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OZET

Bu calismada, Merzifon Karasi liziim cesidinin (Vitis vinifera L.)
anatomisi ve polen o6zellikleri belirlenmistir. Goévdede kollenkima
dokusunun bulunusu, 4-5 hiicre tabakali1 vaskiiler kambiyum ile 3-4
tabakali parankimatik 1g1n hiicrelerinin varligi, iletim demetlerinin
acik kollateral olusu, nisasta, rafid ve drus Kkristallerinin
mevcudiyeti govdenin Onemli anatomik ozelligidir. Yaprak tipi
dorsiventral olup stoma tipi ise aktinositik’tir. Stoma yapragin
sadece alt ylizeyinde goézlenmistir. Merzifon Karasi tzim c¢esidinin
stoma indeksi diger tzum c¢esitleri ile karsilastirildiginda, dusiik
stoma indeksine sahip oldugu tespit edilmigtir. Yaprakta da govdede
oldugu gibi nigsasta tanelerine, rafid ve drus kristalleri gézlenmigtir.
Ekvatoral gérinmdeki polen sekli suboblat olup, polar gérinimde
oblat’tir. Polen tipi trikolporattir.
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Anatomy and Pollen Properties of Merzifon Black Grape Variety ( Vitis vinifera L.)

ABSTRACT

In the study, it was aimed to determine the anatomy and pollen
properties of the Merzifon Black grape variety ( Vitis vinifera L.). The
presence of collenchyma tissue in the stem, the presence of 4-5 cell
layer vascular cambium and 3-4 layer parenchymal ray cells, open
collateral formation of the conduction bundles, the presence of
starch, raphide and druse crystals are important anatomical features
of the stem. Leaf type is dorsiventral and stoma type is actinocytic.
The stoma was observed only on the lower surface of the leaf. When
the stoma index of Merzifon Black grape variety compared to other
grape varieties, it was determined that it has low stoma index. Like
the stem, starch grains, raphide and druse crystals were observed in
the leaf. The pollen shape in the equatorial view is suboblate and in
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the polar view it is oblate. The pollen type is tricholporate.
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GiRiS kullanilmaktadir. Sofralik, saraplik ve kurutmalik

Asma, meyvesi olan lzUmiun degerlendirmesi igin
birden fazla yontemin olusu, yetismesi igin iklim
sartlar1 agisindan ¢ok secici olmamasi, ¢ok yillik bir
bitki olmas1 ve ¢ogaltma sekillerinin kolay olmas1 gibi
ozelliklerinden dolay1 Diinya’daki en yaygin kiltir
bitkilerinden biridir (Giilcii ve ark., 2008). Sahip
oldugu cografik durumu ile iklim sartlari sayesinde
Turkiye, asmanin yetistirilmesi agisindan oldukga
elverigli bir {ilkedir. Tim bu elverigli 6zellikler
sayesinde Turkiye’de birgok izim cesidi
yetismektedir (Cicek, 2018).

Turkiye'de lizuim, taze meyve suyu, sarap ve sirke
uretiminde, recel veya pekmez  yapiminda

olarak kullanilan {izim ayni zamanda konservelik
olarak kullanmilmakla birlikte Tiirkiye ekonomisine de
biiyiik olciide katk: saglamaktadir (Goktiirk ve ark.,
1997).

Uziim kabugu ve cekirdeginde bol miktarda bulunan
resveratrol, biyolojik agidan 6nemli bir yere sahiptir.
Resveratrol, insan saghigina olan yararlari sayesinde,
bircok in-vivo c¢alismalara konu olmus bir
polifenoldir. Resveratroliin antikanserojen,
antioksidan ve antibakteriyel ozellikleri sayesinde
biyolojik agidan ylksek o&lglide aktiviteye sahip
oldugu bilinmektedir (Adigiizel, 2018). Yapilan
calismalar, resveratroliin néronlarin yipranmasiyla
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meydana gelen rahatsizliklara, kalp hastaliklar1 gibi
kroniklesmis rahatsizliklara karsi yiuksek oranda
fayda sagladigimi, kontrolsiizce c¢ogalan kanser
hiicrelerini engelledigini gdstermistir (Catalgol ve
ark., 2012).

Bu ¢alismaya konu olan Merzifon Karas: tiziim cesidi,
Turkiye’de Akdeniz ve Orta Karadeniz Bolgesi'nde
yetistirilen, Tirkiye cografyasinda kaybolmaya yuz
tutmus bir tiziim cesitidir. Uztimleri orta buyiikliikte
olup koyu mor renklidir, ince kabuklu ve seker orani
yiksektir. Literatur incelemesinde Merzifon Karasi
izlim gesidi ile yapilmig bir anatomik ve palinolojik
calismaya rastlanmamistir. Bu c¢alismada, Amasya
ilinin Merzifon ilgesinde yetistirilen Merzifon Karasi

Uzim c¢esidinin anatomisi ve polen oOzellikleri
incelenmistir.
MATERYAL ve METOD

Bu calismada Merzifon Karas: {iziim cesidinin (Vitis
vinifera L.) govde, yaprak ve cicek 6rnekleri
Amasya’nmin Merzifon ilgesi Sarikoy’deki bagdan 10
Ekim 2018 tarihinde toplanmistir. Anatomik yapinin
belirlenmesi i¢in bitkisel materyale ait gévde ve
yaprak ornekleri % 70’lik etil alkole konularak fikse
edilmistir. Ornekler toplamirken saglikli bitkilerden
ve mumkin oldugunca ¢ok bitkiden alinmasina
dikkat edilmistir. Kesitler bir jilet yardimiyla el kesit
yontemiyle alinmistir. Bu amagla gévde enine, yaprak
enine ve yaprak ust-alt yuzeylerine ait ylizeysel
kesitler alinmig, alinan kesitler sartur reaktifi
(Celebioglu ve Baytop, 1949) ile boyanarak Leica
ICC50 HD marka 1s1tk miroskopu ile Leica Dijital
Kamera yardimiyla fotograflar1 ¢ekilmistir. Gévde ve
yapraga ait enine kesit tabaka kalinliklar1 Olympus
marka 1s1k mikroskopuna takili mikrometrik okiler
yardimiyla olgiilerek, hiicrelerin max. ve min. en-
boylarmnin belirlenmesi saglanmigtir. Calismada
ayrica yaprak alt ylzeyine ait yuzeysel kesitlerinde
stoma tipi belirlenerek stoma indeksi hesaplanmigtir
(Meidner ve Mansfield, 1968). Stoma indeksi
hesaplanmirken, 151tk mikroskopunun 40° Lk
objektifteki 0.066 mm? lik bir alandan stoma ve
epidermis hiicresi sayimi1 yapilmigtir. Daha sonra, 1
mm? deki stoma ve epidermis sayisi belirlenerek

asagidaki  formul yardimiyla stoma  indeksi
hesaplanmigtir.
X
z=—-"2>100
X+y

z: Stoma indeksi
x: Birim alanda stoma sayis1
y: Birim alanda epidermis hiicresi sayis1

Merzifon Karas1 tzim c¢esidi polen c¢aligmalar,
Wodehouse (1965) yoéntemine goére yapilmistir.
Wodehouse (1965) yontemine gére hazirlanmis polen
preparatlary, Olympus marka 1sik mikroskopu ile
incelenmis ve bu mikroskopa takili mikrometrik

okiiler yardimiyla 100 kadar polenin ekvatoral ve
polar gorunimdeki polen en-boy oOlgimleri pm
cinsinden hesaplanmigtir. Daha sonra polenlerin
polar  eksen  uzunlugunun  ekvatoral eksen
uzunluguna béliimiinden (P/E) elde edilen degerlere
gore polenin ekvatoral ve polar goériinimdeki polen
sekilleri belirlenmistir.

BULGULAR ve TARTISMA

Vitis sp. c¢esitlerinin tanimlanmasinda anatomi
(Manzoni, 1952) ve polen morfolojisi (Ahmedulla,
1983) diinya capinda cesitli arastiricilar tarafindan
kullanilmaktadir. Bu ¢alismada da Merzifon Karas:
Uzim c¢esidinin gévde ve yaprak anatomisi ile buna
ilaveten polen 6zellikleri arastirilmigtir.

Merzifon Karasi tizim ¢esidinin gévdesine ait enine
kesitte olgiilen anatomik yapilarin max. ile min.
O6lciim degerleri Cizelge 1’de ve govde enine kesit
fotograflar1 Sekil 1’de verilmistir. Goévdenin en dig
kisminda genellikle diktértgen sekilli  kiigik
hiicrelerden olusan tek tabakali epidermis tabakasi
(50 pm X 12,5 pum — 22,5 pm X 10 pm) ve bu
tabakanin altinda da korteks tabakasi gelmektedir.
Korteksin en dig kismi 2-3 tabakali parenkima, en i¢
kismi ise 9 tabakali kdse kollenkimas1 tabakasidir (30
pum X 125 pum — 50 um X 17.5 pm). Parenkima
hiicrelerinde seyrek olarak rafid ve drus kristali yer
almaktadir (Sekil 1). Korteks tabakasimin altinda
primer floemi tek hiicre tabakasiyla saran parenkima
hiicreleri bulunmaktadir. Bu parenkimatik hiicrelerin
nigasta icerdigi tespit edilmigtir. Iletim demetinin en
dis kisminda primer floem, onun altinda da sekonder
floem bulunmaktadir. Vaskiiler kambiyum 4-5
tabakali kugik sik dizilimli diktortgen sekilli olup
sekonder floemin altinda yer almaktadir. Iki iletim
demeti arasinda goévdenin dis kismina dikey olarak
uzanmig 3-4 tabakali sik dizilimli yass1 kii¢uk
hiicrelerden olusmus parenkimatik 151N
bulunmaktadir. Sekonder ksilem vaskiiler
kambiyumun altinda olup, biiyik trake yapilariyla
genis bir alami kaplamaktadir. Sekonder ksilemin
altinda gévdenin 6z hiicreleriyle gevrelenmig primer
ksilem bulunmaktadir. Iletim demeti tipi agk
kollateraldir. Go6vdenin en i¢ tabakasi merkezde
blytiik yuvarlak hiicreli, merkezden gevreye dogru
kiigiik yuvarlak gekilli 6z hiicreleri olugturmaktadir.
Parenkimatik 6z hiicrelerinin (137.5 um X 87.5 pm —
137.5 pm X 7.5 pm) yer yer rafid kristali icerdigi
tespit edilmigtir (Sekil 1).

Najmaddin ve ark. (2011), {i¢c {iiziim cesidinin
gévdesinde kollenkima dokunun varligina, gévdenin
06z bolgesinde, iletim demetleri yakininda veya
korteks dokusunda drus ile rafid kristalleri ile ve
nigasta tanelerinin varhigini tespit etmiglerdir. Ayrica
bu lzim ¢esidinin gévde enine kesitinde korteks
korteks, primer floem, sekonder floem, kambiyum,
sekonder ksilem, primer ksilem ve 6z bdélgesinin
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parenkimasinda rafid 1ile drus kristalleri, 0z
hiicrelerinde rafid kristali ile iletim demetini digtan
saran parenkima hiicrelerinin de nigasta icerdigi
tespit edilmigtir. Diger bir ¢alismada, V. vinifera 'nin
ksilem fibrilleri ile ¢ogu 1sin parenkima hicrelerinde
nisastanin varhig gézlenmistir (Sun ve ark, 2008).
Cabernet Sauvignon tuzum ¢esidinin gévde enine

kesitini digtan ige dogru epidermis, kollenkimatik
olusturdugu, yine aynm ¢alismada parenkimatik 1ginin
varlig1 gosterilmistir (Santarosa ve ark., 2016).
Cabernet Sauvignon uzim c¢esidinin gévde enine
kesitindeki bu anatomik yapi, Merzifon Karas1 tizim
gesidinin  gévde anatomik yapisiyla paralellik
gostermektedir.

Cizelge 1. Govde enine kesitte élciilen anatomik yapilarin max ve min 6l¢iim degerleri (um)
Table 1. Max and min measurement values of anatomical structures measured in stem cross section (um)

Govde Enine Kesitte Anatomik Yapilar En (Width) Boy (Height)
(Anatomical structures in Stem Cross Section) Max (um) Min (um) Max (um) Min (um)
Epidermis Hicresi 50 12.5 22.5 10
Kollenkima Hiicresi 30 12.5 50 17.5
Parenkima Hiicresi 37.5 7.5 25 5
Trake Hicresi 87.5 37.5 105 32.5
Oz Hiicresi 137.5 87.5 137.5 7.5

Sekil 1. G6évde enine kesit e: epidermis ko: kollenkima n: nigsasta pf: primer floem sf: sekonder floem vk: vaskiiler
kambiyum pi1: parenkimatik 1s1n sk: sekonder ksilem pk: primer ksilem 6: 6z pa: parenkima r: rafid d:
drus

Figure 1. Stem cross section e: epidermis ko’ collenchyma n: starch pf: primary phloem sf: secondery phloem vk:

vascular cambium p1° parenchymal ray sk’ secondery xylem pk: primary xylem ¢ pith pa‘ parenchma r:
raphide d- druse

fotograflari da sekil 2'de goérilmektedir. Yaprak
anatomik yapida tist ve alt epidermisin tzeri kutikula
tabakasi ile értiuliidir. Yapragin mezofil tabakasini 1-

Merzifon Karasi tiziim ¢esidinin yapragina ait enine
kesitte olgiilen anatomik yapilarin max. ile min.
olgim degerleri ¢izelge 2’de ve yaprak enine kesit

643
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2 tabakal palizat parenkimasi (22.5 pym X 7.5 pm —
82.5 um X 25 pm) ve 4-5 tabakal siinger parenkimasi
(15 um X 7.5 pm — 25 pm X 10 pm) olusturmaktadir
(Sekil 2). Mezofile gore yaprak tipi dorsiventraldir.
Yaprakta siinger parenkimasi hiicreleri arasinda
bosluk bulunmamakta olup yaprak enine kesitte en

dikkat cekici o6zellik rafid ile drus kristallerinin
gozlenmesidir (Sekil 2).

Najmaddin (2014), V. vinifera min sekiz cesidinin
yaprak anatomik yapisim1 incelemis ve yapragin
mezofile gore yaprak tipinin dorsiventral, palizat
parenkimasinin iki tabakali oldugu, yaprakta hem

Cizelge 2. Yaprak enine kesitte dl¢iilen anatomik yapilarin max ve min 6l¢iim degerleri (um)
Table 2. Max and min measurement values of anatomical structures measured in leaf cross section (um)

Yaprak Enine Kesitte Anatomik Yapilar En (Width) Boy (Height)
(Anatomical Structures in Leaf Cross Section) Max (um) Min (um) Max (um)

Ust Epidermis Hiicresi 37.5 12.5 22.5 10
Palizat Parenkimasi Hicresi 22.5 7.5 82.5 25
Stinger Parenkimasi Hiicresi 15 7.5 25 10
Alt Epidermis Hiicresi 37.5 12.5 22.5 7.5
Trake Hiicresi (Orta Damar) 15 7.5 12.5 5
Parenkima Hiicresi (Orta Damar) 17.5 7.5 25 12.5

0.02 mm

Sekil 2. Yaprak enine kesit k: kutikula te: tist epidermis pp: palizat parenkimasi sp: siinger parenkimasi ae: alt
epidermis k: ksilem f: floem n: nigasta pa: parenkima r: rafid d: drus

Figure 2. Leaf cross section k' cuticula tie’ upper epidermis pp- palisade parenchyma sp’ spongy parenchyma ae:
lower epidermis k’ xylem f* phloem n- starch pa’ parenchma r: raphide d: druse

drus hem de rafid kristalinin goézlendigini
bildirmigtir. Benzer bir bigimde bu durum Metcalfe ve
Chalk (1950) tarafindan da rapor edilmistir. V.
viniferanin sekiz c¢esidinin yaprak morfoanatomik
karakterlerinin aragtirildigi diger bir c¢alismada,
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yaprakta rafid ile drus kristallerinin yaygin olarak
gorilldiigii bahsedilmistir (Teixeira ve ark., 2018).

Aymi  c¢alismadan  yapragin = mezofil  tipinin
dorsiventral oldugu anlasilmaktadir. Gago ve ark.
(2019), V.  viniferamin iki {izim c¢esidinin
yapraklarinin karsilastirmali anatomisi ile
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morfolojisini inceledikleri c¢alismamada, her iki yapraklarinda stomalarin yapragin sadece alt
cesidin mezofil tabakalarimin bol olarak kristal ile yuzeyinde bulundugunu rapor etmistir. Hui ve ark..
kalsiyum oksalat iceren 1idioblast tasidiklarim (2003), Vitaceae familyasinda anomositik, hemisitik,
bildirmiglerdir. Bu kristalleri iceren hiicrelerin siklositik ve satlrositik gibi farkli stoma tiplerinin
morfolojilerinin bitki tirlerinin sistematik bulundugunu bildirmiglerdir. Merzifon Karasi tzim
siniflandirilmasinda  kullanildiklar:1  bildirilmistir cesidinde stomalar sadece yapragin alt ylzeyinde

(Pennisi ve McConnell, 2001). Merzifon Karasi tiziim
cesidinin mezofile goére yaprak tipi, yukarida
calismalar ile benzer bir bigimde dorsiventraldir ve
yapragin mezofil tabakasinda rafid ile drus kristalleri
gbzlenmistir.

Merzifon Karas: Giziim ¢egidinin yaprak orta damar:
enine kesitindeki en karakteristik anatomik yapi
epidermis tabakasinin altinda kollenkima dokusunun
varligi ve iletim demetlerini g¢evreleyen parenkima
hiicrelerinde yer yer nigasta tanelerinin
gozlenmesidir (Sekil 2). Yaprak orta damarina ait
butiin bu bulgular, V. viniferanin gesitleri ile yapilan
diger yaprak anatomik calismalarda da bildirilmigtir
(Najmaddin ve ark., 2011; Najmaddin, 2014).

Kacar (1996), az su ihtiyaci olan kserofit bitkilerin
orta seviyede suya ihtiya¢ duyan mezofit bitkilere
gore daha ¢ok sayida stoma igerdiklerini belirtmigtir.
Mezofit bir bitki olan asmada stoma sayisi arttik¢a
kurakliga dayanmikliligin da artabilecegini vurgulayan
calismalar mevcuttur (Diizenli ve Agaoglu, 1992;
Kara ve Ozeker, 1999). Egirdir-Isparta kosullarinda
Red Globe, Razaki, Flame Seedless ile Barig tizim
¢esitlerinin stoma sayilarinin belirlendigi ¢alismada
cesitler arasinda stoma sayilari 1 mm? de 109.8 ile
153.8 arasinda degismistir (Gargin, 2009). Red Globe
cesidinde stoma sayisinin diger cesitlere gore yliksek

bulunmasi, bu c¢esidin kurakhga diger cesitlere
nazaran daha dayamklh olabilecegi seklinde
yorumlanmigtir. Merzifon Karasi tizim cesidinin

yaprak alt ylizine ait stoma indeksi degeri 1 mm? lik
alanda 110.469’ tiir (Cizelge 3).

Cizelge 3. Stoma indeksi degeri
Table 3. Value of stomatal index

Stoma Indeksi (Stomatal Index) Merzifon Karasi

(Ortalama+SS) (Average+Sx) Merzifon Black

Yaprak Ust Yiz

Yaprak Alt Yiiz 7.291 + 0.947
(0.066 mm? lik alanda)
110469 (1 mm? lik
alanda)

Sx: Standart Hata

Diger tuziim cesitlerinin yapraktaki stoma sayilar: ile
kargilagtirnldiginda dusiik stoma sayisina sahip
Merzifon Karas1  tziim  ¢esidinin  kurakliga
toleransinin daha disik oldugu soylenebilir. V.
viniferanin g ¢esidinde stomalarin yapragin sadece
alt yizeyinde oldugu ist ylizeyinde bulunmadig1 ve
stomalarin anamositik tip oldugu bildirilmistir
(Najmaddin ve ark., 2011). Keller (2010), Vitis
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gozlenmis olup iist yiizeyinde yoktur (Sekil 3). Bu
durum yukaridaki arastirmacilarin bulgulariyla
uyumludur. Merzifon Karas1 tzim ¢esidinin bekg¢i
hiicrelerinin etrafi bir¢ok yardimer hiicre ile ¢evrilmis
olup, stoma tipi aktinositiktir (Sekil 3). Diger
taraftan, asmada epidermis hiicre 6zelliklerinin, gesit
diizeyinde sistematik bir degerinin olabilecegi
vurgulanmistir (Swanepoel ve ark., 1984). Benzer
bicimde Vitaceae familyasinin yaprak epidermis
hiicrelerinin genellikle dizensiz sekilli veya cokgen
oldugu, yaprak epidermis hicrelerinin yapisal
ozelliklerinin sistematik 6nemi oldugu bildirilmistir
(Hui ve ark., 2003). Merzifon Karas: iiziim cesidinin
yaprak yuzeysel kesitlerinde, yaprak ust ylzey ve alt
yuzey epidermis hiucrelerinin genellikle dizensiz
sekilli veya cokgen sekilli oldugu tespit edilmistir
(Sekil 3). Merzifon Karas: iiziim cesidinin epidermis
bulgular;, Hui ve ark. (2003)’nin yapmis olduklar:
calisma bulgular ile benzerdir.

Ekvatoral ve polar goriinimdeki polen sekilleri ve
yuzde degerleri cizelge 4’te verilmistir. Buna gore;
Merzifon  Karas1 lzim  ¢esidinin  ekvatoral
goriiniimdeki polen sekli % 37.5 ile suboblat, polar
goriiniimdeki polen sekli ise % 40 ile oblat’tir. Bazi
Turk Gzum cesitlerinin polenleri Gzerine yapilmig bir
calismada, subprolat ve prolat-sferoidal polen
sekillerinde oldugu bildirilmistir (Marasali, 2005).
Ahmedullah (1983), calismasinda incelemis oldugu
uzim cegitlerinin  trikolporat &zellik  gosteren
polenlerin prolat ya da subprolat polen geklinde ve
inapertur o6zellik gosterenlerin ise prolat-sferoidal
sekilde oldugunu bildirmistir. Merzifon Karas1 tiziim
¢esidinin polen sekilleri, yukaridaki c¢alismalardan
farkli olarak ekvatoral goriinimde suboblat olup,
polar gérinimde ise oblat’dir.

Vitaceae familyasina ait sekiz V. vinifera cesidinin
polenlerin trikolporat tipte oldugu bildirilmigtir
(Najmaddin, 2014). Benzer bir bicimde Gallardo ve
ark. (2009), V. Vinifera poleninde iki tip acikhigin
gozlendigi, polen tipinin trikolporat oldugunu
belirtmigtir. Vitaceae familyasina ait turlerin tarayici
elektron mikroskopu 1ile incelenen polenlerinin
isopolar ve trikolporat oldugu vurgulanmigtir
(inceoglu ve ark., 2000; Perveen ve Qaiser, 2008). Bu
calismada da, Merzifon Karas1 Uzim c¢esidinin
poleninde ti¢ kolpus ve ti¢ por bulundugu, trikolporat
polen tipine sahip oldugu tespit edilmistir (Sekil 4).
Merzifon Karasi Uzim g¢esidinin polen bulgular
yukaridaki arastirmacilarin bulgulariyla paralellik
gostermektedir.
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Sekil 3. Yaprak ylizeysel kesit tie: Uist epidermis ae: alt epidermis st: stoma
Figure 3 Leaf surface section tie’ upper epidermis ae’ lower epidermis st stoma

Cizelge 4. Ekvatoral ve polar gérinimdeki polen sekilleri ve ylizde degerleri
Table 4. Pollen shapes and percentage values in equatorial and polar appearance

Polen Sekilleri ve Yiizde Degerleri
Pollen Shapes and Percentage Values

Prolat-Sferoidal Oblat-Sferoidal
Oblat Suboblat Prolate Steroidal Oblate-
Oblate Suboblate Spheroidal Spheroidal Spheroidal
Ekvatoral Goriinium %12.5 %37.5 %30 %10 %10
Polar Goriinium %40 %17.5 %27.5 %15 -

0.02 mm

—_—

Sekil 4. Polenin ekvatoral goriiniimii (a) Polenin polar gériiniimii (b)
Figure 4: Equatorial appearance of pollen (a) Polar appearance of pollen (b)

SONUC ve ONERILER Govde korteksinin parenkimatik hiicrelerinin rafid ve
Merzifon Karasi iziim cesidinin govde ve yaprak drus igermesi, korteks tabakasinda kollenkimanin
anatomik yapisi ile polen o6zellikleri genel itibariyle varhgy, iletim demetlerini distan saran tek hicreli
diger tliziim cesitleriyle benzerlik gostermektedir. parenkimatik tabakada nigasta tanelerinin
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bulunmasi, i1ki iletim demeti arasinda 3-4 tabakal
parenkimatik  1sin  hicrelerinin  varhig, 06z
hiicrelerinin rafid igermesi ve iletim demetinin agik
kollateral olmasi gévde anatomik yapisinin 6nemli
ozellikleridir. = Mezofile gbére  yaprak  tipinin
dorsiventral olmasi, yaprakta rafid ile drus
kristallerinin varlign yapragin bitki sistematiginde
kullanilan o6nemli anatomik karakterlerindendir.
Stomalar yapragin sadece alt ylziinde tespit edilmig
olup, stoma tipi aktinositiktir. Vitis yapraklarinda
epidermis hiicre o6zelliklerinin sistematik degerinin
oldugu bilinmektedir. Merzifon Karasi Uzim
¢esidinin yaprak Ust ve alt yiiziin epidermis hiicreleri
genellikle diizensiz veya c¢okgen sekillidir. Diger
Uzim cegsitlerine gore disiik stoma sayisina sahip
Merzifon Karasi lizim  cesidinin, kurakliga
toleransinin daha az oldugu soylenebilir. Merzifon
Karas1 tzim c¢egidinin yaprak orta damarinda
kollenkima dokusunun varligi, iletim demetlerini
cevreleyen parenkima hicrelerinde yer yer nisasta
tanelerinin gozlenmesi, yaprak orta damar iletim
demeti tipinin kapali kollateral olusu sistematikte
kullanilan énemli anatomik o6zelliklerdendir. Polen
tipi trikolporat olup, ekvatoral goriinimde suboblate
ve polar gérunumde ise oblate polen sekline sahiptir.
Bu calismada tespit edilen Merzifon Karasi tizim
cesidine ait gévde ve yaprak anatomik bulgular ile
polen oOzelliklerine ait bulgularin, ileride bu tztm
cesidi ile yapilacak olan basta sistematik calismalar
olmak tizere diger c¢alismalara katki saglayacagi
dustinilmektedir.
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ABSTRACT Genetic

In this study, detailed cytogenetic properties of the endemic Aksehir chub,

Squalius recurvirostris, distributed in the basin of the Ilgin (Cavuscu) Lake Research Article

basin was investigated by applying the standard Giemsa staining, C-

banding and Ag-NOR technique. Diploid chromosome number is (2n) 50. A Makale Tarihgesi

pair of heteromorphic chromosomes were detected in the karyotype in Received 115.04.2021
females. However, this difference was not observed in males. Therefore, it Accepted 112.09.2021
was determined that the heteromorphic chromosome pair in females are

ZZIZW sex chromosomes. The Z chromosome in females is large acrocentric, Keywords

and the W chromosome is medium-sized submeta/subtelocentric. The Aksehir Chub

number of all chromosomal arms (NF) is 90, and the fundamental number of Chromosome

autosomal arms (NFa) is 88 in the karyotyped of the individuals studied. C-band

Some bi-armed and acrocentric chromosomes have centromeric C-bands in Ag-NOR

the chromosome set. The slightly centromeric or pericentromeric C-bands
are observed in some chromosomes, while other chromosome pairs are C-
negative. In the individuals studied were detected two active NORs. Both of
these NORs are hemizygous and associated with a large C-heterochromatin
region. One of the NORs was detected on the entire long arm of the
submetacentric chromosome pair and the other on the entire short arm of
another submetacentric chromosome pair.

Sex chromosomes

Tirkiye’de Endemik Squalius recurvirostrisin (Leuciscinae, Cyprinidae) Karyotipleri ve ZZ/ZW Egey

Kromozom Sistemi

OZET Genetik
Bu calismada, Ilgin (Cavuscu) Golii havzasinda yayilis gosteren endemik
Aksehir kefali Squalius recurvirostrisin ayrintili sitogenetik ozellikleri, Aragtirma Makalesi

standart Giemsa boyama, C-bantlama ve Ag-NOR teknigi ile arastirildi.
Diploid kromozom sayist (2n) 50'dir. Disilerin karyotipinde bir cift
heteromorfik kromozom tespit edildi. Ancak erkeklerde bu fark goriilmedi.
Bu nedenle disilerdeki heteromorfik kromozom ¢iftinin ZZ/ZW cinsiyet
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kromozomlar1 oldugu belirlendi. Disilerdeki 7Z kromozomu biytk :
akrosentriktir ve W kromozomu orta biiyiikliikte submeta/subtelosentriktir. Anaht.ar Kelupeler
Calisilan 6rneklerin karyotipinde tiim kromozomal kollarin (NF) sayis1 90, Aksehir kefali
otozomal kollarin (NFa) temel sayis1 88'dir. Kromozom setindeki baz ¢ift Kromozom

kollu ve akrosentrik kromozomlar sentromerik C bantlarina sahiptir. Baz C-band
kromozomlarda hafif sentromerik veya perisentromerik C-bantlar Ag"NOR

gozlenirken, diger kromozom ciftleri C-negatiftir. Incelenen bireylerde iki
aktif NOR tespit edildi. Bu NOR'lerin her ikisi de hemizigottur ve biiyiik bir
C-heterokromatin bolgesi ile iligkilidir. NOR'lardan biri submetasentrik
kromozom ¢iftinin tim uzun kolunda, digeri ise bagka bir submetasentrik
kromozom ¢iftinin tim kisa kolunda tespit edildi.

Esey kromozomlar
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INTRODUCTION

Chromosomal analysis is very important for
cytogenetic and medical studies. Traditional
karyological methods (Giemsa staining) and

molecular cytogenetic techniques reveal genetic and
taxonomic relationships among populations and
species (Gill and Kimber, 1974). Heteromorphic sex
chromosomes were observed in 72 families classified
in Chondrichthyes and Osteichthyes (Devlin and
Nagahama, 2002). It is known that approximately
10.4% of the more than 1700 fish species studied
cytogenetically have heterogametic sex chromosomes
(Arkhipchuk, 1999). In many species, it is necessary
to perform the karyotype of male and female
individuals to differentiate heteromorphic sex
chromosomes. In cytogenetic studies on teleost fishes,
it is understood that sexual chromosome systems
vary. While XX-XY was detected in some of the fish
and ZZ-ZW in some of them, sex chromosomes
containing undifferentiated homologues were detected
in most fish species. The research on teleost fishes
has shown that these animals display a remarkable
diversity in the ways that they determine sex. These
different mechanisms, including constructive, genetic

mechanisms, polygenic constitutive mechanisms,
environmental  effects, hermaphroditism  and
monosexuality on the sex chromosomes, have

emerged at different times in teleosts (Mank and
Avise, 2009). In freshwater species of neotropical
fishes, both simple sex chromosome systems (XX-XY
and ZZ-ZW) and multiple sex chromosome systems
(X1X2Y-X1X1X2X2) have been identified (Galetti et al.,
1981; de Almeida Toledo and Foresti, 2001;
Centofante et al., 2002).

Heterochromatin blocks (C-bands) contain repetitive
DNA sequences and are inactive (Balicek et al., 1977).
For this reason, these blocks are unlikely to
deteriorate and can be preserved for generations
(Varley et al., 1980; Sperling et al., 1987). C-bands
can be located in any region on the chromosome but
are usually located in the centromeric region of the
chromosome. The C-banding method is an important
technique in studying the chromosomes of the species
in detail, identifying the chromosomal species, and
identifying the sex chromosomes of a species (Haaf
and Schmid, 1984; Arslan and Arslan, 2007). Silver
nitrate staining (Ag-NOR) is the reaction where silver
is reducing due to the binding of non-histone proteins
to ionic silver (Trere, 2000). NORs are usually seen on
the short arm end of the chromosome. However, it can
also be seen in the long arm, near the centromere, or
in the centromere region (Gold et al., 1990).

Squalius genus, the chubs in the Leuciscinae
subfamily, consists of medium-sized fish represented
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by 45 species in Europe and West Asia. After 2011,
the genus Leuciscus (except L. aspius, L. idus, L.
vorax and L. leuciscus) was revised as Squalius
(Ozulug and Freyhof, 2011; Turan et al., 2013). It is
known that 21 Squalius species are distributed in
freshwater ecosystems in Turkey, and 15 of them are
endemic (Cicek et al., 2015; Cicek et al.,, 2018).
Squalius recurvirostris Ozulug & Freyhof, 2011,
called Aksehir chub, is a local endemic species that
live in the basin of Eber and Ilgin lake (Ozulug and
Freyhof, 2011). Although the genus Sgualius has
many species in the world, the karyological studies
about them are limited. Different researchers have
studied the cytogenetic features of S. cephalus (Wolf
et al., 1969; Fontana et al., 1970; Cataudella et al.,
1977; Sofradzija, 1977; Hafez et al., 1978; Al-Sabti,
1986; Pekol, 1999; Bianco et al., 2004; Boron et al.,
2009; Kilic and Sisman, 2016), S. anatolicus (Unal,
2011), S. orientalis (Kilic Demirok, 2000) and .S
seyhanensis (Unal and Gaffaroglu, 2016). In these
studies, it is resulted that the diploid chromosome
number (2n) of Squalius species is 50, and the
chromosomal arm (NF) value varies between species.
This study aims to reveal the detailed karyological
features and sex chromosome system of Squalius
recurvirostris and compare the obtained data with the
other Squalius species.

MATERIALS and METHODS

Six specimens of S. recurvirostris were collected from
Ilgin (Cavuscu) Lake (38 © 20) N, 31 ° 52 ° E (Figure
1). The study was carried out with the permission of
the Ministry of Forestry and Water Affairs
(Permission no. 21264211-288.04-E.1031876) and the
local ethics committee. Chromosomal preparation was
made according to Bertollo et al. (2015). The some
dried slides were traditionally stained with 10%
Giemsa. In addition, constitutive heterochromatin
and nucleolar organizer regions (NORs) were
determined by the Sumner (1972) and Howell and
Black (1980) techniques, respectively. The
morphology of the chromosomes were defined
according to the method of Levan et al. (1964).

RESULTS and DISCUSSION

In this study, the diploid chromosome number of
Squalius recurvirostris was determined as 2n = 50.
The karyotype contained six pairs of metacentric,
nine pairs of submetacentric, five pairs of
subtelocentric and four pairs of acrocentric
chromosomes. A pair of heteromorphic chromosomes
were detected in the karyotypes of females (Figure 2).

However, there is no heteromorphic chromosomes in
the karyotype of males (Figure 3).
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Figure 1. Collectiﬁg site in Lake Ilgin (Cavuscu) from Konya and g
according to TUCN.
Sekil 1. Squalius recurvirostris'in Konya Ilgin goliindeki (Cavuscu) toplama alani ve IUCN'e gore cografik
dagilimi
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Figure 2. Standard Giemsa staining karyotype of female Squalius recurvirostris
Sekil 2. Digi Squalius recurvirostris'nin Giemsa boyali standart karyotipi
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Figure 3. Standard Giemsa staining karyotype of male Squalius recurvirostris
Sekil 3. Erkek Squalius recurvirostris'nin Giemsa boyall standart karyotipi

Therefore, the heteromorphic chromosome pair in
females was determined as the sex chromosome. The
presence of sex chromosomes with different
morphologies in females indicates that this species
has ZZ/ZW sexual chromosome system. The Z
chromosome i1s a large acrocentric, and the W
chromosome s a medium-sized
submeta/subtelocentric in females. The fundamental
number of autosomal arms (NFa) and the number of
all chromosomal arms (NF) in specimens karyotyped
was determined as 88 and 90, respectively.

The C banded karyotype of Aksehir chub was shown
in Figure 4. Dark C-bands in the centromere region of
some bi-armed and acrocentric chromosomes were
observed. In addition, slightly centromeric or
pericentromeric C-bands were determined in some
chromosomes, while other chromosome pairs and sex
chromosomes were C-negative.

Two different active Ag-NORs were detected in
studied all populations. Both of these NORs are
hemizygous. One of these active NORs is located on
the long arm of one of the homologs of the biarmed
chromosome pair (no. 9), while the other is on the
short arm of one of the homologues of another biarm
chromosome pair (no. 12). The hemizygous NORs
were localized within the long and short arms, which
was C-positively stained (Figure 5).

The Leuciscine species in the Cyprinidae family
(Subfam: Cyprininae, Gobioninae, Leuciscinae,
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Rasborinae, Schizothoracinae, Barbinae) are
distributed in Eurasia and North America
(Bogutskaya, 1977; Arai, 2011; Nelson et al., 2016).
The species belonging to the Leuciscinae subfamily
(Abramis, Acanthobrama, Acanthalburnus,
Alburnoides, Alburnus Aspius, Blicca, Chondrostoma,
Ladigesocypris, Leucaspius, Leuciscus, Leucalburnus,
Petroleuciscus, Pseudophoxinus, Phoxinus, Rutilus,
Squalius, Scardinius) are distributed over a wide area
in Anatolia (Cicek et al., 2015). Despite this wide
distribution and species richness, the karyological
studies on Anatolian leuciscin are limited (Table 1).

Generally, the diploid chromosome number (2n) is 50
in the Leuciscinae subfamily. However, Alburnus
mossulensis has 48, Luciobarbus pectoralis has 100,
Luciobarbus longiceps has 148, Chondrostoma
regium, Chondrostoma meandrense and Leuciscus
aspius (Syn: Aspius aspius) have 52, Scardinius
erythrophthalmus 48 and 50 chromosome pairs
(Nygren et al., 1975; Cataudella et al., 1977; Giil et
al., 2000; Fister, 2000; Bianco et al., 2004; Turan et
al., 2005; Esmaeili et al., 2010; Luca et al., 2010;
Uysal, 2011; Unal and Gaffaroglu, 2016). The
karyological features of endemic fish Squalius
recurvirostris were investigated in this study for the
first time. The diploid chromosome number of this
species 1s 50, and there are four acrocentric
chromosomes in the chromosome set (NF = 90). The
Leuciscine species have two characteristic features
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within the chromosome set. Firstly, the
metacentric/submetacentric chromosomes are more,
and the other, the largest chromosome pair is
subtelocentric/acrocentric (Rab et al., 1990; Rab and

Collares-Pereira, 1995; Rab et al., 2008; Pereira et al.,

2009). It is understood that S. recurvirostris has these
two characteristics.
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Figure 4. C-banded metaphase spread and arranged karyotype of Squalius recurvirostris

Sekil 4. Squalius recurvirostris'in C-bantl metafaz yayilimi ve karyotipi
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Figure 5. Silver stained metaphase spread and arranged karyotype of Squalius recurvirostris

Sekil 5. Squalius recurvirostris’in giimiis boyali metafaz yayilimi ve karyotipi
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Table 1. Chromosomal records of Squalius species (Abbreviations; 2n-diploid chromosome number, NF-
fundamental number of chromosomal arms, M-metacentric, SM-submetacentric, ST- subtelocentric,

A-acrocentric)

Cizelge 1. Squalius tiirlerinin kromozom kayitlar1 (Kisaltmalar; 2Zn-diploid kromozom sayisi, NF-temel
kromozom kol sayisi, M-metasentrik, SM-submetasentrik, ST-subtelosentrik, A-akrosentrik)

Species 2n Karyotype Z | W | NF Reference
38M-SM + 12ST-A - | - | 88 Wolf et al. (1969)
11M + 29SM-ST + 10A - Fontana et al. (1970)
16M+12SM+12ST+10A 78 Cataudella (1977)
34M-SM + 16A 84 Sofradzija (1977)
Squalius cephalus 50 18M+20SM-ST+12A 88 Hafez et al. (1978)
34M-SM + 16ST-A 84 Al-Sabti (1986)
18M+12SM+20ST-A 80 Pekol and Arslan (2014)
16M+26SM+8ST-A 92 Bianco et al. (2004)
10M+22SM+10ST+10A 82 Boron et al. (2009)
10M+22SM+10ST+8A 92 Kili¢c and Sigman (2016)
Squalius anatolicus 50 10M+22SM+10ST+8A 82 Unal (2011)
Squalius orientalis 50 14M+20SM+16ST-A 84 Kilic-Demirok (2000)
Squalius seyhanensis 50 16M+28SM+6ST-A - - 94 Unal and Gaffaroglu (2016)
Squalius recurvirostris 50 12M+18SM+10ST+8A | A | ST | 90 This study
Squalius cephalus (Syn: Leuciscus cephalus) in chromosomes in both species have centromeric

Poland has the ZZ-ZW sexual chromosome system.
The Z chromosome is the largest submetacentric, and
the W chromosome is the smallest submetacentric
(Vujosevic et al., 1983). The Z chromosome
(acrocentric) of S. recurvirostris is different from S
cephalus, while the W chromosome 1s similar. The ZZ-
ZW sex chromosomes system in fish is important to
1dentify for the first time in this study in Turkey. Due
to the detection of sex chromosomes, the fundamental
number of autosomal arms (NFa) of S. recurvirostris
is 88. So far, XX-XY sex chromosomes in Garra rufa
have been reported by Arzu and Ergene (2009). In
chromosome studies on some species in different
regions of the world, sexual chromosome systems are
also mentioned. In the study in Germany, the sex
chromosomes of Rudd, Scardinius erythrophthalmus
(Cyprinidae) were identified as a pair of large
metacentric (ZZ) in males and large metacentric and
small acrocentric (ZW) chromosomes in females
(Koehler et al., 1995). However, it has been reported
that sexual chromosomes cannot be detected in Rudd
populations in Romania, Italy and Slovenia (Bianco et
al. 2004; Luca et al. 2010). In another cyprinid
species, V. vimba, XY sex chromosomes were defined
as the largest metacentric X and the smallest
acrocentric Y (Rudek 1974). In 34 of 55 Neotropic fish
species studied, ZZ-ZW system, in 10 of them XY-XX
system and 11 of them multiple sex chromosome
systems ((X1X1X2X2-X1X2Y) were identified
(Centofante et al., 2002).

C-banded karyotypes of Squalius anatolicus and

Squalius seyhanensis in Turkey were investigated
(Unal, 2011; Unal and Gaffaroglu, 2016). Most of the
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heterochromatin. In addition, Unal and Gaffaroglu
(2016) stated that there are pericentromeric and
pericentromeric (interstitial) bands in S. seyhanensis.
Although the C-band feature of S. recurvirostris is
similar to both species, pericentromeric and
pericentromeric bands were not detected. In some
European countries (i.e. Italy, Poland and the Czech
Republic), all the chromosomes of Leuciscus idus,
Squalius leuciscus and L. cephalus have centromeric
C-band as in Squalius species in Turkey. This
situation may be a distinctive feature between
Squalius and Leuciscus species and other Leuciscinae
species.

NOR technique used 1n taxonomic studies,
determination of inter-species and intraspecific
relationship and various chromosome variations. The
number of Ag-positive NORs varies from 1 to 4 in
different populations of L. Jeuciscus in Europe.
Signals have been reported to be localized in the long
arms of the largest metacentric pair in some
populations and in the short arms of a submetacentric
chromosome pair, and in only one pair of metacentric
or a pair of subtelocentric (Boron et al.,, 2009). L.
aspius (Syn: Aspius aspius) differs from other
Leuciscus species in that NORs are localized at the
terminal region of the short arm of a small acrocentric
pair (Radb et al, 1990). The active NORs of S.
cephalus in Kastamonu population are on the short
arm of a pair of subtelocentric or acrocentric
chromosomes, and the NOR phenotype of these
samples is a plesiomorphic character (Pekol and
Arslan, 2014). The morphologies of the two
chromosomes with NORs are submetacentric in S.

is
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recurvirostris. The NORs are also localized on the
short arm of one of these chromosomes and the long
arm of the other. In terms of these two
characteristics, S. recurvirostris differs from other
species studied. Also, S recurvirostris has a
plesiomorphic NOR character. Although the
phylogenetic studies conducted so far show that
Squalius species are not closely related to Leuciscus
(Briolay et al., 1998), in terms of Ag-NOR properties,
this species is similar to .S. seyhanensis, S. anatolicus
and L. leuciscus.

CONCLUSION

Cytogenetic  characteristics and ZZ-ZW  sex
chromosomes system of endemic S. recurvirostris for
Turkey have been demonstrated for the first time in
this study. The characteristic structure accepted for
the Leuciscinae group (the largest chromosome pair is
subtelocentric or acrocentric) has been identified in
this species. Centromeric heterochromatin regions
detected in most chromosomes were found to be
compatible with other Squalius and Leuciscus
species. The Ag-NOR-bearing chromosomes of the
studied samples are hemizygous. The Ag-NOR
regions are related to the large C-heterochromatic
blocks on the long and short arms. It is observed that
active Ag-NORs are different from other Squalius
species studied by detecting both on the short arm
and the long arm and are similar to L. leuciscus.
Cytogenetic data on Squalius species that have been
published in Turkey, although it is not support
existing species definitively taxonomic status, these
studies may contribute to later molecular cytogenetic
or phylogenetic studies of Leuciscinae species to be
searched.
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OZET Bahge Bitkileri

Bu calismada, Antalya kosullarinda farkl dikim [5x5 m (kontrol),

4%x3 m, 4x1.5 m], budama [kontrol (budanmamis), goble ve dikey Aragtirma Makalesi
eksen] ve bogumlarda saptanan bazi i¢sel hormonlarin [absisik asit

(ABA), gibberellik asit (GAs), indol asetik asit (IAA) ve zeatin (Z)] Makale Tarihgesi

‘Gemlik’ zeytin gesidinde genclik donemini kisaltmasina olan etkileri Gelig Tarihi  :04.08.2021

arastirilmistir. Hormon analizi i¢in yillik strgtnler agaclarin yerden Kabul Tarihi :18.09.2021
80 cm yuksekte agacin 360° etrafini ¢evirecek sekilde alinmig ve

strginlerdeki bogumlar hormon analizlerinde kullanilmistir. Anahtar Kelimeler
Denemenin ilk yilinda meyve tutumu 5x5 m dikilen agaglarda Zeytin

olmamis ancak 4x3 m ve 4x1.5 m dikilen agaclar meyve Dikim siklig1
tutmuslardir. Ikinci yil ise tiim uygulamalarda meyve tutumu Budama

gorillmiistiir. Ikinci yilda elde edilen meyve tutum oranlar ilk yila I¢sel bitki hormonlar:

gore daha yuksek gerceklesmistir. En 1yl meyve tutumu ve agag
gelisimi 4x3 m dikilen ve goble seklinde budanan agacglarda
saptanmigtir. Dikim sikhigina bagli olarak ‘Gemlik’ zeytininde
genglik kisirhigr siiresinin azalip veya artabilecegi belirlenmisgtir.
Dikim mesafeleri bogumda saptanan icsel TAA, ABA, GAs ve Z
seviyeleri lizerine kontrole gore etkili olurken, budama
uygulamalarinin etkisiz oldugu saptanmagtir.

Investigation of The Effects of Some Endogenous Hormones Determined in Nodes, Different Pruning
and Planting Systems on Fruiting in Gemlik Olive Cultivar

ABSTRACT Horticulture Science
In this study, the effects of different plantings [5x5m (control), 4x3m )
and 4x1.5m] and pruning [control (unpruned), vase and vertical axe] Research Article

and some endogenous hormones [abscisic acid (ABA), gibberellic acid Article Hi
(GA3), indole acetic acid (IAA) and zeatin (Z)] detected in the nodes ticle History

on the shortening of youth period in 'Gemlik' olive cultivar in Aliecelveill 2;83;831
Antalya conditions were investigated. For hormone analysis, annual ccepte T
shoots were taken from the olive trees every month from 80 cm above Keywords

the soil level and around the tree 360°, and the nodes in the shoots ol

. . . . ive
were used in hormone analysis. In the first year of the experiment,
the trees planted 5x5m did not produce fruit, while the trees planted
4x3m and 4x1.5m yielded fruit. In the second year, fruit set was
observed in all planting density and pruning applications. The fruit
set rates obtained in the second year were higher than the first year.
The best growth and fruit set were obtained from the trees planted
at 4x3m and pruned in a vase shape. Depending on the planting
distance, it has been determined that the period of juvenile period
may increase or decrease in the 'Gemlik' olive. While planting
distances were effective on internal ABA, GAs, TAA and Z levels
determined in the node samples, pruning practices were found to be
ineffective.

Planting densities
Pruning
Endogenous plant hormones

Ataf I¢in: Atmaca S, Ulger S 2022. Gemlik Zeytin Cesidinde Meyveye Yatma Uzerine Bogumlarda Saptanan Baz Igsel
Hormonlar, Farkli Budama ve Dikim Sistemlerinin Etkilerinin Arasgtirilmasi. KSU Tarim ve Doga Derg 25
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GIRIS gesitten 30 agag¢ da! olacak sekilde dikilmis ve farkli

Birim alandan daha yiiksek verim almak ve kaliteyi
de ylkseltmek c¢agdas meyve yetigtiriciliginin son
yillardaki en ¢6nemli hedefi olmus ve buna bagh
olarak 1980’1 yillardan itibaren zeytinlerde sik dikim
calismalar1 yogunluk kazanmaya baglamistir. Bu
dénemde basta Italya ve Ispanya olmak tizere zeytin
sira aras1 4.5-7.5m ve sira Uzeri 2.5-4.5m olacak
sekilde edilmeye baglanmistir (Tozlu, 2007).

Zeytinlerde sik dikimin agaglari erken meyveye
yatirmasi, periyodisiteye egilimi azaltmasi, mekanik
hasada olanak saglamasi ve el degmeden toplanarak
Urinin iglenmesi gibi  bircok avantaji  vardir
(Iannotta ve Perri, 2006).

Zeytinde yaygin olarak goble (canak, vazo) terbiye
sistemi kullanilmaktadir. Goble seklinde budamada
agaclar cogunlukla tek goévdeli ve lizerinde 45”1lik ac1
yapan 3-6 ana dal olacak sekilde yapilmaktadir.
Modern zeytin yetistiriciliginde makinali hasat
yapabilmek i¢in agac yiiksekligi 2-3 m ve geleneksel
hasat yéntemleri icin ise 5 m’yi gecmemelidir (Gucci,
2006).

‘Arbequina’ zeytin cesidi Ispanyamin Katalonya
bélgesinde farkli dikim sikhiklarinda yetistirilerek
agac gelisimi, meyve ve yag ozellikleri arastirilmigtir.
Bitkiler sulamadan dogal yagisla yetistirilmis ve on
yillik sonucglara goére ortalama zeytinyag tretimi
dikim sikliginin artisina paralel olarak artmistir. En
iyi ekonomik gelir 312 adet ha?l dikim sikliginda
olmusg, ancak meyve ve yag kalitesi dikim siklig1
arttikca diigsmiistiir (Tous ve ark., 1999).

Ispanya’da 2 Ispanyol ve 6 Italyan cesidi 1.670 bitki
ha olacak sekilde dikilmis ve bambu ile desteklenen
agaclar sik taclandirma (compact canopy) seklinde
budanmigtir. Kontrol olarak kullanilan ‘Arbosana’ ve

‘Arbequina’ cesitlerine Italyan ¢esitlerinden
‘Cipressino’ ve ‘Urano’ sik taclanmaya ve ‘FS-17 ise
erken meyveye yatma bakimindan benzerlik

gostermistir (Godini ve ark., 2006).

Ispanyamin Cordoba bélgesinde zeytinde yapilan
adaptasyon c¢alismasinda ‘Koroneiki’ dikimden 3 yil
sonra meyveye yatarken, ‘Arbequina’ ve ‘Arbosana’
dikimden 6 yil sonra en yiiksek iiriin vermislerdir (De
la Rosa ve ark., 2007).

Makineli hasada uygunlugunu arastirmak igin
‘Arbequina’ zeytin cesidi 780-2580 adet ha! olacak
sekilde dikilmistir. Ik 7 y1l sonunda verim ve toplam
yag icerigi dikim sikligina bagh olarak artmisg, ancak
dikim sikliginin artmasi meyve kalitesini tizerine etki
etmemistir (Leon ve ark., 2007)

‘Arbequina’,
her

Fransa
‘Languedoc’

kogullarinda  ‘Aglandau’,
ve ‘Picholinedu’ zeytin cesitleri
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budama sekilleri uygulanmistir. Dikey eksenli ve
palmet budanan agaglar arasinda gelisim bakimindan
farklihk olmamig, ancak palmet seklinde budanan
agaclarin makinali hasada daha uygun gelistigi
saptanmistir (Moutier ve ark., 2011).

‘Manzanilla’ zeytin cesidi Israil’de iki farkl bélgede
farkli dikim sikliklarinda c¢oklu govde, disuk govde,
yiksek ¢it ve yliksek gévde olacak sekilde
budanmigstir. En iyi sonuglar her iki bolgede de ‘coklu
govde’ budamasindan elde edilmis, farklh budamalar
meyve buyikligli tizerine etkili olmamig ve
budamalar agac¢ boyutunu azaltarak elle hasat
kolaylasmistir (Lavee ve ark., 2012).

Kis ve ilkbahar aylarinda zeytinin yan ve tepe
tomurcuklarindan ornekler alinarak igsel GA ve
engelleyicilerin ¢icek uyarimi ve somak gelisimi
tzerine etkileri arastirildigi ¢calismada; ABA ve GA
arasindaki dengenin kig soguklarinin sona erdigi
dénemde artmasinin ¢icek tomurcugu olusumunu
artirdigi iddia edilmistir (Badr ve ark., 1970).

Zeytinde cicek tomurcugu farkhilasmasinin cevresel
ve agacin icsel bircok faktorine bagh olarak
sonbaharin sonunda basladigi belirtilmistir (Fabbri
ve Benelli, 2000).

‘Memecik’ zeytin ¢esidinde hormon seviyeleri yok ve
var yilinda o6nemli farklilhiklar gostermis ve yok
yilinda GAs diizeyinin ¢icek uyart1 déneminde
artmasit c¢icek tomurcugu olugsumunu engelleyici
etkiye sahip olmustur. GAs4, ABA ve baz sitokinin
seviyelerinin ¢icek uyarim doéneminde yiiksek
olmasinin ¢igek uyarimina olumlu etki yapabilecegi
belirtilmistir (Ulger ve ark., 2004).

Bu arastirmanin amaci, ‘Gemlik’ zeytin c¢esidinde
genclik doneminin kisaltarak erken meyveye yatma
tzerine farkli budama, dikim siklhigi ve bazi igsel
hormonlarin etkilerini arastirmaktir.

MATERYAL ve METOD
Materyal

Aragtirma, Akdeniz Universitesi, Ziraat Fakiiltesi
Aksu Aragtirma ve Uygulama Arazisinde 2008-2010
yillar1 arasinda yuritalmistir. Deneme materyali
olarak 1ki yasindaki ‘Gemlik’ zeytin c¢esidi
kullanilmigtir.

Arazi yeterli organik madde ve besin elementlerin
sahip olup, toprak yapis1 killi-tinli, kire¢ orani %32
(cok yiiksek) ve pH’s1 8.2'dir.

Topragin fiziksel ve kimyasal yapisimi iyilestirmek
icin 2009 yili Nisan ayinda kati organik giibre (ORG-
E-VIT)den bitki bagmma 2 kg ve haziran aymm ilk
haftasinda sivi tavuk giibre (KAL-NPK)den bitki
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basina 200 cc verilmistir. Ayrica bitki basina saf 6.6 g
N, K20 veP20s5 olacak sekilde kompoze giibre
(20:20:20) 2009 yilinin temmuz, agustos ve eyliil
aylarn1 basinda suda c¢oziindurilerek bitki tac
genigligince uygulanmigtir.

Damla sulamaya haziran ayinda sicakliga bagh
olarak baslanmig ve ekim ayinin ilk haftasina kadar
haftada bir olacak sekilde devam edilmistir. Yabanci
otlarla miicadele mekanik olarak yapilmig ve sira
aralar1 rotovatér ve sira TUzerleri ise ot bigme
makinesi ve orak kullanilarak temizlenmigtir.

Deneme sturesince dal kanseri ve halkali leke gibi
hastalik ile kabuklu bitler, zeytin i¢ kurdu, zeytin
pamuklu biti ve zeytin sinegi gibi zararhlar
gorilmedigi i¢in bunlara karg: miicadele
yapilmamigtir. Ancak her yil %1.5°1ik bordo bulamaci
subat ay1 ortasinda agaclara uygulanmigtir.

Metod

Dikim Siklig1

Iki yasindaki ‘Gemlik’ zeytin cesidi fidanlar1 5x5m
(kontrol), 4x3m ve 4x1.5m olarak 2007 yili aralik
ayinda dikilmiglerdir.

Budama Uygulamalari

Kontrol: Agaglarda herhangi bir budama yapilmamisg
ve agaclar dogal olarak gelismisgtir.

Goble Budama: Fidan dikimi sirasinda fidanlarin
tepesi yerden 80 cm yukaridan vurularak, goévde
tuzerinde 10-15 cm araliklarla 3-4 adet ana dal
birakilmigtir. Daha sonraki yillarda subat ayinda
yapilan budamalarda ana dallar tzerinde yardimci
dallar secilmigtir. Dikimden itibaren topraktan ilk 40
cm’ye kadar olan stirgtinler stirekli temizlenmigtir.

Dikey Eksenli (Vertical Axe) Budama: Fidanlarin
dibine 5x5x250cm ebadinda odun destek dikilmig ve
fidanlar bu destege baglanmigtir. Fidanin tepesi
vurulmamig ve tek govdeli dik bir gelisim
saglanmigtir. Dikimden itibaren yerden 40 cm’ye
kadar olan strginler alinmis ve tek gévde gelisimini
bozacak siirgiinler temizlenmigtir. Ilk iki yilda govde
tuzerinde birakilan ana dallarin goévdeyle yaptiklari
acilar 45- 60° olacak sekilde ayarlanmigtir.

IAA, GAs, ABA ve Z Ekstraksiyonu ve Saflagtirma
Islemleri

Analizler i¢in toprak seviyesinden 80 cm yukaridaki
yillik siirglinler agacin tamamini1 kapsayacak sekilde
05 Eylil 2008-06 Agustos 2010 tarihleri arasinda
birer ay arabklarla ahnmagtir. Yilhik stirgin
tuzerindeki yapraklar temizlendikten sonra bogumun
3 mm saginda ve solunda mesafe olacak sekilde
bogumlar budama makasiyla kesilmig ve analizler
yapilincaya kadar -20°C’de derin dondurucuda
tutulmustur.
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TAA, GAs, ABA ve Z analizlerinin ekstraksiyonunda

Kuraishi ve ark. (1991)nin kullandigi ve Erez
(2009’in  baz1  degisiklikler  yaptig1i = yontem
kullanilmigtar.

Derin dondurucuda saklanan bogumlar igerisinde
+4°C’de bekletilen %8071ik metanol (MeOH) igeren
cam kavanozlar igerisine konulmus, homojenizatérde
10 dakika 15.000 d/dk streyle parcalanmis ve 120
rpm’de ¢alkalayici tizerinde oda sicakligr kosullarinda
karanlik bir ortamda 24 saat tutulmustur. Whatman
No:l filtre kagidindan suziilen ornekler siizintu
balon jojeye alinmig ve c¢ozeltideki MeOH 45°C’de
rotari evaporatorde uzaklastirilmistir. Balondaki sulu
cozeltiye 8 ml 0.1 M'lik KH2PO4 (pH 8) tampon yavas
yavas edilmis, sulu ¢oézelti pipetle balon jojeden
santrifiij tiplerine aktarilmig ve sulu ¢ozelti +4°C’de
6.000 rpm’de 1 saat siireyle santriftij edilmistir. Ustte
biriken sulu kisim otomatik pipetle alinarak behere
aktarilmistir. Fenolik bilesikler ve renk maddelerini
uzaklastirmak i¢in ¢6zelti 6nceden sartlandirilmis 1 g
PVPP (Fluka-77627) bulunan behere dokiilmiis ve
birkag dakika cam bagetle karigtirilmigtir. Karigim
Whatman No:1l filtre kagidindan stizilerek PVPP
sulu ¢ozeltiden ayirilmigtir. Sizlintiyi daha da
temizlemek icin sulu kistm SepPak C-18 (ALTECH
C18 Sep-pak maxi clean Kkartuj part no:20944)
kartujdan gegirilerek kiicik renkli cam siselere
alinmis ve cam siseler hormon analizi yapilincaya
kadar derin dondurucuda -20°C’de saklanmigtir.

IAA, GAs,
Saptanmasi

ABA ve Z Seviyelerinin HPLC'de

Derin dondurucuda cam sgisede bulunan sulu
cozeltiler vakumlu etiivde (Binder- seri no: 10-21607)
kurutulduktan sonra kuru ekstrakt tizerine 0.5 ml
grade MeOH ilave edilmis ve ¢ozelti mikro pipetle
renkli cam viallere alinmigtir. Hormon analizlerinde
Koshita ve Takahara (2004)nmin kullandign yontem
bazi degisikler yapilarak kullanilmigtir. Analizlerde p
Bondapak Cis (Waters; 3.9 300 mm) kolonu ve DAD
detektoru kullanilmistir. Dalga boylar1 TAA igin 280,
Z igin 270 nm ve ABA ile GAs i¢in ise 254 nm’ye
ayarlanmigtir. Kolon firin sicakligi 40°C’de sabit
tutulmug ve kolona 20 pli 6rnek enjekte edilmistir.
Gradient hareketli faz kullanilmigtir. Hareketli fazin
A cozeltisi asetonitril (HPLC saflikta, %0.05 asetik
asit iceren) ve B cozeltisi ise HPLC grade saf su
icermektedir. Hareketli faz akisil  ml/dk’ya
ayarlanmig ve analiz sliresi:l5 dk + 5 dk kolon
temizlenmesi (post run) siirede tamamlanmistir
(Cizelge 1).

Miktar tayininde daha onceden hazirlanan TAA, GAs,
ABA ve Znin standart egrileri kullanmilmigtir.
Hesaplamalarda orneklerdeki ABA, GAs, TIAA ve Z
seviyeleri standart sentetik ABA, GAs, TAA ve Zmne
esdeger olarak kabul edilmigtir.
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Cizelge 1. Gradient analizde zamana goére c¢ozelti
miktarinin degisimi.
Table 1. Variation of solution amount according to
time in gradient analysis.

Zaman (dk) HareketliFaz
Time (min.) (Mobile phase)
A (%) B (%)
0 5 95
6 30 70
15 80 20
Istatiksel Analizler

Deneme, tesadif parselleri deneme desenine gore 3
tekerriirli ve her tekerriirde 5 adet agag¢ olacak
sekilde gerceklestirilmigtir. Elde edilen veriler SAS
(versiyon 9.0) istatistik paket programinda analiz
edilmigtir. LSD testi ortalamalar arasi farkhliklarin
belirlenmesinde kullanilmigtar.

BULGULAR ve TARTISMA

Her iki yilda da ‘Gemlik’ zeytin cesidinde dikim
siklig1 ve budama uygulamalarina gére meyve tutum
oranlari 6nemli degisim gostermistir (P<0.05).
Denemenin ilk yilinda meyve tutumu 5x5 m dikilen
agacglarda olmazken, 4x3 m ve 4x1.5 m dikilen
agaclarda meyve tutumu gerceklesmistir. Ilk yilda en
fazla meyve tutumu %2.56 ile 4x3 m dikilen ve dikey
eksenli budanan agaclarda olurken, en disik %0.30
ile 4x3 m dikilen ve budanmayan agaglarda olmustur.
Ikinci yilda biitiin uygulamalarda meyve tutumu
gerceklesmis ve tutum oranlar: ilk yila gére oldukca
artig gostermistir. Ilk yil hi¢ meyve tutmayan kontrol
agacglarinda ikinci yil 6nemli bir meyve tutumu
gerceklesmis ve en fazla meyve tutumu %7.93 ile
budama yapilmayan kontrol agaclarinda
saptanmistir. 11k yilda oldugu gibi ikinci yilda da 4x3
m dikilen ve dikey eksenli budanan agaclarda %6.44
gibi yiksek meyve tutumu gerceklesmistir. Diger
uygulamalarda ise meyve tutumu %2.42-5.60
arasinda degismistir (Cizelge 2).

Cizelge 2. ‘Gemlik’ zeytin ¢esidinde farkli dikim siklig1 ve budama uygulamalar: sonucu denemenin ilk ve ikinci
yillarinda saptanan ortalama meyve tutum oranlari (%).
Table 2. Average fruit set rates (%) determined in the first and second years of the experiment as a result of

different planting density and pruning practices in the ‘Gemlik’ olive cultivar.
Budama uygulamalar

Aylar Dikim siklig1 (m) Pruning practice

Months Planting density (m) Kontrol Goble Dikey Eksenli
Control Vase Vertical axe

Tk Yil 5x5 0.00 Ea 0.00 Da 0.00 Da
First year 4x1.5 1.48 Cab 0.96 Cb 1.84 Ca
(2008) 4x3 0.30 Db 0.75 Cb 2.56 Ca
TkinciYil 5x5 7.93 Aa 5.60 Ab 2.42 Cc
Second year{(2009) 4x1.5 4.36 Ba 4.19 Ba 4.23 Ba
4x3 4.05 Bb 4.46 Bb 6.44 Aa

*Uygulamalar arasi fark énemli (P<0.05). Biiyiik harfler dikim sikligina gére ve kiiciik harfler budama uygulamalarina gore

onemi belirtmektedir.

*The difference between applications is significant (P<0.05). Capital letters indicate importance according to planting density
and lowercase letters indicate importance according to pruning practices.

Dikim sikliklari bogum orneklerinde saptanan igsel
hormon seviyelerini o6nemli oranda etkilemigtir
(P<0.05). Ortalama en yiiksek ABA, GAs, IAA ve Z
seviyeleri sirasiyla 6.55, 36.54, 8.26 ve 7.73ug glile
4x3m dikilen agaglarda saptanmirken bunu sirasiyla
5.29, 29.77, 6.92 ve 4.47 pg g! ile 4x1.5 m dikilen
agacglar takip etmistir. En disik seviyeler ise
sirasiyla 4.81, 27.53, 5.563 ve 4.25 ile pg gt ile 5x5 m
dikilen agaclarda olmustur (Sekil 1).

Dikim sikliginin  genglik  déneminden itibaren
meyveye yatigs donemine kadar onemli oldugu ve
bogumlardaki igsel hormon igeriklerinin de bunda
etkili olabilecegi fikrini ortaya cikarmigtir. En iyi
sonuglarin 4x3m dikilen ve goble budanan bitkilerden
alinmas1 ve ABA/GAs dengesinin en yluksek 4x3m
dikilen bitkilerde olmas1 ve Kontrol (5x5m) bitkilerine
gore 4x3m ve 4x1.5m dikim sikliklarindaki bitkilerin
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daha erken meyveye yatmasi, sik dikimlerin
¢igeklenmeyi daha oOne aldigin1 géstermektedir.
Sonuclar1 destekleyecek sekilde Atmaca ve Ulger
(2021) ‘Gemlik’ zeytininin siirgiin ucu érneklerinde en
yiksek ABA/GAs3 oraninin 4x3 m dikilen ve goble
budanan bitkilerde oldugunu ve bu dikim ve budama
sisteminin 1iyi sonuglari verdigini belirtmiglerdir.
Benzer sekilde ¢ok sayida arastirmada sik dikimin
zeytinlerde erken meyveye yatmay: sagladigina dair
sonuclar vardir (Tous ve ark., 2003; Ozbicerler, 2006;
Iannotta ve Perri, 2006; Cunill ve ark., 2006; De la
Rosa ve ark., 2006; 2007; Camposeo ve Godini, 2010).
Zeytin agacinin verimliligi genotip, yaprak besin
durumu ve bitkinin topraktaki besin elementlerinden
faydalanabilmesine baghdir (Jasrotia ve ark., 1999).

Dikim yoni ve siklhigi zeytin Uretimini etkileyen
énemli iki faktoérdir (Leon ve ark., 2007; Pastor ve
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ark., 2007; Trentacoste ve ark., 2015). Geng
zeytinlerde Urline yatma ve dikim siklig1 arasinda
kuvvetli bir pozitif iliski vardir (Tous ve ark., 1999;
Leon ve ark., 2007). Zeytinde verimi erkene almak,
makineli hasat yapabilmek, birim alandan elde edilen
verimi artirmak ve iretim maliyetlerini azaltmak
amaciyla sik dikim ¢aligmalar: yogunluk kazanmigtir.
Sik dikimde kullanilabilecek zeytinlerin; a) esnek
dalli ve erken donemlerde kolay sekil verilebilir
olmasi, b) erken verime yatmasi ve tiiketiciler
tarafindan begenilen diizenli yag vermesi ve c) yavas
vejetatif blylume gosteren ve makineli hasadi
mimkiin kilabilecek bir yapiya sahip olmasi gerekir
(Tous ve ark., 2011; Godini ve ark., 2011). Bu amacla
diinyanin birgok tlilkesinde oldugu gibi Tirkiye'de de
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sik dikime uygun olabilecek gesitlerin seleksiyonu ve
1slah1 tizerinde yogun calismalar yuritulmektedir
(Tous ve ark., 1999; Saracoglu, 2001; Bandino ve ark.,
2002; Tous ve ark., 2003; Cunill ve ark., 2006; De la
Rosa ve ark., 2006; Kaleci ve Yal¢ginkaya, 2006; Leon
ve ark., 2007; Camposeo ve ark., 2008). Sik dikime
uygun budama yoéntemleri de elde edilen verim ve

makineli hasada uygunlugu etkilemektedir.

Farkli budama uygulamalari bogum &rneklerinde
saptanan ABA, GAs, IAA ve Z seviyeleri tizerine etkili
olmamistir (P<0.05). Bogum o6rneklerindeki ABA
seviyeleri 5.53-5.73 ug g1, GA3 seviyeleri 30.42-31.93
ng g1L,IAA seviyeleri 6.69-7.29 ug gl ve Z seviyeleri

4.67-4.97 ug gl arasinda degismistir (Sekil 2).

i} 'II TTT

B5X5m m4X3m m4X15m

Sekil 1. Farklh dikim sikliklarinda bogum 6rneklerinde saptanan ortalama i¢gsel ABA, GAs, IAA ve Z seviyeleri.
Figure 1. Mean levels of endogenous ABA, GAs, IAA, and Z detected in node samples at different planting

densities.
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Sekil 2. Farkli budama uygulamalarinda bogum 6rneklerinde saptanan ortalama igsel ABA, GAs, IAA ve Z

seviyeleri.

Figure 2. Mean levels of endogenous ABA, GAs, IAA, and Z detected in node samples in different pruning

treatments.
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Zeytinde en uygun budama sekli goble (Gucci, 2006)
olmasina ragmen, sik dikim zeytin yetistiriciliginde
agaclar dikey eksenli, merkez liderli ve ¢it seklinde
(Tous ve ark.,2003), sik taclandirma (Godini ve ark.,
2006) ve palmet (Moutier ve ark., 2011) seklinde de
budanabilmektedir. Budamalara kars1 g¢esitlerin
tepkileri farkli olmaktadir (Hmida, 2010; Moutier ve
ark., 2011; Godini ve ark., 2011; Larbi ve ark., 2011;
Rosati ve ark., 2013). Bu calismada da ‘Gemlik’ zeytin
cesidinde en 1yi gelisimin 4x3m dikilen ve goble
seklinde budanan bitkilerden elde edilmesi ve de
dikey  eksenli budamanin istenilen  gsekilde
olusmamas1 (Atmaca ve Ulger, 2017) nedeniyle,
‘Gemlik’ zeytini i¢in goble budamanin uygun olacagi
saptanmigtir. Ancak ‘Gemlik’ zeytininin dallarinin
yumusak olmasi nedeniyle cit seklinde (hedgerow)
yetistiriciligi mumkiin olabilir.

Arastirmada farkli budama sistemlerinde bogum
orneklerinde saptanan i¢gsel hormon seviyeleri 6nemli
degisim goOstermemistir. Ancak Atmaca ve Ulger
(2021), ‘Gemlik’ zeytininde siirgiin ucu 6rneklerinde
ABA, GAs ve TAA degisiminin 6nemli oldugunu ve en
fazla TAA ve GAsin kontrol ve dikey budamada,
ABA’nin ise dikey budamada oldugunu, buna karsin
goble budamada hormon seviyelerinin dusik
oldugunu saptamiglardir. Buradan budamadan dolay1
hormon degisiminin daha ¢ok sturgin uclarinda
oldugunu ve budamanin bogum o6rneklerindeki
hormon seviyelerini ¢ok fazla etkilemeyebilecegini
soyleyebiliriz. Ancak bitkilerin daha gen¢ yasta
olmasi budama sistemlerinin hormon igeriklerine
etkisinin anlagilmasi bakimindan elde edilen sonuglar
yeterli olmayabilir.

Bogumlarda aylara gore saptanan ortalama ABA,
GAs, TAA ve Z seviyeleri 6nemli degisim géstermistir
(P<0.05). En diistik seviyeleri eylil (1.77 pug g1) ve
ekim (1.57 pg g aylarinda olan ortalama ABA
seviyeleri, daha sonra siirekli artarak subat ve mart
aylarinda 11.75 pg g'la en ust seviye cikmistir.
Nisan-mayis-haziran aylarinda seviye ortalama 5.00-
7.00 ng gl arasinda degismis ve 3.45 ug g'lla temmuz
ayinda seviye yeniden dismiustiir. Ortalama ABA
seviyeleri yaz ve sonbahar dénemlerinde daha dusik
iken kis ve ilkbahar doénemlerinde daha ylksek
olmustur.

Ortalama GAs seviyesi biltin aylarda diger
hormonlarin seviyesinden daha fazla saptanmigtir.
Ortalama en dusiik seviyesi 14.35 pg g1 ile ekim
ayinda olan miktar mart ayimna kadar artmig ve 52.88
pg g¥la mart ayinda en yiiksek seviye ulagmistir.
Nisan-temmuz aylar1 arasinda seviye 23.00-28.00 pg
gl arasinda degismig ve agustos ayinda seviye 47.47
ng g'la yiikselmistir (Sekil 3).

Ortalama IAA seviyesi sonbahar déneminde dusiik
iken kis ve ilkbahar basina kadar yukselig
gostermistir. En dugiik seviyeye nisan ayinda olmus
ancak mayis ve haziran aylarinda seviye yeniden
yikselmigtir. Subat, mart, mayis ve haziran
aylarinda 10.00 pg gt ile ortalama en ylksek IAA
seviyeleri saptanirken, ekim ve kasim aylarinda 2.50
ng g'lile en diisiik seviyeler saptanmistir (Sekil 3).
Mart ayinda ortalama en yliksek Z seviyesi 9.01 ug g’
lolarak bulunmusgtur. Nisan-temmuz arasinda seviye
¢ok degisim géstermemis ve seviyeler 4.00-5.00 ug g
larasinda degismistir. Agustos ayinda 7.41 pg g
lseviyesine c¢ikan seviye, bu aydan itibaren stirekli
diigserek kasim ayinda 2.34 pg g'lile en distik seviyeye
inmigtir (Sekil 3).
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Sekil 3. Aylara gore bogum orneklerinde saptanan ortalama i¢sel ABA, GAs, IAA ve Z seviyeleri.
Figure 3. Mean endogenous ABA, GAs, IAA, and Z levels detected in the node samples by month.
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Bogumlarda yillara gére saptanan ABA, GAs, IAA ve
7 seviyeleri 6nemli degisim gostermis (P<0.05) ve
ikinci yilda saptanan seviyeler ilk yila gére daha
yiksek olmugtur. Ilk yilda saptanan ABA (3.25 ug g
1), GA3(20.88 pg g, IAA (4.11 pg g?) ve Z (3.59 pg g»
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seviyeleri ikinci yilda sirasiyla 8.00, 39.92, 9.62 ve
6.05 pug gla yikselmistir. Ilk yila gore en fazla
yikselme %2.46 ile ABA’da olurken bunu sirasiyla
%2.34 ile TAA ve %1.91 ile GAs takip etmistir. En
diisiik yiikselme ise %1.68 ile Z’de olmustur (Sekil 4).
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Sekil 4. Yillara goére bogum 6rneklerinde saptanan ortalama i¢gsel ABA, GAs, TAA ve Z seviyeleri.
Figure 4. Mean endogenous ABA, GAs, IAA and Z levels detected in the node samples by years.

Bitkilerin dikimden meyve vermeye kadar gegen
stirede olusan igsel degisimler bitki fizyolojistlerinin
uzerinde c¢alistigr konularin basinda gelmektedir.
Calismalar bitkilerdeki ¢iceklenmenin kompleks bir
gelisimin sonucu oldugunu ve bu olusumda c¢ok
sayidaki i¢sel faktorler ve digsal etkilerin rol aldigini
ortaya koymuslardir. Son yillarda modern molekiiler
tekniklerin kullanilmasiyla, bitkilerdeki
ciceklenmenin mekanizmas1 hakkinda daha ¢ok
verimli bilgiler elde edilmis ve sonuglara olan given
artmistir. Cigceklenmeyi etkileyen genlerin fotoperyot
ve  hormonlarca  etkilenebilecegi  saptanmigtir
(Hackett, 1985). Genclik déneminden meyve verime
geciste belli bir bitki buyuklugi, govde capi, strgun
boyu ve bogum arasi1 mesafenin olusumuna ihtiyag
vardir (Hackett, 1985; Poething, 1990). Bu dénemde
icsel hormon degisimlerinin de etkisi biyiktir ve
ABA, GAs ve benzeri hormonal denge zeytinde cicek
tomurcugu uyarnminda ve ¢icek  tomurcugu
geligiminde 6nemlidir (Ulger ve ark., 2000; Baktir ve
ark., 2004). Arastirmada ciceklenmenin daha az
oldugu ilk yilda saptanan ABA/GAs; dengesinin (0.16)
ikinci yila gore (0.20) daha diisiik olmas1 ayrica ikinci
yilda siirgiin uzunlugunun azalmasi1 (Atmaca ve
Ulger, 2017), genclikten olgunluga geciste ABA gibi
biylimeyl yavaglatici hormonlarin etkili oldugunu
gostermektedir. Benzer gekilde ABA gibi engelleyici
hormonlarin bitkide artisinin ¢igek tomurcugu
olusumuna olumlu etki yaptigina dair sonuglar vardir
(Chen, 1991; Ulger, 1997; Ulger ve ark., 1999; Ulger
ve ark., 2000; Baktir ve ark., 2004; Cetinkaya, 2004;
Abu-Zahra ve Al-Dmoor, 2013). Ayrica, ABA/GAs;
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oraninin ¢icek tomurcugu olusumunda ayarlayici
etkiye sahip oldugu vurgulanmistir (Badr ve ark.,
1970; Ulger ve ark., 1999; Ulger ve ark., 2000).

Zeytinde yapilan ¢ok sayida c¢alisma cicek tomurcugu
olusum baglangicinin yazin ve de 6zellikle endokarpin
sertlestigi dénemde oldugunu gostermistir (Stutte ve
Martin, 1986; Tombesi ve Cartechini, 1986; Navarro
ve ark., 1990; Fernandez Escobar ve ark., 1992). Daha
sonralar1, Lavee (1996) ilki yaz ve ikincisi kis olmak
uzere c¢icek tomurcugu olusumunun iki safhada
meydana geldigini belirtmistir. Cicek tomurcugu
gelisiminin tamamlanmasinin yaz (cogunlukla icsel
yonetilen) ve kisin (6zellikle soguklama ihtiyacinin
karsilanmas1) olusan kosullara bagh oldugunu ilave
etmistir. Andreini ve ark. (2008) yok yilinda Z bir
sonraki yilin ¢icek uyariminin baglangici olan zeytin
¢ekirdeginin  endokarpinin  sertlestigi dénemde
cogaldigimi ve bu doénemde kuvvetli bir RNA
birikiminin de olustugunu saptamiglardir. Z ve RNA
birikimi tomurcuklarin vejetatif safhadan generatif
safhaya gectigi dénemle uyum  gostermistir.
Aragtirmada ‘Gemlik’ gesidinin meyvelerinde yapilan
kontrollerde endokarpin haziran ay1 sonlarina dogru
sertlestigi belirlenmigtir. Bu dénemde ABA ve TAA
seviyeleri daha yuksek iken GAs seviyesi dusuktiir.
Agaglarin tam verime yatmamasi nedeniyle elde
edilen hormon seviyelerine gére yorum yapmak hatal
olabilir. Ancak bircok arastirmaci meyveli yi1lda ¢icek
tomurcugu ayrim zamanlarinda GAs miktarinin
yiksek oranda olmasinin ertesi yil ¢igek tomurcugu
olusumunu engelledigini (Badr ve ark., 1970; Navarro
ve ark., 1990; Fernandez Escobar ve ark., 1992;
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Baydar ve Ulger, 1998; Tu, 2000; Palese ve Croker,
2002; Cetinkaya, 2004; Hegele ve ark., 2006;
Bangerth, 2006; Okay ve ark., 2011) belirtmislerdir.

SONUG ve ONERILER

‘Gemlik’ zeytin ¢esidinde en iyi gelisim 4x3m dikilen
ve goble seklinde budanan bitkilerden elde edilmis ve
de dikey eksenli budama istenilen gekilde
olusmamigtir. ‘Gemlik’ zeytini i¢in en uygun
budamanin goble oldugu ortaya c¢ikmigtir. Genglik
doneminden olgunluga geciste dikim sikliginin farkl
budama sistemlerine goére daha etkili oldugu
saptanmigtir. Cigceklenmenin az oldugu ilk yilda
saptanan ABA/GAs dengesinin daha ¢ok oldugu ikinci
yila gore daha diisik olmasi, genglikten olgunluga
geciste ABA gibi bliyimeyi yavaslatici hormonlarin
artiginin etkili oldugunu géstermektedir.
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OZET
Agac sarikurdu, Zeuzera pyrina L. 1761 (Lepidoptera: Cossidae)

Bitki Koruma

larvalary, ana govdede, kalin ve ince dallarda galeriler acarak Aragtirma Makalesi
konuk¢u bitkinin ¢limiine neden olabilmektedir. Ciftlesmeyi

engelleme yontemi, kimyasal micadeleye alternatif bir miicadele Makale Tarihgesi
yontemidir ve zararli turin eseysel feromonunun bahgeye Gelig Tarithi  :16.02.2021
yerlestirilmesiyle uygulanir. Bu c¢alisma, zeytin bahcgelerinde Z. Kabul Tarihi :26.08.2021
pyrina micadelesinde ‘Ciftlesmeyi Engelleme (CE) tekniginin

etkinligini belirlemeyi amacglamistir. Bu amagla 2015 ve 2016 Anahtar Kelimeler
yillarinda Hatay ili Hassa ilgesinde bir zeytin bahgesinde Z. Agac sarikurdu
pyrinanin Isonet-Z feromon yayicilari hektara 360 adet olarak Zeuzera pyrina
uygulanmistir. Ilagsiz bir bahge kontrol olarak se¢ilmistir. Feromon Zeytin

yayicilari, her iki yilda da mayis ay ilk yarisinda agaglara asilmigtir.
Ciftlesmeyi engelleme tekniginin etkinligini degerlendirmek igin;
uygulamali ve uygulamasiz parsellerde gévde ve dallarda larva
zararindan kaynakli 6zsuyu akintis1 ile larva beslenme pisligi
gorillen veya canli larva bulunan agag¢ sayisi belirlenmigtir. Agac
sayis1 uzerinden hesaplanan bulagiklik oranlarinin 2015 ve 2016
yillarinda sirasiyla CE parselinde %6 ve %10; kontrol parselinde
%27 ve %22 oldugu ortaya konmustur. On sayim ile kiyaslandiginda,
bulagiklik oranlarinda ilk yil %90, ikinci yil %84,37 lik bir azalma
tespit edilmigtir. Buna gére CE metodunun ytizde etkisi yillara gore
sirasiyla %77,0 ve %54,6 olarak hesaplanmigtir.

Ciftlesmeyi engelleme

Efficacy of Mating Disruption Technique for Zeuzera pyrina L. (Lepidoptera: Cossidae) Control in

Olive Orchard in Hatay

ABSTRACT
The larvae of Leopard moth, Zeuzera pyrina L. (Lepidoptera:

Plant Protection

Cossidae) may cause death of the host tree by boring galleries into Research Article
the main stem, thick and thin branches. Mating disruption method is . .
an alternative to chemical control and it is implemented by applying Artch < H1story'
sex pheromones of the pest in the orchard. This study aimed to Received i 16.02.2021
determine the efficacy of mating distruption (MD) technique for Z. Accepted 26082207
pyrina management in olive orchards. Isonet-Z pheromone Keywords
dispensers were deployed in an olive orchard at the Hassa district of Leopard moth
Hatay province with 360 dispensers per ha dosage in 2015 and 2016. Zeuzera pyri
: yrina
An untreated orchard was selected as a control orchard. Dispensers Olive

were hung in the first half of May in both years. To assess the
efficacy of MD method, number of trees with sap flowing or having
live larvae on stem and branches were determined in both
experimental and control orchards. The infestation rates calculated
over the infested tree numbers were 6% and 10% in the MD orchard
in 2015 and 2016, respectively; while it was 27% and 22% in the
control orchard. Compared to the pre-count, a 90% reduction in
contamination rates in the first year and an 84.37% decrease in the
second year was detected. Accordingly, the percentage effect of the
MD method was calculated as 77% and 54.6%, respectively, by years.

Mating distruption
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GIRIS belirlenmistir (Kanat ve Siityemez, 2002; Anonim,

Dogu Akdeniz Boélgesi’nde son on bes yilda kamu ve
0zel sektor tarafindan ureticilere Ttcretsiz fidan
temininin etkisiyle zeytin (Olea europaea L.) agac
sayis1 ginden giline artmistir. Buna bagli olarak,
Tirkiye'nin 2020 yilinda 1.316.626 ton toplam zeytin
iretiminin %21.6" s1 (297.773 ton) Dogu Akdeniz
Bolgesi tarafindan karsilanmistir (TUIK, 2020).
Hatay ili, 13.684 ton sofralik ve 53.528 ton yaghk
zeytin Uretimiyle, bolge illeri arasinda énemli bir yere
sahiptir (TUIK, 2020).

Zeytin agaci, maksimum 40, minimum -7 °C
arasindaki sicakliklarda yetigebilmekte olup optimum
sicaklik istegi 15-20°C’dir. Agag¢ 6mri 1000 yila kadar
uzayabilmektedir. Sofralik ve yaghk olarak
tiuketilebilen zeytin, sanayi ve ihra¢ maddesi olarak
tarimsal Urinler i¢inde 6nemli bir yere sahiptir.
(Given ve Cetiner, 1998; Okstiz, 1998, Ulas 2001).
Ekonomiye c¢ok yonlii fayda saglayan zeytin agaci
uzun yillar yagsamasina ragmen, dal ve gévdelerinde

beslenen bazi1 boécekler tarafindan olusturulan
zararlanmalar nedeniyle kisa slrede kuruyarak
6lebilmektedir. Bu zararlhlar arasinda ekonomik

olarak 6nemli bir tir olan Agac¢ sarikurdu, Zeuzera
pyrina L. (Lepidoptera: Cossidae) agaclarin odun
dokusu igerisinde galeriler acarak beslenmektedir. Z.
pyrinann larvalar ilk olarak ince, daha sonra kalin
dallarda ve govdede actig1 galeriler nedeniyle iletim
demetlerine zarar vererek agaclarin 6limiine neden
olmaktadirlar (Demirsoy, 1992; Hashem ve ark.,
1993; Kutinkova ve ark., 2006; Anonim 2008, Hegazi
ve ark., 2010; Kacar ve Ulusoy, 2010). Polifag bir
zararli olan Z pyrina, 20 familyaya bagli 150’den
fazla bitki tirtiinde zarar yapmakta olup, en 6nemli
konukcular1 meyve agaclari, bag ve zeytindir (Toros,
1988; Gatwick, 1992; Tzanakakis, 2003; Kutinkova ve
ark., 2006, Oztop ve ark., 2016). Z pyrinanmn Misr,
Suriye, Ispanya, Israil ve Italya zeytinlikleri icin
onemli bir zararh tiir oldugu kaydedilmistir (Avidov
ve Harpaz, 1969; Ismail ve ark., 1992; Katlabi, 1992;
Mondera ve Priore, 1994; Guario ve ark., 2002; Duran
ve ark., 2004; Hegazi ve Khafagi, 2005). Z pyrinanin
1000e yakin yumurta biraktign ve dél sayisinin
ulkelere gore degistigi; serin iklimlerde gelisimi uzun
siiren Z pyrinamn, ¢ yilda 1 dél verirken, Israil gibi
1liman iklimlerde yilda 1 dél verdigi bildirilmistir
(Moore ve Navon, 1966; Ozbek ve ark., 1995). Fransa,
Israil ve Misir'da yilda 1 dél (Avidov ve Harpaz, 1969;
Khattab ve ark., 1978, Garcia ve Haro, 1986),
Bulgaristan’da iki yilda 1 dél (Kutinkova ve ark.,
2006) ve Tirkiyede 2 yilda 1 dél verdigi
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2008). Z. pyrinanin ilkemizin hemen her yerinde
bulundugu, meyve, bag ve orman agaclarinda zarara
neden oldugu, Marmara ve Akdeniz kiyilarindaki
zeytinliklerin  hemen  hepsinde =zarar yaptig1
bildirilmistir (Nizamloglu ve Gékmen, 1964; Iyriboz,
1968; Yayla ve ark., 1995). Dogu Akdeniz Bélgesi
illerinden Hatay, Gaziantep ve Kilis ili zeytin
bahgelerinde Z. pyrina zararinin gorildigi ve bolgeye
giren yeni c¢esitlerde zararin 6nemli oldugu
kaydedilmistir (Kacar ve Ulusoy, 2010). Ulash ve
Cengiz (2016), Hatay'da =zeytin bahcelerinde
yurittikleri bir calismada, tiim ilgelerin zararliyla
bulagik oldugunu, en yogun bulagsikligin %58 ile
Dortyol ve Samandag’da gorildigiuni bildirmiglerdir.

Dinya’da Z pyrina ile micadelede kimyasal
micadelenin yanm sira, ticari Bacillus thuringiensis
preparatlar1  ve entomopatojen  nematodlarin

kullanim1 gibi bir¢ok calisma yapilmasina karsin
(Desea ve Docci, 1985; Abdel-Kawy ve ark., 1992;
Nashnosh ve ark., 1993; Sewify ve Saharaf, 1993;
Darwish ve ark., 1998; Guario ve ark., 2002) yeterince
basarili  sonucglara  ulasilamamagtir.  Alternatif
micadele i¢inde yer alan biyoteknik yontemlerden
ciftlesmeyi engelleme teknigi (CE), Z pyrina ile
miicadelede 6nemli bir yere sahiptir. Audemard ve
ark. (1997), Fransa’da armut bahcesinde Z. pyrinaya
karst Rak-8 isimli feromon yayicilari kullanarak
giftlesmeyi engelleme yontemini denemigler,
yayicilar1 mayis ay1 sonunda bahgelere yerlestirmigler
ve miucadelede bagarili sonuglar almiglardir. Patanita
(2006), ciftlesmeyi engelleme tekniginin Portekiz’de
ceviz bahgelerinde Z. pyrina micadelesinde basar ile
kullanildigini bildirmistir. Sarto i Monteys (2001),
Ispanya’da elma bahcelerinde Z  pyrinamn
kontroliinde 500 adet ha?l c¢iftlesmeyl engelleme
yayicist kullanmiglar ve yontemin etkili bir koruma
sagladigim1 bildirmislerdir. Hegazi ve ark. (2010),
Misir'da zeytin bahgelerinde Z. pyrina ile miicadelede
CE yonteminin kullamilmasinin uygun oldugunu
bildirmiglerdir.

Bu c¢alisma; Z pyrinanin kontroliinde kimyasal
miicadeleye alternatif cevre dostu bir yontem olan
¢iftlesmeyi engelleme tekniginin kullanim olanaginin
belirlenmesi amaciyla Hatay ili Hassa ilgesinde
yiuritilmistir. Bu miicadele yonteminin hedef alinan
alanda st Uste uygulanmasiyla, zararh
popilasyonun giderek azaltilmasi, bu yolla zararlinin
miicadelesinin yonetimi hedeflenmistir.


http://www.cabdirect.org/search.html?q=au%3A%22Mondera%2C+A.%22
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MATERYAL ve METOD

Calisma Alam

Calisma, Hatay ili Hassa ilcesi Aktepe koylinde bir
zeytin bahcesinde 2015 ve 2016 yillar1 arasinda
yuritulmustir. Calismanin  yuratildaga  bahge
Gemlik cesidinden olugsmakta ve 50 dekarhik alanda
2.700 adet aga¢ bulunmaktadir. Yine ayni koéyde
kontrol bahcesi (KB) olarak, 5 dekarlik 300 agactan
olusan bir bahge belirlenmigtir. Her iki bahgenin dort

tarafinda da zeytin Dbahgeleri bulunmaktadir.
Bahgelerin budama, gilibreleme ve yabanci ot
miucadelesi duzenli olarak yapilmakla birlikte,

deneme siiresince herhangi bir pestisit uygulamasi
yapilmamigtir.

Zeuzera pyringdnin  Miicadelesinde Ciftlesmeyi
Engelleme Tekniginin Uygulanmasi

Deneme, her iki yilda da mayis ayimin ilk yarisinda
07 Mayis 2015 ve 11 Mayis 2016 tarihlerinde genis

parsellerin  karsilagtirilmasi deneme deseninde
kurulmustur. Denemede  kullanilan  yayicilar
Sumitomo firmasindan temin edilmistir. CE

tekniginde kullanmlan feromon yayicilar [(E,Z)-2,13-
Octadecadienyl acetate ve (E,Z)-3,13-Octadecadienyl
acetate] hektara 360 adet (firma tavsiyesi 300 adet
hal) kullamlmistir (Sekil 1). Béylece deneme
bahgesinde her ti¢ agactan ikisine olmak tizere toplam
1.800 adet feromon yayici, agaclarin glney-
giineydogu yoniine yerden 1.5-2.0 m yukseklikteki
uygun bir dalina baglanarak deneme kurulmustur.
Yayicilar 5 ay etkili olup yil iginde tek uygulama
yapilmistir. Ayrica, deneme alanina olabilecek dig
bulagmalar1 engellemek i¢in de deneme bahgesinin
(CEB) cevresinde bulunan komsu bahcelere yaklasik
30 m’lik tampon bdlge olusacak sekilde yayicilar
baglanmistir (Oztirk ve ark., 2010; Anonim, 2012a).
Calismada iklim verileri en yakin meteorolojik
istasyondan alinarak degerlendirilmistir.

Sayim ve Degerlendirme

Deneme kurulmadan once Ciftlesmeyi Engelleme
(CE) uygulanacak bahce (CEB) ile kontrol olarak
secilen bahcede (KB) bulasiklik oranlarimi belirlemek
amaciyla 06 Mayis 2015 tarihinde 6n sayim
yapilmistir. Bu amacla, bahcelerin kenarindan iki
sira atlanip zikzak seklinde yiiriiyerek bahgeyi temsil
edecek sekilde tesadifen belirlenen 100 agacta
gozlem ve kontrol yapilmigtir. Gézlemlerde agaglarin
4 farkli yon ve merkezde birer dali ile aga¢ govdesi
kontrol edilmis (Patanita ve Vargas-Osuna, 2009),
gévde ve dallarda larva zararindan kaynaklh 6zsuyu
akintis1 ile larva beslenme pisligi gorilen veya canlh
larva bulunan agaclar (Sekil 2) bulasik olarak
kaydedilmigtir. Yapilan bu 6n sayim ile hem CEB,
hem de KB'nde, bulagsik agac¢ sayis1 kullanilarak
Z.pyrina ile Dbulagikhik oranlari  belirlenmigtir.
(Patanita ve Vargas-Osuna, 2009). Degerlendirme

670

sayimlar: ise CEB ve KB’de ergin cikiglarinin sona
erdigi, zeytin agaclarimin dallarina yeni larva
giriglerinin oldugu dénemde yapilmistir (Haniotakis
ve ark., 1999, Anonim, 2012b). Buna gére
degerlendirme sayimlari, CEB ve KB'de 6n sayimda
izlenen yontemle, 01 Aralik 2015 ve 04 Kasim 2016
tarihlerinde yapilmistir. Sayim sirasinda, belirlenen
sayim agaclar1 dikkatlice kontrol edilmig, gévde ve
dallar lzerinde aynmi yil igerisinde olusmus galeri
agizlarinda bitki o6zsuyu akintis1 ve larvalarin
meydana getirdigi delikler belirlenmis ve bu delikler
isaretlenip tek tek sayilarak kaydedilmistir. Ayrica,
yeni yumurta birakilmis dallar tespit edilmis ve
kaydedilmigtir. Bu sekilde, CEB ve KB bahgelerinde
zarar gormis agaclar sayilmis ve sonucglar Abbott
formiiluyle analiz edilerek yontemin yiizde etkisi
ortaya konulmustur (Anonim, 2012b). Hesaplama
agagidaki formiile gére yapilmigtir.
Calismada Khi-kare istatistik analiz
kullanilarak sonuclar degerlendirilmigtir.

yontemi

Kontrolde bulagklik orant — Deneme alamnda bulagiklik oram 100
X

Yiizde Etki (%) =

Kontrolde bulagiklik orani
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Sekil 1. Zeuzera pyrina micadelesinde
feromon yayicilari

Figure 1. Pheromone dispensers used for the control
of Zeuzera pyrina

: kullanilan

Feromon Salim Miktarinin Belirlenmesi

Ciftlesmeyi  engelleme tekniginin  yuratilduaga
bahcedeki (CEB) uygun bir agaca, denemenin ilk
yilinda, 10 adet feromon yayicinin baglandigi 1 m
uzunlugundaki ip, hakim rizgar yoéninde 1.5-2 m
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yiksekligindeki bir dala asilmigtir. Bu yayicilar yani feromon salinim miktarlar1 belirlenmigtir.
denemenin kurulmasi sirasinda hassas bir terazide Boylece, Z. pyrina’ya karsi CE tekniginde kullanilan
tartilarak ilk agirhbklar1  alinmistir (Sekil 3). yayicilarin  haftallk ne kadar salimm yaptigi
Yayiwcilarin agirliklarni  denemenin basglangicindan (feromon/hafta/mg) ve yil icerindeki salimim siiresi
sonuna kadar haftalik olarak hassas terazi ile belirlenerek grafikler ¢izilmistir.

tartilarak belirlenen ilk agirliga gore agirlik azalmasi

Sekil 2. Govdede Zeuzera pyrina larva faaliyeti nedeniyle olusan 6zsu akintisi1 ve gévde igindeki larva
Figure 2. The larva in stem and sap flowing due to larval feeding in stem and branches

aga¢ dal ve govdelerinde pupa gomleklerinin
goriillmesi, ergin ¢ikiglarinin belirlenmesinde diger bir
kriter olarak degerlendirilmistir (Sekil 5).

'R

Sekil 3. Denemede kullanilan feromon yayicilarin
hassas terazide tartimi

Figure 3. Weighing of the pheromone dispensers used
in the trial by using presicion balance

BULGULAR ve TARTISMA

Zararl kig1 larva doneminde, agaclarin dal ve gévdesi
i¢ginde gecirir ve larvalar ilkbaharda ortalama hava
sicakligi 10°C oldugunda yeniden aktif hale gecip
beslenmeye baslarlar (Ovsyannikova and Grichanov,

2020). Denemenin ilk yilinda en yakin meteoroloji Sekil 4. Zeuzera pyrina sifon dal kafeslerde ergin
istasyonundan alinan iklim verilerine gére subat ay1 ¢ikisinin gozlenmesi

sonundan itibaren, ikinci yil ise 13 Subat tarihinden Figure 4. The fabric branch cages for monitoring
itibaren deneme alaninda ortalama hava sicakliklar Zeuzera pyrina adult emergence

10 °C tuizerine gikmig ve larva faaliyeti baglamigtir.

Larva faaliyetinin bagladig1, agag¢ goévde ve kalin Zeuzera pyrinanin  Miicadelesinde  Ciftlesmeyi
dallarinda 6zsu akintis1 ile talas ve beslenme Engelleme Tekniginin Uygulanmasi

pislikleri birikintilerinin tespitiyle belirlenmigtir. Deneme bahcesi (CEB) ile kontrol bahcesinde (KB) 06
Agag govde ve dallarinda 6zsu akintisi ile beslenme Mayis 2015 tarihinde 6n sayim yapilmistir. On
pislikleri goérilen dallara baglanan sifon dal sayimlarda ¢iftlesmeyi engelleme yontemi uygulanan

kafeslerde (Sekil 4) ergin cikiglarimi goézlemek bahcede (CEB) Z. pyrina bulasiklik oran1 %64, kontrol
amaciyla periyodik olmayan takip yapilmistir. Ayrica, bahcesinde ise %60 olarak belirlenmistir (Sekil 6).

671



KSU Tarim ve Doga Derg 25 (4): 668-676, 2022 Aragtirma Makalesi
KSU J. Agric Nat 25 (4): 668-676, 2022 Research Article

Sekil 5. Zeuzera pyrinanin ¢ikis delikleri ve pupa kabugu, agag altinda larva beslenme atiklari
Figure 5. The emergence hole of Zeuzera pyrina and pupae cover left on the stem, waste product of larval feding
on the ground
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Sekil 6. Hatay ili Hassa ilgesinde 2015-2016 yillarinda Ciftlesmeyi Engelleme yontemi uygulanan bahge ile
kontrol bahcesindeki Zeuzera pyrina bulasiklik oranlari (%)
Figure 6. The damage rate (%) of Zeuzera pyrina in mating disruption orchard and control orchard in Hassa
district of Hatay in 2015-2016

Denemenin ilk yilinda deneme bahcesinde 01 Aralik engelleme yénteminin etkinligi %54.6 olarak tespit
2015’de degerlendirme sayimi yapilmig, bulagiklik edilmistir (Cizelge 1).
orani %6 olarak belirlenmigtir. Kontrol bahgesinde ise Calismanin her iki yili birlikte degerlendirildiginde,

%27 bulagiklik oldugu belirlenmistir (Sekil 6). CEB’de CEB bahgesindeki bulagiklik oranlarinin 6n sayimda
bulagiklik orani kontrole goére 4.5 kat daha az belirlenen %64’den, ilk yil %6’ya diismesi (Sekil 6),

bulunmustur. Buna gore denemenin ilk yilinda metodun ikinci yil tekrar uygulanmasi sonucu ikinci
uygulamanin etkinligi %77.7 olarak bulunmustur yil %10 olarak tespit edilmesi deneme bahgesinde iki
(Cizelge 1). yil st uste uygulanan bu miicadele metodunun etkili
Denemenin ikinci yilinda, deneme ve kontrol oldugu sonucunu ortaya koymaktadar.

bahgelerinde 04 Kasim 2016 tarihinde degerlendirme Calismadan elde edilen verilere Khi-kare istatististik
sayimi1 yapilmigtir. Ciftlesmeyi engelleme teknigi analizi yapilmig, uygulama bahgesindeki bulagiklik
uygulanan bahgedeki Z. pyrina bulagiklik oranmi %10 orani, kontrol bahgesindeki bulagiklik oranindan, her
iken kontrol bahgesinde bu oran %22 olarak iki yilda da anlamh duzeyde farklhi bulunmustur
belirlenmistir (Sekil 6). CE yontemi uygulanan (Cizelge 1). Bu istatistik analiz, uygulanan metodun

bahgedeki bulagiklik orani kontrole goére 2.2 kat etkili oldugunu teyit etmistir.
diisik bulunmustur. Buna goére; 2016 yilinda, Hatay
ili zeytin bahgesinde Z pyrinaya karsi ciftlesmeyi
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Cizelge 1. Z pyrina mucadelesinde ¢iftlesmeyi engelleme uygulamasinin ytizde etki degeri

Table 1. Treatment effectiveness percent of mating disruption method used for Z.pyrina control

TARIH On sayim Uygulamanin
CE Kontrol Yiizde Etki Degeri
06.05.2015 64 60 --
Degerlendirme sayimi
01.12.2015 6 27 77.7
04.11.2016 10 22 54.6

*Khi-kare istatististik analizine gére, uygulama ile kontrol arasindaki fark énemli bulunmustur [2015 yili: (y 2 (2)=13.364;

p=0,000) 2016 yili: (3 2 (2)=4.500; p=0.034)] (p<0.05)].

Feromon Salinim Miktarinin Belirlenmesi

Denemede kullanilan yayicilarin feromon salim
diizeylerini tespit etmek, dolayisiyla yontemin ¢alisip
calismadigimi belirlemek amaciyla 10 adet yayicinin
haftalik tartimlar1 hassas terazi kullanilarak (Sekil
3) yapilmis, sonuclara ait veriler Sekil 7de
gosterilmigtir. Her biri 70 mg feromon igeren
yayicilarin 10 adedi toplam 700 mg = 0.7 gr feromon
icermektedir. Ik asim tarihinde 11.5 gr olarak
Olcilen 10 adet yayicinin agirligindan feromonun
agirligr cikarildiginda geriye 10.8 gr kalmaktadir ki
bu agirlik feromon yayici tellerin darasidir. Son
agirlik 6lgimii olan 05 Kasim tarihinde 10 adet yayici

10.1 gr olarak olgiilmistiir. Yani teller tizerine
emdirilmis olan toplam feromonun tamamini salim
yoluyla kaybetmigstir. Diger bir deyisle, yayicilarin
agirligl, 6lgimu alinan yaklasik 7 ayin ilk 3 ayinda
daha hizli olmak tzere, dizenli bir sekilde azalmig ve
feromon igeren yayicilar icerdigi tim feromonu
diizenli bir sekilde yaymistir (Sekil 8). Calismanin
ikinci yilinda da 6l¢gimler tekrarlanmig, ilk o6lgiim
tarihi olan 11.05.2016 tarihinde 11.6 g olan 10 yayici,
son Ol¢im olan 20.10.2016 tarihinde yayicilarin
agirligi 10.9 g olarak belirlenmis olup yayicilarin
icerdigi feromonun tamamini saldig: tespit edilmistir.

6.06.2016
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Sekil 7. Yayicilarin icerdigi feromonun 2015 ve 2016 yillarinda salinim oranlari ve sureleri
Figure 7. Emission rates and periods of the pheromone dispensers in 2015 and 2016

Deneme bahgesinde yapilan 6én sayimda Z pyrina
bulagiklik  orami %64  bulunurken, yoéntemin
uygulanmas1 sonrasinda ilk yil (2015  yil)
degerlendirme sayimlarinda %6, ikinci y1l %10 olarak
belirlenmigtir. Miicadele yonteminin uygulandigi ilk
yil  bulagikhik oraninda %90k bir azalma
gerceklesmigtir. On sayimlardaki bulasikhk oran:
kiyaslandiginda, ikinci yil %84.371ik bir azalma
oldugu gorulmistir. Benzer sekilde Audemard ve
ark. (1997), Fransa’da armut bahcesinde Z pyrina¥ya
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kargsit uyguladiklar ciftlesmeyi engellemede ilk yilin
sonunda iki bahgede bulunan agaclardaki zararin

sirasiyla, %100den %17.8 ve %28den %6.7e
diistiigiinii, Patanita ve Vargas-Osuna (2009),
Portekiz’de  ceviz  bahgesinde Z = pyrinamn

micadelesinde CE uygulanan alandaki zarar gormis
agac yiizdesinin %97 oraninda (%3.53'den %0.09'a
azaldig1) azaldigimi tespit etmiglerdir. Pasqualini and
Natale (1999), Italya’da elma bahgelerinde CE
uygulanan alandaki agaglarin dallarindaki zarar
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oraninin baglangig seviyesi ve kontrolle
karsilagtirildiginda yildan yila azaldigini
bildirmislerdir. Nitekim, Ispanya, Italya ve Misir'da
yapilan benzer c¢alismalarda art arda birkag yil
uygulanan CE metodunun, zararli ile mucadelede
kimyasal miicadeleye alternatif bir yontem olarak
basar1 saglandigi bildirilmistir (Sarto i Monteys,
2001; Duran ve ark. 2004; Patanita ve Vargas, 2009).
Bu calismada Hatay/Hassa’da yiuritiulen ¢alismadan
elde edilen bulgularla yukarida verilen
calismalardaki sonuglar benzerlik gostermektedir.

Calismanin ilk yili sonunda CE tekniginin Z pyrina
miicadelesindeki etkinligi kontrole gére %77.7, ikinci
yil %54.6 olarak bulunmustur. Her ne kadar ikinci yil
daha disiik bir etkinlik ortaya g¢ikmis olsa da; 6n
sayimlarla karsilastirildiginda %90’lik ve ikinci yilda
da %84.37lik azalma olmustur. Zararli tirlerin
popllasyonlarinin dinamik bir yapiya sahip olmasi
nedeniyle, yildan yila veriler de degisiklik
gosterebilmektedir. Nitekim Sarto i Monteys (2001),
Ispanya’da Z pyrinanin micadelesinde CE teknigi
uyguladigi elma bahcelerinde ust tiste 3-4 yil yapilan
sayimlar sonucunda larva yogunlugunun %89-97
oraninda azaldigini, ancak larva yogunlugunun
kontrol parselinde yi1ldan yila diizensizlik gésterdigini
ya arttigim ya da azaldigim kaydetmislerdir. On
sayima kiyasla kontrolde gériillen %551ik (6n sayim
%60; degerlendirme sayimi %27) azalma zararh
popllasyonunda genel bir azalmay:1 isaret etmekte
olup, zararlimin iki yilda bir d6l vermesi ile ilintili
olabilir. Ulkemizde zararhmin genellikle yilda 1,
bazen, iki yilda 1 dél verdigi bildirilmistir (Anonim,
2008). Ayrica, Kanat ve Siityemez (2002),
Kahramanmarag’'ta ceviz alanlarinda yurtttikleri bir
calismada zararlhnin i1ki yilda 1 doél verdigini
kaydetmistir. Bulgaristan’da iki yilda 1 dol
(Kutinkova ve ark., 2006), Ispanya’da popiilasyonun
bir kisminin yilda 1 d6l, bir kisminin iki yildal dol
verdigi (Duran ve ark., 2004), serin iklimlerde {ic
yilda 1 dél verebildigi bildirilmistir (Moore ve Navon,
1966). CE bahcesinde gériilen %901ik (6n sayim %64;
degerlendirme sayimi %6) azalma ise, bu genel
azalmayla birlikte, c¢iftlesmeyi engelleme yonteminin
bagsarisindan kaynaklandigim1 goéstermektedir. Bu
nedenle, c¢alismada elde edilen sonuglarda yillar
arasinda meydana gelen farkin zararlinin dél sayisi
ile ilgili olabilecegi sonucuna varilmigtir.

Agag sankurdu, Zeuzera pyrina, zeytin agaglarinda
ekonomik zarara yol acan onemli tiirlerden biridir.
Bu calisma ile zararlinin miicadelesinde, mevcut
uygulamalara alternatif olabilecek, etkili ve cevre
dostu bir miicadele yontemi olan Ciftlesmeyi
Engelleme yontemi ilk kez denenmis ve etkinligi
belirlenmigtir. Z. pyrinahin miicadelesinde alternatif
bir miicadele yontemi olan CE teknigi cevre dostu
olmasi ve uzun siireli bir etkiye sahip olmasi
nedeniyle 6nemli bir miicadele yontemidir. Ancak bu
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yontemin uygulanmasinda 6zellikle birgok tureticinin
bir araya gelerek genis alanlarda ve uzun yillar Ust
uste olacak sekilde yapilmasina dikkat edilmelidir.
Ayrica uygulama oOncesinde zararlinin baslangig
popilasyonundan kaynaklanan zarar1 oOnlemek
amaciyla populasyonun uygun metotlarla
distrilmesine dikkat edilmelidir.
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Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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ABSTRACT

This study was carried out in order to determine the insect pest
species found at the orchards of Adiyaman and Siirt provinces. The
studies were carried out in the Sirvan district of Siirt and
Adiyaman’s the Central, Kahta and Samsat districts, where
pomegranate production is intensively carried out through the years
of 2017 and 2018. Samplings was carried out at the pomegranate
orchards at least two weeks interval between April and October.
Visual control, knock and insect rearing methods were used to obtain
the insect species. According to the results from the study; a total of
42 insect species were obtained from the orders of Orthoptera (1),
Thysanoptera (9), Hemiptera (18), Coleoptera (8) Lepidoptera (4) and
Diptera (2). Among the identified pest species, Aphis punicae
Passerini (Hemiptera: Aphididae) and Apomyelois ceratoniae Zeller
(Lepidoptera: Pyralidae) were determined as the main pest species.
Dioryctria  simplicella Heinemann (Lepidoptera: Pyralidae),
Arcyophora dentula Lederer (Lepidoptera: Nolidae), Chrysobothris
affinis (F.), Acmaeodera wethloi Obenberger (Coleoptera:
Buprestidae) and Zaprionus indianus (Gupta) (Diptera:
Drosophilidae) were determined for the first time in Turkey's
pomegranate production areas.

Adiyaman ve Siirt Illeri Nar (Punica granatum L.) Bahgelerinde Belirlenen Zararh Bécek Tiirleri

OZET

Bu ¢alisma, Adiyaman ve Siirt illeri nar tiretim alanlarinda bulunan
zararli bocek turlerinin belirlenmesi amaciyla yuratilmustir.
Calismalar nar tretiminin yogun bir sekilde yapildig: Siirt’in Sirvan
ilcesi ile Adiyaman’in Merkez, Kahta ve Samsat il¢elerinde 2017-
2018 yillarinda yiiritilmistir. Orneklemeler, Nisan ayi ile ekim ay1
arasinda tim ornekleme bolgelerine en az iki haftalhik araliklarla
gidilerek gerceklestirilmistir. Bocek turlerininin elde edilmesinde
gozle kontrol, darbe ve kiultire alma metotlar: kullanilmigtir. Bu
¢alisma sonucunda ; Orthoptera takimindan 1, Thysanoptera
takimindan 9, Hemiptera takimindan 18, Coleoptera takimindan 8,
Lepidoptera takimindan 4 ve Diptera takimindan 2 tiir olmak tizere
toplamda 42 zararhh bocek tiri tespit edilmigtir. Tespit edilen
zararl tiirlerden, Aphis punicae Passerini (Hemiptera: Aphididae)
ve Apomyelois ceratoniae Zeller (Lepidoptera: Pyralidae) ana zararh
turler olarak belirlenmistir. Acmaeodera wethloi Obenberger
(Coleoptera: Buprestidae), Chrysobothris affinis (F.) (Coleoptera:
Buprestidae), Arcyophora dentula Lederer (Lepidoptera: Nolidae),
Dioryctria simplicella Hememann (Lepidoptera: Pyralidae), ve
Zaprionus indianus (Gupta) (Diptera: Drosophilidae) tiirleri ise
Turkiye nar tiretim alanlarinda ilk kez tespit edilmigtir.
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INTRODUCTION

Although pomegranate is known as a fruit of tropical
and subtropical climates, it can also be grown in
warm and temperate climates. Pomegranate is
consumed fresh as well as used in the food industry
as fruit juice, jam and sauce. Due to the growing
awareness of healthy nutrition in the world,
pomegranate is a preferred fruit type due to its
antioxidants, polyphenolic substances and vitamin C
content (Zarei et al. 2011; Eyigiin 2012).

Official statistics on pomegranate fruit kept regularly
by the United Nations Food and Agriculture
Organization (FAO) and EUROSTAT are not
available. However, when the data of the prominent
countries in pomegranate production are examined, it
is seen that India, Iran, China and Turkey are the
leading countries that produce the most pomegranate
production. Besides, Turkey is the most important
producer and exporter country in the Middle East
after Iran (Kurt and Sahin 2013). According to
TurkStat data, Turkey's pomegranate production
amount reached 537 847 tons in 2018. 56.53%
(304.045 tons) of this production is met in the
Mediterranean Region, 30.9% (166.430 tons) in the
Aegean Region and 10.69% (57.540 tons) in the
Southeastern Anatolia Region. It is seen that among
58 pomegranate cultivation provinces in Turkey,
Adiyaman province ranks 10th (10.295 tons) and Siirt
province is in 11th (6.788 tons) in terms of production
ammount (TurkStat, 2020).

The development of extensive pomegranate
cultivation in the Southeastern Anatolia Region has
not been followed up by adequate strategies of pest
control, due to the lack of detailed available data
about the pests. The pomegranate has many pest
insects which are capable of causing serious crop loses
if not well managed (Coccuza et al. 2016).

Pest insects which cause economic losses by inducing
various damages on the root, stem, branch, shoot, leaf
and flower parts of the plant constitute important
problems in pomegranate production areas. In some
studies, to determine the pest species in pomegranate
production areas in Turkey was indicated that Carob
moth [Apomyelois (=Ectomyelois) ceratonia (Zeller)
(Lepidoptera: Pyralidae)l, Mediterranean fruit fly
[Ceratitis capitata (Wied.) (Diptera: Tephritidae)l,
Pomegranate aphid [Aphis punicae (Passerini)
(Hemiptera: Aphididae)l, Pomegranate whitefly
[Siphoninus  phillyreae  (Haliday) (Hemiptera:
Aleyrodidae)l, Citrus mealybug [Planococcus citri
(Risso) (Hemiptera: Pseudococcidae)] and Wood

leopard moth [Zeuzera pyrina (L. (Lepidoptera:
Cossidae)] were important pest insects and they
caused serious economic losses (Mart and Altin, 1992;
Oztop et al., 2002; Oztirk et al., 2005; Oztop et al.,
2010; Yildirim and Baspinar, 2011; Mamay, 2021).

Although studies have been carried out to determine
pest species in pomegranate areas of Diyarbakir and
Sanliurfa provinces in the Southeastern Anatolia
Region (Mart and Altin, 1992; Mart and Kilinger,
1993; Mamay and Unli, 2013; Mamay et al., 2014a,
Mamay et al., 2014b; Mamay et al., 2016; Mamay,
2021), no studies have been carried out within the
framework of determining entomological problems in
Siirt and Adiyaman. In this paper, the results
obtained on the pest species in the pomegranate areas
of Adiyaman and Siirt, their distribution areas and
types of damage were discussed.

MATERIAL and METHODS

The studies were conducted in the Sirvan district of
Siirt, and in the Central, Kahta and Samsat districts
of Adiyaman in the years of 2017 and 2018 . Sampling
was carried out between April and October by visiting
all sampling regions at least two weeks interval. The
number of sampled trees was not less than 0.1% of
the number of trees in study regions (Table 1). The
number of trees sampled in the orchards was
determined according to Lazarov and Grigorov (1961)
(Table 2).

Table 1. Number of trees sampled in the regions
Cizelge 1. Survey alanlarinda érneklenen agag sayisi

Total number of Number of trees

Province District

trees sampled
Adiyaman  Central  262.600 1.341
Kahta 371.000 1.590
Samsat  80.100 617
Siirt Sirvan 116.320 1.986
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(TurkStat, 2020)

Rearing method

The rearing method was used to acquire adults of
insects which were in the pre-mature life stages. , The
insects in pre-mature life stages were placed in
appropriate culture containers with the plant parts
where they were found in. The samples were placed in
a climatic chambers set at 26 + 1°C temperature , 65
+ 5% humidity and 16: 8 h (light / dark) Photoperiod
and nutritional supplements were made in the
containers as needed.
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Table 2. Number of trees sampled according to the total
number of trees in the orchardes (Lazarov and
Grigorov, 1961)

Cizelge 2. Bahgedeki toplam aga¢ sayisina gore orneklenen
agag sayilar: (Lazarov and Grigorov, 1961)

Total number of trees in

Number of trees sampled
survey orchard

1-20 All trees

21-70 10-30

71-150 31-40

151-500 41-80
501-1000 %15 of all trees

More than 1000 %5 of all trees

Samples were collected by visual control, knock and rearing
methods.

Visual control method

Bud, flower, leaf, shoot, stem and fruit samples were
examined visually from four directions of randomly
selected trees in the orchards according to the
phenology of the tree and the determined insects were
taken with hand, forceps or mouth aspirator.

Knock method

The insects were made to fall into the Steiner funnel
by striking one branch from each of the four sides of
25 randomly selected trees from each garden. Adult of
insects fallen into the Steiner funnel were collected by
using mouth aspirator, forceps and soft brush then
transferred to killing bottles. The dead insects were
placed in petri dishes with the necessary label
information and brought to the laboratory for
preparation and identification.

RESULTS and DISCUSSION

As a result of the surveys conducted in the
pomegranate orchards of Adiyaman and Siirt
provinces, 42 pest species belonging to 15 families
from 6 orders were obtained. These species and their
distribution areas are given in Table 3.

Orthoptera order

Uvarovistia  satunini was  determined from
Tettgoniidae family. The pest was detected only in
Sirvan district of Siirt. It was observed that adults
and nymphs of the pest directly attacked the flowers
and feed greedily. Although the pest has not been
reported to cause harm to the pomegranate, Ilgin
(2015) stated some populations might occur to cause
serious economic damages in many agricultural
lands. In addition, it was stated that the pest species
was detected in the provinces of Mus, Bingo6l, Tunceli,
Diyarbakir, Batman, Mardin moved as a herd and
was harmful to cultivated plants ( Dogan, 2014; Ilcin,
2015, Unal, 2018, Il¢in et al., 2019)

Thysanoptera order

With this study, Thrips tabaci, T. meridionalis,
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Frankliniella Intonsa, F occidentalis,
Neohydathothrips gracilicornis (Thripidae),
Haplothrips flavitibia, H. reuteri (Phlaeothripidae),
Melanthrips pallidior and M. fuscus (Aeolothripidae)
species were determined from Thysanoptera order.
The adults and nymphs of the obtained species were
observed in the leaves and flowers of the
pomegranate. In addition, when the flowers falling on
the ground were examined, it was observed thrips
species. Mart and Altin (1992), in line with the
research findings, stated that thrips species were
determined in flowers of pomegranate. Oztop et al
(2002) detected F. occidentalis in flowers in
pomegranate orchards in Antalya province.
Wohlfarter et al (2011) determined thrips species
belonging to the families Thripidae, Phlaeothripidae
and Aeolothripidae on the leaves, young shoots and
flowers in South American pomegranate plantations.
Referring to Sheikh (2006), they reported that thrips
caused loss of fruit quality due to the damage they
cause on flowers.

Hemiptera order
Aphididae family

Two species, Aphis punicae and Brachycaudus
helichrysi, were identified from the Aphididae family.

Brachycaudus helichrysi was seen only in an orchard
in Sirvan district and it was not considered to be a
significant pest for pomegranate. Aphis punicae was
detected in all study areas and it was determined that
the pest caused to damage with dense populations on
leaves, shoots, flowers and fruits. The pest caused
fumagine due to the honeydew which occur during
feeding. It has been concluded that A. punicae is one
of the most important pests of pomegranate due to its
prevalence, density and the damages which causes on
the vegetative and genetic parts of the pomegranate.
Yildirnrm and Baspmar (2011) was stated that A.
punicae was a species rarely seen in terms of
prevalence and density in Aydin Province, but in
other studies conducted in the Mediterranean Region
and Southeastern Anatolia, similar to the findings we
obtained, was stated that A. punicae was one of the
important pest species causing yield and quality loss
(Mart and Altin, 1992; Oztop et al., 2002; Oztiirk et
al.,, 2005; Mamay 2015). In addition, it has been
reported that A. punicae caused significant damage to
pomegranate in Iran, India, Egypt, Japan, Korea,
South Africa and many Mediterranean countries
(Ananda et al. 2009; Wohlfarter et al. 2010; Balikai et
al. 2011; Sugimato, 2011; Abd-Ella, 2015; Lee et al.,
2015; Cocuzza, 2016).

Aleyrodidae family

Three species belonging to the family Aleyrodidae,
Dialeurolobus rhamni, D. pulcher and Siphoninus
finitimus, were 1dentified.
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Table 3. Pest species identified in pomegranate orchards in Adiyaman and Siirt province and their distribution
areas in 2017-2018 years.
Cizelge 3. Adiyaman ve Siirt ili nar bahgelerinde 2017-2018 yillarinda saptanan zararli tiirler ve yayilis alanlari

Order Family Species Adiyaman Siirt

Central Kahta Samsat Sirvan
Orthoptera Tettigoniidae Uvarovistia satunini (Uvarov) - +
Thysanoptera Aeolothripidae Melanthrips pallidior Priesner +
Melanthrips fuscus (Sulzer) - - +
Phlaeothripidae = Haplothrips flavitibia Williams
Haplothrips reuteri Karny
Thripidae Thrips tabaci Lindeman
Thrips meridionalis Priesner
Frankliniella intonsa (Trybom)
Frankliniella occidentalis
(Pergande)
Neohydathothrips gracilicornis
(Williams)
Hemiptera Aleyrodidae *Siphoninus finitimus Silvestri
Dialeurolobus rhamni Bink-M.
Dialeurolobus pulcher Dantsig
Aphididae *Aphis punicae Passerini
Brachycaudus helichrysi
(Kaltenbach)
Cicadellidae Fieberiella gemelina Dlabola
Euscelis incisus (Kirschbaum)
Asymmetrasca decedens (Paoli)
Macrosteles quadripunctulatus
(Kirschbaum)
Anaceratagallia ribauti
(Ossiannilsson)
Eupelix cuspidata (F.) - +
Peraglena nervosus - - - +
Zyginidia pullula (Boheman) - +
Aphrodes assimilis (Signoret) - - - +
Circulifer haematoceps (Mulsant &
Rey)
Coccidae Coccus hesperidum L. + + +
Parthenolecanium corni (Bouché) - - +
Pseudococcidae *Planococcus ficus (Signoret) + + +

+ + + 4+ + +

+
+
_+_

+ + + +
+ + + +
+ + + +

+
+
++ + 4+ +++ +

+ o+ + +
+ +

+ + + +

Coleoptera Bostrychidae Schistocerus bimaculatus (Olivier)

Buprestidae Chrysobothris affinis (F.) - - +
Acmaeodera (s.str.) wethlol
Obenberger
Nitidulidae Carpophilus nepos Murray
Carpophilus mutilates Erichson
Carpophilus hemipterus (L.)
Urophorus humeralis (F.)
Carpophilus bifenestratus Murray
Lepidoptera Erebidae Diysgonia algira (L.)
Nolidae Arcyophora dentula Lederer
Pyralidae *Apomyelois ceratoniae (Zeller) +
*Dioryctria simplicella Heinemann
Diptera Drosophilidae Drosophila melanogaster Meigen  + + +
Zaprionus indianus (Gupta) - - +

T+ o+ o+ 4+t
+ + 4+ 0+ 4+ + 4+
o+ o+ o+t

"o+
+++++++++++ +

(+): existent, (-): absent, (*): Economically important species
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Species belonging to the genus Dialeurolobus were
generally seen in the lower part of the leaves and
rarely in the upper part of the leaf. It was observed
that both species could not occur a population in the
orchards and cause serious damage. Both species are
known to exist in pomegranate areas in Turkey
(Oztiirk and Ulusoy, 2009). S. finitimus individuals
were observed only on the lower surface of the leaves
and could occur a dense population in some orchards
where they were seen. Adults, larvae and pupae of
the pest could cover almost completely under the leaf
and cause fumagine as a result of intensive feeding.
Therefore, S. finitimus was detected to be more
important than other whitefly species. Oztiirk et al.
(2005) determined whitefly species as Acaudaleyrodes
rachipora, Aleurothrixus floccosus, Bemisia
argentifolir, B. tabaci, D. pulcher and Siphoninus
phillyreae in the pomegranate areas of the Eastern
Mediterranean Region and stated that S. phillyreae
was among the important pests of pomegranate.
Yildirim and Bagpinar (2011) stated that S. phillyreae
was one of the rare species in their study on
pomegranate orchards in Aydin province.

Coccidae family

Pharthenolecanium corni and Coccus hesperidum
species were determined from Coccidae family. It was
observed that P. corni was generally seen as one or
two individuals on the shoots and branches, C.
hesperidum was detected rarely on fruit as well as on
shoots and branches. Therefore, both pests could not
occur an intensive population in the orchards and did
not cause an economic damage. Similar to the
findings obtained, Oztop et al. (2002) stated that C.
hesperidum was among the species detected at low
density. In addition, it has been reported that C.
hesperidum and P. corni were detected in some
studies conducted in pomegranate areas in the USA,
South Africa and Iran (Moghaddam, 2009; Caroll,
2010; Wohlfarter et al., 2010).

Pseudococcidae family

Planococcus ficus species was identified from
Pseudococcidae family. It was observed that the pest
fed on the fruit crown, at the bottom of the fruit stem
and especially in the areas where the fruits touch
each other, and caused softening and colour change
on the plant parts. In addition, the pest caused
fumagine on the fruits due to producing honeydew
and decreased the market value of the fruit. It was
observed that P. ficus was seen more intensely in
orchards where pruning was not done well and fruits
was not thinning. Although the pest was not very
spread in the region, it was evaluated as one of the
important pests of pomegranate, as it caused
economic losses in the orchards where it was seen. It
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has been reported that Planococcus sp. and
Planococcus citri species were determined in the
pomegranate areas of Diyarbakir, Sanliurfa, Antalya
and eastern Mediterranean provinces and caused
damage during the ripening period of the
pomegranate (Mart and Altin, 1992; Oztop et al.,
2002; Oztiirk et al., 2005). In other studies, conducted
in different parts of the world such as India, South
Africa, Spain and Cyprus, it has been stated that
Planococcus species cause damage to pomegranate
and decrease the market value by affecting the
quality of pomegranate in particular (Mani and
Krishnamoorthy, 200; Wohlfarter et al., 2010; Bartual
et al., 2011; Kahramanoglu and Usanmaz, 2013;
Suroshe et al., 2016).

Cicadellidae family

Fieberiella gemelina, Fuscelis incisus, Asymmetrasca
decedens, Macrosteles quadripunctulatus,
Anaceratagallia ribauti, Eupelix cuspidata, Peraglena
nervosus, Zyginidia pullula, Aphrodes assimilis and
Circulifer ~haemato were 1identified from the
Cicadellidae family. F. gemelina was found to be the
most spread among these species. The species
obtained could not occur dense populations (2-3
individual at most per 100 knock) and caused no
significant damage in orchards. Bagpmnar and
Yildirim (2011) stated that Fieberiella anategea was
among the common species in pomegranate orchards
and they considered F. anategea as a possible vector
species, since the Fieberiella genus contains vector
species that carry many viral diseases. Bagpinar et al.
(2013) reported that they identified 19 Cicadellid
species, including species identified in the study, such
as FE. incisus, A. decedens, M. quadripunctulatus, Z.
pullula and C. haematoceps in pomegranate orchards.

Coleoptera order
Bostrychidae family

Schistocerus bimaculatus species was obtained from
the Bostrychidae family. The pest was detected only
in the Sirvan district of Siirt. It was determined that
S. bimaculatus caused drying of the tree by opening
galleries on the branches and trunk of the
pomegranate. The pest was detected for the first time
in the pomegranate areas of Turkey in Antalya, and it
was reported that it could cause significant damages
if a good pruning and control was not done (Oztop et
al., 2002). Andreadis et al. (2006) reported that they
detected S. bimaculatus in their study on
pomegranate orchards in Greece, and that the control
against the pest depends on preventive measures
such as pruning before mating and egg laying.
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Nitidulidae family

The species were identified as Carpophilus nepos, C.
mutilatus, C. hemipterus, C. bifenestratus and
Urophorus humeralis. The most spread species were
C. nepos and C. hemipterus. It was determined that
these species preferred to feed on fruits which be
cracked, damaged by birds and primary insects such
as carob moth, or mechanically injured. In addition, it
was observed that fruits can be infected with
saprophyte disease agents by Nitidulidae species and
this fruits can be completely decayed. Similar to the
findings we obtained, Oztop et al. (2002) reported that
Carpophilus species were detected in pomegranate
fruits contaminated with Mediterranean fruit fly and
cracked fruits near harvest and Carpophilus species
were secondary pests in pomegranates. Oztiirk et al
(2005) stated that Sap beetles fed on pomegranate
fruits that are injured naturally, and they caused
intense decaying and rotting in pomegranates with
the effect of saprophyte fungi during feeding. Mifsud
and Audisio (2008) reported that Nitidulidae species
caused problems in Central and Southern Italy,
especially in pomegranate, fig and peach farming, and
Cocuzza et al (2016) reported that damages caused by
Carpophilus species in Israel.

Buprestidae family

Two species, Chrysobothris affinis and Acmaeodera
wethlol were obtained from the Buprestidae family.

Chrysobothris affinis was found only in the Samsat
district of Adiyaman and caused drying on the trunk
and thick branches of pomegranate. It was observed
that the pest fed on wood tissue, opening galleries
and causing spalling in the shells. Although C. affinis
was determined on European beech, Birch tree,
Cherry plum, Nectarine and Almond in different
regions of Turkey (Ak, 1998; Tozlu and Ozbek, 2000;
Bolu and Ozgen, 2011), no information was available
that the pest caused damage at pomegranate orchard
in Turkey. This study was the first to demonstrate
that C. affinis causes damage at pomegranate plants.

Acmaeodera wethloi was detected in Sirvan district of
Siirt. The pest detected only in one orchard was
obtained by culturing the drying branches that were
heavily attacked by S. bimaculatus. It was observed
that A. wethloi was not a spread pest and did not
cause a serious problem. Although the existence of
the insect was previously known in Turkey (Ghahari
et al., 2015 (referring to Volkovitsh, 2006; Bellamy,
2008), this study was first report about damage of A.
wethloi on pomegranate plant.

Lepidoptera order
Pyralidae family

Two species, Apomyelois ceratoniae and Dioryctria
simplicella were obtained from the Pyralidae family.
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It was determined that A. ceratoniae laid eggs in the
calix of fruits, hatching larvae entered inside the
endocarp and caused to decaying of fruit. Considering
both the prevalence and damage type of carob moth,
it was the most important pest species identified in
the pomegranate production areas of Adiyaman and
Siirt provinces. In other studies, conducted in the
Mediterranean, Aegean and Southeastern Anatolia
regions where pomegranate cultivation is widespread
in Turkey have been reported that A. ceratoniae is
main or important pest species and causes serious
damage (Mart and Altin 1992; Oztop et al.2002;
Oztiirk et al.2005; Yildirim and Bagpinar 2011). And
these similar findings have been shared from many
countries such as Iran, Iraq, Tunisia, Saudi Arabia
(Al-Izzi et al.1985; Alrubeai 1987; Norouzi et al 2008,
Elsayed and Bazaid 2011; Moawad et al 2011;
Braham 2015; Nobakht et al.2015).

Another Lepidoptera species directly causing damage
at the fruit was D. simplicella. The pest was detected
only in Sirvan district of Siirt. Although the pest was
observed to be harmful in the calyx of the
pomegranate, it could penetrate the inner parts of the
fruit (endocarp). Damage of D. simplicella in the calyx
was quite similar to the Carob moth damage. As a
result, although the spread of the pest was limited, it
was considered to be one of the important pest species
in terms of damage type. There wasn’t any study
related the damage of D. simplicella on pomegranate
plants The study results could be accepted as a first
report about damage of D. simplicella on pomegranate
plants.

Erebidae family

Dysgonia algira, from the Erebidae family, was
identified and found to cause damage by attacking the
leaves. It was observed that the larvae started eating
from the edges of the leaves and caused crescent-
shaped holes, mature larvae combined leaves and
became pupae in them. Oztop et al. (2002) reported
that D. algira did not cause an intense damage in the
orchards as parallel with the findings in this study. In
Italy, Sannino et al. (1986) stated in their study on D.
algira that the pest could consume all leaves in dense
populations, leaving only shoots.

Nolidae family

Arcyophora dentula species from Nolidae family was
determined. It was observed that the pest caused
damage by feeding on leaves. The species detected in
two orchards in Kahta and one orchard in Sirvan was
among the rare pests and did not cause serious
damage in the orchards. In Turkey, there is no record
that A. dentula causes damage to the pomegranate or
that the pomegranate is the host of the pest.
However, in a study conducted in pomegranate
production areas in India was stated that A. dentula
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caused damage and could leave the plant almost
without leaves in some orchards (Mukarjee, 1941).

Diptera Order
Drosophilidae family

Drosophila melanogaster and Zaprionus indianus
species were recorded from the Drosophilidae family.
It was determined that both species preferred fruits
that be cracked, attacked by primary pests such as
carob moth and became soft and rot, rather than solid
fruits. In some studies, and EPPO reports, parallel to
this findings, both species have been reported to be
secondary pests on pomegranate (Joshi et al., 2014;
Braham, 2015; Anonymous, 2016 a, Anonymous, 2016
b). In other studies, conducted in pomegranate areas
of Turkey, belonging to the Drosophilidae family,
Drosophila sp. and Zaprionus tuberculatus species
have been reported (Oztiirk et al., 2005; Kuyulu et al.,
2019). Although Z indianus has been detected in
fruits such as persimmon, blackberry, fig, cherry,
mulberry, peach and plum in Turkey (Ozbek-Catal et
al., 2019), no information has been stated that it is
detected in pomegranate.

CONCLUSION

In this study, 42 pest insect species belonging to 15
families from 6 orders were obtained from
pomegranate orchards. A. ceratoniae and A. punicae
species were the main pest species among the pest
species. They were common in Adiyaman and Siirt
provinces and could cause significant damages if they
were’ not controlled. Besides, S. finitimus and P. ficus
species were determined as other important pest
species on pomegranate. Although both pests were
not very common in orchards, it was observed that
they could create dense populations in orchards and
caused economic losses. D. Simplicella, A. dentula, C.
aftinis, A. wethloi and Z indianus species were
determined for the first time 1in pomegranate
production areas of Turkey. The results of this study
are important for the determination of the insect
fauna of pomegranate and for pomegranate
integrated pest management (IPM) studies. In order
to solve entomological problems in pomegranate
orchards, it will be great benefit to carry out detailed
studies on the bioecology and control of the main pest
species.
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OZET Bitki Koruma

Bu ¢alismada; patlican anag 1slah programi kapsaminda gelistirilen

patlican anaclarinin (Solanum melongena x Solanum aethiopicum), Aragtirma Makalesi
acik tarla ve ortualti agili pathican yetigtiriciliginde verim ve kalite

uzerine olan etkileri incelenmistir. Arastirmada, 8 adet hibrit Makale Tarihgesi

umitvar patlican anaci adayi ile kontrol olarak 3 ticari F1 hibrit anag Gelig Tarithi  :20.05.2021
cesidi (Hawk, Koksal, AGR-703) ve asisiz Karabey F1 patlican cesidi Kabul Tarihi :05.08.2021
kullanilmigtir. Tum anaclar, Karabey F1 pathican c¢esidi ile

asilanmigtir. Denemeler, Samsun lokasyonunda acikta tarla ve Anahtar Kelimeler
Antalya lokasyonunda ise plastik serada olmak uzere iki lokasyonda Hibrit anag
gerceklestirilmigtir. Her iki lokasyonda da hasat edilen meyvelerde; Agili fide

meyve boyu (cm), meyve eni (cm), meyve sekil indeksi, meyve et ve Patlican

kabuk rengi ve meyve eti sertligi 6zellikleri incelenmigtir. Ayrica, Verim

meyve sayisi/bitki, toplam meyve agirhgi/bitki (kg bitkil), ortalama Kalite
meyve agirhigl (g), toplam verim (kg dal) degerleri de tespit
edilmistir pazarlanabilir toplam verim (kg dal). Samsun’da acik
tarla yetistiriciliginde dekara en yiiksek verim degerleri sirasiyla
RS-2 (5624.0+406.8 kg dal), RS-1 (5500.4+497.8 kg dal), RS-6
(5403.7+203.3 kg da’) ve RS-8 (5190.3+139.8 kg dal) anaclariyla
asili patlican bitkilerinden elde edilmigtir. Antalya’da oOrtualt:
pathican yetistiriciliginde dekara verim degerleri, 7161.6+446.4 ile
12956.8+592.1 kg arasinda degismistir. En yliksek verim degerleri,
sirasiyla RS-8/K (12956.8+592.1 kg da'l), RS-7/K (11447.6+1174.2 kg
da1), Koksal/K (11329.7+813.6 kg da'!) ve RS-2/K (11010.2+1154.1 kg
da’l) asili bitkilerden elde edilmistir. Arastirma sonucunda; her iki
lokasyonda incelenen 6zellikler yontunden tistiin performans gosteren
4 anac (RS-1, RS-2, RS-6, RS-8) cesit aday1 olarak belirlenmistir.
Secilen yerli patlican anaclarinin Standart Tohumluk Kayit (STK)
bagvurularinin ve tohum tiretimlerinin yapilmasi planlanmaktadar.

Determination of the Effects of Promising Hybrid Eggplant Rootstocks (Solanum melongena x
Solanum aethiopicum) on Yield and Quality in Grafted Eggplant Growing

ABSTRACT Plant Protection
In this study, the effects of eggplant rootstocks (Solanum melongena

x Solanum aethiopicum) developed within the scope of the eggplant Research Article
rootstock breeding program on yield and quality of grafted eggplant : :
in open field and greenhouse were examined. For this purpose, 8 Artlc}e Hlstory'

hybrid promising eggplant rootstock candidates and 3 commercial F1 Received ) B0 AL
hybrid rootstock varieties (Hawk, Koksal, AGR-703) and a Accepted - 05.08.2021
nongrafted Karabey F1 eggplant variety were used. All rootstocks

: . . . Keywords
grafted with Karabey F1 (K) eggplant variety. Trials were carried Hy{)ri d rootstock
out in two locations: in the open field in Samsun, Turkey and in Grafted seedling

greenhouse in Antalya, Turkey. In both locations, fruit length (cm), Eggplant
fruit width (cm), fruit shape index, fruit color and flesh color and Yield
flesh firmness were examined. In addition, fruit number / plant, total Quality
fruit weight / plant (kg plant-1), average fruit weight (g), total yield
(kg da-1) values were also determined. The highest yield values in
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open field cultivation in Samsun were obtained from the eggplants
grafted with RS-2 (5624.0+406.8 kg da-1), RS-1 (5500.4+497.8 kg da-
1), RS-6 (5403.7+203.3 kg da-1) and RS-8 (5190.3+139.8 kg da-1)
rootstocks. Yield values per acre varied between 7161.6+446.4-
12956.8+592. kg in greenhouse eggplant cultivation in Antalya. The
highest yield values were obtained from RS-8 / K (12956.8+592.1 kg
da-1), RS-7 / K (11447.6+1174.2 kg da-1), Kéksal / K (11329.7+813.6
kg da-1) and RS-2 / K (11010.2+1154.1 kg da-1) plants. As a result,
four rootstocks (RS-1, RS-2, RS-6, RS-8) that show superior
performance in terms of yield and quality parameters in both
locations have been determined as candidate varieties. It is planned
to make Standard Seed Registration (NGO) applications and seed

production of selected local eggplant rootstocks.

Atf I¢in:

Saribas HS, Balkaya A, Kandemir D, Secim A 2022. Umitvar Hibrit Patlican Anaclarimin (Solanum melongena

X Solanum aethiopicum) Asih Patlican Yetistiriciliginde Verim ve Kalite Uzerine Etkileri. KSU Tarim ve Doga
Derg 25 (4): 687-697. https://doi.org/10.18016/ksutarimdoga.vi.939530.

To Cite Saribag HS, Balkaya A, Kandemir D, Se¢im A 2022. Determination of the Effects of Promising Hybrid Eggplant
Rootstocks (Solanum melongena x Solanum aethiopicum) on Yield and Quality in Grafted Eggplant Growing.
KSU J. Agric Nat 25 (4): 687-697. https‘//doi.org/10.18016/ksutarimdoga.vi.939530

GIRIS uretiminde biyotik ve abiyotik stres kogullarina

Solanaceae familyasinda yer alan patlican, diinyada
toplam 55.197 milyon tonluk tretim degeriyle patates
ve domatesten sonra en 6nemli t¢linci sebze turudir
(FAO 2019). TUIK (2020) verilerine gore Tiirkiye’nin
toplam pathican {retim miktari, 835.422 tona
ulagmigtir. Onemli bir patlican tiretim potansiyeline
sahip  olmasina  ragmen, Tirkiye  patlican
yetistiriciliginde verim unsurlar: yéniinden (ortalama
3.4 t da!, Dinya’da 17. swrada) istenilen diizeyde
degildir. Turkiye’de gerek acgikta ve gerekse oOrtualti
patlican yetistiriciliginde toprak kokenli hastaliklar
ve nematodlar, ekonomik anlamda 6nemli dizeylerde
verim ve kalite kayiplarina neden olmaktadir
(Karagiannidis ve ark., 2002; Kat1 ve Mennan, 2006;
Ogiit, 2008; Kandemir ve ark., 2016; Saribas ve ark.,
2019). Sebze yetistiriciliginde hastalik ve zararlilarla
miicadele etmek amaci ile ekim nébeti, hastaliktan
ari tohum, fide, ortam, alet ve ekipmanlarin
kullanilmasi gibi yontemler denenmis ancak istenilen
diizeyde basar1 saglanamamistir. Bu nedenle, sebze
yetigtiriciliginde hastaliklara dayamikli c¢esitlerin
geligtirilmesi ya da asili sebze fidesi kullanilmasinin
en etkili, pratik ve ekonomik yéntem oldugu birgok
arastiric1 tarafindan bildirilmistir (Chen ve ark.,
2010; Balkaya, 2014; Karabulut ve ark., 2018).
Pathican gesitlerinin  bircogunda, Fusarium ve
Verticillium  solgunlugu gibi toprak kaynaklh
hastaliklar ile o6zellikle kék-ur nematoduna
dayamklilhik  6zellikleri  bulunmamaktadir. Bu
nedenle, yetistiricilikte agili patlican fidesi kullanimi
daha biiyiik bir énem tagimaktadir (Balkaya ve ark.,
2015; Koral ve Tiirktas, 2018). Tirkiye'de asili sebze
fidesi Uretim miktarn ve bu fidelerin {reticiler
tarafindan kullanimi1 her gegen giin artmaktadir.
Ancak ana¢ ¢esit 1slahi1  konusunda yapilan
arastirmalar ve yurutiilen 1slah programlari mevcut
talebi heniiz karsilayamamaktadir. Agili sebze fidesi
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tolerant, meyve kalitesini olumsuz yonde etkilemeyen
ve verim unsurlarinin artirilmasina yonelik olarak
yerli ana¢ c¢esit 1slah1 programlarinin sayisinin ve
kapsaminin artirilmasi gereklidir. Turkiye i¢in
onemli bir sebze tiirii olan patlicanda asihi fide
Uretimi i¢in anag gelistirme ve 1slahina yonelik olarak
Universite, arastirma enstitiileri ve 6zel sektor is
birligiyle yuritilecek olan anag 1slah1 programlarinin
daha fazla artirilmasina ihtiyag¢ vardir.

Asgilama; bitkisel tretimde yaygin olarak kullanilan
ozel bitki kisimlarinin uygun tekniklerle
birlegtirilerek tek bir bitki olarak yasamalarim
saglayan vejetatif cogaltim yontemidir (Yetisir ve
ark., 2004; Lee ve ark., 2010). Asil1 bitkilerde bitkinin

toprak ustinde kalan kisma kalem olarak
adlandirilirken, kok kismi anag olarak
adlandirilmaktadir. Agilama yontemi genellikle

meyvecilikte asili meyve fidani uretiminde yogun
olarak tercih edilmis olsa da giinimizde sebzecilikte
meyvesi yenen turlerde ozellikle Solanaceae
(domates, patlican ve biber) ve Cucurbitaceae
(karpuz, hiyar ve kavun) familyasina ait sebzelerde
kullanilmaktadir (Yetisir ve ark., 2004; Karaagac ve
Balkaya, 2013; Kandemir ve ark., 2016; Saribas ve
ark., 2019). Asili fide kullanilarak yapilan sebze
yetigtiriciliginde verim degerleri; toprak koékenli
hastalik ve zararhlara dayaniklilik, bitki blyiime
glcl ve fotosentetik aktivitenin artmasindan dolay:
onemli élciide artiglar gostermektedir (Lee ve Oda,
2003; Yetigir ve ark., 2004). Bu nedenle Tirkiye'de ve
diinyada patlican yetigtiriciliginde, toprak kokenli
etmenler ile hastallk ve zararlhilarin hasar
olusturmadigr alanlarda bile ginumiuzde asihh fide
kullanim1 olduk¢a yaygin hale gelmeye baglamigtir.
Turkiye’de yaklagik 146 milyon adet agihi fide tiretimi
yapilmakta, bu tretim miktar1 icerisinde 68 milyon
adet ile karpuz ilk sirada yer almaktadir. Bu tretim
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miktarimi sirasiyla yaklasik 54 milyon adet ile
domates, yine yaklagik 12 milyon adet ile patlican
tiirleri izlemektedir (Tiizel ve ark., 2020).

Patlican yetigtiriciliginde agili fide kullaniminin
verim Uzerine etkisinin belirlenmesine yoénelik
yapilan c¢alismalarin o6nemli bir kisminda verim
artiglarinin oldugu tespit edilmistir (Yarsi ve Rad,
2004; Gisbert ve ark., 2011; Moncada ve ark., 2013;
Kiran ve ark., 2017). Rahman ve ark., (2002),
Solanum  torvum ile Solanum  sisymbriifolium
anaclar1 tizerine 3 farkli patlican cesidini agilayarak
elde ettikleri agili bitkilerin asisiz bitkilere gére daha
yiksek verim degerlerine sahip olduklarim
belirlemiglerdir. Arastiricilar, en yiksek verim
degerinin (36.05 ton hal) S. torvum anaci iizerine
asili  Sufala patlican cesidinden elde edildigini
bildirmislerdir. Yarsi ve Rad (2004), Vigomax F:
anaci Uzerine Faselis F1 patlican ¢egidini agilamiglar
ve arastirma sonucunda; asili bitkilerde (5.93 kg m™2),
kontrol bitkilerine (3.35 kg m?2) gére verimde % 77
oraninda artis oldugunu saptamiglardir. Passam ve
ark., (2005), Delica patlican cesidinde meyve
ozellikleri ve verim unsurlari lizerine asilamanin
etkilerini arastirdiklar1 calismada; vejetatif biiyiime
ve meyve veriminin domates anaclari (cv. 515 ve 516)
ile agilanan bitkilerde, asisiz bitkilere oranla daha
yiksek oldugunu, verim farkinin temelde, domates
anacglarina asilanmig bitkilerden toplanan meyvelerin
daha Dbiyik ve meyve sayisinin daha fazla
olmasindan kaynaklandigini bildirmislerdir.

Gisbert ve ark., (2011) ise patlicanda anac¢ kullanim

ile asili pathcan yetigtiriciliginde dekara verim
degerinin % 28 oranminda artis gosterdigini
belirlemiglerdir.

Asgilh pathican yetigtiriciliginde meyvede arzu edilen
yiksek kalite ve erkenciligin saglanmasi i¢in dogru
ana¢-kalem secimi ve kiultiirel igslemlerin en uygun
dizeyde gerceklestirilmesine ihtiya¢ bulunmaktadir
(Kandemir ve ark., 2016; Kiran ve ark., 2017). Asih
pathcan fidelerinin sera ve tarla sartlarinda verim ve
meyve kalitesi lzerine etkileri konusunda yapilan
diger bir arastirmada, asili bitkilerden hasat edilen
pathican meyvelerinde daha az ¢ekirdek olusumunun
meydana geldigi bildirilmistir (Khah, 2011).

Moncada ve ark., (2013), S. torvum anaci iizerine
asilanmig ve agillanmamig Birgah, Kara Zil, Kara Ay
ve Longo cgesitlerini verim ve kalitesi yoninden
degerlendirmiglerdir. Agili bitkilerde 6lim oraninin
disiik oldugu, meyve verim ve kalitesinin ise
cesitlerden etkilendigini bildirmiglerdir. Doltu ve
Bogoescu, (2014), Romanya’da yiiriittiikleri caligmada
'Luiza' ve 'Rodica” cesitleri ile 'Andra Fi' cesidini
kalem; 'Hikyaku', 'Espina’, 'Arazy (500294)' cesitlerini

ise ana¢ olarak  kullanmiglardir. Arastirma
sonucunda, patlicanin karakteristik 6zelliklerinin
asilamadan degisen diizeylerde etkilendigi
bildirilmistir. Sabatino ve ark. (2018) patlican
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anaglar1 geligstirmeye yonelik olarak iki sezon
boyunca yiritmiis olduklar: calismada, farkli anaglar
uzerine agilanan Birgah F1'in cegidini bitki kuvveti,
verim ve meyve kalitesi yoninden incelemiglerdir.
Farkli anaglar {lzerine asilanan Birgah c¢esidinin
biiyime giiciiniin kayda deger oranda yiiksek
oldugunu bildirmiglerdir.

Bu calisma ile Tiirkiye’de Universite ve Ozel sektor is
birligiyle gerceklestirilen patlican anac¢ 1slah
programi sonucunda gelistirilen ilk yerli patlican
anaglarinin agik tarla ve ortialti1 asili patlican
yetigtiriciliginde verim ve meyve kalite unsurlar
uzerine olan etkilerinin ayrintili olarak incelenmesi
amaglanmigtir.

MATERYAL ve METOD

Calisma 2016 yili ilkbahar déneminde Samsun’da
tarla kosullarinda ve sonbahar doéneminde ise
Antalya’da ortialtinda olmak tizere iki lokasyonda
gerceklestirilmistir. Denemeler Samsun
lokasyonunda, Ondokuz Mayis Universitesi Ziraat
Fakultesi Arastirma Uygulama sitesinde yer alan
deneme arazisinde ve Antalya lokasyonunda ise
Genetika Tohumculuk Tarim Sanayi ve Tic. Ltd. Sti.
firmasina ait Gretim seralarinda yurutilmustir.

Aragtirmada 0832.STZ.2014 no’lu SAN-TEZ
(TUBITAK TEYDEB 112D039) projesi kapsaminda
gelistirilmis olan ve bazi hastaliklar ile (¥, oxysporum
f. sp. melongenae, Verticillium dahlia) koék ur
nematoduna (Meloidogyne incognita) dayamklihk
yoninden one c¢ikan, hipokotil o6zellikleri iyi, asi
tutma oranmi ve koklenme diizeyi yiiksek olan ustiin
anagc 6zelliklerine sahip 8 adet tiirler aras1 melez (S.
melongena x S. aethiopicum) patlican anaci
kullamlmistir (Balkaya ve ark., 2016). Calismada
anaglarin performanslarinin karsilagtirilabilmesi i¢in
Turkiye’de asili pathican fidesi Uretiminde yaygin
olarak kullanilan AGR-703 F1, Koksal F1 ve Hawk F:
ticari patlican anaclar1 yer almigtir. Asili fidelerin
eldesinde kalem (K) olarak Karabey Fi cesidi
kullanilmigtir. Ayrica denemede kontrol uygulamasi
olarak agisiz Karabey F1 gesidine ait bitkiler de yer
almagtir.

Samsun Ilinde agih ve agisiz pathcan bitkilerinin
tarla kogullarinda verim ve meyve Kkalite
performanslarinin belirlenmesi

Anaclara ait tohumlarin ekimi 08.04.2016 tarihinde,
kaleme ait tohumlarin ekimi ise 15.04. 2016 tarihinde
Kayaburnu Fide isletmesinde torfiperlit (2:1, viv)
karigiminin bulundugu viyollere yapilmigtir. Patlican
anag¢ adaylarinda asilama iglemi, fidelikte 10.05.2016
tarihinde gerceklestirilmigtir. Asili fidelerin eldesinde
tiip as1 yontemi kullanilmigtir (Yetisir ve ark., 2004).
Agilama  igleminden sonra patlican fideleri,
Kayaburnu fidelikte bulunan yogun bakim tnitesinde
(25 °C sicaklik ve % 85 oransal nem iceren ortamda)
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10 giin sure ile bekletilmigtir. Daha sonra asih
bitkiler, kademeli olarak alistirma seralarina
alinmistir. Samsun lokasyonunda; Karabey F:
pathcan c¢esidi ile asilanmis olan fideler ile asisiz
fideler 24.05.2016 tarihinde tesadif bloklar1 deneme
desenine gore her tekerriirde 8 bitki olacak sekilde 3
tekerriirli olarak hazirlanan masuralara c¢ift sira
dikim sistemine gére (60 x 80 x 120 cm) dikilmistir.

Hasat iglemleri, ana¢ kalem kombinasyonlarinin
olgunlagmalarina bagli olarak kademeli olarak
yuratilmustir. Asili patlican bitkilerinde hasat

islemine 12.07.2016 tarihinde baglanmis ve 13 defa
hasat iglemi yapilmistir. Verim denemesi, 27.10.2016
tarihinde sonlandirilmigtir.

Antalya Ilinde agilh ve agisiz pathcan bitkilerinin
ortialti kogullarinda verim ve meyve kalite
performanslarinin belirlenmesi

Anaclara ait tohumlarin ekimi 18.07.2016 tarihinde,
kaleme ait tohumlarin ekimi ise 25.07.2016 tarihinde
Kayaburnu Fide isletmesinde torfperlit (2:1, viv)
karisiminin bulundugu viyollere yapilmigtir. Patlican
anaclarinda asilama iglemi, 22.08.2016 tarihinde
gerceklestirilmigtir. Fideler, 05.09.2016 tarihinde
firmanmin Antalya’daki tretim serasina tesadif
bloklar: deneme desenine gore her tekerriurde 8 bitki
olacak sekilde 3 tekerriirlii olarak cift sira dikim
sistemine gére (60 x 100 x 150 cm) dikilmistir.

Antalya Ilinde firma {iretim serasmnda kurulan
denemede hasat islemine 11.11.2016 tarihinde
baslanmisgtar. Hasat islemleri, anac/kalem
kombinasyonlarinin olgunlagmalarina bagh olarak
kademeli olarak yapilmistir. Ozellikle, értiialtinda
Aralik ve Ocak aylarinin ¢ok soguk gegmesi ve 1sitma
yapilmamasi meyvelerin olgunlagsmasinmi yavaslatmig
ve bu durum hasat araliklarinin uzamasina neden
olmustur. Subat ayindan itibaren artan sicakliklar ve
bitki besleme programiyla yapilan gilibrelemeler
sonucunda verimlilik degerleri tekrar artmaya
baslamigtir. Hasat islemi kademeli olarak 13 defa
yapilmis ve verim denemesi, 28.04.2017 tarihinde
sonlandirilmigtir.

Her iki lokasyonda bakim iglemleri Cetinkaya ve ark
(2009)na gore yapilmistir. Damla sulama sistemi ile
sulama yapilmigtir. Bitkilerde herhangi bir hastalik
veya zararl etmeni goriilmemistir.

Patlican anaclarinin, kalemin (cesit) verim ve kalite

unsurlari Uzerine olan etkilerinin saptanmasi
amaciyla incelenen parametreler agagida verilmigtir:

Meyve kalite 6zellikleri

a. Ortalama meyve boyu (cm): Her anag/kalem
kombinasyonunda hasat edilen tiim meyvelerde,
cetvel yardimiyla sapsiz meyve uzunluklar 6l¢ilip,
ortalamalar1 alinmigtir.

b. Ortalama meyve eni (cm): Meyve uzunlugu alinan
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meyvelerin eni, meyvenin tam orta kismindan dijital
kumpas yardimiyla 6l¢iiliip, ortalamalar: alinmistir.

c. Meyve sekil indeksi: Her anag/kalem
kombinasyonunda hasat edilen meyvelerin boy/en
degerleri  hesaplanarak meyve sekil indeksi
katsayilar: belirlenmistir.

d. Meyve et rengi: Minolta CR—410 tristimulus dijital
renk oOlger aleti kullanilarak meyve etinin 3 farkl
bolgesinde (meyvenin enine kesitinin iki ug
noktasinda ve ortasinda olmak iizere) belirlenmigtir.
Renk o6lcimi CIE L*a*b* renk simiflandirma
sistemine gore yapilmigtir.

e. Meyve kabuk rengi: Meyve et rengi &lgimlerine
benzer sekilde yapilmigtir.

f. Meyve eti sertligi: Meyve eti sertligi, penetrometre
ile her bir genotipten 9ar meyvede, meyve etinde
(orta kistm) tic¢c ayri noktada yapilan 6lgiimle
saptanmigtir. Meyve eti sertliginin tespit edilmesinde
5.0-50.0 N cm2 (1 N cm2=0.102 kg cm2) aras1 okuma
yapilabilen 8.0 mm uca sahip penetrometre
kullanilmigtir. Olgiimlerde penetrometre ucunun,
meyve eti eksenine dik olarak ve sabit bir hizla
girmesine 6zen gosterilmistir.

Verim Ozellikleri

a. Meyve sayisi (adet/bitki): Hasat déneminde her
bitkiden hasat edilen toplam meyve sayis1 sayilmistir.

b. Toplam meyve agirhig (kg/bitki): Hasat déneminde
her bitkiden hasat edilen tim meyvelerin toplam
agirliginin ortalamasi alinmistir.

c. Ortalama meyve agirhg (g): Hasat doneminde her
bitkiden hasat edilen tim meyvelerin toplam
agirliginin, meyve sayisina oranlanmasi ile elde
edilmigtir.

d. Toplam verim (kg dal): Her hasatta parsellerden
alinan verimler birlestirilerek toplam verim tespit
edilmigtir.

e) Toplam verim (kg da'l): Her hasatta parsellerden
alinan pazarlanabilir verimler birlestirilerek toplam
verim tespit edilmigtir.

Tesadif bloklar1 deneme desenine gore elde edilen tek
faktorla lokasyon verileri, birbirinden bagimsiz ele
alinarak JMP 5.01 istatistik programinda tek yonla
varyans analizine (ANOVA) tabii tutulmus ve F testi

sonucu  O6nemli  bulunanlarda Duncan g¢oklu
kargilagtirma sistemine goére gruplandirilmalar
yapilmistir.

BULGULAR ve TARTISMA

Asili  ve agisiz  patlican  bitkilerinin  tarla

yetigtiriciliginde verim ve kalite performanslarinin
belirlenmesi

Sebzelerde biyotik ve abiyotik stres kosullarina
dayanim, erkencilik, verim ve meyve kalitesi gibi
parametreler agillamada kullanilan anacin
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ozelliklerine gére belirgin farklihklar gostermektedir
(Sabatino ve ark., 2019). Arastirmada asili patlican
bitkilerinde dekara verim degerleri, 4241.8+257.1 kg
ile 5624.1+406.8 kg arasinda degismisgtir. En yluksek
verim degerleri, sirasiyla RS-2 (5624.1+406.8 kg da™1),
RS-1 (5500.4+497.8 kg dal), RS-6 (5403.7+203.3 kg
da!) ve RS-8 (5190.3+139.8 kg da'!) anaclariyla asili
pathican bitkilerinden elde edilmigtir.
AGR703/Karabey kombinasyonunda dekara verim
degeri, 4461.7+305.6 kg ve Koksal/Karabey
kombinasyonunda ise 4208.1£91.1 kg olarak
bulunmustur. Calismada, asisiz Karabey c¢esidinde
verim degeri tim asili kombinasyonlara gore daha
diisiik (3711.1+£545.2 kg da?) olmustur (Cizelge 1).
Ayrica, aragtirma sonuglar: patlican anag¢ adaylarinin
verim performanslarinin ticari anaglardan belirgin
diizeyde fazla oldugunu ve dekara yaklagik 1000 kg'in
tzerinde verim artig1 saglandigini gostermistir. Khah
(2011); asii patlican fidelerinin sera ve tarla
sartlarinda asili bitkilerin kontrol bitkilerine gore
verim ve erkencilik yoniinden ustunlik sagladigimi
bildirmistir. Belirtilen bulgular bu arastirma
sonuclarinmi destekler nitelikte olmustur.

Arastirmada, bitki basina meyve sayisi yoninden
asili tiim kombinasyonlarin (RS-4 anaci diginda),
agisiz patlican uygulamasina goére daha ylksek
degerlerde oldugu belirlenmigtir. Bu acidan en diisuk
degeri 13.9+1.7 ile RS-4 anaci vermistir. Yine RS-4
anaci harig¢ patlican anag¢ adaylarinin timiunde, ticari
ana¢ adaylarina goére daha fazla meyve sayisi elde
edilmistir (Cizelge 1). Asisiz Karabey cesidinde ise
bitki basina ortalama 16.3+1.4 adet meyve hasat
edilmistir. Gisbert ve ark., (2011); S. melongena ile S.
aethiopicum (SM x SA) tiirler aras1 melez anaclar

uzerine, Black Beauty patlican cesidinin asilanmasi
sonucunda, asili bitkilerde bitki basina meyve
sayisini 15.0 adet olarak tespit etmiglerdir. Asgisiz
patlican bitkilerinde ise bu deger, 11.6 adet olarak
belirlenmigtir. Arastirma sonucunda en yuksek
meyve sayis1 degerleri, RS-1 (22.3+1.1 adet), RS-8
(21.3+1.8 adet) ve RS-6 (21.2+0.9 adet) anaclar1 ile
asili kombinasyonlardan elde edilmistir. Bu sonuglar,
iimitvar patlican anac adaylarinin dogru kalem (cesit)
ile agilandiginda piyasadaki mevcut rakiplerinden
daha iyi verim performansi ortaya koyabileceginin
onemli bir géstergesidir.

Ortalama meyve agirhgr degerleri, patlican
anaclarina gore degiskenlik gostermistir. Arastirma
sonucunda, en yiksek meyve agirligr degerleri; RS-4
(203.9£16.7 g), RS-2 (181.4+12.1 g ve RS6
(169.9+19.7 g anaclarindan elde edilmistir. Bu
degerler, asisiz kontrol c¢esitlerden daha yiiksek
olarak  bulunmustur (Cizelge 1. Yapilan
degerlendirme sonucunda, asisiz patlican bitkilerine
gore asl uygulamasinin ortalama meyve agirligini
artirdign saptanmistir. Talhouni (2016), patlicangiller
ve kabakgiller familyasinda asilamanin genellikle
ortalama meyve agirhgim ve buyukligini olumlu
yonde etkiledigini bildirmistir. Moncada ve ark.,
(2013), S. torvum anaci iizerine asihi dért farkh
patlican cesidinde, cesitlere gore degismekle birlikte
asili  bitkilerde asisiz kontrol bitkilerine oranla
ortalama meyve agirliginin ve meyve boyutlarinin
arttigin1 belirlemiglerdir. Benzer gsekilde Passam ve
ark., (2005), patlicanda as1 uygulamasinin meyve
buyuklugini ve meyve sayismi  artirdigim
bildirmiglerdir.

Cizelge 1. Samsun lokasyonunda farkli anaglarla asili ve asisiz patlican bitkilerinde verim unsurlarina ait sonuglar
Table 1. Results of yield components of grafted and non-grafted eggplant plants in Samsun location

Bitki Bagina Toplam

Bitki Bagina Ortalama Meyve

Anag/Kalem Meyve Agirhig (kg) Verim (kg da-1) Meyve Sayis1 Agirhg (g)
Rootstock/Scion Total Fruit Weight Yield (kg da’) Fruit Number Average Fruit

per Plant (kg) per Plant Weight (g)
RS-1/K 3.7+0.5 ab* 5500.4+497.8 a 22.3+1.1 a 164.7+12.2 be
RS-2/K 3.8+0.2 a 5624.1+406.8 a 20.7+1.1 ab 181.4+12.1 ab
RS-3/K 3.2+0.5 a-c 4819.3+257.0 be 20.3+0.9 ab 158.5+9.6 be
RS-4/K 2.8+0.5 be 4241.8+257.1 cd 13.9+1.7 e 203.9+16.7 a
RS-5/K 3.0+£0.4 a-c 4520.2+303.3 ¢ 18.0+0.7 cd 167.4+7.6 be
RS-6/K 3.6+0.4 ab 5403.7+203.3 a 21.2+0.9 ab 169.9+19.7 be
RS-7/K 3.1+0.4 a-c 4670.3+258.0 be 19.1+0.5 be 162.7+18.2 be
RS-8/K 3.5£0.3 ab 5190.3+139.8 ab 21.3+1.8 ab 162.7+4.3 be
Agr-703/K 3.0+£0.8 a-c 4461.7+305.6 ¢ 17.5+0.7 c¢d 170.3+21.0 be
Koksal/K 2.8+0.5 be 4208.1+91.1 cd 17.8+0.9 cd 157.6+21.3 be
Karabey 2.56¢0.2 c 3711.1£545.2 d 16.3+1.4 d 151.56+14.1c
P <0.05 <0.01 <0.01 <0.05

* Aymi stitunda aym harf ile gosterilen ortalamalar arasinda fark yoktur.

Literatiirlerde asili  pathicanda meyve kalite
ozelliklerinin kullanilan anag x ¢esit kombinasyonuna
bagli olarak degisiklik gosterebilecegi bildirilmigtir.
Bunlardan bir kismi1 sebze yetistiriciliginde

kullanilan a1 uygulamalarinin meyve kalitesine
olumlu yénde etkiledigini (Davis ve ark., 2008;
Proietti ve ark., 2008); diger bazi arastiricilar ise
asilamanin meyve kalite 6zellikleri Uzerine olumlu
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veya olumsuz yonde belirgin bir sekilde etkisinin
olmadigini bildirmislerdir (Lee, 1994; Nisini ve ark.,
2002; Sabatino ve ark., 2019; Mozafarian ve Kappel,
2020). Meyve boyu bakimindan yapilan incelemelerde
ana¢ kalem kombinasyonlar1 arasinda istatistiksel
olarak ¢ok oOnemli dizeyde fark oldugu ortaya
konmustur. En yiksek meyve boyu degeri Koksal/K
(19.58+0.72 ) anac/kalem kombinasyonundan elde

edildigi ortaya konmustur. En disiikk meyve boyu
degeri ise RS-2/K (14.33+0.51) ve RS-8/K (14.67+0.62)
anag kalem kombinasyonlarinda saptanmigtar.

Aragtirmada ana¢ kalem kombinasyonlar1 arasinda
meyve eni ve meyve sekil indeksi degerleri
incelendiginde istatistiksel olarak bir fark olmadig:
ortaya konmustur (Cizelge 2).

Cizelge 2. Farkli anaglarla agili ve agisiz patlican bitkilerinde bazi meyve 6zelliklerine ait sonuglar
Table 2. Results of some fruit characteristics in grafted and non-grafted eggplant plants

Anacg¢/Kalem Meyve Boyu (cm) Meyve Eni (cm) Meyve Sekil Indeksi
RS-1/K 15.67+1.01 be* 5.33+£0.53 2.95+0.15

RS-2/K 14.33+0.51 ¢ 5.42+0.17 2.64+0.03

RS-3/K 15.4240.51 be 6.15+0.42 2.52+0.23

RS-4/K 15.67+0.59 bc 5.79+0.47 2.73+0.26

RS-5/K 15.42+1.50 be 5.66+0.66 2.80+0.63

RS-6/K 17.77+0.21 ab 5.75+0.63 3.12+0.29

RS-7/K 16.08+2.20 be 5.71+0.70 2.85+0.50

RS-8/K 14.67+0.62 ¢ 5.96+0.15 2.46+0.04
Agr-703/K 15.50+0.89 bc 5.30+0.27 2.94+0.33

Koksal/K 19.58+0.72 a 5.40+0.54 3.65+0.27

Karabey 15.58+1.74 be 5.15+0.45 3.07+0.55

P <0.01 OD oD

* Ay siitunda ayni harf ile gésterilen ortalamalar arasinda fark yoktur. OD: Onemli degil

Tum anacg/kalem kombinasyonuna ait patlican asilamanin  meyve eti  sertligini  artirdigim

meyveleri, kabuk rengi bilegenlerini detayli olarak
ortaya koyan sayisal renk parametreleri yoniinden
incelendiginde; patlican genotipleri arasinda belirgin
ton farkliliklarinin oldugu tespit edilmistir (Cizelge
3). “L” degerleri bakimindan yapilan incelemede RS-
1/K, RS-5/K, RS-6/K, RS-8/K ve Koksal/K
kombinasyonlarinin sirasiyla 29.08+1.26, 28.21+0.94,

28.12+1.04, 28.60+0.89 ve 28.15+0.93 ile diger
kombinasyonlardan daha parlak olduklar
saptanmistir.

Meyve et rengi bilegenlerini detayli ortaya koyan
sayisal renk parametreleri incelendiginde; “L”
degerleri bakimindan istatistiksel olarak fark
olmadig1 ortaya konmustur. Calismada; “a” degeri
yonunden incelenen kombinasyonlar arasinda, RS-
6/K ve RS-3/K kombinasyonu en yiiksek (-5.6+0.3),
RS-2/K ise en diisiik “a” degerine (-4.5+0.3) sahip
olmustur (Cizelge 3).

Meyve eti sertligi bakimindan yapilan incelemelerde,
farkli anag/kalem kombinasyonlarina ait meyvelerde
asilamanin etkisinin istatistiksel olarak O6nemsiz
diizeyde oldugu belirlenmistir (Cizelge 3). Literatiirde
asillamanin meyve eti sertligi uzerine etkisinin
onemsiz diizeyde oldugu (Huitron ve ark., 2007;
Karaca ve ark., 2012; Sabatino ve ark., 2019) ya da bu
etkinin kullanilan anaca bagli olarak degiskenlik
gosterdigi  bildirilmistir (Yamasaki ve ark., 1994;
Yetigir ve ark., 2003; Davis ve Perkins-Veazie, 2005;
Bruton ve ark., 2009; Mozafarian ve Kappel, 2020).
Aragtirma sonuglari, literatirlerle uyum
icerisindedir. Bu sonuglarin aksine bazi ¢alismalar ise
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gostermistir (Roberts ve ark., 2005; Taylor ve ark.,
2006; Huitrén-Ramirez ve ark., 2009).

Agili ve agisiz  patlican  Dbitkilerinin  6rtialt:
yetigtiriciliginde verim ve kalite performanslarinin
belirlenmesi

Asili pathican kombinasyonlarinda dekara verim
degerleri, 7161.6+446.4 kg-12956.8+592.1 kg arasinda
degismistir. En yiiksek verim degerleri, sirasiyla RS-
8/K (12956.8+592.1 kg da'!), RS-7/K (11447.6+1174.2
kg da1), Kéksal/K (11329.7+813.6 kg da')) ve RS-2/K
(11010.2+1154.1 kg dal) asii bitkilerden elde
edilmigtir. AGR703/Karabey kombinasyonunda
dekara verim degeri, 10412.7+170.5 kg olarak
belirlenmistir. Yarsi ve Rad (2004); Vigomax F1 anaci
ile Faselis F1 patlican gesidini asilayarak serada agih
bitkilerde, kontrol bitkilerine gére verimde % 77
oraninda artis saglandigini bildirmiglerdir. Arastirma
sonuclar1 agisiz Karabey cesidinde verim degerinin
tim asii kombinasyonlardan (RS-5/K hari¢) daha
diistik (8164.5+317.0 kg da'l) oldugunu gostermistir
(Cizelge 4).

Aragtirma sonuglari, turler arasi melez pathican
anaglar1 Ulzerine yapilan asilamanin daha 0&nce
yapilmis olan g¢alismalarla uyum igerisinde oldugunu
ve erkencilik saglamasi, toplam verim miktarini
artirmasi gibi avantajlara sahip olmasi nedeniyle
patlican tretiminde olumlu y6nde etkiler saglandigini
gostermigtir (Rahman ve ark., 2002; Yarsi ve Rad,
2004; Gisbert ve ark., 2011; Khah 2011; Doltu ve
Bogoescu, 2014).
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Cizelge 3. Asil1 ve as1s1z patlican meyvelerinde meyve et ve kabuk rengi ile meyve eti sertligi (N cm2) degerleri
Table 3. Fruit flesh and fruit rind color and fruit flesh hardness (N cm?) of grafted and non-grafted eggplant

fruits
Anag / Meyve Kabuk Rengi Meyve Et Rengi Meyve Eti Sertligi
Kalem Fruit Rind Color Fruit Flesh Color (N cm™2)
Rootstock / L a b L a b Fruit Flesh
Scion Hardness (N cm?)
RS-1/K 29.08+1.26 a* 7.38+1.40 -2.75+0.29  87.1+0.5 -5.1+0.4 a-c 15.2+1.5 ab 4.1+0.7
RS-2/K 27.19+1.06 ¢ 6.60+1.13 -2.59+0.49 87.1+0.4 -4.5+0.3 a 12.4+0.6d 5.0£1.0
RS-3/K 27.51+1.33 ¢ 6.20+0.80 -3.37+0.91  86.5+1.5 -5.6+0.5 ¢ 15.6+0.9 ab 6.5+0.3
RS-4/K 27.11+1.50 ¢ 6.60+1.89 -1.76£3.99  86.8+0.9 -4.94+0.5 ab 12.7+0.9 cd 5.1£1.3
RS-5/K 28.21+0.94 ab 6.75+1.83 -1.83+0.57 87.5+1.0 -5.0+0.2 a-c 15.0+1.3a¢  4.6+0.8
RS-6/K 28.12+1.04 ab 5.48+1.24 -1.44+1.92 87.3+1.0 -5.6+0.3 ¢ 16.9£1.9 a 4.5+0.3
RS-7/K 27.19+1.06 ¢ 6.60+1.13 -2.569+0.49 87.0+0.6 -5.1+0.2 a-c 14.1+£0.5b-d  5.2+0.3
RS-8/K 28.60+0.89 ab 6.92+1.38 -2.76£0.30  90.0+2.7  -5.2+0.2 bc 14.9+0.5a¢  5.2+0.3
Agr-703/K 27.29+1.04 ¢ 6.59+1.14 -2.89+0.38 87.2+0.3  -5.0+0.2 ab 14.5£0.2 b-d  5.1+0.5
Koksal/K 28.15+0.93 ab 6.95+2.05 -2.02+0.58 87.6+0.6 -4.8+0.3 ab 13.7£0.8 b-d  4.7+0.3
Karabey 27.33+1.27 ¢ 6.36+1.53 -0.78+2.91 87.8+1.0 -5.1+0.6 a-c 14.8£2.1 a¢c = 4.5+0.8
P <0.05 OD 0D 0D <0.05 <0.01 0D

* Aym siitunda aym harf ile gosterilen ortalamalar arasinda fark yoktur. OD: Onemli degil

Cizelge 4. Antalya lokasyonunda farkli anaclarla asili ve asisiz patlican kombinasyonlarinda verim unsurlarina
ait sonuglar
Table 4. Results of yield components of grafted and non-grafted eggplant plants in Samsun location

A Bitki Basina Toplam Verim Bitki Bagina Meyve Sayis1 Ortalama Meyve

na¢/Kalem oo . R

Rootstock/Seion Meyve Aglrl}gl (kg)‘ (kg dat) (adet) ‘ Agirhig (g) .
Total Fruit Weight Yield Number of Fruits per Average Fruit

RS-1/K 3.0£0.1 cd* 8372.4+386.0 d 18.2+0.6 b 165.4+9.3

RS-2/K 4.0+0.5 a-c 11010.2+ 1154.1 bc  22.7+2.5a 174.9+28.6

RS-3/K 3.6=0.8 be 9961.8+1248.6 ¢ 19.6+1.4 ab 183.4+19.2

RS-4/K 3.7£0.1 a-c 10371.2+655.1 be 20.9+2.7 ab 178.7+24.5

RS-5/K 2.6£0.5 d 7161.6+446.4 d 14.2+1.0 ¢ 181.3+35.2

RS-6/K 3.7+0.3 a-c 10157.9+357.4 be 20.9£1.6 ab 175.1£11.9

RS-7/K 4.1£0.3 ab 11447.6+£1174.2 b 23.1+£1.7 a 178.3+33.0

RS-8/K 4.7+0.6 a 12956.8+592.1 a 21.3+£2.7 ab 218.7+28.1

Agr-703/K 3.7£0.2 a-c 10412.7+170.5 be 21.3+1.1 ab 175.7+23.3

Koksal/K 4.1+£0.9 ab 11329.7+813.6 be 22.7+2.6 a 180.0+17.6

Karabey 2.6+0.4 d 8164.5+317.0 d 19.6+0.9 ab 171.5+11.2

P <0.01 <0.01 <0.01 0D

* Aym stitunda ayni harf ile gosterilen ortalamalar arasinda fark yoktur. OD: Onemli degil

Serada bitki bagina meyve sayisi yoniinden asili tim istatistiksel olarak onemli diizeyde bir farklilik

kombinasyonlarin (RS-5/K kombinasyonu haric),
asisiz pathican uygulamasina gore daha yiksek
oldugu belirlenmigstir. En yliksek meyve sayisi, RS-
7K (23.1£1.7 adet), RS-2/K (22.7+2.5 adet) ve
Koéksal/K (22.7+2.6 adet) kombinasyonlardan en
diisiik meyve sayis1 ise RS-5/K (14.2+1.0 adet)
kombinasyonundan elde edilmigtir. Agisiz Karabey
cesidinde 1se bitki basina meyve sayisi ortalama
19.6+0.9 adet olarak bulunmustur (Cizelge 4).

Calismada ortalama meyve agirhigi
incelendiginde ortalamalar arasinda
olarak farklilik bulunmamistir (Cizelge 4).

Calismada, serada elde edilen tim patlican
meyveleri, kalite 6zellikleri yonlinden ayrintili olarak
incelenmigtir. Farkli anag¢/kalem kombinasyonlarina
ait ortalama meyve eni degerleri arasinda

degerleri
istatistiksel
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bulunmamagtir. Yapilan degerlendirme sonucunda
ortalama meyve eni degerleri bakimindan ana¢ kalem
kombinasyonlar1 arasinda istatistiksel olarak fark
olmadig1 ortaya konmustur (Cizelge 5).

Ortalama meyve boyu degerleri arasindaki fark
istatistiksel olarak o6nemli diizeyde bulunmustur.
Aragtirmada, ortalama meyve boyu degerleri
16.39+0.68 cm (RS-8/K) ile 19.39+£0.72 cm (RS-2/K)
arasinda degisim goéstermistir. Ortalama meyve boyu
degerlerinin tiim ana¢/kalem kombinasyonlarina ait
meyvelerde (RS-8/K haric) asisiz Karabey cesidinden
daha yuksek oldugu bulunmustur. En yuksek
ortalama meyve boyu degerleri sirasiyla; RS-2/K
(19.39+0.72 cm), RS-6/K (18.86+0.87 cm) ve Kéksal/K
(18.73+£0.24 cm) ana¢ kalem kombinasyonlarma ait
meyvelerde 6lgilmistir. En disiik ortalama meyve
boyu degerleri ise sirasiyla; RS-8/K (16.39+0.68 cm),
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Karabey (17.24+0.61 cm) ve RS-1/K (17.25+0.52 cm) Meyve sekil indeksi degerleri istatistiki agidan
ana¢ kalem kombinasyonlarindan elde edilmistir onemsiz diizeyde bulunmustur (Cizelge 5).
(Cizelge 5).

Cizelge 5. Farkli anaglarla agili ve agisiz patlican bitkilerinde bazi meyve 6zelliklerine ait sonuglar
Table 5. Results of some fruit characteristics in grafted and non-grafted eggplant plants

Anag/Kalem Meyve Eni (cm) Meyve Boyu (cm) Meyve Sekil Indeksi
Rootstock/Scion Fruit Width (cm) Fruit Length (cm) Fruit Shape Index
RS-1/K 4.94+0.22* 17.25+0.52 ab 3.49+0.25

RS-2/K 4.97+0.06 19.39+0.72 a 3.90+0.10

RS-3/K 4.71+£0.10 18.56+0.63 ab 3.94+0.05

RS-4/K 4.90+0.17 17.73+£0.66 a-c 3.62+0.20

RS-5/K 4.89+0.06 18.73+0.96 ab 3.83+0.23

RS-6/K 4.73+0.16 18.86+0.87 ab 3.99+0.24

RS-7/K 4.72+0.12 18.38+1.41 ab 3.90+0.39

RS-8/K 4.80+0.19 16.39+0.68 ¢ 3.41+0.12

Agr-703/K 4.92+0.17 18.63+0.51 ab 3.79+0.20

Koksal/K 4.57+0.16 18.73+£0.24 ab 4.11+0.16

Karabey 4.94+0.08 17.24+0.61 be 3.49+0.10

p OD <0.05 OD

* Ayni siitunda ayni harf ile gosterilen ortalamalar arasinda fark yoktur. OD: Onemli degil

Meyve kabuk renkleri bakimindan degerlendirme domates  anact  lzerine asillama  yapilmasi

yapildiginda; meyvelerde 6l¢iilen en yiiksek “L”degeri
RS-1/K (28.85+1.35) kombinasyonuna ait meyvelerde
elde edilmigtir. En disiik meyve kabuk rengi ise

Koksal/K (27.10+1.67) kombinasyonuna ait
meyvelerde belirlenmistir.  Arastirma sonucunda
pathican meyve et rengi bilegsenleri yoniinden

incelendiginde; farkli anag¢/kalem kombinasyonuna
ait meyvelerde oOl¢ilen “L’degerleri, 86.88+1.85
(Karabey) ile 87.98+0.79 (RS-3/K) arasinda degisiklik
gostermigstir. En yliksek “L”degerleri sirasiyla RS-3/K
(87.98+0.79), AGR-703/K (87.65+0.39) ve Koksal/K
(87.41+0.30) anac¢ kalem kombinasyonundan elde
edilmigtir. Bu kombinasyonlara ait meyvelerin diger
kombinasyonlardan daha parlak meyve et rengine
sahip olduklar: belirlenmigstir. En diisik “L”degeri ise
agisiz Karabey (86.88+1.85) cesidi ile RS-1/K
(86,91£0.58) ve RS-7/K (87.21+0.49) anac kalem
kombinasyonuna ait meyvelerde belirlenmigtir
(Cizelge 6).

Asili bitkilerin performansi anag¢/kalem uyusumuna,
cevre sartlarina ve turetim yontemine bagl olarak
degisiklikler géstermektedir (Cohen ve ark., 2005).
Anag/kalem kombinasyonuna bagh olarak asi
uyusmazlign ve meyve kalitesinde (meyve sekli,
meyve kabuk rengi, meyve eti rengi, kabuk kalinligi
vb.) azalmalar meydana gelebilir. Ancak bu
calismada agilamanin meyve kalitesine olumsuz bir
etkisinin olmadig1 gézlemlenmistir. Meyve eti sertligi
yoninden yapilan incelemelerde, asilamanin meyve
eti sertligi lizerine etkisinin énemsiz diizeyde oldugu
tespit edilmigtir. Elde edilen sonug, yapilan diger
calismalarla uyum icerisindedir (Huitron ve ark.,
2007; Karaca ve ark., 2012). Mozafarian ve ark.
(2020), asilama ile birlikte meyve eti sertliginin
azaldigin1  belirlemiglerdir. Arastirmacilar ayrica
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durumunda, meyve eti sertliginin asisiz bitkiye gore
neredeyse yari yariya azaldigima bildirmiglerdir
(sirasiyla 2.43 kg cm-3 ve 4.93 kg cm-3).

SONUC ve ONERILER

Asili pathican yetistiriciliginde verim ve meyve kalite
ozellikleri bitkinin sahip oldugu genetik yapiya,
degigsen cevre kogullarina ve kullanilan anacglara bagh
olarak farkliliklar gdstermektedir (Kandemir ve ark.
2016). Bu nedenle, verim parametreleri bakimindan
degigsen cevre kosullarina goére optimum sartlarin
olusturulmasi1 ve asilamada kullanilan anacglarin
secimi oldukc¢a onemlidir. Tarimsal tUretimde verimi
azaltan dig etkenler, ortiialt1 yetistiriciliginde kontrol
altina alinabilmekte bdylece tUriinin performansi
artmaktadir. Bu arastirmada, patlicana anac¢ olarak
kullanilacak genotiplerin acgik tarla ve ortialtinda
verim unsurlari ve meyve o6zellikleri tUzerindeki
etkileri ayrintili olarak karsilastirilarak asili patlican
fidesi duretimi i¢in en uygun hibrit anaclarin
belirlenmesi saglanmagtir.

Aragtirma sonucunda verim potansiyeli degerleri,
meyve kalite oOzellikleri ve anaghk koklenme
ozellikleri ile hastalik (Fusarium ve Verticillium
solgunluklar) dayamimlari yoniinden tiim sonuclar
birlikte degerlendirilmis ve RS-8 ve RS-6 anaglarinin
patlican anachik performanslarinin ticari anaclardan
ve diger patlican ana¢ adaylarindan daha tstiin
niteliklere sahip olduklar1 tespit edilmistir. Bu iki
hibrit c¢esit adayinin, firma tarafindan standart
tohumluk kaydi i¢in bagvurular1 yapilarak tescil
islemleri gerceklestirilecektir. Bu c¢alisma ile agih
pathicanda ilk yerli hibrit anaglarin gelistirilmesi ve
tohum dretimlerinin yapilmasi yoniinde 6nemli ve
bagarili bir adim atilmigtir.
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Cizelge 6. Asili ve asisiz patlicanlarda meyvelerinde meyve et ve kabuk rengi ile meyve eti sertligi (N cm2)

degerleri
Table 6. Fruit flesh and fruit rind color and fruit flesh hardness (N cm-2) of grafted and non-grafted eggplant
fruits
Anag / Meyye Kabuk Rengi Meyye Et Rengi Meyve Eti Sertligi
Kal Fruit Rind Color Fruit Flesh Color (N cm’Z)
alem
Rootstock / Fruit Flesh
Scion L a b L a b Hardness
(N cm~?
RS-1/K 28.85+1.35 a* 6.97+0.82 -3.30+0.58 86.91+0.58 -5.43+0.28 14.94+0.92  7.04+0.29
RS-2/K 27.88+1.09 a-d 6.89+2.21 -2.46+0.45 87.23+0.58 -5.94+0.29 16.25+0.90 7.03+0.13
RS-3/K 28.74+0.39 a 6.64+1.39 -1.95+0.71 87.98+0.79 -5.15+0.87 14.65+£3.06  8.05+0.38
RS-4/K 27.70+0.82 a-d 5.86+1.23 -1.75+2.26 87.23+£1.33 -5.53+1.05 12.82+6.74  7.556+0.48
RS-5/K 28.37+1.08 a-c 6.41+1.58 -2.45+1.39 87.40+1.01 -5.41+0.34 14.29+£1.04 7.01+£0.97
RS-6/K 27.33+1.06 b-d 6.33+1.64 -2.26+0.76 87.22+0.50 -5.80+0.45 17.04+1.17 7.34+0.46
RS-7/K 27.40+1.02 b-d 5.93+0.38 -2.78+0.56 87.21+0.49 -5.89+0.69 16.37+2.63 7.45+0.13
RS-8/K 28.48+0.70 ab 6.40+1.30 -2.73+1.87 87.38+0.47 -5.31+0.12 13.23+0.31  7.60+0.99
Agr-703/K 27.38+1.44 b-d 5.86+0.91 -2.87+0.57 87.65+0.39 -5.37+0.45 14.90+£1.75 7.72+0.11
Koksal/K 27.10+£1.67 cd 6.85+1.80 -3.51+2.40 87.41+0.30 -5.52+0.45 14.67+1.37 7.33+0.19
Karabey 26.79+0.79 d 5.60+0.86 -0.62+3.14 86.88+1.85 -5.95+0.33 15.83£1.75 7.20+0.36
P <0.01 0D 0D OD OD OD OD
* Aym stitunda ayni1 harf ile gosterilen ortalamalar arasinda fark yoktur. OD: Onemli degil
TESEKKUR Degerlendirilmesi ve Yerli Hibrit Anaglarin
Bu calisma, H.Seyma SARIBASIn “Agili patlican Geligtirilmesi. SAN-TEZ Proje No: 0832.STZ.2014.
uretiminde  genetik  kaynaklarin anac¢ 1slah Bruton BD, Fish WW, Roberts W, Poph.am W 2009-
programinda  degerlendirilmesi ve yerli hibrit The Influence of Rootstock Selection on Fruit

anaclarin gelistirilmesi” baghkli doktora tezinden
iiretilmistir. Calisma, SANTEZ / TEYDEB (Proje No:
0832.9TZ.2014) tarafindan desteklenen projeden
hazirlandig1 icin tim yazarlar olarak Sanayi ve
Teknoloji Bakanligmma ve TUBITAK’a maddi
desteklerinden dolay: tesekkiir ederiz.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmas1 Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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ABSTRACT
This study was conducted in 2020 to investigate the influence of

Plant Protection

melatonin (10, 50 and 100 pM) given in three methods (immersion, Research Article
irrigation, and foliar spraying) on some physiological aspects of

tomato seedlings inoculated with root-knot nematode Meloidogyne Article History

incognita [(Kofoid and White) Chitwood]. The seedlings were Received :18.05.2021
inoculated with 1000 second-stage juveniles of M. incognita. Dualex® Accepted 1 31.08.2021
optic sensor was used to in situ measure total chlorophylls, flavonols,

anthocyanins contents and nitrogen balance index (NBI). Results Keywords

indicated that while no significant effects were observed on Anthocyanins

chlorophyll content, melatonin ameliorated the adverse effects of M. Chlorophyll

Incognita on chlorophyll depending on the concentration and mode of Flavonoids

application. Flavonols were at the highest in the irrigated plants and Meloidogyne incognita

the lowest in the immersed ones. NBI was affected by the method the NBI

melatonin was applied, and immersing boosted it while irrigation
caused a significant decrease. Irrigation resulted in significantly
higher anthocyanins compared to the other two methods. One
observation was that applying melatonin in the low and medium
concentrations to the soil containing nematode increased the
anthocyanin content of the plant. Melatonin merits a value in
developing a response against the nematode but needs further
elucidation.

Melatoninin Kék-ur Nematodu Meloidogyne incognita ile Infekteli Domates Uzerindeki Etkileri

OZET Bitki Koruma

Bu calisma 2020 yilinda iic yéntem ile (daldirma, sulama ve

spreyleme) verilen melatoninin (10, 50 ve 100 pM) kék-ur nematodu Aragtirma Makalesi
Meloidogyne incognita [(Kofoid and White) Chitwood] uygulanan . .

domates fidelerinin bazm fizyolojik yonleri {izerindeki etkigini  SHSSSICEIGTINCORS
arastirmak i¢in yurutilmustir. Fidelere 1000 adet ikinci donem M. Gelis Tan}'n' ) 18.05.2021
Incognita larvas1 inokile edilmigtir. Toplam klorofil, flavonol ve Kabul Tarihi  :31.08.2021
antosiyanin igerikleri ile azot balans indeksini (NBI) 6l¢gmek icin Anahtar Kelimeler
Dualex® klorofilmetre kullamilmistir. Sonuglar, klorofil icerigi Antosiyaninler

uzerinde 6nemli bir etki olmadigini, melatoninin konsantrasyona ve Klorofil

yonteme baglh olarak M. incognitanin klorofil tzerindeki olumsuz Flavonoidler

etkilerini iyilestirdigini géstermigtir. Flavonoller, sulama ile verilen . . .
bitkilerde en yiiksek, daldirma ile verilenlerde ise en diisik ZI\IIIEiOJdogyne incognita

olmustur. NBI, melatoninin uygulanma yonteminden etkilenmis,
daldirma ile artig, sulama ile ciddi bir disiis gostermistir. Sulama,
diger iki yonteme kiyasla o6nemli o6lgiide yiliksek antosiyaninlere
sebep olmustur. Nematodlu bir topraga diisik ve orta
konsantrasyonlarda melatonin uygulanmasinin antosiyaninleri
arttirdigr gozlemlenmigtir. Melatonin, nematodlara karsi tepki
gelistirmede o6nemli olup daha fazla c¢alismaya ihtiyag
duyulmaktadir.

To Cite :  Gokbayrak Z, Gozel G 2022. Effects of melatonin on tomato infected with root-knot nematode Meloidogyne

incognita. KSU J. Agric Nat 25 (4): 698-705. https://doi.org/10.18016/ksutarimdoga.vi.938501
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INTRODUCTION flavonoids as well as anthocyanins using CHL

Pathogen attacks are one of the growth-and quality-
limiting factors plants face throughout their lives.
Ameliorating or completely evading these stress
factors rely on plant’s innate resistance capacity as
well as the favorable support from environment.
Nematodes, especially root-knot nematodes (RKN)
are one of the major pests that use hundreds of plants
as hosts. Four predominant species of Meloidogyne
species are M. incognita, M. arenaria, M. javanica,
and M. hapla. Symptoms shown by plants after
nematode infection are loss of chlorophyll in leaves,
nutrient deficiency leading to growth loss, and plant
death if persisted. Due to damage in vascular tissues
of root, water and nutrients can fail to move through
the plant (Ralmi et al., 2016).

Despite that RKNs could be managed with the use of
chemical nematicides, increasing crop production in
an ecologically friendly manner is both a necessity
and a challenge in a world with increasing awareness
in human and environment health (Collange et al.,
2011). In the recent years, melatonin, a naturally
existing compound in plants, has attracted an interest
in sustainable crop production due to its beneficial
effect on human health and environment (Reiter et
al., 2015; Qiao et al., 2019). Melatonin functions as an
antioxidant against reactive oxygen and nitrogen
species (Moustafa-Farag et al., 2020).

In recent years, melatonin research have focused on
its effects on plant growth and development along
with its protective role against abiotic stress factors
(Sharif et al., 2018; Yu et al., 2018). However, its
effects on helping plants cope with biotic stress
factors have not been explored in as much detail. The
effects of melatonin against fungal pathogens in
apple, banana, potato, strawberry, and tomato were
reported (Yin et al., 2013; Wei et al., 2017; Zhang S.
et al., 2017; Aghdam et al., 2017; Liu et al., 2019). It
was reported that protection comes from increase in
defense gene expression, scavenging reactive oxygen
species, raise in nitric oxide production and cell wall
thickening (Shi et al., 2015; Wei et al., 2018; Zhao et
al., 2019). However, to our best knowledge, there is
not a study that involves influence of melatonin
against root-knot nematode attacks on plants.

Early assessment of stress symptoms is possible with
non-destructive monitoring of crops using optical or
thermal sensors. In situ and de novo changes in the
physiological aspects of plant development can enable
to have the results quickly and periodically with ease
(Padilla et al., 2014). Among these sensors is Dualex®
(Orsay, France), a leaf-clip chlorophyll-meter which
estimates chlorophyll (CHL) and leaf epidermal
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fluorescence screening method (Agati et al., 2016).
Non-destructive optical tools use spatial and temporal
dimensions to assess adaptability levels of plants
under stress conditions (Barnes et al., 2015). Dualex®
have been used for many abiotic stress related studies
for early detection of symptoms, for instance, heat
(Zhou et al., 2017), chilling (Oustric et al., 2017) and
UV (dos S. Nascimento et al., 2020). In more recent
years, it has been also utilized for grapevine leaf
stripe disease (Di Gennaro, 2016), root-knot
nematodes in eggplant (Silva-Sanchez et al., 2019),
reniform nematode in cotton (Singh et al., 2020) and
wheat stripe rust (Emebiri et al., 2020).

This study was conducted to assess the effects of
melatonin applied by immersion, irrigation, and
spraying on some physiological characteristics of
tomato plants inoculated with M. incognita.

MATERIALS and METHODS

Seedlings of commercially tomato (Lycopersicon
esculentum L.) cv. H2274 with 3-4 leaves were used
as the plant material. Melatonin purchased from
Merck (M2250) was prepared in three concentrations
(10, 50 and 100 uM).

Designing the Experiment

Seedlings were separated in three groups according to
the application method of the melatonin solutions
(root-immersion, root-irrigation, and foliar spraying).
The trial also had one negative control (distilled
water), and one positive control (nematode
inoculation only). Details regarding the methods and
melatonin applications were given below.

Root-immersion: The roots of the seedlings were
washed free of peat under tap water and dried with a
paper towel. Then, the roots were immersed in a
container with melatonin solution for 10 min. In
control groups, distilled water was used instead of
melatonin.

Root-irrigation: The seedlings were irrigated with the
melatonin solutions at an amount of 10 ml/pot.
Second (20 ml/pot) and third (40 ml/pot) applications
were done 1 week apart. Control groups were
irrigated with distilled water.

Foliar-spraying: After transplanting, the leaves of the
seedlings were sprayed with 10 ml melatonin
solution. Second (20 ml/pot) and third (40 ml/pot)
applications were done 1 week apart. Distilled water
was used as control.

The plants in 1.4-liter plastic pots contained sterilized
soil and sand mixture (approx. 450 g) and were placed
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in a growth chamber under the conditions of 27+2°C
and 18/6 h photoperiod for 8 weeks. Plants were
irrigated as needed (50 ml per pot).

Nematode Inoculation

Second stage juveniles (J2s) of M. incognita were
inoculated as 1000 J2s/pot in all applications
immediately after melatonin applications in the spray
and irrigation methods. Root-immersed plants were
inoculated 24 hours after the transplantation.

Optical Measurements

At 56 days after nematode inoculation, optical
measurements with the Dualex® Scientific+
Chlorophyll and Polyphenol-Meter (Force-A, Centre
Universitaire Paris-Sud, France) were performed on
the third youngest leaf. The portable meter Dualex®
allowed simultaneous readings from the abaxial and
adaxial surface of the leaves and provided a mean
value for each reading. Three readings per leaf away
from the midrib were made. Features measured were
chlorophyll (ug per cm?), relative absorbance units of
flavonols (0 to 3) and anthocyanins (0 to 1.5), and the
nitrogen balance index, determined by the
relationship between chlorophyll and flavonols.

Statistical Analysis

The experiment was arranged in a completely
randomized design with three replications. The data
of chlorophyll, flavonols, anthocyanins and nitrogen
balance index (NBI) were implemented on R
statistical package program (version 4.0.2; 2020-06-
22) (Pallmann and Hothorn, 2016). In R analyses the
differences between the applications are made
according to the general mean. The groups that are
out of the upper and lower limits are statistically
more important than the other groups.

RESULTS and DISCUSSION

Melatonin used in three application modes (.e., root-
immersion, root-irrigation, and foliar-spraying)
resulted different responses in chlorophyll, flavanols,
anthocyanins and nitrogen balance index in tomato
plants inoculated with M. incognita.

Although application methods of melatonin were not
affected the CHL amounts (Figure 1), the plants that
applied root-immersion had more CHL than the
irrigated or sprayed ones. The addition of nematodes
resulted in 40-50% reduction in positive control plants
compared to negative controls.

Plants treated with Melatonin resulted in as much
CHL, depending on the concentration, as in the
distilled water treated ones. It was observed that
Melatonin in the nematode inoculated plants
ameliorated the adverse effects on CHL depending on
the concentration and mode of application, for
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instance immersing in 100 uM Melatonin or spraying
with 50 uM Melatonin, provided increased levels of
CHL. It is believed that primary site for melatonin
production is chloroplasts (Martinez et al., 2018).
Weeda et al. (2014) stated that melatonin can act as a
protectant of CHL content. Wang et al. (2013) also
reported decreased levels of chlorophyll-degrading
enzyme, pheide-a-oxygenase with melatonin. Zhang
et al. (2014) expressed that melatonin, when applied
exogenously, protected CHL in the apple leaves
exposed to abiotic stress. Yin et al. (2013) showed that
apple plants irrigated with melatonin had comparably
close contents of chlorophyll to the control plants
when infected with Marssonina apple blotch. Sun et
al. (2019) indicated that melatonin treated cucumber
against downy mildew had increased levels of
chlorophyll. Similar activity was observed in this
research where tomato plants exposed to nematode
damage.

Plants respond to stress factors by synthesizing
flavonols (Brunetti et al., 2013). R analysis indicated
that the application mode of melatonin had a
significant influence on flavonol production in the
tomato plants (Figure 2). They were the highest in
the irrigated plants, ranging from 0.9 to 1.5 and the
lowest in the immersed ones, between 06-1.1.
Flavonoids are formed when plants are exposed to
pests (Brunetti et al., 2013). Bali et al (2018) stated
that flavonoid contents rose in the seedlings of tomato
plants treated with jasmonic acid against M.
Incognita. Although no significant effects of melatonin
were detected in the present study, how it is received
by the intact plants showed a clear importance.

The anatomical structure of the leaves (i.e., trichomes
and undulations on the surface) might be a possible
reason for the lowest amount of flavonols in spraying.
The studies have shown that flavonoids are placed in
epidermal layers or in the cuticle of leaves which
might have been a barrier for the solution to infuse
(Tattini et al., 2004).

In the current study, NBI level was affected by the
application method of that melatonin, and immersing
increased it while irrigation caused a significant
decrease (Figure 3 2b). It is considered a general
acceptance that plant nitrogen status of a plant can
be estimated through chlorophyll and flavonoid
contents (Agati et al, 2016). Because nitrogen is
incorporated in chlorophyll (Evans et al., 2001), and
flavonoids contents act oppositely to N contents in the
plant, the ratio of CHL to flavonols is shown to be a
more sensitive indication of plant nitrogen status
(Longchamps and Khosla, 2014; Padilla et al., 2014).
Kautz et al. (2014) indicated that under saline
conditions the tomato leaves had elevated levels of
NBI. Sun et al. (2019) reported increased levels of
enzymes in N metabolism in cucumber seedlings
treated with melatonin against Pseudoperonospora
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cubensis. The plots of both CHL and NBI show that (Arnao and Hernandez-Ruiz, 2007). Direct contact
root-immersion and spraying were suppressed the with melatonin in the roots through immersion for 10
adverse effects of M. incognita. Scientific evidence min. might have induced level of auxin and improved
indicates that growth and development in plants are root activity (Chen et al.,, 2009) and efficiency in
closely regulated by auxin and melatonin sharing a nitrogen uptake and metabolism (Zhang et al., 2017).

precursor with auxin might aid same processes

CHL (pg/em? )
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Figure 1. Effects of melatonin concentrations on chlorophyll content (CHL) of tomato plants inoculated with Meloidogyne
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1.2
1.1
§ 0

E

z
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incognita (Immr: immersion, Irrg: irrigation, Spry: foliar spraying, T1: distilled water, T2: distilled
water+tnematode, T3: 10 pM melatonintnematode, T4: 50 pM melatonintnematode, T5: 100 uM
melatonin+nematode, T6: 10 pM melatonin, T7: 50 pM melatonin, T8: 100 pM melatonin)

Melatonin konsantrasyonlarimin Meloidogyne incognita uygulanan domates bitkilerindeki klorofil icerigine olan
etkileri (Immr: daldirma, Irrg: sulama, Spry: spreyleme, TI: saf su, T2 saf su+nematod, T3 10 uM
melatonin+nematod, T4 50 uM melatonin+nematod, T5: 100 uM melatonin+nematod, T6: 10 uM melatonin, T7: 50
uM melatonin, T8 100 uM melatonin)

g=0.002 p=0.001 p=0.831
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Figure 2. Effects of melatonin application methods on flavonols of tomato plants inoculated with Meloidogyne incognita

(Immr: immersion, Irrg: irrigation, Spry: foliar spraying)

Sekil 2. Melatoninin verilis yontemlerinin Meloidogyne incognita uygulanan domates bitkilerindeki flavonoller tizerindeki

etkileri Ummr: daldirma, Irrg’ sulama, Spry: spreyleme)

701



KSU Tarim ve Doga Derg 25 (4): 698-705, 2022
KSU J. Agric Nat 25 (4): 698-705, 2022

Aragtirma Makalesi
Research Article

0,001 p=0.001 p=0.845
[ ]
40
-
2 35
§ S
=
E 30
=
LE
25 L
n=24 n=24 =24
Imimir Ir?q Spry

Methed

Figure 3. Effects of melatonin application methods on Nitrogen Balance Index (NBI) of tomato plants inoculated
with Meloidogyne incognita (Immr: immersion, Irrg: irrigation, Spry: foliar spraying)
Sekil 3. Melatoninin verilis yontemlerinin Meloidogyne incognita uygulanan domates bitkilerindeki Nitrogen
Balance Indeksi (NBI) iizerindeki etkileri (Immr: daldirma, Irrg: sulama, Spry- spreyleme)

Anthocyanins were  affected both by the
concentrations and the application methods (Figure 4,
5). Irrigation resulted in significantly higher
anthocyanins compared to the other treatments
(Figure 4). Plants having nematode but no melatonin
(T2) produced the highest amounts of anthocyanins
(Figure 5). The rest of the treatments found in the
same group showing similar values. One observation
was that applying melatonin in the low and medium
concentrations to the nematode-inoculated plants
increased the anthocyanins. On the other hand,
Melatonin alone seemed not supportive of the
anthocyanin production. Although response of
anthocyanin accumulation under stress conditions
differed in plants, melatonin appeared to have an
increasing effect on nematode-inoculated tomato in
the current study compared to the uninoculated ones.
However, anthocyanin accumulation decreased when
its concentration was increased. similar observation
was confirmed by Zhang et al. (2016) on cabbage
seeds. Bali et al. (2018) reported increased levels of
anthocyanins in the tomato plants after jasmonic acid
application, indicating that signaling molecules have
a stimulating effect on antioxidative defense system.

CONCLUSION

Root-knot nematodes have been a subject of plant
survival studies due to their countless number of
hosts and above ground symptoms costing a loss in
yield and in extreme cases, plant’s life. Using
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synthetic chemical-based compounds for protection
has raised environmental and public health safety,
therefore a tendency to wutilize more friendly
approaches increases. Melatonin, being a safe
molecule both present in humans and plants, is
becoming a center of studies for its regulatory and
supporting roles in plant’s growth and development.

Results of this study showed that there was no
significant effect on the chlorophyll content, but
melatonin ameliorated the adverse effects of M.
Iincognita on chlorophyll depending on the
concentration and method. Flavonols were highest in
plants given melatonin by irrigation and lowest in
plants given by immersion. NBI was affected by the
application method of melatonin, increased by
immersion, and decreased by irrigation. Irrigation
resulted in significantly higher anthocyanins
compared to the other two methods. It has been
observed that the application of low and medium
concentrations of melatonin to nematode-infested soil
increases anthocyanins.

Briefly, findings of this research indicate that it
merits a value in developing a response against the
nematode but needs further elucidation. This
response might come from protection of chlorophyll
content, therefore preserving nitrogen balance in the
plant, as well as stimulating defense mechanisms.
Different concentrations with varying exposure time
are needed to elucidate these responses.
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Figure 4. Effects of melatonin concentrations on anthocyanins of tomato plants inoculated with Meloidogyne
incognita (Immr: immersion, Irrg: irrigation, Spry: foliar spraying, T1: distilled water, T2: distilled
water+nematode, T3: 10 pM melatonintnematode, T4: 50 pM melatonintnematode, T5: 100 uM
melatonin+nematode, T6: 10 pM melatonin, T7: 50 uM melatonin, T8: 100 uM melatonin)
Sekil 4. Melatonin konsantrasyonlarinin Meloidogyne incognita uygulanan domates bitkilerindeki antosiyaninler
lizerindeki etkileri (Immr- daldirma, Irrg: sulama, Spry- spreyleme, T1: saf su, T2: saf su+nematod, T3:
10 uM melatonin+nematod, T4 50 uM melatonin+nematod, T5: 100 uM melatonin+nematod, T6: 10 uM
melatonin, T7: 50 uM melatonin, T8’ 100 uM melatonin)
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Figure 5. Effects of melatonin application methods on anthocyanins of tomato plants inoculated with
Meloidogyne incognita (Immr: immersion, Irrg: irrigation, Spry: foliar spraying)

Sekil 6. Melatoninin verilis yontemlerinin Meloidogyne incognita uygulanan domates bitkilerindeki
antosiyaninler tizerindeki etkileri (Immr: daldirma, Irrg: sulama, Spry: spreyleme)
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ABSTRACT

Several surveys have been performed in Turkey in order to
determine a possible presence of Bursaphelenchus xylophilus
(Steiner and Buhrer, 1934), Nickle, 1970. As a result, several
Bursaphelenchus species have been reported. During a study aimed
to identify potential insect vectors of these Bursaphelenchus species
using the trap tree method in the western region of Turkey, one
Bursaphelenchus species was isolated from a wood chip sample of a
Pinus brutia trap log located in Bergama town of the city of Izmir.
According to morphological and molecular studies, the species was
determined as Bursaphelenchus leoni Baujard, 1980. Morphological
characteristics of the species matched well with the original
description made by Baujard in 1980. 18S and 28S rRNA genes of B.
leoni were sequenced and a phylogenetic tree was constructed that
showed B. leoni was clustered with B. leoni in the NCBI database.
This is the first report of B. leoni from Turkey. To determine
presence of other known Bursaphelenchus species in Turkey, new
studies should be performed.

Bursaphelenchus leoni Baujard, 1980 (Tylenchina:

Ormanlarindan Ik Kaydi

OZET

Bursaphelenchus xylophilus (Steiner and Buhrer, 1934), Nickle,
1970’un tespiti i¢in Turkiye’de bir kag arazi calismalar1 yapilmistir.
Sonug¢ olarak, bir ka¢ Bursaphelenchus tiiri rapor edilmistir. Rapor
edilen bu Bursaphelenchus turlerinin Turkiyenin bati boélgesinde
tasiyict boceklerinin tuzak agaclar: ile belirlenmesi icin yurutiilen
bir ¢alismada, Izmirin Bergama ilcesinde Kizilcam kiitiiklerinden
bir Bursaphelenchus tirua izole edilmistir. Morfolojik ve molekiiler
calismalara gore, bu tur Bursaphelenchus leoni Baujard, 1980 olarak
belirlenmigtir. Bu turtiin morfolojik 6zellikleri 1980 yilinda Baujard
tarafindan yapilan orjinal tamimlamayla eglesmistir. 18S and 28S
rRNA genlerinin dizileyip filogenetik agac¢ olusturulmus ve bu agag
izole edilen B. leon’nin NCBI veribankasindaki B.leoni tirleri ile
kiimelendigini gostermistir. Bu, B./Jeon/nin Tirkiye’den ilk kaydidir.
Bilinen diger Bursaphelenchus tiirlerinin Tirkiye’deki varliklarinin
belirlenmesi i¢in yeni ¢calismalar yurutilmelidir.
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INTRODUCTION
The genus Bursaphelenchus Fuchs, 1937 contains

over 125 described species worldwide and most of
them are wood or soil inhabiting (Ryss et al., 2005;



KSU Tarim ve Doga Derg 25 (4): 706-715, 2022
KSU J. Agric Nat 25 (4): 706-715, 2022

Aragtirma Makalesi
Research Article

Kanzaki and Giblin-Davis, 2018). Transmission of
Bursaphelenchus species mainly occurs via insect
vectors from a wide range of taxonomic insect groups
(Ryss et al., 2005) and host trees of Bursaphelenchus
species described so far range from conifer species to
broad leaves (Ryss et al., 2005). Diversity in host tree
and insect vectors of Bursaphelenchus species reflect
adaptation to various environmental conditions and
provide insights into evolution in nematodes.

Only two Bursaphelenchus species are known to
cause sudden death of host plants under natural
conditions: B. cocophilus (Cobb) Baujard, the
pathogen of red ring disease of palm trees (Griffith et
al., 2005) and B. xylophilus (Steiner and Bubhrer,
1934) Nickle, 1970 the causal agent of pine wilt
disease (Mamiya, 1983; Futai, 2013). B. xylophilus,
the pinewood nematode (PWN), has been causing
extensive damage in susceptible pine forests of Japan
since the beginning of the 1900’s (Futai 2013). In
addition to Japan, it has been distributed in China,
Korea, Taiwan, and Portugal (Futai 2013; Mota et al.,
1999). In recent years, limited occasions of the PWN
have been reported from Spain (Abelleira et al., 2011).

Turkey possesses around 22 million ha forest area, of
27 percentage of the total land area. The majority of
forest area is composed of conifer trees, mainly pine
species with 30% coverage (Atalay et al. 2014). In
additon to a wide range of pine forests, diverse
climatic conditions have contributed biological
richness of Turkey (Atalay, 1995).

In Turkey, the survey studies of B. xylophilus has
been ongoing since 2002 (Akbulut et al., 2010). At the
end of these surveys, with the exception of B.
xylophilus, several Bursaphelenchus species were
reported (Akbulut et al. 2006, 2007, 2008a, 2008b;
Dayi et al. 2014). During the last survey to detect
insect vectors of Bursaphelenchus species in conifer
forests of the western region of Turkey in 2012,
Bursaphelenchus species were isolated from logs of
Pinus brutia Ten. in the Izmir Regional Forestry
Directorate. To identify the isolated
Bursaphelenchus  species morphological and
molecular studies were performed.

MATERIAL and METHOD
Collection and isolation of Nematodes

A survey was conducted to investigate the insect
vectors of Bursaphelenchus species in pine forests of
the western regions of Turkey in 2012 (Dayi et al,
2014). During the survey, pine trees cut (wood
stocks) by Izmir Regional Forestry Directorate for
timber production were investigated for the presence
of Bursaphelenchus species and possible insect
vectors. Approximately 40—80 g wood chip samples
were taken from each log with insect activity to check
the presence of the nematode. To take wood chip
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samples, a wood auger was used and collected
samples put into polyethylene bags and brought into
the laboratory. We extracted nematodes using a
modified Baermann Funnel Technique (Hooper 1986)
and handpicked using Olympus SZX-12 microscope
and transferred into petri dishes of Botrytis cinerea
Pers. (1794) grown on malt agar at 25 °C to obtain a
laboratory culture. After the culture developed, the
nematodes were washed with sterile water, and
collected nematodes were used for identification
studies.

To prepare permanent slides, nematodes extracted
from the log samples were killed at 65 °C and fixed in
TAF solution [7 ml formalin (40% formaldehyde), 2 ml
triethanolamine and 91 ml pure water] (Hooper,
1986). Then, nematodes were transferred to solution
I (1 part glycerol and 79 parts pure water) at 35-40 °C
for 12 h and later in solution II (5 parts glycerin and
95 parts 96% ethanol) at 40 °C for 3 h. Nematodes
were put in a desiccator for the period of time
required for all remaining water to evaporate
(Seinhorst, 1959). The nematodes were kept in pure
glycerin and mounted on glass slides using the wax-
ring method (Hooper, 1986).

Morphological studies for identification of nematodes

Nematodes were identified by morphological,
morphometric characters and molecular methods.
Each sample has 10 female and 10 male nematodes
on slides. A Leica DM 4000B microscope was used for
microscopic observations and pictures (Ryss et al,
2005).

Molecular Identification of B. leoni
DNA extraction from nematodes

DNA was extracted from nematodes (1 to 5
individuals of B. leon:) and later were rinsed for 5
min in autoclaved Milli-Q water before transferring
into a 1.5 ml micro tube containing 50 uLi of DNA
Extraction Buffer (DEB) included 0.25 mg Proteinase
K (Fisher Scientific: BP-1700-500) per 1 mL of 1x
PCR buffer (Thermo Fisher Scientific: BP6112). A
sterile micro pestle was used to crash nematodes
before inclubating for 2.5 h in a water bath at 60 °C
followed by 15 min incubation at 95 °C for
inactivation of the Proteinase K. We cooled the tubes
in ice for 5 min and stored at -20 °C to use at PCR
(Polymerase Chain Reaction) (Thermo Fisher
Scientific: BP6112).

Amplification of 18S and 28S rRNA and Sequencing

We used 2.0 pL. DNA as template for PCR reactions,
0.4 uL of each primer (forward and reverse), 1.25 ulL
dNTPs, 2.5 pL of 10x Buffer, 2.0 uL of Titanium Taq,
18.25 uL of H20 and 25 pL was the final volume. We
used the primers M13-183-1-2A-  (Forward
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primer:TGTAAAACGACGGCCAGTCGATCAGATAC

CGCCCTAG) and M13-18S-r2b- (Reverse
primer:CAGGAAACAGCTATGACTACAAAGGGCAG

GGACGTAAT) to amplify 18S rRNA with the
following cycle conditions; 94 °C for 3 min for initial
denaturation, 94 °C for 30 sec for deneration, 57 °C
for 30 sec 40 cycles for anneling, 68 °C for 1 min 40
cycles for extension, and 68 °C for 3 min, and 40
cycles for the final extension. To amplify 28S rRNA
we used the primers M13 D2A-28S- Forward primer:
TGTAAAACGACGGCCAGTACAAGTACCGTGAGGG
AAAGT, and M13 D3B-28S- Reverse primer:
CAGGAAACAGCTATGACTGCGAAGGAACCAGCTA
CTA and appplied same PCR conditions used to
amplify 28S rRNA. After PCR reactions, we purified
PCR and sequenced using the Sanger Sequencing
(Sanger et al.1977).

Phylogenetic Analyses

Phylogenetic analyses were performed using 18S
sequence data of B. leoni. We included other
Bursaphelenchus and Aphelenchoides species 18S
sequences downloaded from the NCBI (National
Center for Biotechnology Information) to construct
phylogenetic trees. Alignments of 18S sequences of
species used for phylogenetic analyses were
performed using MUSCLE (v3.8.31) (Edgar CR,
2004), and then trimmed using trimAl (1.2rev59)
(Capella-Gutierrez S et al. 2009). For choosing the
best substitution model, jModelTest v2 (Darriba et al.
2012) was used. Maximum Likehood Phylogenetic
analysis was performed using RAxML v8
(Stamatakis, 2014). with 500 bootstrap and
GTRGAMMA model based on jModelTest v2 result.
The phylogenetic tree was visualized using TreeView
(Page RD, 1996).

Locality

Bursaphelenchus leoni was found in the Bergama
location of Izmir city, Forest Enterprise of Izmir
Regional Forestry Directorate (N: 390 14’ 08” E:27 o
07 42” and 650 m asl).

Deposition of Material

A total of 10 slides Bursaphelenchus leoni samples
used for morphological and  morphometric
measurements in this manuscript were deposited at
the Department of Plant Protection, Cukurova
University, Adana, Turkey.

RESULTS and DISCUSSION
Systematics and Differential Diagnosis

B. leonibelongs to the leoni group which are known to
have large vulval flap, mostly seven caudal papillae
in male nematodes with the exception of B. silvestris.
Females of this group has long and thin tails.
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Described species so far have three incisures in the
lateral field (Braasch et al. 2009).

Bursaphelenchus leoni was found in Pinus brutia
samples in the Bergama location of Izmir. Specimens
collected from the Bergama location corresponds
matched well with the original description by Baujard
(1980) and reports of Philis and Braasch (1996) and
Li et al. (2020) (Table 1 and Table 2).

The morphological characteristics and allometric
criteria of male and female individuals were given in
Figure 1. The body of B. leon: had typically slender
with a distinct off-set lip region on head and
Aphelenchoid median bulb (Figure 1a, b).

Male: Body cylindirical, showing vertrally curved and
J-shaped structure when killed by heat and fixed. Lip
region hemispheric, offset distictly from body. Cuticle
with invisible, vey fine annulation. The stylet is 14,4
pum (12,8-16,0) long with very small basal thickenings
(knobs). The excretory pore was located % to 1 body
diameter behind the median bulb. Males have paired
spicules showing same shape as described by Baujard
(1980) and indicaed by Philis and Braasch (1996) and
Li et al. (2020). Spicules curved dorsally with a
prominent rostrum without cucullus at the distal end,
condylus of the cuticulum distictly curved dorsally
(Figure 1 c,d,e). One single and one pair caudal
papillae located at preanal and one pair caudal
papillae at postanal located ca. middle of the tail are
present (Figure 1 c,d,e). It is known that the bursa
shape is variable in some Bursaphelenchus species
(Braasch et al. 1998). The bursa tightly covered only
the anus aperture, bursal flap spade like with
posterior margin truncate or irregular as indicated by
Li et al. (2020).

Female: Body cylindirical, slightly curved at vulva
when killed by heat and fixed. Stylet is 14,8 um (10,5~
20,8) long with very small basal thickenings (knobs).
The anterior vulval lip of females developed as a
small vulval flap (Figure 1 f,g). Anterior body region
and annulation same as male. Single gonad
outstreched to anteriorly. The post uterus branch is
long and sometimes reached ca. 60% of the vulva-
anus distance. Size of female tails is a relatively long
ended conoid to finely rounded end with slight ventral
curvature. Females of B. leoni have conical tail.
(Figure 1 h,i).

Bursaphelenchus leoni occurs mainly in warm regions
and reported from many Mediterranean countries as
well as from South Africa (Philis and Braasch, 1996;
Braasch et al., 1998).

Molecular Characterization and Phylogeny

The 18S rRNA sequence length was 868 bp, matched
with the B. Jeoni (accession number MN907406)
(99.63 % identify, e-value 0.0 and 0% gaps). Besides,
and the 28S rRNA length was 649 bp and matched
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with the B Jeoni (accession number MN907407)
(99.20 % identity, e-value 0.0 and 0% gaps).
Sequences of 18S and 28S of B. leoni were deposited
into Genbank with the access numbers MW073442
and MWO075383, respectively. The phylogenetic tree of

the 18S sequence showed that B. leoni is clustered
with B.Jeoni (accession number MN907406) in NCBI
database (Figure 2) and the phylogenetic tree of 283
clustered B. leoni as a sister species to other B. leoni
isolates from China and Germany (Figure 3).

Table 1. Morphometric data for female Bursaphelenchus leoni from Bergama location of Izmir city-Turkey* and comparison
with other isolates from Cyprus, France, South Africa and China.
Cizelge 1. Tiirkiyve Izmir Bergama bolgesinden Bursaphelenchus leoni disi bireylerin Giiney Afrika, Fransa, Kibris ve
Cin’deki diger orneklerin morfometrik olgiimleriyle kiyaslanmasi.

Female Cypr}ls Franc.e South Africa Ch.ina
(Lzmir-Turkey) (Philis and (Baujard, (Braasch et al., (Li et al., 2020)
Characteristics Braasch. 1996) 1980) 1998)
n 10 10 38 15 15
L (um) ;;(;56*116'3(672 750 (700-850) 700 (580-860) 799 (740-900) 920+42.6(848-1001)
a ?3?6?;45'32) 39 (29-45) 39 (33-44) 36 (29-45) 44.0+2.3(40.5-48.1)
b 8.1+0.9 (6.7-9.4) 9 (8-10) 10 (8-13) 6.2 (5.3-7.4) 10.8+0.4 (9.8-11.4)
b' 5.4+0.8 (4.5-7.7) - - - 6.0+0.4 (5.4-6.8)
c 12.7+2.3 (9.6-16.4) 11 (9-13) 12 (10-15) 12 (11-14) 11.940.7 (11.0-13.4)
c' 5.8+ 1.2 (2.8-7.5) - - - 6.1+0.4 (5.3-6.9)
Tail (um) 63.3+17.1 (32-83) 77+6.6 (65-90)
V (%) 67.8+ 6.6 (51-77) 69 (63-71) 71 (69-74) 70 (62-72)
Stylet (um) 14.8+2.8 (10.5-20.8) 15 (13-17) 13 (12-17) 15 (14-18) 13.8+0.9 (12.2-15.5)

Vulva/anus distance (um)

Body width at anus (um)
Distance from anterior end to
junction of oseophagus and
intestine (um)

Distance from anterior end to
posterior end of oseophageal
glands (um)

Distance from anterior end to
base of median bulb (um)

165.3+18.4
(140.8-201.6)
13.4+4.3(6.4-20.8)

95.1+14.3 (70.4-120)

140.5+18.9 (115-176)

75.7+10.0 (65.6-96.6)

Oesophageal glands

overlapping intestine length 44.7+19.5 (19.2-88)
(pm)

Oesophageal glands

overlapping intestine length/
Body with to junction of
oesophagus and intestine
stylet length

Distance from anterior end to
excretory pore (um)

Distance from anterior end to
hemizonid (um)

Anterior genital branch length

2.5+0.9 (1.3-4.5)

96.6+9.1 (83.2-113.6)

104.2+ 8.5 (94.4-120)
342.8+51.7(268.8-

(um) 456)

G1 (%) 46+15.4 (38-86)
ﬁlorit)'uterme branch length 118.3+21.5 (88-158)
G2 (%) 15.4+3 (10.9-21)

Post-uterine branch lenght/
Vulva-anus distance (%)
Body diameter at vulva
Post-uterine branch length /
Body diameter at vulva

64.9+5.9 (60-71)
19.4+2.9(17.6-27.2)
6.5+1.7(4-9.6)

180+9.5 (163-196)
12.8+0.6 (11.5-13.7)

85+3.8 (80-90)

155+11.9 (135-172)

112+5.1 (104-122)
114+4.9 (107-123)

417+89.0 (297-650)

79+12.8 (59-97)

43.7+6.9 (31.6-53.5)
20.9+1.2 (18.5-22.4)

* All measurements were calculated as um and mean+ Standart Deviation.

The genus Bursaphelenchus has gained importance
since Bursaphelenchus xylophilus was reported as the
causative agent of pine wilt disease in susceptible
conifer forests of the world. Bursaphelenchus species
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are mostly known as minor or nonpathogenic
organisms associated with living trees and feed on
fungus in wood.
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Table 2. Morphometric data for male Bursaphelenchus leoni from Bergama location of Izmir city-Turkey* and comparison
with other isolates from Cyprus, French, South Africa and China.
Cizelge 2. Tiirkiye Izmir Bergama bélgesinden Bursaphelenchus leoni erkek bireylerin Giiney Afrika, Fransa, Kibris ve
Cin'deki diger érneklerin morfometrik él¢iimleriyle kiyaslanmasi.

Femal Cyprus Fran South Africa China
(Iimi"r_eTurke ) (Philis and Braasch. (BZ uc‘;r d 1930) (Braasch et al,  (Liet al, 2020
Characteristics 4 1996) jard, 1998)
n 10 10 29 15 15
L (um) 709.437.6 670 (610- 720) 640(510-1060) 699 (620-699) 799+62.7(695-893)
(654.4-771.2) ’
39.3+4.5
(34.6-51.1) 34 (26-43) 42 (36-56) 36 (30-45) 42.7+2.7(38.1-47.5)
b 7.0+0.4(6.3-7.5) 7(7-8) 9 (7-15) 6.5 (4.6-8.3) 9.8 +0.8(8.5-11.2)
b' 4.7+0.2(4.3-5.1) 5.1+0.7(3.3-6.1)
20.1+1.7
c (16.3-21.9) 28 (26-30) 20 (16-26) 27 (24-30) 21.9 + 1.7(19.4-25.2)
c' 2.5+0.2 (2.2-3) 2.6 £0.2(2.2-2.9)
. 35.5+3.5 .
Tail (um) (30.4-43.9) 37+ 3.0 (32-43)
Stylet (um) 14.4+0.8(12.8-16) 14 (12-14) 13.5 (13-17) 14 (13-15) 14.0+ 0.8 (12.4-15.4)
Spicule (um) 18.041.0(16-19.2) 18 (15-20) 15(10-20) 19 (18-21) 14.5 + 0.9(13.4-16.9)

(curved median line)
Spicule (chord) -
101.6+5

Anterior end to pharyngo-
intestinal junction (um) (96-113.6)
Anterior end to pharyngeal 151.2+5
gland end (um) (144-160)
Distance from anterior end to 71.8+0.5
base of median bulb (um) (68.8-73.6)
Oesophageal glands overlapping 49.0+5.3
intestine length (um) (38.4-57.6)
Oesophageal glands overlapping
intestine length/ Body with to 3.0+0.4
junction of oesophagus and (2.4-3.8)
intestine stylet length
Anterior end to excretory pore 96.0+5.0
(um) (84.8-104)
. . . 105.8+3.3
Anterior end to hemizonid (um) (100.8-112)
. 407.2+77.2
Testis length (T) (310.1-467)
Anal or cloacal body diam.(um) (11426; llg 8)
Lip diam. -
Lip height

Median bulb diam.
Median bulb length
Median bulb length: diam.

16.8 + 1.0(15.2-18.9)
81+ 2.6 (77-86)

158 + 27.6(136-248)

106 + 6.8 (97-122)
108 + 6.7 (94-123)
479 + 62.8 (375-604)

14.3+ 1.3 (12.3-16.5)

6.5+ 0.3(6.2-7.1)
3.2+ 0.3(2.7-3.6)
11.1 £ 0.7(10.1-12.3)
16.6 +0.7(15.2-18.1)
1.5+0.1

* All measurements were calculated as um and mean+ Standart Deviation.

The original description of B. leoni was given by
Baujard (1980). It was isolated from the wood of
Pinus pinaster subsp. atlantica in France and
characterized by the presence of a vulval flap, the
form of the female tail, morphology of spicules and
bursa in the male (Baujard, 1980). Recently it was
suggested that B. leoni and B. borealis are conspecific
based on essential morphological features such as
long slender bodies, lip region and stylet structure
and position of excretory pore and these two species
belong to the leoni-group (Li et al. 2020).

Philis and Braasch (1999) suggested that B. Jeoniis a
typical species of warm climate regions. B. leoni
occurs mainly in warm regions and reported from
many Mediterranean countries as well as from South
Africa (Philis and Braasch, 1996; Braasch et al.,
1998). So far, it was reported from France (Baujard,

710

1980), Italy (Palmisano and Ambrogioni, 1994),
Cyprus (Philis and Braasch, 1996), Greece
(Skarmoutsos and Skarmoutsos, 1999), and less
frequently in Southern Germany and Austria
(Braasch et al., 1999, Tomiczek, 2000, Braasch and
Philis, 2002). In addition to Europe and
Mediterranean regions, this species was also reported
from South Africa (Braasch et al., 1998) and China
(Li et al., 2020). Braasch et al. (1998) isolated B. leoni
from a P. radiata D. Don tree in South Africa for the
first in the southern hemisphere. They suggested
that B. leoni is distributed widely in Southern Europe
and an indigenous species for the Mediterranean
region. They suggested that the presence of B. leoni
in South Africa was due to similarities in climatic
conditions between the Western Cape Province, South
Africa and the Mediterranean Region (Braasch et al.,
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1998). In the current study, B. leoni was found in the
Izmir Regional Forestry Directorate located in the
western part of Turkey. The city of Izmir has similar
climatic conditions with both Southern Europe and

50 pm

50 pm

the Mediterranean region. This supports the idea of
B. leoni being a species of warm climate regions
(Philis and Braasch, 1996).

y
Figure 1. The body parts of Bursaphelenchus leoni a) Male-Head b) Female-Head c-d-e) Spicule and Male Tail in

lateral view, d) Papillae f-g) Vulva h-i) Female Tail in lateral view
Sekil 1. Bursaphelenchus leoni viicut kisimlar1 a) Erkek-Bas b) Disi-Bas c-d-e) Spikul ve Erkek Kuyrugunun
lateral goriiniimii, d) Papillalar f-g) Vulva h-i) Disi kuyrugunun lateral gériiniimii

CONCLUSIONS

In this study, B. leoni was extracted from wood chips
of P. brutia. According to other reports from different
countries, the host species of B. leoni are Pinus
species i.e. P. pinaster in France (Baujard, 1980), P.
pinaster, P. pinea, P. halepensis, and P. sylvestris in
Italy (Ambrogioni et al., 1994; Caroppo et al., 1998;
Ambrogioni and Caroppo 1998), P. brutia, P. pinea,
and P. nigra in Cyprus (Philis, 1996; Philis and
Braasch, 1996; Braasch and Philis, 2002), P. brutia,
P. nigra, P. pinaster, P. radiata and P. halepensis in
Greece (Skarmoutsos and Skarmoutsou, 1999;
Michalopoulos Skarmoutsos et al., 2004), P.
halepensis and P. pinea in Spain (Escuer et al., 2002;
Escuer et al., 2004) and P. radiata in South Africa
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(Braasch et al., 1998). In general, B. leoni has been
isolated from dead or dying trees, but there is no
certain proof that B. leoni may cause tree death as B.
xylophilus does (Braasch et al, 1998), and no
connection was found in wilting cases in Cyprus
(Philis, 1996). Skarmoutsos and Michalopoulos-
Skarmoutsos (2000) studied the pathogenicity of
several Bursaphelenchus species on 3-year-old pine
seedlings. It was reported that 55% of B. leoni
inoculated P. halepensis seedlings wilted with low
numbers of re-isolated nematodes. In the current
study, the nematode was isolated from a wilted P.
brutia tree, but no connection was found between the
presence of B. leoni and wilting incidence of pine
trees. So far, there is no record about the insect
vectors of B. leoni (d’Errico et al., 2015). In Cyprus,
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most of the B. leoni infested trees were attacked by
bark beetles (Philis and Braasch, 1996). In Turkey,
new studies are required to find out distribution

areas, host tree species (addition to P, brutia), insect
vectors and pathogenic potential of B. Jeoni.

—— Bursaphelenchus leoni_Turkey

100

—— Bursaphelenchus leoni_Zhejiang_ MN907406.1

Bursaphelenchus arthuroides_HQ599188.1

94

80

74

78

Bursaphelenchus rufipennis_AB368529.1

Bursaphelenchus gerberae_AY508024.1

—— Bursaphelenchus chengi_KT599479.1

96

—— Bursaphelenchus antoniae_MK160128.1
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Bursaphelenchus mazandaranense_JN153102.1

—— Bursaphelenchus hofmanni_AY508018.1
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—— Bursaphelenchus pinasteri_AM397016.1

Bursaphelenchus parapinasteri_KT878515.1

0.01

Aphelenchoides stammeri_AB368535.1

Figure 2. Maximum Likehood tree inferred from 18S rRNA gene under GTRGAMMA model by RAxML.
Bootstrap values exceeding 50% are shown on appropriate clades. Aphelenchoides stammeri was

used as outgroup species.

Sekil 2. RAxML tarafindan GTRGAMMA model altinda 18S rRNA geninden olusturulan Maximum Likehood
agac1. %501 gecen destek degerleri 1lgili grup icin gosterilmektedir.
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Bursaphelenchus rufipennis_AB368530.1

Bursaphelenchus paracorneolus_AY508095.1

Bursaphelenchus eremus_AM396568.1
Bursaphelenchus yongensis_AM396581.1

Bursaphelenchus clavicauda_AB299222.1

Bursaphelenchus taphrorychi_MF422692.1
Bursaphelenchus poligraphi_AY508096.1
Bursaphelenchus borealis_AY508075.1
Bursaphelenchus tokyoensis_AB430446.1
Bursaphelenchus conicaudatus_AM396565.1
Bursaphelenchus posterovulvus_KF314807.1

Bursaphelenchus parathailandae_JN377722.1
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Bursaphelenchus leoni_Turkey
Bursaphelenchus leoni_Germany MN907407.1

Bursaphelenchus leoni_Zhejiang MN419326.1

0.7

Aphelenchoides besseyi AY508109.1

Figure 3. Maximum Likehood tree inferred from 28S rRNA gene under GTRGAMMA model by RAxML.
Bootstrap values exceeding 50% are shown on appropriate clades. Aphelenchoides besseyi was used

as outgroup species.

Sekil 3. RAxML tarafindan GTRGAMMA model altinda 28S rRNA geninden olusturulan Maximum Likehood
agaci. %501 gecen destek degerleri 1lgili grup icin gosterilmektedir.
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Auchenorrhyncha checklist was created for Kirsehir Province,
including the species determined within the scope of this study.

OZET Entomoloji
Bu ¢alismada 2018-2019 yillarinda Kirgehir Il'inden toplanan yirmi
bes adet Auchenorrhyncha (Hemiptera) érnegi degerlendirilmistir. Aragtirma Makalesi
Teshisler sonucu Selenocephalus pallidus Kirschbaum, 1868
(Cicadellidae Latreille, 1825), Cicadatra platyptera Fieber, 1876 Makale Tarihgesi
(Cicadidae Latreille, 1802), Callodictya krueperi (Fieber, 1876) Gelig Tarihi  :24.06.2021
(Dictyopharidae Spinola, 1839) ve Stictocephala bisonia Kopp & Kabul Tarihi :09.09.2021
Yonke, 1977 (Membracidae Rafinesque, 1815) tiirleri tespit
edilmistir. Teghis edilen tiim tiirler ve Cicadidae Latreille, 1802 ile Anahtar Kelimeler
Membracidae Rafinesque, 1815 familyalar1 Kirgehir 1li i¢in ilk kez Cicadellidae
kaydedilmigtir. Turlerin habitus fotograflarinin yani sira giincel Cicadidae
yayilis bilgilerine goére hazirlanan Palearktik ve Tirkiye yayilig Dictyopharidae
haritalar1 verilmistir. Kirgehir Ili icin bu c¢alisma kapsaminda Membracidae
belirlenen tiirlerin de dahil edildigi bir Auchenorrhyncha kontrol Biyogesitlilik
listesi olusturulmustur.
Contributions to the Auchenorrhyncha (Hemiptera) Fauna of Kirgehir (Turkey)
ABSTRACT Entomology
In this study, twenty-five Auchenorrhyncha (Hemiptera) specimens
collected from Kirgehir Province in 2018-2019 were evaluated. As a Research Article
result of the diagnosis Selenocephalus pallidus Kirschbaum, 1868
(Cicadellidae Latreille, 1825), Cicadatra platyptera Fieber, 1876 Article History
(Cicadidae Latreille, 1802), Callodictya krueperi (Fieber, 1876) Received © 24.06.2021
(Dictyopharidae Spinola, 1839) and Stictocephala bisonia Kopp & Accepted - 09.09.2021
Yonke, 1977 (Membracidae Rafinesque, 1815) species have been
identified. All these species and Cicadidae Latreille, 1802 and Kgywords
Membracidae Rafinesque, 1815 families were recorded for the first C}cad.elhdae
time for Kirsehir Province. In addition to the habitus photographs of Cl.cad1dae .
the species, Palearctic and Turkey distribution maps prepared D10tyoph§r1dae
according to the current distribution information are given. An M.em.brac%dae
Biodiversity
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GIRIS 1872, Ricaniidae Amyot & Audinet-Serville, 1843,

Onemli bitki zararhlardan biri olan Auchenorrhyncha
(Hemiptera) Faunasina ait ilk Tirkiye kayitlar,
Oshanin (1912), Fahringer (1922) ve Haupt (1930)
tarafindan verilmisgtir. Bu kayitlar1 sonraki yillarda
yabanci ve yerli aragtirmacilarin diger kayitlar
izlemigtir. Gelinen son noktada Auchenorrhyncha
taksonu Turkiye'de Achilidae Stal, 1866, Caliscelidae
Amyot & Audinet-Serville, 1843, Cixiidae Spinola,
1839, Delphacidae Leach, 1815, Derbidae Spinola,
1839, Dictyopharidae Spinola, 1839, Flatidae Spinola,
1839, Issidae Spinola, 1839, Meenoplidae Fieber,

Tettigometridae Germar, 1821, Tropiduchidae Stal,
1866, Aphrophoridae Amyot & Serville, 1843,
Cercopidae Leach, 1815, Cicadellidae Latreille, 1825,
Cicadidae  Latreille, 1802 ve  Membracidae
Rafinesque, 1815 olmak tizere 17 familya ve bu
familyalara ait yaklagtk 700 tir ile temsil
edilmektedir (Lodos ve Kalkandelen, 1988; Onder ve
ark., 2011; Bourgoin, 2021; Hoch, 2021; Dmitriev,
2021). Yapilan literatiir incelemesinden bu
calismanin esasini olusturan Kirgehir Il'inden ise bu
taksona ait sadece 4 familya ve 17 tirin kaydinin
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verilebildigi anlagilmaktadir (Dlabola, 1957; Lodos ve
Kalkandelen, 1980; 1981a; 1981d; 1982; 1983; 1984;
1986a; 1986b; 1987a; 1987b; Kalkandelen, 1994;
2000; Demir, 2006a; Onder ve ark., 2011; Demirel,
2015).

Mevcut sayisal verilerin ulke geneliyle
kiyaslandiginda oldukc¢a distik kaldig: gérilmektedir.
Bu calismada Kirsehir Il'inden toplanan ve Kirgehir
Ahi Evran Universitesi Molekiiler Biyoloji ve Genetik
Bolumiu'nin Zooloji Miuzesi'nde depolanmakta olan
Auchenorrhyncha o6rnekleri degerlendirilerek bolge
faunasina katkida bulunulmasi amaglanmaktadir.

MATERYAL ve METOD

Bu calismada 2018-2019 yillarinda Kirgehir Ili’nin
farklh noktalarindan toplanmip Kirsehir Ahi Evran
Universitesi  Molekiler  Biyoloji ve  Genetik
Bolimii'ntin Zooloji Miizesimde muhafaza edilmekte
olan Cicadellidae Latreille, 1825, Cicadidae Latreille,
1802, Dictyopharidae Spinola, 1839 ve Membracidae
Rafinesque, 1815 familyalarina ait 25 6rnek
degerlendirilmigstir. Cicadellid 6rneklerinin teghisinde
Signoret (1880), Kirschbaum (1868); Cicadid'lerde
Schumacher (1923), Schedl (1999), Demirel (2019);
Dictyopharid'lerde Fieber (1876), Melichar (1912),
Emeljanov ve ark. (2017) ve Membracid'lerde Kopp ve
Yonke (1977), Schedl (1991) ve Holzinger ve ark.
(2003) kullanilmigtir. Teshiste erkek &rneklerin
genitalleri Ossiannilsson ve ark. (1970)'e gore
cikarilip nihai  karar  verilmigtir.  Teshisleri
tamamlanan orneklerin dorsal, ventral ve lateral
habituslarina ait fotograflar AF-S VR Micro-NIKKOR
105 mm {/2.8G TF-ED lensli Nikon D750 DSLR ile
cekilmigtir. Turlerin yayilis bilgileri Arcview 3.3
yaziliminda derlenerek gilincel yayilis haritalarn
olusturulmustur. Teshisli 6rnekler Hatay Mustafa
Kemal Universitesi Fen Edebiyat Fakiiltesi Biyoloji
Bolumi Zooloji Miizesinde muhafaza edilmektedir.

BULGULAR ve TARTISMA

Cicadellidae Latreille, 1825

Selenocephalus pallidus Kirschbaum, 1868 (Sekil 1d)
Incelenen Materyal: 329, Kirgehir, Mucur, Yesilyurt,

39°06'22"N, 34°18'53"E, 1246m, 20.vii.2019, M.
ERBEY.
Palearktik yayiligi: Arnavutluk, Avusturya, Bati

Sahra, Bulgaristan, Cezayir, Fas, Hirvatistan, Israil,
italya, Kibris, Libya, Macaristan, Misir, Rusya,
Sudan, Tunus, Turkiye, Ukrayna, Yugoslavya ve
Yunanistan (Nast, 1972; 1987; Dmitriev, 2021) (Sekil
2b).

Tuarkiye yayiligi: Adana, Ankara, Antalya, Aydin,
Balikesir, Bolu, Burdur, Bursa, Canakkale, Cankara,
Corum, Denizli, Isparta, Izmir, Kayseri, Karaman,
Konya, Kutahya, Manisa, Sinop, Tokat, Trabzon ve
Yozgat (Linnavuori, 1965; Kalkandelen, 1974; Lodos
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ve Kalkandelen, 1986b; Kartal ve Zeybekoglu, 1992;
Cevik, 1996; Demir, 2006b; Onder ve ark., 2011)
(Sekil 2a).

Aciklama: Kirgehir Ili i¢in ilk kayitar.

Cicadidae Latreille, 1802

Cicadatra platyptera Fieber, 1876 (Sekil le—g)
Incelenen Materyal: 243, 19, Kirsehir, Akcakent,
Yeniyapan, 39°39'12"N, 34°05'33"E, 1293m,
06.vii.2018, M. ERBEY.

Palearktik yayiligi: Filistin, Iran, Israil, 1palya,
Libnan, Makedonya, SSCB, Suriye, Turkiye, Urdin
ve Yunanistan (Nast, 1972; Gogala ve ark., 2005;

Mozaffarian ve Sanborn, 2010; Sanborn, 2013;
Dmitriev, 2021) (Sekil 2¢).
Tirkiye yayihisi: Corum, Giresun, Giimiishane,

Hatay, Izmir, Konya, Mugla ve Sivas (Lpdos ve
Kalkandelen, 1981b; Kemal ve Kogak, 2010; Onder ve
ark., 2011; Mol ve ark., 2013; Demirel, 2019) (Sekil
2a).

Agiklama: Kirsehir Ili i¢in ilk kayitr.

Dictyopharidae Spinola, 1839
Callodictya krueperi (Fieber, 1876) (Sekil 1h—i)

Incelenen  Materyal: 14  Kirgehir, Kaman,
Karginyenice, 39°21'13"N, 33°29'59"KE, 987m,
04.vii1.2018, M. ERBEY.

Palearktik  yayihigi:  Bulgaristan,  Hirvatistan,

Tirkiye, Yugoslavya ve Yunanistan (Nast, 1972;
1987; Emeljanov ve ark., 2002; Bourgoin, 2021;
Dmitriev, 2021; Hoch, 2021) (Sekil 2d).

Tirkiye yayilisi: Antalya, Hatay, Izmir, Konya ve
Tunceli (Lodos ve Kalkandelen, 1980; Onder ve ark.,
2011; Demir, 2018) (Sekil 2a).

Agiklama: Kirsehir Ili i¢in ilk kayitr.

Membracidae Rafinesque, 1815

Stictocephala bisonia Kopp & Yonke, 1977 (Sekil 1a—
c)

Incelenen Materyal: 933, 999 Kirsehir, Cicekdag,
Armutly,  39°36'13"N,  34°16'24"E,  1441m,
09.viii.2019, M. ERBEY.

Palearktik yayiligi: Almanya, Arnavutluk, Avusturya,
Azerbaycan, Belcika, Bosna Hersek, Bulgaristan, Cek

Cumbhuriyeti, Ermenistan, Fransa, Glrcistan,
Hirvatistan, Ispanya, Isvicre, Italya, Kirgizistan
(Issyk-Kul' obl), Kuzey Afrika, Macaristan
Makedonya, Moldova, Nearktik Bolge, Polonya,

Romanya, Slovakya, Slovenya, Turkiye, Ukrayna,
Yakin Dogu, Yugoslavya ve Yunanistan (Nast, 1972;
1987; Dmitriev, 2021; Hoch, 2021) (Sekil 2e).

Tuarkiye yayiligi: Ankara, Artvin, Balikesir, Edirne,

Erzincan, Erzurum, Kirklareli ve Rize (Lodgs ve
Kalkandelen, 1981c; 1988; Giicli ve ark., 1995; Onder
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ve ark., 2011) (Sekil 2a).
Agiklama: Kirgehir Ili i¢in ilk kayitar.
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Bu calisma ile Cicadellidae Latreille, 1825, Cicadidae
Latreille, 1802, Dictyopharidae Spinola, 1839 ve
Membracidae Rafinesque, 1815 familyalarina ait dort
tur tespit edilmigtir. Turler, familyalarin alfabetik
sirasina gore verilmiglerdir.

XY 7

Sekil 1. Teghis edilen tiirlerin habituslari: a—c. Stictocephala bisonia Kopp & Yonke, 1977; d. Selenocephalus
pallidus Kirschbaum, 1868; e—g. Cicadatra platyptera Fieber, 1876; h—i. Callodictya krueperi (Fieber,
1876) Olgek 3mm.

Figurel. Habitus of the identified species’ a—c. Stictocephala bisonia Kopp & Yonke, 1977; d. Selenocephalus

pallidus Kirschbaum, 1868; e—g. Cicadatra platyptera Fieber, 1876; h—i. Callodictya krueperi (Fieber,
1876) Scale 3 mm.
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Sekil 2. Kirsehir Il'inden tespit edilen tiirlerin yayilislari: a. Tiirkiye; b—e. Palearktik.
Figure2. Distribution of the identified species from Kirsehir Province: a. Turkey;, b—e. Palearctic.

SONUC ve ONERILER

Kirsehir Ahi Evran Universitesi Molekiiler Biyoloji ve
Genetik Bolumii'niin Zooloji Mizesi koleksiyonunda
bulunan 25 Auchenorrhyncha orneginin
degerlendirilmesi ile Kirgehir Auchenorrhyncha
Faunasi icin iki familya (Cicadidae Latreille, 1802 ve
Membracidae Rafinesque, 1815) ve dort tiiriin
(Callodictya krueperi (Fieber, 1876), Cicadatra
platyptera Fieber, 1876, Selenocephalus pallidus
Kirschbaum, 1868 ve Stictocephala bisonia Kopp &
Yonke, 1977) ilk kez kaydi verilmistir. Bu tiirlerden
S. bisonia Kopp & Yonke, 1977 istilact bir tiir olup
ayni zamanda koleksiyonda bulunan en fazla 6rnek
sayisina sahip olan turdur.

S. pallidus Kirschbaum, 1868'iin 6énceki ¢alismalarda,
basta turun ilk kaydina atfen verilen hatali Kirgehir
kaydi olmak {tizere Tirkiye kayitlarinda goriilen
eksiklikler tamamlanmistir (Karaman ve Trabzon
kayitlar: eklenmistir).

Onceki calismalarda Laburrus (Laburrus) handlirschi
(Matsumura, 1908) ve Platymetopius (Quernus)
quercinus Dlabola, 1974 tiirleri i¢in verilen Kirgehir
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kayitlarinin hatali olmalari1 nedeniyle bu tlrler

Kirsehir faunasindan ¢ikarilmigtir.

Calismada kaydi verilen tim tirlerin gincel
Palearktik ve Tirkiye yayilis haritalar ile tarlerin
dorsal ventral ve lateral habituslarinin fotograflarina
yer verilmigtir.

Bundan sonra Dboélgede yapilacak calismalarda
kullanilmak tzere, yeni kegfedilen tiirlerin de dahil
edildigi, Kirsehir Ili Auchenorrhyncha faunasim
gosteren bir kontrol listesi olusturulmustur (Cizelge
1). Cizelgeden anlasilacagl iizere bélgede en fazla
yayilis gosteren familya Cicadellidlerdir. Bu veri,

Auchenorrhyncha taksonunun Turkiye'deki genel
durumuyla benzerlik gostermektedir.
Bu calisma ile Kirsehir Ilinden  bilinen

Auchenorrhyncha familyalarinin sayis1 altiya, tir
sayis1 ise 21'e gikarilmigtir. Auchenorrhyncha'larin
Turkiye'de yayilis gosteren yaklagik 700 tiird oldugu
dikkate alindiginda, Kirgehir Il'indeki tir sayismin

gercek¢i olmanin ¢ok wuzaginda oldugu agiktir.
Bolgede yapilacak yeni calismalarla bu sayinin
arttirilmasi kuvvetle muhtemeldir.
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Cizelge 1. Kirgehir Ili Auchenorrhyncha kontrol listesi
Table 1 Auchenorrhyncha checklist of Kirsehir Province

Familyalar

Tirler

Issidae Spinola, 1839

Tshurtshurnella despecta (Linnavuori, 1965)

Dictyopharidae Spinola, 1839

Callodictya krueperi (Fieber, 1876)*
Dictyophara (Chanithus) pannonica (Germar, 1830)

Cixiidae Spinola, 1839

Fulgoromorpha

Cixius (Ceratocixius) pallipes Fieber, 1876
Hyalesthes philesakis Hoch & Remane, 1985
Pentastira torossica (Dlabola, 1957)

Reptalus (Reptalus) quinquecostatus (Dufour, 1833)

Cicadidae Latreille, 1802*

Cicadatra platyptera Fieber, 1876"

Membracidae Rafinesque, 1815*

Stictocephala bisonia Kopp & Yonke, 1977*

Cicadellidae Latreille, 1825

Allygidius (Allygidius) commutatus (Fieber, 1872)

Arboridia (Arboridia) adanae (Dlabola, 1957)
Austroagallia sinuata (Mulsant & Rey, 1855)

Cicadomorpha

Conosanus obsoletus (Kirschbaum, 1858)
Euscelis (Euscelis) lineolata Brullé, 1832
Hardya (Hardya) anatolica Zachvatkin, 1946

Idiocerus (Idiocerus) herrichii Kirschbaum, 1868

Kybos virgator (Ribaut, 1933)

Kybos candelabricus Dlabola, 1958

Macropsis (Macropsis) marginata (Herrich-Schaffer, 1836)
Phlepsius intricatus (Herrich-Schiffer, 1838)

Selenocephalus pallidus Kirschbaum, 1868*

* Taxa recorded for the first time with this study from Kirsehir Province.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir ckar

catismasi olmadigini beyan ederler.
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ABSTRACT Zoology
In this study, the fruit fly (Diptera: Tephritidae) fauna of Amasya
and Samsun Provinces were determined by adult fruit fly specimens Research Article
collected from host plants in spring and summer between 2015 and
2018. The specimens were collected from host plants with sweeping Article History
nets, and killed in ethyl acetate jars. The collected materials were Received +13.04.2021
examined as morphological and the species were diagnosed under a Accepted ©15.9.2021
stereo microscope. Fifty-six species and 21 genera belonging to five
subfamilies were determined for the fruit fly fauna of Amasya and Keyyv or.ds
Samsun Provinces. The genera Anomoia Walker and Philophylla Fruit flies
Rondani as well as the species Anomoia purmunda (Harris) and Fauna
Philophylla caesio (Harris) are recorded for the first time for the Amasya
fauna of Turkey. Material examined and wing photographs Sa}ms.un
Turkiye

belonging to all the species determined in research region are given.
In addition to adult body and aculeus figures, their host plants and
zoogeographic distribution of the new record species are presented
for the fauna of Turkey.

Tirkiye I¢in Tki Yeni Kayit Ile Birlikte Amasya ve Samsun Illerinin Meyve Sinegi (Diptera:
Tephritidae) Faunasi

OZET Zooloji

Bu calismada, Amasya ve Samsun illerinin meyve sinegi (Diptera:

Tephritidae) faunasi, 2015 ile 2018 yillar1 arasinda ilkbahar ve yaz Aragtirma Makalesi
aylarinda konukgu bitkilerden toplanan ergin meyve sinegi 6rnekleri

ile belirlenmistir. Ornekler konukcu bitkiler tizerinden atrap ile Makale Tarihgesi
toplanmig ve etil asetathh siselerde olduralmustir. Toplanan Gelis Tarithi  :13.04.2021
materyaller morfolojik olarak incelenmis ve tlirler stereo mikroskop Kabul Tarihi :15.09.2021
altinda teghis edilmigtir. Amasya ve Samsun illerinin meyve sinegi

faunasi i¢in beg alt familyaya ait 56 tiir ve 21 cins belirlenmistir. Anahtar Kelimeler
Anomoia Walker ve Philophylla Rondani cinslerinin yani sira Meyve sinekleri,

Anomoia purmunda (Harris) ve Philophylla caesio (Harris) tiirleri Fauna,

Turkiye faunasi i¢in ilk kez kaydedilmigtir. Arastirma bolgesinde Amasya,

tespit edilen tum tlrlere ait incelenen materyal bilgileri ve kanat Samsun,

fotograflar1 verilmigtir. Tirkiye faunasi i¢in yeni kayit tirlerinin Turkiye

ergin vicut ve aculeus fotograflarinin yaninda konuk¢u bitkileri ve
zoocografik dagilimlar: da sunulmustur.

To Cite : Goérmez V, Kiitiik M 2022. Fruit fly (Diptera: Tephritidae) fauna of Amasya and Samsun Provinces, with
two new records for Turkey. KSU J. Agric Nat 25 (4): 723-734. https://doi.org/10.18016/ksutarimdoga.vi.
915417

Atf igini Gérmez V, Kiititk M 2022. Turkiye Igin Iki Yeni Kayit Ile Birlikte Amasya ve Samsun Illerinin Meyve

Sinegi (Diptera: Tephritidae) Faunasi. KSU Tarim ve Doga Derg 25 (4): 723-734. https://doi.org/10.18016/
ksutarimdoga.vi. 915417

INTRODUCTION

Tephritidae (fruit flies) is one of the largest families of
order Diptera which has 492 genera and 4716 species
worldwide (Pape et al., 2011). Today, 1500 fruit fly
species are related with fruits, and 250 of these

species found to be economically harmful (Li et al.,
2013). Many species feed on plants belonging to the
Asteraceae family (Freidberg and Kugler, 1989).

Researches are carried out in Turkey since 1927
about fruit flies. In particular, important findings
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have been obtained in studies conducted in recent
years. In the last decade alone, 9 new species (7erellia
askaleensis Kutik et al., 2011; Tephritis ozaslani
Kutiik et al., 2012; Terellia freidbergi Korneyev et al.,
2013; Urophora turkeyensis Yaran and Kiitiik, 2014;
Heringina arezoana Namin and Korneyev, 2015;
Carpomya liat (Freidberg, 2016); Terellia akguli
Yaran et al., 2018; Tephritis turkeri Kitik and
Yaran, 2020; 7ephritis kutuki Yaran and Gormez,
2020) were identified, 6 genera (Acidia Robineau-
Desvoidy, Acinia Loew, Chetostoma Rondani, Dacus
Fabricius, Hemilea Loew, Ictericoides Hering) and 16
species (Acidia cognata (Wiedemann), Acinia biflexa
(Loew), Campiglossa  sororcula  (Wiedemann),
Carpomya  wiedemanni  (Meigen),  Chetostoma
curvinerve Rondani, Dacus ciliatus Loew, Goniurellia
tridens (Hendel, 1910), Hemilea dimidiata (Costa),
Ictericoides zelleri (Loew), Tephritis zernyi Hendel,
Terellia armeniaca Korneyev, Terellia ivannikovi
Korneyev et al., Terellia nigronata (Korneyev),
Terellia plagiata (Dahlbom), Urophora tenuis Becker,
Urophora trinervii Korneyev and White) were also
reported as new records in Turkey (Gérmez, 2011;
Bayrak, 2011; Kiituk et al., 2011, 2012; Kiituk et al.,
2013; Korneyev et al., 2013; Yaran and Kutiik, 2014,
2015, 2016; Korneyev and Kolcsar, 2015; Namin and
Korneyev, 2015; Freidberg, 2016; Yaran et al., 2018a,
2018b; Caliskan Kege et al., 2019; Gérmez and Kiitik,
2020; Kiitiik and Yaran, 2020; Yaran et al., 2021).
With these contributions, the number of fruit fly
species increased to 173 species and 38 genera
belonging to five subfamilies in Turkey.

In this paper, fifty-six fruit flies species determined
and recorded for the first time in Amasya and
Samsun provinces. In addition, the genera Anomoia
Walker and Philophylla Rondani as well as species
Anomoia purmunda (Wiedemann, 1817) and
Philophylla caesio (Meigen, 1826) are given for the
fruit fly fauna of Turkey as new records.

MATERIAL and METHOD

In Amasya and Samsun Provinces, extensive field
studies has been carried out and adult fruit fly
specimens were collected in spring and summer
between 2015 and 2018. The specimens were collected
with sweeping nets and killed with ethyl acetate. All
specimens are deposited in Entomology Museum of
Gaziantep University. The collected materials were
examined and diagnosed under a stereo microscope.
Identification of the specimens was made by
examining the morphological characters in the head,
thorax and abdomen. Besides wing patterns, aculeus
sizes and morphologies (especially for Chaetorellia
and Oxyna species) were compared. Sources used to
diagnose species: Hendel (1927), White (1988),
Freidberg and Kugler (1989), White and Marquardt
(1989), Korneyev and White (1993, 1999), Merz

724

(1994), Kiitiik (2003a, 2003b), Korneyev (2003, 2006),
Kiitiikk and Yaran (2011), Korneyev (2013), Korneyev
and Evstigneev (2013), Korneyev et al. (2013, 2017)
and Namin and Nozari (2015).

RESULT
As a result, fifty-six species and 21 genera belonging
to five subfamilies (Aciurinae, Myopitinae,

Tephritinae, Terellinae, Trypetinae) were determined
for the fruit fly fauna of Amasya and Samsun
Provinces. The genera Anomoria Walker and
Philophylla Rondani as well as the species A.
purmunda (Harris) and P. caesio (Harris) are new
records from Turkey.

The faunistic information of obtained
presented alphabetically in the below.

species

Acanthiophilus helianthi (Rossi, 1794) (Figure 1)

Material examined: Amasya, Duruca, 40°44'N,
35°47E, 510m, 29.06.2015, 1J; Merzifon, Yaylacik,
40°38'N, 35°23’E, 1125m, 27.07.2015, 1&; Suluova,
Kiipeli, 40°52'N, 35°27E, 485m, 29.07.2015, 19;
Tasova, Dudluk, 40°44’N, 36°17E, 2556m, 01.07.2017,
299, 24435 Goyniicek, Gozlek, 40°32’'N, 35°40’E,
827m, 01.07.2017, 222, 343; Giimiishacikéy, Sekii,
40°57N, 36°06’E, 809m, 27.07.2017, 2229, 238J3;
Tasova, Destek, 40°51’N, 36°07’E, 800m, 30.07.2017,
19, 7843; Samsun, Havza, Yenice, 40°59'N, 35°45’E,
680m, 29.06.2015, 19; Atakum, Cakiryali, 41°23’N,
36°11'E, 30m, 30.06.2015, 299; Alagam, Zeytin,
41°36'N, 35°41’E, 60m, 30.06.2015, 499, 233;
Carsamba, Esencay, 41°06’'N, 36°35’E, 115m,
30.05.2016, 19, 1J; Tekkekoy, Hamzali, 41°20°N,
36°53’E, 18m, 29.06.2016, 19, 3435 Terme, Evci,
41°09’N, 37°03’E, 5m, 18.06.2017, 392, 38J; Alacam,
Kapakl, 41°30'N, 35°35'E, 801m, 28.07.2017, 499,
633; Bafra, Esencay, 41°20°'N, 35°50’E, 115m,
29.07.2017, 499, 33d; Havza, Boyal, 41°13'N,
35°52’E, 770m, 29.07.2017, 1522, 64J; Ladik, Ibi,
40°58'N, 35°54°E, 779m, 30.07.2017, 1099, 733;
Kavak, Akbelen, 41°09'N, 35°53'E, 910m, 18.08.2017,
19Q; Tekkekoy, Ovabasi, 41°12°N, 36°30’E, 3m,
18.08.2017, 19; Ayvacik, Camlikale, 40°55'N, 36°29’E,
1005m, 18.08.2017, 13.

Aciura coryli (Rossi, 1794) (Figure 2)

Material examined: Amasya, Giimishacikoy, Kirca,
40°56'N, 35°08’E, 897m, 22.06.2018, 12, 2443.

Campiglossa absinthii (Fabricius, 1805) (Figure 3)

Material examined: Amasya, Gozlek, 40°32'N,
35°40’E, 590m, 27.07.2015, 12, 1J3.

Campiglossa bidentis (Robineau — Desvoidy, 1830)
(Figure 4)

Material examined: Samsun, Bafra, Doganca,
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41°39N, 36°00'E, 10m, 02.05.2016, 1d; Alacam,
Incirli, 41°35'N, 35°36’E, 202m, 31.05.2016, 19, 243.

Campiglossa producta (Loew, 1844) (Figure 5)

Material examined: Amasya, Merzifon, Saribugday,
40°44’'N, 35°27E, 650m, 28.07.2015, 299; Tasova,
Destek, 40°51°’N, 36°07E, 800m, 30.07.2017, 233;
Samsun, Havza, Yenice, 40°59’N, 35°45'E, 680m,
29.06.2015, 19; Kavak, Cakalli, 41°09°N, 36°06’E,
710m, 29.07.2015, 299, 38J; Vezirkopri, Bakla,
41°08'N, 35°14’E, 576m, 15.06.2017, 2483; Bafra,
Esencay, 41°20'N, 35°50’E, 115m, 29.07.2017, 3335
Kavak, Akbelen, 41°09’N, 35°53’E, 910m, 18.08.2017,
14.

Carpomya schineri (Loew, 1856) (Figure 6)

Material examined: Amasya, Gumiushacikoy, Seku,
40°57N, 36°06’E, 809m, 27.07.2017, 2443.

Ceratitis capitata (Wiedemann, 1824) (Figure 7)

Material examined: Samsun, Atakum, Cakiryals,
41°23'N, 36°11’E, 30m, 30.06.2015, 292, 3343.

Chaetorellia acrolophi White and Marquardt, 1989
(Figure 8)

Material examined: Amasya, Merzifon,
40°50’N, 35°27’E, 613m, 19.05.2017, 322, 14.

Sazlica,

Chaetorellia carthami Stackelberg, 1929 (Figure 9)

Material examined: Amasya, Suluova, Kipeli,
40°52'N, 35°27E, 485m, 29.07.2015, 1&; Merzifon,
Sazlica, 40°50'N, 35°27E, 613m, 19.05.2017, 299,
3435 Giimiishacikdy, Sekii, 40°57N, 36°06’E, 809m,
27.07.2017, 299, 2835 Samsun, Havza,
Taskaracaoren, 40°54’N, 35°38’E, 682m, 02.05.2016,
19, 14.

Chaetorellia conjuncta (Becker, 1913) (Figure 10)

Material examined: Amasya, Suluova, Kiupeli,
40°52’N, 35°27E, 485m, 29.07.2015, 19; Tasova,
Mercimekkoy, 40°47'N, 36°13’E, 585m, 17.06.2017,
629, 138J3; Goyniicek, Gozlek, 40°32’N, 35°40’E,
827m, 01.07.2017, 238J3; Gumishaaksdy, Seki,
40°57N, 36°06’E, 809m, 27.07.2017, 19, 643
Samsun, Vezirkopri, Bakla, 41°08'N, 35°14’E, 576m,
15.06.2017, 8292, 113J%; Kavak, Ahirli, 41°04'N,
35°58'E, 630m, 17.06.2017, 538J3; Tekkekoy,
Tagdemir, 41°12’N, 36°34’E, 9m, 17.06.2017, 299,
943; Bafra, Esencay, 41°18'N, 35°50’E, 223m,
29.07.2017, 329, 264Jd; Havza, Boyali, 41°13'N,
35°52’E, 770m, 29.07.2017, 1799, 254d; Ladik, Ibi,
40°58'N, 35°54’E, 779m, 30.07.2017, 622, 1733.
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Chaetorellia jaceae (Robineau — Desvoidy, 1830)
(Figure 11)

Material examined: Amasya, Gozlek, 40°32'N,
35°40°E, 590m, 27.07.2015, 24J&;  Samsun,
Vezirkopri, Yaginozi, 41°10°N, 35°23’E, 591m,

31.07.2015, 19; Havza, Bekdigin, 40°59’'N, 35°46’E,
675m, 02.05.2016, 299, 145 Bafra, Esencay, 41°20°’N,
35°50’E, 115m, 29.07.2017, 1%.

Chaetorellia loricata (Rondani, 1870) (Figure 12)

Material examined: Samsun, Ladik, Sarigazel,
40°53’N, 35°46’E, 985m, 29.07.2015, 12, 24J.

Chaetorellia succinea (Costa, 1844) (Figure 13)

Material examined: Amasya, Gumushacikéy, Seki,
40°57N, 36°06'E, 809m, 27.07.2017, 19; Samsun,
Havza, Yenice, 40°59’N, 35°45’E, 680m, 29.06.2015,
429, 1J&; Vezirkoprii, Yaginozii, 41°10°N, 35°23’E,
591m, 31.07.2015, 39 %; Carsamba, Esencay, 41°06’N,
36°35'E, 1156m, 30.05.2016, 529, 113J3; Alacam,
Incirli, 41°35°'N, 35°36’E, 202m, 31.05.2016, 799,
8443.

Chaetostomella cylindrica (Robineau — Desvoidy,
1830) (Figure 14)

Material examined: Amasya, Merzifon, Sazlica,
40°50’N, 35°27E, 613m, 19.05.2017, 185
Gumushacikoy, Sekii, 40°57N, 36°06’E, 809m,
27.07.2017, 299, 344.

Ensina sonchi (Linnaeus, 1767) (Figure 15)

Material examined: Samsun, Bafra, KEsencay,
41°20'N, 35°50'E, 115m, 29.07.2017, 19; Bafra,

Esencay, 41°18'N, 35°50°E, 223m, 29.07.2017, 299,
284.

Euaresta bullans (Wiedemann, 1830) (Figure 16)

Material examined: Amasya, Gimiushacikoy, Sarikoy,
40°51°N, 35°28'E, 720m, 15.06.2017, 499, 533;
Tagova, Dudluk, 40°44’'N, 36°17E, 2556m, 01.07.2017,
38992, 26435 Goyniicek, Kertme, 40°27'N, 35°27E,
855m, 01.07.2017, 1629, 24435 Samsun, Carsamba,
Esencay, 41°06'N, 36°35’E, 115m, 30.05.2016, 299,
433; Tekkekdéy, Hamzali, 41°20°N, 36°53’E, 18m,
29.06.2016, 19; Bafra, Kabagukur, 41°19’N, 35°50’E,
123m, 18.08.2017, 1592, 1643 4.

Myopites apicatus Freidberg, 1980 (Figure 17)

Material examined: Amasya, Tasova, Sarikiz,
40°29N, 35°59’E, 510m, 19.08.2017, 222, 344.

Myopites cypriacus Hering, 1938 (Figure 18)

Material examined: Amasya, Tasova, Karabik,
40°43'N, 36°09’E, 267m, 19.08.2017, 19, 5343.
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Orellia stictica (Gmelin, 1790) (Figure 19)

Material examined: Samsun, Havza, Cayrozi,
40°58'N, 35°36’E, 727m, 17.06.2017, 322, 1J.

Oxyna flavipennis (Loew, 1844) (Figure 20)

Material examined: Amasya, Merzifon, Karacaéren,
40°51°N, 35°21’E, 751m, 22.06.2018, 222, 28J.

Sphenella marginata (Fallen, 1814) (Figure 21)

Material examined: Amasya, Gimushacikoy, Sarikoy,
40°51°N, 35°23’E, 720m, 15.06.2017, 1J; Merzifon,
Karatepe, 40°49’'N, 35°21'E, 618m, 20.08.2017, 299,
6435 Samsun, Atakum, Degirmendiizii, 41°15'N,
36°10°E, 190m, 30.06.2015, 2435 Havza, Boyali,
41°13'N, 35°52’E, 770m, 29.07.2017, 12, 283; Ladik,
Ibi, 40°58'N, 35°54’E, 779m, 30.07.2017, 292, 1J.

Anomoia purmunda (Harris, 1780) (Figures 22-25)

Material examined: Samsun, Havza, Boyali, 41°13’N,
35°52’'E, 770m, 29.07.2017, 38J.

Host plant: Cotonoaster spp., Crataegus spp. and
Malus spp. Merz, 1994).

Distribution: Austria, Belgium, Britain Island,
Bulgaria, Central European Russia, Channel Island,
Corsica, Czech Republic, Danish mainland, East
Palaearctic, Estonia, Finland, French mainland,
Germany, Hungary, Ireland, Italian mainland,
Lithuania, Near East, Northern Ireland, Netherlands,
Norwegian mainland, Poland, Slovakia, Spanish
mainland, Sweden, Switzerland, Ukraine (Fauna
Europaea, 2020).

This genus and species are new records for the fauna
of Turkey.

Philophylia caesio (Harris, 1780) (Figures 26-29)

Material examined: Amasya, Gumushacikoy, Sekd,
40°57N, 386°06’E, 809m, 27.07.2017, 12, 1&;
Gumiushacikéy, Sekii, 40°57N, 36°06'E, 809m,
22.06.2018, 2475 Samsun, Bafra, Esencay, 41°20°N,
35°50’E, 115m, 29.07.2017, 19.

Host plant: Urtica dioica Merz, 1994).

Distribution: Andorra, Austria, Belgium, Britain
Island, Bulgaria, Central European Russia, Channel
Island, Corsica, Czech Republic, Danish mainland,
East European Russia, Finland, French mainland,
Germany, Hungary, Ireland, Italian mainland,
Lithuania, Near East, Netherlands, Northern Ireland,
Norwegian mainland, Poland, Slovakia, Spanish
mainland, Sweden, Switzerland, Ukraine, Yugoslavia
(Fauna Europaea, 2020).

This genus and species are new records for the fauna
of Turkey.
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Tephritis acanthiophilopsis (Hering, 1938) (Figure 30)

Material examined: Amasya, Goynticek, Gozlek,
40°32'N, 35°40’E, 827m, 01.07.2017, 222, 244.

Tephritis bardanae (Schrank, 1803) (Figure 31)

Material examined: Amasya, Gimushacikoy, Sarikoy,
40°51'N, 35°23’E, 720m, 15.06.2017, 222, 13.

Tephritis dioscurea (Loew, 1856) (Figure 32)

Material examined: Amasya, Tasova, Mercimekkoy,
40°47TN, 36°13’E, 585m, 17.06.2017, 19; Gdynicek,
Culpura, 40°39N, 35°32’E, 1000m, 01.07.2017, 135
Samsun, Bafra, Kolay, 41°22’N, 35°48’E, 59m,
30.05.2016, 1d; Carsamba, Arim Koseli, 41°21'N,
36°79E, 29m, 29.06.2016, 1¢; Terme, 41°12'N,
36°51’E, 12m, 19.05.2017, 135 Vezirkoprii, Kocakaya,
41°18'N, 35°08’E, 275m, 14.06.2017, 13, 19; Havza,
Boyali, 41°13'N, 35°52’E, 770m, 29.07.2017, 299,
944.

Tephritis divisa Rondani, 1871 (Figure 33)

Material examined: Amasya, Goynucek, Gozlek,
40°32°N, 35°40’E, 827m, 01.07.2017, 322, 43J3;
Tasova, Destek, 40°51'N, 36°07’E, 800m, 30.07.2017,
19, 1485 Samsun, Carsamba, Esencay, 41°06’N,
36°35’E, 115m, 30.05.2016, 1J&; Havza, Boyal,
41°13'N, 35°52'E, 770m, 29.07.2017, 622, 83J;
Ayvacik, Camlikale, 40°55’'N, 36°29°E, 1005m,
18.08.2017, 1%.

Tephritis erdemlii Kiitiik, 2008 (Figure 34)

Material examined: Samsun, Alacam, Kapakl,
41°30°N, 35°35’E, 801m, 28.07.2017, 322, 1J.

Tephritis formosa (Loew, 1844) (Figure 35)

Material examined: Amasya, Merzifon, Saribugday,
40°44'N, 35°27E, 650m, 28.07.2015, 229, 238J3;
Gumushacikoy, Sekii, 40°57N, 36°06’E, 809m,
27.07.2017, 829, 124435 Samsun, Havza, Boyals,
41°13'N, 35°52’E, 770m, 29.07.2017, 12.

Tephritis hyoscyami (Linnaeus, 1758) (Figure 36)

Material examined: Amasya, Merzifon,
40°50'N, 35°27’E, 613m, 19.05.2017, 629, 1438J;
Goynticek, Gozlek, 40°32'N, 35°40’E, 827m,
01.07.2017, 12, 135 Tasova, Destek, 40°51’N, 36°07’E,
800m, 30.07.2017, 2929, 1485 Giumiishacikoy, Sekii,
40°57N, 36°06’E, 809m, 30.07.2017, 292, 1J;
Samsun, Kavak, 41°03’N, 35°58’E, 640m, 30.06.2015,
299, 9435 Ladik, Sangazel, 40°53'N, 35°46’E, 985m,
29.07.2015, 1329, 104J; Havza, Boyali, 41°13'N,
35°52'E, 770m, 29.07.2017, 992, 164J; Ayvacik,
Camlikale, 40°55’N, 36°29’E, 1005m, 18.08.2017, 19,
14.

Sazlica,
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Tephritis matricariae (Loew, 1844) (Figure 37)

Material examined: Amasya, Gumughacikéy, Sekd,
40°57N, 36°06’E, 809m, 30.07.2017, 19; Samsun,
Canik, Avluca, 41°10'N, 36°16’E, 415m, 29.07.2015,
14; Kavak, Kuzalan, 41°03'N, 35°58'E, 747m,
29.05.2016, 19; Bafra, Kolay, 41°22’'N, 35°48’E, 59m,
30.05.2016, 143.

Tephritis nigricauda (Loew, 1856) (Figure 38)

Material examined: Amasya, Sarimese, 40°34'N,
36°04’E, 664m, 29.05.2016, 13; Samsun, Ladik,
Sarigazel, 40°53’N, 35°46’E, 985m, 29.07.2015, 129.

Tephritis postica (Loew, 1844) (Figure 39)

Material examined: Amasya, Merzifon, Sazlca,
40°50'N, 35°27'E, 613m, 19.05.2017, 629, 143J;
Gumiishacikéy, Sarikéy, 40°51'N, 35°23’E, 720m,
15.06.2017, 529, 74Jd; Tasova, Destek, 40°51'N,
36°07E, 800m, 30.07.2017, 19; Samsun, Kavak,
41°03'N, 35°58’E, 640m, 30.06.2015, 19; Ladik,
40°54'N, 35°54’E, 896m, 17.06.2017, 222, 744.

Tephritis praecox (Loew, 1844) (Figure 40)

Material examined: Amasya, Tasova, Turkmendama,
40°44'N, 36°13’E, 355m, 02.05.2016, 19; Samsun,
Kavak, 41°03'N, 35°58'E, 640m, 30.06.2015, 19.

Tephritis sauterina Merz, 1994) (Figure 41)

Material examined: Amasya, Gumushacikoy, Sekd,
40°57N, 36°06’E, 809m, 27.07.2017, 1J; Samsun,
Bafra, Kolay, 41°22’N, 35°48’E, 59m, 30.05.2016, 13;
Havza, Boyali, 41°13'N, 35°52’E, 770m, 29.07.2017,
143.

Tephritis separata Rondani, 1871 (Figure 42)

Material examined: Amasya, Goyniicek, Gozlek,
40°32'N, 35°40’E, 827m, 01.07.2017, 19, 1J; Samsun,
Havza, Boyal, 41°13'N, 35°52’E, 770m, 29.07.2017,
299, 344.

Tephritomyia lauta (Loew, 1869) (Figure 43)

Material examined: Amasya, Merzifon, Yaylacik,
40°38'N, 35°23’E, 1125m, 27.07.2015, 13; Tasova,
Destek, 40°51’N, 36°07E, 800m, 30.07.2017, 12, 13;
Samsun, Bafra, Kolay, 41°22’N, 35°48’E, 59m,
30.05.2016, 292, 58Jd; Ladik, 40°54’N, 35°54’E,
894m, 30.07.2017, 2922, 244.

Terellia gynaecochroma (Hering, 1937) (Figure 44)

Material examined: Amasya, Gumusghacikéy, Sekd,
40°57N, 36°06’E, 809m, 27.07.2017, 2092, 243J;
Samsun, Havza, Celikalan, 41°12’N, 35°51’E, 639m,
29.07.2017, 999, 1134.
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Terellia Iuteola (Wiedemann, 1830) (Figure 45)

Material examined: Amasya, Goynilicek, Culpura,
40°39'N, 35°32’E, 1000m, 01.07.2017, 429, 24J%;
Gumushacikoy, Sekii, 40°57N, 36°06’E, 809m,
30.07.2017, 1&; Samsun, Vezirképrii, Tiirkmen,
41°13'N, 35°26’E, 275m, 28.07.2017, 62 2.

Terellia nigripalpis Hendel, 1927 (Figure 46)

Material examined: Samsun, Canik, Avluca, 41°10’N,
36°16’E, 415m, 29.07.2015, 222, 14J.

Terellia serratulae (Linnaeus, 1758) (Figure 47)

Material examined: Amasya, Merzifon, Sazlica,
40°50'N, 35°27’E, 613m, 19.05.2017, 35292, 4238J;
Gumushacikoy, Sekii, 40°57N, 36°06’E, 809m,
27.07.2017, 599, 1143; Tasova, Yuvakoy, 40°39°N,
36°09E, 927m, 19.08.2017, 12229, 6435 Samsun,

Tekkekéy, Tagsdemir, 41°12’°N, 36°34’E, 9m,
17.06.2017, 19, 44435 Bafra, Esencay, 41°20°'N,
35°50°E, 115m, 29.07.2017, 1499, 1833; Havza,

Boyali, 41°13N, 35°52'E, 770m, 29.07.2017, 4199,
45335 Ayvacik, Camlikale, 40°55’N, 36°29°E, 1005m,
18.08.2017, 299, 534

Terellia virens (Loew, 1846) (Figure 48)

Material examined: Amasya, Merzifon, Sazlica,
40°50°N, 35°27'E, 613m, 19.05.2017, 922, 834J;
Samsun, Havza, Boyali, 41°13’N, 35°52’E, 770m,
29.07.2017, 922, 134J3; Kavak, Akbelen, 41°09'N,
35°53’E, 910m, 18.08.2017, 992, 1144.

Trupanea amoena (Frauenfeld, 1857) (Figure 49)

Material examined: Amasya, Tasova, Mercimekkoy,
40°47TN, 36°13’'E, 585m, 17.06.2017, 19; Samsun,
Kavak, Akbelen, 41°09'N, 35°53’E, 910m, 18.08.2017,
143.

Trupanea stellata (Fuesslin, 1775) (Figure 50)

Material examined: Amasya, Tasova, Dudluk,
40°44'N, 36°17'E, 255m, 01.07.2017, 292, 243.

Urophora affinis (Frauenfeld, 1857) (Figure 51)

Material examined: Amasya, Suluova, 40°49'N,
35°37TE, 465m, 29.05.2016, 422, 144J3; Géyniicek,
Gozlek, 40°32’N, 35°40’E, 827m, 01.07.2017, 499,
184%; Samsun, Carsamba, Esencay, 41°06'N,
36°35’E, 115m, 30.05.2016, 629, 8J4d; Havza,
Cayirozu, 40°58'N, 35°36’E, 727m, 17.06.2017, 2392,
45335 Tekkekdy, Tasdemir, 41°12’N, 36°34’E, 9m,
17.06.2017, 19; Terme, Evci, 41°09°N, 37°03’E, 5m,
18.06.2017, 12, 344.

Urophora aprica (Fallen, 1814) (Figure 52)

Material examined: Amasya, Tagova, Dudluk,
40°44’N, 36°17E, 255m, 01.07.2017, 18, 19; Samsun,
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Vezirkopri, Yaginozi, 41°10°N, 35°23’E, 591m,

31.07.2015, 329, 544

Urophora congrua Loew, 1862 (Figure 53)

Material examined: Samsun, Kavak, Cakall1, 41°09’N,
36°06’E, 710m, 29.07.2015, 12, 38J.

Urophora cuspidata (Meigen, 1826) (Figure 54)

Material examined: Amasya, Merzifon, Yaylacik,
40°38'N, 35°23’E, 1125m, 27.07.2015, 29 9; Musakdy,
40°28N,  35°44’E, 787m, 30.06.2016, 6J4J3;
Gumiushacikoy, Seki, 40°57N, 36°06'E, 809m,
27.07.2017, 243; Samsun, Alacam, Incirli, 41°35'N,
35°36’E, 202m, 31.05.2016, 1J&; Vezirkopri, Bakla,
41°08'N, 35°14’E, 576m, 15.06.2017, 399, 643;
Kavak, Ahirli, 41°04’N, 35°58’E, 630m, 17.06.2017,
19, 3435 Bafra, Esencay, 41°20°N, 35°50°’E, 115m,
29.07.2017, 19.

Urophora jaceana (Hering, 1935) (Figure 55)

Material examined: Amasya, Suluova, Kiupeli,
40°52’N, 35°27E, 485m, 29.07.2015, 299; Merzifon,
Sazlica, 40°50’N, 35°27E, 613m, 19.05.2017, 399,
2835 Giimiishacikéy, Sekii, 40°57N, 36°06’'E, 809m,
27.07.2017, 12, 1&; Samsun, Vezirképrii, Yaginozi,
41°10N, 35°23’E, 591m, 31.07.2015, 322, 2345
Bafra, Esencay, 41°20°’N, 35°50’E, 115m, 29.07.2017,
599, 1244.

Urophora mauritanica Macquart 1851 (Figure 56)

Material examined: Amasya, Musakoy, 40°28N,
35°44’E, 787m, 30.06.2016, 19; Samsun, Vezirkdpri,
Yaginozi, 41°10°N, 35°23’E, 591m, 31.07.2015, 19,
3843.

Urophora phalolepidis Merz & White, 1991 (Figure
57)

Material examined: Amasya, Merzifon, Sazlica,
40°50’N, 35°27E, 613m, 19.05.2017, 19, 2335
Samsun, Vezirkopri, Yagmnozi, 41°10°N, 35°23’E,
591m, 31.07.2015, 19, 3435 Carsamba, Dikbiyik,
41°13'N, 36°36’E, 10m, 30.05.2016, 222, 1J.

Urophora quadrifasciata (Meigen, 1826) (Figure 58)

Material examined: Amasya, Gumiushacikoy, Seki,
40°57N, 36°06’E, 809m, 27.07.2017, 299, 533;
Samsun, Havza, Boyali, 41°13’N, 35°52’E, 770m,
29.07.2017, 28 4.

Urophora solstitialis (Linnaeus, 1758) (Figure 59)

Material examined: Amasya, Gumiushacikoy, Seki,
40°57N, 36°06’E, 809m, 27.07.2017, 443; Samsun,
Vezirkopri, Turkmen, 41°13'N, 35°26’E, 275m,
28.07.2017, 7343.
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Urophora stylata (Fabricius, 1775) (Figure 60)

Material examined: Amasya, Duruca, 40°44'N,
35°47E, 510m, 29.06.2015, 890, 11435 Goyniicek,
Gozlek, 40°32’'N, 35°40’E, 827m, 01.07.2017, 12, 13;
Gumushacikoy, Sekii, 40°57N, 36°06’E, 809m,
27.07.2017, 292, 94&; Tasova, Destek, 40°51’N,
36°07E, 800m, 30.07.2017, 12992, 184J; Samsun,
Bafra, Dedeli, 41°32’N, 35°51’E, 50m, 30.06.2015, 19,
2838, Canik, Avluca, 41°10N, 36°16’E, 415m,
29.07.2015, 629, 1143; Carsamba, Esencay, 41°06’N,
36°35’E, 115m, 30.05.2016, 1J; Havza, Derekdy,
41°06'N, 35°42’E, 564m, 29.07.2017, 999, 233 .

Urophora terebrans (Loew, 1850) (Figure 61)

Material examined: Samsun, Ondokuzmayis,
Karakavuk, 41°22'N, 36°08’E, 149m, 30.05.2016, 12,

283.

Xyphosia miliaria (Schrank, 1781) (Figure 62)
Material examined: Amasya, 40°28'N,
35°44’E, 787Tm, 30.06.2016, 599, 733
Gumushacikoy, Sekii, 40°57N, 36°06’E, 809m,
30.07.2017, 29 9; Tasova, Yuvakoy, 40°39°N, 36°09’E,
927m, 19.08.2017, 4J33; Samsun, Vezirkoprii,
Giildere, 41°17N, 35°55’E, 630m, 29.07.2017, 33J;
Havza, Boyali, 41°13’N, 35°52’E, 770m, 29.07.2017,

1199, 2333.

Musakay,

DISCUSSION

We determined the fruit fly fauna of Amasya and
Samsun by identifying the species collected from the
region between 2015 — 2018 years. As a result, fifty-
six species and 21 genera belonging to five
subfamilies of Tephritidae were determined. The
genera Anomoia Walker and Philophylla Rondani as
well as the species Anomoia purmunda (Harris) and
Philophylia caesio (Harris) were recorded for the first
time from Turkey. With these contributions, fruit fly
fauna of Turkey has reached to 40 genera and 175
species.

Amasya and Samsun are neighbour provinces in the
north of Turkey. Central Anatolian climate observed
in the south of the region, while Black Sea climate is
dominant in general. Forty-six fruit fly species were
identified from Amasya Province and 45 from Samsun
Province. The number of species detected in both
Amasya and Samsun Provinces indicates that the
research region has a rich biodiversity. This could be
explained by the fact that these provinces are under
the influence of both Central Anatolia and Black Sea
climate and have different ecosystems. On the other
hand, according to previous faunistic studies, the fact
that 28 species have been identified in Gaziantep
Province (Yaran & Kiitiik, 2012), 38 species in Yozgat
Province (Kiitiik et al., 2019) and 33 species in Ordu
Province (Katranci, 2019) can be attributed to the
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Figures 1-21. Wings of fruit fly species; 1. Acanthiophilus helianthi, 2. Aciura coryli, 3. Campiglossa absinthii, 4. Cam.
bidentis, 6. Cam. producta, 6. Carpomya schineri, 7. Ceratitis capitata, 8. Chaetorellia acrolophi, 9. Cha.
carthami, 10. Cha. conjuncta, 11. Cha. jaceae, 12. Cha. loricata, 13. Cha. succinae, 14. Chaetostomella
cylindrica, 15. Ensina sonchi, 16. FKuaresta bullans, 17. Myopites apicatus, 18. Myo. cypriacus, 19. Orellia
stictica, 20. Oxyna flavipennis, 21. Sphenella marginata. (Scale bar: 1 mm).

729



KSU Tarim ve Doga Derg 25 (4): 723-734, 2022 Aragtirma Makalesi
KSU J. Agric Nat 25 (4): 723-734, 2022 Research Article

Figures 22-29. Anomoia purmunda; 22. adult, 23. wing, 24. epandrium, 25. glans; Philophylla caesio; 26. adult, 27. wing, 28.
aculeus 29. apex of aculeus, (Scale bars; 22, 23, 26, 27: 1 mm; 24, 25, 28, 29: 0,1 mm).
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Figures 30-50. Wings of fruit fly; 30. Tephritis acanthiophilopsis, 31. Tep. bardanae, 32. Tep. dioscurea, 33. Tep. divisa, 34.
Tep. erdemlii, 35. Tep. formosa, 36. Tep. hyoscyami, 37. Tep. matricariae, 38. Tep. nigricauda, 39. Tep. postica,
40. Tep. praecox, 41. Tep. sauterina, 42. Tep. separata, 43. Tephritomyia lauta, 44. Terellia gynaecochroma,
45. Ter. luteola, 46. Ter. nigripalpis, 47. Ter. serratulae, 48. Ter. virens, 49. Trupanea amoena, 50. Tru.

stellata. (Scale bar: 1 mm).
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Figures 51-62. Wings of fruit fly species; 51. Urophora aftinis, 52. U. aprica, 53. U. congrua, 54. U. cuspidata, 55. U. jaceana,
56. U. macrura, 57. U. phalolepidis, 58. U. quadrifasciata, 59. U. solstitialis, 60. U. stylata, 61. U. terebrans,

62. Xyphosia miliaria, (Scale bar: 1 mm).

influence of a single climate dominance in the given
regions. The high biodiversity is directly related to
the climate, ecosystem and habitat diversity in the
region.
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OZET Tarimsal Biyoteknoloji
Kavun (Cucumis melo L.) Tiirkiye ‘nin farkl cografik bolgelerinde

yetigtirilen énemli bir sebze turudur. Zucchini yellow mosaic virus Aragtirma Makalesi
(ZYMV) basta olmak iizere cucumber mosaic viriis (CMV) ve

watermelon mosaic viriis (WMV) kavunda olusturdugu yikic Makale Tarihgesi

hasarlardan dolay1 biiyiik ekonomik kayiplara neden olmaktadir. Bu Gelig Tarihi  :16.11.2020
calismada, Van Golu Havzasi’ndan toplanmig olan 22 farkli kavun Kabul Tarihi :20.09.2021
genotipi ile birlikte 3 dayanikli genotip ve 2 ticari c¢esit bu li¢ viriise

kars1 mekanik inokiilasyon ve molekiiler yontemlerle taranmistir. Anahtar Kelimeler
Calismada ilk etapta ZYMYV viriisi kullanilarak kavun genotiplerine CAPS

viris inokulasyonu gerceklestirilmis ve genotiplerde morfolojik Kavun

gozlemler yapilarak 0-5 skalasina gore hastalik siddeti Mekanik inokiilasyon
belirlenmigtir. Calismanin ikinci agamasinda bu genotiplerde 3 adet SCAR

SCAR ve 4 adet CAPS olmak tlizere 7 adet primer ile tarama Virtse dayaniklilik
yapilarak ZYMV, CMV ve WMV’ ye karsi dayanmikhlik ile ilgili
belirteglerin varhig1 tespit edilmeye c¢ahisilmistir. Siddetli ZYMV
izolatina karsi mekanik olarak test edilen genotiplerin hicbirinin
virise tolerant, dayanmikli ya da immun olmadigr saptanmastir.
Kavun genotiplerinde gorilen hastalik siddetinin  %8.80-95.00
arasinda degistigi belirlenmigtir. SCOPE14541 primerinde 21
genotipte bant tespit edilirken, Creb-2 dayaniklilik genine bagh
olarak geligtirilen SCAPB051046 primerinde 25 genotipten yalnizca
U6, U13 ve YYU6 genotiplerinde bant varligi belirlenmigtir. ZYMV
ve WMV’ ye karsi dayaniklilik genlerine bagli olarak gelistirilmig
olan VirSq-F19 primeri YYU47 genotipi disinda tiim genotiplerde
bant vermistir. Zym dayaniklhilik geni ile iligkili 4 CAPS primerinden
sadece ikisinden sonug elde edilmistir.

Determination of Virus Resistance in Some Melon Accession Collected from Van Lake Basin by
Mechanic Inoculation and Molecular Methods

ABSTRACT Agricultural Biotecnoloy
Melon (Cucumis melo L.) is an important vegetable crop grown in

different geographical regions of Turkey. Zucchini yellow mosaic Research Article

virus (ZYMV), cucumber mosaic virus (CMV) and watermelon mosaic

virus (WMV) cause major economic losses because of their Article History

destructive effects on melon. In this study, 22 different melon Received ©16.11.2020
genotypes collected from the Lake Van Basin, three resistant Accepted ©20.09.2021
genotypes and two commercial varieties were screened against these

three viruses by mechanical inoculation and molecular methods. In Keywords

the first step, virus inoculation was performed on melon genotypes CAPS

using ZYMV virus, and disease severity was determined according to Melon .. :

0-5 scale by performing morphological observations in the genotypes. lg/ICeZ}ll%amc inoculation

In second stage of the study the presence of markers related to . .
resistance genes against to ZYMV, CMV and WMV were determined Resistance to virus
by screening with 7 primers including 3 SCAR primers and 4 CAPS
primers in these genotypes. None of the genotypes tested
mechanically against the severe ZYMV isolate were found to be
tolerant, resistant or immune to the virus. It was determined that


mailto:ceknaserdinc@yyu.edu.tr

KSU Tarim ve Doga Derg 25 (4): 735-744, 2022
KSU J. Agric Nat 25 (4): 735-744, 2022

Aragtirma Makalesi
Research Article

the disease severity was ranged between 8.80-95.00% in melon
genotypes. While bands were obtained from SCOPE14541 primer in
21 genotypes, only U6, U13 and YYUG6 genotypes from 25 genotypes
gave bands with SCAPB051046 primer that was developed based on
the Creb-2 resistance gene. VirSq-F19 primer that was developed
based on the resistance genes to ZYMV and WMV gave bands in all
genotypes excluding YYU47. Only two of the 4 CAPS primers
associated with the Zym resistance gene produced band.

Ataf Sekli: Turan S, Erding ¢ 2022. Van Go6li Havzasindan Toplanan Bazi Kavun Genotiplerinde Viriise Karg
Dayaniklihgin Mekanik Inokulasyon ve Molekiiler Yontemlerle Belirlenmesi. KSU Tarim ve Doga Derg 25
(4): 735-744. https://doi.org/10.18016/ksutarimdoga.vi.826692

To Cite : Turan S, Erding ¢ 2022. Determination of Virus Resistance in Some Melon Accession Collected from Van
Lake Basin by Mechanic Inoculation and Molecular Methods. KSU J. Agric Nat 25 (4): 735-744.
https://doi.org/ 10.18016/ksutarimdoga.vi.826692

GIRIS ve yapraklarda deformasyon olusumuna ve ve

Cucurbitaceae familyasina ait olan kavun (Cucumis
melo L., 2x=2n=24), gerek iilkemizde, gerekse
diinyada ekonomik olarak c¢ok onemli bir sebze
tirdir. Dinyanin ikinci biiyiik kavun tretici tilkesi
olan Turkiye ayni zamanda kavunun ikincil gen
merkezleri arasinda yer almaktadir. Yerel kavun
populasyonlari, dogal mutasyonlar ve kavunun
déllenme yapisindan kaynaklanan 6zelliklerinden
dolay1, zengin bir cesitlilik gostermektedir (Yildiz ve
ark., 2014). Ozellikle Tiirkiye Van Go6li Havzas,
kavunun ikincil gen merkezi olarak oOnemli bir
genetik cesitlilige sahiptir (Erding ve ark., 2013). Bu
zengin genetik c¢esitliliginden dolayr Van Goéla
Havzasi’'nda abiyotik ve biyotik stres ile ilgili birgok
calisma yiritilmistir (Sensoy ve ark. 2005;
Turkmen ve ark., 2008; Sensoy ve ark., 2012; Erding,
2018; Ekincialp, 2019). Bu zengin cesitliligin
kaybolmasin1 6nlemek ve secilecek materyallerin
1islah ¢aligmalarinda kullanilmasini saglamak igin
gen kaynaklarimin  korunmasi ve seleksiyon
calismalarinin devam etmesi gerekmektedir.

Cok sayida viris hastalign kavun yetistirilen
alanlarda etkili olmakla birlikte, ZYMV, CMV ve
WMV Turkiye’de en yaygin bulunanlar arasindadir
(Yilmaz ve ark., 1992). Zucchini yellow mosaic virus,
(ZYMV) Potyviridae familyas1 icerisindeki Potyvirus
genusunda yer alan ekonomik bakimdan oldukca
onemli bir virtis hastaligidir. Sipahioglu ve ark.,
(2015) Tirkiye'de yaygin olarak yetistirilen baz
kavun cesitleri ile yaptigi tarama ¢aligmalarinda, tim
cesitlerin  ZYMV’ye  karst  hassas  oldugunu
belirlerken, 6zellikle Yuva ve Hasanbey cesitlerinde
6nemli verim kayiplarinin yasandigini  rapor
etmiglerdir. Ayn1 sekilde cucumber mosaic virus
(CMV), pek c¢ok konuk¢u bitkide sistemik
infeksiyonlara neden olmakta, fakat bazi bitkilerde
hastalik simptomsuz bulunabilmektedir. Simptomlar
infekte edilen bitkiye ve infeksiyon zamaninda
bitkilerin yasina baglh olarak biiyiik oranda degisiklik
gosterebilmektedir (Gallitelli, 2000). CMV, infekteli
bitkilerin yapraklarinda mozaik olusumuna, meyve
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bitkilerin éliimiine neden olabilmektedir. Ilk olarak
1965 yilinda karpuzda tespit edilen watermelon
mosaic virus (WMV), tiim diinyada, o6zellikle de
1liman iklimlerde ve Akdeniz Bolgesinde hemen
hemen tiim kabakgillerde olduk¢a yaygin bir
etmendir (Sharifi ve ark., 2008).

Gilnimizde kavunun da dahil oldugu ve genis
alanlarda yetistirilen kabakgillerde cok sayida F:
hibrit c¢esitler kullanilmakta ve gelistirilmektedir
(Kurtar ve ark., 2020). Bu ihtiyac1 karsilamak icin
gen havuzlarinin olumsuz ¢evre kosullarina karsi
taranmasi1 ve ebeveyn olma o6zelligi tasiyan elit
hatlarin  se¢imi, yeni c¢esitlerin  gelistirilmesi
bakimindan oldukca o6nemlidir. Ulkemizin kavun
uretiminin yapildig1 degisik bolgelerinde yurutilen
survey calismalarinda virtis hastaliklarinin yogun
olarak bulundugu ve ciddi ekonomik zararlara yol
actig1 tespit edilmigstir. Yerel ve eski cesitler, viris
hastaliklarindan dolay:r yok olma tehdidi ile karsi
karsiya bulunmaktadir (Sensoy ve Sahin, 2012;
Sipahioglu ve ark., 2015). Bu nedenle, yerel ve eski
cesitlerde olup mevcut c¢esitlerde bulunmayan
genlerin korunmasi1 ve hastaliga karsi dayanikl
cesitlerin  belirlenmesi  i¢in  molekiiler 1slah
calismalar: hayati 6nem tasimaktadir.

Bu calismada, Van Go6lu Havzasr’ndan toplanmis olan
baz1 yerel kavun genotiplerinin ZYMV’ye karsi
dayaniklilik durumlari mekanik inokulasyon yontemi
ile belirlenmigtir. Aynm1 zamanda ZYMV, CMV ve
WMV icin gelistirilmis olan bazi SCAR (Sequence
Characterized Amplified Region) ve CAPS (Cleaved
Amplified Polymorphic Sequence) primerleri
kullanilarak s6z konusu kavun genotiplerinde bu tg
virise karsi dayamklilik genlerinin varliginin
belirlenmesi hedeflenmigtir. Bu sekilde o6zellikle
yaygin bir viriis olan ZYMV’ye dayanikliligin
mekanik inokiillasyon ve molekiiler yontemler ile
birlikte test edilmesinin yami sira CMV ve WMV
viriislerine dayamklhlik acisindan da genotiplerin
molekiiler yontemlerle taranmasi saglanmastar.
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MATERYAL ve METOD
Materyal

Calismanin ana materyalini Van Goélu Havzasi’ndan
toplanmigs 22 adet kavun genotipi ile kontrol amacli 2
adet ticari cesit ve Ekbic ve ark., (2010) tarafindan
Cukurova Universitesi'nde yiiritiilen bir ¢caligmada

Cizelge 1. Calisgmada kullanilan kavun genotipleri
Table 1. The melon genotypes used in the study

ZYMV’ye dayanikli oldugu belirlenen 3 adet c¢esit
olusturmustur (Cizelge 1). Viriis kaynag: olarak Doc.
Dr. Mustafa USTA’dan temin edilen, Van Yuzlincu
Yil Universitesi, Ziraat Fakiiltesi, Bitki Koruma
Bolumi  virtis koleksiyonunda yer alan oldukca
siddetli yerli ZYMV viriis izolat1 kullanilmistir.

Genotip Orijin Temin Edildigi Yer Genotip Orijin Temin Edildigi Yer
U6 Van Van-Sihke-Kirath YYU24 Van Van-Edremit-Kopriiler
U7 Van Van-Sihke YYU39 Van Van-Ercek-Aktas
U10 Van Van-Sihke YYU40 Van Van-Edremit-Képriiler
U11 Van Van-Sihke-Kirath YYU41 Van Van-Muradiye
U13 Van Van-Sihke-Kirath YYU42 Van Van-Sihke
U19 Van Van-Unseli YYU45 Van Van-Edremit-Kopriiler
U22 Van Van-Ercig YYU46 Van Van-Muradiye
U25 Van Van-Erc¢ek-Irgath YYU47 Van Van-Edremit-Kopriiler
U28 Van Van-Ercek-Irgath Kirkagag Ticari ¢esit Arzuman
U30 Van Van-Erc¢ek-Irgath Lokum Ticari gesit Arzuman
YYU1 Van Van-Ercis-Unseli CU-305 Adana Cukurova Univ.
YYU6 Van Van-Ercig-Kozluca CU-100 Turkmenistan Cukurova Univ.
YYU9 Van Van-Ercig-Celebibagi CU-328 Ankara/Ayas Cukurova Univ.
YYU15 Van Van-Er¢ek-Irgath
Metod Belirtilerin Gozlemlenmesi, Skalanin Olugturulmas:
Kavun genotip ve cesitlerinin iklim odasinda ve Degerlendirmesi
yetistirilmesi Fideler ZYMV ile inokule edildikten sonra 1 hafta

Calismada kullanilacak kavun genotip/cesitlerine ait
tohumlar 1klim odasinda 2:1 oranminda torf: perlit
iceren 250 mL hacmindeki kaplara tesadif parselleri
deneme desenine gore ¢ tekerrir ve her tekerriirde 4
bitki olacak sgekilde ekilmigtir. Cimlenmeden sonra
iklim odasi kogullarinda gelisen 10 gunliik bitkilerin
kotiledon yapraklarina siddetli ZYMV izolati
mekanik inokulasyon yontemi ile bulagstirilmigtir.

ZYMV Inokulasyonu

Iklim odasinda viriis kiltiriiniin ~ olusturuldugu
kabak bitkilerine ait simptom gosteren yapraklar
0.01 M fosfat tamponu (pH:7.2) icinde buz iizerinde

ekstrakte edilerek, aday bitkilerin kotiledon
yapraklarina mekanik olarak inokule edilmistir.
Virtis  partikillerinin  kavunlara  bulagmasini
kolaylastirmak amaciyla ekstrakt icerisine

karborandum tozu ilave edilmistir. Inokule edilen
bitkiler daha sonra fosfat tamponu yakmalarina karg:
cesme suyu ile yikanmigtir. Virts bulastirilan bitkiler
simptom gelisimi i¢in 22-24 °C sicaklik, %70 nem,
16/8 saat (1sik/karanlik) ve 10000 liix 151k aydinlatma
kogullarina sahip iklim odasinda tutulmus ve
simptom g¢ikig1 i¢in liger giin arayla gézlemlenmistir
(Simmons ve ark., 2011).
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simptom gelisimi i¢in beklenmis ve tlger giin arayla
toplam 3 gozlem yapilmigtir. Bu stire sonrasinda 0-5
skalasina (0 = belirti yok, 1 = yaprak beneklenmesi
yapragin %50’sinden az, 2 = yaprak beneklenmesi
yapragin %50’sinden fazla, 3 beneklenme ve
mozaik, 4 beneklenme, mozaik ve yaprak
deformasyonu, 5 = ayakkabi bagi simptomu dahil agir
hastalik tablosu) gore bitkilerdeki hastalik siddeti
degerlendirilmistir (Sekil 1). Elde edilen skala
degerleri Egitlik 1'e gore Towsend-Heuberger*
formiilii (Towsend ve Heuberger,1943) yardimi ile
hastalik siddeti (%) degerlerine doniistiiriilmiistiir
(Sipahioglu ve ark., 2015).

U Hastalik Siddeti = Z(spxsDS) 100 (1)

T (TYSxESD)
SD: Skala degeri, SDS: Skalada degerlendirilen
yaprak sayisi, TYS: Toplam yaprak sayisi, ESD: En
yiksek skala degeri

DNA izolasyonu

Inokulasyon sonrasi 0-5 skalasina gére
degerlendirmeler yapildiktan sonra her genotipten
yaprak ornekleri alinmigtir. Alinan yaprak 6rnekleri
Doyle ve Doyle (1987) ile Doyle ve Dickson (1987)'1n
bildirmis oldugu yéntemler ve Cullings (1992)nin
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yaptigi minér modifikasyona gére yapilmistir.
Izolasyon sonrasi DNA miktarlari Nanodrop cihaz ile
Olctlerek seyreltilmigtir.

SCAR analizi

Calismada kavunda CMV-B2 diren¢ geni Creb-2 ile
iligkili belirteci belirlemek i¢cin 2 SCAR primeri
(Daryono ve ark., 2009) ve bal kabaginda ZYMV ve

Cizelge 2. Calismada kullanilan primerler
Table 2. The primers used in the study

WMV’ e kars: gelistirilen 1 SCAR primeri (Kim ve
ark., 2016) kullanilmistir (Cizelge 2). Toplam 25 ul
PCR reaksiyonu i¢in; 25-50 ng DNA, 1X DreamTaq
PCR buffer, 0.4 uM primer (her bir primer i¢in), 0.3
mM dNTPs, 1.5 mM MgClz, 0.2 unit Taqg DNA
polimeraz kullanilmistir. Her primer i¢in farkli PCR
doéngiileri kullamlmistir (Cizelge 3).

Primer Baz Dizilimi Baz Bagli Bulundugu
Buyukliga Gen
SCAPBO05 AAC GCG CAA CTT GAT ACA AAT ATAG (F) AAC 1046 bp CMV-B2
GCG CAA CAA TAG AAG AAC ATC (R)
SCOPE14 TGC GGC TGA GGA CGG TTG GAG GTC (F) TGC 541 bp CMV-B2
GGC TGA GCA TTC TCG AGC AG (R)
VirSq-F19 CCT CTA GAC CAA GTA TAA ATT AGA TAG (F) CCT 444 bp WMV\
CTA GAC CCA CAG TAG GTT (R) ZYMV
CAPS-T86C AGC AGG CGG TAC ATG AAG AT (F) CCT GTT CTG 288 (236\52) Zym
Mnl I (Enzim) GAT CCT CTC CA (R) bp
dCAPS-G99A ACG CAA AAG CCT CTC CGC TGT ATT T (F) GCT 338 (313\25) Zym
Dra I (Enzim) CTC CAA TCC AGC AAC AT R) bp
CAPS -1 TTT GGT TCG ATA ACC CAT CC (F) 368-349 bp zym
Msel (Enzim) CCA ACA GCA AGA ACC GAAAG (R) 203-222 bp
CAPS-2 AAA GCT ACA TCC ACG GAA GA (F) CTC CAA 22-41 bp Zym
Pasl (Enzim) AAC TCC TCA ACA GTA G (R) 299-278 bp
Cizelge 3. Primerler i¢in kullanilan PCR déngtileri
Table 3. PCR cycles used for the primers
PRIMER PCR DONGUSU
SCAPB05\ SCOPE14 95 °C'de 5 dakika
95 °C'de 1 dakika W
60 °C'de 1 dakika L30 dongt
72 °C'de 2 dakika
(Daryono ve ark.,2009)
VirSq-F19 95 °C'de 5 dakika
95 °C'de 30 saniye
54 °C'de 30 saniye 35 dongi
72 °C'de 30 saniye

72 °C'de 7 dakika (Kifm ve ark.,2016)

CAPS-1/ CAPS-2

94 °C'de 3 dakika
94 °C'de 30 saniye
55 °C'de 1 dakika
72 °C'de 1 dakika
72 °C'de 10 dakika (Ling ve ark., 2009).

=35 dongu

CAPS-T86C / dCAPS- G99A

94 °C'de 1 dakika

95 °C'de 30 saniye
54 °C'de 30 saniye
72 °C'de 30 saniye
72 °C'de 7 dakika (Afmano ve ark., 2013).

35 déngi

CAPS analizi

Calismada ZYMV ‘ye karsi zym direng geni ile iligkili
belirteci belirlemek i¢in kullanilan 4 CAPS primer
(Cizelge 2) kullamlmistir (Amano ve ark., 2013, Ling
ve ark., 2009). Toplam 25 pl PCR reaksiyonu icin; 25-
50 ng DNA, 1X DreamTaq PCR buffer, 0.4 uM primer

(her bir primer icin), 0.3 mM dNTPs, 1.5 mM MgCls,
0.2 unit Taqg DNA polimeraz kullanilmistir. Her
primer i¢in farklh PCR dénguleri kullanmilmigtir
(Cizelge 3). Ayrica CAPS primerlerinde PCR
urtnlerinin kesimi i¢in, tireticinin prosediiriine gére 5
ul PCR urtntne 10X buffer ve Mnll, Mse I, Dra I ve
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Pas I kesim enzimleri (Thermo Scientific) eklenmis ve
her kesim enzimi i¢in oOnerilen sicaklhikta 3 saat
inkibasyona birakilmigtir.

Elde edilen PCR frtnleri %1,51ik agaroz jelde 90
Voltta 2 saat siireyle kosturulduktan sonra UV
altinda bant géruntisi alinmistir ve her primer igin
belirtilen  bant  boyutuna goére  genotiplerde
dayamiklihk  genleri ile iligkili  belirteglerin
varligi/yoklugu belirlenmisgtir.

Skala degerlerinin dagilim oranlarina goére birinci
gozlemde genotiplerin  4.00-4.99 skala deger
araliklarinda %25 ile en yliksek orana ulastiklari
gérilmiistiir. Ikinci gozlemde genotiplerin %41.67’si
3.00-3.99 skala degerlerine sahip olmus, Uglinci
gozlemde ise ayni skala degerinde bu oran %33.33
olmustur. Birinci ve ikinci gozlemlerde en yiliksek
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BULGULAR ve TARTISMA

Mekanik Inokiilasyon

Kavun bitkilerine ZYMV bulastirildiktan sonra 0-5
skalasina gore degerlendirilen genotiplerin

tamaminin yiiksek hastalik siddeti gosterdigi tespit
edilmigtir. Bu genotiplerde goriilen hastalik siddeti
oraninin %8.80-95.00 arasinda degistigi belirlenmistir
(Cizelge 4). Mekanik olarak inokiile edilen kavun
bitkilerinin  yapraklarinda mozaik, sararma,
kabarciklanma, kivrilmalar, ipliklesme ve
beneklenme simptomlar: ortaya ¢ikmistir (Sekil 1).

-~ S

> A e
Sekil 1. ZYMV’nin olusturdugu hastalik siddetini degerlendirmede kullanilan 0-5 skalasinin degerleri ve

yapraktaki gérintumi
Figure 1. Values of the 0-5 scale used in evaluating the disease severity caused by ZYMV and its appearance on
the leaf.

skala degerine rastlanmazken {glinci goézlemde
simptom gdéstermeyen genotipin olmadig1 tespit
edilmistir (Sekil 2).

Birinci gézlem sonucu elde edilen hastalik giddetine
gore genotiplerin oransal dagilimi incelendiginde,
genotiplerin  %37.50 ‘si  %0-25 hastalik siddeti
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araliginda yer almigtir. Ikinei gozlemde hastalik en fazla sayida genotipin %26-50 ve %51-75 arasinda
siddetinin biraz daha arttig1 ve genotiplerin %41.67’s1 hastalik siddetine sahip oldugu (sirasiyla %33.33 ve
%51-75 araliginda hastalik siddetini gostermistir. Bu %37.50) %12.50’sinin ise hastalik siddetinin %76 nin
iki goézlemde %76 hastalik siddetinin Ustiine cikan iizerinde oldugu tespit edilmistir (Sekil 3).

hicbir genotip tespit edilememistir. Ugtincii gozlemde

Cizelge 4. Kavun genotiplerine ait hastalik siddeti degerleri
Table 4. Disease severity values of melon genotypes

Genotip 1.gbzlem ort. 2.g6zlem ort 3. gbzlem ort.
U6 39.50 55.50 61.60
U7 0.00 50.60 94.10
U10 50.00 51.60 72.80
Ul11 75.00 54.20 57.40
U13 60.42 62.40 23.60
U19 68.00 66.40 86.18
U22 56.90 63.40 67.00
U25 51.40 50.60 42.50
U28 55.50 64.20 64.50
U30 16.60 47.20 58.30
YYU1 23.00 14.50 41.60
YYU6 48.60 49.30 88.70
YYU9 37.50 34.70 54.10
YYU24 33.30 40.60 49.80
YYU39 56.25 55.00 57.30
YYU40 33.30 32.40 40.70
YYU42 25.00 18.00 35.40
YYU46 0.00 16.90 28.90
YYU47 28.60 36.00 38.40
Kirkagag 58.30 30.50 42.90
Lokum 25.00 47.80 64.50
CU-305 0.00 0.00 11.10
CU-100 12.50 15.60 22.60
CU-328 11.60 8.80 10.10
45
40
~
© 35
= 30
s
5 25 B 1. gozlem
E 20 m2. gozlem
’g‘) 15 | 3. gozlem
Q10
5
0

0-0.99 1.00-1.99 2.00-2.99 3.00-3.99 4.00-4.99
Skala Deger Arahklar:

Sekil 2. Kavun genotiplerinin ZYMV’ye kars: gosterdikleri reaksiyona bagh olarak skala degerlerine gére dagilim
oranlar (%)

Figure 2. Distribution rates according to the scale values of the melon genotypes depending on their reaction
against ZYMV
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Sekil 3. Kavun genotiplerinde ZYMV inokulasyonu sonucunda gozlenen hastalik siddeti degerlerinin oransal

dagilimi

Figure 8. Proportional distribution of disease severity values observed as a result of ZYMYV inoculation in the

melon genotypes

ZYMV’ye kars1 tolerant, dayanikli veya immun
genotipleri belirlemek i¢in yapilan bu c¢alisma
sonucunda toplam 27 genotipin 24’inde goézlem
yapilmis ve tamaminin ZYMYV enfeksiyonuna oldukc¢a
duyarli olmasi ve higbirinin tolerant ya da dayanikl
olmadig1 gorillmiistiir. Ekbic ve ark.,(2010) ¢calismada
ZYMV’ye karsi test edilen 46 kavun genotipinden
sadece yabani akraba (C. melo var. agrestis) tiirlerde
ZYMV’ye karsi dayamklhilik oldugunu tespit
etmiglerdir. Pitrat ve Lecoq (1984) yiiriittiikleri
calismada kabakgillerde ZYMV’ye karsi olan
dayamikliligin  “Zym” ismini verdikleri tek bir
dominant gen  tarafindan  idare edildigini
belirtmislerdir. Kabelka ve Grumet (1997) heniiz
taninan Fas WMV’'ne dayaniklilikla ilgili kalitim
mekanizmasini TMG-1 hiyar ¢esidinde ¢aligmiglar ve
bu mekanizmanin ZYMV ile iligkisini ortaya
koymuslardir. Arastirmacilar s6z konusu hiyar
cesidinin; ZYMYV, zucchini yellow fleck virus, WMV ve
watermelon strain of papaya ringspot virls
hastaliklarina karg1 dayanikhilik gosterdigini rapor
etmiglerdir. Yaptiklar1 bu calismada ayn1 ZYMV’ye
dayamiklilikta oldugu gibi Fas karpuz mozaik
viriisine (MWMYV) dayaniklihkta cekinik bir allelin
s6z konusu oldugu ortaya ¢ikmigtir. Ayrica her iki
viriise dayanikliligin da ayni lokus veya birbiri ile ¢gok
yakin iki lokus tarafindan kontrol edildigini ortaya
koymuslardir.

Molekiiler ¢galigmalar

Kavunda ZYMV, CMV ve WMV hastaliklarina kars:
dayanmikliligi belirlemede 6zellikle kavunda bulunan
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dayaniklihik genlerine baglanan CAPS ve SCAR
primerlerinin kullanildigi bilinmektedir. Dayaniklilik
genlerinin tespiti i¢in kullanilan Creb-2 genine baglh
olarak geligtirilen SCAPBO51046 primerinin 25
genotipte yapilan taramasinda yalnmizca U6, U13 ve
YYUG6 genotiplerinde bant verdigi goérilmustir.
SCOPE 14541 igin yapilan taramada 21 genotipte bant
tespit edilmistir. Bu sonucglara gére Daryono ve ark.,
(2009)nin 125 genotipte CMV’ye karsi dayamklilig:
tespit etmek icin yaptiklari calismadan elde edilen
dayaniklilhlk geni ile iligkili bant profillerinin
sonug¢larimizla uyum sagladigi belirlenmistir.

ZYMV ve WMV’ye kargi dayaniklilik genlerine bagh
olarak gelistirilmis olan VirSq-F19 primeri YYU47
genotipi diginda tim genotiplerde bant vermistir.
Eldeki bulgulara gore, U22/U25/U28/U30 genotipleri
sadece ZYMV/WMV genleri ile iligkili belirtecleri
tasirken YYU47 genotipinin yalnizca CMV-B2 geni ile
iligkili olan belirteci tagidig1 tespit edilmistir. Geriye
kalan genotiplerde ZYMV/WMV/CMV-B2 genleri ile
iligkili tim belirteglerin mevcut oldugu dikkat
cekmistir (Cizelge 5).

Amano ve ark., (2013) tarafindan hiyarda ZYMV’e
karsi1 diren¢ saglayan geni (zym) belirlemek icin
gelistirilen 2 CAPS (CAPS-T86C ve dCAPS — G99A)
primeri ve yine zym geni icin Ling ve ark., (2009)’nin
geligtirdikleri 2 CAPS (CAPS-1 ve CAPS-2) primeri
bu calismada 25 kavun genotipinde denenmigtir.
Yapilan taramada sadece CAPS-T86C ve dCAPS —
G99A primerleri igin Mnl I ve Dra I restriksiyon
enzimlerinde kesme goriilmeyip sadece beklenen bant
araliklarinda (288bp/ 338 bp) goriintii elde edilmistir.
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Literatir bilgilerinden anlasildig1 kadariyla ZYMV’ye
dayaniklik mekanizmasi kalitatif nitelikte ve tek gen
tarafindan kontrol edildiginden dolayi ¢alismasi en

mesafede yapisma bolgesinde oldugu belirtilmigtir
(Ling ve ark., 2009; Amano ve ark., 2013). Ancak bu
primerlerin mevcut c¢alismada kullanilan kavun

kolay olanlarindan birisidir. Bu virtise dayaniklilikla genotipleri i¢in dayanikli ve hassas tipleri
ilgili erken seleksiyona izin vermesi i¢in geligtirilen ayiramadigi tespit edilmigtir.

CAPS primerlerinin ZYMV lokusuna 5 cM’dan fazla

Cizelge 5. Kavun genotiplerine gére SCAR belirteglerinin mevcudiyeti

Table 6. Presence of SCAR markers according to melon genotypes

Genotip Primer Gen

U6 SCOPE14/SCAPB05/VirSq-F19 CMV-B2/ZYMV/WMV
u7 SCOPE14 /VirSq-F19 CMV-B2/ZYMV/WMV
U10 SCOPE14/ VirSq-F19 CMV-B2/ZYMV/WMV
U11 SCOPE14 /VirSq-F19 CMV-B2/ZYMV/WMV
U13 SCOPE14/ SCAPBO05/ VirSq-F19 CMV-B2/ZYMV/WMV
U19 SCOPE14 /VirSq-F19 CMV-B2/ZYMV/WMV
U22 VirSq-F19 ZYMV/WMV
U25 VirSq-F19 ZYMV/WMV
U28 VirSq-F19 ZYMV/WMV
U30 VirSq-F19 ZYMV/WMV
YYU1 SCOPE14 /VirSq-F19 CMV-B2/ZYMV/WMV
YYU®6 SCOPE14/ SCAPBO05/ VirSq-F19 CMV-B2/ZYMV/WMV
YYU9 SCOPE14 /VirSq-F19 CMV-B2/ZYMV/WMV
YYU24 SCOPE14 /VirSq-F19 CMV-B2/ZYMV/WMV
YYU39 SCOPE14/ VirSq-F19 CMV-B2/ZYMV/WMV
YYU40 SCOPE14 /VirSq-F19 CMV-B2/ZYMV/WMV
YYU42 SCOPE14 /VirSq-F19 CMV-B2/ZYMV/WMV
YYU45 SCOPE14/ VirSq-F19 CMV-B2/ZYMV/WMV
YYU46 SCOPE14 /VirSq-F19 CMV-B2/ZYMV/WMV
YYU47 SCOPE14 CMV-B2
Kirkagag SCOPE14/ VirSq-F19 CMV-B2/ZYMV/WMV
Lokum SCOPE14 /VirSq-F19 CMV-B2/ZYMV/WMV
CU-305 SCOPE14/ VirSq-F19 CMV-B2/ZYMV/WMV
CU-100 SCOPE14 /VirSq-F19 CMV-B2/ZYMV/WMV
CU-328 SCOPE14 /VirSq-F19 CMV-B2/ZYMV/WMV
SONUC ve ONERILER sonuglar incelendiginde biiylik oranda genotiplerin

Kavun yetistiriciligini sinirlayan ve etkin miicadelesi
bulunmayan ZYMV, CMV ve WMVnin kavun
genotipleri arasinda saptanmasi igin yapilan bu
calismada kullanilan genotip ve g¢esitlerin hicbirinde
mekanik  inokiiklasyon sonucunda  ZYMV’ye
potansiyel genetik dayamiklhilik kaynagi tespit
edilememistir. Molekiler yontem ile ZYMV, CMV ve
WMV dayaniklilik geni ile iligkili belirteglere ait
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birden fazla Dbelirteci igerdikleri gorulmustir.
Mekanik inokulasyonda kullanilan ZYMV ile iligkili
belirteci sadece bir genotipin tagimadigi ve bu gen ile
iligkili VirSq-F19 markirinin genotiplerin %96’sinda
mevcut oldugu tespit edilmigtir. Ayn1 zamanda CMV-
B2 dayaniklilik geni ile iligkili olan primerlerden
SCOPE14 genotiplerin %84 inde bant vermistir. Bu
baglamda SCOPE14 primerinin SCAPBO5e gore
genotiplerde daha iyi sonu¢ verdigi belirlenmistir.
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Ancak bu belirteclerin s6z konusu genlere yakinligi
dayanmikliligin var olmasinda 6nemli bir faktordir.
Mekanik inokulasyonda kullanilan ZYMV’ye kars:
dayanikli genotip olmamasina ragmen molekiler
yontemde VirSq-F19 primerinin 24 genotipte bant
verdigi gorilmistir. Sadece mekanik inokulasyon
yontemi  veya  molekiler markir  sistemleri
kullanilarak yapilan tarama c¢alismalarimin tek
basina yeterli olmadig1 gorilmektedir. Bu nedenle
farkli DNA belirtecleri ve viris inokulum kaynaklar:
kullanilarak degisik gen havuzlarinin taranmasi ile
farkli sonuglarin elde edilmesi mimkiin olabilir. Bu
bé6lgenin kavunun gen merkezleri arasinda yer aldigi
dikkate alinirsa bolgenin gen kaynaklarinda bu tur
taramalarin devam ettirilmesi, tulkemizin c¢esit
geligtirme ve tohum sektériinde diinya pazarinda 6ne
citkmasi1 i¢in elzem goériinmektedir. Ayn1 zamanda
havzada yogun olarak yetistirilen kavun igin de
hastaligin yayilmasini o6nlemek ve dolayli olarak
verimi artirmak i¢gin dayanikli ¢esitlerin gelistirilmesi
o6nemli bir husustur. Bu baglamda dayanikli hatlarin
arastirilmaya devam edilmesi ve viriisten ari tiretim
materyalinin elde edilmesi kavun 1slahi i¢in 6nemli
bir adim olacaktir.
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OZET Tarla Bitkileri

Calismanin amaci ot verim performansi agisindan Igdir bélge

ekolojisine uygun yem bezelyesi ¢esidi ve kiglik ekim zamanlarini Aragtirma Makalesi
belirlemektir. Bu dogrultuda 2018-2019 ve 2019-2020 yetisme

sezonunda dort yem bezelyesi ¢esidi (GAP pembesi, Kirazli, Taskent Makale Tarihgesi

ve Ozkaynak) ile bunlarin 3 farkl kishk ekim zamani (Ekim sonu, Gelig Tarihi  :28.01.2021
Kasim basi ve Kasim sonu)mi iceren bir calisma planlanmistir. Kabul Tarihi :02.09.2021
Arastirma Igdir Universitesi Tarimsal Uygulama ve Arastirma

Merkez Miudurligti arastirma sahasinda tesaduf bloklarinda Anahtar Kelimeler
bolinmus parseller deneme desenine gore tu¢ tekerrurli olarak Besin degeri
kurulmustur. Arastirma sonucunda incelenen parametreler lizerine Ot verimi

cesitlerin (asit deterjan lif oram1 haric, diger 6zelliklerde), yillarin
(ciceklenmeye baslama zamani, dal sayisi, kuru madde orani, ham
protein orani, asit deterjan lif, nétr deterjan lif ve nispi yem degeri)
ve ekim dénemlerinin (sadece ¢iceklenemeye baslama zamani) etkisi
6nemli bulunmustur. Sonug¢ olarak incelenen parametreler goz
oniine alindiginda, ylksek verim ve kaliteye sahip ot tiretimi igin
Taskent ve Ozkaynak cesitlerinin bolge ekolojisi i¢in uygun
olduguna karar verilmistir. Ayrica ekim zamanlarinin etkisi her ne
kadar 6nemli bulunmasa da Kasim ay1 basinda yapilan ekimlerin
daha iyi sonuclar verdigi kanisina varilmistir.

Kiglhik ekim zamanlar:
Yem bezelyesi gesitleri

Determination of Suitable Forage Pea Varieties and Winter Sowing Dates in Terms of Herbage Yield

and Quality Characteristics in Igdir Conditions

ABSTRACT Field Crops
The aim of this study i1s to determine the suitable forage pea variety .
and falling sowing times for the regional ecology of Igdir, Turkey in Research Article
terms of herbage yield performance. For this purpose, during 2018- Article Hi
2019 and 2019-2020, a study including four forage pea varieties R tlc.e dlstory‘ 98.01.202
(GAP Pink, Kirazli, Tagkent and Ozkaynak) and 3 different falling Aecelve d :02'051)'2021
sowing times (late October, early November and late November) Seeie 102.09.2021
were conducted. The study was established according to a complete
. L . . . . . Keywords

randomized blocks design in split plots in experimental fields of Igdir 22
Uni v Aericul I Applicati iR hC A ] Nutritive value

niversity Agricultural Application and Researc enter. As a result Herbage yield

of the research, the effect of years (the time to start blooming,
number of branches, dry matter ratio, neutral detergent fiber, acid
detergent fiber and relative feed value), varieties (all the parameters
except for acid detergent fiber) and sowing times (only the time to
start blooming) on the examined parameters was found to be
significant. As a result, considering all the parameters examined, it
was concluded that the Taskent and Ozkaynak varieties were
suitable for herbage production with high yield and quality. In
addition, although the effect of sowing times is not considered as
significant, it was of the opinion that the sowing made in early
November 1s more appropriate compared to the others.

Winter sowing times
Forage pea varieties
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GIRIS

Sanayi ve turizm gibi sektorlerin yeteri kadar
gelismedigi Igdir cografyasinda, halkin en Onemli
gecim kaynaklarindan bir tanesi hayvanciliktir.
Dolayisiyla hayvanciligin bolgede karli bir sektor
olabilmesi i¢in 6nemli bir girdi olan kaba yemin ucuza
mal edilmesi gerekmektedir. Bu da cayir-mera ve
tarla ziraat: igerisinde yetisen yem bitkisi turleri ile
saglanabilmektedir. Ancak Turkiyenin 2018 yili
verilerine gére hayvancilik icin gerekli olan kaliteli
kaba yem ihtiyaci 86 milyon ton, bu alanlardan
iiretilen kaba yem miktar1 ise 31 milyon tondur (Acar
ve ark., 2020). Bu veriler Tiirkiye’de oldugu gibi Igdir
Ilinde de 6zellikle kis déneminde hayvanlarin yeterli
ve dengeli bir gsekilde beslenemedigini gostermektedir
(Temel ve Sahin, 2011; Ozkan ve Demirbag, 2016). Bu
nedenle, tarla tarimi igerisinde yem Dbitkileri
yetigtiriciliginin  ¢esitliligi ve ekim alanlarinin
arttirilmasi1 6nemlilik arz etmektedir. Bu anlamda
diisuk sicakliklara dayanabilen, notr veya hafif alkali
yapidaki topraklarda farkli amaclar (tane, silo, yas,
kuru ot) icin yetisebilen, 6zellikle yiiksek ot kalitesine
sahip yem bezelyesi tirt (Agikgdz, 2001; Tekeli ve
Ates, 2007; Sheaffer ve Moncada, 2012) bélgede yem
bitkisi  tretimi i¢in  bir  alternatif olarak
degerlendirilmelidir.

Diger taraftan yetigtiricilikte yiiksek ot verim ve
kalite performanslarinin alinabilmesi igin Oncelikle
bélge ekolojisine uygun tir ve gesitlerin belirlenmesi
ve bu amagla da adaptasyon calismalarinin
yuriutilmesi gerekmektedir. Hayvanciligin yogun
olarak yapildigi Igdir cografyasinda yonca, korunga,
silajlik misir ve fig tirleri kaliteli kaba yem kaynag:
olarak yaygin bir gekilde yetistirlmektedir. Ancak,
yem bezelyesi ile ilgili olarak istatistiklere yansimig
bir ekim alani bulunmamakta ve tUreticiler bu bitkiyi
tanimamaktadirlar (Anonim, 2021). Oysa ki,
Turkiye’nin farkl bolgelerinde bu bitki ile ilgili ¢ok
sayida adaptasyon ¢alismasi yuritulmus ve bolge i¢in
uygun cesit onerilerinde bulunulmustur
(Timuragaoglu ve ark., 2004; Acikgéz ve ark., 2007;
Tamkog, 2007; Sayar, 2007; Cil ve ark., 2007; Geren
ve Alan, 2012; Uzun ve ark., 2012; Tan ve ark., 2013;
Kadioglu ve Tan, 2018). Ayrica arastirmacilar,
caligmalarin1  yuruttikleri  bélgelerin  ekolojik
ozelliklerinden kaynaklanan farkliliklardan dolay1 ot
uretim amaciyla yetistirilen gesitler arasinda verim
ve kalite acgisindan 6nemli degisimlerin oldugunu
ortaya koymusglardir.

Ikinci olarak ekilen yem bezelyesi c¢esitlerinden
yiksek verim ve Kkalite performanslarinin elde
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edilebilmesi igin bodlgenin ekolojik kosullar1 g6z
ontinde bulundurularak uygun ekim zamanlarinin
ortaya konulmasi da gerekmektedir. Bu amacla gerek
Tuarkiyenin gerekse Diinyanin farklh  ekolojik
kogullarinda yurutiulmis c¢ok sayida arastirma
bulunmaktadir (Shaukat ve ark. 2012; Mukherjee ve
ark. 2013; Ton, 2013; Giundogdu, 2016; Kadioglu ve
Tan, 2018; Konuk ve Tamkog, 2018; Temel ve Yazic,
2021). Ancak Igdirda bu amagcla yiiriitiillmiis bir
bilimsel c¢alisma bulunmamaktadir. Igdir her ne
kadar karasal iklim ozelligi gosteren Kuzey Dogu
Anadolu Boélgesinde yer alsa da, etrafinin yiksek
daglarla c¢evrili olmasi1 nedeniyle mikroklima 6zellige
sahip bir ildir. Bu da bélgede yem bezelyesinin kighik
olarak ekimlerin yapilabilecegini gostermektedir.
Nitekim yem bezelyesi serin mevsim bitkisi olmasi ve
yetisme sliresinin kisa olmasindan dolay: iklimi sert
gecen bolgelerde yazlik, iklimi 1liman olan bdélgelerde
ise kislik ekimlere uygun bir bitkidir (Acikgéz, 2001).
Ayrica pek ¢ok yem bitkisi tirline goére soguga
dayaniminin yuksek olmasi, bu turin kighk
ekilebilmesine olanak tanimaktadir (Tekeli ve Ates,
2003; Tan ve ark. 2013; Konuk ve Tamkoc, 2018).

Mevcut calisma ile iki yil streyle 3 farkli ekim
zamani (KEZ:: 22 Ekim, KEZ2: 5-12 Kasim ve KEZs:
19-22 Kasim) ve 4 yem bezelyesi cesidi (Ozkaynak,
Tagkent, Kirazli ve GAP bembesi) incelemeye alinmig
ve incelenen ozellikler (bazi verim ve kalite
parametreleri) acisindan bélge icin uygun yem
bezelyesi cesitleri ve ekim zamanlarinin belirlenmesi
amaclanmigtar.

MATERYAL ve METOD

Calisma, 876 m yiikseklikte yer alan ve mikroklima
ozellige sahip Igdir ilinde yuritilmustir. Arastirma
bélgesinin ikim verileri incelendiginde; uzun yillar
iklim verilerine gére denemenin yurutildigi aylarin
toplam yagis, ortalama sicaklik ve nispi nem
degerleri sirasiyla 231.6 mm, 8.5 °C ve % 57.6 olarak
kaydedilmistir  (Anonim, 2020). Arastirmanin
yuriatildigia 2018-2019 ve 2019-2020 dénemlerine ait
toplam yagis miktar1 sirasiyla 200.6 mm ve 235.6
mm, ortalama sicaklik sirasiyla 10.5 °C ve 10.2 °C ve
ortalama nispi nem degerleri ise sirasiyla % 63.5 ve %
62.1 olarak olciilmistir (Cizelge 1). Mevcut bu
verilere gore ekimlerin yapildigi dénemler uzun
yillara gére ve ayrica 2018-2019 yetisme sezonunda
2019-2020 yetisme sezonuna goére daha kurak
olmustur. Toprak ozellikleri acisindan
degerlendirildiginde, denemenin yiritildigi her iki
yilda da topragin tekstur simmifi killi-tinli yapida,
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organik madde icerigi dusuk, orta alkali, az tuzlu,
kire¢ icerigi ylksek, yarayish fosfor az, potasyum

Cizelge 1 Arastirma sahasina ait bazi iklim degerleri
Table 1. Some climatic values of the research area

icerigi ise diisiik seviyede oldugu goriilmiistiir (Kacar,
2012).

Aylar Sicaklik (Temperature) (°C) Yagis (Rainfall) (mm) Nispi nem (Relative humudity) (%)
(Months) UYO* 2018-2019 2019-2020 UYO 2018-2019 2019-2020UYO 2018-2019 2019-2020
Ekim 13.3 15.0 15.8 28.1 20.8 4.5 62.3 63.9 58.0
Kasim 5.9 7.0 4.3 19.8 29.4 8.0 65.7 80.9 70.1
Aralik -0.4 3.9 4.7 13.0 30.9 8.2 68.4 81.6 80.0

Ocak -3.1 0.6 0.0 13.1 12.3 7.3 66.5 69.3 65.2
Subat 0.3 3.7 1.9 15.5 19.1 14.1 59.8 61.9 64.5

Mart 6.9 6.8 10.6 22.0 23.5 18.1 49.9 59.7 56.5
Nisan 13.4 12.1 11.7 37.9 25.1 83.6 49.0 56.9 64.8
Mayis 17.6 19.9 18.6 48.9 25.9 76.1 51.1 51.2 55.0
Haziran 22.3 25.6 23.9 33.2 13.6 15.7 45.7 45.8 44.7
Ort./Top. 8.5 10.5 10.2 231.6 200.6 235.6 57.6 63.5 62.1

* Uzun yillar ortalamasi. * Long-term average

Aragtirma kapsaminda Tiurkiye’de tescil edilen dort
farkli yem bezelyesi cesidi (Taskent, Ozkaynak,
Kirazli ve GAP Pembesi) ile bu cesitlere ait 3 ({ig)
farkl ekim zamani faktor olarak incelenmistir. Ekim
zamanlar1 arasinda iki haftalik zaman diliminin
olmasina 6zen gosterilmistir. Buna goére 2018-2019
yili kiglik ekimler 22 Ekim, 5 Kasim ve 19 Kasim’da,
2019-2020 yili ekimleri ise 22 Ekim, 12 Kasim ve 22
Kasim tarihlerinde yapilmistir. Calismada glbre
materyali olarak, bolge topraklarinin bazik ve tuzlu
yapida olmasindan dolay1 % 21'lik Amonyum Sulfat
ve % 39 - 41'lik Triple Stiper fosfat cinsi gubreler
tercih edilmistir.

Calisma, 2018-2019 ve 2019-2020 wyillarinda Igdir
Universitesi Tarimsal Uygulama ve Arastirma
Merkez Mudurligi sulu deneme alaninda tesadif
bloklarinda bélinmus parseller deneme desenine gore
u¢ tekrarlamali olarak kurulmustur. Planlanan
deneme desenine goére daha diisuk hassasiyet
seviyesinde incelenecek olan ekim zamanlari ana
parsellere, daha yiiksek hassasiyet seviyesinde etkisi
incelenecek olan cesitler 1ise alt parsellere
yerlestirilmistir. Her bir alt parselin alani 5.25 m?
(3.0 m boy x 1.75 m en) olarak ayarlanmigtir. Tohum
yatag1 hazirlig: sirasinda her parsele dekara saf 5 kg
azot ve 12 kg fosfor gelecek sekilde giibre uygulamasi
yapilmistir (Ates ve Tekeli, 2017). Her bir ekim
déneminde tohumlar 10.0 cm sira tizeri, 35.0 cm sira
araliginda 5 sira halinde topragin tavda oldugu
dénemde markorle agilan ¢izilere 4.0 cm derinliginde
elle ekilmiglerdir. Homojen c¢ikiglar1 saglamak igin
ekim esnasinda her 10 cm sira lizerine 2 adet tohum
birakilmigs ve daha sonra toprak yiizeyine ¢ikan
fidelerden (bitkilerden) bir tanesi bag makas1 ile
kesilip atilmistir (Geren ve Alan, 2012). Tohumlar
tavh topraga ekildiginden kis éncesi hi¢ bir sulama
yapilmamig, ilkbahar déneminde ise hasat
olgunluguna gelinceye kadar bitkiler bir kez
yagmurlama sulama yontemi ile sulama sulanmigtir.
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Yine bigim olgunluguna gelinceye kadar iki kez parsel
iclerindeki yabanci otlar elle ve ¢apalama yontemi ile
kontrol altina alinmistir. Hasat déneminde parsel
kenarlarindan birer sira ve baslardan da 0.5 m’lik
kisimlar kenar tesiri olarak atilmig ve geri kalan
kisimda ol¢im igslemleri yapilmigtir. Hasatlar
bitkilerdeki alt baklalarin tam seklini aldig1 ancak
tane doldurmaya hentiz bagladigi doénemde orak
vasitasiyla toprak seviyesinden bigilerek yapilmigtir
(Acikgoz ve ark., 2007). Tarla kosullarinda incelenen
ciceklenmeye baslama zamam (giin), bitki boyu (cm),
ana sap kalinhig1 (mm), dal sayis1 (adet), kuru madde
orani (%), yas ot ve kuru ot verimleri (kg da'!)’'ne ait
ozellikler Agikgdz ve ark. (2007) ve Timuragaoglu ve
ark., (2004) tarafindan belirtilen yontemler takip
edilerek yapilmigtir.

Elde edilen yem oOrneklerin ham protein oranlari
Mikro Kjeldahl metoduna goére belirlenen toplam %
azot oranlar1 6.25 katsayisi ile carpilarak (AOAC,
1997), nétr ¢oziiciilerde ¢oziinemeyen lif (NDF) ve asit
coziiciilerde ¢oziinemeyen lif (ADF) oranlar1 ise Van
Soest ve ark. (1991) tarafindan gelistirilen metot
kullanilarak belirlenmigtir. Yemin ADF ve NDF
degerleri kullanilarak hesaplanan ve yemin kalitesini
rakamsal olarak gosteren nispi yem degeri, Sheaffer
ve ark. (1995) tarafindan gelistirilen 1.deki esitlik
kullanilarak hesaplanmigtir. Bu egitlikte yer alan ve
yemin kalitesini ortaya koyan kuru madde
sindirilebilirligi ve kuru madde tlketimleri ise
sirasiyla 2. ve 3.’de yer alan formiille hesaplanmigtir.
Ham protein verimleri (kg dal) ise dekara kuru ot
verimleri ile ham protein oranlarinin c¢arpilmasi ile
belirlenmigtir.

NYD = (KMS x KMT) / 1.29) (1
KMS=((88.9 —(0.779 * %ADF)) (2
KMT= 120/ %NDF) 3

Sonuglar tesadif bloklarinda yil tekrarlamali sansa
bagli bloklarda boéliinmiis parseller deneme desenine
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gére JMP (5.0.1) Istatistik Paket programinda analize
tabii tutulmus ve 6nemli ¢ikan ortalamalar TUKEY
¢oklu karsilagtirma testine gore gruplandirilmigtir.
Ayrica ortalamalarla birlikte standart hatalar da
verilmistir.

BULGULAR ve TARTISMA

Farkli yem bezelyesi c¢esitlerinin uygun ekim
donemlerini belirlemek amaciyla iki yil sure ile
yurutilen calismada elde edilen sonuglar istatistiki
analize tabii tutulmug ve analiz sonucu incelenen
parametrelere ait oOnemlilik dizeyleri ve TUKEY
coklu karsilagtirma testi degerleri Cizelge 2’de
sunulmustur.

Ciceklenmeye baglama zamani ve ana sap kalinlig:

Farkli doénemlerde ekimi yapilan yem bezelyesi

gesitlerinin ortalama ¢igeklenmeye baglama
zamanlari ve ana sap kalinhklar1 Cizelge 3’de
verilmistir.  Ciceklenmeye baslama  zamanlarn

acisindan incelendiginde 2018-2019 yilina goére 2019-

2020 yilinda ekilen bitkilerin daha ge¢ bir dénemde
¢iceklenmeye bagladiklar: gérulmiistir. Bu, bitkilerin
aktif gelisme gosterdikleri Nisan ve Mayis aylarinda
digen yagis miktarinin 2019-2020 yilinda 2018-2019
yilina gére en az 3 kat daha fazla olmasindan (Cizelge
1) kaynaklanmig olabilir. Ciinkii nem (sulama veya
yagig) bitkilerde vejetatif gelismeyi tesvik eden
onemli cevre faktorlerindedir (Genctan, 2012). Ekim
zamanlart acgisindan degerlendirildiginde, ekim
zaman1 geciktikge bitkilerin c¢iceklenmeye baglama
zamanlarl daha erken bir slrede gerceklesmigtir.
Benzer bulgular farkli arastirmacilar tarafindan da
rapor edilmis ve bu ¢alismadan elde edilen bulgularla
uyum icerisinde oldugu izlenmistir (Sayar, 2007,
Geren ve Alan, 2012). Ge¢ donemde yapilan
ekimlerde kig 6ncesi yeterli oranda ¢imlenme ve fide
gelisimi gosteremeyen bitkilerin ilkbaharda artan
hava sicakliklar1 ve artan giin uzunluguna maruz
kalarak yeterli bir fide gelisimi géstermeden generatif
asamaya gec¢mis olmasi buna neden olmus olabilir.

Cizelge 2 Incelenen parametrelere ait TUKEY degerleri ve énemlilik diizeyleri
Table 2. TUKFEY values and significance levels of the examined parameters

V. kaynaklar1 SD CBZ ASK BB DS YOV KMO KOV HPV HPO ADF NDF NYD
Y1l (Y) 1 1.4*%% 6.d. 6.d. 0.3* o.d. 0.9** 6.d. o.d. 0.7** 0.8** 1.1* 5.9**
Blok 4 o.d. o.d. 6.d. 6.d. 6.d. 6.d. o.d. o.d. o.d. 6.d. 6.d. 6.d.
Ekim Zaman (EZ) 2 2.2** $d. ¢6d. o6d. od.  6d  &6d  6d 6d 6d 6.d b.d
EZxY 2 4.0 o.d. 6.d. 6.d. 6.d. 6.d. o.d. o.d. 2.0* 2.2* o6.d. 6.d.
Cesit (C) 3 1.3%* 0.2** 10.1%* 0.2*%* 232%* 1.3*%* 34.3%* 6.2%* 1.4%* 4.d. 2.4%*  11.4%*
CxY 3 22* 0.3* o6.d. 0.4** o6.d. 6.d. 57.9%* 10.5** 2.3** 2.7** 4,1** 19.3**
Cx EZ 6 2.9** 04* o6.d. 6.d. 6.d. 6.d. o.d. o.d. 3.1*  6.d. 6.d. 6.d.
CxEZxY 6  4.7** 0.7* 6.d. 6.d. 6.d. 6.d. 6.d. 6.d. 4.9*  6.d. 6.d. 6.d.

* ve ** girasiyla %5 ve %1 seviyesinde onemli, 6.d. ise 6nemsizdir. SD: Serbestlik derecesi, CBZ: Ciceklenmeye baglama

zamani, BB: Bitki boyu, ASK: Ana sap kalinligi, DS: Dal sayis1, YOV: Yas ot verimi, KOV: Kuru ot verimi, KMO: Kuru madde
orani, HP: ham protein oranmi, HPV: Ham protein verimi, NDF: Notr deterjant fibre, ADF: Asit deterjant fibre, NYD: Nispi

yem degeri.

Cunki toplam sicaklik gereksinimlerini daha kisa
zaman diliminde karsilayan bitkiler daha erken bir
donemde generatif asamaya gelebilmektedirler
(Pulvento ve ark., 2010). Ayrica kishk olarak gec
dénemden yapilan ekimlerin soguklara rastlamasi
nedeniyle ciceklenmeye kadar gecen siire diger ekim
zamanlarina goére daha kisa olmug olabilir. Nitekim
Alan ve Geren (2012) ve Ton (2013), gec dénemde
yapilan ekimlerin soguklara rastlamasi nedeniyle
cigeklenme siiresinin kisalacagini bildirmislerdir.
Cesitler agisindan incelendiginde Ozkaynak en gec,
aym istatistiki grupta yer alan Kirazlh ve GAP
Pembesi ise en erken ¢iceklenmeye baglayan cesitler
olarak belirlenmistir (Cizelge 3). Cesitlerin genetik
yapilarina bagli olarak gegci ve erkenci olmalar1 bu
farkliligin olugsmasina neden olmus olabilir. Nitekim
Kadioglu ve Tan (2018) Erzurum kosullarinda
yurattikleri bir ¢alismada, ciceklenmeye baglama
stiresi bakimindan cesitler arasinda onemli bir
farklihk bulmamalarina ragmen Ozkaynak cesidinin
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234 giin ile Kirazli (228 giin) ve Taskent (226 giin)
cesidine gore daha ge¢ bir donemde c¢iceklenmeye
ulastiklarimi rapor etmislerdir. Ayrica Turkiyenin

farkli bélgelerinde yuritilen c¢alismalarda da
¢igeklenmeye baglama zamanlarinin yem bezelyesi
cesitleri arasinda  farklihlk  goOsterdigi  ortaya

konulmustur (Seydegoglu, 2013; Tan ve ark., 2013;
Temel ve Yazici, 2021). Cesit x ekim zamani x yil
interaksiyonun o6nemli bulundugu ¢igeklenmeye
baglama zamani agisindan, 2019-2020 yilinda erken
donemde (KEZ1) ekimi yapilan Ozkaynak (212.3 giin)
ve Taskent (210.7 giin) en geg ciceklenmeye baglayan
cesitler olurken, 2018-2019 yilinda son doénemde
(KEZs) ekimi yapilan GAP Pembesi ise 167.0 giin ile
en erken ciceklenen cesit olmustur (Cizelge 3).
Cesitlerin yillara ve ekim zamanlarina bagl olarak
degigsen 1klim kosullarina farklh tepki gostermesi
buna neden olmus olabilir.

Ana sap kalinliklar1 ac¢isindan degerlendirildiginde,
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ayn1 istatistiki grupta yer alan Ozkaynak, Taskent ve
Gap Pembesi en yluksek sap kalinligina sahip gesitler
olurken, Kirazl en disiik sap kalinligina sahip cesit
olarak belirlenmistir (Cizelge 3). Bu gesitlerin genetik
yapisindan kaynaklanmis olabilir. Konu ile ilgili
olarak Sayar (2007) 18 yem bezelyesi genotipi ile
yaptiklar1 bir ¢aligmada da genotipler arasinda ana
sap kalinhiklarinin istatistiki olarak onemli farklilik

gbsterdigini ve genotiplerin sap kalinliklarinin 1.87 -
3.18 mm arasinda degistigini rapor etmislerdir. Uclii
interaksiyon acisindan incelendiginde, en yiiksek sap
kalinlign 2019-2020 yilinda ikinci (KEZ2) dénemde
ekilen Ozkaynak (3.3 mm) ¢esidinde, en diigiik deger
ise yine 2019-2020 yilinda son (KEZs3) dénem ekimi
yapilan Kirazli (2.2 mm) cesidinde belirlenmistir
(Cizelge 3).

Cizelge 3 Farkli zamanlarda ekilen yem bezelyesi ¢esitlerinin ¢iceklenmeye baglama zamani ve ana sap kalinhig:
Table 3. Flowering time and main stem thickness of forage pea varieties sown at different times

Yallar Cesitler Ciceklenme zamamn (giin) Yil Ana sap kalinlig1 (mm) Yil
KEZ1 KEZ» KEZ3 ortalama KEZ; KEZ2 KEZs ortalama
2018 GAP Pembesi189.3+0.3d-f 175.7+0.79 167.0+0.0! 3.1£0.102b 2.84+0.102d42.7+0.10ad
i Kirazh 188.7+0.3¢f 177.7+0.7m 169.710.751 189.3 + 1.8b 2.5+0.15>42,9+0.202¢ 2.5+£0.00Pd 2.8 + 0.04
2019 Taskent 200.7+0.7bc 182.0+0.0¢h 172.0+0.0% ' " 2.6+0.10242,7+0.35242,94+0.202¢
Ozkaynak 202.0+0.0bc 186.0+0.0fs 177.3+0.3! 2.7+0.102d43,0+£0.12a¢ 2,7+0.212d
2019 GAP Pembesi204.7+1.3p 193.7+1.74 182.0+0.0sh 2.6+0.18242,6+0.15242,7+0.132d
. Kirazh 205.0+1.2> 193.3+2.34 185.3+1.2f 197.3 + 1.7 2.620.09242,4+0.08¢d 2.2+0.204 9.7 40.06
2020 Taskent 210.7+40.32 199.7+0.7¢ 185.7+0.7f ’ ©2.840.322d42,940.30a¢ 2,7+0.31ad 7 )
Ozkaynak 212.3+3.82 205.0+1.0> 190.7+0.9de 2.6+0.272d3,3+0.282 3.1+£0.572ab
KEZ ortalamasi 201.7+1.82189.1 £ 2.1b 178.7+ 1.7¢ 2.7+0.05 2.8+0.06 2.7+ 0.07
GAP Pembesi 185.4 + 3.0¢ GAP Pembesi 2.8 +£0.052
Cesit ortalamas: Kirazh 186.6 + 2.8¢ Kirazh 2.5 +£0.06>
Taskent 191.8+ 3.2b Taskent 2.8 +£0.062
Ozkaynak 195.6 + 3.0a Ozkaynak 2.9 +0.08

abe gyni harflerle sunulan degerler istatistiksel olarak farklilik géstermemektedir. KEZ: Kighik ekim zamam
abe Values represented by the same letters do not differ statistically. WST: Winter sowing time

Bitki boyu ve dal sayis1

Farkli zamanlarda ekilen yem bezelyesi ¢esitlerinin
ortalama bitki boyu ve dal sayilar1 Cizelge 4’de yer
almaktadir. Cizelge 4 incelendiginde en yiiksek bitki
boyu Ozkaynak ve Tasgkent cegitlerinde, en diisiik
boylanma ise GAP Pembesi ¢esidinde belirlenmisgtir.
Konu ile ilgili olarak Kadioglu ve Tan (2018), bu
calismadan elde edilen verilere benzer sekilde, 5 yem

bezelyesi cesidi arasinda Ozkaynak cesidinin en
yiksek bitki boyuna sahip oldugunu belirtmislerdir.
Cesitler arasinda olusan bu farkhiliklar genetik
yapidan kaynaklanmis olabilir. Oncesinde yapilan
arastirma sonuglarinda da boylanma yoéniinden
bezelyede c¢esitler arasinda o6nemli farklar oldugu
ortaya konulmustur (Okuyucu ve ark., 1994; Kavut ve
ark., 2016).

Cizelge 4 Farkli zamanlarda ekilen yem bezelyesi cesitlerinin bitki boyu ve dal sayis1
Table 4. Plant height and number of branches of forage pea varieties sown at different times

Yallar Cesitler Bitki boyu (cm) Yil Dal sayis1 (adet) Yil
KEZ: KEZ: KEZs ortalama KEZ; KEZ: KEZs ortalama
2018 GAP Pembesi73.4+2.3 78.2+2.7 72.3+3.5 1.90+0.23 1.50+0.25 1.53+0.03
. Kirazh 79.3+2.5 89.2+4.5 78.8+£6.5 855+ 9.9 1.03+0.03 1.50+0.12 1.10+0.00 1.84 + 0.100
2019 Taskent 84.1+5.2 89.3+6.4 91.9+1.0 ) 7 2.23+0.22  2.47+0.33 2.37+0.26 ) )
Ozkaynak 88.1+5.4 100.3+1.0 100.8+1.3 2.47+0.22 2.10+0.30 1.90+0.17
2019 GAP Pembesi83.4+5.4 88.0+£3.4 77.9+3.2 1.07+£0.07 1.47+0.07 1.20+0.12
_ Kirazh 79.7£6.8 86.3+£7.2 77.7£3.0 85.3+ 9.1 1.13+0.13 1.40+0.20 1.13+0.07 1.53 = 0.08b
2020 Ta$kent 93.3+6.6 101.1+£5.7 78.7+6.2 ) 7 2.13+0.07  2.53+0.13 1.93+0.37 ) )
Ozkaynak 75.2+5.6 94.2+1.9 87.6+4.2 1.20+£0.12 1.73+0.24 1.43+0.09
KEZ ortalamasi 82.1£2.7 90.8+2.4 83.2+2.6 1.656+0.12 1.84+0.11 1.57+0.10
GAP Pembesi 78.9+ 1.8 GAP Pembesi 1.4 +0.08¢
Cesit ortalamas: Kirazh 81.8+£2.12b Kirazh 1.2 + 0.06¢
Tagkent 89.8 £ 4.02 Tagkent 2.3+0.102
Ozkaynak 91.0 + 3.12 Ozkaynak 1.8+£0.12b

abe gyn1 harflerle sunulan degerler istatistiksel olarak farklilik géstermemektedir. KEZ: Kiglik ekim zamam
abe Values represented by the same letters do not differ statistically. WST. Winter sowing time
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Dal sayis1 acisindan degerlendirildiginde bitki basina
en yluksek dal sayisinin 1.84 adet ile 2018-2019 yih
yetisme sezonunda tespit edildigi goérilmustiir. Bu
durum, 2018-2019 yilimin 2019-2020 yilina gére daha
az yagis dismesi ve daha ylksek sicakliga sahip
olmasindan kaynaklanmis olabilir. Ciinki su (yagis)
azligi bitkilerde boylanmay1 azaltmakta, dallanmay:
ise tegvik edebilmektedir (Saglam, 2004; Genctan,
2012). Cesitler acisindan degerlendirildiginde, bitki
bagsina dal sayis1 1.2 adet ile 2.3 adet arasinda
degisim goOstermis ve en ylksek dal sayisi Tagkent
cesidinde, en diigik dal sayilari ise aym istatisitki
grupta yer alan Kirazli ve GAP Pembesi ¢esitlerinde
belirlenmistir (Cizelge 4). Nitekim Aslan (2017), 25
yem bezelyesi genotipi arasinda ana dal sayisimin 1.1-

2.50
2.30 a
2.10 a
< 1.90
=
E1.70 e
B8
-5
=
= _—
= 1.10 e ap Pembesi
0.90 Kirazh
0.70 Taskent
Ozkayvnak
0.50
2018-2019

2.4 arasinda degisim gosterdigini ve Tagkent
cesidinin (2.1) Kirazlhi cesidinden (1.2) daha yiiksek
dal sayisina sahip oldugunu rapor etmigtir. Bu
sonuclar, mevcut calismadan elde edilen sonugclar ile
paralellik gostermektedir. Cesit x yil interaksiyonu
acisindan 6nemli bulunan bitki basina dal sayisinda,
en yuksek dal sayis1 2018-2019 yilinda ekimi yapilan
Tagkent ve Ozkaynak cesidi ile 2019-2020 yilinda
ekilen Taskent cesidinde tespit edilmistir (Sekil 1).
Taskent ve Ozkaynak cesitlerinin yillara gore bitki
basina dal sayilar1 degismezken, GAP Pembesi ve
Kirazl gesitlerinin dal sayilar1 2019-2020 yilina gére
2018-2019 yilinda artig gostermistir. Bu da ¢esit x yil
interaksiyonun 6nemli ¢ikmasina neden olmusg
olabilir.

1.50 \\ bc
1.30 <

2019-2020

Sekil 1. Dal sayis1 tizerine ¢esit x y1l interaksiyonun etkisi
Figurel. Effect of the variety X year interaction on the number of branches

Yag ot verimi ve kuru madde orani

Farkli zamanlarda ekilen yem bezelyesi gesitlerinin
ortalama yas ot verimleri ve kuru madde oranlari
Cizelge 5°de yer almaktadir. Cesitler arasinda yas ot
verimleri 654.5-1451.9 kg da! arasinda degisim
gostermis ve en yliksek verimler Tasgkent ve

Ozkaynak cesidinde, en disik verim ise Kirazh
cesidinde belirlenmistir (Cizelge 5). Cesitlerin
ekolojik kosullarina farkli tepki vermesi buna neden
olmus  olabilir.  Nitekim  Turkiyenin  farklh
ekolojilerinde yurutiilen ¢alismalarda da yem bezelye
cesitleri

Cizelge 5 Farkli zamanlarda ekilen yem bezelyesi ¢esitlerinin yas ot verimi ve kuru madde oran
Table 6. Fresh herbage yield and dry matter ratio of forage pea varieties sown at different times

Yillar Cesitler Yas ot verimi (kg da'!) Yil Kuru madde orani (%) Yl
KEZ: KEZs KEZs ortalama KEZ: KEZ: KEZs ortalama
2018 GAP Pembesil1026.7+63.9 1064.6+75.8 973.9+71.5 18.0+0.2 17.7+0.9 16.1+0.4
- Kirazh 682.4+61.6 888.6+£17.2 682.9+92.8 1161.9475 418.5ﬁ:0.6 18.9+£0.2 19.9+1.0 17.940.3b
2019 Taskent 1047.8+55.1 1628.8+97.1 1302.8+48.7 ’ "715.6+£0.3 16.3+1.9 16.1+£0.6 ~ )
Ozkaynak 1371.5+68.4 1685.9£69.9 1587.4+£83.5 17.2+2.0 14.9£0.3 16.4+0.3
2019 GAP Pembesi703.4+35.3  840.4+66.4 814.6+111.8 16.9+0.9 19.2+0.8 17.8+1.4
. Kirazh 497.6£33.1 635.0+22.0 540.4+53.1 10501472 322.2i0.3 19.7+0.1 21.1+1.6 18.9+0 34
2020 Ta$kent 1502.9£75.4 1753.56£87.5  1247.5+£70.1 ) "7 18.0+0.8 17.4+0.5 18.9+0.9 " )
Ozkaynak 1145.6£76.0 1508.3+14.9 1412.5+10.8 19.7+0.4 18.3+1.2 17.2+1.0
KEZ ortalamasi 997.2£76.5 1250.6£106.6 1070.3+£81.3 18.3+0.5 17.8+0.4 17.9+0.5
GAP Pembesi 903.9 + 42.2b GAP Pembesi 17.6 + 0.4b
Cesit ortalamas: Kirazh 654.5 + 36.6¢ Kirazh 20.1+0.42
Tagkent 1413.9 + 106.02 Tagkent 17.1+£0.4b
Ozkaynak 1451.9 + 65.42 Ozkaynak 17.3 +0.5P

ab.e ayn1 harflerle sunulan degerler istatistiksel olarak farklilik géstermemektedir. KEZ: Kighk ekim zamani
abe Values represented by the same letters do not difter statistically. WST: Winter sowing time
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arasinda yas ot verimi yoninden onemli farkliliklar
bulundugu rapor edilmistir (Timuragaoglu ve ark.,
2004; Acikgoz ve ark., 2007, Bilgili ve ark., 2007;
Sayar, 2007; Geren ve Alan, 2012).

Kuru madde oram acisindan degerlendirildiginde, en
fazla kuru madde orami %18.9 ile 2019-2020 yihi
yetisme sezonunda, en disiik oran ise %17.2 ile 2018-
2019 yilinda 6lciilmiistiir (Cizelge 5). Bitkilerde
vejetatif gelisimin yogun olarak gerceklestigi Nisan-
Mayis aylar1 arasinda diigen yagis miktarinin ilk yila
gore ikinci yil daha fazla olmasi buna neden olmus
olabilir. Nitekim su (yagig) bitkilerde vejetatif
gelismeyi (agirlik artis1 v.b.) tesvik eden 6nemli bir
cevre faktoridir (Saglam, 2004; Gengtan, 2012).
Cesitler arasinda kuru madde orani ise %17.1-20.1
arasinda degisim gostermis ve Kirazlhi gesidinin ayni
istatisitiki grupta yer alan diger cesitlerden daha
yiksek oranda kuru madde oranina sahip oldugu
gorilmistir  (Cizelge 5). Oncesinde yapilan

2007; Geren ve Alan, 2012; Temel ve Yazici, 2021).

Kuru ot verimi ve ham protein verimi

Iki y1l siireyle farkli zamanlarda ekilen yem bezelyesi
cesitlerinin ortalama kuru ot ve ham protein
verimleri Cizelge 6'da sunulmustur. Cesitlerin kuru
ot verimleri 129.8-247.1 kg dal arasinda degisim
gostermis ve en yuksek verimler ayni istatistiki
grupta yer alan Ozkaynak ve Tagkent cesitlerinde, en
dusik ise Kirazli ve Gap Pembesi c¢esitlerinde
belirlenmistir (Cizelge 6). Cesitlerin cevre kosullarina
gosterdikleri uyumlarin ve tepkilerin farkli olmasi
buna neden olmus olabilir. Nitekim Kavut ve ark.
(2016) Izmir sartlarinda Tagkent cegidinin, Uzun ve
ark. (2012) ise Bursa sartlarinda Kirazli cesidinin
yiksek kuru ot verimine sahip oldugunu rapor
etmiglerdir. Ayrica oOncesinde yuriutiilen farkh
calismalarda da yem bezelyesi ¢esitleri arasinda kuru
ot verimlerinin 189.59-553.1 kg da'! arasinda degisim

arastirmalarda da yem bezelyesi cesitleri arasinda gosterdigi  ortaya  konmustur (Sayar, 2007
kuru madde oranlarinin farklilik gosterdigi ortaya Seydosoglu, 2013).
konulmustur (Acgikgoz ve ark., 2007; Bilgili ve ark.,
Cizelge 6 Farkli zamanlarda ekilen yem bezelyesi ¢esitlerinin kuru ot ve ham protein verimi
Table 6. Dry herbage and crude protein yield of forage pea varieties sown at different times
Yallar Cesitler Kuru ot verimi (kg da!) Yl Ham protein verimi (kg da) Yl
KEZ: KEZ2 KEZs ortalama KEZ; KEZ2 KEZ3 ortalama
2018 GAP Pembes1184.9+20.4 187.0+8.0 157.2+15.2 31.04+£2.9 32.02+2.2 26.45+3.1
_ Kirazh 126.3+13.5 168.2+1.8 133.8+£17.5 193.3+10.1 24.70+3.4 28.17£2.0 22.39+2.9 34.85+9.0
2019 Tagkent 162.7+18.1  249.7+29.4 209.7+3.2 ) T 29.62+7.4 44.62+5.7 39.09+0.8 T )
Ozkaynak  231.14+4.8 250.0+19.5 258.7+22.2 40.90+1.4 51.31+7.0 47.95+7.9
2019 GAP Pembesi119.5+12.3 161.8+18.3 146.8+18.4 19.86+2.1 28.01+3.2 31.59+4.4
. Kirazh 110.2+6.0 124.7+4.2 115.4+£17.5 194.94192.3 16.15+1.0 19.95+1.3 18.54+2.8 39.1443.1
92020 Tagkent 271.2+£25.9 303.1+£14.5 234.9+12.9 ) " 53.96+4.5 67.22+5.3 55.25+3.3 '
Ozkaynak  224.7+11.2 276.0+£10.8 242.3+12.8 50.70+£2.0 58.93+3.8 49.56+3.5
KEZ ortalamasi 178.8412.9 215.1+£15.0 187.4+12.6 33.36+£2.9 41.27+3.6 36.35+2.9
GAP Pembesi 159.6 + 8.4b GAP Pembesi 28.16 + 1.47b
Cesit ortalamas: Kirazh 129.8 £ 6.1b Kirazh 21.65+ 1.27¢
Tagkent 238.5 + 16.42 Tagkent 48.29 + 3.63
Ozkaynak 247.1 + 8.62 Ozkaynak 49.89 + 2.12a
abc gym harflerle sunulan degerler istatistiksel olarak farklilik gostermemektedir. KEZ: Kishk ekim zamam
abe Values represented by the same letters do not differ statistically. WST: Winter sowing time
Bu calismada gesitlerin ham protein verimleri 21.65- interaksiyonu agisindan kuru ot verimi

49,89 kg dal arasinda degisim goistermis ve ayni
istatistiki grupta yer alan Ozkaynak ve Tagkent
cesitleri en yiiksek ham protein verimine, Kirazh ise
en disik ham protein verimine sahip olmustur.
Bunun, c¢esitlerin sahip olduklarni ham protein
oranlar1 ve birim alanda trettikleri kuru ot verimleri
ile iligkili oldugu distinilmektedir. Cinki ham
protein verimi, ham protein orani ile kuru madde
veriminin ¢arpilmas: sonucu elde edilen bir degerdir.
Nitekim mevcut ¢calismada da Ozkaynak ve Tagkent
¢esitlerinin yliksek kuru ot verimine ve ham protein
igerigine, Kirazh ¢esidinin ise diisik degerlere sahip
oldugu gorillmiistiir (Cizelge 6; Cizelge 7). Cesit x yil
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incelendiginde, yillara gore Ozkaynak cesidinin kuru
ot verimi degismezken, 2018-2019 yilina gére 2019-
2020 yilinda Taskent ¢esidinin kuru ot verimi artmas,
GAP Pembesi ve Kirazli cesitlerinin verimleri ise
azalmistir (Sekil 2). Bu da ikili interaksiyonu énemli
cikmasina neden olmus olabilir. Ham protein verimi
acisindan cesit X yil interaksiyonu
degerlendirildiginde, 2018-2019 yilina gére 2019-2020
yilinda GAP Pembesi ve Kirazlinmin ham protein
verimi azalirken, Tagkent ve Ozkaynak cesitlerinin
ham protein verimi artig gostermis, Kirazli ¢esidinin
ham protein verimi ise azalis gostermistir. Bu da gesit
x yil interaksiyonun 6nemli ¢ikmasina neden olmusg
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olabilir. Buna goére en yiiksek ve en dugik ham
protein verimi sirasiyla 2019-2020 yilinda ekilen

300.0
= b a
5 2500 "
b
& 2000 e L
= cd
.E 150.0 \e de
E.: de
< 100.0 ,
s Gap Pembesi €
= 50.0 Kirazh
Q o Tagkent
Ozkaynak
0.0 :
2018-2019 2019-2020

Taskent ve Kirazli cesitlerinde belirlenmistir (Sekil
2).

70.00
=
= 60.00
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= cd ab
-£ 40,00
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= 30.00 of T—
E T ef
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0.00

2018-2019 2019-2020

Sekil 2. Kuru ot ve ham protein verimi iizerine ¢esit x yil interaksiyonun etkisi
Figure 2. Effect of the variety X year interaction on the dry herbage and crude protein yield

Ham protein ve ADF orani

Farkli zamanlarda ekimi yapilan yem bezelyesi
cesitlerinin ortalama ham protein ve ADF (asit
deterjan lif veya asit coziiciilerde cozlinemeyen lif)
oranlar1 Cizelge 7'de verilmistir. Cizelge 7
incelendiginde yillar arasinda ham protein orani en
yiiksek (%19.41) 2019-2020 yilinda, ADF icerigi ise
2018-2019 yilinda belirlenmigstir. Bu, 2018-2019
yilinda dal sayis1 ve ana sap kalinliginin 2019-2020

yilina gore fazla olmasindan kaynaklanmig olabilir
(Cizelge3; Cizelge 4). Nitekim bitkilerde sap kalinlig1
ve dal sayis1 arttikga ham protein icerigi azalmakta,
ADF orani ise artmaktadir (Sarikaya, 2019). Cesitler
acisindan incelendiginde, en yiliksek ham protein
oram1 Ozkaynak (%20.18) ve Tagkent (%20.13)
gesitlerinde, en disiik ham protein igerigi ise Kirazh
(%16.61) ve Gap Pembesi (%17.81) cesitlerinde
olciilmiistiir (Cizelge 7).

Table 7 Farkli zamanlarda ekilen yem bezelyesi cesitlerinin ham protein ve asit deterjan lif (ADF) oram
Table 7. Crude protein and acid detergent fibre (ADF) ratio of forage pea varieties sown at different times

Yillar Cesitler Ham protein orani (%) Yil Asit deterjan lif (%) Yil
KEZ:1 KEZ» KEZs ortalama KEZ; KEZ» KEZs ortalama
GAPPembe 16.90+0.95¢¢ 17.12+0.97d¢ 16.79+1.09¢¢ 25.24+0.7 27.20+0.7 26.29+1.1
2018 si1
- Kirazli 19.45+0.792¢ 16.73+1.10¢8 16.78+0.75¢8 17.96+0.29P 26.93+0.1 29.26+0.1 26.46+1.1 28.33+0.42
2019 Taskent 18.15+0.67b¢ 18.25+0.70"¢ 18.65+0.402¢ 30.11+0.3 29.42+1.4 30.76+0.3
Ozkaynak 17.69+0.36¢¢ 20.41+1.582f 18.58+0.85b¢ 28.66+1.3 31.62+0.8 28.04+1.0
GAPPembe 16.62+0.06¢¢ 17.43+1.27¢s 21.98+1.362d 27.16+0.1 26.54+0.3 26.01+0.2
2019 si1
- Kirazh 14.65+0.46¢ 16.00+1.01f¢ 16.07+0.07f 19.41+0.542 28.61+0.3 29.37+1.3 27.18+0.4 25.84+0.4
2020 Tasgkent 20.07+1.77af 22.18+0.10a¢ 23.51+0.132 24.09+0.5 24.19+0.1 23.91+0.0
Ozkaynak 22.60+0.52ab 21.38+0.232¢ 20.42+0.402f 25.72+0.2 21.96+0.8 25.40+0.3
KEZ ortalamas1 18.27+0.54 18.69+0.54 19.10+0.57 27.07+0.4 27.44+0.7 26.76+0.5
GAP Pembesi 17.81 + 0.58P GAP Pembesi 26.41+0.4
Cesit ortalamas: Kirazli 16.61 + 0.44b Kirazl 27.97+0.4
Tagkent 20.13+0.582 Tagkent 27.08+0.8
Ozkaynak 20.18 +£ 0.482 Ozkaynak 26.90+ 0.8

abe ayn1 harflerle sunulan degerler istatistiksel olarak farklilik gostermemektedir. KEZ: Kiglik ekim zamani
abe Values represented by the same letters do not differ statistically. WST: Winter sowing time

Konu ile ilgili olarak Temel ve Yazic1 (2021) cesitlerin
ham protein igeriklerinin %18.73 ile %21.32 arasinda
degisim gosterdigini, en yiksek ve en disik ham
protein igeriklerinin ise sirasiyla Ozkaynak ve Kirazl
cesidinden elde edildigini ortaya koymustur. Bu
bulgularin mevcut g¢alisma sonuglar1 ile uyum
igerisinde oldugu gorilmektedir. Turkiye'nin farkl
boélgelerinde yurutilen caligsmalarda da gesitlerin
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protein iceriklerinin farkli oldugu ortaya konmustur
(Acikgoz ve Cakmakci, 1986; Tekeli ve Ates, 2007;
Uzun ve ark., 2012). Cesit x ekim zamam x yil
interaksiyonu ag¢isindan 6nemli bulunan ham protein
oraninda, en yiksek ham protein icerigi 2019-2020
yihinda tgiinci dénemde (KEZs) ekimi yapilan
Taskent (%23.51)’te, en diisiikk oran ise 2019-2020
yilinda ilk dénemde (KEZ1) ekimi yapilan Kirazh
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(%14.65) cesidinde belirlenmistir (Cizelge 7). Farkh
genetik yapiya sahip c¢esitlerin yillara ve ekim
zamanlarina gore degisen iklim kogullarina farklh
tepki vermesi buna neden olmus olabilir.

Asit deterjant lif (ADF) orani yoniinden o6nemli
bulunan cesit X yil interaksiyonu
degerlendirildiginde, en yluksek ADF icerigi 2018-
2019 yilinda ekimi yapilan Taskent (%30.1) ve
Ozkaynak (%29.44)’ta, en diisikk oran ise 2019-2020
yilinda ekilen Tagkent (%24.1) ve Ozkaynak (%24.4)
cesitlerinde belirlenmistir (Sekil 3). Yillara gore GAP
Pembesi ve Kirazli c¢esitlerinin  ADF  oram
degismezken, Taskent ve Ozkaynak cesitlerinin ADF
icerigi 2018-2019 yilina gére 2019-2020 yilinda énemli

31.00
a
30,00
2 29.00 a
é ab
= 28.00
£ 27.00 ab
=) - === be
k= 26.00 be
s Gap Pembesi
q
a 25.00 Kirazh C
24.00 Taskent
Ozkaynak ¢
23.00 R
2018-2019 2019-2020

ADF oram (%)

oranda dusts gostermis, bu da c¢esit x yil
interaksiyonun o6nemli cikmasina neden olmustur.
Ekim =zamanmi x yil interaksiyonu acisindan

incelendiginde, en yiiksek ADF icerigi (%29.37) 2018-
2019 yilinda ikinci dénemde (KEZ2) yapilan ekimde,
en disik oran ise %25.51 ile 2019-2020 yilindaki
ikinci (KEZ2) ve ftgiincii (KEZs) dénemde yapilan
ekimlerde tespit edilmistir (Sekil 3). 2018-2019 yilina
gore 2019-2020 yilinda ikinci doénemde yapilan
ekimlerin ADF igerigindeki diisiis ¢ok yiiksek iken,
ilk dénemde yapilan ekimlerde ise ADF igerigindeki
distis daha az olmustur. Bu da ekim zamani x yil
interaksiyonunun o6nemli ¢ikmasina neden olmus
olabilir.

30.00

a
29.00
28.00 ab

a-c
27.00 =\ \l:d
2600  ==#==KEZ1 5

KEZ2
d

25.00 KEZ3

2018-2019 2019-2020

Sekil 3. Asit deterjan lif orani izerine ¢esit x yil ve ekim zamani x yil interaksiyonun etkisi
Figure 3. Effect of the variety X year and sowing time x year interaction on the acid detergent fiber

Nétr deterjan 1if NDF) orani ve nispi yem degeri

Farkli zamanlarda ekilen yem bezelyesi cesitlerinin
ortalama noétr deterjan lif veya dogal coziicilerde
coziinemeyen lif orani (NDF) ve nispi yem degeri
(NYD) Cizelge 8de verilmistir. Cizelge 8
incelendiginde, yem orneklerinin NDF orami 2019-
2020 yilina goére 2018-2019 yilinda daha yuksek
bulunmustur. Bu, 2018-2019 yilinda dal sayis1 ve ana
sap kalinliginin 2019-2020 yilina gore fazla
olmasindan kaynaklanmis olabilir (Cizelge3; Cizelge
4). Nitekim bitkilerde sap kalinhign ve dal sayisi
arttikca NDF oranm1 artmaktadir (Sarikaya, 2019).
Cesitler acisindan bakildiginda c¢esitlerin  NDF
icerikleri %37.50-41.60 arasinda degisim gostermis ve
Kirazli cesidi %41.60 ile diger cesitlerden daha
yiksek bir NDF igerigine sahip oldugu gorilmistiir
(Cizelge 8). Benzer olarak Tan ve ark. (2013),
incelemeye alinan yem bezelyesi genotiplerinin sahip
olduklarmi NDF oranlarin %32.33-40.28 arasinda
varyasyon gosterdigini ifade etmiglerdir.

Nispi yem degeri acisindan yillarin etkisine
bakildiginda, 2019-2020 yilinda iiretilen yemin nispi
yem degeri 2018-2019 yilina gére daha yliksek oldugu
goriilmiistiir  (Cizelge 8). Cesitler acisindan
incelendiginde, ayni istatistiki grupta yer alan
Tagkent (171.7), GAP Pembesi (167.2) ve Ozkaynak
(164.9) en yiiksek nispi yem degerine sahip cesitler
olarak belirlenmistir (Cizelge 8). Yil ve cesitler

753

arasinda olugan bu farklihik yemin NDF ve ADF
oranlari ile alakali oldugu distiintilmektedir. Nitekim
NYD, NDF ve ADF degerleri kullanilarak
hesaplanmakta (Moore ve Underander, 2002) ve
NYD’nin yuksek ¢ikmasi i¢in bu iki degerin disik
olmas1 istenmektedir. Bu c¢alismada da nispi yem
degeri yuksek gikan yil ve gesitlerin NDF ve ADF
degerleri disiik bulunmustur. NDF orani acisindan
¢esit x yil interaksiyonu incelendiginde, 2018-2019
yilina gére 2019-2020 yilinda GAP Pembesinin NDF
icerigi degismezken, Kirazli ¢esidinin NDF oram
artmig, Taskent ve Ozkaynak cegitlerinin NDF
yiizdesi ise azalis gostermistir (Sekil 4). Bu da ikili
interaksiyonun o6nemli ¢ikmasina neden olmusg
olabilir. Buna gore en yiiksek NDF igerigi 2019-2020
yilinda ekilen Kirazli (%43.8) cesidinde, en diisiik
oran ise yine aym yilda ekilen Taskent (%33.3)
cesidinde belirlenmistir (Sekil 4). Nispi yem degeri
acisindan gesit X yil interaksiyonu
degerlendirildiginde, en yiksek NYD 2019-2020
yilinda ekilen Tagkent (196.5) cesidinde, en diisiik
deger ise yine aym yil ekilen Kirazl (142.2) cesidinde
tespit edilmigtir (Sekil 4). Ilk yila gore ikinci yilda
nispi yem degerinin Tagkent ve Ozkaynak
gesitlerinde artig gostermesi, diger c¢esitlerde ise
azalig gostermesi, ¢esit x yil interaksiyonun énemli
¢ikmasina neden olmus olabilir.
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Cizelge 8 Farkli zamanlarda ekilen yem bezelyesi cesitlerinin nétr deterjan lif (NDF) orani ve nispi yem degeri
Table 8 Relative feed value and neutral detergent fibre (NDF) ratio of forage pea varieties sown at different

times
. Notr deterjan lif (%) Yil Nispi yem degeri Yl
Yillar Cesitler gz KEZ> KEZs ortalama KEZ  KEZ  KEZ;  ortalama
2018 GAP Pembesi35.73+1.08 37.87+1.85 39.46+1.16 180.6+6.7 167.2+9.0 162.5+6.5
i Kirazh 38.93+1.10 40.48+0.12 38.82+1.66 39 750,56 162.6+4.8 151.9+0.5 164.3+8.1 157.7 + 9.8
2019 Tagkent 40.70+0.16 41.58+1.40 42.94+2.05 ’ ’ 149.6+0.4 149.2+8.2 142.1+5.0 ) ’
Ozkaynak  42.21+1.48 40.44+1.48 37.86+1.78 148.1+6.4 149.2+5.6 165.8+6.3
2019 GAP Pembesi39.23+0.50 39.55+0.37 37.14+0.25 160.7+1.9 160.5+1.4 171.9+1.4
i Kirazh 45.60+1.14 41.02+0.61 44.76+0.78 38 9940.71b 136.0+2.9 149.8+3.7 140.9+3.1 169.7 + 36a
2020 Tagkent 32.67+1.06 32.99+0.04 34.10+0.29 ’ ' 200.1+£5.8 197.6+£0.2 191.7+1.6 )
Ozkaynak  39.29+0.39 37.45+0.54 34.87+0.68 163.1£1.9 178.4+2.8 185.2+8.3
KEZ ortalamasi 39.30+0.84 38.92+0.69 38.75+0.88 162.6+4.2 163.0+£4.0 165.5+4.2
GAP Pembesi 38.17 £ 0.55P GAP Pembesi 167.2 +£2.92
Cesit ortalamas: Kirazh 41.60 £ 0.732 Kirazh 150.9 + 2.9>
$ Tagkent 37.50 £ 1.19b Tagkent 171.7 £ 6.52
Ozkaynak 38.69 + 0.83P Ozkaynak 164.9 + 4.52
abe ayn1 harflerle sunulan degerler istatistiksel olarak farklilik gostermemektedir. KEZ: Kishik ekim zamani
abe Values represented by the same letters do not difter statistically. WST: Winter sowing time
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4.0 ab - 1900 T::ls?(i\nt a
:\a‘ 420 ac a Eﬂ 150.0 Ozkaynak
g 100 b < 1700 > b
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Sekil 4 Notr deterjan 1if ve nispi yem degeri tizerine ¢esit x yil interaksiyonun etkisi
Figure 4. Effect of the variety X year interaction on the neutral detergent fiber and relative feed value
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OZET

Bu calisma ile Sanlurfa’da gayeli érnekleme ile sec¢ilen birbirine
komsu koylerde belirli yillarda tesadifi secilen 50 c¢iftgi tizerinde
yapilan sorveylerle yagisa dayali hububat tariminin yapisinin
incelenmesi amag¢lanmigtir. Sérveyler 2002, 2015,2016, 2017, 2018,
2019 ve 2020 yillarinda il merkezine yaklagik 25-30 km. uzaklikta,
kuzeydogu yoniinde yer alan Akcahisar, Cakmak, Gelibolu,
Comlekgi, Akpinar, Golpmnar, Akziyaret, Bahgeli, Golgen, Kizlar,
Kiulafli, Sakca, Karatas ve Asik koylerinde her ciftciye 23 soru
sorularak yurutilmustir. Elde edilen bulgulardan ekim nébetinde
ilk y1l bugday+arpa ve 2. y1l mercimekten sadece 1. Yil arpa+ 2. Yil
mercimek tarimina yonelis oldugu, c¢iftcilerin yiiksek verimli yeni
cesitleri takip ettikleri, ekim zamaninin Kasimdan Aralik’a kaydig:,
toprak igleme ve ekimde sikinti olmadigi, alet-ekipman varhiginin
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yeterli oldugu, onerilen dozlara yakin dozlarda ekim normu, giibre
ve yabanci ot miicadelesinin yerlesmis oldugu, sar1 pas ( Puccinia
striiformis), siirme(7illetia spp.), killeme(Eyryciphe graminis) ve
rastik (Ustilago spp.) hastaliklarinin, tarla faresi ve siine
(Burigaster integriceps) zararhisimin oncelik aldigi, hasadin
bicerdoverle yapildigi, veri alinan yil sayisi ortalama arpa veriminin
(243.7 +11.91kg/da) bugday veriminden (225.35+9.81 kg/da) yiiksek
oldugu, ortalama bugday satis fiyatinin (0.84+0.18TL/kg) arpa satis
fiyatindan (0.75+0.16 TL/kg) yiiksek oldugu, iklim (%26.83), yiiksek
giibre fiyatlar1 (%21.57) ile diisiik pazarlama fiyatlarinin (%15.16)
bugday ve arpa tarimindaki baglhca giigliikkler oldugu anlagilmigtir.
Bolgede yagisa dayalh hububat tariminin yildan yila yagislardaki
buyuk dalgalanmaya bagh olarak ciddi risk altinda oldugu
ontimuzdeki yillarda arpa ekiminin artacagi, sicak ve kurakla
miicadelede erkenci arpa cesitlerinin daha da tercih edilecegi
ongorilmektedir

An Assessment on Wheat and Barley Cultivation through Farmer Surveys under Rain-Fed Conditions
in Sanliurfa

ABSTRACT Field Crops

This study aimed to assess the characteristics of temperate cereals :

cultivation through surveys on randomly selected 50 farmers Research Article

residing in neighboring villages under dryland conditions of . .

Sanliurfa. Surveys were carried out in Ak¢ahisar, Cakmak, Gelibolu, ﬁzt;lgiljeléhstory: 05.07.2021
Comlekgi, Akpinar, Golpinar, Akziyaret, Bahgeli, Golgen, Kizlar, Accepted £ 02.09.2021
Kiulafl, Sak¢a, Karatas and Asik villages located about 25 km away

from city centre on north-east direction in 2002, 2015, 2017, 2018, Keywords

2019 and 2020 years. Villages were selected through purposive Sanliuurfa

sampling method. Farmers in such villages were selected randomly.
Each farmer was asked a 23- questions. The results revealed that

Rain-fed agriculture
Wheat-barley
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crop rotation of wheat or barley in first year and the lentil in the
following year tend to turn to be barley in first year and the lentil in
second year. Farmers adopted newly released varieties with high
yielding ability rapidly. Sowing time shifted from mid-November to
mid-December. There was no constrains for tillage and sowing.
Farmers were found to be sufficient for agricultural machinery.
Seeding, fertilizer and weed management practices were adopted by
farmers with the near ratios of recommended rates. Yellow rust
(Puccinia striiformis), smut, (Ustilago spp.)powdery mildew
(Eryciphe graminis) and bund ( 7Tilletia spp.)diseases were given
priority. Rodents and sunn pest (Eurigaster integricieps)were found
to be most important pests. Harvest was performed by combine
harvester totally. Average barley yield for all survey years (243.7
kg/da) was higher than that of wheat (225.35 kg/da). Average sale
price for wheat for all survey years was 0.84+0.18 Kr/kg and that of
barley was 0.75+0.16 Kr/kg. Climatological factors (26, 83%), high
fertilizer input prices (21.57%) and low marketing prices (15.16%)
were found to be major constrains for cereal cultivation. It was
predicted that temperate cereal cultivation for incoming years will
seriously be under risk due to huge fluctuations in annual rainfall
and barley acreage will increase in future due to early maturing
ability and the ability to escape from terminal drought.

Survey
Agronomical traits
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GIRIS

Tiirkiye toplam tahil ekim alanminin (11 108 032 ha) 7
668 878 ha’lik bolimiinde bugday ve 2 424 737 ha hik
kisminda ise arpa ekilmektedir (TUIK,2017).
Guneydogu Anadolu bolgesinde bugday ekim alani
792.502 ha, tretimi 2.640.674 ton olup verimi ise 312
kg/da olmustur (TUIK, 2018). Sanliurfa ilinde bugday
ekim alan1 186.799 ha, liretimi 632.257 ton, verimi ise
338 kg/da olarak tespit edilmistir. Buna goére bolge
serin iklim tahil ekim alaninin %42.1’ini ve Uiretimin
% 36.6’sin1 kargilamaktadir (TUIK, 2017). 2016 yil
itibariyla Sanliurfa’da arpa ekim alaninin 211 556 ha,
iretimin 243 290 ton ve verimin 115 kg/da oldugu
tespit edilmistir (TUIK, 2017). GAP ile birlikte ilde
sulamaya agilan alan 2019 itibariyla 265 700 ha
(Sanliurfa Valiligi, 2020) olurken bunun cok az bir
kisminda suluda bugday ve arpa tarim
yapilmaktadir. Toplam tahil ekim alaninin 724 640
ha oldugu distnildiginde biyik o6lgiide halen
yagisa dayali bugday ve arpa tarimi yapildig:
anlagilmaktadir (TUIK, 2019). Sanhwurfa ilinde son
yillarda tim Guneydogu Anadolu’da hissedildigi gibi
sonbahar ilk yagmurlarinda yaklasik bir ayhk
gecikmeler yasanmaktadir. Bu da ekim noébetinde yer
alan drinleri etkilemektedir. Yagista genel olarak bir
azalma ve erken kuraklik sik yaganir olmustur. Buna
karsin Mayis ortasi itibariyla sona eren bahar
yagigslar1 Haziran ayina kaymistir. Bu da bugday ve
arpa cesitlerinde orta erkenci tiplerden ziyade orta
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ge¢ olgunlagan tiplere yonlenmesi gerektigini igaret
etmektedir. Baz1 yillar asir1 yagis alinirken (2018-19
gibi) baz1 yillar erken kurakhiklar (2007-08, 2013-14
ve 2020-21) séz konusu olmustur (Sekil 1).

Ayrica oOzellikle ekmeklik bugdayda mevcut hastalik
ve zararlilar ve kuraklik, sicaklik stresi ve yatma gibi
abiyotik stres faktorleri i¢in 6gitme sanayinin de
tasvip ettigi c¢esit karisimlarinin  ekilmesini
benimseyip benimsemeyecekleri (Ozberk ve
ark.,2019), ciftcilerin cesit tercihinde karlhihik m
yoksa yiksek verimi mi tercih ettikleri, yeni
¢esitlerin ¢abuk benimsenmesi gibi hususlar 6nem
arz etmektedir. Toprak isleme, ekilen tohum miktari,
sulama, giibreleme, yabanci ot miicadelesi, sertifikali
tohumluk kullanimi gibi yetistirme teknigi ile ilgili
hususlarda nasil degisimlerin oldugu, ¢ift¢ilerin alet
ekipman varhigindaki ve arazi tasarrufundaki
degismeler tarimin yapisinin ortaya c¢ikarilmasinda
onem arz etmektedir. Sulanan kogullara kiyasla
yagisa dayali kosullarda bugday ve arpa tariminin
yapisindaki degisimlerin daha yavas olacag
ongorilmesine kargin  periyodik  sorveyler ile
izlenmesinin Uretim ve verim tahminleri, orta ve
uzun vadeli tarimsal politikalarin belirlenmesinde
onem arz etmektedir.

Gintmtuzde sik kullanilan bir arastirma yontemi
olan sorvey, belirli kesimden olan deneklere yiiz yilize
sorular sorulup cevaplarin yerinde teyit edilerek
alinan cevaplarin istatistiki metotlarla



KSU Tarim ve Doga Derg 25 (4): 757-765, 2022
KSU J. Agric Nat 25 (4): 757-765, 2022

Aragtirma Makalesi
Research Article

degerlendirilip genellemeye gidilen bir arastirma
bi¢cimidir (Diizgiines, 1963). Soérveyin diizenlenmesi,
uygulanmasi1 ve degerlendirilmesi olmak tizere g
asamasi bulunmaktadir. Dogru sonucglara ulagsmak
icin her bélim dogru planlanmalidir. Eger konu
sadece ciftcileri ilgilendiriyorsa sorular ve denekler
ona gore secilmelidir. Sérveyin amacinin ne oldugu,
sonuglarin hangi paydaslar1 ilgilendirecegi 6nceden
iyi planlanmalidir. Toplanan verilerin dogrulugu,
giivenilirligi dogrudan planlamada gosterilen dikkate
baghdir (Arikan, 2018). Sérveyde orneklemenin
yapilmas1  6zel bir dikkat gerektirmektedir.
Ornekleme sayisi hedef alanda tamamen tesadiifen
secilebilecegi gibi tabakali 6rnekleme ile hedef alan
daha homojen tabakalara ayrilip (Giines ve Arikan,
1988) her homojen tabakadan alinacak érnek sayisi
Neyman  (Yamane, 1967) metoduna  gore
belirlenebilir. Bu ilkeler gozetilerek  tesaduf
orneklemesi ile bolgede yagisa dayali bugday ve arpa
tarim1 ile 1lgili ilk so6rveylerden biri 1989 yilinda
Guneydogu Anadolu Tarimsal Arastirma Enstitiist
tarafindan ( Anonim, 1989) yapilmistir. Diyarbakir,
Sanliurfa, Gaziantep, Adiyaman, Elazig ve Malatya
illerinde 336 cift¢i, 103 degirmenci, 94 firinc1 ve 4

makarna fabrikas1 sérveye konu olmustur. Cift¢ilerin
bugdayda % 40, arpada % 70 yerel c¢esit ektikleri,
%60 1min elle, %40 1min mibzer ile ekim yaptiklar:
tespit edilmigtir. Taban gilibre olarak oOnerilen
normlara yakin DAP, 20-20-0 gtubre kullandiklari, st
glbre olarak onerilen norma yakin AN’yi tercih
ettikleri, % 69 unun yagisa dayali olarak urin
yetistirdigi, hi¢ yabanci ot ilaci kullanmadiklar
anlagilmigtir. Hububat tariminda kargilasilan
gigliikler olarak iklim yapisindan dogan gi¢liikkler %
16 ile ilk sirada yer almig, bunu %14 ile tohumluk
temini, %13 ile uygun gesit, % 12 ile alet ekipman
yetersizligi, %9 ile glibre temin sorunlari, %8 ile
toprak isleme sorunlari takip etmistir. Sanliurfa’da
Harran ovasinda miilkiyet dagiliminin belirlenmesi
konulu sérvey calismalarinda (Karl, 1991; Paksoy,
1998) miilk sahibi isletmeciligin yillar icinde % 90
dan %81’e distigi, buna karsin kiracihigin % 2.39
dan % 5.9’a yiikseldigi, ortak¢ihig %7.82 den % 21.72
ye yikseldigi anlagilmigtir. Izleyen bir baska
calismada ( Karli, 2001) Harran ovasinda miilk sahibi
isletmeciligin ~ %68.06'ya  geriledigi, kiraciligin
%15.25'e  ve ortakciligin % 16.69a yikseldigi
gorilmustur.
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Sekil 1. Giineydogu Anadolu bélgesi uzun yillar yagislarindaki sapmalar (Anonim, 2019)
Figure 1. Long term year base deviations for annual rainfall in SE Anatolia

Bu c¢alisma ile Sanliurfa ilinin yagisa dayali tarimin
yapildig1 bazi koylerinde tesadiifen secilen ciftgiler
izerinde bitirme tezi yurliten Ogrencilerle yapilan
sorveylerle hububat tariminin yapisinin ortaya
¢ikarilmasi ve degigsimlerin izlenmesi amaglanmigtir.

759

MATERYAL ve METOT

Sorvey calismasi bitirme tezi yuriiten o6grenci
sayisina bagh olarak 2002, 2015, 2017, 2018, 2019 ve
2020 yillarinda Sanliurfa il merkezine yaklagik 25 km
uzaklikta bulunan ve gayeli 6rnekleme (yagisa dayal
bugday ve arpa tarimi yapilan) ile secilen birbirine
komsu Akgahisar, Cakmak, Gelibolu, Comlekei,
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Akpinar, Golpmar, Akziyaret, Bahceli, Golgen,

Kizlar, Kilafli,

Sakca, Karatas ve Asik koylerinde

(Sekil 2) yiriitiilmiigtiir.

Sekil 2. Sanhurfa da sorveye konu olan koylerden bazﬂarl
Figure 2. Some of the villages targetted for surveys in Sanliurfa

Belirtilen soérvey yillarinda anilan koylerden
tesadifen secilen 50 cift¢i sérveye konu olmustur. Her
yil farkli 50 ¢iftgi Uzerinde soérvey yapilmagtir.
Ciftcilerin seciminde herhangi bir tabakalandirma
veya gruplama yapilmamigtir. Belirtilen koylerin
toplam hububat ekim alami yaklasik 10 000 da dir.
Sorveyler genellikle bitirme 6devi olarak ziraat
fakiiltesi 4. Sinif 6grencileri ile birlikte Kasim, Aralik,
Ocak veya Subat aylarinda gerceklestirilmistir.
Ciftcilere 23 sorvey sorusu sorulmus ve icinde
bulunulan yil ve bir 6nceki yil yasadigi deneyimler
degerlendirilmistir. Alinan cevaplar yillik
degerlendirmelerde basit tanimlayici istatistikler
(ortalama, varyans, standart sapma, ortalamanin
standart sapmasi ) veya sekillerle ifade edilmistir.
Veri alinan 6 sérvey yilinin genel degerlendirmesinde
ortalama hesaplamalarinda soérvey sorusuna bagh
olarak genel aritmetik ortalama ve genel agirlikhi
(veya tartil)) ortalama tercih edilmistir. Aritmetik
ortalama sorvey sorusuna alinan cevabin bu cevabin
alindig1 s6rvey yil sayisina boélinmesiyle elde
edilmigtir.

Aritmetik ortalama, A= (Yxi)/n, burada xi: sérvey
sayisal verisi, n: bu verinin alindigi y1l sayisi

Agirhikh ortalama, B= (A) x (n/N) x100

=6

Yiizde (% )ile ifade edilen bazi degerlendirmelerde
tim siklarin toplaminin %100 den fazla olmasinin
mimkin olmadigi durumlarda soru i¢i siklarin
agirlikli ortalamalarimin % degerlerin toplamlar:
yeniden dizenlenerek dlzeltilmis ve boylece tim
siklarin % toplamlarinin % 100 den fazla olmasi
onlenmigtir.

Burada; N: toplam sérvey yili sayisi

Diizeltilmis agirhkli ortalama:(C) (B= agirhikh
ortalama /3B = toplam agirlikli ortalama) X100
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[Ornek: 5 sik icinde a) S1kt % pay:1 = 50, tim siklarin
% paylar1 toplam1 ()= 650 ise, diizeltilmis a) Sik1
pay1= (50/650)x100 = %7,69]

Verilere uygulanan islemler Cizelgeler {izerinde de
belirtilmigtir. Istatistiksel degerlendirmelerde SPSS

20, JMP-5 ve Excel istatistik programlari
kullanilmigtir.
BULGULAR ve TARTISMA

2002, 2015, 2017, 2018, 2019 ve 2020 yillarinda
yuritilen ve 23 soru sorulan sorveylerden 15 soru
degerlendirmeye konu olmusg, sorularin sirasina gore
alinan cevaplar her g¢izelgede 5 adet olmak tizere
Cizelge 1 ve 2 de sirasiyla verilmigtir.

Sorveye konu olan c¢iftgilerin sulanan kosullarda da
tercih edilen (Kose, 2018; Sahap,2020; Toprak,2021),
ekmeklik Dariel (%32.16) ve makarnahk Burgos
(%32.16) cesitlerini tercih ettikleri arpada ise biiyiik
olgiide yerli siyah (%61.6) ve yerli beyaz (%33) arpay1
tercih ettikleri anlasilmistir. Cesitlerin tercih nedeni
olarak yiiksek verim (%40.2) ve iyi satig fiyatinin
(%26.4) Dbelirleyici oldugu anlasilmistir. Ciftcilerin
%63.66 sinin kiiciik cift¢i (<200 da), %28.66 sinin orta
(200<x<500da) ve %7.68inin biyik ciftci (500 da)
oldugu, 6 sorvey yili ortalamasina gore Ciftcilerin
%84.66 siin miilk sahibi, %8.66 simin kiraci ve %
6.66 sinmin ise ortak¢r olduklari tespit edilmistir.
Sorveye konu olan ¢iftgilerin 6 yillik agirlikli
ortalamalar dikkate alindiginda %51.53 niin taban
araziye sahip oldugu, %24.33 Unin kirtaban, %
18inin de tagh araziye sahip oldugu tespit edilmigtir.
Ekim zamani olarak ciftcilerin % 81.33untn 15
Ekim-15 Kasim aras1 ekim yaptigi, bu tarihlerden
daha o6nce veya daha sonra ekim yapanlarin % 10
dolayinda oldugu tespit edilmistir. Sérveye konu olan
giftgilerin  bugday ekim normu ortalamasinin
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25.034+3.11kg/da oldugu, arpa ise bu degerin
22.70+1.72 kg/da oldugu (Cizelge 2) anlasilmistir.
Alet ve ekipman varhigr yoninden cift¢ilerin hayl
mekanize oldugu, yillar icinde patos diginda diger
ekipmanlarda artigs oldugu gérilmustir. Ciftgiler
ekimde %99 oraninda mibzerle ekim tercih etmistir.
Ciftcilerin %381 taban giibresi olarak 20-20-0 tercih
etmigler, bu oran DAP igin %54.25 olmustur.
Ciftcilerin  %50.3'c baharda tre gubresini tercih
ederken, %311 AN (%26) tercih etmistir. Taban
giibresi olarak ciftciler 20-20-0 ( 20.59+1.91 kg/da) ve
DAP (18.51+2.73 kg/da) kullandiklar1 bahar giibresi
olarak tire ( 17,90+1.44 kg/da), AN(%26) (20.34+2.615
kg/da) tercih ettikleri tespit edilmistir. Sérveye konu
olan ciftcilerin 6 yillik ortalamaya gore % 56’s1 genis
yaprakli, %13.5'u dar yaprakli yabanci ot ilac
kullanmig, % 13.5’'u hem dar hem genis yaprakh
yabanci ot ilaci kullanmig, % 17’si ise hi¢ bir ilag
kullanmamigtir. Sistematik veri alinmamasina
kargin genis yaprakli yabanci otlar i¢in Tribenuron
methyl (1.2 g/da) ve 2.4 Acid dimethylamin (90-250
cc/da) kullandiklar:, dar yaprakli yabanci otlar igin
Fenoxiprop-p-ethyl (50cc/da) ve Pinoxaden (1 g/da)
kullandiklar: anlagilmigtir.

Ciftcilerin veri alinan sorvey yillar itibariyla bugday
verimlerinin aritmetik ortalamasi 225,35+9,81 kg/da
ve arpa verimi 243.70+£11.91 kg/da olarak tespit
edilmigtir. Ciftcilerin sikayet¢i olduklari hububat
hastaliklar1 olarak c¢esitli sérvey yillarinda veri

alinmistir. Baz1 hastaliklardan 6 yil veri alinirken
bazilarindan 1 yil veri alinmigtir. Buna gore 6 sérvey
yili1 Uzerinden hesaplanan agirlikli ortalamaya gore
sar1 pas hastaliklarindan sikayetci c¢iftci sayist %
31.66 olmus bu deger killeme i¢in %15.16, rastik i¢in
% 11.83, strme icin % 9 olarak bulunmustur. Pas
hastaliklariyla miicadelede kimyasal kullanimi artma
egilimindedir. Cift¢ilerin hububat tariminda maruz
kaldiklar1 zararhlarin 6 yillik so6rvey agirhikh
ortalamasi tarla fareleri i¢cin % 35,16 ve stine i¢in %
28.5 olarak gerceklesmistir. Uriin satig fiyatlar
olarak hesaplanan tim veri alinan yillarin aritmetik
ortalama degerleri bugday icin 0.84+ 0.18 TL/kg
olurken arpada bu deger 0.75+0.16 TL/Kg olmustur.
Hububat tariminda karsilagilan guclukler igin 6
sorvey yilinin tamaminda veri alinan secenekler
oldugu gibi baz1 se¢enekler i¢in 5 ,baz1 secenekler i¢in
3 sOrvey yilinda veri alinmistir. Bunlarin 6 yil
uzerinden agirlikli ortalamalari hesaplanmig ve
hesaplanan degerlerle de yetinilmemis ve bu
segeneklerin % toplamlarinin %1004 agsmamasi i¢in
duzeltilmis agirlikli  ortalamalar hesaplanmigtir.
Buna gore c¢iftgilerin % 26.83 ‘4 iklim faktorlerinden
yakinirken, % 21.57’s1 yiiksek glbre fiyatlarindan, %
15.15 s1 pazarlama fiyatlarimin duastikliginden, %
11.1 1 toprak islemedeki giicliklerden, %9.66’s1
hastaliklar ve alet ekipman yetersizliginden
yakinmiglardir. % 5 dolayinda ¢ift¢i uygun cesit
olmadigindan yakinmigtir.

Cizelge 1. Ekilen cesitler, tercih nedenleri, ¢ift¢i gruplari/mulkiyet, arazi toprak yapisi ve ekim zamani
Table 1. Preferred varieties (%), reasons for preference (%), Farm size/ownership, soil structure, sowing time

Sorvey Arit.Ort. Veri alinan Agirlikh Sorvey Arit. Veri alinan Agirhikl
konusu (%) yil sayisi/yil Ort.(%) B konusu Ort (%) yil sayisi Ort.(%) B
Ekilen gegitler A n B=Ax(n/N) Ciftci grubu A n B=Ax(n/
x 100 N) x100
1.Bugday Kiiciik 63.66 6(2002-2020) 63.66
1.1.Dyb-81 80 1(2002) 13.33 Orta 28.66 6(2002-2020) 28.66
1.2.Duraking 20 1(2002) 3.3 Biiyiik 9.2 5(2002, 2015, 7.66
2018, 2019, 2020)
1.3.Dariel 48.25 4(2015,2017, 32.16 Miilkiyet
2018,2019)
1.4.Burgos 48.25 4(2015,2017, 32.16 Mal sahibi 84.66 3(2002, 2018, 84.66
2018,2019) 2020)
1.5.Ceyhan-99 14 1(2019) 2.33 Kiraci 8.66 3(2002, 2018, 8.66
2020)
1.6.Diger 16.72 Ortakel 10 2(2018-2020) 6.66
2.Arpa Arazi yapis1
2.1.Efes 32 1(2002) 5.33 Taban 51.33 6(2002-2020) 51.33
2.2.Yerli.Siyah 61.6 6(2002, 2015, 2017 61.6 Kirtaban 36.5 4(2002, 2015, 24.3
2018, 2019, 2020) 2019, 2020)
2.3.. Yerli Beyaz 39,6 5(2015, 2017, 2018, 33 Tagh 21.6 5(2002, 2015, 17,99
2019, 2020) 2017, 2018, 2019)
2.4. Diger - 0.07 Diger 6.34 6.38
Tercih nedeni Ekim zaman
Yiiksek verim 40.2 5(2015, 2017, 2018,  40.2 15 Ey-15 Ek 64 1(2002) 10.66
2019, 2020)
Fiyat iyi 26.4 5(2015, 2017, 26.4 15 Ek-15 Kas  81.33 6(2002-2020) 81.33
2018,
2019, 2020)
Kalite 16.5 4(2017, 2018, 13.2 15Kas-15 Ar 24 2(2019, 2020) 8
2019, 2020)
Dekara gelir 20.5 2(2019, 2020) 8.2
Diger 12
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Cizelge 2.Dekara atilan tohum miktar1 (kg/da), alt —ekipman varlig, ekim metodu, giibre cesit ve miktari(kg/da), yabanci ot miicadelesi,
verim (kg/da), hastaliklar (%), zararhlar (%), iiriin satis fiyat1 (TL/kg), hububat tariminda karsilagilan giicliikler (%)

Table 2. Sowing norm (kg/da), agricultural mechanization, sowing method, fertilizer name and ratio (kg/da), weed management, grain yield
(kg/da), diseases (%), pests (%), purchasing prices (Kr/kg), constrains in cereal cultivation (%)

Sorvey sorusu  Arit. Veri Agr. Sérvey Arit.  Veri Agir. Diizelt.
ort alinan yil  ort sorusu ort. Alinan Ort. Agr.
sayisl B. Yil sayis1/ Yil B Ort.
/y1l

Dekara atilan A n B=Ax(n/N)x  Verim A n B=Ax

tohum Kg/da 100 Kg/da (0/N)x100

Bugday 25,034+3.11  5(2002-2019) 20.86 Bugday 225,  5(2002-2019)

35
Arpa 22,70£1.72  6(2002-2020) 22,70 Arpa 243. 6 (2002-2020)
7

Alet ekipman A n B=Ax(n/N)x1 Hastaliklar A n B=Ax

varhig 00 (n/N)

x100
Traktor 7 6(2002-2020) 77 Paslar 31.6  6(2002-2020) 31.66
6

Patos 25.33 6(2002-2020) 25.33 Siirme 27 2(2017, 2018) 9

Piilverizator 53.16 6(2002-2020) 53.16 Rastik 17,7  4(2015, 2017, 2018, 11.83
5 2020)

Mibzer 65 6(2002-2020) 65 Kiilleme 18.2  5(2015, 2017, 2018, 15.16
0 2019, 2020)

Pulluk 72.5 6(2002-2020) 72.5 Septorya 14 1(2019) 2.33

Kiiltiivator 76.8 6(2002-2020) 76.8 Hastalik 66 1(2019) 11
yok

Tapan 50.33 6(2002-2020) 50.33 Diger 19,0 19.02

2
Tirmik 28 6(2002-2020) 28 Zararhlar A n B=Ax
(n/N)
x100

Diskaro 24.66 6(2002-2020) 24.66 Tarla faresi 35,1  6(2002-2020) 35.16

6
Bicerdover 3 2(2019, 2020) 1 Siine 28.5  6(2002-2020) 28.5
Ekim metodu A n B=Ax(n/N)x Sap aris1 5 1(2015) 0.83
100

Mibzerle 99.33 6(2002, 2020)  99.33 Zabrus 10 1(2017) 1.66

Firfirla 4 1(2002) 0.66 Zararh yok 52 2(2018, 2019) 17.3

Giibre cegit / kg/da n B=Ax(n/N)x  Diger - 16.55

ciftci% A 100

Taban Uriin satig A n B=Ax(n/N)x
fiyat1 100.

(TL/kg)
20-20-0(%38)  20.59+1.91 5(2002, 2015, Bugday 0.84+0.18  5(2002-2019)
2018, 2019,
2020)

DAP(%54.25)  18.09+2.73  6(2002-2020) Arpa 0.75£0.163  6(2002-2020)

Ust giibre Hububat A n B=Ax(n/N)x Diiz.agwr.
tariminda 100 Ort.%
giicliikler C=(B/xB)

x100

Ure (%50.33)  17.90+1.44  6(2002-2020) Pazarlama 48.6 5( 2002, 2017, 2018, 40.5 15.16

2019, 2020)

AN%26 20.34+2.615  4(2002, 2015, Giibre fiyat.  57.6 6(2002-2020) 57.6 21.57

(%31) 2019, 2020)

G.Atmayan 18.67 4(2002, 2018, Alet Ekip. 31.0 5(2002, 2015, 2017, 25.8 9.66

2019, 2020) 2018, 2020)

Yabanci ot Arit.Ort.% N Agir. Ort B.  Gesit/tohum  32.0 3(2002, 2017, 2018) 16.0 5.99

ilaci ciftei A A

Genis 56 2(2018, 2019) 56 Iklim faktér. 71.66  6(2002, 2020) 71.66 26.83

yaprakl

Dar yaprakh 13.5 2(2018, 2019) 13.5 Hastallk ve 31.0 5(2002, 2015, 2017, 25.8 9.66
Zarar lilar 2018, 2020)

Dar+genis 13.5 2(2018, 2019) 13.5 Toprak 35.6 5( 2002, 2015, 2017, 29.66 11.10

yap. igleme 2018, 2019)

Miicadele 17 2(2019, 2020) 17

etmeyen

Ciftcilerin 2002-2020 yillar:1 arasinda tercih ettikleri Dariel ~ gibi (Yalginkaya,2016;  Kayaoglu,2017;

cesitlerin Diyarbakir-81 ‘den (Kaya,2002 ) Burgos ve Saridal,2018; Simsek,2019, Sahap,2020; Toprak,2021)
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sulanan kosullarda da tercih edilen cesitlere
yonelmesi c¢iftgilerin yeni cesitleri takip ettigi ancak
kuruya uygunlugunu dikkate almadan tercih
ettiklerini gostermektedir. Cesitlerin tercih nedeni
olarak basta yiksek verim ve iyi pazarlama fiyatinin
yer almas1 ciftcilerin yiiksek dekara geliri temel
alarak cesit se¢imi yaptiklarim1i géstermektedir
(Cengizer, 2018; Yildirim,2019, Goék, 2020). Sorveye
konu olan ¢iftcilerin ¢ogunlugu sulanan arazide
hububat tarimi yapan ciftciler gibi (Koyuncu,
2016;Yalginkaya,2016; Kayaoglu, 2017; Ogan,2017;
Saridal,2018; Simsek,2019; Sahap,2020; Toprak,
2021) kiiciik ciftci (<200 da) olduklar1 anlasilmistir.
Arazi yapis1 olarak yillar i¢inde tagh tarladan taban
ve kirtaban araziye donilismesi arazilerde tasg
temizligi yapildigini ve tarla acildigini
gostermektedir. Ciftcilerin ekim zamani olarak yillar
icinde Kasim’dan Araliga dogru bir tercihte
bulunmalari sonbahar yagmurlarinin ge¢ gelmesine
baglanabilir. Cift¢ilerin bugday ve arpada tercih
ettikleri ekim normu genellikle 6nerilen normlara
uygundur (Ozberk ve ark., 2000) Ciftcilerin alet
ekipman varlign bakimindan yillar i¢inde c¢ok
gelistikleri, yakit ekonomisinden dolayr daha glglia
traktorlere yoneldikleri, son yillarda 1ise distk
oranda da olsa bazi ciftcilerin bigerdéver edindikleri
anlasilmistir (Yildirim, 2019). Ekim ve hasat % 100’e
yakin makinelesmigtir. Bu deger 1989 yil1 sérveyinde
( Anonim, 1989) % 50 seviyesinde tespit edilmistir.
Ciftgilerin kullandig1 taban, tst gibre cesitleri ve
normlar1 6nerilen normlara yakin bulunmustur (Ozer
ve Dagdeviren,1983; Ozer,1991; Colkesen ve
ark.,1993; Cetin ve ark.,1999; Kilic,2004; Kilig,2006).

Ancak hizhi artan giibre fiyatlar1 en buyik yakinma
kaynagidir.1989 yili soérveyinde ( Anonim,1989)
yaklagik % 50 olan yabanci ot ilaci kullanan ciftci
sayis1 sOrvey yapilan 2002-2020 aras1 % 17 ‘e
dismistir. Kullanilan yabanci ot ilaglar1 ve normlari
onerilen seviyelere yakin bulunmustur (Anonim,2017;
Torun, 2020). Yagisa dayali bugday ve arpa tariminda
sorvey alaninda arpa veriminin bugday veriminden
daha yiiksek oldugu teyit edilmigtir. Ancak bu durum
yar1 kurak 300-350 mm yillik yagis alan bélgeler igin
gecerlidir. Daha ylksek yagis kogullarinda bugday
verimleri daha yiiksek bulunmustur (Ozberk ve
Ozberk 1993; Ozberk ve ark.,2020). Ancak pazarlama
fiyatlar1 dikkate alindiginda dekara gelir bakimindan
bugday arpadan daha karli bulunmustur (Ozberk ve
ark.,2020). Ciftciler deneyimlerine dayanarak kurak
yillarda daha c¢ok arpayr tercih etmektedirler.
Ciftcilerin dogrudan gelir destegi nedeniyle son
yillarda daha c¢ok sertifikali tohumluk kullanimini
tercih ettikleri ve bu yolla tohum kaynakli siirme
(Tilletia spp.) ve rastik( Ustilago spp.) gibi
hastaliklardan sakindiklari anlasilmistir. Yaygin
gorillen sar1 pas (Puccinia striiformis) hastahig ile
kimyasal miicadele son yillarda artis egilimindedir.
Tarla faresi ve siine ( FEurigaster integriceps)
zararinda yillar i¢inde pek azalma olmamigtir. Bu iki
pest ile etkin miicadele gerekliligi teyit edilmigtir.
Bugday ve arpa tariminda yasanan gugclikler olarak
bagta iklim faktorleri, yiksek girdi fiyatlar: ve disik
pazarlama  fiyatlarni  olarak  belirlenmesi  bu
sikintilarin  1989dan  beri (Anonim, 1989) cok
degismedigi seklinde yorumlanabilir.

Cizelge 3. GAP tarimsal arastirma enstitlisi koruklu Talat Demirdéren arastirma istasyonu 2008-2021yillar1 arasi

aylik toplam yagis degerleri

Table 3 Montly base rainfall from 2008 to 2021 for Talat Demirooren research station of GAP Agricultural Resarch

Institute

A Y L A R TOPLAM
SUYILI X XI XII 1 II II1 v \' VI VII VIII IX mm
2008 7.1 20.4 28.4 39.8 23.0 11.3 0.5 41.9 12.3 184.7
2009 7.1 21.6 30.6 18.0 40.4 45.8 14.7 2.0 . 31.0 211.2
2010 24.0 | 22.2 77.9 45.6 35.5 13.3 13.3 2.0 0.3 . 234.1
2011 3.2 . 34.4 47.3 34.1 7.2 78.6 18.7 5.8 229.3
2012 21.2 | 57.6 38.2 | 101.3 | 63.3 7.3 10.1 13.8 312.8
2013 474 96.4 77.4 49.3 47.4 13.4 11.8 49.2 . . 392.3
2014 . 12.9 53.7 20.2 14.0 75.0 21.1 . 6.4 16.4 219.7
2015 40.2 | 49.1 56.7 29.0 50.8 87.4 17.5 7.4 2.0 . 340.1
2016 224 | 104 6.5 75.8 24.2 16.6 28.7 16.4 1.0 202.0
2017 15.8 | 26.4 63.8 17.2 0.1 47.9 28.5 4.6 . . 204.3
2018 6.2 14.0 7.9 83.1 69.5 . 25.1 51.8 24.4 2.7 284.7
2019 20.5 | 143.6 | 117.5 | 68.5 89.4 | 160.7 | 64.1 6.5 670.8
2020 45.8 . 158.2 | 37.6 28.7 77.3 23.5 5.1 6.0 382.2
2021 78.0 10.0 65.0 3.0 28.0 2.0 186.0

SONUC VE ONERILER (Cizelge 3) ve tane doldurmada yasanan yiiksek

Yagisa dayali bugday ve arpa tarimi {riin sicakliklara bagh olarak ciddi risk altinda oldugu,

mevsiminde alinan yagiglardaki buytik dalgalanmaya
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cesitlerine yonelisin daha da artacagi tahmin
edilmektedir.
Turkiye  uzun  yillar  ortalama sicakliklara

bakildiginda 1970-1978 yillar1 ortalamasi1 12.7 °C
iken, 1997-2006 yillar1 aras1 periyotta 13.4°C, 2007-
2016 yetisme doneminde ise 13.9 °C ye ciktig:
bildirilmistir, (MGM, 2020). Maksimum ortalama
sicakliklar bakimindan 1970 2018 yillar1 aras:
degerlendirildiginde  pozitif lineer bir iligki
(y=0.0411x+18,023) tespit edilmistir. ~Buradan
isinmanin  gelecekte de artigla devam edecegi
izlenimini vermekte olup, Sen ve ark (2017)
tarafindan 2010-2100 periyoduna iligkin yapilan bir
degerlendirmede yillik sicaklik artiginin Dogu ve
Giineydogu Dbolgelerinde diger bolgelere (sahil)
nazaran daha fazla olacaginin tahmin edildigi
belirtilmistir.

Ayrica ekmeklik bugdayda kuraklik ve diger abiyotik
stres faktorlerine karsi ateskes saglayacak, liretimde
istikrar1 saglayacak c¢esit karigimlari {izerinde
durulabilir (Ozberk ve ark.,2019). Basta giibre ve
akaryakit olmak tUzere girdi fiyatlarindaki hizh
yikselis karliliga disuk olan bugday ve arpa
uretiminde oOnimiizdeki yillarda daha da buytik
sikintilara yol acacagi 6ngorilmektedir.
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OZET Tarla Bitkileri

Bu calismada 59 bugday (55 ekmeklik ve 4 makarnalik) genotipi sar1

pas, kahverengi pas, kara pas, kiilleme ve fusarium basak yaniklig: Aragtirma Makalesi
hastaliklarina dayaniklilik genleri ile yiksek protein, gluten

mukavemeti ve bin tane agirhig: gibi kalite 6zellikleri ile ilgili allele Makale Tarihgesi

6zel 14 basit dizi tekrarlar1 (SSR) primeri ile taranmistir. Arastirma Gelis Tarihi  :23.03.2021
sonuclarina gére, yiiksek protein Gpc-B19 alleli (UHWS89 primeri) 59 Kabul Tarihi :03.09.2021
genotipte, kahverengi pas Lr34 alleli (XGWM130 primeri) 16

genotipte, fusarium bagak yamikhgina dayaniklihik alleli (XGWM129 Anahtar Kelimeler
primeri) dért genotipte, sar1 pasa dayanmikhilik alleli Y75 (XGWM18 Bugday

primeri) 17 genotipte, Yr45 alleli (XGWM47 primeri) 17 genotipte, SSR markérleri

kara pasa dayamikhilik alleli Sr49 (Sun479 ve Sun209 primeri) Hastalik

sirasiyla 19 ve 33 genotipte istenilen bant uzunlugunu vermistir. Kalite

Aragtirmada, 14 SSR markora bugday genotiplerinde toplam 68 adet
allel Uretmistir. Ortalama allel sayis1 4.78, ortalama polimorfizm
bilgi icerigi (PIC) 0.57 olarak hesaplanmistir. Molekiiler veriler
kullanilarak elde edilen dendrograma gore iki ana grup olusmustur.
Birinci grup sadece ii¢ genotipten (B27, B35 ve B37) meydana
gelirken, geri kalan 56 genotip diger ana grupta yer almigtir. Bugday
genotiplerindeki genetik mesafe % 33 ile % 94 arasinda degisirken,
B15 ile B33 genotipleri arasindaki genetik benzerlik % 94 olarak
tespit edilmigtir.

Characterization of Foreign and Turkish Originated Bread and Durum Wheat Landraces by Disease

Resistance and Quality Using Functional Markers

ABSTRACT Field Crops

In the study, 59 wheat genotypes (55 bread and 4 durum wheat)

were screened for stripe rust, leaf rust, stem rust, powdery mildew, Research Article

fusarium head blight, high protein content, gluten strength and . .

thousand kernel weight traits by 14 simple sequence repeats (SSR) Artch e Hlstory'

markers. According to the results, high protein content allele Gpc- Received :23'03'2021
B19 (UHWS89 primer) was identified in all genotypes, while leaf rust Accepted - 03.09.2021
resistance allele Lr84 (XGWM130 primer) detected in 16 genotypes Keywords

and the XGWM129 primer related with fusarium head blight Wheat

resistance determined in four genotypes. The yellow rust resistance SSR markers

alleles Yr15 (XGWM18 primer) was detected in 17 genotypes and Disease

Yr45 (XGWM47 primer) identified in 17 genotypes, while stem rust Quality

resistance allele Sr49 (Sun479 and Sun 209 primers) detected in 19
and 33 genotypes respectively. In the research, 14 SSR markers
produced 68 alleles across the wheat genotypes. The average allele
number per marker was determined as 4.78 and the average
polymorphism information content (PIC) value was calculated as
0.57. Two main groups were obtained according to the dendrogram
created using molecular data. The first group consisted of only three
genotypes (B27, B35 and B37), while the second group had the
remaining 56 genotypes. The genetic distance of wheat genotypes
was changed from 33% to 94% and B15 and B33 genotypes were the
most similar genotypes with 94% similarity.


mailto:zdumlupinar@ksu.edu.tr

KSU Tarim ve Doga Derg 25 (4): 766-777, 2022
KSU J. Agric Nat 25 (4): 766-777, 2022

Aragtirma Makalesi
Research Article

Atif Igin:  Uysal A, Dumlupmnar Z 2022. Yurtdist ve Tirkiye Kaynakli Yerel Ekmeklik ve Makarnalik Bugday
Genotiplerinin Hastaliklara Dayamklilik ve Kalite Yontinden Fonksiyonel Markérler Ile Karakterizasyonu. KSU
Tarim ve Doga Derg 25 (4): 766-777, 2022. DOI: /ksutarimdoga.vi.901758.

To Cite:  Uysal A, Dumlupinar Z 2022. Characterization of Foreign and Turkish Originated Bread and Durum Wheat
Landraces by disease resistance and quality Using Functional Markers. KSU J. Agric Nat 25 (4): 766-777, 2022.
DOI: /ksutarimdoga.vi.901758.

GIRIS birlikte  bitki  1slah1  ¢alismalarinda  erken

Dinyada farkli cografyalarda yetisebilen bugdayin
bilinen ilk kulture alindig1 yer tlkemiz Guney Dogu
Anadolu Bolgesinde bulunan Diyarbakir-Karacadag,
Sanlurfa-Gobeklitepe ve Gaziantep-Karadag ve
cevresi oldugu bildirilmistir (FAO, 2019a).

Bugday, insan beslenmesinde temel besin kaynagi
olmasi nedeniyle ekonomik olarak olduk¢a 6nemli ve
stratejik bir Dbitkidir (Akkaya, 1994). Diinyada
bugdayin ekim alanmi 2019 yilinda 215 milyon ha,
uretim miktari 765 milyon ton, verimi ise 355 kg da'l
dir (FAO, 2019b). Tiirkiye'de 6.84 milyon ha ekim
alanina sahip bugdayin, verimi 299 kg da'! ve tUretim
miktar1 20.5 milyon tondur. Bugday tretiminin 16.5
milyon tonunu ekmeklik bugday, 4 milyon tonunu ise
makarnalik bugday cesitleri olusturmaktadir (TUIK,
2020).

Bugday’da verim, verim unsurlar: ve kalite 6zellikleri
yetigtirildikleri farkli ekolojik bélgelere ve yillara
gére onemli farkhiliklar gosterebilmektedir (Giingér
ve Dumlupinar, 2019; Cay, 2020).

Bugday’da verim ve kaliteyl artirmak bugday islah
programlarinin en o6nemli hedefleri arasindadir
(Ozberk ve ark., 2010). Bu amacla arastiricilar uzun
yillardir bir¢ok c¢alisma ve 1slah programlar
yiirtitmektedirler (Serfling ve ark., 2016; Giingor ve
ark., 2018). Islah programlar: bu olumsuz faktorlere
dayanmikl cesitler gelistirmek, verim artigi1 saglamak
icin kullanilabilecek en ekonomik yoldur (Blum,1986).

Emeklik ve makarnalik bugdayda kalite oOlgiitii
tespitinde protein orani belirleyici niteliktedir.
Yetistirildigi ekoloji, kultirel islemler ve kullanilan
ceside gore protein miktar1 % 6-22 arasinda degisim
gostermektedir (Unal, 2002; Pehlivan ve ark., 2017).
Ancak protein orani kaliteyi tek basina ifade
etmemektedir. Makarnalik bugdayda camsilik ve
irmik rengi kalite degerlendirmesinde en O6nemli
kriterler arasindadir (Pehlivan ve Ikincikarakaya,
2017). Bununla birlikte, bircok arastirici protein
orani ile birlikte gluten mukavemetine de bakarak
degerlendirmeler yapmiglardir (Altinbas ve ark.,
2004; Tayyar, 2005; Aydin ve ark., 2005; Mut ve ark.,
2005; Erekul ve ark., 2005; Mut ve ark., 2007).

DNA markorleri bugday, arpa, yulaf, misir ve geltik
gibi bir¢cok bitkide o6nemli tarimsal o6zelliklerin
belirlenmesi amaciyla yaygin bir sekilde
kullanilmaktadir (Mackill ve ark., 1999; Landjeva ve
ark., 2007; Suwarno et al., 2015; Tekin ve ark., 2017;
Giingdr, 2019; Aydemir ve ark., 2020). Molekiiler
markor teknolojilerinin - kullaniminin  artmasiyla
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jenerasyonlarda sonu¢ alinabilen c¢aligmalarin sayisi
oldukca artmistir. Polimeraz zincir reaksiyonu (PZR)
kesfinden sonra bir¢ok molekiiler markor teknigi
geligtirilmistir. Bunlardan bir tanesi de basit dizi
tekrarlar1  (SSR) markérleridir.  Mikrosatallitler
olarak da bilinen SSR’larin tekrar motifleri 1-6 baz
ciftci (bg) arasinda degisiklik géstermektedir. Ayni
zamanda DNA'min tekrar eden en kiigiik tyesidir.
Basit dizi  tekrarlar1 markoérleri  otomasyona
uygunlugu ve tekrarlanabilir olmasi, az miktarda
DNA ihtiyaci, es baskin (co-dominant) olmasi ve
kararli markor yapisina sahip olmasi poptlasyon
genetiginde etkin bir gekilde kullanilmasinm
saglamaktadir (Dumlupinar ve ark., 2016).

Bu arastirmada, yurtdisi ve Tirkiye orijinli 55
ekmeklik bugday ve 4 makarnalik yerel bugday
genotipinden olugan toplam 59 genotipin hastalik ve
bazi kalite 6zellikleri ile iligkili dogrulamasi yapilmasg,
14 adet SSR markoria ile karakterize edilerek bu
ozelliklere  ait  allelleri tasiyan  genotiplerin
belirlenmesi amaglanmigtar.

MATERYAL ve METOT

Bu calismada, materyal olarak yurtdisi ve Turkiye
kaynakl1 55 ekmeklik ile 4 makarnalik yerel bugday
genotipi kullamilmigtir. Calismada materyal olarak
kullanilan 59 genotipe ait bilgiler Cizelge 1’de
verilmigtir.

Calismada kullanilan 55 ekmeklik, 4 makarnalik
bugday genotiplerinin her birinden 2-3 adet tohum
almnarak %’si torf ve %’si toprak olarak ayarlanan
karisim igerisine pet bardaklara ekimi yapilmas,
Tarimsal Biyoteknoloji laboratuvarinda bulunan
biiyime kabini igerisinde sicaklik 24 °Cye
ayarlanarak 2-3 yaprakli doneme gelinceye kadar
yetistirilmistir. Bu déneme gelen bitkilerden alinan
ornekler saf sudan gecirildikten sonra daha oOnce
steril edilmis 2 mL'lik ependorf tipler igerisine
alinmistir. Bu oOrnekler izolasyon iglemi yapilana
kadar -80 °C’de bekletilmigtir. DNA izolasyonu cetyl
trimethyl ammonium bromide (CTAB) metoduna gore
yapilmigtir (Oliver ve ark., 2010).

Ependorflarin igerisinde -80 °C’ de muhafaza edilen
ornekler sivi  azot igerisinde steril c¢ubuklar
yardimiyla  ezilerek  ogutilmustir. Ogiitiilen
yapraklarin iizerine 1 mL izolasyon soliisyonu (1 M
Tris-HCI (pH: 8), 0.5 M EDTA (pH:8), 5 M NaCl, % 2
w/ve CTAB, % 2 Polyvinyl-Pyrolidone 40, % 5
sarcosyl) eklenerek 65 °C’de 1 saat boyunca her 15
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Cizelge 1. Aragtirmada Kullanilan Bugday Genotiplerine Ait Bilgiler
Table 1. Information About Wheat Genotypes Used in the Research

No/ Erisim No/ Kromozom Sayist/ Rakum/
(Accesion | Ad1/(Name) Orijin/ (Origin) Tiir/(Species) (Chromosome .
(No) (Elevation)
No) Number)
e T. aestivum subsp.
1 B1 2123 Turkiye-Sivas aestivim 42 1650
I T. aestivum subsp.
9 B1T1 2123 T1 Turkiye-Sivas aestivam 42 1650
e T. aestivum subsp.
3 B2 2253 Tirkiye-Erzincan aestivam 42 1213
e . T. aestivum subsp.
4 B2T1 2253 T1 Turkiye-Erzincan aestivim 42 1213
B3 D Tiirkiye T. ?estJ vum subsp. 49 .
5 aestivum
B3T1 DT1 Tirkiye . aestivum subsp. | 1o .
6 aestivum
. Tirkiye-Kirikkale- T. aestivum subsp.
7 B4 Sivas Baligeyh aestivum 42 873
. Turkiye-Kirikkale- T. aestivum subsp.
8 B4AT1 Sivas T1 Baligeyh aestivum 42 873
. Turkiye-Kirikkale- T. aestivum subsp.
9 B4T2 Sivas T2 Baligeyh aestivum 42 873
e T. aestivum subsp.
10 B5 Beyaz Kilgiksiz Tirkiye-Karaman aestivim 42 1049
Beyaz Kilgiksiz | .. . T. aestivum subsp.
11 B5T1 T1 Tarkiye aestivum 42 1049
Beyaz Kilgiksiz | .. .. T. aestivum subsp.
12 B5T2 T2 Turkiye aestivum 42 1049
e T. aestivum subsp.
13 Bé6 Buyaz Comak Turkiye-Eregli aestivim 42 1057
e o T. aestivum subsp.
14 B7 Akyarnaz Tirkiye-Eregli aestivum 42 1057
e o T. aestivum subsp.
15 B8 Karakilgik Tirkiye-Eregli aestivum 42 1057
e - . |T. aestivum subsp.
16 B9 Sunter Turkiye-Akdagmadeni aestivim 42 1318
B9T1 Sunter T1 Turkiye-Akdagmadeni |T. gest]vum subsp. 49
17 aestivum 1318
BOT2 Sunter T2 Turkiye-Akdagmadeni |T. gest]vum subsp. 49
18 aestivum 1318
BIT3 Sunter T3 Turkiye-Akdagmadeni |T. .aestz vum  subsp. 49
19 aestivum 1318
e T. aestivum subsp.
20 B10 Kirmizi Turkiye-Dinar aestivam 42 1091
e T. aestivum subsp.
21 B11 Ak Turkiye-Alpu aestivim 42 767
- e s T. aestivum subsp.
929 Bi12 Havidi Turkiye-Ozalp aestivam 42 1988
- e s T. aestivum subsp.
23 B12T1 Havidi T1 Turkiye-Ozalp aestivim 42 1988
.. o . T. aestivum subsp.
o4 B13 Kirik Turkiye-Elegkirt aestivim 42 1893
B14 Normal Yumusak | Tirkiye-Erzincan T aestivum subsp. 42 %
25 aestivum
Normal Yumusak | . .. . . T. aestivum subsp.
26 B14T1 T1 Turkiye-Erzincan aestivim 42 %
Normal yumusak |,. .. . . T. aestivum subsp.
o7 B14T2 T Tirkiye-Erzincan aestivim 42 "
ey . T. aestivum subsp.
28 B15 2507 Turkiye-Merig aestivim 42 97
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e . T. aestivum subsp.
29 B16 2518 Tiurkiye-Merig aestivim 42 97
e T. aestivum subsp.
30 B17 4253 Tirkiye-Yarma aestivam 42 1001
e T. aestivum subsp.
31 B18 4305 Tirkiye-Ayranci aestivam 42 1146
e .. T. aestivum subsp.
39 B19 4342 Turkiye-Arikéren aestivim 42 1021
e T. aestivum subsp.
33 B20 4265 Tirkiye-Konya aestivim 42 1026
S e T. aestivum subsp.
34 B21 Uveyik Turkiye-Alaca aestivam 42 993
e . T. aestivum subsp.
35 B22 4491 Turkiye-Murseklim aestivam 42 a7
B22T1 4491 T1 Tiirkiye-Murseklim T.  aestivum  subsp.| .
36 aestivum 47
B22T2 4491 T2 Tirkiye-Murseklim | L @estivum  subsp.| o
37 aestivum 47
e _— T. aestivum subsp.
38 B23 7775 Tirkiye-Timar Koyi aestivim 42 47
e - T. aestivum subsp.
39 B23T1 7775 T1 Tirkiye-Timar Koyi aestivim 42 1745
Tirkiye-Timar Koyi T. aestivum subsp.
40 B23T2 7775 T2 aestivam 42 1745
Turkiye-Ankara T. aestivum subsp.
41 B24 775 T3 aestivum 42 1745
B25 84TKO046-118.1 | Tiirkiye- Siliflke-Akdere | 1~ 26stivum  subsp.| o
42 aestivum *
- T. turgidum subsp.
43 B26 478 Sili-Achao durum 28 150
) . T. turgidum subsp.
m B27 ELS-1 Etiyopya durum 28 925
i . T. turgidum subsp.
45 B27T1 ELS-1 Etiyopya durum 28 95
B28 Kara Keltek Ozbekistan T.  turgidum  subsp. 28
46 durum
. T. aestivum subsp.
A7 B29 MG 31492 Etiyopya aestivum 42
Etiyopya T. aestivum subsp. 49 *
48 B30 480271 aestivum
Etiyopya T. aestivum subsp. 49 *
49 B31 480274 aestivum
Etiyopya T. aestivum subsp. 49 *
50 B32 480278 aestivum
Etiyopya T. aestivum subsp. 49 *
51 B33 480279 aestivum
Etiyopya T. aestivum subsp. 49 *
52 B34 480280 aestivum
Etiyopya T. aestivum subsp. 49 *
53 B35 480282 aestivum
Etiyopya T. aestivum subsp. 49 *
54 B36 480283 aestivum
Etiyopya T. aestivum subsp. 49 *
55 B37 480285 aestivum
T. aestivum subsp. 49 *
56 B38 559962 Etiyopya-Shewa aestivum
ABD-Nebreska- T. aestivum subsp. 49 *
57 B39 192268 Cheyenne aestivum
T. aestivum subsp. 49
58 B40 341662 Tirkiye-Elbistan aestivum 1271
T. aestivum subsp. 49
59 B40T1 341662 T1 Turkiye-Elbistan aestivum 1271

*Mevcut degil
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dakikada bir alt tust edilerek su banyosunda
bekletilmigtir. Su banyosundan alinan érnekler ¢eker
ocakta tizerlerine 1 mL kloroform: izoamil alkol (24:1)
ilave edilerek karanlik ortamda 30 dakika alt ist
edilerek bekletilmistir. Daha sonra 20 dk. 10000 rpm
de santrifiij yapilmistir. Santrifijden ¢ikarilan
orneklerin st kisminda bulunan saydam sivi
(siipernant) pipet yardimiyla cekilerek baska bir
steril tiipun icerisine aktarilmis ve lizerine 1’er mL -
20 °C’de bekletilmis isopropanol eklenip yavasca alt
ust edilmistir.

Bu islemin devaminda 30 dk 10000 rpm de santrifi
yapilarak pellete zarar vermeden sipernatant kisim

tupten uzaklastirilmigtir. Tipte kalan peletlerin
tuzerine 2 mL % 70 EtOH ilave edilerek 2 dk 13000
rpm de santrifiij yapilmistir. Sivi kisim pellete zarar
vermeden alinmig ve ayni islem ikinci kez tekrar
edilmigtir. Peletler kuruduktan sonra 10 mM TrisHCI
(pH: 8.00 ve RNAse eklenerek c¢oziinmeleri
saglanmistir. Elde edilen DNA’larin miktarlar ve
kaliteleri Nanodrop cihazi yardimiyla o6lgtilmiugtir
(Veri gosterilmemistir).

Calismada 14 adet allel spesifik SSR markori
bugdayda akrabalik derecesi, baz1 hastalik ve
kaliteyle ilgili genlerin taranmasi i¢in kullanilmigtir.
SSR markorlerine ait bilgiler Cizelge 2°'de verilmistir.

Cizelge 2. Molekiiler Karakterizasyonda Kullanilan SSR Primerleri

Table 2. SSR primers used in molecular characterization

Primer Adv/ . ... N . Beklene'n Bant
No/ (Primer Primer Dizisi (5-3)/ Gen Bolgesi / Referans/ Uzunlugu (bg)/
(Number) Name) (Primer Sequence) (Gene Region) (Reference) (Expected Band
ame Length) (bp)
L p.
1 Bx70E_F CCTCAGCATGCAAACATGCAGC Gluten Mukavemeti Butow ve ark., 563
Bx7°E R CTGAAACCTTTGGCCAGTCATGTC 2003
9 Xwgpll8 F | AAGTGGAACAAGGTTACG Sar1 pas Yid5 Li ve ark., 2011 411
Xwgpll8 R | ACACTGGTCCATGAGGTT
3 Sun479_F CAAATGAAATGTGATCCTGTT Kara pas Sr49 Bansal ve ark., 200
Sun479_R TCATCTAACCAGCAATGGTAT 2015
4 Sun209_F AG CTATGAGCTTCGCTATTG Kara pas Sr49 Bansal ve ark., 148
Sun209_R GTGATTGGTTCGGATTACTTA 2015
Xgwm18_F TTGCTACCATGCATGACCAT Sar1 pas Yri5s ve|Roder ve ark.,
182-190
5 Xgwml8_R TTCACCTCGATTGAGGTCCT Yr26 1998
6 Xgwm68_F AGGCCAGAATCTGGGAATG Bin tane agurhi Roder et al, 166
Xgwm68_F CTCCCTAGATGGGAGAAGGG 1998
7 Xgwml3l F | AATCCCCACCGATTCTTCTC Kara pas Sr49 Roder ve ark., 163
Xgwml3l R | AGTTCGTGGGTCTCTGATGG 1998
8 UHWS89-F TCTCCAAGAGGGGAGAGACA Yiiksek protein Gpe-| Distelfeld ve 199
UHWS89-R TTCCTCTACCCATGAATCTAGCA B1 ark,. 2006
9 Xgwmd7_F TTGCTACCATGCATGACCAT Sar1 pas Yr45, mor |Roder ve ark., 186. 153
Xgwmd7_R TTCACCTCGATTGAGGTCCT tane rengi 1998 ’
10 Xgwm66_F CCAAAGACTGCCATCTTTCA Kiilleme Réder ve ark., 137
Xgwm66_R | CATGACTAGCTAGGGTGTGACA 1998
Xgwm129 F | TCAGTGGGCAAGCTACACAG Fusarium Bagak | Lowe ve ark.,
1 Xgwm129_R | AAAACTTAGTAGCCGCGT Yanikhgna 2011 223
gWm.L 29 dayamklilik
12 Xgwml130_F | AGCTCTGCTTCACGAGGAAG Kahverengi pas | Réder ve ark, 191-196
Xgwml130_R | CTCCTCTTTATATCGCGTCCC Lr34 1998
Xgwm493_F | TTCCCATAACTAAAACCGCG Fusarium Bagsak | Roder ve ark.,
13 Yanikligina 1998 290
Xgwm493_R | GGAACATCATTTCTGGACTTTG dayamkhlik
Xbarc133_ F | AGCGCTCGAAAAGTCAG Fusarium Bagak | Liu ve Anderson,
14 Xbarc133_R | GGCAGGTCCAACTCCAG g:;;ﬁ{gﬁi 2003 150-190-250
PZR; 0.02 mL hacminde 96" ik PZR platelerine; yl. ~ ©lacak sekilde toplamda 20 pL PZR solisyonu

10x buffer, 1.5 uL. MgCI2, 1 pL dNTP karisimi (10
mM karisim (A+T+G+C),DNA primer ¢ifti (2 pL F ve
2uL R), 8.7 uL ddH20, 0.3 pL Tag DNA polimeraz
(5U/uL, Fermantes), 1. 5 pL (100ng) genomik DNA

hazirlanmigtir. 95 °C sicaklikta 5 dakika, 95 °C’de 1
dakika (DNA iplikciklerinin birbirinden ayrismasi),
55 °C’de 1 dakika (tavlama-primerlerin yapismasi),
72 °C’de 1 dakika (uzama), 95 °C — 72 °C arasinda 35
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dongl yaptirilmig, 72 °C'de 5 dakika calstirilarak
islemin tamamlanmasi saglanmigtir. Bitirilmis olan
PZR o6rnekleri kullanima hazir olacak sekilde -20 °C’
de beklemeye alinmigtir. PZR isleminden sonra elde
edilen oOrneklerin fragment analizleri, Qiagen
firmasina ait ‘QIAxcel Advanced System’ fragment
analiz cihazinda yapilmis ve sonug olarak genotiplere
ait SSR bantlarina ulagilmigtir.

59 bugday (55 ekmeklik ve 4 makarnalik) genotipleri
ile yapilan fragment analiz sonuglar1 0 ve 1 olarak
skorlanmigtir. Okuma aralign 15 bg ile 5000 bg
arasinda alinmigtir. Skorlamada hassasiyet +4 baz
cifti olarak belirlenip alleller bu araliga gore
degerlendirilmigtir.

Genotiplere ait alleller hakkindaki bilgilere NTSYSpc
2.21q (Rohlf, 2005) programinda Dice indeks (Dice,
1945) kullanilarak ulasilmistir. Her bir genotipe ait
DNA bantlar1 '0' veya '1' seklinde kodlanarak ikili
(binary) veri matriksi olusturulup bu matriks
UPGMA programi (unweighted pair group method
arithmetic average) yardimiyla genotiplerin birbiriyle
benzerliklerini gosteren dendogram olusturulmustur.
Molekiiler analizlerde kullanilacak her bir SSR
markérii icin polimorfizm bilgi icerikleri Weir (1996)’e

gore asagidaki formil ile hesaplanmigtir.
PIC=1-}Pi2
Pi; arastirmada c¢alisilan 59 bugday genotipinde

(ekmeklik ve makarnalik bugday genotipleri) i'inci
allelin frekansidir.

BULGULAR ve TARTISMA

Bu c¢alismada 55 ekmeklik ve 4 makarnalik bugday
genotipi 14 fonksiyonel DNA markéri kullanilarak
taranmistir. Yapilan taramalar sonucunda toplam 68
allel tespit edilmis olup bunlardan 67 allelde
polimorfizm, 1 allelde ise monomorfizm
belirlenmigtir. Ortalama allel sayis1 ise 4.78 olarak
tespit edilmigtir. En ¢ok allel tireten primer XGWM18
olmus ve 9 adet polimorfik allel Gretmistir. En az allel
ireten primer ise Sun209 olmus ve 1 adet allel
uretmigtir.

Aragtirmada polimorfizm bilgi icerigi (PIC) degeri
ortalamas1 0.57 olarak hesaplanmistir. En ylksek
PIC degeri 0.99 iken en diisiikk PIC degeri 0.03 olarak
tespit edilmistir. Cizelge 3’te SSR primerlerine ait
allel sayilar1 ve PIC degerleri belirtilmistir.

Cizelge 3. SSR Primerlerine ait allel sayilar1 ve PIC degerleri

Table 3. Allele numbers and PIC values of SSR primers

No/(Numben Primer Adv/(Primer Name) Allel Sayis1/(Allele Number) PIC Degeri/(PIC Value)
1 Bx70E 6 0.27
2 Xwgpll8 5 0.15
3 Sun479 7 0.64
4 Sun209 1 0.44
5 Xgwm18 9 0.99
6 Xgwm68 6 0.99
7 Xgwm131 2 0.06
8 UHWS89 2 0.03
9 Xgwm47 8 0.99
10 Xgwm66 4 0.72
11 Xgwm129 7 0.40
12 Xgwm130 5 0.91
13 Xgwm493 2 0.52
14 Xbarc133 3 0.99
15 Ortalama 4.78 0.57

Sar1 pas hastaligina dayaniklilhik geni Yr45 ile ilgili
oldugu belirtilen Xwgp118 markérii Li ve ark. (2000)
tarafindan gelistirilmis ve bu gen ile iligkili bant
uzunlugunun da 411 bg oldugu belirtilmigtir.
Aragtirmada kullanilan 59 bugday genotipinin
Xwgpl18 primeri ile taranmas1 sonucu istenilen gen
bélgesine ait allel elde edilememistir (Cizelge 4).

Yiksek protein igerigine ait Gpe-Bl1 geninin
tespitinde kullanilan UHW89 markoriu Distelfeld ve
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ark. (2006) tarafindan tespit edilmis ve bu gene ait
bant uzunlugu 122 bg olarak belirtilmigtir. Calismada
kullanilan bugday genotiplerinden B1, B1T1, B2,
B2T1, B3, B3T1, B4, B4T1, B4T2, B5, B5T1, B5T2,
B6, B7, B8, B9, B9T1, B9T2, B9T3, B10, B11, B12,
B12T1, B13, B14, B14T1, B14T2, B15, B16, B17, B18,
B19, B20, B21, B22, B22T1, B22T2, B23, B23T1,
B23T2, B24, B25, B26, B27, B27T1, B28, B29, B30,
B31, B32, B33, B34, B35, B36, B37, B38, B39, B40 ve
B40T1 bu gen ile iligkili DNA bantlarina sahip
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olmuglardir (Cizelge 4). Giingér (2019) yaptig
calismada Gpc-Bl geni ile iligkili genotipler tespit
etmistir.

Réder ve ark. (1998) tarafindan gelistirilen ve
bugdayda kahverengi pas hastaligina ait Lr34
geninin tespitinde kullanilan Xgwm130 markorinin

Lr34 geni ile iligkili bant uzunlugu 121-126 bg¢ olarak
bildirilmistir. Calismada kullanilan bugday
genotiplerinden B1, B3, B5T2, B9, B9T2, B9TS3,
B22T1, B22T2, B24, B26, B27, B27T1, B30, B35, B37
ve B40T71’in bu allele sahip olduklari belirlenmigtir
(Sekil 1, Cizelge 4).

Sekil 1. 59 Bugday genotipinde Xgwm130 primerine ait fragment analiz gorintisi
Figure 1. Fragment analysis image of Xgwm 130 primer on 59 wheat genotypes

B4T1, B5, B7, B8, B9T3, B11, B12, B13, B14, B14T1,

Soldan saga genotip isimleri: B1, B1T1, B2, B2T1, B3,
B3T1, B4, B4T1, B4T2, B5, B5T1, B5T2, B6, B7, BS,
B9, B9T1, B9T2, BIT3, B10, B11, B12, B12T1, B13,
B14, B14T1, B14T2, B15, B16, B17, B18, B19, B20,
B21, B22, B22T1, B22T2, B23, B23T1, B23T2, B24,
B25, B26, B27, B27T1, B28, B29, B30, B31, B32, B33,
B34, B35, B36, B37, B38, B39, B40 ve B40T1

Bugdayda fusarium bagak yaniklign hastaligina
dayaniklilik geninin tespitinde kullanilan Xgwm129
belirteci Lowe ve ark. (2011) tarafindan bu 6zellikle
iligkilendirilmis ve istenilen bant uzunlugu-223 bg
olarak belirtilmistir. Xgwm129 primeri kullanilarak
59 bugday genotipinin bu gen ile iligkisi
belirlenmigtir. Buna gore, B1, B17, B23T2 ve B27
genotiplerinde bugdayda fusarium basak yaniklig:
hastaligina dayaniklilik geni tespit edilmistir (Cizelge
4).

Xgwml8 markoérii, Roder ve ark. (1998) tarafindan
geligtirilmis ve Yong ve ark. (2015) tarafindan
bugdayda sari1 pas hastaligina dayamkhlik genleri
Yri5 ve Yr26 ile iligkili oldugu bildirilmigtir.
Aragtirmada kullanilan Xgwm18 primeri ile bugday
genotiplerinden B4T1, B5, B5T1, B7, B8, B10, B11,
B13, B14, B14T1, B16, B17, B18, B19, B20, B23T2 ve
B38 genotiplerinde sar1 pas hastaligina dayaniklihik
genleri tespit edilmistir (Cizelge 4). Giingér (2019)
Zenit makarnalik bugday genotipinde Xgwml8
markorine ait allel tespit ederken, Aydemir ve ark.
(2020) calismada kullanilan 15 bugday genotipinden
iki tanesinde bu allelleri tespit etmiglerdir.

Roder ve ark. (1998) Xgwm47 markériinii sar1 pas
Yr45 geni (186 bg) ile iligkili oldugunu bildirirken, Li
ve ark. (20100 Xgwm47 markoérinin 2A
kromozomunun kisa kolunda bulunan mor tane rengi
ile iligkili geni 34.7 ¢cM uzaklikta (153 bg) oldugunu
bildirmiglerdir. Bu primer ile 55 ekmeklik ve 4
makarnalik bugday genotipinin taranmasi sonucu
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Bi6, B17, B18, B19, B20, B23 ve B23T1
genotiplerinde sar1 pas hastaligina dayamkhlik geni
(Yr45) tespit edilmistir. Ayrica, B27 ve B27T1
genotiplerinde 110 b¢ uzunlugunda mor tane rengi
geni ile iligkili allel tespit edilmistir (Cizelge 4).
Bansal ve ark. (2015) tarafindan gelistirilen ve
istenilen bant uzunlugu 200 bg¢ olarak tespit edilen
Sun479 ile istenilen bant uzunlugu 148 b¢ olan
Sun209 primerleri bugdayda kara pas hastaligina
dayaniklilik geni Sr49  ile iligkilendirilen
markorlerdir. Sun479 primeri ile 59 bugday
genotipinin taranmasi1 sonucu B1T1, B2, B2T1, B7,
BS, B9, B12T1, B14, B14T1, B14T2, B20, B23T1,
B23T2, B24, B27T1, B28, B31, B32 ve B40T1
genotiplerinde, Sun209 primeri ile ise B1, B1T1, B2,
B4T1, B4T2, B5, B5T2, B7, B8, B9T2, B10, B11, B12,
B12T1, B13, B14T2, B16, B17, B18, B19, B20, B22T1,
B23T1, B23T2, B25, B26, B27, B27T1, B31, B37, B38,
B40 ve B40T1 genotiplerinde kara pas hastaligina
dayanmklilik geni Sr49 tespit edilmistir (Cizelge 4).

Bununla birlikte, kara pas hastalign Sr49 geni ile
iligkili, Réder ve ark. (1998) tarafindan gelistirilen ve
istenilen bant uzunlugu 153 b¢ olan Xgwm131
primeri ile iligkili bir genotip belirlenememistir
(Cizelge 4).

Giingér (2019), Sun209, Sun479 ve Xgwml3l
markérlerini  kullanarak Sr49 geni ile iligkili
makarnalik bugday genotiplerini tespit etmistir.
Ayrica, Aydemir ve ark. (2020) Sun209 ve Sun479
markorlerini  kullanarak Fs  jenerasyonundaki
makarnalik bugday melezlerinde Sr49 alleli ile iligkili
genotipleri belirlemiglerdir. Biiyiikakkaglar ve ark.
(2020) de kara pas hastalig: ile baglantili Sun209 ve
Sun479 markorleri ile iligkili markarnalik bugday
genotiplerini saptamiglardir.
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Cizelge 4. 59 bugday genotipinin bazi genler bakimindan allelik varyasyonu

Table 4. Allelic variations of 59 wheat genotypes for some genes

Genotip /
(Genotypes)

Xwgpl18
Sun479
Sun209
Xgwm1l8
Xgwm68
Xgwm131

3]
<)
~
X
M

UHWS89

Xgwm47

Xgwm66

Xgwm129

Xgwm130

Xgwm493

Xbarc133

B1 +

B1T1 + +

B2 + +

B2T1 +

B3

B3T1

B4

B4T1 + +

B4T2

B5 + +

B5T1 +

B5T2 +

B6

B7 + + +

B8 + + +

B9 +

B9T1

B9T2

+

BIT3

B10

B11

B12

B12T1 +

+ 4|+ |+ |+

B13

B14 + +

B14T1 + +

+

B14T2 +

+

B15

B16

B17

B18

B19

+ 4|+ |+ |+
+ 4|+ |+ |+

B20 +

|+ [+

B21

B22

B22T1 +

B22T2

B23

B23T1 +

+

B23T2 +

+
+

B24 +

B25

B26

B27

+ 4|+ |+

B27T1 +

B28 +

B29

B30
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B31 + + +

B32 + +

B33 +

B34 +

B35 + + +
B36 +

B37 + + + +
B38 + + +

B39 + +
B40 + +

B40T1 + + + +

Arastirmada kullanilan Xgwm68 primeri ile 59 bantlarinda gluten mukavemeti ile
bugday (55 ekmeklik ve 4 makarnalik) genotipinin iligkilendirilmigtir. =~ Calismada kullanilan bugday

taranmasi1 sonucu istenilen gen bolgesi elde
edilememistir (Cizelge 4). Xgwm68 markériini
gelistiren Roder ve ark.(1998) bin tane agirhigi icin
166 b¢ uzunlugunu belirtirken, Cheng ve ark. (2015)
Xgwm68 markoriiniin bin tane agirhig ile iligkisinin
istatistiki olarak o6nemli oldugunu bildirmigtir.
Giingér (2019) bu markér ile iligkili genotipler
bildirirken,  Biiyiikakkaslar ~ve ark. (2020)
arastirmalarinda kullandiklar1 genotiplerde bu alleli
tasiyan genotip tespit edememiglerdir.

Xgwm66 primeri Roder ve ark.(1998) tarafindan
geligtirilen ve bugdayda o6nemli bir hastalik olan
killeme ile iligkili ve istenilen bant uzunlugu 137 bg
olan bir markoérdir. Bugday genotiplerinin bu
markorle taranmasi sonucu istenilen gen bélgesinin
uzunlugunda bantlar elde edilememistir (Cizelge 4).
Aydemir ve ark. (2020), Xgwm66 markérii ile iliskili
bir genotip tespit edemezken, Giingér (2019) Burgos
genotipinde bu markorle iligkili alleli tespit etmistir.

Bx79E primeri Butow ve ark. (2003) tarafindan
geligtirilmis ve 563 bg¢ uzunlugundaki DNA

genotiplerinde bu markér bakimindan istenilen bant
uzunluguna sahip  genotip tespit edilememigtir.
Aydemir ve ark. (2020) yaptiklari calismada bu
markorle iligkili genotip saptamadiklarini bildirirken,
Biiyiikakkaslar ve ark. (2020) bir makarnalk
genotipinde, Giingér (2019) ise Cesare ve Levante
makarnalik bugday gesitlerinde bu bant
uzunluklarini belirlemigtir.

Bugdayda basak yanikligina dayamklilik geni ile
iligkili Liu ve Anderson (2003) tarafindan gelistirilen
ve istenilen bant uzunluklar1 150,190 ve 250 bg olan
Xbarc133 primeri kullamilarak B4, B4T1, B18, B19,
B36 genotiplerinde 150 b¢ uzunlugunda, B5T2, B9T2,
B26, B35, B37 ve B39 genotiplerinde 190 bg
uzunlugunda ve B4, B5T2 ve B13 genotiplerinde 250
b¢ uzunlugunda bantlar elde edilmistir. Yine Roder
ve ark. (1998) tarafindan gelistirilen, bugdayda basak
yamklilig: ile iligkili ve istenilen bant uzunlugu 250
bg¢ olan Xgwm493 primerinin kulanilmasi1 sonucunda
arastirmada kullanilan genotiplerde istenilen bant
uzunluklari elde edilememistir (Cizelge 4).

=

r T
047 059

071
Coefficient

T 1
082

Sekil 2. SSR markor verilerine gore olusturulmusg 59 bugday genotigine ait filogenetik agac
Figure 2. Dendrogram belonging to 569 wheat genotypes based on SSRE marker data
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Aragtirmada kullanmilan 59 bugday (55 ekmeklik ve 4
makarnalik) genotipinin 14 SSR primeri ile
genotiplenmesi sonucunda elde edilen veriler
kullanmilarak filogenetik agac olusturulmustur (Sekil
2). Elde edilen dendrogram temelde iki ana gruba
ayrilmistir. Birinci grup sadece ii¢ genotip (B27, B35
ve B37) icerirken, geri kalan 56 genotip diger ana
grupta yer almistir. Bugday genotiplerindeki genetik
mesafe % 33 ie % 94 arasinda degigmistir.
Genotiplerden B15 ile B33 (% 94), B7 ile B11 (% 92),
B4T2 ile B40 (% 89) ve B4T1 ile B10 (% 87) en fazla
benzerlik gosteren genotipler olmustur. B5T2 ile
B40T1 (% 43), B6 ile B40T1 (% 40) ve B13 ile B35 (%
33) genotipleri ise genetik olarak birbirlerine en uzak
genotipler olmustur. Onceki caligmalarda, molekiiler
markor verileri ile elde edilen dendrogramlarda
bugday genotipleri arasindaki genetik mesafeler ile
birirlerine yakin ve uzak genotipler belirlenmigtir.
Buna gore Giingor (2019) genotipler arasindaki en
yakin mesafeyi % 86, Kiraz ve ark. (2019) % 76,
Aydemir ve ark. (2020) % 71, Biyiikakkaslar ve ark.
(2020) % 100 ve Kogyigit ve ark. (2021) % 95 olarak
belirtmiglerdir.

SONUC ve ONERILER

Bu calismada baz1 bugday hastaliklar1 (sar1 pas,
kahverengi pas, kara pas, kiilleme ve basak yaniklig1)
ve kalite parametreleri (bin tane agirligi, protein
miktar1 ve gluten mukavemeti) bakimindan 59
bugday genotipi fonksiyonel markorlerle taranmastar.
Aragtirma bulgularina gére 17 genotipte sar1 pas

hastaligina dayamklhilhik geni tespit edilmigtir.
Kahverengi pas hastaligi icin 16 genotipte
dayamikhilikla 1iligkili allel bulunmustur. Bugday

genotiplerinden 11 tanesinin ise kara pas hastaligina
dayamiklilik geni igerdigi saptanmistir. Bugdayda
bagsak yanakligi i¢in dort genotip dayanmiklilik geni ile
iligkili bulunurken, yiiksek protein miktari igin tiim
genotiplerde istenilen gen tespit edilmistir. Bu
sonuclara gore Bl ve B27 genotiplerinin bugdayda
basak yaniklhigi, kara pas ve kahverengi pas
hastaliklarina dayaniklilik genlerini  tasidigi
belirlenmigtir. B17 genotipinin kara pas, sari pas ve
bugday bagsak yamklig hastaliklarina dayamklilhik
genlerini, B9T3 genotipinin kahverengi pas ve sari
pas hastaliliklarina dayaniklilhik genleri tasidigi
sonucuna varilmigtir. Genotipler iki ana gruba
ayrilmis, sadece ii¢ genotip (B27, B35 ve B37) birinci
grupta, geri kalan 56 genotip ikinci grupta yer
almigtir. Genotiplerdeki genetik mesafe % 33 ile % 94
arasinda degismis, B15 ile B33 (% 94) en fazla
benzerlik gostermis, B13 ile B35 (% 33) genotipleri ise
birbirlerine en uzak olmustur. Arastirma sonuclarina
gore elde edilen bilgiler 1s1ginda allel spesifik genleri
tasiyan genotipler 1slah programlarinda
ebeveyn/donor olarak kullanilabilecektir.
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Bu c¢alisma Aysenur UYSAL'in 2019 yilinda
tamamlanan “Yurtdisi ve Turkiye Kaynakli Yerel
Ekmeklik ve Makarnalikk Bugday Genotiplerinin
Fonksiyonel Markérler Ile Karakterizasyonu” isimli
yiiksek lisans tezinden uretilmigtir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti
Yazarlarin katkisi egittir.

Cikar Catismas1 Beyam
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OZET Tarla Bitkileri
Calismasin amaci, c¢avdar genotiplerinde farklh ekim siklig1

uygulamalarmin (350, 425, 500, 575, 650, 725 tohum m™) tane Aragtirma Makalesi
verimi ve kalite tizerine etkisini belirlenmektedir. Calisma, birer

tescilli tritikale (Karma-2000) ve cavdar (Aslim-95) cesidi ile iki yerel Makale Tarihgesi

Yem Kalite

cavdar hatt1 (Bayburt ve Yozgat) olmak iizere dort genotip Gelis Tarihi  :28.04.2021
kullanilarak 2014-2015 ve 2015-2016 yetistirme sezonlarinda Kabul Tarihi :03.09.2021

yurutilmustir. Deneme bolinmus parseller deneme deseninde; ana

parsellere genotipler, alt parsellere ekim sikliklar1 yerlestirilerek ti¢ Anahtar Kelimeler
tekrarlamali olarak yurttilmistir. Yillar Gzerinden birlestirilerek Cavdar

yapilan varyans analizi sonuglarina gore, tane verimi, bitki boyu, bin Tohum Siklig1
tane agirligi, nisasta orani, ham protein orani, ham yag orani, asit Tane Verimi
deterjanda c¢oziinmeyen lif (ADF) ve nétr deterjanda coziinmeyen lif Yem Kalitesi

(NDF) degerleri iizerine genotip ve ekim sikliklarinin (yag oram
haric) etkisi istatistiki olarak énemli bulunmustur. Tane verimi en
yiksek 3.94 ton ha?l ile m?de 575 tohum siklig1 uygulamasindan
elde edilirken, regresyon denklemine gore en uygun ekim sikligi 563
tohum m2 olarak tespit edilmistir. Cavdar genotiplerini kendi i¢ginde
degerlendirdigimizde yerel genotiplerin kalite 6zellikleri bakimindan
Aslim-95 c¢esidinden daha iyi degerlere sahip oldugu sonucuna
varilmigtir.

Determination of Grain Yield and Some Forage Quality Traits of Rye Genotypes at Different Sowing

Densities
ABSTRACT Field Crops

The objective of this study was to determine grain yield and forage .
quality of rye genotypes under the impact of different sowing Research Article
densities (350, 425, 500, 575, 650, 725 seeds m-2). The study was

conducted in 2014-2015 and 2015-2016 growing seasons using four Athlc.le I(;Ilstory‘ 98.04.202
genotypes, one registered triticale (Karma-2000) and one rye (Ashm- Aecewe d ) 03'03'2021
95) and two local ryes (Bayburt and Yozgat). The experiments were ccepte +03.09.2021
performed in a split-plot design with three replications, genotypes K

. . " 2 eywords
took place at main plots and sowing densities at sub-plots. According Rye

to the results of the variance analysis of the combined years, Seed Density
genotypes and sowing densities (except oil ratio) were found to be Grain Yield
statistically significant in terms of grain yield, plant height,
thousand grain weight, starch content, crude protein content, crude
fat content, acid detergent fiber (ADF) and neutral detergent fiber
(NDF) values. While the highest grain yield was obtained from 575
sowing density per m?2 with 3.94 tons of ha’l, the optimum sowing
density was determined as 563 seeds/m? according to the regression
equation. When we evaluated the rye genotypes within themselves,
it was concluded that the local genotypes had better values than the
Aslim-95 cultivar in terms of quality traits.

Forage Quality

Ataf Sekli: Erbas Kose OD, Mut Z 2022. Farkli Ekim Sikliklarinda Cavdar Genotiplerinin Tane Verimi ve Baz1 Yem Kalite
Ozelliklerinin Belirlenmesi. KSU Tarim ve Doga Derg 25 (4): 778-786. https://doi.org/10.18016/ksutarimdoga.vi.

929511
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GIRIS

Cavdar (Secale cereale 1.) tanesi, éncelikle hayvan
yemi, ekmek unu, biyogaz, biyoetanol veya alkol
turetiminde kullanilan 6nemli bir tahildir. Cavdar
diinyada 4.2 milyon ha alanda yetistirilmekte ve bu
alandan yaklagitk 12.8 milyon ton {rin elde
edilmektedir. Dinya iretiminin % 86.3i Avrupa
kitasinda yetistirilen cavdarlardan tretilmektedir
(Anonim, 2019). Tiirkiye’de farkl ekolojilerde 104 bin
ha alanda ekilmekte ve 295 bin ton urlin elde
edilmektedir (Anonim, 2020).

Iyi gelismis kuraklik toleransi (Chmielewski ve
Kohn, 2000), yiiksek don tolerans1 (Krueger ve ark.,
2011) ve fotosentez etkinligi yiiksek olan cavdar
verimsiz toptak kosullar: ile iklimsel olarak daha az
elverigli ortamlara adapte olmustur. Tirkiye'de de
cogunlukla diger tahillar igin elverigli olmayan
alanlarda yetistirilen c¢avdarin, diger serin iklim
tahillarina gore, boyu daha uzun ve rekabet yetenegi
daha yiksektir (Kabak ve Akcura, 2017). Buna
ragmen cavdar yabanci déllendiginden (Oljaca ve
ark., 2010) bugday, arpa ve yulaf gibi kendine
dolllenen bitkilerle kiyaslandiginda i1slahi1 daha yavas
gelismis ve Uretimi son 50 yilda % 58 oraninda
azalmistir (Anonim, 2019). Tirkiye'de yerel olarak
yetistirilen cavdarlarda 6nemli varyasyonlar vardir.
Fakat 1slah c¢alismalar1i ile bu varyasyondan
yararlanarak yeni gesit gelistirilememis ve yabanci
orijinli Aslim-95 c¢esidi Turkiye’de yetistirilen tek
tescilli cavdar cesidi olarak kalmistir (Kabak ve
Akcura, 2017).

Cavdar Avrupa Birliginde Orta ve Dogu bolgelerinde
yer alan tlkelerde ekmeklik, diger {tlkelerde
ekmeklik bugdaya katki maddesi, alkol ve wviski
endistrisinin hammaddesi ya da hayvan yemi olarak
kullanilmaktadir. Turkiye’de tretilen ¢avdarin ise
cogu ekmeklik, az bir boliimu yemlik olarak kullanilir
(Topal ve ark., 2015).

Tahil yetigtiriciliginin ekonomik etkinligi, yalnizca
tahil verimi ile degil ayn1 zamanda kalitesi ile de
ifade edilmektedir. Cavdarin diger tahillardan daha
disiik endosperm orami nedeniyle un verimi de
distuktir. Cavdar unu daha koyu renkli, kil igerigi
daha yliksek ve bugday unundan daha diisik protein
icerigine sahip olmasina ragmen daha yiiksek
biyolojik degere sahiptir (Kucerova, 2009). Insanlarin
saghkl beslenmesi agisindan, unlu mamillere ¢avdar
ve ogutilmiis ¢gavdar trtinlerinin katkilar1 6nemlidir.
Bu iriinlerde degisik oranlarda katilan ¢avdar unu,
bagirsak mukozas1 tizerinde koruyucu bir etki yapan
ve kan kolesteroliinlin diizenlenmesine yardimci olan
pentosan ylzdesinin artmasina katkida bulunur
(Prihoda, 2005). Ayrica, cavdardan elde edilen
iiriinlerin raf émriide uzundur (Kucerova, 2009). Son
yillarda saghikli beslenme ile ilgili yapilan
arastirmalar, ekmegin i¢indeki besin lifi igeriginin
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onemine dikkat ¢cekmektedir. Bunlar nigsasta olmayan
polisakkaritler, enzim-dayanikli nigasta ve lignin
olarak tamimlanabilir. Saglikli beslenme igin
diyetisyenler tarafindan kisi basina giunde 25-35 ¢
besin lifi almas1 gerektigi 6nerilmektedir. Serin iklim
tahallar: icerisinde tam danede en fazla besin lifi %15-
17 ile ¢avdarda, %10-13 ile ekmeklik bugdayda, %11-
13 ile ise kavuzu soyulmus yulaf denesinde
bulunmaktadir. Bunun yaninda ¢avdar danesi
endosperminin dig tabakasi proteinler, mineraller ve
vitaminler, 6zellikle B-vitaminlerince zengindir.
Insan beslenmesindeki tiim bu olumlu 6zellikleri
nedeniyle ekmek ve diger unlu mamullerin
yapiminda  kullamilmasi ve  yayginlastirilmasi
gerekmektedir (Topal ve ark., 2015).

Cavdarin teknolojik o6zellikleri ve kalitesi diger
tahillara benzer sekilde genotip, iklim ve toprak
kogullar1 yaninda yetistirme tekniklerinden de
etkilenmektedir (Rola ve ark., 2009). Ekim siklig1 ve
ekim zamani gibi yetigtirme teknikleri, tahillarin
agronomik performansimi belirleyen en O6nemli
faktorler arasinda yer almaktadir (Schwarte ve ark.,
2005). Ekim sikhg, yiiksek tohum masrafi
yaratmasindan dolay1r tarimda 6nemli bir faktordir
(Macholdt ve Honermeier, 2017). Bu nedenle, farkh
genotiplerde degisen ekim sikliginin verim seviyesi
uzerindeki etkisinin yani sira kalite ozelliklerine
etkisinin de arastirilmasi 6nemlidir. Diinyada oldugu
gibi Turkiye’de de ¢avdar lizerine yapilan ¢alismalar
simirhh kalmigtir. Bitki yetistiriciliginde metrekareye
atilacak tohum miktari; yetistirme amaci ve teknigi,
ekim zamani, tohum buyukligi ve bin tane agirhigi
gibi etkenlere baglh olarak degismektedir (Erbas Kose
ve ark., 2019).

Bu c¢alisma, farkli ekim sikliklarinda c¢avdar
genotiplerinin tane verimi ve kalite o6zelliklerini
belirlemek amaciyla yuritalmustir.

MATERYAL ve METOD
Materyal
Calismada, Uluslararast Bahri Dagdas Tarimsal

Aragtirma Enstitusi tarafindan tescil ettirilen Aslim-
95 cavdar cesidi, Bayburt ve Yozgat’ta yetistirilen
birer adet yerel g¢avdar c¢esidi ile Gegit Kusagi
Tarimsal Arastirma Enstitisi tarafindan tescil
ettirilen Karma-2000 tritikale gesidi kullanilmigtir.
Tritikale cavdara alternatif olarak tiretilen bir bitki
oldugundan ¢avdar genotipleri yaninda Orta Anadolu
i¢cin tescilli Karma-2000 tritikale gesidi ¢aligmada
kullanilmigtar.

Metot

Calismada, her 1iki yilda da deneme alam
topraklarimin  killi-tinli yapida, organik maddece
fakir, orta kirecli, fosfor icerigi orta ve potasyum
igerigi ylksek oldugu belirlenmistir. Denemenin
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yiiriitildigii yillara ve uzun yillara (son 25 yil) ait
iklim verileri Cizelge 1’de verilmisgtir.

Cizelge 1’de goruldugu tizere, 2014-2015, 2015-2016
yetistirme sezonlarinda ve uzun yillarda yagis

toplami sirasiyla 688.8, 546.1 ve 560.3 mm olurken,
sicaklik ortalamasi sirasiyla 7.9, 8.8 ve 7.2 °C
olmustur.

Cizelge 1. Denemenin yurutildagi yillara ve uzun yillara ait iklim verileri
Table 1.Climate data for the years and long years in which the trial was conducted

Toplam yagis (mm)

Ortalama sicaklik (°C)

Aylar 2014-2015 2015-2016 Uzun yillar 2014-2015 2015-2016 Uzun yillar
Ekim 72.6 3.0 42.6 10.8 11.8 10.2
Kasim 61.4 43.9 63.8 4.6 6.1 4.2
Aralik 53.3 75.9 76.6 4.2 -1.6 0.0
Ocak 54.5 139.9 65.1 -1.2 -2.0 -2.0
Subat 69.6 65.4 61.5 0.8 4.7 -0.9
Mart 115.2 62.0 62.1 4.7 5.4 3.0
Nisan 28.0 24.6 69.5 6.7 12.0 8.3
Mayis 131.8 101.5 62.1 13.5 12.6 12.9
Haziran 95.3 29.1 42.2 16.0 18.2 16.8
Temmuz 7.1 0.8 14.8 19.6 20.4 19.8
Genel Toplam/Ort. 688.8 546.1 560.3 7.97 8.76 7.2
Calisma, Yozgat Bozok Universitesi Ziraat Fakiiltesi degirmen ile 6gitilmigtir. Ornekler sonraki

deneme alaninda 6 ekim sikliginda (350, 425, 500,
575, 650 ve 725 tohum m2) ve 4 genotip ile 2014-2015
ve 2015-2016 yetistirme sezonunda 2 yil sure ile
yurutilmustir. Ekimden 6nce kullanilan her genotip
icin tohumlarda ¢imlendirme testleri yapilmistir. Her
iki yilda da ekim iglemi, Ekim aymin uglnca
haftasinda 6 metre uzunlugundaki parsellere, 8 sira
ve 20 cm sira arasi olacak sekilde deneme mibzeri ile
yapilmistir. Denemeler boéliinmis parseller deneme
desenine gore ana parsellere genotipler (Bayburt,
Aslim-95, Yozgat ve Karma-2000) ve alt parsellere
ekim sikliklar: (350, 425, 500, 575, 650 ve 725 tohum
m?) gelecek gsekilde 3 tekrarlamali olarak
yurutilmustir. Giibreleme dekara 8 kg N ve 6 kg
P205 olacak seklide, fosforun tamama ile azotun yarisi
ekimle birlikte, diger yaris1 ise sapa kalkma dénemi
oncesinde uygulanmigtir. Yabanci otlari  kontrol
etmek i¢in herbisit kullanmilmistir. Hasat islemi;
parsel kenarlarindan birer sira ve parsel baglarindan
50’ser cm kenar tesir atildiktan sonra geriye kalan
kisim orakla bigilerek yapilmig, birka¢ giin kurumasi
beklenen Dbitkiler parsel harman makinesi ile
harmanlanmistir.

Yapilan Olgiim ve Analizler

Arastirmada tane verimi, hasat ve harman iglemini
takiben, her parselden elde edilen tane verimleri
tartilmis ve elde edilen degerler hektar basina ton
olarak verilmigstir. Bitki boyu her parselde rastgele 10
bitkinin toprak ylizeyinden basagin en u¢ noktasina
kadar olan kisim 6lgiilerek ortalamasi alinmis ve cm
olarak belirlenmistir. Bin tane agirhigi tohum sayma
cihazi (Chopin technologies-Numigral) ile 4 X100 adet
tohum sayilip ortalamasi alinmig ve 10 ile ¢arpilarak
hesaplanmig ve g olarak ifade edilmistir. Kimyasal
analizler i¢in, her parselden elde edilen tohumlar
temizlendikten sonra 0.5 mm elege sahip cekigh
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analizler i¢cin + 4 °C'de saklanmistir. Numuneler her
iki yilda da hasattan sonraki t¢ ay icinde analiz
edilmistir. Orneklerin, ham protein icerigi Concon ve
Soltess (1973)'in Micro Kjeldhal yoéntemi, yag icerigi
(1977’in  Soxhlet yontemi, nisasta icerigi Ewers
Polarimetric Method of AACC (2005), ADF ve NDF
icerigi Van Soest ve ark. (1991)’min ANKOM 220
Fiber Analizori kullanilarak belirlenmigtir.

Istatistiki Analizler

Aragtirmada, elde edilen verilerin varyans (ANOVA)
ve regresyon analizi MSTATC istatistik paket
programinda yapilmig, incelenen oOzelliklere ait
ortalamalar arasindaki farkliliklar ise LSD ¢oklu

kargilagtirma testi ile belirlenmigstir. Denemeler
b6linmus  parseller deneme  desenine  gore
yurutilmustur.

BULGULAR ve TARTISMA

Dort genotip ve alt1 farkhi ekim siklhigi uygulanan
calismada yillarin ayr1 ayri ve birlestirilmis varyans
analiz sonuglar1 Cizelge 2’de verilmigtir.

Tane Verimi

Calismada, birlestirilmis varyans analiz sonucglarina
gore, tane verimi bakimindan yil, genotip ve ekim
sikliklar1 arasinda istatistiki olarak 6nemli farklar
belirlenmigtir. Ayrica tane verimi tzerine Y X G
interaksiyonunun etkisi énemli bulunmustur (Cizelge
2). En disik tane verimi m2de 350 tohum
ekiminden (2.79 ha ton!) elde edilirken, en yiiksek
m?de 575 tohum ekiminden (3.94 ha ton!) elde
edilmistir (Cizelge 3 ve Cizelge 4). En yiiksek tane
verimine sirasiyla Karma-2000 (3.72 ton ha'),
Bayburt (3.34 ton ha'!), Ashm-95 (3.29 ton hal) ve
Yozgat (3.18 ton ha'l) genotipleri sahip olmustur.
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Cizelge 2. Incelenen &zelliklere ait verilerin birlesik yillara ait varyans analizi sonucu bununan kareler
ortalamasi ve 6nemlilikleri
Table 2. The mean of squares and their significance found as a result of variance analysis of the data belonging
to the examined features for the combined years

SD TV BB BTA NO PO YO ADF NDF
Yl (Y) 1 5.38%%  21734.1%% = 64.3%* 494.3**  1.46 1.90%*  43.94%%  35.10%*
Tekrar*(Y) 4 0.77 6.9 1.2 1.8 1.50 0.04 0.24 0.54
Genotip (G) 3 1.93*%* 8228 7** 708.4**%  189.9%*  5.16%*  1.91**  5.36** 54.0%*
YxG Int. 3 0.67**  1085.6%* 44.0%* 15.7 2.42% 0.19% 1.76%* 0.67
Hata: 12 0.10 17.3 0.4 5.0 0.65 0.05 0.19 0.94
Ekim Siklig1 (ES) 5 4.98%%  157.6** 56.5%* 31.7%* 5.22%%  0.05 0.58%* 3.15%*
YXES int 5 0.06 72.2%%* 4.4% 7.5% 1.64* 0.07 1.49%* 1.75%*
GxES int 15  0.26 47.1% 4.3%* 2.3 1.55%* .02 0.49* 0.58
YXGXES int 15 0.23 50.5% 2.1 1.3 0.68 0.04 0.45%* 0.47
Hatas 80 0.26 20.7 1.5 2.4 0.60 0.04 0.26 0.37
(0} 15.16  4.43 4.07 2.67 5.46 5.00 8.19 2.82

*: P<0.05 diizeyinde énemli, **: P<0.01 diizeyinde 6nemli, SD: Serbestlik derecesi, CV: Varyasyon katsayis1 (%), TV: Tane
verimi (ton ha?), BB: Bitki boyu (cm), BTA: Bin tane agirligi (g), NO: Nisasta orani (%), PO: Protein orani (%), YO: Yag oran1
(%), ADF: Asit deterjanda ¢éziinmeyen lif (%), NDF: Nétr deterjanda ¢éziinmeyen lif (%)

Cizelge 3. Birlestirilmis yillarda genotiplerin tane verimi ve incelenen 6zelliklerinin ortalama degerleri ve
ortalamalarin standart hatalar1
Table 3. Mean values and standard errors of means of grain yield and investigated traits of genotypes in

combined years
Genotipler TV BB BTA NO PO YO ADF NDF
Yozgat 3.18+0.11 111.7+2.78 29.2+0.62 58.3+0.38 13.9+0.18 1.72+0.03 3.89+0.10 21.8+0.13
Ashim-95 3.29+0.10 111.1+3.15 27.1£0.32 57.6+0.41 13.8£0.13 1.67+£0.03 4.294+0.15 22.5+0.15
Bayburt 3.34+0.11 108.1+2.08 27.3+0.21 55.8+0.58 14.8+0.18 1.99+0.05 4.64+0.16 22.6+0.15
Karma-2000 3.72+0.13 80.2+1.21 36.5+0.20 61.4+.0.39 14.240.17 1.434+0.04 3.80+0.13 19.9+0.18
LSD ws 0.17 2.14 0.32 1.15 0.41 0.12 0.22 0.50

TV: Tane verimi (ton ha'!), BB: Bitki boyu (cm), BTA: Bin tane agirligi (g), NO: Nisasta oran (%), PO: Protein oran1 (%), YO:
Yag oran1 (%), ADF: Asit deterjanda ¢oziinmeyen lif (%), NDF: Nétr deterjanda ¢oziinmeyen lif (%)

Cizelge 4. Birlestirilmig yillarda farkli ekim sikhiklarinin tane verimi ve incelenen o6zelliklerinin ortalama

degerleri

Table 4. Mean values of grain yield and investigated traits at different sowing density in combined years

Ekim Sikhigi = TV BB BTA NO PO YO ADF NDF
350 2.79+0.11 98.7+3.43 32.2+0.84 59.8+0.57 13.6+0.15 1.63+£0.05 4.01+0.17 21.3+0.24
425 3.18+0.11 103.9+4.11 31.1+0.84 59.0+0.64 14.2+0.19 1.67+£0.06 3.97+0.14 21.5+0.24
500 3.79+0.11 106.5+4.62 30.4+0.87 58.6+0.63 13.9+0.25 1.70+0.07 4.12+0.17 21.6+0.32
575 3.94+0.12 103.3+4.13 29.6+0.91 58.3+0.54 14.1+0.14 1.73+£0.06 4.36+0.21 21.6+0.26
650 3.57+0.12 101.743.77 29.2+0.92 57.5+0.69 14.6+0.20 1.71+£0.07 4.17+0.19 22.1+0.30
725 3.03+0.14 102.6+3.94 27.840.91 56.5+0.87 14.8+0.22 1.76+0.07 4.30+0.21 22.240.34
LSD «5 0.30 2.62 0.70 0.90 0.45 0.11 0.29 0.35

TV: Tane verimi (ton ha'!), BB: Bitki boyu (cm), BTA: Bin tane agirhg (g), NO: Nisasta oram (%), PO: Protein oran1 (%), YO:
Yag orani (%), ADF: Asit deterjanda ¢oziinmeyen lif (%), NDF: Nétr deterjanda ¢oziinmeyen lif (%)

Cizelge 4’de goruldigi tlizere her iki yetistirme quadratik oldugu, siklik arttik¢a belirli bir noktaya

yilinda da m?de 575 tohum sikhiginda tim kadar verimin arttigi sonra azaldigi1 belirlenmigtir
genotiplerin daha yiiksek tane verimi verdigi (Sekil 2). Calismada en yiiksek tane verimi 575
belirlenmigtir. En yiksek tane verimi Karma-2000 tohum m? ekim siklign uygulamasindan elde edilmis
cesidinden hektara 4.58 ton ile m?de 575 tohum olup, yapilan regresyon analizi sonunda maksimum
sikhiginda, en disik tane verimi Bayburt verimi veren bitki sikliginin 563 tohum m™ oldugu

genotipinden hektara 2.49 ton ile m?de 350 tohum belirlenmigtir.
sikhiginda oldugunda elde edilmistir (Cizelge 5 ve
Sekil 1). Yapilan regresyon analizi sonucunda farkh
ekim sikliklarinin  genotipler {zerine etkisinin

Genotip X yil interaksiyonunun o6nemli bulunmasi
genotiplerin verim performanslarinin yillara goére
degistigini gostermigtir. Ik yil ikinci yila nazaran 142
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mm daha fazla yagis diismiis ve (Cizelge 1) buna genotip, ekim zamani ve ekim siklig1 gibi faktorlerden
paralel olarak tane verimi birinci yil ikinci yildan etkilendigini bildirmistir. Kabak ve Akcura (2017) 81
daha yiiksek gerceklesmistir (Sekil 3). Kucerova ¢avdar populasyonu ile yapmis olduklar1 ¢aligmada
(2009) cavdarda tane veriminin yil, genotip ve tane veriminin hektara 0.93 ile 3.41 ton arasinda
lokasyonlara gore degistigini bildirirken, Macholdt ve degistigini bildirmiglerdir.

Honermeier (2017) cavdarin tane veriminin yil,

Cizelge 5. Birlestirilmig yillarda incelenen 6zelliklerin genotip ve ekim sikligi interaksiyonlari ait ortalama
veriler ve ve ortalamalarin standart hatalar:
Table 6. Mean and standard errors of means of Interaction between sowing densities and genotypes on
investigated traits for combined years

Genotip ES TV BB* BTA** NO PO** YO ADF* NDF

360  2.56+0.26 105.0+5.18 | 32.5+2.05 | 59.9+1.04 | 13.2+0.43 | 1.59+0.08 | 3.51+0.19 | 21.0+0.25
425  2.74£0.12 112.9+8.27 | 30.6+£1.28 | 58.7+0.90 | 13.7+0.36 | 1.72+0.07 | 3.85+0.17 | 21.8+0.15
500  3.71+0.07 119.2+6.56 | 30.2+1.13 | 58.5+0.80 | 13.4+0.41 | 1.76+0.05 | 3.88+0.17 | 21.9+0.19
575  3.58+0.22 109.9+£9.18 | 28.4+0.88 | 58.3+0.71 | 13.8+0.27 | 1.76+0.08 | 3.99+0.19 | 21.8+0.22
650  3.420.28+ 111.4+6.68 | 28.2+0.79 | 57.4+0.91 | 14.3+0.25 | 1.74+0.05 | 4.01+£0.35 | 22.2+0.42
725  3.10+0.29 111.6+£5.99 | 25.3+1.27 | 56.9+£1.02 | 15.1+0.49 | 1.74+.0.08 | 4.12+0.39 | 22.44+0.38

Yozgat

350  2.91+0.20 106.146.14 | 29.7+0.52 | 58.4+1.16 | 13.6+£0.17 | 1.66+0.06 | 4.23+0.35 | 22.1+0.38
425  38.10+0.15 111.2+8.49 | 28.5+0.48 | 58.3+1.09 | 13.8+0.34 | 1.60+0.04 | 4.27+0.28 | 22.1+0.31
Ashim-95 500 3.54+0.15 118.6+9.75 | 27.4+0.31 | 57.5+1.09 | 13.7+0.29 | 1.65+0.14 | 4.42+0.40 | 22.8+0.32
575  3.81+0.05 111.8349.45 | 26.1+0.21 | 57.4+1.00 | 13.8+0.11 | 1.78+0.09 | 4.41+0.47 | 22.5+0.41
650 3.42+0.29 109.846.92 | 25.5+0.16 | 57.7+1.16 | 13.8+0.47 | 1.68+0.10 | 4.31+0.41 | 22.5+0.43
725  2.96+0.32 109.5+7.58 | 25.0£0.30 | 56.4+1.42 | 14.6+0.39 | 1.64+0.10 | 4.08+0.44 | 22.8+0.38

350  2.49+0.12 105.7+4.10 | 29.1+0.52 | 58.2+0.98 | 13.3+0.20 | 1.90+0.04 | 4.96+0.13 | 22.3+0.20
425  3.47+0.18 110.5+4.56 | 27.9+0.48 | 56.7+1.36 | 15.1+0.28 | 1.94+0.17 | 4.14+0.36 | 22.1+0.36
500 3.72+0.15 108.6+5.72 | 27.0+0.31 | 56.2+1.03 | 15.0+0.42 | 1.95+0.12 | 4.13+0.32 | 22.5+0.23

Bayburt 575 3.81+0.19 106.846.88 | 27.140.21 | 56.3+0.87 | 14.4+0.41 | 1.96+0.09 | 5.09+0.51 | 22.2+0.29
650  3.70+0.07 106.5+5.47 | 26.5£0.16 | 55.041.59 | 14.8+0.40 | 2.05+0.11 | 4.76+0.33 | 23.1£0.47
795  2.88+0.34 110.8+5.41 | 26.1£0.30 | 52.7+1.89 | 15.6+0.28 | 2.12+0.15 | 4.76+0.55 | 23.2+0.47
350 3.18+0.14 78.0+4.50 | 37.3x0.21 | 62.5+0.46 | 14.1£0.21 | 1.39£0.07 | 3.32+0.10 | 19.80.21
425 3.39+0.27 80.9+2.94 | 37.2+0.25 | 62.30.41+ | 14.0£0.28 | 1.42+0.08 | 3.63+0.28 | 19.7+0.15

Karma-2000 500  4.19:0.36 79.5+3.60 | 36.8£0.42 | 62.120.81 | 13.4+0.59 | 1.44+0.14 | 4.05:0.45 | 19.2+0.28
575  4.58+0.20 85.92+1.82 | 36.740.55 | 61.2+0.68 | 14.4+0.22 | 1.42+0.08 | 3.97+0.34 | 20.0+0.33
650 3.76+0.31 79.3+1.64 | 36.4+0.18 | 60.041.23 | 15.340.25 | 1.38+0.15 | 3.60+0.39 | 20.6+0.61
795  3.19+0.24 78.442.49 | 34.740.45 | 60.041.45 | 14.140.42 | 1.52+0.10 | 4.23+0.29 | 20.3+0.74

LSD «s 0.83 7.40 1.98 2.53 1.26 0.30 0.82 0.99

*: P<0.05 diizeyinde 6nemli, **: P<0.01 diizeyinde 6nemli, ES: Ekim siklig1, TV: Tane verimi (ton ha'), BB: Bitki boyu (cm), BTA: Bin tane
agirhg (g), NO: Nigasta orani (%), PO: Protein orani (%), YO: Yag oram (%), ADF: Asit deterjanda ¢éziinmeyen lif (%), NDF: Nétr deterjanda
coziinmeyen lif (%)
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Sekil 1. Incelenen genotiplerin farkh ekim sikliklarinda ortalama tane verimleri
Figure 1. Average grain yields of the studied genotypes at different sowing densities
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Sekil 2. Tane verimine ait regrasyon grafigi
Figure 2. Regression graph of grain yield

Bitki Boyu

Birlestirilmis varyans analiz sonuglarina gore, bitki
boyu tlizerine yil, genotip ve ekim sikliklari ile YXG,
YXES, GXES ve YXGXES interaksiyonlarinin
etkisinin énemli oldugu belirlenmistir (Cizelge 2).
Genotiplerin bitki boyu 80.2 (Karma-2000) ile 111.7
cm (Yozgat) arasinda degismistir. En kisa bitki boyu
98.7 cm ile m?de 350 tohum ekildiginde, en uzun
106.5 cm ile m?de 500 tohum ekildiginde elde
edilmistir (Cizelge 3 ve Cizelge 4). Genotip X ekim
siklig1 interaksiyonuna gére en uzun bitki boyu 119.2
cm ile m?de 575 ekim sikliginda Yozgat genotipinden,
en kisa bitki boyu 78.0 cm ile 350 ekim sikliginda
Karma-2000 cesidinden elde edilmistir (Cizelge 5).
Bitki boyu birinci yil ikinci yildan daha yiksek
gerceklesmistir (Sekil 3). Bunun birinci yil yagis
miktarinin (688.8 mm) ikinci yildan (546.1 mm) daha
yiksek olmasindan kaynaklandigi diisintlmektedir.
Yapilan calismalarda bitki boyunun genotiplere ve
yillara gére degistigi bildirilmistir (Kabak ve Akcura,
2017; Karatas ve ark., 2020). Tritikale genotiplerinde
yapilan calismalarda bitki boyu uzerine ekim
sikliginin 6nemli derecede etki ettigi bildirilmistir
(Atak ve Ciftci, 2005; Kaydan ve Yagmur, 2008; Erol
ve Ulker, 2016). Kabak ve Akcura (2017) farkl cavdar
genotiplerinde bitki boyunun 120.91 ile 146.47 cm
arasinda degistigini bildirmislerdir.

Bin Tane Agirlig1

Bin tane agirligi bakimindan birlestirilmis varyans
analiz sonucglar1 Cizelge 2’de verilmistir. Bin tane
agirligi Gizerine yil, genotip ve ekim sikliklar: ile YXG,
YXES ve GXES interaksiyonlarinin etkisinin 6nemli
oldugu belirlenmistir (Cizelge 2). Genotiplerin bin
tane agirlign 27.1 (Ashim-95) ile 36.5 g (Karma-2000)
arasinda degismistir. Ekim sikligina gére en yiiksek
bin tane agirhigi 32.2 g ile m%¥ye 350 tohum
ekildiginde, en dusik 27.8 g ile m?ye 725 tohum
ekildiginde elde edilmistir (Cizelge 3 ve Cizelge 4).
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Genotip X ekim siklig1 interaksiyonuna gore en
yiksek bin tane agirhigi 37.3 g ile m?ye 350 tohum
ekildiginde Karma-2000 tritikale c¢esidinden, en
dustk 25.0 g ile m?’de 725 ekim sikliginda Aslim-95
cavdar cesidinden elde edilmistir (Cizelge 5). Bin tane
agirligit  birinci yil ikinci yildan daha yiksek
gerceklesmistir (Sekil 3). Birinci yil bin tane agirlig:
ortalamasinin ikinci yildan yiiksek olmasi, birinci yil
bluytime periyodunda daha yuksek yagis almasindan
kaynaklandig1 distinilmektedir. Ayrica, bin tane
agirliginin, ekim siklig1 arttikca azaldigi
goriilmektedir. Ekim sikligr arttik¢a, birim alana
diisen bitki ve bagak sayis1 da artacagindan bin tane
agirhigl diismektedir. Karatas ve ark. (2020) farkh
cavdar genotiplerinde yaptiklar1 calismada bin tane
agirliginin  genotip ve yillara gore degistigini,
genotiplerin bin tane agirhiginin 31.43 ile 37.46 g
arasinda degistigini bildirmiglerdir.

Nisasta Oram

Birlestirilmis varyans analiz sonuclarina gore,
nigasta oramina yillarin, genotiplerin ve ekim
sikliklarinin  etkisinin de o©nemli oldugu tespit
edilmigtir. Ayrica, nigsasta orani Uzerine YXG
interaksiyonun etkisinin 6nemli oldugu belirlenmigtir
(Cizelge 2). Genotiplerin nisasta oram1 % 55.8
(Bayburt) ile 64.8 (Karma-2000) arasinda degismistir.
Ekim sikligina goére ise en yiliksek nisasta orani %
59.8 ile m?’de 350 tohum ekildiginde, en diisiik % 56.5
ile m?de 725 tohum ekildiginde elde edilmigtir
(Cizelge 3 ve Cizelge 4). Nisasta orani birinci y1l ikinci
yildan daha yiiksek gerceklesmistir (Sekil 3). Birinci
yil ikinci yildan daha yliksek yagis diismesi bitkilerin
daha fazla vegatatif gelisme ve dolayisiyla taneye
daha fazla karbonhidrat biriktirerek bin tane
agirhiginin yiiksek olmasina ve buna bagli olarakda
nigasta oramimmin da daha yiksek oldugu
distiiniilmektedir. Hem ayri1 ayr1 yillarin hem de
birlestirilmis yillarin analizinde nigasta orani iizerine
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genotip X ekim siklig1 interaksiyonun etkisi istatistiki
olarak o6nemsiz bulunmustur (Cizelge 2). Yapilan
calismalarda Buksa ve ark. (2010) nisasta oraninin
gesitler ve yillardan etkilendigini, Gomand ve ark.
(2011) ise cesitlerden etkilendigini bildirmislerdir.
Stepien ve ark. (2016) yaptiklar: calismada cavdarda
nigasta oranimin farkli giibreleme uygulamalarinda
degistigini bildirmistir. Buksa (2018) cavdarin tiim
tane, endosperm ve kepek kismindaki kimyasal
iceriklerine baktigi c¢alismada, nisasta igeriginin
sirasiyla % 64.3, % 76.5 ve % 48.3 oldugunu
belirlemistir. Linina ve ark. (2019) cavdar
popllasyonlarinda nigsasta oraninin % 58.8 ile 68.8
arasinda degistigini bildirmigleridir. Farkli tritikale
genotipleri ile yapilan bagka bir ¢alismada ise nigasta
oraninin % 62.4 ile 66.4 arasinda degistigi
bildirilmistir (Mut ve Erbas Kose, 2018).

Ham Protein Orani

Dort farkl genotip ve alt1 ekim sikligr ile iki yil siire
ile yapilan bu calismada protein oranina iligkin
varyans analiz sonuglar1 Cizelge 2'de verilmigtir.
Protein orani lizerine yil, genotip ve ekim siklig: ile
yil X ekim siklig1 interaksiyonunun etkisinin 6nemli
oldugu belirlenmistir (Cizelge 2). Genotiplerin protein
oran1 % 13.8 (Aslim-95) ile 14.8 (Bayburt) arasinda
degismigtir. Protein orani en yiiksek % 14.8 ile m?’ye
725 tohum ekildiginde, en diisik % 13.6 ile m?’ye 350
tohum ekildiginde elde edilmistir (Cizelge 3 ve
Cizelge 4). Genotip X ekim siklig1 interaksiyonuna
gore en yuksek protein orami % 15.6 ile mZde 725
ekim sikliginda Bayburt genotipinden elde edilmistir
(Cizelge 5). Kabak ve Akcura (2017) yaptiklar
calismada protein oraninmin yillara ve genotiplere
bagli olarak degistigini ve genotiplerin protein
oraninin % 9.52 1ile 13.25 arasinda oldugunu
bildirmiglerdir. Kucerova (2009) c¢avdarda protein
oraninin yillar ve lokasyonlardan, Stepien ve ark.
(2016) yillar ve tarimsal uygulamalara etkilendigini
bildirmistir. Calismada, genellikle yiiksek ekim
sikliklarinda protein oraninda yuksek oldugu
belirlenmigtir. Bu durumun  yiksek  ekim
sikliklarinda bin tane agirliginin ve nigasta oraninin
daha disik olmasindan kaynaklandigi
disunulmektedir. Cavdarin tim tanesinde protein
iceriginin Nordlund ve ark. (2013) % 12.9, Buksa
(2018) % 10.1, Stepniewska ve ark. (2019) % 9.2 ile
14.0 arasinda, Linina ve ark. (2019) ise % 7.7 ile 13.1
arasinda oldugunu Dbildirmiglerdir. Ayrica farkh
tritikale genotiplerinde yapilan bir ¢alismada protein
oran1 % 12.3 ile 14.8 arasinda degismistir (Mut ve
Erbas Koése, 2018).

Ham Yag Oram

Birlegtirilmis varyans analiz sonuglarina gore, yag
oran1 Uzerine yil ve genotipler ile YXG
interaksiyonunun etkisinin onemli oldugu
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belirlenmistir (Cizelge 2). Genotiplerin yag orani %
1.43 (Karma-2000) ile 1.99 (Bayburt) arasinda
degigmistir. Yag orani lizerine ekim sikliklarinin
etkisinin  istatistiki  olarak  6nemsiz  oldugu
gorilmiistiir. Yag oram ikinci yi1l (% 1.82) birinci
yildan (% 1.59) daha yiiksek gerceklesmistir (Sekil 3).
Nilsson ve Aman (1997) yaptiklar: calismada tam
cavdar ununda yag oraninin % 1.42 ile 1.58 arasinda
degistigini bildirmiglerdir. Ragaee ve ak. (2006)
¢avdarin tim tanesinde ortalama yag oraninin %
2.53 oldugunu, Nordlund ve ark. (2013) ise % 2.4
oldugunu bildirmistir. Mut ve Erbas Kése (2018)'nin
tritikalede yaptiklar: ¢alismada yag oraninin genotip
ve yillara gore degistigini ve % 1.11 ile 1.76 arasinda
oldugunu bildirmiglerdir.

Asit Deterjanda Coziinmeyen Lif (ADF) ve Nétr
Deterjanda Céziinmeyen Lif (NDF) Degerleri

Birlestirilmis analiz sonug¢larina gore, ADF ve NDF
degerleri bakimindan yil, genotip ve ekim sikliklari
arasinda o6nemli farklar belirlenmigtir. ADF degeri
uzerine  YXG, YXES, GxES ve YXGXxES
interaksiyonun etkisi 6énemli olurken, NDF degeri
tzerine YXES interaksiyonunun etkisinin 6nemli
oldugu belirlenmistir (Cizelge 2). Genotiplerin ADF
ve NDF degerleri sirasiyla % 3.84 (Karma-2000) ile
4.64 (Bayburt) ve % 19.9 (Karma-2000) ile 22.6
(Bayburt) arasinda degismistir. Ekim sikligina gore
en disik ADF degeri % 3.97 ile mZ¥de 425 bitki
sikhiginda, NDF degeri % 21.3 ile m?de 350 bitki
sikliginda elde edilmistir (Cizelge 3 ve Cizelge 4).
ADF ve NDF degerleri birinci yil ikinci yildan daha
diisiik gerceklesmistir (Sekil 3).

Yemin sindirilebilirligi ve hayvanin enerji alimi
hakkinda bilgi veren ADF degeri bitki hiicre duvari
yapisindaki seliiloz, lignin ve c¢oziinmeyen protein
miktarimi gosterir. ADF degerinin yiliksek olmasi
yemlerin sindirilebilirligini azaltir ve enerji degerini
dugtiriar. Hayvanlarin yem alimina dogrudan etkili
olan NDF degeri hiicre duvari yapisinda bulunan
selilloz, hemiseliloz, lignin, kiitin ve ¢6ziinmeyen
protein miktarini ifade eder. yemde NDF degerinin
diisiik olmast hayvanin yem alimini arttirir (Van
Soest ve ark., 1991; Kutlu, 2008; Mut ve Erbas Kose,
2018). Kowieska ve ark. (2011)’min farkhi tahil
tanelerinde yaptiklar1 ¢alismada, ¢avdarda ADF ve
NDF degerlerini sirasiyla % 5.14 ve % 21.73 olarak
belirlemiglerdir. Erbas Kése ve Mut (2018) farkh
tritikale genotiplerinde yaptiklar1 ¢alismada ADF ve
NDF degerlerinin ortalamasinin sirasiyla % 3.08 ve %
18.4 oldugunu bildirmiglerdir.

SONUC ve ONERILER

Uc cavdar genotipi ve bir tritikale ¢esidinin (Yozgat,
Aslim-95, Bayburt, Karma-2000) farkli ekim
sikliklarinda (350, 425, 500, 575, 650, 725 tohum m-2)
tane verimi ve baz1 kalite 6zelliklerini belirlemek
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amac ile iki yil stireyle yuritilen bu arastirmanin
sonuglarina gore; incelenen bir c¢ok Ozellik
bakimindan yil, genotip ve ekim sikliklar1 arasinda
onemli farklar belirlenmistir. En yuksek tane
verimleri sirasiyla Karma-2000, Bayburt, Aslim-95 ve
Yozgat genotiplerinden elde edilmistir. Tane verimi
en yluksek 3.94 ton ha-1 ile m2’de 575 ekim siklig:
uygulamasindan elde edilirken, optimum ekim sikligi

genotiplerini kendi icinde degerlendirdigimizde tane
verimi bakimindan Bayburt yerel genotipinin en
yiksek degere sahip oldugu, ayrica yerel genotiplerin
kalite oOzellikleri bakimindan Aslim-95 cesidinden
daha iyi degerlere sahip oldugu sonucuna varilmigtir.
Ayrica, Tirkiye’de tizerinde olduk¢a az bilimsel
¢alismanin yapildigi1 ¢avdar konusunda daha fazla
¢alismanin yapilmasi gerekliligi vardir.

563 tohum/m? olarak tespit edilmistir. Cavdar
120 a
2014-2015 m2015-2016
100 b
80 -
a
60 - b
40 a b
b a
20 ad
a b b a b a
O I
TV BB BTA NO PO YO ADF NDF

Ozellikler (Traits)

Sekil 3. 2014-2015 ve 2015-2016 yetistirme sezonlarinda yetistirilen ¢avdar genotiplerinin tane verimi ve kalite

ozelliklerine ait ortalama degerler

Figure 3. Mean values for grain yield and quality traits of rye genotypes in 2014-2015 and 2015-2016 growing

seasons

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir cikar
catismasi olmadigini beyan ederler.
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OZET Tarla Bitkileri
Bu c¢alismada Kunduru yerel populasyonundan segilen bazi saf
hatlarin bazi tarimsal ozelliklerinin incelenmesi amaclanmagtir. Aragtirma Makalesi

Kunduru populasyonundan se¢ilmis olan 14 genotip ile Zenith, Svevo

ve Fuatbey makarnalik bugday cesitleri 2011-2013 yillar1 arasinda Makale Tarihgesi
Kahramanmaras kosullarinda tesadif bloklari deneme desenine Gelig Tarihi  :19.03.2021
gore 4 tekrarlamali olarak denemeye alinmistir. Arastirmadan elde Kabul Tarihi :07.10.2021
edilen sonuglara gore, olgunlagsma siiresi ve basak uzunlugu harig

diger ozellikler yoniinden genotipler arasindaki farklar o6nemli Anahtar Kelimeler
olmugtur. Genotiplerin bagsaklanma suresi 129.5 ile 138.1 gin, Makarnalik bugday
ciceklenme sturesi 133.3-142.8 giin, basaklanma erme stiresi 36.75- Kunduru-1149

44.87 giin, tane dolum periyodu 32.00-41.00 gun, olgunlagma siiresi Fenolojik donemler
174.3-175.8 giin, bitki boyu 74.8-126.9 cm, basak uzunlugu 6.02-7.04 Tane verimi
cm, sap uzunlugu 68.2-120.3 cm, ust bogum arasi uzunlugu 29.86-

51.22 cm ve tane verimi 357.5-538.4 kg dal arasinda degismistir.

Tane verimi ile bagsak uzunlugu, basaklanma erme siiresi ve tane

dolum periyodu arasindaki iligkilerin olumlu ve 6nemli, bitki boyu,

sap uzunlugu, ust bogum arasi uzunlugu, basaklanma stiresi,

ciceklenme siiresi ve olgunlagsma stiresi arasindaki iligkilerin

olumsuz ve 6nemli oldugu belirlenmigtir. Tane verimi yoninden 14-

12-9 hattinin (538.4 kg da’!) Fuatbey, Svevo ve Zenith standart

¢esitlerinden ve diger hatlardan daha yiiksek degere sahip oldugu

belirlenmigtir. Elde edilen sonuclara gore, tane verimini artirmak

i¢in verimle 6nemli iligki igerisinde olan 6zellikler seleksiyon kriteri

olarak ele alinmali ve daha sonraki bugday i1slah programlarinda

uzerinde durulmalidir.

Investigation of Agricultural Characteristics in Some Lines Selected from the Kunduru-1149
Population

ABSTRACT Field Crops

This study aimed to assess some of agricultural characteristics of

some of pure lines selected from durum wheat landrace of Kunduru. Research Article

14 genotypes selected from the Kunduru population and durum . .

wheat varieties of Zenith, Svevo and Fuatbey were tested in Artch € Hlstory.
randomized complete block experimental design with 4 replications Received ) 19.03.2021
in Kahramanmaras conditions in 2011-2013 crop season. Results Accepted +07.10.2021
obtained from the research indicated that, except for the days to Keywords

maturity and spike length, there were significant differences Durum wheat
between genotypes for all traits under study. Heading period of Kunduru-1149
genotypes varied from 129.5 to 138.1 days, flowering time from 133.3
to 142.8 days, heading-maturity time from 36.75 to 44.87 days, grain
filling period from 32.00 to 41.00 days, days to maturity from174.3 to
175.8 days, plant height from 74.8 to 126.9 cm, spike length from
6.02 to 7.04 cm, stem length from 68.2 to 120.3 cm, peduncle length
from 29.86 to 51.22 cm. Grain yield, on the other hand, varied
between 357.5 and 538.4 kg dal. There were significant and positive
correlations between grain yield vs. spike length, heading-maturity
time vs. grain filling period. There were significant and negative

Phenological stages
Grain yield
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correlations between grain yield vs. plant height, stem length,
peduncle length, heading time, flowering time and days to maturity.
The line of 14-12-9 (538.4 kg dal) had the higher grain yield
comparing Fuatbey, Svevo and Zenith and other genotypes. It was
concluded that, for higher grain yield, the traits giving high
correlations with this trait should be considered as selection criteria

in wheat improvement programs.

Atf iginl Kara R, Yurturdurmaz C, Karakuzulu A, Akkaya A 2022. Kunduru-1149 Populasyonundan Segilen Baz
Hatlarda Tarimsal Ozelliklerin Incelenmesi. KSU Tarim ve Doga Derg 25 (4): 787-799. https://doi.org/
10.18016/ksutarimdoga.vi.899979.
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GIRIS ve genetik ilerleme, bugdayda islah materyalindeki

Makarnalik bugday, diinya ¢apinda insan tiketimi
icin kullanilan énemli bir tahil Gruntdir ve toplam
bugday uretiminin yaklasik %8'ini temsil etmektedir
(Taneva ve ark. 2019). Makarnalik bugdaylar
ulkedeki gida sanayi tarafindan genellikle c¢esitli
bicim ve Dbuytklikteki makarna iretiminde
degerlendirilmektedir. Bununla birlikte baz imalatg1
ve ureticiler durum bugdaymni irmik, bulgur, kuskus
ve yiksek kalitede boreklik yapiminda
kullanmaktadirlar (Sahin ve ark. 2008).

Genetik materyallerin 6nemi her gecen yil biraz daha
artmakta, basta yerel populasyonlar olmak {tizere
bitiin gen kaynaklari korunmaya c¢alisilmaktadir.
Bugdayin gen merkezi durumunda olan Turkiye
acisindan, yerel populasyonlarin korunmasi ve bu
populasyonlardaki varyasyonlarin 1slahta
kullanilmasi bliyiik 6nem tasimaktadir. Makarnalik
bugday Uretimini artirmak i¢in soguga, kuraga,
yatmaya, hastalik ve zararhlara dayamkl ve kalite
bakimindan uygun gen kaynaklarinin belirlenmesine
yonelik c¢alismalarin  yapilmasina ihtiya¢ vardir
(Dalkilic, 2012). Farklh bélgeler icin makarnalik cesit
geligtirirken  bolgelerdeki  6nemli  problemlerin
oncelikle dikkate alinarak yapilacak islahin genis
genetik tabana dayanmasi, farkli gen kaynaklarinin
kullanmilabilmesi ve yeni teknolojilerin arastirma
programlarina kazandirilmas: gerekmektedir.
Akdeniz Bolgesinde makarnalik bugday, cogunlukla
yagishh ortamlarda, yagis miktarinin ve olusumunun
yillar arasinda ve bir yil icinde bolgeler arasinda
biylk dalgalanmalar gosterdigi ve bilyik verim
farkliliklarina neden oldugu bolgelerde
yetistirilmektedir. Bu nedenle, 6zellikle mevcut iklim
degisikliginde, suyla sinirhi kogullar altinda verimi
artirmak, bugday tretimi i¢in en biiyiik zorluklardan
biridir (Soriano ve ark. 2016). Makarnalik bugday
yverel cesitleri, yetigtirildikleri  bolgelere  iyi
adaptasyon, biyik genetik c¢esitlilik, abiyotik
streslere, hastalik ve zararhilara karg: direng gibi bir
dizi uygun o6zellik nedeniyle 1slah i¢in yararli olan
ozellikleri ile 6nemli bir genetik kaynaktir (Kyzeridis
ve ark. 1995; Talas ve ark. 2011; Nazco ve ark. 2012).
Fenotipik ve genotipik varyasyon katsayilari, kalitim
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varyansin biylikligini degerlendirmek, uygun se¢im
yontemlerini  belirlemek ve oOnemli 6zelliklerin
iyilestirilmesinde 1slahta ilerlemeyi tahmin etmek
icin yaygin olarak kullanilmaktadir (Zecevic, 2001;
Shukla et al. 2004, Clarke et al, 2010).

Kunduru makarnalik bugday populasyonu, Malatya
yoresinde yillardan beri giftciler tarafindan
yetigtirilen en énemli genetik kaynaklardan birisidir.
Bu yerel materyalin en o6nemli sorunu, o6zellikle
verimli kosullarda boy uzunluguna bagh yatmadir.

Uzun yillar1 kapsayan siire¢ igerisinde, dogal
mutasyon ve melezlemelere baglh olarak
populasyonda yatmaya dayamikli  genotiplerin

meydana gelmis olabilecegi distinilmustiir. Buna
bagli olarak yoredeki populasyondan basak érnekleri
toplanarak, yatmaya dayanikli ve verimli genotip
secimi amaclanmistir. Bu calismada, Kunduru
populasyonu icerisinden secilmig olan 14 hat, yérede
yaygin bir sekilde ekilen Svevo, Fuatbey ve Zenith

cesitleriyle denemeye alinarak bazi tarimsal
karakterler = bakimindan  karakterize edilmesi
amaclanmigtir.

MATERYAL ve METOD

Bu ¢alisma, 2011-2012 ve 2012-2013 uriin yillarinda,
Dogu Akdeniz Gegit Kusagi Tarimsal Aragtirma
Enstitusi Muduarlagu deneme alaninda
gerceklestirilmistir. Bu arastirmada, Kunduru
makarnalik bugday populasyonundan segilen 14 adet
hat ile Zenith, Svevo ve Fuatbey standart cesitleri
materyal  olarak  kullamilmigtir. Aragtirmada
kullanilan Kunduru hatlar1 2006 yilinda Malatya
yoresinde, 5 farkli ¢ift¢ginin tarlasindan alinan 1905
adet bagsak 6rnegi arasindan segilmis hatlardir. Bu
ornekler  Battalgazi (Eski Malatya)’ye bagh
Kemerkoprii kéyii, Alisar Kéyi (Koér Molla) ve
Hasircilar'da  bulunan tarlalardan toplanmigtir.
Toplanan basaklar elle ayr1 ayr1 harman edilmig ve
her basaktan 20 adet tohum, 45 ¢cm sira araligi ve 1
metre uzunlugundaki siralara elle ekilerek, toplanan
basak sayis1 kadar basak sirasi olusturulmustur.
Tamamen yatma gosteren siralar degerlendirme dis1
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tutulmus, geri kalan 1727 adet basak sirasinda, sicaklik ve yagis degerleri Cizelge 1’de verilmistir
Dokuyucu ve ark. (1999), Duran (2001) ve Akgura (Anonim, 2013a). Cizelge 1’den gériildiigii gibi, Uzun
(2004)’tin uyguladiklar: yéntemler esas alinarak, bitki yillar ortalamasina gore yillik yagis miktar1 669.1

boyu, sap uzunlugu, ist bogum aras1 uzunlugu, basak mm, 2011-12 ve 2012-13 uriun yillarindaki yillik
uzunlugu, bagaktaki tane sayisi, basaktaki tane toplam yagislar ise swrasiyla 756.8 ve 583.1 mm
agirhigl, basaklanma suresi, ciceklenme siresi, tane olmustur. Uzun yillar ortalamasina gore, birinci tirin
dolum periyodu ve basaklanma-erme siiresi gibi yihinda 87.7 mm fazla yags alirken, ikinci trtin
morfolojik ve fenolojik o6zellikler incelenmis ve bu yilinda ise 86.0 mm daha az yagis digsmiustir. Ik
veriler tizerinden genotiplerin se¢imi yapilmigtir. yilda diigsen toplam yagis miktar1 uzun yillar
Calismanin  yiratildigi  Kahramanmaras  ili ortalamasina gore daha yﬁksek iken, ikinci yilda
Tirkiye'nin Dogu-Akdeniz Bélgesinde, 37° 38" kuzey ~ diisen  toplam yagis  miktar1  uzun  yillar
paralelleri ve 36° 37 dogu meridyenleri arasinda yer ortalamasindan digtktir. 2012-13 urun yil, b..1r1n01
almakta olup, rakimi 568 m’dir. Yérede esas itibariyle yil ve uzun y}llar ortalamasma" gore daha yiiksek
Akdeniz iklimi etkili olup, gece-giindiiz aras: sicakhk ~ sicakliga sahip olmustur. Yérede uzun yillar
fark: diistiktiir. ortalamasina gore yillik ortalama nispi nem degerleri

arastirmanin yuratildigi trin yillarindaki yillik

Kahramanmaras ilinin uzun yillar ortalamasi olarak nispi nem degerlerine gore daha yiiksek olmustur.

(1975-2011) ve denemenin yapildig1 2011-2013 iiretim
sezonlarinda, Kasim - Haziran dénemi aylik ortalama

Cizelge 1. Deneme Yillar: ve Uzun Yillar Ortalamasina Ait Bazi Iklim Verileri
Table 1. Some Climate Data of Trial Years and Average of Long Years

Tklim Yallar Aylar Toplam/
Faktorleri Kasim | Aralik | Ocak | Subat | Mart Nisan Mayis Haziran | Ort.
2011-2012 93.2 85.2 325.0 | 199.1 | 0.0 0.0 41.3 13.0 756.8
Yagis 2012-2013 36.4 67.6 111.0 | 131.9 | 77.5 65.9 76.5 16.3 583.1
(mm) Uzun Yillar | 90.9 124.4 | 1254 | 112.3 | 94.8 76.1 39.3 5.9 669.1
Sicaklik 2011-2012 8.7 6.3 6.9 4.1 8.6 17.7 19.9 27.9 12.5
(°0) 2012-2013 | 13.4 | 7.7 62 |86 113 [ 17.1 22.4 25.4 14.0
Uzun Yallar | 11.5 6.6 4.9 6.3 10.6 15.4 20.4 25.2 12.6
Nispi 2011-2012 60.6 64.7 79.9 61.9 51.8 49.3 55.8 33.4 57.2
Nem (%) 2012-2013 70.6 76.4 72.3 | 74.0 52.1 52.5 53.4 43.9 61.9
Uzun Yillar | 64.7 71.3 70.0 | 66.0 60.5 58.4 54.7 50.7 62.0

Cizelge 2’den gortldiugii gibi deneme yeri topraklar elverigli fosfor miktar1 8.03 kg /da ve elverigli
tinli tekstiirdedir. Ilk yil topraklarin pH’s1 7.61, kirec potasyum miktar1 127.0 kg /da’dir (Anonim, 2013b).

orani ise % 12.55'dir. Organik madde orani % 1.22, Yillar arasinda kireg, fosfor ve potasyum miktarlar
elverigli fosfor miktar1 4.93 kg /da ve elverigh arasinda gorilen farkhliklar, toprak 6rneklerinin iki
potasyum miktar: 45.86 kg /da’dir. Ikinci y1l pH 8.00, yilda farkli derinliklerden alinmis olmasindan
kire¢ oran1 % 24.59, organik madde orami % 0.97, kaynaklanabilir.

Cizelge 2. Deneme Alam Topraklarimin Bazi Fiziksel ve Kimyasal Ozellikleri
Table 2. Some Physical and Chemical Properties of Soils of the Trial Area

Derinlik . CaCOs P20s5 K20 Organik Madde
Yillar (cm) Tekstir Simifi pH () (kg/da) (kg/da) %
2011-2012 0-60 Tinl 7.61 12.55 4.63 45.86 1.22
2012-2013 0-60 Tinl 8.00 24.59 8.03 127.0 0.97

Kaynak: K. Maras Siitgii Imam Universitesi Ziraat Fakiiltesi Toprak Boliimii Laboratuari.

Ekim, ilk yil 29.11.2011, ikinci yil 03.01.2013 (6n NHsNOs) uygulanmistir. Deneme yili igerisinde

bitkinin ge¢ kaldirilmasi1 ve tarla hazirhiklarinin sulama yapilmamig, yabanci ot miicadelesi yabanci ot
gecikmesi neticesinde ekim gecikmistir) tarihinde, ilact  (Granstar-Tr,benuron-methyl)  kullanilarak
sira uzunlugu 8.30 m ve sira arast 20 cm olacak yapilmistir. Hasat-harman parsel bigerdoveri ile
sekilde parseller, 6 sirali parsel mibzeriyle yapilmistir.

metrekareye 550 tohum ekim sikliginda yapilmistir. Her parselde, Gebeyehou ve ark. (1982a), Kirtok ve

Ekim ile birlikte 20-20-0 kompoze giibresi, dekara 8 ark. (1988), Akcura (2001), Kara (2008 ve 2009) ve
kg N ve P20s5 olacak sekilde uygulanmistir. Ayrica, Albayrak ve ark. (2011) tarafindan uygulanan
kardeglenme ve sapa kalkma donemi igerisinde 5

! yontemler esas alinarak basaklanma siiresi (ekim
kg/da olacak sekilde toplam 10 kg/da N (% 33

tarihinden basaklanmaya kadar gecen siire),
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ciceklenme siiresi (ekim tarihinden ciceklenmeye
kadar gecen siire)) basaklanma erme siiresi
(basaklanma tarihinden olgunlasmaya kadar gecen
siire), tane dolum periyodu (ciceklenme tarihinden
fizyolojik olgunluk tarihine kadar gecen siire) ve
olgunlasma siiresi (ekim tarihinden fizyolojik
olgunluk tarihine kadar gecen giin) gibi fenolojik
dénemler ile bitki boyu (olgunlasma déneminde 10
bitkinin ana sapinda, toprak seviyesinden kilgiklar
hari¢c en iist basakcik ucuna kadar olan uzunluk),
basak uzunlugu (olgunlasma déneminde her
parselden sansa bagh olarak sec¢ilen 10 bitkinin ana
sapina ait basaklarinda, en alt basakcik ile en st
basak¢igin ucuna kadar olan mesafe cm cinsinden
6lciiliip, ortalamasi alinarak bulunmustur), sap
uzunlugu (olgunlagsma déneminde 10 bitkide, toprak
seviyesinden 1ilk basakcik bogumuna kadar olan
uzunluk 6lgiillerek belirlenmistir) ve tane verimi
(hasat alam icerisindeki bitkiler harman edildikten
sonra elde edilen tane urini temizlenip tartilarak
hesaplanmistir) incelenmistir.

Aragtirma tesaduf bloklar1 deneme desenine gore 4
tekrarlamali olarak kurulmustur. Incelenen tiim
ozelliklerde yillara ait varyanslarda Bartlett (JMP
7.0) homojenite testine gore oOnemli farklilhk
bulunmug ve wyillar ayr1 ayr1 degerlendirilmigtir.
Varyans analizleri SAS istatistik paket programi
kullanilarak yapilmis ve ortalamalar Duncan testi ile

karsilastirilmistir. Denemede incelenen 6zellikler
arasinda varolan iligkileri belirlemek amaciyla, basit
korelasyon  testi (Pearson  korelasyon  testi)
uygulanmagtar.

BULGULAR ve TARTISMA

Olgunlagma siiresi ve bagsak uzunluguna ait ikinci yil
ve birlestirilmig yillar hari¢ tim o6zellikler yoniinden
bugday genotipleri arasindaki farklar o6nemli
bulunmustur. Yillar yoninden basaklanma-erme
stiresi ve tane dolum periyodu ve genotip xyil
interaksiyonu yoninden bagsak uzunlugu hari¢ tim
ozellikler arasindaki farklar istatistiksel olarak
6nemli bulunmustur.

Makarnalik bugday genotiplerinin basaklanma siiresi
ilk yil 146.2 ile 153.5 gun, ikinci yil 112.2 ile 122.7
glin ve iki yillik ortalamalara gore ise 129.5 ile 138.1
giin arasinda degisim goéstermistir (Cizelge 3). 36-16-
32 Nolu hat her iki yilda da basaklanma siresi
bakimindan ilk sirada yer almistir. Svevo cesidi ilk yil
ve 1ki yillik ortalamalara gére, ikinci yil ise Svevo,
Zenith ve Fuatbey standart cesitleri en kisa
basaklanma siiresine sahip olmuslardir (Cizelge 3).
Genotiplerin bagaklanma slreleri arasinda yaklagik
10 ginlik bir fark ortaya ¢gikmigtir. Basaklanma
stiresi ortalamalar: birinci y1l 151.29 giin ve ikinci yil
118.74 giin olarak belirlenmigtir. Yillar arasinda
ortaya ¢ikan bu farklilhik o6zellikle de ikinci yilda
elverigsiz kosullar nedeniyle ekimin ilk yila gore
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olduk¢ca ge¢ yapilmasindan kaynakli olmustur.
Ayrica, ilgili Cizelgede gortldigu tzere degisen iklim
ve yetistirme kogullarina bagli olarak bazi gentiplerin
yillara tepkileri de degismis ve genotip yil
interaksiyonu 6nemli bulunmusgtur. Nitekim elde
edilen bu bulgular, Birsin (1999), Korkut ve ark.
(2001), Kara (2002), Sénmez ve Kiral (2004), Kiral ve
Celik (2012) ve Akan ve ark (2021) gibi cok sayida
arastirmacinin  yapmis olduklar1 c¢aligsmalar ile
uyumludur. Erken bagaklanma, o6zellikle ileriki
doénemlerde yasanan kuraklik streslerinde, bitkilerin
yasam donglsiinii daha fazla su kithg yasamadan
once bitirmesine izin veren 6énemli bir kuraklik kagig
mekanizmasi olarak bilinmektedir (Levitt 1980).
Erken basaklanan genotiplerin tahil {riinlerinde
asimilatlarin birikmesi i¢in daha ¢ok fazla zamam
vardir. Genotipler arasinda 52-23-50 ve 8-10-28 nolu
genotiplerin erkenci olduklari, sicaklik ve kuraklik
stresinden ka¢ma acisindan 6n plana ¢iktigi, buna
karsin 36-16-32 ve 51-23-24 nolu genotiplerin
nispeten ge¢ basaklandiklari, yagis ve topraktaki
suyun  simirli  oldugu sartlarda  dezavantajh
olmalarindan dolayr bu genotipler kuraklik stresi
olmayan bolgeler i¢in yapilacak islah ¢alismalarinda
degerlendirilebilir.

Makarnalik  bugday  genotiplerinin  ¢igceklenme
stireleri 2011-12 urin yilinda 149.7-158.5 giin, 2012-
13 trin yilinda 117.0-127.2 gun, yillarin ortalamasi
olarak ise 133.3-142.8 gun arasinda degismistir
(Cizelge 3). Genotiplerin ciceklenme siiresi iizerine
etkisi incelendiginde hem denemenin birinci ve ikinci
yilinda hem de iki yillik birlestirilmis ortalamalarda
en yiksek degerler 36-16-32 genotipinden elde
edilirken, en dusik degerler ilk yil ve yillarin
ortalamasinda Svevo ¢esidinde ikinci yilda ise Zenith,
Svevo ve Fuatbey cesitlerinde elde edilmistir (Cizelge
3). Makarnalik bugday genotiplerinin, ciceklenme
stiresi arasinda onemli farklar bulunmasinin en
onemli nedeni genotiplerin genetik yapisindaki ve
deneme  yillarindaki  yetistirme  sartlarindaki
farkliliktan kaynaklanmaktadir. Nitekim, Gebeyehou
ve ark. (1982a), Knott ve Gebeyehou (1987), Mou ve
Kronstad (1989), Dokuyucu ve ark. (1997), Oztiirk ve
ark. (2001) ve Kara ve ark. (2008) gibi arastiricilar da

yaptiklarn  ¢aligmalarda, bugday genotiplerinin
¢iceklenme suresi arasinda genetik yapidan
kaynaklanan onemli farkhiliklar oldugunu
belirlemiglerdir.

Cizelge 4’den goriilecegi gibi, genotiplerin ortalamasi
olarak basaklanma-erme siiresi 2011-12 iiriin yilinda
37.75-44.00 giin, 2012-13 urin yilinda 35.75-46.75
giin olarak belirlenmigtir. 36-16-32 nolu hat her iki
urin yilinda en kisa bagsaklanma-erme siiresine sahip
olurken, en uzun basaklanma-erme stiresine birinci
urin yilinda Svevo gesidi, ikinci Giriin yilinda Zenith,
Svevo ve Fuatbey cesitleri sahip olmustur.
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Cizelge 3. Makarnalik Bugday Genotiplerinin Bagaklanma Stresi ve Cigeklenme stirelerine Ait Degerler
Table 3. Values of Eruption and Flowering Times of Durum Wheat Genotypes

Basaklanma Siiresi (giin)

Cigeklenme siiresi (giin)

Genotipler 2011-2012 2012-2013 Ortalama 2011-2012 2012-2013 Ortalama
14-12-9 153.2£0.13ab  118.7+0.25de  136.0+0.18cde 158.2+0.13ab  122.7+0.48de  140.5+0.18cde
47-21-10 151.0£0.00d  119.7+0.48cd  135.3+0.00def 156.7+0.13cd  124.0+0.41cd  140.3+0.18cde
29-15-51 151.740.24bcd  119.0+0.71de  135.3+0.34def 156.5+0.25cd  124.0+0.41cd  140.2+0.35def
16-12-9 151.540.14cd  121.0+0.41abc 136.2+0.20cde 157.240.13abed 125.040.41c  141.1+0.18bed
52-23-50 1515 £0.25cd  116.7+0.25f  134.1£0.35g  157.2+0.13abed 121.2+0.25¢  139.2+0.18f
21-14-16 151.740.47bcd  122.0+0.82ab  136.8+0.67bc  156.0+0.50d 126.041.08ab  141.0+0.71bed
49-92-37 152.040.20bcd  118.0+0.41ef  135.040.29efg  156.5+0.14cd  123.0£0.41de  139.7+0.20ef
36-16-32 153.5:0.32a  122.7+0.85a  138.1%0.46a  158.5+0.32a 127.2+1.11a  142.8+0.46a
8-10-28 152.040.20bcd  117.5+0.29ef  134.7+0.29fg  157.040.20bcd  122.0£0.41e  139.5+0.29ef
51-23-24 152.7+0.31abc  122.0+0.41ab  137.3+0.44ab  157.7+0.24abc  126.2+0.25ab  142.0+0.34ab
35-16-29 152.0£0.00bed  119.0+1.15de  135.5+0.00def 157.5+0.14abc  123.0+1.15de  140.2+0.20def
92-14-34 152.0£0.00bed  120.7+0.48bc  136.3+0.00bed  157.040.20bed  125.5+0.65abe  141.2+0.29bcd
39-16-53 152.0£0.20bed  121.7+0.48ab  136.8+0.29bc  157.0£0.20bed  125.7+0.48abc  141.3+0.29bc
27-15-49 151.740.13bcd  121.2+0.63abc  136.5:0.18bed  157.0+0.00bed  125.7+0.48abc  141.3+0.00bc
Zenith 148.740.38e  112.2+0.25¢  130.5:0.53h  152.5+0.14e 117.0£0.00f  134.7+0.20g
Svevo 146.240.13f  112.7+0.25¢  129.5+0.181  149.7+0.13f 117.0£0.00f  133.3+0.18h
Fuatbey 148.240.24e  113.2:+0.25¢  130.7+0.34h  152.7+0.31e 117.740.25f  135.2+0.44¢
Ortalama 151.3a 118.7b 135.0 156.2 a 123.1b 139.7

F degeri(Gen)  16.81 ** 36.24 ** 46.46 ** 30.72 ** 30.79 ** 50.95 **

F degeri (Y1l) 33812 ** 33406 **

T degeri (GxY) 8.06 ** 6.24 **

VK (%) 0.59 0.93 0.76 0.53 0.95 0.75

** P<0.01 diizeyinde énemli, * P<0.05 diizeyinde énemli.

Cizelge 4. Makarnalik Bugday Genotiplerinin Bagaklanma-Erme Siiresi ve Tane Dolum Periyotlarina Ait
Degerler
Table 4. Values of the Heading-Melting Time and Grain Filling Periods of Durum Wheat Genotypes

Genotipler

Bagaklanma-Erme Siiresi (giin)

Tane Dolum Periyodu (giin)

2011-2012 2012-2013 Ortalama 2011-2012 2012-2013 Ortalama
14-12-9 38.75+0.48def 40.50+0.65bc 39.62+0.34bed  33.75+0.85de 36.50+0.96bcd  35.12+0.60cd
47-21-10 40.75+0.75bcd 39.25+0.75bcde  40.00+0.53bcd  35.00+1.00cde 35.00+0.71bcde  35.00+0.71cd
29-15-51 39.25+0.48cdef 39.75+0.85bcd 39.50+0.34cde  34.75+0.48cde 34.75+0.85bcde 34.75+0.34cde
16-12-9 40.75+1.31bed 37.50+0.65defg  39.12+0.93de  35.00+1.22cde 33.50+0.65def 34.25+0.87de
52-23-50 40.50+0.65bcde  41.75+0.75b 41.12+0.46b 34.75+0.85 cde 37.25+0.63b 36.00+0.60c
21-14-16 40.75+1.11bed 37.25+1.11defg ~ 39.00+0.78de  36.50+1.19bc 33.25+1.38def 34.87+0.84cde
49-22-37 40.00+0.58bcdef  41.50+0.65b 40.75+0.41bc  35.50+0.65bcd 36.50+0.65bc 36.00+0.46¢
36-16-32 37.75+0.63 f 35.75+0.75g 36.75+0.44f 39.75+0.63e 31.25+1.03f 32.00+0.44f
8-10-28 38.25+0.48ef 41.50+0.65b 39.87+0.34bed  33.25+0.48de 37.50+0.65b 35.837+0.34cd
51-23-24 39.50+0.50cdef 36.50+0.87fg 38.00+0.35ef  34.50+0.29cde 392.25+0.75ef 33.37+0.20ef
35-16-29 40.25+0.75bcde  89.25+1.65bcde  39.75+0.53bcd  34.75+0.85cde 35.25+1.65bed  35.00+0.60cd
22-14-34 41.25+0.75bc 37.50+0.65defg  89.37+0.53cde  36.25+0.48bc 32.75+0.85def 34.50+0.34cde
39-16-53 40.00+0.41bcdef  37.00+0.58efg 38.50+0.29de  35.00+0.58cde 33.00+0.58def 34.00+0.41de
27-15-49 40.00+0.91bedef  38.50+£0.87cdef  39.25+0.65cde  34.75+0.85cde 34.00+0.71cdef  34.37+0.60de
Zenith 41.50+0.87bc 46.75+0.25a 44.1240.61a 37.75+0.48b 42.00+0.41a 39.87+0.34ab
Svevo 44.00+0.41a 45.75+0.63a 44.87+0.29a 40.50+0.29a 41.50+0.65a 41.00+0.20a
Fuatbey 42.00+0.71ab 45.75+0.48a 43.87+0.50a 37.50+0.65b 41.25+0.63a 39.37+0.46b
Ortalama 40.31 40.10 40.21 35.74 35.43 35.58
F degeri(Gen) 4.17 ** 17.99 ** 16.24 ** 6.50 ** 14.76 ** 16.76 **
F degeri (YiD) 0.61 1.22
T degeri (GxY) 6.65 ** 4.77 **
VK (%) 3.58 3.97 3.83 4.11 4.81 4.59

** P<0.01 diizeyinde onemli, * P<0.05 diizeyinde énemli.
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Genotiplerin tane dolum periyodu ilk yil 32.75-40.50
giin, 1kinci yil ise 31.25-42.0 gun arasinda
degismigtir. Her iki yil ve iki yilin ortalamasi olarak
en kisa tane dolum periyodu sirasiyla 32.75, 31.25 ve
32.00 gin olarak 36-16-32 genotipinden elde
edilmigtir. En uzun tane dolum degerleri ilk yilda ve
iki yillik ortalamalarda Svevo ¢esidinde ikinci yilda
ise Fuatbey, Svevo ve Zenith cesitlerinde elde
edilmistir (Cizelge 4). Bununla beraber arastirmada
yer alan genotiplerin siralanigi yillara gore degismis
ve bu nedenle GxY interaksiyonu 6nemli olmustur.
Tane dolum periyodu bakimindan bugday genotipleri
arasinda 6nemli farklarin bulundugu, diger arastirma
sonuclariyla da ortaya konmusgtur (Mou, 1990; Oztiirk
ve ark. 2001). Standart cesitlerin tane dolum
periyotlary, makarnalik bugday genotiplerinden daha
uzun olmustur. Bu sonuc, Loss ve ark. (1989)'nin elde
ettigi arastirma sonucu ile uyum igerisindedir.
Degisik lokasyonlarda makarnalik bugday tizerine
yapilan arastirmalarda tane dolum periyodu
yoninden genotipler arasinda oOnemli farklarin
bulunduguna dikkat ¢eken arastiricilar genotiplere
gore tane dolum periyodunu Gebeyehou ve ark.,
(1982a) 31-42 giin, Knott ve Gebeyehou (1987) ise
34.6-51.5 giin bulmuglardir. Gebeyehou ve ark.,
(1982a), Gebeyehou ve ark., (1982b) ve Sharma (1994)
gibi arastiricilar, uzun tane dolum periyoduna sahip
genotiplerin yiksek verimli olduklarini belirterek,
tane dolum periyodunun uzamasinin ge¢ doéllenen
cigeklerin tane baglama sansini artirmak ve bagakgik

kayiplarin1 azaltmak suretiyle, basaktaki tane
sayisini ve dolayisiyla verimi arttirdigini
bildirmiglerdir. Yillara bagli olarak tane dolum

periyodu bakimindan cesitler arasindaki farklilik ise
6nemsiz bulunmustur.

Denemeye alinan ¢esitlerin olgunlagma stireleri ilk yil
190.0-193.2 giin, ikinci yil 158.2-159.7 giin arasinda
degisim gostermistir (Cizelge 5). Denemede en kisa
olgunlagma stiresi ilk yil 190.0 giin ile Zenith, ikinci
yil  158.2 gin ile 35-16-29 ve 22-14-34
genotiplerinden, en uzun olgunlagma suresi ise ilk yil
193.2 glin ile 22-14-34, ikinci yil 159.7 gun ile 27-15-
49 genotipinden elde edilmigtir. Onceki yapilan
calismalarda da olgunlagma giin sayis1 bakimindan
cesitler arasindaki farkin 6nemli oldugu bildirilmigtir
(Bilgin ve Korkut, 2005; Oztiirk ve Avel, 2014). Baz
arastirmacilar olgunlagsma siiresinin ¢ok sayida gen
tarafindan kontrol edilmekte oldugunu, bunun yani
sira gevre kogullarindan da etkilendigini
bildirmislerdir (Bilgin ve Korkut, 2005). Ortalamalar
incelendiginde, olgunlagma siireleri uzun olan 21-14-
16, 22-14-34 ve 27-15-49 genotiplerinin (Cizelge 5),
tane verim ortalamasinin altinda ve distk gruplar
icerisinde olduklar1 saptanmistir (Cizelge 4). Baz
arastirmacilar olgunlagma siiresi ile tane verimi
arasinda olumsuz ve 6nemsiz bir iligkinin oldugunu
saptamiglardir (Motzo ve ark., 1996). Yapilan
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caligmalarda olgunlagsma stireleri bakimindan yillar
arasindaki fark % 1 diizeyinde 6nemli bulunmustur.
Ik yil cesitlerin ortalama olgunlagsma siiresi (191.6
giin) ile ikinci y1l ortalama olgunlasma siiresi (158.9
giin) arasinda 32.7 giinliik fark gérilmiigtiir. Tkinci
yil ortalama olgunlagsma siliresinde goriilen azalig
ikinci yi1lda ekimin gecikmesinden kaynaklanabilir.
14-12-9 Genotipi hem verim hem de erken
olgunlasma yoniinden, generatif ve tane dolum
doénemlerinde kurakligin tane doldurmay: kisitladigi
durumlarda  kurakliktan  kaginmak  amaciyla
kullanilabilir (Araus ve ark, 2002, 2008).

Genotiplerin bitki boylar1 ilk yil 71.5 -134.6 cm, ikinci
yil 78.2 -121.4 cm arasinda degismistir. Ik yil 22-14-
34, ikinci y1l 27-15-49 genotipi en uzun bitki boyuna
sahip olmustur (Cizelge 5). Iki yillik sonuglar birlikte
degerlendirildiginde, 27-15-49 genotipi en uzun bitki
boyuna sahip olmus, 22-14-34 genotipi ile ayni gruba
girmigtir. Zenith cesidi, her iki yilda ve iki yillik
ortalamalara goére en kisa boy uzunluga sahip
olmustur. Bitki boyu lizerine tiriin yillarinin etkisi de
o6nemli olmus, 2011-12 iirtin yilinda (112.58 cm),
2012-13 irtin yilina (107.10 cm) gore daha yiiksek

bitki boyu Dbelirlenmigtir. Ayrica, bitki boyu
bakimindan ¢ok 6nemli GxY interaksiyonu
belirlenmistir. Gummadov (2012), farkh
lokasyonlarda yaptigi bir c¢alismada bugday

¢esitlerinin lokasyonlara gore farkli tepkiler verdigini
ve vyagisin yiksek oldugu lokasyonlarda bitki
boyunun da  yuksek oldugunu  belirtmigtir.
Makarnalik bugday genotiplerinin bitki boylari
¢ogunlukla standart ¢esitlerden daha uzun olmustur.
Bu sonug, bitki boyunun incelendigi yerel bugdaylarla
ilgili  yapilan i1ki ¢aligmanin  sonuglarn ile
ortiismektedir (Ehdaie ve Waines, 1989; Elings and
Nachit 1991). Genotipler arasinda ortaya cikan bu
farklar esas olarak c¢esidin genetik yapisi, ekim
zamani, ekim sikligi, giibreleme ve yagis durumuna
bagh olarak degistigi Kendal ve ark. (2012) ve Akan
ve ark. (2021) tarafindan bildirilmistir. Konu ile ilgili
daha oOnce yapilan c¢alismalarda da bitki boyu
bakimindan genotipler arasinda o6nemli farkhihiklar
oldugu belirlenmistir (Pisante ve ark., 1996; Baser ve
ark., 2001; Bilgin ve Korkut, 2005; Kaydan ve
Yagmur, 2008, Akan ve ark. 2021). Duran (2001)
tarafindan yapilan ¢alismada ise bitki boylarinin 89.0
ile 101.8 cm arasinda degistigi bildirilmistir. Jaradat
ve ark. (1996), uzun boylu yerel cesitlerin tane verim
potansiyelinin kisa boylu gesitlerden % 30 daha az
oldugunu bildirmiglerdir.

Cizelge 6’da goriilecegi gibi ilk y1l 14-12-9 genotipinde
bagsak uzunlugu en fazla olmustur. Ancak birinci yil
51-23-24, 39-16-53, Zenith, Svevo ve Fuatbey
genotipleri digindaki genotiplerle aralarinda fark
olmamigtir. Tkinci y1l 29-15-51 genotipi en uzun bagak
uzunluguna sahip olmustur (Cizelge 6).
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Cizelge 5. Makarnalik Bugday Genotiplerinin Olgunlagma Stresi ve Bitki Boyuna Ait Degerler

Table 5. Values of Maturation Time and Plant Height of Durum Wheat Genotypes

Genotipler Olgunlagma Siiresi (giin) Bitki Boyu (cm)

2011-2012 2012-2013 Ortalama 2011-2012 2012-2013 Ortalama
14-12-9 192.0+0.71abed  159.2+0.75 175.6+0.50 86.9+1.07f 85.24+3.10cd 86.0+0.76g
47-21-10 191.7+0.75 abed  159.0+0.41 175.3+0.53 125.3+3.11abed  114.2+3.34ab 119.7+2.20cdef
29-15-51 191.0+0.00bcd 158.7+0.63 174.8+0.00 119.6+3.16 de 112.6+1.76b 116.1£2.23ef
16-12-9 192.2+1.03abc 158.5+0.29 175.3+0.73 115.247.79e 115.5+2.91ab 115.3+0.55f
52-23-50 192.0+0.91abed  158.5+0.50 175.2+0.65 124.7+2.32bcd 115.9+2.60ab 120.3+1.64bcdef
21-14-16 192.5+0.29ab 159.2+0.48 175.8+0.20 129.8+2.27abc 114.6+1.89ab 122.1+1.61abced
49-22-37 192.0+0.71abed  159.5+0.29 175.7+0.50 120.8+2.00cde 114.9+3.66ab 117.8+1.42def
36-16-32 191.2+0.25abed  158.5+0.29 174.8+0.18 126.7+1.06abcd  114.8+2.05ab 120.7+0.75bcde
8-10-28 190.2+0.25¢cd 159.5+0.65 174.8+0.18 84.4+1.09f 88.8+3.46¢ 86.6+0.77g
51-23-24 192.2+0.75abc 158.5+0.65 175.3+0.53 123.7+3.60bcde  117.3+1.90ab 120.5+2.54bcdef
35-16-29 192.2+0.75abc 158.2+0.63 175.2+0.53 121.7+2.80cde 118.0+1.56ab 119.8+1.98bcdef
22-14-34 193.2+0.75a 158.2+0.48 175.7+0.53 134.6+£1.73a 115.9+3.50ab 125.2+1.23ab
39-16-53 192.0+0.71abed  158.7+0.63 175.3+0.50 132.9+2.13ab 116.7+2.64ab 124.8+1.51abce
27-15-49 191.7+0.85abed  159.7+0.48 175.7+0.60 132.5+2.69ab 121.4+2.82a 126.9+1.90a
Zenith 190.0+0.00d 159.0+0.41 174.5+0.00 71.5+0.96g 78.2+2.02d 74.8+0.68h
Svevo 190.2+0.25¢cd 158.5+0.65 174.3+0.18 80.5+2.31f 88.4+1.13¢ 84.4+1.63¢g
Fuatbey 190.2+0.63cd 159.0+0.41 174.6+0.44 83.4+1.95f 87.9+2.97c 85.6+1.38¢g
Ortalama 191.6 a 158.9b 175.2 112.6 a 107.1b 109.8
F degeri (Genotip)  2.04 * 0.78 ns 1.24 ns 54.66 ** 33.93 ** 88.25 **
F degeri (Y1) 25944 ** 35.13 **
T degeri (GxY) 1.86 * 4.63 **
VK (%) 0.68 0.65 0.68 5.18 4.66 4.91

** P<0.01 diizeyinde onemli, * P<0.05 diizeyinde 6nemli.

Cizelge 6. Makarnalik Bugday Genotiplerinin Bagak Uzunlugu ve Sap Uzunluklarina Ait Degerler

Table 6. Values of Spike Length and Stalk Lengths of Durum Wheat Genotypes

Basak Uzunlugu (cm)

Sap Uzunlugu (cm)

Genotipler 2011-2012 2012-2013  Ortalama  2011-2012 2012-2013 Ortalama
14-12-9 6.83+0.18a 6.53£0.29  6.68£0.13  80.0+0.91f 78.6+3.05¢ 79.3+0.65g
47-21-10 6.38+0.31abc  6.56+0.59  6.47+0.22  118.9+2.94bcd  107.6+2.79ab  113.3+2.08cdef
29-15-51 6.05£0.21abcd  8.03+0.81  7.04+0.15  113.5+3.05de 104.6£2.47b  109.0+2.15ef
16-12-9 6.38+£0.29abc  7.36+0.57  6.87+0.20  108.7+8.05e 108.1+2.98ab  108.4+0.57f
52-23-50 6.03£0.30abcd  6.78+0.10  6.40+0.21  118.6+2.03bcd  109.1£2.52ab  113.8+1.43bcde
21-14-16 6.45+0.06abc  6.77+0.39  6.61+0.05  123.3+2.26abc  107.8+1.54ab  115.5+1.60abcd
49-22-37 6.15+0.35abcd  7.82+0.45  6.99+0.25 114.6+1.90cde  107.1+3.55ab  110.9+1.34def
36-16-32 6.23+0.34abcd  7.44+0.33  6.84+0.24  120.4+0.92abcd  107.4+2.38ab  113.9+0.65bcde
8-10-28 6.15+0.16abcd  6.62+0.52  6.39+0.11  78.2+1.02f 82.1+3.49¢ 80.2+0.72g
51-23-24 5.40+0.23de 6.77+0.31  6.09+0.16  118.3+3.48bcd  110.5+2.21 ab  114.4+2.46bcd
35-16-29 6.68+0.23ab 6.7740.22  6.73+0.16  115.042.63cde  111.2+1.74ab  113.1+1.86def
22-14-34 6.13+0.19abed  7.07+0.12  6.60+0.13  128.4+1.63a 108.8+3.47ab  118.6+1.16abc
39-16-53 5.65+0.35cde  6.46+0.47  6.06£0.25  127.3+1.99ab 110.2+2.87ab  118.7+1.41ab
27-15-49 6.10+0.29abcd  7.00:0.52  6.5540.20  126.4+2.77ab 114.3+2.96a  120.3+1.96a
Zenith 5.83+0.30bcde  7.28+0.28  6.55+0.21  65.6+0.98g 70.9+1.76d 68.2+0.70h
Svevo 5.15+0.30e 6.8940.11  6.02£0.21  75.3+2.13f 81.5+1.20c 78.4+1.51g
Fuatbey 5.75+0.16cde  6.94+0.10  6.35:0.11  77.6+1.92f 80.9+2.89¢ 79.241.36¢
Ortalama 6.08b 7.01a 6.54 106.5 a 100.1 b 103.3

F degeri(Genotip) 2.64 ** 1.19 1.56 55.59 ** 33.41 ** 88.78 **

F degeri (Yil) 61.40 ** 48.69 **

T degeri (GxY) 1.64 4.57 **

VK (%) 8.69 11.74 10.59 5.42 5.00 5.19

** P<0.01 diizeyinde énemli, * P<0.05 diizeyinde énemli.

Iki yillik ortalamalara goére genotiplerin bagak
uzunlugu 6.02-7.04 cm arasinda degismis 29-15-51
genotipi uzun basaga sahip olmustur. Svevo ¢esidi iki
yillik ortalamalara goére en kisa basak uzunluguna
sahip olmustur. Genotiplerin ortalamasi olarak bagak

uzunlugu ilk yil 6.08 c¢m, ikinci y1l 7.01 cm olmustur.
IIk yil uzun yillar ortalamasimin tzerinde yagis
almasina ragmen basak taslagi olusum déneminde
(Mart, Nisan, Mayis) yetersiz yagis olmasi basak
uzunlugunun daha kisa olmasina neden olmustur.
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Kurak kogullarin bagsak wuzunlugunu azalttigim
ortaya koymuslardir (Tosun ve ark., 2006; Emam ve
ark., 2007). Yil x genotip interaksiyonu ise énemli
olmamigtir. Basak wuzunlugu tzerinde yetistirme
teknigi, topragin besin elementleri igerigi ve iklim
faktora gibi cevre sartlarindan ¢ok gesitler arasindaki
genetik yapidan kaynaklanmaktadir (Bilgin ve
Korkut, 2005). Konu ile ilgili daha 6nce yapilan
c¢alismalarda bir kisim arastiricilar bagsak uzunlugu
yoninden cesitler arasindaki farklarin onemli
olmadigini belirlerken (Akgura, 2001), bir kistm
arastiricilar da basak uzunlugu yoéninden c¢esitler
arasinda 6nemli farkhiliklar oldugunu belirlemiglerdir
(Kara, 2002; Bilgin ve Korkut, 2005; Yagmur ve
Kaydan, 2007; Kaydan ve Yagmur, 2008). Duran
(2001) tarafindan yapilan calismada da makarnalk
bugdaylarin bagsak uzunluklarinin 8.3-10.5 cm
arasinda degistigi, Sakin ve ark. (2004), basak
uzunlugunun 5.5-7.2 cm arasinda degistigini, Akinci
ve Yildirim (2009), basak uzunlugunun 5.27-7.38 cm
arasinda degistigini bildirmiglerdir.

Sap uzunlugu yoniinden ilk yil 22-14-34 genotipinden
en uzun sap uzunlugu elde edilmis, 27-15-49, 39-16-
53, 21-14-16 ve 36-16-32 genotipleri ile ayn1 grupta
yer almigtir. Ikinei yil, standart cesitler ile 8-10-28,
14-12-9 ve 29-15-51 genotipi disindaki genotipler
uzun sap uzunluguna sahip olmus ve ayni grupta yer
almiglardir (Cizelge 6). Iki yilik sonuglarin
ortalamasina goére, 27-15-49 genotipinde sap
uzunlugu en fazla olmus, Zenith cesidi her iki yilda ve
ortalamalara goére 17 genotip icerisinde en kisa sap
uzunluguna sahip olmustur. Bununla beraber, diger
genotiplerin yillara gore farkh tepkiler verdigi (GxY)
ve bununda istatistiksel olarak c¢ok 6nemli oldugu
gorilmustir. Makarnalik bugday tizerinde tlkenin
farkli boélgelerinde yapilan c¢aligmalarda alinan
sonuclarda, Dogan ve Yiiriir (1992) sap uzunlugunu
69.2-116.9 cm, Aycicek ve Yirir (1993) 66-84 cm
arasinda bulmus olup arastirmadan elde edilen
degerlerle uyum igerisinde oldugu gorilmektedir.
Genotiplerin ortalamasi olarak sap uzunlugu ilk yil
106.5 cm, ikineci y1l 100.1 cm olmustur.

Ik yil ve iki yillik ortalamalara gére 21-14-16, 22-14-
34, 39-16-53, 27-15-49 ve 35-16-29 genotipleri, ikinci
yil bu genotiplere ilave olarak 16-12-9 genotipi en
uzun Ust bogum arasi1 uzunluguna sahip olmus ve
genotipler arasindaki farklar 6nemli olmamigtir. Ik
yil standart gesitlerin licii de en kisa bogum arasina
sahip olurken, ikinci ve iki yillik ortalamalarda
Zenith ¢esidi en kisa ust bogum arasi uzunluguna
sahip olmustur (Cizelge 7). Sap uzunlugunda oldugu
gibi st bogum bakimindan da genotiplerin yillara
gore farklh tepkiler vermesi ¢ok 6nemli bulunmustur.
Yerel ekmeklik bugday genotipleri ile standart
gesitleri st bogum arasi uzunlugu yoniinden
karsilastirmak gerekirse, yerel bugday genotiplerinin
¢ogunlugunda st bogum arasi uzunlugu standart
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cesitlerden daha uzun olmustur. Ust bogum arasinin
uzun olmasi1 istenen bir durumdur. Cinka ust
bogumarasi, diger fotosentetik organlarda uretilen
besin maddelerini depolamasinin yaninda (Aguado ve
ark., 2000), fotosentez yapma yetenegine sahiptir. Ust
bogum arasi, bugdaydaki fotosentetik olarak aktif
organlardan biri olarak tanimlanmis ve tanede kuru
madde birikiminin yaklagik % 9-12'sine katkida
bulunmaktadir (Wang et al. 2001). Damania ve ark.
(1996)nin Tirkiye’den toplanan yerel makarnalik

bugday cesitlerinden elde ettikleri arastirma
sonuclar1 ile bu arastirmadan elde edilmis olan
sonuclar  benzerlik  gostermistir.  Genotiplerin

ortalamasi olarak, birinci yildaki iist bogum arasi
uzunlugu daha fazla olmustur. Ust bogum aras
uzunlugu ile bitki boyu arasinda belirtilen olumlu
iliski (Cekig, 2007) bizim ¢alismada da benzer sekilde
gorulmiis, Ust bogum arasi uzunlugu birinci yilda
47.35 cm, ikinci yilda 40.68 cm olmus, bitki boyu
birinci yilda 112.6 c¢m, ikinci yi1lda 107.1 cm olmustur
(Cizelge 5). Ust bogum uzunlugu bakimindan cesitler
arasindaki farkliliklar genetik yapidan
kaynaklanmaktadir. Bir kisim arastiricilar Gist bogum
uzunlugu yoninden c¢esitler arasindaki farklarin
onemli olmadigimi belirlerken (Akgura, 2001), bir
kisim arastiricilar da bu arastirmanin sonucuna
benzer sekilde tist bogum uzunlugu yéniinden cesitler
arasinda 6nemli farkliliklar oldugunu belirlemislerdir
(Kara, 2002; Genctan ve Balkan, 2006; Yagmur ve
Kaydan, 2007; Kaydan ve Yagmur, 2008).

Tane verimi yoniinden birinci yil ve ikinci yilda tane
verimi yoninden Zenith, Svevo ve Fuatbey standart
gesitleri ile 14-12-9 genotipi, yerel populasyonlardan

onemli derecede yiuksek tane verimine sahip
olmusglardir. 14-12-9 genotipi harig, yerel
populasyonlar  diisik  tane  verimine sahip

olmusglardir. Yerel genotipler icerisinde en diigiik tane
verimi Alabugday-11 genotipinden elde edilmistir
(Cizelge 7). Bununla beraber Cizelge 7 incelendiginde
tane verimi a¢isindan genotiplerin siralanisi deneme
yillarina gore farklh olmug ve bu agidan GxY
interaksiyonu da ¢énemli bulunmustur. Iki yillik
ortalamalara gore, 14-12-9 genotipi ile yine standart
cesitler yiiksek tane verimine sahip olmuslar ve kendi
aralarindaki  farklar o6nemli olmazken, yerel
populasyonlarla aralarindaki farklar (8-10-28 haric)
onemli olmustur. Genotiplerden en disiik tane verimi
22-14-34 genotipinden elde edilmis ancak gogu yerel
genotiple arasindaki fark 6nemli olmamistir. Akinci
ve Yildirnm (2009), Diyarbakir da yapmis olduklar:
calismada tane veriminin 227.1- 406.9 kg da?
arasinda degistigini, Dogan ve Cetiz (2015), Mardin-
Kiziltepe de yaptiklarn calismada tane verimi
ortalamalarinin 286.9 — 477.3 kg da! arasinda ve
Akan ve ark. (2021) Mardin/Midyat ilgesinde
yaptiklar1 calismada tane veriminin 133.5-198.8 kg
da! arasinda degisim gosterdigini bildirmiglerdir.
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Cizelge 7. Makarnalik Bugday Genotiplerinin Ust Bogum Aras1 Uzunlugu ve Tane Verimine Ait Degerler
Table 7. Values of Internode Length and Grain Yield of Durum Wheat Genotypes

Ust Bogum Aras1 Uzunlugu (cm)

Tane Verimi (kg/da)

Genotipler 2011-2012  2012-2013 Ortalama 2011-2012  2012-2013 Ortalama
14-12-9 41.00+0.37c  35.75+1.50de 38.37+0.53fg  446.5+0.72ab 630.4+0.69a 538.4+0.51a
47-21-10 50.72+1.42b  39.00+2.50bcde 44.86+2.01d  355.8+2.44c  397.7+3.02cde  376.7+1.73cd
29-15-51 47.90+0.32b 42.35+0.62abc 45.12+0.45d 384.1+2.40bc  483.8+1.37bcd  434.0+1.70bc
16-12-9 50.90+1.49b  45.45+0.75a 48.17+2.11bc  393.5+1.77bc  437.7+0.56bcde 415.6+1.25bcd
52-23-50 49.30+0.43b  38.25+2.11cde  43.77+0.61de 386.9+3.23bc 371.9+3.32de 379.4+2.29¢cd
21-14-16 56.45+0.77a  46.00+0.65a 51.22+1.09a  386.1+3.01bc  407.5+3.49cde  396.8+2.12cd
49-22-37 49.60+0.64b 41.20+1.88abc 45.40+0.91cd 354.5+3.47c 486.0+0.59bcd  420.2+2.45bed
36-16-32 49.87+0.59b 40.00+0.84bcde 44.93+0.83d 396.9+1.95bc  360.4+3.72de 378.6+1.38cd
8-10-28 40.05£0.28¢c  41.90+2.38abc  40.97+0.40ef  405.2+3.69bc  549.4+0.71ab 477.3+2.61ab
51-23-24 49.57+0.69b  40.15+1.49bcd  44.86+0.98d  399.6+2.56bc  344.2+1.42e 371.9+1.81cd
35-16-29 52.72+0.32ab  46.05+1.02a 49.38+0.45ab 341.6+2.55¢  440.7+1.53bcde 391.1+1.80cd
22-14-34 56.35£0.90a  43.10+1.64abc  49.72+1.28ab 340.9£2.60c  374.1+0.65de 357.5+1.84d
39-16-53 55.95+0.89a  43.95+1.96ab 49.95+1.26ab  401.4+2.76bc  350.8+2.66de 376.1+1.95¢d
27-15-49 55.90+0.73a  45.50+1.28a 50.70+1.03ab 354.7+1.36c  384.5+3.55de 369.6+0.96¢d
Zenith 30.52+0.34d  29.20+0.73f 29.86+0.48i  416.9+0.91bc 525.2+2.32abc  471.0+0.64ab
Svevo 33.7240.81d  38.50+0.60cde  36.11+1.14gh 494.3+1.76a  544.9+2.50ab 519.5+1.26a
Fuatbey 34.45+0.30d  35.20+1.51e 34.82+0.42h  446.9+2.84ab 572.6+3.62ab 509.8+2.00a
Ortalama 47.35a 40.68 b 44.02 394.5b 450.7 a 422.6
Fdegeri (Gen) 29.41 ** 8.88 ** 32.28 ** 2.78 ** 4.52 ** 5.84 **
F degeri (Y1) 161.72 ** 22.76 **
Fdegeri (GxY) 6.11 ** 2.15 %
VK (%) 6.50 7.43 6.95 12.42 18.41 16.28
** P<0.01 diizeyinde onemli, * P<0.05 diizeyinde 6nemli.
Cizelge 8. 1_ncelenen ('j"zellikler Aras: Hi§kiler
Cizelge 8. Incelenen Ozellikler Arasi Iliskiler

BB BU SU UBAU BS CS 08 BES TDP
BU 0.02
SU 0.99%* -0.02
UBAU 0.85%* -0.14 0.85%*
BS 0.24%* -0.52%* 0.26%* 0.50%*
CS 0.25%* -0.51%* 0.27%* 0.51%* 0.99%*
0S 0.17* -0.52%* 0.19*% 0.46%* 0.99%* 0.99%*
BES -0.39%* -0.01 -0.39%* -0.29%* -0.12 -0.11 0.06
TDP -0.46%* -0.01 -0.46%* -0.38%* -0.19*% -0.21* -0.03 0.96%*
TV -0.47%* 0.22%* -0.48%* -0.37%* -0.38%* -0.38%* -0.30%* 0.45** 0.49**

** P<(.01 diizeyinde énemli, * P<0.05 diizeyinde énemli. BU= basak uzunlugu, SU= Sap uzunlugu, UBAU= Ust bogum arasi
uzunlugu, BS= Bagsaklanma siiresi, (S= Cigeklenme stiresi, OS= Olgunlasma stiresi, BES= Basaklanma erme stiresi, TDP=

Tane dolum periyodu, TV= tane verimini gostermektedir.

Yagisa dayali kosullarda yuritilen bu denemede,
genotiplerin ortalamasi olarak tane verimi ilk yil
394.5 kg da’l, ikinci y1l 450.7 kg da’! olmustur. Birinci
yilda tiim gesitlerin tane verimi ikinci yila gore daha
disiik olmustur. Ikinci trin yilinda ge¢ ekimden
kaynakli olarak olgunlagsma siiresinin kisalmig
olmasina ragmen Cizelge 1’deki iklim verilerinden
goriilecegi gibi, birinci yi1l uzun yillar ortalamasinin
ustinde yagis olmasina ragmen, generatif déonemde
diisen yagis miktarinin (Mart ve Nisan) az olmasina
bagl olarak ikinci yi1l tane veriminin daha yliksek
citkmasina neden olmustur. Tane veriminin yagis
miktariyla olumlu (Zhang ve ark., 1998) iligkiler
gosterdigi bildirilmigtir. Tane verimi yoniinden trin

yillarina gore ortaya cikan farklarin, bagsak gelismesi-
fizyolojik olgunluk doénemi arasindaki sicaklik
(Spiertz ve Vos, 1985), toplam yagis miktar1 ve
dagilimi (Mahler ve ark., 1994) ile yakindan iligkili
oldugu ifade edilmistir.

Bugdayda verime yonelik olarak yiritilen
calismalarda seleksiyonlarin dogru yapilabilmesi i¢in
ozellikler aras1 iligkilerin bilinmesi biiyik ©6nem
tagimaktadir. Bu amagla ele alinan 6zellikler arasi
iligkiler korelasyon analizi ile arastirilmistir (Cizelge
8). Cizelgeden de gériilecegi gibi tane verimi ile bagak
uzunlugu, bagaklanma erme siiresi ve tane dolum
periyodu arasinda olumlu yonde 6nemli iligki oldugu
gozlemlenmigtir. Tane verimi ile bitki boyu, sap
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uzunlugu, Ust bogum arasi uzunlugu, basaklanma
stiresi, ciceklenme slresi ve olgunlagsma slresi
arasinda olumsuz ve 6nemli iligkiler tespit edilmistir.
Tane dolum periyodu ile bagsaklanma erme siiresi
hari¢ diger oOzellikler arasinda olumsuz ve o6nemli
iligkiler belirlenmigtir. Olgunlagma stiresi ile BB, SU,
UBAU, BS ve CS arasinda olumlu ve 6nemli iligkiler
bulunmustur. Cigeklenme siiresi ile BB, SU, UBAU
ve BS arasinda, BS ile BB, SU ve UBAU arasinda
olumlu ve 6nemli iligkiler oldugu saptanmigtir. Ust
bogum aras1 uzunlugu ile BB, SU ve sap uzunlugu ile
BB o6zellikleri arasinda da oOnemli iligkilerin
bulundugu belirlenmistir. Fischer ve ark. (1981) ve
Sozen ve Yagdi (2005) tane verimi ile bitki boyu
arasinda olumsuz ve 6nemli iligki bulmuslardar.

SONUC ve ONERILER

Kahramanmaras kosullarinda, 2011-2013 {rin
yilinda, 17 makarnalik bugday genotipi ile ylritiulen
bu arastirmadan elde edilen sonucglara gore,

bagsaklanma siiresi, ciceklenme siiresi, basaklanma-
erme suresi, bitki boyu, sap uzunlugu ve tane verimi
yoninden uastiin ozelliklere sahip yerel
populasyonlarin  bulundugu belirlenmigstir. Tane
verimi yoniinden 14-12-9 hattinin (538.4 kg/da)
Fuatbey, Svevo ve Zenith standart cesitlerinden ve
diger hatlardan daha yiksek degere sahip oldugu
belirlenmigtir. Kunduru populasyonu icerisinde kisa
boylar1 ile dikkati ceken 14-12-9 ve 8-10-28 nolu
hatlarin yatmaya dayanikli ve kisa boylu olduklari
saptanmistir. Ust bogum arasinin uzun olmasi tane
verimi bakimindan bir avantajdir. Benzer sekilde
bitki sapinin uzun olmasi genotip yiiksek verimli olsa
bile zaman zaman meydana gelen yatma problemi
nedeniyle dezavantaj olusturmaktadir. Bu acidan
bakildiginda, ¢aligmadaki hatlar arasinda 14-12-9 ve
8-10-28 hatlar: kisa saplari, 21-14-16 ve 27-15-49 gibi
hatlar uzun bogum aralar1 nedeniyle 1slahgilarin
aradiklar: genetik kaynaklar olabilir. Bu genotiplerin
verim denemelerine alinarak, kalite o6zelliklerinin

incelenmesi yeni c¢esit 1slahi yoninden yararh
olabilir.

TESEKKUR

Calismanin ikinci yi1l rakamlar1 yiiksek lisans

tezinden alinmigtir.

Aragtirmacilarin Katki Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmas1 Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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OZET Tarla Bitkileri

Calisma, baz1 arpa cesitlerinin verim, verim 6geleri ve bazi kalite

ozelliklerini belirlemek amaciyla 2017-2018 ve 2018-2019 yetistirme Aragtirma Makalesi
sezonlarinda Tokat-Kazova kogullarinda yuritilmustir.

Arastirmada 12 adet 2-sirali, 4 adet 6-sirali arpa (Hordeum vulgare Makale Tarihgesi

L.) cesidi Tesadiif Bloklar: Deneme Desenine gore iic tekerriirlii, kiglik Gelig Tarihi  :28.01.2021
olarak ekilmigtir. Calisma sonucunda c¢esitlerin iki yilin ortalama Kabul Tarihi :20.03.2021
bagaklanma siiresi 133.4 giin, yatma orani %13.1, bitki boyu 94.4 cm,

metrekarede basak sayis1 511 adet, basakta tane sayisi 34.2 adet, tek Anahtar Kelimeler

bagak verimi 1.35 g, bin tane agirlig1 35.2 g, hektolitre agirligir 63.7 Arpa

kg, tane verimi 3161 kg ha'! ve hasat indeksi %32.4 olarak Adaptasyon

belirlenmistir. Incelenen ézellikler bakimindan arpa cesitleri Verim
arasinda onemli farkliliklar tespit edilmistir. Ayrica metrekarede Kalite
basak sayis1 disinda incelenen diger parametrelerde yillar arasinda Hordeum vulgare

da onemli farkliliklar bulunmustur. Arastirmadan elde edilen
sonuclara gore tane verimi bakimindan Hasat, Bolayir ve Harman
¢esitlerinin, bin tane agirligi ve hektolitre agirligi bakimindan ise
Yalin ve Onder cesitlerinin 6ne ¢iktig1, bu gesitlerin Tokat-Kazova
kosullarinda arpa tiretim alanlari i¢in 6nerilebilecegi belirlenmigtir.

Determination of Yield and Some Quality Characteristics of Some Barley (Hordeum vulgare L.)
Cultivars in Tokat-Kazova Conditions

ABSTRACT Field Crops
The research was conducted to determine yield, yield components and )
some quality characters of some barley cultivars in Tokat-Kazova Research Article

conditions during 2017-2018 and 2018-2019 growing seasons. In the

study, 12 two-row, 4 six-row barley (Hordeum vulgare L.) cultivars Article History

were planted as a Randomized Complete Block Design with three Received :28'01'2021
replications, as winter crop. In the results of research average of two Accepted +20.03.2021
years of cultivars heading period 133.4 day, lodging rate 13.1%, plant Keywords

height 94.4 cm, the number of spike per square meter 511 number, the Barley

number of kernels per spike 34.2 number, single spike yield 1.35 g, Adaptaiton

thousand seed weight 35.2 g, test weight 63.7 kg, grain yield 3161 kg Yield

ha! and harvest index 32.4% was determined. Significant differences Quality

were determined among barley cultivars in investigated traits. Also, Hordeum vulgare
significant differences were determined among years in terms of other
investigated traits except for the number of spike per square meter.
According to the results obtained from the research, it was determined
that the prominent Hasat, Bolayir and Harman cultivars in terms of
grain yield, Yalin and Onder cultivars in terms of thousand seed
weight and test weight, that these cultivars can be recommended for
barley production areas in Tokat-Kazova conditions.

Ataf Sekli: Ozdemir Dirik K, Sakin MA, Inan¢ M, Sénmez F, 2022. Baz1 Arpa (Hordeum vulgare L.) Cesitlerinin Tokat-
Kazova Kosullarinda Verim ve Baz1 Kalite Ozelliklerinin Belirlenmesi. KSU Tarim ve Doga Derg 25 (4): 800-
810. https://doi.org/10.18016/ksutarimdoga.vi.869901
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GIRIS

Arpa Dunya’da kultiirti yapilan en eski tiirlerden olup
farkll enlemlerde yetistirilebilmektedir (Cammarano
ve ark. 2020). Diinyada tahil iiretiminde maisir,
bugday ve ¢eltikten sonra dérdiunci sirada bulunan
arpa, Turkiye’'de ise bugdaydan sonra ikinci sirada yer
almaktadir (Anonim, 2018). Erkencilik 6zelligi ile
kurakliktan kagis mekanizmasina sahip olan arpanin
tarim1  buyuk olglide yagisa dayali kosullarda,
c¢ogunlukla da kurak iklim kugaginda yapilmaktadir.
Dinya’da ve Turkiye’de ekonominin temelini
olusturan tahillar igerisinde yer alan arpanin biyik
bir b6liimii yem sanayinde bir kism1 da malt sanayinde
ve az da olsa insan gidasi olarak kullanilmaktadir
(Anonim, 2017).

Bitkisel iiretimde istenilen tiriin artisini saglamak igin
yapilacak calismalarin baginda yiksek verimli,
yetistirme sartlarina uygun, hastalik ve zararlilara
karsi dayanikli cesitlerin elde edilmesi, uretimi
yapilan cesitlerin geligtirilmesi ve yayginlastirilmasi
gelmektedir (Kendal, 2011; Céken ve Akman, 2016;
Sener ve ark., 2020). Tiirkiye'de arpa verimini; genel
olarak arazilerin parcali olmasi, kiiltiirel uygulama
eksiklikleri, eksik ve yanlis glbreleme ile uygun
olmayan cesit se¢imi gibi etkenler duslirmektedir
(Sener ve ark., 2020). Arpanin tane verimi cevresel
kosullara bagh olarak degismektedir (Sirat ve Sezer,
2009; Yiiksel ve ark., 2017).

Oral ve ark. (2017) da, arpada tane veriminin
genotipik  ozelliklerden etkilendigini, yetigtirme
doneminde dusen fazla yagisin, dusik sicakhik
ortalamalarinin, yiiksek gece giindiiz sicaklik farkinin
tane dolgunlugunu ve dolayisiyla tane verimini
artirdigimi bildirmiglerdir. Arpa cesitleri ile ylriitilen
baska bir calismada tane verimi lizerine metrekarede
bagak sayisinin, bin tane agirliginin ve bitki boyunun
olumlu bir etki gosterdigi, kuru tarim alanlarinda orta
ve uzun boylu, tist bogum arasi uzun, kuraga toleransh
genotiplerin  verimlerinin  yliksek oldugu da
saptanmistir (Ergiin ve ark., 2017).

Tiirkiye 7.6 milyon ton (Anonim, 2019) arpa iiretimi ile
diinya arpa tretiminin (141 milyon ton) yaklasik
%5’1n1 gerceklestirmekte olup, dekara 269 kg verim ile
diinya verim ortalamasimin (295 kg/da) altindadir
(Anonim, 2018). Tokat'ta ise yaklasik 307 bin da
alanda 79 bin ton arpa uretimi yapilmaktadir
(Anonim, 2019). Tokat Kazova sartlarinda yiiriitiilen
bu arastirma ile bazi iki ve alt1 sirali arpa gesitlerinin
baz1 verim ve kalite 6zellikleri yoniinden incelenmesi

ve yore 1i¢in uygun c¢esitlerin  belirlenmesi
hedeflenmisgtir.

MATERYAL ve METOD

Calisma 2017-2018 ve 2018-2019 vejetasyon
doénemlerinde Tokat-Kazova kogullarinda

yuriatilmustir. Bolge 400 18 N enlemi ile 360 34’ E
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boylam1 arasinda yer almaktadir. Bélgenin denizden
yiksekligi 623 m’dir. Deneme alaninin uzun yillar ve
arastirma yillarina ait bazi iklim verileri Cizelge 1'de,
deneme alanlarinin toprak analiz sonuclari ise Cizelge
2’de verilmistir. Denemede 12 adet 2-sirali, 4 adet 6-
sirall arpa cesidi kullanilmistir (Cizelge 3). Denemeler
Tesadif Bloklar:i Deneme Desenine gore ti¢ tekerrirli,
kiglik olarak kurulmustur. Ekimler, 20 cm sira arasi
mesafede elle yapilmis olup, ekim sikligt m2’de 500
bitki olarak hesaplanmistir. Parseller 5 metre
uzunlugunda 4 siradan olugsmus ve aralarinda bogluk
birakilmamistir. Denemelerde dekara 10 kg N ve 6 kg
P205 olacak sekilde, azotun yarisi ve fosforun tamami
ekimle birlikte verilmis olup, azotun geri kalan kismi
(dekara 5 kg N) ise sapa kalkma déneminde
verilmistir. Hasat, parselin baglarindan 0.25 m’lik
kisimlar kenar tesiri olarak atildiktan sonra geri kalan
3.6 m2’lik alanda elle yapilmistir.

Calismada yatma orani, bitki boyu ve bin tane agirlig:
Kandemir ve ark. (2000)’na, basaklanma siiresi,
metrekarede basak sayisi, tek basak verimi ve
hektolitre agirhigr Ozdemir Dirik ve ark. (2018)na,
basakta tane sayis1 Sakin ve ark. (2015)na, tane
verimi ve hasat indeksi ise Nawaz ve ark. (2013)'na
gore belirlenmistir. Istatistiksel analizler, MSTAT-C
paket programi kullanilarak Duzgines ve ark.
(1987)min  bildirdikleri Tesadiif Bloklar1 Deneme
Desenine uygun olarak yapilmis ve ortalamalar arasi
farkliliklar Duncan testine goére karsilastirilmagtir.
Deneme yillar1 verileri i¢in yapilan homojenite
testinde (Aslam, 2020) incelenen parametrelerin
buyuk c¢ogunlugu homojen c¢kmig ve tim
parametrelerde biitiinlik olmasi agisindan iki yillik
veriler birlestirilerek analiz edilmistir. Ayrica, yatma
oranlarina +1 degeri verilmis ve daha sonra % degerler
ac1 transformasyonuna tabi tutularak istatistik analiz
yapilmis, tabloda orijinal degerler verilmistir (Soltani
ve ark., 2012).

BULGULAR ve TARTISMA
Bagaklanma Siiresi

Calismada basaklanma suresi bakimindan arpa
cesitleri arasindaki fark ilk yil %1 ikinci yil %5, yil x
cesit interaksiyonu ise %1 diizeyinde énemli bulunmus
ve gesitlerin bagaklanma stireleri ilk yil 115.7-142.3
glin, ikinci y1l ise 129.7-142.0 giin arasinda degismistir
(Cizelge 4). Iki yiin ortalama sonuglarina gore
basaklanma stiresi en kisa 125.7 giin ile Sladoran
¢esidinde en uzun ise 140.5 giin ile Ince 04 ¢esidinde
saptanmigtir. Konuyla ilgili yapilan ¢aligmalarda da,
bagsaklanma siliresi bakimindan cesitler arasinda
énemli farklihklar bulunmus (Sirat ve Sezer, 2005),
bagsaklanma siliresinin ¢evre kosgullarina, yetistirme
teknikleri ile genotipe gore degisiklik gosterdigi,
bagaklanma siiresiyle tane verimi arasinda olumlu bir
iligkinin bulundugu ve o6zellikle kurak kosullarda
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erken bagaklanmanin verimi artirdigi bildirilmigtir bagsaklanma suresi kisa olan Sladoran, Marti, Harman
(Sakin ve ark., 2016; Ergiin ve ark., 2017). Nitekim ve Hazar cesitlerinin (Cizelge 4) tane verimlerinin de
arastirmada yillarin birlikte analizi sonuglarina gore; yiksek oldugu gorilmektedir.

Cizelge 1. Deneme alaninin iklim faktorleri*
Table 1. Climatic factors of the trial area*®

Iklim faktérleri Toplam yagis (mm) Maksimum ve minimum sicaklik (°C) Ortalama nispi nem (%)
Climatic factors Total precipitation Maximum and minimum temperature (°C) Average relative
(mm) humidity (%)
Aylar 2017- 2018 Uzun 2017-2018 2018-2019 Uzun yillar 2017- 2018- Uzun
Months 2018 2019 yillar Long terms 2018 2019 yillar
Long  Max. Min. Max. Min. Max. Min. Long
terms terms

Kasim (November) 42.6 8.2 44.1 23.1 -2.1 200 -1.7 27.6 -11.8  68.0 73.3 70.1
Aralik (December) 49.3 49.4 46.6 21.3 -36 150 -89 26.0 -21.0  72.8 80.7 71.3
Ocak (January) 33.4 71.6 40.3 14.2 -15 143 -145 202 -23.4 66.8 76.5 69.1
Subat (February) 15.4 14.7 34.0 21.4 -24 166 -2.3 22.8 -22.1  62.0 67.0 64.7

Mart (March) 79.7 36.8 40.7 285 -1.6 204 -3.5 31.1 -21.2 58.4 61.8 60.6
Nisan (April) 4.5 63.5 55.3 295 -0.5 27.6 -0.3 33.5 -6.3 46.4 65.2 59.1
Mayis (May) 59.1 49.1 58.5 31.0 44 348 6.7 364 0.0 60.9 59.7 60.7
Haziran (June) 41.5 26.2 38.3 36.0 10.2 33.5 14.9 39.8 2.7 55.0 63.4 59.0
Temmuz (July) 7.2 16.9 11.1 37.7 12.5 38.7 9.7 45.0 6.1 52.7 59.6 56.9
Ortalama - - - 27.0 1.7 24.5 0.0 31.4 -10.8 60.3 67.5 63.5
Average

Toplam Total 332.7 336.4 368.9

*: Tokat Meteoroloji Istasyon Miidiirligii

Cizelge 2. Deneme alanlari topraklarina ait fiziksel ve kimyasal 6zellikler
Table 2. Physical and chemical properties of trial areas soils

Teksttr sinifi Organik Toplam tuz Toprak Kireg Fosfor P2Os Potasyum Kz0
Yillar Texture class madde Total salt reaksiyonu Soi/ Lime Phosphorus Potassium
Years Organic (%) reaction (pH) (CaC0s) (%) (kg da) (kg da)
matter (%)
- * 1111 -
20172018 Killi-tin 1.00 0.022 8.1 20.60 5.68 157.70
Clay-loam
- * % 31111 -
2018-2019 Killi-tin 1.73 0.015 8.5 7.47 6.98 41.08
Clay-loam

*! Orta Karadeniz Gegit Kusag: Tarimsal Aragtirma Enstitiistt Mudurligt, Tokat (2017)
**: Tokat Gaziosmanpasa Universitesi Bilimsel Arastirma Projeleri Birimi (2018)

Cizelge 3. Denemede kullanilan arpa gesitleri ve temin edildikleri kuruluglar
Table 3. The Barley cultivars used in the trial and organizations from which they were supplied

Cesit Basak durumu Geligsme tabiat1 Temin edildigi kurulus
Cultivar Spica state Growing nature Organizations from which it is supplied
Sahin 91 2-sirall Alternatif GAP U.A. Tar. Ars. ve Egt. Mrkz. Mud.
Sladoran 2-sirali Kishk Trakya Tar. Ars. Ens. Mud.

Hasat 2-siral Kislik Trakya Tar. Ars. Ens. Mud.

Harman 2-sirali Kighk Trakya Tar. Ars. Ens. Mud.

Bolayir 2-siral Kislik Trakya Tar. Ars. Ens. Mud.

Mart1 6-sirali Alternatif Trakya Tar. Ars. Ens. Mud.

Hazar 6-sirall Kislik Trakya Tar. Arg. Ens. Mid.

Ince 04 2-sirali Alternatif Gegit Kugagi Tar. Ars. Ens. Mid.
Kalayc1 97 2-siral Alternatif Gegit Kugag Tar. Ars. Ens. Mud.
Ozdemir 05 2-siral Alternatif Gegit Kugag Tar. Ars. Ens. Mud.

Cildir 02 2-siral Alternatif Gegit Kugag Tar. Ars. Ens. Mud.
Unver 2-siral Alternatif Gecit Kugagi Tar. Ars. Ens. Mid.
Erginel 90 6-sirali Alternatif Gegit Kugagi Tar. Ars. Ens. Mud.
Onder 2-sirali Alternatif Dicle Unv. Ziraat Fak.

Yalin 2-sirali Alternatif Tarla Bitk. Merkezi. Ars. Ens. Mud.
Avc 2002 6-sirali Kighk Tarla Bitk. Merkezi. Arg. Ens. Mid.
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Cizelge 4. Tokat-Kazova kogullarinda arpa ¢esitlerinin bagaklanma siireleri ve yatma oranlari
Table 4. Heading periods and lodging rates of barley cultivars in Tokat-Kazova conditions

Bagaklanma siiresi (giin) Yatma oran (%)
Cesitler Heading period (day) Lodging rate (%)
Cultivars 2017-2018 2018-2019 Birlesik Yillar 2017-2018 2018-2019 Birlesik Yillar
Combined Years Combined Years
2-sirali gesitler
2-row cultivars
Sahin 91 138.7+0.67 ab** 135.0+2.31 Z* 136.8+1.35 ab**  0.00+0.00 0D 33.3+18.78 bc**  16.7+11.23 bed**
Sladoran 115.7+0.67 d 135.7+2.19 a-d 125.7+4.59 f 0.00+0.00 0.00+0.00 [¢ 0.00+0.00 d
Hasat 123.34¢1.20 ¢ 139.3+2.85 abc 131.3+3.84 cde 0.00+0.00 5.00+2.89 c 2.50£1.71 cd
Harman 119.3+0.67 cd 136.3+2.03 a-d 127.8+3.92 ef 0.00+0.00 0.00+0.00 c 0.00+0.00 d
Kalayc1 97 137.7+0.88 ab 136.7+1.76 a-d 137.2+0.91 ab 26.7+26.70 56.7+21.28 ab 41.7£16.67 ab
Ince 04 140.0+0.58 ab 141.0+£2.00 ab 140.5+0.96 a 26.7+26.70 20.0+8.66 be 23.3£12.63  bed
Ozdemir 05 140.0+£1.00 ab 137.0+£2.08 a-d 138.5+1.23 ab 26.7£26.70 91.7+1.67 a 59.2+18.82 a
Bolayir 124.0£1.00 ¢ 135.3+1.45 a-d 129.7+2.65 def 0.00+0.00 1.67+1.67 c 0.83+0.83 d
Cildir 02 136.3+1.45 b 137.0+£1.563 a-d 136.7+0.95 ab 6.70+6.67 55.0£20.21 ab 30.8+14.40 abc
Unver 136.0+£1.73 b 133.0+0.58 cd 134.5+1.06  bcd 0.00+0.00 25.0+£11.55 bc 12.5£7.61 bed
Onder 120.7+0.67 cd 142.0+4.16 a 131.345.13 cde 0.00+0.00 0.00+0.00 c 0.00+0.00 d
Yahn 139.7+0.88 ab 132.3+0.88 cd 136.0+1.73 abc 10.0+£5.78 10.0+£5.00 c 10.0£3.42 bed
6-siral gesitler
6- row cultivars
Mart1 121.3£2.73 ¢ 133.3+1.76 cd 127.3+3.056 ef 0.00+0.00 13.3+10.93 ¢ 6.67+5.73 cd
Hazar 121.7£1.45 ¢ 134.0+3.06 bed 127.8+3.15 ef 0.00+0.00 1.67+1.67 c 0.83+0.83 d
Erginel 90 139.0+0.58 ab 129.7+42.96 d 134.3+2.49 bed 0.00+0.00 8.33+6.01 c 4.17+3.27 cd
Aver 2002 142.3£2.67 a 136.0+1.563 a-d 139.241.97 ab 0.00+0.00 1.67+1.67 [ 0.83+0.83 d
Ortalama 131.0b 135.9 a** 133.4 6.0b 20.2 a* 13.1
(Average)
Yl x Cesit (Year x Cultivar) falad 0.D
V.K %) (CV &) 1.65 2.83 2.34 139.50 51.18 79.40
0.D: Onemli degil, *: %5 duzeyinde 6nemli, **: %1 diuzeyinde 6nemlidir. V.K: Varyasyon katsayisi, C.V: Coefficient of variation.
Calismada basaklanma siiresi bakimindan yillar Ik yil orta@ama yatma orani %6.00, ikinci yil %2_0~2
arasinda %1 diizeyinde énemli fark saptanmistir olarak belirlenmigtir. Bu durum ortalama bitki

(Cizelge 4). Cesitlerin bagaklanmaya basladiklar: boyunun ilk yil ikinci yila gére daha kisa olmasindan
Nisan ayinda, ilk yil yagis miktarinin (4.5 mm) ikinci (Cizelge 5) kaynaklanms olabilir. Kisa boylu gesitlerin
yila gore (63.5 mm) cok diisiik oldugu gériilmekte olup yatmaya dayamkh oldugunu, uzun boylu cesitlerde
(Cizelge 1), ilk yil basaklanma siiresinin ikinci yila yatmanin 6nemli bir sorun olusturdugunu baska
gore daha kisa olmasinin bu durumdan kaynaklandig: arastiricilar da bildirmistir (Aykut ve ark., 2005;
diisiintiilmektedir. Kurak kosullarda basaklanma Aktas, 2010; Altuner ve ark., 2018).

siiresinde kisalma goriillmektedir (Sakin ve ark.,

2016). Bitki Boyu

Arpa ¢esitlerinin bitki boylarmnin ilk yil 72.0-88.4 c¢m,
Yatma Orani ikinci y1l 101.9-113.5 ¢cm arasinda degistigi ve her iki
Calismadan elde edilen yatma oranlarina ait ortalama yilda da cesitler arasinda %1 dizeyinde o6nemli
degerler Cizelge 4’te verilmis olup, cesitler arasindaki farkliliklarin oldugu, yil x ¢esit interaksiyonun ise %5
fark ilk y1l 6nemsiz ikinci yil %1 diizeyinde énemli, yil ~ dizeyinde énemli oldugu belirlenmistir (Cizelge 5). En
x ¢esit interaksiyonu ise énemsiz bulunmustur. Yatma uzun bitki boyu ilk y1l Marti ¢esidinden ikinci y1l Yalin
orani ilk y1l %0.00-26.7, ikinci y1l %0.00-91.7 arasinda  ¢esidinden, en kisa bitki boyu ise ilk yil Kalayc1 97
degismistir (Cizelge 4). iki yillin ortalama sonuglarina cesidinden ikinci yil Hazar cesidinden elde edilmigstir.
bakildiginda; cesitler arasinda %1 diizeyinde énemli Calismada birlestirilmig yillarin sonucglarina goére ise
farkliliklar saptanmis ve yatma orani %0.00-59.2 bitki boyu 87.2-100.3 cm arasinda degisiklik géstermig
arasinda degismistir (Cizelge 4). Birlestirilmis yillara ve c¢esitler arasinda %1 diizeyinde 6nemli farkliliklar
gére en yitkksek yatma oram sirasiyla Ozdemir 05, bulunmusgtur. Bitki boyu en uzun sirasiyla Avcr 2002,
Kalayc1 97 ve Cildir 02 cesitlerinde elde edilirken, Yalin, Erginel 90 ve Mart1 gesitlerinden, en kisa
Sladoran, Harman ve Onder c¢esitlerinde yatma Kalayar 97, Hazar ve Sladoran ¢esitlerinde
goriilmemistir (Cizelge 4). Yatma oram bitki boyuna, belirlenmistir (Cizelge 5). Bitki boyu bakimindan
giibrelemeye, sap saglamligina, cesit ozelligine ve gesitler arasinda gorilen farkliliklar genotipik
yagis, sulama gibi faktorlere bagh olarak degigiklik  Ozelliklerden ve gevresel kosullardan
gdsterebilmektedir (Ozdemir Dirik, 2020). kaynaklanmaktadir (Céken ve Akman, 2016; Ergiin ve

Calismada yatma oranmi bakimindan yillar arasinda %1 ark., 2017; Al.tur.ler ve ark., 2018). )
diizeyinde 6nemli farklihk bulunmustur (Cizelge 4). Caligmada bitki boyu bakimindan yillar arasindaki
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fark %1 diizeyinde 6nemli bulunmus olup, ilk yil 81.7
cm olan bitki boyu ikinci yil yaklasik %31.2 oraninda
artarak 107.2 cm olmustur (Cizelge 5). Ilk yil ikinci
yila gére toplam yagis miktarinin ve ortalama nispi
nemin duglik, ortalama maksimum ve minimum

sicakligin ise yiuksek olmasindan dolayi ikinci yil bitki
boyunun  arttigi = sOylenebilir.  Yapilan baz1
calismalarda da bitki boyunun kurak ve sicak
sartlarda azaldig1 bildirilmistir (Aktas, 2010; Sakin ve
ark., 2016; Altuner ve ark., 2018).

Cizelge 5. Tokat-Kazova kogullarinda arpa ¢esitlerinin bitki boylar: ve metrekarede basak sayilari
Table 6. Plant heights and the number of spike per square meter of barley cultivars in Tokat-Kazova conditions

Bitki boyu (cm)

Metrekarede bagak sayisi (adet)

Cesitler Plant height (cm) The number of spike per square meter (number)

Cultivars 2017-2018 2018-2019 Birlesik Yillar 2017-2018 2018-2019 Birlesik Yillar
Combined Years Combined Years

2-sirali gesitler

2-row cultivars

Sahin 91 80.5+5.08 ab** 105.6+1.74 bc** 93.1+6.11 Z** 430+£37.75 cde** 581+8.89 b**  506+37.96 cde**

Sladoran 77.0£2.59 ab 102.1+2.45 ¢ 89.6+5.85 de 607+23.33 abc 355+20.19 f 481+£58.01  def

Hasat 87.2+2.47 a 108.8+0.52 abc 98.0+4.95 abc 712+23.15 a 692+7.45 a 702+11.70 a

Harman 78.0+5.44 ab 104.9+0.35 bc 91.5+6.49 cde 548+42.06 a-d 693+1.20 a 621+£37.49 b

Kalaym 97 72.0£1.86 b 102.5+0.99 ¢ 87.2+6.88 e 417+8.33 de 412+3.76 e 414+4.24 fg

Ince 04 85.4+2.67 ab 104.4+1.55 bc 94.9+4.48 a-d 478+71.67 cde 673+18.76 a 576+54.64 bc

Ozdemir 05 76.6+4.13 ab 107.7+3.24 abc = 92.1+£7.34 b-e 552+51.67 a-d 324+12.98 fg 438+56.14 efg

Bolayir 84.8+3.93 ab 104.9+1.18 bc 94.9+4.86 a-d  537+64.96 bed 703+7.31 a 620+47.37 b

Cildur 02 86.7+3.67 a 103.8+1.18 bc 95.24+4.20 a-d 568+34.20 a-d 284+10.21 g 426+65.55 efg

Unver 79.7£2.40 ab 109.6+3.40 ab 94.7+6.95 a~d  423+22.05 de 574+6.98 b 499+35.17 cf

Onder 78.2+1.24 ab 110.7+2.68 ab 94.4+7.39 a-e  500+15.28 bed 555+11.62 bc 528+15.06 cd

Yalin 85.1+2.99 ab 113.5+0.41 a 99.3+6.48 ab 478+54.19 cde 309+2.89 fg 394+44.97 gh

6-siral gesitler

6-row cultivars

Mart1 88.4+3.71 a 108.1+0.81 abc 98.2+4.71 abc 528+43.81 bed 524+39.86 cd 526+26.51 cd

Hazar 75.9+2.87 ab 101.9+0.82 ¢ 88.9+5.96 de 660+£63.51 ab 657+14.74 a 659+29.16 ab

Erginel 90 83.9+1.93 ab 113.1+1.33 a 98.5+6.60 abc  420+15.28 de 508+22.36 d 464+23.04 d-g

Aver 2002 87.6£1.62 a 112.9+2.24 a 100.3+5.79 a 315+17.32 e 330+7.77 fg 323+9.13 h

Ortalama 81.7b 107.2 a** 94.4 511 511 511

Average

Y1l x Cesit * i

Year x Cultivar

V.K (%) 6.52 2.49 4.46 13.48 3.89 9.92

C.V (%)

*: %5 duzeyinde 6nemli, **: %1 diizeyinde 6nemlidir. V.K: Varyasyon katsayisi, C.V: Coefficient of variation.

Metrekarede Bagak Sayis:

Arastirmada metrekarede bagsak sayisi bakimindan
arpa cesitleri arasindaki fark her iki deneme yilinda
da %1 dizeyinde 6nemli olup yil x ¢esit interaksiyonu
da %1 diizeyinde 6nemli bulunmus ve metrekarede
basak sayis1 ilk yil 712 adet ile en fazla Hasat
cesidinden 315 adet ile en az Avci 2002 ¢esidinden,
ikinci y1l 703 adet ile en fazla Bolayir ¢esidinden 284
adet ile en az Cildir 02 cesidinden elde edilmistir
(Cizelge 5). Metrekarede basak sayis1 genotipik
ozelliklere, iklim faktorlerine ve agronomik
uygulamalara  goére  degisiklik  gostermektedir
(Neugschwandtner ve ark., 2015; Ozdemir Dirik ve
ark., 2018; C1g ve Karaman, 2019).

Cizelge 5 incelendiginde; yillarin birlikte analizi
sonuclarina  gére  metrekarede bagsak  sayisi
bakimindan arpa cesitleri arasinda %1 diizeyinde
onemli  farklihklar  saptanmis ve  gesitlerin
metrekarede bagsak sayilar1 323-702 adet arasinda
degisiklik gbstermistir. Metrekarede basak sayisi fazla
olan Hasat, Hazar, Harman ve Bolayir gesitlerinin
tane verimlerinin de (Cizelge 8) yiiksek oldugu
gorulmektedir. Birim alanda fazla sayida basak
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olusturan cesitlerin tane verimlerinin de yuksek
oldugu bagska arastirmalarda da bildirilmistir
(Ozdemir Dirik ve ark., 2018; Yilkan ve ark., 2020;
Yiiksel ve Ikincikarakaya, 2020).

Bagakta Tane Sayis1

Arpa ¢esitlerinin basakta tane sayilariilk yil 21.6-48.3
adet, ikinci y1l 26.7-72.0 adet arasinda degismis olup,
yillarin birlikte analizi sonug¢larina gore; en yluksek
bagakta tane sayisi 59.2 adet ile Hazar gesidinden en
diigiik ise 25.0 adet ile Ozdemir 05 cesidinden elde
edilmig, c¢esitler arasindaki fark ve yil x cesit
interaksiyonu %1 diizeyinde o6nemli bulunmustur
(Cizelge 6). Basakta tane sayisimin yillara ve
genotiplere gore degistigi bildirilmistir (Sakin ve ark.,
2016; Sener ve ark., 2020). Yillarin birlikte analizi
sonuclarina goére 6-sirali cesitlerin (Marti, Hazar,
Erginel 90 ve Avcl 2002) basakta tane sayilarinin 2-
sirali gegitlere gore daha yiiksek oldugu gorilmektedir
(Cizelge 6). Yapilan calismalarda da, 6-siral cesitlerin
bagaklarinda 2-sirali ¢esitlere gére daha fazla tane
bulundugu ortaya konmustur (Céken ve Akman, 2016;
Oztiirk ve ark., 2018; Sener ve ark., 2020).



KSU Tarim ve Doga Derg 25 (4): 800-810, 2022
KSU J. Agric Nat_25 (4): 800-810, 2022

Arastirma Makalesi
Research Article

Iki yillik ortalama sonuglar (Cizelge 6) incelendiginde,
bagakta tane sayis1 yiksek olan Mart1 ve Hazar
cesitlerinin tane verimlerinin (Cizelge 8) ve tek basak
verimlerinin  (Cizelge 6) de yiiksek oldugu
goriilmektedir. Bagakta tane sayisinin tane verimi ve
tek bagak verimi izerine olumlu bir etkisinin oldugu

bagka arastiricilar tarafindan da bildirilmistir (Sirat
ve Sezer, 2005; Ozen, 2014; Yilkan ve ark., 2020).
Basakta tane sayis1 bakimindan yillar arasinda %1
dizeyinde ©6nemli fark bulunmus olup, ortalama
bagakta tane sayisi ilk yil 28.6 adet ikinci yil ise 39.8
adet olarak 6l¢iilmiistiir (Cizelge 6).

Cizelge 6. Tokat-Kazova kogullarinda arpa ¢esitlerinin basakta tane sayilar: ve tek basak verimleri
Table 6. The number of kernels per spike and single spike yields of barley cultivars in Tokat-Kazova conditions

Basakta tane sayis1 (adet)

Tek bagak verimi (g)

Cesitler The number of kernels per spike (number) Single spike yield (g)

Cultivars 2017-2018 2018-2019 Birlesik Yillar 2017-2018 2018-2019 Birlesik Yillar
Combined Years Combined Years

2-sirali gesitler

2-row cultivars

Sahin 91 33.0+1.38 bc** 31.0+0.58 cd** 32.0+0.80 d** 1.22+0.06 b-e** 1.40+0.06 c** 1.31+0.05 c-f**

Sladoran 23.4£1.29 e 29.7£1.20 cd 26.6+£1.60 e 0.96+0.02 e 1.26+0.10 ¢ 1.11+0.08 ef

Hasat 26.1£1.62 b-e 32.0+£0.58 ¢ 29.0+£1.63 de 1.03+0.01 cde 1.29+0.01 ¢ 1.16+0.06  def

Harman 23.6+£1.77 e 29.0£1.00 cd 26.3+1.52 e 1.06+0.04 cde 1.27+0.05 ¢ 1.17+0.05  def

Kalaym 97 23.4+£0.66 e 29.0+£0.00 cd 26.2+1.29 e 1.35+0.09 a-d 1.34+0.08 ¢ 1.34+0.05 cde

Ince 04 24.7+£1.80 cde 29.3£1.20 cd 27.0£1.41 e 1.156+0.09 Db-e 1.34+0.08 ¢ 1.25+0.07 c-f

Ozdemir 05 23.4+1.91 e 26.7+0.33 d 25.0+1.13 e 1.33+0.07 a-e 1.17+0.08 ¢ 1.25+0.06 c-f

Bolayir 24.5+1.35 de 32.0+0.58 ¢ 28.3+1.79 de 1.02+0.04 de 1.14+0.02 ¢ 1.08+0.03 f

Cildur 02 25.1+1.26  cde 30.7+0.33 cd 27.9+1.37 de 1.36+0.08 a-d 1.43+0.06 ¢ 1.40+0.05 cd

Unver 26.3+0.19 b-e 30.7+0.33 cd 28.5+1.00 de 1.49+0.04 ab 1.26+£0.03 ¢ 1.38+0.06 cd

Onder 21.6+0.32 e 30.3+0.33 cd 26.0+1.97 e 1.07£0.04 cde 1.25+0.05 ¢ 1.16+£0.05 def

Yalin 25.6+0.90 cde 30.7+0.33 cd 28.2+1.20 de 1.27+0.06 b-e 1.45+0.05 ¢ 1.36+£0.05 cd

6-siral gesitler

6-row cultivars

Mart1 42.5+3.39 a 68.7+2.19 ab 55.6+6.13 ab 1.40+0.15 abc 2.4440.16 a 1.92+0.25 a

Hazar 48.3+1.07 a 70.0£1.53 a 59.2+4.92 a 1.40+0.02 abc 1.85+0.13 b 1.63+0.12 b

Erginel 90 32.5+3.95 bed 72.0+1.53 a 52.2+9.04 bc 1.47+0.11 ab 1.78£0.06 b 1.62+0.09 b

Aver 2002 33.9+2.29 b 65.3+2.33 b 49.6£7.18 ¢ 1.64+0.18 a 1.27+0.10 ¢ 1.46+£0.12 bce

Ortalama 28.6 b 39.8 a** 34.2 1.26Db 1.43 a** 1.35

Average

Y1l x Cesit wx *k

Year x Cultivar

V.K (%) 11.54 4.86 7.91 11.34 9.46 10.34

CV (%)

**: %1 dluzeyinde 6nemlidir. V.K: Varyasyon katsayisi, C.V: Coefficient of variation.

Tek Bagak Verimi

Cizelge 6’da goruldugu gibi tek basak verimi
bakimindan arpa cesitleri arasindaki fark her iki
deneme yilinda da %1 diizeyinde 6nemli olup y1l x ¢esit
interaksiyonu da %1 diizeyinde énemli bulunmus ve
cesitlerin tek bagak verimleri ilk yil 0.96-1.64 g, ikinci
yilise 1.14-2.44 g arasinda degisiklik gostermigtir. Tek
bagsak veriminin yillara ve cesitlere gore degisiklik
gosterdigi farklhh arastirmalarda da belirtilmigtir
(Yildirim ve ark., 2005; Yiiksel ve Ikincikarakaya,
2020).

Birlestirilmig yillara ait sonuglara gore cesitler
arasinda %1 dluzeyinde 6nemli fark bulunmusg ve tek
basak verimi degerleri 1.08-1.92 g arasinda
degismistir (Cizelge 6). Tek basak verimi yiiksek
bulunan Mart1 ve Hazar gesitlerinin tane verimlerinin
de yiiksek oldugu (Cizelge 8) goriilmektedir. Tek basak
verimi ile tane verimi arasinda olumlu bir iligkinin
bulundugu bagka arastiricilar tarafindan da
bildirilmistir (Sakin ve ark., 2015; Ozdemir Dirik ve
ark., 2018). Bunun yani sira tek basak veriminin tane
verimine dogrudan etkisinin olumsuz oldugu

belirlenmistir (Yilkan ve ark., 2020). Tek basak verimi
bakimindan yillar arasinda %1 diizeyinde 6nemli fark
bulunmus olup ortalama tek basak verimi ilk y1l 1.26
g ikinci y1l ise 1.43 g olarak olciilmiistiir (Cizelge 6).

Bin Tane Agirhg:

Arastirmadan elde edilen bin tane agirhiklarina ait
ortalama degerler Cizelge 7'de verilmis olup, cesitler
arasindaki farkin her iki yi1lda da %1 diizeyinde 6nemli
oldugu ve ¢esitlerin bin tane agirliklarinin ilk yil 21.4-
43.1 g, ikinci yil 27.1-42.2 g arasinda degistigi
saptanmigtir. Bin tane agirligi genotipik o6zelliklere
(Akgiin ve ark., 2019; Kizilgeci ve ark., 2019), cevre
kosullarina ve iklim kosullarina (Aktas, 2017; Erbasg
Kose ve Mut, 2019) gore degismektedir.

Iki yillhik ortalama sonuclara gére bin tane agirhg
bakimindan arpa c¢esitleri arasindaki fark %1
diizeyinde 6nemli bulunmug ve en yiiksek bin tane
agirligi 41.6 gile Sahin 91 ¢esidinden en dustiik ise 26.0
g ile Hazar cesidinde belirlenmistir (Cizelge 7). Bin
tane agirhg yiiksek Sahin 91 ve Onder cesitlerinden
yiiksek tane verimleri (Cizelge 8) elde edilmistir. Bin
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tane agirhigr ile tane verimi arasinda olumlu bir
iliskinin  bulundugu bagska c¢alismalarda da
bildirilmistir (Olgun ve Aygiin, 2011; Mut ve ark.,
2017; Akgiin ve ark., 2019).

Cizelge 7 incelendiginde; arpa cesitlerinin ortalama
bin tane agirliklarimin ilk yil 34.4 g, ikinci y1l 35.9 g
oldugu ve yillar arasinda %5 diizeyinde 6nemli farkin
bulundugu, yil x ¢esit interaksiyonun ise %1 diizeyinde
6nemli oldugu gorilmektedir.

Cizelge 7. Tokat-Kazova kogullarinda arpa gegsitlerinin bin tane agirliklar: ve hektolitre agirhiklar
Table 7. Thousand grain weights and test weights of barley cultivars in Tokat-Kazova conditions

Bin tane agirhig (g)

Hektolitre agirhig (kg)

Cesitler Thousand grain weight (g) Test weight (kg)

Cultivars 2017-2018 2018-2019 Birlesik Yillar 2017-2018 2018-2019 Birlesik Yillar
Combined Years Combined Years

2-siral cesitler

2-row cultivars

Sahin 91 43.1+1.59 a**  40.1£2.12 ab** 41.6+1.37 a** 67.2+0.45 Db** 63.1£0.83 bc**  65.2£1.01 bed**

Sladoran 29.6+2.90 de 37.0+£0.97 bc 33.3+2.15 d-h 60.8+1.06 cde 64.7+0.32 bc 62.8+1.00 c-f

Hasat 32.740.79 cde 38.1x1.60 abc 35.4+1.44 cg 60.9+2.85 cde 64.5+0.12 bc 62.7+1.52 c-f

Harman 33.0+1.43 cde 39.5+0.27 ab 36.3+1.61 b-f 62.0+0.93 b-e 63.6+0.61 bc 62.8+0.62 c-f

Kalayc1 97 37.5+0.95 abc  35.8+0.12 bc 36.6+0.57 b-e 66.0+0.95 bc 62.3+0.31 ¢ 64.1+0.93 cde

Ince 04 34.3+1.88 b-e  38.6£0.92 abc 36.4+1.34 b-e 65.0+1.70 bc 64.6+1.13 bc 64.8+0.92  bed

Ozdemir 05 30.9+1.97 cde 30.2+1.25 d 30.6+1.06 h 65.8+0.84 bc 63.0+0.71 bc 64.4+0.80 bed

Bolayir 32.56+2.29 cde 39.4+1.04 abc 35.9+1.90 cf 64.2+2.47 bed 66.7+0.21 ab 65.5+1.24 abc

Cildar 02 36.4+1.59 a-d 37.2+1.32 be 36.8+0.94 bed 66.3+0.71 bc 62.8+0.75 be 64.6£0.92 bed

Unver 40.3+1.45 ab 37.7+0.62 abc 39.0+0.92 abc 67.7£1.02 b 60.6+1.11 cd 64.2+1.72 cde

Onder 33.9+1.77 b-e 42.241.09 a 38.0+2.07 abc 65.2+0.92 be 70.3£1.34 a 67.8£1.35 ab

Yalin 42.0¢1.10 a 38.5+1.12 abc 40.3+1.05 ab 79.8+0.59 a 57.3+0.83 de 68.5+45.04 a

6-sirali cesitler

6-row cultivars

Mart1 28.4+1.26 e 34.7£1.56 ¢ 31.6+1.68 gh 57.8+0.51 e 61.7£0.91 ¢ 59.8£1.00 f

Hazar 21.4+1.30 f 30.5+0.48 d 26.0+2.13 1 59.1+0.95 de 62.7+0.24 bc 60.9+0.92 ef

Erginel 90 36.8+0.55 abc 28.3+1.09 d 32.6+1.98 e-h 67.5+0.80 b 56.0+1.49 ef 61.7£2.69  def

Avci 2002 37.340.73 abc  27.1+0.84 d 32.242.33  fgh 67.2+0.98 b 52.4+1.94 f 59.8+3.46 f

Ortalama 34.4b 35.9 a* 35.2 65.2 a** 62.3b 63.7

Average

Yil x Cesit wk *E

Year x Cultivar

V.K (%) 8.11 5.16 6.73 3.44 2.70 3.11

CV (%)

*: %5 diizeyinde onemli, **: %1 dizeyinde 6nemlidir. V.K: Varyasyon katsayisi, C.V: Coefficient of variation.

Hektolitre Agirligi
Hektolitre agirhgi  bakimindan arpa gesitleri
arasindaki fark her 1ki deneme yilinda da %1

diizeyinde énemli bulunmustur (Cizelge 7). Cesitlerin
hektolitre agirliklari ilk y1l 57.8-79.8 kg, ikinci yil 52.4-
70.3 kg arasinda degisiklik géstermis olup, en fazla
hektolitre agirhigr ilk yi1l Yalin ¢esidinden ikinci yil
Onder ¢esidinden, en az hektolitre agirhig ise ilk yil
Marti ¢esidinden ikinci yil Aver 2002 ¢esidinden elde
edilmistir (Cizelge 7). Arpada hektolitre agirhigi; cesit
ozelliklerine, iklim ve yetistirme sartlarina (Erbas
Kose ve Mut, 2019; Yiiksel ve Ikincikarakaya, 2020),
cevre faktorlerine, tanede homojenlik, kavuz orani,
endosperm yapisi gibi tane 6zelliklerine, tane yapisina
(Dogan ve ark., 2014; Akgiin ve ark., 2019) ve cesidin
alt1 ya da iki sirali olmasina (Erbas Kése ve Mut, 2019)
gore degisiklik gostermektedir.

Birlestirilmig yillarin sonuglarina goére hektolitre
agirhgr bakimindan arpa c¢esitleri arasinda %1
diizeyinde énemli fark bulunmus ve hektolitre agirligi
degerleri 59.8-68.5 kg arasinda degismistir (Cizelge 7).
Hektolitre agirhg yiksek olan Onder, Bolaywr ve
Sahin 91 cesitlerinin tane verimlerinin de (Cizelge 8)
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yuksek oldugu saptanmistir. Hektolitre agirligr ile
tane verimi arasinda pozitif bir iliski bulunmustur
(Sirat ve Sezer, 2017). Calismada hektolitre agirhig
bakimindan yillar arasindaki fark ve yil x c¢esit
interaksiyonu %1 diizeyinde 6nemli olup, cesitlerin
ortalama hektolitre agirliklar: ilk yil 65.2 kg, ikinci yil
62.3 kg olarak belirlenmistir (Cizelge 7).

Tane Verimi

Arpa cesitlerinin tane verimlerinin ilk yil 1877-3971
kg ha-1, ikinci y1l 1882-5229 kg ha-1 arasinda degistigi
ve cegitler arasinda her iki deneme yilinda da %1
diizeyinde 6nemli farklhiliklarin oldugu saptanmigtir
(Cizelge 8). En yiiksek tane verimi ilk yi1l Sahin 91
ikinci y1l Bolayir gesitlerinden, en diisiik tane verimi
ise ilk y1l Erginel 90 ikinci y1l Avcr 2002 gesitlerinden
elde edilmistir. Arpada tane verimini; ¢esit 6zellikleri,
gevre faktorleri, yetistirme teknikleri, topraktaki nem
ve besin maddeleri miktari, yagis ve yagisin aylara
gére dagilim gibi faktorler belirlemektedir (Altuner ve
ark., 2018; Oztiirk ve ark., 2018; Erbag Kose ve Mut,
2019; Adane ve ark., 2020).

Iki yilk ortalama sonuglara gére; tane verimi
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bakimindan arpa cgesitleri arasinda %1 diizeyinde
onemli bir fark saptanmis, 4232 kg ha-1 tane verimi ile
Hasat gesidi ilk sirada yer alirken bunu 4046 kg ha-1
ile Bolayir, 3863 kg ha-1 ile Harman ve 3806 kg ha-1
ile de Sahin 91 cesitleri takip etmis ve en disiik tane
verimine ise swrasiyla Avcr 2002, Kalayci 97 ve
Ozdemir 05 cesitleri sahip olmustur (Cizelge 8).
Birlestirilmig yillarin sonuglarina gore Bolayir, Hasat,
Harman ve Onder cesitlerinin tane veriminin yiiksek
olmasinin yaninda, metrekarede basak sayis1 (Cizelge
5) ve bin tane agirh@g (Cizelge 7) degerlerinin de
yiksek oldugu saptanmagtir. Yapilan calismalarda da
arpada tane verimi ile metrekarede bagak sayisi ve bin

tane agirhigl arasinda olumlu bir iligkinin bulundugu
belirtilmistir (Oztiirk ve ark., 2007; Ergiin ve ark.,
2017; Yilkan ve ark., 2020).

Tane verimi bakimindan yillar arasindaki fark ve yil x
¢esit interaksiyonu %1 diizeyinde 6nemli bulunmus
olup, ortalama tane verimi ilk yil 2619 kg ha-1 ikinci
yil ise 3702 kg ha-1 olarak belirlenmistir (Cizelge 8).
Ikinci yildaki yiiksek tane veriminin bu yilda diisen
toplam yagis miktarinin daha fazla olmasindan
kaynaklandig1 distinilmektedir. Benzer sonug¢ baska
arastiricilar tarafindan da bildirilmistir (Erbag Kose
ve Mut, 2019).

Cizelge 8. Tokat-Kazova kosullarinda arpa ¢esitlerinin tane verimleri ve hasat indeksleri
Table 8. Grain yields and harvest index of barley cultivars in Tokat-Kazova conditions

Tane verimi (kg ha')

Hasat indeksi (%)

Cesitler Grain yield (kg ha'?) Harvest index (%)

Cultivars 2017-2018 2018-2019 Birlesik Yillar 2017-2018 2018-2019 Birlesik Yillar
Combined Years Combined Years

2-sirali gesitler

2-row cultivars

Sahin 91 3971+251 a**  3642+75 d-g** 3806+138 abc** 42.0+0.00 a** 30.8+1.07 bc** 36.4+2.55 ab**

Sladoran 27954419 bed  4733+82 a-d 3764+474 abc 40.0+1.29 ab 36.2+0.61 ab 38.1+1.05 a

Hasat 3528+321 ab 49354342 ab 4232+378 a 40.2+1.77 ab 34.0+1.51 abc  37.1x1.74 ab

Harman 2955+234 bc 4772+312 abc 3863+442 ab 39.4+0.23 abc 33.4+1.61 abc 36.4+1.52 ab

Kalayc1 97 1932+85 d 2465+294  hij 2198+182 fg 31.2+0.38 de 24.7+2.31 de 28.0£1.79 efg

Ince 04 2127+182 cd 4303+303 a-e 3215512 b-e 32.2+1.19 cde 31.1+1.11 bec 31.6+£0.76 cde

Ozdemir 05 2270+138 cd 2156+47 1j 2213+70 fg 30.7+0.78 de 20.9+0.82 ef 25.842.25 fg

Bolayir 2864+145 be 5229+372 a 40464558 a 33.7+3.15 bed 38.3+1.53 a 36.0+1.88 abc

Cildar 02 2598+131 cd 3086+394 11 2842+215  def 31.6+£0.93 de 28.4+1.67 cd 30.0+£1.11  def

Unver 2975+188 be 3316+227 e-h 3145+152 cde 35.2+1.63 a-d 31.2+0.80 bc 33.2+1.18 bed

Onder 2388+105 cd 4726+245 a-d 3557+536 abc 34.7+0.93 a-d 32.9+0.55 abc 33.8+0.63 a-d

Yalin 1942+105 d 3254+180 e-h 2598+308 efg 25.7+0.91 e 24.0+0.70 de 24.9+0.65 g

6-siral gesitler

6-row cultivars

Marta 2529+301 cd 4063+152 b-f 3296+375 bed 34.1+0.86 bed 38.0+1.75 a 36.0+1.23 abc

Hazar 27544230 bed 37434324 c-g 32494284  b-e 36.5+3.89 a-d 30.6+1.90 bc 33.6+2.34 a-d

Erginel 90 1877200 d 2924+41 gj 2401+251 fg 30.6+0.23 de 28.1+1.63 cd 29.4+0.92 d-g

Avci 2002 2405+123 cd 1882+27 j 21444130 g 39.142.40 abc 17.1+0.84 f 28.1+5.04 efg

Ortalama 2619 b 3702 a** 3161 34.8 a** 30.0b 32.4

Average

Yil x Cesit *x wk

Year x Cultivar

V.K (%) 13.55 11.84 12.62 8.42 8.08 8.30

C.V (%)

**: %1 duzeyinde 6nemlidir. V.K: Varyasyon katsayisi, C.V: Coefficient of variation.

Hasat Indeksi

Hasat indeksi bakimindan arpa cesitleri arasinda her
iki deneme yilinda da %1 diizeyinde o6nemli fark
bulunmus olup, cesitlerin hasat indeksleri ilk yil
%25.7-42.0, ikinci yil %17.1-38.3 arasinda degisiklik
gostermistir ~ (Cizelge 8).  Cesitlerin  hasat
indekslerindeki varyasyon; tane verimi ve toplam
verim farkliliklarindan kaynaklanmakta (Ghaffar ve
ark., 2018) ve hasat indeksi basaklanma zamanindan,
basaklanma &ncesi ve sonrasi siireclerden, cevresel
faktorlerden, yetistirme tekniklerinden, ¢esitlerin
erkenci veya gecci olmalarindan, bitki boyundan ve
ekim sikhigindan etkilenmektedir (Kinac1 ve ark.,
2008; Oztirk ve Aydin, 2014; Oztiirk ve ark., 2018;
Yilkan ve ark., 2020).
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Birlestirilmig yillarin sonuglar: incelendiginde; hasat
indeksi bakimindan arpa cesitleri arasinda %1
diizeyinde oOnemli farkhiliklar bulunmus ve hasat
indeksi en yiiksek %38.1 ile Sladoran, en diisiik ise %
24.9 ile Yalin ¢egidinden elde edilmistir (Cizelge 8). Tki
yilin ortalamasina gore bitki boyu kisa olan Sladoran,
Harman ve Hazar cesitlerinin (Cizelge 5) hasat
indeksleri yiksek bulunmustur. Boyu kisa olan
gesitlerin hasat indekslerinin uzun boylu gegitlere gére
daha yiiksek oldugu bildirilmistir (Sakin ve ark.,
2016). Calismada hasat indeksi yiiksek Sladoran,
Sahin 91, Hasat, Harman, Bolayir ve Onder
gesitlerinin tane verimlerinin de yiliksek oldugu
saptanmistir (Cizelge 8). Tane veriminin hasat indeksi
ile yakindan iligkili oldugu ve aralarinda pozitif bir
iligkinin bulundugu bildirilmistir (Ozen, 2014; Coken
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ve Akman 2016). Tki y1llik ortalama sonugclara gore en
erken basaklanan Sladoran cesidinin (Cizelge 4) hasat
indeksinin en yiiksek oldugu ve erken bagsaklanmanin
daha yuksek hasat indeksi meydana getirdigi
goriilmektedir. Yilkan ve ark. (2020) da benzer
sonuglar elde etmiglerdir.

Hasat indeksi bakimindan yillar arasindaki fark ve yil
X cesit interaksiyonu %1 diizeyinde 6nemli bulunmus
olup, ortalama hasat indeksi ilk y1l %34.8 ikinci yil ise
%30.0 olarak élciilmistiir (Cizelge 8).

SONUC ve ONERILER

Calismada incelenen parametreler bakimindan arpa
gesitleri arasinda o6nemli farklhiliklar saptanmigtir.
Ayrica metrekarede basak sayisi digsinda incelenen
diger parametrelerde yillar arasinda da oOnemli
farkliliklar bulunmustur.

Calisma sonucuna gore; tane verimi bakimindan ilk yil
Sahin 91 ve Hasat, ikinci y1l Bolayir, Hasat ve Harman
cesitleri, metrekarede bagsak sayis1 bakimindan ilk yil
Hasat, Hazar ve Sladoran, ikinci yil Bolayir, Harman,
Hasat, Ince 04 ve Hazar c¢esitleri, bagakta tane sayisi
bakiminda ilk y1l Hazar ve Marti, ikinci y1l Erginel 90,
Hazar ve Marti gesitleri, tek basak verimi bakimindan
ise ilk yil Aver 2002, Unver ve Erginel 90, ikinci yil
Marti, Hazar ve Erginel 90 c¢esitleri {istiin performans
gostermiglerdir. Sladoran, Harman ve Yalin gesitleri
her iki deneme yilinda da yatma gostermemistir.
Kalite ozellikleri incelendiginde; bin tane agirlig:
bakimindan ilk yil Sahin 91, Yalin ve Unver, ikinci yil
Onder, Sahin 91 ve Harman cesitleri, hektolitre
agirhigi bakimindan ise ilk yil Yalin, Unver, Erginel 90,
Sahin 91 ve Aver 2002, ikinci yi1l Onder ve Bolayir
cesitleri 6ne gikan gegitler olmustur.

Denemelerden elde edilen sonuglara goére verim
bakimindan Hasat, Bolaywr ve Harman c¢esitlerinin,
kalite bakimindan ise Yalin ve Onder ¢esitlerinin 6ne
caktigi ve bu cesitlerin Tokat-Kazova kosullarinda
arpa Uretim alanlari i¢in 6nerilebilecegi belirlenmisgtir.
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ABSTRACT

Hypericum triquetrifolium Turra. (Hypericaceae) is one of the
important medicinal plants. This herb is used in Turkish folk
medicine for its antidepressant, anthelmintic and antiseptic effects.
Hypericum extracts have an important commercial value in the
pharmaceutical industry. Therefore, studies to increase the amount
of secondary metabolites it contains are becoming widespread.
Elicitors are biological and non-biological factors that can affect the
synthesis of secondary metabolites in plants. In recent years,
nanoelicitors have been used to increase the amount of active
ingredients. In this study, to stimulate the synthesis of biologically
active secondary compounds of H. triquetrifolium; chitosan, iron
oxide and chitosan-coated iron oxide nanoparticles in concentrations
of 0 (control), 50, 75, 100 and 150 ppm were sprayed on the leaves
during full bloom. LC-MS/MS analysis showed that application of
100 and 150 ppm chitosan nanoparticles increased the amount of
flavonol (hyperocyte and quercitrin) and naphthodianthrons
(pseudohypericin and hypericin) in H. triquetrifolium. 50 ppm iron
oxide nanoparticle hyperocyte, quercitrin and pseudohypericin; 75
and 100 ppm iron oxide nanoparticles increased the amount of
hyperocyte, quercitrin and hyperforin. The 150 ppm iron oxide
nanoparticle resulted in an increase in all compounds except
hypericin. In this study, iron oxide nanoparticles coated with
chitosan were also used as elicitors to improve the chemical and
biological properties of iron oxide. In this series, iron oxide
nanoparticle coated with 100 ppm chitosan was effective and
increased the amounts of quercitrine, kaempferol and
pseudohypericin. The concentration of 75 ppm of this group was
effective on quercitrin.

Tam Ciceklenme Doneminde Yapraktan Uygulanan Kitosan, Demir Oksit ve Kitosanla Kaplanmig
Demir Oksit Nanopartikiillerinin Farkli Konsantrasyonlarinin Hypericum triquetrifolium Turra.’nin

Ikincil Metabolitleri Uzerine Etkileri
OZET

Hypericum triquetrifolium Turra. (Hypericaceae) o6nemli tibbi
bitkilerden biridir. Bu bitki Turk halk tibbinda antidepresan,
antelmintik ve antiseptik etkileri nedeniyle kullanilmaktadir.
Hypericum o6ziitleri ilag endistrisinde 6nemli bir ticari degere
sahiptir. Bu nedenle igerdigi ikincil metabolitlerin miktarimi
artirmaya yonelik c¢alismalar yayginlagsmaktadir. Elisitorler,
bitkilerde ikincil metabolitlerin sentezini etkileyebilen biyolojik ve
biyolojik olmayan faktérlerdir. Son yillarda, aktif bilesen miktarini
artirmak icin nanoelisitorler kullamilmaktadir. Bu calismada, H.
triquetrifolium'un biyolojik aktif sekonder bilesiklerinin sentezini
uyarmak i¢in; tam ciceklenme doneminde yapraklarin tzerine 0O
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(kontrol), 50, 75, 100 ve 150 ppm konsantrasyonlarinda kitosan,
demir oksit ve kitosanla kaplanmis demir oksit nanopartikiilleri
puskirtilmistir. LC-MS/MS analizi, 100 ve 150 ppm’lik kitosan
nanopartikiilleri uygulanmasinin, H. (triquetrifolium'da flavonol
(hiperosit ve kuersitrin) ve naftodiantronlarin (psédohiperisin ve
hiperisin) miktarim1 artirdigini gostermistir. 50 ppm demir oksit
nanopartikiili hiperosit, kuersitrin ve psdédohiperisin; 75 ve 100
ppm'lik demir oksit nanopartikiilleri ise hiperosit, kuersitrin ve
hiperforin miktarlarin1 artirmistir. 150 ppm'lik demir oksit
nanopartikiilii, hiperisin digindaki tiim bilesiklerde artis saglamistir.
Bu calismada, demir oksidin kimyasal ve biyolojik ozelliklerini
iyilestirmek i¢in kitosanla kaplanmis demir oksit nanopartikilleri
de elisitor olarak kullanilmigtir. Bu seride, 100 ppm'lik kitosanla
kaplanmig demir oksit nanopartikili etkili olmus ve kuersitrin,
kaempferol ve psédohiperisin miktarlarini arttirmistir. Bu grubun

75 ppm'lik konsantrasyonu kuersitrin tizerinde etkili olmustur.
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INTRODUCTION

Among the many plants used in treatment,
Hypericum genus stands out with its antidepressant
properties thanks to its hypericin and derivatives
content (Acar, 2018). Anatolia is rich in Hypericum
species and 46 of the 96 species grown here are
endemic. The best known members of the genus are
Hypericum  perforatum L. and  Hypericum
triquetrifolium Turra. These species are known
among the locals by names such as kantaron,
binbirdelik otu, kan otu, kili¢ otu, yara otu and
kuzukiran (Baytop, 1999).

In addition to 1its antidepressant properties,
Hypericum extracts are also used in the treatment of
many diseases such as wound healing, diabetes,
rheumatism, stomach and intestinal ulcers,
lymphatitis, mumps and hepatitis (Baytop, 1999;
Stntar et al., 2016; Mullaicharam and Halligudi,
2019). Hypericin and hyperforin obtained from
Hypericum species have been determined to cause cell
death in different cancer types (Agostinis et al., 2002).
Hypericum species contain a large number of
secondary metabolites including naphthodiantrons,
floroglusinol, flavonoids, various organic acids,
essential oils, xanthons, tannins and other water
soluble components (Oskay and Oskay, 2009).

Increasing the amount of secondary metabolites,
produced in small quantities during the plant's
specific developmental stage or stress, is one of the
most important issues recently studied.

Various applications are made to increase the amount
of secondary metabolites in plants. Among these, the
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use of different elicitors stands out. Elicitors that
cause various physiological changes in the target
living organism can be of biotic or abiotic origin. In
recent years, nano elicitors (size range of 1 and 100
nm) have been used since they are taken more easily
by the plant and have a quicker effect.

Chitosan, one of the nano elicitors used in the study,
is a biopolymer obtained by partial deacetylation of
the chitin (Muxika et al., 2017). Chitosan application
is accepted as an effective strategy to increase the
production of xanthones and other polyphenols in H.
perforatum in vitro fringe root cultures (Tocci et
all.,2010 and 2011; Brasili et al., 2014). Chitosan has
been proven to promote plant growth, maintain the
safety of edible products and stimulate abiotic and
biotic stress tolerance in various horticultural crops
(Abdel-Aziz et al., 2018).

Nano metal oxides, which have started to be produced
especially to increase the yield and quality of herbal
products, will be an important technology branch in
the future (Daghan, 2017; Brunner et al., 2006).
Nano metal oxides, which are easily taken by the
plant, have unique effects such as increase in
production, increase in photosynthesis and significant
expansion in leaf surface area (Abdel-Aziz et al.,
2018).

Inorganic compounds such as metal oxides can act as
chemical elicitors of plant secondary metabolism
(Trillini et al., 2006). Zinc and iron nano oxides have
been found to stimulate the production of secondary
metabolites in H. perforatum cell suspension culture
(Sharafi et al., 2013).
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Iron oxide nanoparticles are widely used due to its
properties such as biocompatibility, non-toxicity,
water solubility and low cost compared to many other
metallic nanoparticles (Askary et al., 2017; Nehra at
al., 2018).

Coating with organic polymers can improve the
physical, chemical and biological properties of metal
oxide nanoparticles (Zhu et al., 2018). Chitosan is a
widely used organic polymer for this purpose (Kumar
et al., 2000; Rabea et al., 2003).

In addition, coating with chitosan allows metal oxide
nanoparticles to enter plants more easily (Abdel-Aziz
et al., 2018). For this reason, the effect of chitosan-
coated iron oxide nanoparticle on the biologically
active compounds of H. triquetrifolium was also
investigated during full bloom.

MATERIAL and METHOD
Plant Material

H. triquetrifolium seeds were collected from the Dicle
University campus in 2018. The species was
identified by Dr. A. Selguk Ertekin. Herbarium
specimens are preserved in the Herbarium of the
Faculty of Science Biology Department (DUF 2512-a)

H. triquetrifolium is a 15-77 cm tall perennial plant
containing thin hairs (Davis, 1966). It has yellow
flowers with a 5-piece petal. The plant is perennial
and has a fringe root system. The leaves are mutually
arrayed on the stem (Figure 1).

, \ .“t“*:, :
Figure 1. Flowers of H. triquetrifolium
Sekil 1. H. triquetrifolium’un ¢igekleri

Germination of H. triquetrifolium

H. triquetrifolium seeds were stratified by keeping in
the refrigerator at +4°C for 15 days. Then the seeds
were placed in pots and left in the plant growing room
at the alternating temperatures +15°C/25°C with a 8
hours dark/16 hours light period. Irrigation has been
applied during this period. The seeds started to
germinate after about 20 days in this conditions.
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Preparation of Solutions

The chitosan, iron oxide and chitosan-coated iron
oxide nanoparticles used in this study, were
synthesized and defined by Dr. Bilsen Tural and
Erdal Ertas at the labratory of Chemistry
Department at Ziya Gokalp Faculty of Education,
Dicle University (Tural et al., 2016).

Preparation of chitosan nanoparticle solution

Chitosan solutions were prepared in 10% acetic acid
solution at concentrations of 50, 75, 100 and 150 ppm.

Preparation of iron oxide (FesOs) nanoparticle
solution

Iron oxide nanoparticles were weighed on precision
scales and dispersed in water at 50, 75, 100 and 150
ppm concentrations.

iron oxide

Preparation of chitosan-coated

nanoparticle solution

The chitosan-coated iron oxide nanoparticles were
weighed on a precision scale and dispersed in water
at concentrations of 50, 75, 100 and 150 ppm.

Nanoparticle Application on the Leaf

Nanoparticle applications were made by spraying the
leaves of the plants. The nanoparticle disperses were
thoroughly mixed with vortex just before spraying. 0
(control), 50, 75, 100 and 150 ppm chitosan, iron oxide
and chitosan-coated iron oxide complex nanoparticle
disperses were prepared and sprayed on the above
ground parts of the plants separately. Distilled water
was used for the control group. Plants were harvested
10 days after application since the most effective
harvest day were 7-14 days in cell culture studies
(Simic, et al.,2015).

Extraction of Phenolic Compounds

By adding 10 mL chloroform to the air dried and
grinded 0.2 g aerial parts of plant sample was
sonicated for 20 minutes with Sanyo MSE-Soniprep
150, U.K. Samples were centrifuged at 5000 rpm for 5
minutes. 100 microliters from the supernetant was
taken and completed to 100 microliters with methanol
and left in the vials and stored in the refrigerator
until LC-MS/MS analysis.

LC-MS / MS Device

Secondary compound analysis was done by Shimadzu
LCMS 8040 (LC-MS / MS system Shimadzu Nexera
model UHPLC).

It consists of LC-30 AD model gradient pump, DGU-
20A3R model degaser, CTO10ASvp model column
furnace and SIL-30AC model auto sampler.
Chromatographic separation was performed on the



KSU Tarim ve Doga Derg 25 (4): 811-818, 2022
KSU J. Agric Nat 25 (4): 811-818, 2022

Aragtirma Makalesi
Research Article

Agilent Poroshell 120 (EC-C18 2.7 um, 4.6 mm X 150
mm) column. LC-ESI-MS / MS data were collected
and processed with LabSolutions (Shimadzu, Kyoto,
Japan) software registered on the instrument.

Statistical Analysis

Statistical analysis were performed using SPSS 15.0.
Significance was determined by analysis of variance
(ANOVA) and comparisons for the groups were made
with Duncan’s multiple range test. The level of
significance was defined as P<0.05.

RESULT and DISCUSSION

H. triquetrifolium is a widely used Hypericum species
for its antidepressant, antihelmintic and antiseptic
effects in Turkey (Baytop 1999). Various studies have
been carried out to increase the amount of hypericin
and hyperforin in cell cultures by using various
elicitors. Whether the amounts of some secondary
compounds change by applying nano oxide elicitors to
the leaves of Hypericum species has not been the
subject of research.

Using the previous studies (Sharafi et al., 2013;
Ahmad et al., 2018), 0 (control), 50, 75, 100 and 150
ppm chitosan, iron oxide and chitosan coated iron
oxide complex nanoparticle disperses were prepared
and sprayed on the aboveground parts of the plants
during full bloom. Plants were harvested 10 days
after application since the most effective harvest day
for phenil propanoids were 7-14 days in cell culture
studies (Simic et al., 2015).

The secondary metabolite amounts of H.
triquetrifolium in various growth stages collected
from natural environments have been the subject of
various studies (Hosni et al., 2011; Alali et al. 2004).
The secondary metabolite contents of the control
group plants in our study were generally close to
previous studies. In a study investigating the amount
of some metabolites of H. triquetrifolium grown in
natural environment during the flowering period,
hypericin was determined as 0.10 mg ml-1 ,
pseudohypericin 0.12 mg ml-1 , hyperoside 17.6 mg
ml-1 and quercitrin 10.44 mg ml-1  (Hosni et
al.,2011).

In our study, among these compounds, hypericin 0.31
mg ml-1, pseudohypericin 0.37 mg ml-1 , hyperocyte
14.61 mg ml-1 seem to be consistent with other
findings, while the amount of quercitrine was found
to be low (0.50 mg ml-1).

Again Alali et al.,, in 2004, they determined the
hypericin content in H. triquetrifolium as (0.36 mg
ml-1). This result seems to agree with our data in the
control group (0.31 mg ml-1).

Plants produce a variety of secondary metabolites
known to function to protect against living or non-
living agents. Elicitors can activate defense systems

814

by stimulating the metabolic processes of target
plants. The use of signal molecules as elicitors
provides an efficient technique for the production of
secondary compounds in plants (Hatami et al., 2018).

The Effects of Chitosan Nanoparticles

LC-MS / MS analysis showed that application of 100
ppm and 150 ppm chitosan nanoparticles increased
the amount of flavonol (hyperocyte and quercitrin)
and naphthodianthrons (pseudohypericin  and
hypericin) in H. triquetrifolium. Hyperforin, a
phloroglucinol, did not respond to any concentration
of the chitosan nanoparticle.

100 ppm chitosan applied from the leaf during full
blooming; increased the amount of hyperocyte
(18.42+0.52 mg ml-1), quercitrine (0.70+0.02 mg ml-
1), kaempferol (0.21+0.01 mg ml-1) and
pseudohypericin (0.43+0.01 mg ml-1) compared to
control (14.61+0.42; 0.50+0.01; 0.11+0.00; 0.37+0.01
mg ml-1 respectively). In this period, 150 ppm
chitosan; caused an increase in the amounts of
hyperocyte (19.33+0.56 mg ml-1), quercitrine
(0.87+0.03 mg ml-1), pseudohypericin (0.46+0.01 mg
ml-1) and hypericin (0.36+0.01 mg ml-1). The highest
amount of kaempferol (0.21+0.01 mg ml-1) was
obtained from a concentration of 75 ppm (Table 1).

Chitosan is used as an elicitor to stimulate the
production of pharmaceutically useful compounds in
both plant and in vitro systems. (Lei et al., 2011; Yin
et al., 2012; Bistgani et al., 2017).

There is no study on the effect of foliar applied
chitosan on the secondary metabolites of H.
triquetrifolium. However, the effect of chitosan
applied to cell and tissue culture media on the
secondary metabolites of some Hypericum species
were studied. Chitosan stands out as a polysaccharide
elicitor that increases the amount of of xanthones and
other polyphenols in cell cultures of H. perforatum
(Simic et al., 2015).

Foliar application of nanoparticles increases the
productivity and quality of the products as it enables
the nutrients to enter the plant system directly
(Mahil et al., 2019).

Application of 100 ppm and 150 ppm chitosan
nanoparticles increased the amount of flavonol
(hyperocyte and quercitrin) and naphthodianthrons
(pseudohypericin and hypericin) in H.triquetrifolium.
Hyperforin, a phloroglucinol, did not respond to any
concentration of the chitosan nanoparticle (Tablel).
Here, it has been suggested that, chitosan stimulates
the defense system by giving the sensation of
pathogen attack and provides the synthesis of some
plant defense compounds (Franklin et al. 2009).

The Effects of Iron Oxide Nanoparticles

50 ppm iron oxide nanoparticle increased the amount
of hyperocyte (14.58+0.42 mg ml-1), quercitrin
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(0.67+0.02 mg ml-1) and pseudohypericin (0.42+0.01
mg ml-1). 75 ppm and 100 ppm iron oxide
nanoparticles increased the hyperocyte, quercitrin
and hyperforin amounts. 150 ppm iron oxide
nanoparticle caused a statistical increase in all
compounds except hypericin. (Table 2).

It has been found that iron oxide nanoparticles
greatly increase the total phenolic, flavonoid and
some polyphenol content in some plants (Marslin et
al., 2017; Nourozi et al., 2019).

Different concentrations of iron oxide nanoparticles
affected the secondary  metabolites of H.
triquetrifolium in different ways. Hyperocyte and
quercitrine responded to all concentrations of iron
oxide nanoparticles and showed statistically
significant changes compared to control. Both
compounds showed maximum amounts at a
concentration of 150 ppm. Hyperforin, a
phloroglucinol derivative, yielded the highest amount
at 75 ppm iron oxide nanoparticle concentration.

Pseudohypericin (naphthodiantrone) showed
maximum amounts at concentrations of 50 ppm and
150 ppm of iron oxide nanoparticle. Hypericin did not
increase at any concentration of iron oxide
nanoparticle relative to control (Table 2.).

In a study, it was shown that the hypericin and
hyperforin content of cell suspension cultures of H.
perforatum treated with iron nano oxide (50, 100 and
150 pg 1-1) increased compared to control (Sharafi et
al., 2013). In our study, while hypericin was not
affected by any iron oxide nanoparticle
concentrations, pseudohypericin was affected by
concentrations of 50 ppm and 150 ppm and increased
compared to control.

In another study, 100 pmol iron oxide nanoparticle
applied to the nutrient medium under in vitro
conditions significantly increased the amount of
flavonoid in H. perforatum (Masjedlo and Mahtab

2020). In our study, the quercitrin and kaempferol
increased in all concentrations of iron oxide
nanoparticles. These findings are seen in agreement
with the results we obtained from our study.

The Effects of Chitosan-Coated
Nanoparticles

Iron Oxide

In this series, concentration of 100 ppm chitosan
coated iron oxide nanoparticles was effective and
increased the amount of quercitrin (1.07+0.03 mg ml-
1), kaempferol (0.24+0.01 mg ml-1) and
pseudohypericin (0.43+0.01 mg ml-1). The 75 ppm
concentration of this group was effective on quercitrin
(0.54+0.02 mg ml-1) (Table 3).

Coating metal oxide nanoparticles with organic
polymers can improve their physical, chemical and
biological properties (Zhu et al., 2018; Bharathi et al.,
2019).

Chitosan is a widely used organic polymer due to its
non-toxic, non-easily degradable, antimicrobial
activity and biocompatibility properties (Kumar et al.,
2000; Rabea et al., 2003). On the other hand, metal
oxide nanoparticles coated with chitosan may be
easier to take into plants (Abdel-Aziz et al., 2018).

Therefore, the effect of chitosan coated iron oxide
nanoparticle on the phenolic compounds of H.
triquetrifolium was also investigated.

In this study, a concentration of 100 ppm chitosan
coated iron oxide nanoparticles was effective and
increased the amount of quercitrin, kaempferol, and
pseudohypericin. The 75 ppm concentration of this
group was effective only on quercitrin.

Although it is thought that better results can be
obtained due to the improvement of the biological and
chemical properties of metal oxides coated with
chitosan, parallel findings were not obtained in our
study.

Tablel. The effects of different concentrations of foliar applied chitosan nanoparticles on the secondary metabolites of

H. triquetrifolium during full bloom.

Cizelgel. Tam c¢igeklenme déoneminde yapraktan uygulanan kitosan nanopartikiillerinin farkli konsantrasyonlarinin
H. triquetrifolium’un ikincil metabolitleri tizerine etkileri.

Compound mg ml?! Control 50 ppm 75 ppm 100 ppm 150 ppm
Hyperocyte 14.61+0.422 18.03+0.52P 18.19+0.39b 18.42+0.52P 19.33+0.56¢
Quercitrin 0.504£0.012 0.69+0.02P 0.5940.02¢ 0.70+0.02b 0.87+0.034
Kaempferol 0.11+0.002 0.18+0.01b 0.19+0.01b 0.21+£0.01¢ 0.19+0.01%
Hyperforin 4.29+0.122 2.93+0.08P 3.23+0.09¢ 1.78+0.054 4.30£0.122
Pseudohypericin 0.37+0.012 0.37+£0.012 0.30+0.01P 0.43£0.01¢ 0.46+0.01¢
Hypericin 0.31+0.012 0.27+0.01b 0.26+0.01b 0.31+0.012 0.36+0.01¢

Each data is the average of three replicates. Differences between the means indicated by different letters in the same line are

significant (P <0.05).
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Table 2. The effects of different concentrations of foliar applied iron oxide nanoparticles on the secondary metabolites
of H. triquetrifolium during full bloom.
Cizelge 2. Tam c¢iceklenme doneminde yapraktan uygulanan demir oksit nanopartikiillerinin farkl
konsantrasyonlarinin H. triquetrifolium’un ikincil metabolitleri etkileri.

Compoundmg ml? Control 50 ppm 75 ppm 100 ppm 150 ppm
Hyperocyte 14.61+0.422 14.58+0.422 14.09+0.392 18.03+0.52P 20.50+0.59¢
Quercitrin 0.50+0.012 0.67+0.02P 0.61+0.02¢ 0.71+0.024 0.72+0.024
Kaempferol 0.11+0.00# 0.17+0.00° 0.1440.00¢ 0.17+0.00V 0.20+0.014
Hyperforin 4.2940.122 3.22+0.09P 5.36+0.15¢ 5.26+0.15¢ 5.17+0.15¢
Pseudohypericin 0.37+0.012 0.42+0.01P 0.34+0.01¢ 0.37+0.012 0.42+0.01P
Hypericin 0.31+0.012 0.28+0.01b 0.24+0.01¢ 0.31+0.012 0.28+0.01"

Each data is the average of three replicates. Differences between the means indicated by different letters in the same line are
significant (P <0.05).

Table 3. Effects of different concentrations of foliar applied chitosan-coated iron oxide nanoparticles on the
secondary metabolites of H. triquetrifolium during full bloom.

Cizelge 8. Tam c¢igeklenme doneminde yapraktan uygulanan kitosanla kaplanmis demir oksit

nanopartiktillerinin farkli konsantrasyonlarinin H. triquetrifolium’un ikincil metabolitleri tizerine

etkilerr.

Compound mg m]! Control 50 ppm 75 ppm 100 ppm 150 ppm
Hyperocyte 14.61+0.422 10.87+0.31P 12.69+0.37¢ 14.88+0.432 12.15+0.35¢
Quercitrin 0.50+0.01a 0.45+0.01P 0.54+0.02¢ 1.07+0.034 0.46+0.01P
Kaempferol 0.10+0.00= 0.12+0.00P 0.15+0.00¢ 0.24+0.014 0.12+0.00P
Hyperforin 4.49+0.12a 2.65+0.08P 3.64+0.10¢ 2.80+0.08P 4.52+0.132
Pseudohypericin 0.38+0.012 0.34+0.01b 0.38+0.012 0.43+0.01¢ 0.37+0.012
Hypericin 0.31+0.01= 0.20+0.01P 0.26+0.01¢ 0.30+0.012 0.20+0.01P

Each data is the average of three replicates. Differences between the means indicated by different letters in the same line are
significant (P <0.05).

CONCLUSION

According to our results, it can be argued that chitosan stimulates the defense system by giving the feeling of
pathogen attack and provides the synthesis of some plant defense compounds. While iron oxide nanoparticles
were successful in increasing the amount of quercitrin and kaempferol, it was thought that better results could
be obtained due to the improvement of the biological and chemical properties of metal oxides coated with
chitosan, which did not reflect positively on the results.

Grains. Egyptian Journal of Botany, 58(1): 87-95.
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ABSTRACT Biochemistry
This study was carried out to examine the in vitro antioxidant and
Research Article

cytotoxic effects of methanol extracts of Fumaria parviflora Lam. and
Fumaria capreolata. Antioxidant assays carried out by employing 1,1-

diphenyl-2-picrylhydrazyl (DPPH) radical scavenging and  “rticle History

phosphomolybdate assays. Cell viability was quantified by employing iecei\;e(; 1283;8;}
MTT assay for 24, 48 and 72 h of exposures to 25-250 pgmlL-1 ceepte TR
concentrations of the extracts. F. parviflora methanol extract Keywords

possessed the highest antioxidant activities in both free DPPH
scavenging and total antioxidant capacity assays. Results from MTT
assay revealed that F. capreolata methanol extract significantly
increased the cell proliferation in human hepatocellular carcinoma
(Hep3B) cells after 24 and 48 hours of treatment. After 72 hours of
treatment, methanol extract slightly inhibited the proliferation of
Hep3B cell lines, in a time-and dose-dependent manner. While F.
parviflora extract had the highest cytotoxic effect on Hep3B cells after
72 hours of the treatment. F. capreolata did not cause any significant
cytotoxic effect on these cell lines.

1,1-diphenyl-2-picrylhydrazyl
Antioxidant activity
Cytotoxicity

Fumaria parviflora

Fumaria capreolata

Fumaria parviflora Lam. ve Fumaria capreolata L. nin Antioksidan ve Sitotoksik Aktiviteleri

OZET Biyokimya

Bu calismada, Fumaria parviflora ve Fumaria capreolata metanol

ozutlerinin in vitro antioksidan aktiviteleri ile iki farkli insan Aragtirma Makalesi
hepatoselliiler karsinoma (Hep3B ve HepG2) hiicre hatt1 tizerindeki

sitotoksik etkileri arastirilmigtir. Oziitlerin antioksidan aktiviteleri Makale Tarihgesi
1,1-diphenyl-2-picrylhydrazyl (DPPH) radikalini siipiirme ve Gelig Tarthi  :19.03.2021
fosfomolibdat testi ile belirlenmigstir. Hiicre canlilig: ise 24, 48 ve 72 Kabul Tarihi :16.07.2021

saatlik farkl éziit konsantrasyonlar: (25-250 ugmL-1) ile muamele

sonrasinda MTT testi ile belirlenmigtir. F. parviflora ve F. capreolata
metanol oziitleri serbest DPPH siiptirme aktivitesi ve toplam
antioksidan kapasitesi acisindan karsilastirildiginda, F. parviflora
metanol 6zttii hem DPPH serbest radikalini stiptirme hem de toplam
antioksidan kapasitesi bakimindan yiiksek aktiviteye sahiptir. MTT
assay sonuclari, F. capreolata metanol ozutinin 24 ve 48 saatlik
muameleden sonra Hep3B hiicrelerinde hiicre gogalmasini 6nemli
Olciide artirdigini ortaya cikarmistir. 72 saatlik uygulama sonrasi,
metanol o6zutii Hep3B hiicrelerinin  ¢ogalmasini zamana ve
konsantrasyona bagh sekilde hafif inhibe etmistir. /. parviflora 6ziiti,
Hep3B hiicreleri uzerinde sadece 72 saatlik uygulamada yuksek
sitotoksik etkiye sahipken, F. capreolata bu hiicreler lizerinde 6nemli
bir sitotoksik etki géstermemigtir.

Anahtar Kelimeler
1,1-diphenyl-2-picrylhydrazyl
Antioksidan aktivite
Sitotoksisite

Fumaria parviflora

Fumaria capreolata

To Cite: Celik TA, Aslantiirk OS, Yilmaz ES, Giizel Y 2022. Antioxidant and Cytotoxic Activities of Fumaria parviflora
Lam. and Fumaria capreolata L. KSU J. Agric Nat 25 (4): 819-827. https://doi.org/10.18016/ ksutarimdoga.vi.
899937.

AutifIcin:  Celik TA, Aslantiirk OS, Yilmaz ES, Giizel Y 2022. Fumaria parviflora Lam. ve Fumaria capreolata L.nin

Antioksidan ve Sitotoksik Aktiviteleri. KSU Tarim ve Doga Derg 25 (4): 819-827. https://doi.org/10.18016/

ksutarimdoga.vi. 899937.




KSU Tarim ve Doga Derg 25 (4): 819-827, 2022
KSU J. Agric Nat 25 (4): 819-827, 2022

Aragtirma Makalesi
Research Article

INTRODUCTION

Fumaria known as fumitory or earth smoke, are
generally regarded as weeds in many regions; several
species such as F. indica (Hausskn. Pugsley, F
officinalis L., F. capreolata L., F. parviflora Lam., F.
densiflora DC., and F. vaillantii Loisel., however, have
been used for a long time as medicinal plants in folk
medicine. (Zhang et al., 2020). As a result of
phytochemical studies, it has been reported Fumaria
species contain a large number of chemical
components, including alkaloids, flavonoids, saponins,
steroids, triterpenoids, anthraquinones, tannins,
glycosides and amino acids (Humayun et al., 2012;
Jameel et al., 2014). Recently, it was reported that
Fumaria species have hepatoprotective, antiviral, anti-
inflammatory, antinociceptive, antimicrobial,
antioxidant and antitumor activity due to their
compounds like isoquinoline alkaloids. F. parviflora
Lam.(Papaveraceae), a small branched annual herb
found in Europe, Asia, and Africa and many parts of
the world including the Middle East and South Asia,
are used traditionally in Turkey for the treatment of
liver and bile duct disorders and dermatological
disorders like acne, eczema and scabies. It was
reported that the major chemical constituents of
parviflora include alkaloids like protopine, parfumine,
d-bicuculline, hydrastine, N-methlhydrastine, N-
methylhydrasteine,  microcarpine, sanguinarine,
adlumiceine, coptisine, fumaritine, sinactine, N-
methylstylopine and sterols like B-sitosterol,
stigmasterol and campesterol (Fafal and Oniir, 2007;
Paltinean et al., 2013; Kumar et al., 2018). Also, Bribi
et al (2015) reported the in vivo and in vitro anti-
inflammatory and antinociceptive effects of F.
capreolata total alkaloid extract, which is another
herbaceous annual Fumaria plant that is native to
Europe, Western Asia and Northern Africa and
naturalized in Southern Australia, New Zealand, and
Southern America (Atlas of Living Australia, 2021).
Isoquinoline alkaloids, stylopine, protopine,
fumaritine, fumaricine, fumarophycine, fumariline,
fumarofine were determined by GC-MS from the aerial
parts of F. capreolata (Maiza-Benbdesselam et al.,
2007). In traditional medicine, it is used as a bile
enhancer, in the treatment of eczema and fungal
diseases in Turkey (Giizel et al., 2015).

While numerous advances in cancer treatment
approach to cancer management, cancer remains the
world’s leading cause of death. Hepatocellular
carcinoma (HCC) is a primary malignancy commonly
seen in the liver and accounts for as many as 1 million
deaths annually worldwide. In certain areas of the
world, HCC has the highest recurrence among internal
malignancies and hence the customary reason for
cancer death (Raza and Sood, 2014). The rising cost of
conventional cancer therapies has forced people to
focus more on traditional medicine (Sheldon et al.,
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1997). Herbal medication can be used as an alternative
medical solution and a healthy option in chemotherapy
and can be successful in the treatment of lower
systemic toxicity treatment (Gao et al., 2011).

Antioxidant properties are dependent on a compound’s
molecular structure. Because of this, natural
antioxidants are much more favorable to human
health than synthetic antioxidants. Antioxidant
agents are found in a different part of plants and have
been used as an important protective factor for human
health (Kumar et al., 2018). However, recent concern
has been raised in the use of these plants based on
their natural antioxidants for various uses, such as the
food industry, preventive materials and therapeutic
medicines (Nemzer et al., 2019). Although studies are
present on the phytochemical content and antioxidant
activities of F. parviflora and F. capreolata, there is no
study about the chemotherapeutic potential of these
plants as an alternative drug for liver cancer disease.

In the present study, as methanol extracts of these
plant species have not been previously tested against
human hepatocellular carcinoma (Hep3B and HepG2)
cancer cell lines, cytotoxicity and antioxidant activities
of F. parviflora and F. capreolata methanol extracts
were evaluated in this study.

MATERIALS and METHODS
Chemicals

Dulbecco's Modified Eagle Medium (DMEM), fetal
bovine serum (FBS) penicillin-streptomycin, MTT [3-
(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium
bromide] were purchased from Sigma, Chem, Germany
and methanol, dimethyl sulfoxide (DMSO) were
purchased from Merck, Germany.

Collection of Plant Material

The aerial parts of both F. parviflora and F. capreolata
were used in this study. From the Mediterranean flora,
two species were harvested in April-2018 from the
Hatay region: F parviflora from Iskenderun-
Karayilan-36°42'28.3"N 36°14'06.0"E; F. capreolata
from  Defne-Bah¢ekdy-36°07'34.0"N  36°06'37.6"E.
Voucher numbers are, Y. Giizel-1101 for F. parviflora
and Y. Guzel-1102 for F. capreolata. Identification of
the plants was made by Dr. Yelda Giizel based on
Cullen (1965). Voucher specimens were deposited in
the Herbarium of the Hatay Mustafa Kemal
University, Department of Biology.

Extraction

The aerial parts of these plant species were separated
from their stems, air-dried for a week at the room
temperature and stored until extraction. The air-dried
samples (25 g) were grounded into fine powder using
an electric blender (HR2118 Philips, Netherlands).
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These plant powders were separately extracted with
500 mL methanol at room temperature for 24-48 h.
After filtration with 0.45 um pore size syringe filter,
the extract was evaporated at 40 C under reduced
pressure (Laborota 4002, Heidolph). The crude
extracts were kept at 4 °C until the experimental
studies performed.

Antioxidant Activity of Plants
1,1-diphenyl-2-picrylhydrazyl
scavenging assay

(DPPH) radical

The DPPH free radical scavenging potential assay is
based on the stable DPPH scavenging activity.
Quantitative measurements of radical scavenging
assay were carried out according to the method
described by Brand-Williams et al (1995). One
milliliter of 0,1 mM DPPH methanol solution was
added to 3 ml of various concentrations (10, 25, 50, 75,
100 and 150 pgmL-1) of extracts in methanol. The
mixture was vigorously shaken, then left at room
temperature to stand. Using a microplate reader (Elisa
Reader, Biotek Co, USA) the absorbance of the mixture
was measured at A =517 nm after 30 min. A
commercially known antioxidant, ascorbic acid, was
used for comparison or as a positive control. Tests were
performed in triplicate (25 and 50 ng mL-1).

The percentage of the DPPH free radical was
calculated using the following equation:

DPPH Scavenging capacity (%) = [(40-47)/A40]x100 (1)

Where Ao was the absorbance of the control and A: was
the absorbance in the presence of the F. parviflora and
F. capreolata methanol extracts. The actual decrease
in absorption induced by the test was compared with
the positive controls. The ICs0 (concentration providing
50% inhibition) values were calculated use the dose
inhibition curve in the linear range by plotting the
extract concentration versus the corresponding
scavenging effect.

Phosphomolybdate (total antioxidant capacity) assay

The total antioxidant capacity (TAC) assay of samples
was carried out by the phosphomolybdenum method
(Ghafoor and Choi, 2009). A 0.1 ml aliquot of the
extract (10, 25, 50, 75, 100 and 150 pgmL-1) solution
was shaken with 1 mL of reagent solution (0.6 M
sulfuric acid, 28 mM sodium phosphate and 4 mM
ammonium molybdate). The test tubes were covered
with aluminum foil and incubated in a water bath at
95 °C for 90 minutes. After the samples were cooled,
the absorbances were measured at 765nm. Ascorbic
acid was used as standard (25 and 50 pgmL-1) and the
results were expressed as pgmL-! of ascorbic acid
equivalents. The total antioxidant capacity (TAC) of
the extracts was estimated using the following
formula:

Total antioxidant capacity (%)
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[(Abs. of control — Abs. of sample)/(Abs. of controD] x 100 (2)
Abs: absorbance

Cell culture and in vitro cytotoxicity assay

The two human hepatocellular carcinoma cancer cell
lines Hep3B (ATCC HB-8016) and HepG2 (ATCC HB-
8065) were used for cytotoxicity tests. HepG2 and
Hep3B are the most widely used hepatocellular
carcinoma cell lines in drug metabolism and
hepatotoxicity studies. Despite their well-known
similarities, there are significant differences between
these two cell lines. HepG2 and Hep3B are of different
ethnic origins. In literature differences have been
described between HepG2 and Hep3B in several
categories, including intrinsic and drug-dependent
gene expressions, drug-modified cell cycle, cell growth
inhibition, and signaling pathways associated with
differential drug responses (Qui et al., 2015). These
cells were cultured and routinely maintained in
Dulbecco's Modified Eagle Medium (DMEM) with 10%
fetal bovine serum (FBS), 100 U/ml penicillin, and 100
mg/ml streptomycin and were incubated at 37°C in a
humidified atmosphere containing 5% Carbondioxide
(CO2) inside a COz incubator until confluent. The cells
were trypsinized and cytotoxicity assays were
performed in 96 well-plates.

Cell viability was examined by the ability of the cells
to cleave the tetrazolium salt MTT [3-(4,5-
dimethylthiazol-2-y1)-2,5- diphenyl tetrazolium
bromide, by the mitochondrial enzyme succinate
dehydrogenase following the procedure as described
earlier (Mossman, 1983). The plant extracts were
tested on cancer cell lines for their cytotoxicity using
MTT assay. Briefly, cells were placed as
1x103cells/plate into the 96-well plates, and the sample
extract solutions were added at concentrations ranging
from 40 ugmL! to 250 pgml! for evaluation of their
cytotoxicity and incubated for 24, 48, and 72 hours. The
control cells only received maintenance medium.
Furthermore, the anticancer agent, Farmorubicin (40
ngmL1) was used for positive control and 0.1%
dimethyl sulfoxide (DMSO), treated cells served as
solvent control. The treated cells were incubated with
MTT (0.5 mg/ml in phosphate buffered saline) for 4
hours at 37 °C. The medium was removed and dye
crystal formazan was solubilized in DMSO. The
absorbance was measured at 545 nm using a multi-
plate reader (Biotek Epoch, USA) (Duthie et al., 2000).

All of the absorbance values were compared to the
control samples (without any compound) which
represented 100% viability.

Cell viability (%)= [(4s -Ab)/(Ac - Ab)] x100
As: Absorbance Sample

Ab: Absorbance Blank

Ac: Absorbance Viable cell (control)

3
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Statistical Analysis

Differences in the means of individual dosage group
and the control of each extract was analyzed using one-
way ANOVA (Analysis of Variance) in the SPSS 20.0
(USA) software package program. Level of significance
was set at p < 0.05 level.

RESULTS and DISCUSSION

Determination of the antioxidant activities of various
plant species could contribute to show the significance
their as sources for new antioxidant compounds
(Chaves et al., 2020). Usually, the antioxidant
properties especially that of phenolic compounds in
plant extracts are efficient at low concentrations and,
are associated with the prevention of some diseases
like cardiovascular disease and cancer in humans.
(Duthie et al.,, 2000; Li et al., 2014; Acay et al,
2021). In recent years, herbal therapy has emerged as
an important branch of complementary and
alternative medicine for cancer-related targets, to
reliably reduce chemotherapy-associated toxicity.
Various studies have shown that natural products
derived from plants can effectively regulate cancer cell
proliferation, differentiation and expression for
different cancers in vitro and in vivo (Barretina et al.,
2014).

Antioxidant activities

The free DPPH radical scavenging activity of
methanolic extract of F. parviflora as comparable with
known antioxidant ascorbic acid (positive control) is
shown in Table 1.

The total antioxidant activity of F. parviflora methanol
extract was concentration-dependent and there were
statistically significant differences (p < 0.05) with

increasing extract concentration. The 25 and 50 pgmL-
1 of ascorbic acid synthetic antioxidant showed high
antioxidant activity in free DPPH scavenging and
phosphomolybdate assays (75.00% and 76.34%,
respectively). The total antioxidant capacity of F
parviflora was lower than free radical scavenging
activity. On the other hand, the total antioxidant
capacity of F. parviflora methanol extract was lower
than free radical scavenging activity. Total antioxidant
capacity increased from75 pgmL?l to over 50%,
reaching the highest value at 150 ugmL1 (71.25%).
However, these values remained low when compared
to the total antioxidant capacity displayed by ascorbic
acid. The absorbance was recorded at 517 nm after 30
minutes of incubation and the ICso value was
calculated. ICso value is the concentration of the
sample required to scavenge 50% DPPH.

The antioxidant activity of F. capreolata methanol
extract was concentration-dependent and there was a
statistically significant difference (p<0.05) with
increasing extract concentration. The ICso value for
free DPPH scavenging activity was also quite high
(125.92 pgmL1). Total antioxidant activity values were
also similar to DPPH scavenging activity (Table 1).

When F. parviflora and F. capreolata methanol
extracts were compared in terms of free DPPH
scavenging activity and total antioxidant capacity, F.
parviflora methanol extract was more effective for both
free DPPH scavenging activity and total antioxidant
capacity. The F. parviflora methanol extract showed
significant free radical scavenging potential with an
ICs0 of 15.06 pugmLl. The F. capreolata methanol
extract showed insignificant free radical scavenging
activity with ICso of 125.92. Ascorbic acid however
showed better free radical scavenging activity with
ICs0 of 25 and 50 pgmL! been <25.00.

Table 1. Antioxidant activity of methanolic extract of F. parviflora and F.capreolata
Cizelge 1. F. parviflora and F.capreolata methanol ekstrelerinin antioksidan aktivitesi

Concentrations DPPH scavenging ICso DPPH Total antioxidant ICso Total
(pgmL1) activity (% +SD )  scavenging  capacity antioxidant
(pgmL1) (%=+SD ) capacity( ugmL1)
25 75.00 + 0.007* 77.45+0.014*
Ascorbic acid 50 76.34 + 0.007* < 25.00 78.89 +£0.031* <25.00
10 47.32 £ 0.002* 22.73 £0.023
25 50.89 + 0.021* 36.15 + 0.006*
F. parviflora 50 57.59 +0.011* 15.06 46.48 £ 0.030* 71.32
75 60.27 £ 0.016* 51.77+£0.014*
100 69.64 +£0.017* 65.57 £ 0.004*
150 70.54 £ 0.031* 71.25 £ 0.097*
10 24.11+0.019 10.52 + 0.003
25 30.36 + 0.035* 28.04 £ 0.006*
F. capreolata 50 34.67 + 0.009* 32.67 £ 0.002*
75 4598+ 0.017* 125.92 39.29 + 0.004* 94.75
100 46.88 + 0.018* 61.14 + 0.023*
150 50.89 + 0.017* 66.50 + 0.014*

*p<0.05, All comparisons were made with untreated control cells.
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When F. parviflora and F. capreolata methanol
extracts were compared in terms of free DPPH
scavenging activity and total antioxidant capacity, F.
parviflora methanol extract was more effective for both
free DPPH scavenging activity and total antioxidant
capacity. This difference between the antioxidant
activities of the extracts may due to these two plants
having different phytochemical contents. Moghaddam
et al. (2018) investigated the antioxidant activity of F
vaillantii  with  various antioxidant methods
(Moghaddam et al., 2018). They reported that the total
phenolic content and antioxidant activity of the plant
reached the highest value in the vegetative period. In
another study, the antioxidant activity of F. parviflora
root, stem, leaf and fruit ethanolic extracts were
determined by the 2,2-diphenyl-1-picrylhydrazil
method and it was determined that the extract with
the highest antioxidant activity was leaf ethanol
extract (Kumar et al., 2018). Researchers have
suggested that F. parviflora Lam leaf ethanolic extract
has more polyphenols and flavonoid compounds, which
may be responsible for antioxidant activity.
Noureddine et al. (2013) reported that the total
alkaloid fraction from F. capreolata showed
antioxidant activity without any toxicity in vivo.
Maiza-Benabdesselam et al, (2018) measured the
antioxidant activity, reducing power, inhibiting ability
of linoleic acid peroxidation and 2,2-diphenyl-

picrylhydrazyl (DPPH) of alkaloid extracts of F.
capreolata (L) and F. bastardii (L.) and determined
that the extracts obtained from the aerial parts of

these plants contained isoquinoline alkaloids,
stylopine, protopin, fumaritine, fumaricine,
fumarophycine, fumarilin, fumarofin by GC-MS

method. The results of the study showed that both
herbal extracts showed strong total antioxidant
activity, but F. bastardii extract was more effective
than F. capreolata. The results of our study are similar
to the results of these researchers.

Cytotoxic activities
Cytotoxic activity of 7. parviflora methanol extract

Cell viability assay results indicated that F. parviflora
methanol extract caused a concentration-dependent
increased in the proliferation of Hep3B cells (Table 2).
After 24 hours of incubation, the methanol extract of
F. parviflora started to increase proliferation from 25
pgmLt and showed the most increase at the highest
concentration (250 ugmL1; 257.15%) compared to the
control and solvent control (DMSO) group (p<0.05).
Depending on the increase in the treatment time, the
viability of Hep3B cells decreased and a high cytotoxic
effect was obtained after 72 hours at 250 pgmL?
concentration (33.65%.)

Table 2. The effect of F. parviflora methanol extract on the viability of Hep3B and HepG2 cells
Cizelge 2. F. parviflora methanol oziitiiniinHep3B ve HepG2 hiicrelerinin canlilig tizerindeki etkisi

Concentrations Cell viability % + SD
(pgmL1) Hep3B cells HepG2 cells

24h 48h 72h 24h 48h 72h
Control 100+0.00 100+0.00 100+0.00 100+0.00 100+0.00 100+0.00
Solvent control 97.48+0.035 96.19+0.014 96.00+0.174  96.21+0.036 96.02+0.060  95.80+0.106
(DMSO0)
Farmorubicin  0.500.022*  0£0.000% 0+0.000* 0+0.000* 0:£0.000% 0+0.000*
40
25 124.39+0.107* 96.19+0.078  72.90+0.206* 108.38+0.253 90.17+0.050  81.41+0.099*
50 153.65+0.041*% 91.61+0.282  68.43+0.374* 103.82+0.045 85.42+0.105* 75.92+0.248*
75 165.04+0.059* 89.90+0.035  59.49+0.095* 99.66+0.059 84.26+0.071* 69.87+0.180*
100 179.94+0.035*% 88.69+0.415  50.55+0.268* 99.32+0.566 83.15+0.154* 67.65+0.064*
150 226.28+0.014* 88.52+0.353  50.09+0.457* 98.36+0.081 79.01+0.012* 64.69+0.061*
200 250.67+0.085*% 86.54+0.048  39.38+0.051* 94.99+0.326  76.91+0.028* 64.01+0.219*
250 257.15+0.104* 78.04+0.012* 33.65+0.089* 91.78+0.034  76.09+0.021* 53.45+0.075*

*p<0.05, All comparisons were made with untreated control cells.

The effect of F. parviflora methanol extract on viability
and proliferation of HepG2 cells is shown in Table 2.
25 and 50 pgmI! concentrations of F. parviflora
methanol extract slightly increased the viability and
proliferation of HepG2 cells after 24 h treatment. The
other extract concentrations after 24 h treatment had
no significant effects on cell viability and proliferation
compared to the control and solvent control (DMSO)
group (p<0.05). After 48h treatment, HepG2 cell
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viability and proliferation decreased by increasing
concentration. All the extract concentrations, except
for 25 pgml 1, decreased cell viability and proliferation
significantly in comparison with control and solvent
control. All concentrations of F. parviflora methanol
extract showed the cytotoxic effect on HepG2 cells after
72 h treatment (p<0.05). The cytotoxic effect reached
53.45% with 250 pgmL! extract treatment.
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Cytotoxic activity of F. capreolata methanol extract

The effects of F. capreolata methanol extract on Hep3B
cell viability and proliferation is presented in Table 3.
After 24 hour treatment, F. capreolata methanol
extracts concentrations increased the wviability and
proliferation of Hep3B cells at a very high level in
comparison with the control group (p<0.05). The
highest cell viability was observed after 25 pgmL?

(195.13%). 48 hour treatment of F capreolata
methanol extracts also increased cell viability and
proliferation. However, F. capreolata methanol extract
reduced the viability and proliferation of Hep3B cells
after 72 h treatment, concentration-dependently.
However, this reduction was not statistically
significant in comparison with control and solvent
control (p<0.05).

Table 3. The effect of F. capreolata methanol extract on the viability of Hep3B and HepG2 cells
Cizelge 8. F. capreolata methanol oziitiiniin Hep3B ve HepG2 hiicrelerinin canlilig1 tizerindeki etkisi

Concentrations Cell viability % + SD
(pgmL1) Hep3B cells HepG2 cells

24h 48h 72h 24h 48h 72h
Control 100+0.00 100+0.00 100+0.00 100+0.00 100+0.00 100+0.00
Solvent control 97.76+0.015  97.55+0.043 96.50+0.005 98.30+0.051 97.08+£0.051 96.00+0.258
(DMSO)
Farmorubicin 0+0.000* 0+0.000* 0+0.000* 0+0.000* 0+0.000* 0+0.000*
40
25 195.13+0.20* 147.54+0.530*% 98.54+0.196 92.09+0.117  83.46+0.109* 75.95+0.071*
50 192.70+£0.21* 146.87+0.125*% 97.19+0.384 91.87+0.043 79.40+0.027* 73.42+0.115*
75 174.32+0.05*% 127.90+0.175% 95.68+0.004 91.02+0.016  76.49+0.003* 72.91+0.083*
100 167.83+£0.17* 105.35+0.287  93.02+0.426 84.02+0.012* 76.19+0.307* 71.86+0.106*
150 167.02+0.06* 104.91+0.312  88.39+0.266 81.32+0.076* 73.98+0.113* 70.24+0.268*
200 161.62+0.04* 102.90+0.021 87.61+0.111 78.21+£0.419* 73.20+0.021* 66.53+0.210*
250 155.13+0.0 *  97.63+0.069 86.32+0.041 70.71+0.150*% 67.49+0.378* 64.14+0.123*

*p<0.05, All comparisons were made with untreated control cells.

F. capreolata methanol extract decreased the HepG2
cell viability in a time and concentration manner. After
24hour treatment, methanol extract reduced cell
viability and proliferation significantly in comparison
with the control groups. After 48 and 72 hour
treatments, all extract concentrations significantly
reduced the viability and proliferation of HepG2 cells
compared to the control groups (p < 0.05).

Finally, when the cytotoxic effect of F. parviflora and
F. capreolata methanol extracts on Hep3B and HepG2
cancer cell lines were compared, it was determined
that the cytotoxic effect of F. capreolata methanol
extract was more effective than that of F. parviflora
methanol extract, concentration- and time-dependent.

The cytotoxic effect of F. parviflora methanol extract
on Hep3B cells decreased depending on the treatment
time and concentration. All extracts exhibited
minimal cytotoxic effect, especially at high
concentrations, after 72 hours of treatment and did not
affect the viability of Hep3B cells with increasing
incubation time (Table 1). However, extract of this
plant showed cytotoxic activity after 48 and 72 hours
of treatment on HepG2 cells (Table 1). This may be
because Hep3B and HepG2 cells have different
sensitivities against the compounds that are present in
the extract. The cytotoxic effect of F. parviflora
methanol extract on HepG2 cells also decreased
depending on the treatment time and concentration.
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Results from MTT assay revealed that F. capreolata
methanol extract significantly increased cell
proliferation in Hep3B cells after 24 and 48 hour of
treatment. After 72 hour of treatment, methanol
extract slightly inhibits the proliferation of Hep3B
cells, in a time-and dose-dependent manner. The
cytotoxic effect of F.capreolata methanol extract on
HepG2 cells also decreased depending on the
concentration and treatment time (Table 2). Many
phytochemicals show a non-monotonic
dose/concentration response called a biphasic dose
response, depending on the dose and the time of
administration. For example, while stimulating cell
proliferation at low doses and short time applications,
they show a cytotoxic effect in high doses and longer
administration times. These phytochemicals that
cause biologically opposite effects at different doses
and /or durations are called hormetic compounds
(Siddiqui et al., 2015, Jodynis-Liebhert and Kujawska,
2020). It can also be described as the induction of
multiple cellular functions with different hormetic
properties (DNA repair, antioxidant defenses,
autophagy or others), whose actions are controlled by
the interaction of multiple receptors and signaling
pathways to produce an integrated cellular response
(Calabrese and Mattson, 2017; Jalal et al., 2021).
Hormesis is a synchronized reaction of any living
organisms (plants and animals) to self-imposed
adversity that influences certain signal-transduction
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processes (hormetic) and biological plasticity to
correlate endpoint response (Calabrese and Mattson,
2017). This biological plasticity serves as a foundation
for adaptation to adversity (Ho and Zhang, 2018). The
reason for the increase in proliferation observed in
Hep3B cells as a result of the application of
F.parviflora and F. capreolata methanol extracts for 24
hours may be the hormetic compounds found in the
extracts and showing biphasic dose response. When
the cytotoxic effect of F. parviflora and F. capreolata
methanol extracts on Hep3B and HepG2 cancer cell
lines were compared, it was determined that the
cytotoxic effect of F. capreolata methanol extract was
more effective than that of F. parviflora methanol
extract, concentration-and time-dependent. This
difference may have arisen due to different sensitivity
of Hep3B and HepG2 cells against phytochemical
compounds in methanol extract against different
Fumaria plants and some cytotoxic compounds in
these extracts.

Previous studies on different Fumaria species
suggested that the effects of these plants on cell
proliferation vary according to the type of extract and

cell type used in the studies. Recently, anti-
proliferative activity of F. vaillantii hexane,
chloroform, ethyl acetate, methanol and total

(water:ethanol (80:20 v/v)) on SKMEL-3 malignant
melanoma, MCF-7 human breast adenocarcinoma, and
K562 human myelogenous leukemia cells was
reported. Researchers suggested this effect occurred by
the necrotic activity of extracts (Tabrizi et al., 2016). In
contrast, hepatoprotective effects of various Fumaria
species were reported previously (Seyed et al., 2007;
Rathi et al., 2008; Hussain et al., 2012; Ezzat et al.,
2012). It has been shown that F parviflora can
counteract CCls-induced hepatotoxicity due to its
antioxidant activities (Jamshidzadeh and Niknahad,
2006). By blocking the critical control points of
apoptosis the in vitro protective effect of F. parviflora
on nimesulide induced cell death in primary rat
hepatocyte cultures (Triphati et al., 2010). In another
study, it was reported that F. parviflora extract
possess selective  protective  effect  against
hepatotoxicity due to MDME inhibition mediated
paracetamol (Gilani et al., 1996). Furthermore, it was
suggested F. parviflora ethanol extract prevents lead-
induced testicular toxicity in male adult rats and it
improves reproductive parameters in lead-treated
male rats (Dorostghoal et al., 2013). Also, Bribi et al
(2015) reported the in vivo and in vitro anti-
inflammatory and antinociceptive effects of F
capreolata total alkaloid extract (Bribi et al., 2015).
Furthermore, it was reported that the total alkaloid
fraction of F. capreolata has antioxidant activity and
no toxic effect on mice, when orally administered up to
2000 mg mL1 of the total alkaloid extract (Bribi et al.,
2013). Several studies have been conducted on the
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short-term effects (up to 4 days) of F. parviflora for the
treatment of different organs. Some previous studies
showed the beneficial effects of the F. parviflora in the
treatment of hepatobiliary system  diseases
(Nabavizadeh et al., 2009; Adewusi and Afolayan,
2010). On the other hand, the hepatoprotective effects
of this plant have been reported by Gilani et al, (1996)
and Heidari et al (2004).

CONCLUSION and RECOMMENDATIONS

The results of our study showed that F. parviflora and
F. capreolata methanol extracts possess antioxidant
activity. Furthermore, F. parviflora and F. capreolata
methanol extract increased the proliferation of Hep3B
and HepG2 cancer cells in 24 hours. They have
cytotoxic effect after 48h and 72h treatment. The
cytotoxic effects of the extract may differ depending on
the cell type. This difference may have arisen due to
the different sensitivity of Hep3B and HepG2 cells
against different phytochemical and cytotoxic
compounds in methanol extracts. We believe that these
preliminary results will contribute to more detailed
studies to determine the mechanisms by which
different Fumaria species elicit their anticancer
activities on human cancer cells.
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ABSTRACT Biochemistry

Cladonia foliacea (CF) is a type of lichen belonging to the

Cladoniaceae family, used as traditional medicine for various Research Article

diseases. It is known that CF has strong antioxidant and

antidiabetic effects originating from various secondary components. Article History

However, the bioactivity of CF is significantly affected by extraction Received 102.04.2021
conditions such as temperature, liquid/solid ratio, and solvent Accepted 129.07.2021
type/concentration. Herein, the extraction parameters (temperature,

liquid/solid ratio, and methanol concentration) of CF were optimized Keywords

by response surface methodology (RSM) based on maximum total Cladonia foliacea (Huds.) Willd
phenolic content (TPC), antioxidant capacity, and a-glucosidase/a- a-glucosidase inhibitor activity
amylase inhibitor activity. In the methanolic extraction of CF, a-amylase inhibitor activity
48.8 °C, 12.3 mL g! liquid/solid ratio, and 86.4% methanol Antioxidant activity
concentration were determined as the optimum point. TPC, Optimization

antioxidant capacity, a-glucosidase, and a-amylase inhibition
activities of CF extracted under optimum conditions were
determined as 5.55 mg GAE g1, 33.10 g sample/g DPPH, 68.78%,
and 50.03%, respectively. These results suggest that extraction
conditions may be a limiting factor in terms of bioactive properties
and optimized extraction parameters may improve the potential
antioxidant and inhibitory activity of key enzymes associated with
type II diabetes of CF.

Cladonia foliacea (Huds.) Willd'n Ekstraksiyon Optimizasyonu: Antioksidan Aktivite ve Tip II
Diyabet ile Iligkili Anahtar Enzimlerin Inhibisyonu

OZET Biyokimyai
Cladonia foliacea (CF), gesitli hastaliklar icin geleneksel ilac olarak )
kullanilan Cladoniaceae familyasina ait bir liken turtdir. CF’nin Aragtirma Makalesi

cesitli sekonder bilesiklerden kaynaklanan gicli antioksidan ve
antidiyabetik etkilere sahip oldugu bilinmektedir. Ancak CF’nin : e
biyoaktivitesi sicaklik, swvi/kata orani ve solvent Gelis Tan}'n' :02'04'2021
¢esidi/konsantrasyonu gibi ekstraksiyon sartlarindan énemli ol¢tide Kabul Tarihi  :29.07.2021
etkilenmektedi(r. Bu nedenle, bu ¢alismada CF’nin ekstraksiym; Anahtar Kelimeler
parametreleri (sicaklik, sivi/kati orani ve metanol konsantrasyonu 0 : .
maksimum toplam fenolik madde miktar1 (TFMM), antioksidan Clilossin ez (Chudler) TL
kapasitesi ve a-glukozidaz/a-amilaz inhibisyon aktivitesi baz
alinarak yanit yiizey yontemi (YYY) ile optimize edilmistir. CF'nin
metanolik ekstraksiyonunda 48.8 °C, 12.3 mL g sivi/kat1 orani ve
%86.4 metanol konsantrasyonu optimum  nokta olarak
belirlenmigtir. Optimum kogullar altinda ekstrakte edilen CF'nin
TPC, antioksidan kapasitesi, a-glukosidaz ve a-amilaz inhibisyon
aktiviteleri sirasiyla 5.55 mg GAE g1, 33.10 g 6rnek/g DPPH, %68.78
ve %50.03 olarak belirlenmigtir. Bu sonuglar, ekstraksiyon
kogullarinin biyoaktif o6zellikler acgisindan simirlayici bir faktor
olabilecegini ve optimize edilmig ekstraksiyon parametrelerinin
CF'nin potansiyel antioksidan ve tip II diyabetle baglantili anahtar
enzimlerin inhibisyon aktivite etkisinin iyilegtirebilecegini
dustindurmektedir.

Makale Tarihgesi

a-glukozidaz inhibitor aktivitesi
a-amilaz inhibitor aktivitesi
Antioksidan aktivite
Optimizasyon
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INTRODUCTION metabolites  (Ahti, 2000). These secondary

Diabetes mellitus (DM) is a chronic metabolic metabolites, such as zeorin, methyl-f-orcinol

disorder caused by an uncontrolled increase in sugar carboxylate, ~methylorsellinate, and wusnic acid

in blood plasma. Although there are different types of
diabetes, type I and type Il are common in the social.
Type I diabetes is generally characterized by damage
to the B-cells involved in insulin secretion, whereas
type II diabetes occurs with irregular insulin
secretion and resistance (Prathapan et al., 2012).
Type II diabetes affects approximately 90% of
diabetes patients worldwide (Bhutkar and Bhise,
2012). Along with many factors are involved in its
occurrence, it has also been linked to increased
oxidative stress in the body in recent years (Gaman et
al., 2020). Oxidative stress, which occurs when free
radicals formed during metabolic activity cannot be
destroyed or inactivated by antioxidants, cause
important functional disorders such as proteins, lipids
and nucleic acid damages. (Vincent et al., 2004).
While insulin supplementation by injection is
required in type I diabetes, the glucose level in
plasma can be lowered with therapeutic drugs or
insulin sensitizers in type II diabetes. Therefore,
considering the side effects of synthetic antioxidants
(Zhang et al., 2012) and medicinal drugs for diabetic
(Cariou et al., 2012), products with natural and
herbal ingredients are accepted as an up-to-date
approach in the treatment of type II diabetes and
damage caused by free radical-induced oxidative
stress (Page and Reisman, 2013). Another approach is
the inhibition of a-glucosidase and a-amylase
enzymes in the small intestine that convert complex
carbohydrates into absorbable form (Hsieh et al.,
2010; Reddy et al., 2010).

Lichens are a life form in which algae and fungi are in
a symbiotic relationship and have been used by
people as a source of healing in folk medicine for a
long time (Huneck, 1999). Lichens have a variety of
secondary metabolites, and most of these have been
concluded to be of fungal origin that is part of the
lichen (Shrestha and Clair, 2013). These secondary
metabolites exhibit remarkable biological activity
such as antimicrobial (Yilmaz et al, 2004),
antioxidant (Kosanié et al., 2014), antitumor (Emsen
et al., 2016), anti-inflammatory (Joshi et al., 2020),
enzyme inhibitor (Hengameh et al, 2016),
cardiovascular protective (Behera et al.,, 2012),
antidiabetic (Thadhani and Karunaratne, 2017), and
gastrointestinal protective (Nayaka and Haridas,
2020). Cladonia genus has more than 500 species
worldwide and contains high amounts of secondary
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of Cladonia sp., are known to have antioxidant and
antidiabetic  potential (Verma et al., 2012
Karunaratne et al.,, 2014; Thadhani and
Karunaratne, 2017; Cavalloro et al., 2021). Besides,
polyphenols, which are secondary metabolites, can be
used to treat type II diabetes due to their properties
of protecting pancreatic B-cells and their a-amylase, a-
glucosidase inhibition properties (Xiao and Hogger,
2015). Cladonia foliacea (Huds.) Willd (CF) exhibits
high amounts of usnic acid, fumarprotocetraric acid
(Litterski and Ahti, 2004), and atranorin compounds
(Yilmaz et al., 2004). Fumarprotocetraric acid, one of
these compounds, exhibits antioxidant activity
(Kosanié¢ et al.,, 2014), usnic acid and atranorin
compounds show both antioxidant and antidiabetic
activity (Thadhani and Karunaratne, 2017; Ahamed
et al., 2019; Hoa et al., 2020).

Extraction conditions are fundamental to make
maximum use of secondary metabolites that lichens
contain because extraction depends on many factors
such as extraction method, particle size, solvent type
and concentration, temperature, and time (Dai and
Mumper, 2010). Response surface methodology (RSM)
is an optimization of stochastic models that
successfully applies the effects of factors on the
answers by minimizing the trial points in a process
and using mathematical and statistical techniques
(Myers et al., 2016).

In general, there are studies in the literature that
reveal antioxidants (Zambare and Christopher, 2012;
Fernidndez-Moriano et al, 2016) and their
antidiabetic activity (Shivanna et al., 2015; Thadhani
and Karunaratne, 2017) for some lichen. Although
recent studies on the bioactive properties of lichens
have gained momentum, their therapeutic effects
have not been adequately explained. This study was
aimed to optimize the extraction conditions of
Cladonia foliacea (Huds.) Willd for maximizing in-
vitro antioxidant and antidiabetic properties.

MATERIALS and METHODS
Collection and identification of the lichen

Collection address of specimen: Turkey, Trabzon,
Macgka, Vicinity of Siimela Monastery, Cosandere
position, Quercus sp. communities, calcareous rocks,
Date: 19.08.2016, 40°45'560" N, 39°36'718"E, 570 m
[MK-4487].
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Identification: The specimen was examined with an
Olympus SZX10 stereomicroscope. Specimen is
deposited in the Yozgat Bozok University Herbarium.
Cladonia foliacea (Huds.) Willd has squamulose to
foliose thallus, squamules 0.6—4 cm long, yellowish,
olive green, irregularly lobed, wusually white
unbranched rhizines at the edges. It has a very wide
distribution area in Turkey.

Preparation of the lichen extract

The lichen sample was dried under room conditions.
Then, the dried sample  was grounded
(Waring 8011 ES blender, USA). Preparation of the
extracts was performed according to the method of

a shaking water bath (Wisd, Korea) for 120 minutes
at a specific concentration, temperature, and
liquid/solid ratio according to the experimental
design.

Experimental design and optimization

Box-Behnken experimental design (BBD) type applied
in RSM (Design Expert 11.0.0 software) was chosen to
optimize extraction conditions. Considering into
account the TPC, DPPH (ICs0), a-glucosidase, and a-
amylase activities of the samples (responses), the
extracts made according to the independent variables
temperature, liquid/solid ratio, and methanol
concentration were optimized. Experimental points

Dogan et al. (2020) with some modifications. 1 g of were formed by considering three levels of
ground lichen sample was extracted with methanol in independent variables shown in Table 1.
Table 1. Levels of independent variables
Cizelgel. Bagimsiz degiskenlerin seviyeleri
Independent variables Units Symbol Coded levels
Deneme noktalari Birimi Sembol Kodlanmigs seviyeler

-1 0 1
Temperature (Sicaklik) °C X3 30 45 60
Liquid/solid ratio (Sivi/kat1 orani) mL g X 10 20 30
Methanol concentration (Metanol konsantrasyonu) % Xs 50 75 100
The effect of independent variables such as and a-amylase activities of the samples was
temperature, liquid/solid ratio, and methanol determined using a quadratic polynomial regression

concentration on responses TPC, ICso, a-glucosidase,

Y = Bo + B1X1 + B2X2 + B3X3 + B11X1% + B22X2” + B33X3® + B12X1Xa + B13X1X3 + B23X2 X3

Where Y is the predicted response; Bo the constant, B1,
B2, Bs are the linear coefficients; B11, B22, Bss the
interaction coefficients; Bi2, Bi3, B23; quadratic
coefficients; X1, X2, X3 the independent variables.

Total phenolic content (TPC)

To determine TPC of extracts; 0.4 mL sample, 2 mL
diluted (10 times) Folin-Ciocalteu (FC) with 1.6 mL
7.5% Na2C03 were mixed and vortexed. At the end of
60 minutes of incubation at room ambient in a dark
place and its absorbance was recorded at 765 nm by a
spectrophotometer (Shimadzu UV-1700, Kyoto,
Japan). The results were given based on the gallic
acid equivalent (GAE) (Singleton et al., 1999).

Antioxidant capacity assay

The antioxidant capacity of the samples was tested by
considering the DPPH method. For DPPH analysis,
0.1 mL diluted extract was mixed with the methanolic
DPPH solution prepared at a concentration of 25 mg
L1 and kept at room ambient for 30 minutes. After
that, the absorbance of the extract was recorded at
515 nm (Brand-Williams et al., 1995) by a
spectrophotometer (Shimadzu UV-1700). The results
of the analysis were shown as ICso (g sample/g
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equation (Equationl.).

(1
DPPH).

Enzyme inhibitor activity assay

In order to determine the a-amylase inhibition
activity, 1 mL extract was mixed with 1 mL potato
starch solution and 1 mL 20 mM NaH:PO4 and then
kept at 37 °C for 5 minutes. After adding 1 mL a -
amylase solution to the mixture to initiate the
enzymatic reaction, 30 minutes later, 0.5 mL 5.31 M
Rochella Salt and 0.5 mL 96 mM C7HsN207 (3,5-
dinitrosalicylic acid) solution were mixed. To
terminate the chemical reaction, the mixture was
held at 100 ° C for 15 minutes, and then the
absorbance was recorded at 540 nm by a
spectrophotometer (Shimadzu UV-1700) (McDougall
et al., 2005). To determine a-glucosidase inhibition
activity, 50 pL extract, 1250 pL. 67 mM KH2PO,, and
50 pL a-glucosidase mixture were incubated at 37 °C
for 5 minutes. 125 pLL 10 mM p-Nitrophenyl-8-D-
glucopyranoside solution was added and the
enzymatic reaction started. About 20 minutes later, 2
mL 100 mM Na2CO3 was mixed to terminate the
reaction, and were recorded the absorbances at 400
nm by a spectrophotometer (Shimadzu UV-1700)
(Cam et al., 2020). The inhibition activity of the
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samples was calculated by considering the formula
below.

ABS control _ABSsample

ABscontrol xloo (2)

Antidiabetic activity (%) =

ABScontrot and ABSsample represent the absorbances of
control and samples, respectively.

Statistical analysis

Superimposed 3D surface plots were created by
Mathematica program package 7 (Wolfram Research).
Besides, to find the significance of the data's

differences, the SPSS 22.0 software program (SPSS
Inc., Chicago, IL) was used.

RESULTS and DISCUSSION

Comparison experimental-predicted values and
checking of model fitting

The predicted and experimental results of all

responses, which are according to the Box-Behnken
design experiment points, were given in Table 2. The
difference between the experimental and predicted
values of the experimental design points' responses is
less than 0.05, indicating a reliable model.

Table 2. Box Behnken design with experimental values and predicted data for the independent variables
Cizelge 2. Box Behnken deneme dizaynina gére deneysel degerler ve tahminlenmis veriler

Run Independent variables Responses
Den. Bagimsiz degigskenler Yanitiar
nok. Temperature Liquid/solid Methanol TPC ICso0 a-glucosidase a-amylase
Sicaklik ratio concentration (mg GAE g?)  (gsample/sDPPH) (%) (%)
(cO) Sivr/kat: Metanol Pre. Exp. Pre. Exp. Pre. Exp. Pre. Exp.
orani konsantrasyonu 7ah. Den. Tah. Den. Tah. Den, Tah. Den.
(mL g?) (%)
1 45 10 100 5.07 5.10 31.56 35.11 64.86 62.00 44.27 43.10
2 30 20 50 2.78 2.76  111.76 109.91 26.05 21.67 11.36 10.78
3 45 30 100 3.91 3.99 69.80 65.56 51.72  50.00 34.59 33.00
4 60 20 50 3.29 3.42 102.87 104.03 35.56 35.36 23.00 20.82
5 45 20 75 5.11 5.20 48.28 60.1 64.07 66.96 45.65 45.21
6 45 20 75 5.11 5.16  48.28 41.07 64.07 65.06 45.65 46.66
7 45 10 50 4.66 4.58 88.08 92.32 44.69 46.41 41.42  43.00
8 45 30 50 3.13 3.10 104.29 100.74  34.77 37.62 28.83 30.00
9 30 20 100 3.59 3.46  69.63 68.47 44.88 45.07 18.87 21.05
10 30 10 75 4.85 495 61.38 58.99 60.00 62.66 26.81 25.80
11 60 30 75 3.81 3.71 76.36 78.75 57.71 55.05 2410 25.11
12 30 30 75 3.10 3.15 83.01 88.41 39.22 40.74 21.00 20.41
13 45 20 75 5.11 4,98 48.28 43.66 64.07 60.19 45.65 45.07
14 60 20 100 3.68 3.70 54.01 55.86 53.85 58.23 24.08 24.66
15 60 10 75 4.74 4.69 43.52 38.12 59.99 58.46 40.56  41.15

Exp.: Experimental value, Pre.; Predicted data

Den: Deneysel deger, Tah.: Tahminlenen veri, Den. nok.: Deneme noktasi

For the reliability of the 2nd-order polynomial
equations derived from the model; Statistical
parameters such as regression (p-value), coefficient of
determination (R2), adjusted R? (R2.g), estimated R2
(R2pred), and lack of fit were evaluated. The lack of fit
F-values of 2.02, 0.46, 1.13, and 7.14 imply the lack of
fit is not significant relative to the pure error for the
TPC, ICso, a-glucosidase, and a -amylase of the
samples, respectively. R? values of the responses were
determined as 0.981, 0.937, 0.955, and 0.981 for TPC,
ICs0, a-glucosidase, and a—amylase, respectively
(Table 3).

Moreover, the difference between RZprea and R2agj is
less than 0.2. If the difference between Adj-R2? and
pre-R2 values is less than 0.2 and the R2 and R2ag
values are above 90%, the model is suitable (Myers et
al., 2004). To increase the effectiveness of the model
on the responses, unimportant independent variables
(p> 0.05) were modified by removing them from the
2nd-order polynomial equation. This situation is
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critical in determining important factors' effect on
responses (Ferndndez-Martinez et al., 2011).

Effect of the extraction conditions on TPC and
antioxidant activity

The study results show that the TPC varies between
2.76 and 5.20 mg GAE g (Table 2). The effect of all
independent variables, the extraction conditions, on
the TPC was significant (p<0.05). The highest TPC
value was determined at the midpoints of the
extraction conditions. As shown in Figure 1., the TPC
value increased as the temperature, liquid/solid ratio,
and methanol concentration increased up to 45 °C, 20
mL g1 and 75%, respectively, and then decreased
effectively. Temperature is an essential factor in the
extraction process due to its effects, such as softening
the tissues, increasing the solubility, and decreasing
the surface tension in the transition of phenolics to
the solvent.



KSU Tarim ve Doga Derg 25 (4): 828-837, 2022
KSU J. Agric Nat 25 (4): 828-837, 2022

Aragtirma Makalesi
Research Article

Table 3. 2nd-order polynomial equations and statistical parameters for model fitting of responses
Cizelge 3. 2. dereceden polinomial denklemler ve yanitlarin model uyumlulugu igin istatistiksel parametreler

Responses 2nd-order polynomial equations Regression R2 Ry R%rea Lack of fit (p- Lack of fit (F-
Yanitlar 2. dereceden polinomial denklemler (p-value) value) value)
Model Model
uyumsuzlugu uyumsuzlugu
(p-value) (F-value)
TPC 5.07+0.15X1- <0.0001 0.981 0.967 0.924 0.367 2.02
0.671X2+0.299X3+0.205X1Xs2-
0.918X12-0.850X3?
ICso0 50.32-6.13X1+13.61X2- <0.0001 0.937 0.901 0.835 0.814 0.46
22.75X3+14.21X12+21.57 X3?
a-glucosidase 63.79+4.62X1- <0.0001 0.955 0.921 0.811 0.539 1.13
5.77X2+9.28X3+4.63X1X2-9.35X12-
14.57X3?
a-amylase 45.78+4.21X1-5.57X2+2.15X3- <0.0001 0.981 0.967 0.930 0.128 7.14

2.66X1X2-17.75X1%-8.60X 3>

On the other hand, it is a known fact that high-
temperature damages phenolic compounds (Dent et
al., 2013). For this reason, temperature is one of the
most critical factors in extraction. For this purpose, it
is vital to optimizing the extraction temperature
specific to the product. The transition of phenolic
compounds to the solvent is highly related to the
solvent type. The highest TPC extraction was
detected in a mixture of 75% methanol and 25%
water. In general, it is known that the use of a binary
solvent system (mixed solvent) as a solvent can
provide more effective extraction performance than
using a single solvent (Markom et al., 2007). In the
literature, it has been emphasized that generally,
single-type organic solvents have a higher effect on
the extraction of lichens' phenolic compounds
(Karthik et al., 2011; Mitrovié et al., 2011; Mendili et
al., 2021). However, lichens contain complex
compounds (Shukla et al., 2010), and there is limited
information about their solubility in different solvents

such as water or binary solvent system. A
considerable amount of TPC was detected in the
aqueous extracts of 24 lichens, including

the Cladonia genus (Zagoskina et al., 2013).

DPPH is a widely used method to determine the
antioxidant activity of extracts rapidly or pure
compounds. The lowest ICso for DPPH value was
determined as at the extraction point at 45 °C with
10:1 liquid/solid ratio and 100% methanol (Table 2).
Most of the phenolics have an antioxidant effect,
which is expressed by the ICs0. Decreasing the ICso
value also means that the amount of sample required
scavenging half of the DPPH radical decreases. A
negative correlation was found between ICso and
TPC, which can be expressed with this phenomenon,
as shown in Figure 2. Although the individual yield of
phenolics can be high in extractions with binary-
solvent, extracts using 100% methanol with the
highest antioxidant activity were also found in this
study. This may be since CF's phenolic components
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with a high antioxidant effect dissolve better in
methanol, which has lower polarity than water. In
short, mono-solvent systems can be more efficient in
extracting the components with high antioxidant
activity of CF. The antioxidant activity results
obtained from the study are supported too by studies
in the literature that some lichen extracts or
compounds isolated solely with methanol from lichen
have higher antioxidant activities (Odabasoglu et al.,
2004; Khadhri et al., 2019). Similar to the result Anar
et al. (2016) and Khadhri et al. (2019) reported that
the methanolic extraction of CF contains high
antioxidant activity and did not show any
mutagenicity effect.

Effect of the extraction conditions on the a -amylase
and a-glucosidase

In Figure 2, the effect of independent variables on a-
amylase and a-glucosidase is shown in the
perturbation plot. While the perturbation plot shows
the effect of all independent variables on the
responses together, it also gives information about a
variable's effect. In contrast, other variables are kept
constant at the central point. It is clear from the
perturbation plot that the effect of a-glucosidase and
a-amylase decreases as the liquid/solid ratio increases
for both. The liquid/solid ratio had the reverse effect
between the temperature and methanol concentration
had been detected. The study results show that the a -
amylase and a-glucosidase inhibition effect vary
between 10.78-46.66% and 21.67-66.96%, respectively
(Table 2). The inhibition effect of a -amylase, and a-
glucosidase was also the highest at the middle points
of the coded level (0-0-0), like TPC. This circumstance
can be explained by the inhibition of the enzyme a-
amylase and a-glucosidase, which play a role in
carbohydrate degradation by phenolic compounds
(McDougall et al., 2005). Pancreatic a-amylase and a-
glucosidase are the main enzymes in the
gastrointestinal system that convert complex
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carbohydrates into simple sugars. Inhibition of these
enzymes 1s a therapeutic approach applied in the
control of Type II diabetes. Acarbose, miglitol, and
voglibose are used as active drugs in the treatment of
Type II diabetes. These clinical applications prevent
postprandial  hyperglycemia by inhibiting a-
glucosidase and a-amylase enzymes or restricting
monosaccharides' absorption (Dash et al., 2018).
However, there are side effects associated with using
these drugs (Su et al., 2013). For such reasons, the
use of naturally derived and to investigate new
agents with antidiabetic properties becomes
important. The antidiabetic effect of some Cladonia

humilis, respectively. Also, It is known that usnic acid
Verma et al. (2012) and atranorin Ahamed et al.
(2019) compounds, which are one of the main
biotechnological components of the CF and isolated
have antidiabetic effects.
However, no studies have been found to determine
the a-glucosidase and a-amylase inhibition effect of
CF and further optimize the extraction factors on
antidiabetic activity. The results showed that the
extract of CF was the strongest antidiabetic activity.
Although the independent variables showed the same
effect in the extraction process, the inhibition effect of
a-glucosidase was higher than the inhibition effect of

from various lichens,

sp. was reported by Valadbeigi and Shaddel (2016) a~amylase.
and Zhang et al. (2012) for Cladonia rei and Cladonia
a) . b) :
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Figure 1. Perturbation plots showing the effect of factors on the (a) TPC, (b) ICso , (c) a-Glucosidase, and (d) a-

Amylase

Sekil 1. Faktorlerin (a) TPC, (b) ICs, (c) a-Glukozidaz ve (d) a-Amilaz lizerindeki etkisini gésteren pertiirbasyon

grafikleri
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Optimization and model validation

The desired criteria of responses were chosen to
determine the best extraction conditions. Accordingly,
while the antidiabetic activity and TPC were
maximized, the lowest ICso value reflecting a high
antioxidant effect was assigned. No restrictions were
done in process conditions such as temperature,
liquid/solid ratio, and methanol concentration. The
optimum point was determined based on the highest
desirability score. Optimum conditions predicted data
of the models, and triplicate experimental values at
optimum points are given in Table 4. The difference
between these values is less than 5%, which indicates
the reliability of the model.

It was clearly seen in Figure 2., the points with the
highest values of the amount of TPC, a-amylase, and
a-glucosidase inhibition effect were so close to each
other, while they are quite distant with ICs. When
considered individually, it is seen that although the

maximum values for all responses are reached under
different extraction conditions, they are different from
the optimum points. However, this situation is quite
normal, and factors should be evaluated as a part of a
whole rather than affecting the responses one by one.
This is one of the aims of optimization. The fact that
predicted data derived from the mathematical model
with the participation of four responses and the
experimental value analyzed at optimum points is
higher than the value made by individual extraction
already summarizes the situation. Studies suggest
that TPC 1is associated with a-amylase and a-
glucosidase McDougall et al. (2005) and that oxidative
stress caused by free radicals increases Type II
diabetes (Page and Reisman, 2013). Considering all of
these, it 1s vital to evaluate a substance and pure
compound as a whole active component in the
optimization process.

1,54 o
1,04
R8
°
R5
s %1 R4 o
o ® |C50 Alpha-amylase Rq3 R6
2 R2 e o
Qoo ° R3 TPC
. R12 ® 1
° R15®
R." Alpha-glucosidase
-0,5 R9
® oR10
-1,04 .R14
-4 -3 -2 A1 0 1 2 3

F1 (%85.2)

Figure 2. Principal component analysis (PCA) bi-plot containing experimental points and responses
Sekil 2. Deneysel noktalari ve yanitlari iceren bi-plot temel bilesen analizi (PCA)

Table 4. Optimum points and experimental value-predicted data at these points
Cizelge 4. Optimum noktalar ve bu noktalardaki deneysel degerler-tahminlenen veriler

Optimum points (Optimum noktalar)

Temperature Liquid/solid Methanol Desirability ~ Response Pre. data Exp.value Differences(%)
(°0) ratio (mL g1)  conc. (%) score Yanitlar Tah. deg. Den.veriler  Fark
Sicaklik Sivi/kati oran1 Metanol kon. Arzu edilirlik
TPC (mg GAE g1)  5.49 5.55+0.63 1.08
ICso (g sample/g
48.8 12.3 86.4 1.00 DPPH) 3336 33.100.15  0.78
a-glucosidase (%) 69.09 68.78+0.77  0.45
a-amylase (%) 49.69 50.03+0,36  0.68

Methanol conc.: Methanol concentration, Pre. data: Predicted data, Exp.value: Experimental value

Metanol kon.: Metanol konsantrasyonu, Tah. deg.: Tahminlenen degerler, Den.veriler: Deneysel veriler
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CONCLUSION

In conclusion, CF has exhibited the highest potent
TPC, antidiabetic and antioxidant activity at 48.8 °C
with a 12.3 liquid/solid ratio and 86.4% methanol
concentration. TPC, ICso, a-glucosidase, and a-
amylase activities performed at optimum norm were
determined as 5.55 mg GAE g1, 33.10 g sample/g
DPPH, 68.78%, and 50.03%, respectively. Lichens
have been used as various folk medicine remedies for
many years, and their proven pharmaceutical effects.
On the basis present study, it could be declerated that
CF is a good source of antioxidants and antidiabetic.
Moreover, it can be used as a versatile natural source
to enhance many different foods or guide medicinal
purposes.
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OZET Biyokimya

Bu cahsmada; Akdenizin Iskenderun ve Antalya lokal

balik¢ilarindan Eylil 2020'de temin edilen derin su pembe Aragtirma Makalesi
karideslerinde (Parapenaeus longirostris, H. Lucas 1846) kas

dokusunda birikim gosteren demir (Fe), bakir (Cu), ¢inko (Zn), Makale Tarihgesi
manganez (Mn), nikel (Ni), kobalt (Co), Aliiminyum (Al), krom (Cr), Gelisg Tarihi  :05.08.2021
kadmiyum (Cd) ve kursun (Pb) metal diizeyleri, ve yine aym Kabul Tarihi :24.09.2021
dokulardaki Malondialdehit (MDA) seviyesi ve Katalaz (KAT) enzim

aktivitesi belirlenmigtir. Bu iki bolgede tiiketilen karideslerde insan Anahtar Kelimeler

saghgr riskleri, haftalik tiiketim miktarlarni ve kanser risk
degerlendirmeleri hesaplanmistir. Hesaplanan en yuksek metal
konsantrasyonu Antalya’da Fe (35.976+2.992 mg kg1), en diisiik
birikim ise aym istasyonda Cd (0.002+0.001 mg kg?) icin
hesaplanmistir. Oksidatif stres parametrelerinden MDA miktari
Iskenderun’da avlanan karideslerde 11.06+0.36 nmol mg! protein,
Antalya’da avlanan karideslerde 8.63+0.13 nmol mg? protein, KAT
enzim aktivitesinin ise Antalya’da 3.7+0.15 k g protein ve
Iskenderun’da 6.6+0.4 k g! protein olarak hesaplanmigtir. Bu
sonuglara gore agir metal birikiminin karides turtnde lipid
peroksidasyonuna neden oldugu anlasilmistir. Insan saghg riskleri,
tahmini haftalik titketim (EWI) degerlerinin, Avrupa Gida Giivenligi
(EFSA) ve Gida Tarim/Diinya Saghk Orgutia (FAO/WHO) tarafindan
belirlenen tolere edilebilir haftalik alim (PTWI) degerlerinin altinda
oldugu belirlenmigtir. Tiketici ac¢isindan kanser dis1 saghk
risklerinin gostergesi olan hedef tehlike katsayis1 (THQ) ve tehlike
indeksi (HI) degerleri <1 olarak hesaplanmistir. Kanserojen risk
acisindan Pb, Cr ve Cd degerlerinin risk tegkil etmedigi
anlagilmigtir. Sonuc¢ olarak, calismamiz Iskenderun ve Antalya
bolgesinde satigsa sunulan karideslerin kaslarindaki toksik element
konsantrasyonlarinin tuketiciler icin 6nemli bir saghk riski
olusturmadigini ortaya koymustur.

Parapenaeus longirostris
Metal Birikimi

MDA

KAT

Saglik Riski Degerlendirmesi

Oxidative Stress Parameters, Metal Accumulation and Health Risk Assessment in Deep Water Rose
Shrimp (Parapenaeus longirostris, H. Lucas 1846) in the Turkish Mediterranean Sea Coasts

ABSTRACT Biochemistry

In this study, deep water rose shrimp (Parapenaeus longirostris, H. ;

Lucas 1846) obtained in September 2020 from the Iskenderun Bay Research Article

and Antalya Bay local fishermen of the Mediterranean Sea were Article History
investigated in terms of iron (Fe), copper (Cu), zinc (Zn), manganese Received . 05.08.2021
(Mn), nickel (Ni), cobalt (Co), aluminum (Al), chromium (Cr), At ‘9 4'09'2021
cadmium (Cd), and lead (Pb) bioaccumulation as well as o
Malondialdehyde (MDA) accumulation levels, and catalase (CAT) Keywords

activity in their muscle tissues. Human health risks, weekly
consumption amounts, and cancer risk assessments for deep water
rose shrimp consumed in these two regions were calculated. The
highest metal concentration calculated from P. longirostris was Fe
(35.976+2.992 mg kg'l) in Antalya, and the lowest concentration was

Parapenaeus longirostris
Metal Accumulation
MDA

CAT

Health Risk Assessment
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Cd (0.002+0.001 mg kg1) in the same station. The level of MDA was
determined as 11.06+0.36 nmol mg! protein in Iskenderun station
and as 8.63+£0.13 nmol mg! protein in Antalya station while CAT
enzyme activity was determinedas 6.6+0.4 k g1 protein and 3.7+0.15
k g protein for Iskenderun and Antalya, respectively. According to
our results, the metal accumulation caused lipid peroxidation in the
muscle tissues of the shrimps studied. Human health risks were
determined to be below the estimated weekly consumption (EWI)
values and the provisional tolerable weekly intake (PTWI) values
determined by European Food Safety Authority (EFSA) and Food
and Agriculture Organization/ World Health Organization
(FAO/WHO). Target hazard coefficient (THQ) and hazard index (HI)
values, which are indicators of non-cancer health risks for the
consumer, were calculated as <1. This study shows that Pb, Cr, and
Cd bioaccumulations from the two stations do not pose a carcinogenic
risk and toxic element concentrations in the muscles of the Z.
longirostris sold in the Iskenderun and Antalya regions do not pose a

significant health risk for consumers.
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GIRIS

Son yillarda nufus artis1 ile birlikte endustriyel
faaliyetlerde artis olmustur. Uretimin artmasiyla
alic1 ortam olan sucul ekosisteme agir metaller ve
diger kirleticilerin girdi miktarlar1 da artmaktadir.
Bu durum sonucunda planktonik ve bentik
omurgasizlar, baliklar, balinalar gibi ekolojik besin
aginda yer alan sucul canlhlar her gegen giin daha
fazla kirleticiye maruz kalmaktadir (Karunanidhi ve
ark., 2017; Lao ve ark., 2019). Endistriyel
kaynaklardan, tarimsal faaliyetlerden ve evsel
atiklardan su ortamina karigan organik ve inorganik
kirleticilerin yani sira agir metaller de ekosistemlere
girerek suda ve askidaki kati maddelere
tutunabilmektedir (Fang ve ark., 2016; Yi ve ark.,
2017; Duysak, 2019). Denizel canli kaynaklardan biri
olan karidesler, icerdikleri yiiksek protein miktari
nedeniyle pek c¢ok tlkede yiksek oranlarda
tiketilmektedirler. Parapenaeus Iongirostris (H.
Lucas, 1846), Avrupa Atlantik kiyis1, Baltik denizi ve
Akdeniz'de yayilis gosteren ekonomik tiirler arasinda
yer almaktadir (Marra ve ark., 2005; Sezgin ve ark.,
2007). Ticari 6nemlerinin yam sira ekolojik olarak da
olduk¢ca oOnemli olan karidesler, agr metal
indikatérleri olarak da kullanilmaktadir (Baboli ve
Velayatzadeh, 2013).

Canlilarda serbest radikaller ile bunlara kars:
stipiricii etki gosteren antioksidanlar arasindaki
dengenin bozulmasi oksidatif stres olarak tanimlanir
(Ozcan ve ark., 2015). Agir metaller reaktif oksijen
tiirlerinin (ROS) olusumuna sebep olan faktérlerden
biridir. Bu etkilerini DNA, lipid ve protein gibi ¢esitli
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molekiiller iizerinde gosterebilir (Turan ve ark.,
2020). Reaktif oksijen iiriinleri ézellikle poliansatiire
yag asitlerinde oksidasyona neden olarak lipid
peroksidasyonunu baglatir. Malondialdehit (MDA),
ROS kaynakl: lipid peroksidasyonunun bir metaboliti
olarak rol oynar. Bununla birlikte canlilarda ROS’un
hiicresel yapilara verecegi zarari engellemek i¢in
antioksidan savunma mekanizmalar1i arasinda en
giiclii enzimlerden biri olan katalaz (KAT) gérev
yapar. Katalaz enzimi canhida biriken hidrojen
peroksitin viicuttan uzaklastirilmasinda rol
oynamaktadir (Ozcan ve ark., 2015).

Insan gidast olarak tiikketime sunulan su
urtnlerindeki agir metal diizeylerinin belirlenmesi,
ekosistem ve halk saghgim yakindan ilgilendirdigi
gibi ilgili canlilarin avlandiklari boélgedeki kirlilik
dizeyi hakkinda da bilgi vermektedir. Besin degerleri
acisindan oldukc¢a yeterli olan karideslerin en cok
tuketildigi yerler ise turizm faaliyetlerinin yogun
oldugu denize kiyis1 olan bélgelerdir. Insanlarda ve
sucul canlilarda kadmiyum (Cd), kursun (Pb) gibi agir
metaller, c¢ok az dozlarda Dbile toksik etki
gostermektedir. Bununla birlikte metabolik
faaliyetler i¢in gerekli olan ve dusik miktarlarda
siirekli tiiketildiginde toksik etki gésteren bakir (Cu),
¢inko (Zn), nikel (Ni) gibi metallerin maksimum sinir
degerlerine ulagmasi hem insan sagligi hem de gevre
kirliligi acisindan risk olusturmaktadir (Rainbow ve
White, 1989; Pourang ve ark., 2005; Celik ve
Oehlenschliger, 2007).

Bu c¢alismanin  amaci, Turkiye'nin  Akdeniz
kiyilarinda farkl kirlilik yiklerine sahip iki énemli
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bolgesi olan Iskenderun ve Antalya istasyonlarinda
dagilim gésteren derin su pembe karideslerinin (2.
longirostris) kas dokularindaki demir (Fe), manganez
(Mn), kobalt (Co), aliiminyum (Al), krom (Cr), Cu, Zn,
Ni, Cd ve Pb birikimlerini, MDA ve KAT diizeylerini
tespit etmektir. Ayrica P. longirostris tiketiminin
insan sagligi agisindan herhangi bir risk teskil edip
etmedigini haftalik tahmini alim diizeyleri (EWI),
kanserojen olmayan risk diizeyleri (THQ), tehlike
indeksi (HI) ve yasam boyu kanser riski (CR)
hesaplamalarini yaparak belirlemektir.

MATERYAL ve METOD
Calisma Alam

Calisma Eylul 2020 tarihinde gergeklestirilmis olup,
farkli koordinat ve kirlilik yiikiine sahip Iskenderun
ve Antalya Korfezinde calisan lokal balik¢ilardan
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Sekil 1. Calisma alani.
Figure 1. Study area.

rastgele ornekleme yoluyla her bir istasyondan 20
adet olmak tuzere, toplam 40 adet P. longirostris
karidesi temin edilmistir (Sekil 1). Calisilan karides
bireylerine ait total boy (cm) ve toplam agirhiklar: (g)
verileri Cizelge 1'de verilmigtir.

Orneklerin Hazirlanmas:

Karides ornekleri kilitli plastik kaplar i¢erisinde buz
ile direk temas ettirilmeden soguk zincirde
Iskenderun Teknik Universitesi Deniz Bilimleri ve
Teknolojisi Fakiiltesi laboratuvarina getirilmistir.
Laboratuvara getirilen bireylerin toplam boylar
dijital kumpas yardimi ile telson ucundan rostruma
kadar (TB) olciiliip toplam agirhiklar: (TA) dijital
terazi (0,01 g hassasiyet) yardimiyla tartilmistir
(Cizelge 1).

o 88

iskenderun ;

@
"
@ |
’
|
|

Cizelge 1. Derin su pembe karidesi (P. longirostris) toplam boy (TB, cm) ve toplam agirliklar: (TA, g).
Table 1. Avarage wet weights, and total lenghts of deep water rose shrimp were measured.

istasyonlar Say1 Toplam Boy (TB+SS) Agirlik (TA+SS)
Iskenderun 20 11.58+1.05 6.25+1.62
Antalya 20 12.46+0.60 8.71+1.32

Laboratuvar analizleri
Agir Metal Analizi

Karideslerin kas dokularinda birikim gosteren agir
metal diizeylerinin belirlenmesi i¢in, karideslerin
tiketilen kismi olan abdominal kaslarindan ortalama
1g tartilip polietilen tiiplere konulmustur. Ardindan
tiiplere 5 ml nitrik asit (HNOs) eklenmistir. 15 giin
oda sicakliginda bekletilerek dokularin pargalanmasi
saglanmistir. Cozeltide tamamen parcalanan dokular
Whatman (42p) filtre kagidi ile siiziilmiistiir. Tip
igerisindeki toplam hacim 10 ml olacak sekilde
bidistile su ile tamamlanmigtir. Al, Cd, Co, Cr, Cu,
Fe, Mn, Ni, Pb ve Zn metallerinin birikim
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diizeylerinin  belirlenmesi igin Mustafa Kemal
Universitesi Teknoloji ve Aragtirma Gelistirme
Uygulama ve Arastirma Merkezindeki (MARGEM)
Plasma Quant MS Series (Jena, Germany) marka

ICP-MS  (Endiiktif Eglesmis Plazma  Kiitle
Spektrometresi) cthaz kullanilmigtar. Metal
konsantrasyonlarn mg/kg yas, agirhk olarak

hesaplanmistir (Canli ve Atli, 2003).

Malondialdehit (MDA) ve Katalaz (KAT) Analizi

Iskenderun ve Antalya kérfezinden alinan karides
orneklerinin kas dokulari aliminyum folyo igine
sarilarak sivi nitrojen i¢ine birakilmis ve sonrasinda
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calisma giiniine kadar -80 °C’de saklanmigtir. Ornek
hazirlanmas1 igleminde kas dokusundan 2 gram
alinmistir. Agirhiga uygun fosfat tamponu (50 mM,
pH=7.1) eklenmis, buz {izerinde homojenize
edilmistir. Homojenizasyon sonrast 10000xg’de 30
dakika siireyle santrifij islemi yapilmigtir. MDA
Olgimleri i¢in tamponad, KAT o6l¢imleri i¢in ise
stipernatant kismi kullanilmistir.

Malondialdehit dizeyi 6lgimi Hammouda ve ark.
(1995) tarafindan modifiye edilen c¢ift kaynatma
esasina dayali yontem ile yapilmigtir. Ilk kaynatmada
Trikloro Asetik Asit (TCA) kullanilarak proteinlere
baglh MDA’nin serbestlesmesi i¢in proteinler
¢oktirilmistir. Ikinci kaynatmada ise sicak ve
asidik ortamda total MDA, Tiyobarbiturik asit ile
reaksiyona girerek renkli bir kompleks
olusturulmustur. Olusan renkli kompleks 532 nm
dalga boyunda spektrofotometrik olarak él¢uilmigtir.
Ol¢iim  sonuglar1 nmol/mg  protein  cinsinden
verilmistir (Hammouda ve ark., 1995).

Katalaz enzim aktivitesi Aebi (1974), metoduna gore
caligitlmigtir. HeO2'nin maksimum absorbans verdigi
dalga boyu 240 nm’dir (Schimadzu UV 1601,
Japonya). Bu metod katalazin deney ortamina
eklenen H202nin su ve oksijene déniigimiinin 240
nm’de spektrofotometrik olarak o6lgiimi esasina
dayanmaktadir. Katalaz  aktivitesi  absorbans
degisimine gore hesaplanmigtir ve sonug k g'! protein
olarak verilmistir. Bu g¢alismada k, reaksiyon igin
tanimlanan hiz sabitidir (Aebi, 1974).

Protein Miktar: Tayini

Orneklerdeki protein miktar: tayini Bradford yéntemi
ile calisilmistir (Bradford, 1976).

Tiketici Risk Degerlendirmesi

Akdeniz'de genis yayilim alanina sahip P. longirostris
satigsa sunulan ve insanlar tarafindan yogun olarak
tiuketilen bir tir olmasindan dolay: tiiketimi halinde
insan saghgi acisindan tehdit olup olmadiginin
anlagilabilmesi i¢in haftalik tuketim degerler:
hesaplanmigstir. Karides tiketiminden kaynakli olas1
tiketici risklerin belirlenmesi igin EWI, THQ, HI ve
CR hesaplamalar: yapilmigtir. Yetigkinler i¢in vicut
agirhigl 70 kg ve yasam siiresi 70 y1l (USEPA, 2019)
kullanilmigtir. Hesaplamalar yapilirken incelenen
tim metaller i¢in enstriimental analiz sonuglari
dogrudan kullanilmistir. Tiketici risk
degerlendirmeleri kapsaminda EWI (Denklem 1),
THQ (Denklem 2), HI (Denklem 3) ve CR (Denklem 4)
hesaplamalar1 asagidaki formiller kullamilarak
yapilmigtir (Saha ve ark., 2016).

EWI=(EFx EDx FIRx Cm) | (BWx AT) / 1000
EF: Maruz kalma sikhig1 (365 giin/yil),

ED: Maruz kalma siiresini (70 y1l)

FIR: Tiiketim miktarim (16.71 g/kisi/giin),
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CM: Karides dokusundaki metal konsantrasyonunu
BW: Viicut agirhig,

AT: Kanserojen olmayan ortalama siireyi (356 giin/yil
x ED).

TUIK 2019 verilerine gére (TUIK, 2019) Tiirkiye’deki
deniz triinleri tiikketimi kisi basmma (FIR) giinliikk
16.71 g/kigi/giin.

Metallerin referans dozu (RfD) ile metallere maruz
kalma arasindaki oran Hedef Tehlike Oranini (THQ),
THQ; tuketiciler agisindan viicuda alinan metallerin
konsantrasyonlarinin  kanserojen olmayan etki
risklerini de ifade etmektedir (Saha ve ark., 2016).
RfD: Oral referans doz (Fe, Cu, Zn, Mn, Al, Cr, Cd,
Pb, Co ve Ni elementleri i¢in sirasiyla; 0.7, 0.04, 0.3,
0.14, 1.00, 3.103, 1.103 ve 4.103, 3.104 ve 2.102).

THQ = EDI/ RfD

Total THQ ya da HI (Tehlike Indeksi) olarak ifade
edilen deger, arastirilan tum elementlerin toplam
THQ degerleri ile hesaplanir (USEPA, 2019). HI
degerinin 1’den buylik olmasi1 tiuketici acgisindan
kanserojen olmayan saglik risklerinin oldugunun
gostergesidir.

HI(TTHQ) = THQI + THQ2+ ... + THQn

Yasam boyu kanser riski (CR) hesaplamalar1 USEPA
2019 tarafindan Dbelirlenmis olan formile gore
hesaplanmigtir. CR degerlerinin >10% olmasi,
tuketilen gidanin tiiketici i¢in kanserojen etki
riskinin daha yiiksek oldugunu gostermektedir
(USEPA, 2019). Yasam boyu kanser riski
hesaplamalarinda, EWI THQ formillerinin yani sira
farkl1 olarak CsF (cancer slope factor) degeri
kullanilmaktadir. CsF hesaplamalarinda kullanilan
CsF degerleri (Pb, Cr ve Cd icin sirasiyla 8.5x103, 0.5
ve 6.3) kullanilmistir (USEPA, 2019).

CR= EDIx CsF

Istatiksel Analizler

Manto (kas) dokudan hesaplanan verilerin istatiksel
analizi o6ncesinde normal dagilim gosterdigi tespit
edilmigtir. Agir metal birikim seviyeleri arasindaki
farklarin tespiti i¢in tek yonlii varyans analizi (One
Way ANOVA) ve istasyonlar arasindaki farkliliklar:
belirlemek icin T testi kullamlmistir. Istatistik
analizler SPSS 17.0 paket programi (SPSS Inc.,
Chicago, IL. USA) kullanilarak yapilmistar.

BULGULAR ve TARTISMA

P. longirostris dokularindaki metal birikim dizeyleri
P. Iongirostris bireylerinin kas dokularinda Al, Cd,
Co, Cr, Cu, Fe, Mn, Ni, Pb ve Zn birikim diizeyleri
belirlenmistir (Cizelge 2). En fazla metal birikimi
Antalya’da Fe (35.976+2.992 mg kg!) metalinde, en
az birikiminin ise yine ayni istasyonun Cd (0.002+0.
001 mg kg'!) metalinde rastlanmigtir.
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Iskenderun’da metal birikim diizeyleri Fe> Zn> Al>
Cu> Mn> Cr> Pb> Ni> Co> Cd ve Antalya’da Fe> Al>
Zn> Cu> Mn> Pb> Ni> Cr> Co> Cd seklinde
siralanmistir. Iskenderun istasyonunda Fe den sonra
en fazla birikimin Zn ve Al oldugu, Antalya
istasyonunda ise Fe den sonra en fazla birikimin Al
oldugu tespit edilmigtir. Cd, Cr, Co, Ni ve Pb en fazla
Iskenderun, Al, Fe ve Zn ise en fazla Antalya
istasyonundan hesaplanmigtir (Cizelge 2).

Cizelge 2. Derin su pembe karidesi (P. longirostris)
kas dokusundaki metal birikim diizeyleri
(ORT=+SS).

Table 2. Metal accumulation levels in mantle tissues

of deep water rose shrimp (P. longirostris)
(mg/kg, wet weight).

istasyonlar
Metaller Iskenderun Antalya
Al 7,958+0,219a 21,748+1,776b
Cr 0,647+0,1542 0,103+0,004">
Co 0,030+0,0022 0,017+0,001>
Ni 0,417+0,0792 0,122+0,005>
Cd 0,010+0,0022 0,002+0,001>
Pb 0,477+0,0482 0,259+0,141a
Mn 1,005+0,1682 1,292+0,172ab
Fe 14,287+1,6512 35,976+2,992b
Cu 1,293+0,1342 2,112+0,115"
Zn 8,417+0,871a 10,023+0,523a
KAT
15+

£ 10]

3 ]

§ ]

Q <4

bn <4

=2 51

0

1
Antalya

Iskenderun

Istasyonlar

@b)  yatay olarak ayni metalin istasyonlar arasindaki
farkliligin1 gosterir. Farkli harflerle gosterilen veriler,
istatistiksel olarak anlamhdir (p<0,05).

Letters a and b show differences among stations. Data
shown with different letters are statistically significant at
the differences p<0.05 level.

Kas dokudan hesaplanan Cr, Co, Ni, Cd, Fe ve Cu
birikim ortalamalar1 incelenmis ve Iskenderun ile
Antalya’dan  yakalanan  karidesler  arasindaki
farkliliginin énemli oldugu tespit edilmistir (p<0,05).
Pb ve Zn birikim duzeyleri farkliliklarinin 6nemli
olmadig1 belirlenmistir (p>0,05).

Oksidatif Stres Parametreleri MDA ve KAT

Iskenderun ve Antalya istasyonlarindan yakalanan
derin su pembe karidesinin kas dokularindan
hesaplanan MDA ve KAT seviyeleri Sekil 3 de
verilmigtir. Iskenderun ve Antalya istasyonlarindan
alinan derin su pembe karidesinin MDA seviyeleri
sirasiyla 11,06+0,37 nmol mg! protein ve 8,63+0,13
nmol mg! protein hesaplanmistir. Iskenderun ve
Antalya korfezlerinden yakalanan derin su pembe
karidesinin KAT seviyeleri ise sirasiyla; 6,61+0,44 kg
1 protein ve 3,67+0,16 k g1 protein hesaplanmagtir.

Iskenderun ve Antalya bolgesinden alinan derin su
pembe karidesinin kas dokusundaki MDA ve KAT
diizeyleri arasindaki farklihigin istatiksel olarak
onemli olmadig: belirlenmistir (p<0,05) (Cizelge 3).

Sekil 3. Derin su pembe karidesinin (P. longirostris) MDA ve KAT degerleri.
Figure 3. MDA and CAT values of deep water rose shrimp (P. longirostris).

Cizelge 3. P lIongirostrisin MDA ve KAT
hesaplamalari.
Table 3. MDA and CAT levels of P. longirostris.
MDA CAT
Iskenderun  11,0660+0,3672 6,606+0,4402
Antalya 8,626+1,133a2 3,670+0,1572
F 4,837 5,316
Sig 0,093 0,082

Indipendent Simple T Test.

842

Tiiketici Saghg Agisindan THQ, HI ve CR

Insan gidasi olarak tiiketime sunulan derin su pembe
karidesi tiiketiminin muhtemel saglhik risklerinin

degerlendirilmesi amaciyla yapilan EWI
hesaplamalar1  sonuglar1  Cizelge 4de, THQ
hesaplamalar1  sonuglari  Cizelge 5de ve CR

hesaplamalari ise Cizelge 6’da verilmigtir.

Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb ve Zn i¢in otoriteler
tarafindan belirlenen tolere edilebilir haftalik alim
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(PTWI) degerleri sirasiyla 2000, 2450, 700, 35, 6250,
1750, 980, 5600, 3500 ve 7000 (ng kg!) dir. Bu
kapsamda Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb ve Zn
icin PTWI limitleri birey viicut agirliklar: géz éniinde
bulundurularak sirasiyla; 140000, 171500, 49000,
2450, 437500, 122500, 68600, 392000, 245000 ve
490000 (ng kg!) hesaplanmistir. Hesaplanan EWI

degerlerinin PTWI dizeyleri ile kargilagtirilabilen Al,
Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb ve Zn birikimleri
bakimindan limitlerin altinda oldugu ve derin su
pembe karidesi tiiketiminde bu metallerin haftalik
alim tolerans limitleri agisindan herhangi bir risk
olusturmadig: belirlenmisgtir.

Cizelge 4. Derin su pembe karidesinden hesaplanan tahmini haftalik alim diizeyleri (EWI).
Table 4. The estimated weekly intake (EWI) levels of deep water rose shrimp.

Metaller
Istasyon Al Cd Co Cr Cu Fe Mn Ni Pb Zn
Iskenderun 1x102 2x10% 5x10% 1x103 2x103 2x101 2x103 7x104  8x10% 1x102
M Antalya 4x102 4x10%  3x105 2x10* 4x103 6x102 2x103 2x104  4x10¢  2x1072
Cizelge 5. Derin su pembe karidesinden hesaplanan hedef tehlike orani (THQ).
Table 5. The target hazard quotient (THG) of deep water rose shrimp.
Metaller
Istasyon Al Cd Co Cr Cu Fe Mn Ni Pb Zn
< Iskenderun 2x106 2x106 2x105 5x10%  8x106 5x106 2x10% 5x106  3x10%  7x10°6
&= Antalya 5x10¢ 5Hx107 1x10% 8x106 1x105 1x10% 2x10% 1x10% 2x10°% 8x10°
TTHQ (HI)
Iskenderun 0,000119
Antalya 0,000102

Derin su pembe karidesi tiiketimi ile olusabilecek
olas1 saglik riskleri dogrudan ve kesin bir sekilde
belirlenemese de potansiyel saglik risklerinin
belirlenmesi amaciyla THQ degeri o6nemli Dbir
parametredir. THQ>1 olmasi; metal tiiketiminin
tliiketici agisindan  risk  teskil ettigini ortaya
koymaktadir. Incelenen tim metallere ait THQ
degerlerinin tehlikeli esigin altinda oldugu (<1)
belirlenmigtir.

Cizelge 6. Derin su pembe karidesinden hesaplanan
yasam boyu kanser riski diizeyleri (CR).

Table 6. The lifetime cancer risk (CR) levels of deep
water rose shrimp.

. Metaller
Istasyonlar Pb Cd Cr
Iskenderun 9,6811E-07 1,5714E-05

O Antalya 5,26535E-07  3,45506E-06

CR: Yagsam Boyu Kanser Riski.

Saghkl insanlarda CR degerinin USEPA’ya gore
1x10% ve altinda olmasi1 gerekmektedir. Iskenderun
ve Antalya Korfezinden yakalanan P. Jlongirostris
tiketimi ile viicuda alinan metallerden kaynakli olas:
kanserojen riskleri incelendiginde USEPA tarafindan
belirlenen risk diizeylerin altinda oldugu ve omir
boyu tiiketildiginde insanlarda kanserojen etkilere
neden olmayacag: belirlenmistir.

Yazkan ve ark. (2004), Antalya Korfezinde bazi

yumusake¢a ve karideslerdeki Cu, Zn ve Cd birikim
diizeylerini arastirmiglardir. Arastiricilar derin su
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pembe karidesinde Cu birikimini 5.73 mg kg!, Zn
birikimini 12.66 mg kgl ve Cd birikimini 0.27 mg kg1
tespit etmiglerdir. Caligmada Cu birikimi 2.112+0.115
mg kgl, Zn birikimi 10.023+0.523 mg kg! ve Cd
birikimi 0.002+0.001 mg kg! hesaplanmistir. Iki
caligmada da kas dokularindan hesaplanan Cu, Zn ve
Cd  Dbirikimi  diizeyleri arasindaki farkhilhigin
caligmalarin yapildig: zaman farklihigindan
kaynaklandigr distintilmektedir.

Gokoglu ve ark., (2008) Antalya Korfezinde 3 farkh
karides turinde yaptiklar1 calismada P. longirostris
bireylerinin kas dokularinda birikim gosteren Cu, Cd,

Zn, Fe ve Mn dizeylerini arastirmigtir.
Aragtirmacilar c¢alismalarinin sonucunda birikim
diizeylerini  Zn> Fe> Mn> Cu> Cd, seklide

siralamiglardir. Calismada ise Fe> Zn> Cu> Mn> Cd

7,723360larak hesaplanmistir.
1’zz)’gz‘_-’EAyas ve ark. (2016), Mersin Korfezi'nde yaptiklari

caligmalarinda derin su pembe karidesi kas
dokusunda Cd, Cr ve Pb birikimi diizeylerini sirasiyla
0.50+0.22 pg g1, 2.38+0.51 pg g! ve 3.78+0.88 pg gt
bildirmiglerdir. Bu c¢alismada Iskenderun ve
Antalya’dan yakalanan derin su pembe karideslerinin
kas dokularinda Cd birikimleri sirasiyla 0.010+0.002
mg kgl ve 0.002+0.001 mg kg, Cr birikimleri
0.647+0.154 mg kg?! ve 0.103+0.004 mg kg, Pb
birikimleri ise 0.477+0.048 mg kgl ve 0.259+0.141 mg
kg1 hesaplanmigtar.

Korkmaz ve ark., (2016) Mersin ilinde tiiketilen P.
semisulcatus karidesinin tiketilebilir kas dokusunda
Cr, Mn ve Ni birikimlerinin tolere edilebilir ginluk ve
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haftalik limitlerin olduk¢a altinda oldugu ve insan
tiketimi agisindan sorun tesgkil etmeyecegi kanisina
varildigi bildirilmigtir. Bu calisma ile
kiyaslandiginda, tiketilebilirlik agisindan giinlik ve
haftalik limitlerin benzer sekilde oldugu, her iki
calismada da insan gidas1 olarak ilgili tirlerin
tiiketiminin risk tegkil etmedigi anlagilmaktadir.

Kaya ve Tiirkoglu, (2017) Iskenderun Korfezinden
yakalanan yesil kaplan karidesinde Ni, Mn, Cr, Cd,
Pb ve Co birikimlerini arastirmiglardir.
Calismalarinda Ni, Mn, Cr, Cd, Pb ve Co birikimlerini
sirasiyla 0.110+0.010 mg kg!, 0.382+0.018 mg kg,

0.215+0.020 mg kg!, 0.008+0.001 mg kg,
0.100+0.009 mg kg?! ve 0.027+0.003 mg kg tespit
etmiglerdir. Bu c¢alisma ile kiyaslandiginda
arastirmacilarin  yesil  kaplan  karideslerinden
hesapladiklar1 Pb birikimini, calismada derin su
pembe karidesinin kas dokusunda hesaplanan
birikimden daha disiik hesaplamiglardir. Diger tiim
metal seviyeleri ise, c¢alismada  hesaplanan
konsantrasyonlardan yiksek olup, Ni

konsantrasyonu seviyeleri ise her iki caligmada da
benzerlik géstermektedir.

Ciftci ve ark., (2021) Iskenderun Korfezinde
yaptiklari birikim c¢alismasinda kis mevsiminde
Penaus semiculcatus bireylerinin kas dokularinda
birikim goésteren Al, Fe ve Zn konsantrasyonlarini
sirasiyla 6.2139+1.23 pg g1, 61.2304+3.31 pg g ve
48.1944+1.58 pg g! hesaplamiglardir. Calistiklar:
metalleri birikim agisindan Fe>Zn>Al seklinde
siralamiglardir. Benzer seklide bu c¢alismada da
Iskenderun Kérfezimden yakalanan P. Jongirostris
bireylerinin kas dokularinda birikim gosteren
metaller Fe>Zn>Al seklinde siralanmigtir.
Konsantrasyon miktarlari olarak
degerlendirildiginde, Al birikimlerinin her iki
calismada da Dbirbirine yakin oldugu fakat
arastirmacilarin yesil kaplan karidesi bireylerinden
hesapladiklar1 Fe ve Zn birikimlerinin, c¢alismada
derin su pembe karideslerinden hesaplanan
birikimlerden ¢ok daha fazla oldugu tespit edilmistir.
Bu farkliligin calismalarin yapildig: tir farkliligindan
kaynaklandig1 diistiniilmektedir.

El-Said ve ark., (2021) Misir bolgesindeki kabuklu
(Crustacean) subesine ait denizel canlilardaki Al, Fe,
Zn, Cu, Mn, Ni, Co, Cd ve Pb metal birikim
diizeylerini arastirmiglardir. Calismalar: neticesinde
derin su pembe karidesinde Al, Fe, Zn, Cu, Mn, Ni,
Co, Cd ve Pb birikim dlzeylerini sirasiyla 225.32 ug g
1,43.17 pg g1, 53.18 ug g1, 11.75 pg g1, 1.93 pg g,
1.94 pg g1, 0.94 pg g1, 0.65 pg gt ve 3.39 pg gt
bildirmiglerdir. Ayrica ¢alismalarinda EDI, THQ ve
TTHQ  hesaplamalar1 yapmiglar ve karides
tiketiminden kaynakli bir risk olmadigi sonucuna
varmiglardir.

Calismada derin su pembe karideslerinin kas
dokularinda yapilan analizlerde lipid peroksidasyonu
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gostergesi olan MDA diizeyleri ile antioksidan bir
enzim olan KAT aktivitesi Iskenderun Korfezinde
dagilim gosteren karideslerin Antalya Korfezi'nde
dagilim  gosteren karideslerden daha yuksek
bulunmustur. Iskenderun istasyonunda ozellikle Co
ve Cr birikiminin Antalya istasyonunda yasayan
karideslerde hesaplanan birikimlerden daha fazla
oldugu dikkati g¢ekmektedir. Belirtilen metallerin
daha 6nce yapilan ¢alismalarda oksidatif strese neden
olarak MDA duzeylerini arttirdigi gosterilmistir.
Zhang ve ark. (2021), Palaemonid (Palaemon
macrodactylus) tiri karideste yaptiklari ¢alismada
canlilar1 farklh konsantrasyonlarda Cd metaline
maruz birakmiglar ve karideslerin fizyolojik tepkisini
test etmiglerdir. Cd metalindeki artisin KAT enzim
aktivitesi tizerinde 6nemli bir inhibasyona ve MDA
dizeylerinde artigsa neden oldugu, buna bagli olarak
canlida total antioksidan kapasitede azalmaya sebep
oldugunu belirlemiglerdir. Bu c¢alismaya paralel
olarak Iskenderun Kérfezindeki Cd birikiminin MDA
iceriginin yliksek olmasina ve buna paralel KAT
aktivitesinde inhibasyona neden oldugu tespit
edilmigtir. Ayni sekilde calismada da Antalya
Korfezi'nde yasayan karideslerdeki Cd birikiminin
Iskenderun Korfezimde yasayan karideslerdeki
birikime goére daha disiik oldugu tespit edilmis olup
Cd metalinin canliya olan etkisini desteklemektedir.

Wang ve ark., (2012) beyaz karidesi (Litopenaeus
vannamei) farklh pH degerlerine (5.4, 6.7, 8.0 ve 9.3)
maruz birakip, stres degerlerini KAT enzim aktivitesi
ve MDA uretim seviyesine gore degerlendirmislerdir.
Bu calismada asidik pH (5.4 ve 6.7) ve bazik pH (9.3)
degerlerine uzun sure maruz kalan karideslerde
radikal degerlerin ytkseldigi, buna bagh olarak KAT
enziminin mRNA sentezindeki artigla canlinin ROS’a
karst kendini korumaya aldigini1 kanitlamiglardir.
Buna ek olarak pH degisiminin MDA degerindeki
atisa neden oldugunu bulmuslardir. Buna ek olarak
pH 8.0 degerinin beyaz karideslerde MDA degerinde
artisa neden olmadigr boylece bu pH degerinin beyaz
karideslerde optimum deger oldugu sonucuna
varmiglardir.

Kaymak ve ark. (2015), Yesilirmak akarsuyunda tath
su kefali (Squalius cephalus) ve Capoeta banarescui
turleriyle yaptiklar: ¢calismada agir metal kirliliginin
canlilar  Uzerindeki  etkisini  oksidatif  stres
parametreleriyle karsilagtirmiglardir. Caligmalarinda
agir metal kirliliginin yogun oldugu ornekleme
bélgesindeki canlilarda KAT ve SOD enzim aktivite
degerlerinde dusilis, buna karsilik MDA degerlerinde
ise artig gézlemlemiglerdir.

Chen ve ark., (2020) Pasifik beyaz karidesi
(Litopenaeus vannamer) 4 hafta boyunca ii¢c farkli Co
konsantrasyonuna (0, 100 ve 1000 pg 1) maruz
birakilmiglardir. Kobalta kronik maruz kalmanin
MDA dizeylerinde artisa ve antioksidan savuma
mekanizmalarinda azalmaya neden  oldugunu
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gozlemlemiglerdir. Bununla birlikte ortaya c¢ikan
oksidan hasara karsi antioksidan savunma
mekanizmalar: devreye girmis ve gi¢li antioksidan
enzimlerden biri olan KAT seviyesi artig gostermigtir.

SONUC ve ONERILER

Calismada Dogu Akdenizin Iskenderun ve Antalya
Korfezinde dagilim gosteren derin su pembe
karidesinin (P. longirostris) insan gidas1 olarak
tiketilen kas dokularinda en fazla metal birikimine
Antalya Korfezinden yakalanan karideslerde Fe
(35.976+2.992 mg kg1 rastlanmistir. Iskenderun
Korfezi'nden yakalanan karideslerde metal birikim
diizeyleri Fe> Zn> Al> Cu> Mn> Cr> Pb> Ni> Co> Cd
ve Antalya Korfezinden yakalanan karideslerde
birikim Fe> Al> Zn> Cu> Mn> Pb> Ni> Cr> Co> Cd
seklinde swralanmistir  (Cizelge 2). Iskenderun
Korfezi'nden yakalanan karideslerde Fe den sonra en
fazla birikimin Zn ve Al oldugu, Antalya Korfezi
karideslerinde ise Fe den sonra en fazla birikimin Al
oldugu tespit edilmistir. Cd, Cr, Co, Ni ve Pb en fazla
iskenderun, Al, Fe ve Zn ise en fazla Antalya
Korfezi'nde yasayan karideslerde hesaplanmistir.
Mevcut ¢alismada kas dokusunda yapilan analizlerde
lipid peroksidasyonu gostergesi olan MDA duzeyleri
ile antioksidan bir enzim olan KAT aktivitesi
Iskenderun Korfezi'ndeki karideslerden alinan kas
orneklerinde Antalya Korfezi karideslerine gére daha
yiksek  bulunmustur. Iskenderun Korfezinde
yasayan karideslerde 6zellikle Co ve Cr birikiminin
Antalya Korfezi karideslerinden daha fazla oldugu
dikkati cekmektedir. Belirtilen metallerin daha 6nce
yapilan c¢alismalarda oksidatif strese neden olarak
MDA diizeylerini arttirdigi bilinmektedir. Calismada

buldugumuz sonuglar da o6nceki ¢alismalari
desteklemektedir.
Calismada Iskenderun ve Antalya Korfezinde

dagilim goésteren derin su pembe karidesi tiiketiminin
kisa vadede veya uzun vadede tiiketici sagligi risk
degerlendirmeleri agisindan herhangi bir risk teskil
etmedigi anlasilmigtir. Ayrica agir metal riski
acisindan ilgili tirin omur boyu tiiketildiginde
insanlarda kanserojen etkilere neden olmayacag:
hesaplanmigtir. Insan popiilasyonunun her yil arttigi
ve her gegen giin alic1 ortam olarak yogun bir sekilde
su kaynaklarinin kullanildigi diisiinildiigiinde,
denizlerin xenobiotik yliki de her gecen giin
artmaktadir. Yapilan bu giincel ¢alisma bir durum
tespit calismasi niteliginde olmakla birlikte bir biyo-
izleme c¢alismasidir. Calismanin yapildig1 tarihte
derin su pembe karidesinin insan saghg agisindan
risk olusturmadigi sonucuna varilmigtir. Fakat bu
sonu¢ ileride yapilacak izleme c¢aligmalar1 1ile
periyodik olarak tekrarlanmalidir. Boylece saglikl
yasam i¢in tercih edilen su Urtinleri kaynaklarinin
gercekte ne derecede saghikli oldugu da kontrol
edilmig ve tasdiklenmis olacaktir.
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Aragtirmacilarin Katki Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catigsmasi olmadigini beyan ederler.
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ABSTRACT
Lead is used in many areas of industry. Considering the prevalence of

Environmental Sciences

use, there i1s an intense lead and heavy metal content in the wastes Research Article
resulting from these applications, and the toxic pollution caused by : :

these metals affects the nearest water source directly or indirectly. Artlc.l € Hlstory.
Lead poses a serious threat to all life forms in the ecosystem, even at Received

low concentrations in water. Lead recovery with environmentally Accepted
friendly methods is both easier and more economical. Bacillus Keywords

licheniformis sp. type was used as a biosorbent in the study. Nearly
98.4% of lead was removed by using the batch biosorption method, at
25 °C, pH 5.5, with an adsorption capacity of 42.92 in 120 minutes.

Aqueous Solutions
Bacillus licheniformis sp.

. . ) Biosorption
from the water. The properties of the biosorbent, such as its Biosorllgent
morphological appearance, were characterized by scanning electron SEM

microscopy (SEM). Besides, the functional groups affecting
biosorption in the surface structure were investigated by fourier
transform Infrared spectroscopy (FT-IR)while its resistance to heat
treatment was measured by thermal gravimetric analysis (TGA-DTA).
The lead(I) element content in the aqueous solution was also
determined by inductively coupled plasma optical emission
spectroscopy (ICP-OES).

OZET

Kursun endistrinin bir¢cok alanininda kullanilmaktadir. Kullanim

Bacillus licheniformis sp. Ile Sulu Cézeltilerde Kursun (II) Agir Metalinin Hizlh ve Ekonomik
Biyosorbsiyonu

Cevre Bilimi

yayginligi distuntlirse buna baghh olarak bu uygulamalarin Aragtirma Makalesi
sonucunda ortaya c¢ikan atiklarda yogun kursun agir metal igerigi

bulunmakta ve bluylk oranda en yakin su kaynagini dogrudan ya da Makale Tarihgesi
dolayli olarak etkilemektedir. Suda yiksek konsantrasyonlarda Gelis Tarihi
bulunmasi ile tiim yasam formlar: igin ciddi tehdit olusturmaktadar. Kabul Tarihi
Bunlarin ¢evre dostu yontemlerle iyilestirilmesi hem daha kolay hem

de ekonomiktir. Calismamizda Dicle Nehri topraklarindan izole Anahtar Kelimeler
edilen Bacillus Ilicheniformis sp. kullanilarak sulardaki kursun Atik su

miktar: kesikli biyosorbsiyon yontemi kullanilarak 25 °C de pH 5.5 da Bacillus licheniformis sp.
120 dakikada 42.92 biyosorbsiyon kapasitesiyle % 98.4 oraninda Biyosorpsiyon
onemli 6l¢tide iyilestirildi. Biyosorbentin taramali alan mikroskopisi Biyosorbent

(SEM) kullamlarak morfolojik gériniimleri, fourier Infrared SEM

spektroskopisi (FT-IR) datalar1 ile yiizey yapisinda biyosorbsiyona
etki eden fonksiyonel gruplar ve 1s1l igslem kargisinda gosterdigi direng
de termal gravimetrik analiz (TGA-DTA) verileri ile karakterize
edildi. Sulu cézeltideki kursun element igerigi Indiiktif olarak
eslesmis plazma optik emisyon spektroskopisi (ICP-OES) cihaz ile
tespit edildi.
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INTRODUCTION

Wastes generated as a result of the operation of
industrial facilities directly or indirectly affect water
resources. The heavy metals in the content of these
wastes cause serious consequences by threatening all
life forms with their toxic effects and their capacity to
result in environmental pollution (Chellaiah, 2018).
Considering the necessity of water for all living
organisms, increased toxicity due to heavy metal
pollution in water resources is a crucial problem
(Amirah et al., 2017). Lead (Pb) is the leading cause of
heavy metal pollution. It is one of the toxic metals that
cause environmental pollution and various health
problems in many parts of the world (Hoyle-Gardner,
2021).

Many people, especially children, are exposed to heavy
metals, which have toxic effects even at very low
concentrations, in the environment. When these
accumulate in the body, the immune system is
suppressed. Their neurotoxicity and ability to inhibit
the activity of critical enzymes related to the synthesis
of vital biomolecules, as well as their carcinogenicity
are some of the biomagnifications (Syed and
Chinthala, 2015).

Lead is frequently used in the manufacture of car
batteries, the printing industry, paint manufacturing,
petrochemicals, fuel consumption, and photographic
materials. There is a high concentration of lead content
in the wastes resulting from these processes. Lead 1s
one of the most dangerous heavy metals and is toxic
even at low concentrations. It is highly soluble in water
and is very harmful to all tissues in the human body,
especially the kidneys and immune system (Morcali
and Baysal, 2019; Zahra, 2012). Therefore, it is
necessary to effectively reduce its concentration in
aqueous environments and to choose the best method
for improving the quality of the water (Zhang et al.,
2013).

There are different methods and techniques for the
removal of heavy metals from fluids. Chemical
precipitation (Eltarahony et al., 2020), ion exchange
(Daprowski et al., 2004), solvent extraction (Fillipi et
al., 1998), reverse osmosis (Bakalar et al.,, 2009),
evaporation (Mattenberger et al., 2008), adsorption
(Baran and Duz, 2019) methods are some of them.
Among these, heavy metal removal by the adsorption
technique is widely used. The metal holders used for
this technique are called adsorbents (Kouli et al.,
2020).

Recently, there has been an increasing interest in the
biosorption method using biosorbent in adsorption
applications in this field as it is environmentally
friendly, easy, displays a high adsorption efficiency,
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and its application stages are economical (Shokoohi et
al., 2020). Among the biosorbents used for these
applications, there are certain studies where various
biological sources such as bacteria (Abedinzadeh et al.,
2020), yeasts (Lu and Wilkins, 1996), algae
(Rangabhashiyam and Balasubramanian, 2019), fungi
(Qin et al., 2020), shellfish (M. Keshvardoostchokami,
L. Babaei, A.A. Zamani, A.H. Parizanganeh, 2017)
and, plants (Turkyilmaz et al., 2018) were used.

Gram-positive bacteria are preferred in applications
using bacteria as a biosorbent. Such bacteria have a
thick peptidoglycan layer, a feature that increases
metal removal by providing high metal adsorption
(Reith and Mayer, 2011).

Bacillus licheniformis, one of the members of the
Bacillus genus of the Bacillaceae family, is a gram-
positive species commonly found in nature. These
bacteria have enzymatic activities such as catalase and
oxidase and also show spore-forming properties. B.
licheniformis is a bacterium that offers positive
advantages with its strong resistance to adverse
environments, resistance to high temperatures,
efficient production of various enzymes, and carrying
no risk of pathogenicity. In addition to having a thick
peptidoglycan layer on the cell wall, teichoic and
teichouronic acids in their structure are responsible for
60% of metal binding. (Huang et al., 2020; Samarth et
al., 2012). In recent years, different biomasses have
been used to increase biosorbent efficiency.

This study aims to perform the rapid removal of lead
Pb (I) heavy metal from the aqueous solution by the
environmentally friendly and economical batch
biosorption method using the gram-positive Bacillus
licheniformis sp. (B. licheniformis sp.) strain isolated
from the soils of the Tigris river. The maximum metal
removal capacity was determined by determining the
experimental conditions. TGA-DTA, SEM-EDX, FTIR,
thermodynamic and kinetic parameters were used to
evaluate biosorption changes. As a result, it was
determined that the biosorbent used was effective in
metal removal.

MATERIAL and METHOD
Isolation of Bacterial Strains

Soil samples were taken for bacterial isolation from the
coastal soils of the Tigris river. 1 gram of the soil
sample was weighed and mixed with 4.5 mL of sterile
distilled water. Then it was incubated at 80 °C for 10
minutes (Lennete et al., 1985). Dilutions were made to
obtain colonies from the prepared soil sample. The
diluted sample was inoculated on a nutrient agar
medium containing 10% NaCl and incubated at 37 °C.
Colonies formed in the medium were identified
according to their morphological structures. Colonies



KSU Tarim ve Doga Derg 25 (4): 847-858, 2022
KSU J. Agric Nat 25 (4): 847-858, 2022

Arastirma Makalesi
Research Article

showing Bacillus morphology were inoculated on
nutrient agar medium and were grown at 37 °C for 1
day (Sneath et al., 1986). Taxonomic identification of
Bacillus licheniformis sp. was determined by Dr
Hisamettin Aygun from Dicle University.

Stock Solution

0.798 g of Pb(NOs): was taken and dissolved with a
sufficient amount of deionized water and the total
volume was completed to 500 ml concentrations (5.0,
10.0, 15.0, 20.0, 25.0, 30.0, 40.0 and 50.0 mg/l).

Instruments and Equipment

The characterization of the biosorbent was determined
via Mattson 1000 model fourier infrared spectroscopy
(FT-IR), Shimadzu TGA-50 model thermogravimetric
analysis (TGA-DTA), and EVO 40 LEQ model SEM
data. Perkin-Elmer OPTIMA 5300 inductively coupled
plasma optical emission spectroscopy (ICP-OES) was
used for determining the adsorbed Pb(II) amount.

Preparation of Biosorbent

Bacillus licheniformis sp. strain which was isolated
from Tigris river soils was used as the bio sorbent for
the application. This micro-organism, which is a
member of the Gram-positive bacilli, has a thick
peptidoglycan  layer. The structure of the
peptidoglycan layer is a large polymer formed by cross-
linking  N-acetylglucosamine (NAG) and N-
acetylmuramic acid (NAM) pentapeptide chains. In
addition, teichoic acid in the structure of such bacteria
has a large metal binding capacity (Reith and Mayer,
2011; Samarth et al., 2012; Tocheva et al., 2013).

Appropriate amounts of media were prepared for the
growth of biosorbent using nutrient agar, and nutrient
broth solid forms. B. licheniformis sp. was inoculated
in a nutrient broth agar medium. It was incubated for
24 hours at 37 °C. After the growth, the micro-
organisms were taken from the solid medium and
inoculated into the previously prepared 1.0 litter
nutrient broth medium. It was allowed to grow in a
shaking bath at 37 °C for 24 hours. The medium
content was then centrifuged at 7.000 rpm for 15
minutes. The pellet at the bottom was subjected to a
series of washings with sterile distilled water. The
dried biomass was passed through a 180 pm sieve. It
was then stored in a sterile container ready for use in
the biosorption study.

Pb(IT) Ton Biosorption by Batch Method

Physical biosorption with B. licheniformis sp. was
performed using the batch method (Verma et al., 2013),
(Nazarzadeh et al., 2018). The method is based on the
principle of removing heavy metals from the aqueous
solution by being held by the adsorbent via the
agitation process Mwandira et al., 2020; Nazmara et
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al., 2020).

The Pb (II) ion solutions were prepared at varying
concentrations from 5.0 mg/L to 50.0 mg/L. As a result
of the experiments, the optimum pH for biosorption
was determined as 5.5. Pb ion solutions at varying
concentrations of 5.0-50.0 mg/L in a 100 mL glass flask
were mixed with 25 mg of biosorbent. The biosorption
was carried out at 150 rpm at different temperatures
(25, 35 and 45 °C) for 60 minutes in the shaken
environment. The biosorption capacity was calculated
using the following equation (Masoumi and Ghaemy,
2014).

qe=((Co-Ce).V)/m (1)

In the equation qe adsorption capacity of the
adsorbent (mg/g), Co = initial concentration of adsorbed
substance (mg/L), Ce concentration of adsorbed
substance at equilibrium (mg/L), V= volume of solution
(L), m = weight of biosorbent ( stands for mg).

Desorption of Adsorbed Metal Ions in Biosorbent

B. licheniformis sp. were weighed 25 mg and placed in
100 ml flasks. The optimum pH was adjusted at a
concentration of 5 ppm by dilution from the previously
prepared Pb(ID) stock solution. The metal solution was
placed in flasks and shaken at 150 rpm for 30 minutes.
The sample was taken, centrifuged, and the amount of
lead was determined in the ICP-OES device. Then, HC1
(hydrochloride) and HNOs (nitric acid) solutions
prepared at 0.01, 0.05 and 0.10 M (molar)
concentrations were added to the remaining biosorbent
in the tubes and centrifuging was performed. The Pb
ion analysis was performed on the ICP-OES device.
The metal concentration (Cd) recovered at the end of
desorption was subtracted from the bio-sorbed metal
concentration (Ca). The obtained difference was
divided by the metal concentration (Ca) and multiplied
by 100 to calculate the % recovery.

%A=((Ca-Cd))/Ca x100 (2)
RESULTS and DISCUSSION

Characterization of Biosorbent

Functional Groups of surface structure with FT-IR
spectroscopy data

In the FT-IR spectroscopy data performed in the range
of 450.0 and 40,000 cm™ in figure 1 and table 1, the
strong asymmetric stretch band at 3267.24 cm-1
belonging to the —OH and —NH functional groups on
the surface of the biosorbent shifted as a result of the
interaction between the adsorbed metal and the
adsorbent. Frequency shifts in the 1727.06 and
1633.16 cm-1 bands of the Amide I and Amid II groups
also occurred due to C—O- stretching. In addition,
1230.78 and 1230.78 due to P=0 and C-O- stretching.
The shifts in the 1052.42 bands show that Pb(II) metal
is bound through these groups (Kariuki et al., 2017;
Sabri et al., 2018; Zhang et al., 2013).
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Table 1. Functional group frequencies of the surface of Pb (II) loaded/unloaded by B. licheniformis sp. (v, cm™)
Cizelge 1. Pb (ID yiiklenmis/yviiklenmemis B. licheniformis sp.’in ylizey yapilarina ait fonksiyonel gruplarin

frekanslari (v, cml)

-OH, _CH9- Amide Amide -OH C-H, P=0 C-0O-
—-NH I II bending  COO- (phosphodiester) Stress
Pb Unloaded 3277.67 2929.61 1727.06 1633.16 1440.35 1385.23 1230.78 1052.42
Pb loaded 3267.24  2928.77 1725.66 1631.01 1440.35 1390.32 1228.11 1050.26
- - ™
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Figure 1. FTIR spectrum data of B. licheniformis sp. biosorbent a. After Pb(II) metal ion biosorption, b. Before

biosorption

Sekil 1. B. licheniformis sp. biyosorbentinin FTIR spektrum verileri; a). Pb(II) metal iyonu biyosorpsiyonu sonrasi,

b). Biyosorbentinin uygulama éncesindeki.

TGA-DTA Analysis Data

The thermal gravimetric analysis was used to
determine the biosorbent mass loss. (Zendehdel et al.,
2019). The temperature range was determined as 25-
1000 °C (Amirah et al., 2017). Figure 1, in the TGA and
DTA data of the biosorbent mass losses, it is seen that
the 4.70 % mass loss in the 25-107 °C range is due to
the physically adsorbed water from the biosorbent. It
1s seen that the mass loss, which 1s 5.51% at
temperatures of 107-198 °C, is related to water, which
occurs by the combination of cellulosic -OH groups
(Maranescu et al., 2019). The 37.51% mass loss that
occurred in the range where the temperature was 198-
337 °C occurred with carbonization. At the
intermediate value where the temperature is 337-804
°C, a mass loss of 45.55% occurred, which shows that
carbon is converted into carbon dioxide (Baran and
Duz, 2019) ( Figure 2 and Table 2).

Table 2. TGA-DTA data of biosorbent mass loss rates
Cizelge 2. Biyosorbentin TGA-DTA ile kiitle kayip

oranlari
Temperature range % Mass loss
25-107 °C 4.70
107-198 °C 5.51
198-337 °C 37.51
337-804 °C 45.55

850

SEM Micrograph Images

The appearance of the morphological structures of the
biosorbent before and after biosorption was evaluated
via SEM images. When the SEM micrograph is
examined, it is seen that there is a metallic glow with
the effect of the metal adsorbed on the bacteria in their
morphological appearance after the interaction with
the Pb (II) metal ion (Ayucitra et al., 2017; Dahaghin
et al., 2017). In addition, significant morphological
shrinkage and irregular shape appearance (Su et al.,
2020) occurred in the biosorbent (bacterial cells) after
metal biosorption against the control biosorbent
without metal interaction (Figure 3).

Biosorption Isotherm

The biosorption 5.0, 10.0, 15.0, 20.0, 25.0, 30.0, 40.0,
and 50.0 mg/L concentrations at 298, 308, and 318
kelvin (K) temperatures versus metal ion equilibrium
concentration versus metal ion amount adsorbed per
milligram of biosorbent via the Langmuir (Taleb et al.,
2020) and Freundlich (Khameneh and Moharreri,
2020) equations the compatibility with the adsorption
isotherm was tested.

The Langmuir equation

Molecules adsorbed on the surface are in the form of a
monolayer. The adsorption does not occur on the entire
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surface, but in the form of intermittent coverings. The
energy of adsorption is constant on the whole surface

and there is no interaction between the molecules
attached to the surface (Nasab et al., 2020).
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Figure 2. Mass losses of biosorbent against heat treatment with TGA-DTA data
Sekil 2. Biyosorbentin TGA-DTA verileri ile 1s1l islem karsisinda kiitle kayiplar:
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Figure 3. SEM micrograph images of the biosorbent, (a) before metal interaction and (b) after metal interaction
Sekil 3. Biyosorbentin SEM goriintiileri, (a) metal etkilesiminden énceki ve (b) metal ile ekilesiminden sonra ki

mikrografisi
Qe =Qmax bCe/(1+bCe) 3
When equality is established;
(Ce)/Qe=1/Qmaxb+1/Qmax Ce (4)

Qe (mg); the number of metal ions adsorbed on unit
amount of adsorber, Q@max(mg); monolayer capacity,
Ce (mg); concentration of the metal in the equilibrium
solution, b (L); It represents the Langmuir adsorption
equilibrium constant. In this equation, when Ce versus
Ce/Qe is plotted, Qmax is calculated from the slope of
the line and b constant is calculated from the shift
value.
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The Freundlich equation:

The Freundlich equation shows that there is a direct
proportionality between the metal concentration in the
solution and the adsorbent surface. As the metal
concentration increases, the adsorbed concentration
also increases. This experimental equation is based on
multilayer adsorption on a heterogeneous surface.
Although the Freundlich isotherm is widely used, it
cannot provide sufficient information for monolayer
adsorption capacity, unlike the Langmuir model. The
Freundlich equation (Wu et al., 2020) is expressed as:

Logge=(logk)+1/n logCe (5)
ge: the number of metal ions adsorbed on the unit



KSU Tarim ve Doga Derg 25 (4): 847-858, 2022
KSU J. Agric Nat 25 (4): 847-858, 2022

Arastirma Makalesi
Research Article

amount of adsorbent, Ce: the concentration of the
metal in the equilibrium solution, k: the adsorption
capacity of the biomass, n: the effect of the
concentration on the adsorption capacity.

Adsorption isotherm data with Langmuir and
Freundlich equations are given in table 3 and figure 4.

Table 3. Freundlich and Langmuir constants for Pb(II) biosorption on biosorbent
Cizelge 3. Biyosorbent ilizerinde Pb(Il) biyosorpsiyonuna iliskin Freundlich ve Langmuir sabitleri

Freundlich constant

Langmuir constant

T (K KF (1/dsk) n R2 Qu (mgle) B (Lmg) R2

298 14.25 3.36 0.778 33.67 1.151 0.9952
308 17.58 3.51 0.7878 38.46 1.699 0.9931
318 21.04 3.65 0.8082 42.92 2.354 0.9920

(Kg: Freundlich Constant (adsorption capacity L/g), Qm : Langmuir constant maximum metal sorption (mmol/g); n:
Freundlich Constant, b : Langmuir adsorption equilibrium constant (I/mmol) R2: Correlation coefficient.)
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Figure 4. The biosorption isotherms of Pb(II) of the biosorbent at different temperatures a. Langmuir type, b.

Freundlich type radiographs

Sekil 4. Biyosorbentin farkli sicakliklarda Pb(II)'nin biyosorpsiyon izotermlerinin a. Langmuir tipi, b. Freundlich

tipi grafileri

The magnitude of the R? values of the isotherms
plotted using the experimental data of Pb(II) metal on
the biosorbent in Table 1 shows that the isotherms are
compatible with the Langmuir type (Wen et al., 2018).
Monolayer biosorption capacities (Qm) ranged from 32
to 44 mg/g depending on temperature. There is no
significant  difference between the monolayer
biosorption capacity of the biosorbent. With the
increase 1n temperature, the biosorption capacity also
increased steadily (Ajmal et al., 2003).

Biosorption Kinetics

The biosorption kinetics of Pb(I) was evaluated using
two kinetic models. These are Pseudo-First Order and
Pseudo-Second Order kinetic models. The kinetic
models determine how the constant uptake rate of the
adsorbent affects the residence time at the solid and
solution interface (Zu et al., 2020).

Pseudo-First Order kinetic model equation:
log(qe-qt)=logge-k_1/2,303 t (6)

ge and qt; the number of metal ions adsorbed at
equilibrium and time t (mg/g), k1; stands for pseudo-
first-order adsorption rate constant (min-1) (Yang et
al., 2014).

Pseudo-second degree kinetic model equation:
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dqt/dt= k2(ge-qt)2 (7)
ge and qt; the amount of metal ions adsorbed at
equilibrium and time t (mg/g), k2; is expressed as the

pseudo-second degree adsorption rate constant (g/mg
min) (Zhang et al., 2013).

To explain the biosorption mechanism, the kinetic data
of Pb(II) metal ion removal was modelled. From the
experimental data fixed by linear regression analysis
in equations 6 and 7, pseudo-first-order coefficients of
determination and pseudo-second-order kinetic models
were evaluated. All parameters related to both kinetic
models are indicated in Table 4 and shown in Figures
5 (a, b). When the correlation coefficients (R?) from
each kinetic model are compared, it is seen that they
fit the pseudo-second kinetic model. (Zendehdel et al.,
2019).

Activation Energy and Thermodynamic Parameters in
Biosorption

Since the best kinetic model for the biosorption of
Pb(II) on Fs was determined as the pseudo-second-
order kinetic model, the k2 rate constants in the
Arrhenius equation were applied to calculate the
activation energy of the adsorption process. Arrhenius
equation is given below: (Baran and Duz, 2019).

Ink=lnAo - Ea/RT (®
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Table 4. Biosorption kinetics of Pb(II) at different temperatures Pseudo-First and Pseudo-Second order rate

constants
Cizelge 4. Farkl sicakliklarda Pb(II)'nin biyosorpsiyvon kinetigi Pseudo-First ve Pseudo -Second mertebe hiz
sabitleri
Pseudo-First order constant Pseudo-Second order constant
Temperature (°C) Kpf 1/daw) Qe (mg/e) R2 Kps (g/mgdak) Qe (mgle) R2
25 0.0309 5.6247 0.9526 0.0221 22.1239 0.9948
35 0.0474 3.6966 0.9825 0.0362 23.6407 0.9960
45 0.0859 3.2107 0.9476 0.0520 24.5098 0.9977

(Kpf: Pseudo-first order constant, Kps: Pseudo-second order constant, qe: The number of metal ions adsorbed on 1
g of adsorbent at equilibrium, R2: Correlation coefficient)
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Figure 5. Biosorption kinetics of Pb(II) of the biosorbent at different temperatures a. Pseudo-second order b.
Pseudo-first order graphs
Sekil 5. Biyosorbentin farkl sicakliklarda Pb(ID)'nin biyosorpsivon kinetigi a. Yalacr-ikinci mertebe b. Yalaci-
birinci mertebe mertebe grafikleri

In the equation, k; the value of the rate constant (Kelvin).
calculated from the kinetic model with which the The activation energy of Pb(II) biosorption was found
biosorption i1s compatible, Ea; Biosorption activation to be 33.70 (table 5). Results with activation energy

energy (J/mol), Ao; Arrhenius constant, R; Ideal gas (Ea) of between 5 and 50 kJ/mol are considered
constant (8.314 J/mol.K), T; It represents temperature physical adsorption (Deniz and Saygideger, 2010).

Table 5. Activation energy (Ea) values in biosorption of Pb(II) at different temperatures
Cizelge 5. Farkli sicakliklarda Pb(II)'nin biyosorpsiyonunda aktivasyon enerjisi (Ea) degerleri.

T (K) 1T kps Inkps E. (kj/mol)

298 3.36x103 0.0221 -3.8106

308 3.25%103 0.0362 -3.3202 33.70

318 3.14x103 0.0520 -2.9561
The thermodynamic parameters, which are functions biomass are given in Table 6. In addition, the negative
of temperature under constant pressure (latm) and value of AG indicates that the biosorption process
differ with increasing temperature, are calculated from It is an indication that it happens spontaneously. The
the following equations: positive value of AS® is a value indicating an increase
AG® = -RTInKd (9) in disorder at the solid-liquid interface during

biosorption. As a result, the positive AH® indicated that
the biosorption process was endothermic (Ajmal et al.,
2003; Subramani et al., 2019).

In the equality; Kd, equilibrium constant, Ca; the
amount of metal ion adsorption at equilibrium (mol/L),
Cs; expressed as the amount remaining in solution at

ilibri 1/L) (Deni d Saygid , 2010). . . . .
equilibrium (mol/L) (Deniz and Saygideger ) Effect of Biosorbent Dose and Time on Biosorption

AG"=AH" - TAS (10) The effect of increasing the amount of biosorbent in
InKd=(AS°)/R-(AH°)/RT (11) Pb(II) solution with an initial concentration of 10 mg/L
In equations; AH®, AS°, and AG® represent standard on metal biosorption was investigated. It was observed
enthalpy, entropy, and free energy changes, that increasing the amount of biosorbent caused a
respectively (Biswas et al., 2020). Thermodynamic decrease in the equilibrium concentration. The use of
parameters obtained for the removal of Pb(II) with Fs biosorbent in high concentrations causes a decrease in
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the surface area effective for biosorption due to
agglomeration in parts (Mousavi et al., 2019) (Figure
6(a)). The interaction time in biosorption is an
important parameter in adsorbing Pb (II) ions by

biosorbent. As seen in Figure 6(b), Pb(ID) ions were
adsorbed by the biosorbent very quickly in a short
time. Prolongation of time slowed down the biosorption
reaction (Heraldy et al., 2018).

Table 6. Thermodynamic parameters of biosorption of Pb(I).
Cizelge 6. Pb(II)'nin biyosorpsiyonunun termodinamik parametreleri.

T(K) 1/T Inb AG° (kj/mol) AH° (kj/mol) AS° (j/molK)
298 3.36x103 0.141 -0.568
308 3.25%x103 0.530 -1.527 28.18 95.82
318 3.14x103 0.856 -2.485
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Figure 6. a. Effect of adsorbent dose on Pb(IT) biosorption at 25 °C b. Effect of time on the biosorption of Pb(II) by

Fs biosorbent at different temperatures

Sekil 6. a. 25 °C'de Pb(II) biyosorpsiyonuna adsorbent dozu etkisi b. biyosorbentin farkl sicakliklarda Pb(II)'nin

biyosorpsiyona zamanin etkisi.

Effect of pH on Biosorption

The effect of pH on the adsorption of Pb(II) metal ion
on biomass was investigated in the range of 1.0-10.0
and adsorption capacities were calculated accordingly.
As can be seen in Figure 7, the pH factor is an
important parameter that affects the adsorption
behaviour. It was observed that the highest capacity
occurred at pH 5.5. In addition, pH affects the
solubility of the metal and the functionality of the
microbial sorbent surface (Pugazhendhi et al., 2018;
Sabri et al., 2018).
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Figure 7. pH effect on biosorption
Sekil 7. Biyosorbsiyvona pH nin etkisi.

Desorption of Biosorbent

Metal recovery after biosorption is important in
evaluating the efficacy and reusability of the
biosorbent. In the recovery of Pb(II) metal ion adsorbed

on the biosorbent as a result of biosorption, 0.01, 0.05
and 0.10 concentrations of HCI and HNO3 solutions
were applied and the most effective result was 0.10
NHOs solution with 98.6% lead recovery. (Table 7 and
Figure 8).

Table 7. Desorption of Pb (II) metal ion adsorbed in
biosorbent with HC1 and HNOs (T=25 °C, Co=5
ppm, rpm=150 rpm, t=60 min and m=25 mg)

Cizelge7. Biyosorbentin HCI ve HNOs ile desorpsiyonu
(T=25°C, Co=5 ppm, hiz=150 rpm, t=60 dak ve

m=25 mg)
Solution Concentration = % Desorption
(mol/L) Efficiency
0.01 64.8+0.14
HCl 0.05 75.9+0.19
0.10 91.3+0.12
0.01 68.7+0.09
HNO3 0.05 79.4+0.28
0.10 98.6+0.15

N=3, 95% confidence interval

In a study by Bangaraiah et al., they reported 75%
heavy metal removal in a study using biomass. In
another similar study, Hoyle-Gardner et al. reported
that it has a metal recovery capacity of about 89% in
lead biosorption. In conclusion, Bacillus licheniformis
sp. The bacteria used in this study proved to be good
adsorbents in metal removal in aqueous solutions.
Biosorption conditions; Metal removal can be improved
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with parameters such as temperature, time, pH,
amount of biosorbent and time. It shows that bacteria
can be used effectively for Pb(IT) removal from aqueous
solutions and wastewater when appropriate

experimental conditions are provided.

The studies carried out to remove Pb(II) metal ions
from water by biosorption are given in Table 8.

Table 8. Biosorption studies for the removal of Pb(I) metal ions in water.
Cizelge 8. Pb (II) metal iyonunun sularda giderimi igin yapilan biyosorbsiyon ¢alismalari.

Biosorbent .
. T Time %
Biosorbent Amount (g7 pH (C) (Hour) Removal References
Talaromyces 4.56 5 30 2 90 (Sharma et al., 2020)
islandicus
HBucalyptus 0.02 7 25 0.66 85 (Sabri et al., 2018)
camaldulensis
Algae (Mixed culture) 5.52 6 30 1.1 95.43 (Mousavi et al., 2019)
Ralstonia 0.1 6 35 12 90 (Pugazhendhi et al., 2018)
solanacearum
Sargassum muticum 0.3 5 20 0.5 96 (Hannachi and Hafidh, 2020)
B. licheniformis 0.7 6 30 12 98 (Wen et al., 2018)
B. Iicheniformis sp.
This study 0.25 5.5 25 1 98.4
CONCLUSIONS Contribution of the Authors as Summary

Since heavy metals are toxic, they are undesirable for
ecological balance and living things. The most
important of these is water pollution. Many methods
are applied for metal removal in water. One of these
methods i1s the biosorption method. In the study,
bacterial biomass and lead biosorption in aqueous
solutions was studied. In the study, Pb(II) metal ion,
which has a toxic effect even at low concentrations, was
detected in B. licheniformis sp. and was effectively
removed with its biomass. The FT-IR, TGA-DTA, and
SEM data were used to determine the characterization
of the biosorbent. At the same time, factors affecting
biosorption such as biosorbent dose, biosorption
kinetics and isotherm, temperature, pH, and time were
investigated. It was determined that B. licheniformis
sp. biosorbent removed Pb(II) ions significantly rapidly
with an adsorption capacity of 42.92. The biosorption
method applied in the study has the advantage of being
an environmentally friendly, economical and easy to
apply process. In addition, the fact that the bacterial
biomass (Fs) used is resistant to extreme conditions
and there is no risk of pathogenicity provides a great
advantage. Adsorption capacity can be increased by
improving the factors affecting biosorption and
changing the optimization conditions. In addition, the
reproducibility of the used biomass was proven by
desorption.
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ABSTRACT

It is obvious that healthy eating will only be with healthy foodstuffs,
and the foods consumed can affect social life and religious life in
addition to physical and mental health. The concentration of
radioactivity that may be in basic foodstuffs such as oil can increase
the dose rate taken with food. In the study, no measurable U-238,
Ra-226, Th-232, K-40, Cs-137 and Cs-134 concentrations were found
in olive oils obtained from olives grown in Osmaniye, Diizi¢i and
Erzin regions. The absence of measurable radionuclide
concentrations in olive oils is a positive result. It is a desirable
property that the olive oil that people consume as food is clean and
does not contain radioactivity.

Zeytinyaginda Radyoaktivite Konsantrasyonun Incelenmesi

OZET

Saglikli beslenmenin, ancak saglikli gida maddeleri ile olacagi asikar
olup tuketilen gidalar, beden ve ruh saghiginin yaninda, sosyal
hayati ve dini yasami etkileyebilmektedir.Yag gibi temel gida
maddelerinde olabilecek radyoaktivite konsantrasyonu, besinler ile
alinan doz oranini arttirabilir. Yapilan ¢alismada Osmaniye, Diizigi
ve Erzin bolgelerinde yetistiriciligi yapilan zeytinlerden elde edilen
zeytinyaglarinda, olgiilebilir U-238, Ra-226, Th-232, K-40, Cs-137 ve
Cs-134 konsantrasyonuna rastlanilmadi. Zeytin yaglarinda
olgtilebilir radyontiklid konsantrasyonuna rastlanmilmamasi olumlu
bir sonuctur. Insanlarin gida olarak tiikettigi zeytinyaginin temiz ve
radyoaktiviteden ari olmasi istenen bir 6zelliktir.
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INTRODUCTION south latitudes (Oztiirk, Yilmaz and Ozer, 2020). The

Living things need nutrients to survive. Although
plants produce the nutrients they need, humans
cannot. They take it ready from the outside. Foods
taken can affect an individual's physical and mental
health, even his social life and personality
(Kahraman, 2012). In this regard, the content of the
foods taken is very important. In daily life, basic
foodstuffs such as flour and oil form the basis of other
foods. More or less fat is used in the preparation of
almost every food. Oils can be of vegetable or animal
origin.

Olive is the fruit of the 'Olea europaea’' tree from the
'Oleaceae' family. The homeland of olive, a typical
Mediterranean plant, is Anatolia. Over time, it spread
to Greece, Italy, Africa, Spain, France and America.
Today, it is cultivated between 25-45 north and 15-35

olive tree blooms in March-May. Olive fruits reach the
size of hazelnuts in mid-August. The color of the olive
fruit is green at first and turns black as it ripens. The
ripening of olive fruits can be followed with the color
change in the fruits. As the ripening increases in olive
fruits, the oil content in the fruits also increases.
When there is no green fruit left on the tree, the oil
content reaches the highest level (Menduh, 2015).
Olive oil is obtained from olive fruits by physical
methods such as pressing, centrifugation and
filtration. The color of the oil can vary from clear
green to yellow. The oil has a unique smell and taste
(Oztirk, Yilmaz and Ozer, 2020). Since olive oil is
produced from olive fruits without chemical
processing, it can be consumed like fruit juice. In
addition, it ranks first among vegetable oils in terms
of prefer ability (Canik, 2020).



KSU Tarim ve Doga Derg 25 (4): 859-863, 2022
KSU J. Agric Nat 25 (4): 859-863, 2022

Aragtirma Makalesi
Research Article

Olive oil 1s defined as a physically obtainable, clear
yellow colored, natural consumable product with a
pleasant smell and taste. 98% of olive oil is free fatty
acids and glycerides (major components), 2% is
phenolic compounds, sterols, sequalene, triterpenes
form pigments (minor components). Approximately
98% of the chemical composition of olive oil consists of
saponifiable substances and 2% of non-saponifiable
substances. Unsaponifiable (sterol, phenols, pigment,
flavonoid, volatile components etc.) substances give
flavor to olive oil. Since the minor components in
olives differ according to the species, there are also
differences in olive oil quality. There are many factors
that affect the quality of olive oil. The quality of olive
oil may vary depending on factors such as the type of
olive tree, growing conditions (climatic conditions of
the region where it grows, precipitation, agricultural
activities), harvesting, storage and processing of the
olive fruit (Canik, 2020).

Radionuclides in the air, soil and water where the
plant is located can pass to humans by means of
plants and animals. The transition of radionuclides
from soil to plant can vary considerably according to
soil and plant types (Karahan, 1997). The reason for
this difference is the soil's clay and organic matter
content, pH and cation exchange capacity. The high
clay content in the soil provides retention of cesium,
reducing its uptake by the roots (Karatash and Ozer,
2017). In the literature review, it was seen that
studies were conducted to determine natural
radionuclides in soil, water and food. Distribution of
terrestrial radio nuclides in surface soil samples in
Osmaniye province and its surrounding (Ugur et al,
2013), measurement of environmental gamma
radiation in Osmaniye (Ozer et al, 2018), radiation
activity of peanuts grown in Osmaniye (Karatash and
Ozer, 2017), from Osmaniye Heavy metal and basic
elements found in the collected peanut samples
(Kurnaz et al, 2018) and the nutritional content of
peanuts (Arachis hypogaea L.) grown in Adana
province (Turfan et al, 2018) were investigate. We
could not find a study on determining the
radioactivity of olive oil from the literature review.
Considering the olive and olive growing potential of
the region, it is aimed to contribute to the literature
in determining the radioactivity of olive oil.

MATERIALS and METHODS

Olive oil samples used in radioactivity measurements
were obtained from olives produced in Osmaniye
Korkut Ata University central campus, Dizigi
Vocational School campus and in the garden of
farmers in Erzin district of Hatay province in 2019.
Three olive oil samples from each region were taken
directly from the producer. Olive oils were kept in
closed glass containers covered with aluminum foil in
places that do not receive sunlight until the
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measurement and analysis. Before sending the oils in
these containers to the laboratory for radioactivity
analysis, approximately 400 g of each sample was
placed in plastic containers and coded according to
the location of the place where they were taken.
Before the measurements were made, the samples
were kept in suitable sample containers for one
month under storage conditions in the laboratory for
radioactive stability. Before the analysis, the energy
and absolute efficiency calibration of the detector was
made.

Area of Investigation:

Osmaniye in southern Turkey, in the Cukurova
region, at the foot of the Amanos Mountains, 20 km
from the Mediterranean Sea, is 121 m above sea level.
It is an Anatolian city established between 35 52' and
36 42' Eastern Meridians, 36 57' and 37 45' northern
parallels. On the west side of the city, the Adana
plain has plains extending to the east. In the south
are Amanos Mountains (Gavur Mountains) extending
from Iskenderun Bay to the east, Taurus Mountains
in the north and northwest direction, Dumanl,
Dildil and Tirtil Mountains in the east. Height
increases from south to north and east. Most of the
surface shapes are available in Osmaniye (Cevre ve
Sehircilik 11 Midiirliigii, 2019). The annual average
temperature of the study area is Osmaniye 18.5,
Diizici 17.1 and Erzin (Hatay) 18.3 °C (Canik, 2020).
77% of Osmaniye agricultural land is located in the
center and 5% is in Duzigi district. 76% of olive
production is done in the center and 2% in Diizici
district (Canik, 2020). Many agricultural products,
including peanuts, wheat and olives, are grown in the
city (Karatagl and Ozer, 2017). The number of olive
trees planted in Osmaniye province, the amount of
olives and olive oil produced is given in Table 1.

According to the 2020 TUIK data, 32.30% of olive oil,
62.49% of the table olives produced in the Eastern
Mediterranean, where the provinces of Hatay,
Kahramanmarags and Osmaniye are located, were
produced in the province of Osmaniye. Of table olives
produced in Turkey 6.18%, 3.87% of the olive oil
production is realized in Osmaniye. In terms of the
number of olive trees, 20.8% of the olive trees in the
Eastern Mediterranean region and 2.7% of the olive
trees in Turkey are located in Osmaniye (TUIK,
2020). Table 1 clearly shows that the yield rate of
table olives and olive oil grown in Osmaniye is higher
than that of the region and Turkey.

As can be seen from Figure 1, the province of
Osmaniye is located in the Taurus belt, between the
Yumurtalik Fault and the Amanos Mountains. Figure
1-b shows the simplified geology of Osmaniye and the
generalized stratigraphic columns of the geological
units in the vicinity of Osmaniye. The stratigraphy of
the province of Osmaniye and its surrounding area
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presents an accumulation extending from the lower
Paleozoic to the upper Cretaceous, Eocene, Miocene
and Plio-Quaternary. The Osmaniye region is one of
the interesting aspects of the Taurus Mountains, as it
has rock stratigraphic units representing all systems
of the Cambrian-tertiary range. The stratigraphy of
the province of Osmaniye and its surrounding area

presents units from the lower Paleozoic to the upper
Cretaceous, Eocene and Plio-quaternary. The middle-
upper Devonian age, which forms the lower level of
the Paleozoic units, consists of coral limestone,
sandstone and silt stone-shale. Carbonates and
ophiolite complex are observed in the Mesozoic unit
(Ugur et al, 2013).

Table 1. Olives and olive oil produced throughout the Eastern Mediterranean region and Turkey (TUIK, 2020)
Cizelge 1. Dogu Akdeniz bélgesi ve Tiirkiye genelinde tiretilen zeytin ve zeytinyagi

Osmaniye Hatay, Kahramanmaras,

G0 osmayniye (TR63) » Turkey (TR)
Number of Table Fruiting Trees (Number) 2017 223 5 380 986 50 469 104
Number of Fruit Trees for Olive Oil Production 1871 894 13 992 399 108 912 926
(Number)
Table Olive Number of Non-Fruiting Trees (Number) 480.604 1386 213 9 337984
The quber of Trees Without Fruit for Olive Oil 654 983 4 085 182 18 443 938
Production (Number)
Table Olives Collective Fruit Orchards Area (decare) 77 186 229 381 2 334 583
Area of Collective Fruit Orchards for Olive Oil 33 074 605 481 6 536 185
Production (decare)
Yield (Table Olive) 16 9 10
Yield (Olive Oil Production) 17 7 7
Table Olives Production Amount (Ton) 31703 50 735 513 140
Production Amount for Olive Oil Production (Ton) 31 089 96 261 803 486

CQUTANI BOLGES|

KT m

(a)
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FINDINGS and DISCUSSION

The radioactivity analyzes of U-238, Ra-226, Th-232,
K-40, Cs-137 and Cs-134 were performed using

(b)

Figurel. (a) Map of Turkey Provinces and Cities (Anoniml, 2021), (b) Osmaniye Province Geological Map
(Karatash ve Ozer, 2017; Anonim2, 2021) .

Sekil 1. (a) Tiirkiye Bolgeler ve Iller Haritasi, (b) Osmaniye Ili Jeoloji Haritas1

Gamma-Ray spectrometry analysis method in three
olive oil samples taken from different parts of
Osmaniye, Osmaniye Diizi¢i and Hatay Erzin regions.
Measurements were made with Ortec GMX70P4-S
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HPGe detector at Ankara University Nuclear
Sciences  Institute. The  detector's efficiency
percentage is set at 78.5%. Olive oil samples prepared
were taken in Marinelli bottles. The radioactivity
concentration unit was determined in Bq / kg. The
amount and times of samples taken for analysis are
given in Table 2.

Table 2 Mass and time values of olive oil samples
used in radioactivity analysis
Cizelge 2. Radyoaktivite analizinde kullanilan zeytin-
yagi orneklerinin kiitle ve stire degerleri

Zone Mass (g) Duration (s)
Osmaniye 387.05 248 690
Diizigi 374.45 338 469
Erzin 372.77 259 099

Radioactivity concentration values of olive oil samples
taken from three different regions of Osmaniye,
Diuizigi and Hatay Erzin were determined below the

MDA criteria and at an acceptable level for health.
The radioactivity results of the substances U-238, Ra-
226, Th-232, K-40, Cs-137 and Cs-134 are given in
Table 3. Measurable activity concentrations of
radionuclides in olive oil samples were not found.
Therefore, it was not necessary to calculate the
annual effective dose in order to determine the
radioactive risk value. In the literature study, no
study was found to determine the radioactivity
concentration of olive oil. However, studies to
determine radioactivity concentrations on soil, water
and peanuts have been carried out before in the study
area. These studies are important in terms of giving
an idea to the reader. Therefore, the concentration
values in soil, peanut and black nuts are given in
Table 3. The MDA shown in Table 3 represents the
Minimum measurable activity value. MDA values for
the device used in this study: 0.6 Bq / kg (Ra-226), 0.7
Bq / kg (Th-232), 0.35 Bq / kg (K-40), 0.1 Bq / kg. (Cs-
137), 0.1 Bq/ kg (Cs-134) and 1.7 Bq / kg (U-238).

Table 3 Activity concentrations in olive oil samples (Bq / kg)
Cizelge 3. Zeytinyagi orneklerinde aktivite konsantrasyonlar: (Bg/kg)

Sample Area U-238 Ra-226 Th-232 K-40 Cs-137 Cs-134
Osmaniye This work <MDA <MDA <MDA <MDA <MDA <MDA
gf’irznizimye This work <MDA  <MDA <MDA <MDA <MDA <MDA
Hatay Erzin This work <MDA <MDA <MDA <MDA <MDA <MDA
Osmaniye Peanut » - 7.6+1.0 3.2+1.0 289.6+5.5 <MDA

Diizigi

Rize Pazar Blackberry b -- 5.17+0.28 0.87+£0.21 234.81+10.95 0.27+0.01

Osmaniye Soil ¢ 10.4 12.2 243.4 -

a (Karatash and Ozer, 2017), » (KIRIS, 2019), ¢ (Ugur et al, 2013)

When Table 3 is examined, it is seen that the Th-232
activity concentration is 12.2 in the soil sample taken
from Osmaniye and 3.2 Bq / kg in the peanut taken
from Osmaniye-Diizi¢i, but less than 0.7 Bq / kg in
olive oil. This situation 1is a mnormal and
understandable result. We cannot expect a linear
relationship for every radioisotope in the transition to
olive oil. After all, the chemical behavior of U and Th
and other elements are different. Therefore, it is
extremely normal that the activity in olive oil and
peanut is lower than the value in the soil where these
plants are grown. When the literature is reviewed, it
is seen that these discussions were made in tea
samples after the Chernobyl nuclear accident, and
even theses were prepared on this subject. For
example, it has been determined that the activity of
Cs-137, Cs-134 that passes into the tea according to
the brewing conditions (time, temperature, etc.) of the
tea and even the amount of potassium (K-40 activity)
taken by the tea plant with the intention of fertilizer
(nutrient) has been found to change. Demirel (1990)
examined the transition of Cs-137 activity in the soil
to wheat, barley, bean, lettuce, corn and grass plants
in his doctoral thesis. In the study carried out, the
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East Black Sea region teas containing Cs-137 activity
were given to the soil and it was observed that the Cs-
137 activity was transferred to the plants between
0.041% and 1.057% in the measurements made on
wheat, barley, corn, lettuce, beans and grasses grown
in this soil (Demirel, 1990). The activity in the soil did
not pass to the plants linearly, it varied from plant to
plant. In this respect, the study is in accordance with
the literature.

The most valuable aspect of this study is that the
olive oil that people consume as food is clean and free
from radioactivity. In addition, Cs-137 in peanuts is
also very low and a good result that is desired to be
under MDA.

CONCLUSION

Natural and artificial radioactivity in the regions
where people live and in the environments where
plants and animals are grown can adversely affect
human health. Today show increased consumption of
olive oil, studies towards recognition of olives and
olive oil produced in Turkey has made it important to
examine the radioactivity concentration. As a result
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of the analysis, the radioactivity concentrations of U-
238, Ra-226, Th-232, K-40, Cs-137 and Cs-134 in olive
oil samples were determined to be lower than the
MDA values. The fact that the radioactivity
concentrations in the olive oil samples used in the
study are below acceptable levels is seen as positive
for the olive and olive oil production in the region.
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OZET Gida Bilimi

Bu c¢alismada, turuncu renge, kendine 6zgu tat ve yapiya sahip, lif,

antioksidan, fenolik bilesikler bakimindan zengin bir meyve olan Aragtirma Makalesi
Trabzon  hurmasi  (Diospyros  kaki), nektara  islenerek

degerlendirilmis ve nektarlara farklh yogunluklarda (15, 30 ve 60 dk Makale Tarihgesi

- 24 kHz) ultrases enerjisi uygulanmistir. Nektarlarin 20-60 s Gelig Tarihi  :31.12.2020
kayma hizi araligi ve sabit sicakliktaki bazi reolojik 6zellikleri Kabul Tarihi :29.07.2021
belirlenmigtir. Hurma nektarinin akis davranisini agiklayan en

uygun modelin Ostwald-de Waele oldugu (/2>0.98410), sirasiyla Anahtar Kelimeler

1.4640 - 0.5308 ve 0.2815 - 0,3954 araliginda degisim gosteren Trabzon Hurmasi nektari

modele ait kivam indeksi (&, mPa.s) ve akis davranis indeksi () Ultrases
parametreleri ile birlikte ortaya konulmustur. Nektarlara uygulanan Reoloji
ultrases uygulama stresi arttikga nektarlarin viskozite degerinde Ostwald-de Waele

112.70 ‘den 59.75 mPas seviyesine 6nemli diizeyde azalma meydana
geldigi belirlenmistir. Bu nedenle, ultrases uygulamasinin Trabzon
Hurmasi nektari gibi ytiksek viskoziteli urtnlerin viskozitesini
azaltarak tuketimini kolaylastirma potansiyeli bulundugu sonucuna
ulagilmigtir.

The Effect of Ultrasound on Rheological Properties of Persimmon Nectar

ABSTRACT Food Science
In this study, persimmon (Diospyros kakin, a fruit rich in fiber, )
antioxidants and phenolic compounds which has orange color, Research Article

distinctive taste and texture, was evaluated by producing nectar, and

different intensities of ultrasound energy (15, 30 and 60 min - 24 ﬁrtlc.le I(-lllstory. 31.19 9020
kHz) were applied to nectars. The shear rate range between 20-60 s’ Aecewe d ) 29'07'2021
and some rheological properties of the nectars at constant ieote TasE
temperature were determined. It was revealed that Ostwald-de Keywords

Waele is the best model that explains the rheological behavior of Persimmon nectar
persimmon nectar (/2>0.98410) with the consistency coefficient (%, Ultrasound
mPa.s) ve flow behaviour index (1) parameters changing between el
1.4640-0.5308 and 0.2815-0.3954, respectively. It was determined Ostwald-de Waele
that as the ultrasound application time applied to the nectars

increased, the viscosity value of nectars decreased from 112.70 to

59.75 mPa.s. Therefore, it can be concluded that ultrasound

application has potential to facilitate the consumption of high

viscosity products such as persimmon nectar by reducing the

viscosity.

Atf iginl Diindar B 2022. Ultrases Uygulamasinin Elma Suyu Ilaveli Trabzon Hurmas: Nektarimin Reolojik Ozellikleri
Uzerine Etkisi. KSU Tarim ve Doga Derg 864-871. DOI: 10.18016/ksutarimdoga.vi.851184.

To Cite: Diindar B 2022. The Effect of Ultrasound on Rheological Properties of Persimmon Nectar. KSU J. Agric Nat
864-871. DOI: 10.18016/ksutarimdoga.vi.851184.

GIRIS iklim go6steren bélgelerinde yayilim gostermigtir
Anavatani Cin olan Trabzon Hurmasimin (Diospyros (Tuzeu ve Seker, .1996)- Turkiye’de yetistifilmeye
kak) Cin'den Japonya’ya oradan da diger iilkelere baslanmasi (;ok.eskllere @ayannqakta olup o dénemde
yayildig1 bilinmektedir. Hurma, Tiirkiye’de ilk olarak, ~ Lrabzon tzerinden diger illere dagildigindan

“Trabzon Hurmas1” adin1 da almigtir. Diinyanin

Karadeniz Bélgesi'ne Rusya’dan girmis ve subtropik : da g : !
biiyiik bir boéliminde “Kaki” diye, Amerika’da ise
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“Persimmon” olarak adlandirilmaktadir (Parseker
Yénel ve ark., 2008). Bu meyve Tiirkiye'de yerel
olarak, Hurma, Rus Hurmasi, Japon Hurmasi,
Trabzon Hurmasi, Batum Hurmasi ve Cennet
Meyvesi gibi adlarla da taninmaktadir. Hurma
meyvelerinin fenolik bilesikler ve askorbik asit
bakimindan zengin olmasi, bu meyvenin antioksidan
aktivitesinin  yliksek  olmasini  saglamaktadir.
Ozellikle A ve E vitaminleri yaninda zengin
karbonhidrat ve tanen icerigi sebebiyle (Parseker
Yénel ve ark., 2008), fonksiyonel iiriinler icinde
onemli bir yere sahip olan Trabzon hurmasina olan
talep son yillarda artmaktadir (Ozkan ve Can, 2013).
Hurma yapraklar: ve meyvelerinde proantosiyaninler
(Jung ve ark., 2005; Suzuki ve ark., 2005), flavonoid
oligomerleri, tanninler, fenolik asitler ve katesin gibi
maddeler bulunmaktadir (Lee ve ark., 2012; Jo ve
ark., 2003). Trabzon hurmasy, o&zellikle B-
kriptoksantin’e doéntsebilen B-karoten bakimindan
zengindir (Kumazawa ve ark., 2002). Veberic (2010),
hurma meyvesinde B-karotenlerin c¢ogunlukta olup
onu B-kriptoksantin ve a-karotenlerin takip ettigini
bildirmistir. Ayrica ek olarak flavanoellagitannin ve
procyanidino-ellagitannin (proantosiyanidinler and
ellagitanninler) hurmada bulunan onemli
fitokimyasal bilesenlerdir (Butt ve ark., 2015).
Turkiye’de hurma tiiketiminin artis gostermesindeki
en 6nemli sebeplerin bagsinda ‘Fuyu’, ‘Jiro’, ‘Izu’ gibi
buruk olmayan yeni cesitlerin iilkeye girisi (Ercisli ve
Akbulut, 2009), hasat sonras1 depolama imkanlarinin
artmasi, meyvelerdeki besin igeriginin, 6zellikle
yuksek A vitamini, kalsiyum, potasyum, tanenler,
antioksidan ve fenolik bilesikler bakimindan zengin
olmas: gelmektedir (Celik ve Ercisli, 2008; Ercisli ve
ark., 2008; Veberic ve ark., 2010; Altuntas ve ark.,
2011).

Enerjinin ses dalgalar: titresimi yardimi ile meydana

getirildigi ultrases uygulamalarinda, 20 kHz - 10
MHz araliginda degisim gosteren frekanslar
kullanilmaktadar. Bu uygulamalarin

siniflandirilmalarinda, tretilen ses alaninin enerji
miktar1 en énemlidir. Ses giicii (W), ses yogunlugu
(W/m?), ses enerjisi yogunlugu ise (W.s/m3) ile
karakterize edilmektedir (Dolatowski ve ark., 2007;
Knorr ve ark., 2004). Ses enerjisi, sitirekli dalga-tipi
bir hareket olusturarak ortama girdiginde, bu
hareketin bir sonucu olarak boylamsal dalgalar
olusur ve bu durum ortamdaki partikiiller tizerinde
sitkisma ve gevseme yaratir. Uygulanan ses
dalgasimin buytkligi ve frekansa bagh olarak farklh
uygulamalara olanak saglayan bir seri fiziksel,
kimyasal ya da biyokimyasal etkiler meydana
gelebilmektedir. Yiksek gsiddete sahip ultrases
uygulanan sivilarda yiiksek ve diisik basingh
dalgalar olugsmaktadir (Knorr ve ark., 2004). Diisiik
basingh dalga olusumu sirasinda, ultrasonik dalgalar
kiigiik vakum baloncuklar meydana getirmekte ve bu
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baloncuklar daha fazla enerji absorblayamayacak
hacme ulastigi  zaman yliksek basingli dalgalar
meydana gelmekte ve igce dogru patlamaktadir. Bu
olay sonucunda 1000 atm’nin tuzerinde oldukca
yiksek basing ve enerji aciga c¢ikmaktadir. Acgiga
¢itkan enerji, kabarciklarin bulundugu bolgede
sicaklik artisgt ve baz1 kimyasal reaksiyonlarin
olusumu ile sonuclanmaktadir (Vercet ve ark., 2001).

Gida teknolojisinde ultrases, sivi gidalardaki
enzimatik reaksiyonlarin aktivasyonu,
fermantasyonun hizlandirilmasi, karigtirma,

homojenizasyon, kati materyalin sivi igine disperse
olmasi, hiicrelerin parcalanmasi, ekstraksiyon (hiicre
ici materyalin ekstraksiyonu, enzim eldesi), siv1
akimdaki yagin emilsifiye edilmesi, spreyleme,
gazlarin ayrilmasi  (degassing), kristalizasyon,
kurutma, enzimatik ve mikrobiyal inaktivasyon gibi
islemlerde tek bagina ya da yardimci islem olarak
kullanilmaktadir (Mason ve ark., 2005; Wu ve ark.,
2008).

Meyve sularmin reolojik davranigimi agiklamak igin
meyve suyuna bagh olarak degisen Newtonyen (bir
parametre), Bingham ve Power-Law (iki parametre),
Herschel-Bulkley modelleri (ii¢ parametre) gibi bircok
reolojik model kullanilmigtir. Sivi gidalar genellikle
Newtonyen akis sergilememektedir. Bu nedenle,
davranmiglarim1  agiklamak i¢in daha karmagik
modellerin kullanilmasi1 gerekmektedir. Meyve/sebze
sularina uygulanan bazi teknolojik islemler trtnin
viskozitesi uzerinde onemli diizeyde etki
gosterebilmektedir (Vandresen ve ark., 2009).
Literatiirde meyve sularinin reolojik modellenmesi ile
ilgili ¢aligmalar bulunmasina ragmen Trabzon
hurmasi nektarinin reolojik 6zellikleri ya da
ultrasesin bu o6zellikler lzerine etkisi ile ilgili bir
caligmaya rastlanmamagtir.

Bu c¢alismada, Trabzon hurmasi nektarinin akis
davranisi ve enzimatik / mikrobiyolojik inaktivasyon
amaciyla uygulanan 1s1l igleme alternatif olarak
gosterilen teknolojilerden biri olan ultrasesin, hurma
nektarimin bazi reolojik 6zellikleri lizerine etkisinin
ortaya konulmasi amacglanmigtir. Bu etkinin
belirlenmesi, ultrasesin dahil edildigi bir iglemin
tasarlanmasinda ya da nektarin duyusal 6zelliklerini
gelistirmek amaciyla kullanimi agisindan 6nem arz
etmektedir. Ayrica, nektarlarin reolojik 6zelliklerini

en 1iyi sekilde aciklayan modelin belirlenmesi
amaciyla farkh modellerin uygunlugu
degerlendirilmigtir.

MATERYAL ve METOD

Materyal olarak yerel marketten temin edilen hurma
ve berrak elma suyu (%100) kullamilmigtir. Meyve
suyuna iglenmeyen Trabzon hurmasi suyunu
tiketilebilir hale getirebilmek amaciyla elma suyu,
sitrik asit, seker ve su ilaveleri gergeklestirilmigtir
(Parseker Yonel ve ark., 2008). Trabzon hurmasi
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nektar1 Uretimi i¢in yapilan duyusal degerlendirme
sonuglarina gore en ylksek begeniyi alan nektar
formilasyonu ¢alismada kullanilmigtir.

Trabzon Hurmasi Nektar: Uretimi

Hurma nektarlarin tiretimi amaciyla yerel marketten
temin edilen Trabzon hurmalarina, toz, toprak,
tarimsal ila¢ kalintilar1 gibi istenmeyen unsurlarin
uzaklagtirilmast ve  mikroorganizma  yikinin
azaltilmasi amaciyla yikama iglemi uygulanmistir.
Ardindan yaprak, sap gibi yabanci unsurlarla,
olgunlagmamis, yesil, sar1 ya da ezilmis, ¢lirimis ve
bozulmus meyveler ayrilmigtir. Se¢me-ayiklamadan
sonra, sap kisimlarindan trine fenolik madde
gecisini ve renkte degisimi engellemek amaciyla sap
ayirma uygulamas1 gerceklestirilmigtir. Saplar:
ayrilan meyveler 6nce parcalayicr (Waring, USA)
kullanilarak 20 s boyunca homojenize edilmigtir. Elde
edilen Trabzon hurmasi puresinden bulanik nektar
uretmek i¢in en uygun nektar formiilasyonunu
belirlemek lzere duyusal degerlendirme yapilmis ve
belirlenen  nektar formilasyonu ile  {Uretim
gerceklestirilmistir. Nektar tretiminde kullanilan
elma suyu ilavesi ise yerel marketten temin edilen
berrak elma suyu (%100) ile gerceklestirilmistir.
Farkli suda coziiniir kuru madde degerleri (%0.50,
0.60 ve 0.70) ve hurma/elma oranlaria (4/3, 4/2 ve
4/1) sahip nektarlar duyusal analizler sonrasinda
genel begeni bakimindan karsilastirilmigtir. Trabzon
hurmas1 nektari uretimi icin en yuksek genel
begeniye sahip formilasyonda meyve orami %70,
hurma/elma orani 4/3, asitlik %0.60, briks degeri
14°B olarak belirlenmigtir. Bu dogrultuda hurma
puresine elma suyu, seker, sitrik asit ve su ilaveleri
kitle denklikleri ile hesaplanan miktarlarda
gerceklestirilerek nektar tiretilmigtir. Hammaddeden
kaynaklanabilecek farkliliklarin 6ntine gecilebilmesi
icin yapilan her turetimde kullanmilan hurmalarin
asitlik ve briks degeri belirlenmis ve s6z konusu ilave
miktarlari tekrar hesaplanarak {retilen tum
nektarlarin asitlik ve briks bakimindan standart
ozelliklere ( %0.60 asitlik, 14°B ) sahip olmasi
saglanmagtir.

Ultrases Uygulamalari

Ultrases uygulamalari, UP200S (Hielscher, Germany)
cihaziyla 24 kHz frekansta ve cihazin standartlarina
uygun olan S14 prob kullanilarak gergeklestirilmistir
(EK 1). Uygulamalar sirasinda sicaklik (termometre,
Celsi TP101, Turkey), siire ve cihazin hurma
nektarina ilettigi enerji dijital 6l¢iim cihazlar1 (TT-
TECHNIC PMG-1 Wattmetre 16A 3680W, P.R.C.) ile
belirlenmigtir. Trabzon hurmas: nektarindan 500 mL
ornek alinarak cift cidarli cam beherde, nektarlara
belirlenen siirelerde (15, 30 ve 60 dk) ultrases islemi
uygulanmigtir. Ultrases islem kosullar1 belirlenirken
literatiirden yararlamlmistir (Bhat ve Goh, 2017).
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Islem siiresince sicakhigin  istenen deZerlerde
kalmasini saglamak i¢in sogutmaliisitmali  su
sirkilatorini de igcermekte olan ultrases ekipmani
kullanilarak hedeflenen sicaklik degerinden sapma
miktarimin £2°C ile sinirh kalmas: saglanmigtir (EK
1). Termosonikasyon uygulamalari boyunca
kaydedilen gli¢ degerlerinin ortalamasi1 149.8 W,
sicaklik degerlerinin ortalamasi1 ise 30°C olarak
saptanmigtir. Calismada sicakliktan bagimsiz olarak
ultrasesin etkisi arastirildigi igin uygulama sicakligi
yiiksek  olmayacak sekilde (30+2°C) kosullar
belirlenmigtir.

Viskozite Olgiimii

Trabzon hurmasi nektarlarina ait viskozite degerleri,
silindirik problu viskozimetre (Brookfield viscometer,
Model LVTDV-1, CP40 spindle, USA) kullanilarak 9
mL 6rnek ile Ug¢ tekerriirli olarak oda sicakliginda
(25°C) ve sabit kayma hizinda (50 s
gerceklestirilmistir.

Reolojik Modellerin Degerlendirilmesi

Kontrol 6rnegi ve ultrases uygulanan érneklerin her
biri i¢in 20, 30, 40, 50 ve 60 s! olmak tlizere artan
kayma hizlarinda, nektarlara ait kayma gerilimi
degerleri viskozimetre (Brookfield viscometer, Model
LVTDV-1, MA, USA) kullanilarak gerceklestirilmistir
(Castilhos ve ark., 2017). Reolojik 6l¢iimler boyunca,
kayma gerilimi (N/m2), kayma hiz1 (1/s) ve viskozite
degerleri kaydedilmigtir. Deneyler ¢ tekerrirli
olarak gerceklestirilmistir. Elde edilen deneysel
verilerin doért farkl reolojik modele (Newtonyen (2),
Ostwald-de Waele (3), Bingham (4), Herschel-Bulkley
(5)) uygunlugu Lingo 18.0 ve Microsoft Excel 2016
programlari kullanilarak degerlendirilmigtir.
Deneysel verilerin degisimini en uygun sekilde
aciklayan modelin se¢ciminde elde edilen A2 degerleri
g6z 6ntine alinmagtir.

T= puy (1
u Newtonyen viskozitesi (Pa.s), y kayma hiz1 (s1), =
ise kayma gerilimini (mPa) ifade etmektedir.

T=ky)" 2
T=1,+ky ®3)
T="1+ k()" (4)

k kivam indeksi (mPa.s), to baglangic kayma gerilimi
(mPa) ve n ise akis davramis indeksini ifade
etmektedir.

Istatistiksel Analizler

Depolama boyunca elde edilen veriler, SPSS paket
program1 (Chicago, IL, USA) ile tek yénlii varyans
analizine (ANOVA) tabi tutulmustur. Varyans analiz
sonuglarina goére o©nemli bulunan uygulamalarin
ortalamalari(#<0.05) Duncan coklu karsilastirma
testi ile kargilagtinlmistir ve ilgili ortalamalar
sunulmustur (Bewick ve ark., 2004).
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Reolojik Ozelliklerin Karakterizasyonu

Cizelge 1'de dort farkli reolojik modelin, nektarlara
ait deneysel verilerdeki degisimi aciklayabilirligini
belirlemek amaciyla hesaplanan A2 degerleri
verilmigtir. Ostwald-de Waele modelinin en yiiksek
R degerlerine (0.98410, 0.999733, 0.998448 ve
0.999776) sahip olmasi nedeniyle, Trabzon hurmasi
nektarinin reolojik 6zelligini en iyi tanimlayan model
oldugu belirlenmigtir. Kontrol &6rnegi ve ultrases
uygulanan tim o6rneklerde, Ostwald-de Waele en
uygun model olarak belirlenmistir. Benzer sekilde,
baz1 arastirmacilar tarafindan  gergeklestirilen
calismalarda, farkli c¢esit Uziimlerden elde edilen
lizim sularinin reolojik davranigsini en iyi aciklayan

modelin Ostwald-de Waele oldugu bildirilmistir (De
Castilhos ve ark., 2017; De Castilhos ve ark., 2018).
Havug suyunda yapilan bir calismada ise taze 6rnek
Newtonyen 0zellik gosterirken, pastorizasyon iglemi
sonrasinda havug suyunun pseudoplastik akig
davranisina sahip oldugu ve Newtonyen digindaki
modellere (Bingham, Casson, Ostwald-De-Waele ve
Herschel-Bulkley) yiiksek oranda uyum sagladig
bildirilmistir (Vandresen ve ark., 2009). Kayma
hizinin artigsiyla birlikte viskozitede azalma gosteren
swvilar psodoplastik sivilar olarak tanimlanmaktadir.
Psodoplastik akis, kayma incelmesi (shear thinning)
olarak da bilinmektedir. En ¢ok rastlanan Newtonyen
olmayan akis cesididir. Kuvvet yasas1 (power-law)
esitligi ile ifade edilir (Kalkan, 2011).

Cizelge 1. Trabzon hurmasi nektarina ait deneysel verilerin farkli reolojik modellere uygulanmasi ile elde edilen

korelasyon katsayilari

Table 1. The correlation coefficients obtained from the modeling of experimental values of permisson nectar

Uygulama Model Model Egitligi Rz

Application Model Model Equation

Kontrol Newtonyen T=py 0.74102 + 0.0152

Control Ostwald-de Waele T=k(yp» 0.98410 + 0.0010
Bingham T=To + ky 0.96310 + 0.0017
Herschel-Bulkley T=To + k(y)» 0.97885 + 0.0008

U15 Newtonyen T=ny <<1
Ostwald-de Waele T=k(y)» 0.999733 + 0.0001
Bingham T=To + ky 0.988682 + 0.0012
Herschel-Bulkley T=To + k(y)» <1

U30 Newtonyen T=py <<1
Ostwald-de Waele T=k(y)» 0.998448 + 0.0005
Bingham T=To + ky 0.992598 + 0.0020
Herschel-Bulkley T=To + k(y)» 0.998256 + 0.0007

U60 Newtonyen T=ny <<1
Ostwald-de Waele T=k(y)» 0.999776 + 0.0002
Bingham T=To + ky 0.990991 + 0.0005
Herschel-Bulkley T=To + k(y)» 0.966491 + 0.0097

*Standart hata

*Standard error

Farkli ultrases enerji yogunluklari uygulanan gerilmesi arasindaki iligskinin de Newtonyen olmadig1

Trabzon hurmasi nektarlarina ait deneysel kayma
hizi ve kayma gerilimi verileri ile olusturulan
reogramlar Sekil 1'de verilmigtir. Orneklerin
tamaminda kayma hiz1 arttikca kayma gerilimi de
artigs gostermistir. En ylksek kayma gerilimi en
diisitk UEY uygulamasinda (U15) elde edilirken, en
disiik kayma gerilimi degerleri, en yliksek UEY
(U60) uygulamasinda elde edilmistir. Nektarlara
uygulanan ultrases enerji yogunlugu arttikca kayma
gerilimi azalma goéstermigtir. Ultrases uygulanan
orneklerin reogramlarinin egimleri
degerlendirildiginde ise ultrases enerji yogunlugu
arttikca kayma gerilimi, kayma hizindaki degisimden
daha az etkilendigi belirlenmigtir. Sekil 1’de verilen
asag1 dogru icbiikey egriler degerlendirilecek olursa
nektarlarin psddoplastik davranigsa sahip oldugu
soylenebilir. Uziim sularinda kayma hizi ve kayma
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bildirilmistir (De Castilhos De

Castilhos ve ark., 2018).

Cizelge 2’de elde edilen deneysel veriler kullanilarak
belirlenen Ostwald-de Waele modeline ait kivam
indeksi (k, mPa.s) ve akis davranis indeksi (n)
parametreleri verilmistir. S6z konusu modele ait tim
n degeri beklenildigi gibi 1'den kiugiktiir ve bu
nedenle psedoplastik akis séz konusudur (Vandresen
ve ark., 2009). Farklh siirelerde ultrases uygulanan
nektarlarin akis davranisina ait k& ve n degerleri
istatistiksel olarak 6nemli diizeyde fark
gostermektedir (7<0.05).

ve ark., 2017;

Viskozite degerleri

Sekil 2’de kontrol ve farkll siirelerde ultrases
uygulanan hurma nektarlarina ait viskozite degerleri
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verilmigtir. Elde edilen sonuglara goére, kontrol, U30
ve U60 orneklerinin arasinda istatistiksel agidan
onemli bir fark olmamasina karsin U15 nektarlarinin
viskozite degerinin 6nemli diizeyde yuksek oldugu
belirlenmistir ~ (/%<0.05). Nektarlara uygulanan
ultrases enerji yogunlugunun artisiyla viskozite
degerlerinin baglangigta artis gosterdigi, daha yiiksek
ultrases enerji yogunluklar: uygulandiginda ise (U60)
viskozitede istatiksel olarak 6nemli diizeyde olmasa

da azalma oldugu belirlenmistir (2>0.05). Abid ve
ark. (2014) kontrole kiyasla 30 ve 60 dk ultrases
uygulanan elma suyu oOrneklerinin  viskozite
degerlerinin artig gosterdigini bildirmiglerdir. Soz
konusu artigsy, bagh formdaki makromolekiillerin
ultrases etksiyle serbest hale gecerek kolloidal
sistemdeki konsantrasyonlarinin artarak meyve
suyunun daha viskoz hale gelmesi ile agiklamiglardir.
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Sekil 1. Farkl: siirelerde ultrases uygulanan Trabzon hurmasi nektarlarina ait reogram
Figure 1.Rheogram of Permisson nectars applied ultrasound during different time

Cizelge 2. Trabzon hurmasi nektarlarina ait deneysel sonucglardan elde edilen Ostwald-de Waele modeline

parametreler
Table 2. The parameters of Ostwald-de Waele model obtained from experimental results of Permisson nectar
Uygulama k n R?
Application
Kontrol (Control)  0.175394 + 0.0178544 0.678927 £ 0.0272232 0.98410 + 0.0018
U15 1.463981 + 0.076272 0.281493 + 0.002844¢ 0.999733 = 0.0002
U30 0.787258 +£0.001291» 0.319507 + 0.004642¢ 0.998448 + 0.0008
U60 0.530777 £0.11767¢ 0.395405 + 0.042555P 0.999776 + 0.0003

abed Farkl harflerle gosterilen ayni siitundaki ortalamalar arasindaki fark énemli diizeydedir (£<0.05).

k: kivam indeksi, n' akig davranis indeksi

abed Mean values within a row with different superscripts differ significantly (P<0.05).

k: the consistency coefficient, n’ flow behavior index

U15 uygulamas: sonrasindaki viskozite artisi da
Trabzon hurmasi1 nektarindaki elma suyu ilavesi ve
makromolekiillerde meydana gelmesi muhtemel
degisimlerden kaynaklanmakta olabilir. Diger
yandan, Bhat ve Goh (2017), cilek suyunda, Bora ve
ark. (2017) ise muz suyunda ultrases uygulamasinin
viskozite degerlerinde azalmaya neden oldugunu
bildirmiglerdir. Trabzon Hurmasi nektarinda ultrases
uygulama siliresinin artisiyla viskozite degerinde
onemli diizeyde olmayan azalmanin nedeni,
uygulama sirasinda meydana gelen kavitasyonun
neden oldugu sicaklik ve basing degigsimlerinin

868

polimerik yapilarin, ozellikle pektinin,
parcalanmasina yol acmasi olabilir (Sorria ve
Villamiel, 2010). Meyvede bulunan ve viskoziteyi
etkileyen pektin molekilid, ultrases ile kismi
parcalanmaya ugramaktadir. Fakat ayni zamanda
ultrases, meyve suyunda c¢oézinir seker igeriginin
artmasina da neden olabilmektedir (Costa ve ark.,
2013; Zou ve Jiang, 2016). Viskozite, pH, gidanin
icerdigi protein, pektin ya da polisakkaritlerin
molekiil agirligi, hidrojen baglari ve diger molekiiller
arasi kuvvetler gibi bir ¢ok faktorden
etkilenmektedir. Bunlara ilaveten, meydana gelen
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gida  lzerine etkisinin  boyutu,
meydana geldigi sivi  ortamin
viskozitesinden  etkilenmektedir. = Viskoz  olan
uriunlerde ultrasesin gida igerisine diflizyonu
sinirlanmakta ve kavitasyon olusumu azalmaktadir
(del Socorro Cruz-Cansino ve ark., 2015; Seshadri ve
ark., 2003; Earshaw ve ark.,2005). Ultrases
uygulama siiresi artigr ile hurma nektarlarinin

viskozite degerlerinin azalmasi arasinda dogrusal bir

kavitasyonun
kavitasyonun

iliski goézlemlenmesinin nedenleri, bu degisimlerin
meydana gelmesi olabilir.

Elde edilen sonuglara gore, Tiretilen nektara
sterilizasyon amaclh uygulanacak 1s1l iglemin kaliteyi
korumak amaciyla ultrases ile sturekli bir sistemde
kombine edilecegi bir islem tasariminda, uygulanacak
UEY degisiminin viskozitede ve dolayisiyla sistem
boyunca akis hizinda degisime neden olacagr goz
ontinde bulundurulmalidir.

a

125 |

100 |
=
[
“E- b
P 75 +
8 b
s

50

0
e J15 1J30 B0

Uygulamalar
Sekil 2. Trabzon hurmasi nektarlarina ait viskozite degerleri
Figure 2. Viscosity values of Permisson nectars

abed Farkl harfler ile ifade edilen ortalama degerler, 6nemli diizeyde birbirinden farklidir (£<0.05).
abed Mean values with different superscripts differ significantly (P<0.05).

SONUC ve ONERILER
Meyve sularinin reolojik 6zellikleri ve bu 6zelliklerin
uygulanan  teknolojik  islem ile degisiminin

belirlenmesi, irtiniin kalitesi ve tiretim asamalarinin
uygun sekilde modifikasyonu ile enerji tiiketiminin
azaltilabilmesi bakimindan 6nem arz etmektedir.
Yapilan ¢alisma ile taze tiikketimine alternatif olarak
Trabzon hurmasi meyveleri, nektara islenmigtir.
Trabzon hurmasi nektarlarina farkli strelerde
ultrases uygulanarak sire artiginin nektarlarin
viskozite degerinde istatiksel olarak énemli diizeyde
degisime neden oldugu belirlenmistir. Bu nedenle,
ultrases uygulamasinin dahil edildigi bir Trabzon
hurmasi nektar1 tretiminde, oOzellikle de strekli
sistemde calisilmasi halinde, nektarin
viskozitesindeki degisimin g6z éniine alinarak siirecin
planlanmas1 ile enerji tlketiminin azaltilmasi
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acisindan fayda saglanabilecektir. Trabzon hurmasi
nektarimin viskozitesini azaltmak ig¢in uygulanan
ultrases enerji yogunlugu arttirilmalidir. Ayrica,
uretilen Trabzon hurmasi nektarlarimin  akig
davramiglarinin, uygulanan ultrases isleminin
stiresinden bagimsiz olarak, degerlendirilen
matematiksel modeller arasinda, Ostwald-de Waele

modeline en yiksek oranda uyum gosterdigi
belirlenmigtir. Ultrasesin ya da 1s1l iglem ile
kombinasyonunun, farkli meyve suyu ya da

nektarlarin reolojik &zellikleri {izerine etkisinin,
ileriki ¢alismalar ile ortaya konulmasi katk: saglayic
olacaktar.
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ABSTRACT
The aim of this study was to investigate the factors influencing the

Agricultural Economics

food purchase points of Syrian and Iraqi refugees in the urban Research Article

districts of Samsun province of Turkey. The primary data of the

study were collected through a questionnaire from 252 household Article History
representatives of Syrian and Iraqi refugees. Factor analysis (FA) Received :19.02.2021
technique, descriptive analysis, Person’s correlation (r), t-test, and Accepted :20.08.2021
ANOVA tests were used to address the objective of the study. The

result showed that the refugees chose the local markets for fresh Keywords

vegetables and fruit, supermarkets for meat and dairy products, and Refugees

markets for cereal products. The price of the product and hygiene
conditions were influential factors in-store selection for the refugees.
However, nationality, gender, marital status, age, and district among
the socio-demographic variables, the number of workers and income
level among the economic variable, and, payment method among the
behavioral variables had influences on the store preferences of
refugees for at least for two type food categories. Furthermore, the
store choices of the refugees were also affected by store attributes,
consumer characteristics, and food categories.

Consumer Preferences
Food Categories

Store Choice

Samsun

Tirkiye'nin Samsun Ilindeki Suriyeli ve Irakli Siginmacilarin Gida Satin Alma Noktalarim1 Etkileyen

Faktorler
OZET

Bu c¢alismanin amaci, Tirkiye'nin Samsun ilinin kentsel
ilcelerindeki Suriyeli ve Irakli miltecilerin gida alim noktalarini
etkileyen faktorlerin arasgtirilmasidir. Calismanin birincil verileri,
252 Suriyeli ve Irakli miilteci hane halki temsilcisinden anket
yoluyla toplanmistir. Arastirmanin amacina yonelik olarak faktor
analizi (FA) teknigi, betimsel analiz, Kisi korelasyonu (r), t-testi ve
ANOVA testleri kullanilmistir. Arastirma sonuglari, miltecilerin
taze sebze ve meyve i¢in yerel pazarlari, et ve sut Uritnleri igin
stipermarketleri ve tahil Uriinleri i¢in bakkallari tercih ettigini
gostermektedir. Miltecilerin magaza se¢iminde urunun fiyat1 ve
hijyen kosullar1 kriterlerinin etkisi bulunmaktadir. Ancak; sosyo-
demografik degiskenlerden uyruk, cinsiyet, medeni durum, yas ve
semt, ekonomik degiskenden c¢alisan sayis1 ve gelir diizeyi ile
davranis degiskenlerinden 6deme yontemi miiltecilerin az iki yiyecek
kategorisindeki magaza tercihlerini etkilemektedir. Bununla
birlikte, miiltecilerin magaza tercihlerini magaza ve tlketici
ozellikleri ile gida kategorilerinden de etkilenmigtir.
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INTRODUCTION

Retail store networks are quickly growing in many

industrial and agricultural nations. Likewise, food
store chain has been expanding in past few years.

Food retailing incorporates business that sells food
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items. Store, market, bakkal (customary little staple
shops), and pazar (road produce markets) are the
primary food retail network in Turkey. The Turkish

food retail sector has developed and progressed
through the last decade from 72 to 109 billion USD
(Figure 1).

Food retail sales (Billions USD)
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Figure 1. Developments in food retail sales in Turkey (Anonymous, 2020)
Sekil 1. Tiirkiye'de gida perakende satislarindaki gelismeler (Anonymous, 2020)

Turkey has 3.9 million refugees and immigrants in
the country and it is reported as the largest refugee
population of any country in the world (Anonymous,
2019). A deep insight into refugees’ purchasing
behaviors is beneficial for marketing companies to
develop their marketing and pricing strategies and
improve their services, products, and distribution
channels (Louviere et al., 2000). The changes in
consumer behavior and utility levels such as interest,
values, motives, and opinions gave away growth in
retail market formats and points of sale in the area
(Prasad and Reddy, 2007; Kumar, 2012). Martinue
(1958) classified consumer behavior factors into
functional and psychological forms. Store choice was
tested in terms of food categories and store attributes.
Becker et al. (2000) determined that the origin of the
country and the market location influence the quality
selection for beef meat in Germany. Hoek et al. (2015)
found that price and quality of products were
significant elements in the shift of store choice.
Chamburi and Batt (2013) segmented consumers into
modern and traditional markets (meat) and modern,
traditional, and transient markets (fruit and
vegetables). Fox et al. (2004) found that formats of
retail stores in Malaysia explained the varieties of
services provided to fresh fruit consumers. Hygiene
and clean picking of fruit products are considered to
be the most effective attributes for the selection of
fresh vegetables and fruits in Turkey (Dal and
Kizilaslan, 2018). Durmaz et al. (2011) revealed that
price, choice of selection, and freshness of products
were essential attributes for the selection of
supermarkets. Store location, convenience for the
customers, and promotion are significant factors for
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store satisfaction (Wel et al., 2012; Jere et al., 2014).

Store selection for the food basket is influenced by
consumer characteristics. In many studies (Chamhuri
and Batt, 2013; Terano et al., 2015), the age factor got
leveraged in-store selection for fresh meat products.
Whereas, the income level of the customers was found
a significant influencing factor on store choice for
fruit and vegetables (Ohen et al., 2014). Carpenter
and Moore (2006) found that a low level of income and
education is a serious abstraction of people in the
supercenter format. Gehrt and Yan (2004) found that
only income was related to vretail attribute
importance. Socio-economic factors such as education,
income, and family size shaped the perceptions of
consumers' selection towards store choice (Baltas and
Argouslidis, 2007; Prasad and Reddy, 2007). Akpinar
et al. (2009) showed that consumers with a high level
of income, education, and age groups below 35 years
preferred super-hypermarkets for vegetables and
fruit products. Carpenter and Moore (2006) reported
that households with large family sizes and female
groups prefer supercenter formats.

The statement of the problem arises from various
actions. The research problem of this study was
organized from different literature on consumer
behaviors, immigrants' behaviors, and point of
purchase choices. In light of the problems addressed
above, this study aimed (i) to determine the factors
influencing the refugees’ purchase point choices of
food products, (ii) to investigate the preferences of
refugees across various points of food sale, and (iii) to
understand the differences among the refugees
during choosing point of purchase.
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MATERIAL and METHODS
Materials

The site selection was purposive, Samsun province.
The current study targeted all Syrian and Iraqi
immigrants, who are residents in Samsun province.
The sample household size from the refugee
population was determined as 252 families using a
random sampling design given in Formula 1 (Tejada
and Punzalan, 2012):
e

D= Tive?
Where
n: sample size, N: 680

7: 1.96 for the confidence level of 95%

e: 0.05 acceptance level of sampling error
680 _ o959

B 680(0.05)2
The primary data were obtained from face-to-face
interviews with the responsible members of selected
sample families from food purchases during October
2019-February 2020 for measuring attitudes of
consumers towards a point of purchasing according to
consumer attitudes and store attitudes, the five-point
Likert scale ranging from strongly disagree (1) to
strongly agree (5) was used to measure the weight of
responses.

Four main purchase points would be used in the
current study to accomplish the objectives of the
study, five food categories (vegetables, fruits, meat
products, dairy products, and cereals), four retail
formats (1. Supermarket, 2. Market, 3. Grocery, and
4. Local market or Pazar) and some other variables as
well.

Methods

Different descriptive measures such as frequency
distributions, mean, minimum, and maximum values
of respondents were applied in this study for the
analysis. The normality test was evaluated by using
the Shapiro-Wilk test. According to the result of the
Shapiro-Wilk test, the variables were normally
distributed. Therefore, an Independent simple t-test
technique, ANOVA technique, and Correlation
analysis (Pearson’s r) were applied to measure the
association among numeric variables. The factor
analysis (FA) technique was applied in this study to
reduce the number of variables. In the case of a
minimum of 100 observations and larger, FA is used
(Hair et al, 2014). Factor rotation or factor loadings
explain the correlation between each variable and the
factor. This test is conducted to measure the degree of
correspondence between the variables and the factors.
Since factor loading in our sample of 252 respondents
equals 0.35 and above, they are significant (Hair et
al, 2014). The Kaiser-Meyer-Olkin test (KMO) was
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used to check whether the sample used in this study
is adequate or not. The KMO value is greater than 0.6
and the factorability of the correlation matrix can be
assumed (Hair et al, 2010). Factor analysis is applied
to 28 items. The purpose of this procedure is to
minimize 28 variables to a smaller group. The
refugees were asked to express the importance of
these factors during the food purchasing process.

RESULTS and DISCUSSIONS
Description of respondents’ characteristics

Descriptive  statistics for respondents' socio-
demographic, economic, and behavioral variables
were given in Table 1. The results showed that
(44.8%) and (55.2%) were Syrian and Iraqi,
respectively and the share of male respondents was
(62.3%), females were (37.7%), While (51.2%) of the
respondents were married, (47.2%), and 1.6% were
single and divorced, respectively. The average age of
the respondents was 30 years with the average family
size per household being five. Relative to the
educational level, the majority of respondents (47.2%)
were university graduates, (21.8%) and (14.3%) of the
respondents completed high school education degrees
and postgraduate, respectively and only 5.2 percent
had no formal education, and 5.2 percent had formal
education level among the selected respondents. The
majority of the respondents (61.1%) were residents of
Ilkadim district, (20.6%), and (18.3%) in Atakum and
Canik districts, respectively.

Considering the economic characteristics of the
respondents, about 38% were employed, 35.7% and
25.8% were students and unemployed, while 51.2% of
refugee households were unemployed, 32.9% had one
worker, and 13.5% had two workers and 2.4% had
three workers respectively. About 36% of refugee
households reported that their monthly income level
was between TL 2000 and 3000, 18% of them had in
between TL 1500 and 2000 and, 16% reported that
their monthly income was below TL 1500. The
majority of respondents in the study area (84.9%) did
not benefit from cash assistance, while only 15.1% of
them were at receiving end of this facility.

Relative to behavioral variables, the majority of
families (75.8 %) reported that the father or mother
was the decision-maker for family activities like food
purchases, and shopping together. About (8%) of food
shopping, is done by other members of a family.
Relative to the number of meals per day by a family,
about (50%) had three meals daily and (43.7%) of
them had excess to two meals in a day for the family.
The majority of respondents (77.9%) paid direct cash
for their needs while the rest of the (22.1%) used
credit card facilities.
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Table 1. Descriptive statistics for socio-demographic, economic, and behavioral variables
Cizelge 1. Sosyo-demografik, ekonomik ve davranissal degiskenler i¢in tanimlayici istatistikler

Variables No. of Respondents Percent (%)
Degiskenler Denek sayisi Oran (%)
Nationality Syrian 113 44.8
Iraqi 139 55.2
Gender Male 157 62.3
Female 95 37.7
Marital status Married 129 51.2
Single 119 47.2
Divorced 4 1.6
Age group 18 — 25 years 100 39.8
26 — 35 years 79 31.5
36 — 45 years 44 17.5
More than 45 29 11.2
Household size Less than 3 29 11.5
From 3 to 4 64 25.4
From 5 to 6 95 37.7
More than 6 64 25.4
Level of education Illiterate 13 5.2
o Primary 13 5.2
g Secondary 16 6.3
& High school 55 21.8
% University 119 47.2
% Postgraduate 36 14.3
< District of residence Canik 46 18.3
8 Ilkadim 154 61.1
3 Atakum 52 20.6
Job status of family members Unemployed 65 25.8
Employed 97 38.5
Student 90 35.7
Number of workers in None 129 51.2
household 1 worker 83 32.9
2 workers 34 13.5
3 workers 6 2.4
Monthly household income Less than 1500 TL 41 16.3
1500 -2000 TL 47 18.7
9 2000-3000 TL 73 29.0
g More than 3000 TL 91 36.1
g Benefit from cash assistance  Yes 38 15.1
= No 214 84.9
Who makes a purchase? Father or mother 182 75.8
Father and mother 19 7.9
Children 39 16.3
. Number of meals eaten Two meals 110 43.7
g Three meals 125 49.6
g Four meals 17 6.7
= Payment type in food Cash 183 77.9
A shopping ATM card 52 22.1

Point of purchase attributes: factor analysis results

Table 2 showed that the value of Kaiser-Meyer-Olkin
(KMO) (0.836) was greater than 0.6, the value of
Bartlett's test of sphericity (x2= 5052.846, df = 378, p=
0.000) was less than 0.05 and this indicated that the
data is fit for factor analysis. The results of factor
loadings or rotation are shown in table 2. Out of 28
variables, seven factors had eigenvalues greater than
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one and their cumulative value equals (75.15%)
indicating that seven factors explain 75.15% of the
total variance. The reliability or Cronbach's Alpha of
the factors influencing point of sale choice ranged
from 0.797 to 0.901. They have an acceptable
reliability level because their values were greater
than 0.60 (Hair et al., 2014). The loading value must
be greater than 0.35 to be significant.
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The first factor was named (healthy condition), with
an Eigenvalue of 9.38, Cronbach's alpha of 0.898, and
included six variables. The second factor of place or
facilities of sale point, with an Eigenvalue of 2.86, and
Cronbach's alpha of 0.900, had six variables. The
third factor was labeled as culture and habits, with
Eigenvalue 2.61, and Cronbach's alpha of 0.901. The
fourth factor represents the product factor with
Eigenvalue 1.93, and Cronbach's alpha of 0.886. The
fifth factor represents characteristics of staff in the
sale points, with Eigenvalue 1.79, and Cronbach's
alpha of 0.797. The sixth factor was named a price,

Table 2. Factor analysis results and reliability
Cizelge 2. Faktor analizi sonuglar1 ve giivenilirlik

with Eigenvalue 1.36, and Cronbach's alpha of 0.837.
The seventh factor is related to store ownership, with
Eigenvalue 1.08. The refugees were asked to express
the importance of these factors during the food
purchasing process. The results indicated that the
price factor (4.07) had the highest average score, this
was followed by the product characteristics factors
(4.02), the third-factor healthy conditions (3.87), the
fourth-factor characteristics of staff (3.77), the fifth-
factor culture and habits (3.69) and the final factor
was social relations with the store owner (3.60).

— ™ . < 10 © -
Factors s 5 5 5 5 5 5 5
Faktorler s 3 k3t B3 k3t k3t R3] B3 B3
= & = = = = = = =
Healthy conditions 3.87
Pesticide residue 3.78 .889
Food safety 4.02 .818
Hygiene of the store 3.90 .816
Organic product 3.82 .798
GMO or hormone product 3.72 .766
Product nutritional value 3.94 741
Place and facilities 3.74
Transportation service 3.65 .934
Bulk shopping 3.68 .839
Availability of products in 3.79 .826
all seasons
Parking facilities 3.59 .822
Easy access to stores 3.85 .800
Distance 3.89 .609
Culture and habits 3.69
Homeland products 3.73 901
Turkish products 3.68 .884
Family effects 3.72 .872
Friends’ effects 3.60 781
Product origin 3.71 767
Product characteristics 4.02
Product taste 4.11 .953
Availability of  various
products 4.02 871
Product quality 4.07 .829
Product appearance 3.89 .762
Characteristics of staff 3.77
Respect and kindness 3.85 .885
Employee behavior 3.73 .827
Their languages 3.73 .687
Price 4.07
Price suitability 4.14 941
Promotion 4.18 187
Gifts 3.89 774
Social relation 3.60
store ownership 3.60 .705
Eigenvalue 9.38 2.86 2.61 1.93 1.79 1.36 1.08
Total variance 33.50 43.80 53.13 60.04 66.44 71.29 75.15
Cronbach’s Alpha 0.898 0.900 0.901 0.886 0.797 0.837
Bartlett’s Test of Sphericity Chi-square (x2) = 5052.846, df = 378, p<0.01
KMO 0.836
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Pearson’s r results are shown in Table 3. The findings
indicated that despite the importance of these seven
factors for consumers, they had no associations with

conditions (p<0.10) and place of the store had a
significant positive correlation (p<0.05) for the meat
products category. Relative to store ownership had a

store choice through purchasing vegetables, fruit, positive correlation for vegetables and cereals
dairy, and cereals products. As excepted, healthy products (p<0.10), respectively.

Table 3. Pearson’s r results by food categories

Cizelge 3. Gida kategorilerine gore Pearson'in r sonuglari

Store attributes Vegetables Fruit Dairy products Meat products Cereals
Magaza ozelligi Sebze Meyve Siit tirtinleri Et iirtinler1 Hububat
Healthy conditions 0.57 0.14 0.46 0.09* 0.9

Place and facilities 0.85 0.57 0.12 0.03** 0.52
Culture and habits 0.89 0.80 0.23 0.47 0.9
Product characteristics 0.64 0.15 0.17 0.95 0.63
Staff characteristics 0.9 0.39 0.60 0.34 0.50
Price 0.49 0.34 0.72 0.17 0.40
Store ownership 0.06* 0.39 0.32 0.55 0.07*

* %% and ***indicate statistically significant at 10%, 5%, and 1% levels, respectively

Two stages of analysis were conducted in this study
to address the objective of the study in a meaningful
way. In the first stage, identification of the store
attributes influencing store choice selection for food
categories, and secondly, identify the differences
among refugees through the purchasing process
mechanism. The current study confirmed that the
price dimension is determined as the most influential
factor and it is followed by product characteristics.
Due to the poor economic conditions that refugees
were facing in the selected study area, made their
preferences for the selection of stores according to
price level and products suitable for health. The
findings were in line with Chamhuri and Batt (2013)
and Hoek et al., (2015). Also, Theodoridis and
Chatzipanagiotou (2006) revealed that personnel,
pricing, products, and in-store convenience were
statistically significant driver attributes towards
format choice. In contrast, Carpenter and Moore
(2006) confirmed that cleanliness was the most
important attribute. Dal and Kizilaslan (2018) also
confirmed that Turkish consumers paid the most
attention to cleanliness. In the meat case, the
consumer was influenced by two factors, hygienic

conditions and facilities available for the meat
products. Fresh meat products posed a higher level of
risk to consumers and social relations with retailers
influence refugees to select markets, especially for
cereal products and household items. The findings
indicated that the impacts of store attributes were
significant to consumers but insignificant through the
selected store for food categories. The findings were
consistent with those (Uusitalo, 2001).

Consumers’ preferences on the points of food sale

Table 4 showed that the results of consumers’
preferences on the points of food purchases. The
results showed that the majority of refugee
householders preferred to buy fresh vegetables
(82.9%) and fruit (79.0%) from local markets (Pazar),
while the majority of refugee householders preferred
to buy dairy products (61.1%) and meat products
(61.5%) from supermarkets. Whereas 40.5% of refugee
households preferred to buy cereals products from
markets. However, greengrocery was not generally
preferred by refugee respondents for cereals, dairy,
and meat products.

Table 4. Consumers’ preferences on the points of food purchases (%)
Cizelge 4. Tiiketicilerin gida satin alma noktalarina iliskin tercihleri (%)

Food category Point of sale (%) (Satis noktasi1 (%))

Gida kategorisi Supermarket Market Greengrocery Local market
Suipermarket Market Manav Mahalle pazari

Vegetables 8.7 0.4 7.9 82.9

Fruit 9.5 1.6 9.9 79.0

Dairy products 61.1 17.5 0.8 20.6

Meat products 61.5 27.4 1.2 9.9

Cereals 33.7 40.5 1.2 24.6

With respect to consumers' preferences, several
studies reported that the preference of stores differs
according to food categories (Chamhuri and Batt,

2013; Dal and Kizilaslan, 2018). The findings in Table
4 showed that the supermarket is the best point to
purchase meat and dairy products, traditional
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markets, or (local markets) are preferred for fresh
food products in fruit and vegetables and the market
was preferred by refugee households for cereal
products because of being homeland products and
their ownerships were Arab people. Chamhuri and
Batt (2013) pointed out three clusters for fresh fruit
and vegetables (modern retail shoppers, transient
shoppers, and traditional market shoppers) and two
clusters for meat whereas the respondents were more
selective through buying. As shown above, ownership
of a store influences consumer decisions. The findings
indicated that local markets or neighborhood markets
in Turkey have a competitive price advantage in line
with (Wel et al., 2012; Dal and Kizilaslan, 2018).

Factors Influencing Consumers' Food Purchase Points

Table 5 showed the differences in refugee households’
food store preferences based on socio-demographic
variables and food categories. The findings indicated
that there had been statistically significant
differences in nationality through buying vegetables
(p<0.05), fruit (p<0.10), dairy products (p<0,01), and
meat products (p<0.05), whereas there had been
statistically significant differences for gender through
buying dairy (p<0.10), meat (p<0.10) and cereals
(p<0.01). There had been statistically significant
differences in marital status through buying
vegetables (p<0.05) and dairy products (p<0.10).

Table 5. The differences in refugee households’ food store preferences concerning socio-demographic variables
Cizelge 6. Siginmaci hanehalklarinin sosyo-demografik degiskenlerine gore gida satin alma tercihlerindeki

farkhiliklar
Socio-demographic Mean Score of Food Categories
Variables Gida kategorisinin ortalama skoru
Sosyo-demografik Vegetables Fruit Dairy products Meat products Cereals
degiskenler Sebze Meyve Stit tirtinleri Kt tiriinleri Hububat
Nationality
Syrian 3.53 3.47 2.16 1.75 2.26
Iraqi 3.75 3.67 1.53 1.47 2.09
p-value 0.05%* 0.08* 0.00%** 0.02%* 0.26
Gender
Male 3.62 3.56 1.92 1.68 2.31
Female 3.71 3.62 1.63 1.46 1.94
p-value 0.44 0.61 0.06* 0.08* 0.01%**
Marital status
Married 3.76 3.67 1.98 1.67 2.24
Single 3.50 3.48 1.62 1.52 2.11
Divorced 4.00 3.75 2.00 1.25 1.50
p-value 0.04** 0.23 0.06* 0.33 0.34
Age
18-25 years 3.52 3.51 1.49 1.43 2.00
26-35 years 3.71 3.61 2.19 1.67 2.43
36-45 years 3.73 3.64 2.00 1.93 2.18
More than 45 years 3.82 3.71 1.61 1.46 2.00
p-value 0.26 0.71 0.00%** 0.02%* 0.08*
Household size
Less than 3 3.41 3.41 1.83 1.48 2.28
From 3 to 4 3.75 3.66 1.94 1.70 2.25
From 5 to 6 3.68 3.54 1.85 1.59 2.26
More than 6 3.61 3.50 1.61 1.55 1.89
p-value 0.36 0.52 0.46 0.69 0.17
Education level
Illiterate 3.46 3.69 1.54 1.54 1.77
Primary 4.00 4.00 2.00 1.62 2.08
Secondary 3.44 3.00 1.56 1.63 1.81
High 3.60 3.62 1.56 1.45 2.04
Bachelor 3.71 3.65 1.56 1.66 2.24
Master 3.56 3.39 1.91 1.58 2.44
p-value 0.43 0.04** 0.33 0.85 0.26
District
Canik 3.91 3.83 2.35 1.83 2.28
Atakum 3.56 3.49 1.64 1.53 2.08
Ilkadim 3.63 3.36 1.83 1.60 2.31
p-value 0.07* 0.09* 0.00%** 0.16 0.36

* %% and ***indicate statistically significant at 10%, 5%, and 1% levels, respectively
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However, there had been statistically significant

differences in age factor through buying dairy
products (p<0.01), meat products (p<0.05), and
cereals (p<0.10). There had been statistically

significant differences for the education factor
through buying only fruit (p<0.05). The results also
revealed that the district had significant differences
in buying vegetables (p<0.10), fruit (p<0.10), dairy,
and meat products (p<0.01). Finally, the length of
stay and household size had no statistically
significant differences through buying food categories
(p>0.10).

To identify the significant differences among refugees,
t and ANOVA tests were used. The results confirmed
that socio-demographic variables such as nationality,
gender, marital status, age, education level, and
district had an influence on point of purchase choice
at least for one food category. The results suggested

that household size had no significant differences in
store choice and these findings were inconsistent with
Carpenter and Moore (2006), and Prassad and Reddy
(2007). These findings confirmed that family size had
a significant influence on the type of food and grocery
retail outlets.

Table 6 showed the differences in refugee households’
food store preferences based on economic variables
and food categories. Job-status had no significant
differences through buying food categories (p>0.10),
whereas the number of workers had significant
differences through buying dairy products (p<0.05)
and cereal products (p<0.05). Household income had
significant differences through buying vegetables
(p<0.05) and dairy products (p<0.01). Finally, cash
assistance had no statistically significant impact on
store choice through buying all food categories
(p>0.10).

Table 6. The difference in refugee households' food store preferences concerning economic variables
Cizelge 6. Fkonomik degiskenlerle ilgili olarak siginmaci hanehalklarinin gida satin alma tercihlerindeki

farkhiliklar
Economic Variables Mean score of food categories
Fkonomik degiskenler Gida kategorisinin ortalama skoru
Vegetables Fruit Dairy Meat products Cereals
Sebze Meyve products Et tiriinleri Hububat
Stit tirtinleri
Job-status
Unemployed 3.69 3.66 1.55 1.46 2.11
Employed 3.73 3.63 1.90 1.62 2.15
Student 3.53 3.48 1.90 1.67 2.22
p-value 0.27 0.39 0.13 0.38 0.82
Number of workers
No person 3.70 3.67 2.03 1.70 2.36
One person 3.63 3.49 1.63 1.55 1.99
Two persons 3.56 3.44 1.50 1.38 1.91
Three persons 3.5 3.83 1.33 1.17 1.83
p-value 0.80 0.38 0.02** 0.19 0.04**
Income level
Less than 1500 TL 3.73 3.68 1.56 1.63 2.17
1500 -2000 TL 3.91 3.83 2.04 1.74 2.34
2000-3000 TL 3.45 3.45 2.15 1.68 2.21
More than 3000 TL 3.64 3.52 1.53 1.43 2.04
p-value 0.04** 0.12 0.00%** 0.18 0.53
Cash assistance
Yes 3.76 3.76 1.87 1.50 2.08
No 3.63 3.55 1.90 1.61 2.18
p-value 0.39 0.19 0.74 0.49 0.61

* k%
b

Economic variables such as the number of workers in
the household and household income level had
influences on the point of purchase choice at least for
one food category. The results were in line with
(Prassad and Reddy, 2007). These findings confirmed
the importance of occupation in-store choice. Whereas
the job status had no significant influence on store
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, and ***indicate statistically significant at 10%, 5%, and 1% levels, respectively

choice and there were differences in the price of food
products, especially for fruit and vegetables in
Turkey. Therefore, the level of income played an
important role in-store choice.

Table 7 showed the differences in refugee households'
food store preferences based on behavioral variables.
The factor of food buyers had significant differences
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through buying dairy products (p<0.05) and the factor
of the number of daily meals had no significant
differences through buying food categories (p>0.10).
Finally, the payment method factor had significant
differences between buying vegetables (p<0.10) and
fruit (p<0.01).

Finally, behavioral variables such as buyer and

payment method had an influence on point of
purchase choice at least for one food category and the
credit or debit cards could be used to buy fruits and
vegetables from supermarkets, there was no option
for consumers to pay shopping bills with credit or
debit cards in local markets for the selected study
area.

Table 7. The difference in refugee households' food store preferences concerning behavioral variables
Cizgi 7. Davranissal degiskenlerle 1lgili olarak siginmaci hanehalklarinin gida satin alma tercihlerindeki

farkliliklar

Behavioural Variables
Davranissal degiskenler

Mean score of food categories
Gida kategorisinin ortalama skoru

Vegetables Fruit Dairy products Meat Cereals
Sebze Meyve Stit tiriinleri products Hububat
Ft tirtinleri
Buyer
Father or  Mother 3.70 3.63 1.90 1.57 2.23
Father and mother 3.79 3.68 1.16 1.42 1.84
Children 3.51 3.56 1.85 1.77 2.21
p-value 0.39 0.88 0.04** 0.34 0.39
N. of Meals
Two 3.69 3.59 1.88 1.59 2.20
Three 3.60 3.57 1.70 1.63 2.17
Four 3.76 3.65 2.18 1.35 1.94
p-value 0.63 0.94 0.21 0.51 0.69
Payment method
Cash 3.72 3.69 1.82 1.55 2.17
ATM 3.46 3.33 1.87 1.62 2.33
p-value 0.06* 0.01%** 0.81 0.66 0.39
* ** and ***indicate statistically significant at 10%, 5%, and 1% levels, respectively
CONCLUSIONS In conclusion, refugee households' shopping behavior
This study investigated the different factors is still an important issue as a result of the increasing

influencing refugee households’ preferences on the
points of food retail purchases in Samsun province of
Turkey. The results reported that price and product
were the most important attributes and the
consumers’ preferences on the points of food
purchases pertain also to food categories purchased.
Local markets (pazar) seemed to be the most
preferred choice for fresh vegetables and fruit,
whereas the supermarket was the most preferred
choice for meat and dairy products. Markets were the
best choice of cereals products. It is concluded from
the research that each point of food sale was
preferred for specific food categories by refugee
households.

Results of store choice and consumer characteristics,
the results found that socio-demographic (nationality,
gender, marital status, age, education level, district),
economic (number of workers and income level), and
behavioral (buyer, payment method) factors had
significant impacts on the store choice. Whereas, the
factors of job status, length of stay, cash assistance,
and the number of meals eaten had no statistically
significant impacts on store choice through buying
food products.
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refugee population in the world. Overall, the findings
had implications for food retailers and refugees. The
retail sector management in Turkey should take
account into refugees' preferences to fulfill their
desires and needs and the points of purchase should
motivate buying health and safety products. These
retailers should increase consumers' perceptions of
health and safety products. Moreover, refugees should
focus on the healthy attributes of food more than the
price attribute.
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been observed that married individuals in Igdir province stated that
they were more knowledgeable than singles. It is observed that the
level of knowledge of the married individuals increases as the
educational level and the number of individuals in the household
increase. Most of the participants stated that they do not find the
prices of organic products appropriate, that they paid attention to be
certified, that the companies which produce and sell food are not
trusted enough, and that the organic food variety is not found
sufficient. They want the food to be separated as genetically modified
organism (GMO), hormonal or organic in the markets with different
pricing. At the same time, the research question of ‘how much would
you be willing to pay for organic food products’ was answered in such
a way that it showed that most of the participants were willing to
pay 10% more. For the organic food purchase frequency research
question, most of the consumers stated 'a few times a week.

OZET Istatistik
Bu calismanin amaci, Igdir Ili'nde tiiketicilerin organik gida bilgi
diizeyini belirlemektir. Veri Madenciligi Karar Agaci yonteminden Aragtirma Makalesi
Ki-kare otomatik etkilesim detektori (CHAID) algoritmasi
kullanilan ¢alismanin verileri Basit Tesadifi Ornekleme Yéntemi 'ne Makale Tarihgesi
gore 165 tiketiciden elde edilmistir. Ozgulliikk (specificity) degeri Gelig Tarihi  :03.03.2021
88.6 olarak bulunmustur. Calismanin sonucunda organik gida bilgi Kabul Tarihi :26.08.2021
diizeyleri tuketicilerin demografik o6zelliklerine gore degisim
gostermektedir. Igdir Ili'nde evli olan bireylerin bekérlara oranla Anahtar Kelimeler
daha bilgili olduklarini ifade ettikleri gorilmustir. Evli olan Organik gida
bireylerde egitim durumu ve hanedeki birey sayisi artik¢a bilgi Karar agaci
diizeylerinin de artig1 gorilmektedir. Katilimcilarin biyik kismi Bilgi diizeyi
organik urunlerin fiyatlarini uygun bulmadigini, sertifikali olmasina Igdir
dikkat edildigini, gida tretimi ve satis1 yapan firmalara yeterince
giivenilmedigini, organik gida cesitliliginin yeterli bulunmadigin,
gidalarin marketlerde genetigi degistirilmis organizma (GDO),
hormonlu ya da organik diye ayrilmasini ve farkli fiyatlandirma
yapilmasin istediklerini belirtmiglerdir. Ayni zamanda organik gida
urtunleri i¢in ne kadar fazla fiyat 6demeye razi olursunuz arastirma
sorusu i¢in katilimeilarin biuytik kismi1 %10 daha fazla fiyat 6demeye
razi olduklarimi ifade etmiglerdir. Organik gida satin alma siklig:
arastirma sorusu icin tuketicilerin ¢ogu ‘haftada bir kag¢ kere’
seklinde belirtmiglerdir.
Determining Organic Food Knowledge Level in Igdir
ABSTRACT Statistics
The purpose of this study is to determine the organic food knowledge
level of consumers in Igdir province. The data of the study was Research Article
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from 165 consumers according to the Simple Random Sampling Received :03'03'2021
Method. As a result of the study, organic food knowledge levels vary Accepted £ 26.08.2021
according to the demographic characteristics of the consumers. It has Keywords

Organic food
Decision tree
Knowledge level
Igdir



KSU Tarim ve Doga Derg 25 (4): 882-889, 2022
KSU J. Agric Nat 25 (4): 882-889, 2022

Aragtirma Makalesi
Research Article

Ataf Sekli: Kadirhanogullar1 IH, Konu Kadirhanogullar1 M, Kara MK, Kumlay AM 2021. Igdir Ilinde Organik Gida
Bilgi Diizeyinin Belirlenmesi. KSU Tarim ve Doga Derg 25 (4): 882-889. https://doi.org/10.18016/
ksutarimdoga.vi.890284

To Cite : Kadirhanogullar1 TH, Konu Kadirhanogullar1 M, Kara MK, Kumlay AM 2021. Determining Organic Food
Knowledge Level in Igdir. KSU J. Agric Nat 25 (4): 882-889. https://doi.org/10.18016/ksutarimdoga.vi.890284

GIRIS Giirler, 2012).

Birim alandan daha fazla verim elde etmek amaciyla
yogun olarak wuygulanan konvansiyonel tarim;
topragin c¢ok fazla igletilmesi, urtn niteliginin
bozulmasi, g¢evrenin kirlenmesi, dogal dengenin
degismesi ve lrtinlerde tortu olusumu gibi zararlarin
meydana gelmesine sebep olmustur. Bu
olumsuzluklar1 gidermek, saghkli iriin Uretimi ve
tiketimi amaciyla bilingli treticiler ve tiiketicilerin
bir araya gelmesiyle organik tarim kavrami ortaya
cikmig ve geligmistir (Oztiirk, 2004; Bayram ve ark.,
2007).

Organik tarim kavrami ilk defa Ingiltere’de 1910
yilinda ortaya ¢ikmigtir. Bundan sonra, 1924 yilinda
Dr. Rudolf Steiner’in ‘Biyodinamik Tarim Yontemi’
kursunun iceriginde, 1930’1u yillarda Miiller ve Rush

‘Kapali Tarim’ konusunu degerlendirirken ve
Lemaire-Boucher Fransa’da bazi alglerin bitkilerde
dogal dayaniklilig: cogaltmak gayesiyle

kullanilabilecegini ifade eden arastirmalarinda bu
kavramin izlerine rastlamak mimkiindiir. Ikinci
diinya savasindan dolayr organik tarim gelisimi
Avrupa tlkelerinde yavaglamis fakat bazi cevreci

ureticilerin ferdi gayretleri ile devam etmigtir.
Almanya’da 1972 yilinda IFOAM (Uluslararas:
Organik Tarmm  Hareketleri Federasyonu)nun

kurulmasi ile organik tarim bambaska bir nitelik
kazanmistir (Ak, 2004).

Organik tarim; zararli girdilerin kullanilmasindan
daha c¢ok cevresel stireclere, biyolojik cesitlilige ve
yerel kosullara adapte edilen topragin, biyolojik
cesitliligin ve insanin saghgim gozeten Uretim
sistemine denir. Organik tarim ortak oldugumuz
cevreye yarar saglamak ve 1yl yasam kalitesini
tavsiye etmek icin gelenegi, yenilikciligi ve bilimi
birlestiren sistemler biitiinidiir IFOAM, 2021).
Saglik ve gevre ile ilgili kaygilarin ¢cogalmasi ve sosyo-
ekonomik sartlarin gelismesi gibi faktorlerden dolay:
organik tarima olan ragbet artmigtir. Tiketicilerin
organik tarim ve gidalarina taleplerinin
¢ogalmasindan dolayr organik tarimla ugrasan ciftgi
sayisi da dogal olarak fazlalagmistir. Buylyen talep
sonucu uluslararasi ticaret gelismistir. Uretildigi
ulkelerde i¢ talep ve pazar bulunmadigi halde bazi
ulkeler, talep goren ve Avrupa’da tretilmeyen
organik  Uriinleri Uretmeye ve ihra¢ etmeye
baslamislardir (Demiryiirek, 2011).

Organik tarim Turkiye'de 19851i yillarda ithalatg
ulkelerin istekleri lizerine az bir tretici toplulugu
tarafindan baglatilmig, zamanla genis topluluga
yayilarak ticari bir boyut kazanmistir (Karabas ve
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Resmi ve 6zel sektér kurum ve kuruluslari, yazili ve
gorsel basin, ¢iftci egitimleri, Ureticiler ve tiketiciler
icin 6nemli olan bilgi kaynaklarini olugturmakta,
organik tarim ve organik Uriin talebindeki artigin
meydana gelmesinde rol oynamaktadir. Organik
tarimin yayginlasmasina ve organik pazarlarin
olusmasina katki saglayan bu bilgi kaynaklari
vasitasiyla organik lretim tegvik edilmekte ve bilingli
tiiketici sayisini artirmaktadir (Torun, 2011).

2019 yii FIBL tarafindan aciklanan arastirma
verilere gore diinyada toplam 72.2 milyon hektar
organik tarim arazisi bulunmaktadir. Okyanusya
35.9 milyon hektar (%49.6) arazi ile organik tarim
alanlarinin en genis sahasina sahiptir. Ardindan
Avrupa 16. milyon hektar (% 22.9), Latin Amerika'da
8.2 milyon hektar (% 11.5), Asya 5.9 milyon hektar,
(% 8.2), Kuzey Amerika 3.6 milyon hektar, (% 5) ve
Afrika 2 milyon hektar (%2.8) gelmektedir.
Avustralya 35.6 milyon hektar organik tarim arazisi
ile en énde gelen iilke olurken akabinde Arjantin (3.6
milyon hektar) ve Cin (2.2 milyon hektar)
gelmektedir. Turkiye’de ise 0.5 milyon hektar arazide
organik tarim yapilmaktadir. Kisi basi organik gida
tiketim miktarina bakildiginda en ¢ok tiiketen
iilkeler olarak 338 Euro ile Isvigre ve ardindan 344
Euro ile Danimarka gelmektedir. Tirkiye’de kisi
basina 0.60 Euroluk organik triin tuketilmektedir
(FIBL, 2021).

Igdir Ili'nin ti¢ tilkeye komgu ve mikro klima iklimine
sahip olmasindan dolayr Igdirdaki tiliketici
tercihlerinin Veri Madenciligi Karar Agaci Yontemi
ile belirlenmesi bu c¢alismada amaclanmistir. Elde
edilecek  bulgularin i1 ekonomisine, kirsal
kalkinmaya, tiiketici bilinglenmesine ve organik gida
hakkinda yapilacak daha sonraki calismalara katki
saglamas1 amaglanmaktadir.

MATERYAL ve METOD

Bu calismanin materyalini Igdir Ili'nde yasayan ve
organik gida drtnleri hakkinda yeterli bilgiye sahip
olma faktorunu belirlemek amaciyla, etik kurul izni
alinarak 6rnekleme yoluyla se¢ilen bireylere yiiz ylze
goriisme yontemiyle elde edilen anket verileri
olusturmustur (Sekil 1).

Ornekleme Yéntemi

Igdir ili merkez niifusu 140267 olup (Anonim, 2020a)
bu ana kitleyl en iyi temsil etmesi i¢in asagida
formuili verilen “Basit Tesadifi Ornekleme Kitle
Oran Tahmini” metodu (Yamane, 2010) kullanilarak
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elde edilen anket verileri degerlendirilmeye tabii
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Sekill. Igdir il haritasi (Anonim, 2021)
Figure 1. Igdir province map (Anonymous, 2021)
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Igdir ili kentsel alaninda tiiketicilerin organik gida
urinleri hakkinda yeterli bilgiye sahip olmasiyla
alakali yeterince veri bulunmadigindan p ve q
degerleri 0.5 olarak alinmig, p=organik gida urlnleri
hakkinda yeterli bilgiye sahip olanlar, q= organik
gida urlinleri hakkinda yeterli Dbilgiye sahip
olmayanlar olarak kabul edilmigtir. Se¢ilen 6rneklem
buyukliginiin yeterli oldugu belirlenmis ve anket
165 kisiye uygulanmigtir.

5

Istatistik Analizler

Bu calismada veri madenciligi siireci yontem olarak
izlenmis ve modelleme asamasinda karar agaci
algoritmas: kullanilmigtir.

Kolay yorumlanmasi ve anlagilabilir olmasindan
dolay1 karar agaglari, karar vericiler i¢in avantaj
saglayan algoritma olup siniflandirma ve tahmin i¢in
¢oklukla kullanilan bir veri madenciligi yaklagimidir
(Calis ve ark., 2014; Karadas ve Kadirhanogullari,
2017; Karakaya ve ark.,2018).

CHAID, Exhaustive CHAID ve CART algoritmalar:
ordinal, nominal ve scale 6zellige sahip degiskenler
ile model olusturmada oldukc¢a etkili bir sekilde
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kullanilmakta ve CART algoritmasi, bir digumu
tekrar tekrar iki alt dagime bolerek ikili bdélme
kriterler1 temelinde bir karar agaci yapisi
olusturmalarina izin verir (Duru et al, 2017;
Eyduran et al., 2017). Bélme islemi basarili oldukca
sonu¢ gruplarimin yeleri arasinda daha fazla
benzerlik ortaya cikmaktadir (Sun and Hui, 2008).

Karar agaci analizinden sonra elde edilen
siniflandirma  sonuclarindan genel dogruluk ve
ozgunluk degerleri hesaplamasinda Cizelge 1’de

gosterilen dlciitlerden yararlanilmistir (Sackett, 1973;
Camlica ve Disci, 2008).

_Testlerinin Degerlendirilmesinde Kullanilan
Olgiitler

Tablel. Usually Used Criteria in the Evaluation of Tests

Cizelge 1.

Test Sonucu ) ) Toplam
Test (+) a(DP) b(YP) a+b
Test (-) c¢(YN) d(DN) c+d
Toplam atc b+d a+b+c+d
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DP: Dogru pozitif; YP: Yalanci pozitif; YN: Yalanci negatif;
DN: Dogru negatif.

Ozgiilliik (Spesifite) : Gercekte organik gida irtinleri
hakkinda yeterli bilgiye sahip olan bireyler icinde
testin organik gida triinleri hakkinda yeterli bilgiye
sahip olan bireyleri bulabilme 6zelligi olarak
tanimlanmaktadir.

Ozgiillik (Spesifite) = (DN / (YP+DN)) * 100 = %
olarak ifade edilir.

Ozgillik kisaca bir testin organik gida {iriinleri
hakkinda yeterli bilgiye sahip olan bireyleri bulma
yetenegi olarak da tanimlanabilir.

Testin Genel Giicii (Test Gegerliligi) : Testin dogru
teghis koyabilme yetenegi olarak tanimlanmaktadar.
Test Gegerliligi = (DP+DN) / (DP+DN+YP+YN)) *
100 = % olarak ifade edilir.

Testin glicti veya gecerliligi testin dogru olarak teghis
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koydugu organik gida turinleri hakkinda yeterli
bilgiye sahip olan ve olmayan kigilerin sayisinin tiim
sonuclar icindeki yiizdesi olarak tanimlanmaktadir.
Organik gida urtnleri hakkinda yeterli bilgiye sahip
olma durumu bagimli degiskeni ile yas, cinsiyet,
egitim durumu, medeni durum, meslek durumu, aylik
hane halki geliri bagimsiz degigkenleri igin Veri
Madenciligi Karar Agaci yonteminden Ki-kare
otomatik etkilesim detektérii (CHAID) algoritmas:
SPSS 25 istatistik paket programi ile kullanilmig ve
sonuglar yorumlanmagtir.

BULGULAR ve TARTISMA

Sekil 2’de anketi cevaplayan 165 kigiden 83 kisi
(%50.3) organik gida iirtinleri hakkinda yeterli bilgiye
sahip oldugunu belirtirken, 54 kisi (%32.4) yeterli
bilgiye sahip olmadigim1 ve 28 kisi (%17) fikri
olmadigini  belirtmistir. Organik gida trinleri
hakkinda yeterli bilgiye sahip olma bagimli degiskeni
icin CHAID Algoritmas1 ile meydana gelen karar
agacina bakildiginda, agacin ilk olarak, medeni
durum sorusundan dallandigi gériilmektedir. Organik

gida urunleri hakkinda yeterli bilgiye sahip olma
bagimli degiskeni i¢in agacin dallanmasindaki en
etkili faktorin “Medeni Durum” oldugu
goriilmektedir. Medeni durumu bekar olanlardan 26
kisi (%32.1) organik gida iriinleri hakkinda yeterli
bilgiye sahip oldugunu, 39 kisi (%48.1) yeterli bilgiye
sahip olmadigim1 ve 16 kisi (%19.8) fikri olmadigim
belirtmigtir. Bir sonraki aga¢ dallanmasinda bekar
olan bireylerin aylik hane halki gelirinden dallandig:
gorulmektedir. Aylik hane halki geliri <1001%
olanlardan 2 kisi (%13.3) organik gida {iriinleri
hakkinda yeterli bilgiye sahip oldugunu, 11 kisi
(%73.3) yeterli bilgiye sahip olmadigim1 ve 2 kisi
(%13.3) fikri olmadigimi belirtmistir. Aylik hane halki
geliri <1001t olanlarin cinsiyet faktériinden
dallandig1 gérilmektedir.

Cizelge 2'deki sonuclara gore; Ozgiillik (specificity)
88.6, Genel dogruluk (accuracy) 70.9 olarak
bulunmustur.

Kadin bireylerden 2 kisi (%100) organik gida iiriinleri
hakkinda yeterli bilgiye sahip olmada fikrinin
olmadigini bildirmigtir.

[nAy:)
i Mode 0
|
|_Categon, % nf
T ™ EvET 03 83|
| WEVET : | iR 327 54,
| B HAYIR | A= Fikpim ok 170 28|
| [ FIKRIN 0K | | Total 1000 165 [:
____________ |_________E.
(1)
Adj. P-value=0,000, Chi-zquare=22,769,
df=2
BETAR EVLI
Hode 1 Hede 2
Categorny % n Categorny % n
BEVET 321 6 BEVET 679 &7
B HATIR 4g1 34 B HATIR 178 148
FikRIM YOK 198 16 FikRIM YOK 143 12
Total 401 81 Total 609 &84
AHG ED
Adj. P-value=0,024, Chi-square=23 404, Adj. Povalue=0,001, Chi-zquare=18 667,
d=G d=2

== 1000 WVE ALTI (1000 WE AL'I|'I. 2001-3000] (2004-3000, 50041-5000] = 5004-6000 == OKUR YTZAR LESIL = OKUR YA|ZAR DESIL
Hode 3 Hode 4 Hode 5 Mode B MNode 7 Mode &
Categony % n Categony % n Categorny b n Category % n Categary Won Categorny b n
B EVET 123 2 B EVET s00 24 B EVET 59 1 B EVET 286 2 B EYET oo o B EVET 704 &7
B HAYIR 733N B HATIR 333 14 B HAYIR 765 13 B HAYIR 43 1 B HAYIR oo o B HAYIR 185 15
FIKRIM YOK_ 133 2 FIKRIM YOK_167 7 FIKRIM YOK_ 1768 3 FIKRIM rOkK 571 4 FIKRIM YOK 1000 3 FIKRIM 0K 111 9
Total 91 15 Tuotal 255 42 Total 032 17 Total 42 7 Total 18 2 Total 49,1 &1
N = [ =
CINSIYET HBS
Adj. P-value=0,001, Chisquare=15,000, Adj. P-value=0008, Chi-square=18,389,
d=z df=d4
|
ERKEK KAIi)IN <= 1,000 4l .UDD.:3.UDD] =3.000
Hode B Node 10 Hode 11 Node 12 Hode 12
Categony % n Categorny % n Categony % n Categorny b3 n Category % n
B EVET 164 2 B EVET oo oo B EVET oo o B EVET 721 ™ B EVET 722 26
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Sekil 2. Organik Gida Uriinleri Hakkinda Yeterli Bilgiye Sahip Olma Karar Agaci
Figure 2. Having Sufficient Knowledge About Organic Food Products Decision Tree
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2. Karar Agaci Analizi Smiflandirma
Sonuclar:

Table 2. Decision Tree Analysis Classification Results
Classification

Cizelge

Predicted
Observed Evet Hayir Fikrim Yok
Evet 78 3 2
Hayir 29 24 1
Fikrim Yok 14 3 11

Medeni durumu evli olanlardan 57 kisi (%67.9)
organik gida trtunleri hakkinda yeterli bilgiye sahip
oldugunu, 15 kisi (%17.9) yeterli bilgiye sahip
olmadigini ise 12 kisi (%14.3) bildirmistir. Medeni
durumu evli olanlarin egitim durumu faktérinden
dallandig1 goérulmektedir. Egitim durumu okuryazar
olmayan 3 kisi (%100) organik gida triinleri
hakkinda yeterli bilgiye sahip olmada fikrinin
olmadigini bildirmigtir. Egitim durumu okuryazar
olanlardan 57 kisi (%70.4) organik gida diriinleri
hakkinda yeterli bilgiye sahip oldugunu, 15 kisi
(%18.5) yeterli bilgiye sahip olmadigini ve 9 kisi
(%11.1) fikri olmadigin belirtmistir. Egitim durumu
okuryazar olanlarin hanedeki birey sayisindan
dallandig1 goriulmektedir. Hanedeki birey sayis1 <1
olanlardan 2 kisi (%100) organik gida {iriinleri
hakkinda yeterli bilgiye sahip olmada fikrinin
olmadig1 gorulmektedir. Hanedeki birey sayis1 2 ve 3
olanlardan 31 kisi (%72.1) organik gida diriinleri
hakkinda yeterli bilgiye sahip oldugunu, 6 kisi (%14)
yeterli bilgiye sahip olmadigini ve 6 kisi (%14) fikir
bildirmedigi gorilmektedir. Hanedeki birey sayis1 >3
olanlardan 26 kisi (%72.2) organik gida diriinleri
hakkinda yeterli bilgiye sahip oldugunu, 9 kisi (%25)
yeterli bilgiye sahip olmadigini ve 1 kisi (%2.8) fikir
bildirmedigi gorilmektedir.

Calismaya katilan bireylerden 20 kisi (%12.1) organik
iiriinlerin fiyatlarini uygun bulurken, 114 kisi (%69.1)
uygun bulmadigr ve 31(%18.8) kisi fikir bildirmedigi
gorulmektedir. Organik Urtunleri alirken sertifikali
olmasina dikkat eden 74 kisi (%44.8) bulunurken, 56
kisi (%33.9) dikkat etmedigi ve 35 kisi (%21.2) fikir
bildirmedigi goériulmektedir. Katilimcilardan 31 kisi
(%18.8) gida iretimi ve satis1 yapan firmalara cok
giiveniyorken, 106 kisi (64.2) giivenmedigi ve 28 kisi
(17.0) fikir bildirmedigi goriilmektedir. Organik gida
cesitliligin yeterli oldugunu diistinen 31 kisi (%18.8)
varken, 104 kisi (%63) yeterli olmadigini diistinmekte
ve 30 kisi (%18.2) fikir bildirmedigi gériillmektedir.
131 kisi (%79.4) marketlerde GDO, hormonlu ya da
organik diye gidalarin ayrilmasini ve
fiyatlandirmanin farkhh yapilmasini isterken 26 kisi
(15.8) istememekte ve 8 kisi (%4.8) fikir bildirmedigi
gorulmektedir.

Organik olmayanlara gore organik gida triinleri i¢in
47 kisi (%28.5) %10, 38 kisi (%23) %20, 27 kisi
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(%16.4) %30, 19 kisi (%11.5) %40, 22 kisi (%13.3)
%50, 6 kisi (%3.6) %75, 5 kisi (%3) %100 ve 1 Kkisi
(%0.6) %100'den daha fazla fiyat 6demeye raz
oldugunu belirtmigtir.

Her giin organik gida satin alan 12 kisi (%7.3),
haftada bir ka¢ kere alan 52 kisi (%31.5), haftada bir
alan 23 kisi (%13.9), ayda bir kac¢ kere alan 47 kisi
(%28.5), ayda bir alan 17 kisi (%10.3), bir kac ayda bir
alan 5 kisi (%3) ve hi¢c almayan 9 kisi (%5.4)
bulunmaktadir.

Calismanin arastirma bulgularinda elde edilen
sonuclarda ilk olarak, organik gida turiinleri hakkinda
yeterli bilgiye sahip olma bagimli degiskeni igin
agacin dallanmasindaki en etkili faktoriin “Medeni
Durum” oldugu goérilmektedir. Bu durumun
sebebinin evli bireylerin ¢evreye ve sagliga daha fazla
duyarli olmalari, yas itibariyle bekarlara kiyasla
daha olgun olmalari, organik gidalara kars1 daha
bilgili ve farkinda olmalari, cocuk sahibi olmalari
sebebiyle bu tiir konularla daha fazla ilgilendikleri ve
sorumluluk sahibi olmalar1 sebebiyle bu konuya
iliskin algida secici olmalar1 dustintilebilir. Nitekim
Inci ve ark., (2017) caligmalarinda bu bulguyu
destekler nitelikte organik trin tiketme durumu ile
medeni durum ile arasindaki iligkiyi Ki-kare testi ile
belirlemigler ve  arastirma  sonucunda  evli
tuketicilerin  bekar  bireylere  oranla, bekar
tiiketicilerin de diger (dul veya bosanmig) bireylere
oranla daha c¢ok organik durin tikettiklerini
saptamiglardir. Bu sonu¢ yapilan ¢alisma ile
benzerlik tagimaktadir ki, c¢alismada evli olan
bireylerin, bekar olan bireylere kiyasla organik
gidalar hakkinda daha fazla bilgi sahibi olduklar:
goriinmektedir. Benzer c¢alismalara bakildiginda
érnegin; Dokic ve ark. (2014), Sirbistan“da yaptiklar
calisma ile organik gida tiketimini etkileyen
faktorleri arastirmiglar ve evlilerin bekarlara oranla
daha sik organik gida tiiketimi gergeklestirdiklerini
gozlemlemislerdir. Bayram (2019) yapig1 calismada
medeni durumlarina gére organik gida satin alma
tutumlarinin istatistiksel olarak anlamli oldugunu
belirlemis, medeni durumu evli olanlarin organik
gida satin alma tutumlar1 medeni durumu bekéar
olanlara nazaran daha yiksek seviyede oldugunu
belirtmigtir.

Evli olanlar iki homojen sinifa, okuryazar olanlar ve
okuryazar olmayanlar olarak ayrilmigtir. Okuryazar
olmayanlar terminal digim olup, okuryazar
olanlarin organik gida triinleri hakkinda daha fazla
bilgiye sahip olundugu goérilmistir. Bu durumun
sebebi olarak egitim seviyesi arttikga daha fazla sey
ogrenildigi ve organik gidalar hakkinda arastirma
yaparak daha ¢ok bilgi kazanildig1 distiniilebilir. Bu
bulgu alan yazinda egitim durumunun etkisine
yonelik baz1 ¢alismalarin bulgulariyla paralellik
gostermektedir. Ornegin Duman (2021) ¢aligmasinda
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tuketicilerin  yasam  standartlari ve  egitim
seviyelerinin yiukselmesi, bilgiye kolay erigim, gelisen
cevresel ve sosyal biling gibi gelismeler ve poptler
hale gelen organik kavram i¢in farkindaligin artmasi
da organik Uriinlere yonelik tiiketici ilgisinin ve satin
alma niyetinin artarak gelismesini etkiledigini
belirtmigtir.

Okuryazar olanlarin hanedeki birey sayisindan
dallandig1 goérilmektedir. Hanedeki birey sayisi
arttikga organik gida TUrinleri hakkindaki bilgi
diizeyleri artmigtir. Bu durumun sebebi olarak birey
sayisinin artmasiyla bireylerin siirekli birbirleriyle
etkilesim halinde bulunmasi1 ve bilgi paylagimi
yapilmasi disiinilebilir. Hanedeki birey sayis1 g
homojen gruba ayrilmig ve her uc¢i de terminal
diigum olarak kalmiglardir.

Diger yandan agaca bakildiginda bekar olan
bireylerin aylik hane halki gelirinden dallandig:

gorilmektedir. Aylik hane halki geliri <1001b
olanlarin cinsiyet faktorinden dallandig:
goriulmektedir. Organik gida tiketiminde bilgi,

cinsiyet, hanedeki birey sayisi, hane halki gelir

Cizelge 3. Tiiketicilerin Organik Gaida Hakkindaki Diistinceleri

Table 8. Consumers' Opinions on Organic Food

durumu gibi faktérlerin 6nemli rol oynadigi
bilinmektedir (Kadirhanogullar1 ve ark., 2021). Ozer
ve ark. (2016), yas, egitim ve gelir gibi faktérlerin su
urtinleri tiketim aligkanhklarini 6nemli derecede
ekiledigini belirtmigtir. Bu kaynaklar gésteriyor ki
demografik verilerin tiketim aliskanlhiginda 6nemli
rol oynamaktadir.

Cizelge 3’te arastirmaya katilan katilimecilarin
organik gida hakkindaki dustinceleri verilmigtir.
Katilimecilarin biiyiik kismi (n=114, %69.1) organik
urunlerin fiyatlarini uygun bulmadigini, sertifikali
olmasina dikkat ettigini (n=74, %44.8), gida {iretimi
ve satigi yapan firmalara yeterince givenmedigini
(n=106, %64.2), organik gida cesitliliginin yeterli
bulmadigini (=104, %63), marketlerde GDO,
hormonlu ya da organik diye gidalarin ayrilmasini ve
fiyatlandirmanin farkli yapilmasimi istediklerini
(n=131, %79.4) belirtmislerdir. Bu durumun sebebi
olarak giiven acisindan sertifikali olmasina dikkat
edildigi, insanlarin aldiklari urtnle ilgili bilgiye
ihtiya¢ duyduklar: s6ylenebilir.

Evet % Hayir % Fikrim Yok %
Organik Uriinlerin Fiyatlar: Uygun Mudur? 20 12.1 114 69.1 31 18.8
Organik Uriinleri Alrken Sertifikali Olmasma Dikkat 74 44.8 56 33.9 35 21.2
Eder Misiniz?
Organik Gida Uretimi ve Satisi Yapan Firmalara Cok 31 18.8 106 64.2 28 17.0
Gtuiveniyor Musunuz?
Organik Gida Cesitliligin Yeterli Oldugunu Distintiyor 31 18.8 104 63.0 30 18.2
Musunuz?
Marketlerde GDO, hormonlu ya da organik diye gidalarin 131 79.4 26 15.8 8 4.8

ayrilmasimi ve fiyatlandirmanin farkli yapilmasimi ister
misiniz?

Cizelge 4’te arastirmaya katilan katilimcilarin
?Organik olmayanlara gore organik gida Uriinleri igin
ne kadar fazla fiyat 6demeye raz olursunuz “sorusu
hakkindaki duglinceleri verilmistir. Tiketiciler
tarafindan bir Grinin talep edilmesini saglayan en
onemli nedenlerinden biri de fiyattir. Gelismekte olan
ulkelerde tuketiciler herhangi bir gida Urininin
markasina, ambalaj kalitesine, Grinln icerigine ve
guivenirlilik gibi 6zelliklerine bakmadan o6nce urin
etiketinde aradiklar: ilk tercih iiriin fiyatidir (Agir ve
ark., 2014).

Katilimecilarin biiyiik kismi 47 kisi (%28.5) %10 daha
fazla fiyat 6demeye razi oldugunu belirtmistir. Bu
bulgu alan yazinda baz1 c¢aligmalarin bulgulariyla
paralellik géstermektedir. Ornegin; Secer (2010)
yaptig1 calismada tiiketicilerin (%43,1) organik iiriin
tiketmelerini engelleyen en 6nemli unsurun fiyat
oldugunu belirtmigtir. Benzer sekilde Agir ve ark.,
(2014) tiiketicilerin biiyiikk bir kismi (%85) organik
urin fiyatlarim diger iirtinlerin fiyatlarina gére daha
pahali bulmaktadirlar seklinde belirtmiglerdir.

Cizelge 4. Organik olmayanlara gére Organik gida
Urinleri i¢in ne kadar fazla fiyat 6demeye
razi olursunuz?

Table 4. How much more would you be willing to pay for

organic food products compared to nonorganic

ones?
N %
% 10 47 28.5
% 20 38 23.0
% 30 27 16.4
% 40 19 11.5
% 50 22 13.3
% 75 6 3.6
% 100 5 3.0
% 100'den Fazla 1 0.6
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Cizelge 5'te arastirmaya katilan katilimcilarin ‘Ne
siklikla organik gida iiriinleri satin alirsiniz’ sorusu
hakkindaki dustnceleri verilmigtir. Katilimcilarin
biiyiik kismi 52 kisi (%31.5), Haftada Bir Kac Kere
seklinde belirtmiglerdir. Bu durum organik gidalarin
fiyatlarinin pahali olmasi1 sebebiyle daha sik
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tuketilmedigi seklinde dustintilebilir. Nitekim Bulut
(2018) yaptig1 calismada tiiketiciler organik gidalari
fiyatlarin1 pahali bulmalari nedeniyle devaml olarak
tiuketememektedirler seklinde belirtmistir.

Cizelge 5. Ne siklikla organik gida ltriinleri satin

alirsiniz?

Table 5. How often do you buy organic food products?
N %

Her Giin 12 7.3
Haftada Bir Kag¢ Kere 52 31.5
Haftada Bir 23 13.9
Ayda Bir Kag¢ Kere 47 28.5
Ayda Bir 17 10.3
Bir Kag¢ Ayda Bir 5 3.0
Hig 9 5.4
SONUC ve ONERILER
Artan niifusun besin ihtiyacim1 karsilamak icin

tarimsal tUretimde faaliyete gecirilen yeni yontem ve
uygulamalarin, strdirulebilir tarumda olusturdugu
risk, 1nsam1 yeni ¢6zim yollarim1  bulmaya
yonlendirmektedir. Tarimda yapilmak istenen
maksimum verim elde etme ve fayda saglayabilme
istegi, bilim insanlarini, organik gida uretimine
yoneltmektedir. Yogun olarak, 1980’li yillarin
basindan bu yana gercgeklestirilmek istenen bu
calismalar, organik tarim ve gidanin ilk olarak maddi
ve manevi ig yikiine nazaran; kaliteli, besin degeri ve
uretim oranm yiiksek bir uygulamayla karsilagacagini
gostermektedir. Gida tiketicisinin organik gidayi
tanima ve tiketmede hangi noktada oldugunu
arastiran bu calismada Igdir Ili'ndeki tiiketicilerin
organik gida Uriinleri hakkindaki bilgi diizeyleri ve
diistiinceleri degerlendirilmigtir.

Elde edilen bulgular 1s1g1nda ¢alisma sonucunda Igdir
Ili'nde evli olan bireylerin bekérlara oranla daha
bilgili olduklarini ifade ettikleri gorilmustir. Evli
olan bireylerde egitim durumu ve hanedeki birey
sayis1  artikca  bilgi  diizeylerinin de artig:
gorilmektedir. Katilimcilarin biytuk kismi organik
urunlerin fiyatlarin1 uygun bulmadigi, sertifikali
olmasina dikkat edildigini gida uretimi ve satisi
yapan firmalara yeterince givenilmedigini, organik
gida gesitliliginin yeterli bulunmadigini, gidalarin
marketlerde GDO, hormonlu ya da organik diye
ayrilmasin1  ve farklh fiyatlandirma yapilmasim
istediklerini belirtmiglerdir. Ayni zamanda organik

Sonug olarak hizli bir gekilde 6nemi artan organik
tarimda  Uretici ve  tlketicilerin baz1  bilgi
gereksinimleri oldugu bilinmektedir. Dogru ve
saghkl bilgi almak i¢in bilginin kaynagini bilmek,
ulasmak ve en uygun sekilde kullanmak
gerekmektedir (Torun, 2011). Nitekim organik gida
tiketilmemesinin nedenleri arasinda bilgi eksikligi ve
organik gidalarin zor bulunmasi gosterilmistir
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(Aydin, 2011). Organik gidalar  hakkinda
bilgilendirmeler yapilirken tliketicilerin demografik
ozelliklerini dikkate alinacak sekilde yapilmasi fayda
saglayacaktir. Ayrica Eryilmaz ve ark. (2015),
organik gida tiriinlerinin maliyetleri digtiriildigiinde,
bilhassa kitlesel iletigim araglarindan faydalanilarak
organik gida tiketiminin artirilmasi i¢in yapilacak
reklam ve tanitim faaliyetlerinin katk:
saglayabilecegini belirtmigtir. Tim bu sonuglar
gosteriyor ki tliketicilerin bilgi diizeylerinin artirimi
urlne ragbeti artirmaktadir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir ¢kar

catismasi olmadigini beyan ederler.
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ABSTRACT

Today, accurate irrigation approaches are of great importance due to
climate change and a decrease in water resources. FAO methodology
based on reference evapotranspiration (ET¢) and crop coefficients
(Ko) are commonly used worldwide to determine crop water
requirements (ET.). K. values of different plants for different areas
can be taken from FAO-56 and FAO-24. However, crop coefficients
must be determined or calibrated for every relevant region because
the climate conditions in the field and surrounding conditions may
not be similar to the standard conditions. For this purpose, what
crop evapotranspiration and crop coefficients would be in the case of
timely (first crop) and late sowing (second crop) of maize were
investigated in this study in Adana where the Mediterranean
climate characteristics are prevalent during 2012 and 2013 years. A
weighing lysimeter was used to obtain ET. and K. of maize. ETo was
calculated using the FAO-56 Penman-Monteith (PM56) method. The
results showed that the duration of initial, development, mid-season,
and end-season growth stages for first crop maize was 22, 26, 43, and
37 days totaling 128 days, and for second crop maize, it was 14, 24,
42, and 38 days totaling 118 days. The ET. value of the second crop
maize was 14% higher than that value of the first crop maize. The
mean K. values were 0.74, 0.92, 1.63, and 0.42 at the initial,
development, mid-season, and end-season growth stages for the first
crop maize, whereas they were determined as 0.46, 0.89, 1.68, and
0.92, respectively for the second crop maize.
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Turkiye'de Akdeniz Boélgesinde Tartili Lizimetre Kullanilarak Misir Su Tiketiminin ve

Katsayilarinin Belirlenmesi

OZET

Giuntimiuzde, iklim degisikligi ve su kaynaklarinin azalmasi
sorunlari nedeniyle dogru sulama yaklagimlari biyik O6nem
tagimaktadir. Kiyas bitki su tiiketimi (ETo) ve bitki katsayilarina
(Ko) dayali FAO metodolojisi, bitki su gereksinimlerini (ET.)
belirlemek i¢in diinya genelinde yaygin olarak kullanilmaktadir.
Farkl bolgeler i¢in farkh bitkilerin K. degerleri FAO-56 ve FAO-
24'ten alinabilir. Ancak, tarladaki iklim kosullari ile ¢evre kosullar:
standart sartlara benzemeyebilecegi i¢in her bélge icin bitki
katsayillarinin belirlenmesi ya da kalibre edilmesi gerekir. Bu
amagla, 2012 ve 2013 yillarinda Akdeniz iklimi 6zelliklerinin hakim
oldugu Adana'da yapilan bu calismada, zamaninda (ilk {iriin) ve gec
ekilen (ikinci iirtin) misirin bitki su tiiketimi ve bitki katsayilar:
belirlenmigtir. Misir ET: ve K¢'sini elde etmek i¢in tartih lizimetre
kullamlmistir. ETo, FAO-56 Penman-Monteith (PM56) yoéntemi
kullanilarak hesaplanmistir. Birinci Uriin misirda baglangig,
gelisme, mevsim ortasi ve mevsim sonu biiyiime dénemleri sirasiyla
22, 26, 43 ve 37 gln, toplamda 128 giin; ikinci iirtin misirda ise, 14,
24, 42 ve 38 glin ve toplamda 118 giin olarak gerceklesmistir. Tkinci
Urtin misirin ET. degeri, birinci Grin misirin ET. degerinden %14
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daha ylksek bulunmustur. Baglangi¢, gelisme, mevsim ortasi ve
mevsim sonu biyyime donemlerinde birinci Girtin misir i¢in ortalama
K. degerleri 0.74, 0.92, 1.63 ve 0.42 iken, ikinci iiriin i¢in bu degerler
sirasiyla 0.46, 0.89, 1.68 ve 0.92 olarak belirlenmisgtir.
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INTRODUCTION

Knowledge of crop evapotranspiration is important
for preparing suitable irrigation scheduling and
obtaining high-level agricultural production (Unlii et
al., 2010). Crop evapotranspiration must be
accurately determined in field conditions. However, it
is difficult because evapotranspiration depends on
surrounding conditions, climate parameters, plant
properties, and water management (Shahrokhnia and
Sepaskhah, 2013).

There are several methods in use to determine ET.
directly and indirectly. ET. can be directly measured
using water budget methods (lysimeter and field
plots, etc), micro-climatological methods
(aerodynamic, BREB, Eddy Co-variance, etc),
physiological methods (canopy chamber, and sap flow
measurement, etc). The indirect methods use the
mathematical models based on the meteorological
parameters for estimating crop ET. (Kanber et al.,
2007). Lysimeters are the most accurate and most
reliable to measure crop evapotranspiration but are
expensive and intrusive to install and operate, and
difficult as well as time-consuming. Therefore, the
using of the indirect methods to determine ETo and Ke
are the most practical approaches for estimating ET.
(Allen et al., 1998). ETo is usually estimated from
weather data. The PM56 equation, which gives
results similar to the data measured by lysimeter, is
being accepted by FAO as a standard method for
predicting ETo in all climatic conditions. (Allen et al.,
1998).

K: is an important parameter for determining ET.
(Kjaersgaard et al. 2008; Piccini et al., 2009). There
are two types of crop coefficients. These are the single
and dual crop coefficients. The single crop coefficient
is experimentally determined as the ratio of ET. to
ETo (Doorenbos and Kassam, 1984). K. changes
during the growing period because of the variations in
the percentage of cover of vegetation (Reddy, 2015).
While the plant grows, evapotranspiration changes
during the growth period because of the changing of
ground cover of plant, crop height, and leaf area.
Phenological stages are generally divided into four
phases during the growth period of the plant. These
are initial, crop development, mid-season, and end-
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(late) season (Allen et al., 1998).

The crop coefficients (K. are available in the
literature (Allen et al., 1998). For example, K, ET.
values of different plants for different regions can be
found in FAO-56 and FAO-24. However, K: should be
calibrated since the climate in the field conditions
differs from the standard conditions (Shahrokhnia
and Sepaskah, 2013; Reddy, 2015). For this reason,
many researchers have been studying to determine
local K¢ and to compare them against to values given
in FAO publications.

To date, a lot of studies have been conducted in
different locations of the world on the determination
of K¢, ET. of plants (Vaughan, et al., 2007; Lopez-
Urea et al, 2009; Unli et al., 2010; Mehta and
Pandey, 2015). Various crops, from perennial crops to
annual crops, were studied in various places. In
Bangladesh, Islam and Hossain (2010) determined
the crop coefficients of hybrid maize as 0.38, 0.87,
1.36, and 0.75 for initial, development, mid- and end-
season stages, respectively. In the same study,
observed crop coefficient values differed in somewhat
from those suggested by FAO. Shahrokhnia and
Sepaskhah (2013) used the weighing lysimeter for
determining K. and ET. of maize under Fars-Iran
conditions. According to results, the single crop
coefficients were 0.48, 1.40, 0.31 for the initial, mid-
season, and end-season stages, respectively. Based on
the review of the research conducted over the years,
one can conclude that the measured K. values for
initial and mid-season stages differed from the values
suggested by FAO. Piccinni et al. (2009) have
determined the crop coefficients (Ko and
evapotranspiration (ET.) of maize using the weighing
lysimeters at the high plains of Texas. The results
showed that seasonal ET. of maize changed from 441
to 641 mm. Measured K. values ranged between 0.2
and 1.2. In a study used lysimeter by Tyagi et al.
(2003), the estimated values of K. for maize by the
Penman—Monteith method at the four crop growth
stages; namely, initial, crop development, mid-season
and maturity, were 0.55, 1.00, 1.23 and 0.64,
respectively. In another study used lysimeter by
Abedinpour (2015), the K. values for the initial, crop
development, mid-season, and late stages were 0.40—
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0.60, 0.70-0.80, 1.1-1.21, and 0.50-0.65, respectively,
whereas the values reported for maize by FAO are
0.3, 1.2, 0.3-0.6 for the initial, mid-season and late
stage, respectively.

When it comes to Turkey, maize is the crop with the
largest cultivation area after wheat and barley.
Adana is the second province with the highest maize
production as of 2019 with a share of 15%. In the
region, maize 1s produced as the main crop and
second crop (Anonymous, 2020). Thus, it is essential
to schedule irrigation appropriately in maize, which is
such an important product in the region. In line with
this purpose, in this study performed in the Cukurova
region in Turkey, it is aimed to determine the ET.
and K. of first crop and second crop maize using a
large-scale continuous weighing lysimeter and to
compare them against the values obtained by
modified-FAO equations.

MATERIAL and METHOD
The experiment was performed at the Research Field
of the Cukurova University, Adana, Turkey.

According to the long-term mean climate parameters
of the meteorology station between 1970 and 2018,
annual precipitation was 668.7 mm, most of it occurs
throughout the winter season; relative humidity
(RHiong) was 66%; air temperature (Tiong) was 19.3 °C;
wind speed (wiong) was 1.4 m s1; daily evaporation
(e1ong) was 4.2 mm; and daily sunshine (SSiong) was 7.4
h (MGM, 2019).

During the study, all the climatic data were obtained
by the climate station constituted in the experimental
field. The trial was conducted in 2012 and 2013.
Averaged meteorological parameters for those years
were: annual precipitation (P12 and Panis) of 1073
and 413 mm; average temperature (T2012 and Ts013) of
19.5 and 19 °C; mean humidity (RHz2012 and RHzo13) of
63.9 and 63.2%; wind speed (uz012 and uzo13) of 0.7 and
0.81 m s'%; daily evaporation (e2012 and e2013), 4.1 mm
for both years; and daily sunshine (SSz2012 and SS2013)
of 8.7 and 9.6 h, respectively for growing seasons.
The monthly mean climatic values during the
experimental years were given in Table 1.

Table 1. Monthly mean climate data during the growing periods in the trial years
Cizelge 1. Deneme yillarinda misir biiytime donemlerinde aylik ortalama iklim verileri

Years(Yil) April May June July August September  October
0
E‘H(’DC)(kPa) 18.0 21.2 26.1 28.9 29.6 27.4 22.7
RH (%) 0.79 0.80 1.47 1.68 1.48 1.08 0.64
Rn (MJ.m-2.d- 62.1 68.5 65.2 63.1 59.6 59.2 60.9
2012 1) ’ ’ 10.4 11.7 15.3 15.0 13.6 10.5 5.9
P (mm) 18.0 80.8 7.8 4.2 0.0 0.0 71.2
s (m.s) 1.0 1.1 0.6 0.4 0.5 0.5 0.4
2 M- 160.6 142.7
I (mm)
T (°C) 24.9 19.1
VPD (kPa) 1.06 27.4 27.1 24.5 1.05
1.13 1.21 1.14
RH (%) 66.3 52.6
Rn (MJ.m2.d 15.2 69.1 67.4 62.9 6.5
2013 ’ ’ . 15.8 14.1 10.5 )
) 0.6 56.8
P (mm) 13 0.0 18.6 40.8 05
ws (m.s1) ’ 1.1 0.5 0.4 ’
) 111.3 218.7
I (mm)

Note: T: Temperature (Sicaklik), VPD: Saturation vapor pressure deficit (doygun buhar basinc1 acig1), RH: Relative humidity
(Oransal nem), Rn: Net radiation (Net radyasyon), P: Precipitation (Yagis), us: Wind speed at 2 m height (2 m yiikseklikteki

riizgar hiz1), I'Irrigation (Sulama)

The soil of the experimental area is cataloged as
Palexerollic Chromoxerert. The soil texture in the
experimental area is clay and the soil have poor
organic matter. There is no salinity and drainage
problem (Unlii, 2000). For 210 cm depth, average field
capacity, and permanent wilting point were 36.6%
and 18.7%, respectively. The average bulk density of
soil was about 1.22 g.cm3. All the physical and
chemical soil characteristics were determined by the
routine laboratory and field methods given by USSL
(1954), Hizalan and Unal (1966), Giizel (1982). The
soil placed in the lysimeter was taken from the same
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land (Unli et al., 2010).

Weighing lysimeter

To measure crop evapotranspiration, a precision
weighing lysimeter was used in the study. The
dimensions of the lysimeter were (2x2x2.5) m. Its
accuracy was 0.025 mm, and it was located in the 1.2
ha field covered by irrigated maize and the upwind
fetch distance was 110 m. A neutron probe was placed
inside the tank in the lysimeter to the continual
measurement of soil water content in the soil profile
(Howell et al., 1985). In the bottom of the tank, there
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was a washed pea pebble layer and a sand layer
above of its. A free drainage system was placed into
the gravel layer, and the vacuum drainage system
was established between the soil and sand. The
weighing equipment was programmed to take and
record weight readings every 5 seconds for calculating
hourly and daily evapotranspiration. The weight data
registered on the visor were stored in a data logger
(Unlii et al, 2010). Successive weighing data,
irrigation, and drainage water amounts were used to
determine the crop evapotranspiration in the
lysimeter.

Crop evapotranspiration measurements

Dekalb 6630 maize cultivar were planted on the
118th day of the year (DOY) of 2012 with 0.7 m row

Table 2. Field observations for first and second crops maize

distance and 0.18 m spacing as the first crop and on
the 169th DOY of 2013 with the same distance and
spacing as the second crop after wheat. The maize
cultivar was planted by hand in the lysimeter and its
surrounding area of 6 m. It was planted in the other
parts of the field with the pneumatic sowing machine,
simultaneously. Rows were directed from north to
south. Around the lysimeter, 8 to 10 labeled areas
which were 1 m? each one, were selected for
observations of the variation between lysimeter and
field conditions during the seasons. Some
observations on the growth of maize were given in
Table 2. The fertilizer doses of 20 kg dal pure
nitrogen, and 10 kg da! phosphor, P:Os were applied
to maize by a drip irrigation system.

Cizelge 2. Birinci ve ikinci iirtin misir i¢in yapilan tarla gozlemleri

First Crop Maize (Birinci Uriin Misir)  Second Crop Maize (Tkinei Uriin Misir)

Variety (Cesit)

Sowing (Ekim) 28/04/2012
Emergence (Cikis) 04/05/2012
First Irrigation (Zk Sulama) 05/06/2012
Last Irrigation (Son Sulama) 02/08/2012
Harvest (Hasat) 02/09/2012

Dekalb 6630

Dekalb 6630
19/06/2013
24/06/2013
23/07/2013
02/09/2013
14/10/2013

The experimental area including the lysimeter was
irrigated by a drip irrigation system. Irrigation
applications for first crop maize started on 5th June
of 2012 when the maximum allowable depletion
(MAD) in the 90 cm soil depth was 50%. Sequential
irrigations were applied every week. Class A Pan
method and percentage of wetted area were used to
calculate irrigation water amounts (Equation 1).

I:epanxkcpxpw (1)

where, I, irrigation, mm; epan, pan evaporation, mm;
kep, crop-pan coefficient, (kep was taken as 0.70 for all
irrigation season). pw, wetted percent of the irrigated
area which was used as 0.60 for all irrigation events.
During the growing season, 9 irrigations were applied
and 34 mm irrigation water was given for first crop
maize on the average.

Irrigations for second crop maize started on 23rd July
of 2013 when MAD was 50%. At the first irrigation,
soil moisture level before irrigation was filled to the
field capacity. Other applications were repeated
almost weekly. The water amount for irrigations was
computed according to Equation 1. K¢ and Pw were
kept the same as those in 2012. For second crop
maize, 7 irrigations were applied and an averaging of
47 mm of water was applied at each irrigation.
Irrigations were ended when maize tassel and grains
in the cob almost for a month (more than one month
for second crop maize) before harvest. The mature
cobs were hand- harvested on the same day.
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Since the soil water content during the growing
season was higher than the critical soil water content,
the measured evapotranspiration was considered to
be crop evapotranspiration of maize (Doorenbos and
Pruitt, 1984; Allen et al., 1998).

Evapotranspiration of both in the lysimeter and in
the field were determined using the water balance
method (Equation 2).

ET.= I+P-Dy+ASW 2

where ET. is the daily crop evapotranspiration (mm),
I is the irrigation (mm), P is the precipitation (mm),
D; is the deep percolation (mm), and ASW is the
change of the soil water content (mm). Deep
percolation was volumetrically measured in the
lysimeter and using the irrigation water amount, soil
water content before irrigation, and field capacity of
the soil depth of the 210 cm in the field (Kanber et al.,
1992). Change of the soil water content was
determined by the differences in the weights of the
tank in the lysimeter and measurements of the soil
water content were determined by using the neutron
method in the field.

Reference evapotranspiration (ET0)

ETo was computed by the PM56 equation (Equation
3) because it is being accepted as the most correct
method (Allen et al., 1998).
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0.408A(Rn—G)+y(900/(T +273)) u, (e, —e,) ETc
ETo= =22 (3) Ko oo =—o (1)
A+y(1+0.34u,) csingle ™ =
where ETo is the reference evapotranspiration (mm Then, the crop growth was divided into initial,
day1), Rn is the net solar radiation at the crop surface developmental, mid-season, and late-season stages.
(MJ m? day), G is the soil heat flux (MJ m2 day1), A The length of the growth stages of maize was
is the slope of the saturation vapor pressure- determined according to the percentage of
temperature function (kPa C), y is the psychometric groundcover and other growing parameters such as
constant (kPa C1), T is the daily average of air date of germination, maturity, change of leaves color
temperature at the 2 m above of the ground (°C), us is and etc (Doorenbos and Pruitt, 1984; Allen et al.,
the wind speed at height 2 m from the ground (m s'1), 1998).
es is saturation vapor pressure (kPa), ea is actual The experimental coefficients of K. values were
vapor pressure (kPa), and (eses) is the saturation  compared with K. estimated by FAO approaches. The
vapor pressure deficit of the air (kPa). The calculation single crop coefficients for a large number of crops
procedure of the equation and other climatic were given for average conditions in sub-humid
parameters were presented by Allen et al. (1998), climate regimes with RHmn~ 45%, and us~2 m sl
Allen et al. (2005), and Zotarelli et al. (2013). (Allen et al., 1998). FAO has also presented correction
equations (Equation 5-7) for crop coefficients for other
Determination of crop coefficients (Kc) areas having climates where RHmin differs from 45%
The single crop coefficients were determined for the or where uz larger or smaller than 2 m s during the
first crop maize and the second crop maize according mid- and late growth stages and different soil
to FAO (Allen et al., 1998). Therefore, the measured characteristic and infiltration or irrigations bigger

ET. by lysimeter was divided by the ETo estimated by than or equal to 40 mm depths for initial growth
the FAO Penman-Monteith Equation as seen below stage.
(Equation 4).

(1-10)

Keini = Kc—ini(Fig29) + (40—_10)[ c—ini(Fig30) chini(FigZQ)] ®)
b0

et = Ko+ 008(1, ~2)-0.004 (RH,, ~45)] 5 ®
h°3

Kc—end = Kc—end (tab) + [004 (u2 - 2)_ 0.004 (RH min 45)] [EJ (D)

where, Keini , Kemia and Keend are the corrected Kec Besides, total ETo in the second crop maize was a

values, Keini (Fig 29), Keini (Fig 30), Kemiatan) and Ke- little lower than that in the growing season of first

endtab) are the values mentioned in the FAO figures crop maize. On the other hand, the total rainfall was

and table (Allen et al. 1998), I, average irrigation or 133 and 56.5 mm in the growing seasons of the first

infiltration depth (mm), RHmin is the minimum and second crop maize, respectively. In addition to

relative humidity (%), uz is the wind speed at the 2 m this, 128 days of the growing season of first crop

height (m s1) and h is the crop height (m). maize was longer than 118 days of the growing season

of the second crop maize.
RESULTS and DISCUSSION

Reference Evapotranspiration (ET0) Crop Evapotranspiration (ETc)

The daily ETo was calculated using the PM56 method.
The daily ETo for the first crop maize during the 2012
growing season changed from 1.2 to 6.2 mm day!,
and daily mean ETo was 4.8 mm day~!, while total
ETo was 610.6 mm. Daily ETo for second crop maize
during the 2013 growing season, varied from 1.9 to
9.2 mm day’!, and daily mean ETo was 4.6 mm day!,
while total ETo was 547 mm. During the growing
season of second crop maize, maximum and minimum
ETo values were higher than those of the growing
season of the first crop maize. This may be the result
of the later planting date, and growth stages of the
second crop maize coincided with warmer periods.

The daily first crop maize ET. reached its maximum
value after 65 days from the planting (Figure 1a).
Afterward, the maize ET. started to decrease until
harvest. The maximum maize ET. rate was 13.9 mm
per day. The daily second crop maize ET. reached its
maximum value (13.3 mm per day) after 49 days from
planting (Figure 1b). The maximum maize ET.
observed in this study was practically the same with
that obtained in Texas High Plains (Howell et al.
1997, 1998; Music and Dusek 1980), where the
maximum ET. ranged from 13 to 14 mm per day. In
the other study, the maximum maize ET. has been
reported as 12 mm per day by Piccinni et al. (2009).

The total measured ET. of first and second crop maize
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during the growing seasons was 618 and 715 mm,
respectively. The second crop maize ET. was 14 %
higher than that of the first crop. This may be due to
the fact that the seeds were planted in the summer
months when the air temperature was too high
resulting in high soil evaporation and transpiration.

reported these values between the ranged of 418 and
671 mm. These values changed between 670 and 790
mm and 741 and 802 mm as reported by Musick and
Dusek (1980) and Howell et al. (1997). Compared to
the ET. values reported by others, ET. values in this
study were slightly higher or lower showing a general

Tolk et al. (1998) reported ET. values between the agreement.
range of 328 and 617 mm and Howell et al. (2008)
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Figure 1. Daily evapotranspiration values of first crop (a) and second crop (b) maize from lysimeter

measurements

Sekil 1. Birinci iiriin (a) ve ikinci iirtin (b) misir icin lizimetreden elde edilen giinliik bitki su tiiketimleri
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Mazie crop ETc in each growth stage was given in
Table 3. The crops ET. of growth stages for the FAO
approach were estimated using the product of the
FAO K. and the ETo values. FAO methodologies
predicted seasonal ET. values 26% and 42% lower
than the measured lysimeter for first crop maize and
second crop maize, respectively. Reductions in the
FAO-ET. values in the first and second crop maize
plants occurred at different rates in the growth
stages. The highest reduction rates of 61% and 24%
were obtained for the first crop for the initial and
mid-season growth stages, respectively. For the
second crop maize, the highest reduction was
calculated for development and late growth stages
with 40% and 69%, respectively. Similarly, in a study
with maize and wheat performed by Shahrokhnia and
Sepaskhah (2013), The measured K. values for the
initial and mid-season stages differed from the FAO
values. Also, the FAO approach for the single crop
coefficient method showed better predictions on a
daily scale whereas the dual crop coefficient method
was more accurate on a seasonal basis in the same
study performed by Shahrokhnia and Sepaskhah
(2013). Similar results to our study were reported by

Malek and Sepaskhah (1981), Liu and Luo (2010).
According to Malek and Sepaskhah (1981), the reason
for the differences between the measured ET. values
and the FAO-Predicted ET. values at places in the
semi-arid regions such as the Cukurova region was
related to the impact of the advection. In addition to
this, when the ground was fully covered by the plant
canopy, latent and sensible heat is absorbed more by
crop canopy, causing in higher crop
evapotranspiration (ET.) and crop coefficient (Ko).
Besides, the reason for the differences ET. values
during both seasons between timely (first crop) and
late sowing (second crop) maize may be due to the
fluctuation of the weather parameters such as
temperature, radiation, precipitation, humidity, wind
speed. (Liu and Luo, 2010; Shahrokhnia and
Sepaskhah, 2013).

Maize grain yields were about 600 kg da! for the first
crop maize and 617 kg da! for the second crop maize
with total crop water use efficiencies of 0.97 and 0.86
kg dal! mm’l, respectively. Irrigation water use
efficiencies for the first and second crop maize were
slightly higher than those of the total crop water use
efficiencies with 1.98 and 1.87 kg da mm.

Table 3. ET.values of first and second crop maize in the different growth stages
Cizelge 3. Birinci ve ikinci tirtin misirin farkli gelisme donemlerindeki ET: degerleri

Maize (Misir) Growth Stages

Measured ET. (mm)

FAO-Single ET. (mm)

(Gelisme Dénemleri) (Olgiilmiis ET. (mm)) (FAO Tahmini ET. (mm))
Initial (Baglangig) 61 24
. . Development (Gelisme) 116 100
T;; i En(z*jogr%a;zlzszr) Mid-season (Mevsim Ortas1) 365 270
End-season (Mevsim Sonu) 76 69
Seasonal (Mevsimsel) 618 457
Initial (Baslangig) 40 26
. Development (Gelisme) 129 102
Second Crop Maize - -
(Fkinei Uriin Masir) Mid-season (Mevsim Ortasi) 407 246
End-season (Mevsim Sonu) 139 43
Seasonal (Mevsimsel) 715 417

Single Crop Coefficient (Kc)

The duration of initial, development, mid- and end-
season growth stages for first crop maize was 22, 26,
43, and 37 days totaling 128 days, and for second crop
maize, it was 14, 24, 42 and 38 days with a total of
118 days, (Figure 2). At the early stages of growth
(initial and development stages) the single crop
coefficients for the second crop maize were reduced by
18% compared to the first crop maize. This may be a
result of the fact that the second crop was planted in
the summer months when the temperature was
higher. However, at the last two growth stages, the
mid and last seasons, the single crop coefficients were
similar for both first and second crop maize.

In Table 4, the measured K. and FAO single K. of
maize in each growth stage have been presented. The
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crop coefficients for first and second crop maize were
determined according to FAO-56 paper (Allen et al.,
1998), and then corrected using Equation 5-7. The
mean K. values of first crop maize were 0.74, 0.92,
1.63, and 0.42, whereas they were measured as 0.46,
0.89, 1.68, and 0.92 at the initial, development, mid-
and end-growth stages, respectively for second crop
maize.

The average seasonal measured K. value for the
second crop maize was 6% higher than the measured
K. value for the first crop maize. This may be a result
of the fact that the ET. values in the different growth
stages were higher, whereas ETo values were smaller
than those expected in the second crop maize.
Similarly, measured the K. values were 28% higher in
the first crop maize and 30% higher in the second
crop maize than those predicted by the FAO method.
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Figure 2. Polynomial relationship between daily K. and DOY for first crop (a) and second crop (b) maize
Sekil 2. Birinci iiriin (a) ve ikinci iiriin (b) misir igin giinliik K. ve DOY arasindaki iliski

On the other hand, no difference was found between
the average seasonal K. values (0.66 and 0.69)
predicted by the FAO method for the first and second
crop maize. The greatest Kc reductions were observed
in initial and development growth stages with an
average of 32% for first crop maize and 28% for
second crop maize. This can result from the fact that
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the Keini and Kedev values were significantly
influenced by irrigation strategies. Many researchers
found varying results regarding maize K. values. For
example, the mean K. values of maize were 0.48, 1.40,
and 0.31 at the initial, mid- and end-season stages,
respectively in a study by Shahrokhnia and
Sepaskhah (2013). The average, maximum, and
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minimum K. values were 0.92, 1.33 and 0.42 in
another study by Kang et al. (2003). In a study
performed by Mirzaei etc. (2011), the Kc values
during the growing season was 0.59, 1.19 and 0.85 for
initial, mid and end stage respectively. The K. value
estimated by field water balance method in the initial
stage was greater than FAO method but K¢ values in
the mid end seasons were lesser than FAO method
over the growth season. In another study performed
by Abedinpour (2015), the measured K. values were

different up to some extent from the FAO reported
values and according to the Abedinpour the cause of
this might be that FAO K. values are generalized
ones and recommended for a wide range of climatic
conditions. Other causes might be that different
maize varieties have different crop water use and
evapotranspiration patterns. Therefore,
determination of K. for crops in different regions and
climates is important to improve irrigation water
management.

Table 4. K. of first and second crop maize for the different growth stages
Cizelge 4. Birinci ve ikinci tirtin misirin farkli gelisme donemlerindeki K. degerleri

Sowing Time Growth Stages Measured K FAO-Single K¢
(Ekim Zamani) (Gelisme Dénemleri) (Olgiilmiis K.) (FAO Tahmini K.)
Initial (Baslangig) 0.74 0.37
First Crop Maize Development (Gelisme) 0.92 0.77
(Birinci Uriin Misir)  Mid-Season (Mevsim Ortas) 1.63 1.16
End-Season (Mevsim Sonu)  0.42 0.36
Initial (Baslangig) 0.46 0.37
Second Crop Maize Development (Gelisme) 0.89 0.87
(Ikinci Uriin Misir) Mid-Season (Mevsim Ortas;) 1.68 1.17
End-Season (Mevsim Sonu)  0.92 0.35

The relationship between K. and DOY was fitted to a
fifth-order polynomial equation for first crop maize
and second crop maize with a similar significant
correlation coefficient R2=0.82 and R2=0.71 (Figure 2).
Other studies presented a second degree- up to fifth-
order polynomial (Kuo et al. 2006; Shahrokhnia and
Sepaskhah, 2013). The maximum measured Kc
occurred at 63 days after planting in the first crop
maize, whereas in the second crop maize maximum
Kc was measured at 48 days after planting. Because
of second crop maize was planted during the summer
months, its maximum K. value was reached 15 days

before than that in the first crop maize. The results in
the study on timing for the maximum K. value to
occur were similar to the result of Reddy (2015) who
measured the maximum K. at 68 days after planting.
Other results reported by Shahrokhnia and
Sepaskhah (2013) and Kuo et al. (2006) were different
reporting timing those values like 76 and 78 days
after planting. The daily maize crop coefficients can
be calculated by the best-fitted a fifth-order
polynomial equation shown in Fig. 2 (a) and (b),
Equation 8, and 9.

K.=2FE09(DOYF — 2E-06(DOY)* + 0.0005(DOYAR— 0.0807 (DOYX + 6.1927(DOY)— 185.56 (8)

(R2=0.8172, N= 128, p<0.001)

K.=-3E-09(DOYF + 3E-06(DOY) —0.0016 (DOYA + 0.3756 (DOYE — 43.008 (DOY) + 1946.8 (9)

(R2=10.7138, N= 118, p<0.001)

CONCLUSION

In this study, the greatest differences between the
measured K. and FAO-predicted K¢ occurred at the
initial growing stage for first crop maize, whereas it
occurred at the end-season growing stage for second
crop maize. This should be considered in using FAO
Kc values in Cukurova region conditions. In this
study, FAO methodologies predicted K¢ values 28%
and 30% lower than the measured K. values for first
crop maize and second crop maize, respectively.
Generally, the underestimation of FAO single K.,
especially for arid and semi-arid regions, was showed
by other similar studies. (Miranda et al., 2006; Ko et
al., 2009; Mirzaei et al., 2011; Abedinpour, 2015). As a
result, it can be said that the real K. values may not
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be the same as the FAO values for locations in the
whole world. Therefore, it is recommended to perform
a local calibration of K. for each plant for each region
in future studies. Additionally, the K¢ values obtained
by this study performed in the Cukurova region can
be used for effective water management of maize
cultivated in a region that a similar climate prevails.
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OZET

Volkanik ana materyal tizerinde olusan topraklarin stirdirilebilir
kullanimi i¢in 6zelliklerinin belirlenmesi ve buna gére amenajman
tedbirlerinin uygulanmasi1 gerekir. Bu calismanin amaci, Erciyes
dagimin dogusu ile Tomarza ilcesi arasinda kalan volkanik kokenli
tarim topraklarinin bazi fiziksel ve asinabilirlik 6zelliklerini
belirlemektir. Calisma alanindan toplam 58 adet ylizey toprak
érnegi (0-30 cm) alinmistir. Arastirma sonuclarina goére, topraklarin
ortalama organik madde igerigi (%0.93), kil (%12) ve toplam kireg
(%0.87) igeriklerinin diisiik, kum (%60) iceriklerinin ise yiiksek
oldugu saptanmistir. Kivam limitlerinden likit limit %20 ve plastik
limit %14 olup distuk seviyededir. Topraklarin asinabilirlik
parametreleri degerlendirildiginde; agregat stabilitesi (%23) ve
striiktiir stabil indeksinin (%15) diisiik oldugu, dispersiyon oraninin
(%53) ise yiiksek oldugu saptanmistir. Elde edilen verilere gore
caligilan topraklarin yluksek oranda erozyona ugrama egilimi
gosterecegi tahmin edilmektedir. Topraklarin diisiik organik madde
ve kirec iceriginden dolay1 organik diizenleyicilerden gidya (yaklasik
Organik madde %40 ve Kire¢ %50) énerilebilir. Ayrica topraklarin
fiziksel ozelliklerini iyilestirmek icin yesil gilibreleme ve azaltilmig
toprak isleme uygulanabilir.
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ABSTRACT

For the sustainable use of the soils formed on the volcanic parent
material, their characteristics should be determined and
management measures should be applied accordingly. The aim of
this study is to determine some physical and erodibility
characteristics of volcanic agricultural soils located between the east
of Erciyes Mountain and Tomarza district. A total of 58 surface soil
samples (0-30 cm) were taken from the study area. Soil samples were
analysed according to widely used analysis methods. As a result of
the research, it was determined that the average organic matter
content of soils (0.93%), clay (12%) and total lime (0.87%) contents
were low, whereas sand (60%) contents were high. Among the
consistency limits, the liquid limit was found to be 20% and the
plastic limit was 14%, which were both considered as low levels.
When the erodible parameters of the soils were evaluated; it was
found that aggregate stability (23%) and structure stability index
(15%) were low, while the dispersion ratio (53%) was high. According
to the data obtained, it is estimated that the studied soils have a
high erosion tendency. Due to the low organic matter and lime
content of the soils, Gyttja (about 40% Organic Matter and 50%
Lime) can be recommended as an organic regulator. In addition,
green manuring and reduced tillage can be applied to improve the
physical properties of soils.
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GIRIS Bu caligmanin amaci, Erciyes dagi: ile Kayseri-

Topraklar dogal ekosistemin ve tarimsal uretimin
temel unsurudur. Bu nedenle tarim topraklarinin
korunumu ve siirdirilebilirligi tim canlilar igin
hayati o6nem tasimaktadir. Erozyon tarimda
strdiirilebilirligin en tehdit edici faktorlerindendir.
Toprak erozyonu temel olarak topraklarin fiziksel ve
kimyasal o6zelliklerine baglidir. Bunlar topraklarin
organik madde igerigi, agregat yapisi, striktir,
dispersiyon orani, kil icerigi ve tipi gibi faktorlerdir
(Morales ve ark., 2013). Organik madde toprak
striktlirinin stabilitesini ve devamlihigim
saglamada olumlu etkilere sahiptir (Harmankaya,
1999). Topraklarin kil icerigi agregatlasmada en
onemli faktorlerden biridir (Dengiz, 2007; Simsek ve
ark., 2013; Glumiis ve ark., 2016). Bircok arastirmaci,
topraklarin organik maddesi ile kil miktarinin
agregatlagsmada etkili oldugunu bununla birlikte
topraklardaki organik madde ve kil igeriginin artigina
bagli  olarak  agregatlasmanin da  arttigim
bildirmislerdir (Ertugrul, 1971; Sénmez, 1980;
Haynes ve Swift, 1990; Chenu ve ark., 2000; Canbolat
ve Avag, 2004).

Turkiye'nin farkli bélgelerinde volkanik daglar ve bu
daglarin  etrafinda volkanik tarim topraklar:
bulunmaktadir. Erciyes Dag1 volkanik koékenli dag
olup bu dagin ¢evresinde volkanik topraklar yayilim
gostermektedir (Keskin, 2003). Erciyes Dag
cevresinde volkanik ana materyaller {izerinde
olusmus topraklar ve cevre ile iligkisi konusunda
yapilan bir arastirmada; bélgede Cd, Cr ve Ni'in
ignimbirit ana  materyali lzerinde olusmus
topraklarda ve Co, Cu, Mn, Pb ve Zn'nun ise volkan
kili ana materyali tizerinde gelismis topraklarda
yiiksek oldugunu belirtmiglerdir (Kilic ve ark., 2010).
Aym1 arastirmacilar Erciyes Dagi eteklerinden
baslayarak dogusunu kapsayan yaklasik 1300 km?1ik
bir alanda yiriittiikkleri calismada, topraklarin (0-
30cm) elektriksel iletkenlik degerleri 27-600ms/cm,
KDK 3.4-46meq/100g, Ca 0.91-30meq/100g, kil 7.7-
45%, kum 37-90% ve organik madde ise 0.01-3.4%
arasinda degistigini rapor etmiglerdir. Volkanik
topraklar genel olarak diisiik kire¢ ve organik madde
igerigi ve agregatlagsma oranlarinin ise zayif oldugunu
belirtmislerdir (Dingil ve ark., 2012). Volkanik
topraklarin kaba biinyeli olmasinin yani sira organik
madde igeriklerinin dugstikligi bu tir topraklarin
stirdirilebilirligini tehdit etmekdedir. Bu anlamda,
Erciyes dag: ile Tomarza ilgesi arasinda yer alan
volkanik tarim topraklarinin erozyona karsi
duyarliliklarinin belirlenmesi énem arz etmektedir.
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Tomarza ilgesi arasinda yer alan volkanik ana
materyal tzerinde olusmus tarim topraklarinin bazi
fiziksel oOzellikleri ve agmabilirlik 6zelliklerinin
belirlemek ve stirdirilebilir kullanim i¢in Oneri
geligtirmektir.

MATERYAL ve METOD

Calismada, Kayseri’nin Tomarza ilgesi ile Erciyes
daginin dogusunda yer alan volkanik koékenli
topraklar materyal olarak kullamilmistir. Sekil 1’de
goriildiigi gibi toplam 58 adet toprak érnegi (0-30cm)
GPS cihaz1 ile koordinatlari belirlenerek alinda.
Toprak oOrnekleri meyvesi ve ¢ekirdegi igin kighk
kabak yetistiriciligi yapilan tarim alanlarindan
alinmigtir. Alinan o6rnekler polietilen torbalara
konuldu ve toprak ornekleri kurutma odasinda
kurutulduktan sonra ahsap tokmakla dévilerek ilgili
analizlerde kullanilmak tiizere her bir analizin
gerektirdigi acikliga sahip eleklerden gegirildi.

Genel Tklim Ozelligi

Kayseri ilinde step iklimi hakimdir. Bélgede kiglari
soguk ve kar yagish, yazlar1 kurak ve sicak
gecmektedir. Daglarla cevrili olan kayseri ortalama
yiikseligi 1057m’dir (Dadaser ve ark., 2011). Kayseri
ilinin yillik ortalama yagis miktari 350 - 400 mm
arasinda degisir iken yillik ortalama bagill nem
yaklagik %65'dir (Kartal ve Ozer, 2011). Uzun yillar
meteorolojik verilere goére (1960 ile 2012 yillary),
ortalama en diisiik sicaklik Ocak ve Subat (-6.8°C-
5.3°C) aylarinda, ortalama en yiiksek sicaklik
Temmuz ve Agustos (30.5°C, 30.4°C) aylarinda
gorulmektedir. Ayrica en dusik yagis agustos ayinda,
en yiiksek yagis Nisan ayinda gerceklesmektedir
(KMIM, 2013)

Genel Jeolojisi

Kayseri ili sinirlar1 igcinde Paleozoyik, Mesozoyik ve
Senozoyik zamanlarina ait birimler gorilmektedir.
Kayseri merkez ve yakin gevresi graben ¢okiinti
alam1 igerisinde yer almaktadir. Bu graben
Kuvaterner tektonizmasi sonucu olugsmustur. Kayseri
ve ilgelerinde farkli jeolojik zamanlarda karasal ve
denizsel ortamlarda olusmus kayaclar (metamorfik,
tortul, ofiyolit ve volkanik) bulunmaktadir. Volkanik
kayaclar Kayseri ili ve il¢elerinde yogun bir sekilde
gorilmektedir. Erciyes dagi g¢evresi olmak {tzere
Kayseri’nin Incesu, Develi ve Tomarza ilgelerinde
ozellikle cok yogun volkanik kayaclar (ignimbirit,
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andezitik, volkan kiilii vb.) goriilmektedir (Giiner ve
ark., 1984)

Kimyasal Analizler

Topraklarin organik madde igerigi yas yakma
metoduna goére, toplam kire¢ icerigi ise Scheibler

28°0'0"E

36°0°0"E
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»
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kalsimetre yontemine gore belirlenmistir (Kacar,
1994). Toprak reaksiyonu cam elektrodlu pH-metre
cihaz ile belirlenmistir (Thomas, 1996). Topraklarin
toplam tuz miktar1 Tiizener (1990) tarafindan
geligtirilmis formil yardimi ile hesaplanmistir.

44°0'0"E

Sekil 1 Calisma alanindan alinan toprak 6érneklerinin haritada gésterimi
Figurel Displaying soil samples taken from the study area on the map

Fiziksel Analizler

Toprak biinyesi Bouyoucos hidrometre yontemine
gore (Tiizliner, 1990), 1slak agregat stabilitesi ise
eleme yéntemine gore belirlenmistir (Kemper ve
Rosenau, 1986). Topraklarin dispersiyon orami ve
striktiir stabilite indeksinin Dbelirlenmesinde Lal
(1988)  tarafindan  6nerilen  ydnteme  gére
belirlenmigtir. Topraklarin likit limit degerleri
Casagrande aleti kullamilarak (Head 1984), plastik
limit ise Sowers (1965) yontemi kullanilarak tespit
edilmigtir. Topraklarin hacimsel biiziilme analizleri
ASTM (1974) yontemine gére yapilmistir.
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Istatistiksel Degerlendirme

Elde edilen verilerin tanimlayici  istatistigi
yapilmistir. Veriler arasindaki iligkileri belirlemede
cok degiskenli istatistik yontem (TBA analizi)
kullanilmigtir (Yurtseven, 1984).

BULGULAR ve TARTISMA

Calisma topraklarinin tanimlayic: istatistik sonuglar:
Cizelgel’de  verilmigtir.  Volkanik  topraklarin
ortalama pH’s1 6.23, kire¢ igerigi %0.87 ve organik
madde igerigi ise %0.93 olarak tespit edilmigtir.
Topraklarin ortalama kire¢ ve organik madde icerigi
diisiik sinifinda yer almaktadir (Giigdemir, 2006).
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Dingil ve ark. (2012), volkanik topraklarin genel
olarak diigik kire¢ ve organik madde igerigine sahip
olduklarini belirtmiglerdir. Volkanik topraklarin geo-
genetik yapilarina  bagh olarak karbonat
iretemedigini ve bu alanlarda goériilen kireg igerigini
ise dort farkli sebebe baglayarak agiklamiglardir
(Ozaytekin ve Karakaplan, 2012). Alp (2009),

volkanik topraklarin organik madde dustkliguna
horizonlardaki dustik kil icerigi ve humus-metal
komplekslerinin azhig ile iligkilendirmistir. Volkanik
topraklarin ortalama tuz igerigi %0.02 olup, tuzsuz
sinifinda yer almaktadir (Richards, 1954). Bagka bir
ifade ile tarimsal acidan bir risk olusturmamaktadir.

Cizelgel Topraklarin fiziko-kimyasal 6zelliklerinin tanimlayici istatistik sonuglar:
Table 1 Descriptive statistical results of soil Phsico-chemical properties

Degiskenler Birim En Dustk En Yiksek Ortalama Degigkenlik  Standart Standart
Deger Deger Katsayisi Hata Sapma
pH 5.02 7.58 6.23 2.56 0.070 0.530
Tuz % 0.01 0.10 0.02 0.09 0.002 0.019
Kil % 2.93 36.75 12.53 33.82 1.047 7.974
Silt % 2.48 38.60 27.70 36.12 1.173 8.937
Kum % 54.57 62.61 59.77 8.04 0.292 2.222
CaCOs % 0.39 3.16 0.87 2.77 0.058 0.442
oM % 0.47 2.35 0.93 1.88 0.048 0.367
DO % 16.80 71.61 53.55 54.81 1.964 14.958
AS % 8.00 66.00 23.24 58 1.748 13.310
SSI % 4.97 37.37 15.17 32.4 1.024 7.798
LL % 14.11 36.85 20.76 22.74 0.677 5.155
PL % 8.33 25.57 14.42 17.24 0.544 4.142
Sv % 0.01 0.07 0.02 0.06 0.002 0.013

OM: Organik Madde, LL: Likit Limit, PL: Plastik Limit, AS: Agregat Stabilitesi, DO: Dispersiyon Orani, SSI: Striiktir

Stabilite Indeksi, Sv: Hacimsel Biiziilme

Arastirma topraklarinin en dustk kil igerigi %2.93,
en yluksek %36.75 ve ortalama %12.53 olarak tespit
edilmigstir. Topraklarin en diisiik kum igerigi %54.57,
en yiksek %62.61 ve ortalama %59.77 olarak
belirlenmistir (Cizelge 1). Topraklarin 48 adeti kumlu
tin, 9 adeti kumlu killi tin ve 1 adet ise kumlu kil
sinifinda  yer almistir (Sekil 2). Siiphan Dag
cevresinde volkanik topraklar tzerinde yapilan
calismada, alinan tiim toprak (15 adet) ornekleri
kumlu binye sinifinda yer aldigini bildirmiglerdir
(Kara ve ark., 2018).

Caligilan topraklarin en dusiik dispersiyon orani
%16.8, en yluksek %71.61 ve ortalama %53.55 olarak
tespit edilmistir (Cizelgel). Toprak 6rneklerinin
tamaminda dispersiyon oran degeri %15in Uzerinde
belirlenmigtir. Dispersiyon oran degerinin %15'in
izerinde olmasi, topraklarin erozyona karsi duyarh
oldugunu ve su temas: ile kolayca dagilabilecegini
rapor edilmistir (Ozdemir, 2002). Dispersiyon Oran
degeri %15’den blylk olan topraklarin su erozyonuna
kars1 dayanaksiz oldugunu belirtmistir (Bryan 1968).
Saygin ve ark. 2019 ‘da yuruttikleri g¢aligmada,
topraklarin diisiik dispersiyon oranini organik madde
zenginligine baglamiglardir. Toprak 6zelliklerinden

%kum igerigi ile Dispersiyon oram arasinda pozitif,
%kil ile Dispersiyon orani arasinda ise negatif bir
iligki oldugunu belirtmiglerdir (Ozdemir ve Atalay
2019). Buna goére calisma topraklarinin tasimnmaya
meyilli oldugu gorilmektedir. Volkanik topraklarin

dispersiyon oranlarimin yuksekligi, disik kil ve
organik madde igeriginin yani sira yiksek kum orani
ile iligkilendirilmigtir.

Yiizde Kum

Sekil 2 Volkanik topraklarin biinye dagilimi
Figure 2 Texture distribution of volcanic soils.
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Toprak degiskenlerinin agiklanmasinda degiskenlik
katsayis1 onemli bir gostergedir (Cizelge 1). Wilding
(1985), degiskenlik katsiyisini aldig1 degerlere gore
disik (<15%) orta (15-35%)  ve yiiksek (>35%)
olarak simiflandirmigtir. Bu ¢alismada, DO, AS ve silt
yiksek, kil, SSI, LL ve PL orta, pH, tuz, kum, kirec,
OM ve Sv ise disiik degiskenlik 6zellik gostermistir
(Cizelge 1). Siiphan dag1 civarinda yapilan calismada,
toprak degiskenlerinden agregat stabilitesinin
degiskenlik katsayisi yiiksek, pH, tuz, kire¢ ve OM ise
diisiik sinifinda belirlenmistir (Kara ve ark. 2018).

Topraklarin agregat stabilitesi 8-66% arasinda
degisim gosterir iken ortalama %23.24 olarak
belirlenmistir (Cizelgel). Bu sonuclara gére volkanik
topraklar stabil bir yap1 géstermemektedir. Bu
durum, topraklarin yiksek kum, dusiik kil ve duasik
organik madde icermesi ile agiklanabilir. Agregat
stabilitesi topraklarin baz fiziko-kimyasal (kum, kil
ve OM) ézellikleri ile dogrudan iliskilidir (Saygin ve
ark., 2019). Organik madde ve kil toprak
parcaciklarimi birlestirerek agregatlasmada oOnemli
rol oynamaktadir (Chenu ve ark., 2000; Zhang ve
ark., 2005). Topraklarin kil miktar1 agregat
miktarlarinin yaninda buytkluginde de artiglar
saglamaktadir (Ozdemir, 1998). Wagner ve ark.
(2000), farkhi kil fraksiyonu kapsamina sahip
topraklarda yaptigi calismada, kil miktar1 yiiksek
olan topraklarin agregat olusturmada daha etkili
oldugunu rapor etmislerdir. Topraklarin kil icerigi ile
agregat stabilitesi arasinda pozitif (Dagesse, 2011;
Giimiis ve ark., 2016) ve kum ile agregat stabilitesi
arasinda ise oOnemli negatif iligkilerin oldugunu
belirtmiglerdir (Almajmaie ve ark., 2017).

Cizelge 1’de gorildigu tzere topraklarin en disiuk
striiktiirel stabilite indeksi (SSI) %4.96- %37.37
arasinda ve ortalama %15.17 olarak tespit edilmistir.

Topraklarin SSI degerleri bliyudikege erozyona
ugrama egilimleri azalmaktadir. Askin (1997), SSI
degeri %40 altinda olan topraklarin erozyona ugrama
egilimlerinin yiksek oldugunu bildirmigstir. Buna
gore topraklarin SSI degerlerinin dusiik olmasi
erozyona ugrama egilimlerinin yiksek olacag:
seklinde yorumlanabilir.

Topraklarin en digiik likit limit degeri %14.11, en
yiksek %36.85 ve ortalama %20.76 belirlenmigtir.
Atterberg limitlerinden plastik limit %8.33-25.57
arasinda degisim goéstermig olup ortalama %14.42
olarak tespit edilmistir (Cizelgel). Polidori (2007),
kivam limitlerinin kil igerigi ile pozitif, kum igerigi ile
de negatif iligki sergiledigini bildirmigtir. Bazi
arastirmacilar, topraklarin artan kum miktarina
bagli olarak kivam indeks degerlerinin azalma
gosterdigini bildirmislerdir (Canbolat ve Oztas, 1997;
Bektas, 2012). Toprak kivam limitlerinden likit limit
degeri %30’un altinda ise dusiik, %30-50 aras1 orta
ve %50nin Usti ise yiksek olarak nitelendirmiglerdir
(Demiralay ve Giiresinli, 1979). Volkanik topraklar

icin belirlenen likit limit degerleri Demiralay ve
Giresinli (1979), tarafindan ileri siiriilen smiflama
sistemine g6re az plastiklige sahip topraklar
sinifindadir. Bu sonuclara gore calisma topraklari,
distik kil ve organik madde igerigine bagh olarak
diigiik Atterberg limit degerleri vermigtir.

Volkanik topraklarin hacimsel buzilme oranlar
%0.01-0.07 arasinda olup ortalama %0.02 olarak
belirlenmistir. Boivin ve ark. (2004), topraklarin
buzilme kapasitesinin kil miktari ile iligkili oldugunu
belirtmigtir. Calisma alanindan elde edilen diisiik
hacimsel biizlilme oranlar1 topraklarin dugik kil
icerigi ile iligkilendirilmigtir.

Temel bilesen analizinde amag, degiskelerin birbirleri
ile olan iligkileri acgiklar iken, daha anlagilir bir
boyuta indirgemek ve daha anlamli bilesimler elde
etmektir (Celik, 2012). Volkanik topraklarin fiziko-
kimyasal 6zelliklerinin temel bilegsen analizi (TBA)
Cizelge 2’de verilmistir. Degiskenlerin temel bilesen
analizinde 6zdegeri >1’den biiyuk 3 bilegenli bir sonug
elde edilmigtir. Elde edilen sonuglara gére toplam
varyansin yaklasik %82’si bu bilesenler tarafindan
aciklanmigtir (Cizelge 2). Toprak degiskenlerine
iliskin varyansin %56.52’si agiklayabilen PC-1; Kil,
AS, SSI, LL, PL ve Sv ile pozitif, DO ile de negatif
yiik degerleri vermistir. Kalayci (2014), aym faktor
icinde bulunan degiskenlerin birbiri ile kuvvetli
iligkiler sergiledigini belirtmigtir. Volkanik
topraklarin asinabilirlik parametreleri (AS, SSI, DO)
ile kivam limitleri (LL, PL) kille giicli iligkiler
sergilemistir (Cizelge 2 ve Sekil 3).

Cizelge 2 Volkanik topraklarin temel bilesen analizi
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(TBA)
Table 2 Principal component analysis of volcanic soils
rcA)
Degigkenler PC-1 PC-2 PC-3
pH 0.813
Kil 0.971
Kum 0.827
CaCOs 0.888
oM -0.762
DO -0.946
AS 0.935
SSI 0.940
LL 0.938
PL 0.904
Sv 0.747
Ozdeger 6.218 1.734  1.059
Varyans Yiizde (%) 56.525 15.765 9.626
Eklenerek Artan Yiizde  56.525 72.290 81.916
OM:Organik Madde, LL:Likit Limit, PL: Plastik

Limit, AS: Agregat Stabilitesi, DO: Dispersiyon
Orani, SSI: Striiktiir Stabil Indeksi, Sv: Hacimsel
Biiziilme, Not: Mutlak deger i¢inde >0.6 tsti degerler
alinmigtir
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Sekil 3. Degigkenler icin temel bilesen analizinin
(TBA) 3D grafigi

Figure 3 3D graph of principal component analysis
(TBA) for variables

Topraklarin fiziksel 6zellikleri konusunda yapilan
calismalarda topraklarin AS ile kil arasinda énemli
pozitif iligkiler oldugu saptanmistir (Wallis ve
Stewan, 1961; Chandra ve De, 1978; Douglas ve Goss,
1982). Yakupoglu ve ark. (2018), topraklarin kil
icerigi ile kivam limitleri (LL ve PL) arasinda %1
onem seviyesinde pozitif iliski bulduklarini rapor
etmiglerdir. Kara (2019), yaptig1 ¢alismada toprak
degiskenlerinden kil, AS, SSI, LL ve Sv kuvvetli
pozitif, DO ile de kuvvetli negatif iligki gosterdigini
belirtmigtir. Varyansin %15.76’sin1 aciklayan PC-2’de
pH ile kirec pozitif yiiklenme géstermistir (Cizelge2;
Sekil 3). Toprak degiskenlerinden pH ve Kire¢ aym
bilesen ig¢inde yer aldigim1 ve pozitif yiklenme
gosterdigini rapor etmistir (Kara, 2019). Demir
(2014), topraklarin kire¢c icerigi ile pH arasinda
pozitif bir iligki oldugunu belirtmistir. Varyansin

%9.6’sitm1  agiklayabilen PC-3 organik madde ile
negatif yluklenme, kum icerigi ile de pozitif
yiklenmigtir.

SONUC ve ONERILER

Bu c¢alismada, volkanik ana materyal tizerinde
olusmus topraklarin bazi fiziksel ve asinma 6zellikleri
incelenmigtir. Calismadan elde edilen verilere gore,
volkanik topraklar yiiksek kum, disik organik
madde ve disik kireg igerigine sahip olduklarindan
bunlara bagh olarak kivam limit degerleri de disiik
bulunmustur. Ayrica asinabilirlik parametrelerden
agregat stabilitesi (%23) ve striiktiir stabilite indeksi
(%15) diisiik, dispersiyon orami (%53) ise yiiksek
belirlenmigtir. Bu sonuglara gére, topraklarin disuk
nem igerigine sahip olmasinin yani sira erozyona
ugrama egilimlerinin de yiiksek olacagi tahmin
edilmektedir. Bu nedenle, topraklarin ¢evresel acidan
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saghklh ve surdurilebilir kullanimi i¢in topraklara
organik diizenleyicilerden gidya, leonardit, kompost
ve yesil glbreleme oOnerilebilir. Ayrica azaltimig
toprak isleme ve uygun amanejman yoOntemleri
uygulanabilir.

TESEKKUR

Bu c¢alismanin bir kismi 10th International Soil
Congress 2019 isimli ve “Successful transformation
toward land degradation neutrality: future
perspective” temali kongrede 17-19 Haziran 2019
yilinda Ankara da sunulmustur.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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OZET Su Uriinleri
Bu ¢alismada, Kéycegiz Lagiinii'ndeki u¢ kefal balig: tiirtinde balik
boyutu ve otolit boyutlar: arasindaki iligkiler incelenmistir. 119 adet Aragtirma Makalesi

Mugil cephalus Linnaeus, 1758, 91 adet Chelon labrosus (Risso,

1827) ve 53 adet Chelon saliens (Risso, 1810) olmak {izere toplam Makale Tarihgesi

263 adet kefal baliginin toplam boyu ile sag ve sol otolitlerinin boyu, Gelig Tarihi  :26.02.2021
genigligi olgtilmis ve agirhiklar: tartilmistir. Sag ve sol otolit Kabul Tarihi :09.09.2021
Olcimleri arasinda fark istatistiksel olarak 6nemli bulunmadig igin

bu ¢alismada sag ve sol otolit 6lgiimlerinin ortalamas1 kullanilmigtir. Anahtar Kelimeler
Kefal baliklarinin ortalama total boylar1 M. cephalus, C. labrosus ve Otolit biyometrisi
C. saliens igin sirasiyla 29.0 cm, 26.0 cm, 22.5 cm olarak tespit Mugil cephalus
edilmistir. Bu ¢alismada incelenen baliklarda en biyiik otolit boyu Chelon labrosus
11.66 mm ile M. cephalus bireylerinde, en kii¢iik otolit boyu ise 2.93 Chelon saliens
mm 1ile C. saliens bireylerinde Ol¢iilmustir. Otolit olgimler: ve Koycegiz Lagini

toplam uzunluk arasindaki biyometrik iligkiler, incelenen tim
turlerin giivenilir boyut tahminleri i¢in olduk¢a uygun oldugunu
gostermistir (r2=0.912).

Relationships Between Fish Sizes and Otolith Sizes for Three Different Gray Mullet Species from
Koycegiz Lagoon (Mugla)

ABSTRACT Fisheries
In this study, the relationships between fish sizes and otolith sizes )
were investigated in three mullet species from the Koycegiz Lagoon. Research Article

Total length of 263 mullets, 119 Mugil cephalus Linnaeus, 1758, 91

Chelon Ilabrosus (Risso, 1827) and 53 Chelon saliens (Risso, 1810), Article History

and the length, width and weight of right and left otoliths were Received :26'02'2021
measured. The difference between right and left otolith Accepted +09.09.2021
measurements was not statistically significant, thus the average of Keywords

right and left otolith measurements was used in this study. The Otolith biometry

average total lengths of mullets were determined as 29.0 cm, 26.0 Mugil cephalus

cm, 22.5 em for M. cephalus, C. labrosus and C. saliens, respectively.
In this study, the largest otolith length was measured in M. cephalus
individuals with 11.66 mm, and the smallest otolith length was
measured in C. saliens individuals with 2.93 mm. Biometric
relationships between otolith measurements and total length have
shown that all studied species are quite suitable for reliable size
estimates.

Chelon labrosus
Chelon saliens
Koycegiz Lagoon
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GIRIS olarak kiy1 laglnlerinde, gollerde ve nehirlerde
Mugilidae familyasmim iyeleri olan kefal baliklar;; ~ Yasam dongistiniin bir kismin veya tim yasam
subtropikal, tropikal ve 1liman denizlerde yasayabilen déngiilerini de gecirebilmektedirler (Gonzalez-Castro

diinya capinda bir dagilima sahip deniz baliklaridir. ve Ghasem?adeh, 2016.3.). Mugilidag .tiir}eri el?olojik'
Sadece denizlerde degil, ayni1 zamanda tiirlere bagh onemi oldugu kadar dinyanin belirli bélgelerindeki
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insan populasyonlari i¢in de oOnemli bir besin
kaynagidir (Whitfield ve ark., 2012). Mugilidae
familyas1 diinyada 30 cins ve 79 tur balik ile temsil
edilmektedir (Froose ve Pauly, 2019; Fricke ve ark.,
2020). Tiirkiye denizlerinde Mugilidae familyasina ait
sekiz balik tiuri yasamaktadir: Mugil cephalus,
Chelon Iabrosus, Chelon saliens, Chelon auratus,
Chelon ramada, Oedalechilus labeo, Liza carinata,
Planiliza haematocheila (Turan, 2016).

Tiim kemikli baliklarda tic cift otolit (sagitta,
asteriscus ve lapillus) bulunur. Sagittalar, kemikli
baliklarin ¢ogunda en buytk otolit ¢iftidir ve biyik
boyutu ile farklhi biiyime halkalari nedeniyle
baliklarin yasin1i ve bilylimesini belirlemek igin
kullanilir (Harvey ve ark., 2000). Otolitler denge ve
isitmede iglev goriir; kalsiyum karbonattan olusurlar
ve kemikli baliklarin i¢ kulaklarinda bulunurlar
(Campana, 2004). Genellikle mide iceriklerinde ve
balikla beslenen yirticilarin digkilarinda bulunurlar.
Otolitlerden elde edilen bilgiler, balik uzunlugu ve
buylumesi gibi  verilerle Dbirlikte, popillasyon
tanimlama, yaslanma ve beslenme c¢alismalar1 ile
stok degerlendirmeleri i¢in yararli bir arag olabilir
(Harvey ve ark., 2000; Hiissy ve ark., 2010; Jawad ve
ark., 2011). Otolitler ayn1 zamanda sekil ve sindirime
kars:1 direncleri bakimindan tirler arasi farkliliklar:
nedeniyle avin boyutunu ve kimligini tahmin etmek
icin kullanilirlar (Battaglia ve ark., 2010).

Deniz ve tathh su baliklarinin otolit biyometrisi ve
balik boyu-otolit boyu arasinda iligki ile ilgili bir¢ok
calisma mevcuttur, Lepidorhombus boscii Bostanci ve
Polat (2008), Pomacanthus arcuatus Steward ve ark.,
(2009), Scomberesox saurus saurus Agiiera ve Brophy
(2011), Carangoides coeruleopinnatus Jawad ve

Almamry, (2012), Engraulis encrasicolus ve Sardina
Merlangius merlangus

pilchardus Bilge, (2018) ve

Yildiz, (2020) bunlardan bazilaridir.

Bu ¢alismada, Koycegiz Lagiinti'ndeki ti¢ kefal balig:
tirtinde balik boyu ve otolit boyutlar1 arasindaki
iligkiler incelenmistir: Has kefal Mugil cephalus,
kalin dudakli kefal Chelon labrosus ve ilarya balig:
Chelon saliens. Bu c¢alismanin amaci, Koycegiz
Lagiini'ndeki tg¢ kefal balig:1 tiirti i¢in balik boyu ile
otolit boyutlar1 arasindaki iligkiler ile morfolojileri
hakkinda yeni veriler sunmaktir. Bu verilerin mide

icerigi ve besin etkilegsimleri inceleyen
arastirmacilara ve literatiire katki saglayacagi
diastnilmektedir. Bununla birlikte, bu c¢alisma
Koycegiz Lagiini'ndeki balik boyutu ve otolit
6lcimleri  arasindaki iligkileri  inceleyen ilk
caligmadir.

MATERYAL ve METOD

Calisma materyalini olugsturan toplam 263 adet balik
ornegi Ocak 2017-Aralik 2017 tarihleri arasinda
Koycegiz Lagiuni'nden dalyan avcilik yontemi,
uzatma agi, 18rip ve serpme ag kullanilarak
yakalanmigtir. Laboratuvara getirilen baliklarin total
boylar1 (TB, +0.1 cm) élciilmiis ve total agirhiklar:
(TA, =+0.01g) tartilmistir. Baliklarin solungac
boslugundan girilerek bir pens yardimiyla sag ve sol

sagittal otolitler c¢ikarildi ve icerisinde % 10luk
NaOH  c¢ozeltisi  bulunan  petri  kaplarinda
temizlendikten  sonra  kurutularak  muhafaza
edilmigtir.

Fokustan gecen rostrum ve postrostrum ekseni
arasindaki en uzun boyut otolit boyu (OB), ventral ve
dorsal yuzeyler arasindaki en uzun boyut ise otolit
genisligi (OG) olarak tanimlanmistir (Tuset ve ark.,
2008) (Sekil 1).

Sekil 1. Kefal balig1 otolitinde Otolit boyu (OB) ve Otolit genisligi (OG).
Figure 1. Otolith length (OL) and otolith width (OWt) in grey mullet otolith.

Her sagittal otolitin boyu ve genigligi stereo zoom
mikroskobu (Olympus SZX-16) yardimiyla bir okiiler
mikrometre araciligiyla distal yiizeyde ve aym eksen
tizerinde mm cinsinden 6l¢iilmiistur. Sag ve sol otolit
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agirhiklar1 (OA) hassas terazi ile (= 0.0001 g)
tartilmigtir. Sag ve sol otolitler arasindaki farklar
Paired ttesti ile arastirilmistir. Yapilan Paired ¢
testl, sag ve sol sagitta boyutlarinin 6nemli 6lgiide
farkli olmadigima (P>0.05) gdstermistir. Bu nedenle,



KSU Tarim ve Doga Derg 25 (4): 909-915, 2022
KSU J. Agric Nat 25 (4): 909-915, 2022

Aragtirma Makalesi
Research Article

sag ve sol otolit 6lgiimlerinin ortalamasi kullanilarak
her parametre i¢in tek bir regresyon bildirilmistir.
Otolit boyutlar1 ile balik boyu arasindaki iligkiler,
hem dogrusal (y = ax + b) hem de iissel (y = axb)
regresyon modelleri kullanilarak olusturulmustur:
(TB-OB, TB-OG, TB-OA, TA-OB, TA-OG, TA-OA,
OA-OB, OG-OB ve OA-OG). En yiiksek r2
katsayisina sahip olan model, yukarida belirtilen
iligkileri tanimlamak i¢in se¢ilmigtir.

BULGULAR ve TARTISMA

Calismada 119 adet M. cephalus, 91 adet C. labrosus
ve 53 adet C. saliens olmak iizere toplam 263 adet
Incelenen

kefal  baligi  incelenmistir. kefal

baliklarinda sagittal otolitler boyu eninden uzun
dikdortgenimsi  gekildedir. Otolitlerin dorsal ve
ventral kenarlar1 kivriimli ve dlzensiz bir yapiya
sahiptir. Otolitlerin rostrum kismi sivri bir
sekildeyken postrostrum kismi daha yuvarlaktir
(Sekil 2). Calismada 119 adet M. cephalus, 91 adet C.
labrosus ve 53 adet C. saliens olmak {izere toplam 263
adet kefal balgl incelenmistir. Incelenen kefal
baliklarinda sagittal otolitlerin boyu eninden daha
uzun dikdortgenimsi sekildedir. Otolitlerin dorsal ve
ventral kenarlar1 kivriimli ve diizensiz bir yapiya

sahiptir. Otolitlerin rostrum kismi sivri bir
sekildeyken postrostrum kismi1 daha yuvarlaktir
(Sekil 2).

Sekil 2. Kefal baliklarinin sol otolit gériintiisii. a. C. labrosus, (30.7 cm TB) b. C. saliens, (30.7 cm TB) c. M.
cephalus, (30.7 cm TB). A=Anteriyor; P=Posteriyor; D= Dorsal; V= Ventral.

Figure 2. Lert otolith image of grey muiiet. a. C. labrosus, (30.7 cm TB) b. C. saliens, (30.7 cm TB) c. M. cephalus,
(30.7 cm TB). A= Anterior; P= Posterior; D= Dorsal; V= Ventral.

Turlerin ortalama total boy, agirlik, otolit boyu, otolit
agirhigi, otolit genigligi ve standart sapmalar1 Cizelge
1I’de verilmigtir. Kefal baliklarinin ortalama total
boylar1 M. cephalus, C. labrosus ve C. saliens igin
sirasiyla 29.0 cm, 26.0 cm, 22.5 cm ve agirhiklar
278.97 g, 198.11 g, 132.24 g olarak tespit edilmistir.
Bu c¢alismada incelenen baliklarda en kiigiik otolit
agirhigr 0.0025 g, en buyuk otolit agirligr 0.1058 g ve
en buyuk otolit boyu 11.66 mm ile M. cephalus
bireylerinde belirlenmis, en kii¢iik otolit boyu ise 2.93
mm ile C. saliens bireylerinde 6l¢iilmuistir.

Arastirmada elde edilen balik ve otolit boyutlar
arasindaki iligkiler Cizelge 2’de sunulmustur. Balik
boyu ile otolit boyu arasindaki iligkiyi belirlemek igin
dogrusal regresyon analizi, otolit ve baliklarin boylari
ve agirliklar arasindaki iligkileri tanimlamak i¢in
ussel bir regresyon modeli kullamilmigtir. Hesaplanan
regresyonlar sonucunda balik ve otolit boyutlari
arasinda korelasyon katsayisi (r?) yiiksek (0.864 —
0.983) olan iligkiler tespit edilmistir.

Ayrica her tiir icin total boy (TB) — otolit boyu (OB),
total boy (TB) — otolit agirligi (OA) ve total boy (TB)
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— otolit genisligi (OG) grafikleri sekil 3'te verilmistir.

Bu calismada Koycegiz Lagiiniinde érneklenen kefal
balig1 otolitleri Tuset ve ark. (2008)'nin otolit
atlasinda ve Fortunato ve ark., (2014) yapmis
olduklar: ¢calismalarda oldugu gibi boyu eninden uzun
dikdortgen seklinde ve dizensiz ¢ikintili kenarlari ile
benzer morfolojik o6zelliklere sahiptir. Ayrica, bu
¢alismanin otolit morfolojisi sonuglari daha &nce
Basra Korfezi'nde M. cephalus icin yapilan (Salehi ve
ark., 2016) ve Homa Lagiiniinde M. cephalus, C.
labrosus, C. saliens, C. auratus (Akyol ve Kinacigil,
2001) i¢in yapilan calismalar ile benzer bulunmustur.

Sag ve sol bolge otolit ciftleri otolit boyutlar
agisindan incelendiginde istatistiksel olarak anlaml
bir farkhiligin  olmamasi (P>0.05), otolitlerin
birbirinden ayirt edilmeden sag veya sol otolit
seciminin yapilabilecegini ya da ortalama degerlerin
kullanilabilecegini géstermektedir. Bu nedenle kefal
balig: ile yapilan otolit morfolojisi ¢aligmalarinin sag-
sol otolit farklhiliklar dikkate alinmadan
degerlendirilebilecegi s6ylenebilir.
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Cizelge 1. Koycegiz Lagini’nden avlanan kefal baliklarinin total boy, agirlik, otolit boyu, otolit agirligi, otolit genisligi ve
standart sapmalari
Table 1. Total length, weight, otolith length, otolith weight, otolith width and standard deviations of grey mullet caught from

Koycegiz Lagoon
Balik boyutlarn (Fish sizes) Otolit boyutlari (Otolith sizes)
Total Boy Agirlik Boy Agirlik Geniglik
Ortalama*SS)  Ortalama(*SS) Ortalama(*:SS) Ortalama(*:SS) Ortalama(:SS)
Tiir N Min.-Maks. Min.-Maks. Min.-Maks. Min.-Maks. Min.-Maks.
Species Total length Weight Length Weight Width
Mean(*SD) Mean(®*SD) Mean(®*SD) Mean(*SD) Mean(®*SD)
Min.-Max. Min.-Max. Min.-Max. Min.-Max. Min.-Max.
M. cephalus 119 29.0 +8.18 278.97 £213.79 8.04 +1.67 0.0460 +0.03 3.47 £0.62
(8.9-46.9) (8.17-963.83) (3.33-11.66) (0.0025-0.1058) (1.98-5.05)
O Iabrosus o1 26.0 £6.72 198.11 £115.45 6.88+1.11 0.0324 +0.01 3.58 £0.63
(10.8-38.9) (10.05-545.80) (4.14-9.46) (0.0070-0.0740) (2.10-4.62)
O saliens 53 922.5 £8.64 182.24 £100.14 6.49 £1.75 0.0266 0,02 3.08 £0.63
(7.0-34.4) (2.64-334.11) (2.93-8.85) (0.0030-0.0616) (1.66-3.93)

N: Ornek say1s1, Min: Minimum, Maks: Maksimum, +SS: Standart Sapma

Cizelge 2. Otolit boyutlar1 ile balik boyu ve agirhigi arasindaki regresyon iligkisi parametreleri ve tamimlayici

katsayilar.
Table 2. Regression relationship parameters and descriptive coefficients between fish length and weight with otolith
dimensions.
Migki Regresyon b 5
Relationship Regression a r
M. cephalus
Balik boyu TB-OB Dogrusal 4.774 9.432 0.950
Fish length TB-OA Uﬁsel 131.74 0.479 0.957
TB-OG Dogrusal 12.634 -14.923 0.912
Baltk Agirhi TA-OB ["vasel 0.026 4.331 0.961
Fish weight TA-OA Dogrusal 8139.6 -96.128 0.914
TA-OG Ussel 0.340 5.161 0.913
Otolit OB-OA Ussel 9E-05 2,920 0.957
Otolith OB-0G Dogrusal 0.351 0.656 0.898
0G-0A Ussel 0.001 3.480 0.910
C. labrosus
Balik boyu TB-OB Dogrusal 5.760 -13.593 0.912
Fish length TB-OA Ussel 181.79 0.560 0.953
TB-0G Dogrusal 10.219 -10.61 0.927
Balik Agirhin TA-OB quel 0.010 5.023 0.914
Fish weight TA-OA Dogrusal 8126.3 -64.873 0.916
TA-OG Ussel 0.447 4.610 0.923
Otolit OB-OA Ussel 9E-05 2.987 0.941
Otolith OB-0G Dogrusal 0.528 -0.047 0.864
0G-0A Ussel 0.001 2.701 0.921
C. saliens
Balik boyu TB-OB Do_grusal 4.843 -8.888 0.966
Fish length TB-OA Ussel 166.65 0.536 0.983
TB-OG Dogrusal 13.319 -18.491 0.938
Balik Agirhi TA-OB qssel 0.022 4.432 0.973
Fish weight TA-OA Do_grusal 5891.2 -24.374 0.902
TA-OG Ussel 0.101 5.978 0.951
Otolit OA-OB f{ssel 0.0001 2.789 0.978
Otolith OB-0G Do_grusal 2.674 -1.749 0.919
0OA-0OG Ussel 0.0003 3.742 0.945

TA: Total agirlik, TB: Total boy, OA: Otolit agirhigi, OB: Otolit boyu, OG: Otolit genisligi, a ve b: Iligki sabitleri, r2: Korelasyon
katsayisi
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Sekil 3. Koycegiz Lagiiniinde avlanan kefal baliklarinin total boy (TB) — otolit boyu (OB), total boy (TB) — otolit
agirhg (OA) ve total boy (TB) — otolit genisligi (OG) iligkileri.

Figure 3. Relationships of total length (TL) - otolith length (OL), total length (TL) - otolith weight (OW) and total
length (TL) - otolith width (OWt) of grey mullet caught in Kéoycegiz Lagoon.

Sucul ekosistemlerdeki  predatérlerin  tiketim
oranlarini belirlemek i¢in tiiketilen avin boyutlari
hakkinda bilgi toplamak gereklidir. Predator
canhilarin  beslenme  aligkanliklarimi  inceleyen

arastirmacilarin otolit morfolojisi ve belirlenmis
denklemlerin tahmini hakkindaki bilgileri kullanarak
avlarin boyutunu ve kiitlesini hesaplamaktir (Wood,
2005; Radhakrishnan ve dig., 2010). Mevcut
calismanin sonuglar: bu ihtiyaca cevap vererek, ¢esitli
kefal balig: turleri i¢in balik boyu-otolit boyu iligkileri
hakkinda bilgi saglamaktadir. Boylece, incelenen tim
kefal turlerinin uzunluk ve agirliklari, bu ¢aligmada

elde edilen regresyonlar yardimiyla yeniden
hesaplanabilir.
Otolit ile balik biuytkligi arasindaki iligkiyi

arastiran calismalarda genellikle otolit uzunlugu
kullanilmistir (Sahin ve Giines, 1998; Harvey ve ark.,
2000; Aydin ve ark., 2004; Longenecker, 2008; Cengiz
ve ark., 2012; Felix ve ark., 2013). Bu calismada hem
otolit boyu (OB) hem de genisligi (OG) dikkate
alinmigtir. Cogu kez birden fazla denklem belirlemek
(TB — OB, TB — OG) daha uygundur, ciinkii otolit
ucunun hasar goérdigii durumlarda balik boyunu
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hesaplamak imkansiz hale gelir.

Ticari 6nemi olan tiirlerin balik boyu - otolit boyu
iligkileri ile ilgili bircok calisma mevcuttur (Harvey ve
ark., 2000; Waessle ve ark., 2003; Jawad ve ark.,
2011; De La Cruz-Agtiero ve ark., 2016; Bilge, 2018;
Yildiz, 2020). Ancak, bu calismada ele alinan tiirlerle
ilgili balik boyu-otolit boyu iligkilerini inceleyen ¢ok
az calisma mevcuttur. Dortbudak ve Ozcan (2019)
Dicle Nehrinde abu mullet ile yapmis olduklar:
¢alismada arastirmamiza benzer sekilde TB-OB, TB-
OG, TA-OA ve OB-OG arasindaki iligkiyi dogrusal
bulmusglardir.

Otolitler, stabil yapilar1 ve tiire o6zgi Ozellikleri
nedeniyle mide igerigi analizi i¢in gii¢gli bir aragtir
(Polito ve ark., 2011). Balik boyutu ve otolit él¢iimleri
arasindaki iligkiler, av tirlerinin otolit 6l¢imlerinden
boyutun geriye dogru hesaplanmas1 ig¢in yararh
bilgiler saglamaktadirlar.

SONUC ve ONERILER

Sonug olarak, otolit ol¢glimleri ve toplam uzunluk
arasindaki biyometrik iligkilerin, incelenen tim
tirlerin giivenilir boyut tahminleri igin oldukga
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uygun oldugunu gostermigtir. Ayrica, bu
arastirmanin  Koycegiz  Lagiini'ndeki  avci-av
iligkilerini anlamada faydali olacak bilgi boslugunu
dolduracag: distintilmektedir.
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OZET Biyometri

Bu calismada Nigde Omer Halisdemir Universitesi Ayhan Sahenk

Tarimsal Arastirmalar Uygulama ve Arastirma Merkezinde Aragtirma Makalesi
yetigtirilen Akkaraman irki kuzulara ait dogumdan itibaren ayda bir

yapilan canhi agrilhik tartimlari analiz edilmistir. Biylime egrisi Makale Tarihgesi
modellerinden Logistik ve Gompertz bliyime modelleri, En Kiigiik Gelig Tarihi  : 03.08.2021
Kareler (EKK), Maximum Olabilirlik ve Bayesci yéntemleri Kabul Tarihi :09.09.2021
kullanilarak tahmin edilmigtir. Frekansci yontemlerden EKK ve

Maximum Olabilirlik yontemleri kendi aralarinda AIC, AICC ve BIC Anahtar Kelimeler
degerleri ile karsilastirilarak her iki cinsiyet i¢cin de en iyi modelin Akkaraman koyun

EKK Gompertz modeli olduguna karar verilmistir. Bayesci yontem Bayesci Yaklagim

icin EKK tahmin bilgileri 6nsel olarak kullanmilmistir. Bayesci
yontem ile tahmin edilen modeller DIC degerlerine gore
kiyaslanarak iki cinsiyet i¢in de Gompertz modeli secilmistir.
Calisma sonucunda Gompertz Modelinin erkek Akkaraman kuzulari
igin parametre nokta tahminleri: 8, = 86.296, §; = 2.778, B, = 0.014;
disi Akkaraman kuzulari i¢in parametre nokta degerleri; S, = 54.784
By = 2.453, B, =0.014 olarak tahmin edilmigstir. Ayrica Bayesci
yaklasim ile model parametrelerine ait dagilimlar Markov Zinciri
Monte Carlo (MCMC) yéntemi ile tahmin edilerek erkek Akkaraman
kuzulara ait ergin canli agirligin digsi Akkaraman kuzularindan daha
yiksek olduguna karar verilmigtir.

Biiytime Egrisi Modelleme
En Kigik Kareler Yontemi
Maksimum Olabilirlik Yontemi

Modelling of Growth Curve Models According to Sex in Akkaraman Lambs with Different Methods:

Logistik and Gompertz Modeling Example

ABSTRACT Article Subject
In this study, the live weight data of Akkaraman lambs reared in Biometry
Nigde Omer Halisdemir University Ayhan Sahenk Agricultural
Research Application and Research Center were analyzed. Among Research Article
the growth curve models, Logistic and Gompertz growth models were : :
estimated using Least Squares Estimation (LSE), Maximum Artlc.le Hlstory'
Likelihood Estimation and Bayesian methods. LSE and Maximum  Leceived LD AU
Likelihood methods, which are from the frequency methods, were Accepted - 09.09.2021
compared with other AIC, AICC and BIC values and the results K d
eywords
suggested that the best model for both genders was LSE Gompertz Akkaraman sheep
model. For the Bayesian method, LSE estimation information used Bayesian Approach

as a priori. The Gompertz model was selected for the two genders by
comparing the models estimated with the Bayesian method
according to their DIC values. At the end of the study, parameter
point estimates of Gompertz Model for male Akkaraman lambs were
By, = 86.296, B, = 2.778, B, = 0.014; while parameter point values for
female Akkaraman lambs were S, = 54.784 §, = 2.453, §, = 0.014. In
addition, the distributions of the model parameters with the
Bayesian approach were estimated by the Markov Chain Monte
Carlo (MCMC) method, and it was decided that the expected adult
body weight of male Akkaraman lambs was higher than that of
female Akkaraman lambs.

Growth Curve Modeling
Least Squares Estimation
Maximum Likelihood Estimation
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GIRIS Akkaraman (Sireli ve Ertugrul, 2004), Kivircik ve

Tirkiye'nin koyun varhgmnin o6nemli bir kism Daglg (Akbas ve ark., 1999), Ivesi (Tekel ve ark,

Akkaraman  koyun  irkindan  olugmaktadir. 2002), Karacabey Merinosu ve Kivircik melezi (Yildiz

Akkaraman ki, I¢ Anadolu bélgesi basta olmak
uzere, Batida Eskisehir ve Kitahya'dan baslayarak,
doguda Sivas'a kadar, sahil bolgeleri diginda Orta
Anadolu'da ve Dogu Anadolu’da yetistirilir
(Kaymakci, 2016). Akkaraman 1rk: kuzularin dogum
agirlig1 4.83 kg ve siitten kesim (90. giin) canl agirhig1
da 23.05 kg olarak bildirilmistir (Ceyhan ve ark.,
2019). Ergin koyunlarda canh agirhik yaklasik 50 kg,
koclarda canli agirlik yaklasik 62 kg kadardir.
Laktasyon sit verimi 50-60 kg, laktasyon siiresi
yaklagik 140 giin, ikizlik oram yaklagik %20 olup 100
koyundan ortalama 100-120 kuzu alinmaktadir
(Koncagiil ve ark., 2011).

Hayvan yetistiriciliginde siklikla tizerinde durulan
konulardan bir tanesi hayvanlarin canh agirligindaki
artistir. Hayvanlarda genellikle yas ile dogru olarak
yasanan biyolojik olaylar sonucunda gerceklesen
agirhk artiglar1 bidyiime olarak tanimlanmaktadir
(Owens ve ark., 1993; Dagkiran ve ark., 2010; Sahin
ve ark., 2014).

Hayvan yetigtiriciligi ile ilgili ¢alismalarda biiytime
gibi karmagik Dbiyolojik olaylarin acgiklanmasi ve
tahmin edilebilmesi i¢in cesitli modeller
geligtirilmigtir. Bu modellerden dogrusal olmayan
modellere buyiime egrisi modeller: adi verilmektedir
(Sahin ve ark. 2014). Biiyiime egrisi modelleri,
zamana bagh bliytime fonksiyonunu tanimlayan ve
belirli bir yastaki hayvanlarin beklenen agirligin
tahmin eden bir dizi parametre saglar. Von
Bertalanffy, Brody, Gompertz, Logistik ve Richards
gibi buyume egrisi modellerinde ortak olarak p,
parametresi yas sonsuza giderken agirligin asimtotik
limitidir ve ergin canh agirhik, g; agirhik ve zamanin
baglangi¢c degeri ile tahmin edilen dogumdan sonra
kazanilan canlhi agirhigin ergin agirliga oranini ve 3,
maksimum biiylime oraninin ergin agirliga oranini
gosteren parametrelerdir ( Yakupoglu, 1999; Colak ve
ark., 2006; Koncagil ve Cadirci, 2009; Dagkiran ve
ark., 2010; Sahin ve ark., 2014).

Biiytime egrilerinin dogrusal olmayan yapilar: nedeni
ile parametre tahminleri dogrusal modellere gore
daha karmagsik matematiksel islemler gerektirir.
Istatistiksel programlarin gelismesi hem dogrusal
olmayan modellerin parametre tahminlerini hem de
frekansc1 yaklagimlara alternatif olarak Bayesci
yaklagim ile parametre tahminlerini mimkiin
kilmistir (Sahin ve ark., 2014; Firat ve ark., 2016).
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ve ark., 2009), Norduz (Dagkiran ark., 2010), Pirlak
(Celikeloglu ve Tekerli, 2014) ve Morkaraman
(Esenbuga ve ark., 2000; Bilgin ve Esenbuga, 2003;
Topal ve ark., 2004) irk1 kuzularla biiyiime egrisi ile
ilgili modelleme c¢alismalar1 yapilmigtir. Ayrica,
Romanov (Tahtali ve ark., 2020), Bat1 Afrika Ciice
(Gbangboche ve ark., 2008), Santa Ines ve melezi
(Silva ve ark., 2012; Sarmento ve ark., 2006; Santos
ve ark., 2014; Régo ve ark., 2012; Malhado ve ark.,,
2008) ve Iran Mehraban (Hojjati ve Hossein-Zadeh,
2018) kuzularinda da benzer modelleme caligsmalari
vardir.

Son yillarda Tavsanlarda (Blasco ve ark, 2003), Hani
Baliginda, (Alés ve ark., 2010); Japon bildircinlarinda
(Firat ve ark., 2016; Léazaro ve ark. 2017;
Mohammadi ve ark., 2019) ve koyunlarda (Salles ve

ark., 2020) biiyiime egrisi modellerinin Bayesci
yaklagim ile elde edildigi caligmalara
rastlanmaktadir.

Literatiirde Akkaraman i1rkinda Bayesci yaklasium ile
yapilan biytume egrisi modellenme c¢alismasina
rastlanmamigtir. Bu ¢calismada Frekansci ve Bayesci
yaklagim ile Akkaraman 1rkinda Logistik ve
Gompertz model parametrelerinin cinsiyetlere goére
tahmini gerceklestirilmigtir.

MATERYAL ve METOD
Hayvan Materyali

Calismanin  hayvan materyali, Nigde Omer
Halisdemir Universitesi Ayhan Sahenk Tarimsal
Aragtirmalar Uygulama ve Arastirma Merkezi'nde
yetigtirilen, 2020 yilimin Subat- Mart aylarinda
dogan, Akkaraman 1irki 54 bag disi ve 55 bas erkek
olmak {tizere toplam 109 bas kuzudan olugmustur.
Isletmede kuzularin dogum agirhklar: dogumu takip
24 saat i¢inde alinmig ve kuzularda canlhi agirhik
tartimlar: aylik olarak yapilmistir.

Modellerin Formiilasyonu

Bir deneysel birim i¢in biiylime modeli genel olarak
su sekildedir.

Burada y; gozlenen agirhk degeri, f(tj,G) modele
ozgu fonksiyon, 8 bilinmeyen parametre vektori, n
toplam gozlem sayis1 ve ¢ rassal bagimsiz hata
terimini simgelemektedir. Calismada kullanilan

j=12,..,n
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biiylime modelleri igin f (tj,G) fonksiyonlar1 Logistik Bayesci yontemlerin ilk adimi &nsel dagilim
modeli i¢in; se¢imidir. Bu nedenle ilk olarak bu c¢alismanin 6nsel
f1( 91) = By/(1 + By exp(=B,1)) (2) dagilim se(;iminde' frekans01 yontem ile elde edilen

o parametre tahminlerinden ve varyanslarindan
Gompertz modeli igin; yararlanilmigtir. Logistik ve Gompertz modelde
fa(t,02) = Bo exp(—PBy exp(—p,t)) (3) kullamlan  ¢nseller  sunlardir:  By~N(Bo, 05;),

olarak ifade edilmektedir (Firat ve ark., 2016). Bi~N(B1,05,), B2~N(B2. 07;).
Yukaridaki modellerde, B, asimptotik agirhik Logistik model icin vektsr olarak ifadesi 8, =
anlamina gelir, B; biyolojik anlami olmayan bir

By, 0=, By, 07, B, 07 eklindedir. Boylece Logistik
sabittir, B, olgun agirhiga gore bliylime orammnin bir (Bo forPr o5, P2 ﬁz) ¥ y g

ifadesi olarak olgunluk endeksidir (Aggrey, 2002;  0%€l e o Onsi}g AN g’;‘glhm;

Kizilkaya ve ark., 2006). 5(6116,) & o ——exp {—;[ "%” 1%1 o ]}

Blylime modellerine ait olabilirlik fonksiyonunda olacaktir.

t={t,j=12..n}, y={y,j=12..,n} ve k=12 Gompertz model icin vektér olarak ifade 6, =

olmak tzere; (ﬁo:ffﬁo: ﬁl,aﬁj,ﬁz,aﬁz) seklindedir. Boylece Gompertz

L(y|6,,t,2) = 1E exp [_rizz}lzl{yj — fi(t, Gk)}Z](4) model i¢in A(')'znsel . ga2g111m;

o N (emzo 5(8,18,) o« — 1A —exp {_%[(50‘5”0) + (51‘51) + (ﬁz‘fz) ]}

ile ifade edilir (Firat ve ark., 2016). 7B 7B 7Fa 7o i N
olacaktir.

Bayesci Cikarim Bu sgekilde modellere ait sonsal dagilimlar o6nsel

dagilim ve modellere ait olabilirlik fonksiyonun

B teorisi olasilik yogunlug 1 dagil o . L -
ayes teorisi olasihk yogunlugunu (sonsal dagilmy) carpimi ile ifade edilir. Logistik model i¢in sonsal

elde etmek i¢in, kullanilan sinirli numune 5 .
hakkindaki bilgiler (olabilirlik) ile ilgilenen 928N
popiilasyona ait gecmis (6nsel dagilim) bilgisini
matematiksel olarak Dbirlestirir (Kozakl, 2020).

- = . ®)
1 (81, 02|y, t) exp {_l[(ﬁo ﬁo) + (ﬁl ﬁ1) .\ (ﬂz ﬁz) ]}
O'B\ O'B\,O'B; O'[;‘O UB; L
- 2
(Zﬂ)zan PPN I_ 202 Z{y, f(t,6:)} ‘

ve Gompertz model i¢in sonsal dagilim;

—b) (Bi=B) | (=B ®
(0,02, 8) { HBo=Fo) , (Bi=F) , (B2=B2) ”
95 OF OF; 2 0%, o5 s
1 2
X — — f 0
emion | Z{y’ +(5.02))

olarak ifade edilir. Her bir parametreye ait sonsal

dagilimin elde edebilmesi igin marjinal olasilik Model kargilagtirma kriterleri
fonksiyonunun elde etmesi gerekmektedir. Bu
durumda ise bu integralin analitik olarak bir ¢6ziimi
bulunmadigi durumlarda sayisal yontemlerden
yararlanilmaktadir (Koptur, 2020). Markov Zinciri
Monte Carlo (MCMC) yéntemi énsel dagilimi1 atanmisg
olasiliksal durum i¢in Markov Zinciri bir baglangic
degeri ile baglatilir ve bir =zincir olugsmasi igin
calistirthr. Calismada baslangi¢ degerleri olarak
frekansc1 yontemden elde edile parametre tahminleri AIC = nlog( ) +2p+n+2 7)
kullanilmigtir. Baglangictan duragan hale gelinceye

dek olusan kisim (isinma periyodu) ihmal edilebildigi (Hurvich ve Tsai, 1989). AICC degeri su sekilde
ifade edilmektedir (Koptur, 2020). Calismada 1sinma hesaplanir:

periyodu 7 000 olarak belirlenmis, zincir uzunlugu

110 000 olarak belirlenmistir. AICC = nlog (F) + 220 ®

Frekansci yontemler olan EKK ve Maximum
Olabilirlik yontemleri ile tahmin edilen modellerin
kiyaslanmasinda Akaiki bilgi élciitii (AIC, AICC) ve
Bayes bilgi 6lciitii (BIC) degerleri kullanilmistir.
HKT=Hata Kareler Toplami, n=Goé6zlem Sayisi ve
p=Modeldeki Parametre Sayisi olmak tizere, AIC
degeri su sekilde hesaplanir:
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=2
(Hurvich ve Tsai, 1989). BIC degeri q =% olmak

tizere su sekilde hesaplanir:

BIC = nlog(Z2) +2(p + 2)q — 24 9

(Hurvich ve Tsai, 1989). Bayesci yontem ile yapilan
modelleme c¢alismalarinda en 1yl uyguma sahip
modele karar verilmesinde sapma bilgi kriteri (DIC)
siklikla kullanilmaktadir (Forni ve ark., 2009; Firat
ark., 2016). D= -2 [log[p(y.10,)p(8kly.)] dO; ve
D(6,) = —21og[p(y:|0;)] olmak iizere DIC degeri su
sekilde hesaplanir:

DIC = 2D — D(8,) 10
Model karsilagtirmalarinda, AIC, AICC, BIC ve DIC
degeri ne kadar kiicik ise modelin daha uyumlu
oldugu soylenir (Spiegelhalter ve ark., 2002; Forni ve
ark., 2009; Firat ve ark., 2016).

Istatistiksel analiz

Istatistiksel analizlerin tamami SAS 9.4 programinda
nlin, nlmixed, mcmc prosedirleri kullanilarak
gerceklestirilmistir. Logistik ve Gompertz modelleri 3
yonteme gore tahmin edilmigtir:

i. Frekansci yontemlerden EKK Yontemi: Dogrusal
olmayan en kiicik kareler yontemi, model
parametreleri agisindan fonksiyonun dogrusal
olmadig1 i¢gin kisitlanmamis bir minimizasyon
problemidir. Dogrusal en  kigik kareler
tahmininin aksine, kapali form c¢ozimleri elde
edilemez ve bu nedenle, karelerin toplamini en aza
indirmek icin Gauss-Newton gibi yoOntemler
gerekir. Bu nedenle, bliyime fonksiyonlarinin
parametrelerini tahmin etmek i¢in Gauss-Newton
algoritmasi tercih edilerek SAS 9.4 programinin
NLIN prosedira kullanilmigtir.

Frekansc1 yontemlerden Maximum Olabilirlik
Yoéntemi: Dogrusal olmayan Maximum Olabilirlik
yontemi, NLIN prosediri ile elde edilen tahminler
iterasyon teknigi icin baslangic degeri olarak
kullanilmigtir. Model parametrelerinin tahmini
icin Dual Quasi-Newton algoritmasi tercih
edilerek SAS 9.4 programmin NLMIXED
prosediri kullanilmigtir.

Bayes yontemi: SAS 9.4 programinin MCMC
prosediiri  kullamilarak Bayes yontemi ile
parametrelere ait sonsal dagilimlar arastirilmigtir.
Sonsal dagilimlarin tahmininde kullanilan MCMC
iterasyon uzunlugu 110000, 1sinma periyod
uzunlugu 7000 olarak belirlenmistir.

ii.

1il.

BULGULAR ve TARTISMA

Calismada kullanilan 55 erkek ve 54 disi kuzuya ait
canli agirhiklar Logistik ve Gompertz bluyime egrileri
kullanilarak modellenmistir. Model tahmininde
oncelikle frekansci yontemlerden EKK ve Maximum
Olabilirlik  yontemi  kullamilmigtir.  Modellerin
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parametrelerine ait tahmin, standart sapma, t
istatistik ve Prob degerleri Cizelge 1’de 6zetlenmistir.

Cizelge 1'de tum modellere ait parametre
tahminlerinin tamami Prob degerleri 0.05’den kiigiik
oldugu icin tim katsayilarin istatistiksel olarak 0.95
giiven dlzeyinde anlaml oldugu goériulmektedir.
Calismanin hayvan materyali ile ayn1 olan Sireli ve
Ertugrul (2004) calismasinda Logistik model
parametreleri mevcut calisma parametrelerinden
farkliliklar géstermektedir. Bunun sebebinin 6l¢im
uzunlugundaki farkhliklardan kaynaklandig:
distinilmektedir.

Model karsilagtirmasinin yapilmadigr Peil ve Henvil
(1981), Sireli ve Ertugrul (2004) calismalarinda
Logistik model, Santos ve ark. (2014) ¢alismalarinda
Gompertz model, koyunlarda canli agirlik artiginin
modellenmesinde kullanilmigtar. Model
kargilagtirmasinin  yapildigi  mevcut ¢alismada
hesaplanan karsilastirma istatistikleri Cizelge 2’de
sunulmustur.

Cizelge 2’de EKK ve Maximum olabilirlik yontemleri
icin Gompertz modellerinin AIC, AICC ve BIC
degerleri Logistik modellerine gore daha kugik
oldugu i¢in Gompertz modellerinin iki cinsiyette de
daha bagarili oldugu anlasilmigtir. Ayrica EKK
yontemi ile tahmin edilen Gompertz modellerinin,
Maksimum olabilirlik yontemi ile tahmin edilen
Gompertz modellerinden  daha iyi  oldugu
anlasilmistir. Benzer sekilde Yildiz ve ark. (2009)
Karacabey Merinosu ve Kivircikk melezlerinin 101.
giine, Topal ve ark. (2004) Morkaraman kuzularinin 1
yasina, Sarmento ve ark. (2006) Santa Ines
kuzularinin 196. giine, Régo ve ark. (2012) Santa Ines
kuzularinda 350. gine kadar kayit edilmis canh
agirliklarinin modellenmesinde Gompertz modelinin

Logistik modelden daha 1iyi olduguna karar
vermiglerdir.
Dagkiran ve ark. (20100 Norduz (198 giin),

Gbangboche ve ark. (2008) Bati Afrika Ciice (180.
giin), Silva ve ark. (2012) Santa Ines (120-774 giin),
Celikeloglu ve Tekerli (2014) Pirlak (1 yas), Tahtah
ve ark. (2020) Romanov (180. giin), Mohammadi ve
ark. (2019) Kordi (1 yas) ve Hojjati and Hossein-
Zadeh (2018) Iran Mehraban (1 yas) irklarinda
bliylime egrisi modelleme g¢aligmalar1 yapmaiglardir.
Dagkiran ve ark. (2010) ve da Silva ve ark. (2012)
Logistik modeli, Celikeloglu ve Tekerli (2014); Hojjati
and Hossein-Zadeh (2018); Mohammadi ve ark.,
(2019) ve Gbangboche ve ark., (2008) Brody modelini,
Tahtali ve ark. (2020) Kiibik Spline modelinin
Gompertz modeline gore veri seti i¢gin daha uyumlu
oldugunu bildirmiglerdir.

Malhado ve ark. (2008) Santa Inés ve Texel melezi
koyunlarinda yaptiklar1i modelleme ¢aligmasinda 120
giine kadar canh agirlik artiglarini modellemede
Gompertz modelinin Logistik modele goére, 120
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ginden sonraki canli agirhk artisini modellemede
Logistik modelin Gompertz modelinden daha iyi

oldugunu vurgulayarak mevcut calisma ile uyumlu
bir sonug raporlamiglardir.

Cizelge 1. Frekansc1 Yaklagim Yontemlerine Ait Tahmin Sonuclar:
Table 1 Estimation Results of Frequent Approach Methods

.. .. Parametre . ..
Yontem Model Cinsiyet Parametre .. SD t-istatistik Prob.
Tahmini
Bo 54.886 7.2601 7.5599 0.017051
Erkek B4 8.3794 0.9675 8.6607 0.013071
B, 0.0254 0.0032 7.9200 0.015571
Logistik
Bo 42118 2.93963 14.3278 0.004835
Disi B4 7.0518 0.66059 10.6749 0.008661
B, 0.0290 0.00283 10.2600 0.009366
B 86.296 15.4332 5.5916 0.030520
En 0
Kgitk Erkek B4 2.7779 0.1328 20.9130 0.002279
0.0105 0.0015 7.0847 0.019347
Kareler Gompertz BZ
Yontemi Bo 54.784 2.57845 21.2470 0.002207
Disi B4 2.4527 0.03768 65.0983 0.000235
B, 0.0140 0.00074 18.8923 0.002790
Bo 54.8856 4.6763 11.74 <.0001
B 8.3794 0.6198 13.52 <.0001
Erkek
B, 0.02535 0.002029 12.49 <.0001
€ 0.3874 0.2451 5 1.58
Logistik L
B() 42.1183 1.9055 22.10 <.0001
B4 7.0518 0.4133 17.06 <.0001
Disi
Maximum B 0.02900 0.001804 16.08 <.0001
Olabilirlik & 0.2231 0.1411 1.58 0.1747
Yontemi Bo 86.2957 10.7582 8.02 0.0005
B 2.7779 0.09084 30.58 <.0001
Erkek
B, 0.01051 0.001031 10.19 0.0002
Gompertz & 0.1312 0.08444 1.55 0.1810
Bo 54.7844 1.6997 32.23 <.0001
B 2.4527 0.02399 102.23 <.0001
Disi
B, 0.01404 0.000489 <.0001 0.01278
£, 0.02505 0.01603 1.56 0.1789

Cizelge 2. Frekansci Yaklasim Tahmin Sonuglarina
ait Istatistikler
Table 2 Statistics of Frequent Approach Estimation

Results
Yontem Cinsiyet Kriter Logistik Gompertz
AIC 6.26 0.84
En Erkek AICC 35.2585 29.8438
Kigciik BIC -4.74 -10.16
Kareler AIC 350  -7.43
Yéntemi  pigj AICC  32.4983 21.5657
BIC -7.50 -18.43
AIC 17.4 12.0
Maximum Erkek AICC 574 52.0
Olabilirlik BIC 15.9 10.5
Yontemi AIC 147 38
Digi AICC 54.7 43.8
BIC 13.1 2.2
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Mevcut c¢alismada Frekansci yontem igin secilen
Gompertz modeli, erkek kuzular i¢in;

Vv, = 86.296 exp(—2.7779 exp(—0.0105t)) , disi kuzular
i¢in; v, = 54.78 exp(—2.45 exp(—0.014t)) olarak tahmin
edilmigtir. Tahmin edilen bu modellere ait grafik
Sekil 1’de verilmigtir.

Sekil 1 incelendiginde erkek kuzularimin disi
kuzulara gore daha yiuksek canli agirliga sahip
oldugu ve digilere goére daha dogrusal bir yapi
gosterdikleri  anlasilmaktadir. Bunun c¢alisma
materyalini olusturan kuzularin o6lgiimlerinin ayda
bir kez yapilmis olmasi ve 4. ayda sonlandirilmig
olmasindan kaynaklandig: diisiniilmektedir. Kocabas
ve ark. (1997) Ivesi ve Akkaraman melezi kuzularinin
canli agirhik artisinin modellenmesinde dogrusal
modeli yetersiz ancak Malya ve Akkaraman melezi
kuzularinin canh agirlik artiginin modellenmesinde
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dogrusal modeli yeterli bulmuslardir. Sireli ve
Ertugrul (2004) Akkaraman 1rki i¢in tahmin ettikleri
ergin canli agrilik degerleri ile kuzularin 6. ay
agirhklar1 aralarinda istatistiksel olarak fark
olmadigini bildirmiglerdir.

40

30

Agirlik

20

Erkek Disi

Gompertz

50 Ta 100

gun

Sekil 1. EKK Yontemi ile Tahmin Edilen Gompertz
Modellerine Ait Grafik

Figurel. Graphics of Gompertz Models Estimated by
least-squares Method.

Kocabag ve ark. (1997) tarafindan yapilan calismada
heniiz ergin canli agrihiga ulasmamis hayvanlara ait
biuytime  bilgilerinin  kullanilmasi  durumunda
beklenenin aksine daha dogrusal bir yap1 gézlenmesi
olarak ifade etmiglerdir.

Az bilgi iceren veri setinin Bayesci Yontem ile
modellenmesi i¢in tam bilgi igeren o6nsel se¢imine
ihtiya¢ duyulmustur. Bundan dolay1 Frekansc
yontemlerden elde edilen parametre tahminlere ait
istatistiksel bilgi kullanilarak Logistik ve Gompertz
model parametrelerine ait sonsal dagilimlar MCMC
yontemi ile tahmin edilmigtir. Parametrelere ait,
sonsal dagilim, MCMC iterasyon ve korelasyon
grafikleri Logistik model i¢in Sekil 2’de, Gompertz
model i¢in Sekil 3’de ki gibidir.

Sekil 2 ve Sekil 3'de bulunan MCMC yo6ntemine ait
iterasyon grafiginin rassal gértiniime sahip olmasi ve

korelasyon grafiklerinde anlamh korelasyon
gozlenmemesi tahmin edilen sonsal dagilimlarin
gecerli oldugunu gostermektedir. Model

kargilagtirmasi yapilabilmesi i¢in cinsiyetlere gore
tahmin edilen modellere ait DIC degerlerinin
degisimi Cizelge 3'de verilmigtir.

Cizelge3’te tahmin edilen Bayes maddelerine ait DIC
degerlerine gore Gompertz modellerinin, Frekansci
yontemlerle uyumlu bir gekilde, daha iyi olduguna
karar verilmistir. Bu  Dbenzerlikte Frekansci
yontemden elde edilen sonuglarin o6nsel olarak
kullanilmig olmasinin yani sira Malhado ve ark.
(2008) tarafindan yapilan calismada belirttigi gibi
ergin agirhga  heniiz  ulagsmamis  kuzularin

kullanildigi modelleme c¢alismada Logistik model
kuzularin bliyimesini oldugundan fazla tahmin
edebilmektedir. Bayes Gompertz modeli
parametrelerine ait tanimlayici istatikseller Cizelge
4’deki gibidir.

Table 3. Estimated DIC Statistics of Bayesian Models
(izelge 3. Bayes Modellerine ait Tahmin Edilen DIC

Istatistikleri
Model Cinsiyet DIC
Logistik Erkek 15.015
Disi 12.54
Gompertz Erkek 9.20
Disi 1.94
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Arastirmada kullanilan koyun irki i¢in Gompertz
model parametrelerinin  tahmin  edildigi  bir
arastirmaya rastlanmamigtir. Ancak literatiirde
farkli koyun irklar: i¢in Frekansci yontem ile yapilan
modelleme ¢alismalarinda veri seti ile yiiksek uyumu
gosteren hata terimi istatistikleri elde edilmigtir
(Y1ildiz ve ark. 2009; Topal ve ark. 2004; Sarmento ve
ark. 2006; Régo ve ark. 2012).

Salles ve ark. (2020) Santa Ines kuzularina ait
bilgileri kullanarak Logistik model parametrelerini
Bayesci yontem ile tahmin edilmigtir. Bayesci
yaklagim i¢in 0Onsel sec¢imini tartistiklari  bu
calismada Santa Ines koyunlarinda  geg¢misg
arastirmalardan yararlanarak elde edilen tam
bilginin kullanilmasinin kestirim bagarisini
artirdiginmi raporlamiglardir.

Bayesci yontem ile yapilan tahminleme
¢alismalarinin  uyum 1iyiliginin 6tesine gectigini
bildirilmektedir (Salles ve ark.,, 2020). Bu
arastirmada Frekansci yontemler ile elde edilen
parametre tahminleri onsel bilgi olarak Bayesci
yontemde kullanildig: i¢in iki yontemden elde edilen
sonuglar benzer olarak bulunmustur. Bayesci yontem
ile elde edilen dagilim bilgilerinin sadece bir siiri i¢in

degil tim Akkaraman irki koyunlarmmi temsil
edebilmesi i¢in daha fazla ¢alismaya ihtiyac
duyulmaktadir.

SONUC ve ONERILER

Calismada kullanilan erkek ve disi Akkaraman
kuzulara ait canhh agirliklar i¢gin tahmin edilen
bliyime egrisi modellerinden Gompertz modeli tiim
yontemlerde daha basarili bulunmustur. Frekansci
yontemlerden EKK yontemi AIC, AICC ve BIC
degerleri bakimindan Maximum Olabilirlik
yontemine tercih edilmigtir. Erkek Akkaraman
kuzulari igin EKK Gompertz modeli:

yj = 86.296 exp(—2.778 exp(—0.014t)) ve disi
Akkaraman kuzulari i¢cin EKK Gompertz modeli: y; =

54.784 exp(—2.452 exp(—0.014t)) olarak belirlenmistir.
Calismada beklenen egrisel goriintuniin aksine daha
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dogrusal bir yap1 belirlenmigtir. Bunun nedeni olarak kaynaklandig1 digintilmektedir.
kuzularda hentz biliyimenin devam etmesinden
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Sekil 2. Bayes Logistik Model Parametrelerine ait Sonsal Dagilim, MCMC Iterasyon ve Otokerasyon Grafikleri
Figure 2. Posterior Distribution, MCMC Iteration and Autokeration Graphs of Bayesian Logistic Model Parameters
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Sekil 3. Bayes Gompertz Model Parametrelerine ait Sonsal Dagilim, MCMC Iterasyon ve Otokerasyon Grafikleri
Figure 3. Posterior Distribution, MCMC Iteration and Autokeration Graphs of Bayesian Gompertz Model Parameters
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Table 4. Posterior Distribution Descriptive Statistics of Bayes Gompertz Model Parameters
Cizelge 4. Bayes Gompertz Modeli Parametrelerine Ait Sonsal Dagilim Tanimlayici Istatistikleri

Model Cinsiyet Parametre Ortalama SD % 95 HPD Bolgesi
Alt Sinir Ust Sinir
Bo 85.8400 8.90725 68.1220 103.5
Erkek B1 2.7830 0.11342 2.5719 2.9966
B, 0.0107 0.00103 0.00876 0.0126
Gompertz € 0.7991 4.50204 0.0364 2.3577
Bo 54.8692 2.18291 50.61 59.29
Disi B4 2.4574 0.05541 2.3568 2.5616
B2 0.0141 0.00068 0.0128 0.0155
£ 0.1703 0.57196 0.00742 0.5368
*HPD: Yuksek Yogunluk Bolgesi
Veri  setinde ayhik ortalama  degerlerinden KAYNAKLAR

yararlaniliyor olmasi1 ve sadece 120. gline kadar
O6lcim yapilmig olmasi nedeniyle daha az bilgi
bulunmaktadir. Bu durumun ve Akkaraman irkina
ait yapilmis ¢aligmalarin yetersizliginin bir sonucu
olarak EKK modellerine ait parametre bilgileri
Bayesci yaklagim ile tahmin edilen modellerde 6nsel
bilgi olarak kullanilmistir. Bu nedenle tahmin
sonuclar1 Akkaraman irki i¢in genelleyebilir sonuglar
degildir. Canli agirliklar ile ilgili ortalama deger
kullanan muhtemel Bayesci yontem ile modelleme
calismalarinda ge¢mis c¢alismalardan elde edilmis
tam bilgi kullanilmalidar.

Tahmin  edilen  modellerde, DIC degerleri
karsilagtirmasi sonucunda iki cinsiyet icin de Bayes
Gompertz modelleri Logistik modellere tercih
edilebilecegi belirlenmigtir. Gompertz modeline ait
elde edilen sonsal dagilimlar ve nokta tahminleri
incelendiginde canl agirligin erkeklerde daha yuksek
oldugu gézlenmisgtir.

Hayvan yetistiriciliginde biiyiime ve gelismenin
takibi edilmesi ve 1slah amagli kullanilmasi igletme
ekonomisi i¢inde ¢ok Onemlidir. Bu baglamda
hayvanlarda biiyiime modellerinin tahmin edilmesi
ile 1lgili her irk icin daha fazla calismaya ihtiyag
vardir.

TESEKKUR

Calisma
Halisdemir

verilerinin  toplandizn ~ Nigde Omer

Universitesi Ayhan Sahenk Tarimsal
Aragtirmalar Uygulama ve Arastirma Merkezi
Kiuclikbag  Yetistiriciligi  Birimi  personellerine
tesekkir ederiz.

Aragtirmacilarin Katki Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catismasi Beyan:
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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