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ICINDEKILER
ARASTIRMA MAKALESI - RESEARCH ARTICLE

Mugla Yoresinden Selekte Edilen Dikenli Incir (Opuntia ficus-indica L.) Genotiplerinin
Agromorfolojik ve Pomolojik Karakterizasyonu

Agro-morphological and Pomological Characterization of Native Cactus Pear (Opuntia ficus-

indica L.) Selected from Mugla District o o
Taliye SERT, Fatma KOYUNCU, Sultan Filiz GUCLU, Funda OZUSOY

Baz1 Basik Seftali ve Nektarin Cesitlerinin Bursa (Tiirkiye) Kosullarindaki Fenolojik ve
Pomolojik Ozelliklerinin Incelenmesi

Investigation of Phenological and Pomological Characteristics of Some Flatt Peach and
Nectarine Cultivars in Bursa (Tiirkiye) Conditions

Dilan AHI KOSAR, Mevliit Batuhan KOSAR, Umran ERTURK

Hasat Sonras1 UV-C Uygulamalarinin Angeleno Erik Cesidinde Muhafaza Stiresince Meyve
Kalitesine Etkileri

Investigation of Phenological and Pomological Characteristics of Some Flatt Peach and
Nectarine Cultivars in Bursa (Tiirkiye) Conditions

Sevil UNAL, Ferhan KUCUKBASMACI SABIR

Kirmizi Saraplarda Antioksidan Kapasite ile Toplam Fenolik Bilesik ve Toplam Monomerik
Antosiyanin Diizeylerinin Iligkileri

Relationships between Antioxidant Capacity and Total Phenolic Compound and Total
Monomeric Anthocyanin Levels in Red Wines

Damla YUKSEL KUSKU, Hande TAHMAZ KARAMAN

Determination of Tolerant Genotypes Against Flood Stress in Spinach
Ispanakta Sel Baskini Stresine Kars1 Tolerant Genotiplerin Belirlenmesi
Yesim DAL, Musa SEYMEN, Ayse Ozgur UNCU, Onder TURKMEN, Banu Cicek ARI

Amerikan Asma Anaclarindan Elde Edilen Fi Hibrit Tohumlarimn Cimlenme Ozellikleri
Uzerine GA3 Uygulamalarinimn Etkisi

The Effect of GA3 Applications on Germination Properties of F1 Hybrid Seeds Obtained from
American Grapevine Rootstocks

Adem YAGCI, Selda DALER

Kisith Su Stresi Altinda Yag Gili (Rosa x damascena Mill) Fidanlarinin Morfolojik
Tepkileri ile Toplam Klorofil ve Fenolik Igeriklerinin Degigimi

Morphological Responses and Variation of Total Chlorophyll and Phenolic Contents of Oil
Rose (Rqsa x damascena Mill) Saplings under Water-Restricted Stress

Tugba TIRYAKI, Fatma YILDIRIM, Civan CELIK

Gaziantep, Kahramanmaras ve Adiyaman Illerinde Badem I¢kurdu Eurytoma amygdali
Enderlein (Hymenoptera: Eurytomidae)'nin bulasiklik orani ve parazitoitleri

Infestation Rate and Parasitoids of Almond Seed Wasp Eurytoma amygdali Enderlein
(Hymenoptera: Eurytomidae) in Gaziantep, Kahramanmaras and Adiyaman Provinces.
Hakan USANMAZ, Mahmut Murat ASLAN
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Toxicity of Some Entomopathogenic Fungi Combined with Boric Acid Againts Adults of
American Cockroach Periplaneta americana (L.) (Blattodea: Blattidae)

Baz1 Entomopatojen Funguslarin Borik Asitle Birlikte Kullaniminin Amerikan
Hamambécegi Periplaneta americana (L.) (Blattodea' Blattidae) Erginlerine Kars
Toksisitesi

Ibrahim Ersin BOZDOGAN, Hasan TUNAZ

Van Goéli Havzasinda Bazi Endemik ve Nadir Astragalus Taksonlarimin Filogenetik
Iligkilerinin Belirlenmesi

Determining Phylogenetic Relationships of Some Endemic and Rare Astragalus Taxa in the
Van Lake BasinDetermining Phylogenetic Relationships of Some Endemic and Rare
Astragalus Taxa in the Van Lake Basin

[Than KAYA

Bitki Ugucu Yaglarin Gri Kuf Hastaligi Etmeni Botrytis cinerea’nin Misel Geligsimi, Konidi
Cimlenmesi ve Hif Morfolojisi Uzerine Antifungal Etkileri

Antifungal Effects of KEssential Oils on Mycelial Growth, Conidia Germination and
Morphology of Hyphae of Gray Mold Disease Agent Botrytis cinerea

Fatih KOSE, Emine Mine SOYLU

Tek Yillik Cim Yetistiriciliginde Organik Madde ve Farkli Azot Kaynaklarinin Ot Verimi ve
Kalitesine Etkisi

Effect of Organic Matter and Different Nitrogen Sources in Annual Ryegrass Cultivation on
Forage Yield and Quality

Hasan Can DEMIRAY, Altingiil OZASLAN PARLAK

Kighik Ara Urtin Fig (Vicia sativa L.) Tariminda Farkli Organik Giibre Kaynaklarimin Ot
Verimi ve Kalitesi Uzerine Etkileri

The Effects of Different Organic Fertilizer Use on Forage Yield and Quality in Winter
Interval Crop Vetch (Vicia sativa L.)

Fatma AKBAY, Adem EROL, Mustafa KIZILSIMSEK

Sowing Date Effect on Some Agro-Morphological Characteristics of Maize (Zea mays L.
indentata) .

Ekim Zamaninin Misirin (Zea mays L. indentata) Agro-Morfolojik Karakterleri Uzerine
Etkisi

Cem Tufan AKCALI, Hiiseyin GOZUBENLI

The Impact of Morpho- and Onto-Genetic Variation on Essential Oil Profile of Hypericum
heterophyllum Vent., an Endemic Species in Turkey's Flora

Tirkiye Florasinda Endemik Bir Tiur Olan Hypericum heterophyllum Vent.'in Ugucu Yag
Kompozisyonuna Morfogenetik ve Ontogenetik Varyasyonun Etkisi

Belgin COSGE SENKAL, Tansu USKUTOGLU

Evaluation of Agronomic Traits and Allele Specific DNA Markers Related to Some Disease
and Quality Traits in Mutant Karakilgik M4 Individuals

Mutant Karakilggk My Bireylerinde Agronomik Ozellikler, Baz1 Hastalilk ve Kalite
Ozellikleri ile Tligkili Allellerin DNA Markérleri ile Saptanmasi

Ilker YUCE, Ziya DUMLUPINAR
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Baz1 Acibakla Genotiplerine Ait Ucucu Bilegiklerin SPME GC-MS Yontemiyle
Karakterizasyonu

The Characterization of Volatile Compounds Belonging to Some Lupin Genotypes By SPME
GC-MS Method

Ela Nur SIMSEK SEZER, Mustafa YORGANCILAR, Tuna UYSAL

ARMA Modeli ile Tiirkiye Antep Fistig1 Uretimi Tahmini
Turkish Pistachio Production Projection with the ARMA Model
Ruken OZTEP, Ferruh ISIN

The Effects of Subsidies on the Profitability of Dairy Cattle Farming in Tirkiye
Tirkiye'de Siit Sigircihiginda Uygulanan Desteklerin Isletme Karlihigi Uzerine Olan Etkileri
Cuma AKBAY, Abdulbaki BILGIC

Tarimsal Egitimin Ciftciler Uzerine Etkisi: Atatiirk Universitesi Ornegi
The Effect of Agricultural Training on Farmers: The Case of Ataturk University
Nursel AKIS, Adem AKSOY

Evelik Otunun (Rumex Acetosella) Kuzu Rasyonlarina Ilavesinin Sindirim Derecesine ve
Fermantasyon Parametrelerine Etkisinin In Vitro Gaz Uretim Teknigi ile Belirlenmesi
Determination of the Effect of Addition of Sheep Sorrel (Rumex acetosella) to Lamb’s Ration
on Digestion Degree and Fermantation Parameters by In Vitro Gas Production Technique
Yakup BILAL, Tugba BAKIR, Bilal SELCUK

Improving of Nutritional Value of Wheat Bran Subjected to Solid State Fermentation with
Pomegranate Peel and Whey

Nar Kabugu ve Peynir Alt1 Suyu ile Kati Faz Fermantasonuna Tabi Tutulan Bugday
Kepeginin Besin Degerinin Iyilestirilmesi

Royale AHMADOVA, S.Canan BOLUKBASI

An Investigation into The Frequency and Causes of Fleas in Goat Farms

Kil Keci Igletmelerinde Pire Gériilme Sikligi ve Nedenleri Uzerine Bir Aragtirma
Turgay TASKIN, Cagri KANDEMIR, Nedim KOSUM, Cemal UN, Hiiseyin CAN,
Sedef ERKUNT ALAK, Ahmet KOSEOGLU

Diizce Bal Aris1 Populasyonlarinda Morfometrik ve mtDNA Cesitliligi Uzerine Ariciligin
Etkileri

Morphometric and mtDNA Variability Reveals Beekeeping Influences on Duzce Honeybee
Populations

Songiil BIR, Meral KEKECOGLU

Entansif Yetigtiricilikte Bir Inekte Paramphistomosis Olgusu ve Klinik Degerlendirme
A Case of Paramphistomosis and Clinical Evaluation in a Cow with Intensive Breeding
Mehmet OZUICLI, Ahmet YAVUZ, Ozkan YAVAS, Veli CIRAK

KAHRAMANMARAS SUTCU IMAM UNIVERSITESI

TARIM ve DOGA DERGISI

870-877

878-887

888-901

902-911

912-918

919-926

927-937

938-951

952-956

Cilt-Volume 26 Say1-Number 4 Yil-Year 2023


http://dogadergi.ksu.edu.tr/tr/pub/@elaelas
http://dogadergi.ksu.edu.tr/tr/pub/@myorgancilar
http://dogadergi.ksu.edu.tr/tr/pub/@myorgancilar
http://dogadergi.ksu.edu.tr/tr/pub/@606032-2F48DD-C61C9C-2FA579-2A0A04-B21655-902826-50662B-3126A7-B8B152-572133-1
http://dogadergi.ksu.edu.tr/tr/pub/@606032-2F48DD-C61C9C-2FA579-2A0A04-B21655-902826-50662B-3126A7-B8B152-572133-1
http://dogadergi.ksu.edu.tr/tr/pub/@cumakbay
http://dogadergi.ksu.edu.tr/tr/pub/@cumakbay
http://dogadergi.ksu.edu.tr/tr/pub/@adem27
http://dogadergi.ksu.edu.tr/tr/pub/@yakupbilal1985
http://dogadergi.ksu.edu.tr/tr/pub/@yakupbilal1985
http://dogadergi.ksu.edu.tr/tr/pub/@A40BA9-5A5C1B-1C8D4A-355DA6-4735E4-AC1619-424645-959560-867585-EA4225-263636-90
http://dogadergi.ksu.edu.tr/tr/pub/@500A25-6CB6C8-63EF22-65768A-6575DC-4F1670-486724-376639-19AC45-BCF697-084689-2
http://dogadergi.ksu.edu.tr/tr/pub/@cbolukbasi
http://dogadergi.ksu.edu.tr/tr/pub/@ttaskin
http://dogadergi.ksu.edu.tr/tr/pub/@ttaskin
http://dogadergi.ksu.edu.tr/tr/pub/@ndmksm2014
http://dogadergi.ksu.edu.tr/tr/pub/@Cemaluen
http://dogadergi.ksu.edu.tr/tr/pub/@huseyin.can
http://dogadergi.ksu.edu.tr/tr/pub/@ED67BD-6B4EF0-0DBC03-19B75F-627E51-1C1610-534057-2065FF-ECCA93-249948-184953-0
http://dogadergi.ksu.edu.tr/tr/pub/@ahmetefekoseoglu@gmail.com
http://dogadergi.ksu.edu.tr/tr/pub/@A09FB7-7A74FE-DD8567-40D01C-75FE19-B11590-513117-89465E-CD4DDD-DA6817-996189-00
http://dogadergi.ksu.edu.tr/tr/pub/@meralkekecoglu
http://dogadergi.ksu.edu.tr/tr/pub/@mozuicli
http://dogadergi.ksu.edu.tr/tr/pub/@ahmet.yavuz
http://dogadergi.ksu.edu.tr/tr/pub/@ozkan_yavas
http://dogadergi.ksu.edu.tr/tr/pub/@parazit

Doc¢. Dr. Davut Soner AKGUL
Doc¢. Dr. Davut Soner AKGUL
Prof. Dr. Nevzat AYDIN

Prof. Dr. Recep AYDIN

Dog. Dr. Osmetullah ARVAS
Prof. Dr. Ozlem ATES SONMEZOGLU
Prof. Dr. Ilknur AKGUN

Prof. Dr. Sevket ALP

Prof. Dr. Ahmet BALKAYA

Dog. Dr. Halil BOLU

Prof. Dr. Mehmet BOZOGLU
Prof. Dr. Mehmet BOZOGLU

& Dr. Ogr. Uyesi Nazan BALBABA
Prof. Dr. Riistem CANGI

Dog. Dr. Thsan CANAN

Dog. Dr. Isa COSKUN

Prof. Dr. Ahmet CAKIR

Dog. Dr. Erdal CACAN

Prof. Dr. F. Caglar CELIKEZEN
Prof. Dr. Oguzhan CALISKAN
Dog¢. Dr. Tayfun CUKUR

Dog. Dr. Senol CELIK

Dog. Dr. Senol CELIK

Prof. Dr. Ertugrul FILiZ

Dog. Dr. Aziz GUL

Prof. Dr. Gézde GURELLI

Dog. Dr. Mehtap GUNEY

Dr. Ogr. Uyesi Osman GEDIK
Dr. Ogr. Uyesi A. Zeki HEPCIMEN
Dog. Dr. Behcet INAL

Prof. Dr. Emine IKIKAT TUMER
Prof. Dr. Ayzin KUDEN

Dr. Ogr. Uyesi Dogancan KAHYA

4 Dog. Dr. Dursun KURT

Soyada gore siralanmigtir.

Cilt-Volume 20

KAHRAMANMARAS SUTCU IMAM UNIVERSITESI

TARIM ve DOGA DERGISI

HAKEMLER/Referees”

Cukurova Univ. Ziraat Fak. Bitki Koruma Bél. Adana

Cukurova Univ. Ziraat Fak. Bitki Koruma Bél. Adana

Karamanoglu Mehmetbey Univ. Mithendislik Fak. Biyomiihendislik B6l. Karaman
Atatiirk Univ. Ziraat Fak. Zootekni Bél. Erzurum

Van Yiiziincii Y1l Univ. Ziraat Fak. Tarla Bitkileri Bol. Van

Karamanoglu Mehmetbey Univ. Miihendislik Fak. Biyomiihendislik Bl. Karaman
Isparta Uygulamali Bilimler Univ. Ziraat Fak. Tarla Bitkileri Bél. Isparta

Van Yiiziincii Yil Univ. , Mimarlik ve Tasarim Fak. , Peyzaj Mimarhig: Bol. Van
Ondokuz Mayis Univ. Ziraat Fak. Bahge Bitkileri B6l. Samsun

Dicle Univ. Ziraat Fak. Bitki Koruma Bél. Diyarbakir

Ondokuz Mayis Univ. Ziraat Fak. Tarim Ekonomisi Bol. Samsun

Ondokuz Mayis Univ. Ziraat Fak. Tarim Ekonomisi Bél. Samsun
Kahramanmaras Siit¢ii Imam Univ. ,Tiirkoglu MYO Kahramanmaras
Gaziosmanpasa Univ. Ziraat Fak. Bahce Bitkileri Bl. Tokat

Bolu Abant Izzet Baysal Univ. Ziraat Fak. Bahce Bitkileri Bsl. Bolu

Kirsehir Ahi Evran Univ. Ziraat Fak. Zootekni Bol. Kirgehir

Kilis 7 Aralik Univ. Fen Fak. Kimya Bél. Kilis

Bingsl Univ. Gida Tarim ve Hayvancilik MYO. Bitkisel ve Hayvansal Ur. Bél. Bingél
Bitlis Eren Univ. Fen-Edebiyat Fak. Kimya Bél. Bitlis

Hatay Mustafa Kemal Univ. , Ziraat Fak. , Bahce Bitkileri Bsl. Hatay

Mugla Sitki Kogman Univ. Milas MYO Pazarlama ve Reklamcilik Bsl. Mugla
Bing6l Univ. Ziraat Fak. Zootekni Bsl. Bingél

Bingo6l Univ. Ziraat Fak. Zootekni Bsl. Bingél

Diizce Univ. Cilimli MYO Bitkisel ve Hayvansal Uretim B6l. Diizce

Hatay Mustafa Kemal Univ. Ziraat Fak. Zootekni Bol. Hatay

Kastamonu Univ. Fen-Edebiyat Fak. Biyoloji Bsl. Kastamonu

Van Yiiziincii Y1l Univ. Ziraat Fak. Zootekni Bol. Van

Kahramanmaras Siit¢ii Imam Univ. Ziraat Fak.Tarla Bitkileri Bol. Kahramanmarag
Celal Bayar Univ. Saruhanli MYO Otel Lokanta ve Ikram Hizmetleri Bsl. Manisa
Siirt Univ. Ziraat Fak. Tarimsal Biyoteknoloji Bél. Siirt

KSU Ziraat Fak. Tarim Ekonomisi Bsl. Kahramanmaras

Cukurova Univ. Bahge Bitkileri B6l. Adana

Eskigehir Osmangazi Univ. Ziraat Fak. Bitki Koruma Bol. Eskigehir

Ondokuz Mayis Univ. Bafra MYO Bitkisel ve Hayvansal Uretim B6l. Samsun

Yil-Year 202 3

Say1-Number 4



\’v

"ooc,v-o

Dog. Dr. Mehmet KECECI

Prof. Dr. Mustafa KOSE

Prof. Dr. Osman KILIC

Prof. Dr. Sema KARANLIK

Dr. Ogr. Uyesi Tamer KUSAKSIZ
Dog. Dr. Erdogan MALATYALI
Do¢. Dr. Mehmet MAMAY

Prof. Dr. Adnan ORAK

Prof. Dr. Esma KOZAN

Prof. Dr. Ahmet Erhan OZDEMIR
Dog. Dr. Fatih ONER

Prof. Dr. Fulya OZDIL

Prof. Dr. Koray OZRENK

Dr. Ogr. Uyesi Murat OZTURK
Prof. Dr. Inan¢ OZGEN

Prof. Dr. Atila Aytekin POLAT
Prof. Dr. Ayse Yildiz PAKYUREK
Dr. Ogr. Uyesi Benian PINAR AKTEPE
Prof. Dr. Alireza SEIDAVI

Dog. Dr. Behliil SEVIM

Prof. Dr. Mehmet Salih SAYAR
Dog. Dr. Ugur SERBESTER

Prof. Dr. Suat SENSOY

Dog. Dr. Mustafa TERIN

Prof. Dr. Nurdan TUNA GUNES
Prof. Dr. Mehmet Rifat ULUSOY
Dr. Ogr. Uyesi A. Yusuf YUKSEL
Dog. Dr. Adem YAGCI

Dog. Dr. Ash CILINGIR YELTEKIN
Prof. Dr. Ercan YILDIZ

Prof. Dr. Kenan YILDIZ

Prof. Dr. Kenan YILDIZ

Prof. Dr. Muhittin YUREKLI
Prof. Dr. Okkes YILMAZ

Dr. Ogr. Uyesi Turhan YILMAZ

Cilt-Volume 20

KAHRAMANMARAS SUTCU IMAM UNIVERSITESI

s/ TARIM ve DOGA DERGISI

Malatya Turgut Ozal Univ. Ziraat Fak. Bitki Koruma Bol. Malatya

Afyon Kocatepe Univ. Veteriner Fak. Klinik Oncesi Bilimleri Bsl. Afyon
Ondokuz Mayis Univ. Ziraat Fak. Tarim Ekonomisi Bol. Samsun

Hatay Mustafa Kemal Univ. Ziraat Fak. Toprak Bil. ve Bitki Besleme Bsl. Hatay
Manisa Celal Bayar Univ. Alagehir MYO Bitkisel ve Hayvansal Uretim Bél. Manisa
Aydin Adnan Menderes Univ. Tip Fak. Temel Tip Bilimleri Bél. Aydin

Harran Univ. Ziraat Fak. Bitki Koruma Bél. Sanlurfa

Tekirdag Namik Kemal Univ. Ziraat Fak. , Tarla Bitkileri Bsl. Tekirdag

Afyon Kocatepe Univ. Veteriner Fak. Klinik Oncesi Bilimleri Bsl. Afyon

Hatay Mustafa Kemal Univ. Ziraat Fak. Bahce Bitkileri Bsl. Hatay

Ordu Univ. Ziraat Fak. Tarla Bitkileri Bsl. Ordu

Tekirdag Namik Kemal Univ. Ziraat Fak. Tarimsal Biyoteknoloji Bél. Tekirdag
Siirt Univ. Ziraat Fak. Bahce Bitkileri Bsl. Siirt

Yozgat Bozok Univ. Ziraat Fak. Bitki Koruma Bél. Yozgat

Firat Univ. Baskil Meslek Yiiksekokulu Bitkisel ve Hayvansal Uretim Bél. Elaz1g
Mustafa Kemal Univ. Ziraat Fak. Bahce Bitkileri Bol. Hatay

Harran Univ. Ziraat Fak. Bahce Bitkileri Bsl. Sanhurfa

Osmaniye Korkut Ata Univ. Kadirli Uygulamali Bilimler Fak. Osmaniye
Department Of Animal Science, Rasht Branch, Islamic Azad University, Rasht, Iran
Aksaray Univ. , Aksaray Teknik Bilimler MYO Cida Isleme Bél. Aksaray

Dicle Univ. Bismil MYO Bitkisel ve Hayvansal Uretim Bél. Diyarbakir

Cukurova Univ. Ziraat Fak. Zootekni Bél. Adana

Van Yiiziincii Y1l Univ. Ziraat Fak. Bahce Bitkileri Bsl. Van

Van Yiiziincii Y1l Univ. Ziraat Fak. Tarim Ekonomisi Bél. Van

Ankara Univ. Ziraat Fak. Bahce Bitkileri Bol. Ankara

Cukurova Univ. Ziraat Fak. Bitki Koruma Bél. Adana

Harran Univ. Ziraat Fak. Bozova MYO Su Uriinleri Bsl. Sanliurfa
Gaziosmanpasa Univ. Ziraat Fak. Bahce Bitkileri Bsl. Tokat

Van Yizincii Yil Univ. Fen Fak. Kimya Bél. Van

Erciyes Univ. Ziraat Fak. Bahce Bitkileri Bél. Kayseri

Tokat Gaziosmanpasa Univ. Ziraat Fak. Bahce Bitkileri Bsl. Tokat

Tokat Gaziosmanpasa Univ. Ziraat Fak. Bahce Bitkileri Bsl. Tokat

Inénii Univ. Fen-Edebiyat Fak. Biyoloji Bél. Malatya

Firat Univ. Fen-Edebiyat Fak. Biyoloji Bsl. Elazig

KSU Ziraat Fak. Bahce Bitkileri Bél. Kahramanmaras

Yil-Year 202 3

Say1-Number 4



KSU Tarim ve Doga Derg 26 (4), 711-721, 2023
KSU J. Agric Nat 26 (4), 711-721, 2023
httpsi//doi.org/10.18016/ksutarimdoga.vi.1073982

o)

Mugla Yoresinden Selekte Edilen Dikenli Incir (Opuntia ficus-indica L.) Genotiplerinin
Agromorfolojik ve Pomolojik Karakterizasyonu

Taliye SERT!?, Fatma KOYUNCUZ/), Sultan Filiz GUCLU3, Funda OZUSOY4

1Beyobas1 Tarimsal Kalkinma Kooperatifi Ki)'ycegiz/MUGLA , 24Isparta Uygulamal Bilimler Universitesi Ziraat Fakiiltesi Dogu Yerleskesi
32260 Cunur/ISPARTA, 3Atabey Meslek Yiiksekokulu Mudurligi 32670 Atabey/ISPARTA

Thttps://orcid.org/0000-0002-3231-8051, 2https://orcid.org/0000-0001-5803-6944, 3https://orcid.org/0000-0003-0561-7037
4https://orcid.org/0000-0002-5520-0857

D fatmaoker@gmail.com

OZET Bahge Bitkileri

Koycegiz ve Ortaca (Mugla) yoreleri dogal yetisme alanlarindaki dikenli

incir (Opuntia ficus-indica L.) genotiplerinden klon aday1 bitkilerin Aragtirma Makalesi
secimine yonelik yapilan bu calismada; agromorfolojik ve pomolojik

ozellikleri UPOV protokoliine gore belirlenen 60 birey igerisinden Makale Tarihgesi
ustun/farkh 6zellikleri bakimindan 1slah¢inin amacina uygun goriilen 15 Gelig Tarihi @ 21.02.2022
genotipe ait bulgular sunulmustur. Fenolojik dénemler; tomurcuk Kabul Tarihi :02.12.2022
patlamasi mart sonu ve nisan basi, tam ¢iceklenme mayis-haziran aylari

sliresince, derim zamani ise agustos-eyliil aylar1 olarak gozlemlenmistir. Anahtar Kelimeler
Kalitatif morfolojik 6zellikler; bitki biiytime sekli “dik”, bitki boyu “uzun”, Hint inciri

klatod sekli “dar eliptik”, klatod dikenlilik durumu “¢ok az”, bir areolden Kakts

cikan diken sayis1 “az”, meyve sekli “eliptik” meyve kabuk rengi UPOV

“turuncu”- “sar1”, olarak gozlemlenmistir. Pomolojik 6zellikler Vitamin C

bakimindan en yiiksek degerler; meyve agirhg 155.59 g (KH1), meyve
boyu 86.68 mm (006), meyve cap1 53.76 (KB3) mm ve meyve kabuk
agirhig: ise 61.36 g (KH1) olarak elde edilmistir. En fazla tohum sayis1
231.66 adet ile KH1 genotipinde sayilmistir. SCKM degerleri %10.16
(KH4) ile %14.20 (KH1) arasinda, ortalama TA %0.03 (KH4, 007) ile %
0.11 (KH1) arasinda bulunmustur. Meyve et rengi (L* a* b*) degerlerine
gére genotiplerin meyve et renklerinin koyu saridan (KD5) turuncu-acik
kirmiziya (004) kadar degistigi belirlenmistir. Dikenli incir
meyvelerinin askorbik asit igerigi 6.51 mg 100 gt ile 17.25 mg 100 g1
arasinda degisen miktarlarda bulunmustur. KH1 genotipi ise meyve
agirligi, meyve iriligi, tohum sayis1 ve pomolojik bircok kalite
parametresi bakimindan en yiiksek 6zelliklere sahip olmustur.

Agro-morphological and Pomological Characterization of Native Cactus Pear (Opuntia ficus-indica L.)
Selected from Mugla District

ABSTRACT Horticulture
In this study, for the selection of clone candidate plants from the cactus
pear (Opuntia ficus-indica L.) population in the natural growing areas of Research Article
Koycegiz and Ortaca (Mugla) regions, the agromorphologic and : :
logical characteristics of 60 cactus pear genotypes were evaluated Article History
pomological charac p g yp : -
according to the UPOV protocol. Research data of 15 genotypes that are Received ) 21.02.2022
considered suitable for breeder purposes as superior/different Accepted +02.12.2022
characteristics were presented. Qualitative morphological Keywords
characterizations were described as; plant growth habit “upright”, plant Prickly fig
height “tall”, cladode shape “narrow elliptical”, cladode spiny “very little”, Cactus
number of thorns protruding from an areole 1is “few”, fruit shape is UPOV
“elliptical”, fruit skin color is “orange”-“yellow”. The highest values Vitamin C

according to pomological characteristic; fruit weight were 155.59 g (KH1),
fruit length was 86.68 mm (006), fruit diameter was 53.76 (KB3) mm,
fruit skin weight was 61.36 g (KH1). The highest number of seeds was
counted in KH1 genotype with 231.66. The total soluble solid was found
between 10.16 % (KH4) and 14.20 % (KH1), and the mean titratable
acidity was detected between 0.03% (KH4, OR7) and 0.11% (KH1).
According to the L* a* b* values of the fruit flesh color of genotypes



KSU Tarim ve Doga Derg 26 (4), 711-721, 2023
KSU J. Agric Nat 26 (4), 711-721, 2023

Arastirma Makalesi
Research Article

ranged from dark yellow (KD5) to orange-light red (004). The ascorbic
acid content of cactus pear fruits was detected ranging from 6.51 mg 100
g-1to 17.25 mg 100 g-1. KH1 genotype had the highest characteristics in
terms of fruit weight, fruit size, number of seeds and many pomological

quality parameters.
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GIRIS

Dikenli incir Opuntia ficus-indica L., Cactaceae
familyasi, Opuntia cinsinde yer alan (Giizel, 2019) ¢ok
yillik bir kaktis bitkisidir. Cactaceae, diinya kita
yluzeyinin neredeyse %30 ‘unu igerisine alan kurak ve
yar1 kurak boélgelerinin en 6nemli familyalarindan
biridir (Kigel, 1995; Zurnaci, 2017). Dikenli incir
anavatani olan Meksika’da tarih 6ncesi ¢aglardan beri
stiregelen yerli halk kiiltiirii i¢in de yer almis 6nemli
bir meyvedir (Uzun & Sengiil, 1994; Jimenez-Aguilar
ve ark., 2014). Toplam diinya iiretiminin %45’ini
olusturan Meksika diinyanin en fazla dikenli incir
yetistiren ulkesidir. Diger Onemli ftretici ulkeler;
%12.2 ile Italya ve %3.7 ile Giiney Afrika’dir (Garcia
ve ark., 2020).

Dikenli incir gerek meyveleri gerekse kaktiisiniin
diger aksamlari ile hem insan hem de hayvanlar i¢in
zengin icerikli gida niteligine sahiptir (Galati, 2003;
Yilmaz, 2010). Klatodlar (yaprak govde); miisilaj,
pektin ve mineraller, meyve; vitamin, betalin ve
aminoasitler bakimindan degerlidir (Saenz ve ark.,
2004). Antosiyanin ve yag bakimindan degerli bir gida
olan tohum endospermi zengin polisakkaritlerden
olusur ve kabuklarinda D-ksilen ihtiva eder. Dikenli
incirin sulu meyve eti glikoz, vitaminler, renk
pigmentleri, mineraller (magnezyum, kalsiyum, fosfor)
bakimindan zengin, dogal antioksidantlar
(polifenoller, vitamin C ve selenyum), diyet lifi ve
serbest aminoasitler icermektedir (Galati ve ark.,
2003; Piga, 2004; Feugang ve ark., 2006; Jana, 2012).
Dikenli incir meyve ve tohumlarinin makro ve mikro
besin elementlerini (Al-Juhamini & Ozcan, 2013),
meyvenin antosiyanin ve yag bakimindan zenginligini
(Saenz ve ark., 2004; El Mannoubi ve ark., 2009), ve
fonksiyonel gidalarin tretiminde hammadde olarak
kullanimimi (Ramadan & Moérsel, 2003) arastiran pek
¢ok c¢alismanin sonuglari bu tiriin meyvelerinin
fitobesin olarak adlandirilabilecegini géstermektedir.
Nifusun suratle arttigi dinyada alternatif gida
kaynaklari 6nem kazanmaktadir. Ozellikle gelismekte
olan tlkelerde dikenli incir insan beslenmesinde
o6nemli bir yere sahiptir. Bununla birlikte, geleneksel
halk tibbinda dikenli incir kaktiisiiniin pek ¢ok doku
ve orgam1 kardiyovaskiiler hastaliklarin (Gouws ve
ark., 2020), diyabet, immiin yetmezlik ve romatizma
(Park ve ark., 2013; Tilahun & Walegerima, 2018) gibi
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hastaliklarin tedavilerinde

kullanilmaktadir.

yaygin sekilde

Genellikle subtropik iklim bélgelerinde tek cali veya
¢it bitkisi olarak yetistirilen dikenli incir, Tirkiyede
Adana, Antalya, Hatay, Mersin, Mugla yorelerinde ve
Guney Ege kiyi1 kesimlerinde yabani bitki olarak
daginik sekilde yetismektedir (Uzun & Sengiil, 1994;
Dengiz & Zengin, 2016; Giiven, 2017). Tirkiye
istatistiklerinde dikenli incir tiretimine iligkin resmi
kayit bulunmamaktadir. Cok bluyik meyve tir
zenginligine sahip olan Tirkiyede de son yillarda
farkli meyve tiirlerine olan talep giderek artmaktadir.
Dikenli incir ile yapilan g¢alismalar genellikle yerel
seleksiyonlardir. Ozellikle Adana, Mersin, Osmaniye,
Hatay, Fethiye, Antalya’da arastirmalar
yiirtitiilmiistiir (Karababa ve ark., 2004; Duru &
Turker, 2005; Tutiinet, 2014; Guven, 2017; Glizel,
2019).

Yabani dikenli incir popiilasyonu bakimindan zengin
ve yuksek yetistiricilik potansiyeline sahip Koycegiz ve
Ortaca (Mugla) ilcelerinde yapilmis 6zgiin ¢alisma
bulunmamaktadir. Calismada, bolgedeki dikenli incir
potansiyelinin ortaya cikarilmasi ve klon/cesit adayi

olabilecek genotiplerin belirlenmesi ve tarima
kazandirilmasi amaclanmasgtir.

MATERYAL ve METOD

Bitkisel materyal ve aragtirma sahasi

2018-2019 wyillarinda yuriitilen bu c¢alismada,

Koycegiz (36° 5' N, 28° 41' S) ve Ortaca (36° 50' N, 28°
S) yérelerinde dogal halde yetisen dikenli incir
genotipleri materyal olarak kullamilmigtir. Mugla ili
Koycegiz (rakim 10 m) ve Ortaca (rakim 28 m)
ilgelerinde genellikle sicak ve 1liman iklim hakimdir.
Arastirma sahas1 yil boyunca yaklasik 3500 saatin
iizerinde giines 15181 almaktadir (Anonim, 2019).

Ornekleme Yéntemi

Koycegiz ve Ortaca ilgelerinde kendiliginden yetigsen
(yabani) dikenli incir genotiplerinin morfolojik-
pomolojik o6zellikleri ile c¢iftgilerin goriigslerine gore
toplam 60 genotip 6n seleksiyonla arastirmaya dahil
edilmigtir. Islahgi tercihi ile meyve kalitesine daha ¢ok
etkili oldugu diisiinilen; meyve boyutlari, meyve
agirligi, meyve et/kabuk orani, SCKM, gibi kantitatif
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parametreler agisindan birbirlerinden farklh ve/veya
ustin o6zelliklere sahip olduklar1 diigtintlen 15 adet
bireyin morfolojik ve pomolojik karakterizasyonu
yapilmis ve bu genotiplere iligkin veriler sunulmustur.
Dikenli incir kaktislerinin farkli organlarinin

morfolojik karakterizasyonu UPOV kriterlerine gore
yapilmigtir (Anonymous, 2006). Fenotipik
degerlendirme icin izlenen metodoloji Cizelge 1° de
sunulmustur.

Cizelge 1. Dikenli incir genotiplerinin kalitatif 6zellikleri ve tanimlanma kriterleri
Table 1. Qualitative characteristics and identification criteria of cactus pear genotypes

Ozellikler (Traits)

Karakter durumlar1 (Characters Measures)

Bitki bliytime gekli
Plant growth
pattern

Dik Yayvan

Sarkik Yatik

Bitki boyu (m)

Orta
Plant length (m)

Uzun Kisa

Klatod sekli

Clatode shape Dar eliptil Orta eliptik

Genis
eliptik

Dar ters
yumurtamsi

Baklavams1 Dairesel Genis ters

yumurtamsi

Klatod dikenlilik

durumu

Clathode spinyness
status

Dikensiz Birka¢ adet Orta

Cok Cok

fazla

Bir areolden ¢ikan
diken sayisi

The number of
spines emerging
from the areole

Dikensiz Az Orta

Cok
fazla

Fazla

Klatodtaki dikensi
miktari

The amount of
spines in the
clathod

Yok /Az  Orta Cok

Merkezi dikenin
pozisyonu
Position of the
central spine

Dik Yar1 dik Yatay

Areollerin
yogunlugu
Density of areoles

Seyrek Orta Yogun

Glosidlerin sayisi

Glochid count Az Orta

Cok

Glosidlerin rengi

Glochid color Sarn

Kahverengi

Meyve sap
uzunlugu
Fruit stem length

Kisa Orta Uzun

Meyve ¢igek tablasi
cukuru
Receptacle depth

Yok /Az  Orta Cok

Meyve kabuk rengi
homojenligi

Fruit skin color
homogeneity

Homojen Diizensiz

Fenolojik dénemler

Tomurcuk patlamasi: tag¢ klatodlarda tomurcuklarin

ilk gorildigi tarih,
Tam ¢igeklenme: ¢iceklerin %60-70'nin actig: tarih,
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Derim: Meyve kabuk renginin tiir 6zelligi (portakal-
sar1 rengi) gosterdigi tarih olarak Meclntosh (2002)
tarafindan belirlenen kriterlere gore goézlem yolu ile
kayit altina alinmigtir.
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Derim olumuna gore meyveler sabah erken saatlerde
keskin bir bicak yardimiyla klatodtan parca alinarak
hasat edilmigtir. Karton kasalara yerlestirilerek
uizerlerine ince nemli kagit 6rtillen meyveler pomolojik
analizler i¢in 5 °C deki depolarda muhafaza edilmistir.

Fiziksel ve kimyasal kalite analizleri

Her bir genotip hasat zamaninda ayri ayri olmak lizere
pomolojik analizler Mashope (2007 ye gére
yapilmigtir.

Meyve boyutlar1 (mm): Meyve uzun aksinden (boy) ve
orta yerinden (cap) dijital kumpas yardimiyla
Olculmustir.

Meyve agirhigi (g) ve kabuk agirhig (g): Her bir meyve
tek tek ve soyulan meyve kabuklarinin 0.01g
hassasiyetindeki terazide (Scaltec, SBA-51)
tartilmasiyla bulunmustur.

Pulp (%): Meyve eti agirligimn toplam meyve
agirhgina bolindikten sonra ¢ikan degerin 100 ile
carpilmasi ile hesaplanmigtir. Meyve eti yani tiiketilen
kisim, toplam meyve agirhigindan kabuk agirliginin
cikartilmasiyla bulunmustur. Meyve agirlig: ve kabuk
agirhigr 0.01g hassasiyetinde Scaltec SBA-51 terazi ile
Olculmiustiir.

Meyve et rengi (L* a* b*): Meyve kabugu bir bicak
yardimiyla hafif soyulduktan sonra Minolta CR-300
model renk cihaz ile 6l¢tilmusgtiir.

Meyve et sertligi (N): Lloyd Marka LF Plus (Ametek,
U.K.) Model tekstiir cihaz ile bagh olan bilgisayara
yiiklenen Nexygen (versiyon 4.1) paket programi
kullanilarak ol¢uilmustir. 50 N’luk Load cell 100
mm/dk ‘lik sabit hiz ile inen 5.1 mm ¢apindaki silindik
u¢ meyve kabugu (1em2’lik alan) uzaklastirilan meyve
etine 10 mm batirilarak elde edilen kuvvet N cinsinden
degerlendirilmigtir.

Toplam suda ¢oziinebilir kuru madde (SCKM): Meyve
kabugu soyulduktan sonra kati meyve suyu makinasi
yardimiyla elde meyve suyundan dijital refraktometre
(Atago Packet PAL-1) ile élciilerek tayin edilmistir.

Meyve suyu pH degeri: 10 ml meyve suyunda dijital
pH metre (WTW Inolab) ile 6l¢iilmiistiir.

Titre edilebilir asitlik (TA): Kat1 meyve sikacagi ile
elde edilen meyve suyundan 10 mL alinarak 0.1 N’lik
sodyum hidroksit (NaOH) ile pH degeri 8.1 oluncaya
kadar pH metre (WTW Inolab) ile titre edilmesi ile
belirlenmigtir. Sonuc¢lar harcanan NaOH miktar
tuzerinden agagidaki formiile gore hesaplanmigtir.

A=((SxNxFxE)/C)x100

A=Asit miktar;; S= Kullanilan sodyum hidroksit
miktar1 (ml); N= Kullamlan sodyum hidroksit
normalitesi; F= Kullanilan sodyum hidroksit faktoris;
C= Alman 6rnek miktarn (mL); E= Tlgili asidin
equivelent degeri (sitrik asit i¢in 0.064 g)

Askorbik asit tayini: Uziimcii & Koyuncu (2017) ve
Dogan (2019)’a gére kiiciik modifikasyonlarla, her bir
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genotip i¢in 3 paralel olacak sekilde spektrofotometrik
(UV 1280 190-1100nm UV/VIS) yéntem kullanilarak
gerceklestirilmistir. 10 g dikenli incir 6rnegi 25 ml
%0.4’1uk oksalik asit ¢ozeltisi 1ilave edilerek
homojenize edilmigtir. Oksalik asit ilavesi ile 200 mI'ye
tamamlanan homojenat ¢ift katli kaba filtre
kagidindan stzilmistir. Stzintiden 15 ml ince
falkonlar i¢ine koyularak 10 dk 4000 rpm de santrifiij
edilmisgtir. Askorbik asitin, 2,6-diklorofenolii
indirgeyerek rengini gidermesi (Cemeroglu, 2010)
ozelliginden yararlanilarak dikenli incir ekstraktlari
520 nm dalga boyunda L-Askorbik asit cinsinden
belirlenmigtir.

Istatistik Analizler
Aragtirma genotiplerinin her birinden kaktislerin
farkli yonlerinden olmak {izere 10’ar meyve

toplanmistir. Kantitatif 6l¢iim ve degerlendirmeler iki
paralel kimyasal analizler ise li¢ paralel olacak sekilde
gerceklestirilmis, tanimlayici istatistikler SPSS-23
paket  programi ile yapilmis ve  veriler
ortalamatstandart sapma geklinde sunulmustur.

BULGULAR ve TARTISMA

Arastirma genotiplerinde morfolojik tanimlamalar i¢in
bitki, klatod ve meyvelere ait 14 adet kalitatif 6zellik
ve pomolojik tanimlamalar i¢in ise 17 adet kantitatif
ozellik incelenmis ve elde edilen veriler bu bélimde
sunulmustur.

Tomurcuk patlama periyodu 27 Mart ile 7 Nisan
tarihleri arasinda, tam ciceklenme 13 Mayis ile 1
Haziran arasindaki gunlerde  gerceklesmistir.
Agustosun ilk yarisinda hasat olumu basglamis (8
genotip) ve eyliil ayinin son yarisina (7 genotip) kadar
devam etmigtir. Dikenli incir bitkilerinde tam gigekten
hasada kadar gecen slre ortalama 95 ile 100 gin
arasinda degismistir. Barbera ve ark., (1992) bu
stiresinin ¢igeklenmeden sonra 80-90 gin oldugunu
belirtmistir. Tiitiincii (2014)’ iin Adana ve cevresinde
yaptigl calismada tomurcuk patlamasinin mart ay1 ve
nisan basinda oldugu, tam ciceklenmenin ise haziran
aylr ortasmni, meyve hasat olgunluguna gelme
zamaninin ise temmuz sonu-agustos baslarim
buldugunu belirtmistir. Akdeniz ekolojisinin dogal
bitkisi olan bu tiir ile yapilan diger c¢alismalarda
fenolojik sathalarin hemen hemen benzer zamanlarda
gerceklestigi rapor edilmigtir.

Anonymous (2006) protokoliine gére belirlenen
morfolojik karakterizasyona dair elde edilen veriler
Cizelge 2’de sunulmustur.

Kalitatif karakter olarak degerlendirilen bitki
ozellikleri: 12 genotip “dik”, 3 genotip “yayvan”
biiyime karakterinde, 10 “uzun”, 4 “orta” ve 1 genotip
“kisa” boylu olarak belirlenmistir. Klatod sekli olarak
6 “dar eliptik”, 4 “dar ters yumurtams1”, 4 “genis ters
yumurtams1”’, 1 genotip “baklavamsi” olarak; klatod
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dikenlilik durumu 13 “gok az”, 2 genotip “orta”
dikenlilige sahip olarak; klatodtaki dikensi miktari, 13
“az”, 2 “orta” olarak tespit edilmistir. Bir areolden
cikan diken sayis1 dikkate alindiginda 13 “az”, 2

genotip “orta” olarak; merkezi dikenin pozisyonu, 4
genotipte “yari dik”, 6 genotipte “dik”, 5 genotipte
“yatay” olarak bulunmustur.

Cizelge 2. Dikenli incir kaktiislerinde bazi morfolojik 6zellikler

Table 2. Some morphological features of cactus pear

Genotip Bitki Bitki Klatod Klatod Areolden ¢ikan Klatodtaki Merkezi
biiylime boyu sekli dikenlilik diken sayisi dikensi miktari dikenin
sekli Plant Clatode Clathode The number of The amount of  pozisyonu
Genotype Plant height shape spinyness spines spines in the Position of
growth emerging from clathod the central
pattern the areole spine
KH1 Y K DTY CZ A A YTY
KH4 D U DTY CZ A A YD
KD5 D U DE CZ A A YD
KD7 D U DE CZ A A D
KD8 D U DTY CZ o O D
KS2 D 0 B CZ A A YD
KE3 D 0 GTY CZ A A D
KB3 D U GTY o A A D
OD1 D U DE CZ o 0 D
004 Y 0 GTY CZ A A YTY
006 D U GTY CZ A A YTY
007 D U DE CZ A A YTY
009 D U DTY o A A YTY
0011 Y 0 DE CZ A A D
0013 D U DE CZ A A YD

Y: Yayvan, D: Dik, Kisa. K, U: Uzun, O: Orta, DTY: Dar ters yumurtamsi, GTY: Genis ters yumurtamsi, DE: Dar eliptik, B:

Baklavamsi, CZ: Cok az, A: Az, YTY: Yatay, YD: Yar dik

Meyve sekli bakimindan 14 adedi “eliptik”, 1 adedi
“dikdortgen” olan genotiplerin 9 adedi “turuncu”, 4’a
“sar1”, 2'ise “kirmiz1” meyve kabuk rengine sahip iken
meyve kabuk homojenligi, 11 genotipte “dizensiz’, 4
genotipte “homojen” olarak goézlemlenmigtir. Butin
genotiplerde sari renkte olan glosidlerin sayisi, 10
genotipte “cok”, 4 genotipte “orta”, 1 genotipte “az”
olarak bulunmustur. Cicek tablasi1 cukuru, 7 genotipte
“orta”, 4 genotipte “cok”, 4 genotipte “az” olarak; meyve
sap uzunlugu ise 6 genotipte “orta”, 8 genotipte “kisa”,
1 genotipte “uzun” olarak bulunmustur (Cizelge 3).

Dikenli incir genotiplerinde meyve 6zelliklerinin
karakterizasyonuna goére; meyve boy degerleri 68.27
mm (KE3) ile 86.68 mm (006) arasinda, meyve en
degerleri ise 39.22 mm (OD1) ile 53.76 mm (KB3)
arasinda degismistir. Ak (2006) yaptig1 calismada
ortalama meyve boyunu 73.43 mm bulurken, Guzel
(2019) ise 65.70-95.20 mm arasinda tespit etmistir.
Toplu ve ark., (2009) yaptiklari calismada meyve
boyunu 53.20-74.97 mm arasinda, meyve enini 39.65-
52.69 mm arasinda tespit etmiglerdir. Dogu Akdeniz
Bolgesi dikenli incirlerinde meyve eni 40.30-50.58 mm
arasinda olctilmiistiir (Zurnaci, 2017). Dikenli incir
popilasyonu icerisinde KH1 genotipinden 155.59 g ile
en yliksek ortalama meyve agirligi elde edilirken, OD1
genotipi 64.77 g ile en dlsiik meyve agirligina sahip
olmustur. Benzer gekilde meyve kabuk agirhig

715

bakimindan da maksimum (61.36 g, KH1) ve minimum
(32.00 g, OD1) degerler yine bu genotiplerden elde
edilmistir (Cizelge 4). Arastirma lokasyonundan elde
edilen verilere gére 120 g iizeri (6 genotip) ve 100 g
tizeri (6 genotip) agirlikta meyvelerin oldugu
belirlenmigtir. Ekonomik yetigtiricilikte meyve agirligi
en 6nemli parametre oldugundan segilen genotiplerin
cogunlukla ustin karakterli oldugunu ve standart
yetistiricilik kosullarinda bu degerlerin daha da
artabilecegini disiinmekteyiz. Nitekim, Duru ve
Tiirker (2005) meyve agirhigini 80-120 g, El Finti ve
ark., (2013) 80.60-108.55 g, Toplu ve ark., (2009) ise
77.95 g araliginda bulmuslardir. Calismada secilen
genotiplerin  meyve agirligit  bakimindan bagka
ekolojilerde yapilan calismalarda elde edilen
degerlerden daha ylksek oldugu gorilmektedir.
Dikenli incir meyvelerinde ortalama tohum sayisi
139.66 adet olarak tespit edilmistir. Botanik olarak
UziimsiiT meyve grubunda olan dikenli incir
meyvesinde her bir tohum meyve etinin olugmasi i¢in
olduk¢a 6nemlidir (Mejia & Cantwell, 2003). Tiiketici
tarafinda istenmeyen &zellik olarak bildirilen (Toplu
ve ark., 2009) tohumun 1slah ¢alismalar1 ve meyve
kalitesi acisindan énemli oldugu bildirilmistir (Yilmaz,
2010). Meyvenin yenilebilir miktarim1 gdsteren pulp
ortalama %57 olarak belirlenmistir (Cizelge 4). Elde
edilen bu veri 6nceki baz ¢alismalarin verilerinden
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yiksek iken bir kismi ile de benzerlik igerisindedir
(Ak, 2006; Giizel, 2019). Meyve olgunlasma zamaninda

et yiizdesini (pulp) yiikseltebilecegi savunulmustur
(Barbera ve ark., 1993; Mashope, 2007).

meydana gelen ylksek yagisin meyve boyutu ve meyve

Cizelge 3. Dikenli incir meyvelerinin bazi kalitatif 6zellikleri
Table 3. Some qualitative characteristics of cactus pear fruits

Genotip  Kabuk Kabuk rengi Meyve Sap Cicek Areol Glosid Glosid
Genotype  rengi homojenligi  sekli  uzunlugu tablas1 yogunlugu sayis1 rengi
Skin Skin color fruit Stem gukuru Areole Glochid Glochid
color  homogeneity shape length FReceptacle density count color
depth

KH1 T D E K A Y C S
KH4 S H E K A Y C S
KD5 S D E U 0] 0] C S
KD7 T H E 0 O 0 ¢ S
KD8 S D E 0 ¢ 0 ¢ S
KS2 T D E O o Y ¢ S
KE3 T D E O ¢ O 0 S
KB3 T D E O o O ¢ S
OD1 K D E K ¢ O ¢ S
004 T D D 0 A S C S
006 T D E K 0] 0] A S
007 T D E K C 0] 0] S
009 S D E K 0] 0] C S
0011 T H E K A 0] 0] S
0013 K H E K 0 0 0 S

T. Turuncu, S. Sari, K. Kirmizi, D. Diizensiz, H. Homojen, E. Eliptik, D. Dikdoértgen, K. Kisa, U. Uzun, O. Orta, A. Az, C. Cok,
S. Seyrek, Y. Yogun

Cizelge 4. Dikenli incir meyvelerinin bazi pomolojik 6zellikler
Table 4. Some pomological features of cactus pear fruits

Genotip Meyve boyu Meyve cap1 Meyve agirhig: Meyve kabuk Tohum sayisi Pulp
Genotype Fruit length Fruit width Fruit weight (g) agirhigi (adet) Pulp

(mm) (mm) Skin weight (g) Seed number (%)

KH1 81.76+4.09 53.45+2.73 155.59+19.68 61.36+9.72 231.66+20.84 59
KH4 74.25+5.64 51.35+2.33 120.64+15.87 48.83+8.45 167.00+£26.51 61
KD5 81.94+7.16 48.06+3.20 101.98+20.52 36.75+7.65 108.00+£38.93 60
KD7 78.85+7.87 51.08+2.90 117.29+19.95 45.78+6.47 214.66+76.30 62
KDS8 81.07+5.15 47.20+2.11 101.41+13.00 41.79+6.03 127.00+45.31 57
KS2 82.10+5.35 48.58+3.26 115.86+18.37 47.77+6.34 116.66+6.42 57
KE3 68.27+5.79 47.21+2.50 92.80+25.91 38.09+5.62 119.33+24.90 61
KB3 83.06+4.47 53.76+2.51 143.19+18.32 57.38+6.72 159.00+£26.51 58
OD1 68.30+5.60 39.22+4.20 64.77+19.17 32.00+11.92 61.66+2.88 45
004 85.62+9.60 45.98+2.71 130.52+15.60 49.72+7.69 166.66+41.63 60
006 86.68+12.42 49.17+4.75 120.17+32.66 55.21+9.74 98.33+18.92 49
007 73.01+12.55 44.38+3.16 86.33+23.13 32.83+6.72 107.66+10.78 62
009 82.32+9.36 46.43+4.84 106.32+22.61 44.18+12.55 103.00+15.71 53
0011 82.26+12.65 51.46+3.56 129.58+23.53 53.72+12.14 133.33+45.09 59
0013 83.53+5.73 48.12+3.20 102.64+18.88 38.80+5.03 181.00+£17.57 56
Min. 68.27 39.22 64.77 32.00 61.66 45
Maks. 86.68 53.76 155.59 61.36 231.66 62
Ort. 79.53 48.36 112.60 45.61 139.66 57

Dikenli incir meyvelerinin kimyasal 6zelliklerine
iligkin veriler Cizelge 5'te sunulmustur. SCKM genel
olarak %10 ile %14 arasinda bulunmustur. KH1
genotipi en yiiksek (%14.20) SCKM degerine sahiptir.

Berger et al. (2013) dikenli incir meyvelerinin tat-
aroma sorunu olmadan tiiketilebilmeleri i¢in %12’ den
daha yliksek SCKM’ ye ulagtiginda hasat edilmesini
onermektedir. Nitekim dikenli incir non-klimakterik
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bir meyvedir (Zurnaci, 2017). Meyvelerin kuru madde
artisl saglamasi i¢in bitki Uzerinde olabildigince
bekletilmesi ve erken hasattan kaginilmas,
dolayisiyla derim zamaninin iyi belirlenmesi
gerekmektedir. Arastirma lokasyonundan secilen 15
genotipe ait meyvelerinin SCKM degerleri bakimindan
5 adedinin %12 tzeri, 5 adedinin ise %11 ve Uzeri
SCKM degerine sahip oldugu goriilmektedir. Yapilmig
baz1 arastirmalarda SCKM degerlerinin; %10.00-11.00
(Ak, 2006), %7.00-11.00 (Zurnaci, 2017), %5.00-14.10
(Giiven, 2017) arasinda oldugu tespit edilmistir. Genel
olarak degerlendirildiginde dikenli incir meyvesi
%10.00 ile %16.00 arasinda SCKM ile ylksek seker
icerigine sahip bir tiir olarak bildirilmistir (Toplu ve
ark., 2009; Nadia ve ark., 2013; Allegra, 2018). Eroglu
ve ark., (2021) yaptiklar:1 calismada SCKM degerleri
arasindaki farkliliklarda hasat tarihinin 6nemini
vurgulamiglardir. Agustos ayinda hasat edilen
meyvelerin SCKM degerinin, temmuz ayinda hasat
edilen meyvelerden daha yiksek oldugunu
belirtmiglerdir. Dikenli incir meyvesinde organik
olarak sitrik asit baskin konumdadir (Stintzing, 2002).
Umitvar olarak secilen dikenli incir genotiplerinde TA
ortalama %0.03 (OO7/KH4) ile %0.11 (KH1) arasinda
tespit edilmistir. Dikenli incir diger meyve turlerinden
farkl olarak oldukca diisiik meyve asitligine sahiptir.
Benzer sekilde dikenli incirlerde TA degerini Dogan
(2019) %0.09 ile %0.07, Valente (2017) ise %0.05 ile
%0.01 gibi dugiik asitlik olarak rapor etmiglerdir.
Lokasyonlardan  hasat edilen dikenli incir
meyvelerinin yuksek SCKM ve diisik asitlik degerine
sahip olmasi, genotiplerin yiiksek tat-lezzet ve
aromaya sahip oldugunu gostermektedir.

Umitvar genotiplerden toplanan dikenli incirlerin
meyve et sertligi 4.97 N (OD1) ile 10.83 N (KH4)
arasinda tespit edilmistir. Giizel (2019) Mersin ili ve
cevresinde yaptigl calismasinda meyve et sertligini
penetrometre ile 6lgerek 2.26 kg cm? ile 8.20 kg cm?
arasinda tespit etmistir. Titiincii ve ark., (2016)
Adana ekolojinde inceledikleri dikenli incirlerde
meyve eti sertligini 1.70 kg cm? ile 3.30 kg cm?
arasinda tespit etmiglerdir. Meyve et sertligi
Olcimlerinde meyve butiinsel yapisini  korumasi,
yumugsama ve dokularda ezilme olmadan 6l¢imiin
yapilmasi oOnemli bir kriterdir. Arastirmalar
arasindaki farkliliklarin kullanilan yéntem yaninda
toplama zamani1 ve ekolojik kogullarin farkligindan
kaynaklanabilecegini diisiinmekteyiz (Cizelge 5).

Dikenli incir meyvelerinin askorbik asit igerigi 6.51 mg
100 g-1 ile 17.25 mg 100 g-1 arasinda degisen
miktarlarda bulunmustur. Saenz ve ark., (1996)
arastirmasinda dikenli incir askorbik asit igerigini
4.30-25.00 mg 100 g-1 arasinda; Lee ve ark., (1997) ise
63.80 mg 100 g-1 olarak tespit etmiglerdir. Genel
olarak dikenli incir meyvesinin askorbik asit igeriginin
erik, nektarin, ve sgeftalideki askorbik asit
iceriklerinden daha yiiksek oldugu belirtilmigtir
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(Fernandez-Lopez ve ark., 2010). Popiilasyona ait
genotiplerin askorbik asit igeriklerin 6nceki bulgularla
benzerlik icerinde oldugu gorulmektedir. Tir, gesit
gibi genetik farkhiliklar ve ekolojik farklhiliklar
fitokimyasallarin sentezinde etkili faktérlerdir. Bu
gériisti destekler nitelikte Balei ve Keles (2019)
ahududu meyvelerinide C vitamini iceriklerinin
literatiire nazaran biraz daha yiksek olmasinin
nedenini ekolojik farkliliklara dayandirmiglardir.
Nitekim Dogan (2019), askorbik asit igeriklerini bu
arastirma sonuclarindan daha yiiksek olarak (30.87
mg 100 g-1 ile 16.60 mg 100 g-1) tiplere gore farklihik
gosterdigini bildirmistir (Cizelge 5).

Renkteki parlakligi ifade eden L* degeri, meyve etinde
52.55 (004) ile 44.08 (KD7) arasinda saptanmistir. Bu
durumda meyve eti en parlak tip O04 olmustur. Art1
deger aldiginda kirmizi, eksi deger aldiginda yesil
rengi ifade eden a* degeri tiplere gore degismistir. En
yiksek a* degeri 15.46 1ile KH1 genotipinde
bulunurken, en diisik a*degeri KDS8 (7.16) tipi
vermigtir. Bilindigi gibi art1 deger aldiginda sari, eksi
oldugunda mavi rengi isaret eden b* degeri 49.24
(KD5) ile 37.72 (004) arasinda 6l¢iilmiistiir. Incelenen
tiplerin meyve eti renginin koyu saridan (KD5)
turuncu-acikk  kirmiziya (004) kadar degistigi
soylenebilir. Calismada meyve kabuk rengi verilerinin
meyve et rengine paralel oldugu belirlenmigtir. Se¢ilen
genotiplerin meyve kabuk rengi L* degerleri 58.42
(KH4) ile 50.33 (KH1) arasinda, a* degeri 15.36 (KD7)
ile 4.47 (KD8) arasinda, b* degeri 38.44 (KD5) ile 26.14
(004) arasinda olciilmiistiir (Cizelge 6). Giizel (2019)
Mersin ve cevresinde yurittigi calismada, meyve
etinde L* degerini 47.39 ile 35.00 arasinda, a* degerini
10.78 ile 3.67 arasinda, b* degerini ise 57.79 ile 19.15
arasinda Olgmustir. Meyvelerde eti rengi basta
cesit/tip, cevre kosullari ve derim olgunlugu olmak
uzere pek cok faktorden etkilenmektedir. Bu nedenle
meyve et rengi degerlerinde genis varyasyonlar olmasi
beklenen bir durumdur.

SONUC ve ONERILER

KH1 genotipi meyve agirligi, meyve iriligi, tohum
sayis1 gibi pomolojik birgcok kalite parametresi
bakimindan en yuksek ozelliklere sahip olmustur.
Kiuresel 1sinmayla birlikte, Turkiye iklim kogullarinin
da daha fazla 1sinmas ile dikenli incir kaktislerinin
daha genig yetisme alani bulmasi ka¢inilmazdar. Iri,
renkli, albenili meyveleri, kiymetli doku ve organlar
ile olduk¢a genig yararlanma alanmi saglayan dikenli
incir tlrine/ meyvesine olan talebin artmasi
beklenmektedir. Ote yandan dikenli incirin agronomik
karakterlerinin belirlenmesi 1slah c¢alismalar1 igin
gereklidir. Ozellikle marjinal alanlarda strdiriilebilir
tarim acisindan kullanilabilecek bir tirdir. Elde
edilen bu gen havuzunun basta cesit gelistirme olmak
uzere diger 1slah c¢aligmalari ve biyogesitlilik igin
genetik materyal olusturacag kanaatindeyiz.
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Cizelge 5. Dikenli incir meyvelerinde kimyasal ve pomolojik analizler
Table 5. Chemical and pomological analyzes on cactus pear fruits
Genotip SCKM(%) pH Titre edilebilir Meyve et sertligi Vitamin C
Genotype TSS(%) pH asitlik Flesh firmnes Vitamin C
Titretable acidity(%) (N) (mg 100 gV
KH1 14.20+0.10 5.73+0.02 0.11+0.026 9.20+2.74 10.19+1.23
KH4 10.43+1.76 5.85+0.05 0.03+0.001 10.83+2.22 13.2340.21
KD5 11.30+0.43 5.80+0.01 0.04+0.003 9.53+1.79 11.65+0.27
KD7 14.00+0.01 5.73+0.01 0.07+0.004 6.16+1.48 11.55+0.23
KD8 11.63+0.05 5.80+0.01 0.04+0.025 9.84+2.09 17.25+0.19
KS2 11.66+0.20 6.00+0.005 0.04+0.004 8.71+1.81 11.05+0.77
KE3 11.73+0.05 5.84+0.01 0.05+0.021 8.24+3.69 13.77+0.66
KB3 12.63+0.05 5.69+0.06 0.05+£0.015 8.46+3.82 14.78+1.09
OD1 10.16+0.05 5.62+0.01 0.07+0.002 4.97+1.12 13.58+0.25
004 10.76+0.05 5.29+0.01 0.04+0.014 9.25+2.66 11.90+0.58
006 10.40+0.10 5.46+0.01 0.04+0.006 8.40+2.37 9.31+£0.43
007 11.86+0.05 5.64+0.09 0.03+0.002 6.23+1.20 7.79+£2.55
009 10.56+0.68 5.49+0.03 0.04+0.005 8.83+3.05 8.83+0.19
0011 12.50+0.51 5.24+0.04 0.06+0.004 6.68+1.92 9.12+0.50
0013 13.50+0.10 5.34+0.01 0.05+0.005 5.45+2.64 6.51+3.66
Min. 10.16 5.24 0.03 4.97 6.51
Maks. 14.20 6.00 0.11 10.83 17.25
Ort. 11.82 5.63 0.05 8.05 11.40

Cizelge 6. Dikenli incir genotiplerinde meyve kabuk ve meyve et rengi analizleri
Table 6. Fruit skin and fruit flesh color of cactus pear genotypes

Meyve kabuk rengi

Meyve et rengi

Genotip Fruit skin color Fruit flesh color
Genotype L* a* b* L* a* b*
KH1 50.33+2.61 13.70+3.56 32.46+4.29 49.13+3.45 15.46+4.45 44.83+4.61
KH4 58.42+3.75 6.60+4.19 33.79+3.78 52.52+2.95 11.32+2.83 46.08+3.00
KD5 58.37+4.32 5.92+3.47 38.44+3.18 52.26+4.00 10.27+3.22 49.24+3.87
KD7 53.53+2.24 15.36+2.70 32.21+3.36 44.08+11.67 12.64+3.02 40.23+14.10
KD8 57.30+4.04 4.47+3.65 32.45+4.56 50.43+3.08 7.16+3.49 40.94+3.88
KS2 54.37+4.34 10.73+3.59 36.16+4.39 51.17+3.04 10.97+3.85 44.97+3.70
KE3 54.61+2.85 9.95+2.69 32.06+3.63 50.09+4.92 11.82+2.79 41.74+1.73
KB3 50.72+2.66 12.19+4.04 32.30+3.35 46.18+3.69 13.73+4.08 45.11+3.96
OD1 54.56+4.36 14.86+3.63 28.28+3.59 47.80+3.24 14.39+4.48 41.26+3.63
004 53.48+3.24 12.32+6.10 26.14+2.01 52.55+4.62 11.78+2.37 37.72+5.92
006 52.74+3.47 8.58+5.11 28.13+3.99 51.30+4.69 8.30+5.30 43.08+8.01
007 53.84+3.32 9.91+2.80 31.16+3.90 47.84+6.27 11.24+4.38 45.03+6.14
009 55.81+5.27 7.76+£4.27 28.30+4.33 45.72+7.48 7.35+2.72 37.89+8.37
0011 53.27+3.39 13.12+3.82 29.11+5.74 49.59+4.72 11.18+4.67 47.57+7.39
0013 53.93+5.47 14.10+2.96 26.87+6.30 49.23+4.46 12.28+2.91 43.29+5.42
Min. 50.33 4.47 26.14 44.08 7.16 37.72
Maks. 58.42 15.36 38.44 52.55 15.46 49.24
Ort. 54.35 10.63 31.19 49.32 11.32 43.26
TESEKKUR Cikar Catigmasi Beyani
Bu ¢alisma, Yiksek Lisans Tezinin bir b6liimiinden Makale yazarlar1 aralarinda herhangi bir c¢ikar
hazirlanmigtir. catismasi olmadigini beyan ederler.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamiglardir.
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OZET Bahge Bitkileri
Seftali-nektarin diinyada yaygin olarak yetistiriciligi yapilan meyve

turlerinden biridir. Islah programlari sonucunda farkli renk, tekstiir, Aragtirma Makalesi

sekil, boyut ve lezzete sahip yeni gesitler gelistirilmigtir. Bunlardan basik

seftali ve nektarinlerin yetistiriciligi son yillarda 6nem kazanmigtir. Makale Tarihgesi

Calisma seftali endiistrisinde 6nemli bir konuma sahip olan Bursa Gelig Tarihi  :23.04.2022

ekolojisinde bazi basik seftali ve nektarin cesitlerinin performanslarini
degerlendirmek amaciyla 2016-2018 yillar1 arasinda yurutulmustir.

Kabul Tarihi :24.02.2023

Calismada GF 677 anaci Uizerine asili Plane Ring, Plane Summer, Plane Anahtar Kelimeler
Gem, Plane Sun, Plane Delicious, Plane Silver, Plane Gold, Plane Super, Basik gseftali

Plane Star, Plane 222, Plane Top basik seftali gesitleri ile Platerina 110 Basik nektarin

ve Platerina 264 basik nektarin ¢esitleri yer almistir. Cesitlerin fenolojik Fenolojik 6zellikler

gelisim agamalari, yaprak kivirciklig1 yayginlik orani, verim ve pomolojik
ozellikleri incelenmistir. Calismada Plane Ring ve Plane Summer
cesitleri en erken (Haziran), Plane Top ve Platerina 264 (Agustos) ise en
gec hasat edilen cesitler olmustur. Denemeye alinan cesitler arasinda
yaprak kivirakhig1 yayginlik orami % 25.0 (Plane Gold) ile %76.7
(Platerina 264) arasinda degismistir. Meyve agirligl, meyve boyutu ve
et/cekirdek oranmi yoniinden Plane Sun cesidi daha yiiksek degerler
verirken, Platerina 110 c¢esidi daha dustik degerler vermigtir. Cesitlerin
suda coziinebilir kuru madde miktar1 (SCKM) %13.3 -%18.1; titre
edilebilir asit igerigi 0.20 g 1001 ml -0.68 g 100! ml ve olgunluk indeksi
23.0 -82.2 arasinda degismigtir. Calismada verim, meyve Kkalite
parametreleri ve hastalik yayginlik orani birlikte degerlendirildiginde
Plane Silver ¢esidi 6n plana ¢ikmistir. Ayrica, Plane Gold gesidi daha
diisiik verime sahip olmasina ragmen diger kalite kriterleri bakimindan
olumlu sonuglar vermigtir.

Pomolojik 6zellikler

Investigation of Phenological and Pomological Characteristics of Some Flatt Peach and Nectarine
Cultivars in Bursa (Tiirkiye) Conditions

ABSTRACT Horticulture
Peach-nectarine is one of the widely cultivated cultivars in the world. As
a result of breeding programs, new cultivars with different colors, Research Article
textures, shapes, sizes and tastes have been developed. The cultivation of : :
flat peach and nectarines from these cultivars has become important in Artlc.le Hlstory.
recent years. The study was carried out between 2016-2018 to evaluate Received ) 23.04.2022
the performances of some flat peach and nectarine cultivars in Bursa Accepted + 24.02.2023
ecology, which has an important position in the peach industry. In the Ke d

) ywords
study, Plane Ring, Plane Summer, Plane Gem, Plane Sun, Plane Tkt e

Delicious, Plane Silver, Plane Gold, Plane Super, Plane Star, Plane 222,
Plane Top flat peach cultivars; Platerina 110 and Platerina 264 flat
nectarine cultivars grafted on GF 677 rootstock were used. Phenological
developmental stages, leaf curl prevalence rate and pomological
characteristics of the cultivars were investigated. In the study Plane Ring
and Plane Summer (June) cultivars were the earliest, and Plane Top and
Platerina 264 (August) were the last harvested. Leaf curl prevalence rate
ranged from 25.0% (Plane Gold) to 76.7% (Platerina 264). Plane Sun gave
higher values in fruit weight, fruit size and flesh/stone ratio, while
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Platerina 110 gave lower. Soluble solid content (SSC) of the cultivars
were 13.3-18.1%; titratable acid content ranged between 0.20 and 0.68 (g
100ml1); the ripening index varied from 23.0 to 82.2. When yield, fruit
quality and disease prevalence were evaluated together in the study,
Plane Silver cultivar came into prominence. In addition, although Plane
Gold cultivar had lower yield, it gave positive results in terms of other

quality criteria.

Ataf Sekli: Ahi Kosar, D., Kosar, MB., & Ertiirk, E., (2023) Baz1 Basik Seftali ve Nektarin Cesitlerinin Bursa (Tiirkiye)
Kosullarindaki Fenolojik ve Pomolojik Ozelliklerinin Incelenmesi. KSU Tarim ve Doga Derg 26 (4), 722-731.
httpsi//doi.org/10.18016/ksutarimdoga.vi. 1107873

To Cite : Ahi Kosar, D., Kosar, MB., & Ertiirk, E., (2023). Investigation of Phenological and Pomological Characteristics
of Some Flatt Peach and Nectarine Cultivars in Bursa (Tiirkiye) Conditions. KSU oJ. Agric Nat 26 (4), 722-
731. https://doi.org/10.18016/ksutarimdoga.vi.1107873

GIRIS arttirmig ve 1slah ¢alismalarinda geleneksel yuvarlak

Seftali yetistiriciliginin Cin’de bagladigi ve kultiirtinin
M.O. 2000 yillarina kadar dayandigi bilinmektedir.
Dinyada seftali yetistiriciligi 30°- 45° kuzey ve gliney
enlemleri arasinda yogun bir sekilde yapilmaktadar.
Daha yuksek enlemlerde meydana gelen dusik
sicakliklar ve ilkbahar ge¢ donlari; tropik ve subtropik
iklimlerde ise soguklama ihtiyacinin
karsilanamamasi, seftali yetistiriciligini etkileyen
temel faktorlerdendir (Ozbek, 1978; Demiroren, 1992;
Bolat & Ikinci, 2016). Diinya seftali-nektarin iiretim
miktar: incelendiginde Cin, Ispanya ve Italya’ dan
sonra 892.048 tonluk Uretim ile Tirkiye doérdinci
sirada yer almaktadir (Anonymous, 2020). 2021 yil
verilerine gore Bursa 104403 ton tiretim ile Mersin ve
Canakkale’den sonra en fazla sgeftali Uretiminin
yapildig ticlinci ildir (Anonim, 2021).

Seftalide dominant karakterlerin ve korelatif
ozelliklerin bulunmasi, genclik kisirliginin kisa olmasi
nedeniyle seftali, genetik ve 1slah ¢alismalarinin en
fazla yapildiga tiirlerdendir (Monet ve ark., 1996,
Huang ve ark., 2008). Seftalide 1slahc iilkeler meyve
sekli, boyutu, tekstiirii, renk ve aromatik 6zellikleri
yonunden kendi talepleri dogrultusunda 1slah
amaclarim1  belirlemektedir. Seftalinin anavatani
kabul edilen Cin ve Japonya’ da distik asiditeye sahip
beyaz etli ¢esitler, Kuzey Amerika’ da sar1 etli ve asitli
cesitler, Latin Amerika’ nmin birgok bélgesinde sari-
turuncu renkli konserve sanayine uygun seftali
cesitleri tercih edilmektedir (Byrne, 2002). Meyve sekli
acisindan yass1 bir goriiniime sahip olan basik
seftaliler yaklagik iki bin yil énce Cin’de kiiltlure
alinmig ve 17. yy’ dan itibaren Cin’ den batili tlkelere
yayllmistir. (Faust & Timon, 1995; Legua ve ark.,
2011; Zhang ve ark., 2021). Islah calismalarinn ilk
dénemlerinde baz tilkelerde basiklik karakteri, meyve
biyikligli ve verime etkisi yoniinden negatif bir
unsur olarak goéralmustir. Ancak bu gesitlerin
yuvarlak meyveli cesitler ile kargilagtirildiklarinda
kaliteli meyve elde etmek igin 6zel bir gen kaynagina
sahip olduklar1 bildirilmigtir. Bir¢cok basik sgeftali
cesidi distik asitli, yiiksek seker igerigine ve zengin bir
aromaya sahiptir. Bu kalite &zellikleri tiiketici ve
1slahgilarin  basik geftaliye olan ilgisini daha da
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meyveli geftali cesitleri ile basik sgeftali cesitleri
melezlenmistir (Ma ve ark., 2003; Picanol ve ark.,
2012).

1980lerde Italya’ da yapilan 1slah calismalar
neticesinde UFO serisi olarak adlandirilan yeni basik
seftali cesitleri elde edilmistir. 1990’ Ir yillarda Fransa’
da yapilan ¢calismalar sonucunda ‘Sweetcap’, ‘Maillar’,
‘Regalcake’ ve ‘Nectacake’ gibi basik seftali cesitleri
gelistirilmistir (Nicotra ve ark., 2002; Hernandez ve
ark., 2010). Ilerleyen yillarda Amerika’ da ‘Saturn’
¢esidi ile birlikte Kaliforniya ve Florida gibi bolgelerde
birkag¢ basik ¢esit daha i1slah programlari sonucunda
elde edilmigstir. Basik seftalinin ¢ikis noktasi olan Cin’
de de belli lokasyonlarda ‘Ruipan’ gibi bazi ticari basik
seftali cesitleri gelistirilmistir (Byrne, 2002).

Son  yillarda  ozellikle  Akdeniz  ulkelerinde
yetistiriciligi artan basik seftali-nektarin ¢esitlerinin
performanslar1  tizerine Turkiye’de yapilmig bir

calismaya rastlanmamigtir. Bu calisma ile sgeftali
yetigtiriciliginde Onemli bir konumda olan Bursa
ekolojisinde 11 basik geftali ve 2 basik nektarin
cesidinin performanslar: incelenmigtir.

MATERYAL ve METOD

Calisma, 2016-2018 yillar1 arasinda Bursa Uludag
Universitesi Ziraat Fakiiltesi Arastirma ve Uygulama
alaninda (40° 14’ ve 38° 03’ kuzey enlemleriyle, 28° 00’
ve 28° 51’ dogu boylamlar1) 2014 yilinda GF 677 anaci
izerine asili 11 basik seftali (Plane Ring, Plane
Summer, Plane Gem, Plane Sun, Plane Delicious,
Plane Silver, Plane Gold, Plane Star, Plane Super,
Plane 222, Plane Top) ve 2 basik nektarin cesidi
(Platerina 110 ve Platerina 264) cesidi ile 4.5x1.25 m
araliklarla tesis edilen parselde yuritilmustir.
Agaglar Perpendicular-V terbiye sistemine gore
sekillendirilmigtir. Denemenin yuriitildiga parselin
toprak yapis1 killi karakterdedir ve pH 7.40-8.12,
organik madde miktar:1 %0.71-1.99, kire¢ miktar: ise
%2.36-30.44 arasinda degismektedir. Agaclarin gévde
¢api, dinlenme déneminde ag1 yerinin 10 cm tizerinden
0.01 mm duyarl digital kumpas ile 6l¢ilmis ve gévde
cap1 degeri kullanilarak A= mr.r2 formuli ile gévde kesit
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alam1 hesaplanmistir. Her bir agactan elde edilen
meyvelerin tartilmas1 ile aga¢ basina verim elde
edilmisg ve elde edilen verim miktar1 kiimilatif olarak
verilmigtir. Kiumilatif verimin 2018 yilinda
hesaplanan goévde kesit alanina oranlanmasi ile
cesitlerin verim etkinligi belirlenmigtir. Calismada yer
alan basik geftali ve nektarin cesitlerinde tomurcuk
kabarmasi, pembe tomurcuk, ilk c¢iceklenme, tam
cigeklenme, ¢iceklenme sonu ve yaprak dokimi
tarihleri kaydedilmis ve ¢ yilin ortalamas:
hesaplanarak degerlendirilmistir (Okie ve ark., 2008;
Giir, 2008). Calisma siiresince cesitlere ait yaprak
kivirciklign  yayginlhik  oraninin  belirlenebilmesi
amaciyla agaclara fungusit uygulanmamistir. Yaprak
kivircikhig1 (Taphrina deformans) yayginlik orani her
tekerriirde aga¢ basina beg siirgiinde saglikli ve
hastalikli yapraklarin sayilmasiyla elde edilmigtir
(Duzgiines ve ark., 1987). Calismada meyve agirhig (g)
ve cekirdek agirligi (g) 0.01 g a duyarli elektronik
terazide tartilip, et/cekirdek orani hesaplanmigtir.
Meyve eni, boyu ve yiksekligi (mm) 0.01
hassasiyetteki elektronik kumpas 1ile o6lculerek
belirlenmistir. Meyve eti sertligi (kg cm-2) 8 mm capa
sahip el penetrometresi kullanilarak saptanmigtir.
Meyvelerin kimyasal 6zelliklerinden, suda ¢6éziinebilir
kuru madde miktar1 (%) el refraktometresi ile
6lciilmiis, titre edilebilir asit miktar: (TA) (g 100t ml)
malik asit cinsinden titrasyon yontemi ile
belirlenmigtir. Bu iki parametrenin oranlanmasi ile
olgunlagma indeksi hesaplanmigtir.

» 11 B 17

\ 5

2 F L |

15
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Istatistik Analizler

Calisma, tesaduf bloklar1 deneme desenine goére ugc
tekerriirli ve her tekerriirde li¢ agag olacak sekilde
planlanmigtir. Meyvelerin pomolojik 6zellikleri g
tekerrirli ve her tekerriirde 15 adet meyve olacak
sekilde planlanmigs ve ¢ yilin ortalamas:
hesaplanarak degerlendirilmistir. Yaprak kivircikligi
oran1 (%) degerine ag1 (arc sinVx) transformasyonu
uygulanarak istatistiki analiz yapilmigtir. Elde edilen
verilerin istatistiki analizi i¢in 7.0.2 JMP istatistik
program1 kullamilmistir (JMP, 2007). Ortalamalar
aras1 farkliliklar 0.05 6nemlilik seviyesinde TUKEY
coklu karsilagtirma testi 1ile degerlendirilmistir
(Kalayci, 2005).

BULGULAR ve TARTISMA

Denemeye alinan ¢esitlere ait fenolojik gézlemler Sekil
1’ de verilmistir. Tomurcuk kabarma dénemi Plane
Ring (24 Subat-01 Mart) ve Plane Summer (25 Subat-
02 Mart) cesitlerinde daha erken gerceklesirken, Plane
Gold (02 Mart-08 Mart) ve Plane Silver (03 Mart-08
Mart) cesitlerinde daha ge¢ gerceklesmistir.
Calismada cesitlerde ilk cigeklenme 4-12 Mart, tam
ciceklenme 7-15 Mart, gigeklenme sonu ise 12-24 Mart
tarihleri arasinda gerceklesmistir. Plane Ring ve
Plane Summer c¢esitleri daha erken ciceklenirken,
Plane Gold ve Plane Silver cesitleri daha geg
¢igeklenmigtir.

2 2%
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Platerma 1 1 : -
Plane Sun —
Plane Debicious g L 1T ~
\ T — '
R : S
Plane Gokd — | 4
Plane Star ‘ I | — N
Plane 222 ]
— | . =
Platerma 264 I _
TR T R B N L IS I OO L L R
Sabat Moart
Tosmscuk kabastay Pembe toosscuk [ 1 Pembe temacuk [k oodkdenme
\ )
e Cxeidonme-Tam opeidenm - Tam Ciceldenme Cxotklenme sonu

Sekil 1. Denemeye alinan geftali-nektarin

cesitlerinde cigceklenme periyodu (2016-2018)

Figure 1. Flowering period in flat peach-nectarine cultivars (2016-2018)
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Pascal ve ark. (2009) tarafindan yapilan calismada
bazi basik seftali cesitlerinin Ispanya sartlarinda 14-
23 Mart tarihleri arasinda, Fransa sartlarinda ise 9-19
Mart tarihleri arasinda ciceklendigi bildirmiglerdir.
Ciceklenme donemi ve siresi yetistirilen tir, cesit,
iklim ve yillara gore degiskenlik gostermektedir. Buna
ek olarak yer-yoney, rakim, hakim riizgarlar,
kullanilan ana¢ ve bakim kogullar1 da c¢iceklenme
dénemi tizerine etkilidir (Karacali, 2012).

Turkiye Kuzey yarim kirede orta kusakta yer
almaktadir. Bu nedenle iliman iklim kosullarinin
etkisi altindadir. Buna ragmen bazi yillarda
ilkbaharda meydana gelen dusik sicakliklar ¢icek
tomurcuklarina zarar verebilmektedir (Erdem ve ark.,
2016). Diisiik sicakliklar neticesinde meydana gelen
don zararlar1 o6zellikle erken ¢igeklenen c¢esitlerde
verim kayiplarina neden olmaktadir. Bu dogrultuda
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Plane Delicion
Plane Silver
Plane Gold U
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Plane
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Hariran Temmms

ARwrion

uretim ve 1slah ¢alismalarinda daha geg gigeklenen ve
¢iceklenme periyodu daha wuzun olan cgesitlerin
kullanilmasi énemlidir (Topp ve ark., 2008; Pakkish ve
ark., 2011). Calismada erken ciceklenen Plane Ring ve
Plane Summer ¢esitlerinin ilkbahar donlarindan zarar
gérme ihtimalinin geg gigeklenen cesitlere goére daha
yiksek oldugu ve olasi don olayr sonucunda verim
kayiplarinin meydana gelebilecegi éngoriilmektedir.

Basik sgeftali-nektarin cesitlerinin 2016-2018 yillar
arasi ortalama hasat tarihleri Sekil 2’ de verilmistir.
Calismada basik geftali-nektarin ¢esitleri 14 Haziran-
28 Agustos tarihleri arasinda hasat edilmigtir. Plane
Ring (14 Haziran) en erken hasat edilen ¢esit olurken,
bu ¢esidi Plane Summer (25 Haziran) ve Plane Gem
(26 Haziran) cesitleri takip etmistir. Plane Top (19
Agustos) ve Platerina 264 (18 Agustos) ise en gec hasat
edilen cesitler olmustur.
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Sekil 2. Basik seftali-nektarin cesitlerinin meyve olgunlastirma periyodu (2016-2018)
Figure 2. Fruit ripening period of flat peach-nectarine cultivars (2016-2018)

Cesitlerin hasat tarihleri lizerine ekolojik faktérlerin
cok biiytik etkisi vardir. Legua ve ark. (2011) Ispanya’
da 7 basik seftali, 3 basik nektarin ¢esidinde yaptiklar
arastirmada hasat olumunun 20 Mayis-7 Agustos
tarihleri arasinda, Reig ve ark. (2012) ise yine Ispanya
kosullarinda bazi basik cesitlerin hasat olumunun 1
Haziran-20 Eylil tarihleri arasinda degistigini
bildirmislerdir. Byrne (2002) farkli zamanlarda
meyvelerini olgunlagtiran erkenci ve gec¢li ¢esit
yvelpazesinin  genigletilmesinin  geftali  endistri
acisindan 6nem arz ettigini vurgulamistir.

Seftali ve nektarinlerde ¢iceklenme déneminden sonra
meydana gelen yagiglar ve yiksek hava nemi meyve
tesekkiiliini olumsuz yonde etkilemekte ve baz fungal
hastaliklarin artmasina neden olmaktadir (Ozcagiran
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ve ark., 2004). Bu fungal hastaliklardan yaprak
kivircikhigi seftali-nektarin, badem ve kayis1 gibi sert
¢ekirdekli meyve yetistiriciligini ticari anlamda
etkilemektedir (Frisullo ve ark., 2000; Cisse ve ark.,
2013). Calismada 2016-2018 yillar1 arasinda yaprak
kivircikhig1 yayginligi gozlenmis ve cesitler arasinda
onemli farkhiliklar tespit edilmistir (Sekil 3). Gec
ciceklenen Plane Gold (%25.0) ve Plane Silver (%28.7)
gesitlerinde yaprak kivircikligi yayginlik orani daha
distk bulunurken, erken c¢iceklenen Plane Summer
(%51.0), Plane Ring (%66.0) ve Platerina 264 (%76.7)
cesitlerinde daha yiiksek bulunmustur (Sekil 3).
Sharma ve Badiyala (1994), erken ciceklenen cesitlerin
hastaliga karsi daha hassas oldugunu bildirmistir.
Ritchie ve Werner (1981) ise, nektarin cesitlerinin
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seftali cesitlerine goére yaprak kivircikligina daha
hassas oldugunu belirtmiglerdir. Arastiricilarin elde
ettigi sonuclar ile bu c¢alisma bulgulari uyum
gostermis, erken ciceklenen cesitler ile Platerina 126
nektarin c¢esidinde hastalik yayginlik orani daha
yiksek bulunmugtur. Nem oraninin yiiksek oldugu
Bursa bolgesinde ilaglama yapilmadan yiratilen

calisgmada yaprak kivircikligi yogunlugunda 6nemli
farkliliklarin tespit edilmesi ¢esit seciminde 6nemli bir
olcut olacaktir.

Calismada goévde kesit alani, kumtulatif verim ve

kimilatif verim etkinligi yoniinden c¢esitler arasinda
énemli farklihiklar tespit edilmistir (Cizelge 1).

90,0 -

80,0 -
70,0 -
=]
60,0 -
550,0 -
N b
540,0 -
J5530,0 -
il
20,0 -
~

49.7 be
46.7 bed

51.0 abc

47.7 bed
38.7 cde

—

=]

e}
1

’

Yaprak Kivirc
=]
=}

Cesit

45.0 bedt5.0 be

76.7 a

7.0 bed

32.0 de

Sekil 3. Basik seftali nektarin cesitlerinde yaprak kivircikligi orani (2016-2018)
Figure 3. Leaf curl rate in flat peach-nectarine cultivars (2016-2018)

Cizelge 1. Basik geftali nektarin ¢esitlerine ait govde kesit alan1 ve verim degerleri
Table 1. Cross-sectional area and yield values of flat peach nectarine cultivars

Govde Kesit Alam Kimiilatif Verim Kimiilatif Verim Etkinligi
CESIT (cm?) (kg agacg-1) (kg cm™?)

Plane Sun 21.0+5.2 ¢ 6.0+£1.2 ¢ 0.22+0.01 b
Plane 222 41.0+3.2 ab 9.3+2.4 de 0.24+0.02 &h
Plane Star 29.4+7.4 of 10.1+1.8 <d 0.34+0.06 def
Plane Gold 30.1£3.9 ¢ 11.2+1.2 cd 0.38+0.04 <d
Plane Top 37.2+6.5 be 15.2+2.2b 0.41+0.03 be
Plane Super 31.746.4 de 6.3+2.7 0.22+0.02 b
Plane Silver 44.0+4.1 20.1+1.7 2 0.46+0.04 b
Platerina 264 15.6+4.2 h 3.243.5f 0.23+0.02 &h
Plane Delicious 29.5+4.7 ef 9.0+£2.2 de 0.31+0.04 f
Plane Summer 36.0+6.4 «d 20.2+2.5 2 0.56+0.03 2
Plane Gem 25.4+4.4 f¢ 9.04£2.0 de 0.39+0.01 <d
Plane Ring 30.0+3.8 ¢ 6.2+3.8 of 0.08+0.05 ef
Platerina 110 36.0+5.8 ¢d 13.1+1.7 be 0.36+0.07 cde

a Farkli harfler ortalamalar arasindaki istatiksel farklilig1 gostermektedir (P<0.05)
a Different letters indicate statistical difference between means (P<0.05)

Kumiilatif verim 3.2 kg ile 20.2 kg arasinda dagilim
gostermis olup, Plane Summer (20.2 kg agac! ) ve
Plane Silver (20.1 kg agac¢!) cesitleri yiiksek degerler
verirken, Platerina 264 (3.2 kg agac! ) cesidi diisiik
deger vermistir. Arastirmada agaclarin goévde kesit
alam1  15.6 cm? (Platerina 264) ile 44.0 cm? (Plane
Silver) arasinda degisim gostermistir. Kiimiilatif
verim etkinligi Plane Summer (0.56 kg cm) cesidinde
daha yiiksek bulunurken, bunu Plane Silver (0.46 kg
cm?) cesidi takip etmistir. Kiimiilatif verimi diisiik
olan Plane Sun (0.22 kg cm2) ve Plane Summer (0.22
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kg cm'2) cesitlerinin verim etkinligi de diisiik
bulunmustur (Cizelge 1).

En yiiksek meyve agirlign Plane Sun (152.4 g) ve Plane
222 (139.4 g) cesitlerinden elde edilmistir ve bu
cesitleri Plane Star (124.0 g) ve Plane Gold (123.2 g)
gesitleri takip etmistir. En disik meyve agirhigi
Platerina 110 (70.6 g) ve Plane Ring (85.3 g)
cesitlerinden elde edilmistir (Cizelge 2). Sanlurfa
ekolojisinde 11 sgeftali gesidinde yapilan g¢aligmada
cesitlerin meyve agirliklar1 78.1 g (Cardinal) ile 273.1
g (Dixired) arasinda degisim géstermistir (Ikinci ve
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Bolat, 2018). Mustafakemalpasa (Bursa) yoresinde 10
seftali cesidi (Royal Glory, Cardinal, Early Red,
Dixired, Senturk, Glohaven, Redhaven, R10,
Cresthaven, Takunya) ve 1 genotip ile yapilan bir
calismada ise cesitlerin meyve agirhg: 71.8 g (Cogiir)
ile 217.6 g (R10) arasinda dagilim géstermistir (Kiiciik
& Muradoglu, 2020). Kahramanmaras ekolojisinde 5
seftali (Halehaven, Elegant Lady, Redhaven,
Navadonna, Transvallia,) ve 3 nektarin (Big top, Sweet
Lady ve Carolina) cesidinde yiiriitiillen calismada,
seftali cesitlerinin meyve agirhigi 100.8 g (Redhaven)
ile 117.2 g (Navadonna), nektarin cesitlerinin meyve
agirhig: ise 94.3 g (Carolina) ile 123.0 g (Sweet Lady)
arasinda dagilim goéstermigstir. Arastiricilar nektarin
cesitlerinde dusik meyve agirligina sahip Carolina
cesidinin erken, yiiksek meyve agirligina sahip Sweet
Lady cesidinin ise daha ge¢ hasat olumuna geldigini
bildirmistir (Ilgin & Yiice, 2019). Dirlewanger ve ark.
(1999) da hasat zamani ile meyve agirliginin dogru
orantili oldugunu ifade etmistir. Bu calismada ise orta
dénemde hasat edilmesine ragmen Plane Sun (152.4 g)
¢esidinin meyve agirhiginin yiiksek oldugu tespit
edilmigstir. Geg¢ hasat edilen cesitlerden biri olan Plane
222 (139.4 g) meyve agirlig1 yoniinden yiiksek, erken
hasat edilen Plane Ring (85.3 g) cesidi ise diisiik deger
vermistir (Cizelge 2). Bu bulgu, diger arastiricilarin
(Dirlewanger ve ark., 1999; Ilgin & Yiice, 2019) elde
ettikleri bulgular ile uyumlu bulunmaktadir.

Cesitlere ait meyve c¢ekirdek agirligi 4.3 g (Plane
Summer)-6.7 g (Platerina 264), et/cekirdek oram ise
14.6 (Plane Ring)-34.0 (Plane Sun) arasinda degismis
ve cesitler arasinda O6nemli farkhliklar tespit
edilmistir (Cizelge 2). Ikinci ve Bolat (2018) tarafindan
Sanliurfa bolgesinde yapilan arastirmada, cesitlerin
cekirdek agirhgn 4.3 g (Springcrest) ile 10.2 g
(Redhaven) arasinda dagilim gostermigtir.
Mustafakemalpasa (Bursa)da yapilan calismada ise
seftali cesitlerinde cekirdek agirhgimin 4.2 g (Cogiir
Genotipi) ile 11.7 g (Sentiirk) arasinda degistigi
bildirilmistir (Kiiciik & Muradoglu, 2020). Bu
calismada, meyve agirligr yiikksek olan Plane Sun ve
Plane 222 cesitlerinin ¢ekirdek agirhigi disiik oldugu
icin bu cesitlerin meyve et/cekirdek orani yuksek
bulunmustur. Giir ve Pirlak (2011) tarafindan Egirdir
kogullarinda yapilan arastirmada meyve agirlg: diisiik
bulunan Morettini 5/14 ¢esidinin meyve et/cekirdek
oraninin daha disik oldugu bildirilmistir. Bu
calismada da meyve agirhigr disiik olan Plane Ring
(14.9) ve Platerina 110 (14.6) cesitlerinde meyve
et/gekirdek orani diisiik bulunmus olup, elde edilen bu
bulgu Giir ve Pirlak (2011) 1n bildirdigi sonuclar ile
uyumluluk géstermigtir.

Calismada meyve eni 55.3-75.0 mm, meyve boyu 30.1-
49.8 mm ve meyve yliksekligi 51.5-75.0 mm arasinda
degismis ve c¢esitler arasinda Onemli farkliliklar
bulunmustur (Cizelge 2). Plane Sun (75.0 mm; 75.0
mm), Plane Super (74.1 mm; 72.4 mm), Plane 222 (73.3
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mm; 67.8 mm), Plane Gold (70.1 mm; 67.9 mm)
gesitleri meyve eni ve ylksekligi yoniinden yuksek
degerler verirken, Plane Star (49.8 mm) cesidi meyve
boyu yoniinden yliksek deger vermistir. Platerina 110
(55.3 mm; 30.1 mm ve 51.3 mm) nektarin cesidinin ise
diisik meyve boyutuna sahip oldugu tespit edilmistir.
Kahramanmarasta yuritilen ¢alismada geftali
cesitlerinin meyve eni 45.4 mm (Transvallia) ile 60.7
mm (Elagant Lady); meyve boyu 41.0 mm
(Transvallia) ile 52.8 mm (Halehaven) ve meyve
yiikseklikligi 37.4 mm (Transvallia) ile 52.1 mm
(Halehaven) arasinda degisim gostermistir (Ilgin &
Yiice, 2019). Basik seftali-nektarin cesitleri ile yapilan
calismada Pascal ve ark. (2009), meyve eninin
Ispanya’da 70-80 mm, Fransa'da ise 67-80 mm
arasinda degistigini bildirmistir. Reig ve ark. (2015
da Ispanya Ebro Vadisinde 89 geftali ¢esidi ile
yaptiklar1 adaptasyon c¢alismasinda, 16 basik seftali
cesidinde meyve eninin ortalama 74.4-76.5 mm, meyve
boyunun ise 37.5-40.2 mm degerleri arasinda
degistigini bildirmistir. Popova ve ark. (2021) nin
Bulgaristan’ da yaptig1 calismada UFO 4 basik seftali
¢esidinin meyve eni, boyu ve yuksekligi sirasi ile 66.2
mm, 32.2 mm ve 65.5 mm olarak bulunmustur.
Egirdir ekolojisinde 16 seftali c¢esidinde yiritilen
arastirmada, erken hasat edilen Morettini 5/14 seftali
cesidinde meyve eni ve boyunun diisiik (63.4 mm; 59.7
mm), gec hasat edilen South Haven cesidinde ise bu
degerlerin yiiksek (88.0 mm; 82.6 mm) oldugu tespit
edilmistir (Giir & Pirlak, 2007). Bu calismada da genel
olarak daha ge¢ hasat edilen c¢esitlerin meyve
boyutunun daha ylksek oldugu, erken hasat edilen
cesitlerin ise daha diisiik degerlere sahip oldugu tespit
edilmis olup bu sonuclar Giir ve Pirlak (2007) 1n
bildirdigi sonuclar ile benzerlik géstermistir.

Calismada meyve eti sertligi 2.9-5.5 kg cm-2 arasinda
degisim gostermis ve c¢esitler arasinda Onemli
farkliliklar tespit edilmistir (Cizelge 2). Plane Super
(5.5 kg cm-2), Plane Gold (5.5 kg cm-2) ve Plane Silver
(5.3 kg cm-?) cesitlerinin meyve eti sertliginin yiiksek,
Plane Star (2.9 kg cm-2) cesidinin ise daha diisiik
oldugu tespit edilmigtir. Kahramanmaras
kogullarinda yapilan calismada meyve eti sertligi
seftalide 5.9-9.8 kg cm-2, nektarinde 8.3-10.4 kg cm-2
(Ilgin & Yiice, 2019); Mustafakemalpasa (Bursa)
kogullarinda yapilan ¢alismada ise 4.9-21.9 kg cm-2
arasinda degismistir (Kiicilk & Muradoglu, 2020).
Seftalide meyve eti sertligi hasat olumunun tespitinde
kullanilan temel parametredir (Baladiya 1997).
Serrano ve ark. (2004)’ da meyve eti sertliginin yiiksek
olmasinin, hasat ve hasat sonrasi donemde meyvede
mekanik zarar1 azaltmasi bakimindan o6nemli bir
kalite parametresi oldugunu vurgulamigtir. Karagah
(2012) meyve eti sertliginin, muhafaza Omrini
belirleyen 6nemli bir faktér oldugunu bildirmis ve
hasat edilen geftalilerde sertlik degerinin 7-8 kg
arasinda olmasi gerektigini vurgulamistir.
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Cizelge 2. Basik geftali nektarin g¢esitlerinin pomolojik 6zellikleri

Table 2. Pomological characteristics of flat peach nectarine cultivar

. Meyve Meyve Meyve Meyve Cekirdek Meyve Eti Et/ SCKM T.A Olgunluk
CESIT Agirh Eni Boyu  Yiiksekligi Agirh Sertligi Cekirdek (%) (g 1001 Indeksi
(g (mm) (mm) (mm) (g (kg cm™) Orani ml)

Plane Sun 152.4+4.1 2 75.0+1.12 35.1+1.3 be 75.0+0.9 2 4.3+0.8 ¢ 4.2+0.4 abed 34.0+£1.2 2 17.1£0.7 abe 0.20+0.05 ¢ 82.2+6.3 a
Plane 222 139.4+11.5 2 73.3+£3.4 2 40.5+£3.2 P 67.8+1.5 abe 4.6+0.5 be 5.1+1.1 2 29.7+3.3 2 14.740.6 bed 0.25+0.07 ¢ 58.6+3.1 abe
Plane Star 124.0+7.2 be 64.4+3.8 be 49.84+3.8 a 60.4+0.9 cd 6.2+1.9 ab 2.9+0.8 4 18.4+£2.7 cde 13.7+2.04 0.48+0.09 e 28.7+5.2 de
Plane Gold 123.2+4.3 be 70.1+1.9 b 36.5+2.1 be 67.940.9 abe 4.8+0.2 be 5.5+1.52 24.3+2.6 > 15.4+1.0 abed 0.53+0.13 30.4+6.1 de
Plane Top 121.1+4.5 bed 69.2+0.8 ab 34.440.7 be 65.7+0.7 be 6.0+1.0 abe 3.0+0.3 «d 19.0-£1.4 bede 14.1+0.7 «d 0.25+0.08 ¢ 57.0+2.6 be
Plane Super 118.1+5.6 bed 74.14£3.9 2 40.5+2.7 P 72.444.5 ab 5.3+0.6 abe 5.5+0.9 2 19.9£3.8 «d 15.1+1.5 abed 0.35+0.09 cde 44.8+8.3 bede
Plane Silver 115.3+3.9 «d 69.6+1.5 ab 37.9+0.7 P 66.5+0.7 abe 5.5+0.5 abe 5.3+0.6 2 19.9+2.3 bede 14.1+1.0<d 0.28+0.08 ¢ 50.2+3.5 bed
Platerina 264 113.6+£10.2 cde 68.5+1.9 ab 36.6+2.9 be 64.943.1 be 6.7£1.52 4.5+0.5 abed 16.1+1.3 de 17.5+0.9 ab 0.46+0.15 bed 38.7+6.5 cde
Plane Delicious 106.9410.1 cdef 67.0£2.2 abe 34.8+0.8 be 67.1£1.4 abe 4.8+0.2 be 3.6+0.6 bed 21.4+3.5 bed 18.1£1.52 0.28+0.05 © 65.2+4.9 ab
Plane Summer 99.2+3.0 def 63.6+0.6 be 36.3+2.6 be 66.0+2.3 abe 4.3+1.7¢ 4.4+0.6 abed 21.941.8 be 13.7+1.54d 0.33+0.07 de 41.5+7.6 bede
Plane Gem 91.245.4 «fg 62.8+2.1 bed 35.4+1.6 be 63.5+4.1 be 4.5+0.2 be 5.3+1.32 18.9+1.1 cde 16.5+1.4 abed 0.29+0.10 ¢ 61.3+8.2 abe
Plane Ring 85.3+3.9 fg 60.2+3.4 cd 36.5+2.0 be 59.243.7cd 5.4+0.9 abe 4.9 +£1.1ab 14.9+3.4 ¢ 13.3+1.14d 0.52+0.11 7" 27.1+£6.1 de
Platerina 110 70.6+4.5 ¢ 55.3+1.2d 30.1+0.8 ¢ 51.3+0.8 ¢ 4.4+0.6 © 4.6+0.8 abe 14.6£1.3 ¢ 16.4+1.1 abed 0.68+0.072 24.242.5¢

aFarkl: harfler ortalamalar arasindaki istatiksel farklilig1 gostermektedir (P<0.05)
a Different letters indicate statistical difference between means (P<0.05)
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Bu calismada ise geftali-nektarin cesitlerinde meyve
eti sertliginin 7-8 kg’ dan daha diisik oldugu tespit
edilmigtir. Bu farkliligin nedeni meyve eti sertligi
uzerine g¢evre kosullari ve agaclarin beslenme
durumunun etkili olmas: ile agiklanabilir. Sicak ve
kurak kogullarda bu deger yiikselirken, serin ve nemli
kosullarda ise bu deger diismektedir (Karacali, 2012).

Cesitlerin SCKM degeri 13.3-18.1 arasinda degismis
ve cegitler arasinda istatistiki olarak O6nemli
farkliliklar bulunmustur (Cizelge 2). Plane Delicious
(%18.1) cesidi yiiksek SCKM degeri verirken, erken
hasat edilen Plane Ring (%13.3) ve Plane Summer
(%13.7) cesitleri diisik SCKM degeri vermistir.
Erkenci cesitlerin, orta ve ge¢ déonemde hasat edilen
cesitlerden daha diisik SCKM degerine sahip oldugu,
orta ve ge¢ dénemde hasat edilen gesitlerin erkenci
cesitlere gore geker biriktirme kapasitelerinin daha
fazla oldugu bildirilmistir (Engel ve ark., 1988;
Dirlewanger ve ark., 1999; Byrne, 2002). Cantin ve
ark. (2010) da basik seftali cesitlerinin daha yiiksek
seker igerigine sahip oldugunu bildirmiglerdir. Buna
ek olarak Popova ve ark. (2021)’ da daha ge¢ hasat
edilen UFO-4 basik seftali ¢esidinin SCKM degerinin
daha yiiksek oldugunu bildirmiglerdir.

Titre edilebilir asit miktar: yoninden ¢esitler arasinda
onemli farklhiliklar elde edilmis ve asitlik degerleri
0.20-0.68 g 100! ml arasinda degismistir. Cesitler
arasinda en yiiksek degeri Platerina 110 (0.68 g 1001
vermistir (Cizelge 2). Meyve asit icerigi cesit 6zelligine
bagli olmakla birlikte ekolojik kogullar, agacin tag
durumu, meyve yuki ve meyve olgunlugu gibi bazi
parametrelerden de etkilenmektedir (Crisosto ve ark.,
1997). Iglesias ve Echeverria (2009) malik asit miktar:
0.33 g 100! mI’den diiglik olan basik geftali gesitlerinin
cok tatl, 0.33-0.66 g 100! ml arasinda olan basik
nektarin cegitlerinin ise tatlh sinifinda yer aldigini
bildirmiglerdir. Bu simiflandirmaya goére, Plane Sun,
Plane 222, Plane Top, Plane Silver, Plane Delicious ve
Plane Gem cgesitlerinin malik asit i¢ceriginin 0.33 g 100
1 ml seviyesinden daha diisik olmasi sonucu bu
cesitler ¢ok tath cesit sinifina girmistir.

SCKM/titre edilebilir asit orani olarak bilinen
olgunluk indeksi degerleri 24.20-82,22 arasinda
degismigtir. Cesitlerin olgunluk indeksi arasindaki
farkliliklar istatistiksel olarak 6nemli bulunmustur.
Olgunluk indeks degeri en yiiksek Plane Sun (82.2)
cesidinde, en diisiik Platerina 110 (24.2) cesidinde elde
edilmistir (Cizelge 2). Hernandez ve ark. (2010)
tarafindan Ispanya’ da yiritilen c¢aligmada basik
seftali cesitlerinde olgunluk indeksinin 25.0 ile 47.0;
Reig ve ark. (2015) ise 41.0 ile 48.0 arasinda degistigini
bildirilmiglerdir. SCKM miktarinin yiiksek, asit
miktarimin digiik oldugu durumlarda yuksek olan
olgunluk indeksi, seftali ve nektarin c¢esitlerinde
tiketici talebini yansittigi igin son derece 6nemli bir
kalite parametresi olarak degerlendirilmektedir
(Crisosto & Crisosto, 2005).
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Bursa, seftali endiistrisinde 6nemli bir konumdadar.
Bolgede yetistirilen meyve tiirleri hem taze tiiketimde
hem de gida sanayinde degerlendirilmektedir. Bu
calismada baz1 basik seftali ve nektarin gesitlerinin

2016-2018 yillar1 arasinda Bursa kosullarindaki
performans:1  belirlenmistir.  Fenolojik  gelisme
donemleri incelendiginde ¢igeklenme ve hasat

doénemleri yoninden c¢esitler arasinda farkhliklar
oldugu, ilkbahar ge¢ donlarinin 6nemli bir risk oldugu
Bursa’ da Plane Gold ve Plane Silver gibi daha gec
¢iceklenen basik geftali gesitlerinin yetistirilmesi ile
bu riskin en aza indirilebilecegi belirlenmigtir.
Calismada yaprak kivircikligi yogunlugu bakimindan
cesitler arasinda farklhiliklar oldugu, Plane Gold ve
Plane Silver gibi daha gec¢ c¢iceklenen cesitlerin
hastaliga daha toleranslh olabilecegi ongorilmustiir.
Bu hastaliga toleransli basik ¢esitler ile kurulacak
bahgelerde kimyasal miicadeleden kaynaklanan
maliyetlerin disecegi unutulmamalidir. Calismada
incelenen kalite kriterlerine gére albenisi en yuksek
basik geftali cesidinin Plane Sun oldugu tespit
edilmigtir. Ilk verim, meyve kalite parametreleri ve
hastalik yayginlik oram birlikte degerlendirildiginde,
Plane Silver ¢esidi 6ne c¢ikmistir. Buna alternatif
olarak, daha digiik verime sahip olmasina ragmen
diger parametreler bakimindan Plane Gold ¢esidinden
de  olumlu sonuglar elde edilmigtir. Ayrica bu
cesitlerin meyve eti sertliginin yuksek olmasi,
bunlarin hasat ve hasat sonrasi dénemde mekanik
zararlara karsi daha dayanikli  olabilecegini
gostermektedir. Plane Gem g¢esidi meyve iriligi
bakimindan o6ne c¢ikamamis olsa da meyve eti
sertliginin ve suda ¢6ztunebilir kuru madde miktarinin
yiksek, titre edilebilir asit miktarinin disiik olmasi
gibi basik ¢esitlerde istenen olumlu 6zelliklere sahip
olmas1 nedeniyle tUmitvar bir geftali cesidi olarak
gbrilmustur.
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OZET Bahge Bitkileri

Bu calismada ‘Angeleno’ erik c¢esidinde farkh siirelerde UV-C 1sik

uygulamalarinin sogukta muhafaza ve raf omriu kosullarinda meyve Aragtirma Makalesi
kalitesine etkileri arastirilmistir. Sert olum hasat edilen ve bir 6rnek

olacak sekilde secilen meyveler UV-C 1s1k uygulamas: yapilmak tizere 4 Makale Tarihgesi

farkl: siirede (5, 10, 20 ve 30 dakika) bu amag i¢in 6zel tasarlanmis kabin Gelisg Tarihi  :29.05.2022

icerisinde tutulmustur. Uygulamalar sonrasinda meyveler 1 °C ve %90
oransal nem igceren soguk hava deposunda 120 gin slreyle muhafaza

Kabul Tarihi :11.03.2023

edilmigtir. Meyveler 15 giin arayla depodan ¢ikartilarak 6rneklerin yarisi Anahtar Kelimeler
hemen, kalan yarisi da 20 °C ve %65 oransal nem igeren raf omri Erik

kosullarinda 3 giin bekletildikten sonra agirlik kaybi, meyve eti sertligi, Hasat sonrasi
meyve kabuk rengi, meyve et rengi, titre edilebilir asitlik miktari, gorsel Kalite

kalite, toplam fenolik madde miktari, toplam antioksidan aktivite Uv-c

miktari, ¢lirime orani, poligalakturonaz enzim aktivitesi degisimleri
tespit edilmistir. Hem sogukta depolama hem de raf omri stiresince UV-
C uygulamalarinin kontrol ile karsilastirildiginda kalite 6zelliklerinin
korunmasinda etkili oldugu belirlenmistir. Sonug olarak ‘Angeleno’ erik
cesitlerinde 10 dak ve 20 dak UV-C uygulamalarinin sogukta depolama
ve raf omri kosullarinda meyvelerde kalite o6zelliklerini koruyarak
muhafaza suresini uzatmada umut verici sonuclar verdigi tespit
edilmigtir.

Effects of Postharvest UV-C Treatment on Fruit Quality in Plum cv. Angeleno during Storage

ABSTRACT Horticulture
In this study, the effects of UV-C light treatments at different times on .
fruit quality in 'Angeleno' plum were investigated under cold storage and Research Article
shelf life conditions. Plum fruits harvested at the stage of hard ripening Article Hist
were brought to the laboratory of the Department of Horticulture, R icie dls ory. 99.05.2022
Faculty of Agriculture, Selcuk University, under appropriate conditions. Aecewe d ) 11'03'2023
Here, after a sample fruit was selected, it was kept in a specially designed SECEI o
cabinet for this purpose at 4 different times (5, 10, 20, and 30 minutes) to el
apply UV-C light. After the applications, the fruits were stored for 120 Plum
days in a cold store with 1°C and 90% relative humidity. Fruits are
: . Postharvest
removed from the warehouse with 15-day intervals, half of the samples .
. . .. . . L Quality
are immediately and the remaining half are kept in shelf life conditions Uv-c

at 20 °C and 65% relative humidity, after physical and biochemical
(weight loss, fruit flesh firmness, fruit skin and flesh color, titratable
acidity, sensory analysis, total phenolic content, total antioxidant
activity, decay rate, polygalacturonase enzyme activity) changes
determined. It has been determined that UV-C treatments in plums are
effective in maintaining quality characteristics compared to control, both
during cold storage and shelf life. As a result, it was determined that 10
min and 20 min UV-C applications in 'Angeleno' plum varieties gave
promising results in extending the storage period by preserving the
quality properties of the fruits under cold storage and shelf life
conditions.

Ataf Sekli: Unal, S. & Kiigiikkbasmac1 Sabir, F., (2023) Hasat sonras1 UV-C uygulamalarimin Angeleno erik gesidinde
muhafaza siiresince meyve kalitesine etkileri. KSU Tarim ve Doga Derg 26 (4), 732-742. https://doi.org/

10.18016/ksutarimdoga.vi.1122965
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Erik Rosales takiminin Rosaceae familyasindan
Prunus cinsine bagh sert ¢ekirdekli bir meyve tiirtdir.
Prunus cinsine ait dinya lizerinde 2000’e yakin tir
mevcut olup biyik bir kismi kuzey yarimkirede
bulunmaktadir. Erigin anavatani Anadolu, Hazar
Denizi civar: ve Kafkasya oldugu kabul edilmekte ve
Anadolu erik i¢in de onemli bir gen kaynagim
olusturmaktadir (Ozbek, 1978). 2020 yili verilerine
gore Diinya erik tretiminde Cin 6.465.219 ton
uretimle lider konumdadir. Cin’i sirasiyla Romanya
(757.880 ton), Sirbistan (582.547 ton), Sili (416.215
ton), Iran (375.867 ton) ve Tirkiye (329.056 ton)
izlemektedir (Anonim, 2022 ).

Erik ceside gore degismekle birlikte 1 ila 8 hafta
arasinda muhafaza edilebilen ve ¢abuk bozulabilen
klimakterik bir meyve tiiriidiir (Perez-Gago ve ark.,
2003). Yas meyve ve sebzelerde hasat sonrasi
patojenlerin neden oldugu bozulmalar ekonomik
anlamda kayiplarin ortaya c¢ikmasina neden
olmaktadir. Bu kayiplarin énlenmesinde kullanilan
kimyasal maddeler en etkili sonuglar vermesine
kargilik uygulama giivenligi agisindan bir¢ok durumda
kullanimi sinirlanmaktadir. Bu nedenle son yillarda
meyve ve sebzelerde hasat sonrasi hastaliklarin
kontroli i¢in cevre dostu teknolojilerin
geligtirilmesinde o6nemli ilerlemeler kaydedilmistir
(Yeoshua & Mercier, 2005; Yasar ve ark., 2020). Bu
cevre dostu teknojilerden birisi olan ultraviyole 1siklar
elektromanyetik spektrumda X-151m1 (200 nm) ile
goriiniir 151k bélgesi (400 nm) arasinda bulunan bir
bandi ifade etmektedir (Urban ve ark., 2016).

Hasat sonrasi urin ylzeyinde bulunan
mikroorganizmalari  kontrol etmek  amaciyla
uygulanan UV 1gik miktarinin drinin tird, ilk
mikrobiyal yiikk ve calisma parametreleri (6rnegin
lamba sayisi, 1s1g¢a maruz kalma suresi ve urin
miktar) gibi cesitli faktorlere gore degisim gosterecegi
belirtilmektedir (Turtoi, 2017). Patojenik bozulmalara
sebep olan mikroorganizmalarin birgogu 200-310 nm
dalga boyunda UV i1g18in1 absorbe etme 6zelligine
sahiptir. 200-280 nm dalga boyundaki UV-C igiklari
mikroorganizmalarda tahrip edici etkiye sahipken,
piirin ve pirimidin bazlarinin UV-C 1g1g1m1 yaklagik
254 nm (253.7 nm) dalga boyunda maksimum olarak
absorbe etmesi nedeniyle, 254 nm dalga boyunun
mikroorganizmalarin inaktivasyonunda en etkili
dalga boyu oldugu belirtilmektedir. Bu nedenle UV-C
uygulamalarinda 1sik kaynag olarak 1s18in %90’ 1m
253.7 nm dalga boyunda yayan diigik basingli civa
lambalarr (LPM) kullamilmaktadir (Turtoi, 2017;
Celik, 2018). Ayrica kisa dalga ultraviyole (UV-C, 200~
280 nm) 151k uygulamasi karmagsik ekipman
gerektirmemesi ve kalinti birakmamasi gibi birgok
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UV-C 15121 uygulamasi Amerika Birlesik Devletleri
Gida ve Ila¢ Idaresi (Food and Drug Administration,
FDA) birimi tarafindan yas meyve ve sebzelerde hasat
sonrast  kullanimi  onaylanan ve  {rilinlerde
mikroorganizmalari kontrol altina alarak hastaliklara
kargi dayanikhiligi artiran, olgunlagsmay:1 geciktirerek
hasat sonrasinda muhafaza omrinin
iyilestirilmesinde kullanmilan bir yéntemdir (Sen &
Karacali, 2005; Pinheiro ve ark., 2015).

Bu calismada, ‘Angeleno’ erik c¢esidinde farkh
surelerde UV-C 1s1k  uygulamalarinin  sogukta
muhafaza ve raf 6mria kogullarinda meyve kalitesine
etkileri aragtirilmigtir.

MATERYAL ve METOD

Calismada Kozagag (Konya) yoresinde yetistirilen, bir
uretici bahcgesinde ¢ogir anaci Uzerine asili 4x4 m
araliklarla tesis edilmig 15 yash ‘Angeleno’ erik ¢esidi
kullanilmistir. Sert olum déneminde (ortalama meyve
eti sertlizi 36.4 N ve SCKM %16.2) hasat edilen
meyveler uygun kogullarda Selguk Universitesi Ziraat
Fakiiltesi Bahge Bitkileri B6limiine ait laboratuvara
getirilmigtir. Burada hasarlanmis meyveler ayrilarak,
buyuklik ve renk bakimindan bir 6rnek meyveler
secilerek hasat sonrasi uygulamalar: yapmak tizere 6
esit parcaya ayrilmistir

IIk grup meyveler hicbir uygulama yapilmadan
dogrudan plastik kaselerde tartilarak acikta kontrol
grubu meyveler olarak degerlendirilmigtir. Ikinci grup
meyvelere yine uygulama yapilmadan plastik
kaselerde Xtend® modifiye atmosfer posgetler (MAP)
icerisine yerlestirilip agizlari kapatilarak
depolanmisgtir.

Uygulama yapilan son dért grup meyveler i¢in UV-C
151k uygulamalarinda 254 nm dalga boyundaki 1siktan
yararlanilmistir. Calismada 15 watt’lik 230V/50 Hz’lik
8 adet UV lamba kullanilmigtir. Meyveler se¢ildikten
sonra UV-C 1sik uygulamasi igin lambalara esit
uzaklikta yerlestirilen raf {zerine siralanmistir.
Meyvelere 4 farkh siirede (5, 10, 20 ve 30 dakika) UV-
C 151k uygulamas1 yapilmis ve IL1700 (International
Light, Inc., Newburyport, MA. 01950) model
radyometre ile uygulama dozlar1i kJ m2 cinsinden
belirlenmistir. 5, 10, 20 ve 30 dakika uygulamalari i¢in
UV-C dozlar1 swrasiyla 1.8, 3.6, 7.2 ve 10.8 kJ m?2
olarak hesaplanmigtir. UV-C uygulamasi sonrasi
meyveler kaselerde MAP igerisine yerlestirilmigtir.

Kontrol ve uygulama yapilmis meyveler 1 °C sicaklik
ve %90 oransal nem iceren soguk hava deposunda 120
giin stireyle muhafaza edilmistir. 15 glin arayla
depodan ¢ikartilan meyvelerin yaris1i hemen, kalan
yarisi da 3 gun stireyle 20 °C ve %65 oransal nem
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iceren raf Omru kosullarinda bekletildikten sonra
asagida Dbelirtilen kalite parametre analizleri
gerceklestirilmigtir.

Depolama baglangicinda numaralandirilmig kaselere
tartilarak  agirliklari  belirlenen  meyvelerinin
muhafaza suresince tekrar tartilmasi ile meydana
gelen farkliliklar hesaplanmig ve ylzde agirlik kaybi
(%) olarak belirlenmistir. Meyve eti sertligi 8 mm’lik
u¢ kullanilarak dijital penetrometre ile ekvatoral
bélgeden iki farkli noktadan oOl¢iilmis, sonuglar
Newton (N) olarak belirlenmistir. Depolama boyunca
meyve kabugu ve etinde renk degisimleri depodan
cikartilan oOrneklerin kargilikli ylizeylerinde renk
olgiim cihazi (Minolta, CR-400) kullanilarak L* a* ve
b* degerleri okunarak gerceklestirilmistir. Renk
degisimlerini belirlemede hue acis1 (h°) degeri
hesaplanmigtir McGuire, 1992).

Gorsel kalite yari egitimli panelistler tarafindan
meyvelerinde dig gériniim, sertlik ve renk 6zellikleri
bakimindan 1-9 skalas: [1: kotii- tiikketilemez, 3: Orta-
tiiketilebilirlik smir1 (biiyiik oranda bozukluklar
triiniin pazarlanabilirligini dustirmekte), 5: Iyi,
pazarlanabilir smir (kiiciik bozukluklar iiriiniin
pazarlanabilirligini etkilememesi), 7: Cok iyi, 9:
Miikemmel] kullanilarak  degerlendirilmistir
(Bayindir, 2011).

Titre edilebilir asitlik (TEA), erik meyvelerinin kat1
meyve sikacag ile sikilmasi sonucu elde edilen meyve
suyunun 0.1 N NaOH ile pH’ s1 8.1 oluncaya kadar
titre edilmesi bulunmus ve sonuclar malik asit
cinsinden % olarak ifade edilmistir.

Blender ile pilire haline getirilen meyveler 25 ml
metanol ile homojenize edilerek 16 saat 4 °C’de
bekletilerek santrifiij edilmistir. Elde edilen bu ¢6zelti
toplam fenol ve toplam antioksidan analizinde
kullanilmistir (Thaipong ve ark., 2006).

Toplam fenolik madde miktari, Folin-Ciocalteu ayraci
kullanilarak spektrofotometrik yontem ile
belirlenmigtir. Ekstrakte edilmis 6rnek tizerine Folin-
Ciocalteu ayraci eklenerek ¢alkalanmig ve 3 dakika
stireyle oda sicakliginda bekletilmistir. Bu stire
sonunda doymus sodyum karbonat ilave edilerek 25
°C’de 2 saat inkiibe edilen ¢6zeltide 760 nm dalga
boyunda okuma gerceklestirilmis ve sonuclar mg 100g"
1 olarak verilmistir (Singleton ve ark., 1999).

Toplam antioksidan aktivite miktar1 Ferric Reducing
Antioxidant Power (FRAP) metodu kullamlarak
belirlenmigtir. 150 ulL 6rnek ekstrakti tizerine 2850 pLL
FRAP c¢alisma solisyonu ilave edilerek 30 dakika
karanhkta bekletilmistir. Bu stre sonunda
spektrofotometrede 593 nm dalga boyunda okuma
yapilmistir sonuglar pmol g taze agirlik olarak ifade
edilmistir (Benzie & Strain, 1996).

Poligalakturonaz enzim aktivitesi Miller (1959) ile
Pathak ve Sanwal (1998) tarafindan gelistirilen DNS
yonteminde bazi degisiklikler yapilarak belirlenmigtir.
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20 pl 6rnek tzerine 100 pl pektin ¢ozeltisi eklenerek
30 °C’de 10 dakika bekletilmis ve bu siire sonunda 120
pl DNS eklenmigtir. 4 dakika 96 °C’lik su banyosunda
bekletilmigtir ve daha sonra 3 dakika buz icerisinde
sogutulmustur. Spektrofotometrede 530 nm dalga
boyunda okuma yapilmistir (Canan, 2012) .

Calisma, tesadif parselleri deneme desenine gore 3
tekerrirli ve her tekerriirde 18 adet meyve olacak
sekilde yapilmigtir. Denemeden elde edilen veriler
JMP (5.0) paket programi kullanilarak varyans
analizine tabi tutulup, ortalamalar1 arasindaki
farkliliklar Student’s t-test coklu karsilastirma testine
(p<0.05) gore gruplandirilmistir (Kalayci, 2005).

BULGULAR ve TARTISMA
Agirlik Kayb

Muhafazanin 15. giinlinden itibaren acikta muhafaza
edilen kontrol grubu meyvelerde agirlik kaybinda
onemli oranda artig gérulmiis ve muhafaza stresi
sonunda en yiksek agirhk kaybi bu gruptaki
meyvelerde (%4.39) meydana gelmistir (Cizelge 1). 120
glin siireyle muhafaza edilen eriklerde agirlik
kaybindaki artig1 yavaglatmada MAP ve 10 dak UV-C
uygulamalarinin diger uygulamalara gore daha etkili
oldugu belirlenirken, muhafazanin 120. giniinde en az
kayip MAP’da muhafaza edilen meyvelerde (%1.21)
saptanmigtir. Raf 6mri kogsullarinda 120+3 gunlik
slire sonunda en diisik agirlik kayb1 %1.75 ile 10 dak
UV-C uygulanmigs meyvelerde belirlenmistir. Bu
uygulamay:1 aralarinda istatistiksel olarak farklilik
kaydedilmeyen sirasiyla 5 dak UV-C (%1.81) ve MAP
(%1.82) uygulamalar takip etmistir. En yiiksek agirhik
kayb1 30 dak UV-C (%2.12) uygulanmis meyvelerde
tespit edilmistir (Cizelge 2).

Her iki depolama kosulunda da muhafaza stresinin
ilerlemesi ile birlikte agirlik kaybinda artis meydana
gelmis, bu artis o6zellikle acikta muhafaza edilen
kontrol grubu meyvelerde ¢ok daha yuksek oranda
gerceklesmistir. Hasat sonrasi UV-C uygulamasinin
solunum hiz1 ve transpirasyonu sinirlandirarak su
kaybim1 azalttigi ve agirlik kaybindaki artisi
yavaglattigr vurgulanmaktadir. Ayrica meydana gelen
agirlik kaybi ile hiicre zarinin yapisindaki bozulmalar
arasindaki pozitif bir etkilesim oldugu ve UV-C 1s1k
uygulamalarinin hiicre zarinda meydana gelen bu
bozulmalar1 geciktirerek agirhik kaybini azalttigi
belirtilmektedir (Abdipour ve ark., 2020). Elde edilen
sonuglara benzer gekilde ‘0900 Ziraat’ kiraz ¢esidinde
UV-C ve MAP (Kocak & Bal, 2017), ‘Starks Gold’ kiraz
cesidinde UV-C ve sicak su (Durmaz, 2019), ‘Takdaneh
Mashhad” kiraz c¢esidinde UV ve kitosan
uygulamalarinin (Abdipour ve ark., 2020) tek basina
veya birlikte kullanimlarinin meyvelerde agirhik
kaybini1 azaltmada etkili oldugu belirtilmistir.
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Cizelge 1. Sogukta muhafaza stresince farkl siirelerde UV-C uygulamalarinin ‘Angeleno’ erik ¢esidinde agirlik
kaybi, meyve eti sertligi, meyve kabuk rengi, meyve eti rengi ve gorsel kalite tizerine etkileri
Table 1.The effects of UV-C treatments at different times on weight loss, fruit flesh firmness, fruit skin color, fruit
flesh color and visual quality of plums cv. 'Angeleno’ during cold storage

Uygulama Muhafaza siiresi (giin) Storage (days)

Treatments 0 15 30 45 60 75 90 105 120
Agirhk kayb (%)x

Weigth loss

Kontrol 0.00+0.00y 0.59+0.05 o-u 0.97+0.03 i-m 1.24+0.07 fgh 1.54+0.08 e 2.06+0.10 d 2.73+0.20¢ 3.41+0.43 b 4.39+0.27 a
MAP 0.19+0.01 xy 0.2940.02 vwx 0.4140.03 t-x 0.5340.06 q-v 0.74+0.08 I-s 0.85+0.03 k-0 0.99+0.04 h-1 1.21+0.06 f-i
5 dak UV-C 0.15+0.02 xy 0.31+0.01 vwx 0.51+0.15 rw 0.76+0.10 k-r 0.83+0.18 k-p 0.88+0.05 j'n 1.244+0.16 fgh 1.56+0.17 e
10 dak UV-C 0.16+0.02 xy 0.38+0.13 u-x 0.40+0.05 u-x 0.50+0.04 s-w 0.67+0.09 n-s 0.83+0.02 k-p 1.02+0.09 h-k 1.34+0.05 efg
20 dak UV-C 0.25+0.14 wxy 0.31+0.02 vwx 0.41+0.04 t-x 0.59+0.07 o-u 0.724+0.04 m-s 0.78+0.05 k-q 1.00+0.08 h-k 1.88+1.49d
30 dak UV-C 0.25+0.02 xy 0.5740.04 p-u 0.62+0.05 o-u 0.66+0.03 n-t 0.81+0.08 k-p 0.96+0.07 i-m 1.1240.04 g-j 1.41+0.06 ef
Meyve eti sertligi (N)=

Fruit flesh firmness

Kontrol 38.10+1.86a 37.20+0.73 abc 35.42+3.37 b-e 34.46+1.89 d-h 28.69+1.99 Im 20.51+1.21vwx 18.94+3.18 xyz 18.25+0.11 yz 17.31+0.67 z
MAP 37.05+0.67 abc 35.25+0.65 c-f 34.79+0.89 d-g 32.63+1.30 hij 25.76+0.52 pq 21.34+0.35 t-w 21.88+1.38 s*w 20.19+0.43wxy
5 dak UV-C 37.70+1.10 a 38.14+0.34 a 37.43+1.68 ab 31.78+0.34 jk 27.17+0.25 mp 25.47+1.29 pq 25.23+2.27 pqr 22.63+1.43 stu
10 dak UV-C 37.22+1.34 abc 33.12+1.47 g-j 32.04+0.76 ijk 30.43+0.19 kl 28.27+0.72 mn 28.81+0.17 Im 26.79+0.92 mp 23.19+0.80 rst
20 dak UV-C 34.44+0.38 d-h 33.34+0.34 e-j 33.26+1.08 f-j 33.87+0.87 d-j 27.89+0.16mno 25.89+0.91opq 22.45+1.05stuv 20.80+0.53 u-x
30 dak UV-C 37.70+0.27 a 33.94+0.65 d-i 35.47+0.80 bed 32.88+0.98 g-j 25.82+2.71opq 26.53+0.46nop 23.95+0.70 qrs 20.62+0.18 u-x
Meyve kabuk rengi (h°)x

Skin color

Kontrol 333.99+1.9j-q 341.39+4.5 a-j 343.24+3.8 a-f 344.42+5.3 a-d 347.30+1.9 a 341.06+1.2 a-k 33.08+4.3 d-n 323.61+8.5 st 322.54+6.2 t
MAP 331.92+3.5 mr 329.31+8.4 ot 328.50+8.5 -t 337.09+3.0 d-n 325.46+3.8 rst 334.42+4.3 i-q 325.63+6.7 rst 323.52+6.3 st
5 dak UV-C 342.18+1.9 a-h 336.61+3.0 f-o 332.78+5.8 I-r 341.05£1.9 a-k 347.16+4.5 a 339.02+4.3 cm 339.65+2.1 b-l 339.95+5.3 a-l
10 dak UV-C 335.61+4.0 g-q 336.81+6.3 e-0 335.21+£3.3 h-q 337.17+2.8 d-n 342.82+6.4 a-g 341.97+£7.4 a-i 346.59+2.0 ab 344.80+4.5 abc
20 dak UV-C 331.65+2.4 mr 333.71+9.5 k-q 335.91+4.9 f-q 332.69+6.4 1-r 339.79+1.4 a-l 336.46+3.9 f-o 331.59+1.6 mr 336.01+0.8 f-q
30 dak UV-C 336.16+3.0 f-p 328.61+3.5 p-t 330.79+4.9 n-s 333.90+4.8 j-q 336.50+1.4 f-o 344.26+4.0 a-e 336.94+8.6 d-n 334.44+4.6 i-q
Meyve eti rengi (h°)x

Fuit flesh color

Kontrol 99.48+1.97a 97.15+0.88 abc 90.53+1.75 f-i 90.02+0.63 ghi 86.12+1.71klm 77.84+0.61 o 70.31+1.40 q 59.65+2.00 t 49.01+0.79 w
MAP 96.30+0.18 bed 92.42+2.73 efg 91.25+1.15 fgh 85.22+1.01 Im 77.92+0.54 o 75.77+0.32 op 67.00+0.70 rs 54.62+0.67 u
5 dak UV-C 98.33+0.53 ab 92.88+0.32 ef 87.49+2.25 jkl 81.42+3.70 n 74.64+2.31 p 61.20+1.89 t 55.44£1.13 u 51.20£1.76 vw
10 dak UV-C 96.89+2.65 bed 92.75+0.59 ef 87.49+0.79 jkl 77.91+1.17 0 67.83+2.15r 65.34+0.89 s 54.25+1.09 u 51.49+0.12 v v
20 dak UV-C 95.50+0.69 cd 89.81+1.25 hij 88.18+1.27 ijk 77.79+1.40 o 64.99+0.43 s 65.02+0.87 s 54.80+2.25 u 50.83+1.00 vw
30 dak UV-C 94.57+1.69 de 92.76+0.74 ef 92.33+0.87 efg 84.04+2.66 m 68.14+0.82 qr 59.91+0.86 t 51.51+1.89 v 49.35+0.63 vw
Gorsel kalitex

Visual quality

Kontrol 9.00+0.00a 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 7.10+0.16f 7.33+0.00 e 5.00+0.00 j 3.22+0.19 k
MAP 9.00+0.00 a 9.00+0.00 a 9.00+£0.00 a 9.00+0.00 a 9.00+0.00 a 9.00+£0.00 a 8.11+0.19¢ 6.67+0.33 h
5 dak UV-C 9.00+0.00 a 9.00+0.00 a 9.00+£0.00 a 9.00+0.00 a 9.00+£0.00 a 9.00+£0.00 a 7.00+0.00 fg 5.00+0.00 j
10 dak UV-C 9.00+0.00 a 9.00+0.00 a 9.00+£0.00 a 9.00+0.00 a 9.00+0.00 a 9.00+£0.00 a 7.67+0.00 d 6.00+£0.00 i
20 dak UV-C 9.00+0.00 a 9.00+0.00 a 9.00+£0.00 a 9.00+0.00 a 9.00+£0.00 a 9.00+£0.00 a 8.33+0.00 b 6.89+0.19 g
30 dak UV-C 9.00+0.00 a 9.00+£0.00 a 9.00+£0.00 a 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 8.22+0.19 be 6.56+0.19 h

x Her bir kalite 6zelligindeki harfler muhafaza siliresi x uygulama interaksiyonu arasindaki farkliliklar: ifade
etmektedir. Ayni harfe sahip ortalamalar arasindaki farklar p<0.05 diizeyinde 6nemsizdir.

Meyve Eti Sertligi

Sogukta muhafaza edilen meyvelerde muhafaza
sliresinin uzamasi ile birlikte meyve eti sertliginde
azalma meydana geldigi tespit edilirken, sertlik
degerinin korunmasinda 10 dak UV-C uygulamas:
(23.19 N) en etkili uygulama olarak belirlenmistir.
Bunu sirasiyla 5 dak (22.63 N), 20 dak (20.80 N), 30
dak (20.62 N) UV-C uygulamalar1 ile MAP (20.19 N)
takip etmistir. En disik meyve eti sertlik degeri ise
kontrol (17.31 N) meyvelerinde tespit edilmistir
(Cizelge 1). 120 giinliik sogukta depolama siiresi
sonunda 10 dak UV-C wuygulanmigs meyvelerde
baglangi¢ degerine gore yaklasik %39.13 oraninda bir
sertlik kayb1 meydana gelirken, kontrol meyvelerinde
bu oran %54.56 olarak belirlenmigtir. 120+3 giinliik
slire sonunda en diisiik meyve eti sertlik degeri kontrol
grubu meyvelerde (13.99 N) sl¢iilmiistiir. En yiiksek
deger 20 dak UV-C uygulamasinda (21.07 N)
olciiliirken, bunu sirasiyla 10 dak UV-C (20.15 N), 5
dak UV-C (18.85 N), MAP (18.27 N) ve 30 dak UV-C
(15.00 N) uygulamalar: takip etmistir (Cizelge 2).
120+3 giuinlik muhafaza siiresi sonunda baglangig
degerine gore sertlik kaybi kontrol grubu meyvelerde
%61.60 oraninda Dbelirlenirken, 20 dak UV-C
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uygulanmis meyvelerde bu oran %42.16 olarak
gerceklesmistir. Sogukta depolama siiresince meyve
eti sertliginde meydana gelen azalma su kaybina bagh
olarak ortaya cikan agirhk kaybi1 ve metabolik
degisikliklerle yakindan iligkilidir (Garcia ve ark.,
1998). Nitekim Abdipour ve ark. (2020) UV-C
uygulamasinin etilen sentezini engelledigi, solunum
oraninin azalttigini ve sonucunda yumusamaya neden
olan enzimlerin aktivitelerini yavaslattigini
belirtmiglerdir. Erik meyvesinin klimakterik 6zellik
gostermesinden dolayr UV-C uygulamalar1 ile
metabolik aktivitenin yavaslatilarak meyve eti
sertliginin daha iyi korundugu disiintilmektedir. UV-
C uygulamalarimin kontrol ile karsilagtirildiginda
meyve eti sertlik degerindeki azalmay1 yavaslattigi, bu
etkinin 10 dak UV-C uygulamasinda daha yuksek
oldugu belirlenmigtir. Calisma sonucu elde edilen
bulgulara benzer sekilde cilek (Sabir ve ark., 2018),
erik (Bal & Celik, 2008), seftali (Gonzalez-Aguilar ve
ark., 2004) ve mango (Promyou & Supapvanich, 2016)
meyve turlerinde de hasat sonrasi UV-C
uygulamasinin sertligin korunmasinda etkili oldugu
belirtilmistir.
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Cizelge 2.Raf émri kogullarinda farkl siirelerde UV-C uygulamalarinin ‘Angeleno’ erik gesidinde agirlik kaybi,
meyve eti sertligi, meyve kabuk rengi, meyve eti rengi ve gorsel kalite lizerine etkileri.

Table 2. Eftects of UV-C treatments at different times on weight loss, fruit flesh firmnes, fruit skin color, fruit flesh
color and visual quality of plums cv. 'Angeleno’ under shelf life conditions.

Raf émrii siiresi (giin)

I;;’g“tlamat Shelf Iife (days)

catments 0+3 15+3 30+3 45+3 60+3 75+3 90+3 105+3 120+3
Agirhk Kayb: (%)x
Weight loss
Kontrol 0.77+0.08xy 1.01+0.04 p-s 1.15+0.02 no 1.15+0.04 no 1.28+0.20 m 1.48+0.05 jk 1.69+0.06fgh 1.88+0.14 cd 2.08+0.06 ab
MAP 0.75+0.03 y 0.83+0.03 v-y 0.97+0.10 -t 1.08+0.08 n-r 1.48+0.03 jk 1.62+0.05ghi 1.66+0.04 f-i 1.82+0.09 de
5 dak UV-C 0.92+0.06 s-v 0.96+0.04 r-u 1.09+0.08 n-q 1.11+0.06 nop 1.15+0.05 n 1.43+0.09 k1 1.72+0.05 efg 1.81+0.02 de
10 dak UV-C 0.80+0.03wxy 0.82+0.04 v-y 0.88+0.05 t-x 1.10+0.02 nop 1.57+0.02 hij 1.66+0.03 f-i 1.67+0.05 f-i 1.75+0.01 ef
20 dak UV-C 0.82+0.04 v-y 0.84+0.02 v-y 1.05+£0.11 n-r 1.27+0.08 m 1.49+0.07 jk 1.61+0.09ghi 1.87+0.13 cd 1.98+0.09 be
30 dak UV-C 0.85+0.08uy 0.91+0.04 sw 1.04+0.03 o-r 1.35+0.05 Im 1.40+0.04 k1 1.57+0.06 ij 2.06+0.03 ab 2.12+0.09 a
Meyve eti sertligi (N)
Fruit flesh firmness
Kontrol 36.43+1.31a 31.65+0.73 ef 30.88+0.91 ef 28.87+0.97 gh 22.61+0.760-t 19.82+0.43wz 18.62+0.51yzA 17.10+£0.934 13.99+1.33B
MAP 33.92+1.3bed 32.31+1.83 de 25.86+0.75 j-m 21.45+0.91rw 23.49+0.49nq 21.80+0.58 q-v 20.53+0.39 u-x 18.27+0.32zA4
5dak UV-C 34.81+1.43ab 34.36+1.21 bc 30.01+1.78 fg 25.86+0.68 j-m 24.69+0.64lmn 22.40+0.89 ot 20.92+1.77 t-w 18.85+0.84xA4
10 dak UV-C 35.27+0.81ab 35.08+1.66 ab 30.40+0.26 fg 27.96+0.84 hi 26.87+1.04 ij 26.01+0.34 jkl 23.19+0.90 n-r 20.15+0.45v-y
20 dak UV-C 32.59+1.44cde 31.17+0.76 ef 30.38+1.43 fg 26.59+1.62 ijk 23.81+0.15 nop 24.15+2.22 mno 22.20+1.37 p-u 21.07+0.81sw
30 dak UV-C 35.04+0.46ab 34.23+1.53 bc 31.54+0.54 ef 26.87+0.86 ij 24.91+0.80 kn 22.76+2.38 o-s 18.54+0.60 yzA 15.00+1.12 B
Meyve kabuk rengi (h°)
Skin color
Kontrol 344.46+4.9 abc 344.65+3.9 ab 329.70+2.6 h-r 335.34+7.5 b-k 341.71+4.3 a-e 337.05+5.0 a-i 343.95+2.1 a-d 321.28+2.7 qrs 321.32+7.7qrs
MAP 325.11£7.0 or 325.4242.3 nr 330.64+3.3 g-q 331.93+5.5 f-p 327.30+3.0 j-1 326.92+7.0 k-r 320.80+6.7 rs 303.16+4.6 t
5 dak UV-C 336.30+6.2 b-j 329.08+4.7 i-r 334.74+4.0 d-n 338.73+7.5 ah 333.76+7.8 e'p 340.21+4.4 a-f 341.82+1.1 a-e 334.37+7.2 eo
10 dak UV-C 340.93+3.9 a-f 325.91+£2.0 I-r 339.92+5.8 a-g 331.97+4.6 f-p 343.85+1.5 a-d 345.95+5.2 a 333.13+ 19.7e-p 327.19+3.1jr
20 dak UV-C 338.48+4.6 a-h 324.45+2.2 p-s 327.53+7.9 -1 329.00+4.7 i-r 344.38+4.5 abc 340.20+1.5 a-f 331.83+1.9 f-p 315.40+8.3 s
30 dak UV-C 327.49+2.6 j-1 325.56+£3.5 mr 335.48+10.3 b-k 321.32+10.3qrs 332.95+5.1 ep 334.85+2.8 d-m 335.11+1.3 ¢l 325.80+3.4 I-r
Megyve eti rengi (h°)
Fuit flesh color
Kontrol 99.34+0.37 a 91.57+0.27 be 92.33+0.15 b 88.92+0.79 c-g 84.67+5.58 hij 79.17+0.66 k1 69.60+4.11 no 53.24+0.72 r 34.71+3.73 v
MAP 91.00+0.52 b-e 90.09+0.99 b-f 88.55+0.55 c-g 88.25+0.25 d-g 80.61+1.68 k1 71.95+2.54 mn 64.44+0.27 pq 48.31+0.62 st
5dak UV-C 91.03+0.96 b-e 85.95+0.47 g-h 86.71+2.03 g-h 82.06+1.25 ijk 80.07+1.05 k1 72.1340.82 mn 53.88+1.36 37.45+2.57 uv
10 dak UV-C 91.14+0.34 b-e 91.33+0.80 bed 86.09+0.26 g-h 79.92+0.63 k1 78.35+1.2211 69.62+1.95 no 50.91+0.48 rs 40.51+0.39 u
20 dak UV-C 90.90+0.30 b-e 88.14+1.87 efg 84.88+0.90 h-i 74.70+2.10 m 67.25+2.04 op 62.38+3.61 q 49.73+0.45 st 34.50+3.23 v
30 dak UV-C 91.29+0.28 bed 90.86+1.64 b-e 87.43+2.70 fgh 81.69+1.47 jk 67.80+2.97 o 53.56+1.85 r 47.08+3.33 t 31.2244.98 w
Gorsel kalite
Visual quality
Kontrol 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 7.00+0.00 ¢ 5.00+0.00 e 3.00+0.00 h 1.00+0.00 i
MAP 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 9.00£0.00 a 9.00+0.00 a 7.00+0.00 ¢ 5.00+0.00 e 3.00+0.00 h
5 dak UV-C 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 7.33+0.00 b 5.00+0.00 e 3.00+0.00 h
10 dak UV-C 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 7.33+0.00 b 5.27+0.23 d 4.67+0.33 f
20 dak UV-C 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 7.00+0.00 ¢ 4.89+0.19 ¢
30 dak UV-C 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 9.00+0.00 a 7.00+0.00 ¢ 4.00£0.67 g

x Her bir kalite 6zelligindeki harfler muhafaza siiresi x uygulama interaksiyonu arasindaki farkhliklar ifade
etmektedir. Ayni1 harfe sahip ortalamalar arasindaki farklar p<0.05 diizeyinde 6nemsizdir.

Meyve Kabuk Rengi

Muhafaza baglangicinda 333.99° olarak belirlenen hue
ac1 degerinde 11k 90 giin uygulamalara gore degismekle
birlikte genel olarak baslangi¢c degerine gore bir artis
meydana gelmistir (Cizelge 1). 120 giinliik muhafaza
stiresi sonunda hem agikta hem MAP igerisinde
muhafaza edilen meyvelerde baslangic degerine gore
azalma, UvV-C uygulamalarinda ise artis
kaydedilmigtir. Muhafaza siiresi sonunda hue aci
degeri 344.80° (10 dak UV-C) ile 322.54° (kontrol)
arasinda degisim gostermigtir. 3 giin 20 °C’de raf 6mri
kosullarinda muhafaza edilen meyvelerde baglangicta
344.46° olarak 6lglilen hue ag1 degeri, 120+3 giinlik
muhafaza stiresi sonunda en disiik MAP’da depolanan
meyvelerde (303.16°) é6lciilmiistiir. Hue ag1 degerini
korumada en etkili uygulama 5 dak UV-C uygulamasi
(334.37°) olarak belirlenirken, bunu sirasiyla 10 dak
UV-C (327.19°) ile 30 dak UV-C (325.80°), kontrol
(321.32°) ve 20 dak UV-C (315.40°) uygulamalar: takip
etmistir (Cizelge 2). Erik meyvelerinde muhafaza
stiresinin ilerlemesi ile birlikte parlakligin ve meyve
kabugundaki renk koyulagsmasina bagh olarak hue ag1
degerinin azaldig1 belirlenmigtir. Genel olarak UV-C
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151k uygulamasinin  meyvelerde renk  kalite
parametrelerinin korunmasinda etkili oldugu bu
etkinin ¢ogunlukla dugik dozlarda veya UV-C 1sik
uygulanmayip MAP’da muhafaza edilen meyvelerde
daha belirgin ortaya ¢iktig1 saptanmigtir. Sabir ve ark.
(2018), cilekte 15 dak UV-C uygulamasinin kontrol ve
30 dak UV-C uygulamalarina gore renk 6zelliklerini
korumada etkili oldugunu ancak bu etkinin
istatistiksel olarak onemli olmadigini belirtmiglerdir.
Pan ve ark. (2004) ise cilekte hue ac1 degerinde
meydana gelen azalmayi geciktirmede UV-C 1gsik

uygulamasinin tek bagina etkili olmadig1 sicak
uygulamasi ile birlikte etkinin arttigim
belirtmiglerdir.

Meyve Et Rengi

Sogukta muhafaza edilen meyvelerde muhafaza
sliresinin uzamasina bagli olarak meyve eti hue ag1
degerinde meydana gelen degisimleri geciktirmede
hasat sonras1 uygulamalarin daha etkili oldugu
saptanmagtir. 120 giinliik muhafaza siiresi sonunda en
diistik hue ac1 degeri kontrol grubunda (49.01°)
olgilmusgtir. En yiuksek deger MAP’da depolanan
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meyvelerde (54.62°) belirlenirken, bunu sirasiyla 10
dak UV-C (51.49°), 5 dak UV-C (51.20°), 20 dak UV-C
(50.83°) ve 30 dak UV-C (49.35°) uygulamalar1 takip
etmigtir. 20 dak UV-C ile 30 dak UV-C arasinda
istatistiksel olarak fark bulunmamistir (Cizelge 1).
120+2 ginlik muhafaza stiresi sonunda en ytiksek hue
ac¢1 degeri sogukta depolamaya benzer sekilde MAP’ da
depolanan meyvelerde (48.31°) meydana gelirken, bu
uygulamay1 sirasiyla 10 dak UV-C (40.51°), 5 dak UV-
C (37.45°), kontrol (34.71°) ve 20 dak UV-C (34.50°)
uygulamalar: takip etmistir. En dugsik deger 30 dak
UV-C uygulamas1 yapilan meyvelerde (31.22°) tespit
edilmistir (Cizelge 2). Eriklerde uzun siire diisiik
sicaklikta depolama sonrasi lisime zarari meydana
gelebilmekte ve bunun sonucunda da meyve etinde
kararma ve jellesmenin ortaya giktig1 belirtilmektedir
(Manganaris ve ark., 2008; Sabir, 2017). Elde ettigimiz
bulgulara gore acikta muhafaza edilen eriklerde
ozellikle depolamanin sonlarina dogru meyve eti hue
ac1 degerinde azalma kaydedilirken, bu meyvelerde
meyve etinin muhafaza baslangicindaki parlakligini
yitirdigi ve renginin koyulastig: tespit edilmistir. MAP
igerisinde UV-C uygulanmig ve uygulanmamis
meyvelerin hue a¢1 degerindeki bu degisim daha yavas
gerceklesmisgtir. Genel olarak  biitin  renk
ozelliklerinin korunmasinda UV-C uygulamalarinin
daha etkili oldugu, bu etkinin 10 dak UV-C
uygulamasinda daha belirgin oldugu tespit edilmistir.
Bu sonu¢ Sari ve ark. (2016) tarafindan ananas
meyvelerinde Uv-C uygulamasinin i¢
kahverengilesmesini engelledigini belirten bulgular ile
de desteklenmektedir.

Gorsel Kalite
Muhafaza siresinin uzamasiyla Dbirlikte tim
uygulamalarda  gorinim  degerlerinde azalma

kaydedilirken, hasat sonrasi yapilan uygulamalar bu
azalis1 geciktirmede etkili olmustur. Meyvelerde
belirlenen bu azalis panelistler tarafindan erik
meyvesinde renginde koyulagsma, kararma, burusma
ve yumusama olarak ifade edilmistir. Muhafazanin
baglangicinda 9.00 olarak puan verilen kontrol ve
uygulama yapilan tim meyvelerde 60. giine kadar bir
degisim gorilmemis, muhafaza siiresinin 75 ve 90.
gininde sadece kontrol grubu meyvelerde azalma
kaydedilmigtir. Muhafazanin 105 ve 120. giiniinde en
yiksek gértiinim degeri 20 dak UV-C uygulamasinda
belirlenmistir (sirasiyla 8.33 ve 6.89). Muhafaza
stiresinin  sonunda  kontrol grubu meyveler
pazarlanabilir sinir degerinin altinda puan alirken,
diger tim uygulamalar 5 puanin {zerinde
degerlendirilmistir (Cizelge 1). 20 °C’de muhafaza
edilen meyvelerde 60+3. giine kadar tiim gruplar 9.00
olarak degerlendirilmistir. 75+3. glinden itibaren
kontrol meyvelerinde (7.00) azalma baslarken,
uygulama yapilanlarda bu azalis 90+3. glnden
itibaren gerceklesmigstir. 105+3. giinde kontrol grubu
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(3.00) hari¢ tiim uygulama yapilmis meyveler
pazarlanabilir simir degeri olan 5 puanin lizerinde
puan alirken, 120+3. giinde uygulama yapilan
meyvelerin de sinir degerin altinda puan aldigi
saptanmigtir. 120+3. giinde en yiksek gorinim
degerlendirme puam1 20 dak UV-C (4.89)
uygulamasinda belirlenirken, bu uygulamayi sirasiyla
10 dak UV-C (4.67), 30 dak (4.00), MAP (3.00) ve 5 dak
UV-C (8.00) uygulamalar: takip etmistir. En diisiik
goriinim puani kontrol grubu meyvelerde (1.00)
belirlenmistir (Cizelge 2). Muhafaza siiresince daha
dustk agirlik kaybi ve daha ylksek sertlik degerinin
belirlendigi uygulamalara panelistler tarafindan da
daha yiiksek puan verildigi tespit edilmigtir. Genel
olarak 10 ve 20 dak UV-C uygulanan meyveler
panelistler tarafindan daha yiiksek puan almigtir.
Elde ettigimiz bu bulgular iiziim (Sabir ve ark., 2020)
ve kiraz (Abdipour ve ark., 2020) tiirlerinde UV-C
uygulamalarinin tek basina veya farkhh hasat sonrasi
uygulamalarla birlikte kullanildiginda gorsel kaliteyi
korumada etkili oldugunu belirten ¢alismalarla da
benzerlik gostermektedir.

Titre Edilebilir Asitlik Miktar: (TEA)

Meyvelerde 120 gunliik muhafaza siiresi sonunda
hasat sonrasi uygulamalarin TEA degerini korumada
etkili oldugu ve bu etkinin uygulanan UV-C siirelerine
gore degisiklik gosterdigi belirlenmistir. Muhafaza
stiresi sonunda en yiuksek TEA degeri 10 dak UV-C
(9%0.694) uygulanmis meyvelerde gerceklesirken, bunu
sirasiyla 5 dak UV-C (%0.690) ve aralarinda
istatistiksel fark olmayan MAP (%0.664) ve 20 dak
UV-C (%0.649) uygulamalar1 izlemistir. En diisiik
TEA degeri 30 dak UV-C uygulanmis meyvelerde
(%0.607) belirlenmistir (Cizelge 3). 0+3. giinde %1.489
olan TEA degerinde ilerleyen siire ile birlikte genel
olarak azalma meydana gelmistir. 120+3. giinde TEA
degerini korumada 20 dak UV-C uygulamasi (%0.632)
en etkili uygulama olarak belirlenirken, bu
uygulamay1 aralarinda istatistiksel olarak farklilik
kaydedilmeyen sirasiyla 5 dak UV-C (%0,586), 10 dak
UV-C (%0.578) ve MAP uygulamalar1 takip etmistir
(%0.577). En diisik TEA degeri 30 dak UV-C
uygulanmis meyvelerde Dbelirlenirken (%0.528),
kontrol grubu meyveler istatistiksel olarak aym
grupta (%0.532) yer almistir (Cizelge 4). Uriinlerde
hasattan sonra TEA degisiminin bir¢ok faktére bagh
oldugu bilinmektedir. = Depolama siiresince TEA
miktarinda olusan degisimlerin solunumla baglantili
olabilecegi ve solunumda organik asitlerin tiiketilerek
azalan TEA degerinin bununla iligkili olabilecegi
belirtilmektedir (Rivera-Pastrana ve ark., 2007).
Nitekim hem sogukta depolama hem de raf 6mri
kogullarinda muhafaza siiresinin ilerlemesi ile birlikte
TEA degerinde dogrusal bir azalmanin meydana
geldigi saptanmistir. Muhafaza stresinin ilerlemesi ile
birlikte azalan TEA degerindeki en fazla kayip kontrol
grubu meyvelerde ger¢eklesmigtir. Genel olarak UV-C
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uygulamalarinin TEA degerini korumada etkili oldugu
belirlenirken, uygulama siireleri arasinda 6nemli

farkliliklar

olmadig1

saptanmigtir.

Elde

edilen

bulgular kiraz (Sen & Kuzucu, 2016; Kocak & Bal,

2017; Abdipour ve ark., 2020), cilek (Sabir ve ark.,
2018), erik (Bal & Celik, 2008) ve maviyemis Xu &
Liu, 2017) meyvelerinde muhafaza siiresince azalan

Cizelge 3. Sogukta muhafaza stiresince farklh stirelerde UV-C uygulamalarimin ‘Angeleno’ erik ¢esidinde TEA, TFM, TAA ve
PG aktivitesi tizerine etkileri
Table 3. Effects of UV-C treatments at different times on TEA, TFM, TAA and PG activities in plums cv. 'Angeleno’ during cold

storage.
Uygulama Muhafaza siiresi (giin) Storage (days)
Treatments 0 15 30 45 60 75 90 105 120
TEA (%)
Kontrol 1.533£0.03 a 1.392+0.09de 1.2040.02 hij 1.0930.10kl  1.033+0.03Imn  0.964:0.08nop  0.879+0.04qrs  0.665:0.03vwx  0.630+0.01 wx
MAP 1.507£0.01 a 1.4910.13 ab 1.316:0.05ef  1.316+0.02ef  1.060£0.04klm  0.939+0.060pq  0.859:0.01qrs  0.664+0.04 vwx
5 dak UV-C 1.501£0.05ab  1.422+0.02bcd  1.255£0.02f  1.216£0.06 hi  1.005:0.05mno  0.970:0.03nop  0.843£0.03rs  0.690:0.02 uvw
10 dak UV-C 1.5070.08 a 1.393+0.01 de 1.3010.06 fg 1.187+0.07ij  0.962+0.05nop  0.869:0.03qrs  0.808:0.02st  0.694:0.01 uvw
20 dak UV-C 1.508+0.04 a 1.32440.01 ef 1.23140.01ghi  1.135:0.03jk  0.963+0.04nop  0.893+0.09pqr  0.746+0.01tu  0.649+0.05 vwx
30 dak UV-C 1.487+40.04abc  1.42540.01bed  1.410:0.03cd  1.274:0.08fgh  1.027+0.06lmn  0.868+0.11qrs  0.729+0.03 tuv 0.607+0.02 x
TFM (mg 100 g?) =
Kontrol 196.4+10.5 or 197.644.1nr  192.05:6.45qr  267.9+94.7a-d  271.2¢25.5abc  274.8464.6ab  241.7+7.7b-l 242.349.0 b-l 286.4+9.7a
MAP 182.5+18.8 r 195.6£10.9 pqr  195.1+10.5pqr ~ 287.6#32.7a  237.1+10.3cm  201.7+6.2m-T  214.8:12.6 1 262.0+6.9 a-g
5 dak UV-C 203.5£15.8mr 2151494 kr 224.1+17.21-q  212.8+64.81r  233.8:9.6dn  206.9:+1531r  230.1+8.8 ep 257.9+18.1 a-i
10 dak UV-C 197.4+17.0 n-r 183.5£5.5r 191.8£9.2 qr 227.9+6.2 f-q 252.0+¢8.2a-j  253.0:24.0a-j  224.3+145h-q  233.0:15.3d-0
20 dak UV-C 193.8+10.6pqr 181.0+6.4r 265.3+35.1a¢  268.2t+22.8a-d  251.7+13.0ak  233.8+22.0dn  226.1:10.9 gq 268.7+5.8 a-d
30 dak UV-C 209.4+17.0 v 237.9420.3c'm  261.0412.6ah  252.3+10.5a7  263.3+0.4a-f  252.0417.3a7j  220.5:8.8jq 260.246.6 a-i
TAA (umol g)x
Kontrol 38.42+0.92  37.91+1.58 35.19+0.32 35.73+0.20 33.94+2.18 35.71+0.54 34.79+0.79 33.77+0.58 33.21+1.14
MAP 34.69+3.83  35.46+4.06 34.51+1.28 35.94+0.83 36.01+1.05 35.63+5.08 35.29+1.10 31.67+1.62
5 dak UV-C 37.69+3.77  37.04+4.07 39.58+4.15 39.10+4.09 36.71+1.56 37.42+3.57 33.88+2.68 32.72+1.18
10 dak UV-C 37.83+3.14 36.95+3.04 36.81+5.89 37.71+4.15 34.40+1.69 34.70+0.77 35.39+0.38  34.15+1.94
20 dak UV-C 38.58+5.15  34.74+1.10 34.61+0.58 34.16+£0.92 34.96+2.22 31.78+0.43 33.68+3.57 33.21+1.08
30 dak UV-C 39.35+1.26 36.63+5.97 36.00+4.85 34.28+0.60 34.84+0.24 33.31+1.41 33.66+1.47 32.87+1.82
PG aktivitesi (mmol kgt s2)=
PG activities
Kontrol 0.87+0.06  0.90+0.06 0.74+0.18 0.78+0.09 0.91+0.08 0.90+0.08 0.93+0.05 0.94+0.03 0.97+0.03
MAP 0.82+0.01 0.75+0.04 0.71+0.01 0.75+0.02 0.83+£0.05 0.84+0.06 0.83+0.01 0.89+0.16
5 dak UV-C 0.88+0.04 0.79+0.03 0.82+0.03 0.82+0.03 0.85+0.03 0.84+0.03 0.87+0.01 0.88+0.01
10 dak UV-C 0.82+0.03 0.82+0.01 0.77+0.01 0.81+0.04 0.82+0.01 0.85+0.00 0.89+0.00 0.87+0.08
20 dak UV-C 0.91+0.03 0.82+0.04 0.83+0.04 0.79+0.06 0.88+0.14 0.85+0.08 0.92+0.02 0.89+0.04
30 dak UV-C 0.79+0.04 0.86+0.04 0.82+0.02 0.87+0.09 0.81+0.09 0.89+0.15 0.91+0.05 0.91+0.02

x Her bir kalite 6zelligindeki harfler muhafaza stiresi x uygulama interaksiyonu arasindaki farkliliklar: ifade etmektedir. Ayni harfe sahip
ortalamalar arasindaki farklar p<0.05 diizeyinde 6nemsizdir.

Cizelge 4. Raf 6mri kosullarinda farkl stirelerde UV-C uygulamalarinin ‘Angeleno’ erik ¢esidinde TEA, TFM, TAA ve PG

uzerine etkileri

Table 4. Effects of UV-C treatments at difterent times on TEA, TFM, TAA and PG activities in plums cv. 'Angeleno’ under shelf

Iife conditions.

Raf 6mrii siiresi (giin)

‘;g’f:;;‘;;m Shleflife (days)

0+3 15+3 30+3 45+3 60+3 75+3 90+3 105+3 120+3
TEA (%)
Kontrol 1.489+0.03 be 1.323+0.02 fgh 1.269+0.03 h-i 1.229+0.08 1 1.065+0.01 0.841+0.05mno 0.855+0.12 1-0 0.677+0.06 rs 0.532+0.06 u
MAP 1.513+0.08 ab 1.465+0.01 bed 1.42440.13 cde 1.107+0.06 j 0.945+0.01 k 0.809+0.05n0p 0.782+0.02 opq 0.577+0.04 tu
5dak UV-C 1.556+0.05 b-e 1.491+0.03 be 1.312+0.07 {1 1.225+0.03 1 0.935+0.03 k-1 0.924+0.05klm 0.733+0.02 pqr 0.586+0.04 tu
10 dak UV-C 1.596+0.02 a 1.451+0.05 b-e 1.258+0.05 h-i 1.080+0.04 j 0.894+0.03 k-n 0.782+0.020pq 0.680+0.05 rs 0.578+0.02 tu
20 dak UV-C 1.371+0.06 efg 1.290+0.12 ghi 1.246+0.07 h-i 1.043+0.09j 0.881+0.02 k-n 0.902+0.01klm 0.746+0.07 pqr 0.632+0.04 st
30 dak UV-C 1.461+0.02 bed 1.392+0.05 def 1.264+0.10 h-i 1.111+0.02j 0.933+0.09 k-1 0.750+0.04pqr 0.706+0.01 grs 0.528+0.02 u
TFM (mg 100 g?) =
Kontrol 201.7+11.2 n-u 228.7+14. h-n 207.4+5.2 1-s 294.3+15.2 be 196.6+3.8 o-u 278.2+9.4 c-f 286.9+33.9 bed 260.2+27.6 d-g 332.0+£10.9 a
MAP 180.2+8.9 sv 185.1413.1 q'u  212.0¢1.7k-q  235.6+12.3g1  237.69+9.33 gk 287.6+3.1bed 245.9+18.11 g 314.142.7 ab
5dak UV-C 198.4+7.05 o-u 211.0+45.4 k-r 217.6+57.3 j-p 153.3£21.1v 203.85+37.27 nt 248.9+29.0 ghi 235.3+39.1 g-1 303.3+18.0abc
10 dak UV-C 183.0+£16.0 q-u 173.348.9 uv 182.8+2.9 r-u 177.6£7.5 tuv 181.79+15.85 sv 250.0+6.3 f-i 256.4+21.6 e-h 283.8+5.3 cde
20 dak UV-C 192.3+4.8 o-u 191.0+£2.7 p-u 196.1+10.0 o-u 196.6+11.7 ou 196.92+6.92 o-u 221.0+21.1 i-0 259.2+13.1 d-g 305.6+5.2 abc
30 dak UV-C 198.948.3 o-u 200.0+14.6 n-u 199.744.51 n-u 205.6+0.8 m-t 207.44+4.24 1-s 234.1426.6 g'm 247.448.7 ghi 303.54+4.9 abc
TAA (umol g)=
Kontrol 38.15+1.75 36.91+0.75 35.60+1.69 33.66+1.87 31.87+2.00 32.23+1.31 32.11+2.41 31.56+2.60 30.92+0.50
MAP 36.60+1.27 35.76+0.97 36.45+0.82 35.19+0.21 35.23+0.17 34.77+0.67 32.53+0.09 32.51+0.90
5 dak UV-C 37.18+0.25 35.61+1.51 35.40+0.38 34.41+1.52 34.95+1.03 32.66+0.20 33.62+1.04 33.06+2.18
10 dak UV-C 37.77+0.72 36.69+1.61 37.00+0.43 35.94+1.29 34.92+0.36 35.32+0.85 34.24+1.04 33.76+1.10
20 dak UV-C 37.09+£2.02 36.19+0.98 34.81+1.33 34.21+1.64 33.73+1.47 34.36+0.20 33.63£1.10 33.42+0.66
30 dak UV-C 37.36+0.78 35.99+0.89 34.60+£1.42 35.00+1.37 34.64+1.53 34.52+1.21 33.50+0.35 33.20£1.45
PG aktivitesi (mmol kg s1)=
PG activities
Kontrol 0.84+0.03 i-p 0.85+0.03 h-p 0.88+0.07 f-o 0.83+0.03 j-p 1.03+0.13 a-d 1.05+0.16 ab 1.04+0.07 abc 0.99+0.03 b-f 1.12+0.08 a
MAP 0.87£0.02 g'p 0.78+0.04 op 0.85£0.16 h-p  0.96:0.09 b-g 0.86£0.02 gp 0.81£0.05 m-p 0.940.07 ¢-j 0.990+0.04b-f
5dak UV-C 0.76+0.02 p 0.77+£0.03 p 0.77+£0.07 p 0.95+0.05 b-h 0.93+0.02¢-j 0.90+0.15 e-m 0.89+0.11 e'n 0.90+0.06 e'n
10 dak UV-C 0.80+0.03 nop 0.9240.03 e-m 0.82+0.07 k-p 0.82+0.03 1-p 0.87+0.01 g-p 0.90+0.04 en 0.87+0.05 g-p 0.94+0.03 b-j
20 dak UV-C 0.84+0.02 i-p 0.92+0.05 d-k 0.83+0.02 j-p 0.90+0.03 en 0.9140.04 em 0.88+0.06 f-0 0.93+0.09 c-j 1.00+0.08 b-e
30 dak UV-C 0.79+0.02 op 0.92+0.01 e-1 0.77+0.04 p 0.95+0.07 b-i 0.9140.17 em 0.95+0.07 b-i 0.95+0.03 b-h 0.98+0.01 b-f

x Her bir kalite ¢zelligindeki harfler muhafaza siiresi x uygulama interaksiyonu arasindaki farkliliklar: ifade etmektedir. Aymi harfe sahip
ortalamalar arasindaki farklar p<0.05 dizeyinde 6nemsizdir.
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TEA degerinin korunmasinda UV-C uygulamalarinin
etkili oldugunu Dbelirten c¢alismalarla benzerlik
gostermektedir.

Toplam Fenolik Madde Miktar: (TFM)

Sogukta depolanan erik meyvelerinde muhafaza
sliresinin ilerlemesi ile birlikte TFM miktarinda artisg
kaydedilmigtir. Muhafaza baglangicinda 196.4 mg 100
gl olarak belirlenen TFM miktari, 120 ginlik
muhafaza siiresi sonunda 286.4 mg 100 g'! (kontrol) ile
233.0 mg 100 g! (10 dak UV-C) arasinda degisim
gOstermigtir. Tium muhafaza stiresi
degerlendirildiginde UV-C uygulamalarinin TFM
miktarindaki artig1 yavaglatmada daha etkili oldugu
tespit edilmistir (Cizelge 3). Raf 6mrii baslangicinda
201.7 mg 100 g olarak olgiilen deger, 120+3 giuinlik
muhafaza suresi sonunda en ylksek kontrol grubu
meyvelerde (332.0 mg 100 g) tespit edilmistir. Bu
uygulamay1 sirasiyla MAP (314.1 mg 100 g'1), 20 dak
UV-C (305.6 mg 100 g'1), 30 dak UV-C (303.5 mg 100 g’
1) ve 5 dak UV-C (303.3 mg 100 g') uygulamalar: takip
etmigtir. En disik TFM miktarn1 10 dak UV-C
uygulamasinda (283.3 mg 100 g1) belirlenmistir
(Cizelge 4). Fenolik maddelerin sentezi cesitli stres

kogullar1  1ile cevresel  faktorler  tarafindan
diizenlenmekte olup miktar1 g¢esit, yetistirme
kogullari, olgunluk asamasi, hasat ve depolama

kogsullarina gore degisiklik gostermektedir. Hasat
sonrasi igsleme, mekaniksel zararlanma, sicaklik,
modifiye atmosfer ve UV 151k uygulamalarinin meyve
ve sebzelerdeki fenolik  bilesiklerin  igerigini
diizenlemede kullanildig: bilinmektedir. Bu
teknolojiler meyve ve sebzelerde ROS (Reaktif Oksijen
Tiirleri) olusumunu tesvik ederek oksidatif strese
neden olmaktadir (Laura ve ark., 2019). Sogukta
muhafaza slresince fenolik madde miktarindaki
degisim uygulamalara goére farklilik gostermistir.
Depolama siiresince meydana gelen artis en fazla
kontrol meyvelerinde tespit edilirken, 30 dak UV-C
uygulanmig meyvelerde de diger UV-C
uygulamalarina goére daha yluksek fenolik madde
miktar1 tespit edilmistir. Kontrol ve 30 dak UV-C
uygulanmig meyvelerde muhafaza sliresinin ilerlemesi
ile birlikte hem meyve kabugu hem de meyve etinde
meydana gelen kararmalarla fenolik bilesiklerin
artigimin iligkili olabilecegi diisiiniilmektedir. Nitekim
uriunlerde kararmaya sebep olan polifenol oksidaz
(PPO) enziminin fenolik maddelerin artisi ile meydana
geldigi belirtilmektedir (Lu ve ark., 2011). Elde edilen
bu sonuca benzer bulgular Sabir ve ark. (2018)
tarafindan ¢ilekte yapilan bir c¢alismada da
belirtilmistir.

Toplam Antioksidan Aktivite Miktar1 (TAA)

Muhafazanin baslangicinda 38.42 pmol g1 olarak
Olcilen deger, muhafaza suresinin ilerlemesi ile
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birlikte azalarak 120 giinliik muhafaza siiresi sonunda
31.67 pmol g1 (MAP) ile 34.15 umol g1 (10 dak UV-C)
arasinda degisim gostermistir. Muhafaza sturesince
meydana gelen bu degigim istatistiksel olarak 6nemsiz
bulunmustur (Cizelge 3). Raf émrii kosullarinda
muhafaza stiresince azalan TAA miktarina uygulama
x muhafaza siiresi interaksiyonu istatistiksel olarak
onemsiz bulunmustur. Muhafaza baglangicinda 38.15
pmol g1 olarak belirlenen TAA miktari, 120+3 giinliik
muhafaza stiresi sonunda en yiiksek deger ise 10 dak
UV-C (33.76 pmol g'1) uygulamasinda, diisiik deger ise
kontrol meyvelerinde (30.92 umol g1) tespit edilmistir
(Cizelge 4). Bahce iiriinleri besinsel igeriklerinin
yiksek olmasi nedeniyle o6zellikle son yillarda
tuketiciler  tarafindan  ilginin  arttigi = Urin
gruplarindan birisidir. Yas meyve ve sebzelerde
besinsel igeriklerinin korunmasinda hasat 6ncesi ve
hasat sonrasi kogullarin 6nemli oldugu
vurgulanmaktadir. Muhafaza suresince azalan
TAA’da meydana gelen degisimi yavaslatmada UV-C
uygulamalarmin etkili oldugu tespit edilirken,
depolama kosullarina gore degismekle birlikte10 dak
UV-C uygulamasmin daha 1iyi sonuglar verdigi
saptanmigtir. Calisma sonucunda elde edilen
bulgulara benzer sekilde ¢ileklerde 5 ve 10 dak UV-C
(Erkan ve ark.,, 2008) ve 15 ve 30 dak UV-C
uygulamalarinin (Sabir ve ark., 2018) muhafaza
stiresince kontrol ile kargilastirildiginda daha yiiksek
oranda antioksidan aktivite tespit edildigini
vurgulamiglardir.

Poligalakturonaz Enzim Aktivitesi (PG aktivitesi)

Sogukta depolama stiresinde muhafaza stresinin
uzamasi 1ile birlikte PG aktivitesi miktarinda artigin
geciktirilmesinde hasat sonrasi yapilan UV-C
uygulamalarinin etkili oldugu ancak bu etkinin
istatistiksel olarak o6nemli olmadig1 belirlenmigtir
(Cizelge 3). Muhafaza baslangicinda 0.87 mmol kg! s’
olarak olgiilen deger meyve eti sertliginde meydana
gelen yumusama ile baglantili olarak artarak 120
giinlik muhafaza stresi sonunda 0.97 mmol kg! s
(kontrol) ile 0.87 mmol kg1 s (10 dak UV-C) arasinda
degisim gostermistir. 120+3 giin raf 6mri kosullarinda
muhafaza edilen meyvelerde en yiiksek PG aktivitesi
kontrol grubu meyvelerde (1.12 mmol kg! s7)
olciiliirken, bu uygulamayi sirasiyla 20 dak UV-C (1.00
mmol kgt s1), MAP (0.99 mmol kg s1), 30 dak UV-C
(0.98 mmol kg s'1) ve 10 dak UV-C (0.94 mmol kg'! s°
1) uygulamalar takip etmistir. En diigiik PG aktivitesi
5 dak UV- C (0.90 mmol kg! s1) uygulamasinda
belirlenmistir  (Cizelge 4). Bahce iiriinlerinde
olgunlagsma ile birlikte meydana gelen yumusama
pektin metil esteraz (PME), poligalakturonaz (PG) ve
metil esteraz (ME) gibi enzimlerin aktivitesine bagh
olarak ortaya c¢ikmaktadir. Bu enzimler hiicrelerde
dayanaklihigi saglayan pektin maddelerinin yikimina
neden olarak hiicre duvarlarinin ¢oézintrligina
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arttirmakta ve sertlik kaybina neden olmaktadir
(Barreit & Gonzalez, 1994; Atkinson ve ark., 2012). Bu
enzimlerin aktivitesini yavaglatan uygulamalar
yumugsamanin geciktirilmesinde da etkili olmaktadir.

SONUC ve ONERILER

‘Angeleno’ erik ¢esidinde hasat sonrasi yapilan 10 dak
UV-C ve 20 dak UV-C uygulamalarinin sogukta ve raf
omru kogsullarinda kalite 6zelliklerinin korunmasinda
etkili oldugu belirlenmistir. Agirhik kaybinin
azaltilmasi, meyve kabuk hue ac¢1 degeri, meyve eti
sertligi ve toplam antioksidan aktivitendeki azalisin
geciktirilmesine etkili olmustur. Ayrica gorsel kalite
ve titre edilebilir asitlik degerlerinde meydana gelen
degisimlerin yavaglatilmasinda da etkili oldugu tespit
edilmistir. Hem sogukta hem de raf 6mri kogullarinda
meyvelerde fiziksel ve biyokimyasal o6zelliklerdeki
degisimleri yavaglatmis ve depolama Omrini
uzatmada yardimci olmustur. Eriklerde 10 ve 20 dak
UV-C uygulamalarimin uygulama kolaylign ve
maliyetinin diigik olmasi agisindan ticari olarak
tavsiye edilebilir oldugu belirlenmigtir. Hem sogukta
hem de raf 6mriu kosullarinda kontrol grubu ile
uygulama yapilmis meyvelerde fizyolojik bozulmalar
ve gorsel kalitede bozulmalar meydana gelmesine
ragmen herhangi bir patolojik bulgu tespit
edilmemigtir. Ticari olarak daha kisa stre uygulama
agisindan 10 dak UV-C uygulamasinin daha uygun
oldugu saptanmigtir. Elde edilen sonuglara gore UV-C
uygulamasinin muhafaza ve raf 6mrinin uzatilmasi
ve kalite ozelliklerinin korunmasinda ticari olarak
kullanilabilecegi tespit edilmigtir.

TESEKKUR
Bu calisma Dr. Sevil UNAL'1n “Hasat Sonrasi UV-C
Uygulamalarinin Baz1 Sert Cekirdekli Meyve

Turlerinde Muhafaza Siiresince Meyve Kalitesine
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Bu arastirmada tu¢ farkli kirmizi sarabin toplam fenolik bilesik,

toplam monomerik antosiyanin ve antioksidan kapasitelerinin Aragtirma Makalesi
belirlenmesi ve birbirleri ile iligkilerinin incelenmesi amag¢lanmisgtir.

Aragtirmada fermantasyonlarini tamamlamis Merlot, Cabernet Makale Tarihgesi

Franc, Cabernet Sauvignon saraplarinin toplam fenolik bilesik, Gelig Tarihi  :05.04.2022
toplam monomerik antosiyanin ve ABTS, DPPH, FRAP ve ORAC Kabul Tarihi :02.03.2023

yontemleri ile antioksidan kapasiteleri belirlenmis, sonuclarin

birbirleri ile korelasyonlari incelenmigtir. Kirmiz1 saraplarin toplam Anahtar Kelimeler

fenolik bilesik diizeyleri 2874 ile 3451 mg GAE L1, toplam monomerik Antioksidan kapasite
antosiyanin duzeyleri 305-357 mg L1 aralhklarinda degisen Kirmizi gsarap
seviyelerde ol¢ulmustiir. Antioksidan kapasite diizeylerinin sirasi ile Toplam fenolik bilesik

ABTS, DPPH, ORAC ve FRAP yontemlerine gore 32.74-35.83 pmol
troloksmI1; 14.98-19.21 pmol troloks mIL1; 25.93-29.07 pmol troloks
mL1; 28.12-36.05 pmol troloksmL!l duzeylerinde oldugu tespit
edilmigtir. ORAC yontemi disinda incelenen biitiin parametreler
birbirleri ile iligkili bulunmustur. Arastirmada incelenen kirmizi
saraplarin fenolik bilesik ve antioksidan kapasiteleri yiiksek olmakla
birlikte, antioksidan kapasite tayini amag¢li ORAC yontemi digindaki
yontemlerin birbirleri ile degisebilir ve karsilastirilabilir olduklar:
sonucuna varilmigtir.

ABSTRACT

In this study, it was aimed to determine the total phenolic compound,
total monomeric anthocyanin and antioxidant capacities of three
different red wines and to examine their relationship with each other.
The total phenolic compounds, total monomeric anthocyanins and
antioxidant capacities of Merlot, Cabernet Franc and Cabernet
Sauvignon wines that have completed their fermentation were
determined by ABTS, DPPH, FRAP, and ORAC methods, and the
correlation levels of the results were estimated. The total phenolic
compound levels of red wines were measured at levels ranging from
2874 to 3451 mg GAE L1, and total monomeric anthocyanin levels
ranged between 305-357 mg L1. Antioxidant capacity levels were
32.74-35.83 umol troloxml; 14.98-19.21 pmol trolox mL1; 25.93-
29.07 pmol troloxml.1; 28.12-36.05 pmol trolox mL! according to
ABTS, DPPH, ORAC, and FRAP methods, respectively. All the
parameters studied were related to each other except the ORAC
method. In addition to the phenolic compound and antioxidant
capacities of the red wines examined in our study are high, it has been
concluded that the methods other than the ORAC method for
determining antioxidant capacity are different and comparable with
each other.

Toplam monomerik antosiyanin

Relationships between Antioxidant Capacity and Total Phenolic Compound and Total Monomeric
Anthocyanin Levels in Red Wines

Horticulture
Research Article

Article History
Received
Accepted

- 05.04.2022
- 02.03.2023

Keywords

Antioxidant capacity

Red wine

Total phenolic content

Total monomeric anthocyanin



KSU Tarim ve Doga Derg 26 (4), 743-753, 2023
KSU J. Agric Nat 26 (4), 743-753, 2023

Arastirma Makalesi
Research Article

Atf Sekli: Yiiksel Kiskii, D., & Tahmaz Karaman, H., (2023) Kirmiz1 Saraplarda Antioksidan Kapasite ile Toplam
Fenolik Bilesik ve Toplam Monomerik Antosiyanin Diizeylerinin Iliskileri. KSU Tarim ve Doga Derg 26 (4),
743-753. https://doi.org/10.18016/ksutarimdoga.vi.1098837
To Cite: Yiiksel Kiiskii, D., & Tahmaz Karaman, H., (2023). Relationships between Antioxidant Capacity and Total
Phenolic Compound and Total Monomeric Anthocyanin Levels in Red Wines. KSU J. Agric Nat 26 (4), 743-
753. https://doi.org/10.18016/ksutarimdoga.vi.1098837
GIRIS kirmizi  saraplarda litrede binler seviyesine

Uziim ve saraplarda bulunan polifenoller kimyasal
acidan bir veya daha fazla benzen halkasi iceren genig
bir dogal bilegik ailesidir. Uziimlerin teknolojik ve
fenolik parametreleri arasindaki denge, kaliteli
kirmizi garaplar elde etmek icin kilit bir faktoérdiir.
Polifenollerin varhg ile iligkili olan fenolik olgunluk
seviyesi Uzlmleri ve bu uziimlerden elde edilen
saraplar1 komplekslestirerek organoleptik kalitelerini
dogrudan etkilemektedir (Merkyté ve ark., 2020). Son
yillardaki arastirmalar baz polifenollerin antioksidan
ve serbest radikal stiptrici etkileri Gizerine in vitroya
da in vivo olarak yogunlasmis durumdadir (Lee ve
ark., 2020; Pertuzatti ve ark., 2020). Ozelikle kirmiz1
saraplardaki varhiklar1 Gizimin yetistirildigi teruar
ozellikleri, bag hastalik durumu ve vinifikasyon
teknikleri ile degisim gosteren (Price ve ark., 1995;
McDonald ve ark., 1998; Atak & Goksel, 2019; Urvieta
ve ark., 2021) fenolik bilesiklerin, insan saghg
uzerindeki etkileriyle ilgili ¢ok sayida arastirma
mevcuttur (Tufarelli ve ark., 2017, Cosme ve ark.,
2018; Averilla ve ark., 2019; Leal ve ark., 2020).

Uztimlerdeki fenolik bilesiklerin biiyiik c¢ogunlugu
antioksidan etkiye sahiptirler ve bu etki esasen
aromatik hidroksil grubundaki bir hidrojen atomunun
serbest radikale baglanabilme kolaylig1 ile fenolik
bilesigin elektronlarinin JI-elektron sistemi
etrafindaki delokalizasyonuna baglh olarak
eslesmemis bir elektronu destekleme kabiliyetinden
kaynaklanmaktadir (Manini ve ark., 2019). Bu durum
antioksidanlarin sahip olduklar1 ¢ok sayidaki
elektronun, serbest radikallere karsi kolay bir hedef
oldugu anlamina gelmektedir. Boylelikle
antioksidanlar, oksitleyici zincir reaksiyonlarin
baslamasimi ve yayillmasinmi inhibe ederek, diger
molekiilleri korurlar. Oksidatif stres pro-oksidan ve

antioksidan turler arasindaki dengenin
bozulmasindan kaynaklanmaktadir. Insan
viicudundaki antioksidan eksikliginden kaynakh

oksidatif stres olugsumu, kardiyovaskiler hastaliklar,
iltihaplanma, beyin fonksiyon bozukluklar: gibi
oksidatif hastaliklarin patolojisine katkida
bulunmaktadir (Pisoschi ve ark., 2021).

Sarap esas olarak su, karbonhidratlar, organik asitler,
mineraller, alkol, polifenoller ve aromatik bilgiklerden
olusmaktadir (Snopek ve ark., 2018). Sarap
bilegenlerinin en o6nemli gruplarindan birisini
polifenoller olusturmaktadir. Beyaz saraplar kirmizi
saraplardan cok daha az polifenol icermektedirler.
Toplam fenolik bilesik igerigi beyaz saraplarda gallik
asit esdegeri olarak litrede ylzlerle ifade edilirken,
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ulasmaktadir (Singleton & Rossi, 1965). Fonksiyonel
grup dagilimi ve sayisi ile molekiil agirhigr derecesi
fenolik Dbilesiklerin antioksidan olarak etki etme
yeteneklerini belirlemektedir (Radonjic ve ark., 2019).
Cogu polifenol yapisinda aromatik halka tizerinde,
yakinindaki molekiller tizerindeki serbest radikallere
kargi biyik bir afiniteye sahip olan hidroksil
gruplarina sahiptir. Bununla birlikte sarabin polifenol
icerigi ile antioksidan kapasitesi arasindaki iligki ile
ilgili farkl gériisler meveuttur. Ornegin Finotti ve Di
Majo (2003) farkli fenolik bilesiklerin OCHs ve OH
gruplarinin ve halka sayilarinin birbirinden farklh
konumlar1 sebebiyle antioksidan kapasitelerinin de
farkli olacagimi soOylemiglerdir. Saint-Criqve ark.
(1999) antioksidan aktivitenin polimerizasyon seviyesi
ile arttigini, Arnous ve ark. (2002) antosiyaninlerin
polimerik ve monomerik formlarinin antioksidan
kapasitelerinin farkli oldugunu, Di Majo (2008) ise
sarapta bulunabilen farkli polifenoller ve radikal
molekiller arasinda olasi bir antagonizm veya
sinerjizm olabilecegini 6ne siirmiiglerdir. Antioksidan
kapasitenin toplam fenolik bilesik icerigi ve toplam
antosiyanin ile iligkili olduguna dair arastirmalar da
literatiirde yer almaktadir (Lachman ve ark., 2019).

Ekstraktlarinin  antioksidan kapasiteleri sadece
ekstrakt bilesimine degil, ayn1 zamanda kullanilan
test kosullarina da bagli olmaktadir (Dorman ve ark.,
2003; Trouillas ve ark., 2003; Miliauskas ve ark.,
2004). Antioksidan kapasitenin &lciilmesi temel
olarak, hidrojen atomunun transferine (HAT) ve
elektronun transferine (ET) dayali olan yéntemlere
dayanmaktadir. ORAC testi gibi hidrojen atomunun
transferine (HAT) dayali olan testler, antioksidan ve
substratin termal olarak uretilen peroksil radikalleri
icin rekabet ettigi rekabetci bir reaksiyon semasi
uygulamaktadir. FRAP, ABTS ve DPPH testleri gibi
elektron transferine (ET) dayali olan testlerde ise
antioksidan maddenin indirgendiginde renk degistiren
bir oksidan maddeyi indirgeme kapasitesinin
O6lcimine dayanmir. Renk degisiminin derecesi
ornekteki antioksidan konsantrasyonu ile iligkilidir
(Lopez-Alarcon & Lissi, 2005). Bu yéntemlerin tek

bagina kullanilmas yeterli goriilmemekte,
antioksidanlarin farkli etkilerini dikkate almak
amaciyla birden fazla test ile Olglimlerlerin

gerceklestirilmesi gerkmektedir (Prior & Cao, 1999;
Huang ve ark., 2005). DPPH, ABTS ve ORAC testleri
ile numunelerin  serbest radikal temizleme
kapasiteleri, FRAP testi demir indirgeme
kapasiteleri belirlenmektedir.

ile
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Biitin bunlardan yola ¢ikarak bu arastirmada Merlot,
Cabernet Franc ve Cabernet Sauvignon cesitlerine ait
kirmizi saraplarin toplam fenolik bilesik, toplam
monomerik antosiyanin ve antioksidan kapasite
diizeyleri incelenmis, sonrasinda korelasyon analizi ile
iligkilerinin  ortaya  konulmasi  amag¢lanmigtir.
Aragtirmada antioksidan kapasite tayininde dort
farkli yontemle c¢alisgilmis bu sayede sonuglarin
birbirleri ile tutarlilig1 ve antioksidan kapasitenin net
bir sekilde ifade edilmesi amac¢lanmistair.

MATERYAL ve METOD

Arastirmada materyal olarak 2003 yilinda dikilmis
olan 140 Ru anaci tizerine asili 347 numarali Merlot
klonu, 41 B anaci lizerine asili 181 numarali Cabernet
Franc klonu ve 110 R anaci lizerine asili 169 numaral
Cabernet Sauvignon klonlarindan (Vitis vinifera L.)
2020 yilinda elde edilen kirmizi saraplar
kullanilmigtir.  Tekirdag’daki  Chateau  Kalpak
(40°39'16.76"K, 27°03'18.74'D) firmasina ait baglar 2.1
x 1.0 m sira arasi ve lizeri mesafeye sahip olup, kordon
terbiye seklindedirler. Uziimler teknolojik olgunluk
donemlerinde vinifikasyona alinmiglardir. Bu amacla
sap ayirma tane patlatma islemi sonrasi saraplarin
maserasyonlar1  Saccharomyces cerevisaie maya
(Laffort, Fransa) kullanarak baslatilmis olup alkol
fermantasyonu tamamlandiginda preslenmislerdir.
Daha sonra bakteri ilavesiz malolaktik fermantasyon
(MLF) siireci gézlemlenmis, MLF sona erdiginde
aktarilarak stok tanklarina alinmiglardir.
Saraplardan bu asamada kiikiirtleme 6ncesi analizler
icin 3’ er tekerriurli 500 mI’ lik érnekler alinarak
Bahge  Bitkileri  Boéluimiine  ulastirilmiglardir.
Saraplari koruma amach siseleme sirasinda azot gazi
uygulanmagtar.

Uziim ve sarap genel analizleri ile sarap kalite
analizleri

Uztiimlerin hasat edildikleri giin briks (%), tartarik
asit cinsinden toplam asitlik (mg L1) pH ve dansite
degerleri  belirlenmistir  (OIV, 2015). Sarap
orneklerinin ise pH, tartarik asit cinsinden toplam
asitlik, alkol (%, h h'1), seker, ucar asit, serbest SOz ve
toplam SOz analizlerine ilaveten (OIV, 2015), Mercurio
ve ark. (2007)’ na gore kimyasal yas 1 ve kimyasal yas
2, antosiyanin iyonizasyonu (%), toplam antosiyanin
(mgL1), renk yogunlugu (Absorbans birimi: AB), renk
tonu, SO2 dayanikh pigment (AB) analizleri, Mercurio
ve Smith (2008)’ e gére bisiilfit agartma yéntemi ile
antosiyanin (mgL1), Ribereau-Gayon ve ark. (2006)’ na
gore asit hidroliz yéntemi ile tanen (gL1), Cliff ve ark.
(2007) na gore renk yogunlugu ve tonu ve yine Cliff ve
ark. (2007) na gére kopigmente olmus antosiyanin,
monomerik antosiyanin, polimerik antosiyanin,
toplam antosiyanin (AB) analizleri
gergeklestirilmigtir. Spektrofotometrenin kullanildig:
biitin analizler Shimadzu marka UV-1208 model UV-
VIS spektrofotometre cihaz ile gerceklestirilmistir.
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Analiz 6ncesi saraplar 0.45 pm’lik PVDF (Sartorius,
Germany) filtrelerden gecirilmislerdir.

Toplam fenolik bilesik analizi

Saraplarin toplam fenolik Dbilesik miktarlarinin
belirlenmesi amaciyla Singleton ve Rossi (1965)" nin
folin ciocalteau yéntemi kullanilmigtir. Once %20’ lik
sodyum karbonat ¢ozeltisi hazirlanmig, sonrasinda 10
mL’lik cam tuplere sirasiyla 7.5 mL ultra saf su, 100
uL sarap ve 500 uL Folin Ciocalteu (Sigma) eklenmis,
3 dakika sonunda 1 mL sodyum karbonat ¢ozeltisi
ilave edilerek son hacim saf suyla tamamlanmistir. 1
saat slireyle karanlhikta Dbekletilen saraplarin
okumalar:1 765 nm dalga boyunda yapilmis ve sonuclar
mg Gallik Asit Egdegeri (GAE) L olarak ifade
edilmigtir. Sonuglarin hesaplanmasinda gallik asit
egrisinden (R*= 0.9989) yararlanilmigtar.

Toplam monomerik antosiyanin analizi

Saraplardaki toplam monomerik antosiyanin miktar:
Giusti ve Wrolstad (2001) tarafindan gelistirilen pH
differansiyel metodu ile belirlenmistir. pH’ s1 1.0 olan
0.025 M potasyum kloriir tampon ¢ozeltisi ve pH’ s1 4.5
olan 0.4 M sodyum asetat tampon c¢o6zeltisi
hazirlanarak, saraplarin bu ¢ozeltiler ile
spektrofotometrenin linear siirlari (0.4-0.6) icerisinde
kalacak sekilde seyreltilmesiyle 520 ve 700 nm dalga
boylarinda o6l¢glimler yapilmigtir. Sonuglar mg L1
olarak asagidaki formiile gére hesaplanmigtir.

Toplam  monomerik  antosivanin (mg L7)=

[(Dx(MW)x(SHx1000)/[ (&x(D](1)

Esitlikte, A: Absorbans farki (pH 1.0 ve 4.5
degerlerinde 6lciilen absorbans farki), MW: Baz olarak
alinacak antosiyaninin molekiil agirhgi(493,5), SF:
Seyreltme faktorii, e: Molar absorpsiyon katsayisi
(28000), L: Absorbans ol¢iim kiivetinin tabaka
kalinlig1 (cm).

Antioksidan kapasite analizleri

Saraplarin antioksidan kapasite duzeyleri ABTS,
DPPH, ORAC, FRAP yontemleri olmak tizere dort
farkli yontemle belirlenmistir. Sonuglarin birbirleri ile
kargilagtirilabilirligini  kolaylastirmas1  acisindan
troloks esdegeri olarak (pmol troloks mL1) ifade
edilmigtir.

ABTS yontemi

ABTS [2,2"-azinobis(3-ethyl-benzothiazoline-6-sulfonic
acid)] yontemi Re ve ark. (19990 na gore
gerceklestirilmis ve inhibisyon oram1 asagidaki

formiile gére hesaplanmigtir.

Inhibisyon orani (%) = (Baslangig absorbansi — Son
absorbans) | Baslangi¢ absorbansi (2)

Elde edilen ortalama yiizde inhibisyon degerleri 6rnek
hacimlerine (10, 20 ve 30 pl) karsi bir grafige
aktarilmis ve bu verilere dogrusal regresyon analizi
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uygulanarak ornege iliskin egriye ve bu egriyi
tanimlayan esitlige ulasilmigtir.

DPPH yontemi

DPPH (2,2-diphenyl-1-picrylhydrazyl) yontemi ile
antioksidan aktivite Katalinic ve ark. (2004) na gére
gerceklestirilmistir. DPPH serbest radikalleri % 96
etanol i¢inde ¢ozilerek bu ¢ozeltinin 3 mL’ si 0.2 mL
numune ile karigtirnlmigtir. 15 dakika sonra 517 nm
dalga boyunda sahide karsi (saf su) okuma
gerceklestirilmigtir.

FRAP yontemi

FRAP (ferric reducing antioxidant power) yontemi ise
Benzie ve Strain (1996) e gore yapilmistir. Bu amacla
pH 3.6 olan 300 mM sodyum asetat, 40 mM hidroklorik
asit icinde seyreltilmis 10 mM TPTZ (2,4,6-tripyridyl-
s-triazine) ve 20 mM FeCls x 6H:20 sirasiyla 10:1:1
oraninda karigtirilmig ve 37 °C’ ye 1sitilmigtir. Ayrica,
3 mL FRAP standardi 0.2 L numune (gahit icin saf su)
ile kanstinlmigtir. 15 dakika sonra absorbans
degerleri 593 nm’ de Sl¢tilmugtir.

ORAC y6ntemi

ORAC (Oxygen radical absorbance capacity) yontemi
ile antioksidan kapasitenin belirlenebilmesi amaciyla
AAPH [2,2-azobis(2-amidinopropane) dihydrochloride]
75 mM’ lik 10 mL fosfat ¢ozeltisinde eritilerek pH 7.4
olacak sekilde stok ¢ozeltisi hazirlanmis ve son hacim
153 mM olarak ayarlanmistir. Daha sonra 75 mM'lik
floresein stok solusyonu (4 x 103 mM) hazirlanmigtir.
Stok  soliisyon 1:1000 olacak sekilde fosfat
soliisyonuyla seyreltilmigtir. Kuvetlere 150 pL

Cizelge 1 Genel izim analiz sonuglari
Table 1 Results of general grape analysis

floresein ¢ozeltisi, 25 uL fosfat soltisyonu, 25 pL troloks
ve 25 uL. sarap oOrnegi eklenmis ve reaksiyon
kaydedilmistir (Huang ve ark., 2002).

Veri analizi

Istatistiksel analizler tesadiif parselleri deneme
desenine gore yapilmis, veriler Minitab18 bilgisayar
paket  programinda varyans analizine tabi
tutulmustur. Ortalamalar arasindaki farkhliklar
Tukey testine gore gruplandirilarak ifade edilmigtir.
Pearson’s korelasyon katsayilarini hesaplama amacgh
Windows Microsoft Excel 2007 kullanilmigtir. Her
analiz 3 tekerrir olarak yapilmig sonuclar ortalama +
standart hata seklinde verilmigtir.

BULGULAR ve TARTISMA

Aragtirmaya ait literatur ile karsilastirmali sonuglar
asagidaki basgliklar altinda sunulmustur.

Genel tiziim analiz sonuglari

Uziimlerin hasat giint gerceklestirilen °briks, tartarik
asit cinsinden toplam asitlik (mg L1), pH ve dansite
O6lcim sonucglar1 Cizelge 1'de verilmistir. Briks
degerleri 25.2° ile 26° arasinda, toplam asitlik
degerleri 5.25 ile 6.51 arasinda, pH degerleri 3.32 ile
3.50 arasinda ve dansite degerleri 1.111 ile 1.115
arasindaki degerlerde olgiilmustir. Merlot, Cabernet
Franc ve Cabernet Sauvignon tiziim ¢esitlerinde hasat
zaman1 yapilan analiz sonuc¢larinin kirmizi saraplik
tzlim c¢esitleri igin beklenilen degerlerde oldugu
belirlenmistir. (Obreque-Slier ve ark., 2012; Sartor ve
ark., 2017).

Uziim cesitleri Briks % Toplam asitlik (mg mL1)* pH Dansite
Grape varieties (Brix) (Total acidity) (pH) (Density)
Merlot 25.2+0.3P 5.25+0.01P 3.44+0.022 1.112+0.62b
Cabernet Franc 26.0+0.12 4.66+0.04¢ 3.50+£0.022 1.111+£1.0b
Cabernet Sauvignon 26.0+0.22 6.51+0.062 3.32+0.02b 1.115+1.0a

abcAym siitunda farkl harflerle ifade edilen degerler Tukey testine gére P<0.05 diizeyinde istatistiksel olarak énemlidir.

“Tartarik asit cinsinden.

Genel garap analiz sonuclari

Saraplarin genel analiz sonuclar1 Cizelge 2’ de
verilmigtir. Buna gore pH, toplam asitlik, alkol, seker,
ucar asit, serbest SOz ve toplam SOz diizeyleri sirasiyla
3.45-3.64, 6.33-6.86 mg mL1, %15.0-15.5, 2.5-3.1 gL',
0.41-0.48 g L'1, 25-29 mg 1.1, 39-46 mg L1 araliklarinda
6lctilmiis ve 6nceki ¢alismalarla uyumlu bulunmustur
(Di Profio ve ark., 2011).

Genel sarap kalite analiz sonuclar:

Saraplarin genel karakteri hakkinda fikir vermesi ve
pratik yapilabilirlikleri sebebiyle siklikla
kullanilmakta olan genel kalite analizlerine ait
sonuclar Cizelge 3 te verilmistir. Renk tonu,
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antosiyanin 1lyonizasyonu, antosiyanin absorbans
birimi parametreleri hari¢ degerlendirilen biitiin
parametrelerde Cabernet Sauvignon sarabi One

¢ikmigtir.Modifiye somers yontemine goére kimyasal
yas (1) 0.516-0.685; kimyasal yas (2) 0.050-0.077;
toplam antosiyanin 1002-1084 mg L'1; renk yogunlugu
10.38-15.15 AB; SOz diizeltilmis renk yogunlugu 9.53-
11.13 AB:; renk tonu 0.639-0.718 AB; SOz dayamkh
pigmentler 2.86-4.20 AB ve antosiyanin iyonizasyonu
%7.00-12.34  araliklarinda  degisen  diizeylerde
saptanmistir.

Kimyasal yas ilk kez Somers (1977) tarafindan
kullanilan bir kavram olmakla birlikte monomerik-
polimerik antosiyanin degisimlerinin ne &lgiide
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gerceklestigini tanimlamaktadir. Kimyasal yas 1 ve 2
parametreleri iki spektral orandan tiretilmektedir.
Her ikisi de pigmentlerin pH degisikliklerine ve SO2
agartmasina ne Ol¢clide dayanikli hale geldigini ve
serbest antosiyaninlerin daha az kararh olarak daha

ve daha acik bir renge sahip Merlot sarabi takip
etmigtir. Saraplarin yasi sarap kalitesiyle baglantili
olan 6nemli bir parametre olmakla birlikte, sarap
yasini  Olgmenin  dogrudan bir yolu yoktur.
Yaglanmayla birlikte saraplarin renk, gévde, aroma,

duyarli olduklar1 degisiklikleri ifade etmektedir ugucu fenolikler gibi organoleptik parametreleri
(Basalekou ve ark., 2017). Arastirma sonuclarina gore degismektedir.
Cabernet Sauvignon sarabin sirasiyla Cabernet Franc
Cizelge 2 Genel sarap analiz sonuglar:
Table 2 Results of general wine analysis
Saraplar H Toplam asitlik  Alkol (Sei{f)r Ucar asit Serbest SO2  ToplamSO:2
( anI;S) I; H) (mg mL1)" (% b h1) (%esjdua] (gl)™ (mg L) (mg L")
P (Total acidity)  (Alcohol) sugar) (Volatile acid)  (Free SO2) (TotalSO2)
Merlot 3.64+0.012  6.50+0.02P 15.5+0.02 3.1+0.12 0.41+0.02b 25+0.4b 42+1.3b
C. Franc 3.50+0.02>  6.33+0.02¢ 15.1+0.1P 2.5+0.1b 0.48+0.022 26+0.7P 39+1.2¢
C. Sauvignon  3.45+0.02* 6.86+0.032 15.0+0.2P 2.6+0.2P 0.43+0.042b 29+1.12 46+1.42

abe Aym stitunda farkli harflerle ifade edilen degerler Tukey testine gore P<0.05 diizeyinde istatistiksel olarak
onemlidir. "Tartarik asit cinsinden,”Sulfiirik asit cinsinden.

Cizelge 3 Genel sarap kalitesi analiz sonuglar:
Table 3 Results of general wine quality analysis

Spektrofotometrik Analizler
(Spectrophotometric Analysis)

Saraplar (Wines)
Cabernet
Franc

Cabernet

Merlot :
Sauvignon

Kimyasal yas 1
Kimyasal yas 2

0.516+0.007
0.050+0.001¢

0.522+0.001b
0.058+0.001P

0.685+0.0052
0.077+0.0022

Modifiye somers Toplam antosiyanin (mgL1) 1002+1.5¢ 1020+1.5b 1084+1.02
, . Renk yogunlugu (AB) 11.18+0.06>  10.38+0.05¢ 15.15+0.04=

yontemi Renk yogunlugu-SO: diizeltilmis (AB)  9.53+0.05¢ 10.27+0.04b 11.13+0.032
Renk tonu 0.718+0.0152  0.667+0.0292b  0.639+0.030b
S0: dayanikli pigmentler (AB) 2.86+0.08b 3.22+0.10> 4.20+0.30a
Iyonize antosiyanin (%) 12.34+0.38=  7.00+0.08¢ 10.75+0.05b

Asit hidroliz Tanen (gL) 0.941£0.046°  3.045:0.048>  3.610+0.014s

yontemi1

Bistlfit agartma 54 o ivanin (mgL) 290.50+1.200  67.96+2.19¢ 389.55+2.07a

yontemi

Renk (AB)* Renk yogunlugu 1.651+£0.002¢  1.963+0.064b 2.410+0.0032
Renk tonu 0.618+0.0152  0.576+0.004b 0.5910.009:
Kopigmente antosiyanin 0.375+0.0062  0.127+0.006¢ 0.241+0.045b

Antosiyanin( AB) Monomerik antosiyanin 0.600+0.005¢  0.812+0.057P 0.925+0.0062

Polimerik antosiyanin

0.491+0.002¢

0.567+0.007»

0.692+0.0102

abecAyni satirda farkl harflerle ifade edilen degerler Tukey testine gore P<0.05 diizeyinde istatistiksel olarak énemlidir.*AB:

Absorbans birimi.

Kopigmente, monomerik ve polimerik antosiyanin
diizeyleri saraplarda sirasiyla 0.127-0.375, 0.600-
0.925, 0.491-0.692 AB araliklarinda o6lgtilmiustir.
Kirmizi saraplara renk veren temel Dbilegikler
antosiyaninlerdir. Uziimlerde monomerik halde olan
antosiyaninlerin bir kismi, garap lretimi siiresince
cesitli reaksiyonlar sonucu daha stabil bir antosiyanin
formu olan polimerik forma déntismektedirler. Merlot,
Cabernet Sauvignon ve Cabernet Franc saraplarinda
monomerik formdaki antosiyaninlerin daha ylksek
oldugu gozlemlenmistir. Bunun sebebinin saraplarin
geng olusu ve saraplarda baskin olan antosiyanin
formunun heniz renksiz formda olmasi soylenebilir.
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Olgun kirmiz1 saraplarin renk karakterlerinin stabil
forma gelmesinde antosiyaninlerin kopigmente olmasi
etkilidir. Antosiyaninlerle birleserek daha stabil ve
daha yogun renkli bilegikleri kopigmentler olusturur.
Kopigmentler renksiz olmalarina ragmen
antosiyaninlerle birleserek renkli forma
doniismektedirler (Kalkan Yildirnm & Sener, 2010).
Saraplarda koruyucu olarak kullanilan potasyum
metabisilfitin olusturdugu SO2 renk kayiplarina yol
acabilmektedir. Arastirma sonucglarinda en yuksek
renk yogunluguna sahip Cabernet Sauvignon
sarabinin yine en yliksek antosiyanin, SOz diizeltilmisg
renk yogunlugu ve SOz dayanikli pigmentlere sahip
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oldugu goriulmektedir. Renkteki artigla birlikte bu
parametrelerdeki yiikseklik de saraplarda istenen bir
ozelliktir.

Asit hidroliz yéntemi ile tanen miktarlar: 0.941-3.610
mgL1 diizeylerinde, bisulfit agartma yontemi ile
antosiyanin dizeyleri 67.96-389.55 mg L1 araliginda
belirlenmigtir. Saraplarin renk yogunlugu ve renk

tonu ise swrasiyla  1.651-2.410, 0.576-0.618
diizeylerinde 6l¢iilmuistiir.
Kirmizi saraplarda gerceklestirilen onceki

arastirmalarda kimyasal yas (1) 0.2-0.5,kimyasal yas
(2) 0.1-0.2, renk yogunlugu 2.8-6.1, SO2 diizeltilmis
renk yogunlugu 3.3-4.9, antosiyanin iyonizasyonu
15.5-28.3, SO2 dayamikli pigmentler 0.4-1.3
araliklarinda degisen diizeylerde Dbelirlenmistir
(Basalekou ve ark., 2017; Guerrini ve ark., 2019).
Olgiilen parametreler tiziim cesidi ve vinifikasyon
yontemlerine gore degisiklik gostermekle birlikte
arastirma sonuglar literatiirle uyum igerisindedir.

Toplam fenolik bilesik ve toplam monomerik

antosiyanin sonuclar:

Saraplara ait toplam fenolik bilesik (TFB) ve toplam
monomerik antosiyanin (TA) sonuclar1 Cizelge 4te
verilmigtir. Her iki parametrede de Cabernet
Sauvignon sarabi en ylksek miktarlar: vermis, onu
sirasiyla Cabernet Franc ve Merlot saraplar1 takip
etmigtir. Toplam fenolik bilesik diizeyleri analiz edilen
saraplarda 2874 1ile 3451 mg GAE L1, toplam
monomerik antosiyanin diizeyleri 305-357 mg L1
araliklarinda 6l¢iilmustir. Arastirma sonuglarina gore

toplam fenolik bilesik ve toplam antosiyanin diizeyleri
birbirleri ile paraleldir, en ylksek toplam fenolik
bilesik igerigine sahip sarap en yiiksek toplam
antosiyanin diizeyine sahiptir. Di Profio ve ark. (2011)
Merlot saraplarinin toplam fenolik bilesik diizeylerini
1060-1263 mg L1, toplam antosiyanin diizeylerini ise
191-312 mg L' olarak o6lgmiglerdir. Aym
arastirmacilar toplam fenolik bilesik ve toplam
antosiyanin dizeyleri Cabernet Franc ve Cabernet
Sauvignon saraplarinda sirasiyla 1070-2476 mg L1,
148-289 mg L1 1335-2590 mg L1, 187-413 mg L1
olarak 6lgmusglerdir. Arastirmada oldugu gibi toplam
fenolik bilesik ve toplam antosiyanin sonuglarinin
Cabernet Sauvignon saraplarinda digerlerine gore
daha yiksek seviyede oldugu gorulmektedir.
Saraplara kattiklar1 organoleptik o6zelliklerin yani
sira, antioksidan o6zellikleri ile de fenolik bilesikler
saraplarin en oOnemli kalite parametrelerindendir.
Analiz edilen saraplarin toplam fenolik bilesik ve
antosiyanin dlzeyleri oldukca yuksektir. Toplam
fenolik bilesiklerin sarabin duyusal 6zelliklerine ve
antioksidan etkilerine katki saglamalar1 gibi,
antosiyaninler de uzim ve sarabin baslica renk
bilesikleridir ve gsarabin duyusal 6zellikleri tizerinde
onemli bir rol oynamaktadirlar. Daha da onemlisi
antioksidan bilesikler olarak da gorev yapmaktadirlar.
Antosiyaninlerin anti-kanser, anti-inflamatuar, anti-
mikrobiyal 6zelliklere sahip olduklari ve bu
antioksidanlarin tuketiminin kardiyovaskiiler,
diyabetik ve obeziteye bagli hastaliklarin insidansini
azaltabilecegi bildirilmistir (Minussi ve ark., 2003).

Cizelge 4 Toplam fenolik bilesik ve toplam monomerik antosiyanin sonuclari
Table 4 Results of total phenolic compounds and total monomeric anthocyanin

Saraplar (Wines)

Merlot Cabernet Franc Cabernet Sauvignon
TFB (mg GAE L) 2874+3.2¢ 3157+7.6b 3451+3.62
TA (mgL) 305+4.6b 315+1.6P 357+6.2a

Ayni satirda farkli harflerle ifade edilen degerler Tukey testine gore P<0.05 diizeyinde istatistiksel olarak énemlidir. TFB:

Toplam fenolik bilesik, TA: Toplam monomerik antosiyanin.

Antioksidan kapasite(ABTS, DPPH, ORAC, FRAP)
sonugclar:

Merlot, Cabernet Franc ve Cabernet Sauvignon
saraplarinin antioksidan  kapasite seviyeleri
literatiirde yogun bir gekilde kullanilmakta olan dort
farkli yontemle belirlenmigtir. Sekil 1’de verilen
sonuglar  incelendiginde  antioksidan  kapasite
diizeylerinin siras1 ile ABTS, DPPH, ORAC ve FRAP
yontemlerine goére 32.74-35.83 pmol troloks mL1;
14.98-19.21 pmol troloks mL1 25.93-29.07 pmol
troloks mL1;  28.12-36.05 pmol troloks mL?
diizeylerinde olduklar1 goriilmektedir. ORAC yontemi
disindaki diger yontemlerde en yiiksek antioksidan
kapasite Cabernet Sauvignon sarabinda saptanmis
olup, Cabernet Sauvignon'u Cabernet Franc ve son
olarak Merlot sarabi1 takip etmistir. En disik
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antioksidan kapasite DPPH yontemi ile 14.98 pmol
troloks mL! dizeyinde Merlot sarabindan, en ylksek
antioksidan kapasite ise FRAP yontemai ile 36.05 pmol
troloks mL?! dizeyinde Cabernet Sauvignon
sarabindan elde edilmigtir. Canl sistemlerde gézlenen
antioksidan kapasite, farkli fenolik bilesikler
arasindaki etkilesimlerin bir sonucudur. Fenolik
bilesikler, elektron transferi yoluyla indirgenerek veya
aromatik  halkalardaki  hidroksil gruplarindan
hidrojen aktarilarak stabil serbest radikalleri
temizleyebilmektedirler. Her iki mekanizmanin
kombinasyonu saraplarda sinerjik, antagonist ve
hatta antioksidan etkilere yol acabilmektedir. Ayrica
antioksidanlarin etkinligi, oksijen ve fenolik hidrojen
arasindaki bag ayrismasimi saglamak igin gereken
enerji gibi faktorlere, ayn1 zamanda pH’ ya, indirgeme
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potansiyeline, ¢éziintirlige, stereokimyasal yapiya ve
antioksidan radikallerin delokalizasyonuna da
baghdir (Granato ve ark., 2010). Panceri ve ark. (2015)
antioksidan kapasite diizeylerini Cabernet Sauvignon
ve Merlot saraplarinda ABTS yontemi ile 4.42-6.01
mMol troloks L'1; DPPH yontemi ile 2.67-4.72 mMol
troloks L1 ve FRAP yontemi ile 1.02-3.15 mMol troloks

vurgulamiglardir. Arastirmada da ORAC yoéntemi
disindaki yontemlerde en yiiksek antioksidan kapasite
Cabernet Sauvignon sarabindan elde edilmistir.
Cabernet Sauvignon sarabinin toplam fenolik bilesik
iceriginin de yiksek olmasi1 dikkate alindiginda,
calismanin sarabin antioksidan kapasitesinin fenolik
bilesime bagh oldugunu dogrulayan diger ¢alismalarin
sonuclariyla uyumlu oldugu sdylenebilir (Zafrilla ve
ark., 2003, Burin ve ark., 2011).

L1 olarak belirlemigler en yiksek antioksidan
kapasite seviyesini Cabernet Sauvignon ABTS
yontemi 1ile Olgiilmesi sonucunda elde ettiklerini
40 -

¢ Merlot OCabernet Franc A Cabernet Sauvignon
35 - A P

g 2
30 7 @ &
925 - A
20 -
15 -
10

ABTS DPPH ORAC FRAP

Sekil 1. Antioksidan kapasite(ABTS, DPPH, ORAC, FRAP) sonuclar:
Figure 1. Results of antioxidant capacity (ABTS, DPPH, ORAC, FRAP)

Korelasyon analiz sonuclar

Arastirmada incelenen parametreler arasindaki
iligkilerin belirlenmesi amaciyla pearson korelasyon
analizi yapilmis ve Cizelge 5’ te verilen sonuglara gore
en yiiksek korelasyon DPPH yontemi ile antioksidan
kapasite diizeyleri ile toplam antosiyanin seviyeleri
arasinda elde edilmistir (+r=0.999, p<0.05). Bu degeri
r=0.989 ile FRAP methodu ile toplam fenolik bilegik
arasindaki yluksek korelasyon takip etmistir. Toplam
antosiyanin diizeyi ile toplam fenolik bilesik diizeyi
beklenildigi  gibi  p<0.05  duzeyinde  o6nemli
bulunmustur. Saraplarda bulunan antosiyaninler
yuksek bitkilerin hemen hemen tum dokularinda
bulunan suda ¢ozinur flavonoid pigmentlerdir.
Uziimlerde, esas olarak kabuklarda bulunurlar. Geng
kirmizi saraplardaki monomerik antosiyaninler,
sarabin renginin olusmasina katkida bulunurlar.
Dolayisiyla antosiyanin yiiksek olmasi toplam fenolik
bilesik miktarinin da yiksek olmasina sebep
olmaktadir (He ve ark., 2012). Toplam fenolik bilegik
diizeyi ile antioksidan kapasite tayin yontemleri
arasindaki en yiiksek korelasyon r=0.989 ile FRAP
yontemi arasinda tespit edilmigtir. Antioksidan
kapasite  tayin  yontemlerinin  birbirleri  ile
korelasyonlar: ise ORAC yontemi diginda istatistiksel
olarak 6nemli bulunmusgtur. Bu durum ABTS, DPPH
ve FRAP yontemlerinin saraplarin antioksidan
kapasite diizeylerinin 6l¢imiinde kullanildig: takdirde
kargilagtirilabilir degerler sagladigimi géstermektedir.
Onceki aragtirmalarda da bu teknikler arasinda
yiiksek bir korelasyon bulunmustur (Awika ve ark.,
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2003; Thaipong ve ark., 2006). Bununla birlikte en
diisiik korelasyon katsayilarinin ORAC yo6nteminde
oldugu tespit edilmistir. Bu durum, ORAC y6ntemi ile
antioksidan kapasite tayininde farkli bir kimyasal
tepkimenin olmasina atfedilebilir. DPPH, FRAP ve
ABTS yontemleri tek bir elektron transfer
reaksiyonuna dayanmaktadir. Bu yontemlerde
antioksidanlar, bir metal (Fe) veya bir radikal (DPPH
veya ABTS) gibi oksidanlar tarafindan
oksitlenmektedir, dolayisiyla yontemde antioksidan
molekiilden oksidana tek bir elektron aktarilmaktadir.
Buna karsihk ORAC yoéntemi, bu radikalin
antioksidan bilesiklerden bir adet hidrojen atomu
gikardig1 bir peroksil radikal oksijen tiiri tretildikten
sonra bir hidrojen atomu transferi reaksiyonuna
dayanmaktadir (Alafién ve ark., 2011). Antioksidan
kapasite tayin yontemlerinin birbirleri ile korelasyon
degerleri incelendiginde en yiiksek korelasyon
degerinin ABTS ve DPPH arasinda oldugu
gbzlemlenmistir. Iki yontemin r degerinin 0.994 olmasi
her iki yontemin de radikallerin yakalanmasina
dayanan yontemler olmasi séylenebilir. Sonug olarak
ayn1 kimyasal tepkimelere dayali yontemlerde yiiksek
korelasyonlar elde edilmistir. Analizler arasinda
gozlenen bu farkhiliklar, her bir bilegigin bireysel
molekiiler yapis1 ile de ilgilidir. Her yontemin de
antioksidan aktivitenin bir 6l¢iisii oldugu, ancak farkl
radikallerin kullanildig1 akilda tutulmalidir.

Toplam fenolik bilesik diizeyleri biitiin antioksidan
kapasite tayin yontemleri ile pozitif korelasyon
gostermistir. Bu da demek olmaktadir ki toplam
fenolik  bilesik antioksidan kapasiteye oOnemli
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katkilarda bulunmaktadir. En ylksek korelasyon ise
onceki calismalara benzer sekilde FRAP methodu ile
olan iligkisinde goriilmiistiir (r=0.989) (Arnous ve ark.,
2002; Doshi ve ark., 2015). Romero-Diez ve ark. (2018)

nmin da belirttigi gibi bu arastirmada da antioksidan
6lcim methodlarindan ORAC methodu ile toplam
fenolik bilesik diizeylerinin iligkisi zayif olarak tespit
edilmigtir.

Cizelge 5 Saraplarin toplam fenolik bilesik, toplam antosiyanin ve antioksidan kapasite sonuglarina aitkorelasyon

katsayilari
Table 5 Correlation coefficients of total phenolic compounds, total anthocyanin and antioxidant capacity of wines
TFB TA ABTS DPPH ORAC
TFB 1
TA 0.946" 1
ABTS 0.986" 0.987* 1
DPPH 0.962" 0.999* 0.994" 1
ORAC -0.604 -0.830 -0.729 -0.799 1
FRAP 0.989" 0.888 0.950" 0.911° -0.480

“P<0.05 diizeyinde énemlidir. TFB: Toplam fenolik bilesik, TA: Toplam monomerik antosiyanin, ABTS:2,2"-azinobis(3-ethyl-
benzothiazoline-6-sulfonic acid), DPPH:2,2-diphenyl-1-picrylhydrazyl, ORAC: Oxygen radical absorbance capacity (Oksijen
radikal absorbsiyon kapasitesi), FRAP: Ferric reducing antioxidant power (Demir (III) iyonu indirgeyici antioksidan giic).

SONUC ve ONERILER

Aragtirmada Merlot, Cabernet Franc ve Cabernet
Sauvignon saraplarinin fermantasyon sonunda toplam
fenolik bilesik, toplam monomerik antosiyanin ve dort
farkli yontemle antioksidan kapasite diizeyleri tespit
edilerek, sonuglarin birbirleri ile korelasyon diizeyleri
incelenmigtir. En yliksek toplam fenolik bilesik ve
toplam monomerik antosiyanin diizeyleri Cabernet
Sauvignon c¢esidine ait kirmizi sarapta Olgilmiis,
ayrica toplam fenolik bilesik, toplam monomerik
antosiyanin ve antioksidan kapasite dlzeylerinin
birbirleri ile korele olduklari sonucuna varilmigtir.
Arastirmada antioksidan kapasitenin belirlenmesinde
kullanmilan ABTS, DPPH, FRAP y6ntemlerinin kirmizi
saraplarin antioksidan kapasitesi i¢in
kargilagtirilabilir sonuglar  verdigi sonucuna
ulagilmigtir. Bununla birlikte, ORAC yo6nteminden
elde edilen sonuclar diger yontemlerle korelasyon
gostermemigtir. Bu durum, yalmizca zincir kiran
antioksidanlarin  peroksil  radikallerine  kars:
aktivitesini 6lgen ORAC tahlilinin altinda yatan ilkeye
atfedilir.  Ayrica, ORAC diger yoOntemlerle
karsilagtirildiginda farkl bir mekanizmaya
dayanmaktadir. Bu nedenle, farkli reaktif oksijen
turleri ve farkhi reaksiyon mekanizmalari nedeniyle,
antioksidan kapasite degerlendirmesi i¢in tek bir
yontem se¢mek olduk¢ca zor olmakla birlikte
onerilmemektedir. Sonug olarak, ¢esith reaktif oksijen
tirlerine kargi tam bir antioksidan kapasite profilini
ortaya koyabilmek adina farkli yontemlerin bir arada
kullanilmasi énem tagimaktadir. Kirmizi1 saraplarin
sahip olduklar: fenolik bilesik igerikleri ile antioksidan
etki gostermeleri sebebiyle organoleptik 6zelliklerinin
yani sira antioksidatif olarak da degerlendirmeleri
onem tasimaktadar.

TESEKKUR

Saraplar1  temin  ettigimiz
firmasindan Buket Yildiz ve

Chateau  Kalpak
Biilent Kalpak’a

tesekkirlerimizi sunariz.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamiglardir.

Cikar Catigmas1 Beyani

Yazarlar arasinda herhangi bir ¢cikar ¢atismasi
bulunmamaktadir.
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zamanlarda sel baskinm stresine karsi tolerant bitkilerin gelistirilmesi
verim ve kalite kayiplarin1 azaltmada en 6nemli yaklagimdir. Mevcut
calismada baz ticari ¢esit ve gen havuzunda bulunan bazi 1spanak 1slah

ABSTRACT Horticulture
Abiotic stress factors generate negative effects on agricultural production
daily. With the effect of global warming, the floods that have increased Research Article
recently not only affected human life negatively but also caused great
losses in plant development. For this reason, developing tolerant plants Article History
against flooding stress is the most critical approach reducing yield and Received 1 04.03.2022
quality losses. The present study aimed to determine the genotypes that Accepted :01.06.2022
are tolerant of flooding stress by using the agro-morphological and
physiological characteristics of the commercial varieties and S5-level Keywords
spinach breeding materials. In the study, 13-day flood stress was applied Flooding stress
to 48 hybrid cultivars and 23 spinach genotypes at the S5 stage during PCA
the seedling period. As a result, in addition to the adverse effects of flood Physiology
stress on plant growth, it was determined that the tolerance was different Spinach
between genotypes. In the light of the results obtained, SWA0760 F1 Breeding
among commercial varieties was found to be the most tolerant variety to
flood stress. At the same time, genotypes 14, 9, 21, 15, 4 and 10 from
breeding lines were promising genotypes that were tolerant to flooding
stress. As a result, it is predicted that the inclusion of the genotypes used
in the study as parents in hybrid cultivar breeding will make significant
contributions to the development of tolerant cultivars against flood
stress.
Ispanakta Sel Baskini Stresine Karsi Tolerant Genotiplerin Belirlenmesi
OZET Bahce Bitkileri
Abiotik stres faktorleri gin gectikge tarimsal yetistiricilikteki olumsuz
etkilerini artirmaktadir. Kiresel 1sinmaninda etkisi ile son zamanlarda Aragtirma Makalesi
artan sel baskinlari insan hayatini olumsuz etkiledigi gibi bitki . .
gelisiminde de biiyiikk kayiplara neden olmaktadir. Bu sebeple son Art%cle H1.st'ory
Gelig Tarihi @ 04.03.2022

Kabul Tarihi :01.06.2022

materyallerinin agro-morfolojik ve fizyolojik 6zelliklerinden sel baskini g:lagj:lgi{le;i?fr
stresine tolerant genotiplerin belirlenmesi amaglanmistir. Calismada, 48 TBA

adet hibrit ¢egit ve S5 kademesinde olan 23 adet 1spanak genotiplerine Fizyoloji

fide doneminde 13 glnlik sel baskin stresi uygulanmigtir. Tam sulanan Temeracls

kontrol bitkileri ile kiyaslanan stres kosullarinda bitki gelisiminin Islah

olumsuz etkilenmesinin yani sira islah hatlarinda ve ticari gesitlerin
toleranshliginin farkli oldugu tespit edilmistir. Elde edilen sonuglar
15181nda, ticari ¢esitlerden SWA0760 F1 sel baskini stresine en tolerant
¢esit olarak bulunurken, 1slah hatlarindan 14, 9, 21, 15, 4 ve 10 numaral
genotipler sel baskini stresine tolerant tmitvar genotipler olarak
bulunmustur. Sonug olarak, elde edilen genotiplerin hibrit ¢esit 1slahinda
ebeveyn olarak melezleme programlarina dahil edilmesi sel baskini
stresine tolerant gesit gelistirilmesinde o6nemli katkilar saglayacagi
ongorilmektedir.
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impact rates of flooding with the multifaceted
INTRODUCTION P 5

Flooding stress has become one of the important stress
factors limiting productivity in agriculture day by day
(Jackson & Colmer, 2005; Hirabayashi et al., 2013). In
the last 50 years, flooding stress and its destructive
effects have tended to increase due to global climate
change (Arnell & Liv, 2001; Hirabayashi et al., 2013;
Sasidharan et al., 2018). It has been reported that this
situation affects plant growth negatively, as well as
severely reducing yield and quality (10-40%) (Hodgson
& Chan, 1982; Bange et al., 2004; Patel et al., 2014).
Flooding occurs in many parts of the world due to
excessive and irregular rainfall and inadequate
drainage. During flooding, oxygen and/or COz2
shortages and high levels of ethylene accumulation
occur in the plant root zone (Panda et al., 2008). In the
root zone, lack of oxygen causes hypoxia or anoxia
around the plant tissues during flooding, causing
various internal changes in plants (Ishizawa et al.,
1999; Geigenberger, 2003; Bailey-Serres & Chang,
2005). Flooding can seriously impair the performance
of plants due to hypoxia in the plant rhizosphere
(Gibbs & Greenway, 2003; Patel et al., 2014). As a
result of, metabolic activities are inhibited, and ATP
production decreases (Saglio et al., 1980; Panda &
Barik, 2021). Reduced ATP production restricts the
energy supply for root growth; thus, plant growth
slows and stops completely (Drew, 1997; Bennett,
2003). In addition, changes such as respiratory
changes, leaf chlorophyll content, and photosynthetic
assimilation, especially in plants whose vegetative
parts are consumed, occur during the flooding stress
period (Patel et al., 2014).

Spinach (Spinacia oleracea L.) is one of the most
consumed vegetable types in winter, especially in the
northern hemisphere. Spinach, which is an excellent
climate vegetable, is grown in an open field in spring,
winter, and autumn periods in sub-tropical regions. At
the same time, it is cultivated in spring or autumn
periods in areas where the continental climate is
dominant. Since the frequency and amount of rainfall
are high in these periods, it affects productivity
negatively, especially in the bottomlands (Seymen,
2021). Plant growth stage, flood time and duration,
flood water status, field characteristics, plant species,
and differences among genotypes significantly affect
flood tolerance (Kozlowski, 1997). Many plant species,
including spinach, are affected by flash floods, and
morpho-physiological changes result from stress. On
the other hand, it has been stated that flood-tolerant
plants have the capability of decreasing the negative
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interactions of morphological, anatomical, and
physiological adaptations (Kramer, 1951; Kozlowski &
Pallardy, (1997). Investigating of flood tolerance
mechanisms in plants will make essential
contributions to productivity in agriculture (Xu et al.,
2006; Singh et al., 2009). In this study, it was aimed to
determine the tolerance rates of 71 spinach genotypes
under flood stress conditions. This study will
determine flood stress tolerance of spinach genotypes
with a large gene pool for the first time. In addition to
this, the tolerant status of commercially grown spinach
varieties will be revealed. On the other hand, tolerant
genotypes in the gene pool will be used as parents in
cultivar breeding studies, allowing the development of
tolerant cultivar candidates to flood stress.

MATERIALS and METHOD

The study was carried out in the glass greenhouses of
Selguk University, Faculty of Agriculture, between
September 1- December 02, 2021. In the study, 48
hybrid cultivars and 23 spinach genotypes were used
in level S5 (Table 1). Seeds of these genotypes were
sown in plastic pots (350 cc) filled with the peat-perlite
mixture. The study was planned to have two irrigation
levels, control and flood, and a single harvest time.
Three seeds were planted in each pot, and the
seedlings were thinned by hand so that only one plant
showing homogeneous growth was left when the
emergence occured. Cultural processes were applied
equally to all applications throughout the experiment.
Irrigation was given to all pots equally at 7-day
intervals by measuring with a beaker until the flooding
stress was established (18 November 2021). After this
date, while the normal irrigation program was
continued for control applications, in stress conditions,
the drainages were closed, and flooding was created by
irrigation up to the potting soil. During the 13-day
flooding, the water that was lost due to the daily
controls was applied to the pots again. Control and
stress applications of all genotypes were harvested at
once on 2 December 2021. The plant parts of the
harvested plants were cut, and their roots were
cleaned, and they were weighed, and the fresh plant
weight (g) and root fresh weight (g) were determined.
The fresh weights of the plant and root parts were
dried in an oven at 72 °C. Plant dry weight (g) and root
dry weight (g) were determined in the samples at a
constant weight. In addition, the lengths (cm) of the
root parts were determined. The fresh weight of the
discs from the leaf samples was taken, and their turgor
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weight was determined by saturating them with water.
Then, after drying the samples in an oven at 80 °C for
48 hours, their dry weights were determined, and the
relative water content (%) calculations were made
according to Kaya et al. (2003). Then, the discs taken
from the leaves were rinsed three times with distilled
water, 10 ml of water was added, and EC values were
measured after shaking them in a shaker at 25 °C for
24 hours. After the same samples were kept in an
autoclave at 120 °C for 20 minutes, they were cooled to
25 °C and EC measurements were made again. Then,
membrane damage (%) calculations were made

according to Lutts et al. (1996). In order to determine
chlorophyll a, b, and carotenoids in the leaf samples,
the samples were ground in 10 ml acetone and
subsequently centrifuged at 15000 rpm. Then
respectively readings, were made by
spectrophotometric method at 663, 652, and 470 nm,
chlorophyll a and b were determined according to
Lichtenthaler and Buschmann (2001), and the number
of carotenoids was determined according to the
Jaspars formula (Witham et al., 1971).

Table 1. The spinach genotypes and inbreeding generations in the study
Tablo 1. Calismada kullanilan ispanak genotipleri ve 1slah kademeleri

Genotype Genotype code Genotype grade Genotype Genotype code Genotype grade

number number
1 2k-13/1-1 S5 37 - El Real F1
2 10b-52/3 S5 38 - El Salvator F1
3 15k-1/1-2 S5 39 - Yaman F1
4 19a-51/1-1 S5 40 - Hudson F1
5 19b-52/1-2 S5 41 - Green Gold F1
6 19¢-33/1-1 S5 42 - Amador F1
7 19k-42/1-2 S5 43 - Sahmeran F1
8 31k-24/1-1 S5 44 - Ayaz F1
9 32b-21/1-2 S5 45 - Sprinter F1
10 32¢-22/1-5 S5 46 - Green Star F1
11 48e-12/1-2 S5 47 - Reis F1
12 48k-42/1-5 S5 48 - Sardes F1
13 49c-31/2-3 S5 49 - Samuray F1
14 50b-51/1-1 S5 50 - Apollo F1
15 51a-33/1-1 S5 51 - Sayonora F1
16 53d-43/1-1 S5 52 - Region F1
17 53k-12/1-3 S5 53 - Revere F1
18 54k-33/2-2 S5 54 - Spiros F1
19 55a-31/1-2 S5 55 - Rembrant F1
20 56k-52/2-1 S5 56 - Shelby F1
21 58a-2/2-1 S5 57 - Ranchero F1
22 63k-21/2-2 S5 58 - Matador F1
23 67c-41/1-2 S5 59 - Nebraska F1
24 - Tiger F1 60 - Vena F1
25 - Red Kitten F1 61 - Catrina F1
26 - Hynea F1 62 - SV1714VC F1
27 - Silverwhale 63 - Matador
28 - Racoon F1 64 - SV1748VC F1
29 - Parrot F1 65 - S044 F1
30 - Harrier F1 66 - Midway F1
31 - Antelope F1 67 - SWAO0760 F1
32 - Pigeon F1 68 Java F1
33 - Kookaburra F1 69 Aras F1
34 - Manatee F1 70 Anemon F1
35 - Gazelle F1 71 Anlani F1
36 - El Tajin F1

Percentage changes were determined by taking the program to vreveal essential results in the

numerical differences of agro-morphological and
physiological parameters obtained from flooding stress
and control applications of different spinach
genotypes. On the other hand, principal component
analyses were performed in the JMP-14 package
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interpretation of multiple values, and tolerant
genotypes were tried to be determined as well as to
determine the parameters that indicate significant
changes between genotypes (Seymen, 2021).
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RESULTS and DISCUSSION

The Effect of Flooding Stress on Agro-Morphological
Parameters

It was observed that the flooding stress applied to the
spinach genotypes in the present study had significant
effects on agro-morphological and physiological
parameters. When Table 1 is examined, the average
plant fresh weight was found to be 2.844 g, while the
applied flooding stress caused a 19% decrease in
spinach cultivar and genotypes. While the genotype
with the highest decrease in plant weight was obtained
from the number 46 by 91%, the highest increase was
obtained from the number 67 by 72%. It reduced the
average subsoil fresh weight by 17% under flooding
conditions in spinach. The genotype with the highest
decrease was found in genotype 38 by 90%, while the
highest increase was found in Revere F1 (53) hybrid
variety by 86%. In addition, the effect of flooding stress
did not cause a decrease in the plant and root fresh
weights of genotypes 21, 62, 5 and 72. As in Table 2,
the negative effect of flooding stress on subsoil dry
weights was seen by a 58% decrease in genotype 8In
addition, the genotype that experienced the least
affected by flooding stress was hybrid number 61 with
an increase of 75%. Likewise, flood stress caused a 22%
decrease in average subsoil dry weight. Spinach is
grown mainly for its fresh leaves, and the number of
leaves per plant and leaf size; therefore, leaf weight
determines the total yield. Flooding stress reveals the
mechanism of hypoxia conditions and the formation of
adventitious roots in the soil (Kawase, 1981). Due to
this situation, the average plant root length was 13.27
cm, while the applied flooding stress caused a 36%
decrease in the plant root length of spinach. While the
much more decrease was observed in genotype 69 by
90%, the highest increase was obtained in genotype 11
by 33% (Table 2). Under flooding conditions, plant
roots are in a state of hypoxia, their metabolic
activities are inhibited, and ATP production is reduced
(Saglio et al.,, 1980). Decreased ATP production
restricts the energy supply for root growth, thereby
reducing vegetative growth (Liao & Lin, 2001). This
high variability for the above parameters can form the
basis for the effective selection of superior genotypes.
Rezvani et al. (2012), on the other hand, reported that
the flooding stress had negative effects plant the fresh
and dry weight of the saffron plant and the fresh and
dry weight of the root. Likewise, Grichko and Glick
(2001) reported that flooding stress had a negative
effect on the fresh and dry weight of the plant part of
tomatoes in their study on tomatoes.

The Effect of Flood Stress on Physiological Parameters

It has been determined that flooding stress
significantly effects on relative water content (RWC)
and membrane damage. When the impacts of flooding
stress was evaluated in the control application, the
amount of RWC decreased by 20% (average decrease)
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(Table 3). The genotype with the peak sensitivity was
found to be 45 (Sprinter F1), with a decrease of 89%.
While the amount of membrane damage did not change
much in the control application during the harvest
period, greater membrane damage was obtained in the
flooding stress application (Table 3). Xu and Leskovar
(2015) found that drought stress decreased the amount
of RWC in their study similar to spinach. Seymen
(2021) found that the RWC rate increased with
flooding stress in his study on spinach. Yadav and
Hemantaranjan (2017) demonstrated that flooding
stress decreased membrane damage in mungbean. The
obtained results are thought to be affected by the
cumulative effect of plant species, soil, and
environmental conditions from this discussion (Boyer
et al., 2008; Parkash & Singh, 2020). It has also been
reported that the effect of flooding stress varies
between species (Seymen, 2021). On the other hand,
physiological variables also cause significant changes
in the type and duration of stress. Under flooding
stress conditions, short-term stress conditions increase
the RWC rate by causing less water uptake from the
root, while in longer-term stress conditions, it causes a
decrease in the amount of RWC due to membrane
damage.

As a result of the present study, it was observed
significant effect in the contents of chlorophyll a (chl
a), chlorophyll b (chl b), and carotenoid physiological
parameters obtained by flood stress. Compared to the
control application, significant decreases were
observed in the mean chl a, chl b and carotenoid
contents under flood stress by 21%, 19% and 16%,
respectively. Genotype 1 demonstrated the most
significant difference in chl a and chl b contents, with
a decrease of 75% and 74%, respectively. Studies have
reported that the amount of photosynthetic pigments
grouped as chlorophyll a, chlorophyll b and carotenoids
in flooded plants vary depending on the species, the
type and duration of stress, the stage of the plant's life
cycle, the concentration of stress, and the difference in
genotype (Foyer & Shigeoka, 2011; Zhigou & Derrick
M, 2012; Tian et al., 2021). Therefore, they reported
that chlorophyll content decreased due to flood stress,
damage to the chloroplast membrane and its structure,
photo-oxidation of chlorophyll, increased
chlorophyllase activity, and suppression of chlorophyll
biosynthesis (Kingston-Smith & Foyer, 2000; Kabiri et
al., 2014). In this sense, the amount of chlorophyll
decreased due to the deficiencies observed in leaf and
plant development and flooding stress. Similarly,
decreases in chlorophyll and carotene contents were
observed under flood stress in spinach (Seymen, 2021),
tomatoes (Ezin et al., 2010; Bhatt et al., 2015; Rasheed
et al., 2018) and cabbage (Brazel et al., 2021). When
the results obtained in this study were evaluated, it
was seen that flood stress negatively affected the
amount of chlorophyll.
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Table 2.'%' changes obtained using agro-morphological traits among spinach genotypes under flood stress conditions

Tablo 2. Sel baskini stres kogullar1 altinda 1spanak genotipleri arsinda agro-morfolojik ozellikler kullanilarak elde edilen ‘% ‘degisimler

Gen;l)(‘:ype Genotype code Plant fresh weight(g) Root fresh weight () Plant dry weights (g) Root dry weights (g) Root lengths (cm)
Control  Flooding Difference(%) Control Flooding % Control  Flooding % Control Flooding % Control Flooding %
1 2k-13/1-1 2.90 1.88 -0.35 0.36 0.31 -0.16 0.49 0.38 -0.22 0.06 0.05 -0.05 6.33 5.83 -0.08
2 10b-52/3 2.84 2.46 -0.14 0.38 0.25 -0.33 0.42 0.36 -0.15 0.05 0.04 -0.09 7.17 5.67 -0.21
3 15k-1/1-2 3.67 2.92 -0.20 0.37 0.33 -0.10 0.58 0.47 -0.19 0.06 0.05 -0.20 7.83 5.00 -0.36
4 19a-51/1-1 3.26 3.48 0.07 0.33 0.29 -0.11 0.49 0.54 0.08 0.05 0.05 -0.06 5.58 7.25 0.30
5 19b-52/1-2 3.26 1.92 -0.41 0.24 0.24 0.00 0.49 0.32 -0.35 0.05 0.03 -0.33 6.42 4.50 -0.30
6 19¢-33/1-1 2.72 1.75 -0.36 0.41 0.28 -0.31 0.46 0.35 -0.24 0.07 0.03 -0.54 7.83 3.25 -0.59
7 19k-42/1-2 2.56 1.51 -0.41 0.37 0.25 -0.33 0.28 0.28 0.00 0.05 0.03 -0.46 7.83 3.50 -0.55
8 31k-24/1-1 3.92 1.35 -0.66 0.29 0.15 -0.48 0.59 0.25 -0.58 0.06 0.03 -0.51 10.50 5.08 -0.52
9 32b-21/1-2 2.66 3.14 0.18 0.24 0.38 0.63 0.37 0.43 0.16 0.04 0.04 0.09 6.65 3.65 -0.45
10 32¢-22/1-5 2.45 2.00 -0.18 0.25 0.25 0.01 0.42 0.44 0.05 0.04 0.05 0.17 8.17 5.25 -0.36
11 48e-12/1-2 3.08 2.11 -0.32 0.24 0.30 0.23 0.44 0.46 0.03 0.04 0.05 0.25 5.00 6.67 0.33
12 48k-42/1-5 2.59 2.18 -0.16 0.19 0.19 -0.05 0.38 0.45 0.17 0.03 0.03 0.01 6.88 5.75 -0.16
13 49c¢-31/2-3 2.45 2.96 0.21 0.18 0.31 0.77 0.37 0.46 0.25 0.03 0.06 0.82 7.25 5.00 -0.31
14 50b-51/1-1 1.60 1.57 -0.02 0.14 0.25 0.82 0.21 0.27 0.27 0.02 0.03 0.40 7.50 9.50 0.27
15 51a-33/1-1 2.92 3.23 0.11 0.39 0.44 0.12 0.47 0.57 0.21 0.06 0.08 0.37 16.00 13.08 -0.18
16 53d-43/1-1 3.20 2.66 -0.17 0.28 0.37 0.34 0.65 0.49 -0.25 0.06 0.07 0.18 5.75 7.20 0.25
17 53k-12/1-3 3.83 4.77 0.24 0.29 0.51 0.73 0.63 0.75 0.19 0.05 0.08 0.61 9.25 10.10 0.09
18 54k-33/2-2 3.84 2.73 -0.29 0.26 0.32 0.23 0.66 0.55 -0.17 0.05 0.02 -0.49 6.58 4.92 -0.25
19 55a-31/1-2 2.80 2.23 -0.20 0.26 0.23 -0.13 0.38 0.48 0.27 0.05 0.01 -0.80 6.25 3.33 -0.47
20 56k-52/2-1 2.11 1.68 -0.20 0.12 0.10 -0.17 0.32 0.28 -0.15 0.03 0.02 -0.29 5.33 4.00 -0.25
21 58a-2/2-1 2.35 2.35 0.00 0.51 0.55 0.09 0.39 0.58 0.46 0.07 0.08 0.09 19.50 7.17 -0.63
22 63k-21/2-2 3.55 2.00 -0.44 0.29 0.20 -0.31 0.53 0.52 -0.03 0.06 0.05 -0.12 9.42 5.33 -0.43
23 67c-41/1-2 4.47 2.62 -0.41 1.29 0.29 -0.77 0.65 0.54 -0.17 0.16 0.05 -0.70 25.33 5.25 -0.79
24 Tiger F1 3.81 1.18 -0.69 0.91 0.11 -0.88 0.54 0.26 -0.53 0.09 0.02 -0.82 19.80 2.83 -0.86
25 Red Kitten F1 3.40 2.36 -0.31 1.13 0.36 -0.68 0.60 0.38 -0.37 0.14 0.06 -0.57 18.20 5.58 -0.69
26 Hymea F1 2.05 1.00 -0.51 0.34 0.19 -0.43 0.36 0.23 -0.36 0.04 0.02 -0.50 17.00 21.80 0.28
27 Silverwhale 2.80 1.98 -0.29 0.86 0.35 -0.59 0.32 0.24 -0.24 0.10 0.04 -0.56 25.00 9.08 -0.64
28 Racoon F1 3.37 1.92 -0.43 1.15 0.27 -0.77 0.53 0.33 -0.38 0.12 0.04 -0.69 18.42 4.25 -0.77
29 Parrot F1 2.26 2.37 0.05 0.17 0.21 0.21 0.36 0.43 0.18 0.03 0.03 0.23 8.92 6.33 -0.29
30 Harrier F1 2.59 2.15 -0.17 0.18 0.20 0.06 0.45 0.45 0.01 0.04 0.02 -0.53 7.67 4.92 -0.36
31 Antelope F1 2.66 2.41 -0.10 0.46 0.37 -0.18 0.45 0.45 -0.01 0.09 0.06 -0.36 21.10 6.50 -0.69
32 Pigeon F1 2.32 1.99 -0.14 0.56 0.23 -0.59 0.38 0.36 -0.06 0.08 0.04 -0.50 17.92 4.67 -0.74
33 Kookaburra F1 1.81 2.33 0.29 0.41 0.18 -0.56 0.33 0.49 0.51 0.06 0.04 -0.24 15.33 4.25 -0.72
34 Manatee F1 2.63 2.16 -0.18 0.62 0.24 -0.61 0.50 0.39 -0.22 0.09 0.04 -0.56 18.92 5.75 -0.70
35 Gazelle F1 2.08 2.14 0.03 0.45 0.46 0.02 0.38 0.40 0.06 0.07 0.05 -0.18 18.42 6.92 -0.62
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36 El Tajin F1 2.18 2.03 -0.07 0.75 0.37 -0.50 0.44 0.41 -0.08 0.10 0.06 -0.40 21.90 8.83 -0.60
37 El Real F1 1.79 1.31 -0.27 0.66 0.14 -0.79 0.30 0.26 -0.13 0.08 0.02 -0.72 14.08 7.08 -0.50
38 El Salvator F1 1.92 0.90 -0.53 1.41 0.14 -0.90 0.32 0.16 -0.49 0.16 0.01 -0.91 17.25 5.50 -0.68
39 Yaman F1 3.93 2.27 -0.42 0.48 0.36 -0.25 0.63 0.49 -0.23 0.09 0.06 -0.29 16.00 5.75 -0.64
40 Hudson F1 4.08 4.18 0.02 0.55 0.80 0.44 0.69 0.79 0.14 0.09 0.10 0.09 16.08 17.17 0.07
41 Green Gold F1 3.49 2.11 -0.40 0.64 0.27 -0.57 0.54 0.36 -0.33 0.08 0.04 -0.49 16.83 11.58 -0.31
42 Amador F1 2.94 2.62 -0.11 0.65 0.39 -0.40 0.50 0.49 -0.01 0.09 0.07 -0.26 18.83 8.33 -0.56
43 Sahmeran F1 3.57 0.32 -0.91 0.57 0.35 -0.39 0.67 0.56 -0.17 0.10 0.07 -0.36 12.08 10.08 -0.17
44 Ayaz F1 4.45 3.41 -0.23 0.56 0.41 -0.26 0.78 0.59 -0.24 0.10 0.09 -0.13 16.42 13.30 -0.19
45 Sprinter F1 2.64 3.10 0.17 0.30 0.51 0.69 0.48 0.51 0.06 0.06 0.06 0.03 10.92 13.25 0.21
46 Green Star F1 3.48 2.69 -0.23 0.20 0.37 0.85 0.54 0.51 -0.07 0.10 0.06 -0.40 11.08 6.58 -0.41
47 Reis F1 3.39 2.94 -0.13 0.46 0.34 -0.25 0.54 0.60 0.10 0.06 0.06 -0.08 10.30 5.60 -0.46
48 Sardes F1 1.86 1.39 -0.25 0.41 0.17 -0.58 0.32 0.25 -0.20 0.05 0.03 -0.46 14.33 4.70 -0.67
49 Samuray F1 2.31 1.22 -0.47 0.76 0.18 -0.76 0.42 0.22 -0.49 0.09 0.03 -0.68 18.20 5.58 -0.69
50 Apollo F1 2.44 2.61 0.07 0.66 0.32 -0.51 0.39 0.44 0.12 0.08 0.05 -0.43 19.10 7.00 -0.63
51 Sayonora F1 3.51 1.79 -0.49 0.58 0.21 -0.63 0.56 0.42 -0.24 0.08 0.04 -0.50 16.75 3.83 -0.77
52 Region F1 2.84 1.78 -0.37 0.53 0.31 -0.41 0.47 0.36 -0.23 0.08 0.05 -0.37 13.20 6.58 -0.50
53 Revere F1 2.86 2.71 -0.05 0.22 0.41 0.86 0.45 0.50 0.11 0.04 0.06 0.54 9.70 9.17 -0.05
54 Spiros F1 2.75 1.88 -0.32 0.19 0.27 0.39 0.43 0.40 -0.08 0.04 0.05 0.40 5.97 5.67 -0.05
55 Rembrant F1 2.76 1.98 -0.28 0.25 0.26 0.04 0.48 0.44 -0.10 0.05 0.05 -0.01 7.25 6.00 -0.17
56 Shelby F1 3.35 2.95 -0.12 0.67 0.42 -0.37 0.53 0.44 -0.18 0.08 0.06 -0.20 13.33 8.58 -0.36
57 Ranchero F1 3.25 2.89 -0.11 0.37 0.35 -0.05 0.54 0.47 -0.13 0.04 0.06 0.24 10.08 7.58 -0.25
58 Matador F1 2.73 1.89 -0.31 0.33 0.25 -0.26 0.48 0.39 -0.20 0.06 0.04 -0.30 13.80 8.17 -0.41
59 Nebraska F1 2.17 2.18 0.00 0.38 0.29 -0.23 0.39 0.40 0.05 0.06 0.05 -0.25 18.12 8.40 -0.54
60 Vena F1 2.45 3.04 0.24 0.46 0.42 -0.07 0.46 0.44 -0.05 0.06 0.08 0.32 16.42 12.83 -0.22
61 Catrina F1 1.95 3.35 0.72 0.46 0.48 0.05 0.31 0.54 0.75 0.06 0.07 0.24 12.25 15.92 0.30
62 SV1714VC F1 2.78 1.48 -0.47 0.93 0.40 -0.57 0.50 0.32 -0.36 0.11 0.06 -0.44 24.42 5.20 -0.79
63 Matador 2.17 1.46 -0.33 0.89 0.11 -0.87 0.35 0.22 -0.37 0.10 0.02 -0.81 21.75 2.25 -0.90
64 SV1748VC F1 2.68 1.86 -0.30 1.06 0.17 -0.84 0.41 0.31 -0.24 0.11 0.03 -0.75 20.25 3.92 -0.81
65 S044 F1 2.97 2.12 -0.28 1.06 0.90 -0.15 0.46 0.31 -0.33 0.13 0.09 -0.35 20.50 12.83 -0.37
66 Midway F1 3.29 2.84 -0.14 0.81 0.81 0.00 0.58 0.49 -0.15 0.11 0.10 -0.11 12.25 13.50 0.10
67 SWAO0760 F1 2.78 2.80 0.01 0.56 0.65 0.16 0.46 0.41 -0.12 0.06 0.05 -0.20 12.75 9.25 -0.27
68 Java F1 2.78 2.07 -0.26 0.53 0.61 0.14 0.42 0.33 -0.21 0.07 0.08 0.10 14.25 13.00 -0.09
69 Aras F1 2.36 2.04 -0.14 0.40 0.37 -0.09 0.37 0.33 -0.10 0.07 0.05 -0.22 8.00 8.50 0.06
70 Anemon F1 2.34 1.84 -0.21 0.36 0.24 -0.33 0.37 0.31 -0.17 0.05 0.04 -0.34 15.67 7.67 -0.51
71 Anlani F1 1.86 2.26 0.21 0.26 0.25 -0.04 0.78 0.37 -0.52 0.04 0.03 -0.19 15.08 8.92 -0.41

mean+SE 2.84+0.08 2.25+0.09 -19+3% 0.50+0.03 0.33+0.02 17+5% 0.47+0.01 0.41+0 -9+3% 0.07+0 0.05t0 22+4% 13.33+0.66 17.43+0.43 36+4%
SD 0.66 0.74 26% 0.29 0.16 45% 0.12 0.12 25% 0.03 0.02 37% 5.54 3.65 32%
min, 1.60 0.32 -91% 0.12 0.10 -90% 0.21 0.16 -58% 0.02 0.01 -91% 5.00 2.25 -90%
max. 4.47 4.77 2% 1.41 0.90 86% 0.78 0.79 75% 0.16 0.10 82% 25.33 21.80 33%
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Table 3: '%' changes obtained using physiological characteristics between spinach genotypes under flood stress conditions
Tablo 3: Sel baskini stres kogullar1 altinda 1spanak genotipleri arsinda fizyolojik ozellikler kullanilarak elde edilen ‘%’ degisimler

Genotype Membran damage RWC chl a chlb carotenoid
number Genotype code

Control  Flooding % Control Flooding % Control Flooding % Control  Flooding % Control  Flooding %
1 2k-13/1-1 17.49 17.94 3% 104.42 43.58 -58% 22.32 5.54 -75% 14.74 3.83 -74% 3.41 1.17 -66%
2 10b-52/3 13.62 13.77 1% 82.01 47.14 -43% 21.77 21.28 -2% 14.01 14.09 1% 3.14 3.23 3%
3 15k-1/1-2 12.42 11.85 -5% 75.01 27.32 -64% 20.13 9.38 -53% 13.20 6.63 -50% 2.61 1.78 -32%
4 19a-51/1-1 16.40 10.50 -36% 90.78 23.12 -75% 12.96 9.22 -29% 9.11 6.18 -32% 1.78 1.92 8%
5 19b-52/1-2 11.24 10.09 -10% 85.76 23.18 -713% 17.31 16.42 -5% 11.45 10.96 -4% 2.24 2.73 22%
6 19¢-33/1-1 14.33 18.41 28% 88.57 66.42 -25% 26.34 8.54 -68% 18.80 5.86 -69% 5.51 1.40 -75%
7 19k-42/1-2 11.23 17.75 58% 179.09 124.11 -31% 12.78 6.65 -48% 8.09 4.52 -44% 1.93 1.47 -24%
8 31k-24/1-1 13.54 8.43 -38% 132.96 63.59 -52% 13.90 11.57 -17% 9.87 8.01 -19% 2.21 2.64 20%
9 32b-21/1-2 10.99 14.58 33% 136.64 100.89 -26% 11.02 8.68 -21% 6.97 5.40 -22% 1.77 1.63 -8%
10 32¢-22/1-5 13.32 26.51 99% 133.88 63.56 -53% 8.93 9.54 % 6.27 6.16 -2% 1.40 1.90 36%
11 48e-12/1-2 12.19 15.71 29% 128.20 116.78 -9% 19.93 6.49 -67% 13.88 4.14 -70% 3.03 1.59 -48%
12 48k-42/1-5 11.57 12.19 5% 117.14 152.26 30% 22.26 16.97 -24% 28.50 22.71 -20% -0.81 -0.34 -59%
13 49c¢-31/2-3 13.40 11.07 -17% 73.67 106.14 44% 23.19 18.07 -22% 31.45 22.78 -28% -5.39 -0.33 -94%
14 50b-51/1-1 12.48 12.99 4% 137.37 112.44 -18% 15.05 9.40 -38% 9.35 6.19 -34% 2.38 1.58 -33%
15 51a-33/1-1 11.26 10.99 -2% 82.85 115.39 39% 15.24 16.31 % 9.28 15.12 63% 2.20 1.24 -44%
16 53d-43/1-1 12.17 14.89 22% 110.23 101.13 -8% 20.96 13.03 -38% 13.24 8.00 -40% 3.30 2.44 -26%
17 53k-12/1-3 11.52 10.58 -8% 110.79 110.11 -1% 22.11 9.70 -56% 17.88 6.55 -63% 2.48 1.80 -27%
18 54k-33/2-2 10.96 20.77 90% 124.03 85.29 -31% 19.17 16.70 -13% 12.84 10.61 -17% 2.87 3.11 8%
19 55a-31/1-2 10.48 8.77 -16% 123.31 79.51 -36% 17.90 14.38 -20% 11.36 9.38 -17% 2.71 3.10 15%
20 56k-52/2-1 10.73 11.03 3% 163.60 118.55 -28% 24.28 11.97 -51% 15.79 6.38 -60% 3.57 2.25 -37%
21 58a-2/2-1 17.05 13.55 -20% 161.69 98.49 -39% 26.44 19.80 -25% 19.56 13.79 -30% 3.35 3.77 12%
22 63k-21/2-2 15.92 15.91 0% 84.51 95.91 13% 25.20 21.06 -16% 18.64 13.90 -25% 3.13 3.22 3%
23 67c-41/1-2 13.42 11.56 -14% 145.56 109.15 -25% 25.20 25.08 0% 17.96 19.22 % 3.47 4.34 25%
24 Tiger F1 11.47 11.76 3% 135.86 101.63 -25% 32.36 18.92 -42% 30.99 14.45 -53% 3.64 2.35 -35%
25 Red Kitten F1 11.65 17.73 52% 129.15 103.00 -20% 22.50 11.56 -49% 15.23 9.26 -39% 3.29 1.88 -43%
26 Hymea F1 10.26 12.64 23% 139.16 99.81 -28% 24.64 16.97 -31% 17.45 11.71 -33% 3.35 2.73 -18%
27 Silverwhale 10.82 17.82 65% 132.61 90.29 -32% 26.69 15.11 -43% 20.61 12.77 -38% 3.29 2.28 -31%
28 Racoon F1 16.08 27.75 73% 124.89 107.23 -14% 29.41 16.83 -43% 31.73 12.12 -62% 2.77 1.24 -55%
29 Parrot F1 10.90 21.36 96% 138.96 92.65 -33% 20.69 7.57 -63% 13.90 5.30 -62% 3.25 1.49 -54%
30 Harrier F1 10.60 20.99 98% 143.96 98.68 -31% 30.97 12.48 -60% 24.48 8.90 -64% 4.30 1.58 -63%
31 Antelope F1 13.05 13.46 3% 129.07 122.10 -5% 12.50 10.63 -15% 8.45 7.45 -12% 2.10 1.94 -8%
32 Pigeon F1 11.42 21.79 91% 122.58 71.01 -42% 19.89 11.49 -42% 14.18 8.03 -43% 2.91 2.52 -13%
33 Kookaburra F1 12.60 23.82 89% 119.40 66.06 -45% 13.88 10.68 -23% 9.26 7.48 -19% 2.26 2.25 -1%
34 Manatee F1 11.82 16.37 39% 142.24 104.25 -27% 25.45 15.06 -41% 18.21 9.94 -45% 4.06 2.85 -30%
35 Gazelle F1 15.37 17.22 12% 120.51 81.21 -33% 21.65 11.08 -49% 14.05 6.54 -53% 3.82 2.97 -22%
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36 El Tajin F1 12.31 12.08 -2% 135.35 122.41 -10% 22.80 18.68 -18% 14.59 11.21 -23% 3.79 3.28 -14%
37 El Real F1 18.94 10.73 -43% 109.14 133.91 23% 11.30 15.71 39% 5.63 8.23 46% 2.98 3.13 5%
38 El Salvator F1 11.14 11.48 3% 96.31 112.24 17% 19.76 19.23 -3% 10.35 10.81 4% 3.97 3.65 -8%
39 Yaman F1 10.82 15.31 41% 77.31 82.81 7% 17.11 17.65 3% 9.14 9.56 5% 3.55 4.10 16%
40 Hudson F1 11.28 13.45 19% 78.13 75.03 -4% 24.21 17.81 -26% 13.05 8.55 -35% 4.45 3.72 -16%
41 Green Gold F1 12.01 12.14 1% 71.50 42.83 -40% 13.48 17.42 29% 6.05 8.92 47% 3.10 3.81 23%
42 Amador F1 13.68 23.57 72% 75.04 66.08 -12% 24.55 19.50 -21% 14.26 10.79 -24% 5.02 3.67 -27%
43 Sahmeran F1 15.52 14.59 -6% 77.42 61.86 -20% 32.43 27.73 -14% 32.67 19.66 -40% 4.25 4.19 -1%
44 Ayaz F1 15.68 15.44 -2% 77.01 64.59 -16% 24.30 12.46 -49% 16.10 8.38 -48% 3.49 1.98 -43%
45 Sprinter F1 11.24 17.03 51% 497.38 55.82 -89% 20.28 13.29 -34% 13.24 9.12 -31% 2.97 2.45 -18%
46 Green Star F1 16.98 12.27 -28% 72.40 72.22 0% 16.38 17.39 6% 10.86 11.40 5% 2.71 2.81 4%
47 Reis F1 15.42 17.05 11% 78.12 52.23 -33% 27.36 15.03 -45% 19.93 10.03 -50% 3.98 2.75 -31%
48 Sardes F1 14.42 26.85 86% 73.34 61.27 -16% 25.04 11.20 -55% 16.92 7.80 -54% 3.53 2.26 -36%
49 Samuray F1 13.92 23.98 72% 71.74 61.23 -15% 15.88 10.01 -37% 10.66 7.22 -32% 2.58 2.28 -12%
50 Apollo F1 15.71 13.75 -12% 82.24 70.32 -14% 10.83 12.18 12% 7.59 8.41 11% 1.73 1.90 10%
51 Sayonora F1 14.76 28.04 90% 80.52 56.58 -30% 23.17 13.52 -42% 15.53 9.46 -39% 3.32 2.38 -28%
52 Region F1 10.87 14.60 34% 81.77 58.24 -29% 12.18 15.64 28% 7.94 13.81 74% 1.99 1.61 -19%
53 Revere F1 13.88 10.27 -26% 76.78 69.38 -10% 19.69 7.74 -61% 12.08 5.09 -58% 2.98 1.24 -58%
54 Spiros F1 10.92 12.46 14% 80.80 67.48 -16% 12.29 16.66 36% 8.36 11.20 34% 1.90 2.71 43%
55 Rembrant F1 11.45 12.31 7% 80.55 65.40 -19% 11.45 10.15 -11% 7.42 6.68 -10% 1.76 1.65 -6%
56 Shelby F1 11.62 15.22 31% 76.94 77.42 1% 21.97 22.45 2% 14.50 18.49 28% 3.58 3.22 -10%
57 Ranchero F1 10.14 14.27 41% 77.44 72.00 -7% 15.17 13.78 -9% 10.40 9.51 -9% 2.59 2.53 -2%
58 Matador F1 19.91 9.63 -52% 80.23 58.06 -28% 14.96 18.52 24% 9.47 13.97 48% 2.36 2.42 2%
59 Nebraska F1 14.73 10.39 -29% 75.57 68.77 -9% 21.65 14.78 -32% 14.67 9.96 -32% 3.50 2.37 -32%
60 Vena F1 12.64 10.89 -14% 82.25 76.77 -7% 22.90 13.72 -40% 14.71 9.30 -37% 3.64 2.07 -43%
61 Catrina F1 10.70 11.80 10% 90.46 73.65 -19% 17.80 20.65 16% 12.53 12.92 3% 2.69 3.18 18%
62 SV1714VC F1 11.62 12.47 7% 83.77 68.50 -18% 16.17 11.39 -30% 10.43 7.70 -26% 2.49 2.00 -20%
63 Matador 11.97 17.05 42% 80.15 55.70 -31% 12.71 12.48 -2% 8.71 7.92 -9% 2.93 2.22 -24%
64 SV1748VC F1 19.44 12.40 -36% 84.04 59.57 -29% 15.33 16.74 9% 10.10 11.46 13% 2.45 2.97 21%
65 S044 F1 10.82 12.05 11% 80.83 72.99 -10% 12.05 14.67 22% 7.15 9.07 27% 2.08 2.50 20%
66 Midway F1 12.01 12.69 6% 81.66 80.99 -1% 18.64 21.06 13% 11.37 19.53 72% 3.13 2.64 -16%
67 SWAO0760 F1 14.14 11.89 -16% 67.68 73.60 9% 16.20 12.45 -23% 9.35 6.95 -26% 3.13 2.47 -21%
68 Java F1 11.09 12.17 10% 78.98 70.79 -10% 22.96 10.13 -56% 16.10 5.16 -68% 3.28 2.19 -33%
69 Aras F1 11.19 21.63 93% 75.22 56.75 -25% 12.80 19.78 55% 6.65 10.93 64% 2.68 3.95 47%
70 Anemon F1 10.78 11.08 3% 85.17 67.49 -21% 12.98 16.19 25% 6.10 8.10 33% 2.86 3.23 13%
71 Anlani F1 13.23 14.48 9% 82.96 71.58 -14% 25.08 12.80 -49% 13.99 6.08 -57% 4.57 2.82 -38%

mean+SE 13+0,28 15.07+0.66 19+6% 107+6.56 80+3.12 -20+3% 19.6+0.67 14.43+0.54 21+83% 13.840.74 10+0.5 -19+4% 2.9+0.16 2.42+0.11 -16+3%
SD 2,34 4.76 39% 54.74 26.51 24% 5.67 4.56 29% 6.26 419 37% 1.36 0.91 29%
min, 10,14 8.43 -52% 67.68 23.12 -89% 8.93 5.64 -75% 5.63 3.83 -74% -5.39 -0.34 -94%
max. 19,91 28.04 99% 497.38 152.26 44% 32.43 27.73 55% 32.67 22.78 74% 5.61 4.34 47%
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PcA Analysis

PCA has been reported to be a very practical statistical
analysis as it simultaneously analyzes quantitative
and qualitative features and 1is used by many
researchers (Dehghani et al., 2008; Eftekhari et al.,
2010; Everitt & Dunn, 2010; Sabaghnia et al., 2011).
In the current study, when we examined the genotypes
one by one in terms of agro-morphological and
physiological parameters, the study was explained in
two components. According to the evaluated criteria,
PC produces the critical value of each factor called
“Eigenvalue”, “Eigenvalue” values greater than one
were taken into (Brejda et al., 2000) account and
helped to reduce data complexity in two factors. In this
study, the variations among spinach genotypes are
explained in two components, with PC1= %34.31 and
PC2= %25.59, and the principal component (PC)
representing approximately 59.90% of the total
variability. In order to use PC analysis in a study, it
has been reported that more than 25% of the variance
of the first two components should be enough to
explain variations among factors (Mohammadi &
Prasanna, 2003; Mozafari et al., 2019; Seymen et al.,
2019). Generally, it has been stated that the first
component contributes to the maximum variance,
while the rest of the factors justify the remaining
amount of variance (Fereidoonfar et al.,, 2018).
Therefore, the PC analysis was found to strongly
explain the study.

Using the PC1 and PC2 components, a Biplot plot was
created to examine the relationship between the
morphological and physiological observations-based
parameters of the genotypes affected by flood stress.
The degree of association between the two traits is
based on the multiple traits being compared between
genotypes and the identification of genotypes that can
be used as parents in breeding programs because they
are particularly good in certain respects (Figure 1).
According to this biplot, the cosine of the angles formed
by the vectors connected to each wvariable and
represents the degree of relationship among variable
(Yan & Rajcan, 2002; Dehghani et al., 2008). In this
context, if the angle between the vectors in the figure
is <909, there is a positive relationship, and if it is >90
o, there is a negative relationship, if the angle between
the vectors is 180 ¢, it has been reported that there is
no significant relationship (Yan & Kang, 2002). Angles
formed by biplot analysis under flooding stress
conditions showed a high correlation between UDW,
UFW, AFW, ADW and RL. Therefore, the higher AFW,
the higher ADW was found. A strong correlation was
found between plant dry weight after flood stress and
plant survival under critical flooding conditions.
Flooding inhibits new leaf formation, reducing the
total leaf area and promoting leaf senescence (Kato et
al., 2014). In the light of this information, genotypes 67
and 14 were found to be highly tolerant in terms of
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growth parameters under flooding stress conditions.
Singh et al. (2014) observed that the dry weight of
leaves decreased sharply by 70% in varieties sensitive
to flood stress, while it decreased by only 30-40% in
tolerant varieties under 17-day flood stress. A similar
study was conducted by Arif et al. (2013) and
Sabaghnia et al. (2015) and show the relationship
between different morphological features. Moreover, it
was determined that the higher the chl a and chl b
values, the higher the carotene content. Therefore, a
highly positive relationship was found between chl a,
chl b, and carotene. Singh et al. (2014) also stated that
maintaining integrity of chlorophyll content during
and after flooding is essential for plant survival as it
aids photosynthesis continuity under flooding and aids
faster recovery in case of flooding. Accordingly, it can
be stated that genotypes 2, 53, 59, and 75 are more
tolerant to flooding stress in terms of chlorophyll
content (Figure 1). These results support studies
evaluating the correlation between agricultural
variables in similar studies (Sarkar et al., 2006;
Seymen, 2021). A significant negative correlation was
found between RWC and membrane damage among
spinach genotypes. Membrane damage content is
significantly higher in susceptible variety during
flooding and after exposure to air (Kawano et al., 2002;
Damanik et al., 2012; Panda & Sarkar, 2013). For this
reason, the genotypes that revealed the most
membrane damage are less productive. In this context,
genotypes 58 and 60 were determined to be highly
sensitive to flooding stress.

The biplot plot can provide knowledge to the plant
breeder with flexibility in finding the number of plants
to be evaluated (Yan & Rajcan, 2002). The plant
breeder can use multivariate methods by first
identifying the combination of traits that make up an
ideal genotype. In this context, it can be reported that
genotype 67 (SWA0760 F1) is the most ideal line to be
used in spinach breeding studies. Besides, genotypes
14, 9, 21, 15, 4, and 10 belong to the S5 level and were
found to be flooding stress tolerant. In the study, it was
determined that the genotypes 24, 25, 26, 27, 28, 52,
54 and 69 were the most sensitive to flooding stress
(Figure 1). It can be stated that the determined
genotypes can be ignored in future studies. This
research was conducted for only one growing season
and thus genotype-environment interactions may
cause some fluctuates, but the results showed that
multidimensional methods can be sufficiently
informative in the selection of breeding directions.

CONCLUSION

It was determined that the tolerance levels of 23
breeding materials and 48 commercial spinach
varieties under different flood stress conditions. In
addition to the negative effects of the 13-day flood
stress applied on the spinach seedling period, it was
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observed from the agro-morphological and
physiological parameters that the tolerance of the
breeding lines and commercial varieties were different.
As a result of PCA, commercial cultivar SWA0760 F1
(genotype 67) was found to be the most tolerant line
against flooding stress. Other cultivars were found to
be sensitive or moderately tolerant. In this context, the
development of tolerant varieties against flood stress
in spinach is among the important issues. The spinach
genotypes 14, 9, 21, 15, 4 and 10 in the S5 level were
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determined to be tolerant lines against flood stress. It
is thought that these genotypes will be used as parents
in hybrid breeding and included in hybridization
programs and will give important results in the
development of flood stress-tolerant variety. The
obtained variety and variety candidates will contribute
to the reduction of yield and quality losses in the
agricultural lands where spinach is grown, due to the
flooding stress, which increases its negative effects day
by day.
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Figure 1. Biplot plot based on PC 1 and 2 obtained from PCA using agro-morphological traits among spinach

genotypes under flood stress conditions

Sekil 1. Sel baskini stres kosullar1 altinda i1spanak genotipleri arsinda agro-morfolojik ézellikler kullanilarak
PCA’dan elde edilen PC 1 ve 2've dayali biplot grafigi
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OZET Bahge Bitkileri

Giberellik asit (GAs) tiim bitkilerde oldugu gibi asmalarda da endojen

olarak sentezlenen, fizyolojik ve biyokimyasal bir¢ok olay1 etkileyen Aragtirma Makalesi
hayati bir hormon olmakla birlikte, bagcilikta biiyiime ve gelismenin

diizenlenmesi amaciyla eksojen olarak da yaygin kullanilan bir bitki Makale Tarihgesi

gelisim diizenleyicisidir. Islah ¢alismalarinda baglangic materyali Gelig Tarihi  :21.10.2022
olarak kullanilan tohumun ¢imlenmesi ve fide haline dontstiirtilmesi Kabul Tarihi :15.03.2023
1slah basarisinin en 6nemli kriterleri arasinda yer almakta olup, bu

asamada g¢esitli nedenlerden dolay1 kayiplar yasanmaktadir. Bu Anahtar Kelimeler

calismada farklh konsantrasyonlardaki GAs uygulamalarinin
melezleme 1slahi sonucunda elde edilen Amerikan koékenli iki farkl
asma kombinasyonuna ait tohumlarin ¢gimlenme 6zellikleri tizerine
etkileri incelenmistir. Turler arasi melezlemelerin
gerceklestirilebilmesi amaciyla, ebeveyn olarak tg¢ farkli asma tiiri
(“Ramsey”, “56 BB” ve “Rupestris du Lot”) kullamilmis ve farkl
konsantrasyonlardaki GAs uygulamalari iki farkli melez asma
popiilasyonu (“Ramsey X Rupestris du Lot” ve “5 BB x Rupestris du
Lot”) iizerinde test edilerek, tohum ¢imlenmesi bakimindan en etkili
GAs konsantrasyonunun belirlenmesine yonelik incelemeler
gerceklestirilmistir. Her i1ki melez asma populasyonu birlikte
degerlendirildiginde en ylksek ortalamalarin %59,63 ile 1000 ppm
konsantrasyonundan alindig: ve bu degerin 500 ppm (%56,34) ve 2000
ppm (%56,91) GAs uygulamalari ile ayni istatistiksel grupta yer aldig
tespit edilmistir. Bu ¢calismadan elde edilen sonuclarin, melez asma
tohumlarinda ¢imlenme diizeyinin artirilmasi amaciyla yurutilecek
diger arastirmalar: kolaylastiracagi diisiniilmektedir. Ayn1 zamanda
bu calisma, asma germplasm kaynaklarinin daha etkin sekilde
kullanilmasi ve genetik ¢esitlilik kaybinin 6nlenmesi bakimindan da
arastirmacilara onemli bir referans saglayacaktir.

AmerikanxAmerikan asma anaci
F1 hibrit tohumu
Giberellik asit (GAs)

Cimlenme oran

The Effect of GAs Applications on Germination Properties of F1 Hybrid Seeds Obtained from American
Grapevine Rootstocks

ABSTRACT Horticulture

Gibberellic acid (GAs) is a vital hormone synthesized endogenously in

grapevines as in all plants, affects many physiological and biochemical Research Article

events, and is also the most widely used plant growth regulator

exogenous to regulate growth and development in viticulture. The Article History
germination and transformation of the seed into seedlings, which is Received $21.10.2022
used as a starting material in breeding studies, are among the most Accepted 115.03.2023
important criteria of breeding success, and losses are experienced at

this stage due to various reasons. This study investigates the effects Keywords

of GAs applications at different concentrations on the germination AmericanXAmerican grapevine
characteristics of hybrid seeds of two different grapevine combinations rootstock

of American origin obtained as a result of crossbreeding. To carry out F1 hybrid seed

the interspecies hybridization, three different grapevine species Gibberellic acid (GAs)

(“Ramsey”, “5 BB” and “Rupestris du Lot”) were used as parents, and
GAs3 applications at different concentrations testing in two different
hybrid grapevine populations (“Ramsey % Rupestris du Lot” and “5 BB

Germination percentage
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x Rupestris du Lot”), and investigations were carried out to determine
the most effective GAs concentration on seed germination. When both
hybrid grapevine populations were evaluated together, the highest
averages were obtained from 1000 ppm concentration as 59.63% and
this value was in the same statistical group with 500 ppm (56.34%)
and 2000 ppm (56.91%) GAs applications. The results obtained from
this study will facilitate other researches to be carried out to increase
the germination level of hybrid grapevine seeds. At the same time,
this study will provide an important reference for researchers in terms
of more efficient use of grapevine germplasm resources and prevention

of loss of genetic diversity.

Atf Sekli: Yagci, A., & Daler, S., (2023). Amerikan Asma Anaclarindan Elde Edilen F1 Hibrit Tohumlarinin Cimlenme
Ozellikleri Uzerine GAs Uygulamalarimn Etkisi. KSU Tarim ve Doga Derg 26 (4), 767-777. https://doi.org/
10.18016/ksutarimdoga.vi.1192462

To Cite : Yagcl, A., & Daler, S., (2023). The Effect of GAs Applications on Germination Properties of F1 Hybrid Seeds
Obtained from American Grapevine Rootstocks. KSU J. Agric Nat 26(4), 767-777. https://doi.org/
10.18016/ksutarimdoga.vi.1192462

GIRIS biiyik 6nem tasimakla birlikte; melez tohumlarin

Asmanin kiltire alinmasiyla baslayan bagcilik tarihi
oldukca eski zamanlara dayanmakla birlikte; asma
1slahi1 tizerine yuritiilen ¢alismalar yaklagik 200 yildir
devam etmektedir. Islah; biyotik ve abiyotik streslere
karg1 direncin artirilmas1 veya pazar ihtiyaglarinin
kargilanmasi amaciyla olgunlasma zamanlarinin
kontrol edilmesi de dahil olmak tzere; Uziimlerin
kalitesinin iyilestirilmesi ve veriminin artirilmasina
yonelik olarak uygulanan yontemler, teknikler ve
gelismeler biitiinii olarak tanimlanmaktadir (Fang &
Liu, 2014). Uziim cesitlerinin farkli amaclara yonelik
olarak 1slah edilmelerindeki basari, Ustiin nitelikli
asma genetik kaynaklarinin kullanimiyla mimkin
olmakla birlikte, bu amaca yonelik olarak geligtirilen
cesitli 1slah metotlar1 bulunmaktadir. Melezleme
1slah1 ve tohum seleksiyonu, 1slah stirecinin 6nemli
yonlerini olusturmaktadir (Chai, 2005).

Bagciligin yaygin olarak yapildigi diger tlkelerde
oldugu gibi tlkemizde de bag alanlarinin filoksera
zararhisi ile bulagik olmasi, bu zararhiya dayanikl
Amerikan asma anaglarinin kullanimini zorunlu hale
getirmistir (Ergenoglu & Giirsoy, 1991; Celik, 1996).
Amerikan asma anaclar: filokseraya karsi koruma
saglamalarinin yaninda; kuraklik, tuz ya da kire¢ gibi
olumsuz cevre kosullarina dayanimlariyla 6n plana
cikan ve bagcilikta énemli avantajlar saglayan cesitli
niteliklere sahiptir (Galet, 1998; Pongracz, 1983; Fort
ve ark., 2017). Bu amacla V. berlandieri, V. rupestris
veya V. riparia gibi Amerikan asma tiirlerinin saf ya
da melez anacglar1 yaygin olarak kullanilmaktadir
(Mullins ve ark., 1992). Son yillarda yasanan kiiresel
iklim degigikligi nedeniyle, farklh gevresel kosullara
daha iyi uyum saglayabilen, tistiin nitelikli yeni melez
anaglarin 1slahina duyulan gereksinim artmistir
(Karipcin, 2009; Mese & Tangolar, 2019). Bilindigi
uzere, 1slah ¢alismalar1 bilgi ve tecriibenin yaninda,
yogun iggiicii ve zaman gerektiren, yiuksek maliyetli
bir prosediirii kapsamaktadir (Karauz, 2013). Islah
calismalarinda tohum, baslangic materyali olarak
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yuksek oranda c¢imlendirilmesi ve c¢imlenen
tohumlarin saglikli bir sekilde bitkiye dontstiiriilmesi,
1slah  verimliliginin en Onemli belirleyicilerinden
biridir (Marasali, 1992; Wang ve ark., 2022).

Turler arasi melezlemeyle elde edilen F1 hibrit asma
tohumlarinin canlilik ve ¢imlenme oranlar1 oldukga
diistik diizeyde kalmaktadir (Tian ve ark., 2008). Bu
durum, igsgiicii ve maliyet kayiplarina yol agcmasinin
yaninda, son derece degerli 1slah materyalinin de yok
olmasina neden olmaktadir.

Yiriatilen arastirmalarin sonuglarina goére, tzlim
tohumlari diger bir¢ok bitkiye gére ¢cimlendirilmesi zor
olan tiirler arasinda yer almakta olup; ¢imlenme
oranlarinin %30-50 araliginda degistigi bilinmektedir
(Agaoglu, 2002; Lin ve ark., 2009; Liu & Wang, 2001;
Zhang ve ark., 2009). Diisiik c¢imlenme oranlari,
ebeveynlerin se¢ciminden, disi ebeveynin tam olarak
gelismemis tohum embriyosundan veya c¢atlamasi

kolay olmayan sert tohum kabugundan
kaynaklanabilmektedir (Ma ve ark., 2014). Ayrica,
tohumlarin toplanmasi asamasinda tam

olgunlagsmamis olmalar1 veya depolama sirasinda
tohumlarin uygun olmayan sicaklik veya nem
kogullarina maruz kalmalari, tohumlarin ¢irimesine
ya da erken cimlenmesine neden olabilmektedir (Pan
ve ark., 2010). Tohumlarin c¢imlendirilmesi
asamasinda da nem kontrolinde giigliiklerle
kargilagilabilmekte; nemin ¢ok disik oldugu
durumlarda su eksikligi nedeniyle ¢imlenme oranlari
azalirken; ¢ok  yuksek oldugunda tohumlar
kiiflenebilmekte veya ciiriiyebilmektedir (Lin ve ark.,
2009). Bununla birlikte ¢imlenen tohumlarin, bitkiye
donugstim surecinde digsal pek c¢ok faktorden
etkilenerek, biiyiime ve gelismelerinin sinirlandig ve
bunun sonucunda da 6nemli kayiplarin yasandigi
bilinmektedir. Bu nedenle tizim tohumlarinin
¢imlenme giiglerinin ve bitkiye doniisim oranlarinin
arttirilmasina yonelik olarak yuritilen caligsmalar
biiyiik 6nem arz etmektedir (Sabir & Kara, 2011).
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Uziim tohumunun cimlenmesi ve fide olusumunu
inceleyen 6nceki calismalar, farkl popiilasyonlar veya
gesitler arasindaki ¢imlenme orani varyasyonlarinin,
farkli yetistirme ve sasirtma yontemleri arasinda fide
orani degigimlerinin veya tohumlarda dormansiyi
kaldirma yollarinin arastirilmasi lzerine
odaklanmistir (Singh, 1961; Manivel & Weaver, 1974;
Ellis ve ark. 1983; Spiegel-Roy ve ark., 1987; Celik,
2001; Conner, 2008; Wang ve ark., 2011; Wang ve ark.,
2021; Yang ve ark., 2021). Ozellikle son yillarda
gelistirilen cesitli 1slah stratejileriyle birlikte, kisa
stirede buyuk ol¢ekli fide popiilasyonlarinin elde
edilmesi ve 1slah silresinin kisaltilmasi amaciyla;
melez asma tohumlarinin ¢imlenme ve fide olugsum
hizlarinin artirnlmasina yonelik olarak yirttilen
calismalarin sayis1 artmistir (Wang & ark., 2022).
Gelistirilen bu stratejiler icerisinde en etkilisinin bitki
gelisim diizenleyiciler (BGD’ler) oldugu bilinmektedir
(Jacobsen ve ark., 2002). Bununla birlikte, asma
yetistiriciligi ve 1slahinda BGD’ler igerisinde oksin
grubundan Indol-3-Biitirik Asit (IBA); sitokininlerden
Benzil Adenin (BA) ve Benzil Amino Purin (BAP);
giberellinlerden ise giberellik asidin (GAs) 6nemi
oldukca buytktir. 1930’larda ilk defa Japonya’da
Gibberella fujikuror mantarlarinin celtikte asir1 boy
uzamasina neden olmasiyla fark edilen ve 1950’11
yillarda yuksek bitkilerde de sentezlendigi tespit
edilen (Mitchell ve ark., 1951) 100°’den fazla giberellin
arasindan, en aktifi olan GAs; uygulama zamani ve
dozuna gore, tomurcuklarda siirmenin geciktirilmesi,
tane tutumunun azaltilmasi, salkim seyreltmesi,
salkim ve tane iriliginin artirilmasi, partenokarpinin
uyarilmasi, olgunlugun geciktirilmesi, embriyo
gelisiminin  saglanmasi, uzim cekirdeklerinde
¢imlenmenin tesvik edilmesi gibi farkli amaclara
yonelik olarak bagcilikta en yaygin kullanilan bitki
hormonu olma 6zelligi kazanmistir (Eris, 1990;
Meneses ve ark., 2020; Seckin Dinler & Cetinkaya,
2020). Gelisen tohumlarda yiiksek miktarda
sentezlenen endojen  giberellinlerin, tohumun
¢imlenmesi ve dormansinin kontroli lzerine 6nemli
fonksiyonlara sahip oldugu gibi, eksojen olarak
uygulanan GAslin uygulama konsantrasyonuna ve
siiresinine bagh olarak, c¢imlenme Uzerine Onemli
etkilerinin bulundugu bildirilmektedir (Duman, 2006;
Arteca, 2013). Yapilan calismalar GAs
uygulamalarinin  tohumlarda g¢imlenme oranini
artirirken, ¢imlenme stirelerini kisalttigimi
gostermistir (Okay & Giindz, 2009). Cesitli
arastirmacilar, tohumlara digsal olarak uygulanan
GA3'lin, a-amilaz gibi ¢cimlenmede énemli rol oynayan
hidrolaz enzimlerinin Uretimini tegvik ettigini ve
¢cimlenme olayinda katlama uygulamasinin yerini
tuttugunu ifade etmektedir (Wurzburger ve ark., 1974;
Ozen & Onay, 1999; Ipek ve ark., 2008). Yen ve Carter
(1972) tarafindan, GAs ile én uygulamaya tabi tutulan
tohumlarin, diisiik sicakhikta (10°C) daha hizh
¢imlendikleri ve erken ekimlerde daha erken cikis
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sagladiklar: tespit edilmistir. Akkurt ve ark. (2013),
Kalecik Karas1 tohumlarinda ¢imlenme oraninin
artirilmas1 amaciyla; benzilaminopiirin (BAP), GAs,
BAP+GAs3 ve Hidrojen peroksit (H202) gibi biiyiimeyi
diizenleyici maddeler ile 6n muamele uygulamalarinin
etkilerini inceledikleri c¢alismalarinda; en yiksek
¢imlenme oranminin 0.5-1 g/l BAP + 2-3 g/l GAs
konsantrasyonlarindaki uygulamalardan elde
edildigini kaydetmiglerdir. Generoso ve ark. (2019),
'Red Globe', 'Ttalia' ve 'Niagara Rosada' tizim
gesitlerine ait tohumlarin in vitro ¢imlenme orani ve
fide cikis giicii tizerine farkll konsantrasyondaki (0,
1.41, 2.83, 4.24 ve 5.66 pmol.L'1) GAs uygulamalarinin
etkilerini inceledikleri calismalarinda, GAs
kullaniminin ¢ gesitte de tohum ¢imlenme yiizdesini
ve fide ¢ikig giictinii artirdig1 bildirirken; 'Red Globe'
tohumlarinin in vitro ¢imlenmesi i¢in 1,41-4,24
pmol.L'1 GAs konsantrasyonlarinin kullilabilecegini;
'Ttalia'i¢in 1.41 umol. L' GA3in en iyi sonucu verdigini
ve 'Niagara Rosada' i¢in ise 1.41-5.66 pmol.Li'l GAs
konsantrasyonlarinin onerilebilecegini ifade
etmislerdir. Kara ve ark. (2020), Eksi Kara ve Gok
Uziim’de, tohum canhligl, ¢cimlenme ve fide geligimi
lizerine GAs (1 g.L'!, 24 saat ve 1 gL, 48 saat)
uygulamalarmin etkilerini inceledikleri
¢alismalarinda GAs kullaniminin asmalarda tohum
canliligl ve ¢imlenme oranlarini artirmada etkili bir

uygulama oldugu sonucuna varmiglardir. GAs
uygulamalarinin yagh tohumlarda da ¢imlenme oram
tzerine olumlu etkilerinin bulundugu c¢esith

arastirmacilar tarafindan saptanmistir (Watkinson &
Pill, 1998; Ipek ve ark., 2005; Sarihan ve ark., 2005).
GAsUn Asya koékenli Vitis adenoclada Hand.-Mazz. ve
Vitis davidii tohumlarinin  ¢imlenme oranini,
¢imlenme potansiyelini ve ¢imlenme indeksini 6nemli
Olcide 1iyilestirdigi ve c¢imlenme siresini kisalttig:
kaydedilmistir (Pan ve ark., 2007; Wang ve ark., 2008;
Zhang ve ark., 2008; Pan ve ark., 2010).

Yapilan arastirmalar eksojen GAs uygulamalarinin
asma tohumlarinda ¢imlenmenin tesvik edilmesi ve
dormansinin kontrolii tizerine olumlu etkilere sahip
oldugunu gostermektedir. GAs uygulamalarinda
etkinligin bitki tiurline, uygulama konsantrasyonuna
ve uygulama sliresine bagli olarak degisim gosterdigi
bildirilmekle birlikte; GAs uygulamalarinin Amerikan
asma anagclari lizerindeki etkinliginin belirlenmesine
yonelik olarak yuritilmis calismalarin sayisi1 oldukga
simirhdir. Bu nedenle, Amerikan asma anaglarinin
tohumlarinda dormansi, ¢imlenme ve fide olusum
mekanizmalarinin daha iyi anlasilmas1 bakimindan
daha kapsaml ¢alismalara ihtiya¢ duyulmaktadir.

Bu c¢alisma, farklh konsantrasyonlardaki GAs
uygulamalarinin Amerikan kokenli ti¢ farkli asma
tirine ait interspesifik melezleme tohumlarinin
¢imlenme diizeyleri lizerine etkilerinin belirlenmesi
amaciyla yurutilmistir. GAs uygulamalar: ile, asma
anag 1slah1 ¢alisgmalarinda meydana gelen ¢imlenme
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kayiplarinin azaltilmasina katkida bulunulmasi ve
boylece degerli 1slah¢i materyalinin korunmasina da
yardimei olunmasi hedeflenmigtir.

MATERYAL ve METOD

2020-2021 yillar1 arasinda yiritilen bu c¢aligmada
polenlerin hazirlanma asamasi, Tokat Gaziosmanpasa

Universitesi, Ziraat Fakiiltesi, Bahge Bitkileri
Bolimi’'ne ait Arastirma Laboratuvari’nda
gerceklestirilmistir. Melezleme islemleri, Tokat'in

Merkez ilgesine bagh Guryildiz koéylinde yer alan
tiretici bag ile Tokat Gaziosmanpasa Universitesi,
Uygulama ve Arastirma Merkezi'ne ait bag parselinde
yuritilmistir. F1 hibrit tohumlarinin sogukta nemli
katlanmas1 ve c¢imlendirme islemleriyse Tokat
Gaziosmanpasa Universitesi, Ziraat Fakiiltesi, Bahce
Bitkileri Bolimii'nme ait Arastirma Serasi’nda
gerceklestirilmistir. Melezlemelerde baba ebeveyn
olarak kullanilan “Rupestris du Lot” anaci ile ana
ebeveyn olarak kullanilan “5 BB” anacina ait asmalar
Tokat’in Merkez ilgesine bagh Giiryildiz kéylinde yer
alan dretici baginda; “Ramsey” anaci ise Tokat
Gaziosmanpasa Universitesi, Uygulama ve Arastirma
Merkezine ait bag parselinde yer almaktadir.

Melezleme Kombinasyonlari

Turler aras1 melezlerin elde edilebilmesi amaciyla, 2
genotip (“Ramsey” ve “5 BB”) “ana ebeveyn’ ve 1
genotip (“Rupestris du Lot”) “baba ebeveyn” olmak
tizere toplam t¢ farklh asma tird kullanmilmis ve iki
farkli melezleme kombinasyonu (“Ramsey X Rupestris
du Lot” ve “5 BB x Rupestris du Lot”) olusturulmustur.
Melezleme  kombinasyonlarinin  belirlenmesinde;
ebeveynlerin pedolojik kosullara adaptasyonlarinin
yiksek olmasi, ana ebeveynlerin disi ¢icek yapisina
sahip olmasi nedeniyle emaskulasyon islemine gerek
duyulmamasi, melezleme islemlerinde kullanilacak
asmalarin uygun yetigkinlikte olmasi ve mevcut 1slah
parsellerinde yer aliyor olmasi gibi kriterler goz
ontinde bulundurulmustur. Calismada kullanmilan
bitkisel materyallere ait bazi1 o6zellikler asagida
belirtilmistir (Bodenheimer, 1941; Ulgen, 1962; Celik
ve ark., 1998; Celik, 2011).

5 BB (Kober 5 BB) (V. berlandieri x V. riparia),
Kuvvetli gelisir, killi ve milli topraklara uyumu iyidir.
Disi ¢icek yapisina sahiptir.

Ramsey (Vitis champinil), Kum icerigi yiiksek ve az
verimli topraklarda iyi gelisir. Disi ¢icek yapisina
sahiptir.

Rupestris du Lot (Vitis Rupestris), Kokleri derine gider
ve kurak kogullara dayanimi iyidir. Erkek ¢igek
yapisina sahiptir.

F'1 Bitkilerinin Elde Edilmesi

Calismada klasik melezleme yontemi kullanilmigtir.
F1 hibritlerin elde edilmesine yonelik izlenen prosediir
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literatiirdeki mevcut yontemlerin modifiye edilmesiyle
olusturulmus olup, asamalar1 ve detaylar1 asagida
belirtilmistir (Fidan, 1985; Ergiil, 1992; Uslu ve ark.,
1995; Cakir, 2011; Sabir, 2011; Uzun ve ark., 2018).

Emaskulasyon: Calismada ana ebeveyn olarak
kullanilan “5 BB’ ve “Ramsey” disi ¢igcek
yapisinaoldugu i¢in emaskulasyon iglemlerinin

gerceklestirilmesine gerek duyulmamagtir.

Polenlerin alinmas1 ve tozlama: Tozlayic1 geside ait
salkimlar %50 oraninda c¢iceklendiginde hasat
edilerek, Tokat Gaziosmanpasa Universitesi, Ziraat
Fakultesi, Bahge Bitkileri Bolimii'ne ait Arastirma
Laboratuvari’na getirilmis ve ardindan tag¢ yapraklar
uzaklagtirilarak polen keseleri pens yardimiyla cam
petri  kutularina  yerlestirilerek  patlamalarim
saglamak amaciyla 20°C sicaklik ve %60-65 nemli
kogullarda bir gece bekletilmistir. Ertesi gin,
anterlerin patlamasi ile yayilan polenler, 4°C de 1
hafta siire ile muhafaza edilmistir. Her iki lokasyonda
yer alan asmalarda tozlama iglemi, ¢igceklerin disi
organlarinin  reseptif hale geldig§i asamada
gerceklestirilmistir. Melezleme yapilan her iki
kombinasyondan 5er adet asma ana ebeveyn olarak
belirlenmis ve belirlenen asmalar tizerinde 5er adet
salkim ve her salkimda yaklasik 100’er adet cicek
olmak tzere toplam 5000 adet c¢icek TUzerinde
melezleme iglemi yapilmigtir.

Hasat: Kontrol gruplardaki uzim salkimlarinin
olgunlagsma zamanlarindan yaklagik bir hafta sonra
melez tohumlar: tasiyan salkimlarin hasat islemi
gerceklestirilmigtir. Taneler, hasat edilen Uzim
salkimlarindan ayrilmig; cekirdekler, tanelerden
¢gikarilarak meyve etlerinden arindirilmis ve daha
sonra yikanarak ¢imlenebilir nitelikte olanlarin
belirlenebilmesi amaciyla ytizdirme yontemine gére
kontrole tabi tutulmustur. Her iki kombinasyondan
elde edilen 1650’ser adet F1 hibrit tohumu, 4-5 giin oda
sicakliginda kurutulmus ve katlamanin baslangig
tarihine kadar petri kaplarina yerlestirilerek yaklasik
8 hafta siireyle oda sicakhiginda (20-24°C)
bekletilmigtir.

F1 Hibrit Tohumlarimin Sogukta Nemli Ortamda
Katlanmasi

F1 hibrit tohumlari, sogukta nemli ortamda katlama
oncesinde %70 etanol igerisinde 10 dakika streyle
yuzey sterilizasyonuna tabi tutulmus ve ardindan
steril su ile yikanmigtir. Sogukta nemli katlama
ortami olarak perlit kullanilmigtir. Tohumlar, 15x18
cm ebatlarindaki kilitli posetler icerisinde bir kat
nemli perlit bir kat tohum olacak sekilde katlanmis ve
ardindan katlama pogetleri “4 ay” siireyle 4°C de
muhafaza edilmigtir.

GA3 Uygulamalar1
Katlama islemi sonrasinda 0, 500, 1000, 2000 ve 3000
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ppm dozlarinda GAs (Sigma, CAS: 77-06-5)
soliisyonlar1 hazirlanmig ve tohumlar bu soliisyonlar
icerisinde 48 saat sureyle bekletilmigtir. Calismada
kontrol olarak saf su kullanilmigtir.

F1 Hibrit Tohumlarmmin Ekilmesi ve Cimlenme
Oranlarinin (%) Tespit Edilmesi

GAs uygulamalarinin ardindan, igerisinde torf
bulunan 37 x 37 X 50 mm ebatlarindaki viyollere her
bir uygulama i¢in 330’ar adet F1 hibrit tohumunun
ekim iglemleri gergeklestirilmigtir. Tohumlarin
ekildigi viyoller, Tokat Gaziosmanpagsa Universitesi,
Ziraat Fakiiltesi, Bahc¢e Bitkileri Bolimii’'ne ait, yanal
yizeyleri ve g¢ati ortiisii cam malzemeden yapilmig
1sitmasiz, 800 m?2 alana sahip Arastirma Serasi’na
yerlestitirilmigtir. Cimlendirme iglemi sirasinda F1
hibrit tohumlari, sisleme yontemiyle sulanmig ve bes
giinde bir kontrol edilerek, hipokotil ucu torf ylizeyine
c¢ikan tohumlarin sayilar1 adet olarak belirlenmigtir.
Yaklagik 20 guinlik yetistirme periyodunun ardindan
toplam tohum sayisina gére tohum ¢imlenme orani %
olarak kaydedilmistir.

Istatistiksel Analizler

Deneme, tesadif parselleri deneme desenine gére

100
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= 60 III
g 40 -
g 20 F ‘

=T
§ O E, I ||
)]
g 20 Nisan 25 Nisan
o

B0 ppm ®E500 ppm

30 Nisan

Cimlenme zamam

B 1000 ppm

dizayn edilmis olup; her bir uygulama, 3 tekerriirla ve
her tekerriirde 110 adet tohum bulunacak sekilde
planlanmigtir. Elde edilen sayisal veriler; IBM SPSS

vrs. 20.0 paket programi kullanilarak varyans
analizine (ANOVA) tabi tutulmus, ortalamalar
arasindaki farkliliklarin belirlenmesinde Duncan

coklu karsilagtirma testi (p<0.05) kullanilmistir (Ott,
1988).

BULGULAR ve TARTISMA

Bu calisma kapsaminda iki farkli kombinasyondan
melezleme 1slahi  yoluyla elde edilen asma
tohumlarinin ¢imlenme 6zellikleri tizerine en etkili
GAs konsantrasyonunun tespit edilmesine yonelik
incelemeler gerceklestirilmistir.

Verilerin istatistiksel analizi sonucunda, c¢imlenme
oranlar1 bakimindan ‘melezleme kombinasyonu’ ve
‘konsantrasyon’ faktorleri istatistiksel olarak 6nemli
bulunmustur.

Farkli konsantrasyonlardaki GAs uygulamalarinin
asma tohumlarinin ¢imlenme oranlarinda meydana
getirdigi degisimler begser gun araliklarla incelenmis
ve uygulanan konsantrasyonlar arasindaki
farklilikara iliskin bulgular asagidaki cizelge (Cizelge
1) ve grafiklerde (Sekil 1 ve 2) sunulmustur.

II

5 Mayis

10 Mayis

2000 ppm ® 3000 ppm

Sekil 1. GAs uygulamalar: ile Ramsey X Rupestris du Lot kombinasyonuna ait F1 hibrit tohumlarinda ¢imlenme

oranlarinin zamana bagl degisimi (%)

Figurel. Time-dependent variation (%) of germination percentages in F1 hybrid seeds belonging to the combination
of Ramsey x Rupestris du Lot with GAs treatments

100
S 80
g 60 3
g o
5 40 h ‘
g 0 ﬁ_ﬁ ||
= . .
g 20 Nisan 25 Nisan
S
(0 ppm ®500 ppm

e i ™
III | | |
30 Nisan 5 Mayis 10 Mayis

= 1000 ppm

Cimlenme zamam

2000 ppm ® 3000 ppm

Sekil 2. GAs uygulamalar: ile 5 BB x Rupestris du Lot kombinasyonuna ait F1 hibrit tohumlarinda ¢imlenme

oranlarinin zamana bagh degisimi (%)

Figure 2. Time dependent variation (%) of germination percentages in F1 hybrid seeds belonging to the combination
of 5 BB x Rupestris du Lot with GAs treatments
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Cizelge 1. GAs uygulamalarinin tarihlere gore asma tohumlarinin ¢imlenme oranlarinda meydana getirdigi

degisimler
Table 1. Changes brought about in the germination percentages of grapevine seeds of GAz applications according
to dates
Tarihler GAsKonsantrasyonlar: Cimlenme Oranlar:
Ramsey X Rupestris du Lot 5 BB X Rupestris du Lot Ort.
20.Nis 0 ppm 9.76+3.61 11.66+1.97 ba 10.71+2.92 C
500 ppm 12.38+2.49 15.26+1.56 b 13.82+2.48 BC
1000 ppm 15.00+2.45 21.10£1.53 a™™*** 18.05+3.75 A
2000 ppm 16.66+4.98 14.78+6.43 b 15.72+5.51 AB
3000 ppm 10.48+8.08 12.62+3.66 b 11.55+6.02 C
Ort. 12.86+5.14 15.08+4.674d 13.97+4.99
25.Nis 0 ppm 34.52+10.42 ¢ 28.80+18.62 ¢ 31.66+14.54 C
500 ppm 49.98+6.15 ab 51.92+1.37 ab 50.95+4.32 B
1000 ppm 53.58+4.05 ab 61.60+2.52 a™** 57.59+5.29 A
2000 ppm 58.36+6.95 a 46.20+19.58 a-c 52.28+15.26 AB
3000 ppm 39.28+28.58 ¢ 39.76+16.43 be 39.52+21.98 BC
Ort. 47.14+15.9308d 45.66+17.20 46.40+16.42
30.Nis 0 ppm 62.62+4.84 64.76+4.51 63.69+4.55
500 ppm 68.58+4.94 68.56+5.62 68.57+4.99
1000 ppm 70.24+3.65 72.90£2.40 71.57+3.23
2000 ppm 69.54+4.87 64.76+£22.23 67.15+15.38
3000 ppm 63.32+7.90 69.30+10.28 66.31+£9.20
Ort. 66.86+5.95 68.06+£10.938 67.46+8.73
05.May 0 ppm 66.66+4.03 b 72.84+2.31 7 69.75+4.49 B
500 ppm 71.90+£3.52 a 72.64+6.41 72.27+4.89 A
1000 ppm 72.84+1.31 a 74.70+1.64 73.77+1.71 A
2000 ppm 73.32+2.89 a 73.10+7.67 73.21+£5.46 A
3000 ppm 75.48+2.63 a 74.06+6.40 74.77+4.67 A
Ort. 72.04+4.07 73.47+5.0464 72.75+4.59
10.May O ppm 71.18+£2.57b 76.44+3.33" 73.81+3.94 B
500 ppm 75.96+2.31 a 76.22+6.37 76.09+4.52 A
1000 ppm 76.92+2.89 a 77.40+0.79 77.16£2.01 A
2000 ppm 76.92+2.76 a 75.48+2.63 76.20+2.65 A
3000 ppm 77.64+2.99 a 76.92+3.66 77.28+3.17 A
Ort. 75.724+3.44 76.49+3.54 a%d 76.11+3.48

aAyn siitunda farkl harflerle gosterilen ortalamalar arasindaki farklilik énemlidir (P<0.05).

*Ayn1 satirda yer alan ortalamalar arasindaki farklilik 6nemlidir. Etki degeri: “¢ok kiiclk, “kiigiik, *orta,

buyuk.

Fedekeok Feekkk

buytuk, cok

6dAyni satirda yer alan ortalamalar arasindaki farklilik 6nemli degildir.

Cizelge 1'e gore, 20 Nisan tarihinde yapilan
incelemelerde = GAs  uygulamalari  bakimindan
istatistiksel agidan farklilik gésteren 5 BB X Rupestris
du Lot melezlerinde en yiiksek ortalamanin 1000 ppm
uygulamasindan  %21.10 olarak elde edildigi
belirlenirken; diger tim GAs konsantrasyonlarinin
kontrol (%11.66) ile aym istatistiksel grupta yer aldig
tespit edilmigtir. 20 Nisan tarihinde her iki melez
asma kombinasyonundan elde edilen degerlerin
ortalamalar: incelendiginde, en yiliksek oranin %18.05
ile 1000 ppm uygulamasindan alindig1 ve bu degerin
2000 ppm (%15.72) GAs uygulamalar1 ile aym
istatistiksel grupta yer aldigi, en disik ortalamalarin
ise kontrol (%10.71) ve 3000 ppm (%11.55) GAs;
uygulamalarindan alindigi kaydedilmistir. Elde edilen
bulgular, 20 Nisan tarihinde 1000 ve 2000 ppm GAs
uygulamalarinin, kontrol gruplara ve diger

772

konsantrasyonlara kiyasla daha hizlhi c¢imlenme
sagladigimi gostermigtir.
25 Nisan’da yapilan incelemelere gore, GAs

konsantrasyonlar: bakimindan Ramsey X Rupestris du
Lot melezlerinde en yiksek degerin 2000 ppm
uygulamasindan %58.36 olarak elde edildigi ve bu
degerlerin 500 ppm (%49.98) ve 1000 ppm (%53.58)
GAs uygulamalariyla aym istatistiksel grupta yer
aldig1 belirlenirken; 5 BB X Rupestris du Lot
melezlerinde ise en yiiksek degerin %61.60 olarak
1000 ppm uygulamasindan alindigi bu degerin 500
ppm  (%51.92) ve 2000 ppm (%46.20) ile aymi
istatistiksel grupta yer aldigi tespit edilmistir. 25
Nisan’da her iki melez asma popllasyonundan elde
edilen degerlerin ortalamalar: kargilastirildiginda, en
yiksek ortalamanin @ %57.59 ile 1000 ppm
uygulamasindan alindigi ve bu degerin 2000 ppm
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(%52.28) GAs uygulamasi ile ayn istatistiksel grupta
yer aldigl, en diisiik ortalamanin ise kontrol (%31.66)
ve 3000 ppm (%39.52) GAs uygulamalarindan elde
edildigi belirlenmigtir. 25 Nisan tarihinde elde edilen
bulgulara gére, 3000 ppm hari¢ diger tim GAs
konsantrasyonlarinin tohumlarin ¢imlenme hizi ve

diizeyinin artirilmasi bakimindan olumlu etki
gosterdigi saptanmigtar.

30 Nisan’da yapilan incelemelerde GAs
uygulamalarinin her ki melez asma
kombinasyonunda da ¢imlenme hizi ve diizeyi

bakimindan istatistiksel olarak 6nemli bir farkhiliga
neden olmadigi belirlenmigtir.

5 ve 10 Mayis tarihlerinde yapilan incelemelerde
Ramsey X Rupestris du Lot melezlerinden elde edilen
degerlere gore, tim GAs konsantrasyonlarinin
tohumlarin ¢imlenme hizi ve diizeylerinin artirilmasi
bakimindan olumlu etki gosterdigi tespit edilmigtir.
Her 2 tarih bakimindan da Ramsey X Rupestris du Lot
melezlerinde en diisiik ortalamalarin %66.66 (5 Mayis)
Sekil 2’de goruldugu gibi, farklh konsantrasyonlardaki
GAs uygulamalarimin “6 BB x Rupestris du Lot”
melezlerinin ¢imlenme hizi ve oranlari tizerine olumlu
etki gosterdigi ve kontrol gruplara oranla daha yuksek
ortalamalara sahip oldugu; bununla birlikte en yliksek
degerlerin genel olarak 1000 ppm dozlarindaki GAs
uygulamalarindan alindig: belirlenmigtir.

Her iki melez asma kombinasyonunda da
konsantrasyonlar1 arasinda,

GAs
tohumlarin ¢imlenme

ve %71.18 (10 Mayis) olarak kontrol gruplardan
alindig1 belirlenmigstir. Bulgulara gore, 5 ve 10 Mayis
tarihlerinde her iki melez asma populasyonundan elde
edilen degerlerin ortalamalar1 karsilagtirildiginda,
tim GAs uygulamalarinin tohumlarin ¢gimlenme hiz
ve diizeyinin artirilmasi bakimindan olumlu etki
gosterdigi ve en diigiik ortalamalarin %69.75 (5 Mayis)
ve %73.81 (10 Mayis) olarak kontrol gruplardan elde
edildigi kaydedilmigtir.

Sekil 1’de, “Ramsey X Rupestris du Lot” melezlerinde
500-2000 ppm araligindaki GAs uygulamalarinin 30
Nisan tarihine kadar c¢imlenme hiz1 ve diizeyi
bakimindan diger uygulamalara kiyasla belirgin bir
artis sagladigi; 3000 ppm GAs uygulamasinin ise
kontrol grupla benzer ortalamalara sahip oldugunu
gorilmektedir. Elde edilen bulgular, 30 Nisan
tarihinden itibaren tiim GAs konsantrasyonlarinin
¢imlenme hiz1 ve orani lizerine benzer seviyelerde etki
gosterdigini; ancak, kontrol gruplara kiyasla daha
yiiksek ortalamalara sahip oldugunu gostermektedir.

hizlar1 bakimindan 6nemli farkliliklar bulunmasina
ragmen; 20 ginlik ¢imlenme stiresinin sonunda nihai
¢imlenme dizeylerinin benzer seviyelere ulastig:
tespit edilmistir. Analiz sonuc¢larina gore, “Ramsey X
Rupestris du Lot” melezlerinde tohum c¢imlenme
oranlarinin %71,18 ile %77,64 arasinda degistigi tespit
edilirken; “6 BB X Rupestris du Lot” melezlerinde
%75,48 ile %77,40 aralhiginda degisim gosterdigi
belirlenmisgtir.

Cizelge 2. GAs uygulamalarinin konsantrasyonlara gore asma tohumlarinin ¢gimlenme oranlarinda meydana

getirdigi degisimler

Table 2. Changes brought about in the germination percentages of grapevine seeds of GAsz applications according

to concentrations

Cimlenme Oranlari

GA3 Konsantrasyonlar: Ramsey X Rupestris du Lot 5 BB X Rupestris du Lot Ort.

0 ppm 48.95 C 50.90 C 49.92 C
500 ppm 55.76 AB 56.92 AB 56.34 AB
1000 ppm 57.72 A 61.54 A 59.63 A
2000 ppm 58.96 A 54.86 BC 56.91 AB
3000 ppm 53.24 B 54.53 BC 53.89 B

zAym siitunda farkli harflerle gosterilen ortalamalar arasindaki farklilik énemlidir (P<0.05).

Cizelge 2de tim ¢imlenme tarihleri birlikte
degerlendirildiginde en ylksek ortalamalarin Ramsey
x Rupestris du Lot melezlerinde 500 ppm (%55,76),

1000 ppm (%57,72) ve 2000 ppm (%58,96)
uygulamalarindan elde edildigi belirlenirken; 5 BB X
Rupestris du Lot melezlerinde en ylksek

ortalamalarin 500 ppm (%56,92) ve 1000 ppm (%61,54)
gruplarindan alindig tespit edilmigtir.

Her iki melez asma popililasyonundan elde edilen
degerlerin ortalamalar1 incelendiginde, tim GAs
konsantrasyonlarinin tohumlarin ¢imlenme
diizeylerinin artirilmasi bakimindan olumlu etki
gosterdigini ortaya koymaktadir. Bununla birlikte en
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yiksek ortalamalarin %59,63 1ile 1000 ppm
uygulamasindan alindigi ve bu degerin 500 ppm
(%56,34) ve 2000 ppm (%56,91) GAs uygulamalar: ile
ayni istatistiksel grupta yer aldigi
belirlenmigtir.Calismadan elde edilen bulgular, GAs
uygulamalarinin tohum ¢imlenmesi tizerine gosterdigi

olumlu etkileri bakimindan literatiirdeki diger
arastirmalarla paralellik géstermigtir. Altintoprak &
Agaoglu (1999), Vinifera X Amerikan tiirleri

arasindaki melezleme galigmalarinda tohum ¢imlenme
oranlarinin %7,4-46,5 arasinda degistigini
saptamiglardir. Yalvac & Kelen (2009), 7 farkh {iziim
¢esidine ait tohumlarin c¢imlenmeleri tizerine farklh
uygulamalarin etkilerini inceledikleri ¢alismalarinda,
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cimlenme orani ve hizi bakimindan, cesitler ve

uygulamalar arasinda 6nemli farklhiliklarin
bulundugunu ve razaki c¢esidine ait en yiiksek
¢cimlenme oraninin GAs uygulamasindan elde

edildigini bildirmislerdir. Calkan (1998), 7 farkh
tiziim cesidine (Alfonse Lavallée, Yalova Incisi, Yalova
Ata Sarisi, Razaki, Osmanca, Italya ve Pembe Gemre)
ait tohumlarin ¢gimlenme oranlari tizerine 0, 250 ve 750
ppm GAs uygulamalarinin etkilerini inceledigi
arastirmasinda; Italya hari¢ diger tim cegitlerde GAs
uygulamalarinin ¢imlenme oranlarini artirdigini ve
750 ppm konsantrasyonun 250 ppm’e oranla daha
etkili oldugunu bildirmistir. Celik (2001), Isabella
(Vitis labrusca L.) tohumlarinda; 0, 500, 1000 ve 1500
ppm olarak uyguladigi GAs’ler icerisinde en etkili
konsantrasyon degerinin 500-1000 ppm araliginda
degistigini saptamistir. Spiegel-Roy (1987), eksojen
GA3 uygulamalarinin 41 B Amerikan asma anacina ait
tohumlarin ¢imlenme oranin1 &6nemli derecede
artirirken; V. vinifera turune ait tohumlar tizerinde
o6nemli bir etkisinin bulunmadigim tespit etmiglerdir.
Sabir & Kara (2011), Kalecik Karas: {iziim cesidi ve 41
B Amerikan asma anacina ait ¢ekirdeklerin
¢imlenmesi tizerine GAs uygulamalarinin etkilerini
arastirmiglardir. Arastirmacilar, her iki genotipte de
1000 ppm GAs uygulamasimin bitki boyunu 6nemli
oranda artirdigini saptamislardir. Celik (2014), Razak:
tzim c¢esidinde 5°C'de 90 ginlik katlama
periyodundan sonra 24 saat sureyle uygulanan 750
ppm GAslUn ¢imlenme oranini artirdigini tespit
ederken; Gelin Uziim c¢esidinde 75 ve 90 ginluk
katlama doéneminden sonra uygulanan 750 ppm
GAsin  tohum g¢imlenme oranmm  artirdigim
kaydetmigtir. Vergili (2019), meyve geligimi
déneminde bor (B) ve ¢inko (Zn) uygulanan ve 24 ya da
48 saat slrelerle GAs soliisyonlarinda bekletilen Eksi
Kara tlzum tohumlarinda, en yiiksek c¢imlenme
oraninin %73.33 olarak; Zn uygulanan ve 48 saat GAs’e
tabi tutulan uygulamalardan alindigini bildirmistir.
GAsUin ¢imlenme tizerindeki olumlu etkileri, asma
disindaki farkli bitki tiirlerinde de tespit edilmigtir.
Gercekcioglu ve Cekic (1999) tarafindan, mahlepte
tohum ¢imlenmesinin arttirilmasi amaciyla
uygulanan; tohum kabugunun kirilmasi, 200, 500 ve
1000 ppm GA; uygulamalari, asitle (H2SO4) asindirma,
sicak suda ve c¢esme suyunda bekletme, arazide
katlama, soguk (2-4°C) ve sicak (20-24°C) ortamlarda
bekletme iglemleri arasindan %93.33 oranla en yiiksek
tohum ¢imlenmesinin 1000 ppm‘lik GAs soliisyonunda
24 saat stire ile bekletildikten sonra 12 hafta stre ile
katlamaya birakilan kabuksuz tohumlardan elde
edildigi bildirilmistir. Alkan ve ark. (2014) tarafindan
yapilan calismada, 24 saat sureyle, farkh
konsantrasyonlarda GAs (0, 25, 50, 100, 150 ppm) ve
Asetil Salisilik Asit (ASA; 0, 250, 500, 750, 1000 ppm)
kombinasyonlarinda bekletilen pikan tohumlarinda
cimlenme oranlarinin %24.44 (50 ppm GAs+0 ppm
ASA) ile %100.00 (150 ppm GAs+500 ppm ASA ve 150
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ppm GAs+750 ppm ASA), ortalama cimlenme
zamaninin ise 26.36 giin (150 ppm GAs+750 ppm ASA)
ile 40.45 giin (100 ppm GAs+0 ppm ASA) arasinda
degistigini bildirilmistir. Okatan (2017), katlama
oncesi 24 saat siireyle farklh konsantrasyonlardaki (0,
100, 200 ve 300 ppm) GAsiin, malta erigi tohumlarinin
¢gimlenme orani, fide randiman1 ve kalite
parametreleri lzerine olumlu etkilerinin
bulundugunu ve en etkili GA3 konsantrasyonunun 300
ppm oldugunu kaydetmislerdir. Oral ve ark. (2020),
GA3 uygulamalarinin, tuz stresi altindaki kinoa
(Chenopodium quinoa Willd.) tohumlarinda ¢imlenme
ve biuylume 6zellikleri tizerine olumlu etki gésterdigini
tespit  etmislerdir. Yapilan calismalar, GAs
uygulamalarinin asma tohumlarinda oldugu gibi farkl
birgok bitki tlriinde de ¢imlenme 6zelliklerinin
iyilestirilmesi bakimindan tegvik edici etkiye sahip
oldugunu ortaya koymaktadir.

SONUC ve ONERILER

Bu c¢alisma, Amerikan kokenli iki farkli asma
kombinasyonuna ait F1 hibrit tohumlarinin ¢imlenme
oranlar1 Uzerine en etkili GAs konsantrasyonunun
belirlenmesi amaciyla gergeklestirilmigtir. Yapilan
incelemelerde, her 1iki melez asma populasyonu
bakimindan en yiiksek ortalamalarin %59,63 ile 1000
ppm konsantrasyonundan alindig1 ve bu degerin 500
ppm (%56,34) ve 2000 ppm (%56,91) GAs uygulamalari
ile ayni istatistiksel grupta yer aldig: tespit edilmigstir.
Arastirma sonugclari, farkli konsantrasyonlardaki GAs
uygulamalarinin Amerikan kokenli melez
tohumlarinda ¢imlenme 6zelliklerinin iyilestirilmesi
bakimindan etkili bir yontem oldugunu ortaya
koymaktadir.  Gergeklestirilen bu  calismanin,
melezlemeyle elde edilen asma tohumlarinin ¢imlenme
diizeyinin artirilmasi amaciyla yurutilecek diger
arastirmalar kolaylastiracagi diigintilmektedir. Aym
zamanda bu ¢aligma, asma germplasm kaynaklarinin
daha etkin gekilde kullanilmasi ve genetik c¢esitlilik
kaybinin  6nlenmesi bakimindan asma anag
1slahgilarinin arastirmalarini kolaylastiracak pratik
bilgiler icermektedir.

Aragtirmacilari Katk: Orani1 Beyan Ozeti

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

catigsmasi olmadigini beyan ederler.
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OZET Bahge Bitkileri

Bu calismada, su stresi altinda yag giilii (Rosa x damascena Mill.)

fidanlarinda meydana gelen morfolojik ve biyokimyasal degisimlerin Aragtirma Makalesi
belirlenmesi amaglanmigtir. Ug farkli sulama seviyesi, serada polietilen

tupler icerisinde bulunan bir yash yag gulu fidanlarina sekiz hafta Makale Tarihgesi

boyunca uygulanmistir. Bunlar; kontrol olarak tam sulama (saks1 tarla Gelig Tarihi  :05.10.2022

kapasitesinin (STK) %1007) ve iki farkh seviyede kisith su uygulamasi Kabul Tarihi :27.02.2023
(STK'nin %50'si ve STK’nin %25'1). Eksilen su miktar: her 3 giinde bir

verilmigtir. Calismada deneme sonunda; fidan boyu, siirgiin sayisi, Anahtar Kelimeler

govde c¢api, yaprak alani ve SPAD degerleri 6l¢tilmustir. Denemenin Fenolik
35., 57. ve 75. giinlerinde yapraklarda klorofil a, klorofil b, klorofil a+b, Flavanoid
toplam fenolik madde ve toplam flavonoid icerikleri analiz edilmistir. Klorofil
Calismadan elde edilen verilere gore fidan boyu ve yaprak SPAD Morfoloji
degerleri kontrol uygulamasinda (%100 SK) nispeten yiiksek (sirasiyla Su stresi

74.13 cm ve 40.86) saptanmistir. En yiiksek siirgiin sayist %25 SK
uygulamasinda (1.55 adet/bitki) belirlenmistir. %50 STK ve %25 STK
uygulamalar: kontrol uygulamaya gore her ti¢ analiz déneminde de
klorofil a, klorofil b ve klorofil a + b, toplam fenolik ve toplam flavonoid
iceriklerini 6nemli 6lgtide duslirmustiir. 35. giin analiz sonuglarina gore
75. giin analizlerinde klorofil igerikleri korunurken, toplam fenolik ve
flavonoid i¢eriklerinde azalma saptanmigtir.

Morphological Responses and Variation of Total Chlorophyll and Phenolic Contents of Oil Rose (Rosa x

damascena Mill.) Saplings under Water-Restricted Stress

ABSTRACT Horticulture
This study aimed to determine the morphological and biochemical )
changes that occur in oil rose (Rosa x damascena Mill.) saplings under Research Article

water stress. Three different irrigation levels were applied to one-year-
old oil rose saplings in polyethylene tubes in the greenhouse for eight

Article History

weeks. These are full irrigation as control (100% of pot field capacity ‘I‘ieceivei ggéggg;g
(PFC)) and two different levels of restricted water treatment (50% of ceoine ol
PFC and 25% of PFC). The amount of water lost was given every 3 days. Keywords
At the end of the trial in the study; plant height, number of shoots, stem Phenolic
diameter, leaf area, and SPAD values were measured. The experiment's .
Flavanoid
35th, 57th, and 75th days were analyzed chlorophyll a, chlorophyll b, Chlorophyll
chlorophyll a+t+b, total phenolic content, and flavonoid contents. Morphology

According to the data obtained from the study, seedling height and leaf
SPAD values were found to be relatively high (74.13 cm and 40.86,
respectively) in the control treatment (100% PFC). The highest shoot
number was determined in 25% PFC treatment (1.55 units/plant). 50%
PFC and 25% PFC treatments significantly decreased chlorophyll a,
chlorophyll b, and chlorophyll a + b, total phenolic, and total flavonoid
contents in all three analysis periods compared to the control
application. According to the results of the 35th-day analysis, while the
chlorophyll content was preserved in the 75th-day analysis, a decrease
was found in the total phenolic and flavonoid contents.

Water stress
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GIRIS

Rosa x damascena Mill. Rosaceae familyasinin Rosa
cinsi igerisinde yer almaktadir. Diinyada Damask
gilli (Sam giilii) olarak bilinen R. x damascena
ekonomik 6nemi yiksek wugucu yag bitkisidir.
Tirkiye’de Pembe yag giilt, Yag giili, Kazanhk guli,
Sam gula ve Isparta guli  olarak da
adlandirlmaktadir (Baydar, 2016; Ozgelik, 2014).
Yabani olarak Suriye, Fas, Endulis, Iran ve
Kafkasya’da yetismektedir (Babaei ve ark., 2007).
Yag gulu basta Turkiye ve Bulgaristan olmak tuzere
Fas, Misir, Iran, Suriye, Hindistan, Pakistan ve
Kafkaslar'da giilyag: elde etmek i¢in enduistri amach
uretilmektedir. Ayrica son yillarda tibbi amagh
yetistiriciligi de s6z konusudur. Bu ulkelerin tretim
miktarlar1 bilinmemektedir. Turkiye’de 2020 yilinda
41.320 da alanda 18.202 ton yag gulu c¢icegi
tretilmistir (TUIK, 2020).

Yag guli; pembe renkli, yarim katmerli ve kuvvetli
kokulu ciceklere sahiptir. Bu ciceklerden (cicek sapi,
cicek oOrti yapraklar1 ve tireme organlari ayirt
edilmeden) elde edilen ucucu yag, kozmetik ve
parfimeri sektériniin 6nemli bir ham maddesini
olusturmaktadir. Gunimiizde gil yagindan gil suyu
ve gul kremi, sabun, parfum, losyon, deterjan, oda
spreylerinin yani sira Van mutfag: gibi bir ¢ok alanda
koku ve tatlandirici olarak kullanilmaktadir (Ozgelik,
2014; Alp ve ark., 2015).

Stres genellikle bitkinin tzerinde negatif etki
olusturan c¢evresel etmen olarak tanimlanmaktadir
(Taiz & Zeiger, 2008). Dogalar1 geregi stres
etmeninden uzaklasarak kaginma gibi yetenegi

olmayan bitkiler, hayvanlardan farkli olarak strese
direkt maruz kalirlar. Bitkilerde stres olusturan
faktorler; abiyotik ve biyotik olmak uzere iki temel
kategoride toplanmaktadir (Gékkaya, 2016). Abiyotik
stres faktorleri; fiziksel ve kimyasal olmak tzere
ikiye ayrilmaktadir. Fiziksel abiyotik faktorler;
kuraklik, sicaklik, radyasyon, su baskini, mekanik
etkiler (riizgar, kar ve buz ortiisti), kimyasal abiyotik
faktorler ise; hava kirliligi, bitki besin elementleri,
pestisitler, toksinler, tuzlar ve pH’ dir. Biyotik stres
faktorleri de; yabani bitkiler, bocekler,
mikroorganizmalar (viriis, bakteri ve mantarlar),
hayvanlar ve hastaliklardir (Lichtenthaler, 1996;
Lawlor, 2002; Kacar ve ark., 2013).

Kuraklik stresi en oOnemli abiyotik  stres
faktorlerinden Dbiridir ve kullanilabilir tarim
alanlarim1  en fazla etkileyen c¢evresel stres

faktérlerinin basinda (%26 oraninda) gelmektedir
(Kalefetoglu & Ekmekci, 2005). Diinyada kurak ve
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yvar1 kurak alanlar, nem eksikliginden ve yiliksek
degiskenlikteki yagistan dolay1 kurakliga daha fazla
maruz kalirlar. Ozellikle yar1 kurak bélgelerde belirli
donemlerde ortaya ¢ikan kuraklik, ¢nemli bir afet
haline dénlisebilmektedir. Ayrica %701 tarimda
kullanilan tatli su kaynaklarinin, nifus artis1 ve
kiiresel 1sinma nedeniyle ciddi sekilde azalmasi
ongorilmektedir. 2050'ye kadar diinyada su talebinin
%55 artacagl rapor edilmistir (Smedley, 2017). Bu
durum kurakhk ile ilgili endigeleri giderek
artirmaktadir. Dramatik olarak yar1 kurak iklim
kusaginda bulunan Turkiye'de de yiikselen sicaklik
ve azalan yagis miktarina bagl olarak meydana gelen
kurakliktan etkilenmektedir (Oztiirk, 2015).

Bitkiler kuraklikla veya su kisit1i ile karsilastigi
zaman morfolojik, fizyolojik ve molekiiler seviyelerde
farkli tepkiler vermektedirler. Bitkiler tarafindan
kuraklik stresine verilen 1lk tepki yaprak su
iceriginde ve turgorda meydana gelen kayiplar
nedeniyle stomalarin kapanmasi seklinde olmaktadir
(Jaleel ve ark.,, 2009; Akinct & Losel, 2012).
Stomalarin kapanmasi1 ve COz igeriginde azalma ile
birlikte stresin siddetine baglh olarak fotosentez de
engellenmekte ve hatta bitki o6limlerine yol
acabilmektedir (Jaleel ve ark., 2009). Yine kurak
kogullarda fotosentezde 6nemli rol oynayan klorofil
pigmentinde bozulmalar meydana gelmektedir
(Anjum ve ark., 2011; Marcinska ve ark., 2013).
Bunun sonucunda bitki biliyime oraninda, goévde
uzamasinda, yaprak alaninda ve stoma ac¢ikliginda
azalma olmaktadir. Buna karsin toprak igerisinde
daha derinlerdeki suya ulagabilmek i¢in koklerde
uzama gorilmektedir.

Turkiye’de yag gulu yetistiriciligi en fazla Goéller
Bolgesi'nde yar alan Isparta ilinde
gerceklestirilmektedir. Ilde, 2020 yilinda 33.175 da
alanda 15.343 ton gul cicegi uretilmistir. Isparta ili
yar1 kurak bir iklim rejimi géstermekte olup, Akdeniz
iklim smiflandirmasina gére kuraklik indeksi
0.98dir. Isparta’da yag guli yetistiriciligi genellikle
sulanmayan 2. 3. ve 4. sinif egimli ve kirag arazilerde
genellikle sulama olmadan yapilmaktadir (Kart ve
ark., 2012). Dolayisiyla sulanmadan yapilan
yetigtiricilikte zaman zaman ilkbahar ve yaz
aylarinda gorilen dlzensiz ve yetersiz yagislar
nedeniyle yasanan kuraklhiklar uretim ve verim
sorunlarina neden olmaktadir. Ayrica 6zellikle yeni
dikilen yag gulu fidanlarinin daha g¢ok etkilendigi ve
kurumalarin meydana geldigi bildirilmektedir. Yag
gilinde yapilan bir calismada, su eksikliginde
verimde ©6nemli azalmalar meydana  geldigi
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belirlenmistir (Ucar ve ark.,, 2017). Yine R.
damascena nin kuraklhiga olan toleransinin
arastirildigi bir ¢aligmada stresle yaprak sayisi ve
yaprak alanimin iligki oldugu bildirilmistir (Babaei ve
ark., 2007).

Bu calismada, yag guliiniin farkh kisith su dizeyleri
ile olusturulan su stresine kars1 gelistirdigi tolerans
bazi morfolojik ve fizyolojik parametreler ile
belirlenmesi amaglanmigtar.

MATERYAL ve METOD

Aragtirma, Isparta Uygulamali Bilimler Universitesi
(ISUBU) Ziraat Fakiiltesi, Tarimsal Arastirma ve
Uygulama Merkezi (TARUM)ne ait yandan manuel
havalandirmali  cam serada, 2017  yilinda
yurutilmustir. Deneme alani1 37.83° enlemi ile 30.53°
boylami arasinda yer almakta olup rakimi 1035 m
civarindadir.  Calismanin  bitkisel  materyalini
Isparta’da (Tirkiye) yetistiriciligi yapilan yag
giiliniin (Rosa x damascena Mill.)’n1 bir yash tiipli
fidanlar1 olusturmustur. Fidanlar igerisinde kum:
toprak: torf ile 1:2:1 oraminda hazirlanan harcla
doldurulmus 8 litrelik 25x50 ¢m boyutlarinda altlar:
delik polietilen tiiplere dikilerek, cam seraya
nakledilmigtir. Denemede kullanilan ortam hafif
alkali, kireci ¢ok yiiksek, tuzsuz, organik maddesi iyi
olup, tinli yapiya sahiptir. Sulama suyunun kalite
sinifi ABD tuzluluk laboratuvari grafik sistemine
gore C2S1 sulamaya elverigli sinifina girmektedir
(Ucar ve ark., 2017).

Arastirmada, saksilarda bulunan bir yasindaki
fidanlara li¢ ay boyunca farkl kisith su uygulamalar:
yapilmistir; 1) Kontrol uygulamasi (%100 saks tarla
kapasitesi), 2) Iki farkl kisith su uygulamasi (%50 ve
%25 saks1 tarla kapasitesi). Sulama uygulamalarina
Eylil aymin basinda (1.09.2017) baslanmis, Kasim
aymnin ikinci haftasi (15.11.2017) son verilmistir.
Sulamalar 3 giinde bir saks1 kapasitesinden eksilen
suyun tamamlanmasi seklinde yapilmigtir.

Metod
Morfolojik 6zellikler

Arastirmada deneme sonunda morfolojik o6zellikler
olarak; bitkilerin fidan boyu (cm) cetvel ile, fidan

govde capr (mm) digital kumpas ile, siirgiin sayisi
(adet/bitki) ana goévde Tiizerinde meydana gelen
siirgiinler sayilarak, yaprak alami (cm?2 autocad
programi ile ve yaprak SPAD degeri bir klorofilmetre
ile (SPAD 502) 6l¢iilmiistiir.

Biyokimyasal 6zellikler

Yaprak Orneklerinin Alinmas:: Fidanlardan tg¢ farkh
dénemde 35. giin, 57. giin ve 75. gin bitki tizerindeki
gelismig yaprak ornekleri alinmis ve bu 6rneklerde
klorofil igerikleri, toplam fenolik ve toplam flavanoid
icerikleri analiz edilmigtir. Yapraklar saf sudan
yikandiktan sonra sivi azot igerisinde dondurulmusg
ve analizler yapilana kadar -80 °C’ de muhafaza
edilmigtir.

Klorofil icerigi, Zhang ve Huang (2013) belirttigi
metoda goére %100 DMF kullanilarak yapilmigtir.
Sonuclar; mg/g olarak ifade edilmistir.

Toplam fenolik madde igerigi, Singleton ve Rossi
(1965)nin belirledigi metoda gore Folin-Ciocalteau
metodu kullanilarak gergeklestirilmigtir. Sonuglar,
Gallik asit standardina goére hesaplanmis ve mg/g
olarak ifade edilmistir.

Toplam flavonoid madde igerigi, Zhishen ve ark.
(1999'nin  belirttigi metoda gore yapilmistir.
Sonuclar, katesin standardina gére hesaplanip mg/g
olarak ifade edilmigtir.

Verilerin Degerlendirilmesi

Deneme Tesaduf Bloklari Deneme Deseninde
Faktoriyel Diizende 3 tekerriirli olarak kurulmustur.
Elde edilen veriler, MINITAB 17 istatistik
programinda tek yonli varyans analiz yontemine tabi
tutulmustur. Ortaya cikan farklilhiklar Tukey coklu
kargilagtirma testine goére saptanarak, ortalamalar

arasindaki  farklar farkli  harfler yardimiyla
gosterilmigtir.
BULGULAR ve TARTISMA

Morfolojik 6zellikler: Deneme sonunda morfolojik
Olciimler olarak fidan boyu, gévde ¢api, stiirgiin sayisi,
yaprak alami ve yaprak SPAD degerleri belirlenmis,
sonuclar Cizelge 1’de sunulmustur.

Cizelge 1. Su stresi uygulamalarinin fidan boyu, gévde ¢api, yaprak alani ve yaprak SPAD degeri Uzerine etkileri
Table 1. The effects of water stress treatments on saplings height, stem diameter, leaf area and leat SPAD value

Su Stresi Fidan Boyu Govde Capt  Surgiin Sayis1  Yaprak Alam1 Yaprak SPAD
Uygulamalar (% STK)  (cm) (mm) (adet/bitki) (cm?) Degeri

100 (Kontrol) 74.13+1.88 5.48+0.26 1.11+0.22 10.21+0.14 40.86a*+1.86
50 70.25+4.63 5.92+0.28 1.25+0.28 10.50+0.95 34.60b+2.65
25 72.67+3.01 5.56+0.10 1.55+0.22 9.49+0.82 36.49ab+2.02

STK: Saks: Tarla Kapasitesi; *: Ayni siitun icerisinde ayn1 harfle gésterilen ortalamalar arasinda istatistik anlamda fark yoktur (p<0.05).

boyunun ve yaprak alanminin su stresi ile birlikte

Su stresinin bitki biylimesi ve gelismesini azalttig
azaldig1 ortaya konmustur (Fernandez ve ark., 1997;

bilinmektedir ve yapilan bir¢ok calismada da bitki
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Arzani & Arji, 2000; Babalik, 2012; Cerci, 2012;
Kiiciikyumuk ve ark., 2015; Giir, 2018). Bu ¢alismada
fidan boyu, gévde ¢api, siirgiin sayis1 ve yaprak alani
bakimindan farkli su diizeyi uygulamalar1 arasinda
onemli farklar cikmamistir (Cizelge 1). Ancak
nispeten en yiiksek fidan boyu (74.13 cm) tam
sulamanin yapildig1 kontrol bitkilerinde 6l¢tilmiistiir.
Yag gulunde yapilan bir calismada %50 su kisiti
uygulamasinin  kontrol uygulamasina goére bitki
boyunu oOnemli derecede azalttigi belirlenmigtir
(Hassan ve ark., 2018). Ayrica en diisiik yaprak alam
degeri %25 STK uygulamasinda (9.49 cm?)
saptanmigtir. Calismada, fidanlarin biyime ve
gelismesi bakimindan uygulamalar arasinda belirgin
farklar olusmamistir. Ancak ozellikle %25 STK su
stresi uygulanan fidanlarin goévdelerinde daha fazla
sirgiin ve diken olustugu gozlemlenmisgtir. Bu
calismada, morfolojik  6zelliklerde su  stresi
uygulamalar1 arasinda belirgin farklarin olusmamasi
yag giliinin kurakliga toleransinin yiksek olmasi ve
kisith sulama yapilan fidanlarin suyu etkin
kullanmasina baglanabilir. Nitekim yag gilinde
yapilan bir c¢alismada en yiksek su kullanim
randiman1 (WUE) %40 su kisiti altinda bulunan
bitkilerde saptanmistir (Ucar ve ark., 2017). Diger
baz1 turlerde de benzer sonuglar bildirilmigtir.
Ornegin ponderosa ¢cami (Pinus ponderosa Dougl.) ve
biyiik adacay1 (Artemisia tridentata Nutt.) iizerine
yapilan bir bagska c¢alismada, kurakhik altinda
yetistirilen bitkilerin iyi sulananlara gore daha fazla
WUE degerine sahip oldugu bildirilmistir (Delucia &
Heckathorn, 1989).

SPAD bitki yapraklarimin klorofil diizeyini 6l¢gen bir
klorofilmetredir. Yapragin yesil renk yogunlugu
(SPAD degeri) ile toplam klorofil icerigi arasinda
yakin iligki bulunmaktadir (Erdal ve ark., 2014).
Kurak kogullarda fotosentezde o6nemli rol oynayan
klorofil pigmentinde bozulmalar meydana
gelmektedir (Anjum ve ark., 2011; Marcinska ve ark.,
2013). Yapilan varyans analiz sonuclarina gore

uygulamalar arasinda sadece SPAD degerinde énemli
diizeyde farklihik bulunmustur (Cizelge 1). Buna gére
en yiksek SPAD degeri %100 STK kontrol
uygulamasinda saptanmig olup, %50 STK ve %25
STK uygulamalar1 SPAD degerlerini 6nemli derecede
distirmistir. Benzer sonuglar 6nceki ¢alismalarda da
bildirilmistir (Cerci, 2012; Bolat ve ark., 2014;
Pouyafard ve ark., 2016; Alaboz ve ark., 2017; Faaek,
2018; Giir, 2018).

Klorofil Icerikleri: Calismada, su stresi altinda yag
gulu yapraklarinin klorofil a, klorofil b ve klorofil a+b
icerikleri belirlenmig, sonucglar Sekil 1, 2 ve 3te
sunulmustur. Yapilan varyans analiz sonuglarina
gére her U¢ analiz doneminde de uygulamalar
arasinda 6nemli duzeyde farklar gickmigtir. Kisith su
uygulamalar1 kontrol uygulamaya gore Kklorofil
iceriklerini 6nemli derecede linear sekilde azaltmagtir.
Buna gore her ti¢ dénemde de en yiiksek klorofil a
(sirasiyla, 28.85, 27.81 ve 28.83 mg/g), klorofil b
(sirasiyla, 53.261, 53.595 ve 52.565 mg/g) ve klorofil
a+b (sirasiyla 82.120, 81.409 ve 81.404 mg/g) icerigi
%100 STK uygulamasinda belirlenirken, en diisik
klorofil a (sirasiyla, 26.37, 26.14 ve 26.80 mg/g),
klorofil b (sirasiyla 51.417, 51.414 ve 50.537 mg/g) ve
Kklorofil a+b (sirasiyla 77.802, 77.557 ve 77.344 mg/g)
icerikleri ise %25 STK uygulamasinda bulunmustur.
Her ti¢ uygulamada da dénem ilerledikge klorofil a+b
icerikleri nispeten azalmistir (Sekil 1, 2 ve 3).
Bununla birlikte klorofil a igerigi her ti¢ uygulamada
da 35. giin analizlerine goére 57. gliinde azalma
gosterirken, 75. gunde tekrar artmistir. Bu artis
kontrol uygulamada 35. giin analizleriyle benzer
seviyede; %50 STK ve %25 STK uygulamalarinda ise
nispeten yiiksek seviyede gerceklesmistir. Buna
kargin klorofil b igerigi ise 35. giin analizlerine gére
57. giinde artarken, 75. giinde azalmistir. Bu azalma
35. gun analizlerinden daha dusik seviyede
olmustur. Klorofil a+b icerigi de 57. ginde azalirken,
75. giinde benzer seviyede kalmistir (Sekil 1, 2 ve 3).

KLOROFILA

%100 STX

295

25,5

25

245
35. GUN

XS0 STK %25 STX

57. GUN 75. GUN

Sekil 1. Farkli su diizeylerinde klorofil a (mg/g) iceriginin dénemlere gére degigimi
Figure 1. Changing chlorophyll a (mg/g) content according to periods at different water levels
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Sekil 2. Farkli su diizeylerinde klorofil b (mg/g) iceriginin dénemlere gére degisimi
Figure 2. Changing chlorophyll b (mg/g) content according to periods at different water levels
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Sekil 3. Farkli su diizeylerinde klorofil a+b (mg/g) iceriginin dénemlere gore degisimi
Figure 5. Changing chlorophyll a+b (mg/g) content according to periods at different water levels

Klorofiller (yesil pigmentler) fotosentetik canlilarda
bulunan tipik pigmentlerdir ve 1s1k sogurma, enerji
ve elektron aktarimi gibi gorevlerde rol alirlar
(Gulser & Alp, 2019). Yesil bitkilerde fotosentezde
o6nemli rol oynayan pigmentler klorofil a ve klorofil
b’dir. Klorofiller metabolik birtakim reaksiyonlar
sonucu sentezlenirler (Taiz & Zeiger, 2008). Su
klorofil sentezi i¢in en 6nemli faktorlerden biridir ve
bitkideki su miktari protoklorofillerin oranini énemli
derece etkilemektedir. Hatta az bir su kisitlamasinda
pigment olusumu oOnemli o6l¢iide azalabilmektedir
(Virgin, 1965). Yapilan bircok calismada kuraklik
stresi altinda klorofil miktarinda azaliglar oldugu
saptanmigtir. (Ali ve ark., 2014; Cerci, 2012;
Sibomana ve ark., 2013; Bolat ve ark., 2014; Faaek,
2018; Demir & Basayigit, 2020; Binici ve ark., 2022;
Demir & Basayigit, 2022). Cerci (2012)’ye atfen
kuraklik stresinin altindaki bitkilerde Kklorofilin
azalma sebebi olarak aktif oksijen radikallerinin
kloroplastlara zarar vermesinden ileri gelmektedir.
Bu caligmada da diger ¢calismalarla uyumlu olarak su
stresi altindaki fidanlarda hem klorofil a hem klorofil
b hem de klorofil a+b 6nemli derecede dusmiustur.
Benzer sgsekilde yag gillinde yapilan baska bir
calismada da %50 su diizeyi uygulamasinin klorofil
igerigini Onemli derecede azalttig1 belirlenmistir
(Hassan ve ark., 2018). Nitekim bu calismada
uygulanan su dizeyi ile Kklorofil igerigi arasinda
onemli iligki cikmistir (Sekil 4, 5 ve 6). Buna gore
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klorofil a, b ve atb igerikleri uygulanan su diizeyi
miktarinin azalmasiyla birlikte dogrusal olarak
azalmigtir. Bu durum klorofil icerigi ile su arasindaki
iligkiyi acikca ortaya koymaktadar.

Toplam Fenolik ve Toplam Flavonoid: Bu ¢aligmada,
su stresi altinda yag gili yapraklarinin toplam
fenolik ve toplam flavonoid madde icerikleri
belirlenmisg, sonuclar Sekil 7 ve 8de gosterilmigtir.
Yapilan varyans analiz sonuglarina gore bu é6zellikler
bakimindan her ti¢ analiz déneminde de uygulamalar
arasinda o6nemli dizeyde farklar cikmis ve toplam
fenolik ve flavonoid madde igerikleri, %50 STK ve
%25 STK uygulamalarinda, kontrol uygulamaya gore
(%100) 6nemli diizeyde azalmistir. Buna gére en
yuksek toplam fenolik ve toplam flavonoid madde
icerikleri her 1U¢ dénemde de %100 STK
uygulamasinda (sirasiyla, 10.314 ve 2.500, 9.120 ve
2.095, 7.144 ve 1.756 mg/g) saptanmistir. En disiik
toplam fenolik ve flavonoid madde igerigi ise %25
STK uygulamasinda (sirasiyla 5.782 ve 1.165, 5.675
ve 1.101, 3.196 ve 1.011 mg/g) belirlenmistir.

Kontrol uygulamasinda doénem ilerledik¢e toplam
fenolik madde icerigi giderek azalmistir (Sekil 7).
Bununla Dbirlikte %50 STK ve %25 STK
uygulamalarinda toplam fenolik madde igerigi 35.
glin analizlerine gore 57. giinde benzer seviyeler
gosterirken 75. glinde yari1 yariya varan bir sekilde
azalmistir. (Sekil 7). Toplam flavonoid madde icerigi



KSU Tarim ve Doga Derg 26 (4), 778-787, 2023
KSU J. Agric Nat 26 (4), 778-787, 2023

Aragtirma Makalesi
Research Article

ise her li¢ uygulamada da dénem ilerledik¢e azalma
gostermistir (Sekil 8). Ancak bu azalma %50 STK ve

%25 STK uygulamalarinda
gerceklesmistir.

disik degerlerde

Sekil 4. Farkli su diizeyi uygulamalari ile klorofil a (mg/g) icerigi arasindaki iliski
Figure 4. The relationship between different water level treatments and chlorophyll a (mg/g) content

Sekil 5. Farkli su diizeyi uygulamalari ile klorofil b (mg/g) icerigi arasindaki iliski
Figure 5. The relationship between different water level treatments and chlorophyll b (mg/g) content

Sekil 6. Farkl su diizeyi uygulamalari ile klorofil a+b (mg/g) icerigi arasindaki iliski
Figure 6. The relationship between different water level treatments and chlorophyll a+b (mg/g) content

Toplam fenolik ve toplam flavonoid madde icerikleri
ile su duzeyi arasindaki iligki 6nemli ¢ikmigtir. Buna
gore toplam fenolik ve falvonoid madde igerikleri,
uygulanan su diizeyi miktarinin azalmasiyla birlikte
dogrusal olarak azalmistir (Sekil 9 ve 10).

Bitkilerde bulunan antioksidant savunma
mekanizmalarindan biri de fenolik bilesiklerdir.
Bitkilerde polifenollerin sentezi ve birikmesi biyotik
(Naczk & Shahidi, 2004) ve abiyotik stres kosullarina
bir cevap olarak goriilmektedir (Navarro ve ark.,
2006). Yapilan calismalarda stres kogullar: altindaki
bitkilerde genelde fenolik bilesiklerin (fenolik asitler

ve flavonoidler) miktarinda artislar meydana geldigi
bildirilmistir (Giir, 2018; Babalik, 2012; Biiyiik ve
ark., 2012; Yildirim ve ark., 2021). Bu calismada hem
toplam fenolik igerigi hem de toplam flavonoid icerigi
su stresi uygulanan fidanlarda (%50 SK ve %25 SK)
tam sulama yapilan fidanlara gére énemli derecede
azalmigtir. Calisma sonuclar1 stres kosullar1 altinda
fenolik Dbilesiklerin arttigin1 bildiren literatir ile
benzerlik gostermemistir (Bolat ve ark., 2014; Giir,
2018). Bu durum yag giiliinde fenolik bilegenlerin
sentezinde rol oynayan enzimlerin su stresi altinda
yeteri kadar aktive olmamasindan kaynaklanmig
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TOPLAM FENOLIK MADDE (MG/G)
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Sekil 7. Farkl su diizeylerinde toplam fenolik madde (mg/g) iceriginin dénemlere gére degisimi
Figure 7. Changing total phenolic (mg/g) content according to periods at different water levels
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Sekil 8. Farkl su diizeylerinde toplam flavonoid madde (mg/g) iceriginin dénemlere gére degisimi
Figure 8 Changing total flavonoid (mg/g) content according to periods at different water levels
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Sekil 9. Farkli su diizeyi uygulamalar ile toplam fenolik madde icerigi arasindaki iligki
Figure 9. The relationship between different water level treatments and total phenolic content

Toplam Mavonoid (m

Sekil 10. Farkl su diizeyi uygulamalari ile toplam flavonoid madde igerigi arasindaki iligki
Figure 10. The relationship between different water level treatments and total flavonoid content
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olabilir. Buna kargin bazi arastiricilar su stresi
altindaki bitkilerde fenolik bilegenlerde dugsmeler
belirlemiglerdir. Nitekim Aninbon ve ark. (2016),
kuraklik stresi altindaki yer fistiginin tohumlarinda
toplam fenolik igeriklerin azaldiginmi bildirmigstir. Yine
Kusvuran ve ark. (2011), siddetli su stresi altinda (%0
TK) toplam flavonoid igeriginin Bn 150 cesidinde

arttigini, Bn 16 c¢esidinde ise  azaldigini
belirlemiglerdir.

SONUG ve ONERILER

Bu c¢alisma 1ile sera kogullarinda, yag gulu

fidanlarinin yapraklarinda klorofil icerikleri, toplam
fenolik ve toplam flavonoid icerikleri ile baz
morfolojik 6zellikler incelenmigstir. Sonugta deneme
sonunda kisith su stresi uygulanan yag giliu
fidanlarinin blyiime ve gelismesinde ve genel
canlihiginda énemli farkliliklar gérilmemigstir. Ancak

ozellikle %25 su stresi uygulanan fidanlarin
govdelerinde daha fazla diken olustugu
gozlemlenmistir. Calismada, kisith su  stresi

uygulamalar1 tam su (kontrol) uygulamalarina gore
toplam Kklorofil, fenolik ve falavonid igeriklerini
onemli derecede azaltmistir. Bununla birlikte toplam
fenolik madde igeriginin %50 STK ve %25 STK
uygulamalarinda 35. giin ve 57. glin analizlerinin
benzer seviyelerde kaldigi hatta %50 STK
uygulamasinda nispeten artig gosterdigi gorulmustiir.
75. giin analizlerinde ise yari yariya varan bir azalma
saptanmigtir. Toplam flavonoid madde icerigi
bakimindan ise stres uygulamalarinda dénem
ilerledik¢e azalma meydana gelmis, ancak bu azalma
diisuk degerlerde gergeklesmistir. Bu sonuglar, kisith
su stresi altinda yag guli fidanlarinin stresin
ozellikle ilk iki ayinda azalan toplam fenolik ve
flavonoid i¢eriklerini korumaya c¢alisarak, strese kars:
koymaya calistiklarini gosterebilir. Bu noktada yag
gilinde su stresi altinda fenolik bilegenlerin tepkisi
ile ilgili daha ayrintili galigmalara ihtiyac vardir.
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Bu c¢alisma; 2016-2017 yillar1 arasinda Gaziantep, Kahramanmarag ve

Adiyaman illerinde, Badem bahcelerinde o6nemli diizeyde verim Aragtirma Makalesi
kayiplarina neden olan badem i¢ kurdu Euytoma amygdali Enderlein

(Hymenoptera: Eurytomidae)'nin bulasiklik orani ile parazitoitlerinin Makale Tarihgesi
belirlenmesi amaciyla yurutilmistir. Calismanin yapildigr badem Gelig Tarithi  :11.04.2022
bahgelerinde ki E. amygdali'nin genel bulasiklik oraninin % 24.26-47.33 Kabul Tarihi :12.08.2022

arasinda oldugu belirlenmigtir. En fazla bulasiklik orani1 2017 yilinda
%47.33 ile Sehitkamil ilgesinde saptanirken; en diisiik bulasiklik orani
ise 2016 yilinda % 24.26 ile Oguzeli ilgesinde tespit edilmistir. Ayrica
calisma bolgesinde E. amygdalimin parazitoiti olarak Adontomerus
amygdali (Boucek, 1958 (Hymenoptera: Torymidae), Aprostocetus
bucculentus (Kostjukov) (Hymenoptera: Eulophidae) ve Gugolzia
bademia (Doganlar) (Hymenoptera: Pteromalidae) tiirleri belirlenmis
olup bu parazitoit tiirlerinin popiilasyon yogunlugunun zararliy: kontrol
edebilecek diizeyde olmadigi ortaya konmustur.

Anahtar Kelimeler
Badem

Furytoma amygdali
Badem i¢ kurdu
Bulasiklik orani
Parazitoit

Infestation Rate and Parasitoids of Almond Seed Wasp Eurytoma amygdali Enderlein (Hymenoptera:
Eurytomidae) in Gaziantep, Kahramanmarag and Adiyaman Provinces.

ABSTRACT Entomology

This study was carried out to determine the infestation rate and

parasitoids of the almond borer Euytoma amygdali Enderlein Research Article
(Hymenoptera: Eurytomidae), which causes significant yield losses in . .

almond orchards, in Gaziantep, Kahramanmaras and Adiyaman Artch € H1story.

provinces between 2016 and 2017. It was determined that the general Received ) 11.04.2022
infestation rate of E. amygdali in the almond orchards where the study Accepted +12.08.2022
was conducted was between 24.26-47.33%. The highest rate of infestation Keywords

was found in Sehitkamil district with 47.33% in 2017; The lowest Almond

infestation rate was found in Oguzeli district with 24.26% in 2016. In Burytoma amygdali
addition, Adontomerus amygdali (Boucek, 1958 (Hymenoptera: Aol Peedl Winas
Torymidae), Aprostocetus bucculentus (Kostjukov) (Hymenoptera: Infection rate

Eulophidae) and Gugolzia bademia (Doganlar) (Hymenoptera) species Parasitoid

were determined as the parasitoid of E. amygdali in the study area. It
has been revealed that the population density of these parasitoid species
is not at a level that can control the pest.
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GIRIS

Badem Anadolunun en eski meyvelerinden biri
olmakla birlikte anavatani Orta Asya ve Bat1 Asya’dir
(Kiiden ve ark., 2000). Tirkiye'de Karadeniz
bélgesinin kiy1 kesimleri ve yiliksek yaylalar harig her

bolgede badem yetigtiriciligi rahatlhkla

yapilabilmektedir (Kiiden ve ark, 2014).

Diinyada toplam 2.162.263 hektarlik bir alandan
4.140.043 ton badem tiretilmektedir. Amerika Birlegik
Devletleri 2.370.021 ton tretim ile Dunya’da ile ilk
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siray1 alirken onu sirasiyla 416.950 ton ile Ispanya ve
221. 886 ton badem ftretimi ile Avustralya
izlemektedir. Komsumuz Iran 164.348 ton badem
uretim oram ile 4. sirada yer alirken Tirkiye ise
159.187 ton badem iiretimi ile diinyada 5. sirada
bulunmaktadir  (Anonymous,  2020). Badem
yetigtiriciligi en fazla Ege bolgesi, Akdeniz bolgesi ve
Gineydogu Anadolu bolgesinde yapilmaktadir.
TUIK’in 2020 verilerine gore Ege bolgesi 120.245
dekar badem alanmi ve 34.231 ton badem tiretimine
sahipken; Akdeniz bolgesi 104.076 dekar badem alani
ve 49.928 ton badem tlretimine sahiptir. Gineydogu
Anadolu bolgesinde ise 165.674 dekar badem alaninda
toplam 36.847 ton badem turetimi yapilmaktadir
(Anonim, 2020).

Badem bahgelerinde verim ve kaliteyi etkileyen bir¢ok
faktor vardir. Bu faktorlerin basinda ise zararli ve
hastaliklar gelmektedir. Diinyada badem zararlilar: ve
hastaliklar ile ilgili bircok calisma yapilmistir (Ivanov
ve ark., 1962; Barnet, 1965; Vasileva, 1974; Talhouk,
1977; Russo ve ark., 1993; Adaskaveg ve ark., 1998;
Dicenta ve ark., 2003). Tiirkiye’de ise; ekonomik 6neme
sahip olan badem turetiminde verimini azaltan zararl
bocek tiirleri ile ilgili baz1 ¢alismalar bulunmaktadir
(Nizamlioglu, 1961; Ekici & Giinaydin 1969; Macan,
1986; Bolu & Cinar, 2005; Bolu & Ozgen, 2007; Bolu &
Ozgen, 2010). Bolu ve ark. (2005), 2002-2004 yillarinda
Guneydogu ve Dogu Anadolu badem bahcelerinde
bulunan bécek faunasini ortaya cikartmak amaciyla
bir c¢alisma yurUtmuslerdir. Elazig, Diyarbakir ve
Mardin illerinde bulunan badem bahgelerine mart-
kasim aylar1 arasinda sorveyler diizenlenmigtir.
Yapilan bu sérveyler sonunda 11 takim, 56 familyaya
ait toplam 205 bocek tiirta tespit edilmigtir. Calismada
eudominant takimlar Coleoptera ve Heteroptera
takimlar: olurken dominant takimin homoptera, alt
dominant takimlarin ise Hymenoptera ve Lepidoptera
takimlari oldugu bildirilmistir.

Diinyada yapilan bir¢ok ¢alismada badem alanlarinda
Eurytoma amygdali Enderlein (Hymenoptera:
Eurytomidae), (Badem i¢ kurdu) ana zararh
durumunda oldugu bildirilmistir. Nizamhoglu (1961),
Badem ickurdunun Antalya ili badem bahcelerinde
zarar meydana getirdigini; Ekici ve Glnaydin ise
(1969) badem i¢ kurdunun Elazig, Mardin, Bingél ve
Tunceli illerinde yaygin ve bulagiklik oraninin %50’nin
tuzerinde oldugunu tespit etmiglerdir. Diinya’da ise
Ivanov (1962), Bulgaristan’da badem alanlarinda
badem igkurdunun bulagsma oraninin %50 civarinda
oldugunu belirtmigtir.

Furytoma amygdalinin parazitoitleri hakkinda ise
Diinya’da Puzanowa-Malysheva (1936), E.
amygdalinin parazitoiti olarak 7orymus eurytomae
(Hymenoptera:Torymidae)’yi ilk kez kayit altina
almigtir. Doganlar ve Bolu (2004), Elaz1g ilinde badem
i¢c  kurdunun  parazitoiti = Gugolzia  bademia
(Hymenoptera, Ptermalidae) tiiriini ilk kez
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belirlemislerdir. Bolu ve Ozgen (2007) ; Mardin, Elazig
ve Diyarbakir illerinde yuruttiikleri ¢alismada ise
zararlinin parazitoiti olan Adontomerus amygdali ve
Aprostocetus bucculentus turlerini elde etmiglerdir.
Lotf Alizadeh ve ark. (2008) Iran’da bulunan badem
bahgelerinde yurittikleri ¢alismada zararlinin
parazitoitleri olan Gugolzia bademia (Hymenoptera,
Pteromalidae) (Doganlar) ve Aprostocetus bucculentus
(Hymenoptera, Eulophidae) (Kostjukov)'u kayit altina
almiglardir. Abdul-Rassoul ve Mohammed (2017), ise
E.  amygdalinin dogal dismanlarindan olan
Adontomerus amygdali (Hymenoptera, Torymidae)
turint ilk kez Irak, Erbil bolgesinde kayit etmiglerdir.

Bu c¢alismada Gaziantep, Kahramanmaras ve
Adiyaman illerindeki badem bahgelerinde ana zararh
durumundaki badem i¢ kurdunun bulasma orani ve
parazitoitlerinin belirlenmesi amaclanmigtir. Boylece
badem uretiminin yogun olarak yapildigi ve kapama
bahg¢e sayisimin surekli arttigr calisma bolgesindeki,
ana zararlh ile 1ilgili durum net olarak ortaya
konulmustur.

MATERYAL ve METOT

Calismanin ana materyalini; Gaziantep (Oguzeli,
Sahinbey, Sehitkamil ilceleri) Kahramanmarag
(Pazarcik ilcesi) ve Adiyaman (Besni ilgesi) illerinde
bulunan badem bahgeleri, bu bahgelerden elde edilen
béceklerin ergin ve ergin oOncesi donemlerine ait
ornekler ile badem agaglarindan alinan meyve
ornekleri olugturmustur.

FEurytoma amygdalinin parazitoitlerinin belirlenmesi

Calismanin yuruatildigu ilcelerdeki badem
bahgelerinde bulunan ve zararlinin ergin &ncesi
dénemleri ile bulagik oldugu tahmin edilen toplam
7.050 meyve, 2016-2017 yillarinda tek tek toplanarak
buz kutusu igerisinde laboratuvara getirilmigtir.
Burada farkh buytkliuklerdeki kultir kavanozlarinda
kiiltire alinmistir (Sekil 1). Kiltir kavanozlar
laboratuvarda giinde iki kez kontrol edilmis ve ¢ikig
yapan parazitoitler kultir kavanozlarindan agiz
aspiratori yardimiyla uzaklastirilmistir. Elde edilen
bireyler etiketlenmis ve konu uzmanina teshis i¢in
gonderilmigtir.

Furytoma
belirlenmesi

amygdalinin bulagiklik oraninin

Furytoma amygdalinin c¢alismanin yuratildagi
ilgedeki bulasma oranini belirlemek i¢in yapilan
orneklemeler deneme bahgelerini temsil edecek
sekilde bahgedeki agacglarin %10u {izerinden
yapilmistir. Orneklemelerde tesadiifen secilen her
agacin farkli dort yoninde 50-60 cm uzunlugunda ki
sirgiinde bulunan saglam ve bulagik meyveler
toplanmis olup buz kabi1 icerisinde laboratuvara
getirilmigtir. Laboratuvara getirilen meyveler tek tek
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kirilarak kontrol edilmig ve bu sekilde bulagiklik oran
belirlenmigtir. Bulasiklik oraninin belirlenmesinde
birgok c¢alismada kullanilan asagidaki formiulden
yararlanmilmistir (Mamay ve ark., 2014; Mamay ve
ark., 2016; Mamay, 2018).

Bulasik Meyve Sayisi

Bulasiklik Orani (%) = X100

Kontrol Edilen Toplam Meyve Sayisi

-l
—_— ™ -.!‘H:-_" -

=

-
W .
-

Sekil 1. Kiiltire alinan badem meyveleri
Figure 1. Cultivated almond fruit

Cizelge 1. E.amygdalinin 2016 yil1 genel bulagsma orani
Table 1.Overall infection rate of E.amygdali in 2016

BULGULAR ve TARTISMA
Eurytoma amygdalinin bulagiklik orani

Calismanin yuratildiga 5 farklh ilgede badem
bahcelerinin tamaminin zararhh ile bulasik oldugu
belirlenmigtir. 2016 yilinda toplam 3.602 meyve
hasattan hemen 6nce bahcelerden toplanmigtir. Daha
sonra laboratuvarda bu meyveler tek tek kirilarak
bulagik olup olmadiklari tespit edilmistir.

Cizelge 1’de gorildigi gibi 2016 yili genel bulasiklik
orani %24.26-41.65 arasinda degismektedir.

En yiiksek bulagiklik orani % 41.65 ile Gaziantep ilinin
Sehitkamil ilgesi olurken, en diigsiik bulagiklik orani ise
% 24.26 ile Gaziantep’in Oguzeli il¢esinde tespit
edilmigtir.

Calismanin 2. yili olan 2017 yilinda ise badem
bahcelerinden toplam 4.735 meyve toplanmistir. Bu
meyveler yine tek tek kirilmak sureti ile bulagiklik
orani belirlenmistir.

Cizelge 2’de gorildugu gibi 2017 yilinda genel bulagikli
orani %29-47.33 arasinda degismektedir. Bulagiklik
orani bir onceki yila goére bazi bolgelerde artis
gostermis olup calismanin yapildigr alanlardaki
ortalama bulagiklik orani %36.04 olmustur. En yuksek
bulagiklik oram1i % 47.33 ile Gaziantep ilinin
Sehitkamil ilgesinde goriliirken; Adiyaman ilinin
Besni ilgesi ise %29 ile en az bulagiklik oraninin
belirlendigi ilge olmustur.

il Tige Toplam Meyve  Bulagik Meyve Bulagiklik Orani (%)
Province District Total Fruit Infested fruit  Infestation rate (%)
Gaziantep Sahinbey 726 206 28.37
Gaziantep Sehitkamil 749 312 41.65
Gaziantep Oguzeli 647 157 24.26
Adiyaman Besni 640 201 31.40
Kahramanmaras Pazarcik 840 348 41.43
Cizelge 2. E.amygdalinin 2017 yili genel bulagma orani
Table 2. Overall infection rate of K.amygdali in 2017
il Tice Toplam Meyve  Bulagik Meyve Bulagiklik Oranm (%)
Province District Total Fruit Infested fruit  Infestation rate (%)
Gaziantep Sahinbey 790 240 30.38
Gaziantep Sehitkamil 860 407 47.33
Gaziantep Oguzeli 950 358 37.68
Adiyaman Besni 1055 306 29
Kahramanmaras Pazarcik 1080 387 35.83
Daha 6nce Elazig, Diyarbakir ve Mardin illerinde Bolu gostermektedir.

ve Ozgen (2007), tarafindan yapilan calismada genel
bulagiklik oraninin  %30-60 arasinda degistigi
bildirilmistir. Ayrica Ekici ve Giinaydin (1969); Elazig,
Mardin, Tunceli ve Bingél'de yuruttigu c¢alismada
bulagsma  oranmmin %50 civarinda  oldugunu
belirlemistir. Elde edilen bu sonucglar ile ¢alismada
elde edilen bulagiklik oranlar1 birbirine paralellik
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Barut (2007), Kahramanmaras ilinde E. amygdalinin
farkli badem cesitlerindeki zarar oranlarinin gegitlere
gore degistigini ve zarar oraninin %1 ile % 88 arasinda
oldugunu bildirmistir. Tolga ve Yoldas (2018) Mugla ve
Manisa illerinde yaptiklari ¢alismada E. amygdalinin
bélgede en diisiik meyve bulagiklik oraninin % 0.10 ile
Akhisar ilgesinde 2016 yilinda 2 nolu bahcede
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(Sarnig), en yiiksek bulagiklik oraninin ise % 86.30 ile
Fethiye ilcesinde 2014 yilinda 4 no’lu bahcede (Temel)
saptamiglardir.

Diinyada ise Mentjelos ve Atjemis (1970) tarafindan
Yunanistan’da yurutiilen ¢alismada bulagma oraninin
%35-79 arasinda degistigini belirtmiglerdir. Baktir ve
Aker (2015), Kibris'ta zararh yiiziinden meydana gelen
meyve kaybinin % 40’larin tzerinde oldugunu; Cakar
(1980) ise, Makedonya’da badem meyvelerinde olusan
zarar1 % 71 olarak tespit etmigtir. Haltrich ve Viktor
(1998), Macaristan’da Buda daglarimin giiney
yamaglar1 tzerinde ki badem agaglarinda zararlinin
1997 yilinda  gozlemlendigini  belirterek  E.
amygdalinin sebep oldugu zararin oranin genis bir
aralikta %10-78 arasinda degistigini belirtmiglerdir.
Calismada elde ettigimiz bulasiklik oranlarinin
diinyada elde edilmis olan oranlar ile benzerlik
gosterdigi gorulmektedir.

Furytoma amygdalinin Parazitoitlerin Belirlenmesi

FEurytoma amygdalinin parazitoitlerinin belirlenmesi
icin zararh ile bulasik oldugundan siiphelenilen ve
zararlinin ergin 6ncesi donemlerinin bulundugu bitki
kisimlari laboratuvara getirilmis, farkl
buyukluklerdeki kultur kavanozlarinda kulture
alinarak parazitoit ¢ikisi saglanmigtar.

Calismanin yuriutaldiaga 2016 yilinda 4.629 adet
zararli ile bulagsik oldugu distinilen meyveler
toplanarak laboratuarda kulture alinmistir. Kualtire
alinan meyvelerden cikan erginler teghis i¢in konu
uzmanina gonderilmistir. Elde edilen parazitoitler;
Adontomerus amygdali (Boucek, 1958) (Hym.:
Torymidae) ve Aprostocetus bucculentus (Kostjukov)
(Hym.: Eulophidae) tiirleri olmustur. Adontomerus
amygdali galismanin yliritildigi 5 ilge iginden sadece
Sahinbey, Sehitkamil ve Besni ilcelerinden elde
edilirken, Sahinbey 1ilgesinde 788 meyveden 29,
Sahitkamil ilcesinden toplam 766 meyveden 14 adet ve
Besni ilgesinden 1455 meyveden 64 adet A. amygdali
cikig1 gerceklegsmistir. Elde edilen diger parazitoit tiir
olan A. bucculentusdan ise sadece Besni ilgesinden
kiltiire alinmis olan 1455 meyveden 83 adet elde
edilmistir. Genel olarak ¢ikis yapan parazitoit sayisina
gore parazitleme oraninin oldukc¢a disik oldugu
ortaya konmustur (Cizelge 3).

2017 yilinda ise badem alanlarindan toplam 2.421
meyve laboratuarda kiiltire alinmistir. Elde edilen
parazitoit tiirler; A. amygdali (Boucek, 1958) (Hym.:
Torymidae), A. bucculentus (Kostjukov) Hym.:
Eulophidae) ve Gugolzia bademia Doganlar
(Hym.:Pteromalidae) olmustur. Dogal diigsmanlarin
bulunduklar: bélgeler ve elde edilen parazitoit sayilari
gizelge 4’de verilmigtir.

Cizelge 3. Eurytoma amygdalinin parazitoitleri ve parazitoit sayilari (2016)
Table 2. Parasitoids and parasitoid numbers of Eurytoma amygdali (2016)

I Ilce Meyve Sayisi Parazitoit Sayis1 (Parasitoid Number)
(Province) (District) ~ (Number of Fruits)  Adontomerus amygdali  Aproctocetus bucculentus
Gaziantep Sahinbey 788 29 0
Gaziantep Sehitkamil 766 14 0
Gaziantep Oguzeli 563 0 0
Adiyaman Besni 1455 64 83

Kahramanmarag Pazarcik 1057 0 0

Cizelge 4. Eurytoma amygdalinin parazitoitleri ve parazitoit sayilar: (2017)

Table 4. Parasitords and parasitoid numbers of Eurytoma amygdali (2017)

I Ilce Meyve Sayisi Parazitoit Sayis1 (Parasitoid Number)
(Province) (District) (Number of Fruits) Adontomerus Aproctocetus Gugolzia
amygdali bucculentus bademia

Gaziantep Sahinbey 341 19 0 0

Gaziantep Sehitkamil 256 7 0 0

Gaziantep Oguzeli 289 0 0 0

Adiyaman Besni 886 41 37 6

Kahramanmarag Pazarcik 649 0 0 0

Cizelge 4 incelendiginde bir oénceki yil elde edilen
parazitotilerden olan A. amygdalive A. bucculentusile
birlikte G. bademia parazitoit tirinin 2017 yilinda
kiltire  alinan meyvelerden  elde edildigi
gorilmektedir. G. bademia tiiriine sadece Adiyaman
ilinin  Besni ilgesinden toplanan meyvelerde
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rastlanilmig olup, calismada belirlenen diger dogal
dismanlar gibi parazitleme orani oldukca dustktir.
Sahinbey ilgesinden toplanarak kultire alinan 341
meyveden, 19 adet A. amygdali elde edilirken,
Sehitkamil ilgesinden toplanan 256 meyveden, 7 adet
A. amygdali elde edilmigtir. Besni ilgesinden ise 886
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meyve toplanarak laboratuvarda kiiltiire alinmig ve £.
amygdalinin parazitoiti olan 41 adet A. amygdali, 37
adet A. bucculentus ve 6 adet G.bademia elde
edilmistir. Bolu ve Ozgen (2007), yiiriittagii calismada
Adontomerus amygdalinin her bulagik meyveden
ortalama 4 adet, A. Bucculentusin her bulagik
meyveden ortalama 14 adet ve G.bademia’nin ise her
bulagik meyveden ortalama 1 adet ¢iktigini tespit
etmiglerdir.

Genel olarak FE. amygdalinin c¢alismanin yapildig:
bolgede 3 farkli dogal digman tiura tespit edilmigtir.
Bu dogal diismanlarin, A. amygdali, A. bucculentus ve
G. bademia tirleri oldugu belirlenmistir. Her tg
turinde parazitleme oranlarinin £. amygdallyi baski
altina alabilecek seviyede olmadigi goralmustir.
Oguzeli ve Pazarcik ilgelerinden toplanarak kiiltire
alinan meyvelerden herhangi bir parazitoit elde
edilememigtir.

Doganlar ve Bolu (2004), E. amygdali nin parazitoiti
olan (. bademia turuinu Tirkiye i¢in ilk kez Elazig ili
Sivrice ilgesinde kayit altina almiglardir. Doganlar ve
ark. (2006), yiiriittiigii calismada ise Gaziantep, Hatay
ve Adana illerinde F.amygdalrnin parazitoitleri olarak
A. amygdali ve A. bucculentusu tespit etmigler ve
parazitleme oranlarinin oldukca disik oldugunu
belirlemiglerdir. Bolu ve Ozgen (2007) ise; Mardin,
Elazig ve Diyarbakir illerinde yurittiikleri calismada
zararlinin parazitoiti olan A. amygdali, G. bademia ve
A. bucculentus turlerini elde etmiglerdir ve
parazitleme oraninin diigiik olmasi nedeniyle zararliy1
baski altina alamayacagini bildirmiglerdir. Elde edilen
bu parazitoitler calismada elde edilen parazitoitler ile
benzerlik gostermektedir. Ayrica Tolga ve Yoldas
(2018); Manisa ili Akhisar ilgesinde yiiriittiigi
calismada badem meyvelerinde parazitoit tir olan
Exeristes roborator (Fabricius, 1793) (Hymenoptera:
Ichneumonidae) ilk kez kayit altina almis olup; bu
parazitoit tiire bu ¢alismanin yurituldiugia alanlarda
rastlanilmamigtir.

Diinya’da ise Boucek (1958) Urdiin'de A. amygdallyi
ilk defa Prunus dulcisin (Rosaceae) iizerinde tespit
etmigtir. Puzanowa-Malysheva (1936), E.
amygdalinin parazitoiti olarak 7. eurytomaé yiilk kez
kayit altina almigtir. Lotf Alizadeh ve ark. (2008) ise
Iran’da bulunan badem bahgelerinde yurittikleri
calismada zararlinin parazitoitleri olan G. bademia ve
A. bucculentusu ilk defa kayit bu ilkede tespit
etmistir. Abdul-Rassoul ve Mohammed (2017), ise E.
amygdalinin dogal diismanlarindan olan A. amygdali
tirani ilk kez Irak, Erbil bolgesinde kayit etmiglerdir.
2012 yilinda c¢alismanin yuritildigh badem
bahcelerinden toplam 20 ergin parazitoit (17 disi-3
erkek) elde edilmistir. Bu calismada elde edilen
parazitoit turlerin Diinya’da yuritulen diger
caligsmalar ile benzerlik gosterdigi gériulmektedir.
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SONUC ve ONERILER

Sonug olarak; badem liretimin alanlarinda en énemli
sorunlardan biri olan bu =zararhh ile g¢aligmanin
yuritildigia tim badem bahgelerinin bulagik oldugu
ve bulagma oranin %24.26 — 47.33 arasinda degistigi
bu ¢alisma ile ortaya konmustur. Badem bahgelerinde
verim kayiplarinin en aza indirmek i¢in bu zararl: ile
dogru ve zamaninda miicadele edebilmek biiyiik 6nem
tagsimaktadir. Badem agaglar1 lizerinde kalan zararh
ile bulagik olma ihtimali olan kararmis meyvelerin
toplanarak yok edilmeli veya bahgeden
uzaklagtirilmalidir. Ayrica zararliya kargi kimyasal
miicadelede basarili  olabilmek igin ilaglama
zamaninin kafes takipleriyle dogru tayin edilmesiyle
uygun ilaglama zamanin belirlenmesi gerekmektedir.
Calismanin yurutuldagi alanlarda £ amygdalinin
parazitoiti olan A. amygdali, A. bucculentus ve G.
bademia turleri bu c¢alisma sonunda ilk kez kayit
altina alinmigtir. Oguzeli ve Pazarcik il¢eleri disindaki
tum ilcelerden dogal diisman elde edilmis olup, en
fazla parazitoit ¢ikisi Besni ilgesinden toplanan ve
kiltire alinan badem meyvelerinde goérilmiustir.
Popilasyonlari  zaten  olduk¢a  dusiik  olan
parazitoitlerin korunmasi amaciyla gereksiz kimyasal
miicadeleden kaginilmasi gerekmektedir. Ayrica
kimyasal miicadelenin yerini alabilecek biyolojik ve
biyoteknik miicadele yontemleri hakkinda
calismalarin yapilmasi blyiik 6nem tasimaktadir.
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ABSTRACT

In this study, the pathogenicity of some entomopathogenic fungi on
American cockroach Periplaneta americana (L.) adults and the effect of
the most effective fungus isolate combined with boric acid on the
virulence of the fungus were investigated in laboratory conditions.
According to the results obtained from the experiments, the most
effective isolate was found as Beauveria bassiana 5-4 and when it was
used on insects, it caused 0%, 66.6% and 93.3% mortality at the dose of
0.1x10° conidia cm2 at 72, 96 and 120 hours, respectively. This fungus
also caused 0%, 20% and 20% mortality, respectively, at dose of 0.05X109
conidia cm in the same time period. When boric acid was used on insects,
it caused 6.6%, 40% and 66.6% mortality at dose of 1 mg cm™2 at 72, 96
and 120 hours, respectively. When 0.1x10° conidia cm?2 dose of B.
bassiana 5-4 was used together with 1 mg cm2 dose of boric acid, 33.3%,
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60% and 93.3% mortality occurred at 72, 96 and 120 hours, respectively.
When 0.05x10° conidia cm2 dose of B. bassiana 5-4 was used together
with 1 mg ecm? dose of boric acid, 33.3%, 60% and 86.6% mortality
occurred at 72, 96 and 120 hours, respectively. The results showed that
the combined use of boric acid and B. bassiana 5-4 increased the virulence
of the fungus at short exposure times (72 and 96 hours), but did not
significantly affect the virulence of the fungus at long exposure times (120
hours and above).

Baz1 Entomopatojen Funguslarin Borik Asitle Birlikte Kullaniminin Amerikan Hamambdécegi
Periplaneta americana (L.) (Blattodea: Blattidae) Erginlerine Karg: Toksisitesi

OZET Entomoloji

Bu ¢alismada, laboratuvar kogullarinda bazi entomopatojen funguslarin

Amerikan hamambocegi Periplaneta americana (L. erginlerine Aragtirma Makalesi
patojenitesi ve en etkili fungus izolatinin borik asit ile birlikte . .
kullaniminin fungusun virilensligi tizerindeki etkisi arastirilmigtir. Makale T.ar'lh(;e‘s1
Testlerden elde edilen sonuclara gore en etkili izolat Beauveria bassiana Gelis Tan}'n' ) 20.12.2022
5-4 olmustur ve bocekler tizerinde tek basina kullanildiginda 72, 96 ve Kabul Tarihi  :02.02.2023
120 saatlerde 0.1X10° konidi cm2 dozunda sirasiyla %0, %66.6 ve %93.3 Anahtar Kelimeler

6lim meydana getirmistir. Bu fungus ayni zaman araliginda 0.05Xx109
konidi cm2 dozunda sirasiyla %0, %20 ve %20 6lim meydana getirmigstir.
Borik asit bécekler tizerinde tek basina kullanildiginda 72, 96 ve 120

Periplaneta americana
Beauveria bassiana

- Borik asit
saatlerde 1 mg cm2dozunda sirasiyla %6.6, %40 ve %66.6 6lim meydana Entomopatojen fungus
getirmigtir. B. bassiana 5-4Un 0.1X10° konidi cm2 dozu borik asidin 1 mg Biyolojik kontrol

cm2 dozu ile birlikte kullanildiginda 72, 96 ve 120 saatlerde sirasiyla
%33.3, %60 ve %93.3 6lim meydana getirmistir. B. bassiana 5-4in
0.05%x10° konidi cm?2 dozu borik asidin 1 mg cm?2 dozu ile birlikte
kullanildiginda sirasiyla 72, 96 ve 120 saatlerde %33.3, %60 ve %86.6
olim meydana getirmistir. Istatistiksel analizler borik asit ve B
bassiana 5-4"iin kombine kullaniminin kisa maruz kalma siirelerinde (72
ve 96 saat) fungusun viriilanshigini artirdigini ancak uzun maruz kalma
stirelerinde (120 saat ve {izeri) fungusun viriilanshigina énemli bir etki
etmedigini géstermistir.



KSU Tarim ve Doga Derg 26 (4), 795-805, 2023
KSU J. Agric Nat 26 (4), 795-805, 2023

Arastirma Makalesi
Research Article

Atif Sekli:

Bozdogan, I.E. & Tunaz, H. (2023). Baz1 Entomopatojen Funguslarin Borik Asitle Birlikte Kullaniminin

Amerikan Hamambdcegi Periplaneta americana (L.) (Blattodea: Blattidae) Erginlerine Kars1 Toksisitesi.
KSU Tarim ve Doga Derg 26 (4), 795-805. https://doi.org/10.18016/ksutarimdoga.vi.1221835

To Cite :

Bozdogan, I.E. & Tunaz, H. (2023). Toxicity of Some Entomopathogenic Fungi Combined with Boric Acid

Againts Adults of American Cockroach Periplaneta americana (L.) (Blattodea: Blattidae). KSU J. Agric Nat
26 (4), 795-805. https://doi.org/10.18016/ksutarimdoga.vi. 1221835

INTRODUCTION

Cockroaches are an ancient and highly successful form
of insects. They have been in existence since
Pennsylvanian (Upper Carboniferous) times (Cochran
& WHO, 1999). The fossil record indicates that they
achieved an optimum body form early in their
evolutionary history and have remained a very stable
group since that time (Moore et al., 1952).

They feed on human food and feces, so they pose a
threat to human health. Because they have contact
with various surfaces, they are carriers of many
diseases. It has been determined that cockroaches are
naturally contaminated with 40 different bacterial
species that are pathogenic for invertebrates and other
living things (Roth & Willis, 1957, 1960; Burgess et al.,
1973a, 1973b, 1974; Artyukhina & Evokimov, 1973;
Ulewicz & Zawistowski, 1973; Klowden & Greenberg,
1976; Ash & Greenberg, 1980; Cornwell & Mendes,
1981). Cockroaches are associated with many medical
problems (Baumbholtz et al., 1997). It has been
determined that they carry viral and bacterial
pathogens that cause poisoning, toxicosis, pneumonia,
dysentery and diarrhea in humans (Fotedar et al.,
1991). Laboratory studies have revealed that
cockroaches may carry certain viruses (Roth & Willis,
1957). Some examples are the Coxsackie virus and
several strains of poliomyelitis. The presence of several
types of acids, which are tryptophan derivatives with
mutagenic or carcinogenic effects, has been detected in
the feces of some cockroach species (Mullins &
Cochran, 1973).

Zahraei-Ramazani et al. (2018), reported that 90% of
the American cockroach Periplaneta americana (L.)
(Blattodea: Blattidae) population was successfully
controlled using chemical pesticides, but this method
also threatened non-target organisms, causing the pest
to develop resistance and resulted in the formation of
residues that cause environmental pollution
(Nicolopoulou-Stamati et al., 2016). The increasing
resistance of cockroaches to synthetic insecticides and
their undesirable effects on humans has increased the
necessity for new and sustainable developments to
control them (Hubner-Campos et al., 2013). In this
direction, the use of environmentally friendly
microbial pesticides plays an important role in pest
management programs.

Entomopathogenic fungi, which are used in the
microbial control of pests, have advantages such as
high efficiency and no residues in the environment
(Mantzoukas & Eliopoulos, 2020). The biological cycle
of fungi such as Metarhizium anisopliae and
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Beauveria bassiana begins when their conidia adhere
to the surface of the host insect. After the conidia
adhere to the insect, they initiate germination by
forming a germ tube and hyphae. Then, with the
activation of extracellular cuticle-degrading enzymes,
the fungi penetrate the host insect (Goettel & Lacey,
1995). After penetration, the hyphae reach the blood.
At this point, the insect activates its internal defense
mechanisms against the development of the fungus.
The pathogenic fungus escapes the insect's defense
mechanisms and forms hyphae bodies. The death of
the insect occurs due to anomalies in the blood, the
effect of toxins associated with cessation of feeding and
depletion of nutritional reserves, growth of hyphae
bodies and mycelium (Khachatourians, 1998). Due to
all these stages, the duration of action of
entomopathogenic fungi is long and therefore they
could not compete with traditional pesticides.

Although it has been proven that effective against
cockroaches (Cochran, 1995; Ebeling, 1995; Zurek et
al.,, 2003; Gore & Schal, 2004) and low toxicity to
mammals (Murray, 1998; Cox, 2004) the use of
inorganic insecticide boric acid (HsBOs) has been
limited due to its long-lasting effect against
cockroaches, as is the case with entomopathogenic
fungi (Yang et al., 2021).

Therefore, it was aimed to determine the microbial
control potential of some entomopathogenic fungi on
American cockroach P. americana (L.) adults and the
effect of their use together with boric acid on the
virulence of fungi in this study.

MATERIAL and METHOD
Rearing of Cockroaches

The P. americana culture used in the tests was
obtained from the samples caught from
Kahramanmarag province in Tiirkiye in 2020. Insects
were grown in plastic boxes (86x40x29 cm) in a climate
room with controlled conditions (30+1 °C, 65+10%
relative humidity). Eight cardboard chicken egg trays
(10x10x10 cm) were placed in the plastic boxes for
insects to hide and lay eggs. In order to ensure air
circulation, air was added to the boxes with an
aquarium pump. To meet the water need, 500 ml
containers filled with water containing tissue paper
were used in plastic boxes. Commercial dryed dog food
(Bonnie®) was given to the insects to meet their
nutritional needs. During the breeding process, the
plastic boxes were kept closed in order to provide dark
conditions.
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Boric Acid

The boric acid used in the study was produced by
Sigma-Aldrich Laborchemikalien and is 99.5% - 100%
purity. It was stored at room temperature (25 °C) until
used in the tests.

Origin of Entomopathogen Fungi

The entomopathogenic fungi, which was used in the
study, were obtained from the fungus collection of

Kahramanmaras Siit¢ii Imam University, Faculty of
Agriculture, Department of Plant Protection. B.
bassiana 5-4 isolate was obtained from a single spore
culture of isolate 151138 originally obtained from
Rhyzopertha dominica (Er et al., 2016b). Metarhizium
robertsii S3 isolate was obtained from a single spore
culture of isolate F17-2-1, which was originally
obtained from Sitophilus oryzae (Er et al., 2016a).

Table 1. The location where the entomopathogenic fungi used in the tests were obtained, the year of isolation and

the host

Cizelge 1. Testlerde kullanilan entomopatojen funguslarin elde edildigi yer, 1zolasyon yili ve konukg¢usu
Fungus Isolate City Year Host
Beauveria bassiana 5-4 Sanliurfa 2013 Rhyzopertha dominica
Purpureocillium Ililacinum 31304 Kahramanmaras 2013 Sitophilus oryzae
Beauveria varroae 35727 Konya 2013 Rhyzopertha dominica
Beauveria varroae 120601 Adana 2013 Cryptolestes ferrugineus
Metarhizium robertsii S3 Gaziantep 2013 Sitophilus oryzae

Mass Production of Fungi

The entomopathogenic fungi used in the study were
grown using rice substrate (Baris & Er, 2021). Firstly,
rice was kept in water for 12 hours for production, then
filtered and placed in 200 gram bags. Calcium sulfate
(CaS0O4) and calcium carbonate (CaCOs) salts were
added into the bags and mixed for homogeneous
dispersion (Nirmala et al.,, 2005). The bags were

sterilized at 121 °C using an autoclave and then left to
cool down to 25 °C. For each 100 g of rice in the bags,
2X108 conidia were inoculated and mixed. The bags
were sealed and incubated for 14 days. (25+2 °C, 12 s
photoperiod). The bags opened after 14 days were left
to dry for 10 days. The fungi were sieved from dried
rice, placed in glass jars and kept ready for tests at +4
°C. The conidia density of the mass-produced fungi was
calculated.

Table 2. The number of conidia contained in 1 milligram of entomopathogenic fungi
Cizelge 2. Entomopatojen funguslarin her 1 miligraminda 1htiva ettikleri spor sayilari

Fungus Isolate Number of conidia (conidia mg1)
Beauveria bassiana 5-4 0.1x109%
Purpureocillium Ililacinum 31304 0.08%x10°

Beauveria varroae 35727 0.1x10°

Beauveria varroae 120601 0.1x10°
Metarhizium robertsii S3 0.032x10°

Germination Tests

The fungi, which was used in the study were subjected
to germination tests before being used in pathogenicity
tests (Baris & Er, 2021). Potato Dextrose Agar (PDA)
medium was used to determine germination rates. A
sample of 1 mg was taken from each of the fungi and
vortexed for 2 minutes in 10 ml of 0.01% Tween80. The
resulting suspension was diluted to a concentration of
106 conidia ml! and then transferred to petri dishes
containing PDA and spread with the help of a spatula.
Petri dishes were kept in incubators at 30+2 °C for 24
hours. Thereafter, the conidia were examined under a
light microscope at 40x magnification and those with
germ tubes equal or longer than the conidia were
considered germinated. The germination ratios were
calculated after examining a minimum of 100 conidia
from each of the three replicate plates. As a result of
the germination test, the germination rates of the
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conidia of B. bassiana 5-4, Purpureocillium lilacinum
31304, Beauveria varroae 35727, B. varroae 120601
and M. robertsii S3 isolates were approximately 94%,
68%, 94%, 92% and 84%, respectively.

Experimental Design

Glass jars (1 It) were preferred as the application area
for mortality tests. The jars were sterilized using 96%
ethyl alcohol. Powdery fungi and boric acid were
weighed on a precision scale (0.00001 g). Weighed
fungi and boric acid poured into the bottom of the jars
(38.5 cm?) and spread homogeneously with the using of
a brush. Five Periplaneta americana adults, four up to
five days after emergence, were acommodated in the
each jar. The jars were covered with sterile cheesecloth
to prevent insects from escaping. The tests were
carried out in a climate chamber, at 30+1 °C, 65+10%
relative humidity, in a randomized parcel design with
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3 replications for each dose. Dead-alive counts were
made and recorded every 24 hours. In order to prevent
the insects from dying due to natural causes such as
hunger, one piece of dog food was placed in each jar.

Pathogenicity and Toxicity Tests

In the first test with pure form of entomopathogenic
fungi, each fungus was applied at a dose of 25 mg cm2
and lower dose applications were started in line with
the results obtained from this test. B. bassiana 5-4, B.
varroae 35727, B. varroae 120601 isolates were applied
at 0.1x109, 0.5x109, 1.0x10% and 1.5x109° conidia cm2
doses. P. lilacinum 31304 isolate was applied at
0.08%109, 0.4x109 0.8x10°2 and 1.2xX10° conidia cm™2
doses. M. robertsii S3 isolate was applied at 0.08x109,
0.4x109 0.8x10°% and 1.2x10° conidia cm?2 doses.
Mortality at 48, 96, 120, 144, 168 and 192 hours was
recorded by counting the dead-alive.

In the toxicity tests with boric acid, doses of 0.1, 0.5, 1,
2.5, 5, 10 and 20 mg cm2 were applied and the effects
were tested after 48, 96, 120, 144, 168 and 192 hours
by counting dead-alive. In the first test to determine
the effect of combined use, 0.1x10° conidia cm?2 B.
bassiana 5-4 and 1, 0.5 and 0.1 mg cm™2 boric acid were
applied together. In the second test, 1 mg cm2 boric
acid and 0.05x10° and 0.01x10° conidia cm?2 B.
bassiana 5-4 were applied together. The effects of the
applied doses after 48, 96, 120, 144, 168 and 192 hours
were tested by counting dead-alive.

Statistical Analyzes

After the data obtained as a result of the tests were
subjected to arcsine transformation, they were
subjected to one way and two way ANOVA using the
Minitab 17 statistics program. Differences between
means were determined by the Tukey test at the 5%
significance level (P<0.05).

RESULTS and DISCUSSION
Pathogenicity Tests

Mortality rates caused by pure form of
entomopathogenic fungi on P. americana adults are
presented in Table 3, 4, 5, 6, 7 and 8. In general,
mortality rates increased proportionally with the dose
and exposure time. As seen in Table 3, in the first test
performed with a fixed dose (25 mg cm?2) of
entomopathogenic fungi, at least 50% mortality was
observed in all isolates except P. lilacinum within the
first 48 hours, and 100% mortality was occured in all
isolates at the end of 96 hours. Statistically, in the first
48 hours, P. lilacinum isolate caused a significantly
lower mortality rate compared to other fungi (6.6%). It
was determined that B. varroae 35727 isolate caused
the highest mortality rate (80%) in 48 hours. When the
exposure time reached 96 hours, 100% mortality
occurred in all isolates.

Table 3. Mortality rates (%) (+ s.e.) of Periplaneta americana adults exposed to fixed dose (25 mg cm?)

entomopathogenic fungi

Cizelge 3. Sabit dozda (25 mgcm2) entomopatojen funguslara maruz burakilan Periplaneta americana erginlerinin

oliim oranlar: (%) (+ s.h.)

Isolates Post-treatment time (hour) Uygulama sonrasi siire (saat)

Izolatlar 48 72 96 Fe.14 P
Beauveria bassiana  53.3+17.6 ABb 93.3+6.6 Aa 100+0 Aa 9.25 0.000
5-4

Purpureocillium 6.6+6.6 Bb 80+11.5 Aa 100+0 Aa 30.52 0.000
Iilacinum 31304

Beauveria varroae 80+11.5 Ab 100+0 Aa 100+0 Aa 3.60 0.023
35727

Beauveria varroae 73.3+6.6 Ab 100+0 Aa 100+0 Aa 53.17 0.000
120601

Metarhizium 66.6+£17.6 Ab 100+0 Aa 100+0 Aa 3.81 0.018
anisopliae S3

Control 0+0 0+0 0+0

Kontrol

Fa10 4.73 2.18

P 0.021 0.145

- Two-way analysis of variance (ANOVA) was applied to the data and the differences between the means were determined according to the
Tukey test at the 5% significance level (P<0.05), different capital letters in the same column and different lowercase letters in the same row
are statistically different from each other (dose: F470= 6.84, P<0.0001; exposure time: Fs.70= 52.39, P<0.0001; dose X exposure time: Fa4 7= 3.58,

P<0.0001).

- Verilere ¢ift yonlii varyans analizi (ANOVA) uygulanmis ve ortalamalar arasindaki farkliliklar %5 énem seviyesinde Tukey testine gore
belirlenmigstir (P<0.05), ayni siitundaki farkl biiyiik harfler ve ayni satirdaki farkl kiigiik harfler istatistiksel olarak birbirinden farklidir (doz:
F356= 34.84, P<0.0001; maruz kalma siiresi: Fss5= 18.98, P<0.0001; doz X maruz kalma siiresi: Fiss6= 1.27, P= 0.243).
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Table 4. Mortality rates (%) (+ s.e.) of Periplaneta americana adults exposed to Purpureocillium lilacinum 31304
Cizelge 4. Purpureocillium lilacinum 31304 izolatina maruz burakilan Periplaneta americana erginlerinin éliim oranlari (%) (+

s.h.)
Purpure Post-treatment time (hour) Uygulama sonrasi siire (saat)
ocillium
Iilacinu 48 72 96 120 144 168 192 Fe.14 P
m-31304

9 1. A4
20(1)181(:111?2 0+0Aa 0+0Aa 0+0Ba 6.6+6.6Ba 6.6+6.6Ba 6.6+6.6Ba 13.3+6.6Ba 00 0463

9
0.4x10% = 0:0Aa 6.6£6.6Aa 20:11.5ABa 20:11.5ABa  26.6:6.6ABa  33.3:13.3ABa  40:11.5ABa 20! 0049
con. cm

9
0.8x10% " o:0ac 13.366.6Abc  26.6:6.6Aab 40+11.5ABab  46.6:6.6Aab  60+11.5Aa 60:11.5A0 6L 0000
con. cm

9
i&ixi?n'z 0+0Ac 26.6+13.3Abc  46.6+6.6Aab  60+0Aab 66.6:6.6Aa  66.6:6.6Aa  73.3:6.6Aa 1028 0000
Control
Kontrol  °*° 0=0 0+0 00 00 00 6.6:6.6
Fss - 1.55 7.94 5.22 12.05 8.38 6.73
P - 0.275 0.009 0.027 0.002 0.008 0.014

- Two-way analysis of variance (ANOVA) was applied to the data and the differences between the means were determined according to the
Tukey test at the 5% significance level (P<0.05), different capital letters in the same column and different lowercase letters in the same row
are statistically different from each other (dose: F356= 34.84, P<0.0001; exposure time: Fe5= 18.98, P<0.0001; dose X exposure time: Figs6= 1.27,
P=0.243).

- Verilere ¢ift yonlii varyans analizi (ANOVA) uygulanmis ve ortalamalar arasindaki farkliliklar %5 énem seviyesinde Tukey testine gore
belirlenmistir (P<0.05), ayni siitundaki farkl biiyiik harfler ve ayni satirdaki farkl kiigiik harfler istatistiksel olarak birbirinden farkhdir (doz:
F356= 34.84, P<0.0001; maruz kalma siiresi: Fss5= 18.98, P<0.0001; doz X maruz kalma siiresi: Fiss6= 1.27, P= 0.243).

Table 5. Mortality rates (%) (+ s.e.) of Periplaneta americana adults exposed to Metarhizium robertsii S3
Cizelge 6. Metarhizium robertsii S3 izolatina maruz burakilan Periplaneta americana erginlerinin 6liim oranlari

(%) (+s.h.)
Motarhiziam Post-treatment time (hour) Uygulama sonrasi siire (saat)
robertsii
S3 48 72 96 120 144 168 192 Fe.14 P
0.08¢10° 118 0392
cc.)n om? 0+0Aa 0+0Aa 6.6+6.6Ba 6.6+6.6Ca 6.6+6.6Ba 20+11.5Ba 20+11.5Ba
0.16x10° 2.88 0.049
Cén om-2 0+0Aa 13.3+6.6Aa 26.6+13.3Ba 26.6+13.3BCa 46.6+17.6ABa 53.3+17.6ABa 60+20ABa
0.32x109 15.15 0.000
cc.)n em? 0+0Ac 33.3+6.6Abc 46.6+6.6ABb 66.6+13.3ABab  80+11.5ABab 93.3+6.6Aa 93.3+6.6Aa
Lox109 827 0.001
cc.)n em2 13.3+6.6Ab 33.3+17.6Ab 80+0Aab 93.3+6.6Aa 93.3+6.6Aa 93.3+6.6Aa 93.3+6.6Aa
Control 0+0 0+0 0+0 0+0 0+0 0+0 0+0
Kontrol
Fas 4.00 2.92 8.25 10.38 9.94 8.16 7.30
P 0.052 0.000 0.008 0.004 0.004 0.008 0.011

- Two-way analysis of variance (ANOVA) was applied to the data and the differences between the means were determined according to the
Tukey test at the 5% significance level (P<0.05), different capital letters in the same column and different lowercase letters in the same row
are statistically different from each other (dose: F356= 45.64, P<0.0001; exposure time: Fe 5= 19.53, P<0.0001; dose X exposure time: Figs6= 1.50,
P<0.125).

- Verilere ¢ift yonlii varyans analizi (ANOVA) uygulanmis ve ortalamalar arasindaki farkliliklar %5 énem seviyesinde Tukey testine gére
belirlenmigstir (P<0.05), ayni siitundaki farkl biiyiik harfler ve ayni satirdaki farkl kiiciik harfler istatistiksel olarak birbirinden farkhdir (doz
uygulamasi’ Fss6= 45.64, P<0.0001; maruz kalma siiresi’ Fss6= 19.63, P<0.0001; doz uygulamasi X maruz kalma stiresi: Fiss= 1.50, P=0.125).

found that the mortality rates ranged from 28.8% to
52.4%, and the LTs0 value was 18 days or more.

Although the M. robertsii S3 isolate was able to kill at
least half of the population at high doses (0.32x109 and
1.2x10% conidia cm™?) and after 96-120 hours and
caused nearly 100% mortality after 192 hours, at low
doses (0.032x109 and 0.16x10° conidia cm2) could not
cause a high mortality rate in the population even after
192 hours (Table 5).

P. Iilacinum 31304 isolate was the isolate with the
lowest pathogenicity among all isolates, so that even at
the highest dose (1.2x109 conidia cm™?) after 192 hours,
this isolate could not cause 100% mortality in the
population (Table 4). In another study with this
fungus, Toledo-Hernandez et al. (2019), tested the
pathogenicity of different P. /ilacinum isolates against
the adults of Mexican fruit fly Anastrepha Iludens
(Loew) (Diptera: Tephritidae). With their results, they
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Table 6. Mortality rates (%) (+ s.e.) of Periplaneta americana adults exposed to Beauveria bassiana 5-4
Cizelge 6. Beauveria bassiana 5-4 izolatina maruz burakilan Periplaneta americana erginlerinin éliim oranlar: (%)

(+s.h.)
Beauveria Post-treatment time (hour) Uygulama sonrasi siire (saat)
bassiana
o 48 72 96 120 144 168 Fes P
9
0110, 0+0Ac 0<0Bc 66.6:6.6Bb  93.3:6.6Ba  93.3:6.6Ba  1000Aa 65.77 0-000
9
0019, 26.3:13.3Ab  73.3+13.3Aa  80+11.5Aa  100:0Aa 100£0Aa 1000Aa 13.43 0.000
9
010410 26.6:17.6Ac  73.3:6.6Ab 1000Aa 100<0Aa 100+0Aa 1000Aa 18.96 0-000
9
0.-15X10] 26.66.6Ab 93.36.6Aa 1000Aa 100<0Aa 100+0Aa 1000Aa 85.43 0-000
Control
e 00 00 00 00 00 00
Fss 1.93 22.41 68.75 1.00 1.00
P 0.203 0.000 0.000 0.441 0.441

- Two-way analysis of variance (ANOVA) was applied to the data and the differences between the means were determined according
to the Tukey test at the 5% significance level (P<0.05), different capital letters in the same column and different lowercase letters in
the same row are statistically different from each other (dose: Fsz6= 21.65, P<0.0001; exposure time: Fes6= 80.69, P<0.0001; dose X
exposure time: Fiss6= 4.88, P<0.0001).

- Verilere ¢ift yonlii varyans analizi (ANOVA) uygulanmis ve ortalamalar arasindaki farkhiliklar %5 énem seviyesinde Tukey testine
gore belirlenmistir (P<0.08), ayni siitundaki farkl biiyiik harfler ve ayni satirdaki farkl kiiciik harfler istatistiksel olarak birbirinden
farklidir (doz: Fss56= 21.65, P<0.0001; maruz kalma siiresi’ Fss6= 80.69, P<0.0001; doz X maruz kalma siiresi: Fiss5= 4.88, P<0.0001).

Table 7. Mortality rates (%) (+ s.e.) of Periplaneta americana adults exposed to Beauveria varroae 35727
Cizelge 7. Beauveria varroae 35727 izolatina maruz burakilan Periplaneta americana erginlerinin oliim oranlari

(%) (+ s.h.)

Beauveria Post-treatment time (hour) Uygulama sonrasi siire (saat)

varroae

i 48 72 96 120 144 168 192 Feiu P
9

0.0, 0+0Ab 0+0Bb 6.6:6.6Bab  6.6:6.6Bab 6.6:6.6Cab  20+0Bab 26.6:6.6Ba  +07 0014
9

0010, 00Ac 20411.5Bbc  20+11.5Bbc  83.3:17.6Babc  60+115Babc  80+11.5Aab  86.6:13.3Aa 028 0.002
9

o 33.3£17.6Ab  93.3¢6.6Aa  100:0Aa 100£0Aa 1000Aa 100£0Aa 1000Aa 1113 0.000
9

i&ixi?n-z 33.3t13.3Ab  86.6£6.6Aa  100+0Aa 100£0Aa 100:0Aa 100£0Aa 100£0Aa 2127 0.000

Control 00 00 00 00 00 6.646.6 6.646.6

Kontrol

Fas 167 21.13 35.54 22.06 47.09 26.77 16.74

P 0.036 0.000 0.000 0.000 0.000 0.000 0.001

- Two-way analysis of variance (ANOVA) was applied to the data and the differences between the means were determined
according to the Tukey test at the 5% significance level (P<0.05), different capital letters in the same column and different
lowercase letters in the same row are statistically different from each other (dose: Fs56= 138.87, P<0.0001; exposure time: Fe.56=
24.95, P<0.0001; dose X exposure time: Figs6= 2.71, P<0.003).

- Verilere ¢ift yonlii varyans analizi (ANOVA) uygulanmis ve ortalamalar arasindaki farkliliklar %5 énem seviyesinde Tukey
testine gore belirlenmistir (P<0.05), ayni siitundaki farkl biiyiik harfler ve ayni satirdaki farkl kiiciik harfler istatistiksel
olarak birbirinden farklidir (doz: Fsse= 138.87, P<0.0001; maruz kalma siiresi: Fess= 24.95, P<0.0001; doz X maruz kalma
stiresi: Fiss6=2.71, P<0.003).

Beauveria isolates, on the other hand, were observed conducted with this isolate, so this test did not make a
to cause nearly 100% mortality in the population after significant contribution to the study (Table 9).

192 hours (except 0.1x10° conidia cm? of isolate In tests conducted with boric acid, mortality rates
35727), even at low doses (0.1x10° and 0.5x109 conidia increased proportionally with the dose and exposure

cm2) (Table 6, 7, 8). B. bassiana 5-4 isolate was the time. Doses of 20, 10, 5, 2.5 and 1 mg cm2 caused 100%

most effective isolate, with the lowest dose (0.1x109 mortality in insects at 120, 144, 168 and 192 hours. At

conidia cm2) able to kill at least half of the population the end of the test, 0.1 and 0.5 mg cm™2 doses caused

after a short exposure time (96 hours) (Table 6). In 40% and 86.6% mortality (Table 10).

order to see the effectiveness of B. bassiana 5-4 isolate

at lower doses (0.05 and 0.01 conidia cm™2), effective Combined Treatments

results could not be obtained from the second test The results of the tests conducted using the
entomopathogenic fungus and boric acid together are
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presented in Table 11-12. Fixed dose of B. bassiana 5- dose of boric acid (1 mg cm™2) and different doses of B.
4 (0.1x109 conidia cm2) and different doses (0.1, 0.5 bassiana 5-4 (0.01 and 0.05%10° conidia cm?) was
and 1 mg cm2) of boric acid were applied to insects and applied to insects and there was no statistically
there were no statistically significant differences significant difference between the two doses during the
between the different doses during the test period. test, except at 144 and 168 hours. Mortality rates
Mortality rates increased significantly as the exposure increased significantly as exposure time increased
time increased, and after 168 hours, 100% mortality (Table 12). Tables 11 and 12 also show that combined
occurred in all tests (Table 11). In the second test, fixed tests can partially increase insect mortality.

Table 8. Mortality rates (%) (+ s.e.) of Periplaneta americana adults exposed to Beauveria varroae 120601
Cizelge 8. Beauveria varroae 120601 izolatina maruz burakilan Periplaneta americana erginlerinin 6liim oranlari

(%) (+5.h.)
Beauveria Post-treatment time (hour) Uygulama sonrasi siire (saat)
varroae
ey 48 72 96 120 144 168 192 Fo1s P
9
0-DX10° © ps0ad 0:0Bd 0:0Bd 13.3:66Bcd  53.3:6.6Bbe oo 0O ggzeean  ZTOT 0000
9
O0X10%  20:1158a  533:29ABa 73.3:17.6Aa  93.3:6.6Aa  93.3:66Aa  933:664a  93.3:66aa 0.052
9
PAD , 6.6:66Ac  60:115ABb  93.3:6.6Aa  100:0Aa 100+0Aa 1000Aa 100:0Aa 3290 0.000
LBA0 266:17.6Ab  80:0Aa 100:0Aa 1000Aa 100:0Aa 1000Aa 100:0Aa 19.83  0.000
Control 00 0+0 00 0+0 0+0 0+0 0+0
Kontrol
Fas 1.52 4.25 22,54 31.10 18.02 0.69 0.67
P 0.333 0.045 0.000 0.000 0.001 0.583 0.596

- Two-way analysis of variance (ANOVA) was applied to the data and the differences between the means were determined according to the
Tukey test at the 5% significance level (P<0.05), different capital letters in the same column and different lowercase letters in the same row
are statistically different from each other (dose: F3 5= 38.48, P<0.0001; exposure time: Fs56= 36.49, P<0.0001; dose X exposure time: Fis 5= 3.07,
P<0.002).

- Verilere ¢ift yonlii varyans analizi (ANOVA) uygulanmis ve ortalamalar arasindaki farkliliklar %5 énem seviyesinde Tukey testine gire
belirlenmigstir (P<0.05), ayni siitundaki farkl biiyiik harfler ve ayni satirdaki farkl kiigiik harfler istatistiksel olarak birbirinden farkhdir (doz:
F356= 88,48, P<0.0001; maruz kalma stiresi’ Fss5= 36.49, P<0.0001; doz X maruz kalma stiresi: Fisss= 3.07, P<0.002).

Table 9. Mortality rates (%) (+ s.e.) of Periplaneta americana adults exposed to lower application doses of Beauveria
bassiana 5-4

Cizelge 9. Beauveria bassiana 5-4 izolatinin alt uygulama dozlarina maruz burakilan Periplaneta americana
erginlerinin éliim oranlar: (%) (+ s.h.)

Beauveria bassiana _Post-treatment time (hour) Uygulama sonrasi siire (saat)

5-4 48 96 144 192 Fe.14 P
0.05x109 con. cm2  0+0Ab 20+0Aa 26.6+6.6Aa 26.6+6.6Aa 26.85 0.000
0.01%109° con. cm™ 0+0Aa 0+0Ba 0+0Ba 0+0Ba - -
Control (Kontrol) 0+0 0+0 0+0 0+0

Fi4 - - 53.17 53.17

P - - 0.002 0.002

- Two-way analysis of variance (ANOVA) was applied to the data and the differences between the means were determined according to the
Tukey test at the 5% significance level (P<0.05), different capital letters in the same column and different lowercase letters in the same row
are statistically different from each other (dose: Fi9s= 395.81, P<0.0001; exposure time: Fe2s= 26.85, P<0.0001; dose X exposure time: Fe.2s=
26.85, P<0.0001).

- Verilere ¢ift yonlii varyans analizi (ANOVA) uygulanmis ve ortalamalar arasindaki farkliliklar %5 énem seviyesinde Tukey testine gore
belirlenmigstir (P<0.05), ayni siitundaki farkl biiyiik harfler ve ayni satirdaki farkl kiigiik harfler istatistiksel olarak birbirinden farklidir (doz:
F126= 895.81, P<0.0001; maruz kalma siiresi: Fs2s= 26.85, P<0.0001; doz X maruz kalma siiresi: Fs2s= 26.85, P<0.0001).

In this study, 5 different isolates of entomopathogenic effect. Considering the parallel studies on this subject,
fungi and boric acid were tested on P. americana adults Zurek et al. (2002), investigated the toxicity of the
and the combined effect of the fungi isolates showing combined use of the entomopathogenic fungus M.
the highest pathogenicity with boric acid was anisopliae (Metschnikoff) and boric acid to the German
investigated. Although pure entomopathogenic fungi cockroach Blattella germanica in a similar study.
and boric acid applications can cause high mortality in When they used M. anisopliae alone, they achieved a
cockroaches, it can be clearly seen that the effect mortality rate of more than 92% after 28 days at a dose
duration period are long. With the combined of 8.96x10? conidia m2. When they used powdered M.
application of boric acid and entomopathogen fungus, anisopliae conidia together with a powder formulation
this period can be shortened by creating a combined containing 12.5% boric acid or drinking water
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containing 0.1% boric acid, they achieved 100%
mortality at the end of 8 and 10 days, respectively. In
another study, Dayer & Karvandian (2016), found that
when they applied 8 gr kg boric acid and 5.3x108
conidia 10 gr! feed formulation to 30 B. germanica
adults, boric acid did not show any side effects on M.
anisopliae, but it increased its virulence in adult

German cockroaches. They found that it increased the
mortality rate of insects. They measured the LTso
value as 35 days in pure M. anisopliae, 47 days in pure
boric acid, and 21 days in combined use. In the focus of
these data, and similarly, the combined use of B.
bassiana 5-4 and boric acid increased toxicity in some
cases in this study.

Table 10. Mortality rates (%) (+ s.e.) of Periplaneta americana adults exposed to boric acid
Cizelge 10. Borik asite maruz burakilan Periplaneta americana erginlerinin éliim oranlari (%) (+ s.h.)

Boric Post-treatment time (hour) Uygulama sonrasi siire (saat)

acid 48 72 96 120 144 168 192 Feia P
g'é m 0£0Bb 0+0Bb 6.6:6.6Cab 13.3+6.6Cab 13.3+6.6Bab 13.3:6.6Bab  40+0Ca 407 0.014
g'lz m 0+0Bc 0+0Bc 26.6:6.6BCbc  46.6+6.6BCab 80+11.5Aa 86.6:6.6Aa 86.6:6.6Ba 2226 0.000
1 ¢ om® 0+0Be 6.6:6.6Bde 40+11.5ABCed  66.6+13.3ABCbc  66.6+13.3ABbc  93.3:6.6Aab  100+0Aa 2392 0.000
m m

2'2 om 0+0Bc 20+11.5ABbe 66.6:6.6ABab  86.6+6.6ABa 86.6£6.6Aa 86.6£6.6Aa 100£0Aa 18.83  0.000
m m

5 Y 00Bd 33.346.6ABed 53.3:6.6ABbc  86.6:6.6ABab 86.6£6.6Aab 100£0Aa 100£0Aa 21.07 - 0.000
mg cm

10 Y 6.6:6.6Bc  26.6:17.6ABbc  80+11.5Aab 86.6:13.3ABa 100£0Aa 100£0Aa 100£0Aa 13.100.000
mg cm

i?g o 26.6:6.6Ac  60+11.5Ab 73.3+6.6ABb 100£0Aa 100£0Aa 100£0Aa 100+0Aa 49.59  0.000
(135711111;1;(;11 00 00 0+0 00 00 0+0 0£0

Fe.14 1.32 4.25 22.54 31.10 18.02 0.69 0.67

P 0.000 0.006 0.001 0.001 0.001 0.001 0.000

- Two-way analysis of variance (ANOVA) was applied to the data and the differences between the means were determined according to the
Tukey test at the 5% significance level (P<0.05), different capital letters in the same column and different lowercase letters in the same row
are statistically different from each other (dose: Fe9s= 50.47, P<0.0001; exposure time: Feos= 112.85, P<0.0001; dose X exposure time: Fss95=
2.25, P<0.002).

- Verilere ¢ift yonlii varyans analizi (ANOVA) uygulanmis ve ortalamalar arasindaki farkliliklar %5 énem seviyesinde Tukey testine gire
belirlenmigstir (P<0.05), ayni siitundaki farkl biiyiik harfler ve ayni satirdaki farkl: kiigiik harfler istatistiksel olarak birbirinden farklidir (doz:
Fs9s= 50.47, P<0.0001; maruz kalma stiresi: Fsos= 112.85, P<0.0001; doz X maruz kalma siiresi: Fss9s= 2.25, P<0.002).

Table 11. Mortality rates (%) (+ s.e.) of Periplaneta americana adults exposed to the combined use of fixed dose (0.1x109 conidia
cm®) Beauveria bassiana 5-4 and different doses of boric acid
Cizelge 11. Sabit dozda (0.1x10° konidi cm2) Beauveria bassiana 5-4 ve farkli dozlardaki borik asidin kombine kullanimina
maruz burakilan Periplaneta americana erginlerinin éliim oranlari (%) (+ s.h.)

Beauveria Post-treatment time (hour) Uygulama sonrasi siire (saat)

bassiana

(5-4) + boric 48 72 96 120 144 168 Fe.14 P
acid

0.1x10% con. + 6.6£6.6Ab 33.3+£17.6Ab 60+20Aab 93.3+6.6Aa 100+0Aa 100+0Aa 14.32 0.000
1 mg cm2

0.1x10° con. + 0+0Ac 33.3+13.3Ab 80+11.5Aab 86.6+6.6Aa  86.6+6.6Aa  100+0Aa 21.01 0.000
0.5 mg cm™

0.1x10%con. + 6.6+6.6Ab 26.6+13.3Ab 80+11.5Aa  93.3+6.6Aa  100+0Aa 100+0Aa 17.21 0.000
0.1 mgcm™

Control 0+0 0+0 0+0 0+0 0+0 0+0

Kontrol

B. bassiana

(5-4)(0.1x10° 0+0 0+0 66.6+6.6 93.3+6.6 93.3+6.6 100+0

conidia cm-2)

Fa6 0.50 0.11 0.68 0.33 4.00 -

P 0.630 0.894 0.540 0.729 0.079 -

- Two-way analysis of variance (ANOVA) was applied to the data and the differences between the means were determined according to the
Tukey test at the 5% significance level (P<0.05), different capital letters in the same column and different lowercase letters in the same row
are statistically different from each other (dose: Fz 4= 0.40, P<0.673; exposure time: Fs42= 49.89, P<0.0001; dose X exposure time: Fiz 4= 0.63,
P=0.806).

- Verilere ¢ift yonlii varyans analizi (ANOVA) uygulanmis ve ortalamalar arasindaki farkliliklar %5 énem seviyesinde Tukey testine gore
belirlenmistir (P<0.05), ayni stitundaki farkl biiyiik harfler ve ayni satirdaki farkl kiigiik harfler istatistiksel olarak birbirinden farklhdir (doz:
Fy42= 0.40, P<0.673; maruz kalma stiresi: Fs42= 49.89, P<0.0001; doz X maruz kalma siiresi: Fizs42= 0.63, P=0.806).

802



KSU Tarim ve Doga Derg 26 (4), 795-805, 2023
KSU J. Agric Nat 26 (4), 795-805, 2023

Arastirma Makalesi
Research Article

Table 12. Mortality rates (%) (+ s.e.) of Periplaneta americana adults exposed to the combined use of fixed dose (1
mg cm?) boric acid and different doses of Beauveria bassiana 5-4
Cizelge 12. Sabit dozda (1 mg cm2) borik asit farkli dozlardaki Beauveria bassiana 5-47lin kombine kullanimina
maruz burakilan Periplaneta americana erginlerinin éliim oranlari (%) (+ s.h.)

Boric acid

Post-treatment time (hours) Uygulama sonrasi siire (saat)

+
Beauveria

bassiana
(5-4)

48 72 96 120

144 168 192 Fe14 P

1 mg+ 0+0Ac  33.3+6.6Abc  60+20Aab
0.05%10°
con. cm™2
1 mg+

0.01x10°
con. cm2
Control

Kontrol

0+0Ad  6.6+6.6Acd 33.3+6.6Abc

0+0 0+0 0+0 0+0

86.6+13.3Aab

60+11.5Ab

100+0Aa 100+0Aa 100+0Aa 12.93  0.000

66.6+6.6Bab  73.3+6.6Bab 93.3+6.6Aa 22.47  0.000

0+0 0+0 0+0

Boric acid
(1 mg cm-

?)

0+0 6.6+6.6 40+11.5

66.6+13.3

66.6+13.3 93.3£6.6 100+0

Fi4
P

1.00
0.374

7.11
0.056

1.47
0.292

3.02
0.157

1.00
0.374

68.75
0.001

53.17
0.002

- Two-way analysis of variance (ANOVA) was applied to the data and the differences between the means were determined according to the
Tukey test at the 5% significance level (P<0.05), different capital letters in the same column and different lowercase letters in the same row
are statistically different from each other (dose: F1.25= 30.27, P<0.0001; exposure time: Fe2s= 31.05, P<0.0001; dose X exposure time: Fg 5= 0.89,

P>0.05).

- Verilere ¢ift yonlii varyans analizi (ANOVA) uygulanmis ve ortalamalar arasindaki farkhiliklar %5 énem seviyesinde Tukey testine gore
belirlenmistir (P<0.05), ayni siitundaki farkl biiyiik harfler ve ayni satirdaki farkl kiiciik harfler istatistiksel olarak birbirinden farklhdir (doz:
Fi26= 830.27, P<0.0001; maruz kalma stiresi: Fs25= 31.05, P<0.0001; doz X maruz kalma stiresi: Fs2s= 0.89, P>0.05).

CONCLUSION

As a result, the lethal effect of entomopathogenic fungi
and boric acid against P. americana can be accelerated
by combination. Both have been specified in the
literature to be safe for humans and other mammals.
The principle of synergism between boric acid and
entomopathogenic fungus is not known exactly, but
Gwokyalya & Altuntas (2019), found in their study
that the cytotoxic effect of boric acid significantly
suppressed the hemocyte immune response
mechanisms such as melanization, encapsulation and
nodule formation of Galleria mellonella (Lepidoptera:
Pyralidae). They revealed that M. anisopliaefacilitates
evasion of these mechanisms, thereby increasing the
virulence of the pathogen. Similarly, it is clear that
American cockroaches exposed to lethal subdoses of
boric acid become more susceptible to B. bassiana
infection. The advantage of this combination is, it can
accelerate the mechanism of action of the
entomopathogenic fungus without compromising its
viability. However, more research is needed to
optimize this formulation, determine its effectiveness
under field conditions, and expand its use on other pest
species.
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ABSTRACT Phytopathology
Astragalus, the most diverse genus in the world, contains about 3000

different taxa. This genus has 489 taxa and 63 sections in Turkey, giving Research Article

it a 51% endemism rate. 82 Astragalus taxa were collected from the Van : :

Lake Basin in 2019 for this research. These species' morphological Artlc.le H1story.

diagnoses revealed that four of them were rare and 17 of them were Received 203'10'2022
endemic. In this research, the universal primers ITS4 and ITS5 were Accepted +23.01.2023
used to amplify the ITS1 and ITS2 sections, which included the 5.8S gene Keywords

of rDNA. Different programs (SnapGene, CLC DNA Workbench) were Astragalus

used to analyze the genome information of species in the genus Molecular phylogeny

Astragalus. The DNA sequences of Astragalus species have been ITS
uploaded to the GenBank database of the National Center for
Biotechnology Information (NCBI) (Maryland, USA), which is open to all
researchers worldwide. The length of the ITS in the study, including the
5.8S sequence, varied from 669 to 687 bp. The results showed that the
phylogenetic tree combined with the most stable secondary (29) structure
obtained from the universal ITS4 and ITS5 primers is an effective tool for
the identification of Astragalus taxa.

Endemism

Van Gélii Havzasrnda Bazi Endemik ve Nadir Astragalus Taksonlarmin Filogenetik Iligkilerinin
Belirlenmesi

OZET Fitopatoloji

Dinyanin en cesitli cinsi olan Astragalus, yaklagik 3000 farklh takson

icermektedir. Bu cins Turkiye'de 489 takson ve 63 boliime sahiptir ve bu Aragtirma Makalesi

da ona %51 endemizm orani vermektedir. Bu arastirma i¢in 2019 yilinda

Van Go6lu Havzasi'ndan 82 Astragalus taksonu toplanmigtir. Bu tiirlerin Makale Tarihgesi
morfolojik tanilari, dordiniin nadir, 17'sinin endemik oldugunu ortaya Gelis Tarth1i  :03.10.2022

koymustur. Bu arastirmada, rDNA'nin 5.8S genini iceren ITS1 ve ITS2 Kabul Tarihi :23.01.2023

b6limlerini g¢ogaltmak igin evrensel primerler olan ITS4 ve ITS5

kullanilmigtir. Astragalus cinsindeki tiirlerin genom bilgilerini analiz Anahtar Kelimeler
etmek icin farkli programlar (SnapGene, CLC DNA Workbench) Astragalus
kullanilmigtir. Astragalus tirlerinin DNA dizileri, Ulusal Biyoteknoloji Molekiiler filogeni
Bilgi Merkezi'nin (NCBID) (Maryland, USA) diinya capinda tiim ITS
arastirmacilara ac¢ik olan GenBank veri tabanina yiklenmigtir. 5.8S Endemizm

dizisi de dahil olmak tzere ¢alismadaki ITS uzunlugu 669 ila 687 bp
arasinda degismistir. Sonuglar, evrensel ITS4 ve ITS5 primerlerinden
elde edilen en kararh ikincil (2°) yap1 ile birlestirilen filogenetik agacin,
Astragalus taksonlarinin tanimlanmasi i¢in etkili bir ara¢ oldugunu
gostermigtir.

Atif Sekli: Genli, G., Kaya Tekbudak, I., Usta, M., & Miikemre, M., (2023) Van Gélii Havzas’'nda Bazi Endemik ve Nadir
Astragalus Taksonlariin Filogenetik Iligkilerinin Belirlenmesi. KSU Tarim ve Doga Derg 26 (4), 806-814.
https://doi.org/10.18016/ksutarimdoga.vi.1183518
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INTRODUCTION

After Orchidaceae and Asteraceae, the Fabaceae
family has 19,400 species and 740 genera, making it
the world's third-largest plant family. The largest
genus in the Fabaceae family is Astragalus (Podlech &
Zarre, 2013). The genus Astragalus has 469 taxa and
62 sections (groups) in the Turkish flora (Davis et al.,
1988; Podlech, 1999; Aytac & Ekici, 2012). Aytac and
Ekici (2012) report that 217 of Turkey's 469 Astragalus
taxa are endemic, with an endemism rate of 46.2%.
Astragalus is widely distributed in the steppe
environment of low or high mountains in the Irano-
Turanian phytogeographic region of Turkey
(Chamberlain & Matthews, 1970; Podlech, 1999;
Duran & Aytac, 2005; Atasagun et al., 2021). The leaf
rachis of this taxa is classified into two groups: those
with spines and those without. In Turkey, locals refer
to it as "Geven or Guni. The taxonomical problems of
the genus Astragalus were mentioned in the Flora of
Turkey (Davis et al., 1988). Due to their morphological
similarities, some taxa of the Astragalus genus
identified in Turkey might be difficult to distinguish.
The Fabaceae family's most abundant member,
Astragalus, is considered a taxonomically difficult
genus. (Podlech, 1986). To solve these taxonomical
issues, the genus should determine the phylogenetic
relationships.

The (ITS) Internal Transcribed Spacers region on
ribosomal DNA is a popular choice today for PCR
amplification used for phylogenetic analysis of closely
related species and populations. The popularity of ITS
regions has increased as universal primers that can
bind to conserved rDNA regions have been developed.
The information obtained from the analysis of the ITS
base sequences makes important contributions to the
solution of current problems in taxonomic categories.
Usually, the kinship of the related taxa is attempted
by examining the ITS variations that belong to the
various taxa (Baldwin et al., 1995). In various
systematic studies, ITS has been applied to a wide
range of plants at the genus and species levels. The two
interior spaces ITS-1 and ITS-2 are located between
the genes encoding the 5.8S, 18S, and 26S nuclear
ribosomal RNA (nrRNA) subunits. The ITS-1 and ITS-
2 gaps as well as the 5.8S gene are referred to as the
ITS region. While the 5.8S subunit in angiosperms has
a constant length of 163—164 bp, ITS-1 and ITS-2 are
about 300 bp long (Baldwin, 1992).

The ITS region can be amplified and sequenced with
the help of all-purpose primers. Primers derived from
yeast (Saccharomyces), insect (Drosophila), and plant
(Oryza sativa and Hordeum vulgaris) lines were
originally designed for fungal rRNA amplification
(White et al.,, 1990). The ITS-1 or ITS-2 region
sequence analysis results may produce phylogenetic
trees with results that are not supported by other
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sequences. As a result, combining the data from the
ITS-1 and ITS-2 regions produces results that produce

trees that are more precise, reliable, and
comprehensive (Baldwin, 1992; Baldwin et al., 1995).
Because the morphological features of many

Astragalus species are complex, it is difficult to
distinguish them differently. In that sense,
standardized DNA marker-based DNA analysis is
useful for identifying species (Zhang & Jiang, 2020).
Recent years have seen a significant increase in the
usage of these markers for endangered species
conservation and species discrimination (Kress et
al., 2005; Kress, 2017). Especially, the internal
transcribed spacer region (ITS) of nuclear ribosomal
DNA (nrDNA) is now widely used for such purposes.
Several studies, including some recent ones, have used
ITS regions as molecular evidence to describe new
Astragalus species (Pahlevani et al., 2020; Roofigar &
Maassoumi, 2020; Abd El-Ghani et al., 2021).

In this study, some endemic and rare species of the
Astragalus genus were collected in the Van Lake
Basin. Phylogenetic analysis techniques were used to
identify the degree of relationship between species.
Molecular methods used in plant identification provide
a great convenience in this sense and eliminate the
mistakes made in systematic diagnosis in
distinguishing species belonging to a genus from each
other.

There are 211 endemic Astragalus taxa that have been
identified in Turkey, and they are all perennial.
According to our regions, the Central Anatolia Region
(100 taxa; 29.1%) has the highest number of
Astragalus taxa, followed by the Mediterranean (77
taxa; 22.4%), Eastern Anatolia (63 taxa; 18.3%), and
the Black Sea Region (52 taxa; 15.1%) (Bagbag et al.,
2018).

MATERIAL and METHOD
Taxon Sampling:

In July 2019, the study was carried out in the Van
Lake Basin. Plant samples belonging to the genus
Astragalus were collected from the Ercis, Muradiye,
Caldiran, Tugba, Edremit, Ozalp, Saray, Catak,
Bahcesaray, and Giirpinar districts of Van (Figure 1).
The scientific identification of the plant samples was
confirmed at Hakkari University Biodiversity
Research Herbarium (VPH), in Turkey, and the
voucher specimens were stored at VPH (Table 1).

DNA Isolation and PCR Amplification

Genomic DNA was extracted from fresh Astragalus
Spp.

The leaves of the samples selected during the field

study and turned into herbarium samples were used
for DNA isolation. A commercial DNA extraction kit


https://onlinelibrary.wiley.com/doi/full/10.1111/njb.03237?casa_token=dodwts5iIHEAAAAA%3ALFpLHeokCTzHaLer8eccyyNLGI3r3sDC8xwlneLNTEvJnuykhHXBrauMQsDR4QHRfkHF27Fo8fG4Ss0#bib-0050
https://onlinelibrary.wiley.com/doi/full/10.1111/njb.03237?casa_token=dodwts5iIHEAAAAA%3ALFpLHeokCTzHaLer8eccyyNLGI3r3sDC8xwlneLNTEvJnuykhHXBrauMQsDR4QHRfkHF27Fo8fG4Ss0#bib-0032
https://onlinelibrary.wiley.com/doi/full/10.1111/njb.03237?casa_token=dodwts5iIHEAAAAA%3ALFpLHeokCTzHaLer8eccyyNLGI3r3sDC8xwlneLNTEvJnuykhHXBrauMQsDR4QHRfkHF27Fo8fG4Ss0#bib-0031
https://onlinelibrary.wiley.com/doi/full/10.1111/njb.03237?casa_token=dodwts5iIHEAAAAA%3ALFpLHeokCTzHaLer8eccyyNLGI3r3sDC8xwlneLNTEvJnuykhHXBrauMQsDR4QHRfkHF27Fo8fG4Ss0#bib-0039
https://onlinelibrary.wiley.com/doi/full/10.1111/njb.03237?casa_token=dodwts5iIHEAAAAA%3ALFpLHeokCTzHaLer8eccyyNLGI3r3sDC8xwlneLNTEvJnuykhHXBrauMQsDR4QHRfkHF27Fo8fG4Ss0#bib-0001
https://onlinelibrary.wiley.com/doi/full/10.1111/njb.03237?casa_token=dodwts5iIHEAAAAA%3ALFpLHeokCTzHaLer8eccyyNLGI3r3sDC8xwlneLNTEvJnuykhHXBrauMQsDR4QHRfkHF27Fo8fG4Ss0#bib-0021
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(Thermo Scientific, Lithuania) was used to isolate
plant DNA, which is the main material of the present
study. DNA isolation was applied to plant samples at
the numbers which can represent each species.

Molecular (sequence analysis and secondary structure
pattern of ntDNA) and morphological (flower and leaf
structure) analyses were primarily used to identify the
species of the collected plant samples.

Legend
@ County
Streams

— Dams

D Boundry of Van

SRy

Figure 1. Locations where endemic and rare species belonging to the genus Astragalus are collected in the Van

Sekil 1. Van Golii Havzasi'nda Astragalus cinsine ait endemik ve nadir tiirlerin toplandig yerler.

B Lake e - S >
Lake Basin.
Universal primers ITS4 —(5-
TCCTCCGCTTATTGATATGC-3) and ITS5 (5-

GGAAGTAAAAGTCGTAACAAG G -3°) were used to
amplify the ITS region of the ribosomal DNA gene.
With the help of these primers, ITS1, 5.8S, and ITS2
regions in rDNA were amplified by PCR. Amplification
of these regions on double-stranded DNA was
performed in 50 pl reaction volumes, which was a
mixture containing 5 pl of 10X reaction buffer, 3 pl of
MgClz, 1 pl of dNTP, 1 ul of each primer, 0.4 ul of Taq
DNA polymerase enzyme (Fermantas) and 5 pl of
genomic DNA. In the prepared PCR mixture 2 min
DNA double chain separation at 94 °C, 1 min DNA
double chain separation at 94 °C, 1 min primers
binding at 55 °C, 2 min DNA synthesis at 72 °C, and
finally 10 min final elongation at 72 °C were applied to
the prepared PCR mixture in the form of 36 thermal
cycles, respectively. PCR applications were performed
on the Eppendorf MasterCycler device. The products
PCR were run on a 1% agarose gel and the gel obtained
at the end of electrophoresis was stained on a shaker
platform for 20 minutes in 100 ml of sterile distilled
water and 30 ul of EtBr (0.5 ug ml! ) solution in a
suitable container (Sambrook et al., 1989). To make
the stained DNA visible, it was displayed in the gel
imaging and analysis system. After the molecular
studies, DNA next-generation sequencing (NGS) of the
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ITS regions of each taxon on the purified DNA was
made by Sentebiolab A.S. The accession numbers of
the studied sequences are given in Table 1 and
registered in the GenBank database.

Predicting the Most Stable Secondary (29 Structure

All possible most stable secondary (2°) structures of
ITS1, 5.8S, and ITS2 regions for a total of 21 species
sequences were modeled using the fold structure
prediction package of CLC Main Workbench 6.7.1. The
most stable rRNA molecule can be predicted by
calculating the free energies of all possible secondary
structures and maintaining one of the lowest energy
(i.e., the most stable) ones (Chastain & Tinoco, 1991).

Phylogenetic Analysis

Nucleotide sequence similarity, multiple alignments,
and phylogenetic tree were created using the CLC
Mainwork bench 6.7.1 software (Qiagen, USA). The
phylogenetic tree was created using the Neighbor-
Joining algorithm with 1000 bootstrap replicates by
the ITS (Internal Transcribed Spacer) region
sequences of Astragalus species detected in the present
study registered in the GeneBank. A plant species
named Phytolacca americana L. with accession
number JX6580 was used as an outgroup to provide
better branching of the tree.
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Table 1. NCBI accession number and the source of sequences used
Cizelge 1. NCBI erisim numarasi ve kullanilan dizilerin kaynagi
Taxa Herbarium/ Collected Coordinates GenBank Base
Collector Code accession Length
number (bp)
*Astragalus aucheri Boiss. VPH: 358; GG-2 38°.8.300”"N42°.51’.33 MW208807 687
50” E 2341 m
*Astragalus bashkalensis VPH: 371; GG-15 38°.10".642"N43°.54’.7 MW177874 687
D.F.Chamb. 70” E 2742 m
*Astragalus baytopranus VPH: 361; GG-5 38°.10.996”N43°.12.9 MW207660 687
D.F.Chamb. & V.A. Matthews 25” E 2188 m
*Astragalus  bicolor  Lam. VPH: 377, GG-21 38°.11’.511”N43°.564’.6 MW205835 687
subsp. karputanus (Boiss. & 06” E 2700 m
Noé) Ponert
*Astragalus cinereus Willd. VPH: 357; GG-1 38°.15".30”"N43°.15.11 MW199105 686
5”E 1897 m
*Astragalus comosordes VPH: 370; GG-14 37°.52’.422”N43°.01’.2 MW177875 6836
D.F.Chamb. & V.A. Matthews 82” E 1676 m
*Astragalus cryptocarpos D.C.  VPH: 375; GG-19 38°.55".311"N43°.47.3 MW208691 674
03" E 1949 m
*Astragalus davisii  VPH: 359; GG-3 38°.8°.300”"N42°.51’.33 MW207663 686
D.F.Chamb. & V.A.Matthews 50” E 2341 m
*Astragalus delanensis Sirj. & VPH: 362; GG-6 38°.94°.87"N42°.568.50 MW207666 687
Rech. F. 6” E 2400 m
*Astragalus gevashensis VPH: 365; GG-9 38°.25°.811”"N42°.563’.1 MW207662 687
D.F.Chamb. & V.A. Matthews 02” E 1808 m
*Astragalus gyvmnalopecias VPH: 366; GG-10 38°.7.350”"N43°.3.129° MW208692 686
Rech. F. E 2250 m
*Astragalus hareftae (Nab.) VPH: 376; GG-20 38°.10°.996"N43°.12.9 MW208693 686
Sirj. 25” E 2188 m
*Astragalus longifolius Lam. VPH: 363; GG-7 38°.8°.300”"N42°.51’.33 MW207665 686
50” E 2341m
*Astragalus lycius Boiss. VPH: 368; GG-12 38°.19°.421"N43°.48.4 MW221495 686
94” E 230 m
**Astragalus pendulus D.C. VPH: 367; GG-11 38°.08.463"N43°.02’.2 MW208694 686
49” E 2291 m
**Astragalus pinetorum Boiss. VPH: 374; GG-18 38°.11.511”N43°.564’.6  MW289909 669
subsp declinatus Podlech 06” E 2700 m
**Astragalus pulchellus Boiss. VPH: 372; GG-16 38°.11’.511”N43°.564’.6  MW205827 686
06” E 2700 m
*Astragalus sachanewii Sirj. VPH: 360; GG-4 38°.91°.92”N42°.54’.16 MW207664 686
1” E 3047 m
*Astragalus tauricolus Boiss. VPH: 364; GG-8 38°.19°.168"N43°.36’.5 MW207659 686
65" E 2128 m
*Astragalus tournefortii Boiss. VPH: 369; GG-13 37°.54°.5642"N42°.562’.2 MW208695 686
14” E 1790 m
**Astragalus xylobasis Freyn & VPH: 373; GG-17 38°.8.300”"N42°.51’.33 MW207661 687
Bornm. 50” E 2341 m

*Endemic species, **Rare species

RESULTS

In the study, 82 Astragalus taxa were collected from
the Van Lake Basin and morphological identifications
of these taxa were performed. As a result of these
diagnoses, it was identified that 17 of 82 taxa were
endemic and 4 were rare. It has been studied with 21

taxa, which are most common in the Van Lake Basin.
Due to the similarity of their morphological
characteristics, the taxa of the genus Astragalus are
difficult to identify. When the procedures outlined in
this study and systematic diagnosis were used
together, the identification of these species yielded
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more precise and rapid results. These analyses showed
that they were sufficient for identifying and
categorizing Astragalustaxa. The ITS sequences used,
including the 5.8S gene, were identified for 21
Astragalus taxa and accession numbers were
submitted to the gene bank (Table 1).

Secondary (2°) structures support phylogenetic studies
and are very important in terms of providing certainty
in the phylogenetic identification of species. Secondary
(20) structures determined in this way can be easily
used in diagnosis. Thanks to the phylogenetic tree and
secondary (29 structures obtained, the morphological
identification of taxa has been proven to be correct and
it has been confirmed that they are endemic taxa.

When the phylogenetic tree in Figure 2 is examined; It
has been revealed that endemic taxa named A.
tauricolus and A. sachanewii are the closest taxa to
each other. It was determined that the endemic species
A. aucheri and A. bicolor subsp karputanus, both of
which are in the same branch of the phylogenetic tree,
are the closest taxa to each other. Likewise, taxa
named A. pulchellus and A. comosoides were
determined to be very close to each other. Located in
the same branch of the phylogenetic tree, A. pinetorum
subsp declinatus and A. cryptocarpus taxa were found
to be close to each other. It has been determined that
A. tournefortii and A. longifolius in the phylogenetic
tree are very close to each other. It was determined
that the taxa called A. Iycius, A. bashkalensis, A.
xylobasis, A. gymnalopecias, A. cinerous, A. pendulus,
A. hareftae, A. davisii, A. baytopianus, A. delanensis,
A. gevashensis, which are located in different branches
of the phylogenetic tree, were not close to each other
and were located in different branches of the
phylogenetic tree.

Sequence Analysis and Determination of Secondary
Structures

The nucleic acid base sequences of the ITS1-ITS2
region on the rDNA of the identified species were
determined and secondary structures of the rRNA of
the species were created using the CLC Main
Workbench 6.7.1 software (Figure 3).

DISCUSSION and CONCLUSION

In the study, 82 Astragalus taxa were collected from
the Van Lake Basin, and it was identified that 17 of
these taxa were endemic and 4 of them were rare
plants. A total of 21 taxa were studied. These taxa have
been systematically identified and the taxa called A.
cinerous, A. aucheri, A. davisii, A. sachanewii, A.
baytopianus, A. delanensis, A. lIongifolius, A.
tauricolus, A. gevashensis, A. gymnalopecias, A. lycius,
A. tournefortii, A. comosoides, A. bashkalensis, A.
cryptocarpos, A. hareftae, and A. bicolor subsp
karputanus were found to be endemic. In cases where
morphological characters are insufficient, sequence
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analysis 1s very useful for phylogenetic analysis
(Yokoyama et al., 2000).

Species found to be rare were A. pulchellus, A.
xylobasis, A. pinetorum subsp declinatus, and A.
pendulouss. Recent advances in molecular biology help
identify plant species by identifying species-species
gene regions (Baldwin et al., 1995).

Based on the ITS region of the 21 taxa used to support
the systematic diagnosis, a phylogenetic tree was
constructed. DNA sequences of chloroplast DNA and
nuclear genome regions are used to examine the
phylogenetic relationships between plant species
(Ates, 2017). In such plants as Astragalus that are
difficult to 1identify, phylogenetic relationships
between subgenera and genera belonging to plants are
distinguished by comparative sequencing of nrDNA
with ITS and 5.8S (Osaloo et al., 2003).

In addition to the phylogenetic tree, secondary
structures of 21 taxa studied for further supporting
data, were created with the CLC Main Workbench
6.7.1 software, and accordingly, A. cinerous, A.
xylobasis, A. davisii, A. longifolius, A. gyvmnalopecias,
A. comosoides, A. pinetorum subsp declinatus, A.
cryptocarpus taxa were found to have different
secondary structures. RNA secondary (2°) structures,
with symbolic representations of base pairs, double-
helices, loops, bulges, and single-strands, represent a
wide spectrum of information by forming branches to
understand, organize, and decompose the three-
dimensional (3D) structure, folding, and function of
RNA (Petrov et al.,, 2014). When the groups formed in
the phylogenetic tree of 21 Astragalus taxa identified
in the study and the secondary structures of these
species were compared, it was determined that the
secondary structures of A. tauricolus and A.
sachanewii, located in the same branch of the
phylogenetic tree, were very close to each other. It has
been determined that the secondary structures of A.
aucheri and A. bicolor subsp karputanus, which are in
the same branch of the phylogenetic tree, are different
from each other. The secondary structure of A. aucheri
with A. tournefortii and A. bicolor subsp karputanus
with A. Iycius was found to be similar. It was
determined that the secondary structures of A.
pulchellus and A. comosoides, which are on the same
branch in the phylogenetic tree, are different from each
other. The secondary structure of A. pulchellus and A.
bashkalensis turned out similar. It has been
determined that A. comosoides has a unique secondary
structure. Similarly, it was determined that secondary
structures of A. pinetorum subsp declinatus and A.
cryptocarpos, located on the same branch in the
phylogenetic tree, formed a unique structure.
Considering the secondary structure of A. tournefortii
and A. longifolius, which are in the same branch in the
phylogenetic tree, it has been determined that the
secondary structure of A. tournefortii is very close to
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Astranalis sachanewii Siri-
Astragalus aucheri Boiss.
Astragalus bicolor Lam. subsp. karputanus Ponert

Astragalus lycius Boiss.
Astragalus pulchellus Boiss.

Astragalus comosoides D.F. Chamb. & V.A.Matthews
Astragalus bashkalensis D.F. Chamb.

Astragalus xylobasis Freyn & Bornm.

Astragalus pinetorum Boiss. subsp. declinatus Podlech
Astragalus cryptocarpus D.C.

Astragalus gymnalopecias Rech. F.

Astragalus cinereus Willd.

Astragalus pendulus D.C.

Astragalus tournefortii Boiss.

Astragalus longifolius Lam.

Astragalus hareftae (Nab.) Sirj.

Astragalus davisii D.F.Chamb .& V. A. Matthews
Astragalus baytopianus D.F.Chamb.& V.A.Matthews
Astragalus delanensis Sirj. & Rech. F

Astragalus gevashensis D.F.Chamb.& V. A. Matthews

Phytolacca americana L.

Figure 2. Phylogenetic tree of endemic taxa of the genus Astragalus obtained by CLC DNA Main Workbench 6.7.1 program
Sekil 2. CLC DNA Main Workbench 6.7.1 programi ile elde edilen Astragalus cinsinin endemik taksonlarinin filogenetik agaci.
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& V. A Matthews

A. bicolor Lam. Subsp.

karputanus Botss, & No&) A tournefortii Boiss. A aucheriBotss. 4, bashkalensis DF. Charnb.
Ponert

Figure 3. Secondary structures of ITS region sequences of Astragalus species: A. sachanewii (a) with A. tauricolus (b), A.
baytopianus (c¢) with A. delanensis (d) and A. gevashensis (e), A. pendulus (f) with A. hareftae (g), A. lycius (h) with
A. bicolor subsp. karputanus (i), A. tournefortii (j) and A. aucheri (k), A. bashkalensis (I) and A. pulchellus (m)
secondary structures of the ITS sequences turned out to be similar.

Sekil 3. Astragalus tiirlerinin ITS bélgesi dizilerinin ikincil yapilari: A. sachanewii (a) ile A. tauricolus (b), A. baytopianus (c)
ile A. delanensis (d) ve A. gevashensis (e), A. pendulus () ile A. hareftae (g), A. Iycius (h) ile A. bicolor subsp.
karputanus (1), A. tournefortii (j) ve A. aucheri (k), A. bashkalensis (I) ve A. pulchellus (m) ikincil yapilar birbirine
benzer ¢ikmigtir.
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that of A. aucheri. It was revealed that the secondary
structure of A. longifolius formed a unique structure.
Accurate and easily accessible secondary structures
are essential for comprehending ribosomes, which are
enormously large and highly complex three-
dimensional objects (Petrov et al., 2014).

As a result, with this study, a total of 82 plant samples
belonging to the genus Astragalus, were collected in
the Van Lake Basin and their systematic identification
was made. After a series of molecular processes, the
degree of kinship between species was determined by
phylogenetic analysis methods and their secondary (2°)
structures have been researched. As a result, the
relative positioning status and secondary structures of
the species in the phylogenetic tree were evaluated,
and it was found that the results were consistent with
one another. At the same time, it was discovered that
the ntDNA ITS region of plants ranged in length from
669 to 687 base pairs. This finding was lengthy enough
to offer enough data for species identification.
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OZET

Gri kuf hastaligina neden olan Botrytis cinerea aralarinda turuncggil
meyvelerininde bulundugu olduk¢a genis konukgu dizisine sahip fungal
bir hastalik etmenidir. Bu calismada farklh kekik tiirleri (Origanum
onites L., Origanum syriacum Holm., Thymbra spicata L.) ve rezene
(Foeniculum vulgare Mill.) bitkilerinden elde edilen ucucu yaglarin
Botrytis cinereanmin misel gelisimi, spor c¢imlenmesi ve hiflerinin
morfolojik yapisi tizerine buhar fazinda antifungal etkinlikleri in vitro
kogullarda arastirilmigtir. Ugucu yaglar arasinda en yiiksek antifungal
etkinlik (% 100 engelleme) O. onites ve O. syriacum ucgucu yaglarinin 10
pug ml! dozunda tespit edilmis olup, bu uygulamalari 40 pg ml! dozunda
T. spicata ile nispeten daha yiiksek dozda (120 pg ml!) kullanilan Z
vulgare ucgucu yaglari takip etmistir. Ucucu yaglarin misel gelisimini
tamamen engelleyen dozlardaki etkinliginin fungisidal 6zellikte oldugu
belirlenmigtir. Test edilen ugucu yaglarin tamami 10 pg ml?! dozda
fungus konidilerin ¢imlenmesini tamamen engellemistir. Yapilan
taramali ve 1sik mikroskop g¢alismalarinda ugucu yaglarin minimum
engelleme dozlarinda fungus misel ve konidileri tizerinde vesikiillesme,
sitoplazmalarinda pihtilagsma, hiflerde erime gibi ciddi bozulmalara
neden oldugu gozlenmistir. Mikroskop gézlem sonuglar: ugucu yaglar
tarafindan gosterilen antifungal etkinligin fungus misel ve konidilerinde
neden olunan morfolojik bozulmalardan kaynaklandigini géstermigtir.
Elde edilen sonuclar o6zellikle kekik tiirlerine ait ucgucu yaglarin
depolanmig Urtnlerde sorun olan fungal hastaliklarla miicadelede
kimyasallara alternatif ¢evre dostu biyofungisit olarak kullanilabilme
potansiyeline sahip oldugunu géstermistir.

Antifungal Effects of Essential Oils on Mycelial Growth, Conidia
Hyphae of Gray Mold Disease Agent Botrytis cinerea

ABSTRACT

Botrytis cinerea, which causes gray mold disease, is a fungal disease
agent with a wide host range, including citrus fruits. In this study,
antifungal effects of plant essential oils obtained from different thyme
species (Origanum onites L., Origanum syriacum Holm., Thymbra
spicata L.) and fennel (Foeniculum vulgare Mill.) in vapor phase were
investigated on mycelial growth, conidia germination and morphology of
hyphae of B. cinerea in vitro conditions. Among the essential oils, the
highest antifungal activity (100% inhibition) was detected at the dose of
10 pg mL! of O. onites and O. syriacum essential oils, and these
applications were followed by 7. spicata at a dose of 40 ug mL! and F.
vulgare essential oil at a relatively higher dose (120 pg mL1) used. The
effectiveness of essential oils at doses that completely inhibit mycelial
growth were determined as fungicidal. All essential oils tested completely
inhibited the germination of fungal conidia at the dose of 10 pg mL1. In
scanning and light microscopy studies, it has been observed that essential
oils cause serious deteriorations such as vesiculation, cytoplasmic
coagulation and lysis on fungal mycelium and conidia at minimum
inhibition concentrations determined. Microscope observation results
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showed that the antifungal activities were due to the morphological
deteriorations caused by the essential oils on the fungal hyphae and
conidia. Overall results showed that essential oils of thyme species have
the potential to be used as environmental friendly biofungicide

alternative to chemicals against fungal diseases in stored products.

Ataf Sekli: Koése, F., & Soylu, E.M., (2023). Bitki Ucucu Yaglarin Gri Kiif Hastaligi Etmeni Botrytis cinereann Misel
Geligimi, Konidi Cimlenmesi ve Hif Morfolojisi Uzerine Antifungal Etkileri. KSU Tarim ve Doga Derg 26 (4),
815-826. https://doi.org/10.18016/ksutarimdoga.vi. 1221681
To Cite : Koése, F., & Soylu, E.M., (2023). Antifungal Effects of Essential Oils on Mycelial Growth, Conidia Germination
and Morphology of Hyphae of Gray Mold Disease Agent Botrytis cinerea. KSU J. Agric Nat 26 (4), 815-826.
httpsi//doi.org/10.18016/ksutarimdoga.vi.1221681
GIRIS Geotrichum spp., Mucor spp., Rhizopus spp.,
Diinya genelinde 100 den fazla ilkede yetistirilen  Stemphylium spp., Aspergillus spp., ve Cladosporium
turuncgiller en fazla iiretimin yapildigi meyve spp. ait fungal turle‘z’r meyve  ve sebzelerin
tirlerinin basinda gelir. Turuncgiller portakal, depolanmalar: sirasinda 6nemli zararlara sebep olan

mandarin, grefurt, misket limonu ve limon gibi ¢esitli
tiirlerden olusur (Ismail & Zhang, 2004). Narenciye
tariminin uluslararasi ekonomideki etkisi ¢ok biytik
olup, hasat, tasima, nakliye ve depolama gibi tGretim
dongiuisiinde yer alan bircok sektore katkisi oldukca
fazladir. Diinya Gida ve Tarim Orgiitii FAOnun 2020
yil1 Gretim verilerine gore dinya turuncgil iretiminde
ilk sirada 37.7 milyon ton ile Cin yer alirken, bu iilkeyi
sirasiyla 19.5 milyon ton ile Brezilya, 12.5 milyon ton
ile Hindistan, 7.9 milyon ton ile Meksika, 7.2 milyon
ton ile A.B.D, 5.9 milyon ton ile Ispanya takip etmistir.
Turkiye turunggil tretiminde 4.2 milyon ton Uretim
miktari ile diinya genelinde yedinci sirada yer almigtir
(Anonymous, 2020). Tiirkiye genelinde 2021 yilinda
turuncgil Uretimi 5.3 milyon ton olup, bu tretimin
yaklagik 4 milyon tonu Akdeniz Boélgesi'nde
gerceklesmistir (Anonim, 2021).

Yas meyve ve sebzeler bol miktarda su ve besin
maddesi igerdiklerinden dolay: fungus ve bakteri
kokenli patojenlerin saldirilarina sik sitk maruz
kalirlar. Enfekteli tirtiinlerde etilen sentezi, solunum
ve 1s1 Uretimindeki artig olgunlagsmayr hizlandirdig:
igin Urlinin direnci azalir ve turunlerin sekonder
enfeksiyonlara kars1 duyarliligim artirir (Benli, 2003).
Hasat sonrasi ortaya c¢ikan fungal ve bakteriyel
kokenli hastaliklar taze meyvelerin, depo Omrini
azaltan baslica sorunlardan biridir (Prusky, 2011).
Hasatsonu fungal hastalik etmenleri paketleme
evlerinde, depolarda ve tasima asamalarinda
Tiurkiye'nin 6nemli ihra¢ urtnlerinden biri olan
turunggil meyvelerinde g¢iriimelere neden olmak
suretiyle oldukca ciddi Girtin kayiplarina neden olurlar.
S6z konusu hastalik etmenleri bu tir trinlerde ortaya
ciktiklarinda % 30’lara varan miktarlarda ekonomik
zararlara neden olurken, hastaligin gelisimi igin
uygun iklim kogullarinda yogun olarak ortaya c¢iktig:
durumlarda bu kayiplarin %50leri astig bildirilmistir
(Kaplan & Dave, 1979; Salunkhe & Desai, 1984;
Wilson & Pusey, 1985; Agar, 1987; Cohen, 1989;
Wilson ve ark., 1994).

Botrytis cinerea, Penicillium spp., Alternaria spp.,
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turlerin basinda gelir. S6z konusu etmenlerden
bazilar1 sanitasyon kurallarinin uygulanmadig
depolarda ve paketleme evlerinde hasat edilmis sebze
ve meyvelerde c¢urimelerin yani sira tUrinlerde
mikotoksin birikimine neden olurlar (Maldonado ve
ark., 2009; Saito ve ark., 2016; Saito & Xiao, 2017a,b;
Atay & Soylu, 2022; Jayasekara ve ark., 2022; Uysal
ve ark., 2022). Farkli meyve ve sebze tiirlerini
kapsayan oldukca genis konuke¢u dizilimine sahip olan
hastalik etmeni uygun c¢evre ortamlarinda turuncgil
meyvelerinde primer enfeksiyona neden oldugu gibi,
sekonder enfeksiyon kaynagi olarakda trin
kayiplarina neden olabilmektedir (Rosslenbroich &
Stuebler, 2000). Meyve paketleme evlerinde yapilan
rutin siirvey c¢alismalarinda hastalik etmenin
turunggil meyvelerinde 6ne c¢ikan ilk alti hastalik
etmenleri arasinda yer aldigi bildirilmistir (Saito &

Xiao, 2017b). Diger turuncgil cesitlerine gére
depolanan limon ve mandarin meyveleri genellikle
daha duyarhdir (Anonymous, 2022). Turuncgil

meyvelerinin kabuklarinda yumusak c¢liriimelerle
baglayan belirtiler daha sonra kahverengilestikten
sonra ilerleyen dénemlerde siyahlagarak nekrotik bir
hal alir. Kararmig dokular tzerinde kursuni renkte
yogun sporulasyon ve misel gelisimi seklinde hastalik
etmenine 6zgi belirtiler ortaya gikar.

Hasat sonu hastalik etmenleri uygun olmayan
depolanma kosullarinda konukc¢ular: lizerinde hizla
geliserek spor olustururlar. Uriinler iizerinde ortaya
¢itkan yogun sporulasyon patojenin bulunduklar
ortamda hizli yayilmasina neden olurken, Ureticileri
hastalikla mucadele kapsaminda kimyasal fungisitleri
uygulamaya yonlendirir. Depolanmig urin
hastaliklar: ile miicadelede bilingsiz sekilde ve yogun
olarak kullanilan fungisit uygulamalari tirtin tizerinde
kalintiya neden oldugu gibi, c¢evredeki faydali
organizmalara ve insan sagligina ciddi zararlara
neden olurlar. Yiksek dozda ve siklikta fungisit
uygulamalar1 hasat sonu hastalik etmeni tiirlerde
fungisitlere dayanikli yeni irk/izolatlarin ortaya
cikmasina neden olur (Pappas, 1982). Diinyanin bircok
ulkesinde oldugu gibi, Turkiye’de fungisitlere karsi
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patojenlerde dayaniklihk gelisiminin belirlenmesi
uzerine yapilmig arastirmalarda yesil kuf hastalik
etmeni P digitatun’un  yaygin  kullanilan
fungisitlerden thiabendazole, benomyl ve imazalil’e
kars1  dayanmikli  izolatlarimin  ortaya  ¢iktig
bildirilmistir (Wild & Eckert, 1982; Kelly & Austin,
1985; Dave & ark., 1990; Stange & Eckert, 1994; Delen
& Tosun, 1995; Ozbek & Delen, 1995; Toker & Bicici,
1996). Turuncgil meyvelerin yani sira B. cinerea
izolatlarinin farkl konukgularda kullanilan benomyl,
azoxystrobin, dicarboximidlere, thiabendazole,
pyrimethanile ve procymidone etki —maddeli
fungisitlere kars1 dayanikli izolat/irklara sahip oldugu
bildirilmistir (Dianez ve ark., 2002; Myresiotis ve ark.,
2007; Saito & Xiao, 2018).

Kimyasal pestisitlerin insan saghgina, dogal ¢cevreye
ve faydali mikroorganizmalar tizerine olan
olumsuzluklar: arastirmacilar1 depolanmis triinlerde
hasat sonrasi1 gorilen hastaliklarla kimyasal
micadeleye alternatif yeni, dogal c¢evre dostu
miicadele yontemlerini arastirmaya zorlamistir. Bilim
insanlari, bu kapsamda cevreye ve insan saghgina
dost, kalinti1 problemi olusturmayan, antimikrobiyal
etkinlige sahip tibbi ve aromatik bitki ugucu yag ve
ekstraktlarinin hastaliklarla miicadelede kullanim
olanaklarini arastiran c¢alismalara yodnelmiglerdir
(Abbey ve ark., 2019; Bazioli ve ark., 2019; Atay &
Soylu, 2023). Yapilan literatiir calismalarinda lavanta,
biberiye, origanum, karanfil, hardal, nane, limon otu,
portakal ve limon gibi farkli tiirlere ait bitki ugucu
yaglarin farkli sebze ve meyvelerde hasat sonrasi gri
kif hastalik etmenine karg: gii¢li antifungal etkiye
sahip oldugu bildirilmis olup (Bouchra ve ark., 2003;
Soylu ve ark., 2010; Aguilar-Gonzalez ve ark., 2015;
Mbili ve ark., 2017; de Oliveira Filho ve ark., 2021;
Jafarzadeh ve ark., 2021; Amiri ve ark., 2022)
turunggil meyvelerinde hasat sonrasi sorun olan
hastalik etmeni B. cinereaya kars1 yapilmis her hangi
bir ¢alismaya rastlanmamagtir.

Bu calismada Hatay ilinde dogal olarak yetisen bazi
kekik tiirlerinin (ak kekik, Origanum onites L.; Suriye
kekigi, Origanum syriacum Holm.; karabas kekik
Thymbra spicatal.) yapraklar ile rezene (Foeniculum
vulgare Mill) tohumlarindan buhar distilasyon
yontemi ile elde edilmig bitki ugucu yaglarinin
depolanmig turunggil meyvelerinden izole edilmis

Botrytis cinereanin misel gelisimi ve  spor
¢imlenmelerinin engellenmesi tiizerine ugucu fazda
antifungal  etkinlikleri in vitro  kosullarda
arastirnilmigtir.

MATERYAL ve METOD

Fungal Hastalik Etmeninin, izolasyon ve Tanilanmasi

Calismada kullanilan Botrytis cinerea izolat1 Hatay ili
Erzin ilgesinde yer alan paketleme evlerindeki tipik
hastalik belirtileri gésteren limon meyvelerinden izole
edilmistir (Sekil 1). Hastalik etmeni 151k mikroskopu
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altinda 6nceden bildirilen morfolojik ézelliklerine gére
tanmilanmigtir. In  wvitro etkinlik c¢alismalarinda

kullanilan patojenin tek spordan elde edilmig saf
izolat1 (B. cinerea MKUBc11) Patates Sukroz Agar
(PDA, Merck, Damstradt, Germany) besi yerinde 4 °C
muhafaza edilmistir. Izolatin patojenitesi saghklh
lizerine

limon meyvesi inokiile edilerek

dogrulanmigtir.

Sekil 1. Botrytis cinerea MKUBcl1 izolatinin depo
kogullarinda limon meyvesinde olusturdugu
hastalik belirtileri.

Figure 1. Disease symptoms caused by the Botrytis

cinerea MKUBcl1 isolate on lemon fruit in
storage conditions.

Bitki Materyali ve Ucucu Yaglarin Elde Edilmesi

Calismada kullanilan bitki tiirleri (Cizelge 1) Hatay
iline ait farkhh ilgelerde dogal olarak yetisen
populasyonlardan  toplanmistir.  Ucgucu  yaglar
Origanum onites, Thymbra spicata ve Origanum
syriacum bitkilerinin yapraklarindan (Sekil 2A,B,0),
Foeniculum vulgare bitkisinin ise tohumlarindan
(Sekil 2D) Clevenger tipi alet ile 3 saatlik buhar
distilasyonu ile elde edilmistir (Soylu ve ark., 2010).
Tiam bitki materyalleri morfolojik 6zelliklerine goére
Prof. Dr. Ilhan Uremis (Mustafa Kemal Universitesi,
Bitki Koruma  Béslimii, Hatay) tarafindan
dogrulanmigtir. Calismalarda kullanilan ucgucu yaglar
anhydrous sodium sulphate iceren koyu renkli vida
kapakli cam sigelerde +4°C’ de muhafaza edilmigtir.

Calismalarda kullanilan her bitki tirine ait
herbaryum  o6rnekleri Hatay Mustafa Kemal
Universitesi Bitki Saghg Klinigi Herbaryum
Merkezinde (MKUBISAKTsp21, MKUBISAKOon07,
MKUBISAKOsy11l, = MKUBISAKFv2) muhafaza
edilmigtir.

Bitki Ugucu Yaglarimin Buhar Fazinda Misel Gelisimi
Uzerine Etkinliginin Belirlenmesi

Ucgucu yaglarin buhar fazinda misel gelisiminin
engellenmesi lizerine etkinligi Patates Dekstroz Agar
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(PDA) besi yeri iceren steril petri kaplarinda (9 cm
capinda) belirlenmistir (Kara ve ark., 2020). Ik olarak
fungus izolatinin 5 giinlik kultirinden alinan misel
diskleri (10 mm) PDA ile temas edecek sekilde
yerlestirilmigtir. Aktarilan petrilerin kapaklarinin ig
yuzeylerine ugucu yaglarin 0-120 pug/ml
konsantrasyonlari damlatilmigtir. Petri kapaklarin
etrafl parafilm ile sarildiktan sonra inkiibatérlere (220
Cde) yerlestirilmigtir.  Kontrol olarak Petri
kapaklarina steril saf su damlatilmigtir. Kontrol
olarak kullanilan petrilerde fungus misellerinin
tamamen petri ylizeyini kaplamasi ile tim dozlarda
koloni gelisim ¢aplar: 6l¢iilmustiir. Her konsantrasyon
icin 3 petri kab1 kullanilmigtir. Ortalama misel gelisim
degerleri elde edildikten sonra misel gelisiminin
engellenme yiizdesi Abbot formiili [MGI (%) = ((dc-
dt)/de) x 100, dc ve dt, sirasiyla kontrol ve uygulama

Cizelge 1. Calismada ugucu yaglar: kullanilan bitkiler
Table 1. Plants containing volatile oils used in this study

yapilmis Petri kaplarindaki misel buylime capim
temsil eder] kullanilarak kontrol petrilerdeki misel
caplarina kiyaslanmak suretiyle hesaplanmigtir.
Calismalar iki farkli zamanda tekrarlanmagtir.

Ucucu yaglarin minimum engellenme dozunun (MIC)
buhar fazinda misel gelisiminin engellenmesi tizerine
fungisidal/fungistatik 6zelligi daha énceden bildirilen
yéntemlere gére belirlenmistir (Soylu ve ark., 2010).
Misel gelisiminin tamamen engellendigi petrilerin
kapaklar steril yeni petri kapaklariyla degistirilip 5
glin stireyle tekrar inkiibasyona birakilmigtir. Bu siire
sonunda misel gelisiminin goérilmedigi petrilerde
ucucu yagin MIC degerinin fungisidal oldugu, misel
gelisiminin yeniden bagladign MIC degerlerinin ise
fungistatik olduguna karar verilmistir (Atay & Soylu,
2023).

Yoresel Adi Bilimsel Ad1 Familya Toplandigi Yer
Ak kekik Origanum onites L. Lamiaceae Yayladag/Hatay
Suriye kekigi Origanum syriacum Holm. Lamiaceae Samandag/Hatay
Karabas kekik Thymbra spicata L. Lamiaceae Arsuz / Hatay
Rezene Foeniculum vulgare Mill. Umbelliferae Aktar

(B) Suriye kekigi (Origanum syriacum), (C) Karabas kekik (Thymbra spicata) bitkileri ve (D) Rezene
(Foeniculum vulgare) tohumlar:.

Figure 2. Plants with volatile oils used in the studies. (A) white thyme (Origanum onites), (B) Syrian thyme
(Origanum syriacum), (C) Karabas thyme (Thymbra spicata) plants and (D) fennel (Foeniculum vulgare)

seeds, grown In natural environments.
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Konidi Cimlenmesi Uzerine Bitki Ugucu Yaglarinin
Buhar Etkilerinin Belirlenmesi

Ucucu yaglarin buhar fazinda B. cinerea konidilerinin
cimlenmesi Uzerine antifungal etkileri PDA Dbesi
ortami iceren 9 cm c¢apindaki steril petri kaplarinda
belirlenmistir (Soylu ve ark., 2010). Ortam
katilagtiktan sonra B. cinereahin 5 gunlik
kiltirinden hazirlanan konidi siispansiyonu 104 spor
ml?! konsanstrasyonuna ayarlandiktan sonra PDA
iceren petri kaplarinin ylzeylerine yayilmigtir. Farkh

ugucu yag konsantrasyonlari petri kapagina
damlatildiktan sonra petri kapaklar1 parafilm ile
sarilarak inkiibatérlere (22 oC’de)

yerlestirilmistir. Kontrol olarak petri kapaklarina
ucucu yag yerine steril distile su damlatilmigtir.
Konidilerin ¢imlenme degerlendirmeleri ugucu yagin
petrilere eklenmesinden 18 saat sonra Isik
Mikroskobu (Olympus BX51, Tokyo, Japonya) altinda
yapilmistir. Uygulamalardaki konidilerin ¢imlenme
borusu uzunlugunun konidi ¢apini asmasi1 durumunda
konidiler cimlenmis (canl) olarak kabul edilmistir.
Konidilerin ¢cimlenme yiizdesi (her uygulama dozu iic
tekerriir olarak, her uygulamada minimum 100 spor
sayllmistir) kayit edilmistir. Konidi c¢imlenmesinin
engellenme yiizdesi Abbot formiilii [KGI (%) = (KGe-
KGt)/KGe) x 100, KGe ve KGt, sirasiyla kontrol ve
ucucu yag uygulamasi yapilmis Petrilerde ¢imlenen
konidi sayisim1 temsil eder] kullanilarak kontrol
Petrilerdeki konidi ¢imlenme sayilarina kiyaslanmak
suretiyle hesaplanmistir (Soylu ve ark., 2010).
Cimlenmenin tamamen engellendigi petrilerin
kapaklar1 misel etkinlik g¢aligmalarinda bildirildigi
gibi yeni steril petri kapaklariyla degistirilmek
suretiyle konidi ¢imlenmesini engelleyen MIC
degerlerinin fungisidal/fungistatik etkinligi
belirlenmigtir. Cimlenmenin gézlenmedigi petrilerde
ucucu yaglarin konidi ve hifler tizerinde neden oldugu
morfolojik degigiklikler Nomarski DIC atagmanl 1g1k
mikroskobu (Olympus BX51, Tokyo, Japonya)
kullanilarak incelenmigtir. Calismalar iki farkh
zamanda tekrarlanmigtir.

Bitki Ugucu Yaglarmin Fungus Hifleri Uzerinde
Neden Oldugu Morfolojik Degisime Etkisinin
Belirlenmesi

Ucucu yaglarin buhar fazinda konidi ve hif morfolojisi
tuzerinde antifungal etkisinin belirlenmesi igin, 5
ginlik fungus kiltirinden hazirlanan spor
slispansiyonunun konsanstrasyonu 103 spor ml?!
ayarlanip ince tabaka halinde PDA iceren (10 ml petri-
1) petri kaplarina yayildiktan sonra 22°C'de 2-3 giin 6n
inkiibasyona  birakilmigtir. On  inkiibasyonun
ardindan petri kapaklarinin i¢ yuzeyine in vitro
calismalarda minimum engellemeyi saglayan ugucu
yag konsantrasyonlar1 (MIC) damlatilmis ve tiim
petriler parafilmle kapatildiktan sonra 22°C'de 3 gin
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inkiibasyona birakilmigtir. Cimlenmis sporlari ve
hifleri iceren agar bloklarinin (3-4 cm? ince
katmanlar1 (1 mm) 151k mikroskobu ile incelenmek
luzere birer giin arayla preparatlari %50 gliserol
icerisinde hazirlanmis ve Nomarski-DIC ata¢gmanl
151k mikroskobu (Olympus BX51, Tokyo, Japonya)
kullanilarak incelenmistir (Soylu ve ark., 2010).

Ucgucu yaglarin fungus hiflerinin  morfolojisi
uzerindeki ucgucu faz etkisinin taramali elektron
mikroskobu altinda belirlenmesi i¢in, 7 giinliik fungus
kultirinden misel igeren PDA diski ilk olarak petri
kabinin merkezine yerlestirildikten sonra 22°C'de 2
glin 6n inkiibasyona birakilmigtir. On inkiibasyonun
ardindan, in vitro galigmalarda minimum engellemeyi
saglayan ucucu yag konsantrasyonlar1 (MIC) petri
kapaklarinin i¢ yiizeylerine damlatilmig ve tim
petriler parafilmle kapatildiktan sonra 22°C'de 3 giin
inkiubasyona birakilmigtir. Misel iceren Agar diskleri
taramali elektron mikroskobu (SEM) gézlemleri icin
once % 2.5 lik gluteraldehit iginde 2 saat sure ile
fiksasyona tabi tutulduktan sonra seri sulandirilmig
ethanol (%70, 80, 90, 100) icerisinde her birinde 30
dak. araliklarla bekletilmek suretiyle dehidrasyona
birakilmigtir. Dehidrasyon gérmiis Agar disk érnekleri
daha sonra kritik nokta kurutucusu (Polaron CPD
7501, UK) ile kurutulmustur. Kurutulan Agar diskleri
¢ift tarafli karbon yapistiricili bantlar ile 6rnek tablasi
(stab) fiizerine yerlestirildikten sonra Sputter
Coater’da (Polaron SC7620, UK) altin/palladium ile 9
mA akimda 150 saniye tutulmak suretiyle
kaplanmigtir. Uygulama gérmiis Agar diskleri JEOL
JSM 5500 SEM altinda 5 kV akimda incelenmigtir
(Soylu ve ark., 2010).

Deneme Deseni ve Istatistik Analizler

Ucucu yaglarin misel gelisimi ve konidi ¢imlenmesi
uzerine etkinliklerinin belirlenmesi tzerine yapilan
caligmalar tesadif parselleri deneme desenine gore
kurulmusgtur. Misel gelisimi {lizerine etkinlik
calismasinda her konsantrasyon 3 Petri kabinda,
konidi ¢gimlenmesi denemesinde her konsantrasyon 3
tekerriir, her tekerrur i¢in 100 spor sayilarak
belirlenmigtir. Tim denemeler 2 kez tekrar edilmigtir.
Uygulamalarin misel gelisimi ve spor c¢imlenmesi
uzerine olan etkinlikleri SPSS Statistics 17.0 programi
(SPSS Inc.,) kullamilarak tek yénlii varyans analizine
(ANOVA) tabii tutulmus, uygulamalar arasindaki
farkliliklar ise Duncan Coklu Karsilastirma Testi
(p<0.05) ile kargilastirilmistir.

BULGULAR ve TARTISMA

Calismalarda kullanilan O. onites, O. syriacum, T.
spicata ve F. vulgare gibi farkli bitki tiirlerine ait
ucucu yaglarin farkh konsantrasyonlarinin
B.cinereanin misel gelisimi lizerine buhar fazindaki
antifungal etkinlikleri Sekil 3 de gosterilmis olup,
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misel gelisimini % engelleme oranlar1 Cizelge 2'de kullamildign F. vulgare (rezene) bitkilerinden elde
verilmigtir. edilen ucgucu yaglar izlemistir. B. cinereanin misel
Cizelge 2'de sunulan sonuglara goére B. cinerea min gelisimini tamamen durduran minimum enge}leme
misel geligiminin engellenmesi {izerine en yiiksek konsantrasyonlar1 (MIC) O. onites ve O. syriacum

antifungal etkinlik O. onites (ak kekik) ve O. syriacum ~ usucu yagl igin 10 pg/ml olarak belirlenirken, 7.
(Suriye kekigi) bitki ugucu yaglar1 tarafindan spicata ugucu yag1 i¢in MIC'nun 40 pg/ml, F. vulgare
gosterilmis olup, bu uygulamalar1 77 spicata (karabas ugucu y?gl i¢in ise MIC'nun120 pg/ml oldugu tespit
kekigi) ve nispeten yiiksek konsantrasyonun edilmigtir.

Cizelge 2 B. cinereanin misel gelisiminin engellenmesi (%) iizerine ucucu yaglarin buhar fazinda antifungal

etkileri
Table 2 Antifungal effects of essential oils in the vapor phase on inhibition of mycelial growth (%) of B. cinerea
Dozlar Ucucu Yaglar ve misel geligiminin % engellenme oranlari*
(pg ml'v) Ak kekik Suriye kekigi Karabag kekigi Rezene
O. onites O. syriacum T. spicata F, vulgare
0.0 0.0a 0.0a 0.0 0.0a
10.0 100.0b 100.0b 0.0 0.0a
20.0 nt nt 5.5b 0.02
40.0 nt nt 100.0¢c 32.0b
80.0 nt nt nt 62.0c
120.0 nt nt nt 100.04

nt: bu dozlarda denenmemisgtir.
*: Situn igerisinde verilen ortalama degerlerin yanindaki farkli harfler uygulamalar arasindaki farkin Duncan Coklu
Karsilastirma Testine gore istatistiksel olarak 6nemli oldugunu gosterir (p<0.05).

Ucucu yaglarin MIC degerlerine maruz kalmis misel bitki ugucu yaglarin fungisitlere dayamkl bitki
gelisiminin tamamen engellendigi petrilerin kapaklar: patojenlere kars1 oldukea etkili oldugu yapilan in vitro
yenileri ile  degistirilip tekrar inkiibasyona ve in vivo calismalarla ortaya konulmustur (Vaughn &
birakildiginda petrilerin hi¢ birinde misel geligiminin Spencer 1994; Kara ve ark., 2022a). Turunggillerde
gézlenmedigi tespit edilmistir. Bu gézlem sonuclarina hasat sonrasi fungal hastalik etmenleri arasinda
gére ucucu yaglarin misel gelisimini tamamen ugucu yaglarin antifungal etkinliklerinin
durduran MIC degerlerinin fungisidal o&zellikte belirlenmesine yénelik ¢ahigmalarin genelde yaygin
oldugunu géstermistir. fungal turlerden P. digitatum, P. italicum, ve G. citri-

aurantiiye kars1 arastirilmistir (Vitoratos ve ark.,

B. cinereamin spor c¢imlenmesinin engellenmesi 2013; Bazioli ve ark., 2019).

tuzerine bitki ugucu yaglarinin buhar fazindaki

etkilerinin belirlendigi calismalardan elde edilen Cah‘smalarda kullamlan O. onites, T. spicata, O.
sonuclar Cizelge 3’de verilmistir. Elde edilen sonuclara syriacum ve F. vulgare bitki ugucu yaglarinin
gére ak kekik, Suriye kekigi, karabag kekigi ve rezene antifungal etkinlikleri farkli bitki patojeni fungal
ucucu yaglarmin B, cinerea sporlarimi 10 pg/ml hastalik etmenlerine karsi bildirilmis olup, rezene
konsantrasyonunda tamamen engelledigi ucucu yag1 disinda (Camele ve ark., 2010) kalan O.
belirlenmistir. onites, T. spicata, O. syriacum ugucu yaglarinin

turunggil meyvelerinde hasat sonrasi hastalik etmeni
B, cinereaya karsi antifungal etkinliklerinin
belirlendigi bir bagka ¢alismaya rastlanilmamigtar.

Bitki ucucu yaglarinin sahip olduklar1 farklh
bilesiklerinin bitki patojeni fungal hastaliklara karsi
antifungal etkinlige sahip oldugu ¢ok ge¢mis yillardan
beri bilinmektedir (Isman, 2000; Burt, 2004). Baz

Cizelge 3. Farkli bitki ugucu yaglarin buhar fazinda B. cinereanin spor ¢imlenmesinin engellenmesi iizerine
antifungal etkisi (%)
Table 3. Antifungal effect of different plant essential oils on the inhibition of spore germination (%) of B. cinerea
in the vapor phase

Dozlar Ucgucu Yaglar ve spor ¢imlenmesinin % engellenme oranlar1*
(ug ml2) Ak kekik Suriye kekigi Karabag kekigi Rezene
O. onites O. syriacum T. spicata F. vulgare
0.0 0.02 0.02 0.02 0.02
10.0 100.0b 100.0b 100.02 100.02

*. Sttun igerisinde verilen ortalama degerlerin yanindaki farkli harfler uygulamalar arasindaki farkin Duncan Coklu
Karsilastirma Testine gére istatistiksel olarak énemli oldugunu gésterir (p<0.05).
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Sekil 3. Ucucu yaglarin B.cinereanin misel gelisimi iizerine buhar etkileri. (A) Ak kekik (O. onites) ucucu yaginin
10 pg/ml konsantrasyonda (B) Karabas kekik (7. spicata ) ucucu yagiin 40 pg/ml konsantrasyonda (C)
Rezene (F. vulgare) ucucu yagimin 120 pg/ml konsantrasyonda (D) Suriye kekigi (O. syriacum) ugucu
yaginin 10 pg/ml konsantrasyonda B. cinerea’ya kars1 buhar fazindaki antifungal etkinlikleri. k, Kontrol

petriyi gosterir.

Figure 3. Antifungal effects of essential oils on mycelial growth of B.cinerea in the vapor phase. Vapor phase
antifungal activities of essential oils of (A) white thyme (O. onites ) at 10 ug/ml concentration (B) thyme
(T. spicata) at 40 ug/ml concentration (C) fennel (F. vulgare) at 120 ug/ml concentration (D) Syrian
thyme (O. syriacum) at a concentration of 10 ug/ml. k indicates Control petri plate.

Camele ve ark. (2010) Akdeniz bélgesinde yetisen,
Lamiaceae, Verbenaceae ve Apiaceae familyasina ait
aralarinda rezene bitkisininde bulundugu ugucu
yaglar1 turunggil meyvelerinde hasat sonrasi meyve
ciiriikliigiine neden olan gri kiif (B. cinerea), mavi kiif
(Penicillium  italicum),  kahverengi  ciiriiklik
(Phytophthora citrophthora) ve yas ciiriiklik
(Rhizopus stolonifer) hastalik etmenlerine kars:
antifungal etkinliklerini arastirdiklari ¢aligmalarinda,
test edilen 12 farkli ugucu yag iginden sadece Verbena
officinalis, O. vulgare ve Thymus vulgaris ugucu
yvaglarmmin in vitro kosullarda fungistatik etkinlik
gbsterdigini belirlemiglerdir. In vivo ¢calismalarda ise
T. vulgaris ugucu yaginin 2.000 ppm dozunda B.
cinerea, P. citrophthora ve R. stolonifere oldukca etkili
olurken P. italicun’a kars1 etkinlik géstermedigini
bildirmislerdir. Kara ve ark. (2022b) farkli Origanum
spp. Elde edilen bitki u¢ucu yaglarin Trabzon hurmasi
meyvelerinde hasatsonu hastalik etmeni B. cinerea’ya
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kars1 buhar fazinda yiiksek dizeylerde antifungal
etkinlige sahip oldugunu bildirmiglerdir. Test edilen
ugucu yaglar arasinda o6zellikle O. syriacum, O.
vulgare, O. onites ve O. minutiflorum'dan elde edilen
karvakrol ve timol agisindan zengin ugucu yaglar
tarafindan sergilenen giigli antifungal etkinligin,
hasat sonras1 hastalik etmenlerine karsi biyo-fungisit
olarak  gelistirmek i¢in uygun olabilecegini
onermiglerdir.

Daha 6nceden yapilmis ¢alismalarda kullanilan bitki
ucucu yaglardan O. syriacum’un domateste sorun gri
kif hastalik etmeni B. cinereadya kars1 ylksek
dizeyde  antifungal etkinlige sahip oldugu
bildirilmistir (Soylu ve ark., 2010). Benzer sekilde O.
onites (Altintas ve ark., 2013; Kahramanoglu ve ark.,
2022) ve F. vulgare (Hadian ve ark., 2008; Abdolahi ve
ark., 2010; Yilmaz ve ark., 2016; Wodnicka ve ark.,
2019) ucucu yaglarinin degme ve buhar fazinda farkh
meyve ve sebzelerde sorun olarak bildirilen farkl
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turlere ait depo hastalik etmenlerinin yanisira B. yvagimin Thymus spp., Thymbra spp, ve Origanum ssp.
cinerea’ya kars1 degisen dozlarda antifungal etkinlik ait bitki ucucu yaglarina kiyasla B. cinereae karsi
gosterdigi bildirilmistir. S6z konusu ¢alismalarda da daha dugsiik dizeylerde antifungal etkinlik gosterdigi
elde edilen sonuglar1 destekler sekilde rezene ugucu bildirilmistir.

A
(0 [She vodi g0 31 SE g
2w 5

L A
Sekil 4. O. onites ugucu yaginin MIC degerinde B. cinerea konidi ve hifleri tizerinde neden oldugu morfolojik deformasyonlarin
taramali elektron (SEM) (A-D) ve 151k mikroskobu (E-H) altindaki gériintiileri. (A ve B), Kontrol petrilerindeki saglkli
B. cinerea hif ve konidisi. (C ve D) Ucucu yag eklendikten 1 giin sonra, B. cinerea hiflerinde biiziisme ve erimeler
seklinde goriilen (ok) yapisal bozukluklar. Benzer uygulamalar 1s1k mikroskobu altinda incelendiginde saghkl konidi
ve hiflere (E ve F) kiyasla konidi (&) ve ¢imlenen konidilerden gelisen hiflerde (H) sitoplazmik koagiilasyon (ok)
seklinde ortaya c¢ikan belirtiler. h = hif; k = konidi.
Figure 4. Morphological deformations caused by O.onites essential oil at MIC value on B. cinerea conidia and hyphae. under
scanning electron (SEM) (A-D) and light (E-H) microscopes. (A and B) Appearance of healthy hyphae and conidia of
B. cinerea in control plates. (C and D) Morphological deformations and lysis (arrow) on the hyphal surface 1 day after
the addition of essential oil. Formations of cytoplasmic coagulation (arrow) in conidia (G) and hyphae developed from
germinating conidia (H) compared to healthy conidia and hyphae (E and F) under the light microscope. h = hyphae;
k = conidia
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Bitki ugucu yaglarinin fungal etmenin misel ve
konidileri  tzerinde sebep oldugu morfolojik
deformasyonlar taramali elektron (SEM) ve 1sik
mikroskoplari  altinda  incelenmistir. Yapilan
gozlemlerde O. onites ugucu yaginin buhar fazinda
belirlenen MIC degerinde (10 ug ml?!) B. cinereanin
misel ve konidileri tzerinde ciddi morfolojik
deformasyonlara sebep olmustur. O. onites ugucu yagi
ile muamele edilmis petrilerdeki hifler ve konidilerin
morfolojik yapilar1 (Sekil 4C,D,G,H) kontrol olarak
kullanilan petrilerdeki saglikli konidi ve konidilerden
gelisen hiflerin morfolojik yapilar: (Sekil 4A,B,E,F) ile
karsilagtirildiginda, fungus konidileri ve bu
konidilerden  gelisen  hiflerinin  yuzeyleri ve
sitoplazmik iceriginde pihtilasma (koagiilasyon),
buziismeler, hiflerde kismi erimeler geklinde
karakterize edilmis yapisal bozulmalar (Sekil 4
C,D,G,H) gbzlenmigtir.

Ucucu yaglarin ana bilesenlerinin lipofilik 6zellikleri,
ucucu yagin mikroorganizmalarin plazma zarina
niifuz etmesine de yardimci olur (Knobloch ve ark.,
1989; Zambonelli ve ark, 1996; Szczerbanik ve ark.,
2007). Calismalarda 151k ve elektron mikroskobu ile
yapilan gézlem sonuglari, tibbi 6zellige sahip bitki
ucucu yaglarinin fungal etmenlerin hiflerinde
morfolojik degisikliklere neden oldugu énceki ¢calisma
sonuglariyla benzerlik gostermistir. Calismalarda
antifungal etkinlik gosteren bitkilerin yanisira farklh
turlerinden elde edilen ugucu yaglarimin farkl
konukgu bitkilerde sorun olan Penicillium digitatum
(Arras & Usai, 2001), Sclerotinia sclerotiorum (Soylu
ve ark., 2007), Phytophthora infestans (Soylu ve ark.,
2006) B. cinerea (Soylu ve ark., 2010), Alternaria
alternata (Perina ve ark., 2015; Soylu & Kose, 2015),
Alternaria alternata ve Aspergillus niger (Atay &
Soylu, 2023) gibi hastallk etmenlerin hif ve
konidilerinde giddetli organel deformasyonlari,
hiflerde erimeler, sitoplazmik koagiilasyon gibi benzer
bozulmalara neden oldugunu bildirmiglerdir. Benzer
etkinlikler Thymus spp. tarafindan Aspergillus niger
(Rasooli ve ark., 2006), kekik ucucu yag1 tarafindan
Geotrichum candida (Liu ve ark., 2009) etmenlerinin
miselleri tzerinde de kayit edilmistir. Kadife ¢icegi
ucucu yagimin yiksek diuzeyde antifungal etkinlik
gosterdigi gri kuf hastalik etmeni Botrytis cinerea ve
yesil kuf hastalik etmeni P. digitatun’un hifleri
tuzeride ¢ok yonli etki mekanizmalari kullanmak
suretiyle ciddi morfolojik degisikliklere sebep oldugu
elektron mikroskobu ile yapilan goézlemlerle ortaya
konulmustur (Romagnoli ve ark., 2005).

SONUC ve ONERILER

Elde edilen sonuglar, farkli bitki tiirlerinden elde
edilen ugucu yaglarin hasat sonrasi1 turuncgil
meyvelerinde sorun olan gri kif hastalik etmeni B.
cinereanin misel gelisimi ve konidi ¢imlenmesinin
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engellenmesi lizerine antifungal etkinlige sahip
oldugu tespit edilmistir. Uygulamalar arasinda
ozellikle O. onites, O. syriacumve T. spicata gibi kekik
turlerine ait ugucu yaglarin rezene ucgucu yagina
kiyasla daha yuksek antifungal etkinlik gostermistir.
Denemelerde kullanilan 4 farkli ugucu yagin en disiik
engelleme dozlarinda (MIC) gosterdigi antifungal
etkinligin fungisidal 6zellikte oldugu gorilmustiir. En
dusik engelleme dozlarinda go6zlenen fungisidal
etkinligin, bu dozlara maruz kalmig fungal etmenin hif
ve konidileri tizerinde ugucu yaglarin ciddi morfolojik
bozukluklara neden olmasindan kaynaklandig:
belirlenmigtir. Calismalarda yiiksek etkinlige sahip
olarak belirlenen kekik tiirlerine ait ugucu yaglarin
teksel ve/veya karigim halinde preparatlar: yapilarak
fumigant olarak B. cinerea gibi depolanmig tirtinlerde
sorun olan fungal hastalik etmenlerine kars: sentetik
fungisitlere alternatif olabilecek c¢evre dostu dogal
preparatlar olarak kullanilabilme potansiyeline sahip
oldugu degerlendirilmigtir. Elde edilen sonuglar bu tir
etkili ugucu yaglarin gelecekte treticilerin pratik
olarak kullanabilecegi preparatlara doéntstirilme
calismalarina katk: saglayacaktir.
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OZET Tarla Bitkileri

Uretimde verim ve kaliteyi artirmak icin giibre uygulamasi

vazgecilmezdir. Yogun tarimsal faliyetler sonucunda her gegen giin verim Aragtirma Makalesi
diismekte ve cevre kirliligi artmaktadir. Bu c¢alismanin amaci; farkl

organik madde ve azot kaynaklarinin tek yillik ¢imin verim ve kalitesi Makale Tarihgesi

uzerine etkilerinin belirlenmesidir. Calisma 2018-2020 yillarinda Gelig Tarihi  :12.12.2022

tesadif bloklari deneme desenine gore ti¢ tekrarl olarak ytrttulmustir.
Tek yillik ¢im hi¢bir uygulama yapilmadan (kontrol), ¢iftlik giibresi (3000

Kabul Tarihi :24.01.2023

kg da’l), tavuk giibresi (300 kg dal), leonardit (100 kg da'l), biyolojik Anahtar Kelimeler

giibre (serbest yasayan azot bakterileri) ve kimyasal giibre (10 kg N da'1) Tek yillik ¢im
uygulanmigtir. Bunun yaninda %50 tek yillik ¢im + %50 fig, %50 tek Organik madde kaynaklari
yillik ¢im + %50 yem bezelyesi olacak gekilde ikili karigim yapilmistir. Ot verimi

Tek yillik ¢imin en yiiksek yesil ve kuru ot verimi ¢iftlik giibresinde Ot kalitesi

belirlenirken, en disiik verim tek yillik ¢imin yem bezelyesi ve figle
yapilan ikili karisimlarinda belirlenmistir. Uygulanan biitiin giibrelerde
HP (ham protein), NDF (nétr deterjanda ¢oziinmeyen lif), DMD
(sindirilebilir kuru madde) ve ham kil oranlar1 benzer olmus, yem
bezelyesi ve figin tek yillik ¢imle yapilan ikili karisimlarinda ham
protein, DMD ve ham kul oranlar1 yiksek, NDF oram ise disik
cikmistir. Otun ADF (asit deterjanda coziinmeyen lif) orani en yiiksek
ciftlik guibresinde c¢ikmigtir. Elde edilen sonuglarin isiginda c¢iftlik
giibresinin verimi 6nemli derecede artirdigi, otun kalitesinde de olumlu
bir etkisinin oldugu belirlenmigtir. Tek yillik ¢im yetigtiriciliginde ¢iftlik
giibresi tavsiye edilebilir.

Effect of Organic Matter and Different Nitrogen Sources in Annual Ryegrass Cultivation on Forage Yield
and Quality

ABSTRACT Field Crops

Fertilizer application is inevitable to increase yield and quality on

production. As a result of intensive agricultural activities, productivity Research Article

decreases and environmental pollution increases day by day. The aim of . .

this study is to determine the effects of different organic matter and Artlc.le Hlstory'

nitrogen sources on the yield and quality of annual rygrass. The study Received ) 12.12.2022
was carried out in three replications according to the randomized blocks Accepted +24.01.2023
experimental design in 2018-2020. Annual ryegrass were sown without Keywords

any aplications (control), farm manure (3000 kg da!), poultry manure
(300 kg da1), leonardite (100 kg da'l), biological fertilizer (free living
nitrogen bacteries) and chemical fertilizer (10 kg N da'!) were applied.
Besides, binary mixtures were made as 50% annual ryegrass + 50%
common vetch, 50% annual ryegrass + 50% pea. While the highest green
and dry matter yield of annual rygrass was determined in farm manure,
the lowest yield was determined in binary mixtures of annual rygrass
made with pea and common vetch. HP (crude protein), NDF (neutral
detergent fibre), DMD (dry matter digestibility) and crude ash ratios
were similar in all applied fertilizers, crude protein, DMD and crude ash
ratios were high and NDF ratios were low in the binary mixtures of pea
and common vetch with annual ryegrass. The highest ADF (acid
detergent fibre) ratio was found in farm manure. According to the results

Annual ryegrass
Organic matter sources
Forage yield

Forage quality
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obtained, it was determined that farmyard manure significantly
increased the yield and had a positive effect on the quality of the forage.
Farm manure can be recommended in annual ryegrass.

Ataf Sekli: Demiray, H.C., & Ozaslan Parlak, A., (2023) Tek Yillik Cim Yetistiriciliginde Organik Madde ve Azot
Kaynaklarimin Ot Verimi ve Kalitesine FEtkisi. KSU Tarim ve Doga Derg 26 (4), 827-834.
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GIRIS artmigtir. Giibre fiyatlarinin artmasi1 treticilerin
Tarim ve Kirsal Kalkinmay: Destekleme Kurumu gibi gibre  kullanimini  simirlandiracaktir.  Ciftgiler

devlet destekleriyle Tirkiye'nin kuzeybatisinda buytik
ciftliklerin sayis1 artmaktadir (Anonim, 2022). Bu
bélgelerde  mera alanlar1  ise %3-5lik  yer
kapladigindan dolay1 meralarda otlatma
yapilmamakta, ¢ogunlukla hayvanlar intensif olarak
beslenmektedir. Ciftlik hayvanlari, ek yemlerin
yaninda, yonca, fig, yem bezelyesi ve son yillarda ¢ok
fazla yetistirilmeye baslanan tek yillik c¢imle
beslenmektedir. Buytk ¢iftliklerin artmasiyla kaliteli
kaba yem ihtiyaci her gecen giin artmaktadir. Akdeniz
ikliminin hakim oldugu Marmara Bélgesinde yilda iki
irin alinmaktadir. Ana {rin olarak sebze
yetigtiriciligi yapildig1 i¢in ciftgiler tek yillik yem
bitkilerini 2. Giriin olarak yetistirmeyi daha ¢ok tercih
etmektedirler. Azot, bir¢gok bitkinin ve yem bitkilerinin
verimini artirmak i¢in hayati 6neme sahiptir. Azot
kaynag1 olarakta kimyasal gilibreler yogun olarak
kullanilmaktadir. Yogun olarak kullanilan kimyasal
giibreler verimi artirmakta fakat yogun tarim yapilan
topraklarin organik maddelerinin diismesine, toprak
yorgunlugunun artmasina ve her gegen giin verimin
diismesine neden olurken, en 6nemlisi ¢evre kirliligine
neden olmaktadir (Edmeades, 2003; Quilty & Cattle,

2011). Ciftlik giibresi, tavuk giibresi, leonardit,
biyogubreler ve baklagillerle bugdaygillerin ikili
karigimlar: kimyasal giibrelerin yerine

kullanilabilecek organik kaynaklardir (Yolcu, 2010;
Lithourgidis ve ark., 2011). Organik giibreler toprag:
iyilestirmenin yaninda verimi de artirmaktadir (Lal,
2006; Diacono & Montemurro, 2010). Leonardit, linyit
yataklarinda bulunan linyitin hava atmosferinde
degismesiyle olusmus, icerisinde yuksek miktarda
humik ve fulvik asit bulunan tarimda kullanilan
organik maddedir (Lee & Bartlett, 1976). Son yillarda
biyogiuibrelerinde kullanimi1 artmaktadir. Biogubreler
canli mikroorganizmalar igerdigi i¢in, organik madde
ayrismasini, organik atiklarin bozulmasini, toprak
minerallerinin ¢éziinduriulmesi ve azot fiksasyonu ile
mineral bitki besin maddelerinin miktarina ve alimina
yardimer olmaktadir (Cakmakeci, 2005). Baklagil ve
bugdaygil familyalariyla yapilan karigik ekim verimi
ve kaliteyi artirmasi yaninda havanin serbest azotunu
topraga baglayarak bitkilerin ihtiya¢ duydugu azotu
da temin etmektedir (Yildinm & Ozaslan Parlak,
2016). Bunun yaninda diinyada enerji fiyatlarinin
artmasi nedeniyle kimyasal giibrelerin fiyatlari da ¢ok
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giftliklerden elde edilen atiklara yoneleceklerdir, bu
atiklarin degerlendirilmesi hem c¢iftlige ekonomik
kazang sagliyacak, hem de topraklarin organik madde
miktarinm artiracaktir.

Yapilan c¢alismalar incelendiginde sadece c¢iftlik
giibresi, ya da biyolojik giibre ve leonardit ele
alinmistir. Bunlarin hepsinin birlikte ele alindig1 bir
calismaya rastlanmamistir. Bu calismada hem
kimyasal giibre, hem de organik madde ve azot
kaynaklar1 ele alinarak, tek yillik ¢imin verim ve
kalitesindeki etkileri ortaya konulmustur.

MATERYAL ve METOD

Deneme 2018-2019 ve 2019-2020 yetisme peryodunda
Canakkale Onsekiz Mart Universitesi Dardanos
Yerleskesi Uygulama alaninda  yuUrttilmustiur
(40°08'K ve 28°20'D, 2 m deniz seviyesinde). Deneme
alaninin topraklar1 killi tin biinyeli, 0-5 cm derinlikte
pH=7.40, EC=1.81 dS m’!, organik madde %1.17,
toplam N %0.06, CaCO3 %11.49, alinabilir P ve K
sirasiyla 4.26, 207.70 mg kg Vdir. 5-20 cm derinlikte
ise pH=7.46, EC=1.62 dS m!, organik madde %1.17,
toplam N %0.06, CaCOs %11.74, alinabilir P ve K
sirasiyla 4.78, 200.31 mg kg V’dir. Yetisme sezonunda
iklim verileri Tablo 1’de verilmigtir. 2018-2019 yetisme
peryodunda toplam yagis 630.7 mm iken 2019-2020
yillarinda 391.1 mm olmus ve yaklagik yar1 yariya bir
distis belirlenmigtir, uzun yillar ortalamasinda ise
625.5 mm yagis dusmustir. Ortalama sicaklik ise ilk
y1l 16.8 °C, ikinci y1l 17.4 °C, uzun yillar ortalamasi ise
15.2 °C olarak o6lgiilmiis ve denemenin yurutildagi
yillarda uzun yillar ortalamasindan ilk yil 1 °C, ikinci
yil 2 °C daha yiiksek olmugtur.

Tek willik ¢imin azot ihtiyaci yuksek ve azotu
degerlendirmeside ¢ok iyi oldugu i¢in biitlin
uygulamalarda azot temel alinmistir. Farkh
kaynaklardan elde edilebilecek azot kaynaklar
denenmistir. Dozlarin belirlenmesinde; daha énceden
yapilan c¢alismalarda en verimli doz temel alinmagtir.
Biyogiibre (BM-MegaFlu) azot fikse eden, fosfor ¢ézen
ve indol asetik asit Ureten t¢ farkli bakteri strein
igerikli s1v1 tasiyici 6zelliginden dolayi kullanilmigtir.

Tek yillik ¢im, yem bezelyesi ve yaygin figle karigik
ekilmesinde de baklagillerin havanin serbest azotunu
topraga baglayarak karigimdaki bitkilere azot temin
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etmesidir.

Deneme tesadif bloklari deneme desenine gore sekiz
uygulama ve ¢ tekerrurli olacak gekilde
kurulmustur. Farkli giibre uygulamalari 1) hicbir
giibre uygulanmayan kontrol parseli, 2) ¢iftlik giibresi
(3000 kg da?) (Yolcu ve ark. 2011), 3) tavuk giibresi
(300 kg da'!) (Fayetorbay ve ark. 2014), 4) leonardit

(100 kg da), (Oztiirk, 2010; Tamer ve ark. 2016), 5)
biyogiibre (BM-MegaFlu (Bacillius megaterium,
Pantoea agglomerans ve Pseudomonas fluorescens
bakterilerini igeren), 6) amonyum siilfat giibresi (10 kg
N da), (Tirkmen, 2018) 7) tek yillik ¢imin (Lolium
multiflorum L.) yem bezelyesi (Pisum arvense L.) ile
ikili karisimi, 8) tek yilik c¢imin yaygin figle (Vicia
sativa L.) ikili karigimi.

Cizelge 1. Arastirma yerinin uzun yillar ortalamasi ile (1927-2020) 2018,2019, 2020 yillarina ait iklim verileri
Table 1. The long-term (1927-2020) average of the study area and the climate data for the years 2018, 2019, 2020

Year Nov Dec. Jan Feb Mar. Apr. May. dJune July Aug. Sep. Oct. Tot./Mea.
Yillar Kas Ara. Oca Sub Mart Nis. May  Haz. Tem. Agus Eylil FEkim Top./Ort
Total precipitation (mm) Toplam yagis (mm)
2018/2019 92.8 97.3 94.3 69.0 64.4 85.9 4.5 56.7 19.6 10.5 1.0 34.7 630.7
2019/2020 18.8 324 57.7 485 24.1 55.8 54.7 38.6 0.1 3.1 8.6 48.7 391.1
1927--2020 84.3 1056 924 72.3 66.0 45.0 30.1 25.7 14.3 9.2 25.0 55.6 625.5
Mean temperature (°C) Ortalama sicaklik C)
2018/2019 13.1 7.5 7.7 7.1 10.8 13.4 19.6 25.8 26.7 27.5 23.4 19.4 16.8
2019/2020 17.5 11.2 7.3 9.7 11.7 12.3 18.2 22.6 27.0 27.1 24.7 19.3 17.4
1927-2020 12.1 8.4 6.3 6.7 8.4 12.6 17.6 22.2 25.1 25.1 21.1 16.3 15.2
Toprak sonbaharda 20 cm derinlikte islenmis daha ile carpilarak hesaplanmistir (AOAC, 1995). Van

sonra diskaro c¢ekilerek ekime hazir hale getirilmigtir.
Ciftlik gubresi, tavuk gibresi ve leonardit ekmeden
once topraga karistirilmistir. Azotlu giibrenin yarisi
ekimle birlikte diger yarisi ise sapa kalkmadan hemen
once uygulanmistir. Bakteri esashi biyolojik giibre
dogrudan topraga uygulanmistir. Bunun i¢in dekara
100 litre temiz suya 1 litre biyolojik glibre ilave edilmis
ve temiz bir tankta iyice karistirilmig, kapali bir
ortamda bir gece bekledikten sonra dusik basingh
pulverizatorle aksam saatlerinde toprak ylizeyine
puskiirtilerek, yuzeysel toprak islemesi yapilmigtir.

Ekim 2018 ve 2019un kasim ayinda 12 m2 (2.00 x 6.00
m) parsellere 12.5 cm sira arasi olacak sekilde 16 sira
elle ekim yapilmigtir. Bloklar aras1 1.5 m, parseller
arast1 50 cm bogluk birakilmigtir. Tek yillik ¢imin
yaygin fig ve yem bezelyesiyle olan karisimlarinda bir
sira  baklagil bir sira bugdaygil olacak sekilde
diizenlenmistir. Tek yillik ¢im (Trinova cesidi) dekara
6 kg, yaygin fig (yerel ekotip) 12 kg da’!, yem bezelyesi
(Tére cesidi) 12 kg da! yalin ekimleri iizerinden
hesaplanarak karigimlar %50 baklagil+ %50 bugdaygil
olacak sgekilde ekilmistir. Yabanci ot kontroli elle
yapilmistir. Ot hasati tek yillik ¢imin sit olum
doneminde, baklagillerinde ¢igeklenme déneminde
yapilmistir. Her parselin ilk ve son siralar: ile bastan
ve sondan 50 cm’lik kisimlar kenar tesiri olarak
atilmis ve geriye kalan alan hasat alani1 olarak
belirlenip dipten bigilmis yas olarak tartilmig yas ot
verimi belirlenmig 500 g o6rnekler bez torbaya
doldurularak, laboratuvara getirilmistir. Ornekler 60
oC’de 2 giin kurutulduktan sonra tartilarak kuru ot
tespit edilmistir. Elde edilen sonuclar dekara
cevrilerek verim belirlenmistir (kg dal). Ot kalitesini
belirlemek i¢in kurutulan 6rnekler 1 mm ebadinda
olacak sekilde o6gitilmustir. Ham protein orani; N
miktari Kjeldahl yontemiyle belirlenmis ve N 6.25
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Soest ve ark., (1991)na gére NDF, ADF ve ADL
miktar1 belirlenmigtir. Kil miktar1 da yine AOAC
(1995)e gore yapilmigtir. Sindirilebilir kuru madde
(DMD) % = 83.58 - 0.824 ADF% + 2.626 N% formiilii
ile hesaplanmigtir (Oddy ve ark., 1983).

Elde edilen veriler iki yonli ANOVA varyans
analizine tabi  tutulmustur (Minitab  13.1).
Ortalamalar arasindaki farklihik p<0.05 6nem

seviyesine gore Tukey’s HSD c¢oklu karsilastirma
testiyle belirlenmigtir.

BULGULAR ve TARTISMA

Tek y1llik ¢im bitkisine uygulanan ahir giibresi, tavuk
giibresi leonardit, biogiibre, kimyasal giibre (azot) ve
fig ve yem bezelyesinin tek yillik ¢imle yapilan ikili
karisimlar: sonucunda tek yillik ¢imin bitki boyu, yesil
ve kuru ot verimleri ile kuru madde oranlar1 (KMO)
onemli derecede etkilenmigstir. Yillar arasinda da ¢ok
énemli farklilik olmustur (Cizelge 2).

Yillar ayr1 ayr1 degerlendirildiginde tek yillik ¢imin
bitki boyu, kuru madde orani, yesil ve kuru ot verimi
2019 yilinda 6nemli, 2020 yilinda 6nemsiz, iki yilin
ortalamasinda ise 6nemli gikmigtir.Tek yillik ¢imin
2019 yilinda bitki boyu, yesil ve kuru ot verimi daha
yiksek olmustur. Yesil ve kuru ot verimleri 2019
yilinda 2020 yilina gore iki kat daha fazla olmustur.
Iki yilin ortalamasina bakildiginda bitki boyu ahir
glbresi, tavuk glbresi ve leonardit uygulamalarinda
en yiiksek olmus ve ayni istatistiki grupta yer almistir.
En kisa tek yillik ¢imin bitki boyu yem bezelyesi ve
figle yapilan ikili karigimlarda olgiilerek kontrol
parselinden daha kisa olurken, biogiibre uygulamasi
ve kimyasal giibre uygulamasi ise kontrol parseliyle
ayni istatistiki grupta yer almistir. Kuru madde orani
2020 yilinda %32.66+2.74 olurken, 2019 yilinda
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%30.54+1.74 olmustur. En yiiksek kuru madde orani
azotlu gubrede en dugik ise tek yillik ¢imin yem
bezelyesi ve figle yapilan ikili karisiminda
belirlenmistir (Cizelge 3). Tek yillik ¢imin yesil ot
(3413.5+804.28 kg da') ve kuru ot (1130.4+260.06 kg

da’) verimleri en yiksek ahir giibresinde
belirlenmigstir. En diigsik verim ise 1936.7+280.48 kg
dal yesil ot ve 532.2+62.22 kg da! kuru ot ile yem
bezelyesi ile tek yillik ¢imin ikili karisgimindan elde
edilmistir (Cizelge 3).

Cizelge 2. Farkl giibre uygulamalarinin tek yillik ¢cimin verim ve verim bilesenlerine iligkin varyans analizi
Table 2. Analysis of variance on yield and yield components of annual ryegrass of different fertilizer applications

Plant height (cm)
Bitki boyu (cm)

Green forage yield (kg da'®)

Dry matter yield (kg da'?)
Kuru ot verimi (kg da')

Dry matter ration (%)
Kuru madde orani (%)

Yesil ot verimi (kg da’)
*

Treatment E *k%k *kk
Uygulamalar

Year, }/'11 E *%%k *k% *
Treatmentx Year ok R R ns
Uygulama xY1l

Tukey’s HSD 4.408 242.0 73.23 1.342

**% (.01, * 0.05 duzeyinde 6nemlidir, ns 6nemli degildir.

Cizelge 3. Organik madde ve farkli azot kaynaklarinin tek yillik ¢imin bitki boyu, kuru madde orani, yesil ot ve
kuru ot verimlerine etkileri (ortalama+standart hata)
Table 3. The effects of organic matter and different nitrogen sources on plant height, dry matter ratio, fresh yield

and dry matter yield of annual ryegrass (mean+standard error)

Treatment Plant height (cm) Bitki boyu (cm) Dry matter ratio (%) Kuru madde orani (%)
Uygulamalar 2019 2020 Mean Ortalama 2019 2020 Mean Ortalama
Control Kontrol 132.07+7.1962> 103.33+4.20 117.70+7.43 ab 30.57+2.172b 31.73+3.17 31.15+1.742b
Farm manure 151.13+9.762 115.83+2.45 133.48+9.082 33.07+1.242 33.43+1.12 33.25+0.753b
Ahir giibresi

Poultry manure 148.30+5.802 121.67+£5.13 134.98+6.892 32.23+£2.172b 34.51+0.43 33.36+1.132b
Tavuk giibresi

Leonardite 142.53+0.372b 112.97+3.28 127.75+6.772 31.90+0.452 32.59+1.11 32.2440.562
Leonardit

Biological 116.80+2.892b 118.53+1.05 117.67+1.43 28.78+0.543b 31.90+2.38 30.34+1.292b
fertilizer

Biyogtibre

Chemical 146.47+1.702 101.03+6.02 123.75+10.532>  31.88+0.952b 39.53+0.92 35.71£1.812
fertilizer

Kimyasal giibre

YB+TYC 106.87+6.48P 104.23+5.40 105.55+3.82b 25.78+0.88bP 30.69+3.51 28.23+1.95P
F+TYC 106.93+14.67> 105.07+6.75 106.00+7.23P 30.11+1.582b 26.95+3.22 28.53+1.75P
Mean Ortalama  131.39+12.052 110.33+5.82P 120.86 30.54+1.74P 32.66+2.74*  31.60
Treatment Green forage yield (kg da?) Yegil ot verimi (kg dal)  Dry matter yield (kg da'l) Kuru ot verimi (kg da*)
Uygulamalar 2019 2020 Mean Ortalama 2019 2020 Mean Ortalama
Control Kontrol — 3398.3+39.202b 1520.3+113.11 2459.3+423.702  1040.3+84.472>  475.2+13.22  757.7£131.87"c
Farm manure 4948.3+938.682 1880.3+32.22 3413.5+804.282  1631.7+293.242  629.0+28.81 1130.4+260.062
Ahir giibresi

Poultry manure 3855.0+£229.682b  1643.0+237.07 2749.84516.042b  1243.8+114.902> 568.9+88.91 906.3+164.123b
Tavuk giibresi

Leonardite 3750.0+202.082>  1460.3+69.17 2605.2+520.942>  1194.6+47.522b 474.4+9.41 834.5+162.49abc
Leonardit

Biological 2710.0+138.57b 1774.7+190.93 2242 .3+234.342b 781.4+54.56P 558.6+39.95 670.0+58.30bc
fertilizer

Biyogitibre

Chemical 3887.7+111.142>  1397.7+43.94 2642.24559.322>  1237.4+1.792b 552.2+16.28 894.8+153.072b
fertilizer

Kimyasal giibre

YB+TYC 2481.7+£272.98b 1393.3+150.17 1936.7+280.48P 635.6+£54.10P 428.8+75.75 532.2+62.22¢
F+TYC 2703.7+325.29b 2374.7+743.53 2540.7+£370.292P 815.9+117.09> 615.3+163.80 715.6+100.43b¢
Mean Ortalama  3467.1+£556.002  1680.7+363.74>  2573.9 1072.6+206.752  537.8+73.04>  805.2

YB: yem bezelyesi, TYC: tek yillik ¢im, F: fig. Harflendirme %5 diizeyinde farkli gruplar géstermektedir.

Yillar arasinda bitki boyu ve ot verimleri arasinda
onemli farkhiliklar bulunmustur. Bunun tek nedeni
yagigla ilgilidir. 2019 yilindaki yagis yaklasik olarak

2020 yilindaki yagisin iki kat1 kadardir. Ot verimleride
yaklagik iki kati1 daha fazla olmustur. Kuru tarim
yapilan yerlerde yagis verimde oldukc¢a 6nemlidir.
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2020 yilinda yagis uzun yillar ortalamasinin epey
altinda seyretmis, sicaklikta uzun yillar ortalamasinin
20C tlzerinde olmustur. Bu durumda verimin 6nemli
derecede diismesine neden olmusgtur. Misir ve soya
fasulyesi ile yapilan karisik ekimde en yiiksek bitki
boyu ve ot verimi sirasiyla kimyasal glbre, tavuk
giibresi ve biogiibre uygulamalarinda belirlenmistir
(Noorhanin ve ark.,, 2020). Sigir giibresinin
Brachiarianmin (kolotu) (Mc Roberts, 2018), Macar
figi+arpa karissmi (Yolcu, 2014) ve arpanin (Tadesse
ve ark.,, 2018 ot verimlerini  artirdigim
belirlemislerdir. Adeli ve ark., (2017) tavuk althginin
misirin biomas verimini artirdigimi belirlemiglerdir.
Kurutulmus tavuk gubresinin 50 kg N hal
uygulamasinda soya fasulyesinin tohum verimini %7,
100 kg N ha'! uygulamada ise %30 oraninda artirdigi
bildirilmistir (Tagoe ve ark., 2008).

Yapilan uygulamalar icerisinde ahir glbresi
uygulamasi tek yillik ¢imin bitki boyu ve ot verimini
en fazla artirmastir. Topraktaki organik madde
miktar1 ahir giibresi uygulanan parsellerde diger
parsellere gore daha yiiksek cikmis fakat istatistiki
olarak fark belirlenmemistir. Denemede kontrol
parselinde organik madde %1.17 olurken, ciftlik
gibresinde %1.33 olmustur. Organik madde de ¢ok
azda olsa bu artig verimi artirmig olabilir. Bunun
yaninda ahir gibresi uygulamasiyla topraktaki P

basimda). P fotosentezi tesvik eden makro bitki besin
elementi oldugu i¢in fotosentezin artmasiyla verimde
artmistir (Kacar, 2020; Lal ve ark., 2020).

Otun kalite parametrelerinden olan ham protein HP,
NDF ve DMD oranlar: farkli giibre uygulamalar ile
%1 seviyesinde 6nemli ¢ikarken, ADF ve ham kil
oranlar1 %5 seviyesinde 6nemli, ADL orani ise 6nemsiz
olmustur. Yapilan biitin uygulamalarda yillar
arasinda fark onemli olmustur (Cizelge 4). 2019
yiinda  ham  protein = (%13.85+2.41),  ADF
(%38.38+1.60), ADL (%5.86+0.48) ve ham kil
(%12.02+0.20) olarak daha yiiksek cikarken, NDF
(%50.05+3.43), DMD (%57.78+0.69) ile daha diisiik
cikmigtir (Cizelge 5). Her iki yil ve iki yilin
ortalamasinda ham protein orani tek yilhik ¢imin
baklagillerle yapilan ikili karigimlarinda yuksek, diger
uygulamalarda disiik olmus ve aym istatistiki grupta
yer almistir. IIk yi1 NDF oram1 en yiiksek ahir
giibresinde, en disik YB+TYC karisiminda
belirlenmisg, ikinci yil ise en yiksek NDF orani ahir
giibresi, leonardit ve biogiibrede olurken en dusik
F+TYC karigiminda belirlenmigtir. Tek yillik ¢imin
ADF oram1 ise 2019 yilinda wuygulamalar etki
etmezken, 2020 ve iki yilin ortalamasinda 6nemli
olmustur. Tek yillik ¢imin ADL oram1 2019 yilinda
%5.86+0.48 olurken, 2020 yilinda %4.18+0.21 olmus ve
ilk yi1l ADL orani1 daha yiiksek g¢ikmistir. Otun en

miktar: 6nemli derecede artmigtir. Kontrol parselinde yiksek sindirilebilirligi ise tek yillik ¢imin
alinabilir fosfor 4.26 mg kg olurken ciftlik giibresi baklagillerle yapilan ikili karisgimlarinda
uygulamalarinda 17.34 mg kg1, diger uygulamalarda belirlenmistir (Cizelge 5).
ise kontrol parseliyle benzer olmustur (Demiray,
Cizelge 4. Farkh giibre uygulamalarinin tek yillik ¢imin kalitesine iligskin varyans analizi
Table 4. Analysis of variance on annual ryegrass quality of difterent fertilizer applications
HP (%) NDF (%) ADF (%) ADL (%) DMD (%) Ash(Hamkiil(%))

Treatment *k% *k% * ns *k% *%

Uygulamalar

Year }/J] *kk E E *k% *k% ns

Treatmentx Year * ns ns ok ns ns

Uygulama xY1l

Tukey’s HSD 0.406 1.453 1.005 0.980 0.954 1.615

HP: ham protein, NDF: notr deterjanda ¢éztinmeyen lif, ADF: asit deterjanda ¢6ziinmeyen lif, ADL: asit deterjan lignin, DMD:

sindirilebilir kuru madde

Tek yillik ¢imin ot kalitesini belirlemede 6nemli
ozelliklerden olan HP, NDF, ADF, ADL, DMD ve ham
kil miktarlarn yillar arasinda onemli farkhihiklar
cikmagtir. 2019 yilinda ham protein, ADF, ADL ve ham
kil artarken, NDF ve DMD oranlar1 azalmistir. 2019
yilinda 2020 yilina gore iki kat daha fazla yagis alan
yilda ham protein orani daha yliksek ¢citkmigtir. Yagigla
birlikte daha fazla azot alan bitkilerde ham protein
oranida artmistir. Yapilan uygulamalarda ham
protein orani benzer olurken, fig ve yem bezelyesinin
tek yillik ¢imle yapilan ikli karigimlarinda ham
protein orani yiksek ¢ikmigtir.

Bununda tek sebebi baklagillerin ham protein
oraninin yiksek olmasindan kaynaklanmigtir. Simic
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ve ark., (2019) ahir giibresi, zeolit ve kimyasal giibre
ile yaptiklar calismada otun kimyasal
kompozisyonunda istatsitiki  olarak bir fark
bulmamiglardir. Yolcu ve ark., (2016) tahillarin
otundaki ham protein oraminin ahir giibresi
uygulamasiyla degismedigini, Lal ve ark., (2020) arpa
otunun ham protein oraninin organik giibre
uygulamasiyla degigsmedigini belirlemiglerdir. NDF ve
DMD oranlar1 2019 yilinda disiik olurken, 2020
yilinda yiiksek olmustur. ADF ve ADL ise ilk yil
yiksek ikinci yil ise digiik gitkmigtir. Bu durum yagis
ve iklimle yakindan ilgilidir (Van Soest, 1996).
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Cizelge 5. Organik madde ve farkl azot kaynaklarinin tek yillik ¢cimin ham protein orami (HP), nétr deterjanda
coztinmeyen lif (NDF), asit deterjanda ¢oéziinmeyen lif (ADF) ve asit deterjan lignin (ADL), sindirilebilir
kuru madde (DMD) ve ham kiil oranlarina etkileri (ortalama+standart hata)

Table 5. The effects of organic matter and different nitrogen sources on crude proten (HP), neutral detergent fibre

(NDF), acid detergent fibre (ADF) and acid detergent lignin (ADL), dry matter digestibility (DMD) and
crude ash of annual ryegrass (mean+standard error)

Treatment HP (%) NDF (%)
Uygulamalar 2019 2020 Mean Ortalama 2019 2020 Mean Ortalama
Control Kontrol 11.57+0.70P 11,37+0.16P 11.47+0.33P 51.86+1.74abc 58.51+1.052>  55.18+1.742b
Farm manure 11.52+0.63" 10.88+0.42P 11.20+0.37» 56.83+2.482 60.21+0.982 58.52+1.412
Ahir giibresi
Poultry manure 11.13+0.58P 10.98+0.29P 11.05+0.29P 52.98+3.16abc 59.83+2.642>  56.41+2.392
Tavuk giibresi
Leonardite 10.98+0.30P 10.11+0.21P 10.54+0.25P 53.86+1.302b 60.64+1.752  57.25+1.802
Leonardit
Biological 12.63+0.09P 9.89+0.04 11.26+0,61P 48.03+1.543bc 61.93+0.582  54.98+3.20abc
fertilizer
Biyogtibre
Chemical fertilizer 11.90+0.67> 10.93+0.1P 11.42+0.38P 50.42+3.813bc 59.98+0.423  55.20+2.742b
Kimyasal giibre
YB+TYC 21.80+1.552 17,567+0.372 19.68+1.192 41.62+2.11¢ 54.46+2.422>  48.04+3.21¢
F+TYC 19.30+0.552 17.46+0.552 18.38+0.542 44.83+2.37bc 52.50+1.09bP 48.66+2.07bc
Mean Ortalama 13.85+2.412 12.40+2.25P 13.12 50.05+3.43P 58.51+2.232  54.28
Uygulamalar ADF (%) ADL (%)

2019 2020 Ortalama 2019 2020 Ortalama
Control Kontrol 38.53+1.05 34.59+0.453 36.56+1.022b 5.47+0.17 4.22+0.18 4.84+0.30
Farm manure 41.31+2.11 36.00+1.162b 38.65+1.602 5.74+0.39 4.15+0.14 4.94+0.40
Ahir giibresi
Poultry manure 39.29+1.50 35.37+1.792b 37.33+1.362b 5.69+0.26 4.31+0.19 5.00+0.34
Tavuk giibresi
Leonardite 38.72+1.16 36.26+1.47ab 37.49+1.002b 5.41+0.29 4.31+0.27 4.86+0.31
Leonardit
Biological 36.23+0.35 37.60+0.482 36.92+0.402 5.32+0.21 4.55+0.10 4.93+0.20
fertilizer
Biyogtibre
Chemical fertilizer 37.53+1.80 34.99+0.28 36.26+0.992b 5.30+0.11 4.05+0.08 4.68+0.29
Kimyasal gtibre
YB+TYC 36.09+2.19 31.22+1.28P 33.65+1.71P 6.91+0.63 3.91+0.12 5.41+0,32
F+TYC 39.35+1.26 30.89+1.50P 35.12+2.092b 7.02+0.44 3.9133+0.36  5.47+0.74
Mean Ortalama 38.38+1.602 34.61+1.70P 36.50 5.86+0.482 4.18+0.21b 5.02
Uygulamalar DMD (%) Ash Ham Kiil (%)

2019 2020 Ortalama 2019 2020 Ortalama
Control Kontrol 56.69+0.79 59.85+0.41 58.27+0.81bc 12.31+0.69 8.06+0.24 10.18+1.00
Farm manure 54,38+1.99 58.49+1.13 56.44+1.37¢ 11.70+0.58 8.60+0.33 10.15+0.75
Abhir giibresi
Poultry manure 55.88+1.48 59.05+1.52 57.47+1.18¢ 12.22+0.44 7.84+0.17 10.03£1.00
Tavuk giibresi
Leonardite 56.29+0.91 57.95+1.28 57.12+0.80¢ 11.52+0.70 8.15+0.29 9.84+0.82
Leonardit
Biological 59.03+0.30 56.75+0.38 57.89+0.55¢ 12.62+0.54 8.56+0.18 10.59+0.94
fertilizer
Biyogiibre
Chemical fertilizer 57.66+1.76 59.34+0.22 58.50+0.88bc 11.79+0.20 8.56+0.30 10.17+0.74
Kimyasal giibre
YB+TYC 63.00+2.45 65.24+1.77 64.12+1.44a 11.08+0.60 8.49+0.24 9.78+0.65
F+TYC 59.26+1.25 65.46+1.42 62.36+1.622b 12.91+0.57 9.00+0.37 10.95+0.93
Mean Ortalama 57.78+0.69P 60.14+0.722 59.02 12.02+0.202 8.41+0.11b 10.21

YB: yem bezelyesi, TYC: tek yillik ¢im, F: fig. Harflendirme %5 diizeyinde farkli gruplar: gostermektedir.

Baklagillerin NDF ve ADF oranlar1 bugdaygillerden
daha dustiktir (Strydhorst ve ark., 2008; Gécmen &
Ozaslan Parlak, 2017). Tek yillik ¢cimin baklagillerle
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yapilan karigimlarinda NDF ve ADF oramida dusiik
cikmistir. Bedaso ve ark., (2022) dogal meraya
uygulanan organik ve kimyasal giibrenin otun ADL ve
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IVDMD (in vitro ortaminda kuru maddenin
sindirilebilirligi) oranini etkilemedigini
belirlemiglerdir. Sindirilebilirlik baklagillerde daha
yiksek oldugu i¢in yem bezelyesi ve figin tek yillik
¢imle karisiminda sindirilebilirlik daha ylksek
cikmigtir. Baklagillerin mineral ig¢erigi daha fazladir.
Yildirim & Ozaslan Parlak (2019) 6zellikle figin ham
kil igerigini yem bezelyesine gore daha yiksek
bulmuglardir. Bu ¢alismada da tek yillik ¢imin figle
yapilan ikili karisiminda ham kil oran1 en ylksek
citkmistir. Ertekin ve ark., (2020) fig tiirlerine
uygulanan zeolit, leonardit ve hayvan giibresinin ham
kil oranlari benzer bulunmustur, NDF ve ADL
oranlari tizerinde de etkili olmadig1 saptanmigtair.

SONUC ve ONERILER

Tek yillik ¢im bitkisine giibre uygulamasi yapilmadan
(kontrol), dekara 3 ton ciftlik giibresi, 300 kg da'! tavuk
giibresi, 100 kg da'! leonardit, biyolojik giibre (serbest
yasayan azot bakterileri) ve kimyasal 10 kg N da’!
giibresi uygulanmis ve bunlarin yaninda %50 yem
bezelyesi+%50 tek yillik ¢im, %50 fig + %50 tek yillik
¢im olacak gekilde ikili karisim = geklinde
yetigtirilmistir. Iki yilik yapilan ¢alisma sonucunda,
ilk yi1l verim ikinci yila oranla iki kat fazla ¢ikmistir.
En yiiksek yesil ve kuru ot verimleri ahir giibresinden
elde edilmigtir. Tek yillik ¢imin bitki boyu en yiksek
ciftlik  giibresi, tavuk gubresi ve leonardit
uygulamalarinda, en diisik baklagillerle yapilan ikili
karisimlarda belirlenmigtir. Otun HP, NDF, DMD ve
ham kul oranlar1 yapilan giibre uygulamalarinda
benzer olurken , HP, DMD miktarlar1 ikili
karisgimlarda en yuksek olurken, NDF orani dusiik
cikmigtir. ADF orani en yiksek ahir giibresinde
cikarken, en disik yem bezelyesi ile yapilan ikili
karisimda belirlenmigtir. ADL oran istatistiki olarak
onemli ¢ikmamistir. Sonug¢ olarak, tek yillik ¢imin
verim ve Kkalite acisindan ciftlik gubresi tavsiye
edilebilir. Organik giibrelerin kimyasal giibrelerin
yerine kullanilmasi hem ¢evre Kkirliliginin o6ntline
ge¢cmesl hem de c¢iftlik atiklarinin degerlendirilmesi
acisindan oldukc¢a 6nemlidir.
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OZET

Sturdirilebilir tarim, g¢evre dostu uretim modellerini benimseyen,
organik ve yesil giibrelemeyi, miinavebe sistemini, birlikte uretimi,
Uriunun kalitesini yiikseltilmesi yaninda yeterli miktarda tirtin almay1 da
hedefleyen bir sistemdir. Bu ¢alismada ekim nébeti sisteminde 6nct bitki
olarak fig+tritikale karisim otu ve ana bitki olarak silajlik sorgum
cesitleri yetistirilmigtir. Fig+tritikale karisiminda tritikale bitkisi sadece
figin yatmasina engel olmak amaciyla karisima alinmis, bu nedenle
ekimdeki pay1r %10 olmustur. Calismada geleneksel yetistiricilikte 8 kg
dal taban giibresi, gidya 800 kg da'l, solucan giibresi 400 kg dal, koyun
giibresi 600 kg da’l, tavuk giibresi 500 kg da! ve sigir giibresi 700 kg da
L kullanilmigtir. Arastirma sonucunda surdurilebilir fig+tritikale kaba
yem yetigtiriciliginde organik kaynakli giibreler kullanilabilecegi
belirlenmigtir. Organik giibre kullanimai ile yemde bulunan NDF, ADF ve
ADL oranin azalmasiyla sindirilebilirliginin arttigi, ham kil ve ham
protein igeriginin olumlu yonde etkilendigi belirlenmigtir. Bununla
birlikte, tavuk glbresi ve solucan giibresi uygulamasinda toplam yesil ot
verimi ve toplam kuru ot veriminde en yiiksek deger elde edilmistir.

ABSTRACT

Sustainable agriculture system includes environmentally friendly
production models that recommend organic and green fertilization, crop
rotation system, soil conservation, improving plant resistance to
environmental factors. Vetch+triticale mixture was grown as the pioneer
crop for main crop silage sorghum in the crop rotation system in order to
achieve for production all over the vegetation period in the present study.
Triticale plant was added 10% in vetch-triticale mixture due to prevent
the vetch from lying down. Organic fertilizers applied for vetch+triticale
mixture were applied as 800 kg da'! gyttja, 400 kg da! vermicompost, 600
kg dal sheep manure, 500 kg da'! cattle manure, and 700 kg da! chicken
manure, which are corresponding to traditional nitrogen application dose
of 8 kg da'l. As a result of the research, organic sourced fertilizers can be
used in sustainable vetch + triticale forage production. It was determined
that with the use of organic fertilizers, the digestibility of the forage
increased with the decrease in the ratio of NDF, ADF and ADL, and the
crude ash and crude protein content were positively affected. In addition,
the highest values were obtained in total green forage yield and total hay
yield with chicken manure and vermicompost.
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GIRIS

Geleneksel tarimda, yogun kimyasal giibre kullanimi
yaninda, pestisit kullanim1 ve agir1 toprak igleme gibi
uygulamalar, toprakta cesitli zararli birikimlerin
gerceklesmesine, toprak saghiginin bozulmasina,
verimliliginin  azalmasina ve  diger ekolojik
kaynaklarin zarar goérmesine neden olmaktadir.
Benzer gekilde hayvancilik faaliyetlerinin bir sonucu
olarak ortaya cikan ahir giibreleri, 6zellikle de tavuk
giibreleri, zaman zaman uygun olmayan sekillerde
imha yoluna gidildiginden ¢ok ciddi bir gevre sorunu
olarak karsimiza c¢kmaktadir. Geleneksel tarim
uygulamalar ile, dogal kaynaklarin zarar gérmesi ve
bu sekilde bir uygulamanin siirdirilebilir olmadig,
tarim yapilirken ekolojik dengelere ve kurallara
uyulmas1 gerektigi, ekolojik kaynaklarin korunmasi
veya zarar gormesinin azaltilmasi  gerektigi
disinulmus ve geleneksel tarimin tim bu olumsuz
etkilerinin ortadan kaldirilmasina yonelik olarak
“Ekolojik Tarim (Siirdiirebilir Tarim)” uygulamalar:
geligtirilmeye baglanmigtir (Soyergin, 2003).
Strdurilebilir  Tarim, ekolojik sistemde hatal
uygulamalar sonucu kaybolan dogal dengeyi yeniden
saglamaya yonelik, cevre dostu tretim modellerini
icinde bulunduran, organik ve yesil gubrelemeyi,
miinavebe sistemini, topragin muhafazasini, bitki
direncini arttirmayi, trinin kalitesini yikseltilmesi
yaninda yeterli miktarda tirtin almay1 da hedefleyen
bir sistemdir (Karakurt, 2009).

Konu ile baglantili olarak Alagoz ve ark. (1996), ve
Alyanak ve Filibeli (1987), hayvan barinaklarinda
uygun sekilde depolanamayan giibrenin, hem barinak
icinde hem de dig ortamda biiytuk sorun olusturdugunu
bildirmigstir. Diinya nifusunun hizla artmasi ve buna
bagh olarak et ve sut sigirciligi, siit endiistrisi ve
kiimes hayvanciligin gelismesi sonucunda hayvansal
uretim tesislerinin olusturdugu c¢evre kirliligi 6nemli
olciide artmistir (Sirohi & Michaelowa, 2004). Bu
nedenle “stirdirulebilir cevre” ve “sirdurilebilir
tarim” bir arada digintldiaginde hayvansal atiklar
olan “giibre ve idrar”, tarim igletmelerinde belirli
Olciilerde kullanmildiginda, bir atik degil, bitkisel
uretimi artirma ve g¢evre koruma amaciyla
degerlendirilen bir organik madde olarak Onem
kazanmakta ve organik giibre olarak
adlandirilmaktadir. Nitekim Ertekin ve Cakmakg
(2020), geleneksel tarim sistemlerine alternatif olarak
yapilabilecek ¢evre dostu uygulamalarin, tarimsal

sistemlerde verimliligi de artirabilecegini
bildirmiglerdir.
Bir diger acidan silirdirilebilir tarim ilkerinde

baklagil bitkilerin ve baklagil yem bitkilerin ekim
nobeti sisteminde kullanilmasi1 oldukc¢a o6nemlidir.
Baklagil yem bitkilerinden biri olan fig bitkisi protein,
mineral ve besin igerikleri yoniinden olduk¢a zengin
olmasi ve hayvan Dbeslenmesinde kullanilmasi

836

nedeniyle olduk¢a o6nemlidir. Bununla birlikte, fig
koklerinde bulunan Rhizobium cinsi bakteriler
yardimiyla biyolojik azot fiksasyonunda yer aldigi
(Avcioglu & Soya, 1977) ve kendisinden sonra

yetigtiricilecek bitkinin verimini o6nemli derecede
arttirdig: bilinmektedir (Rushel, 1961).

Bu c¢alismada, strdurilebilir tarim  ilkeleri
kapsaminda  fig+tritikale-sorgum  ekim  ndbeti

sisteminde farkli organik giibrelerin fig+tritikale
karigiminin ot verimi, yem degeri ve kalitesi lizerine
etkilerini incelemek i¢in gerceklestirilmistir.

MATERYAL ve METOD

Calisma 2019-2020 ve 2020-2021 yillar1 arasinda
Kahramanmaras Siit¢cii Imam Universitesi Ziraat
Fakiiltesi Tarla Bitkileri béliimiine tahsisli aragtirma
alaninda c¢akili deneme olarak yuratalmustir.
Deneme alani 0-30 cm toprak derinliginden alinan
ornegin analizine gore, topragin killi tinli (70.4)
yapida, pH'min 7.54 ile hafif alkali, tuzsuz, organik
madde bakimindan fakir, potasyum ve fosfor oranmi
bakimindan iyi oldugu belirlenmigtir.

Fig+tritikale yetigtiriciligi 2019-2020 ve 2020-2021
yilina ve uzun yillara ait iklim verileri incelendiginde,
birinci y1l diisen toplam yagis miktarimin (465.2 mm)
ikinci yil diigen toplam yagis miktarimin (530.8 mm)
uzun yillara kiyasla (601.00) daha az oldugu Cizelge
1T’de gorulmektedir. Ayni cizelgeden sicaklik degerleri
incelendiginde ortalama sicakligin birinci yil 9.61°C
oldugu, ikinci yil ise 9.91°C olarak degistigi ve
ortalama sicaklik degerinin uzun yillara (9.28°C)
kiyasla daha ylksek oldugu gorulmektedir. Nispi yem
degerinin birinci yil %75.33 oldugu, ikinci yil ise
%73.22 oraminin uzun yillara (%66.62) kiyasla daha
yuksek oldugu gorilmektedir. Her iki yilda da
fig+tritikale karigimi i¢in diigsen yagis miktari, sicaklik
ve nispl yem degerinin yeterli oldugu séylenebilir.
Onci bitki yetistiriciligi kapsaminda, tritikale cesidi
olarak Mehmetbey ve yaygin figi c¢esidi olarak
Cumbhuriyet-99 kullanilmigtar. Fig+tritikale
karisiminda tritikale bitkisi sadece figin yatmasina
engel olmak amaciyla karigima alinmig, bu nedenle
ekimdeki payr %10 olmustur. Dekara 11 kg fig ve 1.7
kg tritikale tohumlugu karistirilmis ve elle serpme
ekim yapilmigtir.

Oncii bitki hasadindan sonra ana bitki olarak silajlik
sorgum c¢egitlerinin ekimi yapilmistir. Dolayisiyla,
arastirma Tesaduf bloklarinda bolinmiis parseller
deneme desenine goére 3 tekrarlamali olarak, ana
parsellere organik giibre uygulamalari, alt parsellere
ise sorgum cesitleri gelecek sekilde diizenlenmisgtir.
Her alt parsel 5 m uzunlugunda ve bloklar arasinda ise
2 m mesafe birakilmigtir. Deneme alan1 19 m x 37.1
m= 704.9 m?2 alandan olusmustur.



KSU Tarim ve Doga Derg 26 (4), 835-844, 2023 Arastirma Makalesi
KSU J. Agric Nat 26 (4), 835-844, 2023 Research Article

Cizelge 1. Deneme yerinin ekim sezonlarina ve uzun yillara ait iklim verileri
Table 1. Climatic data of the experimental site for the growing seasons

Yagig (mm) Sicaklik (°C) Nispi Nem (%)

Precipitation (mm) Temperature (°C) Relative Humidity(%)
2019- 2020 2020- Uzun 2019- 2020- Uzun 2019-  2020- Uzun
2021 Yillar 2020 2021 Yillar 2020 2021 Yillar
Kasim (November) 46.40 62.60 87.5 12.07 11.30 11.5 61.16 84.58 66.68
Aralik (December) 200.20 57.60 116.6 7.78 7.31 6.8 90.85 73.50 79.85
Ocak (January) 105.80 226.60 125.4 4.93 6.19 4.9 82.33 78.70 69.99
Subat (February) 75.20 32.60 108.3 5.34 8.25 6.4 78.12 70.04 65.62
Mart (March) 4.60 135.20 93.4 12.04 10.13 10.6 74.63 69.03 60.00
Nisan (April) 33.00 16.20 69.8 15.47 16.29 15.5 66.10 63.49 57.59
Toplam/Ortalama 465.20 530.80 601.00 9.61 9.91 9.28 75.563  73.22 66.62

(Total/Mean)

Cizelge 2. Organik gibrelerin fiziksel ve kimyasal igerigi ve uygulama dozlar:
Table 2. Physical and chemical content and application doses of organic fertilizers

Giibre Saturasyon pH Organik Madde Tuz Potasyum Fosfor
Fertilizers Saturation (%) pH Organic Matter Salt Potassium (Kz0)  Phosphorus
(%) (%) (mg kg'?) (P:05) (mg kg?)
Gidya (Gyttja) 156.2 7.11 41.75 0.51 71 24
Solucan (Vermicompost) 279.84 6.54 49.05 0.38 12215 1385
Koyun giibre (Sheep manure) 192.5 7.89 37.37 0.43 22880 1172
Tavuk giibre (Chicken manure) 84.7 7.16 42.25 0.92 12475 1632
Sigir gitbre (Cattle manure) 126.5 7.23 32.88 0.72 1062 58
Uygulama dozlarinin belirlenmesinde ekonomik dozlarinin 1/3’0 fig ekimi oncesinde, 2/3u ise silajlik
faktorler, uygulama kolayligr ve kaynak materyale sorgum ekimi o6ncesinde topraga uygulanmigtir. Bu
ulasilabilirlik gibi faktorler de dikkate alinarak nedenle sorguma ait uygulama dozlar1 da makalede
asagidaki dozlarin uygulanmasi benimsenmistir. yer verilmigtir.

Cizelge 3'de verilen organik glibre uygulama

Cizelge 3.Farkl giibre gesitleri ve uygulama miktarlari
Table 3. Different types of fertilizers and application doses

Figttritikale Silajlik Sorgum

Vetch- Triticale Silage Sorghum
Giibreler Giibre Dozlar N P K Giibre Dozlart N P K
Fertlizers Fertilizers Doses Fertilizer Doses
Geleneksel gibre 8 kgda'l 1.60 1.60 0.00 25 kg da'l 13.25 5.00 0.00
(Traditional N application) 20-20-0 DAP 20-20-0 DAP

25 kg da AN (%33) Ust

Gidya (Gyttja) 0.80 t da-! 11.10 0.02 0.06 1.60 t da’! 2220 0.04 0.12
Solucan (Vermicompost) 0.40 t da’! 9.81 0.55 4.89 0.80 t da’! 19.62 1.10 9.78
Koyun giibre (Sheep manure) 0.60 t da’! 11.21 0.70 13.73 1.20 t da’? 22.42 140 27.46
Tavuk giibre (Chicken manure) 0.50 t da’! 10.56 0.82 6.24 1.00 t da’! 21.12 1.64 12.48
Sigir giibre (Cattle manure) 0.70 t da’! 11.50 0.04 0.74 1.40 t da’! 23.00 0.08 1.48
Ornekleme Yéntemi Laboratuvar analizleri

Fig ve Tritikale bitki boyu igin fig bitkisi %50 Bitki turlerinin ham kil igerikleri ve azot igerikleri
ciceklenme donemine ulastiginda her parsellerden Kjeldahl metoduna goére belirlenmis ve sonrasinda
rastgele secgilen 10 bitkide oOl¢im yapilmis ve 6.25 sayisi ile carpilmisir (AOAC, 1990). NDF ve ADF
kaydedilmistir. Her parselin tam ortasina 0.5 m?1lik icerikleri Van Soest ve ark. (1991)'min bildirdigi
alan bigilerek yesil ot agirhigi belirlenmis ve degerler yonteme goére ANKOM back teknigi kullanilarak
dekara cevrilerek hesaplanmistir. Her parselden ANKOM A220 analiz cihaziyla (ANKOM Teknoloji,
alinan ot ornekleri sabit agirliga gelinceye kadar Fairport, NY) belirlenmistir. ADL icerigi %72lik
golgede kurutulmus ve kuru madde oranlar H2SOs cozeltinde beher aracihigiyla (ANKOM
belirlenmigtir. Her parselin kuru madde oranlar Teknoloji) belirlenmigtir.

belirlendikten sonra o parselin yesil ot verimi ile KMT (%)=120/NDF (%) (1)

carpilmasiyla toplam kuru ot verimi hesaplanmigtir SKM (%)=88.9-(0.779xADF (%)) (2)

(Ertekin ve ark., 2020). NYD=(SKM (%)xKMT (%))/1.29 (3)
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Istatistik Analizler

Fig+tritikale karigimlarina ait elde edilen veriler SAS
JMP 13.0 istatistik paket programinda yilda
tekrarlanan tesadif bloklar1 deneme desenine gore

varyans analizine tabi tutulmustur. Ortalamalar
arasinda oOnemli c¢ikan farklihk LSD testi 1ile
belirlenmisgtir.

BULGULAR ve TARTISMA

Farkli organik gilibrelerin uygulandigi fig bitkisi
yetistiriciliginde, en yiiksek bitki boyunun 95.68 cm ile
koyun giibre uygulamasindan elde edildigi, bu degeri
tavuk giibresi (94.12 c¢cm) ve geleneksel yetistiricilik
sisteminin  (93.28 cm) izledigi Cizelge 3'de
goriilmektedir. En digiik bitki boyu ise gidya organik
kaynakli materyal (82.97 cm) ve sigir giibresi (81.95
cm) uygulamalarinda saptanmistir (P<0.001). Benzer
sekilde, Giil ve ark. (2015), organik materyaller ile fig
bitki boyunun arttirdigini ve bitki boylarinin 54.6-66.7
cm arasinda bildirmiglerdir. Buna karsilik Ertekin ve
ark. (2020), organik giibrelerin (hayvan giibresi,
leonardit ve zeolit) fig tiirlerinin bitki boyunda énemli
bir degisiklige neden olmadigini, fig bitki boyunun
117.83-120.89 cm arasinda degistigini bildirmiglerdir.

Arastirmacilar ayni zamanda  organik  fig
yetistiriciliginde herhangi bir giibre kullanilmadan fig
turlerinin  ekonomik olarak yetistirilebilecegini
vurgulamiglardir. Calismalar arasindaki bu farkhlik,
kullanilan giibre gesidi, dozu ve yetigtirilen bélgenin
iklim 6zelliklerinden kaynaklandigi diistintilmektedir.
Nitekim, ¢alismada yillara bagh olarak fig bitki
boyunun degistigi, ikinci yilda fig bitki boyunda bir
azalma meydana geldigi saptanmistir (P<0.001). Y1l x
organik giibre interaksiyonu agisindan fig bitki boyu
degerleri 71.97- 106.70 cm arasinda degisiklik
gostermigstir. Birinci yil en yiiksek fig bitki boyunun
geleneksel yetistiricilik sisteminden (106.70 cm) elde
edilmesine ragmen, ikinci yil geleneksel yetistiricilik
sistemi uygulamasinda (79.87 cm) bitki boyunda bir
distis yasanmig ve en yiiksek bitki boyunun koyun
giibresi uygulamasindan (100.23 cm) elde edildigi
belirlenmigstir. Dolayisiyla burada etkili faktor
giibreler olmustur. Diger bir ifadeyle, giibreler farkl
yillarda farkli tepkiler vermistir (P<0.001). Bu durum
organik giibrelerin yavas salinimli giibreler oldugu, bu
nedenle organik giibre etkinliginin sonraki yillarda
daha belirgin olmasi ile iligkilendirilebilir.

Cizelge 4. Farkli organik giibrelerin fig ve tritikale bitki boyu ortalama degerler lizerine etkisi
Table 4. The effect of different organic fertilizers on the average plant height values of Vetch and Triticale.

Fig Bitki Boyu (cm) Tritikale Bitki Boyu (cm)
Giibre Cegitleri Vetch Plant Height (cm) Triticale Plant Height (cm)
Fertilizer Types 2019 2020 Ortalama 2019 2020 Ortalama

Mean Mean

Geleneksel Yontem (Traditional N application) 106.702 79.87f 93.28AB 109.132 85.93de 97.53AB
Sigir Giibre (Cattle Manure) 81.74¢fc  82.17ef 81.95C 78.05¢ 97.07abed 87 56C
Koyun Giibre (Sheep Manure) 91.13bcde  100.232>  95.68A 107.672 101.432>  104.55A
Gidya (Gyttja) 93.97bd 71,978 82.97C 87.10cde 85 50de 86.60C
Tavuk Giibre (Chicken Manure) 97.632b¢  90.60bcde 94 12AB 97.07abcd  93.43bcd 95 25BC
Solucan Giibre (Vermicompost) 89.53cdef  85.00df  87.27BC 99.70abc  90.93bed  95.32BC
Ortalama (Mean) 93.45a 84.97b 96.55 92.38
C.V (%) 6.67 8.00
LSD Y:4.14%** F: 7.16%* YXF:10.13*** Y:ns F: 9.10%* YXF:12.87**

abe, Values within a row with different superscripts differ significantly at P***P<0.001, **P<0.01, *P<0.05

Y:year, F: Fertilizer, YXF: Year x Fertilizer interaction, LSD: Least significance difference, C.V: Coefficient variation

abe, Aym stitunda farkl harfler ile gosterilen ortalamalar arasindaki farklilik P***P<0.001, **P<0.01, *P<0.05 istatistiki olarak 6nemlidir
Y:y1l F:giibre YxF: Yil x giibre interaksiyonu, LSD: asgari 6nem farki, CV: Varyasyon katsayis1

Organik giibrelere gore tritikale bitki boyunun 87.56-
104.55 cm araliginda degistigi, en yiksek degerin
koyun gibresinden elde edildigi ve bu degeri
geleneksel yetigtiricilik sisteminin izledigi tespit
edilmistir (Cizelge 3). Giibre uygulamalarina gére en
disik deger sirasiyla sigir gibresi ve gidya
uygulamalarinda saptanmistir (P<0.01). Takil ve
Olgun (2020), azot icerigi ve tritikale cesitlerine gére
bitki boyunun 6nemli derecede degistigini bildirmigtir.
Egritas  (2014), Ordu ekolojik  kosullarinda
fig+tritikale karisim oranlarinin ¢ok 6nemli oldugunu,
tritikale bitki boyunun 50F:50T ekim sisteminde
108.25 cm 75F: 25T 1ise 101.9 rapor etmigtir.
Dolayisiyla, %90F:%10T ekim sistemi kullanilan
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calismada bitki boylarinin dusiik olmas: tritikalenin
karisimdaki oraninin az olmasi, tritikale cesitlerine ve
uygulanan giibrelerin azot etkinligine bagh oldugu
soylenebilir. Birinci yi1l en yliksek tritikale bitki boyu
geleneksel yetigtiricilik sistemi ve koyun glbre
uygulamasindan elde edilmesine ragmen, ikinci yil
geleneksel yetistiricilik sisteminde tritikale bitki
boyunda bir azalig gérilmiistiir. Bununla birlikte sigir
giibresi uygulanan parselde bitki boylari birinci yil
78.05 cm ve ikinci y1l 97.07 cm olarak kaydedilmigtir
(P<0.01). Dolayisiyla burada bir yil x giibre
interaksiyonun olustugu gériilmektedir.

Calismada giibre kaynaklarina baglh olarak yesil ot
veriminin 1535.86-2339.53 kg da! arasinda degistigi,
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en yiksek yesil ot veriminin tavuk giibre uygulanan
parsellerden elde edildigi ve bu degeri 2186.44 kg da™!
ile solucan giibre uygulamasimin izledigi tespit
edilmistir (Cizelge 5). Iki yillik ortalamalara gére en
diisiik yesil ot verimi gidya organik kaynakl (1721.02
kg dal) materyal ve sigir giibresi (1535.86 kg da'l)
uygulamalarinda saptanmigtir (P<0.001). Toplam
kuru ot ortalama verim degerlerini yil (P<0.001),
giibre (P<0.01) ve yil x giibre interaksiyonun (P<0.05)
istatistiki olarak etkiledigi gériilmektedir. Buna gore;
toplam kuru ot veriminin giibre uygulamalarina gore
405.51-665.61 kg da! arasinda degistigi, en yiksek
toplam  kuru ot veriminin solucan  glbre
uygulamasindan elde edildigi ve bu degeri tavuk giibre

uygulamasinin (620.82 kg da™?) izledigi belirlenmistir.
Calismada en dugtik toplam kuru ot verimi 405.51 kg
dal ile sigir gibre uygulamasinda saptanmigtir.
Yillara gore toplam kuru ot veriminin 322.43-774.04
kg da! araliginda degistigi, ikinci yil ot veriminin
yiksek oldugu belirlenmigtir. Benzer sekilde Cagan ve
ark. (2018), tarafindan gerceklesen calismada yillara
gore ot verimlerinin degistigini bildirilmiglerdir. Yesil
ot verimi ve kuru ot verimi degerlerinde organik
giibrelerin etkinliginin yillara goére degistigi, bu
nedenle yil x giibre interaksiyonun olustugu tespit
edilmistir. Bu sonuclar Yolcu (2011) ile benzerlik
gostermektedir.

Cizelge 5. Farkli organik gibrelerin fig ve tritikale karigik yetigtiriciligi ot verimleri tizerine etkisi
Table 5. The effect of different organic fertilizers on vetch+triticale mixed forage yields.

Toplam Yesil Ot Verimi (kg da™?)

Toplam Kuru Ot Verimi (kg da!)

Giibre Cegitleri Total Green Forage Yield (kg da) Total Hay Yield (kg da*!)
Fertilizer Types 2019 2020 Ortalama 2019 2020 Ortalama
Mean Mean
Geleneksel Yontem (7raditional N application) 1501.01  2417.00>  1959.00C 349.29¢  740.87b¢  545.08BC
Sigir Giibre (Cattle Manure) 1285.05f 1786.67¢d  1535.86D 279.01¢ 532.014 405.51D
Koyun Giibre (Sheep Manure) 1619.03de 2407.00> 2013.02BC  344.26¢  769.95* 557.11ABC
Gidya (Gyttja) 1357.71¢f 2084.33¢  1721.02D 293.63¢ 696.95¢d  495.30CD
Tavuk Giibre (Chicken Manure) 1633.23de 3045.832  2339.53A 358.14¢ 883.492>  620.82AB
Solucan Giibre (Vermicompost) 1384.71¢f 2988.172 2186.44AB  310.26¢ 1020.902  665.61A
Ortalama (Mean) 1463.46b 2454.83a 322.43b  774.04a
C.V (%) 9.22 17.81
LSD Y:125.56%**F:217.47*** Y:67.90%**F:117.61**
YXF:307.55%** YXF:166.31*

abc Values within a row with different superscripts differ significantly at P***P<0.001, **P<0.01, *P<0.05

Y: Year, F: Fertilizer, YXF: Year x Fertilizer interaction, LSD: Least significance difference, C.V: Coefficient variation

abe Ayni stitunda farklh harfler ile gosterilen ortalamalar arasindaki farklilik P**¥P<0.001, **P<0.01, *P<0.05 istatistiki olarak 6nemlidir
Y:Yil F:Giibre YxF: Yil X Giibre interaksiyonu, LSD: Asgari 6nem farki, CV: Varyasyon katsayisi

Farkl ekolojik kogullarda fig+tritikale karigimlari ile
yiiriitilen arastirmalarda (Keskin ve ark., 1996; Cil,
2000; Yildirirm & Ozaslan Parlak 2016; iric, 2019;
Rajab1 Khiabani, 2020) ot verimlerinin oldukca genis
bir skalaya sahip oldugu goriillmistir. Bununla
birlikte, E1 Amin ve Elagib (2001), yiiksek verim elde
etmede tavuk glbresinin kimyasal giibreye gore daha
etkili oldugunu bildirmislerdir. Ciftci (2019), ise
fig+arpa yetistiriciliginde ¢iftlik, yarasa, solucan,
tavuk ve glivercin giibrelerini uygulamis, sonug olarak
solucan gilibresinin verimi arttirmada daha basarili
oldugunu bildirmistir. Benzer sekilde hem yesil ot hem
de kuru ot verimi konusunda tavuk giibresi ve solucan
glibresinin geleneksel yetistiricilik ve diger gibrelere
gore daha basarili oldugu goérilmistir. Bu durum
organik giibrelerin yavas salinimli giibreler oldugunu
ve atiklardaki azotun yaklagik %50’sinin ilk sezon
bitkiye yarayishh hale gecebilecegi, bu nedenle geriye
kalanin bir sonraki bitkiye elverigli hale gelmesi ile
aciklanabilir (Nazli, 2011).

Deneme faktorlerinin ve interaksiyonlarin ham
protein oranlarina etkisi istatistiki olarak 6nemli
bulunmamistir (Cizelge 6). Giibre ortalamalarina gére
ham protein oranlar1 %15.94-19.35 arasinda
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degisirken, yillara baglh olarak ortalama degerler
%17.61-18.61 arasinda degismistir. Yil x glbre
interaksiyonuna bagh olarak ham protein degerleri
%14.91-20.55 arasinda degismistir. Istatistiki olarak
onemli bir farklilik gézlemlenmemis, organik giibreler
kullanimi ile bir miktarda olsa ham protein oraninin
geleneksel yetistiricilik sistemine kiyasla arttigi
goriilmektedir. Yolcu ve ark. (2010), Giimiishane
ekolojik kogullarda yurutilen iki yillik ¢alismalarinda,
fig-arpa ekiminde farkli dozlarda kati, sivi ve kombine
sigir giibresinin ham protein oranini arttirdigini
bildirmiglerdir. Benzer sekilde Yolcu (2011),
Gumiishane kogullarinda bazi organik ve kimyasal
giibrelerin adi fig (Vicia sativa L.) ham protein oranini
arttirdigini tespit etmistir. Buna karsilik Kaynar
(2014), Erzurum’da yirittiigii calismada tavuk
glibresi ile adi fig yem igerisindeki ham protein
oraninin olumsuz etkilendigini belirtmigtir. Fakat bu
calismalarin aksine Rajabi Khiabami (2020), ham
protein oraninin organik materyallerden
etkilenmedigini bildirmigtir. Ham protein orani otun
icerisindeki baklagil-bugdaygil oranina (Yildinm &
Ozaslan Parlak, 2016), giibre cesitlerine (Giil ve ark.,
2015; Ertekin ve ark., 2020), giibrenin dozuna (Cimrin
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ve ark., 2001; Karaca & Cimrin, 2002) ve bitkinin
hasat edildigi déneme (Cacan ve ark., 2018) bagh

olarak degistigi bilinmektedir.

Cizelge 6. Farkli organik glibrelerin fig+tritikale otunun ham protein ve ham kil oranlarina etkisi
Table 6. The effect of different organic fertilizers on crude protein and crude ash ratios of vetch-triticale (DM?%)

Ham protein oram (%)
Crude Protein Ratio (%)

Giibre Cegitleri

Ham kiil oran1 (%)
Crude Ash (%)

Fertilizer Types 2019 2020 Ortalama 2019 2020 Ortalama
Mean Mean
Geleneksel Yontem (7raditional N application) 1491 16.97 1594 7.67 8.55 8.10C
Sigir Giibre (Cattle Manure) 17.65 20.55 18.59 8.76 9.97 9.36AB
Koyun Giibre (Sheep Manure) 19.41 17.77 18.59 7.91 9.37 8.64BC
Gidya (Gyttja) 16.64 18.50 17.57 8.00 11.51 9.75A
Tavuk Giibre (Chicken Manure) 18.47 17.74 18.11 7.82 9.10 8.46BC
Solucan Giibre (Vermicompost) 18.56 20.14 19.35 7.97 10.02 8.99ABC
Ortalama (Mean) 17.61 18.61 8.02b 9.75a
C.V (%) 10.95 8.86
LSD Y:ns Fins YXF: ns Y:0.55***F: 0.95*YXF" ns

abc Values within a row with different superscripts differ significantly at P***P<0.001, *P<0.05

Y: Year, F: Fertilizer, YXF: Year x Fertilizer interaction, LSD: Least significance difference, C.V: Coefficient variation, ns: non-significance
abe Ayni stitunda farkli harfler ile gosterilen ortalamalar arasindaki farklilik istatistiki olarak 6nemlidir P***P<0.001, *P<0.05

Y:y1l F:gtibre YxF: Y1l x giibre interaksiyonu, LSD: asgari 6nem farki, CV: Varyasyon katsayisi, ns: 6nemli degil

Gubre ortalamalarina gére ham kil oraninin %8.10-
9.75 arasinda degisim gostermis ve en yiiksek deger
gidya organik kaynakli materyalden elde edilmistir
(Cizelge 6). Bu degeri %9.36 ile sig1r giibresi ve %8.99
ile solucan giibresinin izledigi ve en diisik degerin
%8.10 ile geleneksel yetistiricilik sisteminden elde
edildigi belirlenmistir (P<0.05). Calismada ikinci yil
(%9.75) elde edilen ham kiil oraninin birinci yildan
(%8.02) daha yiiksek oldugu saptanmigstir (P<0.001).
Arastirma, Rajabi Khiabani (2020), tarafindan
bildirilen kentsel aritma c¢amurunun fig+arpa
karistiminin ham kil oranimi olumlu etkiledigi
raporuyla ve Ertekin ve ark. (2020) tarafindan

bildirilen ham kil icerigiyle (%10.13-10.80)
uyumludur.
Cizelge 7de farkli organik gibre kullaniminin

fig+tritikale karisgim otunun NDF, ADF ve ADL
oranlar1 iizerine etkisi verilmistir. Iki yillik ortalama
verilere gore, NDF degerlerinin %47.66-54.90 arasinda
degistigi, en yuksek degerin geleneksel yetistiricilik
sisteminden elde edildigi ve organik kaynakl giibreler
ile NDF oranlarinin azaldigi (P<0.001) belirlenmistir.
Baz1 arastirmacilarda organik giibre kullaniminin
NDF oranin azalttigimi bildirmislerdir (Yolcu ve ark.,
2016, Iri¢, 2019). Buna karsihk Thalooth ve ark.
(2015), NDF oraninin organik giibre kullanimiyla
arttiginmi belirtmiglerdir. Birgok arastirmaci da organik
gliibre kullanimi ile NDF oraninin etkilemedigini
saptamiglardir (Yolcu, 2011; Kaynar, 2014; Rajab
Khiabani, 2020). Bununla birlikte, birinci (%46.43)
yildan elde edilen NDF degerinin ikinci (%55.42) yila
kiyasla daha diigiik oldugu saptanmistir (P<0.001).

NDF igerigi birgok faktére gore degisebilmektedir.
Erken hasat dénemlerinde (Akbay ve ark., 2020) ve
baklagil oranlarinin fazla tutuldugu karisimlarda
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(Akbay ve ark., 2022) NDF iceriginin daha diisiik
oldugu bilinmektedir. Yillar arasindaki bu farklilik
organik giibrelerin kuru ottaki baklagil ve bugdaygil
miktarini etkileyebilecegi ve kuru ottaki bugdaygil
oranminin artmasi1 ile iligkilendirilebilir. Bununla
birlikte NDF oraninin bitki c¢esidine gore degistigi
Ertekin ve ark. (2020) tarafindan gerceklesen
calismada belirlenmigtir. Calismalar arasinda olusan
bu farkliligin kullanilan ¢esidin, uygulama metodunun
ve yetistirme tekniklerinin farkli olmasindan
kaynaklandig1 digintilmektedir.

ADF degerinin geleneksel yetistiricilige kiyasla
organik giibrelerle diistiigii (P<0.05) ve kullanmilan
organik glbrelerin istatistiki olarak aymi Onem
grubunda yer aldig1 belirlenmistir (Cizelge 7). Yolcu ve
ark.(2016), tarafindan gerceklesen calismada organik
kat1 sigir giibre (0, 10, 20 mg ha'l) uygulamasinin
bugday, yulaf ve cavdar bitkilerinin ADF igerigini
diistirdiigiinii  bildirmislerdir. Benzer sekilde Irig
(2019), geleneksel sisteme veya giibresiz yetistiricilige
gore uygulanan organik gubrelerin ADF icerigini
azalttigini saptamigtir. Buna  karsin  baz
arastirmacilar organik gibreleme ile ADF igeriginin
etkilenmedigini belirtmiglerdir (Kaynar, 2014; Rajab1
Khiabani, 2020). Fakat Yolcu ve ark. (2010), sigir
glbresinin kontrole gére ADF igerigini artirdigini
belirtmiglerdir. Budakli Carpici ve Tunali (2012),
fig+tritikale karigimda azot ve fosfor dozlarinin
artmasiyla ADF igeriklerinin arttigimi bildirmistir. Bu
kapsamda ¢calismada saptanan ADF oramni ile bulgular
Yolcu ve ark. (2010), Budakli Carpici ve Tunal (2012)
ve Rajab1 Khiabani (2020) tarafindan bildirilen
raporlarla benzerlik gbstermezken, diger
arastirmacilar tarafindan bildirilen raporlarla uyumlu
oldugu belirlenmisgtir.
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ADL degerlerini yil, gibre ve yil x gilibre
interaksiyonlar1 arasinda olusan farkin istatistiki
olarak etkilemedigi belirlenmistir (Cizelge 7). ADL
degerlerinin yillara gore %6.73-7.27, glbrelere gore
%6.50-7.74, yi1l x giibre interaksiyonuna gore %5.69-
8.41 arasinda degistigi belirlenmigtir. ADL oranlar
Haj Ayed ve ark. (2001), yaygin figde %9.3-9.9

arasinda, Demir ve Keskin (2016), %6.02-10.63
arasinda, Ertekin ve ark. (2020), %5.68-6.49 arasinda
degistigi bildirmiglerdir. ADL oranlar1 arasindaki bu
farkliliklarin  kullanilan bitki materyallerindeki
genotipik farklihik (Karsh ve ark., 2005), fig+tritikale
karigim orani, giibre ¢esidi ve uygulama dozu
farkliliklardan kaynaklandig: digstiintilmektedir.

Cizelge 7. Farkli organik giibrelerin fig+tritikale otunun NDF, ADF ve ADL oranlarina etkisi
Table 7. The effect of different organic fertilizers on NDF, ADF and ADL ratios of vetch + triticale forage (DM%)

Giibre Cesitleri NDF (%) ADF (%) ADL (%)
Fertilizer Types 2019 2020 Ortalama 2019 2020  Ortalama 2019 2020 Ortalama
Mean Mean Mean

Geleneksel Yontem 53.942 55.862 54.90A 31.61 36.14 33.87A 6.62 6.40 6.50

(Traditional N application)

Sigir Giibre (Cattle Manure) 36.76c  55.572 47.66D 26.74 35.73 31.23B 5.69 17.55 6.61

Koyun Giibre (Sheep Manure) 44174  55.642  49.91C 27.15 35.86 31.51B 6.35 17.65 7.00

Gidya (Gyttja) 49.34> 55.362 52.35B 27.78 35.50 31.64B 7.55 17.60 7.58

Tavuk Giibre (Chicken Manure) 44.59¢ 55.882 50.23C 26.91 36.08 31.9B 8.41 17.07 7.74

Solucan Giibre (Vermicompost) 46.78¢  54.232 50.51C 27.86  34.40 31.12B 5.75  17.37 6.56

Ortalama (Means) 46.43b  55.42a 28.01b  35.62a 6.73  17.27

C.V (%) 2.27 4.60 15.85

LSD Y: 0.80%**F:1,39%%* Y:1.02%**F:1.76* Y:ns F: ns
YXF:1.97%%* YXF: ns YXF: ns

abe Values within a row with different superscripts differ significantly at P***P<0.001, *P<0.05

Y: Year, F: Fertilizer, YXF: Year x Fertilizer interaction, LSD: Least significance difference, C.V: Coefficient variation, ns: non-significance
NDF: Neutral detergent fiber ADF: Acid detergent fiber ADL: Acid detergent lignin

abe Ayni ve/veya farkli stitunda farkli harfler ile gosterilen ortalamalar arasindaki farklilik P***P<0.001, *P<0.05 istatistiki olarak 6nemlidir
Y:y1l F:giibre YxF: Yil x giibre interaksiyonu, LSD: Asgari 6nem farki, CV: Varyasyon katsayisi, ns: 6nemli degil

NDF: Notr deterjan lif ADF: Asit deterjan lif ADL: Asit deterjan lignin

Fig+tritikale karisim otuna uygulanan glbreler ile yver almigtir. En diusik KMT degeri geleneksel

kuru madde tiikketiminin (KMT) %2.19 ile %2.59
arasinda degistigi belirlenmis, en yiiksek deger sigir
giibresi uygulamasindan elde edilmistir (P<0.001).
Koyun giibresi, tavuk glbresi ve solucan gilibresi

yetistiricilik sisteminden elde edilmistir (Cizelge 8).
Genel olarak ikinci yil KMT degerlerinin dustiga,
bunun nedeni ise NDF degerinin artmasi ile
aciklanabilir.

uygulanan parseller ise istatistiki olarak aym grupta

Cizelge 8. Farkli organik giibrelerin fig+tritikale otunun KMT, SKM ve NYD degerine etkisi
Table 8. The effect of different organic fertilizers on the DMI, DMM and RFV values of vetch+triticale

KMT (%) SKM (%) NYD
Giibre Cegitleri DMI (%) DMM (%) RFV
Fertilizer Types 2019 2020 Ort. 2019 2020 Ort. 2019 2020 Ort.

Mean Mean Mean
Geleneksel Yontem 2.23¢  2.15¢ 2.19D 64.28 60.75 62.51B 110.93d 101.44¢ 106.18D
(Traditional N application)
Sigir Giibre (Cattle Manure) 3.022  2.16¢ 2.59A 68.07 61.07 64.57TA 159.262 102.28¢ 130.77A
Koyun Giibre (Sheep Manure) 2,720 2.16¢ 2.44B 67.75 60.95 64.35A  142.75P 102.11¢ 122.43B
Gidya (Gyttja) 2431  2.17¢  2.30C 67.26 61.25 64.25A 126.81c 102.99% 114.90C
Tavuk Giibre (Chicken Manure)  2.69> 2.15¢ 2.42B 67.94 60.80 64.37A 141.95> 101.26° 121.61B
Solucan Giibre (Vermicompost) 2.57¢  2.21¢ 2.39B 67.20 62.11 64.65A 133.66° 106.66° 120.16BC
Ortalama (Mean) 2.6la 2.17b 67.08a 61.15b 135.89a  102.79b
C.V (%) 2.51 1.77 3.97
LSD Y:0.04%%* F:0.07%%* Y:0.79%**F:1.35% Y:3.27%¥%*F: 5, 71%%*
YXF:0.09%** YXF: ns YXF:8.07***

abe Values within a row with different superscripts differ significantly at ***P<0.001, *P<0.05

Y: Year, F: Fertilizer, YXF: Year x Fertilizer interaction, LSD: Least significance difference, C.V: Coefficient variation, ns: non-significance
DMI: Dry matter intake, DDM: Digestible dry matter, RFV: Relative feed value

abe Ayni ve/veya farkl siitunda farkl harfler ile gosterilen ortalamalar arasindaki farklihik ***P<0.001, *P<0.05 istatistiki olarak énemlidir
Y:yil F:giibre YxF: Y1l x giibre interaksiyonu, LSD: asgari 6nem farki, CV: Varyasyon katsayisi, ns: 6nemli degil

KMT: Kuru madde tiketimi, SKM: Sindirilebilir kuru madde, NYD: Nispi yem degeri
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Sindirilebilir kuru madde miktarim giibre (P<0.05) ve
yil (P<0.01) faktérlerinin istatistiki olarak etkiledigi,
buna karsilik yil x glbre interaksiyonunun
etkilemedigi belirlenmigtir. Giibrelere gore SKM
degerinin %62.51-64.65 arasinda degistigi, en disik
degerin geleneksel yetigtiricilik sisteminden elde
edildigi, organik kaynakl giibreler ile SKM degerinin
arttigy belirlenmistir. Ikinci yilda ADF orammin
artmasina bagh olarak SKM oraninin distugi
belirlenmistir (Cizelge 8).

Lithourgidis ve ark. (2006), NYD'ni yemlerin aliminda
ve enerji degerini tahmin etmede yararlanilan
parametre olarak tanimlamiglardir. NYD
hesaplanmasinda fig-trikale otunun ADF ve NDF
oranlar1 kullanilmigtir. Bu nedenle ADF ve NDF
oranindaki degisim NYD’nide etkilemistir. Moore ve
Undersander (2002), yonca otu icin NYD’ni 100 olarak
alindigini, Rohweder ve ark. (1978) ise NYD kalite
siniflarina gére 75’in alt1 5 sirada, 75-86 4. sirada, 87-
102 ise 3. swrada, 103-124 ise 2. sirada, 125-150 1.
sirada kalite simniflarinda oldugunu bildirmiglerdir.
Eger NYD 150nin lizerinde ise en iyl kalitede ot
oldugunu bildirmiglerdir. Giibre uygulamalarina gére
NYD degerinin 106.18-130.77 arasinda degisim
gbstermis, uygulanan organik kaynakli gibreler ile
NYD degeri artmis ve iyi kalitede yem elde edilmistir
(P<0.001). Basbag ve ark. (2011), farkl fig tiirlerinde
133.14-175.77 arasinda, Temel ve ark. (2015), adi fig
cesitlerine gore 121.75-149.90 arasinda, Gilirsoy ve
Macit (2017), NYD 86.75-197.04 arasinda, Sayar ve
ark. (2018), 68.9-143.1, Ertekin ve ark. (2020), 114.00-

123.67 arasinda degistigini bildirmiglerdir.
Bulgularimiz arastirmacilarin bulgular1 ile
uyumludur.

SONUC ve ONERILER

Aragtirma sonucglarina goére koyun, tavuk ve solucan
giibresinin sigir ve gidya organik kaynakli materyale
gore bitki boyu ve ot verimini daha fazla arttig:
belirlenmigtir. Bununla birlikte, NDF ve ADF gibi
sindirim parametrelerini 6nemli derecede dusurip,
NYD degerini ise 6nemli derecede yiikseltmigtir. Ote
yandan yem kalitesinde (ham protein ve ham kiil) bir
artis meydana gelmigtir. Sonug¢ olarak, organik
kaynakli giibreler ile siirdiiriilebilir fig+tritikale
karisiminin  bagarili  bir sekilde yetistirilecegi
geleneksel yetigtiricilik sistemi uygulamasi kadar
verim alinabilecegi belirlenmistir. Fakat, organik
giibreleri uygulamadan 6nce toprak analizi yapilmali
ve atilacak doza dikkatli bir sekilde karar verilmelidir.
Bununla birlikte, benzer ekolojik kogsullarda fig ve fig
tiurleri yetigtiriciliginde onerilen tavuk ve solucan
giibresinin uygulandig: ve doz ¢alismalarinin yapildigi
calismalara gereksinim vardir. Ozellikle tuz icerigi
yiksek tavuk gilibresi ile ilgili doz calismalarinin
yapilmasi, toprak analizleri ile desteklenmesi ve
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tarima kazandirilmasi biiyiik 6nem tagimaktadir.
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Aragtirmacilarin Katk: Orani Beyan Ozeti
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Cikar Catigmasi Beyani
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ABSTRACT Field Crops
In this study, it was aimed to determine some agricultural
characteristics of maize (Zea mays L. indentata) grown in different Research Article

sowing dates under irrigated Mediterranean conditions. The study

was conducted in 2019 and 2020 in Hatay / Turkey, according to split- Article History

plots in randomized complete blocks design with three replications. Received 1 27.05.2022
Four different sowing dates (March 1, March 15, April 1, and April 15) Accepted :10.01.2023
were in the main plots and three different commercial hybrid maize

cultivars (77MAY35, DKC6630, P2088) were in the sub plots. It was Keywords

determined that as the sowing date is delayed, the time to reach Maize
physiological maturity was shortened and plant height, ear height, Sowing date
thousand kernel weight, biomass yield and grain yield values of Biomass yield
cultivars were significantly affected by environmental conditions Harvest index
changing depending on sowing dates. There were no statistically Grain yield

significant differences in grain yield between sowing dates and mean
values determined as 1164.8, 1079.0, 1077.5, and 1058.7 kg da’l, in
SD2, SD1, SD4, and SD3, respectively. It can be concluded that all of
these varieties can be grown by sowing between March 1 and April 15
in regions with similar ecological conditions in the Mediterranean
climate zone. Considering the fact that the aim in commercial
production is to obtain the highest yield from the unit area, when
evaluated in terms of grain yield, the second highest yielding sowing
date (March 15) was chosen as the appropriate sowing date for our
region.

Ekim Zamaninmin Misirin (Zea mays L. indentata) Agro-Morfolojik Karakterleri Uzerine Etkisi

OZET Tarla Bitkileri
Calismada, Akdeniz sulu kosullarinda farkli ekim tarihlerinde
yetigtirilen misirin (Zea mays L. indentata) bazi tarimsal Aragtirma Makalesi

ozelliklerinin belirlenmesi amaclanmigtir. Arastirma 2019 ve 2020

yillarinda Hatay / Turkiye'de tesaduf bloklarinda boliinmius parseller Makale Tarihgesi

deneme desenine gore li¢ tekrarlamali olarak yurutulmiistir. Ana Gelig Tarihi  :27.05.2022
parsellerde doért farkli ekim tarihi (1 Mart, 15 Mart, 1 Nisan, 15 Kabul Tarihi :10.01.2023
Nisan), alt parsellerde ise ii¢ farkli ticari hibrit misir cesidi .

(77MAY35, DKC6630, P2088) yer almigtr. Ekim tarihi geciktikce  Znahtar Kelimeler
bitkilerin fizyolojik olgunluga ulagma siiresinin kisaldig1 ve ¢esitlerin M1§1r

bitki boyu, kogan uzunlugu, bin tane agirligi, biokiitle verimi ve tane Eklm zamanit

verimi degerlerinin ekim tarihlerine bagli olarak degisen cevre B1okut.le verimi
kogullarndan o6nemli dlgiide etkilendigi belirlenmigtir. Ekim  Iiasatindeksi

tarihlerinin tane verimine etkisi istatistiksel olarak oOnemli Tane verimi

bulunmazken ortalama degerler ikinci, birinci, dérdiinci ve tglinci

ekim zamanlarinda sirasiyla 1164.8, 1079.0, 1077.5 and 1058.7 kg da-

1 olarak belirlenmigtir. Akdeniz iklim kusaginda benzer ekolojik

kogullar gosteren bolgelerde 1 Mart ve 15 Nisan tarihleri arasinda

ekim yapilabilecegi sonucuna varilmistir. Ticari iretimin esas

amacinin  birim alan basindan yiiksek verim almak oldugu

distnuldiginde, tane verimleri yoninden degerlendirildiginde,

calismada en yiiksek verim alinan ikinci ekim zamani (15 Mart)

b6lgemiz i¢in uygun ekim zamani olarak secilmistir.
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INTRODUCTION real losses will occur due to excessive temperature and

Agricultural production is a very important and
strategic sector for all countries, due to the increasing
and diversifying food demands of humanity, its
contribution to employment, exports and national
income through agriculture-based industries, and its
effects on biological diversity and ecological balance
(Topal, 2010). Cereals make up the majority of
agricultural production and are cultivated on an area
of approximately 645 million hectares in the world and
approximately 2.9 billion tons are produced. Maize was
the most-produced cereal with approximately 1.15
billion tons in 2018 all over the world (FAO, 2020). In
Turkey, it was the most-produced cereal after wheat
and barley with 6 million tons in 2019 (TUIK, 2020).

Serious changes in climate and environmental
conditions in recent years cause global climate change
to be discussed and researched frequently. Studies,
predictions and simulations are frequently made about
how plant production, which forms the basis of most of
the essential needs of people to maintain their lives
and provides the raw material, is and will be affected
by these changing climatic and environmental
conditions. Studies on climate change predict that
temperatures will increase in the future and there will
be significant differences in annual precipitation
regimes. The agricultural sector and thus food
production will be greatly affected by the changing
climatic conditions (Senthilkumar et al., 2015). World
agriculture remains highly dependent on climate
resources, whether in developing or developed
countries. Crop yield is affected by changes in climatic
factors such as air temperature and precipitation, and
by the frequency and magnitude of natural events such
as drought, flood, hurricane, storm and hail
(Alexandrov & Hoogenboom, 2000). Projected changes
in the concentrations of atmospheric CO2 and other
greenhouse gases are expected to increase global air
temperature by 2.5 °C to 4.5 °C by the end of this
century. Although the increase in CO:z provides some
benefits to crop production, the increases in abiotic
stress factors caused by rays such as heat waves and
UVB poses difficulties for producers. Studies showed
that South Africa may suffer a loss of approximately
30% in corn production by 2030 due to the global
climate change (Singh et al., 2014).

The first effect of the increased temperature will
appear as a decrease in yield and quality due to the
shortened grain filling duration. Increasing
temperature accelerates the grain-filling period,
therefore yield and quality characteristics change.
Although some production increases will occur due to
the increasing temperature and carbon dioxide level,
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carbon accumulation and reduction in production
areas in the following period (Mendelsohn, 2000).
Depending on the changing climatic conditions, the
effect of the environmental factors that the cultivated
plants are exposed to during their cultivation, also
changes. Therefore, the quality and yield values
realized in plant production may be very different from
the potential production. Since the climatic conditions
cannot be intervened, the cultivation must be planned
and carried out in accordance with these changing
conditions.

The sowing date is one of the basic factors to determine
the environmental conditions in which plants develop
and grow. Due to differences in the maturation period
and growing season of cultivars, the sowing date varies
depending on regions and seasons (Tsimbaa et al.,
2013). In order to obtain the highest grain and biomass
yield in corn cultivation, it is critical that the corn be
planted at the optimum time (Maresma et al., 2019).
Changes in the sowing date of maize change the plant
growth rate and the length of the phenological stages
of the plant, resulting in changes in potential grain
yield and yield components (Cirilo & Andrade, 1994).
Due to the presence of both early maturing varieties of
corn plant and late maturing varieties with a long
vegetation period, producers should pay attention to
the choice of varieties, especially in regions where
more than one crop can be obtained per year (Koca &
Erekul, 2011). Farmers who plant corn in the early
period gain advantages such as the ability to grow high
yielding corn hybrids due to the longer vegetation
period, the physiological maturity of the plants
without being affected by early autumn frosts, and
drydown in the field. Thus, farmers can increase their
profit margins by getting higher yields and saving on
drying costs. However, early corn -cultivation is
restricted due to moist soil conditions and low soil
temperatures (Gupta, 1985). In order to get a high
yield from a unit area, a variety suitable for the climate
and soil conditions of the region should be sown in the
period when it can have the best development periods
in the conditions of that region. Sowing time is the
most important factor in revealing the yield potential
of a variety (Turgut & Balc1, 2002).

The objective of the study was to evaluate how the
sowing dates affect yield and some agro-morphological
characteristics of maize.

MATERIAL and METHODS
Material
A two-year field experiment (2019-2020) was
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conducted in Hatay / Turkey (36° 15'17.0 "N 36°
30'09.1"E). Three commercial maize hybrids in the
same maturity group (FAO 700); P2088 (DuPont
Pioneer), DKC6630 (Monsanto) and 77MAY35 (MAY)
were used as plant material.

The soil of the experimental site was weak in organic
matter (1.39%), slightly alkaline (pH 8.22), and
calcareous (23.42%). Soil texture was clayey structure.

Precipitation and temperature values of the

experiment site are shown in Table 1.

Table 1. Long-years average temperature and precipitation values and the monthly average temperature, total
precipitation, and average relative humidity values of the experimental years.
Cizelge 1. Uzun yillar sicaklik ve yagis ortalama degerleri ile deneme yillarina ait aylik ortalama sicaklik, toplam

yagis ve ortalama nispl nem degerleri.

Average Temperature (°C)

Average/Total Precipitation (mm)

Average Relative

Humidity (%)
1940-2021 2019 2020 1940-2021 2019 2020 2019 2020
February 9.8 10.5 9.6 168.4 45.0 31.6 86.5 84.9
March 13.0 13.0 14.9 143.3 80.0 49.4 80.4 82.1
April 17.2 16.4 18.1 103.9 81.6 32.2 76.8 75.0
May 21.2 23.9 23.2 81.1 0.4 13.8 55.9 63.4
June 24.8 27.7 25.2 32.0 0.0 0.4 60.6 67.4
July 217.2 28.4 29.5 16.0 0.4 0.0 63.9 68.3
August 27.8 29.1 29.6 18.2 0.0 0.0 68.1 64.7
Average/Total 20.2 21.3 21.4 559.9 207.4 127.4 70.3 72.3
Hatay Meteorology Provincial Directorate, 2021.
In 2019, monthly average temperatures were higher Biomass yields at physiological maturity were

than the long-term average, except for March and
April. The monthly total precipitation amounts have
been much lower than the long-years averages,
especially since May. In 2020, monthly temperature
averages were higher than the long-years averages,
also were higher than the year before, except for May
and June. The monthly total precipitation amounts
were also far below the precipitation for long-years
averages, and it was lower than in 2019, except for
May. In the second year of the experiment, monthly
average relative humidity was measured higher in
May, June and July, lower in August, and closer in the
other months compared to the first year.

Methods

Field experiment design was a split plot with three
replications, where sowing dates (March 1, March 15,
April 1 and April 15) were in the main plot and
cultivars were in the sub-plots. Sowings were carried
out manually in plots with 11 m length in 4 rows, 70
cm between intra-rows and 6 cm row, and then thinned
to 18 cm in row. N, P20s and K20 fertilizers applied at
the rate of 100 kg hal before sowing. When the plants
reached V6 stage, 150 kg ha! N was applied as urea
form. Irrigations were applied as drip irrigation.
During the experiment, weed, disease and pest
controls, cultural and chemical applications were
performed when necessary. Plant height, ear height
and stem diameter of 10 plant at the central rows of
subplots were measured about two weeks after silking.
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determined by drying 10 plants taken from each parcel
until they reach to constant weight at 65 °C in an oven.
Grain yields were measured by harvesting two central
rows from each plot and by adjusting to 15% grain
moisture.

The obtained data were subjected to analysis of
variance according to split-plots in a completely
randomized block design with three replications
utilizing MSTAT-C statistical software. Differences in
variance analysis results were grouped according to
Duncan Multiple Range Test (p<0.05).

RESULTS and DISCUSSION
Durations of the Growth and Development Stages

The average numbers of days from sowing to plant
emergence were 13.5, 10.5, 8.5 and 6.5 respectively.
Also, tasseling periods shortened with the delaying of
sowing dates and the average tasseling periods were
94, 84.5, 74 and 67.5 days respectively. The duration
for physiological maturity decreased with delays in
sowing dates, and average values were determined as
150.5, 144.5, 136 and 131 days, respectively (Table 2.).
The decrease in days could be caused by increased
temperature and photoperiod. Swanson & Wilhelm
(1996) reported that the times to reach V4, V8 and V16
stages of plants were shortened by the delay of sowing
dates. Sénmez et al. (2001) determined that the
duration of physiological maturity was shortened by
the delay of sowing dates and reported that this was
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because the period of growth of late sown plants
coincided with higher temperature of the air. Geren et
al. (2003) reported that in late sowings, increased
temperature and increased light intensity and
duration create stress factors for plants, forcing plants
to mature in a shorter time. Idikut (2013) reported that
the rate of germination increases with increasing

temperature. The results obtained in our study
coincide with these results.

Agricultural Characteristics

Data obtained from the research are shown in Table 3,
Table 4, and Table 5.

Table 2. The average number of days from sowing to emergence, tasseling, and physiological maturity according

to sowing dates (SD).

Cizelge 2. Ekim zamanlarina gére (SD) ekim tarihinden ¢ikisa, tepe piiskiilii ¢ikisina ve fizyolojik olgunluga kadar

gegen ortalama giin sayilari.

SD1 SD2 SD3 SD4
2019 2020 Mean 2019 2020 Mean 2019 2020 Mean 2019 2020 Mean
Emergence 12 15 136 9 12 106 7 10 86 5 8 6.5
Tasseling 97 91 94 84 85 845 15 73 74 70 65 67.5
Physiological -, 147  150.5 141 148 1445 139 133 136 135 127 131
Maturity

SD1: March 1, SD2: March 15, SD3: April 1, SD4- April 15

Table 3. Mean values and Duncan groups of agricultural characteristics determined at sowing dates (SD) and

cultivars.
Cizelge 3. Ekim tarihleri (SD) ve gesitlerde belirlenen tarimsal 6zelliklerin ortalama degerleri ve Duncan gruplari.
Plant Height (cm) Ear Height (cm)
2019 2020 Mean 2019 2020 Mean

SD1 214.0+4.46 b 227.0£5.05 ab 220.3+£3.60 a 88.4+1.74 b 101.7+2.37 a 95.1+£2.16 b
SD2 212.3t4.70 b 230.2+6.92 a 221.2+4.60 a 83.7+2.45 b 102.6+£1.72 a 93.1+£2.72 b
SD3 208.7+5.61 b 205.6+4.19 [ 207.2+3.42 b 87.4+1.70 b 85.8+1.86 [¢ 86.6+1.23 [¢
SD4 243.0+6.22 a 213.245.34 bec 228.1+5.37 a 107.2+1.66 a 92.1+2.41 b 99.7+2.32 a
MEAN 219.5+3.43 218.9+3.11 219.2+2.30 91.7+1.80 95.6+1.56 93.6+1.20

SL' * sbob ok b3 bt bt bk ot

CV. 6.48 4.73 5.68 6.66 6.17 6.41

LSD 18.32 14.73 10.47 10.56 5.6 4.36
TTMAY 35 227.4+528 x 232.8+4.28 X 230.1+£3.37 x 90.9+2.89 96.5+2.85 93.7+2.07
DKC6630 208.3+4.64 'y 204.6+4.18 =z 206.5+3.08 z 91.6+2.96 96.7+2.86 94.1+2.08
P2088 222.846.71 x 219.344.50 'y 221.0£3.97 y 92.5+3.70 93.6+2.49 93.0+£2.18

S.L. * i i ns ns ns

CV. 6.48 4.73 5.68 6.66 6.17 6.41

LSD 12.31 8.95 7.31 ns ns ns

Stem Diameter (mm) Kernel Weight (g)
2019 2020 Mean 2019 2020 Mean

SD1 19.4+0.23 21.0+0.43 20.4+0.34 338.0+£8.10 346.0+7.36 a 341.7+5.40 a
SD2 19.1+0.53 20.9+0.33 20.0+0.37 339.0+7.88 330.9+6.43 ab  335.0£5.03 ab
SD3 20.5+0.60 21.5+0.53 21.0+£0.40 336.2+6.51 317.0£8.53 b 326.6+5.71 be
SD4 20.8+0.26 21.0+£0.16 21.0+£0.15 319.3+£6.71 317.6+8.35 b 318.5+5.20 [¢
MEAN 20.0+0.24 21.2+0.19 20.6+0.17 333.1+3.76 327.8+4.20 330.4+2.81

S.L. ns ns ns ns * *

CV. 7.11 4.74 5.98 4.10 2.58 3.37

LSD ns ns ns ns 18.37 12.83
TTMAY 35 20.3+0.38 21.2+0.13 20.8+0.22 333.7+4.20 'y 334.0+£3.43 y 333.8+£2.65 y
DKC6630 19.7+0.32 20.8+0.38 20.2+0.27 312.6+4.40 =z 301.3+£5.10 Z 307.0+£3.50 Z
P2088 19.8+0.55 21.5+0.39 20.7+0.38 352.8+4.90 348.2+4.97 x 350.5+3.45 X

SL' ns ns ns Pt Pt ok kot

CV. 7.11 4.74 5.98 4.10 2.58 3.37

LSD ns ns ns 11.82 6.75 6.54

SD1: March 1, SD2: March 15, SD3: April 1, SD4: April 15, S.L.: Significance Level;, * p<0.05, ** p<0.01, *** p<0.001, ns’ Non-
Significant, C.V.: Coefficient of Variation, LSD: Least Significant Difference

a, b, ¢: Shows differences between sowing dates

x, y, z- Shows differences between hybrids

+SEM: Standard error of the mean
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Table 4. Mean values and Duncan groups of agricultural characteristics determined at sowing dates (SD) and
cultivars.
Cizelge 4. Ekim tarihleri (SD) ve gesitlerde belirlenen tarimsal ézelliklerin ortalama degerleri ve Duncan gruplari.

Grain Weight per Ear (g) Biomass Yield (g m?)

2019 2020 Mean 2019 2020 Mean
SD1 141.1+5.18 176.9+£7.57 159.0+6.21 2245.4+63.83 b  2940.0+£86.14 a  2592.7+98.99 a
SD2 144.2+7.53 180.2+5.77 162.2+6.34 2205.2+63.28 b 2737.8446.10 b 2471.0+74.81 b
SD3 142.24+5.43 168.2+7.10 155.2+5.36 22177.2+150.74 b 2659.4+88.97 b  2468.3+96.73 b
SD4 149.5+£8.22 172.4+5.18 161.0+£5.47 2596.9+59.21 a 2659.3+41.89 b  2628.1+35.99 a
MEAN 144.3+3.26 174.4+3.19 159.41+2.89 2331.2451.49 2748.9+38.40 2540.0+40.39
S.L. ns ns ns i i i
C.V. 1342 11.37 12.30 4.17 6.08 5.38
LSD ns ns ns 114.6 134.5 78.66
TTMAY 35 139.04+5.54 169.97+5.35  154.51+4.96 2473.66+68.99 x 2730.6+86.05 2602.13+60.22 x
DKC6630 151.16+4.98 175.50+4.32 163.33+£5.82 2160.23+73.64 z 2694.1+55.94 2427.17¢71.71 vy
P2088 142.59+6.23 177.81+6.84  159.34+2.89 2359.71+£102.70 y  2822.0+£52.47 2590.84+74.18 x
S.L. ns ns ns i ns il
CV. 6.66 6.17 6.41 4.17 6.08 5.38
LSD ns ns ns 84.16 48.22 80.37

Harvest Index (%) Test Weight (kg hl?)
2019 2020 Mean 2019 2020 Mean

SD1 48.1+1.42 49.2+1.36 48.6+0.96 ab 77.0+£0.96 76.0+0.78 76.5+0.62
SD2 51.2+1.38 49.0+1.41 50.1+0.99 77.2+0.80 75.2+0.98 76.2+0.66
SD3 53.0+0.93 48.3+1.85 50.7£1.51 a 77.5+0.98 75.3+0.87 76.4+0.70
SD4 48.6+1.45 42.4+1.35 45.5+1.22 b 77.2+0.99 75.0+0.71 76.1+0.65
MEAN 50.2+0.71 47.2+0.86 48.7+0.58 77.8+0.45 75.8+0.41 76.3+0.32
S.L. ns ns * ns ns ns
CV. 5.24 6.40 5.82 1.49 0.98 1.26
LSD ns ns 3.29 ns ns ns
TTMAY 35 48.7+0.82 y 51.6+1.25 x 50.1+0.79 x 80.0+0.18 x 77.1+0.17 x 78.5+0.32 X
DKC6630 53.4+1.10 X 44.8+1.19 49.1+£1.19 74.1+0.29 72.1+0.27 73.1+0.28
P2088 48.6+1.27 y  452+1.21 y 46.9+0.93 y 77.840.44 y  176.8:0.19 x 77.3+0.25 vy
SL' * ok * ok * ok * Aok Aok * ook
C.V. 5.24 6.40 5.82 1.49 0.985 1.26
LSD 227 261 1.66 0.99 0.63 0.65

SD1: March 1, SD2: March 15, SD3: April 1, SD4: April 15, S.L.: Significance Level;, * p<0.05, ** p<0.01, *** p<0.001, ns‘ Non-
Significant, C.V.: Coefficient of Variation, LSD: Least Significant Difference

a, b, ¢: Shows differences between sowing dates
x, y, z- Shows differences between hybrids
+SEM: Standard error of the mean

The effect of sowing dates and cultivars on plant height
(PH) was found statistically significant in both years.
In the first year of the experiment, the highest PH was
determined as 243.0 cm in SD4, while in the second
year was determined in SD2 as 230.2 cm. The average
PH was determined as 219.2 cm. In both years, the
cultivar with the highest PH was 77MAY35, while the
cultivar with the lowest PH was DKC6630. Erbay
(1986) and Turgut & Balc1 (2002) reported that PH
shortened by delaying in sowing time. Kaya et al.
(2012) reported that PH was significantly affected by
sowing times. Ozata et al. (2013) reported that there
are significant differences between cultivars in terms
of PH, and these differences are largely due to genetic

factors. It has been stated by many researchers that
the PH differs according to the year and it is affected
by air temperature, humidity and precipitation
(Turhal, 2010). According to these results, it can be
concluded that the PH of corn varies according to
environmental conditions and growing conditions in
different regions.

As a result of the study, it was determined that sowing
dates affected the ear height (EH) significantly, but the
differences between the varieties were not statistically
significant. The highest EH value was determined as
99.7 cm in SD4. The average EH was 93.6 cm. Sonmez
(2000) determined the EH values varying between
91.6-109.8 ¢cm and reported that the EH shortened
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with the delay in sowing date. Alan et al. (2011)
determined that the EH increased when the sowing
time was delayed. Ozata et al. (2013) reported that the
height of the first ear is largely under the influence of
genetic factors, as is the height of the plant, but it is

also affected by environmental factors. Turgut & Balci
(2002) reported that increasing temperature values
due to the delay in sowing times shortened the ear
height.

Table 5. Mean values and Duncan groups of grain yield values determined at sowing dates (SD) and cultivars.
Cizelge 5. Ekim tarihleri (SD) ve gesitlerde belirlenen tane veriminin ortalama degerleri ve Duncan gruplari.

Grain Yield (kg da')

2019 2020 Mean
SD1 1082.0+57.50 1076.1+48.46 b 1079.0+36.23
SD2 1130.4+68.70 1199.3+£39.22 a 1164.8+38.70
SD3 1189.5+29.98 927.9+34.66 c 1058.7+42.56
SD4 1129.3+58.82 1025.6+£38.04 b 1077.5+38.29
MEAN 1132.8+27.37 1057.2+25.43 1095.0+19.60
S.L. ns w* ns
CV. 15.65 12.02 14.07
LSD ns 87.83 ns
TTMAY35 1098.9+56.20 1043.7+50.36 1071.3+37.77
DKC6630 1157.2+36.69 1061.8+50.56 1109.5+33.38
P2088 1142.3+49.80 1066.1+32.49 1104.2+31.27
S.L. ns ns ns
CV. 15.65 12.02 14.07
LSD ns ns ns

SD1: March 1, SD2: March 15, SD3: April 1, SD4: April 15, S.L.: Significance Level, * p<0.05, ** p<0.01, *** p<0.001, ns: Non-
Significant, C.V.: Coefficient of Variation, LSD: Least Significant Difterence
a, b, ¢: Shows differences between sowing dates, x, y, z° Shows differences between hybrids

+SEM: Standard error of the mean

The effect of sowing dates and varieties on stem
diameter (SD) was not statistically significant.
However, the average values of the highest SD are
determined in the last two sowing dates. The average
SD was 20.6 mm.

While there were no significant differences between
sowing dates in terms of kernel weight (KW) in 2019,
these differences were found to be significant in 2020.
While the average KW was determined as 330.4 g, it
was determined that the KW decreased as the sowing
date was delayed. Differences between the cultivars
were found to be significant. The highest KW values
were determined in P2088 (352.8 g and 348.2 g,
respectively) and the lowest values in DKC6630 (312.6
g and 301.3 g, respectively) in both years. Each cultivar
was included in a different group. In our study, it was
observed that DKC6630 has a lower KW than the other
varieties, especially in the last two sowing dates in
2020. The difference between sowing dates in 2020 is
the result of this cultivar having a lower KW in the
third and fourth sowing dates. In general, a decrease
in KW occurred due to delayed sowing dates in both
experimental years. This may have occurred due to the
shortened grain filling duration caused by high air
temperature. Kaya & Kusaksiz (2012) reported that
sowing date and cultivars were important in terms of
KW. Erbay (1986) reported that the KW decreased
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with the delay of sowing date. It was determined that
the cultivars gave different results in terms of KW in
different growing regions. The results obtained from
our study are in line with the literature.

While the differences between sowing times in terms
of test weight (TW) were non-significant, the
differences between cultivars were significant. In two-
year average, 7T7TMAY35 had the highest TW with 78.5
kg hl1, followed by P2088 with 77.3 kg hl! and
DKC6630 with 73.1 kg hll. It has been reported that
varieties may differ in terms of TW, the stress factors
in the grain-filling process reduce the TW by
preventing starch accumulation (Nielsen, 2018), and
physical factors such as the shape, size, and density of
the grain affect the TW (Rankin, 2009). The grain
characteristics of the varieties included in our study
are also different from each other. For these reasons,
there were significant differences between cultivars
used in the study.

While different sowing dates did not have a
statistically significant effect on the number of kernels
per ear (NKE), the differences between NKE
determined in cultivars were found to be significant.
When the average values are examined, it was
observed that NKE increased as the sowing dates were
delayed. In the first year of the experiment, the
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average NKE was determined as 435.4, while in the
second year, this value was determined as 534.3. Two-
year average was 484.8. In the second year of the
experiment, a general increase was observed in NKE
compared to the first year. In terms of varieties,
DKC6630 reached the highest value with 533.5,
according to the average of two years, and took place
in a different group from the other two varieties. This
cultivar was followed by 77MAY35 and P2088 with
463.1 and 457.9, respectively. Since NKE is a value
depending on the number of rows on the ear and the
number of kernels in the row, each factor affecting
these two parameters also affects the total number of
kernels. Struik et al. (1986) reported that high
temperature in the period from tassel emergence to
grain formation increases the growth rate but shortens
the pollination time, and as a result, the ear tip 1s
negatively affected due to less pollen exposure. It was
determined that a long photoperiod shortened the
pollination period but increased the number of female
spikelets and grains. It is thought that these factors
are the reason why the number of kernels per ear
determined in 2019 is lower than in 2020.

The differences between sowing dates and cultivars
were non-significant in terms of kernel yield per ear
(GWE). While the average GWE was determined as
144.3 g in 2019, it was determined as 174.4 g in 2020.
The average grain yield was determined as 159.4 g per
ear. Cesurer & Unlii (2001) determined the average
kernel yield per ear to be 175.1 g. Sénmez (2000)
determined that the lowest KYE as 185.2 g, and the
highest KYE as 216.0 g.

The effect of sowing dates and cultivars on biomass
yield (BY) was found to be statistically significant. In
the first year of trials, the highest BY value was
obtained in SD4 with 2596.87 g m2. While other
applications were in the same group, SD4 was in a
different group. In 2020, the highest BY was
determined in SD1 (2940.03 g m?), which is in a
different group from other sowing dates. The average
BY was determined as 2540.0 g m2, While there were
significant differences between the varieties in terms
of total BY in 2019, these differences were found to be
insignificant in 2020. According to the two-year
average, the highest biomass yields were determined
in 77TMAY35 (2602.13 g m2) and P2088 (2590.84 g m"
2), which are in the same group, and the lowest in
DKC6330 (2427.17 g m™2).

Although there were no significant differences in terms
of harvest index (HI) between sowing dates over the
years, this difference was found to be significant
according to the two-year average. While there was an
increase until SD3, the harvest index decreased in
SD4. The average HI was determined as 48.7%. The
differences between HI values of the cultivars were
found to be statistically significant, and the highest HI
value in 2019 was determined in the DKC6630 with
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53.4%, which was in a different group. This cultivar
was followed by 77MAY35 and P2088 with 48.7% and
48.6% values, respectively. In 2020, the highest HI
value was determined with 51.6% in 77MAY35. When
the two-year average values were examined, 77TMAY 35
was the cultivar with the highest harvest index with
50.2%. This was followed by DKC6630, which was in
the same group with 49.1%. On the other hand, P2088
was in the different group with the lowest HI value of
46.9%. Hiitsch & Schubert (2017) stated that stress
factors such as extreme temperatures and limited
water availability, diseases and pests can cause
serious reductions in the harvest index by negatively
affecting the reproductive development of plants, and
that the harvest index in maize can be increased by
reducing vegetative biomass and/or improving grain
characteristics. Ion et al. (2015) reported that the
harvest index differs according to varieties, climate
and soil conditions, row spacing, plant density,
previous crop and tillage, and higher harvest index
values are obtained in more favorable soil and climatic
conditions.

The effects of sowing dates and varieties on grain yield
were found insignificant in 2019. The effect of sowing
dates on grain yield was significant in 2020. Although
the grain yield was not significant, the highest grain
yield was determined in SD3 with 1189.5 kg da! in
2019 and the lowest grain yield was determined in SD1
with 1082.0 kg dal. The average grain yield has been
determined as 1132.8 kg da! for 2019. The highest
grain yield was determined in SD2 with 1199.3 kg da-
1, the lowest grain yield was determined in SD3 with
927.9 kg dal in 2020. According to the two-year
average, the highest yield was determined in SD2 with
1164.8 kg da'l. This was followed by SD1, SD4 and SD3
with 1079.0 kg da‘l, 1077.5 kg da'! and 1058.7 kg da’l,
respectively. Bonelli et al. (2016) reported that with a
delay in sowing date, grain yield may decrease by
decreasing the number, size and activity of growing
grains and/or by reducing the transfer of assimilated
resources to the grain during grain filling period.
Hunter et al. (1977) determined that the 'photoperiod
X temperature' interaction has an important effect on
the length of the grain filling period, the number of
grains and the grain yield. In terms of varieties,
differences between them in both years were
statistically insignificant. When the average of the two
years was examined, it was observed that the varieties
give close values to each other. Although maize
varieties used in the study were obtained from
different companies, they were in the same maturity
group (FAO700) and they showed similar responses to
similar environmental conditions. Sénmez (2000)
reported that the effect of sowing dates on grain yield
is important and grain yield decreases with the delay
of sowing time. Bollero et al. (1996) reported that soil
temperature significantly affected corn yield, and
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grain yield decreased due to the decrease in soil
temperatures in the early growing season. White
(1984) reported a significant increase in yield
depending on increasing average temperature and day
length. Erbay (1986) reported that grain yield
decreased with delayed sowing time. Esiyok &
Bozokalfa (2005) determined that the growing time
had a significant effect on yield. Law-ogbomo and
Remison (2009) reported that the yield difference
between early sowing and late sowing was due to the
decrease in grain weight with the decrease in dry
matter accumulation in the grain. Alan et al. (2011)
reported that early sowing causes decreases in yield
per decare. Abdala et al. (2018) found the effect of
sowing date on maize yield non-significant but
reported that the ‘genotype x sowing time’ interaction
was important and different genotypes gave varying
responses to different sowing times in terms of yield.
According to these results in the literature, Lauer et
al. (1999)'s opinion that there is an optimum sowing
time for each region and sowing before or after this
sowing time results in yield loss, was supported.

CONCLUSIONS

The study showed that average precipitations
decrease, and average temperatures increase
compared to long-term (years between 1940 and 2019)
averages and these parameters vary greatly among
years. Therefore, even if the plants are cultivated on
the same periods, the environmental factors to which
the plants were exposed have changed.

Although it was observed that there was
approximately 45 days between the first sowing and
the last sowing dates in the current study, this
difference decreased to approximately 20 days in the
physiological maturity period. Though the early sown
plants remained in the field for a longer time, the
differences between the grain yields were not
significant. Delaying sowing dates reduced the number
of days from sowing to emergence, tasseling and
physiological maturity in maize. Late sowing
shortened growing period and grain filling duration
and cause low kernel weight due to decrease of
assimilates transferred to the grain.

It can be concluded that all of these varieties used in
this study can be grown by sowing between March 1
and April 15 in regions with similar ecological
conditions in the Mediterranean climate zone.
Considering the fact that the aim in commercial
production is to obtain the highest yield from the unit
area, when evaluated in terms of grain yield, the
second highest yielding sowing time (March 15) was
chosen as the appropriate sowing date for our region.
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ABSTRACT Field Crops
The objectives of this research were to determine the variations in the )
amount and chemical composition of the herbage essential oil according Research Article

to different harvesting periods, and the amount and composition of the

dry capsule essential oil in Hypericum heterophyllum. The samples of Article History

herbage in four different growth stages as before flowering, beginning Received ) 08.03.2022
flowering, 50% of flowering, and full flowering and dry capsule in full Accepted +12.12.2022
maturity stage were taken from plants in a natural environment. The Keywords

highest essential oil rate (0.09%) in the aerial parts was recorded before Flowering

the flowering stage. Also, germacrene-D, 6-cadinene, spathulenol, and a- Chpsile

gualene in herbage and germacrene-D, caryophyllene oxide, and a- GO-MS

gualene in the dry capsule were determined as main components. The
essential oil content and the components showed variations depending on
the developmental stages of the plant and the part used.

Germacrene-D

Turkiye Florasinda Endemik Bir Tir Olan Hypericum heterophyllum Vent.in Ucucu Yag
Kompozisyonuna Morfogenetik ve Ontogenetik Varyasyonun Etkisi

OZET Tarla Bitkileri

Bu arastirmanin amaci, farkli hasat dénemlerine gore herba ucucu

yaginin miktar ve kompozisyonundaki degisimi ve Hypericum Aragtirma Makalesi
heterophyllum'da kuru kapsil ugucu yaginin miktar ve kompozisyonunu

belirlemektir. Bitkilerden ciceklenme 6ncesi, ciceklenme baglangici, %50 Makale Tarihgesi
ciceklenme ve tam gigeklenme dénemi olmak tizere dort farkh biiytime Gelig Tarthi  : 08.03.2022
donemindeki herba, tam olgunluk doneminde ise kuru kapsiil dogal Kabul Tarihi :12.12.2022

ortamdaki bitkilerden toplanmigtir. Toprak tsti kisimlarda en yiiksek
ucucu yag orani (%0.09) ciceklenme oncesi donemde kaydedilmistir.

Anahtar Kelimeler

Ayrica herbada germakren-D, 6-kadinen, spathulenol ve a-guaien, kuru Ciceklenme,
kapsulde germakren-D, karyofillen oksit ve a-guaien ana bilesenler Kapstil
olarak belirlenmigtir. Ugucu yag igerigi ve bilesenleri bitkinin geligim GS-MS

evrelerine ve kullanilan kisma bagl olarak degisiklik gostermektedir.
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INTRODUCTION important gene center in terms of Hypericum species

There are 482 Hypericum species distributed in
different geographies of the world from the equatorial
zone to the Nordic countries in the north (Martonfi,
2006; Crockett & Robson, 2011; Cirak & Kurt, 2014).
Hypericum species have been used in many parts of the
world for many years because of their healing,
bactericidal, diuretic, anti-inflammatory, and sedative
effects (Cirak & Kurt, 2014). Especially, several
extracts from H. perforatum L. are used as a drug in
Europe (Brutovska et al, 2001). Turkey is an

and 49 of the 119 taxa are endemic (Guner et al., 2012).
One of these endemics is H. heterophyllum Vent.
which is a perennial, shrub form, and blooming in
August. Its habitat is reported as Pinus woodlands
(1200-1600 m altitude) (Anonymous, 2021). This
species is known locally as “Yaraotu” in Turkey (Guner
et al., 2012).

Secondary metabolites (essential oils, alkaloids,
glycosides, steroids, saponins, resins, etc.) are
invaluable effects phytochemicals (Baydar, 2013).



KSU Tarim ve Doga Derg 26 (4), 854-860, 2023
KSU J. Agric Nat 26 (4), 854-860, 2023

Arastirma Makalesi
Research Article

Hypericum species contain a large number of
secondary metabolites of at least 11 different classes,
including bisantraquinones, phloroglucinol
derivatives, flavonoids, organic acids, essential oils,
amino acids, xanthones, tannins, procyanidins, and
other water-soluble components (Greeson et al., 2001;
Tanaka & Takaishi, 2006; Bal et. al., 2022). However,
Patocka (2003) refers to the pharmacological effects of
Hypericum extracts to hypericin, flavonoids, and
essential  oils, which are  hypericin and
pseudohypericin, and phloroglucinol derivatives, with
naphtodianthrones pigments. Hypericin and
pseudohypericin are the naphtodianthrones
derivatives, they are not phloroglucinol derivatives.
Essential oils secreted by aromatic plants are stored in
droplets in some specific metabolic cells and tissues
such as secretion hairs, secretion channels, and resin
channels (Baydar, 2013). They are obtained from
different organs of plants such as leaves, flowers, and
stalks. It is known that essential oils have various
biological activities. The essential oil isolated from H.
heterophyllum exhibited antifungal activity (Cakir et
al., 2004). The aqueous extracts prepared from aerial
parts of this species showed clastogenic and genotoxic
effects in human lymphocytes cultures (Ocal & Eroglu,
2012). Furthermore, it was observed that H.
heterophyllum had significant impact on several
bacteria (Bacillus sp., Esherichia coli, Klebsiella sp.,
Pseudomonas sp., Staphylococcus sp., and Salmonella
sp.) (Tanker et al., 1980; Akgoz, 2015). The contents of
bioactive  substances composed of secondary
metabolites vary significantly depending on the plant's
organs (morphogenetic variability), life cycles of the
plant (ontogenetic variability), and harvest/collection
time of the plant (ontogenetic variability)
(Ramakrishna and Ravishankar, 2011; Baydar, 2013;
Saha et al., 2016).

Therefore, the objectives of this research were to
determine the variation in the amount and chemical
composition of the herbage essential oil according to
different harvesting periods, and the amount and
composition of the dry capsule essential oil in H.
heterophyllum, an endemic species. The data obtained
from this research was determined for the first time for
this species.

MATERIALS and METHODS

The aerial parts and dry capsules of H. heterophyllum
were collected from the natural area (Study Area:
Inside the Yozgat Bozok University Campus Area;
Altitude: 1340 m; Locality: 9°46°48,04”" N-
34048°02,34”" E) in Yozgat/Turkey). According to the
climate data of the area where plant samples were
collected for many years, total precipitation was 562.5
mm, the average temperature was 9.1 °C, the average
highest temperature was 14.6 °C, the average lowest
temperature was 4 °C, average sunshine time was 82.0
h and the average number of rainy days was 113.5
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(Anonymous, 2020). Identification of the plant sample
(Herbarium number: BCF-1/2014) was performed in
Biology Laboratory at Yozgat Bozok
University/Turkey. Herbarium samples are kept in the
Field Crops Department of the Faculty of Agriculture.

Plant Material

The aerial parts were collected in four different stages
as before flowering (BF1, in May), beginning flowering
(BF2, in June), 50% of flowering (50% F, in July), and
full flowering (FF, in July). Dry capsules were collected
in October. In the laboratory, seeds were removed from
dry capsules. The samples weighed as 2 g were
determined by moisture analyzers (MA 210.R,
Radwag, Radom, Poland) for 15 min at 160 °C.

Capsule and Herbage Essential Oil Contents and
Chemical Compositions

The amount of essential oil in herbage and dry capsule
were determined by hydro-distillation method in the
Clevenger device. An 100 g of sample for herbage and
50 g of sample for dry capsule were used. The samples
were ground in the blender and 10 times distilled
water was added and hydro-distilled for 3 h. The
amounts of the essential oils (%, v/iw) were determined
by volume over dry matter. The essential oils were
taken into dark-coloured flasks and stocked at 4 °C in
a refrigerator until they were analysed (Damyanova et
al., 2016).

The chemical components of the essential oils from
four collection times were defined by gas
chromatography (GC) and gas chromatography-mass
spectrometry (GC/MS) analyses (GC/MS-QP2010
Ultra, Shimadzu, Japan). The 0.1 mL oil sample was
dissolved in 10 mL m-hexane and shaken vigorously. It
was kept in the dark for 1-2 h. The sample was taken
into vials and given to the device. The information
about the chromatographic method is given below:
Column: RXI-5MS (0.25um x 30m x 0.25mm); Scan
range: 35-600 m/z; Split ratio: 30; Oven temperature:
60 °C for 1 min followed by a temperature rise at a 4 °C
min rate to 250 °C (held for 4 min); Flow rate: 1.50
mL/min. The essential oil components were identified
by comparing their mass spectra, retention indices,
and relative to Cs-Cso n-alkanes, the FFNSC 1.2 and
WON11.1 mass spectral library, and the literature
(Babushok et al., 2011).

Statistical Interpretation

The numerical data were stated as means + standard
error of the mean. The amount of essential oil was
made with three replications. Analysis of variance was
performed using TARIST package program, and the
means were compared using LSD test (p<0.05)
(Acikgoz et al., 2004).
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RESULTS and DISCUSSION

The aerial parts of H. heterophyllum were recorded to
contain 0.090+0.01% (v/w), 0.087+0.006% (v/w),
0.050+0.00% (v/w), and 0.077+0.02% (v/w) essential oil
for BF1, BF2, 50% F, and FF stages, respectively
(Figure 1). The highest and lowest essential oil content

: TN i
LSD (0o0sy: 0.021

BF1

aﬁ

LSD (0o0s): 0.021

was obtained from BF1 and 50% F stage, respectively.
According to Cirak et al. (2022) stated that component
accumulation in essential oils is higher in Hypericum
androsaemum and Hypericum xylosteifolium species
during the before flowering and full flowering stages
and these periods are the most suitable period for
harvesting.

aMeans followed by the same letter are not significantly different
Figure 1. The impact of different growth stages on the essential oil content of H. heterophyllum (%)
Sekil 1. Farkli biiyiime asamalarinin H. heterophyllum'un ucucu yag miktarina etkisi (%)

In term of essential oil contents, in the previous study,
it was stated that hydrodistillation of the dried aerial
parts of H. heterophyllum yielded 0.09% of the
essential oil (Cakir et al., 2004). The amount of the
essential o1l from aerial parts of H. aucheri
Jaub.&Spach H. montbretii Spach, and H. perforatum
L. was 0.28%, 0.22%, and 0.23% in the before
flowering, 0.27%, 0.20%, and 0.33% in the beginning of
flowering, 0.33%, 0.23%, and 0.37% in the full
flowering, 0.02%, 0.03%, and 0.05% in the capsule
during, respectively (Pasa, 2013). In the four
Hypericum species, the highest essential o1l ratio was
obtained from the plants harvested in the full
flowering period. In our study, the highest rate of
essential oil was recorded in BF'1, followed by BF2 and
FF. It has been observed that the amount and
composition of essential oil in Hypericum species show
a wide variation according to the harvest time and the
developmental periods of the plant (Guedes et al. 2004;
Bertoli et al., 2011).

The chemical components of the essential oils of H.
heterophyllum collected at four different development
stages were given in Table 1. A total of 14, 12, 11, and
10 components representing 91.50%, 73.40%, 82.67%,
and 71.61% of the total essential oils were detected in
the BF1, BF2, 50%F, and FF stages, respectively.

In this study, germacrene-D, bicyclogermacrene, &-
cadinene, spathulenol, a-guaiene, and a-muurolene
having significant biological activities were found to be
the main components of essential oils obtained from
different ontogenetic stages of H. heterophyllum.The
highest concentrations of germacrene-D were recorded
in the BF1, 50% F, and BF2 stages, respectively. This
component showed a significant decrease by average 3
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times in the FF stage. Bicyclogermacrene reached the
maximum concentration in the BF1 stage. The amount
of this compound reduced approximately to half in the
50% F and BF2 stages, and it was not detected in the
FF stage. Although the highest amount of 6-cadinene
was recorded in the FF period, similar rates were
obtained in BF1 and 50%F stages. But a decrease of
about 7% was observed in the BF2 stage. The highest
ratio of spathulenol was recorded in the 50% F stage,
followed by the BF2 stage. The lowest ratio was
obtained from BF1 stage. The amount of a-muurolene
being among the minor components in the BF1, BF2,
and 50%F stages was found to be 9.76 % in the FF
stage. a-Guaiene was detected only in the essential oil

in the FF stage. Significant differences in the
concentrations of the main components of H.
heterophyllum essential oils were determined

according to the developmental stages. A similar
situation was observed in the minor components of the
essential oil such as B-caryophyllene, a-humulene,
aromadendrene, viridiflorol, globulol, salvial-4(14)-en-
1-one, isospathulenol, t-muurolol, a-amorphene, and a-
cadinol.

In the dry capsules, 0.087+0.015% (v/w) essential oil
was acquired. In the obtained essential oil, 23
components were determined, and Germacrene-D had
the highest wvalue with 33.81% among these
components. This component was followed by
caryophyllene oxide (18.08%), B-caryophyllene (9.45%),
a-cadinol (6.05%), and a-pinene (5.53%), respectively.
Also, cadalene, phytol, phytone, a-bisabolol, B-pinene,
and n-pentadecanol have been recorded as other
important components (Table 1). No studies on the
capsule essential oil content and composition of H.
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heterophyllum have been found in the literature
review. However, the essential oil obtained from
immature and mature fruits of H. androsaemum L.

were 0.3% and 0.1%, respectively. A decrease in the
amount of essential oil was recorded with the ripening
of the fruits (Caprioli et al., 2016).

Table 1. The chemical components of H. heterophyllum essential oils
Cizelge 1. H. heterophyllum ucucu yaginin kimyasal bilesenleri

Peak Compounds RI= RIPlit. data Area (%)
Dry Capsule BF1 BF2 50%F FF
1 a-Pinene MH 943 934 5.53 -c - - -
2 a-Fenchene MH 944 945 0.33 -
3 Camphene MH 968 947 0.11
4 G Pinene MH 982 973 2.69
5 Myrcene MH 990 983 0.23
6 Limonene MH 1020 1023 0.63
7 trans focimene MH 1035 1038 0.21
8 trans-Verbenol 0S 1132 1133 0.36 -
9 aCopaene SH 1375 1375 - 0.70 -
10 £ Cubebene SH 1386 1383 1.04 - 0.58
24 &Gurjunene SH 1405 1405 - 1.86 - 4.09 -
11 G Caryophyllene SH 1422 1419 9.45 4.07 2.18 3.08 1.77
12 a-Guaiene SH 1438 1442 - - - - 14.30
13 Aromadendrene SH 1440 1439 - - 1.89 2.29 -
14 a-Humulene SH 1451 1449 1.27 2.04 1.37 1.86 -
15 Germacrene-D SH 1478 1475 33.81 21.61 12.78 18.35 5.49
16 F-Selinene SH 1488 1480 - - - - 1.40
17 a-Muurolene SH 1491 1491 0.79 4.21 4.12 1.70 9.76
18 Bicyclogermacrene SH 1498 1498 1.11 12.55 6.81 7.66 -
19 6-Cadinene SH 1523 1513 - 19.57 12.54 19.21 20.20
20 Spathulenol 0S 1574 1566 1.25 11.08 17.48 18.22 13.17
21 Caryophyllene oxide OS 1578 1570 18.08 - - -
22 Globulol 0S 1581 1578 - - 3.74
23 Viridiflorol 0S 1590 1579 - 3.31 -
26 a-Muurolol (O] 1626 1626 1.38 - - - -
25 Isospathulenol (O] 1633 1625 - 1.41 1.94 2.58 2.45
28 T-muurolol 0S 1642 1631 - 3.45 2.85 3.63 2.49
29 £ Eudesmol 0S 1649 1633 0.98 - - - -
30 a-Cadinol 0S 1652 1640 6.05 4.60 5.70
31 Cadalene SH 1665 1654 3.99 - -
32 a-Bisabolol 0S 1680 1668 2.92
33 n-Pentadecanol A 1770 1773 2.52
34 Phytone D 1835 1840 2.92
35 Phytol D 2098 2099 3.75 - - - -
Monoterpene hydrocarbons (MH), % 9.73 - - - -
Sesquiterpene hydrocarbons (SH), % 50.42 67.65 41.69 58.24 53.5
Oxygenated sesquiterpenes (0S), % 31.02 23.85 31.71 24.43 18.11
Alcohols (A), % 2.52 - - - -
Diterpenes (D), % 6.67 - - - -
aRetention Index, P Retention Index literature data, ¢ Not detected
In the study carried out by Cakir et al. (2004), in the differences. Essential oil components have been

essential oil of H. heterophyllum, 35 compounds,
representing 99.4% of the total essential oil, were
determined, and isocaryophyllene (17.1%), a-pinene
(11.6%), 6-cadinene (9.5%), y-muurolene (8.2%), y-
cadinene (5.5%), n-decane (5.8%), and B-caryophyllene
(4.5%) were recorded as major compounds in this
essential oil. Although there is a similarity between
these findings and the present study, there are some
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reported to be affected by many intrinsic (genetic,
plant origin, type of plant part, stage of development
or seasonal sampling period, etc.) and extrinsic factors
(environmental factors such as climate and habitat
conditions, sowing date, cultivation conditions, and
postharvest techniques such as drying methods and

extractions, distillation time, and conditions of
analysis) (Moghaddam and Mehdizadeh, 2017).
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In terms of the effect of ontogenetic variability on
essential oil components, the full flowering stage was
more effective in H. perforatum L. and H. aucheri
Jaub.&Spach. species (Pasa, 2013). The amount of
essential oil and the changes in its chemical
composition during ontogenesis are specific to each
taxon (Németh, 2005). The findings from previous
studies showed that there may be similarities and
differences in its chemical composition and amount of
essential oil of various species at different phenological
stages of harvesting time in Menhta aquatic L. (Andro
et al., 2013), Origanum vulgare L. (Chauhan et al.,
2013), Ocimum basilicum L. (Lemberkovics et al.,
1998), Cuminum cyminum L. (Moghaddam et al.,
2015), and Thymus capitatus L. (Casiglia et al., 2015).

The timing of the harvest or collection of herbal crops
is one of the most important factors affecting the
quality of the essential oils obtained from them. The
therapeutic properties of herbal drugs are related to
the bioactive substances they contain. For this reason,
the drug producer must, first of all, know the bioactive
substance exchange of the medicinal and aromatic
plant very well and gather the drug which is the
richest of the active substances (Baydar, 2013).
Essential oils are the most important of other volatile
secondary metabolites derived from medicinal and
aromatic plants. Therefore, obtaining high essential oil
yields with the most desirable chemical compounds is
very important for industrial purposes. The selection
of appropriate phonological stage can be help
researchers to fulfil this requirement (Afshari &
Rahimmalek, 2018).

In this study, herbage essential oils are composed of
sesquiterpene  hydrocarbons and  oxygenated
sesquiterpenes, while capsule essential oils are
composed of sesquiterpene hydrocarbons, oxygenated

sesquiterpenes, alcohols, and diterpenes. Also,
germacrene-D  (antimicrobial and insecticidal),
bicyclogermacrene (antimicrobial), 6-cadinene

(antimicrobial), spathulenol (antimicrobial), and a-
guaiene (anti-inflammatory) caryophyllene oxide
(anticancer) determined in the essential oils are
compounds that exhibit significant biological activities
(Jovanovic et al., 2005; Schmidt et al., 2007; Mishra et
al., 2011; Montanari et al., 2011; Pérez-Loépez et al.,
2011; Eldeen et al., 2016; Fidyt et al., 2016).

CONCLUSION

Significant effects of different development periods on
herbage essential oil rate and composition were
determined. On the other hand, it has been determined
that the chemical profiles of essential oils obtained
from herbage and capsule are different. The chemical
composition of essential oil in medicinal and aromatic
plants is an important factor that determines quality.
The amount and composition of essential oil contained
in plants is an indicator of the economic value of that
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product. Considering the change of bioactive
substances in plants, it should be well known in which
development period the plant will be
collected/harvested. In this study, herbage essential oil
was higher in before flowering and beginning flowering
stages than other growth stages. Therefore, these two
growth periods can be recommended as the most
suitable harvest time for herbage essential oil. Also,
this study is the first to examine the change in the
essential oil profile of H. heterophyllum. Therefore, the
findings obtained will form an important basis for
future studies.
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ABSTRACT

Karakilgik (KK) is a landrace, of which both bread and durum wheat
forms exist. This is the first study that reports mutation induction and
detection with agronomic traits and allele specific markers on KK durum
wheat landrace. In the study, KK landrace was induced with chemical
mutation using sodium azide (NaNs3) (3 mM) mutagen to improve
agronomic traits. In the research, KK genotype and the 13 M4 individuals
(KK-1 to KK-13) were used as plant materials. According to the results,
the shortest mutant genotype was KK-10 (125.80 cm), with the highest
protein ratio (18.50%) and wet gluten ratio (37.10%), while KK-9
genotype had the highest grain yield (4285.6 kg hal). The average
polymorphism information content (PIC) was calculated as 0.97, while
the average allele number was 15.2 per marker. Glu-B1 (Bx7°F primer)
allele was determined on KK-11 and KK-13 genotypes. Wx-A1 allele was
found on KK-1, KK-2, KK-4, KK-5 and KK-7 genotypes. Sr49 allele
(Sun209) was determined on KK-5 genotype, while Yr45allele Xwgp118)
was detected on KK-10 genotype. In addition, the high protein content
allele Gpc-B1 (UHWS89 primer) was found on KK-1, KK-2, KK-3 and KK-
4 genotypes. Based on the principal component biplot analysis, it was
determined that there was a positive relationship between grain yield
(GY) with test weight (TW), grain number and weight per spike (GNS
and GWS), and negative relationship with the other traits.

OZET

Karakilgik (KK), hem ekmeklik hem de makarnalik bugday formlar:
bulunan yerel bir ¢esittir. Bu, yerel KK makarnalik bugday c¢esidinde
agronomik Ozellikler ve allel spesifik markorler ile mutasyon tespitini
bildiren ilk ¢calismadir. Calismada, agronomik 6zellikleri iyilestirmek i¢in
sodyum azid (NaN3) (3 mM) mutajeni kullanilarak kimyasal mutasyon
ile yerel KK cesidi muamele edilmistir. Arastirmada bitki materyali
olarak KK genotipi ve 13 M4 bireyi (KK-1 ila KK-13) kullanmilmistir. Elde
edilen sonuclara gore, en yiiksek protein orani (%18.50), yas gluten orani
(%37.10) ile en kisa mutant genotip KK-10 (125.80 cm) olurken, KK-9 en
yiiksek tane verimine (4285.6 kg ha'l) sahip genotip olmustur. Ortalama
polimorfizm bilgi icerigi (PIC) 0.97, ortalama allel sayis1 markér bagina
15.2 olarak hesaplanmistir. Glu-BIl (Bx79F) alleli, KK-11 ve KK-13
genotiplerinde, Wx-A1 alleli ise KK-1, KK-2, KK-4, KK-5 ve KK-7
genotiplerinde belirlenmistir. KK-5 genotipinde Sr49 alleli (Sun209),
KK-10 genotipinde ise Yr45 alleli (Xwgp118) tespit edilmistir. Ayrica KK-
1, KK-2, KK-3 ve KK-4 genotiplerinde yiiksek protein igerikli allel olan
Gpc-BlI alleli (UHW89) bulunmustur. Temel bilegen biplot analizine gore,
tane verimi (TV) ile hektolitre agirhg (HL), basakta tane sayisi ve
basakta tane agirhigi (BTS ve BTA) arasinda pozitif, diger 6zelliklerle
negatif iligki oldugu belirlenmistir.
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INTRODUCTION

Cereals are cultivated 41% of the cultivated products
and wheat constitutes 48% of the cereals (FAQO, 2020).
Durum wheat is an important component of the human
diet. In the world, the cultivation of durum wheat
constitutes about 8% of the total wheat planting, which
is limited to a small number of countries, including
Turkey, which produces about 3% of the world wheat
production. Turkey is one of the most important
countries in the world in pasta production. It is one of
the gene center of durum wheat, which is the basic raw
material of pasta production. In Turkey, primarily the
South-Eastern Anatolia and Middle Anatolia are the
most suitable regions for the production of high-quality
durum wheat (Yildirim & Atasoy, 2020).

In Turkey, durum wheat is used in the bulgur,
semolina and pasta sector. Although Turkey's durum
wheat production is adequate to meet the needs of
industry as quantity, quality raw materials are
needed. The quality of durum wheat is affected by the
environmental conditions as well as the genetic
influence. For this reason, the development and
production of high yielding and quality durum wheat
varieties suitable for different ecological conditions
will make an important contribution to meeting the
quality durum wheat demands of industry (Yildirim &
Atasoy, 2020).

Karakilcik is an important genetic resource of Turkey
and one of the most preferable landrace for bulgur
production in East-Mediterranean region due to its
high protein ratio resulting in taste on foods made with
its bulgur. On the other hand, it has some
disadvantages such as lodging due to plant height and
low grain yield. Therefore, its farming is not common
in the region.

Based on plant genetic diversity, there are
hybridizations, naturally occurring selections and
mutations. Mutagenesis is one of the breeding tools
used to improve agronomic traits. Mutagenesis with
chemical and physical mutagens cause random
changes in an organism’s DNA (Durland & Ahmadian-
Moghadam, 2022). Mutagen agents with well-defined
mutagen dose and duration can positively affect the
traits such as disease resistance, earliness, plant
height, yield and quality in cultivated plants (Kiraz et
al., 2019). Since gene mutations are mostly recessive,
thus they may be detected in the M2 generation, while
chromosome mutations may be detected in M: and
later generations. However, mutagenesis may be
detected with molecular markers.
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Principal component biplot analysis is used to enable
constructing graphics indicates more than one
parameter of the genotypes and ensures a comparison
between genotypes and investigated characteristics
(Aslan et al., 2017; Bai et al., 2018; Al-Ashkar et al.,
2019; Giingor et al., 2019).

In this study, it was aimed to (i) evaluate agronomic
traits of 13 Ms mutant lines, induced by chemical
mutation using NaNs and Karakilgik local genotype,
and (ii) detect alleles of some disease and quality traits
with molecular markers.

MATERIAL and METHOD
Plant material

In this study, 13 M4+ mutant lines induced by chemical
mutagenesis and original Karakilgik local durum
wheat genotypes were used as plant material.

NaNs induced mutation

The M4 mutant genotyped derived from a mutagenesis
assay, in short; the seeds of Karakilcik durum wheat
landrace (5000 seeds) were used soaked over-night
(shaked for aeration) and rinsed before treating two
hours with 3 mM sodium azide (NaNs) mutagenesis
agent, in a pH 4.5 and 100 mM potassium phosphate
monobasic (KH2PO4) buffer (shaked for aeration). The
seeds were rinsed with tap water three times (each 30
minutes and the last one for one hour) and planted as
M: plants (Kiraz et al., 2019). Selections were made on
M: and M2 generations and M4 plants were generated
from M3 single plant rows.

Field trial

The field trial was carried out in 2020-2021 cropping
season in Kahramanmaras, which is located in East-
Mediterranean and with the coordinates of 37° 35' 4.9"
north latitude and 36°55'35" east longitude. The
elevation of the experiment site is 568 m, and the
climate data of the experiment year is given in Table 1
(Anonymous, 2021).

The research was arranged in a randomized complete
block design with three replications. Sowing was done
with a six-rowed special experiment drill with a 20 cm
row space and 6 m long plot size (6 X 1.2 m) 7.2 m? at
planting and 6 m2 at harvest (5 x 1.2 m) with 550 seeds
per m2. Fertilizer was applied at planting as 80 kg ha-
1IN and 80 kg ha! P2Os and 70 kg ha' N as top dressing
at jointing stage. Herbicide (Mesosulfuron-methyl +
Thiencarbazone-methyl + Iodosulfuron-methyl-sodium
+ Mefenpyr-diethyl) was used for weed control.
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Table 1. Average climatic data from experiment years
Cizelge 1. Deneme yilina ait iklim verileri
Month Total or
Year November December dJanuary February  March April May June average
Yil Kasim Aralik Ocak Subat Mart Nisan  Mayis Haziran Toplam
veya
Ortalama
&icl;f”g;f; igi%fegfnl 52.0 56.8 204.3 29.5 1371 162 82 0.0 504.1
(mm) . llar 87.5 116.6 125.4 108.3 93.4 69.8 41.2 8.4 650.8
‘mm zun y1
Average
temperature 2020-2021 12.4 8.2 6.9 9.3 10.4 16.6 23.5 25.5 14.1
(°C), Ortalama Long term 11.5 6.8 4.9 6.4 10.6 15.5 20.3 25.3 12.6
Sicaklik (°C) Uzun yillar
Relative
humidity 2020-2021 65.9 74.7 70.2 59.8 61.2 57.5 43.3 49.0 60.2
(%), Ortalama Long term 66.7 79.9 69.9 65.6 60.0 57.6 54.9 49.7 63.0
Nem (%) Uzun yallar

In the research, agronomic traits such as plant height
(cm) (PH), spike length (cm) (SL), spikelet number
(number) (SN), grain number per spike (grains) (GNS),
grain weight per spike (g) (GWS), thousand kernel
weight (g) (TKW) and grain yield (kg ha'!) (GY) were
evaluated as described by Gungér and Dumlupinar
(2019) and test weight (kg) (TW), protein ratio (%) (PR)
and wet gluten (%) (WG) were measured by Near

Infrared (NIR) spectroscopy (Thermo Fisher
Scientific).
DNA isolation and PCR

DNA isolation was performed using cetyl trimethyl
ammonium bromide (CTAB) method (Oliver et al.,
2010) and all genotypes were screened using five allele-
specific DNA markers (Table 2). PCR; on 96 PCR plates
with a volume of 0.02 ml; 1 pl ANTP mix (10 mM mix
(A+T+G+0C)), 3 ul 10x buffer, 1.2 pl MgCls, DNA primer
pair (1 ul F and 1 ul R), 3 pl (50 ng) genomic DNA, A
total of 20 ul of PCR solution was prepared with 9.5 ul
of dH20, and 0.3 pl of Taq DNA polymerase (5 U pl1,
Fermantes). PCR reactions are in “eppendorf” brand
thermal cycler device; after running at 95°C for 5
minutes, at 95°C for 1 minute, at 55°C for 1 minute and
at 72°C for 1 minute and 35 cycles at 72°C and at 95°C
in the last stage, it has been completed by running it
at 72°C for 5 minutes. The products obtained after PCR
process for fragment analysis were carried out in the
“QIAxcel Advanced System” fragment analyzer of
Qiagen company and DNA bands of genotypes were
obtained.

Statistical analysis

The data obtained from the experiment was subjected
to the variance analysis and the mean data
comparisons were made by Duncan test and
determined as 1% likelihood if not else showed.
Principal component (PC) biplot analysis was
performed over mean data of the investigated traits
with JMP, version 15.1 (SAS Institute Inc. USA).
Genetic similarities of durum wheat genotypes were
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calculated using the Dice index (Dice, 1945) in the
NTSYSpc 2.21q (Rohlf, 2005) program. The DNA
bands of each genotype were coded as "0" or "1" and a
binary data matrix was created, and with the help of
this matrix, a dendrogram was formed showing the
similarities of the genotypes using UPGMA
(Unweighted Pair Group Method Arithmetic Average).
Polymorphism information content (PIC) was
determined by using the formula described by Weir
(1996), PIC = 1-YPi2, where Pi is the frequency of the
itk allele in the 14 Karakil¢ik durum wheat genotypes
studied.

RESULT and DISCUSSION
Agronomic traits

In the study, the differences among genotypes related
to plant height were found to be statistically
significant at the level of 5%. The average plant height
of the genotypes varied 125.8 to 148.27 cm (Table 3).
The shortest plant height was determined in KK-10
genotype and the highest plant height was determined
in KK-2 genotype. Plant height depends on the genetic
structure of the genotypes and changes with climatic
and growing conditions. In tall genotypes, the lodging
rate increases as the stem becomes thinner, and the
energy accumulated in the grain decreases with the
use of the products obtained as a result of
photosynthesis in the stem and leaf

development, resulting in yield losses (Shah et al.,
2019). In a previous work, different plant height values
depending on genotypes were indicated as 95-135 cm
(Wolde et al., 2019), which is in agreement with our
findings. Differences among genotypes in terms of
spike length were found to be statistically significant
(P < 0.05) and SL varied between 8.42-10.69 cm. The
KK-13 had the shortest SL, while KK-2 had the longest
spike length. Alemu et al. (2020) reported a positive
and significant relationship between spike length and
grain yield. Wang et al. (2021) indicated a variation
from 4.5 to 17.0 cm among genotypes in terms of spike
lengths. Spikelet number of the genotypes were found
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significant (P < 0.01), and SN of the genotypes ranked
between 20.60 (KK-9) and 26.87 (KK-2). In similar
studies, Philipp et al. (2018) and Wolde et al. (2019)
determined variation on spikelet number (16.51 to

Table 2. DNA primers used
Cizelge 2. Kullanilan DNA primerleri

25.68 and 18.8 to 21.8, respectively). Differences
among genotypes regarding the grain number per
spike were found to be statistically significant at the
level of 5% (Table 3).

Expected
Primer fragment size
No. name Primer sequence (5-3") Reference Loci (bp) Marker type
) . Primer dizisi (5”-3) Referans Lokus Beklenen Markor tipi
Primer Ad1 bant
uzunlugu (bp)
| BXT®F  CCTCAGCATGCAAACATGCAGC  Butowetal, (luen . = . dominant
Bx7°%8 R CTGAAACCTTTGGCCAGTCATGTC 2003 3 1;’ < 4 cordomina
9 Xwgpll8 F AAGTGGAACAAGGTTACG Liet al,, Yellow rust 411 dominant
Xwepl18 R ACACTGGTCCATGAGGTT 2011 (Yr45) ominan
3 Sun209_F AGCTATGAGCTTCGCTATTG Bansal et Stem rust 148 co-dominant
Sun209_R GTGATTGGTTCGGATTACTTA al., 2015 (Sr49
,  UHWB89-BF TCTCCAAGAGGGGAGAGACA Distelfeld ngth pz"tem 199 -domminant
UHW89-R  TTCCTCTACCCATGAATCTAGCA et al., 2006 EOGI;;’% ) corcominant
Xsun-7A,
5 Sunl_F CGCTCCCTGAAGAGAGAAAGAA Shariflou & Waxy 219,233, 260, co-dominant
Sunl_ R ATAGGCACAACCCCTAAC Sharp, 1999  (Wx-A1) 271, 275, 285
and 289
Table 3. Mean data belong to Karakilgik genotypes of investigated traits
Cizelge 3. Incelenen dzelliklere ait Karakilgik genotiplerinin ortalama verileri
Genotype PH SL SN GNS GWS TKW GY ™ PR WG
KK-1 144.02ab  10.00ab 25.67ab 49.28ab 1.99ab 39.89 ab 3208.2 ab 77.0j 16.53f 32.60f
KK-2 148.27a 10.69a 26.87a 54.47ab 2.29a 42.07 a 3119.4 ab 76.8 k 17.2d 34.10d
KK-3 146.60ab  10.25a-c 24.80a-c 49.67ab 2.15ab 43.20a 3355.0 ab 79.0f 16.9e 33.40 e
KK-4 135.53ab  10.32ab 26.73 a 45.07b 1.39cd 29.98Db 2588.6 b 74.5m 17.4c¢c 34.60 c
KK-5 145.67ab  10.03a-c 24.07a-d 47.93ab 2.15ab 44.30a 3770.0 ab 77.71 146 m 28.301
KK-6 131.80ab  8.81bc 21.07 ef 53.47ab 1.80a-d 33.70ab 4118.1a 80.9¢ 14.1n 27.20 m
KK-7 133.80ab  9.48a-c 21.80d-f 45.73ab  1.56b-d 34.10ab  3413.3 ab 78.8¢g 16.5¢g 32.60 f
KK-8 136.73ab  9.50a-c 21.40d-f 42.40Db 1.33d 31.46 b 3275.8 ab 77.8h 182 b 36.30 b
KK-9 132.00ab  8.61bc 20.60 f 50.07ab 1.78a-d 35.61ab 4285.6a 80.6 d 15.4) 30.101
KK-10 125.80b 9.06a-c 23.73b-e 49.67 ab 1.85a-d 37.16 ab 3386.7 ab 75.91 18.5a 37.10 a
KK-11 137.00ab  8.80bc 21.20 ef 55.07ab  1.96a 35.60 ab  4023.6 a 80.2 e 16.2 h 31.90 g
KK-12 133.67ab  9.21a-c 23.20 b-f  59.40 a 1.79a-d 30.16b 4246.4 a 81.9a 14.81 28.70 k
KK-13 133.67ab  8.42¢ 22.27 cf 50.33 ab 1.95a-d 39.15 ab 3565.6 ab 81.4b 154k 30.00j
KK 140.27ab  9.13a-c 23.20 b-f 54.87ab 2.15ab 39.13 ab 3780.8 ab 78.8¢g 16.11 31.60 h
Mean 137.49 9.47 23.33 50.53 1.87 36.82 3581.2 78.66 16.27 32.04
CV (%) 5.12* 6.56* 4.08%* 9.10* 17.78*  14.70% 11.10% 6.48%*  1.5%* 16.11**

* _p <0.05, ** — p<0.01, PH — plant height (cm), SL — spike length (cm), SN — spikelet number, GNS — grain number per spike,
GWS — grain weight per spike (g), TKW — thousand kernel weight (g), GY — grain yield (kg ha'l), TW — test weight (kg hl'}), PR

— protein ratio (%), WG — wet gluten (%).

The lowest grain number per spike was 45.07 (KK-4)
while, KK-12 genotype was upmost (59.40). Grain
number is positively affected in favourable conditions,
while exposed to high temperature and low humidity
during flowering period causes problems in
fertilization resulting in a lower number of florets
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causes less grain number in the spike. In previous
studies, Philipp et al. (2018) indicated a number of
32.97 to 71.31 grains varying for wheat genotypes.
Grain weight per spike values of the genotypes were
also found significant (P<0.05). The lowest grain
weight was determined in KK-4 (1.33 g) and the



KSU Tarim ve Doga Derg 26 (4), 861-869, 2023
KSU J. Agric Nat 26 (4), 861-869, 2023

Arastirma Makalesi
Research Article

highest grain one was determined in KK-2 genotype
with 2.29 g. Similar findings were reported from the
previous works in grain weight on genotypes (Mehrabi
et al., 2020; Wozniak, 2020). In terms of thousand-
kernel weight, the differences among the genotypes
were found to be statistically significant at the level of
5% (Table 3). Thousand kernel weights were between
29.98 (KK-4) to 44.30 g (KK-5). In addition to genotypic
influence, climate, soil structure and cultivation
techniques during flowering and grain filling period
are effective on thousand-kernel weight. In addition,
Yildirim and Atasoy (2020) reported different TKW for
genotypes as 47.1-53.8 g.

Genotypes were differed significantly for grain yield (P
< 0.05). The mean data for grain yield of the genotypes
are given in Table 3. It was observed that the grain
yield of the genotypes ranked between 2588.6 (KK-4)
to 4285.6 kg ha' (KK-9) while the mean grain of the
experiment was 3581.2 kg hal. It is reported that grain
yield was affected by genetic influence and climatic
conditions with cultural practices that in agreement
with our results and the previous works (Giingér &
Dumlupinar, 2019). Test weight is one of the basic
factors in the classification for quality in wheat. It is
reported that the test weight, which is an observation
of kernel density, varies depending on the genetic
structure of the genotype, environmental conditions
and kernel structure, (Howarth et al, 2021).
Differences in genotypes for test weight were found
statistically significant (P < 0.01). It was observed that
the lowest test weight was determined in the KK-4
genotype with 74.50 kg hl'l, while the highest one was
determined on KK-12 with 81.90 kg hl!. Yildirim and
Atasoy (2020) reported different test weights for
genotypes as 81.7-84.7 kg hll. Protein ratio is one of
the most important criteria for determining the quality
of wheat (Fu et al. 2018), influenced by environment
more than genotype (Nehe et al., 2019). It varies
according to the variety, environmental conditions and
growing techniques. Differences among the genotypes
for protein ratio were significant (P < 0.01). Protein
ratio of the genotypes ranked between 14.10-18.50%.
The lowest protein ratio was found in the KK-6
genotype, and the highest protein ratio was found in
the KK-10 genotype. Nehe et al. (2019) determined a
mean protein ratio of 13.6%, while Yildirim and Atasoy
(2020) indicated a variation of 13.8-16.7%. The wet
gluten values of the genotypes are given in Table 3.
Differences in genotypes for wet gluten ratio were
statistically significant at the level of 1%. The lowest
wet gluten ratio was determined in KK-6 genotype
(27.20%), and the highest wet gluten ratio was found
in KK-10 genotype (37.10%). Nehe et al. (2019)
reported the mean wet gluten ratio as 28.4% in a
modern and historical spring wheat set.
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Principal component (PC) biplot analysis

Principal Component (PC) biplot analysis was
accomplished to lay out a powerful exhibition of the
results with clarification of the relationships between
Karakilcik genotypes and investigated characteristics.
Based on the results of the present study showed that
PCA explained 77.8% of the total variation where
47.4% was shown by PC1 and 30.4% by PC2 on biplot
(Figure 1).

The correlation among the examined characteristics
and the genotypes that were acted superior for those
characteristics are demonstrated in Figure 1. It was
determined that there was a positive relationship
between GY with TW, GNS and GWS, and a negative
relationship with other traits (PH, SL, SN, TKW, PR
and WG). It has been observed that there was a
positive relationship between protein ratio and wet
gluten, which are among the most important quality
traits. KK-6, KK-9, KK-11, and KK-12 were concluded
as promising genotypes for GY and TW, while KK-4,
KK-7, KK-8 and KK-10 were for PR and WG. On the
other hand, KK-5 genotype was featured for TKW.

Molecular analysis

The kinship of the 14 Karakilgitk durum wheat
genotypes used in the study was screened with five
DNA markers. Allele numbers and polymorphism
information content (PIC) values of DNA markers used
in screening genotypes are shown in Table 4. According
to the results, five DNA markers amplified 76
polymorphic bands, while the average number of
alleles was found 15.2. Where the average PIC value
was calculated as 0.97, the highest PIC value was
determined as 0.99 from the Xwgpll8, Sun209 and
Sunl markers, while the lowest PIC value was
calculated as 0.94 from Bx79E marker. Tsonev et al.
(2021) reported 8.14 allele number per marker, while
Vanzetti et al. (2013) indicated 3.26 allele number per
marker. Kiraz et al. (2019), Aydemir et al. (2020) and
Kocyigit et al. (2021) found the PIC values to be 79%,
98% and 52% respectively, in their study.

The Bx79E primer is a marker used to identify genes
for gluten strength. KK-11 and KK-13 genotypes had
the allele for gluten strength with 563 bp DNA band.
Butow et al. (2004) reported that the Bx79F marker is
a co-dominant marker corresponding to the 750 bp
portion of the encoded region, and lines lacking Glu-
Bial (520 bp) obtained a 563 bp long allele with an
excess of 43 bases to the gene (Figure 3). Xwgpl18
primer is used to recognize alleles to yellow rust
resistance (¥r44) disease. KK-10 genotype produced
411 bp DNA band, which was related to the yellow rust
resistance gene (Yr45) (Figure 2). Li et al. (2011)
reported that the Xgwp118 marker amplified a DNA
band with a length of 411 bp in spring and winter
bread wheat genotypes and was associated with yellow
rust disease.
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Figure 1. Principal component biplot analysis of the relationships between Karakilgik genotypes and investigated

traits

Sekil 1. Karakilgik genotipleri ve incelenen ozellikler arasindaki iliskiyi gosteren temel bilesenler biplot analiz

grafigi

Table 4. Allele numbers and PIC values of primers
Cizelge 4. Primerlere ait allel sayis1 ve PIC degerleri

No Primer Name Allele Number PIC Value
Primer Adi Allel Sayisi PIC Degeri
1 Bx70E 18 0.94
2 Xwgpll8 9 0.99
3 Sun209 15 0.99
4 UHW89 20 0.98
5 Sunl 14 0.99
Average (Ortalama) 15.2 0.97

The Sunl primer is used to identify alleles for the
Waxy (Wx-AI) gene. It was determined that KK-1, KK-
2, KK-4, KK-5 and KK-7 genotypes had Wx-A1 alleles
with producing 271, 275, 271, 271 and 275 bp DNA
bands, respectively (Figure 3). Shariflou and Sharp
(1999) reported 219, 233, 260, 271, 275, 285 and 289 bp
bands for the Wx-A1 gene. The Sun209 primer is used
to detect allele for resistance to stem rust (Sr49
disease. Among the Karakilgik genotypes, the only
Sr49resistance allele was found in the KK-5 genotype
with producing 148 bp DNA band. Bansal et al. (2015),
indicated that 148 bp DNA band amplified by the
Sun209 marker was associated with the Sr49 stem
rust resistance gene.

The UHWS89 primer is used to determine high protein
content alleles (Gpc-BI). In current panel, KK-1, KK-
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2, KK-3 and KK-4 genotypes produced alleles related
to high protein Gpc-BI gene amplifying 125, 122, 124
and 125 bp alleles (Figure 3). Distelfeld et al. (2006)
detected 122 and 126 bp long bands using the UHW89
marker, and that 4 bp polymorphism was formed as a
result of ACTT duplication.

CONCLUSION

In current study, Karakilggk mutant genotypes
developed using chemical agent varied for investigated
traits especially for plant height and protein ratio.
Allele specific DNA markers also detected the
variation among mutant lines. An increase in protein
ratio with decreasing plant height by chemical
mutagenesis, is crucial for Karakilgik cultivation and
consumption. Based on results, KK-10 genotype is
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concluded superior with stripe rust resistance gene
(Yr45 allele), short plant height, and high protein and
wet gluten ratio. KK-5 genotype was the only one that
stem rust allele Sr49 was determined. On the other
hand, KK-1, KK-2, KK-3 and KK-4 genotypes were also

KK KK-1 KK-2 KK-3 KK4 KK-5 KK6 KK-7 KK-8

found promising due to having high protein content
allele (Gpc-BI). Those genotypes developed by
chemical mutagenesis might be used in future studies
as parents to improve agronomic traits.

KK-9 KK-10 KK-11 KK-12 KK-13
[bp]

Figure 2. Gel image of Xwgp118 primer for Karakil¢ik genotypes
Sekil 2. Karakilgik genotiplerinin Xwgpl18 primerine ait jel goriintiisti

Figure 3. Gel images for DNA markers a- Bx79E, b- Sun209, ¢c- UHW89 and d- Sunl
Sekil 3. a- Bx70E, p- Sun209, c- UHWS89 and d- Sun1 DNA markorlerine ait jel goriintiileri
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ABSTRACT Field Crops

In this paper, three Lupinus albus L. and two L. angustifolius L.

genotypes were examined and compared in terms of volatiles or semi Research Article

volatiles using GC-MS and SPME techniques. For this aim, the seeds of : :

lupins were ground using a hand grinder, and this powder raw material Artlc.le H1story'

was used to determine the content. Approximately 102 compounds Received ) 165.11.2022
obtained from lupin genotypes were identified for the first time, which Accepted 103.01.2023
mainly included benzene-methyl (1-methyl ethyl), 5-Allyl-4-(1-(p-amino Gk

phenyl) ethylidenehyl, 2-propen-1-ol, 3-phenyl-, m-Mentha-4,8,diene- Lupin

(18,39)-(+), gamma terpinene. Thee compounds were determined to exist
at different rates in different. As a result, it becomes evident that such
studies aiming at revealing the active matters from plants or plant parts
and their possible potentials, are of great importance in terms of more
specific studies to be carried out in the future.

Bazi Acibakla Genotiplerine Ait Ucucu Bilesiklerin SPME GC-MS Yontemiyle Karakterizasyonu

Solid-phase micro-extraction
Volatile compounds
GC-MS

OZET Tarla Bitkileri

Bu calismada, ti¢ Lupinus albus L. ve iki L. angustifolius L. genotipi GC-

MS ve SPME teknikleri kullanilarak ugucu veya yari ugucu maddeler Aragtirma Makalesi
acisindan arastirilmis ve karsilagtirnlmistir. Bu amagla aci bakla

tohumlari el degirmeni yardimiyla 6gutilmis ve bu toz, ham madde Makale Tarihgesi
iceriginin belirlenmesinde kullanilmigtir. Bu ac1 bakla genotiplerinde Gelig Tarihi @ 15.11.2022
yaklasik olarak 102 bilesik ilk defa tamimlanmistir. Bu bilesiklerden Kabul Tarihi :03.01.2023
baslhcalari;;  benzene-methyl (1-methyl ethyl), 5-Allyl-4-(1-(p-

aminophenyl) ethylidenehyl, 2-propen-1-ol, 3-phenyl-, m-Mentha-4,8, Anahtar Kelimeler
diene-(18,39)-(+), gamma terpinene dir. Bu bilesiklerin farkh Ac1 bakla

genotiplerde ve farkli oranlarda bulundugu tespit edilmistir. Sonucg Kati fazli mikro ekstraksiyon
olarak, bitkilerden veya bitki parcalarindan gelen aktif maddeleri ve Ucucu bilesikler

olas1 potansiyellerini ortaya koymayi amaclayan bu tur calismalar, GC-MS

gelecekte yapilacak daha spesifik ¢alismalar agisindan buyuk 6nem

tagimaktadir.

Ataf Sekli: Simgek Sezer, E.N., Yorgancilar, M. & Uysal, T. (2023) Baza Ac1 Bakla Genotiplerine Ait Ucucu Bilesiklerin
SPME GC-MS Yoéntemiyle Karakterizasyonu. KSU Tarmm ve Doga Derg 26 (4), 870-877.
https://doi.org/10.18016/ksutarimdoga.vi.1205424

To Cite : Simsek Sezer, E.N., Yorgancilar, M. & Uysal, T. (2023). The Characterization of Volatile Compounds
Belonging to Some Lupin Genotypes by SPME GC-MS Method. KSU J. Agric Nat 26 (4), 870-871.
httpsi//doi.org/10.18016/ksutarimdoga.vi.1205424

INTRODUCTION The genus of lupin comprises 275 species, generally

Lupin is a legume having being used as human food
and animal feed throughout the history dating back to
Roman  times. Another use medical and
pharmaceutical purposes (Abraham et al., 2019). Over
200 lupin species are grown worldwide (Ishaq et al.,
2022; Mohamed & Rayas-Duarte, 1995; Swiecicki et
al., 2015; Yorgancilar et al., 2009). This species have a
huge potential as a crop plant due to seed of content
mineral, vitamin, oil as well as high protein (Nasir et
al., 2022; Pereira et al., 2022; Van de Noort, 2017).

including small-seeded New World species (excluding
L. mutabilis Sweet) and 13-15 Old World species with
larger seed size such as L. albus L., L. angustifolius L.,
and L. Juteus L., respectively (Cardoso et al., 2013;
Wallace Andrew Cowling et al., 1998; Pascual, 2004;
Swil\cecicki et al., 1996; Swiecicki et al., 2002). Lupin
can show tolerate to frost, water shortage, and
degradated soils (Lucas et al., 2015; Shaaban et al.,
2022). Besides its ecological requirements, each lupin
plant has essential capacity for feeding and
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agricultural studies (Brummund & Swiecicki, 2011).

In the Northern Plains of United States, lupin can be
cultivated in North and South Dakota, Wisconsin, and
Minnesota. But, wutilisation of lupin as its
domestication has been restricted, and this may be
partly because of its alkaloid ingredient and
insufficient yield. Breeding programs have performed
on "sweet" varieties possessing as low as 0.002%
alkaloid ingredient, which let them safe for
consumption of human (Culvenor & Petterson, 1986;
Mohamed & Rayas-Duarte, 1995).

Seeds of white lupin are commonly classified as sweet
or bitter according to the alkaloid content, which are
between 0.01 and 4% (Bhardwaj & Hamama, 2012).
The bitter seeds possess the quinolizidine alkaloids
sparteine and lupanine. The bitter taste of stem and
seeds of the plant is due to their metabolite content
which has a toxic effect. The existance of such kind of
alkaloids restricts the utilisation of lupin seed as
human food or animal feed purposes. Lupins with low
alkaloid contents were selected, leading to ‘sweet’
lupins with alkaloid contents below 0.02% in the
protein-rich seeds, which can be used both for human
and animal consumption (Gresta, 2017). It has been
stated that lupine protein has benefits such as
hypertension (Arnoldi et al, 2015), cholesterol
lowering (Bahr et al., 2015; Sirtori et al., 2012) and
hyperglycemia (Duranti et al., 2008), and these
benefits may be related to its natural antioxidant
activity (Guo et al., 2018). Elma et al. (2021) were
detected metabolite content in local Lupinus albus L.
seeds, which contained 686.99 mg GAE / 100 mg total
phenol, 22.06 mg QE / 100 mg total flavonoid, DPPH
26.04 mg TE / 100 g having antioxidant activity. The
Australian standard is 0.02% as the highest treshold
for alkaloid content for sweet lupines (W.A Cowling et
al., 1998).

In the past decades, headspace solid phase micro-
extraction (HS-SPME) has been recognised as an
effective isolation methodology for a lot of samples
(Arthur & Pawliszyn, 1990; Bicchi et al., 2000; Ercan
& Dogru, 2022; Kataoka et al., 2000; Krutz et al., 2003;
Ulrich, 2000). This technique dramatically reduces
resolution duration and enhancement the minimum
detection limits while maintaining resolution, and can
be performed in two main modes, overhead
configurations and direct isolation. Due to its
advantages, HS-SPME is efficiently used for sampling
the volatile compounds from medicinal and aromatic
plants (Bicchi et al., 2004; Muselli et al., 2009). In
order to better reveal and research the medicinal and
pharmaceutical aspects of the plant, the contents of the
seeds should be well known. The aim of this study is to
compare the differences in volatile components of seeds
of five different L. albus and L. angustifolius genotypes
using the SPME-GC-MS technique and to reveal
especially valuable phytochemicals from a broad point
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of view.

MATERIAL and METHOD

Five lupin genotypes were studied in terms of volatile
oils during our analyses. These are Lutop, Belera,
Tanjil, Lublanc and EGY-105, respectively. These are
stored in the Department of Field Crops of Agriculture
Faculty at the Selguk University. They were obtained
from different sources, as given below in Table 1.

Table 1. The plant materials used in analysis by

SPME-GC-MS
Cizelge 1. SPME-GC-MS analizinde kullanilan bitki

materyalleri

Genotypes Form  Place of origin

L. albus cv. Lutop Sweet  France* #

L. albus cv. Lublanc Sweet  France*

L. angustifolius cv. Belera Bitter  Australia**

L. angustifolius cv. Tanjil Bitter  Australia**

L. albusline EGY-105 Bitter  Egypt*

* Kindly provided by Dr. Christian Huyghe and Dr. Jacques
Papineau from Institut National de la Recherche Agronomique,
France

** Kindly provided by Dr. Kedar Adhikari and Dr. Bevan Buirchell
from The Department of Agriculture and Food, Western Australia
#Small grain size.

Preparation of Seeds

Seeds were dried at ambient temperature without
sunlight exposure. Dried seeds were ground by using a
hand grinder. The ground samples (3gr) of five
genotypes were diluted in a 10 ml vial. An SPME fibre
50/30 um DVB/CAR/PDMS was preferred for analysis.
The SPME apparatus was directly injected into the
upper space of the vial to adsorb volatile compounds
and then directly injected into the Shimadzu
QP2010ULTRA FID detector GC-MS apparatus using
a Restek Rxi-5 MS capillary column.

Analysis of GC-MS

The volatile compounds of lupin samples were
analysed by applying the method of (the injector
temperature was 250 °C) using SPME-GC-MS.
Compounds were isolated by a 15 min. SPME fibre
exposure into a GC injector at 250 °C. The extracts
from the SPME procedure were analysed on a
Shimadzu QP2010 ULTRA FID GC-MS system. A 30
m length Restek Rxi-5 MS column (0.25 mm id, film
thickness 0.25 pm) was used. Carrier gas was helium
with a flow rate as 1.8 mL/min. The GC oven
temperature was programmed to hold at 40 °C for 3
min and then increased to 240 °C at 5 °C/min, finally
holding at 240 °C for 3 min. The detector ion source
temperature was 200 °C, and the interface
temperature was set at 250 °C. Mass spectra were
acquired in the electron impact mode at 70 eV, using
m/z range of 50—350 and 2 s scan time.
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Evaluation of Data

Chromatograms of all samples were subjected to noise
reduction prior to peak area integration, and later, the
peak areas of components in the chromatogram were
integrated. Compounds were identified by comparing
with three libraries, W9N11, SWGDR4G4 and
SWGDR4G5. Compounds mostly matched in WIN11
library. Identification of components in the sample was
based on the retention time (RT). The identification of
the components present in the samples was calculated
using Kovats retention index. The relative rate of the
volatile oil compounds was obtained from peak areas.
All analyses were performed in three replications, and
all the numeric data are means of three independent
analyses.

RESULTS and DISCUSSION

According to our analyses, totally 102 compounds were
separated and identified from studied lupin samples
(Table2). The total ion chromatograms (TIC) of studied
lupin specimens were given in Figure 1. Nine
compounds of these were common to each sample. The
analysis revealed that there were different components
in the samples. In the sample, Belera 61, EGY-105 46,
Lutop 41, Lublanc 37 and Tanjil 36 compounds were
determined respectively. The major components of

mentha-4,8, diene-(18,38) (11.12%). In EGY-105,
benzene, methyl (1-methylethyl) (43.32%), pulegone
(9.68%) and alpha-pinene (5.27%). In Lutop cultivar,
benzene methyl (1-methylethyl), gamma terpinene and
pulegone contents were found as 35.83%, 16.21% and
5.85 %, respectively. However, in Lublanc, benzene
methyl, cis-Ocimene and 1,3,6-octatriene 3,7-dimethyl-
(E) contents were determined as 59.3%, (5.54%) and
4.69%, respectively. In Tanjil, 5 —allyl-4-1, m-mentha-
4, 8 diene, pulegone ingredients were detected as
27.69%, 15.74% and 7.64%, respectively (Table 2 and
Figure 2). It is crucial that cumene (benzene, methyl
(1-methylethyl)), which has a high potential for use as
biofuel, is detected high quantity in three L. albus
samples. Cumene is used as a thinner for paints,
lacquers, and enamels and as a component of high
octane fuels. Cumene is also used in the manufacture
of phenol, acetone, acetophenone, and methylstyrene
(National Center for Biotechnology Information, 2022).
The production of meta, ortho and para isomers of
cumene is usually synthesized by alkylation of toluene.
Toluene is the pioneering feedstock in benzene
production and a prime octane boosting compound for
gasoline blending. Toluene is also utilized as a raw
substance in the production of other chemicals (e.g.,
toluene diisocyanate and benzoic acid) and as a solvent

Belera were cyclohexanol, 2-methyl-5 (1-methylether) HL paints .and coatings, 1nk§, adhesives, and
pharmaceuticals (Toluene Synopsis, 1990).

(19.37%), 2-propen-1-ol, 3-phenyl (16.08%) and m-

Table 2. The % peak area values of identified compounds in studied samples

Cizelge 2. Calisilan érneklerde tanimlanmis bilesiklerinin % pik alan degerleri

Sample Name

Compound name Lutop Lublanc  Belera Tanjil EGY-105
Butanoic Acid,2-Methyl-Ester/ Butyric acid 0.22 0.28 0.03 0.08 0.49
P-Xylene - - 0.03 - -
Tricylene 0.06 - 0.02 0.03 0.11
Alpha-Thujene 3.00 2.62 1.13 2.34 3.91
Alpha- Pinene 2.94 2.89 1.16 1.54 5.27
Bicyclo(3.1.0)Hex-2-Ene, 4-Methylene-1-/ Beta-thujene  0.10 - 0.07 0.11 0.11
Bicyclo(2.2.1)Heptane,2,2-Dimethyl-3- Camphene - - 0.85 - 2.52
Sabinene 0.18 0.19 0.11 0.16 -
Beta Pinene 0.57 - 0.36 0.47
1-Octen-3-One - 0.09
1-Octen-3-01 0.08 - 0.25 0.11 -
3-Octanone - 0.73 0.67 0.53 1.45
Geranyl Formate - 3.28 - -
Ethyl Amyl Carbinol - 0.50 - -
1-Phellandrene 0.61 - 0.49 0.62 0.25
1,3,6-Octatriene, 3,7-Dimethyl-, (E)- 4.98 4.69 0.04 6.80 3.57
Delta 3-Carene 0.34 0.32 0.19 0.20 0.50
Alpha-Terpinene 3.57 0.13 2.99 - 0.68
2-Propen-1-01, 3-Phenyl- - - 16.08 -
D-Limonene 3.23 3.62 2.76 3.42 2.35
Eucalyptol (1,8-Cineole) 0.64 0.58 0.87 0.73 0.84
3-Octen-5-Yne, 2,7-Dimethyl-, (E) - - 6.17 -
Santolina Triene 6.16
M-Mentha-4,8,Diene-(1S, 3S) 11.12 15.74
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Trans Sabinene Hydrate 0.09 0.43 0.17
Alpha-Methyl-Alpha-(4-Methyl-3-Pente) - 0.22 -
Alpha-Terpinolene 0.28 0.59 0.35 0.18
Cyclohexanol, 2-Methyl-5-(1-Methylethe - 19.37 -
2-Cyclohexen-1ol, 1-Methyl-4-(1-Methyl - 0,07 -

Alloocimene 0.36 0.47 0.44
Cis-Epoxy-Ocimene - 0.09 -
2-Cyclohexen-1-0O1, 1-Methyl-4-(1-Methyl - 0.05 - -
2,4,6-Octatriene,2,6-Dimethyl-, (E, Z) 0.11 0.19 0.20 0.20
Cis-3-Hexenyl Iso-Butyrate - - 0,10 - -
Cyclohexanone, 5-Methyl-2-(1-Methylethe- (Cis) 2.07 0.66 2.12 1.97 2.74
Cyclohexanone, 5-Methyl-2(1-Methylethe (Trans) 0.50 - 0.64 - -
Bicyclo(2.2.1)Heptan-2-01, 1,7,7-Trimethyl - 0.83 - -
Isopulegone 0.12 0.17 0.14 0.15
3-Cyclohexen-1-01, 4-Methyl-1-(1-Methyl 0.04 0.64 - -
Benzenemethanol, 4-(1-Methylethyl)- - 0.03

Cis 3 Hexenyl Butyrate 0.04
3-Cyclohexen-1-Methanol, Alpha, Alpha 0.11

Dihydrocarvone 0.25

Cyclohexanone, 2-Methyl-5-(1-Methylethe- 0.17

Z-3-Hexenyl 2-Methylbutanoate 0.17

Thyml Methyl Ether - 2.82

Thymoquinone 0.49 1.94 -

Phenol, 5-Methyl-2-(1-Methylethyl)- - 0.27 0.07
Alpha-Terpinyl Propionate 0.03 -

Phenol, 2-Methyl-5-(1-Methylethyl)- 3.00

Carbofurane 0.02

Copaene 0.05

(-)-Beta, Bourbonene 0.04

Caryophyllene 0.40

(+)-Aromadendrene 0.11

Gamma- Muurolene 0.03

Germacrene-D 0.07

Bicyclogermacrene 0.15

Beta-Bisabolene 0.37

Delta-Cadinene - 0.04

Dodecanoic Acid, Isooctylester - 0.56 0.06 -
1-Pentanol 0.13 0.11 - 0.19
1-Hexanol 0.20 0.13 - 0.20
Camphene 1.59 1.32 1.16 -
Beta-Myrcene 4.51 2.99 5.10 3.17
Cis -Ocimene - 5.54 7.46 4.39
Gamma Terpinene 16.21 1.84 - 4.24
Azulene - - 0.14
P-Menthone 0.28 0.82
Octane - 0.08 - 0.06
Benzene 1.2-Dimethyl- 0.13 0.24 0.06 -
Pentanoic Acid,Ethyl Ester - 0.25 -
2,4(10)-Thujadien - 0.07 -
Dodecane 0.04 0.27 0.12
Z-Limonene-1,2epoxide - 0.11 -
E-Citral 0.06 -
5-Allyl-4-(1-(P-Aminophenyl) Ethylidenehy - 27.69
Linalool-L - - 7.77 -
Carvacrol Methyl Ether 0.39 0.23 0.68 0.27
Laurinsaeure,4-Octylester 0.25 - 0.14 0.63
Pulegone 5.85 2.09 7.94 9.68
Endo-Borneol - - 0.25 -
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Linalool Oxide Cis - 0.30 0.07 -
Cyclopentasiloxane,Decamethyl- 0.06 0.34 0.02 0.10
Borneol L 0.09 - - -
Tetradecane 0.07 - 0.07
Tridecane 0.02 - 0.06
Tricyclene 0.06 - 0.11
Beta Phelllandrane - - 0.23
3,0xatricyclo [4.1.1.0(2,4)] Octane - - 0.29
Cis-Myrtanol - - - 0.09
Limonene Oxide Cis - 0.30 - 0.13
Longifolene - - - 0.09
Benzaldehyde - 0.11 - -
Cyclotetrasiloxane,Octamethyl- - - - 0.09
Benzene-Methyl (1-Methylethyl) 35.83 59.3 - 43.32
Cyclotrisiloxane, Hexamethyl - - - 0.10
3-5-Octadien -2-One 0.15 - 0.21
2,5-cyclohexadiene-1,4-Dione,2-Methyl 0.20 - 0.13 0.28
Dodecane,2.2.11.11-Tetramethyl 0.05 0.12 0.03 0.16
Tetradecane,2,2-Diemthyl 0.06 0.12 - 0.17
Propanoic Acid 2-Methyl 2,2 Dimethyl - - - 0.17
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Figure 1. The total ion chromatograms (TIC) of studied Lupin specimens (A: Lutop, B: Lublanc, C: Belera, D: Tanjil,

Sekil 1. Calisilan aci bakla orneklerinin toplam iyon kromatogramlari

In common components found in all samples were
Butanoic acid, 2-methyl-methyl ester, alpha-thujene,
alpha-pinene, 1, 3, 6-octatriene, 3, 7-dimethyl-, (E),
delta 3-carene, d-limonene, eucalyptol (1, 8-cineole)
cyclohexanone, 5-methyl-2-(1-methylethe- (cis). It was
determined that the samples had original components,
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for example, geraniol formate, 2-propen-1-ol, 3-phenyl-
, 3-octen-5-yne, 2,7-dimethyl-, santolina triene,
cyclohexanol, 2-methyl-5-(1-methylethe), 2-
cyclohexen-1ol, 1-methyl-4-(1-methyl), thyml methyl
ether, phenol, 2-methyl-5-(1-methylethyl) components
are essential for Belera. On the other hand, azulene
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and longifolene are determined only EGY-105, 5-allyl-
4-(1-(P-aminophenyl) ethylidenehyl and linalool-L are
essential for Tanjil.

According to our analyses, a-terpinene is found high
rates in Lutop (3.57 %) and Belera (2.99 %) samples
(Table 2). It has perfume and flavour properties but is
mainly used to give a pleasant odour to industrial
liquids and it is present in different essential oils.
Interestingly, the other lupin which is the same origin
as Belera does not contain this component. One
another compound, a-pinene is present in all samples,
but the ratio is high in the sample from Egypt (EGY-
105). The anti-inflammatory, antimicrobial and
acetylcholinesterase inhibitory activities of a- pinene
have been reported before (Grundschober, 1979;
Sullivan et al., 1979). In particular, this sample can be
evaluated pharmacologically and can be an alternative
source to Cannabis species that contains large
amounts of a-Pinene and whose pharmacologically
active ingredients have significant drug effects (Kumar
et al., 2021).

Another important component, pulegone is available in
lupin samples in different proportions except Belera.

Pulegone is a naturally synthesized organic plant
substance emerged from the essential oils of many
kinds of plants such as Mentha piperita, Nepeta
cataria (catnip), and pennyroyal (Nissen et al., 2010;
Russo, 2011) and it is used in the perfumery, in
flavouring and aromatherapy. Besides, santolina
triene, a monoterpene and previously reported to be
found in different plant species (Santolina insularis,
Santolina corsica and Cinnamomum osmophloeum
etc.), was found only in the Belera sample from
Austria.

As far as we know, there is a limited number of study
about lupins chemical composition, and the volatile
compounds of Lupinus albus and L. angustifolius
genotypes has not been studied yet. The chemical
compounds of L. albus species was studied by Erbasg et
al. (2005), and in this study, the nutritional and
chemical properties of the white lupin (Z. albusL.) was
characterised via HPLC system. In the other study
Yorgancilar and Bilgicli (2014), investigated the
chemical changes of lupin seed during different bulgur
process methods by using GC and HPLC.

LUTOP

Lublanc

Belera

Tanjil

EGY 105

3 Terpiaene

P
L

LQgs0omene S %

Figure 2. The pie charts of most found compounds in studied Lupin samples
Sekil 2. Calisilan aci bakla érneklerinde en ¢ok bulunan bilesiklerin dairesel grafikleri

CONCLUSION and RECOMMENDATIONS

In this study, five Lupinus albus and L. angustifolius
genotypes from different regions were analysed using
DVB/CAR/PDMS-SPME fibre via GC/MS. To our best
of knowledge, interestingly, this study is the first
attempt regarding various lupin genotypes volatile
compounds with SPME. It is very important to detect
the essential natural components which have
enormous influences on the lupin samples originating
from different geographical locations. Such kind of
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studies, aiming at revealing the active biochemical
compounds from plants or any tissue of plants and
their possible potentials, is one of prime issues
regarding detailed future investigations.
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OZET

Antep fistig1 (Pistacia vera) uluslararasi ticarette énemli bir paya
sahip, cerezlik olarak tiketilen, tatli ve sekerleme sanayisinde
kullanilan sert kabuklu bir meyvedir. Gelecek dénemlerde Antep
fistig1 tiretim miktarinin tahmin edilmesi hem stirdiiriilebilir tarimsal
planlamanin yapilabilmesi hem de tarim politikalarinin gercekgi
olarak saptanabilmesine yonelik tretim oOngoérusit ile ilgili
calismalarin yapilmas: gerekmektedir. Bu ¢alisma FAO ve TUIK’ten
elde edilen 1961-2021 donemine ait 61 yillik verilerden yararlanarak
2022-2026 donemine ait Tirkiye Antep fistig1 Giretimini 6ngérmeyi ve
oneriler gelistirmeyi amaclamaktadir. Antep fistig1 icin tiretim
ongorisiinde Box-Jenkinsin ARMA modelinden yararlanilmis olup,
en uygun istatistiksel sonuclar ARMA (2,3) modelinden elde
edilmigtir. Model sonuclarina gore, Turkiye'nin 2022 yilinda Antep
fistigr Uretiminin 2021 yilina gore %58.93 artarak 189.697 tona
ulasacag ongorilmustir. Antep fistig1 Uiretiminin 2023 ila 2026
yillarinda sirasiyla 130.100, 168.100, 105.982 ve 132.166 ton olarak
gerceklesecegi ongorulmustir. Ongorii yapilan yillarda
periyodisiteden dolayr tretim ve verimde bir istikrarsizligin
yasanacagl anlasilmaktadir. Bu durumun oéntine gecilebilmesi ic¢in
periyodisite egilimi diisiik olan cesitler tercih edilmeli, Tiurkiye'de
yaygin olarak uygulanan kira¢ ve taghk arazide yetistiricilik yerine
sulama imkéani olan araziler tercih edilmeli ve sulu kosullarda tretim
yapilmalidir.

Turkish Pistachio Production Projection with the ARMA Model

ABSTRACT

Pistachio (Pistacia vera) is a hard-shelled fruit that has an important
share in international trade. Pistachio is consumed as a snack and
used in the sweet and confectionery industry. It is necessary to carry
out studies related to production forecasting in order to predict the
amount of pistachio production in the future, to make sustainable
agricultural planning and to determine agricultural policies
realistically. This study aims to predict Turkey's pistachio production
for the period of 2022-2026 and to develop suggestions by using 61
years of data for the period 1961-2021 obtained from FAO and TUIK.
Box-Jenkins' ARMA model was used in the production prediction for
pistachios, and the most appropriate statistical results were obtained
from the ARMA (2,3) model. According to the model results, it is
predicted that Turkey's pistachio production in 2022 will increase by
58.93% compared to 2021 and reach 189,697 tons. It is predicted that
pistachio production will be 130,100, 168,100, 105,982 and 132,166
tons in the years of 2023, 2024, 2025 and 2026, respectively. It is
understood that there will be an instability in production and
efficiency due to periodicity in the predicted years. In order to prevent
this situation, varieties with low periodicity tendency should be
preferred, lands with irrigation facilities should be preferred instead
of cultivation in arid and stony land, which is widely practiced in
Turkey, and production should be made in irrigated conditions.
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GIRIS degisme goriilmektedir (Ertiirk ve ark., 2015; Temel &

Antep fistig1 (Pistacia vera), diinyada 6zellikle 30°- 45°
paralelleri arasinda yetisen kurake¢il bir bitkidir.
Kuraklik ve tuzluluk kogsullarina karsi yuksek
toleransa sahiptir. Antep fistig1 Orta Asya ve Yakin
Dogu olmak tizere iki adet gen merkezine sahiptir.
Uretimde birinci sirada yer alan Iran’da yaygin olarak
yetigtirilen ¢esitler Ohadi, Ahmad Aghaii, Kallagouchi
iken, ABD’de Kerman, Lost Hills, Golden Hills cesitleri
yaygin olarak yetistirilmektedir (Ferguson et al. 2005;
Yavuz ve ark., 2016). Istatistiklere yansiyan
rakamlara gore diinyanin yaklasik 21 tilkesinde Antep
fistig1 tiretimi yapilmaktadir. Ilk olarak Orta Asya ve
Yakin Dogu’da turetilen Antep fistigr 1957 yilinda
Amerika’da tretilmeye baglamistir (Yavuz ve ark.,
2016).

Turkiye'de yetistirilen Antep fistig1 cesitleri genel
olarak yogun aromali, lezzeti yiiksek, kii¢iik ve uzun
cesitlerdir. Iran ve Amerika’da yetistiriciligi yapilan
cesitler ise verim olarak daha yuksek fakat lezzetge
zayif, yuvarlak sekilde, citlaklik orani yiiksek ve iri
yapidadir (Temel & Aksoy, 2020). Diinyada 2015
yilinda toplam Antep fistigi dikim alam1 656.719
hektar iken, 2020 yilinda %30.65lik artigla 857.984
hektara ulagsmigtir. Turkiye 2020 yili itibariyla
381.847 hektarhik dikim alam ile diinyadaki dikim
alanlarinin %44.51'ine sahiptir. Iran, 162.960 hektar
ile %18.99; ABD ise 150.543 hektar ile %17.55°1ik paya
sahiplerdir. Turkiye'nin tretim alami 2015 yilinda
57.996 hektar iken, 2020 yilinda %558.40 artarak
381.847 hektara, ABD’nin uretim alani 94.292 hektar
iken, %59.66 artarak 150.543 hektara ulagmigtir. Iran
ise 2015 yilinda 334.000 hektar alana sahip iken, 2020
yilinda bu alan %51.21 azalarak 162.290 hektara
gerilemistir (Anonymus, 2022).

FAO'nun 2020 yili verilerine gére diinyada tretilen
toplam Antep fistig1 1.205.532 tondur. ABD 474.004
ton ile Antep fistig1 tiretiminin %39.32’sine; Tirkiye
296.376 ton ile %24.581ne; Iran ise 190.000 ton ile
%15.76’sina sahiptir. Cin ve Suriye ise uretimde
sirasiyla 80.227 ton ile %6.65 ve 69.403 ton ile
%5.76'lik paya sahiplerdir. Diinyada Antep fistig:
tiretim miktar1 2015 yilinda 945.120 ton iken, 2020
yilinda %27.55’lik artig ile 1.205.532 tona ulagmigtar.
ABD’nin Antep fistig1 tiretim miktar1 2015 yilinda
122.470 ton iken, 2020 yilinda %287.04’lik artis ile
474.004 tona, Turkiyenin Gretim miktar: 2015 yilinda
144.000 ton iken, 2020 yilinda %105.82’lik artis ile
296.376 tona ulagmigtir. Iran’da ise 2015 yilinda
430.000 ton Antep fistig1 tretimi gergeklestirilirken,
2020 yihinda %55.81'lik azalma ile 190.000 tonluk
uretim gergeklestirmisgtir. Periyodisite egiliminden
dolay1 Antep fistig1 lretim miktarinda yildan yila
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Aksoy, 2020; Anonymus, 2022).

Antep fistig1 Giretiminde 6nde gelen tulkelerde son alt1
yila ait hektara verim degerleri incelendiginde;
ABD’nin 2.996 kg ile ilk sirada yer aldigi, daha sonra
sirasiyla Cin 2.957 kg, Tirkiye 1.351 kg, Iran 1.145 kg
ve  Suriye’nin 878 kg ile bunu takip ettikleri
gorulmektedir. Antep fistigni =~ hektara verim
degerlerinde 2015 ve 2020 yillarn arasindaki
degisimler kiyaslandiginda ise ABD’de %142.42,
Suriye’de %31.11'lik artis gorilurken, Tirkiye'de
%68.74, Iran’da %9.44 ve Cin'de %0.75lik diigiis
goriilmekte, ayrica periyodisiteden  kaynakli
dalgalanmalar yasandigi da  goérulmektedir
(Anonymus, 2022).

Antep fistig1 tiretimi acisindan baglica ulkelere ait
2015-2020 yillar1 aras1 Antep fistig1 tiretim miktarlar:
ortalamalarima gore; ABD birinci, Iran ikinci, Tiirkiye
ise ticlincii sirada yer almaktadir. Tiirkiye’de Iran ve
ABD’ye oranla Antep fistig1 Giretim miktarinin disiik
olmasi Iran ve ABD’de iiretimin ovalarda, sulu
kogullarda, buylik arazilerde, birim alana sik agag
dikimi 1ile yapilmasi ve daha yiksek verim
alinmasindan kaynaklanmaktadir. Tirkiye'de ise
Antep fistig1 bahgeleri daha ziyade kirag, taghk ve
meyilli arazilerde bulunmakta ve buyuk bir
béliimiinde sulama yapilmamaktadar. Kuru
kogullarda dekara ortalama 60-80 kg triin alinirken,
sulu  kogullarda entansif yetigtiricilikte  Siirt
¢esidinden 262 kg verim alinabilmektedir. Turkiye’de
son yillarda Antep fistiginda sulamanin 6nemini fark
eden ureticilerin bir kismi, kii¢iik bir alanda sulama
yapmaktalardir. Antep fistiginin kurak alanlarda
yetistirilmesi, verim ve kalitenin yagisa bagimhiligim
arttirmaktadir (Arpaci ve ark., 2005; Tiryaki, 2013;
Aslan, 2014; Karacan & Ceylan, 2017; Anonymus,
2022).

Antep fistig1 aym1 zamanda uluslararas: ticarette de
onemli paya sahiptir. FAO 2020 yili istatistiklerine
gbre Antep fistig1 ihracati1 diinyada yaklasik 3.2 milyar
USD’ye ulagmigtir. ABD 1.47 milyar USD ile diinya
Antep fistig1 ihracatinda birinci sirada, Iran ikinci,
Tirkiye ise 152.88 milyon USD ile dérdiincii sirada yer
almaktadir (Anonymus, 2022).

Tirkiye’de, Antep fistig1 tiretiminde diizenli bir artig
saglayabilmek  amaciyla Tarim ve  Orman
Bakanlhigi’'nca yiriitilen projelerde 6ncelikle mevcut
asilanabilir yabani agaglarin degerlendirilmesine
agirhik verilmektedir. Ayrica Antep fistig1 tretimini
artirmak amaciyla periyodisite egilimi daha az olan ve
daha gosterigli meyvelere sahip olan Siirt gesitleri
iizerinde calismalar da siirdiiriilmektedir (Ertiirk ve
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ark., 2015).

Uluslararas: Findik ve Kuru Meyve Konseyinin 2019
yil1 verilerine gore baglica iilkelerde yilda kisi basina
Antep fistig1 tiiketim miktarlar1 sirasiyla; Suriye’de
1.370 g, Tirkiye’de 1.235 g, Iran’da 374 g, Ispanya’da
357 g, ABD’de 352 g’ iken, diinya ortalamasis 88 g’dir
(Anonymus, 2021).

Turkiye’de Antep fistig1 tzerine Uretim, tiketim ve
ticarete iligkin mevcut c¢aligmalar bulunmaktadir
(Arpaci ve ark., 2005; Tiryaki, 2013; Ertiirk ve ark.,
2015) ancak Antep fistifinda {retim miktar
tahminlemesine iligkin bir calismaya rastlanmamistir.

Turkiye'de Antep fistig1 tUretimi {izerinde iklim
degisikligi, maliyetler, destekleme duzeyleri, dis
ticaret politikalari ve i¢ piyasa fiyatlar1 etkili

olabilmektedir. Bu nedenle Antep fistig1 liretiminde
gelecek tahminleri yapan c¢alismalara da ihtiyag
vardir. Gelecek donemlerde Antep fistig1 Uretim
miktarinin tahmin edilmesi hem stirdirilebilir
tarimsal planlamanin hem de tarim politikalarinin

gercekcli olarak saptanabilmesi acisindan O6nemli
katkilar saglayabilecektir.
Bu calisma Antep fistig1i sektériiniin  mevcut

durumunu gilincel verilerle gesitli yonlerden ortaya
koyma; lUretimi, yetistirme teknigi, ticareti agisindan
one ¢ikan sorunlarin belirlenerek bu sorunlara yonelik
stratejiler gelistirilebilmesine katki saglama acisindan
onemlidir.

Bu ¢alismanin amaci 1961-2021 dénemine ait zaman
verileri 1g181nda 2022-2026 yillar1 arasi Turkiye Antep
fistig1 Giretim miktar: igin tahmin olusturmaktir.

MATERYAL ve METOD

Bu cahsmada, Tirkiyenin Antep fistig1 {retim
durumunun tespit edilmesinde Tirkiye Istatistik
Kurumu (TUIK) ve Birlesmis Milletler Gida ve Tarim
Orgiti'niin  (FAO) istatistikleri, ayrica Gaziantep
Ticaret Odasi, Tarim ve Orman Bakanligi Tarimsal
Ekonomi ve  Politika  Gelistirme  Enstitiist
Miidiirliigiiniin (TEPGE) ve diger kuruluslarin ilgili
verilerinden ve konu ile ilgili daha o6nce yapilmig
calismalardan yararlanilmistir.

Calismada; Diinya Antep fistig1 uretimi
degerlendirmelerinde 2015-2020 yillari aras1 Diinya
Antep fistig1 Giretimine dair verilerden yararlanilmaisg,
zaman serisi analizinde ise Turkiye Antep fistig:
iretim miktarinin 1961-2021 yillar1 aras1 verileri
degerlendirme kapsamina alinmigtir.

Bu ¢alismada; uretim, tiketim ve dig ticarete iligkin
elde edilen makro diizeydeki veriler, 6ncelikle Excel
programi araciligiyla diizenlenmis, sonrasinda veriler
endeks yardimiyla degerlendirilmigtir.

Ongérii  siirecine yonelik  ¢aligmalarda, verinin
kendisine ait ge¢mis degerleri ile sifir ortalama ve
sabit varyanslh korelasyonsuz rassal bir hata teriminin
biglnki ve gecikmeli degerleri ile agiklanmasina
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olanak veren Otoregresif Entegre Hareketli Ortalama
(Autoregressive Integrated Moving Average, ARIMA)
yontemine sik¢a bagvurulmaktadir. Yontem, George
Box ve Gwilyn Jenkins tarafindan gelisgtirilmis ve bu
yizden Box-Jenkins yontemi olarak da anilmaktadir
(Ugum, 2016). Uzerinde cahigilan zaman serisinin
duragan oldugu varsayimina dayali olan bir
yontemdir. Box-Jenkins yaklagimina goére ARIMA
modelleri olusturabilmek i¢in; (1) Modeli Tanimlama,
(2) Parametre Tahmini ve Secim, (3) Modeli
Dogrulama ve (4) Modelin kullanimi adimlar1 takip
edilmistir (Bars ve ark., 2018).

Genel olarak tretim miktarina
stirecinde ekonomik modelleme;

Ye = f(Yee1,Yeegs eer €60 Et—1) Et—zy o) (1) formunda ele
alinacaktir. Bu c¢ercevede Box-Jenkins yontemi
kullanilarak degigkenler i¢in c¢egitli istatistiksel
modeller olusturulmustur (Seviitekin, 2017).

iliskin  6ngori

Bu kapsamda modelleme verilerin uygunluguna baglh
olarak istatistiksel anlamda, otoregresif siire¢ (AR(p))

Yt = 6 + ®1Yt—1 + ®2Yt—2 + el ®p Yt—p + gt (2),
hareketli ortalama stireci (MA(q))
Yt = ‘u +€f - ggf—l - 92€f—2 — et —9q gt_q (3)

ve otoregresif hareketli ortalama siireci (ARMA(p,q))
Yt = 6 + ®1Yt—1 + ®2Yt—2 + el ®p Yt—p +5t +

Ocr_y + Or65 + .. 0, &4 (4) olarak uygulanmistir.

Zaman serileri uygulamalarinda oncelikle serilerin

normal dagilima uygun olup olmadig1 Jarque-Bera
katsayis1 ile test edilmigtir. Ayrica zaman serisi

analizlerinde duragan bir veri setine ihtiyag
duyulmaktadir. Seriler duragan ise ortalamasi,
varyans1 zaman i¢inde degismemektedir. Aym

zamanda iki doénem arasindaki kovaryans degeri
hesaplandigi doneme degil de sadece iki dénem
arasindaki uzakliga bagliysa zaman serisi duragandir
(Gujarati, 2006). Duraganlik sahte regresyonun
olusmamasi bakimindan énemlidir. Serilerin duragan
olup olmadiklari birim kok testleriyle analiz
edilmektedir. Birim koék testleri, trend verilerinin ilk
olarak farklilagtirilmasi1 gerekip gerekmedigini
belirlemek i¢in kullanilmaktadir.Calismada 6ncelikle,
hata terimi e_t'nin  otokorelasyonlu oldugu
varsayllarak buna uygun olarak serilerin duragan
olup olmadig1 ve kaginci dereceden duragan oldugu
Genigletilmis Dikey-Fuller (Augmented Dikey-Fuller,
ADF) birim kék testi ile saptanmistir (Gujarati, 2016).
Eviews 12 Univ. Programinda uygun gecikme sayisi,
otomatik olarak modele dahil edilmigtir. Bu amagla
yapilan birim koék testinde slire¢ tu¢ farkli model
yaklagimiyla test edilebilmektedir. Bunlar asagidaki
formlarda gerceklestirilmektedir (Dickey & Fuller,
1981):

Sabitsiz ve trendsiz model: AY; = §Y,_, + T AY,_; + u;
(5),
Sabitli model: AY, = f; + 6Y,_; + I, AY,_; + u, (6),
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Sabitli ve trendli model: AY; =B, + Bt +8Y,_1 +
IAY 4 ue (7).
Calismada yapilan testler sonucu elde edilen

istatistikler MacKinnon (1996) kritik degerleriyle
karsilastirilmakta ve p<0,01 ise serinin duragan
oldugunu ifade eden sifir hipotezi (Ho: 6=0) ve seri
duragan olmadiginm ifade eden alternatif hipotez (Hi:
§+0) test edilmektedir. Analizlerde maksimum
gecikme uzunlugu (10 gecikme) mevcut veriye bagh
olarak belirlenmekte, bilgi kriteri olarak Schwarz
(SIC) ya da Akaike Bilgi Kriteri (AIC)
kullanilabilmektedir.

Zaman serileri analizinde E-views 12 Univ. programi
kullanilmigtir. Duragan oldugu saptanan serinin
duraganhk diizeyleri, serilerin maksimum gecikme
uzunlugu seriye uygun olarak alinarak korelagramlari
ve ACF ve PACFler incelenmistir. Bu cercevede
modellerin otoregresif siirec (AR) ve hareketli
ortalama siire¢c (MA) diizeyleri saptanmistir. Calisma
kapsaminda kullanilan logaritmasi alinmis seri
diizeyde duragan oldugundan fark alma islemi
gerceklestirilmemis bu nedenle éngoriide ARMA (p, @)
modeli kullanilmigtir.

Uygun modelin seciminde, AIC (Akaike info criterion)
degeri kullamilmigtir. AIC, istatistiksel bir modelin
uyum iyiliginin bir 6l¢istdiir. AIC modele eklenen
degiskenlerin  yarattigt  ylkselmeye  sinirlama
getirerek diizenlenmistir. Model karsilagtirmalarinda
her zaman en disiik AIC degerini veren model tercih
edilir (Ucal, 2006). Analiz sonucu elde edilen yedi
model tablolagtirilarak AIC degeri en diigik model
tercih edilmigtir. Tercih edilen modelin diognastik
testleri, kalint1 korelogramlar1 (Correlogram of
Residuals) incelenmistir. Ayrica belirlenen ARIMA
modellerinin istikrarli olup olmadigini belirlemek
amaciyla ters koklerinin birim ¢emberin i¢inde olup
olmadig1 arastirnlmigtir. Kalintilar korelograminda p
olasiik degerleri 0.05'ten buyik ise kalintilar
otokorelasyonsuz ve seri duragan olup, modelin
tahmin i¢in en uygun olduguna kara verilir. Modeller,
bu yaklagimla secilmis ve oOngoriler yapilmigtir.
Tahminlemeye en uygun modelin belirlenmesi igin,
olusturulan modellerdeki Constant prop. katsayisi
degerinin 0.05’in altinda; Akaike kriteri, Hannan-
Quinn ve Schwarz kriter degerlerinin diger modellere
gore dusiik olmasi dikkate alinmigtir.

BULGULAR

Turkiye'de 2004-2021 yillarinda toplam Antep fistigi
dikim alanlar1 %77.02 artarak 2.20 milyon dekardan
3.89 milyon dekara ulagmigtir. Tirkiye Antep fistig:
iretim miktar1 2004 yilinda 30 bin ton iken 2021
yilinda %297.85’1ik artigla 119.36 bin tona
yikselmigtir. Ele alinan doénemde periyodisitenin
etkisiyle Uretim miktarinda ve aga¢ basina Antep
fistig1 ortalama veriminde yildan yila 6nemli
dalgalanmalar yasanmigtir. Agac¢ basina ortalama
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verim degeri 2019 yilinda 2 kg olmasina karsin, bu
deger 2020 yilinda %150.00 artarak 5 kg, 2021 yilinda
ise 2020 yilina gére %60.00 azalarak 2 kg olmustur.
Toplam Antep fistig1 agaci sayis1 2004 yilinda 42.50
milyon adet olup bunlarin %62.351 meyve veren
yastadir. Meyve veren yastaki agag sayis1 2021 yilinda
2004 yilina gore %’109.30’luk artigsla 55.46 milyon
adede ulasmistir. Toplam agac¢ sayisi i¢cinde meyve
veren yasta olan agac¢ sayisinin orani 2021 yilinda
%70.06’ya yiikselmistir (Cizelge 1).

TUIK’in 2021 yih verilerine gore Tiirkiyenin 40 ilinde
Antep fistig1 yetigtiriciligi yapilmasina ragmen
ekonomik olarak yetigtiricilik Sanliurfa, Gaziantep,
Siirt ve Adiyaman illerinde yapilmaktadir. Nitekim
2021 yihi verilerine gore Turkiye'deki toplam Antep
fistigr  Uretim miktarinin  %91.20’si  bu illerde
gerceklesmistir (Cizelge 2).

Turkiye'nin 1961-2021 yillar1 arasinda gergeklestirdigi
Antep fistig1 lretimi dalgali seyretse de 6nemli bir
artis kaydetmistir. Antep fistig1 tiretim miktar:1 1961
yilinda 5280 ton iken, 2021 yilinda 119.355 tona
ulasmistir (Sekil 1). Bu veriler ile olusturulan ARMA
modeli ile Tirkiye'nin 2022-2026 yillar1 arasinda
gerceklestirdigi Antep fistig1 iiretim miktar1 (ton)
uzerine bir tahmin ¢alismasi gergeklestirilmigtir.

Uretim serisinin duragan olup olmadigi, yapisal
kirilma igerip igermedigi ve normal dagilim gésterip
gostermedigi test edilmistir. Seri, otokorelasyon (ACF)
ve kismi otokorelasyon (PACF) korelegramlar
yardimiyla incelenmis ve ayrica ADF (Augmented
Dikey-Fuller) birim kok testi ile serinin duraganhg
test edilmigstir. Sekil 1’den , serinin sabitli oldugu ve
trend icerdigi gbzlenmektedir. Yapilan birim kok testi
sonucunda serinin sabitli, sabitli trendli ve sabitsiz
trendsiz her 1t1¢ modelde de duragan olmadig
saptanmistir (Cizelge 3).

Sekil 1’den Antep fistig1 tGretim serisi incelendiginde
1961-2021 yillar1 arasinda yapisal kirilmay: isaret
edecek ani ylikselig ve dustislerin varhgina iligkin bir
degerlendirme yapilmasini gerektirecek bir olayin
olmadig1 da ifade edilebilir. Ancak serideki duragan
disihigin yapisal kirilma kaynakli olup olmadigini
ortaya koyabilmek i¢in yapisal kirilma tarihinin
bilinmedigi durumlarda uygulanan Zivot-Andrews
(1992) ve Perron (1997) birim kok testi yapilmistir
(Zivot & Andrews, 1992; Perron, 1997).

Zivot-Andrews (1992) tek kirilmali birim kok testi
sonuclarina gére Model A, Model B ve Model C i¢in elde
edilen test istatistiklerinin ¢ kritik degerden de
biylikk olmasi, serinin birim kokli oldugunu
gostermektedir. Uc model icin de elde edilen kirilma
tarihlerinin anlamh bir etkisi olmadigindan kirimalar
i¢cin ekonomik bir degerlendirme yapilamamaktadir
(Cizelge 4).

Tek kirilmali Perron birim koék testine gore de tiretim
serisine ait test istatistik degerleri tablo kritik
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degerlerinden biiyik oldugundan birim koékli sifir
hipotezi reddedilememektedir. Dolayisiyla uretim
serisi i¢in her ii¢ modelde de duragan disi sonuclar

ortaya citkmigtir. Seride birim kék varhgi, gerceklesen
kirilma  yillarinin bir anlamimin olmadigin
gostermektedir (Cizelge 5).

Cizelge 1. Turkiye 2004-2021 donemi Antep fistig1 agag sayilari, verim ve Uretim verileri
Table 1. Turkey 2004-2021 period Pistachio tree numbers, yield and production data

Meyve vermeyen

Meyve veren yasta yasta agac sayisi

Toplu meyveliklerin

Verim (kg/meyve  Uretim miktar:

Yil agac sayisi (adet) (adet) Endeks alani (dekar) veren agac) (ton) E11111 c[l;eelis
Year  Number of trees at Number of trees at Index Area of collective Yield (kg/fruiting Production
fruiting age (piece) non-fruiting age orchards (decares) tree) amount (tons)
(pieces)
2004 26500000 16000000 100.00 2200000 1 30000 100.00
2005 28000000 18491000 115.57 2410000 2 60000 200.00
2006 28264261 18462394 115.39 2414670 4 110000 366.67
2007 28463676 14939052 93.37 2256846 3 73416 244.72
2008 28667681 14032781 87.70 2253713 4 120113 400.38
2009 30143997 11461604 71.64 2144897 3 81795 272.65
2010 29617102 10562487 66.02 2212229 4 128000 426.67
2011 30868412 10419574 65.12 2338368 4 112000 373.33
2012 37150045 12428352 77.68 2835517 4 150000 500.00
2013 38116209 12006181 75.04 2813553 2 88600 295.33
2014 39329512 11152593 69.70 2823338 2 80000 266.67
2015 40597427 11632973 72.71 2914179 4 144000 480.00
2016 42570004 17192812 107.46 3134316 4 170000 566.67
2017 47765596 19460186 121.63 3288041 2 78000 260.00
2018 49557873 20529250 128.31 3545003 5 240000 800.00
2019 52060513 20983692 131.15 3662103 2 85000 283.33
2020 54548247 22721902 142.01 3818466 5 296376 987.92
2021 55464465 23698780 148.12 3894509 2 119355 397.85
Kaynak: TUIK, 2022
Cizelge 2. Tiirkiye 2015-2021 dénemi illere gére Antep fistig1 tiretim miktarlar: (ton)
Table 2. Turkey 2015-2021 period pistachio production amounts by provinces (tonne)
Diger iller Toplam
Yil Sanliurfa Gaziantep Siirt Adiyaman £ (ton)
Other
Year . Total
provinces L)
Uretim Uretim Uretim Uretim
miktari miktari miktari miktari
(ton) Endeks (ton) Endeks (ton) Endeks (ton) Endeks
Production Index Production Index Production Index Production Index
amount amount amount amount
(tonne) (tonne) (tonne) (tonne)
2015 47848 100.00 53109 100.00 11221 100.00 15368 100.00 16454 144000
2016 48106 100.54 75298 141.78 6713 59.83 18758 122.06 21125 170000
2017 28507 59.58 14762 27.80 7944 70.80 10440 67.93 16347 78000
2018 100107 209.22 90183 169.81 11301 100.71 24015 156.27 14394 240000
2019 31931 66.73 26343 49.60 12208 108.80 2667 17.35 11851 85000
2020 124534 260.27 100538 189.31 25624 228.36 25112 163.40 20568 296376
2021 38576 80.62 38443 72.39 26371 235.01 5907 38.44 10058 119837
Kaynak: TUIK, 2022
Jarque-Bera katsayis1 102.3468 (Probability = 0.0000), hesaplanmistir (Sekil 2; Sekil 3).
uretim serisinin normal dagilima uygun olmadigini Daha sonra, ARMA modeli duragan serilere
gostermektedir. Bu nedenle serinin normal dagilima uygulandigindan, logaritmik formdaki {retim

uygun ve duragan hale gelmesi i¢in logaritmasi
alinmigtir. Logaritmik seride Jarque-Bera katsayisi
1.874119 (Probability 0.391778) olarak
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serisinin duraganlhig: test edilmigtir. Bunun igin, 6nce
logaritmik serinin zaman yolu grafigi incelenmis ve
serinin sabitli ve trendli oldugu gézlemlenmistir. Daha
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sonra serinin otokorelasyon (ACF) ve kismi Uretiminde periyodisitenin varlhigi  bilindiginden
otokorelasyon (PACF) grafikleri incelenmistir. duragan bir stirecin ipuclarimi vermektedir. PACF

Korelogramda ACF degeri (6rneklem korelasyonlar)
0.64’ten baslayip yavasca azalarak sonmektedir. Bu
durum, tretim verilerinin incelenmesi ve Antep fistig1

degerlerine 6ncelikle AR (1) ve AR (2) modelleri uygun
olup, daha sonra MA siirecleri de eklenerek en uygun
model secilmistir (Sekil 4; Sekil 5).
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Kaynak: FAO, 2022
Sekil 1. Turkiye 1961-2021 dénemi Antep fistig1 Giretim miktar: degigimi
Figure 1. Turkey 1961-2021 period change in pistachio production amount
Cizelge 3. Antep fistig1 tretim serisi ADF test sonucu
Table 3. Pistachio production series ADF test result
Kritik degerler
Model Gecikme uzunlugu ADF istatistik Critical ‘i Jues Olasilik
Model Lag length ADF statistics 1% 5% 10% Probability
Uretim (sabitli) _ _ ]
Production (include intercept) 9 4.480990 3.565430 2.919952 2.597905 1.0000
Uretim (sabitli ve trendli) i i .
Production (include intercept and trend) 9 1.969158 4.14865 3.500495 3.179617 1.0000
Uretim (sabitsiz trendsiz) B B .
Production (without intercept and trend) 9 5.351002 2.611094 1.947381 1.612725 1.0000
Maksimum gecikme uzunlugu=10, kriter:AIC
*ADF: Augmented Dickey Fuller
Cizelge 4. Antep fistig1 Giretim serisi ZA test sonucu
Table 4. Pistachio production series ZA test result
Kritik degerler Gecikme Kirilma Sonug
Model Test istatistigi Critical values Lag Break Result
Model Test statistics o N o Maksimum gecikme : 4 Yil Birim kok
1% 5% 10% Maximum lag: 4 Year Unit root
A-Uretim (Sabitli) B B ) B a1
A-Production (include intercept) 0.771253 5.34 4.80 4.58 3 2006 Birim koklu
B-Uretim (Trendli) } } B B PR,
B-Production (include trend) 3.000835 4.93 4.42 4.11 3 2003 Birim koklua
C-Uretim (Sabitli Trendli) ] ] ] ] o
C-Production (include intercept and trend) 3.148846 5.57 5.08 4.82 3 2006 Birim koklua
Cizelge 5. Antep fistig1 tiretim serisi Perron test sonucu
Table 6. Pistachio production series Perron test result
Kritik degerler Gecikme Kirilma Sonug
Model Test istatistigi Critical values Lag Break Result
Model Test statistics o N o Maksimum gecikme : 4 Yil Birim kok
1% 5% 10% Maximum lag- 4 Year Unit root
A-Uretim (Sabitli) ] ] ] ] o
A-Production (include intercept) 1.875513 5.92 5.23 4.92 2 2005 Birim kokli
B-Uretim (Trendli) B B ) B TR,
B-f’roduction (include trend) 4.340605 5.45 4.83 4.48 2 2003 Birim kokli
C-Uretim (Sabitli Trendl) -4.281794 -6.32 559 -5.29 2 2001  Birim koklii

C-Production (include intercept and trend)
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Sekll 2. Uretim serisinin histogram ve istatistikleri
Figure 2. Histogram and statistics of the production
series
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Sekil 4. Antep fistig1 Uretimine iliskin logaritmik
serinin zaman yolu
Figure 4. Time path of logarithmic series for pistachio
production

Ancak yine de hatali bir sonuca ulasmamak i¢in,
serinin duraganlhg: 6nce deterministik trendli kayan
rassal yiiriiylis modeli (sabitli trendli model) ve sonra
kayan rassal yiiriiylis modeli (sabitli model)
yaklasimiyla Augmented Dickey Fuller (ADF) testi
birim kok sinamasi ile test edilmistir. Logaritmik
serinin deterministik trend igerdigi ve sabitli trendli
modelde diizey seviyede duragan davranig sergiledigi
ortaya konulmustur. Logaritmasi alinmig tretim
serisinin 6ngdri igin kullanilabilir olduguna karar
verilmistir (Cizelge 6).

En uygun modele karar vermek i¢in, modellerdeki
katsayilarin 6nemlilik testi sonucglarina ve tahmin
serisi ile orijinal serinin birbirine olan uyumuna
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bakilmigtir. Constant prob. katsayisi degerinin 0.05’in
altinda olmasi ve Akaike, Hannan- Quinn ve Schwarz
kriterlerine ait degerlerin diger modellere gore diisik
olmas: dikkate alinarak en uygun model se¢ilmigtir.
Buna gore diizeyde duragan olan ARMA (2,3) modeli
en uygun model olarak belirlenmistir (Cizelge 7;
Cizelge 8).

Sample: 1961 2021
Included observations: 61

Autocorrelation Partial Correlation AC PAC Q-Stat
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Sekil 5. Antep fistig1 tretimine iligkin logaritmik
serinin diizey otokorelasyon ve kismi
otokoreslayon fonksiyonu

5.  Level autocorrelation and partial
autocorrelation function of logarithmic
series on pistachio production

Figure

Modelin uygunlugu kalintilarin diagnostik testleri
(residual diagnostics) ile ortaya konulmustur. Modele
ait kahntilarin ACF ve PACF grafikleri, Q
istatistikleri, kalintilarin normal dagilim testi ve
ARMA yapis1 (AR Roots 0.92 ve MA Roots -0.79)
incelenerek modelin  6ngéri  i¢cin  kullamilabilir
olduguna karar verilmistir (Sekil 6; Sekil 7).

Modelin uygunlugu tespit edildikten sonra uretim
ongoruleri yapilmigtir. Secilen model ile Antep fistig:
uretimine iligkin dinamik ve statik tahmin yéntemleri
kullanilabilmektedir. Dinamik tahminleme ilk
ornekten baglayarak sonraki 6rnekler i¢in ¢ok adimli
ongoriileri hesaplamaktadir. Bir 6nceki yilin 6ngori
degeri tercih edilerek 6ngéri yapilir. Bu nedenle
gelecek yillara iliskin o6ngériide (ex-ante) dinamik
ongori yontemi kullanmilmigtir. Statik yontemde ise,
bagimli degiskenin 6ngéri degerleri yerine gergek
degerleri kullanmir. Yani o06ngoéri donemi igin
gerceklesmis gozlemlerin olmas1 gereklidir. Statik
yontem gerceklesen dénem icin (ex-post) ongérii
yapmak i¢in uygundur.
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Cizelge 6. Antep fistig1 tretim serisi ADF test sonucu
Table 6. Pistachio production series ADF test result
. . Lo Kritik degerler
Model Gecikme uzunlugu  *ADF istatistik Critical values Olasilik
Model Lag length ADF statistic 1% 5% 10% Probability
LnUretim (sabitli ve trendli) i i i .
LnProduction (include intercept and trend) 0 14.20522 4.118444 3.486509 3.171541 0.0000
maksimum gecikme uzunlugu=10, kriter:AIC
*ADF: Augmented Dickey Fuller
Cizelge 7. Antep fistig1 tiretimi ARMA modellerine iligkin istatistikler
Table 7. Statistics on pistachio production ARMA models
ARMA (1,1) ARMA (1,2) ARMA (2,1) ARMA (2,2) ARMA (2,3) ARMA (2,4) ARMA (2,5)
Sabit (Olasilik)
Constant (Probability) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
R-Kare (R-squared) 0.000664 0.599489 0.749816 0.740113 0.775728 0.731574 0.728950
Akaike bilgi kriteri (AIC)
Akaike information criterion (AIC) 3.097090 2.204885 1.793344 1.811979 1.653102 1.838585 1.845239
Schwarz kriteri (SBC)
Schwarz criterion (SBC) 3.235508 2.343303 1.931762 1.950397 1.791520 1.977003 1.983657
Hannan-Quinn kriteri 3.151338 2.259132 1.847591 1.866227 1.707350 1.892833 1.899486
Hannan-Quinn criterion
Cizelge 8. ARMA (2,3) modeline iliskin istatistikler
Table 8. Statistics on the ARMA (2,3) model
.. . Katsay1 Standart hata T- istaistigi Olasilik
Degisken (Variable) Coefficient Stantard error T-statistic Probability
C 1.039041 0.504484 20.59611 0.0000
AR(2) 0.852034 0.088098 9.671427 0.0000
MA(3) 0.490261 0.103359 4.743298 0.0000
SIGMASQ 0.254971 0.045455 5.609260 0.0000
Diger istatistikler (Other statistics)
R-Kare (R-squared) 0.775728
Ayarlanmis R-Kare (Adjusted R-squared) 0.763924
Akaike bilgi kriteri (AIC) (Akaike information criterion
(AIC) 1.653102
Schwarz kriteri (SBC) (Schwarz criterion (SBC)) 1.791520
Hannan-Quinn kriteri (Hannan-Quinn criterion) 1.707350
Ters AR kékleri (Inverted AR roots) .92 -.92
Ters MA kékleri (Inverted MA roots) .39-.681 .39+.68i1 -.79
10
Series: Residuals
] Sample 1961 2021
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] Mean 0.060427
6 I Median 0.097985
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Sekil 6. Modele ait kalintilarin normal dagilim test grafigi
Figure 6. Normal distribution test plot of model residues
Her iki yonteme iligkin olarak 1961-2021 willan U2 katsayilari incelenmigtir. Dinamik 6ngéri

arasindaki tUretim verileri ongoriler ile
karsilastirilmig ve Theil Esitsizlik Katsayilar: ve Theil
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metodunda Theil Esitsizlik Katsayis1 0.585372 ve
Theil U2 Katsayis1 0.759199 olarak bulunmustur.
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Statik 6ngéri metodunda ise, Theil Esitsizlik
Katsayis1 0.228308 ve Theil U2 Katsayis1 0.570931
olarak bulunmustur. Ongord dogruluguna iligkin
Theil Esitsizlik ve Theil U2 Katsayilarinin uygun
oldugu kabul edilmistir. ARMA (2,3) modeli ile beg
yillik 6ngéri yapilmigtir.

Tiirkiye'nin Antep fistig1 iretimine iliskin ARMA (2,3)
yontemi kullanilarak yapilan bes yillik 06ngéra
degerleri  Cizelge 9da  go6sterilmigtir. Yapilan
ongorilere gore Turkiye'nin 2022 yilinda Antep fistig:
uretiminin 2021 yilina gére %58.93 oraninda artarak
189.697 tona ulasacagi éngorilmektedir. Antep fistig1
tretiminin 2023 ila 2026 yillarinda sirasiyla 130.100,
168.100, 105.982, 132.166 ton olarak gerceklesecegi
ongorilmektedir. Yillar itibariyle tretim miktar: bir
yil artarken, diger yil azalarak devam edecektir. Bu
durum, Antep fistiginda goriilen periyodisiteden
kaynaklanmaktadir. Bununla birlikte periyodisite
etkisinin yillar itibariyla azalacagi 6ngorilmiustir. Bir
onceki yila goére Antep fistig1 Uretim miktar1 2017
yilinda %54.12 oraninda, 2019 yilinda %64.58
oraninda azalirken, 2023 ve 2025 yillarinda ise bu
azaliglarin sirasiyla %31.42 ve %37.13 oraninda
gerceklesecegi 6ngérillmistiir. Uretimin 2024 sonrasi
diisme egilimine girdigi ve periyodisitenin devam
edecegi soylenebilir (Cizelge9; Sekil 8).

Research Article
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0 i 16 -0.088 0080 12.091 0553
g J 17 -0.048 -0.013 12294 0.657
q | I 18 -0.047 D113 12480 0710
| =0 | F 19 0205 0.143 15322 0.501
| 20 0.001 0.017 16.323 0.570
{ ! ! {21 0.028 -0.102 16,397 0631
q | |22 0106 -0.082 17,500 0520
g a |23 -0.074 -0.173 18.050 0645
| ' |24 0,007 -0.204 18.063 0.702
| I - |28 0155 0148 20772 0555
=k i [26 0156 0102 23.432 C48e
e ' |27 0178 -0.100 27.029 0.354
g N | | 28 0.044 -0.037 27.257 0356

Sekil 7. Modele ait kalintilarin ACF ve PACF grafikleri
(Q istatistikleri)
Figure 7. ACF and PACF graphs of model residues (€
statistics)

Cizelge 9. Antep fistig1 iiretim 6ngériilerine iligkin veriler (ARMA (2,3))
Table 9. Data on pistachio production forecasts (ARMA (2,5))

Yillar (Years)

Uretim tahminleri (ton) (Production forecasts (tonne))

Endeks 2021=100 (Index 2021=100)

2022 189.697

158.93

2023 130.100

109.00

2024 168.583

141.25

2025 105.982

88.80

2026 132.166

110.73

300,000
250,000
200,000
150,000
100,000

50,000

0

65 70 75 8 8 90 9 00 05 10 15 20 25

—— URETIMFDINAMIK2226 —— ton
Sekil 8. Antep fistig1 Giretim miktarina iligkin ge¢mis
yillara (1961-2021) ait veriler ile gelecek
yillara (2022-2026) yénelik éngériiler
Figure 8 Data on the amount of pistachio production
for the past years (1961-2021) and
projections for the coming years (2022-2026)

TARTISMA VE SONUC

Bu arastirmada, 1961-2021 doénemi verilerinden ve
ARMA (2,3) modelinden yararlanarak Tiirkiye'nin
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2022-2026 donemindeki Antep fistig1 Gretim miktar
tahmin edilmigtir. Arastirma sonuglarina gore,
Turkiye'de Antep fistig1 Gretiminin gelecek bes yillik
dénemin sonunda %10.73 artarak, 2026 yilinda
132.166 ton olarak gerceklesmesi beklenmektedir. Bu
artisin temel nedeninin son yillarda yeni kurulan
fistik bahcelerinin sayisinda meydana gelen artig
oldugu dustnitlmektedir. Ayrica 2022 ila 2026
yillarinda Antep fistiginin periyodisite 6zelligi
nedeniyle Antep fistig1 Giretim miktarinda yildan yila
dalgalanmalarin yasanmasi beklenmektedir.

Yeni kurulan Antep fistig1 bahgeleri 2016 yili itibariyle
artig gostermistir ve agaglarin verime yatma siiresi
ortalama 10-12 yil oldugundan iretim miktarinda
2026 yihi itibariyle artig beklenmektedir. Bu durum
ureticiler acisindan daha fazla riin satis1 imkani ve
tiketiciler igin Antep fistigina daha uygun fiyata
ulagsma imkan saglayabilir. Ancak bu durum aym
zamanda piyasada mevcut i¢ talebin lUzerinde arz ile
kargilagilmasina da neden olarak Antep fistig1
fiyatlarinda disiis yasanmasini ve Ureticilerin eline
gecen fiyatlarin azalmasina yol acgabilir.
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Turkiye'deki Antep fistig1 tliretiminde verim diizeyi
disuktiur. Antep fistig1 veriminin artirilabilmesi igin,
periyodisite egilimi diisiik olan gesitler tercih edilmels,
Turkiye'de yaygin olarak uygulanan kira¢ ve taghk
arazide yetigtiricilik yerine sulama imkani olan
araziler tercih edilmeli ve sulu kosullarda iretim

yapilmalidir. Ayrica, bu konudaki Ar-Ge
calismalarinin  yayginlastirilmasinin, treticilerin
egitim seviyesinin yiikseltilmesinin ve {retimde

modern tekniklerin kullanilmasinin da verimi olumlu
yonde etkileyecegi beklenmektedir.

Turkiye, Antep fistig1 tiretimindeki bagarisini ihracata
yansitamamigtir ve potansiyelini gerceklestirebilmesi
icin oncelikle diinyada talep goéren iri ve q¢itlak
cesitlerin Uretiminin yayginlagtirilmasi
gerekmektedir. Tirkiye Antep fistig1 i¢ piyasa
fiyatinin dis piyasa fiyatindan daha yluksek olugmasi,
ureticilerin UrlUnlerini i¢ pazara slrmesini tesvik
etmektedir. Antep fistig1  veriminde artig
saglanmasiyla bu sorunun oOntine gecilebilecektir.
Ayrica reklam ve tanitim faaliyetlerinin yapilmasi,
gida giivenligine gereken 6nemin verilmesi ve ihracat
yapan firmalar {zerindeki Dburokratik yikiin
azaltilmas1 ihracat miktarinin artmasina yardimci
olacaktir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catismas1 Beyani

Makale yazarlar1 aralarinda herhangi bir cikar
catismasi olmadigini beyan ederler.
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ABSTRACT Agricultural Economics
The main purpose of this study is to investigate the impact of subsidies .
on dairy farm profits in Turkiye. To satisfy this objective, the Treatment Research Article
Effect and Switching Regression models were used. The assessment may Article Hi
conclude that revenue will grow, decline, or remain unchanged. The R tlc_ € dlstory‘ 06.12.2092
sample size was determined as 662 by using the number of dairy cattle Aecelve d ) 20'03'2023
in the enterprises in 12 provinces and the stratified sampling method. In EECRE CaTEe
this study, the status of dairy cattle farms benefiting from subsidies, the

i . . . e Keywords
socioeconomic factors affecting this level, and the effects of subsidies on . T

. . Livestock subsidize,

the profit of the farms were analyzed. According to the results, 70.1% of Support

dairy farms benefited from livestock subsidies. Moreover, farm size,
cultivated area, forage area, lactation period, milk productivity, gross
profit, and net profit have positive and statistically significant effects on
livestock subsidies. According to the results of the treatment effect model,
benefitting from farmers’ support will increase farmers’ revenue and
profit. The benefits from livestock subsidies of farmers will increase the
gross production value by approximately $8636.4. This is important for
the sustainability of agricultural activity. The research findings will
provide valuable information for the Ministry of Agriculture and
Forestry, and policymakers.

Dairy cattle farming,

Farm profit,

Treatment effect,
Switching regression model

Tirkiye'de Siit Sigircihginda Uygulanan Desteklerin Igletme Karlihig: Uzerine Olan Etkileri

OZET Tarim Ekonomisi
Bu c¢alismanin amaci Tirkiye'de st sigirciligl yapan tarim
isletmelerinde desteklemelerin Uretici karlhiligi tizerine olasi etkilerini Aragtirma Makalesi

ortaya koyaktir. Arastirmada yontem olarak Muamele Etkileri ve

Switching Regresyon Modelleri kullamilmigtir.  Stut Sigirciliginda Makale Tarihgesi
tesviklerin kullanilmasinin igletme karhligin1 arttiracagi, azaltacagi Gelig Tarihi  :06.12.2022
veya degistirmeyeceginden yola cikilmistir. Bu amacla 12 ildek: Kabul Tarihi :20.03.2023
isletmelerde bulunan sut sigir1 sayis1 ve tabakali 6rnekleme yontemi

kullanmlarak 6nek biyiiklugi 662 olarak belirlenmistir. Isletmelerin Anahtar Kelimeler

desteklerden yararlanma durumlari, bu diizeye etki eden sosyoekonomik Hayvancilik sibvansiyonlari,
faktorler ve desteklerin igletme kari Uzerine olan etkileri analiz Destek,

edilmigtir. Aragtirma sonuglarina gore, Anket yapilan Sut sigircilig: igletmeleri,
isletmelerin  %70,1'1 siit sigirciliginda uygulanan desteklerden Isletme kar,
yararlanmaktadar. isletme genigligi, toplam ekim alani, yem bitkisi ekim Muamele etkileri,

alani, laktasyon siiresi, siit verimliligi, briit kar ve net kar ile igletmelerin Switching regresyon modeli

sut sigircihigi  desteklerinden yararlanmalari arasinda pozitif ve
istatistiki olarak oénemli bir iligki vardir. Isletmelerin desteklerden
yararlanma durumu gayrisafi tiretim degerini yararlanmadigi duruma
gore yaklagik 8636.4 $ civarinda artiracaktir. Bu, tarimsal faaliyetlerin
surdurulebilirligi igin énemlidir. Arastirma bulgular1 Tarim ve Orman
Bakanlig: ve politika yapicilar i¢in degerli bilgiler saglayacaktir.

Ataf Sekli: Akbay, C., & Bilgic, A. (2023). Tiirkiye'de Stt Sigircihiginda Uygulanan Desteklerin Isletme Karlihgi Uzerine
Olan Etkileri. KSU Tarim ve Doga Derg 26 (4), 888-901. https://doi.org/10.18016/ksutarimdoga.vi. 1214182
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INTRODUCTION

Among the most important problems that societies
encounter, a balanced diet, and adequate nutrition are
major problems (Akbay & Ahmadzai, 2020; WHO,
2022). Dairy products play a significant role in meeting
the daily protein needs of humans. Livestock farming
is one of the sub-branches of farming that meets the
basic needs of foodstuffs, notably meat, milk, and eggs,
and has a significant role in the development of the
countries.

Livestock farming is of particular importance in
developing and developed countries. For instance, the
ratio of the livestock sector to the total farming income
is an average of 44.6% in the European Union (EU) and
this ratio has increased to 70% in some EU countries.
In Turkiye, livestock farming accounted for
approximately 56% of the agricultural production
value in 2020 (TUIK, 2022).

In Turkiye, cow's milk constitutes 90.5% of the total
milk production of 23 million tons. Despite a decrease
in the number of dairy cattle in Tirkiye, the number of
native cattle breeds is decreasing, and cultured cattle
breeds are increasing significantly. For example, while
the share of culture breed ratio was only 10.6% in 1990,
it increased to 49.4% in 2019 (TUIK, 2022).

Although the ratio of livestock to the gross domestic
product is low, the importance of the sector continues
to increase due to the strategic nature of animal
products. Supporting the sector in Tirkiye, both to
enhance livestock and to raise the share of livestock in
farming, is indispensable not only for adequate and
balanced nutrition of the society but also for the
surveillance of the population residing in rural regions.

Dairy farming is a significant sub-branch of livestock
that contribute to national development in many ways.
A significant part of people residing in rural areas
earns their lives doing livestock farming activities. In
Turkiye, among the most important problems of
livestock, farms that are mostly small and scattered,
low productivity rates compared to developed
countries, inadequate lack of policy implementations
and factors such as inadequate subsidization can be
counted. Studies conducted in different regions
regarding dairy cattle farms in Turkey show that there
are structural problems in the sector. These structural
problems mostly arise due to the financial difficulties
of dairy farms. The solution to the problems will only
be possible with the monetary incentives of the state,
and the adoption of innovations in animal husbandry
(Boz et al., 2011; Akbay & Akdogan, 2022; Kilic &
Eryilmaz, 2020).

Among the most important livestock policies in EU are
the spread of the cooperative system and the activities
carried out mostly by organized farmers of livestock,
sufficient production of forage, adequacy of product
processing and storage facilities, the spread of animal
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product processing industry branches, and improving
marketing opportunities for animal products. Since
Turkiye is in the stage of membership to the EU,
livestock should be supported by more rationalist and
economic policies. In this context, Tiurkiye entered into
negotiations with the EU on also farming, the
effectiveness of policies that meets the demand in the
livestock sector give importance to livestock animals’
health, increase productivity and the income of the
farms are indispensable should be analyzed.

The general objective of the subsidization policy was
stated, as is expected, as "adequate nutrition of the
population, increasing efficiency in farms, increasing
income of animal breeders, reaching self-sufficiency in
dairy foods and ensuring rural development.” The
share of total livestock support, 4.45% in 2002,
increase to 30.0% in 2020 (Official Gazette, 2022). In
Turkiye, to improve the conditions of the livestock
sector that have recently become difficult, the Ministry
of Agriculture and Forestry has developed some
regulations and policies. Livestock support and
subsidizations have been given to the dairy cattle
farms for the purchase of culture breeding animals, to
calves and crossbreeds that were born from artificial
insemination, to the raw milk that has been produced,
to the cattle in farms that are free from diseases, and
to the cattle to which Brucellosis S-19 and alum
vaccine were injected (Official Gazette, 2022).
However, these subsidies have been paid under certain
limitations and conditions. For instance, payments,
which differ according to whether the rootstock cattle
are registered to studbook or not, are made to the
breeders that are registered to a completed parent
livestock organization that is at the national level, that
are registered to a database of animal identification
system and studbook and pre studbook system (e-
reclamation), which have at least five rootstock cattle
that are culture breeds or crossbreeds.

In Turkiye, the majority of studies have been
conducted on livestock policies and economic analyses
of livestock farms. However, there are almost no
studies on the effects of dairy subsidies on livestock
farm income. In this regard, most previous studies
have analyzed their separate impacts on the dairy
sector using various types of data and econometric
methods. These studies analyzed either the effects of
subsidies on farm production, cost, revenue, and profit
(e.g. Henningsen et al., 2011; Trnkova et al, 2012;
Bezlipkina et al, 2001; Semerci & Celik, 2017) or
technical and economic efficiency (Zhu et al., 2008;
Latruffe et al., 2011; Vozarova & Kotulic, 2016; Agir
and Akbay, 2022). This study considers these two
major developments simultaneously, enabling a more
complete analysis of subsidy effects on dairy farm
performance.

The main objective of our study is to analyze the effects
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of subsidies on breeders’ income, mainly on dairy Nh .
livestock, and to research how to enhance its efficiency. n, = Z—N n (2)

h

With the data that will be derived from the research,
the contributions are expected to provide an increase
in the productivity and the breeders’ income in
livestock farming, notably the production incentives,
and the applied livestock support, the strategies for
effective farming policies on livestock subsidies are
based on original data by presenting examples of the
results. Considering the probable increase, decrease,
or pegging of the profitability of the farmers using
incentives, we used the treatment effect model (TEM)
because of its known theoretical properties and
popularity, which allows for comparisons with other
studies. Since this model searches for the effects of
incentives on the profitability of farmers on dairy
livestock, and because it is the first in Tirkiye and
since there are no known studies, this paper will
provide significant contributions.

MATERIAL and METOD

The main material of this study is composed of data
derived from a survey of dairy cattle farms in 2014.
The research was carried out in 12 different located
provinces (Balikesir, Adana, Konya, Sivas, Erzurum,
Malatya, Sanlurfa, Samsun, Tekirdag and Ankara)
that were chosen considering the number of cattle. At
least three districts were chosen in those provinces,
considering the benchmarks of their capacity to
represent the province in terms of livestock, socio-
economic characteristics, and agricultural potential. In
these districts, at least three villages were chosen
considering the same benchmarks. After determining
the villages in the research, dairy farmers were
selected. In the determination of the farmers, the
number of cows, heifers, female calves, and calves was
obtained from Cattle Breeders Association (CBA). The
base number of cows was determined as at least five.
The appropriate sample size was determined using the
stratified random sampling method (Yamane, 2001):

NS o’
N?D?+> N,S;

where n is the sample size; N 1s the number of farmers
in the population; Nn = Number of units in the hth
strata for h =1,...,5; Sn = Standard deviation in the htk
strata; e = Percentage error allowed by the average of
the population; t = t-table value corresponding to the
allowed confidence interval. In the sample, 5% errors
and 95% confidence intervals were considered. To
achieve the targeted objectives of this study, the
sample size was determined to be 662 by considering
the rate of distribution in the provinces. The number
of samples in each stratum (nn) is determined by the
following formula:

eY)
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According to the formula, 27.9% of the holdings are in
<10 farm size group, 54.6% are in the group with 10-30
animals, and 27.9% are in the >30 farm size group. In
a way to represent the production regions and taking
into account the total number of animals in the
provinces, surveys were conducted with 87 farmers
from Konya, 90 from Erzurum, 79 from Balikesir, 85
from Izmir, 73 from Sivas, 44 from Adana, 50 from
Samsun, 34 from Denizli, 36 from Ankara, 28 from
Tekirdag, 29 from Sanlhurfa, and 27 from Malatya
province. To gather better information from
questionnaire forms, some support was received from
experienced, leader farmers who are trusted and well
known among the farmers. Besides, the increase in the
reliability and intelligibility of the survey,
misunderstood and open-ended questions were
corrected by conducting a preliminary survey.

In this study, considering the probable increase,
decrease, or pegging of farmers’ profitability by using
support for livestock (Chandel et al., 2019), a TEM was
developed. Our statistical model includes two
variables: Profit variable (y) with a continuous feature
and government incentive variable (d) with a binary
selection feature. Due to the impossibility of being
present in both cases, the farmer either receives or
does not receive animal support. The possible net profit
or gross revenue is unknown when the farmer does not
benefit from the state-aid animal subsidy program. In
this case, as a solution, such a gap was filled by
selecting farmers with the same characteristics but not
receiving animal support to create a match to the net
profit or gross revenue, which would have been the
case if the farmer had not benefited from animal
support. To consider empirical details, suppose we are
comparing the effect of an endogenously determined
variable, or binary variable, in combination with other
factors, on the dependent variable ‘y’, the profit
variable:

y=x'pg+yd-v (3)
Where ‘A was determined by the stochastic binary
probit function as:

d=1if Za—-u>0
_o (4)

if Za—u<0.
In equations (3) and (4), x and zrespectively represent
the vector of exogenous variables, f and a sets are

estimated parameter vectors corresponding to the
factor sets x and z and yis the scale parameter that

captures the effect of an incentive program. V and u
are disturbance terms and their average is 0, their
standard deviations are (o, 1) with their linear
correlation (p), all being independently and normally
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distributed. The model stated in equations (3)-(4) is
known as the TEM. The intention of ‘treatment’
conveys the incentives or subsidies program applied to
the farmers by the Ministry of Agriculture and
Forestry. In other words, it evaluated the possible
effects of an incentive program on farmers’ profits.
This model has been expanded with different studies
and ways. The most common use of it is the switching
regression model (SRM) (Barnow et al., 1980; Angrist,
2001; Greene, 2012; Heckman et al., 2003; Kasteridis
& Yen, 2012; Maddala, 1986; Rosenbaum and Rubin,
1983):

y,=XpB+y-v, if d=1 (or if u<z'a)
Yo =X =V, if d=0 (or if u<z'a),

Here y1 and yo represent the farm’s profit in the
presence and absence of the agricultural subsidy

program, respectively, while Bl andBo respectively

represent the estimated coefficient vectors related to
the benefits from incentives (d = 1) and without
incentives (d = 0). The three-variable average of the

error terms (Vl,VO,U) 1s zero and the standard

deviations corresponding to them are Oy O, 1 with

the normally distributed variance-covariance matrix
as:

A 0) o7 0 P01
Vo [~ N[|O}0 o Pouo ©
Ol Puo1  PouCo 1

The covariance between V; and V, is assumed to be

equal to zero since it is impossible for the farmer to
benefit from and not benefit from animal support at
the same time. The certain discrimination in the model

conveys only one condition out of the two cases. Py, and

Py, terms respectively give the correlation between v;
(G=1,0) and w.

Besides, if Bl = Bo, o, =0, and Py, = Py, coefficient

restrictions were transferred into the practice of
equation, SRM was degraded to TEM which was
indicated in equations (3) and (4). Two staged
estimation method (Maddala, 1999) creates consistent
but insufficient estimations. We have applied a more
efficient (full information) maximum likelihood
technique. This does not require a covariance matrix to

be corrected, more importantly, it enables P;, and Py,

to be estimated simultaneously, which is impossible for
a correlation coefficient in a two-stage estimation
method.

The log-maximum likelihood function for SRM is as
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follows:
L :Hfz/a f (y,— x'B, —y,u)du Hfm F(y, —x'By,u)du
d=1Y ~ PRl
1 [y —XB—v] | Zatp, (v, —XB,~1) /0,
= Hi(b (D - 2 \1/2
10, S, (1_p1u)
1 o_xl o o+ ou O—X, /o,
xH—q)y Bo |l p(y“/zB) } @)
4-0 O G (1_p0u)

where ¢(-) and ®(-) symbolize the probability density
function (PDF) and cumulative distribution function

(CDF). When P,=P,, o,=o0,, and P, =P,

parametric constraints are put into practice in
equation 7, the maximum likelihood function for TEM
will be derived. Whether SRM outperforms TEM in
terms of fit to data can be calculated with the help of
three conventional tests (Wald, Lagrange Multiplier,
and Likelihood Ratio). The expected profit of the
farmer when benefiting from agricultural incentives
(regime 1) and not (regime 2) is as follows:

E(yl | d :1) - X/B1—|—’Y— E(V1 |U < Z/OL)
o(z'a)

Dd(z'a)

E(y,|d=0)=xB, —E(v, |u>27'a)
o(z'a)

1-®(Z'a)

Treatment effects can be derived from both SRM and
TEM models. Primarily, Treatment Effect (TE) on
farm profits depends on incentive use for the SRM
model is indicated in the following equation:

= XIB1 +vy+ P10 (®)

/
=X Bo ~ PO

TE =E(y,|d =1)—E(y, |d =0)

o(z'ar) v
q)(z,a)] [XBO P0,%

¢(z'r)

_RLH (9
1-d(z'ar)

= XlBl + y + plucl

It equals the difference in the expectation of profit
between the use and disuse of agricultural supports.
Average Treatment Effect (ATE) and Treatment Effect
on the Treated (ATT) are indicated, respectively:

ATE = XIBl o X/BO = (B1 _Bo)lx
ATT =E(y,|d =1)—E(y,|d =1)

o o(z'0) | [/ o(z'0r)

- [X Bl+p1u61 (D(Z/(X)] (X Bo +p0u60 (D(Z/(X)

_ _ ¢(z'a) (10)
ATE + (p,,0, — P5,50) o)

ATT is the difference between the variable of profit
when the farm received the incentive and the profit the
farm would have had if it had received the incentive.
The effects of the incentive program on untreated
farmers’ profit can be derived similarly, as well. The
treatment effect is shown as follows:
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TE =E(y|d =1x,2)—E(y|d =0,x,2)
o(z'a)  —¢(z'a)
D(z'a) 1-d(Z'a)
o(z'ar)
O(Z'a)1-D(Z')]|

Providing that the correlation coefficient is p = 0, the
treatment effect equals ‘y’. This outcome corresponds

=Y-+po pc

(11)

=vy+po

with the average treatment effect. On the other hand,
ATT is the difference between the treated farms’
average profit and the ordinary profit of those farms on
the condition of being untreated. This is simply equal
toy +2pcp(2'ax) | P(z'x) .

The MAF naturally connects a treatment to the
presence of another program. For example, for farmers
to get the incentive for a calf born from artificial
insemination, they must have the Brucellosis S-19
vaccine injected into their female livestock. Under such
a condition, the effects of sequential treatment on farm
profit are derived according to a similar event. Here,
the socio-demographic factors of both farms and
farmers (education, age, gender, marital status,
number of livestock, territory, distance from city
center, milking system, other agricultural or non-
agricultural activities, loan usage, number of years of
treatment etc.) are included. The factors affecting
treatment will be derived similarly and not let the
identification problem between the two variables
occur; some variables will be excluded in only one
model, and vice versa. To prevent a probable bias, the
variance in the prices affecting the profit in terms of
input, output, and local differences will be considered.

Incentives, which are among the integrative aims of
the research, to analyze the effects of treatments on
producers’ profits, primarily the cost of milk, increase
in the productive value of the stock (PVS), and the
value of gross output and net profit need to be
calculated.

The gross output value is calculated by multiplying of
the amount of produced milk and milk prices that
producers obtain and with the addition of PVS and
fertilizer income. PVS will be determined by extracting
the value of herd at the beginning of the year and the
value of purchased animals from the end of year herd
value, the value of sold animals, and the total value of
animals.

Gross profit is the gross output value minus variable
expenditures and net profit is calculated by
subtracting production expenditures from gross output
value (Karagolge, 1996). Expense items related to milk
costs are classified as fixed and variable costs (Kiral et
al., 1999). The variable cost of milk production consists
of forage cost, occupational rate, salt, veterinary and
medicine, insurance, artificial insemination,
electricity, water, bearing, and cleaning material costs.
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Fixed costs consist of the family and permanent labor
force, general administrative expenses, amortization,
and capital interest costs.

RESULTS and DISCUSSION

To analyze the effects of incentives on dairy cattle
farming in terms of productivity, gross production
value, and net profit, TEM and SRM were both used.
According to the results, the average age of the farmers
who engaged in dairy farming was 45.9 years old, the
majority of farmers (66.2%) had primary education,
and the average household size was 5.2 persons (Table
1). Moreover, the variance inflation factor indicated
that there was no multicollinearity between the
independent variables.

In the first stage, the gross production value equation
is analyzed. Here, primarily the TEM equation
outcomes and later the SRM equation outcomes will be
discussed. To eliminate the endogeneity problem in the
probability of obtaining an animal support equation
and gross production value or net profit equations,
some significant variables were included in the
probability of getting dairy cattle subsidies but
excluded from the outcome (e.g., net profit). Similarly,
while some variables were included in the value of
gross output or net profit variable equations, they were
excluded from the equation of the decision to have
dairy cattle incentives. This attitude is considered a
solution to the problem of endogeneity.

According to the analysis outcomes in the TEM (Table
2), after the controlling explanatory variables in the
system, the effect of uncontrolled factors affecting the
relationship between the decision to receive subsidies
from the state and the gross production value is very
strong and positive. In this context, in the variable of
the probability of getting animal incentives, one
standard deviation change, and in the variable of total
revenue, it will move along with an approximately 0.97
standard deviation change (p<0.01) or vice versa.

Whether the correlation coefficient in The TEM is zero
or not, in other words, the basic hypothesis (shortage)
alleges there is no linear relationship between the
equation of the likelihood to get animal incentives and
the equation of the gross output value should be tested.
In this context, against the theorem in a basic
hypothesis that alleges there is not a simultaneous
relationship between the equations should be tested.
The likelihood ratio test (LR) was adapted by
considering the two-stage model considering zero
correlation coefficient (p) and the simultaneous model
considering a set of correlation relationships:

LR = - 2*(LL-probit + LL-selection — LL-simultaneous
selection)

where, LL-probit is the log-likelihood function value
that measures the equation of likelihood of getting
animal incentives and belongs to the independent
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probit model, LL-Selection is an independent ordinary
least squares method that also contains variable of
inverse mill ratio, or log-likelihood function value in
the equation of gross output, that can be measured by
the maximum likelihood method, and LL simultaneous

selection contains the log-likelihood function value in
simultaneous TEM. The LR test value was calculated
as 76.74 and was found to be statistically significant
(p<0.05), supporting the simultaneous determination
of both equations.

Table 1. Descriptive statistics for variables on the model
Cizelge 1. Modeldeki degiskenlere ait tanimlayici istatitikler

Std.

Variables Unit Mean dev. VIF
Total revenue TL/1000 111.877 88.105
Benefit status from animal
supports If benefits 1, otherwise O 0.684 0.465
Total amount of support TL/1000 4.882 6.206
Secondary school graduate Middle school graduate 1; otherwise 0 0.172 0.378 1.289
High school graduate farmer High school graduate 1; otherwise 0 0.166  0.372 1.366
University graduate farmer University graduate 1; otherwise 0 0.041 0.199 1.202
Household size Number 5.235  2.192 1.171
Age of farmers Year 45.940 11.861 1.406
Membership status to CBA A member of the DSBY 1; otherwise 0 0.507  0.500 1.667
Cooperative membership status  a co-operative member 1; otherwise 0 0.879 0.326 1.544
Having record system in farms Have record system 1; otherwise 0 0.906 0.293 1.331
Input-output recording status Keep input-output records 1; otherwise 0 0.156  0.363 1.245
Stud book recording status Farm records stud book 1; otherwise 0 0.533  0.499 1.191
Barn type Farm has off-barn 1; otherwise 0 0.172 0.378 1.244
Milking type Milking through machinery 1; otherwise 0 0.763  0.425 1.757
Producing silage in farm Farms produce silage 1; otherwise 0 0.522  0.500 2.026
Having culture breeding in farm  Having culture breeding 1; otherwise 0 0.801 0.399 2.556
Having cross breeding in farm Having cross breeding in farm 1; otherwise 0 0.030 0.170 1.241
Aegean Farm is in the Aegean region 1; otherwise 0 0.180 0.385 1.782
Mediterranean Mediterranean region 1; otherwise 0 0.061 0.240 1.475
Central anatolia Central Anatolia region 1; otherwise 0 0.161 0.367 1.649
Southeastern anatolia Southeastern Anatolia region 1; otherwise 0 0.084 0.278 1.618
East anatolia East Anatolia region 1; otherwise 0 0.265 0.442  3.080
Farm size (= 0) Farm without agricultural land 1, otherwise 0 0.066 0.249 2.095
Farm size (0 — 100) Less than 100 decare 1, otherwise 0 0.614 0.487 1.174
Farm size (101 — 250) Between 101-250 decare 1, otherwise 0 0.245 0.430 1.805
Numbers of animal (10 — 30) Have animals between 10-30 1, otherwise 0 0.556 0.497 3.461
Numbers of animal (> 30) Have animals bigger than 30 1, otherwise O 0.175 0.381 2.753
Milking animal share Share of milking animal in total livestock (%) 0.666 0.167 1.593
Farmers that grows feed crops If farmer grows feed crops 1, otherwise 0 0.589  0.492 1.972

*1US$=2.2TL

When the factors that affect the likelihood of getting
animal incentives are viewed from a statistical
perspective, compared to the farmers with elementary
school degree and those who are either illiterate or
literate but without an elementary school degree, the
farmers who are middle school, high school and college
graduates have an increasing ratio of using incentives;
however, only college graduates are statistically
significant (p<0.05). Farmers who are members of the
breeding cattle cooperative have an increased
likelihood of using incentives compared to non-
cooperative members (p<0.001). In another similar
situation, farmers who are members of any cooperative
compared to those who are non-cooperative members
are more likely to use incentives; however, the increase
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is not statistically significant.

In farms, although income and pedigree holders are
more likely to use animal incentives than those who do
not, both variables are not statistically significant.
Similarly, the likelihood of off-barn-type farms’
benefitting from animal incentives has been increasing
compared to the open barn-type farms (p<0.10). The
off-barn-type farms operate more organized based on
intensive technology and labor and are more willing to
receive the incentives than the open barn-type farms.
On the other hand, farms that carry out milking
through machinery are more likely to increase the use
of incentives rather than farms that carry out milking
conventionally by hand (p<0.05). Machinery milking
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farms are known as technology-intensive farms and
their level of knowledge about the environment is more
sensitive than other farms, therefore it is assumed that

they are more likely to benefit from government-led
incentives.

Table 2. Maximum likelihood parameters of treatment effect model for total revenue
Cizelge 2. Toplam hasilat icin muamele etki modelinin en yiiksek olabilirlik parametre degerleri

Probability of receiving animal

Total revenues

Variable support

Parameter t-value Parameter t-value
Constant -0.4064 -0.54 38.4049* 1.82
Secondary school graduate farmer 0.4479 1.49 19.7682%** 3.10
High school graduate farmer 0.3272 1.27 8.2112 1.18
University graduate farmer 0.9685%* 2.28 18.3062* 1.87
Household size 0.0100 0.21 -0.9091 -0.93
Age of farmers -0.0041 -0.50 0.0893 0.43
Membership status to CBA 1.0561%** 4.97 35.8772%** 6.64
Cooperative membership status 0.4387 1.39 18.8487* 1.70
Having record system in farms -0.2619 -0.83 0.1474 0.01
Input-output recording status 0.2909 1.07 8.4411 1.40
Stud book recording status 0.0883 0.49 9.1412% 1.88
Barn type 0.5251* 1.69 3.8131 0.58
Milking type 0.5419** 2.31 21.1155%** 2.64
Producing silage in farm 0.3606 1.43 18.5260%** 2.96
Having culture breeding in farm 0.7064** 2.08 26.0593%* 2.34
Having cross breeding in farm 1.0361** 2.21 26.7292 1.50
Aegean -0.4734 -1.49 5.8183 0.84
Mediterranean -1.1639 -1.24 -25.5407** -2.26
Central Anatolia -0.5647* -1.65 0.3261 0.05
Southeastern Anatolia -1.1139*** -3.95 -41.4253%** -4.2
East Anatolia -0.9045%** -3.50 -37.1412%** -3.87
Farm size (= 0) -0.1563 -0.24 -7.6948 -0.55
Farm size (0 — 100) -13.7026* -1.90
Farm size (101 — 250) -12.3636* -1.76
Numbers of animal (10 — 30) 41.0207%** 7.42
Numbers of animal (> 30) 158.0910%** 26.88
Milking animal share -0.4999 -1.31
Farmers that grows feed crops 0.2645* 1.67
Farm receiving animal support (d = 1) -66.6801%*%* -11.97
o 49.4978%** 33.16
p12 0.9741%** 50.44
Log Likelihood value -3298.4285

Note: *, ** and *** show statistically important variables at %10, %5 and %1 level.

Farms having culture and cross-breeding livestock are
of an increasing likelihood to use incentives rather
than the farms having the native race of livestock
(p<0.05). Farms having native race have the
characteristics of a temporary income for the family;
on the other hand, because of having the other two
races of livestock and carrying out the production
intended for the market, the likelihood of them using
the incentives will increase gradually.

The likelihood of using animal incentives is seen to
have been low in regions compared to Marmara and
Black sea regions. Thus, in the two base regions, more
modern agricultural livestock activities have been
carried out, and because they are informed about the
incentives individually, they are highly likely to use
animal incentives.

Agricultural farms that breed forage plants are highly
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likely to receive animal incentives compared those that
do not (p<0.1). Farms breeding forage plants are of a
high likelihood of producing animal foods compared to
the ones which do not, and thus, they will have an
increased likelihood of benefitting from such
incentives. Such results are in agreement with those of
Erdal et al. (2020) and Isik et al. (2009). Erdal et al.
(2020) showed that increasing farm size, education and
age of the farmers increased the likelihood of using
incentives. Isik et al. (2009) found having culture
breeds, growing feed crops, membership status to
unions or cooperatives, and education of farmers
affected the livestock support utilization Ilevel
positively, while the farmer’s age affected negatively.

When the factors affecting the value of gross output are
viewed in the TEM (Table 3), the farmers who are
middle school, high school and college graduates have
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more total income compared to the elementary school
or lower degree farmers (p<0.05). The total revenue of
farms that are members of the CBA has increased
compared to nonmembers. Thus, farm members of both
cooperative types have increased their total income by

sharing and using the information obtained from the
associations personally or synergistically. In
agricultural farms, those that keep a record of
studbook have more income than those that do not
(p<0.05).

Table 3. Parameters value of the mazimum likelihood function for the switching regression model for the total

revenue

Cizelge 3. Toplam hasilat i¢cin giden/kalan manevra modeline iliskin en ytiksek olabilirlik fonksiyonun parametre

degerleri

Prob. of receiving
animal support

Total revenue when d=1

Total revenue when d=0

Variable Parameter t-value Parameter t-value Parameter t-value
Constant -1.054 -1.19 -99.835%** -2.63 34.916** 2.26
Secondary school graduate 0.464 1.56 18.695** 2.34 7.868 1.55
High school graduate farmer 0.440 1.32 7.210 0.82 -2.571 -0.43
University graduate farmer 0.952** 2.12 217.730* 1.94 -16.888* -1.93
Household size 0.009 0.23 -1.342 -1.00 -0.437 -0.70
Age of farmers -0.009 -1.04 0.146 0.54 -0.019 -0.11
Membership status to CBA 1.009%** 4.47 31.260%** 4.03 -3.355 -0.37
Cooperative membership status 0.974%** 3.01 54.929% 1.90 5.029 1.06
Having record system in farms  -0.125 -0.42 11.150 0.55 -1.343 -0.25
Input-output recording status -0.047 -0.16 8.880 1.15 -0.942 -0.14
Stud book recording status 0.253 1.13 9.769 1.56 6.747* 1.94
Barn type 0.652 1.46 2.099 0.28 -0.558 -0.02
Milking type 0.567** 2.24 26.897%* 2.08 10.455%** 2.73
Producing silage in farm 0.437 1.56 14.950* 1.71 2.410 0.50
Having culture breeding 1.191%%* 3.41 44.847%* 2.46 7.021 1.25
Having cross breeding in farm 1.538%** 2.63 23.121 0.99 14.883* 1.89
Aegean -0.383 -1.09 5.201 0.61 9.084 0.96
Mediterranean -1.280%** -2.61 -24.8717 -1.62 7.5866 0.70
Central Anatolia -0.646 -1.56 0.479 0.06 6.390 0.62
Southeastern Anatolia -1.349 -3.19 -35.568** -2.44 1.006 0.11
East Anatolia -0.751** -2.42 -39.464*** -2.96 0.503 0.06
Farm size (= 0) -0.063 -0.13  -11.185 -0.59 -7.108 -0.73
Farm size (0 — 100) -11.777 -1.11 -14.867** -2.27
Farm size (101 — 250) -11.348 -1.15 -10.551 -1.63
Numbers of animal (10 — 30) 44 99 TH%% 551 00.849%#% 787
Numbers of animal (> 30) 177.961%** 21.48 90.124%** 19.82
Milking animal share -1.131* -1,90 -

Farmers that grows feed crops 0.251 1,12

0o 17.34%%* 14.76

o -0.15 -0.28

01 52,24*** 25.85

p1 0.93%** 19.58

Log Likelihood value -3185.601

Note: *, ** and *** show statistically important variables at %10, %5 and %1 level.

In agricultural farms, machinery milking increases the
total revenue, and in farms that make their silage, we
can say that they have more agricultural income than
those that do not. The process of making silage can be
assumed an opportunity cost. The farms that carry out
such activities compared to those that do not, make a
more rational time selection, and thus save time and
have a high likelihood of increasing economic profit
and agricultural income. As expected, the number of
farms that have culture and crossbreed livestock is
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more than the ones that have a native race of livestock
(p<0.05). Agricultural livestock farms that operate in
the Marmara and Black Sea regions have more
agricultural income compared to those that operate in
the Mediterranean, Southeast, and Eastern Anatolian
regions(p<0.05).

The dairy farms that are between the size of fewer than
250 decares (da) have been found to have less income
compared to those that are larger than 250 da. As the
size of the farm increases, the total agricultural income
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correspondingly increases. Similarly, as the number of
livestock 1increases, the total income increases
correspondingly (p<0.05). However, the size of
agricultural land and the variables of livestock
existence fail to determine which farms are technically
and economically more efficient. As technical and
economic effectiveness show different approaches, they
were excluded from our study. On the other hand,
although it was mentioned that the treated farms have
more agricultural income compared to those that have
not used animal incentives, it cannot provide certain
information about whether the monetary amount of
the treatment will be positive or negative. Such an
outcome can only be achieved by measuring the effect
of the treatment.

For the equation of value of gross output, before the
effects of the SRM model are mentioned, a
simultaneous equation needs to be tested to determine
whether it is suitable for the data. In the simultaneous
equation system, three variables (likelihood of getting
animal incentives, value of gross output of the farms
that received the incentives, and the value of gross
output of the farms that did not get the incentives) are
included in an equation system, against the hypothesis
that the likelihood of getting the animal incentives
equation is in a relationship with one of the variables
of gross output value, which consists of testing the
basic hypothesis suggesting the absence of such a
relationship. To carry out this test, Wald test statistics
were used. The Wald test statistic value was calculated
as 33.88 and statistically significant (p<0.001). Thus,
the simultaneous measurement of the three equations,
in terms of being undeviating, consistent, and having
the minimum variance, is of great importance.

When the cross-correlation coefficient between treated
and untreated farms is viewed in terms of the variables
of gross output value and the equation of likelihood of
receiving livestock incentives (Table 3), although there
is a linear negative relationship between the likelihood
of getting livestock incentives and the gross output
value of untreated farms, this relationship 1is
statistically important. On the other hand, contrary to
this, there is a positive force (0.93) and linear and
statically significant relationship between the variable
of gross output of the farmers benefitting from
agricultural incentives and the variable of the
likelihood of getting livestock incentives. This positive
linear relationship confirms the correlation coefficient
in the TEM. Thus, there will be a linear relationship in
the same direction and force among the uncontrollable
factors, a change in a dependent variable, and

the other dependent variables in the system.

The directions of factors in the SRM model for gross
output value are viewed in Table 3. We can see similar
outcomes in the likelihood model as in the probit model
in the TEM. Farmers with college degrees, a member
of CBAs, and members of any agricultural cooperative
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increase their chances to benefit from livestock
incentives. On the other hand, raising livestock in
indoor places, carrying out milking through machinery
and agricultural animal farms having culture and
cross-breeding race are more likely to benefit from
livestock incentives provided by the state compared to
farmers who do not have such qualities. Meanwhile,
agricultural and livestock farms operating in the
Marmara and Black sea regions are more
advantageous in terms of using incentives than those
operating in other regions. The farms operating in the
Mediterranean and Eastern Anatolia regions as well
as having a lower likelihood of benefiting from the
incentives compared to the underlying regions, the
coefficients related to these regions were found to be
statistically different from zero.

As the number of milking livestock out of the total
animals increases, the state of the likelihood of
benefitting from the incentives decreases. Probably,
the increase in the number of milking livestock
deprives other kinds of animals of incentives and
decreases the likelihood of getting livestock incentives.
On the other hand, when the factors effecting on total
income of treated farms are viewed, we can see that
middle school, high school or college degree farmers
have more income than the underlying ones. As the
labor force increases, the total agricultural income of
treated farmers also increases. Moreover, being a
member of the CBA or of any agricultural association
increases in total income. The treated farms carry out
milking through machinery have an advantage in
terms of agricultural income compared to those
carrying out milking conventionally. Similarly, the
treated farms making their silage, compared to those
deprived of such activities, are advantageous in terms
of total income. The treated farms having culture breed
race, compared to the treated ones having the native
race, have more agricultural income in total.

Farms operating agricultural livestock in the
Marmara and Black Sea regions have more income in
total than those similar ones in other regions of our
country. The treated farms operating in Eastern and
Southeastern Anatolia regions, compared to the
underlying regions, have statistically less agricultural
income. While most of the farms operating in both
regions carry out production extensively, in other
words, in a primitive and labor-intensive
manufacturing way, in the underlying region,
technology-intensive manufacturing is in question. In
parallel with the increase in cultivation area and the
number of cattle, the income of the farms increased. As
expected, as the cultivation area and the number of
livestock increased, the total income of treated farmers
also increased. When the factors that affect the total
income of the untreated farms are viewed, the
increasing level of education decreases the total
agricultural income. Thus, because the opportunity



KSU Tarim ve Doga Derg 26 (4), 888-901, 2023
KSU J. Agric Nat 26 (4), 888-901, 2023

Arastirma Makalesi
Research Article

cost of education is high in such farms, we can say that
an increasing level of education uses the labor force in
other activities. It can be inferred from this that the
farm members of CBA provide less income compared to
the non-member farms. Despite this, the total income
of farmers keeping records of studbooks or having
indoor barns increase, and the untreated farms having
cross-breeding races have more agricultural income
compared to the untreated ones having native race of
livestock.

As increasing farm size leads to a decrease in the total
income of untreated farms, the increase in the number
of total livestock increases the income of the farmers in
this group. The parameter coefficients were
statistically significant in terms of increasing
agricultural territory and the number of livestock.
These results are in agreement with those of
Bezlepkina et al. (2005), Barnes (2006), Ooms &
Peerlings (2005), McCloud & Kumbhakar (2008),

D’Antoni & Mishra (2011), Sandika (2011), Zhu et al.
(2008 and 2012), Terin et al. (2022).

We now will examine the treatment effect, average
treatment effect and the effects of the treatment and
average treatment effects on the farms benefitting
from agricultural incentives through both the value of
gross output and the variables of net profit. The effects
on the variables of the value of the gross output of the
three treatments are given in Table 4. The
approximate amount of treatment effect in the TEM
was calculated as 18987 Turkish Lira (TL) and the
monetary value was found to be statistically
significant. Thus, the state benefits from the incentives
will increase gross output approximately by 19000 TL.
Thus, when agricultural incentives are considered as
an element of financial improvement of farms, it is
important to maintain the consistency of agricultural
activities in terms of sustainability.

Cizelge 4. Toplam hasilat i¢cin muamele, ortalama ve muamele gérenler tizerindeki etki miktarlar
Table 4. Treatment eftect, average treatment effect, and amount of eftects on the treated for total revenue

Variables Treatment Effect Model Mover/Stayer Switching Model

Parameter t-test Parameter t-test
TE 18.987*** 8.40 80.498*** 13.00
ATE 6.131 0.43
TTE 26.768* 1.89

Note: *, ** and *** show statistically important variables at %10, %5 and %1 level.

All the indications related to the net profit variable are
presented in Tables 5 and 6. Similar results were also
obtained. According to the test results, in the TEM, two
dependent variables should be discussed
simultaneously and three dependent variables in the
mover/stayer SRM, parameter values should be
obtained in a similar way and the indication that the
three variables in a system should be solved
simultaneously. The LR test in the TEM was
calculated as 33.05 and Wald test statistics in
mover/stayer switching model was calculated as
472.07, and the values were found to be statistically
significant.

Since the indicators related to the coefficient of
dependent variables show similarities to the indicators
in gross output value, they will not be suggested here
again. Independent value of gross output in both the
TEM and Mover/Stayer SRM, contrary to the variable,
we can say that it has a limited effect on the net profit.
Maybe the biggest reason for this is that if some farms
being in loss are considered, since the net profit shows
a difference, we can say that it originates from the
system deprived of the factors able to reach the
variables of the size of the loss.

On the other hand, the amount in the three-treatment
effect was found approximately four times more than
the amount in the TEM. The value in the SRM stems
from the triple regime forecast. This value was 80498
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TL and statically significant. The value for the average
treatment effect was calculated as 6131 TL, however,
this was not found to be statically significant. Thus,
although incentives increase average income, it is not
at the targeted level. Farmers should be supported by
reconstruction and varying incentives. In addition,
when we consider the effect of treatment on the
farmers that benefit from the incentives, livestock
incentives, in this group, increase the gross output
value by approximately 26768 TL and this value is
statistically significant. Untreated farmers should be
informed and encouraged about using the incentives,
and the place and importance of sustainability of
animal production incentives are of high importance to
be relayed to farmers by related institutions.

The effects of treatments on net profit are given in
Table 7. Primarily, the point to be considered here is
that net profit consists of both positive and negative
values. The amount of treatment in the TEM was
similar to the amount of treatment in gross output. The
amount of treatment in the mover/stayer switching
regression model was calculated as approximately half
the amount of gross output value. This is based on the
excessive variability of net profit and being exposed to
negative observations. This value, amounting to 39369
TL, was statistically significant. Thus, the total effect
of incentives on net profits was found to be positive and
significant. In contrast, the average treatment effect
was negative and statistically insignificant. Similarly,
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the effect of treatment on the net profit of the farmers
relatively used the incentives was found to be 18761
TL but statistically insignificant. Although these
findings differ from some published studies (Zhu et al.,
2012; Latruffe et al., 2017; Garrone et al., 2018; Zhu et
al., 2012), they are consistent with those of Hadley
(2006) and Bezlepkina ve ark. (2005). Latruffe et al.
(2017) found a negative association between subsidies
and technical efficiency in Belgium and the United
Kingdom, and a positive relationship between Spain
and Portugal. Zhu et al (2008 and 2012) showed that
while the subsidies provided within the scope of the EU
Common Agricultural Policy negatively affected the

technical efficiency of dairy cattle farms in Germany
and the Netherlands, they did not have a statistically
significant effect in Sweden. While the subsidies given
to Dutch farms increased their competitiveness, it had
a positive effect on the increase of technology levels of
dairy farms in Germany and Sweden. Garrone et al.
(2018) and Zhu et al. (2012) report subsidies may
reduce productivity and income. On the other hand,
McCloud & Kumbhakar (2008) found that subsidies
positively affected productivity and increased technical
efficiency in dairy farms in Denmark, Finland, and
Sweden.

Cizelge 5. Net kar icin muamele etki modelinin en yuksek olabilirlik parametre degerleri
Table 6. The maximum likelihood parameter values of the treatment effect model for net profit

Probability of receiving

Variable animal support Net profit
Parameter t-value Parameter t-value
Constant -1.211 -1.47 19.641 0.83
Secondary school graduate farmer 0.404 1.60 4.384 0.68
High school graduate farmer 0.429 1.41 4.939 0.64
University graduate farmer 1.349%** 3.48 20.698* 1.81
Household size 0.027 0.70 0.144 0.15
Age of farmers -0.002 -0.20 -0.034 -0.14
Membership status to DSYB 1.014%** 4.83 23.436%** 3.30
Cooperative membership status 0.699** 2.47 21.144 1.37
Having record system in farms -0.251 -0.89 -5.231 -0.50
Input-output recording status -0.060 -0.19 -0.801 -0.13
Stud book recording status 0.391** 2.08 8.219 1.60
Barn type 0.673** 2.23 -5.012 -0.74
Milking type 0.382 1.62 12.306 1.04
Producing silage in farm 0.555%* 2.56 11.100 1.53
Having culture breeding in farm 0.861** 2.52 19.144 1.31
Having cross breeding in farm 0.900 1.51 9.873 0.45
Aegean -0.204 -0.57 0.121 0.02
Mediterranean -1.216%* -2.40 -26.425* -1.78
Central Anatolia -0.288 -0.90 -4.648 -0.69
Southeastern Anatolia -1.108%** -2.94 -30.419%** -2.80
East Anatolia -0.784%** -2.71 -22.905* -1.73
Farm size (= 0) -0.004 -0.01 -2.840 -0.16
Farm size (0 — 100) -4.883 -0.62
Farm size (101 — 250) -9.253 -1.29
Numbers of animal (10 — 30) 19.472%%* 2.59
Numbers of animal (> 30) 98.073%** 12.78
Milking animal share -0.492 -0.82
Farmers that grows feed crops 0.162 0.86
Farm receiving animal support (d = 1) -66.535%%* -6.75
o 52.994%** 40.73
p12 0.841*** 21.47
Log Likelihood value -3484.026

Note: *, ** and *** show statistically important variables at %10, %5 and %1 level.

RESULTS and RECOMENDATIONS

According to the results, agricultural supports are
important in terms of sustainability in agricultural
activity, as they are considered as financial
improvement of farms. On the other hand, when we
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look at the three types of treatment effects in the
switching regression model, the treatment effect in the
TEM was found to be approximately four times
greater. The average treatment effect value was
calculated as $2787, but it was not statistically
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significant. Although animal supports increase the treatment on farmers benefiting from subsidies, it is
average total income, it is not at a desirable level. seen that animal support increases the gross
Therefore it may be necessary to support farmers by production value of these groups by approximately
restructuring and diversifying animal support $12167 and this value is statistically significant.

schemes. In addition, when we look at the effects of

Cizelge 6. Net kar i¢cin manevra modeline iligkin en ylksek olabilirlik fonksiyonun parametre degerleri
Table 6. Parameter values of the maximum likelihood function for the switching regression model for net profit

Probability of receiving Total profit when

animal support d=1 Total profit when d=0
Variables Parameter t-value Parameter  t-value Parameter t-value
Constant -2.128%* -2.57 -102.513 -1.59 14.386 0.60
Secondary school graduate farmer  0.636** 2.21 0.322 0.04 6.527 0.78
High school graduate farmer 0.650* 1.95 0.971 0.09 -0.706 -0.08
University graduate farmer 1.679%** 3.93 24.385 1.63 -12.506 -0.60
Household size 0.044 1.10 0.706 0.52 -0.588 -0.52
Age of farmers -0.001 -0.13 -0.139 -0.41 0.146 0.53
Membership status to DSYB 0.891%** 4.31 29.340%** 2.87 -15.375 -1.32
Cooperative membership status 1.006*** 3.12 54.940 0.96 5.254 0.72
Having record system in farms -0.287 -1.09 -10.739 -0.70 -3.292 -0.42
Input-output recording status -0.084 -0.25 0.879 0.11 -7.955 -0.85
Stud book recording status 0.337* 1.66 10.956 1.61 3.841 0.66
Barn type 0.787** 2.09 -3.153 -0.36 -22.463 -0.23
Milking type 0.486** 1.96 17.927 0.98 5.043 0.83
Producing silage in farm 0.593** 2.54 10.202 1.00 6.067 0.74
Having culture breeding in farm 1.205%** 3.75 27.645 1.12 0.273 0.03
Having cross breeding in farm 0.859 1.40 5.902 0.18 4.940 0.51
Aegean -0.297 -0.84 -1.310 -0.13 6.573 0.37
Mediterranean -1.287%** -2.70 -25.705 -1.22 5.239 0.39
Central Anatolia -0.090 -0.23 -8.270 -0.93 34.094%* 2.39
Southeastern Anatolia -1.243%%* -3.12 33.740%* -2.13 14.748 1.26
East Anatolia -0.629** -2.03 -22.669 -1.13 13.410 1.12
Farm size (= 0) -0.028 -0.06 6.804 0.27  -14.506 -1.24
Farm size (0 — 100) 10.236 0.92 -31.207%** -3.80
Farm size (101 — 250) 1.534 0.15  -26.241%**  -2.79
Numbers of animal (10 — 30) 17.511 1.53 17.199%** 2.58
Numbers of animal (> 30) 95.861%** 7.92 69.284*** 8.18
Milking animal share -0.501 -0,79
Farmers that grows feed crops 0.149 0,72
00 23.388*** 15.19
ol -0.202 -0.34
o1 60.442%** 31.61
p1 0.928*** 21.72
Log likelihood value -3400.999

Note: *, ** and *** show statistically important variables at %10, %5 and %1 level.

Cizelge 7. Net kar icin muamele, ortalama ve muamele gérenler izerindeki etki miktarlar
Table 7. Treatment, mean and amount of eftect on the treated for net profit

Variables Treatment Effect Model Mover/Stayer Switching Model
Parameter t-test Parameter t-test

TE 12.803*** 6.92 39.369*** 4.60

ATE -3.857 -0.15

TTE 18.761 0.75
Note: *, ** and *** show statistically important variables at %10, %5 and %1 level.
As a priority problem, high feed prices hurt producers. In recent years, animal imports have negatively
For this, it is necessary to lower the tax rates applied affected production and prices. Therefore, the
to the feed and to give the difference to the producer. production of quality breeding materials should be

899



KSU Tarim ve Doga Derg 26 (4), 888-901, 2023
KSU J. Agric Nat 26 (4), 888-901, 2023

Arastirma Makalesi
Research Article

emphasized, and the amount of support given in this
regard should be increased. As in most agricultural
farms in Turkiye, a low ratio of the firms surveyed was
holding input-output recording. For this purpose, the
farm accounting data network system should be
extended to more farmers. Although most of the
farmers surveyed produce roughage, roughage
production is inadequate in areas with high livestock
production capacity. Unintended use of agricultural
land should not be allowed to increase the production
of roughage, and farm sizes should be regulated
according to the land plan.

A council should be established to ensure the
implementation of regulations governing dairy policies
and practices in Turkiye. Important goals must be
achieved through this council by increasing raw milk
quality, determination of raw milk price according to
quality, increasing consumption of milk and dairy
products, planning imports and exports, and ensuring
the stability of production. The continuity of dairy
cattle farming in Turkiye is related to the capital of
farms, in kind and cash incentives, support, and
subsidies given by the government. In recent years,
organizations such as the CBA and the Milk Producers
Association have been influential in promoting the
demands and needs of producers to authorities and
marketing their products. Producers should be
encouraged to become members of agricultural
organizations in their respective fields of activity. Non-
member producers should be encouraged to become
members, and the cooperation of members with their
organizations should be increased.

In provinces such as Tekirdag, Balikesir, Izmir, Konya,
and Denizli, the rate of organization and cooperation
in dairy cattle farms is higher than that in the Eastern
and Southeastern Anatolia region. Higher utilization
rates are among the most important factors
contributing to high milk productivity and profitability
in these regions. In these provinces, where animal
husbandry is carried out under intensive conditions,
similar practices should be made widespread in all
provinces by taking into consideration the fact that
there are a large number of producers producing
economically for the market, the producers have strong
connections with the market, and the awareness levels
about livestock support are high. In particular, to
increase supports to enable small-scale enterprises to
reach the targeted economic size, legal arrangements
should be made and all farmers should benefit from
these supports. Farmers who do not receive support
should be encouraged to receive support, and the
importance of support in the sustainability of animal
production should be transferred to farmers by related
institutions.
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OZET ) Tarim Ekonomisi
Calismada Atatiirk Universitesine bagh ¢ift¢i egitim merkezinde
yurutilen uygulamali egitimlerin etkisi, alinan egitimlerden sonra Aragtirma Makalesi

uretici davraniglardaki degisiklikler tespit edilmeye c¢aligilmigtir.

Atatirk Universitesi Bitkisel Uretim Uygulama ve Arastirma Merkezi Makale Tarihgesi
biinyesinde faaliyet gosteren ¢iftci egitim merkezinde 2016-2021 yillar: Gelig Tarihi  :23.12.2022
arasinda egitim alan 149 ureticiden anket yoluyla elde edilen veriler Kabul Tarihi :28.02.2023
calismanin birincil veri kaynagini olusturmustur. Ayrica konuyla ilgili

literatir, web sitelerinden ve ilgili kurum ve kurulus rapor ve Anahtar Kelimeler
istatistikler ikincil veri olarak kullanilmigtir. Anketlerden elde edilen Ciftei

sonuclar c¢apraz tablolar ve tamimlayici analizlerle sunulmustur. Egitim

Egitimlere katilan ciftcilerin ulusal ya da uluslararasi kurumlara proje Bitkisel tretim
hazirlayip hazirlamama durumu bagiml degisken olarak alinmis ve Atatiirk Universitesi

bagimli degiskene etki eden igletmeci ve igletme 6zellikleri arasindaki
iligki lojistik regresyon analiz yontemi ile irdelenmistir. Hayvan ve bitki
yetistiriciligi, tarimsal destekler, tarim sigortalari, proje hazirlama
teknikleri, Ziraat Fakiiltesi ve vizyoner c¢ift¢i kimligi, kirsalda kadin
girigimci, kooperatifcilik yetigkin egitimi alanlarinda bir ¢ift¢i birden
fazla egitim alma firsatini da yakalamagtir. Ciftci egitimlerinin tiretim,
yeniliklerin benimsenmesi ve stirdurulebilirlik konusunda pozitif yonde
etkisi oldugu gozlemlenmistir. Egitimlere katilan c¢iftgilerin edindikleri
bilgi ve becerileri imkanlar1 dogrultusunda isletmelerinde ve gunlik
yasamlarinda kullandiklar: ve ¢evrelerindeki diger lireticilerle paylastigl
ortaya ¢ikmigtir.

The Effect of Agricultural Training on Farmers: The Case of Ataturk University

ABSTRACT Agricultural Economy
In the study, it was tried to determine the effect of the applied trainings
carried out in the farmer training center of Atatirk University and to Research Article

determine what the changes in producer behaviors were after the
trainings. The primary data source was the data obtained through Article History

questionnaires from 149 producers who received training at the farmer Received 123.12.2022
training center operating within Atatiirk University Crop Production Accepted :28.02.2023
Application and Research Center between 2016-2021. In addition, the

related literature, websites, reports, and statistics from related Keywords

institutions and organizations were used as secondary data. The results Farmer

from the questionnaires were presented with cross-tabs and descriptive Training

analyses. Whether or not the farmers participating in the trainings Crop production

prepared projects for national or international institutions were taken as Ataturk University

the dependent variable and the relationship between the operator and
business characteristics affecting the dependent variable was examined
with the logistic regression analysis method. A farmer had the
opportunity to receive more than one training in the fields of animal
breeding, plant breeding, agricultural supports, agricultural insurance,
project preparation techniques, Faculty of Agriculture and visionary
farmer identity, rural women entrepreneurs, cooperatives adult
education. It has been observed that farmer training has a positive effect
on production, adoption of innovations, and sustainability. It has been
revealed that the farmers participating in the training use their
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knowledge and skills in their businesses and daily lives in line with their
possibilities and share them with other producers around them.

Atf Sekli: Akig, N., & Aksoy, A., (2023) Tarimsal Egitimin Ciftciler Uzerine Etkisi:Atatiirk Universitesi Ornegi. KSU
Tarim ve Doga Derg 26 (4), 902-911. https://doi.org/10.18016/ksutarimdoga.vi.1223404
To Cite : Akis, N., & Aksoy, A., (2023). The Effect Of Agricultural Training on Farmers: The case Of Ataturk University.
KSU J, Agric Nat 26(4), 902-911. https://doi.org/10.18016/ksutarimdoga.vi.1223404
GIRIS yapmnin kurumsallagmasina yonelik harekete ge¢me

Tarim tiim diinyada ekonomik degeri yiiksek olan bir
alan olup sektorler arasinda her zaman stratejik olan
yerini korumustur. Sektor, gelismekte olan tilkelerde
ekonomik gelismenin saglanmasinda 6nemli roller
ustlenmektedir. Tarimin ilerlemesi, stirdiiriilebilirligi
ve gelismesi ancak yapilan bilimsel arastirmalar
sonucu elde edilen bulgular ile teknolojik yeniliklerin
ciftciler tarafindan kabul edilip, kullanilmaya
baglanmasi ve yayginlagmasi ile mimkundir.

Tarimsal yayim, tarimsal tretimde verimliligi ve
karhligi1 artiracak yenilik ve teknolojilerin sektérde
faaliywet gosteren ureticilere ulastirilip aktarilmasi,
belirli tutum ve davramiglarin yenilikler ile
benimsetilmesini saglamaktadir. Tarimsal yayim
calismalar1 ile c¢ift¢ilerin sahip oldugu niteliklerin
olumlu yonde gelistirilmesi verimliligi artiric
uygulamalarin benimsetilmesi ile mimkindir. Bu
baglamda tarimsal yayim ¢alismalarimin kirsal
toplumlarin kalkinmalarindaki olumlu etkisi herkes
tarafindan kabul gérmektedir. Yayim kirsalda
stirdirilebilirlikle birlikte hayati bir 6neme sahiptir.
Tim dinyada yaygin egitim ve yayim ¢alismalar: ile
kirsal alanda hayatlarina devam eden nifusun yasam
sartlarinin  yiikselmesi tarimsal yayimin temel
amaclarindan en énemlisidir.

Ulkeler kargilagilasgtirldiginda, yayimin kuruluglar
tarafindan  uygulanma durumu ile yayim
faaliyetlerinin farkli yasal statiideki kurumlar
tarafindan gerceklestirilmekte oldugu gérulmektedir.
Tarimsal yayim ¢alismalar: bliyiik oranda Tarim yada
Kirsal Kalkinma Bakanlig: tarafindan yapilmaktadar.
Aym1 zamanda yayim faaliyeti Uiniversiteler, Uretici
orgttleri, 6zel danismanlik birimleri veya devlete bagh
olmayan diger kuruluglar tarafindan da
yiritilmektedir (Ozcatalbas ve ark., 2010). Turkiye,
ulusal, bolgesel ve yerel bazda farkli yayim
sistemlerini kullanmaktadir (Boyac1 ve ark., 2014).

Literatiir ¢alismalar1 incelendiginde hayvancilik
alaninda verilen egitimlerin karsilastirilmas: (Sezgin
ve ark., 2008; Kir, 2010; Aksoy ve ark., 2012;
Mohamud, 2017; Sevik, 2017), uygulanan yayim
sistemlerinin karsilastirilmas: (Cukur, 2007; Tesfaye
et al., 2010; Maoba, 2016; Kayabas, 2016; Gohil et al.,
2017; Cengiz, 2018; Kassem et al., 2021), uygulanan
yayim projelerinin etkileri (Kara, 2007; Toktas, 2010;
Derman, 2010; Ocal, 2018) tizerine ¢aligmiglardir.

Hizla degisim gosteren gelismeler, problemler,
problemlerin ¢6ziimiinde ve deneyimler dogrultusunda
yayim c¢alismalarinin 1iyilestirilmesine ve ¢ogulcu
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durumu g¢esitli girigimlerle yapilmaktadir. Bu
dogrultuda hem kamu hemde 6zel sektorde cift¢ilerin
bilgi gorgii ve becerilerini artirmaka i¢in farkh
alanlarda egitim ve yayim ¢alisamalari yapilmaktadir.

Erzurum ilinin cografik yapisi ve arazi varlig1 dikkate
alindiginda il ekonomisinde tarim ve igerisinde de
hayvancilik faaliyet alaninin diger sektorlere oranla
daha fazla paya sahip oldugu goérulmektedir. Tarim
Erzurum ilinde tretim ve gelir kaynagi olmas1 yani
sira yasam tarzi olarak da benimsenmigtir. Ciftei
nifusunun fazla oldugu Erzurum, tarimsal acidan
onemli avantajlara sahip olsa da bazi iklim ve cografik
konumu gibi dezavantajlarn1  da igermektedir.
Ciftcilerin, dezavantajlarin tstesinden gelmesi i¢in
dogru zamanda dogru bilgilere ulagsmasi ve bilgiye
dayali tretim yapmasi gerekmektedir. DAP Bolge
Kalkinma Idaresinin finanse ettigi Atatirk
Universitesi Bitkisel Uretim Uygulama ve Aragtirma
Merkezime bagh Ciftgi Egitim Merkezi, ciftcilerin
dogru bilgiyi dogru zamanda almalarim1 saglayan
onemli bir adim olmustur. Merkez 2016 yilinda
faaliyetlerine baglamigtir. Alt1 yilda tarimin degisik
alanlarinda ¢iftgilere uygulamali egitimler verilen
Atatiirk Universitesi Cift¢i Egitim Merkezi tarafindan
yuritulen c¢iftei  egitim faaliyetlerinin  etkisini
belirlemek, treticilerde egitim sonrasi meydana gelen
olumlu davraniglari ortaya koymak oldukg¢a 6nemlidir.
Bu baglamda; egitim alan giftgilerin egitimlerden
faydalanma durumunu tespit etmek, egitimlerin
ciftcilerin anlayis ve uygulamalarinda degisim
meydana getirip getirmedigini ortaya cikarmak,
verilen egitimlerin bagsarisimi 6l¢gmek ve egitim alan
ciftcilerin egitimden sonra proje yapip yapmadiginin

tespit  edilmesi  ¢alismanin  temel amacim
olusturmaktadar.
MATERYAL ve METOD

Atatiirk Universitesi Bitkisel Uretim Uygulama ve
Aragtirma Merkezi uhdesinde faaliyet gosteren Ciftei
Egitim Merkezinde 2016-2021 yillar1 arasinda egitim
alan 149 ireticiden anket yoluyla elde edilen veriler
¢alismanin birincil veri kaynagini olusturmustur.
Ikincil veriler ise ulusal ve uluslararasi bilimsel
caligmalar, ilgili ulusal ve uluslararasi kurum ve
kuruluglara ait rapor ve istatistiklerden elde
edilmigtir.

Metot
2016 yilinda faaliyete gecen giftci egitim merkezinde
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2016-2021 yillar igerisinde 873t erkek ve 149’u kadin
olmak tizere 1022 bireye farkli konularda sertifikali
egitimler verilmigtir. Arastirma alani i¢inde tarimin
farkli alanlarinda o6zellikle de hayvancilik alaninda
egitime katilan igletmecilerin fazla olmasi1 nedeniyle
igletmelerin sahip olduklar1 hayvan sayilari dikkate
alinarak ornek buyiklugi basit tesadifii 6rnekleme

yontemi ile belirlenmistir. Anketlere verilen
cevaplarin  bazilarinin  eksik  yada  yetersiz
doldurulacagi  disiiniilerek  anket sayis1 %5

arttirnlmigtir. Arastirmada anket yapilacak isletme
sayisinin belirlenmesinde %95 guvenirlik ve %5 hata
pay1 icerisinde ¢aligilmigtir.

N *o?

- (N-1)*D?+o2
Formiilde;
n =Ornek hacmi,
N =Egitim verilen kisi sayisi,
o02=Populasyon varyansi
D =d/z degeri
d =Kabul edilebilir hata (X *0.05)
Z =Kabul edilebilir hata oranina goére

Standart Normal Dagilim Cizelgesindeki Z degerini
gostermektedir.

1022*22.76
(14.65*0.05

1021*

g ~1415
j +22.76

142+(142*%0.05)=149 anket

Anket uygulamasinda treticilerin yaptig1r faaliyet
hakkinda saglkli bilgi alabilmek agisindan anketi
cevaplayacaklara rahat bir ortam saglamak oldukca
onemlidir. Cift¢iler kamu ve 6zel sektor ¢aliganlarinin
sorduklar1 sorularin arkasinda yatan nedenleri
bilmedikleri i¢in bu tiir detayl bilgi isteyen sorulara
kugku ile yaklastiklar: i¢in dogru cevap vermekten
imtina etmektedirler (Erkus, 1977; Aksoy, 2008).
Anket formlar1 Ziraat Fakiltesi Tarim Ekonomisi
Boélumiinde daha 6nce yapilan ¢alismalarda kullanilan
anket formlar:1 temel alinmig ve amaca uygun olarak
revize edilerek hazirlanmigtir. Calismanin amacina
uygun olarak anket formu 3 ana gruba ayrilarak
hazirlanmisgtir.

e Egitime katilan birey ile ilgili bilgiler
Yaptig1 faaliyet alani ile ilgili bilgiler
Egitim sonunda meydana gelen davranis ile

ilgili bilgiler

Calismadan elde edilen ham veriler istatistiki
analizlerin yapilabilmesi amaciyla amaciyla IBM
SPSS 20 paket programina aktarilmigtir. Elde edilen
sonuclar capraz (crosstable) tablolama ve tanimlayica
(descriptive) analizlerle = sunulmustur.  Anket
formunda igletmeci ve igletme ile ilgili 6zelliklerin
sunulmasinda tamimlayici istatistik yontemleri
kullamlmigtir. Isletmeci anketleri, Erzurum ili cografi,
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iklim ve arazi yapisi dikkate alinarak ¢ gruba
ayrilarak analize tabi tutulmustur. Egitimlerden
sonra ulusal ya da uluslararasi kurumlara proje
hazirlayip hazirlamama durumu bagimli degisken
olarak alinmig ve bagimh degigskene etki eden
igsletmeci ve igletme 6zellikleri arasindaki iligki lojistik
regresyon analiz yontemi ile irdelenmisgtir.

Ekonometrik ¢calismalarda, nitel bagiml degiskenler
icin smarli bagimli degisken regresyon modelleri
kullanilir. Bu modeller bagimli degiskenin ikili ya da
kukla olmas1 durumunu gostermektedir (Miran, 2007).
Burada bir olayin gerceklesip gergeklesmeme durumu
anlatilmaktadir. Olayin  gergeklesme sartinda
aciklanan degisken bir, gerceklesmeme durumunda
ise sifir degerini almaktadir. Bagimh degiskeni
aciklayan birden fazla bagimsiz degisken olabilir
(Gujarati, 1995).

Literatirde acgiklanan degiskenin kesikli oldugu
modellerin tahmininde dogrusal olasilik modeli, logit,
probit ve  tobit modelleri yaygin  olarak
kullanilmaktadir. Calismada, anket wuygulanan
¢iftcilerin, hibe ve ya da destek almak amaciyla proje
hazirlayip hazilamamalarinda etkisi olan faktorlerin
belirlenmesinde smirli bagimli degisken regresyon
modellerinden logit tahmin modeli kullanilmigtir
(Gujarati 1995; Akaya & Pazarlioglu 1998).

BULGULAR ve TARTISMA

Calismada 149 igletme ile anket yapilmis olup
anketlerden bir tanesine verilen cevaplarin yetersiz ve
anlamsiz olmasi nedeniyle veri setinden ¢ikarilmigtir.
148 anket analize tabi tutulmustur. Arastirma
bélgesindeki anket uygulanan isletmelerin bolgelere
gore dagilimi Cizelge 1’'de verilmistir. Cizelgede
Erzurum ilgeleri ti¢ bélge icerisinde toplanmistir. Cat,
Hinis, Karayazi, Tekman, Karagoban Giiney ilgeleri,
Ispir, Tortum, Uzundere, Narman, Oltu, Olur,
Senkaya Kuzey ilgeleri ve Agkale, Pasinler, Ilica,
Yakutiye, Aziziye, Kopriukoy, Palandéken ve Horasan
ilgeleri de ova ilgeler icerisinde yer almistir. Anketlerin
%68.3" tinti Ova, %16.2’ sini Kuzey, %15.5'ini Gliney
ilcelerinde ki isletmeler olusturmaktadir (Cizelge 1)

Table 1. Distribution of questionnaires according to Erzurum

regions
Cizelge 1. Anketlerin Erzurum bolgelere gore dagilimi
Bolge Isletme Toplam Icerisindeki
Sayis1 Pay1 (%)
Ova Ilgeleri 101 68.3
Kuzey Ilceleri 24 16.2
Giiney Ilceleri 23 15.5
Toplam 148 100.0

Orijinal hesaplamalar

Ankete katilan treticilerin bugiine kadar katildiklar:
toplam egitim sayillarimin  verildigi Cizelge 2
incelendiginde yalnizca bir adet egitime katilanlarin
orani %8.8, iki adet egitime katilanlarin orani %39.2,
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¢ adet egitime katilanlarin orani %30.4 ve dort ve edilmigtir. Dort ve lzeri egitime katilma oraninin en
uzeri egitime katilanlarin orani ise %21.7 olarak tespit yiksek oldugu ilgeler %56.5 ile Guney ilgeleridir.

Table 2. Number of trainings attended by business owners
Cizelge 2. Isletme sahiplerinin katildiklar: egitim sayilari

Egitim sayis1 Ova Kuzey Giiney Toplam
Say1 % Say1 % Say1 % Say %

1 7 4.7 6 4.1 0 0.0 13 8.8

2 44 29.7 8 5.4 6 4.1 58 39.2

3 32 21.6 9 6.1 4 2.7 45 30.4

4+ 18 12.3 1 0.7 13 8.9 32 21.7

Toplam 101 68.2 24 16.2 23 15.5 148 100.0

Pearson Chi-Square =36.448  Asymp. Sig. =0.001

Orijinal hesaplamalar

Ciftcilerin  farkli tarimsal konularda aldiklar Ciftgilerin  %94.6's1 kazanllalm bilgi. ve _tgcrﬁbeleri
egitimlerinden elde edinilen bilgileri giinlik gun@uk -hayatllarma . tatbik ettllkle.znm beyan
yasamlarinda veya isletmelerinde kullanip e‘Fm_lslerdlr. Ova 11(;.el(.er11.1de yasayan (;1ft91_1er kazanilan
kullanmama durumu Cizelge 3'te verilmistir. bilgi ve tecriibelerini diger grup ilcelerinde yasayan

¢gift¢ilerden daha fazla kullandiklar: gériillmektedir.

Table 3. The situation of using the information obtained in the farmer trainings of the surveyed farmers’
Cizelge 3. Incelenen isletmelerin ¢iftel egitimlerinde edinilen bilgileri kullanma durumu

Bilgileri kullanma durumu Ova Kuzey Giiney Toplam
Say1 % Say1 % Say1 % Say1 %
Evet 97 65.5 22 14.9 21 14.2 140 94.6
Hayir 4 2.7 2 1.4 2 1.4 8 5.4
Toplam 101 68.2 24 16.2 23 15.5 148 100.0

Pearson Chi-Square =1.302 Asymp. Sig. =0.522

Orijinal hesaplamalar

Atatiirk Universitesi Ciftci Egitim Merkezinde verilen cahgmalarina  katilan  giftgilerin ~ farkh  fon
egitimlere katilan ciftcilerin egitimlerden sonra Tarim kaynaklarindan yararlanmalari hem dreticinin
ve Kirsal Kalkinmay: Destekleme Kurumu (TKDK), kendisine hemde dolayli olarak bolge ekonomisine
Kuzey Dogu Anadolu Kalkinma Ajans1 (KUDAKA) vb. onemli katki saglayacag: asikardir. Egitimlere katilan
kurumlar tarafindan verilen hibelerden yarlanmak giftgilerin  %23.01 egitimler bittikten sonra proje
amaciyla proje yapmalar1 beklenen olumlu davranis hazirladiklarini ifade etmiglerdir. Ova ilgelerinde
olup. egitim calismalarininda amacina ulagtifinin en egitime katilanlarin %28.7’si Kuzey ilcelerinde %8.6’s1
dnemli géstergesi olarak gorilmektedir. Egitim ve Glney ilgelerinde %12.9’si proje hazirlayip ilgili

kurumlara sunmuslardir (Cizelge 4).

Table 4. Project preparation status after training
Cizelge 4. Egitimlerden sonra proje hazirlama durumu

Bilgileri kullanma durumu Ova Kuzey Giliney Toplam
Say1 % Say1 % Say1 % Say1 %
Evet 29 19.6 2 1.4 3 2.0 34 23.0
Hayir 72 48.6 22 14.9 20 13.5 114 77.0
Toplam 101 68.2 24 16.2 23 15.5 148 100.0

Pearson Chi-Square =7.556 Asymp. Sig. =0.023

Orijinal hesaplamalar

Isletme gruplarina gore egitim alan ciftcilerin fazla proje Ova ilgelerinde hazirlanmigtir. Ova

9%41.2’sinin TKDK’ya proje hazirladiklar ilgelerinde hazirlanan proje sayisinin fazla olmasinin
goriilmektedir. Tkinci sirada %38.2 ile DAP izlerken 3.~ 2ltinda yatan en dnemli iki etken olarak sehir
sirada %8.8 ile KUDAKA ve Tarim ve Orman merkezine yakinlik ve daha modern sartlarda tiretim

Bakanhg: takip etmektedir (Cizelge 5). En az proje ise ~ yapmalari gosterilebilir (Cizelge 5).
%2.9 ile STK’lara sunulmustur. 30 adet proje ile en
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Table 5. Distribution of projects by institutions where they are presented

Cizelge 6. Hazirlanan projelerin sunuldugu kurumlara gore dagilimi
Kurum Ova Kuzey Giiney Toplam

Say1 % Say1 % Say1 % Say1 %

TKDK 12 35.3 1 2.9 1 2.9 14 41.2
DAP 11 32.4 1 2.9 1 2.9 13 38.2
KUDAKA 3 8.8 0 0.0 0 0.0 3 8.8
STK 1 2.9 0 0.0 0 0.0 1 2.9
Tarim ve Orman Bkn. 3 8.8 0 0.0 0 0.0 3 8.8
Toplam 30 88.2 2 5.9 2 5.9 34 100

Pearson Chi-Square =1.183  Asymp. Sig. =0.997

Orijinal hesaplamalar

egitimleri bagarili bulurken bu oran sirasiyla Kuzey ve
Guney ilgelerinde %91.7 ve %91.3 olarak
hesaplanmigtir. Genel olarak tim ilde ureticilerin
%93.2’s1 egitimleri basarili bulmaktadir (Cizelge 6).

Incelenen isletmelerde yenilik ve siirdiirilebilirlik
acisindan alinan egitimlerin basar1 durumuna
bakidiginda Ova ilgelerindeki {treticilerin %944

Table 6. the success of the trainings in terms of innovation and sustainability
Cizelge 6. Isletmecilerin egitimleri yenilik ve stirdiirtilebilirlik agisindan basarili bulma durumu

Gelir durumu Ova Kuzey Giiney Toplam
Say1 % Say1 % Say1 % Say1 %
Evet 95 64.1 22 14.8 21 14.1 138 93.2
Hayir 6 4.1 2 1.4 2 1.4 10 6.8
Toplam 101 68.2 24 16.2 23 15.5 148 100.0

Pearson Chi-Square =0.790 Asymp. Sig. =0.940

Orijinal hesaplamalar

oldu” diyenlerin orani %3.4 olup “ilk basta verilen
egitimlerin basarili olacagimi disiiniiyordum fakat
simdi basarisiz oldugunu distniyorum” diyenlerin
orani %2.7 ve “ilk basta egitimlerin basarisiz olacagini
dustniyordum ve halen ayni sekilde diisiniiyorum”
diyenlerin orani %2.0’dir (Cizelge 7).

Alinan egitimlerin ardindan egitim ve egitmenlere
kars1 ciftcilerin bakis acilarn dikkate alindiginda
toplamda bastan beri egitimlerin veya egitmenlerin
¢ok 1iyi olacagini dusiniyordum fikrim degismedi
diyenlerin orami %91.9. “ilk bagta verilen egitimlerin
yararli olmayacagimi diisiniyordum fakat yararh

Table 7. Opinions of the trainees about the training
Cizelge 7. Egitime katilanlarin egitimler hakkindaki diigiinceleri

Bakisg agis1 durumu Ova Kuzey Giiney Toplam
Sayi =~ % Sayinm % Say1 % Sayn %
Egitimlerin yararh olmayacagini distintiyordum. 9 14 9 14 1 0.7 5 34

yararh oldu

Bastan beri egitimlerin ¢ok iyi olacagini
distniyordum fikrim degismedi

Ik basta verilen egitimlerin bagarili olacagim

96 64.9 20 13.5 20 13.5 136 91.9

diisintyordum fakat simdi basarisiz oldugunu 2 1.4 2 1.4 0 0.0 4 2.7
diisiintiyorum

Ilk bagta egitimlerin basarisiz olacagini

distinliyordum ve halen ayni sekilde 1 0.7 0 0.0 2 1.4 3 2.0
disiiniiyorum

Toplam 101 682 24 162 23 155 148 100.0

Pearson Chi-Square =12.455 Asymp. Sig. =0.053

Orijinal hesaplamalar

Giiniimiizde ¢iftci egitimlerinin iireticilerin bilgi gorgii ~ gerekliligi soruldugunda giftcilerin %99.3'Tik bolumii

ve becerilerini arttirmadaki etkisi géz ardi edilemez.
Anket uygulanan gi