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Oz: Bu proje, Akdeniz bdlgesinde mildiyd hastaligi (Plasmopara viticola)'na
kars1 fluopicolide + fosetyl-Al (Profiler®)in 2.5 g/L, 2.25 g/L ve 2.0 g/L
dozlarin biyolojik etkinligini belirleyerek ruhsathi 3.0 g/L dozunu azaltmay1
amaglamaktadir. Denemeler, 2019 yilinda bag mildiyosii hastaligi ile bulagik
oldugu bilinen Victoria asma ¢esidi ile kurulu Mersin ili Tarsus il¢esi Nacarli
Kdyinde telli sistemdeki bir bagda yiiriitiilmistiir. Caligmada; Tarim ve Orman
Bakanligi’'nin Zirai Miicadele Teknik Talimatinda belirtilen asmanin
fenolojisine gére micadele programi uygulanmistir. Yapilan c¢alisma sonrasi
elde edilen veriler degerlendirildiginde; bagda mildiydye kars1 fluopicolide +
fosetyl-Al *in 3.0 g/L ve 2.5 g/L dozlari, sirasiyla %93.6 ve %91.6 diizeyinde
etki gostermis ve istatistiksel olarak ayni grupta yer almislardir. Diger dozlar
%90’nin altinda etki gosterdigi icin degerlendirmeye alimmamigtir. Sonug
olarak, etkinlik diizeyi %90’nin iizerinde olan 2.5 g/L su dozunun hastalik ile
mucadelede hem ilaglama maliyetini diigiirmesi hem de ¢evre iizerinde
olusabilecek olumsuz etkileri azaltmasi nedeniyle tavsiye edilebilecegi
belirlenmistir.

Determination of the Bioeffectiveness of Reduced Doses of Fluopicolide + Fosetyl-Al
(Profiler®) Against Downy Mildew(Plasmopara viticola) on Grapes in the

Mediterranean Region

Article Info
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Accepted: 11.05.2020

Online Published 30.06.2020
DOI: 10.29133/yyutbd.697623

Keywords
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Downy mildew,
Biological efficiency.

Abstract: This project was aimed to reduce the registered dose of 3.0 g/L
fluopicolide + fosetyl-Al (Profiler®) and determining the bioeffectiveness of 2.5
g/L, 2.25 g/L and 2.0 g/L doses against the downy mildew disease (Plasmopara
viticola) in the Mediterranean region. The trial was carried out onto Victoria
variety grown with Y trellising system known to be infected in the Nacarl
village, Tarsus, Mersin province in 2019. At this study, the controlling program
was applied according to the phenology of the vineyard indicated at the
Technical Instruction of Republic of Turkey Ministry of Agriculture and
Forestry. When evaluated data after study, the doses of 3.0 g/L and 2.5 g/L at
fluopicolide + fosetyl-Al (Profiler®) for control of Plasmopara viticola on
vineyard showed 93.6% and 91.6% efficiency values, respectively and they
were located in the same group, statistically. Other doses were not evaluated
because of an effect below 90%. In conclusion, it was determined the dose
2.5 g/L can be recommended both for controlling the disease because of over
the 90% efficiency value and reducing the cost of spraying and the negative
effects on the environment.
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1. Giris

Bagcilik, diinyanin bilinen en eski tarimsal etkinliklerinden biridir (Temel ve ark., 2019).
Dinyada 7449 bin hektar bag iiretim alaninda 77.8 milyon ton zim Uretimi yapilmaktadir. Cin 11.7
milyon ton (iziim (retimi ile birinci sirada yer alirken bunu italya, ABD, Ispanya ve Fransa takip
etmektedir (Anonim, 2019a). Turkiye ise; 4.1 milyon ton Gzim dretimi ile bu Glkeleri izlemektedir
(Anonim, 2019b). Diinya {iziim ihracatinda ise; Sili 1.388 milyon dolar ile birinci sirada yer alirken,
Turkiye, 672 milyon dolarlik ihracat hacmi ile yedinci sirada yer almaktadir (Anonim, 2019c).
Ulkemizde basta Ege olmak iizere Marmara, I¢ Anadolu, Akdeniz ve Giiney Dogu Anadolu
bolgelerinde 417 bin hektar alanda sofralik, saraplik ve kurutmalik olarak tiretimi yapilan iiziim, hem
i¢ tiiketim hem de ihracat {irlinii olarak bir¢ok iireticinin ge¢im kaynagi olmakta ve milli ekonomiye de
onemli katma deger saglamaktadir.

Ulkemizde iiretim ve ihracat rekabeti agisindan dnemli yere sahip olan bag alanlari bazi
hastalik, zararli ve yabanci otlar gibi biyotik faktorlerden olumsuz etkilenmekte ve bunun sonucunda
kalite ile verim degerlerinde azalma meydana gelmektedir. Bag iiretim alanlarinda kalite ve verimi
olumsuz yonde etkileyen en onemli hastaliklardan birisi de Plasmopara viticola (Berk. et M. A.
Curtis) Berl. Et De Toni’ nin neden oldugu bag mildiydsudir. Hastalik, Asya, Afrika, Kuzey Amerika,
Orta Amerika, Karayipler, Guney Amerika, Avrupa ve Okyanusya’dan bildirilmistir (Anonim, 2020a).

Obligat oomycete hastalik etmeni olan patojen, kisi yere dokiilmiis hastalikli yapraklarda
oospor formunda gecirmektedir. Ilkbaharda oosporlardan olusan zoosporlar sigrayan yagmur
damlalariyla etrafa yayilirlar. Islak yaprak yuzeyinde optimum 22-25°C sicaklikta, stomadan yaprak
dokusu i¢ine girerek primer enfeksiyonu baslatirlar. Ylksek nem ve yagish kosullarda yapragin alt
yuzeyinde beyaz miselyal bir 6rtli meydana getirirler. Enfeksiyon kaynagi olan yapraklardaki patojen,
yeterli nem ve uygun sicaklik kosullarinda yaprak, ¢igek, salkim ve tanelerde de enfeksiyonlara neden
olurlar (Anonim, 2008). Diinyada bag iiretim alanlarinda yiiksek yikici etkiye sahip olan bag
mildiy6sii, meyve tutumu ve kaliteyi diisiirmektedir (Hewitt ve Pearson, 1988). Asmanin tiim yesil
aksaminda enfeksiyon yapabilen bu hastalik, verim ve kaliteyi dogrudan etkilediginden ekonomik
olarak buylk 6neme sahiptir (Pearson ve Goheen 1990; Erkan ve ark. 1999). Bu nedenle hastalikla
miicadelede entegre miicadele kapsaminda yer alan kimyasal miicadele yontemi biyik 6nem
tasimaktadir. Hastaligin uygun sartlarda epidemi meydana getirdigi donemlerde, 8-10 aras1 fungisit
uygulamasi gerekmektedir (Rekonovic ve ark., 2008). Tahmin erken uyari sisteminin uygulanmadigi,
asmanin fenolojisine goére yapilacak miicadele programi; 1. uygulama; sirgin boyu 25-30 cm
uzunluga ulastiginda, 2. ve diger uygulamalar ise; kullanilan ilacin etki siiresi dikkate alinarak
enfeksiyon kosullart ortadan kalkincaya kadar devam edilmesi ve son ilaclama ile hasat arasinda
gecmesi gereken siireye uyulmasi seklinde uygulanmaktadir (Anonim, 2008).

Miicadelede kullanilan fluopicolide (4.44) aktif maddesi, benzamide’ler grubu,
pyridinylmethyl-benzamide’ler sinifinda yer almaktadir (FRAC kodu: 43). Bu fungisit, bitkide
translaminar ve ayn1 zamanda sistemik olarak hareket etmektedir. Ayrica, fungusun spectrin benzeri
proteinlerine etki ederek delokalizasyonuna neden olmaktadir. Oomycetes ve Ascomycetes sinifi
funguslarda hiicre duvarmin olugsmasim engelleyerek etkili olur. Diger aktif madde olan fosetyl-Al
(66.7) ise fosfonatlar grubunda ethyl fosfonatlar sinifindandir (FRAC kodu:33). Bitkide, hem floem ve
hem de ksilem iginde sistemik olarak ¢ift yonlii hareketlidir. Fungusa karsi dogrudan etkisinin yaninda
bitki dokularinda savunma mekanizmalarini uyararak dolayli etkisi de vardir.

Bu ¢alisma, Bayer Tiirk Kimya Sanayi Limited Sirketinin talebi {izerine bagda P. viticola ile
miicadelede fluopicolide + fosety-Al (Profiler®)’in ruhsatli dozun diisiiriilebilmesi i¢in alt dozlarin
biyolojik etkililiginin tespit edilmesi amactyla yapilmustir.

2. Materyal ve Yontem

Deneme; 2019 yilinda, Mersin’in Tarsus ilgesine bagli Nacarli kdyiinde onceki yillarda bag
mildiy6siiniin  yogun olarak goriildiigii, 6 yasindaki Victoria ¢esidi bag alaninda kurulmustur.
Denemede; Bayer Tirk Kimya Sanayi Limited Sirketine ait bag mildiydsine ruhsath fluopicolide +
fosetyl-Al (4.44 g/kg + 66.7 g/kg) aktif maddeye sahip Profiler® WG adli ticari Bitki Koruma Uriinii
(BKU) kullamlmistr.
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2.1. Deneme parselinin kurulmasi

Deneme parselinin kuruldugu bag alaninda asmalarin sira arasi 3 m, sira tizeri 2.3 m olup bir
dekarda bulunan bitki sayis1 144 adet olarak kaydedilmistir. Bag alaninin toprak yapisi killi-tinli olup
sulama islemi, damlama sistemi ile gergeklestirilmistir. Bag tiretim alaninin, gerek toprak yapisi ve
gerekse verimlilik agisindan homojen bir yapida oldugu tespit edilmistir.

Denemede kullanilacak fungisit uygulamalari, sirtta tasinabilen, motorlu, 25 litrelik deposu
olan, 1.5-3 atm. basingla calisan “Beybolat” marka ve “BOLAT FH25” tip sirt piilverizatorii ile
yapilmustir. Ilaglamalarda asmalarin fenolojik gelisimine baglh olarak dekara 45-100 litre ilaglama
stvist kullanilmistir. Denemeye alinan ilag ile ilgili bilgiler Cizelge 1’de verilmistir.

Cizelge 1. Denemede kullanilan ilacin icerdigi etken maddeler ve 6zellikleri

Ticari adi Firma Etkili madde (%) Doz(g/L )
PR?/E%ER Bayer Fluopicolide (4.44)+Fosetyl-Al(66.7) 2.0,225,25,30

Deneme, tesadiif bloklart deneme desenine gore 5 karakterli (ilacin 4 dozu ile kontrol ) ve 4
tekerriirlii olarak kurulmustur. Her 6 adet asma bir parseli olusturmustur. Ilaglamalarda, ilaclarin diger
bloklara bulasmasinm engellemek i¢in ilaglama perdeleri kullanilmistir. Ilaglamalara siirgiin uzunlugu
25 cm oldugu tarih olan 25.04.2019 tarihinde baslanmig, 10.05.2019 tarihinde ikinci ilaglama,
27.05.2019 tarihinde ii¢lincii ilaglama ve 11.06.2019 tarihinde doérdiincii ilaglama yapilmistir.

2.2. Sayim ve degerlendirmeler

Degerlendirme sayimlari; son ilaglamayi takiben ilacin etki siiresi, etmeninin inkiibasyon
periyodu ve kontroldeki hastalik oran1 %20 ve ilizerinde oldugunda (28.06.2019) gergeklestirilmistir.
Sayimlar, her parselde her omcadan 25 yaprak, toplamda 100 yaprak olacak seklinde yapilmustir.
Sayimlarda; Cizelge 2’de belirtilen 0—4 skalas1 kullanilmistir.

Cizelge 2. Baglarda mildiyo hastaligi degerlendirme skalasi (Anonim, 2020c).

Skala Degeri Hastalik Tanim1

Yaprakta hic leke yok
Yaprakta 1 leke
Yapragin 4’1 lekeli
Yapragin ’2’sine kadar lekeli
Yapragin }2’sinden fazlasi lekeli

WML O

Sayim sonucu elde edilen skala degerlerine Towsend-Heuberger formiilii (% Hastalik siddeti=
¥(n.v)/V.Nx100, n: Skalada belirli bir hastalik derecelerine denk gelen 6rnek miktari, v: Skala degeri,
V: En yiiksek skala degeri, N: Go6zlem yapilan toplam 6rnek sayisi) uygulanarak yilizde hastalik
siddetleri hesaplanmistir. Elde edilen degerlere Abbott formiilii (% Etki= [(ilagsizdaki hastalik siddeti
— Tlaghdaki hastalik siddeti) / ilagsizdaki hastalik siddeti] x100) uygulanarak karakterlerin biyolojik
etkileri hesaplanmistir. Ilaglarmn sayim sonuglarindan elde edilen yiizde biyolojik etki degerlerinin
varyans analizi (F testi) yapilmis ve uygulamalar Duncan Coklu Karsilagtirma testi (0.05) ile
karsilagtirilmistir (IBM SPSS Statistics Version 23). Deneme siiresince asmanin tiim organlari
iizerinde ilacin etkisiyle olusabilecek yatma, kuruma, gelismede gerileme ve durgunlagma, yaprak ve
meyvelerde renk degisikligi ve anormallik gibi fitotoksik degisimlerin olup olmadigi ve kullanilan
ilacin deneme alaninda bulunan diger zararli, hastalik ve yabanci otlar ile faydalilar iizerinde olumlu
veya olumsuz etkilerinin olup olmadig1 gozlenmistir. Deneme yerine ait iklim degerleri ise; deneme
parseline en yakin yer olan Alata Bahge Kiiltiirleri Arastirma Enstitiisi Midiirligi iklim
istasyonundan alinmaistir.
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3. Bulgular
Deneme alaninda son ilaglamadan 17 giin sonra uygulamalarin hastalik siddeti {izerine
etkinliklerinin belirlenmesi amaciyla sayimlar yapilmistir. Sayim sonuglarina goére denemede

belirlenen yiizde hastalik siddeti ve dozlara ait yiizde etki oranlar1 Cizelge 3’de verilmistir.

Cizelge 3. Deneme sonuglarina gore elde edilen hastalik siddeti (%) ve etki orani (%) degerleri

Uygulama Tekerrir Hastalik Siddeti (%)* Etki Orani (%)
1 4.0 87.5
2 7.8 78.2
PROFILER WG 71.1 3 5.8 83.3
2.0g/L 4 115 50.0
Ort. 7.3b 74.8
1 3.8 88.1
2 135 62.3
PROFILER WG 71.1 3 55 84.2
2.25¢g/L 4 5.0 78.3
Ort. 7.0b 78.2
1 1.8 94.4
2 3.0 91.6
PROFILER WG 71.1 3 2.3 93.4
2.509/L 4 3.0 87.0
Ort. 2.5a 91.6
1 0.0 100.0
PROFILER WG 71.1 2 1.8 95.0
3.09/L 3 3.0 91.4
4 2.8 87.8
Ort. 1.9a 93.6
1 32.0 -
KONTROL 2 35.8 -
3 34.8 -
4 23.0 -
Ort. 31.4¢ -

*Ortalama hastalik siddeti yanindaki benzer harfler uygulamalar arasindaki farkin istatistiksel olarak onemli olmadigimi gosterir (Duncan
Coklu Karsilagtirma testi P=0,05).

Yaprak sayim sonuglarma gore kontrolde hastalik siddeti, %23.0-35.8 arasinda kaydedilmistir.
Fluopicolide + fosetyl-Al (Profiler®)’in 3.0, 2.5, 2.25 ve 2.0 g/L dozlarimin uygulandig1 parsellerde ise
hastalik siddetleri, sirasiyla; 1.9 (min. %0.0 - max. %3.0), 2.5 (min. %1.8 - max. %3.0), 7.0 (min.
%3.8 — max. %13.5) ve 7.3 (min. %4.0 — max. %]11.5) olmustur. Denemeye alinan dozlarin bag
mildiydsii hastaliina kars1 biyolojik etki oranlarmin ag¢1 degerlerine uygulanan varyans analizi (F
testi) sonucunda, karakterlerin farkliliklar: istatistiksel olarak 0,05 giivenle 6nemli bulunmus ve
yapilan DUNCAN testi (0.05) sonucunda karakterler 3 farkli grup olusmustur. Fluopicolide + fosetyl-
Al (Profiler®)’n 3.0 g/L dozu %93.6 ile en yiiksek etki degerini gosterirken, 2.5 g/L dozu % 91.6 etki
degeri gostermistir. Her iki doza ait etki degerleri istatistiki olarak ayni grupta yer almistir. Bu nedenle
bag mildiyosii hastaligi ile miicadelede ruhsatli olan 3.0 g/L dozunun 2.5 ¢/L dozuna disiiriilmesi
ilacin etki kaybina yol agmayacaktir. Deneme siiresince asmanin tiim organlarinda yapilan
gozlemlerde, kullanilan fluopicolide + fosetyl-Al (Profiler®)’in etkisiyle olusabilecek herhangi bir
fitotoksik belirtilere rastlanmamustir. Stirgiin, yaprak, ¢icek, meyve vb. yerlerde yaniklik, renk
bozulmasi gibi nitelik ve nicelik agisindan herhangi bir olumsuzluk saptanmamistir. Denemede yer
alan ilacin dozlarinin g¢evreye, diger hastalik, zararli ve yabanci otlar ile faydali organizmalara
herhangi bir olumsuz etkisi gézlenmemistir. Ayrica deneme siresince test edilen fluopicolide +
fosetyl-Al (Profiler®) disinda herhangi bir pestisit uygulamasi yapilmamistir. Tklim kosullar1 mevsim
normallerinde seyretmis olup, siradisi bir iklim degisimi kaydedilmemistir.

4. Tartisma ve Sonug¢

Bu ¢alisma; bag mildiyosii hastahgi ile miicadelede Profiler® WG 71.1 ticari isimli,
fluopicolide + fosetyl-Al (4,44 g/kg + 66,7 g/kg) etken maddeli preparatin ruhsathi olan 3.0 g/L
dozunun yerine diisiik dozlarin etkinliginin belirlenmesi amaciyla yapilmistir. Yapilan g¢alismada,
Tarim ve Orman Bakanligimin talimati dogrultusunda asmanin fenolojisine gdre bir micadele
programi uygulanmis ve 15-17 giin araliklarla 4 ilaglama yapilmistir. Deneme siresince iklim
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kosullar1 mevsim normalleri iginde seyretmis, ilaglama ve sayimlarin giivenirliligine tesir edici bir
anormallik gézlenmemigtir. Miicadele programi sonucunda %90’nin {izerinde etki gosteren dozlarin
oldugu tespit edilmistir. Gouot (2006), ilaglama araliklarinin hava kosullarina ve kiiltiirel islemlere
gore ayarlanmasi gerektigini belirtmistir. FRAC, tahmin ve erken uyar sistemi kullanilarak yapilacak
miicadele programinda tiim sezon boyunca fluopicolide + fosetyl-Al uygulamasinin en fazla {i¢ kez
yapilmasinin yeterli oldugunu bildirmistir (Anonim, 2020b). Yapilan ¢alisma sonrasi elde edilen
veriler degerlendirildiginde; bagda P. viticola ile micadelede fluopicolide + fosetyl-Al (Profiler®)'n
3.0 g/L dozunda %93.6 ve 2.5 g/L dozunda ise %91.6 etki degerinin diger dozlara gore daha yuksek
oldugu tespit edilmis ve en yiiksek etki degeri gosteren iki doz istatistiksel olarak aymi grupta yer
almislardir. Rekonevic ve ark. (2008), fluopicolide ve fosetyl-Al karisiminin bag mildiy0su Uzerine
etkinliginin belirlenmesi ¢alismasinda, 3.0 ve 2.25 kg/ha dozlarinin hastalik siddeti {izerine etkilerinin
istatistiksel olarak aynm grupta oldugunu belirlemislerdir.

Sonug olarak; fluopicolide + fosetyl-Al (4.44 g/kg + 66.7 g/kg) aktif maddeye sahip Profiler®
ticari isimli Bitki Koruma Uriiniiniin 2.5 g/L dozu hastalik ile miicadelede %90 iizeri etki degeri
gostermistir. Gerek ilagclama maliyetini diisiirmesi gerckse de g¢evre iizerinde olusabilecek olumsuz
etkileri azaltmasi nedeniyle ruhsathi olan 3.0 g/L dozunun, 2.5 g/L dozuna disiiriilerek tavsiye
edilmesinin uygun olacagi kanaatine varilmigtur.

Tesekkiir

Bayer Tirk Kimya Sanayi Limited Sirketinin talebi iizerine Tarim ve Orman Bakanligi,
Tarimsal Arastirmalar ve Politikalar Genel Miidiirligii tarafindan desteklenmis olan bu g¢alisma,
Adana Biyolojik Miicadele Arastirma Enstitlisii tarafindan yiiriitilmiistiir.
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parametreleri iizerine etkisinin belirlenmesi amaglanmigtir. Bu amaca yonelik
olarak, YKO’na %2, %4 ve %6 seviyelerinde kekik yapragi (KY) ilave edilmistir.
Caligmada, mezbahaneye kesim igin getirilen 2 adet biiyiikbas hayvanin rumen

Ruminant, stvilart kullamlmustir. Inkiibatérde, katkisiz (YKO), %2 KY (YKO+%2KY), %4
Kekik yapraklari, KY (YKO+%4KY) ve %6 KY (YKO+%6KY) olmak iizere 4 grup olusturulmustur.
Yonca kuru otu, Her bir kavanoz icin 10 adet 6rnek, 3 adet kor olmak Uzere toplamda 52 adet kese
In vitro sindirim, inkiibe edilmistir. Daisy inkiibatér cihazinda in vitro olarak gergeklestirilen bu
Rumen parametreleri ¢alismada, 48 saat inkiibasyon siiresi uygulanmustir. Yonca kuru otuna %2, %4 ve

%6 dizeyinde KY ilavesi ile in vitro toplam sindirim (IVTS), IVKMS, IVOMS ile
ME diizeyleri azalmistir (P<0.001). In vitro pH diizeyleri %6 KY katkili grupta
kontrolden yiiksek, %2 KY katkili grupta ise kontrolden diisiik elde edilmistir.
Calismada gruplara ait pH diizeyleri optimal rumen sivisi pH araliklarinda
belirlenmistir. Kontrol grubuna goére %4KY katkili grupta asetik asit (AA) miktari
artarken (P<0.001), diger gruplar arasinda istatistiksel bir farklilik tespit
edilmemistir. Bu caligmada aktif bilegikleri tanimlanan kekik yapraginin kullanilan
katki seviyeleri in vitro rumen parametrelerine 6nemli derecede etki etmis,
YKO’nun in vitro sindirim derecelerini de olumsuz etkilemistir. Bu sonug tibbi-
aromatik bitkilerin yapilarindaki aktif bilesenler ve dozlarinin rumen fermantasyon
parametreleri ve YKO’nun sindirimine etkisi bakimindan gelecekte yapilacak
caligmalara katki saglayacaktir.

The Effects of Thymus Leaf’s (Thymus kotschyanus) in Different Levels Added to Alfalfa
Hay on In vitro Digestibility Parameters

Article Info Abstract: In this study, it was aimed to determine the effect of different levels of
) thymus leaf (Thymus kotschyanus) to alfalfa hay (AH) on in vitro dry matter
Recieved: 04.03.2020 digestion (IVDMD), in vitro organic matter digestion (IVOMS), metabolic energy

Accepted: 10.06.2020
Online Published 30.06.2020
DOI: 10.29133/yyuthd.698468

(ME) levels and rumen parameters. For this purpose, the level of 2%, 4% and 6%
thymus leaves (KY) were added to AH. In the study, rumen fluids of 2 cows
brought to salughterhouse were used. In the incubator, 4 groups were performed:

Keywords

Ruzﬂnam no additive (AH), 2% TK (AH + 2%TK), 4% TK (AH+ 4%TK) and 6% TK (AH+
Thymus Leafs 6%TK). A total of 52 pouches, 10 samples and 3 blinds, were incubated for each
Alfalfa hay jar. In this study performed in vitro on a Daisy incubator device, a 48 hour

234


https://orcid.org/%200000-0001-5874-8028
https://orcid.org/%200000-0002-0613-3600
mailto:mguney@yyu.edu.tr

YYU TAR BIL DERG (YYU J AGR SCI) 30 (2): 234-242 )
Koseoglu ve Giiney / Farkl Diizeylerde Kekik Yapragi (Thymus kotschyanus) ilavesinin Yonca Kuru Otunun In vitro Sindirim Parametrelerine Etkisi

In vitro digestibility incubation time was applied. With the addition of TK at the level of 2%, 4% and

Rumen parameters 6% to AH, the in vitro total digestion (IVTD), IVDMD, IVOMD, and ME levels
decreased (P <0.001). The in vitro pH levels were higher than the control in group
with 6%TK and lower than the control in the group with 2%TK. In the study, pH
levels of the groups were determined in the optimal rumen fluid pH ranges.
Compared to the control group, while the amount of acetic acid (AA) increased
significantly in the group added 4TK (P<0.001), no statistical difference was found
between the added groups. In this study, the additive levels of thyme leaf, whose
active compounds were defined, had a significant effect on the in vitro rumen
parameters and also negatively affected the in vitro digestion levels of AH. This
result will contribute to future studies in terms of the effects of active ingredients
and doses in the structures of medicinal-aromatic plants on rumen fermentation
parameters and AH's digestion.

“Bu calisma TYL-2019-8569 numarali Yiiksek Lisans Tez Projesinden iiretilmistir
1. Giris

Doga’da karbondioksit ve metan (CH4) gibi gazlar, atmosferin 1sinmasina neden olmakla
birlikte insan ve diger canlilarin yasami lizerinde 6nemli tehditler olusturmaktadir. Bu gazlarin dogaya
verdigi tahribat, Diinya’da ve iilkemizde giderek etkilerini artirmaktadir (Koknaroglu ve Akiinal, 2010).
Sera gazi salimmminin 6nemli bir istirak¢isi olan CH4 (Thornton ve Owens, 1981), ruminantlarda
karbonhidratlarin fermantasyonu sonucu dogal olarak olusmaktadir. Bu hayvanlarda tiiketilen
karbonhidrat ¢esidinden 6nemli derecede etkilenen CHa, genellikle seliloz bakimindan zengin
yemlerden olusturulan rasyonlarda nigasta bakimindan zengin yemlerle olusturulan rasyonlara gore daha
ylksek oranda meydana gelmektedir. Dolayisiyla kiiresel kirliligin yaninda enerji kaybi da s6z
konusudur (Koknaroglu ve Akiinal, 2010; Kaya ve ark., 2012). Bu nedenle, son yillarda rumende
fermentasyon seyrini degistirmeye yonelik gesitli alternatif arayislara agirlik verilmistir. lyonofor grubu
antibiyotiklerin de Avrupa Birligi tarafindan biiyiitme faktorii olarak yasaklanmasi bu alandaki alternatif
dogal madde arayislarimi gili¢lendirmistir. Bu nedenle aromatik bitkiler ve bu bitkilerden elde edilen
esansiyel yaglar gibi ikincil metabolitleri iceren bitkilerden yararlanma 6énem kazanmistir. Bu dogal
maddelerin, ruminant hayvan rasyonlaria ilavesinin, rumen fermantasyon seyrini ruminant lehine
degistirmesi besin madde kullanimi agisindan oldukga 6nemlidir (Gladine ve ark., 2007; Cobellis ve
ark., 2015). Bu bitkiler igerisinde amilan kekik bitkisinin biinyesinde bulunan etken maddelerin
antimikrobiyal etkilerinin oldugu ve bu etkinin bitkideki polifenollerden karvakrol ve timol aktif
bilesiklerinden kaynaklandig1 bildirilmistir (Mellencamp ve ark., 2011). Ulkemizde yaygin olarak
yetistirilen kekik otu, Tirkiye genelindeki {iretiminin tarim arazilerindeki genislemeye bagl olarak
diizenli bir artis gdsterdigi ve 2004 yilinda 7000 ton olan kekik iiretiminin 2016 yilinda 14724 tona
ulastig1 belirtilmektedir (Tunca ve Yesilyurt, 2017). Fitoterapide birgok kullanim alani bulan kekik
bitkisinin, major aktif bilesiklerinin timol ve karvakrol oldugu da belirtilmektedir (Ustii ve Ugurlu,
2018). Kekik otunda bulunan timol aktif bilesiginin YKO’na ilavesinin in vitro aragtirildigi ¢aligmada,
kuru madde ve organik madde sindiriminin azaldig1 ve bu azalmanin seliilotik bakterilerin, timole kars1
olan hassasiyetinden kaynaklandig: bildirilmistir (Kalamak ve ark., 2011). Musir silaji ve YKO’na kekik
otu ve yagi ilavesinin IVOMS incelenmistir. Misir silajina ilave edilen %4.3 oraninda kekik otunun CH,
tiretimini azalttig1 ancak IVOMS’ni etkilemedigi bildirilmistir (Giil ve ark., 2017). Timol ve karvakrol
aktif bilesikleri 0.3 ve 0.6 g/kg KM doz duzeyinde koyunlarda besin madde sindirilebilirligi tizerine
arastirilmis ve 6nemli bir etkisinin olmadig1 belirtilmistir (Zamiri ve ark., 2015).

Ruminant hayvanlarin beslenmesinde yem giderlerinin maliyeti yutksektir. Bu baglamda,
yoremizde dogal olarak yetisen, ¢ok yaygin ve kolaylikla bulunabilen kekik yapraginin, ruminant
rasyonlarinda alternatif katki maddesi olarak degerlendirilmesinin, s6z konusu hayvanlarda gerek yem
giderleri maliyetinin azaltilmasina gerekse alternatif katki maddesi olarak yore hayvanciligina katki
saglayabilir. Bu nedenle yorede dogal olarak yetigsen kekik yapraginin in vitro rumen kosullarinda rumen
sindirimi ve fermantasyonuna etkisinin arastirilarak, ruminant beslemeye katki saglama potansiyelinin
arastirilmasi ¢alismanin amacini olusturmaktadir.
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2. Materyal ve Yontem

Bu ¢alisma YYU Hayvan Deneyleri Yerel Etik Kurulu tarafindan 27.06.2019 tarihli ve 2019/06
karari ile etik kurul onaylidir. Calismanin kaba yem kaynagini olusturan ilk bi¢im YKO, Van Yuzlncu
Y1l Universitesi Arastirma ve Uygulama Ciftligi’nden temin edilmistir. Kekik otu (Thymus
kotschyanus) ise Mayis ay1 igerisinde Van iline bagli Karpuzalan kdyii dag eteklerinden toplandiktan
sonra golgede kurutularak o6giitilmeye hazir hale getirilmistir. Yonca kuru otu ve KY laboratuvar
ortaminda 1 mm’lik elekten ge¢irildikten sonra kuru madde (KM), ham protein (HP) ve ham kiil (HK)
icerikleri AOAC (2000)’a gore, asit deterjan lif (ADF) ve notral deterjan lif (NDF) analizleri ise Van
Soest ve ark. (1991)’e gore yapilmistir. Ham yag analizi Ankom XTI15 cihazi kullanilarak
gergeklestirilmistir. Kekik yapraginda bulunan etken maddelerin belirlenmesi icim éncelikle bitkinin
yapraklarindan yag elde edilmistir. Kekik yapraklarindaki yagin elde edilmesi i¢in klevenger diizenegi
kullanilmistir. Hidrodistilasyon yéntemiyle su buharindan faydalanilarak elde edilen kekik yagi, vialde
toplanarak aktif bilesiklerinin belirlenmesi i¢in Van Yiiziincii Y1l Universitesi Bilim Arastirma ve
Uygulama Merkez Miidiirliigii’nde Thermo marka Trace 1310 model Gaz kromatografisi cihazinda
okutulmustur (Dalar ve ark., 2015).

Calismada YKO’na, kekik yaprag: katkisiz (kontrol), agirlik esasina gore %2 (YKO+%2KY),
%4 (YKO+%4KY) ve %6 (YKO+%6KY) diizeyinde kekik yapragi ilave edilerek 4 grup
olusturulmustur. Olusturulan her grup yem 6rnegi F57 filter bag torbalarina 0.5 g tartilmistir. Dort adet
kavanozu bulunan in vitro Daisyll inkiibator cihazinin her biri, bir grubu olusturacak sekilde her
kavanoz i¢in 10 adet yem 6rnegi, 3 adet kor olmak {izere toplamda 52 adet torba hazirlanmistir. Yapay
rumen ortamini saglayacak tampon ¢ozelti i¢in tiikriik fonksiyonunu goérecek iki ayr1 soliisyon (A ve B
soliisyonlari1) hazirlanmistir. Bu soliisyonlar 1/5 oraninda olacak sekilde karistirildiktan sonra Daisyll
inkibatoriine yerlestirilmis ve cihaz 39°C sicakliga sabitlenerek ¢aligtirilmigtir.

In vitro inkiibasyon asamasi i¢in kullanilan rumen sivilari, Van G6lii Hayvan Kesim tesisinde
kaba yeme dayali beslenen 2 adet biiyiikbas erkek hayvanin kesim sonrast hemen iskembesinden
alinarak siiziilmiis ve pet siselere alinarak thermobox ¢antalarda 39°C’de korunarak laboratuvar
ortamina getirilmistir. Daha sonra 1600 ml soliisyon+400 ml rumen sivisi, CO; gazi esliginde cihazin
herbir kavanozuna yerlestirilmis ve hemen ardindan yem oOrnekleri gruplara gore konularak yem
ornekleri i¢in inkiibasyon asamasi baslatilmistir. Yonca kuru otunun kaba yem kaynagi olmasi nedeniyle
48 saatlik inkubasyon siresi uygulanan gruplarda KM ve OM sindirilebilirlikleri ANKOM metodu
(Daisyll-200/220 Incubator Operator’s Manual) kullanilarak asagidaki formiil yardimiyla
hesaplanmstir.

%IVTS=100 - ((W3-(W1xC1))x100)/W2

W1: F57 torbalarinin darasi

W?2: Kuru 6rnek veya kuru 6rnekteki besin madde miktar1 (KM, OM)
Wa3: NDF ¢ozeltisinden ¢ikmis rezidiideki besin madde miktari

W4: Inkiibasyon 6ncesi 6rnek KM miktar1, %

C1: Kor agirligi (bos torba agirligi/orijinal torba agirligi)

SE: %0OMS*0.04409
ME: SE*0.82

In vitro inkiibasyon sonrasi rumen sivisi+tampon ¢ozelti karigimindan her uygulama grubu i¢in
4’er paralel ornek alinarak Orion marka pH ile hemen pH 6l¢iimii yapilmistir. Daha sonra 6rnekler,
Kjeldahl cihazmin destilasyon iinitesine yerlestirilerek amonyak azotu (NHs-N) analizleri Markham
(1942)’nin bildirdigi sekilde belirlenmistir. Orneklerin asetik, propiyonik ve biitirik asit analizleri ise,
yiiksek basingli sivi kromotografisi (HPLC) cihazinda Spanghero ve ark. (2008)’nin bildirdigi sekilde
yapilmuistir.

Elde edilen verilerin istatistiksel analizi asagidaki istatistiksel model kullamilarak tesadiif
parselleri deneme deseninde tek yonli varyans analizine (One-way ANOVA) gore gergeklestirilmistir.
Katki maddesinin IVKMS, IVOMS, ME ile rumen sivisi arasindaki iliskilerin belirlenmesinde varyans
analizi, farkliliklarin belirlenmesinde ise Duncan ¢oklu karsilastirma testi uygulanmistir. Calismada elde
edilen verilerin istatistik analizinde, SAS 9.4 ( SAS, 2014) paket programi kullanilmistir.

Yij: u+ ai + eij olup
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burada;
i : Genel ortalama
Yij : i. katki diizeyinin j. gézlem degeri
ai : 1. duzeyin etkisi
eij : Sansa bagli hata terimi.
3. Bulgular
Calismada kullanilan YKO ve kekik yapraginin ham besin madde icerikleri Cizelge 1’de
verilmistir. Kekik yapraginin tanimlanan aktif bilesikleri ile % konsantrasyon degerleri ise Cizelge 2’de
goriilmektedir. Yapilan tanimlama analizine goére KY’nda en yiiksek aktif bilesenin timol, %

konsantrasyon degerinin ise %70.36 oldugu tespit edilmistir.

Cizelge 1. Arastirmada kullanilan YKO ve KY’nin ham besin madde igerikleri, % KM

KM oM HK HP HY NDF ADF
YKO 93.01 82.70 9.59 16.25 213 36.61 26.30
KY 91.33 82.09 8.44 15.68 2.03 24.01 16.66

YKO: yonca kuru otu; KY: kekik yapragi; KM: kuru madde; OM: organik madde; HK: ham kil; HP: ham protein; HY: ham
yag; NDF: notral deterjan lif; ADF: asit deterjan lif

Cizelge 2. Kekik yapragindan elde edilen ugucu yagin major bilesikleri ve % konsantrasyon degerleri

Aktif bilesikler % Konsantrasyon
Timol 70.36
Simol 10.06
Alfa-terpinen 9.37
Karvakrol 3.16

Yonca kuru otuna farkli seviyelerde ilave edilen kekik yapraginin 48 saatlik inkiibasyon
sonuclart Cizelge 3’de verilmistir. Cizelge incelendiginde, IVTS, IVKMS, IVOMS, SE ve ME
diizeyleri, katki yapilmayan YKO (kontrol) ile karsilagtinldiginda farkliligin 6nemli bulundugu
goriilmektedir (P<0.001). Kekik yapragi katkisinin diizeyleri arttikga in vitro sindirim miktarlar1 da
giderek azalmis ve incelenen tiim parametrelerde en diisiik diizey %6 KY ilave edilen gruptan elde
edilmistir (Cizelge 3). Kekik yaprag: katkist yapilmayan YKO’nun IVTS dizeyi %65.88 iken %2, %4
ve %6 KY Kkatkisi ile sirasiyla %62.68, %56.38 ve %52.85’e diistiigii goriilmektedir. Yonca kuru otunun
IVKMS ve IVOMS diizeyi gruplarda sirasiyla %63.20 ve %69.51; %59.79, %66.78; %53.04, %59.58
ve %49.29, %56.73 olarak elde edilmistir.

Cizelge 3. Yonca kuru otuna farkli diizeylerde kekik yapragi ilavesinin in vitro sindirim parametreleri,
ME ve SE uzerine etkisi

IVTS IVKMS IVOMS SE, Mcal/kg ME, Mcal/kg
% % %
X+8X X£SX X +5SX X +5SX X +5SX

YKO (K) 65.88+0.64a 63.20+0.69a 69.51+0.38a 3.06+0.02a 2.51+0.01a
YKO+%2KY 62.68+0.70b 59.79+075b 66.78+0.25b 2.94+0.01b 2.41+0.01b
YKO+%4KY 56.38+0.21c 53.04+0.23c 59.58+0.44c¢ 2.63+0.02c 2.15+0.02c
YKO+%6KY 52.85+0.47d 49.29+0.51d 56.73+0.63d 2.50+0.03d 2.05+0.02d
P-degeri 0.001 0.001 0.001 0.001 0.001

a,b,c,d: Ayni siitiinda farkli harf tagiyan ortalamalar arasinda farklilik 6nemlidir (P<0.001)

YKO: yonca kuru otu; KY: kekik yapragi; IVTS: in vitro toplam sindirim; IVKMS: in vitro kuru madde sindirimi;
IVOMS: in vitro organik madde sindirimi; SE: sindirilebilir enerji; ME: metabolik enerji

Farkli seviyelerde KY’nin YKO’na ilavesinin in vitro inkiibasyon sonrasi rumen parametre
sonuglari Cizelge 4’de verilmis olup pH diizeyleri iizerine kekik yapraginin etkisi &nemli bulunmustur.
En diisiik pH degeri %2 KY katkili gruptan elde edilirken, en yiiksek pH degeri %6 KY katkili gruptan
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elde edilmistir. Tiim gruplarda 6rneklemeler sonras1 pH diizeyleri 6.78 ile 6.86 arasinda degismistir
(P<0.001; Cizelge 4). Calismada NH3.N Uretimi, YKO’na ilave edilen tim KY seviyeleri ile kontrol
grubundan yiiksek bulunmustur. En yiiksek NH3.N tretimi %2 KY ilave edilen grupta 37.56 mg/100ml
olarak elde edilirken, en diisiik NH3-N {iiretimi kontrol grubunda 26.37 mg/100 ml olarak elde edilmistir.
Calismada, in vitro inkiibasyon sonrasi PA konsantrasyonu KY katkisindan etkilenmemistir. Ancak AA
(P<0.083) ve BA (P<0.010) konsantrasyonlar1 dnemli diizeyde degismistir (Cizelge 4). %4 KY katkist
yapilan grubun kontrolden yiiksek, diger gruplarin ise kontrole benzer AA diizeyine sahip oldugu ve
ortalama AA diizeylerinin 14.23 ng/uL ile 17.23 ng/uL arasinda degistigi goriilmektedir. Ayrica %4 KY
katkisinin tiim gruplara kiyasla BA konsantrasyonunu azalttigi da belirlenmistir (Cizelge 4).

Cizelge 4. Yonca kuru otuna farkl diizeylerde KY ilavesinin rumen parametreleri tzerine etkisi

pH NHs-N, AA, ng/uL PA, ng/pL BA, ng/uL
mg/100ml
X +8X X £SX X£5SX X £SX X £SX

YKO (K) 6.83+0.01b 26.37+0.30d 14.23+0.69b 5.85+1.09 5.86+0.60a
YKO+%2KY 6.78+0.00c 37.56+0.26a 15.17+1.19ab 7.21+0.68 6.49+0.23a
YKO+%4KY 6.84+0.00b 32.63£1.06¢ 17.23+0.68a 6.23+0.19 3.88+0.67b
YKO+%6KY 6.86+0.00a 35.68+0.17b 16.36+0.28ab 5.66+0.20 5.92+0.32a
P-degeri <0.001 <0.001 0.083 0.384 0.010

a,b,c,d: Ayn siitiinda farkli harf tagiyan ortalamalar arasinda farklilik &nemlidir (P<0.001)
YKO: yonca kuru otu; KY: kekik yapragi; NHs-N: Amonyak azotu; AA: Asetik asit; PA: Propiyonik asit; BA:
Butirik asit

4. Tartisma ve Sonug¢

Yonca kuru otuna KY ilavesinin ham besin madde igerigi Tablo 1’de verilmis olup YKO’nun
ham besin madde bilesiminin yoncanin vejetasyon donemine gore degisebildigi belirtilmektedir (Gul ve
ark., 2017; Ozdiiven ve Celebi Cam, 2017).

Calismada IVTS, IVKMS, IVOMS ile IVOMS degerlerinden hesaplanan SE ve ME diizeyleri
katki seviyesi ile birlikte azalma gostermistir (P<0.001; Cizelge 3). Kekik otunda bulunan aktif
bilesiklerin gii¢lii antimikrobiyal 6zelliklerinin oldugu ve 6zellikle timol etken maddesinin gram pozitif
ve gram negatif bakteriler lizerinde etkili oldugu bildirilmistir (Calsamiglia ve ark., 2007; Mirzaei-
Aghsaghali ve ark., 2012). Dolayisiyla KY diizeyi arttik¢a azalan in vitro sindirim degerleri, kekik
yapraginda bulunan aktif bilesiklerin antimikrobiyal etkilerinden kaynaklanmaktadir. Nitekim yapilan
calismada yiiriitiilen tanimlama iglemine gére kullanilan KY’ndan elde edilen yagin aktif bilesenleri
onemli antimikrobiyal etkiye sahip olan %70 diizeyinde timol bilesigi igermektedir (Tablo 2). Mirzaei-
Aghsaghali ve ark. (2012), timol aktif bilesiginin metan iiretimini azaltabildigi gibi yliksek dozlarda
kullanilmasi halinde etken maddenin besin madde sindirimini azaltabildigini bildirmislerdir. Farkli bir
aragtirmada, timol’tin esas bilesen olarak kullanildigi ugucu yag karigimlarinin yiiksek dozlarinin besin
madde sindirilebilirligini azalttig1 bildirilmektedir (Evans ve Martin, 2000). Farkli bir aragtirmada ise,
aromatik bitkilerin yemlerin duyusal 6zellikleri iizerinde de etkili oldugu ve tat, koku gibi duyusal
Ozelliklerin yemlerin tuketimi ve lezzetini etkiledigi dolayisiyla bu etkilerin sindirim enzim ve
salgilarint uyardigini belirtmislerdir (Yesilbag, 2007). Koyunlarda yapilan bir ¢alismada, rasyonlara
giinliik 250 mg’lik kekik yagi katkisinin kuru madde sindirilebilirligi bakimindan 6nemli bir degisiklik
meydana getirmedigi bildirilmistir (Wang ve ark., 2009). Anlasilacag1 tizere kekik bitkisi aktif
bilesenlerinin yemlerin sindirim diizeylerine etkileri kullanilan doza, rasyona, etken madde oranlarina
bagli olarak degismektedir. Yapilan ¢alismada kullanilan K'Y diizeyinin sindirim parametrelerini dnemli
diizeyde azalttig1 gézlenmis ve bu etkinin kullanilan KY diizeyi ile ilgili oldugu disiiniilmiistiir. Bunun
yaninda kontrol grubuna kiyasla K'Y ’nin biinyesindeki hiicre duvar1 unsurlarinin da bu azalmada payimnin
oldugunu séylemek mimkindir. Calismada metan iiretimi tespit edilmemistir. Ancak in vitro sindirim
parametrelerinin bu sonuglar1 dikkate alindiginda metan iiretiminin de azalmis olma ihtimalinin yiiksek
olabilecegi diisiiniilmektedir.

Rumen mikroflorasi {izerine pH, olusan amonyak ve UYA konsantrasyonu 6nemli bir etkiye
sahiptir. Dolayisiyla YKO’na KY ilavesinin in vitro kosullarda bu parametrelerden nasil etkilendiginin
bilinmesi gerekmektedir. In vitro kosullarda yapilan bir arastirmada, kullanilan yiiksek dozlardaki
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aromatik bitki yaglarinin rumen pH’sin1 artirdigi ancak diisiik dozlarda rumen pH’sinin etkilenmedigi
bildirilmistir (Castillejos ve ark., 2008). Benzer sekilde rumen pH’s1 esansiyel yag katkisi yapilan
gruplarda kontrole gére artmis ve bu artisin nedeninin aromatik bitkide bulunan polifenollerden
kaynaklandig1 ve sonugta toplam UYA konsantrasyonun azaldigi da bildirilmistir (Odhaib ve ark.,
2018). Bu sonuglarin aksine Wang ve ark. (2009), kekik yaginin rumen pH’s1 tizerine 6nemli bir
etkisinin olmadigini, Baruh ve Kocabagli (2017) ise 250 ve 500 ppm kekik yag1 dozlarinin rumen pH
diizeylerini degistirmedigini belirtmislerdir. Kekik otundan elde edilen esansiyel yaglarla yapilan bazi
caligmalarda rumen pH’s1 degisim gostermezken (Chaves ve ark., 2008; Khateri ve ark., 2017; Yesilbag
ve ark., 2016; Vakili ve ark., 2013), baz1 ¢alismalarda rumen pH’sinin katki yapilmayan gruplara gore
arttig1 belirtilmektedir (Benchaar ve ark., 2006; Benchaar ve ark., 2007; Chaves ve ark., 2008). Katki
maddesi olarak KY ilave edilen bu ¢alismada, pH diizeyleri tim gruplarda rumen fermantasyonu igin
kabul edilen smirlar igerisinde elde edildigini gostermistir. Aromatik bitkiler ve onlarm aktif
bilesiklerinin etkilerinin, kullanilan dozlara bagh olarak degisebildigi belirtilirken (Unal ve Kogabagli,
2014), NH3-N konsantrasyonu uzerine etkilerinin de farkli oldugu belirtilmistir (Hart ve ark., 2008).
Bunun yaninda kimi bakteri ve arkea popiilasyonlarinin aktif bilesiklere karsi hassasiyetlerinin de farkli
oldugu bildirilmektedir (Cobellis ve ark. (2016). Gram pozitif ve gram negatif bakterilerin amino asit
deaminasyon hizini azaltabildigi ve yine amonyak {iretim hizini ve yiiksek diizeyde amonyak {iiretebilen
bakteri sayisin1 azaltabildigi belirtilmistir (Evans and Martin, 2000). Calismada bu durumun aksine NHs.
N miktar1 en disik katki seviyesinde bile Onemli artis gostermistir. Bu durum proteinlerin
parcalanmasindaki artistan dolayr meydana gelen iriinlerin amonyaga c¢evrilmesi sirasindaki
deaminasyon asamasmin, kekik yapragindaki etken maddeler tarafindan inhibe edilemedigini
gostermektedir. In vitro ¢alismalarda, rumen mikroorganizmalarinin esansiyel yag etken maddelerine
maruz kalma siiresinin énemli oldugu, bu siirenin uzamasi halinde rumen mikroorganizmalarinin
esansiyel yaglara adaptasyon saglayabildigi, bunun sonucunda besin maddelerinin yikimina yol
acabildigi belirtilmistir (Busquet ve ark., 2005; Cardozo et al., 2004).

Kekik yapragmin YKO’na ilave edilmesindeki en 6nemli nedenlerden birisi de kullanilan
aromatik bitkideki etken maddelerin rumen fermantasyonunu baskilamadan UYA profilini olumlu
yonde degistirmesinin gerceklesmesidir. Boylece bu degisime katkida bulunan etken maddelerin ve
optimal katki maddesi seviyelerinin belirlenmesi miimkiin olmaktadir. Calismada PA konsantrasyonu
KY katkis1 ile degismezken, AA konsantrasyonu %4 KY katkili grupta kontrolden yiiksek elde
edilmistir. Aslinda katki maddesinin bu dozda, antimikrobiyal etkisinin rumende meydana gelen
fermantasyonu azaltmadan seliilaz enzim aktivitesini artirdigini sdylemek miimkiindiir. Ancak in vitro
besin madde sindiriminin katki dozlariyla azaldigi goriilmektedir. Benchaar ve ark. (2008), etken
maddelerin diizeylerine bagli olarak olusan antimikrobiyal etkilerin UYA konsantrasyonunu
degistirebilecegi belirtilirken, Macheboeuf ve ark. (2008), in vitro yaptiklart bir ¢alismada, timol ve
karvakrol’un oldugu ¢esitli ugucu yaglarin rumen sivisinda 0.5 mmol/l ile 10 mmol/l arasindaki farkli
dozlarmin UYA konsantrasyonlarin1 kontrol grubuna goére o©nemli derecede diistirdiigiinu
bildirmiglerdir. Farkli bir aragtirmada ise kekik otundan elde edilen esansiyel yagin farkli dozlarmin
musir silajina ilavesinin, in vitro rumen sivisi toplam ugucu yag asitleri (TUYA), AA, PA, BA ve asetik
asit ile amonyak diizeyini onemli diizeyde diisiirdiigli, rumen pH diizeyini ise artirdigi belirtilmistir
(Canbolat ve ark., 2010). Yapilan ¢alismada kontrol grubuna kiyasla AA konsantrasyonunun %4 KY
katkis1 diginda degisime ugramadigi ayrica PA konsantrasyonun degismedigi goriilmektedir. Bu
¢alismada, kullanilan kekik yagi etken maddelerinin rumen mikroflorasina karst inhibe edici etkisinin
kullanilan dozlarda simirl diizeyde kaldigini sdylemek miimkiindiir. Baruh Unal ve Kocabagli (2017),
KY katkisinin optimum ve toksik dozlarimin birbirine yakin oldugunu dolayisiyla optimum dozun
belirlenmesinin olduk¢a zor oldugunu vurgulamiglardir.

Bu ¢alismadan elde edilen in vitro verilerin sonucuna dayanarak, kaba yem olan YKO’na KY
ilavesinin, in vitro rumen parametrelerine etkisinin, aktif bilesenlerden kaynakl olarak farkli dozlarda
farkli etkiler meydana getirebildigi, yem tiiketimi ile hayvan performansina olan etkilerinin ise tam
olarak ortaya konulabilmesi i¢in in vivo hayvan denemelerine ihtiya¢ oldugunu sdylemek miimkiindiir.
Bu arastirmada ydrede dogal olarak yetisen ve son yillarda antimikrobiyal 6zelliklerinden dolay1 hayvan
beslemede dnemli kullanim olanagi bulan kekik yapraklarinin in vitro kosullarda besin madde sindirimi
ve rumen fermantasyonuna etkisi arastirilmistir. Caligmadan elde edilen sonuglara gore, aktif bilegikleri
tanimlanan ve YKO’na %2, %4, %6 dizeyinde ilave edilen KY’nin, in vitro rumen parametrelerine
etkisi 6nemli bulunurken, incelenen tim seviyelerde in vitro rumen KM ve OM sindirimi ile ME
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degerlerine olumsuz etkilerinin oldugu tespit edilmistir. Antimikrobiyal etkisi bilinen KY nin kullanilan
seviyelerinin ve tamimlanan aktif bilesiklerin gelecekte yapilacak c¢alismalara katki saglayacagi
diistintilmektedir.
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Oz: Bu ¢alismada Batman ili Kozluk ve Sason yéresinden selekte edilen 27 adet
ceviz genotipinin baz1 fiziksel ve kimyasal Ozelliklerini belirlemek
amaclanmistir. Arastirmada genotiplerin kabuklu meyve kalinliklari, meyve
genislikleri, meyve yiikseklikleri, kabuk kalinliklari, kabuklu meyve agirliklari,
i¢c meyve agirliklari, i¢ randimani sirastyla 25.99-37.19 mm, 27.25-35.29 mm,
29.64-50.69 mm,1.11-2.55 mm, 8.28-17.45 g, 3.59-7.74 g, % 36.00-58.25
arasinda saptanmugtir. I¢ meyve rengi 13 genotipte ¢ok agik, 10 genotipte agik,
geriye kalan 4 genotipte ise orta olarak belirlenmistir. Genotiplerde protein %
12.15-18.30, toplam yag % 53.25-68.70, nem % 1.87-3.60, kil % 1.30-2.96
arasinda degistigi belirlenmistir. Genotiplerin makro element igeriklerinin
ortalamasi; % 2.35 N; 285.64 mg P; 406.23 mg K; 315.83 mg Mg; 226.30 mg
Ca; ve 187.71 mg S olarak tespit edilmistir. Mikro element icerikleri 100 g i¢
meyvede ortalama Na 2.05 mg, Fe 2.51 mg, Mn 2.86 mg, Zn 2.42 mg, Cu 1.78
mg olarak saptanmustir.
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Abstract: This study was carried out to determine some physical and chemical
properties of 27 walnut genotypes selected from Kozluk and Sason regions of
Batman. In the study, fruit thicknesses, fruit widths, fruit height, shell
thicknesses, nut weights, kernel weights, kernel ratios were varied from 25.99-
37 to 19 mm, 27.25 to 35.29 mm, 29.64 to 50.69 mm, 1.11 to 2.55 mm, 8.28 to
17.45 g, 3.59 to 7.74, 36.00% to 58.25%, respectively. Inner colors was
determined as very light coloured in 13 genotypes, light coloured in 10
genotypes and medium coloured in 4 genotypes. The protein contents of
selected genotypes were found between 12.15% and 18.30%, oil content
between 53.25% and 68.70 %, moisture contents between 1.87 and 3.60 %, ash
contents between 1.30% and 2.96% and their average values were 15.74 %,
62.92 %, 2.69 % and 1.83 %, respectively. Average of macro element contents
of genotypes were found 2.35% N; 285.64 mg P; 406.23 mg K; 315.83 mg Mg;
226.30 mg Ca; and 187.71 mg S. Average micro element contents were
determined Na 2.05 mg, Fe 2.51 mg, Mn 2.86 mg, Zn 2.42 mg, Cu 1.78 mg in
100 g of kernel fruit.

**Caligma birinci yazarin doktora tezinden tiretilmistir.
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1. Giris

Anadolu cevizi, ingiliz cevizi veya Iran cevizi olarak da adlandirilan {ilkemizin 6z meyvesi
olan ceviz, diinyanin bir¢ok yerinde ekonomik olarak yetistirilmekte ve sert kabuklu meyveler
arasinda ¢ok saygin bir yere sahip bulunmaktadir (Sen ve ark., 2011). TUIK 2018 yil1 verilerine gére
Tiirkiye’de yaklasik olarak 1118 bin dekar alanda toplam 215 bin ton ceviz liretimi yapilmistir.
Toplam agag sayisi ise 19 milyona yaklasmistir (Anonim, 2019).

Tiirkiye’de ceviz Uretiminin biiyiikk ¢ogunlugu, her biri ayr1 Ozellik tasiyan ve dere
kenarlarinda, bag bahge iclerinde daginik halde yetistirilen ceviz ¢Ogiir agaclarindan saglanmaktadir
(Ciftgi ve Gokge, 2006). Bu durum iilkemizin genetik zenginligini ortaya koymaktadir. Ulkemizin
boylesine zengin bir genetik varyasyona sahip olmasi, 1slah c¢alismalarinda kisa zamanda basariya
ulasilmasina imkan saglamaktadir (Yarilgag, 1997; Unver ve Sakar, 2011; Sityemez, 2016).

Cevizin ¢ok genis bir kullanim alan1 bulunmaktadir. Ayrica bilesiminde insan sagligina
olumlu etkileri olan degerli besin 6gelerini icermektedir (Bakkalbasi ve ark., 2010). Ceviz igerigini %
13.6-22.3 oraninda protein, % 56.4-70.6 oraninda yag ve % 2 civarinda kiil olusturmaktadir. Ceviz i¢i
bilesiminde yagda ¢oziinen vitaminlerden A ve E vitaminleri, suda ¢oziinenlerden C, B1, B2, folik
asit, pantotenik asit ve niasin, minerallerden; demir, ¢inko, bakir, magnezyum ve fosfor
bulunmaktadir. Cevizin iyi bir manganez ve bakir kaynagi oldugu; bu iki mineralin antioksidan
korumasindaki onemli enzimlerde temel mineraller olarak kullanildigi bildirilmistir (Yigit ve ark.,
2005). Insanlar ¢ok eski zamanlardan beri baz1 hastaliklarimin tedavisinde cevizi kullanmislardir. Son
yillarda yapilan aragtirmalarda her giin diizenli olarak i¢ ceviz tuketiminin hastalarda iyi kolesteroli
(HDL-kolesterol) artirdigi sonucuna varilmigtir (Tufail ve ark., 2015).

Bu ¢aligmada ceviz yetistiriciliginin yaygin olarak yapildigi Batman yoresinden seleksiyon
yoluyla secilen ceviz genotiplerinin fiziksel 6zellikleri ile bazi kimyasal bilesim 6geleri arastirilmisgtir.
Yapilan galigma ile iimitvar 27 adet genotipin bazi pomolojik 6zellikleri ile N, P, K, Ca, Mg, Cu, Zn,
Mn gibi makro ve mikro besin igerikleri yaninda, protein, nem, yag ve kiil miktarlar1 da belirlenmistir.
Bdylece ceviz yetistiriciligi agigindan yorenin tasidigi énem ortaya konulmus ve yapilacak olan 1slah
caligmalarina da kaynak olusturulmustur.

2. Materyal ve Yontem
2.1. Materyal

Bu calismanin materyalini Batman ili, Kozluk ve Sason ilgelerinde 2014-2016 yillar1 arasinda
yiiriitiilen seleksiyon ¢aligmasi sonucunda timitvar olarak segilen 27 adet ceviz genotipi olusturmustur.
Meyve orneklerinde baz1 pomolojik analizlerle birlikte, protein, nem, yag, kiil analizleri ile makro ve
mikro element iceriklerine ait analizler gergeklestirilmistir.

2.2. Ydntem

Incelemeye alman genotiplere ait meyve analizleri, agaglarin farkli yonlerinden tesadiifen
secilen meyve tizerinde gerceklestirilmistir. Meyvelerin pomolojik 6zelliklerinin belirlenmesinde
UPOV kriterleri esas alinmistir (Anonim, 1999). Genotiplerin meyve boyutlart TSE ve ABD kabuklu
ceviz siniflandirmasina gore yapilmistir (Anonim,1976; Anonim, 1990). i¢ renklerinin belirlenmesinde
USDA I¢ Cevizlerin Smiflandirmasi Igin Standartlar (Standards for Grades of Shelled Walnuts)
kullanilmig (Anonim, 1999) ve i¢ renkleri DFA of California renk skalasina gore siniflandirilmistir
(Anonim, 1976). Ayrica genotiplerin ortalama kabuklu meyve ve i¢ agirlik olgtimleri yapilarak ig
randimani % olarak hesaplanmistir (Sen, 1980; Yarilgag, 1997, Muradoglu, 2005; Yilmaz, 2007).

Calismada 2014 ve 2015 yillarinda yapilan degerlendirmeler sonucu “Tartilt Derecelendirme
Yontemine gore Umitvar olarak secilen, 700 puan ve Uzeri alan 27 adet genotipte oncelikle, i¢ ceviz
meyveleri ogitiilerek nem tayinleri TSE, 1991’ e gore yapilmistir. Protein analizi i¢in Kjeldahl
(Nx6.25) metodu kullanilarak yapilmistir (AOAC, 1990). incelenen meyve &rneklerin toplam yag
icerikleri soxhalet aletinde ¢ozlcl petrol eteri kullanilarak solvent ekstraksiyon yontemi ile
belirlenmistir (AOACS, 1989). Orneklerin kiil miktar1 0,5 gr meyve drneginin 550 °C’de 6 saat
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yakilmasi sonucunda yiizde olarak hesaplanmistir (Sen, 1980; Akga, 1993; Yarilgag, 1997; Yilmaz,
2007).

Umitvar olarak secilen ceviz genotiplerinin mineral element iceriklerini belirlemek icin meyve
ornekleri 68 °C’de 48 saat boyunca kurutulmus ve 1 mml’lik elege sahip degirmende 6giitme islemi
yapilmistir. Genotiplerin toplam azot miktarlar1 Kjeldahl yontemine gore Vapodest 10 Kkjeldahl
destilasyon tinitesinde (Gerhardt, Konigswinter, Germany) tespit edilmistir (Bremner, 1996).

Genotiplerin i¢c meyve 6rnekleri makro (P, S, K, Ca Mg ve Na) ve mikro element (Fe, Mn, Zn
ve Cu) iceriklerinin belirlenmesi icin HNO3-H202 (nitrik asit + hidrojen peroksit) (2:3 v/v) karigimi
ile yas yakma (first step; 145°C, 75%RF, 5 min; second step; 180°C, 90%RF, 10 min and third step;
100°C, 40%RF, 10 min) yontemine goére mikrodalga aletinde hazirlanmistir (Mertens 2005a). Ig
meyve orneklerinde P, K, S, Ca, Mg, Na, Fe, Mn, Zn, ve Cu elementleri ISP (Inductively Couple
Plasma Spectrophotometer, Perkin-Elmer, Optima 2100 DV, ICP/OES, Shelton, CT 06484-4794,
USA) aletinde tespit edilmistir (Mertens, 2005b).

3. Bulgular
3.1. Secilen genotiplerin 6nemli meyve 6zellikleri

Incelenen 27 adet genotipin meyve kalinliklar1 37.19 mm (72-S-03) ile 25.99 mm (72-K-12),
meyve genislikleri 35.29 mm (72-S-03) ile 27.25 mm (72-K-17), meyve yikseklikleri 50.69 mm (72-
S-04) ile 29.64 mm (72-K-16) degerleri arasinda degisim gostermistir. Genotiplerin ortalama meyve
kalinlig1 30.71 mm, ortalama meyve genisligi 30.65 mm, ortalama meyve yiiksekligi 36.07 mm olarak
hesaplanmisgtir. Genotiplerin yuvarlaklik indeks degerleri en diisiik 0.69 (72-S-04) ile en yiksek 1.97
(72-K-29) arasinda, ortalama 0.90 olarak bulunmustur (Cizelge 1).

Genotipler arasinda kabuklu meyve agirliklari en diigiik 8.28 g (72-K-149), en yiiksek 17.45 g
(72-S-04), i¢ meyve agirhiklar1 en disik 3.59 g (72-K-149), en yiksek 7.74 g (72-S-04) olarak
Olglilmiistiir. Genotiplerin i¢ randimanlari % 36.00 (72-K-120) ile % 58.25 (72-K-128), kabuk
kalinliklar1 ise 1.11 mm (72-K-144) ile 2.55 mm (72-K-120) arasinda belirlenmistir. Kabuk
kalinliklar1 yoniinden genotipler, 5°i orta, 22’si ise kalin kabuklu grupta yer almustir. Incelenen
genotiplerde ortalama kabuklu meyve agirligi 11.38 g, ortalama i¢ agirligi 5.40 g, ortalama kabuk
kalinligi 1.70 mm ve ortalama i¢ randimani ise % 47.99 olarak belirlenmistir (Cizelge 1).

Selekte edilen 27 adet genotipin bos meyve orani ortalama % 2.35 olarak belirlenmistir.
Genotiplerden 18 adedinde bos meyveye rastlanmamistir. Genotiplerde igte biliziigme orani ortalama %
2.73 olarak tespit edilirken, bu oran i¢ ¢iiriikliigiinde ortalama % 1.10 olmustur. Genotiplerden 13
adedinde igte biiziismeye, 19 adedinde i¢ clirikligiine rastlanmamigtir. Segilen genotiplerde ortalama
% 4.01 oraninda i¢ kurdu belirlenmis olup, 12 adet genotipte ise i¢ kurduna hi¢ rastlanmamistir
(Cizelge 1).

Genotiplerin kabuk piiriizlilligii 12’sinde hafif, 12 genotipte orta ve 3 genotipte fazlaca
piiriizlii olarak belirlenmistir. I¢in kabuktan biitiin ¢tkma durumu 10 genotipte ¢ok kolay, 17 genotipte
kolay; ic meyve rengi 13 genotipte ¢ok acik, 10 genotipte acik, geriye kalan 4 genotipte ise orta olarak
belirlenmistir. Genotiplerin yuvarlaklik indeks degerlerine gbére meyve sekilleri 26’sinda yuvarlak
sekilli, sadece 1’inde ise oval sekilli olarak belirlenmistir. TSE’e gore yapilan degerlendirmede selekte
edilen genotiplerin tamami extra sinifinda yer almistir (Cizelge 1).

3.2. Secilen genotiplerin protein, yag, nem ve kiil oranlar ile makro ve mikro element icerikleri

Secilen ceviz genotiplerinin bazi kimyasal ozellikleri Cizelge 2’de verilmistir. Ceviz
genotiplerinin  kimyasal bilesimi incelendiginde en fazla bulunan bilesenin yaglar oldugu
goriilmektedir. Genotiplerin yag icerikleri % 53.25 (72-K-17) ile % 68.70 (72-S-05) arasinda; protein
oranlart % 12.15 (72-S-05) ile % 18.30 (72-K-16) arasinda; nem miktarlart % 1.87 (72-K-17) ile %
3.60 (72-K-144) arasinda; kiil miktarlar1 ise % 1.30 (72-K-135) ile % 2.96 (72-K-27) arasinda
bulunmustur. Ortalama protein orant % 15.74, nem miktar1 ortalama % 2.69, ortalama kiil miktar1 %
1.83, ortalama yag orani ise % 62.92 olarak hesaplanmistir. 21 adet genotipte yag oraninin % 60’1n
tizerinde oldugu tespit edilmistir (Cizelge 2).
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Selekte edilen 27 adet genotipin makro element igeriklerine gére azot (N) miktar1 % 1.74 (72-
K-17) ile % 2.89 (72-K-118) arasinda degisirken azot miktart ortalama % 2.35 olarak belirlenmistir.
Genotiplerde 100 g i¢ cevizdeki fosfor (P) icerikleri 196.20 mg (72-K-17) ile 362.50 mg (72-K-12);
potasyum (K) icerikleri 260.00 mg (72-K-16) ile 614.70 mg (72-K-145); magnezyum (Mg) icerigi
210.40 mg (72-K-95) ile 396.00 mg (72-K-135); kalsiyum (Ca) igerigi 107.40 mg (72-K-53) ile
385.70 mg (72-K-129) ve kiikdirt (S) icerigi 96.80 mg (72-K-143) ile 312.10 mg (72-K-128) arasinda
tespit edilmigtir. Genotiplerin 100 g i¢ meyvedeki ortalama fosfor (P) miktar1 285.64 mg, potasyum
(K) miktar1 406.23 mg, magnezyum (Mg) miktar1 315.83 mg, kalsiyum (Ca) miktar1 226.30 mg ve
kiikiirt (S) miktar1 187.71 mg olarak hesaplanmistir (Cizelge 2).

Incelenen 27 adet genotipin mikro element iceriklerine gére 100 g i¢c meyvede sodyum (Na)
miktar1 ortalama 2.05 mg, demir (Fe) miktar1 ortalama 2.51 mg, Mangan (Mn) miktar1 ortalama 2.86
mg, ¢inko (Zn) miktar1 ortalama 2.42 mg, bakir (Cu) miktar1 ortalama 1.78 mg olarak belirlenmistir.
Genotiplerde en diisiik ve en yiiksek mineral igerikleri ise sirasiyla Na 1.12 mg (72-K-135)- 3.14 mg
(72-K-136), Fe 1.20 mg (72-K-95)- 3.56 mg (72-S-48), Mn 1.69 mg (72-K-17)- 4.35 mg (72-K-145),
Zn 1.20 mg (72-K-27)- 3.69 mg (72-S-48), Cu 0.82 mg (72-K-92)- 2.98 mg (72-K-128) olarak tespit
edilmistir (Cizelge 2).
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Cizelge 1. Secilen genotiplerin énemli meyve dzellikleri

. MK (E) ME (L) MY (H) ; KMA IMA D o KK ic iB o N ; ; ;
Genotip No (mm) (mm) (mm) YI® o) o) IR (%) (mm) (%) (%) BM (%) 1K (%) MS MI KP IBC IR
72-S-03 37.19 34.70 40.25 0.89 15.62 7.41 47.46 1.82 3.33 5.00 10.00 6.67 Y E FP CK @)
72-S-04 34.50 35.29 50.69 0.69 17.45 7.74 4435 1.61 3.33 0.00 0.00 6.67 Y E OP CK A
72-S-05 32.46 31.42 34.52 0.93 11.14 5.97 53.61 1.30 0.00 6.67 0.00 0.00 Y E HP CK A
72-K-11 28.84 28.93 34.52 0.84 9.76 4.72 48.36 151 0.00 0.00 6.67 0.00 Y E HP CK CA
72-K-12 25.99 31.87 38.42 0.75 12.99 6.31 48.57 1.65 0.00 0.00 0.00 0.00 Y E HP K CA
72-K-16 29.81 29.69 29.64 1.00 9.30 4.30 46.24 1.69 0.00 5.83 0.00 0.00 Y E OP CK A
72-K-17 27.88 27.25 34.98 0.79 9.32 4.37 46.89 1.75 3.33 0.00 3.33 3.33 Y E OP K CA
72-K-27 28.96 29.27 38.77 0.75 11.67 5.43 46.51 191 3.33 0.00 0.00 6.67 Y E HP K A
72-K-29 36.28 33.69 37.64 1.97 14.20 5.41 38.10 1.97 0.00 10.00 3.33 10.00 @) E FP K @)
72-S-48 29.88 31.42 37.05 0.83 10.40 5.28 50.74 1.74 0.00 0.00 10.00 5.00 Y E OP K A
72-S-53 27.96 27.54 36.27 0.77 9.56 4.67 48.85 1.60 0.00 5.00 0.00 0.00 Y E HP K CA
72-K-92 30.47 29.05 32.38 0.92 10.26 5.37 52.34 2.07 0.00 7.50 0.00 0.00 Y E OP K CA
72-K-95 27.03 29.46 35.36 0.80 9.02 5.05 55.98 1.86 0.00 15.00 0.00 0.00 Y E OP K CA
72-K-118 32.37 32.26 39.07 0.83 12.74 6.45 50.62 1.52 5.00 1.25 0.00 10.00 Y E HP K O
72-K-120 34.09 32.06 36.17 0.91 15.13 5.45 36.00 2.55 0.00 2.50 0.00 0.00 Y E OP K CA
72-K-128 30.10 30.65 36.08 0.84 9.97 5.81 58.25 1.25 5.00 0.00 0.00 5.00 Y E OP CK CA
72-K-129 30.94 29.35 35.17 0.86 11.16 5.55 49.73 1.63 1.25 0.00 0.00 10.00 Y E OP CK CA
72-K-135 29.12 31.00 35.03 0.86 10.04 5.33 53.04 1.64 0.00 0.00 10.00 0.00 Y E FP K CA
72-K-136 31.39 30.50 38.17 0.81 12.27 541 44.09 1.65 0.00 0.00 5.00 5.00 Y E HP K A
72-K-143 30.06 29.25 33.78 0.88 10.23 4.66 45.53 1.93 0.00 2.50 0.00 0.00 Y E HP K A
72-K-144 32.58 31.78 36.75 0.88 11.94 6.53 54.69 111 0.00 0.00 5.00 15.00 Y E HP CK CA
72-K-145 29.40 31.06 34.81 0.87 10.36 5.06 48.82 141 0.00 0.00 0.00 5.00 Y E HP CK A
72-K-146 33.22 31.98 36.29 0.90 12.27 5.84 47.84 1.77 0.00 2.50 5.00 0.00 Y E OP K O
72-K-147 32.43 31.89 33.77 0.95 13.28 5.76 43.37 1.76 0.00 5.00 0.00 5.00 Y E OP K CA
72-K-148 28.68 29.58 32.80 0.89 9.72 3.63 37.35 231 5.00 2.50 0.00 10.00 Y E OP CK CA
72-K-149 28.41 27.84 35.76 0.79 8.28 3.59 46.60 1.54 0.00 2.50 5.00 5.00 Y E HP K A
72-K-150 29.25 28.80 29.84 0.97 9.12 4.72 51.75 1.46 0.00 0.00 0.00 0.00 Y E HP K A
En diigiik 25.99 27.25 29.64 0.69 8.28 3.59 36.00 1.11 0.00 0.00 0.00 0.00
En yiiksek 37.19 35.29 50.69 1.97 17.45 7.74 58.25 2.55 5.00 15.00 10.00 15.00
Ortalama 30.71 30.65 36.07 0.90 11.38 5.40 47.99 1.70 1.10 2.73 2.35 4.01
MK: Meyve Kalinlig1 MY: Meyve Yiiksekligi YIi: Yuvarlaklik Indeksi IMA: 1¢ Meyve Agriligi IC: I¢ Ciiriikligii
ME: Meyve Eni KMA: Kabuklu Meyve Agirlig IR: I¢ randimam KK: Kabuk Kalinlig: IB: igte Biiziisme
BM: Bos Meyve IBC: Igin Biitiin Cikma Durumu MS: Meyve Sekli MI: Meyve Iriligi IR: I¢ Rengi
IK: I¢ Kurdu KP: Kabuk Piirtizliligi Y: Yuvarlak E: Ekstra HP: Hafif puriizlu
OP: Orta piriizli FP: Fazlaca purizli CK: Cok kolay K: Kolay O: Orta
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Cizelge 2. Segilen genotiplerin protein, yag, nem ve kiil oranlar ile makro ve mikro element igerikleri (100 g i¢ meyvede)
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CA: Cok agik
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Genotip No Protein (%) Yag (%) Nem Kl N (%) P (mg) K (mg) Mg (mg) Ca (mg) S (mg) Na Fe (mg) Mn Zn (mg) Cu

(%) (%) (mg) (mg) (mg)

72-S-03 14.50 66.34 2.45 1.70 2.47 283.10 352.70 258.10 235.60 176.40 2.78 2.98 3.35 2.65 2.35
72-S-04 16.20 65.83 2.73 1.50 2.42 280.30 399.50 320.60 293.20 210.10 1.20 2.92 3.56 1.30 2.36
72-S-05 12.15 68.7 1.9 1.6 2.50 276.30 403.20 360.90 289.10 204.60 2.94 3.12 2.18 1.44 2.10
72-K-11 15.42 58.42 2.61 2.20 2.60 258.30 407.90 329.40 267.10 159.00 2.38 1.56 1.76 2.56 2.10
72-K-12 17.94 63.10 2.45 1.60 2.76 362.50 370.80 356.40 256.50 200.70 2.06 3.08 2.76 2.68 2.18
72-K-16 18.30 63.00 2.30 1.84 1.92 236.10 260.00 327.20 121.50 140.60 1.87 2.69 2.10 2.46 1.64
72-K-17 16.65 53.25 1.87 2.05 1.74 196.20 350.60 294.40 164.50 246.40 1.85 2.76 1.69 1.78 0.96
72-K-27 16.00 68.12 2.86 2.96 2.48 255.60 450.40 280.70 187.40 181.20 1.47 2.58 2.55 1.20 1.56
72-K-29 17.82 60.36 2.12 2.30 2.10 284.50 378.40 266.70 184.70 187.30 1.63 2.85 3.15 2.45 1.54
72-S-48 18.25 64.12 2.41 1.86 1.87 339.40 342.60 220.50 170.60 216.70 2.87 3.56 3.89 3.69 1.96
72-S-53 16.65 66.12 2.90 1.40 2.60 259.40 287.60 395.40 107.40 186.60 2.56 3.10 2.98 2.80 1.70
72-K-92 17.78 64.02 3.18 1.50 1.85 325.70 535.20 385.00 234.60 112.50 1.20 3.00 3.50 1.80 0.82
72-K-95 13.30 60.10 3.12 1.58 2.43 330.60 456.50 210.40 252.20 124.00 2.33 1.20 3.20 2.08 2.72
72-K-118 13.22 65.50 2.74 1.52 2.89 286.50 294.50 287.60 245.80 239.20 2.10 2.87 3.76 3.14 1.32
72-K-120 1751 64.52 2.85 1.39 2.50 320.40 440.30 356.00 278.30 167.40 1.94 2.56 3.20 2.25 1.30
72-K-128 16.85 59.42 2.68 1.72 2.66 254.10 310.70 312.40 316.40 312.10 2.32 2.10 2.18 2.50 2.98
72-K-129 15.32 55.16 2.56 1.96 1.77 286.90 360.50 269.70 385.70 196.50 1.65 1.96 3.10 3.26 2.30
72-K-135 13.85 65.45 2.85 1.30 2.20 285.10 472.00 396.00 178.80 186.50 1.12 2.30 2.85 2.84 2.03
72-K-136 17.82 60.50 2.10 2.13 2.49 237.60 384.20 258.00 308.50 205.80 3.14 1.38 2.59 2.22 1.84
72-K-143 15.46 65.21 3.47 2.46 2.32 249.70 420.60 291.30 208.90 96.80 2.49 2.77 3.12 3.55 1.20
72-K-144 13.92 55.43 3.60 1.43 2.78 312.50 469.80 360.30 193.20 214.20 2.34 2.55 2.05 2.77 1.97
72-K-145 17.48 68.25 3.20 1.87 2.50 310.20 614.70 328.40 268.50 182.40 2.16 2.10 4.35 2.44 0.86
72-K-146 13.46 65.00 2.94 2.36 2.20 354.10 387.30 364.20 211.70 186.20 1.46 2.84 2.85 0.94 1.60
72-K-147 14.35 65.12 2.34 2.10 2.32 250.20 468.40 320.60 176.70 184.20 1.82 2.34 2.45 2.35 1.82
72-K-148 13.48 58.20 2.86 1.85 2.30 245.60 516.70 286.40 176.40 148.00 2.66 2.20 3.56 2.38 1.42
72-K-149 17.35 63.22 3.40 1.79 2.40 300.60 447.50 305.50 185.20 226.40 1.25 2.40 2.20 3.10 1.85
72-K-150 13.86 66.34 2.11 1.52 2.45 330.80 385.60 385.30 211.50 176.40 1.68 2.08 2.32 2.60 1.55
En diigiik 12.15 53.25 1.87 1.30 1.74 196.20 260.00 210.40 107.40 96.80 1.12 1.20 1.69 0.94 0.82
En yiiksek 18.30 68.70 3.60 2.96 2.89 362.50 614.70 396.00 107.40 312.10 3.14 3.56 4.35 3.69 2.98
Ortalama 15.74 62.92 2.69 1.83 2.35 285.64 406.23 315.83 226.30 187.71 2.05 2.51 2.86 2.42 1.78
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4. Tartisma ve Sonug¢

2014-2016 yillar1 arasinda yiriitiilen bu ¢alisma sonucunda segilen 27 adet genotipin fiziksel
ozelliklerine ait 3 yillik verilerin ortalama dagilimi Cizelge 1°de ayrintili olarak verilmistir. Elde
edilen degerler pek ¢ok arastiricinin buldugu degerlerle paralellik gdstermektedir. Ulkemizde yapilan
calismalarda; Arda (2006), I¢ Ege Bolgesinden selekte ettigi 33 genotipe ait ortalama meyve boyunu
37.12 mm, enini 31.71 mm ve yiiksekligini 33.42 mm olarak bulmustur. Siityemez ve Kaska (2006),
bazi ceviz gesitlerinde meyve agirliklarimin, 11.27-15.85 g, i¢ agirhiklarimin, 5.12-8.49 g kabuk
kalinliklarinin 0.98-1.27 mm arasinda degistigini bildirmislerdir. Oguz ve Askin (2007), Ermenek
yoresinden segtigi genotiplere ait meyve genisliklerinin 30.13-36.34 mm, meyve yuksekliklerinin
27.95-33.25 mm, meyve uzunluklarmin 35.34-43.42 mm, kabuk kalinliklarinin 1.23-1.80 mm arasinda
degistigini kaydetmislerdir. Yilmaz (2007), meyve kalinliklarinin 26.64-34.45 mm, meyve
genisliklerinin 24.98-31.83 mm, meyve boylarmin 30.61-39.75 mm, kabuk kalinliklarinin ise 0.82-
1.61 mm arasinda degistigini bildirmistir. Ak¢a ve ark. (2015), Erzincan’in Kemabh ilgesinde sectigi
genotiplerin kabuklu meyve boyu, eni ve kabuk kalinlig1 degerlerini sirasiyla; 32.55-36.62 mm, 31.58-
36.15 mm ve 1.11-2.33 mm arasinda belirlemiglerdir.

Arastirma sonucu secilen genotiplerin kabuklu meyve agirliklar, i¢ meyve agirliklar, ig
randiman degerleri sirasiyla; 8.28-17.45 g, 3.59-7.74 g, % 36.00-58.25; ortalamalar ise 11.38 g, 5.40
g, % 47.99 olarak belirlenmistir. Serr (1962), 1slah materyali olarak degerlendirilecek genotiplerde i¢
oraninin % 50’nin {lizerinde olmas1 gerektigini; Pandele (1968), i¢ oraninin en az % 45 olmasi
gerektigini bildirmislerdir. Yiiriitiilen bu ¢alisma kapsaminda segilen genotiplerden 19’unun i¢ agirlig
5.00 g’dan yiiksek, 18’inin kabuklu meyve agirligi 10.00 g’in iizerinde bulunmustur. Ayrica selekte
edilen genotiplerden 9’u % 50 ve iizerinde i¢ randiman orani ile Ramos (1998)’un bildirdigi onemli
ceviz gesitlerinden Franquette (% 44.50), Pedro (% 47.00), Chandler (% 49.00), Cisco (% 46.00) ve
Hardley (% 46.00) ¢esitlerini gecmistir.

Incelenen 27 genotipin 14’iinde protein oram1 % 16 ve iizerinde, 21 adet genotipte ise yag
oran1 % 60 ve iizerinde olmustur (Cizelge 2). Ulkemizde ve yurt disinda yapilan ceviz islah
calismalarinda incelenen materyalin protein ve yag igerigi onemli ozellikler arasinda yer almaktadir.
Martinez ve ark. (2010), cevizin kolayca ¢ikarilabilen ve rafine edilmeden tiiketilebilen yag icerigi
(baz1 ticari cesitlerde 740g/kg) nedeniyle besleyici bir yiyecek oldugunu belirtmislerdir. Pandele
(1968), 1slah materyali olarak degerlendirilecek cesitlerde yag oraninin en az % 65, protein oraninin en
az % 16 diizeyinde olmasi gerektigini bildirmistir. Mitrovic ve ark. (1997), cevizin % 50-80 oraninda
yag, % 12-15 oraninda protein, % 3 oraninda mineral madde ve % 2.5-4 oraninda diisiik seker
igerdigini belirtmislerdir. Ozcan ve Siityemez (2019) cevizde yag oranlarinin %60.34 ile %64.89,
protein oranlarmnin %18.48 ile % 19.65 arasinda degistigini bildirmislerdir. Vishansko ve Petrova
(1985) tarafindan cevizlerdeki yag ve protein igerigi arasinda negatif korelasyonun oldugu
bildirilmistir. Ulkemizde bu konuda yapilan ¢alismalarda yag, protein, kiil ve nem oranlarini sirasiyla
Oguz ve Askin (2007) % 54.07-67.63, % 12.11-20.75, % 1.00-2.22, % 2.70-3.79 arasinda; Yerlikaya
ve ark. (2012) % 61.32-69.35, % 10.58-18.19, % 1.53-1.99, % 1.91-4.48 arasinda; Tas¢1 (2016) %
52.13-66.06, % 18.3-21.09, % 1.07-2.24, % 2.70-3.80 arasinda bildirmislerdir.

Genotiplerin makro element diizeyleri sirasiyla ortalama; % 2.35 N; 285.64 mg P; 406.23 mg
K; 315.83 mg Mg; 226.30 mg Ca; 187.71 mg S olarak bulunmustur. Mikro element igeriklerine gore
100 g i¢ meyvede ortalama Na 2.05 mg, Fe 2.51 mg, Mn 2.86 mg, Zn 2.42 mg, Cu) 1.78 mg olarak
belirlenmistir. (Cizelge 2). Yarilgag ve ark. (2003), Gevag yoresinde bu degerleri; N % 0.208, P %
0.019, K % 0.041, Ca 90.3 mg, Mg 124.8 mg, Cu 1.20 mg, Mn 1.76 mg ve Zn 2.69 mg olarak
belirlerken; Muradoglu (2005), sectigi genotiplerin K degerini 355.4-857.9 mg, P 272.2-522.6 mg, Ca
71.72-369.71 mg, Mg 102-481 mg, Na 11.31-25.85 mg, Zn 1.42-3.87 mg, Fe 1.04-5.28 mg, Cu 0.35-
3.18 mg ve Mn 0.95-3.71 mg arasinda bildirmistir. Yilmaz (2007), inceledigi 12 genotipteki ortalama
fosfor igerigini 288.09 mg/100 g, potasyum igerigini 251.73 mg/100 g, sodyum igerigini 15.53 mg/100
g, bakir icerigini 3.02 mg/100 g, demir igerigini 3.09 mg/100 g, ¢inko icerigini 3.22 mg/100 g, mangan
igerigini 2.12 mg/100 g olarak belirlemistir. Cosmulescu ve ark. (2009) tarafindan Romanya’da dokuz
ceviz ¢esidinin incelendigi bir ¢aligmada; cesitlerin potasyum igeriginin 357.1-499.6 mg arasinda,
ortalama 414.0 mg; magnezyum igeriginin 189.2-278.1 mg arasinda, ortalama 216.6 mg oldugu
bildirmistir. Celik ve ark. (2011), Tavas yoresinden segtikleri genotiplerin makro ve mikro element
iceriklerini ortalama % 2.33 N, 254.0 mg P, 362.9 mg K, 100.8 mg Mg, 126.4 mg Ca, 160.9 mg S,
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1.97 mg Na, 2.46 mg Fe, 2.50 mg Mn, 2.21 mg Zn ve 1.11 mg Cu olarak belirlemislerdir. Polat ve ark.
(2015), sectikleri 17 ceviz genotipinde mg/100 g olarak; 408.37-569.48 mg potasyum, 194.79-267.85
mg kalsiyum; 241-426 mg magnezyum; 0.72-1.43 mg bakir ve 1.93-3.47 mg ¢inko tespit etmislerdir.

Bu calisma ile Batman Ili, Kozluk ve Sason ilce ve kdylerinde yetistirilen cevizlerin fiziksel ve
kimyasal 6zellikleri bakimindan daha once yapilan seleksiyon ¢alismalarina ve bir¢ok standart ¢eside
gore, benzer ozelliklere sahip olduklar1 saptanmistir. Makro ve mikro element dizeyleri yoniinden
umitvar ceviz genotiplerinin insan beslenmesi igin ¢ok 6nemli olan bilesiklere sahip olduguda
belirlenmistir. Ayrica ydrenin gelecekteki ceviz 1slah programlarinda biiyiik bir potansiyele sahip
oldugu ve secilen genotiplerin bundan sonraki islah ¢alismalarinda materyal olarak kullanilabilecekleri
belirlenmistir.
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Oz: Tarimsal alanlar, insan miidahalesi ile kimyasal girdilerin oldugu onemli
ekolojik ortamlardir. Bu ortamlarm varligi, insanlar i¢in dnemli oldugu kadar
ortam1 paylasan diger canlilar i¢in de énemlidir. Bu arastirma, Bitlis {li tarimsal
alanlarinda yaygm kullanilan Satellite 20 WP, Status 330 E, Pesos 100 EC ve
Pentran 22 E pestisitlerinin hedef olmayan topraktaki nematod, aerobik mezofilik
bakteri, mikrofungus popilasyonlar1 ve toprak pH’sina etkilerini belirlemek
amaciyla yapilmistir. Calisma, in-vitro sartlarinda tekrarli dlgiimlerde varyans
analizi yontemine gore alti tekerriirlii olarak yiriitiilmiistiir. Yapilan varyans
analizlerine gore PeriyotxUygulama interaksiyonlarinin sirastyla pH, bitki paraziti
ve fungivor nematodlar i¢in 6nemli oldugu (P=0.007; P=0.008; P=0.000), omnivor-
avcl, bakterivor ve toplam nematodlar i¢in hem periyot (P=0.000; P=0.000;
P=0.000) hem de pestisit uygulamalarinin ana etkisinin istatistiksel olarak énemli
oldugu (P=0.046; P=0.017; P=0.009) bulunmustur. Profil analizlerine gore; pH'in,
oOzellikle Satellite 20 WP uygulamasinda artig gosterdigi aerobik mezofilik bakteri
sayisinin, kontrolde artmasina karsin tiim pestisit uygulamalarinda azalma
gosterdigi; mikrofungus sayisinin, Pesos 100 EC uygulamasinda artis gostermesine
karsin diger uygulamalarda azaldigi; bitki paraziti, fungivor ve toplam nematod
sayilarmin tiim pestisit uygulamalarinda azaldigi; omnivor-aver ve bakterivor
nematodlarin  kismen etkilendigi goriilmiistir. Sonu¢ olarak; kullanilan
pestisitlerin, dikkate alinan parametrelere gore olumlu ya da olumsuz etkisinin
oldugu belirlenmistir.
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Abstract: Agricultural areas are important ecological environments with chemical
inputs via human intervention. The presence of this type of natural areas is
important for human as well as other species. This research was conducted to
determine the effects of Satellite 20 WP, Status 330 E, Pesos 100 EC and Pentran
22 E pesticides, which are widely used in agricultural fields of Bitlis, on non-target
soil nematodes, aerobic mesophilic bacteria, microfungi populations and pH. The
study was repeated (six times) according to variance analysis method (under in-
vitro conditions). According to the variance analysis, the PeriodxTreatment
interactions are important for pH, plant-parasitic and fungivore nematodes
respectively (P=0.007; P=0.008; P=0.000), for omnivore-predator, bacterivore and
total nematodes, on the other hand, (P=0.000; P=0.000; P=0.000) both period and
the main effect of the treatments were statistically significant (P=0.046; P=0.017;
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Sail, P=0.009). Based on the profile analysis; pH increased especially in Satellite 20 WP

Nematode. treatment, although the number of aerobic mesophilic bacteria increased in the
control treatment, it decreased in all pesticide treatments; the number of microfungi
increased in Pesos 100 EC treatment but decreased in other treatments; plant-
parasitic, fungivore and total nematode count decreased in all pesticide treatments;
omnivore-predator and bacterivore nematodes were found to be partially affected.
As aresult, it has been determined that the used pesticides have positive or negative
effects depending on the parameters considered.

“Bu calisma, “Bitlis ilinde tarimsal faaliyetlerde kullanilan bazi pestisitlerin toprak nematodlar1 ve
mikroorganizmalari iizerindeki etkilerinin arastirilmasi” adli yiiksek lisans tezinin bir boliimiinii olusturmaktadir.
Ayrica 3. Uluslararast Mardin Artuklu Bilimsel Arastirmalar Kongresi’nde (18-19 Ocak 2020) s6zIu bildiri olarak
sunulmustur.

1. Giris

Tarimsal alanlar, siiphesiz insanlar i¢in 6nemli oldugu kadar bu ortami paylasan mikrodan
makroya tiim canlilar i¢in 6nemlidir. Bu alanlarin, gelecegi ve verimi dogru kullanilmalarina baghdir.
Hussain ve ark. (2009), pestisitler tarimsal faaliyetlerde zararli kontrol stratejilerinin bir pargast olarak
yaygin bir sekilde kullanilmaktadir. Al-Ani ve ark. (2019), hizla biiyiiyen insan niifusunun paralelinde,
mahsul iiretimini en st diizeye ¢ikarmak i¢in kullanilan pestisitler biiyiik bir ¢evresel kaygiya yol
agmaktadir. Ulkemizde, 1979-2007 yillar1 arasinda kullanilan tarim ilaglarnin tiiketimi inis ve ¢ikislara
ragmen %270 oraninda artmis (Ozbek ve Fidan, 2014), 2017’de kullanilan toplam tarim ilaci (pestisit),
2016’ya gore %8.08 oraninda artarak 54.098 tona ulasmustir (Anonim, 2019a). Bitlis ili’nin tarim
potansiyeli, bdlgesinde 6nemli bir yere sahiptir (Anonim, 2019b). Arora ve ark. (2019), kimyasal
pestisitlerin gelisigiizel kullanim1 toprak ortamim bozar ve toprak mikroflorasi, fauna, flora ve topragin
fizikokimyasal 6zelliklerini etkiledigini ifade etmislerdir. Yardim ve Edwards (1998), insektisit, fungisit
ve herbisit karisimlarini uyguladiklar1 domates (Lycopersicon esculentum L.) tarla denemesinde, trofik
gruplarina gére nematodlarin olumlu ve olumsuz tepkiler verdiklerini bildirmislerdir. R6mbke ve ark.
(2009), Benomyl ve Chlorpyrifos karisimini uyguladiklar: toprakta nematod poptlasyonunun en ¢ok
%48 oraninda azaldigini bulmuslardir. Kog (2017), bugday agro-ekosisteminde kullandig: pestisitlerin
toprak nematodlar1 {izerindeki etkilerine yonelik yaptigi uyum analizlerinde anlamli iligkiler tespit
etmistir. Oren ve ark. (2009), Safomyl 50 WP, Decis EC 25 ve Tefralin EC’nin toprak mikrobiyotasinda
bulunan bakteri ve maya-kif tizerinde farkli etkiler gozlemlemislerdir. Kiigiik ve ark. (2016),
caligmalarinda kullandiklari pestisitlerden hareketle, zararli ile miicadelede fungisitlerin kullanilmasinin
kac¢inmilmaz oldugunu ve bundan dolay1 kullanilacak fungisitlerin toprak mikroorganizmalarina etkisi
dikkate alinarak, toksik olmayan, mikroorganizmalar tarafindan hizli ayrisabilen ve ¢evresel kalintilar
birakmayan maddeler ihtiva etmesinin ¢evre ve canli yasami agisindan hayati 6nem tasidigini ifade
etmislerdir. Ko¢ ve Yardim (2019), bugday agro-ekosisteminde yaptiklari pestisit uygulamalarinin
toprakta bulunan fungal ile bakteriyel mikroorganizmalar1 O6nemli diizeylerde etkilemedigini
saptamuglardir. Wesley ve ark. (2017), Thionex, Best ve DDforce insektisitlerinin farkli
konsantrasyonlarini uyguladiklari toprak érneklerinde; ila¢ ¢esidi, dozu ve dikkate alinan parametrelere
gore farkl sonuglara ulagsmiglardir. Ubuoh ve ark. (2012), herbisit Glifosfat’in mikrofungus ve bakteri
tiirlerine etkilerini gozlemlemek i¢in yaptiklarn ilag uygulamasinda; kontrol ile karsilastirildiginda
toprakta bulunan mikrobiyal popiilasyonda ciddi azalmaya neden oldugunu ortaya koymuslardir. Lo
(2010), pestisit yapilarinin farkli olmasindan otiirii ¢esitli toprak mikroorganizma gruplar iizerindeki
etkisinin kolayca tahmin edilemedigini, baz1 pestisitlerin mikroorganizmalarin biiyiimesini uyarirken,
diger pestisitlerin depresif etkilerini oldugunu veya mikroorganizmalar tizerinde higbir etkisinin
olmadigimi beyan etmistir. AI-Ani ve ark. (2019), Glifosat %48, Miraj (Alphacypermethrin %10) ve
Malathion (%50 WP)’un farkli dozlarin1 uyguladiklar topraktaki bakteri, mikrofunguslar ve
aktinomisetlerin mikrobiyal aktivitelerini ve sayisini olumsuz etkiledigini énemli Sl¢iide azalttigim
bulmuslardir. Heinonen-Tanski ve ark. (1989), seker pancari alaninda kullandiklar pestisitlerden toprak
mikroorganizmalarinin  bazi durumlarda etkilendigini, ancak her durumda -etkilenmedigini
saptamiglardir. Yousaf ve ark. (2013), Pendimethaline, Trifluralin, Glifosfat, 2,4-D ve MCPA
(Chwastox) gibi yaygin olarak kullanilan pestisitlerin tiirline goére biiyiikk farkliliklar gdsterdigini
bildirmiglerdir. Arora ve Sahni (2016), kimyasal pestisitlerin toprak mikroorganizmalarinin
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aktivitelerini bozdugunu ve bu nedenle topragin beslenme Kkalitesini etkileyebilecegini,
mikroorganizmalarin farkli pestisitlere, farkli tepkiler verdigini ve nihayetinde ciddi ekolojik sonuglara
yol acabilecegini ongérmiislerdir. Johns (2017), eger tarimsal {iretim biiyiiyen bir diinya niifusunun
ihtiyaclarin1 karsilayacaksa, toprak mikrobiyolojisinin daha iyi anlasilmasi gerektigini ve birgok
bolgede, saglikli mikroorganizma popiilasyonlarinin tarimsal uygulamalar tarafindan hala tehdit altinda
oldugunu ve tegvik edilmedigini ifade etmistir. Bitlis ili’nde 2018 yilinda, 18.340 kg-It pestisit
[(insektisit 4.224 kg-It), (fungusit 2.434 kg-It), (herbisit 10.485 kg-It), (akarisit 296 kg-It), (rodentisit
401 kg-1t) ve (diger pestisitler 500 kg-1t)] kullanilmistir. 2017 yilina gore, dinya ve Turkiye
ortalamasiin aksine Bitlis ili’nde en c¢ok herbisit kullanilmis, iilkemizde az pestisit tiiketiminin
yapildigt iller arasinda oldugu goriilmistiir (Guven ve Kog, 2019).

Bu calisma, Bitlis ili tarimsal alanlarda yaygin kullanilan Satellite 20 WP, Status 330 E, Pesos
100 EC ve Pentran 22 E pestisitlerinin hedef olmayan toprak canlilarindan nematod, aerobik mezofilik
bakteri, mikrofungus populasyonlar1 ve toprak pH’sina etkilerini tespit etmek amaciyla yapilmustir.

2. Materyal ve Yontem

Bu caligma, 2019 yilinda laboratuvar sartlarinda (ortalama sicaklik: 22.4°C) yapilmistir.
Calismada kullamilan toprak Bitlis ili’nde tarimsal faaliyetler i¢in kullanilmamis mera ortamindan (Enl.:
38°23'47.6", Boy.: 42°06'52.4") ve 0-30 cm derinlikten (Kog, 2019; Kog¢ ve Yardim, 2019), 12 Mayis
2019°da alinmistir. Alinan toprak ornekleri, 2 mm’lik elekten gegirilerek calisma yapilincaya kadar
buzdolabinda +4°C’de temiz plastik posetlerde muhafaza edilmistir. Topragin tekstiirii, Bouyoucos
(1951)’e gore (kil oran1; %3, silt orant; %27, kum orani; %70, kire¢ orani; %1.84, pH; 8.1, EC; 291
uS/cm™); topragin pH’s1 (toprak reaksiyonu), Jackson (1958)’a gore ve topragin orantili nem miktarlar,
Craze (1990)’e gore [uygulama oncesi ve sonrasi sirastyla (%11.11, %16.04)] belirlenmistir. Bitlis
[li’nde yaygn olarak kullanilan pestisitlerin belirlenmesinde; Bitlis il Tarim ve Orman Miidiirliigii, zirai
ilag bayii ve ciftcilerden sorularak tespit edilmistir. Pestisit gruplarini (insektisit, herbisit ve fungisit
gibi) temsilen birer tane pestisit olmak Uzere toplamda dort adet [Satellite 20 WP (%20 Pyridaben),
Status 330 E (330 g/l Pendimethalin), Pesos 100 EC (100 g/L. Penconazole) ve Pentran 22 E (227 ¢/l
Chlorpyrifos-methyl)] kullanilmastir (Sekil 1a). Deneme, tekrarli 6l¢iimlerde varyans analizi yontemine
gore alt1 tekerriirlii olarak ytiratilmistir (Sekil 1c). Belirlenen pestisitler, enjektor yardimi ile dnerilen
dozda [Satellite 20 WP (0.045 g+100 ml saf su), Status 330 E (0.060 ml+100 ml saf su), Pesos 100 EC
(0.030 mI+100 ml saf su) ve Pentran 22 E (0.045 mi+100 ml saf su)] bir kg toprak konulmus saksilara
10 ml’lik ¢ozelti seklinde piskiirtillerek verilmistir (Sekil 1b). Kontrol grubuna, sadece saf su
verilmistir. Topragin nemini korumak i¢in, saksilara ikiser gun ara ile 75 m1’lik sebeke suyu verilmistir.
Deneme iki ay surmus (9 Ekim-10 Aralik 2019) ve toprak ornekleri pestisit uygulamasindan 6nce ve
sonra alinmistir. Alinan 6rneklerde, mikrofungus, aerobik mezofilik bakteri ve trofik gruplarina gére
nematod sayimlarinin yan sira pH ve nem 6lctimleri de yapilmistir.

Toplam mikrofungus ve aerobik mezofilik bakteri sayisinin tespiti Benson (2001)’a gore
yapilmistir. Bakteri sayimi i¢in, Plate Count Agar (PCA) ve mikrofungus sayimi i¢in Rosebengale-
Kloramfenikol Agar besiyerleri kullanilmistir (Sekil 1d, e, f). Nematodlarin ekstraksiyonu ve sayiminda
Gelistirilmis-Baermann Huni Yontemi kullanilmig (Baermann, 1917; Whitehead ve Hemming, 1965;
Southey, 1986), mikroskopun objektifinde (x10) trofik diizeylerine gore sayimlar1 Yeates (1971) ve
Yeates ve ark. (1993)’e gore (Sekil 2) yapilmistir (Yildiz ve ark., 2017; Koc, 2019).

Yapilan pestisit uygulamalarinin (uygulama Oncesi ve sonrasi) etkilerinin arastirilmasinda
Tekrarlanan Olgiimlii Varyans Analizi ve Profil Analizi Tekniklerinden yararlamlmistir (Mendes ve
ark., 2007; Mendes, 2012). Istatistik analizlerin yapilmasinda SPSS (ver. 22.0) istatistik paket programi
kullanilmustir.
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Sekil 1. Denemede kullanilan pestisitler (a), pestisit uygulamasinin yapilmasi (b), hazirlanmisg
besiyerleri (c), deneme goruntisu (d), besiyerine ekim isleminin yapilmasi (¢) ve sayim
asamasindaki mikrofunguslarin goruntisu (f).

Sekil 2. Toprak 6rnegi birakilmis elek diizenegi (a), iki giin sebeke suyunda birakilmig 6rnek (b),
meziirlere alinmis ekstraktlar (c) ve nematodlarin mikroskopun objektifinde (x10) sayimi (d).

3. Bulgular
3.1. Pestisit uygulamalarimin toprak pH parametresine etkisi
Yapilan tekrarlanan Ol¢iimlii varyans analizi sonucunda PeriyotxUygulama interaksiyonu

istatistiksel olarak 6nemli (P=0.007) bulunmustur. Uygulama sonrasi, 6zellikle kontrol ve Satellite 20
WP uygulamalarinda 6nemli farkliliklar gérilmistiir (Cizelge 1, Sekil 3).
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Cizelge 1. Pestisit uygulanmis topraklarin pH degerleri bakimindan tanitici istatistikler

Pestisit N Uygulama Oncesi Uygulama Sonrast
Uygulamalar Ort. + SH Ort. + SH

Satellite 20 WP 6 8.215+ 0.039 Ba 8.441 + 0.022 Aa
Status 330 E 6 8.265 + 0.019 Aab 8.343 + 0.020 Aa
Pesos 100 EC 6 8.291 + 0.011 Ab 8.360 + 0.018 Aa
Pentran 22 E 6 8.281 + 0.010 Aab 8.400 + 0.017 Aa
Kontrol 6 8.233+0.017 Bab 8.395 + 0.016 Aa
Toplam 30 8.257 + 0.023 8.388 + 0.022

Not 1: Ayni satirda farkl: biiyiik harflerle gosterilen ortalamalar arasindaki farklar 6nemlidir.
Not 2: Ayni stitunda farkl kiigiik harflerle gosterilen ortalamalar arasindaki farklar 6nemlidir.

Profil analizi sonuglar1 incelendiginde genel olarak 2. periyotta (uygulama sonrasi) dlgiilen pH
degerlerinin daha yiiksek oldugu goriliyorsada 1., 4., ve 5. uygulamalarin pH degerleri arasinda dnemli
farklarin bulundugu, ancak 2. ve 3. uygulamalarin pH degerleri arasinda 6nemli farklarm bulunmadigi
goriilmektedir (Sekil 3).

8,451 Peariyot

1
2
8 40—
8,354
8,30

825

8,20

T T
1,00 2,00 3,00 4,00 5,00
Uygulama

Sekil 3. Pestisit uygulanmis topraklarin pH degerleri bakimindan profil analizi.
“Periyot 1: Uygulama éncesi, Periyot 2: Uygulama sonrasi
“Uygulama 1: Satellite 20 WP, Uygulama 2: Status 330 E, Uygulama 3: Pesos 100 EC, Uygulama 4: Pentran 22 E, Uygulama
5: Kontrol

3.2. Pestisit uygulamalarinin toprak aerobik mezofilik bakteri sayisina etKkisi

Yapilan tekrarlanan Sl¢iimlii varyans analizi sonucunda ne PeriyotxUygulama interaksiyon
etkisi (P=0.302), ne de periyot ve uygulamalarin ana etkileri (P=0.089; P=0.069) istatistiksel olarak
onemli bulunmamustir (Cizelge 2).

Her ne kadar yapilan varyans analizlerinde yapilan uygulamalar arasinda fark goriilmese de
Profil analizi sonuglar incelendiginde, 5. uygulamanin (kontrol) aksine 6zellikle 1. uygulama (Satellite
20 WP) basta olmak iizere diger tiim uygulamalarda aerobik mezofilik bakteri sayisinin azaldigi
gorilmistir (Sekil 4).
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Cizelge 2. Pestisit uygulanmis topraklarin aerobik mezofilik bakteri sayis1 bakimindan tanitici

istatistikler
Pestisit N Uygulama Oncesi Uygulama Sonrast
Uygulamalari Ort. + SH Ort. + SH
Satellite 20 WP 6 2370.0x10%+ 426.0x10* 653.3x10% + 431.7x10*
Status 330 E 6 2703.3x10* + 218.6x10* 1828.3x10* + 1127.5x10*
Pesos 100 EC 6 1795.0x10* + 225.2x104 916.6x10* + 310.2x10*
Pentran 22 E 6 2703.3x10* £ 513.3x10* 1485.0x10* + 1033.7x10*
Kontrol 6 2646.6x10* + 288.3x10* 3645.0x10* + 902.5x10*
Toplam 30 2423.0x10* + 356.7x10% 1705.6x10* + 885.5x10*

Not: Bakteri sayis1 bakimindan farklar 6nemli bulunmadigimdan herhangi bir harflendirme yapilmamustir.
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Sekil 4. Pestisit uygulanmis topraklarin aerobik mezofilik bakteri sayis1 bakimindan profil analizi.
“Periyot 1: Uygulama éncesi, Periyot 2: Uygulama sonrast
“Uygulama 1: Satellite 20 WP, Uygulama 2: Status 330 E, Uygulama 3: Pesos 100 EC, Uygulama 4: Pentran 22 E, Uygulama
5: Kontrol

3.3. Pestisit uygulamalarimin toprak mikrofungus sayisina etkisi

Toprak 6rneklerinde altisi tiir (Trichoderma harzianum, Aspergillus niger, Penicillium italicum,
Fusarium oxysporum, Penicillium digitatum ve Rhizopus stolonifer) ikisi cins diizeyinde (Mucor spp.,
ve Alternaria spp.) olmak iizere toplamda sekiz mikrofungus izolat1 tespit edilmistir.

Yapilan tekrarlanan 6l¢imlii varyans analizi sonucunda ne PeriyotxUygulama interaksiyon
etkisi (P=0.309), ne de periyot ve uygulamalarin ana etkileri (P=0.171; P=0.884) istatistiksel olarak
onemli bulunmamistir (Cizelge 3). Profil analizi sonuglar1 incelendiginde, varyans analizleri sonucuna
gore fark gorilmemis olsa da 3. uygulama (Pesos 100 EC) hari¢ tim uygulamalarda mikrofungus
sayisinin azaldig ve 5. uygulamaya (kontrol) gore dzellikle 1. ve 4. uygulamalarda azalmanin daha ¢ok
oldugu saptanmistir (Sekil 5).
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Cizelge 3. Pestisit uygulanmis topraklarin mikrofungus sayisit bakimindan tanitict istatistikler

Pestisit N Uygulama Oncesi Uygulama Sonrasi
Uygulamalar Ort. + SH Ort. + SH

Satellite 20 WP 6 2750.000 + 698.450 1833.333 + 275.277
Status 330 E 6 2150.000 £ 332.415 1700.000 + 182.574
Pesos 100 EC 6 1966.666 + 245.854 3083.333 £ 1 334.520
Pentran 22 E 6 2850.000 + 341.320 1816.666 + 147.007
Kontrol 6 2400.000 £ 323.522 2083.333 £ 221.233
Toplam 30 2423.333 £ 414.074 2103.333 + 618.162

Not: Mikrofungus sayis1 bakimindan farklar 6nemli bulunmadigindan herhangi bir harflendirme yapilmamistir.
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Sekil 5. Pestisit uygulanmis topraklarin mikrofungus sayis1 bakimindan profil analizi.
“Periyot 1: Uygulama &ncesi, Periyot 2: Uygulama sonrast
“Uygulama 1: Satellite 20 WP, Uygulama 2: Status 330 E, Uygulama 3: Pesos 100 EC, Uygulama 4: Pentran 22 E, Uygulama

5: Kontrol

3.4. Pestisit uygulamalariin bitki paraziti nematod sayisina etkisi

Yapilan tekrarlanan 6l¢iimlii varyans analizi sonucunda PeriyotxUygulama interaksiyon etkisi
istatistiksel olarak 6nemli bulunmustur (P=0.008). Dolayisiyla yapilan uygulamalarin bitki paraziti
nematod sayisina etkisi periyotlara gére 6nemli diizeylerde degismistir (Cizelge 4).

Cizelge 4. Pestisit uygulanmis topraklarin bitki paraziti nematod sayis1 bakimindan tanitic istatistikler

Pestisit N Uygulama Oncesi Uygulama Sonrast
Uygulamalari Ort. + SH Ort. + SH

Satellite 20 WP 6 17.000 + 2.463 Aa 1.666 + 0.333 Bb
Status 330 E 6 17.333 £1.837 Aa 2.333+£0.494 Bb
Pesos 100 EC 6 19.000 £ 1.125 Aa 2.000 £ 0.516 Bb
Pentran 22 E 6 17.333 £ 1.229 Aa 3.000 = 1.095 Bb
Kontrol 6 18.000 + 2.683 Aa 7.333 +0.802 Ba
Toplam 30 17.733 £1.853 3.266 + 1.082

Not 1: Ayn satirda farkl: biiyiik harflerle gosterilen ortalamalar arasindaki farklar dnemlidir.
Not 2: Ayni siitunda farkl: kiigiik harflerle gosterilen ortalamalar arasindaki farklar dnemlidir.
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Profil analizi sonuglari incelendiginde 1. ve 2. periyotlar arasinda farkin oldugu, 5. uygulamaya
(kontrol) oranla diger pestisit uygulamalarimin bitki paraziti nematodlar Gzerinde olumsuz etkide
bulundugu tespit edilmistir (Sekil 6).
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Sekil 6. Pestisit uygulanmis topraklarin bitki paraziti nematod sayis1 bakimindan profil analizi.
“Periyot 1: Uygulama éncesi, Periyot 2: Uygulama sonrast
“Uygulama 1: Satellite 20 WP, Uygulama 2: Status 330 E, Uygulama 3: Pesos 100 EC, Uygulama 4: Pentran 22 E, Uygulama
5: Kontrol.

3.5. Pestisit uygulamalarimin fungivor nematod sayisina etkisi

Yapilan tekrarlanan 6l¢timlii varyans analizi sonucunda sadece periyot etkisinin istatistiksel
olarak 6nemli oldugu (P=0.000) goriilmiistiir (Cizelge 5).

Cizelge 5. Pestisit uygulanmis topraklarin fungivor nematod sayis1 bakimindan tanitici istatistikler

N Uygulama Oncesi Uygulama Sonrasi
Ort. + SH Ort. + SH

Satellite 20 WP 6 4.833+£0.833 A 1.000 + 0.001 B
Status 330 E 6 4.666 £ 0.843 A 1.166 + 0.166 B
Pesos 100 EC 6 5.333+1.333 A 1.000 + 0.000 B
Pentran 22 E 6 6.333+1.201 A 1.000 + 0.000 B
Kontrol 6 7.166+2.372 A 2.833+0.477B
Toplam 30 5.666 + 1.386 1.400 + 0.365

Not 1: Ayni satirda farkli biiyiik harflerle gosterilen ortalamalar arasindaki farklar 6nemlidir.
Varyans analizleri sonucuna goére sadece periyotlar (uygulama 6ncesi ve sonrasi) arasinda fark

goriilse de yapilan profil analizi sonuglar1 incelendiginde; kontrole (5. uygulama) gore tum pestisit
uygulamalarinin fungivor nematodlar {izerinde olumsuz etkide bulundugu gériilmiistiir (Sekil 7).
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Sekil 7. Pestisit uygulanmis topraklarin fungivor nematod sayisi bakimindan profil analizi.

“Periyot 1: Uygulama dncesi, Periyot 2: Uygulama sonrast

“Uygulama 1: Satellite 20 WP, Uygulama 2: Status 330 E, Uygulama 3: Pesos 100 EC, Uygulama 4: Pentran 22 E, Uygulama

5: Kontrol

3.6. Pestisit uygulamalarimin omnivor-avelr nematod sayisina etkisi

Yapilan tekrarlanan 6l¢iimlii varyans analizi sonucunda PeriyotxUygulama etkisi istatistiksel

olarak 6nemli bulunmazken (P=0.541), hem periyot (P=0.000) hem de uygulamalarin ana etkisi
(P=0.040) istatistiksel olarak dnemli bulunmustur (Cizelge 6). Yapilan uygulamalardan Satellite 20 WP
pestisit uygulamasi haricinde diger uygulamalarda farkliligin oldugu Cizelge 6 ve Sekil 8’de

gorilmektedir.

Cizelge 6. Pestisit uygulanmis topraklarin omnivor-avcil nematod sayisit bakimindan tanitict

istatistikler
Pestisit N Uygulama Oncesi Uygulama Sonrast
Uygulamalari Ort. + SH Ort. + SH
Satellite 20 WP 6 4,000 +0.856 Ab 3.333+£1.085 Aa
Status 330 E 6 9.833 + 2.257 Aa 3.666 + 0.954 Ba
Pesos 100 EC 6 13.666 + 2.800 Aa 4,166 + 1.013 Ba
Pentran 22 E 6 11.333 +1.977 Aa 4,333 +0.954 Ba
Kontrol 6 8.833+2.104 Ab 3.833 £ 0.600 Ba
Toplam 30 9.533 + 2.360 3.866 + 0.882

Not 1: Ayni satirda farkli biiyiik harflerle gosterilen ortalamalar arasindaki farklar 6nemlidir.
Not 2: Aymi siitunda farkl kiiglik harflerle gosterilen ortalamalar arasindaki farklar 6nemlidir.

Profil analizi sonuglar1 incelendiginde; kontrole (5. uygulama) goére ¢zellikle 3. uygulamanin
omnivor-avel nematodlar lizerinde etkili oldugu saptanmistir (Sekil 8).
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Sekil 8. Pestisit uygulanmis topraklarin omnivor-avci nematod sayisi bakimindan profil analizi.
“Periyot 1: Uygulama &ncesi, Periyot 2: Uygulama sonrast
“Uygulama 1: Satellite 20 WP, Uygulama 2: Status 330 E, Uygulama 3: Pesos 100 EC, Uygulama 4: Pentran 22 E, Uygulama
5: Kontrol

3.7. Pestisit uygulamalarimin bakterivor nematod sayisina etkisi
Yapilan tekrarlanan 6l¢iimlii varyans analizi sonucunda PeriyotxUygulama etkisi istatistiksel
olarak 6nemli bulunmazken (P=0.442), hem periyot (P=0.000) hem de uygulamalarin ana etkisi

(P=0.017) istatistiksel olarak 6nemli bulunmustur (Cizelge 7).

Cizelge 7. Pestisit uygulanmis topraklarin bakterivor nematod sayist bakimindan tanitici istatistikler

Pestisit N Uygulama Oncesi Uygulama Sonrasi
Uygulamalar Ort. + SH Ort. + SH

Satellite 20 WP 6 11.500 + 1.927 Ab 2.000 + 0.258 Bb
Status 330 E 6 9.000 + 1.693 Ab 4.000 + 1.483 Ba
Pesos 100 EC 6 10.666 + 1.333 Ab 2.500 + 0.718 Bab
Pentran 22 E 6 12.000 + 1.932 Aab 1.833 +£0.542 Bb
Kontrol 6 16.000 £ 2.065 Aa 4.500 £ 0.763 Ba
Toplam 30 11.833 +1.935 2.966 + 0.912

Not 1: Ayni satirda farkli biiyiik harflerle gosterilen ortalamalar arasindaki farklar 6nemlidir.
Not 2: Aymi siitunda farkl kiigiik harflerle gosterilen ortalamalar arasindaki farklar 6nemlidir.

Profil analizi sonuglari incelendiginde uygulama 6ncesi ile sonrasi ve uygulamalar arasinda
farklarin oldugu tespit edilmistir (Sekil 9).
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Sekil 9. Pestisit uygulanmis topraklarin bakterivor nematod sayis1 bakimindan profil analizi.
“Periyot 1: Uygulama oncesi, Periyot 2: Uygulama sonrast

*Uygulama 1: Satellite 20 WP, Uygulama 2: Status 330 E, Uygulama 3: Pesos 100 EC, Uygulama 4: Pentran 22 E, Uygulama
5: Kontrol

3.8. Pestisit uygulamalarimin toplam nematod sayisina etkisi

Yapilan tekrarlanan 6l¢iimlii varyans analizi sonucunda PeriyotxUygulama etkisi istatistiksel
olarak 6nemli bulunmazken (P=0.380), hem periyot (P=0.000) hem de uygulamalarin ana etkisi
(P=0.009) istatistiksel olarak 6nemli bulunmustur (Cizelge 8).

Cizelge 8. Pestisit uygulanmis topraklarin toplam nematod sayis1 bakimindan tanitici istatistikler

Pestisit N Uygulama Oncesi Uygulama Sonrast
Uygulamalari Ort. + SH Ort. + SH

Satellite 20 WP 6 37.333+3.711 Ab 8.000 £ 0.930 Bb
Status 330 E 6 40.833 +£2.135 Ab 11.166 + 2.482 Bb
Pesos 100 EC 6 48.333 £ 4.514 Aa 9.666 + 1.115 Bb
Pentran 22 E 6 47.000 £5.026 Aa 10.166 + 2.072 Bb
Kontrol 6 50.000 £ 7.243 Aa 18.500 + 1.627 Ba
Toplam 30 44.700 + 4.906 11.500 + 2.217

Not 1: Ayn satirda farkl: biiyiik harflerle gosterilen ortalamalar arasindaki farklar dnemlidir.
Not 2: Aymi siitunda farkl kiigiik harflerle gosterilen ortalamalar arasindaki farklar 6nemlidir.

Profil analizi sonuglar1 incelendiginde hem uygulama oncesi ve sonrasi, hem de kontrole (5.

uygulama) gore tim pestisit uygulamalarinin toplam nematod sayisi iizerinde etkili oldugu bulunmustur
(Sekil 10).
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Sekil 10. Pestisit uygulanmis topraklarin toplam nematod sayis1 bakimindan profil analizi.
“Periyot 1: Uygulama &ncesi, Periyot 2: Uygulama sonrast
“Uygulama 1: Satellite 20 WP, Uygulama 2: Status 330 E, Uygulama 3: Pesos 100 EC, Uygulama 4: Pentran 22 E, Uygulama
5: Kontrol

4. Tartisma ve Sonug

Tarimsal faaliyetlerde, zararli ile miicadelede kullanilan kimyasal pestisitlerin olumlu ve
olumsuz etkileri yillardir tartisilmaktadir. Bitki koruma amagli bir pestisitten beklenen zararliy
engellemesi ve basta insan olmak flizere diger canlilara ve ©nemli parametreleri olumsuz
etkilememesidir. Toprak pH's1 ile toprak canlilarindan nematod, bakteri ve mikrofunguslar toprak
saglig1 agisindan 6nemli parametrelerdir. Bu caligmada, kontrole gore yapilan pestisit uygulamalarinin
toprak pH'st tizerinde farkli etkide bulundugu saptanmistir. Elde edilen sonucun Arora ve ark. (2019)’nin
ifadeleri ile paralellik gosterdigi, Kog ve Yardim (2019)’in bulgulari ile 6rtiismedigi tespit edilmistir.
Bu durumun denemelerin farkli ortamlarda (laboratuvar ve arazi) kurulmasi ve farkli pestisitleri
kullanmalarindan kaynaklanabilecegi ongoriilmektedir. Yapilan uygulamalarin aerobik mezofilik
bakterilere etkisi agisindan profil analiz sonuglarina gére kontrol ile kiyaslandiginda tiim pestisitlerin
toksik etki gosterdigi bulunmustur. Bu bulgularin Ubuoh ve ark. (2012), Al-Ani ve ark. (2019)’un
bulgular1 ile tamamen Oren ve ark. (2009), Yousaf ve ark. (2013), Arora ve Sahni (2016) ile Wesley ve
ark. (2017)’1n bulgulari ile kismen Ko¢ ve Yardim (2019)’nin bulgulari ile ortiismedigi goriilmistiir.
Ulagilan bulgularin ortiistiigli ve kismen oOrtiistiigii ¢alismalarin kontrollii laboratuvar sartlarinda
yapildigi, ortiismedigi ya da kismen Ortlistiigli ¢alismalarinda ya arazi sartlarinda yapildigir ya da
kullandiklar pestisit ve 6lgum farkliligi gibi durumlardan kaynaklandigi diisiiniilmektedir. Kontrol ile
kiyaslandiginda tiim pestisit uygulamalarinin mikrofungus sayisi iizerinde etkide bulundugu, Pesos 100
EC uygulamasinda mikrofungus sayisinda artisa sebep olmusken diger pestisitlerin toksik etki gosterdigi
saptanmustir. Ulasilan bu sonuglarm, Oren ve ark. (2009), Ubuoh ve ark. (2012), Arora ve Sahni (2016),
Kog¢ ve Yardim (2019) ile Al-Ani ve ark. (2019)’nin bulgular ile paralel Yousaf ve ark. (2013) ile
Wesley ve ark. (2017)’nin bulgular ile kismen ortiistiigii tespit edilmistir. Gerek bakteri ve gerekse
mikrofungus etkilenmesi durumunun; Lo (2010)’mn farkli pestisit yapilarinin ¢esitli toprak
mikroorganizma gruplarinin biiylimesi iizerindeki iligkilerinin kolayca tahmin edilemedigi ve bazi
pestisitlerin mikroorganizmalarin biiytimesini uyardigi, ancak diger pestisitlerin depresif etkilere sebep
oldugu veya mikroorganizmalar {izerinde higbir etki géstermedigi, Johns (2017)’n toprakta yasayan ve
diger bilesenlerle etkilesen organizmalarin c¢ogalmasinin, kosullara bagli olarak biiyiik Olgiide
degistigini ve bu durumlarin olduk¢a karmasik ve dinamik oldugu seklindeki goriisleri dogrultusunda
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olabilecegi 6ngoriilmektedir. Yapilan pestisit uygulamalarinin, nematodlar {izerinde kullanilan pestisitin
cesidine gore az ya da ¢ok etkili oldugu goriilmiistiir. Ulasilan bu sonucun, Yardim ve Edwards (1998),
Rombke vd. (2009) ve Kog (2017)’1n bulgular ile paralellik gosterdigi saptanmistir. Sonug olarak;
yapilan uygulamalarin toprak canlilar1 iizerinde genelde olumsuz olmak {izere etki gdsterdigi tespit
edilmistir. Bu durumun, yukarida verilen Lo (2010) ve Johns (2017)’1n ifadelerinin yani sira Arora ve
Sahni (2016)’in de caligmasinda, pestisitlerin, mikrobiyal aktiviteyi, toprak verimliligini, toprak
nematodlari, solucanlar1 ve protozoalar etkiledigi seklindeki bulgulari ile ortiistiigli ongdriilmektedir.
Gerek bu ¢aligmanin bulgularindan ve gerekse benzer ¢alismalardan hareketle;

1) Pestisitlerin tarimsal arazide kullanilmadan 6nce hedef canli disinda mutlaka mikrodan makroya
coklu toksisite testlerinin yani sira toprak igin hayati O6nem tasiyan fiziko-kimyasal
parametrelere de bakilmasi ve

2) Onerilen dozun asilmamasi ve en uygun sartlarda (iklim sartlar1 ve zararli durumu gibi)
kullanilmasi gerektigi diigiiniilmekte ve dnerilmektedir.
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Oz: Biber anag 1slahinda giiclii kok sisteminin olusturulmasma yonelik gesit
1slah caligmalar1 oldukca diisiik diizeydedir. Bu caligmada, asili biber anag
1slahinda tiirler aras1 melez programinda yer alan Capsicum annuum, Capsicum
chinense ve Capsicum baccatum tirlerine ait biber genotiplerinin kdk
yapilarmin  incelenmesi  ve koklenme  6Ozelliklerinin  karsilastirilmasi
amaglanmistir. Arastirmada, ti¢ farkli tiirde toplam 21 genotip (4 genotip C.
annuum, 9 genotip C. chinense ve 8 genotip C. baccatum) incelenmistir. Biber
genotiplerinin kdk mimarilerinin incelenmesi ve koklenme diizeylerinin ayrintili
olarak tespit edilmesi amaciyla WinRhizo kok analiz programi Kullanilmugtir.
Kok analizi sonucunda, biber genotiplerinin kok mimarilerini olusturan toplam
kok uzunlugu (cm), kok yiizey alan1 (cm?), kok hacmi (cm?), kok kuru agirligy
(g), ortalama kok ¢apr (mm) 6zellikleri belirlenmistir. Aragtirma sonucunda; C.
baccatum ve C. chinense turiintin kok 6zelliklerinin, genel olarak C. annuum
tlriine gore daha gicli ve Ustin oldugu bulunmustur. K6k uzunlugu ve kok
yiizey alani yoniinden C. chinense, kok hacmi ve kok kuru agirlig1 yoniinden ise
C. baccatum tirl 6n plana ¢ikmistir. KOk mimarisini olusturan tum 6zellikler
birlikte degerlendirildiginde; C. baccatum tiriinde CB73 ve CB4 genotipleri ve
C. chinense tiriinde ise CC47, CC61 ve CC76 genotipleri Gstlin performans
gostermiglerdir.

Investigation of Root Structures and Comparison Rooting Traits of Capsicum Species

Avrticle Info

Received: 02.04.2020
Accepted: 27.05.2020

Online Published 30.06.2020
DOI: 10.29133/yyuthd.713437

Keywords

Capsicum,

Rootstock,

Root system architecture,
Selection

Abstract: Pepper rootstock breeding studies based on strong root improvement
are limited. In this study, it is aimed to investigate and compare the root structures
of Capsicum annuum, Capsicum chinense and Capsicum baccatum species in
interspecific Capsicum spp. rootstock breeding program for pepper. Total of 21
genotypes (4 genotypes C. annum, 9 genotypes C. chinense and 8 genotypes C.
baccatum) in three different species were examined. WinRhizo root analysis
program was used to examine root architectures of pepper genotypes and to
determine rooting levels in detail. The total root length (cm), root surface area
(cm?), root volume (cm?3), root dry weight (g), average root diameter (mm) that
constitute the root system architectures of pepper genotypes were determined. The
root characteristics of the C. baccatum and C. chinense species were found to be
stronger and superior than the C. annuum species. C. chinense in terms of root
length and root surface area and C. baccatum in terms of root volume and dry
weight were prominent. According to the properties of root system architecture;
CB73 and CB4 genotypes in C. baccatum and CC47, CC61 and CC76 genotypes
in C. chinense showed superior performance.
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1. Giris

Asili sebze yetistiriciliginde; dogru ana¢ ve kalem segimi, ekolojik kosullarin iyi olmasi,
kiiltiirel uygulamalarin istenilen diizeyde gergeklestirilmesi ve hasat olgunluk zamaninin dogru bir
sekilde belirlenmesi sonucunda bitkisel Oretimde yuksek basariya ulasilmaktadir (Balkaya, 2013;
Yildiz ve ark., 2013). Asilama ile ozellikle patlicangiller ve kabakgiller familyasina ait sebze
tirlerinde yuksek verim ve kaliteli meyve elde edilmektedir. Biberde asilama sonucunda anag¢ ve
kalem uyumu ile meyve verimi ve meyve Kalitesi arasinda yakin bir iligkinin oldugu yapilan
arastirmalarla ortaya konulmustur (Colla ve ark., 2008; Dofias-Uclés ve ark., 2014).

Biitiin diinyada oldugu gibi tlkemizde de biber yetistiriciligini etkileyen toprak kokenli
hastaliklar ve nematod gibi zararlilar mevcuttur. Bu sorunlarin ¢éztimiinde en énemli yaklagimlardan
bazilar1 dayanikli gesit veya asili fide kullanilmasidir. Ulkemizde ticari olarak asili fide iiretimi 1998
yilinda domates yetistiriciligi (70 000 adet) ile baslamistir (Balkaya, 2013). Turkiye’de 2017 yili sonu
itibari ile asili fide Uretimi yapan firma sayisi 34 ve iiretim miktari ise 146.299.441 adete yiikselmistir
(Tuzel ve ark., 2020). Bu iretimde karpuz ilk siray1 (%46.42) alirken, bunu sirasiyla domates
(%37.33), patlican (%8.55) ve hiyar (%7.12) izlemistir. Asili biber fidesi iiretimi ise 54.732 adet ile
oldukca diisiik bir paya (%0.04) sahiptir. Ulkemizde biber yetistiriciliginde asili fide kullamminin
yayginlasmamasinin sebepleri olarak; asilama i¢in uygun nitelikli anaglarin bulunmamasi, asilamada
basar1 oraninin diigiik olmasi, asili fide kullaniminin diger sebze tirlerinde oldugu gibi ekonomik
olmamasi ve as1 sonrasi bitki gelisiminde istenilen ilerlemenin elde edilmemesi gibi bircok faktor
siralanabilir (Aydin, 2006; Aydogan, 2017).

Asili fide sektorii igin gelistirilen anaglarin; kullanim amacina uygun olarak biyotik ve
abiyotik stres faktorlerine karsi dayanikli olmasi gerekmektedir. Bu amagla sebze anag islahinda
genellikle yabani tirler ve tiirler aras1 melezler kullanilmaktadir (Balkaya, 2014). Morra ve Bilotto
(2006), biberlerde toprak kokenli hastaliklara ve nematodlara kars: tiir igerisinde yapilan asilamalarin
da kullanildigimi bildirmislerdir Anag 1slah programlarinda, C. baccatum, C. chinense ve C. frutescens
arasinda yapilan tiirler arasi melezler asili biber fidesi Uretiminde kullanilmaya baglanmistir (Lee ve
ark., 2010). C. annuum x C. chinense melezleri, diisiik sicakliga ve virtslere dayanakli olmasi
nedeniyle hibrit biber gesit 1slah1 ve anag 1slah programlarinda degerlendirilmektedir. Yapilan bir
caligmada, C. chinense tirlne ait Pl 152225 nolu aksesyonda Tiitiin yaniklik viriisii (TEV=Tobacco
Etch Virus)’lne karst dayaniklilik geninin bulundugu ve bu genin pvrl geni olarak adlandirildig:
bildirilmistir (Kang ve ark., 2005). Ayrica bu tiire ait aksesyonlar, P. capsici, bakteriyel solgunluk ve
kok ur nematoduna dayanikli anaglarin gelistirilmesi amaciyla da kullanilmaktadir (Gisbert ve ark.,
2010; Abebe ve ark., 2016). Oka ve ark., (2004), C. baccatum, C. chinense, C. chacoense ve C.
frutescens turlerine ait genetik materyallerin kok ur nematoduna (Meloidogyne incognita irk 2 ve M.
javanica) dayaniklilik gosterdigini belirtmislerdir. Literatlrde, C. chinense ve C. baccatum L. var.
pendulum tlrdne ait genotiplerin tuzluluga kars1 da tolerantlik gosterdigi bildirilmistir (Penella ve ark.,
2015). Bircok tlkede 0zellikle son yirmi yilda asili biber fidesi liretiminde kullanilmak iizere biber
anag 1slah programlar ylriitiilmeye baglamistir (Morra ve Biletto, 2006; Gisbert ve ark., 2010; Penella
ve ark., 2015). Ulkemizde ise kabakgiller (karpuz ve hiyar) ve patlicangiller (domates, patlican)
familyasindaki sebze tiirlerinde anag 1slah programlart yiritilmeye baslanmis ve bu konuda énemli
diizeyde gelismeler saglanmistir (Karaagag, 2013; Karaagag ve Balkaya, 2013, Go¢men ve ark., 2014;
Saribas, 2019; Saribas ve ark., 2019; Aslan ve ark., 2019; Secim ve ark., 2019). Biber anag 1slah
programlar1 ise yok denecek kadar azdir. Bu alanda gelecege yonelik olarak tlkemizde biber anac
islah programlarinin baglatilmasi biiyllk Onem tasimaktadir. Bu kapsamda, Ondokuz Mayis
Universitesi Ziraat Fakiiltesinde 2017 yilinda asihi biber anag 1slah programi baslatilmis ve farkl
hastalik dayanimlarina sahip tirlere ait melezler elde edilmistir.

Biberde anag performansini etkileyen en 6nemli kriterlerden birisi kok yapisi ve stres kosullari
altinda topraktaki kok gelisim kabiliyetidir. Kok kisminin su ve besin alabilme yetenegi, toprak iistii
kisimlarin performansini olumlu veya olumsuz yonde etkilemektedir. Jung ve McCouch (2013), kok
sisteminin bitkide biiyiime hizi, besin alimi ve gevresel degisimlere adaptasyon, abiyotik stres
dayanikliligi ve yuksek verim igin 6nemli bir unsur oldugunu bildirmislerdir. Bitkinin gelisme
asamasinda, abiyotik ve biyotik stres faktorler nedeniyle kok gelisiminde 6énemli 6l¢lide azalislar
meydana gelmektedir (Biles ve ark., 1989). Asili sebzelerde ¢ok yillik bitkilerde oldugu gibi anacin
topraktaki bitki besin maddelerini almasi ve sudan yararlanabilme 6zelliklerine baglh olarak glibreleme
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ve sulama gibi kiiltiirel islemler degiskenlikler goéstermektedir. Sebzelerde asilama uygulamasi
sonucunda anaglarin giiglii kok kanopileri ile fosfor, azot, magnezyum ve kalsiyum gibi elementlerin
alimi ve tasmimi artmaktadir (Balkaya, 2013; Saribas ve ark., 2019). Kok gelisiminin
degerlendirebilmesi i¢in kok parametrelerinin belirlenmesi gereklidir. Genellikle, kok parametreleri
olarak kuru kok agirhigi, kok sayisi, kok yiizey alani, kok ¢aprt ve kok uzunlugu gibi Ozellikler
belirtilmektedir (Béhm, 1979; Kramer, 1988; Kaspar ve Bland, 1992). Pereira Dias ve ark. (2018),
biberde diisiik fosfor kosullarinda toplam kok uzunlugu ve kdk hacmini degistirerek farkli kok
adaptasyonlart gosterdigini  belirlemiglerdir. Anaglarin, diisiik hacimdeki fosfor igeren besin
soliisyonlarinda toplam kok uzunluklarinin daha yiiksek oldugu bildirilmistir.

Biber (C. annuum) orta derinlikte kok sistemine sahip bir bitkidir. Kazik kok 10-15 cm kadar
gelistikten sonra {izerinde yan koklerin olusumu meydana gelir. Yan koklerin hizli bir sekilde gelisim
gostermesi kazik kokii bastirmaktadir. Ayrica yan koklerin {izerinde ¢ok sayida, narin yapida kilcal
kokler olusmaktadir. Sagak kdklerin biiyiik kismi topragin ilk 10-30 cm derinliginde bulunurken, bazi
kokler hafif ve kumlu topraklarda 80-100 cm derinlige kadar inebilmektedir (Salk ve ark., 2008).
Yabani tiirlerde genel olarak kok yapilart daha giiglidiir. Bu nedenle poligenik varyasyona sahip kok
yapilarinin, anag 1slah programlarinda daha iyi incelenmesi ve buna gore seleksiyonlarinin yapilmasi
gerekmektedir (Schiefeibein ve Benfey, 1991; Koevoets ve ark., 2016, Saribas ve ark., 2019). Ancak,
toprak altinda olan kok yapisinin incelenmesi, toprak iistii organlarina gore olduk¢a zordur. Bu
nedenle, kokiin fenotipik &zelliklerine gore yapilan seleksiyon ¢aligmalarinin sayilar oldukca azdir
(Schwarz ve ark., 2010; Saribas ve ark., 2019). Son yillarda, gelisen dijital goriintiileme sistemlerinin
kullanilmas ile bitkilerin kok yapilar1 (izerinde detayli incelemeler yapilabilmektedir (Paez-Garcia ve
ark., 2015).

Bu ¢alisma ile dijital goruntileme sistemlerinden yararlanarak biber anag 1slahi tiirler arasi
melez programinda yer alan C. annuum, C. chinense ve C. baccatum turlerine ait biber genotiplerinin
fenotipik kok yapilarinin incelenmesi ve koklenme mimarilerini olusturan unsurlarin ayrintili olarak
karsilastirilmas1 amaglanmaistir.

2. Materyal ve Yontem

Calisma, 2019 yilhinda Ondokuz Mayis Universitesi Ziraat Fakiiltesi Arastirma Uygulama
sitesinde yer alan sicaklik kontrollii serada yuritiilmiistiir. Arastirmada; dort generasyon kendilenmis
S4 1slah kademesinde 9 adet C. baccatum hatt1 ve 8 adet C. chinense hatti ile hibrit biber ¢esit 1slah
programinda yer alan nitelikli 4 adet C. annuum hatti olmak Uzere toplam 21 genotip deneme
materyali olarak kullanilmistir (Cizelge 1).

Capsicum turlerine ait biber hatlarinin ait tohumlari, torf: perlit (2:1, v:v) karigiminin
konuldugu viyollere ekilmistir. C. baccatum ve C. chinense tohumlar1 30.09.2019 tarihinde, C.
annuum tohumlar1 ise 07.10.2019 tarihinde ekilmistir. C. baccatum ve C. chinense tirlerinde
genotipler yavas ¢imlendiklerinden bir hafta daha erken ekilmistir. Dort gergek yapraga ulasan
Capsicum spp. turlerine ait fideler; sera Gnitesi igerisinde steril torf: perlit (2:1, v:v) karigiminin
bulundugu 3 litrelik plastik saksilara, tesadiif parselleri deneme desenine uygun olarak dort tekerrrlii
ve her tekerriirde alt1 bitki olacak sekilde 14.11.2019 tarihinde ayn1 zamanda dikilmistir. Biber fideleri
sicaklik kontrollii sera yetistirme odasinda (25°C+1) 40 giin siireyle yetistirilmistir. Fidenin ihtiyag
duydugu makro ve mikro elementler fide yetistirme periyodu siiresince diizenli olarak verilmistir.

Biber fidelerinin kék mimarisinin incelenmesi ve koklenme potansiyelinin belirlenmesi
amactyla WinRhizo kok analiz programi (ver. 2013, Regent Instruments, QC, Canada) kullanilmistir
(Saribas ve ark., 2019). Calismada, saksilara fide dikiminden itibaren 10, 20, 30 ve 40. giin olmak
tizere yetistirme ortamindan kantitatif analizler i¢in alinan biber bitkilerinin kokleri dikkatli bir sekilde
yikanmig ve koklere zarar vermeden dikkatli bir sekilde kagit havlu ile kurutulmustur. Daha sonra
kokler, A3 boyutundaki asetat {izerine yerlestirilerek cihaz tarafindan detayli olarak algilanacak
sekilde koklerde ayirma islemi yapilmistir. Tarama (scan) islemine hazir hale getirilmis olan kokler,
cihazin tarayici (scanner) (Epson Expression 10 000XL, Epson America Inc., Long Beach, CA, USA)
kismina konularak {i¢ boyutlu olarak bilgisayar ortamina aktarilmistir.
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Cizelge 1. Biber anag 1slah programinda yer alan ve koK yapilari incelenen Capsicum tlrlerine ait

genetik kaynaklarin orijini ve temin edildigi yerler

Kod no/Uriin

Tar Genotip no . Orijini Temin edilen yer
segmenti

CB-2 P1 585242 02 SD Ekvator

CB-4 P1 238061 01 SD Bolivya

CB-11 P1 439528 01 SD Brezilya

Capsicum baccatum CB-20 P1 281309 01 SD Peru

CB-27 P1 260545 01 SD Brezilya

CB-46 P1 439411 01 SD Uruguay

CB-55 P1 266042 01 SD Meksika

CB-73 P1 590506 01 SD Bolivya USDA tohum gen

CC-33 P1 439467 01 SD Hindistan bankasi/ABD

CC-37 Pl 485593 01 SD Peru

CC-38 P1209028 01 SD Bolivya

CC-47 P1 238053 01 SD Meksika

Capsicum chinense CC-55 P1 653676 02 SD Peru

CC-59 P1 639655 02 SD Belize

CC-61 P1 593925 02 SD Bolivya

CC-72 P1 441635 01 SD Brezilya

CC-76 Pl 260465 02 SD Avrjantin
SB Sivri biber Tarkiye

Capsicum annuum CB Carliston biber Tarkiye Prof. Dr. Ahmet Balkaya

KB Kapya biber Turkiye biber 1slah1 gen havuzu
WB Kaliforniya Wonder Amerika

Biber tirlerinin fenotipik kok yapisi ve koklenme diizeylerini ayrintili olarak ortaya koyan

asagidaki parametreler WinRhizo programu ile incelenmistir:

a.

b.

Toplam kok uzunlugu (cm): Kilcal formda bulunan sacak kdkler dahil olmak iizere tim c¢ap
siiflarindaki koklerin toplam uzunluklart belirlenmistir.
Kok yiizey alam1 (¢cm?): Taramasi ii¢ boyutlu olarak yapilan tiim koklerin dis geperlerinin yiizey
alani KOk ylzey alani olarak hesaplanmustir.
Toplam kék hacmi (cmd): Kantitatif olarak analiz edilen koklerde, WinRhizo programu ile net kok
hacmi degerleri tespit edilmistir.
Ortalama kok ¢apt (mm): Tiim kok uzantilari bireysel olarak incelenerek ortalama kok gaplart
hesaplanmistir.
Kok uzunluklariin oransal ¢ap siif degerleri (%): Tiim kokler caplarina gore sagak (I mm>),
orta (1 mm< C <2 mm) ve kalin (2 mm <) kok olarak siniflandirilmis ve buna gore her siniftaki
toplam kok uzunlugu degerleri yiizde olarak belirlenmistir.
Kok yiizey alani artis hizi (cm?/giin): Kantitatif olarak 40. ginde olglilen kok yiizey alam —
kantitatif olarak 10. giinde dl¢tlen kok yiizey alani / 30 formiiliine gére hesaplanmustir.
Kok hacmi artis huzi (cm®/giin):  Kantitatif olarak 40. giinde alinan kok hacmi — kantitatif olarak
10. giinde alinan kok hacmi / 30 formiiliine gore saptanmistir.
Kok kuru agirliklar: (g): Taramasi tamamlanan bitki kokleri, 80 © C’de 72 saat sureyle etiivde
kurutulmugtur. Daha sonra hassas terazide (0.001 g) tartilarak kok kuru agirliklart (g)
belirlenmistir.

Aragtirma sonucunda elde edilen verilere, oncelikle varyans analizi (ANOVA) yapilmistir.

Daha sonra % olarak elde edilen degerlere, varyans analizi yapilmadan 6nce Arcsin transformasyonu
uygulanmstir. Istatistiksel olarak énemli bulunan parametrelerde, Tukey testine gore gruplandirmalar
yapitlmistir. Ayrica fenotipik kok mimarisini olusturan kOok parametrelerinin  zamana bagh
degisimlerinin modellenmesi amaciyla regresyon analizi yapilmistir. Buna ilave olarak korelasyon
analizi yapilarak kok mimari 6zellikleri arasindaki istatistiksel iliski durumlart da ayrintili olarak
incelenmistir.
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3. Bulgular

Calismada, t¢ farkli Capsicum tlriinde toplam 21 genotipte incelenen kok mimarisi
parametreleri (kok uzunlugu, kok hacmi, ortalama kok capi, kok yiizey alan1 ve kok kuru madde
agirhigi) yoniinden biber genotipleri arasinda istatistiksel olarak 6nemli diizeyde farkliliklarin oldugu
tespit edilmistir. Capsicum tirlerine ait biber genotiplerinde toplam kék uzunlugu degerlerinin 519.9
cm - 1109.5 cm arasinda dagilis gosterdigi saptanmistir. C. annuum tirinde KB (882.0 cm), C.
baccatum turtinde CB27 (1081.8 cm) ve C. chinense tirtinde CC37 (1109.5 cm) genotipleri, toplam
kok uzunlugu degerleri yoniinden kendi tiirleri igerisinde en yiiksek performansi sergilemislerdir
(Cizelge 2.). En yiiksek degerler sirasiyla; CC37 (1109.5 cm), CB27 (1081.8 cm), CC59 (1032.5 cm)
ve CCH5 (1013.8 cm), CB73 (961.6 cm), CC47 (939.3 cm), CC61 (913.5 cm), CC76 (902.2 cm),
CB55 (893.0 cm), KB (882.0 cm) ve CB (875.1 cm) genotiplerinde belirlenmistir. Tiir bazinda
ortalama kok uzunlugu degerleri karsilastirildiginda C. annuum’ da 810 cm, C. baccatum’ da 778 cm
ve C. chinense’ de 922 c¢cm oldugu tespit edilmistir (Sekil 1.). Tiir bazinda toplam kok uzunlugu
degerleri yoniinden en iyi performanst C. chinense genotiplerinin gosterdigi saptanmistir. Bu tiirde
incelenen toplam dokuz genotipin alt1 tanesinin kok uzunluklar1 yoniinden diger genotiplere gore Ustlin
olduklar1 belirlenmistir. C. annuum tirlinde incelenen dort genotipin iki tanesi (CB ve KB) kok
uzunlugu degerleri yoniinden 6ne ¢ikmustir. C. baccatum tlrinde ise ortalama kok uzunlugu degerleri
yoniinden diger tiirlerin gerisinde kalmistir. Ancak bu tiirde standart sapma degeri oldukga yiksek
bulunmustur (Sekil 1.). Bu durum, C. baccatum tiirii icerisindeki genotiplerin kok uzunlugu degerleri
yonlnden birbirinden belirgin olarak farkli yapida olduklarini gostermektedir. Buna karsin, C.
baccatum tiirii igerisinde 6zellikle CB27, CB73 ve CBS55 genotipleri kok uzunluklari bakimindan 6ne
¢ikmustir.

Cizelge 2. Capsicum tirlerine ait biber genotiplerinde dikimden 40 giin sonra belirlenen bazi kok
parametrelerine ait degerler

y . K6k uzunlugu Kok hacmi Ortalama kék Kok yiizey alani Kok kuru
Tur/Genotip 3 5 AN
(cm) (cm?) cap1 (mm) (cm?) agirhgi (g)
C. annuum
CB 875.1+104.8 *" 33.2+7.7 9 2.19+0.25 " 601.1+92.3 N 0.35+0.13 f
KB 882.0+93.2 * 38.0+9.5 2.34+0.33 ™ 644.7+78.6 9 0.59+0.06 °¢
SB 706.2+190.7 %9 40.6+14.2 % 2.78+0.91 <" 581.3+36.4 0.54+0.11 °f
WB 776.9+79.5 38.0+14.3 ¢ 2.48+0.53°"  600.5+100.1 " 0.52+0.09 °f
C. baccatum
CB2 626.3+112.1 57.9+13.4 3.45+0.54*  669.9+103.7 0.57+0.09 ¢
CB4 707.3+93.3 % 73.9+18.3° 3.67+0.71 % 800.9+42.0 * 0.70+0.15 ™
CB11 741.5+81.6 62.4+17.4 % 3.25+0.31"  760.0+141.8 0.54+0.31 °f
CB20 694.1+182.7 ® 61.8+6.0 & 3.42+0.40°  731.0+119.7 " 0.48+0.17 9
CB27 1081.8+121.3%  39.0+13.2 ® 2.14+0.49 716.7+76.2 ° 1.10+0.25%
CB46 519.9+28.2 9 68.1+9.0 ® 4.08+0.37 2 665.2+29.0 fi 0.43+0.03 9
CB55 893.0+66.1% 45.249.2 % 2.53+0.31 ¢ 708.5+65.6 0.63+0.05
CB73 961.6+£172.0 61.7+55% 2.89+0.35 P 859.8+77.1 % 0.59+0.19 ¢¢
N AhinAanen
CC33 715.9+71.8 % 54.9+6.1 b 3.14+0.33 b¢ 700.2+11.3 4 0.40+0.07
Ccc3v 1109.5+51.0 41.4+7.8 %9 2.18+0.26 " 755.8+54.9 b 0.88+0.14
CC38 832.3+111.3 of 59.1+6.5 ™ 3.02+0.36 “f 782.6+23.9 0.64+0.06
ccar 939.3+194.1 57.1+9.6 * 2.80+0.29 "  818.2+127.9 0.51+0.16 °f
CC55 1013.8+79.2 ® 42.7+6.8 % 2.32+0.27 ™ 734.4+41.1 b9 0.53+0.18 °f
CCh9 1032.5+234.8%  39.1+10.6 2.23+0.56 9" 696.8+39.7 4 0.70+0.09
ccel 913.5+225.7 * 63.5+3.8 % 3.02+0.37"  849.8+112.4%® 0.62+0.08
CC72 840.4+192.0 bf 70.4+17.7 % 3.31+0.69 ™ 848.3£71.8 % 0.38+0.06
CC76 902.2+225.9 * 714472 3.23+0.52 ¢ 890.7+60.5 2 0.57+0.21 ¢
P 0.0004 0.001 0.0007 0.0002 0.001
CV (%) 16.9 20.6 15.8 10.9 22.0

*Ayni stitunda farkli harfleri tagiyan ortalamalar arasindaki farklar 6nemlidir.
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Kok hacmi degerleri; C. annuum tiriinde 33.2 cm® (CB) ile 40.6 cm® (SB) arasinda, C.
baccatum tirtinde 39.03 cm?® (CB27) ile 73.9 cm?® (CB4) arasinda ve C. chinense tlriinde ise 39.1 cm?®
(CC59) ile 71.4 cm?® (CC76) arasinda dagilis gostermistir (Cizelge 2.). C. annuum tirt, ortalama 37.0
cm?® degeri ile diger tiirlere gore ortalama % 35 oraninda daha diisiik kok hacim kapasitesine sahip
olmustur (Sekil 1.). C. baccatum ve C. chinense tiirleri ise benzer k6k hacmi 6zelligi gostermislerdir.
C. baccatum turine ait CB4 ve CB46 genotipleri ile C. chinense turine ait CC76 ve CC72
genotiplerinin en yiiksek kok hacmine sahip olduklar tespit edilmistir.

Arastirmada en diisiik ortalama kok c¢apir degerlerinin C. annuum tiiriine ait genotiplerin
timuande, C. baccatum tiriine ait CB27, CB55, CB73 genotipleri ve C. chinense turine ait, CC37,
CC47, CC55 ve CC59 oldugu bulunmustur. Arastirmada en yiiksek ortalama kok ¢apr degerlerinin C.
baccatum tiriine ait CB46 (4.08 mm), CB4 (3.67 mm), CB2 (3.45 mm), CB20 (3.42 mm) ve C.
chinense tirine ait CC72 (3.31 mm) biber genotiplerinde tespit edilmistir (Cizelge 2.). Tiir bazinda
karsilagtirma yapildiginda; C. annuum tiirtinde ortalama kok ¢api 2.45 mm, C. baccatum tirtinde 3.18
mm ve C. chinense tirinde ise 2.80 mm olarak belirlenmistir (Sekil 1.). Capsicum tirlerinde biber
genotiplerinde ortalama kok yiizey alan1 degerleri, 581.3 cm?- 890.7 cm? arasinda dagilis gdstermistir.
En fazla kok yiizey alam C. chinense tiirlinde sirastyla CC76 (890.7 cm?), CC61 (849.8 cm?), CC72
(848.3 cm?) genotipleri ile C. baccatum tirtinde CB73 (859.8 cm?) genotipinde dlgiilmiistiir. En diisiik
degerler ise C. annuum tlrtinde SB (581.3 cm?), WB (600.5 cm?), CB (601.1 cm?) ve KB (644.7 cm?)
genotiplerinde tespit edilmistir (Cizelge 2.). TUr bazinda genotiplerin kok ylizey alan1 performanslari
kargilagtirldiginda; C. chinense (786 cm?), C. baccatum (739 cm?), ve C. annuum (607 cm?) seklinde
stralanmustir (Sekil 1.).
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Sekil 1. Capsicum turlerinin ortalama fenotipik kok mimarileri yoniinden karsilastirilmas.
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Sekil 2. Capsicum tlrlerine ait biber genotiplerinde kok ylizey alanmi ve hacmindeki artis hizlari (m:
C. annuum; m: C. baccatum; m: C. chinense).

Calismada kok kuru agirlik degerleri yoniinden, CB27 (1.10 g) ve CC37 (0.88 g) genotipleri
iist grupta yer almiglardir. C. annuum tlriinde CB, SB ve WB, C. baccatum’ da CB46, CB20 ve CB11
ve C. chinense turinde ise CC72, CC33, CC47 ve CC55 genotiplerinin son grubu olusturduklar
belirlenmistir (Cizelge 2.). Incelenen iic tiirde de tiir icerisindeki biber genotipleri arasinda kok kuru
agirhgr yoniinden farkliliklarin oldugu tespit edilmistir. Bununla birlikte, C. baccatum tlrl ortalama
0.63 g kok kuru agirhigr ile en yiiksek performansi gosteren tiir olarak belirlenmistir (Sekil 1.).

Arastirmada farkli donemlerde yapilan kantitatif analizler yardim ile biber tiirlerinin kok
hacmi ve kok ylizey alanindaki artis miktarlar1 oransal olarak hesaplanmistir. Buna gore; kok hacmi
degerlerinin 30 giinliik artis hiz1 en yiiksek olan genotiplerin; sirastyla CB4 (2.43 cm?®/giin), CC76
(2.30 cm®¥giin), CC72 (2.24 cm3/giin) ve CB46 (2.21 cm®giin) oldugu saptanmustir. C. annuum tiiriine
ait genotiplerde bu artis hiz1 1.08-1.33 cm®/giin arasinda dagilis gostermistir. Genel olarak C. annuum
tirtinde (1.23 cm®giin); C. baccatum’dan (1.90 cm®/giin) % 35 ve C. chinense’den (1.64 cm3/giin) ise
% 25 oraninda daha yavas hacim artis1 hizinin oldugu saptanmigtir. Hem kok hacmi degerleri ve hem
de kok hacmi artis hiz1 degerleri yoniinden benzer sekilde C. baccatum genotiplerinin 6n siralarda yer
aldig1 belirlenmistir (Sekil 2.).

En yiiksek kok yiizey alam artis hizi degerleri; CC76 (25.47 cm?/glin), CB73 (25.45 cm?/gin),
CB11 (24.32 cm?/giin) ve CC72 (23.13 cm?/giin) genotiplerinde belirlenmistir. C. annuum tiiriine ait
genotiplerde ise bu artis hiz1, 18.65-20.40 cm?/giin arasinda degisim gostermistir (Sekil 2.). Dikimden
40 giin sonraki kok yiizey alan1 degerleri yoniinden C. chinense genotiplerinin ve kok yiizey alani artig
hiz1 degerleri yoniinden ise C. baccatum genotiplerine gore daha fazla 6n plana ¢iktig1 belirlenmistir.

Calismada yer alan Capsicum tiirlerine ait biber genotiplerine ait k6k uzunluklarinin ortalama
cap skalasina gore oransal dagilimlari incelendiginde, istatistiksel olarak ¢ok onemli diizeyde farklilik
oldugu (P<0.01) belirlenmistir. Capt 1 mm’den az olan kdk orani degerlerinin, %56.4-%69.0 arasinda
degistigi tespit edilmistir. En yiiksek sagak kok oranlari CC37 (% 69.0), CC59 (%68.6), CB27
(%68.4), CC38 (%68.0), CC55 (%67.3), CC47 (%66.8), WB (%66.5), CB (%66.4) CC33 (%66.0), SB
(%65.4) ve KB (%65.3) genotiplerinde tespit edilmistir (Cizelge 3.). C. chinense genotipleri, C.
annuum genotiplerine gore sagak kok orani yoniinden daha iyi performans gostermislerdir. Arastirma
sonucunda 1-2 mm araligindaki kdk ¢api oranlari, %16.0 - 21.3 ve ¢ap1 2 mm’den biiyiik kok oranlari
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%14.2 - 22.4 arasinda degisim gostermistir. Capt 1 mm’den fazla olan kok orani degerlerinin diisiik
oldugu CC37, CC59, CB27 ve CC38 genotipleri, diger biber genotiplerine gére 6n plana ¢ikmustir.
Kok uzunluklarinin ortalama cap skalasina gore oransal dagilimlart genel olarak incelendiginde en
yiiksek performansi C. chinense ve en diigiik performansi ise C. baccatum genotipleri gostermistir.

Kok mimarisi parametreleri bagimli degisken ve dikim sonrasi giin sayilar1 ise bagimsiz
degisken olarak kullanilarak regresyon analizi yapilmistir. Kok uzunlugu hari¢ diger tiim parametreler
ile giin sayist arasinda, istatistiksel olarak onemli lineer iligkinin oldugu bulunmustur (Sekil 3.).
Aragtirma sonucunda farkli tiirlerde yer alan biber genotiplerinin koklenme kapasitelerinin zamana
bagl olarak asagidaki formiillerle tahmin edilebilecegi tespit edilmistir. Kok hacmi, %90 regresyon
katsayist ile en iyi tahmin edilebilir kok parametresi olarak belirlenmistir. Ortalama kok ¢ap1 ve kok
yiizey alam kriterleri ise sirasiyla %89 ve %84 oraninda R? katsayisina sahip olmustur. Kok kuru
agirh@ kriterinin istatistiksel olarak 6nemli olmasmna ragmen, R? katsayisinin diger parametrelere
kiyasla daha disiik (% 65) oldugu bulunmustur (Sekil 3.).

Cizelge 3. Biber genotiplerine ait kok uzunluklarinin ortalama ¢ap skalasina gore oransal dagilimi (%)

Tur/Genotip C<lmm I mm< C <2 mm C>2mm
C. annuum

cB 66.4+3.5 % 17.242.2 be 16.4+2.5 bd

KB 65.3+2.5 o 17.3+0.3 be 17.4+2.2 bd

SB 65.4+2.9 o 18.1+2.6 be 16.5+0.4 bd
WB 66.5+2.3 2 17.0+1.9¢ 16.6+1.0 bd

C. baccatum

CB2 63.8+3.4 9 19.0+1.8 @ 17.2+2.8 bd
CB4 60.4+1.9 9" 19.8+1.0@ 19.8+2.4 @
CB11 61.8+3.8 18.6+1.0 19.6+2.8 @
CB20 56.4+1.5"h 21.3+1.1¢8 22.4+0.32
CB27 68.4+1.32 16.6+1.9 ¢ 15.1+0.6
CB46 62.7+3.8 ® 19.0+2.1 18.3+4.3 bc
CB55 64.8+2.0 af 17.3+1.1 be 17.9+1.3 bd
CB73 62.1+2.0 T 19.7+1.5% 18.2+1.1 be

C. chinense
cec3s 66.0+1.6 & 19.0+3.6 & 15.0+3.7 «
cCc37 69.0+1.02 16.0+0.7 & 15.1+1.7 «d
ccas 68.0+2.5 % 16.8+1.5 g% 15.2+1.9 «
CC47 66.8+4.0 17.6+0.3 be 15.6+3.8 «
CC55 67.3x2.3 17.3+1.0 be 15.4+1.7 «
CC59 68.6+3.6 2 17.1+1.4 be 14.242.3 4
CC61 64.3+1.0 b9 17.3+2.1 be 18.4+1.5be
cc72 62.9+1.4 %9 18.5+0.3% 18.6+1.3 %
CcCc76 63.3+1.8 99 17.940.9 be 18.8+2.7 %
P 0.001 0.045 0.012
CV (%) 4.0 9.3 13.3

*Aym situnda farkli harfleri tagiyan ortalamalar arasindaki farklar 6nemlidir.
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Sekil 3. Capsicum tirlerine ait biber genotiplerinin kok parametrelerinin regresyon modellenmesi ile
zamana bagli ortaya cikan lineer artiglar

Calismada incelenen anaglarin kok ozellikleri arasinda korelasyon analizi yapilmistir. Toplam
kok uzunlugu ile ortalama kok ¢api arasinda negatif iliski (r: -0.79) oldugu tespit edilmistir. (Cizelge
4.). Kok hacmi ile; ortalama kok ¢api (r: 0.87), kok yilizey alani (r: 0.69), yiizey alani artis hizi (r: 0.53)
ve hacim artis hiz1 (r: 0.98) arasinda pozitif iliski saptanmistir. Bununla birlikte sagak kok orani ile (<
1 mm); kék hacmi (r: -0.45), ortalama kok cap1 (r: -0.52), yiizey alani artis hiz1 (r: -0.42) ve hacim
artis hiz1 (r: -0.51) arasinda ise negatif bir iliskinin oldugu belirlenmistir.

4. Tartisma ve Sonug¢

Giinimiizde biberde anag¢ 1slahi galismalari 6zellikle; kok bogazi ciiriikliigli (Phytophthora
capsici) (Gisbert ve ark., 2010; Jang ve ark., 2012; Arpaci ve ark., 2016), bakteriyel solgunluk
hastalig1 (Ralstonia solanacearum) (Palada ve Wu, 2009) ve kok ur nematodlar1 (Oka ve ark., 2004;
Kokalis-Burelle ve ark., 2009) gibi biyotik stres etmenlerine tolerantlik ya da dayaniklilik tizerine
yogunlasmistir. Biberde ¢ok sayida anag c¢esit gelistirilmesine ragmen, asili biber fidesi kullanimi
heniiz istenen diizeyde degildir. Bu durumun en 6nemli sebebi, farkli arastiricilar tarafindan biberde
ana¢ kullaniminin verimi istenilen seviyelerde arttiramamig olmasi olarak agiklanmistir (Gisbert ve
ark., 2010; Saporta ve Gisbert, 2013; Leal-Fernadndez ve ark., 2013; Penella ve ark., 2014; Aidoo ve
ark., 2018; Soltan ve ark., 2017; Sae-Tang ve Nawata, 2019). Bununla birlikte son yillarda, diinyada
asili sebze tliretiminde verimi pozitif yonde artiran biber anaglari gelistirilmeye baslanmistir (Bie ve
ark., 2017). Gelecekte nitelikli biber anaglarmin sayisinin artmasmin asili biber fidesi kullanimini
olumlu yénde etkilemesi beklenmektedir.
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Cizelge 4. Capsicum turlerine ait biber genotiplerinde koklenme parametreleri arasindaki iliski

C<l 1<C<2  C>2 KH OKC KYA  KKA  YAAH HAH
KU? 0.45**  -0.38 036  -0.32 -0.79%* 035  0.45** 0.02  -0.47**
Cc<1 0.71%%  -0.88%* -0.45%* -052**  -0.14 033  -042%  -0.51%*
1<C <2 0.28 035  0.45%* 0.07 -0.35 0.25 0.39
C>2 0.38 0.40 0.15 -0.21 0.40% 0.43*
KH 0.87**  0.69** 0.07  0.53** 0.98**
OKC 0.26 -0.26 0.33 0.88%*
KYA 022  0.55** 0.62%*
KKA 0.02 -0.11
YAAH 0.66%*

**: P<0.01, *: P<0.05; *KU: K&k uzunlugu (cm), KH: Kok hacmi (cm®), OKC: Ortalama kok gap1 (mm), KYA: Kok yiizey
alan1 (cm?), KKA: Kok kuru agirligi (g), YAAH: Yiizey alam artig hizi (cm?/giin), HAH: Hacim artig hiz1 (cm®/giin)

Biber anag 1slahinda giiglii kok sisteminin olusturulmasina yonelik 1slah ¢alismalari oldukca az
sayidadir. Halbuki fotosentez ve kok aktivitesi arasindaki fonksiyonel dengeden dolay1 kok ve siirgiin
biyomasi arasinda lineer bir iligki bulunmaktadir (Atkinson, 2000). Anaglarin gii¢lii kék sistemi, daha
fazla sitokinin iiretimini, stirgiinlere daha kolay su ve iyon alimmim saglamaktadir. Boylelikle kok
gelisimi gii¢lii olan anaglarin, bitkinin biiylime ve verimine pozitif katki yaptigina yonelik ¢alismalar
bulunmaktadir (Colla ve ark., 2010; Koevoets ve ark., 2016). Karpuz (Bertucci ve ark., 2018), kavun
(Guan ve Zhao, 2015), hiyar (Karaagag, 2020), domates (Oztekin, 2009; Suchoff ve ark., 2018) ve
patlicanda (Saribas ve ark., 2019) yapilan ¢alismalarda, anaglarin asisiz bitkilere gore daha iyi kok
mimarisine sahip olduklar1 ortaya konulmustur. Bu ¢alismada; giiclii bir kok sistemine sahip biber
anaclarmin gelistirilmesine yonelik olarak tiirler aras1i melez programinda ebeveyn olarak kullanilan
genotiplerin mimari kok Ozellikleri ayrintili olarak incelenmistir. Genel olarak C. baccatum ve C.
chinense tarlerinin kok mimarisi (root arthitecture) dzelliklerinin, C. annuum turtine gore daha Ustiin
oldugu bulunmustur. Kok uzunlugu ve kok yiizey alani yoniinden C. chinense, kok hacmi ve kok kuru
agirligi degerleri yonlnden ise C. baccatum turtinin On plana ciktigi belirlenmistir. Ayrica C.
baccatum genotiplerinin kék yiizey alam1 ve k6k hacmindeki artis hizlarimin da daha yiksek oldugu
bulunmustur. Mohd Nor ve ark., (2014), C. annuum gesidi ile C. chinense anaglarinin kok mimari
ozelliklerini incelemisler ve birgok C. chinense genotipinin daha iyi kok 6zelliklerine sahip olduklarimni
belirlemislerdir. Benzer sekilde Fita ve ark., (2013) dort farkli Capsicum cinsine ait turdeki
genotiplerin kok mimarisini incelemislerdir. Bol37r genotipi (C. baccatum) kok ozellikleri yoniinden
on plana ¢ikmigtir. Buna karsilik Pelaez-Anderica ve ark., (2011) ise C. frutescens, C. baccatum ve C.
pubescens tirlerine ait kok dzelliklerinin C. annuum turiine gore daha yetersiz diizeyde olduklarini
bildirmistir. Bu calismalar birlikte degerlendirildiginde, her ne kadar C. chinense ve C. baccatum
tirlerinin kdklenme kapasitesinin C. annuum tlrline gore daha Ustiin oldugu bulunsa da genotiplere
gore bu performanslarin degisebildigi ortaya ¢ikmistir. Yaptigimiz ¢alismada da kok mimari 6zellikler
yonunden Capsicum tlrleri igerisinde standart sapmanin yiiksek oldugu ve koklenme kapasitesi
yonunden genotipler arasinda tekrar bir seleksiyon yapilmasinin 6nemli oldugu saptanmustir.

Capsicum tirleri fenotipik kok mimarisi 6zellikleri birlikte degerlendirildiginde; C. baccatum
tird icerisinde CB73 ve CB4 hatlar1 ve C. chinense turid igerisindeki CC47, CC61 ve CC76 kodlu
hatlarin daha Ustin koéklenme performans: gosterdikleri bulunmustur. Yapilan bircok c¢alismada,
aragtirma sonuglarimiza benzer sekilde C. baccatum anaglar (Palada ve Wu, 2009;) ve C. chinense
anaclar1 (Penella ve ark., 2013; Penella ve ark., 2014) 6n plana ¢ikmistir. Yaptigimiz caligmada 6ne
cikan genotiplerin 6nimdiizdeki dénemde as1 uyusumu ve biber verimi Uzerine olan etkilerinin
incelenmesi planlanmaktadir. Bununla birlikte, giinimiizde ticari biber anaci gesitlerinin tamamina
yakinmin C. annuum X C. annuum olmasindan dolayr bu tiiriin de ana¢ potansiyeli géz ardi
edilmemelidir. Calismamizda kok ozellikleri yoniinden incelenen C. annuum genotipleri ozellikle
sacak kok orami yoniinden 6n plana cikmustir.  Ozellikle KB genotipinin, diger C. annuum
genotiplerinden daha Ustun kok yapisina sahip oldugu bulunmustur. Yapilan caligmalarda da C.
annuum anaglarinin asisiz biber genotiplerine gore daha iyi kok yapisina sahip olduklar belirlenmistir
(Duan ve ark., 2017; Lopez-Marin ve ark., 2017; Pereira-Dias ve ark., 2018). Ancak C. annuum
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anaglarindaki s6z konusu koklenme performanst, birgok asili biber ¢esidinde yeterli diizeylerde verim
artisin1 heniiz saglayamamaktadir (Hennart, 2017). Bu nedenle, son yillarda tiirler arasi biber
anaglarmin gelistirilmesine yonelik anag islah ¢aligmalarina daha fazla hiz verilmistir. Naresh ve ark.,
(2017), C. annuum x C. chinense melezlerinin a¢ilim generasyonlarinda kok ozelliklerinin kalitimini
incelemislerdir. Kok ozelliklerinin hem eklemeli hem de eklemeli olmayan gen etkisine sahip
kompleks bir kalitima sahip oldugunu belirlemislerdir. Buna ragmen, bir¢ok kok dzelliginde yiiksek
kaliim derecesinin tespit edilmesi nedeniyle seleksiyonla kok o&zelliklerinin iyilestirebilecegini
bildirmislerdir. Son yillarda, C. annuum x C. chinense (Timéar ve ark., 2016) ve C. baccatum x C.
annuum (Hennart, 2017) tiirler arasi melez biber anaglari gelistirilmeye baslanmustir. Yaptigimiz
caligmada kok mimarisi yoniinden 6n plana ¢ikan genotipler (CB73, CB4, CC47, CC61, CC76 ve KB)
arasinda tiirler arasi melezleme kombinasyonlarinin (C. annuum X C. chinense ve C. baccatum x C.
annuum) olusturulmasi hedeflenmektedir.

Son yillarda, ¢evre sartlarinin etkisi ile bitki biiylimesinde meydana gelen degisiklikler, bitki
bliylime model ¢aligmalar ile ortaya konulmus ve bu modellerle bitki biiyiimesi ile verim arasindaki
iliskiler incelenmistir (Kandemir ve Uzun, 2019; Ozkaplan ve Balkaya, 2019). Bu ¢alismada ise farkl
Capsicum tarlerine ait biber genotiplerinin koklenme kapasitesinin zamana bagl olarak degisimleri
tespit edilmistir. Zamana baglh olarak en kuvvetli lineer artis gosteren mimari kdk 6zelliginin, kok
hacmi oldugu belirlenmistir (R% 0.895, P<0.01). Kok kuru agirhigimm zamana bagh lineer artisin ise
daha az guvenilir koklenme unsuru oldugu saptanmstir. Elde edilen regresyon modellerinin biber anag
1slah1 programlarinda zamana bagli olarak kdklenme kapasitelerinin tahmin edilmesinde kullanim
alan1 bulacag diistiniilmektedir. Korelasyon analizinde de biber genotiplerinde kok hacmi 6zelligi ile
ortalama kok ¢api, kok ylizey alami, yilizey alam artis hizi ve hacim artis hizi arasinda pozitif bir
iligkinin oldugu saptanmigtir. Ancak kok hacmi ile sagak kok orani arasinda negatif bir iligki oldugu
tespit edilmistir. Dolayisiyla biber anag 1slahina yonelik kdk inceleme ¢aligmalarinda kok hacmine ek
olarak sacak kok orani kriterinin de g6z ardi edilmemesi gerektigi diisiiniilmektedir. Bu arastirma
sonucunda; elde etmis oldugumuz kazanimla birlikte biber anag¢ 1slah programinda Sagak kok orami
yuksek olarak bulunan C. annuum tiirii ile kok hacmi fazla oldugu tespit edilen C. baccatum ve C.
chinense tlrline ait genotiplerde tirler arasi melezleme g¢alismalarinin yapilmasi ve geriye melez
acilim generasyonlarinda sagak kok orani fazla ve ylksek kok hacmine sahip genotiplerin seleksiyonu
planlanmaktadir.
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Abstract: This study was to develop a mathematical modeling to prediction for the
effects of different mediums on degree and percentage of rooting of highbush
blueberry (Vaccinium corymbosum L.) softwood cuttings. The well fitted
estimating equations for the rooting percentage and rooting degree tested were
formulized as RP = (95.49533) + (-17.7671 x M)+(1.655312 x M?) + (-24.0961 x
CV) and RD =7.013245 + (-1.29063xM) + (0.119114xM?) + (-1.51642xCV) where
RD is rooting degree, RP is rooting percentage, M is mediums, CV is northern
highbush blueberry cultivars (Jersey [1] and Berkeley [2]) and M is mediums of the
produced equation. Mediums are peat moss (PM) [1], perlite (P) [2], podzolic-
brownish soil (BS) [3], podzolic-reddish soil (PR) [4], PM+P [5], PM+BP+PR [6],
P+BP+PR [7] and PM+P+BP+PR [8]. All the medium mixed in equal v/v. Here the
numerical count put in the angular brackets show the numerical values used for
rooting medium and cultivars. Regression analysis over multiply was carried out
for the least sum of square (R2) obtained. R? value 0.92 for percentage of rooting
and 0.93 for degree of rooting. Standard errors significances found at the p\0.001
level.
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Oz: Bu galisma yiksek boylu maviyemislerin (Vaccinium corymbosum L.)
yumusak odun c¢eliklerinde koklenme oranmi ile koklenme derecesi iizerine
koklendirme ortamlarmin etkilerini tahmin etmek icin matematiksel model
gelistirmek amaciyla yapilmistir. Test edilen kdklenme orani ve koklenme
derecesini en iyi tahmin eden modeller, RP = (95.49533) + (-17.7671 X
M)+(1.655312 x M?) + (-24.0961 x CV) ve RD = 7.013245 + (-1.29063xM) +
(0.119114xM?3) + (-1.51642xCV) olarak tespit edilmistir. Buradaki esitliklerde
gecen RD koklenme orani, RP kdklenme derecesi, M ortam iken CV maviyemis
cesitlerini (Jersey [1] ve Berkeley [2]) ifade etmektedir. Koklendirmede
kullanilan ortamlar ise torf (PM) [1], perlit (P) [2], podzolic-kahverengi orman
topragi (BS) [3], podzolic-kirmizims1 orman topragi (PR) [4], torf+perlit (PM+P)
[5], PM+BP+PR [6], P+BP+PR [7] ve PM+P+BP+PR [8] karigimlarindan
olugsmaktadir. Karisimlar agirlik/hacim (v/v) olarak esit sekilde yapilmustir.
Koseli parantez icinde verilen rakamlar ise esitliklerde kullanilan cesit ve
ortamlarin niimerik degerlerini ifade etmektedir. En kiiciik R2 degeri elde
edilinceye kadar ¢oklu regresyon analizleri yapilarak modeller gelistirilmistir.
Koklenme orami icin R2 0.92, koklenme derecesi icin ise R2 0.93 olarak
saptanmustir. Standart hatalar da p\0.001 diizeyinde anlamli bulunmustur.
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1. Introduction

Blueberries are perennial, long-lived, deciduous, woody shrubs and they been in heath family
and in Vaccinium genus. This genus shows high diversity and include up to 450 species. Species like
blueberry could be found in temperate and boreal regions as well as in tropics at high elevation.
Blueberries are shrub like plants. The genus of Ericaceae includes many important ornamentals like
azalea and rhododendron (Celik, 2012a). Cultivated blueberries divide in three groups and called
highbush, rabbiteye and lowbush. Each group include many cultivars for cultivation. Highbush is the
most dominant group in the world. And there are more than a hundred varieties of highbush in
cultivation. In addition, some varieties are based on intermediate forms of these groups including the
“half high' group (highbush x lowbush). Rabbiteye-highbush intermediates generally have not made
good cultivars but have been used extensively in the improvement of highbush blueberries. However,
some varieties are intermediate forms of these groups and called half high gained with highbush x
lowbush hydrides (Trehane, 2004; Celik, 2009; Celik, 2012; Celik and Agaoglu, 2013). Highbush
blueberries like cranberry and lingonberry thrive in acid soils and do best in soils with a pH between 4.2
and 5.5 (Celik, 2012a). Blueberry used in fresh or dried and processed foods such as pie or muffin and
mixed in pastries, jam, yogurt or milk. It most commonly used for commercial canning. Small quantity
of blueberries also used to make wine, juice products and freeze dried. It was believed that the tea
prepared by blueberry leaves was good for urinary infection. Blueberry fruits are good for vitamin C,
natural sugars and manganese. It contains relatively high in carbohydrates and soluble solids (Celik,
2012a).

Turkey has high plant diversity. Many berry and fruit species are grown commercially. In
Turkey many local and native fruits and varieties are known for local sale and they are useful for family
consumption. Eastern part of Black Sea Region is one of the main gene centers of Vacciniums. Several
Vaccinium species are grown as natively and consumed over hundred years by inhabitants. But tea and
hazelnut are the two main commercial crops. Annual rainfall is 831 mm, distributed through the year.
This region has 14.5°C annual mean temperature and over 75.0% relative humidity (Celik, 2009; Celik,
2012a).

According to the researcher blueberries can be propagated with hardwood and/or softwood
cuttings. Many researchers used only hardwood cuttings, as they are easier to handle and are less
perishable than softwood cuttings. But, softwood cuttings have rapid multiplication than hardwood ones.
Cuttings used for blueberry propagation are usually dig into the pots for a time prior to field planting
due to sensitivity of root anchor and the cuttings never transplanted directly to the field (Mainland, 2006;
Celik, 2006a; Celik, 2006b; Debnath, 2007; Celik and Agaoglu, 2013). On the other hand, several base
or mixed mediums could be used to root of the cuttings. Pine bark or pine sawdust, sand, peat-moss,
perlite, forest soils with peat-moss, podzolic forest soil with peat-moss and sand are some examples for
medium to root the cuttings under controlled conditions (Heiberg and Lunde, 2006; Celik, 2007). Both
rooting medium, cutting time and type, leaves and auxin like rooting hormones affects to root number,
rootling quality, degree of rooting and rooting percentage of blueberry cuttings (Mainland, 2006;
Depnath, 2007; Celik and Ates, 2009; Celik, 2012; Celik, 2016; Celik, 2017).

Mathematical models are common and they explored with computerized and/or simulation
techniques (Odabas et al., 2005; Odabas, 2007a; Odabas, 2007b; Odabas and Mut, 2007; Celik and
Odabas, 2009; Celik et al., 2011). It is believed that simulation with basic computer program may be
common-aim. Researchers mainly wanted to catch varietal developmental methods depending on the
data loaded, or specific-purposes. They also intended to seize a special phenomenon. In models,
information that input, range from a few parameters in equations capturing a basic mechanism to
hundreds of readings in calibrated descriptive equations of many known plants (species or cultivars).
Outputs include standardized numerical numbers may be completed by any images or animations
generated by computers (Prusinkiewicz, 2004). There are many investigations focused on development
periods of cultivated plants. Plants developed after seed sowing to reproductive phase. After this stage,
reproduction and harvest period begins. There is only one mathematical modeling produced for highbush
blueberry propagation with cuttings and it included auxins (IBA) and cultivars interactions (Celik et al.,
2009). Plant growth stages had different physiological process and these stages happen in different
growing phase. Ambient conditions may effect to rate of dry matter production by plant. Dry matter
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partitioning also had strong affection on percentage of rooting and also degree of rooting of any cutting
propagated plants (Cirak et al., 2005; Cirak et al., 2007; Odabas et al., 2005).

There is no earlier model construction on mediums used to propagate of blueberries with
softwood cuttings. In the present study, we have concentrated on the interactions between mediums used
for rooting of blueberry cuttings and percentage and degree of rooting. Because of this phenomenon, we
focused on to develop new and useful mathematical equations for considering the effects of mediums
on rooting and root quality of highbush blueberry.

2. Material and Methods
2.1. Cultivars, cutting preparations, rooting and collecting data

In the present study, Jersey [1] and Berkeley [2] highbush blueberry cultivars had 5 years old
bushes were used as plant material. In July, softwood stem cuttings taken from blueberry bushes and
they were washed with running water, then they rinsed in a solution of 1% sodium hypochlorite for ten
minutes. After sterilization of the surfaces cuttings immediately washed with distillated water for three
times. Then softwood cuttings prepared from disinfected cuttings by including 3 nodes and % leaves.
These leafy softwood cuttings were dipped in 1000 ppm Indole-3-butyric acid (IBA) concentrations for
several seconds (Celik, 2017). After this, leafy softwood cuttings dig in 65mm diameter and 75 mm
depth cell trays. In the cells, 4 basic rooting mediums and their mixture were used as rooting media.
Basic mediums are peat moss (PM) [1] (Klasmann Art. Nr. 7420.5, EC=10mSs™, pH=3.5-4.5); small
sized agricultural perlite (P) [2], podzolic-brownish soil (BP) [3] (soils from rhododendron forests have
4.25 pH, 0.33% CaCo3, 17.9 kg da™ P205, 12.3 kg da® K20 and 5.52 organic material), podzolic-
reddish soil (PR) [4] (soils from grassland have 5.10 pH, 0.50% CaCo3, 0.5 kg da* P205, 4 kg da’* K20
and 3.80 organic material), and the mixture mediums are PM+P [5] in volume of 1:1, PM+BP+PR [6]
in volume of 1:1:1, P+BP+PR [7] in volume of 1:1:1 and PM+P+BP+PR [8] in volume of 1:1:1:1. All
soil containing mediums kept in 60°C hot water stream within 180 min. for disinfection. Rooting process
done under greenhouse with 20£2°C constant temperature. Shade (35%) with net and humidity (85%)
also under controlled. After a month and 15 days, cuttings removed and rooting percentage and degree
of rooting (1-9 scale, 1=absent and 9=very good) (Celik, 2017) data collected. The research was
managed in a randomized complete block design and three replications (30 cuttings per replication) were
used. In this section, the numbers held in the brackets indicated the cultivars and/or mediums for model
development.

2.2. Model formation

In the model formation, analysis of multiple regressions applied to obtained results from rooting
process of blueberry cultivars by using different mediums. For the best prediction mathematical model
of the percentage and degree of rooting, a search was directed with various subsets of arguments, like
medium and cultivar.

For the most appropriate of the equations to estimate the percentage of rooting and degree of
rooting were stated with the SPSS 12.0 computer package (SPSS, 2017) and formulized as (1) and (2)
respectively.

RD=(a) + [bx (M)] - [c x (M)]] + [d x (CV)] 1)
RP = (a) + [bx (M)] - [cx (M)?] - [dx (CV)] 2

In the equations, RD is rooting degree, RP is rooting percentage, M is mediums, CV is cultivars,
and the coefficients of the developed mathematical models are a, b, ¢, and d. Cultivars are Jersey [1] and
Berkeley [2]. Mediums are peat moss (PM) [1], perlite (P) [2], podzolic-brownish soil (BP) [3],
podzolic-reddish soil (PR) [4], PM+P [5], PM+BP+PR [6], P+BP+PR [7] and PM+P+BP+PR [8].
Numbers given in the bracket represents the medium used in equations. In the produced equations, the
multiple regression examination was utilized on the data till the least sum of square (R2) obtain.

282



YYU TAR BIL DERG (YYU J AGR SCI) 30 (2): 280-288
Celik and Odabas / Modeling the Effect of Different Medium on Rooting of Northern Highbush Blueberry (Vaccinium corymbosum L.) Softwood Cuttings

Graphics have three-dimensions pointed out by using “Slidewrite Program” (Celik and Odabas,
2009). Equation (3) also used to determine the medium has the most affection for rate of rooting and
degree of rooting.

M =[-b/(2xc)] 3)

2.3. Model validation

Multiple linear regression techniques applied to the data for developing the equations. The best
version of prediction models determined and below issues considered according to a set of statistics:

- Determination coefficient (R?)

- Statistical significance of the coefficients,

SPSS, statistical software package program was used in statistical analysis (SPSS, 2013).

3. Results and Discussion

3.1. Rooting percentage (RP)

To the data obtained by the research, actual rooting rate changed to mediums and PM+P [5]
gave the lowest (12.79%) rooting percentage while PM [1] medium had the highest (86.56%). After
production the models to predicted the mean rooting rate, it was estimated the mean rooting percentage
between 7.68% (PM+P [5]) and 73.22% (PM [1]) by using the produced mathematical model equations
(Table 1). The maximum actual rooting rate reached to 93.33% and estimated one just up to 81.13%.
The second highest actual rooting rate observed from BP [3] as 31.39% but estimated data of BP [3]
calculated by the equation is just 17.62%.

Table 1. The mean data, the lowest (min.) and the highest (max.) data for the real and calculated rooting
rate for mediums used for rooting of blueberries.

Medium Real Rooting Rate (%) Calculated Rooting Rate (%)

Mean +SD Min. Max. Mean £SD Min. Max.
PM* [1] 86.56+7.22 78.90 9333  73.22+6.98 63.19 81.13
P [2] 16.95+4.72 12.23 2167 14.44+4.15 6.67 20.00
BP [3] 31.39+5.82 2557 3722 17.62+9.33 8.90 33.00
RP [4] 29.45+4.98 2447 3443 12.80+11.53 2.72 30.01
PM+P [5] 12.79+6.09 6.7 18.88 7.68+3.86 4.95 13.14
PM+BP+RP [6] 13.63+3.60 10.03  17.23  12.80+6.97 4.95 24.39
P+BP+RP [7] 12.79+3.89 890 16.68 11.94+3.98 4.95 18.39
PM+P+BP+RP [8] 20.84+3.02 17.80 23.83 22.70+2.02 18.39 24.39

*PM: Peat moss, P: Perlite, BP: Podzolic-brownish soil, RP: Podzolic-reddish soil. Numbers in the brackets
represent the medium and they are used for model construction.

The best fitting equation (4) by using multiple regression analyses to determination of rooting
rate (%) for highbush blueberries evaluated. This mathematical model (4) given below showed that there
is the most variation for rooting rate explained by medium and cultivar parameters. To the both
parameters, the explained variation was 92.42 for mediums used to propagate highbush blueberry by
cuttings (Figure 1). Here the SE represent the standard errors it was found significantly at the p<0.001
level.

For validation of the developed model equation by using the medium and cultivar which were
the selected parameters, we produced the highest coefficient of determination R?= 0.9172 (Figure 2).
These coefficient results demonstrated that the equation is acceptable as statistically.

RP = (95.49533) + (-17.7671 x M)+[(L.655312 x (M)2]+(-24.0961 x CV) (4)
SE=  3.78%** 1.647%%* 0.17%** 1.4g%**
R2= 0.9242

As it described in the part of methods, it can be feasible to determine the least effective rooting
mixture (M) for rate of rooting using the coefficients of b and ¢ independent variables obtained from the
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mathematical models. The minimum estimating rooting percentage (7.68%) calculated from Peat moss
+ Perlite [5] medium and this medium is found the least effective medium.

Figure 3 also indicated that rooting rate was decreasing from number [1] to number [5] medium
application. After that, rooting percentage was slightly increasing to the medium numbered 6, 7 and 8.
However this increment did not approach to the top level gained by PM [1]. Rooting percentage was the
highest on Jersey [1] and rooting rate was the lowest on Berkeley [5] (Figure 3). Literature also stated
that rooting rate could be differed by cultivar, environment and several other factors effects to root
growth and diameter (Celik, 2006a; Celik, 2007; Debnath, 2007; Celik and Ates, 2009; Celik, 2012b;
Celik, 2016; Celik, 2017).

Predicted Rooting (%)

0 10 20 30 40 50 60 70
Actual Rooting (%)

Figure 1. Correlation for actual and predicted rate of rooting gained from mediums used for cutting
propagation of blueberry cultivars.

70
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Predicted Rooting (%)

10 1
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Figure 2. Correlation between real and calculated rate of rooting for mediums after validation.

Rooting (%)

Figure 3. Changes in rooting percentage (%) with different medium and blueberry cultivars.
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3.2. Rooting degree (RD)

The rooting degree determines the root growth and development. It was calculated by the root
ball and its volume using the scale of 1-9. Here the actual rooting degree calculated by using the 1-9
scales changed to the mediums used for propagate the northern highbush blueberry cultivars by
hardwood cuttings and it was between 1.39 (PM+BP+RP [6]) and 5.34 (PM [1]). As shown in the Table
2, calculated rooting degree count up by the produced mathematical equation model was between 1.26
(PM+P [5]) and 3.57 (PM [1]).

To reveal the overall effect of rooting medium and blueberry cultivars on rooting degree, multi-
regression analysis was carried out by rooting degree (RD) against mediums and cultivars (CV) the
following equation (5) was obtained. It was found that most of the variation (93.31%) in rooting degree
was explained by mediums and cultivars. Standard errors are shown (SE) and they are found significant
at p<0.001 level.

RD = 7.013245 + (-1.29063xM) + (0.119114xM2) + (-1.51642xCV) (5)
SE= 0.23%**  0.096%** 0.01%** 0.093%*
R2=0.9331

Utilizing the equation (5), the sectional effect of medium and cultivar on the degree of rooting
of mediums used to propagate highbush blueberry by cuttings was shown in Figure 4.

The best fitting equation (5) by using multiple regression analyses to determination of rooting
degree (1-9) for highbush blueberries evaluated. This mathematical model (5) given up showed that
there is the most variation for rooting degree explained by medium and cultivar parameters. To the both
parameters, the explained variation was 93.31% for mediums used to propagate highbush blueberry by
cuttings (Figure 4). Here the SE represent the standard errors it was found significantly at the p<0.001
level.

For validation of the developed model equation by using the medium and cultivar which were
the selected parameters, we produced the highest coefficient of determination 91.32% (Figure 5). These
coefficient results demonstrated that the equation is acceptable as statistically.

For determine to the least effective mediums of rooting degree by using the “b” and “c”
independent variables coefficients achieved from the equation (2). The medium of PM+P [5] (1.26 over
9) gave minimum rooting rate and it was the least effective medium according to the calculation data by
equation, on the other hand the PM medium gave the maximum mean rooting degree (3.57 over 9).
Rooting degree was decreasing till the PM+P [5] medium application. After that, a small increasing
rooting degree resulted in other mediums but those were lower than PM [1]. As a result, PM [1] medium
application gave the highest rooting degree. PM+BP+RP mixed medium application gave the lowest
degree of rooting calculated over 1-9 scale (Figure 6). According to the researcher findings, rooting
degree could be differed to cultivar, environment and several other factors effects to root growth and
diameter (Celik, 2006a; Celik, 2007; Debnath, 2007; Celik and Ates, 2009; Celik, 2012b; Celik, 2016;
Celik, 2017).

Table 2. Means, the lowest (min.) and the highest (max.) values for the real and estimated rooting degree
of medium used for rooting of blueberry cultivars.

Medium Real Rooting Degree Calculated Rooting Degree
(1-9) (1-9)

Mean +SD Min Max Mean +SD Min Max
PM [1] 5.34+0.34 5.00 5.67 3.57+0.75 2.81 4.33
P[2] 1.58+0.14 1.44 1.71 2.63%0.76 1.88 3.39
BP [3] 2.40+0.26 2.14 2.66 1.94+0.76 1.18 2.70
RP [4] 2.38+0.20 2.18 2.58 1.48+0.76 0.72 2.24
PM+P [5] 1.42+0.15 1.27 1.56 1.26+0.76 0.51 2.02
PM+BP+RP [6] 1.39+0.12 1.27 1.50 1.28+0.76 0.52 2.04
P+BP+RP [7] 1.43+0.07 1.36 1.50 1.37+0.68 0.78 2.30
PM+P+BP+RP [8] 1.62+0.07 1.55 1.68 1.87+0.68 1.28 2.80

*PM: Peat moss, P: Perlite, BP: Podzolic-brownish soil, RP: Podzolic-reddish soil. Numbers in the brackets represent the medium and they
are used for model construction
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Figure 4. Correlation for actual and predicted degree of rooting gained from mediums used for cutting
propagation blueberry cultivars.

Predicted Rooting Degree

Actual Rooting Degree

Figure 5. After verification, the correlation between real and calculated rooting degree for medium used
for propagation of blueberry cultivars.

Rooting Degree

Figure 6. Changes in rooting degree with different mediums and blueberry cultivars.
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4. Conclusion

As aresult of the present study, produced models for determining the effect of different mediums
applications on both rooting percentage (R?=0.92) and rooting degree (R?=0.93) of the northern
highbush blueberry were found acceptable as statistically. Validations of the produced model for rate of
rooting and degree of rooting (R2=0.91) also backing up to our results. The best rooting percentage was
found PM medium as 86.56 and 73.22% actually and predicted, respectively. BP is the second medium
had positive effect on rooting of blueberry cuttings but not good as PM as. The highest rooting degree
was also determined on PM medium as 5.34 and 3.57 actually and predicted, respectively. BP, P and or
RP medium fallowed it. The developed models for rate of rooting and degree of rooting were found
simple equations. These equations could be use by researcher on propagation blueberry by cuttings and
they prefer which medium ere proper and/or fit for the cultivars. So, the produced models in this research
could be utilize confidently by highbush blueberry researchers for the cultivars used in this work.
However, different equations could be improved for other blueberry cultivars and species both used in
this study and others been in Vaccinium genus.
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Oz: Caligma 2019 yil iiretim doneminde, Siirt il Merkezine ait bagciligin yogun
yapildig1 baz1 kdyler ile Sirvan, Tillo ve Pervari ilgelerine ait baz1 kdyleri temsil
eden bagcilik isletmelerinde yiiriitiilmis; anket kapsaminda yoneltilen 37 soru ile
yorenin bagcilik uygulamalarindaki mevcut durumu ve sorunlari belirlenmeye
calistlmistir. Veriler 100 iiretici ile yapilan anket yoluyla elde edilmistir. Calisma
kapsaminda f{ireticilere mevcut bagcilik isletmelerinin yapisal ozellikleri ve
tarimsal uygulamalara yaklasimlarinin belirlenmesi amaciyla sorular sorulmus;
sonuglar ylizde deger olarak ifade edilmistir. Ankete katilan ireticilerin yas
ortalamasinin 40-60 yas araliginda oldugu, egitim durumunun genelinde diisiik
oldugu, arazilerin biiyiik ¢ogunlugunun miilkiyetinin isletmeciye ait oldugu ve
miras yoluyla gectigi goriilmistiir. Ayrica anket sonucglarina gore en yaygin
yetistiriciligi yapilan ¢esidin, Yoresel Tayifi ¢esidi oldugu ve iireticilerin biiylik
cogunlugunun kazang seviyelerinden memnun olmadigi tespit edilmistir. Toprak
analizi yaptirma konusunda yeterli bir biling diizeyine ulasilmadigi, bu nedenle
bitki besleme faaliyetlerinin diizensiz yapildigr goriilmiistir. Yorede aile
isletmeciligi seklinde yiiriitiilen bagcilik faaliyetlerinde iireticiler, kooperatif ya
da birlik Uyesi olmadiklart belirtmis, iiretim agsamalarinda herhangi bir sorunla
kargilagtiklarinda, ¢ogunlukla diger ciftcilere danistiklarii ifade etmislerdir.
Devlet tarafindan verilen tarimsal desteklemelerden ve diger sosyal desteklerden
yararlanma seviyesi de alt seviyelerde goriinmektedir. Bu arastirma ile yorede
genel olarak karsilasilan sorunlar tespit edilmeye calisilmis ve bu sorunlarn
¢Oziilmesine yonelik ¢oziim oOnerileri sunulmugtur. Calisma, yorede anket
yontemiyle direkt olarak ireticilerden bilgi alinarak yapilmig ilk ¢aligma olma
Ozelligine sahip bulunmaktadir.
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Abstract: This study was carried out the grape producers representing some
villages of Sirvan, Tillo, Pervari, and Central town of Siirt Province; With the
37 questions directed within the scope of the survey, the current situation and
problems of the region in viticulture applications were determined in 2019. The
data were obtained by surveying 100 producers. Within the scope of the study,
producers were asked questions in order to determine the structural properties of
current viticulture enterprises and their approaches to agricultural practices; the
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results were determined as percentage values. It was observed that the average
Keywords age of the producers participating in the survey was between 40-60 years of age,
the overall education level was low; the majority of the land belonged to the

Viticulture, producer and passed through the inheritance. In addition, according to the
Vineyard profile, Its of th . d ined that th Iti h
Siirt. results of the survey, it was determined that the most common cultivar was the

local cv. Tayifi and that the producers were not satisfied with their earnings
levels. It is observed that there is not enough level of awareness about soil
analysis; therefore, plant fertilizing activities are done irregularly. Local
viticulture is in the form of family business. Producers stated that they are not
members of cooperatives or unions and stated that they often consult with other
farmers when they encounter any problems in their production stages. The level
of utilization of agricultural subsidies and other social incentives by the state
also appears at lower levels. With this research, the problems encountered in the
region have been tried to be identified and solutions to solve these problems are
presented. The study is the first study in the region obtained directly from the
viticulture producers by using the survey method.

“Bu ¢alisma ISPEC (2019) Uluslararas1 Tarim ve Kirsal Kalkinma Kongresi’nde, sdzlii bildiri olarak sunulmus,
kongre 6zet kitabinda, 6zet seklinde yer almistir.

1. Giris

Zengin bir bagcilik kiiltiiriine sahip olan tilkemiz, 36° - 42° kuzey enlemleri arasindaki cografi
konumu ile yerkiirenin bagcilik i¢in en eski ve en elverisli iklim kusagi iizerinde yer almaktadir
(Oraman, 1970; Celik, 1998; Sabir, 2008). Anadolu, bagcilik kiiltiiriiniin Avrupa, Amerika, Asya,
Afrika ve Uzak Dogu’ya yayilmasinda oncii olmakla beraber koprii gorevini de iistlenmistir.
Anadolu’nun biitiin bolgelerinde bagcilik yapilmakta ve elde edilen tirlinlerden sofralik, kurutmalik,
siralik, saraplik, pestil gibi degisik sekillerde degerlendirilmektedir (Celik ve ark., 1998; Gazioglu
Sensoy ve Akcan, 2014). Giineydogu Anadolu Bolgesi, diger bolgelerden sonra en ¢ok tliziim {ireten
bolgesi olup, iilkemizdeki toplam bag alanlarinin yaklasik %22’sini, iiretilen toplam {iziimiin ise
yaklasik %18’sini karsilamaktadir (Karatas ve ark., 2018). TUIK 2019 istatistiklerine gore iilkemizin
cekirdekli sofralik tiztim tiretimi, 1 862 446 dekar alanda, 1 394 000 ton ve dekara verimi 748 kg
olarak ifade edilirken; Siirt II’inde, 24 975 dekar alanda, 12 966 ton cekirdekli sofralik {iziim iiretimi
yapildig1 ve dekara verim oraninin 519 kg oldugu bildirilmistir (Anonim, 2020a). Siirt ili bagciligi,
caligmamiza dahil ettigimiz ilgeler bazinda ele alindiginda, Sirvan ilgesinde 348 bag iireticisinin
faaliyetleriyle 2181 dekar alanda, Pervari ilgesinde 153 bag fireticisinin 688 dekar alanda, Tillo
ilcesinde 48 bag iireticisinin 304 dekar alanda ve Siirt il merkezinde 81 bag iireticisinin 445 dekar
alanda faaliyet yiriittigli goriilmektedir. Ayrica Baykan, Eruh ve Kurtalan il¢elerinde de ¢iftci kayit
sistemine kayitlanmis ¢ok sayida bag iireticisi bulunmaktadir (Anonim, 2020b).

Gilineydogu Anadolu Bolgesi’nde yer alan Siirt ili; 38°15' ve 37°45' kuzey enlemleriyle 42°54'

ve 41°32' dogu boylamlari arasinda yer alir. Dogudan Van, kuzeyden Bitlis, batidan Batman giineyden
Sirnak illeriyle gevrilidir. Siirt ili, Baykan, Kurtalan, Pervari, Tillo, Eruh, Sirvan ve Merkez olmak
iizere yedi ilgeye sahiptir. Karasal iklimin hiikiim siirdiigii Siirt ilinde, kislar soguk ve yagish yazlar
sicak ve kurak gecer. Yillik yagis ortalamasi1 757 mm civaridir (Karatas ve ark., 2018).
Siirt ili Ulkemizin, gelisme donemi icerisindeki ortalama sicakliklar ve EST (Etkili Sicaklik Toplami)
bakimindan en yiiksek degerlere sahip illerinden biridir. Bundan dolay1 bolgenin iklimi hem sofralik,
hem kurutmalik hem de siralik ve saraplik iizlim ¢esitlerinin yetistirilmesi i¢in elverisli oldugu gibi, en
erken olgunlasan cesitlerden en gec olgunlasanlara kadar, her kademedeki ¢esitlerin yetistirilmesine de
imkan saglamaktadir (Celik ve ark., 1998).

Calisma Siirt il merkezine ait bagciligin yogun yapildigi baz1 koyler ile Sirvan, Tillo ve
Pervari Ilgelerine ait bazi koyleri temsil eden {iziim iireticisi isletmelerde yiiriitiilmiistiir. Yiiz yiize
anket caligmasi olarak yiiriitillen arastirma kapsaminda yoneltilen 37 soru ile yorenin bagcilik
uygulamalarindaki mevcut durumu ve sorunlar belirlenmeye ¢aligilmistir. Veriler 100 iireticiden soru-
cevap yontemiyle elde edilmistir.

Caligsma, Siirt ili biinyesinde yogun bagciligin yapildigi merkezlerde, mevcut durumu ortaya
koymak amaciyla yapilmig ilk ¢alisma olma 6zelligine sahiptir.
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2. Materyal ve Yontem

2.1. Materyal

Calismanin ana kitlesini 2019 yili {iretim sezonunda; Pervari, Sirvan, Tillo ve Siirt merkez
ilgede bagcilik yapan toplam 630 isletme olusturmaktadir. Ana kitleyi temsil eden 6rnek hacmi
asagidaki oransal ornekleme yontemi kullanilarak belirlenmistir (Miran, 2002). Ornek hacminin
belirlenmesinde %95 giiven aralig1 ve %9 hata pay1 dikkate alinarak hesaplanmistir.

— _ Npr-p)
n= (N-1)a3 +p(1-Dp) (1)

Hesaplama sonucunda &rnek hacmi 100 olarak bulunmustur. Ornek hacmi ilgelere gére oransal
olarak dagitilmistir. Arastirma verileri amaca uygun sekilde hazirlanan anket formlar1 vasitasiyla,
tesaduifi olarak belirlenen Ureticilerden, arastirmaci tarafindan yiiz yiize yapilan goriismelerle elde
edilmistir.

2.2. Ydntem

Calisma kapsaminda, isletme sahiplerinin yas, egitim durumu, gelir diizeyi, sosyal giivence
durumu, orgiitlenme durumu gibi 6zellikleri belirlenmis; bunun yani sira bag alanlarinin arazi yapisi,
isletme kapasitesi, kiiltiirel uygulamalar, kazan¢ durumu, arazi biiyiikliigli, sulanma durumu, dikim
siklig1, giibre yonetimi, yabanci ot miicadelesi, hastalik ve zararlilarla miicadele, terbiye sistemi,
budama uygulamalar1 gibi 6zellikleri de ortaya konulmustur. Ayrica bagdan yararlanma sekilleri, ara
ziraatt yapip yapmadigi, en fazla hangi ¢esitlerin yetistirildigi, bagcilik tecriibesi, is¢i kullanim
durumu, bagcilik dis1 faaliyetler gibi Ozellikleri ortaya koyan sorular da sorulmustur. Sonuglar,
Microsoft Excell Programi kullanilarak siniflandirilmis; yiizde (%) deger olarak ifade edilmistir.

3. Bulgular
3.1. Uretici profili

Anket yapilan yoredeki iiretici profili incelendiginde iireticilerin %36’s1 40-60 yas arasi, %281
30-40 yas arasi, %16’s1 20 yas alt1 ve %12’si 20-30 yas arasinda oldugu belirlenmistir. Ayrica
cgiftcilerin egitim durumlarmma bakildiginda egitim seviyelerinin olduk¢a diisiik oldugu dikkati
cekmektedir. Bu kapsamda ciftcilerin %48’inin ilkokul, %34’Gnin ortaokul mezunu, %212’sinin
okuryazar olmayip, % 8 gibi ¢ok kii¢iik bir kisminin da lise mezunu oldugu tespit edilmistir. Aylik
ortalama gelir dizeyleri ise oldukga diisiik olup %78’inin aylik gelirinin 500-1 500 TL arasinda,
%22’sinin ise 1 500-3 000 TL arasinda oldugu belirlenmistir. Ureticilerden, 3 000 TL Uzerinde geliri
oldugunu ifade eden olmamistir (Cizelge1).

Cizelge 1. Anket yapilan giftcilerin yas gruplar1 dagilimi, egitim diizeyleri ve ortalama aylik gelir

duzeyleri
Yas grubu Oran(%) Egitim diizeyi Oran(%) Ortalama aylik gelir Oran(%)
20 yas Altt % 16 Okur-yazar degil % 12 500-1500 TL % 78
20-30 yas % 12 Ilkokul % 48 1500-3000 TL % 22
30-40 yas aras1 % 28 Ortaokul % 34 3000-4500 TL -
40-60 yas % 36 Lise % 6 4500 ve (st TL -
60 Yas iistii % 8 Universite -

Yoredeki yetistiricilerin %48’1 sosyal glivencesinin olmadigini, %30°u Bag-Kur, %12’si Emekli
Sandig1 ve %10’u SSK’dan emekli oldugunu ifade etmistir. Mesleki tecriibe durumlar incelendiginde
%46’smin 5-15 yil, %34’ inilin 15-30 yil, %16’siin 0-5 yil ve %4’liniin ise 30 yil ve isti siiredir
bagcilikla ugrastig1 belirlenmistir. Ureticilere bagcilikla ugrasma sebepleri soruldugunda, %58’i ge¢im
kaynagi olarak, %30°u babadan kaldig1 i¢in %81 bagcilig1 sevdigi icin %4’ii ise kar oranmin yiiksek
oldugunu diisiindiigii i¢in bagcilikla ugragtigini bildirmistir (Cizelge 2).
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Cizelge 2. Ankete katilan yetistiricilerin sosyal giivence ve mesleki tecriibbe durumlari ile bagcilikla
ugrasma nedenleri

Sosyal giivence 8/2?” Mesleki tecriibe Oran (%) ?e%%ck:ihkla ugrasma Oran (%)
Sosyal givence yok % 48 0-5 Y1l % 16 Gegim kaynagi olarak % 58
Bag-Kur % 30 5-15 Y1l % 46 Babadan kaldig1 igin % 30
Emekli Sandig1 % 12 15-30 Y1l % 34 Bagciligi seviyorum % 8
SSK % 10 30 Y1l Ustii % 4 Kar orani yiiksek % 4

3.2.isletme yapisi

Ankete katilan yetistiricilerin bag alanlarinin miilkiyet durumu analiz edilmis olup, %88’inin
kendi miilkiinde bagcilik yaptigi, %8’inin ortak olduklari arazide, %4’{iniin de kiraladiklar1 arazilerde
bagcilik yaptiklar belirlenmistir. Ayrica arazi bilyiikliikleri dikkate alindiginda %68’inin 10 dekardan
az alanda, %22’sinin 10-20 dekar alanda, %10’unun ise 20 dekardan fazla olan arazilerde bagcilik
yaptiklar1 saptanmistir. Mevcut baglarin egim durumu ele alindiginda, baglarin %64’iiniin orta egimli
(%6-12 egim), %26’smin egimli (%12< egim) ve %10’unun diz ya da hafif egimli (%0-6 egim)
alanlara kurulmus oldugu goriilmistiir (Anonim, 2020c). Mevcut baglarin yas1 dikkate alindiginda
ureticilerin %440 5-10 yas arasinda, %42’si 10-30 yas arasinda, %81 30 yas ve lstiinde, % 2’si 5 yas
altinda baglara sahip oldugunu bildirmis ve % 4’1 ise sahip oldugu bagin yasini bilmedigini ifade
etmistir (Cizelge3).

Cizelge 3. Ureticilerin arazi miilkiyet durumlari, arazinin biiyiikl{igii, arazinin egim durumu ve mevcut

bagin yasi
Mulkiyet  Oran e Oran  Bagim egim Oran o Oran
durumu (%) Arazi biiyiikliigi (%) durumu (%) Bagin yag: (%)
0,
Mulkiyet % 88 10 dekardan az 6/; Orta egimli % 64 5-10 yas % 44
0,
Ortak % 8 10-20-dekar aras1 2/; Egimli % 26 10-30 yas % 42
o . .
Kira % 4 20 dekardan fazla % Duzvya d'a hafif % 10 30 yas isti % 8
10 egimli
Bilmiyor % 4
5 yasg alt1 % 2

Arazi sulanma durumu, toprak analizi yaptirma durumu, bageilik dig1 faaliyetler ve ara ziraat
durumu ele alindiginda, anket yapilan yetistiricilerin %76’sinin arazilerinin kirag, %24’ {iniin
arazilerinin sulak oldugu belirlenmistir. Cift¢ilerin %96’sinin toprak analizi yaptirmadigi, %4’ iiniin ise
toprak analizi yaptirdig1 saptanmistir. Arazide bagcilik dis1 faaliyetler degerlendirilirken, bagciligin
yaninda {ireticilerin %54 {iniin meyvecilik, %18’inin sebzecilik, %10’unun hayvancilik faaliyetleriyle
ilgilendigi tespit edilmis; %18’inin ise bagcilik disinda faaliyette bulunmadigi belirlenmistir

(Cizelged).

Cizelge 4. Arazi sulanma durumu, toprak analizi yapilma durumu ve bagcilik dis1 faaliyetler

35:32:361 Oran(%) Toprak analizi Oran(%) ?az%ic;éltlfeflsl Oran(%)

Kirag % 76 Yaptirmadim % 96 Meyvecilik % 54

Sulu % 24 Yaptirdim % 4 Sebzecilik % 18
Yok % 18
Hayvancilik % 10

Bolgedeki yetistiricilerin %56’s1 bag alaninda ara ziraati yapmamakta olup, %44’l ise ara
ziraati faaliyetlerinde bulunmaktadir. Ara ziraat gergeklestirenlerin %78’1 sebze yetistiritken %22’si
meyve yetistirmektedir. Ayrica lreticilerin %38’i bagda asili fidan, %40’1 ¢elikle kendilerinin
iirettikleri fidanlar1 ve %22’sinin ise agik koklii fidan kullandiklarimi ifade etmistir (Cizelge5).
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Cizelge 5. Bag alaninda ara ziraat yapilma durumu, ara iiriinler, kullanilan fidan tipleri

Araziraal o o006)  Arairinler  Oran(%) Kullantlan fidan tipleri ~ Oran(%)
yapiliyor mu?
Hayir % 56 Sebze % 78 Asili fidan % 38
Evet % 44 Meyve % 22 Celikle kendim Gretiyorum % 40
Acik koklii yerli fidan % 22

Isletmede bagcilik digt faaliyet dagilimi incelendiginde Fistik % 20, Fistik + Hayvancilik % 10,
Sebze +Meyve % 9, Fistik + Badem % 8, Sebze % 8, Fistik + Nar % 6, Fistik + Ceviz % 4, Fistik +
Badem+ Incir % 4, Nar % 2 iken, bagcilik dis1 faaliyet yapilmayan isletmeler % 18 olarak
belirlenmistir. Bagda yetistirilen ¢esitler ele alindiginda, %28’inin Tayifi, %30’unun Sinceri,
%16’s1in Binetati, Tayifi + Dufrubu + Gozane+ Resadiye % 8, ¢esidi bilmeyen % &, Tayifi + Sinceri
% 5, Tayifi + Binetati % 3, Tayifi + Siyah tiziim % 2 seklinde bil dagilim belirlenmistir. Agirlikl
olarak Tayifi % 37, Sinceri % 32, Binetati % 17 mahalli gesitleri yetistirilirken, bag alanlariin %
24°1intlin diger cesitlerden olustugu goriilmiistiir (Cizelge 6).

Cizelge 6. Bagcilik dis1 faaliyet dagilimi, mevcut iiziim ¢esitleri ve yogun olarak yetistirilen ¢esitler

Isletmede bagcilik dist Isletmede bulunan iiziim Yogun olarak

faaliyet dagilimi Oran(%) cesitleri Oran(%) yetistirilen ¢esitler Oran(%)
Fistik % 20 Tayifi % 28 Tayfi % 37
Fistik + Hayvancilik % 10 Sinceri % 30 Sinceri % 32
Sebze +Meyve % 9 Binetati % 16 Binetati % 17
Fistik + Badem % 8 é?;g;;%g:g;; % 8 Diger % 24
Sebze % 8 Cesidi bilmiyor % 8

Fistik + Nar % 6 Tayifi + Sinceri % 5

Fistik + Ceviz % 4 Tayifi + Binetati % 3

Fistik + Badem+ Incir % 4 Tayifi + Siyah izim % 2

Nar % 2

Bagcilik disi faaliyet

bulunmamaktadir %18

Bag tesisinde kullanilan dikim araliklari degerlendirildiginde baglarin %52’sinde diizensiz
dikim uygulandigi, %28’inin 3*1,5 m, ve %20’si 3*2 m dikim mesafesiyle dikildigi gorilmiistiir.
Omca basina %68 oraninda 5-10 kg, %14 oraninda 10-15 kg, %10 oraninda 0-5 kg ve %8 oraninda 15
kg iistii verim almmaktadir. Uriinlerin %42’si sofralik, %32’si sofralik+siralik, %10’u kurutmalik,
%81 siralik, sofralik+kurutmalik % 6 ve kurutmalik+siralik % 2 olarak degerlendirilmektedir (Cizelge
7).

Cizelge 7. Bagda dikim aralig1, omca basina verim, iiriinlerin degerlendirme sekli

Uriinlerin

Dikim Siklig1 Oran (%)  Omca basina verim  Oran (%) degerlendirilme sekli Oran (%)
Diizensiz % 52 5- 10 kg % 68 Sofralik % 42
3*15m % 28 10-15 kg % 14 Sofralik-Siralik % 32
3 * 2 metre % 20 0,5 kg % 10 Kurutmalik % 10
15 kg Ustl % 8 Siralik % 8
Sofralik- Kurutmalik % 6
Kurutmalik- Siralik % 2

Yetistiricilerin % 44’1 riinlerini bagka bir {irline islerken, %56’s1 ise tiriinlerini baska bir {irline
islememektedir. Isleyenlerin %44°ii pekmez ve pestile islerken, %40°1 pekmeze ve % 16’s1 sadece
pestile islemektedir. Ayrica iireticilerin % 60’1 asma yapragindan salamura yaparak kullanmakta ya da
satigin1 yapmakta, % 40’1 ise asma yapragindan yararlanmamaktadir (Cizelge 8).
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Cizelge 8. Uriiniin islenme durumu, yapraktan yararlanma durumu

Urtiniln baska biriirtine 000y fglenme bigimi ~ Oran(%) L opraktan yararlamlma oy 0 g

islenme durumu durumu
Hayir % 56 Pekmez+pestil % 44 Salamuralik % 60
Evet % 44 Pekmez % 40 Yararlanmiyorum % 40

Pestil % 16

Uriiniin pazarlama seklini inceledigimizde; bagda toptan satis, % 36 iken pazarda direkt
perakende satis % 24, satig yapmayanlar % 22, iirliniinii komisyoncuya verenlerin ise % 18 oraninda
oldugu tespit edilmistir. Ailesiyle birlikte calisanlar % 90 iken, imece usulii ¢alisanlar % 6 ve
mevsimlik is¢i ¢aligtiranlar ise % 4 olarak goriilmiistiir (Cizelge 9).

Cizelge 9. Uriiniin pazarlama sekli ve mevsimlik is¢i calistirma durumu

Uriiniin pazarlama sekli Oran(%) Mevsimlik is¢i ¢aligtirma durumu Oran(%)
Bagda toptan satig % 36 Ailemle birlikte galisiyoruz % 90
Pazarda direkt perakende % 24 Imece usulii calistyoruz % 6
Satig yapmiyorum % 22 Mevsimlik is¢i ¢alistirtyorum % 4
Komisyoncuya veriyorum % 18

Yetistiricilik siirecinde karsilastiklar1 sorunlar i¢in ireticilerin % 20’si ziraat miithendisine, %
80’1 ise diger giftgilere damistiklarmin ifade etmistir. Bag iireticilerinin tamaminin, tarimsal
desteklemelerden yararlanmadiklar tespit edilmistir. Elde edilen kazangtan memnun olanlarin oranit %
6 iken memnun olmayanlar % 90 ve kararsiz kalanlarin oraninin ise % 4 oldugu goriilmiistiir. (Cizelge
10).

Cizelge 10. Ureticilerin yetistiricilik konusunda karsilastiklar1 sorunlarin kime damsildig, elde edilen
kazangtan memnun olup olmadig: ve tarimsal desteklemelerden yararlanma durumlari

Yetistiricilik konusunda

Tarimsal desteklemelerder Elde edilen kazangtar

kargilastiginiz sorunlart ~ Oran(%) Oran(%) Oran(%)
. yararlaniyor musunuz? memnun musunuz?
kime danisiyorsunuz
Diger ¢iftgilere % 80 Yararlanmiyorum % 100 Memnun degilim % 90
Ziraat Miihendisine % 20 Memnunum % 6
Kararsizim % 4

3.3. Kiiltiurel islemler

Mevcut baglarin % 98’inde algaktan taclandirilmis goble sisteminin kullanmakta oldugu,
yalmzca % 2’sinin telli terbiye sistemleri kullanilarak tesis edildigi goriilmiistiir. Budama zamanlar
ele alindiginda, treticilerin % 66’sinin kig budamasi, % 6’sinin yaz budamasi, % 2’sinin hem yaz-
hem kisg budamasi yapmakta olup, % 26’sinin ise budama yapmadigi tespit edilmistir (Cizelge 11).

Cizelge 11. Uygulanan terbiye sekli ve budama zamani

Uygulanan terbiye sekli Oran(%) Budama Zamani Oran(%)

Goble % 98 Kis budamasi % 66

Telli Sistem (Kordon) % 2 Budama yapmiyorum % 26
Yaz budamasi % 6

Hem yaz- hem kig budamasi yapiyorum % 2

Kis budamasinda yapilan islemler incelendiginde; karigik budama yapanlar % 60, metodu
bilmeyenler % 24, kisa budama yapanlar % 10, uzun budama yapanlar % 6 olarak tespit edilmistir.
Yaz budamasinda yapilan iglemlerde yaprak alma % 80 iken koltuk almada ise % 20 oraninda oldugu
gorilmistir (Cizelge 12).
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Cizelge 12. Kis budamasi ve yaz budamasinda yapilan islemler

Kis budamasinda yapilan islemler Oran(%)  Yaz budamasinda yapilan iglemler  Oran(%)

Karigik budama % 60 Yaprak alma % 80
Metodu bilmiyor % 24 Koltuk alma % 20
Kisa budama % 10
Uzun budama % 6

Ureticilerin sulama sekillerine baktigimizda; salma % 36, damlama % 8, karik % 6 iken sulama
yapmayanlar % 50 oldugu goriilmiistiir. Suni+ organik % 58, organik giibre % 34, suni giibre % 4 iken
giibrelemede yontem kullanmayan % 4 oldugu tespit edilmistir. Ureticilerin % 99’u hormon
kullanmazken, % 1’1 hormon kullandigini ifade etmistir (Cizelge 13).

Cizelge 13. Sulama sekli, giibreleme yontemi ve hormon kullanimi

Sulanma sekli Oran(%) Gubreleme Yontemi Oran(%) Hormon kullaninmi Oran(%)
Yapmiyorum % 50 Suni+ Organik % 58 Kullanmiyorum % 99
Salma % 36 Organik glbre % 34 Kullaniyorum % 1
Damlama % 8 Suni gubre % 4

Karik % 6 Gilibreleme yapmiyorum % 4

Ureticilerin bagda karsilastiklar1 hastalik ve zararhlar; kiilleme % 44, kiilleme +giines zarar1 %
18, kiilleme +bakteriyel yaniklik % 14, kuruma % 6, kiilleme +giive % 2, kiilleme + yaprak yaniklig1
% 2, giive % 2, bakteriyel yaniklik % 2 seklinde ifade edilmis, iireticilerin %10’u ise hastalik- zararli
problemiyle karsilasmadiklarini ifade etmistir. Yabanci otlarla miicadele amaciyla toprak igleyenler %
50, herbisit kullananlar % 28, toprak isleme -therbisit kullananlar % 4 iken hi¢ miicadele
yapmayanlarin orani ise % 18 olarak tespit edilmistir (Cizelge 14).

Cizelge 14. Bagda karsilasilan hastalik — zararlilar ve yabanci otlarla miicadele durumu

Bagda karsilastiginiz hastalik ve zararlhilar nelerdir? Oran(%)  Yabanci otlarla miicadele Oran(%)
Killeme % 44 Toprak isleme % 50
Kiilleme +Giines zarar1 % 18 Herbisit % 28
Kiilleme +Bakteriyel yaniklik % 14 Miicadele yapmiyor % 18
Kuruma % 6 Toprak isleme +Herbisit % 4
Kdilleme +Give % 2

Kiilleme + Yaprak yanikligi % 2

Guve % 2

Bakteriyel Yaniklik % 2

Hastalik- Zararli yok % 10

4. Tartisma ve Sonug

Siirt ili bagciliginin mevcut durumu, sorunlar1 ve ¢6ziim Onerilerinin ele alindig1 ¢alismada,
ilin iklim ozelliklerinin bagcilik agisindan uygun olmasmma ragmen yorede bagciligin halen
geleneksel yontemlerle siirdiiriildiigiine dikkat ¢ekilmis ve yore bagciliginda karsilasilan sorunlarin
¢Oziimiinde, bagcilara verilecek teknik destek ve yonlendirmelerin bu sorunlar1 biiyik Olglide
¢cozebilecegi bildirilmistir Siirt ili bagciliginda yetistiricilikte 6ne ¢ikan bazi liziim ¢esitlerinin
tanmtildig1 ¢alismada, Bagilti, Boga, Gadov, Resealya ve Tayfi ¢esitleri yaygin olarak yetistirilmekte
oldugu ve sofralik olarak degerlendirilmekte oldugu ifade edilmistir (Uyak ve ark., 2011, Uyak ve
ark, 2013). Bagcilik yapilan illerde bagcilik potansiyeli ve hakim {iziim gesitlerinin belirlenmesine
yonelik ¢alismada da, Siirt linin ekolojik parametreler ele alindiginda, bagcilik agisindan yiiksek bir
potansiyele sahip bulundugu bildirilmistir (Yavas ve ark., 2018) Yapmis oldugumuz anket ¢aligmasi
sonucunda elde ettigimiz sonuglar, yukarida verilmis olan arastirma bulgulariyla genel olarak
uyumlu bulunmakla beraber, Gadov ¢esidine ait genis ¢apli yetistiricilik yaptigim ifade eden
ciftcilere rastlanmamustir. Cesidin muhtemelen ¢alismaya dahil etmedigimiz il¢elerde yetistirildigi
dustintilmektedir.

Karatag ve ark. (2018)’'min Siirt ili bagcilik sorunlarimi ele aldiklar ¢aligmada, bagciligin
cogunlukla aile ihtiyaclarmin karsilamaya yonelik bir faaliyet olarak kabul edilmesi, bag alanlarinin
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agis1z ¢eliklerle tesis edilmesi, sulama yapilmadan yetistiricilik yapiliyor olmasi, baglarda fazla sayida
yerel ¢esidin yetistirilmesi, baska pazarlara satilamamasi, toprak analizinin yapilamamasi, mevcut
baglarin ¢ok yash olmasi, bag kurmak i¢in gerekli materyalin temin edilememesi veya bilinmemesi,
iireticilerin bagcilik teknigi konusundaki bilgilerinin yetersiz oldugu, kdyden sehre gociin fazla oldugu
gibi bir¢ok olumsuz durumun, kalite, verim ve gelir diisiikliigiine neden oldugu ifade edilmistir. Bu
calismada ifade edilen sorunlar, biiyiik ¢cogunlukla Siirt ili i¢in ortaya koydugumuz durumla dogru
orantilidir.

Tirkiye'de ciftgiler, triin se¢imi ve bilesimiyle ilgili kararlarin1 gegmis deneyimlerini ve
sezgilerini baz alarak vermektedir. Uretim planlamasi; arazi tipleri, verim diizeyleri, iiriin fiyatlari,
hava kosullari, tarimsal girdilerin mevcudiyeti, gida talebi, sermaye mevcudiyeti ve iiretim maliyeti
gibi bir¢ok faktorle ilgilidir. Bu nedenle, ciftciler igin tarimsal iiretim planlari hazirlanirken ¢iftgi
kosullarinin ve c¢iftgilerin planlamadan beklentilerinin de dikkate alinmasi planlama calismalarinda
basariya ulasilabilmesi icin oldukc¢a dnemlidir (Ciftci ve ark., 2019). Ayrica entansif tarim teknikleri
iireticiye benimsetilmeli, hizmet iireten kamu kurum ve kuruluslart tarafindan gerekli teknik ve idari
altyap1 saglanmali, toprak ve su kaynaklarinin yerinde ve ekonomik kullanimi1 konusunda demonstratif
uygulamalar yapilmalidir (Aydin, 2019).

Adiyaman, Batman, Diyarbakir, Gaziantep, Kilis, Mardin, Siirt, Sanlurfa ve Sirnak illerini
kapsayan, GAP Bolgesinde organik {iziim yetistiriciligini inceleyen g¢alismada, Siirt ilinde organik
lizim tretiminin yok denecek kadar az oldugu ancak bu durumun baglarda yapilan uygulamalarin
biiylik bir kisminin organik tarim tekniklerine uygun olarak gerceklestiriliyor olmasina ragmen
iireticiler tarafindan sertifikasyon islemlerinin yaptirilmamis olmasindan kaynaklandig bildirilmistir
(Ozdemir ve Cakir, 2018).

Mardin ili Nusaybin ilgesi bagcilik sorunlari ve ¢oziim onerilerini belirlemeye yonelik anket
calismasinda, {ireticilerin tamaminin elde edilen {iziimii sofralik ve kurutmalik olarak
degerlendirdikleri bildirilmis, yorede saraplik iiziim iiretiminin ger¢eklesmedigi tespit edilmistir.
Ureticilerin iiziim yetistiricilidi yapma nedenlerine bakildiginda tamaminin aile tiiketimi amaciyla
Uretim yaptiklar1 goriilmiistiir. Ayrica kooperatif ya da birlik {iyesi olmadiklari belirlenmistir. Mardin
ili Nusaybin ilgesinde baglarin yash olmasi, kurak sartlarda bagcilik yapilmasi ve gelisen bagcilik
tekniginin yeterince bilinmemesi gibi sorunlar tespit edilmistir (Cakir ve ark., 2017). Mardin ili savur
ilcesi bag isletmelerinin mevcut durumu ve potansiyelinin yapildig1 ankette, iireticilerin genel yas
ortalamasinin 47 oldugu, egitim diizeylerinin ise %75°1 ilkokul diizeyinde oldugu tespit edilmistir. Bag
arazilerinin %1°1 20 da’nin altinda ve biiyiik bir ¢ogunlugunun (%97) kendi miilkiyetleri oldugu
saptannustir. Bagcilik, Mardin ilinde aile isletmeciligi seklinde yapilmaktadir. Ureticilerin tamaminimn
kooperatif ya da birlik iiyesi olmadiklan tespit edilmistir (Cakir ve ark., 2015). Cakir ve ark. (2015)
tarafindan yapilan c¢aligmanin sonuglariin, bizim c¢alisma sonuglarimizla benzer nitelikte oldugu
goriilmektedir. Bu yakinligin, ¢aligmanin yapildig1 bolge ile anket calismamizda hedef alinan bdlgenin
benzer ekonomik, ekolojik ve kiiltiirel 6zellikler tasimasindan kaynaklandigi disiintilmektedir.

Diyarbakir ili bagcilik potansiyelinin arastirildigi bir ¢aligmada yoresel bagcilikta serpene
terbiye seklinin yaygin oldugu, baglarin yas ortalamasinin 1-100 y1l oldugu, yaygin olarak yetistirilen
iizim ¢esidinin sofralik ve siralik olarak degerlendirilen Sire {iziim ¢esidi oldugu, susuz bagciligin
yapildig1 ve budama, ilaglama, giibreleme gibi kiiltiirel uygulamalarin yeterince bilgi birikimi olmadan
yapildig1 bildirilmistir. Ureticilerin tarimsal faaliyetlerini, geleneksel bagcilik uygulamalari ile
stirdiirdigli ancak son yillarda 5-10 da biiytikliigiinde modern telli terbiye sistemi ile olusturulmus
ornek bag alanlarinin da bulundugu ifade edilmistir (Karatas ve ark., 2016).

Edirne ili Uzunkoprii ilgesinde 115 firetici ile yiiz yiize bir anket programi yiiriitiilmiis ve ankete
katilan bagcilarin sofralik liziim yetistirdigi, verimin oldukca diisiik oldugu tespit edilmistir. Ayrica
iireticilerin verim ve kaliteyi artirmak i¢in sulama, giibreleme gibi kiiltiirel islemleri diizensiz olarak
yaptiklari goriilmiistiir. Bag alanlarinda kimyasal giibre kullaniminin yaygm oldugu, ¢ogunlukla
kordon terbiye sisteminin tercih edildigi ifade edilmistir (Korkutal ve ark., 2018).

Manisa ili Sarig6l ilgesinde yiiriitiilen bir ¢alismada yogun olarak sofralik Sultani ¢ekirdeksiz
lizim diretiminin yapildigi gorilmistiir. Yetistiriciligin aile isletmeciligi seklinde yapildigi yorede,
bagcilarin biiyiik bir kismimin yasi 41’in iizerinde ve egitim diizeyinin diisiik oldugu tespit edilmistir.
Baglarm biiyiik bir kismi1 ekonomik agidan verimli yasta olup, tamam yiiksek terbiye sistemlidir.
Ureticilerin toprak analizini yaptig1 ancak bitki analizinin ¢ok az yaptig1 tespit edilmistir. Ureticiler her
yil ticari giibre kullanmakta ve ¢iftlik giibresi kullanim oranmin yiiksek, yesil giibreleme kullanim

296



) YYU TAR BiL DERG (YYU J AGR SCI) 30 (2): 289-298
Gazioglu Sensoy ve ark.. / Siirt {li ve Baz1 Tlgelerinde Mevcut Bagcilik Isletmelerinin Yapisal Ozellikleri ve Tarimsal Uygulamalara Yaklagimlarinin Belirlenmesi

oraninin ise diisiik oldugu anlagilmistir. Yorede kimyasal madde ve hormon kullaniminin yaygin
oldugu bildirilmistir (Yener ve Cebeci, 2013).

Tokat Merkez ile Erbaa, Niksar, Pazar, Turhal ve Zile ilgelerinde yapilan anket ¢alismasinda,
bolgede iireticilerin genellikle ileri yaslarda oldugu, bag yasinin ise diisiik oldugu goriilmiistiir. Yorede
yogun olarak Narince ¢esidi yetistirildigi, hem yapraklart hem de liziimiinden ticari olarak yararlandigi
ortaya konulmustur. Baglarda goble ve kordon terbiye sistemleri uygulandigi ve kis sulamasinin
yapildig1 tespit edilmistir. Ureticilerin; % 98’i yabanci ot ile miicadele ettigini, % 40’1 sadece toprak
isleme ile miicadele ettigini, % 49°u ¢ikis sonrast donemde herbisit uyguladigini bildirmistir. Yo6rede
iireticilerinin yabanci otlarla miicadele konusunda yeterli olgiide bilingli olmadiklari saptanmistir
(Altinct ve Cangi, 2017).

Bu anket c¢alismasi ile Siirt ili bageiliginin mevcut durumu ortaya konulmaya ve genel olarak
karsilasilan sorunlar tespit edilmeye ¢alisilmistir. Ileride Baykan, Eruh ve Kurtalan ilgelerinde de bu
yonde yapilacak c¢alismalar, ilin {iretici ve yetistiricilik profilini tam olarak ortaya konulmasim
saglayacaktir. Siirt ili, birgok bitkisel ve hayvansal iiriiniin yetistiriciliginde oldugu gibi, bagcilik
alaninda da olduk¢a yiiksek potansiyele sahip olmasina ragmen, bu potansiyelin 6zellikle birim
alandan elde edilen iiriin miktar1 yoniiyle yeterli diizeyde kullanilmadig1 gériilmektedir. Ureticilerin
tamami, Uzliim yetistiriciliginde, tarimsal desteklerden faydalanmadiklari ifade etmislerdir.
Ureticilerin biiyiik cogunlugu gelir diizeyinden memnun olmadigii ifade ederken, %41 gelir diizeyi
yiiksek oldugu icin bagcilik yaptiklarii belirtmistir. Ureticiler, yetistiricilik esnasinda karsilastiklar:
sorunlar1 diger ¢iftcilere damisarak ¢ozmeye calistiklarini sdylemislerdir. Ureticilerin % 50 si sulama
yapmadigini, %24’ budama yapmadigmi bildirmis, ancak biiyiik ¢ogunlugu giibre uygulamasi
yaptigimi belirtmistir. Yorede oldukga yiiksek olan mevcut potansiyelin en uygun sekilde kullanilmasi
konusunda calismalarin artirilmasi gerektigi goriilmektedir.

Kiltarel uygulamalar konusunda goriilen bilgi eksikliklerinin giderilmesi, ideal bitki besleme
programimin belirlenmesi igin {ireticilere toprak analizinin O6neminin kavratilmasi gerekmektedir.
Yorenin en yaygin gesitleri olan Tayifi, Sinceri, Binetati gibi gesitlerin gelistirilmesi saglanirken,
yoreye uygun standart cesitlerin belirlenerek, yayginlastirilmasi da, yore ekonomisine olumlu
yanstyacaktir. En yaygin hastalik olarak goze g¢arpan kiilleme ve bunu takip eden giines yaniklari
sorunu ile ilgili bilgilendirme ve miicadele egitimlerine ihtiya¢ oldugu goriilmiistiir. Bagcilarin
dikimde sira arast ve sira iizeri mesafelere 6zen gostermedikleri; yaygin terbiye sekli algaktan
taclandirilmis terbiye sistemleri konusunda bilgilendirmeye ihtiya¢ duyuldugu goriilmektedir.

Uretimdeki sorunlarm asilmasi, verim ve kalitede artis saglanmasi igin, dncelikle ydrenin
ekonomik ve teknik uygulamalar yoniiyle desteklenmeye ihtiyact oldugu goriilmiistiir. Ilgili
bakanliklarca, bag iireticilerine saglanacak destekler, Tarim ve Orman Bakanligi’na bagh il ve Ilge
Miidiirliiklerinin, Arastirma Enstitiilerinin ve Universitelerin destekleriyle, yiiksek potansiyele sahip
bulunan Siirt ili, iilkemizde hatta diinyada séz sahibi olabilecektir. Ureticilerin tarimsal desteklerden
faydalanma oranlarini artiracak yonde calismalar yiiriitiilmesi, ¢iftci ve teknik eleman katilimli gesitli
kurslar, calistaylar ve demonstratif uygulamalarla, dikim, budama, ideal terbiye sekli olusturma,
giibreleme, sulama, zirai miicadele gibi konularda egitim g¢alismalar1 yapilmasi yore uretimini
yukarilara tastyabilecektir.

Mevcut yaslt baglarin yenilenmesi, yerine modern tekniklerin kullanildig1 yeni bag alanlar
tesis edilmesinin tesvik edilmesi gerekmektedir. Uretilen iiziimlerin islenebilecegi ve
degerlendirilebilecegi siradan mamul iriinlerin elde edilebilecegi ya da kurutmalik olarak
degerlendirilebilecegi tesislere ihtiyag bulunmaktadir. Ureticilerin orgiitlenmesi yoluyla iiretim
modelinin aile isletmesi olmaktan cikarilip, ekonomik getirisi yiliksek isletmeler haline getirilmesi
saglanmalidir.

Yorede Organik Tarim Sistemine kayith bag iireticisi bulunmamakla beraber mevcut {iretim
modeli, kimyasal girdilerin oldukca diisiik diizeyde uygulandigi bir modeldir. Uretim miktar1 ve
kalitesini yiikseltmeye yonelik calismalar yapilirken, bu konudaki olumlu yaklagimlari ortadan
kaldirmadan, siirdiiriilebilir iiretim yontemlerinin kontrollii ve kayitli olarak yayginlastiriimasi
saglanmalidir. Yorenin, Organik tarim ya da Iyi tarim gibi siirdiiriilebilir tarrm uygulamalar1 yoniiyle
sahip bulundugu yiiksek potansiyelin, lilke ve yore ekonomisine kazandirilmas: gerekmektedir.

Bagciligin yogun olarak yapildigi ve ekonomik bir is kolu olarak degerlendirildigi yorelerden
elde edilen galisma bulgulari, Siirt yoresinde yapmis oldugumuz ¢alismayla karsilastirildiginda, Oretici
tutumlan arasinda biiylik farklar oldugunu ortaya ¢ikmaktadir. Siirt yoresi bagciliginin geri kalmis
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olmasinin ekolojik faktorlerin uygun olmamasindan degil, daha ¢ok kiiltiirel ve teknik uygulamalarin
yeterli ve dogru sekilde yapilmamasindan kaynaklandigi disiiniilmektedir. Yore bagciligmin
sorunlarinin en Onemli sebeplerinden birinin de {ireticilerdeki sosyolojik yaklasimlardan kaynakli
oldugu, yetistiriciligin geleneksel ve atadan Ogrenilen yontemlerin kullanilmasiyla siirdiiriildiigi,
verim ve Kaliteyi artiracak uygulamalardan uzak duruldugu gériilmektedir.
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Oz: Bu arastirma, Sityemez-1 ceviz cesidinden serbest tozlanma sonucu elde
edilen tohumlarla ¢ogaltilmis genotiplerin birbirleriyle ve ana c¢esit ile olan
fenolojik ve genetik farklilik seviyelerini belirlemek amaciyla yapilmigtir.
Fenolojik olarak, yapraklanma ve yaprak dékiim dénemleri incelenmistir. Genetik
farkliliklarin belirlenmesinde ise 12 Basit Tekrarli Diziler Arasi Polimorfizm
(ISSR) ve 5 Dizi iliskili Cogaltilmis Polimorfizm (SRAP) primeri kullanilmistir.
Arastirmada yapraklanma ve yaprak dokiim baslangic Ozellikleri yoniyle
genotiplerin ana ¢eside gore genelde daha ge¢ aktif duruma gectikleri
gozlemlenmistir. Tiim genotiplerde, yapraklanma baslangic donemlerinin 60 gun,
yaprak dokiim baglangi¢ donemlerinin ise 44 giin gibi uzun bir periyoda yayildigi
belirlenmistir. Fenolojik gézlem sonuglar1 Uzerinden ana geside gore genotiplerin
benzerlik seviyeleri smiflandirilmistir.  Yapraklanma baglangic  doénemleri
yoniinden ana geside gore genotiplerin, %18’i “Cok yakin”, %12’si “Yakin”,
%19’u “Orta”, %18’i “Uzak” ve %33’ ise “Cok uzak” kategoride yer almislardir.
Yaprak dokim baglangi¢ donemlerine gore ise genotiplerin; %48’ inin “Cok yakin”,
%20’sinin “Yakin”, %25’inin “Orta”, %3’Undn “Uzak” ve %4’(niin ise ana ¢eside
gbre “Cok uzak” kategoride yer aldiklari belirlenmigtir. Genetik analizlerde
genotiplerin birbirine benzerlik oraninin %50 ile %99 arasinda degistigi ve
polimorfizm oraninin %93.3 oldugu tespit edilmistir. Arastirmada kullanilan ceviz
popiilasyonlarinin ana bitkiye gére hem fenolojik hem de genetik olarak dnemli bir
cesitlilige sahip oldugu ve bitkisel gen kaynaklarinin yonetiminde fenolojik ve
molekiiler verilerin birlikte kullanilmasinin 6nemli oldugu goérulmiistiir.

Phenological and Molecular Characterization of Open Pollinated F1 Progenies of

Sutyemez-1 Walnut Cultivar
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Abstract: This research was carried out to determine the phenological and
genetic difference levels of open-pollinated F1 progenies of Siityemez-1 cultivar
in walnut. Phenologically, leafing and defoliation periods were examined. In
determining genetic differences, 12 ISSR and 5 SRAP primers were used. In this
study, it was observed that the progenies became active later than their parent in
terms of leafing and defoliation initial characteristics. In all progenies, leafing
onset periods were determined to extend over a long period of 60 days and
defoliation onset periods were 44 days. The classification has been made by
considering the results of phenological observations. According to the main
cultivar in terms of leafing, 18% of genotypes are “Very close”, 12% are “Close”,
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Keywords 19% are “Medium”, 18% are “Far” and 33% are “Very Far”. According to the

first defoliation periods, genotypes; It was determined that 48% of them were in
Walnut, the category of “Very close”, 20% of them were “Close”, 25% of them were in
Phenological, the “Medium”, 3% were in the “Far” and 4% were in the “Very Far” category. In

:\igll:,é:ular genetic analysis, it was determined that the similarity rate of genotypes varied

SRAP. between 50% and 99% and the rate of polymorphism was 93.3%. It has been
observed that the walnut populations used in the study have a significant diversity
both phenologically and genetically compared to the main plant and that it is
important to use phenological and molecular data together in the management of
plant gene sources.

“"Bu makale Yiiksek Lisans tez caligmasindan elde edilmistir.
1. Giris

Diploit ve 32 kromozoma sahip olan ceviz (Woodworth, 1930) botanik olarak monoik bitkiler
grubunda yer alir. Ceviz genotiplerinde ¢ok azda olsa homogami ¢igeklenme durumu goériillmekle
birlikte dikogami ¢iceklenme 6zelligin yaygindir. Bundan dolay1 ceviz gesitleri ¢ok biiyiik oranda
yabanci tozlanmaktadir. Ceviz bazi meyve tiirlerine gore hem ¢ogaltimi hem de yetistiriciligi
bakimindan daha uzun zaman ve emek isteyen bir meyve tiiriidiir. Cevizin heterozigot yapiya sahip
olmasi bu tiiriin ismine dogru olarak ¢ogaltilmasint nerdeyse imkansiz kilmaktadir. Bu durum dretim
acisindan olumsuz bir etki olusturmasina karsilik, 1slah¢ilar agisindan 6énemli bir genetik varyasyon
saglamaktadir. Ancak cevizin genglik kisirlig1 siiresinin uzun olmasi, 1slah ¢aligmalarini kisitlayan diger
bir olumsuz durum olarak degerlendirilmektedir. Son yillarda biyoteknolojik yontemlerdeki hizli
ilerleme, 1slah siiresinin kisalmasina 6nemli katkilar sunmaktadir.

Bitki 1slahgilar1 morfolojik ve molekiler markorleri birlikte kullanarak, genetik ¢esitliligi
belirleme, filogenetik galismalar ve genom haritalarinin olusturulmasi gibi konularda yiksek etkinlikte
caligmalar yapmaktadir (Reddy ve ark., 2002; Ekincialp ve Kazankaya, 2012; Eser ve ark., 2019). ISSR
markor teknigi yiksek oranda polimorfizm igermesi, diisiik maliyeti, daha kisa zamanda sonug vermesi,
genotiplerin orijinlerinin ve genetik ¢esitliligin belirlenmesi gibi konularda etkili bir sekilde
kullanilmaktadir (Potter ve ark., 2002; Pollegioni ve ark., 2003; Christopoulos ve ark., 2010; Malvolti
ve ark., 2010). Diziler Aras1 Cogaltilmis Polimorfizm (SRAP) primerlerinin sekanslanmasinin kolay
olmasi, giivenilirligi, maliyetinin ucuz ve tekrarlanabilirliginin yiksek olmasindan dolay:1 istiin
oOzelliklere sahiptir.

Ceviz gibi yabanci tozlanan ve heterozigot yapida olan meyve tiirlerinde tohumla ¢ogaltmada
elde edilen genotiplerde genetik varyasyonun ¢ok dnemli seviyede oldugu bilinmektedir (Ozcan ve
Sutyemez, 2017). Cevizde gesit 1slahinda ge¢ yapraklanma en 6nemli fenolojik 6zelliklerden biridir. Bu
yuzden bir ceviz genotipinde, verim, kalite 6zelliklerinin iistiin olmas1 yaninda ge¢ yapraklanma ve
yapraklarin erken dokiimiilmesi istenir (Tulecke ve McGranahan, 1994; Germain ve ark., 1999;
Sutyemez, 2016).

Bu caligmada, Sutyemez-1 ceviz ¢esidinden serbest tozlanma sonucu elde edilen tohumlarla
cogaltilmis genotiplerin, fenolojik 6zelliklerinin belirlenmesinin yan1 sira ISSR ve SRAP markor
teknikleri kullanilarak molekiiler karakterizasyonun yapilmasi ve ana gesit ile aralarindaki genetik
iligkilerin belirlenmesi amaglanmstir.

2. Materyal ve Yontem

Aragtirmada, ana ¢esit olarak “Sltyemez-1” ve bu ceside ait serbest tozlanmis tohumlardan elde
edilen 95 F1 bitkisi materyal olarak kullanilmistir.

2.1. Fenolojik gozlemler

Arastirmada ceviz genotiplerinin fenolojik farkliliklarini belirlemek amaciyla yapraklanma ve
yaprak dokiim baslangiglari gibi dzellikler IPGRI’de (1994) yer alan parametrelere gore belirlenmistir

(Cizelge 1).
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Cizelge 1. Fenolojik ozelliklerin belirlenmesinde kullanilan tanimlamalar

Ozellikler Tanimlamalar

Tepe tomurcuklarinin %50’si patlayarak yesil yapraklarin agiga ¢iktig:
tarih
Yaprak dokim tarihi Bitki tizerindeki yapraklarin tamaminin dokiildiigii tarih

Yapraklanma tarihi

Kaynak: IPGRI, 1994
2.2. Molekuler analizler

Bu arastirmada, net ve tekrarlanabilir sonuglar vermesi, birbirine yakin genotipleri daha iyi
ayirmasi, daha uygulanabilir olmasindan dolay1 ISSR ve SRAP markor teknikleri kullanilmastir.

Molekdler analizlerde kullanilacak cevizlere ait yaprak orneklerinin genc ve saglikli olmasina
dikkat edilmistir. Toplanan yapraklar %70’lik alkol ile saf sudan gecirilerek kuru buz igerisinde
laboratuvara getirilmis ve DNA izolasyonuna kadar -80°C’de muhafaza edilmistir.

Ceviz yapraklarina ait DNA izolasyonu Doyle ve Doyle’nin (1987) gelistirdigi Bardak’in (2012)
modifiye ettigi CTAB protokoliine gore yapilmistir.

Arastirmada ceviz genotipleri arasindaki genetik farkliliklar1 belirlemek amaciyla 12 adet ISSR
primeri ve 5 adet SRAP primer kombinasyonu Bardak ve Bolek (2012) tarafindan kullanilan ISSR ve
SRAP analiz yontemine gore yapilmistir. PCR driinleri %3’liikk agaroz jelde kosturulmus ve jel
gorlntuleri “1° ve ‘0’ olarak skorlanmigtir. Calismada kullanilan primerlerin polimorfizm bilgi icerikleri
skorlama sonucunda elde edilen verilere gore Excel’de hesaplanmistir (Laborda ve ark., 2005). Elde
edilen polimorfik bantlarin ‘1’ ve ‘0’ allel toplamlar1 yapilip her bandin ayr ayr allel frekanslar
asagidaki formiile gore hesaplanmigtir. Buradaki f i, i bandinin frekansini belirtmektedir.

PIC=1-Y(fi)2

Arastirmada ceviz genotipleri arasindaki benzerlik katsayisini belirlemek amaciyla Nei (1972)
indeksi POPGENE 3.2 paket programinda hesaplanmistir. Genotiplere ait dendogram ‘Unwieghted Pair
Group of Aritmetic Means’ (UPGMA) yontemine gére NTSYSpc v. 2.02 programi (Rohlf, 1998)
kullanilarak Dice indeksine (Dice, 1945) gore olusturulmustur.

Ceviz genotiplerine ait kiimeleme analizi Structure 2.3.4 paket programi kullanilarak
yapilmustir. Ideal grup sayisim belirlemek igin her bir K degeri 10 bagimsiz simiilasyon ile 1’den 10’a
kadar ¢alistirilmistir. Permiitasyon moddli ise 10.000 ile 100.000 araliginda secilmis ve grup sayisini
belirleyen Delta K degeri her bir K degeri igin 5 tekrar yapilarak hesaplanmigtir. Analiz sonuglari zip
dosyasinda arsivlenmis ve bu dosya “structure harvester” web sayfasia yiiklenerek ideal AK degeri
bulunmustur (Anonim, 2020).

2.3. Fenolojik ve genetik cesitliligin (varyasyon) siniflandirilmasi

Ana c¢eside gore genotiplerin fenolojik farkliliklarinin smiflandirilmas: Cizelge 2’ye gore
yapilmustir.

Cizelge 2. Ana ¢eside gore genotiplerin fenolojik farkliliklarinin siniflandirilmasi

Siniflandirma Sltyemez-1"den (gun olarak)
Cok yakin +0-4

Yakin +5-9

Orta +10-14

Uzak +£15-19

Cok uzak +20 ve Uzeri

*Sutyemez, 2019.

Bu arastirmada yapilan gézlem ve analizler sonucunda ana gesit ile ceviz genotipleri arasinda
¢ok 6nemli fenolojik ve molekiiler bulgular elde edilmistir (Cizelge 3; Sekil 2-4).
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3.1. Fenolojik Gozlemler

[lkbahar ge¢ donlarindan zarar géren meyve tiirleri igin ilk yapraklanma ya da ilk gigeklenme
donemleri oldukca 6nemli parametrelerdir. Ozellikle geg yapraklanma birgok ceviz 1slah galigmasinim
temel amaglarindan birini olusturmaktadir. Calisma kapsaminda kullanilan ceviz popiilasyonun ilk
yapraklanma donemleri acisindan oldukca ©Onemli bir varyasyona sahip oldugu belirlenmistir.
Aragtirmada kullanilan ceviz genotiplerinin fenolojik 6zellikleri ve ana g¢eside (Siityemez-1) gore
siiflandirilmasina ait sonuglar Cizelge 3’te verilmistir.

Arastirmada ebeveyn ceviz g¢esidinde yapraklanma baslangici 19 Mart tarihinde
gozlemlenirken, serbest tozlanma ile elde edilen 95 genotipin tamaminin ebeveyn geside gore farkli
tarihlerde yapraklanmaya basladiklar1 g6zlemlenmistir. Ana geside goére yapraklanma baslangig
doénemlerinin smiflandirilmasinda genotiplerin, %18’inin ‘Cok yakin’, %12’sinin ‘Yakin’, %19’unun
‘Orta” %18’inin *Uzak’, %33’Uniln ise ‘Cok uzak’ oldugu belirlenmistir. Ayrica ana gesitte yaprak
dokiim déneminin 24 Kasim tarihinde basladig: belirlenirken, 11 genotipin ana gesit ile yaprak dokim
donemlerinin ayni oldugu ve diger genotiplerin farkli zamanlarda yaprak dokiimiine basladiklari tespit
edilmistir. Ana g¢eside goére yaprak dokiim doénemlerinin siniflandirilmasinda genotiplerin %48’inin
‘Cok yakin’, %20’sinin ‘Yakin’, %25’inin ‘Orta’ %3’Unln ‘Uzak’, %4’inun ise ‘Cok uzak’ oldugu
belirlenmistir (Cizelge 3). Ceviz genotiplerinde yapraklanma baslangi¢ periyodunun 60 giine, yaprak
dokiim baslangi¢ periyodunun ise 44 giine yayildig1 belirlenmistir (Cizelge 3).

Fenolojik olarak yapraklanma ve yaprak dokim baslangic donemlerine ait bulgular
degerlendirildiginde ana cesit ile ceviz genotipleri arasinda ¢ok énemli fenolojik varyasyonun oldugu
belirlenmistir.

Siityemez ve Kagska (2006) tarafindan Kahramanmaras sartlarinda yiiriitiilen ¢alismada, 32 adet
yerli ve yabanci ceviz genotiplerine ait fenolojik gozlemler incelenmistir. Genotipler arasindan yaprak
dokiim baslangi¢ donemlerinin 23 Kasim ile 15 Aralik tarihleri arasinda gergeklestigi belirlenmistir.
Sltyemez-1 c¢esidinin ise 1-8 Aralik tarihleri arasinda yapraklarimi tamamen dokerek dinlenme
donemine girdigi belirlenmistir. Bu ¢alismada Siityemez-1 ceviz ¢esidinin yaprak dokiim baslangic
tarihi 24 Kasim olarak belirlenmis olup, aradaki farkin iklimsel faktorlerden kaynaklandig
diistiniilmektedir.

Bayazit tarafindan 2009 yilinda Hatay’da yiiriitiilen ¢alismada ceviz gesitlerine ait yapraklanma
donemleri incelenmistir. Yapraklanma baglangici 1 Nisan tarihinde Yalova 4, Sen 1 ve Tokat 1 ceviz
cesitlerinde gerceklesirken, en ge¢ yapraklanma baglangici 7 Nisan’da Yalova 1 ¢esidinde
gozlemlenmistir.

Bukiicl ve Sutyemez (2016) tarafindan Kahramanmaras sartlarinda yapilan ¢alismada farkli
ceviz ¢esit ve genotiplerin fenolojik 6zellikler belirlenmistir. Arastirmada “Sityemez-1” ¢esidine ait
yapraklanma baslangig tarihinin 22 Mart oldugu bildirilmistir. Bu ¢aligma ise ana gesit Siityemez-1 ceviz
¢esidine ait yapraklanma baglangicinin 19 Mart tarihinde basladigi goriilmektedir (Cizelge 3). Bu 6zellik
yonlyle her iki ¢alisma sonuglarinin uyum igerisinde oldugu goriilmektedir.
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Cizelge 3. Ceviz genotiplerinin fenolojik 6zellikleri ve ana ¢eside (Siityemez-1) gore siniflandirilmasi

Genotip 1 +13 Orta +4 Cok yakin Genotip 8 +9 Yakin 0 Cok yakin
Genotip 2 +24 Cok uzak -1 Cok yakin Genotip 9 +13 Orta -4 Cok yakin
Genotip 3 +20 Cok uzak +15 Uzak Genotip 10 +57 Cok uzak +14 Orta
Genotip 4 +1 Cok yakin +10 Orta Genotip 11 +36 Cok uzak 0 Cok yakin
Genotip 5 +19 Uzak -10 Orta Genotip 12 +1 Cok yakin 0 Cok yakin
Genotip 6 +26 Cok uzak -2 Cok yakin Genotip 13 +13 Orta -12 Orta
Genotip 7 +10 Orta +14 Orta Genotip 14 +20 Cok uzak +5 Yakin
Genotip 15 +25 Cok uzak +6 Yakin Genotip53  +2 Cok yakin +1 Cok yakin
Genotip 16 +46 Cok uzak -1 Cok yakin Genotip54  +13 Orta 0 Cok yakin
Genotip 17 +20 Cok uzak +9 Yakin Genotip55  +1 Cok yakin -11 Orta
Genotip 18 +19 Uzak +12 Orta Genotip56  +20 Cok uzak -1 Cok yakin
Genotip 19  +32 Cok uzak +10 Orta Genotip57  +18 Uzak +12 Orta
Genotip 20  +20 Uzak +9 Yakin Genotip58  +19 Uzak +10 Orta
Genotip21  +20 Cok uzak +10 Orta Genotip59  +2 Cok yakin +11 Orta
Genotip 22  +46 Cok uzak +4 Cok yakin Genotip60  +20 Cok uzak 0 Cok yakin
Genotip 23 +49 Cok uzak +5 Yakin Genotip 61 +18 Uzak +4 Cok yakin
Genotip24  +30 Cok uzak +9 Yakin Genotip62  +2 Cok yakin +4 Cok yakin
Genotip 25  +13 Orta +4 Cok yakin Genotip69  +14 Orta +5 Cok yakin
Genotip 26 +19 Uzak +4 Cok yakin Genotip 70 +15 Orta +9 Yakin
Genotip 27  +22 Cok uzak +9 Yakin Genotip71  +3 Cok yakin +3 Yakin
Genotip28  +19 Uzak -1 Cok yakin Genotip 72 +18 Uzak +5 Yakin
Genotip29  +32 Cok uzak +4 Cok yakin Genotip 73 +18 Uzak -12 Orta
Genotip30 +2 Cok yakin +4 Cok yakin Genotip 74  +24 Cok uzak +4 Cok yakin
Genotip 31 +41 Cok uzak 0 Cok yakin Genotip75 +9 Yakin -12 Orta
Genotip 32 +14 Orta +3 Cok yakin Genotip 76 +16 Uzak -2 Cok yakin
Genotip 33 +20 Cok uzak -1 Cok yakin Genotip 77 49 Yakin -1 Cok yakin
Genotip 34  +5 Yakin -2 Cok yakin Genotip78  +5 Yakin +5 Yakin
Genotip 35  +8 Yakin -1 Cok yakin Genotip 79  +16 Uzak -18 Uzak
Genotip 36 +7 Yakin -12 Orta Genotip 80  +14 Orta +20 Cok uzak
Genotip 37 +9 Yakin -4 Cok yakin Genotip81  +3 Cok yakin +10 Orta
Genotip 38 +13 Orta -1 Cok yakin Genotip 82  +16 Uzak +10 Orta
Genotip 39 +1 Cokyakm -5 Yakin Genotip 83  +3 Cok yakin +6 Yakin
Genotip40 -1 Cok yakin -1 Cok yakin Genotip 84  +14 Orta +12 Uzak
Genotip4l  +9 Yakin 0 Cok yakin Genotip 85  +16 Uzak +12 Uzak
Genotip 42  +1 Cokyakm -1 Cok yakin Genotip 86  +23 Cok uzak +7 Yakin
Genotip 43  +3 Cokyakn 0 Cok yakin Genotip 87 +13 Orta +9 Uzak
Genotip 44  +13 Orta -8 Yakin Genotip 88  +9 Yakin +11 Uzak
Genotip45  +8 Yakin +4 Cok yakin Genotip 89  +13 Orta +11 Uzak
Genotip 46 +49 Cok uzak -21 Cok uzak Genotip90 -1 Cok yakin +11 Uzak
Genotip 47  +2 Cokyakm 0 Cok yakin Genotip91 -3 Cok yakin 0 Cok yakin
Genotip 48 +11 Orta +9 Yakin Genotip 92 +22 Cok uzak +11 Uzak
Genotip49  +46 Cok uzak +10 Orta Genotip 93 +22 Cok uzak -2 Cok yakin
Genotip 50  +17 Uzak +4 Cok yakin Genotip94  +24 Cok uzak +12 Uzak
Genotip 51 +11 Orta +11 Orta Genotip95  +20 Cok uzak +9 Uzak
G . Slityemez-

enotip 52 +8 Yakin 0 Cok yakin 1 0 0 -

3.2. Molekuler analizler

Ceviz genotipleri arasindaki varyasyonun belirlenmesinde ISSR ve SRAP markdr teknigi
kullanilmagtir. Calismada 12 adet ISSR ve 5 adet SRAP primerleri kullanilmis olup sekizinden (5 ISSR
ve 3 SRAP) bant elde edilememistir. Calismada kullanilan 9 primerden 45 adet bant elde edilmis olup,
bu bantlarin 42 tanesinde polimorfizm goruliirken 3 bandin ise monomorfik oldugu belirlenmistir.
Kullanilan primerlere ait polimorfizm bilgi icerigi (PIC) %51 ile %99 degerleri arasinda farklilik
gostermistir. Calismada kullanilan ISSR primerlerine ait polimorfizm oraninin %93.3 oldugu
belirlenmistir. Arastirma sonucunda en fazla allel (7) iireten primerin ISSR 11 oldugu tespit edilerek,
ortalama allel sayisi ise 4.6 olarak hesaplanmistir (Cizelge 4).
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Sekil 1. ISSR 13 primerine ait bantlarin goriiniimii.

Potter ve ark. (2002) tarafindan 48 adet ceviz (Juglans regia) ¢esidi tizerinde ISSR markor
teknigi kullanilarak gesitler arasindaki genetik iliskiler incelenmistir. Yapilan bu ¢alismada 8 adet ISSR
primerinin sonucunda 54 bant elde edilmis ve elde edilen bantlarin 31’inin (%57) polimorfizm oldugu
belirlenmistir. Arastirmacilar, ISSR primerlerinin ceviz ¢esit ve genotipleri arasindaki genetik
farkliliklarin belirlenmesinde, RAPD teknigine gore daha fazla polimorfik bant olusturdugunu
bildirmislerdir. Farkli arastiricilar tarafindan ceviz g¢esit ve genotiplerinde ISSR teknigi kullanilarak
yapilan ¢aligmalarda polimorfizm oranlarinin %43 ile %72 arasinda degistigi belirtilmektedir (Potter ve
ark., 2002; Akcan, 2007; Pollegioni ve ark., 2008; Dogan ve ark., 2014; Najafi ve ark., 2014).

Kafkas ve ark. (2005) tarafindan yapilan calismada 21 ceviz gesit ve genotipinde 6 AFLP ve 2
SAMPL primer kombinasyonu kullanilmis, %50.4’1i polimorfik olmak {iizere toplam 230 bant elde
edilmistir. Caligmada Maras-18 ile Maras-46; KSU-5 ile Siityemez-1; Maras-12 ile Sityemez-2;
Kaman-3 ile Kaman-4 ve KSU-11 ile Maras-10 genotiplerinin yakin akraba olduklari saptanmustir.
Calisma sonucunda, SAMPL tekniginin AFLP teknigine gore cevizde akraba genotiplerin ayiriminda
daha iyi sonug verdigi belirtilmistir.

Cizelge 4. Calismada kullanilan ISSR primerlerinin allel sayilart ve PIC (polimorfizm bilgi igerigi)

degerleri
Say1 Primer adi Baz dizilimi Allel sayist PIC
1 ISSR 5 CACACACACACAG 4 0.99
2 ISSR 6 CACACACACACACAGT 4 0.95
3 ISSR 8 ACACACACACACACACACC 6 0.99
4 ISSR 9 ACACACACACACACACTG 4 0.99
5 ISSR 11 GAGAGAGAGAGAGAGATC 7 0.96
6 ISSR 12 GAGAGAGAGAGAGAGAGAC 4 0.51
7 ISSR 13 AGAGAGAGAGAGAGAGC 6 0.99
8 EM7 (F) GACTGCGTACGAATTCAA 4 0.99
MES5 (R) TGAGTCCAAACCGGAAG '
9 EM11 (F) GACTGCGTACGAATTTCG 3 0.85
ME12 (R) TGAGTCCAAACCGGGGT '

Bu aragtirmada, ceviz genotiplerine ait genetik varyasyon, Nei’ye (1972) gore hesaplanmistir.
ISSR ve SRAP analizleri sonucu olusturulan dendrogram (Sekil 2) incelendiginde, genotipler arasindaki
genetik benzerlik oraninin %50 ile %99 arasinda degisim gosterdigi belirlenmistir.

Ceviz genotipleri arasindaki genis benzerlik indeks araligi beklenen bir durumdur. Clinki ceviz
bitkisinde yaygin olarak goriilen dikogami nedeniyle genotipler arasinda genetik varyasyonun yiiksek
olmas1 beklenen bir sonugtur.

Dogan ve ark. (2014) tarafindan yUritilen bir arastirmada, yerli ve yabanci kokenli 62 ceviz
cesidi arasindaki genetik benzerligi belirlemek amaci ile ISSR ve RAPD markér tekniklerine ait 25°er
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primer, tim ceviz gesitlerine uygulanmistir. Markorlere ait genetik benzerlik katsayisinin ISSR
tekniginde 0.62 ile 0.94 oldugu belirlenirken, RAPD tekniginde ise bu degerin 0.63 ile 0.95 arasinda
yayillim gosterdigi belirlenmistir. Ayrica yapilan caligma sonucunda ISSR ve RAPD markor
tekniklerinin ¢esitler arasindaki genetik benzerligi belirlemede benzer sonuglar vermesine ragmen ISSR
tekniginin RAPD teknigine gore tekrarlanabilirlik agisindan daha istiin 6zelliklere sahip oldugu
belirlenmistir.

Orman (2018) tarafindan Atatiirk Bahge Kiiltiirleri Merkez Arastirma Enstitiisii’nde yiirtulen
caligmada 42 adet yerli ceviz genotipleri ISSR primerleri ile taranmis ve benzerlik oranlar1 %21 ile %83
arasinda degisim gosterdigi belirtilmistir.

Cevizde, degisik genotipler iizerinde yapilan genetik ¢alismada genotipler arasindaki benzerlik
indekslerinin Akcan’a (2007) gore 0.60 ile 0.93 arasinda, Ahmed ve ark.’na (2012) gore %12 ile %79
arasinda Najafi ve ark.’na (2014), gore 0.47 ile 0.88 arasinda, ve Vahdati ve ark.’na (2015) gore 0.56 ile
0.82 arasinda degistigi belirtilmistir.

Ceviz genotiplerinin ana ¢esit ve kendi aralarindaki molekiiler diizeyde farkliliklarinin
belirlenmesinde kullanilan UPGMA (Unweighed Pair Group Method of Aritmetic Averages), NTSYSpc
ver. 2.2 ve Structure 2.3.4 programlarindan elde edilen bulgular Sekil 3-Sekil 5°de verilmistir.

Elde edilen ISSR ve SRAP analiz sonuglarina gore 95 ceviz genotipinin 2 ana gruba ayrildigi
belirlenmis olup bu ana gruplarda kendi igerisinde birbirinden farkli gruplar olusturmustur (Sekil 2).
Genetik olarak, ana cesit ile 55 genotipin ayni grupta kiimelendigi, 40 genotipin ise diger grupta yer
aldig1 tespit edilmistir.

Ipek ve ark. (2019) tarafindan selekte edilen 8 ceviz genotipinin ISSR teknigi kullanilarak bazi
onemli ceviz cesitleri ile genetik benzerlikleri incelenmistir. Olusturulan UPGMA dendograminda en
yiiksek genetik benzerligin 0.491 ile 0.891 arasinda degistigi bildirilmistir.

Orman ve ark. (2017) tarafindan Genetik ¢esitliligini tespit etmek icin yapilan bir ¢alismada,
Tiirkiye’nin degisik bélgelerinden toplanan 154 ceviz genotip tizerinde, Dizileyerek Genotipleme (GBS)
isaretleyicileri kullanilmistir. GBS isaretleme yoOntemi toplamda 16.767 SNP (tek niikleotit
polimorfizm) markoérii liretmis olup, filtreleme isleminden sonra ceviz genotiplerinin genetik ¢esitlilik
analizi icin 13.611 adet polimorfik SNP markorii kullanilmistir. Elde edilen temel bilesenler analizi
sonugclari, calismada yer alan 154 ceviz genotipinin {i¢ gruba ayrildigini ortaya koymustur. Calismadan
elde edilen bilgiler 1s18inda, GBS isaretleyicilerin ceviz genotiplerinin ¢esitlilik analizi ve
degerlendirilmesinde etkili olarak kullanilabilecegi vurgulanmistir.

Bu aragtirmaya ait genetik bulgular {izerinden Structure 2.3.4 programinda ideal K degeri
hesaplanarak diyagram elde edilmistir (Sekil 3). Genotipler arasindaki genetik farkliligi belirlemek
amaciyla tekrar Structure 2.3.4 programinda kiimeleme analizi yapilmustir. Sekil 4’teki kimeleme
analizi sonucunun 2 farkl renk ile temsil edilmesi, genotiplerin 2 ana gruba ayrildigini ifade etmektedir
(Sekil 3; Sekil 4). Istatistiksel degerlendirilme amaciyla yapilan dendogram ve kiimeleme analiz
sonuclarinin birbiriyle tutarlik igerisinde oldugu goriilmektedir.
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073
Cosfficient

Sekil 2. ISSR ve SRAP molekiiler markor teknikleri ile olusturulan ana gesit ve 95 genotipe ait genetik
benzerlik dendogram.

Deltak = mean(|L"(K)]) / sd(L(K))

z
Sekil 3. ISSR ve SRAP
: ’ ¢ T ° 7 ¢ ° molekiiler
markor teknikleri ile

olusturulan ana cesit ve 95 genotipe ait Structure programinda elde edilen ideal AK degeri.
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Sekil 4. ISSR ve SRAP molekiiler markor teknikleri ile olusturulan ana ¢esit ve 95 genotipe ait
kiimeleme analiz sonuglar1 (AK=2).

4. Sonug

Bu arastirmada ana ¢esitten serbest tozlanma ile elde edilmis ceviz genotipleri ve Sutyemez-1
arasindaki fenolojik ve genetik iligkiler ortaya ¢ikarilmigtir. Her iki yontemden de elde edilen veriler
ayr1 ayr1 degerlendirilerek karsilastirilmistir.

Aragtirmada Siityemez-1 ceviz ¢esidinin tohumlarindan elde edilen genotiplerin hem ana gesit
ile hem de kendi aralarinda, fenolojik ve genetik olarak 6nemli bir varyasyonun oldugu tespit edilmistir.

Ana (ebeveyn) gesit ve genotiplerin fenolojik gozlemleri mukayese edildiginde genelde
genotiplerin ana ¢eside gore yapraklanma ve yaprak dokiim donemlerine daha geg girdigi belirlenmistir.
Bu durum melezleme 1slah programlarinda Siityemez-1 ¢esidinin ana ebeveyn olarak tercih edilmesi
yoniinde 6nemli bir bulgu olarak degerlendirilebilir.

Gen kaynaklarinin yonetiminde morfolojik ve molekiiler verilerin birlikte kullanilmasinin daha
net bir karakterizasyon saglayabilecegi, ceviz (Juglans regia L.) meyve tiirlinde yakin akraba olan
genotiplerde genetik farkliliklar1 belirlemek amaciyla ISSR ve SRAP primerlerinin giivenli bir sekilde
kullanilabilecegi belirlenmistir.

Bu ¢alisma ceviz meyve tiiriinde tohumla ¢ogaltma durumunda fenolojik ve genetik agilim
diizeyinin ortaya konulmasinin éneminin yaninda bundan sonra yapilacak islah ¢alismalarina kaynak
sunmasi yoniiyle de olduk¢a dnemlidir.
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Oz: Kestane kabag iilkemizde basta tatli olmak iizere, recel, marmelat, pasta ve
tursu olarak insan beslenmesinde kullanilmaktadir. Kestane kabaklar yetistirildigi
bolgenin ekolojik kosullarindan etkilenmekte, verim ve meyve kaliteleri dnemli
diizeyde degiskenlik gostermektedir. Bu c¢alismada iilkemizde ticari ¢esit olarak
tescil edilen ve ekonomik degere sahip olan Arican-97 ve Balkiz ¢esitleri ile
dihaploidizasyon teknigi ile elde edilen iki adet dihaploid kestane kabagi cesit
adaymin I¢ Anadolu bdlgesinin en genis ovasina sahip, Konya ovasinda verim ve
meyve Ozellikleri ortaya koyularak adaptasyon yetenekleri belirlenmeye
caligilmigtir. Sunulan ¢aligma dihaploid kestane kabagi cesit adaylarmin ticari
cesitlerle  karsilastirilarak ~ performanslarinin  belirlendigi  ilk  ¢aligma
ozelligindedir. Cesit ve cesit adaylarinda verim ve meyve kalitesi 6l¢iimlerinde
Onemli farkliliklar bulunmustur. En yiiksek verim Arican 97 (2350 kg/da)
¢esidinden ve DH-6 (2325 kg/da) ¢esit adaymndan elde edilmistir. En fazla bitki
basina meyve sayist ayni gesitlerden sirasi ile 1.74 ve 1.50 adet olarak elde
edilmistir. En yliksek SCKM ve pH DH-8 ¢esit adayindan elde edilirken, yapilan
tat testi sonucunda ticari ¢esitler daha yiiksek puan almistir. Sonug olarak, Konya
Ovasinda Arican 97 6nemli bir ticari ¢esit olarak karsimiza c¢iksa da g¢esit adayi
olarak nitelendirilen DH-6 genotipi verim ve meyve kalitesi ydninden 6nemli
sonuglar vermistir. Bu durumda DH-6 genotipinin Arican 97’ye alternatif bir ¢esit
olarak degerlendirilebilecegi ongoriilmiistiir.
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Abstract: Pumpkin is used in our country as a dessert, jam, marmalade, cake and
pickle in human nutrition. It is affected by the ecological conditions of the region
where they are grown, their yield and fruit quality vary significantly. In this study,
adaptation abilities of Arican-97 and Balkiz cultivars, which are registered as
commercial cultivars in our country and have economic value, and the dihaploid
genotypes obtained from the dihaploidization technique, in Konya plain with the
widest plain of Central Anatolia region, and their adaptation capabilities tried to
be determined. The presented study is the first study feature where the
performance of dihaploid pumpkin variety candidates is compared with
commercial cultivars. Significant differences were found in yield and fruit quality
measurements in cultivars and dihaploid pumpkin variety. The highest yield was
obtained from Arican 97 (2350 kg da?l) cultivar and DH-6 (2325 kg da?)
dihaploid genotype. The maximum number of fruits per plant was 1.74 and 1.50,
respectively, of the same varieties. While the highest TSS and pH are obtained
from DH-8 cultivar candidates, the commercial cultivars got higher scores after
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the taste test. As a result, although Arican 97 appears as an important commercial
cultivar in Konya Plain, the DH-6 genotype, which is described as a candidate for
variety, has yielded important results in terms of yield and fruit quality. In this
case, it is predicted that DH-6 genotype can be evaluated as an alternative cultivar
to Arican 97.

1. Giris

Cucurbitaceae familyasi iginde bulundurdugu yaklasik 120 cins ve 800 tir ile yazlik
sebzelerin en biiyiik familyasidir (Tzortzakis ve ark., 2018). Cucurbitaceae familyas1 diinyanin her
yerinde yetistirilen, yazlik kabak (Cucurbita pepo L.), kislik kabaklar (Cucurbita maxima Duch. ve
Cucurbita moschata Duch.), kavun (Cucumis melo), karpuz (Citrullus lanatus), hiyar (Cucumis
sativus) ve acur (Cucumis melo var. flexuosus) gibi ekonomik getirisi yiiksek tiirlerin yani sira kudret
nart (Momordica charantia L.), su kabag: (Lagenaria vulgaris L.) ve lif kabagi (Luffa actangua L.
Roxb) gibi tiirleri de i¢inde barindirmaktadir. Kabak, kavun, karpuz ve hiyar gibi tiirlerin meyveleri
taze veya pigirilerek tiiketilmesinin yani sira, bazi tiirlerin olgun tohumlari insan beslenmesinde
dogrudan ve dolayli olarak kullamlmaktadir (Seymen ve ark., 2019). Ulkemizde tath yapiminda
kullanilan ve bal kabagi olarak bilinen kiglik kabaklar kestane kabagi i¢inde yer almaktadir.
Ulkemizde krem ve acik yesil tonlarinda kabuk rengine sahip, meyve eti turuncu, eliptik ve yuvarlak
meyve seklinde, dilimli ve 5-15 kg meyve agirligina sahip kestane kabaklart bal kabagi olarak
degerlendirilmektedir (Aslan ve ark., 2019).

Cucurbita  tdrleri,  antibakteriyel,  antidiyabetik,  antihipertansiyon,  antitimor,
immiinomodiilator, antihipolkolesterolemi, antiparaziter, antienflamatuar ve antalgik gibi cesitli
terapotik o©zelliklerle sahiptir (Tzortzakis ve ark., 2018). Meyve posasinda onemli miktarda
karotenoid, klorofil, toplam fenol ve vitamin B6, C, E, K, tiamin ve rivoflavin, ayrica makro ve mikro
mineraller (K, P, Se ve Fe) bulunur (Blanco-Diaz ve ark., 2015; Adubofuor ve ark., 2016; Yesil,
2019). C. maxima meyvesinden elde edilen suda, ¢6zinur polisakaritler de dnemli bir antioksidan
icerigi oldugu saptanmistir (Nara ve ark., 2009). Diger taraftan kabak tohumlar1 kanser hastaliklarinda
onemli bir ajan olan skualen maddesini icermektedir (Dessi ve ark., 2002; Rabrenovi ve ark., 2014).
Ozellikle kolon, meme ve prostat kanserine karsi 6nemli etkilerinin oldugu tespit edilmistir
(Medjakovic ve ark., 2016). Bal kabaklar1 basta tatli olmak ftizere, regel, pasta, marmelat ve tursu
olarak insan beslenmesinde kullanilmaktadir.

Diinyada yaklasik 1.1 milyar ton sebze iiretimi gergeklesmektedir. Bu iiretimde 104 milyon
ton karpuz, 75 milyon ton hiyar, 27 milyon ton kavun ve 27 milyon ton kabak iiretimi yer almaktadir
(FAO, 2018). Kabakgiller toplamda 255 milyon ton’luk (yaklasik % 25) iiretim degeri ile diinya sebze
iiretiminde 6nemli bir paya sahiptir. Ulkemizde ise 2018 yili verilerine gére 616 777 ton kabak
uretimi-gerceklesmistir. Bu {iretimin 474.527 tonunu yazlik kabaklar, 87 207 tonunu kighk kabaklar,
55.043 tonunu cerezlik kabaklar olusturmustur (TUIK, 2018).

Balkaya ve ark. (2011), yapmis olduklar1 ¢alismada, iilkemizde kislik kabak tiirlerine ait
genetik kaynaklarin toplanmasi, seleksiyonu ve tarimsal 6zelliklerinin iizerine yapilan ¢alismalarin
yeterli olmadigini bildirmislerdir. Ulkemizde uzun yillardir Sakarya Misir Arastirma Enstitiisii
tarafindan gelistirilen ve tescil edilen Arican-97 kestane kabag ticari ¢esit olarak deger bulmaktadir.
Diger taraftan ayni kurum tarafindan Balkiz ismi ile 2018 yilinda yeni bir ticari ¢esit piyasaya
stiriilmiigtiir. Kestane kabagimin ekonomik getirisinin diisiik olmasindan dolay1 iilkemizde halen
standart ¢esitlerle ya da iiretici kendi tohumluklarindan tiretim yapmaktadir. Kabaklar monoik ¢igek
yapisindan dolay1 yabanci tozlanan tiirlerdir. Yabanci tozlanma sonucunda mevcut genotiplerde
genetik acilma yiiksek oranda goriilmektedir. Bu durum bir taraftan genetik cesitliligi artirarak avantaj
saglasa da diger taraftan yerel genotiplerin dzelliklerinin degismesine sebep olmaktadir (Babaoglu ve
Tirkmen, 2017). Bundan dolay1 standart meyve kalitesini yakalamak, verimi artirmak ve {iretim
bolgelerine adapte olabilecek cesit ve gesitleri gelistirmek onem arz etmektedir.

F1 hibrit sebze 1slahinin ilk asamasi saf hatlarin elde edilmesidir ve bu siire¢ kabak gibi
yliksek oranda yabanci tozlanan tiirlerde 8-10 y1l kadar siirmektedir. Bu siire¢ sonunda dahi % 100 saf
bir hattin elde edilmesi miimkiin olamamaktadir.
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Ancak dihaploidizasyon adi verilen yontem sayesinde % 100 saf hatlarin eldesi 1-2 y1l gibi
kisa bir siirede gerceklestirilebilmekte, zaman, isgiicii ve 1slahta ilerleme agisindan biiyiik kazanimlar
saglanmaktadir. Ulkemizde yazlik ve kislik kabak tiirlerinde gerek 1sinlanmis polen (Kurtar ve ark.,
2002; Berber, 2009; Kurtar ve ark., 2009; Kurtar ve Balkaya, 2010; Bektemur ve ark., 2014), gerek
anter kiltard (Kurtar ve ark., 2016) ve gerekse ovul kiltiri (Kurtar ve ark., 2018) yoluyla dihaploid
bitkiler elde edilmistir.

Kestane kabaklar1 ekolojik faktorlerden etkilenmesi sonucunda bolgelere gore tiretimde biiyiik
farkliliklar ortaya ¢ikmaktadir. Yapilan calismada, tilkemizde ticari g¢esit olarak tescil edilen ve
ekonomik degere sahip olan Arican-97 ve Balkiz cesitleri ile dihaploidizasyon teknigi ile elde edilen
iki adet dihaploid kestane kabag1 gesit adaylariin I¢ Anadolu bélgesinin en genis ovasima sahip
Konya ovasinda verim ve meyve 6zellikleri ortaya koyularak adaptasyon yetenekleri belirlenmistir.

2. Materyal ve Yontem

Arastirma, 2019 yili Mayis-Ekim aylar1 arasinda, Selguk Universitesi, Ziraat Fakiiltesinin
Konya ili Selguklu ilgesi Saricalar koylinde bulunan Uygulama ve Arastirma Ciftligi’nde
ylriitiilmiistiir. Arastirmada materyal olarak dihaploidizasyon teknigi ile elde edilen iki dihaploid hat
(DH-6 ve DH-8) ile iilkemizde ticari olarak yetistirilen ve Sakarya Misir Arastirma Enstitiisi
tarafindan tescil edilen Arican-97 ve Balkiz ¢esitleri kullanilmistir (Sekil 1). Arastirma arazisinin
yapilan toprak analizi sonucunda killi-tinl1 yapiya sahip oldugu, organik madde yoniinden fakir, bitki
besin elementi yonunden azot ve fosforun yetersiz oldugu gorillmistir.

Sekil 1. Denemede kullanilan genotiplerin meyve goriiniimleri.

Arastirmada tohum ekimleri 20 Mayis 2019 tarihinde yapilmis olup her gukura iki tohum
ekilmistir. Deneme tesadiif bloklari deneme desenine gore 3 tekerrurli olarak ve her tekerrirde 10
bitki olacak sekilde 3x2 metre aralik ve mesafelerle kurulmustur. Bitkilerin sulanmasi i¢in damla
sulama sisteminden faydalanilmistir. Deneme arazisinin ilk toprak islemesinde, toprak analiz sonuglari
da dikkate alinarak, dekara 15 kg hesabi ile taban giibresi olarak DAP (Diamonyum fosfat)
giibrelemesi yapilmistir. Fide cikiglar1 gerceklestikten sonra fideler 2-3 yaprakli hale geldiginde toprak
islenmis ve her ocakta bir bitki kalacak sekilde seyreltme yapilmistir. 10 Haziran 2019 tarihinde damla
sulama sistemiyle her parsele dekara 1 It hesabi ile NPK’11 s1v1 organomineral giibre (Synergy) ve 2 It
olacak sekilde siv1 organik giibre (Evergreen Soil) ile azotlu giibre ¢ozeltisi (Nitrosol) uygulanmaistir.
31 Kasim 2019 tarihinde meyvelerin hasatlar1 yapilmaistir.

Meyveler hasat edilirken her parseldeki bitki sayisi (adet/parsel), meyve sayisi (adet/parsel) ve
meyve agirliklart (kg/parsel) belirlenmistir. Her parselden alinan 5 meyvede meyve eni (cm), meyve
boyu (cm), meyve kabuk kalinligi (mm), ¢ekirdek evi eni (cm) ve gekirdek evi boyu (cm) dlgtilmiistiir.
Meyve robotu ile elde edilen meyve suyunda SCKM ve pH degerleri okunmustur. Meyvenin iki farkl
yerinden renk tayin cihazi (Chroma Meter CR-400) ile meyve kabuk rengi ve meyve eti rengi degerleri
L*, a* ve b* cinsinden belirlenmistir. Diger taraftan her ¢esit adayi, firrnda 35 dakika pisirilerek tat
testi yapilmigtir. Tat testinde orta yasin {istiinde bes kadin ve bes erkek katilimcidan 1-5 arasinda (1-en
kotu, 5-en iyi) puanlama yapilmasi istenmistir. Her katilimci birbirinden etkilenmemesi i¢in ayri ayri
puanlamaya alinmis ve verdikleri puanlarin ortalamasi alinarak degerlendirme yapilmistir.
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Arastirmada elde edilen verim ve meyve kalitesi degerleri JMP 10 bilgisayar paket programi
kullanilarak %35 Onem seviyesine gore analiz edilmis ve uygulamalar arasindaki farklar ortaya
koyulmustur.

3. Bulgular ve Tartisma

Yapilan ¢aligma sonucunda kestane kabagi cesit ve cesit adaylarinin Konya sartlarinda verim,
meyve sayisi, meyve agirligl, % SCKM ve pH degerlerinde 6nemli farkliliklar elde edilmistir (Cizelge
1). Dekara verim incelendiginde en yiiksek verim Arican 97 (2350 kg/da) ¢esidinden ve DH-6 (2325
kg/da) ¢esit adayindan elde edilmis ve istatistiksel anlamda ayn1 grup igerisinde yer almistir. Aslan ve
ark. (2019), yapmis olduklar1 ¢aligmada Arican 97 ticari ¢esidinden ortalama 1.9 ton/da verim elde
etmisler ve farkli lokasyonlarin verimi 6nemli derecede etkiledigini, lokasyonlardan 1.4-2.6 ton/da
arasinda verim elde ettiklerini bildirmislerdir. Conti ve ark. (2015), Italya’da yapmis olduklari
calismada ortalama acgik alandan 3 ton/da, sera yetistiriciliinde 4.1 ton/da meyve verimi elde
etmislerdir. Elde edilen verim degerlerinden de goriildigi gibi tilkemizdeki yapilan calismalarda
verimlerin diisiik oldugu ve yiiksek verimli ¢esitlere ihtiya¢ oldugu goriilmektedir. Yapilan galismada
yine aym sekilde Arican 97 ve DH-6 siras1 ile 1.74 ve 1.50 adet bitki basina meyve sayisi ile en
yliksek meyve veren genotipler olmustur. Aslan ve ark. (2019), kestane kabagi genotiplerinden bitki
basina 1.4-2.0 adet arasinda meyve elde ederken, Conti ve ark. (2015), agik alanda 3.5 adet meyve
elde etmislerdir. Ortalama meyve agirligi bakimindan DH-6 (10.54 kg), DH-8 (9.41 kg) ve Arican 97
(8.99 kg) en agir meyveleri veren ve istatistiksel anlamda ayn1 grup icerisinde yer alan genotipler
olmustur. Aslan ve ark. (2019), aym sekilde 5.8-8.1 kg arasinda meyve agirliklar1 elde etmislerdir.
Elde edilen sonuclar yapilan galigmalarla 6rtiismektedir. Suda ¢6ziiniir kuru maddeye bakildiginda en
yuksek kuru madde 13.23 ile DH-8 ¢esit adayindan elde edilmistir. Diger taraftan en yiiksek pH 7.17
ile DH-8 ve Balkiz genotiplerinden elde edilmistir. Farkli arastirmacilar bal kabaklarinda suda ¢6ziiniir
kuru madde miktarinin 7.5-13.0 arasinda degistigini bildirmislerdir (Balkaya ve ark., 2010; Ekincialp
ve ark., 2016; Babaoglu ve Tiirkmen, 2017; Aslan ve ark., 2019). Yapilan tat testi sonucunda elde
edilen veriler incelendiginde en yiiksek degeri Arican 97 (4.4) ¢esidi almigtir. Diger taraftan dihaploid
¢esit adaylari ise en diisiik puanlari alan adaylar olmustur.

Cizelge 1. Kestane kabagi cesit ve ¢esit adaylarinin verim ve meyve kalite 6zellikleri

Cesit ve Dekara verim  Bitki bagina ~ Ortalama briks® pH Tat testi
cesit (kg/da) meyve sayl1sl meyve SCKM degerleri
adaylari (adet) agirhigr (kg)

Arican 97 2350 a 174 a 8.99 ab 10.63 b 7.00b 4.4
DH 8 1570 b 1.08b 941a 13.23a 717 a 3.3
DH 6 2325 a 150 a 10.54 a 85b 6.78 c 2.6
Balkiz 1459 b 1.13b 747b 9.0b 717 a 3.9
LSD %5 478 0.27 1.89 2.53 0.15

*DH: Dihaploid

Arastirma sonucunda, kestane kabagi ¢esit ve ¢esit adaylarinin meyve boyu ve meyve kabuk
kalinliginda istatistiksel anlamda 6nemli farklar gorliirken, meyve eni, gekirdek evi eni ve gekirdek
evi boylarinda istatistiki anlamda fark bulunmamistir (Cizelge 2). Meyve boyu degerleri
incelendiginde DH-6 (21.83 cm), Arican 97 (21.50 cm) ve DH-8 (21.33 cm) gesit ve gesit adaylari en
yliksek meyve boyuna sahip olmuslardir. Farkli bal kabagi genotiplerinde Ferriol ve ark. (2004), 8.2 —
66.0 cm, Balkaya ve ark. (2010), 28-32 c¢cm, Babaoglu ve Tiirkmen (2017), 12-63 cm arasinda meyve
boyu degerleri elde etmislerdir. Bal kabaklarinda meyve boyunda biiyiik bir varyasyonun oldugu fakat
elde edilen degerlerin ortalama bal kabagi boyutunda oldugu goériillmektedir. DH-8 ¢esit aday1 (11.14
mm) ve Arican 97 ¢esidi (9.78 mm) en yiiksek meyve kabuk kalinligina sahip genotipler olmustur.
Balkaya ve ark. (2010), ortalama meyve kabuk kalinligin1 5.7 mm olarak bulmustur. Aslan ve ark.
(2019), kestane kabaklarinda kabuk kalinliginin fazla olmasiyla dis zararlanmalardan daha az
etkilenecegini, fakat kabuk kalinligmin ince olmasiyla meyve eti randimaninin yiiksek olacagini
bildirmislerdir. Bizim ¢alismamizda elde ettigimiz kabuk kalinlarinin yiiksek olmasinin, muhafaza
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siiresine olumlu etkisinin olacagi disiliniilmistiir. Diger taraftan gesit ve ¢esit adaylarindan 29.33-
31.66 cm arasinda meyve eni, 5.66-8.66 cm arasinda ¢ekirdek evi eni ve 20.00-23.33 c¢m arasinda
¢ekirdek evi boyu elde edilmistir. Elde edilen sonuglar Ferriol ve ark. (2004), Balkaya ve ark. (2010)
ve Babaoglu ve Tiirkmen (2017)’in sonuglar1 ile uyumluluk gostermektedir.

Cizelge 2. Kestane kabagi ¢esit ve ¢esit adaylarinin meyve 6zellikleri

Cesit ve gesit Meyve eni Meyve boyu Meyve kabuk  Cekirdek evi ~ Cekirdek evi

adaylari (cm) (cm) kalinligi (mm) eni (cm) boyu (cm)
Arican 97 31.33 21.50 a 9.78 a 7.66 21.66
DH 8 31.00 21.33a 11.14a 8.66 20.66
DH 6 31.66 21.83 a 6.06 c 8.33 23.33
Balkiz 29.33 18.33 b 7.88b 5.66 20.00
LSD %5 0.D 3.7 1.2 0.D 0.D

*DH: Dihaploid, O.D.: istatistiksel anlamda énemli degil.

Kestane kabag1 g¢esit ve ¢esit adaylarinin meyve kabuk rengi ve meyve eti renklerinin L*, a*
ve b*, degerleri lizerine 6nemli farkliliklarin oldugu goriilmiistiir (Cizelge 3). Calismada gesit ve cesit
adaylarindan 71.49-76.66 arasinda meyve kabuk rengi L* degerleri elde edilmistir. Meyve kabuk rengi
a* degerlerine bakildiginda genellikle eksi degerler gériilmesine ragmen 0.91 ile DH-6 gesit aday1 en
yiiksek a* degerini vermistir. Aym sekilde DH-6 cesit aday1 digerlerine gore 16.98 ile en yiiksek b
degerini veren ¢esit aday1r olmustur. Meyve eti rengi L* degerlerine bakildiginda, Balkiz (69.25) ve
Arican 97 (65.52) cesitleri en yiiksek L* degerlerini vermistir. Meyve eti rengi a* degerleri
incelendiginde, DH-8 (25.74) ve Arican 97 (23.58)’den en ylksek veriler elde edilirken, en yliksek b*
degerleri Arican 97 (70.52), Balkiz (70.01) ve DH-8 (65.87)’de tespit edilmistir. Meyvelerin rengini
belirlemede Chroma Meter kullamlarak elde edilen L*, a*, b* degerleri dnemli bilgiler vermektedir.
L* degeri 0 ile 100 arasinda degigmekte olup siyah ile beyaz arasindaki renklenmeyi agiklar. a* degeri
pozitif degerler kirmizi-mor tonunu belirlerken, negatif degerler ise mavimsi-yesil renkleri
tammlamaktadir. b* degerlerinde ise pozitif degerler sari, negatif degerler ise maviyi gosterir
(McGuire, 1992). Yanmaz ve ark. (2016), iilkenin farkli boélgelerinden topladiklar1 bal kabagi
genotiplerinden meyve etinden 56.89-80.84 arasinda L* degeri, -2.09-28.19 arasinda a* degeri ve
28.73-70.05 arasinda b* degeri elde etmislerdir. Elde ettigimiz renk degerleri yapilan ¢alismalarla
uyumluluk géstermektedir.

Cizelge 3. Kestane kabagi ¢esit ve ¢esit adaylariin meyve kabuk ve meyve eti renkleri

Cesit ve gesit Meyve kabuk rengi Meyve eti rengi

adaylarl L* a* b* L* a* b*
Arican 97 76.66 -3.38Db 12.55b 65.52 ab 23.58 ab 70.52 a
DH 8 72.51 -2.92b 11.41b 60.01 b 25.74 a 65.87 ab
DH 6 71.49 091a 16.98 a 62.64 b 16.65 ¢ 61.05b
Balkiz 73.53 -2.94 b 12.67b 69.25a 21.14b 70.01a
LSD %5 0.D 2.23 3.26 8.65 3.52 7.05

*DH: Dihaploid, O.D.: istatistiksel anlamda 6nemli degil.
4. Sonug

Yapilan ¢aligma sonucunda Konya sartlarinda iilkemizde ticari ¢esit olarak tescil almisg Arican
97 ve Balkiz ticari ¢esitleri ve 2 adet dihaploid ¢esit aday1 olan kestane kabaklarmin verim ve meyve
kalitesine ait 6zellikleri ilk defa belirlenmistir. Elde edilen veriler 1s181inda, Konya Ovasinda Arican 97
onemli bir ticari ¢esit olarak karsimiza ¢iksa da ¢esit aday1 olarak nitelendirilen DH-6 genotipi verim
ve meyve Kalitesi yoniinden 6nemli sonuglar vermistir. Bu durumda, DH-6 genotipinin Arican 97’ye
alternatif bir c¢esit olarak degerlendirilebilecegi goriilmiistir. Diger taraftan, DH-6 genotipinin
yapilacak olan melezleme 1slahi sonucunda bazi 6zelliklerinin gelistirilerek lilke ve bélge tarimina
onemli katki saglayacag diistiniilmektedir.
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refrigerator and quickly at -30°C in the modified freezer cabinet which is
capable of blowing air at a speed of 1.2 m/s at -30°C, designed and produced by
Bosch und Siemens Hausgerate GmbH (Cerkezkdy, Turkey). The freezing rates
were calculated on the bulk basis of the samples in the middle, bottom and top

Keywords positions. The freezing rate in the middle for -30°C found as 1.55+0.16 (cm/h)

which was slow freezing and 0.11+0.01 (cm/h) for -18°C between 4 and -15°C
Cherry tomatoes, which was in the range of quick freezing. Drip loss, total dry matter content,
Mod!fied freezer, total soluble solid content (°Brix), color values, pH, ascorbic acid, total phenolic
Quality, content, titration acidity and lycopene were investigated for cherry tomatoes

Quick freezing,

; frozen at different rates. Drip loss values were 11.01 + 0.21% for quick frozen
Slow freezing.

cherry tomato samples and 19.95 + 0.44% for slow-frozen samples. The
decrease in °Brix value of slow frozen sample was more than quick frozen
samples. Brightness and a/b values of the quick frozen tomatoes were better
compared to the slow frozen ones. Ascorbic, phenolic and lycopene contents
were found higher in quick frozen sample.

Kiraz Domateslerin Kalitesine Donma Hizimin Etkileri

Makale Bilgileri Oz: Bu calismada farkli hizlarda dondurulmus kiraz domateste donma hizinin
bazi kalite ozellikleri iizerine etkisi arastirilmistir. Kiraz domatesler, ev tipi
buzdolabinin dondurucu boéliimiinde -18°C’de ve 1.2 m/s hava hizina sahip
Bosch ve Siemens (Hausgerate GmbH, Cerkezkdy, Tiirkiye) tarafindan iiretilen
modifiye dondurucu kabinde ise -30°C’de dondurulmustur. Donma hizlari,
farkli konumlardaki 6rnekler icin Olgiilmiistiir. -30°C' de orta nokta donma hizi
1.55+0.16 (cm/saat) olarak hizli donma siifinda saptanmistir. -18°C ‘de ise orta

Gelis: 06.02.2020
Kabul: 15.05.2020
Online Yaymlanma 30.06.2020
DOI: 10.29133/yyutbd.670610

Anahtar kelimeler nokta donma hizi 0.11+0.01 (cm/h) bulunmus ve yavas donma olarak

belirlenmigtir. Farkli hizlarda donmus olan kiraz domateslerin damlama (sizint1)
Kiraz domates, kaybi, toplam kuru madde, suda ¢oziiniir kuru madde (°Briks) miktarlari, renk
Modifiye dondurucu, degerleri, pH, askorbik asit, toplam fenolik, titrasyon asitligi ve likopen
Kalite, miktarlar1 incelenmistir. Damlama kaybi degerleri hizli dondurulmus kiraz

Hizli dondurma,

.. S N .. ..
Yavas dondurma. domates oOrnekler icin %11.01+£0.21, yavas dondurulmus O&rnekler igin

%19.95+0.44 bulunmustur. Yavas hizda dondurulmus orneklerde ©Briks
degerindeki azalma, hizli dondurulmus orneklere gore daha fazla olmustur.
Parlaklik ve a/b degerleri hizli dondurulmus domates oOrneginde yavas
dondurulmus 6rneklere kiyasla daha fazla saptanmistir. Askorbik asit, fenolik ve
likopen igerigi hizli dondurulmus 6rneklerde daha yiiksek bulunmustur.
**¥Calisma “Farkli Hizlarda Dondurulmus Kiraz Domateslerin Fiziksel Kalite Ozelliklerinin Belirlenmesi”
konulu Lisans Bitirme tezinden tiretilmistir.
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1. Introduction

Fruits and vegetables contain approximately 95% of water. Because of the high level of water
content, the rate of degradation reactions in fruits and vegetables is high. This situation increases the
significance of preservation techniques (Demiray and Tulek, 2010). Freezing is one of the oldest and
most common methods for long-term preservation of food samples especially for the fruits and
vegetables. The freezing process is a combination of the beneficial effects of low temperatures at
which microorganisms cannot grow, chemical reactions are reduced, and cellular metabolic reactions
are delayed (Delgado and Sun, 2000). Nutrient losses can be kept to a minimum level as 1-3% by
freeze storage technique and also they are converted into standard and easy to prepare products which
can be consumed every season (Karabagli and Alpkent, 1998; Anonymous, 2009).

During freezing of the food tissue, ice crystals are formed at extracellular and intracellular
spaces. Crystallization continues particularly in extracellular spaces or it can proceed in intracellular
spaces as well depending on the freezing rate. If the applied speed was high during freezing, small ice
crystals are formed; in cases where the freezing rate was low, larger and fewer ice crystals were
formed (Sun, 2015). For these reasons, slower freezing results in more damage to the cells (Erickson
and Hung, 2012). In quick freezing process without destroying the cell membrane and without
allowing cytoplasmic content to come out from the outside of the cell, whether vegetable or animal
origin; cell membranes, cytoplasm and nuclei are preserved. Thus, vitamins, fats, carbohydrates,
proteins, minerals and aromatic substances can be preserved without any loss (Cetin et al., 2003).

Foods according to freezing rates were collected in 4 main groups. In the first group, the
freezing rate does not have any effect on the quality of the food. For example, peas harvested in the
late maturity period with high dry matter content and greasy meat are included in this group. The
freezing rate of these foods are not significantly effective on the quality. In the second group, the
freezing rate should not fall below the minimum speed (0.2-1 cm/h). The higher freezing rate does not
make the quality better. Examples for this group are fish, lean meat, starch and flour based meals. In
the third group, the quality of the food is protected with increasing freezing rate. Fruits and vegetables
such as strawberries, carrots, fresh beans which require a freezing rate of 1-5 cm/h or higher are
included in this group. In the fourth group, there are the foods that have significant improvement in
quality with increasing freezing rate. However, due to the formation of temperature tension in the food
in this group, cell structures are damaged. Tomatoes and cucumbers are the vegetables that belong to
this group. The rate of the freezing process directly affects the quality of the product, affecting the size
and distribution of the ice crystals formed during the freezing process significantly (Leygonie et al.,
2012). Turkey is among the tomato producing countries due to climatic conditions and production has
a big role in the economy (Bayram and Gulser, 2018). Cherry tomatoes which are in the last group
affected from the freezing rate mostly, have higher dry matter than tomato fruits and higher levels of
soluble solids. Moreover, due to high sugar and organic acid content, cherry tomatoes have a more
sweet and aromatic flavor (Raffo et al., 2002).

The purpose of this study was to determine some physical and chemical properties of cherry
tomatoes frozen at different rates. In the study, cherry tomatoes were frozen at two different
temperatures, at -18°C in home type and at -30°C in a modified freezer cabinet, and freezing rates
were determined. Drip loss, pH, water soluble dry matter (Brix°), total dry matter, color values,
ascorbic acid, total phenolic content, titration acidity and lycopene contents were compared for each

group.
2. Materials and Methods
2.1. Material

Cherry tomatoes (Solanum lycopersicum L.) were supplied from a local market belongs to
the same harvest of NEBBA (Agricultural products, distribution and Marketing, Serik Antalya,
Turkey) at the last ripening stage with original red color and were stored at +4°C with 90% relative
humidity in the Fruit and Vegetable Processing Pilot Plant, Department of Food Engineering, before
the freezing process. The samples with a diameter of 3.5 cm were washed with +5°C mains water then
dried with filter paper for removing the water from the surface prior to freezing.
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2.2. Methods
2.2.1. Processing methods

Cherry tomatoes were washed, eliminated then cut into two pieces and separated into 3
groups: raw material group (control), quick frozen group at -30°C with air flow rate of 1.2 m/s and
slow frozen group at -18°C without air blowing. The freezing process was performed in 2 replicates,
and analyses were replicated at 3 times.

2.2.2. Freezing methods and determining freezing rates

Slow freezing was achieved in home type freezer at -18°C for 8.68 without blowing air to
reach the center point of -15°C. Modified freezer cabinet which was designed and produced by Bosch
und Siemens Hausgerate GmbH (Cerkezkdy, Turkey) used for quick freezing. This unit situated in the
freezer section of home type refrigerator has an air blowing speed of 1.2 m/s at -30°C for 1.5 h to
reach the center point temperature of -15°C. The temperatures were set and measured with the
pretreatments. The quick freezing part was cooled with blowing air at a temperature of -35°C with a
rate of 1.2 m/s. When the cabin cooled temperature was constant and then the samples and
termocuples were placed and temperature data was recorded.

Cherry tomatoes were placed in a stainless steel perforated basket measuring 20 cm x 11 cm x 6
cm for freezing at -30°C; 17 cm x 12 cm x 11 cm for freezing at -18°C. In each freezing process,
approximately 400 grams of tomatoes with a diameter of 3.5 cm were placed in the basket after
halved. During the entire freezing process, temperature changes occurring in the products and in the
freezing environment were monitored by T-type thermocouples which were fixed to the top, bottom
and center points of the individual samples. The rates were calculated taking into account the
measurements of the length-cut piece of a cherry tomato. The time required to decrease the
temperature of the product from its initial value to a target value at its thermal center can be described
as freezing time. The freezing rate was defined for the foods as the time to reach the temperature of -
15°C from 0°C at the cold point. In this study also the freezing rate from +4°C to -15°C was calculated
and compared. The freezing rate was calculated as the ratio of the distance of the center point in the
frozen sample to the freezing time given in the Eqg. 1 (Cemeroglu, 2003). The distance was the radius
matching the characteristic length. It was carried out according to the speed ranges in Table 1.

V=L/t (Eq.1)

V: freezing rate (cm/h)

L: the minimum distance from the thermal center to surface of the food (cm)
t :nominal freezing time (h)

2.3. Analysis methods

Raw materials as control, quick freezing (-30°C) samples and slow freezing (-18°C)
samples were compared statistically for the physical (drip loss, pH, total soluble solid content, total
dry matter and color) and chemical (ascorbic acid, total phenolic, titration acidity and lycopene
content) quality properties. Samples were thawed at +4°C in refrigerator before the analyses.
All experiments were performed in triplicate.
2.3.1. Physical analysis
2.3.1.1. Drip Loss

One cherry tomato sample (10.89+1.00) was thawed at +4°C for 12 hours. The amount of
liquid removed from the sample after thawing was calculated as percentage (Moraga, 2006).
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2.3.1.2. pH assay

The pH values of the cherry tomato samples (20°C) were measured using a pH meter (Inolab
WTW) (Anonymous, 1995).

2.3.1.3. Determination of total soluble solid content

Total soluble solid (TSS) contents of samples were determined using a refractometer (Kruss,
Germany) at 20 °C (Anonymous, 1995).

2.3.1.4. Determination of total dry matter

Total dry matter (TDM) values were determined using an infrared moisture equipment
(MOC63u, Shimadzu Inc. Japan).

2.3.1.5. Color estimation

In the Hunter colorimeter, the L*(lightness), a* (redness and greenness) and b* (blueness-yellowness)
values after calibration of white standard (Y=93.9, x= 0.313, y=0.321) were determined. The total
color difference (AE), chromatic difference (AC) and Hue angle values were calculated according to
the following equations given below. In the calculations, the color values of the raw material (control)
for the related sample were taken as reference values.

AE=\ [T @ =a e F (00" er) ] 1)
AC:\/[(a*‘a*ref)2+(b*‘b*ref)2] (2)
Hue angle=tan’}(b*/a*) 3)

2.3.2. Chemical analysis
2.3.2.1. Ascorbic acid analysis

Analyses were made by the spectrophotometric method of Hisil (2004). Standard curve and
sample was prepared. A series of standard solutions were prepared at different concentrations by using
the stabilizer solution (4% oxalic acid, Merck, Germany), the dye solution (2,6-dichloroindophenol,
Na salt) and the ascorbic acid solution. The standard curve showing the concentration of vitamin C
against absorbance at a wavelength of 518 nm has been obtained. Then 10 ml of sample and 90 ml of
stabilizer solution were mixed with stirring. In 2 separate test tubes, 1 ml of sample was mixed with 9
ml of purified water and 9 ml of dye solution. The amount of ascorbic acid in 100 ml was calculated
by the concentration determined from the standard curve which is against the absorbance value of the
sample.

2.3.2.2. Total phenolic content

The samples were crushed with a blender (Arzum Ar 1092 Chopper, Turkey). 2 g of blended
sample was treated with 20 mL of (50:50 v/v) ethanol:water mixture (Merck, Germany) for total
phenolic content extraction procedure. Then, samples were homogenized for 1 min using homogenizer
(IKA T-18 Ultra-Turrax Homogenizer, Germany) at 14000/min for 1 minute. Following the
extraction, samples were centrifuged at 15000 rpm and 4°C (Sigma 1-16 K, Germany) for 10 min to
remove the solid fraction (Bulut, 2015). The filtered extract was used for the analysis.5 ml of Folin-
Ciocaltue (10%, v/v, Merck, Germany) and 15 ml of NaHCO3; (20% wi/v, Merck, Germany) are added
to 1 ml of extract. After completing to 100 ml, the mixture was filtered and stored 2 hours in the dark.
Absorbance values were recorded at 760 nm and calculated by taking the concentration corresponding
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to the absorbance from the standard plot which was prepared by the addition of folin solution and
NaHCO:; to different concentrations of the stock gallic acid solution (Franke et al., 2004).

2.3.2.3. Titration acidity

Acid contents of samples were determined by colorimetric titration method. 10 g of the
samples were taken and completed to 100 ml. After filtration, 10 ml of the filtrate was titrated with 0.1
N NaOH solution (Merck, Germany) up to the color changing point of phenolphthalein indicator.
Acidity values were calculated from the spent NaOH (Anonymous,1995).

Acidity (%)=((VXFxE)/m) x 100 4)

V: volume of the 0.1 N NaOH solution spent in the titration (ml)
N: normality

E: equivalent acid

m: sample weight (g)

2.3.2.4. Lycopene content

Lycopene content was found according to the method Davis et al. (2003). 0.3 g sample, 0.3 g
starch and 20 ml acetone homogenized for 40 sec. with the homogenizator (Ultra-Turrax, Ika-Werke,
Germany), then centrifuged at 3000 rpm for 3 minutes (CFC free Universal Hettich Zentrifugen,
Germany), the absorbance of liquid phase was determined by spectrophotometer at 503 nm (Varian
Cary 50 Scan, Australia). Lycopene amount was calculated with Equation 5.

Lycopene content (ug/g)= (Asosx62.43)/sample amount (g) 5)

2.3.3. Statistical analyses

Results of analyses were statistically analyzed by ANOVA using the software SPSS 18 (SPSS
Inc., Chicago, IL, U.S.A.) with the Duncan test to evaluate differences between treatments at a level of
significance P<0.05. Each experiment was repeated 3 times.
3. Results
3.1. Changes in Freezing Rates of Tomato Samples

The freezing process at modified cabinet was completed in a much shorter time than domestic
refrigerator, as expected. The freezing process was finished when each of the thermometers in the

sample reached -15°C. The graphs of temperature changes with the aid of thermometers during
freezing were as given in Figure 1 and Figure 2.

Fazt-Frozen Cherry Tomato

Trial 1

50 —— Ambizat

Temperatrz
00 Lt Botiom
Temperztrs

\ Midele Tenpersiurz

—RigitTop
5o Temperziurs

¢ 10 0 3 4 s & T W S 10
‘Time ( minute )

Figure 1. Graphs showing the temperature changes during the freezing of quick-frozen cherry
tomatoes.
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Slow-Frozen Cherry Tomata
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Figure 2. Graphs showing the temperature changes during the freezing of slow-frozen cherry tomatoes.

The rates were calculated taking into account the measurements of the length-cut piece of a
cherry tomato. The evaluation of the freezing rate results was carried out according to the rate ranges
in the Table 1.

The average rate of freezing for the cherry tomato samples were given in Table 2 and Table 3.

Table 1. Ranges used in rate evaluation

Freezing Type Freezing Rate (cm/h)
Very slow <0.2
Slow 0.2-1
Quick 1-5
Very quick >5

Table 2. Freezing Rates of Cherry Tomatoes (-30°C)

samples Top Middle Bottom
P 0-(-15)°C 4-(-15) °C 0-(-15) °C 4-(-15)°C  0-(-15)°C 4-(-15) °C
Freezing rate (cm/h) 2.21+0.03 1.68+0.43 2.00+0.26 1.55+0.16 2.19+0.35 1.30+0.25

Table 3. Freezing Rates of Cherry Tomatoes (-18°C)

Top Middle Bottom

Sample 0-(C15)°C  4-(-15)°C 0-(-15) °C 4-(-15) °C 0-(-15) °C 4-(-15)°C

Freezing rate (cm/h) 0.12+0.04 0.10+0.02 0.18+0.05 0.11+0.01 0.13+0.01 0.10+0.01

The calculated values were compared with the speed ranges in Table 1. Freezing in the cabinet
(-30°C) was classified as quick freezing. The rate in the top samples was more than others due to the
fact that the bottom surface of the basket is in contact with the surface of the refrigerator and therefore
the heat transfer mechanism is effective. In home type freezer (-18°C), freezing is classified as slow
freezing. The freezing operation at -18°C is freezing at very slow speed according to freezing types in
Table 1. Physical and chemical analyses for the slow and quick frozen samples were shown in the
Table 4.

Table 4. Results of physical and chemical analysis (% or mg/kg dry basis (DB)).

Sample Drip Loss pH(20.1°C) TSS TDM (%) Titration Ascorbic Lycopene Total
Groups (%) (%,20.7°C) Acidity (%)  Acid content Phenolic
(mg/100g (mg/kg db) Content
db) (mgrkg db)
Raw 4.20°4£0.01 3.75%+0.07 8.30%+0.21 4.19°+0.35 33.15% 67.21°+0.35  347.23%+0.70
Material 0.36
Quick 11.01°+0.21  4.28%+0.01 3.58°+0.04 6.86°+0.10 4.00°+1.41 29.12°+ 61.24°+1.27  286.49°+1.00
Frozen 2.25
Slow 19.95%0.44  4.27°+0.02 3.42°4¢0.02 7.94°40.11 4.15P+0.98 25.78°+ 59.67°£1.69  274.20°+3.43
Frozen 3.17

ab,c
Different letters within columns are significantly different (P<0.05).
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Drip loss values were 11.01+0.21% for quick frozen cherry tomatoes and 19.95+ 0.44% for
slow frozen cherry tomato samples.

The pH values of the samples were found as 4.20+0.01 for the raw material, 4.28 + 0.01 for the
quick frozen cherry tomato samples and 4.27+0.02 for the slow frozen ones.
The difference between the samples for water soluble solid content values was statistically significant
(P<0.05).

Decreases were determined after freezing due to losses in ascorbic acid, but there was no
significant difference between the titration acidities of control samples when applied different freezing
rates and temperatures in freezing process (P>0.05).

The ascorbic acid values of the cherry tomato samples were found as 33.15% + 0.36 mg/100
g for the raw material, 29.12° + 2.25 mg/100 g for quick frozen and 25.78° + 3.17 mg/100 g for slow
frozen. The amounts of ascorbic acid in slow and quick frozen tomatoes had not been significantly
changed compared to the raw material (P>0.05).

In this study the total phenolic contents of the cherry tomato samples were found as
347.23*+0.70 mg/kg for the raw material, 286.49°+1.00 mg/kg for quick frozen and 274.20° + 3.43
mg/kg for slow frozen samples. Decreases were also observed in the amount of phenolics at two
different temperatures during the freezing process.

Table 5. Color values of tomatoes.

Raw Material

(Control) Quick-Frozen Slow-Frozen
L* 37.87%+0.04 36.14°+0.39 31.79°+0.23
a* 29.442+0.15 28.07°+0.07 24.25°+0.39
b* 26.90°+0.54 27.93¢+0.11 30.792+0.49
a*/b* 1.09%+0.03 1.00°+0.01 0.79°+0.00

a,btoc
Different letters within lines are significantly different (P <0.05)

The differences in L *, a * and b* values between frozen cherry tomatoes and control
samples were statistically significant (P<0.05). As a result of quick freezing, the brightness of samples
was found to be higher than slow frozen samples. The b* value were lower in quick frozen products
than that of slow frozen products.

4, Discussion and Conclusion

The difference between samples for drip loss was statistically significant (P<0.05). As a result
of quick freezing, the amount of water migrating from the frozen cell to the intercellular space was
considerably less than the slow freezing. For this reason, quick freezing causes very little damage to
the surface of the food by reducing drip losses (Erickson and Hung, 2012). Gongalves et al. (2011)
observed that frozen cells lost their water holding capacity over time as a result of being kept at -40°C,
-20°C, -10°C and -5°C. In a study on frozen strawberries, it was also determined that loss of thawing
was affected by freezing rate, cold storage time and storage temperature (Pukszta and Palich, 2007).

Different freezing rates was not significantly effective on the pH values of the samples
(P>0.05), but the difference between the pH values was statistically significant (P<0.05) when the
control sample was compared with the frozen samples. The values in the study indicate that the cherry
tomatoes undergoing freezing are suffering from acidity loss. In previous studies, it was reported that
there was a decrease in acidity due to the loss of ascorbic acid during freezing and the pH value may
increase due to the decrease in acidity (Sahari et al., 2004). However, it was observed that the freezing
rate did not affect the pH values significantly (P>0.05). Lisiewska and Kmiecik (2000), investigated
the effect of freezing and storage periods on the chemical composition of cube-chopped tomatoes and
found similar results to this study. The pH values of the samples stored at -40°C, -20°C and -30°C
were found as 4.18, 4.26, 4.28 respectively. At another study, the pH values of tomatoes frozen at -
33°C were determined as 4.27 (Ucurum, 2012).

Loss of total soluble solids in the samples of quickly frozen was less than the loss in the
slowly frozen samples. Significant loss of water-soluble matter occurs in frozen vegetables as they
lose water (Gongalves et al., 2011). During slow freezing, ice crystals formed in many tissues outside
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the cell, with fewer crystals and larger size. Even though ice crystals occurred between the cells in
quick freezing, while ice crystals were occurring inside the cell, the water was bound to the place, and
the cell was not broken down. In this way, the soluble dry matter content was better preserved by
quick freezing.

The dry matter contents of quickly frozen samples were similar to the values of raw material.
The reason for this condition was quick frozen samples have lower dry matter values than slow frozen
samples because slow frozen samples during thawing losses more water so increase the dry
matter/total weight ratio. When the freezing rate increased, smaller ice crystals were formed so that
tissue damage was less and loss after thawing was less (Chassagne-Berceste et al., 2009).

In a study, the effects of the physico-chemical properties of the potato mash were investigated.
It was determined that the total dry matter (TDM) content of the frozen puree of -80°C was higher
than the TDM of frozen puree at -24°C. Slow-frozen vegetables have more water loss as their cells are
more damaged. With increasing water loss during thawing, the dry matter/total weight ratio also
increases. Accordingly, the total dry matter content of potato mash was also increased proportionally
(Alvarez et al., 2005).

Lisiewska and Kmiecik (2000), investigated the changes in chemical composition of tomatoes
frozen at different temperatures during the freezing period. The amount of vitamin C was determined
as 23.6 mg/100 g for the raw material, 22.9 and 22.7 mg/100 g for -20 and -30°C respectively.
Ascorbic acid is easily affected by many external factors such as temperature, humidity, light, etc.
Two criteria could be the reason of differences in the contents of ascorbic acids in samples; difference
in freezing temperatures and different tensile forces on cherry tomato cells at different freezing rates.
Besides, the level of ascorbic acid was significantly reduced during thawing period because it is a
water-soluble vitamin. Ascorbic acid is oxidized in 3 different ways at freezing temperatures. These
are; mild oxidation and aerobic pathways catalyzed by copper and iron. This vitamin can be oxidized
with enzyme in fruit and vegetables (Jaffe et al, 1984; Bradbury and Singh 1986). Therefore, loss of
ascorbic acid content can be occured after freezing. Quick freezing better preserves ascorbic acid
levels than slow freezing.

Lycopene belongs to the carotenoid family and have an importance role in human health so
the preservation of this compound is necessary to inhibit loss of color and offflavor (Xianquan et al.,
2005). In a study by Garciaa and Barett (2005), the lycopene contents of tomatoes were varied
between 55 mg/kg and 181 mg/kg for 9 different regions of California. In another study with 40
tomato varieties, it was found that the content of lycopene varied according to the tomato varieties and
cherry tomatoes have the highest content of lycopene among the others (Kuti and Konuru, 2005).
Lycopene content was decreased approximately by 11% in slow freezing and 8% in quick method
compared to raw material. Similar to our results, Lisiewska and Kmiecik (2000) found the lycopene
contents of tomatoes which were frozen at two different temperatures (-20 and -30°C) as 2.99 and 3.28
mg/100g, respectively. Additionally, Shi & Le Maguer stated the the importance of lycopene and
explain the lycopene degradation during processing by isomerization and oxidation. They informed
that thermal processing (bleaching, retorting, and freezing processes) generally cause some loss of
lycopene in tomato-based foods.

Phenolic contents were significantly decreased after freezing as expected but this decrease was
less in the quick freezing than slow freezing (P<0.05). Phenolic compounds are also water-soluble,
rendering them susceptible to leaching (Rickman et al., 2007). Phenolic substances such as
pelargonidin, quercetin, elagic acid, and p-coumaric acid are known to be the compounds that decrease
especially by freezing (Oszmianski et al., 2009). They also found that 4.5-33.6% of polyphenols were
lost after freezing. Similarly, a decrease was found in phenolic compounds after freezing of raspberry
and blackberry (Tirkben et al., 2009). Puupponen-Pimia et al. (2003) reported that freezing on
phenolic compounds of peas, cauliflower and potatoes caused an average loss of 20-30% dry weight.
De Ancos et al. (2000), found that freezing process slightly affected total phenolic content in raspberry
fruit. Losses in total ellagic acid content which ranged between 14 and 21% were attributed to the
enzyme polyphenol oxidase released from the cell wall of the fruit during storage.

As a result of the slow freezing, the yellowness value was increased. The redness of quick
frozen products was protected better than slow frozen products. These differences in L*, a* and b*
indicate that quick freezing preserves quality better than slow freezing. In a study where tomato and
tomato products were used as a material, it was stated that there was a linear relationship between
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lycopene quantities and a/b values (Davis et al., 2003). In this study, this ratio which is important for
tomato products was determined higher in quick frozen samples. The difference between a/b values of
the control samples and the frozen cherry tomatoes were statistically significant (P<0.05). a/b value of
frozen tomato samples decreased parallel to the loss of lycopene (Baysal et al., 2006). It has been also
reported that color properties can change due to color loss via pigment displacement during quick
freezing (Urbany and Horty, 1992).

When the results of this study were taken into consideration, the freezing applied at low
temperatures increases the freezing rate and consequently the freezing time is shortened. When higher
freezing rates were applied, the rate of damage to the sample can also decrease. The quality
characteristics of cherry tomatoes were better preserved by quick freezing than slow frozen samples. It
was determined that quick frozen samples showed similarity to fresh samples in terms of quality
characteristics analyzed after freezing. It has been determined that the quick frozen sample groups had
minumum loss of total dry matter, phenolic, ascorbic acid and better color characteristics than slow
frozen samples. It has been found that lower drip loss provides better preservation of fruit and
vegetable samples. The maturity status and other quality characteristics of the frozen raw material, for
any fruit or vegetable, should be taken into account for optimizing the freezing rate, the temperature
and post-freezing conditions.
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Oz: Bu calisma, 2017-2018 yillar1 arasinda Sanlwrfa merkez ilgesi, Hilvan,
Bozova ve Surug ilgelerinde dogal olarak tohumdan yetismis ¢oglir badem
agaclarinin meyve 0Ozellikleri belirlenmesi amaciyla yiriitilmiistiir. Bolgede
kendiliginden yetisen dogal badem popiilasyonu igerisinde seleksiyon kriterleri
dogrultusunda ilk yil 102 genotipin, ikinci y1l 43 genotipin bazi1 morfolojik ve
pomolojik  ozellikleri  tanimlanmugtir.  Arastirma  sonucunda  tartili
derecelendirme yontemi kullanilarak 21 genotip ¢igeklenme ve Kkalite
durumlarina gore timitvar olarak segilmistir. Tam cigeklenme dénemleri 2017
yilinda 10 Mart-26 Mart tarihleri arasinda gergeklesirken; 2018 yilinda 22
Subat-21 Mart tarihleri arasinda gergeklesmistir. Kabuklu meyve agirliklari
2.31-6.84 g, i¢ badem agirliklar1 0.74-1.34 g, i¢ oranlarn %18.21-41.26 arasinda
degistigi saptanmistir. Kabuk kalinliklarmin 2.23-3.48 mm, gift ve ikiz i¢
oraninin % 0, ve saglam i¢ oranlarmin % 60-100 arasinda degistigi tespit
edilmistir. Genotiplerin meyve sekli 18 genotipte, uzun oval, 2 genotipte kalp ve
1 genotipte elips grubunda yer almistir. Genotipler i¢ rengi bakimindan
incelendiginde ise | genotip acik, 7 genotip orta agik, 11 genotip koyu ve 2 ise
¢ok koyu olarak degerlendirilmistir.
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Abstract: This study was performed to determine promising chance seedlings
in the native almond populations of Hilvan, Bozova, Suru¢ and Sanliurfa
province during 2017 and 2018. Tree and fruit characteristics of seedling
almond trees were identified for 102 genotypes in the first year and 43
genotypes in the second year with respect to almond selection breeding
objectives. In conclusion, 21 genotypes were determined to be promising
genotypes according to the weighted rating method. Flowering dates of these
to promise genotypes in 2017 and 2018 were determined from March 10™ to
March 26™ and between February 22" and March 21%, respectively. The shell
weight of them changed between 2.31 g and 6.84 g. Kernel weight of selected
21 promising almonds changed between 0.74-1.34 g, kernel rate between %
18.21-41.26, skin thickness 2.23-3.48 mm, double and twin kernel rate was %
0 and safe kernel rate between percent 60.00-100 In terms of fruit shape, one
of the genotypes was an ellipse, other 18 genotypes were long and oval and the
remaining 2 genotypes were heart-shaped. The kernel color was determined as
light colored in one genotype, the remaining 7 genotypes were medium light
colored, 11 genotypes were dark colored and rest of genotype were too dark.

**Bu ¢alisma yiksek lisans tezinden tiiretilmistir.

328


https://orcid.org/%200000-0002-5831-8199
https://orcid.org/%200000-0002-1081-4281

YYU TAR BIL DERG (YYU J AGR SCI) 30 (2): 326-335 R
Polat ve Kazankaya / Sanlurfa Yoresinde Selekte Edilen Bazi Badem (Prunus amygladus L.) Gen Kaynaklarmm Meyve Ozellikleri

1. Giris

Rosales takimi, Rosaceae familyasi, Prunoideae alt familyasinin Prunus cinsine ait olan
badem (Prunus amygdalus Botsch), anavatani olan Orta ve Bat1 Asya’dan doguya dogru Hindistan ve
Cin’e, batiya dogru Suriye, iran ve Akdeniz’e dagilmis bir meyve tiiriidiir. Prunus cinsi amygdalus alt
cinsine dahil 40’a yakin badem ¢esidi bilinmektedir (Gradziel ve Kester, 1996). Diinyada ¢ok eski
zamanlardan giliniimiize ilk kiiltiirii yapilan meyvelerden biri olan badem, neredeyse dort bin yil 6nce
Tiirkiye, Suriye, Iran ve Filistin'de iiretime basladig1 bilinmektedir (Kester ve Asay, 1975). Ulkemiz,
sahip oldugu farkli iklim o6zelliklerinden ve cografi konumundan dolayi, birgok meyve tiiriiniin gen
kaynagi ve dogal yayilma alani durumundadir. Bundan dolayi, Anadolu’da birgok meyve tiir ve
cesitlerinin ortaya ¢ikmasina neden olmustur. Anadolu bir¢ok meyve tiiriiniin anavatani oldugu gibi
bademinde anavatani1 ve dogal yayilma alam olarak bilinir. Ulkemizin bircok bélgesinde, badem
yetistiriciligi yapilmaktadir. Yetistiriciligin agirlikli olarak yapildigi bolgeler; Akdeniz, Ege ve
Marmara bolgeleridir (Ozbek, 1971).

Diinya badem iiretiminin ilk sirasinda 1 872 500 ton ile ABD yer alirken, 339 033 ton ile
Ispanya ikinci,117 270 ton ile Fas Ucglincl, Turkiye ise 100 000 ton ile dordinci sirada yer
almaktadir(Anonim, 2020a). Tiirkiye’deki badem iretimi, TUIK verilerine gore iller bazinda
dagilimima bakildiginda, 2019 yilinda Mersin 22 929 tonluk iiretim ile ilk sirada yer alirken Mersin’i
sirastyla Antalya 9 795 ton ve 9 955 tonluk tiretimi ile Mugla illeri takip etmektedir. Calismanin
yuritiildiigi Sanlurfa ili ise 2019 yilinda 5 933 tonluk Uretimi ile Turkiye toplam badem dretiminin
yaklasik %6’sin1 karsilamistir(Anonim, 2020b). Uzun zamandan beri Avrupa ulkeleri ile ABD,
yaptiklari arastirmalarla, yeni badem ¢esitlerini 1slah etmislerdir. Boylelikle badem Uretiminde, dnemli
sorunlart ¢ozmiislerdir. Bu {ilkeler birim alandan alinan toplam iiriin miktarini, modern yetistirme
teknikleriyle arttirmislardir (Kaska ve ark., 1999).

Zengin badem gen kaynaklarina sahip olan iilkemiz badem yetistiriciliginin; bir kismini ¢ogiir
agaglarla yapilmakta, bir kismmm da ticari gesitlerle yapilmaktadir. Ulkemizde badem {iretimini iist
seviyeye tasimak igin iizerinde durulmasi gereken konular; iilkemizde badem genetik kaynaklarinin
arastirilmasi, Ustiin niteliklere sahip olan genotiplerin belirlenmesi ve seleksiyon caligmalarina ait
klonlar olusturularak gergek degerlerinin saptanmasi yapilmahidir (Aglar, 2005). Giineydogu Anadolu
Bolgesi, sahip oldugu ekolojik kosullar bakimindan badem yetistiriciligi i¢cin ¢ok Onemli bir
bolgemizdir. Bereketli topraklar diye tabir edilen, Mezopotamya igerisinde yer alan Sanliurfa
yoresinde yapilan badem yetistiriciligi, GAP’nin gelmesiyle bir hayli artmistir. Sanlurfa, hem mevcut
agac varliginin fazla olmasi hem de diger illere gore kullanilabilecek tarim arazilerinin daha fazla
olmasi sebebiyle ilerleyen yillarda badem iiretimindeki payini artirarak iist siralara yerlesebilecek bir
potansiyele sahiptir. Bu ¢alisma, Giineydogu Anadolu Bélgesinde yer alan Sanliurfa ilimizin merkez
ilgelerinden Eyyubiye, Haliliye, Karakopri ile Surug, Hilvan, Bozova ilgelerinde yiiriitiilmustiir.
Belirlenen ilgelerimizde dogal olarak yayilis gOsteren badem popiilasyonlari igerisinden seleksiyon
kriterleri esas alinarak iistlin nitelikli genotiplerin belirlenmesi ve ileride yapilacak islah ¢aligmalari
i¢in gen kaynagi olusturulmas1 amaglanmistir. Ayrica segilen genotiplerin yapilacak ¢aligmalarla gesit
haline doniistiiriilmesi bolge ve lilke ekonomisine katki saglamasi hedeflenmektedir.

2. Materyal ve Yontem
2.1. Materyal

Bu arastirma, iilkemizde badem popiilasyonun giderek genis bir yayilim gosterdigi, zengin
genetik kaynaklara sahip Giineydogu Anadolu Bélgesi igerisinde yer alan Sanliurfa merkez ilgeleri
Haliliye, Eyyubiye, Karakopru ile Bozova, Hilvan ve Surug ilgelerinde 2017-2018 yillar1 arasinda
yirltdlmustir. Calismanin materyalini; merkez, mahalle, kdy ve mezralarda tohumdan yetistirilen
badem genotipleri olusturmustur. 2017 yilinda seleksiyon islah amaglarina uygun olan 102 genotipten
meyve Ornekleri alinarak calismaya baglanmus, bunlardan 43 tanesi secgilerek 2018 yilinda bu
genotiplerden tekrar meyve ornekleri alinmis ve degerlendirmeye tabi tutulmustur.
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2.2. Yontem

Aragtirma Oncesinde mevcut veriler ve c¢aligmalar neticesinde elde edilen bulgular
dogrultusunda Sanliurfa ilinin Surug, Hilvan, Bozova, Haliliye, Eyyiibiye ve Karakoprii yorelerinde
yogun bir badem populasyonunun var oldugu gorilmistir. Calismada badem popiilasyonu icerisinde
yetigtiricilerin bilgileri dahilinde tohumdan yetisen agaglar secilmis ve ¢alisma stirdiiriilmiistiir. Aragtirmanin ilk yilt
(2017), meyve hasat déneminde Sanlurfa’nin (Anonim, 2018) Bozova, Hilvan, Surug ilgeleri ve merkez
ilcelerden Haliliye, Karakdprii ve Eyylibiye’ye bagli mahallelerinde yetistiriciligi yapilan seleksiyon
kriterlerine uygun pomolojik ozellikleri bakimindan iistiin 6zelliklere sahip 102 badem genotipi
belirlenmistir. Segilen her genotipten 30-40’ar adet meyve Ornegi almmis ve bazi morfolojik
ozellikleri (agacin boyu, tag genisligi, yas1 ve gdvde capi) belirlenerek isaretlenmistir. Agaglardan
alman meyve ornekleri yesil kabuklarindan kavlatildiktan sonra oda sicakliginda golgeli bir ortamda 2
hafta stireyle kurutulmaya tabi tutulmustur. Daha sonra yapilan fiziksel analizler sonucunda; i¢ agirligi
0,75 g. Ustl ve i¢ randiman1 %19 Ustl sartlarim ayn1 anda saglayan 43 genotip ikinci yil yeniden
degerlendirmeye alinmistir. Aragtirmanin ikinci yilinda (2018), segilen 43 genotipin giceklenme zamani
takip edilmis ve hasat sezonunda bu genotiplerden meyve Ornekleri tekrar alinarak gerekli fiziksel
analizler yapilmistir. Segilen 43 genotip icerisinde ¢iceklenme ve kalite degerlerine gore tartili
derecelendirme puanlar1 hesaplanmis ve en yiiksek puani alan 21 adet genotip timitvar olarak
secilmistir(Gllcan, 1985, Simsek, 1996; Balta, 2002; Acar, 2012).

Cizelge 1. Tartil1 derecelendirme yonteminde esas alinan deger puanlari.

Tartih  derecelendirmede  esas  alman Katki Paylar (%)

Ozellikler ve deger puanlari Ciceklenme Kalite
Ciceklenme durumu (1-3-5-7-9) 30 10
Agag sekli (1-2-3-4-5) 3 3
Verim durumu (3-5-7) 5 20
Kabuklu meyve iriligi (3-5-7-9) 8 10
Kabugun siitur agiklig (0-5-9) 3 6
Kabugun sertligi (1-3-5-7-9) 20 12
I¢ bademin rengi (1-3-5-7-9) 3 7

I¢ badem kabugunun diizgiinliigii (1-5-7) 2 4
I¢ bademin tiiyliiliigii (3-5-7-9) 7 10
I¢ badem tad1 (3-5-7) 11 15
Cift i¢ oram (1-5-7) 7 2
Saglam i¢ orani (%) 1 1
Toplam 100 100

3. Bulgular ve Tartisma

Secilen genotipler igerisinden 0Umitvar tiplerin belirlenmesi i¢in ciceklenme ve Kkalite
durumlarina gére ayri ayr tartili derecelendirme puanlart hesaplanmistir. Genotiplerin ci¢eklenme
durumuna gore puanlama sirast 567-742 arasinda degistigi saptanmistir. Genotiplerin cigeklenme
durumlarma gore tartili derecelendirme sonucunda en yiiksek puan1 63-KRK-59 (742) iken, en diisiik
puan1 63-HLL-11 (567) almistir. Genotiplerin kalite durumuna gére tartili derecelendirme sonucunda
aldig1 puanlar 578-718 arasinda oldugu saptanmistir. Tartili derecelendirme sonucunda en yuksek
puani yine 63-KRK-59 (718) genotipi alirken, en diisiik puan1 63-HLL-11 (578) genotipi almistir
(Cizelge, 2). Genotipler hem gigeklenme hem de kalite durumlarina gore yapilan tartili derecelendirme
sonucunda genotipler aldig1 puanlara gore biiyiikten kii¢iige dogru siralanmis ve her iki grupta en
yiiksek puani alan 21 adet genotip belirlenmistir. Cizelge 3 de timitvar olarak segilen 21 adet genotipe
ait fenolojik ozellikler gosterilmistir. Calismanin yiritiildigi yorede, hava sicakligi 2018 yili kig
aylarinda mevsim normallerinin iizerinde seyretmesinden dolayr badem agaclarindaki fenolojik
dongiiler, 6nceki yillara gére 10-14 glin daha erken gerceklesmistir. Segilen genotiplerin, 2018 yilinda
ilk ciceklenme tarihleri 17 Subat-15 Mart arasinda, tam ¢igeklenme tarihleri 22 Subat-21 Mart tarihleri
arasinda ve cigeklenme sonu 1-26 Mart tarihleri arasinda gergeklestigi gdzlemlenmistir. Umitvar

330



YYU TAR BIL DERG (YYU J AGR SCI) 30 (2): 326-335 R
Polat ve Kazankaya / Sanlurfa Yoresinde Selekte Edilen Bazi Badem (Prunus amygladus L.) Gen Kaynaklarmm Meyve Ozellikleri

olarak secilen genotiplerde tam ciceklenme dénemleri 2017 yilinda 10-26 Mart tarihleri arasinda
gergeklesirken; 2018 yilinda 22 Subat-21 Mart tarihleri arasinda gergeklesmistir.

Yapilan gozlemler sonucunda, ilk ¢igeklenen genotip ile son ¢igeklenen genotip arasinda 26
glin, tam ciceklenme déneminde fark 27 gun, ciceklenme sonu doneminde ise fark 25 giin oldugu
gbzlemlenmistir.

Sanliurfa’da baz1 yerli ve yabanci badem cesitlerinin performanslarinin belirlenmesi amaciyla
yirdtdlen bir calismada; cesitlerin 1991 yilinda ilk ¢igeklenme tarihini 4 Mart (Nonpareil) ile 25 Mart
(Gllcan-l) arasinda 1992 yilinda 7 Mart (48-5) ile 28 Mart (Gllcan-I) arasinda gergeklestigini
gozlemlemislerdir. Tam ¢igeklenme tarihlerinin ise 1991 yilinda 11 Mart (48-5) ile 28 Mart (Gulcan-
I), 1992 yilinda ise 10 Mart (48-5 ) ile 31 Mart (Gilcan-1) tarihleri arasinda gergeklestigini
gozlemlemislerdir (Kaska ve ark., 1994). Isparta yoresinde yapilan bir calismada; Umitvar
genotiplerin, tam ¢iceklenme tarihleri 2005 yilinda Mart'in IV. haftasi ile Nisan'in III. haftasi; 2006
yilinda ise Mart'm IV. haftas1 ile Nisan'n II. haftasi arasinda gergeklestigini yillar arasinda tam
ciceklenme bakimindan genotipler arasinda swrasiyla, 21-22 giinliik fark oldugunu belirtmistir
(Yildirim, 2007). Mardin ve Savur yoresinde yiiriitilen bir caligmada; tUmitvar olarak segilen
genotiplerin, tam ¢i¢eklenme donemlerini 2013 yilinda 22-25 Mart tarihleri arasinda gergeklestigini,
2014 yilinda 13-16 Mart tarihleri arasinda gerceklestigini gozlemlemistir (Celik, 2015). Diinya’nin
bircok yerinde yapilan badem adaptasyon ve badem seleksiyon calismalarinda, genotiplerin ve
cesitlerin ¢igeklenme donemleri arasinda farkliliklar gozlenmektedir. Bu farkliliklarin, ortaya
c¢ikmasinda agaclarin genetik yapisi, rakim, toprak kosullari, ¢evre kosullari, ekolojik kosullar ve
kiiltiirel islemlerin etkili olduklar1 ¢esitli arastiricilar tarafindan belirtilmistir (Dokuzoguz ve Giilcan
1973; Aslantas, 1993; Yesilkaynak, 2000; Balta, 2002; Dicenta ve ark., 2010; Polat ve Caliskan, 2011;
Vargas ve ark., 2011; Gulsoy, 2012; Acar ve ark., 2018).

Cizelge 2. Umitvar genotiplerin ¢iceklenme ve kalite durumlarina gére tartili derecelendirme puanlart

Sira No Tip No Ciceklenme durumuna gére Kalite durumuna gore
1 63 KRK 59 742 718
2 63 KRK 58 737 714
3 63 KRK 56 691 705
4 63 KRK 39 687 688
5 63 KRK 46 679 683
6 63 KRK 38 677 681
7 63 KRK 53 677 671
8 63 EYY 102 664 661
9 63EYY 89 660 661
10 63 KRK 29 650 657
11 63 HLL 12 632 651
12 63 KRK 30 627 643
13 63 KRK 34 616 639
14 63 EYY 90 608 630
15 63 HLL 99 601 622
16 63 SRC 80 596 614
17 63 HLL 100 594 610
18 63 EYY 87 582 592
19 63EYY 88 578 590
20 63 EYY 94 571 584
21 63 HLL 11 567 578
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Cizelge 3. Umitvar badem genotiplerine ait fenolojik gozlemler

Tip No Tomurcuk Patlamasi Ik Cigeklenme Tam Ciceklenme Ciceklenme Sonu Hasat
2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
63 HLL 11 Mar.01 Sub.16 Mar.06 Sub.22 Mar.13 Mar.01 Mar.20 Mar.08 25.08 23.08
63 HLL 12 Mar.03 Sub.15 Mar.08 Sub.21 Mar.13 Sub.28 Mar.21 Mar.05 25.08 23.08
63 KRK 29 Mar.11 Mar.02 Mar.16 Mar.08 Mar.20 Mar.15 Mar.19 Mar.20 05.09 04.09
63 KRK 30 Mar.12 Mar.01 Mar.16 Mar.06 Mar.21 Mar.12 Mar.25 Mar.18 05.09 04.09
63 KRK 34 Mar.13 Mar.02 Mar.18 Mar.08 Mar.25 Mar.13 Mar.29 Mar.18 08.09 04.09
63 KRK 38 Mar.08 Sub.20 Mar.13 Sub.24 Mar.19 Mar.02 Mar.26 Mar.09 08.09 05.09
63 KRK 39 Mar.06 Sub.21 Mar.12 Sub.26 Mar.18 Mar.04 Mar.24 Mar.10 07.09 05.09
63 KRK 46 Mar.10 Mar.01 Mar.14 Mar.06 Mar.18 Mar.11 Mar.24 Mar.16 05.09 02.08
63 KRK 53 Mar.17 Mar.08 Mar.21 Mar.14 Mar.25 Mar.19 Nis.01 Mar.25 08.09 02.09
63 KRK 56 Mar.19 Mar.09 Mar.23 Mar.15 Mar.24 Mar.20 Nis.02 Mar.25 10.09 03.09
63 KRK 58 Mar.17 Mar.08 Mar.21 Mar.11 Mar.26 Mar.17 Nis.01 Mar.22 10.09 03.09
63 KRK 59 Mar.18 Mar.10 Mar.21 Mar.15 Mar.26 Mar.21 Nis.02 Mar.26 07.09 02.09
63 SRC 80 Mar.09 Sub.22 Mar.13 Sub.26 Mar.17 Mar.03 Mar.22 Mar.08 02.09 04.09
63 EYY 87 Mar.11 Mar.01 Mar.15 Mar.06 Mar.19 Mar.12 Mar.24 Mar.19 27.08 06.09
63 EYY 88 Mar.13 Mar.02 Mar.18 Mar.06 Mar.24 Mar.11 Mar.29 Mar.16 29.08 06.09
63 EYY 89 Mar.12 Mar.02 Mar.15 Mar.06 Mar.20 Mar.11 Mar.25 Mar.17 30.08 04.09
63 EYY 90 Mar.11 Mar.01 Mar.14 Mar.05 Mar.20 Mar.10 Mar.24 Mar.15 30.08 06.09
63 EYY 94 Mar.13 Mar.01 Mar.18 Mar.05 Mar.23 Mar.09 Mar.29 Mar.14 27.08 23.08
63 HLL 99 Mar.01 Sub.14 Mar.05 Sub.17 Mar.10 Sub.22 Mar.15 Mar.01 27.08 25.08
63 HLL 100 Mar.03 Sub.17 Mar.06 Sub.21 Mar.11 Sub.26 Mar.16 Mar.03 27.08 26.08
63 EYY102 Mar.08 Mar.02 Mar.12 Mar.06 Mar.17 Mar.11 Mar.22 Mar.17 30.08 07.08

3.1. Umitvar genotiplerin baz1 kabuklu ve i¢c meyve ézellikleri

Yapilan iki yillik ¢alisma sonucunda, Umitvar olarak belirledigimiz genotiplerin kabuklu
meyve agirliklart 2.51 (63-KRK-34)-5.31 g (63-KRK-29) arasinda degismis ve ortalama kabuklu
meyve agirhgt 4.20 g olarak belirlenmistir(Cizelge, 4). Ulkemizde yiiriitiilen bazi seleksiyon
caligmalarinda genotiplerin kabuklu meyve agirliklart 5.14 - 8.17 g (Celapkulu, 2015), 3.52 - 6.70 g
(Celik, 2015), 4.67-9.30 g (Acar, 2012), 3.51-5.43 g (Yildirim, 2007) ve 1.84-9.59 g (Aglar, 2005),
arasinda degistigini belirtmislerdir. Kabuklu meyve yoniinden elde ettigimiz bulgular yukaridaki
arastirmacilarin sonuglartyla mukayese edildiginde birbirine paralellik gosterdigi goriilmektedir.

Bu calismada segilen {imitvar genotiplerin kabuk kalinliklari incelendiginde 2.23 (63-KRK-
34) -3.48 mm (63-EYY-89) arasinda degistigi saptanmustir. Ortalama kabuk kalinlig1 ise 2.92 mm
arasinda degigsmektedir. Yiriitillen onceki seleksiyon caligmalarinda badem genotiplerinin kabuk
kalinliklarinin  12,6-18,4 mm (Bozkurt, 2017), 2.97-3.79 mm (Celik, 2015), 3.12-4.35 mm
(Celapkulu, 2015), 1.37-4.97 mm (Aglar, 2005), arasinda degistigini bildirmislerdir. Umitvar
genotiplerin ortalama kabuk kalinlig1 6nceki ¢alismalarla karsilastirildiginda bazi genotiplerin diigiik
degerlere sahip oldugu bazi genotiplerin ise yiiksek degerlere sahip gdzlenmektedir.

Calismada timitvar olarak selekte edilen genotiplerin ortalama kabuklu meyve o6zellikleri
incelendiginde ortalama kabuklu meyve kalinligr 14.25 mm, kabuklu meyve genisligi 22.23 mm ve
kabuklu meyve boyu ise 35.62 mm olarak hesaplanmistir. Selekte edilen genotiplerin genislik
indekslerinin %51.01 (63-KRK-53) - %7159 (63-EYY-89) arasinda, kalinlik indekslerinin %40.09
(63-EYY-94) - %56.99 (63-KRK-46) arasinda degisiklik gosterdigi saptanmustir. Yiirtitiilen ¢alismada,
Umitvar olarak secilen genotiplerden 9’u az gzenekli, 9’u gtzenekli ve 3’0 cok gbzenekli olarak tespit
edilmistir. Umitvar genotiplerin kabuk rengi yoniinden incelendiklerinde, genotiplerden 15°i agik, 5’i
orta acik ve 1’i ¢ok agik olarak saptanmistir. Calismada selekte edilen genotiplerin 16°s1 kapali, 5°i
acik siitur acikligina sahip oldugu saptanmustir. Isparta yoresinde yapilan bir calismada; Umitvar
olarak belirlenen genotiplerin kabuk rengini incelediginde 10 genotipin agik, 2 genotipin orta agik ve 2
genotipin ise koyu kabuk renginde oldugunu belirlemistir. Stitur agikligi bakimindan genotiplerin
tamamim kapali oldugunu, gézeneklik yoniinden ise 10 genotipin gézenekli, 2 genotipin ¢ok gdzenekli
oldugunu belirlerken, sadece 1 genotipin derin oyuk gdzenekli ve 1 genotipin az gozenekli oldugunu
saptamustir (Y1ldirim, 2007). I¢ badem agirlig1, randimana olan etkisi ve iriligin gdstergesi olmasindan
dolay1 seleksiyon calismalarinda incelenen 6nemli bir kalite unsurudur. I¢ badem agirhg kalitim
derecesi yiiksek bir gesit 6zelligidir (Kester ve Gradziel, 1996). Calismada timitvar tiplerin i¢ badem
agirligi en yiiksek olan genotip 63-HLL-99 (1.34 g) olurken, bu genotipi sirasiyla 63-EYY-87 (1.32 g)
ve 63-KRK-56 (1.24 g) genotipleri izlemistir. I¢ badem agirlig: en diisiik olan genotip 63-HLL-11
(0.74 g) olarak belirlenmistir (Cizelge, 5). Mardin’in Midyat ve Savur ilgelerinde yaptig1 ¢alismada
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selekte ettigi genotiplerin i¢ meyve agirligim 0.80-1.23 arasinda oldugunu saptamstir (Celik, 2015). i¢
badem agirligi bakimindan yapilmis c¢alismalarda kiyaslandiginda benzerlik ve farliliklarin oldugu
belirlenmistir (Bostan ve ark., 1995; Karadeniz ve Erman, 1996; Gergekgioglu ve Giines, 1999; Acar,
2012). i¢ badem boyutlar1 (mm), i¢c badem sekli, genislik indisi (%) ve kalmlik indeksleri bakimimdan
¢alismada timitvar genotiplerin i¢ badem kalinliklar1 5.78 (63-EYY-94) - 7.55 (63-KRK-34) mm,
arasinda oldugu saptanmustir. I¢ badem genislikleri 11.31 (63-KRK-34)-14.81 (63-KRK-29) mm ve i¢
badem boyu 22.38 (63-HLL-11) - 26.75 (63-EYY-87) mm arasinda oldugu belirlenmistir. Sonuglara
gore yapilan degerlendirmede, genislik indislerine gore; 5 genotip dar, 15 genisce ve 1 genotip genis
olarak degerlendirilmistir. Kalinlik indislerine gore ise 5 genotip kalinca 16 genotip yassi olarak
degerlendirilmistir. Badem ¢esitlerinde i¢ randimaninin yiiksek olmasi ticari olarak blyiik dnem arzu
etmektedir. Bunun igin yapilan ¢alismalarda timitvar olarak seg¢ilen genotiplerin i¢ oranlarinin yiiksek
olmas istenir. Umitvar olarak segilen genotiplerin i¢ oranlarmmn %18.21(63-HLL-11)- %41.26 (63-
KRK-46) arasinda degistigi ve segilen genotiplerin ortalama i¢ orammin ise %26.56 oldugu
belirlenmistir. Yapilan ¢alismalarda (mitvar olarak belirlenen genotiplerin i¢ oranlar1 %17.51-22.63
(Celik, 2015), %19.31-26.66 (Acar, 2012), %12.98-48.01 (Balta ve ark., 2001), aralarinda degisiklik
gosterdigi farkli arastirmacilar tarafindan kaydedilmistir. Alinan sonuglar iilkemizin diger bolgelerinde
yapilan badem seleksiyon c¢aligmalartyla mukayese edildiginde genelde benzerlik gdsterirken,
bazilarindan daha istiin oldugu goriilmektedir. Yapilan bu ¢alismada da secilen imitvar genotiplerin
kabuk sertligi yoniinden 15 genotip ¢ok sert, 4 genotip sert ve 2 genotip orta olarak belirlenmistir.
Bademlerde c¢ift i¢ oran1 ve ikiz i¢ orami kalite yoniinden istenmeyen bir durumdur. Bu nedenle
seleksiyon c¢aligmalarinda ¢ift i¢ oran1 ve ikiz i¢ oranmi olabildigince diisiik olmasi istenmektedir. Bir
tohum kabugunun ig¢inde 2 embriyonun meydana gelmesiyle ortaya ¢ikan duruma ikiz i¢ denmektedir.
Bademlerde iki tohum kabugunun icerisinde iki yarim badem bulunmasi durumuna ise ¢ift badem
denmektedir (Dokuzoguz ve Giilcan, 1973; Yesilkaynak, 2000). Cift i¢lilik ¢esit 6zelliginden kaynakli
bir durum iken bununla birlikte, 6zellikle ¢igeklenme sezonundaki yiiksek sicakliklarda ¢ift i¢ oranin
artmasina neden olmaktadir (Balta, 2002). Bu da ticari olarak pek istenmeyen bir durumdur.
Caligmada segilen iimitvar genotiplerin tamaminda ikiz i¢ goriilmemistir. Cift i¢c ve ikiz orant %0 ve
saglam i¢ oranlar1 19 genotipte %100, iki genotipte ise %70-80 arasinda degistigi belirlenmistir. Kalite
acisindan i¢ badem renginin agik olmasi istenen unsurlardir. i¢ badem rengi, badem cesidinin veya
genotipin genetik ozelligi ile ilgili olup, hasat donemi ve sonrasi islemlerden de kaynaklanabildigi
diistiniilmektedir. Yiriitiilen ¢alismada {imitvar olarak segilen genotiplerden 1 tanesi agik, 7 tanesi orta
acik 12 tanesi koyu ve 1 tanesi ¢ok koyu renkli olarak saptanmustir. i¢ badem tadinin tatl, ic badem
kabugunun diizgiin ve i¢ badem kabugunun az tiiylii olmasi arzu edilen kriterlerdendir (Gulcan, 1976).
Yapilan calismada timitvar olarak belirlenen genotiplerin i¢ badem tadi yoniinden incelendiginde
tamaminin tath oldugu saptanmustir. I¢ badem kabuk diizgiinliigiine bakildiginda 15 genotipin az
burusuk, 2 genotipin diizgiin ve 4 genotipin burusuk oldugunu i¢ badem kabuk tiiyliliigii a¢isindan
incelendiginde ise 12 genotipin az tiylii, 6 genotipin orta tiiyli, 3 genotipin tiiyli oldugu
belirlenmistir.

4. Sonug

Badem, Anadolu’da uzun yillar tohumla iiretilmis ve bunun sonucunda, genetik agilimlardan
dolay1r kapsamli bir genetik ¢esitlilik olusturmustur. Calisma kapsaminda incelenen genotiplerin
dogada kendiliginden yetismis, higbir kiiltiirel islemin yapilmadigi, bag ve bahge kenarlarinda yetisen
agacglardan olusmaktadir. Dolayisiyla tmitvar genotiplerin iyi sartlarda kiiltiirel islemlerin
uygulanmasi halinde verim ve Kkalitede biiyiik bir artisin saglanacagi kuskusuzdur. Yetistiricilik
yapilan bolgelerde, zengin popiilasyon varligimin olmasi c¢esit standardizasyonu i¢in seleksiyon
1slahina kaynak saglamaktadir. Ulkemizin fakli bélgelerinde yapilan benzer seleksiyon 1slahi
caligmalari, standart cesitlerin gelistirilmesi adina lilkemiz i¢in biiyilk 6nem arz etmektedir.
Yetistiriciligi sinirlandiran temel etkenlerden biri ilkbahar ge¢ donlaridir. Bunun igin yetistiricilik
yapilan bolgelerde don olaylarina karsi ge¢ ciceklenen gesitlerle veya gecgi olarak belirlenen
genotiplerle yetistiriciligin yapilmasina 6nem verilmelidir. Calisma sonucunda; 43 genotip icerisinde
tartili derecelendirme puanlar1 hesaplanmis ve en yiiksek puani alan 21 adet genotip iimitvar olarak
se¢ilmistir. Geg¢ gigeklenme agisinda 6zellikle 63 KRK 53, 63 KRK 56, 63 KRK 58 ve 63 KRK 59
genotipleri digerlerine gore daha gec cigek actigi belirlenmistir.
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Cizelge 4. Umitvar olarak segilen badem genotiplerinin 2017-2018 yillar1 ortalama kabuklu meyve dzellikleri

KMK KMG

Tip No KMA(g) KK (mm) o (mm) KMB (mm)  MS KMGD KR Gi (%) Ki (%) KS KSA
63HLL 11  4.06 3.38 15.22 21.63 36.37 Uzun Oval Az Goz Agik 59.51 4191 Orta Agik
63HLL 12  4.16 3.34 15.87 24.21 34.43 Elips Cok Goz Agik 70.32 46.14 Cok Sert  Acgik
63 KRK29 531 3.16 17.25 26.08 37.12 Uzun Oval Az Goz Agik 70.43 46.71 Cok Sert  Kapali
63 KRK 30 3.98 2.83 15.81 23.27 34.97 Uzun Oval Az Goz Agik 66.55 45.45 Cok Sert  Kapali
63 KRK 34 251 2.23 14.95 18.93 33.54 Kalp GoOzenekli  Acik 56.39 44.58 Orta Kapali
63 KRK 38 3.61 2.87 15.19 20.62 34.34 Uzun Oval Cok Goz Acik 59.78 4411 Sert Kapali
63 KRK 39 4.48 2.65 16.55 24.78 38.52 Uzun Oval Az Goz Acik 64.18 43.07 Sert Kapali
63 KRK 46  4.38 3.11 20.34 19.75 35.64 Uzun Oval Az Goz Acik 55.42 56.99 Gok Sert  Acgik
63 KRK53 4.11 2.52 16.01 18.42 36.07 Uzun Oval Gozenekli  Orta Agik  51.01 45.05 Gok Sert  Kapali
63 KRK56 4.61 2.98 16.01 24.11 36.49 Uzun Oval Gozenekli  Cok Agik 66.14 43.37 Gok Sert  Kapali
63 KRK 58 4.78 2.77 16.38 22.64 37.63 Uzun Oval  Gozenekli  Acik 60.05 43.66 Sert Kapali
63 KRK59 4.14 3.04 15.12 22.98 35.67 Uzun Oval Az Goz Orta Acik  64.48 42.42 Sert Kapali
63SRC80  4.65 2.97 16.16 24.52 36.05 Uzun Oval  Gozenekli  Acik 68.01 4481 Cok Sert  Kapali
63EYY 87 411 2.76 15.41 2312 35.79 Uzun Oval  Gozenekli  Orta Agtk  64.63 43.07 Cok Sert  Acgik
63EYY 88 331 2.37 16.19 22.09 34.09 Uzun Oval Az Goz Agik 64.79 44.55 Cok Sert  Acik
63EYY 89 4381 3.48 17.43 25.07 35.02 Uzun Oval  Cok Goz Orta Acik  71.59 49.78 Cok Sert  Kapali
63EYY 90 4.73 3.25 17.22 24.67 35.25 Uzun Oval Az Goz Orta Agik  70.01 48.85 Gok Sert  Kapali
63EYY 94 293 2.63 13.79 22.25 34.41 Kalp Gozenekli  Agik 64.69 40.09 Gok Sert  Agik
63HLL99  4.85 3.05 15.79 25.73 36.67 Uzun Oval Az Goz Acik 70.16 43.07 Gok Sert  Kapali
63 HLL100 4.23 2.85 15.21 23.97 35.53 Uzun Oval Gozenekli  Agik 6741 42.81 Gok Sert  Kapali
63 EYY102 4.47 3.12 15.23 22.32 34.44 Uzun Oval  Gozenekli  Acik 64.68 44.17 Cok Sert  Kapali
Minimum 2.51 2.23 13.79 18.42 33.54 51.01 40.09
Maksimum  5.31 3.48 20.34 26.08 38.52 71.59 56.99
Ortalama 4.20 2.92 14.25 22.23 35.62 64.29 44.98

KMA: Kabuklu meyve agirlig KMK: Kabuklu meyve kalmlig KMB: Kabuklu meyve boyu MS: Meyve sekli

GI: Genislik indisi KR: Kabuk rengi KSA: Kabuk siitur agiklig1 KS: Kabuk sertligi

Ki: Kalinlr indisi KMGD: Kabuklu meyve gézenek durumu KMG: Kabuklu meyve genisligi KK:Kabuk kalinligi
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Cizelge 5. Umitvar olarak segilen badem genotiplerinin 2017 ve 2018 yillar1 ortalama i¢c meyve ézellikleri

Polat ve Kazankaya / Sanlrurfa Yoresinde Selekte Edilen Bazi Badem (Prunus amygladus L.) Gen Kaynaklarinin Meyve Ozellikleri

. IL.B.A 1.B.K L.B.G I.LB.B . S C.1LO LIL.O S.I.O G.I K.I . .
Tip No ) (mm) (mm) (mm) I.B.O ILB.1 % % % % Gl KI
63 HLL 11 0.74 5.96 11.74 22.38 18.21 40.49 0.00 0.00 100 60.14 26.39 Genisce Yassi
63 HLL 12 0.95 5.99 13.47 23.67 22.87 30.54 0.00 0.00 100 65.74 25.28 Genisce Yassi
63 KRK?29 1.16 6.06 14.81 24.78 21.93 26.41 0.00 0.00 100 66.16 24.38 Genisce Yassi
63 KRK30 1.13 6.68 13.07 24.95 28.12 26.91 0.00 0.00 100 60.35 26.62 Genisce Yassi
63 KRK34 1.01 7.55 11.31 24.31 41.26 30.09 0.00 0.00 100 52.82 30.88 Dar Kalinca
63 KRK 38 1.02 6.58 1251 25.44 30.01 27.95 0.00 0.00 100 5525 25.98 Dar Yassi
63 KRK39 1.21 6.69 13.63 26.62 27.92 2464 0.00 0.00 100 5954 25.08 Genisce Yassi
63 KRK 46 1.11 6.81 14.21 26.17 25.11 27.57 0.00 0.00 100 49.22 25.89 Genisce Kalinca
63 KRK53 1.13 6.51 12.77 25.11 27.18 27.87 0.00 0.00 100 4562 25.62 Genisce Kalinca
63 KRK56 1.24 6.45 13.03 25.73 26.35 25.18 0.00 0.00 100 59.77 24.82 Genisce Yassi
63 KRK58 1.23 6.28 13.61 24.74 25.01 26.33 0.00 0.00 100 54.15 25.03 Genisce Yassi
63 KRK59 1.11 6.26 12.85 25.62 26.17 27.37 0.00 0.00 100 58.06 24.31 Dar Yassi
63 SRC 80 1.16 6.62 14.08 24.99 25.81 24.65 0.00 0.00 100 65.21 26.59 Genis Yassi
63EYY 87 1.32 7.21 13.39 26.75 31.99 22.44 0.00 0.00 100 57.67 26.94 Genisce yassi
63EYY 88 1.02 6.67 12.62 25.08 31.03 27.68 0.00 0.00 70 57.59 26.59 Dar Yassi
63EYY 89 0.98 6.91 1451 24.63 20.56 29.36 0.00 0.00 60 65.77 28.09 Genisce Kalinca
63 EYY 90 1.01 7.06 14.06 24.18 21.44 27.89 0.00 0.00 100 64.46 29.23 Genisce Kalinca
63EYY 94 0.78 5.78 12.21 23.53 26.89 3616 0.00 0.00 100 58.02 24.56 Genisce Yassi
63 HLL 99 1.34 6.59 14.53 26.57 27.58 21.35 0.00 0.00 100 62.19 2477 Genisce Yassi
63 HLL100 1.22 6.49 13.86 25.84 29.17 23.38 0.00 0.00 100 61.52 25.09 Genisce Yassi
63 EYY102 1.04 6.37 12.64 25.67 23.34 27.61 0.00 0.00 100 57.71 24.81 Dar Yassi
Maksimum  1.34 7.55 14.81 26.75 41.26 40.49 100 66.16 30.88
Minimum 0.74 5.78 11.31 22.38 18.21 21.35 60 45.62 24.38
Ortalama 1.09 6.54 13.28 25.08 26.56 27.71 96 58.90 26.04

IBA: I¢ badem agirlig1
IBO: i¢ badem orani

IBK: I¢ badem kalinhg1

CIO: Cift i¢ oran1
IBI (adet):i¢ badem iriligi (1 onz’daki meyve say1s1)

IBG: I¢ badem genisligi
[i0: ikiz i¢ oran1

GI: Genislik indisi

IBB: i¢ badem boyu
SiO: Saglam i¢ oran1
KI: Kalinlik indisi
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Abstract: In this study, fruit properties of 19 rose hip (Rosa spp.) genotypes
selected from a large number of genotypes in the natural rose hip population in
Akkus district (Ordu province) in 2014-2015 were determined. The genotypes
belonged to Rosa dumalis Bechst., Rosa gallica L. and Rosa canina species. They
had a range of 1.22-3.47 g in fruit weight, 10.2-16.9 mm in fruit width, 13.2-25.2
mm in fruit length, 1.25-2.09 in fruit shape index, 62-72% in fruit flesh ratio, 16-
35 in seed number, 13.6-24.4% in total soluble solids, 560-1025 mg 100g™ in C
vitamin content, and 1.06-2.48 Brix° in titratable acidity. The five genotypes were
less thorny plants. The two genotypes (AK-75 and AK-20) were evaluated as
promising in terms of fruit weight and fruit flesh ratio. In addition, AK-63 for
TSS content and AK-16 for vitamin C content were found remarkable. Findings
revealed that some genotypes could be valuable as genetic material for future
breeding efforts.
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Oz: 2014-2015 yillarinda yiiriitiilen bu arastirmada, Ordu ili Akkus yéresi dogal
kusburnu popiilasyonunda ¢ok sayida genotip arasindan segilen 19 kusburnu
(Rosa spp.) genotipinin meyve 6zellikleri belirlenmistir. Rosa dumalis Bechst.,
Rosa gallica L. ve Rosa canina tiirlerine ait olan genotiplerde meyve agirhigi
1.22-3.47 g, meyve genisligi 10.2-16.9 mm, meyve uzunlugu 13.2-25.2 mm,
meyve sekil endeksi 1.25-2.09, meyve eti oran1 %62-72, tohum sayis1 16-35, suda
¢oziinebilir kuru madde miktar1 13.6-24.4 °briks, C vitamini igerigi 560-1025 mg
100gt ve titre edilebilir asitlik %1.06-2.48 arahginda degisim gdstermistir. Bes
genotip az dikenli bulunurken, iki genotip (AK-75 ve AK-20) meyve agirligi ve
meyve eti orant agisindan limitvar olarak degerlendirilmistir. Bunun yaninda, suda
¢cozunebilir kuru madde miktart bakimindan AK-63 ve C vitamini igerigi
bakimindan AK-16 dikkat cekici bulunmustur. Bulgular, bazi genotiplerin
gelecekteki 1slah cabalari i¢in genetik materyal olarak degerli olabilecegini ortaya
¢ikarmustir.

" This study was obtained from M. Sc. thesis data.

338


https://orcid.org/0000-0002-4825-5489
https://orcid.org/0000-0003-4414-8501
mailto:szbostan@hotmail.com

YYU TAR BIL DERG (YYU J AGR SCI) 30 (2): 338-344
ipek and Balta / Fruit Traits of Rose Hip (Rosa spp.) Genotypes Selected from Akkus, Ordu Province

1. Introduction

Anatolia, where 25 Rosa species are grown, is among the natural spreading areas of Rosa
species (Ercisli, 2005). Wild rose hip populations are distributed in all regions of Turkey, and they
have a wide genetic diversity due to seed propagation and open pollination conditions since ancient
times. These populations can contribute as valuable genetic resources to breeding programs aiming
high yields, good fruit properties and resistance to diseases and pests (Celik, 2007).

Rose hip, whose value is recognized in terms of human health, is in high demand today. Rose
hip fruit contains natural antioxidants, minerals, carotenoids, bioflavonoids, tocopherol, fruit acids,
vitamin C, pectin, tannin and amino acids (Ercisli, 2007). The chemical content of its fruit can vary to
species, variety, genotype, growing ecology, altitude, harvest season and stage of fruit maturation.
Rose hip is widely used in food, pharmacy and cosmetics industry (Yildiz and Celik, 2011). It is
valued as a valuable raw material in the food and pharmaceutical industry in many European countries
such as Russia, Germany, Switzerland and Finland. In these countries, rose hip fruit is used in fruit
gel, baby food, fruit juice, marmalade and tea form, as an additive in pastry and confectionery
industry, and also in vitamin-enrichment of other fruit and vegetable juices (Kizilci, 2005; Dolek,
2008). In Turkey, rose hip is processed as fruit juice, marmalade, pulp and tea in factories and
establishments in Glimiishane, Erzincan and Tokat (Kizilci, 2005).

Rose hip breeding programs are carried out in countries such as Bulgaria, Czechoslovakia,
Germany, Russia and Sweden to develop commercial varieties. Our country is rich in rose hip genetic
resources (Ercisli, 2005). In this respect, it is important to investigate the natural rose hip populations
spreading to all regions and to select valuable genotypes with high yield and fruit quality. The first
works on the selection of rose hip germplasm in Turkey started in 1990s, as a result of researches
carried out up to the present many promising selections have been identified for yield and fruit
characteristics. Although some studies on the registration of promising genotypes are still going on,
there is yet no registered rose hip cultivar found in Turkey. On the other hand, rose hips grown in
almost every region of our country are used as firewood in many places and this leads to the
destruction of rose hip genetic resources.

The aim of this study was to select promising genotypes from the natural rose hip population
in Akkus district of Ordu province and to describe their fruit characteristics for future breeding efforts.

2. Materials and Methods
2.1. Materials

The material of the research consisted of wild rose hip plants growing in Akkus district of
Ordu Province. Fruit samples were collected from wild plants during the harvest season. Akkus district
is surrounded by Kumru in the east, Erbaa and Carsamba in the west, Terme and Unye in the north and
Niksar in the south. The mountains are covered with forests up to the peaks. The town center is located
on a small plateau between the mountains at an altitude of 1 300 meters. The district has no major
rivers and lakes, but it has small creeks and streams. The most important of these is Tifi stream. The
forest area corresponds to 65% of the overall surface area and is 412 451 km?. Beech trees constitute
90% of the forest. A small amount of yellow pine and oak species are also available. Akkus district
has different climate structures. Inner Black Sea climate prevails in the northern part, continental
(Central Anatolia) climate in the southern part and gate climate in the central part. Winters are hard
and long, summers are short and cool. The average annual rainfall is 2000 mm. The average cultivable
land depth in the district is 50 cm. Soil pH reaction is about 6-7.5. In general, soil structure is loamy
(58%) and clayey-loamy (42%), barren, stony and weak features (Anonymous, 2017).

2.2. Methods
In order to determine the promising genotypes in the naturally grown rose hip population in
the district, a large of of plants were investigated by observation before harvest season, and the plants

marked according to the selection criteria such as fruit size, fruitfulness and thorn density were
numbered. Each labeled plant was evaluated as a genotype. Fruit samples were taken from these plants
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during the harvest season. Care was taken not to collect fruit samples from plants with very small
fruits, over-thorny, low fruitful, and disease and pest infestation. In the study, 106 wild rose hip plants
were assessed within native population. At least 100 fruit samples were randomly taken from each of
these plants during the harvest season. According to the fruit analyses of the first year, 30 genotypes
with the lowest fruit weight and vitamin C contents were eliminated. Thus, the number of genotypes
was reduced to 76 in the second year. All genotypes were compared to the Weighted Ranked Method
(WRM) that based on 6 criteria such as fruit weight, fruit flesh ratio, vitamin C content, total soluble
solids content, thorn density and fruitfulness (Akkus, 2016; Ersoy and Ozen, 2016). The 19 genotypes
with the highest WRM scores were selected and their fruit characteristics were described. Fruit
samples randomly collected from the genotypes were measured and analyzed in Ordu University
Faculty of Agriculture Department of Horticulture. For genotypes, values of fruit weight, fruit width,
fruit length, fruit flesh ratio, fruit shape, fruit shape index, seed weight, seed number, vitamin C
content, titratable acidity (TA), total soluble solids (TSS) and pH were determined. The content of
Vitamin C was quantified with the reflectometer set of Merck Co (Merck RQflex). In addition, fruit
color, fruit shape, thorn density, fruitfulness, and fruit exterior pubescence were identified.

3. Results

Within the natural rose hip population at 1100-1300 m altitude in the district, 71 Rosa canina,
15 Rosa gallica L. and 20 Rosa dumalis Bechst. genotypes were examined for two years (in 2014-
2015). Having the highest WRM scores, 19 genotypes were selected promising, and their fruit
characteristics were identified in this study.

Table 1. Values of fruit weight, seed weight, seed number, fruit flesh weight, fruit flesh ratio, fruit
length, fruit width, fruit shape index for 19 rose hip (Rosa spp.) genotypes selected from
Akkus, Ordu Province (2014-2015).

Fruit Seed Seed Fruit Fruit Flesh  Fruit  Fruit  Fruit

Genotype Species Weight Weight Number Flesh Ratio Length Width Shape

9) 9) Weight (g) (%) (mm) (mm) Index

AK-75 Rosa dumalis Bechst. 3.47 0.99 28 2.48 71 25.2 16.9 1.48
AK-65 Rosa dumalis Bechst. 2.08 0.66 27 1.42 68 23.3 12.8 1.83
AK-36 Rosa dumalis Bechst. 1.73 0.47 21 1.26 71 20.6 12.5 1.63
AK-100  Rosa dumalis Bechst. 1.70 0.63 27 1.07 62 21.7 12.1 1.80
AK-82 Rosa dumalis Bechst. 1.58 0.54 25 1.04 65 17.8 12.7 141
AK-37 Rosa dumalis Bechst. 1.49 0.52 22 0.97 68 214 104  2.09
AK-86 Rosa gallica L. 2.17 0.75 35 1.42 65 19.8 14.5 1.37
AK-87 Rosa gallica L. 2.06 0.67 31 1.39 67 13.2 10.5 1.25
AK-16 Rosa gallica L. 1.71 0.57 27 1.14 65 18.5 12.9 1.42
AK-20 Rosa canina 2.04 0.58 24 1.46 71 20.7 13.4 1.55
AK-3 Rosa canina 2.22 0.83 32 1.39 63 19.8 14.7 1.34
AK-44 Rosa canina 1.78 0.53 21 1.25 71 19.2 13.0 1.48
AK-63 Rosa canina 1.72 0.49 22 1.23 71 20.2 13.0 1.56
AK-70 Rosa canina 1.62 0.43 16 1.19 72 20.8 11.6 1.79
AK-61 Rosa canina 1.68 0.55 23 1.13 68 22.2 12.0 1.83
AK-83 Rosa canina 1.66 0.55 24 1.11 66 20.2 12.4 1.61
AK-54 Rosa canina 1.54 0.44 17 1.10 71 18.6 12.5 1.47
AK-56 Rosa canina 1.45 0.46 20 0.99 68 18.9 12.1 1.56
AK-98 Rosa canina 1.22 0.40 19 0.82 68 17.4 10.2 1.70

Values of fruit weight, seed weight, seed number, fruit flesh weight, fruit flesh ratio, fruit
length, fruit width, fruit shape index recorded for promising genotypes were presented in Table 1.
Fruit weight was recorded between 1.22 g and 3.47 g. The six genotypes (AK-75, AK-20, AK-65, AK-
86, AK-3 and AK-87) had fruits over 2 g. Seed weight changed between from 0.40 g to 0.99 g.
Genotypes produced 16-35 seeds per fruit. Fruit flesh weight varied between 0.82 to 2.48 g. Fruit flesh
ratio ranged from 62% to 71%, and it was determined over 70% for seven genotypes. In addition,
genotypes had a range of 13.2-25.2 mm for fruit length, 10.2-16.9 mm for fruit width and 1.25-2.09
for fruit shape index (Table 1).
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Table 2. The total soluble solids (TSS), vitamin C and titratable acidity (TA) values for 19 rose hip
(Rosa spp.) genotypes selected from Akkus district, Ordu Province (2014-2015).

Genotype Species TSS (Brix°) TA (%) Vitamin C (mg 100g )
AK-75 Rosa dumalis Bechst. 15.4 2.48 795
AK-65 Rosa dumalis Bechst. 21.2 1.73 750
AK-36 Rosa dumalis Bechst. 16.4 1.53 670
AK-100 Rosa dumalis Bechst. 17.8 1.17 710
AK-82 Rosa dumalis Bechst. 15.8 1.20 815
AK-37 Rosa dumalis Bechst. 18.0 1.81 745
AK-86 Rosa gallica L. 18.4 2.13 750
AK-87 Rosa gallica L. 13.6 1.06 770
AK-16 Rosa gallica L. 14.2 1.22 1025
AK-20 Rosa canina 17.8 1.32 725
AK-3 Rosa canina 15.4 1.79 945
AK-44 Rosa canina 15.4 2.07 885
AK-63 Rosa canina 24.4 2.05 560
AK-70 Rosa canina 21.2 1.91 905
AK-61 Rosa canina 14.2 1.18 815
AK-83 Rosa canina 14.8 1.11 860
AK-54 Rosa canina 16.6 1.61 845
AK-56 Rosa canina 14.0 1.08 765
AK-98 Rosa canina 22.3 1.88 760

Table 3. Descriptions regarding fruitfulness, thorn density, fruit color, fruit shape and fruit exterior
pubescence based on species for 19 rose hip (Rosa spp.) genotypes selected from Akkus
district, Ordu Province.

Genotype  Species Fruitfulness [;I; hnosri?y Fruit Color  Fruit Shape F;ﬂgeizéirégr
AK-75 Rosa dumalis Bechst. Medium High Orange Oval Absent
AK-65 Rosa dumalis Bechst. Medium High Red Conical Absent
AK-36 Rosa dumalis Bechst. Medium High Orange Conical Absent
AK-100 Rosa dumalis Bechst. High Medium Orange Conical Absent
AK-82 Rosa dumalis Bechst. Medium Low Orange Oval Absent
AK-37 Rosa dumalis Bechst. High High Red Cylindrical Absent
AK-86 Rosa gallica L. High Low Red Round Absent
AK-87 Rosa gallica L. Low Medium Red Round Absent
AK-16 Rosa gallica L. High Medium Orange Oval Absent
AK-20 Rosa canina Medium High Orange Oval Absent
AK-3 Rosa canina Medium High Orange Round Absent
AK-44 Rosa canina Medium High Red Oval Absent
AK-63 Rosa canina Medium Medium Red Oval Absent
AK-70 Rosa canina Medium High Orange Conical Absent
AK-61 Rosa canina High Low Orange Conical Absent
AK-83 Rosa canina Low Low Orange Conical Absent
AK-54 Rosa canina Medium Medium Red Oval Absent
AK-56 Rosa canina High Low Orange Oval Absent
AK-98 Rosa canina High Medium Red Conical Absent

The fruits of 19 rose hip selections contained TTS between 13.6 and 24. brix°. The content of
total soluble solids was higher than %20 in four genotypes (AK-63, AK-65, AK-70 and AK-98). The
TA was determined between 1.06% and 2.08%. pH value changed between 3.53-4.95. The content of
vitamin C was found from 560 mg 100 g *to 1025 mg 100 g ** (Table 2).

On the other hand, the species of rose hip selections were Rosa canina, Rosa dumalis Bechst.
and Rosa gallica L. All selections had red and orange colored, and round, oval, conical and cylindrical
shaped fruits. The pubescence of fruit exterior was absent for all selections. While the density of thorn
was observed as low, medium and high, it was low for five genotypes (AK-56, AK-61, AK-82, AK-83
and AK-86). Plant fruitfulness was evaluated as high for seven genotypes (AK-16, AK-37, AK-56,
AK-61, AK-86, AK-98 and AK-100), medium for ten genotypes and low for two genotypes (Table 3).
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4. Discussion

As it is known, fruit size, high fruit flesh ratio, high contents of dry matter and vitamin C,
fruitfulness and thornless plant, suitability for mechanical harvest, easy propagation, resistance to
disease and damages are emphasized as important characters for rose hip cultivar breeding efforts
(Celik, 2007).

In Turkey, many studies were conducted on native rose hip genetic resources in different
areas, several fruit and plant characteristics were identified for many genotypes (Ercisli and Esitken,
2004; Tiirkben et al., 2005; Dogan and Kazankaya, 2006; Celik at al., 2009; Sagir, 2010; Giines, 2011;
Yildiz and Celik, 2011; Ekincialp and Kazankaya, 2012; Celik et al., 2015; Akkus, 2016; Ersoy and
Ozen, 2016). In this study carried out in the wild rose hip population of Akkus (Ordu province), fruit
and some plant characteristics of 19 promising genotypes selected according to the selection criteria
were identified.

In developing rose hip cultivar suitable for the industry, cultivars with large-sized fruits and
high fruit flesh ratio are desired (Celik et al., 2009). In this study, the promising genotypes exhibited a
range of 1.22-3.47 g for fruit weight and 62-72% for fruit flesh ratio. For some rose hip (Rosa spp.)
genotypes from different areas in Turkey, the range of fruit weight and fruit flesh ratio were reported
as 3.14-4.80 g and 63.1-71.1% from Erzurum (Ercisli and Esitken, 2004), 2.04-6.10 g and 46.8-79.9
from Bitlis, Hakkéari and Van regions (Kazankaya et al., 2005), 2.21-6.16 g and 61.3-80.4% from
Gumushane and Erzincan (Kizilci, 2005), 1.37-3.04 g and 45.8-79.4% from Amasya (Ddlek, 2008),
1.79-4.95 g and 66.4-100% from Lake Van Basin (Celik et al., 2009), 1.65-2.78 g and 63.8-75.0 from
Akincilar, Sivas (Sagir, 2010), 1.82-4.09 g and 55.2-85.0 from Muradiye (Yildiz and Celik, 2011),
1.52-3.92 g and 59.3-76.6 from Hakkari (Ekincialp and Kazankaya, 2012), 1.44-4.69 g and 60-79 from
Hamur, Agn (Akkus, 2016), 1.40-2.77 g and 64-9-82.8% (Ersoy and Ozen, 2016), respectively. In
addition, Cheikh-Affene et al. (2013) reported that rose hip genotypes (Rosa spp.) from Tunisia had a
range of 0.9-1.9 g for fruit weight and 63.6-73.7% for fruit flesh ratio. Soare et al. (2015) recorded
1.17-2.86 g fruit weight for rose hip genotypes (Rosa spp.) from Romania. It is possible to establish
various similarities between the promising genotypes of this study and some rosehip genotypes and
selections mentioned in the above studies. The values of fruit weight and fruit flesh ratio determined in
some studies seem higher than those of this research. In this study, AK-75 was remarkable in terms of
fruit weight (3.47 g) and fruit flesh ratio (71%). Promising genotypes had smaller fruits than those of
most research above.

It has been reported that the chemical composition of rose hip fruit could be affected by many
factors such as species, cultivar, genotype, growing ecology, altitude, harvest time and maturation
stage (Ercisli, 2007; Celik et al., 2009; Akkus, 2016).

Due to its high vitamin C content, which is regarded as criteria of selection for cultivar
breeding efforts, rosehip is used not only for making marmalade and juice, but also as additive
material to enrich the vitamin C content of several fruit juices (Celik et al., 2009). The promising
genotypes had a range of 560-1025 mg 100g * for Vitamin C content. In many studies, the ranges of
vitamin C content per 100 g fresh weight for rosehip genotypes and selections were reported as 1074-
2557 mg (Ercisli and Esitgen, 2004), 301-1183 mg (Kazankaya et al., 2005), 305-945 mg (Kizilci,
2005), 108-908 mg (Ddlek, 2008), 517-1032 mg (Celik et al., 2009), 438-766 mg (Sagir, 2010), 616-
867 mg (Rosu et al.,, 2011), 330-535 mg (Yildiz and Celik, 2011), 414-916 mg (Ekincialp and
Kazankaya, 2012), 372-737 mg (Cheikh-Affene at al., 2013), 332-1603 mg (Ersoy and Ozen, 2013),
53-563 mg (Soare et al., 2015), 540-1315 mg (Akkus, 2016) and 402-511 mg (Alp et al., 2016). Many
selected genotype of this study had vitamin C content similar to those of related studies.

TSS content of the selected genotypes varied between 13.6% and 24.4%. For rose hip (Rosa
spp.) genotypes from different areas, TSS ranges were reported as 31-36.7% (Ercisli and Egitgen,
2004), 14.8-36.2% (Kazankaya et al., 2005), 14-30.8% (Kizilci, 2005), 22-40% (Tirkben et al., 2005),
15.9-32.8% (Ddlek, 2008), 17.7-28.4% (Celik et al., 2009), 23.2-33.9 (Sagir, 2010), 11.5-17.6% (Rosu
et al., 2011), 15-26.2% (Y1ldiz and Celik, 2011), 14.2-27.5% (Ekincialp and Kazankaya, 2012), 24.1-
30.5% (Ersoy and Ozen, 2013), 10-18% (Soare et al., 2015), 9-32% (Akkus, 2016) and 17.6-22.8%
(Alp et al., 2016). In addition, the promising selections had a range of 1.06-2.48% for TA. The range
of TA for numerous many rose hip (Rosa spp.) genotypes were recorded as 1.25-3.23% (Kizilci,
2005), 0.66-0.85% (Dogan and Kazankaya, 2006), 1.09-2.50% (Délek, 2008), 0.67-1.89% (Sagur,
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2010), 1.38-3.50% (Y1ldiz and Celik, 2011), 1.4-3.6% (Soare et al., 2015), 0.05-0.22% (Akkus, 2016)
and 0.04-1.55% (Ersoy and Ozen, 2016). The findings on TSS and TA contents were in agreement
with above many literatures.

On the other hand, the productivity and thorny status of the rose hip plant are also among the
valuable characters for the variety breeding efforts (Ercigli and Esitgen, 2004; Celik, 2007). In this
study, the thorny density was high for 8 genotypes, medium for 5 genotypes and low for 5 genotypes.
In the researches conducted on the genetic resources in Turkey, numerous few, medium and very
thorny and fruitful rose hip genotypes have been identified. In addition, a small number of thornless
genotypes have also been reported (Ercisli and Esitken, 2004; Celik et al., 2009; Celik et al. 2015;
Akkus, 2016).

As an excellent resource of rose hip genetic material, the diversity could contribute to future
breeding efforts that aim at the valuable traits, such as high yield, fruit characteristics, bioactive
compounds, and resistance to disease and pests (Sanderson and Fillmore, 2010). The results indicated
genetic variation in the native rosehip germplasm of the district.

4. Conclusion

Rosehip, which has a wide spreading area in the world, has started to draw attention with the
studies carried out in recent years. Turkey are rich in rose hips genetic resources. In this study, 19 rose
hip genotypes selected from Akkus district of Ordu were described. The two genotypes (AK-75 and
AK-20) were evaluated as promising in terms of fruit weight and fruit flesh ratio. In addition, AK-63
for TSS content and AK-16 for vitamin C content were found remarkable. The data obtained from the
genotypes are the values reached in natural land conditions. In this respect, the repeated trials are
needed under controlled conditions in order to reveal the true values of genotypes. Some genotypes
could be valuable as genetic material for future breeding efforts.
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Anahtar kelimeler

Cicek tozu,
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Oz: Bu ¢alisma, 3 yabanci tozlayici gesit ve 2 yerli Trabzon hurmasi (Diospyros
kaki L.) genotipine ait ¢igek tozlarinin farkli depo sicakliklarinda 1 yil siire ile
saklanmasi sonunda kalite durumlarinin belirlenmesi amaciyla yapilmistir. Cigek
tozlar1 +4 °C, 0 °C, -20 °C ve -80 °C ’de 1 yil siire ile saklanmis ve 4 ayda bir
canlilik ve ¢imlenme durumlart belirlenmistir. Cigek tozu canliliginin tespitinde 2,
3, 5 Triphenyl Tetrazolium Clorid (TTC) ¢ozeltisi, ¢igek tozlarinin ¢imlenme
oranlarinin belirlenmesinde ise petride agar yontemi kullanilmistir. Genotiplerin
ilk 6l¢lim c¢icek tozu canlilik oranlar1 % 58.12 ile % 76.65 degerleri arasinda
degismektedir. Son 6l¢iim olan 12. aymn sonunda +4 °C, 0 °C, -20 °C ve -80 °C
sicakliklarda en yiiksek cicek tozu canlilik oranlarinin sirasiyla %13.00, %42.01,
% 60.72 ve % 59.45 oldugu belirlenmistir. Genotiplere ait ¢icek tozlarmnin
¢imlenme oranlari ise ilk élcimde % 52.84 ile % 67.49 degerleri arasinda oldugu
tespit edilmistir. 12. ayin sonunda en yiiksek ¢i¢ek tozu ¢imlenme oranlarinin +4
°C’de % 1, 0 °C ’de % 13.24, -20 °C "de % 23.87 ve -80 °C ’de ise % 24.99 olarak
belirlenmigtir.  Depolama  siiresi  sonunda  genotiplerin  tozlayicilik
potansiyellerinin, +4 °C ve 0 °C’lerde yetersiz, -20 °C ve -80 °C’lerde ise
tozlayicilik yetenegi yoniiyle nispeten kabul edilebilir diizeyde oldugu tespit
edilmistir.
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Abstract: This study was carried out to determine the pollen quality status of 3
foreign pollinator and 2 native Persimmons (Diospyros kaki L.) genotypes at
different storage temperatures for 1 year. Pollen was stored at +4 °C, 0 °C , -20
°C and -80 °C for 1 year, rate of viability and germination were determined every
4 months. 2, 3, 5 Triphenyltetrazolium Chloride (TTC) solution was used to
determine the viability of the pollen, and agar in petri dish method was used to
determine the germination rate of the pollen. The initial measurement of the
genotypes ranged from 58.12% to 76.65% in pollen viability rates. At the end of
the 121" month, the highest pollen viability at +4 °C, 0 °C, -20 °C, and -80 °C was
determined to be 13.00 %, 42.01 %, 60.72 %, and 59.45 %, respectively. The
pollen germination rates of the genotypes were found to be between 52.84 % and
67.49 % in the initial measurement. At the end of the 12" month, the highest
germination rates were determined as 1% at +4 °C, 13.24 % at 0 °C, 23.87 % at -
20 °C, and 24.99 % at -80 °C. At the end of the storage period, pollination
potentials of genotypes were found to be inadequate at +4 °C and 0 °C, and
relatively acceptable at pollination ability at -20 °C and -80 °C.
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1. Giris

Gunlmuzde sevilerek tiiketilen meyvelerden birisi olan Trabzon hurmasinin (Diospyros kaki)
orijininin Giiney Cin oldugu disiinilmektedir. Trabzon hurmasi, Dogu Asya’da Onemli meyve
agaclarindan birisidir. Bu tiiriin meyve sekillerindeki ¢esitlilik, diger meyve tiirlerine gore daha
fazladir (Maeda ve ark., 2018). Olgunlasmamis Trabzon hurmasi meyveleri kristal halindeki
tanenlerden dolayr buruk bir tada sahiptir. Olgunlagmis turuncu-kirmizi meyveler ise tatli ve
lezzetlidir. Trabzon hurmasi, Kkarotenoidler, tanenler, flavonoidler, terpenoidler, steroidler,
naftokinonlar, sekerler, amino asitler, mineraller ve lipitler gibi bircok bilesik icermektedir
(Mallavadhani ve ark., 1998). Son c¢alismalar, Trabzon hurmasinin kolesterol ve kan basincini
diisiirebilecegini, bagisiklik sistemini gii¢lendirebilecegini, sindirim sistemi hastaliklari i¢in bir gare
olarak hareket edebilecegini ve kanseri dnleyebilecegini gostermistir (Bolek ve Obuz, 2014; Butt ve
ark., 2015).

Bir suptropik iklim meyvesi olan Trabzon hurmasi, sicak ve iliman iklim sartlarina da iyi
adapte olmasindan dolay1r diinyanin degisik bélgelerinde yetistiriciligi yapilabilmektedir (Moore,
1975; Yamada ve Sato, 2002). Diinyada iiretilen (10 milyon ton) Trabzon hurmasinin yaklasik %90
gibi biiylik bir oram1 Cin, Kore ve Japonya gibi Uzak Dogu ulkelerinden elde edilmektedir (FAO,
2018). Turkiye’de ise 2018 yili verilerine gore 46,676 ton Trabzon hurmas iiretilmis olup Adana,
Adiyaman ve Mersin en fazla yetistiriciligin yapildig illerdir (TUIK, 2019)

Trabzon hurmasi yetistiriciliginde, dollenmeye bagh olarak meyve et rengi degismeyen ve
buruk bir tada sahip olmayan gesitler tercih edilmektedir. Buna ragmen diinyada bilinen Trabzon
hurmasi ¢esitlerinin neredeyse yaris1 buruk ¢esitlerdir (Ferguson, 2003).

Trabzon hurmasi yetistiriciliginde goriilen en 6nemli problemlerden biri hi¢ sliphesiz meyve
dokumleridir. Bu dokimlerin ana sebepleri tozlanma ve dollenme yetersizligi olmakla birlikte besin
elementi eksikligi, hastalik ve zararlilarinda etkileri olmaktadir (George ve ark., 1997).

Meyve tiir ve gesitlerinin ¢ogu meyve tutumu igin déllenmeye ihtiya¢ duyarlar. Bunun igin de
oncelikle tozlanma gereklidir (Stosser ve ark., 1996). Bu yiizden ana cesitler i¢in belirlenmis uygun
tozlayici gesitlerin bahge igerisinde yeterli sayida olmasi gerekmektedir. Ancak tozlayici ¢esidin erkek
organlarinda tiretilen ¢igek tozu miktari ile bu ¢igek tozlarmin kaliteli olmasi déllenme ve dolayisi ile
meyve tutumu igin ¢ok 6nemlidir (Eti, 1990; Siityemez, 2007).

Trabzon hurmasi diklin ¢icek yapisina sahip bir meyve tiirii olup tozlanma bdcekle
gerceklesmektedir (Nikkeshi ve ark., 2019). Trabzon hurmasi ¢esitlerinin ¢ogunda sadece disi ¢igek
tesekkiil etmesi nedeniyle, ana ¢esit ile birlikte uygun tozlayici ¢esit kullanimi; tozlanma ve doéllenme
olaylarmin saglikli bir sekilde gergceklesmesi, meyve tutumu ve meyve kalitesi acisindan c¢ok
onemlidir (Hasegawa ve Nakajima 1991; George ve ark., 1997; Bellini, 2002; Sagir ve ark., 2012).

Bazi aragtirmalarda, yabanci tozlanma, seyreltme ve gibberellik asit uygulamalarinin Trabzon
hurmalarinda, meyve tutumu ve meyve iriliginin artmasinda olumlu etki ettigi bildirilmektedir
(Messaoudi ve ark., 2009; Sayilikan, 1995; Kitajima ve ark., 1993). Ayrica yapilan bircok ¢alismada
tozlanma ve dollenme sonucu olusan tohumlu meyvelerin, dokiimlere karsi partenokarpiye egilimi
yiiksek olan gesitlerden daha dayanikli oldugu bildirilmistir (George ve ark., 1995; Sayilikan, 1995;
Woodburn ve Andersen, 1996; Kim ve ark., 1997; Bellini 2002; Krisanapook ve ark., 2004;
Messaoudi ve ark., 2009). Diospyros kaki meyve olusumunda tozlayici gesit se¢imi oldukga dnemlidir.
Ornegin; ‘Fuyu’ cesidinde sadece disi ¢igekler bulunmakta ve diisiik partenokarpik yetenegi sayesinde
tozlanma igin tozlayiciya ihtiyaci vardir (Yonemori ve ark., 1992). Bu nedenle, Trabzon hurmasi
yetistiriciliginde yeterli diizeyde meyve tutumu i¢in uygun tozlayici gesit segimi Ve gigek tozu kalitesi
son derece 6nem arz etmektedir.

Cigek tozu canliligini tespit etmek amaciyla farkli canlilik testleri kullanilmaktadir. Bu testler,
cicek tozu ¢imlenme oranlarinin belirlenmesinden kullanilan metotlar ile kiyaslandiginda daha hizli ve
kolay sonu¢ sunmaktadir. Ayrica bazi ¢alismalarda, ¢igek tozu canlilik testlerinin ¢imlenme testleriyle
paralel sonuclar vermedigi bildirilmekle birlikte ¢imlenme testlerinin daha guvenilir bir yol oldugu
belirtilmektedir (Parfitt ve Ganeshan, 1989; Bolat ve Pirlak, 1999; Sagir ve ark., 2012).

Bu aragtirma, Trabzon hurmasi bahgelerinde tozlayici olarak kullanilan bazi standart gesitler
ve 2 yerel genotipe ait ¢icek tozlarinin farkli diisiik sicaklik sartlarinda 1 yil depolandiklarinda kalite
diizeylerindeki degisim oranlariin belirlenmesi amaciyla yiirtitiilmiistiir.
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2. Materyal ve Yontem

Bu arastirmada, materyal olarak “Ghora Gali, Shogatsu, Bruniquel gesitlerine ve tohumdan
elde edilmis “Tip No 1, Tip No 2” genotiplerine ait ¢i¢ek tozlart kullamlmistir. Calisma, 2017-2019
yillar1 arasinda Kahramanmaras Siit¢ii imam Universitesi Ziraat Fakiiltesi Bahce Bitkileri Bolimiine
ait laboratuvarlarda gerceklestirilmistir.

2.1. Cicek tozlarimin elde edilmesi

Aragtirma kapsaminda Trabzon hurmasi genotiplerinden ¢igeklenme baslangicinda tam agmak
iizere olan balon asamasindaki ¢igekler bir giin dnce toplanmis ve anterler filamentlerinden ayrilarak
bir gece parlak kagit iizerinde oda sicakliginda bekletilmistir. Petri kaplar igerisine pens yardimiyla
silkelenen ciceklerden dokiilen ¢igcek tozlari, 151k gérmez cam kavanozlar igerisinde toplanmistir.
Cesitlerden alman g¢igek tozlar1 farkli siirelerde (4,8,12 ay) +4°C, 0 °C , -20 °C ve -80 °C ’de
depolanmistir. Cigek tozu kalite seviyelerinin belirlenmesine yonelik testler igin depolama zaman
araliklarinda yeterli miktarda alinan ¢igek tozlari oda sicakliginda 1.5 saat bekletilerek ¢ozilmeleri
saglanmustir. Daha sonra canlilik ve in vitro ¢gimlenme uygulamalari yapilmustir.

2.2. Invitro sartlarda cicek tozu canlhlik testleri

Cesitlere ait cicek tozlarimin canlilik seviyeleri %1°lik 2,3,5 Triphenyl Tetrazolium Chlorid
(TTC) ile belirlenmistir (Norton 1966).

Laboratuvar sartlarinda yapilan mikroskop incelemesi sirasinda, lam iizerine bir damlalik
yardimiyla TTC ¢o6zeltisi damlatilmis ve damla iizerine ¢icek tozlarinin ekimi yapilarak bir lamelle
kapatilmigtir. Canlilig1 belirlemek amaciyla her genotip i¢in 2 lam ve her lamda da tesadiifen secilen 4
alanda sayimlar yapilmstir. Cigek tozlarinin TTC ile boyanmasi 3-4 saat icerisinde gergeklesmis ve
sayimlar 151k mikroskobunda gerceklestirilmistir. Mikroskop altinda goriilen, kirmiziya boyanan ¢igek
tozlart “mutlak canli (MC)”, agik kirmizi ve pembe olanlar “yar1 canli (YC)”, hi¢ boyanmayanlar ise
“cansiz (C)” olarak kabul edilmistir. “Yar1 canli (YC)” ¢icek tozlarinin teorik olarak %50’sinin canli
oldugu kabul edilerek, bu deger mutlak canli ¢icek tozu miktarina eklenmis ve “canli (MC+YC/2)”
cicek tozu ylizdesi hesaplamalarla bulunmustur (Sagir ve ark., 2012). Arastirmada sadece “canli”
sinifinda yer alan ¢igek tozlarina ait degerler sunulmustur.

2.3. In vitro sartlarda cicek tozu ¢cimlendirme testleri

Cigek tozu ¢cimlendirme testleri “Petride Agar Yontemi” (%1 agar ortamina ilave edilmis %20
sakkaroz) ile yapilmistir (Sagir ve ark., 2012; Sayilikan, 1995). Hazirlanan bu ortama ¢igek tozu
ekimleri yapildiktan sonra petri kaplar1 25°C sicakliktaki etiive yerlestirilerek ¢cimlenme i¢in gerekli
olan sabit sicaklik saglanmig ve 4-5 saat bekletilmistir. Daha sonra 151k mikroskobu altinda ¢gimlenme
diizeylerini belirlenmek i¢in sayimlar yapilmistir. Sayim yapilirken, ¢imlenmis olarak kabul edilen
cicek tozlarinda ¢im borusu uzunlugunun, en az cigek tozunun boyu kadar olmasina dikkat edilmistir.
Bu sekilde her tozlayici gesit igin 4 petri kutusu ve her petriden tesadiifen segilen 4 alanda sayim
yapilarak cicek tozu ¢imlenme diizeyleri belirlenmistir.

Elde edilen verilerin tesaduf parselleri deneme desenine gére JMP 13 paket programu ile
varyans analizleri yapilmis ve ortalamalarin karsilastirilmasinda Tukey testi kullanilmistir.

3. Bulgular ve Tartisma
Bu calismada, Trabzon hurmasi genotiplerine ait cicek tozlar1 farkli sicakliklarda 1 yil
boyunca muhafaza edilmis ve metoda uygun olarak kalite seviyeleri belirlenmistir. (Cizelge 1, Sekil

1). Aragtirmada ilk olarak cesitlere ait gigek tozlarmin elde edildigi giin igerisinde canhlik ve
cimlenme seviyeleri belirlenerek “Ilk okuma” olarak kayit altina alinmistir (Cizelge 1, Cizelge 2).
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3.1. Invitro sartlarda ¢icek tozu canhlik seviyeleri

Aragtirma kapsaminda iizerlerinde calisilan genotiplerden elde edilen ¢igek tozu canlilik
degerleri Cizelge 1’de sunulmustur. Genotiplere ait ilk 6l¢ilimlerde en yiiksek canlilik oranimin %76.65
ile Shogatsu’da en diisiik degerin (%58.12) ise Tip No 1’e ait oldugu belirlenmistir (Cizelge 1, Sekil
1). Cigek tozlarimin ilk canlilik seviyeleri yoniiyle genotipler arasinda istatistiksel olarak bir fark
bulunmustur.

Sicaklik degeri dikkate alinmadan, sadece depolama siiresi iizerinden degerlendirme
yapildiginda, 1 yilin sonunda g¢igek tozlarinda en yiiksek canlilik oraninin (%59.45) Shogatsu
cesidinde oldugu, bunu %52.00 oran ile Tip No 2’nin takip ettigi, en diisiikk canlilik degerinin ise
%36.78 ile Tip No 1’¢ ait oldugu belirlenmistir.

Cesitlere ait ¢igek tozlarmin kalite seviyeleri depolama siiresi boyunca degisme durumlari, ilk
okuma degerlerine gore mukayese edilmistir. Depo sicaklik sartlarima gore degerlendirme
yapildiginda, +4 °C’de yapilan saklama sartlarinda 4. aydan itibaren tiim cesitlere ait ¢igek tozu
canlilik oranlarinda ¢ok 6nemli diisiislerin oldugu ve depolama siiresi sonunda yapilan analizlerde
cigek tozlarmin ¢ok diistiigii (%3-9) yani canlilik yeteneklerini neredeyse kaybettikleri belirlenmistir
(Cizelge 1, Sekil 1). Buna karsin 0 °C’de saklanan ¢igek tozlarinin canlilik seviyelerinde belirli
oranlarda diislisler olmakla birlikte depolama siiresinin sonunda en diisiik canlilik oranlarmin Tip No 1
(%29.14) ve Bruniquel (%28.60) ¢esitlerine ait oldugu belirlenmistir (Cizelge 1). Ancak -20 °C ve -80
°C ’de saklama sartlarinda canlilik seviyelerinde daha az canlilik kayiplarinin oldugu ve canlilik
oranlarinin %32.08 (Tip No 1) ile %69.28 (Shogatsu) degerleri arasinda kaldig1 belirlenmistir (Cizelge
1, Sekil 1). Bu saklama sicakliklarindan (-20 °C ve -80 °C ) alinan canlilik orani sonuclari diger
depolama kosullarina kiyasla nispeten daha kabul edilebilir diizeyde bulunmustur.

Ferri ve ark. (2013) tarafindan yapilan bir ¢calismada, 4 Trabzon hurmasi genotiplerine ait
cigek tozlart farkli sicakliklarda depolanmistir. Bu calismada ¢igek tozu canlik oranlarinin gesitlere
gore %39.2 ile %86.3 arasinda degistigi belirlenmistir. Caligmanin sonunda en diisiik degerlerinin +4
°C ’lik saklama sartlarindan elde edildigi ve ¢esitlerin ¢igek tozlarinin canlilik oranlarinin gesitlere
gore %11-19 seviyelerine kadar diistiigli bildirilmistir. Ayrica yapilan bazi ¢aligmalarda Trabzon
hurmasi gesitlerinde gigek tozu canlilik oranlariin %67 ile %73 arasinda degistigi bildirilmektedir
(Sayilikan, 1995; Yildiz ve Kaplankiran, 2014).

Cizelge 1. Genotiplerin farkli sicakliklarda saklanan ¢igek tozlarina ait in vitro canlilik oranlari (TTC)

Genotipler Aylar/ Dereceler
ilk +4°C 0°C -20°C -80 °C
okuma

4. ay 8.ay 12.ay 4.8y 8.ay 12.ay 4.8y 8.ay 12.ay 4.8y 8.ay 12.ay
TipNo 1 58.12d 34.15¢ 18.08cd 7.20bc 43.21d 39.86¢ 29.14c 48.59d 45.40d 32.08e 52.66¢ 44.47e 36.78e
TipNo 2 72.23b 44.57a 21.11b 6.01c 61.32a 45.65a 42.01a 59.84b 55.23b 49.26b 61.44b 56.29b 52.00b
Ghora Gali 69.18b 39.64b 22.47a 8.13b 51.35¢c 38.26d 32.20b 58.72b 52.11bc 47.53¢c 58.91bc 53.10c 48.06¢
Shogatsu 76.65a 32.02d 19.21c 13.00a 56.24b 42.41b 34.09b 69.28a 63.87a 60.72a 70.05a 64.51a 59.45a
Bruniquel 62.63c 33.19cd 16.80d 8.44b 48.36¢ 34.55e 28.60c 55.47¢c 50.04c 45.83d 54.23c 49.75d 45.11d

*Ayni siitunda ayri1 harflerle gosterilen ortalamalar arasindaki istatistiksel farkliliklar HSD Tukey testi %5 dnem diizeyine gore 6nemli bulunmustur.
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Sekil 1. Genotiplerin farkli sicakliklarda saklanan ¢icek tozlarina ait in vitro canlilik oranlar1 (TTC).
3.2. Invitro sartlarda ¢icek tozu cimlenme seviyeleri

Bitkilerde dollenme biyolojisi agisindan ¢igek tozu kalitesinin yiiksek olmasi ¢icek tozlarinin
canli olmasinin yaninda ¢imlenme yeteneklerinin de yliksek olmasina baghidir. Buda hi¢ siliphesiz
meyve tutumu agisindan olduk¢a 6nemlidir (Paydas ve ark., 1996; Eti, 1990; Sityemez, 2011). Cicek
tozlarinin ¢imlenme seviyelerini belirlemek amaciyla, Trabzon hurmasi gesitlerine ait ¢igek tozlar
petride agar yontemi ile ¢imlendirilmis ve elde edilen degerler Cizelge 2’de verilmistir. Bu
arastirmaya konu olan Trabzon hurmasi genotiplerine ait ¢igek tozlarinin ¢imlendirme testleri sonucu
elde edilen degerler arasinda istatistiksel agidan farkliliklarin oldugu goriilmektedir (Cizelge 2, Sekil
2).

Genotiplere ait ilk 6lgtimlerde elde edilen ilk okuma degerleri incelendiginde, Tip No 1’e ait
cicek tozlarinda %>52.84 oraninda, Tip No 2’ye ait ¢igek tozlarinda %61.03 oraninda, Ghora Gali’ye
ait cigek tozlarinda %60.85 oraninda, Shogatsu’e ait ¢igek tozlarinda %67.45 oraninda, Bruniquel’e ait
cicek tozlarinda ise %58.36 oraninda ¢imlenmenin oldugu belirlenmistir (Cizelge 2, Sekil 2).

Farkli sicaklik sartlarinda elde edilen sonuglara gore degerlendirme yapildiginda, +4 °C ’de
yapilan saklama sartlarinda 4. aydan itibaren tiim genotiplere ait ¢igek tozu ¢imlenme oranlarinda gok
onemli diisiiglerin oldugu ve 8. ayda yapilan 6l¢iimlerde ise tiim cesitlerin ¢i¢ek tozlarinin ¢imlenme
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yeteneklerini neredeyse kaybettikleri belirlenmistir. Depolama siiresi sonunda ise tiim ¢esitlerin ¢igek
tozlarinda ¢imlenmenin hi¢ ger¢eklesmedigi belirlenmistir (Cizelge 2, Sekil 2).

Saklama stresi (12. ay) sonunda 0 °C ’de depolanan ¢igek tozlarinin ¢imlenme seviyelerinde
onemli disiisler olmakla birlikte ¢imlenme oranlarinin %5.68 (Bruniquel) ile %13.24 (Shogatsu)
arasinda degistigi belirlenmistir (Cizelge 2, Sekil 2). Ancak -20 °C ve -80 °C ’de saklama sartlarinda
cigek tozlarinin ¢imlenme seviyelerinde nispeten daha az oranda kayiplarin oldugu tespit edilmistir.
Bu sicaklik degerlerinden -20 °C ’deki saklama sartlarinda en diisiik ¢cimlenme degerlerine Bruniquel
(%12.62) ve Tip No 1’in (%13.55), en yiiksek ¢imlenme degerine (%23.87) Shogatsu ¢esidinin sahip
oldugu bulunmustur. Depo sicakliginin -80 °C oldugu saklama sartlarinda ise en diisiikk ¢imlenme
degerine Tip No 1’in (%14.78) en yiiksek ¢imlenme degerine ise Shogatsu ¢esidinin (%24.99) sahip
oldugu belirlenmistir (Cizelge 2, Sekil 2). Bu saklama sicakliklarindan (-20 °C ve -80 °C) elde edilen
sonuglarin birbirine ¢ok yakin oldugu ve ¢imlenme kabiliyeti yoniinden kabul edilebilir seviyelerde
oldugu degerlendirilmistir.

Yakushiji ve ark. (1995) tarafindan, 4 Trabzon hurmasi ¢esidi tizerinde yapilan bir ¢alismada,
¢igek tozlar petride agar yontemiyle ¢imlendirilmis ve ¢imlenme oranlarinin %22 ile %68 arasinda
degistigi bildirilmistir. Ayrica Trabzon hurma g¢esitleri lizerinde yapilan diger ¢alismalarda
‘Zenjimaru® ¢esidinin %65 (Sugiura ve ark., 2000), 4 farkli genotipin %3.4 ile %17.8 arasinda
(Krisanapook ve ark., 2004), 12 genotipin %?20.1 ile %38.5 arasinda (Zhang ve Luo, 2006), 3 yerel
genotipin %5.9 ile %9.1 arasinda (Evrenosoglu ve ark., 2011) ve ‘Ghora Gali’ ile ‘Bruniquel’
cesitlerinin sirasiyla %51.3 ve %55.1 (Sagir ve ark., 2012) degerlerinde ¢imlenme oranlarina sahip
oldugu bildirilmistir. Ferri ve ark. (2013) tarafindan yUrdtilen bir arastirmada, 4 Trabzon hurma
genotipine ait cicek tozlar1 farkli sicakliklarda depolanmistir. Calisma sonunda ¢imlenme degerlerinin
%3-10 oranlarina kadar diistiigli bildirilmistir. Trabzon hurma cesitleri {izerinde yapilan bazi
calismalarda ¢igek tozlarinda ¢imlenme oranlarinin %?20-43 arasinda degistigi bildirilmektedir
(Sayilkan, 1995; Zhang ve Luo, 2006). Farkli meyve tiirlerinin ¢icek tozu kalitelerini belirlemek
amaciyla yiiriitiilen ¢aligmalarda, ¢imlenme testlerinin, canlilik testi sonuglarina gore daha diisik
degerlere sahip oldugu ortaya konulmustur (Eti, 1991; Bolat ve Guleryliz, 1994; Sorkheh ve ark.,
2011; Beyhan ve ark., 2009; Gadze ve ark., 2011). Diger yandan, gigek tozu canlilifi ve gimlenme
orani arasinda giiglii bir iliskinin oldugu badem (Sorkheh ve ark., 2011) ve narda (Gadze ve ark.,
2011) yapilan ¢alismalarda belirtilmistir.

Yaptigimiz bu calismada Trabzon hurma cesitlerine ait ¢igek tozlarindan elde edilen
bulgulardan, tiim genotiplerin gigek tozu ¢imlenme oranlari ile depolama siiresi arasinda negatif bir
egilimin oldugu goriilmektedir. Meyve tlr ve cesitlerine gore ¢igek tozu tretimi ve kalitesi
degismektedir. Ayrica gigek tozlarinda canlilik ve in vitro sartlarda ¢imlenme yetenegi depolama
siiresine ve depolama sicakligina bagh olarak distiigii birgok calismada ortaya konulmustur (Lee,
1968; Pinney ve Polito, 1989; Ferri ve ark., 2008; Sorkheh ve ark., 2011; Borghezan ve ark., 2011,
Ferri ve ark., 2013; Ozcan ve ark., 2019; Sutyemez, 2011).

Cizelge 2. Genotiplerin farkli sicakliklarda saklanan ¢igek tozlarina ait in vitro ¢imlenme oranlari
(%lagar + %20sakkaroz)

Genotipler Aylar/ Dereceler
ik +4°C 0°C 20°C 80 °C
okuma 4. ay 8. ay 12.ay 4.ay 8.ay 12.ay 4.ay 8.ay 12.ay 4.ay 8.ay 12.ay
TipNo 1 52.84d 15.59¢ 3.00a 0.006d 21.71c 12.68¢ 4.96d 26.42d 17.33d 13.55d 26.30c 19.72¢  14.78¢
TipNo 2 61.03b 24.33a 0.00c 0.006d 31.20b 22.44b 8.00c 32.41c 25.49b 21.91b 33.92b 2538b  20.64b
Ghora Gali 60.85b 16.12¢ 2.00ab  0.006d 28.65h 23.10b 11.09b 34.98b 20.67¢ 18.34¢ 35.43b 23.76c  19.56b
Shogatsu 67.49 23.71ab 1.00bc 1.006d 36.09a 25.47a 13.24a 37.35a 29.54a 23.87a 41.77a 3013  24.9%
Bruniquel

58.36¢ 19.57bc 1.00bc 0.008d 17.14d 13.42¢ 5.68d 22.19% 17.16d 12.62e 26.89¢c 22.17d 15.71c

*Ayni siitunda ayr1 harflerle gosterilen ortalamalar arasindaki istatistiksel farklihklar HSD Tukey testi %5 dnem diizeyine gore onemli bulunmustur. 6d: 6nemli degil
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Sekil 2. Genotiplerin farkli sicakliklarda saklanan gigek tozlarina ait in vitro ¢imlenme oranlari (%1
agar + %20 sakkaroz).

4. Sonug

Bu arastirmada, Trabzon hurmasi genotiplerinde ¢icek tozlarmin farkli sicakliklarda
depolanma suresi (zerine denemeler yiritiilmiistiir. Bu amagla, s6z konusu genotiplerde c¢icek
tozlarinin canlilik ve ¢imlenme diizeylerinin belirlenmesine yonelik testler yapilarak, bu cesitlerin
tozlayicilik potansiyelleri ortaya konulmaya c¢alisilmigtir. Aragtirmada elde edilen sonuclar su sekilde
Ozetlenebilir;

Bu ¢alismada Trabzon hurma gesitlerinden ilk dlgtimlerde elde edilen ¢i¢ek tozu canlilik ve
cimlenme degerlerinin dollenme biyolojisi yoniiyle ¢esitlerin tozlayici olarak kullanilmasi igin yeterli
oldugu anlasilmaktadir. Ancak farkli sicaklik ve depolama siiresine bagli olarak gicek tozu kalite
seviyelerinin hizla diistiigii belirlenmigtir.
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Depolama suresince 6zellikle +4 °C *de ¢ok daha kisa zamanda olmak iizere tiim sicakliklarda,
depolama siiresince canlilik seviyelerinde ve c¢imlenme oranlarinda O6nemli disiislerin oldugu
goriilmistiir. Genotiplerin sicakliga ve depolama siiresine bagli olarak canliliga gére ¢ok daha kisa
stirede ¢imlenme yeteneklerini kaybettikleri dikkate deger bulunmustur. Genotipler arasinda genel
olarak onemli diizeyde farklilik tespit edilmis ve Shogatsu gesidinin canlilik ve ¢imlenme diizeyi
acisindan biraz daha 6ne ¢iktig1 belirlenmistir.

Elde edilen tiim bulgulara gére Trabzon hurmast meyve tiiriinde tozlayict olarak kullanilma
imkani olan c¢esitlerin ¢icek tozlariin 1 yil kadar saklanabilecegini ve déllenme biyolojisi yoniinden
degerlendirilebilir diizeyde oldugu goriilmiistiir.
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Abstract: Kasimhani district of Konya province has the greatest carrot
production in Turkey. By the year 2017, Konya Province has approximately
46.5% of carrot production areas and 59.7% of total production. There are
several washing and packing facilities in the region. These facilities show totally
similar features and fully satisfy the needs of the region. Carrots coming from
the washing pools come firstly to the mechanical grading machines and then to
the packing department or directly to the packing department in some facilities.
Grading and packing processes are carried out manually in these facilities. The
classification efficiency of mechanical classification machines is known to be
insufficient. In this study, mechanical, electronic and software sections of the
real-time image processing machine are explained. The system was composed
of a belt conveyor, cameras and closed chamber to receive images, image
processing and control computer and routing covers attached to servo motors.
As a result of the experiments, carrot classification rates ranged from 80.14 to
100% in real-time image processing machine.
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Anahtar kelimeler

Tarimsal otomasyon,
Havug,

Meyve siniflandirmast,
Goruntu isleme,
Gergek zamanli.

Oz: Konya ili Kasinhani ilgesi, Tirkiye'nin en biyiik havug tretimine sahiptir.
2017 yilinda Konya ili havug iiretim alanlarinin yaklagik% 46.5'ine ve toplam
Uretimin% 59.7'sine sahiptir. Bolgede birka¢ yikama ve paketleme tesisi
bulunmaktadir. Bu tesisler tamamen benzer 6zellikler sergilemekte vei bdlgenin
ihtiyaglarini tam olarak karsilamaktadir. Yikama havuzlarindan gelen havuglar
once mekanik siniflandirma makinelerine, daha sonra paketleme bélimine veya
bazi tesislerde yikamadan direk paketleme bolimiine gelir. Siniflandirma ve
paketleme islemleri bu tesislerde elle yapilir. Mekanik smiflandirma
makinelerinin smiflandirma verimliliginin yetersiz oldugu bilinmektedir. Bu
calismada, gergek zamanli goriintii isleme makinesinin mekanik, elektronik ve
yazilim boliimleri agiklanmigtir. Sistem bir bant konveyori, kameralar ve
gorilintiileri almak icin kapali odadan, goriintii isleme ve kontrol bilgisayar1 ve
servo motorlara bagli yonlendirme kapaklarindan olugmustur. Deneyler
sonucunda, ger¢ek zamanli goriintii isleme makinesinde havu¢ smiflandirma
oranlar1 % 80.14 ile % 100 arasinda degismektedir.

™ The paper has been prepared from the Ornek's PhD thesis which were supervised by Haciseferogullari
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1. Introduction

Carrot is a root vegetable which belongs to Daucus carota L. species of Umbelliferae family.
Carrot is the second root vegetable grown worldwide after potato. China is the leading carrot producer
country of the world. While the annual carrot and turnips production worldwide was 20.37 million
tons in the year 2017, Turkey met about 1.33% of such annual production. Turkey has the 9th place
with this production in the world (Anonymous, 2017).

It is commonly grown in various parts of the world including Turkey. Almost all of the carrots
produced worldwide have relatively orange color. Nantes, Chantenay, Imperial, Danvers and Little
finger are the most common cultivars throughout the world. Nantes is the mostly produced cultivar in
Turkey.

Hatay, Ankara and Konya provinces are the significant carrot production districts of Turkey.
In Konya region, carrot production was performed over 93 200 da land area in the year 2017 and the
province had the first place with 527 000 tons of production in the country. Konya Province has
approximately 46.5% of carrot production areas and 59.7% of total production (Anonymous, 2019).

Together with increasing world population, classification and packing of agricultural
commodities have become significant issues. Following the transportation of produce from the field to
packing facilities, they need to be classified based on various inherent criteria. Classification and
packing of products based on their length, diameter, shape, color and ect. parameters increase market
values, decrease product losses and prolong the shelf lifes since damaged ones were separated. In this
way, agricultural products are put into certain standards. Thus the resultant product will have a price
and sale superiority.

Development, implementation and training of image processing techniques are only possible
with classical programming languages and techniques. There are various image processing software in
practice. UTHSCSA Image Tool, Nih Image, Scion Image, ImageJ, Optimas, Win/MacCAM,
MATLAB, PC Image, Mac and Windows Lispix and VayTek Image are among the significant ones.
These software are designed for various purposes. Therefore, functional libraries for image processing
algorithms have been added to programming languages and they have made ready-to-use tools, even
special software have been developed for such purposes (Gonzalez and Woods, 2008).

Ostrozlik (1990) classified Nantes, Olympia and Schantenay carrots manually and with a
classification machine and compared the classification results. The researcher concluded that
computer-aided classification required less labor than manual or machine classification.

Feng and Qixin (2004) carried out a study on a single-line prototype fruit classification system
and classified Crystal Fuji apples based on color characteristics. The researchers calculated color ratios
apples with HSI color space and indicated that fruits could be classified with a success of 90% in this
system.

Vursavus and Ozgiiven (2008) carried out study to estimate mass of oranges through image
processing technique and indicated that mass of oranges could be measured by using image processing
technique and different geometric characteristics of oranges. The researchers developed mathematical
models by using projection areas, dimensional properties and volumetric characteristics of the oranges
and indicated that mass of oranges could be estimated with 85-90% reliability.

Liming and Yanchao (2010) presented the systems to classify strawberries based on their
shapes, sizes and color characteristics. The system developed for classification included a belt
conveyor, camera, black box (lighting chamber), two photoelectric sensor and electric motor. The
system was controlled by a microprocessor (SCM) and a computer. The researchers identified the
failure ratio in classification of strawberries based on their sizes as below 5%. The reliability in color-
based classification was reported as 88.8% and reliability in shape-based classification was reported as
90%. The process time for a single strawberry was below 3 seconds.

Xiao-bo et al. (2010) used multi-color camera and threshold two-color apple surface. The
researchers reached to 96% reliability level in classification of multi-color apples.

Hetal et al. (2012) indicated that on-line rapid, accurate, consistent and realistic quality
assessments of horticultural products could be implemented by using image processing techniques.
The researchers indicated that machine-vision technology with proper optic and screening systems
could yield reliable information about dimensions, shape, color, and surface flaws of horticultural
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products. They reported the classification efficiency as 99.24% and quality as 98% and also pointed
out that product volume could be calculated by using 3D images.

Sofu et al. (2013) used image processing techniques to determine color, dimension and spots
over apple surfaces and to classify the spots. The researchers worked out on 201 apple images and
obtained a classification success of 99% in color estimation of apples and 65.52% success in
classification of apples based on their types. They worked out on 10 spotted apples and identified 7
spotted apples. They pointed out that image processing was commonly used instead of real-time work
out in literature. They had real-time images from continuously moving belt and carried out
classification. Processing time of software varied based on the quality of computer used in processing
and reported classification time for a single apple as between 1 — 1.5 seconds in a Laptop with an Intel
i7 processor.

Clement et al. (2013) classified 360 cucumbers by using ellipsoid and contouring methods
They used open code libraries OpenCV 2012 for image processing and developed classification
software in C++ programming language. Nokia QT 2021 Library with graphical functions was used
for graphic interface. They reported error rate as 15% in classifications with active contour method
and as 16% in classifications with ellipsoid approach method.

Zhang et al (2014) noted that, appearance is a very important sensory quality attribute of fruits
and vegetables, which can influence not only their market value, consumer's preferences and choice
but also their internal quality to some extent. External quality of fruits and vegetables is generally
evaluated by considering their color, texture, size, shape, as well as the visual defects. Over the past
decades, computer vision systems, including traditional computer vision system, hyperspectral
computer vision system, and multispectral computer vision system, have been widely used in the food
industry, and proved to be scientific and powerful tools for the automatic external quality inspection of
food and agricultural products.

Zhang et al. (2015) presented method to detect defective apple using computer vision. The
used Relevance Vector Machine (RVM) as classifier. Average color, statistical, and average textural
features were used as inputs. Totally 160 apples used for application. Detection accuracy as 95.63%
was obtained.

Jhawar (2016) proposed the study for automated Orange grading. Pattern recognition
techniques have been applied on the single color orange image. Four features were used to classifying.
160 orange samples have been used for experiment and have been achieved 90-98% accurate rate.

Donis-Gonzéleza et al (2016) used image processing for carrot classification. CT image
preprocessing, cropping, and segmentation, 3762 grayscale intensity and textural features were
extracted from the eighteen CT images per sample. A 4-fold cross-validation linear discriminant
classifier with a performance accuracy of 87.9% was developed using 95 relevant features, which were
selected using a sequential forward selection algorithm with the Fisher discriminant objective
function. This objective method is accurate in determining the presence of undesirable fibrous tissue in
pre-processed carrots.

Dursun, et al. (2017) In order to determine the percent crop residue cover using ImageJ image
processing software and Labview Vision Assistant Module, photographs were taken with a digital
camera of the intelligent mobile phone from various places of a field covered with wheat surface
residues. image processing software ImageJ and Labview Vision Assistant Module were determined
as 44.13%, 50.72%, 56.56% and 64.49%, respectively.

Sofu et al. (2016) proposed an automatic system for apple sorting. This system based on real-
time processing. The designed system classified three types of apples: Golden Delicious, Granny
Smith and Starking Delicious. As feature color, size and weight have been. They used 183 samples for
experiment and achieved 73-96% accurate rate.

Moallem et al. (2017) proposed an algorithm for apple grading. They used MLP for
segmentation. For classification aim SVM, MLP and KNN have been used. 120 samples used for
experiments. They classified apples as healthy and defected. SVM achieved best accuracy rate.

Piedad et al. (2018) developed algorithm for banana classification. Bananas were classified on
four classes. As the classification method ANN, SVM and random forest were used. Four features
were used to classifying. Random forest achieved higher accuracy as 94.2%.

Carrots are packaged as 1 kg (very rare), 5kg, 10kg by the workers when they are posted on
the market. Small, large, damaged, crooked carrots are mixed in these packages. The prototype
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machine developed in this study provides automatically classification the carrots according to the
features such as height, shape, using image processing technologies. In this study, besides the
mechanical and electronic structure of the machine, the logic of working with image processing
software is given.

2. Materials and Methods
2.1. Materials

The frame of classification machine operating with real-time image processing technology was
formed by aluminum sigma profiles. In classification system, there was a reducer motor driving the
belt and a frequency changer able to adjust the speed. A dark chamber (cabin) was designed to prevent
shadow formation over the images. Proper apparatus were placed in dark chamber to adjust the
distance of light system and cameras from the belt. System control unit was formed with computer and
screen connection cables. General view of the machine was presented in Figure 1 and specifications
were given in Table 1.

The frame of belt system was composed of 129x23mm conveyor profile and 45x45mm sigma
profiles. The dark chamber was made of 45x45mm sigma profiles and connection parts of servo motor
and other electronic devices were made of 30x30mm sigma profiles. Corner profiles were connected
by using casted connection parts. Aluminum casting sections were used for bearing of belt drum of the
system and for installation of driving system. The belts used for agricultural purposes was made of
white colored (RAL 9013) polyurethane/polyester coated materials. Belt length was 12.84 m and
width was 345 mm.

“ ﬁ\/.,/ -

Figure 1. General view of classification device operating through image processing (Ornek, 2014).

Table 1. General view and specifications of classification device operating through image processing

Length :6.51m
Width :0.41m
Height :0.79m
Dark Chamber Dimensions(L/W/H) :0.75m/0.44 m/0.88 m
Operating Width  :4.20 m
Servo motor installation length  :4.20 m
Number of servo motors : 1 - 8 connectable
Number of separator plates :1-8
Separator plate dimensions (L/W)) :0.20m /0.10 m
Number of plastic crates : 8
Plastic crate dimensions (L/W/H) :0.60m/0.32m/0.40 m
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2.1.1. The structure of the subdivisions of the system
a. Belt drive system

The electric motor driving the belt has a power of 0.37kW (Gamak AG71-2a 2800 I/min,
220/380V) and was installed vertically at 90° (Figure. 1). The electric motor was coupled with a
reducer (Oztekfen ESV40; 1/50) at 1/50 reduction rate. Belt drum diameter is 12.26 mm. The motion
transferred to drum made of polyamide material. An AC frequency changer (ABB ACS150 driver)
was installed to control the rotational direction and speed. A frequency range of 0 to 50 Hz was
provided with the potentiometer and motor speed was adjusted.

Installation of servo motors and baffle plates were presented in Figure 2a. An installation of
the cards into the system was presented in Figure 2b. Ball casters were used to prevent the delay due to
friction of the gates to the belt and belt abrasion.

() (b)
Figure 2. Installation of baffle gates (a), operation of baffle gates (b) (Ornek, 2014).

b. Encoder and photocell electronic system

An encoder and a wooden wheel were used for loopback information. As an encoder, 500
pulse/rotation, KoyoTrd J500 (Nemal7) encoder with 8 mm shaft diameter operating by incremental
encodes was used. Incoming signals were converted into RS-232 communication protocol and read to
software prepared in the computer through an electrical circuit presented in Figure 3. The 16F877
microcontroller was used over the encoder card. PIC program was written for encoder. Then encoder
was installed into belt system and each rotation of the belt was measured as a pulse. A Pepperl Fuchs
GLV18 55-73-120 photocell with an operational range of 0.65 m was placed over the conveyor belt to
see if there is a carrot within the image taken by the camera. An H85 reflector was installed across the
photocell. Photocell and encoder operates over the same card and transfer the information to a
computer through a COM port.

|
|
Pl L] 1

}

Figure 3. Encoder circuit diagram (Ornek,2014).
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c. Servo motors and controls

Servo motors (TowerPro MG995) were used in classification machine operating with image
processing to direct the carrots to crates and to move the mobile gates. Servo motors are able to
generate 15 kg/cm power at 6V. Delay time was 4 W seconds. Each servo motor driver card was
designed as to drive four servo motors. Number of electronic cards can be increased by adding one
another. Card addresses can be arranged through dipswitch over them. With this addressing, the
information about the degree of opening-closing can be send with the servo motors connected to the
card. This method operates the relevant servo motor with the commands sent.

Electronic diagrams were presented in Figure 4 (a, b, ). The circuit diagram transferring the
data coming from servo motor drivers to the computer through RS-485 communication protocol which
MAX 487 was used as the communication integrates. 16F877 microcontroller was used in servo motor
cards and 5V and 12V direct current feed were supplied to electronic card.

@E% g L. i él
3 d] B
-
- : (2 RAB> 2R A B[<
. . [ = - - o
-
B
i I |
af— B |
= ¢
S
_]: = R7
B) (b) o ©
Servo motor feed and Servo motor PIC control circuit RS-485 protocol circuit diagram to
control circuit operate servo motors

Figure 4. Electronic circuit diagrams (Ornek, 2014).

d. Closed cabin and equipment

In image processing systems, light flashes and shadows over the images constitute the greatest
problems. They may create errors in measurements in grey conversion. Light sources and camera
system were operated in a cabin to minimize shadow formation. Lighting system was installed for
clearer image formation. Ground glass was placed in front of light source to minimize shadow
formation of the light distribution over the base (Figure 5).

Figure 5. Cabin lighting, ground glass and camera system (Ornek, 2014).
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Led lighting system providing white lamination was placed into the cabin. Led lighting system
was placed in a linear order. Led lights were feed with 12V direct current. In lighting system, the 12V-
fed LEDs with 1P20 protection and 20 000 hours life able to supply 6 000 K Color temperature were
used.

e. Camera systems

In image processing system, 1280x1024 pixel Ueye UI-3240CP-M camera with 10bit color
depth, E2V sensor and 60 fps value able to be connected to a computer through USB 3.0 was used.
Azure C-Mount, 2MP, 12, 16, 25mm C-mount lens was installed in front of the camera. The camera
was placed as to vertically see the belt conveyor and be right in the center of lighting leds.

f. Control computer

The computer used to control image processing and classification machine had specifications
of Intel Core i7 3770K, Intel Z75, DDR3 16 GB, AMD Radeon HD7950 2GB graphic card. Two
Digitus PCI RS-232 cards were installed to communicate with electronic cards. uEye UI-3240CP-M
camera was connected through USB 3.0 port.

2.1.2. Software and libraries

Software for image processing system was written by Microsoft Visual Studio 2012 C++ and
C# programming language. Visual Studio 2012 C# was used to assess the data coming from control
cards of servo motors and encoder. As the image processing software, OpenCV open source code
image processing library was used. OpenCV library is based on real-time implementations in image
processing and written with optimize C and designed for multi-core processors. The basic purpose of
OpenCV is to provide library architecture to create advanced image processing practices in relatively
rapid and easy fashion. Video reading processes are formed with the functions in OpenCV 2.4.8
library (Bradski, 2008).

Real-time image processing program was composed of two screens. Operational values of the
machine, camera and encoder values, diameter and curvature input values to arrange the
communication portal are placed in one screen and video display section is placed in the other screen.
In video display screen, camera images, process steps and measured carrot values are displayed
(Figure 6).

Display of settings screen of carrot program (image processing program) in the 1% section of
video display, one button is used to activate the camera. Encoder pulse settings are located in the 2™
section of settings screen. In this section, the carrot separation crate at pulse value from the place
where camera is mounted is defined. Relevant servo motors are driven when the pulse values are
realized and carrot is then directed to relevant crate. The duration of gate opening is also adjusted from
this section. For registration of the image and image steps, an initial value is assigned to images. In the
39 section of settings screen, length and diameter ranges are defined. Minimum and maximum values
are entered as not to have overlapping values. Screen displays of the program setups are presented in
Figure 7.

Video display of image processing program screen in the 1% section of video display, one
button is used to activate the camera. Live-image is monitored in a separate display and used to
process the previously recorded images. In this display, number of processed carrots and encoder
instant values can be seen. The belt movement can also be monitored from this display. One button is
used to clear out the initial positions of servo motors, encoder number, image folders and data base.
One button is used to process the images of a folder.
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‘o= 8 1
1. -] Servwo Locations
L AC Motor Speed Adjustment
ight System L ustment . "
@ Electric motor and HiE . Carrot progress diraction
Motor Speed Driver <

Non-Carot Objeds,
Very Large Carots, Carmot.
Very Small Carmots, ‘Washing
Manual deaning Unit
Beld Sysyem
$ ﬁ Object Sensor
Decrease the number of Puls Tr:(a:ﬂ snd
Yes) from all carrots by 1 Start

Convert picture
From RGB to Gray

Canny Edge
Detection algorithm

Hamis Comer
Detection algorithm

Determine length
between rightmost and

g:rtgtut% lefimost points
for Servo ™

determined Determing dla_maer

n”Sero, n” Senvo Humber of Puls from carrot picture

]
Move to 0 Maove to 45° Get Settings
Oome;
& ! Take the camot into the

rectangle using corner

= ints,
= Diameter, Length and pouES:
Carots " = control of carrot
; | Saveimage Setting Cumﬂ;:‘;i?‘:lffmummﬂ diameter,length and
Save 8 e N A Dretermine of carmt

curvature

#1

|
Figure 6. Carrot Sorting Machine Algorithm (Ornek, 2014).

Before operation of carrot classification machine operating with image processing method, the
diameter values to be collected in each crate were identified based on the maximum and minimum
values in settings section of the program.

Carrots Sorter Software Version 1.1
Setup Video Frame Info
[—_;i Encoder COMA12 - lmd | Serve  comis T nd 1
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Figure 7. Displays of setting screens of carrot program (Ornek, 2014).

There may be more than more cameras installed to system in the 4" section of settings screen.
Selection of relevant camera is made from this combo-box. Since length and diameter measurements
may change based on camera installation place and distance from the belt conveyor, the partition ratio
is entered based on camera location. In other words, the pixel value for 1 c¢cm is defined. Screen
displays of the program setups are presented in Figure 8.
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Figure 8. Image processing of carrot program (Ornek, 2014).
2.2. Method

To catch an image from the video display, the photocell creates an image when the carrot
passed between photocell and reflector. The information of this value and encoder ration value were
combined together and sent through serial port. When the carrot got between photocell and reflector,
photocell sends one bit as a value. With each rotation, the belt sends one bit as a pulse.

The 3 matrix value in color images will be converted into single matrix value grey tones and
the range 0-255 covers 256 grey tones. In this way, size of images to be processed is decreased and
processing time is shortened.

Thresholding process is performed since it is hard to distinguish the items from the base
information in grey images. Therefore, base information should be distinguished from the item
information. Thus, base pixel values should be set to zero. Some of the pixel values of an image can be
set to zero and the rest is obtained by one conversion. Reverse of this process can also be applied.
Such a process is called as thresholding (Gonzalez and Woods, 2008).

Canny Edge Detection is the most common algorithm to identify the edges of items. It is
composed of a multi-stage algorithm developed by F. Canny in 1986 (Bradski, Kaehler, 2008).

Harris Corner Detection is an algorithm developed to identify the tips of items. This algorithm
was developed by Chris Harris & Mike Stephens in 1988 (Bradski, Kaehler, 2008).

Received image, grey image, the images created with algorithm-1(Canny contouring and
Gauseen methods) and algorithm-2(Harris Corner Detection) and the angle of the carrot from
horizontal plane are displayed in the 2" section of video display screen In carrot length determination
process, initially the horizontal distance between the tips of carrot was determined in pixels.

The diameter was determined in pixels from the largest section by scanning the carrot image
over horizontal plane. These values were then divided by scale value to get actual mm value for
curvature value; two points vertically intersecting carrot side lines within 10% right and left of carrot
total length were identified. These points are then connected to the largest or the narrowest side points.
The average of angles formed between these lines is taken as curvature angle. Pre-treatments revealed
that this value should be limited with 15° (Figure 9).
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S

(b) (©) (d)
(a) Actual received image, (b) Grey converted image,
(c) Spots cleared with Canny contouring and Gauseen methods (algorithm-1)
(d) Determination of diameter values with Harris contouring method (algorithm-2)

Figure 9. Image displays of process steps of carrot program (Ornek, 2014).
Program process steps are as follows:

a. With the information coming from photocell and encoder, the information as “there is a carrot (126-
63)” and “there aren’t any carrots (127-0)” is monitored from the control unit.

b. The information of “there is a carrot” creates an interrupt request.

c. The camera interface having the interrupt request receives an image from the camera and convert
the image into grey image in jpg format and return it.

d. The image is converted into grey, then into thresholding value and sent to edge detection algorithm.
e. Corner detection algorithm is used to get curvature and diameter information.

f. Within specified diameter ranges, relevant servo motor and encoder number are created.

g. These information is sent to servo motor control unit through the software developed.

h.The relevant servo motor is driven for the carrot with equalized encoder number and gate is opened.
i. Carrots are directed to crates with belt conveyor movement and opening of servo motor gates.

j-All these processes are repeated for each carrot.

Randomly selected carrots representing each diameter group and curvature were used to test
real-time operation. Diameter, length and weight of these carrots were measured. Then they were
placed over belt conveyor manually and real-time images were taken and assessed during belt
movement and carrots were directed to relevant crates.

3. Results and Recommendations

Diameter ranges of real-time image processing machine can be arranged as desired. Therefore,
it is possible to classify the carrots proper to desired carrot class. A series of pre-tests were performed.
These pre-tests revealed positive outcomes for lighting sources only with led light sources. The
shadows formed while the flowing image processing created another problem. Camera settings were
changed to overcome these problems. Brightness, contrast and color intensity values of the camera
were changed and the images with less shadow were obtained. The stains and lines formed over belt
conveyor was tried to be eliminated with program filtering algorithms.

Large packing facilities with 35-40 workers are able to pack manually up to 50 tons in a day
carrot. Due to fast belt conveyor from the cleaning pool, mechanical classifiers are able to classify as
small and big about 5 tons in an hour. Carrot prices may increase through diameter-based
classification. Such a case may then provide more value-added to agricultural production facilities.

Our software can process an image with a minimum processing time of 458ms and a
maximum of 822ms. Due to the delays in mechanical systems (belt, baffle plates etc.) and electronic
systems (Rs-232, communication etc.), there are delays in processes. The time that a carrot stays on
the band varies depending on the band speed. The average time to stay on the band is about 2.8 and
12.2 seconds on the first and last baffle plates, respectively. Hourly capacity of developed real-time
image processing classification machine is about 350 kg per belt. Parallel belts can be used to reach
the desired facility capacity. As a result of the experiments, carrot classification rates ranged from
80.14 to 100% in real-time image processing machine.
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Following recommendations can be made based on the experimental results of this study:

* Carrots should be subjected to pre-treatments in real-time image processing classification machine.
Large, small carrots or foreign objects should be removed.

* Feeding arrangement should be designed for real-time image processing classification machine.

* Further studies should be carried out with faster belt movements and real-time cameras of real-time
image processing classification machine.

* Real-time image processing classification machine can be used in parallel lines to have desired
capacities of packing facilities.

* Some sections of program algorithm may be removed and processing time for each carrot can be
reduced below 258 ms.

* Color of belt conveyor and light source should be so selected as to prevent shadows.

* Further experiments should be carried out to reduce the shadows formed at extra diameter class.

* Gate sizes may be reduced and thus lower power servo motors can be selected and failure of
electronic circuits can be reduced.

* Image processing machine can be integrated to packing machines for future purposes. In this way, a
kilogram packs can be made.

* Image processing system can be adapted for classification of other agricultural products. It may be
used in classification of cucumber, zucchini, bell pepper-like vegetables.
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Oz: Kiiresel 1sinma ve iklim degisikligi gibi nedenlerle, su kaynaklarmin énemi
her gegen giin daha da artmaktadir. Bu sebeple, son yillarda yapilan ¢alismalarin
¢ogu kuraklik, su stresi ve yiiksek sicakliklara dayanim iizerine yogunlagmistir.
Bu ¢alisma, farkli sulama diizeylerinde (S1: %100, S2: %75 ve S3: %50), perlit
ve kokopit (Hindistan cevizi torfu) ortamlarinda yetistirilen patlicanin kok
bolgesine kagit ve jiit arasina polimer yerlestirilmesi ile elde edilen “waterpad”
isimli ticari Urlinin verim ve baz1 kalite parametreleri Uzerine etkilerini
belirlemek amaciyla yiirtilmiistir. Deneme sonuglarina gore sulama
dizeylerinin S1’den S3’e diistiriilmesi ile toplam verim, toplam meyve sayist,
meyve ¢api, meyve uzunlugu meyve agirligi, stirgiin-yaprak kuru agirliklari, bitki
boyu ve govde cap1 degerlerinin azaldig1 tespit edilmistir. Ancak, ortam ve
incelenen ozelliklere gore degismekle birlikte S1 ve S2 sulama duzeyleri arasinda
onemli bir farkliligin olmadigi, kokopit ortaminda toplam verim ve toplam meyve
sayisinin S2 sulama diizeyinde daha iyi sonug verdigi belirlenmistir. Waterpad
kullaniminin incelenen 6zellikler iizerine etkisinin genel olarak dnemsiz oldugu,
ancak kokopit ortaminda verim ve meyve sayisimt bir miktar arttirdig
saptanmigtir. Perlit ortaminda en yiiksek verim ve meyve sayist S1 sulama
dizeyindeki waterpad iceren uygulamadan, kokopit ortaminda ise en yliksek
verim ve meyve sayist S2 sulama diizeyindeki waterpad iceren uygulamadan elde
edilmigtir. Perlit ortammna gore kokopit ortaminda yetistirilen bitkilerin gerek
verim gerekse diger incelenen Ozellikler iizerindeki etkisinin daha iyi oldugu
gozlenmistir.

Effect of Waterpad on Yield and Some Quality Properties of Eggplant Grown at

Different Irrigation Levels
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Abstract: Due to global warming and climate change, the importance of water
resources has increased day by day. For this reason, most of the recent studies
have focused on drought, water stress and high temperature resistance. This study
was carried out in order to determine the effects of commercial product named
"waterpad" which is obtained by placing polymer between paper and jute on the
yield and some quality parameters of the eggplant grown in different irrigation
levels (11:100%, 12:75% and 13:50%) in perlite and cocopeat mediums.
According to the results of the experiment, it has been determined that by
reducing the irrigation levels from I1 to 13, the total yield, total fruit number, fruit
diameter, fruit length, fruit weight, shoot and leaf dry weights and plant height
and stem diameter values have decreased. However, it has been determined that
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Eggplant, there is no significant difference between I1 and 12 irrigation levels also total
Perlite, yield and total fruit number yielded better results at 12 irrigation level in cocopeat
Water stress. medium. It was found that the effect of using the waterpad on the studied

properties was generally insignificant, but the yield and fruit number increased
slightly in the cocopeat medium. The highest yield and number of fruits were
obtained from the waterpad application with 11 irrigation level in perlite, while in
cocopeat it was obtained from waterpad application with 12 irrigation level. It has
been observed that the plants grown in cocopeat as the medium have a better
effect on both yield and other investigated properties.

1. Giris

Bir Akdeniz iilkesi olan Tiirkiye, sahip oldugu ekolojik Ozellikler sebebi ile yliksek bir sebze
yetistiricilik potansiyeline sahip olup, yetistirilen sebze tiirlerinin ¢esitliligi ve Uretim miktarlar
acisindan diinyada ilk siralarda yer almaktadir. Tirkiye’de yetistirilen onemli sebzelerden biri de
patlicandir. Tiirkiye, diinya patlican iiretiminde Cin, Hindistan ve Misir’dan sonra 4. sirada yer
almaktadir. Diinyadaki patlican tiretimi 2017 yil1 verilerine gore 52 309 119 ton olup, bu liretimin 883
917 tonu Turkiye’de gergeklestirilmistir (Anonim, 2019).

Saglikli bir bitki gelisimi, iklim faktorlerin yani sira bitkinin ihtiya¢ duydugu su ve besin
maddelerinin yetistirme ortaminda yeterli ve alinabilir formlarda bulunmas: ile saglanabilir. Dlnya
tizerinde bitki gelisimini ve Urtin verimini etkileyen en 6nemli abiyotik stres faktorlerinden biri
kuraklik stresidir. Nitekim kurak ve yar1 kurak bolgelerde bitki gelisimini ve verimini sinirlandiran en
onemli faktdr, suyun yetersiz bulunmasidir. Genel olarak su kaynaklarinin miktar ve niteliklerinde
meydana gelen disiisler nedeniyle kuraklik stresi, bitki yetistiriciliginde her gecen giin daha da dnemli
hale gelmektedir (Ors ve Ekinci, 2015). Artan diinya niifusu ve iklim degisikligi nedeniyle gelecekte
su kaynaklarina olan talep daha da artacaktir (Bouwer, 2002). Kuraklik stresi, ekonomik éneme sahip
bitkilerin normal fizyolojik islevlerinde aksakliklara yol agmaktadir. Toprak suyunun yetersiz olmasi
su stresinin meydana gelmesine neden olur. Su stresi altindaki bitkiler stomalarimi kapatarak hem
transpirasyonu hem de fotosentezi azaltirlar (Koupai ve ark., 2008). Sulama imkanlarinin az veya hig
olmadig1 bolgelerde yagislarin veya sulama sularinin toprakta depolanmasi ve bitkinin ihtiyag
duydugu zamanda o suyu kullanabilmesi énemlidir. Bu amacla suyu binyelerinde tutabilen SAP’lar
(stiper absorbant polimer) kullanilabilir. Son yillarda ¢esitli endustrilerde kullanilan ve tarimda da
kullanimi giderek yayginlagsan stperabsorbant polimerler Abedi-Koupai ve Asadkazemi (2006) nin
bildirdigine gore ¢ok yiiksek absorpsiyon ve sisebilme yetenekleri ile kendi agirliklarinin yiizlerce kati
kadar suyu tutabilirler (Pirzad ve ark., 2014). Bu polimerler, superabsorbant hidrojeller,
superabsorbant polimerler, hidrofilik polimerler; ya da su tutucu polimerler olarak adlandirilabilir.
SAP kullanimi topragin su tutma kapasitesini, bitkinin verimini ve sulamanin etkinligini arttirabilir
(Doraji ve ark. 2010) su ve besinlerin tutulmasi tizerine pozitif etki yapabilir. Ciinkii SAP’lar kendi
agirliklarinin 100-1000 kati1 kadar suyu tutabilirler (Yang ve ark., 2019). Ayrica, SAP uygulamasi
topragin daimi solma noktasina ulagmasi icin gerekli zamani geciktirebilir, tohum ¢imlenme oranini
arttirabilir ve su stresi sartlarinda bitkinin hayatta kalma siiresini uzatabilir (Dehkordi, 2018). Polimer
kullanimi, topragin mikrobiyal kolonisi {izerine bariz bir etkiye sahip olmamakla birlikte, toprak
mikrobiyal hareketini de arttirabilir (Dehkordi, 2018).

Patlicanin, diger sebze tiirlerine gore kurakliga daha dayanikli oldugu bilinmektedir
(Behboudian, 1977). El-Miniawy (2015), patlicanda kullanilabilir suyun %70-75’1 tiiketildiginde
sulaninca bitki gelisiminin ve veriminin arttigini; %85-90n1 tiiketildiginde sulaninca ise verim ve bitki
gelisiminin azaldigini bildirmistir.

Bu ¢alisma, farkli su diizeylerinde, perlit ve kokopit (Hindistan cevizi torfu) ortamlarinda
yetistirilen patlican bitkisinin kok bdlgesine yerlestirilen “waterpad” isimli ticari iiriiniin verim ve bazi
kalite 6zellikleri iizerine etkisini arastirmak amaciyla yiiriitiilmiistiir.
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2. Materyal ve Yontem
2.1. Materyal

Bu ¢alisma, 2016 yili sonbahar déoneminde 37°08’ kuzey enlemi ve 38° 46” dogu boylaminda
yer alan Harran Universitesi, Ziraat Fakiiltesi, Eyyubiye Yerleskesinde bulunan catidan
havalandirmali, 4.5 m oluk alt1 yiiksekligi ve 6.5 m mahya yiiksekligine sahip, 3000 m?’lik polikarbon
ortili AR-Ge serasinda perlit ve kokopit ortaminda yiritiilmiistiir. Sera sadece donlu gunlerde,
dondan korumak amaciyla isitilmistir. Waterpad, polimerlerin kagit ve jiit arasina konulmasiyla ped
sekline getirilmisi, kullanima hazir ticari bir Urtindir. (Sekil 1). Waterpad, dikim Oncesi bitki kok
bolgesine yerlestirilerek uygulanmistir. Calismada bitkisel materyal olarak Sicilya patlican ¢esidi
kullanmilmistir. Fide firmasindan temin edilen hazir fideler, 10.09.2016 tarihinde dikilmis ve
20.02.2017 tarihinde deneme sonlandirilmistir.

Sekil 1. Su alarak sismis bir polimer (A), waterpad: iki jiit arasina yerlestirilmis polimerler (B).
2.2. Yontem

Bu caligma, perlit ve kokopit ortamlarinda, farkli sulama diizeylerinin ve waterpad (Su tutucu
polimer) kullaniminin verim ve bazi kalite 6zellikleri iizerine etkisini belirlemek amaciyla agik
besleme sisteminde yiiriitiilmiistiir.

2.2.1.Yetistirme ortam ve denemenin kurulmasi

Perlit ortaminda perlitler, 20x20x100 c¢cm ebatlarindaki growbag’lerin (yetistirme torbasi)
igerisine doldurularak hazirlanmistir.  Kokopit uygulamasinda ise kokopit slablar (preslenmis
Hindistan cevizi torfu) kullanilmistir. Polimer uygulamasi yapilan growbaglerin ve slablarin alt
kisimlarina waterpadler yerlestirilmis ve dikimden once sulanarak, tarla kapasitesine getirilmiglerdir.
Arastirmada kullanilan fideler 135x25 cm sira arasi ve sira iizeri mesafelerde her slabta 4 bitki olacak
sekilde dikilmislerdir. Deneme 3 yinelemeli olarak dizayn edilmis olup, her yinelemede 4 bitki
kullanilmistir

2.2.2. Sulama suyu miktarin belirlenmesi ve besin solisyonunun uygulanmasi

Denemede Giil (2012) tarafindan 6nerilen besin regetesi kullanilmistir. Denemede kullanilan
besin soliisyonunun elektriksel iletkenligi, 2.25 dS m™’e ve pH’s1 ise nitrik asit kullamlarak 5.8-6.5’e
ayarlanmigtir. Dikimden 10 gin sonra sulama dlzeyleri uygulamasina gegilmis ve sulama
uygulamalarina deneme sonlandirilincaya kadar giinliik olarak devam edilmistir. Cuervo ve ark.
(2012) topraksiz tarimdaki yetistiricilikte substrat kullanildigi zaman ortamda tuz birikiminin
olabilecegini ve tuz birikiminin oniine gegmek igin verilen suyun yaklagik %30’unun drene edilmesi
gerektigini belirtmistir. Bu nedenle ¢alismamizda Cuervo ve ark. (2012)’nin onerisi dikkate alinarak
su duzeyleri belirlenmis ve sulama suyu miktarlar1 drenaj hacmine gore hesaplanmigtir. Bu amagla her
bir ortamdaki waterpad igermeyen S1 sulama dlzeyi (kontrol) uygulamasindaki bitkilere verilen
suyun %20-25’1 drene olacak sekilde sulama yapilmistir. Kontrol uygulamasina uygulanan sulama
suyu miktar1 0.75 ve 0.50 katsayilar1 ile carpilarak S2 ve S3 uygulamalarina verilecek su miktarlari

369



YYU TAR BiL DERG (YYU J AGR SCI) 30 (2): 367-378 )
Séylemez ve ark.. / Farkli Sulama Diizeylerinde Yetistirilen Patlicanin Verim ve Bazi Kalite Ozellikleri Uzerine Waterpadin Etkisi

hesaplanmis ve hesaplanan su miktarlar1 sayagtan gegirilerek damla sulama sistemi ile bitkilere
uygulanmugtir. Sulama sikligi hava sicakligina bagh olarak ginlik 1-2 defa yapilmustir. Santrif(j
pompa yardimiyla 1 tonluk depolardan alinan besin soliisyonu, filtre ve sayactan gegirilmis ve 16’11k
lateral {izerinde bulunan 2 1/sa debideki basing ayarli damlatici lizerine monte edilen ¢ok ¢ikish damla
sulama sistemi ile her bitkiye bir damlatici olacak sekilde verilmistir. Drene olan besin soliisyonlarinin
toplanmas1 amactyla saksilarin altina oluklar yerlestirilmistir.

2.2.3. Bitkilerin yetistirilmesi ve kiiltiirel islemler

Yetistirme sezonu boyunca sadece yash yapraklar budanarak bitkiden uzaklagtirilmais,
herhangi bir siirgiin budamasi yapilmamistir. Gerekli goriildiigii durumlarda hastalik ve zararlilara
kars1 pestisit uygulamasi yapilmistir.

2.2.4. Klorofil tayini

Klorofil icerigini saptamak amaciyla, gelisimini tamamlamis en geng yapraklar kullanilmistir.
Yaprak orneginden ana damarlar ¢ikarildiktan sonra, yaklasik 200 mg tartilmis ve 15 ml %80°lik (v/v)
asetonla porselen havanlar igerisinde iyice ezilmig, ardindan filtre kagidi ile filtre edilmistir. Elde
edilen filtrat, 50 ml’lik balon jojeler igerisine konulmus ve 1siktan zarar gérmesini engellemek
amaciyla aliiminyum folyo ile kapatilmistir. Balon igerigi %80’lik aseton ile balon cizgisine kadar
tamamlanmig, daha sonra 652 nm’de spektrofotometre ile absorbans degerleri belirlenmistir.
Hesaplamalar Lichtenhaler ve Wellburn (1983) tarafindan asagida verilen formiillere gore
gercgeklestirilmistir (A: 6l¢iilen absorbans miktart).

Toplam klorofil = Ags2x27.8x20 / mg 6rnek miktart (1)

2.2.5. Verilerin degerlendirilmesi

Calisma, tesadiif parsellerinde faktdriyel deneme desenine gore kurulmus olup, her bir ortam
kendi igerisinde degerlendirilmistir. Verilerin istatistiksel analizi TARIST istatistik paket programinda
yapilmistir. Grup ortalamalarinin karsilagtirmasinda LSD testi uygulanmuistir.

3. Bulgular ve Tartisma

Patlicanin verim, kalite ve gelisimi {izerine kok bolgesine yerlestirilen waterpadin farkli
sulama dizeylerinin ve ortamlarin etkileri ile ilgili elde edilen sonuclar asagida sunulmustur.

3.1. Sulama suyu miktar

Sulama programina baglamadan once tiim parseller sulanarak tarla kapasitesine getirilmistir.
Dikimden sonra ilk 10 giin tiim parsellere esit sulama yapilmig, 10 giinden sonra konulu sulama
uygulamalarina baglanilmis ve denemenin sonuna kadar giinliik olarak devam edilmistir. En ylksek
sulama suyu miktar1 114.39 1/bitki ile kokopit ortamindaki S1 sulama diizeyine uygulanirken, en
diisiik sulama suyu miktar1 44.77 I/bitki ile perlit ortamindaki S3 sulama diizeyine uygulanmistir
(Sekil 3.). Senyigit ve ark. (2011) yaptiklar1 ¢aligmada patlicana uyguladiklari en diisiik ve en yliksek
sulama suyu miktarinin sirastyla 95.2-238.7 mm oldugunu ifade etmislerdir. Sekil 3.’de de goriildiigii
lUzere kokopit ortamindaki su tiiketimi perlit ortamindakinden daha yiiksek bulunmustur. Kokopit
ortamindaki bitkilerin vejetatif organlarinin daha fazla gelismesi nedeni ile transpirasyon yiizeyi artmig
ve bu nedenle de kokopit ortamindaki bitkiler daha fazla su tiiketmislerdir.
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Sekil 3. Ortamlara ve sulama diizeylerine gore uygulanan sulama suyu miktarlari (I/bitki)
3.2.Toplam verim

Sulama dizeylerinin toplam verim Gzerine etkisi her iki ortamda da istatistiksel olarak dnemli
bulunmustur (Cizelge 1). Sulama dizeylerinin S1’den S3’e diisiiriilmesi ile toplam verimin perlit
ortaminda %35.18, kokopit ortaminda ise %19.99 oranlarinda azaldigi saptanmistir. Waterpad
kullaniminin toplam verim iizerine etkisinin dnemsiz oldugu ve perlit ortaminda bir miktar azaldigi,
kokopit ortaminda ise bir miktar arttigi (%4.75) belirlenmistir. Kokopit ortamindaki verim, perlit
ortamindaki verimden daha yliksek olmasina ragmen bu artis istatistiksel olarak 6nemsiz bulunmustur.
Sulama dizeyi*waterpad interaksiyonunun toplam verim {zerine etkisinin ise her iki ortamda da
onemsiz oldugu tespit edilmistir. Perlit ortaminda en yiiksek verim 5767.16 gr m? ile S1 sulama
dizeyindeki waterpad iceren uygulamadan, kokopit ortamindaki en yiiksek verim ise 6358.27 gr m
ile S2 sulama diizeyindeki waterpad iceren uygulamadan elde edilmistir (Sekil 2). Verimin azalma
nedeninin bitkilere verilen sulama suyunun azalmasi ile bitkiler hem su stresine girmeleri hem de kok
bolgesindeki yikanmanin az veya hi¢ olmamasi nedeniyle biriken tuzdan dolay1r oldugu
diistiniilmektedir. Nitekim kok bolgesindeki tuz birikimi ikincil bir fizyolojik kuraklik yaratmistir. Bu
nedenle topraksiz yetistiricilikte verilen besin soliisyonunun bir miktarinin drene edilmesi veya kok
bolgesindeki EC’nin yiikselmesi ile zaman zaman kok ortamina soliisyon yerine sadece su verilerek
ortamin yikanmasi gerektigi vurgulanmaktadir. Sayyari ve Ghanbari, (2012), su stresinin artmasiyla
biberde verimin azaldigini rapor etmislerdir. Diger taraftan kisitli sulama sartlarinda yetistirilen misir
bitkisinde ise SAP uygulandigi zaman verimin kontrole gore arttig1 bildirilmistir (Yang ve ark., 2019).
Senyigit ve ark. (2011) ise patlicanda sulama suyu miktari ile verim arasinda belirli bir seviyeye kadar
dogrusal bir iligkinin oldugunu, ancak belirli bir seviyeden sonra artan sulama suyunun verimde
azalmaya neden oldugunu ifade etmislerdir.
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Sekil 2. Uygulamalarin toplam verim tizerine etkisi (S: Sulama diizeyi; W: Waterpad)
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Cizelge 1. Farkli ortamlar, sulama diizeyleri ve waterpad uygulamalarinin patlicanin toplam verim,
meyve sayisi, meyve ¢api, meyve uzunlugu ve meyve agirhigi Uzerine etkileri

Toplam
Toplam meyve Meyve Meyve
Sulama verim sayist Meyve ¢apt  uzunlugu agirlig
Ortam dizeyi Waterpad (g/m?) (adet/m?) (mm) (cm) (9)
s1 W- 4640.25 28.89 63.02 17.55 168.22
W+ 5767.16 35.06 63.35 17.49 170.66
$2 W- 5099.26 34.07 65.23 17.43 173.67
W+ 5095.31 34.32 63.33 17.39 166.52
$3 W- 4073.58 27.16 61.32 17.05 161.67
W+ 2672.10 18.27 63.42 16.62 157.53
Perlit LSD 6.d. 0.d. 6.d. 6.d. 6.d.
Sulama S1 5203.70 a 31.98a 63.18 17.52 169.44
diizeyleri S2 5097.28 a 34.20 a 64.28 17.41 170.09
S3 3372.84 b 22.72b 62.37 16.83 159.60
LSD 1459.053** 6.988* 6.d. 6.d. 6.d.
Waterpad W- 4604.36 30.04 63.19 17.34 167.85
W+ 4511.52 29.22 63.37 17.17 164.90
LSD 6.d. 0.d. 6.d. 6.d. 6.d.
s1 W- 5633.83 35.80 64.85 17.14 177.97
W+ 5478.52 37.53 65.52 16.86 170.38
$2 W- 5548.64 36.79 64.25 18.39 171.13
W+ 6358.27 41.48 65.18 16.52 172.78
$3 W- 4402.22 31.85 59.39 15.68 149.66
W+ 4488.89 32.59 61.44 15.76 160.82
Kokopit LSD 6.d. 6.d. 6.d. 6.d. 6.d.
Sulama S1 5556.17 ab 36.67 65.18 17.00 17418 a
dizeyleri S2 5953.46 a 39.14 64.72 17.45 17196 a
S3 4445.56 b 32.22 60.42 15.72 155.24 b
LSD 1368.827** 0.d. 6.d. 6.d. 13.522**
Waterpad W- 5194.90 34.81 62.83 17.07 166.25
W+ 5441.89 37.20 64.05 16.38 168.00
LSD 6.d. 0.d. 6.d. 6.d. 6.d.
Perlit 4557.94 29.63 b 63.28 17.26 166.38
Kokopit 5318.40 36.01 a 63.44 16.72 167.13
LSD 6.d. 5.620* 0.d. 0,504 0.d.

6.d.: Onemli degil; *:0.01<p<0.05; **: p<0.01; W*: Waterpad igeren; W-: Waterpad icermeyen
3.3. Meyve sayisi

Sulama diizeylerinin toplam meyve sayisi iizerine etkisi perlit ortaminda onemli, kokopit
ortaminda ise 6nemsiz bulunmustur (Cizelge 1). Su diizeylerinin S1’den S3’e diisiiriilmesi ile toplam
meyve sayist sirastyla perlit ortaminda %28.96, kokopit ortaminda ise %12.14 oranlarinda diisiise
neden olmustur. Hem perlit hem de kokopit ortamlarinda en yiiksek meyve sayilart S2 sulama
diizeyindeki uygulamalardan elde edilmistir. Waterpad kullaniminin toplam meyve sayisi lizerine
etkisinin her iki ortamda da 6nemsiz oldugu belirlenmistir. Sulama dizeyi*waterpad interaksiyonu
incelendiginde perlit ve kokopit ortamlarinda en yiiksek meyve sayisi sirastyla S1 ve S2 sulama
dizeylerindeki waterpad iceren uygulamalardan elde edilmistir. Benzer sekilde Amiri ve ark. (2012)
ile Senyigit ve ark. (2011) patlicanda; Celiktopuz ve ark. (2018) ¢ilekte, Su stresi sartlarinda meyve
sayisinin azaldigini rapor etmislerdir.

3.4. Meyve ¢cap1
Sulama dizeyleri ve sulama dlzeyi *waterpad interaksiyonunun meyve ¢api {izerine etkisi her

iki ortamda da Oonemsiz bulunmustur (Cizelge 1). Sulama diizeylerinin azalmasi ile meyve ¢apinin
kokopit ortaminda bir miktar azaldigi, waterpad kullanimi ile meyve ¢apinda ise artis gorilmistir.

372



YYU TAR BiL DERG (YYU J AGR SCI) 30 (2): 367-378 )
Séylemez ve ark.. / Farkli Sulama Diizeylerinde Yetistirilen Patlicanin Verim ve Bazi Kalite Ozellikleri Uzerine Waterpadin Etkisi

Ancak istatistiksel olarak her ikisinin de ©6nemsiz oldugu bulunmustur. Kullanilan ortamlar
karsilastirildiginda, meyve ¢ap1 kokopit ortaminda daha yiiksek oldugu belirlenmistir. Amiri ve ark.
(2012)’nin patlicanda, Pakylrek ve ark. (2001) kavunda yaptiklart ¢aligmada, su stresinin meyve
¢apini azalttigin bildirmiglerdir.

3.5. Meyve boyu

Patlicanin meyve boyu ile ilgili sonuglar1 Cizelge 1’de verilmistir. Her iki ortamda da sulama
diizeylerinin, waterpad kullaniminin ve sulama diizeyi*waterpad interaksiyonunun meyve uzunlugu
Uzerine etkileri istatistiksel olarak ©nemsiz bulunmustur. Kullanilan ortamlar karsilastirildiginda
meyve boyu perlit ortaminda daha yiiksek oldugu belirlenmistir. En ylksek meyve boyu perlit
ortaminda S1, kokopit ortaminda ise S2 sulama diizeyindeki waterpad icermeyen uygulamalardan elde
edilmistir. Amiri ve ark., (2012) meyve boyunun su stresi ile azaldigini rapor ederken, Senyigit ve ark.
(2011) su diizeylerinin belirli bir noktaya kadar artmasiyla meyve boyunun arttigim bildirmislerdir.

3.6. Meyve agirhgi

Sulama diizeylerinin meyve agirligi tizerine etkisi perlit ortaminda Onemsiz, kokopit
ortaminda ise 6nemli bulunmustur. Sulama diizeyi S1°’den S3’e disiiriildiigiinde meyve agirliginin
perlit ortaminda %5.81, kokopit ortaminda ise %10.87 oranlarinda azalma gosterdigi belirlenmistir
(Cizelge 1). Waterpad kullanimimin ve waterpad*sulama diizeyi interaksiyonunun meyve agirligi
Uzerine etkisi her iki ortamda da 6nemsiz ¢ikmustir. Perlit ortaminda en yiiksek meyve agirligi S2
sulama duzeyindeki waterpad igermeyen uygulamadan, kokopit ortaminda ise S1 sulama dlzeyindeki
waterpad icermeyen uygulamadan elde edilmistir. Kullanilan ortamlar karsilastirildiginda, meyve
agirligi kokopit ortaminda daha yiiksek oldugu belirlenmistir. Senyigit ve ark. (2011)’nin patlicanda,
Pakyturek ve ark. (2001) kavunda yaptiklari ¢alismada, su diizeyinin belirli bir noktaya kadar artmasi
ile ortalama meyve agirliginin arttigini saptamislardir.

3.7. Kok kuru agirhig:

Sulama diizeylerinin kok kuru agirh@i tizerine etkisi perlit ortaminda Onemsiz, kokopit
ortaminda ise 6nemli bulunmustur (Cizelge 2). Perlit ortaminda su diizeylerinin azalmasi ile kok kuru
agirligi cok fazla etkilenmezken, kokopit ortamindaki kok kuru agirligi sulama diizeylerinin azalmasi
ile 6nemli oranda azalma gostermistir. Waterpad kullanimimin kok kuru agirligr tizerine etkisi perlit
ortaminda 6nemsiz, kokopit ortaminda ise Onemli bulunmustur. Kokopit ortaminda waterpad
kullanimi, kok kuru agirligim %14.75 oraninda arttirmistir. Perlit ortaminda en yiiksek kok kuru
agirlign S3 sulama diizeyindeki waterpad icermeyen uygulamadan elde edilirken, kokopit ortaminda en
yiiksek kok kuru agirliklart S1 sulama diizeyindeki waterpad iceren uygulamadan elde edilmistir.
Ortamlarin kok kuru agirligi tizerine etkisi karsilastirlldiginda, kokopit ortamindaki degerlerin daha
yiiksek oldugu tespit edilmistir. Kokopit ortaminda yetistirilen bitkilerin kok kuru agirliginin perlit
ortamina gore %37.64 oraninda daha yiiksek oldugu tespit edilmistir. Su stresinin artmasi ile biberde
(Sayyari ve Ghanbari, 2012) ve yulafta kok kuru agirliginin azaldigi ve SAP uygulamasi ile kok kuru
agirhgmin artti1 rapor edilmistir (Islam ve ark., 2011a). Li ve ark. (2019) polimer uygulamasinin
bugday ve hiyarlarda kok kuru agirligini arttirdigini, Rezashateri ve ark. (2016) ise kullanilan topragin
tekstiirli, polimerin miktar1 ve polimerin tipine gore kok kuru agirliginin degisebilecegini
belirlemiglerdir.

3.8. Siirgiin kuru agirhg

Uygulamalarinin siirglin kuru agirligi iizerine etkisi ile ilgili sonuglar Cizelge 2°de verilmistir.
Sulama diizeylerinin siirgiin kuru agirlig1 {izerine etkisi her iki ortamda da 6nemli bulunmustur. Her
iki ortamda da sulama diizeylerinin azaltilmasi ile siirgiin kuru agirliklar1 6nemli oranda azalma
gostermistir. Sulama diizeyinin S1’den S3’e disiiriilmesi ile siirgiin kuru agirligi perlit ortaminda
%42.77, kokopit ortaminda ise %30.75 oraninda azalma goOsterdigi belirlenmistir. Waterpad
kullanimmin siirgiin kuru agirhigi {izerine etkisi perlit ortaminda 6nemsiz, kokopit ortaminda ise
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onemli bulunmustur. Kokopit ortaminda waterpad kullanimu ile siirgiin kuru agirhiginin %23.26
oraninda artis gosterdigi saptanmustir. Perlit ortaminda en yiiksek siirgiin kuru agirhigi S1 sulama
diizeyindeki waterpad icermeyen uygulamadan, kokopit ortaminda ise S1 sulama duzeyindeki
waterpad iceren uygulamadan elde edilmistir. Kokopit ortaminda yetistirilen bitkilerin siirgiin kuru
agirliklarinin perlit ortamina gore sirasiyla %30.45 oraninda daha yiiksek oldugu tespit edilmistir.
Islam ve ark. (2011b), SAP uygulamas: ile misirda biyokitle birikiminin arttigimm1 ve sulama
miktarindaki azalma ile biyokdtle birikiminin azaldigini rapor etmislerdir. Benzer sekilde bugday ve
hiyar iizerine ¢alisma yapan Li ve ark. (2019), polimer uygulamasi ile siirgiin kuru agirligimin arttigini
bildirmislerdir. Rezashateri ve ark. (2016) ise siirgiin kuru agirhiginin kullanilan topragin tekstiiriine,
polimerin miktarina ve polimerin tipine gore degisebilecegini belirtmislerdir. Bat ve ark. (2019) ise
kurak kosullardaki bitkilerin su kaybini azaltmak amaciyla stomalarimi kapattiklarini bu nedenle
karbondioksit aliniminda azalmalar oldugunu ve bdylece fotosentezin azaldigini bildirmislerdir.
Ayrica kuraklik stresinin 6zellikle surgiin buytmesini de engelledigini ifade etmislerdir.

Cizelge 2. Farkli ortamlar, sulama diizeyleri ve waterpad uygulamalarinin patlicanin kok, gévde ve
yaprak kuru agirhigi izerine etkileri (g/bitki)

Kok kuru Siirglin kuru Yaprak kuru
Ortam Sulama diizeyi Waterpad agirhgi (g) agirhgi (g) agirhgi (g)
s1 W- 7.42 89.06 49.46 a
W+ 6.68 54.27 41.86 ab
52 W- 6.98 51.23 30.39¢
W+ 6.37 52.48 38.52h
s3 W- 7.61 44,71 28.78 ¢
W+ 7.13 37.32 28.05¢c
Perlit LSD 6.d. 0.d. 7.725**
S1 7.05 71.66 a 45.66 a
Sulama diizeyi S2 6.68 51.86 b 34.46 b
S3 7.37 41.01b 28.42¢c
LSD 6.d. 19.179* 5.462**
Waterpad W- 7.34 61.67 36.21
W+ 6.73 48.02 36.14
LSD 6.d. 0.d. o.d.
s1 W- 13.58 61.93 bc 67.97
W+ 14.19 104.46 a 58.41
$2 W- 7.00 72.86 b 51.76
W+ 8.50 74.83b 90.31
3 W- 6.48 57.49c 58.42
W+ 8.37 57.73c 57.79
Kokopit LSD 6.d. 12.104** 6.d.
S1 13.89a 83.19a 63.19
Sulama diizeyi S2 7.75b 73.84 ab 71.04
S3 7.43b 57.61b 58.10
LSD 2.155** 8.559** o.d.
Waterpad W- 9.02b 64.09 b 59.38
W+ 10.35a 79.00 a 68.84
LSD 1.238* 6.988** o.d.
Perlit 7.04b 54.85b 36.18
Kokopit 9.69 a 71.55a 64.11
LSD 1.707* 15.890* 6.829*

6.d.: Onemli degil; *:0.01<p<0.05; **: p<0.01; W*: Waterpad igeren; W-: Waterpad icermeyen
3.9. Yaprak kuru agirhgi

Sulama diizeylerinin yaprak kuru agirligi tizerine etkisi perlit ortaminda 6nemli, kokopit
ortaminda ise onemsiz bulunmustur (Cizelge 2.). Perlit ortaminda sulama diizeylerinin azaltilmasi ile

yaprak kuru agirligi 6nemli oranda azalma goéstermistir. Ancak kokopit ortaminda sulama diizeylerinin
azalmasi ile yaprak kuru agirligi once bir artis gdstermis, daha sonra tekrar azalmaya baglamistir.
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Sulama diizeyinin S1’den S3’e diisiiriilmesi ile yaprak kuru agirliklarinin perlit ortaminda %37.76,
kokopit ortaminda ise %8.06 oranlarinda azalma gosterdigi belirlenmistir. Waterpad kullaniminin
yaprak kuru agirhigr iizerine etkisi her iki ortamda da Onemsiz bulunmustur. Kokopit ortaminda
waterpad kullanimi ile yaprak kuru agirhigimin %15.93 oranlarinda artis gosterdigi tespit edilmistir.
Perlit ortaminda en yiiksek yaprak kuru agirligi, S1 sulama diizeyindeki waterpad igermeyen
uygulamadan, kokopit ortaminda ise en yiiksek yaprak kuru agirligi S2 sulama diizeyindeki waterpad
iceren uygulamadan alimmustir. Kokopit ortaminda yetistirilen bitkilerin yaprak kuru agirliklarinin
perlit ortamina gére %77.20 oraninda daha fazla oldugu tespit edilmistir. Islam ve ark. (2011a)’nin
yaptiklar1 caligmada, sulama miktarmin azaltilmasi ile yaprak kuru agirhigmin azaldigim ve SAP
kullanimu ile de yaprak kuru agirliginin artig gosterdigini belirtmislerdir.

Cizelge 3. Farkli ortamlar, sulama diizeyleri ve waterpad uygulamalarinin patlicanin bogum sayisi,
bitki boyu, gévde ¢ap1 ve klorofil igerigi lizerine etkileri

o . Bogum -
Bltl((én:);) yu GOZr(riliw(;apl sayis1 (adet I(T#;rgfll)l
Ortam Sulama diizeyi ~ Waterpad bitki™)
s1 W- 135.83 12.05 26.25 0.86
W+ 138.67 12.39 25.92 0.70
52 W- 143.58 11.45 30.67 0.76
W+ 139.50 10.73 31.42 0.88
s3 W- 127.75 10.10 30.08 0.68
W+ 107.83 9.95 26.50 0.72
Perlit LSD 6.d. 6.d. o.d. o.d.
S1 137.25a 12.22a 26.08 b 0.78
Sulama diizeyi  S2 14154 a 11.09 ab 31.04a 0.82
S3 117.79b 10.02 b 28.29 ab 0.70
LSD 13.396** 1.543** 3.111* 6.d.
Waterpad W- 135.72 11.20 29.00 0.77
W+ 128.67 11.02 27.94 0.77
LSD 6.d. 6.d. 6.d. 6.d.
s1 W- 132.25 13.81a 25.00 0.95a
W+ 132.83 12.13b 24.75 0.84 ab
52 W- 135.92 12.09b 26.92 0.66 ¢
W+ 142.50 12.35b 24.92 0.84 ab
s3 W- 133.50 1156 b 23.83 0.72 bc
W+ 122.92 12.31b 21.75 0.55¢
Kokopit LSD 6.d. 1.173* 6.d. 0.160*
S1 132.54 12.97a 24.88 0.90a
Sulama diizeyi  S2 139.21 12.22 ab 25.92 0.75ab
S3 128.21 11.94b 22.79 0.64b
LSD 6.d. 0.829* 6.d. 0.160**
Waterpad W- 133.89 12.49 25.25 0.78
W+ 132.75 12.26 23.81 0.74
LSD 6.d. 6.d. 6.d. o.d.
Perlit 132.19 11.11b 28.47 a 0.77
Kokopit 133.32 12.38a 2453 b 0.76
LSD 6.d. 1.016** 3.328** 0.d.

6.d.: Onemli degil; *: 0.01<p<0.05; **: p<0.01; W*: Waterpad igeren; W-: Waterpad icermeyen
3.10. Bitki boyu

Yapilan uygulamalarin bitki boyu {izerine etkisi Cizelge 3’de verilmistir. Her iki ortamda da
sulama diizeylerinin azaltilmasi ile bitki boyu Once bir miktar artmig, daha sonra tekrar azalmistir.
Waterpad kullaniminin, sulama diizeyi*waterpad interaksiyonunun ve ortamlarin bitki boyu {izerine
etkisi istatistiksel olarak onemsiz bulunmustur. Perlit ortaminda en yiiksek bitki boyu S2 sulama
dizeyindeki waterpad icermeyen uygulamadan 6lcullrken, kokopit ortaminda ise S2 sulama
dizeyindeki waterpad iceren uygulamadan ol¢ilmiistiir. Amiri ve ark. (2012) patlicanda; Ekinci ve
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Basbag (2019) pamukta yaptiklar1 ¢alismada su stresinin bitki boyunu azalttigini bildirmislerdir.
Benzer sekilde musir, ¢eltik, yer fistigi, bugday, patates ve hiyar iizerine yapilan ¢aligmalarda su
stresinin artmastyla bitki boylarinin kisaldig1 ancak, polimer uygulamasi ile bitki boylarinda bir artisin
oldugu bildirilmistir (Kenewy ve ark., 2018; Salavti ve ark., 2018; Li ve ark., 2019). Arastiricilarin
sonuglari, ¢calismadan elde edilen bulgular ile kismen benzerlik gostermektedir. Nitekim, Rezashateri
ve ark. (2016), kullanilan topragin tekstiiriine, polimer miktarina ve polimer tipine bagl olarak bitki
boylarinin farkli sekillerde etkilenebilecegini bildirmislerdir.

3.11. Govde cap1

Govde capr lizerine uygulamalarin etkisi Cizelge 3’de sunulmustur. Hem kokopit hem de
perlit ortaminda sulama diizeylerinin azalmasi ile govde capi kalinligimin azaldigi belirlenmistir.
Waterpad kullanimimin ise govde ¢ap1 {izerine etkisi dnemsiz bulunmustur. Sulama diizeyi*waterpad
interaksiyonunun gévde ¢api iizerine etkisinin kokopit ortaminda 6nemli, perlit ortaminda ise Gnemsiz
oldugu tespit edilmistir. Perlit ortaminda en yiiksek gévde ¢apt S1 sulama diizeyindeki waterpad
iceren uygulamadan, kokopit ortaminda ise S1 sulama diizeyindeki waterpad igermeyen uygulamadan
Olglilmiistir. Ortamlarin govde capi tizerine etkisi istatistiksel olarak 6nemli bulunmustur. Kokopit
ortaminda yetistirilen bitkilerin govde ¢ap1 degerlerinin perlit ortaminda yetistirilenlere gore daha
yiiksek oldugu tespit edilmistir. Salavati ve ark. (2018)’nin patates iizerine yaptiklar1 ¢alismada, SAP
kullanimu ile gévde ¢apinin arttigini ifade etmislerdir.

3.12. Bogum sayisi

Yapilan uygulamalarin bogum sayisi iizerine etkisi Cizelge 3’de verilmistir. Her iki ortamda
da sulama diizeylerinin azaltilmasi ile bogum sayist 6nce bir miktar artmig, daha sonra tekrar
azalmistir. Waterpad kullaniminin bogum sayisi iizerine etkisi istatistiksel olarak énemsiz bulunurken,
ortamlarin etkisi ise onemli bulunmustur. Kokopit ortaminda yetistirilen bitkilerin bogum sayisinin
azalma gosterdigi tespit edilmistir. Sulama diizeyi*waterpad interaksiyonunun bogum sayisi iizerine
etkisi her iki ortamda da 6nemsiz oldugu belirlenmistir. Perlit ortaminda en yiiksek bogum sayis1 S2
sulama duizeyindeki waterpad iceren uygulamadan elde edilirken, kokopit ortaminda ise en yiiksek
bogum sayis1 S2 sulama diizeyindeki waterpad igermeyen uygulamadan elde edilmistir.

3.13. Klorofil icerigi

Uygulamalarin yaprak klorofil igerigi lizerine etkisi Cizelge 3°de verilmistir. Sulama
diizeylerinin azalmasi ile klorofil igerigi perlit ortaminda 6nce bir miktar artip, daha sonra azalirken,
kokopit ortaminda ise dizenli bir azalis gostermistir. Waterpad kullaniminin ve ortamlarin klorofil
icerigi iizerine etkisi istatistiksel olarak Onemsiz bulunmustur. Sulama diizeyi*waterpad
interaksiyonunun klorofil igerigi ilizerine etkisinin kokopit ortaminda 6nemli, perlit ortaminda ise
O6nemsiz oldugu saptanmustir. Perlit ortaminda en yiiksek klorofil igerigi S2 sulama diizeyindeki
waterpad iceren uygulamadan, kokopit ortaminda ise S1 sulama dizeyindeki waterpad icermeyen
uygulamadan elde edilmistir. Sayyari ve Ghanbari (2012), su stresinin artmasiyla klorofil igeriginin
azaldigim bildirmiglerdir. Calismadan elde ettigimiz sonuglar, arastiricilarin bulgulari ile uyum
icerisindedir.

4. Sonug

Bu calisma, waterpad isimli iriiniin, perlit ile kokopit ortamlarinda ve farkli sulama
diizeylerinde yetistirilen patlicanin verim, kalite ve bitki gelisimi iizerine etkisini belirlemek amaciyla
ylriitilmiistiir. Yapilan ¢aligma neticesinde her iki ortamda da sulama diizeylerinin azalmasi ile verim
ve meyve sayilarmin azaldigi ve S1 ile S2 sulama diizeylerindeki verim ve meyve sayilarinin ayni
istatistiksel grupta yer aldig1 saptanmigtir. Sulama suyu miktarinin azalmasi ile meydana gelen verim
kayiplarinin kdk bolgesinde biriken tuzdan kaynaklanmig olabilecegi diisiiniilmektedir. Sulama suyu
miktar1 az oldugunda uygulamalarda kok ortaminda drenajin meydana gelmemesi veya c¢ok az
meydana gelmesi nedeniyle kok bolgesi yikanamamakta ortamda tuz birikimi meydana gelmektedir.
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Hem su stresi hem de tuz birikimi nedeniyle bitki cift yonli strese girmekte ve bu durum verimin
azalmasina neden olmaktadir. Waterpad kullaniminin perlit ortaminda verimi ve meyve sayisini
etkilemedigi, kokopit ortaminda ise meyve verimini yaklasik %4.75, meyve sayisini ise %6.87
oraninda arttirdig1 belirlenmistir. Kokopit ortaminda yetistirilen bitkilerin verim ve meyve sayist perlit
ortamindakilerden daha yiiksek bulunmustur. Kokopit ortaminda yetistirilen bitkilerin vejetatif
aksamlar1 daha iyi gelistiginden dolay1 hem verimleri hem de su tiiketimleri daha fazla olmustur.

Perlit ortaminda en yiiksek verim 5767.16 kg/da ile S1 sulama dlzeyindeki waterpad iceren
uygulamadan, kokopit ortaminda ise en yiliksek verim 6358.27 kg/da ile S2 sulama diizeyindeki
waterpad iceren uygulamadan elde edilmistir. Su stresinin etkisini hafifletmede bitki kék bolgesine
waterpad uygulamasinin bir strateji olarak kullanilabilecegi belirlenmistir. Daha sonraki ¢aligmalarda
fakli polimer ¢esitleri ile olusturulacak waterpadlerin sicak ve soguk periyotlardaki performanslarinin
arastirilmasi diigiiniilebilir.

Tesekkiir

Bu arastirma Metameta tarafindan desteklenmistir. Katkisi i¢in Metameta ve Simon
Chevalking’e tesekkiir ederiz.
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Abstract: Taurus snowdrop is one of the species exported with the quota
limitation. Growing bulb in a short time is an important issue in terms of
production. This research was performed so as to specify impressions of varied
sucrose rates on the bulblet formation and growing. Galanthus elwesii Hook.
(Taurus snowdrop) bulbs with a circumference of 4 cm obtained from a private
company were used in this study. After the bulbs were cleaned, they were
vertically divided into four segments (chips) and the chips were put on plastics
bags with perlite. After adding perlite to the bag, city water (control), 1% sucrose
and 2% sucrose solution were given to the bags filled with perlite to form bulblet
from Taurus snowdrop chips in incubation. Incubation was done in storeroom at

Bulb, 18-20 °C temperature. At the end of the incubation, the bags were emptied and
Geophyte, measurements were performed. According to statistical analysis; the impression
2&%?22:“0”' of varied sucrose levels on the number of bulblet, bulblet and segment weight,
' bulblet height and bulblet weight was insignificant. The bulblet number ranged
from 1.00 to 1.33 piece and the bulblet weight ranged from 0.16 to 0.33 g. As
sucrose dose increased, bulblet diameter increased. The impression of varied
sucrose levels on bulblet diameter was statistically significant (p < 0.05). The
highest bulblet diameter was obtained in 2% sucrose (6.28 g) and 1% sucrose
(5.54 g) treatments.
Kardelen Sogan Cogaltiminda Sakkaroz Kullanimi
Makale Bilgileri Oz: Toros kardeleni ihracati kota sinirlamasi ile yapilan tiirlerden birisidir.
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Anahtar kelimeler

Yavru sogan biiyiitme,
Sogan,

Geofit,

Cogaltma,

Sakkaroz.

Soganin kisa siire iginde biiyiitiilmesi tiretim yoniinden 6énemli bir konudur. Bu
calisma Toros kardeleni ¢ogaltmada degisik sakkaroz dlzeylerinin yavru sogan
olusum ve gelisimindeki etkilerini belirlemek amaciyla yapilmistir. Denemede
Ozel bir firmadan temin edilen 4 cm g¢evre uzunluguna sahip Galanthus elwesii
Hook. (Toros kardeleni) soganlar1 kullanilmistir. Soganlar temizlendikten sonra
dikey olarak dort dilime ayrilmis ve dilimler perlit dolu torbalara yerlestirilmistir.
Torbalara perlit ilave edildikten sonra, Toros kardeleni dilimlerinden
inkiibasyonda yavru sogan olusturmasi i¢in perlit dolu torbalarin igine gesme
suyu (kontrol), %1 sakkaroz ve %2 sakkaroz ¢dzeltisi verilmistir. Inkiibasyon 18-
20 °C sicaklikta adi depoda yapilmis. Inkiibasyon bitiminde torbalar bosaltilmis
ve Olglimler gergeklestirilmistir. Yapilan istatistiksel analizlere gore; farkli
sakkaroz diizeylerinin yavru sogan sayisi, yavru sogan ve pargacik agirligi, yavru
sogan yiiksekligi ve yavru sogan agirhigt iizerine etkisi dnemsiz bulunmustur.
Yavru sogan sayis1 1.00 - 1.33 adet arasinda, yavru sogan agirligi 0.16 - 0.33 g
arasinda degismistir. Artan sakkaroz dozlar1 ile yavru sogan c¢ap1 artis

379


https://orcid.org/0000-0003-1336-9942
mailto:ozgurkahraman@comu.edu.tr

YYU TAR BIL DERG (YYU J AGR SCI) 30 (2): 379-385
Kahraman / Use of Sucrose in Propagation of Snowdrop Bulb

gOstermigtir. Farkli sakkaroz diizeylerinin yavru sogan c¢api Uzerine etkisi
istatistiksel olarak énemli olmustur (p < 0.05). En yiiksek yavru sogan ¢ap1 %2
sakkaroz (6.28 g) ve %1 sakkaroz (5.54 g) uygulamalarindan elde edilmistir.

“*This article was presented on April 26-29, 2018 at the 2" International VVocational Science Symposium (1VSS
2018) and its abstract book.

1. Introduction

Turkey has quite rich plant gene resources. Turkey taking place at the crossing of three phyto-
geographical regions, having different types of climate, soil types, altitude changes at short distances
and geographical formations increase the plant diversity (Karagiizel, 2010; Avci, 2014; Koyuncu and
Alp, 2014). The number of plant species naturally spreading to Turkey is close to the plant species
number in Europe. Approximately 12 000 plant taxa is located in Turkey and 3646 of them are endemic
taxa (Giiner et al., 2012). There are 1056 taxa geophytes spreading naturally (Ozhatay, 2013). Geophyte
means ground plants and these plants have an underground stems metamorphosed like tubers, bulbs,
rhizomes and corms. They are known “flower bulbs” and have flashy flowers for a short time. After
their aboveground parts complete the development, they turn yellow and dry. They survive with
underground storage organs such as bulbs, tubers, rhizomes and corms in the summer. These plants are
used as ornamental plants and medicinal plants therefore, these plants have economic value. Turkey has
revenues of approximately $ 2.5 million from naturel flower bulbs export per year. The export of natural
flower bulbs is arranged by the legal arrangement on collecting, growing and exporting of natural bulbs
from nature (Resmi Gazete, 2018). The bulletin published every year describes plant species,
circumference length, quantity and source about the export of natural flower bulbs. In 2019, eight natural
flower bulbs were permitted to export with a quota limitation. Galanthus elwesii (Taurus snowdrop)
bulbs with a circumference of more than 4 cm are allowed to export. 3 million bulbs of them were from
nature and 4 million of them were from production (Resmi Gazete, 2018). Taurus snowdrop can be
propagated with vegetative and generative methods. In order to reach the size of the bulb that can bloom
with generative method, it takes a long and laborious period such as 5-6 years. This period is shorter in
vegetative methods such as chipping and twin scaling. The diameter of the bulblet obtained in the
vegetative method varies according to the initial bulb size and the number of segment (chip). The bulblet
diameter is positively correlated with the initial bulb size and negatively with the chip number (Aksu
and Celikel, 2003; Seyidoglu, 2009). If the larger bulblet diameter is desired, the larger bulb size should
be preferred. If a large number of small bulblet is wanted, initial bulb should be divided into more
segment. The companies that produce flower bulbs generally want to obtain a wide range of bulb and
large bulb in a short span of time.

The research was realized to specify the impressions of varied sucrose rates on the bulblet
formation and growing in propagation of Taurus snowdrop. Thus, it is aimed to develop alternative
methods that can be applied to bulblet enlargement.

2. Materials and Methods

The research was carried out between February 2, 2017 and April 15, 2017 in storeroom with
18-20 °C temperature. Galanthus elwesii Hook (Taurus snowdrop) was used as a propagation material
in the experiment. Taurus snowdrop bulbs obtained from a private company exporting natural flower
bulbs were kept in plastic crates in a cool and shaded area until the time of propagation. Before cutting
bulbs, the dry root and outer coarse tunic of all bulbs were cleaned by hand and classified according to
their circumference. After sorting, healthy Taurus snowdrop bulbs with a circumference of 4 cm were
selected for use in the cutting process and the outer tunic of the selected bulbs were cleaned until white
bulb scale appeared. Their bulb base and bulb nose were cut with stationery knife and these bulbs were
wiped with alcohol (Figure 1).

380



YYU TAR BIL DERG (YYU J AGR SCI) 30 (2): 379-385
Kahraman / Use of Sucrose in Propagation of Snowdrop Bulb

Figure 1. Preparation of Taurus snowdrop bulbs for cutting.

During the cutting process, bulb, stationery knife and cutting surface were wiped with alcohol
and then the cutting surface was cleaned with sodium hypochlorite solution (5%). The bulbs were cut
vertically with the stationery knife two times and so that four chips were obtained from each bulb (Figure
2). The particles (segments) obtained by chipping method were put into mesh bags and the particles
were kept in solution containing 0.5% Mancozeb and 1% Captan for 20 minutes against fungal growth.
The chips taken out the solution were left in the plastic casing to allow excess solution to flow and to
dry a little. 5 liter black plastic bags were filled with 3 liters of perlite and 10 chips in two rows were
placed for each bag on 2 February 2017. Later, the chips were covered with 2 liters of perlite. The perlite
filled bags were given city water (control), 1% sucrose and 2% sucrose solution to form bulblet from
Taurus snowdrop particles on 2 February 2017 (Figure 3). Irrigation was continued according to the
moisture of perlite during incubation.

Figure 2. The process of bulb segmentation.

The chips in the perlite were incubated until April 15, 2017 under storage at 18-20 °C to form
bulblet. The experiment was arranged according to randomized plot design with three replications and
10 particles (chips) were used in each replication (bag). The bags were emptied at the end of the
incubation and the number of the bulblet (piece), the weight of the bulblet and segment (g), the diameter
of the bulblet (mm), the height of the bulblet (mm) and the weight of the bulblet (g) were measured.
Variance analysis (ANOVA) and Duncan multiple comparison test (p = 0.05) were performed by SPSS
23 statistical program.
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Figure 3. Planting chips and solution application.
3. Results

According to the analysis of variance; varied sucrose levels had no effect statistically on the
bulblet number, the weight of the bulblet and segment, bulblet height and bulblet weight but their effect
on bulblet diameter was significant (p<0.05). The number of bulblet was between 1.00 and 1.33 pieces
(Figure 4). As a numerical value, the number of bulblet in the control application reached higher values
(2.33) and bulblet number in the sucrose applications was 1.00 piece.
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1.00 1.00
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Bulblet number (piece)

0.40
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Figure 4. The effect of sucrose applications on the bulblet number.

Bulblet and segment weight were higher in the application of 1% sucrose as numerical value.
Bulblet and segment weight ranged from 0.83 g to 0.91 g (Figure 5).
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Figure 5. The effect of sucrose applications on bulblet and segment weight.

The effect of sucrose applications on bulblet diameter was found to be statistically significant
(p<0.05). The highest bulblet diameter was acquired from applications of 2% sucrose (6.28 mm) and
1% sucrose (5.54 mm). Control application was included in the second statistical group (Figure 6). With
increased sucrose rates, bulblet diameter increased.
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Figure 6. The effect of sucrose applications on bulblet diameter.
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Although the effect of sucrose applications on the bulblet height is statistically insignificant, the
bulblet height increased with increased sucrose rates (Figure 7).
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Figure 7. The effect of sucrose applications on the bulblet height.

There was no statistical difference between applications in bulblet weight. According to sucrose
applications, the bulblet weight in the control was high in value (Figure 8).
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Figure 8. The effect of sucrose applications on bulblet weight.
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4. Discussion and Conclusion

Sucrose applications at different rates positively affected the bulblet diameter. With the
increased rates of sucrose, there was an increase in the diameter and height of the bulblet. Decrease in
bulblet weight values was determined according to the control application. Aksu et al. (1998) in the
snowdrop propagation of 4-5 cm and 5-6 cm circumference, they found the number of bulblet per
segment between 0.88-1.39 pieces and the bulblet length between 3.4 and 6.5 mm. Aksu and Celikel
(2003) found that the propagation ratio was 2.6 mm and the bulbil length was 6.6 mm in propagation of
snowdrop bulb with a circumference of 5-6 cm. They determined that with the initial bulb diameter
increasing, the propagation rate and bulbil diameter increased. Kahraman and Ozzambak (2006)
determined that the propagation rate of snowdrop bulb with an initial diameter of 19-21 mm was 96.7%,
the bulblet diameter was 0.80 cm and the bulblet weight was 0.57 g. This study is similar to the above
studies. However, since the initial bulb used in this study was lower, the bulblet diameter and bulblet
weight were lower. Kahraman (2019) found the effect of varied sucrose doses on the bulblet number,
bulblet weight, bulblet diameter and bulblet height was insignificant in the propagation of summer
snowflake. Alike results were obtained in the research. Moreover, the bulblet diameter increased with
increasing sucrose rates in this study. These studies show that plant species are affected differently by
sucrose rates in bulb propagation. In addition, the diameter of the bulb used in propagation has a positive
effect on the bulblet number, bulblet diameter and bulblet weight. 2% sucrose application may be
preferred in the bulb propagation of the snowdrop. Future studies will be useful on different plant species
and different sucrose doses in terms of growing bulblet.
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Makale Bilgileri Oz: Bu gahismanin temel amaci Tiirkiye’nin siit iiretiminde 6nemli bir paya
) sahip olan Izmir ve Manisa illerinde siit sigircilig1 isletmelerinin etkinliginin
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ve Manisa ilinin Salihli ilgesinde 30 ireticiyle yiiz yiize anket yapilmistir. Siit
sigircilig igletmelerinde etkinlik Ol¢imii i¢in veri zarflama analizinden
yararlamlmistir. Teknik etkinlik degerleri Odemis'te ve Salihli'de sirastyla 0.88

Anahtar kelimeler ve 0.93 olarak saptanmistir. Genel olarak isletmelerin kaba yem masraflarini

%6.28, kesif yem masraflarin1 %3.31, isgiicii kullanimini %5.45, veteriner, ilag
Etkinlik, ve as1 masraflarini %4.16 ve diger masraflar1 %5.49 oraninda azaltabilecekleri
Siit sigircihgn isletmeleri, belirlenmigtir.  Ayrica caligmada etkinlik analizinde degerlendirilen
Sut sigrethgr, degiskenlerin isletmelerin etkin olma durumlariyla iliskisi ortaya konulmustur.
Veri zarflama analizi. Buna gore BUD, diger masraflar ve inek sayisinin etkin olan isletmelerde daha

yiiksek oldugu saptanmistir. Bununla birlikte elde edilen sonugclar siit sigirciligi
isletmelerinde kaba yem ihtiyacinin isletme i¢inden karsilanmasinin isletmelerin
etkinligini artirdigin1 géstermistir.

The Measurement of Efficiency of Dairy Farms: The Cases of Izmir and Manisa

Article Info Abstract: The main purpose of this research is to investigate the efficiency of
) dairy farms in Izmir and Manisa provinces, which have significant share in total
Received: 06.04.2020 milk production in Turkey. Face-to-face surveys were conducted with 117

Accepted: 27.05.2020
Online Published 30.06.2020
DOI: 10.29133/yyutbd.715342

producers in Odemis district of Izmir province and 30 producers in Salihli
district of Manisa province in the scope of the research. Data envelopment
analysis was used to determine of efficiency of dairy farms. Technical

Keywords efficiencies of dairy farms in Odemis and Salihli were determined as 0.88 and

0.93, respectively. In general, it has been determined that dairy farms can reduce
Efficiency, their roughage feed costs by 6.28%, concentrate feed costs by 3.31%, labour
Dairy farms, force use by 5.45%, veterinary, drug and vaccine costs by 4.16%, and other
Dairy farming, _ costs by 5.49%. In addition, the relationship between the variables evaluated in
Data envelopment analysis. the efficiency analysis and the effectiveness of dairy farms was revealed.

Accordingly, the value of gross production, other costs, and the number of cows
were found to be higher in efficient dairy farms. Furthermore, the results
obtained show that obtaining the need for roughage feed within the dairy farm
increases the efficiency of the dairy farms.

“Bu ¢alisma Duran Giiler’in “Siit Sigircilig1 Isletmelerinde Tedarik Zinciri Yonetimi Uygulamalari: izmir ve

=9

Manisa Ornegi” baslikli doktora tezinden iiretilmistir.
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1. Giris

Siit ve siit {irlinleri grubunda yogurt, peynir, ayran, tereyagi ve siit tozu gibi siitten yapilan
besinler yer almaktadir. Bu besinler protein, kalsiyum, fosfor, B2 vitamini ve B12 vitamini olmak
lizere birgok besin 6gesinin 6nemli kaynagidir. Basta yetiskin kadinlar, ¢ocuklar ve gengler olmak
iizere tiim yas gruplarinin siit ve siit {irinlerini her giin tiketmesi gerekmektedir (Unal ve Besler,
2008).

Hayvancilik sektorii tlkelerin gelismiglik diizeyine bakilmaksizin tiim ilkeler i¢in biiyiik
Ooneme sahiptir ve bu durum hayvanciligin gelistirilmesi gereken stratejik bir sektor oldugunu ortaya
koymaktadir (Sach, 2007; Aksoy ve ark., 2012). TUIK verilerine gore 2018 yili inek siitii Gretim
degeri 29.55 milyar TL olup, Tiirkiye’nin toplam tarimsal dretim degeri igerisinde %7.68’lik paya
sahiptir. Turkiye’de iiretilen toplam siit miktar1 2018 yilinda 22.12 milyon ton olup, bunun %90.58’i
(20.04 milyon ton) inek siitiinden saglanmaktadir (TUIK, 2020). Aym y1l itibariyle 683.22 milyon ton
olan diinya inek sutl Gretiminin %2.93’1 Tirkiye’de gergeklestirilmistir (FAO, 2020). Turkiye, 206
milyar ABD dolar1 olan diinya ¢ig inek siitii liretim degerine, 5.2 milyar dolar (%2.5) katki
saglamaktadir. Sanayiye giden ¢ig sit orani ise diinyada %64, Tirkiye’de %50, AB’de %94 ve
ABD’de %100’dlr (Mert ve Dellal, 2019).

Tiirkiye’de 2018 yilinda iiretilen inek siitiiniin %5.84’{i Izmir’de ve %1.32’si Manisa’da
iiretilmistir. Arastirma kapsamina alman Izmir ilinin Odemis ilgesinde Izmir’de uretilen sitiin
%33.07’si, Manisa’nin Salihli ilgesinde ise Manisa’da iiretilen siitiin %18.64’ii iiretilmistir (TUIK,
2020). Ayrica Salihli, Manisa’da kayitli siit iireticisinin en fazla oldugu ilgedir.

Ozellikle son yillarda tarmmsal iiretimde goriilen yiiksek girdi maliyetleri tarimsal
faaliyetlerden biri olan hayvancihigimin siirdiiriilebilirligini 6nemli 0Olcide etkilemektedir. Gerek
tarimsal kaynaklar1 gerekse isgiicii agisindan Onemli bir potansiyele sahip Tlrkiye’nin bu
potansiyelinin isletmelerin etkinligini artirabilecek stratejilere entegre edilmesiyle hayvanciligin
stirdiirtilebilirligi onlindeki engeller azaltilabilecektir. Bunu saglayabilmek i¢in 6ncelikle hayvancilik
isletmelerinin etkinliginin belirlenmesi ve etkinligin iyilestirilmesine yonelik oneriler sunulmasi 6nem
tagimaktadir. Siit sigircilign yonetiminde ve etkinliginde basar1 gostergesi olarak degerlendirilen birgok
degisken bulunmaktadir (Dagistan ve ark., 2009). Bu degiskenler isletmede tiiketilen yem miktart,
veteriner ve ilag-as1 masrafi, ahir biiytikligiv/kapasitesi, isgiicii, sermaye, arazi miktari, briit Gretim
degeri, sUt verimi, siit tiretim miktari, inek sayis1 veya diger masraflardir (Koyubenbe ve Candemir,
2006; Topcu, 2008; Dagistan ve ark., 2009; Ginden ve ark., 2010; Gundiiz, 2011; Koyubenbe ve
Ozden, 2011; Kiilekgi, 2013; Ozden 2016; Giiler ve Saner, 2017). Ayrica girdi bilesiminde yapilacak
diizenlemelerle isletme basarisinin artirilabilecegi de géz 6niinde bulundurulmalidir (Yilmaz ve ark.,
2003). Bununla birlikte siirii yonetimi, barinak kosullari, isgiictiniin niteligi, tiretici bilinci ve hayvan
besleme teknigi de siit sigirciliginda dnemli unsurlardir (Demir ve ark., 2013).

Literatiirde Tirkiye’deki siit sigircilig1 isletmelerinin etkinligini 6lgmeye yonelik caligsmalar
bulunmaktadir. Bunlardan bazilar1 Koyubenbe ve Candemir (2006), Ginden ve ark. (2010) ve
Koyubenbe ve Ozden (2011) tarafindan Izmir ilinde; Y1lmaz (2010) tarafindan Adana ilinde; Giindiiz
(2011) ve Bozoglu ve ark. (2017) tarafindan Samsun ilinde; Kiilekg¢i (2013) tarafindan Erzurum ilinde;
Bayraktar ve ark. (2016) tarafindan Sanlwrfa ilinde; Armagan ve Nizam (2012) ve Ozden (2016)
tarafindan Aydin ilinde ve Terin ve ark. (2017) tarafindan Kirklareli ilinde yapilan ¢aligmalardir. Bu
caligma ise son yillarda artan girdi maliyetinin izmir ve Manisa illerinde gergeklestirilen siit
sigirciliginin etkinliginde meydana getirdigi gelismeleri incelemesi bakimindan dnceki ¢aligmalarin
devami niteligindedir.

Bu ¢aligmanin amaci Tiirkiye’nin siit {iretiminde énemli bir paya sahip olan izmir ve Manisa
illerinde siit sigirciligr isletmelerinin etkinliginin son yillardaki girdi maliyeti cercevesinde ortaya
konulmasi ve isletmelerin etkinligini artirmaya yonelik 6neriler sunulmasidir.

2. Materyal ve Yontem
Caligmanin ana materyalini {zmir ilinin Odemis ilgesinde ve Manisa ilinin Salihli ilcesinde yer
alan secilmis kdylerde/mahallelerde siit sigirciligi faaliyetini yiiriiten ireticilerle 2018 yilinda yuz yuze

yapilan anketlerden elde edilen birincil veriler olusturmaktadir. igmir [li Damizlik Sigir Yetistiricileri
Birligi'nden (DSYB) alinan verilere gore Odemis ilgesinde Izmir Damizlik Sigir Yetistiricileri
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Birligi’ne kayith olan; Manisa ili Salihli ilgesinde de Manisa Damizlik Sigir Yetistiricileri Birligi’ne
kayith olan ve siit teslimi yapan firetici sayisi1 ana kitle olarak kabul edilmis olup, érnek hacmi buna
gore hesaplanmistir. Ornek hacmi hesaplamirken oransal drnek hacmi formiiliinden yararlamlmistir
(Newbold, 1995). Toplam 3 175 dretici ana kitle olarak kabul edilmis olup, buna gore goriisiilmesi
gereken tretici sayist %95 giiven araligi, %8 hata pay1 ile 143 iiretici olarak hesaplanmistir. Veri
analizinde gruplar arasi karsilastirmalarda kullanilabilecek olasi parametrik testler igin Salihli’de
yapilmasi gereken anket sayisinin en az 30 olmasina karar verilmistir ve 6rneklem sayis1 4 artirilarak
147°ye vyiikseltilmistir. Bu deger ilgedeki iiretici sayilarina oranlandiginda Odemis’te 117, Salihli’de
ise 30 tretici ile goriisiilmesine karar verilmistir. Bulunan degerler segilen ilgelerdeki toplam iiretici
sayisina oranlanarak her kéyde kag iiretici ile goriisiilecegi belirlenmigtir. Bu kdylerden tesadiifi olarak
secilen ireticilerle yiiz yiize goriisme yoluyla anket formlart doldurulmustur. DSYB’ne asil {iyelik igin
asgari 5 bas inege sahip olma kosulu bulunmaktadir. Bu nedenle isletme gruplarinda 5 ve 5’in
Uzerinde inege sahip isletmeler yer almustir.

2.1. Veri zarflama analizi

Etkinlik analizi 6l¢iimiinde iki genel yaklasim bulunmaktadir ve bunlar parametrik ve non-
parametrik yontemlerdir. Non-parametrik bir yontem olan Veri zarflama analizi (VZA) ile ¢oklu girdi
ve ¢iktilara sahip durumlar incelenebilmektedir (Gul ve ark., 2009; Koc ve ark., 2011). Arastirmada
siit sigircilign isletmelerinin etkinlik analizinde veri zarflama analizinden yararlanilmistir. VZA ilk kez
1957 yillinda Farrell tarafindan onerilen Smir Uretim Fonksiyonu ile sekillenmis olup Charnes,
Cooper, Banker ve Rhodes’in ¢aligmalariyla bugiinkii durumunu almastir.

VZA’da kullamlan CCR (Charnes-Cooper-Rhodes) yontemi oOlgege gore sabit getiri
varsayimina dayanirken, BCC (Banker-Charnes-Cooper) yontemi olgege gore degisken (artan veya
azalan) getiri varsayimina dayanmaktadir. Toplamsal yontem ise bir modelde her iki yontemin birlikte
degerlendirilmesidir. Veri zarflama analizinde hesaplanan etkinlik degerleri toplam etkinlik, teknik
etkinlik ve 6l¢ek etkinligidir (Charnes ve ark., 1978; Banker ve ark., 1984).

Toplam Etkinlik = Teknik Etkinlik x Olcek Etkinlik (1)

VZA dogrusal programlama ydntemine dayanmaktadir. Bu yontemde her birimin etkinligi
girdi ve ¢iktilarn agirhikli toplamlari arasindaki oran olarak tamimlanmakta olup birimin etkinligi (i.
birim icin) (Ozden, 2016):

_ klyl + kZYZ + A + leYTL
N lel + ZzXz + A + Zme (2)

olacaktir. Burada n adet ¢ikti ve m adet girdi bulunmaktadir. Denklemde Y ¢ikti, X ise girdi
miktarlarini belirtirken; z girdi agirliklarin, k ise ¢ikt1 agirliklarini temsil etmektedir

Incelenen siit sigircih@ isletmelerinde gruplar arasindaki farkliliklar etkinlik degerleri
acisindan istatistiksel olarak test edilmistir. Normal dagilis gostermeyen ve varyansi homojen olmayan
slrekli degiskenler i¢in iki grubu karsilastirmak amaciyla Mann-Whitney U testi, ikiden daha fazla
grubu karsilagtirmak amaciyla ise Kruskal-Wallis testi uygulanmistir Ayrica kesikli degiskenlerin
analizinde gruplar1 karsilagtirmak amaciyla Ki-kare testi yapilmistir.

Etkinlik analizi i¢in kullanilan degiskenler siit sigirciliginda ihtiya¢ duyulan yogunluklarina
gore belirlenmistir. Buna gore siit geliri, buzagi geliri, Envanter Kiymet Artisi (EKA) ve giibre
gelirinin toplamindan olusan Briit Uretim Degeri (BUD) bagimli degiskeni; kaba yem masrafi, kesif
yem masrafi, veteriner, ilag ve as1 masrafi, diger masraflar, isgiicii ve inek sayisi ise bagimsiz
degiskenleri olusturmaktadir. Masrafla iligkili degiskenler hesaplanirken degiskenlerin yillik
Biiyiikbas Hayvan Birimine (BBHB) diisen parasal degerleri dikkate alinmistir.

Isletmelerin ¢iktilar1 toplamini olusturan BUD ortalama 8564 TL/BBHB olarak
hesaplanmistir. Girdiler arasinda yer alan kaba yem masrafi 2208 TL/BBHB, kesif yem masrafi 2601
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TL/BBHB, veteriner, ilag ve as1 masrafi 181 TL/BBHB, isgiicii 17 EIB/BBHB ve inek sayis1 35 bastir
(Cizelge 1).

Cizelge 1. Tanimlayici istatistikler

Cikti/Girdiler Degiskenler Birim Ortalama Std. Sapma
Cikt1 BUD (TL/BBHB) 8564 9430
Kaba yem masrafi (TL/BBHB) 2 208 2 836
Kesif yem masrafi (TL/BBHB) 2601 2672
o Veteriner, ila¢ ve (TL/BBHB) 181 317
Girdiler ast masrafi
Diger masraflar (TL/BBHB) 504 488
isgiicii (EIB/BBHB) 17 11
Inek sayisi (Bas) 35 38
3. Bulgular

Siit sigircilign isletmelerinin etkinlik degerleri 6l¢ege gore sabit getiri ve dlgege gore degisken
(azalan/artan) getiri varsayimlar1 altinda girdiye yonelik olarak hesaplanmistir. Girdiye yonelik
hesaplamalarda ama¢ mevcut ¢ikti miktar1 degismeden girdi miktarinin oransal olarak ne dlciide
azaltilabileceginin belirlenmesidir.

Isletmelere ait girdiye yonelik etkinlik degerlerinin dagilimi Cizelge 2’de verilmistir.
Isletmelerin teknik etkinlik degerleri %59 ile %100 arasinda degismektedir. Salihli’de bu durum %76
ile %100 arasindadir. Isletmeler genelinde 1’er isletme 0.60’in altinda teknik ve olgek etkinligi
degerine sahiptir.

Isletmeler genelinde olgek etkinligi degerinin (0.95007) saf teknik etkinlik degerinden
(0.92901) yiiksek oldugu saptanmistir. Buna bagli olarak isletmelerin etkinsizliginde girdi
kullanimindaki performans kayiplarmin etkisi daha fazladir. Isletmelerin %40.82°i (60 isletme) saf
teknik etkinlik acisindan, %26.53’14 (39 isletme) ise Olgek etkinligi agisindan etkin bulunmustur
(Cizelge 3). Bu durum bazi isletmelerin girdi kullaniminda, bazi isletmelerin ise iiretim olgeginde
sorunlarinin bulundugunu géstermektedir. Elde edilen etkinlik analizi sonuglarina gore isletmelerin
kaba yem masraflarini %6.28, kesif yem masraflarint %3.31, isgiicii kullanimin1 %5.45, veteriner, ilag
ve ag1 masraflarin1 %4.16 ve diger masraflar1 %5.49 oraninda azaltabilecekleri belirlenmistir.

Isletmelerde saf etkinligin 6lcek etkinligine gore diisiik oldugu saptanmistir. Bu durum
isletmelerde belirli miktar tiriiniin en az girdi kullanilarak iiretilememesinden kaynaklanmaktadir. Siit
sigirciligl isletmelerinde girdi kayb1 %11.77°dir.

Odemis’te bulunan isletmelerin teknik etkinligi incelendiginde 117 isletme arasinda tam
etkinlige sahip isletme sayisinin 29 (%24.79) ve teknik etkinlik degerinin 0.88478 oldugu
belirtilmistir. Buna gére Odemis’teki isletmelerde ayni ¢ikt1 degerine ulasabilmek igin girdi miktarmin
%11.52 diizeyinde azaltilabilmesi mimkiindiir. Analiz sonucunda saf teknik etkinlik degerinin
0.93224, Slcek etkinliginin ise 0.94975 oldugu belirlenmistir. Odemis’teki isletmelerin %45.30°u (53
isletme) saf teknik etkinlik acisindan, %28.21°1 (33 isletme) ise Olgek etkinligi agisindan etkin
bulunmustur (Cizelge 3). Bu ilgede isletmelerin kaba yem masraflarin1 %4.90, kesif yem masraflarini
%3.53, isgiicti kullanimim1 %3.77, veteriner, ilag ve as1 masraflarin1 %4.21 ve diger masraflar1 %5.99
oraninda azaltabilecekleri saptanmustir. Odemis’teki isletmelerde mevcut ciktiya ulasmak icin siirli
biiytikliigiiniin azaltilmasina ihtiya¢ bulunmamaktadir.

Salihli’deki isletmeler saf teknik etkinlik ve dlgek etkinligi degerleri bakimindan Odemis’teki
isletmelerden farklidir. Oyle ki Salihli’deki isletmelerde saf teknik etkinlik degeri (0.98580) dlcek
etkinligi degerinden (0.94277) biiyiiktiir. Bu nedenle Salihli’deki isletmelerde o6zellikle optimal
Olcekte Uretim yapmamaktan kaynaklanan etkinsizlik s6z konusudur. Salihli’deki isletmelerin
%80.00°1 (24 isletme) saf teknik etkinlik agisindan, %40.00°1 (12 isletme) ise dlgek etkinligi agisindan
etkin bulunmustur. Salihli’de etkinlik degeri 0.92900°diir ve 12 isletme (%40) etkin durumdadir
(Cizelge 3).

Salihli’deki isletmelerin ele alindigi etkinlik analizi sonuglarina gore isletmelerin kaba yem
masraflarimi %6.12, kesif yem masraflarini %4.62, isgiicii kullanimin1 %2.11, veteriner, ilag ve ast
masraflarin1 %0.60 ve diger masraflar1 %0.80 oraninda azaltabilecekleri belirlenmistir. Ayrica
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Salihli’deki isletmelerde Odemis’teki isletmelerden farkli olarak inek sayismin %0.39 oraninda
azaltilabilecegi saptanmustir.

Cizelge 2. incelenen isletmelerin girdiye yonelik etkinlik degerleri

. Etkinlik Teknik Etkinlik Saf Teknik Etkinlik Olgek Etkinligi
Ilgeler < .
Degeri
Say1 % Say1 % Say1 %
1 29 24.79 53 45.30 33 28.21
0.901-.999 29 24.79 25 21.37 65 55.56
0.801-0.900 32 27.35 31 26.50 14 11.97
0.701-0.800 21 17.95 6 5.13 3 2.56
Odemis 0.601-0.700 5 4.27 2 1.71 1 0.85
(117) 0.501-0.600 1 0.85 0 0.00 1 0.85
0.401-0.500 0 0.00 0 0.00 0 0.00
Ortalama 0.88478 0.93224 0.94975
Std. Sapma 0.10053 0.08208 0.07237
Minimum 0.590 0.661 0.590
Maksimum 1.000 1.000 1.000
1 12 40.00 24 80.00 12 40.00
0.901-.999 6 20.00 4 13.33 10 33.33
0.801-0.900 9 30.00 2 6.67 5 16.67
0.701-0.800 3 10.00 0 0.00 3 10.00
salihli 0.601-0.700 0 0.00 0 0.00 0 0.00
(30) 0.501-0.600 0 0.00 0 0.00 0 0.00
0.401-0.500 0 0.00 0 0.00 0 0.00
Ortalama 0.92900 0.98580 0.94277
Std. Sapma 0.07991 0.03492 0.07813
Minimum 0.758 0.864 0.758
Maksimum 1.000 1.000 1.000
1 31 21.09 60 40.82 39 26.53
0.901-.999 39 26.53 38 25.85 84 57.14
0.801-0.900 45 30.61 39 26.53 18 12.24
0.701-0.800 25 17.01 8 5.44 3 2.04
Genel 0.601-0.700 6 4.08 2 1.36 2 1.36
(147) 0.501-0.600 1 0.68 0 0.00 1 0.68
0.401-0.500 0 0.00 0 0.00 0 0.00
Ortalama 0.88226 0.92901 0.95007
Std. Sapma 0.09924 0.07937 0.07027
Minimum 0.588 0.661 0.588
Maksimum 1.000 1.000 1.000

Olgege getiri durumlarma gore incelendiginde isletmelerin %63.27’si (93 isletme) dlcege gore
artan getiri, %26.53’1 (39 isletme) Olcege gore sabit getiri ve %10.20’si (15 isletme) Slgege gore
azalan getiri altinda faaliyet gostermektedirler (Cizelge 4).

Odemis’teki isletmelerin %63.25°i (74 isletme) olgege gore artan getiri, %29.06’s1 (34
isletme) Olcege gore sabit getiri ve %7.69’u (9 isletme) Olcege goOre azalan getiriye sahiptir.
Salihli’deki isletmelerde ise bu oran sirastyla %53.33 (16 isletme), %40.00 (12 isletme) ve %6.67 dir
(2 isletme) (Cizelge 4).
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Cizelge 3. incelenen isletmelerde teknik etkinlik, saf etkinlik ve 6lgek etkinligi

flceler Etkinlik Ort. Std. Sapma Min. Maks. Etkin Isl.  Grup icinde
Sayisi %

Teknik 0.88478 0.10053 0.590 1.000 29 24.79
Etkinlik

Odemis  Saf Teknik

an Etkinlik 0.93224 0.08208 0.661 1.000 53 45.30
Olgek 0.94975 0.07237 0.590 1.000 33 28.21
Etkinligi
Teknik 092900  0.07991 0.758 1,000 12 40.00
Etkinlik

Salihli Saf Teknik

(30) Etkinlik 0.98580 0.03492 0.864 1.000 24 80.00
Olgek 0.94277 0.07813 0.758 1.000 12 40.00
Etkinligi
Teknik 0.88226 0.09924 0.588 1.000 31 21.09
Etkinlik

Genel Saf Teknik

aan Etkinlik 0.92901 0.07937 0.661 1.000 60 40.82
Olgek 0.95007 0.07027 0.588 1.000 39 26.53
Etkinligi

Cizelge 4. incelenen isletmelerde dlgege gore getiri analizi

Tlgeler Etkinlik Isletme Sayis1 Grup Icinde %
OG Sabit Getiri (CRS) 34 29.06
Odemis (117) OG Azalan Getiri (DRS) 9 7.69
OG Artan Getiri (IRS) 74 63.25
OG Sabit Getiri (CRS) 12 40.00
Salihli (30) OG Azalan Getiri (DRS) 2 6.67
OG Artan Getiri (IRS) 16 53.33
OG Sabit Getiri (CRS) 39 26.53
Genel (147) OG Azalan Getiri (DRS) 15 10.20
OG Avrtan Getiri (IRS) 93 63.27

Isletmelerin Slcege gore getiri durumlar ile BUD arasindaki iliski incelendiginde, hem
isletmeler genelinde hem de Odemis’te yer alan isletmelerde dlcege gore azalan getiriye sahip olan
isletmelerin BUD’nin diger isletmelere gore daha fazla oldugu belirlenmistir ve dlgege gore getiri
gruplari arasindaki fark istatistiksel agidan anlamli bulunmustur (Cizelge 5).

Cizelge 5. incelenen isletmelerin dlgege gore getiri durumlarma gére BUD (TL/BBHB)

. - Isletme Grup BUD (TL/BBHB)
llgeler Etkinlik Sayist  Iginde %  Ortalama  Std. Sapma Min. Maks.
Odemigeer 00 Sabit Getiri 34 29.06 13841 10975 2857 50 777
@ OG Azalan Getiri 9 7.69 14 166 4615 7563 20 651
BG Artan Getiri 74 63.25 5663 3236 1597 19131
OG Sabit Getiri 12 40.00 12089 20235 3231 75575
Salihli (30)  OG Azalan Getiri 2 6.67 11397 9188 4900 17 895
OG Artan Getiri 16 53.33 4878 2511 2001 11635
Gonglewe  OG Sabit Getir 39 26.53 13977 16 443 3704 98 699
(131”76) 0G Azalan Getiri 15 10.20 15 405 7334 6 400 32737
OG Artan Getiri 93 63.27 5190 2597 1473 15195

Kruskal Wallis testine gore gruplar arasindaki fark ***p<0.01 diizeyinde anlamhdir.
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Etkinlik analizinde degerlendirilen degiskenlerin isletmelerin etkin olma durumlariyla iligkisi
ortaya konulmustur. Buna gore isletmeler genelinde ve Odemis’te yer alan etkin isletmelerde BUD,
diger masraflar ve inek sayisi bakimindan istatistiksel olarak anlamli bir farklilik bulundugu ve bu
degisken degerlerinin etkin olan isletmelerde daha yiiksek oldugu belirlenmistir (Cizelge 6).

Cizelge 6. Incelenen isletmelerin etkin olma durumlarina gére degisken degerleri

Ticeler Degiskenler Birim Etllj(r'SmoJma Ortalama Std. Sapma
- Etkin 14387.09 11 716.66
*%%

BUD (TL/BBHB)  Eiyin Degil 6817.15 4376.18
Etkin 3048.32 2 876.65
Kaba Yem Masraft (TLBBHB)  gyiin Degil 1856.84 131651
. Etkin 4240.03 5 103.95
) Kesif Yem Masrafi (TL/BBHB) Etkin Degil 243283 187331

Odemis . . . ) )
Veteriner, Ilag ve Ast Etkin 216.82 225.84
(117) Masrafi (TL/BBHE) Etkin Degil 144.67 95.35
N Etkin 678.33 399.05
Diger Masraflar*** — (TL/BBHB)  pyi pesil 462,58 249.29
o - Etkin 18.45 6.41
Isgiici (EIB/BBHB)  pin Degil 16.90 5.39
. Etkin 52.69 44.27
Inek Sayist*= (Bas) Etkin Degil 26.52 16.62
. Etkin 12 089.09 20 235.02
BUD (TLBBHB)  gyiin Degil 5 602.45 3 869.86
Etkin 307859 6 141.36
Kaba Yem Masrafi (TLBBHB) £y Degil 188127 1541.39
. Etkin 1697.82 1387.03
Kesif Yem Masrafi (TLBBHB)  giin Degil 1913.41 1481.63
. Veteriner, Tlac ve Ast Etkin 338.12 772.44
Salihli (30)  \1ocrafi (TL/BBHB)  Eiyin Degil 159.89 140.25
N Etkin 639.73 1112.94
Diger Masraflar (TL/BBHB)  Eiyin Degil 355.95 166.56
o - Etkin 19.77 26.61
Isgiicd (EIB/BBHB) £ in Degil 12.89 6.03
. Etkin 58.25 96.09
Inek Sayis (Bas) Etkin Degil 2917 18.86
. Etkin 15 032.90 18 270.54

*k*k

BUD (TLBBHB)  gyiin Degil 6 834.95 5 015.44
Etkin 3475.78 5 395.45
Kaba Yem Masrafi (TL/BBHB)  Eiyin Degil 1869.52 143821
. Etkin 3383.41 434457
Kesif Yem Masrafi (TL/BBHB)  Eiyin Degil 2391.68 1981.93
Veteriner, Tlac ve Ast Etkin 310.01 647.47
Genel (147)  \fasrafi (TL/BBHB)  Eiyin Degil 146.39 112.60
N Etkin 687.21 911.16
Diger Masraflar** (TLBBHB)  giin Degil 454.78 271.90
o . Etkin 20.03 21.88
Isgiicii (EIB/BBHB) £ Degil 16.00 5.76
. Etkin 57.65 68.16
Inck Sayist**= (Bas) Etkin Degil 28.44 20.59

Mann-Whitney U testine gore gruplar arasindaki fark ***p<0.01; **p<0.05 diizeyinde anlamlidir.

Isletmelerin toplam kaba yem masraflar1 iginde yer alan iiretilen yemlere iliskin masraflarin
etkinlik degerini etkileyip etkilemedigini belirlemek i¢in iiretilen kaba yem masrafinin toplam kaba
yem masrafi i¢indeki oran1 %50’nin altinda ve %50’den fazla olan gruplarin teknik etkinlik degerleri
karsilastirilmistir. Buna gore Odemis’te yer alan isletmelerde kaba yem ihtiyacini biiyiik oranda kendi
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iirettigi yemlerle karsilayan isletmelerin teknik etkinlik degerinin daha yiiksek oldugu saptanmistir.
Salihli’de ve isletmeler genelinde de durum ayni olsa da kaba yem ihtiyacimi biiyiik oranda kendi
isletmesinden karsilayan isletmeler ile digerleri arasinda istatistiksel olarak anlamli bir farklilik
bulunmamaktadir (Cizelge 7).

Cizelge 7. incelenen isletmelerin kaba yem ihtiyacini kendi isletmesinden karsilamasinin teknik
etkinlik degeri tizerine etkisi

ilceler Uretilen Yem Masrafinin Toplam Kaba Yem Teknik Etkinlik
gele Masrafi Igindeki Orani (%) (TEcrs)

i ) <50 0.865

Salihli (30) = 0063

<50 0.867

Genel (147) >50 0.892

Mann-Whitney U testine gore gruplar arasindaki fark *p<0.1 diizeyinde anlamhidur.

Ayrica etkin olan igletme sayilariyla iiretilen kaba yem masrafinin toplam kaba yem masrafi
igindeki oranmi karsilastirildiginda isletmeler genelinde etkin olan isletmelerin %74.19’unun {irettigi
kaba yem masraflarinin toplam kaba yem masrafi i¢indeki payinin %50°den fazla oldugu saptanmistir.
Benzer durum Odemis’te yer alan isletmelerde de goriilmektedir. Nitekim Odemis’te etkin olan 29
isletmenin 251 (%86.21) kaba yem ihtiyacin biiyiik oranda kendi isletmesinde tirettigi kaba yemlerle
sagladigi belirlenmistir (Cizelge 8). Elde edilen bu sonuglara gore siit sigirciligr isletmelerinde kaba
yem ihtiyacinin igletme i¢inden karsilanmasi igletmelerin etkinliginin artmasi agisindan énemlidir.

Cizelge 8. Etkin olan isletmelerin kaba yem ihtiyacini kendi isletmesinden karsilama orani

Uretilen Kaba Yemin Toplam Kaba Yem Masrafi

ilcel Etkin Olma Icindeki Oran1 (%) s

gelet Durumu <50 >50 X P

Say1 % Say1 %

Odemis  Etkin 4 13.79 25 86.21 .
(117) Etkin Degil 32 36.36 56 63.64 5.216 0.022
Salihli Etkin 7 58.33 5 41.67 ) )
(30) Etkin Degil 14 77.78 4 22.22
Genel Etkin 8 25.81 23 74.19 -
(147) Etkin Degil 49 42.24 67 57.76 2.783 0.095

Ki-kare testine gore gruplar arasindaki fark **p<0.05; *p<0.1 diizeyinde anlamlidir.

Isletmelerin biiyiikliiklerine gore teknik etkinligi incelendiginde 32 isletmenin yer aldig1 5-15
bag arasi inege sahip olan 1. grupta tam etkinlige sahip olan isletme sayist 17 (%53.13) ve teknik
etkinlik degeri 0.94669’dir. Buna gore bu isletmelerde girdiler %5.33 dizeyinde azaltilsa bile ayni
ciktt degeri elde edilebilecektir. Bu isletmelerde saf teknik etkinlik degeri (0.97613) 6l¢ek etkinligi
degerinden (0.96919) yiiksek bulunmustur. Buna bagl olarak isletmelerin etkinsizliginde optimum
Olcekte iiretim yapamamasindan kaynaklanan performans kayiplarinin etkisi daha fazladir.
Isletmelerin %75.00°i (24 isletme) saf teknik etkinlik acisindan, %53.13’ii (17 isletme) ise olgek
etkinligi acisindan etkin bulunmustur (Cizelge 9). Elde edilen etkinlik analizi sonuglarina gore 1.
grupta yer alan isletmelerin kaba yem masraflarint %3.26, kesif yem masraflarin1 %3.20, isgiicii
kullanimin1 %3.17, veteriner, ilag ve as1 masraflarini %3.74, diger masraflar1 %2.00 ve inek sayisini
%0.78 oraninda azaltabilecekleri belirlenmistir.

46 isletmenin yer aldig1 2. grupta (16-25 bas) tam etkinlige sahip olan isletme sayis1 21
(%45.65) ve teknik etkinlik degeri 0.93467°dir. Bu sonug, girdiler %6.53 diizeyinde azaltilsa bile aym
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ciktiya ulasilabilecegini gostermektedir. Bu isletmelerde saf teknik etkinlik degeri 0.96102, 6lcek
etkinligi degeri ise 0.97200 bulunmustur. Isletmelerin %60.87’si (28 isletme) saf teknik etkinlik
acisindan, %47.83’1i (22 isletme) ise Olgek etkinligi agisindan etkindir (Cizelge 9). Elde edilen
sonugclara gore bu grupta yer alan isletmelerin kaba yem masraflarin1 %7.53, kesif yem masraflarin
%38.66, isglicii kullanimin1 %1.93, veteriner, ila¢ ve as1 masraflarin1 %11.02, diger masraflar1 %3.54
ve inek sayisini %0.58 oraninda azaltabilecekleri belirlenmistir.

3. grupta (26-40 bas) yer alan 36 isletme arasinda tam etkinlige sahip olan isletme sayis1 19
(%52.78) ve teknik etkinlik degeri 0.95481’dir. Buna goére 3. gruptaki isletmelerde girdiler %4.52
diizeyinde azaltilsa bile ayni ¢ikt1 degeri elde edilebilecektir. Bu isletmelerde saf teknik etkinlik degeri
0.97897, 6lcek etkinligi degeri ise 0.97550°dir. Isletmelerin %75.00’i (27 isletme) saf teknik etkinlik
acisindan, %52.78’1 (19 isletme) ise 6l¢ek etkinligi agisindan etkin bulunmustur (Cizelge 9). Etkinlik
analizi sonuglar1 3. grupta yer alan isletmelerin kaba yem masraflarini %3.40, kesif yem masraflarin
%13.30, isgiicti kullanimin1 %0.83, veteriner, ilag ve as1 masraflarini %11.38, diger masraflar1 %1.58
ve inek sayisim %0.03 oraninda azaltabileceklerini gostermektedir.

Aragtirmada en biiyiik 6l¢ekli isletme grubunu olusturan 4. gruptaki 33 isletme arasinda tam
etkinlige sahip 13 isletme bulunmaktadir. Bu gruptaki isletmelerin teknik etkinlik degeri 0.92367tir.
Buna gore girdilerin %7.63 diizeyinde azaltilmasi durumunda bile isletmeler ayni ¢ikti degerine
ulasabileceklerdir. Bu grupta 6l¢ek etkinlik degeri (0.96179) saf teknik etkinlik degerinden (0.95870)
bliyliktir. Bu durum Dbiyiikk o6l¢ekli isletmelerin etkinsizliginin optimal Olgekte iiretim
gergeklestirememekten ziyade girdi kullanim performansindan kaynaklandigini gostermektedir.
Isletmelerin %57.58’i (19 isletme) saf teknik etkinlik agisindan ve %42.42°si (14 isletme) olgek
etkinligi agisindan etkin bulunmustur (Cizelge 9). Arastirma sonuglar1 bu grupta yer alan isletmelerin
kaba yem masraflarin1 %2.02, kesif yem masraflarim1 %12.56, isgiicii kullanimin1 %2.33, veteriner,
ilac ve as1 masraflarim %8.82, diger masraflart %5.26 ve inek sayisini %0.15 oraninda
azaltabileceklerini gostermektedir.

Cizelge 9. incelenen isletmelerin buyukltklerine gore teknik etkinlik, saf etkinlik ve 6lgek etkinligi

flceler Etkinlik Ort. Std. Sapma Min. Maks. EtSIZ;llifl. Grup(%(;mde
Teknik 0.94669 0.08087 0.744 1.000 17 53.13
1. Grup Etkinlik
@32  Saf Teknik 0.97613 0.04962 0.818 1.000 24 75.00
5-15 Bas Etklnhk
Olgek 0.96919 0.05700 0.797 1.000 17 53.13
Etkinligi
Teknik
2. Grup  Etkinlik 0.93467 0.08472 0.729 1.000 21 45.65
(46) Saf Teknik
1625 Etkinlik* 0.96102 0.06851 0.745 1.000 28 60.87
Bag  Olgek 097200  0.04280 0.835 1,000 22 47.83
Etkinligi
Teknik
3.Grup  Etkinlik 0.95481 0.06200 0.744 1.000 19 52.78
(36) Saf Teknik
2640 Etkinlik 0.97897 0.05141 0.747 1.000 27 75.00
Bag  Olgek 0.97550 0.03996 0.846 1.000 19 52.78
Etkinligi
Tel'(‘.”'l'.‘k 092367  0.08974 0.736 1.000 13 39.39
4. Grup Etkinli .
) Saf Teknik
(33) e 0.95870 0.06202 0.785 1.000 19 57.58
>41 Bas Etklnllk
Olgek 0.96179 0.04602 0.870 1.000 14 42.42
Etkinligi
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Olgege getiri durumlar isletme biiyiikliiklerine goére incelendiginde 1., 2. ve 3. grup
isletmelerde en fazla oranda dlgege gore sabit getiri altinda faaliyet gosterdikleri belirlenmistir. Isletme
gruplarinda dlgege gore sabit getiriye sahip isletme oranlar sirasiyla %53.13 (17 isletme), %47.83 (22
isletme), %52.78 (19 isletme) ve %42.42°dir (14 isletme). En biiylik 6lgege sahip olan 4. grup
isletmelerde Slgege gore artan getiriye sahip igsletme oraninin (%51.52) daha fazla oldugu goriilmiistiir
(Cizelge 10). Bu gruptaki isletmelerin ¢ogunda girdi miktarinda belli orandaki artis ¢ikti miktarinda
daha fazla oranda artis saglamaktadir.

Cizelge 10. Incelenen isletmelerin biiyiikliiklerine gore dlgege gore getiri analizi

Isletme Gruplari Etkinlik Isletme Sayist Grup i¢inde %
1. Grup OG Sabit Getiri (CRS) 17 53.13
(32) OG Azalan Getiri (DRS) 4 12.50
5-15 Bas OG Artan Getiri (IRS) 11 34.38
2. Grup OG Sabit Getiri (CRS) 22 47.83
(46) OG Azalan Getiri (DRS) 8 17.39
16-25 Bas OG Artan Getiri (IRS) 16 34.78
3. Grup OG Sabit Getiri (CRS) 19 52.78
(36) OG Azalan Getiri (DRS) 1 2.78
26-40 Bas OG Artan Getiri (IRS) 16 44.44
4. Grup OG Sabit Getiri (CRS) 14 42.42
(33) OG Azalan Getiri (DRS) 2 6.06
>41 Bas OG Artan Getiri (IRS) 17 51.52

4. Tartisma ve Sonug¢

Arastirmada genel olarak isletmelerin teknik etkinligi incelendiginde tam etkinlige sahip
isletme sayisinin 31 adet (%21.09) ve teknik etkinlik degerinin 0.88 oldugu belirlenmistir. Buna gore
stit sigirciligi isletmelerinde girdiler %11.77 diizeyinde azaltilsa bile ayni ¢ikti degerine ulasabilmenin
miimkiin oldugu goriilmektedir. Bu girdiler arasinda yer alan kaba yemin masraflari girdiye yonelik
iyilestirme oranlarinda 6nemli bir paya sahiptir. Bununla birlikte kaba yem ihtiyacini biiyiik oranda
kendi irettigi yemlerle karsilayan isletmelerin teknik etkinlik degerinin daha yiiksek oldugu
belirlenmistir. Bu durum isletmelerde kaba yem iiretimine 6nem verilmesi gerektiginin gostergesidir.
Nitekim Ozden (2011) tarafindan yapilan arastirmada da isletmelerde yem bitkileri iiretiminin etkinligi
pozitif yonlu etkiledigi saptanmustir. Ayrica Sahin ve ark. (2001) tarafindan yapilan arastirmada
isletme Olgegi arttikga hayvan basina elde edilen briit karin arttig1 belirlenmistir.

Daha onceki yillarda siit sigirciliginda yapilan bazi arastirmalarda teknik etkinlik degerleri
Adana ilinde 0.78 (Y1lmaz, 2010); izmir ilinde 0.87 (Koyubenbe ve Candemir, 2006), 0.62 (Giinden
ve ark., 2010) ve 0.86 (Koyubenbe ve Ozden, 2011); Samsun ilinde 0.89 (Giindlz, 2011) ve 0.80
(Bozoglu ve ark., 2017); Aydin ilinde 0.79 (Armagan ve Nizam, 2012) ve 0.82 (Ozden, 2016);
Erzurum ilinde 0.87 (Kdilekgi, 2013); Sanlurfa ilinde 0.84 (Bayraktar ve ark., 2016) ve Kirklareli
ilinde 0.66 (Terin ve ark., 2017) olarak belirlenmistir. Buna gore bu ¢alisma, sonuglari itibariyle siit
sigirciligr isletmelerinde etkinlik degeri yiiksek tespit edilen ¢alismalardan biridir. Caligsmalarda elde
edilen farkli etkinlik degerleri etkinlik analizinde kullanilan degisken ve yontem (girdiye-¢iktiya
yonelik) farkliliklarindan, incelenen isletmelerin teknoloji kullamim farkliliklarindan, ydresel
farkliliklardan, isletmelerin yapisal farkliliklarindan ve yillar itibariyle girdi maliyetindeki
degisimlerden kaynaklanabilmektedir.
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Oz: Fritillaria imperialis L. (Terslale) Tiirkiye’de dogal olarak yetisen ve siis
bitkisi olarak kullanilan bir tlrdlr. Bu tur dogada morfolojik olarak yiiksek bir
genetik varyasyon gostermektedir. Van Goli havzasindan toplanan 74 F.
imperialis genotipi arasindaki genetik ¢esitliligi belirlemek amaciyla yiiriitiilen bu
calismada, 19 farkli iPBS-Retrotranspozon primeri kullanilmistir. Kullanilan 19
primerin tamami1 %2100 oraninda polimorfizm godsteren toplam 94 bant
olusturmustur. Primer basma diisen ortalama bant sayismin 4.94, ortalama
polimorfizm bilgi igeriginin (PIC) ise 0.58 oldugu belirlenmistir. En diisiik bant
veren primer 2 bant olustururken, en yiiksek bant veren primer 10 bant
olusturmustur. Ortalama etkili allel sayisinin 1.50, Shannon bilgi indeksinin 0.47,
gen cesitliliginin ise 0.30 oldugu saptanmustir. Elde edilen sonuglar, Van Golu
havzasindan toplanan ters lale genotiplerindeki genetik farkliligin 6nemli diizeyde
oldugunu ortaya koymustur. Terslale genotiplerinde ilk kez iPBS-Retrotranspozon
markirlart kullanilarak genetik gesitliligin belirlenmesine yonelik olarak yir(tiilen
bu ¢alisma, iPBS-Retrotranspozon markir sisteminin bu tiirde basarili bir sekilde
uygulanabilecegini ortaya koymustur. Elde edilen veriler, terslale (zerinde
yiritilecek islah galigmalari igin 6n bilgi olusturacak niteliktedir.
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Van Lake Basin by iPBS-Retrotranspozon Markers
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Abstract: Fritillaria imperialis L. naturally grows in Turkey and it is used as an
ornamental plant. This species harbored plentiful genetic variation for various
morphological traits in its natural habitat. In this study, 19 different iPBS-
Retrotransposon primers were used to identify genetic variation among 74 F.
imperialis genotypes collected around Van lake basin. 19 primers amplified 94
bands, 100% polymorphism. The average number of bands per primer was 4.94
and the average polymorphism information content (PIC) was 0.58. Maximum
number of polymorphic bands were 10 while the minimum number of
polymorphic bands were 2. The mean effective number of alleles, Shannon
information index and the gene diversity were 1.50, 0.47, and 0.30 respectively.
The results reflected that genetic variations of F. imperialis genotypes collected
from Van lake basin were significant. This is the first report identifying the genetic
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variations of F. imperialis genotypes by iPBS-Retrotransposon primers, and it
proved that iPBS-Retrotransposon marker system could be applied successfully in
F. imperialis for genetics and genomic studies. The data obtained from this study
will provide preliminary information for future F. imperialis breeding activities.

1. Giris

Dinyada Meryemin gozyaslar1 olarak bilinen Fritillaria imperialis L. turli Glkemizde Terslale,
Aglayan gelin, Sahtugu (Tugu sahi), Kral lalesi, Serefeli lale, Giilnahun, Semdinli lalesi veya Hakkari
lalesi olarak bilinmektedir. Cok yillik olan bu tiir siis bitkileri sektorii yaninda tibbi amaglarla da
kullanilmaktadir (Alp, 2006; Rahimi ve ark., 2013).

F. imperialis, Tirkiye’den Viyana’ya gotiiriildiigii 400 yildan daha fazla zamandan beri Bati
Avrupa’da “Crown imperial” olarak bilinmesine karsilik, iran ve Orta Dogu sanatinda ¢ok daha 6nceden
bilinmektedir. Tur Avrupa’da tanitildiktan sonraki 100 y1l i¢inde soguklara dayanikli temel otsu bitkiler
arasina girmistir (Clark ve ark., 2003). F. imperialis’in dogal popllasyonlar1 Tiirkiye’de genis bir alana
yayilmig olup; basta Kahramanmaras, Siirt, Sirnak, Van, Bitlis ve Hakkari illeri olmak tizere, genellikle
1200-2500 m arasindaki yliksekliklerdeki dag yamaclar1 ve g¢aliliklarda yayilis gostermektedir. F.
imperialis tiirQ, etkileyici ¢igeklerinden dolay: kiiltiire alinmis ve basta Hollanda olmak {izere dogadan
toplanarak birgok Avrupa iilkesine ihracati yapilmaktadir (Davis, 1984; Arslan ve Sarthan, 2002; Alp,
2006; Teksen ve Aytag, 2011). Terslale soganlar1 ditiretik, yumusatici, ¢oziicii 6zelliklere sahiptir ve
ayrica taze bitkiler toksik alkaloid olan “imperialine” icermektedir. Soganlari igerdikleri steroidal
alkaloitler sayesinde modern tipta ilag sanayinde kullanma potansiyeli bulunmaktadir (Bingdl ve ark.,
1996).

Genetik cesitlilik degisen cevresel degisikliklere uyum ve tiirlerin uzun siire hayatta kalmalari
icin oldukga 6nemlidir. Tirler arasindaki genetik ¢esitliligin korunmasi da énemli hedeflerdendir; ¢unku
genetik varyasyonun azhigmin populasyonlarin ¢evre sartlarina uyum yetenegini azalttigi
diistiniilmektedir (Chaleshtori ve ark., 2012; Barut ve ark., 2020). F. imperialis tirinin iklim
degisikliginde neslinin devam edip etmeyecegine yonelik genetik cesitlilige sahip olup olmadigi 6nemli
bir sorudur. Tirlin korunmasi igin gerekli olan bilgi popilasyon genetik ¢aligmalari sayesinde saglanir.

DNA’ya dayali molekiiler markirlar {izerine kapsamli arastirmalar tiim diinyada devam
etmektedir. Molekiiler markirlar genetik cesitliligi tespit etmek i¢in yaygin olarak kullamilmaktadir
(Akcali-Giachino ve Inan, 2019). Genetik cesitliligi korumak icin cesitli DNA markirlar1 arasinda
retrotranspozon markirlar1 genel uygulanabilirlik, basit uygulanma ve genetik kararlilik 6zellikleri ile
cok sayida evrimsel ve genetik calismada genis capta uygulanmistir. Retrotranspozonlar kisa evrim
periyodunda yiiksek sayida kopya iireten ve bitki genomunun evrimsel yapisinin 6nemli bir bileseni
olabilen en ¢ok degisken genomik faktorlerden birini sunmaktadir. Retrotranspozonlar o6karyot
hlcrelerde 6zellikle bitki turlerinde genom boyunca bol miktarda bulunmaktadir (Finnegan, 1989). Bitki
genomlari retrotranspozon igerikleri agisindan farklilik gosterirler ve siklikla bitki genomunun %50’sini
olusturmakta hatta bu oran %90’lara kadar c¢ikabilmektedir (San Miguel ve ark., 1996).
Retrotranspozonlarin bol bulunmalar1 ve kendilerini genomun diger bolgelerine eklemeleri farkli grup
organizmalardaki farkli poptlasyonlar igin glcli bir DNA markir olmalarin1 saglamaktadir
(Zampicinini ve ark., 2004). Primer aras1 baglanma bolgesi (iPBS) sekans bilgisi gerektirmeyen gicli
bir DNA parmak izi teknigi olarak ispatlanmistir ve evrensel markir sistemi olarak tercih edilmektedir.

F. imperialis’de genetik cesitliligi belirlemek amaciyla RAPD, ISSR ve AFLP markirlart
onceden test edilmistir. Ancak iPBS-retrotranspozon markirlar: bu turde daha once test edilmemistir.
Bu calismada; 1) Van Golii havzasinda toplanan gigek rengi, ¢igek sayisi, bitki boyu, kahkiil yapisi
farkli olan terslalelerin kendi aralarindaki yakinlik diizeylerinin belirlenmesi, 2) Aymi bdlgeden
toplanmis olan ve dogal olarak yetisen terslalelerde tohum ile ¢ogalmadan kaynakli agilim diizeyinin
belirlenmesi, 3) Terslalede daha Once calisiilmamis iPBS retrotranspozon markir tekniginin
verimliliginin test edilmesi, 4) DNA analizlerinin degerlendirilmesi sonucunda, daha sonra
yapilabilecek projelerde 1slah amaglarma uygun ve farkli ebeveynler secerek melezleme yapmak ve
genetik haritalama ¢alismalar1 i¢in popilasyon gelistirmek amaglanmgtir.
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2. Materyal ve Yontem
2.1. Bitki materyali ve DNA izolasyonu

Calismada bitkisel materyal olarak kullanilan 74 adet terslale genotipi Van Golii havzasinda 5
farkl1 lokasyondan toplanmus ve 2012 yilinda Van Yiiziincii Y1l Universitesi’nde agikta tarla kosullarina
dikilmistir. Bitki DNA’lar1 her terslale genotipine ait gen¢ yapraklardan izole edilmistir. DNA
izolasyonunda Doyle ve Doyle (1990) tarafindan bildirilen yontemde Boiteux ve ark. (1999) tarafindan
yapilan minor modifikasyonu kullanilmigtir. DNA konsantrasyonlari NanoDrop (Thermo Nanodrop
2000) ile olgiilmiis ve iPBS retrotranspozon markir teknigi i¢in 25 ng/pl’ye seyreltilmistir. Caligmada
kullanilan terslale genotiplerinin toplandigi lokasyonlara ait bilgiler Cizelge 1°de verilmistir.

Cizelge 1. Van Goli Havzasinda toplanan terslale genotiplerinin lokasyon bilgileri

Toplanan Bolge Rakim (m) Enlem Boylam Genotip sayisi
1 Aydinocak Kéyii 1923 38311699 D 4254654 K 21
2 Dilmetas Koyt 1802 38321690 D 4254650 K 23
3 Kurutlu Kdyi 1849 38319107 D 4253894 K 8
4 Gokbudak Kdyu 1986 37540017 D 4239351 K 13
5 Doganyayla Koyii 1980 38300325 D 4220099 K 9

2.3. iIPBS-Retrotranspozon analizleri

Calismada, Kalendar ve ark. (2010) tarafindan {iretilen ve evrensel olarak belirtilen iPBS
retrotranspozon DNA molekiler markirlar1 kullanilmistir. iPBS retrotranspozon primerleri rastgele
secilen 8 terslale genotipinde denenmis; en fazla amplifikasyon ve polimorfizm gdsteren primerler
secilmistir. Tarama sonucunda en polimorfik bulunan 19 adet iPBS retrotranspozon primeri tim terslale
genotiplerinin molekuler karakterizasyonunda kullanilmistir. Calismada kullanilan primerlerin kodlari,
sekans bilgileri ve baglanma sicakliklar1 Cizelge 2’de verilmistir. iPBS retrotranspozon analizleri
Kalendar ve ark. (2010)’na goére yapilmistir. PZR (Polimeraz Zincir Reaksiyonu); 25 pl reaksiyon
karisiminda, 25-50 ng DNA, 1 X DreamTaq PZR buffer (Fermentas), 1 uM primer (12-13 nikleotid
primerleri igin) veya 0.6 UM (18 niikleotid primerler i¢in), 0.2 mM dNTPs, 1 tnite Tag DNA polimeraz
(Fermentas) ve 0.04 unite Pfu DNA polimeraz (Fermentas) icermektedir. PZR programi; 6nce 95 °C’de
4 dakika denatiirasyon ile baglamis ve 30 dongli 95 °C’de 15 saniye denatiirasyon, 50-65 °C’de 1 dakika
baglanma (primere bagl olarak degismek tizere), 68 °C’de 1 dakika ve son uzama safhasi 72 °C’de 5
dakikadan olusmaktadir. iPBS analizleri icin elde edilen PZR urunleri 1XTBE tampon cozeltisi
kullanilarak ethidyum bromdir iceren %1.7’lik agaroz jelde kosularak, UV 1sik altinda fotograflari
cekilmistir. Jelde 6ncl olarak 100 baz ¢iftlik DNA kullanilmis, degerlendirmeler buna gore yapilmustir.
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Cizelge 2. Calismada kullanilan primer kodlari, sekanslar1 ve baglanma sicakliklar

Primer Kodu Sekans (5’-3") Baglanma Sicakligi (°C)
iPBS2076 GCTCCGATGCCA 60
iPBS2077 CTCACGATGCCA 55
iPBS2232 AGAGAGGCTCGGATACCA 55
iPBS2239 ACCTAGGCTCGGATGCCA 55
iPBS2078 GCGGAGTCGCCA 63
iPBS2079 AGGTGGGCGCCA 65
iPBS2080 CAGACGGCGCCA 63
iPBS2374 CCCAGCAAACCA 53
iPBS2375 TCGCATCAACCA 50
iPBS2377 ACGAAGGGACCA 53
iPBS2378 GGTCCTCATCCA 53
iPBS2394 GAGCCTAGGCCA 55
iPBS2249 AACCGACCTCTGATACCA 51
iPBS2251 GAACAGGCGATGATACCA 53
iPBS2270 ATCCTGGCAATGGAACCA 55
iPBS2295 AGAACGGCTCTGATACCA 60
iPBS2395 TCCCCAGCGGAGTCGCCA 53
iPBS2415 CATCGTAGGTGGGCGCCA 60
iPBS2383 GCATGGCCTCCA 53
iPBS2270 ATCCTGGCAATGGAACCA 55

2.4. istatistiksel analiz

Secili primerlerin her biri i¢in PZR amplifikasyonu tekrarlanarak retrotranspozon markir sistemi
i¢in DNA profillerinin tekrarlanabilirligi test edilmistir. Sadece gii¢lii ve temiz bantlar analiz i¢in dikkate
almmustir. iPBS-retrotranspozon bantlar ikili skorlama sistemine gére bant varliginda "1" yoklugunda
"0" olarak analiz edilmistir. Parlak ve digerlerinden net sekilde ayrilmis bantlar skorlanmistir, zayif
bantlar yapay bantlarin skorlanmasini 6nlemek i¢in dikkate alinmamistir. Polimorfizm bilgi igerigi De
Riek ve ark., 2001 nin bildirmis oldugu formiile gére hesaplanmistir;

PICi = 2fi(1 — fi) (1)

Formilde; fi: gogalmus allellerin (bant mevcut) frekansini, (1-fi) ise; bos allellerin (bant mevcut
degil) frekansini ifade etmektedir. Dendrogramlar Neighbor Net (NNet) Nei genetik mesafe (Nei, 1987)
kullanilarak Splits Tree v4.11 (Huson ve Bryant, 2006) programi ile olusturulmustur.

Doksandort terslale genotipindeki genetik farkliligi arastirmak igin kullanilan etkili allel sayisi
(Ne), gen g¢esitliligi (h), Shannon bilgi indeksi (I) parametreleri Popgene ver. 1.32 (Yeh ve ark. 2000)
ile hesaplanmustir.

3. Bulgular

Seksen ti¢ iPBS primerinin tamami rastgele secilmis 4 adet terslale genotipinde denenmistir.
Devam eden analizler i¢in net ve tekrar edilebilir bant profiline sahip 19 primer seg¢ilmistir. Belirtilen
19 primer 74 terslale genotipinde denenmis, tamami polimorfik olmak tizere toplam 94 adet skorlanabilir
bant {iretmistir. Primer bagina diisen retrotranspozon bant sayisi, ortalama 4.94 bant olmak (zere 2
(RT2079, RT2232, RT2378) ile 10 (RT2076) arasinda degisim gostermistir. PIC degerleri 0.38
(RT2295) ile 0.97 (RT2232) arasinda degiskenlik gostermis, oOrtalama PIC degeri 0.58 olarak
belirlenmistir (Cizelge 3). Skorlanabilen tiim bantlar polimorfik oldugundan primer basina diisen
ortalama polimorfik ve toplam polimorfik bant sayisi yukarida verilen degerler ile aymidir (4.94)
(Cizelge 3). En diisiik genetik uzaklik 0.102 ile YYU54 ve YYUS56 genotipleri arasinda belirlenirken en
yiiksek genetik uzaklik 1.00 ile YYUG63 ve 25 terslale genotipi (YYUZL, YYU2, YYUS, YYUSG, YYU9,
YYU10, YYUL1, YYU12, YYU13, YYU14, YYU19, YYU20, YYU21, YYU23, YYU24, YYU28,
YYU32,YYU46, YYU48, YYUS53, YYUS54, YYUS5, YYUS57, YYUT73, YYU74) arasinda goriilmiistiir.
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Etkili allel sayis1 (Ne) en yiksek iPBS2239 primerinde (1.73), en diisiik ise iPBS2270
primerinde (1.11) elde edilirken ortalama etkili allel sayis1 1.50 olarak bulunmustur. Ortalama gen
cesitliligi (h) 0.30 iken; en yiiksek gen gesitliligi iPBS2239 primerinde 0.41; en diisiik gen cesitliligi
iIPBS2270 primerinde 0.10 olarak belirlenmistir. Shannon bilgi igerigi (1) 0.20 (iPBS2270) ile 0.60
(iPBS2270) arasinda farklilik gosterirken, ortalama deger 0.47°dir (Cizelge 3).

Cizelge 3. 19 iPBS markirinin terslale genotiplerinde genetik cesitlilik parametrelerinin
degerlendirilmesi

Lokus T* p* P% PIC Ne h I
2076 10 10 100 0.49 1.59 0.34 0.50
2077 5 5 100 0.39 1.52 0.31 0.47
2078 8 8 100 0.60 1.70 0.39 0.57
2079 2 2 100 0.75 1.52 0.33 0.50
2080 3 3 100 0.84 1.34 0.22 0.36
2232 2 2 100 0.97 1.54 0.35 0.53
2239 6 6 100 0.77 1.73 0.41 0.60
2249 4 4 100 0.54 1.53 0.32 0.49
2251 4 4 100 0.70 1.52 0.31 0.49
2270 3 3 100 0.71 1.11 0.10 0.20
2295 5 5 100 0.38 1.33 0.21 0.35
2374 6 6 100 0.56 1.50 0.32 0.50
2375 3 3 100 0.70 1.51 0.33 0.51
2377 5 5 100 0.43 1.48 0.29 0.45
2378 2 2 100 0.95 1.41 0.26 0.42
2383 6 6 100 0.75 1.68 0.38 0.56
2394 7 7 100 0.40 1.53 0.31 0.48
2395 6 6 100 0.58 1.50 0.31 0.48
2415 7 7 100 0.49 1.62 0.35 0.52
Toplam 94 94

Ortalama 494 4.94 100 0.58 1.50 0.30 0.47

PIC: polimorfizm bilgi igerigi, Ne: etkili allel say1s1, h: gen ¢esitliligi I: Shannon bilgi indeksi.

Analizler sonucu 74 terslale genotipinin iki ana gruba ayrildig1 goriilmektedir (Sekil 1). Ik grup (A)
yalnizca tek genotipten (YYU 63 no’lu genotip) olusurken, ikinci grup (B) 73 genotipten olusmustur. B
grubu B1, B2, B3, B4, B5 ve B6 olmak iizere 6 farkli gruba ayrilmistir. Bu gruplardan B1 6 adet genotip
icerirken, B2 4 adet, B3 14 adet, B4 13 adet, B5 16 adet ve B6 20 adet genotip icermektedir. Belirtilen
6 grupta kendi iginde farkli alt gruplara ayrilmistir. Caligmada kullanilan 74 genotipin 57 adeti (YYU1,
YYU2, YYU3, YYU4, YYUS5, YYU6, YYU7, YYUS, YYU9, YYU10, YYU1l, YYU12, YYU14,
YYUL15, YYU16, YYUL7, YYU18, YYU19, YYU20, YYU22, YYU23, YYU24, YYU25, YYU27,
YYU28, YYU30, YYU31, YYU33, YYU37, YYU38, YYU39, YYU40, YYU41, YYU42, YYU44,
YYU45, YYU46, YYU47, YYU50, YYU51, YYU52, YYU53, YYU55, YYU57, YYU58, YYU5S9,
YYUB3, YYU64, YYUG5, YYU66, YYU67, YYU68, YYUG9, YYUT71, YYU72, YYUT73, YYUT74)
kirmizi, 5 adeti (YYU34, YYU36, YYU48,YYUS54, YYUS56) sar1, 1 adeti (YYU49) turuncu renkli
ciceklere sahipken, geriye kalan 11 adet genotip (YYU13, YYU21, YYU26, YYU29, YYU32, YYU35,
YYU43, YYUGB0, YYUGL, YYU62, YYU70) cicek olusturmadan kurumustur. Sari ¢igek rengine sahip
YYU34 ve YYU36 nolu genotipler B3 grubuna ait alt gruplardan birini olusturmustur. Sar1 renge sahip
diger ti¢ genotipten iki adeti de (YYU54 ve YYU 56) B6 grubuna ait alt gruplardan birini olusturmustur.
Sar1 ¢igek rengine sahip olan diger genotip (YYU49) ise YYU54 ve YYU56 genotipleri ile ayni grupta
(B6) yer almasina ragmen, diger sar1 renkli ¢icek yapisina sahip genotipler ayri alt grupta yer almustir.
Turuncu ¢igek rengine sahip genotip (YYU49) B1 grubunda yer almistir (Sekil 2.). Kirmiz1 ¢igek
rengine sahip genotipler bitiin gruplara dagilmistir. Sar1 gicek rengine sahip genotiplerin farkli gruplara
ait alt gruplarda bulunmasi, ¢alisma sonuglarinin ¢igek rengi agisindan genotipler arasindaki farkliliklar
belirlemede yeterince ayirt edici olmadigini géstermektedir. Benzer sekilde diger morfolojik kriterler de
(yaprak; en-boy, govde; tim boy, sap uzunlugu, sap ¢ap1, kandil; sayi-petal boyu, petal eni ve kakul
yaprak sayis1) degerlendirildiginde genotipler arasinda farklihigin tespit edilemedigi gériilmektedir. Bu
durumun kullanilan primer sayisinin az olmasi, tek markir tekniginin kullanilmasi ve caligmada
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kullanilan populasyon iginde kendi aralarinda tozlanmalar sonucu genotipler arasinda genetik olarak
karigimlarin meydana gelmis olmasindan kaynaklandigi diistiniilmektedir.

Sekil 1. iPBS-retrotranspozon markirler: ile olusturulmus 74 terslale genotipine ait dendogram.
4. Tartisma ve Sonug¢

Terslale dahil birgok tiirde bitki genom analizleri 6nemli dlgiide gesitlilik gosterebilen markir
sistemleri kullanarak farkli ¢esitler/tiirler arasindaki iligskiyi sunmaktadir. Farkli markir teknolojileri
farkli genomik bolgeleri gogaltabilir. Cesitli DNA markirlar1 arasinda retrotranspozon markirlari genel
uygulanabilirlik, basit uygulanma ve genetik kararlilik 6zellikleri ile ¢ok sayida evrimsel ve genetik
calismada genis capta uygulanmistir. Retrotranspozonlar kisa evrim periyodunda yiiksek sayida kopya
ureten ve bitki genomunun evrimsel yapisinin 6nemli bir bileseni olabilen en ¢ok degisken genomik
faktorlerden birini sunmaktadir. Retrotranspozonlar 6karyot hiicrelerde 6zellikle bitki tiirlerinde genom
boyunca bol miktarda bulunmaktadir (Finnegan, 1989). Bu 6zelliklerinden dolay1 ¢alismada, iPBS
markir sistemi kullanilmustir. Fritillaria tirlerinde bugiine kadar RAPD, ISSR, AFLP ve SSR markir
teknikleri uygulanmigtir. Ancak bu tiirde iPBS-Retrotranspozon markir teknigi ilk olarak bu ¢alismada
kullanilmistir. Calismada Van Goli havzasindan toplanan 74 adet terslale genotipi iPBS-
Retrotranspozon primerleri ile analiz edilmistir. Analizlerde 19 iPBS-Retrotranspozon primeri
kullanilmis ve skorlanabilir tamami polimorfik olan 94 adet bant iiretilmistir. Primer basina ortalama
bant say1s1 4.94 olup en diisiik bant say1s1 2, en yiiksek bant sayist 10 olmustur ve tiim primerler %100
polimorfizm gdstermistir. Chaleshtori ve ark. (2012), ayn1 tirde AFLP, ISSR ve RAPD markir teknikleri
ile sirasiyla % 99.5, % 80.53 ve % 83.2 polimorfik bant elde etmislerdir. Elde edilen sonuclar, bu
sonuglarla karsilastirildiginda iPBS-Retrotranspozon markir sisteminin terslalede genetik ¢esitliligin
tespiti i¢in kullanilabilecegini gostermektedir. iPBS-Retrotranspozon markirlar: ile defne, biber ve
nohutta genetik cesitlilik {izerine caligmalar yapilmis; polimorfik bant sayilari sirasiyla %84.1, %92,
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%100 olarak belirtilmistir (Karik ve ark. 2019, Yildiz ve ark. 2019, Andeden ve ark. 2012). Terslale
tizerine yiiriitiilen bu ¢alismada ise, polimorfik bant sayis1 %100 olarak bulunmustur. Bu oran iPBS-
Retrotranspozon markir sisteminin terslalede genetik cesitliligi belirlemede basarili oldugunu
gostermektedir.

PIC degeri, genetik ¢esitliligin  belirlenmesinde, polimorfik lokuslarin etkinliginin
anlagilmasinda ve markirin genotipler arasindaki ayrim giiciiniin belirlenmesinde kullanilmaktadir.
Terslale genotipleri tzerine ydrutilen bu caligmada, PIC degeri 0.38-0.97 arasinda degiskenlik
gosterirken, ortalama PIC degeri 0.58 olarak saptanmustir. iPBS markirlar ile biber (Yildiz ve ark.
2019), defne (Karik ve ark. 2019, nohut (Andeden ve ark. 2012), bezelye (Baloch ve ark. 2015), tiitin
(Yaldiz ve ark. 2018), bamya (Yildiz ve ark. 2015) turlerinde yapilan ¢aligmalar, bu markir tekniginin
giivenilir oldugunu ve genetik farkliligin belirlenmesinde kullanilabilecegini ortaya koymaktadir.
Onceki calismalarla, iPBS-Retrotranspozonlarin yiiksek oranda tekrarlanabilir, saglam ve giivenilir bir
markir sistemi oldugu ortaya konulmus (Kalendar ve ark. 2010, Guo ve ark. 2014) ve bu sonuglar diger
markir sistemleriyle de kiyaslanarak kanitlanmistir. Xu ve ark. (2018), Tetradium ruticarpum tirlinde
ISSR ve iPBS markirlar ile genetik farkliligi incelemisler ve iPBS markirlarinin ISSR markir teknigine
gore daha fazla polimorfizm gosterdigini belirtmislerdir. Benzer sekilde piringte SSR ve iPBS markirlari
ile popiilasyon yapisini inceleyen COmertpay ve ark. (2016)’da her iki markirin benzer sonuglar
verdigini bildirmislerdir. Bu sonuglar da dikkate alindiginda, iPBS markirlarinin yiiksek oranda
tekrarlanabilirligi, diisitk maliyet ve glvenilirlik gibi 6zellikleriyle genetik gesitlilik aragtirmalarinda
kullanilabilecegini ortaya koymaktadir.

Van Go6li havzasinda yayilis gosteren terslale genotiplerinde genetik gesitliligi belirlemek igin
farkli parametreler hesaplanmistir (Cizelge 3). Bu parametrelerden biri olan maksimum etkili allel sayis1
(Ne); biiylik genetik varyasyonlarin durumunu gosterir. Bu ¢alismada, ortalama etkili allel sayis1 1.50
olarak bulunmustur. Bu sonug¢, iPBS markirlar1 ile yapilmis ¢aligmalarda bildirilen degerlerden
yuksektir (Karik ve ark. 2019, Yildiz ve ark. 2019, Yaldiz ve ark. 2018). Diger bir parametre olan
ortalama gen cesitliligini (h) ise, Yildiz ve ark. (2019) 0.09 olarak belirlerken, Yaldiz ve ark. (2018)
0.19 olarak belirlemislerdir. Terslale genotiplerinde yiiriitiilen bu ¢alismada ise, ortalama gen ¢esitliligi
0.30 olarak belirlenmistir. Bu sonug; caligmada kullanilan genotiplerdeki genetik ¢esitliligin daha fazla
oldugunu ortaya koymaktadir. Shannon bilgi indeksi, popilasyondaki varyasyonu ayirt etmede
kullanilan bir diger parametredir. Bu ¢alismada ortalama Shannon bilgi indeksi 0.47 olarak saptanmustir.
Bu deger; onceki ¢aligmalarda bildirilen degerlerden daha yiiksektir (Y1ldiz ve ark. 2019, Yaldiz ve ark.
2018, Karik ve ark. 2019).

Genotipler arasindaki en diisiik genetik mesafe 0.102 ile YYU54 ve YYU 56 nolu genotipleri
arasinda bulunmustur. Bu iki genotip B6 grubunda yer almistir (Sekil 2). Terslalede daha énce AFLP,
ISSR, RAPD markirlariyla yapilan ¢alismada, 3 ana grup olusmus ve gruplarin da kendi aralarinda alt
gruplara ayrildigi gozlenmistir. Olusan gruplarda ayni bolgeden alinan genotiplerin ayni grupta yer
aldig1 belirtilmistir (Chaleshtori ve ark. 2012).

Calismaya konu olan terslale genotiplerinin bazi morfolojik 6zellikleri (yaprak eni ve boyu, bitki
boyu, sap uzunlugu ve sap ¢ap1, kandil sayisi, petal boyu ve petal eni, kakiil yaprak sayisi ve ¢icek rengi)
de belirlenerek yapilan genetik analiz sonuglart ile iliskilendirilmeye ¢alisilmistir. Sar1 gicek rengine
sahip genotiplerin ikiserli gruplar halinde toplanmasi kullanilan markir sisteminin bu tiirde bagarili
oldugunu gostermektedir. Nitekim bu genotiplerden ikisi (YYU54 ve YYUS56) yapilan analizler sonucu
en diisiik genetik uzakliga sahip olan genotipler olarak tespit edilmistir. Sar1 ¢igekli genotiplerin hepsinin
bir grup altinda degil de ikiserli olarak farkli gruplar altinda toplanmasinin sebebinin ise sadece ¢icek
rengi ile ilgili bolgelerin cogaltiminin yapilmayip farkli 6zelliklerle de baglantili bolgelerin gogaltiminin
yapilmasindan kaynaklandig1 diisiiniilmektedir. Benzer sekilde YYU65 nolu genotip diger tiim
genotiplerden ayrilarak A grubunu olusturmaktadir. incelenen morfolojik degerler ele alindiginda,
YYU63 nolu genotipini diger genotiplerden ayiran anlamli bir farklilik gériilmemistir. Bu durum
¢ogaltimi yapilan bdlgelerin  incelenen morfolojik karakterlerle baglantili  olmamasindan
kaynaklanabilir. Ayrica bazi 6zellikler multigenik oldugundan dolay1 morfolojik 6zellikler agisindan
YYU63 nolu genotip diger genotiplerden belirli bir sekilde ayirt edilmemektedir. Ancak analizler
sonucu bu genotipin digerlerinden farkli bulunmasi anlamsiz degildir, bu farkliligin incelenen
morfolojik 6zellikler disinda farkli karakterlerden kaynaklandigi diigiiniilmektedir. Calismada
kullanilan terslale genotiplerinin tamami Van Go6lii havzasindan toplanmistir, farkli bolgelerden
toplanan terslaleler ile daha anlamli sonuglar elde edilebilecegini diistiniilmektedir. Her ne kadar
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morfolojik ozellikler bakimindan farkliliklar gézlemlense de gerek kendi aralarinda tozlanmalari
gerekse ayni1 havzadan toplanmalar1 nedeniyle ayirim ¢ok anlamli olmamustir. Bu tir bir 6rneklemede
primer sayisinin artirilmasi ve daha farkli markir sistemlerinin (6zellikle kodominant) kullanilmasi,
belirtilen morfolojik 6zellikler acisindan ayirt edici sonuglar verebilir. Nitekim Yildiz ve ark. (2015),
bamyada iPBS-retrotranspozon ve SSR markir sistemleri ile yaptiklari ¢alismada tohum zarfi ayni renge
sahip olan genotiplerin ayn1 gruplarda toplandiklarini bildirmislerdir.

Calismada, Van Go6li ¢evresinde dogal olarak yetisen terslale genotiplerinden olusan
populasyondaki genetik varyasyon iPBS-Retrotranspozon markir sistemi ile tespit edilmistir. Elde
edilen sonuglar, iPBS-Retrotranspozon markir sisteminin birgok bitkide oldugu gibi terslale bitkisinde
de bagaril bir sekilde kullanilabilecegini ortaya koymustur. Calismanin sonuglari, terslale islahi i¢in
uygun ebeveynlerin segiminde yardimci olacak niteliktedir.
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Abstract: In this research, “incir uyutmasi”, a local dairy dessert, was produced
by adding figs (10%, 15% and 20%) and orange peel albedo (0.2%, 0.4% and
0.6%) layer at different ratios. Produced dairy desserts were stored at 4°C for 7
days. As a result of the physicochemical analysis, it was determined that dry
matter, viscosity, a* (redness) and b* (yellowness) values increased related to
the increase in figs ratios whereas pH and L* (lightness) values decreased
(p<0.05). The highest viscosity value was determined to be 1 325 cp in the 20
g/L fig and 0.6 g/L orange peel albedo sample. The addition of figs and orange
peel albedos had no significant effect on the microbiological values (p>0.05)
whereas the total aerobic mesophilic and psychrophilic bacteria counts
increased during storage (p<0.05). Yeast/mold counts of the samples increased
during storage (p<0.05). The highest increase was found in the samples
containing 15 g/L figs with 2.46 log CFU/g and 0.6 g/L orange peel albedo. As
a result of sensory analyses, the increase in figs ratio was found to be effective
on aroma and texture (p<0.05). The addition of orange peel albedo was found to
have a significant effect on the aroma scores of the samples, however, it had no
significant effects on the texture (p<0.05). Overall evaluation scores increased
during the first 5 days of the storage however decreased in the further days
(p<0.05). The samples which received the highest sensory scores were 20 g/L
figs and 0.6 g/L orange peel albedo sample.

Geleneksel Bir Siit Tathsi Olan Incir Uyutmasinin Kalite Ozellikleri Uzerine, Incir ve

Portakal Albedosu ilavesinin Etkisi
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Oz: Bu arastirmada, ydresel bir siit tatlis1 olan “incir uyutmas1”, farkli oranlarda
incir (%10, %15 ve %20) ve portakal kabugu albedo tabakasi (%0.2, %0.4 ve
%0.6) ilavesi ile iiretilmistir. Uretilen siit tathlar1 4°C’de 7 giin siire ile
depolanmustir. Fizikokimyasal analizler sonucunda incir miktarindaki artisa
bagh olarak kuru madde ve viskozite ile a* (kirmizilik) ve b* (sarilik)
degerlerinde artis belirlenmesine karsimn, pH ve L* (aydinlik) degerinin ise
azalma tespit edilmistir (p<0.05). Depolama sonunda en yiiksek viskozite degeri
1325 cpile 20 g/L oraninda incir ve 0.6 g/L oraninda portakal kabugu albedosu
ilave edilen drneklerde oldugu belirlenmistir. Incir miktar1 ve portakal kabugu
ilavesinin mikrobiyolojik degerlere énemli bir etkisinin olmadigi, buna karsin
toplam aerobik mezofilik ve psikrofilik bakteri sayilarmin depolama boyunca
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arttigin1 belirlenmistir (p<0.05). Orneklerin maya kiif sayilarinda da depolama
stiresince artis meydana gelmistir (p<0.05) en fazla artis 2.46 log kob/g ile 15
g/L siit oraninda incir ve 0.6 g/L siit oraninda portakal kabugu albedosu ilave
edilen orneklerde oldugu belirlenmistir. Duyusal analizler sonucunda, incir
miktari artiginin, aroma ve tekstiir iizerinde etkili oldugu belirlenmistir (p<0.05).
Portakal kabugu albedosu ilavesi orneklerin aroma puanlari {izerine 6nemli
etkisi oldugu, yap1 tizerinde ise nemli bir etkisinin olmadig1 tespit edilmistir
(p<0.05). Genel begeni puanlari depolama siiresinin ilk 5. giinii boyunca artig
gOstermesine kargin takip eden giinlerde azalmistir (p<0.05). Duyusal olarak en
begenilen o6rneklerin 20 g/L siit oraninda incir ve 0.6 g/L siit oraninda portakal
kabugu albedosu igeren 6rnekler oldugu tespit edilmisgtir.

1. Introduction

In Turkey, there are many types of desserts produced by using different raw materials,
additives, process and storage conditions (Ayar et al., 2009). Today, with the rapid changes in lifestyle
and eating habits and the increase in the number of consumers who pay attention to their health and
physical appearance, heavy desserts such as sherbet, viscous desserts and pastry desserts have been
replaced by dairy desserts (Kalitekin, 2015). Dairy desserts are lighter, easier to digest, and have
higher nutritional values than pastry and syrup desserts (Ayar et al., 2009).

Dairy desserts are prepared by boiling milk with sugar and thickening ingredients (Hut, 2012).
Although there are many types of dairy desserts, commercially most common dairy desserts in Turkey
are sutlag, kazandibi, muhallebi and gillag (Secim, 2011).

One of the desserts that have attracted much attention in recent years and have not been
commercially produced yet is “incir uyutmas1”. Incir uyutmasi is a dairy dessert produced by the
Turks in Anatolia and Central Asia. Its composition mainly comprises milk and figs (Ayar et al., 2009;
Hut and Ayar, 2013).

Turkey has a great potential in fruit culture (Yavig et al., 2016). One of these fruits, Figs
(Ficus carica L.) is a species belonging to the Moraceae family (Caliskan, 2012) and it contains many
wild and culture subspecies (Atik, 2012). In the world, especially in tropical areas, there are
approximately 600 species but the most important species in terms of fruit is Ficus carica L., the
Anatolian figs (Gorunmezoglu, 2008).

This study aimed to investigate the physicochemical microbiological and sensory properties of
incir uyutmasi produced by adding figs (10%, 15% and 20%) and orange peel albedo (0.2%, 0.4%,
and 0.6%) at different ratios during the 7-day storage period.

2. Materials and Methods
2.1. Material

Raw cow's milk (pH 6.64+0.15%, fat 3.72+0.35%, non-fat dry matter 7.8+0.14%, protein
2.96+0.28% and density 1.028+0.04 g/cm?3),figs (Ficus alba L.) (in 100g figs; sugar 51.8+1.66 g,
protein 3.34+0.38 g, fat 0.84+0.03 g, Ca 121+4.36 mg, P 148+6.54 mg, Mg 77.45+£2.21 mg, and Fe
2.8+0.87 mg) and orange (Citrus sinensis L.) were obtained from the local markets in Afyon. Albedo
peels of oranges were obtained by peeling the orange, separation of the white parts and drying the
albedo in the shade and grinding to powder at room temperature.

2.2. Figs dessert production

Traditional incir uyutmasi production was carried out by modifying the method explained by
Hut and Ayar (2013). Accordingly, 10 L raw milk was taken and heat-treated at 90°C for 10 minutes.
Figs were cleaned, sorted, then cut into small slices and dried in the shade at room temperature, then
passed through a meat grinder (grinder mirror no. 12) and homogenized. After peeling the orange, the
inner white peel parts (albedo) were separated, and then albedo was dried in the shade at room
temperature and then shredded and powdered in the blender (Waring 8011, USA). A portion of the
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milk was transferred to a large tray and figs (10%, 15% and 20%) was added. Figs are crushed
thoroughly in milk with the help of a large wooden spoon. Then, the rest of the milk was transferred to
the tray and orange peel albedos (0.2%, 0.4%, and 0.6%) were added to the formulation in appropriate
ratios and mixed with the milk. After adding figs and orange peel albedos, the samples were placed in
glass jars and kept at 40°C for 1 hour, then rested for half an hour under room conditions and stored at
4°C.

2.3. Physical and chemical analysis

The pH values of the milk used in the study were determined with Ohaus (ST 5000, USA).
Also, fat, dry matter and density analyzes were made according to AOAC (2016). Kjeldahl method
and Lane-Eynon method were used to the determination of protein and sugar (%) amounts of fig
samples (AOAC 2016). Contents of minerals were measured using an Inductively Coupled Plasma
Atomic Emission Spectrometer (ICP-AES) (Model Agilent 7500c, Agilent Technologies, USA).

The pH values of figs dessert samples were determined according to Ohaus (ST 5000, USA)
and AOAC 981.12 (AOAC, 2016). Viscosity values of the samples were determined using a
Brookfield viscometer (Mod-RVDV++, Brookfield Engineering Laboratories, Stoughton Mass., USA)
with spindle no: 6 at the rotational speed of 100 rpm in 30 seconds (Hut, 2012).

Color analyses of the samples were performed using a colorimeter (Konika Minolta Chroma
Meter CR-400) and L*, a* and b* values were measured (Akarca et al., 2015). Dry matter analyses of
samples were performed according to Hunt and Ayar (2013) using a RADWAG MAC 110/NH
Moisture analyzer.

2.4. Microbiological analysis

Total aerobic mesophilic bacteria (TAMB) and total aerobic psychrophilic bacteria (TAPB)
count analyzes were performed by the streak plate method using Plate Count Agar (PCA) (Merck
1.05463, Germany). Inoculated Petri dishes were allowed to incubate for TAMB count at 30°C for 48-
72 hours and TAPB count at 4°C for 5-7 days under aerobic conditions (Halkman, 2005; I1SO, 2013a;
ISO, 2013b). For yeast/mold count analysis, Rose Bengal Chloramphenicol Agar (Merck 1.00467,
Germany) (RBC) was used and the inoculated Petri dishes were incubated at 22°C for 5-7 days under
aerobic conditions (ISO, 2008). Violet Red Bile Agar (Merck 1.01406, Germany) was used for the
enumeration of total coliform group bacteria (TCGB). Accordingly, Petri dishes were allowed to
incubate for 24-48 hours at 30°C under aerobic conditions (ISO, 1991).

2.5. Sensory evaluation

For the sensory evaluation of the samples, the sensory test parameters were used by modifying
the scoring cards by Akarca et al. (2016) and the differences were determined by the scoring system
on a scale. In the sensory evaluations, 24 panelists were involved in the sensory analysis panel and 12
dessert samples were presented in different ways in each panel. Dessert samples were scored from 1 to
9 for color-appearance, odor-taste, texture-consistency and overall evaluation. Accordingly, the
scoring grades were 1-3 (unacceptable), 4-5 (acceptable), 6-7 (good), 8-9 (very good) (Anonymous,
2012; Onogur and Elmaci, 2012).

2.6. Statistical evaluation
SPSS 20.0 (SPSS Inc, USA) statistical software package program was used to statistically
analyze the results. The data obtained from the analyses were evaluated by variance analysis technique

in a randomized block experiment design. The Duncan test was adopted to determine the level of
difference between groups.

409



YYU TAR BIL DERG (YYU J AGR SCI) 30 (2): 407-418
Caglar et al., / The Effect of Figs and Orange Albedo Addition on the Quality Properties of “incir Uyutmasi”, A Traditional Dairy Dessert

3. Results and Discussion

The ratios of figs and orange albedo added to incir uyutmasi samples and the sample codes are
shown in Table 1. On the 1st day of the storage, the lowest pH value in the samples was determined to
be 5.66 in U22 whereas the highest pH value was determined to be 6.39 in K1. On the last day of
storage, the lowest pH was determined in the U32 sample with 5.46 whereas the highest pH was
determined in K1 sample with 6.5 (Table 2). According to the results of variance analysis (Table 3),
the addition of figs and orange peel albedo was statistically very significant (p<0.0001) while the
storage period was significant (p<0.05). Also, fig X orange, orange x storage and fig x orange X storage
interactions were very significant (p<0.01) while fig x storage interaction was significant (p<0.05;
Table 3). Hut and Ayar (2013) have reported that they determined the pH values of fig desserts
between 5.92 and 6.15.

Table 1. The ratios of figs and orange peel albedo added to the incir uyutmas: samples and the sample

codes
Sample Code Figs Ratio (g/L milk) Albedo Ratio (g/L milk)
K1 10 ---
Ull 10 0.2
u12 10 0.4
Ul13 10 0.6
K2 15 ---
u21 15 0.2
u22 15 0.4
u23 15 0.6
K3 20
U3l 20 0.2
u32 20 0.4
U33 20 0.6

The viscosity of the final product increased as the ratios of figs and orange albedo increased,
(p<0.05). At the beginning of storage, the lowest viscosity value was found in the K1 sample with 480
cp whereas the highest value was found in the U33 sample with 1 425 cp (Table 4). Although the
viscosity values of the samples increased during the first 5 days, they decreased on the 7th day
(p<0.05). On the 7th day of the storage, the lowest viscosity value was determined in the K1 sample
with 725 cp whereas the highest was determined in the U33 sample with 1 325 cp. The results
obtained in this study were in line with the results reported by Ayar (2013) and Kalitekin (2015).

Table 2. Changes in the pH values of figs dessert samples during storage

pH
Sample Storage Period (days)
1 3 5 7

K1 6.39+0.01¢ 6.42+0.0182 6.36+0.03% 6.55+0.0242

ul1 6.23+0.015% 6.12+0.04°¢ 6.14+0.03¢ 6.330.0240
u12 6.18+0.015° 6.18+0.015¢ 6.22+0.014° 6.24+0.01A¢

uU13 6.08+0.01Pbc 6.27+0.027° 6.20+0.015° 6.15+0.03%

K2 5.86+0.11¢¢ 5.77+0.05P9 6.20+0.014° 6.16+0.018¢

u21 6.10+0.028° 6.02+0.04¢¢ 5.93+0.16P¢ 6.19+0.01Ac
u22 5.66+0.13°¢f 5.56+0.085Y 5.79+0.01Bf 6.10+0.147¢

u23 5.75+0.13¢ 6.15+0.04A¢ 5.95+0.078¢ 5.50+0.039

K3 5.72+0.19¢ 5.98+0.015¢ 6.01+0.06A¢ 5.97+0.015f

U3l 5.92+0.045¢ 5.88+0.01°f 6.02+0.01A¢ 5.78+0.01Pf
U3z 5.83+0.06A 5.78+0.018¢ 5.81+0.04A8¢f 5.46+0.0209"
U33 5.80+0.01A¢ 5.74+0.048" 5.36+0.01%9 5.72+0.065"

a-1(|): Values with the same capital letters in the same column for each analysis differ significantly (p<0.05).
A-D (—): Values with the same capital letters in the same rows for each analysis differ significantly (p<0.05).

According to the results of the variance analysis, the effect of figs addition was statistically
very significant (p<0.0001) while the effect of orange albedo addition and storage period was very
significant (p<0.001). Besides, figs x orange and figs x storage time interactions were also statistically
significant (p<0.05; Table 3).
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Table 3. The results of the analysis of variance for the physicochemical analysis of figs dessert
samples (p* value)

Source of Variance pH Viscosity Dry Matter L* a* b*

Figs <0.0001***  <0.0001***  <0.0001***  <0.0001***  <0.0001***  <0.0001***
Albedo <0.0001***  0.0021** 0.0048** 0.041* 0.002** 0.0021**
Storage 0.019* 0.0098** 0.012* 0.0062** 0.0011** 0.0014**
Figs x Albedo 0.0021** 0.035* 0.345ns 0.014* 0.025* 0.0089**
Figs x Storage 0.015* 0.045* 0.098ns 0.021* 0.011* 0.343ns
Albedo x Storage 0.0065** 0.567ns 0.213ns 0.232ns 0.018* 0.0017**
Figs x Albedo x Storage 0.0023** 0.128ns 0.219ns 0.041* 0.031* 0.041*

*p<0.05, **p<0.01, ***p<0.0001, ns: Statistically not significant.

Table 4. Changes in the viscosity values of figs dessert samples during storage

Viscosity

Sample Storage Period (days)

1 3 5 7
K1 480+14.14P9 5551+63.64¢ 825+176.784°f 725+106.075¢
U1l 515+49.50°f 675+106.07¢9 725+106.0789 750+141.42A4
u12 525+106.07°" 615+49.50<" 850+70.714¢f 800+70.718d
uU13 630+113.145¢ 650+141.4289" 800+70.71Af 825+106.074¢
K2 825+106.07¢¢ 810+56.57C¢f 1000+141.42A5 900+70.718
u21 600+70.71Cd% 800+70.71Bf 960+84.854% 900+141.42A0c
u22 800+70.71¢¢ 905+77.78AB¢ 1 050+141.42Ad 850+141.428C¢
u23 1 000+141.42A 925+106.075¢ 1 125+176.78A 950+70.718%
K3 945+134.3580¢ 1 175+35.365¢ 1 275+106.07A¢ 1 025+106.075°
u3l 925+35.36°¢ 1 325+106.074° 1300+70.714° 1 175+35.365°
u32 1050+212.13% 1 325+176.787° 1 375+106.07A% 1 250+70.718%
U33 1 425+106.075° 1535+120.2142 1 535+49.5042 1 325+106.07¢

a-1(|): Values with the same capital letters in the same column for each analysis differ significantly (p<0.05).
A-D (—): Values with the same capital letters in the same rows for each analysis differ significantly (p<0.05).

Dry matter values increased in all samples during storage (p<0.05). On the 1st day of the
storage, the lowest dry matter value in the samples was determined to be 16.41+0.54 in K1 whereas
the highest value was determined to be 24.75+0.09 in U33. On the last day of storage, the lowest dry
matter was determined in the K1 sample with 17.03+£0.57 whereas the highest dry matter was
determined in the U33 sample with 25.22+0.69 (Table 5). According to the results of variance analysis
(Table 3), the addition of figs was statistically very significant (p<0.0001) while the addition of orange
very significant (p<0.01) and the storage period was significant (p<0.05; Table 3).

Table 5. Changes in the dry matter of figs dessert samples during storage

Dry Matter
Sample Storage Period (days)
1 3 5 7

K1 16.41+0.54 16.78+0.548Ci 16.95+1.5248 17.03£0.57%
ul1 16.86+0.45PK 17.07+0.37¢ 18.05+1.048 18.40+0.44A
u12 17.61+0.03 18.18+1.538" 18.43+0.02A8" 18.62+0.9349
uU13 17.92+0.59¢ 18.16+0.188" 18.36:+0.10ABN 18.48+1.29A"
K2 18.05:+0.080" 18.67+0.45%9 20.10+0.168¢ 20.93+0.14Af
u21 19.07+0.43%9 19.97+0.988f 20.06+0.18A89 20.11+0.0479
u22 19.30+1.36%F 20.19+0.068¢ 20.47+0.22A8¢ 20.77+1.44h0¢
uz3 20.02+0.26%¢ 20.11+0.828¢¢ 20.28+0.255f 20.82+0.427¢
K3 23.37+0.04%¢ 23.46+1.498¢ 23.73+0.3578¢ 23.99+0.37Ad
U3l 23.55+0.06°¢ 23.81+0.51¢¢ 24.02+1.058¢ 24.54+0.524¢
U3z 24.17+0.19° 24.43+0.54% 24.67+0.835° 24.89+0.147°
U33 24.75+0.09¢A3 24.90+0.878¢2 25.19+0.43A2 25.22+0.69A2

a-l (1): Values with the same capital letters in the same column for each analysis differ significantly (p<0.05).
A-D (—): Values with the same capital letters in the same rows for each analysis differ significantly (p<0.05).

The amount of dry matter determined in this study is similar to Ayar et al. 2009 but lower than
Hut 2012. The current differences vary depending on the number of figs used and the addition of sugar
and other ingredients in the formulation.
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L* values of figs dessert samples increased in the first three days of storage however
decreased in the following days (p<0.05). At the beginning and the end of storage, the highest L*
values were determined in the K1 sample with 75.14 and 71.32, respectively (Table 6). It was
determined that the increase in figs and albedo ratios added to the samples decreased the L* value
(p<0.05). According to the variance analysis results (Table 3), the effect of the addition of figs was
statistically very significant (p<0.0001) while the effect of the addition of the orange peel albedo was
found to be significant (p<0.05). The effect of storage on the samples was determined to be very
significant (p<0.01). On the other hand, fig x orange, fig x storage and fig X orange x storage
interactions were found to be significant at p<0.05. The a* values of the samples increased during the
storage period (p<0.05).

On the 1st and the 7th day of storage, the lowest a* value was found in the K1 sample with
3.26£0.18 and 3.59+0.04, respectively, whereas the highest a* value was found in the U33 sample
with 4.25+0.13 and 5.10+0.06, respectively (Table 7). It was determined that a* value increased as the
ratios of figs and orange peel albedo increased (p<0.05). According to the results of the variance
analysis (Table 3), the addition of figs was statistically very significant (p<0.0001) while the addition
of the orange peel albedo was found to be significant (p<0.05). In addition, figs x storage, figs x
orange peel albedo and figs x storage x orange peel albedo interactions were significant at p<0.01
level while orange peel albedo x fig interaction was found to be significant at p<0.05 level.

It was determined that b* values of samples increased during storage (p<0.05). The lowest b*
values at the beginning and the end of the storage was determined in the K1 sample with 5.82+0.19
and 6.34+0.08, respectively, while the highest b* values on the first and last day of storage were
determined in the U33 samples with 12.48+0,21 and 13.57+0.40, respectively (Table 8). As the fig and
albedo layer added to the samples increased, b* value increased (p<0.05). According to the variance
analysis results (Table 3), the effect of the addition of figs was statistically very significant (p<0.0001)
while the effect of the addition of the orange peel albedo was found to be significant (p<0.05).

Table 6. Changes in the L* values of figs dessert samples during storage

L*
Sample Storage Period (days)
1 3 5 7

K1 75.14+0.10% 75.79+1.1948 73.32+0.30782 71.32+1.628
U1l 72.55+0.28%° 68.88+0.57B¢ 70.94+1.3148® 69.02+0.378°
u12 71.17+0.06A% 70.07+2.674° 69.81+0.278° 70.04+0.85%°
u13 73.76+1.48780 75.80+0.2342 70.55+1.778 72.13+0.18782
K2 68.10+0.454¢ 67.02+3.824¢ 68.21+1.214° 68.22+0.87A
u21 69.51+1.2948¢ 70.16+1.207° 65.84+0.59¢¢ 67.62+1.635¢
u22 70.42+2,03A 68.64:+0.084B¢ 68.15 £1.27A8P 67.83+0.795¢
u23 71.11+0.04A% 67.82+2.065¢ 66.53+3.6780¢ 64.360.39¢
K3 66.70+0.15A 64.51+0.008¢ 61.60+0.038¢ 60.58+0.19¢
U3l 65.66+0.41A 63.09+0.898¢ 62.73+1.335¢ 60.46+0.35%
u32 67.64+0.944¢ 66.86+2.774¢ 62.32+2.775¢ 56.84+0.37%9
U33 66.67+2.40° 65.73+0.0448 64.15+0.785¢ 59.49+0.79¢

a-g (|): Values with the same capital letters in the same column for each analysis differ significantly (p<0.05).
A-C (—): Values with the same capital letters in the same rows for each analysis differ significantly (p<0.05).
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Table 7. Changes in the a* values of figs dessert samples during storage

Sample Storage Period (days)
1 3 5 7

K1 3.26+0.18°f 3.34+0.06°f 3.55+0.0289 3.59+0.04"
U1l 3.36+0.05P¢ 3.62+0.15¢¢ 3.74+0.115f 3.87+0.10A"
u12 3.68+0.01Pd 3.71+0.14%¢% 3.76+0.085f 3.92+0.18"9
u13 3.38+0.05¢ 3.58+0.065¢¢ 3.62+0.1851 4.09+0.06A1
K2 3.85+0.16°« 3.95+0.11¢ 4.05+0.048¢ 4.47+0.04%¢
u21 4.13+0.05° 4.14+0.23¢ 4.18+0.065Cd 4.43+0.04%¢
u22 4.02+0.13% 4.08+0.22°¢¢ 4.28+0.065 4.60+0.26"4
u23 3.77+0.11% 3.79+0.04% 4.32+0.038¢ 4.62+0.137
K3 4.11+0.05°> 4.32+0.10%% 4.52+0.115¢ 4.83+0.03A¢
U3l 3.95+0.08P¢ 4.27+0.02¢ 4.49+0.2158 4.77+0.147¢
u32 3.9740.04P¢ 4.33+0.03%% 4.73+0.03B° 4.98+0.114°
U33 4.25+0.132 4.59+0.16% 4.83+0.5752 5.10+0.06"

a-1(|): Values with the same capital letters in the same column for each analysis differ significantly (p<0.05).
A-D (—): Values with the same capital letters in the same rows for each analysis differ significantly (p<0.05).

Table 8. Changes in the b* values of figs dessert samples during storage

Sample Storage Period (days)

1 3 5 7
K1 5.82+0.19P 5.91+0.05% 6.15+0.895 6.34+0.08*
U1l 8.09+0.41P 8.11+0.59¢ 8.18+0.548 8.24+2.04A
u12 8.24+0.28“ 8.59+0.885" 9.01+0.69" 9.03+0.08"9
u13 8.30+0.09°" 8.75+0.09%¢ 9.55+0.4158" 10.02+0.13Af
K2 9.65+0.45%9 10.08+0.945f 10.15+0.45489 10.3240.18%¢
u21 10.03+0.46°f 10.48+0.23¢¢ 11.03+0.725f 11.69+0.01A%
u22 10.07+1.77°f 10.55+1.63¢ 10.67+0.765¢ 11.82+0.76”
u23 10.15+0.98P¢ 10.66+0.40%¢ 11.87+0.038¢ 12.53+0.544¢
K3 10.52+0.20°¢ 11.56+0.43¢4 12.28+0.048¢ 13.12+0.354
U3l 11.43+0.50P¢ 11.69+0.49¢¢ 12.49+0.71B% 13.19+0.0642
u32 11.90+0.28P° 12.09+0.71¢° 12.39+1.21B° 13.02+0.044°
U33 12.48+0.21¢ 12.52+0.308¢2 12.59+0.08B2 13.57+0.40%2

a-k (]): Values with the same capital letters in the same column for each analysis differ significantly (p<0.05).
A-D (—): Values with the same capital letters in the same rows for each analysis differ significantly (p<0.05).

Total aerobic mesophilic bacteria (TAMB) counts of fig dessert samples increased during
storage (p<0.05; Table 9). The highest increase during the seven-day storage was 2.03 log CFU/g in
the K2 sample while the lowest increase was 1.07 log CFU/g in the U23 sample.

According to the results of the variance test analysis; The effect of the addition of figs was
found to be statistically very significant (p<0.01) while the addition of orange albedo was significant
(p<0.05) and the storage period was very significant (p<0.0001). In addition, fig x orange, orange x
storage interactions were statistically significant (p<0.05; Table 10).

Total aerobic psychrophilic bacteria (TAPB) counts of the samples increased during the 7-day
storage (p<0.05). On the first day of storage, the lowest TAPB count was determined in the K1 sample
with 2.03+0.08 log CFU/g. On the seventh day of the storage, the highest TAPB count was determined
to be 4.18+0.12 log CFU/g in the U23 sample (Table 9).

The effect of the storage period was found to be very significant (p<0.0001). In addition, fig x
orange interactions were found to be statistically significant (p<0.05; Table 10).

Yeast/mold counts of the samples increased during storage (p<0.05) and the highest increase
was found in the U23 sample with 2.46 log CFU/g (Table 9). Yeast/mold counts of the samples
determined in our research were similar to those reported by Hut and Ayar (2013) whereas higher than
those reported by Ayar (2013). The differences were associated with the high microbial loads of the
materials used in our research (fig, orange peel albedo).
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According to the results of the variance analysis, the effect of the addition of the orange peel
albedo layer on yeast/mold count was found to be statistically significant (p<0.01) while the effect of
the storage time was found to be very significant (p<0.0001). Also, fig x orange, orange x storage
interactions were statistically significant (p<0.05; Table 10).

In the total coliform group bacteria count analysis during storage, no bacteria growth was

detected.

Table 9. Microbiological analysis results of fig dessert samples (log CFU/g)

Storage Period (days)
Sample 1 3 5 7
K1 3.48+0.02°° 4.15+0.03¢% 4.65+0.028% 5.08+0.014¢
U1l 3.28+0.02P 3.57+0.03% 4.26+0.058 4.79+0.01A%
" u12 3.60+0.08¢ 4.12+0.03B° 4.51+0.0578a 4,78+0.04A%
S uU13 3.64+0.05¢ 4.26+0.0382 4.45+0.0178° 4.89+0.02A%
§ K2 3.11+0.06°° 4.00+0.02¢¢ 4.74+0.115 5.14+0.03"
P u21 3.750.05P2 4.45+0.02% 4.78+0.0282 5.08+0.02/
> u22 3.73+0.12¢ 4.19+0.0652 4.41+0.02480 4.55+0.03%°
,i: u23 3.42+0.02¢P 3.92+0.098¢ke 4,17+0.038 4.49+0.05°¢
K3 3.19+0.01P 4.08+0.01¢ 4.61+0.065% 5.03+0.014¢
U3l 3.14+0.06°° 3.74%0.01¢ 4.04+0.065¢ 4.3410.047¢
u32 3.27+0.01°¢ 4.08+0.038 4.61+0.01AB® 4.88+0.01A%
uU33 3.28+0.04°¢ 3.78+0.028¢ 4.22+0.04ABbc 4.53+0.0440
K1 2.03+0.08¢¢ 3.16+0.048%® 3.66+0.05A8% 4.09+0.13"
U1l 2.79+0.04P? 3.28+0.02¢® 3.57+0.0182 3.80+0.027°
u12 2.01+0.03P¢ 2.13+0.10¢ 3.52+0.015%® 3.79+0.047°
2 u13 2.76+0.02¢ 3.27+0.075%® 3.46+0.01ABk¢ 3.91+0.044%
3 K2 2.32+0.02P0 3.01+0.03¢P 3.75+0.015% 4.15+0.01%2
8 u21 2.62+0.09¢ 3.46+0.165 3.79+0.03ABa 4.09+0.052
o u22 2.78+0.05% 3.20+0.148%® 3.42+0.06AB¢ 3.560.064%
ﬁ: u23 2.38+0.02¢P 3.50+0.0382 3.94+0.05"82 4.18+0.12%2
K3 2.53+0.05P% 3.09+0.06°° 3.62+0.1584 4.04+0.02A%
U3l 2.53+0.01¢0 2.75+0.028¢ 3.05+0.06A8 3.35+0.02A°
u32 2.77+0.01¢ 3.09+0.03°° 3.62+0.03A0a 3.89+0.01A%
uU33 2.54+0.08P% 2.79+0.02¢¢ 3.24+0.05B¢ 3.54+0.01A0%
K1 3.15+0.028P 4.32+0.037B¢ 4.76+0.01A% 4.84+0.054¢
U1l 3.27+0.02¢ab 4.51+0.015%° 4.83+0.08AB° 4.95+0.044¢
£ u12 3.12+0.01P 4.59+0.018% 4.74+0.01ABbc 4.97+0.02A¢
3 uU13 3.26+0.10¢® 4.74+0.058 5.23+0.02/82 5.71+0.03A%
g K2 2.650.04¢¢ 3.90+0.07%¢ 4.28+0.02A¢ 4.51+0.0474
o u21 3.45+0.04¢ 4.42+0.03B 4.94+0.0675° 5.90+0.024
E u22 3.36+0.03% 4.84+0.1452 5.33+0.037B2 5.81+0.05"
ke u23 3.12+0.02Pk¢ 4.61+0.02¢% 5.09+0.038 5.58+0.06A°
> K3 3.08+0.02P¢¢ 4.51+0.058° 4.62+0.06"8b¢ 4.74+0.01A«
U3l 3.22+0.02P% 4.71+0.01C% 5.19+0.0182 5.67+0.05A%
u32 3.08+0.01P 4.57+0.04C% 5.05+0.0682 5.54+0.037°
U33 3.28+0.03P% 4.76+0.08% 5.24+0.0182 5.73+0.017¢

TAMB: Total aerobic mesophilic bacteria, TAPB: Total aerobic psychrophilic bacteria.

a-d (]): Values with the same capital letters in the same column for each analysis differ significantly (p<0.05).
A-D (—): Values with the same capital letters in the same rows for each analysis differ significantly (p<0.05).

According to the results of the sensory analysis, the color scores of all samples generally
increased during the first 5 days of the storage period. However, color scores decreased after day 5
(p<0.05). During the storage period, the sample that received the lowest sensory scores was K1
whereas the sample that received the highest sensory scores was U33.
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Table 10. Variance analysis results of microbiological analysis of incir uyutmasi samples (p* value)

Source of Variance TAMB TAPB Yeast/Mold
Figs 0.0032** 0.096ns 0.065ns
Albedo 0.015* 0.128ns 0.002**
Storage <0.0001*** <0.0001*** <0.0001***
Figs x Storage 0.458ns 0.105ns 0.067ns
Figs x Albedo 0.021* 0.032* 0.042*
Albedo x Storage 0.042* 0.765ns 0.048*

Figs x Albedo x Storage 0.816ns 0.762 0.064ns

*p<0.05, **p<0.01, ***p<0.0001, ns: Statistically not significant.
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Figure 1. Sensory analysis color scores of incir uyutmasi samples during the storage period

As the fig ratio of increased color scores increased (p<0.05). The sample that received the
highest color scores was U33, U32 and U31 with scores 7.75 and 7.25, respectively, on the fifth day of
the storage period. In addition, the increase in the orange peel albedo ratio increased the color scores
(p<0.05; Figure 1). According to the results of the variance test analysis, the effect of the addition of
the figs on the color scores was found to be statistically very significant (p<0.0001) while the effect of
orange peel albedo addition was found to be very significant (p<0.01; Table 11). The aroma scores of
all samples decreased during storage (p<0.05; Figure 2). In addition, the increase in the fig and orange
peel albedo ratios added to the product decreased the aroma scores of the samples (p<0.05). On the
first day of storage, the K1 sample had the highest aroma score whereas the lowest aroma score was
determined in U33. According to the results of the variance test analysis, the effects of fig addition and
storage period were found to be statistically very significant (p<0.0001) on aroma scores. In addition,
fig x storage interaction was found to be statistically significant (p<0.05; Table 11).

Table 11. Variance analysis results of microbiological analysis of incir uyutmast samples (p* value)

Source of Variance Color Aroma Texture General Evaluation
Figs Ratio <0.0001*** <0.0001*** <0.0001*** <0.0001***
Albedo 0.0012** 0.123ns 0.231 0.021*

Storage 0.043 <0.0001*** 0.002** 0.012*

Figs x Albedo 0.345 0.342ns 0.543ns 0.213ns

Figs x Storage 0.213 0.041* 0.432ns 0.083ns

Albedo x Storage 0.121 0.076ns 0.213ns 0.269ns

Figs x Albedo x Storage  0.108 0.094ns 0.657ns 0.591ns

*p<0.05, **p<0.01, ***p<0.0001, ns: Statistically not significant.
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It was determined that the texture scores of all fig dessert samples decreased during storage,
especially the rate of this decrease increased from the 5th day of storage (p<0.05; Figure 3). However,
the increase in the ratios of fig and especially orange peel albedo added to the product increased the
texture scores of the samples (p<0.05). In the first and last days of storage, U31, U32 and U33 samples
had the highest texture scores. On the 7th day of the storage, the samples that do not contain orange
peel albedo had the lowest texture scores (p<0.05).

In the analysis of variance test, it was determined that the effect of figs addition on the aroma
scores was found to be statistically very significant (p<0.0001) while the effect of the storage period
was found to be very significant (p<0.01; Table 11).
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Figure 2. Sensory analysis aroma scores of incir uyutmasi samples during the storage period
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Figure 3. Sensory analysis texture scores of incir uyutmasi samples during the storage period
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It was determined that the overall evaluation scores of incir uyutmasi samples increased
during the first 5 days of storage however decreased after the 5th day (p<0.05; Figure 4). The increase
in the fig and orange peel albedo ratios added to the samples increased the overall evaluation scores
(p<0.05). The lowest overall evaluation scores were determined in the samples (K1, U11, U12, and
U13) with the lowest fig ratios on the first and the last days of the storage period. The highest overall
evaluation scores were determined in the samples (K3, U31, U32, and U33) with the highest figs ratios
(p<0.05).

The effect of fig addition on overall evaluation scores was found to be statistically very
significant (p<0.0001) while the effect of storage period and orange peel albedo addition were found

to be significant (p<0.05; Table 11).
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Figure 4. Overall sensory analysis scores of incir uyutmasi samples during the storage period
4. Conclusion

Incir uyutmasi, a Turkish local dessert, has a high nutritional value and commonly consumed
in the region where it is produced. It is thought that this contributed to the promotion of the dessert,
and as a result, it can be produced at a wider region in a commercial sense, thus reaching a wider
consumer mass and contributing to the economic value of the product.

In addition, orange peel albedo addition, an important surplus of the fruit juice industry,
positively changed the general characteristics of the dessert and increased its consumption capacity.

Furthermore, obtaining plant enzymes in Turkey, purification and used commercially is not
sufficient. However, to date, except for a few varieties, the use of plants has been limited due to their
high proteolytic activity. It is necessary to increase the researches on the use of these low-cost plant
enzymes in the industry and to carry out different studies by adding sugar to the formulation and
increasing the orange peel albedo ratio in incir uyutmasi production.
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Abstract: Eggplant fruit result in significant economic losses, as being non-
climacteric is sensitive to chilling injury and short postharvest life. Eggplants
were harvested in Gevas district of VVan, Turkey. The eggplant fruits were
harvested by taking maturity levels into consideration and then placed in foam
plates and covered with Modified Atmosphere Packaging (MAP) for 21 days
in cold air depots containing 10 and 20 °C temperature and 90-95% relative
humidity. The fruits of the same size were divided into 3 different groups. The
first group of fruits was immersed in distilled water as a control. The second
group of fruits were immersed in 1 uM MeJA solution for 10 minutes. The
third group was immersed in 5 uM MeJA solution for 10 minutes. The effect
of postharvest Methyl Jasmonate treatment during the storage period on
respiratory rate, Superoxide dismutase (SOD), catalase (CAT), polyphenol
oxidase (PPO), and malondialdehyde (MDA) were evaluated. The results
obtained from this study suggest that 1 uM Methyl Jasmonate application gives
the best results in terms of parameters such as respiratory rate, SOD, PPO, and
MDA at 20 °C, while 5 pM Methyl Jasmonate was found to be the most
positive one in terms of CAT enzyme activity. As a result, it can be suggested
that MeJA treatments were effective on antioxidativ enzymes and respiration
rate during the storage period.

Pathcan Meyvelerinde (Solanum melongena L.) Metil Jasmonat Uygulamalarinin
Enzimatik Kararma ve Antioksidatif Enzimler Uzerine Etkileri
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Gelis: 21.01.2020
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Online Yaymlanma 30.06.2020
DOI: 10.29133/yyutbd.678198

Anahtar kelimeler

Antioksidatif enzimler,
MAP,

Solunum hizi,
Depolama.

Oz: Meyveleri klimakterik olmayan patlicanlar, {isiime zararina hassas ve hasat
sonrast raf omrii kisa oldugundan dolay1 6nemli ekonomik kayiplara neden
olmaktadir. Caligma materyali olan patlicanlar Tiirkiye de Van'm Gevas
ilgesinde hasat edilmistir. Patlican meyveleri olgunluk seviyeleri dikkate
alinarak hasat edilmis ve daha sonra kopiik tabaklarda modifiye atmosfer
paketleme yapilarak 10 ve 20 °C'de % 90-95 bagil nem igeren soguk hava
depolarinda 21 giin boyunca depolanmistir. Ayni olgunluga sahip meyveler 3
ayrt gruba ayrilmistir. Birinci grup meyveler kontrol olarak saf suya
daldirlmustir. Tkinci grup meyveler 1 uM Metil Jasmonat (MeJA) ¢ozeltisine
10 dakika siireyle daldirilmustir. Uglincli grup meyvelere ise 5 pM Metil
Jasmonat (MeJA) c¢ozeltisine 10 dakika sureyle daldirilmistir. Hasat sonrasi
uygulanan Metil Jasmonat'in solunum hizi, Siiperoksit dismutaz (SOD),
katalaz (CAT), polifenol oksidaz (PPO) ve malondialdehit (MDA) lzerine olan
etkisi arastirilmigtir. Calismadan elde edilen sonuglara goére, 20 °C'de
depolanan meyvelerde 1 uM Metil Jasmonat uygulamasinin, solunum hizi,
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SOD, PPO ve MDA gibi parametreler agisindan en iyi sonuglart verdigi tespit
edilirken, 5 uM Metil Jasmonatin ise CAT enzim aktivitesi agisindan en iyi
sonucu verdigini gostermistir. Sonug olarak, MeJA uygulamalarinin depolama
periyodu boyunca antioksidatif enzimler ve solunum hizi iizerine etkisi oldugu
soylenebilir.

“*The data is from the master thesis of the first author conducted under the supervision of the second author. This
research project was granted by Van Yuzuncu Yil University Scientific Research Projects Department (Project
no: FYL-2018-7288).

1.Introduction

Eggplant (Solanum melongena L.) being a member of the Solanaceae, is grown as an annual
vegetable crop in warm climates and several years in the form of a bushy in tropical climates (Esiyok
and Bozokalfa, 2007). According to FAQ statistic, it was produced 54.07 million tons in 2018 (FAO,
2020). Eggplant has been found to be among the top ten vegetables with regards to antioxidants
claimed to have several health benefits (Ames et al., 1993; Hung et al 2004). Physical injury,
slicing/chopping causes quality impairment giving rise to water loss, softening, microbial
contamination, enhanced respiration rate and enzyme activity. The major restricting factor that brings
down the shelf-life of fresh-cut eggplants is the oxidation of phenolic compounds due to polyphenol
oxidase (PPO) (Barbagallo et al., 2012). It can be stored in low temperature so as to decrease
browning and delay senescence. However, cold storage cannot be utterly utilized, as eggplants are
sensitive to chilling injury (Concelldn et al., 2007). Besides, storage of eggplant in controlled or
modified atmospheres does not exhibit any important benefits. For instance, decreasing oxygen to 3—
5% only protect it from rotting for a couple of days (Cantwell and Suslow, 2009). The main principle
of using lower O, and higher CO, in Modified Atmosphere is theoretically expected to reduce the
respiration rate, ethylene production, browning, weight loss, etc. (Toivonen and DeDell, 2002).
Superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX) (and other peroxidases), or
redox regulatory enzymes such as glutathione reductase (GR) perform mostly related to antioxidant
enzymatic systems activated in plants to neutralize the detrimental effects of oxidative stress (Gill and
Tuteja, 2010; Karuppanapandian et al., 2011; Kipcak et al., 2019).

Lately, the necessity of sustainability and food security has brought about significant changes in
product marketing. This has showed favor the emergence of trade barriers restricting pesticide
residues. In this sense, there have been struggle to reduce the use of inorganic pesticides, and when
these are turned to account the preference to use organic matters (Janisiewicz and Korsten, 2002).
Given these conditions, Methyl jasmonate (MeJA) is a natural compound and it has no restrains for
postharvest practices. So, it has been proved to extend the postharvest life of many fruit crops
(Ghasemnezhad and Javaherdashti, 2008). The application of MeJA on many Kkinds of
fruit/vegetable by means of vapor, immersing or spraying increases the amount of antioxidant
compounds and thus increasing antioxidant activity, since it enhances activity of antioxidant enzymes
such as (SOD) (Cao et al., 2009), (CAT) (Asghari and Hasanlooe, 2015), (APX) (Cao et al., 2009),
(PPO) (Asghari and Hasanlooe, 2015). In addition, the applications of MeJA poise membrane
structure and reduce lipid peroxidation (Ziosi et al., 2008).

Therefore, in this study, it was aimed to determine the effect of MeJA on antioxidant enzymes
and respiration rate during 10 and 20°C.

2. Materials and Methods

The ‘cv. Anamur Karast’ (Solanum melongena) eggplants was used for this study. Eggplants
were harvested in Gevag district of Van. The fruits of the same size were divided into 3 different
groups. The first group of fruits was immersed in distilled water as a control. The second group of
fruits were immersed in 1 uM MeJA solution for 10 minutes. The third group was immersed in 5
uM MelJA solution for 10 minutes. The eggplant fruits were harvested by taking maturity levels into
consideration, and then placed in foam plates containing 3 fruits with stretch film (used as MAP)
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during 10 °C for 15 days and 20 °C for 21 days 90-95% relative humidity. All analyses were
conducted at 3-day intervals following harvest.

2.1. Respiration rate

CO- production of the eggplant fruits in the jars after a keeping period of 2 hours CO; value
was detected with the Headspace Gas Analyzer GS3 / L analyzer at room condition (25 °C). The
respiration rate values of eggplants were calculated by using weight and size values (Cavusoglu,
2018).

2.2. Antioxidative enzyme analyzes

To determine catalase (CAT) and superoxide dismutase (SOD) activity, 1 g of frozen flesh
sample was homogenized with 5 mL of cold 0.1 M Na-phosphate containing 0.5 mM Na-EDTA (pH:
7.5), and then was centrifuged at 18000 rpm for 30 minutes at 4 °C. (Jebara et al., 2005; Bagc1, 2010;
Alp and Kabay, 2019).

2.2.1. Polyphenoloxidase (PPO) activity

Polyphenoloxidase (PPO) activity was determined according to the method indicated by
Yemenicioglu et al. (1997). In order to determine the activity, absorbance value was determined on
spectrophotometer at 420 nm wavelength for 4 minutes at 5sec intervals (Cavusoglu, 2008).

2.2.2. Superoxide dismutase (SOD) activity

The inhibition of nitroblue tetrazolium (NBT) was determined at a wavelength of 560 nm. As
the reaction solution, a mixture of 50 mM Na-phosphate buffer (Na;HPO.s x H20;), 0.1 mM Na-
EDTA, 33 uM NBT, 5 uM riboflavin, 13 mM methionine (pH: 7.0) were used. 2.5 mL of reaction
solution was mixed with 0.1 crude extract. As for SOD activity unit, 50% of NBT was determined as
reductive (Jebara et al., 2005; Bagci, 2010; Alp and Kabay, 2019).

2.2.3. Catalase (CAT) activity

Catalase activity was determined at a wavelength of 240 nm in one minute. 0.05 M phosphate
buffer (pH: 7.0) containing 1.5 mM H,0, mixture was used as the reaction solution. 2.5 mL of
reaction solution and 0.2 ml of fruit extract were mixed. The reaction was started by adding the crude
extract. (Jebara et al., 2005; Bagci, 2010; Alp and Kabay, 2019).

2.2.4. Lipid peroxidation (MDA)

The levels of lipid peroxidation were assessed with regard to malondialdehyde (MDA)
content. Fruit sample (0.5 g) was homogenized by adding 10 mL of 0.1% trichloro acetic acid (TCA)
and then was centrifuged at 15,000 g for 5 minutes. 1 mL of the supernatant sample and 4 ml of 20%
TCA containing 0.5% of thiobarbituric acid (TBA) were mixed. The mixture was kept at 95 °C for 30
minutes, then rapidly cooled in an ice bath and centrifuged at 10000 rpm for 10 minutes. The
absorbance of supernatant was recorded at 532 nm and 600 nm. (Bagc1, 2010).

2.3. Statistical analysis

Descriptive statistics for studied variables (characteristics) were presented as mean and
standard error of mean. The study was carried out as factorial experiments with three factors including
periods, treatments, and temperature based on a randomized design with 3 replicates. One way
ANOVA for completely randomized design was conducted for analyzed the effects of storage
duration, treatments and temperature. Duncan multiple comparison test was also used to identify
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different groups. Statistical significance levels were considered as 5%. The SPSS (ver. 13) statistical
program was used for all statistical computations.

3. Results and Discussion
3.1. Respiration rate

The changes in respiration rate during the storage period of eggplants stored at 10 °C and 20
°C are shown in Table 1. Although fluctuations were caused by increases and decreases in other
applications except for respiration rate 5 uM MeJA application in samples stored at 10 °C during the
storage period, it was determined that there was generally decreases at the end of storage. When the
applications in terms of respiratory rate was evaluated; the lowest respiration rate was found to be
26.37 mL COzkg*h?*in 5 uM MeJA application and the highest respiratory rate was 32.83 ml CO, kg
1htin 1 uM MeJA application. While there were fluctuations due to increases and decreases in
respiration rate during the storage period samples stored at 20 °C; decreases in respiration rate in
general were observed when the applications were examined at the end of storage. In terms of
respiration rate, the lowest respiratory rate was found to be 24.26 mL CO.kg™h? in fruits treated with
1 UM MeJA, whereas the highest respiratory rate was 29.33 ml CO, kgt h't in fruits treated with 5 uM
MeJA.

When the changes in respiration rate for the differences among the treatments were assessed
statistically; The difference among the treatments was not statistically significant in fruits stored at 10
°C, whereas the difference among applications was found to be significant at the 9th day at 20 °C.

Table 1. The changes in respiration rate (mLCOykg*h?) during storage of cv ‘Anamur Karasr’
(Solanum melongena L.) eggplant at 10 and 20 °C.

Storage Storage
Temperature Periods(days) Control 1 uM MeJA 5 Hm MeJA

0 45.630 +5.338 45.630 +5.338 45.630 +5.338
3 33.977 £5.490 39.498 £9.921 39.592 + 3.357

10 °C 6 37.469 +6.116 37.917 £7.310 33.591 + 3.430
9 21.886 +2.489 22.157 £5.177 29.972 +£1.883
12 26.704 £ 4.716 24.437 +3.623 31.067 £ 6.987
15 28.867 +5.607 32.826 £ 2.076 26.367 = 3.285

p values: Prreatments = 0,118; Pstorage periods = 0,135; Pstorage temperatures = 0,122

0 45.630 +5.338 a 45.630 +5.338 45.630 +5.338
3 34.064 £6.021 b 35.955 + 6.888 30.304 £7.201
6 33.426 +4.283 b 37.977 £2.054 41.805 + 3.704

20°C 9 20957 +1.820Bc  28.426 £1.398 A 29.506 = 2.167 A
12 29.377+5.849 ¢ 25.370 £7.319 29.166 +1.842
18 40.175+5.976 a 28.700 £+ 7.907 34.437 +13.580
21 24460 +1.516 ¢ 24.262 +1.601 29.326 +1.238

p values: Prieaments = 0,004; Dstorage perioss = 0,032

a, b, c: | Different small letters in the same storage temperature and treatment represent statistically significant differences
among the storage periods (p<0.05).

A, B, C: — Different capital letters in the same storage temperature and storage periods (the same row) represent statistically
significant differences among the treatments (p<0.05).

The purpose of preserving products in MAP conditions; is to control weight loss, browning,
ethylene production and respiratory rate by reducing physiological changes and quality, through lower
O and higher CO; (Toivonen and DeDell, 2002). Catalano et al. (2007) suggested that atmospheric
conditions with higher CO, and lower O, had positive effects on quality in eggplants, besides, they
reported that PPO enzyme activity is stimulated. As a matter of fact, in the study carried out in MAP
conditions, low respiration rate was found in both MeJA treated fruits and control fruits in both
storage conditions.
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3.2. PPO enzyme activity

PPO enzyme activity and decreases occurred in the samples stored at 10 °C during the storage
period (Table 2). At the end of storage period, the highest PPO enzyme activity was determined in
samples treated with 5 UM MeJA with 2.63 mL/unit, while the lowest was in 1 uM MeJA with 1.23
mL/unit. When the changes in fruits stored at 20 °C for 21 days were examined, there was a
continuous increase in both MeJA treated fruit and control fruit up to the 18th day. At the end of
storage, the highest PPO enzyme activity was determined in 5 uM MeJA application with 5.12
mL/unit, whereas the lowest was found in 1 uM MeJA application with 2.33 mL/unit.

When the differences among the treatments were examined statistically for PPO enzyme, there
was no significant difference in the stored fruits at 10 °C, while there was significant difference among
treatments on the 9th day at 20 °C.

While the difference among storage periods was significant in 5 uM MeJA application, the
difference was not statistically significant in control and 1 pM MeJA application at 20 °C.

In samples treated with 1 and 5 pM MeJA and stored at 10 °C, samples were found
statistically significant-at the 9th day in terms of difference between storage temperatures (Table 2).

Table 2: The changes in PPO enzyme activity (mL/unit) during storage of c¢v ‘Anamur Karast’
(Solanum melongena L.) eggplant at 10 and 20 °C.

Storage Temperature  Storage Periods(days) Control 1 yM MeJA 5 um MeJA

0 1.049+0.219 ¢ 1.049 +0.219d 1.049 +0.219
3 2.795+0.912 ab 1.632+£0.204 ¢ 1.086 + 0.463

10 °C 6 1712+ 0473 ¢ 2.215+0.748 bc 2.358 £0.431
9 3.287+1.075a 2192 £0.111b # 1.797 £ 0.160 #
12 2.185+0.428 b 4.801 £0.000 a 3.075+£1.278
15 1.770+0571¢c 1.239 £ 0.628 cd 2.637+£0.738

p values: pTreatmems = 0,142, pStorage periods = 0,032, pStorage temperatures = 0,021

0 1.049 +0.219 1.049 +0.219 1.049+0.219¢c
3 0.884 £0.206 1.929 +0.979 1.293+0.785¢
6 2.059 + 0.465 2.094 +0.733 3.320+1521b

20°C 9 2401+0.127C 4518 £0.070 A 3.420+£0.213B b
12 2.862 +0.488 3.492 £1.026 3.619+0.392b
18 6.777 £ 1.641 7.235 +0.649 6.734 +£0.916 a
21 2.556 + 0.257 2.330 £ 0.693 5.129 £ 0.947 a

p values: Prieatments = 0,015; Dstorage perioss = 0,022

#: The difference from the 20 °C temperature in the same storage period and treatment is statistically significant (p<0.05)

a, b, c: | Different small letters in the same storage temperature and treatment represent statistically significant differences among the storage
periods (p<0.05).

A, B, C: — Different capital letters in the same storage temperature and storage periods (the same row) represent statistically significant
differences among the treatments (p<0.05).

PPO is found in other cell parts, on the other hand, phenolic compounds are found in vacuoles;
this separation restrains enzymatic browning. If the cell membrane structure of fruits and vegetables is
destroyed by metabolic disorders under stress, PPO interacts with the phenolic compounds to form
browning substances (Lin et al., 2013). Seylam Kiisiimler (2011) reported that the browning was
chiefly related to high levels of saturated fatty acids and lower unsaturated fatty acids. It also reported
that browning demonstrates a positive correlation with high levels of PPO, phenylalanine ammonia
lyase (PAL) and SOD enzymes, but there is a negative correlation with CAT and peroxidase (POD)
enzyme activities. In eggplants exposed to MeJA applications and stored under modified atmospheric
conditions; they reported that PPO enzyme activity was lower while POD and CAT enzyme activity
was higher in fruits treated with MeJA compared to control group. It was reported that browning of
calyx during eggplant storage is the most important indicator of quality loss (Fan et al., 2016; Mishra
et al., 2013). Mishra et al. (2013) suggested that increased browning due to senescence and ripening is
related to PPO and phenolics. It was reported that maintaining product quality and antioxidant activity
increased with high POD and CAT enzyme activity in eggplants (Jing et al., 2014; 2015). Moreover,
Shi et al. (2019) suggested that MeJA combined with low-temperature conditioning delayed the
accumulation of MDA, decreased PPO enzyme activity, and increased the activity of the antioxidant
enzymes such as CAT and POD in eggplant fruit.
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3.3. SOD enzyme activity

While the increases and decreases in all applications during the storage period in the ‘cv
Anamur Karas1 (Solanum melongena L.)eggplant fruits stored at 10 °C and 20 °C in terms of SOD
enzyme activity were observed, an overall increase was found at the end of the storage compared to
the beginning of the storage (Table 3).

At the end of storage, the highest value was found in 1 pM MeJA application with 459.34
unitsgr® and the lowest value was found in 5 uM application with 352.89 unitsgr! FW in eggplants
stored at 10 °C in terms of the change of SOD activity (Table 3). At the end of storage, the highest
value was 542.15 unitsgr* FW in control fruits, on the other hand, the lowest value was found to be 5
UM MeJA with 418.45 unitsgr* FW (Table 3).

When the changes in SOD enzyme activity was statistically examined in terms of the
differences among applications; the difference among the treatments was not statistically significant in
fruits stored at 10 °C, whereas the difference among the treatments was significant at the 9th day at 20
°C (Table 3).

There was statistically significant in the control group, but the difference between storage
temperatures was found to be statistically significant in 1 uM and 5 pM MeJA applications (Table 3).

Table 3: The changes SOD (unitsgr* FW) during storage of cv ‘Anamur Karas1’ (Solanum melongena
L.) at 10 and 20 °C.

Storage Temperature Per?;cé;?ggys) Control 1 uM MeJA 5 um MeJA

0 242.938 +101.977 242.938 +101.977 242.938 +101.977
3 313.148 +£81.839 506.667 + 126.667 335.667 + 95.841

10 °C 6 285.000 + 54.848 572.559 + 190.017 269.658 + 35.532
9 326.501 + 153.483 696.667 + 36.566 # 382.559 +£22.198 #
12 265.564 + 105.359 492,593 +70.370 334.936 £ 71.797
15 417.436 +173.342 459.341 + 83.517 352.898 + 97.033

p values: PTreatments = 0,438; Pstorage periods = 0,327 ; Pstorage temperatures = 0,029

0 B el 242038 101977 242,938 + 101.977
3 957'037 + 497'395 414.226 +37.610 404.630 + 46.546
6 928.889 + 168.889 347.374 +£18.308 520.741 £ 120.249

20 °C 9 ' ;\ ' 303.214 +85.968 C 497.619 +22.619 B
12 264.098 + 140.267 212.413 £ 84.984
18 iggggi f iééggi 345.350 + 145.496 217.138 + 64.546
21 542 156 + 366.089 485.556 + 138.435 418.452 £ 92.572

p values: PTreatments = 0,025; [PStorage periods = 0,621

#: The difference from the 20 °C temperature in the same storage period and treatment is statistically significant (p<0.05)
A, B, C: — Different capital letters in the same storage temperature and storage periods (the same row) represent statistically significant
differences among the treatments (p<0.05).

Menga et al. (2017) in their study have been reported to play an important role in the
antioxidative enzymes SOD and CAT in fruit quality and protection against oxidative stress, as they
provide membrane integrity by destroying active oxygen species in mushrooms. In the same study,
higher SOD and CAT activities were detected in the mushrooms treated with MeJA than the control
during storage. CAT activity was determined in parallel with the study cited above in fruits treated
with MeJA under both storage conditions, and in terms of SOD activity; 1 pM MeJA application at 10
°C also showed parallel with higher SOD activity than control. The lower SOD activity was detected
in eggplant treated with 5 uM MeJA application stored at 20 °C. So, it can be stated that MeJA may
have a positive effect, since browning has a positive correlation with SOD enzyme (Seylam Kiistimler,
2011).

3.4. CAT enzyme activity
CAT enzyme activity of fruits were stored at 10 °C; although there were fluctuations in all

applications during the storage period, a decrease in enzyme activity was observed at the end of
storage. When catalase enzyme activity of the samples stored at 20 °C was observed, at the end of
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storage, it was determined that enzyme activity decreased in all applications compared to the
beginning. At the end of storage enzyme activity; the highest value in 0.005 unitsgr! FW with 5 uM
MeJA application, in contrast, the lowest value was found to be 1 uM MeJA application with 0.002
unitsgr FW (Table 4).

When the variations in CAT enzyme activity was statistically evaluated differences among
applications; the difference among treatments was statistically significant at the 6th day at 10 °C,
whereas there was no significant difference among the treatments at 20 °C. The differences between
storage temperatures for both storages were not statistically significant (Table 4).

Table 4. The changes in CAT (unitsgr* FW) during storage of cv ‘Anamur Karas1’ (Solanum

melongena L.) eggplant at 10 and 20 °C.

Storage Storage
Temperature Periods(days) Control 1 uM MeJA 5 Hm MeJA

0 0.008 = 0.002 0.008 = 0.002 0.008 + 0.002
3 0.003 = 0.002 0.003 = 0.001 0.002 = 0.000

10°C 6 0.004 £ 0.001 A 0.002 +0.001 B 0.001 = 0.000 B
9 0.002 = 0.001 0.002 = 0.000 0.002 = 0.000
12 0.002 = 0.000 0.002 = 0.000 0.003 = 0.000
15 0.002 + 0.001 0.002 + 0.001 0.002 + 0.000

p values: Prreatments = 0,018; Pstorage periods = 0,083 ; Pstorage temperatures = 0,151

0 0.008 = 0.002 0.008 = 0.002 0.008 = 0.002
3 0.005 + 0.004 0.003 = 0.002 0.002 = 0.001
6 0.002 = 0.000 0.001 + 0.000 0.003 = 0.002

20°C 9 0.001 + 0.000 0.002 = 0.001 0.001 = 0.001
12 0.001 + 0.000 0.001 = 0.001 0.001 + 0.000
18 0.001 + 0.000 0.002 = 0.001 0.001 + 0.000
21 0.003 +0.001 0.002 + 0.000 0.005 + 0.003

P values: pTreatments = 0,259, pStora e periods = 01121

A, B, C: — Different capital letters in the same storage temperature and storage periods (the same row) represent statistically
significant differences among the treatments (p<0.05).

Liu et al. (2016) suggested that MeJA applications reduced chilling injury and also increased
CAT enzyme activity by reducing the accumulation of H,O,. In fact, researchers have reported that
CAT has an important role in H,O, accumulation. Many researchers have reported that the chilling
damage prevented by MeJA implementation is associated with the increased CAT enzyme activity
(Venkatachalam and Meenune, 2015; Cao et al., 2009; Esim and Atici, 2014; Wu et al., 2014).
According to Zhu and Tian (2012), MeJA applications cause the deterioration of H.O, by activating
CAT and POD activity, and by regulating the production of reactive oxygen species, MeJA increases
the resistance of tomatoes and leads to an increase in CAT enzyme activity. It is reported that MeJA
applied to banana trees from the exogenous stimulates CAT and POD activity and induces a decrease
in H202 and O- levels (Sun et al., 2013).

3.5. MDA activity

When MDA levels of eggplant samples subjected to MeJA applications were examined during
the storage period at 10 °C; it is determined that MDA level decreased at the end of storage compared
to the beginning, although there were increases and decreases in applications. At the end of storage,
the highest value was found in control application with 3.56 unitsgr* FW, while the lowest value was
determined with 5 pM MeJA application with 2.96 unitsgr! FW. In addition, fluctuations were
determined during the storage period, while a decrease was observed at the end of storage. At the end
of storage, the highest MDA value was 3.82 unitsgr® FW in the control group whereas the lowest
MDA value was found to be 1 uM MeJA application with 3.48 unitsgr' FW (Table 5).

In the study, there was no statistically significant difference among the treatments and storage
periods in all groups stored at 10 °C and 20 °C. The differences between the storage temperatures for
both storages were not statistically significant in the changes MDA levels (Table 5).
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Table 5: The changes in MDA (unitsgr FW) levels during storage of cv ‘Anamur Karas1’ (Solanum

melongena L.) eggplant at 10 and 20 °C.

Storage

Storage

Temperature Periods(days) Control 1M MeJA S Hm MeJA
0 3.914 +£0.382 ab 3.914 £ 0.382 3.914 £ 0.382
3 4.043+0.114a 3.914 +£0.188 3.312 +£ 0.368
10°C 6 4172 +0.188 a 3.742 £ 0.415 3.398 + 0.368
9 2.796 £ 0.114 b 3.183 £ 0.301 3.054 +£0.172
12 2.237+0.262 b 3.011+1.145 3.699 + 0.368
15 3.570 £ 0.282 ab 3.355 + 0.649 2.968 + 0.591
p values: Prreatments = 0,078; Pstorage periods = 0,033 ; Pstorage temperatures = 0,151
0 3.914 +0.382 3.914 +0.382 3.914 +0.382
3 3.355 + 0.537 4.301 +0.410 3.828 £ 0.765
6 3.355 + 0.269 3.441 + 0.455 4.086 + 0.352
20°C 9 2.753+£0.188 3.355 +0.325 3.527 +£0.228
12 3.828 + 0.240 3.054 +0.479 3.269 + 0.455
18 3.484 +£0.394 3.699+£0.114 3.871 £ 0.649
21 3.828 +£ 0.301 3.484 +£0.149 3.613 £ 0.075

p values: Prieatments = 0,186; Dstorage perioss = 0,253

a, b, c: | Different small letters in the same storage temperature and treatment represent statistically significant differences
among the storage periods (p<0.05).

Rawyler et al. (1999), have suggested that there is a correlation between ATP and membrane
damage in plants. An ATP deficiency can lead to lipid peroxidation as a result of more production of
free radicals damaging cell membranes (Harwood, 1998; Alp, 2017). Membrane damage caused by
low temperatures is thought to be a major cause of chilling injury. In order to detect membrane
damage, chilling injury and loss of integrity in membranes; by examining ion leakage and MDA
content can be detected (Wang, 1990). Rui et al. (2010) reported that the application of temperature in
the loquat fruit increases the tolerance to chilling injury by providing low ion leakage and MDA
content. In a study conducted by Jin et al. (2012) on peach, MeJA application was found to lower
MDA contents than control fruits and it was similar to the results of our study.

4. Conclusion

As a result, it can be suggested that MeJA treatments delayed the accumulation of MDA,
decreased PPO enzyme activity, and increased the activity of the antioxidant enzymes such as CAT
and SOD as well as, were effective on respiration rate during the storage period. 1 uM Methyl
Jasmonate application gives the best results in terms of such parameters as respiratory rate, SOD, PPO,
and MDA parameters at 20 °C, while 5 uM Methyl Jasmonate was found to be the most positive in
terms of CAT enzyme activity.
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Abstract:The study was arranged as factorial experiment in a completely
randomized design with three applications of cultivar (Parus and Gaviota), 24-
Epi brassinolide concentrations (0, 1 and 2 mgl?) and temperature (normal and
stress) as three replications. Some of the measuring characteristics showed that
there was a significant difference among the treatments. Under heat stress
conditions, foliar application of 24- Epi brassinolide at 1 mgl* concentration
increased the amount of catalase and superoxide dismutase activity in leaves of
Parus cultivar. Both cultivars fruits showed the highest total soluble solid contents
in treatment 24- Epi brassinolide spraying at 2 mgl* concentrations under normal
temperature. The highest total phenolics was in Gaviota cultivar treated with 24-
Epi brassinolide spraying at 2 mgl? concentrations under normal temperature.
Both cultivars had the lowest flavonoid in treatments without 24- Epi brassinolide
and with 24- Epi brassinolide at 2 mgl? concentrations under heat stress
conditions. In Gaviota cultivar, application of high concentration of 24- Epi
brassinolide (2 mgl?) prevented the reduction of total anthocyanin under heat
stress conditions.

24-Epi Brassinolidin, Sicaklik Stresi Kosullarinda Parus ve Gaviota Cilek Cesitlerinin
Baz Biyokimyasal Ozellikleri Uzerine Etkisi
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Oz: Caligma, gesit (Parus ve Gaviota), 24-Epi brassinolid konsantrasyonlar1 (0,
1 ve 2 mg/l) ve sicaklik (normal ve stres) olmak iizere li¢ uygulama 3 tekerriirlii
olarak tesadiif parselleri faktoriyel deneme deseninde diizenlenmistir. Olgiim
ozelliklerinden bazilari, uygulamalar arasinda Onemli bir fark oldugunu
gOstermigtir. Sicaklik stresi kogullari altinda, 24 mg-Epi brassinolidin 1 mg/Il
konsantrasyonunda yapraktan uygulanmasi, Parus c¢esidinin yapraklarindaki
katalaz ve slperoksit dismutaz aktivitesini arttirmustir. Her iki ¢esidin
meyveleri, normal sicaklik altinda 2 mg/l konsantrasyonunda 24-Epi brassinolid
uygulamasinda en yiiksek suda ¢oziiniir kuru madde igerigine sahip olmustur.
En yiiksek toplam fenolikler, normal sicaklik altinda 2 mg/l konsantrasyonunda
24-Epi brassinolid uygulanan Gaviota ¢esidinde tespit edilmistir. Her iki ¢esit,
24-Epi brassinolid icermeyen ve 24-Epi brassinolid iceren uygulamalarda,
sicaklik stresi kosullar1 altinda 2 mg/l konsantrasyonunda en diisiik flavonoid
icerigine sahip olmustur. Gaviota g¢esidinde, yiiksek konsantrasyonda 24-Epi
brassinolid (2 mg/l) uygulanmasi, sicaklik stresi kosullar1 altinda toplam
antosiyanin miktarinin azalmasini dnlemistir.

429


https://orcid.org/0000-0003-3430-0450
https://orcid.org/0000-0001-6197-2231
https://orcid.org/0000-0001-9396-7373
https://orcid.org/0000-0002-7813-5226

YYU TAR BIiL DERG (YYU J AGR SCI)30 (2): 429-437
ASADI AGHDAMet al.,/Effect Of 24- Epi Brassinolide on Some Biochemical Characteristics of Parus and Gaviota Strawberry Cultivars Under Heat Stress Conditions

1. Introduction

Strawberry fruit has a great flavor and rich in vitamins which has a special place in the diet of
people all over the world. The strawberry is adapted to different growth of plants. Under high
temperatures, in plants sexual reproduction is more sensitive than environmental conditions and is
cultivated in most climatic zones.The heat stress in plants is the rise in temperature above the
threshold level for a period that causes irreversible damage the vegetative processes and therefore
reproductive organs of the plants will be vulnerable to short-term exposure under high temperatures
at the initial stage of flowering(Reddy and Kakani, 2007). Brassinosteroids are a group of plant
hormones that regulate plant growth and development.24- Epi brassinolideis one of the most
important forms of brassinosteroids. They control the growth of plants from seed germination to
senescence (Kaplan and Gokbayrak., 2012). Some of the components of brassinosteroid signaling
pathway act as multifunctional proteins involved in other signaling networks regulating diverse
physiological processes, such as photomorphogenesis, cell death control, stomatal development,
flowering, plant immunity to pathogens and metabolic responses to stress conditions (Gruszka, 2013).
In gossypium plant with brassinosteroids application, some of the vegetative growth characteristics
such as shoot length, fresh weight, dry weight and leaf area showed high values (Johnson and
Lingakumar, 2011).The use of brassinosteroid was effective in stimulating the tomato fruit ripening,
increasing soluble sugars, ascorbic acid, lycopene contents, respiration rate and ethylene production (
Zhu et al., 2015).In “Tak Danehe Mashhad’ plant, the fruits treated with brassinosteroid increased the
color of the fruit by increasing the amount of anthocyanin, organic acids, ascorbic acid, and phenol
content(Roghabadi and Pakkish, 2014). Antioxidant enzymes play the first line of defense against
oxidative stress in plants. This has a significant impact on the concentration of O, and H,0sin
plants(Valizadeh et al., 2013). In the Leymus chinensis plant, spraying of brassinolide at swollen bud
stage led to increase of antioxidant enzymes system in plants under high temperature (Niu et al.,
2016). The use of 24- Epi brassinolide prevents the destruction of proteins and helps to increase cell
membrane stability at high temperatures (Yadava et al.,2016). The present study aimed toselect
optimal concentrations of 24- Epi brassinolide to improve some biochemical characteristics in
strawberry cultivars under heat stress conditions.

2. Materials and Methods
2.1. Plant Material and Experimental Design

Seedlings of strawberry (Parus and Gaviota) from The Royal Green Agricultural Company
were prepared and cultivated in 10 | pots filled with perlite and cocopeat in a smart greenhouse
located in the Aras Greenhouse Town in Jolfa City. Plants were fertigated by Hoagland'ssolution. At
flowering stage plants were sprayed by 24- Epi brassinolide and plants were subjected to thermal
stress (42 °C for 3 hours) 24 hours after 24- Epi brassinolide spraying (In an isolated environment
condition and by heater has a hot air tunnel connected to the smart climate control system). The
experiment was arranged as a factorial in a completely randomized design with three factors, cultivar
(Parus and Gaviota), 24- Epibrassinolide concentrations(0, 1 and 2 mgl™?) and temperature (normal
and stress), as three replications.

2.2. Superoxide dismutase, peroxidase and catalase enzymes activityevaluation

The activity of the superoxide dismutase enzyme of leaf and fruit was evaluated by measuring
its ability to control the photochemical reduction of nitro-blue tetrazolium (Beauchamp and Fridovich,
1971). The activity of theperoxidasewas performed according to (Change and Maehly, 1955). The
activity of thecatalasewas performed according to (Aebi, 1984).
2.3. Titratable acidity and total soluble solids content evaluation

To measure titratable acidity, 6ml of fruit juice from each sample were mixed with 50 ml of

water and used for titrating with 0.1 N NaOH to an end point of pH 8.2. The total volume of NaOH is
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measured and used to calculate the titratable acidity (Suarez et al., 2010). Total soluble solids content
(TSS) were measured by a digital refractometer and expressed as ‘Brix (Adak, et al., 2018).

2.4. Total phenolics, flavonoid, antioxidant and anthocyanin evaluation

Evaluation of phenolic content was done according to Upadhyay and Maier (2016). First, 0.2
g of fruit tissues was immersed in 2 ml of acidic methanol solution for 2 hours. After extraction,
centrifugation was performed at 1000 x g for 15 minutes.Supernatants (100 ul) were incubated for 5
minutes after mixing with Folin-Ciocalteu at 22°C. Then, the reaction mixture was kept at 22 ° C for
90 minutes by adding sodium bicarbonate (0.1 M, 0.75 ml) to the reaction mixture. Absorbance values
were measured in the range of 725 nm and total phenol content was calculated by p-coumaric acid
standard curves and it was expressed as pg-g! fresh weight.Flavonoids were extracted from fruit
tissue (0.5 g) overnight in ethanol. Flavone and flavonol levels were determined by AICI3
colorimetric method using quercetin standard in the absorbance range of 415 nm and flavanones were
determined by colorimetric method with 2,4-diphenylhydrazine using naringenin in the absorbance
range of 495 nm. The sum of naringenin and quercetin equivalents was estimated as flavonoid content
and it was expressedas pg-g* fresh weight (Upadhyay and Maier, 2016). Measurement of antioxidant
content by DPPH (2.2-diphenyl-1-picrylhydrazyl) radical inactivation method was performed with
antioxidant compounds in fruit extract in the absorbance range of 515 nm.First, 100 pyM DPPH was
dissolved in 80% methanol and then the fruit extract was added. After 30 minutes, the resulting
solution was analyzed in the absorbance range of 515 nm. Total antioxidant activity was
expressedasuM100 g-1 fresh weight (Rodrigues et al., 2011).To evaluate the anthocyanin content, 0.2
g of fruit tissue was selected and its anthocyanin was extracted using 3 ml of 1% acidic methanol
overnight.After 24 hours, the formed phase was separated using chloroform (3 mL) and water (2
mL).The aqueous phase absorption was determined in the absorption bands of 530 and 657
nm.Anthocyanin content was calculated using the formula A530 — A 657 and expressed per g* fresh
weight (Laxmi et al., 2004).

2.5. Statistical analysis

The data were analyzed using ANOVA analysis. The difference among treatment means were
compared by Duncan’s test at 0.05 significant level. SPSS version 16.0 software is used for all
statically analysis.

3. Results
3.1. Superoxide dismutase, peroxidase and catalase enzymes activityof leaves

Results indicated that there was significant difference in antioxidant enzymes activity
(superoxide dismutase, peroxidase and catalase) in leaves between Parus and Gaviota cultivars. 24-
Epi brassinolide application (at 2 and 1 mgl? concentrations) in normal temperature significantly
increased the amount of antioxidant enzymes activity (superoxide dismutase, peroxidase and catalase)
in leaves of Parus cultivar. Under heat stress conditions, foliar application of 24- Epi brassinolide at 1
mgl? concentration increased the amount of catalase and superoxide dismutase activityin leaves of
Parus cultivar. In Gaviota cultivar under both of stress and normal temperatures, 24- Epi brassinolide
had no significant effect on leaves antioxidant enzymes activity compared to control. (Figure 1- a, b
and c).

3.2. Superoxide dismutase, peroxidase and catalase enzymes activityof fruits

Results indicated that there was significant difference in antioxidant enzymes activity
(superoxide dismutase, peroxidase and catalase) in fruits between Parus and Gaviota cultivars.
Theapplication of 24- Epi brassinolide at 2 mgl™ concentrations in normal temperature significantly
increased the amount of antioxidant enzymes activity (superoxide dismutase, peroxidase and catalase)
in fruits of Gaviota cultivar. In Parus cultivar, application of 24- Epi brassinolide at 1 mgl
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concentrationin normal temperature significantly increased the amount of catalaseactivity of fruits. In
both of Gaviota and Parus cultivars, foliar application of 24- Epi brassinolideunder heat stress
conditionshad no significant effect on leaves antioxidant enzymes activity compared to control.
(Figure 1- d, fand e).

3.3. Titratable acidity and total soluble solids content

Results of data variance analysis indicate that significant differences had among treatments in
titratable acidity and total soluble solid contents in fruits of Parus and Gaviota cultivars. In both of
Gaviota and Parus cultivars heat stress result to reduce of fruit titratable acidity. Use of 24- Epi
brassinolide had no significant effect on fruit titratable acidity compared to control. Both cultivars
fruits was showed the highest total soluble solid contents in treatment of 24- Epi brassinolide spraying
at 2 mgl* concentration under normal temperaturefollow by was observed in Parus cultivar in 24- Epi
brassinolide sprayed at 1 mgl™ concentrationunder normal temperature and at 2 mgl™ concentration of
24- Epi brassinolide under heat stress condition.Control treatment was showed the lowest total soluble
solid contents were observed in Parus cultivar (Table 1).

Table 1. Effect of 24- Epi brassinolide on some characteristics of Parus and Gaviota strawberry
cultivars under heat stress condition

TSS Titratable Acidity Total Phenolics
treatment (°Brix) (%) (ng-g™)

Parus  Gaviota Parus Gaviota Parus Gaviota

ol Fr —
2 mgl™ 24- Epi brassinolide + Normal 498 458 0.159° 0.153% 4265 909 8°

temperature
L, temperature

1 mgl=24 Ef;rﬁgaesrsa't’L?'e'de+N°rma' 3.7 4 0148%d  0150%c  4165¢  576.8%
L, emperature

2 mgl™24 Esr'n%r;sast'l?r‘;“d“’s”ess 38® 410 013959 01380 4g45bd 554 50
194, . . .

1 mgl™24 Esr'n?)r;ftﬂ‘;"d“s”ess 3.4% 350 0.135¢  0.139"¢ 36520 5058
194 . . .

0 mgl~24 E';’e'rf’];f‘esfe:t”u‘igd“'\'orma' 2.5 35%  0155%  0.152%°  470.8%¢ 64520
1, SEMperature.

0 mgl~24 Etg:ntg:f:t'ﬂfe“de*s’”ess 34 34 01349 01349 41920 63420

Treatments with similar letters based on Duncan test in the level of five percent have no significant difference.
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Figure 1. Effect of 24- Epi brassinolide on superoxide dismutase, peroxidase andcatalase activity of leaves
and fruits of Paros and Gaviota strawberry cultivars under heat stress condition.
Treatments with similar letters based on Duncan test in the level of five percent have no significant difference.
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3.4. Total phenolics, flavonoid, antioxidant and anthocyanin

The highesttotal phenolicswas observed in Gaviota cultivar by treatment of 2 mgl
1 24- Epi brassinolide in normal temperature (Table 1). The highest flavonoid was observed in case of
sprayed with 24- Epi brassinolide under normal temperature (in Parus and Gaviota cultivars
respectively at 2 and 1 mgl concentrations). Both of cultivars were showed the lowestflavonoid as no
application of 24- Epi brassinolide. The highestantioxidant was in Parus cultivar in treatments of 24-
Epi brassinolide spraying at 1 mgl? concentration under normal temperature and the
lowestantioxidant was observed in treatments of 24- Epi brassinolide spraying at 1 mgl?
concentration under heat stress conditions. In Gaviota cultivar, application of high concentration of
24- Epi brassinolide (2 mgl?) prevented the reduction of total anthocyanin under heat stress
conditions. While, the lowesttotal anthocyanin in both cultivars fruits was observed with no
application of 24- Epi brassinolide solution under heat stress conditions (Table 2).

Table 2. Effect of 24- Epi brassinolide on some characteristics of Parus and Gaviota strawberry
cultivars under heat stress condition

Flavonoid Antioxidant Content ~ Total Anthocyanin
treatment (ugg™ (uMol.100 g-1) (A530 -1 657 g}

Parus Gaviota Parus Gaviota Parus Gaviota

——
2mgl™ 24- Epi brassinolide + Normal - 17 g, 630 95130 g5gom  10.35%c 13240

temperature
1o, oomperature
1 mgl™24- Epi brassinolide + Normal 15 ucse 1960 gg19: 95720 1146®  12.35®
temperature
1 _ - . .
2 mgl™ 24- Epi brassinolide + Stress g.7d 8.4¢ 96,082 96,15 7 Bbe 11,46
temperature
1 _ - . .
1 mgl™24- Epi brassinolide + Stress g goe 19 qode  gg g gageb 34w 719w
temperature
ELY R - - -
0mgl24- Epi brassinolide + Normal 15 e 1450 g5 g7 g544®  11.8%  g.68%"
temperature
1, pomperature.
0 mgl*24- Epi brassinolide + Stress 9.1¢e 9.60 96.02% 95 25 5 560 5 A5
temperature

4, Discussion and conclusion

Under heat stress conditions, increase of antioxidant enzyme activity as a defense mechanism
is essential to reduce the negative effects of stress in plants. This can be achieved through synthesis of
some plant growth regulators such as brassinosteroids within plant or sprayed. The results of present
study clearly demonstrated that 24- Epi brassinolide spraying had a significant effect on increasing of
antioxidant enzymes activity (superoxide dismutase, peroxidase and catalase) in Parus and Gaviota
cultivars and reducing of heat stress negative effects. Our results were consistent with other studies
reporting the increased antioxidant enzymes activity in response to heat stress in sunflower (Gunes et
al., 2008), pea (Maecka et al., 2001) and brassica (Uprety, 2006). In general it is thought that the heat
damage caused to plants is due to the excessive production of active oxygen species, reduction of
antioxidant enzyme activities and membrane damage.Reactive oxygen species are destroyed by
antioxidant reported an elevated production of antioxidant enzymes by the application of 24- Epi
brassinolide under high temperature stress.Therefore, peroxidase has often served as a parameter of
metabolism activity during growth alterations and environmental stress conditions(Gao et al., 2008).
An increase in peroxidase activity under several stress conditions is associated with protection from
oxidative damage (Mirzaee et al., 2013). 24- Epi brassinolide reduces the amount of respiratory
activity and enzymes involved in it (Roghabadi et al., 2014). Sugars are the main ingredients ofthe
total soluble solids content and There is a high correlation between the total soluble solids content and
the sugars (Klunklin and Savage, 2017). Sugar is used in plant building compounds and provides the
energy required for biochemical processes. Reducing photosynthetic activity under stress conditions
reduces levels of sugar content in the plant.The use of 24- Epibrassinolide in conditions of stress
leads to a rise in the levels of sugar in the plant(Swamy et al., 2014). Application of brassinolides in
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plants increases the levels of biochemical reactions associatedwith the conversion of glucose from the
kelvin cycle to move towards developing fruits and subsequently increase the soluble and in soluble
sugars in the fruits (Ramani, 2015).Titratable acidity is concentration of organic acids in fruit which is
one of the important parameters for assessing the quality of fruits (Akhtar et al., 2010).Under high
temperatures, the titratable acidity of fruits decreased significantly in both cultivars.At high
temperatures, organic acids are used as substrates in the respiratory process, which reduces the
titratable acidity under thermal stress conditions (Lotfi et al., 2016).In the present study, heat stress
did not lead to a significant reduction in the phenolic compounds of Gaviota and Parus cultivars
compared to the control treatment, which was probably due to the high stimulation of the
phenylpropanoid pathway under stresscondition.Ayub et al. (2018) reported the phenylpropanoid
pathway and the accumulation of phenolic compounds can be stimulated as a physiological response
to a stress condition. The results of present study weresimilar tothe results of studies on grape berry
(Xi et al.,2013).Plants that were treated with 24- Epi brassinolideunder heat stress condition
accumulated more phenolic compounds.24- Epi brassinolide treatment helps to increase the activity of
the phenylalanine ammonia-lyase enzyme, which is the enzyme necessary to start the synthesis of free
phenols (Champa et al., 2015).The use of 24- Epi brassinolide solution in Parus cultivar stimulated the
synthesis of antioxidant compounds. 24- Epi brassinolide has antioxidant properties and it can be used
to increase the activity of enzymes and antioxidant compounds (Gomes et al., 2013). In the present
study, in fruits that were affected by intense heat stresses, the number of antioxidant compounds,
including flavonoids, was extracted from other fruits. Stress results in the accumulation of antioxidant
compounds in vacuoles tissues of plants that can be extracted during fruit maturity.In other words,
Stress increases antioxidant compounds, including flavonoids. Because most antioxidant compounds
are present in the skin, flavonoids include a large group of lower molecular weight metabolites in
plants that have a significant effect on biological processes, such as pigmentation of flowers. Stress
produces not only cell-damaging oxidants but also allows the accumulation of a large number of
flavonoids and phenolic acids in the fruits. Temperature is one of the environmental factors affecting
the accumulation of anthocyanins in flowers and fruits (Dela et al., 2003). Studies have shown that
high temperatures in different plants such as apple and rose reduce the anthocyanin pigmentation. In
the present study, the use of 24- Epi brassinolide solution under heat stress condition increased the
amount of anthocyanin synthesis in both cultivars, which seems to be due to the increased activity of
phenylpropanoid in these two cultivars under heat stress condition. In strawberry, brassinosteroid
application increases the expression of transcription factors and positively affects the amount of
anthocyanin synthesis through interference in the phenylpropanoid pathway(Ayub et al., 2018).
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YUZUNCU YIL UNIiVERSITESI TARIM BiLIMLERI DERGISi
YAYIN ILKELERi*

1. Van Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisi, 1995 yilinda yayn hayatina baglans bir bilimsel

arastirma dergisidir Dergide, tarim bilimleri (Bahge Bitkileri, Bitki Koruma, Biyosistem Miihendisligi, Gida

Miihendisligi, Peyzaj Mimarligi, Su Uriinleri Miihendisligi, Tarla Bitkileri, Tarimsal Biyoteknoloji, Tarim

Ekonomisi, Toprak Bilimi ve Bitki Besleme, Zootekni) alaninda diizenli olarak Mart, Haziran, Eyliil ve Aralik

aylarinda yi1lda dort say1 yayimlanan uluslararast hakemli bir dergidir.

Dergimizde Tiirkce ve Ingilizce yazilmis Arastirma Makalesi, Teknik Not ve Derlemeler yayimlanir.
Yayimlanmak iizere gonderilen makalelerin herhangi bir yerde yayimlanmamis veya yayimlanmak iizere
herhangi bir dergiye génderilmemis olmast zorunludur. On yildan eski ¢alismalar degerlendirmeye alinmaz.

4.  Dergiye yayinlanmak iizere gonderilen bir arastirma makalesi; Baslik, Tiirkce ve ingilizce Ozet, Giris, Materyal
ve Yontem, Bulgular, Tartisma ve Sonu¢ ve Kaynaklar ana basliklar altinda hazirlanmalidir. Bulgular ve
Tartisma kismi birlikte de yazilabilir.

5. Arastirma Makalesi 2500-5000, Derleme 4.000-7000 ve Teknik Not 1000-2500 kelime sayisi sinirlari igerisinde
olmalidur.

6. Derlemeler bilimsel dergilerde yayinlanmis bilimsel yazilarin, ¢alismalarin veya giincel gelismelerin belirtilen
konuda yogun caligmalar1 bulunan deneyimli yazarlarca (sorumlu yazarin derleme konusu ile ilgili Uluslararasi
hakemli dergilerde en az 5 6zgiin makaleye sahip olmasi sarti aranir) yapilan bir sentezi, yorumu ve durum
degerlendirmesi seklinde olmalidir. Her sayida basilan makale sayisinin en fazla % 10’u kadar derlemeye yer
verilir.

7.  Arastirma makalesi olarak dergimize gonderilen c¢aligmalar lisansiistii tezlerden iiretilmis ise bu durum ilk
sayfada dipnot olarak verilmelidir.

8.  Dergimiz Acaik Kaynak Yayin Politikasim benimsemektedir.

9. Dergimizde yaymlanacak makalelerin bilimsel etik kurallari igerisinde olmasi gerekmektedir. Makaleler,
uluslararasi kabul gérmiis bilim etik kurallarina uygun olarak hazirlanmalidir.

10. Etik Kurul Raporu gerekli hallerde (dogrudan/dolayli olarak hayvan ile iligkili olan c¢aligmalar) raporun bir
kopyast metin ile birlikte génderilmelidir.

11. Yuzunct Yil Universitesi Tarrm Bilimleri Dergisine génderilen makaleler intihal raporu iThenticate yazilimi
aracihigtyla kontrol edilir. Makalenin Benzerlik indeksi (SI) < % 20; Her bir benzerlik orani (alint1 yapilan her
bir kaynak) ise <% 5 olmalidir. Benzerlik indeksi belirtilen dlzeylerin Uzerinde ise ilgili yazar/yazarlara makale
iade edilir (Bir makale igin en fazla 3 benzerlik taramas: yapilir). Bu konuda yeterli diizeltmelerin 10 giin
icerisinde yapilmamasi1 halinde makale reddedilir. Intihal, makalenin yaymlanmasindan sonra ispatlanirsa, o
makale derhal web sitesinden ¢ekilecek ve kaldirilacaktir ve ilgili yazar/yazarlar, Yiiziincii Y1l Universitesi
Tarim Bilimleri Dergisine bes y1l siire ile makale gonderemeyeceklerdir.

12. Makalede yer alan tiim yazarlar, calismalarin yaym haklarni Yiiziincii Y1l Universitesi Tarim Bilimleri
Dergisi’ne verdiklerine dair Telif Haklar1 Formu’nu imzalamalidirlar. Telif Hakki Formu yazarlar tarafindan
gonderilmedigi siirece ¢alisma degerlendirmeye alinmaz.

13. Degerlendirme siireci tamamlanan makaleler, gelis tarihi dikkate alinarak yayimlanir. Makaleler yayina hazir
hale geldikleri andan itibaren yayinlanmasi planlanan ilk sayiya eklenirler; ancak tiim makaleler tamamlandiktan
sonra ilgili say1 toplu halde yaymlanir.

14. Mizanpaj g¢alismasi sirasinda yazar(lar)a gonderilecek olan kontrol ve diizeltme amagh gonderilere (matbaa
provasi), en ge¢ 15 giin igerisinde cevap verilmelidir. Belirtilen siirede cevap vermeyen yazar(lar)in makaleleri
daha sonraki sayida degerlendirilmek {izere 6telenir.

15. Basimina karar verilen eserde ekleme ve ¢ikarma yapilamaz. Bir yazarin ayni sayida sorumlu yazar olarak bir
(1), sorumlu yazar olmadan da bir (1) eseri olmak iizere en fazla iki eseri basilabilir. Yayinlanan eserin tiim
sorumlulugu yazar(lar)ina aittir.

16. Basim masraflari olarak eser bagina 300 TL ya da 60 $ alinur.
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ESER BASVURUSU

Makale Hazirlama

1. Dergimizde yayimlanmak tizere gonderilen eserler dergi yazim kurallarina gore hazirlanmalidir. Yazim ilkelerine
uygun olmayan ¢alismalar hakem degerlendirme siirecine alinmadan yazarlara iade edilir. YAZIM KURALLARI
VE ILGILI SABLON i¢in “https://dergipark.org.tr/yyutbd/writing-rules” web adresine gidiniz.

2. Dergimizde yazim dili Tiirkge ve/veya Ingilizce olup makale metni anlagilabilir, yalin ve akict bir tarzda ilgili
alandaki teknik ifadelerle kaleme alimmalidir. Gereksiz ve ¢ok bilinen bilgilerden ve gereksiz kaynaklardan
kagmilmalidir ve daha 6nce yayinlanmis veri, formiil ve sonuglara atif yapilarak alint1 yapilmalidir. Zorunlu ya da
istisnai haller diginda 15 yildan eski kaynak kullanilmamalidir. Kaynak sayisi her 1000 kelime icin 6 adetten
fazla olmamahdir.

3. Kaynaklar boliimiindeki dergi isim kisaltmalar1 "Web of Science Kisaltmalari a uygun dizenlenmelidir.
Makaleye Ozgii veya ilgili alanda kullanilan kisaltmalar, ilk gegen yerde parantezde belirtilmelidir. Tim
makalelerde SI (International Systeme of Units) ol¢ii birimleri ve ondalik kesir olarak nokta kullanilmalidir (1,25
yerine 1.25 gibi). Binler basamagin1 ayirmak i¢in bosluk kullanilmalidir (100000 yerine 100 000).

4. Baska igin, resimlerin kaliteli kopyalar1 (JPG veya TIFF formatinda 300 dpi) ek dosya olarak gonderilmelidir.

5. Dergi yazim kurallart ayni zamanda baski formatidir. Bu nedenle yazim kurallarinin yazarlarca dikkatle
uygulanmasi gerekmektedir. Yazim kurallarina uygun olmayan makaleler, yazarlara geri gonderilecektir.
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PUBLICATION GUIDLINES OF
YUZUNCU YIL UNIVERSITY JOURNAL OF AGRICULTURAL SCIENCES*

1. Yuzuncu Yil University Journal of Agricultural Sciences is a scientific research journal that has been published in
1995. Journal of Agricultural Sciences (Agricultural Biotechnology, Agricultural Economics, Animal Science,
Biosystems Engineering, Field Crops, Fisheries Engineering, Food Engineering, Horticulture, Landscape
Acrchitecture, Plant Protection, Soil Science and Plant Nutrition is a refereed international journal published four
times a year in March, June, September and December.

2. Research articles, technical notes and reviews written in Turkish and English are published in our journal.

3. Articles submitted for publication must not be published elsewhere or sent to any journal for publication. Older
studies more than ten years are not accepted to evaluate.

4. A research paper submitted to the journal for publication have following sections; Turkish and English Abstract,
Introduction, Material and Method, Results, Discussion and Conclusion and References. Results and Discussions
can either be combined into one section.

5. Research Article 2500-5000 words, Reviews 4.000-7000 words and Technical Note must be within the limits of
1000-2500 words.

6. Reviews should include a synthesis, interpretation, and evaluation of previous scientific studies and current
developments by experienced authors in the field of research area (the corresponding author of the review should
have at least 5 research articles in international refereed journals). Reviews published up to 10% of the number of
articles published in each issue.

7. If the research paper is summarized from graduate theses, this should be given as a footnote on the first page.

8. Our journal adopts the Open Source Publication Policy.

9. The articles published in our journal must comply with the scientific ethics rules. Manuscripts should be prepared
in accordance with internationally accepted code of ethics.

10. A copy of the report should be submitted with the manuscript in the studies where the Ethics Committee Report is

required (studies related directly / indirectly to the animal).

11. The articles submitted to Yuzuncu Yil University Journal of Agricultural Sciences are controlled through the
iThenticate software. Similarity Index (SI) of the article should be <20%; Each similarity ratio should be <5%. If
the similarity index is above the acceptable limits, the article will be returned to the author(s) (no more than 3
plagiarism scans are performed for an article). If revisions are not made within 10 days, the article will be
rejected. If the plagiarism is proved after the publication of the article, that article will be withdrawn and removed
from the website immediately and the author(s) will not be able to submit a paper for a period of five years to
the Yuzuncu Yil University Journal of Agricultural Sciences.

12. All authors should sign the Copyright Form for the publication rights of their article to the Yuzuncu Yil University
Journal of Agricultural Sciences. The article will not be taken into consideration unless the Copyright Form is
submitted by the authors

13 The articles whose evaluation process is completed are published considering the date of submission. The articles
are added to the first issue scheduled to be published as soon as they are ready for publication. The volume is
published, after all articles will be published in the same volume are completed.

14. Response to control and correction postings to be sent to the author (s) during the page-layout the study should be
replied within 15 days at the latest. The articles of the author (s) who are not responding within the specified
period of time shall be forwarded for further volumes.

15. No changes are allowed in the study that is decided to be published. An author can publish a maximum of two
study as a corresponding author, one without a corresponding author. The responsibility of the published study
belongs to the author (s).

16. The publication fee is 300 TRY or 60 $ per article.

MANUSCRIPT SUBMISSION

Manuscript preparation

1. Articles submitted for publication in our journal should be prepared according to the journal writing rules. The
study which are not in accordance with the writing rules will be returned to the authors and will not be accepted for
peer-review. WRITING RULES AND TEMPLATE are at this web adress “https://dergipark.org.tr/
yyutbd/writing-rules”.

2. In our journal, the writing language is Turkish and / or English. A good quality of scientific writing is required.
The research must be understandable by a general scientific readership and by specialists. The research problem is
identified, existing knowledge relevant to the problem is analyzed, the hypothesis is clear. Sentences are simple,
short and direct, the style is concise and precise. Unnecessary and well-known info and unnecessary references
should be avoided. Previously published data should be cited with reference to the formula and results. No
reference of over 15 years should be used except for compulsory or exceptional cases. The number of references
should not be more than 6 per 1000 words.

3. Journal name abbreviations in the reference section should be arranged in accordance with "Web of Science
Abbreviations”.Abbreviations used in the article should be written in full and provide in the parenthesis in the first
mention. In all articles, the SI (International System of Units) units of measure and the decimal point must be used
as a decimal fraction (1.25 instead of 1.25). Blank should be used to separate the thousands (100 000 instead of
100000)

4. For printing, quality copies of pictures (300 dpi in JPG or TIFF format) should be sent as an additional file.

5. Journal writing rules are also print format. Therefore, the rules of writing should be prepared carefully by the
authors. Articles that do not comply with the writing rules will be sent back to the authors.
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MAKALE GONDERIMI ve TELiF HAKKI DEViR SOZLESMESI
Yazarlar tarafindan Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisine iletilen “Makale Génderimi ve Telif
Haklki Devir Sozlesmesi”, bu calisma basima kabul edildikten sonra yazar(lar)in her tiirlii yayinlama yetkisinin YYU
Tarim Bilimleri Dergisine devredildigini agtk¢a ve yazili olarak ifade etmektedir. Dolayisi ile sozlesme niteligindeki
asagidaki form, dergiye gonderilen her makale i¢in doldurulmali ve tiim yazarlar tarafindan imzalanmalidir.

LY 11 (G0 27 1] 0

olan makale, “Yiiziincii Y1l Universitesi Tarim Bilimleri” dergisinde basilmak izere génderilmistir.

Bu makalenin YYU, Tarim Bilimleri dergisi “Yazim Kurallar”na uygun olarak hazirlandigini onaylariz. Bu
makale orijinal oldugunu, son haliyle basili ve elektronik olarak daha 6nce yayinlanmadigini ve baska bir dergide
yaymlanmak {izere degerlendirme asamasinda olmadigini taahhiit ederiz. Bildigim(iz) kadarryla bu makale herhangi bir
mevcut telif hakki, diger ii¢iincii taraf hak, iftira niteliginde, miistehcen veya baska yasadisi nitelikte herhangi bir
materyal igermez; bu makale bagkalarinin haklarini ihlal etmez.

Makale “Yiiziincii Y1l Universitesi Tarim Bilimleri ” dergisinde basima kabul edildikten sonra, yazar(lar) olarak;
makale ile ilgili tiim haklari, “telif hakki devir” yasalari uyarinca, YYU-Ziraat Fakiltesine devretmeyi kabul
ediyoruz. Ancak, bu makalenin YYU, Tarim Bilimleri dergisi tarafindan yaymlandigina dair referans verilmesi
sartryla asagidaki haklarimiz saklidir:

a. Basilmis makalenin tamami veya bir boliimii yazar(lar) tarafindan cogaltilarak ders materyali olarak

kullanilabilir.

b. Basilmig makalenin tamami veya bir bolimil yazar(lar) tarafindan yazilan bir derleme veya ders kitabinda

yeniden kullanilabilir.

c. Basilmis makalenin tamamu veya bir bolimii calistigimiz kurumun yaymladigi yaymlarda yeniden

kullanilabilir.

Ancak, yayinlanan makalenin dogrudan kullanimi s6z konusu oldugunda, YYU-Ziraat Fakiiltesi’ne bildirim
yapilmalidir.

Bu kosullar altinda yapilacak kopyalarin da, bu telif hakki devir kosullarini tasiyacagini ve asil telif hakki
sahibinin YYU-Ziraat Fakiiltesi oldugunu kabul ediyoruz. Diger telif hakki sahip(ler)inde olan; her tiirlii yontem, sekil,
cizelge ve/veya fotograflar ile benzeri materyalin bu makalede kullanilabilmesi igin yazili izin almdigin, YYU-Ziraat
Fakiltesine tarafindan talep edilirse bunlarin belgelenecegini ve bu materyal igin YYU-Ziraat Fakultesinden ucret
istenmeyecegini yazar(lar) olarak taahhiit ederiz.
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Adi1 Soyadi
imza Tarih:
Adi1 Soyadi
Imza Tarih:
Ad1 Soyadi
Imza Tarih:

(Bu form, makaledeki tiim yazarlar tarafindan imzalanmis olarak makale ile birlikte “Yiiziincii Y1l Universitesi

Tarim Bilimleri” dergisine gonderilmelidir)

LUTFEN iIMZALANMIS SOZLESMEYi ASAGIDAKI ADRESE GONDERINIZ: (Faks veya E-posta
gonderilebilir)

Tarim Bilimleri Dergisi

Yiiziincii Yil Universitesi Ziraat Fakiiltesi

Telefon: (432) 225 13 92

Faks: (432) 225 11 04

E-posta: zyaykom@yyu.edu.tr, yyujagrsci@gmail.com

65080, Kampus, VAN
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MANUSCRIPT SUBMISSION AND COPYRIGHT ASSIGNMENT FORM

“Manuscript Submission and Copyright Release Agreement” sent to Yuzuncu Yil University Journal of
Agricultural Sciences from author(s) clearly states in writing to enable the journal to ensure that it has the exclusive
distribution rights of the authors’ work after the article is accepted for publication. Therefore, the following
agreement form must be filled and signed by author(s) for each article submission made to the journal.

is herewith submitted for publication to “Yuzuncu Yil University Journal of Agricultural Sciences”.

We affirm that the article has been prepared in accordance with Author Instructions of Journal of Agricultural
Sciences, YYU. We hereby also warrant and undertake that the article is original, and has not been published before,
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no violation of any existing copyright or other third party right or any material of an obscene, libelous or otherwise
unlawful nature and that to the best of my knowledge; this article does not infringe the rights of others.

When the article is accepted for publication, we as the authors, hereby agree to transfer all rights under existing
copyright laws to the Journal-Yuzuncu Yil University, Turkey. Provided that the reference be given to Journal of
Agricultural Sciences, the following rights reserved:

a. The right to make further copies of all or part of the published article for our use in classroom teaching.
b. The right to reuse all or part of this material in a compilation of our own works or in a textbook of which
we are the author.
c. The right to reuse all or a portion of the published article in publications of the institution.
For clarity, we shall inform the Journal of Agricultural Sciences, YYU-Turkey if we directly use of the
published article.

We hereby agree that copies made under these circumstances will continue to carry the copyright notice that
appeared in the original published work. We certify that we have obtained written permission for the use of test,
tables, figures and/or photographs etc. from any copyright source(s), and we also agree to supply such written
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