ark., 2011). Siit laktozu, Lb. bulgaricus ve
St. thermophilus tarafindan laktik asitle birlikte
kigik miktarlarda aroma bilesenlerine metabolize
edilirler  (Ornegin; ketonlar, asitler, furanlar,
aldehitler, stulfiir bilesenleri ve diger bilegenler; 10-50
mg/kg) (Cayot ve ark., 2011). Ashinda yogurt aromast,
¢ok sayida ugucu organik bilegen arasindaki dengedir
ama yalnizca ¢ok az bir bilesigin algilanan aromada
énemli bir etkiye sahip oldugu goriilmiistiir (Imhof ve
ark., 1995). LAB’de aroma olusumunun baslangici ve
merkezi olan piriivat metabolizmasindan sonraki
biyokimyasal yolaklar, cesitli aroma bilesenlerinin
(Ornegin; asetat, format, etanol, asetaldehit, diasetil,
asetoin ve 2,3-biitandiol) olusumunu saglamaktadir
(Liu, 2003). Laktik asidin énciisti (prekiirsor) pirtivat,
LAB tarafindan karbonhidratlar, organik asitler ve
amino asitler gibi pek ¢ok substrattan uretilir. LAB'de
piriivat ve laktik asit formasyonu icin, sekerler (alt1
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karbonlular ve bes karbonlular) genel olarak oénciil
substratlardir. Ancak, heksozlar (alt1 karbonlular) ve
pentozlarin (bes karbonlular) piriivat ve laktik aside
doniigimi i¢in metabolik yollarin kisa bir ana hatti
Sekil 1'de gosterilmigtir. Bazi LAB, seker
fermentasyonlarini kullanarak piriivat ve laktat tiretir.
Bunlar polioller, organik asitler, ve amino asitlerdir.
Bu substratlarin  pirivat ve laktik aside
transformasyonu tiire 6zgiidiir. Polioller genel olarak
LAB tarafindan fermente edilemezler ancak bazilar:
istisnadir. Baz1 hekzitoller (alti-karbonlu polioller) ve
pentioller (bes-karbonlu polioller) karbon ve enerji
kaynag olarak kullanilabilirler. Orn: Mannitol
(hekzitol) (Liu, 2003). Ortamda glukoz sinirh
oldugunda, St. thermophilusun siitte bluylumesi ile
piriivat-format liyaz (pf) aktivitesi ile format
metaboliti sentezlenmektedir (Perez ve ark, 1991).
Pirtvatin laktik aside indirgenmesinde Embden-
Meyerhof-Parnas (EMP) yolu kullanilir. Laktat
dehidrogenaz (/dh) enzim geni bu sentezde rol
oynamaktadir. LAB tarafindan glukoz monomerleri,
treonin amino asidi ve niikleik asitlerden bazi enzim
sistemleri (sirasiyla aldehitdehidrogenaz, treonin
aldolaz, deoksiriboaldolaz) ile asetaldehit metaboliti ve
alkoldehidrogenaz enzimi 1ile etanol metaboliti
sentezlenmektedir (Yazdic, 2017).

Iki dehidrogenaz geni (adhA ve adhB) ve
diasetil/asetoin rediiktaz geni (butd) diasetil ve

asetoin metabolitlerinin olugsumundan sorumludur
(Hols ve ark., 2005). Asetoin iiretimi hakkindaki bir

diger yaygin yaklasim, 2,3-butandiolin se¢ici
oksidasyonudur. Asetoin, fermentasyonun
baglangicinda 2,3-butandiole dontigiirken,

fermentasyon ortalarina dogru az miktarda da olsa
2,3-biitandiol asetoine doniisebilmektedir (Rao ve ark.,
2011). Tim bu aromalar, gida {riiniiniin tad1 ve
patojenlerce glivenilir olmasi konularinda
onemlidirler. Bu ise aroma tireten mikrobiyal suglarin
secimini 6nemli kilmaktadir. Lezzet fermente siit
urinlerinin vazgegilmez o6zelligidir ve bu nedenle
aroma Ureten genel olarak giivenli bakterilerle
arastirmalarin yapilmasi ve bu bakterilerin siit
endiistrisine kazandirilmas: gerekmektedir.
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BioSt4, BioSt8, BioSt45 ve BioSt46 izolatlar
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Sekil 1. Bir hekzozun piriivat metabolizmasinda aroma
metabolitlerine indirgenmesi (Yazdig, 2017).

Figure 1. Reduction of a hexose to aroma metabolites in
pyruvate metabolism.

Bu calisma, geleneksel yontemle fermente edilen
yogurtlardan  izole edilen  bakterilerin (St
thermophilus ve Lb. bulgaricus) aroma profillerini
belirlemek amaciyla yapilmistir. Boylece yeni sug olma
potansiyeli tasiyan izolatlar yogurt endiistrisi igin
onerilebilecektir.

MATERYAL ve METOD
Suglarin Tanimlanmas

Morfolojik ve Biyokimyasal Tanimlama. Geleneksel
olarak {iretilmis yogurtlardan izole edilen (Gezging,
2010) ve kiiltiir stogunda bulunan toplam 100 izolat
(88 adet St. thermophilusve 12 Lb. bulgaricus) ve iki
adet St. thermophilus referans susu (NCBF2393 ve
NIZO130) calismada kullamilmistir. St. thermophilus
izolatlart SM17 (% 0,5 siikrozlu LM17) besiyerinde
42°C’de, Lb. bulgaricus izolatlari ise MRS besiyerinde
(deMan, ve ark., 1960) 37°C’de aktiflestirilmistir.
Standart gram boyama metodu ile kok ve c¢ubuk
morfolojisine sahip St. thermophilusve Lb. bulgaricus
kolonileri birbirinden ayrilmigtir. Kati besiyerinde
gelistirilen baz izolatlar, karbon kaplama yapilarak
Scanning Electron Microscop (Zeiss; EVO LS 10) ile
gorintilenmigtir. Petrilerde gelisen gram pozitif
hiicre kolonileri iizerine %3’liik H202 (Sigma-Aldrich)
damlatilmak ve kabarcik olusumu goézlemlenmek
suretiyle katalaz aktivitesi varhgi test edilmistir.
Izolatlar arasindan rastgele secilen bir kag¢ tanesi
BIOLOG ile biyokimyasal olarak tanimlanmistir. Bir
mikroorganizmanin 71 farkli karbon kaynagi ve 23
farklh kimyasala karsi hassasiyet (inhibe edici
kimyasallara dayaniklilik) olmak iizere toplam 94
fenotipik yonden test edilmesi temeline dayanan bu
yontem ile standart St. thermophilus susu NIZ0O130,
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biyokimyasal olarak tanimlanmagtir.

Molekiiler Tanimlama. Geligsen tek kolonilerden tiire
ozgl polimeraz zincir reaksiyonu (PZR)
gerceklestirilmistir (Tabasco ve ark., 2007). St
thermophilus ve Lb. bulgaricus izolatlar1 i¢in 16S
rRNA boélgesine 6zgii primerler kullanilarak, PZR

Urininin uzunluguna gore tanimlama
gergeklestirilmigtir (St F: 5
ACGCTGAAGAGAGGAGCTTG 3, St Rt &
GCAATTGCCCCTTTCAAATA 3, Lb F: 5
TCAAAGATTCCTTCGGGATG 3, LB R: &

TACGCATCATTGCCTTGGTA 3% Iontek-Istanbul,
Tiirkiye). Polimeraz zincir reaksiyonu, 5 U/uL. DNA
polimeraz (Vivantis, Taiwan), 10X PZR tamponu
(Vivantis, Taiwan) ileri ve geri primerlerden 20’ser
pmol ve 2 mM deoksiniikleozit trifosfat (Sigma-
Aldrich) olmak {izere toplam 40 pL hacimde
yapilmigtir. PZR sgartlari, 95°C'de 5 dk on
denaturasyon, 94°C’de 30 sn, 60°C’de 20 sn ve 72°C’de
20 sn olarak toplamda 30 déngii ve son uzama 72°C’de
5 dk aksesuar basamagi olarak gerceklestirilmistir.
Amplikonlar, (5 pL. PZR iirtinii ve 1 pL 6X yiikleme
tamponu) %1’lik agaroz jelde kosturulmus ve UV
altinda goruntilenmigtir. St. thermophilus amplikon
buyukligi yaklasik 137 baz cifti, Lb. bulgaricus
amplikon biyukligt yaklagtk 232 Dbaz gifti
biytkliginde belirlenmigtir.

Biiyiime Sartlar

St. thermophilus izolatlar1 ¢ig siitte ve % 0,5 siikroz
iceren M17 (SM17) besiyerinde aerobik ve anaerobik
sartlarda ve % 0,5 laktoz iceren M17 (LM17) aerobik
sartta 42°C’de buytutiliurken, Lb. bulgaricusizolatlari,
¢ig slitte, MRS besiyerinde aerobik ve anaerobik
sartlarda 37°C’de gelistirilmistir (Anaerobik sartlar
Gezginc ve ark., 2015teki gibidir).

HPLC ile Metabolik Son Uriinlerin Analizi

Format, pirtivat, 3-hidroksi-2-blitanon, etanol ve 2,3-
bitandiol metabolitlerinin miktar tayinleri HPLC ile
Gezginc ve ark., .(2015)’te belirtildigi  gibi
Kahramanmaras Siitcii Imam Universitesi USKIM’de
yapilmigtir. Format, pirtivat ve asetoin absorbans
degerleri 210 nm, etanol ve 2,3-biitandiol’'tin absorbans
degeri ise 190 nm’dir. Aroma metabolitlerinin ayrimi
30°C'de, 20 dk slrede gerceklestirilmistir.
Metabolitler, HPLC Capcell Pak 5 uM C18 MG
(150X4.6 mm) kolonda (Shiseido Co. Ltd., Tokyo,
Japonya) ayrilmigtir. Fosfat tampon cozeltisi olarak
metafosforik asit (Sigma-Aldrich) ¢ozeltisi
kullamilmigtir. Tim inokiile kiiltiirlerden 2 ml steril
ependorflara eklenmigs ve 14,000 g’de 5 dk santrifiy
edilerek, 0.5 ml siipernatant steril bir ependorfa
eklenmigtir. Uzerine aym1 hacimde %1lik (w/v)
metafosforik asit ¢ozeltisinden eklenerek, 14,000 g’de
5 dk santrifiij edilmistir. HPLC wvial sigelerine 500 pl
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stipernatant aktarilip, HPLC’de okutulmustur. Bu
islem her bir izolat i¢in U¢ tekerrurli yapilmigtir.
Kalibrasyon egrileri, metabolitlerin farkh
konsantrasyonlarini  belirlemek amaciyla farkh
absorbanslarda tespit edilerek ¢izilmis, standartlarin
Rz denklemleri olusturulmustur. Izolatlara ait
metabolit tekerriirlerinin ortalamasi alinmig ve
standart sapmalar: hesaplanmigtir.

BULGULAR ve TARTISMA

Bu calismada, geleneksel Tiurk yogurtlarindan izole
edilmis dogal Lb. bulgaricus ve St. thermophilus
izolatlarinin bazi metabolit (format, piriivat, 3-H-2-B,
etanol ve 2,3-biitandiol) iiretim potansiyellerini
arastirmak amac¢lanmigtir. Buna gore, toplam 88 adet
St. thermophilus izolati 157 bg¢ uzunlugunda PZR
urlini vermis ve 12 adet Lb. bulgaricus izolat1 ise 232

b¢ uzunlugunda PZR urinu vererek tir bazinda
tanimlanmigtir.

St. thermophilus ve Lb. bulgaricus Izolatlar1 ‘nin
Metabolit Uretimi

Izolatlarin metabolit konsantrasyonlarini tespit etmek
i¢in kullanilan beg farkli standart analitten format,
piriivat, laktat ve 3-hidroksi-2-biitanon (asetoin) 210
nm’de ve etanol, 2,3-blitandiol ise 190 nm’de absorbans
vermigstir. Metabolitlere ait kromatogramlar Sekil 2°de
gosterilmigtir.

Format: Cok cesitli bilesikler (alkoller, aldehitler,
esterler, kisa yag asidi zincirleri, laktonlar, fenoller ve
stilfiir bilesikleri) gida iiriinlerinin tipik aromasini
olustururlar (Rabha ve ark.,2011). Fermente gidalarda

mAU
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1 Formate
200+
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o
T | PR e T T T T T
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Sekil 2. 5 farkli metabolit kariggtminin HPLC kromotogrami. A) format, piirivat,, asetoin 210nm’de, B) etanol ve 2,3-biitandioliin 190nm’de

belirlenmesi.

Figure 2. HPLC chromotogram of 5 different metabolite mixtures. A)Determination of formate, pyruvate, acetoin at 210 nm, B) Ethanol and

2,8-butanediol at 190 nm
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bu aromalarm olusumu kullanilan susa, substrat
cesidi ve miktarmna baghdir. Aroma biyosentezinde,
LAB, genellikle pH ve sicaklik gibi c¢evresel
faktorlerden de etkilenebilmektedir. Cogunlukla
yeterli glukoz bulundugunda baskin olarak laktik
aside donusen piruvat, glukoz simirli oldugunda pf7
enzim geni ile bir miktar formata doéntsmektedir
(Olieman ve Vries, 1988). Calismada kullanmilan Lb.
bulgaricus ve St. thermophilus izolatlarinda tespit
edilen format miktarlarinin az olmasi1 ve diger
metabolit miktarlarinin daha yiiksek olmasi (Cizelge 1
ve Cizelge 2), substrat konsantrasyonu bakimindan
yeterli Dbesiyerlerinin kullanilmasiyla, pirtivatin
¢ogunlukla sonraki metabolitlere dontustiigi seklinde
aciklanabilir. Pirtvat, oncelikle, LDH ile laktata
katalize edilir. Bunun diginda, pirtivat dehidrogenaz,
pirtuvat oksidaz veya piriivat-format liyaz enzimleri ile
asetat, format ve CO: gibi turiinlere metabolize
edilebilir (Liu, 2003). 3Clu piriivat, hem aerobik hem
de anaerobik sartlarda alti karbonlu gekerlerin son
uriune déntusumiinde ara bilesik oldugu i¢in HPLC ile
miktar tayininde az ¢gikmasi beklenen bir durumdur
(Cizelge 1).

St. thermophilus izolatlar: ve referans suslarin HPLC
analiz sonuclar1 Cizelge 1'de gosterilmistir. Bu analize
gore, stitte NCBF2393 susu i¢in format Gretim miktari
2.0+0.0 mg/kg iken, NIZO130 susu ic¢in format tGretim
miktar1 2.2+0.1 mg/kg olarak tespit edilmigtir. Siitte,
BioSt83 izolati, 51.3+0.1 mg/kg format ile en tretken
izolat iken, (Sekil 3), 0.1+0.0 mg/kg miktarla pek cok
izolat en diusik miktarda formati tretmistir.

Baz1 izolatlarin ise formati hi¢ Uretmedigi
gorulmustiir. Besiyerleri icerisinde, anaerobik SM17
besiyerinde BioSt76 izolat1 77+0.2 mg/kg ile en yliksek

miktarda formati {retmistir. Format i¢in tim
besiyerlerinde alt smir 0.1+0.0 mg/kg olarak
belirlenmigtir. Cizelge 2'de goruldugu gibi, Lb.

bulgaricus izolatlari icerisinde siitte en yliksek format
miktar1 BioLb130 izolatinda 8.2+1.0 mg/kg olarak
tespit edilmigtir. Siitte en dusik format tretimi
0.2+0.0 mg/kg olarak BioLb89, BioLLb94 ve BioLb98
izolatlarinda tespit edilmistir. Besiyerleri igerisinde
anaerobik MRS’de BioLLb151 izolatinin 57.0+1.0 mg/kg
ile en yiksek miktarda format tirettigi gériiliirken, en
distik format miktari BioLb65 izolatinda 11.3+10.0
olarak belirlenmigtir.

Piravat. Besiyerinde bulunan karbon kaynaklari,
pirivat dekarboksilaz yolu ile metabolize edildiginden,
pirtivatin ortamdaki varligr kisa siireli olmaktadir.
Analiz sonucunda ise, sutte piraivat miktar: ya hig
bulunmamakta veya az miktarda bulunabilmektedir.
Bu sonug, pirtivatin ya tamamen metabolize oldugu
yahut tamamina yakininin metabolize oldugu
anlamina gelmektedir. Toplam 59 St. thermophilus
izolatinda, pirtivat metaboliti belirlenmemigtir. Bu
sonug, bu izolatlarda pirtivatin tamamen metabolize
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oldugunu gostermektedir. Diger izolatlarda ise en
diisiik 0.1+0.0 mg/kg, en yiksek 44.5+0.1 mg/kg olarak
tespit edilmigtir. Bu say1, ortalama degerlerin ¢ok
tizerinde oldugundan bunun susla ilgili bir nedenden
kaynaklandig1 soOylenebilir. Sut digindaki gelisme
ortamlarinda ise oldukg¢a diigiik miktarlarda varhgi
gorilmustiir. Anaerobik SM17’de en yluksek miktar
90.2+0.0 mg/kg olarak BioSt76 izolatinda tespit
edilirken, en diigik miktar 0.1+0.0 mg/kg olarak
BioSt43 izolatinda tespit edilmistir. Lb. bulgaricus
izolatlari arasinda, pirtivat miktari, yalnizca BioLLb130
ve BioLLb157 izolatlarinda tespit edilmigtir. BiolLb130
izolat1 igin slitte 0.1£0.0 mg/kg, BioLb157 izolat1 igin
ise sttte 0.1+£0.0 mg/kg pirtivat tespit edilmigtir.
Aerobik MRS ortaminda ise BioLb157 izolati i¢in
3.2+0.0 mg/kg ile en yiksek pirtivat miktar1 tespit
edilirken, en digik pirtivat miktar1 0.1+0.0 mg/kg
olmustur.

3-hidroksi-2-biitanon (Asetoin). Siitteki 3-H-2-B
miktart NCBF2393 susu i¢in 5.3+0.4 mg/kg, NIZO130
susu i¢in 5.3+0.4 mg/kg olarak belirlenmistir (Cizelge
3). Izolatlar arasinda BioSt75 siitte 63.0+0.0 mg/kg (en
yiiksek miktar), BioSt3, BioSt12, BioSt29 suslar1 icin
0.1+0.0 mg/kg (en diisiik miktar) 3-H-2-B tespit
edilmigtir. Besiyerleri arasinda en yiiksek 3-H-2-B
miktar1 aerobik SM17’de 127+8.4 mg/kg ile BioSt112
1zolatinda gorilirken, en diiglik miktar 0.1+0.0 mg/kg
ile siitte baz1 izolatlarda (BioSt3, BioSt12, BioSt29)
belirlenmigtir. Sutte, en yuksek 3-H-2-B, BioLb65
izolat1 icin 66.2+2.4 mg/kg, BioLb157 izolat1 igin
7.0£0.0 mg/kg 3-H-2-B (en diisiikk miktar) tespit
edilmistir (Cizelge 4). Anaerobik MRS'de BioLb155
izolat1 icin 0.1+0.1 mg/kg 3-H-2-B (en diisiik miktar),
yine ayni besiyerinde BioLb130 izolati i¢in 77.0+2.0
mg/kg 3-H-2-B (en yiiksek miktar) tespit edilmistir.
Valenberg ve ark. (2014), yaptiklar1 calismada asetoin
degerlerini nispi olarak ylksek miktarda bulduklarini
belirtmiglerdir. St. thermophilus ve Lb. bulgaricus
karigik kiltirine L. rhamnosus ve B. animalis subsp.
lactis (YBB-12) suslarmi ayr1 ayri inokiile ederek
fermente ettikleri yogurt 6rnekleri arasinda ilk dort
saatte asetoin diizeyi anlaml olarak daha yiiksek (P
<0.05) bulunmustur. Bu metabolit miktarlarindaki
bulgular, bir ginlik yogurtta 0.24 + 0.09 mg/kg
(Giirsel ve ark., 2016) ve 89.06 mg/kg (Basioli ve ark.,

2015) olarak tespit edilmistir. Calismamizda
kullandigimiz referans suslar (NCBF2393 ve
NIZO130), Lb. bulgaricus ve St. thermophilus

izolatlarinda alt ve Ust sinirlar arasindaki degerler
daha  Once yapilan c¢alismalarla  paralellik
gostermektedir (Cizelge 3 ve Cizelge 4).

Rao ve ark. (2011), yaptiklar: calismada, 96 saatten
once glukozun B. subtilis tarafindan asetoine
dontsturildigini ve asetoin miktarinin 21.0 g/l
oldugunu tespit etmiglerdir. Bu sonu¢ kendi
calismadaki siitte en yiiksek sonuc (63.0+0.0 mg/ kg )
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Cizelge 1. Calismada kullanilan St thermophilus izolatlarinin HPLC ile belirlenen format ve pirtiivat miktarlari
(En yiiksek degerler sar1 ile, en diisiik degerler gri ile gosterilmistir).
Table 1. St. thermophilus isolates, used in the study, of formate and pyruvate amounts determined by HPLC (The
highest values shown in yellow and the lowest values in grey).

Format (mg/kg) Formate (mg/kg) Piriivat (mg/kg) Pyruvate (mg/kg)
) SM17 broth SM17 broth
Izolat Anaerobik Aerobik LM17 Stit Anaerobik Aerobik LM17 Stit
Isolate Anaerobic Aerobic Milk  Anaerobic Aerobic Milk
NCBF2393 29.0+0.0 0.2+0.0 41.2+£0.0 2.0£0.0 4.0+£0.2 1.3+0.0 1.0+0.0 -
NIZO130 1.0+0.0 46.0+£2.1 1.3+0.2 2.2+0.1  5.0+0.3 1.5+0.1 0.5+0.0 -
BioSt1 1.0+£0.0 0.4+0.1 3.0+£0.4 = 1.1+0.0 0.5+0.4 1.0+0.0 -
BioSt3 0.1+0.0 5.1+1.1 1.0+0.3 1.0£0.2  2.0+0.2 0.3+£0.0 0.3+0.1 =
BioSt4 0.2+0.0 1.0+0.0 1.0+0.1 1.0£0.3 2.0+0.1 0.3+£0.0 0.1+£0.0 4.0+0.0
BioSt7 0.3+0.0 1.0+0.2 1.0+0.2 0.1£0.0 2.0+0.1 0.5+0.2 1.0+0.3 -
BioSt8 4.0+0.3 0.1£0.2 12.1+44.1  0.5£0.1 1.0+0.3 0.1+0.0 0.3+£0.0 -
BioSt9 0.3+£0.1 0.2+0.0 1.1+0.1 0.2+0.2  2.0+0.1 0.5+0.2 0.3+£0.2 =
BioSt10 17.3+0.5 1.0£0.5 1.0+0.2 1.0£0.2 - 0.1+0.2 0.1+0.2 =
BioSt12 0.2+0.1 0.1+0.0 0.5+0.3 1.0£0.3  2.0+0.1 = > >
BioSt13 0.5+0.1 9.0+£0.5 19.0£0.4 1.0£0.1 1.0+0.2 0.5+0.0 0.3+0.0
BioSt14 0.2+0.0 0.5+0.0 1.0+0.0 1.0£0.0 2.0+0.0 - -
BioSt15 1.0+£0.1 7.1+£6.0 0.1+0.0 0.3£0.2 1.0+0.2 0.5+0.3 0.2+0.3
BioSt16 2.5+1.0 7.1+£6.0 11.0+£1.1  0.3£0.1  1.0+0.1 0.4+0.0 0.3+0.1
BioSt17 5.4+1.0 8.0+1.0 11.0£1.0 1.0£0.1 1.0+£1.0 0.5+0.2 0.3+0.1
BioSt18 0.5+£0.1 7.0£3.0 5.241.0 0.4+£0.2 1.1+£1.0 0.4+0.1 6.2+0.2
BioSt19 0.5+0.0 7.2+5.5 10.4£9.0 1.0£0.2 1.0+1.0 0.5+0.1 0.4+0.1
BioSt20 1.5+0.5 4.0£0.1 6.0£0.0 1.0£0.1  1.0+0.7 0.5+0.1 0.3+0.3
BioSt25 1.1+0.4 8.1+£5.3 12.5+9.0 1.0+0.2  1.0+0.1 1.0+0.4 0.3+0.2
BioSt26 2.1+0.2 0.6+0.1 0.4+0.1 2 = 1.0+0.4 0.1+0.0
BioSt27 0.3+0.1 7.4+6.4 1.0+0.2 1.0£0.2 1.5+0.3 0.3+0.1 0.2+0.0
BioSt28 0.2+0.1 4.0+0.5 1.0+0.2 1.0£0.1 2.0+0.1 0.3+0.1 0.2+0.1
BioSt29 1.0+0.3 0.3+0.1 1.0+0.4 2 1.0+1.0 1.0+0.2 0.5+0.1 -
BioSt30 0.2+0.1 0.1+0.3 1.0+0.3 2 1.0+0.1 1.0+0.3 1.0+0.4 0.2+0.1
BioSt33 0.1£0.0 0.1+0.0 1.0+0.1 - 1.0+1.0 1.0+0.3 0.5+0.4 0.1+0.0
BioSt34 0.2+0.2 0.2+0.2 1.0+0.3 2 1.0+0.1 1.0+0.2 0.4+0.1 -
BioSt35 0.2+0.0 0.2+0.0 1.0+0.3 - 1.0+0.0 1.0+0.2 1.0+0.4 -
BioSt36 2.0 +0.1 0.3+0.1 0.2+0.1 - 0.3+0.1 0.4+0.0 0.3+0.1 0.5+0. 1
BioSt37 0.2+0.1 0.2+0.1 0.2+0.1 - 1.0+0.1 0.3+0. 1 1.0£0.1  0.3+0. 1
BioSt38 0.4+0.1 0.1+0.1 1.0+0.1 = 2.0+£0.1 1.0+0.1 1.0+0.1 -
BioSt40 0.3£0.1 2.240.1 0.1+0.1 0.2+0.1 - - - 0.4+0.3
BioSt42 8.0+1.0 1.2+0.0 1.0+0.3 - 1.0+0.0 1.2+1.0 1.0+0.0 -
BioSt43 1.0+0.0 1.0+0.3 1.5+0.5 = 0.1+0.0 1.4+1.0 1.0+0.0
BioSt44 = 1.0+0.3 3.0£2.3 = 1.3+0.1 2.240.1 1.3+0.1 .
BioSt45 = 1.0+0.3 3.0£2.3 = 1.3+0.1 2.240.1 1.3+0.1 4.0£0.1
BioSt46 1.0+0.3 1.0+0.4 1.0+0.2 0 1.0+0.0 1.0+0.1 1.2+1.0 -
BioSt47 = 1.0+0.4 1.0+0.4 = 1.0+0.1 1.1+1.3 1.0+1.0 0.2+0.3
BioSt49 0.3+0.1 1.0+£0.5 0.3+0.2 0.1£0.2  1.0+1.0 1.5+1.2 1.0£1.0 0.1+0.1
BioSt50 0.2+0.1 1.0+0.2 0.4+0.3 0 1.1+1.0 1.3+£1.2 1.1+1.0 -
BioSt53 1.0+0.2 0.5+0.1 0.5+0.1 0.1£0.0 1.0+1.0 1.0+0.4 1.0+£0.2 -
BioSt54 0.2+0.1 1.0+0.3 0.4+0.3 0.1£0.0 1.0+0.1 1.5+1.4 1.0+£0.4 0.1+0.0
BioSt55 0.1+0.0 1.0+0.3 0.1+0.1 = = 1.5+1.3 0.2+0.1 =
BioSt56 0.4+0.1 1.0+0.2 0.2+0.1 0.3+£0.2  1.0+0.0 2.0+1.1 1.0£1.0 0.1+0.0
BioSt57 0.3+0.3 1.0+0.0 0.3+0.1 0.1£0.0 1.0+0.4 2.0+1.3 1.0+0.1 0.1+0.0
BioSt58 3.0+0.4 1.0+0.5 0.3+0.3 0.1£0.2  0.5+0.1 2.0+1.0 1.0+0.0 -
BioSt59 1.0+£0.5 1.0+0.1 0.3+0.1 1.0£0.0 0.5+0.2 2.1+1.2 1.0+0.1
BioSt60 1.0+£0.5 0.4+0.3 0.2+0.1 0.5+£0.2  1.0+0.5 2.0+1.0 0.1+0.1
BioSt61 1.0+0.5 1.0+0.2 0.2+0.2 0.1£0.1  1.0+0.1 2.0+0.1 0.1+0.0
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Cizelge 1. Calismada kullanilan St thermophilus izolatlarinin HPLC ile belirlenen format ve pirtivat miktarlari
(En yiiksek degerler sar1 ile, en diisiik degerler gri ile gosterilmistir) (Devam)
Table 1. St. thermophilus isolates, used in the study, of formate and pyruvate amounts determined by HPLC (The
highest values shown in yellow and the lowest values in grey) (Continuation)

Format (mg/kg) Piriivat (mg/kg)

Formate (mg/kg) Pyruvate (mg/kg)
) SM17 broth SM17 broth
Izolat Anaerobik  Aerobik LM17 Stit Anaerobik  Aerobik LM17 Stiit
Isolate Anaerobic  Aerobic Milk  Anaerobic Aerobic Milk
BioSt62 1.0+0.4 0.5+0.1 0.2+0.2 0.1+0.0 0.5+0.2 2.0£1.3 - -
BioSt63 0.5+0.3 1.0+0.2 0.3+0.1 0.1+0.0 0.5+0.3 2.0£1.0 0.4+0.1 -
BioSt64 1.3+0.0 0.4+0.1 0.3+0.1 0.3+0.0 1.0+0.0 1.0+0.1 0.4+0.1 1.0+0.1
BioSt66 1.1+£0.5 1.0+£0.5 3.0+0.1 0.1+0.0 2.0+0.1 2.4+1.5 1.0+0.0 2.0£1.5
BioSt67 0.5+0.5 0.5+0.4 2.5+1.4 = 2.0£1.0 2.2+1.3 1.0+0.1 2.0+1.4
BioSt68 0.2+0.0 1.0+0.1 3.0£2.0 0.1+0.0 1.4+0.1 2.0+£1.2 0.4+0.1 1.3+1.1
BioSt69 0.4+0.2 1.0+£0.0 3.0+0.0 - 2.0£1.0 2.2+1.3 1.0+0.0 1.5+1.3
BioSt70 0.4+0.0 1.1+0.1 2.4+1.5 - 1.4+1.0 2.0£1.3 1.0+0.0 1.4+1.2
BioSt71 0.5+0.0 1.0+0.2 1.7+0.3 - 1.5+1.0 2.1£1.5 1.0+0.1 2.0+0.5
BioSt74 0.5+0.5 0.3+0.0 3.0+0.3 0.1+0.0 1.4+0.1 2.0+£1.2 1.0+0.1 2.0+0.0
BioSt75 4.24+0.0 15.5+0.0 37.1+£0.0 12.0£0.0  30.0+0.0 42.0+£0.0  9.0+0.0 14.0+0.0
BioSt76 77.0+£0.2 7.1+0.0 7.1+0.0 0.2+0.1 90.2+0.0 90.0+£0.0 10.0+0.2  1.0+0.0
BioSt80 42.5+0.1 50.1+0.0 14.0+0.2 25.1+0.1  8.0+0.1 53.5+0.2  13.5+0.0  1.0+0.0
BioSt81 0.2+0.1 - 3.1£1.0 - 1.4+0.1 2.0£1.2 0.4+0.1 1.1+0.1
BioSt83 11.0+0.1 8.0+0.2 5.0+0.2 51.3+0.1  29.0+0.1 31.0+0.0  4.4+0.0 44.5+0.1
BioSt85 2.1£2.0 0.3+0.0 0.4+0.0 = 2.0+1.3 0.1+0.0 1.7+1.2 =
BioSt91 4.3+0.1 3.443.0 3.0+1.3 = 1.5+1.0 2.0+1.2 0.3+0.1 2.0£1.5
BioSt93 4.6+0.2 4.0+4.0 3.0+2.0 = 1.4+1.0 2.2+1.4 1.0+0.5 2.0£1.4
BioSt97 0.3+0.0 4.0+3.2 3.0+1.3 - 1.0+0.1 2.0+1.3 0.4+0.1 2.0+1.1
BioSt99 0.3+0.0 4.1+£3.4 3.0£1.2 0.1£0.0 1.2+1.1 1.0+0.0 1.0+0.3 0.2+0.0
BioSt100  0.2+0.0 3.4+3.0 2.0+1.0 - 1.4+0.1 1.0+0.2 0.5+0.2 1.6+£1.4
BioSt102  0.1+0.0 3.2+1.1 2.0+1.0 0.1+0.0 1.0+0.0 1.5+1.2 0.5+0.2 1.5+1.3
BioSt104  1.2+0.3 3.0£2.4 2.0£0.5 0.1£0.0 1.3+0.1 1.0+0.2 0.5+0.2 1.5+1.3
BioSt108  0.2+0.0 3.4+2.5 1.2+1.1 = 1.2+0.4 1.0+0.3 1.0+0.2 2.0£1.3
BioSt109  0.2+0.0 10.0£1.0  1.4+1.3 - 1.4+1.0 1.0+£0.4 0.4+0.2 1.4+0.3
BioSt110  0.3+0.0 9.5+8.3 1.5+1.4 - 2.0+£1.0 0.7+0.3 0.5+0.2 2.0+£2.0
BioSt112  0.4+0.0 3.3+2.5 1.5+1.3 - 1.5£1.0 1.0+£0.4 1.0+0.0 2.0+1.4
BioSt115  0.5+0.0 7.3+2.1 3.44+0.2 - 1.2+0.2 2.0+1.3 1.0+0.0 2.0+£2.0
BioSt118  0.5+0.0 1.0+£0.5 2.242.2 - 2.0+1.2 1.2+0.2 1.0+0.0 2.1+£2.0
BioSt119  0.4+0.0 1.2+0.4 1.3+£1.2 - 1.4+1.2 2.0+0.0 1.0+0.1 2.442.0
BioSt121 - 2.0+£1.0 1.3+0.2 - 3.0+2.0 3.0£1.0 2.1+0.1 2.0+1.5
BioSt123 - 2.0+£1.2 1.0+£0.0 - 3.0+2.1 3.0+£2.0 2.2+2.0 2.0+1.4
BioSt127 - 7.0+1.3 1.4+1.3 - 3.0+2.2 3.0+£2.1 2.1+£2.0 2.0+1.4
BioSt132  0.5+0.4 1.1£1.0 1.4£1.3 = 1.0+0.0 1.1+0.1 0.5+0.2 1.3+1.0
BioSt134  6.0+0.4 5.0+£0.4 9.0+1.2 = 2.0+£1.4 2.241.0 2.0+1.3 2.0+£1.4
BioSt161 - 9.0+7.2 1.0+0.1 0.1+0.0 1.0+0.0 2.3£1.0 2.1£0.1 2.0+£0.4
BioSt162  11.1+£5.2 13.1+2.3  8.0+0.4 = 2.2+0.1 2.2+0.1 2.0£1.2 1.5+0.3
BioSt164  4.2+1.0 8.0+1.2 1.5+0.3 = 1.0£0.1 1.0+£0.5 1.2+1.0 0.4+0.0
BioSt169  12.2+2.3 9.0+0.1 3.0+0.2 = 1.0+0.2 2.440.1 1.3+0.4 0.3+0.3
BioSt171 13.3£2.0 - 3.0+0.4 - 9.0+0.1 - 2.0+0.1 0.1+0.0
BioSt172  11.0+£2.5 = 3.0£0.1 = 1.0+£0.2 = 2.240.1 0.1+0.0
BioSt173 10.0£2.5 - 3.0+0.1 - 0.3+0.0 - 2.0+0.1 1.4+0.1
ile kiyaslandiginda, olduk¢a ylksek goérunmektedir. Etanol. Fermentatif mikroorganizmalarin biyosentezi,
Fermentasyon sonunda bu saymin 42.2 g/I'ye tipik  olarak gida  patojenleri ve  bulasic
ulastigini belirtmiglerdir. Dolayisiyla Rao ve ark. organizmalarin blylimesini durduran asitler ve
(2011)nin  bulgular1 c¢alismamiz ile paralellik alkollerin iiretimi ile saglanmaktadir (Sieuwerts ve
gostermemektedir. ark., 2008). Bir alkol tiirevi olan etanol metaboliti,

asetaldehit olusumundan sonra sentezlenir.
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Sekil 3. BioSt83 izolatinin gelistigi siit ekstraktinin 210 nm’deki kromatograma.
Figure 3. The chromatogram at 210 nm of the milk extract that BioSt83 isolate grew.

Cizelge 2. Calismada kullanilan Lb. bulgaricus izolatlarinin HPLC ile belirlenen format ve piriivat miktarlari(En
yiiksek degerler sar1 ile, en diisiik degerler gri ile gosterilmistir).

Table 2. Lb. bulgaricus isolates, used in the study, of formate and pyruvate amounts determined by HPLC (The
highest values shown in yellow and the lowest values in grey).

Format (mg/kg) (Formate (mg/kg) Piriivat (mg/kg) (Pyruvate (mg/kg))
) MRS Broth MRS Broth
Izolat Anaerobik Aerobik Stit Anaerobik Aerobik Siit
Isolate Anaerobic Aerobic Milk Anaerobic Aerobic Milk
BioLb65 19.0+6.1 11.3+£10.0 - - -
BioLLb89 19.3+7.1 13.0+£2.0 0.2+0.0
BioLb94 15.3£0.5 20.1+0.1 0.2+0.0
BioLLb98 19.0+£8.0 12.242.0 0.2+0.0 - - -
BioLLb130 19.0+6.1 - 8.2+1.0 0.1+0.0 - 0.1+£0.0
BioLb151 57.0£1.0 17.4+1.0 3.0£1.0 - - -
BioLLb152 17.2+3.0 - -
BiolLb153 19.3+1.1 17.3£1.0 0.3+£0.1
BiolLb154 21.245.0 18.0£1.0 0.4+0.2
BioLb155 21.1+0.4 18.1+4.4 1.7+£0.2 - - -
BioLLb157 24.0+0.0 18.5+5.3 3.0+£0.3 0.5+0.0 3.2+1.0 0.1£0.0
BioLLb159 27.0+1.0 22.0+0.2 0.3+0.0 - - -

Cizelge 4. Calismada kullanilan Lb. bulgaricus izolatlarinin HPLC ile belirlenen 3-H-2-B, etanol ve 2,3-biitandiol
miktarlar: (En yiiksek degerler sar1 ile, en diisiik degerler gri ile gosterilmistir).

Table 4. Lb. bulgaricus isolates, used in the study, of 3-H-2-B, ethanol and 2,3-butanediol amounts determined by
HPLC (The highest values shown in yellow and the lowest values in grey).

oL Etanol (mg/kg) 2,3-biitandiol (mg/kg)

3-H-2-B (mg/kg) FEthanol (mg/kg) 2 3-butanediol (mg/k)
] MRS Broth MRS Broth MRS Broth
Izolat Anaerobik Aerobik Siit Anaerobik Aerobik Siit Anaerobik Aerobik Siit
Isolate Anaerobic Aerobic Milk Anaerobic Aerobic Milk Anaerobic Aerobic Milk
BioLb65 2.4+2.2 3.5+1.0 66.2+2.4  26.2+8.0 52.1+6.0 32.0£3.5 96.0+1.0 44.5+1.0 23.3£9.0
BioLb89 1.2+1.5 4.0+£3.4 = 90.0+4.0 66.4+3.0 62.0£5.0 17.0+4.0 49.0+3.0 32.0+3.1
BioLb94 75.440.0 4.0+£2.3 = 66.5+2.0 25.0£6.4 76.2+3.2 17.0+£5.0 49.0+£1.5 32.0+4.0
BioLb98 S 8.1+3.0 = 92.0+4.3 62.1+3.1 47.0£3.0 30.0+£3.3 12.0+2.3  28.0+3.0
BioLb130 77.0+£2.0 = = 35.5+8.0 48.0+0.0 56.0+0.0 22.0+4.0 98.0+5.1 30.1+3.1
BioLb151 4.0+0.3 4.0+0.3 - 21.0+£3.4 24.0+4.0 65.4+3.2 18.0+1.4 78.0+1.4 30.0+0.3
BioLLb152 1.0+0.1 - - 78.2+5.0 - - 73.2+1.3 - -
BioLLb153 1.0+0.1 4.0+1.1 - 31.0+£9.0 9.1+£3.0 75.1+£2.0 98.4+2.0 79.0+6.0 6.2+0.2
BioLb154 20.0+5.0 5.0+0.1 - 87.0+£8.0 18.0+2.0 67.1+2.0 16.4+2.1 30.1£3.0  30.3+2.0
BioLb155 0.1+0.1 = = 95.3+5.0 92.1+4.0 27.0£4.0 31.0+3.0 88.0+3.0 28.4+2.3
BioLb157 25.0+3.0 6.0£2.0 7.0+£0.0 90.0+£11.0 19.0+4.0 20.1+7.1 13.5%1.1 20.4+£2.1  27.0+4.0
Biolb159 - 3.5+2.0 = 85.0+8.0 61.1£42.0 28.0+0.0 18.0+1.2 14.4+4.4  69.1+0.0
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Cizelge 3. Calismada kullanilan St. thermophilusizolatlarinin HPLC ile belirlenen 3-H-2-B, etanol ve 2,3-biitandiol miktarlar1 (En yiiksek degerler sar1
ile, en diisiik degerler gri ile gésterilmistir)

Table 3. St. thermophilus isolates, used in the study, of 8-H-2-B and ethanol and 2,3-butanediol amounts determined by HPLC (The highest values
shown in yellow and the lowest values in grey)

ol Etanol (mg/kg) 2,3-biitandiol (mg/kg)
3-H-2'B (mg/ke) Ethanol (mg/kg) 2,3-butanediol (mg/kg)
SM17 broth SM17 broth SM17 broth
Izolat Anaerobik Aerobik LM17 Siit Anaerobik Aerobik LM17 Stit Anaerobik Aerobik LM17 Stit
Isolate Anaerobic Aerobic Milk  Anaerobic Aerobic Milk Anaerobic  Aerobic Milk
NCBF2393 10.0+0.1 5.3+0.1 9.0+2.0 5.3t0.4 - - 13.0£1.0 - - - - 162.1+7.4
NIZO130 10.0+0.1 11.4+1.5 12.5+5.2 5.3x0.4 - - - - 58.56+18.1 66.0+11.0 - 118.2+7.0
BioSt1 99.2+2.2 2.0£0.3 3.5£1.0 0.5+0.0 49.4+0.0 48 4+1.1 39.0£5.1 60.1+12.1 86.5+0.0 13.0£0.3 24.5+3.4 27.4+4.0
BioSt3 4.3+0.5 10.0+1.0 7.1+5.0 0.1£0.0 26.2+6.0 97.0£2.0 33.0+4.3 17.3+2.0 5.0+0.3 3.1+3.0 4.5+2.0 33.0+4.0
BioSt4 4.1+0.1 6.4+0.4 5.2+2.5 0.2+0.0 26.0+5.0 5.1+0.4 28.0+£3.1 19.0+0.2 6.0+0.3 4.0+0.2 5.0+0.1 34.1+4.4
BioSt7 5.0+£0.1 7.2+43.2 4.5£2.3 0.2+0.0 23.4+2.0 22.1+£1.0 50.0£5.0 17.0£2.3 7.0+0.2 52.0+£1.0 74.0+1.1 33.5+3.4
BioSt8 1.0+£0.4 59.4+£2.1 94.2+4.4 8.0+0.0 17.3+6.2 11.3+6.0 49.0+16.2 15.0+3.0 7.0+0.4 14.4+1.1 16.2+4.0 30.0+7.3
BioSt9 1.0+£0.4 59.4+4.1 58.1+9.2 4.4+0.7 7.2+2.0 20.0+10.2 7.2+£2.0 - - 78.5£568.4 35.0+6.2 -

BioSt10 1.0+0.4 59.449.1 58.1+4.2 4.4+1.7 - - - - 39.6+22.3 22.240.4  9.0+£0.5 -

BioSt12 4.2+0.1 4.2+2.2 4.0+0.4 0.1£0.0 92.2+12.3 48.4+3.1 75.0+13.4 14.0+4.4 6.0+0.1 43.3+6.3  59.249.3  31.0£1.0
BioSt13 1.0+0.0 2.0+0.1 7.0+1.2 3.0+1.0 47.0+4.0 55.1£6.0  52.0+4.5 58.0£7.0 42.0£3.0 39.0+3.4 56.2+3.3 41.2+5.0
BioSt14 5.0+0.5 57.1£0.1 4.4+0.2 - 47.2+10.3 75.0+14.5 46.5+10.2 18.5+1.4 6.0+3.0 15.0+1.2  9.0£0.0 36.3+4.0
BioSt15 1.1+0.5 1.4+0.3 3.1+0.2 2.0£0.5 51.2+7.1 61.5+4.3 44.0£4.0 72.2£8.0 42.3£7.3 36.1£3.0 56.1£8.3  47.4+3.1
BioSt16 1.2+0.5 2.0+0.4 31.0+1.0 2.0+0.1  55.0+7.1 89.0+7.0 47.0£+6.0 66.1+4.5 43.4£7.3 38.0£6.0 64.0£9.0 25.4+£3.0
BioSt17 1.1+0.4 2.0£0.5 3.0+1.1 1.4+1.2 14.5+7.3 11.0£3.0 44.2+1.3 77.0£3.0 43.6%5.5 37.5+5 58.3£9.0  29.2+2.4
BioSt18 1.1+0.4 2.0+0.3 2.0+1.0 2.2+0.2 38.2+4.2 58.0+¢1.2 41.0+7.0 12.2+5.0 43.0+4.4 38.0+6.0 56.0+2.0 42.0+4.0
BioSt19 1.3+0.4 2.0+0.4 3.0+2.0 3.0+1.5 60.0+£7.2 26.248.2  82.0£10.0 71.0+10.3 42.3+3.3 39.0£7.2  59.0£9.5  40.3+2.0
BioSt20 1.3+0.3 1.5+0.2 4.0+0.5 2.3+2.0 91.548.0 49.0£3.0 38.5+1.3 70.0+10.2 23.0+2.2 90.0£6.0 41.1+£3.0 31.0£7.3
BioSt25 1.2+0.1 2.0+0.1 3.3+1.0 2.0+£0.2 99.0£13.2 57.6£5.0 43.3£3.4 80.0£2.1 42.1+7.0 39.4+6.2  56.2+10.0 39.0+£2.0
BioSt26 2.0+2.1 1.1+0.1 2.0+1.0 2.2+1.0 '12.0+£8.4 20.5+4.0 10.0+8.4 11.0+1.0 86.1+11.2 16.3+2.1 89.0£7.0 15.0+1.3
BioSt27 4.0+0.1 3.4+2.0 4.0+0.3 - 30.0+2.2 44.0£5.3 76.1£7.0 16.0+1.5 6.0+1.0 3.0+2.0 79.245.2  34.145.0
BioSt28 4.5+£0.5 3.7£1.2  4.0£0.3 - 41.0+4.2 58.0£6.3 39.0+7.2 15.0£1.4 7.0£1.4 50.3+6.4 57.2+8.1 36.2+1.1
BioSt29 1.3+0.2 1.0+0.4 4.0+0.5 0.1+0.0 '97.0+£3.4 46.0£3.5 84.0£0.3 29.3+6.0 6.2+0.3 19.7£5.5 10.4+4.4 35.0+4.0
BioSt30 1.0+0.1 1.2+1.0 3.5+1.0 0.3+0.0 |73.0£8.5 103.5+5.0 56.0+8.3 5.0+2.0 48.0+1.4 44.1+5.5 54.0+1.0 33.0+5.0
BioSt33 9.0£2.0 1.1£1.0 3.5+1.0 2.242.0 55.0£7.1 102.4+4.3 59.3+1.3 5.0+1.0 49.3+3.5 44.3+6.0 54.2+1.0 33.2+4.0
BioSt34 1.0+0.1 1.0£0.1 4.0£0.5 1.4+0.5 | 79.0+5.3 18.1£2.0 31.3£3.0 11.0+1.0 41.0+7.0 45.5+8.5 58.5+9.4 42.0£1.2
BioSt35 1.0+0.1 1.0£0.3 4.4+0.2 1.3+0.3 42.4+5.0 83.0+3.1 80.0+7.5 11.0£4.0 42.0£1.0 45.4+£8.0 55.1£5.0 42.0£7.2
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Cizelge 3. Calismada kullanilan St. thermophilusizolatlarinin HPLC ile belirlenen 3-H-2-B, etanol ve 2,3-biitandiol miktarlar1 (En yiiksek degerler sar1
ile, en diisiik degerler gri ile gésterilmistir) (Devam)
Table 3. St. thermophilus isolates, used in the study, of 3-H-2-B and ethanol and 2,3-butanediol amounts determined by HPLC (The highest values
shown in yellow and the lowest values in grey) (Continuation)

o Etanol (mg/kg) 2,3-biitandiol (mg/kg)
3-H-2-B (mgfke) Ethanol (mg/kg) 2,3-butanediol (mg/kg)
SM17 broth SM17 broth SM17 broth
Izolat Anaerobik Aerobik LM17 Siit Anaerobik Aerobik LM17 Stit Anaerobik Aerobik LM17 Stit
Isolate Anaerobic Aerobic Milk Anaerobic Aerobic Milk Anaerobic  Aerobic Milk
BioSt36 6.1+0.1 4.0+£3.3 1.0£0.2 0.2+0.1 41.0+£2.0 114.5+9.2 38.0+£3.0 4.0+0.3 54.3+4.0 14.1£9.0 42.0£2.0 22.0£9.0
BioSt37 3.1+0.4 0.2+0.0 3.5+1.0 - 47.0£9.0 42.2+6.0 31.0£3.5 8.0+£3.3 78.0+1.2 84.0+5.3 87.0+1.0 39.3t4.4
BioSt38 - 7.1£0.1 10.0£1.1 0.5£0.0 67.5+9.5 12.4+£1.0 35.0+5.1 97.0+0.4 1.5+0.2 9.3+0.5 6.0+0.4 42.0+3.0
BioSt40 0.2+0.2 0.3+0.0 0.4+0.4 23.0+2.0 81.1+0.3 47.1+1.0 28.5+3.0 22.0+2.1 48.0+8.0 81.0+7.1 17.4£3.0 84.0+2.5
BioSt42 6.5+2.4 1.2+1.0 2.0£1.0 1.0+0.3 53.5+1.3 45.0£7.0 46.0+£2.0 11.4+1.5 62.4+1.0 61.0+£5.0 76.3£1.0 29.0+2.0
BioSt43 6.0+0.4 2.0£1.4 2.2+1.5 1.0+0.3 21.4+2.0 43.0+1.5 42.5+£3.0 7.0+£1.5 63.0+4.2 65.2+£10.0 76.3t5.1 12.5+2.0
BioSt44 7.5+1.4 2.3+0.2 2.1+1.1 2 21.2+0.4 46.3£3.0 61.5+£2.0 7.3+2.0 5.0+1.0 7.1+0.3 14.3+0.2 27.0+1.0

BioSt45 7.5+1.4 2.3+0.2 2.1+1.1 1.0£0.1 21.2+0.4 46.3+3.0 61.5+2.0 7.3+2.0 5.0+0.5 7.1+0.3 14.3+0.2 27.0£1.0
BioSt46 6.6+0.3 2.0+£1.3 2.0+1.0 0.2+0.1 38.3+4.0 81.0+2.0 63.5+5.3 13.0+£0.4 56.0+0.5 68.0£6.1  81.0+1.0 28.5+0.5
BioSt47 27.3+0.0 2.1+0.1 1.3+0.4  12.4+0.2 20.0+1.3 10.1£1.0 26.0+4.0  0.2+0.1 76.0£5.2 38.0£2.0  40.5+3.3 43.4+0.2
BioSt49 3.4+3.0 3.0£1.4  2.0+£1.1 12.5+1.1 62.0+4.2 29.1£8.0 93.0£4.1 36.0+3.0 41.4£6.1 42.0£6.1  69.0+9.4 35.0+1.2
BioSt50 4.0+3.0 2.4+1.0 2.0£1.1 0.2+0.0  68.4+5.5 18.2+7.0 62.0+3.0  8.4+0.4 14.0+1.5 47.0+6.2  72.0£1.2 22.1+2.0
BioSt53 4.0+3.0 2.1+2.0 2.0£1.0 10.0+1.4 59.0+3.4 29.0£0.5 10.0£4.3 31.0+2.0 11.0£8.0 31.2+6.4  30.6+2.4 33.3+2.0
BioSt54 4.0+0.2 4.3+x1.3 2.0£1.2 9.0+£1.2  65.0+6.5 18.0+5.0 76.0+2.3  42.0£3.0 20.2+4.5 96.1+1.4  96.5+4.1 32.0+1.0

BioSt55 0.3+0.0 3.0£1.0 2.0+1.1 - 46.4+1.0 50.0+2.0 20.0+5.4 - 42.0+2.4 17.4+6.1  85.0£2.0 -
BioSt566 6.0+1.4 6.0£5.2  2.0£1.3 13.1£2.2 78.5+2.3 78.56£3.0 61.0+1.3  47.0£3.0 58.0+0.1 49.1£8.0  68.5+6.0 37.5+0.5
BioSt57 6.0+1.1 5.0£1.2  3.0#1.0 8.2+2.0 62.2+4.4 74.5£5.0 90.1£2.5  91.343.0 69.5+1.1 54.0+0.4  61.0+2.4 33.5+7.3

BioSt58 6.2+2.0 6.0+£2.5 3.1+0.1 5.4+0.2  45.5+4.0 87.3+t4.2 66.1+2.0 51.4+3.0 41.0+£3.5 99.5+3.2  93.3+2.0 32.0+2.0
BioSt59 8.0+1.0 9.0+£0.1 3.0+2.1 9.3¥8.3  22.0£1.0 39.245.0 14.5+1.5  73.2+2.0 71.5+1.1 34.2+1.3  67.3+1.2 48.2+2.1
BioSt60 8.5+3.0 7.0£3.5 2.0£1.3 9.56+0.1  42.5+£2.0 34.0£6.5 13.0£2.3  75.3+3.0 69.0£2.0 93.0£3.0 62.2+2.0 39.0+12.0
BioSt61 6.4+0.2 9.6+2.0 1.0£0.0 8.3+1.0  51.0+3.0 31.6+6.0 13.5+2.4  69.0+0.0 57.2+5.5 58.0+9.0 66.1+1.5 34.5+2.0
BioSt62 6.5+0.0 6.0:0.5 2.0£1.0 9.3+0.3 18.1+6.0 31.0£8.0 13.2+2.0 80.0+1.0 58.0£10.0 59.5+2.5 62.5+1.4 32.3+12.0
BioSt63 64.0+0.1 10.0£0.1 1.3+0.1  7.0£1.0 11.1£1.4 37.1£2.0 37.0£5.0 24.0+2.0 46.4£1.0 65.0£3.1 15.0+0.3 28.4+1.4
BioSt64 1.0+0.1 8.0+0.1 1.3+0.1  13.5+1.0 11.1+0.2 37.1£3.0 37.0£1.0 24.0+5.2 59.4£1.0 66.1+0.3  84.3+1.0 19.3+0.5
BioSt66 9.0+5.0 19.3+5.0 5.2+3.0 10.0+0.1 27.0+£2.4 17.0£0.1 56.5+3.0 88.2+0.1 66.0+0.2 69.0+0.2  95.0+0.1 32.0+7.5
BioSt67 6.0+2.0 12.242.5 9.5+3.4  9.0£0.4  58.0+4.5 12.3£0.1 92.0£10.0 99.5+0.2 86.0£10.0 68.0£0.3  71.3£1.0 32.0+6.0
BioSt68 18.0+7.0 95.1£2.0 55.5+4.0 10.0+£0.1 91.5+2.0 66.0£6.0 18.2£5.0 96.0+2.0 62.0£0.5 61.56+0.4  72.1+0.1 51.0+10.0
BioSt69 6.0+1.4 13.0£1.0 8.0+£0.5  11.0+0.1 | 55.4+2.0 17.0+1.2 34.3+6.5  97.0£0.2  84.04+3.0 63.0£1.0 71.2+0.2 32.0£1.5
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Cizelge 3. Calismada kullanilan St. thermophilusizolatlarinin HPLC ile belirlenen 3-H-2-B, etanol ve 2,3-biitandiol miktarlar1 (En yiiksek degerler sar1

ile, en diisiik degerler gri ile gésterilmistir) (Devam)

Table 3. St. thermophilus isolates, used in the study, of 3-H-2-B and ethanol and 2,3-butanediol amounts determined by HPLC (The highest values

shown in yellow and the lowest values in grey) (Continuation)

3-H-2-B (mg/kg)

Etanol (mg/kg)

2,3-biitandiol (mg/kg)

Ethanol (mg/kg) 2,3-butanediol (mg/kg)
SM17 broth SM17 broth SM17 broth

Izolat Anaerobik  Aerobik LM17 Siit Anaerobik Aerobik LM17 Siit Anaerobik Aerobik LM17 Stit
Isolate Anaerobic  Aerobic Milk  Anaerobic Aerobic Milk  Anaerobic Aerobic Milk
BioSt70 6.4+1.0 12.1+£3.0 10.3£3.0 9.0+0.3 8.5+2.0 17.5£0.1 10.0+0.0 91.0+0.4 78.0+8.0 63.0£0.2 72.5+0.1 32.0+2.4
BioSt71 8.1+£2.0 12.0+£2.0 11.0+£3.3 7.4+0.0 66.0+3.0 37.0£8.0 90.0+£6.5 87.0£1.2 66.2+8.0 64.0£0.3 73.0+0.4 31.0+3.1
BioSt74 7.5+£2.0 11.3+4.0 9.442.1 8.0+1.2 59.0+£3.0 94.5+3.2 12.0+£9.3 91.0+0.2 89.2+7.0 63.3£2.1 71.5+2.0 45.0+5.2
BioSt75 22.5+0.0 40.0+0.2 37.3+0.4 63.0£0.0 13.5+0.2 4.3+0.4 28.5+0.2 24.0£0.3 1.1+0.0 2.5+0.2 22.0+0.0 19.2+0.2
BioSt76 97.0+£0.0 44.0+0.0 11.0£0.0 0.2+0.2 13.1+£0.0 35.3£0.3 68.3+0.3 15.2+0.2  8.0+0.0 8.5+0.2 70.2+0.0 54.3+0.1
BioSt80 1.0+£0.2 2.1+0.0 6.3£0.4 1.0+0.0 75.0+0.0 16.5+0.1 2.3+0.2 2.1+0.0 26.0+0.1 17.0£0.0 8.5+0.1 5.0+0.1
BioSt81 14.2+9.2 76.1+£8.2 90.0+8.1 10.0+1.0 60.0+4.3 20.1£2.0 16.0+6.0 37.0+£3.3 63.3+£2.4 75.0£4.0 80.4+1.0 39.0+£5.3
BioSt83 4.2+0.1 40.0+0.1 4.3+0.1 12.1+0.0 3.5+0.1 27.3+£0.1 3.1+£0.1 42.5+0.2  73.0+£0.0 15.0£0.1 60.0+0.2 21.4+0.2
BioSt108 15.0+2.1 18.0+£2.1 97.248.0 10.5+1.2 67.0+7.4 56.0£5.0 87.0+1.1 13.0£2.0 55.1+5.2 42.0£2.0 77.0+4.2 29.0+4.1
BioSt109 14.1+1.3 15.0+8.1 17.0£9.0 11.3+1.2 14.0+£2.3 18.0+0.3 14.3+10.0 15.4+5.0 78.0+7.2 91.0+4.0 70.2+2.3 18.0+8.0
BioSt110 11.5£7.3 123.0+£2.0 96.0+8.0 13.0+1.2 46.4+8.0 50.4+£5.4 58.0+£5.0 86.0+1.2 82.4+2.0 96.3£5.0 83.0+2.0 31.0+3.4
BioSt112 14.3£6.0 127.0£8.4 95.0+2.0 13.0+2.0 40.0+£2.4 56.0£1.5 49.1+2.0 19.3+6.4  87.5+2.0 93.0+4.2 86.0+4.2 30.0+5.4
BioSt115 10.2.£2.5 13.0£7.2 7.0+£3.2 12.3+2.0 17.0+£2.5 45.0+£2.0 32.0+4.0 96.0£7.2 45.0+£2.4 89.0+2.4 82.5+2.4 55.4+1.2
BioSt118 16.1+£1.2 17.5£10.0 10.3+3.4 13.0+1.6 31.0£3.0 55.2+1.2 76.4+5.0 14.3+2.4 41.0+£3.0 94.3£3.2 31.1+1.4 52.4+5.0
BioSt119 15.2+3.4 9.4+5.0 8.1+4.0 2.1£2.0 29.0+3.0 26.0£2.0 13.2+4.4 15.1+2.0 45.44+2.4 78.0£2.4 30.0+£7.0 52.5+9.0
BioSt121 9.0+4.0 10.3+7.0 17.0£1.0 11.0+1.4 28.0+£2.0 67.0£1.0 71.1+1.4 12.5+1.2 70.0+£2.4 95.56£2.0 92.0+£7.0 43.3+£7.3
BioSt123 8.0+1.0 8.4+5.0 14.3£0.5 6.5+0.1 11.3+6.1 65.0£5.5 21.2+6.0 98.0£6.0 26.0+2.0 77.0£6.2 41.245.0 32.0+2.2
BioSt127 5.4+4.0 6.0+1.0 13.0+3.5 11.5+2.0 70.5+4.3 60.3+4.2 25.0+8.4 99.2+4.1 13.2+7.0 38.0£7.2 56.0+5.2 2.4+0.4
BioSt132 6.4+1.0 14.3+6.0 6.4+0.5 9.0+1.0 25.0£21.0 40.0£2.0 13.5+1.3 11.5+6.4 60.0+2.4 86.3£2.0 38.4+3.2 45.0+10.1
BioSt134 6.3+4.1 5.1+2.4 14.0£8.0 8.5+0.3 16.2+8.0 3.4+9.0 41.0+4.1 93.5£6.0 89.3+1.2 29.0£6.0 72.5+0.5 29.1+£3.0
BioSt161 16.0£1.5 7.0+4.5 16.0+2.3 10.0+0.4 82.0£7.0 6.0+4.3 24.0+4.0 14.0£2.0 10.0+7.5 21.0£2.0 59.0+7.1 23.0+2.4
BioSt162 11.0+£2.3 11.0+£9.5 15.0+3.3 11.0+1.5 40.0+£4.0 30.0£2.2 49.0+£5.0 97.0£3.0 79.1+4.2 76.0£3.2 71.249.5 22.0+£2.0
BioSt164 7.0+0.5 10.0+£2.0 13.0+2.0 6.0+3.0 47.0+£9.0 65.0£4.0 96.0£1.0 17.0£5.4 73.0+1.4 68.2+4.2 96.0+8.4 32.4+6.0
BioSt169 14.0+0.3 2.0+0.2 24.0+1.4 5.0+£1.0 27.0+4.0 76.0£6.0 72.0+4.0 - 4.3+1.0 - 10.0+4.0 39.0+8.2
BioSt171 120.0£3.0 - 15.0+2.0 4.0+0.5 88.0+1.0 - 96.0+6.1 C 4.0+0.1 C 130.0+5.2° 38.0+7.0
BioSt172 122.0+£2.3 - 15.0+0.3 4.0+£0.50 31.6+6.2 C 27.0£11.0 - 9.5+5.5 - 31.3£11.0 42.0+1.3
BioSt173 104.0£10.0 - 15.0+0.5 5.0+1.0 42.0+1.4 c 65.0+1.5 6.0+£1.3 5.0+1.2 c 10.0£5.0 40.0+3.1
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Yogurdun eksimeye baslamasi ile ortamda varhig
artmaya baslamaktadir. Yogurtta belirli miktarda
asetaldehit birikmesi sonucunda, alkol dehidrogenaz
enzimi, asetaldehiti etanole indirgemeye baslar (Pinto

ve ark., 2009). Siitte NCBF2393 ve NIZO130 suslar:
icin etanol miktar1 tespit edilmemigtir. BioSt67
99.5+0.2 mg/kg ile siitte en yiksek miktardaki etanoli
tiretmistir (Cizelge 3, Sekil 4).
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Sekil 4. BioSt67 izolatinin gelistigi st ekstraktinin 190 nm’deki kromatogramai.
Figure 4. The chromatogram at 190 nm of the milk extract that BioSt67 isolate grew.

En yiksek etanol miktar1 anaerobik SM17’de
191.4+1.1 mg/kg olarak (BioSt99) tespit edilmistir. En
diisiik etanol miktar1 2.1+0.0 mg/kg ile BioSt80
izolatinda sutte tespit edilmigtir. Diger baz
izolatlarda etanol miktar: tespit edilmemistir. Lb.
bulgaricus izolatlar1 arasinda etanol miktar: siitte,
BioLb94 izolatinda 76.2+3.2 mg/kg (en yiiksek miktar),
BioLb157 izolatinda ise 20.1+7.1 mg/kg (en diisiik
miktar) olarak tespit edilmistir. Pinto ve ark. (2009),
21 gunlik depolama siiresi sonunda, yogurtta aerobik
sartlarda 3.3-40 mg/LL etanol tespit etmiglerdir.
Anaerobik MRS besiyerinde, BioLLb155 izolat1 95.3+5.0
mg/kg etanol (en yiiksek miktar) tespit edilmistir. En
diisik miktar BioLb153 izolatinda 9.1+3.0 mg/kg
olarak tespit edilmistir. Terpou ve ark. (2017)
yaptiklar: calismada, tiim yogurt 6rneklerinde etanole
rastladiklarini belirtmiglerdir. Giirsel ve ark. (2016),
yaptiklar:1 ¢galigmada bir giinliik yogurtta 3.63 = 0.57
mg/kg etanol tespit etmiglerdir. Etanol, maya ile
bulagsma veya heterofermentatif metabolizma s6z
konusu olmadikca, stut uUriininin son tadina direk
katki saglamamaktadir. Bu da etanoliin biiytik bir yan
iirliine déniismesine neden olmaktadir (Birch ve ark.,
2013). Calismamizda kullandigimiz referans suslar,
Lb. bulgaricus ve St. thermophilus izolatlarinin
kullanilan besiyerleri ve siitte belirlenen etanol miktar
araliklarinin, tespit edilen diger metabolit
miktarlarina goére daha yiliksek sayilarda olmasi bu
sekilde aciklanabilir (Cizelge 3 ve Cizelge 4).

2,3-Biitandiol. Stitte, NCBF2393 susu icin 162.1+7.4
mg/kg 2,3 butandiol tespit edilirken, NIZO130 i¢in
118.2+7.0 mg/kg 2,3 bitandiol tespit edilmigtir.
BioSt127 izolat1 igin 2.4+0.4 mg/kg (en diisiik deger)
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tespit edilmistir. BioSt40 icin 84.0£2.5 mg/kg (en
yiksek miktar) 2,3 biitandiol tespit edilmistir.
Anaerobik SM17de BioSt75 izolatinda 1.1+0.0 mg/kg
(en diisiik miktar) 2,3 biitandiol tespit edilmistir.
LM17 besiyerinde BioSt171 icin 130.0+5.2 mg/kg (en
yiilksek miktar) 2,3 biitandiol tespit edilmistir. Lb.
bulgaricus izolatlar1 arasinda sutte 2,3-biitandiol
metaboliti, en disik 6.2+0.2 mg/kg olarak tespit
edilirken (BioLb153), en yiiksek 69.1+0.0 mg/kg
(BioLb159) olarak tespit edilmistir. En yiiksek
miktarda 2,3-butandiol anaerobik MRS ve aerobik
MRS besiyerlerinde sirasiyla 98.4+2.0 mg/kg
(BioLb153) ve 98.0+5.1 mg/kg (BioLb130) olarak tespit
edilmigtir. Rao ve ark. (2011), fermentasyon
baslangicinda tespit ettikleri 2,3-butandiol miktarin
41.7 g/l olarak belirtirken, fermentasyon sonrasi 2,3-
biitandiol miktarimi 15.8 g/l olarak belirtmiglerdir.
Aym ¢aligmada asetoin miktar: artarken 2,3-biitandiol
miktarindaki azalma, bu metabolitin asetoine
dontismis olabilecegini distindirmiusgtir.
Calismamizda kullanilan referans suslarin ve tum
izolatlarin her bir besiyeri ve siitteki 2,3-biitandiol
degerleri ve miktar araliklari, Rao ve ark. (2011) nin
calismasina  gore  olduk¢a  disiik  miktarda
bulunmustur (Cizelge 3 ve Cizelge 4).

SONUC ve ONERILER

Calismada kullanilan mikroorganizmalarin spesifik
besiyerlerinde, aerobik ve anaerobik sartlarda ve siitte
geligtirildikten sonra HPLC analizi ile baz1 aroma
metabolitlerinin (format, piriivat, asetoin, etanol ve
2,3-biitandiol) miktar tayinlerinin gerceklestirilmesi,
simdiye dek bu konuda etraflica yapilmis ilk
calismadar. Literatiir incelendiginde, bu
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metabolitlerden bazilarina (format) dair miktar
tayinine hi¢ rastlanmazken, bazilarinin ise yalnizca
yogurttaki miktarlarinin Dbelirlendigi goérilecektir.
Besiyerlerinde O21i ve Og’siz sartlarda gelistirmek
suretiyle, sutteki degerler ile diger ortamlardaki
degerlerin karsilagtirilmasi ve bu hususta bir fikir
yuritmek imkani dogmustur. Yiksek verimli
teknolojiler, LAB’ini kullanarak endistriyel yenilikler
elde etmek i¢in bize etkili yontemler sunmaktadir. Bu
sebeple, giniimiizde, genis bir aroma bilesigi gesitliligi
veya gercek lezzet profili liretimi i¢in ¢ok sayida susun
taranmas1 mimkin olmaktadir. Son yillarda, aroma
ureten kiultirlerin taranmasi, mevcut kultirler
hakkinda bilgi eksikliginin giderilmesi hususunda
onemli bir boglugu kapatacaktir. Arzu edilen aroma
olusturucu 6zelliklere sahip olan suglarin belirlenmesi,
sit endistrisine yeni suglarin kazandirilmasini
mimkin kilmaktadir.

TESEKKUR

Doktora tezimin bir bolimlint olusturan bu
calismalara verdigi destekten otiri TUBITAK’a
tesekkiir ederim (Proje No:1100218).

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir ¢ikar
catismasi olmadigini beyan ederler.

Aragtirmacilarin Katk: Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan ederler.
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ABSTRACT
In this study, some physicochemical and microbiological
characteristics of 50 raw milk samples sold in local dairy delicatessens
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in Erzurum province were determined. As a result of the research, the Received ©15.04.2019
non-fat dry matter (%), fat (%), total dry matter (%), pH, acidity (%), Accepted - 08.12.2019
and density values of the milk samples were 7.6-10.5, 1.5-6.8, 10.9-

15.1, 6.46-7.33, 0.121-0.252 and 1.026-1.034, respectively. When the gzz’vwﬁf;

data were evaluated according to the related standards, it was
determined that 12% of the raw milk was not suitable for fat, 6% for
non-fat dry matter and 12% for total acidity. The total aerobic of
mesophilic bacteria counts in 98% of the samples were > 100.000
cfu/mL1, of the total coliform bacteria counts were in the range of 5.18-
5.83 log cfu/mL! in 38%, the total Enterococcus spp. counts were in
the range of 5.76-6.68 log cfu/mL?!, the total number of
Staphylococcus/Micrococcus spp. counts were in the range of 3.60-4.80
log cfu/mL1tin 60% and the yeast-mold counts 4.38-5.07 log cfu/mL!
in 36%. When all the results were taken into consideration, it was
recognized that the samples were found to have worse microbiological
quality than the chemical properties.

Physicochemical properties
Microbiological quality
Erzurum

Erzurum'da Yerel Siit/Siit Uriinleri Sarkiiterilerinden Toplanan Inek Siitlerinin Baz Fizikokimyasal
ve Mikrobiyolojik Ozellikleri

OZET Aragtirma Makalesi

Bu arastirmada Erzurum ilinde lokal siit sarkiiterilerinde satisa

sunulan 50 adet ¢ig siit Orneginin baz1 fizikokimyasal ve Makale Tarihgesi
mikrobiyolojik 6zellikleri belirlenmeye calisilmigtir. Arastirma Gelig Tarthi @ 15.04.2019
sonucunda siit 6rneklerinin yagsiz kurumadde (%), yag (%), toplam Kabul Tarihi :08.12.2019

kurumadde (%), pH, asitlik derecesi (%), ve yogunluk degerlerinin

sirasiyla 7,6-10,5, 1,5-6,8, 10,9-15,1, 6,46-7,33, 0,121-0,252 ve 1,026~ Anahtar Kelimeler

1,034 arasinda degistigi ve siit Orneklerinin hepsinin karbonat Cig siit

testinin negatif oldugu saptanmistir. Elde edilen veriler ilgili Fizikokimyasal 6zellik
standartlara gore degerlendirildiginde ¢ig siitlerin %12’sinin yag, Mikrobiyolojik kalite
%6’s1in1n yagsiz kurumadde, %12’sinin de asitlik degeri yonlyle uygun Erzurum

olmadig saptanmistir. Orneklerin, %98'inde toplam mezofilik aerobik
bakteri sayisinin >100.000 kob/mL!, %38inde toplam koliform
bakteri sayisinin 5,18-5,83 log kob/mL! arasinda, total Enterococcus
turlerinin sayisinin 5,76-6,68 log kob/mL?! arasinda, toplam
Staphylococcus/Micrococcus tiirlerinin sayisinin % 60'1nda 3,60-4,80
log kob/mL! arasinda ve maya-kif sayisinin ise %36’sinda 4,38-5,.07
log kob/mL! arasinda oldugu belirlenmistir. Elde edilen tiim sonuglar
gbz o6nunde bulunduruldugunda incelenen oOrneklerin kimyasal
ozelliklerinden ziyade mikrobiyal kalitelerinin daha kotii oldugu
tespit edilmigtir.

To Cite : Baran M, Adigtizel MC 2020. Some Physicochemical and Microbiological Properties of Cow Milks Collected from Local

Dairy Delicatessens in Erzurum, Turkey. KSU J. Agric Nat 23 (2): 493-505. DOI: 10.18016/ksutarimdoga.vi.553970.
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INTRODUCTION

Milk has an important role in nutrition in human life
due to its protein, carbohydrates, vitamins and fat
contents (Ullah et al., 2017). Additionally, it has beta-
lactoglobulin, lactoferrin, lysozyme, galactosidase,
conjugated linoleic acid, minerals, vitamins, hormones
and peptides which are biologically active compounds

with antiadhesive, antidiabetic, antimicrobial,
angiotensin converting enzyme inhibitor,
anticarcinogenic, antiobesitic, pre and probiotic

properties which have important effects on human
nutrition, health and metabolism (Park et al., 2013;
Armas et al., 2016). In summary, milk is one of the
most important animal products that contain many
components needed by human metabolism in daily life
in a sufficient and balanced rate (Singhal et al., 2017).

In addition to its vital importance, milk has great
importance economically in terms of cattle breeding as
the main agricultural activity of farmers in Turkey.
The milk production rate in Turkey has increased over
the years and 1is still upward trend due to
improvements in the livestock sector. In 2000, the
amount of bovine milk production, which was 8.372,00
tons, reached 18.762,000 tons in 2017. It can be
observed that milk production does not only meet the
needs in the country, but also contributes to the
national economy when the its products are also sold
in the foreign markets. For example, the rate of exports
of dairy products realized in January 2019 increased
by 21.06% compared to January 2018 (USK, 2019).

The type and quality of raw milk to be used in the
production of dairy products are important in terms of
product quality. In this respect, the physical, chemical
and microbiological characteristics of raw milk is a
matter to be emphasized. Qualified milk is a very
important product in terms of economy and health, in
this way it can make the farmer earn more money, as
well as enables the industrial institutions and/or
organizations to produce more and better-quality dairy
products. Consumers tend to prefer the healthy milk
products due to the increasing demand for hygienic
and nutritionally high-quality ones (Chardon et al.,
2016; Spreer, 2017).

There is a relationship between some physicochemical
parameters that make up the structure of raw milk.
Changes in some parameters that make up the
composition also lead to a number of changes in the
total content. This known situation has been put
forward by many researchers. Therefore, any kind of
adulteration that can be made in milk opens the door
to a number of changes in the composition. When the
relations of the subject matter are examined, valuable
information is given about the quality of milk and the
probabilities of adulteration. A similar situation is
observed in microbial flops of milk (Antunac et al.,
2002; Martin et al., 2004; Ropciuc, 2013).
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In the production of milk and dairy products, Erzurum
meets a large part of the regional production in the
North-Eastern Anatolia Region. Nevertheless, it is
reported that milk and dairy production is not
sufficient in terms of hygiene and quality parameters
(KUDAKA, 2013). Therefore, it is necessary to
evaluate the current situation in milk in the the
markets as a basis for the measures and activities in
Erzurum province. In line with this aim, samples were
taken from raw milk of the markets in Erzurum
province and their physical, chemical and
microbiological properties were determined. In
addition, the relationships between the parameters of
physicochemical and microbiological properties of the
samples were evaluated.

MATERIAL and METHODS
Collection and Analysis of Milk Samples

Overall, 50 milk samples (n:50) collected from different
local dairy delicatessens in Erzurum during the May-
December 2018 were used as materials in this study.
The raw milk samples were brought to the laboratories
of the Erzurum Vocational School, Department of Food
Processing under the cold chain and were subjected to
analyzes on the same day.

Physicochemical and Chemical Analysis in Milk
Samples

The pH of the milk samples was determined using pH
meter (Hanna Orion, USA) and the acidity was
determined by titrimetric method using
phenolphthalein indicator (Metin and Oztiirk, 2010).
The fat content of milk samples was determined by
using Gerber method (Metin and Oztiirk, 2010) non-fat
dry matter values by using refractometer, total dry
matter content was determined by addition of fat
content and non-fat dry matter and specific gravity
values were determined by using lactodensimeter
(Beykaya et al., 2017). The presence of carbonate was
determined using rosalic acid (Metin and Oztiirk,
2010).

Microbiological Analysis in Milk Samples

Prepared Samples for Microbiological Analyzes: 10 mL
of milk samples were homogenized with 90 mL sterile
physiological water (0.85%) (101 dilution) and
dilutions (102, 103 and 10%4) were prepared for
microbiological analysis. The logarithmic conversion to
the obtained colony numbers was expressed in terms
of log cfu mL1.

Total Aerobic Mesophilic Bacteria Count: Total aerobic
mesophilic bacteria were enumerated on Plate Count
Agar (PCA) (Merck, Germany) after incubating at 32
°C for 24-48 h in aerobic conditions (Motato et al.,
2017).
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Total Coliform Bacteria Count: Total coliform bacteria
were enumerated on Violet Red Bile Agar (VRB)
(Merck, Germany) after incubating at 35 °C for 24-48
h in aerobic condition (Asfidoajani and Scihani, 2018).

Yeast and Mold Count: Yeast and mold was
enumerated on Rose Bengal Chloramphenicol Agar
(RBC) (Merck, Germany) (VRB) after incubating at
room temperature for 5 days (Zeng et al., 2013).

Staphylococcus/Micrococcus Spp. Count:
Staphylococcus/Micrococcus spp. was enumerated on
Baird Parker Agar (BP) (Merck, Germany)
supplemented with egg yolk tellurite emulsion after
incubating at 37 °C for 24 h in aerobic conditions
(Walcher et al., 2014).

Total Enterococcus spp. Count: Total Enterococcus
spp. bacteria were enumerated on Kanamycin Aesculin
Azide Agar (KAA) (Merck, Germany) supplemented
with kanamycin after incubating at 37 °C for 24 h in
aerobic conditions (Graham et al., 2017).

Statistical Analysis

Standard deviations were calculated to check the
sensitivity of the examination and allow the
comparison of raw milk contamination. Descriptive

statistics including mean, standard deviation,
variance, minimum and maximum values were
obtained. To  evaluate the association of

psychochemical and microbiological properties in raw
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milk samples, we used Pearson correlations test. SPSS
(SPSS Inc., Chicago, IL, USA) and Minitab Software
(Minitab Inc., State College, Pennsylvania, USA) was
used for statistical analysis.

RESULTS and DISCUSSION
Physicochemical Properties of Milk Samples

The results of the physicochemical analysis of the
samples taken from raw milk sold in Erzurum are
given in Table 1.

Intensity of the correlation between analyzed some
parameters in milk samples was significant. (Table 2).
In this study, statistically highly significant
correlation (p<0.01) between NFDM and F contents in
relationship with TDM in milk samples were
established. A negative correlation was found between
TA and pH properties (p<0.01). Also, a negative
correlation between the content of milk fat and density
was established. We detected significant correlation
(p<0.05) between density and NFDM content.

Figure 1 shows that there were three components that
contribute to the quality of cow milk. Both components
explain 86% variability of the quality of milk based on
physicochemical analyses.

Non-Fat Dry Matter and Total Dry Matter

The non-fat dry matter in milk consists of all solids
such as lactose, minerals and vitamins. Non-fat dry
matter content in milk is important in terms of flavor

T T T

1 2 5

T
4

W -

Cémponent number

Bilesen sayisi
Figure 1. Factorial analyses of raw milk samples
Cizelge 1. (Cig stit 6rneklerinin faktor analizi
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Table 1. Some Physicochemical Properties of Raw Milk Samples (n: 50)
Tablo 1. Cig Siit Orneklerinin Bazi Fizikokimyasal Ozellikleri (n’ 50)

Samples ID NFDM (%) TDM (%) TA (LA%) ...« Density Carbonate
Ornek No Yagsiz Kuru F (%) Yag (%) Toplam Kuru pH Titrasyon Asitligi Yosunluk  Karbonat
Madde (%) Madde (%) LA%) i
sl 10.50 4.0 14.50 7.09 0.181 1.031
s2 10.00 4.5 14.50 6.71 0.230 1.031
s3 9.75 4.2 13.95 6.87 0.202 1.029
s4 10.50 3.5 14.00 7.01 0.179 1.031
sb 10.5 2.5 13.00 7.03 0.177 1.031
s6 9.10 3.5 12.60 6.90 0.194 1.030
s7 9.70 5.0 14.70 6.98 0.180 1.030
s8 9.30 4.7 14.00 6.85 0.186 1.029
s9 8.50 4.5 13.00 6.90 0.181 1.029
s10 9.60 4.9 14.50 6.79 0.190 1.028
sl1 10.10 4.0 14.10 6.53 0.252 1.028
s12 9.30 4.1 13.40 7.03 0.178 1.031
s13 8.80 4.3 13.10 6.78 0.220 1.032
sl4 8.30 3.9 12.20 6.86 0.175 1.028
s15 9.40 4.5 13.90 6.93 0.186 1.029
s16 7.60 4.0 11.60 6.66 0.225 1.029
s17 9.00 3.7 12.70 7.04 0.170 1.029
s18 8.90 3.9 12.80 6.67 0.216 1.028
s19 8.70 4.0 12.70 6.46 0.234 1.031
s20 9.30 4.0 13.30 6.50 0.250 1.030
s21 8.30 6.8 15.10 6.95 0.179 1.026
s22 8.40 4.5 12.90 6.97 0.175 1.031
s23 9.23 4.0 13.23 6.96 0.176 1.031
s24 8.90 4.4 13.30 6.83 0.160 1.030
825 8.25 4.5 12.75 6.97 0.173 1.030
s26 8.70 3.5 12.20 7.01 0.160 1.029
s27 9.90 4.0 13.90 6.91 0.178 1.031
828 8.70 3.5 12.20 6.87 0.170 1.031
s29 9.90 3.2 13.10 6.94 0.182 1.031
s30 9.80 3.5 13.30 7.03 0.133 1.030
s31 9.50 4.0 13.50 7.03 0.130 1.031
s32 9.90 4.5 14.40 6.94 0.179 1.030
s33 9.50 4.2 13.70 7.33 0.121 1.030
s34 9.10 3.5 12.60 6.74 0.180 1.030
s35 8.60 2.5 11.10 6.95 0.196 1.029
s36 9.80 3.5 13.30 6.73 0.190 1.030
s37 9.10 3.7 12.80 6.90 0.180 1.027
s38 10.00 3.5 13.50 6.66 0.216 1.034
s39 10.40 4.0 14.40 6.77 0.200 1.030
s40 9.40 1.5 10.90 7.01 0.138 1.032
s41 10.30 3.5 13.80 6.91 0.178 1.030
s42 9.40 4.0 13.40 6.98 0.170 1.031
s43 9.70 3.5 13.20 6.80 0.180 1.030
s44 10.30 3.0 13.30 6.73 0.192 1.031
s45 9.30 4.0 13.30 6.99 0.231 1.032
s46 8.70 4.5 13.20 7.19 0.122 1.030
s47 9.40 4.2 13.60 6.80 0.173 1.031
s48 8.70 3.5 12.20 6.82 0.180 1.031
s49 8.60 2.5 11.10 6.95 0.192 1.029
s50 9.40 3.5 12.90 7.03 0.130 1.031
MinV 7.60 1.5 10.90 6.46 0.121 1.026
MaxV 10.50 6.8 15.10 7.33 0.252 1.034
Variance 0.46 0.60 0.84 0.03 0.00 0.00
SD 0.68 0.78 0.92 0.17 0.03 0.00
SE 0.10 0.11 0.13 0.23 0.00 0.00
Mean 9.32 3.89 13.21 6.89 0.183 1.030

MinV: Minimum value; MaxV: Maximum value; SD: Standard Deviation; SE: Standard Error; NFDM: Non-Fat Dry Matter, F: Fat, TDM: Total
Dry Matter, TA: Titratable Acidity.
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Table 2. Data of correlation strength among physiochemical properties
Tablo 2. Fizikokimyasal ozellikler arasindaki korelasyon giictiniin verileri
NFDM F TDM pH TA Density
Yagsiz Kuru Yag Toplam Kuru Titrasyon Yogunluk
Madde Madde Asitligi
NFDM 1
Yagsiz Kuru Madde
F (Yag -0.209 1
TDM *% *%
Toplam Kuru Madde 0.561 0.692 1
pH 0.035 -0.028 0.002 1
TA (Titrasyon Asitligi) 0.020 0.094 0.094 -0.792%* 1
Density (Yogunluk) 0.338* -0.376** -0.068 0.049 -0.046 1

**Correlation is significant at the 0.01 level.
*Correlation is significant at the 0.05 level.

and nutritional value for the consumer and yield of the
dairy products for producers (Liu et al., 2018). As
shown in Table 1, it was determined that percentage of
non-fat dry matter of the collected milk samples were
between 7.6% and 10.5% and the mean value was
9.32%. Raw milk should be > 8.5% for non-fat dry
matter in cow's raw milk in the Communiqué on the
supply of raw milk to the final consumer by local
retailers (Official Newspaper , 2017). When the results
of the analyzes were evaluated according to this
communiqué, only 6% (n:3) of the samples were found
to be unsuitable. Other samples were found to be above
the value in the same communiqué. The percentage of
non-fat dry matter of the raw milk samples sold in our
country was examined by many researchers and
Tiirkoglu et al. (2003), Kesenkas and Akbulut (2010),
Akin et al. (2016), Beykaya et al. (2017), Géncii et al.
(2017) reported that the percentage of non-fat dry
matter of milk samples was 5.70-7.56%, 8.54%, 7.62-
9.25%, 7.33-9.80%, and 7.77-8.97%, respectively.

The yield of dairy products depends on the total
amount of dry matter. As the dry matter content
increases, the yield of the products to be obtained
increases as well.. Since the payment system for raw
milk in the world is based on total dry matter content,
it is very important to examine this parameter
economically (Draayier et al., 2009). In the present
study, the total dry matter content of the milk samples
was determined by collecting fat content and non-fat
dry matter. In fact, in the correlation analysis, it was
found that the fat and non-fat dry matter contents in
milk were related to the total dry matter content. In
the light of the data obtained, it was observed that 44%
(n:22), 28% (n:14), 8% (n:4), and 20% (n:10) of milk
samples had a total dry matter percentage of between
13-14%, 12-13%, below 12% and above 14% above,
respectively. Generally, it was determined that milk
samples with a high total dry matter had a high-fat
content. As stated above, the total dry matter content
depends on its components, such as the protein, lactose
and fat content. The average total dry matter
percentage in the raw milk samples offered for sale in
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our country was investigated in many studies and
Kavas and Akbulut (1993), Kesenkas and Akbulut
(2010), Akin et al. (2010), Beykaya et al. (2017) and
Goncii et al. (2017) reported that the percentage of
total dry matter of milk samples was 12.33%, 12.33-
13.28%, 10.00-16.90%, and %9.35-12.39, respectively.
The results are comparable with the data obtained
from the current study and it is thought that the
differences seen are due to the factors such as season,
nutrition, geographic location, breed and age of
animals.

Fat

The fat content is an important milk quality parameter
that determines the nutritional value of milk.
However, fat is the most variable component in bovine
milk. In addition, it is easily separated from milk
because it is lower than other milk components.
Therefore, the amount of fat can be reduced with milk
adulteration. For all these reasons, routine analysis of
milk fat is critical (Kucheryavskiy et al., 2014; Zhu et
al,, 2015). Although the standard on raw milk is
repealed according to the Turkish Food Codex Raw
Milk Communiqué, it has been stated that the fat
content in raw milk should be > 3.4% in Communiqué
on the supply of raw milk to the final consumer by local
retailers (Official Newspaper , 2017).

In the present study, the fat content of raw milk
samples were varied from 1.5%, to 6.8% (Table 1).
When raw milk is evaluated by Communiqué on the
supply of raw milk to the final consumer by local
retailers, it is observed that 12% (n:6) is below 3.4%
and is not in compliance with the standard. Beykaya
et al. (2017) analyzed the average fat content of raw
milk samples in Sivas province as 3.89%, while
Kesenkas and Akbulut (2010) reported that this
percentage was about 3.79% in Izmir province. The
percentage of fat in milk samples reported in these
studies are consistent with the current study data. On
the other hand, the fat content of raw milk samples
was determined by Sezgin and Kogak (1982) (3.34%),



KSU Tarim ve Doga Derg 23 (2): 493-505, 2020
KSU J. Agric Nat 23 (2): 493-505, 2020

Arastirma Makalesi
Research Article

Sezgin and Bektas (1988) (3.0%), Kavas and Akbulut
(1993) (3.30%) and Tiirkoglu et al. (2003) (3.20%) was
found to be higher than the values they found. It is
predicted that the difference of fat content of raw milk
is derived from the factors such as the type and body
condition of the cattle, feeding, lactation stage, season
and ambient temperature.

On the other hand, we found a positive correlation
between total solid and fat content in milk samples.
Indeed, Luliana et al. (2014) and Khatun et al. (2018)
reported that they had found a strong correlation
between fat and total solid contents in milk.

pH and Acidity

Acidity of milk, which is naturally an acidic animal
product, is of vital important parameter to determine
the milk quality in dairy farms. In the subsequent
stages of milk processing, pH also becomes an
important component. Examination of both
parameters provides information on the total acid
concentration in the milk (Isildak and Gones, 2018). As
is known, there is a negative correlation between pH
and titratable acidity in raw milk (Fava et al., 2014).
In fact, the statistical analysis obtained in the present
study proves the accuracy of this relationship.
Measurement of milk pH is important in tests of
impurity, deterioration and mastitis infection
symptoms. The pH of fresh milk is about 6.7. When the
pH of the milk drops below pH 6.7, it typically shows
deterioration by bacterial degradation. An acidic pH in
milk is transformed into “sour milk” in which
coagulation or curl occurs with its characteristic odor
and taste (Kurwijila, 2006). Milk with a pH higher
than 6.7 indicates that milk is from cows infected with
mastitis. Typically, in milk, a somatic cell count is
performed to detect mastitis infection, but a pH
measurement is a rapid pathway for infection
screening (Anema, 1998). The pH values of the raw
milk samples taken in the study are given in Table 1.
As shown in the Table 1, the pH values of raw milk
samples ranged from 6.46 to 7.33 and found to be 6.89
on average. There is no standard regarding the pH
values of raw milk in Turkish Food Codex. With regard
to the pH of raw milk in different regions of Turkey,
pH values were found to be 4.89-6.70, 6.30-7.00, 6.41-
6.63, and 6.37-6.62 by Beykaya et al. (2017), Kesenkas
and Akbulut (2010), Akin et al. (2010), and Géncii et
al. (2017), respectively.

In dairy technology, acidity is often expressed and
evaluated in terms of lactic acid and SH° (Soxhlet
Henkel). As it is known, a multiplication of 0.0225
coefficients is applied in order to convert the SH°
degree to lactic acid%. The total acidity values of the
raw milk samples examined in the present study were
found between 0.120% and 0.252%. Turkish Food
Codex “Communiqué on Raw milk and Heat-Treated
Drinking Milk” reported that the acidity of the raw
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milk should be between 0.125-0.200% in terms of lactic
acid (Tiirk Gida Kodeksi, 2000). According to the
Turkish Food Codex in terms of acidity, 84% (n:42) of
the milk samples examined were found to be suitable,
and 12% (n:6) were found to have high titratable
acidity. 4% (n:2) was found to have low titration
acidity. In 6 (12%) of the raw milk samples analyzed,
it was observed that the pH was below 6.7. It was
observed that there was a harmony between the pH
values of the milk samples and the acidity values.
Sezgin and Bektas (1988) reported that 69% of the milk
sold in Trabzon, Beykaya et al. (2017) reported that
60% of the milk from dairy farms in Sivas showed a
high degree of acidity. In another study, Turkoglu et
al. (2003) stated that the acidity of the milk sold in
Sanliurfa ranged from 4.2 to 9.65 SH® and 73.7% of the
milk samples examined were in accordance with the
values given in the Turkish Food Codex, and 10.5%
were below, 10.5% were above these values. On the
other hand, Kesenkas and Akbulut (2010) reported
that 2% of the raw milk samples they examined had
acidity below 0.135. Titratable acidity in raw milk with
related studies conducted in different regions of
Turkey, Géncii et al. (2017) and Akin et al. (2010)
reported that titration acidity was varied between
0.142-0.258% and 0.164-0.220%, respectively. On the
average of raw milk examined by this value, Sezgin
and Bektas (1988) and Tiirkoglu et al. (2003) stated
that 0.196% and 0.162%, respectively. Although there
are some differences between the reported results and
the data in the current study, there are some relatively
compatible results.

Density

Determining the density of milk is one of the important
methods that give insight into the adulteration of milk.
Milk density varies with the effect of all substances in
its composition. While the density decreases with
increasing the amount of fat, raises with increasing
protein, lactose and mineral content and/or decreasing
fat content. When the correlation analysis was
performed on the data obtained from this study, it was
observed that there was a negative relationship
between fat content and density of raw milk samples.
As a matter of fact, as stated in the previous sentence,
this shows that the specific gravity of fat in milk is low.
Hence, adulteration such as weaning, water and/or
starch /sugar addition may lead to a change in density
(Luther et al., 2017). It has been stated in Turkish
Food Codex “Communiqué on Raw milk and Heat-
Treated Drinking Milk” that the density should be
between 1.028 and 1.037 g/cm3 (Turkish Food Codex,
2000). In the current study, the specific density of the
raw milk samples changed between 1.0260 and 1.0340
g /cm3, with an average of 1.030 g/cm? (Table 1). It was
determined that the density of the milk samples
examined was within the range specified in the
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legislation. Beykaya et al. (2017), Tiirkoglu et al.
(2003), Yaylak et al. (2007), Tasci (2011), Diler and
Baran (2014) and Goéncii et al. (2017) reported that
density of raw milk samples was varied between
1.0230-1.0312 g/cm3, 1.0212-1.0401 g/cm3, 1.0278-
1.028 g/em3, 1.016-1.034 g/cm3, 1.0283-1.0291 g/cm3
and 1.0283-1.0323 g/cm3, respectively.

Carbonate Test

NaOH (Caustic soda) is used to milk adulteration to
neutralize the acidic effect. Caustic soda containing
sodium can cause danger for individuals with
hypertension and heart diseases. In addition, caustic
soda deprives lysine in the milk, which is essential for
the growth of infants. Such a milk adulteration is
dangerous for all sections of society, but is more
harmful for pregnant women. Addition of carbonate
and bicarbonate to milk may cause deterioration of the
hormone signals regulating development and
reproduction. Carbonates also causes gastrointestinal
problems such as stomach ulcers, diarrhea, colon
ulcers and electrolyte discomfort (Reddy et al., 2017).
As seen in Table 1, carbonate test was found negative
in all milk samples examined. This means that the raw
milk samples that are sold local diary delicatessens in
Erzurum do not include caustic soda to reduce acidity.

Microbiological Properties of Raw Milk Samples

The results of the microbiological analysis of the
samples taken from raw milk offered for sale in
Erzurum are given in Table 3.

Intensity of the correlation between analyzed some
microbiological parameters in milk samples was found
significantly in Table 4. In this study, statistically
highly significant correlation (p<0.01) between TAMB
and TC and TE in milk samples were established. A
positive correlation was found between TE and S-M
count (p<0.01). Also, positive correlation between the
Y&M and S-M count was established. We detected
significant correlation (p<0.05) between number of TE
and Y&M.

Total Aerobic Mesophilic Bacteria (TAMB)

The high total bacterial count (108 log cfu mL) in raw
milk can indicate the presence of various pathogenic
microorganisms, and it is an important health hazard
that the consumption of pasteurized or boiled milk
from this milk may cause swallowing of heat-resistant
toxins from microorganisms. The high total number of
bacteria does not only pose a threat to public health,
but is also a source of great concern as it causes
regional economic losses. It is accepted that milk with
high total bacterial counts is not maintained and
stored under hygienic conditions (Millogo et al., 2010;
Oliveira et al., 2011).

The lowest, highest and average aerobic mesophilic
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bacteria (TAMB) count were 5.00 log cfu mL, 8.42 log
cfu mL1and 6.96 log cfu mL1, respectively. It has been
reported that the total number of aerobic mesophilic
bacteria in raw cow's milk should be 100.000 c¢fm mL!
in the Turkish Food Codex “Communiqué on Raw milk
and Heat-Treated Drinking Milk” (Turkish Food
Codex, 2000). This value is 5 when logarithmic
transformation is performed. When this value is taken
as a base, it is determined that only 1 of the milk
samples is suitable for the communiqué and the
remaining 49 is above the value specified in the
communiqué (Table 3). This situation shows that the
bacteriological quality of 98% of the raw milk samples
is very bad. This situation indicates the presence of
problems related to milking practices, milk
transportation and holding. Géncii et al. (2017)
reported that the number of TAMB in street milk sold
in Sanlhurfa was between 6.06-7.74 log cfu mL1
According to the results of the same study, it was found
that TAMB in all the raw milk samples analyzed was
not suitable for the Turkish Food Codex. In this
respect, it is compatible with the data of our current
study. The analysis performed in raw milk in different
parts of Turkey; Kesenkas and Akbulut (2010), Diler
and Baran (2014), and Akin et al. (2010) reported that
the TAMB count were 4.2-7.4 log cfu mL1, 2.8-6.8 log
cfu mL1, and 4.89-7.94 log cfu mL1, respectively.

The number of TAMBs gives information about the
microorganism load of the milk which changes
depending on the natural or rough factors. In fact, as
given in this study, total coliform and total
Enterococcus spp. numbers were correlated with the
increase in the number of TAMB. The high number of
microorganisms in this group, which is an important
hygiene indicator, shows that milk is contaminated in
environments where milk is obtained, stored and sold
with an increase proportional to the number of
TAMBs. Similar findings have been identified by
different researchers (Torkar and Teger, 2008;
Mohamed et al., 2017).

Total Coliform

Coliforms are defined as microorganisms that are
aerobic or facultatively anaerobic, Gram-negative,
non-spore-forming rods capable of fermenting lactose
with the production of acid and gas at 32-35 °C (Martin
et al., 2016). Detection of coliforms plays an important
role in the dairy industry because coliforms reflect
contamination in milk, soil and water, and poor
hygiene practices. Therefore, legal limits have been set
by many countries for the presence of coliforms in milk

and dairy products. The high coliform number also
indicates that contaminated milk by pathogenic
bacteria important to public health, such as
Escherichia coli (Masiello et al., 2016). As show in
Table 3, the lowest, highest and average total coliform
count were <2 log cfu/mL1, 6.48 log cfu/mL! and 5.47
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Table 3. Microbiological properties of raw milk samples
Tablo 3. Cig stit orneklerinin mikrobiyolojik 6zellikleri

Samples ID TAMB (Toplam Aerobik TC (Toplam TE (Toplam S-M Y&M
Ornek no Mezofilik Bakter:) Koliform) Enterokok) Stafilikok-Mikrokok Maya&Kiif
sl 7.91 5.94 6.19 4.91 5.88
s2 8.42 6.48 6.74 4.86 4.70
s3 7.49 5.81 5.94 5.30 5.18
s4 6.25 <2 6.41 5.02 4.78
) 6.11 <2 6.04 5.02 3.60
s6 7.75 6.26 5.05 4.40 4.89
s7 7.45 6.45 6.13 4.81 5.97
s8 7.41 5.63 6.16 4.30 4.33
s9 7.83 5.68 6.72 4.76 5.20
s10 6.71 5.51 5.51 4.50 4.08
sll 7.40 6.06 6.06 4.32 4.37
sl2 5.90 3.88 3.00 3.78 4.10
s13 6.18 4.85 3.48 <2 3.30
sl4 7.30 5.84 5.60 3.60 4.08
sl5 5.30 4.90 3.00 3.30 3.93
sl6 5.11 5.94 5.60 4.60 4.60
s17 6.34 5.81 3.30 3.00 4.60
s18 7.54 6.13 4.98 4.45 5.32
s19 7.90 6.02 6.03 4.04 4.76
s20 7.81 5.52 6.02 3.00 3.70
s21 6.19 4.73 4.30 3.90 3.88
822 7.65 5.72 6.13 4.46 5.36
s23 7.20 5.38 5.98 4.34 4.28
s24 7.49 5.62 5.98 4.00 5.78
s25 7.83 4.08 5.92 4.30 5.26
s26 6.60 5.26 5.80 4.48 3.85
s27 7.98 5.98 5.68 4.48 4.70
s28 7.18 5.13 6.20 4.48 3.90
s29 7.75 4.32 6.03 3.70 3.81
s30 6.13 5.89 5.66 3.00 5.15
s31 6.60 5.66 4.99 4.00 3.85
832 6.90 6.00 5.70 5.87 4.48
s33 5.60 6.15 3.30 4.90 4.48
s34 6.90 6.00 5.70 5.87 4.48
835 6.78 5.66 5.62 4.26 5.20
s36 7.67 5.51 5.72 4.40 4.00
s37 5.00 4.48 4.70 4.28 5.88
s38 6.79 5.56 4.30 4.52 4.00
s39 7.95 4.40 6.23 <2 3.00
s40 8.10 5.11 <2 <2 3.00
s41 6.30 4.00 5.03 3.95 4.60
s42 5.30 <2 <2 3.30 4.48
s43 6.23 4.30 5.48 4.30 5.04
s44 7.59 5.30 4.78 4.60 4.95
s45 8.18 5.73 5.88 4.90 4.85
s46 6.00 5.60 6.23 4.70 4.90
s47 6.30 5.05 5.72 4.00 5.77
s48 7.76 6.41 5.97 4.60 5.53
s49 6.49 5.59 4.30 5.30 5.00
s50 7.56 5.54 5.94 5.18 4.78
MinV 5.00 <2 <2 <2 3.00
MaxV 8.42 6.48 6.74 5.87 5.97
Variance 0.87 1.62 2.53 1.84 0.60
SD 0.93 1.27 1.59 1.36 0.77
SE 0.13 0.21 0.20 0.17 0.10
Mean 6.96 5.47 5.44 4.38 4.59

MinV: Minimum value; MaxV: Maximum value; SD: Standard Deviation; SE: Standard Error; TAMB: Total Aerobic Mesophilic Bacteria, TC:
Total Coliform, TE: Total Enterococcus spp., S-M: Staphylococcus/Micrococcus spp., Y&M: Yeast and Mold
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Table 4. Data of correlation strength among microbiological properties
Tablo 4. Mikrobiyolojik 6zellikler arasindaki korelasyon giiciiniin verileri
TAMB TC
Toplam Aerobik  Toplam TE Toplam S-M Y&M
Mezofilik Bakteri Koliform Enterokok Stafilikok-Mikrokok Maya&Kiif
TAMB
Toplam Aerobik 1
Mezofilik Bakteri
TC o
Toplam Koliform 0.404 1
TE *%
Toplam Enterokok 0.409 0.272 1
S-M - *%
Stafilikok-Mikrokok 0.004 0.111 0.472 1
Maya&Kiif 0.046 0.229 0.324 0.537 1
**Correlation is significant at the 0.01 level.
*Correlation is significant at the 0.05 level.
log cfu/mL. The coliform count, which are seen as law temperatures (Torkar and Teger, 2008).

general hygiene indicator in obtaining raw milk and
found in our present study, reinforce the existence of
problems related to non-hygienic milking and
unsuitable milk holding practices in Erzurum. In
studies conducted in order to reveal the microbiological
quality of the raw milk samples which are offered for
sale in different provinces, the count of coliforms was
reported as 0.75-6.0 log cfu/mL1, 4.31-6.21 log cfu/mlL-
1 3.03 log cfu/mL! by Kesenkas and Akbulut (2010),
Goéncii et al. (2017) and Diler and Baran (2014),
respectively.

Enterococcus spp.

The bacteria of the genus Enterococcus spp., also
known as enterococci, constitute an important part of
environmental, food and clinical microbiology.
Depending on the strain, they are considered as
indicator, distortion or potentially pathogenic
organisms. They contaminate the milk and milk
products via water, equipment, unhealthy and
unhygienic production conditions. They are blamed as
direct or indirect disease agents caused by milk and
dairy products (Garg et al., 1991). On the other hand,
some types of Enterococcus spp. are also known for
their probiotic roles as they contribute to human
digestibility (Franz et al., 2003). Because they are of
faecal origin, their presence in milk is seen as an
indicator for hygiene practices. As seen in Table 3, the
total number of Enterococcus spp. in raw milk samples
was <2 log cfu/mL1, 6.00 log cfu/mL! and 5.44 log
cfu/mL1l. 42% of the raw milk samples had a total
Enterococcus spp. number between 5.76-6.68 log
cfu/mL1.

The correlation of the number of coliforms and
Enterococcus spp. with total bacterial count was
understandable, they represented a part of the total
bacterial count, because a lot of coliform and
FEnterococcus spp. bacteria are capable to growth at
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Enterococcus spp. are resistant to heat stress and have
a good specific competitiveness in environment with
complex microflora, hence, they can easily adapt to the
hot climate prevailing in the regions from where most
of our samples were taken. Foschino et al. (2002) report
that Enterococcus spp. did not correlate with any
variable their investigated. For this reason, they
emphisased that finding of Enterococcus spp. does not
appear to be associated directly with faecal
contamination or poor hygiene. On the contrary our
results showed that there was the relation between
total Enterococcus spp. and
Staphylococcus/Micrococcus spp. or yeast and mold
number. These results suggest that Enterococcus spp.
would be faecal contamination in this study.

Tasci (2011) reported that the lowest, highest and
average total number of Enterococcus spp. was found
to be <102 cfu/mL1, 6.6x106 cfu/mL! and 3.2x104
cfu/mL1! in the raw milk samples in Burdur province.
When the logarithmic transformation is made, it is
seen that the data obtained in this study is lower than
the data obtained in the current study.

Staphylococcus/Micrococcus spp.

Staphylococcus species, which 1s a member of
Micrococcaceae family, are Gram positive, 0.5-1.5 pm
diameter coke-shaped, non-spore forming, non-motile,
catalase positive, facultative anaerobic bacteria. There
are 28 species and 32 subspecies in this genus.
Staphylococci contamination is particularly alarming
given the fact that many isolates can produce
thermostable enterotoxin and consequently cause food-
borne intoxication in consumers. The presence of
Staphylococcus aureus, the most important member of
this group, in raw milk is usually due to cow mastitis,
handler or insufficient hygiene. When found in milk, it
can quickly reach a high number under favorable
conditions (de Oliveira et al., 2011). In view of this
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situation, according to the Turkish Food Codex
“Communiqué on Raw milk and Heat-Treated
Drinking Milk”, the number of Staphylococcus aureus
should be maximum 5.0x102 cfu/mL1in 2 and 1.00x102
cfu/mL! in 3 of the raw milk samples (Tiirk Gida
Kodeksi, 2000).

As seen in Table 3, the total number of
Staphylococcus/Micrococcus spp. in raw milk samples
was <2 log cfu/mL1, 5.87 log cfu/mL?! and 4.38 log
cfu/mL1, respectively. Overall, 60% of the raw milk
samples had Staphylococcus/Micrococcus spp. number
between 3.60 and 4.80 log cfu/mL1. Kesenkas and
Akbulut (2010) reported that almost all of the raw milk
samples examined had values between 3.0 and 5.4 log
cfu/mL. In another study, Tasci (2011) reported that
lowest, highest and average number  of
Staphylococcus/Micrococcus spp. was <2 cfu/mL?t,
1.3x106 cfu/mL1, and 2.45x104cfu/mL1, respectively.in
the raw milk samples in Burdur province. Diler and
Baran (2014) reported that the number of
Staphylococcus/Micrococcus spp. in their raw milk
samples was 3.7 log cfu/mL1. The data obtained in the
aforementioned studies are seen to be lower than those
of current study.

We also found Staphylococcus/Micrococcus spp. had a
positive correlation with yeast and mold number
suggesting that there 1is necessarily exist a
relationship between the Staphylococci and yeast in
heavily contaminated milk.

Yeast and Mold

Milk provides all the nutrients and conditions
necessary for growth, because raw milk is often
considered an ideal growth medium for
microorganisms, including many fungal species.
Microscopic fungus formation in raw milk can occur
during milking, transport, storage and other
pretreatment activities; it is also affected by the
physiological state of the animal, air and reproductive
conditions. These microorganisms may pose a risk of
deterioration in raw milk as well as the risk of public
health due to mycotoxins which are secondary
metabolites of fungus (Engin et al, 2009). However,
there is no information on the number of yeast-molds
required to be present in raw milk in the Turkish Food
Codex.

The lowest, highest and average yeast-mold numbers
of the raw milk samples were found to be 3.00 log
cfu/mL1, 5.97 log cfu/mL?! and 4.59 log cfu/mL1,
respectively (Table 3). In 18 samples (36%), yeast
mold-number was determined to be between 4.38-5.07
log cfu/mLt. The high number of yeast-molds
determined indicates that the milk does not comply
with the hygiene and sanitation rules during the
milking stages and conditions. Similarly, Engin et al.
(2009), Kesenkas and Akbulut (2010), Géncii et al.
(2017), and Beykaya et al. (2017) reported that the
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number of yeast mold in raw milk samples was 4.14-
5.96 log cfu/mL1, 0.60-5.40 log cfu/mL1, 3.89-6.33 log
cfu/mL1, <1-9.6x1086 cfu/mL!

CONCLUSION

The highest value in the production of agricultural
products in Turkey belongs to raw milk for last 10
years. In 2013, the production of raw milk in the
agricultural production valued of 190 billion Turkish
liras (TL) in Turkey. When only these values are
considered, it will be seen that the milk and dairy
products sector is a very important sub-sector in terms
of the added value provides to the country's economy
and the realization of rural development. In spite of all
these reasons, small and scattered dairy farms and low
quality of milk cause problems in domestic and foreign
trade of milk. Milk enterprises should be safeguarded
both in terms of market conditions and global realities,
as well as their competitiveness in terms of public
health. To this end, it is also necessary to fulfill the
closing criteria of the “Food Safety, Veterinary and
Phytosanitary” chapter, which is still open for
negotiations with the EU. For this reason, rather than
supporting the enterprises in different ways, the
necessary improvements should be made in
agriculture and livestock sectors which are the raw
material source of the sector and milk supply should be
provided as safe raw materials.

Although the physicochemical parameters of 50 milk
samples collected from the Erzurum region examined
in this study show that they are suitable in terms of
quality, microbial analysis shows that their quality 1s
not sufficient and a significant portion of them do not
comply with the Turkish Food Codex.

We also notice a very significant positive correlation
index between NFDM and fat content in relationship
with TDM. Density 1is significantly negatively
correlated with the fat content. As expected, a negative
correlation was found between pH and TA (LA%).
Similar correlations have been observed in some
microbiological parameters and the increase in the
number of TAMBs together with microorganisms
known as hygiene indicators have shown that raw milk
is contaminated at any stage of production.

The quality and composition of raw cow milk depends
on the changing physico-chemical parameters of small,
medium or large-scale farms. It is also influenced by
various factors such as breed, feed intake, dietary
patterns, milking incidence, milking process, seasonal
changes, lactation time and adulteration. On the other
hand, the high level of microbial loads in the raw milk
provided by the farmers in the dairy industry under
unhygienic conditions reduces the milk quality.
Considering all these factors, the following should be
done to improve the qualities of raw milk offered for
sale in our province:
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e Controls carried out by authorized units regarding
the supply of raw milk should be made frequent and
continuous.

e An effective control mechanism should be
established and the milk coming from local farms
should be recorded.

e The effects of possible damages on the individual
and therefore on public health of raw milk reaching the
consumer from the producer in unhealthy conditions
should be explained by using non-formal education
facilities. In this regard, universities, the media, the
relevant ministries should work in coordination and
provide awareness to the individuals and/or
enterprises responsible for the primary processes until
they reach the consumer.

. Inorder to increase the consumption of healthy and
safe milk, national campaigns should be initiated and
all groups, especially the younger generation, should
be involved in this campaign.
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The present study was conducted to determine different calcium

carbonate (CaCOs) level effects on growth, survival, molting Article History

frequency and body composition of freshwater crayfish juvenile, Received - 03.09.2019
Pontastacus leptodactylus (Eschscholtz, 1823). Initial mean weight Accepted £ 28.11.2019
and length juvenile crayfish were measured to be 0.53+0.01 g and
22.0£0.05 mm, respectively. Crayfish were stocked randomly in
twelve aquariums in area of 0.2 m? at the rate of 50 crayfish/m2. The
different level of CaCOs was added into a commercial trout diet Y
(Control), 3%, 6% and 12% for feeding the juvenile crayfish. After 90- Freshwater crayfish
day study, supplementation of CaCOs significantly (P<0.05) did Grovs{th

affect growth rate, specific growth rate, feed intake, molting Survival

frequency, biomass, but reduced survival of crayfish at level of 6%

diet as compared to the other groups. The proximate composition of

tail meat of crayfish was unaffected by the diet. These results

indicated that the calcium carbonate addition is required for

crayfish. At the end of the experiment, 6% of calcium carbonate was

suggested to be used in formulated diets for crayfish juvenile.

Keywords
Pontastacus leptodactylus
Calcium carbonate

Farkl: Seviyelerde Kalsiyum Karbonat (CaC0O83) Kullamminin Yavru Tathsu Istakozu Pontastacus
leptodactylus (Esg_:hscholtz, 1823)’larmmin Biiyiimesi, Hayatta Kalmasi, Kabuk Degigimi ve Viicut
Kompozisyonlar: Uzerine Etkileri

OZET Aragtirma Makalesi

Bu calismada, farkli seviyelerde kalsiyum karbonat kullaniminin

yavru tatlisu istakozu Pontastacus Ieptodactylus (Eschscholtz, Makale Tarihgesi
1823)’lerinin biiyiimesi, hayatta kalmasi, kabuk degisimi ve viicut Gelig Tarihi - 03.09.2019
kompozisyonlar:1 tlzerine etkileri incelenmistir. P. leptodactylus Kabul Tarihi = :28.11.2019
yavrularinin baglangi¢ ortalama agirliklar: ve uzunluklar: sirasiyla .

0,563+0,01 g ve 22,0+0,05 mm olarak hesaplanmigtir. Kerevitler, Anahtar Kelimeler
rastgele metrekareye 50 adet 0,2 m2 alana sahip on iki akvaryuma P ont.as tacus leptodactylus
stoklanmigtir. Yavru kerevitleri beslemek igin farkli seviyelerde Kals1yum karbonat
CaCOs ticari alabahk yemine (Kontrol), % 3, % 6 ve % 12 olacak  Latlsuistakozu
sekilde ilave edilmistir. 90 giinliikk ¢alismadan sonra, yemlere %6 Biytime
oraninda CaCOs1n ilave edilmesi diger gruplarla kiyaslandiginda, Hayatta kalma
biyime hizini, spesifik biiylime hizini, yem alimini, kabuk degisim

sikligini, biyomasi o6nemli 6lciide (P<0.05) etkilemis, ancak

kerevitlerin hayatta kalma oraninin azalttigimi gostermistir.

Kerevitlerin kuyruk etinden alinan 6rnekler sonucunda, protein,

yag, nem ve kil igeriklerinin muamele gruplar1 arasinda istatistiki

olarak farkli olmadig1 goézlenmigtir. Bu sonuclar, diyet kalsiyum

karbonat takviyesinin kerevit i¢in gerekli oldugunu gostermistir. Bu

nedenle, deneyin sonunda tathh su istakoz yavrulari i¢in formiile

edilmis diyetlerde % 6 kalsiyum karbonat kullanilmasi énerilir.

To Cite : Mazlum Y, Sirin S 2020. Farkli Seviyelerde Kalsiyum Karbonat (CaCO3) Kullamiminin Yavru Tathsu Istakozu
Pontastacus leptodactylus (Eschscholtzz 1823)larinin Biiylimesi, Hayatta Kalmasi, Kabuk Degisimi ve Viicut
Kompozisyonlar1 Uzerine Etkileri. KSU Tarim ve Doga Derg 23 (2): 506-514. DOI: 10.18016/ksutarimdoga.
vi.614826
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INTRODUCTION

Astacid crayfish have a wide distribution and
production potential in Europe. Astacus leptodactylus
is naturally found in our country and in Europe and is
of commercial importance (Mazlum and Yilmaz,
2012). Recent studies have reported that this species
is genetically named Pontastacus Ieptodactylus
(Akhan et al., 2014; Crandall and De Grave, 2017). P.
leptodactylus is a cold water species like other
European crayfish. Crayfish has played a significant
role as export products in Turkey until 1984.

After 1986, however, the production of crayfish
decreased significantly from 5000 tons to 200 tons in
most lakes and dams reservoirs due to crayfish
plague Aphanomyces astaci Schikora, 1903, and
through overhunting, agricultural irrigation and
water pollution. In 2016, the amount of crayfish
production decreased to 544 tons (TUIK, 2017).
Although plague is still observed in some lakes in
Turkey, additional stocks in natural lakes or dams
did not an increase in the amount of P. leptodactylus
(Diler and Bolat, 2001). The total amount of crayfish
obtained by hunting was about 1030, 609.6 and 544
tons for 2010, 2011, and in 2016, respectively (TUIK,
2017). When the fluctuations in crayfish production
are examined in recent years, it is obvious that the
amount of crayfish production continues to decrease.
Until now, there were no crayfish aquaculture
production facilities in Turkey (Mazlum, 2007).
However, in 2015, crayfish hatchery was built in
Egirdir Institute which is the first and only closed
recirculating system. In Turkey crayfish production is
based on only hunting, it is not implemented any
alternative methods to increase its production.
However, the different strategies such as monoculture
and rotational systems were used in the world to
increase crayfish production (Mazlum and Yilmaz,
2012).

Crayfish are invertebrates and have polytrophic
feeding habits. Crayfish are classified as herbivorous,
detritivorous, omnivorous and sometimes mandatory
carnivores (Momot, 1995; Correia, 2003; Nystrom,
2002; Mazlum and Yilmaz, 2012). They are capable of
living in many habitats in terms of physiological,
morphological and  behavioral characteristics.
Crayfish are abundant and predominantly found
among all invertebrates. This organizm play an
important role in the freshwater food chain by feeding
on the residues and detritus of thousands of animals,
from living and rotten plants, cereals, algae and
vertebrates to smaller vertebrates such as small fish
species (Matsuzaki et al., 2009; Lodge et al., 2012;
Twardochleb et al., 2013). Cannibalism is one of the
most important problems in its culture. As the
exoskeleton 1in crayfish normally limits growth,
crayfish must molt and throw an outer shell to grow.
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Crayfish are immobile and vulnerable during shell
changes. While crayfish prepare for shell change, they
stop feeding and decrease their activity (Romano and
Zeng, 2017; Marshall et al., 2005; Reynolds, 2002).

In aquatic organisms, calcium (Ca) is considered one
of the most important minerals (Liang et al., 2018)
and 1s required for normal growth, skeletal
development and various physiological processes in
aquatic species (NRC, 2011; Lall, 2002). The main
sources of calcium in crustaceans and crayfish are
water and nutrients containing ionic calcium in water
(Zanotto and Wheatly, 2002; Hessen et al., 1991).
Therefore, calcium is a critical macro element for
crusted ecophysiological activities (Roy et al., 2009;
Tavabe et al., 2013). All aquatic organisms require
inorganic elements or minerals for their normal life
processes (Chanda et al., 2015). Calcium is the
primary inorganic component present in the shell and
exoskeleton of crayfish (Luquet et al., 2016;
Greenaway, 1993). Calcium concentrations vary
commonly in aquatic ecosystems (Greenaway, 1993).
That is, low calcium concentrations can limit growth
and production (Hessen et al., 1991). Therefore,
adequate calcium is required after each shell change
(Rukke, 2002). Incomplete calcification reasons
elongated soft external skeletons, and then
freshwater crustaceans cause carnivore organisms
(Stein, 1977), cannibalism (Dick, 1995) and external
injuries (France, 1987). For example, the outer
skeleton of red swamp crayfish, P. clarkii, contains 25
to 30% calcium. They need calcium every 7 to 10 days
to change the shell of the crayfish. Therefore,
calcification of the exoskeleton is necessary for all
crustaceans. Crayfish and other crustaceans can use
ionic calcium during mineralization of the new
exoskeleton by obtaining water or body reserves at
the time of shell change. The storage sites of calcium
that can be used in the early stages of the
mineralization of the new exoskeleton include
gastroliths (gastric stones) and the midgut gland
(hepatopancreas). Adequate calcium in water or diet
will prevent both cannibalism and injury of crayfish.
The use of calcium carbonate in the diet of P
leptodactylus 1s important not only for growth but
also for the molting frequency and survival.

Therefore, in this study, we determined the effects of
the use of different calcium carbonate (CaCO3) levels
in diets on the growth, survival, molting frequency
and body composition of freshwater crayfish.

MATERIAL and METHOD

Ovigerious female P. leptodactylus were obtained
natural crayfish stocks from Seydisehir Sugla Dam
and in Konya. Freshwater crayfish were placed in the
box and transferred to the Aquaculture Research
Facilities at Mustafa Kemal University where
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spawning took place. The crayfish were kept in
circular fiberglass tanks provided with shelter (onion
sacks and pieces of polyvinyl chloride pipe), and well-
aerated water was used in the flow-through system.
Crayfish were fed with commercial trout diet to
develop and shed eggs.

In this experiment, 12 aquariums with dimensions of
80 x 40 x 25 cm (length x width x height) and 0.2 m?
surface area were used. The bottom of each tank was
provided plastic pipes of different diameters and
mesh pieces for shelter. The temperature of the water
used in the experiment was sustained 13.9-24.3°C,
the oxygen content was between 4.3-7.8 mg /1 and
salinity was determined as 1%. During the
experiment, water temperature (°0) and dissolved
oxygen content (mg /1) in water were measured daily
(08:00) daily using YSI 55 model oxygen meter. pH
(YSI 60 model pH meter) values were measured
weekly. Nitrite, nitrate, and ammonia was measured
monthly and samples was read on the
spectrophotometer in the central laboratory. Water
salinity (YSI 85 model salinometer) was measured
monthly.

The mean length and weight of juvenile crayfish were
measured (22.0 £ 0.05 mm length and 0.53 + 0.01 g)
and randomly stocked into twelve aquariums without
statistical difference with a stock density of 50 pieces
/ m2 crayfish. Diets were prepared by adding control
(0%), 3%, 6% and 12% CaCOs based on a commercial
trout larvae diet containing 55% protein and 12%

Total number of crayfish harvested

ival R)(%) =
Survival rate (SR)(%) Total number of fish stocked

Quantity of feed supplied (g)

Feed convertion ratio (FCR) = - -
crayfish yield (g)

lipid. Each diet group was planned to consist of 3
replications. Different levels of CaCOs were blended
in a food processor for homogeneous mixing and then
adequate water was added to the mixture to form a
soft dough. The dough was passed through a mincing
machine with a pellet mold of 2 mm diameter. The
pellets were air-dried at 40 ° C in an oven and stored
at 4 ° C during the experiment. Crayfish were fed two
times a day at a rate of 5% of the bodyweight for 90
days.

The experiment was conducted for 90 days and the
growth, survival, molting frequency and feed
conversion ratio were evaluated for each treatment
group on the 30th, 60th and 90th days of the
experiment. In each measurement, the crayfish in the
aquarium were counted and their length and weight
were measured. The length of the crayfish were
measured with a 0.1 mm from the tip of the rostrum
to the tip of the telson. The weight of the crayfish was
measured by means of digital scales with a sensitivity
of 0.01 g.

At the end of the study, biological parameters used to
estimate growth, survival, molting frequency and feed
conversion rate (FCR) were calculated as follows:In
the study as growth parameters;

Growth was calculated at 30-day intervals over the
90-day study period. At the end of the growth trial,
crayfish were counted and weighed. Average growth
per day or specific growth rate (SGR ) was calculated
using the formula:

100

(Harvest weight (g) — Stocked weight (g))

Harvest rate (HR) (g) =

Rearing (90 days)

(In final mass — In initial mass)

Specific growth rate (SGR) =

Rearing (90 days)

x100

(average final mass(g) — average stock mass(g))

Daily growth rate (DGR)(g/crayfish/day) =

(Number of molt)
total crayfish

Molting frequency (MF) =

At the end of the experiment, all crayfish collected
and weight. Subsamples (n=12 crayfish) were taken
and kept for analysis of crude protein, crude lipid,
moisture, and crude ash. The final length, SGR, FCR,
molting frequency, survival rate, moisture content
and proximate composition of P. leptodactylus were
statistically analyzed with one-way analysis of
variance (ANOVA) to determine significant
differences among the dietary treatments by using
the SPSS software (Version 16.0; SPSS; Chicago, 1L,
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Rearing (90 days)

USA). A post hoc Duncan’s multiple range test was
used to determine the differences among the
treatments. Differences were considered significant at
the 95% confidence level (P<0.05). All means were
presented with + standard deviation (SD).

RESULTS

After a 90-day study, the effects of calcium carbonate
(CaC0O3) levels on the growth, survival, molting
frequency and body composition of juvenile



KSU Tarim ve Doga Derg 23 (2): 506-514, 2020
KSU J. Agric Nat 23 (2): 506-514, 2020

Arastirma Makalesi
Research Article

freshwater crayfish P. leptodactylus (Eschscholtz,
1823) were determined. Water quality parameter
values used in the experiment were found to be
acceptable for crayfish culture (Koksal, 198S;
Mazlum, 2007). No statistical differences were
observed in the mean water temperature, dissolved
oxygen, pH and NOs-N (P>0.05). The temperature of
the water used during the experiment was averaged
19.9 °C (19.77-20.30°C) and the dissolved oxygen level
varied between 4.8-8.6 mg / 1 depending on the water
temperature during the 90-day experimental period.
As a result of the weekly measurements, it was
observed that the pH value was changed between

8.61-8.68, while the (NO3-N) averaged 0.017mg/l, and
ammonia averaged 0.06 mg/l during the experiment.

Average final wet weight of the freshwater crayfish
fed with calcium carbonate was between 1.20 + 0.21—
2.47 £ 0.65 g and average length measurements were
33.3 £ 0.81-44.7 = 1.31 mm. we observed that there
was significant differences between in length and
weight in the experimental groups. The average final
length and weight fed with 6% calcium carbonate
group was found to be different than the other groups
(P <0.05) (Table 1). At the end of the experiment, the
best growth (weight and length) was achieved in the
group fed with 6% calcium carbonate.

Table 1. Mean + SD values of some growth parameters of P. leptodactylus during the experiment period of 90 days.
Cizelge 1. 90 giinliik deneme stiresi boyunca P. leptodactylus’un bazi biiylime parametrelerinin ortalama + standart sapma

degerlert.
Treatments

Growth parameters Control 3% CaCOs 6% CaCOs 12% CaCOs
Initial wet weight(g) 0.53+0.01 0.53+0.01 0.53+0.01 0.53+0.01
Final wet weight (g) 1.33+0.202 1.20+0.212 2.47+0.65b 1.224+0.212
Initial total length (mm) 92.0+0.052 22.0+0.012 22.0+0.052 22.0+0.052
Final total length (mm) 35.6+0.80a 33.3+0.812 44.7+1.31b 34.7+0.80a
SGR(% per day) 0.53+0.802 0.45+0.812 0.78+1.31b 0.50+0.802
Final wet mass (g) 11.64+1.492 9.48+1.192 19.47+3.51b 10.54+1.422
SR (%) 92.45+5.34 87.47+7.26 85.00+8.66 91.62+5.19
MF (%) 57.6+0.112 61.3+0.142 73.6+0.13b 58.3+0.102
FCR 1.17+0.33 1.33+0.31 0.89+0.40 1.50+0.51

Mean values with the same superscript letters in the same row are not significantly different (p>0.05)
Ayni satirda ayni harflere sahip olan ortalama degerler belirgin dlgtide farkl degildir (p> 0,05)
SGR:.Specific growth rate, SR: Survival rate, MF: Molting frequency, FCR: Feed conversion ratio , CaCOs’ Kalsiyum

karbonat

SGR: Spesifik biiyiime orani, SR- Hayatta kalma orani, MF- Kabuk degisim sikligi, FCR: Yem degerlendirme orani, CaCO3:

Kalsiyum karbonat

Survival rate of juvenile crayfish ranged between 85-
92.45%. No statistically significant difference was
found in survival rates among the treatments groups
(P> 0.05) (Table 1). At the end of the experiment, the
highest survival rate according to the measurement
periods was observed in the control group with
96.66% on the 60 thday.

The molting frequency was 73.6% in the group fed
with 6% calcium carbonate supplemented feed, 61.3%
in the group fed with 3% calcium carbonate
supplemented feed, 58.3% in the group fed with 12%
calcium carbonate supplemented feed and control
57.6% in the group (Table 1). The group fed with 6%
calcium carbonate supplementation was statistically
different from the others (P <0.05).

At the end of the experiment, the highest specific
growth rate was calculated in the group fed with 6%
calcium carbonate supplemented feed with 0.78 value
and the lowest specific growth rate was calculated in
the group fed with 3% calcium carbonate
supplemented feed with 0.45 value. Specific growth
rates, the group fed with 6% calcium carbonate
supplementation was different from the other groups

509

(P <0.05) (Table 1). According to the sampling
periods, the highest specific growth rate was obtained
from the feed fed group with 6% calcium carbonate
added at 1.25 day 60. This was followed by control,
feeding with 12% and 3% calcium carbonate
supplemented feed with 0.85, 0.77 and 0.76 values in
the same period, respectively.

At the end of the experiment, feed conversion ratio in
the groups fed with control, 3%, 6%, and 12% calcium
carbonate supplemented feed were found to be 1.17,
1.33, 0.89 and 1.50 respectively. In terms of feed
conversion ratio, it was found that although the group
fed with 6% calcium carbonate supplemented feed
had a better feed conversion ratio, but it was not
found different from other groups (P> 0.05) (Table 1).

There was a significant difference among the groups
in terms of final wet mass (P <0.05). At the end of the
experiment, the highest product amount was obtained
as 19.47 g from the feed fed the group with 6%
calcium carbonate addition, the group fed with control
was 11.64 g, the group fed with 12% 10.54 g and the
group 9 fed with 3% 48 g (Table 1).
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Table 2. Mean + SD of the proximate composition (%) of the crayfish (P. leptodactylus) at the end of the

experimental period of 90 days.

Cizelge 2. 90 giinliik deneme periyodu sonunda P. leptodactylus istakozunun proximate kompozisyonunun (%)

ortalama + standart sapmasi.

Parameters Treatments

Control 3 % CaCOs 6% CaCOs 12% CaCOs
Moisture (%) 79.74+0.22 80.69+0.42 80.63+0.51 81.59+0.28
Protein (%) 17.9440.27 16.64+1.01 16.21+0.07 16.48+0.42
Lipid (%) 0.99+0.42 1.52+0.27 1.89+0.51 0.89+0.45
Total ash (%) 1.33+0.03 1.15+0.11 1.27+0.04 1.04+0.08

Mean values with the same superscript letters in the same row are not significantly different (P>0.05).
Ayni satirda ayni harflere sahip olan ortalama degerler belirgin élgiide farkl degildir (p> 0,05)

CaCOs’ Kalsiyum karbonat

The body composition values of the different calcium
carbonate added feeds are given in Table 2. As a
result of the samples taken from tail meat of crayfish,
it was observed that protein, fat, moisture and ash
contents were not statistically different among the
treatment groups.

DISCUSSION
Environmental factors (light transmittance,
photoperiod and stock density) water quality

parameters (water temperature, dissolved oxygen,
pH, calcium, and magnesium) play an important role
in the growth and survival of crayfish. (Nystrém,
1994; Jover et al., 1999; Paglianti and Gherardi, 2004;
Ramalho et al., 2008). In particular, calcium contains
a wide range of biological functions (growth and
molting) and has an important structural role in
crayfish (Muyssen et al., 2009). In other words,
crayfish need calcium to be able to harden the new
shell after molting and they have to supply calcium
from either water or feed (Hammond et al., 2006).
Hammond et al. (2006) showed that increases in
calcium concentration in water reduces cannibalism
in crayfish. The effects of different concentrations of
calcium on the survival, growth and molt of crayfish
have been shown in previous studies (Tiirel and
Berber, 2016; Sirin and Mazlum, 2017; Holdich,
2002). However, studies with calcium have been
limited so far. Therefore, calcium carbonate was
added to feeds in order to minimize losses due to
cannibalism in the larval stage. Sirin and Mazlum
(2017) indicated that when crayfish fed with calcium
carbonate supplemented feeds had more gastroliths
than fed with with calcium chloride in stomachs.
They also observed that new molt and soft crayfish
had larger and heavier gastroliths. Because, after the
molting crayfish can not use gastroliths. At that time
calcium carbonate is used for the formation of mouth
and shell.

In this study, we investigated the effects of calcium
carbonate on juvenile freshwater crayfish growth,
survival and molting frequency. Crayfish with an
average length of 22 mm and weight of 0.53 g were

510

used. At the end of the experiment, different
concentrations of calcium carbonate significantly
influenced the survival of crayfish. Thus, the highest
survival rate was observed in 12% calcium carbonate
supplemented feed groups, followed by control, 3%,
and 6%, respectively. These results are in parallel
with the other studies. For example, Fotedar et al.
(1999) found that the survival rate was 80%. In this
study, the survival rate of crayfish was found to be
93.6%. Similarly, previous studies have shown that
the survival of crayfish is proportional to the increase
in calcium concentration in water, but is partly
reduced by death due to molting (Taugbol et al.,
1996). Again, Hammond et al. (2006) in a study on
Paranephrops zealandicus crayfish survival in the
amount of calcium in the water (up to 10 mg / L) is
proportional to the increase in the amount of water,
but the increase in certain amounts of calcium (eg 80
mg / L) have observed that the growth rate does not
change. Moreover, some studies have shown that
neither high nor low calcium concentration has a
positive effect on growth.

The best growth was found to be 2.47 g in crayfish fed
with 6% calcium carbonate supplemented feeds.
Winkler (1986) in his study indicated that the lack of
calcium in water affects crayfish molt, metabolic
activity, and growth, although the high concentration
of calcium in the water can be make toxic effects on
crayfish. In this study, the frequency of molting was
found to be highest in groups containing 6% calcium
carbonate (73.6%). This value was found to be
different from other groups. Similar studies on
Penaeus/Litopenaeus vannamei showed that when Ca
/ Mg was 1: 3, survival and growth rates increased
with increasing calcium and magnesium ions, but
when calcium concentration reached 30 mg / L,
growth and survival rates decreased with increasing
calcium and magnesium ions. (Yue et al., 2009).

The calcium level in aquatic environments has an
important role in the growth of freshwater crayfish
(France, 1987). Calcium accumulates in the outer
crust of many crustaceans and, as in freshwater
crayfish, a sufficient amount of calcium is needed at
each molt (Rukke, 2002). In the decency of calcium,
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molting activity progresses more slowly. Therefore,
the soft shell period lasts longer and during this
period, crayfish are vulnerable to predator attacks
because they are vulnerable (Stein, 1977).
Cannibalism also increases in this period (France,
1987). Rapid growth, frequent molt increases
cannibalism and predators more (Lutz, 1983). No
significant difference was observed our study groups.

Zahmetkesh et al. (2007), in their experiment, they
studied the growth and survival rates of crayfish fed
with different amounts of calcium supplementary feed
(0, 1, 2, 3, and 4). As a result of the research, the best
weight and length increase was observed in the feed
group with 3-4% calcium content, but no significant
difference was found in our experiment groups. The
highest growth (11.65 g) was observed in the group
fed with 4% calcium feed. The lowest survival rate
(30%) was seen in 2% calcium fed group. In this
study, it was determined that there was a significant
increase in growth due to different concentrations of
calcium carbonate. And the best growth and molting
occurred in the group fed with 6% calcium carbonate
supplemented feeds. The best temperature of growth
activity of this species was determined as 21.8 °C
(Nystrom, 2002). A. leptodactylus species to grow
under culture conditions, the most suitable water
temperature values between 20-25 °C have been
determined (Koksal, 1988). It is not correct to link
these results to calcium compounds only. Because the
temperature of water molting, survival, feeding, and
growth is the first-degree factor in crayfish (Lowery,
1988; Whitledge and Rabeni, 2003). Generally, low
temperatures are recommended for the survival of
juvenile crayfish and high temperatures are
recommended for rapid growth. Different researchers
working with astacids and other family crayfish have
reported an increase in survival rates in crayfish
maintained at temperatures of 15 °C or lower,
although temperatures of 20 °C or higher provide the
best results for growth of crayfish (Westman et al.,
1993; Gydemo and Westin, 1989; Mazlum, 2007 ).
During this study, the water temperature was 19.9
°C. Another factor effective in the growth of
freshwater crayfish such as pH level (Bradford et al.,
1998). The acidity of lakes or waters can lead to
significant calcification and reduced hardness of the
outer shell. In acidic waters, calcium 1s almost
negligible (Seiler and Turner, 2004). Even in this
case, the crayfish can survive and reproduce. The pH
of the water also affects the oxygen demand of the
water. Optimal 6.5-8 pH levels have been reported to
be suitable for A. leptodactylus (Koksal, 1988). In this
study, pH values ranged between 8-8.7. Low dissolved
oxygen concentration and sudden rise and fall,
freshwater crayfish is one of the main problems seen
in natural and growing environments (Huner, 1988).
Oxygen content is a limiting factor in the growth of
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freshwater crayfish. In general, crayfish exposed to
constant low oxygen levels are slowing growth and
feeding (Chien and Avault, 1983).

In aquaculture, freshwater crayfish are stressed at
oxygen levels below 3 mg / L. It has been determined
that P. leptodactylus, which is naturally distributed
in our country, can tolerate a minimum of 3.97 mg / L,
and optimally needs oxygen concentration higher
than 6 mg / L (Nystrém, 2002; Wingfield, 2000).
Oxygen values observed during the research were at
the desired level and did not constitute a problem
during the trial period.

At the end of the experiment, it was observed that the
protein, fat, moisture and ash contents of the crayfish
fed by adding different levels of calcium carbonate to
the feed were not different among the treatment
groups. Previous studies indicated that the moisture
content of crayfish was 81% (Yildirim et al., 1997) and
79-79.7% (Giirel and Patir, 2001). The results
obtained in this study showed similar with other
studies. Protein value of crayfish in the study of
Yildirim et al., (1997) was 14.2%, Gurel and Patir
(2001) was 16.4-17.1%, Huner (1995) 16.79% and
Mazlum (2007) found to be 16.5%. The values
obtained in this study support these studies. In the
study of Yildirim et al. (1997) fat values between 1.26-
1.51%, Gurel and Patir (2001) found the oil values
between 0.40-0.50 %. These values are in comparable
with our study. Although the meat yield of crayfish is
low, the crude protein content is high. Meat yield and
protein contents of crayfish were changed seasonally.
Oil ratio of crayfish varies significantly depending on
the reproduction period and nutrient multiplicity
(Eversole and Tiirker, 1999; Eversole et al.,2002).

Crayfish have gastroliths called stomach stones. They
are located on both sides of the cardiac stomach and
contain calcium carbonate. During the molt, some of
the calcium carbonates in the old shell accumulate in
gastroliths. As a result of this experiment, the highest
gastrolith accumulation was observed in crayfish in
groups fed with 12% feed. Thus, calcium or its
compounds in water or feed have a significant effect
on the hardening of the shell of crayfish. Taugbol et
al. (1996) stated that 10-20% calcium is required in
the hardening of new crust and storage of gastric
stone. Another result obtained from this study was
that gastroliths were found to be larger and heavier
in freshly shelled softshell crayfish. One of the most
important reasons for this is that the newly changed
individuals have not been able to use gastrolith.
Because during the shell change calcium carbonate in
the stomach is brought back into dissolved form and
used in the formation of the mouth and outer shell.
1/3 of the amount of calcium carbonate required for
the development of new crust is provided from the
stomach, hepatopancreas, and blood (Taugbol et al.,
1996; Holdich, 2002). Cerenius and Séderhall (1984),



KSU Tarim ve Doga Derg 23 (2): 506-514, 2020
KSU J. Agric Nat 23 (2): 506-514, 2020

Arastirma Makalesi
Research Article

found that Aphanomyces astacii, the causative agent
of crayfish plague, has an antagonistic effect of
calcium and magnesium content in the water on
zoospore production. Therefore, the calcium content of
the waters to be cultured in crayfish should be at a
certain level, otherwise, it has an encouraging effect
on the high production of zoospores.

As a result, it was observed that calcium carbonate
supplemented feeds had significant effects on
survival, growth and molting frequency of juvenile
crayfish. At the end of the 90-day trial period, the
best growth (weight and length) was achieved in the
feed fed group with 6% calcium carbonate
supplementation. At the end of the experiment, the
highest survival rate was obtained from only 12%
group with 93.33%, while the lowest survival rate was
found in the group of 81.11% and 6%. When specific
growth rates are evaluated the highest value was 1.39
g in the group fed with 6% calcium carbonate
supplementation and the lowest value was in the
group fed with 0.84 g with 3% calcium carbonate
supplemented feed.

In the 90-day period, it was found that the group fed
with 6% calcium carbonate added feed had a better
feed conversion rate and did not differ from the other
groups. Among the treatment groups, the frequency of
crust change was 80.6% in the group fed with 6%
calcium carbonate supplemented feed, 48.6% in the
control group, 49.0% in the group fed with 3% calcium
carbonate supplemented feed and 12% in the group
fed with calcium carbonate 43.3%, respectively. The
highest amount of product was obtained from the
group fed with 6% calcium carbonate supplemented
feed with 20.26 g, the control group 11.64 g, the group
fed with 12% calcium carbonate added to feed and the
group fed with 11.54 g and 3% calcium carbonate was
9.62¢g, respectively. As a result of the samples taken
from tail meat of crayfish, it was observed that
protein, fat, moisture and ash contents were not
statistically different among the treatment groups.

CONCLUTION

After 90-day study, supplementation of CaCO3
significantly affected growth rate, specific growth
rate, feed intake, molting frequency and biomass.
However, survival of crayfish at level of 6% diet group
was found lower when compared to the other
treatment groups.
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Narenciye Kabugu Esansiyel Yaglar1 Kullanilarak Hazirlanan Mikroenkapsiile Balik Yag
Tozlarinda Depolama Siiresince Meydana Gelen Duyusal ve Renk Degigimleri
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OZET

Bu galismada, hamsi yagina eklenen narenciye kabugu esansiyel
yaglarinin (portakal, limon, mandalina ve greyfurt) sprey kurutma
yoluyla mikroenkapsiile edilmesi sonucu elde edilen balik yag:
tozlarinin oda sicakhiginda (24+1°C) 12 haftalik depolama siiresi
boyunca rengi ve duyusal kalitesi tizerindeki etkisi arastirilmigtir.
Mikroenkapsiilasyon sonrasi érneklerin renk parlaklig: (Z*) degerinin
76.46 - 81.51, a* degerinin (-2.50) - (-0.52) ve b* degerinin 7.41 - 19.39
arasinda degistigi gorulmustiir. Genel olarak, L*, renk beyazhg
(Whiteness) ve renk tonu (Hue) degerleri depolama siiresiyle birlikte
azalirken, a *, b * ve renk berrraklik (Croma) degerleri dalgalanma
gostermistir. Gruplar arasinda en fazla renk degisimi (AE) kontrol
grubunda (8.04), en az degisim ise mandalina kabugu esansiyel yag
grubunda (4.55) gézlenmistir. ME balik yag1 tozlar: koku, gériiniim ve
partikil c¢aplari bakimindan birbirlerinden farklhilik gostermigtir.
Gorsel gozlemler, ME balik yagi tozlari kontrol grubunun renginin
beyaz, ME portakal ve limon kabugu EO gruplarinin soluk beyaz, ME
mandalina kabugu EO grubunun sarims1 ve ME greyfurt kabugu EO
grubunun sampanya renginde oldugunu géstermigtir. Tiim gruplarin
kuru toz ornekleri ince ve puruzsiz olmasmna ragmen, ozellikle
kontrol grubunda depolama sonlarina dogru kiimelenme- topaklagma
gézlenmigtir. Panelistler tarafindan kontrol grubunda gézlenen balik
kokusunun, eklenen esansiyel yaglar ile baskilandigi tespit edilmistir.
Aym zamanda kullanilan esansiyel yaglarin depolamanin sonlarina
dogru kontrol grubunda goézlenen acilasma kokusunu bastirdig1 ve
renk sonuglar: ile de uyumlu olarak yaglarin acilagsmasini onledigi
dolayisiyla oksidasyonu 6nledigi sonucuna varilmigtir.

ABSTRACT

The current study was designed to assess the color and sensory
evaluation of microencapsulated (ME) anchovy fish oil powders by
adding citrus essential oils (EOs) (orange, lemon, mandarin, and
grapefruit) for 12 weeks of storage period at the room temperature
(24+1°C). After microencapsulation, it was observed that color
brightness (L*), a* and b* values of the samples varied in the range of
76.46 - 81.51, (-2.50) - (-0.52), and 7.41 - 19.39, respectively. In general,
L*, whiteness and hue values decreased with the storage time, while
a*, b* and croma values fluctuated. Among the groups, the highest
total color difference (AE) was observed in the control group (8.04)
while the lowest AE was detected in mandarin peel essential oil group
(4.55). ME fish oil powders differed from each other in terms of smell,
appearance and particle diameters. Visual observations indicated that
the color of control group ME fish oil powders was white, ME orange
and lemon peel EOs groups were pale white, ME mandarin peel EOs
group was yellowish and ME grapefruit peel EOs group was light
orangish. Although dry powder samples of all groups were thin and
smooth, clumping-agglomeration was observed towards the end of the
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storage, especially in the control group. According to the results of
sensory analysis, it was determined by the panelists that the fishy
odor observed in the control group was prevented by the added
essential oils. It was concluded that the EOs used also suppressed the
smell of rancidity observed at the end of the storage in the control
group and prevented the rancidity of the oils in accordance with the

color results by preventing the oxidation.

To Cite : Ucar Y 2020. Narenciye Kabugu Esansiyel Yaglar1 Kullanmilarak Hazirlanan Mikroenkapstile Balik Yagi Tozlarinda
Depolama Siiresince Meydana Gelen Duyusal ve Renk Degisimleri. KSU Tarim ve Doga Derg 23 (2): 515-526. DOL:

10.18016/ksutarimdoga.vi.624566.

GIRIS

Balik yaglari, yapilarinda EPA ve DHA gibi ¢oklu
doymamig yag asitleri nedeniyle 6énemli bir besin
kaynagidir. Bir¢ok arastirmaci, ¢oklu doymamis yag
asitleri tliketiminin, risk faktorlerini azaltarak
insanlarda, 6zellikle kardiyovaskiler bozukluklarda
birgok  hastaligin  olusumunu  6nleyebilecegini
bildirmistir (Durmus, 2018; Cakmak¢i ve Tahmas-
Kahyaoglu, 2012). Bu bakimdan, hamsi yaginin
miilkemmel omega-3 lipid kaynaklarindan biri oldugu
ve dogrudan balik yagi tiketiminin yam sira,
tiuketicilerin omega-3 bakimindan zengin gidalara ve
ilgili ham maddelere artan bir ilgi goésterdigi
bilinmektedir (Gokoglu ve ark., 2009; Tatar ve
Kahyaoglu, 2014; Yu ve ark., 2017). Ayrica, balik
yaglar1 fonksiyonel bir besin maddesidir ve saglikta
cok 6nemli bir rol oynar. Ornegin, balik yag ile
zenginlestirilmis insan diyetinin biligsel bozukluklarin
onlenmesinde ve ¢ocuklar ve yagli insanlar i¢in beyin
gelisiminde yararh etkileri oldugu tespit edilmigtir
(Ozogul ve ark., 2018). Bununla birlikte, balik yaglar
guicli bir koku ve aromaya sahiptir ve korunmadiklar:
stirece kolayca okside olurlar. Balk yagindaki
doymamis yag asitlerinin oksidatif bozunmasi, besin
degeri kaybi1 ve istenmeyen tat olusumu ile
sonuclanmaktadir. Bu nedenle, balik yaglarinin
kalitesini korumak ic¢in antioksidanlar ve igleme
teknolojileri  kullamilir. Bu  teknolojilerin  en
onemlilerinden  bazilar1  mikrokapsiilasyon  ve
nanoteknolojik uygulamalardir (Ceylan ve ark., 2018;
Durmus ve ark., 2019). Mikrokapsiilleme, gida
bilegenlerinin veya biyoaktif bilegsenlerin, polimer
matris veya "duvar" ile "¢ekirdek" olarak sarilmasini
saglayan bir teknolojidir. Mikrokapsiillenmis gida
katki maddeleri sayesinde, teknik olarak imkansiz
oldugu dustiniilen birgok fonksiyonel urtin artik
uretilebilir ve gida katki maddesi olarak kullanilabilir.
Mikrokapsiilleme, kapsiillenen gida bilegenlerine
sayisiz yarar saglayabilir. Ornegin, kapsiillenmis
malzemeler, lipit oksidasyonu, Uretim boyunca
besinsel bozulma, kullanim ve depolama gibi olumsuz
reaksiyonlara kars: korunmaktadir.
Mikrokapsiilleme, balik yaglarinin oksidasyonunun
korunmasinda onemli olmakla birlikte,
mikrokapsillenmis biyoaktif bilegsenlerin islenmesi ve
ardindan depolanmasi sirasinda maksimum koruma
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saglamak igin esans yaglari gibi antioksidanlarla ilave
stabilizasyon gereklidir.

Mikroenkapsiilasyon, trinin besinsel bozulmasinm
onlemek i¢cin duvar malzemesinin koruyucu
matrisinde fiziksel olarak kaplanacak olan cekirdek
malzemenin hassas bilegenlerinin korunmasini saglar
(Risch ve Reineccius, 1988). Mikrokapsiilleme, yag:
cevreleyen bir duvar malzemesi kullamilarak
olusturulan oksijen, 1s1k ve serbest radikal gibi dis
etkenlere kargsi gugli bir bariyer anlamina gelir. Bu
durum oksidasyon kararliligini saglar, balik kokusunu
azaltir ve balik yagini gida uriinlerine dahil edilmeye
uygun bir forma dontisturir. Spreyle kurutma,
spreyle sogutma, akiskan yatakli kurutma, ekstriizyon
ve santrifijlic  ekstriizyon gibi mikrokapsulleri
iiretmek icin cesitli teknikler mevcuttur (Krishnan ve
ark., 2005). Bununla birlikte, sprey kurutma gida
endistrisinde en sik kullanilan mikrokapsilleme
teknolojisidir (Reineccius, 2004). Ek olarak, spreyle
kurutma ve ekstrizyon, yiyecek aromalarinin ve
yvaglarin mikro kapstiillenmesi i¢in en popiler
islemlerdir (Bhandari, 2004). Piiskiirterek kurutma
ekonomik ve esnektir ve kaliteli toz parcaciklar: tiretir
(Jafari ve ark., 2008).

Mikrokapsiilleme igleminde kaplama malzemesi
verimliligi  etkilemektedir. n-3 yag asitlerinin
mikrokapsillemesinde yaygin olarak kullanilan

kaplama malzemelerinin bazilar1 proteinler, lipitler,
polisakarit zamklar1 ve seliilozdur (Sanguansri ve
Augustin, 2006). PUFA'lar i¢in uygun bir kaplama
malzemesi se¢imi, kaplama malzemesinin igleme ve
depolama sirasinda yag bozulmasimi telafi etme
kapasitesine ve ozellikle de gida kullanimi igin
onaylanmasina baghdir (Barroso ve ark. 2014).
Nigastalar, maltodekstrinler, akasya zamklar1 ve
misir surubu katilar1 gibi karbonhidratlar, gida
endistrisinde kapsiilleyici ajanlar olarak yaygin
sekilde kullanilmaktadir. Bununla birlikte, yiizeyler
aras1 yapisma ozelliklerinin zayif olmasi nedeniyle, bu
tir duvar malzemelerinin, yag bazli materyallerin
kapsiillenmesi igin  bir yuzey aktif cismi ile
degistirilmesi veya kullamilmas1 gerekir (Hogan ve
ark., 2001). Amfifilik karakterli ve emiilsifiye edici
ozelliklere sahip olan sodyum kazeinat (NaCas),
istenen fiziksel ve fonksiyonel 6zelliklere yol agan lipit
benzeri cekirdek malzemelerin kapsillenmesi i¢in
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tercih edilmektedir (Kinsella ve Morr, 1984; Leman ve
ark., 1989). Yag oksidasyondan korumak icin bir
bagka yaklasim kapsilleme igleminde duvar
malzemesi ile antioksidanlarin kullanmilmasidir. Son
zamanlarda, dogal antioksidanlar kullanarak balik
yagr gibi hassas yaglarin oksidatif bozulmasim
sinirlamak i¢in birgok girisimde bulunulmustur
(Botrel ve ark., 2017; Hogan ve ark., 2003; Wan ve ark.,
2011).

Tuketici tercihleri nedeniyle, 1iyi bir flavonoid,
antosiyanin, karotenoid ve fenolik bilesikler kaynag:
olarak bilinen bitki ekstraktlar1 ve esansiyel yaglari
gibi dogal antioksidanlar, hem oksidatif stabilite i¢in
hem de sentetik antioksidanlar yerine serbest radikal
siipiiriiciiler olarak kullanilirlar (Bozin ve ark., 2007;
Kidhkonen ve ark., 2007). Esansiyel yaglar, bitki
materyalinden (cicekler, tomurcuklar, tohumlar,
yapraklar, aga¢ kabugu, otlar, odun, meyveler ve
kokler) elde edilen aromatik yagh sivilardir. Ucucu
yaglardaki aktif bilesikler terpenler, terpenoidler,
fenoller ve digerleri olarak gruplandirilabilir
(Hyldgaard ve digerleri, 2012). Baz1 calismalar, ucucu
yaglarin post-mortem sonrasi kaliteyi koruyabildigini
ve balik ve et Girtinlerinin raf émriint artirabilecegini
gostermistir (Ghabraie ve ark., 2016).

Kekik, biberiye, defne ve adagay1 gibi ekstreler, su
urunlerinde oldugu gibi balik yagi/emiilsiyon
sistemlerinde de lipid oksidasyonunu geciktirmek i¢in
yaygin olarak kullanilmaktadir (Alvarez ve ark., 2012;
Ozogul ve ark., 2017; Ozyurt, 2013; Pourashouri ve
ark., 2016; Rao ve ark., 2017). Ancak, bilindigi
kadariyla, narenciye ugucu yaglar: tizerinde hentiiz bir
calisma yapilmamigtir. Ayrica, spreyle kurutma
yoluyla elde edilen mikroenkapsiile hamsi yagina
eklenen portakal, limon, greyfurt ve mandalina
kabugu yaglarinin koruyucu etkisi incelenmemigtir.
Narenciye grubu gibi énemli bir ugucu yag kaynagi,
tiuketiciler arasinda hos lezzetleri ve yiiksek besin
degeri bakimindan tercih edilmektedir. Narenciye
meyvelerinin bir yan tGrini olan narenciye kabuklari,
yiksek miktarda aromatik bilesen, 6zellikle de
esansiyel yaglar1 igermektedir. Bu esansiyel yaglar
mikemmel antimikrobiyal ve antioksidan 6zelliklere
sahiptir. Calismalar limon esansiyel yaglarinin hem
in-vitro hem de in-vivo ortamlarda gida bozulmasina
velveya patojenik mikroorganizmalara karsi etkili
oldugunu gostermektedir (Randazzo ve ark., 2016).
Puskirterek kurutmanin, atomizasyon sirasinda
mekanik kayma ile birlikte yliksek sicaklik nedeniyle
lipit oksidasyonunu hizlandirdig: bilinmektedir. Binsi
ve ark. (2017) bu kuvvetlerin emiilsiyonun stabilitesini
azaltabilecegini ve balik yag1 oksidasyonunun yani
sira kapsiul yagi c¢okeltmesini de azaltabilecegini
bildirmigtir.

Her ne kadar cesitli uygulamalar ile balik Girtinlerinin
raf émri arttirilmaya calisilmis olsa da (Joe ve ark.,
2012; Ozogul ve ark., 2017a, 2017b), balik iiriinlerinde
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ozellikle narenciye EO'larimin kullanimi ile ilgili bir
calisma yoktur. Bu nedenle, 6zellikle sprey kurutma
kogullarinda, dogal antioksidanlarin balik yaginin
stabilitesi tizerindeki etkileri arastirilmasi gereken bir
konu haline gelmigtir. Bu calismada, g¢esitli katki
maddeleri (sodyum kazeinat ve maltodekstrin) ile
kapsiillenmis hamsi yagimin oksidatif stabilitesi
uzerindeki dogal bitki kabugu wucucu yaglarinin
(portakal, limon, greyfurt ve mandalina) oda
kosullarinda (24+2°C) 12 hafta depolanmas: siiresince
meydana gelen renk degisimleri ve duyusal kalitesi
uzerindeki etkileri incelenmistir.

MATERYAL ve METOT
Materyal

Calismada kullanilan hamsi (Engraulis encrasicolus)
yagl Trabzonda bulunan bir firma (Kobyalar Grup,
Trabzon, Tiirkiye) araciligiyla temin edilmistir. Hamsi
yvaginin oksitlenmesini geciktirmek i¢in kullanilan
portakal, limon, mandalina ve greyfurt narenciye
kabuklar: esansiyel yaglari Adana’da bulunan BIO-
MESI firmasindan temin edilmistir. Kaplayict
materyal olarak sodium kazeinat ve maltodextrin
kullanilmig olup bu materyaller Istanbul'da bulunan
bir firmadan (Alfasol) temin edilmistir.

Narenciye gruplarinin ugucu yaglari, 4 saatlik bir stire
boyunca endistriyel tip Klavenger cihazi kullanilarak
hidro-damitma yoluyla elde edilmigtir. Klevenger
cihazi, 1000 mL'lik yuvarlak tabanhi bir siseden
(Isolab, Wertheim Germany), ugucu bir yag tespit tiipti
ve bir geri akis kondansatériinden (Norm Cam,

Ankara, Tirkiye) olusmaktadir. Ucgucu yaglar,
emiilsiyonlar olusturulana kadar buzdolabinda
+4°C'de muhafaza edilmigtir.

Metot

Mikroenkapsiile Balhik Yaglarn (MBY)'nin
Hazirlanmasi

Calismada kullanilan emiilsiyonlarin formilasyonlari
Tablo 1'de gosterilmektedir. Emiilsiyon hazirlarken
1:1 oraninda sodyum kazeinat ve maltodextrin 55°C
suda 1 saat c¢ozdurialdikten sonra 1sisinin oda
sicakligina gelmesi beklenmigtir. Elde edilen bu
karisimin i¢ine balik yag: ilave edilerek ultra-turrax
(IKA T25, Baden-Wiirttemberg, Almanya) cihazinda
14.000 rpm’de 10 dakika homojenize edilmistir ve
boylelikle kontrol grubu olusturulmustur. Tablo 1'de
belirtilen oranlarda mandalina, greyfurt, portakal ve
limon esansiyel yaglar1 eklenerek ultra-turrax ile
homojenize islemi tekrarlanmigtir.

Spreyle Kurutma (Spray Dryer) Iglemi

Elde edilen emiilsiyonlar 0.7 mm ¢aph puskirtme
memeli laboratuvar tipi piliskiirtmeli kurutucuda
(Buchi Mini Spray Dryer B-290, Isvicre) kurutularak
toz haline getirilmigtir. Emilsiyonlar kurutma sprey
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dryer (SD) beslemesi 6ncesi ve esnasinda manyetik
karigtirici altinda slirekli homojen karisima tabi
tutulmak suretiyle kurutma odasina, 0.5 L/saat'lik bir
besleme akis hizi kullanilarak peristaltik pompa ile
beslendi. SD'nin giris sicaklign 160°C, cikis sicaklig:
90+5°C olarak diizenlenmigtir. Aspiratér debisi 35

Tablo 1. Emiilsiyon formiilasyonlari
Table 1. Formulations of emulsion

m?¥sa, pompa hizi ise %20 ayarlanmigtir. Islem
sonunda toz haline getirilen trinler koyu renkli cam
siselere konularak oda sicakliginda (24+1°C) 12 hafta
depolanmistir. Depolama stiiresince belirli haftalarda
mikroenkapsiile edilmis 6rneklerin renk ve duyusal
degisimleri incelenmigtir.

. Mandalina Greyfurt Portakal Limon
Hamsi Sodyum Esansiyel Esansiyel Esansiyel Esansiyel
Yagi Kazeinat Maltodekstrin sansy sansly sansly Sansy
Gruplar . . Yagi Yagi Yagi Yag
Anchovy Sodium Maltodextrin . .
Groups Oil Caseinate (%) Mandarin Grapefruit Orange Lemon
(%) (%) ? FEssential Oil  Essential Oil  Essential Oil  Essential Oil
0 0 (%) (%) (%) (%)
Kontrol (C)
Control 10 10 10
Mandalina(M)
Mandarin 10 10 10 2,5
Greyfurt (Q)
Crapetiuit 10 10 10 2,5
Portakal (P) 10 10 10 25
Orange
Limon (L) 10 10 10 2,5
Lemon
Duyusal ve Renk Analizleri BULGULAR ve TARTISMA
Renk élciimlerinde, Calder (2003)’in belirttigi yénteme Narenciye Esansiyel Yaglarinin Ozellikleri
gére CM-500 (Konica Minolta, Osaka, Japan) cihaz EOs kendine o6zgii renklerinin, ilave edilen

kullanmilarak Z*, a*, b* degerleri kaydedilmistir. ‘L*
degeri parlaklig1 (beyazlik veya aciklik koyuluk, O ile
100 arasy); “+a* degeri kirmizi; “-a*’ degeri yesil (-60 ile
+60 aras1); ‘“+b* degeri sar1 ve ‘—b* degeri mavi
renkleri (-60 ile +60 aras1) temsil etmektedir. Her grup
icin 2 tekerrir alinmigtir ve her tekerrir 3 defa
Olculmiistir. Analiz 6ncesinde cihazin kalibrasyonu
beyaz plaka ve siyah plaka ile saglanmistir (Y = 87.10,
x = 0.3166, y = 0,3236). Olciilen L*, a*, b* degerlerine
bagh olarak asagida yer alan formiillere gore beyazlik
(Whiteness), renk berraklizi (Chroma), renk tonu
(Hue) ve toplam renk degisimi (AE*) degerleri
hesaplanmigtir. AL*, Aa* ve Ab* degerleri depolanan
orneklerin son giini ile ilk giinii arasindaki L*, a* ve
b* degerlerinin farkini ifade etmektedir.

Beyazlik = 100-[(100-L*)2 +a*2+b*2]1/2
Renk berrakligi = (a*2 + b* 2) 1/2
Renk tonu = Arctan (b*/a*)

o AE* = J(AL*) + (Aa*)’ +(Ab*Y
Balik yag1 tozu
numunelerinin duyusal analizleri koku, gériinim ve
partikil caplarindaki farklihiklar g6z 6ntine alinarak
degerlendirilmigtir.

Istatistiksel Analizler

Elde edilen veriler SPSS 15.0 istatistik paket programi
kullanilarak ~ varyans  analizi (ANOVA)  ile
degerlendirilmigstir. Istatistiksel farklihklar P<0.05
onem seviyesinde Tukey’s ve Duncan testi
kullanilarak belirlenmistir.
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mikrokapsullere olan etkisini incelemek amaciyla
bunlarin renk parametreleri de olglilmustir.
Calismada kullanilan narenciye kabugu esansiyel
yaglarinin renk parametreleri Tablo 2 ve Sekil 1'de
verilmigtir. L* a* ve b* degerleri kullanmilarak
hesaplanan renk beyazligi (W*), renk tonu (H*) ve
renk berraklig1 (C*) degerleri ise Sekil 2'de verilmistir.

Art1 degerden eksi degere gidildikge acik renkten koyu
renge donlsumi, ya da bagka bir ifadeyle parlakligin
veya beyazhigin azalmasimi ifade eden L* degerleri
incelendiginde, L* degeri daha diisiik olan mandalina
ve greyfurt esansiyel yaglarinin portakal ve limon
esansiyel yaglarina gére az da olsa daha koyu renkli
oldugu ve birbirlerine benzedikleri tespit edilmigtir.

Bunun yanisira kirmizidan (+a% yesile (-2 renk
degisimini tanimlayan a* degerleri incelenmis ve
limon ve greyfurt kabugu esansiyel yaglarinin
birbirine benzedigi ancak portakal kabugu EOs bu iki
ekstrakta goére daha disik a* degeri icerdigi
goriilmustir. Mandalina kabugu EOs ise en yiiksek a*
degerine sahip oldugundan kirmizi renge daha yakin
oldugu tespit edilmigtir. a* degerinin sifira yakin
olmas1 yesil renge daha yakin olduklarini
gostermektedir.

b* degeri ise artidan eskiye dogru sar1 renkten mavi
renge donlisimiini agiklamak amaciyla kullanilan bir
renk skalasidir. Tim ekstraktlarin b* degerlerinin ise
birbirinden farkhi oldugu (p<0.05), ancak greyfurt,
portakal ve mandalina kabugu EOs'nin art1 degere
sahip olmalar1 ile sarilik degerine daha yakin oldugu,
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limon kabugu EOs'nin ise digerlerine goére daha az
sarimtirak oldugu tespit edilmigtir.

Mikroenkapsiile Hamsi Yaginin Duyusal Degisimleri

Mikroenkapsiile hamsi yag  tozu  o6rnekleri
birbirlerinden koku, goérinim ve partikil caplar:
acisindan farklihk goéstermistir. Gorsel gézlemler,
kontrol grubu mikroenkapsiile balik yag: tozlarinin

renginin beyaz, portakal ve limon kabugu esansiyel
yaglar1 katkili mikroenkapsile balik yagi tozlarinin
renginin soluk beyaz, mandalina kabugu esansiyel
yvagr katkili mikroenkapsiile balik yagi tozlarinin
renginin sarimsi ve greyfurt kabugu esansiyel yag:
katkili mikroenkapsiile balik yag: tozlarinin renginin
ise sampanya renginde oldugunu goéstermistir.

Tablo 2. Narenciye kabugu esansiyel yaglarinin renk parametreleri

Table 2. Color parameters of citrus peel essential oils

Portakal Orange

Limon Lemon

Greyfurt Grapefruit Mandalina Mandarin

L* 24.40+0.26 25.58+1.82 23.53+0.08 22.96+0.11
a* -1.42+0.01 -0.21+£0.06 -0.46+0.04 2.27+0.04
b* 4.13+0.04 0.25+0.07 4.83+0.05 4.33+0.16

+ Standart sapmayi gostermektedir. n=3. + shows standard deviation. n=3.

a) L*degerleri a) L*values

L* Seores

b) a*degerleri b) a*values
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Sekil 1. Narenciye kabugu esansiyel yaglarimin L*, a*

ve b* degerleri
Figure 1. L* a* and b* values of citrus peel essential
oils
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a) Whiteness degerleri a) Whiteness values
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Sekil 2. Narenciye kabugu esansiyel yaglarinin W*,
H* ve C* degerleri

Figure 2. W#, H* and C*values of citrus peel essential
oils
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Tim gruplarin kuru toz numuneleri ince ve plirizsiiz
olmakla birlikte depolamanin sonlarina dogru 6zellikle
kontrol grubunda topaklagma-kiimelenme
gézlenmistir. Duyusal analiz sonug¢larina gére kontrol
grubunda gozlenen baligimsi kokunun eklenen
esansiyel yaglar ile engellendigi ve aromatik kokularin
on plana ¢ktig1 panelistler tarafindan tespit
edilmigtir. Kullanilan esansiyel yaglarin ayni
zamanda kontrol grubunda depolamanin sonlarina
dogru gozlenen acilagsma kokusunu bastirdigr ve renk
sonuglar: ile de uyumlu olarak yaglarin acilagmasini
onledigi dolayisiyla oksidasyonu o6nledigi sonucuna
varilmigtir.

Mikroenkapsiile ~Hamsi  Yaglarinin  Depolama
Stiresince Renk Olgiimii ve Toplam Renk Degigimi

(AE)

Mikroenkapsiile  érneklerin, oda  kosullarinda
depolanmas1 esnasinda meydana gelen renk
degisimleri Tablo 3 ve Sekil 4 ve 5'te gosterilmigtir.
Toplam renk degisimi Tablo 4'te grafigi ise Sekil 6’da
verilmigtir.

Mikroenkapsiilasyonun hemen ardindan yapilan
ol¢imlerde 6rneklerin Z* degerinin 76.46 - 81.51, a*
degerinin (-2.50) - (-0.52) ve b* degerinin ise 7.41 -
19.39 arasinda degistigi gozlemlenmistir. Annamalai,
Dushyant ve Gudipati (2015) mikrokapsiillenmis balik
yaginin renk degerlerinin L* i¢in 92 - 93, a* icin (-1.45)
- (-1.54) ve b* icin 10 - 22 arahginda oldugunu
bildirmistir. Yesilsu ve Ozyurt (2019) ise L* degerinin
93.96-98.45 araliginda, a* degerinin 0.22-0.73
araliginda, b* degerinin ise 15.41-17.11 araliginda
oldugunu rapor etmiglerdir. Depolama suresi ile
birlikte genel olarak L*, renk beyazlig1 ve renk tonu
degerleri dugsiis gosterirken a*, b* ve renk berrakligi
degerleri dalgalanmalar gostermistir. Tim gruplarin
L* degerlerindeki belirgin bir diigsis, muhtemelen lipit
oksidasyonu ve mikrobiyal bozulma nedeniyle ortaya
¢ikan renk degisimini géstermektedir.

Renk, gérinimi ve sunumu etkileyen ve tiiketiciler
tarafindan kabul edilebilirligi ve satin alma kararini
belirleyen 6nemli bir kalite niteligidir (Sahin ve
Sumnu, 2006). Bununla birlikte renk parametreleri
arasinda aciklik-koyuluk skalasini temsil eden L*
degeri, duyusal olarak tercihi etkileyen en o6nemli
parametreler arasinda yer almaktadir. Sekil 4 (a)' da
depolama siiresince kontrol ve narenciye grubu
mikroenkapstile hamsi yaglarinda meydana gelen L*
degeri degisimleri goriilmektedir. Depolama siiresince
L* degeri tim gruplarda artig ve azaliglar gosterse de
genel olarak bir azalis egiliminde olmustur. Depolama
sliresince gruplar arasinda istatistiksel olarak
farkliliklar gézlenmistir. Depolamanin baglangicinda
kontrol grubu ile portakal grubu arasinda istatistiksel
acidan fark gézlenmezken bu gruplar ile diger gruplar
arasindaki fark énemli olmustur (p>0.05). Depolama
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boyunca koyulagsmanin en fazla fark edildigi grup
olarak kontrol (baslangic: 80.91; 12. hafta: 75.78), en
az ise greyfurt érneginde (baslangi¢: 76.46; 12. hafta:
76.94) oldugu tespit edilmistir. Gida katki maddesinin
rengi gidalarda kullanilabilirlikte 6nemli bir faktor
olarak kabul edilir. Katkinin rengi baskin olmamali ve
eklendigi yiyecekle uyumlu olmalidir. Calismadaki
tium gruplarin L* degerleri depolamanin sonuna kadar
acik renkte olmustur (en diisiik deger 76.46).

Zamora ve Hidalgo (2005), lipit oksidasyon iiriinlerinin

kahverengi renkli oksipolimerler tiretmek igin
polimerize olabilecegini ve bu polimerizasyon
reaksiyonlarinin, tozlarda oksidasyon oranlarim

etkileyebilecek ve oOnemli renk degisimine neden
olabilecek serbest radikallerin etkisizlesmesine yol
acabilecegini  bildirmistir. Benzer sekilde, bu
calismada da lipid oksidasyonundaki artisa paralel
olarak renk degerlerinde de oOnemli degisiklikler
gbzlenmisgtir.

Artidan eksiye dogru, kirmizidan yesile olan
degisimini ifade eden a* degeri bakimindan
mikroenkapsiilasyonun hemen ardindan o&rnekler
arasinda birbiri ile istatistiksel benzerlikler oldugu
gorilmiistiir (kontrol: 0.52 ve greyfurt: -0.53). Tiim
gruplarin  a* degerleri birbirine yakin olarak
gozlenirken mandalina kabugu esansiyel yag katkili
mikroenkapsiile hamsi yaglari daha yesilimsi bir
skalada olmustur (Sekil 4b). Depolama boyunca
kirmizilik degeri en az degisen grup greyfurt
(baslangic:-0.53; 12. hafta: -0.33) olmustur. Depolama
sonuna dogru ise kirmizidan yesile dontisimi en fazla
olan gruplar sirasiyla portakal (baslangic: -0.71; 12.
hafta: -1.16), kontrol (baslangic: -0.52; 12. hafta: -0.94)
ve limon (basglangic: -0.65; 12. hafta: -0.88) gruplarinda
gozlenirken; yesilden kirmiziya dontsiimleri en fazla
olan gruplar ise sirasiyla mandalina (baslangic: -2.50;
12. hafta: -1.51) ve greyfurt (baslangi¢: -0.53; 12. hafta:
-0.33) gruplart olmustur. Yapilan bircok calismada
arastirmacilar su urinlerinden elde edilen trinlerin
kalitesinin arttirilmasi yoniinde ilave edilen izolat
veya konsantre katki maddelerinin a* degerinde
farklihklara yol acabilecegini belirtilmiglerdir (Huang
ve ark., 1994; Calder, 2003).

Saridan (+) maviye (-) olan renk déngiisiinii ifade eden
b* degeri acisindan bakildiginda ise depolama boyunca
orneklerde de istatistiksel olarak degisimler oldugu
gbzlemlenmigtir (p<0.05). Oda sicakhiginda
depolananérneklerin mandalina grubu digindaki tiim
gruplarda b* degerinin nispeten arttigr gézlenmistir
(Sekil 4c¢). Depolamanin 1., 2. ve 12. haftasinda kontrol
ile portakal grubu arasinda istatistiksel agidan
farklihk go6zlenmezken, 24+2°C’de 12 haftalik
depolama sonunda diger gruplarin b5* degerlerinin
istatistiksel olarak Dbirbirinden farkli oldugu
gorilmustur.
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Tablo 3. Mikroenkapsiile hamsi yaglarinin depolama siiresince renk parametreleri degerleri
Table 3. Color parameters of microencapsulated anchovy oils during storage
Renk Haftalar Weeks
Parametreleri Gruplar
Color 1 2 4 5 6 7 8 9 10 11 12 Groups
Parameters
80.91+0.012> 80.31+0.01a> 80.73+0.00" 80.79+0.002 80.37+0.022 78.67+0.152 77.37+0.04a> T77.79+1.06° 77.23+0.16° 78.24+0.04" 75.78+0.05b Iég:g%
79.95+0.12ab 78.31+0.22¢d 78.30+0.214 78.36+0.01¢ 78.39+0.25Y 76.31+0.05" 76.86+1.03b 80.28+0.112 79.79+0.142 79.37+0.312 76.62+0.03a> POo:;En];:l
* 81.51+0.212 81.35+1.112 82.04+0.062 79.00+0.27" 74.57+0.644 75.23+0.21> 76.03+0.34¢ 78.53+0.13" 77.71£0.07> 76.73+0.16¢ 77.69+0.562 Ilii(::x
76.46+0.15¢ 79.57+0.02b¢ 77.84+0.05¢ 78.78+0.01b¢ 77.09+0.01¢ 75.60+0.76" 78.39+0.032 75.76+0.04¢ 77.39+0.33" 73.9940.25¢ 76.94+0.132 GGrapeﬁ'uit
79.25+0.14° 77.02+0.05¢ 78.66+0.04¢ 77.14+0.264 79.15+0.15P 76.35+0.09° 76.73+0.11b¢ 78.29+0.87° 75.67+0.47¢ 75.01+0.334 74.84+0.76¢ Dﬁ‘::{;hrﬁ
-0.52+0.002 -1.20+0.01° -0.97+0.002 -1.10+0.012 -1.23+0.00¢ -1.03+£0.01> -1.06+0.01> -1.01+0.03> -0.98+0.00" -0.95+0.01¢ -0.94+0.01¢ Kontrol
Control
-0.71+0.00¢ -1.20+0.02° -1.30+0.01¢ -1.17+0.02= -1.11+0.01> -0.94+0.012 -1.04+0.05> -1.26+0.03¢ -1.31+0.01¢ -1.09+0.014 -1.16+0.01¢ Portakal
Orange
& -0.65+0.01" -1.20+0.06 -1.59+0.01¢ -1.35+0.04¢ -0.99+0.012 -1.28+0.02¢ -1.08+0.01 -1.06+0.01> -1.21+0.03¢ -0.90+0.01be -0.88+0.01° Limon
Lemon
-0.53+0.012 -1.04+0.012 -1.19+0.01° -1.27+0.03> -1.32+0.024 -1.04+0.06 -0.90+0.012 -0.54+0.022 -0.94+0.012 -0.85+0.06 -0.33+0.012 Greyfurt
Grapefruit
-2.50+0.014 -2.36+0.01¢ -2.25+0.00¢ -1.28+0.01> -1.20+0.01¢ -1.74+0.014 -1.03+0.02 -2.00+0.024 -0.93+0.002 -0.68+0.01 -1.51+0.04¢ Mandalina
Mandarin
7.41+0.014 11.00+0.00¢ 10.44+0.01¢ 11.85+0.01¢ 12.16+0.014 14.81+0.04¢ 13.87+0.004 15.46+0.28¢ 12.66+0.034 16.05+0.01> 13.58+0.01¢ Kontrol
Control
8.22+0.004 11.07+0.06¢ 12.82+0.05¢ 11.35+0.044 11.08+0.01¢ 15.03+0.03 10.52+0.02¢ 14.97+0.054 14.24+0.07¢ 11.68+0.03¢ 13.65+0.01¢ Portakal
Orange
B 11.00+0.01¢ 10.83+0.31¢ 12.73+0.01¢ 14.21+0.04¢ 13.92+0.18¢ 11.87+0.01¢ 15.22+0.07¢ 15.74+0.05¢ 11.64+0.04¢ 14.61+0.11¢ 16.31+0.20¢ Limon
Lemon
14.37+0.08" 15.23+0.06> 13.64+0.02> 18.61+0.002 18.86+0.012 14.96+0.09> 16.63+0.022 16.67+0.05" 17.94+0.182 17.19+0.26 19.52+0.03 G
Grapefruit
19.39+0.082 20.01+0.002 20.57+0.052 15.22+0.04> 15.51+0.05" 20.06+0.06* 15.87+0.02" 19.11+0.242 17.34+0.15> 16.88+0.052 18.87+0.25 Mandalina
Mandarin
76.69+0.00° 77.41£0.01 78.06+0.002 78.25+0.012 76.87+0.012 74.01+0.102 73.43+0.03" 72.91£0.71> 73.93+0.12> 72.94+0.03P 72.21+0.04> Kontrol
Control
78.31+£0.11° 75.61+0.17¢ 74.76+0.20P 75.54+0.00P 75.69+0.23" 71.92+0.06" 74.56+0.942 75.21+£0.062 75.24+0.08 76.27+0.262 72.90+0.032 Portakal
Orange
W 79.85+0.20 78.39+0.802 77.93+0.062 74.61+0.20¢° 70.99+0.474 73.90+0.172 71.59+0.25¢ 73.36+0.08> 74.83+0.08 72.51+0.07 72.34+0.33ab Limon
Lemon
72.41£0.09¢ 74.50+0.05¢ 73.95+0.05¢ 71.74+0.00° 70.30+0.01¢ 71.36+0.60" 72.72+0.01b 70.58+0.06¢ 71.12+£0.14¢ 68.81+0.074 69.79+0.08¢ Greyfurt
Grapefruit
71.49+0.05¢ 69.43+0.04¢ 70.27+0.014 72.50+0.194 73.98+0.09¢ 68.94+0.03¢ 71.81+£0.07¢ 71.00+0.81¢ 70.11+0.304 69.84+0.30¢ 68.51+0.46¢ Mandalina
Mandarin
-1.50+0.002 -1.46+0.002 -1.48+0.002 -1.48+0.00" -1.47+0.002 -1.50+0.002 -1.49+0.00> -1.51+0.002 -1.49+0.002 -1.51+0.002 -1.50+0.002 Kontrol
Control
-1.48+0.002 -1.46+0.002 -1.47+0.002 -1.47+0.002 -1.47+0.002 -1.51+0.002 -1.47+0.002 -1.49+0.002 -1.48+0.002 -1.48+0.002 -1.49+0.002 Portakal
Orange
H* -1.49+0.002 -1.46+0.002 -1.45+0.002 -1.48+0.00ab -1.50+0.002 -1.46+0.002 -1.50+0.00b¢ -1.50+0.002 -1.47+0.002 -1.51+0.002 -1.52+0.002 Limon
Lemon
-1.53+0.002 -1.50+0.002 -1.48+0.002 -1.50+0.004¢ -1.50+0.002 -1.50+0.002 -1.52+0.004 -1.54+0.002 -1.52+0.002 -1.52+0.002 -1.55+0.002 Greyfurt
Grapefruit
-1.4440.002 -1.45+0.002 -1.46+0.002 -1.49+0.00¢ -1.49+0.002 -1.48+0.002 -1.51+0.00°d -1.47+0.002 -1.52+0.002 -1.53+0.002 -1.49+0.002 Mandalina
7.42+0.01¢ 11.06+0.00¢ 10.48+0.01¢ 11.90+0.02¢ 12.22+0.014 14.85+0.04¢ 13.91+0.00¢ 15.49+0.28¢ 12.70+0.034 16.08+0.01" 13.61+0.014 IC{:::&%
Portakal
8.25+0.00¢ 11.13+0.06¢ 12.88+0.05¢ 11.40+0.04¢ 11.14+0.01¢ 15.06+0.03> 10.57+0.02¢ 15.02+0.05¢ 14.30+0.07¢ 11.73+0.034 13.69+0.01¢ Orange
Limon
£
¢ 8.02+0.014 10.90+0.32¢ 12.83+0.02¢ 14.27+0.04¢ 13.95+0.18¢ 11.94+0.024 15.26+0.07¢ 15.77+0.05¢ 11.70+0.03¢ 14.63+0.11¢ 16.33+0.20¢ Lemon
Greyfurt
14.37+0.08" 15.26+0.06> 13.69+0.02> 18.65+0.00* 18.90+0.012 14.99+0.09> 16.65+0.022 16.67+0.05" 17.96+0.182 17.21+0.26* 19.52+0.03 Grapefruit
Mandalina
19.54+0.082 20.15+0.00~ 20.69+0.052 15.27+0.04> 15.55+0.05" 20.13+0.06* 15.90+0.02" 19.21+0.242 17.36+0.15" 16.89+0.052 18.93+0.26" Mandarin
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Sekil 3. esansiyel yaglari katkil

Narenciye
mikroenkapsiile hamsi yaglari

Figure 3. Microencapsulated anchovy oils with added
citrus essential oils

Li ve ark. (2015), 1000 ppm yaban mersini ekstrakt
kullanarak enkapsiile ettikleri balik yaglarinin L*
degerlerinin (66.9) ekstrakt kullanilmayan gruptan
(89.46) oldukca diisiikk oldugunu, ekstrakt ilaveli
grupta a* degerlerinin daha yiiksek oldugunu (1,64; -
0,86) ve b* degerlerinin ise daha diisiik oldugunu (-
2.07; 4.92) bildirmislerdir. Arastirmacilar ekstrakt
iceren érneklerin daha yiiksek kirmizilik (yiiksek a*

degeri) icermesinin yaban mersini ekstraktinda
bulunan antosiyaninlerden kaynaklandiginmi
belirtmiglerdir. Bu calismada ise

mikroenkapsiilasyonun hemen ardindan 6rneklerin a*
degerinin 0' 1n altinda oldugu gériilmiistiir (Tablo 2).
Bu duruma c¢alismada kullanilan narenciye kabugu
esansiyel yaglarimin yesilimsi renge daha yakin
olmalarinin neden oldugu diistiniilmektedir.

Drusch ve ark. (2006) mikroenkapsiile edilmis balik
yagr orneklerinin basglangic L*, a*, b* degerlerinin
sirasiyla 94.4, -0,77 ve 3.21 oldugunu, 20°C’de 18
giinlik bir depolama sonunda orneklerin L*
degerlerinin 94.7 ile 95.6 arasinda, a* degerlerinin -
1,12 ile -1.49 arasinda, b* degerlerinin de 4.11 ile 5.47
arasinda degistigini bildirmiglerdir. Arastirmacilar
aynm slire boyunca 40°C’de 18 glnlik bir depolama
sonunda oOrneklerin L* degerlerinin 85.9 ile 93.7
arasinda, a* degerlerinin -1.51 ile -2.17 arasinda, b*
degerlerinin de 6.56 ile 20.92 arasinda degistigini
bildirmiglerdir. Bunun yani sira, artan nisbi nemde

depoladiklar1 urunlerinin yliksek nisbi nemde b*
degerlerinin yiikksek olmasina toz urinlerdeki
keklesme ve toplanmalarin neden oldugunu

belirtmiglerdir. Binsi ve ark. (2017) 60°C’de 7 giin
depoladiklar1 adacayi polifenolii ile mikroenkapsile
ettikleri balik yagi1 érneklerinin depolama sonunda
kontrol 6rnegine goére; L* degerlerinin daha yiiksek
oldugunu, a* ve b* degerlerinin de daha dusik
oldugunu bildirmiglerdir. Mevcut c¢alismada da
24+2°C’de depolanan mikroenkapsiile o6rneklerin
parlaklik degerlerinin kontrol grubundan genel olarak
daha yiiksek oldugu gézlenmistir.
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Yesilsu ve Ozyurt (2019), biberiye ve kekik ekstrakt
ilaveli mikroenkapsiile balik yag1 érneklerinin hemen
ardindan yapilan él¢timlerde 6rneklerin L* degerinin
93.96-98.45 araliginda, a* degerinin 0.22-0.73
araliginda ve b* degerinin ise 15.41-17.11 araliginda
degistigini; 23°C’de depolanan orneklerde 30 giin
siireli depolama sonunda orneklerin L* degerinin
91.70-95.05 arasinda, a* degerinin (-1.79)-(0.58)
arasinda, b* degerinin ise 16.83-26.16 arasinda
degistigi, 40°C’'de 10 gun stireli depolama sonunda
orneklerin L* degerinin 90.34-93.24 arasinda, a*
degerinin -1.29-1.55 arasinda, b* degerinin ise 19.54-
29.65 arasinda degistigi ve 60°C’de depolanan
orneklerde depolama sonunda L* degerinin 87.55-
91.69 arasinda, a* degerinin 0.47-3.69 arasinda, b*
degerinin ise 24.45-31.34 arasinda  degistigi
bildirmiglerdir. Benzer sgekilde yapmis oldugumuz
¢aligsma neticesinde esansiyel yag ilaveli guplarin renk
degerlerinin kontrol grubundan daha iyi sonug verdigi
gbzlenmigstir.

Renk beyazlhigi (W*) ve renk tonu (H*) degerlerine
bakildiginda gruplar arasinda istatistiksel farklar
oldugu (p>0.05) goriilmiistiir. Depolama siiresince
renk beyazligi ve tonu degerlerinde artma ve
azalmalar gézlenmigse de genel olarak depolamanin
sonuna dogru azalma gézlenmistir (Sekil 5a ve 5b).
Depolamanin baslangicinda 71.49-79.85 araliginda
olan renk beyazlig1 degerleri depolamanin sonunda
68.51-72.90 degerlerine dismustir. Renk tonu
degerleri ise depolama suresince ¢ok fazla degisiklik
gostermeden (-1.55) - (-1.44) arahiginda olmustur.
Urtiniin ~ renginin  beyazligi  tiiketici  algisim
etkilediginden dolay1 en az beyazlik azalmasi greyfurt
ve mandalina gruplarinda gézlenmistir. Renk
berrakligi degerlerine bakildigi zaman mandalina
grubu haricindeki diger tim gruplarda artis
gozlenmistir (Sekil 5¢). Depolamanin son giiniinde en
yuksek renk beyazligi degeri portakal grubunda
(72.90) gozlenmesine karsin en diisiik deger
mandalina katkili grupta (68.51) gézlenmistir. Renk
berrakligi degerlerine bakildiginda tim gruplarda
depolama  siliresi ile  birlikte  dalgalanmalar
gozlenmigtir. En kararsiz grup olan kontrol grubunda
oksidasyona  baghh  oldugu  distinilerek  bu
dalgalanmalar daha belirgin hissedilmigtir. Ancak
muamele gruplarinda daha az dalgalanmalar
gozlenmesi muhtemelen kullanilan esansiyel yaglarin
koruyucu 6zelliklerinden oldugu yéniindedir.

Gruplar arasinda toplam renk degisimi (AE) en yiiksek
kontrol grubunda (8.04) en diisiik ise mandalina
kabugu esansiyel yagi ilave edilmis grupta (4.55)
gozlenmistir (Tablo 4).

Narenciye gruplar: arasinda ise en fazla renk degisim
farki gézlenen grup limon olurken en az degisim farki
olan grup mandalina olmustur. Dolayisiyla mandalina
kabugu esansiyel yagi ile hazirlanan mikroenkapsile
hamsi yaglarinin renginin korunmasinda mandalina
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kabugu esansiyel yaginin daha etkili oldugu sonucuna
varilmistir (Sekil 6).

Chen ve ark. (2013), 45°C’de 7 giin depoladiklar:
mikroenkapsiile fitosterol ve limonen i¢eren balik yag:
orneklerinin AE degerinin 11.6 oldugunu

bildirmislerdir. Intarasirisawat ve ark., (2015) ise
tannik asit iceren mikrokapsiillerin 30°C’de 4 hafta
depolanmasi sonucunda toplam renk degisimi
degerlerinin 11.06 ile 25.12 arasinda degistigi
bildirilmistir. Yesilsu ve Ozyurt (2019) defne, biberiye

Tablo 4. Depolama boyunca mikrokapsiile hamsi yaglarinda meydana gelen toplam renk degisimi
Table 4. Total color changes in microcapsulated anchovy oils during storage

Gruplar (Groups) AL Aa Ab AE
Kontrol (Control) 5.13 0.42 -6.18 8.04
Portakal (Orange) 3.32 0.45 -5.43 6.38
Limon (Lemon) 3.82 0.24 -5.32 6.55
Greyfurt (Grapefruit) -0.48 0.21 -5.16 5.18
Mandalina (Mandarin) 4.41 -0.99 0.51 4.55
a) L*degerleri a) L*values
§:..L —1— e e O — SRS : > e N
' Bl R / p— . ™ i e _7'-—'::: " -——_ )
~ — el f—t-"f:‘"\ ‘».\_,-\ & —_— o o ¥ _—r . o
5 W o e T
" A
. I . ;hup- l:-- 1L>-5:| . ; & g 'swu- n.. .n.,.‘, “
b) a*degerleri b) a*values
' ¢ b) Hue degerleri b) Hue values
K ] i w ‘/:X
2 t'(\ .\ b ~—cam L
E R ,;"‘ f‘;ﬁT_;;;':-"P:"ﬂ’:__‘:_:‘::;lt: "".: o //‘f‘ ;T :fﬁ‘\ g g £ 3 e i S
’ Nt 5 wd /.v"/ S -_.—-s\‘t‘x": R _—"' ' ::
Sovenge Tove (D)

¢) b*degerleri c¢) b*values

. ' '
Storage Time (Daye)

Sekil 4. Mikroenkapsiile hamsi yaglarinin depolama
stiresince L*, a* ve b* degerleri
Figure 4. L* a* and b* values of microencapsulated
anchovy oil during storage
a) Whiteness degerleri a) Whiteness values
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Sekil 5. Mikroenkapsiile hamsi yaglarinin depolama
stresince W* H*ve C*degerleri

Figure 5. W¥*, H* and C* values of microencapsulated
anchovy oil during storage
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ve kekik ekstrakti ilaveli mikroenkapsiile hamsi
yaglarimin 23 ve 40 °Clerde en yuksek renk
degisiminin antioksidan ilave edilmeyen kontrol
orneginde oldugunu, en diisik renk degisiminin ise
1500 ppm biberiye ekstrakti ilave edilen grupta
oldugunu bildirmigtir. 60°C’de ise diger sicakliklardan
farkl olarak en yiiksek toplam renk degisiminin 1000
ppm kekik ekstrakti ilave edilen grupta oldugu, en az
renk degisiminin ise yine 1500 ppm biberiye ekstrakti
ilave edilen grupta oldugunu bildirmiglerdir.

Genel olarak bakildiginda esansiyel yag ilavesinin
mikrokapstllerin oda sicakliginda depolanmasi
sirasinda kontrol gruba kiyasla rengin korunmasinda
etkili oldugu go6zlenmigtir. Bu durum kontrol grubu
balik yagi tozlarinin aroma olugsumuna yol acan
oksidasyona ¢ok duyarli oldugunu gostermistir.
Esansiyel yag eklenen mikroenkapsiile gruplar:
arasinda ise en az renk degisimi limon katkili grupta
en fazla degisimin ise mandalina katkili grupta oldugu
gbzlenmistir.

Control

9,00
8,00
7,00
6,00
5,00
4,00
3,00
2,00
1,00

0,00

Orange Lemon Grepefruit Mandarin

Sekil 6. Depolama boyunca mikrokapsiile hamsi
yaglarinda gozlenen toplam renk
degisimleri (AE)

Figure 6. Total color changes In microcapsulated
anchovy oils during storage (AE)

Biberiye yapraklarindan ekstrakte edilen farkl
oranlardaki (0.1, 0.2 ve 0.3 mg/g) karnosik asidin balik
yaginin oksidatif kararlilig: tizerine etkisini inceleyen
Wang ve ark. (2011) o6rnekleri uzun dénem
depolamada sentetik antioksidanlar (E vitamini ve
TBHQ) ile mukayese etmiglerdir. Ornekleri farkl
sicakliklarda (30°C ve 4°C) 66 giin boyunca depolanan
arastirmacilar, her bir dozun lipid oksidasyonunu
geciktirmede bagarili olurken; bunlarin her birinin 0.2
mg/g oraninda E vitamininden daha yliksek ancak 0.2
mg/g oranindaki TBHQ'den daha dusik Dbir
antioksidan aktivite gosterdigini bildirmiglerdir. Balik
yaginin oksidatif kararlhiligi izerine defne bitkisi ve
ekstrakt: ilavesinin (50 ve 100 pL) etkisini inceleyen
Dropulic ve ark. (2017), acilagsma testi ile elde ettikleri
sonuclara gore defne bitkisi ilavesinin boyutu ve
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miktarina baglh olarak yagin oksidatif kararhiligini
arttirdigini  belirtmiglerdir. Arastirmacilar ayni
etkinin ekstrakt ilavesi ile de saglandigimi ancak
ekstrakt  miktar1  arttikca  balhik  yagindaki
oksidasyonun hizlandigini bildirmiglerdir.
Aragtirmacilarin  bildirdigi bu c¢aligmalara benzer
olarak kullanmig oldugumuz narenciye kabugu
esansiyel yaglarin hamsi yagi
mikroenkapsiilasyonlarinda olduk¢a iyl koruma
sagladigr ve tiikketimi agisindan daha tercih edilebilir
forma doéntistigii yoniinde olmustur.

SONUC ve ONERILER

Bu ¢alismanin temel sonucu olarak, spreyle kurutma
yoluyla ve esansiyel yag ilavesiyle
mikrokapsullemenin balik yagi duyusal kalitesinde
glcla degisiklikler yarattigi yontindedir.
Mikrokapstllenmis balik yagr tozlarimin kararh
olmayisi ve oksijen varliginda hizla okside olmasindan
dolay1 antioksidan o6zellik goésteren dogal maddeler
mevcudiyetinde depolandiginda stabilitesi
arttirilabilir.
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ABSTRACT Research Article

In this study, it was aimed to improve nutrient quality by fermenting

tomato pomace with Pleurotus ostreatus (P. ostreatus) and Article History
Phanerochaete chrysosporium (P. chrysosporium). Tomato pomace Received ©25.05.2019
was incubated for 21 days at optimized conditions of pH (3.50-5.50), Accepted ©31.10.2019

temperature (24-28 oC), moisture content (68% w w-1), aeration (0,25
L min-1) and stirring rates (10 rpm). Three samples taken at each
incubation time were chemically analyzed. The results indicated that
fermentation with P. ostreatus and P. chrysosporium significanly
increased ash content by 25 and 21%, crude protein content by 16 and
30%, respectively (P<0.05). Fermentation with P. ostreatus decreased
ether extract content from 7.22% to 0.29% at 21th day (P<0.05). Tomato pomace
However, there was an increase of ether extract content with 2.

chrysosporium fermentation (from 7.22 to 11.62% at 21 day) (P<0.05).

Crude fiber of tomato pomace with P. chrysosporium were reduced by

64% (P<0.05). Both fungal fermentations reduced total reducing sugar

content by about 30% (P<0.05). Fermentation with P, ostreatusand P.

chrysosporium significantly changed tannin and pectin levels

(P<0.05). As a result, fungal fermentation caused to nutritionally

enriched tomato pomace with added active compounds, and could be

used as functional feed in animal nutrition.

Keywords

Functional feed
Phanerochaete chrysosporium
Pleurotus ostreatus

Solid state fermentation

Domates Posasinin Pleurotus ostreatus ve Phanerochaete chrysosporium Fermentasyonu ile Besleyici
Degerinin Artirilmasi

OZET Aragtirma Makalesi

Bu calismada, domates posasim1 Pleurotus ostreatus (P. ostreatus) ve

Phanerochaete chrysosporium (P. chrysosporium)ile fermente ederek Makale Tarihgesi

besin madde kalitesini artirmak amaclanmigtir. Domates posasi, Gelig Tarthi - 25.05.2019

optimize edilmis pH (3.50-5.50), sicaklik (24-28 °C), nem igerigi (%68), ~ Kabul Tarihi :31.10.2019
havalandirma (0.25 L dk') ve karigtirma hizi (10 rpm) kosullarinda
21 giin inkubasyona birakilmigtir. Fungal fermentasyon sonuglarina
gore ham kil icerigi %21-25 oraninda ve ham protein igerigi ise %16-
30 oraninda artmistir (P<0.05). P. ostreatus ile fermentasyonda, 21.
giinde ham yag icerigi %7.22’den %0.29’a 6nemli derecede azalmigtir
(P<0.05). Ancak ham yag icerigi P. chrysosporium ile yiiriitiilen
fermentasyonda artmistir (%7.22’den %11.62’e kadar artig) (P<0.05). Domates posas
P. chrysosporium ile yuriitilen fermentasyonda ham seliiloz icerigi

yaklasik %64 oraninda azalmistir (P<0.05). Domates posasinin her iki

fungal fermentasyonunda da toplam redikte seker igerigi yaklasik

%30’a kadar diismiistiir (P<0.05). Tanin ve pektin icerigi her iki

fungal fermentasyonunda da énemli derecede degismistir (P<0.05).

Sonug¢ olarak, fungal fermentasyonu domates posasinin besleyici

degerinin artmasina, biyolojik olarak fonksiyonel bilesiklerin

olusmasina sebep olmustur.

Anahtar Kelimeler

Islevsel yem

Phanerochaete chrysosporium
Pleurotus ostreatus

Kati faz fermentasyon

To Cite : Yasar S, Tosun R 2020. Improving Nutritional Qualities of Tomato Pomace by Pleurotus ostreatus and
Phanerochaete chrysosporium Fermentation. KSU J. Agric Nat 23 (2): 527-534. DOI: 10.18016/
ksutarimdoga.vi.629347.
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INTRODUCTION

Recently, there has been an increasing demand on the
utilisation of agro-industrial waste products causing
enviromental pollution to a greater extend. Tomato
pomace is a by-product of tomato processing industry,
and composed of tomato skin, seed and pulp. The
world’s annual tomato waste production reaches up to
11 million ton per year including 4 million tons of
tomato pomace (FAO, 2016). Tomato pomace contains
appreciable amount of proteins, lipids, carbohydrates,
amino acids, carotenoids and minerals (Frexio et al.,
2012; Liu et al., 2013; Ergun and Urek, 2017;
Waldbauer et al., 2017; Ulker et al., 2018). It has
mainly been used as feed material or soil fertilizer
(Knoblich et al., 2015; Bennamoun et al., 2016).
Tomato pomace can directly be fed to ruminant
animals as fresh or dried forms and as a part of silage
at appreciable amounts. The ruminant animals can
easily utilize from the nutrients of tomato pomace as a
result of microbial digestion of the rumen (Weiss et al.,
1997; Mirzaei-Aghsaghali and Maheri-Sis, 2008; Ziaei
and Molaei, 2010; Abdollahzadeh et al., 2010). In
contrary, poultry species can not completely utilize
from tomato pomace so as to ruminant animals since
the digestive tract of most of the poultry species,
especially young growing birds, do not sufficiently
secret specific enzymes degrading the nutrients such
as crude fibre (CF), tannin and pectin which are mostly
considered as antinutritional factors (ANFs) (King and
Zeidler, 2004; Al-Betawi, 2005; Wadhwa and Bakshi
2016; Yasar and Tosun, 2019). In addition, tomato
pomace is a seasonal product and not available
throughout the entire year and difficult for
conversation due to its high moisture content of 75%.
Moreover, drying tomato pomace at commercial scale
to produce animal feed has been found not
economically feasible (Weiss et al., 1997), but there are
novel processing treatments including drying to
produce bioactive compounds such as antioxidants,
lycopene, oils and protein as food and feed ingredients
(Lu et al., 2019).

Tomato pomace has been successfully used as
fermentation substrate by the industry for the
production of functional bioactive molecules (enzymes,
organic acids, aromatic compounds and antimicrobial
agents), for improvement of its nutritional qualities
and for reduction of its contents of ANFs (Raimbault,
1998; Singhaniaa et al., 2009; Ozsélen, 2010; Afsin,
2010; Kurt and Buyukalaca, 2010; Ravichandran and
Vimala, 2012; Mukherjee et al., 2016). Solid state
fermentation (SSF) is defined as fermentation of
insoluble solid substrates immersed in free water by
microorganism cultures similar to their natural
environment (Afsin, 2010). For instance, several
biologically active enzymes inlcuding cellulases and
oxidases (Verma and Madamwar, 2002; Rashad et al.,
2009; Iandolo et al., 2011; Yoon et al.,, 2014;
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Bennamoun et al., 2016; Ergun and Urek, 2017) are
produced by the P. ostreatus and Phanerochaete
chrysosporium (P. chrysosporium) fermentations. P.
chrysosporium was considered an ideal fungal
microorganism in order to increase the levels of
phenolic compounds of apple fruit pomace (Ajila et al.,
2011; Yasar and Tosun, 2018).

The fungals of Rhizopus stolonifer LAU 07, Candida
utilis, Trichoderma viride, Aspergillus niger,
Fusarium, P. ostreatus and P. chrysosporium (Villas-
Boas et al., 2003; Lateef et al., 2008; Yasar and Tosun,
2018), the yeast of Saccharomyces cervisiae and
bacteria of Bacillus subtilis (Azza et al., 2013) have
been used in SSF processes of agricultural by-products
for crude protein enrichment. In addition, fungal
microorganisms was reported to break down cellulose,
hemicellulose and other complex polysaccharides in
industrial by-products (Rashad et al., 2009; Diaz-
Godinez et al., 2012). Previously studies reported that
fermenting tomato pomace with several
microorganisms increased the amount of ash and crude
protein (CP) and decreased the levels of CF and
hemicellulose (Assi and King, 2008; Azza et al., 2013;
Roja et al., 2017; Yasar and Tosun, 2019).

Having evaluated all the above stated results, P.
ostreatus and P. chrysosporium could ideally act as
best fungal microorganisms to nutritional enrichment
of tomato pomace at optimum conditions of 4.0-5.0 of
pH, 25-35 °C of temperature and low stirring rates at
occational intervals, which were selected from the
literature and optimized and controlled throughout the
study using a modern bioreactor. Therefore, the
objective of this study was to test the effect of two
fungal microorganisms used in SSF on the changes in
nutritional composition of pomace.

MATERIALS and METHODS

Tomato pomace optained from a local provider dried
and ground to pass a sieve with 3 mm were
supplemented with nutrients as shown in Table 1 and
was further autoclaved at 120 °Cfor 15 min. Two fungal
microorganisms, Pleurotus ostreatus (P. ostreatus)
and Phanerochaete chrysosporium (P. chrysosporium)
obtained from DSMZ (Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH, Germany)
were cultivated according to the supplier instruction to
collect inoculating spores. Optimum fermentation
conditions fixed in the study (Table 1) were selected
from the literature and optimized by using a laboratory
bioreactor of 2.5-3 L working capacity, LabforEtOIH 5
(Infors Ltd., Switzerland). A blank fermentation
experiment was conducted with no fungal inoculation.
The fixed pH values were well optimized by peristaltic
pumps using buffer solutions of 0.1 M sodium acetate
(pH=1.5) and 0.1 M sodium bicarbonate (pH=9.75).

At each sampling period (days), three independent
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samples were taken from each of fermentation
experiments (Table 1) were consequently analysed

three times as replicates for the determinations of
nutritional and antinutritional factors parameters.

Table 1. Experimental design with optimised fermentation parameters fixed throughout the fermentation period
Cizelge 1. Fermantasyon siiresi boyunca optimize edilmis fermantasyon parametreleriyle deneme deseni

Experiments pH Moisture Temparature (°C) Aeration (L. Sampling Inoculation rate
(%) min-1) period (day) (spor g1
I 3.5-4.0 68.0 24-28 0.25 0,7, 14, 21 2.50 x 106
P. ostreatus
11 5.0-5.5 68.0 24-28 0.25 0,7, 14, 21 1.00x1068
P. chrysosporium
IIT** 4.0-4.5 68.0 24-28 0.25 0,7, 14, 21 None

*Added nutrients in experiment I, IT and III were 20 g (NH4)2S04, 10 g NH4Cl, 10 g CH4N:20 and 60 g Molasses, and there was
a constant rate of stirring rate (10 rpm for 2 min at every 12 h). **Blank fermentation, a non-pH optimised experiment (initial
pH of 4.00 did not change throughout the fermentation period) under sterile fermentation conditions, the same as in

experiments I and II

Thus, 9 independent replicates per treatment were
obtained, and data was analysed according to a general
linear model (GLM) of variance analysis, where the
differences between the treatments were separated at
0.05 significance level using SPSS software IBM SPSS
Statistics 22.0 for Windows). Fungal growth was
determined by the method of TS ISO 21527-2: 2008
and the contents of dry matter (DM, %), ash %, crude
protein (CP, %), crude fiber (CF, %), ether extract (EE,
%) and reducing sugar (RS, %) by the methods
specifically expressed in AOAC (2005). Pectin (Wang
and Zhang, 1999) and tannin (Chemesova and

Chizhikov, 2004) were spectrophotometrically
analysed.
RESULT and DISCUSSION

The results of Table 2 that the growth rate of P.
ostreatus in experiment I and P. chrysosporium in
experiment II significantly increased by 3 log at the
end of 21 days of fermentation (P<0.05). And the pH
was well controlled in the pre-fixed ranges in both
experiments (Table 1), indicating a successful
fermentation of fungal microorganism on tomato
pomace.

Table 2. Fungal growth rate and pH of fermenting substrate at 0, 7, 14 and 21 days of fermentation
Cizelge 2. 0, 7, 14 ve 21 giinliik fermantasyonda fungal gelisim orani ve fermente substratin pH degeri

Days cfu g1 pH
Experiments-I Experiments-1I Experiments III | Experiments I Experiments II Experiments I1T
(P. ostreatus) (P.chrysosporium) (Control) (P.ostreatus) (P.chrysosporium) (Control)

0 7.9x105£0.05¢  3.07x105+0.05¢ 0.0+0.05 4.05+0.20 5.50+0.10 4.00+0.10

7 8.0x107+0.10>  1.7x108+0.202 0.0+£0.10 3.70+0.20 5.30+0.15 4.00+0.10

14  1.3x107+0.13¢  5.0x106+0.05bP 0.0+0. 10 3.70+0.25 5.30+0.20 4.00+0.15

21  3.9x108+0.152  1.3x108+0.122 0.0+£0.10 3.60+0.25 5.40+0.21 4.00+0.15

abcd Different supercripts showed significant differences between the fermentation periods at each of the coloumn parameters

No significant changes were seen in nutritional
composition of tomato pomace fermented with no
fungal inoculations (P>0.05) (Table 3). Fermenting
tomato pomace with two different fungal inoculants
significantly influenced its nutritional composition
(P<0.05). The contents of ash significantly increased by
the fermentations of both fungal species (P<0.05). The
highest increases in ash content were 25% at 14 days
of P. ostreatus and 35% at 21 days of P. chrysosporium
fermentations. There were 16 and 30% increases in the
CP content at the 14 days of P. ostreatusand at 21 days
of P. chrysosporium fermentations, respectively were
significant (P<0.05). The fermentation of tomato
pomace with P. ostreatus significanly reduced its EE
content from 7.22% at 0 day to 0.29% at 21 days. In
contrary, there was a gradual increase in the EE
content of tomato pomace with the P. chrysosporium
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fermentation (from 7.22% at 0 day to 11.62% at 21
day). As overall there was no significant effect of P.
ostreatus fermentation on the CF content, whereas an
approximate 3-fold decrease in the CF content of
tomato pomace was obtained from the P
chrysosporium fermentation (15.24% at 0 day to 5.47%
at 21 day). The RS contents of tomato pomace were
significantly reduced by about 30% in both
fermentation cases (P<0.05).

Ash content of tomato pomace increased in both fungal
fermentations. Dei et al. (2008) reported increased ash
content of industrial by-products as a result of fungal
fermentation. The reason for the inc rease in ash
content was elaborated that during fermentation,
microorganisms secrete enzymes which degrade
complex minerals such as phosphorus in phytic acid
form, and as a result of fermentation, the liberated
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minerals are released and thus the ash content
increases. Many other studies found increased ash
content of the fermenting substrates as a result of

fermentation (Dei et al., 2008; Okpako et al., 2008;
Aguilar et al., 2008; Altop et al., 2018).

Table 3. Nutritional composition of tomato pomace affected by P. ostreatus and P. chrysosporium fermentation
Cizelge 3. P. ostreatus ve P. chrysosporium fermantasyonunun domates posasinin besin madde bilesimine etkisi

Inoculant Days DM, % Ash, % CP, % EE, % CF, % RS, %
Experiments I 0 31.75+0.57 4.66+0.28P 34.64+0.51¢ 7.22+0.022 15.24+2.25 14.04+0.072
(P. ostreatus) 7 33.60+1.23 4.78+0.41b 40.24+0.072 0.40+0.01P 14.74+0.94 9.57+0.02¢
14 29.60+0.42 5.81+0.252 40.07+£0.172 0.45+0.01P 14.75+0.30 10.63+0.12b
21 31.60+0.19 5.14+0.142b 37.65+0.08P 0.294+0.01¢ 16.58+0.49 10.17+0.20P
Experiments I1 0 31.75+0.37 4.66+0.28P 34.64+0.514 7.22+40.024 15.24+2.252 14.04+0.072
(P.chrysosporium) 7 34.66+0.52 5.67+0.832b 42.35+0.28¢ 10.22+0.03¢ 14.14+1.182 9.48+0.03
14 32.69+2.24 5.46+0.31P 43.37+0.14b 10.67+0.06> 11.50+0.38P 9.91+0.03b
21 34.80+1.91 6.31+0.302 44.96+0.252 11.62+0.012  5.47+1.00¢ 9.53+0.35P
Experiments III 0 32.00+0.10 4.50+0.21 34.70+0.01 7.00+0.01 15.00+1.00 14.50+0.01
(Control) 7 32.10+0.20 4.25+0.05 34.35+0.23 7.20+0.01 15.60+0.05 14.00+0.30
14 32.00+0.12 4.60+0.23 34.50+0.50 7.40+0.02 15.30+0.20 13.90+0.40
21 32.10+£0.61 4.70+0.11 34.40+0.41 7.10+0.02 15.30+0.50 14.00+0.20

ab.e d Different supercripts showed significant differences between the fermentation periods at each of the coloumn parameters.

Lateef et al. (2008), clearly showed that fungal
fermentation using the strain of Rhizopus stolonifer
LAU 07 significantly improved nutritional qualities of
some agro-wastes by increasing CP contents by 35-90%
and reducing CF by 7.0 to 44% (P<0.05). Similar
improvement rates were also reported by several other
fungal species including P. ostreatus and P.
chrysosporium in the study of Assi and King, (2008);
Rashad et al. (2009 and 2010); Diaz-Godinez, (2012)
and Yasar and Tosun, (2018). In fungal fermentation
fungal growth and reproduction of micelles formed as
a result of the substrate used in fermentation has been
reported to increase the CP content (Altop et al., 2018).
On the other hand, Oboh and Akindahunsi (2003)
claimed that the increased CP content was due to the
increased enzymes which are in nitrogenous nature. It
is thought that the increase of CP content in the
fermentation of tomato pomace with P. ostreatus and
P. chrysosporium is due to the above reasons.
However, in our study, the amount of increased CP
content differed in the case of both microorganisms,
showing that the type of fungal microorganisms may
have affected the degree of increased CP. As overal the
P. ostreatus and P. chrysosporium fermentations were
found wuseful for increasing CP of tomato waste
products.

The content of EE in tomato pomace was nearly
consumed by the strain of P. ostreatusin our study. P.
ostreatus was also previously shown to reduce the EE
contents of oil-seed meal (Yasar and Tosun, 2018). The
reduced lipid content could be due to the accumulation
of lipids by some strains of fungal microorganisms
which have lipase enzyme activity (Lateef et al., 2008;
Agbo and Prah, 2014; Altop et al., 2019) since some
fungal microorganisms should assimilate lipids from
the fermenting substrates in order to produce other
biomasses (Tinoco et al., 2011; Iandolo et al., 2011;
Frexio et al., 2012; Jannathulla et al., 2018). In

contrast P. chrysosporium significantly increased the
EE content of tomato pomace. This increase in EE is
thought to be due to the release of lipolytic enzymes
that break down glycerol and fatty acids in some
microorganisms. Because Onweluza and Nwabugwu
(2009) reported that the EE increases when millet
(Pennisetum americanum) and Pigeon pea (Cajanus
cajan) fermented and as a reason for the secreted
lipolytic enzymes during fermentation. However, in
the previous studies, EE decreases; and lipolytic
enzyme secretion and the increase in EE in
fermentation are not sufficient in the literature.

Some microorganisms generally use easily soluble
carbohydrates such as starch and sugar to meet carbon
requirements during fermentation, and then prefer to
use complex carbohydrates or other nutrient as carbon
sources (Papagianni, 2007; Altop et al., 2019). And as
well Xie et al. (2016) and Altop et al. (2019) reported
that during solid state fermentation, fungals release
enzymes such as cellulase, hemicellulose, which break
down structural carbohydrates, and these enzymes
break down structural carbohydrates. It was concluded
that the microorganism used as a carbon source as a
reason for the decrease in RS and HS content in
fermentation of tomato pomace with P. chrysosporium.
On the other hand, P. chrysosporium is a white-rot-
fungus, the release of enzymes that break down
structural carbohydrates is thought to be high and
therefore the HS content of tomato pomace may be
reduced. In P. ostreatus fermentation, the HS content
did not change, but the RS content decreased
significantly, suggesting that this microorganism did
not use either the carbon requirement of P,
chrysosporium or the HS as a carbon source or does not
release enough enzymes to break down structural
carbohydrates

There was no significant effect on the contents of ANFs
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(tannin and pectin) of tomato pomace of the
fermentation carried out without fungal
microorganisms in this study (P>0.05) (Table 4).
However, fermenting tomato pomace with P. ostreatus
and P. chrysosporium significantly influenced these
compounds (P<0.05). There was an average of 60%
decrease in the tannin content at the 14 day of the
fermentations carried out both fungal microorganisms
(P<0.05). Fermentation of tomato pomace with 2.
ostreatus did not significantly change the pectin
content (P>0.05). However, there was a significant
sporadic effect of P. chrysosporium fermentation on the
pectin content, which was increased (P<0.05) by 48%
at 14 day and then decrease (P<0.05) by 28% at 21 day
of in the pectin contents.

The pectin and tannin are usually available in the
tomato peel tissue, and its degradation is very
important to free up important biologically active
compound such as phenolic compounds and lycopene
with antioxidant property (Lavecchia and Zuorro,
2008; Rodriguez-Fernandez et al., 2011; Saleh et al.,
2018). Biz et al., (2016) reported that they produce
pectinase enzyme by fermenting agricultural by-
products with Aspergillus oryzae. Enzyme production
in the presence of pectin in the fermentation of
microorganisms in the presence of pectin to break
down the enzyme is connected to secrete. In our
studythe pectin content of tomato peels was extracted
and released into the matrix of fermentation substrate
at the 14 day of fermentation with both fungal species,
due to a possible increase in the activitiy of pectinase.

Table 4. Influence of fungal fermentation on the contents of tannin and pectin of tomato pomace
Cizelge 4. Fungal fermantasyonunun domates posasinin tannin ve pektin igerigine etkisi

Microorganisms Days Experiments I Experiments I1 Experiments 111
(P. ostreatus) (P. chrysosporium) (Control)
Tannin, % 0 13.17+0.842 13.17+0.842 13.20+0.02
7 4.91+0.10P 6.55+0.34b 13.00+0.50
14 4.98+0.80P 5.52+1.43b 13.00+0.20
21 5.36+0.12P 6.99:+0.36P 12.90+0.01
Pectin, % 0 3.43+0.31 3.43+0.28P 3.40+0.02
7 4.19+0.46 3.77+0.69P 3.32+0.06
14 3.91+0.19 5.09+0.492 3.64+0.09
21 4.47+0.81 2.47+0.23¢ 3.40+0.05

abc Different superscripts showed significant differences between the fermentation periods at each of the column parameters.

Finally, the degradation of tomato peels could be said
to be completed by fungal fermentations. This
mechanism was more pronounced with the
fermentation using P. chrysosporium. Thus, it could
possible that some important phenolic compounds are
released during the fungal fermentations and this lead
to a possible increase of antioxidant capacity.

The tannin content of tomato pomace decreased in
fermentation with both fungal microorganisms. In
previous studies, it has been reported that in
fermentation microorganisms break down tannin into
smaller molecules such as gallic acid, catechin, glucose
and gallicatechin (Rodriguez et al., 2008; Nazarni et
al., 2016; Shang et al., 2019). In this study, it is
thought that the decrease in tannin content secretes
tannase enzyme and the tannin content is converted to
gallic acid, catechin, glucose or gallicatechin.

CONCLUSION

As a result, the fermentation of tomato pomace by
fungal microorganism yielded an enrichment of
nutritional qualities and added some biologically
functional compounds. The fermented tomato pomace
with improved nutritional qualities is holding a great
potential in farm animal nutrition.
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OZET Aragtirma Makalesi
Bu arastirmada, farkli dozlarda kefir ilavesinin yonca silajlarinda . )
fermantasyon gelisimi ve aerobik stabiliteleri tzerindeki etkileri Makale Tarihgesi

arastirilmistir. Katki maddelerinin ilavesinden sonra, yaklasik 500 g Gelis Tarihi. ©13.09.2019
ornek plastik torbalara konularak sikigtirilmis ve vakumla i¢indeki Kabul Tarihi :08.11.2019
hava alinmigtir. Her grup i¢in 10’ar tane olmak tizere toplam 70

paket silaj laboratuvar sartlarinda (25-30 °C) 45 giin fermantasyona Anghtar Kelimeler
birakilmistir. Silolama déneminin sonunda (45. giin) tiim silajlara 7 Kefn'. ) ..
glin sure ile aerobik stabilite testi uygulanmistir. Arastirmada L'akfuk Asit Bakterisi
ayrica fermantasyonun 45. giinii ve aerobik stabilite donemi sonrasi Silaj

Tanimlama

baskin olan laktik asit bakteri turleri tespit edilmigtir. Sonug olarak,
yonca silajina ilave edilen kefir silajlarin pH, asetik asit, buitrik asit,
propiyonik asit iceriklerini, kuru madde kaybini1 dustirurken, laktik
asit iceriklerini kontrol grubuna goére arttirmistir (P<0.001).
Silajlarin lactobacilli ve maya icgerikleri kontrol grubuna gore
artarken, kiif gelisimini ise tamamen engellemigdir (P<0.001). Diger
yandan, kefir ilavesi silajlarin (5x105 uygulamalar1 disginda) pH,
maya ic¢eriklerini, CO2 tiretimlerini diusiirerek aerobik stabilitelerini
ise gelistirmistir (P<0.001).

The Effects of Kefir Addition on the Fermentation Characteristics and Aerobic Stability of Alfalfa
Silages

ABSTRACT Research Article

In this study, the effects of different doses of kefir on the

fermentation characteristics and aerobic stability of alfalfa silages Article History

were investigated. After the addition of the additives, approximately Received ©13.09.2019
500 g of sample was placed in plastic bags and compressed. A total of Accepted - 08.11.2019

70 packages, 10 for each group, were allowed to ferment for 45 days

in laboratory conditions (25-30 °C). The aerobic stability test was Keywords

applied to the silages opened on the 45th day for 7 days. Chemical Kefir )

and microbiological analyzes were performed on the samples opened Lactic acid bacteria

on the 45th day of fermentation. In addition, after silage fermentation Sllagg .
Identification

of 45 days and aerobic stability period, lactic acid bacteria were
identified. As a result, added kefir decreased pH, acetic acid, butyric
acid, propionic acid content, dry matter loss, whereas increased lactic
acid content significantly compared to control group (P<0.001).
Lactobacilli and yeast contents of silages increased compared to
control group, also completely prevented the growth of mold
(P<0.001). On the other hand, kefir (except 5x105 applications)
decreased pH, yeast contents, COz production and improved aerobic
stability of alfalfa silages (P<0.001).

To Cite : Kog¢ F, Karapmar B, Okuyucu B, Korucu Erdem D, 2020. Kefir Ilavesinin Yonca Silajlarinin Fermantasyon
Ozellikleri ve Aerobik Stabilitesi Uzerine Etkileri. KSU Tarim ve Doga Derg 23 (2): 535-542. DOI:
10.18016/ksutarimdoga.vi.620292.
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GIRIS Enterococcus faecalis, Lactobacillus brevis ve
Silaj fermantasyonu kismen kontrolsiiz bir islemdir Micrococcus luteus igerdigi tespit edilmigtir.
pekgok faktér fermantasyon ve aerobik stabilite 2. Ticari  kefir kiltirii  (TK):  Biyolojik

donemi  lzerinde  etkili  olmaktadir.  Silajlik
materyalin kimyasal ve mikrobiyolojik kompozisyonu
degiskendir ve bu da silaj kalitesi tizerinde etkilidir
(McDonald ve ark. 1991). Son yillarda, silaj
fermantasyonu garanti altina almak, silaj kalitesini
artirmak ve silajin daha iyl korunmasini saglamak
amaciyla silaj katki maddesi olarak, laktik asit
bakteri (LAB) inokulantlarinin kullanim1
yayginlagsmigtir. Ancak LAB inokulantlarin etkinligi
konusunda, silaj kalitesini artirdigr (Arriola ve ark.,
2015; Silva ve ark., 2016; Cebe Hotun ve ark., 2019)
ya da yeterli diuzeyde etki gostermedikleri yoninde
farklh goriigler bulunmaktadir (Kleinschmit ve ark.,
2005). Bu olumsuzluklarin, ticari inokulantlardaki
LAB'larin kompozisyonundan kaynaklanabilecegi
yoniinde goriislerde bulunmaktadir (Kung ve Muck,
1997; Muck ve Kung, 1997). Bu anlamda bakildiginda
silaj fermantasyonunda etkili olan LAB tiirleri ve
etkinlikleri 6nem kazanmaktadir. Kefir bilesiminde
LAB ve mayalarin bulundugu, iiretiminde kefir tanesi
veya starter kulturlerin kullanildig: fermente bir sut
drind olarak tammlanmaktadir (Ozpmar, 2012).
Kefir tanesinde LAB (Jactobacillii lactococci ve
leuconostoc), asetik asit bakterileri (acetobacter) ve
mayalar1 karisim halinde bulundurur. Bu mikrobiyel
karisim icinde en cok laktobasiller yer alir (%65—-80).
Kefirin icerdigi lactobasil ve diger bakteri tiirleri
arasinda L. acidophilus, L. brevis, L. casei, L.
fermentum, L. helveticus, L. kefiri, L. parakefiri, L.s
lactis ve L.c mesenteroides bulunur. Son yapilan
arastirmalar, kefirin bakteriyel florasini olusturan
LAB'lerinin silaj fermantasyonu tuzerinde o6zellikle
besin madde kayiplarini azalttig1 ve aerobik stabilite
tuzerinde olumlu etkilerinin oldugu yo6niundedir
(EFSA, 2013; Zwielehner ve ark., 2014; Daniel ve
ark., 2015). Bu calismanin amaci, farkli dozlarda
dogal ve ticari kefir kulturd ilavesinin yonca silaj
fermantasyonu ve aerobik stabilite tizerine etkilerini
ortaya koymaktir.

MATERYAL ve METOT
Materyal

Bu arastirmada silaj materyali olarak Namik Kemal
Universitesi Ziraat Fakiiltesi Aragtirma ve Uygulama
Merkezinde yetistirilen yonca (Medicago sativa)
bitkisi kullanilmigtir. Silaji yapilacak yonca hasillar
yaklagik %10 c¢iceklenme baglangicinda hasat
edilmigtir. Hasad edilerek 12 saat siireyle soldurulan
yonca, silaj makinesiyle yaklagik 1.5-2.0 cm
boyutlarinda par¢alanmigtir. Katki maddesi olarak,

1. Dogal kefir kiiltiri (DK): Dogal kefir
kiltirinin  biyolojik  kompozisyonuna  iligkin
tanimlama  yapilmistir. Tanimlama sonrasinda
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kompozisyonunda Lactococcus lactis subsp, Lactis
biovar diacetylactis, Lactobacillus brevis, Leuconostoc
spp.mesenteroides ve Saccharomoyces cerevisiae
iceren (MYStarter KF) kullanilmigtir. Dogal ve ticari
kefir uygulamalarinda doz 105, 5x105 ve 1x106
seviyesinde olacak gekilde hesaplanmigtir.

Katki maddesinin uygulama sekli

10 kg parcalanmig taze materyal 1x4 m temiz bir
alana yayilmistir. 1. grup kontrol grubu olup katk:
maddesi icermemektedir. 2. grupta, dogal ve ticari
kefir kultirinden 0.0375 g tartilarak tizerine 20 ml
cesme suyu konarak iyice karismasi saglandiktan
sonra taze materyal lizerine homojen bir gekilde el
pulverizatora ile puskiirtulmustir. 3. grupta 0.1875
g, 4. grupta 0.375g 2. grupta aciklandig1 gibi taze
materyale uygulanmistir. Kontrol grubuna diger
muamele gruplarina esdeger 20 ml cesme suyu ilave
edilmigtir. Katki madelerinin ilavesinden sonra,
yaklagik 500 g ornek plastik torbalara konularak
sikigtirilmis ve vakumla i¢indeki hava alinmigtir. Her
grup i¢in 10’ar tane olmak tizere toplam 70 paket silaj
laboratuvar sartlarinda (25-30 °C) 45 giin
fermantasyona birakilmigtir. Kirk besinci giin agilan
silajlara 7 giin sture ile aerobik stabilite testi
uygulanmagtir.

Kimyasal Analizler

Fermantasyonun 45. giiniinde agilan silajlarda pH,
kuru madde (KM), laktik asit (LA), asetik asit (AA),
biitirik asit (BA), propiyonik asit (PA) suda
¢ozlinebilir karbonhidratlar (SCK), amonyaga bagh
nitrojen (NH3-N), mikrobiyolojik kompozisyona iliskin
olarak laktik asit bakterileri (LAB), maya ve kiif
sayimlar1 yapilmigtir. Arastirmada pH ve tampon
kapasitesi (Tk) analizleri Playne ve Mc Donald
(1966), KM analizi Akyildiz (1984), NH3s-N ve SCK
analizleri Anonim (1986), ve LA analizi Koc ve
Coskuntuna (2003)nin bildirdigi sekilde yapilmistir.
AA, BA ve PA analizi ise Supelco (1998) tarafindan
bildirilen yénteme gore gaz kromatografisi (GC-15A,
Shimadzu, Japonya) ile yapilmistir. Silajlarin KM
kayiplari, 45. giinlerde torbalarinda hesaplanan silaj
KM’si agirliginin, torbalara konulan taze materyalin
KM agirligina oranlanmasi ile hesap edilmistir.

Mikrobiyolojik Analizler

Laktik asit bakterileri, maya ve kif yogunlugunun
belirlenmesinde Seale ve ark. (1990)nin énerdigi
yontem takip edilmistir.
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Silaj Orneklerinden Izole Edilen Laktik Asit

Bakterilerinin Tanimlamasi

16SrRNA Dizi Analizi teknigi kullanilmistir. LAB
tanimlamalarina iligkin analizler Tekirdag Namik
Kemal Universitesi (NABILTEM) merkezi arastirma
laboratuvarinda yapilmistir.

Aerobik Stabilite

Kirkbes gunlik silolama siliresi sonunda silaj
érneklerine 7. giin sonunda Ashbell ve ark. (1991)
tarafindan Onerilen yonteme gore aerobik stabilite
testi uygulanmigtir. Ayrica aerobik  stabilite
doneminde silaj 6rneklerindeki sicaklik degisimleri ve
ortam sicakligi 7 gin sureyle 2 saatte bir hobo
pentant data logger ile takip edilmistir (Chen ve ark.,
1994).

Istatistiksel Analizler

Aragtirma sonunda elde edilen veriler SPSS v.16
istatistik paket programinin (SPSS Inc. 2007) GLM
prosediriinde degerlendirilmigtir. Grup ortalamalari
arasindaki farkhiliklarin kargilagtirilmasinda Duncan
testi kullanilmistir (Efe ve ark., 2000).

BULGULAR
Silajlarin Fermantasyon Ozelllikleri

Taze yoncaya ait kimyasal ve mikrobiyolojik analiz
sonuclar Cizelge 1 ve Cizelge 2' de verilmistir. Yonca
bitkisinin pH, Tk degeri, KM i¢indeki HP ve SCK,
LAB ve maya igerikleri sirasiyla 7.50, 445
mEq/kg/KM, %21.14, 15.45g/ kg KM, 5.30, 8.08 cfu/g
arasinda bulunmustur.

Fermantasyonun 45. giintinde acilan yonca silajlarina
ait kimyasal analiz sonu¢lar1 Cizelge 1'de verilmistir.
Erken c¢iceklenme doéneminde hasat edilen yonca
silajlarinin KM icerigi %23.3 g/kg iken 12 saatlik
soldurma sonrasinda %30.46 olmustur.
Fermantasyon 45. giintinde KM igerikleri 27.25-31.54
arasinda degismistir. Caligmada, fermantasyonun 45.
giininde muamele grubundaki tiim silajlarimin KM
diizeyinin kontrol grubu silajlara gore daha yiiksek
oldugu belirlenmistir (P<0.001).

Calismada, yoncaya kefir ilave edilmesi silajlarin
pH’larin1 kontrol grubuna goére oOnemli dizeyde
diigirmiistiir ~ (P<0.001).  Silajlarin  baslangic
materyalinde 7.50 olan pH degeri kefir ilavesi ile
muamele gruplarinda 5.45-5.90 arasinda degisim
gostermigtir.

Kefir ilavesi (DK2) grubu diginda HP igeriginin
artmasina sebep olurken (P<0.001), toplam nitrojen
icerisindeki NHs-N miktarinin diigmesini (P<0.001)
saglamigtir. Amonyaga bagli nitrojenin, toplam
nitrojene orami 88.55-142.16 g/kg TN arasinda
degismigtir. En diisik NH3-N miktar1 TK3 ilavesiyle
saglanmigtir. Suda ¢oziinebilir karbonhidrat igerikleri
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kontrol grubunda (8.00 g/kg KM), DK gruplarinda
sirasiyla  (8.90, 11.30, 7.32 g/kg KM) ve TK
gruplarinda (6.62, 11.68, 7.67 g/kg KM) olarak
bulunmustur. Muamele gruplarinda en disik SCK
icerigi TK1 grubunda, en yiiksek degerler DK2 ve
TK2 grubu silajlarda tespit edilmistir (P<0.001).

En yiiksek LA icerigi (47.84 g/lkg KM) DK3 grubunda,
en diisiik LA icerigi (6.77 g/kg KM) ise kontrol
grubunda Dbelirlenmistir. Yonca silajlarina kefir
ilavesi silajlarin LA igeriklerini o6nemli duzeyde
arttirmistir (P<0.001). En yiiksek AA icerigi (19.52
g/kg KM) kontrol grubunda, en diisiik AA icerigi (3.64
g/lkg KM) olarak DK3 grubunda belirlenmistir. AA
icerigi bakimindan muameleler arasindaki farklar
istatistiki anlamda énemli bulunmustur (P<0.001).
Yonca silajlarinin BA igerikleri 3.07-17.21 g/kg KM
arasinda degismigtir. Yonca silajlarinda  doz
miktarina bagh olarak silajlarin, BA icerikleri kontrol
grubu silajlara oranla daha disik tespit edilmistir
(P<0.001). PA icerikleri kontrol 3.34 g/kg KM, DK
gruplarinda sirasiyla (2.75, 2.99, 0.41 g/kg KM) ve TK
gruplarinda (0.74, 1.63, 2.69 g/kg KM) olarak
bulunmustur. Muamele gruplarinin PA igerigi kontrol
grubundan daha diigik bulunmustur (P<0.001).
Yonca silajlarimin KM kaybi1 %2.09-2.64 arasinda
degismis ve yonca silajlarinda KM kaybi kontrol
grubu silajlarina oranla daha diisik tespit edilmistir
(P<0.001).

Yonca Silajlarimin Mikrobiyolojik Ozellikleri

Yonca silajlarinin mikrobiyolojik analiz sonuclar:
Cizelge 2’de verilmigtir. Silajlarda LAB sayisi
baglangic materyaline oranla tim gruplarda
artmigtir. LAB sayis1 kontrol, 5.50 cfu/g bulunurken,
DK gruplarinda sirasiyla (5.60, 5.86, 5.98 cfu/g), ve
TK gruplarinda (6.08, 6.07, 6.19 cfu/g) olarak tespit
edilmistir (P<0.001). Yonca silajlarinda  kefir
uygulamasina bagl olarak silajlarin maya sayilar
artis gostermigtir. En yiksek maya sayis1 6.24 cfu/g
olarak DK1 grubunda tespit edilmistir (P<0.001).
Yonca silajlarinda sadece kontrol grubunda 2.66 cfu/g
diizeyinde kiif tespit edilmistir (P<0.001).

Yonca Silajlarinda  Aerobik Stabiliteye Iligkin
Degerler
Aragstirmada, silolamanin 45. gini acgilan yonca

silajlarina uygulanan 7 ginlik aerobik stabilite testi
sonuglar1 Cizelge 3’de verilmistir. Yonca silajlarinda
aerobik stabilitenin 7. giliniinde Dbelirlenen pH
degerleri sirasiyla kontrol (6.40), DK (5.65, 7.75, 5.50)
ve TK (5.35, 7.90, 5.45) tespit edilmistir. Yonca
silajlarina kefir ilave edilmesi silajlarin pH degerleri
uzerinde farkl etkilerde bulunmustur. Kefir ilave
edilen DK2 ve TK2 gruplarinda pH degerleri kontrol
grubuna goére daha yiiksek tespit edilmistir (P<0.001).
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Cizelge 1. Fermantasyonun 45. giintinde agilan silajlarin kimyasal analiz sonuglari
Table 1. Chemical analysis results of silages opened on the 45th day of fermentation
Muameleler KM, % pH HP, %KM NHs-N/TN? SCK! LA? AA? BA! PA? KM kaybi, %
Treatments DM, % pH CP, DM % NH3-N/TN wsc LA AA BA PA DM loss, %
Silaj Materyali -
Silage Material 30.46 7.50 21.14 15.45
Kontrol (Control) 27.25+0.53¢ | 5.90+0.002 | 19.80+0.014 142.16+6.602 8.00+0.29%c 6.77+1.43¢ 19.52+3.312 17.21+5.632 3.34+1.042 2.64+0.042
Dogal DK1 28.45+0.57¢¢ | 5.60+0.00P¢ | 19.91+0.17<d 91.43+0.164 8.90+1.29b 13.65+0.299 | 12.69+6.27b¢ 14.88+4.752 2.75+0.972b 2.09+0.014
Kefir(Home | DK2 27.95+0.014¢ | 5.45+0.05¢ | 18.8440.14¢ | 126.80+14.79" | 11.30+0.632 | 26.63+2.15¢ 6.84+0.69de 12.18+0.322b 2.99+1.282b 2.56+0.02P
Made Kefir) | DK3 31.54+1.872 | 5.55+0.05" | 20.59+0.212 96.90+7.06¢d 7.92+0.22bc | 47.84+4.712 3.64+0.55¢ 4.31£1.22¢ 0.41+0.09¢ 2.62+0.022
Ticari Kefir | TK1 30.52+0.872b | 5.70+0.00* | 20.18+0.27" | 107.97+0.21¢ 6.62+2.13¢ 39.63+4.54P 5.41+1.044e 11.07+1.162b 0.74+0.03¢ 2.62+0.002
(Commercial | TK2 29.23+1.09 | 5.85+0.052 | 20.45+0.202> | 1238.89+6.13P 11.68+0.852 | 23.38+1.17¢ 9.37+0.77<d 7.836+3.19b¢ 1.63+0.66P¢ 2.10+0.034
Kefir) TK3 29.94+0.952¢ | 5.50+0.20¢ | 19.95+0.07¢d 88.55+0.774 7.67+1.12bc 25.30+1.69¢ | 14.55+1.38P 3.07+£3.07¢ 2.79+0.132b 2.31+0.01¢

lg/kg KM, KM. Kuru madde, HP: Ham protein, NH3-N: Amonyaga bagh nitrojen, TN: Toplam nitrojen, SCK: Suda ¢oziinebilir karbonhidrat; LA: Laktik asit, AA: Asetik

asit, BA: Biitrik asit, PA: Propiyonik asit. **Aym siitunda farkl harfle gosterilen ortalamalar arasindaki farklar snemlidir (2<0.001).
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Cizelge 2. Fermantasyonun 45. giininde agilan silajlarin mikrobiyoloji analiz sonuglar:

Table 2. Results of microbiology analysis of silages opened on the 45th day of fermentation

Muameleler LAB, cfu/g KM Maya, cfu/g KM Kiif, cfu/g KM

Treatments LAB, cfu/g DM Yeast, cfu/g DM Moud, cfu/g DM

Silaj Materyali (Silage Material) 5.30 8.08 0.00

Kontrol (Control) 5.55+0.12¢ 5.73+0.01¢ 2.66+1.342
DK1 5.60+0.00¢ 6.24+0.032 0.00+0.00P

Dogal Kefir (Home Made Kefiry  DK2 5.86+0.024 5.82+0.034 0.00+0.00P
DK3 5.98+0.06¢ 5.9140.01¢ 0.00+0.00P
TK1 6.08+0.00P 5.94+40.01¢ 0.00+0.00P

Ticari Kefir (Commercial Kefir)  TK2 6.07+0.02b¢ 6.11+0.02° 0.00+0.00P
TK3 6.19+0.022 6.10+0.02P 0.00+0.00P

P <0.001 <0.001 <0.001

KM: Kuru madde, LAB: Laktik asit bakterileri, cfu: koloni olusturan birim

abe: Ayni siitunda bulunan farkl harfler énemlidir (P<0.05)

Cizelge 3. Yonca silajlarinin 7. giin sonunda aerobik stabilite testi sonuclari
Table 3. Aerobic stability test results at the end of the 7th day of alfalfa silage

Muameleler pH CO2 glkg KM  Maya, cfu/g KM Kif, cfu/g KM

Treatment pH CO:2 glkg DM Yeast, cfu/g DM  Mould, cfu/g DM

Kontrol (Control) 6.40+0.30P 16.12+1.57° 6.58+0.09b 6.63+0.022
DK1 5.65+0.15¢ 13.32+3.18¢ 6.28+0.13¢d 0.00+0.00b

Dogal Kefir (Home Made Kefir  DK2 7.75+0.052 47.24+0.022 6.67+0.100 0.00+0.00P
DK3 5.50+0.00¢d 10.67+1.19¢d 5.24+0.24f 0.00+0.00P

Ticari Kefir (Commercial Kefiy  TK1 5.35+0.054 9.08+0.184 5.63+0.15¢ 0.00+0.00P
TK2 7.90+0.202 49.13+1.532 7.34+0.452 0.00+0.00b
TK3 5.45+0.05¢d 8.53+0.034 6.00+0.044de 0.00+0.00b

P <0.001 <0.001 <0.001 <0.001

DK1: 105 DK2: 5x105 DK3: 1x108; TK1: 105 TK2: 5x105; TK3: 1x1086

abe: Ayni siitunda bulunan farkl harfler 6nemlidir (P<0.05).

S6z konusu donemlerde belirlenen CO: uretim

miktarlar:1 %8.53-49.13 g/kg KM arasinda degismistir. Caliymada  16SrRNA  Dizi  analizi  sonuglar

En yiksek CO2 miktar1 DK2 ve TK2 uygulamalarinda
tespit edilmistir (P<0.001). Aerobik stabilitenin 7.
giiniinde maya icerikleri kontrol 6.58 cfu/g, DK (6.28,
6.67 ve 5.24 cfu/lg) ve TK (5.63, 7.34, 6.00 cfu/g)
gruplarinda tespit edilmistir (P<0.001). Arastirmada
maya sayilari ile CO2 {retimleri paralellik
gostermigtir. Maya igerikleri yliiksek olan DK2 ve TK2
gruplarimin CO:2 degerleride daha ylksek tespit
edilmigtir. Yonca silajlarina kefir ilave edilmesi kiifi
onlemistir (P<0.001).

degerlendirildiginde, fermantasyon dénemi (45. giin)
silajlarda LAB'inden Enterococcus faecium agirhkl
olmak tzere, Lactobacillus brevis ve Pediococcus
pentosaceu baskin turler olarak Dbelirlenmistir
(Cizelge 4). Aerobik stabilite déoneminde ise agirlikh
olarak Lactobacillus plantarum bunun disinda
Enterococcus gallinarum, Enterococcus casseliflavus,
Weissella paramesenteroides, Enterococcus faecalis,
Weissella paramesenteroides, Bacillus sp.,
Lactobacillus brevis olarak belirlenmistir (Cizelge 4).

Cizelge 4. Izole Edilen LAB'lerinin 16SrRNA Dizi Analizi sonuglari
Table 4. 16S5rRNA Sequence Analysis results of isolated LABs

Muameleler 45. glin AS

Treatments 45t day AS

Kontrol (Control L. brevis E. gallinarum, E. casseliflavus, W.
paramesenteroides

DK1
DK2
DK3
TK1
TK2
TK3

Dogal Kefir (Home Made Kefir)
L. brevis

Ticari Kefir (Commercial Kefir)
E. faecium

L. brevis, E. faecium
P. pentosaceus, E. faecium

P. pentosaceus, E. faecium
P. pentosaceus, E. faecium

L. plantarum, L. brevis

W. paramesenteroides, Bacillus sp.,
L.plantarum, L. brevis

L. plantarum, E. faecalis

Bacillus sp., E. faecalis

L. plantarum, L. brevis

DK1: 105 DK2: 5x105 DK3: 1x106; TK1: 105 TK2: 5x105; TK3: 1x1086; AS: aerobik stabilite
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Sekil 1. Aerobik stabilite siiresince silajlarin sensor verileri
Figurel. Sensor data of silage during aerobic stability
Yonca silajlarimin 7 glnliik aerobik stabilite dénemi 2007). Ayrica  aerobik  bozulma  hiz1 da

stiresince sensOr verilerine iligkin sicaklik degerleri
Sekil 1'de verilmistir. Sensor verilerine iligkin veriler
degerlendirildigine aerobik bozulma en ge¢ DK3 ve
TK3 uygulamalarinda tespit edilmigtir.

TARTISMA

Silolanacak bitkisel materyal silo igerisine konulup
oksijen ile temasinin kesilmesinin ardindan, materyal
tuzerinde bulunan epifitik flora igerisindeki turler
arasinda bir rekabet baglar ve bu rekabet silaj
fermentasyonu agsamalarinda da devam eder. Silaj pH
seviyeleri 4.5 ve altina diistiinceye kadar bu rekabetin
devam ettigi bildirilmektedir (Kizilsimsek ve ark.,
2016). Bu nedenle silajin pH'sindaki diisiisiin
hizlanmasi, arzulanan bir fermentasyon olusumu igin
gereklidir. Iyi kaliteli bir silajda pH' nin 3.5-4.0
olmas1 istenmektedir, fakat baklagil silajlarinda 4.0
ve lUzerindeki pH degerlerine ¢ok sik rastlanmaktadir
(Filya, 2001). Bu calismada, kefir ilave edilmesi
silajlarin asitlik dizeyinin artmasina yol a¢gmigsa da,
fermantasyonun 45. giintinde arzulanan pH dizeyine
ulagilamamigtir. Silajlarin  baglangig materyalinde
7.50 olan pH degeri kefir ilavesi ile muamele
gruplarinda 5.45-5.90 arasinda degisim gostermigtir.
Silaj fermantasyon doénemi sirasinda ve aerobik

stabilite strecinde, farklh bakteri turleri farkh
zamanlarda dominant duruma geg¢mektedirler.
Mevcut arastirmadan elde edilen veriler

fermantasyon donemi ve aerobik stabilite donemi
sonrasinda baskin olan tirlerin farkhilik gésterdigini
ortaya koymustur. Bu amacla silaj i¢cinde olusacak
tirler arasi rekabeti uygun LAB lehine ¢evirme
oldukca 6nem tasimaktadir (Phillip ve ark., 1990;
Pitt, 1990; Stokes, 1992). Bu sekilde pH diisiisii
hizlandirilmakta, protein pargalanmasi ve KM
kayiplar1 en aza indirilmektedir (Kizilsimsek ve ark.,
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yavaglatilmaktadir (Illek, 2006). Bu calismada kefir
ilavesi silajlarin NH3-N/TN degerlerinin kontrol
grubuna goére dismesine yol a¢mistir. Silolamanin
temel amacglarindan biride silolanacak materyaldeki
KM kayiplarini mimkiin oldugu kadar minimum
diizeye indirmektir. Ancak silaj fermantasyonunun
homofermantatif veya heterofermantatif yonde
sekillenmesine gére KM kayiplar:1 artabilmektedir.
Nitekim, fermantasyon heterofermantatif bakteriler
tarafindan desteklendiginde CO2 nedeniyle bu
kayiplarda artis olabilmektedir (McDonald ve ark.,
1991). Bu calismadaki veriler degerlendirildiginde
dogal kefir kiltiri uygulamalarinda fermantasyonun
heterofermantatif ozellikte, ticari kefir kiltira
uygulamalarinda ise homofermantatif 6zellikte
sekillendigi soOylenebilir. Calismada 16SrRNA Dizi
analizi sonuglar1 degerlendirildiginde, fermantasyon
dénemi (45. giin) silajlarda LAB'inden Enterococcus
faecium agirlikli olmak tzere, Lactobacillus brevis ve
Pediococcus  pentosaceu baskin tirler olarak
belirlenmigtir. Aerobik stabilite dénemi sonrasinda
ise agirhikhi olarak Weissella paramesenteroides,
Bacillus cereus, Bacillus sp. ve Bacillus megaterium
turleri tespit edilmistir. Bu konuda yapilan
calismalarda, arastiricilar, silajlarda en ¢ok rastlanan
LAB turleri olarak Lactobacillus ve Streptococcus
cinslerine ait  tiirleri  bildirmektedir. Silajda
Lactobacillus plantarum, Enterococcus faecium,
Lactobacillus brevis veya Lactobacillus buchneri gibi
anaerobik LABnin etkin olmasi1 istenirken,
Clostridia, Enterobactericiae, Bacilli ve Listeria gibi
bakterilerin ise bulunmamasi istenmektedir. Bu tir
bakteriler, silaj kalitesinin diismesine ve dolayisiyla
da  aerobik  stabilitenin  azalmasina  neden
olmaktadirlar (Basmacioglu ve Ergiil, 2002).
Calismadan elde edilen veriler dikkate alindiginda
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ozellikle heterofermantatif 6zelliklere sahip L. brevis
bulundugu silajlarin aerobik stabilitelerinin daha iyi
oldugunu soylenebilir. Misir silajlarina  LAB
izolatlarinin etkilerinin incelendigi bir ¢alismada da
L. brevisin silajlarin aerobik stabilitesinde, 6 saatlik
bir iyilesme sagladig: tespit edilmistir (Kizilsimsek ve
ark., 2016). L. brevis kefirde yaygin olan bir LAB
turidar bu acidan bakildiginda aerobik stabilitenin
uzatilmasi acisindan 6nemli oldugu séylenebilir.

SONUC
Aragtirma  sonucunda, kefir kullanimi yonca
silajlarinin fermantasyon ve mikrobiyolojik

kompozisyon 6zelliklerini olumlu yonde etkilemigtir.
Aerobik stabiliteye iliskin degerlendirme sonuglar:
dikkate alindiginda; kefirli silajlarin CO2 tretimi,
maya ve degerlerinin az olmasi dikkat c¢ekicidir. Bu
calismada dogal kefir kiltiirii uygulamalarinda izole
edilen LAB heterofermantatif ozellikte bulunurken,
ticari kefir kultiura uygulamalarinda ise
homofermantatif 6zellikte LAB'lar izole edilmistir. Bu
anlamda kefirin LAB kaynag olarak kullanilabilecegi
ancak dogal kefir kulturi uygulamalarinda 6zellikle
LAB turlerinin kefir kiiltiiriine bagl olarak farklilik
gosterecegi unutulmamalidar.
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OZET Aragtirma Makalesi
Aragtirmada, Cukurova yoresinde dogal yagis kosullarinda yetistirilen

bugday bitkisinin gercek su tiiketimi, Bowen orani enerji dengesi (BREB) Makale Tarihgesi

ve su biitgesi yontemleri kullanilarak belirlenmigtir. Bugdayin mevsimlik Gelig Tarihi  :29.07.2019
su tiketimi BREB yontemiyle 477 mm, su bitgesi yontemiyle 494 mm Kabul Tarihi :05.01.2020
hesaplanmigtir. Sulanan bugday konusunda ise mevsimlik su tiiketimi su

biitcesi yontemiyle 708 mm hesaplanmistir. Su biit¢cesi ile BREB yontemi Anahtar Kelimeler
kullamilarak elde edilen bitki su tiiketimi degerleri arasinda R2= 0.83 olan Bowen oram

dogrusal bir iligki bulunmustur. Bugday bitkisine iligkin bitki katsayilari Bugday

(Kc), FAO-Penman-Monteith (PM) esitligi kullanilarak hesaplanmistir. Kc
degerleri baglangi¢, bitki gelisimi, mevsim ortasi ve mevsim sonu
donemleri i¢in, sirasiyla 0.55, 0.98, 1.47 ve 0.77 olarak hesaplanmistir.
Denemede dane verimi degerleri susuz ve sulanan konuda sirasiyla 661 ve
551 kg.dal; kuru madde miktar1 1611 ve 1645 kg.da! olarak elde
edilmigtir. Su kullanma randimanlari ise, kuru madde esasina gore
(WUEb) susuz ve sulanan konuda sirasiyla 3.38 ve 3.45 g.m2.mm'!; verim
esasina gore (WUEy) 1.39 ve 1.15 g.m2.mm! olarak hesaplanmistir. Hasat
indeksi (HI) degerleri ise, susuz ve sulanan konuda, sirasiyla 0.44 ve 0.34
olarak hesaplanmistir. Yapilan varyans analiz sonuglarina goére anilan
konularin kuru madde miktar1 ve dane verimi degerleri arasinda
istatistiksel anlamda bir fark bulunmamaigtar.

Bitki su tiuketimi
Bitki katsayisi

Determination of Evapotranspiration for Wheat by Using Bowen Ratio Energy Balance Method

ABSTRACT
The actual evapotranspiration of rainfed wheat was determined by
using Bowen ratio energy balance and water balance methods under

Research Article

Article History

Cukurova region conditions. The seasonal evapotranspiration of Received ©29.07.2019

rainfed wheat was 477 and 494 mm for BREB and water budget Accepted +05.01.2020

methods, respectively. The seasonal evapotranspiration of wheat

under irrigated conditions was calculated as 708 mm by using water Keywords .

budget method. A linear correlation (R?= 0.83) was found between the Bowen ratio

evapotranspiration obtained by water budget and Bowen Ratio energy Wheat L.
Evapotranspiration

balance methods. The single crop coefficients (Kc) for wheat were
determined by using the FAO Penman-Monteith equation. The
seasonal Kc values were calculated as 0.55, 0.98, 1.47 and 0.77 for
initial, crop development, mid-season and maturity periods,
respectively. The grain yield was 661 and 551 kg.da'l; the biomass was
1611 and 1645 kg.da?! under rainfed and irrigated conditions,
respectively. The biomass water use efficiency (WUE) was 3.38 and
3.45 g.m2.mm'! whereas grain yield water use efficiency (WUEy) was
1.39 and 1.15 gm2Zmm? for rainfed and irrigated conditions,
respectively. Harvest index (HI) was 0.44 and 0.34 for rainfed and
irrigated conditions, respectively. On the basis of the rainfed and
irrigated conditions, there were no significant differences between
grain yield and biomass values according to the variance analysis.

Crop coefficient

To Cite : Ko¢ DL, Kanber R 2020. Bowen Oran1 Enerji Dengesi Yontemiyle Bugday Su Tiiketiminin Belirlenmesi. KSU Tarim

ve Doga Derg 23(2): 544-553. DOI: 10.18016/ksutarimdoga.vi.597980.
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GIRIS

Dogru sulama programinin iki 6nemli 6gesi; suyun ne
zaman ve ne miktarda verilmesi gerektigidir. Bu
kararlar1 verebilmek igin tarla kosullarinda bitki su
tiikketimi (evapotranspirasyon) ile ilgili kesin bilgilere
gereksinim vardir. Toprak-bitki-atmosfer ortami
icerisinde bulunan ve sulama projelerinin temelini
olusturan bitki su tiiketimi gerek tarim gerekse ¢ok
amagcli projelerin planlanmasi, yapimi ve
igletilmesinde vazgecgilmez bir 06gedir. Sulama
sistemlerinin kapasiteleri, yaz mevsiminde kisa bir
donemde goériulen en yiksek tiketim degerini
karsilayabilmek icin gerekli suyu saglayacak sekilde
planlanir. Bu yiizden sulama projelerinin dogru
planlanmasi ve igletilmesi, boélge kosullarinda
yetistirilen bitkilerin aylik ve daha kisa dénemlere
iligkin  bitki su tiketim miktarlarinin dogru
olctilmesine baghidir (Burman and Pochop, 1994).

Bitki su tiiketiminin 6l¢tilmesi i¢in ¢ok sayida model ve
yoéntem gelistirilmistir (Burman and Pochop, 1994). Bu
yontemlerden yaygin olarak kullanilanlari su dengesi
(lizimetreler, nem azalma), mikrometeorolojik
yontemler (Bowen orani enerji dengesi, eddy
korelasyon) ve fizyolojik yontemler (bitki ta¢ odacigl,
1s1 carpisi/dengesi)’dir (Steduto ve Cetinkékii 1999;
Kanber, 1999). Diinya’da ve Tiirkiye’de bitki su
tuketimi daha ¢ok tarla parsellerinde ve lizimetrelerde
su butcesi esitligi kullanilarak o6lgiilmektedir. Ancak,
tarla parsellerinde anilan esitligin kimi G6gelerinin
Olculme giiclugl ve yapilabilecek hatalar, elde edilen
sonuclarin 6nemli bir boluminia tartisgihir hale
getirmigtir. Diger yandan en dogru ve en dogrudan
yontem olmakla birlikte, tartili lizimetrelerin oldukca
pahali ve hareketsiz sistemler olmasi, bunlarin bitki
su tuketimi calismalarinda kullanilmalarini
kisitlamaktadir (Reicosky et al., 1983; Kanber, 1999).
Bu nedenle genis alanlarda siirekli 6l¢im yapabilen,

hareketli, c¢abuk ve dogru sonuglar verebilen
yontemlere ihtiya¢  duyulmaktadir. Aciklanan
niteliklere  sahip ve bitki su tiiketiminin

belirlenmesinde yaygin olarak kullanilan kapalh
sistem bitki tac odaciklar1 (closed-system canopy
chamber) yéntemi, kiiciik parsellerde bitki veya bitki
gruplarindan olusan su buharnn ve CO:2 aki
degisimlerini ayn1 anda 6l¢ebilmektedir. Ancak, odacik
yonteminin de en 6nemli siirliligi bitkinin mikro-
cevresini degistirmesidir.

Mikrometeoroljik yontemlerden Bowen orani enerji
dengesi yontemi (BREB), belli bir siirede giinlerce
otomatik olarak veri toplamanin kolay oldugu, kurulus
giderlerinin diger mikrometeorolojik yontemlere gére
daha diisik oldugu ve kismen basit bir alet olarak
sayilabilir (Steduto ve Cetinkdkii, 1999). Ustelik, basit
ve uygulanabilirliginden dolayi, BREB y6ntemi, ¢ok
genis bir uygulama alanminda kullanilabilir (Prueger,
1997). BREB yoéntemi enerji akilarimin  dolayh
6lcimiinde siklikla kullanilan; net radyasyon, toprak
1s1 akisi ile iki farkli seviyede sicaklik ve nem 6lgimi
temeline dayanan, dayanikli ve disiik maliyetli bir
yontemdir (Ozkoca, 2015). BREB yéntemi, tarla ve
bahge bitkilerinin ger¢ek evapotranspirasyonunun
belirlenmesinin  yansira; ormanlik  bolgelerde
evapotranspirasyonun belirlenmesi ve hidrolojik
déngliniin incelenmesinde, gollerde ve batakliklarda
acik su yuzeyi buharlagsmasinin hesaplanmasinda,
eddy korelasyon (EC) yéntemi ile birlikte seralarda
evapotranspirasyonun belirlenmesinde
kullanilmaktadir (Abtew, 2005; Dicken et al., 2013;
Kumagai et al., 2004; Spittlehouse and Black, 2010,
Wang et al., 2014).

Bu c¢alismada, Cukurova kosullarinda Bowen oram
enerji dengesi yontemi (BREB) kullanilarak 10 dekar
arazide yags kosgullarinda yetistirilen bugday
bitkisinden atmosfere aktarilan su buhari1 akisinin
Olciilmesi amaclanmistir. Bugday su tiketimi diye
tanimlanan aki oOl¢umleri sonuclari, su biltgesi
yontemiyle karsilastirilmigtir. Calismada, sulanan
kogullarda yetistirilen bugday bitkisinin su tiketimi
de belirlenmistir. Ayrica, FAO-Penman Monteith (PM)
yonteminden yararlanilarak bugday bitkisine iligkin
su tiikketim katsayilar1 (Kc) hesaplanmigtir. Ulasilan
sonuglar bitkinin farkli buylime doénemlerine gére
irdelenmigtir.

MATERYAL ve METOD

Deneme, 2003-2004 yillarinda Cukurova kosullarinda
10 dekarlik bugday ekili bir alanda yurutilmustir.
Mutlu serisinde yer alan deneme alani topraklar: diiz
ve diize yakin topografyada olup, yluksek oranda gsisme
ozelligi gosteren kil igerir (Ozbek ve ark., 1974).
Deneme alanm topraklarinin bazi fiziksel ve kimyasal
ozellikleri Cizelge 1’de verilmigtir (Unlii, 2000).

Cizelge 1. Deneme alani topraklarinin baz fiziksel ve kimyasal 6zellikleri
Table 1. Some physical and chemical properties of experimental soils

Katman TK SN As pH EC CaCOs Ozgiil Biinye
Derinligi (cm) g.g?! g.g'l g.cm3 dS.m'! (%) Agirhik Sinifi
0-30 38.43 24.66 1.34 7.05 0.25 6.63 2.47 Kil
30-60 38.41 24.46 1.37 7.20 0.18 8.05 2.55 Kil
60-90 37.31 24.31 1.39 7.05 0.19 8.29 2.60 Kil
90-120 39.78 25.91 1.36 7.15 0.16 10.66 2.44 Kil
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Akdeniz ikliminin hikim sturdigi Cukurova’da yazlar
sicak ve kurak, kiglar ilik ve yagighidir. Arastirma

yoresine ait uzun yillik ortalama iklim verileri Cizelge
2’de verilmistir (MGM, 2019).

Arastirmada (23x25) m?1ik bir alanda damla sulama
yontemiyle sulama yapilmig ve “sulanan konu” olarak
adlandirilmig; arazinin diger kisimlarinda sulama
yapilmamig bitki yagis kosullarinda yetistirilmigtir.

degerlendirilmigtir. Denemede sulamalar, gravimetrik
yontemle belirlenen 60 cm derinlikteki toprak nemini,
tarla kapasitesine getirecek sekilde damla sulama
yontemiyle yapilmistir. Bugday cikisinin saglanmasi
icin 22 Kasim ve 2 Aralik 2003 tarihlerinde
yagmurlama sulamayla toplam 43 mm sulama suyu
verilmigtir. Diger sulamalar, damla sulamayla
yapilmistir. Ik sulama ekimden 122 giin sonra (sapa

Bu uygulama susuz konu olarak adlandirilmistir. kalkma donemi) 18 Mart 2004 tarihinde

Denemede, elde edilen veriler es yapma teknigi ile uygulanmigtir.

Cizelge 2. Arastirma yéresindeki uzun yillik iklim verileri (1928-2019)

Table 2. Long-term climate data in the research area (1928-2019)
Iklim Ogeleri Ocak Subat Mart Nisan Mayis Haziran
Ortalama Sicaklik, °C 9.49 10.55 13.42 17.53 21.80 25.64
Oransal Nem, % 66.25 66.35 65.76 67.45 66.74 66.37
Yagis, mm 110.72 89.61 65.12 51.38 48.41 21.96
Buharlasma (Epan), mm 44.75 52.77 83.62 111.33 158.82 201.21
Ruzgar Hizi,m/s 1.61 1.64 1.65 1.58 1.53 1.60
Buhar Basinc1 Agigi, mb  7.30 7.69 9.14 11.91 15.38 19.47
Iklim Ogeleri Temmuz Agustos Eylul Ekim Kasim Aralik
Ortalama Sicaklik, °C 28.21 28.68 26.10 21.68 15.85 11.17
Oransal Nem, % 68.94 68.05 63.50 60.80 63.05 67.07
Yagis, mm 10.23 9.98 19.82 43.89 71.93 124.00
Buharlasma (Epan), mm 228.33 214.42 167.77 114.95 64.14 45.34
Riizgar Hizi,m/s 1.69 1.57 1.40 1.24 1.23 1.45
Buhar Basine1r Agigl, mb  23.63 24.17 19.10 13.81 10.15 8.12

Not: (Kasim-Aralik verileri 2018’e kadar olan ortalama degerleri kapsamaktadir. Buharlasma verileri 1948’den itibaren

ortalama degerleri kapsamaktadir).

Aragtirma boyunca toplam 454 mm sulama suyu
verilmigtir. Cikis suyu harig, toplamda 5 kez sulama
yapilmigstir. Denemede, Adana-99 ekmeklik bugday
cesidi kullanilmigtir. Anilan ¢esit kisa ve kurakhiga
orta derecede dayanikli olup, bitki boyu 95-110 cm’dir.
Beyaz sik kilgikli basak yapisina sahiptir. Yuksek
verimli olup sahil bélgelere énerilmektedir (Ay, 2003).
Arastirmada, Bowen sisteminde solar radyasyonun
O6lciminde bir adet pyranometre, sicaklik ve nem
Olcimlerinde iki adet sicaklik ve nem algilayicisi, net
radyasyonun 6l¢iimiinde bir adet net radyasyon 6lger,
rizgar hizlarinin 6lgimiinde bir adet riizgar hizi 6lger,
toprak 1s1s1nin 6l¢giimiinde ise, iki adet toprak 1s1 akisi
6lgeri kullanmilmigtir. Ayrica, sistemin enerjisi glines

panelinden (12 volt) saglanmigtir. Olgiimlerin
kaydedilmesinde veri kaydedicisi (data logger) ve
6lgimlerin veri kaydedicisinden bilgisayara

aktarilmasinda ise diz tsti bilgisayar kullanilmigtir.
Bugday bitkisinin gergek su tiiketimi su biitgesi esitligi
(Esitlik 1) yardimiyla belirlenmistir (Howell ve ark.,
1986).

ETwe=I+P+D+R+AS (1
ETws: Gergek bitki su tiiketimi (mm), I: Sulama suyu
miktar1 (mm), P: Yags miktar1 (mm), D: Derine
siiziilme miktar1 (mm), R: Yiizey akis miktar1 (mm),
AS: Toprak su depolamasindaki degisim miktari, mm
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Arazinin ¢evresi seddeler ile ¢evrildigi igin ylizey akis
kayip ve kazanci sifir alinmigtir. Calismada 90 c¢m i¢in
hesaplanan, tarla kapasitesinin tUzerindeki nem
degerleri derine sizma olarak kabul edilmistir.

BREB yontemi buharlagsma yilizeyi lizerine gelen ve
kaybolan enerjinin dengesine dayanir (Prueger, 1997).
Bowen (1926) tarafindan gelistirilen Bowen Orani
Esitlik 2 kullanilarak hesaplanmagtir.

(2)

B: Bowen orani, H: Duyumsanir 1s1 akis1 (W.m2), Le:
Buharlasma gizli 1s1 akis1 (W.m2)

Toprak, bitki, atmosfer sisteminin enerji dengesi
asagidaki gibi yazilabilir.

Rn=G+H +Le 3

Rn: Net radyasyon (W.m?2), G: Toprak 1s1 akis1 (W.m2),
H: Duyumsanir 1s1 akis1 (W.m?), Le: Buharlasma gizli
151 akis1 (W.m2)

Enerji dengesi esitligindeki terimlerin tiimi, dogrudan
yizeye dogru olan aki i¢in pozitif, ylizeyden uzaklagan
aki igin negatif olarak isaretlenir. Fakat bu ¢alismada
yuzeyden uzaklagsan Le akilarinin yonleri buharlagsma
gizli 1s1 akilarimin net radyasyona baglh olarak
degisimlerinin daha kolay anlasilabilmesi i¢in pozitif
olarak isaretlenmigtir.
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2 ve 3 numarali egitliklerden yararlanilarak
buharlasma gizli 1s1 akis1i asagidaki sekilde
yazilmigtir.

R -G
Le= —" (4)

1+

Calismada Bowen oram asagidaki esitlik aracihigiyla
hesaplanmigtir.
8 AT
=y —
Ae
AT: Sicaklik fark: (°C), Ae: Buhar basinci fark: (kPa), y:
Psikometrik katsayi

Esitlikteki G, Rn, Ae ve AT Bowen sistemiyle
Olculmiustir. Esitlik 4 kullanilarak bugday gercek su
tiketimi belirlenmistir.

(5)

Sicaklik ve nem ol¢umleri bitki orti yluzeyinde iki
farkl yikseklikte yapilmistir. Olgiimlerde sicaklik ve
nem algilayicilar: kullanilmigtir. Algilayicilar 0.5 m
araliklarla konumlandirilmis; ilk sicaklik ve nem 6lcer
algilayicisi, bitki 6rti ylizeyinden 30 em; ikincisi ise 80
cm yiikseklige yerlestirilmistir (Held ve ark., 1990).
Bitki boylarinin zaman igerisinde artmasiyla
algilayicilarin yiikseklikleri degistirilerek algilayicilar
arasindaki disey uzaklik korunmustur.Net radyasyon
net radyasyon olcer kullanilarak belirlenmigtir. Alet
bitki 6rti yuzeyinden 1 m yukseklige, yere paralel ve
algilayic1 baghk gluney yoniune gelecek sekilde
yerlestirilmistir (Held ve ark., 1990). Net radyasyon
Olcerin algilayici noktasi tizerine 0.25 mm kalinhiginda
polietilen koruyucu, ruzgar ve yagislardan aletin
korunmas1 amaciyla yerlestirilmistir (Anonim, 1995).
Toprak 1s1 akisimin 6l¢tilmesi amaciyla, igerisinde
sicakhik algilayicilarni  bulunan 2 adet plaka
kullanilmistir (Anonim, 1991). Is1 akis1 plakalar
topragin 2-3 cm derinligine yerlestirilmistir. Bowen
sisteminde o6lgiimler her saniyede yapilmig ve 5er

dakikalik ortalamalar seklinde otomatik olarak
kaydedilmigtir.
Bitki katsayilar1 asagidaki esitlik kullanilarak
belirlenmistir (Doorenbos ve Pruitt, 1977).
ET
Ke= —¢ (6)
ET,

Ke: Bitki katsayisi, ET:: Gercek bitki su tiketimi
(mm), ET,: Kiyas bitki su tiiketimi (mm)

Bitki katsayilarini elde etmek i¢in FAO-Penman
Monteith (FAO-PM) esitligi kullanilmistar.

900
0.408AR. - G)+y— U, (e.—¢e
( n ) 7T+273 2( S a)

A+y(1+0.34U,)

T: Ortalama hava sicaklhigi, (°C), Uz: 2 m yiikseklikte
olgiilen riizgar hizi, (m.s), (es-ea): Havanin buhar
basinc acigl, (kPa), A: Sicaklik-doygun buhar basinci

ET, = (7)
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egrisinin egimi (kPa.cC'1).
Birim alandan elde edilen dane agirliginin toprak tsti
toplam kuru maddeye orani olarak tanimlanan hasat

indeksi ~ (HI) asagidaki  esitlik  yardimiyla
hesaplanmistir (Beadle, 1985).
Y
Hl= — (®
BK

HI: Hasat indeksi, Y: Birim alandan elde edilen dane
verimi (g.m?2), BK: Toprak iistii kuru madde agirhg
(biyokiitle) (g.m2)

Su kullanma randimani Hsiao (1993) tarafindan

asagidaki sekilde aciklanmagtar.
Y

WUE = T (9

WUE: Su kullamim randimani, Y: Dane verimi (g.m2),
I: Uygulanan sulama suyu miktar: (mm)

Konulara iliskin toplam su kullanma randimani
evapotranspirasyon degerlerine gore asagidaki esitlik
kullanilarak belirlenmigtir.

Y

WUEgr= — 10)
ET

WUEgr: Toplam su kullanma randimani, ET:

Evapotranspirasyon (mm)

Kuru madde su kullanma randiman ise asagidaki
esitlik kullanilarak hesaplanmistir.

Yo (11

WUEp: Kuru madde su kullanma randimani, Y»: Kuru
madde miktar: (g.m?)

BULGULAR ve TARTISMA

Su biitgesi yontemine gore; susuz ve sulanan konuda
mevsimlik bugday su tiketimi degerleri sirasiyla 494
mm ve 708 mm bulunmustur. Susuz konuda BREB
yontemine gore ise mevsimlik bugday su tuketimi 477
mm olarak belirlenmistir. Sezen (1993), Sezen ve
Yazar (1996), Cukurova kosullarinda yapmis olduklar
caligmalarda su biitgesi yontemi ile belirlenen bugday
su tiketimlerinin farkli sulama dizeylerine bagh
olarak 422 ile 519 mm arasinda degistigini
belirlemislerdir. Akpolat  (2011), Cukurova
kogullarinda bugday ile yaptigi ¢alismada, BREB
yontemi ile mevsimsel bitki su tiiketimini 320 mm
olarak belirlemistir. BREB metodu giindogumu-—
glinbatim1 saatlerinde ve yagighh zamanlarda hatali
veriler Uretebilmektedir ve o6lgimlerin dogrulugu
uygun verilerin ayiklanma asamasinda kullanilan
filtreleme yontemine direkt baglidir (Ozkoca, 2015).
Bu iki ¢alisma arasindaki farkhliga yillar arasindaki
yvagis miktarimin  farkli olmasi ve verilerin
ayiklanmasindaki problemler neden olmus olabilir. Bu
nedenle uzun yillik 6lgimlerin degerlendirilmesi ve
dogrudan ET 6l¢im yontemi olan tartili lizimetre ile
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karsilastirilmasi gerekir. Djaman et al., (2018), Adana
gibi yar1 kurak bir bélgede (New Mexico) 2002-2014
yillar1 arasinda bugday bitkisi ile yaptiklari bir
calismada konulara 511 mm ile 787 mm arasinda
sulama suyu uygulamiglardir. Su biitgesi yontemine
gore belirlenen bitki su tiiketimleri konulara gore 625
mm ile 890 mm arasinda degismistir. Prueger ve ark.,
(1997), Adana gibi yar1 kurak bir bolgede (Sidney,
Avustralya) yaptiklari iki yillik bir calismada, BREB
ve lizimetre yontemlerinden elde edilen mevsimlik
bitki su tiiketimi degerleri arasinda ¢ok az bir fark
bulmuglardir. Fakat arastirmacilar yagisin ¢ok fazla
oldugu yilda ise lizimetreden elde edilen mevsimlik
bitki su tiiketiminin BREB’den elde edilene gére daha
fazla oldugunu Dbelirlemiglerdir. Arastirmacilar,
yaptiklari bu calismada buyik alanlarda BREB
yonteminin lizimetrelerle birlikte dogru
evapotranspirasyon (ET) tahminleri yaptig1 sonucuna
varmiglardir. Unli ve ark., (2010), Cukurova
kosullarinda yaptiklar: bir ¢alismada BREB yontemi
ile tartili lizimetre yontemini karsilastirmiglardir.
BREB yontemi ile lizimetre yontemi hem giinlik ET
hem de mevsimsel ET’de birbirine olduk¢a yakin bir
performans gostermistir. Ozkoca (2015), Kirklarelinde
yaptiglr bir calismada, BREB yoéntemi ile bugday
bitkisinin gelisme dénemi boyunca su tiiketimini 465
mm, EC yoéntemi ile 344 mm olarak belirlemistir.
Sonuglar, EC'nin BREB’ten %26 daha disiik ET degeri

urettigini gostermistir. Arastirmaci, EC yontemi ile
6lctlen degerlerin BREB’e gore daha diisiik olmasinin
temel sebebinin; yagigh glinler ve rizgar hizinin diisik
oldugu sakin gunler ile rizgar yoninin hakim
dogrultudan gelmedigi sistemin dogru 6l¢im
yapamamasindan kaynaklanmig olabilecegini
bildirmistir. Unlii ve ark., (2014) tarafindan Cukurova
kogullarinda greyfurt bahgelerinde farkli sulama
programlarinin degerlendirildigi bir ¢alismada, BREB
yontemi ile Eddy Korelasyon (EC) yontemi gercek
evapotranspirasyonun belirlenmesinde yakin sonuclar
vermigstir. BREB y6ntemi, ilk kez seralarda Dicken et
al.,. (2013) tarafindan kullamilmistir. EC yéntemi ile
birlikte Israil’de bir muz serasinda kullanilan BREB
yontemi dogru ve guvenilir sonuglar vermistir. Shi et
al.,, (2008) tarafindan Cin'de farkli tipte agaclarin
oldugu ormanlik bir alanda yapilan ¢calismada, Mayis-
Eylil gelisme sezonunda, EC ve BREB yontemleri
birbirine yakin ET degerleri Giretmigtir.

Arastirmada, Bowen sistemiyle elde edilen enerji
dengesi bilesenlerinin mevsim boyunca degisimleri,
Sekil 1’de verilmistir. Net radyasyon miktar1 (Rn)
ortalama 9 MdJ.m?2glin! olarak olgilmustiir. Rn
degerleri, Ocak ve Subat ayinda  kugik
degerlerdeyken; Nisan ve Mayis aylarinda en yiiksek
degerlere ulagmistir. Buharlagsma gizli 1s1 aki (Le)
degerleri net radyasyona benzer bir tavir sergilemistir.

30
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Sekil 1. Enerji dengesi bilegenlerinin biiylime mevsimi boyunca degisimleri
Figure 1. Changes of energy balance components during the growing season

Acgik ve kapali gékytzii kogullarinda enerji dengesi
bilegenlerinin degisimi birbirinden ¢ok farkli olmustur
(Sekil 2a, b). Sekil 2a’da net radyasyon akisinin (Rn)
genelde acgik gokytizii kogullarinda giin boyu hi¢ sapma
gostermeden glinesin dogusuyla birlikte arttigi, 6gle
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saatlerinde pik diizeye ulastig1 ve daha sonra giinesin
batigina kadar azalan bir tavir sergiledigi
goriilmektedir. Net radyasyon akisi giinesin dogusuyla
birlikte artmaya basglamig ve o6gle saatlerinde pik
degere ulasmis ve glinesin batisgina kadar giderek
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azalmigtir. Aym kosullarda buharlagsma gizli 1s1 akisi
(Le) degerleri net radyasyon akisiyla ayni tavri
gostermistir. Kapali gokyiizii kosullarinda ise (Sekil

2b) Rn, Le ve duyumsanir 1s1 akis1 (H) degerlerinde
siirekli sapmalar olmus, toprak 1s1 aki (G) degerleri ise
acik gokyuzi kogullarina benzer tavir sergilemistir.
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Sekil 2. Enerji dengesi bilegenlerinin degisimi (a) acik ve (b) kapali gokyiizii kosullar:
Figure 2. Change of energy balance components (a) open and (b) closed sky conditions

Bitki katsayilarinin kestiriminde FAO-PM yoéntemi
kullanilmigtir. Elde edilen Kc degerleri Cizelge 3’de
verilmigtir. Cizelge 3’de gorildugu gibi, maksimum ve
minimum Kc degerleri sirasiyla 1.47 ve 0.55; ortalama
Kc degeri ise 0.94 olarak hesaplanmistir. Kang et al.,
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(2003), yar1 kurak iklime sahip Loess Plateau
kogullarinda kiglik bugdayla yaptiklar: bir ¢alismada
maksimum ve minimum Kc degerlerini sirasiyla 1.43
ve 0.45, ortalama Kc degerini ise, 0.92 olarak
hesaplamiglardir. Anilan degerlerle arastirmada elde
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edilen degerler birbirine oldukc¢a yakindir. Irmak et
al., (2015) tarafindan yar1 kurak bir iklime sahip olan
Nebraska’da bugday bitkisi ile yapilan bir ¢aligmada,
Kc degerleri baglangi¢c donemi i¢in 0.60, mevsim ortasi
dénem i¢in 1.30 ve mevsim sonu dénem i¢in 0.30 olarak
belirlenmigtir.

Cizelge 3. FAO-PM yontemine goére  bitki
katsayilarinin mevsimlik degigimi
Table 3. Seasonal changes of single crop coefficients
according to FAO-PM method

Biytme Dénemi Blytime Dénemi Ke
Uzunlugu, giin

Basglangig 23 0.55

Bitki Geligimi 25 0.98

Mevsim Ortasi 60 1.47

Mevsim Sonu 68 0.77

Konulara gore elde edilen ortalama dane verimi, hasat
indeksi ve farkli zamanlarda alinan ortalama kuru
madde miktarlar: Cizelge 4’te verilmigtir. Kuru madde
miktar: susuz konuda 1611 kg.dal; sulanan konuda
1645 kg.dal olarak belirlenmigtir. Yapilan varyans
analiz sonucglar1 bu degerlerin istatistiksel acidan
farksiz oldugunu gostermistir (Cizelge 5). Keklikei ve
ark. (2004), Adana-99 cesidiyle yaptiklar: 2 yil siiren
calismada kuru madde miktarlarin1 farkli azot
dozlarina bagl olarak ortalama ilk yil 1797 kg.da'!
ikinci yil 2023 kg.da! olarak belirlemiglerdir. Elde
edilen sonuglar yukarida séz edilen caligma ile
yakinlik gostermektedir.

Bu calismada dane verimi susuz ve sulanan konuda
sirasiyla 661 kg.dal, 551 kg.da! olarak bulunmustur.
Yapilan istatistiksel analiz sonucglar1 bu degerlerin
istatistiksel ag¢idan benzer oldugunu gostermigtir
(Cizelge 5). Bu duruma; bugday yetistirme
mevsiminde diigen yagiglarin tamamlama sulamadan
daha etkili olmas1 ve sicaklik ve rlzgar gibi iklim
etmenlerinin  bitki su  tiketimini  artirarak
sulamalardan yararlanmay1 olumsuz yonde
etkilemesinin neden oldugu distinilmektedir. Ay
(2003), yapmis oldugu iki yil siiren ¢calismasinda ayn
azot dozlarimin ve farkli sulama konularinin
uygulandigr Adana-99 ¢esidi bugdayda, bu ¢alismayla
benzer sekilde kuru konuda bugday verimini ortalama
707.9 kg.da'l; sulu konuda ortalama 702.5 kg.da'!
olarak belirlemistir. Keklik¢i ve ark., (2004), Adana-99
bugday c¢esidiyle yaptiklarni bir calismada dane

veriminin 422-636 kg.dal arasinda degistigini
bulmuslardir. Yukaridaki arastirmacilarin sonuclari,
bu calismadan elde edilen sonuglar ile uyum
icerisindedir.

Hasat indeks (HI) degerleri ise; bu ¢alismada susuz ve
sulanan konuda swrasiyla 0.44 ve 0.34 olarak
bulunmustur. HI arasinda istatistiksel anlamda bir
fark bulunmamistir (Cizelge 5). Keklik¢i ve ark.
(2004), yaptiklar: calismada Adana-99'da HI degerinin
0.35-0.46 arasinda degistigini bulmuglardir. Musick
and Porter (1990), yiiksek verimli cesitlerde HI
degerlerinin 0.38-0.60 arasinda degistigini
bulmusglardir.

Kuru madde su kullanma randimanlar1 (WUE:) susuz
konuda yaklasik 3.38 g.m2.mm%; sulanan konuda 3.45
g.m?Zmm'! olarak hesaplanmigtir. Ulagilan
sonuglardan da anlagilacag: gibi sulanan konuda elde
edilen kuru madde su kullanma randimani, susuz
konudan daha yiksektir. Susuz konuda verim su
kullanma randimani 1.39 g.m2.mm!; sulanan konuda
1.15 g.m2.mm olarak elde edilmistir. Sonuc¢lardan da
anlagilacagi gibi yapilan sulama uygulamalar: verimi
artirica higbir etki yapmamagtir.

Benzer iklim kosullarinda; Zhang ve ark. (2004), kishk
bugdayda, farklh sulama uygulamalar1 olusturduklari
calismalarinda su kullanma randimanlarimin 1.11-
1.61 gm2mm? arasinda degistigini bulmusglardir.
Djaman et al., (2018) tarafindan yar1 kurak bir iklimde
farkli sulama konularinin olusturuldugu ¢alismada, su
kullanim randimanlar: 0.26-1.17 g m2.mm™! arasinda
degismistir. Sezen (2000) ise, Cukurova kosullarinda
bugday bitkisiyle yaptigr calismada su kullanma
randimanlarinin  0.66-1.50 g.m2mm! arasinda
degistigini bulmustur.

SONUC ve ONERILER

Aragtirma boyunca, sulanan konuya 454 mm sulama
suyu uygulanmis ve 615 mm yagis kaydedilmistir.
Susuz konuda BREB yoéntemine gore mevsimlik
bugday su tiiketimi 477 mm, su biit¢esi yontemiyle 494
mm olarak belirlenmigtir. Su blitgesi yontemiyle elde
edilen bitki su tliiketim degerleri ile Bowen orani enerji
dengesi yontemi kullanilarak elde edilen bitki su
tiketimi degerleri arasinda R2= 0.83 olan dogrusal bir
iligki bulunmustur. Sulanan konuda mevsimlik
bugday su tiiketimi su biit¢esi yontemiyle 708 mm
olarak saptanmigtir.

Cizelge 4. Konularin ortalama kuru madde miktar: (kg.da!), dane verimi (kg.da'!) ve hasat indeksi (HI) degerleri

Table 4. The average biomass (kg.da), grain yield (kg.da™)

and harvest index values obtained from the treatments

Kuru Madde Miktar: Susuz Konu Sulanan Konu
144.giin (ciceklenme) 1231 1107

179.giin (fizyolojik olgunluk) 1468 1416

190.giin (fizyolojik olgunluk) 1611 1644

Dane Verimi 661 551

Hasat Indeksi 0.44 0.34
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Cizelge 5. Ol¢iilen parametrelerin varyans analizi

Table 5. Analysis of variance for the measured parameters

Kuru Madde Miktar: I¢in Yapilan Analiz Tablosu

n d Sa thesap teetvel (p<0.05) teetvel (p<0.01)
144.giin (ciceklenme) 5 124 83.29 1.488 2.766ns 4.604ns
179.giin (fizyolojik olgunluk) 4 51.75 204.55 0.25 3.182ns 5.841ns
190.giin (fizyolojik olgunluk) 5 33 168.75 0.20 2.776ns 4.604ns
Dane Verimi I¢in Yapilan Analiz Tablosu

n d Sa thesap teetvel (p<0.05) teetvel (p<0.01)
190.giin (fizyolojik olgunluk) 5 110 52.68 2.09 2.776ns 4.604ns
Hasat Indeksi (HI) I¢cin Yapilan Analiz Tablosu

n d Sa thesap teetvel (p<0.05) teetvel (p<0.01)
190.giin (fizyolojik olgunluk) 5 0.10 0.06 1.66 2.776ns 4.604ns

Not: *istatistiksel olarak p<0.05 diizeyinde 6nemli, **istatistiksel olarak p<0.01 dizeyinde 6nemli, ns: 6nemsiz, n: tekerrir

sayis1, Sa: farklarin sapmasi, d: farklarin ortalamasi, thesap=(d/Sa)

Enerji dengesi bilesenlerinden net radyasyon miktari
(Rn) ortalama 9 MdJ.m2giin! olarak él¢iilmiistiir. Rn
degerleri, Ocak ve Subat ayinda  kugik
degerlerdeyken; Nisan ve Mayis aylarinda oldukca
yiksek degerlere ulagmistir. Buharlagsma gizli 1s1 aki
(Le) degerleri net radyasyona benzer bir tavir
sergilemistir. Net radyasyon akist (Rn) genelde acik
gokyluzi kogullarinda gin boyu hi¢ sapma
gostermeden giinesin dogusuyla birlikte artms, 6gle
saatlerinde pik diizeye ulagmig ve gilinesin batigina
kadar azalan bir tavir sergilemistir. Aynmi1 kogullarda
buharlasma gizli 1s1 akis1 (Le) degerleri net radyasyon
akisiyla aym tavri gostermistir. Kapali gokyuzi
kosullarinda ise, Rn, Le, ve H (duyumsanir 1s1 akis1)
degerlerinde siirekli sapmalar olmus, toprak 1s1 aki
degerleri (G) ise acik gokyiizii kosullarina benzer tavir
sergilemigtir.

FAO-PM yoéntemine gore elde edilen Kc degerlerinden;
maksimum ve minimum Kc degerleri sirasiyla 1.47 ve
0.55; ortalama Kc degeri ise 0.94 olarak
hesaplanmigtir.

Yigisimhi kuru madde miktar1 susuz konuda 1611
kg.da'l; sulanan konuda 1645 kg.da! olarak
belirlenmigtir. Dane verimi susuz ve sulanan konuda
sirasiyla 661 kg.da!, 551 kg.da'l; hasat indeks (HI)
degerleri ise, susuz ve sulanan konuda sirasiyla 0.44
ve 0.34 olarak belirlenmigtir. Varyans analiz
sonuglarina gore konularin dane verimi ve kuru madde
miktarlar1 arasinda istatistiksel anlamda bir fark
bulunmamistir (Cizelge 5).

Kuru madde su kullanma randimanlari susuz konuda
yaklagik 3.38 gmZmm’; sulanan konuda 3.45 g.m’
2. mm1 olarak hesaplanmigtir. Susuz konuda verim su
kullanma randimani 1.39 g.m2.mm™; sulanan konuda
1.15 g.m2.mm olarak elde edilmistir.

Bitki su tiiketimi ¢aligmalarinda kullanilan su biitgesi
yonteminde, derine sizma kayiplarinin &lgiilmesinde
gigliikler yaganmaktadir. Tartilh lizimetreler sabit ve
pahali sistemlerdir fakat en dogru ET o6l¢imiini
yaparlar. BREB yénteminin adveksiyon kogullarinda
ve de yagishh durumlarda ¢ok farkli sonuglar verdigi
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bilinmektedir (Prueger, 1997). Bu yiizden, BREB
yonteminin lizimetre yontemiyle birlikte kullanilarak
test edilmesi gerekir. Boylece, hangi bolgelerde, hangi
bitkilerle giivenle kullanilabilecegi sdéylenebilir.
Cukurova  kogullarinda BREB ve lizimetre
yontemlerinin karsilagtirildign calismalar (Unla ve
ark., 2010; Akpolat, 2011), BREB yénteminin hem
giinlikk ET hem de mevsimsel ET’nin belirlenmesinde
olduk¢a dogru sonuglar verdigini gostermistir. Bu
baglamda, BREB y6nteminin ginlerce otomatik veri
toplayabilmesi, diger mikrometeorolojik yontemlere
gore kurulus giderlerinin az olmasi ayrica daha basit
bir yontem olmasi nedeniyle Cukurova kosullarinda
tarla Dbitkilerinde su tiketimi ¢aligsmalarinda
kullanilabilecegi séylenebilir. Ayrica, bu yontemle
6lctilen veriler kullanilarak sulama programlarinin ve

dogru sulama uygulamalarinin yapilmasi
miumkindiir.
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