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ARASTIRMA MAKALESI RESEARCH ARTICLE

Tokat ilinde Kullamlan Bitki Koruma Makinelerinin Uriin Giivenligi Acisindan
Degerlendirilmesi

Evaluation of Plant Protection Machines Used in Tokat Province in Point of Product Safety

Ugur TEMEL !, Yesim Benal OZTEKIN "

Ozet

Tarim, madencilik ve ingaat sektorleriyle birlikte en tehlikeli {i¢ sektorden biri olarak kabul edilmektedir.
Sektordeki is sagligt ve giivenligi sorunlarmin iki temel nedeni tarim makineleri kazalar1 ve sektdrde kullanilan
kimyasallara maruz kalinmasidir. Tarimsal tiretimde bitki koruma uygulamalarinda yaygin olarak kullanilan bitki
koruma makineleri, kimyasal uygulamada kullamldig1 igin her iki temel sorun igin de 6zel bir neme sahiptir. Is
giivenligi calismalar1 cercevesinde uzmanlar, is saglig1 ve giivenligini saglamak i¢in oncelikle giivenli makine /
sistem bulunmasi ve ardindan egitim kavramin1 benimser. Bu durumda, caliganlar tarafindan kullanilan makine ve
sistemlerin kabul edilen saghk ve giivenlik gereksinimlerini karsilamasi gerektigi soylenebilir. Ulkemizde
yiirtirliikte olan mevzuat ve standartlar kapsaminda tarimda bitki koruma uygulamalarinda yaygin olarak kullanilan
bitki koruma makinelerinin tirtin giivenligi gereklilikleri belirlenmigtir. Bu calismada Tokat'ta kullanilan bitki
koruma makinelerinin iirtin giivenligi acisindan degerlendirilmeleri amaglanmistir. Anketler Tokat ilini temsil
eden Zile, Artova, Erbaa ve Niksar il¢elerinde bitki koruma makineleri kullanan ciftcilerle yiiz yiize goriisiilerek
gerceklestirilmis ve kullandiklar1 bitki koruma makineleri incelenmistir. Arastirma verileri SPSS paket
programinda istatistiksel analize tabi tutularak bulgular ortaya konulmustur. Arastirma sonuglarina gore, ¢iftciler
bitki koruma makinelerinin giivenli kullanim1 hakkinda yeterli bilgiye sahip olmayip kullandiklar1 makinelerde
giivenlik sorunlar1 bulunmaktadir. Makinelere diizenli olarak ayar ve bakim yapilmamaktadir. Bitki koruma
makinelerinin kalibrasyonu konusunda bilgi eksiklikleri olup ¢ogu cift¢i hi¢ yapmamaktadir. Bitki koruma
makinesi ile traktdr arasinda kullanilan mafsalli millerin % 78'inde muhafaza yoktur. Makinelerin yaklasik
yarisinda temiz su deposu bulunmamaktadir. Hortumlar tizerinde maksimum ¢aligma basinglar1 yazili olmayip
bunlar uygun bir muhafaza altinda degildir. Sonug olarak, makinelerin tiriin giivenligi acisindan saglik ve giivenlik
gereksinimlerini karsilamasi i¢in mevzuatlarla belirlenmis dnlemlerin alinmasi gerektigi sdylenebilir.

Anahtar Kelimeler: Piilverizator, Tarimda is saglhigi ve giivenligi, Uriin giivenligi, Yeni yaklasim, CE isareti

Abstract

Agriculture is considered one of the three most dangerous sectors, along with the mining and construction sectors.
The two main causes of occupational health and safety problems in the sector are agricultural machinery accidents
and exposure to chemicals used in the sector. Plant protection machines, which are used extensively in plant
protection applications in agricultural production, have a special importance concerning both basic problems since

1"Sorumlu Yazar/Corresponding Author: Yesim Benal Oztekin, Ondokuz Mayis Universitesi Ziraat Fakiiltesi Tarim Makineleri ve Teknolojileri Mithendisligi
Boliimii, 55139 Atakum/Samsun, Tiirkiye. E-mail: yurtlu@omu.edu.tr, OrcID: 0000-0003-2387-2322

"Ugur Temel E-mail: ugur_temel_1990@hotmail.com* OrcID: 0000-0002-8856-338X

Atif/Citation: Temel, U., Oztekin, Y.B. Tokat ilinde Kullanilan Bitki Koruma Makinelerinin Uriin Giivenligi Agisindan Degerlendirilmesi. Tekirdag Ziraat Fakiiltesi
Dergisi, 17(3), 276-284.

*Bu calisma Yiiksek Lisans tezinden 6zetlenmistir.

©Bu calisma Tekirdag Namik Kemal Universitesi tarafindan Creative Commons Lisansi (https://creativecommons.org/licenses/by-nc/4.0/)
kapsaminda yayinlanmustir. Tekirdag 2019
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they are used in chemical application. Within the framework of occupational safety studies, experts adopt the
concept of safe machinery / system and then education in order to ensure occupational health and safety. In this
case, it can be said that the machines and systems used by employees must meet the accepted health and safety
requirements. Product safety requirements of plant protection machines commonly used in plant protection
applications in agriculture have been determined within the scope of the regulations and standards in force in our
country. In this study, it is aimed to evaluate the plant protection machines used in Tokat in terms of product safety.
Surveys were conducted through face-to-face interviews with farmers using plant protection machines in Zile,
Artova, Erbaa and Niksar districts representing Tokat province and the plant protection machines they used were
examined. According to the results of the research, farmers do not have enough information about the safe use of
plant protection machines and there are safety problems in the machines they use. The machines are not adjustment
and maintained regularly. There is no protection in 78% of the shafts used between the plant protection machine
and the tractor. There is no clean water tank in about half of the machines. The maximum operating pressures are
not written on the pressure hoses and are not in a housing. Necessary measures should be taken to ensure that the
machines meet the health and safety requirements for product safety.

Keywords: Sprayer, Health and safety in agriculture, Product safety, New approach, CE marking
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Temel ve Oztekin
Tokat ilinde kullanilan bitki koruma makinelerinin iirtin glivenligi agisindan degerlendirilmesi

1. Giris

Tarim bugiin, gelismis iilkeler de dahil olmak iizere bircok iilkede en tehlikeli sektorden biridir. Tarim
islerindeki saglik ve giivenlik uygulamalarini diger islerden ayiran temel dzellikler; is yeri ve yasam alaninin ayni
yerde olmasi ve genellikle tiim aile tiyelerinin is ile i¢ i¢e yasamasi ve calismasi, tarimsal iiretim yapilan alanlarin
kiiciikliigii nedeniyle kisa siireler icin olusturulan sagliksiz yagam kosullari, tarimsal iiretimin mevsimlik olmasi
ve belirli islerin birbiri ardina kisa siirede yapilmasi nedeniyle ¢alisanlarin kayit dig1 olmasi, yogun mevsimlik
iggiicti gerektirmesi ve isgiiciiniin stirekli yer degistirmesi, islerin biiyiik cogunlugunun ag¢ik alanlarda yapilma
zorunlulugu, kimyasal kullaniminin kontrolsiiz artis1 ve pestisit satis ve uygulamasinin yeterince denetlenememesi,
tarimda is saglig1 ve giivenligi standart ve yonetmeliklerinin olmayis1 ya da uygulama giicliikleri, ¢alisanlarin
egitim diizeyinin diisiikliigiine bagh saglik ve giivenlikleri iizerinde kontrollerinin yetersizligi, calisanlarin is
saglig1 ve giivenligi konularinda bilgilendirilmemis olmas: vb. seklinde siralanabilir (Yurtlu ve ark., 2015).

Ulkemizde tarimsal iiretimde iiriin kaybinin 6niine gegilmesi icin uygulanan bitki koruma faaliyetlerinin biiyiik
bir kismi1 bitki koruma makineleri kullanilarak yapilan kimyasal miicadele seklinde olmaktadir. Bu makineler
kimyasal miicadele ilaglarini tekdiize olarak bitkilere veya topraga dagitmakta ve boylece etkili bir miicadeleyi
miimkiin kilmaktadir. Tarimsal miicadelede kullanilan piilverizatorlerin 6zellikleri, pestisitlerin etkilerini
simirlamak, tarimsal miicadelenin etkin bir sekilde yiiriitiilmesini ve kimyasalin hedef bitkiye dogru bir sekilde
ulagsmasini saglamak acisindan 6nemlidir.

Bitki koruma makineleri, hem bir tarim makinesi olarak kazalara sebebiyet vermesi agisindan hem de kimyasal
uygulamada kullanilan bir makine olmasi nedeniyle, etkili tarimsal savas yapilmasindaki 6neminin yani sira,
operatorlerin saglik ve giivenligi, cevresel etkiler ve gida giivenligi gibi ¢ok yonlii dnem ve etkileri olan
makinelerdir. Bitki koruma amaciyla pestisit uygulanmasinda kullanilan makineler, kimyasal (iiriinlerin
uygulanmasinda kullanildigindan operator icin mekanik tehlikeleri barindirmakla birlikte diger canlilar ve ¢evre
acisindan kimyasal bulagmasi, zehirlenmeler, meslek hastaliklari, cevre kirliligi vb birtakim sorunlar1 da
biinyesinde barindirmaktadir. Bu sorunlarin sebepleri kullanim aligkanliklari, makinenin ayar ve bakimlarinin
dogru bir sekilde yapilmamasi, pestisit kullaniminda yanlig uygulamalar, kisisel koruyucu donanim kullanmama,
talimat el kitabinin okunmamasi, kullanicilarin egitim ve bilgi eksikligi vb seklinde ag¢iklanabilir.

Is giivenligi calismalar1 cercevesinde konu ile ilgili calisanlarin iizerinde anlasmaya vardigi en 6nemli nokta
“once giivenli makine/tasarim/imalat sonra egitim” anlayisidir. Bu nedenle tarimda calisanlar tarafindan
kullanilacak her tiirli iiriin/makine/sistemin kabul gormiis giivenlik standartlar1 icerisinde tasarlanmasi ve
tiretilmesi saglanmalidir (Yurtlu ve ark., 2010).

Ulkemizdeki bitki koruma makinelerinin imalati, piyasaya siiriilmesi ve kullanimi1 konularini kapsayan iki
yaklasim bulunmaktadir. Bunlardan biri tiikketicinin kullanimina sunulan iiriinlerin tasimasi gereken asgari saglik
ve glivenlik gereksinimleri yaklasimi olarak 6zetlenebilecek iiriin giivenligi yaklasimi, digeri Zirai Miicadele Alet
ve Makineleri Yonetmeligi ile ilgili uygulamalardir. Piyasada bulunan tarim makinelerinin temel saglik ve
giivenlik gereksinimlerini karsilamasi ve tarimda giivenli ¢aligma kosullarinin temellerinden biri olan giivenli iiriin
kosulunun saglanmasi agisindan yiiriirlikte olan 2006/42/AT Makine Emniyeti Yonetmeligi’nin tam olarak
uygulanmasi bilyiik 6nem tasimaktadir (Anonim, 2019). 2006/42/AT Makine Emniyet Yo6netmeligi’nin amaci;
makinelerin usuliine uygun sekilde kullanildiginda, bakim1 yapildiginda ve amaglar dogrultusunda kullanildiginda,
insan sagligina, giivenligine, ¢cevre ve canlilara zarar vermiyorsa piyasaya arz edilmelerini, tasarim ve imalat
asamasinda uyulmasi gereken temel emniyet sartlar1 ile takip edilmesi gereken uygunluk degerlendirme
prosediirlerini ve uygunluk degerlendirmesi yapacak onaylanmis kuruluslarin gorevlendirilmesinde dikkate
alinacak asgari kriterleri diizenlemektir. 2006/42/AT Makine Emniyet Yo6netmeligi’'ne ek olarak 02.04.2011 tarih
ve 27893 sayili Resmi Gazete ’de “Makine Emniyet Yonetmeligi (2006/42/AT) nde Degisiklik Yapilmasina Dair
Yonetmelik” yaymlanarak bu yonetmelikte Bitki Koruma Makineleri i¢in ilave saglik ve giivenlik
gereksinimlerinin neler oldugu tanmimlanmistir. Bu yonetmelikte, Madde 11°de belirtildigi sekilde Ek-1’in
“Belirli makina kategorileri i¢in ilave saglik ve giivenlik gerekleri” baglikli 2 numarali paragrafi asagidaki sekilde
degistirilmis ve bu paragrafa 2.3 numarali paragraftan sonra gelmek iizere 2.4 numarali paragraf eklenmistir.
Ulkemizde bitki koruma makinelerinin imalati ve satis1 ile ilgili olarak Tarim ve Ormancilik Bakanligi, Gida ve
Kontrol Genel Miidiirliigii tarafindan uygulamas: yiiriitiilen 6zel bir yonetmelik mevcuttur. Bu yonetmelik ~Zirai
Miicadele Alet ve Makineleri Hakkinda Yo6netmelik” adi ile 02.04.2011 tarih ve 27893 sayili Resmi Gazete ’de

278



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2020, 17(3)

yaymlanarak yiiriirliige girmistir (Anonim, 2011). Bu yonetmeligin amaci, saglikli ve giivenilir bitkisel iiretimin
yapilmasi, insan saghigi ve c¢evreye duyarli miicadele yoOntemlerinin gelistirilmesi i¢cin entegre miicadele
programlarinin ve uygulama projelerinin hazirlanmasi, yiiriitiilmesi ve yayginlastirilmasidir. Bu yonetmelik; tiim
zirai alet ve makinelerinin onay1, imalati, ruhsatlandirilmasi, bayiliklerin gorev ve sorumluluklari, piyasaya arzi
ve denetimleri ile ilgili usul ve esaslar1 kapsar. Bakanlik¢a onayli bitki koruma alet ve makineleri, imal izin belgesi,
ruhsat alinmasi ve deney testleri yapilmasi kosullarindan sonra piyasaya sunulabilir. Piyasaya sunulan bitki
koruma makinesinin satislar1 bayilik izin belgesi almis gercek ve tiizel kisiler tarafindan yapilir. Bitki koruma
makinesinin imalatcist veya yetkili temsilcisi, risk degerlendirmesi ve azaltilmasi siirecine uygun olarak
pestisitlerin istemsiz ¢evreye yayilim ile ilgili bir degerlendirmenin yapilmasini saglamalidir. Bitki koruma
makineleri, yukarida bahsedilen risk degerlendirmesinin sonuclar1 diistiniilerek tasarlanmali ve yapilmalidir. Bu
sayede makine, cevreye istem dis1 pestisit piiskiirtiilmeksizin ¢alistirilabilir, ayarlanabilir ve bakimi yapilabilir.

Demir (2005), calismasinda Tekirdag ili ve ¢evresinde yer alan tarimsal igletmelerin, ilaclama makineleri
acisindan mekanizasyon durumu, makineler ile ilgili sorunlar1 ve bu makinelerin bakim, onarim, satin alma vb.
ihtiyac¢larini nasil belirlediklerini saptamay1 amag¢lamistir. Bu amacla ciftcilerle anketler yapilmig, bu dogrultuda
sorunlar tespit edilmeye calisilmigtir. Anket sonuglarina gore, cift¢ilerin makinelerin bakim ve ayarlarina dikkat
etmedikleri, eksikliklerini giderebilmek i¢in ilgili kuruluglarin egitim seminerleri vermeleri durumunda bunlara
katilmak istediklerini belirttiklerini ortaya koymustur. Yurtlu ve ark. (2008) yaptiklar1 aragtirmada, Tiirkiye’de
imal edilerek piyasaya sunulan bitki koruma makinelerini iiriin giivenligi agisindan degerlendirmeye ¢alismiglardir.
Bu amagla ilgili yonetmelik kapsaminda uygulamada olan TS EN 907 iiriin giivenligi standardina gore bir kontrol
listesi olusturarak inceledikleri 35 makine iizerinde degerlendirmeler yapmislardir. Arastirma sonucunda, piyasaya
sunulan makinelerde zayif ve giiclii yonleri tespit ederek imalatgilara yol gosterici degerlendirmeler yapmaya
calismuslardir. Velioglu (2016), yaptig1 ¢alismada, makinelerin 2006/42/AT Makine Emniyeti Yonetmeligi’'ne
uygunluklarim belirlemeye yonelik olarak “Makine Uygunluk/Risk Degerlendirmesinin” bilgisayar programi
yardimiyla yapilmasini amaclanustir. Arastirmaci “Makine Risk Indeksi” adi verilen bir yaklasim gelistirerek
makine iizerinde bulunan risklerin puanlamasi, derecelendirilmesi ve azaltilmasim1 hedeflemistir. Bu amagla
gelistirdigi bir modelle uygunsuzluklar1 sayisallastirmis ve bu modeli esas alan web tabanli bir program
gelistirmigtir. Sisteme girilen bilgilerin islenmesi sonucu program tarafindan bir diizenleme listesi olugturulmakta,
imalat¢ilarin bu kurala uyarak makinelerini mevzuata uygun bir sekilde iireterek “giivenli makine” hedefine
ulagsmasi1 amaclanmaktadir.

Bitki koruma uygulamalarinda yogun olarak kullanilan makinelerin yiiriirliikte olan yonetmelikler kapsaminda
tirtin glivenligi gereksinimlerini kargilamalari, bu uygulamalarda is giivenligini tesis edebilmenin ilk sartidir. Bu
aragtirmanin amaci, pilot bir il olarak belirlenen Tokat ilinde kullanilan bitki koruma makinelerinin giivenlik
durumlarin inceleyerek is giivenligi agisindan bir degerlendirme yapmaktir.

2. Materyal ve Metot

Arastirma materyalini, pilot il olarak se¢ilen Tokat ili Zile, Artova, Erbaa ve Niksar il¢elerinde ciftcilerden
anket yoluyla elde edilen bilgiler, bu ¢iftcilerin kullandiklar1 bitki koruma makineleri iizerinde yapilan incelemeler
ve arastirma bolgesinde yapilan gozlemler olusturmaktadir. Anketler ve incelemeler, 2016 yili Mart, Nisan ve
Haziran aylarinda yapilmistir. Anket calismasi yapilacak ilceler belirlenirken, bitki koruma makinelerinin yogun
olarak kullanilma durumu ve Tarim ve Ormancilik Bakanlig: Ciftci Kayit Sistemi (CKS) verileri referans alinmigtir.
Bu arastirmada anket verilerinin elde edilmesinde Tokat {lini temsil eden, bitki koruma makinelerinin yogun olarak
kullanildig1 Zile, Artova, Erbaa ve Niksar ilgeleri secilmistir. Ornek biiyiikliigii belirlenirken CKS verilerinden
yola cikilarak 4 ilgedeki cift¢ilerden arastirmada hata pay1 %5 olarak kabul edilerek %95 giiven derecesinde 164
adet ornek sayisi tesadiifi 6rnekleme yontemi ile belirlenmistir. Optimum 6rnek hacmi hesaplamasinda asagida
yer alan Esitlik 1 kullanilmistir (Yamane, 1967):

N3 NpSE
= s Es.(1)

Esitlikte; n: anket yapilacak isletme sayisini, N: ana kitlede bulunan isletme sayisini, Np: her bir tabakadaki

isletme sayisini, Sy: her bir tabakadaki standart sapmay1 ve D: arastirmada izin verilen hata payini ifade etmektedir.
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Yapilan anketlerin ilcelere gore dagilimi ve yiizdeleri, Tablo 1°de yer almakta olup CKS verilerindeki ciftci

sayilarina gore hazirlanmistir.

Tablo 1. Anket yapilan ilceler ve anketlerin sayisal dagilimi
Table 1. Districts surveyed and numerical distribution of surveys

ilceler A(l:;(gz Saym Dagilim (%)
Zile 53 32.3
Erbaa 46 28.0
Niksar 38 23.2
Artova 27 16.5
Toplam 164 100

Anket sorulari, ciftcilerin kullandiklar1 bitki koruma makineleri ile ilgili bilgi almak ve iirlin giivenligi
acisindan durumlarini belirlemek amaciyla gelistirilmistir. Bu amagla 2006/47/Makine Emniyet Yonetmeligi ve
TS EN ISO 4254-6:2010 Tarim Makinalari-Giivenlik-Béliim 6: Piilverizatorler ve sivi giibre dagiticilar: standard:
gereksinimleri goz oniine alimmistir (Anonim, 2010). Anket formlarinin islenebilirliginin test edilmesi icin 6nce
pilot caligma uygulanmis, bazi sorular aragtirmaya uygun olmadig: diistiniilerek anket formundan ¢ikartilmis ve
aragtirmaya uygun oldugu varsayilan sorular ise anket formuna eklenmistir. Anketler, arastirmacilar tarafindan
bitki koruma makinesi kullanan ciftcilerle birebir goriigmeler yoluyla ve kullandiklari makineler incelenerek
yuriitiilmiigtiir. Anket yapilirken, goriisiilen kisilere anlagilmay1 pekistirmek icin bazi sorular aciklanmis, boylece
sorularin yanlig anlagilma durumu ortadan kaldirilarak elde edilen verilerin giivenilirligi ve dogrulugu arttirilmaya
calisilmistir. Anket calismasi icin goriisme yapilan ¢iftgiler Zile, Artova, Erbaa ve Niksar ilgelerinde bitki koruma
makinesi kullanan ciftcilerden tesadiifi olarak belirlenmistir. Anket formlarinda yer alan veriler SPSS paket
programinda analiz edilmistir.

3. Arastirma Sonuclar: ve Tartisma

3.1. Bitki Koruma Makineleri ile Ilgili Bilgiler

Ciftcilerin kullandiklar1 bitki koruma makinesi tiirli, temin etme yollar1, kullanma siklig1 vb konulara iligkin
durumlarina ait veriler Tablo 2’ de yer almaktadir.

Tablo 2. Bitki koruma makinelerine ait bilgiler
Table 2. Information on plant protection machines

Kisi Dagihm (%)
Sayis1
Tarla piilverizatorleri 164 1

Bahge piilverizatorleri

(=)

Bag piilverizatorii

Bitki koruma Sirt piilverizatorii

R 1t piilverizatorii

iiriinlerini uygularken Elle caligtirilan sirt piilverizatorii
kullanilan makine

SO OO
SOODOOOQO

Tohum ilaglama makinesi
Kendi yiiriir piilverizator

—

S OO OO

Kendime ait 164
Komsumdan aliyorum

Kiraliyorum
Kooperatiften kiraliyorum

Ortak kullaniyorum
Diger

Makineleri temin etme yollari

S OO O
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Kendi tecriibelerimle yaparim 62 37.8
Aniza, tamir ve bakim Imglatgl ya c.la satis bayiine danigirim 11 6.7
. Talimat el kitabina uyarim Komsulara 10 1.2
ihtiyacinda bagvurulan yer Sorarim 2 12
Diger (sanayide tamirci) 79 48.2
Ayda bir 0 0
e 3 ayda bir 2 1.2
Bl,tkl 1.<o'ruma Tarlanin durumuna gore her 141 86.0
makinesini zaman Ziraat mithendisine 21 12.8
kullanma siklig1 danisarak
Diger 0 0
Fiyat uygunlugu 27 16.5
Kredi imkaninin saglanmasi 14 8.5
Saglamlik ve dayaniklilik faktorii 46 28.0
. Depo kapasitesi 12 7.3
Makineyi Yedek parca bulma kolayligi 23 14.0
satin alirken Tamir ve bakim kolaylig1 36 22.0
dikkat edilen
faktorler
Komsu tavsiyesi 6 3.7
Rengine gore 0 0
Diger 0 0

Ciftcilerin tamami bitki koruma iirtinlerini uygularken tarla piilverizatorleri kullanmakta olup makineler
kendine aittir. Makine ile ilgili ar1za, tamir ve bakim ihtiyacinda cift¢ilerin yaklasik %38’ ikendi tecriibelerine gore
bir ¢6ziim yolu iiretmektedir. Ciftciler makineleri iiretim desenlerine gore ihtiya¢c oldugu her zaman, siklikla
kullanmaktadir. Ciftciler bitki koruma makinesini satin alirken saglamlik ve dayaniklilik faktorii ile tamir ve bakim
kolayligimi 6ncelikli olarak tercih nedeni olarak ifade etmiglerdir.

Bitki koruma makinelerinin kullanimi1 sirasinda ciftcilerin karsilastigi sorunlar ve son bir yilda karsilasma
sikliklar1 incelendiginde, bitki koruma makinelerinin kullanimi sirasinda %69 oraninda memelerde tikanma,
asinma, akma vb problemlerle karsilasilmaktadir. Bu durumun sebebinin, memeler ile ilgili temizlik ve degistirme
iglemlerini zamaninda ve dogru olarak yapmamalari oldugu tahmin edilmektedir. Nitekim, ikinci derecede
karsilasilan sorunlarini %25 ile bilingsiz kullanim, temizlik, bakim vb islemleri ihmal ya da geciktirme olarak ifade
etmislerdir.

3.2. Bitki Koruma Makinelerinin Uriin Giivenligi Acisindan Durumu

Bitki koruma makinelerinin iiriin giivenligi acisindan durumlari ile ilgili bilgiler Tablo 3’de yer almaktadir.

Tablo 3. Bitki koruma makinelerinin iiriin giivenligi acisindan durumlar
Table 3. Plant protection machines status in terms of product safety

Makinelere ait bilgiler Kisi sayis1 Yiizde (%)
Cok iyi 4 2.4
Yeterli 36 22.0
Orta 121 73.8
Makinedeki giivenlik aksamlari Yetersiz 3 1.8
ve donanimlari Cok Katii 0 0
Evet 36 22.0
Mafsalli mil muhafazasi Hayir 128 78.0
Hareketli mil muhafaza Evet 17 104
ayur 147 89.6
Basing gostergesi Evet 161 98.2
Hay1r 3 1.8
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Her caligmada 32 19.5
.. .. Ara sira 71 433
Basing gostergesini kontrol etme Nadiren 58 354
Hic 3 1.8
Asir1 basing emniyet diizeni Evet 162 98.8
Hay1r 2 1.2
Vantilator Evet 0 0
Hayir 164 100
Bumlar igin elle calistirilan Evet 26 15.9
acma-kapama kumandasi Hayir 138 84.1
Bumlar acilirken kistirma Evet 1 0.6
tehlikesi olmadan yapilmasi Hayir 163 99.4
Depo girisi 400 mm den Evet 60 36.6
biiyiik mii Hay1r 104 63.4
Depo doldurma agzinin <1300 18 11.0
yerden yiiksekligi olciisii 1300 105 64.0
1300< 41 25.0
Depo doldurma agzinin <300 5 3.0
depo kenar1 uzaklig: olciisii 300 113 68.9
300< 46 28.1
Kapagin makineye Evet Hayir 27 16.5
bagli olmast 137 83.5
Seviye gostergesi Evet Hayir 164 100
0 0
Nominal hacmin Evet Hayir 144 87.8
Isaretlenmesi 20 12.2
Depo bosaltma vanast Evet Hayir 164 100
0 0
Depo bosaltma diizeneginin Evet Hayir 24 14.6
operatoriin siv1 ile temasini 140 854
engelleme
Hortumlar tizerindeki Yazili Yazili degil 6 3.7
¢alisma basinci 158 96.3
Hortumlarin muhafazasi Evet Hayir 20 12.2
144 87.8
Temiz su deposu Evet Hayir 81 494
83 50.6
Kullanim kilavuzundan 18 11.0
Makineyi kullanmadan 6nce Mal?} ne imalatcist ya da
kullanim, tamir, bakim ve be.iyunde.rll .. 15 9.1
ayarlarla ilgili bilgi edinme Ziraat mithendisinden 8 4.9
Komgumdan 12 7.3
Kendi tecriibelerimle 111 67.7

Ciftcilere makinedeki giivenlik aksamlar1 ve donanimlar hakkindaki bilgileri soruldugunda cift¢ilerin
yaklasik %741 orta diizeyde bilgi sahibi olduklarini ifade etmislerdir. Ciftcilerin yaklasitk %10’u ziraat
miihendisinden, %1°1 ziraat odasi ve ¢ift¢i birliginden, %12’si il ve ilge tarim miidiirliigiinden, %6’s1 imalatci ve
satis bayiinden, %3’1 komsu ciftcilerden ve %5’ u kullanim kilavuzundan makinenin giivenlik aksamlar1 ve
donanimlari ile ilgili bilgi edindiklerini belirtirken %63’1 hi¢gbir yere danigmay1p kendi tecriibelerini kullandiklarii
belirtmislerdir. Cift¢ilerin kullandiklar1 bitki koruma makinelerinin, %78’ inde mafsalli mil muhafazasi, %90‘inda
ise makine {izerindeki hareketli miller {izerinde muhafaza bulunmamaktadir. Makinelerin basing
gostergesi %98’sinde bulunmakla birlikte gostergelerin kontrol durumu zayiftir. Bumlar icin acma kapama
diizeninin makinelerin %84’iinde olmadig1 goriilmiistiir. Bumlar elle agilirken makinelerin tamaminda kistirma
tehlikesi olmaktadir. Ciftcilerin elinde bulunan makinelerin %84’tinde depo kapagi makineye bagh degildir.
Incelenen makinelerin tamaminda seviye gostergesi vardir. Makinelerin %88’inde nominal hacim isaretli
iken %12’sinde isaretli degildir. Depo bosaltma vanasi makinelerin tamaminda vardir. Ancak incelenen bitki
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koruma makinelerinin %85’ inde depo bosaltma diizenegi operatoriin s1v1 ile temasini engelleyecek sekilde degildir.
Makinelerin %97’sinde hortumlar iizerinde en fazla caligma basinci yazili degildir ve %388’inde hortum
muhafazalar1 bulunmamaktadir. Makinelerde %51 oraninda temiz su deposu yoktur. Ciftcilerin makineyi
kullanima hazirlama asamasinda kullanmadan once kullanim, tamir, bakim ve ayarlarla ilgili bilgileri %11°1
kullanim kilavuzundan, %9’u makine imalatgis1 ve satis bayiinden, %35’i ziraat milthendisinden, %7’si
komgsulardan yardim alarak yaparken, %68’ i kimsenin yardimini almadan kendi bilgi ve becerileri ile yaptiklarini
belirtmislerdir. Bitki koruma makinelerinin iiriin giivenligi acisindan irdelendigi bu calismada ciftcilerin kullandig1
bitki koruma makinelerinin iiriin giivenligi, makinenin tizerindeki giivenlik aksamlar1 ve muhafazalar agisindan
yeterli diizeyde olmadiklar1 goriilmektedir. Ciftcilere giivenli kullanim ve iiriin giivenligi ile ilgili yeterli seviyede
bilgi aktarimi s6z konusu degildir.

4. Sonucg

Tokat ilinde ¢ift¢ilerin yogun olarak kullandigi bitki koruma makinelerinin {iriin giivenligi durumunun incelendigi
bu calismada asagida yer alan belirlemeler yapilmistir:

. Bitki koruma makinesi kullanan ciftcilerin iirlin giivenligi hakkinda yeterli diizeyde bilgi sahibi degildirler.
. Bitki koruma makinelerinin %78’inin mafsall: mil muhafazas: yoktur.

. Basing gostergeleri bulunmakla birlikte gostergelerin dogrulugu kontrol edilmemektedir.

. Bitki koruma makinelerinin %51 ‘inde temiz su deposu bulunmamaktadir.

. Basinch s1v1 tagiyan hortumlar iizerinde en yiiksek ¢alisma basinglari yazili olmayip bu hortumlar muhafaza
i¢ine alinmamustir.

. Ciftcilerin kullanma bilgileri konusunda destek almamaktadirlar.

Yapilan bu arastirma ile ¢ift¢ilerin kullandiklart makinelerde tiriin giivenligi sorunlart bulundugu belirlenmistir.
Bitki koruma makinelerinin is giivenligi kurallar1 ¢ergevesinde kullanilabilmesi i¢in oncelikle makinelerin imalatci
tarafindan giivenli olarak imal edilmesi gerekmektedir. Bunun icin oncelikle makinelerin imalat ve piyasaya arz
asamasinda kontrol ve denetlemelerinin uygun bir sekilde yapilmasi saglanmalidir. Boylece bu makineler giivenli
olarak ciftcilerin kullanimina sunulabilir. Makinelerin bu sekilde kullanima sunulmasinin ardindan, makineleri
kullanacak cift¢iler i¢in egitim ¢aligsmalar yiiriitiilerek bu makinelerin giivenli bir sekilde kullanilmalar1 saglanmalidir.

Tesekkiir

Bu calisma Ondokuz Mayis Universitesi Bilimsel Arastirma Projeleri kapsaminda PYO.ZRT.1904.15.008
numarali proje ile desteklenmistir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Effects of Vermicompost Applications on Microelemental Contents of Olive Saplings’
Production Material

Vermikompost Uygulamasinin Zeytin Fidanlarinin Uretim Materyalindeki Mikro Element
Icerikleri Uzerine Etkisi

Korkmaz BELLITURK', Hatice Sevim TURAN?, Selcuk GOCMEZ?, Yusuf SOLMAZ", Ozlem
USTUNDAG?, Aydin ADILOGLU"

Abstract

Disseminations of organic fertilizer use in olive sapling nursery is very important. When the saplings are
developed well at the beginning, this will be important for root development after planting to land, decreasing
the future yield lowness, and even obtaining large amount of high quality olive grain and oil, therefore studies
about this subject are essential. In this study, Gemlik olive (Olea europaea L. cv. Gemlik) variety saplings
were grown with applications of different doses of the vermicompost that is an organic fertilizer (0, 5, 10, 20
and 40%) to production material and single dose of chemical fertilizer which is used commonly by planters
(100% production material + chemical fertilizer). The micro nutrients content of the production material were
analyzed. According to the results, the micro nutrients analysis of the production material used for the growth
of olive saplings at the 3" and 6" months was significant. Fe, Cu, Mn, Zn and B values as the average of all
treatments were 12309.56, 34.74, 625.66, 52.61 30.85 at the 3" month and 12066.24, 28.60, 507.03, 47.40,
29.98 mg kg'! at the 6™ month. In general, 40% vermicompost (VC) + 60% production material (PM)
increased the micro elemental content. Use of vermicompost in production material can be said to increase
quality of production material and positively affect nourishment of olive saplings and their developments.
Vermicomposting is a simple biotechnological process of composting, in which certain species of
earthworms (Eisenia foetida etc.) are used to enhance the process of waste conversion and produce a better
product. The use of vermicompost is important for the sustainability of agriculture. These results showed that the
effects of different organic material (vermicompost) applications on olive sapling properties are important.

Keywords: Olive sapling, Vermicompost, Production material, Micro nutrients
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Ozet

Zeytin fidam yetistiriciliginde, organik giibrelerin kullanilmasinin yayginlastirilmasi son derece onemlidir.
Fidanlar baglangicta saglikli olarak yetistirildiginde, araziye dikim sonrasi olusacak kok gelisimleri, ileride
yasanabilecek verim diisiikliiklerinin azaltilmasi acisindan ve hatta yiiksek ve kaliteli zeytin dane ve yaginin elde
edilmesine yol acabileceginden “zeytinde organik giibreleme” ile ilgili caligmalarin 6nem kazanmaya bagsladigi
goriilmektedir. Bu calismada zeytin (Olea europaea L. cv. Gemlik) fidani yetistiriciliginde kullanilan iiretim
materyaline organik giibre olarak vermikompostun farkli dozlar1 (%0, 5, 10, 20, 40) ve iireticiler tarafindan yaygin
olarak kullanilan kimyasal giibre tek dozda (%100 iiretim materyali + kimyasal giibre) kullanilarak Gemlik cesidi
zeytin fidanlar yetistirilmistir. Fidanlarin yetistirildigi iiretim materyalinin mikro element icerikleri analiz edilerek
incelenmistir. Aragtirma sonuglarina gore, zeytin fidanlarinin yetistirildigi tiretim materyallerinin denemedeki 3.
ve 6. ay yapilan mikro besin elementi analiz sonuglari istatistiki olarak 6nemli bulunmugtur. Denemenin 3. ayinda
Fe, Cu, Mn, Zn ve B degerleri tiim uygulamalarin ortalamasi olarak sirasiyla 12309.56, 34.74, 625.66, 52.61, 30.85;
6. ayda ise 12066.24, 28.60, 507.03, 47.40 ve 29.98 mg kg olarak bulunmustur. Genel olarak %40 VK
(vermikompost) + %60 UM (iiretim materyali) uygulamasinin iiretim materyalinin mikro besin elementleri
icerigini arttirdi@1 belirlenmistir. Vermikompostun iiretim materyali igerisinde kullanilmasinin gerek iiretim
materyalinin kalitesine gerekse fidanlarin beslenmesine ve gelisimine olduk¢a olumlu katkilar saglayabilecegi
sOylenebilir. Vermikompost tiretimi, atik doniisiim siirecini gelistirmek ve daha iyi bir {iriin tiretmek i¢in bazi
solucan tiirlerinin (6rnegin Eisenia foetida gibi tiirler) kullanildig1 basit bir biyo-teknolojik kompostlama siirecidir.
Vermikompostun kullanimi siirdiiriilebilir tarim i¢in olduk¢a 6nemlidir. Bu sonuclar, farkli organik materyal
(vermikompost) uygulamalarinin zeytin fidan1 6zellikleri tizerine etkilerinin 6nemli oldugunu sonucunu ortaya
koymustur.

Anahtar Kelimeler: Zeytin fidan1, Vermikompost, Uretim materyali, Mikro besin elementleri
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1. Introduction

Olive cultivation is an important agricultural activity in the world and in our country. The growth of olive
nursery is increasingly popular agricultural activity in our country in recent years. However, there is no enough
available source for the use of the most appropriate fertilizer (generally organic fertilizer) in the cultivation of olive
nursery. Growing olive saplings is a situation that requires important information. Producers do this work generally
by using chemical fertilizers. The most commonly used chemical fertilizers are 20-20-0, 15-15-15 and 18-46-0
(DAP) composed fertilizers. Some producers also use cow manure to produce olive saplings. However, such
organic fertilizers may also cause problems if not properly prepared. Therefore, there is a lack of information about
what should be the most suitable organic fertilizer. In this study, it is planned to use worm manure (vermicompost)
which is considered suitable for olive seedling production. However, this study was planned because there is not
enough information about which dose of vermicompost should be used. In this study, the chemical fertilizer which
is commonly used by the farmers as a chemical fertilizer (100% production material + chemical fertilizer) and the
organic fertilizer which is used in different doses (0%, 5%, 10%, 20% and 40% vermicompost) as vermicompost
are used for the production of olive sapling. Young plants of olive cultivar Gemlik (Olea europaea L. cv. Gemlik)
were grown using 36 pots, totally 6 applications, 3 replications and 2 periods (Period A: 3rd month, Period B: 6th
month). The experiment lasted 6 months and has been carried out in 2-stage, 3-month, in the laboratory with
controlled conditions. At the end of the third and sixth months of the experiment, some micro nutrients (Fe, Mn,
Zn, Cu, B) analyzes were made in the plant samples and potted production materials. In the direction of the project
results, we can say that vermicompost can be used easily in production material in growing olive sapling.
According to the results, the highest contents of all the micro nutrients were obtained from 40% VC (vermicompost)
+ 60% PM (production material) after the 6th month of the trial. If the V is to be used in olive sapling cultivation,
it will be beneficial for the producers to consider this situation. This study also includes information that will help
in the preparation of PM that should be used in olive sapling production.

Olive is a plant with increasing importance as a factor in healthy human nutrition and as flavor at the table.
According to TUIK (2018), data the area of olive orchard in Turkey is 864,428 ha and total olive trees are
177,843,966. Among these trees, 126,874,171 of them are for oil production, 50,969,795 are grown to be table
olive. Fertilization studies for olive orchards become more important in recent years. Although, especially the
young saplings, give yield every year, major changes have been observed in olive tree development in olive
orchards due to global climate changes. Besides, yield differences between the trees became very frequent.
Therefore, in order to decrease the yield lowness and maintaining the healthy development of trees, the need for
the condensation of studies about fertilization of olive plants appeared. Moreover, dissemination of organic
fertilizer use for olive plants is important as well. When the saplings are developed well at the beginning, this will
be important for root development after planting to land, decreasing the future yield lowness, and even obtaining
large amount of high-quality olive grain and olive oil, therefore studies about this subject are essential.

Vermicompost is produced by the digestion of organic material by worms and it is a material that has many
positive effects on plant development, soil amelioration, plant health and environment (Fritz et al., 2012; Bellitiirk
et al., 2013 and 2015; Gogmez et al., 2019). According to the results of a recent study, some plants grown by
vermicompost applications play important roles in remediation of heavy metals from the soil (Bellitiirk et al., 2015;
Shrestha et al., 2019).

In this study, Gemlik olive variety saplings were grown for 6 months with different amounts of vermicompost
added to the production material commonly used for olive nursery. Micro elemental content analyses of the
production material were carried out at the 3rd and 6th months of the study.

2. Materials and Methods

This study was carried out in controlled laboratory conditions for 6 months. Saplings of Gemlik olive variety were
grown; chemical fertilizer and vermicompost were applied to production material of these saplings.

The treatments to the pots on which olive saplings were grown were as follows: 1- Production material (1/3 soil +
1/3 peat + 1/3 sand as a volume), 2- 100% production material + chemical fertilizer (15-15-15), 3- 5% vermicompost
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+ 95% production material, 4- 10% vermicompost + 90% production material, 5- 20% vermicompost + 80%
production material, 6- 40% vermicompost + 60% production material. Micro elemental analyses of the peat and the
soil used in production material used in the pots were carried out (Table 1). Olive saplings were harvested at the 34
and 6" months of the trial and micro nutrients content analyses of the corresponding periods were done.

The micro nutrients contents (iron, cupper, manganese, zinc and boron) analyses of the soil and the peat in the
production material were carried out with ICP-OES using the filtrate obtained from microwave burning with H>O, +
HNO3; (Zarcinas et al., 1987). The iron, cupper, manganese and zinc analyses of the soil used in the production material
were done with ICP-OES using the filtrate obtained by extracting the samples by DTPA (pH 7.3) (Lindsay and Norvell,
1978). Boron analysis was done with ICP-OES after extracting the samples with 0.01 M mannitol + 0.01 M calcium
chloride (Kacar and Fox, 1966). The study contained 6 treatments x 3 replicates x 2 periods = 36 olive sapling. The
statistical analyses of the results were carried out by SPSS 11.0 software (SPSS, 2009).

Table 1. Microelement Analysis Results of Soil, Vermicompost and Peat Used in the Production Material

Parameters Unit Soil Peat Vermicompost
Fe mg kg! 10.62 2558.03 8416.43
Cu mg kg'! 1.05 20.73 499.17
Mn mg kg'! 1033 5435 380.39
Zn mg kg! 0.58 25.07 379.95
B mg kg 0.55 11.59 75.75

3. Results and Discussion

The micro nutrients analysis results of the production material after the 3™ month are given in Table 2.

Table2. The Analysis Results of Micro Nutrient Contents of the Production Material at the End of 3™ Month

Applications Fe (mgkg!) Cu(mgkg') Mn (mgkg") Zn (mg kg™ B (mg kg™)

100 % PM 12338.45 13.52 576.24 31.87 30.15
100 % PM 12411.10 14.70 575.77 34.70 29.78
100 % PM 12544.24 12.18 572.31 33.40 28.68
100 % PM+ CF 12630.00 14.68 607.71 41.53 30.11
100 % PM+ CF 12548.37 13.99 602.85 40.89 30.20
100 % PM+ CF 12684.59 14.69 607.38 40.38 30.14
5% VC+95%PM 11928.09 42.48 615.25 44.25 29.00
5% VC+ 95%PM 11648.04 42.33 619.02 43.38 28.12
5% VC+ 95% PM 11287.37 41.56 617.79 44.19 27.76
10% VC+90% PM 12154.78 39.55 635.99 53.35 28.73
10% VC+90% PM 12286.34 37.71 633.02 51.78 28.14
10% VC+90% PM 12102.75 40.89 636.27 52.65 28.81
20% VC+80% PM 12276.58 42.29 655.00 65.52 30.05
20% VC+80% PM 12734.72 46.79 654.18 65.39 31.94
20% VC+80% PM 12269.34 44.57 654.13 66.01 32.38
40% VC+60% PM 12233.63 54.00 663.18 78.87 37.57
40% VC+60% PM 12615.11 53.67 669.08 79.84 36.83
40% VC+60% PM 12878.61 55.69 666.72 79.02 36.89
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The lowest Fe was found in 5% VC + 95% PM, and the highest in40% VC + 60% PM; the lowest Cu was
determined in 100% PM while the highest was in 40% VC + 60% PM; the lowest Mn was found in 100% PM,
the highest Mn was in 40% VC + 60% PM; the lowest Zn content was obtained from 100% PM and the highest
Zn was obtained from 40% VC + 60% PM; the lowest B was in 5% VC + 95% PM, the highest B was in 40%
VC + 60% PM (Table 2).

The highest contents of all the micro nutrients were obtained from 40% VC + 60% PM after the 6 month of
the trial. This shows that addition of vermicompost into the production material increases the micro nutrient
contents and therefore the plants can benefit more from these elements.

The micro nutrients analysis results of the production material after the 6™ month are given in Table 3.

Table 3. The Analysis Results of Micro Nutrient Contents of the Production Material at the End of 6" Month

Applications Fe (mgkg!) Cu(mgkg') Mn(mgkg')  Zn(mgkg') B (mg kg™

100% PM 11356.35 12.24 466.32 31.24 27.32
100% PM 11335.65 13.64 468.95 32.58 27.87
100% PM 11359.22 12.65 462.31 33.65 28.12
100% PM+CF 11854.32 13.65 489.95 35.85 29.21
100% PM+CF 11882.21 14.54 481.32 36.74 29.65
100% PM+CF 11887.39 14.89 485.28 36.87 29.51
5% VC+95% PM 11155.62 20.21 499.95 39.34 28.85
5% VC+95% PM 11146.32 20.22 495.65 40.12 27.45
5% VC+95% PM 11151.84 20.20 497.51 40.55 27.21
10 % VC+90% PM 12556.32 25.25 501.25 41.55 28.15
10% VC+ 90% PM 12587.21 26.54 502.68 41.87 28.52
10% VC+ 90% PM 12536.65 26.87 509.87 42.98 27.51
20% VC+ 80% PM 12654.32 41.70 525.68 60.75 30.05
20% VC+ 80% PM 12687.25 41.35 532.65 61.82 30.66
20% VC+ 80% PM 12697.84 42.58 528.97 61.55 30.94
40% VC+ 60% PM 12789.65 55.66 555.87 71.51 36.21
40% VC+ 60% PM 12798.54 56.98 564.87 72.46 36.71
40% VC+ 60% PM 12755.61 55.64 557.52 71.81 35.73

The lowest Fe content was obtained from 5% VC + 95% PM and the highest from 40% VC + 60% PM, the
lowest Cu content was found in 100% PM and the highest in40% VC+ 60% PM, the lowest Mn content was in
100% PM and the highest M content was in 40% VC + 60% PM, the lowest Zn content determined in 100% PM
and the highest in 40% VC + 60% PM and finally the lowest B content was found in 5% VC + 95% PM and the
highest B content was obtained from 40% VC + 60% PM. The highest content of all elements at the end of 6th
month were obtained by the treatment of 40% VC + 60% PM similar to 3™ month results. This situation again
shows that enriching the production medium with vermicompost increases the micro nutrients contents of the
medium in which olive saplings were grown. Hence, the plants can benefit more from the micro nutrients they
require.

The micro nutrient analysis results of the production materials after 3" and 6™ months are given in Table 4.
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Table 4. Statistical Analysis Results of the Micro Nutrient Contents of Production Material at the End of
3" and 6™ Months

Applications Fe (mgkg!) Cu(mgkg') Mn (mgkg") Zn (mg kg™ B (mg kg™)

3 Month
100% PM 12431.26 ab 13.46 ¢ 574.77 £ 33.32f 29.53 cd
100% PM+CF 12620.98 a 1345e 60598 ¢ 4093 ¢ 30.15¢
%5 VC+%95 PM 11621.16 ¢ 39.38d 617.35d 4394 d 28.29d
%10 VC+%90 PM 12181.29 b 4212 ¢ 635.09 ¢ 52.59¢ 28.56d
%20 VC+%80 PM 12426.88 ab 44.55b 654.43 b 65.64 b 3145b
%40 VC+%60 PM 12575.78 ab 54.45 a 666.32 a 79.24 a 37.09 a

6" Month
100% PM 1135040 ¢ 12.84 f 465.86 ¢ 3249 f 27.77d
100% PM+CF 11874.64 d 1436 ¢ 485.51d 36.48 ¢ 2945 ¢
5% VC+ 95% PM 11151.26 f 20.21d 497.70 ¢ 40.00d 27.83d
10%VC+ 90% PM 12560.06 ¢ 26.22 ¢ 504.60 ¢ 42.13 ¢ 28.06d
20% VC+80% PM 12679.80 b 41.87b 529.10 b 61.37b 30.55b
40% VC+ 60% PM 12781.26 a 56.09 a 559.42 a 7192 a 36.21 a

The highest Fe content was observed at 100% PM, 100% PM + CF, 20% VC + 80% PM and 40% VC + 60%
PM (Table 3) . The highest Cu, Mn, Zn and B contents were obtained from 40% VC + 60% PM for both 3™ and
6" month. Ramnarain et al. (2019) revealed that vermicompost is rich in plant micro nutrients. Barlas et al. (2018)
expressed that vermicompost was an important nutritional source for their study on wheat. Alidadi et al. (2014)
stated a similar result for their study on tomato plant as vermicompost was a potential nutrients source. Sonmez
and Ozen (2019) showed that increased amounts of vermicompost applications increased the available Zn and Mn
contents in the experiment soils.

4. Conclusions

There have been many studies on the contents of production materials used for olive sapling production. The
contents of production materials are important in terms of plant development. Vermicompost, when considered alone,
is more than an organic fertilizer, it is a good soil ameliorator and an environmental and economical material that makes
culture plants resistant to diseases (Bellitiirk, 2016). The use of such organic fertilizers for important culture plants like
olive has many advantages. Therefore, addition of vermicompost to production material of olive sapling is considered
to be advantageous for both the quality of the production material and plant development. The results of this study
revealed that vermicompost application to olive saplings’ production materials a positive implementation for the uptake
of microelements by the plants. The results obtained from the study answer the various questions of olive saplings
producers. It is also important to note that the use of organic fertilizers, especially in production materials, gives
favorable results compared to those used only chemical fertilizers. Adding organic fertilizers to the production
material is also important for plant health and quality. Further studies are needed on this subject. This study contains
results that can guide future studies especially micro nutrients.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Sivi Nitrojende Depolanan Ephestia kuehniella Zell. Yumurtalarinda Trichogramma
evanescens Westwood ve Trichogramma brassicae Bezdenko Tiirlerinin Kitle
Uretimlerinin Arastirilmasi

Mass Production of Trichogramma evanescens Westwood and Trichogramma brassicae
Bezdenko Using Ephestia kuehniella Zell. Eggs Stored in Liquid Nitrogen

Sennur BASUGUT!, Nihal OZDER*

Ozet

Biyolojik kontrol amaciyla Tiirkiye'de calisilan birgok parazitoid tiirti vardir. Trichogrammatidae familyas: da
bunlar arasindadir. Trichogramma tiirleri, bitkilerde zararli olan Lepidoptera takiminin yumurtalarina karsi
ozellikle kullanilmaktadir. Bitkilere zarar vermeden, zararliy1 heniiz yamurta halindeyken oldiiriir. Trichogramma
cinsine ait tiirler, bocek yetistirme odalarinda seri liretim ve salim kolaylig1 nedeniyle biyolojik kontrolde 6zel bir
oneme sahiptir. Trichogramma’larin Kkitle tiretiminde konuk¢u yumurtasinin sivi azot i¢inde depolanmasi,
alternatif bir yontem olabilir. Bu ¢aligmanin amaci, dondurulmus Ephestia kuehniella Zell yumurtalarini farklt
zamanlarda depolayip Trichogramma evanescens Westwood ve Trichogramma brassicae Bezdenko tiirlerinin
parazitleme potansiyellerini belirleyerek daha bol, kolay ve ucuz iiretimleri aragtirilmistir. Bu calismada, Ephestia
kuehniella Zell. (Un giivesi) yumurtalari siv1 nitrojende (-196°C) farkli siirelerde (1, 2, 3, 4, 5 ve 6 hafta boyunca)
depolanmustir. Ephestia kuehniella Zell'in yamurtalar1 depolandiktan sonra, Trichogramma evanescens Westwood
ve Trichogramma brassicae Bezdenko tiirlerinin parazitleme performanslari, bu parazitlenmis yumurtalardaki
yetigkinlerin cinsiyet orani ve parazitlenen yumurtalardan elde edilen disilerin omiirleri belirlenmistir. Depodan
cikarilan Ephestia kuehniella Zell. yumurtalarint Trichogramma evanescens Westwood ve Trichogramma
brassicae Bezdenko tiirlerinin parazitleme performansi incelendikten sonra depolanmis yumurtalardan elde edilen
disilerin kitle iiretimindeki performansi arastirllmistir. Caligmalar 25+1°C sicaklikta %60-70 orantili nemde 16
aydinlik 8 saat karanlik kosullarda yiiriitiilmiistiir. Arastirmanin sonucunda, 5 hafta siire ile s1v1 azotta depolanmig
E. kuehniella yumurtalarinin Trichogramma evanescens Westwood ve Trichogramma brassicae Bezdenko
tarafindan basarili bir sekilde parazitlenebildigi, 6 hafta siire ile depolanmis yumurtalarda parazitlemenin hi¢
gerceklesmedigi saptanmistir. Ancak her iki tiir igcinde hem siv1 azotta depolanmis E. kuehniella yumurtalarinin
parazitlenme sayisi, acilma sayisi ve disi sayist hem de sivi azotta depolanmig yumurtalardan elde edilen disi
parazitoitlerin performansi agisindan, 3 hafta depolama siiresinin en uygun siire oldugu saptanmstir.

Anahtar Kelimeler: Trichogramma evanescens, Trichogramma brassicae, Ephestia kuehniella, Siv1 nitrojen, Kitle tiretimi.
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Abstract

For the purpose of biological control there are many parasitoid species studied in Turkey. Species included in the
family Trichogrammatidae are also among these. Trichogramma species are particularly successful on the eggs of
members of the Lepidoptera team, which are harmful in plants. Without causing damage to pests in plants, it kills
while they are in the egg state. Trichogramma species have a special importance in biological control due to the
ease of mass production and release in insect breeding chambers. The storage of host eggs in liquid nitrogen may
represent an alternative method in the mass production of Trichogramma. The aim of this study was to determine
the parasitic potential of Trichogramma evanescens Westwood and Trichogramma brassicae Bezdenko species of
Ephestia kuehniella Zell eggs stored at different times at and the availability of frozen embryo frozen E. kuehniella
eggs to provide easier, cheaper and more abundant production of egg parasitoid Trichogramma species were
investigated. The aim of this study was to determine the parasitic potential of Trichogramma evanescens
Westwood and Trichogramma brassicae Bezdenko species of Ephestia kuehniella Zell eggs stored at different
times at and the availability of frozen embryo frozen E. kuehniella eggs to provide easier, cheaper and more
abundant production of egg parasitoid Trichogramma species were investigated. In this study, Ephestia kuehniella
Zell. (Flour moth) eggs were stored in liquid nitrogen (-196 °C) for at different times (1, 2, 3, 4, 5 and 6 weeks).
Ephestia kuehniella Zell removed from the warehouse. After examining parasitic performance of Trichogramma
evanescens Westwood and Trichogramma brassicae Bezdenko species, the eggs of Ephestia kuehniella Zell were
collected from warehouse, the sex ratio of the adults female from these parasitized eggs were examined and the
longevity of the females and the number of eggs parasified during their lifetime were determined.After examining
parasitic performance of Trichogramma evanescens Westwood and Trichogramma brassicae Bezdenko species,
their performance in mass production of stored eggs were investigated. The studies were carried out for 16 hours
for 8 hours in dark conditions at 60-70% humidity at 25 + 1°C. As a result of the study, it was found that E.
kuehniella eggs stored in liquid nitrogen for 5 weeks can be successfully parasitized by Trichogramma evanescens
Westwood and Trichogramma brassicae Bezdenko, and no parasites have been observed in stored eggs for 6
weeks. However, in both species, it was determined that 3 weeks were the most suitable time for storage, both in
terms of parasitic number, opening number and number of females of E. kuehniella eggs stored in liquid nitrogen
and in the performance of female parasitoids obtained from eggs stored in liquid nitrogen.

Keywords: Trichogramma evanescens, Trichogramma brassicae, Ephestia kuehniella, Liquit nitrogen, Mass producti
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Bagiigiit & Ozder
Sivi nitrojende depolanan ephestia kuehniella zell. yumurtalarinda trichogramma evanescens westwood ve trichogramma brassicae bezdenko tiirlerinin kitle
iretimlerinin arastirilmasi

1. Giris

Tiirkiye’de biyolojik miicadele amaciyla lizerinde calisilan pek cok parazitoit tiir vardir. Trichogrammatidae
familyasina bagli tiirlerde bunlar arasindadir. Trichogramma tiirleri iizerinde genellikle kitle iiretiminde
kullanilacak uygun konuk¢unun belirlenmesi, uygun konuk¢u yumurtasi yasinin belirlenmesi, diigiik sicakliklara
sahip depolama kosullarinda konuk¢u yumurtalarinda parazitoitlerin kitle tiretimi, parazitlenmis yumurtalarin
farkli sicakliklarda depolanmasi ve s1vi azotta depolanmis un giivesi yumurtalarinda kitle iretimi gibi ¢aligsmalar
yiiriitiilmiistiir (Bulut, 1990; Jajali ve Singh, 1992; Ozder, 2004; Lohmann ve ark. 2007; Yaz ve Ozder 2016; Ozder
ve Tayat, 2018).

Bu calismada ise, Ephestia kuehniella Zell. (Un giivesi) yumurtalari sivi nitrojende (-196°C) farkli siirelerde
1, 2, 3, 4, 5 ve 6 hafta boyunca depolanmistir. Depodan ¢ikarilan Ephestia kuehniella Zell. yumurtalarini
Trichogramma evanescens Westwood ve Trichogramma brassicae Bezdenko tiirlerinin parazitleme performansi
incelendikten sonra parazitlenen bu yumurtalardan ¢ikan erginlerin cinsiyet dagilimina bakilip, disilerin omiir
uzunluklart ile dmrii boyunca parazitledikleri giinlik yumurta sayilart saptanarak, Trichogramma tiirlerinin daha
kolay, ucuz ve bol iiretimini saglayabilmek i¢in embriyosu dondurulmus E. kuehniella yumurtalarinin
kullanilabilirligi arastirilmistir.

2. Materyal ve Metot
2.1. Materyal

Arasgtirmanin ana materyalini yumurta parazitoitleri Trichogramma evanescens Westwood, Trichogramma
brassicae Bezdenko ve konukgusu Ephestia kuehniella Zell. olusturmaktadir. Kullanilan diger materyaller ise cam
tiipler, yumusak uclu fircalar, bal, beyaz kagit, plastik kiivet, plastik yumurtlama kaplari, %10’luk arap zamki, pamuk,
makas, misir kirmasi, un ve kepektir.

Aragtirmanin ana materyalleri olan Ephestia kuehniella ve parazitoitler Trichogramma evanescens Westwood ve
T. brassicae Bezdenko Namik Kemal Universitesi, Ziraat Fakiiltesi Bitki Koruma Boliimiinde yetistirilmekte olan
kiiltiirlerden elde edilmistir.

2. Metot
2.1. Konukgu Ephestia kuehniella’nin iiretimi

Un giivesinin iiretimi 25£1°C sicaklikta, %60-70 oransal nemde 16 saat aydinlik-8 saat karanlik kosullarin
saglandig1 iklimlendirme odasinda gergeklestirilmistir. Uretim igin un, kepek ve misir kirmast 2:1:1 oraninda
hazirlanarak, karisimdaki dis bulagsmalar1 6nlemek amactyla 60°C sicakliga ayarli etiivde 5 saat birakilarak steril
hale getirilmistir. Yetistirmede kullanilan diger materyaller (plastik kaplar, fircalar, yamurtlama kafesleri, kiivetler
vb.) %1’lik sodyum hipoklorit ile dezenfekte edilerek kullanilmistir. Dezenfekte edilen kapakli un giivesi
yetistirme kaplar1 igerisine; steril un, kepek kirma karigimi alinarak tizerine daha onceki kiiltiirlerden elde edilen
E. kuehniella yamurtalar1 ekilmistir. Daha sonra kaplarinin kapaklari kapatilarak kitle tiretim odasinda gelismeye
birakilmistir. Geligimini tamamlay1p ergin hale gelen E. kuehniella’lar vakumlu pompa ile toplanarak yumurtlama
kaplarina yerlestirilmistir. Bu kaplardan giinliik olarak toplanan yumurtalarin bir kism1 deneme i¢in kullanilmistir.
Geriye kalan kismida kiiltiiriin devamini saglamak amaciyla un, kepek ve misir kirmasi karisimina ilave edilerek
yeni kiiltiirler acilmistir (Bulut ve Kilinger, 1987; Ozder, 2004).

2.2. Parazitoit Trichogramma evanescens ve Trichogramma brassicae’nin iiretimi

Parazitoit Trichogramma evanescens Westwood ve T. brassicae Bezdenko 25+1°C sicaklik, %60-70 oransal
nem 16 saat aydinlik, 8 saat karanlik kosullarin saglandig: iklim odasinda ve E. kuehniella kiiltiirtinden saglanan
yumurtalar iizerinde yetistirilmistir (Ozder, 2004). E. kuehniella’mn iiretimi sirasinda giinliik olarak toplanan
yumurtalarm bir kismi, o giliniin tarihi yazili olan seritler halindeki beyaz kagitlar iizerine, arap zamki yardimiyla
dikkatli bir sekilde yapistirilmis ve ergin parazitoitlerin beslenmesi i¢in sulandirilmis bal damlatilarak icerisinde
genellikle yeni ¢ikmig ergin parazitoitlerin bulundugu cam tiiplere (1.7x18 cm), yumurtalara zarar vermeden ve
tiip icerisindeki parazitoitleri kacirmadan pens aracilifiyla yerlestirilmis. Tiiplerin agiz kismi pamukla
kapatilmistir. Boceklerin 1s1ga yonelim davranisindan faydalanilarak, giinliik yumurtanin bulundugu seritler
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aydinlik olacak sekilde tiiplerin diger kisimlar1 karartilmigtir. Parazitleme islemi gergeklestikten ortalama 3-4 giin
sonra embriyo gelisiminden kaynakli kararmalar meydana gelmistir. Parazitlenmeyen yumurtalar kagitlardan
uzaklagtirilarak aynu tiir tarafindan ayni tarihte ¢ikis yapmasi 6ngériilen parazitlenmis yumurtalar ayni tiip icerisine
alinmistir. Konukcu yumurtas: igerisinde pupa evresini tamamlayan parazitoit kendisine yumurta iizerinde
yuvarlak bir c¢ikis deligi acarak ergin ¢ikisini gerceklestirmistir. Denemenin kurulacag: tarihte ¢ikis yapanlar
deneme i¢in kullanilmig, diger erginlerle ise ayni islemler tekrarlanarak iiretimin devamliligi saglanmistir.

2.3. Biyolojik ¢calismalar

Her giin kontrol edilerek toplanan taze E. kuehniella yumurtalari, eppendorf tiipler (5 ml) icine yerlestirildikten
sonra aliiminyum folyo ile sarilarak, konik tiiplere (50ml) yerlestirilerek azot tankina (-196°C) konulmustur. Tanka
yerlestirilen yumurtalar 1, 2, 3, 4, 5 ve 6 hafta siire ile depolanmistir. Her depolama siiresi sonrasinda azot
tankindan ¢ikarilan tiipler plastik kutu icine aktarilarak 24 saat buzdolabinda bekletilmistir. Depolanmig olan bu
yumurtalardan 100’er adedi kagit seritlere arap zamki yardimiyla yapistirilip parazitoite besin olmast i¢in, bir
damla sulandirilmig bal damlatilarak, cam tiiplere yerlestirilmistir. Cam tiiplere birer adet ¢iftlesmis bir giinliik disi
Trichogramma evanescens Westwood salinmistir. Aynt islemler Trichogramma brassicae Bezdenko tiirii icinde
gerceklestirilmistir. Disiler 24 saat sonra tiiplerden uzaklagtirilmistir. Her giin yapilan incelemeler ile parazitlenen
yumurtalarin kararma siiresi, parazitlenen yumurta sayisi, parazitlenen yumurtalarin acilma siiresi ve iclerinden
cikan bireylerin disi sayist not edilmistir. Embriyosu donuk olarak parazitlenmis yumurtalardan c¢ikis yapan
ciftlesmis disi tiiplere alinip Omiirleri siiresince her giin taze E. kuehniella yumurtast verilerek depolanmis
yumurtalardan elde edilen parazitoitlerin performanslari incelenmistir (Krechemer ve Foerster 2016; Ozder ve
Tayat, 2018).

2.4. Istatistiki degerlendirme

Denemeler 10 tekerriirlii olarak Tesadiif Parselleri Deneme Desenine gore yiiriitiilmiistiir. Denemelerden elde
edilen veriler SPSS 25.0 paket programiyla, Duncan Coklu Karsilastirma Testine gore degerlendirilmistir.

3. Arastirma Sonuclari ve Tartisma
3.1. Depolannug E. kuehniella Yumurtalarinda Parazitoitlerin Performanst
3.2. Parazitlenen yumurtalarin kararma siiresi

Trichogramma evanescens tarafindan parazitlenmis yumurtalardan en kisa siirede kararan 3.70£0.15 giin ile 3 hafta
depolanan yumurtalar iken en uzun siirede kararma 4,50+0.16 giin ile 1 hafta depolanan yumurtalarda goriilmiistiir
(Cizelge 1). Trichogramma brassicae tarafindan parazitlenmis yumurtalardan en kisa siirede kararan 3.4020.13 giin ile
3 hafta depolanan yumurtalarken en uzun siirede kararanlar 4.6020.16 giin ile 1 hafta ve 4.40£0.16 giin ile 4-5 hafta
depolanan yumurtalar olup aralarinda istatistiksel olarak fark bulunamamustir. (Cizelge 2). Her iki tiirde de 6 hafta azot
tankinda depolanmis yumurtalarda hi¢ kararma goriilmemistir(p<0.05).

Ay (1994) E. kuehniella yumurtalarini -20°C sicaklikta derin dondurucuda 60 dk ve 120 dk beklettikten sonra 7.
turkeiensis ve T. embryophagum tiirlerinin parazitlemesine biraktig1 calismada iki tiiriinde parazitledigi yumurtalarin
kararma siirelerinin ortalama 5 giin oldugunu belirtmistir.

Kara (2006) E. kuehniella ve C. cautella yumurtalarininin 7. evanescens, T. brassicae, T. cacoeciae tiirleri
tarafindan parazitlendikten sonra genel olarak ortam sicaklig: arttikca kararma siiresinin kisaldigini bildirmistir. Giiven
(2008) ise C. cautella yumurtalarim1 +4°C’de 1, 2, 3 ve 4 hafta depoladiktan sonra T. evanescens, T. brassicae, T.
cacoeciae tiirlerine parazitletmis, parazitlenen bu yumurtalardan +4°C’de depolama siiresi arttik¢a kararma siirelerinin
uzadigini ve tiirler arasinda fark olmadigini bildirmistir.

3.3. Parazitlenen yumurta sayist

T. evanescens tiirtiniin -196°C’de depolanan E. kuehniella yumurtalarini parazitleme sayilariin kontrolden farkli
oldugu gozlemlenmistir. 7. evanescens ergin disileri en ¢ok 3 hafta depolanan yumurtalar1 parazitlemislerdir.
Depolanan tiim yumurtalardan sadece 6 hafta depolanan yumurtalarda hi¢ parazitlenme meydana gelmemistir. En
diisiik parazitlenmenin 1, 4 ve 5 hafta depolanan yumurtalar da oldugu goriilmiistiir (Tablo 1). 7. brassicae nin en
yiiksek sayida parazitlemeyi 3 hafta siire ile depolananlarda 35.7020..96 adet olarak gerceklestirdigi saptanmistir. 3
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hafta boyunca depolanan yumurtalarin, 2 hafta depolanan yumurtalarla (34.10+1.07) arasindaki farkin 6nemsiz oldugu
belirlenmistir. En az parazitlenen yumurtalarin ise 20.40+1.68 adet ile 1 hafta siireyle depolanan yumurtalar oldugu
tespit edilmistir (p<0.05, Tablo 2).

Krechemer ve Foerster (2016) Mythimna sequax yumurtalarini 30, 60 ve 90 giin boyunca siv1 nitrojende depolamis
ve bu yumurtalari, Trichogramma pretiosum tiiriiniin ayn1 oranda parazitledigini bildirmistir.

Lohmann vd. (2007) Trichogramma pretiosum’un kitle iiretimi i¢in E. kuehniella yamurtalarm sivi azotta 1, 3, 6
ve 9 ay depolayarak parazitlenme durumunu arastirmiglardir. Sonug olarak, hi¢ bir depolama siiresinde parazitlenme
goriilmedigini bildirmislerdir. Benzer sekilde St-Onge vd. (2016) Trichogramma ostriniae’nin iretimi igin, E.
kuehniella yomurtalarini sivi azotta depolamig ve sivi azotta depolanan yumurtalarda parazitlenme goriilmedigi igin
bu depolama yonteminin yumurtalarin korunmast i¢in uygun bir yontem olmadigini 6ne siirmiistiir. Bu iki ¢caligma 6
hafta depolanan yumurtalarin parazitlenmemesini destekler niteliktedir.

Greco ve Stilinovic (1998) Sitotroga cerealella yumurtalarini, sivi nitrojende 20, 30 ve 130 giin depoladiktan sonra
T. pretiosum’un parazitleme performansmi incelemis ve 20, 30, 130 giin depolanan yumurtalarin parazitlenme
yiizdesinde istatiksel olarak 6nemli farklar olmadigini belirtmistir.

Ozder (2002) Trichogramma cacoeciae, T. brassicae ve T. evanescens tiirlerinin iiretimini, -20°C’de (derin
dondurucuda) 1, 2 ve 3 saat depoladig1 E. kuehniella yumurtalar1 tizerinde gerceklestirerek depolama saatinin arttik¢a
parazitlenme oraninin azaldigim tiirler arasinda parazitlenme oran1 bakimindan farklilik goriilmedigini bildirmistir.
Ayni arastiric, 2004 yilinda yiiriittiigi calismada 0°C, 4°C ve 8°C’de 31 giine kadar depoladig1 E. kuehniella
yumurtalarindan, 7. cacoeciae’nin en cok tercih etttigi yumurtalarm 0°C’de depolananlar, en az tercih ettiginin ise
8°C’de depolananlar oldugunu bildirmistir (Ozder,2004).

Giiven (2008) 4 ve 8°C’de 1, 2, 3, 4 hafta depoladig1 Cadra cautella yumurtalarinda Trichogramma sp.’nin kitle
tiretimini arastirmis ve iki sicaklikta da en fazla 1 hafta en az 4 hafta depolanan yumurtalarin parazitlendigini depolama
siiresi arttikca parazitlenme oraninin azaldigin tespit etmistir.

Ozder ve Tayat (2018) siv1 nitrojende farkli siirelerde depoladiklar1 E. kuehniella yumurtalarina 2 farkl ¢oziinme
yontemi (su banyosu, buzdolabinda bekletme) uyguladiktan sonra bu yumurtalar iizerinde 7. pintoi nin kitle tiretimini
arastirmiglardir. Her iki yontemde de parazitlenme oraninin 3 haftaya kadar depolanan yumurtalarda %80 nin iizerinde
oldugu ve depolama siiresi arttikca parazitlenen yumurta sayisinin diistiigiinii ve 6 hafta depolanip su banyosunda
cozdiiriilen yumurtalarin %43 oraninda parazitlendigini belirlemislerdir.

3.4. Parazitlenen yumurtalarin acilina siiresi

T. evanescens tarafindan parazitlenmis yumurtalarin agilma siirelerinin 8.80+0.13 ve 9.20+0.20 giin ile 3 ve 2 hafta
depolanmis yumurtalarda en kisa oldugu saptanmustir. 4, 5 ve 1 hafta depolanmig yumurtalardan erginlerin ¢ikis
siiresileri arasindaki fark Onemsiz bulunmustur (Tablo 1). 7. brassicae’nin parazitlemis oldugu depolanmis
yumurtalarin agilma siiresi 3, 2 ve 4 hafta depolanmis yumurtalarda sirastyla 9.30+0.15, 9.50+0.22, 9.60£0.16 giin
olup en kisa siirede agilmiglardir. En uzun siirede agilan yumurtalar ise aralarindaki fark 6nemsiz olup 10.70+0.21,
10.40£0.16 giin ile 1 ve 5 hafta depolanmig yumurtalar olarak tespit edilmistir (p<0.05, Tablo 2).

Krechemer ve Foerster (2016) siv1 azotta 30, 60 ve 90 giin depoladiklart Mythimna sequax yumurtalarinin 7.
pretiosum ve T. atopovirilia tiirleri tarafindan parazitlendikten sonra gelisme siirelerinin kontrol grubuna gore daha
uzun siirdiigiinii gozlemlemislerdir. T. atopovirilia tiiriinde 60 ve 90 giin depolanan yumurtalarin ayni siirede agildigini
fakat 30 giin depolananlarin onlara gére daha uzun siirede acildigini, 7. pretiosum’un da ise depolama siiresi uzadik¢a
acilma siirelerinin kisaldigini, tespit etmislerdir.

Ozder ve Yaz (2016) T. pintoi tarafindan asalakli olan yumurtalari farkli sicakliklarda (0, 4, 8°C) ve farkli siirelerde
(1, 2, 3, 4, 5, 6 hafta boyunca) depolayarak, depolama siirelerinin uzamasi ve sicakligin diigmesinin acilma siiresini
uzattigini bildirmislerdir.

3.5. Parazitlenen yumurtalarin acilma sayist

Yiiriitiillen calismada Trichogramma evanescens ve T. brassicae tiirleri tarafindan parazitlenen yumurtalarin acilma
sayilarinin depolama siirelerinden etkilendigi belirlenmistir (p<0,05). Trichogramma evanescens tarafindan
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parazitlenen yumurtalarda kontrolden sonra en ¢ok acilan yumurta sayisinin 30.40+1.65 adet ile 3 hafta depolananlarda
oldugu saptanmustir. 2, 4 ve 5 hafta depolanan yumurtalarin acilma sayilar1 arasinda fark olmadigi en az ¢ikigin 1 hafta
depolanan yumurtalarda goriildiigii tespit edilmistir.

Trichogramma brassicae tarafindan parazitlenenlerde ise, 31.70£1.12, 30.20+1.83 adet ile kontrolden sonra en ¢ok
acilan depolanmis yumurtalar 2 ve 3 depolanan yumurtalardir. haftaliklardir. En az acilma sayisi ise 12.50+2.88 adet
ile 1 hafta depolanan yumurtalarda goriilmiistiir (Tablo 1).

Greco ve Stilinovic (1998), Sitotroga cerealella yumurtalarini, sivi nitrojende 20, 30 ve 130 giin depolamislar ve
Trichogramma pretiosum tarafindan parazitlenmis tiim yumurtalarin agilma oranlarini %64’{in iizerinde bulmuslardir.

Ozder (2004) 0°C, 4°C ve 8°C’de 31 giine kadar depoladigi E. kuehniella yumurtalarinm, Trichogramma
cacoeciae tarafindan parazitlendikten sonra 8°C’de depolanmis olan yumurtalarin a¢ilma oranlarinin, 3 haftadan
sonra %75 in altina diistiigiinii tespit etmistir.

Kara (2006) caliymamiza benzer olarak parazitlemenin fazla oldugu tiirlerin acilma sayilarinin da fazla oldugunu
belirtmistir.

Karaborklii ve Ayvaz (2007) 4°C’de 10, 20, 30 ve 40 giin siiresince depoladiklari E. kuehniella yumurtalarinin 7.
evanescens tarafindan parazitlendikten sonraki agilma oranlarinin %70 in iizerinde oldugunu en yiiksek acilma
oraninin ise %91.33 ile 10 giin depolananlarda goriildiigiinii bildirmistir.

Krechemer ve Foerster (2016) 30, 60, 90 giin s1v1 azotta depoladiklari, M. sequax yumurtalarindan 7. pretiosum un
parazitledigi tim yumurtalarda ¢ikis goriildiigiinii tespit etmistir. 7. atopovirilia’da ise 30 ve 60 giin depolanmis
yumurtalarin hepsinin ac¢ilmasina ragmen, 90 giinliilk yumurtalarin parazitlenen miktardan daha azinin a¢ildigim
bildirmislerdir.

3.6. Parazitlenen yumurtalardan ¢ikan disi sayist

Disi sayisinin yiiksek cikmasi neslin devami ve biyolojik miicadelenin siirekliligi icin son derece nemlidir. Bu
nedenle depolanmis yumurtalardan ¢ikis yapan bireylerin cinsiyetleri belirlenmis ve sivi azotta depolamanin cinsiyet
dagilimina etkisi oldugu saptanmistir (p<0.05).

T. evanescens tarafindan parazitlenmis olan yumurtalarin acilmas: sonucu meydana gelen disi say1si, (kontrolden
haric) en yiiksek 21.00£2.46, 16.10£2.26, 15.30£1.60 ve 14.40+2.12 adet ile 3, 5, 2 ve 4 hafta depolanan yumurtalarda
goriilmiistiir.

En az disi ise 6.40£1.75 adet ile 1 hafta depolanmis yumurtalardan ¢ikmustir. 7. brassicae’nin parazitledigi
yumurtalardan meydana gelen disi sayist ise 26.00£1.11 ve 25.80+1.84 adet ile 2 ve 3 hafta depolanan yumurtalarda
en fazla bulunurken, 6.40%1.75 adet ile 1 hafta depolanan yumurtalarda en olarak saptanmustir. (Tablo 1).

Krechemer ve Foerster (2016) yiiriittiikleri ¢calismada sivi azotta 30, 60 ve 90 giin depolanan yumurtalarin
Trichogramma sp. tarafindan parazitlenmesi sonucu agilan yumurtalarin, arastirmamiza benzer sekilde disi sayisinin
erkek sayisindan yiiksek oldugunu bildirmislerdir.

Greco ve Stilinovic (1998) yiiriittiikleri caligmada siv1 nitrojende depolanan yumurtalardan elde edilen erginlerin
disi cinsiyet oranin1 kontrol grubundan daha yiiksek bulmuglardir.

Karaborklii ve Ayvaz (2007) E. kuehniella ve S. cerealella yumurtalarini T. evanescens disilerine parazitlettikten
sonra, bu yumurtalarm icerisinde gelisecek olan parazitoitleri farkli donemlerinde 4°C’de 10, 20, 30 ve 40 giin
siiresince depolamuslardir. Parazitlenen yumurtalardan ¢ikan erginlerin yiizde olarak verilen disi sayilarinin kontrolden
farkli olmadigini bildirmislerdir. Benzer sekilde Tezze ve Botto (2004) T. nerudai pupalarin1 4°C’de 25, 50, 75, 100,
125 ve 150 giin boyunca depoladiklart yumurtalardan cikan yetiskinlerin disi oraninda farklilk olmadigimi
saptamislardir.
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Tablo 1. Sw nitrojende depolandiktan sonra Trichogramma evanescens tarafindan parazitlenen E. kuehniella
Zell. (Un giivesi) yumurtalarinda kararma siiresi, parazitlenen yumurta sayisi, acima siiresi, acilma sayisi ve digi
sayisi

Tablel.Trichogramma evanescen female longevity, eggs darkening time, number of parasitized eggs, opening time,
opening number and number of female and parasitized eggs obtained from Ephestia kuehniella eggs stored in liquid
nitrogen tank

gt b Kararma Parazitlene Parazitlenen Parazitlenen Parazitlenen
. . Yumurta Yumurtalarin Yumurtalardan Yumurtalardan
Siiresi Siiresi .
(Hafta) (S Sayisi Agllma"Surem Acilan Yumurta .(glkan
(Adet) (Giin) Sayisi (Adet) Digsi Sayisi
1 4.50+0.16 d* 24.90+1.27d 10.40+0.16 ¢ 10.80+1.78 d 6.20+1.23 ¢
2 4.00%0.14 be 29.10£1.07 ¢ 9.20+0.20 b 23.90+1.58 ¢ 15.30£1.60 b
3 3.70+0.15b 34.80+0.94 b 8.80+0.13 b 30.40£1.65b 21.00£2.46 b
4 4.20%0.13 cd 25.10+1.71d 10.204£0.13 ¢ 22.80£1.33 ¢ 14.40£2.12 b
5 4.30+0.15 cd 25.6+1.10 cd 10.20+0.13 ¢ 25.00+0.96 ¢ 16.10£2.26 b
Kontrol 3.10+0.10 a 40.00£1.27 a 8.20+0.12 a 37.90%+1.65 a 27.70+3.38 a

* Her siitundaki ayni kiiciik harf ile gosterilen rakamlar arasindaki istatiksel fark 6nemsizdir (p<0.05).

Tablo 2. S nitrojende depolandiktan sonra Trichogramma brasssicae tarafindan parazitlenen E. kuehniella

Zell. (Un Giivesi) yumurtalarinda kararma siiresi, parazitlenen yumurta sayisi, acilma siiresi, actlma sayisi ve disi
sayist.

Table 2. Trichogramma brasssicae female longevitiy, eggs darkening time, number of parasitized eggs, opening time,
opening number and number of female and parasitized eggs obtained from Ephestia kuehniella eggs stored in liquid
nitrogen tank

Depolama Kararma Parazitlenen Parazitlenen Parazitlenen Parazitlenen
Siiresi Siiresi Yumurta Yumurtalarn} Yumurtalardan Yumurtalardan
(Hafta) (Giin) Sayisi (Adet) Acillma Siiresi  Acilan Yumurta Cikan
(Giin) Sayisi (Adet) Disi Sayisi

1 4.60+0.16 c* 20.40+1.68 d 10.70+£0.21 ¢ 12.50+2.88 d 6.40£1.75 ¢

2 3.80+0.20 b 34.10+1.07 b 9.50+0.22 b 31.70+1.12 a 26.00+1.11 a

3 3.40+0.13 ab 35.7+0.96 ab 9.30+0.15b 30.20+1.83 ab 25.80%1.84 a

4 4.40+0.16¢ 26.80%1.34 ¢ 9.60+0.16 b 25.00£1.77 ¢ 20.10£1.55b

5 4.40+0.16 ¢ 27.80+0.86 ¢ 10.40+0.16 ¢~ 25.50+0.81 bc 19.60£1.25b
Kontrol 3.00+0.01 a 38.60+1.08 a 8.50+0.16 a 33.60+£1.02 a 28.80+1.32 a

* Her siitundaki ayni kiiciik harf ile gosterilen rakamlar arasindaki istatiksel fark dnemsizdir (p<0,05).

3.7. Depolanmug E. kuehniella Yumurtalarindan Elde Edilen Parazitoitlerin Performansi

3.8. Omiir uzunluklar

S1vi nitrojende 4 ve 5 hafta depolandiktan sonra Trichogramma evanescens’in parazitlemis oldugu yumurtalardan
cikan disilerin omiir uzunluklarinin, kontrol grubu disilerinin omriinden istatiksel olarak farkli olmadigi tespit
edilmistir (p<0.05). En kisa siire yasayan disilerin ise 13.10+0.91 ve 15.20£0.86 giin ile 1 ve 2 hafta depolanan
yumurtalardan ¢ikan disiler oldugu belirlenmistir (Tablo 3).

T. brassicae’in parazitledigi yumurtalardan ¢ikan disilerin 6miir uzunluklan sirasiyla 19.40£1.06, 18.10£0.75,
17.70£0.52 giin olmak lizere sirastyla 5, 3 ve 4 hafta depolanan yumurtalarin ve kontrol grubunun (20.30£1.61 giin)
en uzun siire yagamig oldugu istatistiksel olarak belirlenmistir. 7. brassicae’nin parazitledigi yumurtalardan meydana
gelen disilerden en kisa siire hayatta kalanlar 12.30£0.76 giin ile 1 hafta depolanmis yumurtalardan ¢ikanlar olmugtur
(p<0.05, Tablo 4).
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Jajali ve Singh (1992) konukg¢u Corcyra cephalonica yumurtalarmni kullanarak 4 Trichogramma tiiriiniin farklt
biyolojik evrelerinde 2, 5 ve 10°C’de 7 ila 49 giin boyunca depolayarak yaptiklar1 arastirmada. Pupa evresinde
depolanan parazitoitlerin, dmiir uzunlugunun 2°C’de 14 giine, 5°C ve 10°C de ise 21 giine kadar istikrarh bir sekilde
devam ettigini daha sonra azaldigin tespit etmislerdir.

Ozder ve Tayat (2018) siv1 nitrojende farkli siirelerde depoladiklar1 E. kuehniella yumurtalarindan elde ettikleri 7.
pintoi disilerinde en kisa 6mriin 6.30+0.22 giin olarak 6 hafta siire ile depolanmis yumuttalardan elde edilen bireylerde
goriildiigiinii kaydetmislerdir.

Ozder (2004) Ephestia kuehniella yumurtalarin1 0°C, 4°C ve 8°C’de 31 giine kadar depolayarak yiiriittiigii
caligmada depolanan yumurtalardan ¢ikan parazitoit, Trichogramma cacoeciae’nin 6mriiniin en uzun 15 giin oldugunu
ve 4°C’de 1 hafta depolanan yumurtalarda goriildiigiinii saptamistir.

Ozder ve Yaz (2016) T. pintoi tarafindan asalakli olan yumurtalari farkli sicakliklarda (0, 4, 8°C) ve farkli siirelerde
(1, 2, 3, 4, 5, 6 hafta boyunca) depolayarak yiiriittiikleri ¢calismada depolanmis yumurtalardan elde edilen disilerin
Omriiniin depolama siiresi uzadik¢a kisaldigini, sicaklik arttik¢a uzadigim belirlemislerdir.

3.9. Parazitlenen yumurtalarin kararma siiresi

Depolanmis Ephestia kuehniella yomurtalarindan ¢ikan 7. evanescens disilere yasadiklart siire boyunca her giin
taze E. kuehniella yumurtasi verilip yumurtalarin sogukta depolanmasinin parazitoit neslinin devamina etkileri
arastirilmig ve aralarindaki fark onemli bulunmusgtur (p<0.05). Sivi nitrojende 5 hafta boyunca depolanmis
yumurtalarin 7. evanescens tarafindan parazitlenmesi sonucu meydana gelen disilerin, parazitledigi yumurtalarin
3.57+0.35 giin ile en kisa siirede kararmig oldugu tespit edilmistir. En gec kararanlar, 4.08+0.44 giin ile 4 hafta
depolanan yumurtalardan cikan disilerin parazitledigi yumurtalar olmustur (Tablo 3).

T. brassicae disileri tarafindan parazitlenen yumurtalardan kontrol grubundan sonra en kisa siirede kararan
3.38+0.46 giin ile 1 hafta siv1 azotta depolanan yumurtalardan ¢ikan disilerin parazitledigi yumurtalar olmustur. En
uzun siirede kararanlarmn ise 4.26+0.39 ve 3.61+0.36 giin ile 5 ve 4 hafta depolanan yumurtalardan ¢ikan disilerin
parazitledigi yumurtalar oldugu tespit edilmistir (p<0.05, Tablo 4).

Ozder ve Yaz (2016) T. pintoi tarafindan asalakli olan yumurtalar farkl sicakliklarda (0, 4, 8°C) ve farkli siirelerde
(1,2, 3,4, 5, 6 hafta boyunca) depolayarak elde ettikleri disilere giinliik E.kuehniella yamurtalar1 vererek parazitletmis
ve parazitlenen yumurtalarm kararma siirelerini incelemistir. Sogukta depolamanin, disilerin nesil devamliligina etkisi
oldugunu belirlemislerdir. Asalakli olarak depolanmis yumurtalarin depolanma sicakligi arttikca, ergin hale
geldiklerinde parazitledikleri yamurtalarin kararma stirelerinin kisaldigini, ayn sicaklikta ise depolama siiresi arttikca
kararma siirelerinin uzadigini bildirmislerdir.

3.10. Parazitlenen yumurta sayist

Yiiriitillen calismada en ¢ok parazitlemenin, 5 ve 3 hafta depolanmis yumurtalardan elde edilen 7. evanescens
disileri tarafindan, swrasiyla 217.70+£5.32 ve 207.40£11.62 adet olarak, en az parazitlemenin ise 2 hafta siireyle
depolanan yumurtalardan cikan disiler tarafindan 127.0+£8.94 adet olarak gerceklestirildigi belirlenmistir (p<0.05,
Tablo 3). 3 ve 5 hafta depolanmig yumurtalardan ¢ikan 7. brassicae disilerinin, 192.80+10.09 ve 192.70+7.94 adet
olmak iizere Omiirleri boyunca en ¢ok parazitlemeyi gerceklestirdikleri ve aralarinda istatistiki acidan fark olmadigi
saptanmustir. 7. brassicae tarafindan, en az parazitlemenin ise 122.70£7.35 adet ile 1 hafta depolanmis yumurtalardan
cikan disilerin gerceklestirdigi tespit edilmistir (Tablo 4).

Karaborklii ve Ayvaz (2007) E. kuehniella ve S. cerealella yamurtalarin1 7. evanescens disilerine parazitlettikten
sonra bu yumurtalarin igerisinde gelisecek olan parazitoitleri yumurta déneminde 4°C’de 10, 20, 30 ve 40 giin
siiresince depolamuslardir. iki konukguda da depolanan yumurtalardan ¢ikan ergin disilerin parazitleme performansinin
10 ve 20 giin depolananlarda kontrolden farkli olmadigini 30 ve 40 giin depolananlarda ise daha diisiik oldugunu
bildirmislerdir.

Giiven (2008) yaptig1 calismalarda, depolamanin parazitoit performansima etkili oldugunu belirterek, depolama
stiresi arttikca parazitlenen yumurta sayisinin azaldigini kaydetmistir.
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Ozder ve Yaz (2016) T. pintoi tarafindan asalakli olan yumurtalari farkli sicakliklarda (0, 4, 8°C) ve farkli siirelerde
(1,2,3,4,5, 6 hafta boyunca) depolayarak, depolanmis yumurtalardan ¢ikan disilerin, parazitledigi yumurta sayilarini
saptamislardir. En yiiksek parazitlemenin 86+0.87 adet ile 8°C’de 1 hafta depolanmis yumurtalarda, en diisiik
parazitlemenin ise 40.98+0.61 adet ile 0°C’de 6 hafta depolanan yumurtalarda goriildiigiinii tespit etmislerdir.

3.11. Parazitlenen yumurtalarin agcilma siiresi

Yapilan ¢caligmada depolanan yumurtalardan ¢ikan disilerin parazitledigi yumurtalar, detayl bir sekilde incelenmis
ve parazitlenme giiniinden ilk ergin ¢ikis1 goriilene kadar gecen siireler hesaplanmustir. 7. evanescens tiiriinde en kisa
siirede acilma 9.10+0.54 giin ile 1 hafta depolanmis yumurtalardan cikan disilerin parazitledigi yumurtalarda
goriilmiistiir. En uzun siirede agilma ise 10.50+0.35 giin ile 4 hafta depolanmis yumurtalardan ¢ikan disilerin
parazitledigi yumurtalarda goriilmiistiir (p<0.05, Tablo 3).

S1v1 azotta depolanmis yumurtalardan ¢ikan 7. brassicae disilerinin, parazitledigi yumurtalarin acilma siiresi, en
kisa 8.67+0.58 giin olup, 1 hafta depolananlarda goriilmiistiir. En uzun acilma siiresi ise 10.86+0.48 giin ile 5 hafta
depolananlardan elde edilen disilerin parazitledigi yumurtalarda goriilmiistiir (p<<0.05, Tablo 4).

3.12. Parazitlenen yumurtalarin acilma sayisi

S1v1 azotta depolanmig yumurtalardan meydana gelen, 7. evanescens disilerinin omiirleri boyunca parazitledigi
yumurtalardan en fazla ergin c¢ikisinin, 5 ve 3 hafta depolanan yumurtalardan ¢ikan disilerin parazitledigi yumurtalarda
oldugu tespit edilmistir. 1 ve 2 hafta siireyle depolanmis yumurtalardan ¢ikan disilerin dmiirleri boyunca parazitledigi
yumurtalarda sirastyla 119.0£8.54 ve 121.7£8.93 adet ile en az agilma goriilmiistiir (p<0.05, Tablo 3). T. brassicae’in
omrii boyunca parazitledigi yumurtalardan kontrolden sonra en ¢ok ergin ¢ikist 184.90+7.81 ve 184.0+10.26 adet ile
5 ve 3 hafta depolanan yumurtalardan ¢ikan disilerin parazitledigi giinliik yumurtalarda goriilmiistiir. En az ergin
cikisin ise 114.60+7.21 adet ile 1 hafta siireyle depolanan yumurtalardan ¢ikan disilerin parazitledigi yumurtalarda
oldugu belirlenmistir (p<0.05, Tablo 4).

3.13. Parazitleneni yumurtalardan cikan digi sayist

Yiiriitiilen ¢calismada depolanan yumurtalarin 7. evanescens tarafindan parazitlenmesi sonucu elde edilen disilerin,
Omiirleri boyunca parazitledigi yumurtalardan ¢ikan disi sayisi da incelenmistir. En fazla disinin 115.60£6.98 adet ile
3 hafta depolanmis yumurtalardan ¢ikan disiler tarafindan parazitlenen yumurtalardan meydana geldigi ve kontrol
grubundan ¢ikan disi sayisindan istatistiksel olarak farkli olmadig1 saptanmistir. En az disinin ise 46.70+5.67 adet ile
1 hafta azot tankinda depolanmis olan yumurtalardan ¢ikan disi parazitoitlerin parazitledigi yumurtalardan meydana
geldigi goriilmiistiir (p<0.05, Tablo 3). T.brassicae’nin parazitlemis oldugu 3 haftalik yumurtalardan meydana gelen
disilerin parazitledigi yumurtalarda 98.60+5.40 adet ile en fazla disi ¢ikis1 goriiliirken, 2 haftalik yumurtalardan ¢ikan
disilerin parazitledigi yumurtalardan 61.40+5.85 adet ile en az disi ¢ikisi oldugu saptanmistir (Tablo 4).

Doetzer ve Foerster (2013) Pentatomidae yumurtalarini siv1 azotta depoladiktan sonra ilk olarak Trissolcus basalis
ve Telenomus podisi tiirlerinin depolanan yumurtalarin parazitlemesini degerlendirmislerdir. Caligmanin devaminda
ise s1v1 azotta depolanan konak¢1 yumurtalarda gelistirilen yetiskin parazitoitlerde uyku halini arastirmak amaciyla 7.
basalis ve T. podisi disilerini 18°C’de 120 ve 180 giin uykuda tutulmuslardir. Sonug¢ olarak 18°C’de depolama
stiresinin 7. basalis 'in cinsiyet dagilimini etkilenmemis oldugunu, 7. podisi’nin ise hem azottaki depolanma siiresinden,
hem de 18°C’de depolanma siiresinden etkilemis oldugunu bildirerek, bu iki yonteminde disi sayisiin yiiksek
cikmasindan dolay1 birlikte kullanilmasinin avantajli olacagini 6ne siirmiislerdir.
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Tablo 3. Swi azotta depolanan Ephestia kuehniella Zell. (Un giivesi) yumurtalarinin Trichogramma evanescens
tarafindan parazitlenmesi sonucu elde edilen disilerin omiir uzunluklari, yasadiklar siire boyunca her giin
ortalama olarak parazitledikleri yumurtalarin sayisi, kararma giinii, acima giinii, acilma sayist ve parazitlenen
yumurtalardan meydana gelen disi sayist.

Table3. Trichogramma evanescen obtained from Ephestia kuehniella eggs stored in liquid nitrogen tank female
longevity, eggs darkening time, number of parasitized eggs, opening time, opening number and number of female
and parasitized eggs obtained

. Parazitlenen Parazitlenen Parazitlenen
Depolama Omiir Kararma Parazitlenen Yumurtalardan Yumurtalardan
Nl - .. Yumurtalarm
Siiresi Uzunlugu Siiresi Yumurta Acilma Siiresi Acilan Cikan
(Hafta) (Giin) (Giin) Sayisi (Adet) ¢ (Giin) Yumurta Sayisi Bireylerde
(Adet) Disi Sayis1
1 13.10+091 ¢  3.74%045c¢  132.849.12d  9.10+0.57 ¢ 119.0+8.54 d 46.70+5.67 d
2 15202086 c ~ 3.9020.53b  127.0+8.94 ¢ 9.81+0.51 b 121.748.93d ~ 68.20+7.47 ¢
3 19.1120.63 b 3.81£0.49bc  207.40%11.62b  9.24+0.42d 199.2+11.07 b 115.60+6.98 a
4 19.45+0.05 ab 4.08+0.44 a 159.80+6.44 ¢ 10.50+0.35 a 149.9+6.02 ¢ 90.30+4.96 b
5 20.40+0.56 ab  3.57£0.35d 217.70£5.32b 9.53+0.41 ¢ 205.94+6.46b 77.20+7.25 be
Kontrol 22.00+1.06 a 3.35#0.32 ¢ 243.4+8.61 a 8.57+0.36 f 229.5+7.67 a 117.30+8.95 a

* Her siitundaki ayni kii¢iik harf ile gosterilen rakamlar arasindaki istatiksel fark 6nemsizdir (p<0.05).

Tablo 4. St azotta depolanan Ephestia kuehniella Zell. (Un Giivesi) yumurtalaruvmin Trichogramma brassicae
tarafindan parazitlenmesi sonucu elde edilen disilerin omiir uzunluklari. yasadiklar siire boyunca her giin
ortalama olarak parazitledikleri yumurtalarin sayisi. kararma giinii agcilma giinii. acilma sayist ve parazitlenen
yumurtalardan meydana gelen disi sayist.

Table 4. Trichogramma brassicae obtained from Ephestia kuehniella eggs stored in liquid nitrogen tank female
longevity. eggs darkening time. number of parasitized eggs. opening time. opening number and number of female
and parasitized eggs obtained

. . Parazitlenen Parazitlenen
L Parazitlenen Parazitlenen
Depolama Omiir Kararma Yumurtalardan Yumurtalardan
.. o . . Yumurta Yumurtalarm
Siiresi Uzunlugu Siiresi Savist Acilma Siiresi Acgilan Cikan
(Hafta) (Giin) (Giin) ( A()lle t) ¢ (Giin) Yumurta Sayisi Bireylerde
(Adet) Disi Sayis1
1 12.30+0.76 ¢ =~ 3.38+0.46 b 122.70+7.35 ¢ 8.67+0.58 a 114.6+7.21d 76.4+6.04 cd
2 16.90+1.00c  3.50£0.38 ¢ 159.70£12.87 b 9.61+0.40 ¢ 160.9+12.7 b 61.40+5.85d
3 18.10£0.75b  3.49+0.39 ¢ 192.80£10.09 a 9.47+0.38b 184.0+10.26 ab 98.60+5.40 ab
4 17.70+£0.52 ab 3.61+£0.36 d 133.0£9.39 be 10.50+0.38 d 127.8+3.88 ¢ 83.80£3.58 be
5 19.40+1.06 ab 4.26x0.39 d 192.70£7.94 a 10.86+0.48 ¢ 184.9+7.81 ab 87.50+6.19 bc
Kontrol 20.30£1.61a 3.24+0.33 a 219.80+11.8 a 8.64+0.39 a 203.2+11.34 a 107.4+8.52 a

* Her siitundaki ayni kiiciik harf ile gosterilen rakamlar arasindaki istatiksel fark dnemsizdir (p<0.05).

4. Sonug¢

Trichogramma tiirleri ile biyolojik miicadelenin etkin bir sekilde ger¢eklesebilmesi i¢in salim zamaninin dogru

secilmesi ve o siire igerisinde fazla sayida ergin iiretiminin gerceklesmesi gerekmektedir. Bu siirecte konukg¢u
yetersizliginden kaynaklanacak aksakliklar1 gidermek ve hazirda konuk¢u yumurtasi bulundurmak amaciyla
bir¢ok depolama calisilmas: yiiriitiilmiis ve yiiriitiilmektedir (Bernad ve ark.,2000; Karaborklii ve Ayvaz 2007).

Yapilan bu calismada. 6 hafta depolanmis yumurtalarda hi¢ kararma ve dolayisiyla parazitlenme olmamamsi
Lohman ve ark. (2007) ve St-onge ve ark. (2016) ¢caligmalarindaki gibi s1vi azotun Ephestia kuehniella yamurtalari
icin uzun siireli uygun depolama yontemi olmadigini yumurtalarin igerisindeki konukcu embriyosunun donarak
kristallesip yumurta ¢eperine zarar verdigini diisiindiirmiistiir.

Aragtirmanin sonucunda. 5 hafta siire ile siv1 azotta depolanmus E. kuehniella yumurtalarinin Trichogramma
evanescens Westwood ve Trichogramma brassicae Bezdenko tarafindan basarili bir sekilde parazitlenebildigi. 6
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hafta siire ile depolanmis yumurtalarda parazitlemenin hi¢ gerceklesmedigi saptanmistir. Ancak her iki tiir icinde
s1v1 azotta depolanmus E. kuehniella yamurtalarinin hem parazitlenme sayisi. agilma sayisi ve disi sayis1 hem de
stv1 azotta depolanmis yumurtalardan elde edilen disi parazitoitlerin performansi acisindan. 3 hafta depolama
sliresinin i¢in en uygun siire oldugu saptanmigtir. Biyolojik miicadeleye yonelik calismalarda kisa siireli
depolamalar i¢in bu yontemin basari ile kullanilabilir.

Tesekkiir

Bu calisma Tekirdag Namik Kemal Universitesi tarafindan NKUBAP.03.YL.19.198 Nolu Arastirma Projesi olarak
desteklenmistir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Fermente Sucuklarin Fizikokimyasal ve Mikrobiyolojik Kalitesi Uzerine Gamma

Isinlamanin Etkisi

Effect of Gamma Irradiation on Physicochemical and Microbiological Quality of Fermented
Sausages

Giilce Bedis KAYNARCA", Tuncay GUMUS?
Ozet

Isil islem gormiis sucuk teknolojik ag¢idan daha verimli bir iiriin olmasina karsin tiiketici tarafindan pek de tercih
edilmemektedir. Ulkemizde, tiiketici tarafindan tercih edilen fermente sucuk ise ne yazik ki mikrobiyal kalite
bakimindan zayif bir {iriin olarak karsimiza ¢ikmaktadir. Fermente sucugun lezzetini olumsuz etkilemeden
mikrobiyal acidan daha giivenli hale getirilmesi dnemli bir konudur. Bu amagla arastirmamizda gama 1sinlama
kullanarak daha hizli ve daha kaliteli iirlinler elde edilmeye calisilmistir. Bu kapsamda, tesadiifi drnekleme
yontemine gore se¢ilmis 10 farkli markaya ait fermente sucuk 6rneklerinin mikrobiyal ve kimyasal 6zellikleri
tizerine gamma 1sinlamanin (0, 2, 4 ve 6 kGy) etkisi arastirilmigtir. Fermente sucuk ornekleri Escherichia coli,
Staphylococcus aureus, laktik asit bakterisi (LAB), sporlu bakteri sayisi, maya-kiif sayisi, pH degeri, % protein
icerigi, Hunter Lab renk degerleri ve yag asitleri bilesimi bakimindan incelenmistir. Mikrobiyolojik analiz
sonuglarina gore; E. coli ve S. aureus tespit edilen oOrneklerde 4 kGy’lik 1sinlama islemi patojen
mikroorganizmalarin tamamini inhibe etmeye yetmistir. 6 kGy’lik 1smlama islemi laktik asit bakterileri
tizerinde %93, maya-kiif tespit edilen 6rneklerde ise yaklasik %90’Iik azalma saglamistir. 4 kGy’lik bir 1s1nlama
ile maksimum seviyede E. coli inhibisyonu saglanmistir. Isinlama isleminin mikroorganizmalar iizerine genel
etkisi incelendiginde patojen bakterilerin inhibisyonu laktik asit bakterileri ve maya-kiiflere gére daha diisiik
dozlarda gerceklesmistir. Isinlama isleminin 6rneklerin kimyasal dzellikleri tizerine etkisi incelendiginde ise sucuk
tekstiiriinde 6nemli bir degisme gozlenmezken, 6 kGy' lik 1sinlamanin 6rneklerin yag asitleri kompozisyonunda
istatiksel olarak 6nemli (p<0.05) degismelere neden oldugu goriilmiistiir. Bu degisim ise, C14:1 trans, C16:1 trans,
C17:1 trans ve C18:1 trans yag olusumu sonucunda trans yag miktarindaki artisi ile aciklanabilir.

Anahtar Kelimeler: Fermente sucuk, Gamma 1sinlama, Mikrobiyolojik &zellikler, Yag asitleri komposizyonu, Kimyasal

ozellikler.

Abstract

Heat treated sausages are not in demand by consumer although production of there are technologically more
efficient. In our country, fermented sausage preferred by consumers is unfortunately a weak product in terms of
microbial quality. It is an important issue to make fermented sausage safe from microbial aspect without adversely
affecting its flavor. In our study, we aimed on obtaining faster and better quality products by using gamma

irradiation. In this context, the effect of gamma irradiation (0, 2, 4 and 6 kGy) on the microbial and chemical
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properties of fermented sausage samples belonging to 10 different brands selected according to random sampling
method was investigated. Fermented sausage samples were analyzed in terms of Escherichia coli, Staphylococcus
aureus, lactic acid bacteria (LAB), spore bacteria and yeast-mold count, pH value, % protein content, Hunter Lab
color values and fatty acids composition. According to results of microbiological analysis; irradiation of 4 kGy
were inhibited all pathogenic microorganisms (E.coli and S.aureus). Irradiation of 6 kGy provided to reduction of
lactic acid bacteria and yeast-mold count .respectively 93% and 90% in samples. A maximum level in E. coli of
inhibition was achieved by irradiation of 4 kGy. When effect of irradiation on microorganisms was examined, the
inhibition of pathogenic bacteria was been lower dose than lactic acid bacteria and yeast molds. When the effect
of irradiation on the chemical properties of samples was examined, irradiation of 6 kGy was found to cause
statistically significant (p<0.05) changes in the fatty acid composition of samples but, no significant change was
observed in the other properties of fermented sausage samples. This change can be explained by the increase in
trans fatty acid as a result of formation of C14: 1 trans, C16: 1 trans, C17: 1 trans and C18: 1 trans fatty acid.

Keywords: Fermented sausage, Gamma irradiation, Microbiological properties, Fatty acid composition, Chemical properties.
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1.Giris

Giinlimiizde, gida talebinin artmas: ve teknolojinin gelismesiyle iireticiler raf omrii uzun, albenisi yiiksek
gidalar iiretmek ve piyasa ile rekabet edebilmek icin her gecen giin daha fazla kimyasal katki maddesi kullanimina
ihtiya¢c duymaktadir. Kullanilan katki maddeleri ile birlikte gerek yasam tarzi ve ekonomik durum gerekse
beslenme seklinden kaynaklanan hastaliklar cagimizda gittikge artmaktadir. Bu dogrultuda gida iiretiminde
kayiplar1 azaltacak, raf Omriinii artiracak ve giivenilirligi saglayacak yeni yontemlerin kullanimi ile ilgili
calismalarda gittikge 6nem kazanmaktadir. Bu yeni yontemlerden bir tanesi de gidalarin 1sinlanmasidir. Gida katki
maddelerinin azaltilmasi, gidanin raf dmriiniin arttirilmasi, patojen bakterilerin 6ldiiriilmesi vb. sebeplerden otiirii
gidalar 1g1nlanabilmektedir. Konuyla ilgili olarak dogal katki maddelerinin kullaniminin arastirilmasinin yaninda,
1sinlama isleminin beklentilere cevap vermesi, bu yontemin popiilaritesini arttirmistir (Korel ve Orman, 2005).

Isinlama teknigi et ve et tirlinlerinde patojenleri elimine eden en etkili yontemlerden biridir. Patojenik (Listeria
monoctogenes, Salmonella typhimurium, Escherichia coli O157:H7, Yersinia enterocolitica) ve bozulma etkeni
bakterilerin gelisimini kontrol etmek i¢in 10 kGy den diisiik 1s1nlama dozlar1 yeterli olmaktadir (Fu ve ark., 1995).
Yapilan arastirmalarda, 5 kGy ve altindaki dozlarda et iiriinlerinin mikrobiyolojik 6zellikleri iizerine gamma
1sinlamanin olumlu etkiye sahip oldugu belirlenmistir (Byun ve ark., 2000; Chouliara ve ark., 2006; Fadhel ve ark.,
2016; Fregonesi ve ark., 2014; Glimiis ve ark., 2008; Kundu ve ark., 2014; Xavier Mde ve ark., 2014). Isinlama
iglemi, et tirtinlerinde basarili bir patojen inaktivasyonu saglamasina karsin kaliteyi degistirmeme konusunda bir
garanti verememektedir. Isinlama isleminin farkli gidalarda belirli dozlarin tizerinde istenmeyen tat, koku, renk ve
yap1 degisimlerine neden olabilecegi bildirilmistir (Kim ve ark., 2002).

Kirmiz1 etten daha fazla yararlanmak icin iiretilen cesitli et {iriinleri icerisinde fermente sucuk, tiiketiciler
tarafindan lezzet ve kalite agisindan c¢ok fazla tercih edilen bir iiriin olarak karsimiza ¢ikmaktadir. Fermente sucuk
tiretiminin uzun ve ekonomik olmayist 1s1l iglem gormiis sucuk iiretimini arttirsa da fermente sucuk, lezzet ve
goriiniis bakimindan tiiketiciler tarafindan talep gérmektedir (Con ve ark., 2002; Kaban, 2013). Fermente et
Uriinleri lizerine yapilmis calismalarin genelinde piyasadan temin edilen fermente sucuklarin patojenlerle
kontamine olabildigi sonucuna varilmistir (Biiyiikiinal ve ark., 2016; Con ve ark., 2002; Erdogrul ve Ergiin, 2005;
Karakus, 2011; Kaval ve ark., 2010; Kok ve ark., 2007, C)ksﬁztepe ve ark., 2011; Pehlivanoglu ve ark., 2015;
Sancak ve ark., 1996). Toplumda sucuk tiiketme aligkanliklarina bakildiginda, sucuk 1s1l isleme tabi tutulmadan
veya kisa siireli 1s1] isleme tabi tutularak tiiketilmektedir. Ozellikle sucuklarda patojen bakteri bulunma riskini
diisiiniildiigiinde bu durum tiiketici agisindan biiyiik risk olusturmaktadir.

Bu caligmamizda fermente sucuklarda gida giivenligini saglamak amaciyla geligebilen patojen bakteriler ve
sporlu bakterilerin inhibisyonun yaninda starter kiiltiirlerin 1s1nlamaya dayanikli olup olmadiklar1 belirlenmeye
calisilmistir. Ayn1 zamanda isinlamanin fermente sucuktaki kimyasal 6zellikleri iizerine etkileri, 6zellikle yag asidi
bilesenleri; toplam doymamis yag asidi ve toplam tekli doymamus yag asidi miktari, trans yag olusumu ve doymus
yag asitlerindeki degisim tespit edilmistir.

2.Materyal ve Metot

2.1.Materyal

Fermente sucuk ornekleri, tesadiifi 6rnekleme yontemine gore Tiirkiye piyasasindaki marketlerden se¢ilmis ve
toplam 10 farkli ulusal markanin satisa hazir olarak iirettigi kangal sucuklardan secilmistir.

2.2.Metot

Sucuklarin her biri yaklastk 250 gr olacak sekilde 4 esit parcaya tartimi yapilarak ayrilmistir. Ayrilan
parcalardan her ornegin ilk grubu kontrol olarak secilmis, kalan parcalar 2, 4 ve 6 kGy i1sinlama icin
gruplandirilmistir. Gruplandirilan sucuklara 1sinlama islemi, Cerkezkdy-Tekirdag’da bulunan GAMMA-PAK
Sterilizasyon Tic. A.S. tesisinde uygulanmistir. Isinlama islemi, Co® (1.25 MeV) gamma 1s1m1 (mds, Nordion,
Kanada) kullanilarak yapilmistir. Fermente sucuk 6rnekleri O kGy (kontrol), 2 kGy, 4 kGy ve 6 kGy’lik 1sinlama
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dozlarina sirasiyla 74, 150 ve 230 dk siireyle tabi tutulmustur. Absorbans dozlar1 Horwell Amber Perspex
dosimeter ile kontrol edilmistir. Isinlanmis orneklere hemen mikrobiyolojik analizler yapilmistir. Kimyasal
analizler i¢in ise 1s1nlanan 6rnekler, derin dondurucuda -18 °C’de muhafaza edilmistir.

2.3.Mikrobiyolojik Analizler

Ismnlanmis sucuk Orneklerinden aseptik kosullara uygun bir sekilde 5g Ornek tartilarak, steril posetlere
konulmustur ve lizerine 45 ml steril fizyolojik tuzlu su (FTS, % 0,85 NaCl) ilave edilerek, stomacherde (Bag Mixer
Interscience) 2 dakika siireyle homojenize edilmistir. Bunu takiben hazirlanan homojenattan (107') direk
mikrobiyolojik ekimler yapilmistir. Steril kosullar laminar akigh kabinde, UV-lamba ile saglanmistir.
Mikrobiyolojik analiz sonuglar1 log kob g™! olarak verilmistir (Dalmis, 2007).

Laktik asit bakterisi, Escherichia coli, Staphylococcus aureus ve maya-kiif sayimi icin sirastyla Man Rogosa
Sharpe (MRS broth, Merck), Tryptone Bile X—Glucuronide (TBX Merck) agar, Baird Parker Agar (BPA, Scharlau)
ve Potato Dekstroz Agar (PDA, Merck) agar kullanilmistir. Yayma plak yontemi kullanilarak ekim yapilmis ve
tipik koloniler sayilmistir (Hughes ve ark., 2002; Kurt, 2012; Mehmet ve Giimiigsoy, 2005).

Stomacher ile homojen hale getirilmis numunelerde sporlu bakteri aramak i¢in diliisyonlar su banyosunda 90
°C’de 10 dakika bekletilmistir. Daha sonra normal bir besin ortami olan Plate Count Agar (PCA, Difco) 'a ekim
yapilmistir. Ekim yapildiktan sonra paralellerden biri areop sartlarda digeri ise Anaerobik jar icerisinde Anaerob
Cult (Merck) kullanilarak 37 °C’de 48 saat inkiibe edilmistir. Inkiibasyon sonunda gelisen kolonilerin sayimi
yapilmustir. Gelisen kolonileri dogrulamak i¢in tipik kolonilere spor boyamasi yapilmaistir.

Spor boyama islemi i¢in preparat hazirlanmis, kurutulmus ve tespit edilmistir. Malasit yesili (% 5) soliisyonu
ile 5 dk boyanmistir. Daha sonra saf su ile yikanip, safraninle 30 saniye muamele edilmistir. Tekrar saf su ile
yikandiktan sonra kurutulmus ve immersiyon objektifi ile muayene edilmis yesil renkli olanlar spor kirmizi renkte
olanlar basil olarak kabul edilmistir (Sert, 2002).

2.4.Kimyasal Analizler

Sucuk orneklerinden alman 10 gram ornek 100 ml saf su ile karistirilmis ve ultra-turrax’da 1 dakika siireyle
homojenize edildikten sonra, birlesik elektrotlu pH-metre (HANNA instruments pH 211 marka dijital pH metre)
ile 6l¢iim yapilmist1 (Yalinkilig, 2009).

Orneklerin kesit yiizeyi renk ol¢iimii Hunter Lab (Model D-25 LT) ile yapilmustir. Petri kaplari igerisine yayilan
ornekler cihaz haznesine yerlestirilip 6 kez 6l¢iim yapilarak ortalamasi alinmistir. Hunter’in (a) degeri kirmizilik
ve yesilligi, (b) degeri ise sarilik ve maviligi olcer. (L) 151k degeri ve aydinlik derecesini (Lightness) dlcer ve 100
tam beyaz, 0 siyah arasinda degisir. Renksel dlctimler (a ve b ) renk tayinlerini verir (Altan, 2014).

Protein analizleri Kjeldahl protein tayin cihazi kullanilarak yapilmistir. (Giindiiz, 2010).

Sucuk orneklerinden yeterli miktarlarda yag ¢ikarildiktan sonra elde edilen yag drnekleri AOCS (1993)’nin Ce
2-66’nolu metoduna gore BF3-metanol ile metil esterlerine doniistiiriilmiistiir. Yag asidi metil esterleri, % 100
sianopropil polisiloksan ile kaplanmis, silika kapiler kolon (CP Sil 88, 50 m x 250 pum i.d., 0.20 um film;
Chrompack, Middelburg, Hollanda) 6zelligine sahip gaz kromatografisine (Perkin-Elmer 8320B) 0.5 YL enjekte
edilerek yag asidi bilesimini gosteren kromatogramlar belirlenmistir. Elde edilen pikler bilesenlerin veya yag
asitlerinin alikonma zamanlarina gore tanimlanmis ve hesaplanmagtir.

2.5.Istatistiki Analiz

Arastirmalardan elde edilen veriler SPSS Statistics 18.0 paket programi kullanilarak Oneway Anova varyans
analizine ve Paired-T testine tabi tutulup farkliliklarin istatistiksel énemlilik sinirlari belirlenmistir. Istatiksel
analizde giiven aralig1 p<0.05 olarak secilmigtir. Oneway Anova analizine gore istatistiksel olarak 6nemli bulunan
varyasyon kaynaklart Duncan coklu karsilagtirma testine tabi tutularak karsilagtirilmistir. Istatistiksel analiz
sonuglari ¢izelgeler halinde 6zetlenmis ve 6nemli bulunan degisiklikler farkli harflerle gruplandirilmistir.
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3.Arastirma Sonuclar: ve Tartisma

Fermente sucuk 6rneklerinde tespit edilen E.coli ve S.aureus bakterileri iizerine gamma 1sinlamanin etkisi Sekil
1’de gosterilmistir. Orneklerin kontrol gruplarinda, E. coli, 10 6rnegin 3’iinde en fazla F2 6rneginde 5.28 log kob
¢!, en az ise K 6rneginde 2.17 log kob g'! olarak bulunmustur. E.coli tespit edilen 6rneklerde 2 kGy’lik 1g1nlama
ile yaklasik %99 azalma olurken, F2 6rneginde 2kGy’lik 1sinlama ile yaklasik %353 azalma tespit edilmistir. B
orneginde ise 2 kGy’lik 15inlama E.coli sayisinda iizerine yaklasik %46 azalma saglarken, 4kGy’lik 1s1nlama ile
E.coli’nin %99’u 6rneklerin tiimiinde inhibe edilmistir.

Kok ve ark. (2007) toplam 100 fermente sucuk drneginin 16 tanesinde, Oksiiztepe ve ark. (2011) mevcut
orneklerini %15’inde, Erdogrul ve Ergiin (2005)’de 6rneklerinin %15'inde, Kaval ve ark. (2010) arastirtlan sucuk
orneklerinin timiinde E.coli belirlemislerdir. Karakus (2011) ise ¢aligmamizdaki gibi 10 6rnegin 3'iinde E. coli
tespit ettigini bildirmistir. Satiga sunulan fermente sucuklarda tespit edilen E.coli’nin diisiik dozlarla 1sinlama ile
inhibe edilmesi gida giivenirligi bakimindan olduk¢a dnemli oldugu diisiiniilmektedir.

B S. aureus
E.coli

Mikrobiyal Yiik (log kob/g)

Kotrol 2 kGy 4 kGy 6 kGy
Gamma Isinlama Dozu

Sekil 1. Fermente sucuk orneklerinde tespit edilen patojen bakteriler iizerine gamma isinlamanin etkisi.

*A-D: Ornekler arasindaki fark istatiksel olarak onemlidir (p<0.05).
“a-<; Isinlama dozlart arasindaki fark istatiksel olarak onemlidir (p<0.05).
Figure 1. Effect of gamma irradiation on pathogenic bacteria detected in fermented sausage samples.
“A-D: The difference between the samples is statistically significant (p<0.05).

“<: The difference between irradiation doses is statistically significant (p<0.05).

S. aureus’ a 10 drnegin 5’inde rastlanmis ve S. aureus saptanan fermente sucuklar da en fazla F8 6rneginde
4.68+0,04 log kob g'!, en az ise F4 6rneginde 2.00+0,03 log kob g™! bakteri saptanmigtir. Fermente sucuklarin S.
aureus sayisi 2.00-4.68 log kob g! araliginda degismektedir. Bu ¢aligmada tespit edilen ortalama S. aureus sayisi
3.33%0.03 log kob g"dir. 2 kGy’lik 1sinlama F2 6rneginde S. aureus sayisi iizerinde yaklagik %40 etkili olurken,
4 kGy’lik 1s1nlama %99’ unu inhibe etmistir. F1, F4, F5 ve F8 orneklerinde ise 2 kGy’lik bir 1sinlama %99 etkili
olmusgtur. F1, F4, F5 ve F8 orneklerindeki S.aureus bakterisini yaklasik 2 kGy’lik bir 1sinlama dozu inhibe etmeye
yetmuistir.

Calismamizda tespit edilen degerin, Kk ve ark. (2007)’ nin bulduklar1 3.95+0.05 log kob g!' Con ve ark. (2002)
'mnin bulduklar1 4.57 log kob g, Oksiiztepe ve ark. (2011)’nin bulduklar1 3.99 log kob g ve Sancak ve ark.
(1996)’min bulduklar1 3.63 log kob g degerlerinden diisiik, Karakus (2011)’in buldugu 3.07 log kob g!’dan
yiiksek oldugu gozlemlenmistir.
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S. aureus ozellikle pH degeri 4.2’ nin {istiinde olan fermente et iiriinlerinde bulunabilme olasilig1 yiiksek olan
bir bakteri tiiriidiir. Bu nedenle, aragtirma kapsaminda sucuk 6rneklerinin S. aureus say1s: da belirlenmistir. Ancak
S. aureus ile gerceklesen gida zehirlenmeleri igin minimum enfeksiyon dozunun 10° kob g™"’dan daha fazla olmasi
gerektigi icin (Con ve ark., 2002), yaptigimiz bu ¢aligma kapsaminda incelenen fermente sucuk orneklerindeki S.
aureus sayilarinin zehirlenme etmeni olmayacagi aciktir. Ancak, yinede satisga sunulan fermente sucuk
orneklerinde tespit edilen S. aureus’un diisiik dozlarda 1sinlama ile inhibe edilmesi gida giivenligi bakimindan
olduk¢a 6nemlidir.

Fermente sucugun olgunlagmasinda, hakim floranin olusmasi ve sucuga has kalite kriterlerinin meydana
gelmesinde Oncii olan laktik asit bakterilerinin markalarin 1s1nlama gruplari arasindaki farki incelendiginde kontrol
ve 2 kGy 1sinlanan ornekler arasinda 6nemli bulunurken 4 kGy ve 6 kGy 1sinlana ornekler arasindaki fark F4
ornegi haric 6nemsiz bulunmustur. Fermente sucuk orneklerinde Maya-kiif ve Laktik asit bakterileri {izerine
gamma 1s1nlamanin etkisi Sekil 2’ de verilmistir.

m Maya-kiif =LAB

700 -
600 1 1 . I
5.00 - 1 bb
400 41 L
3,00
2,00
1,00 -
0,00

Mikrobiyal Yiik (log kob/g)
1 1 I
—I Ig
— ':
=
— F‘
1

4 kGy ‘ 6 kGy
Gamma Isinlama Dozu

Sekil 2. Fermente sucuk drneklerinde tespit edilen Maya-kiif ve Laktik asit bakterileri iizerine gamma
isinlamanin etkisi.

*A-l: Ornekler arasindaki fark istatiksel olarak Gnemlidir (p<0.05).
*ed; Orneklerin isinlama dozlari arasindaki fark istatiksel olarak snemlidir (p<0.05).
Figure 2. Effect of gamma irradiation on Mold-yeast and Lactic acid bacteria detected in fermented
sausage samples.
"Al: The difference between the samples is statistically significant (p<0.05).

“e-d: The difference between irradiation doses is statistically significant (p<0.05).

Ortalama LAB sayisi 4.51£0,04 log kob g'dir. Fermente sucuklar iizerinde yapilmig caligmalarla
kargilagtirildiginda bu ¢aligmadaki laktik asit bakteri sayisinin Coksever (2009) 5.72 log kob g'!, Kaval ve ark.
(2010) 5.74 log kob g'!, Oksiiztepe ve ark. (2011) 8.56 log kob g!, Erkmen ve Bozkurt (2004) 6.55 log kob g™,
Karakus (2011) 6.94 log kob g'! degerlerinden diisikk oldugu gozlemlenmistir. Pehlivanoglu ve ark. (2015)
yaptiklar1 ¢aligmada piyasadan temin ettikleri 30 fermente sucuk numunesinin 22’ sinin tam fermente sucuk
olmadigim ileri siirmiislerdir. Laktik asit bakterilerinin 14 iiriinde 1 log kob g’ in altinda oldugunu tespit
etmislerdir. Buldugumuz degerlerin yapilan diger calismalardan diisiik olmasini, bazi tirtinlerin tam fermente
sucuk 6zelligine sahip olmamasi seklinde aciklayabiliriz.

Orneklerin 90 °C’de 10 dakika 1s1l isleme tabi tutulduktan sonra; Anaerobik sartlarda sporlu bakteri aranmasi
muhtemel Clostridium spp. varliginin belirlenmesi icin, Aerobik sartlarda sporlu bakteri aranmasi ise muhtemel
Bacillus spp. varliginin belirlenmesi i¢in yapilmistir. Mikrobiyolojik analizler sonucunda anaerob bakteri tespit
edilemezken, aerob sartlarda isinlanmamis F1, F2, F3 ve F8 6rneklerinde bakteri tespit edilmis ve bunlarin sporlu
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olup olmadiklarin belirlemek i¢in tipik kolonilere spor boyamasi testi uygulanmistir. Yapilan testler sonucunda
sporlu bakteriye rastlanmamis, bu bakterilerin 1s1ya dayanikli bakteriler oldugu kanisina varilmistir.

Yapilan calismalar sonucunda maya kiif tespit edilen 6rnekler arasinda en fazla maya- kiif sayis1 F4 6rneginde
5.30 log kob g! olarak tespit edilmistir. En az maya kiif sayisi ise F8 ve F9 drneklerinde 2.00 log kob g! olarak
tespit edilmistir. Maya kiif belirlenen fermente sucuklardaki ortalama maya kiif sayis: ise 3.73+£0.03 lob kob g
Pdir. F1, F3, F5, F6, F7 ve F9 orneklerinde 2 kGy’lik 1smlama isleminin, maya-kiif veya laktik asit bakterisi
sayisini tespit edilebilir seviyesinin (<10! kob g') aluna diisiirdiigii icin yaklagik olarak %99 etkili oldugu
goriilmistiir. F4 6rneginde 2 kGy’lik 1sinlama, maya kiif say1s1 iizerine yaklasik % 26, 4 kGy’lik 151nlama %50 ve
6 kGy’lik 1s1nlama ise %51 etki etmistir. Ayn1 zamanda F4 6rnegindeki maya-kiif ve laktik asit bakterilerinin
gamma 1sinlamaya dayanikli oldugu tespit edilmistir.

Fermente sucuklarin olgunlasmalarinin ilk giinlerinde cevre kosullarina bagl olarak kiif ve mayalarin sayisinda
hizl1 bir artis olmakta ve sayilar1 10° kob g”a kadar ulasmaktadir. ilerleyen giinlerde; pH, su aktivitesi ve redoks
potansiyel degerinin diismesiyle olgunlagsmanin sonuna dogru maya-kiif sayis1 azalmakta ve sucugun dis
kisimlaria dogru yogunlagmaktadir (Inal, 1973; Tekingen ve ark., 1982). Gelisen bu kiif ve mayalarin baz1 tiirleri
sucuklarda renk, aroma ve koku Ozellikleri lizerine olumlu etkiye sahipken, diger bazi tiirleri ise sucuklarin
bozulmasina neden olmaktadir (Senol ve Nazli, 1996).

Sucuk 6rneklerinde yapilan ¢caligmalara gore buldugumuz ortalama maya-kiif sayis1 3.73+0.03 log kob g!, Con
ve ark. (2002); Coksever (2009); Demirci ve ark. (2004); Karakus (2011) ve Sancak ve ark. (1996)'1n buldugu
degerlerden diisiive ark.k; Erkmen ve Bozkurt (2004); Kaval ve ark. (2010) ve Pehlivanoglu ve ark. (2015) nin
buldugu degerlerin arasinda Kok ve ark. (2007) ve Oksiiztepe ve ark. (2011)’nin buldugu degerlerden yiiksek
cikmustir.

Chouliara ve ark. (2006) yunan tipi fermente sucuklar iizerine yaptiklar1 ¢alismada enterokok ve patojenik
stafilokokun 2 log kob g"’dan az azaldigin1 ve mayalardan sonra laktik asit bakterilerinin 1sinlamaya en direncli
tiirler olduklarin1 belirtmislerdir. Buna paralel olarak ¢calismamizda da S. aures ve E.coli tiim 1ginlama dozlarindan
etkilenmistir. 2 kGy’lik 1sinlama sonucunda E. coli tespit edilen 3 Orneginin 2’sinde hala mikroorganizma
bulunurken S. aureus tespit edilen 5 6rnegin sadece 1’inde bakteri tespit edilmistir. 4 kGy’lik 151nlama sonucunda
ise higbir ornekte S aureus ve E. coli’ye rastlanmamistir. Tiim bu sonuglarin 1s181nda maya- kiif ve laktik asit
bakterileri 1s1nlamaya en dayanikli tiirler olarak belirlenmistir.

Fermente sucuk orneklerine yapilan protein ve pH analizleri sonucunda rneklerin 2,4 ve 6 kGy 1sinlama
islemine tabi tutulan partilerinde istatiksel olarak 6nemli bir degisme olmadig tespit edilmistir. Orneklerin
ortalama pH ve % protein miktarlar1 Tablo 1’ de verilmistir. En yiiksek protein icerigi %18 ile F9 6rneginde
olurken F5 en diisiik protein miktarina sahip 6rnek olmugstur. Tiirk Gida Kodeksi Et, Hazirlanmis Et Karigimlari
ve Et Uriinleri 2018/52’ nolu Teblig kapsaminda (toplam et proteini degeri kiitlece en az % 16) F2, F5, F6 ve F7
orneklerinin protein igerikleri uygunsuz bulunmustur. 10 6rnegin ortalamas: alindiginda fermente sucuklarin %
protein icerigi 16.01+1.05 olarak belirlenmistir. Bu deger; Kurt (2012), Demirci ve ark. (2004) ve Sancak ve ark.
(1996)’1n bulduklar1 % protein oraninin altinda, Karakus (2011), C)ksiiztepe ve ark. (2011) ve Turhan ve ark.
(2010)’ iin buldugu degerlerin arasindadir.

Orneklerin pH degerleri 5.14 ile 5.57 arasinda degismektedir. F2, F9 ve F10 orneklerini pH degerleri Tiirk
Gida Kodeksi 2018/52 nolu Teblig’e (pH degeri en yiiksek 5.4) gore yiiksek bulunmustur. F2 ve F10 6rneklerinde
yiiksek oranda LAB tespit edilmesine karsin pH degerinin yiiksek olmasi, sucuklarin 1s1l islem kullanilarak daha
kisa siirede dogal kurutma uygulanmadan iiretilmis olmalari ile agiklanabilir (Pehlivanoglu ve ark., 2015). Tiirk
sucugu ile ilgili yapilan caligmalarda elde edilen pH degerleri, incelendiginde, Sancak ve ark. (1996), Coksever
(2009) ve Geggel (2016)’un bulduklar1 degerlerden diisiik, Oksﬁztepe ve ark. (2011) 'in bulduklar1 ortalama
degerden biiyilik, Demirci ve ark. (2004), Erkmen ve Bozkurt (2004), Kaval ve ark. (2010), Pehlivanoglu ve ark.
(2015) ve Pocan ve ark. (2015)’in bulduklar1 degerler ile paralellik gosterdigi tespit edilmistir.
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Tablo 1. Fermente Sucuk orneklerinin % Protein ve pH degerleri.
Table 1. % Protein and pH values of fermented sausage samples.

Ornek % Protein pH
F1 16.11+0.01¢ 5.3620.0449€
F2 15.80%0.02¢ 5.50+0.05"
F3 16.39+0.02" 5.35+0.034
F4 16.73+0.03" 5.25+0.03P
F5 14.21+0.01? 5.3440.03¢de
Fo6 15.99+0.034 5.17+0.032
F7 14.43+0.01° 5.30£0.02¢
F8 16.28+0.028 5.2940.02b¢
F9 18.00+0.03 5.47+0.02f
F10 16.19+0.02f 5.51+0.04"

5 Ornekler arasindaki fark istatiksel olarak énemlidir (p<0.05).
“3 The difference between the samples is statistically significant (p<0.05).

Fermente sucuklarda onemli parametrelerden olan Hunter Lab L* renk degerleri Sekil 4’ te verilmistir.
Isinlama isleminin 6rneklerin L*, a* ve b* degerleri iizerine etkisi incelendiginde en yiiksek kirmizilik ve sarilik
degerleri kontrol grubu 6rneklerde bulunmustur. En diisiik L* degeri ise 1sinlama islemi gormemis orneklerde
tespit edilmigtir. Yani 1ginlama islemi ile renk koyulagmistir. Kontrol grubu 6rneklerin L* degeri 32.5720.05 (F7)
ile 38.99+0.08 (F8) arasinda degismektedir. En yiiksek parlaklik degeri ise 6 kGy 1sinlamaya maruz birakilmig F6
orneginde 39.65+0.01 olarak bulunmustur. Orneklerin %70’inde L* degerinde istatiksel olarak en biiyiik degisim
4 kGy 1s1inlama sonucundan olmustur. 4-6 kGy 1sinlama arasinda; 6rneklerin 2 tanesinde istatiksel olarak bir
degisim gozlemlenmemisken 5° inde parlaklik degerinde azalma, 3’iinde ise artis meydana geldigi goriilmiistiir
(p<0.05). Orneklerin geneline bakildiginda 1sinlama siddeti arttikga L* degeri de artis gostermistir. Istatiksel
olarak L* degerindeki en az degisim 2 kGy 151nlanan orneklerdedir.

Kontrol grubu orneklerin b* degerleri 10.30+0.03-15.17+0.07 aralifinda degigmektedir. 2 kGy 1sinlanan
orneklerin % 90’1nda kontrol gruplarina gore b* degerinde istatiksel olarak bir azalma goriilmiistiir. 4kGy 1s1nlanan
orneklerin % 80’inde 2 kGy 1s1nlananlara gore istatiksel olarak daha fazla azalma oldugu tespit edilmis olup 6 kGy
1sinlananlarda ise 4 kGy 1sinlananlara gore 3 tanesinde azalma oldugu belirlenmistir. Genel olarak 1sinlamanin
siddeti arttikca b* degerinde onemli bir azalma olmustur (p<0.05). b* degerlerine gore Isinlama dozu arttik¢a
sucuk orneklerinin rengi saridan maviye dogru gecis oldugu tespit edilmistir (Sekil 6).

Tiim 6rnek gruplarina bakildiginda en diisiik a* degeri 10.63+0.06 bulunurken en yiiksek deger 18.56+0.09
olarak bulunmustur. Orneklerin % 90’1nda en yiiksek a* degerleri kontrol grubunda bulunmustur. Istatiksel olarak
en diisitk kirmizilik degerleri ise 6 kGy 1s1nlanan 6rneklerin %70’inde tespit edilmistir (p<0.05). 2 kGy 1s1nlama
islemi orneklerin a* degerlerinde istatiksel olarak en az degisime sebebiyet veren doz olarak belirlenmistir. Genel
olarak 1sinlama dozu arttikca Orneklerin kirmizilik degerlerinde azalma mavilik degerlerinde artis oldugu
belirlenmistir (Sekil 5).
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Sekil 4. Fermente sucuklarda isinlama iglemi ile L* degerindeki degigim.
Figure 4. Change in L * value by irradiation in fermented sausages.
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Sekil 5. Fermente sucuklarda isinlama iglemi ile a* degerindeki degisim.
Figure 5. Change in a * value by irradiation in fermented sausages.
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Sekil 6. Fermente sucuklarda isinlama iglemi ile b* degerindeki degisim.
Figure 6. Change in b * value by irradiation in fermented sausages.
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Orneklerin 1sinlama islemi sonucunda toplam renk farki (AE) degisimlerine bakildiginda istatiksel olarak en
bilyiik degisim kontrol gruplari ile 4 kGy 1sinlanan gruplar arasinda olmustur. Genel olarak AE bakimindan
1sinlama isleminden en fazla F7 6rnegi etkilenmistir. AE degerinde, en az degisim 6 kGy 1sinlanan 6rneklerin 6’s1
ve 2 kGy i1smlanan Orneklerin 4’linde olmustur. Toplam renk farkindaki degisim Ornekler bazinda
degerlendirildiginde en az degisim F6 orneginin 6 kGy i1sinlanmis gurubunda bulunmustur. Renk analiz
sonuclarimiz Karakus (2011) ve Chouliara ve ark. (2006)’un bulduklar1 degerlerden yiiksek; Pocan ve ark. (2015)’
un bulduklar1 degerler ile paralellik gostermektedir.

Mikrobiyolojik analiz sonuglar1 incelendiginde; 4 kGy’lik bir 1ginlama ile patojen bakterilerin neredeyse
tamaminin inhibe oldugunun belirlenmesine karsin, bu dozda (4 kGy) maya-kiif sayisinin direngli oldugunun tespit
edilmesi, 6 kGy’lik bir 1s1nlama isleminin uygulanmasini gerekli kilmaktadir. Bu dogrultuda 6rneklerin maksimum
dozda (6kGy) yag asitleri bilesiminde meydana gelen degisimi belirlemek amaciyla Tablo 2 ve 3’te verilen
analizler yapilmistir. Fermente sucuklarin 6 kGy 1smlama islemi ile yag asitleri bilesimindeki degisim asagidaki
gibidir.

Isinlama isleminin sucugun tekstiirel 6zellikleri iizerine etkisi diisiik oldugundan yag asitleri komposizyondaki
degisimi gorebilmek adina analiz kontrol grubu ile 6 kGy 1simnlanmis 6rnek gruplart arasinda yapilmigtir. Yag
asitleri oranlar;; C16:0 %24.35-31.50; C16:1 %2.92-5.02; C18:0 %15.14-26.17; C18:1n9 %29.44-38.34;
C18:2n6 %1.65-3.06 ve C18:1trans %1.36-3.20 degerleri arasinda bulunmustur (Tablo 2 ve Tablo 3).

Tablo 2 ve 3’te de goriildiigii tizere fermente sucuk 6rneklerinin yag asidi bilesiminin biiyiik bir kismin1 C18:1
(%34.16), C16:0 (% 26.33) ve C18:0 (%20.77) yag asitleri olusturmaktadir. Isinlama islemi ile toplam doymus
yag asitlerinin oran1 6rneklerin tiimiinde artis géstermistir. 6 kGy 1sinlanma sonucunda iiriinlerin C16:0 ve C18:0
iceriklerinde sirasiyla %12.54 ve %6.04 oranda artis meydana gelmistir. Calismamizda kullanilan fermente
sucuklarin yag asitleri bilesiminin ortalama % 34.16’sin1 olusturan C18:1n9, inceledigimiz tiim orneklerde
1sinlama dozuna bagl olarak kontrol grubuna gore dnemli (p<0.05) dlciide azalma gostermistir.

Toplam doymamis yag asidi orani 6 kGy’lik 1sinlamanin etkisi ile tiim drneklerde dnemli (p<0.05) derecede
azalmistir. Tekli doyamamis yag asitleri ve ¢coklu doymanus yag asitleri iizerine 6 kGy’lik 1gimnlamanin etkisini
inceledigimizde orneklerin tiimiinde 6nemli (p<0.05) derecede azalma saptanmistir.

Orneklerde trans yag asidi olarak tespit edilen; C14:1 trans, C16:1 trans, C17:1 trans ve C18:1 trans yag
asitlerinin % orani1 ortalama olarak sirasiyla 0.38 £0.04; 0.91 £ 0.03; 0.18 £0.01 ve 2.28 £ 0.03 olarak bulunmustur.
Gamma 1smlama islemi sonucunda drneklerin tiimiinde toplam trans yag asidi icerigi onemli (p<0.05) derecede
artis gostermistir. En fazla toplam trans yag asidi artist F7 Orneginde %16.41 olurken en az artig F8
orneginde %3.55 bulunmustur. Sonug olarak 1ginlama isleminden en fazla olumsuz etkilenen ornek, F2 6rnegi
olmustur.

Tablo 2. Fermente sucuklarda yag asidi bilesimi iizerine isinlama isleminin etkisi.
Table 2. Effect of irradiation on fatty acid composition in fermented sausages.

Yag Asitleri Isinlama dozu
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
(%) (kGy)
C10:0 Kontrol (0) 0.08 0.09 0.09 0.09 0.11 0.08 0.08 0.07 0.08 0.08
Kaprik asit
6 0.09 0.11 0.11 0.12 0.12 0.12 0.09 0.08 0.09 0.09
CI2:0 Kontrol (0) 0.05 0.08 0.09 0.11 0.70 0.07 0.06 0.08 0.05 0.05
Laurik asit
6 0.06 0.09 0.10 0.12 0.72 0.08 0.07 0.09 0.06 0.06
Kontrol (0) 3.05 3.58 3.32 3.61 3.26 321 3.16 3.05 341 321
C14:0
Miristik asit

6 3.17 451 3.63 3.88 3.68 3.42 3.31 3.15 3.47 3.28
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Kontrol (0) 0.53 0.78 0.68 0.72 0.65 0.68 0.61 0.62 0.69 0.69

Cl14:1
Miristoleik
6 0.48 0.68 0.55 0.66 0.64 0.66 0.60 0.61 0.67 0.65
Kontrol (0) 0.26 0.34 0.56 0.39 0.37 0.29 0.32 0.32 0.26 0.32
C14:1 Trans
6 0.27 0.74 0.72 0.41 0.44 0.30 0.33 0.34 0.32 0.37
CI6:0 Kontrol (0) 24.35 27.99 27.42 28.28  26.93 25.67 2521 2540  26.14 25.88
Palmitik asit
6 25.70 31.50 27.69 29.12 2841 26.82  26.37 25.89 26.19 26.42
Cls:1 Kontrol (0) 2.99 4.57 3.75 3.61 4.44 3.26 3.04 3.24 5.02 441
Palmitoleik
6 2.92 423 3.73 3.59 4.07 3.14 3.01 321 4.68 431
Kontrol (0) 0.87 0.89 0.86 1.10 0.85 0.88 0.85 0.88 0.76 0.84
C16:1 Trans
6 0.92 0.92 0.98 1.22 0.87 0.96 0.92 0.89 0.79 091
Kontrol (0) 1.54 1.52 1.68 1.59 1.64 1.65 1.75 1.59 1.50 1.67
C17:0
Margarik
6 1.63 1.72 1.79 1.68 1.65 1.69 1.83 1.60 1.76 1.78
C17:1 Kontrol (0) 0.45 0.63 0.57 0.48 0.59 0.46 0.61 0.45 0.65 0.66
Heptadesenoik
6 043 0.56 0.50 0.39 0.58 0.37 0.54 0.43 0.81 0.76
Kontrol (0) 0.17 0.11 0.17 0.17 0.23 0.12 0.17 0.18 0.12 0.17
C17:1 Trans
6 0.18 0.17 0.20 0.19 0.24 0.17 0.20 0.20 0.19 0.22
CI8:0 Kontrol (0) 23.70 16.86 21.45 22.22 18.00  25.43 23.65 23.57 15.14 17.63
Stearik

6 23.87 17.88 22.62 22.48 1899  26.17 2382 2389 15.66 17.93

Tablo 3. Fermente sucuklarda yag asidi bilesimi iizerine iginlama isleminin etkisi (Devam).
Table 3. Effect of irradiation on fatty acid composition in fermented sausages (Continued).

Yag Asitleri Isinlama dozu

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
(%) (kGy)
Kontrol (0) 34.17 35.28 33.07 31.21 35.35 30.01 33.30  33.87 38.34 36.98
C18:1n9
Oleik
6 33.67 32.21 32.31 30.18 33.48 29.44  33.05 33.49 37.83 3591
Kontrol (0) 3.06 2.26 2.35 2.23 2.20 2.54 241 2.65 2.88 2.67
C18:2n6
Linoleik
6 2.44 1.71 2.06 1.99 1.65 2.48 2.05 2.55 2.35 2.18
Kontrol (0) 2.92 2.01 1.88 2.00 1.36 3.01 2.25 2.28 2.19 221
C18:1trans

6 3.20 2.07 191 2.13 1.70 3.08 2.55 2.36 223 2.26
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Kontrol (0) 0.11 0.08 0.12 0.12 0.09 0.17 0.12 0.11 0.11 0.31

C20:0
Arasidik
6 0.13 0.15 0.13 0.13 0.12 0.19 0.18 0.17 0.15 0.35
C26:1 Kontrol (0) 0.33 0.19 0.23 0.34 0.28 0.22 0.44 0.14 0.71 0.82
Eikosenoik
6 0.05 0.05 0.09 0.23 0.16 0.11 0.32 0.05 0.57 0.74
. Kontrol (0) 98.63  97.26 98.29 9827 97.05 97.75 98.03 9850  98.05 98.60
Toplam Yag
Asitleri
6 99.21 99.30 99.12 98.52 9752 9920 9924  99.00 97.82 98.22
Tammlanmayan Kontrol (0) 1.37 2.74 1.71 1.73 2.95 2.25 1.97 1.50 1.95 1.40
Toplam Yag
Asitleri 6 0.79 0.70 0.88 1.48 2.48 0.80 0.76 1.00 2.18 1.78
Kontrol (0) 52.88 5020 54.17 56.02 50.73 56.28 54.03 53.87 4643 48.83
Toplam Doymus
Yag Asitleri

6 54.65  55.96 56.07 57.53  53.69 5849  55.67 5487 4738 49.91

Kontrol (0) 4575  47.06 44.12 4225 4632 4147 44.00 4463 51.62 49.77
Toplam Doymamis

Yag Asitleri

6 4496 4334  43.05 40.99 4383  40.71 4357 4413 5044 4831

Toplam Tekli Kontrol (0) 42.69 4480 41.77 40.02 44.12 3893 4159 4198 4874  47.10
Doymamis Yag
Asidi 3 42,12 41.63 40.99 39.00 42.18 3823 4152 4158  48.09  46.13
Toplam Coklu Kontrol (0) 3.06 2.26 235 223 2.20 2.54 241 2.65 2.88 2.67
Doymamus Yag
Asitleri 3 2.84 1.71 2.06 1.99 1.65 2.48 2.05 2.55 2.35 2.18

. Kontrol (0) 422 3.35 3.47 3.66 2.81 4.30 3.59 3.66 3.33 3.54
Toplam Trans Yag
Asitleri

6 4.57 3.90 3.81 3.95 3.25 451 4.00 3.79 3.53 3.76

Fermente sucuklarin 6 kGy dozda 1sinlanmas1 sonucu, yag asidi bilesimlerindeki degisimler Chen ve ark.
(2007), Yilmaz ve Geggel (2007) ve Stefanova ve ark., (2011) yapmis olduklar: calismalarla paralellik gostermistir.

4.Sonuc ve Oneriler

Caligmamiz, Tiirkiye piyasasinda iiretilen ulusal markalara ait fermente sucuklarin insan saglig1 i¢in tehlike
olusturabilecek E. coli ve S. aureus gibi patojenlerle kontamine olabilecegini gostermistir. Bu durum iiretim
asamasinda kaliteli hammadde, tuzlama islemleri, starter kiiltiirlerin aktivitesi, personel hijyeni, alet ve ekipman
temizligi gibi 6nlemlerle giderilebilir. Uriine sonradan bulasmay1 nlemek ve iiriinii 1s1l isleme tabi tutmadan
ambalajli bir sekilde tiiketici sagligina uygun olarak piyasaya sunmak i¢in 1sinlama islemi uygulanabilir.
Caligmamiz, patojen bakterilerin maksimum 4 kGy gibi diisiik bir dozda 1smlama ile inhibe edilebilecegini
gostermistir. Bu durum, sucuk orneklerinde diisiik dozlarda 1sinlama yapilarak, sucuk tekstiiriinde onemli bir
degisim belirlenmezken, mikrobiyal acidan daha kaliteli bir {iriin elde edilebilecegini gostermistir. Ayrica sucukta
Clostridium botulinum’u inhibe etmek icin kullanilan nitrit miktari diisiirmek amaciyla diisiik dozlarda 1ginlama
igleminin bir alternatif olabilecegi diistiniilmektedir. Bu konuda yeni ¢caligmalarin yapilmasi onerilmektedir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Germination and Early Growth Performances of Mung Bean (Vigna radiata (L.) Wilczek)
Genotypes Under Salinity Stress

Tuzluluk Stresi Altindaki Mas Fasulyesi (Vigna radiata (L.) Wilczek) Genotiplerinin
Cimlenme ve Erken Gelisme Performanslari

Berk BENLIOGLUY, Ugur OZKAN!
Abstract

Salinity is the abiotic stress factor that most restricts agricultural production after drought. In this study, mung
beans (Vigna radiata (L.) Wilczek) genotypes were analyzed the resistance performance to salinity stress in
germination stage and early seedling stage. In accordance with this purpose, 17 mung bean genotypes were used
in the study. Genotypes used in the study were treated with distilled water (0) and 2 different salt doses (4 and 8
mmhos cm™ NaCl) as the control group. Petri dishes were allowed to stay at room temperature (25 ° C) for 9 days,
and salt solution was added when required. The data obtained from the study, were obtained on the average of the
measurements made on the 9" day and then analyzed. Germination power, root length, shoot length, fresh weight
and dry weight were determined as the analyzed parameters in the study. Increasing NaCl doses generally affected
all parameters negatively. According to the analysis of variance with the results obtained, the genotypic effect was
found to be statistically significant in all parameters, which was analyzed in this study. Stress dose was found to
be statistically significant in all parameters except the dry weight parameter. In addition to this, genotype X stress
dose interaction was determined to be statistically significant in germination power, root length and shoot length
parameters. Genotypes, which were numbered No.20 and No.24, had maximum results in statistically important
parameters such as germination power (97.00-94.11%), root length (1.557-1.563 cm) and shoot length (2.033-
1.793 cm) under applied highest salt dose. As a result of this, No.20 and No.24 genotypes were determined to be
the more tolerant to salt stress than other genotypes used in the study. As a conclusion, it is suggested that No.20
and No.24 genotypes can be used as parental plants in the breeding of new varieties tolerant to salinity in the future.

Keywords: Vigna radiata (L.) Wilczek, Abiotic stress, NaCl, Germination rate, Early seedling
Ozet

Tuzluluk kurakliktan sonra tarimsal {iretimi en fazla sinirlayan abiyotik stres faktoriidiir. Bu calismada bazi mas
fasulyesi (Vigna radiata (L.) Wilczek) genotiplerinin ¢cimlenme donemi ve erken gelisme doneminde tuza karst
olan dayaniklilik performanslari incelenmistir. Bu ama¢ dogrultusunda calismada 17 mas fasulyesi genotipi
kullanilmistir. Caligmada kullanilan genotipler, kontrol grubu olarak saf su (0) ve 2 farkli tuz dozu (4 ve 8 mmhos
cm ! NaCl) ile muamele edilmistir. Petri kaplarinin 9 giin boyunca oda sicakliginda (25 °C) beklemesi saglanmustir
ve gereken durumlarda tuz ¢ozeltisi ilave edilmistir. Calismadan elde edilen veriler 9. giinde yapilan 6lciimlerin
ortalamasi lizerinden elde edilerek analize tabi tutulmustur. Cimlenme giicii, kok uzunlugu, siirgiin uzunlugu, yas
agirhik ve kuru agirlik calismada incelenen parametreler olarak belirlenmigstir. NaCl dozunda goriilen artis
incelenen tiim parametreleri olumsuz bir sekilde etkilenmistir. Elde edilen sonuglara gore yapilan varyans
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analizinde genotipik etki tiim calismada incelenen parametrelerde istatistiksel olarak énemli bulunmustur. Stres
dozu kuru agirlik parametresi diginda kalan tiim parametrelerde istatistiksel olarak 6nemli oldugu bulunmustur.
Buna ek olarak, genotip X stres dozu interaksiyonunun ise ¢cimlenme giicii, kok uzunlugu ve siirgiin uzunlugu
parametrelerinde istatistiksel olarak onemli oldugu belirlenmigtir. No.20 ve No.24 olarak numaralandirilan
genotipler, uygulanan en yiiksek tuz dozu altinda ¢imlenme giicii (97.00-94.11%), kok uzunlugu (1.557-1.563 cm)
ve siirgiin uzunlugu (2.033-1.793 cm) gibi istatistiksel olarak 6nemli parametrelerde, tiim genotipler igerisinde en
yiiksek degerleri elde etmislerdir. Bunun sonucu olarak, No.20 ve No.24 numaral1 genotipler, calismada kullanilan
diger genotiplerden tuz stresine karsi daha toleransl olduklari belirlenmistir. Sonu¢ olarak, No.20 ve No.24
numarali genotiplerin gelecekte tuzluluga dayanmikli yeni cesitlerin yetistirilmesinde ebeveyn bitki olarak
kullanilabilecegi onerilmektedir.

Anahtar Kelimeler: Vigna radiata (L.) Wilczek, Abiyotik stres, NaCl, Cimlenme orani, Erken fide
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1. Introduction

Mung bean (Vigna radiata (L.) Wilczek) is a genus with high nutritional content and high digestibility in the
food legumes (Siemonsma and Na Lampang, 1992). However, mung bean, which has a warm climate, has not
been sufficiently widespread in the world due to the lack of recognition and the cultivation of approximately 6
million hectare (HanumanthaRao et al., 2016). Mung bean vegetation period is short (65-90 days), has a wide
adaptability, relatively less need for water compared to other legume plants (Parida and Das, 2005) and low input
costs in production, high protein value (22-28%) and nutritional value (Singh and Singh, 2011). In particular,
where monoculture agriculture is widespread and access to protein resources in nutrition is limited, it will benefit
both ecologically for producers and consumers.

Agricultural areas in the world have reached their natural limits. There are losses in agricultural areas due to
global warming, distorted urbanization and some industrial activities. In addition, these areas become inefficient
due to erosion, wasteland and faulty agricultural activities. The only measure that can be taken to meet the
nutritional needs of the growing population is to increase the amount of product obtained from the unit area (kg
da™! or ton ha'). Within this, it is necessary to develop new varieties resistant to biotic and abiotic stress factors
and to determine the tolerance levels of plants, species and varieties to these stress factors (Ozgen et al., 2005).

Salinity is the abiotic stress factor that most restricts agricultural production after drought. Today, about 20%
of the world's crop production areas and about 50% of irrigated agricultural areas are affected by salinity (Zhu,
2001; Pitman and Liuchli, 2002; Tuteja, 2007). There are about 1.6 million hectares land, which has salinity and
alkalinity problem, in Turkey (Demirbas and Alkan, 2018). has been found to have a problem. Salinity stress,
which occurs in the form of osmotic stress and ion stress in plants, prevents growth and development; structural,
physiological, biochemical and molecular level changes (Culha and Cakirlar, 2011). Salinity stress causes a
decrease in yield in mung beans (Abd-Alla et al., 1998; Saha et al., 2010), seed germination, root and shoot lengths,
age and dry seedling weights decrease and this varies significantly depending on genotypes (Promila and Kumar,
2000; Misra and Dwivedi, 2004). Mung bean has been reported to tolerate 5-6 mmhos cm™! salinity during
germination period (Singh and Singh, 2011).

In this study, genotypes were selected as high yield property of mung beans, the most abundant form of salt in
soil and the levels of tolerance to salt stress in germination and early seedling stage by using the identify have been
made.

2. Materials and Methods
17 mung bean genotypes were used in the study. The locations of genotypes are presented in table 1.

Seeds were germinated between filter papers placed in petri dishes in accordance with ISTA rules (ISTA, 2016).
Genotypes were treated with pure water (0) as the control group and 2 different doses (4 and 8 mmhos cm™) of NaCl,
the most common salt form in soils. Petri dishes were allowed to stand at room temperature (25 C°) for 9 days and salt
solution was added when necessary. Data were obtained by measurements and counts on day 9.

"Germination power", "root length", "shoot length", fresh weight" and "dry weight" were determined by randomly
choosing 15 seeds of each from petri dishes. Also, they were measured, counted and averaged their numbers. In order
to calculate the dry weight, fresh shoots were dried for 72 hour at 60 C° (Y1ldiz and Ozgen, 2004).

The data obtained in the study were subjected to analysis of variance in accordance with the completely randomized
design with three replication using JMP-12 statistics package program (SAS, 2015) to compare significant differences
among treatments. Duncan’s multiple range test was applied to compare the means if there were any significant
differences.
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Table 1. Locations of genotypes

%e;;ﬁzge Location (I;\I?rztlfel:-e Location
1 Adiyaman-Turkey 27 Gaziantep-Turkey
2 Adiyaman-Turkey 44 Mersin-Turkey
3 Adiyaman-Turkey 79 Karaman-Turkey
5 Adiyaman-Turkey 81 Karaman-Turkey
12 Antalya-Turkey 91 Kilis-Turkey
15 Antalya-Turkey 96 Uzbekistan
20 Antalya-Turkey 98 Uzbekistan
21 Antalya-Turkey 99 Turkmenistan
24 Gaziantep-Turkey

3. Results and Discussion
The mean values of the parameters examined and Duncan groups are presented in Table 2.
3.1 Germination power

Genotype (dF:16; Ms: 262.589), NaCl (dF:2; Ms: 3,790.625) and Genotype X NaCl interaction (dF:32; Ms: 82.795)
had statistically different (»<0.01). It is seen that the germination power decreases with increasing salinity stress (Table
2, Figure 1). The mean germination power of genotypes ranges from 97.00 to 85.77%. With the onset of salt stress,
germination of genotype “No.12” occurred dramatically, and the highest stress dose was the least germinated genotype
at 8 mmhos cm!. Genotypes “No.20” and “No.24” genotype have the highest germination power (91.00%) while
maintaining their germination potential at 8§ mmhos cm™ salt dose (Table 2).

Salinity stress is particularly effective in germination mung bean (Paliwal and Maliwal, 1980). While genotypes
generally maintained germination characteristics of 5 mmhos cm™, germination decreased after this stress level. These
results are in agreement with previous studies on mung beans (Promila and Kumar, 2000; Misra and Dwivedi, 2004;
Saha et al., 2010).

Table 2. The mean values of mung bean genotypes of germination parameters under different salt stress level

Germination Power (%)

Genotypes  Control (0) 4 mmhoscm”! 8 mmhos cm! Mean
1 97.67 a-c 88.67 b-g 7733 h 87.89 CD
2 95.33 a-d 90.67 a-f 82.00 f-h 89.33 B-D
3 95.33 a-d 93.00 a-e 84.33 e-h 90.89 B-D
5 100.00 a 97.67 a-c 81.67 f-h 93.11 A-C
12 95.20 a-d 66.63 i 55.53 7246 E
15 97.67 a-c 88.67 b-g 78.67h 88.33 CD
20 100.00 a 100.00 a 91.00 a-f 97.00 A
21 97.67 a-c 93.00 a-e 79.67 g-h 90.11 B-D
24 96.00 a-c! 95.33 a-d 91.00 a-f 94.11 AB
27 97.67 a-c 95.33 a-d 88.33 c-g 93.78 AB
44 97.67 a-c 91.00 a-f 86.33 d-h 91.67 A-C
79 100.00 a 95.33 a-d 88.33 c-g 94.56 AB
81 97.67 a-c 100.00 a 7733 h 91.67 A-C
91 100.00 a 95.33 a-d 84.00 e-h 93.11 A-C
96 97.77 a-b 95.53 a-d 64.43 ij 8591 D
98 97.67 a-c 97.67 a-c 84.33 e-h 93.22 A-C
99 95.53 a-d 93.20 a-e 79.87 g-h 89.53 B-D

Mean 97.58 A 92.77B 80.83 C 90.39
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Table 2. continued

Root Length (cm)

Genotypes Control (0)) 4 mmhos cm’! 8 mmhos cm’! Mean
1 6.287 a-c 3.370 d-k 1.260 i-6 3.639 AB
2 6.233 a-c 3.113 d-m 0.743 k-m 3.363 BC
3 5.410 a-e 3.700 c-j 1.293 i-m 3.468 A-C
5 6.553 ab 3.770 b-i 0.937 j-m 3.753 AB
12 1.767 h-m 0.873 k-m 0.740 k-m 1.127 G
15 3.767 c-i 2.367 f-m 0.867 k-m 2.333 DE
20 5.783 a-d 2.827 e-m 1.557 h-m 3.389 BC
21 2.090 g-m 0.870 k-m 0.577 m 1.179 G
24 5.660 a-d 2.670 e-m 1.563 h-m 3.298 BC
27 1.593 h-m 1.150 i-m 1.113 i-m 1.286 FG
44 4.933 b-f 2.007 h-m 0.510 m 2.483D
79 2.727 e-m 1.427 h-m 0.953 j-m 1.702 E-G
81 7.827 a 3.363 d-1 1.300 i-m 4.163 A
91 2.160 f-m 1.330 i-m 0.933 j-m 1.474 FG
96 4.800 b-g 2.570 f-m 1.000 i-m 2.790 CD
98 4.210 b-h 4913 b-f 1.143 i-m 3.422 A-C
99 3.210d-m 2.310 f-m 0.583 I-m 2.034 D-F
Mean 4412 A 2.508 B 1.004 C 2.641
Shoot Length (cm)
1 4.087 a-e 1.857 f-o 1.643 h-o 2.529 B-D
2 3.177 c-h 1.833 g-0 1.003 m-o 2.004 E
3 4993 a 2.187 f-n 1.100 k-o 2.760 A-B
5 3.233 c-g 1.853 f-o 0.983 m-o 2.023E
12 1.157 k-o 0.917 m-o 0.707 no 0.927G
15 3.400 b-f 1.867 f-o 1.633 h-o 2.300 C-E
20 5413 a 1.900 f-o 2.033 f-o 3.116 A
21 4.853 ab 2.190 f-n 1.323 j-o0 2.789 AB
24 2.350 f-m 2.127 f-o 1.793 g-o 2.090 E
27 4.420 a-c 2.653 e-k 1.783 g-o 2.952 AB
44 2.793 d-j 2.323 f-m 1.457 i-o 2.191 DE
79 4980 a 2.567 e-1 1.567 i-o 3.038A
81 1.723 g-o 1.420 i-o 0.760 no 1.301 FG
91 4.287 a-d 2.387 f-m 1.427 i-o 2.700 A-C
96 1.873 f-o 1.187 k-0 1.033 1-0 1.364 F
98 2.930c-1 2.043 f-o 1.640 h-o 2.204 DE
99 1.210 k-o 1.103 k-0 0.573 0 0.962 FG
Mean 3.346 A 1.907 B 1.321C 2.191
Fresh Weight (g)
1 1.837 1.040 0.873 1.250 H-J
2 1.765 1.105 0.768 1.2131J
3 1.819 1.358 0.682 1.286 G-I
5 1.411 1.034 0.677 1.04117]
12 2.321 1.866 1.552 1.913 B-D
15 2.375 1.892 1.544 1.937 B-D
20 1.965 2.002 2.008 1.991 BC
21 1.698 1.323 1.164 1.395 F-1
24 1.671 1.325 1.405 1.467 F-H
27 1.731 1.480 1.235 1.482 FG
44 1.866 1.846 1.539 1.750 DE
79 1.544 1.091 1.031 1.2221)
81 2.104 1.774 1.892 1.923 B-D
91 2.302 2.142 1.746 2.063 B
96 2.829 2.503 2.201 2511 A
98 1.978 1.550 1.252 1.593 EF
99 2.141 1.775 1.529 1.815 C-E
Mean 1.962 A 1.594 B 1.359C 1.638
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Table 2. continued

Dry Weight (g)
Genotypes Control (0)) 4 mmhos cm”! 8 mmhos cm™! Mean
1 0.215 0.223 0.247 0.228F
2 0.204 0.233 0.268 0.235F
3 0.187 0.222 0.235 0.215F
5 0.191 0.210 0.241 0.214F
12 0.633 0.643 0.594 0.623 AB
15 0.463 0.532 0.515 0.503 B-E
20 0.344 0.359 0.356 0.353 E-F
21 0.358 0.357 0.357 0.357 E-F
24 0.378 0.415 0.420 0.404 DE
27 0.537 0.435 0.369 0.447 C-E
44 0.471 0.583 0.595 0.550 A-D
79 0.212 0.974 0.374 0.520 B-D
81 0.508 0.353 0.563 0.475 B-E
91 0.742 0.718 0.647 0.703 A
96 0.468 0.532 0.471 0.490 B-E
98 0.553 0.600 0.538 0.564 A-C
99 0.418 0.424 0.429 0.424 C-E
Mean 0.405 0.460 0.425 0.430

!: Means followed by the different letters are significantly different at the 0.05 probability level.

3.2 Root length (cm)

Genotype (dF:16; Ms:9.212), NaCl (dF:2; Ms:148.773) and genotype X NaCl (dF:32; Ms:2.948) interaction had
statistically different (p<0.01). In three different NaCl doses, maximum root length was reached without any NaCl
application (0 mmhos cm™) (4.412 cm), while minimum root length was obtained in 8 mmhos cm™! NaCl dose (1.004
cm). According to different NaCl doses, they could be numercally ranked as 0 mmhos cm™ >4 mmhos cm™! >8 mmhos
cm’') in the same order. “No.81” had the highest root length (4.163 cm) as compared to other genotypes. However,
significant reductions in root growth were observed under salt stress. The shortest root length was determined in “No.12”
(1.127 cm). As it is mentioned about genotype X NaCl applications, “No.81” was the superior genotype (7.827 cm)
without any NaCl application. While “No.44” and 8 mmhos cm™ NaCl application was the worst (0.510 cm). “No.20”
and “No.24” genotypes made the highest root growth (1.557 cm and 1.563 cm respectively) and in the same Duncan
class under the 8 mmhos cm! salt stress (Table 2).

In this study, increased NaCl doses led to a decrease in root length (Figure 1). Without any NaCl application to 8
mmbhos cm! NaCl dose, it was observed approximately 75% loses of root length. NaCl stress caused a drastically effect
on the roots as compared to shoots (Saha et al., 2010). Also, the roots absorb water and nutrients from soil. Thus, its
length provides very important tip to the response of plants to salinity stress (Kaya and Ozturk, 2003; Moose and
Mumm, 2008; Mohammed and Majid, 2013). Therefore, progressive decreases in seed germination, plant height, shoot
and root length, dry matter, biomass, root, stem and leaf weights were observed with increased salinity stress of mung
bean (Bhattacharjee et al., 2000; Raptan et al., 2001; Misra and Dwivedi, 2004; Rabie, 2005). Similar studies have
been reported about the effects of root and shoot length under salinity stress conditions (Misra et al., 1996; Promila and
Kumar, 2000; Mohammed, 2007; Cakmakci and Dallar, 2019).

3.3 Shoot length (cm)

According to varience analysis, genotype (dF:16; Ms:4.429), NaCl (dF:2; Ms:55.365) and genotype X NaCl
interaction (dF:32; Ms:1.267) had statistically different for the shoot length (p<0.01). Shoot length values ranged 0.573-
5.413 cm. Also, maximum shoot length was observed in “No. 20” (5.413 cm) without any application of NaCl (0
mmhos cm™). And, minimum shoot length was determined in “No0.99” (0.573 c¢m). Based on application of different
NaCl doses, they could be numercally ranked as 0 mmhos cm™ >4 mmhos cm™! >8 mmhos cm™') in descending order.
Besides, it is ranged among 1.312-3.346 cm. In seventeen genotypes of mung bean, “No.20 “had the longest shoot
length (3.116 cm), while “No.12 “had the smallest (0.927 cm). In addition, genotype “No.20” was the most developed
shoots (2.033 cm) under the highest salt stress (Table 2).
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In the lights of these results; the shoot length was influenced by different genotypes and NaCl doses in the study
(Figure 1). There is adversible effect between NaCl doses to shoot length. Misra et al. (1996) and Promila and Kumar
(2000) stated that salt stress is reported to cause decline in shoot lengths, which was parallel to this study. When NaCl
doses or salinity stress increased, shoot length decreased (Maliwal and Paliwal, 1982; Hug and Larher, 1983; Misra et
al., 1996; Misra and Dwivedi, 2004). Most of mung bean genotypes can tolarate salt to extent to 9-18 m mhos cm!
(7.2-14.4 mmhos cm™) (Singh and Singh, 2011). Also, Paliwal and Maliwal (1980) reported that mungbean seeds
could tolerate 6 mmhos cm™! (4.8 mmhos cm™) salinity. If the shoot length behaviour of seventeen genotypes and
NaCl doses were compared, “No.20” and 0 mmhos cm™! NaCl dose were most favorable genotype and dose in this
study.

3.3 Fresh weight (g)

Genotype (dF:16; Ms:1.382) and NaCl doses (dF:2; Ms:4.718) had statistically different (p<0.01), while genotype
x NaCl doses interaction had non significant effect. Fresh weight values ranged among 0.677-2.829 g. Maximum fresh
weight was determined in without any application of NaCl doses (0 mmhos cm™) (2.829 g). Minimum fresh weight
was noted in 8 mmhos cm™ NaCl dose (0.677 g). They could be numerically ranked as 0 mmhos cm™ >4 mmhos cm
!'>8 mmhos cm™) in the same order. As we talk about genotypes, “N0.96” had the highest fresh weight (2.511 g), while
“No.5” was the lowest one (1.041 g) (Table 2.).

Fresh weight was effected by genotypes and NaCl doses like shoot length, as we mentioned up there (Figure 1). If
NaCl doses increased, it was found that fresh weight was decreased, except “No.20” (Table 2). It is seen that increasing
NaCl doses affected on fresh weight negatively like root and shoot length. Ashraf and Rasul (1988), Misra et al. (1996),
Misra and Dwivedi (2004) mentioned in their study that fresh weight of root and shoot length decreased with increased
salinity, which was supported to this study. In their study, Misra and Dwivedi (2004) lose approximately 80.00% of
fresh weight and 72.50% dry weight with increasing NaCl doses as compared to their control values. In this study, this
loses reached 30%, as maximum.

3.4 Dry weight (g)

Genotype (dF:16; Ms:0.195) was found significantly different (p<0.05). NaCl (dF:2; Ms:0.039) and genotype X
NaCl doses had non significant effect for dry weight. Dry weight values ranged 0.187-0.974 g. Application of 4 mmhos
cm’! NaCl dose was the most heaviest application (0.974 g). Without any application of NaCL (0 mmhos cm-1 ) was
the lighest (0.187 g). And, they are numerically sorted by 4 mmhos cm™ >8 mmhos cm™ >0 mmhos cm!, respectively.
It is understand that 4 mmhos cm™' NaCl dose was the superior one as compared to other doses. Acccording to the
different genotypes, “No.91” was the most heaviest genotype (0.703 g), while “No.5” was the lightest genotype (0.214

8-

On the contrary of the fresh weight, dry weight increased with increased NaCl doses. This might be linked due to
decreased mobilization of reserve food materials from cotyledons at higher salinity levels (as shoot contains cotyledons)
(Misra and Dwivedi, 2004). There are similar suggestions and studies about this knowledge (Sheroan and Garg, 1978;
Dubey, 1985).
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Figure 1. The effects of different salinity levels on mung bean genotypes (a: germination rate, b: root length,

c: shoot length, d: fresh weight, e: dry weight)
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Figure 2. Dendrogram based on salt tolerance parameters of germination period of Mung bean
genotypes

The dendogram showing the proximity-distance degrees of mung bean genotypes in terms of the investigated
properties is given in Figure 2. According to the results, genotypes were divided into 4 main clusters. “No 15" and “No
99” genotypes were the closest to each other in terms of the characteristics studied. “No 1” and “No 12" were the most
different genotypes in terms of these characteristics.

4. Conclusions

Based on the data obtained from the studies, “No0.20” and “No.24” genotypes were found to be more tolerant
to salt stress than the other genotypes used in the experiments. Consequently, it is suggested that it can be used as
parental plants in the breeding of new varieties tolerant to salinity in the future.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Tarim Sektoriiniin Cevre Kirliligi Uzerindeki Etkisi: Tiirkiye Ekonomisi I¢in Bir
Esbiitiinlesme ve Nedensellik Analizi

The Impact of Agricultural Sector on Environmental Pollution: A Cointegration and Causality
Analysis for Turkish Economy

Murat CETIN, Selin SAYGIN? Harun DEMIR*

Ozet

Son yillarda g¢evre kirliligi ve onu etkileyen temel faktorlerin dogru tespit edilebilmesi, 6nemli bir inceleme
konusudur. Bu caligmanin amaci, Tiirkiye’de tarim sektorii ve ¢evre kirliligi arasindaki iliskiyi 1968-2016 donemi
icin arastirmaktir. Literatiirde tarim sektorii ve gevre kirliligi arasindaki ampirik iliski hakkinda bir fikir birligi
bulunmamaktadir. Bu nedenle ¢aligma hem literatiire katki saglamakta hem de gelecekteki calismalar icin 6nemli
bir kanit sunmaktadir. Calismada tarimin belirleyicileri olarak tarimsal katma deger ve tarimsal arazi serileri tercih
edilirken cevre kirliliginin olgiitii olarak karbondioksit emisyonu kullanilmaktadir. Ayrica, ekonomik biiyiime ve
yenilenebilir enerji tiiketimi diger bagimsiz degiskenler olarak modellere dahil edilmektedir. Ampirik analizde
tarim ve cevre kirliligi iligkisi iki model kurularak tahmin edilmektedir. Yontem, iic asamadan olusmaktadir. {1k
olarak, serilerin duraganlik 6zellikleri DF-GLS ve Ng-Perron gibi geleneksel birim kok testleri ile test edilmektedir.
Ek olarak, serilerin duraganlik seviyeleri Zivot-Andrews ve Lee-Strazicich yapisal kirilmali birim kok testleri ile
aragtirilmaktadir. Ikinci olarak, ARDL modeli ile seriler arasindaki esbiitiinlesme ve uzun donem katsayilari
tahmin edilmektedir. Son olarak, seriler arasindaki nedenselligin varligi Toda-Yamamoto testi ile belirlenmektedir.
Bulgular, calismada ele alinan seriler arasinda bir esbiitiinlesmeyi isaret etmektedir. Bulgular ayn1 zamanda uzun
donemde tarimsal katma deger ve tarimsal arazinin karbondioksit emisyonunu azaltti§in1 ortaya koymaktadir.
Caligma, cevresel Kuznets egrisi (CKE) hipotezinin Tiirkiye ekonomisi i¢in gecerli oldugunu ispatlamaktadir.
Tarimin karbondioksit emisyonuna neden oldugu tespit edilmektedir. Dahasi tarimsal katma deger ve tarimsal
arazinin yenilenebilir enerji tiikketiminin nedeni oldugu saptanmaktadir. Sonu¢ olarak, politika yapicilar
Tiirkiye’de siirdiiriilebilir bir ekonomik gelisme icin tarim sektoriine daha fazla énem vermelidir. Ayrica tarim
arazileri korunmali ve katma degerli iiretim icin tesvik edilmelidir. Boylece ¢evre kirliligi azalis egiliminde
olacaktir.

Anahtar Kelimeler: Tarim, Karbondioksit emisyonu, Yapisal kirllma, ARDL, Tiirkiye.

Abstract

In recent years, environmental pollution and the accurate determination of the main factors affecting it are an
important subject of investigation. The aim of this study is to explore the relationship between agricultural sector
and environmental pollution in Turkey for the period of 1968-2016. There is no consensus on the empirical
relationship between agricultural sector and environmental pollution in the literature. For this reason, the study
both contributes to the literature and provides an important evidence for future studies. Agricultural value added
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and agricultural land are preferred as determinants of agriculture while carbon dioxide emission is used as a
measure of environmental degradation. In addition, economic growth and renewable energy consumption are
added to the models as other independent variables. In empirical analysis, the relationship between agriculture and
environmental pollution is estimated by establishing two models. The methodology comprises of three stages.
Firstly, the stationarity properties of the series are tested with conventional unit root tests such as DF-GLS and
Ng-Perron. In addition, the stationarity levels of the series are investigated by Zivot-Andrews and Lee-Strazicich
structural break unit root tests. Secondly, the cointegration between the series and long-run coefficients are
estimated by the ARDL model. Lastly, the existence of causality between the series is determined by the Toda-
Yamamoto test. The findings points out a cointegration between the underlying series. The findings also reveal
that agricultural value added and agricultural land decrease carbon dioxide emission in the long run. The study
supports that the environmental Kuznets curve (EKC) hypothesis is valid for the Turkish economy. It is found that
agriculture causes carbon dioxide emission. Moreover, it is detected that agricultural value added and agricultural
land are the causation of renewable energy consumption. Consequently, policy makers should attach more
importance to the agricultural sector for sustainable economic development in Turkey. Additionally, the
agricultural lands should be protected and encouraged for value added manufacturing. Thus, environmental
pollution will tend to decrease.

Keywords: Agriculture, Carbon Dioxide emission, Structural break, ARDL, Turkey.
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1. Giris

Iklim degisikligi bilim adamlari, akademisyenler ve politika yapicilarinin en fazla ilgisini ceken konular
arasinda yer almaktadir. Tklim degisikliginin kiiresel 1s1nma, ekolojik dengesizlik, teknolojik, ekonomik ve sosyal
konular basta olmak iizere pek cok parametreye etkisi s6z konusudur. Sera gazi salinimlarina olan yogun ilgi bu
gelismelerden kaynaklanmaktadir. Bu baglamda; Kyoto Protokolii’nde cevre kirliliginin en onemli sebebinin
seragazi salinimlar1 oldugu, bu gazlar icerisinde etki derecesine gore karbondioksit, metan, nitrik asit, hidrofloriir
karbon, perfiiloriir karbon ve siilfiir hekzafloriiriin yer aldig1 ifade edilmektedir (Abeydeera ve ark., 2019).

Diinya genelinde iklim degismelerinin azaltilmasina yonelik ilginin artmasi, iilkeler acisindan cevre
performansinin belirlenmesine yonelik derin arastirmalara ve analizlere odaklanilmasina neden olmaktadir. Bu
baglamda, en 6nemli sorulardan birisi de karbondioksit salinimidir. Gergekten de karbondioksit salinimi sera gazi
salinimlarinin en temel destekleyicisi olup bu salinimlarin %80’inden sorumludur (Li ve ark., 2016).

Sektorel bazda bakildiginda; her ne kadar endiistriyel sektor global karbondioksit saliniminin temel kaynagi
olarak gosterilse de tarim sektoriiniin de karbondioksit salinimimi artiran ©nemli bir sektér oldugu
vurgulanmaktadir (Xu ve Lin, 2017). Nitekim 2016 y1l1 verilerine gore; global karbondioksit saliniminin sirastyla
endiistri, ulastirma ve tarim sektorii kaynakli oldugu ifade edilmektedir (United Nations, 2019). Tarim sektorii
global 6lcekte nitrojen asit salintminin %901, metan salintminin %70’1 ve karbondioksit saliniminin ise %20’ sini
tiretmektedir. Metan ve nitrojen asit miktarinin ise karbondioksitten daha diisiik seviyede kaldig1 belirtilmektedir
(Luo ve ark., 2017). Bir aragtirmaya gore; global sera gazi salinimin %29 unun, karbondioksit salinimi1 digindaki
gaz saliniminin ise %50’sinin gida sektoriinden kaynaklandigi sonucuna varilmistir (Vermeulen ve ark., 2012). Bu
gelismeler tarim sektorii ile karbondioksit salinimi arasinda 6nemli bir iliskinin olabilecegi sorusunu giindeme
getirmektedir.

Tiirkiye ekonomisi baglaminda ¢evre kirliligi ve bunun altinda yatan faktorlerin aragtirilmasi, onemli bir
inceleme konusudur. Ciinkii Tiirkiye iklim degisikligi performans indeksi siralamasinda 60 iilke icerisinde 50.
sirada yer almaktadir. Bu indeksin 6nemli belirleyicilerinden biri de kisi basina karbondioksit salinimi degerleridir
(Burck ve ark., 2019). Karbondioksit salinimi degeri 1990 yilinda 128.77 milyon ton iken 2016 yilinda 338.76
milyon tona yiikselmistir. Tiirkiye ekonomisi iklim degisikligi performansinda oldugu gibi karbondioksit salinim1
performansinda da giderek ciddi bir kotiilesme gostermektedir. Tiirkiye ekonomisi baglaminda karbondioksit
salimimini azaltacak strateji ve politikalara onemli 6lctide ihtiya¢ duyulmaktadir. Bu nedenle karbondioksit
salmiminin temel belirleyicilerinin ampirik acidan arastirilmasi, mevcut strateji ve politikalarin yeniden ele
alinmasina hizmet edebilecektir.

Tiirkiye’nin 2016 yilindaki sera gazi salinim miktar1 1990 yilina gore %135.4°lik bir artig gostererek toplamda
496.1 milyon tona ulagmistir. Kisi basina diisen sera gazi salinimi ise 1990 yilinda 3.8 ton iken 2016 yilinda 6.3
tona yiikselerek yaklasik olarak %65’lik bir artig sergilemistir. Sera gazi saliniminin yaklasik %75-80’inin
karbondioksit salinimindan olustugu diistiniildiigiinde, Tiirkiye ekonomisinde karbondioksit salinimindaki ciddi
artis kendisini hissettirmektedir. Nitekim, 1990 yilina gore karbondioksit salintminin %174.5 oraninda arttig1
belirtilmektedir. Bu durum Tiirkiye’de c¢evre kirliliginin temel nedenleri arasinda gosterilmektedir. 2016 yili
sektorel sera gazi salinimlarina gore %72’°lik pay ile enerji sektorii ilk sirada yer alirken bunu endiistri (%12.6) ve
tartm sektorii (%11.4) takip etmektedir (TUIK, 2019).

Diger taraftan tarim sektoriiniin biiyiime ve kalkinma siirecindeki rolii uzun zamandir teorik olarak
tartisilmaktadir (Johnston ve Mellor, 1961; Thirlwall, 1986; Matsuyama, 1992; Vogel, 1994). Tarim sektorii
insanlarin temel gereksinimleri olan gida, beslenme, kumas ve biyoyakit temininde 6nemli rol oynayarak iilkelerin
ekonomik kalkinma siirecine katki sunmaktadir. Tiiketilebilir tiriinlerin yan1 sira tarim sektorii pazarlanamayan
iriinlerin de iiretilmesi siirecine destek olmaktadir. Bunlar; gida giivenligi, ekilebilir arazi cesitliligi ve ¢evre
kalitesinin iyilestirilmesini kapsamaktadir. Bu nedenle siirdiiriilebilir kalkinma pek ¢ok disiplinden arastirmacinin
ilgi alan1 olmustur (Grzelak ve ark., 2019).

Ciftcilik yaklagimlart modern ve geleneksel yontemler olarak iki kisimda ele alinabilmektedir. Tiinel ¢ift¢iligi,
organik tarim, sulama i¢in giines tiiplerinin kullanilmasi bitki ve meyvecilik sektoriinde uygulanan modern tarim
metotlarindan bazilaridir. Biiyiik ciftlikler bu metotlar1 uygulayarak hem isgiiciinii azaltmakta, hem {iiretimi
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artirmakta hem de cevreyi kirletecek gaz salinimlarinin azalmasma yardimci olabilmektedir. Bununla birlikte
tarimsal alanlarin ekseriyeti yani kiiclik ¢iftlikler ise geleneksel tarim metotlarini kullanmakta ve bu durum da sera
gazi salimmlarinin artmasina hizmet edebilmektedir (Waheed ve ark., 2018).

Tarim sektorii pek cok agidan dogal cevre iizerinde etkili olabilmektedir. Bununla birlikte bu etki dogal
kosullara bagli oldugu gibi yogunlugu da degisebilmektedir. Boylece topografya, toprak, iklim ve jeoloji gibi dogal
kosullar tarimsal alanlarin toprak erozyonu, hava ve su kirliligi gibi farkl ¢evre kirliligi tiirlerine olan duyarliligini
onemli olgiide belirleyebilmektedir. Modern tarim giibre, tarim ilact kullanimi, maksimum verim alacak sekilde
sulama yontemlerini kullanarak ¢evreyi ciddi 6lciide etkileyebilmektedir. Bu aktivitelerin temel sonuclar1 toprak
erozyonu, besin kaybi, su ve hava kirliligi ile biyolojik ¢esitlilik kayb1 olarak ortaya cikmaktadir. Sudaki azot
miktarinin artmasi, dogal yasam alanlarinin par¢alanmasi, bitki ve hayvan neslinin tiikenme tehlikesi ile karsi
karsiya kalmasi da 6nemli sonuglar arasinda ifade edilmektedir (Nowak ve Schneider, 2017).

Endiistriyel devrimden itibaren ¢ok cesitli enerji kaynaklar1 gelistirilmis ve biiyiik 6lgcekte kullanima dahil
edilmistir. Global ekonominin bilylime gosterdigi donemlerde enerji tiiketimindeki artiglar ciddi cevresel
problemlere ve ozellikle de karbondioksit salimiminin hizlanmasina neden olmustur. Global isinma, deniz
seviyesinin yiikselmesi, ekstrem hava olaylarindaki artiglar bu ¢evresel dengesizliklere drnek olarak gosterilebilir
(Xu ve Lin, 2017). Her ne kadar endiistriyel sektor global karbondioksit saliniminin temel kaynagi olarak gosterilse
de belirli zamanlarda tarim sektoriiniin de karbondioksit salinimini artiran temel bir sektdr oldugu
vurgulanmaktadir (Xu ve Lin, 2017). Nitekim 2016 y1l1 verilerine gore; global karbondioksit saliniminin %22’si
endiistri, %14’# ulastirma, %13’1 tarim sektorii kaynaklidir (United Nations, 2019).

Bu calismanin odak noktasini olugturan tarim ve cevre kirliligi arasindaki iliski, genel literatiirde ulagilan
sonuglar acisindan farklilasmaktadir (bkz. Tablo 1). Bu arastirmalardan Ben Jebli ve Ben Youssef (2017a),
Wabheed ve ark. (2018), Appiah ve ark. (2018), Rehman ve ark. (2019), Parajuli ve ark. (2019), Ngarava ve ark.
(2019), Qiao ve ark. (2019) ve Olanipekun ve ark. (2019) uzun donemde tarimin karbon saliniminmi arttirdigini
tespit ederken, Rafiq ve ark. (2015), Ben Jebli ve Ben Youssef (2017b), Liu ve ark. (2017), Khan ve ark. (2018)
ve Ben Jebli ve Ben Youssef (2019) arastirmalarinda karbon saliniminin azaldigi sonucuna ulagilmistir. Literatiirde
tam bir fikir birliginin olmamast baz alinan iilkelerin ekonomik ve teknolojik gelismislik diizeylerinin ayni
olmamasi ile iligkilendirilebilmektedir.

Tablo 1. Tarun ve ¢gevre kirliligi arasindaki iliski iizerine secilmis bazi calismalar

Table 1. Some selected studies on the relationship between agriculture and environmental pollution

Uzun donem

Yazar Periyod/Ulke Metodoloji Esbiitiinlesme etkisi Nedensellik
Panel A: Zaman Serisi Analizi
Ngarava ve ark.  1990-2013 ARDL, Granger .
(2019) Giiney Afrika  nedensellik Evet Pozitif AGR — CO,
Ben Jebli ve Ben 1980-2013 ARDL, VECM .
Youssef (2019)  Brezilya nedensellik Evet Negatif AGR - CO;
Rehman ve ark. 1987-2017 ..
(2019) Pakistan ARDL Evet Pozitif Aragtirilmadi

ARDL, FMOLS,
Waheed ve ark. 19902014 DOLS, VECM Evet Pozitif AGR — CO,
(2018) Pakistan .

nedensellik

Johansen, Toda-
é}éﬁ%; e ark. %’?ﬂil s-ti(r)lls Yamamoto nedensellik, Evet Negatif Yok

! FMOLS, CCR
Zafeirioua ve %’gftij(?zl 415 anya ARDL, VECM Evet Arastirilmadi  Arastirilmadi
Azam (2017) - SPAYA e densellik $ $
ve Fransa
Asumadu-
Sarkodie ve Gana Johansen,. Granger Evet Arastirlmadi  CO; — AGR
1961-2012 nedensellik

Owusu (2017)
Ben Jebli ve Ben 1980-2013 ARDL, VECM
Youssef (2017c) Morokko nedensellik Evet Araguriimadi - CO; — AGR
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Ben Jebli ve Ben 1980-2011 Johansen, VECM .
Youssef (2017a) Tunus nedensellik Evet Pozitif AGR « CO;
Panel B: Panel Veri Analizi
. 1996-2015
gllfn(lgglfg)n ve Merkez.i. ve Bati i?\r/l[fé PMG, MG, Arastirilmadi  Pozitif AGR « CO,
’ Afrika Ulkeleri
Qiao ve ark. 1990-2014 Panel FMOLS, ..
(2019) G-20 Ulkeleri  VECM nedensellik ~ £¥e! Pozitif AGR — CO;
Parajuli ve ark. 1990-2014 -
(2019) 86 iilke Panel GMM Arastirllmadi  Pozitif Aragtirilmadi
. 1971-2013 .
Appiah ve ark. . Pedroni egbiitiinlesme, ..
(2018) Yukseler.l DOLS, FMOLS, PMG Evet Pozitif AGR « CO,
Ekonomiler
Ben Jebli ve Ben 1980-2011 Pedroni
Youssef (2017b) Kuzey Afrika esbiitiinlesme, Panel Evet Negatif AGR « CO,
Ulkeleri DOLS, FMOLS
. Pedroni esbiitiinlesme,
(L21‘011V7‘; ark. 2937&21?1 e FMOLS, DOLS, Evet Negatif AGR — CO;
VECM nedensellik
. Panel MG, CCEMG,
Rafig ve ark. 1980-2010 AMG, VECM Arastilmadi  Negatif AGR — CO,
(2015) 53 iilke )
nedensellik

Yazarlar tarafindan olusturulmustur. AGR, CO2, — ve o sirasiyla tarim sektoriinii, karbondioksit salinimini, tek yonlii ve ¢ift
yonlii nedenselligi ifade eder.

Bu calismanin temel amaci, Tiirkiye’de tarim sektorii ile ¢evre kirliligi arasindaki iliskiyi ortaya koymaktir. Bu
calisma pek ¢ok acidan literatiire katki sunabilecek niteliktedir. Ilk olarak; Tiirkiye ekonomisi icin tarim
sektoriiniin karbondioksit salinimi tizerindeki etkisini arastiracak diger ampirik ¢aligmalara 6nciiliik edebilecektir.
Ikinci olarak; tarim sektorii ile yenilenebilir enerji sektorii arasindaki nedensellik iliskilerini arastirarak dolaylh
acidan karbondioksit salinimina olan etki de incelenmektedir. Uciincii olarak; ekonomik biiylime, tarim sektorii,
yenilenebilir enerji tiiketimi ve karbondioksit salinim1 gibi aragtirmada kullanilan tiim degiskenlerin duraganlik
analizi Ziwot-Andrews (1992) ve Lee-Strazicich (2004, 2013) tek yapisal kirilmali birim kok testleri ile
aragtirllmaktadir. Degiskenler arasinda bir uzun donem iligkisinin olup olmadigi, Pesaran ve ark. (2001) ARDL
sinir testi yaklagimi ile test edilmektedir. Metodolojik acidan son olarak; degiskenler arasindaki nedensellik iliskisi
Toda-Yamamoto (1995) nedensellik testi ile tespit edilmektedir. Calismada ulasilan ampirik bulgular, Tiirkiye
ekonomisi i¢in tarim sektorii ile ilintili Gnemli politika Onerilerinin gelistirilmesine imkan saglayacaktir. Nitekim
2009 yilinda Kyoto Protokoliine taraf olan Tiirkiye nin diger gelismekte olan iilkeler gibi sera gazi salinimin
ozellikle de karbondioksit salinimini diisiirecegi taahhiidiinde bulunmus olmasi, bu tiir politikalarin ne derece
onemli oldugunu vurgulamaktadir.

Calismanin bundan sonraki kisimlari su sekilde diizenlenmistir. Ikinci kistm materyal ve metot hakkinda bilgi
vermektedir. Uciincii kisimda elde edilen arastirma sonugclari sunulmakta ve tartisgtlmaktadir. Ayrica arastirma bir
sonug ve politika Onerileri kismi ile son bulmaktadir.

2. Materyal ve Metot

Bu ¢alismada tarim sektorii ile ¢evre kirliligi arasindaki iligki 1968-2016 donemi itibariyle arastirilmaktadir.
Calismada cevre kirliliginin temel belirleyicilerine, literatiire uygun olacak seklide, tarim sektorii katma degerinin
yamisira tarimsal arazi, ekonomik biiyiime ve yenilenebilir enerji tiiketimi degiskenleri de ilave edilmistir. Bu
dogrultuda ele alinan degigkenler ile cevre kirliligi arasindaki iliskiyi test edebilmek i¢in logaritmik-dogrusal
regresyon modelleri Ben Jebli ve Ben Youssef (2017b; 2019), Qiao ve ark. (2019), Waheed ve ark. (2018) gibi

calismalardan da esinlenerek agagidaki gibi belirlenmistir:
InCO,, = ay + a;InGDP, + a,InGDP? + a3InAGR, + a,InREN, + u, (Es. 1)

InC0,, = ay + a;InGDP, + a,InGDP? + a3InAGR, + a,InREN, + a5InLAND, + u, (Es.2)
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Yukaridaki regresyon denklemlerinden anlasilacag iizere ampirik analizde ¢oklu regresyon modelleri tercih
edilmistir. Yani ¢evre kirliligi iizerinde etkili olabilecek pek ¢ok degisken modellerde kullanilmistir. Bunun en
onemli nedeni tarim sektoriiniin cevre kirliligi tizerindeki ampirik etkisini daha saglikl tespit edebilmek, tanisal
testleri giiclii ve uygun modeller kurabilmektir. Modellerde tarim sektoriinii temsilen tarimsal katma deger ve
tarimsal arazi degiskenlerinin tercih edilmesinin temel nedeni literatiire uygunlugun tesis edilmesidir. Ayrica
ekonomik biiylime ve yenilenebilir enerji deZiskenleri de cevre kirliligini belirleyen temel degiskenler olarak
literatiirde yerini almistir.

Yapilan aragtirma neticesinde literatiirde tarimsal katma deger ve tarimsal arazi degiskenleri sik kullanildig: ve
tarim sektoriinii agiklayan iki temel Olgiit oldugu gibi, iki regresyon denklemi seklinde kurgulayarak tarim
sektoriiniin cevre kirliligi tizerindeki etkisini analiz eden bir ¢alismaya neredeyse rastlanmamaktadir. Diger pek
cok arastirma konusunda ve zaman serisi caligmalarinda daha gii¢lii ve birbirini destekleyici ampirik bulgular elde
etmek amaciyla bu tiir bir kurguya bagvuruldugu gériilmektedir. Buradan bu ¢alismanin ampirik kurgusunun tarim-
cevre iliskisini analiz eden diger ¢aligmalardan farkli oldugu sonucuna varilabilir. Bu kurgunun temel nedeni;
birinci regresyon denkleminde tek tarim degiskeni olan tarimsal katma degerin (yani tarim sektdriiniin) cevre
kirliligi tizerindeki etkisinin, ikinci regresyon denkleminde ele alinan tarimsal katma deger ve tarim arazisi
degiskenlerinin (yani tarim sektoriiniin) etkisi ile uyusup uyusmadigini test etmektir. Ayrica ampirik olarak tarim
sektorii-cevre kirliligi iliskisini daha gii¢lii kanitlar ile ispatlayabilmektir. Calisma bu nedenle literatiire 6nemli bir
katki sunabilmektedir. Diger taraftan tarimsal katma deger tarim sektorii tiretim ve verimliligi hakkinda bir bilgi
sunar iken, tarimsal arazi ol¢iitii de tarim sektorii tizerindeki ya da tarimin diger degiskenler iizerindeki sosyo-
ekonomik etkilerinin a¢iklanmasinda yardimci olabilmektedir.

Esitlik (1) ve (2)’de yer alan ay, f ve u;sirasiyla sabit terimi, zamani ve hata terimini ifade etmektedir. Cevre
kirliliginin olciitii olarak COy kisi basina karbondioksit salinimini (ton) (Dong ve ark., 2018), ekonomik
biiyiimenin 6l¢iitii olarak GDP; kisi basina reel geliri (2010 sabit $ fiyatlariyla) (Pata, 2018), GDP? kisi basina
reel gelirin karesini (Qiao ve ark., 2019) ifade etmektedir. REN; yenilenebilir enerji tiikketimini (petrol esdegeri
metrik ton) (Ben Jebli ve Ben Youssef, 2019) ve tarim sektoriiniin 6l¢iitii olarak AGR, ise kisi basina tarimsal
katma degeri (2010 sabit $ fiyatlariyla) (Ben Jebli ve Ben Youssef, 2017¢) temsil etmektedir. Tarimin diger bir
gostergesi olarak LAND; tarim arazisini (arazi alaninin yiizdesi olarak) isaret etmektedir. Kisi basina reel gelir,
tarim arazisi ve kisi basina tarimsal katma deger verileri World Bank (2019) Diinya Kalkinma Gostergeleri veri
tabanindan, kisi basina karbondioksit salimimi ve yenilenebilir enerji tiikketimi verileri ise OECD (2019) veri
tabanindan temin edilmistir.

a1, a2, a3 04 Ve os parametreleri sirastyla kisi basina reel gelir, kisi basina reel gelirin karesi, kisi bagina tarimsal
katma deger, yenilenebilir enerji tilkketimi ve tarim arazisi uzun donem elastikiyet tahminlerini gdstermektedir.
Cevresel Kuznets egrisi (CKE) hipotezi literatiirii ¢cercevesinde tartigilan dlgek, kompozisyon ve yapisalci etkilere
bagl olarak kisi basina reel gelir ve kisi basina reel gelirin karesi ile kisi basina karbondioksit salinim1 arasinda
ters-U seklinde teorik bir iligki s6z konusudur. Bu nedenle a; ve a; parametrelerinin beklenen degeri sirastyla
pozitif ve negatiftir (Grossman ve Krueger, 1995; Islam ve ark., 1999). Bir goriise gore tarim sektoril ile
karbondioksit salinimi arasinda pozitif bir iliski ifade edilirken, diger goriis ise negatif bir iliskinin varligini
savunmaktadir. Bu nedenle a3 ve as parametreleri pozitif ya da negatif bir deger alabilir (Qiao ve ark., 2019).
Yenilenebilir enerji tiikketimi ile karbondioksit salinimi arasinda negatif bir iligki s6z konusudur. Bu nedenle o4
parametresinin negatif bir deger almasi beklenmektedir (Dong ve ark., 2018). Ayrica degiskenlere iligkin
tanimlayici istatistikler Tablo 2’de sunulmakta ve degiskenlerin 1968-2016 zaman dilimdeki genel egilimleri ise
Sekil 1’de gosterilmektedir.

Tablo 2. Tamimlay:cu istatistikler (1968-2016)
Table 2. Descriptive statistics (1968-2016)

Degiskenler
Istatistikler InCO; InGDP InGDP? InAGR InREN InLAND
Ortalama 0.831 8.864 78.696 6.852 9.160 3.926
Medyan 0.875 8.837 78.106 6.826 9.198 3.922
Maksimum 1.458 9.551 91.227 7.009 9.748 3.980
Minimum 0.000 8.323 69.282 6.696 8.709 3.865
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Std. sapma 0.407 0.350 6.251 0.080 0.221 0.027
Carpiklik -0.289 0.314 0.370 0.272 -0.093 0.208
Basiklik 2.054 2.060 2.104 2.071 3.457 2.472
Jarque-Bera 2.507 2.610 2.757 2.364 0.499 0.921
Olasilik 0.285 0.271 0.251 0.306 0.778 0.630
Gozlem sayist 49 49 49 49 49 49
Kisi Basina Karbndioksit Salinimi Kisi Basina Reel Gelir
1.50 9.6
1.05 | 9.4 |
9.2 |
1.00 |
9.0 |
0.75 |
8.8 |
0.50
8.6 |
0-25 4 8.4
000 T T T T T T T T T T 82 T T T T T T T T T T
70 75 80 85 20 95 00 05 10 15 70 75 80 85 20 95 00 05 10 15
Kisi Basina Reel Gelirin Karesi Kisi Basina Tarimsal Katma Deger
92 7.1
88 1 7.0 |
84 |
6.9 |
80 |
6.8 |
76 |
72 | 6.7 |
68 T T T T T T T T T T 66 T T T T T T T T T T
70 75 80 8 90 95 00 05 10 15 70 75 8 8 90 95 00 05 10 15
Yenilenebilir Enerji Tuketimi Tarm Arazsi
9.8 4.00
9.6 | 3.98 |
3.96 |
9.4 |
3.94 |
9.2 |
3.92 |
9.0
3.90
8.8 | 3.88 |
86 T T T T T T T T T T 386 T T T T T T T T T T
70 75 80 85 20 95 00 05 10 15 70 75 80 85 20 95 00 05 10 15

Figure 1. Trends of series over time (logarithmic) (1968-2016)
Sekil 1. Serilerin zaman icindeki seyri (logaritmik) (1968-2016)

Caligmada kullanilan yontemin ilk adimini her bir degiskenin birim kok 6zelliklerinin analizi olusturur. Bu
baglamda, DF-GLS ve Ng-Perron geleneksel birim kok testleri ile Zivot-Andrews ve Lee-Strazicich tek yapisal
kirilmali birim kok testlerinden istifade edilmistir. Yontemin ikinci adiminda degiskenler arasinda bir uzun dénem
iligkisinin olup olmadigi ARDL sinir testi ile aragtirilmaktadir. ARDL modeli cercevesinde uzun ddnem
parametreleri tahmin edilmektedir. Yontemin son asamasinda degiskenler arasinda nedenselligin varligi1 Toda-
Yamamoto nedensellik metodu ile ele alinmaktadir.

2.1. Birim kok testleri

Caligmada DF-GLS ve Ng-Perron birim kok testleri oncelikle kullanilmaktadir. Elliott ve ark. (1996) tarafindan
ortaya atilan DF-GLS testinde, genellestirilmis en kiiciik kareler (GLS) regresyonu yontemiyle veriler tahmin
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edilmektedir. Sonraki asamada tahmin edilen veriler Dickey-Fuller tipi testler aracilifiyla degerlendirilmektedir.
Kullanilan diger geleneksel birim kok testi ise Ng ve Perron (2001) tarafindan onerilen Ng-Perron birim kok
testidir. Ng-Perron (2001) ADF ve PP testlerinin hata terimlerinin negatif hareketli ortalamaya sahip oldugunda

agir 6lcek bozulmalart sergiledigini ortaya koymustur. Ng-Perron testinin diger geleneksel birim kok testlerinden
en iistiin yonleri daha uyumlu ve giivenilir ampirik sonuglar vermesidir. Ng ve Perron (2001) aslinda Phillips ve
Perron (1988), Bhargava (1986) ve Elliott ve ark. (1996) tarafindan literatiire kazandirilan testleri gelistirerek MZa,
MZt, MSB ve MPT test istatistikleri olarak bilinen dort test istatistigini sunmustur.

MZa ve MZt testlerinde sifir hipotezi duragan degildir seklinde iken MSB ve MPT testlerinde seri duragandir
seklinde kurulmaktadir. MZa ve MZt testleri i¢in hesaplanan 7 istatistigi kritik degerlerden kiiciik, MSB ve MPT
testleri icin biiyiik oldugunda serinin diizeyde duragan olmadigina tersi durumda ise duragan olduguna hitkmedilir
(Seker ve ark., 2015). ADF, PP, DF-GLS ve Ng-Perron gibi klasik birim testlerinin en 6nemli dezantaji, serilerdeki
yapisal kirilmay1 dikkate almadiklari icin sapmali ve sahte regresyon sonuglarina neden olabilmeleridir (Ertugrul
ve ark., 2016). Bu nedenle calismada, i¢sel olarak belirlenmis yapisal kirilmali birim kok testi olan Zivot-Andrews
birim kok testine de yer verilmektedir. Bu test seriler bir potansiyel yapisal kirilmaya sahip oldugunda uygun bir
metot olarak kabul edilmektedir (Shahbaz ve ark., 2013). Calismada, hem diizey hem de egimde yapisal degismeyi
iceren Zivot ve Andrews (1992)’in en gelismis regresyon modeli dikkate alinmaktadir:

k
Ay, = c+ay;_, + pt +dDU, + dDT;, + z diAy,_; + & (Es.3)
j=1

Esitlik (3)’teki t = 1,2,3,...,T zamani, 7B kirilma tarihini, A = TB/T ise kirilma noktasin1 vermektedir.
Burada DU, sabit terimdeki yapisal degisimi ifade eden kukla degiskeni gosterir ve t > TB oldugunda 1 degerini,
diger durumlarda ise O degerini almaktadir. Diger taraftan, DT, trenddeki yapisal degisimi gosteren kukla degisken
olupt > TB durumunda t — TB degerini, diger durumlarda ise sifir degerini almaktadir. Bu testte hesaplanan ¢
istatistiginin Zivot ve Andrews (1992)’in belirledigi kritik degerden kiiciik olmasi durumunda birim kokiin
varligini ifade eden sifir hipotez kabul edilmekte, aksi durumda reddedilmektedir.

Calismada yapisal kirilmanin varligini tespit etmek i¢in kullanilan bir diger test ise Lee-Strazicich (2004, 2013)
birim kok testidir. Yapisal kirilmali modelin olusturulmasinda asagidaki esitlik kullanilmaktadir:

Ye =0Zi + Xy Xe=PBXeq + & (Es.4)

Esitlik (4)’te Z; digsal degiskenleri ifade etmektedir. Testin bos hipotezi, § = 1 olarak tanimlanmaktadir.
Yapisal kirilmanin tespiti i¢in iki model gelistirilmistir. Sabitte kirtlmanin test edilmesi i¢in kullanilan Model A,
Z; =[1,t,D,] olarak tanimlanmakta ve t = T + 1 ve diger durumlarda sifir olmas1 halinde D, = 1 degerini
almaktadir. T kirllma zamanimi gostermektedir ve 6’ = (6;,8,,83) . Sabitte ve trendde kirilmanin test
edilmesinde kullanilan Model C ise, Z; = [1,¢, D;, DT;]" olarak tanimlanmakta ve t = Ty + 1 ve diger durumlarda
sifir olmast halinde DT; = t — T degerini almaktadir.

LM prensibine gore, birim kok test istatistikleri Esitlik (5)’teki regresyondan elde edilmektedir:
Ay, = 8'AZy + S,y + e (Es.5)

Burada $;, =y, — Y, — Z,6, t = 2,...,T; § olmak iizere AZ, ’de Ay, 'nin katsayilaridir ve ), , y; — Z;6
seklinde elde edilmektedir. LM birim kok testinin yokluk hipotezi, ¢p = 0 ile ifade edilmektedir. LM test istatistigi,
T: ¢ = 0 temel hipotezini test eden z-istatistigi seklinde tanimlanmaktadir. Birim kok testinde Ty kirllma zamanini
gostermek iizere, kirllma zamani minimum birim kok test istatistigini bulmak i¢in tiim olast kirilma noktalari
aragtirilarak asagidaki gibi belirlenmektedir:

Inf#(2) = Inf¥(2) (Es. 6)
Esitlik (6)’da A = Tz /T ve A€[0,1] seklinde hesaplanmaktadir.
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2.2. Esbiitiinlesme testi

Bu calismada klasik esbiitiinlesme testlerine gore daha iistiin 6zelliklere sahip olan ARDL sinir testi yaklagimi
kullanilmaktadir. Pesaran ve ark. (2001)’na gore bu testin 6zellikleri su sekilde siralanabilir. Birincisi; burada
seriler diizeyde duragan, birinci farkinda duragan ya da karisik biitiinlesme 6zelliklerine sahip olabilirler. Ikincisi;
kiigiik o6rneklerde daha saglikli ampirik sonuclar vermektedir. Ugiinciisii; ARDL modeli yardimiyla kurulan
kisitsiz hata diizeltme modeli uzun ve kisa donem dinamiklerini birlikte analiz etme imkani sunabilmektedir.
ARDL modelinden elde edilen kisitsiz hata diizeltme modeli yardimiyla hem kisa hem de uzun donem
parametreleri ayni anda belirlenmektedir. Kisitsiz hata diizeltme modelleri, asagidaki gibi gosterilmektedir:

m m m m
AlnCO,, = Bo + Z Bri AlnCO,,_, + Z Byi AInGDP,_; + Z Bai AInGDP?,_, + Z B.; AlnAGR,_;

i=1 =0 =0 i=0

m
+ Z Bsi AINREN,_; + yDUM, 47 + 6,InC0,, | + 0,InGDP,_, + 8,InGDPZ.,
i=0
+ 0,InAGR,_, + O5InREN,_, + i, (Es.7)

m m m m
AlnCO,, = Bo + Z Bri AlnCO,,_, + Z Byi AInGDP,_; + Z Ba; AINGDP?,_, + Z B.; AINAGR,_;
i i=0 i=0 i=

i=1 i=0

m m

+ Z B AIRREN,_; + Z Boi AINLAND, _; + yDUM, g7 + 6,nCO,, | + 6,InGDP,_,
i=0 i=0

+ 65InGDPZ | + 0,InAGR,_; + O5InREN,_; + 05InLAND,_; + u, (Es.8)

Esitlik (7) ve (8)’de fy, 4, 1y ve DUM sirasiyla; sabit parametreyi, birinci fark operatoriinii, hata terimini ve
yapisal kirilma icin kukla degiskeni gostermektedir. AIC ve SIC gibi kriterler kullanilarak ARDL modelinde
optimal gecikme uzunlugu tespit edilebilmektedir. Hesaplanan F-istatistigi degeri ile Pesaran ve ark. (2001) ve
Narayan (2005)’1n kritik degerlerinin karsilastirilmasi neticesinde esbiitiinlesmenin varlif1 belirlenebilmektedir.
Modelimizde Hy:60; = 8, = 85 = 6, = 85 = 0 sifir hipotezini temsil ederken Hy:0; # 0, # 05 # 0, + 05 *
0 ise alternatif hipotezi gostermektedir. Hesaplanan F-istatistigi Pesaran ve ark. (2001) tarafindan belirlenmis {ist
kritik degerden yiiksek ise degiskenler arasinda bir uzun dénem iliskisinin varligina, alt kritik degerden diisiik ise
degiskenler arasinda bir uzun dénem iligkisinin olmadigina hitkkmedilir. Sayet F-istatistigi degeri alt ve uist kritik
degerler arasinda yer aliyorsa bu durumda uzun dénem iligkisinin varlig1 konusunda bir hitkkme varilamamaktadir.

Secilen ARDL modelinin gegerli bir model olup olmadig1 normal dagilim, otokorelasyon, degisen varyans ve
fonksiyonel form testleri yardimiyla belirlenebilmektedir. Ayrica, Brown ve ark. (1975) tarafindan gelistirilmis
olan CUSUM ve CUSUM? testleri yardimiyla da ARDL modeli uzun dénem parametrelerinin istikrarlihig1 tespit
edilmektedir. ARDL modelinin uzun dénem parametreleri genelde OLS tahmin teknigi ile tahmin edilmekte ve
kisa donem parametreleri de Hata Diizeltme Modeli kullanilarak analiz edilmektedir. Burada Hata Diizeltme
Modeli asagidaki gibi belirlenmektedir:

k m n n
AInCO,, = 8o + Z 8,AInCO,,_, + Z 8,;AlnGDP,_; + Z 83;AlnGDP?,_; + Z 8,;AlnAGR, _,
i i=0 i=0 =

i=1 i=0
P

+ Z O5;AINREN,_; + YECT;_; + &; (Es.9)
i=0

k m n n

AInCO,, = 8o + Z 8,AInCO,,_, + Z 85,;AlnGDP,_; + Z 83;AlnGDP?,_; + Z 8,;AlNAGR, _;

i=1 i=0 =0 i=0
P P

+ Z S5;AINREN,_; + Z Se;AINLAND,_; + YECT,_, + &, (Es. 10)
i=0 i=0
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Esitlik (9) ve (10)’da ARDL modelinden elde edilen hata diizeltme terimi (ECT;.;) uyarlama hizini yani uzun
donem dengesinden bir sapma olmast durumunda ne kadar hizla tekrar dengeye ulasilabilecegini ifade etmektedir.

Bu terimin parametresi olan y’nin negatif ve istatistiki olarak anlamli olmasi istenir. Bdyle bir sonug, ayn1 zamanda
degiskenler arasinda bir uzun dénem iliskisinin olduguna ilave bir kanit olarak degerlendirilmektedir.

2.3. Nedensellik testi

Calismada degiskenler arasindaki nedensellik iliskisi Toda-Yamamoto nedensellik testi yardimiyla
aragtirllmaktadir. Toda ve Yamamoto (1995) nedensellik testini klasik nedensellik testlerinden ayiran temel
ozellikler sunlardir. Birincisi; degiskenlerin birinci farkinda duragan olma 6n sartt aranmamaktadir. Diizeyde,
birinci farkinda hatta ikinci farkinda duragan olabilecekleri gibi degiskenlerin esbiitiinlesik olup olmamalar1 da
onemsenmemektedir. Ikincisi; bu nedensellik testinde degiskenlerin diizey degerlerinin kullanimi s6z konusudur.
Dolayisiyla serilere iliskin bilgi kayb1 olmamaktadir. Uciinciisii; bu nedensellik testi icin (k+duw) gecikmeli
gelistirilmis bir VAR modeli kurulmaktadir. Burada & klasik VAR modelinin gecikme uzunlugunu, dy.. ise
degiskenlerin maksimum biitiinlesme derecesini ifade etmektedir. Daha sonra Toda ve Yamamoto (1995)
tarafindan gelistirilmis ileri bir Wald (MWALD) test istatistigi & gecikmeli VAR modeli parametrelerine
uygulanarak nedenselligin varlig1 tespit edilmektedir. MWALD test istatistigi y* dagilim sergiler. Test istatistiginin
anlamli olmast durumunda degiskenler arasinda bir nedensellik iligkisinin varlig1 sonucuna ulagilmaktadir. Yani
seriler arasinda nedenselligin olmadigini isaret eden bos hipotez reddedilmektedir.

3. Arastirma Sonuclari ve Tartisma

Tablo 3, DF-GLS ve Ng-Perron geleneksel birim kok testlerinden elde edilen sonuglari gostermektedir.
Sonuglara gore her bir degiskenin diizey degerlerinde duragan olmadig1 goriilmektedir. S6z konusu serilerin birinci
farklar1 alindiginda duragan olduklar1 saptanmaktadir. Dolayisiyla serilerin biitiinlesme diizeyi /(1) olarak tespit
edilmektedir. Geleneksel birim kok testleri ekonomilerdeki dalgalanmalardan kaynaklanan yapisal kirilmalari, kriz
ve soklar1 dikkate almamaktadir. Bu nedenle analizde kullanilan serilerin duraganliklar1 yapisal kirilmalar1 da
iceren testlerle de incelenmektedir.

Tablo 3. Geleneksel birim kok test sonuglart

Table 3. Conventional unit root test results

Panel A: Diizey

DE-GLS NG-Perron

Degiskenler r-istatistigi MZa MZt MSB MPT e
InCO> -2.575(0) -9.344(0) -2.113(0) 0.226(0) 9.947(0) -

InGDP -2.071(0) -8.090(0) -1.869(0) 0.231(0) 11.661(0) -

InGDP? -1.850(0) -6.899(0) -1.682(0) 0.243(0) 13.385(0) -

InAGR -0.636(1) -1.947(1) -0.730(1) 0.374(1) 32.039(1) -

InREN -1.628(0) -5.922(0) -1.519(0) 0.256(0) 15.125(0) -
InLAND -1.596(0) -5.251(0) -1.480(0) 0.281(0) 16.830(0) -

Panel B: Birinci Fark

AlnCO:; -7.840(0)" -22.916(0)" -3.380(0)™  0.147(0)™  4.001(0)™  I(1)
AlInGDP -6.752(0)™" -23.499(0) -3.421(0)™ 0.145(0)"  3.915(0)™" I(1)
AlnGDP? -6.751(0)™" -23.499(0) -3.421(0)™ 0.145(0)"  3.917(0)™" I(1)
AInAGR -11.745(0)" -17.285(0)° -2.888(0)°  0.167(0)"  5.583(0) 1(1)
AInREN -7.056(0)"" -23.450(0)" -3.404(0)™  0.145(0)"  4.006(0)™"  I(1)
AInLAND -5.504(0)™" -21.940(0)" -3.311(0)™  0.150(0)"  4.158(0)™  I(1)
Sonuglar sabitli-trendli model sonuclarini icermekte olup, sifir hipotezi “sabitte ve trendde yapisal bir kirilma altinda birim kok
vardir” seklindedir. Parantez i¢indeki degerler, optimal gecikme uzunlugunu ifade etmektedir. ™, ™ ve * sirasiyla %1, %5 ve

%10 seviyesindeki anlamlilig1 isaret etmektedir.

Yapisal kirilmalar1 dikkate alan Zivot-Andrews ve Lee-Strazicich birim kok testlerine iliskin elde edilen
sonuclar Tablo 4’te sunulmaktadir. Zivot-Andrews testine gore biitiin seriler farkinda duragan olarak tespit
edilmistir. Ayrica sonuglar calismada ele alinan modellerde bagimli degisken olarak kullanilan karbondioksit
emisyonu i¢in 1978 yilinda yapisal bir kirilma oldugunu igaret etmektedir. Lee-Strazicich testinden elde edilen
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sonuglar ise; kisi basina tarimsal katma deger, kisi basina reel gelir ve kisi basina reel gelirin karesi degiskenlerinin
diizeyde, diger degiskenlerin ise birinci farklarinda duragan oldugunu gostermektedir. Karbondioksit emisyonuna
iligkin 1978 yilinda yapisal kirilmanin tespit edilmesi, Zivot-Andrews testi ile ayn1 dogrultuda bir sonugtur. 1978
yil1 ikinci petrol krizini i¢erdiginden dolay1 tespit edilen bu sonug tutarlidir. Diger serilere iliskin elde edilen
kirilma tarihleri ise, Tiirkiye ekonomisinde yasanilan kriz ve soklarin donemine denk geldigi i¢in tutarh
gozitkmektedir. Ayrica bu sonuclar seriler arasindaki uzun donem iliskisinin arastirilmasi agamasinda ARDL sinir
testinin kullanilmasi1 gerektigini ortaya koymaktadir.

Tablo 4. Yapisal kirldlmal birim kok test sonuglart

Table 4. Unit root test results with structural break

Panel A: Zivot-Andrews Birim Kok Testi
Diizey

Birinci fark

e Test istatistigi ~ Kirilma tarihi Test istatistigi ~ Kirilma tarihi Sy
InCO> -4.129(0) 1978 -9.206(0)" 1982 I(1)
InGDP -3.710(0) 2001 -5.275(3)" 2004 I(1)
InGDP? -3.756(0) 2001 -5.338(3)" 2004 1(1)
InAGR -3.187(3) 2001 -5.235(4)" 2005 1(1)
InREN -2.363(0) 2007 -8.812(0)" 1999 1(1)
InLAND -3.205(0) 1998 -7.500(0)" 1984 1(1)
Panel B: Lee-Strazicich Birim Kok Testi

Besier Diizey Birinci fark o

Test istatistigi  Kirilma tarihi ~ Test istatistigi  Kirilma tarihi

InCO; -4.048(0) 1978 -6.141(2)" 1998 I(1)
InGDP -5.203(3)" 1999 - - 1(0)
InGDP? -5.167(3)" 1999 - - 1(0)
InAGR -4.335(2)" 2002 - - 1(0)
InREN -3.206(0) 1998 -7.663(0)" 1980 1(1)
InLAND -3.597(2) 2000 -4.794(1)" 1983 1(1)

LM testinde maksimum gecikme, VAR’dan elde edilen optimal gecikme uzunlugu dikkate alinarak belirlenmistir. Serilerin
duraganliklar1 %5 anlamlilik seviyesine gire degerlendirilmistir. * serilerin %35 seviyesindeki duraganlhigini ifade etmektedir.
Parantez icindeki degerler optimal gecikme uzunlugunu gostermektedir.

Ampirik analizin diger asamasinda yapisal kirilmalar1 da dikkate alarak ARDL sinir testi ile seriler arasindaki
esbiitiinlesme iliskisi belirlenmektedir. Model (1) ve (2) i¢in esbiitiinlesme sonuglar1 Tablo 5’te sunulmaktadir.
Modellere iligkin hesaplanan F-istatistigi degeri Pesaran ve ark. (2001) ve Narayan (2005) kritik tablo degerlerinin
%1°de iist sinirin1 asmaktadir. Bu durum modellerde yer verilen degiskenler arasinda uzun dénemde bir iliskinin
varligini, yani seriler arasinda bir esbiitiinlesme iligkisinin oldugunu ortaya koymaktadir. Diger taraftan, Model
(1) ve (2) i¢in elde edilen hata diizeltme terimi (ECT,.;) katsayisinin negatif ve istatistiki olarak anlamli1 tespit
edilmesi, seriler arasindaki uzun dénem iligkisine ilave bir kanit saglamaktadir.

Tablo 5. Esbiitiinlesme sonuclar

Table 5. Cointegration results

Panel A: Sinir Testi Sonuglari

Model (1) Gecikme Uzunlugu TB F-istatistigi  ECTy,
F(InCO«/InGDP,InGDP?,InAGR,[nREN) 3,0,4,0,0 1978  11.505™ -1.475™
F(InGDP/InCO>,InGDP?,InAGR,[nREN) 4,1,1,2,0 1999  9.720" -0.436™
F(InGDP%/InCO>,inGDP,InAGR,[nREN) 1,1,4,2,0 1999  9.362" -0.408™"
F(InAGR/InCO,,InGDP,iInGDP?,InREN) 4,0,0,0,4 2002  5.952"* -0.301°"
F(InREN/InCO,,InGDP,InGDP,InAGR) 4,2,4,4,2 1998  5.350™ 0.113™
Model (2)

F(InCO»/InGDP,InGDP? InAGR,InREN,InLAND) ~ 4,4,4,3,3,4 1978  8.292*" -1.952"
F(InGDP/InCO,,InGDP?, InAGR,InREN,InLAND) ~ 4,1,1,2,0,0 1999  8.319™ -0.476™
F(InGDP%/InCO,InGDP,iInAGR,InREN,InLAND)  1,1,4,2,0,0 1999  7.991*" -0.444™
F(InAGR/InCO.,InGDP,InGDP? InREN,InLAND) ~ 4,0,0,0,4,2 2002 5.734™ -0.260""
F(InREN/InCO>,InGDP,InGDP?,InAGR,InLAND) ~ 4,2,4,4,2,4 1998  4.720™ 0.167"
F(InLAND/InCO,,InGDP,InGDP?,InAGR,InREN) ~ 3,4,4,4,0,0 2000  4.025™ -0.683"""

339



Cetin & Saygin & Demir
Tarim sektoriiniin ¢evre kirliligi iizerindeki etkisi: Tiirkiye ekonomisi icin bir egbiitiinlesme ve nedensellik analizi

Panel B: Kritik Tablo Degerleri
Pesaran ve ark. (2001) kritik degerler: Sabitli model

Model (1) Model (2)
Onemlilik diizeyi Alt Sinir, 1(0) Ust Sintr, 1(1) Alt Sinir, 1(0) Ust Sintr, I(1)
%1 3.29 4.37 3.06 4.15
%5 2.56 3.49 2.39 3.38
%10 2.20 3.09 2.08 3.00
Narayan (2005) kritik degerler: Sabitli model

Model (1) Model (2)
Onemlilik diizeyi Alt Sinir, 1(0) Ust Sinir, 1(1) Alt Sinir, 1(0) Ust Snir, I(1)
%1 3.84 5.15 3.59 4.98
%5 2.82 3.87 2.67 3.78
%10 2.37 3.32 2.25 3.26

Optimal gecikme uzunlugu, AIC kriteri baz alinarak belirlenmistir. TB serilere iligkin kirilma tarihlerini gostermektedir. ** ve
** sirastyla %1 ve %35 seviyesindeki anlamlilig1 isaret etmektedir.

Degiskenler arasinda bir egbiitiinlesme iligkisinin tespit edilmesinin ardindan, ampirik analizin bu asamasinda
her bir degiskenin uzun donem katsayisinin tahminine gecilmektedir. ARDL uzun donem katsayir tahmin
sonuclarina gore; kisi basina reel gelirin katsayisi1 pozitif, kisi basina reel gelirin karesinin katsayisi ise negatif ve
%1 anlamllik seviyesinde istatistiki olarak anlamli bulundugu Tablo 6’da goriilmektedir. Bu sonu¢ CKE
hipotezinin uzun dénemde gecerli oldugunu, yani baslangicta kisi basina reel gelirdeki artislarin karbondioksit
emisyonunu artirdigim1 ve belirli bir esik degerden sonra ise bir azalma egiliminde oldugunu gdstermektedir.
Dolayisiyla modellerde yer verilen iki degisken arasinda ters-U seklinde bir iliskinin varlig1 ortaya konulmaktadir.
Bu sonug; Jalil ve Mahmud (2009), Ozturk ve Acaravci (2010), Shahbaz ve ark. (2012), Boliik ve Mert (2015),
Dong ve ark. (2018) gibi calismalarin ampirik bulgulariyla ortiismektedir.

Diger taraftan kisi bagina tarimsal katma degerin katsayis1t Model (1)’de -0.210 ve Model (2)’de -0.468 olarak
belirlenmekte ve istatistiki olarak anlamli oldugu goriilmektedir. Ayrica Model (2)’de tarimin bir diger gostergesi
olarak kullanilan tarimsal arazi degiskeninin katsayis1 -0.458 olarak anlamli tespit edilmistir. Elde edilen sonuglar
tarim sektOriiniin uzun déonemde karbondioksit emisyonunu azalttigi anlamina gelmektedir. Bu sonug; Rafiq ve
ark. (2015), Ben Jebli ve Ben Youssef (2017b), Liu ve ark. (2017), Khan ve ark. (2018), Ben Jebli ve Ben Youssef
(2019)’un caligmalariyla uyumludur. Diger taraftan; Ben Jebli ve Ben Youssef (2017a), Waheed ve ark. (2018),
Ngarava ve ark. (2019), Rehman ve ark. (2019)’nin ampirik bulgulariyla da benzerlik arz etmemektedir.

Son olarak, yenilenebilir enerji tiiketimi katsayisinin Model (1)’de -0.060 olarak %10 onemlilik seviyesinde
anlamli bulunmasi1 uzun dénemde yenilenebilir enerji tiiketimi ile karbondioksit emisyonu arasinda negatif bir
iligkinin oldugunu ortaya koymaktadir. Bu bulgu; Boliik ve Mert (2015), Al-Mulali ve ark. (2016), Danish ve ark.
(2017) gibi calismalarin sonuglariyla ortismektedir. Fakat Model (2)’de de yer verilen yenilenebilir enerji
tilketiminin katsayis1 anlamli olarak bulunamamistir. Bu sonug¢ Pata (2018)’nin bulgulartyla benzerlik teskil
etmektedir.

Tablo 6. Uzun donem katsayt tahminleri

Table 6. Long-run coefficient estimates

Panel A: Uzun Donem Katsayilar

Degiskenler Model (1) Model (2)
C -43.655™ -32.150"
InGDP 9.301™ 7.379™
InGDP? -0.456"" -0.351"
InAGR -0.210™ -0.468™
InREN -0.060" 0.028
InLAND - -0.458"
Djozs 0.020 -0.005
Panel B: Tanisal Testler

Model (1) Model (2)

Prob. Prob.

R? 0.995 - 0.998 -
adj-R? 0.994 - 0.996 -
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F-istatistigi 655.190 0.000 407.411 0.000
Breusch-Godfrey LM Test 0.394 0.677 1.191 0.332
Heteroskedasticity Test: ARCH 0.154 0.696 1.983 0.150
Jarque-Bera Normallik Testi 1.026 0.598 1.931 0.380
Ramsey RESET testi 0.828 0.369 0.738 0.403
Durbin-Watson istatistigi 2.148 - 2.399 -

ve " sirastyla %1, %35 ve %10 seviyesindeki anlamhilig1 isaret etmektedir.

Tablo 6’nin alt kisminda yer alan tanisal testler incelendiginde; R’ nin yiiksek bir deger almasi bagimsiz
degiskenlerin bagimli degiskendeki degismeleri aciklama giicliniin yiiksek oldugunu, F' test istatistiginin de
anlamli olmas1 tiim bagimsiz degiskenlerin birlikte anlamli oldugunu ortaya koymaktadir. Diger tanisal testler ise;
modelde degisen varyans ve otokorelasyon problemlerinin olmadigini, hata terimlerinin normal dagilim
sergiledigini ve model kurulumunda herhangi bir hatanin s6z konusu olmadigini gostermektedir. Dolayisiyla elde
edilen bu sonuglar modelin uygun bir model oldugunu ispatlamaktadir. Ayrica Sekil 2 ve 3’te yer alan CUSUM ve
CUSUM? test sonuglari ise, ilgili degerlerin %5 bandi i¢inde kaldigini ve dolayisiyla uzun dénem katsayilarinin
istikrarli oldugunu gostermektedir.

20
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20 L L L v e e
86 88 90 92 94 96 98 00 02 04 06 08 10 12 14 16
—— CUSUM ———— 5% Significance
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Figure 2. CUSUM and CUSUMsq results (Model 1)
Sekil 2. CUSUM ve CUSUM? sonuglart (Model 1)
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Figure 3. CUSUM and CUSUMsq results (Model 2)
Sekil 3. CUSUM ve CUSUM? sonuglart (Model 2)

Ampirik analizin son asamasinda degiskenler arasindaki nedensellik analizi test edilmekte ve sonuglar1 Tablo
7’de sunulmaktadir. Ele alinan modellerin ikisinde de kisi basina tarimsal katma degerden karbondioksit
emisyonu, kisi basina reel gelir, kisi basina reel gelirin karesi ve yenilenebilir enerji tiikketimine dogru isleyen tek
yonlii bir nedensellik soz konusudur. Ulasilan bu nedensellik bulgular1 tarim sektoriiniin karbondioksit
emisyonunun bir nedeni oldugunu gostermekte ve tarim sektoriinden karbondioksit emisyonuna dogru isleyen tek
yonlii bir nedensellige isaret etmektedir. Bu sonug Rafiq ve ark. (2015), Liu ve ark. (2017), Waheed ve ark. (2018),
Ngarava ve ark. (2019) ve Qiao ve ark. (2019) gibi calismalarin nedensellik bulgulariyla ortiigmektedir. Diger
taraftan iki egisken arasinda cift yonlii nedensellik tespit eden Ben Jebli ve Ben Youssef (2017a; 2017b), Appiah
ve ark. (2018) ve Olanipekun ve ark. (2019)’nin bulgulariyla benzerlik arz etmemektedir.

Model (1) ve (2)’de tarimsal arazi ve kisi basina tarimsal katma degerden yenilenebilir enerji tiiketimine dogru
nedensellik saptanmasi, Tiirkiye acisindan dnem arz eden bir sonugctur. Ciinkil enerjide disa bagimli bir iilke olan
Tiirkiye’de tarim vasitasiyla yenilenebilir enerjinin tesvik edilmesi siirdiiriilebilir kalkinmay1 saglayabilir.
Yenilenebilir enerji gostergelerinden biri olan biyoyakit ekonomik biiytime ve cevre kirliligi a¢isindan son derece
onemlidir. Ornegin, Atay ve ark. (2016) tarimsal atiklardan elde edilen peletin cevre kalitesi acisindan olumlu
sonuglar verdigini tespit etmislerdir.

Tablo 7. Toda-Yamamoto nedensellik testi sonuglar

Table 7. Toda-Yamamoto causality test results

Panel A: Model (1)
Bagimsiz Bagimh Degiskenler (y? istatistigi)
Degiskenler InCo,, InGDP, InGDP? InAGR, InREN;
InCo,, i 2.396 2.443 0.971 9.767"
(0.663) (0.654) (0.914) (0.044)
InGDP; 0.606 1.564 2.814 17.885™
(0.962) i (0.815) (0.589) (0.001)
InGDP? 0.514 1.597 2917 18.310™
(0.972) (0.809) i 0.571) (0.001)
InAGR, 25.159" 18.205™ 17.363™ 15.482™
(0.000) (0.001) (0.001) i (0.003)
InREN; 2.467 2.438 2.366 3.984
(0.650) (0.655) (0.668) (0.408) i
Panel B: Model (2)
Bagimsiz Bagimh Degiskenler (y? istatistigi)
Degiskenler InCO,, InGDP; InGDP? InAGR; InREN; InLAND;
InCO,, i 1.094 1.126 1.939 29.639™ 1.147
(0.895) (0.890) (0.746) (0.000) (0.886)
InGDP; 2.151 0.711 2.177 37.294™ 1.301
(0707) i (0.949) (0.703) (0.000) (0.861)

342



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2020, 17(3)

InGDP?% 1.914 0.708 2.237 37.598" 1.402
(0.751) (0.950) i (0.692) (0.000) (0.843)
InAGR; 27.870" 12.036™ 11.572* 44,499 0.394
(0.000) (0.017) (0.020) i (0.000) (0.983)
InREN; 5.885 1.220 1.154 3.721 0.984
(0.207) (0.874) (0.885) (0.445) i (0.912)
InLAND, 6.193 0.337 0.313 4.710 13.879™"
(0.185) (0.987) (0.988) (0.318) (0.007)
Parantez i¢indeki degerler olasilik degerlerini gostermektedir. ™ ve ** sirasiyla %1 ve %35 seviyesindeki anlamlilig1 isaret
etmektedir.

4. Sonug ve Politika Onerileri

Bu calismada tarim sektorii ile ¢evre kirliligi arasindaki iliski Tiirkiye ekonomisi baglaminda analiz edilmistir.
Ampirik analiz bu iliskiyi arastirabilmek i¢in iki regresyon denklemi seklinde kurgulanmis ve bu denklemlerdeki
degiskenler arasindaki iligkiyi test eden zaman serisi yontemlerine yer vermistir. Calismada elde edilen ampirik
bulgular su sekilde siralanmaktadir: i) Test edilen iki modelde yer verilen degiskenler arasinda bir uzun donem
iligkisinin varlig1 belirlenmistir. ii) Uzun donem katsay1 tahmini sonuclarinda ise, Tiirkiye’de CKE hipotezinin
gecerliligi kanitlanmistir. Ayrica tarim sektorii ve yenilenebilir enerji tiiketiminin karbondioksit emisyonunu
azalttig1 bulgusuna ulagilmistir. iii) Son olarak tarim sektoriinden karbondioksit emisyonuna dogru isleyen bir
nedensellik belirlenmistir. Ek olarak tarim sektoriinden yenilenebilir enerji tiiketimine dogru da bir nedensellik
iligkisi tespit edilmistir. Ulasilan bu sonuglar Tiirkiye’de tarim sektoriiniin yenilenebilir enerji tiiketimi ve ¢evre
kirliligi ile etkilesiminin oldugunu kanitlamaktadir.

Uzun donemde tarim sektorii ve yenilenebilir enerji tiiketiminin karbondioksit emisyonunu negatif yonde
etkilemesi (yani azaltmasi), politika yapicilarina 6nemli ipuglar1 verebilmektedir. Soyle ki; ¢evre kirliliginin
azaltilmast i¢in tarim sektoriiniin gelisimi ve katma degerinin yiikseltilmesinin yan1 sira tarimsal arazilerin etkin
kullanim1 ve bunu etkileyecek olumsuz faktorlerin ortadan kaldirilmasina yonelik 6nemli adimlar atilmasi
gerekmektedir. Modern ve siirdiiriilebilir tarim uygulamalarina yonelik farkindaligin artirilmasi, kiigiik ciftcilere
sulama i¢in solaryum tiiplerinin temin edilmesi ve organik ciftciligin tesvik edilmesi tarim sektoriiniin cevre
kirliligini azaltict yonlerini daha da gelistirecektir. Ayrica gelisigiizel ¢alilik yakma ve agac budamasi, zayif
sulama, zararli hayvan otlatmalari, enterik fermentasyon, 6zensiz giibre ve kimyasal kullanimi gibi siirdiiriilebilir
olmayan tarim uygulamalarinin terk edilmesi tarim sektoriiniin ¢evre kalitesini gelistirmesinde faydali olacaktir.
Tarimsal arazi olgiitii dikkate alinarak cevre kalitesinin iyilestirilmesi baglaminda Konukcu ve ark. (2020)’nin
ifade ettigi gibi sanayilesme ve konutlagma ile tarimsal arazilerin azalmasinin veya diger sektorlere kaymasinin
oniine gecmek gerekmektedir. Diger taraftan; tarimsal arazilerin kuraklagsmasiyla iklim degisikliginin giindeme
geldigi diistiniildiigiinde Yilmaz (2009)’1n belirttigi gibi kisilerin ¢evre bilinglerinin gelistirilmesine yonelik
uygulamalara yer verilmelidir. Bu konuda son olarak; Topc¢u (2012)’nun belirttigi gibi Tiirkiye’de giderek daralan
tarim arazilerinde tarimsal iiretimde bulunabilmek ve arazilerin etkin kullanimini saglayabilmek icin tarim
arazilerinin amacina uygun kullanimini saglayacak yaklasimlar gelistirilmelidir. Tarim arazilerinde tarim dist
sektorlere yonelik uygulamalarda nitelikli tarim topraklarinin korunmasi, bu konuda yiiriirliikte olan yasal
diizenlemelerin yeniden ele alinmasi ve daha isler hale getirilmesi gerekmektedir.

Diger taraftan ¢evre kirliligini azaltmada yenilenemeyen enerji kaynaklar1 yerine ekonomide riizgar, su ve
giines enerjisi kaynaklarindan istifade edilmelidir. Bunun i¢in hiikiimet 6zel sektér kurumlarinin yenilenebilir
enerji kaynaklarinin kullanimi, iiretimi ve yeniliklerine yonelik proje ve yatirimlarini tesvik etmelidir.

Son olarak, bu caligma ileriki caligmalara da onciiliik edebilecektir. Soyle ki; karbondioksit salinimi yani sira
azot salinimi da tarim sektorii icin onemli olup bir sonraki calismada ¢ok cesitli cevre kirliligi gostergeleri dikkate
alinarak arastirma genisletilebilir. Dahas1 tarim sektoriine ek olarak sanayi ve hizmetler sektorii de ilave edilerek
sektorler arasi bir karsilastirma yapilabilir. Ayrica farkli lilke ekonomileri de ampirik analize dahil edilerek
tilkelerarasi karsilastirmali sonuglar elde edilebilir.
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Determination of Consumer’s Willingness to Pay for Halal Food

Tiiketicilerin Helal Gida Uriinlerine Yonelik Odeme istekliliklerinin Belirlenmesi

Ayse Biisra MADENCI', Zeki BAYRAMOGLU? Selman TURKER?, Kemalettin AGIZANY,
Vildan EYiZ®

Abstract

Halal food has been studied in recent years in terms of both food safety and food security. Especially halal food
products health, hygiene, quality, eco-friendly and so on. Considering the criteria, it is seen as an opportunity for
entrepreneurs in the food sector. The rise in the demand for halal food products in the world evaluation of these
opportunities is important in terms of Turkey. Indeed, Turkey is an important country as the potential for halal
food products, consumers should investigation of attitudes and behavior towards halal food. Within the scope of
the study, it was aimed to determine the willingness of consumers to pay for halal foods and for this purpose, 383
consumers were surveyed with a simple random sampling method in central districts of Konya. In the study,
Willingness to Pay (WTP) method, which is one of the conditional evaluation methods, was used to determine the
willingness of consumers to pay for halal foods. In this context, firstly, probit analysis was performed to determine
the variables that best explain the willingness of consumers to pay. According to the probit analysis, it was found
that willingness to pay for halal food products positively affected the gender, consumer age, marital status,
consumer income, consumer occupation and education of the consumer. In addition, the marginal effects of
variables used in the willingness to pay model for halal food for different payment options were calculated.
According to the analysis, it was determined that the willingness to pay for marginal increases in the variables of
the gender of the consumer, household width, consumer age, marital status, consumer monthly income,
occupational status and consumer education. The level at which consumers are willing to pay for halal foods is
WTP 10, a category where consumers can pay 100% or 2 times higher than normal price.

Keywords: Consumer, Food sector, Halal food, Marginal effects, Willingness to pay

Ozet

Helal gida hem gida giivenligi hem de gida giivencesi acisindan son yillarda lizerinde ¢alisilan konular arasindadir.
Ozellikle helal gida iiriinlerinin saglik, hijyen, kalite, cevre dostu vb. kriterler dikkate alindiginda gida sektoriinde
girisimciler i¢in firsat olarak goriilmektedir. Diinya’da helal gida iiriinlerine olan talebin yiikselmesiyle bu
firsatlarin degerlendirilmesi Tiirkiye agisindan da 6nemlidir. Nitekim Tiirkiye helal gida iiriinlerine yonelik olarak
onemli bir potansiyel iilke olup, tiiketicilerin helal gidalara yonelik tutum ve davranislarinin incelenmesi
gerekmektedir. Calisma kapsaminda da tiiketicilerin helal gidalara yonelik 6deme istekliliklerinin belirlenmesi
amaclanmis ve bu amaca yonelik olarak Konya ili Merkez il¢elerinde basit tesadiifi 6rnekleme yontemine gore
belirlenen 383 tiiketici ile anketler yapilmistir. Yapilan calismada tiiketicilerin helal gidalara yonelik ddeme
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isteklilikleri belirlenmesi i¢in kosullu degerlendirme yontemlerinden olan Willingness to Pay (WTP) yontemi
kullanilmistir. Bu kapsamda 6ncelikle olarak tiiketicilerin 6deme istekliligini en iyi sekilde agiklayan degiskenlerin
belirlenmesi amaciyla probit analizi yapilmistir. Yapilan probit analizi sonucuna gore helal gida iirtinlerine
yonelik 6deme istekliligini tiikketicinin cinsiyeti, tiikketici yasi, medeni durumu, tiiketici geliri, tiiketici meslegi ve
tilketicinin egitimi pozitif yonde etkiledigi belirlenmis olup, hanedeki birey sayisinin helal gida iiriinlerine yonelik
olarak odeme istekliligini azalttig1 bulunmustur. Ayrica calisma kapsaminda helal gida icin 6deme istekliligi
modelinde kullanilan degiskenlerin farkli ddeme se¢enekleri icin marjinal etkileri hesaplanmistir.

Anahtar Kelimeler: Tiiketici, Gida sektorii, Helal gida, Marjinal etkiler, Odeme istekliligi
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1. Introduction

Needed a title, the concept of halal food has gained a seat in the food industry. Improved trade conditions and
globalization have swiftly paved the way for non-Muslim countries as well as Muslim countries to find a place in
this market (Memis et al., 2018). That a product or service is halal means that it does not violate religious rules or
is not religiously prohibited (TDK, 2018). Putting the concept of halal fully into practice can only be achieved by
obeying the Islamic rules (Yazit et al., 2017), and in essence, the concept of halal food refers to the fact that Islamic
rules are followed in every stage of food production (Akpinar et al., 2014); (Tiirker, 2018) to deem food substances
as halal is not only about the way the animal is slaughtered, alcohol use, sources of food and beverages, but also
about standards and processes (Memis et al., 2018).

As of 2016, total market size of halal food products has exceeded 3.6 trillion dollars. The greatest share on
sectorial basis is held by the finance sector with 50% and food sectors with 31% (Anonymous, 2015). With 20%
annual growth rate, the industry has a trade volume of approximately $ 605 billion per year. Thus, the halal industry
has become one of the fastest growing product and service markets in the world. One of the countries that benefit
from the growth in the halal food industry is the United Arab Emirates. According to the Global Islamic Economics
Report, Turkey is not included in the top 10 the countries benefiting from this trade network. Certification
processes, lack of awareness and social factor, i.e. halal food-price index, are the reasons behind it (Geng and
Yardimcioglu, 2017).

The efforts to pave the way for certification and raise awareness on halal food have reached a significant level
in Turkey. On the other hand, the fact that the prices of halal food are much higher than those of other products
leads to a decrease in customer demand. The price is important for both businesses and consumers. For producers,
the prices of products with halal certificate indicate the monetary value of the products at certain costs while for
consumers it refers to the benefit to be gained from the consumption of those products. Therefore, it is necessary
for a sustainable marketing to set the prices of halal food products by taking into consideration the perception of
the consumers, income level and demands besides the production costs.

In the literature, there are many studies discussing the perceptions, attitudes and knowledge levels of consumers
about halal food. In particular, the studies were conducted on consumers’ attitudes and behaviors towards halal
food (Cukadar, 2017); (Giirdin, 2017); (Kizgin and Ozkan, 2014); (Kurtoglu and Cicek, 2013); (Memis et al.,
2018); (Nurrachmi, 2017); (Ozdemir and Yayli, 2014); (Oztiirk et al., 2016); (Soesilowati, 2010); (Yazit et al.,
2017). In addition, various studies were carried out on halal food certificate (Gen¢ and Yardimcioglu, 2017);
(Hamdan et al., 2013); (Kitayama et al., 2018) on consumer awareness level of halal food (Derin and Mevliit,
2016), on halal food markets and the nature of those markets (Mahdi and Djakeli, 2014); (Torlak, 2012); (Wan
Hassan and Awang, 2009). Furthermore, several studies concluded that attitudes towards halal food differ in line
with consumers’ socio-economic status (Boyraz et al., 2017) and there are technological differences between halal
food and traditional food (Ilie et al., 2016).

In the context of willingness to pay, previous studies were particularly carried out on agriculture and food. Bal
et al. (2006) put forward consumers’ willingness to pay for safe food while (Mutlu, 2007) revealed consumers'
willingness to pay for certified red meat products. In addition, (Toklu et al., 2016) examined the willingness to pay
for geographical indication (GI) products. There are also studies on the willingness to pay for halal food. Cukadar
(2017) and Geng)Yardimcioglu (2017) determined the willingness of consumers to pay for halal certified products.
However, in both studies, willingness to pay was measured by a Likert scale. Unlike previous studies, the current
study employs the Willingness to Pay (WTP) scale to specify how much extra consumers would accept to pay for
a particular benefit. Marginal effects of the variables in the willingness model were measured for different payment
options, as well. Accordingly, it was tested by which factor the willingness to pay extra for halal food products
will vary.

2. Materials and Methods

In the current study, primary and secondary data were employed to determine the willingness of consumers to
pay extra for halal food products. The primary source of data is the surveys conducted with consumers in Konya.

348



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2020, 17(3)

Accordingly, the research population is composed of consumers in Konya. Simple random sampling method was
used for selecting the research sample. The formula below was used in the scope of the simple random sampling
(Miran, 2002); (Newbold et al., 2012); (Oguz and Karakayact, 2017). In the light of the simple random probability
sampling method, 90% confidence interval and 5% error margin were fixed to determine the sample size. In total,
383 respondents from different regions of Konya were interviewed. On the other hand, for the secondary data, all
kinds of printed publications, reports, scientific publications were reviewed and compiled.

N(pq)

= DD (Eq.1).

Contingent Valuation Method was used to determine the willingness of consumers to pay extra for competing
products. Contingent Valuation Method used in this research is a survey method. At the stage of implementation,
a hypothetical market is created for any environmental goods or services that cannot be bought or sold in the
market and a scenario is drafted about the benefits that people will get from those goods or services. These
scenarios are provided to the sample group selected for the survey and thus it is determined the extent to which
people are willing to pay for the benefit they obtain from the use or consumption of the goods or services in
question (Carson, 2000); (Yudirim, 2014). This method, which is generally used for the matters related to
environmental awareness, was adopted in the current study to find out how much consumers are willing to pay for
halal food products. The aim of the analysis was to identify the prices that consumers are willing to pay for.

In recent years, important methods have been developed to estimate the economic value of the assets which do
not have any monetary value within the economy (Ortacesme et al., 1999); (Talay and Belkayali, 2010). These
methods include direct and indirect methods. Indirect methods are based on monitoring the course of economic
indicators and determining their value for different environmental factors. Direct methods, on the other hand, avoid
a potential market assumption and allow individuals to express their preferences for environmental commodities
through reciprocal interviews and surveys. The most used direct method in the studies is the contingent valuation
method. There are two main components of the conditional assessment methodology. The first is the Willingness
To Pay (WTP) method, which specifies how much consumers are willing to pay for a particular benefit, and the
second one is the Willingness To Accept (WTA) method, which shows how much consumers will accept to pay
at a certain cost (Holvad, 2006). In the scope of the current study, Willingness to Pay (WTP) method was used to
determine how much extra consumers are willing to pay for halal food.

In general, the function of the Willingness To Pay (WTP) curve developed in KDY studies is as follows
(Maalouf et al., 2004)

WTP =B'x + ¢
(Eq.2)

where WTP* is the an unobserved latent variable, X is a vector of independent variables effecting WTP (age,
gender, education, household size, income, Marital status, Occupation), 3 is a vector of parameters demonstrating
the relationship between dependent variable (WTP) and independent variables, e is an unobserved disturbance
term. The relation between the unobserved WTP and observed outcome for respondent i, WTP
(WTP=0,1,2,3,4,5,6,7,8,9,10) can be summarized as follows:

Where p, is a parameter representing a threshold separating the categories in the observed variable. The
probability can be written following equations (3):

Prob (WTP =0)=d(-f3 x).

Prob(WTP =10)= 1- O(tL10— ﬁ '.\‘). (Eq.3)
To determine the marginal effects;

dpr(wtp=0)

= BB,
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B2 = [p(—B%) — p(u — BB, b
LD = —p s — BB,

In this study, willingness to pay is listed in eleven (11) categories. Accordingly, those who do not want to pay
at all (0), who want to pay 10% (1), who want to pay more than 20% (2), who want to pay more than 30% (3),
who want to pay more than 40% (4), who want to pay more than 50% ( 5), those who want to pay more than 60%
(6), who want to pay more than 70% (7), who want to pay more than 80% (8), who want to pay more than 90%
(9) and those who want to pay more than 100% (10).

3. Results and Discussion

In the scope of the study, firstly, the variables that explain the consumers’ willingness to pay in the best way
are supposed to be determined. It is important to involve both social and economic variables in the study because
these variables have a notable effect on willingness to pay. As a matter of fact, it has been revealed in various
studies that social characteristics of consumers have a great effect on willingness to pay (Angulo et al., 2005);
(Mutlu, 2007); (Nayga Jr et al., 2002). All these social parameters affect the perception levels and attitudes and
behaviors of the consumers; therefore, a great number of studies include these parameters in the research models
(Torun and Akpinar, 2014); (Yilmaz et al., 2009). In this context, socio-economic indicators to be utilized in
determining the factors affecting consumers’ willingness to pay are provided in Table 1. Since each of the
parameters such as gender, number of individuals in the household (household size), consumer age, marital status,
income level, profession and education have an impact on consumers’ willingness to pay for halal food products,
they are included in the research model in the current study.

Table 1. Descriptive Statistics on Factors Affecting Payment Willingness

Male 67% . Single 13%
Gender Female 33% Marital Mariod 84%
1 4% status Divorced 3%
2 12% Housewife 12%
3 22% Unemployed 2%
HOlgilOld 4 30% Private sector 38%
5 24% Engineer 6%
6 7% Occupation Officer 11%
6-+ 1% Teacher 8%
Under 18 0% Academician 3%
19-25 12% Student 1%
A 26-33 24% Artisan 19%
34-40 26% Not Literate 1%
41-50 22% Literate 2%
51-+ 16% Primary school 22%
1500 & and below 6% Education Middle School 10%
Household 1.501-3.000 & 41% High schpol 27%
Monthly 3.001-5.000 & 36% University 35%
income 5.000 £-8.000 b 14% Master / Doctor 3%
8.000 £-12.000 1 2%
12.000 b and above 1%

Ordered Probit model was established to determine the willingness to pay extra for halal food products. The
results are presented in Table 2. To determine the statistical significance of the probit model, Cox and Snell was
calculated as 60.20% at 1% significance level. This rate indicates that changes in independent variables account
for 60% of the dependent variable. When the overall research model is examined, it is observed that all the statistics
are significant.
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Table 2. Payment Willings Analysis for Halal Food

Estimate Std. Wald Degree of  Significance 95% Confidence interval
Error freedom level Lower limit Upper limit

[WTP =,00] -0.161 0.473 0.116 1 0.733 -1.088 0.766
[WTP = 1,00] 2.052 0.369  30.886 1 0.000 1.328 2.775
[WTP =2,00] 2.718 0.374  52.789 1 0.000 1.985 3.451
[WTP = 3,00] 3.432 0.382  80.589 1 0.000 2.683 4.182
[WTP = 4,00] 3.775 0.387  95.099 1 0.000 3.016 4.533
[WTP = 5,00] 4.034 0.391 106.357 1 0.000 3.267 4.801
[WTP = 6,00] 4.547 0.401 128.335 1 0.000 3.76 5.334
[WTP = 7,00] 4.638 0.404 132.128 1 0.000 3.847 5.429
[WTP = 8,00] 4717 0.405 135.347 1 0.000 3.922 5.512
[WTP =9,00] 4.758 0.407 136.987 1 0.000 3.961 5.555
Household size  -0.063 0.031 3.974 1 0.046 -0.124 -0.001
Age 0.175 0.04 18.916 1 0.000 0.096 0.253
Marital Status 0.328 0.066  24.557 1 0.000 0.198 0.458
Income 0.115 0.057 4.02 1 0.045 0.003 0.227
Occupation 0.027 0.019 2.062 1 0.151* -0.01 0.064
Education 0.285 0.038  56.648 1 0.000 0.211 0.36
Gender 0.177 0.114 2.419 1 0.120" -0.046 0.4

Statistically significant at “%15 importance level and %20 importance level

According to the result of the probit analysis, all the parameters in the model were considered important
because the significance levels of t statistical values were less than 20%. As a matter of fact, there are many studies
that accept up to 20% of the statistical significance level in the Agricultural Economy and Consumer studies
conducted to date (K. Agizan, 2018); (S. Agizan and Bayramoglu, 2018); (Bayramoglu et al., 2019); (Bayramoglu
et al., 2013); (Bayramoglu et al., 2014); (Oguz and Arisoy, 2002); (Oguz and Kaya, 2016); (Oguz and Yener,
2018). The first social parameter in the model is the household size. Within the scope of the study, the household
size varies from 4 to 5 people on average with a percentage of 54. Accordingly, a negative correlation was found
between the number of individuals living in the household and willingness to pay for halal food products. As the
number of individuals in the household decreases, consumers' willingness to pay for products with halal food
certificate will increase, or, as the number of individuals in the household increases, the willingness to pay will
decrease. This is an expected result, meaning that the increase in the number of individuals in the household will
increase the consumption of products with halal food certificate and thus the household expenses will increase, as
well. The prices of products with halal food certificate are higher than those of other food products. Hence, the
demand for these products will tend to decrease as the number of household members increases.

Another parameter in the model is the consumer age. Within the scope of the study, it is seen that the average
age of consumers ranges between the ages of 30 and 40 with 26%, between the ages of 26 and 33 with 24%, and
between the ages of 41 and 50 with 22% (Table 1). According to the probit analysis, there is a significant and
positive correlation between consumer age and willingness to pay. When the other variables are fixed, it can be
indicated that the one-year increase in the age of household head increases the willingness to pay extra for halal
products. As a matter of fact, as consumers get older, they gain higher religious sensitivity, which results in higher
awareness on food consumption. Previous studies also verify that awareness of halal products increases with the
age factor (Golnaz et al., 2010); (Yazit et al., 2017).

Another parameter is the marital status of the consumer. It is seen that 84% of the consumers in the current
study are married, 13% are single and 3% are divorced (Table 1). The analysis results indicate that there is a
significant and linear correlation between marital status and willingness to pay. It is observed that married
individuals have higher willingness to pay extra for halal food. Marriage brings further responsibility on
individuals and they intend to provide family members with healthy and halal products. On the other hand, single
consumers ignore such sensitivities and consume other food products, as well.

The most important factor affecting the preference of goods and services is the individual’s income level. As
a matter of fact, high prices affect the consumption rate of halal products. Therefore, it is known that these products
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will be more accessible if income level increases. Within the scope of the current studys, it is concluded that there
is a significant and positive correlation between income groups and willingness to pay. According to the analysis
results, it can be claimed that the products with halal food certificate have high income elasticity of demand. That
is, the change in quantity of consumption is higher than the change in income. Therefore, the marketing of halal
food products or the establishment of marketplaces by taking into consideration the income level of consumers in
the region will pave the way for the expansion of halal product markets. The profession parameter in the model
develops awareness in each aspect because the income levels of consumers differ based on their professions. As
mentioned earlier, the increased level of income increases individuals’ willingness to pay. Therefore, it has been
concluded because of analyses that individuals with high-income professions such as academics and civil servants
show higher willingness to pay for halal food products.

Education, which is another parameter, is an important factor for raising awareness and embracing the use of
halal products. As the level of education increases, the demand for halal food products grows, which results in
increase in willingness to pay. As a matter of fact, this has been revealed in previous studies and it is expected that
the demand for products with halal certificate will grow as the level of education increases (Cukadar, 2017). The
analysis results in the current study conclude a significant and positive correlation between the level of education
and willingness to pay. However, the level of education can be increased only via awareness-raising and
publication activities, because a significant proportion of consumers (88%) are at and above the age of 26.
Accordingly, consumers should be informed about halal food. Proliferation of public service announcements,
advertising and promotional activities, and the establishment of halal food sections in bazaars or markets will pave
the way for awareness-raising, and thus, consumers with low educational level will become more knowledgeable
about halal products.

The last variable is gender. The analysis results in the current study conclude that halal food products are mostly
preferred by female consumers and they are more willing to pay extra for halal food products. As a matter of fact,
the main responsible person for fulfilling responsibilities within the family and is responsible for the kitchen is the
woman at home. Although the man generates income for the household, the woman deals with housework and is
responsible for feeding the family. In addition, it is known that women are more willing to pay for halal foods as
they have higher religious sensitivity, higher level of social responsibility, pay more attention to promotional
activities, security, certification, advertisement and brand (Kurtoglu and Cicek, 2013).

According to the probit analysis results, consumers' willingness to pay for halal food products was determined
in the light of the number of household members, age, marital status, income, profession, education and gender of
consumers. The significance level of each parameter was found below the acceptable values in the field of
agricultural economy. Accordingly, all parameters except the number of household members have a positive
correlation with the willingness to pay. For this reason, firstly, awareness-raising should be ensured through
educational activities to spread the use of halal food products. In addition, the unit costs of halal food products
should be reduced, and they should be marketed in a way that society can benefit.

Table 3 presents the marginal effects of the variables used in the model of willingness to pay for halal food for
different payment options. The range of the dependent variable was extended between 0% and 100% to explain
the factors by which the willingness to pay extra for halal food products will vary. The highest level of willingness
to pay despite the marginal increases in the variable of gender, household size, age, marital status, income,
occupational status and educational level is the category WTP = 10, where consumers are willing to pay 100%
extra than normal price. In other words, the fact that consumers are women increases the willingness to pay twice
the normal price at 30 percent. Similarly, while the increase of household width decreased the willingness to pay
by 10%, the increase of consumer age was determined to increase by 19%, the marriage of consumers by 46%, the
increase of consumer income by 26%, the employment of consumers by 4% of academics or civil servants, and
the willingness to pay by 23% of consumer education graduates.
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Table 3. Probit Analysis Marginal Effects

Gender  Household size Age Marital status Income Occupation Education
WTP=0 -0.019 0.006 -0.012 -0.028 -0.016 -0.002 -0.002
WTP=1 -0.558 0.191 -0.347 -0.844 -0.478 -0.073 -0.043
WTP=2 -0.213 0.073 -0.132 -0.321 -0.182 -0.028 -0.302
WTP=3 0.013 -0.005 0.008 0.020 0.011 0.002 0.024
WTP=4 0.097 -0.033 0.060 0.146 0.083 0.013 0.037
WTP=5 0.095 -0.033 0.059 0.144 0.081 0.012 0.023
WTP=6 0.202 -0.069 0.125 0.305 0.173 0.026 0.015
WTP=7 0.034 -0.012 0.021 0.051 0.029 0.004 0.011
WTP=8 0.028 -0.010 0.018 0.043 0.024 0.004 0.001
WTP=9 0.014 -0.005 0.009 0.022 0.012 0.002 0.005
WTP=10 0.307 -0.105 0.191 0.464 0.263 0.040 0.231

Examining the marker of each variable in the model, the marker of the household size is negative and
statistically significant at 5% significance level. Accordingly, it can be put forward that the increase in the number
of individuals in the household will reduce the willingness to pay extra for halal food products. Table 3 shows, in
each value range, the relationship between household size and willingness to pay. Accordingly, as the number of
individuals in household increases, consumers’ probability of no-payment, paying 10% extra and paying 20%
extra for halal food products increases by 1%, 20% and 7% respectively, whereas the probability of paying 30%
extra, paying 40% extra, paying 50% extra, paying 60% extra, paying 70% extra, paying 80% extra, paying 90%
extra, and paying 100% extra decreases by 1%, 3%, 3%, 6%, 1%, 1%, 1% and 10%, respectively

The marker of gender, another variable in the model, is positive. Accordingly, it can be indicated that the fact
that consumers are women will increase the willingness to pay extra for halal food products. When the gender is
female, the probability of no-payment, paying 10% extra and paying 20% extra decreases by 1%, 55% and 21%,
respectively, whereas the probability of paying 30% extra, paying 40% extra, paying 50% extra, paying 60% extra,
paying 70% extra, paying 80% extra, paying 90% extra, and paying 100% extra increases by 1%, 9%, 20%, 3%,
2%, 1% and 30% respectively.

Another variable is age and its marker in the probit analysis is positive. Accordingly, as the age range of
consumers increases, the willingness to pay extra for halal food products increases, as well. Similar to the variable
of gender, the probability of non-payment, paying 10% extra and paying 20% extra decreases by 1%, 34% and
13%, respectively, whereas the probability of paying 30% extra, paying 40% extra, paying 50% extra, paying
60% extra, paying 70% extra, paying 80% extra, paying 90% extra, and paying 100% extra increases by %1, %6,
%S5, %12, %2, %1, %1 and %19, respectively.

Marital status has a positive marker in the probit analysis. It was found that married consumers are willing to
pay more for halal food products. As a matter of fact, this is an expected result. In this regard, marginal analysis
is utilized to determine in which group the willingness to pay is high. Accordingly, the married consumers’
probability of no-payment, paying 10% extra and paying 20% extra decreases by 2%, 84% and 32% respectively,
whereas the probability of paying 30% extra, paying 40% extra, paying 50% extra, paying 60% extra, paying 70%
extra, paying 80% extra, paying 90% extra, and paying 100% extra increases by 1%, 14%, 14%, 30%, 5%, 4%,
2% and 46%, respectively.

As the level of income increases, the consumers’ willingness to pay extra for halal food products increases, as
well. Accordingly, consumers with high income level show higher willingness to pay. The consumers’ probability
of no-payment, paying 10% extra and paying 20% extra decreases by 1%, 47% and 18%, respectively, whereas
the probability of paying 30% extra, paying 40% extra, paying 50% extra, paying 60% extra, paying 70% extra,
paying 80% extra, paying 90% extra, and paying 100% extra increases by 1%, 8%, 8%, 17%, 2%, 2%, 1% and
26%, respectively.

The last variable in the model is occupational groups. Accordingly, there is a positive correlation between the
preference of occupations with high income and the willingness to pay extra for halal food products. This fact has
also been revealed by the probit analysis results. The probability of consumers with qualified occupations for no-
payment, paying 10% extra and paying 20% extra decreases by 1%, 7% and 2%, respectively. On the other hand,
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the consumers’ probability of paying 30% extra, paying 40% extra, paying 50% extra, paying 60% extra, paying
70% extra, paying 80% extra, paying 90% extra, and paying 100% extra for halal food products increases by 1%,
1%, 2%, 1%, 1%, 1% and 4%, respectively.

4. Conclusions

Halal food is becoming an important issue at a global extent each day, particularly in Islamic countries.
Therefore, the studies on halal food are considered important in order to raise awareness and create demand. In
this scope, the current study revealed by the probit analysis the factors that are effective in driving individuals to
prefer halal food products. Along with the probit analysis, Willingness to Pay (WTP) analysis was performed to
determine how much extra consumers are willing to pay for halal food products. According to the analysis results,
it was concluded that the willingness to pay for halal food products is significantly and positively correlated with
the increase in gender, marital status, income, age, education and occupation of consumers, while being negatively
correlated with household size. Furthermore, the marginal effects of the variables were calculated, and it was
determined that the consumers’ probability of paying extra increased depending on the increase in the level of
variables. According to the results of marginal effect analysis, individuals who have higher levels of education,
age and income and work particularly in the public sector are more responsive to halal food products and thus are
more willing to pay extra for halal food products.

In conclusion, the basic approach in setting the product price is to calculate the cost and add a profit margin.
Nevertheless, the cost is not associated with the value perceptions of consumers. As a matter of fact, what is
important for consumers is the marginal benefit that they are going to get from the product. Therefore, the prices
of some products are intentionally set slightly above their production cost, while such products as halal food where
consumers can obtain a large amount of benefit are marketed at prices remarkably higher than the cost. Indeed,
the analysis results show that consumers are generally willing to pay extra for halal food products. In this regard,
it is important to highlight that the socio-economic characteristics of consumers should be taken into consideration
in the establishment of halal food markets and/or bazaars. Because the socio-economic characteristics of
consumers are important in making product policy and welfare analysis, and it is an important factor in the
formation of consumption expenditure patterns.

Adbvertising, public spots, price discounts, advantageous packages, gifts, free trials etc. that will ensure the
promotion of halal food products along with their socio-economic features. The purchasing behavior of consumers
should be directed using marketing tools. As a matter of fact, consumers who buy halal products will consume
products that are healthy in terms of food safety and their religious value understanding will increase because they
are halal. In addition, with the provision of documents such as warranty and certification for halal food producers,
the problem of trust in products will be reduced, and national and international marketing facilities will be provided
by creating a brand.

Acknowledgment

The research was carried out with financial support from the Necmettin Erbakan University Scientific Research
Projects Coordinator (Project No: 181222008).

354



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2020, 17(3)

References

Agizan K. (2018). Tarimsal isletmelerde Girisimciligi Etkileyen Faktorlerin Analizi. Selcuk Universitesi Fen Bilimleri Enstitiisii, Yiiksek Lisans
Tezi, Konya.

Agizan S, Bayramoglu Z. (2018). Sulama Sistemlerinin Tercihini Etkileyen Faktorlerin Analizi. Paper presented at the Uluslararas: Su ve Cevre
Kongresi SUCEV. 22-24 Mart 2018, 1083-1088. Bursa.

Akpmar $, Deveci F, Vural R, Bayhan K, Giir F, Oral P. (2014). Ordu’da Gida Giivenligi. Ordu Tarim 1 Miidiirliigii, Gida Dergisi 22(18):
16-23.

Angulo A M, Gil J M, Tamburo L. (2005). Food safety and consumers' willingness to pay for labelled beef in Spain. Journal of Food Products
Marketing 11(3): 89-105.

Anonymous. (2015). The Global Halal Food Market Riding a wave of growth. Retrieved from https://www.spireresearch.com/wp-
content/uploads/2015/04/SpirE-Journal-Q1-2015_The-Global-Halal-Food-Market-_Riding-a-wave-of-growth2.pdf (Accessed
Date:15.03.2019)

Bal H S G, Goktolga Z G, Karkacier O. (2006). Gida Giivenligi Konusunda Tiiketici Bilincinin incelenmesi (Tokat ili Ornegi). Tarum
Ekonomisi Dergisi 12(1): 9-18.

Bayramoglu Z, Eroglu O, Agizan K. (2019). Tarum Isletmesi Yoneticilerinin Gelecege Yonelik Beklentilerinin Analizi. Paper presented at the
LInternational Science and Academic Congress. 19-20 Nisan 2019, 249-259. Konya.

Bayramoglu Z, Karakayac1 Z, Candemir S. (2013). Kiigiik ve Orta Olgekli Tarum Isletmelerinde Girisimcilik. Paper presented at the 7th
International Academic Conference. 1-4 September 66-72. Prague, Czech Republic.

Bayramoglu Z, Karakayaci Z, Celik Y, Giindiiz O. (2014). Tarumsal Isletme Tipolojilerine Gore Risk Faktirlerinin Algilanmast Ve Risk
Yonetim Stratejilerinin Belirlenmesi, Tiibitak Projesi, 113K445, 184s.

Boyraz M, Mutlug S, Giivenen A, Dikmen H. (2017). Miisliiman Tiiketicilerin Helal Uriin Algisi, Tutum ve Beklentileri Uzerine Bir Arastirma.
Paper presented at the International Halal Tourism Congress. 07-09 Nisan 2017, 143-159. Alanya/Turkey.

Carson R T. (2000). Contingent valuation: a user's guide. Environmental Science Technology 34(8): 1413-1418.
Cukadar M. (2017). Helal Gida Konusunda Tiiketici Davranislari. Gaziosmanpasa Universitesi Ziraat Fakiiltesi Dergisi 34(3): 190-200.

Derin N, Mevliit T. (2016). Helal Gida Perakendecilerinin, Pazarlamaya Doniik Problemleri ve Coziim Onerileri. Akademik Yaklasimlar
Dergisi 7(2): 86-98.

Geng A T, Yardimcioglu F. (2017). Helal Sertifikasiun Tiiketici Tercihleri Uzerindeki Etkisi: Sakarya Ili Ornegi. Paper presented at the 1.
Uluslararast Ekonomi, Finans ve Ekonometri Ogrenci Sempozyumu. 17-18 Mayis 2017, 530-544. Sakarya.

Golnaz R, Zainalabidin M, Mad Nasir S, Eddie Chiew F. (2010). Non-Muslims’ awareness of Halal principles and related food products in
Malaysia. International Food Research Journal 17(3): 667-674.

Giirdin B. (2017). Tiiketicilerin Helal Gidalara Bakis Agist: Aydin Ili Ornegi. Paper presented at the Uluslararasi Sosyal Arastirmalar Kongresi
(USAK’17). 20-22 Nisan 2017, Istanbul.

Hamdan H, Issa Z M, Abu N, Jusoff K. (2013). Purchasing decisions among Muslim consumers of processed halal food products. Journal of
Food Products Marketing 19(1): 54-61.

Holvad T. (2006). Railway reforms in a European Context. Paper presented at the second Luxembourgish Symposium” En route to Lisbon”,
Luxembourg.

Ilie L-I, Savu O, Savu C. (2016). Food Safety Halal Products Versus Ordinary Products With No Religious Provisions. Scientific Works. Series
C. Veterinary Medicine 62(2): 100-103.

Kitayama D, Takanokura M, Ogiya M, Ekran R H S, Ali H M. (2018). A Study on the Halal Food Supply Chain in Japan from an Inbound
Perspective. Paper presented at the Proceedings of the International MultiConference of Engineers and Computer Scientists. 14-16
March 2018, 959-964. Hong Kong.

Kizgin Y, Ozkan B. (2014). Tiiketicilerin helal gida tiiketim egilimlerinin belirlenmesine yénelik bir calisma. Uluslararasi Isletme ve Yonetim
Dergisi 2(1): 18-37.

Kurtoglu R, Cigek B. (2013). Tiiketicilerin helal iirinler hakkindaki algilama, tutum ve beklentilerini tespit etmeye yonelik bir arastirma.
Eskisehir Osmangazi Universitesi Iktisadi ve Idari Bilimler Dergisi 8(3): 181-205.

Maalouf N M, Sakhaee K, Parks J H, Coe F L, Adams-Huet B, Pak C Y. (2004). Association of urinary pH with body weight in nephrolithiasis.
Kidney international 65(4): 1422-1425.

Mahd: Y, Djakeli K. (2014). Halal market for food productions. Journal of Social Sciences 3(1): 11-18.

Memis S, Cesur Z, Akin U. (2018). Tiiketicilerin Helal Sertifikali Mamullere Yéneliminin, Algilanan Risk ve Giiven Arayisina Aracilik Etkisi.
Balkan ve Yakin Dogu Sosyal Bilimler Dergisi 4(2): 32-46.

Miran B. (2002). Temel istatistik. Ege Universitesi Basumevi, Izmir, 288s.

Mutlu S. (2007). Gida Giivenirligi Acisindan Tiiketici Davranislarni (Adana Kentsel Kesimde Kirmizi Et Tiiketimi Ornegi). Cukurova
Universitesi Fen Bilimleri Enstitiisii Tarum Ekonomisi Anabilim Dall, Yaymlanmanus Doktora Tezi, Adana.

Nayga Jr R M, Poghosyan A, Nichols J P. (2002). Consumer Willingness to Pay for Irradiated Beef. Paper presented at the X" EAAE
Congress ‘Exploring Diversity in the European Agri-Food System. 28-31 August 2002, p.10. Zaragoza, Spain.

355



Madenci & Bayramoglu & Tiirker & Agizan & Eyiz
Determination of consumer’s willingness to pay for halal food

Newbold P, Carlson W, Thorne B. (2012). Statistics for Business and Economics: Global Edition: Pearson Education.

Nurrachmi R. (2017). The Global Development of Halal Food Industry: A Survey. Tazkia Islamic Finance and Business Review 11(1): 39-56.

Oguz C, Kaya S. (2016). Factors affecting milk production in dairy farming enterprises and effectiveness analysis: A case study in Konya
Province of Turkey. Custos e Agronegocio 12: 121-136.

Oguz C, Yener A. (2018). Productivity analysis of dairy cattle farms in Turkey: case study of Konya Province. Custos e Agronegocio 14(1):
298-319.

Oguz C, Anisoy H. (2002). Konya Bélgesinde Ortiialti Sebze Yetistiriciliginin Gelistirilebilme Olanaklari. Paper presented at the Tiirkiye V.
Tarim Ekonomisi Kongresi 18-20 Eyliil 2002, 63-69. Erzurum.

Oguz C, Karakayaci Z. (2017). Tarim Ekonomisinde Arastirma ve Ornekleme Metodolojisi. Konya: Atlas Akademi.

Ortagesme V, Ozkan B, Karagiizel O, Atik M, Akpmar M. (1999). Kursunlu Selalesi Tabiat Parkinin Ekonomik Degerinin Saptanmasi.
Tarumsal Arastirma Projesi (TARP-2152), Antalya.

Ozdemir H, Yayl A. (2014). Tiiketicilerin Helal sertifikali iiriin tercihleri iizerine bir arastirma Istanbul ili 6rnegi. Isletme Arastirmalar Dergisi
6(1): 183-202.

Oztiirk A, Sima N, Altunigik R. (2016). Tiiketicilerin Helal Tiiketim Davramslarinin Belirleyicileri: Planli Davrams Teorisi Cergevesinde Bir
Arastirma. International Journal of Islamic Economics and Finance Studies 1(2): 141-160.

Soesilowati E. (2010). Behavior of muslims in consuming halal foods: case of bantenese muslim. Paper presented at the Materi Presentasi
“Sharia Economics Research Day” Seminar, Widya Graha LIPI. 6 July 2010.

Talay I, Belkayali N A N. (2010). Dogal Kaynaklarin Rekreasyonel ve Turizm Amaghi Kullaniminin Ekonomik Degerinin Tespiti: Goreme
Tarihi Milli Parki Ornegi. Cografi Bilimler Dergisi 8(2): 137-146.

TDK. (2018). Helal Kavrami. Retrieved from http://www.tdk.gov.tr/index.php?option=com_gts&kelime=HELAL (Accessed
Date:03.04.2019)

Toklu I T, Ustaahmetoglu E, Kiiciik H O. (2016). Tiiketicilerin cografi isaretli uriin algist ve daha fazla fiyat 8deme istegi: yapisal esitlik
modellemesi yaklasimi. Yonetim ve Ekonomi: Celal Bayar Universitesi Iktisadi ve Idari Bilimler Fakiiltesi Dergisi 23(1): 145-161.

Torlak O. (2012). Islam iilkeleri arasinda Helal iiriin pazarlama potansiyeli, problemleri ve ¢oziim 6nerileri. Tiiketici ve Tiiketim Arastirmalar
Dergisi 4(2): 1-10.

Torun E, Akpinar O. (2014). Tiiketicilerin Satin Alma Egilimlerini Belirlem ede Demografik Faktdrlerin Etkisine Y6nelik Bir Aragtirma: [zmit
Ornegi. Tekirdag Ziraat Fakiiltesi Dergisi 11(3): 67-74.

Tiirker S. (2018). Helal ve Sagliklt Gida Dersi Ders Notlari: Necmettin Erbakan Universitesi, Gida Miihendisligi Boliimii.

Wan Hassan W M, Awang K W. (2009). Halal food in New Zealand restaurants: an exploratory study. International Journal of Economics
and Management 3(2): 385-402.

Yazit H, Cinnioglu H, Demirdelen D. (2017). Restoran Miisterilerinin Helal Gidaya Yonelik Algilarinin Belirlenmesi: Tekirdag. Journal of
Tourism and Gastronomy Studies 5(2): 3-17.

Yildinnm R. (2014). Aydin Ilinde Karasu Sorunu ve Zeytinyagu Isletmelerinin Coziime Yonelik Tercihlerinin Degerlendirilmesi. (Yiiksek
Lisans). Adnan Menderes Universitesi Fen Bilimleri Enstitiisti, Aydin.

Yilmaz E, Oraman Y, Inan I H. (2009). Gida iiriinlerine iliskin tiiketici davranis1 dinamiklerinin belirlenmesi:“Trakya 6megi”. Tekirdag Ziraat
Fakiiltesi Dergisi 6(1): 1-10.

356



. . Eyliil/September 2020, 17(3)
B y P
J ourna} of Tekirdag Agricultural Faculty Basvuru/Received: 05/02/20
Tekirdag Ziraat Faklltesi Dergisi Kabul/Accepted: 02/07/20

DOI: 10.33462/jotaf.684893

http://dergipark.gov.tr/jotaf
http://jotaf.nku.edu.tr/

ARASTIRMA MAKALESI RESEARCH ARTICLE

Tiirkiye Yas Incir Uretimi ve Kuru Incir Thracati icin Ongérii: ARIMA Modeli
Yaklasimi

Forecasts for Turkey Fresh Fig Production and Dried Fig Export: ARIMA Model Approach

Veli Aml CAKAN"

Ozet

Tiirkiye sahip oldugu yaklasik 10 milyona yakin incir agact ve 300.000 ton dolaylarindaki yillik incir tiretimiyle
diinyanin en biiyiik incir iireticisi ve ihracat¢isi konumundadir. Bu nedenle yalnizca i¢ piyasasimi degil diinya
piyasalarin1 da etkileyebilme kabiliyeti bulunan Tiirkiye’nin yas incir iiretimi ve kuru incir ihracat miktarinin
Ongoriisiiniin yapilmasi 6nem tagimaktadir. Calismada, Tiirkiye yas incir iiretimi ve kuru incir ihracat miktarinin
2019-2025 yillar1 icin 6ngoriisiinii yapmak amaciyla “Birlesmis Milletler Gida ve Tarim Orgiitii” ve “Tiirkiye
Istatistik Kurumu” istatistiklerinden temin edilen; yas incir iiretimi icin 1961-2018, kuru incir ihracat: icin 1980-
2018 yillarma iligskin y1llik verilerden yararlanilarak zaman serisi analiz yontemlerinden ARIMA modeli ile tahmin
yapilmustir. Analiz kapsaminda; degiskenlerin duraganliklarinin degerlendirilmesi i¢in ADF birim kok testinden,
modelin 6ngorii giiciinii test edilmesi i¢cin ortalama mutlak yiizdelik hata ve Theil Esitsizlik Katsayisi’ndan
yararlanilmistir. Pek cok kriter g6z 6niinde bulundurularak; hem yas incir tiretimi hem de kuru incir ihracat miktari
icin en uygun model ARIMA(2,1,2) olarak belirlenmistir. Ongorii sonuglarina gére; yas incir iiretiminin 2020 ve
2022 yillar1 disinda artis egilimi gostererek 2025 yilinda 317.000 ton seviyelerine ulasacagi, kuru incir ihracat
miktarinin ise her yil artarak artis egilimi gostererek 2025 yilinda 2018 yilina gore %19 oraninda artigla 97.000
ton diizeyine ulasacag tahmin edilmistir. Kuru incir iiretimi i¢in 2.9 kg taze incir gerektigi varsayimi altinda her
iki seri i¢cin yapilan tahmin goz 6niinde bulunduruldugunda, iiretilecek incirin; 2019 yilinda %74.17’sinin, 2022
yilinda %80.10’unun ve 2025 yilinda %86.05’inin kuru incir olarak ihrag edilecegi ifade edilebilir. Bu oranin 1980
yilinda %46.08, 2000 yilinda %52.03 ve 2010 yilinda %66.28 oldugu diistiniildiigiinde; tahmin edilen yillarda
iiretilen incirlerin 6nceki yillara gére ¢ok daha yiiksek oranda kuru incir olarak ihrag¢ edilecegi ongoriilmektedir.

Anahtar Kelimeler: incir, Kuru incir, ARIMA, Tahmin, Box-Jenkins

Abstract

Turkey is the biggest fig producer and exporter of the world with its nearly 10 million fig tree and nearly 300,000
of fig producing annually. Therefore it is important to make foresight about fresh fig producing and quantity of
dried fig export for Turkey, which has ability to affect not only domestic market but also world market. In the
study, in order to make the predictions of the export quantities of dried figs and production quantities of fresh figs
for the years between 2019-2025 for Turkey; using the annual data of 1961-2018 for fresh fig production and
1980-2018 for dried fig export, obtained from the statistics of “Food and Agriculture Organization of the United
Nations” and “Turkish Statistical Institute”, estimation was made with ARIMA model which is one of the time
series analysis methods. Within the scope of the analysis; Dickey-Fuller unit root test was used to evaluate the
stability of the variables, and the mean absolute percentage error and Theil’s Inequality Coefficient was used to
test the predictive power of the model. Considering many criteria, the most suitable model for both fresh fig
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production and dried fig export amount has been determined as ARIMA (2,1,2). According to the results of
foresight; it is estimated that fig production will increase to 317.000 tons in 2025 with an increasing trend outside
of 2020 and 2022, and the amount of dried figs will increase to 97.000 tons with an increase of 19% in 2025
compared to 2018. Under the assumption that 2.9 kg of fresh figs are required for the production of 1 kg of dried
figs, considering the estimation made for both series in this research; it can be stated that 74.17% of the figs to be
produced in 2019, 80.10% of the figs to be produced in 2022 and 86.05% of the figs to be produced in 2025 will
be exported as dried figs. Considering that this rate was 46.08% in 1980, 52.03% in 2000 and 66.28% in 2010; it
can be concluded that the figs to be produced in the estimated years will be exported as a dried fig at a much higher
rate than the previous years.

Keywords: Fig, Dried fig, ARIMA, Forecast, Box-Jenkins
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Tiirkiye yas incir iiretimi ve kuru incir ihracati i¢in 6ngorii: ARIMA modeli yaklagimi

1. Giris

Akdeniz iilkelerinde yetistirilen onemli meyve tiirlerinden biri olan incir (Ficus Carica L.), iklim ve ekolojik
istekleri nedeniyle az sayida iilkede iiretilebilmektedir (Anonim, 2019). Anadolu, bircok kaynakta incirin
anavatani kabul edilmekte ve incir cesitlerinin Anadolu’dan Akdeniz, Ortadogu ve Giiney Kafkasya’ya yayildigt
diistiniilmektedir (Condit, 1947; Polat ve C)zkaya, 2005). Pek cok kiiltiirde kutsal olarak degerlendirilen incir;
toplumlar i¢in varlik, yasam, gii¢ ve verimlilik gibi simgeleri ¢agristirmaktadir (Kogak, 2011). Anavatani olan
Anadolu cografyasinda da incirin koklii bir kiiltiire sahip oldugu, Egeli Heredot tarafindan M.O. 484 yilinda
kaleme alian ilekleme ve ilek sinegi hakkinda yazilmis esere bakilarak anlasilmaktadir (Ulkiimen ve ark., 1948).

Koklii kiiltiiri ve uygun iklim kosullarina sahip olmasi sayesinde Tiirkiye, diinyadaki toplam iiretimin
yaklagik %25’ini gerceklestiren en biiyiik incir iireticisi konumundadir. FAO verilerine gore 2017 yilinda
Tiirkiye’de 305.689 ton yas incir iiretilmekteyken bunu sirastyla 177.135 ton ile Misir, 137.934 ton ile Fas takip
etmektedir. Diinyanin en biiyiik 10 incir iireticisinin yillara gore iiretim miktarina Tablo 1’de yer verilmistir.

Tablo 1. 2015-2017 Dinemi Diinya Yas Incir Uretimi
Table 1. Worldwide Fresh Fig Production Values Between 2015-2017

Yaillar
Ulkeler 2017 2016 2015

Uretim (Ton) % Uretim (Ton) % Uretim (Ton) %
Tiirkiye 305.689 26.52 305.450 28.25 300.600 25.66
Masir 177.135 15.37 183.794 17.00 172.474 14.72
Fas 137.934 11.97 59.881 5.54 150.111 12.82
Cezayir 128.684 11.16 120.348 11.13 139.137 11.88
fran 70.730 6.14 69.914 6.47 71.426 6.10
Suriye 43.084 3.74 43.091 3.98 41.725 3.56
1spanya 36.380 3.16 45.718 4.23 26.479 2.26
ABD 28.300 2.45 29.660 2.74 28.760 2.46
Brezilya 25.883 2.25 26.910 2.49 29.071 2.48
Tunus 22.529 1.95 22.500 2.08 30.000 2.56
Diger 176.451 15.31 174.139 16.10 181.557 15.50
Toplam 1.152.799 100 1.081.405 100 1.171.340 100

Kaynak: Anonim, 2020a.

Rakip incir ¢esitlerine gore raf 6mrii daha uzun olan Bursa Siyahi ve kurutularak raf 6mrii uzatilabilen Sarilop
gibi cesitlerin Tiirkiye incir iiretiminin biiylik boliimiinii olusturmasi, Tiirk incirine 6nemli ihracat avantajlar
kazandirmaktadir (Tiirk, 1988). Potansiyelini tam olarak karsilamaktan uzak olsa da taze incir ihracatinda zaman
icerisinde 6nemli bir konum elde eden Tiirkiye, 1980°1i yillarda 150 ton taze incir ihracati yapabilirken bu rakam
2000’11 yillarda yillik 6 bin ton 2010°1u yillarda ise yillik 10 bin tonu asmistir (Anonim, 2020a). Kurutmalik incir
cesitleri; sicaklik, bagil nem ve riizgar kosullar1 gibi iiretim iizerinde etkili faktorler konusunda yas incir gesitlerine
gore daha hassas ve talepkardir. Bu nedenle kurutmalik incir genellikle Kiiciik Menderes ve Biiyiilk Menderes
yoreleri gibi uygun iklim kosullarina sahip smirli alanlarda ekonomik kazanc getirebilecek bir sekilde
yetigtirilebilmektedir. Kuru incirde ihracat rakamlarina bakildiginda ise her yil iretilen incirin 6nemli bir
boliimiiniin kurutularak ihra¢ edildigi, bu yolla Tiirkiye’ye milyonlarca dolarlik doviz girisi saglandig1 ifade
edilebilir (Cobanoglu ve ark., 2005).

Ulkeler itibari ile kuru incir ihracat miktarlar1 incelendiginde; ticaretin yaklagik yarisinin Fransa, Almanya,
Italya ve Ingiltere gibi Avrupa iilkelerine yapildigi, bunu ABD, Rusya ve Israil’in takip ettigi goriilebilir. Incir
meyvesi kuru ve taze olarak degerinin yani sira ¢esitli islemlerden gegirilerek; recel, marmelat, lokum, pekmez,
dondurma gibi iiriinler olarak satilabilmesiyle ticari deger yaratabilmektedir (Caliskan, 2012).

Tiirkiye icerisinde farkli yonleriyle 6n plana ¢ikan pek ¢ok incir ¢esidini barindirmaktadir. Kurutmalik tiiketim
icin ideal 6zelliklere sahip olan “Sarilop”, bu ¢esitler arasinda en ¢ok kullanilanidir. Ege bolgesinde yer alan incir
cesitlerinin %99 unun Sarilop oldugu tahmin edilmektedir (Aksoy, 1995). Taze incir tiretimi ise bilyiik olciide
Bursa, igel (Mut) ve Manisa (Salihli) bolgelerinde gerceklestirimektedir (Polat, 2017). Bursa Siyah Inciri; boyutu
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ve sert kabuklu yapisiyla taze tiiketim i¢in en ideal incir ¢esitleri arasinda yer almaktadir (Turhan ve ark., 2013;
Uzundumlu ve ark., 2018).

Tablo 2. Tiirkiye’nin Baslca Incir Ureticisi Illerinde; Uretim, Meyve Veren Agac Sayisi ve Verim (2018)

Table 2. Production, Number of Fruit Trees and Productivity in the Main Fig Producer Provinces of Turkey

(2018)

iller Meyve Veren Incir Agaclar Incir Uretimi Verim
Sayisi (Adet) % Ton % (kg agac™)

Aydin 6.420.240 64.65 186.346 60.80 29

[zmir 1.622.923 16.34 45.652 14.89 28

Mersin 348.750 3.51 26.385 8.61 76

Bursa 118.493 1.19 7.693 2.51 65

Hatay 130.805 1.32 3.756 1.23 29

Antalya 80.074 0.81 3.034 0.99 38

Balikesir 66.375 0.67 2.356 0.77 35

Canakkale 53.380 0.54 2.187 0.71 41

Manisa 78.769 0.79 2.148 0.70 27

Adana 72.140 0.73 2.109 0.69 29

Diger 938.329 9.45 24.833 8.10 23

Toplam 9.930.278 100 306.499 100 31

Kaynak: Anonim, 2020b.

2018 yilinda iliskin verilere bakildiginda, Aydin ili sahip oldugu 6.4 milyon meyve veren agac ve 186 bin
tonluk iiretim ile tilkenin en biiyiik incir iireticisi konumundadir (7ablo 2). Bunu sirasiyla 1.6 milyon meyve veren
agac varhig1 ve 45 bin tonluk iiretim ile Izmir, 348 bin meyve veren agac ve 26 bin tonluk iiretim ile Bursa ve 118
bin meyve veren agac ve 7 bin tonluk iiretim ile Hatay takip etmektedir. Verimlilik boyutuna bakildiginda
Bursa’nin 76 kg agac™! ile birinci sirada yer aldig1, Mersin’in 65 kg agag¢™! ile ikinci sirada yer aldig1 sdylenebilir.

Calismada Tiirkiye’'nin gelecek yillardaki yas incir tiretim miktar1 ve kuru incir ihracat miktariin 6ngoriilmesi
amaclanmis, bu baglamda zaman serisi analiz yontemlerinden ARIMA modelinden yararlanilmistir. Diinyanin en
biiytik iireticisi konumunda yer alan Tiirkiye’nin yas incir liretimi ve kuru incir ihracatinda meydana gelecek
degisimler diinya piyasalarini da etkileyecek diizeydedir. Bu nedenle yapilan calismanin hem yerli hem de yabanci
incir piyasasi paydaslar tarafindan gelecek planlamalar1 yaparken kullanilabilecegi diistiniilmektedir.

2. Materyal ve Metot

Calismanin ana materyalini Gida ve Tarim Orgiiti (FAO) ve Tiirkiye Istatistik Kurumu (TUIK)
istatistiklerinden elde edilen yas incir iiretim ve kuru incir ihracat verileri olugturmaktadir. Yas incir iiretim
ongoriisii icin 1961-2018 yillarina ait verilerden yararlanilirken, kuru incir ihracat ongoriisiinde 1980-2018
yullarina ait veriler kullanilmigtir. Ulusal ve uluslararast yayimnlar ve raporlar ise calismada yardimci materyal
olarak kullanilmistir. Verilerin analizinde Eviews 10 paket programindan yararlanilmistir.

Incir iiretimi ve ihracat miktar gibi belirli araliklarla gézlemlenen zaman serileri kesikli zaman serileri olarak
tanimlanir. Bu tip serilerde mevcut veri seti kullanilarak gelecege yonelik tahmin yapmak amaciyla 1926 yilinda
Yule tarafindan tanimlanan otoregresif (AR) model ve Slutzky tarafindan 1937 yilinda tanitilan hareketli
ortalamalar (MA) modeli kullanilmaktadir. Otoregresif model ve Hareketli ortalamalar modellerinin birlikte
kullanilmastyla ARMA modeli ortaya ¢ikmaktadir. Genellikle ARMA(p,q) modelleri;

Zt = ®1Zt_1 + ®2Zt-_2+ s +Q)pZt—p + At - GlAt’—l - 02Af—2_' . _qut—q (Es. 1)

seklinde formiile edilmektedir (Giiney, 2009). Esitlik 1’de yer alan; “@:,0,...0,” AR modelinin tahmin

(I3 1]

edilecek parametrelerini, “8i, 02,... 85" ise MA modelinin tahmin edilecek parametrelerini sembolize eder. “p”,
AR modelinin derecesini, “q” MA modelinin derecesini ve “A.” sifir ortalamali sabit varyansh beyaz giiriiltii
stirecini ifade eder. En yaygin ARMA modeli tabanli tahmin yontemi asagidaki adimlarin takibini iceren Box-

Jenkins yaklagimidir (Newton, 1988; Tang ve ark., 1991);
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i. Modelin Tanimlanmast
ii. Parametrelerin Tahmini
iii. Alternatif modellerin gdozden gecirilmesi
iv. Secilen modellere gore tahmin sonuglarinin elde edilmesi

Adimlar takip edilirken goz Oniinde bulundurulmasi gereken onemli faktorlerden biri tahminden saglikli
sonuclar elde edilebilmesi i¢in gerekli olan serilerin duragan olmasi varsayimidir. Duraganligin sinanmasi
amaciyla Dickey ve Fuller (1981) tarafindan gelistirilmis olan birim kok testlerinden ADF testinden
yararlanilabilir. Tarimsal iiretim verileri gibi trend ve mevsimsellik igerebilen veriler duragan olmayabilir. Bu
durumda veri seti duragan hale gelene kadar d sayida farki alinarak ARIMA(p,d,q) modeli elde edilmektedir (Ozer
ve Ilkdogan, 2013). Modelde p, otoregresyon parametresinin derecesini; d fark alma isleminin derecesini; q ise
hareketli ortalama parametresinin derecesini temsil etmektedir. ARIMA modelleri yardimiyla elde edilen
ongoriilerin basar1 diizeylerini nicel olarak dl¢mek icin ¢esitli yontemler mevcuttur. Calismada bu yontemlerden
ortalama mutlak yiizdelik hata (MAPE) ve Theil Esitsizlik Katsayisi’'ndan (Theil’s U) yararlanilmistir. Theil’s U;
Esitlik 2’de bulunan formiilden yararlanilarak elde edilebilir;

1¢T 2
’—zm(et)

U= |I5—4—— Es. 2
#3102 (Bs.2)

U: Theil esitsizlik katsayist
e¢ t zamaninda tahminlerin hatasi
Yia: Gozlenen deger

T: Periyot sayisi

Theil esitsizlik katsayisi sifir ile bir aralifinda deger alabilmektedir ve degerin 0,50°den yiiksek ¢ikmasi
durumunda 6ngoriiniin saglikli olmadig1 yorumu yapilmaktadir (Wong ve ark., 2005). MAPE ise Esitlik 3’deki
gibi formiile edilebilir;

n ‘At_Ft

Zt:l A ‘
MAPE = Tt x 100 (Es. 3)

Ay Gozlenen deger
F:: Beklenen deger
n: Tahmin yapilan donem sayisi

MAPE degeri azaldik¢a, tahminin dogrulugu artacag icin degerin olabildigince diisiik olmasi beklenmektedir
(Liu ve ark., 2013). MAPE degerinin kabul edilebilir iist limiti hakkinda farkli goriisler bulunmaktadir.
Aragtirmacilarin bir kism1 degerin %10’dan diisiik veya esit olmas: gerektigini ifade ederken; degerin %10-50
arahiginda olabilecegini belirten caligmalarda mevcuttur (Lewis, 1982; Nugroho ve Simanjuntak, 2014; Ozer ve
deogan, 2013; Wong ve ark., 2005) .

3. Arastirma Sonuclari ve Tartisma

ARMA modeli yardimiyla gelecege yonelik tahmin gergeklestirilirken saglikli sonuglar alabilmek icin serilerin
duragan olmasi1 gerekmektedir. Zaman serileri y1llik verilere sahip olsa bile periyodik iligkiler barindirabildigi icin
mevsimsel dalgalanmalar icerebilir ve bu durum serinin duraganligini engelleyebilir (Celik, 2013). Duraganligin
sinanmast i¢in ADF birim kok testi yapilmistir (Tablo 3). Serilerin diizey degerlerinin duragan olmamasi nedeniyle
bir fark alma islemi gerceklestirimistir. Elde edilen serilerin %1 anlamlilik diizeyinde duragan oldugu
gozlemlenmistir.
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Tablo 3. Dickey-Fuller (ADF) Birim Kok Testi Sonuclart
Table 3. Dickey-Fuller (ADF) Unit Root Test Results

Degiskenler

ADF Birim Kok Testi Sonuglari (Sabit+Trend)

Testin Kritik Degerleri ADF Test Istatistigi

Yas Incir Uretimi (Diizey)

%1 (-4.127338)
%S5 (-3.490662)

-2.190066

%10 (-3.173943)

Yas Incir Uretimi (1. Stra Farki)

%1 (-4.130526)
%S5 (-3.492149)

-7.317619%%*

%10 (-3.174802)

Kuru Incir Thracat: (Diizey)

%1 (-4.219126)
%S5 (-3.533083)

-3.099606

%10 (-3.198312)

Kuru Incir Thracat: (1. Sira Farki)

%1(-4.273277)
%5(-3.557759)

-4.356503***

%10(-3.212361)

t-istatistik degerlerine; P<0.01 ise ***, 0.01<P<0.05 ise **, 0.05<P<0.1 ise * konulmustur.

Fark alma isleminin ardindan elde edilen serinin otokorelasyon (ACF) ve kismi otokorelasyon (PACF)

grafiklerine g6z atilmis; gecikme sayisi arttikga grafikteki iligkilerin yavas yavas azaldigr gozlemlenmistir. Bu
durum, uygun modelin ARIMA oldugunu gostermektedir (Cicekgil ve Yazici, 2016).

ARIMA(p,d,q) modeli i¢in uygun p,d ve q degerlerinin belirlenmesinde goz oniinde bulundurulmas: gereken
bir¢ok kriter bulunmaktadir. Bu kriterler; tahmin edilen parametrelerin anlamli olmasi, F istatistik anlamlilig1, AIC
ve SIC bilgi kriterlerinin alternatif modellere gore kiiciik olmasi seklinde 6zetlenebilir.

Yas incir tiretim serisi i¢cin AIC ve SIC bilgi kriterleri disinda diger kriterlere uyan modeller belirlenmis ve

Tablo 4’de modellere yer verilmistir.

Tablo 4. Yas Incir Uretim Serisi icin En Uygun ARIMA Modelinin Belirlenmesi
Table 4. Determination of the Most Suitable ARIMA Model for Fresh Fig Production Quantity

MODEL AIC SIC

ARIMA(L,1,1) 23.09017 23.23354
ARIMA(2,1,2) 22.98421 23.16670
ARIMA(0,1,2) 23.08471 23.19224

Bu dogrultuda yapilan denemeler sonucunda en uygun modelin ARIMA(2,1,2) olduguna karar verilmis,
parametre tahmin sonuclarina Tablo 5’de yer verilmistir.

Tablo 5. Yas Incir Uretim Miktart icin Hazirlanan ARIMA(2,1,2) Modeline Iliskin Degerler
Table 5. Values for ARIMA(2,1,2) Model Preepared for Fresh Fig Production Series

Degiskenler Katsay1 Standart hata t-istatistik

C 1383.856 548.9767 2.520792%*:

AR(1) -1.590605 0.103391 -15.38444%**

AR(2) -0.718837 0.102625 -7.004494%**

MA(1) 1.979673 0.043124 45.90641%**

MA(2) 0.999621 0.037528 26.63681***
Deger Deger

R? Degeri 0.28 Theil’s U 0.1796

F-istatistik (p-degeri) 0.002163 MAPE 13.06

Akaike Bilgi Kriteri 22.98421

Shwarz Bilgi Kriteri 23.16670

t-istatistik degerlerine; P<0.01 ise ***, 0.01<P<0.05 ise **, 0.05<P<0.1 ise * konulmustur.
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Sonuglar incelendiginde, tiim parametrelerin ve F istatistiginin 0.05 (p<0.05) énem diizeyinde anlamli oldugu
goriilmektedir. Modelin otokorelasyon sorunu barindirma ihtimaline karsin Breusch-Godfrey LM testi yapilmuis,
1. gecikmeden 12. gecikmeye kadar yapilan denemelerde %S5 diizeyinde otokorelasyon sorunuyla
karsilasilmamistir. Modelin 6ngorii giiciine iligkin testlerden olan Theil’s U degeri 0.26 olarak hesaplanmistir. Bu
degerin 0.50’nin altinda olmasindan yola ¢ikarak, modelin 6ngorii yapmaya uygun oldugu sdylenebilir. Ortalama
mutlak yiizdelik hata (MAPE) istatistigi %13.06 olarak hesaplanmistir. Bu deger kabul edilebilir limitler icerisinde
yer aldig1 i¢in, modelin tahmin edilebilir oldugu ifade edilebilir. Sekil 1’de yas incir iiretim serisi i¢in hazirlanan
modelin artik degerlerine ait grafige yer verilmistir.
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Figure 1. ACF and PACF Distributions of the Residuals Belong to the Model Prepared for Fresh Fig
Production Series

Sekil 1. Yas Incir Uretim Serisi icin Hazirlanan Modele Ait Artiklarin ACF ve PACF Dagilimlar
Sekil 1. incelendiginde artiklarin sinirlar icerisinde kaldig1 goriilebilir. Artiklarin genel olarak sinirlar icerisinde

yer almasi, modelin seri i¢in uygun oldugunun gostergesidir (Celik, 2015).

Yas incir iiretim serisi i¢in uygun model olusturulduktan sonra kuru incir ihracat serisi icin model
olusturulmustur. Gergeklestirilen denemeler sonucunda parametrelerin anlamliligi ve F istatistik anlamlilit
kosulunu saglayan modellerin ARIMA(0,1,1) ve ARIMA(2,1,2) oldugu belirlenmistir. ARIMA(2,1,2) modelinin
AIC ve SIC degerleri daha diisiik oldugu icin bu model tercih edilmistir. Parametre tahmin sonuglarina Tablo 6’da
yer verilmistir.

Tablo 6. Kuru Incir Ihracat Miktari icin Hazirlanan ARIMA(2,1,2) Modeline Iliskin Degerler
Table 6. Values for ARIMA(2,1,2) Model Prepared for Dried Fig Export Quantity Series

Degiskenler Katsay1 Standart hata t-istatistik

C 2835.521 1818.902 1.558919

AR(1) 1.285322 0.156511 8.212335%**

AR(2) -0.339659 0.164926 -2.059463**

MA(1) -1.883386 0.023131 -81.42127%**

MA(2) 0.890231 0.021862 40.72019%**
Deger Deger

R? Degeri 0.31 Theil’s U 0.1528

F-istatistik (p-degeri) 0.012963 MAPE 12.95

Akaike Bilgi Kriteri 20.59017 Shwarz Bilgi Kriteri 20.80786

t-istatistik degerlerine; P<0.01 ise ***, 0.01<P<0.05 ise **, 0.05<P<0.1 ise * konulmustur.
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Sonuglara bakildiginda sabit degisken disindaki tiim parametrelerin ve F istatistiginin 0.05 (p<0.05) énem
diizeyinde anlamli oldugu gozlemlenebilir. Modelin otokorelasyon sorunu barindirma ihtimaline karsin Breusch-
Godfrey LM testi yapilmis, 1. gecikme dereceden 12. gecikme derecesine kadar gecikmeler incelenmis, %5
diizeyinde otokorelasyon sorunuyla karsilasiimamistir. Modelin 6ngorii giiciiniin test edilmesi i¢in ortalama
mutlak yiizdelik hata (MAPE) ve Theil esitsizlik katsayis: hesaplanmistir. MAPE istatistigi %12.95 olarak
Olciilmiis, kabul edilebilir limitler arasinda yer aldig1 i¢in modelin tahmin edilebilir oldugu sonucuna varilmistir.
Theil’s U degeri ise 0.152817 olarak hesaplanmistir. Degerin 0.50’nin altinda kalmasi, modelin 6ngorii yapmaya
uygun oldugunu ortaya koymaktadir. Sekil 2’de kuru incir ihracat serisi i¢cin hazirlanan modelin artik degerlerine
ait grafige yer verilmistir.
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Figure 2. ACF and PACF Distributions of the Residuals Belong to the Model Prepared for Dried Fig Export
Quantity Series

Sekil 2. Kuru Incir Ihracat Miktar Serisi icin Hazirlanan Modele Ait Artiklarin ACF ve PACF
dagilimlan

Sekil 2’ye bakildiginda, artiklarin tiretim serisinde oldugu gibi genel olarak sinirlar icerisinde kaldig1 goriilmiis,
bdylece modelin uygunlugu teyit edilmistir. Olusturulan modeller yardimiyla 2019-2025 yillar1 icin yas incir
iiretim miktar1 ve kuru incir ihracat miktar1 6ngoriileri yapilmis, sonuglara Tablo 7 ve Sekil 3’de yer verilmistir.

Tablo 7. Modellerin 2019-2025 Yillart icin Ongdriileri
Table 7. Forecasts for 2019-2025 According to Models
Yas incir Uretim Miktar:

Kuru Incir ihracat Miktari

Yillar (")ngiiriisii (Ton) (")ngiiriisii (Ton)
2019 309.678,876 79.209,3374
2020 308.678,086 81.144,7204
2021 312.563,926 83.529,1464
2022 311.682,2868 86.090,6054
2023 314.871,1318 88.727,0864
2024 315.012,4861 91.399,8644
2025 317.075,1781 94.093,8134
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Figure 3. Realized and Estimated Values of Fresh Fig Production and Dried Fig Export Quantity Between
1961-2025

Sekil 3. 1961-2025 Yillar: Arasinda Gerg:eklegen ve Tahmin Edilen Yas Incir Uretimi ve Kuru Incir
IThracat Miktar

Tahmin sonuglarina bakildiginda 2019-2025 aras1 donemde hem yas incir iiretim miktarinda hem de kuru incir
ihracat miktarinda, 2018 yilina gore artis egilimi goriilmektedir. Yas incir tiretimi i¢in hazirlanan modele gore
2018 yilinda 306.499 ton olan iiretimin 2019 yilinda %1.04 oraninda artisla 309.678 ton olarak gerceklesecegi
tahmin edilmektedir. 2020-2022 yillar1 arasinda yas incir iiretiminin dalgali bir seyir izleyecegi beklense de, 2023
yilindan itibaren iiretimin giderek artarak 2025 yilinda 317 bin ton diizeyine ulagacagi 6ngoriilmektedir. Kuru incir
ihracat miktar1 i¢in hazirlanan 6ngorii modeli sonuglari ise tiretimin her gegen y1l artarak artacagini ve 2025 yilinda
94 bin ton diizeyine ulagacagini gostermistir.

4. Sonug¢

Bu caligmada zaman serisi analiz yontemlerinden ARIMA modeli yardimiyla Tiirkiye yas incir tiretiminin ve kuru
incir ihracat miktarinin 2019-2025 yillar1 arasinda 6ngoriisiinii yapmak amaclanmistir. Uygun modellerin belirlenmesi
icin her iki degiskende de 4 gecikmeye kadar tiim AR(p) ve MA(q) derecelerini iceren olasiliklar degerlendirilerek;
hem yas incir iiretimi hem de kuru incir ihracat miktar serileri icin ARIMA(2,1,2) modelinde karar kilinmistir.

Tahmin sonuclarna gore yas incir iiretiminde 2019 yilinda bir 6nceki yila gore %1.04 oraninda artig beklenmekte,
2020 ve 2022 yillarinda kendilerinden bir dnceki yila gore daha az iiretim gergeklesse de iiretim rakamlar1 2018 yili
ve onceki yillar seviyesine inmemektedir. 2023 yilindan itibaren iiretim miktar: her y1l bir 6nceki yila gore artmakta
ve 2025 yilina gelindiginde 2018 yilina gore %3.45 oraninda iiretim artis1 beklenmektedir. Incirin bir bahge bitkisi
olmas1 dolayisiyla diger iilkelerde birkac sene igerisinde ciddi iiretim artislart gerceklesemeyecegi diisiiniilerek
Tiirkiye’ nin, 6ngorii yapilan yillarda lider iiretici konumunu koruyacag ifade edilebilir.

Kuru incir ihracati i¢in yapilan tahmin sonuglarina bakildiginda; 2019 yilinda bir dnceki yila gore %0.96 oraninda
artis beklenmekte, ilerleyen yillarda ise artis oranmnin artarak artmaya devam etmesi ongoriilmektedir. 2025 yilina
gelindiginde kuru incir ihracat miktarinimn 2018 yilma gore %19.94 oraninda artig gostererek 94.093 ton diizeyine
ulasacag tahmin edilmektedir. Ge¢mis yillarda yapilan ¢alismalara gore kurutmalik incir tiretiminin yapildigt Aydin
ve Izmir yorelerinde agac basma kuru incir verimi 10 kilogramdir (Cobanoglu, 2004; Sagdemir, 1988). Yoredeki
agaclarin ortalama 29 kilo yas incir verimine sahip oldugu goz oniinde bulundurularak; kuru incir ihracat miktari
verileri 2.9 ile carpilarak toplam iiretimin yiizde kacinin kuru incir ihracati i¢in kullanildigi hakkinda fikir sahibi
olunabilir. Tanimlanan varsayim altinda her iki seri i¢in yapilan tahmin g6z 6niinde bulundurularak iiretilen incirin;
2019 yilinda %74.17sinin, 2020 yilinda %76.23’{iniin, 2021 yilinda %77.49’unun, 2022 yilinda %80.10’unun, 2023
yilinda %81.71’inin, 2024 yilinda %84.14’tintin ve 2025 yilinda %86.05’inin kurutularak ihrac edilecegi ifade
edilebilir. Caligmada yas incir ihracatina ait 6ngdrii modeli hazirlanamadig i¢in toplam incir ihracatina iliskin bir oran
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olusturulamamigtir. Bu durumun temel nedeni veri seti olusturulurken yararlanilan temel kaynak olan FAO’nun, 2013
yilindan itibaren Tiirkiye yag incir ihracat verilerini yaymlamay1 kesmis olmasidir. Ancak elde bulunan kuru incir
ihracat miktar1 6ngoriistiniin de, belirli yorumlar yapmak icin yeterli oldugu diistiniilmektedir.

Uretilen incirin kuru incir olarak ihra¢ edilme oranmim 2018 yilinda %74.22, 2000 yihnda %52.03 ve 1980
yilinda %46.08 oldugu g6z 6niinde bulunduruldugunda; tahmin edilen yillarda iiretilen incirlerin, 6nceki yillara gore
cok daha yiiksek oranda kuru incir olarak ihrac edilecegi ifade edilebilir. Thracat miktarinda ongoriilen yiikselis;
iireticiler ve ihracatci firmalar gibi pek cok kesimin kazancini arttirabilecei gibi doviz girisi saglamasiyla cari agik
gibi makro ekonomik gostergeler lizerinde de olumlu etkiler yaratabilir. Ancak unutulmamalidir ki ihracat miktarindaki
artis her zaman i¢in reel ihracat gelirinde artis anlamina gelmeyebilir. Zaman zaman piyasalara yiliksek miktarda iiriin
arz1 gerceklesmesi veya ihrag edilen iiriiniin istenen kalitede olmayisi, ihracat miktart artarken gelirinin artmamasina
sebebiyet verebilir. Bu ihtimalin en aza indirilebilmesi i¢in iireticilerin tirtinlerini uzmanlar tarafindan tavsiye edilen
sekillerde iiretmeleri ve kurutmalart; incir igleme tesislerinin var olan driinlerin kalitelerini arttirici eylemler
gerceklestirirken tiiketicilerin istek ve ihtiyaglarii g6z oniinde bulundurarak yeni incir iirtinleri gelistirmeleri,
ihracatg¢ilarin ise halihazirda satis yaptiklar1 pazarlari korurken yeni pazarlara agilmalari faydali olabilir. FAO verilerine
gore 2000-2017 yillar1 arasinda gerceklestirilen kuru incir ithalatinin %30’u diinyanin en bilyiik incir ithalatcilar:
arasinda yer alan Almanya, Fransa ve ABD tarafindan gerceklestirilmistir. Bahsi gecen ii¢ pazarin kuru incir ihracatinin
neredeyse tamami gergeklestiren Tiirkiye; Italya, Vietnam ve Ingiltere gibi diger 6nemli pazarlarinda en biiyiik
ihracatcist konumundadir (Anonim, 2019). Tiirkiye’nin bu haliyle tiim diinya pazarma hakim oldugu diisiiniilse de
FAO verileri ile ticaret bakanlif1 verileri karsilastirildiginda; Hindistan’1n yiiksek ithalat rakamlarina sahip olmasina
ragmen Tiirkiye’nin bu pazarda etkin olmadig1 goriilebilir. 2017 y1li verilerine gore Hindistan’a yapilan yillik 12 bin
ton civarindaki incir ihracatinin neredeyse tamami Afganistan tarafindan gerceklestirimektedir (Anonim, 2018).
Tiirkiye’'nin, 2000-2017 yillar1 arasinda incir ithalatin1 10 kat arttirarak diinyanin en biiyiik kuru incir ithalatgisi
konumuna ulasan Hindistan pazarina agilmasi gerektigi diisiiniilmektedir. fhracat fiyatlar1 incelendiginde AB
iilkelerinin kg kuru incir i¢in Hindistan’a gore yaklasik 0.5 dolar daha fazla 6deme yaptig1 goriilebilir (Anonim, 2020c).
Bu nedenle Hindistan’a yapilacak olasi bir ihracat mantiksiz goziiksede, AB’ye ihra¢ edilemeyen kuru incirler i¢in
biiyiik tiiketim kapasitesine sahip Hindistan pazarinin degerlendirilebilecegi diisiiniilmektedir.

Ote yandan tahmin yapilan yillarda iiretilen incirin boylesi biiyiik bir miktarmnin ihrag edilmesi i¢ pazarda fiyat
artislarina ve iiriin kithigina neden olabilir. Incir iceriginde barindirdig1; kanser 6nleyici antioksidan ozellige sahip
polifenoller, C vitamini ve yiiksek enerji degerleri sayesinde insan saglig1 ve dengeli beslenmede 6nemli bir konuma
sahiptir (Duman ve Yazici, 2018). Bu nedenle uygun fiyatl ve kaliteli incirin i¢ piyasada bulunabilmesi i¢in iiretimi
arttirict politikalar gelistirilmelidir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Manisa ili Pamuk Alanlarinda Helicoverpa armigera Hiibner (Lepidoptera;
Noctuidae)’nin Bazi Biyolojik Ozelliklerinin Belirlenmesi*

Determination of Some Biological Parameters of Helicoverpa armigera Hiibner (Lepidoptera;
Noctuidae) on Cotton in Manisa Province

Samet MEMIS!  Ali OZPINAR?
Ozet

Calisma, Manisa ili pamuk alanlarinda Helicoverpa armigera Hiibner (Lepidoptera; Noctuidae)’nin bazi biyolojik
ozelliklerini belirlemek amaciyla 2018-2019 yillarinda yiiriitiilmiistiir. Her iki y1lda da Manisa ili Sehzadeler il¢esi
ve koylerindeki pamuk alanlarini temsil edecek seklide iireticilere ait 5 farkli deneme parseli belirlenmistir. Pamuk,
2018 yilinda 14-21 Nisan tarihlerinde ekilmis Aphis gossypii, Empoasca spp, ve Tetranychus urticae’ye kars1 bir
kez ilaclama yapilmistir. Pamuk ekimi 2019 yilinda ise 25-27 Nisan tarihlerinde 2 farkli (Carisma ve BA 440)
tohum cesidi kullanilarak yapilmistir. Tiim parsellerde A. gossypii, Empoasca spp, ve Bemisia tabaci’e kars1 5 kez
ve H. armigera’ya karsi ise 2 kez olmak tizere toplam 7 farkli tarihte insektisit uygulanmistir. H. armigera ergin
popiilasyon gelismesi delta ve funnel tuzaklarla takip edilmistir. Haftada bir kez tuzaklara yakalanan erginler
sayillmis, her parselde 3 farkli yerde 3 metre bitki sirasinda H. armigera yumurta ve larvalar ile Chrysoperla
carnea (Stephens) (Neuroptera: Chrysopidae)'nin yumurtalart kaydedilmistir. Ik yilda Karaagagli’da 2,
Selimsahlar’da 1, Yenimahmudiye’de 2, Miitevelli’de 10 ve Veziroglu’nda 1 adet olmak iizere toplam 16 adet H.
armigera ergini tuzaklara yakalanmistir. Ergin popiilasyon yogunlugu diisiik diizeyde kaldigi icin bu veriler
degerlendirilmemistir. Caligmanin devam ettigi 2019 yilinda ise H. armigera’nin ergin ugusu tiim parsellerde
temmuz ayinin ilk haftasindan itibaren baglamis olup, agustos ortasinda ve eyliil ay1 sonunda olmak iizere 2 tepe
noktast meydana gelmistir. Ergin ucusu hasat tarihine (19.10.2019) kadar devam etmistir. Ornekleme siiresince
her iki tuzaga Karaagagli’da 101, Selimsahlar’da 83, Yenimahmudiye’de 55, Miitevelli’de 77 ve Veziroglu’'nda
118 adet olmak iizere tuzaklara toplam 434 H. armigera ergini yakalanmigstir. Parsel basina en fazla H. armigera
ergin BA 440 pamuk tohumu kullanilarak ekilen Karaagacli ve Veziroglu parsellerinde elde edilmistir. Diger
taraftan tim parsellerde funnel tuzaklara yakalanan H. armigera ergin sayilari delta tuzaklara gore yiiksek
ctkmugtir. Ornekleme parsellerinde gerek emici boceklere karst ve gerekse H. armigera (2 kez) karsi insektisit
kullanilmasina ragmen, her parselde 3 m bitki sirasinda, diger genel predator tiirlere gore, yiiksek sayida C. carnea
yumurtast sayilmistir. Parsellerde kaydedilen H. armigera’nin yumurta ve larva popiilasyon gelismesiyle C.
carnea yumurta sayisi arasinda bir paralellik oldugu goriilmiistiir.

Anahtar Kelimeler: Manisa, Pamuk, Funnel ve Delta tuzak, Helicoverpa armigera, Chrysoperla carnea

Abstract

The study was conducted on the cotton fields of Sehzadeler district in Manisa province with the purpose of
determining some biological parameters of Helicoverpa armigera Hiibner (Lepidoptera; Noctuidae) in 2018 and

2019. In both years, 5 different experimental parcels were selected to represent the cotton fields of Sehzadeler
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district. In 2018, cotton was sowed in 14® — 21% of April, one chemical control was applied against Aphis gossypii,
Empoasca spp, and Tetranychus urticae. In 2019, cotton was sowed in 25-27 April with two different cultivars
(Carisma and BA 440). A total of 7 insecticides applications were made with 5 times against A. gossypii, Empoasca
spp, and Bemisia tabaci, two times against H. armigera. Adult population development of H. armigera was
followed with delta and funnel traps. Samplings were made once a week, the number of adults were recorded and
the number of H. armigera eggs and larvae and eggs of Chrysoperla carnea (Stephens) (Neuroptera: Chrysopidae)
were counted on 3 different points on 3 m plant lines in all parcels. In the first year, a total of 16 adults were
captured with 2 from Karaagacli, 1 from Selimsahlar, 2 from Yenimahmudiye, 10 from Miitevelli and 1 from
Veziroglu. Because of the low population density of adults, the data were not evaluated. In 2019, adult flight of H.
armigera has started at the first week of July on all parcels and two peak points, in the middle of August and at
the end of September, were recorded. Adult flight has continued until the harvest date (19.10.2019). A total of 434
adults were captured on all traps with 101 from Karaagacli, 83 from Selimsahlar, 55 from Yenimahmudiye, 77
from Miitevelli and 118 from Veziroglu throughout the sampling period. The highest number of H. armigera adults
captured per parcel was on Karagacl and Veziroglu, which was sowed with BA 440 cultivar. On the other hand,
the number of H. armigera adults captured were higher in funnel traps than delta traps in all parcels. Number of
C. carnea eggs were higher than other predators on 3 m plant lines, even with 2 insecticide applications against H.
armigera and other pests. A parallel trend was observed between the egg and larval population of H. armigera and
the number of C. carnea eggs.

Keywords: Manisa, Cotton, Funnel and delta traps, Helicoverpa armigera, Chrysoperla carnea
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1.Giris

Pamuk (Gossypium hirsitum) tropik ve subtropik alanlarda lif ve yag elde etmek amaciyla yetistirilen stratejik
oneme sahip bir kiiltiir bitkisidir. Ulkemizde basta Giineydogu Anadolu Bolgesi (%62) olmak iizere, Ege (%16)
ve Akdeniz bolgelerinde (%21) toplam 4.944.865 dekar alanda pamuk yetistirilmektedir (TUIK, 2020). Son
yillarda Manisa ilinde 6zellikle pamuk ekim alanlarinda 6nemli artig goriilmiis ve tiretim alanlar1 90.360 dekara
ulasmistir. Pamuk {iretim alanlarinin artmasiyla bitki koruma sorunlar1 da ©nem kazanmis ve toplam
girdilerin %40’n1 ilag ve ilaglama maliyeti olusturmustur. Pamuk iiretim doneminde farkli zamanlarda Aphis
gossypii (Glower), Bemisia tabaci (Gmell.), Tetranychus urticeae (Koch), Empoasca spp. ve Helicoverpa
armigera Hiibner ile miicadeleye ihtiya¢c duyulmustur (Anonim, 2017). Bircok iilkede farkl: kiiltiir bitkilerinde
zararli olan H. armigera larvalarinin, pamugun generatif organlarinda yaptig1 zararin, iiriinde ekonomik kayiplara
neden oldugu bildirilmistir (Zalucki ve ark., 1994); (Karim, 2000); (Liu ve ark., 2004). Ulkemizde ise yillara gore
degismekle birlikte H. armigera’nin pamukta iiriin kayiplarina neden oldugu ve en az iki kez ilaclh miicadeleye
ihtiya¢ duyuldugu belirtilmistir (Ongoren ve ark., 1977); (Karaat ve ark., 1986); (Goven ve Efil, 1994); (Mart ve
ark., 2000); (Atakan ve Boyaci 2017); (Akyildiz ve Bayhan, 2018).

Helicoverpa armigera larvalarinin pamuk bitkisindeki beslenme davranisi nedeniyle uygulanan kimyasallarla
temasinin yeterince saglanamamasi miicadelenin basarisini diisiirmektedir. Diger taraftan H. armigera ile ilgili
olarak yapilan caligmalarin pek c¢ogunda orneklenen ergin sayilariyla ergin Oncesi donemleri arasindaki
tutarsizliklara isaret edilmistir. Nitekim, kullanilan cinsel ¢ekici feromon tuzaklarina yakalanan ergin sayisiyla H.
armigera’nin ergin Oncesi donemleri arasindaki iliskinin zayif oldugu, bu nedenle miicadelede arzu edilen
bagarinin saglanamadig bildirilmistir (Mart ve ark., 2000). Ergin 6érneklemede kullanilan cinsel ¢ekici feromonun
kimyasal yapisinin uyumsuzlugu yaninda, tuzak sekillerinin de énemli oldugu bilinmektedir. H. armigera’nin
salgin yillarinda zararli ile miicadelenin basarisi i¢in pamuk iireticileri kimyasal miicadeleye gereginden fazla
bagvurmaktadir. Ayrica, son yillarda emici boceklerin erken donemlerde pamukta zararli olmasi da insektisit
kullanimimi arttirmaktadir. Bu durum H. armigera’nin iizerinde etkili olan parazitoit ve predator tiirlerin
popiilasyon gelismelerine sekteye ugratmaktadir (Ozgiir ve ark.,1988). Baglantili olarak domates alanlarinda
zararlhilara kars1 gereginden fazla insektsit kullanilmasi sonucu, yararh tiirlerin azalmasiyla yaprakbiti ve kirmizi
oriimceklerin popiilasyon yogunlugu artmistir (Ozpinar ve ark., 2017b). Bu nedenle, pamuktaki zararhlara karst
kullanilan insektisitlerin genel predator tiirler tizerindeki yan etkileri degisik arastiricilar tarafindan incelenmistir
(Ferreira ve ark., 2006); (Tilman ve Mulrooney, 2000); (Sechser ve ark., 2003). Bu tiirlerden Chrysoperla carnea
(Stephens)’nin insektisitlere daha toleransh oldugu belirlenmistir (Theiling ve Croft, 1988); (Sayyed ve ark., 2010).

Bu calismada, Manisa ili Sehzadeler ilgesi sinirlarinda yer alan 5 farkli pamuk tarlasinda H. armigera
erginlerini yakalamada delta ve funnel tipi tuzaklar karsilastirilmis ve zararlinin miicadelesine 151k tutacak bazi
biyolojik parametreler incelenmistir.

2.Materyal ve Metot

Calisma, 2018 ve 2019 yillarinda Manisa ili Sehzadeler ilgesi ve koylerinde belirlenen iireticilere ait 5 adet
pamuk tarlasinda yirtitiilmiistiir. Pamuk ekimi 2018 yilinda 14-21 Nisan tarihlerinde yapilmis ve ekim ayinin
ortasinda hasat edilmistir. Temmuz ve agustos sonunda olmak iizere 2 sulama yapilmis ve yetistirme mevsimi
boyunca A. gossypii, Empoasca spp, ve T. urticae ile miicadelede ruhsath ilaglar kullanilmagtir.

Ikinci y1l calismalart igin 2019 yilinda ise belirlenen parsellerde 25-27 Nisan tarihlerinde Tablo 1°de belirtilen
Carisma ve BA-440 pamuk tohumlar: kullanilarak ekim yapilmis ve 19-22 Ekim tarihlerinde hasat edilmistir. BA-
440 cesidinin yapraklarinin daha tiiylii olmas: diginda, diger ozellikleri Carisma cesidi ile benzerdir. Pamugun
bakimu iireticiler tarafindan yapilmis olup, temmuz ve agustos aylarinda 2 kez sulanmig ve tiim parsellerde A.
gossypii, Empoasca spp ve B. tabaci *ye karsi farkli tarihlerde 5 kez, ilave olarak da H. armigera icin 2 kez olmak
iizere tiim parsellerde toplam 7 kez ilaglama yapilmustir.

Helicoverpa armigera’nin ergin popiilasyon gelismesinin takibi, 2 mg Z-11 Hexadecenal+0,08 mg Z-9
Hexadecenal kimyasal yapisindaki ruhsatli feromon kapsiilii iceren delta ve funnel tipi tuzaklarla yapilmistir.
Tuzaklar her parselde birer adet olacak sekilde 2018 yilinda 25 Haziran’da ve 2019 yilinda ise 06 Temmuz
tarihlerinde yerlestirilmistir (Sekil 1). Sayimlar, H. armigera erginleri tuzaklara yakalanana kadar giinliik ve
erginler yakalandiktan sonra ise haftada bir kez olacak sekilde periyodik olarak devam etmistir. Tuzaklarin
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feromonu dort hafta arayla ve delta tipi tuzaklardaki yapiskan tabla ise kirlendikce yenisiyle degistirilmigtir. Her
iki y1lda da pamuk hasadiyla birlikte tuzaklardaki sayimlar sonlandirilmistir. ik yilda H. armigera popiilasyon
yogunlugu diisiik oldugu icin yeterli bulguya ulasilmayinca degerlendirme yapilamamastir.

Tablo 1. Deneme alanlarinin ozellikleri ve 2019 yilinda yapilan uygulamalar

Table 1. Properties of the trial areas and applications in 2019

Parsel ad1 Ekim Pamuk Alan Kullanilan Uygulama Zararli etmenler
tarihi cesidi  (da) insektisitler tarihleri

Karaagach 25.04.2019 BA 440 20 12-15.05.2019 Aphis gossypii, Empoasca spp

Selimgahlar ~ 27.04.2019 Carisma 60 27-29.05.2019 Empoasca spp

Y.mahmudiye 26.04.2019 Carisma 40 o, 29 Acetamiprid 10-12.06.2019  Empoasca spp

Miitevelli 27.04.2019 Carisma 30 25-29.06.2019 Empoasca spp

Veziroglu 25.04.2019 BA 440 50 21-24.08.2019 Aphis gossypii, Bemisia tabaci
Chlorantraniliprole  21-24.08.2019  Helicoverpa armigera
50g+Lambda- 20-25.09.2019 Helicoverpa armigera
cyhalothrin ZC

piT

. AN i LR R e L
Figure 1. Funnel (a) and delta (b) type pheromone traps
Sekil 1. Funnel (a) ve delta (b) tipi feromon tuzaklar:

Calismanin ikinci y1l1 olan 2019 yilinda elde edilen bulgular 6rnekleme yerleri ve tarihleri esas alinarak funnel
ve delta tipi tuzaklara yakalanan ergin sayilar1 SPSS 23 istatistik paket programi (IBM Crop, 2015) kullanilarak
(P<0,05) tek yonlit ANOVA uygulanarak aralarindaki fark karsilastirilmagtir.

Ayrica, her parselde 3 farkli yerde, 3 metre bitki sirasinda H. armigera’nin ergin dncesi donemleri (yumurta
ve larva) ve dogal diismanlarindan C. carnea’nin yumurta sayilar1 kaydedilmistir. H. armigera’nin ergin oncesi
donemleriyle C. carnea arasindaki iligki parsel diizeyinde grafiklerle degerlendirilmistir.

3. Arastirma Sonuclari ve Tartisma

Calismanin ilk yilinda pamuk yetistirme periyodu boyunca 26.06.2018-15.09.2018 tarihlerinde Karaagacli’da
2, Selimgahlar’da 1, Yenimahmudiye’de 2, Miitevelli’de 10 ve Veziroglu'nda 1 adet olmak tizere tuzaklara toplam
16 adet H. armigera ergini tuzaklara yakalanmistir. H. armigera’nin salgin yilinda olmamas: nedeniyle ergin
popiilasyon yogunlugu diisiik diizeyde kaldigi i¢in ilk yilin verileri degerlendirilmemistir.

Denemenin ikinci yilinda ise 06.07.2019 tarihinde parsellere yerlestirilen delta ve funnel tipi feromon tuzaklara
H. armigera’nin ilk erginleri 08.07.2019 tarihinde Miitevelli’deki parselde yakalanmis ve ilk sayim tarihinden
(13.07.2019) itibaren ornekleme yerlerinin tiimiindeki tuzaklarda erginler kaydedilmis ve hasat tarihine
(19.10.2019) kadar erginler tuzaklara yakalanmaya devam etmistir (Tablo 2 ve Sekil 2).
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Tablo 2. Deneme parsellerinde 2019 yilinda delta ve funnel tuzaklara yakalanan Helicoverpa armigera ergin
sayilari (Adet/Tuzak/Hafta)
Table 2. Helicoverpa armigera adult numbers caught in delta and funnel traps in trial plots in 2019 (Number /

Trap / Week)
Parseller Karaagacli  Selimsahlar  Yenimahmudiye  Miitevelli  Veziroglu
Tuzaklar Delta Funnel Delta Funnel Delta Funnel Delta Funnel Delta Funnel
13.07.2019 1 2 1 3 1 1 1 1 1 3
20.07.2019 1 3 0 3 1 1 2 1 1 3
27.07.2019 4 1 1 4 1 2 4 1 1 5
03.08.2019 2 3 1 3 0 2 1 2 1 5
10.08.2019 3 5 2 3 2 3 2 4 3 7
17.08.2019 2 8 4 7 2 3 3 5 4 8
24.08.2019 4 10 3 7 2 4 3 9 3 12
31.08.2019 2 6 1 4 1 3 2 5 1 7
06.09.2019 3 4 3 3 2 3 3 3 2 6
13.09.2019 1 3 1 2 1 1 1 2 1 3
20.09.2019 5 13 4 9 3 6 4 8 6 15
27.09.2019 2 2 3 1 3 1 4 3 7
05.10.2019 1 1 3 1 1 1 1 1 3
12.10.2019 1 1 3 1 1 1 1 1 3
19.10.2019 0 0 1 1 1 0 1 1 1
Toplam 32 69 25 58 20 35 29 48 30 88
Genel toplam 101 83 55 77 118

Ornekleme yapilan pamuk alanlarinda Agustos ay1 ortasinda ve Eyliil ayinmn sonunda olmak iizere tiim
parsellerde her iki feromon tuzagina yakalanan erginler iki tepe noktast olusturmustur. Temmuz aymnda ise
tuzaklara az sayida ergin yakalandig1 icin belirgin olmamakla birlikte bir dalgalanma gozlenmistir. H. armigera
ergin popiilasyon yogunlugu, agirlikli olarak pamugun olgunlagma doneminde varligini hissettirmistir. Cukurova
bolgesinde pamukta yapilan bir calismada Yesilkurt’'un pamugun koza olusturma ve olgunlastirma doneminde
ortaya ciktigi, Temmuz- Agustos doneminde iki dol verdigi tespit edilmistir (Atakan ve Boyaci, 2017). Manisa
ilinde yillara gore farkli olmak birlikte pamuk alanlarinda H. armigera erginlerinin Temmuz, Agustos ve Ekim ay1
basinda olmak ilizere 3 ucus gerceklestirdigi bildirilmistir (Koclu ve Karsavuran,2000). Diyarbakir ili pamuk
alanlarinda ise H. armigera ergin sayisinin mevsim basinda yiiksek yogunluga ulastigi tespit edilmistir (Akyildiz
ve Bayhan, 2018). Calisma alani ile ayn1 enlemde yer alan Yunanistan’dan H. armigera erginlerinin Mayis-Ekim
aylarinda tuzaklarda yakalandig1i belirlenmistir (Tsitsipis ve Alexandri, 1990). Ulkemizde yapilan diger
calismalarda ise ergin ucus periyodunun bolgelere gore farkli oldugu goriilmiistiir (Ongoren ve ark., 1977); (Mart
ve ark., 2000).
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Figure 2- Adult population development of Helicoverpa armigera caught in delta and funnel traps in different
cotton plots in Manisa province
Sekil 2- Manisa ilinde farkli pamuk parsellerinde delta ve funnel tuzaklara yakalanan Helicoverpa armigera
ergin popiilasyon gelismesi

Bes pamuk parselinde delta tuzaklara toplam 136 adet ergin yakalanirken funnel tuzaklarda bu say1 298 adet
olarak kaydedilmistir. Funnel tuzaklara yakalanan toplam ergin sayisi delta tuzaklara gore yiiksek ¢ikmustir.
Pamuk alanlarinda yakalanan toplam 434 adet erginin %31,33 delta ve %68,66’s1 ise funnel tipi tuzaklarda
kaydedilmistir. Ornekleme yapilan pamuk parselleri karsilastirildiginda, mevsim boyunca tuzaklara yakalanan 434
adet H. armigera erginin %27,2’si Veziroglu pamuk parselindeki tuzaklarda yakalanmistir. Bunu %23,3 adet ergin
ile Karaagacli’daki parsel izlemistir.

Manisa ili Sehzadeler ilcesi sinirlarinda yer alan 5 farkli pamuk tarlasinda 2019 yili vejetasyon doneminde
delta ve funnel tipi feromon tuzaklar1 yakalanan H. armigera ergin sayilar istatistiksel olarak karsilagtirilmigtir
(Sekil 3). Bes pamuk parselinde delta tuzaklara (n=75) yakalanan ortalama ergin sayis1 (1,8+0,15) ile funnel

374



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2020, 17(3)

tuzaklara (n=75) yakalanan ortalama ergin sayis1 (3,9+0,34) arasindaki fark istatistiksel olarak F=33,7 P=0,00)
onemli bulunmustur. Buna karsin tiim parsellerde delta tuzaklara yakalanan H. armigera ortalama ergin sayisi
(n=15) arasindaki fark (F=2,64 P=0,07) istatistiksel olarak 6nemsiz ¢ikmuistir.

M Delta M Funnel a

Ergin sayis1 (Ort.£SH) /tuzak/hafta*

Karaagach Selimsahlar  Yenimahmudiye Mautevelli Veziroglu

Not: Ayni harflerle gosterilen ortalama ergin sayilar1 arasindaki fark onemsizdir.

Figure 3. Comparison of Helicoverpa armigera adult (Mean=SE) numbers captured with delta and funnel traps
in five cotton plots in Manisa province (P<0,05).

Sekil 3. Manisa ilinde bes pamuk parselinde delta ve funnel tuzaklarla yakalanan Helicoverpa armigera ergin
(Ort.£SH) sayularinin karsulastirdmast (P<0,05).

Funnel tuzaklara haftalik (n=15) yakalanan H. armigera ergin sayis1 arasindaki fark (F=18,993; P=0,00) ise
istatistiksel olarak anlamli bulunmustur (P<0,05). En yiiksek ergin sayis1 Veziroglu (5,867+0,965 adet) pamuk
parseline ait olup, onu Karaagacl (4,600+0,877 adet)’daki parsel izlemistir. Diger parsellerdeki funnel tuzaklara
yakalanan ergin sayilar1 da birbirinden farkli ¢cikmistir. En az ergin Yenimahmudiye’deki (2,333+0,374 adet)
pamuk parselinde kaydedilmistir. Parsel basina her iki tuzaga yakalanan toplam ergin sayis1 da funnel tuzaklarin
etkisiyle genel olarak birbirinden farkli ¢ikmistir. H. armigera erginlerini yakalamada funnel tuzaklar tiim
parsellerde en iyi sonucu vermistir. H. armigera erginlerini yakalamada funnel, delta ve kanat tipi tuzaklarin
karsilastirildig1r Hatay ili pamuk alanlarinda en iyi sonucun funnel tuzaklarla alindig: bildirilmistir (Mart ve ark.,
2000).

Tablo 1’de gerek H. armigera’ya kars1 ve gerekse diger emici zararlilara karsi bes ornekleme parselinde de
ayni tarihlerde ve ayni sayida insektisitler kullanilarak ilaclama yapilmistir. BA 440 pamuk cesidinin ekili oldugu
Veziroglu ve Karaagagli’daki pamuk parsellerinde H. armigera’nin ergin ve ergin dncesi donemlerine ait birey
sayist diger parsellere gore yiiksek ¢ikmistir. Ancak, Carisma pamuk tohumunun kullanildigi parsellerde de
yakalanan ergin sayis1 da birbirinden farkli bulunmustur. Dolayisiyla ergin sayisindaki farkin cesit 6zelliginden
kaynaklanip kaynaklanmadig1 yoniinde bir kanaate varilamamistir.

Ornekleme parsellerinde 2019 yili pamuk yetistirme periyodu boyunca H. armigera’nin ergin, yumurta ve
larvalar1 ile genel predatdr tiirlere ait sayisal degerler Tablo 3’te verilmistir. Tiim parsellerde 434 adet ergin
tuzaklara yakalanmis olup, buna karsilik 58 adet yumurta ve 15 adet larva sayilmistir. S6z konusu larva ve
yumurtalarmn bilyiik boliimii ergin popiilasyon yogunlugunun yiiksek oldugu dénemlerde kaydedilmistir. Zira en
fazla erginin yakalandig1 Verziroglu (18 yumurta ve 7 larva) ve Karaagacl (14 yumurta ve 3 larva) parsellerinde
daha fazla yumurta ve larva sayilmistir. Bu durum, ornekleme parsellerindeki H. armigera ergin sayilarn ile
yumurta ve larva sayilarinin oransal olarak paralel oldugunu gostermistir.

Yumurta ve larva sayimlarinin yapildig1 3 metre bitki sirasinda pamukta zararli olan A. gossypii, T. urticea ve
B. tabaci gibi emici zararl tiirlerin predatorii olan C. carnea yumurtalar: tiim parsellerde birbirine yakin sayida
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kaydedilmis ve toplam 598 adet sayilmistir. Benzer sekilde Canakkale ili pamuk alanlarinda yapilan bir calismada
C. carnea popiilasyon yogunlugunun diger genel predatorlerden yiiksek oldugu bildirilmistir (Ozpiar ve ark.,
2017a). C. carnea’nin pamuktaki zararlilara kars1 kullanilan insektisitlere diger predator tiirlerden daha toleransh
oldugu yapilan ¢caligmalarda tespit edilmistir (Sayyed ve ark., 2010). Ttim bu caligmalardan da anlasildig: iizere C.
carnea’nin pamuk alanlarinda zararlilarin kontroliinde iimit var bir durum yaratmastir.

Tablo 3. Manisa ili pamuk alanlarinda 2019 yili vegetasyon doneminde Helicoverpa armigera’nin yumurta,
larva ve predator tiirlere ait sayisal degerler.
Table 3. Numerical values of egg, larvae and predator species of Helicoverpa armigera in cotton fields in
Manisa province in 2019

Helicoverpa armigera Hiibner

Ornekleme Chrysoperla carnea
yerleri Ergin Yumurta* Larva* yumurtast*
Karaagacl 101 14 3 123
Selimsahlar 83 10 1 121
Yenimahmudiye 55 10 1 123
Miitevelli 77 12 3 120
Veziroglu 118 12 7 111
Toplam 434 58 15 598

* pamukta 3 metre bitki sirasindaki ortalama degerler.

Parseller esas alinarak ornekleme siiresince haftalik sayimlarla elde edilen H. armigera’nin yumurta ve larva
popiilasyon gelismesiyle C. carnea yumurta yogunlugu arasindaki iligki Sekil 4’te verilmistir. Farkl1 parsellerde
H. armigera’nin yumurta ve larva yogunlugu ile C. carnea yumurta sayisinin gelisimi arasinda bir paralellik
oldugu goriilmiistiir. C. carnea’nin birgcok zararl tiir ile birlikte pamuk alanlarinda H. armigera‘nin yumurta ve
erken donem larvalar tizerinde 6nemli bir predator oldugu bildirilmistir (Bar ve ark., 1979); (Pappas ve ark.,
2007); (Hassanpour ve ark., 2011). Calisma alaninda da A. gossypii ve diger emci tiirlerin varlig1 nedeniyle mevsim
basinda 5 kez insektisit kullanilmis ancak C. carnea’nin yumurta sayisi belli diizeyde devam etmistir. Agustos
ortast ile Eyliil ay1 sonunda ise H. armigera larva yogunlugundaki artis nedeniyle tireticiler tarafindan 2 kez daha
ilaclama yapilmustir. flaglamalarla birlikte C. carnea yumurta sayisindaki kismi azalmaya ragmen, yumurta
yogunlugu belli bir diizeyde devam etmistir. Zira bu konuda yapilan ¢aligmalardan da benzer bulgularin oldugu,
Cukurova kosullarinda pamuk tarlalarinda erken donemlerde A. gossypii lizerinde C. carnea’nin yaygin olarak
bulundugu (Atakan, 2000) ve uygulanan insektisitlerden C. carnea yumurtalarinin larva ve erginlere gore daha az
etkilendigi bildirilmistir (Kaitazov ve Kharizanov, 1976).

4.Sonug

Bu calismada, 2018 yilinda incelenen 5 6rnekleme parselinde toplam 16 ergin tuzaklara yakalanmistir. H.
armigera popiilasyon yogunlugunun diisiik diizeyde kalmis ve zararliya kars1 herhangi bir miicadele programi
uygulanmamistir. B durum H. armigera’nin salgin yilinda olmamasina baglanmistir. Caligmanin ikinci yilinda ise
temmuz ayinin ilk haftasindan itibaren hasadin yapildig: ekim ortalarina kadar 6rnekleme parsellerinin hepsinde
tuzaklara H. armigera erginleri yakalanmis, Agustos ay1 ortasinda ve Eyliil ay1 sonunda olmak iizere 2 tepe noktasi
meydana gelmistir. Dolayisiyla iilkemizde siklikla yasandigi lizere H. armigera popiilasyon yogunlugunu tahmin
etmede bir 6nceki yilin referans alinamayacagi goriilmiistiir.

Ornekleme parsellerinin tiimiinde erginleri yakalamada funnel tipi tuzaklar delta tipi tuzaklara gore oldukca
basarili bulunmustur. Baslangicta, diisitk maliyetleri nedeniyle delta tuzaklar avantajli gibi goriinse de funnel
tuzaklarin arazide korunmalar1 halinde daha uzun siire kullanilma olanagi nedeniyle tercih edilecektir. Diger
yandan, ayni feromon kapsiilii iceren farkli tuzak tipinde oldukga birbirinden farkli sayida H. armigera erginlerini
yakalamig olmast, 6rnekleme araglarinin 6nemini ortaya koymustur.
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Sekil 4. Manisa ilinde farkli pamuk parsellerinde Helicoverpa armigera’nin ergin, yumurta ve larvalar ile
Chrysoperla carnea'nin yumurta sayist (adet/haftalik)
Figure 4. The number of adults, eggs and larvae of Helicoverpa armigera and eggs of Chrysoperla carnea in
different cotton fields in Manisa province (number / week)

Diger taraftan, BA 440 pamuk cesidinin ekili oldugu Karaagaclhi ve Veziroglu parsellerinde H. armigera
popiilasyon yogunlugu Carisma cesidi ekili olan diger parsellere gore yiiksek olmasi dikkati ¢cekmistir. BA 440
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pamuk cesidinin yapraklarimin daha tiiyli olmas1 H. armigera’nin yumurta birakmasi i¢in bir tercih nedeni
olabilecegi seklinde degerlendirilmistir.

Tuzaklara yakalanan H. armigera ergin sayisiyla 3 metre bitki sirasindaki H. armigera yumurta ve larva sayisi
arasinda beklenen paralellik olusmamistir. Ozellikle funnel tuzaklarda yakalanan ergin sayisiyla H. armigera’ nin
ayn1 parsellerdeki yumurta ve larva sayis1 arasinda onemli bir fark olusmustur. Buna ragmen, H. armigera ergin
sayisinin yiiksek oldugu agustos ayinin 2. yarisinda ve eyliil sonlarinda olmak iizere 2 kez ilaclama yapilmistir.
Mevsim basinda emici zararli boceklere karsi tiim parsellerde 5 farkli tarihte ayni insektisitler uygulanmistir.
Diger parsellere gore H. armigera popiilasyon yogunlugunun yiiksek oldugu Karaagacli ve Veziroglu parsellerinde
ilk ornekleme tarihlerinde C. carnea yumurta sayist kismen diisiik de olsa, genel olarak, parsellerin tiimiinde
yiiksek sayida yumurta kaydedilmistir. C. carnea yumurta sayisi ile H. armigera’nin yumurta ve larva sayisindaki
degisim arasinda bir paralellik oldugu goriilmiistiir. Zira, Bakthavatsalam ve ark., (2000) C. carnea’nin H.
armigera’nin 6nemli bir predatorii oldugunu bildirmistir.

Salgin yillarinda pamuk bitkisinde dnemli iiriin kayiplarina neden olan H. armigera ile kimyasal miicadelenin
kacinilmaz oldugu ve yapilan ilaglamaya ragmen, C. carnea yumurta yogunlugunun yiiksek diizeyde seyretmis
olmasi miicadelenin basaris1 icin limit var bir durum yaratmistir.

Tesekkiir

Bu makale Canakkale Onsekiz Mart Universitesi, Bilimsel Arastirmalar Koordinasyon Birimi tarafindan
desteklenen FYL-2018-2591 nolu projeden iiretilmistir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

The Correlation of Some Nutrient Elements and Antibacterial Activity of the Basil
(Ocimum basilicum)

Feslegen (Ocimum basilicum) Bitkisinde Baz1 Bitki Besin Elementleri ile Antibakteriyel
Aktivitesinin Iliskisi

Muazzez GURGAN', Seving ADILOGLU?
Abstract

This study aimed to analyze the correlation of some macro and micro nutritional elements of the basil plant
(Ocimum basilicum) with the antibacterial activity of the basil extract on two Gram positive and two Gram negative
bacteria. The extract of the basil plants grown in laboratory conditions was obtained by solid-liquid extraction with
ethanol after drying and burning of the freshly harvested above ground parts. The macro (P, K, Ca, and Mg), micro
(Fe, Cu, Zn, Mn, and B) nutrients and a functional element (Al) amounts were detected by ICP-OES. The results
revealed that the basil extract was compatible with herbaceous perennial plants in terms of macro nutrient elements
P, K, Ca and Mg. Moreover, some micronutrients (Fe, Mn, Zn, B) and the functional element Al was found to be
significantly high. The basil extract was significantly effective on inhibiting the Gram negative E. coli, P.
aeruginosa, and Gram positive S. aureus and E. faecium. The element B was found to be positively correlated with
the antibacterial activity of the basil plant suggesting as the B content increases, the antibacterial activity of basil
extract is supposed to increase, too. The P and K contents were found to be positively correlated with antibacterial
activity, while Ca and Mg contents were negatively correlated. The correlation analysis of the nutritional elements,
this extract can be suggested to be more preferrable against Gram positive bacteria, especially when the Fe, Cu,
Zn, Mn levels are high. These results revealed the importance of the macro and micro nutrient contents of medicinal
plants which can be used traditionally against various diseases. In basil cultivation the soils low in lime may
convert the negative correlation of Ca and Mg into a positive correlation in terms of antibacterial effect. Conscious
and proper fertilization therefore is suggested to be effective on antibacterial activity of the basil plant.

Keywords: Ocimum basilicum, Antibacterial activity, Macro elements, Micro elements, Correlation

Ozet

Bu calismada feslegen bitkisinin (Ocimum basilicum) ekstraktinda bulunan bazi makro ve mikro besin elementleri
ile bu ekstraktin iki Gram pozitif ve iki Gram negatif bakteri iizerine antibakteriyel etkisinin iligkisi arastirilmistir.
Laboratuvar ortaminda saksilarda yetistirilen feslegen bitkisinin toprak iistii aksaminin tamami kurutma ve yakma
iglemleri sonrasinda ekstrakt ¢ikarilmasi icin kullanilmis ve ekstrakt etanol ile kati-sivi ekstraksiyonu ile elde
edilmistir. Makro (P, K, Ca ve Mg), mikro (Fe, Cu, Zn, Mn ve B) besin ve bir fonksiyonel element (Al) icerik ve
miktarlar1 ICP-OES cihazi ile belirlenmistir. Sonuglar feslegen bitkisinin makro besin elementlerinden olan P, K,
Ca ve Mg elementlerinin miktarlarinin ¢ok yillik otsu bitkilerin besin elementlerinin miktarlar ile uyumlu ¢iktigini
gostermistir. Ayrica, bu ¢aligmada yetistirilen feslegen bitkisinde bazi mikro besin elementlerinin (Fe, Mn, Zn, B)
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icerigi ve bir fonksiyonel element olan Al’nin igerigi de benzer bitkilerle karigilagtirildiginda énemli miktarda
yiiksek bulunmustur. Feslegen ekstraktinin Gram negatif bakterilerden olan E. coli, P. aeruginosa, ve Gram pozitif
bakterilerden olan S. aureus ve E. faecium bakterileri iizerinde bakteri bilylimesini engelleme anlaminda hepsi
tizerinde etkili olan bir antibiyotikle karsilastirildiginda etkili oldugu gosterilmistir. Bitkinin makro besin
elementlerinden P ve K miktarlarinin antibakteriyel etki ile pozitif iliskili, Ca ve Mg elementlerinin de negatif
iligkili oldugu belirlenmistir. Mikro besin elementleri arasinda da Mn, Zn ve B; ve fonksiyonel bir element olan
Al’'nin de antibakteriyel etki ile pozitif iliskili oldugu gosterilmistir. Sonuglar geleneksel olarak farkli bir cok
hastaligin tedavisinde toplumda siklikla kullanilan tibbi bitkilerin makro ve mikro element igeriklerinin 6nemini
vurgulamaktadir. Feslegen yetistiriciliginde kire¢ bakimindan diisiik topraklarin kullanilmasinin bu bitkilerin
antibakteriyel etkisi Ca ve Mg elementlerinin negatif olan etkisini pozitife ¢evirebilecegi diisiiniilmektedir.
Dolayistyla dogru ve bilingli giibreleme yontemlerinin bu ve buna benzer bitkilerin antibakteriyel aktivitesi iizerine
olumlu bir etki olusturacag diisiiniilmektedir.

Anahtar Kelimeler: Ocimum basilicum, Antibakteriyel aktivite, Bitki besleme, Makro element, Mikro element, Korelasyon
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1. Introduction

Ocimum basilicum, also known as sweet basil, is a perennial herbaceous plant belonging to the Lamiaceae
family. It is preferred all over the world as a kitchen herb since it has high nutritional value and low calorific value.
It contains several vitamins such as vitamin A, C, B6, thiamine and carotene (Dumbrava et al., 2012). Besides
these, basil contains important amounts of micro and macro nutrients. Such nutrients in a plant are vital for proper
functioning of plants, animals and humans (Soetan et al., 2010). Basil can be cultivated in a wide range of
geographies all over the world, hence can be highly accessible. It is also frequently used in traditional medicine
due to its rich secondary metabolites. Basil is rich in phenolics and has many benefits due to its antioxidant, anti-
inflammatory, anti-hyperlipidemic, insecticidal and many other effects (Patil et al. 2011; Purushothaman et al.
2018). Besides these advantageous properties, basil has antimicrobial effects, similar to other aroma therapeutic
plants (Nascimento et al. 2000). Recent antibiotic resistance problem all over the world drove researches to search
for new and alternative antimicrobial agents that can replace synthetic antibiotics, especially for developing
countries where access to hospitalization and synthetic drugs constitutes a problem. Several frequently used
medicinal plants such as mint, thyme, clove, oregano, rosemary, cinnamon etc. have been tried for their
antimicrobial effects (Estetlili et al., 2014; Elansary et al. 2016; Sakkas & Papadopoulou 2017; Antolak et al. 2018;
Gonelimali et al. 2018). More plants are continuously being tested for their antibacterial activities (Razmavar et
al. 2014; Manandbhar et al. 2019; Diarra et al. 2020) Basil (Ocimum basilicum) is one of the medicinal plants whose
extracts and essential oil have been shown to have antibacterial and antifungal properties (Suppakul et al., 2003;
Adigiizel et al. 2005; Patil et al. 2011). Ethanolic solvent of basil was tested on diarrhea causing E. coli strain and
was found to be inhibiting on this bacterium (Shweash et al., 2014). In another study, rosmarinic acid was extracted
from the hairy roots of basil and tested on several soil borne microorganisms. This metabolite was found to be
inhibiting on especially Pseudomonas aeruginosa (Bais et al., 2002). Ethanol, methanol and distilled water extracts
of basil was also tested against pathogenic Staphylococcus aureus and different Staphylococci strains and ethanol
and methanol extracts were found to be inhibiting on these bacteria (Okmen & Balpinar 2018). There are many
recent researches about nutritional contents of basil (Li et al. 2017; Joshi 2014; Skrypnik et al. 2019) and other
medicinal plants such as thyme, clove, mint etc. (Lorenzo et al. 2019; Batiha et al. 2020; Barboza et al. 2018;
Janpen et al. 2019), or their heavy metal contents in different conditions (Georgiadou et al. 2018; Zahedifar et al.
2019; Mirostawski & Paukszto 2018; Adamczyk-Szabela et al. 2017). However, to the best of our knowledge there
is no research about the correlation of nutrient content with the microbial inhibitory effect of Ocimum basilicum.
It is important to collect information about the antibacterial and other medicinal properties of basil so that more
conscious cultivation can be performed to ensure the quality of agricultural products having medicinal importance.
Therefore, in this study, the correlation of antibacterial activity of whole aboveground parts of basil with the macro
and micro nutrients of the plant has been studied.

2. Materials and Methods

The basil plants (Ocimum basilicum) were grown in 20 L pots in the laboratory conditions in the Department
of Soil Science and Plant Nutrition, Faculty of Agriculture, Tekirdag Namik Kemal University. Plant seeds
(Miracle, Turkey) were first germinated in viols and transferred to pots after germination to be 10 plants/pot. Peat
(Klasmann-Deilmann, Potground H, Germany) was used as the production material in this study. Some
specifications of the used peat are: 160-260 mg L' N, 180-280 mg L' P,Os, 200-150 mg L' K>0, 80-150 mg L'
Mg, pH: 6, 70% organic matter, and 35% C. The plants were watered once a week and harvested after about four
months. Freshly harvested aboveground parts of the plants were washed with pure water, dried as a whole at 65°C
for 48 hours and then grinded. Elemental analyses were carried out on the dry grinded plant material by using ICP-
OES device according to Kacar and inal (2010) in Tekirdag Namik Kemal University Central Laboratory
(NABILTEM). Triplicate measurements were taken. Moreover, 20 g of the grinded dry basil was mixed with 500
mL of 96% ethanol (Merck, Darmstadt, Germany) and the solid-liquid extraction was carried out with a Soxhlet
apparatus for 8 hours. Later, the extract was evaporated using a rotary evaporator. The liquid phase obtained from
the total evaporation of ethanol was tested against four strains of bacteria. The reference strains of Escherichia
coli, Pseudomonas aeruginosa, Staphylococcus aureus and Eenterococcus faecium were obtained from Turkish
Republic General Directorate of Public Health, Ankara, Turkey and Middle East Technical University, Ankara,
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Turkey. The bacteria were grown on blood agar containing 5% sheep blood. Bacterial cell concentrations were

adjusted to 0.5 McFarland using sterile saline solution, and inoculated on Mueller-Hinton agar plates using sterile
cotton swabs under aseptic conditions. The antibacterial activity of Ocimum basilicum extracts were tested using
agar well diffusion method in triplicates (Balouiri et al., 2016) where sterile pipette tips were used to form wells
of 8 mm size. 100uL of basil extracts were added to the wells, while 10ug of Gentamicin sulphate (Sigma-Aldrich,
Darmstadt, Germany) was used as the standard antibiotic agent. Gentamicin is a broad spectrum
aminoglycoside antibiotic which binds to the 30S ribosomal subunit of bacteria and therefore interferes with
protein synthesis. The plates were kept at 37 £ 0.1°C for 24 h in an incubator and afterwards the inhibition zones
around the wells were measured in mm as an indicator of antibacterial activity. The triplicate zones of basil extract
were compared with the zone of Gentamicin. The results of the experiment was analyzed using SPSS 21 Statistical
Software (IBM 2016) using Pearson correlation analysis.

3. Results and Discussion

In this study, the correlation of some micro and macro nutrient elements of whole aboveground parts of the
basil plants (Ocimum basilicum) grown in laboratory conditions with its antibacterial effect on four different
bacteria was investigated. An image of the growth of basil plants in viols belonging to this study can be seen in
Figure 1. Whole plants were dried and grinded properly, and some micro and macro nutrient elemental contents
were determined with ICP-OES. The amounts of the micro and macro elements determined in basil plants used in
this study is given in Table 1.

Figure 1. An image of Ocimum basilicum during the germination

Table 1. Some macro- and micro-nutrient elements of Ocimum basilicum

Nutrient Elements Amount
. g P (%) 0.3221+0.03
§ ,E K (%) 3.529+0.23
S = Ca (%) 1.842+3.49
z Me (%) 0.372+0.04
Fe (mg/kg) 127.43+0.64
o % Cu (mg/kg) 7.47+0.03
S E Zn (mg/kg) 32.80+0.23
= Z Mn (mg/kg) 174.10+0.79
B (mg/kg) 47.83%0.03
3
S5
- Al (mg/kg) 76.93+1.60
Ef=
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The macro nutrients of Ocimum basilicum used in this study are in an acceptable range (Table 1). The basil in
this study is rich in micro nutrients when compared with herbaceous perennials stated in the literature (Mills and
Jones, 1996)

The correlation between the macro and micro nutrients are given in Table 2. There is a strong positive
correlation between phosphorus and potassium, but negative correlation between these two macro nutrients with
calcium and magnesium. Potassium is a vital element for plant development and normal biochemical reactions,
and it is referred as the quality element as it has crucial roles in quality parameters (Caliskan & Caliskan, 2018).
It is also known that potassium inhibits calcium absorption (Johansen et al., 1968). Therefore this negative
correlation was expected. A similar result was obtained by Dobrin et al. (2018), where they found a strong negative
correlation between Mg and K, and strong positive correlation between Mg and Ca in hydroponic system for
growing Ocimum basilicum.

Table 2. Pearson's correlation coefficients between macro, micro nutrient and functional elements of
Ocimum basilicum

P K Ca Mg Fe Cu Zn Mn B Al

P 1

K 0.999™ 1

Ca -.925 -.926 1
Mg -.634 -.638 .881 1

Fe 976 974 -.818 -.449 1

Cu .618 .622 -871  -0.999 430 1

Zn 982 983 -.980 -.769 916 756 1
Mn .854 .857 -.988 -.944 719 937 937 1

B -.618 -.622 .871  0.999" -430  -0,999"  -756 -.937 1

Al .808 .805 -.522 -.056 918 .036 .681 384 -.036 1

*=P<0.05; **=P<0.01

The elements with significant amount in basil in this study were detected to be Fe, Cu, Zn, Mn, B and Al. These
micro nutrition elements were also detected in the study of Estetlili et al. (2014). The aluminum content of basil
in the mentioned study was very high (574 mg/kg), while it was 77 mg/kg in this study. The difference may be
resulted from the experimental parameters such as the soil and growing conditions. Our study was carried out in
controlled lab conditions, whereas in the study of Estetlili et al. (2014) the plant materials was collected from
markets. The soil of the plant materials collected from markets might have contaminated with Al. The nutrient
element determination is therefore important for consumption of plant materials for human. Similarly, micro
nutrition elements zinc and copper are positively correlated with potassium and phosphorus. However, when
excess Cu and Zn was applied to the soil where Ocimum basilicum was grown, it was found that they have adverse
correlation with Fe, Mn, P and K (Lajayer et al., 2014). This may show that basil might have a limiting mechanism
for uptake of contaminants which are also micro nutrient elements.

The antibacterial effect of basil extract was tested on two Gram negative (E. coli and P. aeruginosa) and two
Gram positive (S. aureus and E. faecium) bacteria. The agar plate photos are shown in Figure 2, where the zones
in the middle of the plate belongs to the standard antibiotic Gentamicin. The inhibition zones were measured in
mm and given in Table 3.
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Figure 2. Agar plate images of the Ocimum bacilicum on different bacteria

Table 3. Antibacterial effect of Ocimum basilicum on different bacterial strains

. Inhibition zone Zone of Inhibition
Bacterium . .
(mm) Gentamicin degree
E. coli 9.67£0.58 18 ++
P. aeruginosa 14.33+0.58 16 ++++
S. aureus 14.67+1.15 23 +++
E. faecium 13.33+1.15 21 +++

++++ Excellent activity (100% inhibition), +++ Good activity (60-70% inhibition), ++ Significant activity (30-
50% inhibition), + Negligible activity (10-20% inhibition), - no activity (<10% inhibition), Gentamicin: standard
antibiotic

When compared with the positive control Gentamicin zones, the highest inhibitory effect of basil extract was
on P. aeruginosa. This is a promising result considering that P. aeruginosa is an opportunistic human pathogen
and a source of nosocomial infections which may cause death at a high rate (Moradali et al., 2017). A similar
result was obtained by the rosmarinic acid extracted from hairy roots of basil and it was highly effected on P.
aeruginosa (Bais et al. 2002). Except from P. aeruginosa, basil extract had good inhibitory activity on Gram
positive bacteria. This might result from the presence of an outer membrane in Gram negative bacteria provides
an extra barrier, which is lacking in Gram positive bacteria (Delcour 2009). Nevertheless, the antibacterial effect
of basil extract on E. coli is significant. It is important as E. coli is associated with intestinal and extra intestinal
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infections and some strains are highly pathogenic (Toval et al. 2014). Even though both E. coli and P. aeruginosa
are Gram negative bacteria, there are some molecular differences between species, caused by the genetic
background. For instance, the composition in surrounding biofilm, the biomolecules produced by the organisms,
the lipid contents of the membranes may differ. These may cause different reactions of the microorganism to
different organic and inorganic molecules (Gugala et al. 2019; Harrison et al. 2007). The correlations between the
nutrient elements of basil and the antibacterial activity measure by inhibition zones are given in Table 4. The
correlation of boron with E. coli and E. faecium were strongly positive, and it was mild positive with other two
bacteria. Boron is known to be essential for normal growth of plants. Moreover, it is a beneficial element for animal
developmental processes, as this element plays role in stabilizing some biochemical molecules, but can be
impairing in high concentration (Bolaiios et al. 2004; Uluisik et al. 2018). Compounds and derivatives of B were
found to be effective as bacterial growth and biofilm inhibitor (Sayin et al. 2016; Sopchenski et al. 2018). A new
boron based antibacterial agent was tested on E. coli and P. aeruginosa and was suggested to have a medicinal
potential (Hernandez et al. 2013). The B content of basil can therefore be significant in terms of antibacterial effect,
as the present study suggests. Some heavy metals such as Fe, Cu and Zn are essential for bacteria in low amounts,
but they are toxic in excess amounts. Bacteria have developed coping mechanisms for toxic heavy metal levels.
Gram negative bacteria can be advantageous against heavy metals (Mounaouer et al. 2014). The more positive
correlation of the metals with Gram positive bacteria in this study can be explained by the cell wall structure
difference. On the other hand, the results revealed that the correlation of the metals, such as Cu, Zn and Mn, with
the growth inhibition of E. coli growth is less negative than that of P. aeruginosa. This results from elevated
resiliency of P. aeruginosa as it is primarily an environmental organism found in soil and water, while E. coli is
an enteric bacterium where it does not usually exposed metals in a level that P. aeruginosa does (Teitzel et al.
2006).

Phosphorus has a strong positive correlation on Gram positive bacteria this means as the P content of the basil
increases, the inhibitory effect of the plant extract on Gram positive bacteria increases. Similar correlation was
obtained for K and Gram positive bacteria. However, this group of bacteria has a negative correlation with Ca and
Mg contents, stronger for Ca. While Gram positive bacterial growth are mildly negatively correlated with Ca and
Mg, Gram negative bacterial growth inhibition is positively correlated with Mg. The difference can be attributed
to the different cell wall structures of Gram positive and negative bacteria. Mg ions play a role in cell wall stability
and prevention of the cell from lysis in Gram positive bacteria, since Gram positive bacterial cell walls have a high
binding affinity for Ca and Mg (Thomas & Rice 2014). Moreover, Mg and Ca were supposed to be more effective
on stationary phase S. aureus as these ions cause membrane destabilization of the membrane when present in <40
mM (Xie & Yang 2016). In our study the Ca content was greater than 40 mM which explains the negative
correlation of Ca amount and antibacterial activity. Therefore, cultivation of basil in neutral pH or slight acidic
soils is preferred in order for basil to have more antibacterial activity. On the other hand, Mn and Zn were showed
to be strongly and positively correlated with Gram positive bacteria. Zinc deficiency in soil can be up to %30
worldwide and 50% in Turkey. This is a serious problem in plant cultivation (Adiloglu & Adiloglu 2006) and our
results suggest that Zn and B should be high for higher antibacterial activity.

Table 4. Pearson's correlation coefficients between the antimicrobial activity and macro and micro
nutrient elements of Ocimum basilicum
P K Ca Mg Fe Cu Zn Mn B Al

E. coli 372 367 .010 482 566  -500 189 -.165 0.99%* -.036
P. aeruginosa -618 -.622 871 0.99* -430 -0.99** -756 -937 .500 .847
S. aureus 990 989 -861 -517 .997 .500 945 771 500 .847
E. faecium 990 989 -861 -517 997 .500 945 771 0.99* -.036

*=P<0.05; **=P<0.01

The correlation between the concentrations of the functional element Al with the bacterial growth inhibition is
strong positive or very weakly negative, the latter therefore can be neglected. This suggests that as the Al content in
basil increases, the inhibitory zones increase. The inhibitory effect of Al on bacteria is already known and it increases
with the increasing concentrations (Kurniawan et al., 2018).
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4. Conclusions

This study aimed to investigate the correlation between the macro and micro nutrient elements of the basil extract
with antibacterial activity of them on four different bacterial strains. The results showed that the basil plant used in this
study was rich in some macro, micro nutrients, especially Fe, Zn, Mn, B; and a functional element (Al). The basil
extract was significantly effective on inhibiting bacteria in this study, whose pathogenic strains and are responsible for
nosocomial infections. The macro and micro nutrition elements might be the reason of antibacterial activity along with
the phenolic content of this medicinal plant. Especially B was found to be positively correlated with the antibacterial
activity of the basil plant. As the B content increases, the antibacterial activity of basil extract is supposed to increase,
too. Phosphorus and potassium contents had a positive correlation with antibacterial activity, while calcium and
magnesium had negative correlation. Moreover, the micronutrients Mn, Zn, B and Al contents were positively
correlated with the antibacterial activity of the basil plant. The difference between Gram positive and Gram negative
bacterial cell walls should be taken into account together with the elemental composition of the basil extract. Even
though the antibacterial activity tests revealed that basil extract is effective on both Gram positive and Gram negative
bacteria, the correlation analysis of the nutritional elements, this extract can be more preferred against Gram positive
bacteria, especially when the Fe, Cu, Zn, Mn levels are high. Supplementary pharmaceuticals can be produced using
the extracts of basil and similar plants. The investigation of the macro and micro nutrients with the antibiotic activity
is important as basil and many other medicinal plants are frequently used in traditional medicine especially in
developing countries. Basil and its extracts can be used as antibacterial agents, too. However, the metal contents of the
extracts should be taken into consideration for medicinal products. The results also suggest the importance of the
properties and contamination status of soils where the medicinal plants are grown as their correlation affect the
antibacterial activity.
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Analyzes

[zmir ve Mugla Illerinde Yetistirilen Zeytin (Olea europaea L.) Agaclarinin Bor ve Mikro
Elementler Yoniinden Beslenme Durumunun Yaprak ve Toprak Analizleri ile Belirlenmesi
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Abstract

This study was conducted to determine the nutritional status of olive cultivated land and olive plant in Izmir and
Mugla province in terms of boron and other elements. For this purpose, 254 soil samples (0-30 cm depth) and 254
leaf samples were taken simultaneously with GPS coordinates from the olive production areas and analyzed (125
gardens in Datca, Koycegiz, Milas, Ula, Seydikemer districts of Mugla province / 129 gardens in Aliaga, Bayindir,
Bergama, Dikili, Foca, Karaburun, Kemalpasa, Menderes, Menemen, Odemis, Seferihisar, Selcuk, Tire, Torbali
and Urla district of Izmir province). In the soil samples texture, pH, EC, lime, organic matter, extractable boron,
iron, copper, zinc and manganese analysis were done. In the leaf samples total boron, iron, copper, zinc and
manganese content were determined. According to the analysis results, the nutritional studies of olive were
determined in term of boron and other elements. According to the results of the research, boron contents of the
research areas soils ranged between 0.20 and 5.24 mg kg™ and the average level was determined as 1.21 mg kg™
In the boron content distribution of the soils in the research area 13.78% is low, 76.38% is sufficient, 9.45% is
more and 0.39% is too high. Boron contents of olive leaves ranged between 8.66 and 29.33 mg kg™! and the average
level was determined as 8.66 mg kg™'. In the boron content distribution of the leaves in the research area 85.04%
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is low, 14.96% is sufficient. Based on the B contents of all soil and leaf samples it was interesting to note that
although 85.83% of the soils have sufficient boron, 85.04% of the leaves show boron deficiency, indicating that
boron nutritional problems are experienced. Also according to the results of analysis, it was determined that there
were no nutritional problems in terms of iron, and that there were serious nutritional problems in terms of boron
and zinc. It was determined that nutritional problems in term of manganese and copper slightly. As with all plant
species, fertilization programs for olive plant should be established according to soil and leaf analysis result.
According to the results of analysis, it is important to give the deficient macro and micronutrients in addition to
phosphorus, nitrogen and potassium fertilizers which will be given with basic fertilization.

Keywords: Boron, Plant nutrition, Olive production, Mineral status

Ozet

Bu caligma, izmir ve Mugla ilerinde zeytin yetistiriciligi yapilan topraklar ve zeytin bitkisinin bor ve diger
elementler yoniinden beslenme durumunun belirlenmesi amaciyla yiiriitiilmiistiir. Bu amagla 254 adet toprak (0-
30 cm) ve yaprak o6rnegi GPS koordinath olarak es zamanli alinmig ve analiz edilmistir (Mugla ilinde: 125 bahce
Datca, Koycegiz, Milas, Ula, Seydikemer/Izmir ilinde: 129 bahce Aliaga, Bayindir, Bergama, Dikili, Foca,
Karaburun, Kemalpasa, Menderes, Menemen, Odemi§, Seferihisar, Selguk, Tire, Torbali, Urla). Toprak
orneklerinde; tekstiir, pH, EC, kirec, organik madde, ekstrakte edilebilir B, Fe, Cu, Zn, Mn; yaprak orneklerinde
ise toplam B, Fe, Zn, Mn, Cu analizleri yapilmistir. Arastirma sonuglarina gore, topraklarin bor icerikleri 0.20 ve
5.24 mg kg! arasinda degismis, ortalama bor icerigi ise 1.21 mg kg olarak belirlenmistir. Aragtirma alani
topraklari ekstrakte edilebilir B icerikleri bakimindan incelendiginde %13.78’1 az, %76.38’1 yeterli, %9.45’1 fazla
ve %0.39’u ¢ok fazla simifinda yer almistir. Yapraklarin bor icerikleri 8.66 ve 29.33 mg kg™! arasinda degismis,
ortalama bor igerigi ise 8.66 mg kg olarak belirlenmistir. Arastirima alani yapraklarin bor icerikleri dagilimi
ise %85.04°’ti az, %14.96’s1 yeterli olarak belirlenmistir. Toprak ve yapraklarn bor icerikleri birlikte
degerlendirildiginde topraklarin %85.83 niin yeterli bor icermesine ragmen yapraklarin %85.04 niin yetersiz bor
icermesi ciddi bor beslenme sorunlarinin yasandigini gostermektedir. Analiz sonuglarina gore, demir bakimindan
beslenme sorunlarinin olmadigi, ¢inko bakimindan ciddi, mangan ve bakir bakimindan ise azda olsa beslenme
sorunlarinin yasandig1 goriilmektedir. Tiim bitki tiirlerinde oldugu gibi zeytin bitkisi i¢in giibreleme programlari
toprak ve yaprak analiz sonuglarina gore olusturulmalidir. Analiz sonuglarina gore, temel giibreleme ile verilecek
fosfor, azot ve potasyum giibrelerine ek olarak mikro besin maddelerinin verilmesi 6nemlidir.

Anahtar Kelimeler: Bor, Bitki besleme, Zeytin tiretimi, Mineral durumu
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1. Introduction

Hatay-Maras-Mardin strip is known that native country of olive (Olea europaea L.). Olive has wide production
areas on the Aegean and Mediterranean coasts and this reason, it carries a distinct economic importance for Turkey
and Mediterranean basin countries. Demand of olives increases considerably because of the fruit processed in
different ways and the positive effects of oil on human nutrition (Deliboran et al., 2019; 2019a).

According to 2013 data, World crude olive production is 20.3 millions tons in 10.2 million ha area. Spain is
the leading country with 7.9 millions tons of production and Italy, Greece and Turkey are followed the Spain with
2.9; 2.0 and 1.7 million ton olive production, respectively (Deliboran et al., 2019).

Olive are generally grown by conventional methods in the Marmara, Aegean, Mediterranean, Southeastern
Anatolia and the Black Sea Region of Turkey. There are about 169 million olive trees in Turkey, and 17% of the
new plant has not yet reached the yield situation in the garden. Considering the presence of trees, the Aegean
Region takes the first place with 83.030.213 trees, followed by the Mediterranean (40.418.083), Marmara
(29.754.049), Southeast Anatolia Region (15.254.670) and the Black Sea Region, respectively (Deliboran et al.,
2019). The region where olive production is most intense (75%) is being cultivated in many different topography,
soil groups and microclimate fields in Canakkale, Balikesir, Izmir, Manisa, Aydin and Mugla in the Aegean Region.
There are 24.138.088 table varieties in 997.871 da area, and 58.892.125 oil varieties in 3.417.017 da area, and
most of the production is made with oil varieties (Anonymous, 2014).

Based on the presence of trees, it is understood that Mugla and Izmir province 44% of the olive tree presence
in the Aegean Region. It has been observed that causes of low yield in the Aegean Region are periodicity, climate
events and cultural practise mistakes. On the other hand, it is determined in the research that fertilization is done
well and scientific principles are not followed. As a result, average yield of oil varieties decreased to 11 kg tree’!.
The aim of the olive farmer should be to increase the yield and quality of olive and to reduce production fluctuations
arising from periodicity (Anonymous, 2011); (Deliboran et al., 2019; 2019a); (Doran and Aydin, 1999).

In recent years, as the reason for the increase of olive production in Turkey can be listed that i) improvement
of climate conditions, ii) planting of new olive sapling, iii) studies on encouraging olive production. Progress in
parallel with positive developments of olive production; these are i) modernization of olive extraction facilities, ii)
increased capacity, iii) because of this reason, increase of olive oil quantity and quality (Deliboran et al., 2019;
2019a; 2019b). According to Olive Oil Sector Report (2013); while the average olive oil production was 61
thousand tons before the 1995/96 season, it doubled in the following twelve seasons (1996/1997-2007/2008) to an
average of 120 thousand tons. Olive plants which are very important for Turkey's economy, it is more important
for the province of farmers and the economy will be carried out the research. In this respect, the studies to be
carried out in the region and increasing the yield and especially the quality (nutritional value) of olives will make
a major contribution to the national and regional economy.

Especially the trend of the world olive oil consumption in recent years is that the olive oil is produced under
high quality and controlled conditions as much as possible. Olive oil producers will need to turn to high quality
and qualified olive oil production in order to maintain their current market shares and enter new markets. In the
world trade, the importance of olive oil is expected to increase due to the increasing awareness of health and the
demand to food produced by controlled means. Increased income and rising living standards will lead to new
markets for olive oil. Indeed, world olive oil consumption was 30.611 million tons, consumption of Turkey was
147.800 tonnes, per capitata consumption was 2 kg in 2014 (Anonymous, 2014). Turkey is among the net oil-
exporting countries. The highest amount of olive oil exports was 931 tons and 291 million dollars in 2004/05
season. The increase in the demand for olive oil in the world have contributed to the emergence of new export
markets for Turkey. In 2012, olive oil was exported to 101 countries. The highest olive oil export was realized to
USA with 17 million dollars by years 2012, This was followed by Saudi Arabia with $ 13 million and Japan with
$ 7.3 million. Exports to these three countries was accounted for 45% of Turkey total exports (Olive Oil Sector
Report, 2013). Olive/olive oil production and export is important contribution to the national economy with its
place in export. About 400.000 families earn a livelihood from olive farming in Turkey.
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Even with the current production amount, the contribution of olive and olive oil to the national economy is not
underestimated. However, Turkey is behind some countries in term of quality and exports because of the product
obtained from unit area. This is an indication that olive and olive oil production has not reached the desired level
yet (Deliboran et al., 2019a). The most appropriate solution to increase agricultural production is to increase the
amount of product taken from the unit area. This can only be achieved by balanced fertilization. For this reason,
the existing nutritional problems of the production areas should be identified well.

In recent studies, it has been revealed that nutritional problems related to micronutrients are common in the
soil of the region. In the survey studies done to determine their nutritional status of Turkey olive groves, it was
determined that most deficiency of boron (B), zinc (Zn), potassium (K) and nitrogen (N), respectively (Dikmelik,
1989); (Aksalman et al., 1993); (Doran and Aydin, 1999); Deliboran et al., 2019; 2019a, 2019b). Although
micronutrients are taken in small amounts by plants, they have important functions in plant metabolism. B, which
is one of the micronutrients. B is one of the absolute micronutrients necessary for plants and its deficiency and
toxicity simptoms are common. For this reason, the role of B in plant nutrition is gain a very careful position
(Deliboran et al., 2019a).

As a result, increasing olive/olive oil yield and quality is importance for the regional farmer and ultimately for
the country's economy. This will only be possible with the determination of the nutritional problems of the existing
production areas and fertilization studies according to the results to be obtained. With this study, it was aimed to
examine the boron nutritional status of olive groves in [zmir and Mugla province with soil-leaf analysis, to compare
the obtained results with reference values and to identify the problems that arise due to various reasons.

2. Materials and Methods
2.1. Research area

The fields of olive growing in Izmir and Mugla province constitute the material of the study. In November and
December 2015, soil and plant samples were taken simultaneously from 254 different olive groves to represent the
region. The number of soil and plant samples and production areas are given in Table 1.

Table 1. The number and distribution of sample

Soil Distribution of Distribution of
Countries Samples Soil Samples Leaf Samples Leaf Samples
(piece) (%) (piece) (%)
Datca 2 1.60 2 1.60
Koycegiz 4 3.20 4 3.20
Mugla
Milas 80 64.00 80 64.00
Ula 9 7.20 9 7.20
Seydikemer 30 24.00 30 24.00
Aliaga 9 6.98 9 6.98
Bayindir 23 17.83 23 17.83
Bergama 12 9.30 12 9.30
Dikili 8 6.20 8 6.20
Izmi Foca 2 1.55 2 1.55
zmir
Karaburun 4 3.10 4 3.10
Kemalpasa 10 7.75 10 7.75
Menderes 9 6.98 9 6.98
Menemen 3 2.33 3 2.33
Odemis 8 6.20 8 6.20
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Seferihisar 7 5.43 7 5.43
Selcuk 10 7.75 10 7.75
Tire 5 3.88 5 3.88
Torbali 12 9.30 12 9.30
Urla 7 5.42 7 542
Total 254 100.00 254 100.00

2.2. Sampling method, selection of sampling sites and taking soil samples

In November-December, the leaf samples were plucked from the one-year branches coming from the middle
part of the tree crown with stems including a total 50 piece. The leaf sample were taken different trees to represent
the garden from 4 different sides of the trees, namely East, South, West and North. Soil samples were taken
simultaneously from 0-30 cm depth. Sampling was carried out in GPS coordinates.

2.3. Preparation of samples for laboratory analysis

Soil samples brought to the laboratory, stone and plant particles were extracted and spread on clean packaging
paper and allowed to air dry. The dried soils were forged with wooden mallets, passed through a 2 mm steel sieve,
put into glass jars, labeled and made ready for analysis. Leaf samples brought to the laboratory were first washed
with tap water, then with 0.1 N HCI and deionized water 2 times, then the excess water was taken with drying
paper and dried in air circulation drying cabinet at 70 °C for 48 hours (until constant weight) and milled in tungsten
coated mill prepared for analysis.

2.4. Soil analyzes

Texture (sand, silt and clay fractions of soil samples) were determined by hydrometer method, according to
Tuzuner (1990). Soil reaction (pH) was determined by pH meter from 1: 2.5 ratio of soil + pure water mixture,
according to Tuzuner (1990). Electrical conductivity (ECx106 umhos cm!) was measured using electrical
permeability instrument from 1:5 ratio of soil: pure water mixture, according to Tuzuner (1990). Lime (CaCO3%)
was determined as volumetric by Scheibler calcimetry, according to Tuzuner (1990). Organic matter (OM) (%)
was determined by Walkey-Black method according to Tuzuner (1990). Available calcium (Ca), magnesium (Mg),
sodium (Na), potassium (K) were determined by ICP-OES (Varian-Vista) from extracted with 1 N ammonium
acetate (pH 7.0) as reported by Tuzuner (1990). Available phosphorus (P) was determined by Olsen (1972)'s
NaHCO3 method (Kacar, 1982). Available iron (Fe), Zn, manganese (Mn) and copper (Cu) were determined by
ICP-OES (Varian-Vista) after extraction with 0.005 M DTPA + 0.01 M CaCl, + 0.1 M TEA (pH 7.3) according
to Lindsay and Norvell (1978) (Kacar, 1982). Available B was determined by the hot water extraction method
according to Gupta (1967), and Gestring and Soltanpour (1981).

2.5. Plant analysis

After the samples are brought to the laboratory, the samples were washed with first the tap water, 0.1 N HCI
and 2 times deionized water, respectively. Then the excess water is taken with drying paper. The samples were
made ready for analysis by drying in air circulating cabinet at 70 °C for 48 hours (until constant weight) and grinded
in tungsten coated mill. 0.3 g of the milled plant parts were taken and dissolved in 5 ml 65% HNOj3 and 3 ml dH,O
in a closed system microwave device (Cem Mars Xpress), the final volumes were completed to 25 ml with ultra
deionized water and filtered through blue band filter paper. The concentration of B and other nutrients in filtrates
was determined by ICP-OES (Varian, Vista). Measurements of mineral concentrations were checked with certified
values of the relevant minerals in the reference plant materials obtained from the National Institute of Standards
and Technology (NIST, Gaithersburg, MD, USA).
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3. Results and Discussion
3.1. Some physical and chemical properties of soils
3.1.1.Texture

Sand, clay, silt content of the soils are ranged between 19.52-83.68%, 0-58.88%; 2.72-65.76% respectively (Table
2). According to Anonymus (1951) 39.76% of the soil is sandy loamy (SL), 14.96% is loamy (L), 17.72% is clayey
loamy (CL), 15.75% is sandy clayed loam (SCL), 9.06% is clayed (C) and 2.36% is sandy clayed (SC) (Table 4). Olive
shows better development in well-ventilated, low ground water, L, CL, SL soils (Kacar and Katkat, 1999), generally
in lightly structured soils (34-65% sand, 24-28% clay) (Ozbek, 1981); (Mengel and Kirkby, 1987). Considering that
the differently structured soils from sandy to clay are suitable for olive cultivation (Colakoglu, 1985) and considering
the texture classes in the study as a whole, it is understood that most of them are light bodied and suitable for olive
farming. In some studies conducted to determine the nutritional status of olives, it has been determined that soil is clay-
loam in the province of Izmir (Aydogdu, 2011); loam and clay-loam in Gemlik region (Uysal et al., 2011), clay-loam,
loam and sand in Armutlu peninsula (Uysal et al., 2016); loam and clay-loam on the Kapidag Peninsula (Saglam et al.,
2008); loamy and clayey loam structure in the Derik region (Doran et al., 2008).

Table 2. The lowest, highest and average values of structure, pH, EC, lime and organic matter of soil samples

Structer
Values Sand Clay Silt pH EC Lime oM
(%) (dS m™) (%)

Lowest 19.52 0.00 2.72 5.12 0.05 1.16 0.86
Highest 83.68 58.88 65.76 8.36 1.16 74.50 5.74
Average 52.26 23.14 24.44 7.14 0.35 14.50 2.24
Basiklik -0.94354 -0.55736 1.329273 0.017368 0.621149 2.203631 1.802974
Carpiklik -0.07611 0.339876 0.666836 -1.06018 0.950915 1.816453 1.118681
Ortanca 52.4 20.32 22.72 7.465 0.3 4.12 2.11
Stds 14.32469 11.3997 9.112166 0.7307 0.204119 19.98332 0.807014
Varyans 205.1968 129.9531 83.03157 0.533923 0.041665 399.3332 0.651271
DK 27.40962 49.25636 37.28309 10.22465 58.14964 137.7925 36.0141

3.1.2.pH

The pH of the soils ranged from 5.12 to 8.36 (Table 2). Within the total area, 50.39% of the soil is mild alkaline,
22.83% is neutral, 22.44% is med acid, 3.94% is alkaline (Table 4). Olive tree can be grown in a wide soil reaction
(Ozbek, 1981); (Llamas, 1984); (Hartmann and Lilleland, 1966). Considering that it develops well in slightly acidic
(pH 6.5) and slightly alkaline (pH 7.8) soils, and 50.39% of the research area soils are slightly alkaline and 22.83%
are neutral, it is understood that the soils of the region is suitable for olive farming in this respect. In order to reduce
the pH in the alkaline reaction soils (1.55%), powder sulfur should be applied in the fall, preferably with farm
manure or physiological acid fertilizers should be used. In some studies conducted to determine the nutritional
status of olives, soils are determined that neutral and medium alkaline in the Western Anatolian Region; a neutral
and slightly alkaline in the Gemlik region (Uysal et al., 2011), acid in the Armutlu peninsula (Uysal et al., 2016);
light and medium acid in Kapidag peninsula (Saglam et al., 2008); slightly alkaline in the Izmir (Aydogdu, 2011),
Derik (Doran et al., 2008) and Urfa region (Soylemez et al., 2017).

Table 3. The lowest, highest and average value of extractable B, Fe, Zn, Cu and Mn

B Fe Cu Zn Mn
Values (mg kg™
Lowest 0.20 1.62 0.13 0.09 0.96
Highest 5.24 92.81 20.60 9.15 78.60
Average 1.22 17.70 2.40 1.46 16.71
Kurtosis 6.71 2.95 15.13 7.08 5.23
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Skewness 1.72 1.79 3.42 2.27 2.02

Median 1.14 9.63 1.70 9.47 16.71

Stds 0.67 17.09 2.59 1.46 14.32

Variance 0.45 291.91 6.69 1.03 12.13

DK 55.47 96.54 107.96 1.32 147.25
3.1.3.EC

EC values ranged from 0.05 to 1.16 dS m™! (Table 2). According to Anonymous (1951), 100% of the soils were
included in the saltless class (Table 4). It can be said that the soil of the research area will not be a problem for
olive cultivation in terms of salinity. Olive trees are moderately resistant to salt (Ozbek, 1981); (Llamas, 1984).
Kasirga (2009) found that the point where Na-origin salinity damage starts for the Gemlik variety is between 4.0
dS m™' and 8.0 dS m™'. In some studies conducted to determine the nutritional status of olives, all the soils are in
the salt-free class in the Western Anatolian Region (Turan et al., 2013), Izmir (Aydogdu, 2011) and Urfa provinces
(Soylemez et al., 2017), in the Kapidag peninsula (Saglam et al., 2008), 96% of olive groves of Armutlu peninsula
are in the salt-free class (Uysal et al., 2016). The soluble salt content of olive groves ranged from 0.28% to 0.40%
and was mostly determined in the less salty class in the Derik region (Doran et al., 2008).

Table 4. The status and distribution of soils in terms of pH, EC, lime and organic matter

Nutrient Limits Evaluation Number of sample Distribution
(piece) (%)
Sandy L 39.76
andy Loamy 101
L L 14.96
oamy (L) s
Sandy Clayed Loam (SCL) 40 15.75
Structer Clayed (C) 9.06
(Anonymous, 1951) 23
Sandy Clayed (SC) 6 2.36
Clayey Loamy(CL) 45 17.72
Loam Sandy (LS) ] 0.39
<5.1 Strong acid
1 0.39
5.1-6.6 Mid acid 57 22.44
6.6-7.3 Neutral 58 22.83
H
P 7.4-79 Mild alkaline 128 50.39
7.9-8.5 Alkaline 10 3.94
>8.5 Strong alkaline 0 0.00
<25 Saltless 254 100.00
264.5 Brackish 0 0.00
EC
(dSm™) 4.6-6.9 Mesosaline 0 0.00
Anonymous, 1951
(Anony ) 7010 High saline 0 0.00
>10 Extreme saline 0 0.00
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<25 Low 94 37.01
. 2.6-5.1 Limy 41 16.14
Lime
(%) 5.1-10.1 High 33 12.99
Evliya, 1964
(Eely ) 10.1-20.0 Very high 27 10.63
>20.0 Extreme 59 23.23
0-2 Poor humic 112 44.09
OM (%) 2-5 Less humic 141 55.51
(Thun et al., 1955) | 03
>5 Humic :

3.1.4. Lime

The lime content of the soils ranged between 1.16-74.50% (Table 2). According to Evliya (1964), 37.01% of
the soils were low, 16.14% were limy, 12.99% were high, 10.63% were very high and 23.23% were in the extreme
class (Table 4). Olive develops very well in calcareous soils (Kacar and Katkat, 1999). It is known that olives
tolerate a wide limit in terms of lime, and olive does not lose anything from their productivity (Colakoglu, 1985).
However, it shows the best development in 9-19% so that it contains moderately lime (Hartmann and Lilleland,
1966); (Llamas, 1984); (Mengel and Kirkby, 1987). As a result of the study, 34.40% of olive groves were found
to contain low lime. Olive is actually a drought tolerant plant that can grow in a wide soil reaction, tolerates lime.
However, purchasing quality and abundant products requires special conditions to be met (Ozbek, 1981); (Llamas,
1984). For this reason, it is thought that it will be beneficial to make the appropriate amount of liming in the areas
with low lime in the region. Approximately 60% of the area of the research contains high lime (Table 4). For this
reason, it is necessary to choose fertilizers with low lime rates and to apply organic fertilizer applications in these
areas with high lime content in chemical fertilization. In some studies carried out to determine the nutritional status
of olives, it was determined that 32.84% of the soils are low in the Western Anatolia Region, 29.35% is limy,
19.90% is high and 17.91% is very high lime (Turan et al., 2013); 50% of the lime is rich in Izmir province
(Aydogdu, 2011); the majority of the Kapidag peninsula is low calcareous level (Saglam et al., 2008). In the Derik
region, CaCOs levels vary between 5.03-13.41% and are in the class of lime-rich soils (Doran et al., 2008) and
47.06% in the Urfa region are too lime and 32.35% are too lime (Soylemez et al., 2017 ) and olive groves do not
contain lime in the Armutlu peninsula (Uysal et al., 2016).

3.1.5. Organic matter

Organic matter contents ranged between 0.86-5.74% (Table 2). According to Thun et al. (1955), soils of 44.09%
were humus poor, 55.51% is less humus, and 0.39% is humic (Table 4). According to the results of the analysis,
the organic matter coverage of olive groves is low and proportionally a great majority of soils fall into the less and
less class. Olive loves soils with well-ventilated and sufficient moisture. Barnyard manure creates this environment
and increases the effectiveness of commercial fertilizers. Because of this reason, it should be applied to the soil
adequately and accurately. In addition, an ideal growing environment should be created by combining the soil with
organic and inorganic fertilization (Ozbek, 1981); (Cakir and Cavusoglu, 1988). Special attention should be given
to the release techniques, the common use of barn manure and green fertilization to improve the soil organic matter
level. Organic matter content of soils in the Western Anatolia Region is 26.37% very low, 58.21% low, 12.44%
sufficient and 2.98% high (Turan et al., 2013). It was determined that in Izmir province (Aydogdu, 2011) and
Kapidag peninsula (Saglam et al., 2008), all of them are low, in the Gemlik region, 22.7% are few and very little,
47.7% are medium and 29.7% are high and very high (Uysal et al., 2011), 28.9% are low in Armutlu peninsula,
30.9% are medium and 40,2% is determined at a high and very high level (Uysal et al., 2016). While it varied
between 1.29-1.98% in the Derik region (Doran et al., 2008), it was changed between 0.37-2.32% in the province
of Sanliurfa (Soylemez et al., 2017) and both were reported to be insufficient.
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Table 5. The status and distribution of soil in term of microelements

Nutrient Limits (mg kg-1) Evaluation Number of sample (piece) Distribution (%)

<0.5 Little 35 13.78

0.5-2.00 Adequate 194 76.38

B 2.00-5.00 Much 24 9.45
>5.00 Too much 1 0.39

<2.5 Lack 3 1.18

Fe 2.5-4.5 Lack visible 11 4.33
>4.5 Well 240 94.49

Cu <0.2 Insufficient 3 1.18
>0.2 Sufficient 251 98.82

<0.2 Too little 3 1.18
0.2-0.7 Little 84 33.07
n 0.7-2.4 Sufficient 127 50.00
>2.4 Much 40 15.75

<0.2 Too little 0 0.00

Mn 0.2-0.7 Little 0 0.00
0.7-5 Sufficient 21 8.27

>5 Much 233 91.73

3.1.6. Extractable B

The extractable B contents of soils ranged between 0.20 to 5.24 mg kg! (Table 3). When the extractable B
content of soils were evaluated according to Wolf (1971) 13.78% of the soils were classified as low, 76.38%
adequate, 9.45% much and 0.39% too much (Table 5). Total B coverage of the soils is between 20-200 mg kg'!
and the available B fraction is between 0.4-5.0 mg kg'! (Gupta, 1979); (Deliboran and Savran, 2017). If the amount
of extractable boron of the soils is less than 0.5 mg kg™!, the amount of boron suitable for the plant is insufficient,
and if it is between 0.5-5.0 mg kg!, the amount of boron suitable for the plant is sufficient (Sillanpaa, 1982);
(Deliboran and Savran, 2017); (Deliboran et al., 2019a). In this context, it is considered that the area of the research
is sufficient in terms of B content. In some studies conducted to determine the nutritional status of olives, boron
content of soils is low in the Western Anatolia Region, 32.84% low, 63.18% sufficient and 3.98% high (Turan et
al., 2013). In Izmir province, boron contents of soils ranged between 1.47-5.34 mg kg'' and 1.15-3.87 mg kg™! in
term of variety and the soils are sufficient class (Aydogdu, 2011). In another study, the boron contents of some
olive cultivation areas in Izmir province varied between 0.20 and 5.24 mg kg' and it was insufficient in
approximately 27% (Deliboran et al., 2019). The B content of olive groves was ranged between 0.37-0.53 mg kg~
!in the Derik region and it was inadequate (Doran et al., 2008), while it was insufficient in 100% in Sanliurfa
province (Soylemez et al., 2017).

3.1.7. Extractable Fe, Cu, Zn and Mn

The extractable Fe contents of soils varied from 1.62 to 92.81 mg kg™!. According to the limit values, 1.18% of
the soils were lack, 4.33% were lack visible, 94.49% were well class. The extractable copper contents ranged from
0.13 to 20.60 mg kg, 1.18% of soils were insufficient, 98.82% were sufficient class. Extractable zinc contents
ranged from 0.09 to 9.15 mg kg™!, 1.18% of the soils were too little, 33.07% were little, 50.00% were sufficient
and 15.75% were much. The extractable manganese contents ranged from 0.96 to 78.60 mg kg™, 8.27% of the soils
were sufficient, 91.73% were much class (Table 3; 5). When the results are evaluated as a whole, it can be said
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that the soil cultivated in the research area is sufficient in terms of manganese and insufficient in terms of iron,
copper and zinc. In a study conducted in the Western Anatolian Region in order to determine the nutritional status
of olives, approximately 35% of the soils in terms of Fe and Cu contents; 72% in terms of Zn and 11% in terms of
Mn are determined in the low and critical class (Turan et al., 2013). In another study, the iron content of the soil
in Izmir province varied between 1.43-3.02 mg kg' / 1.15-4.13 mg kg'!, respectively for Uslu and Domat olive
varieties, and all of them were low and critical. It has been reported that the contents of the extractable Cu, Zn and
Mn varied between 1.11-3.31 mg kg! / 0.43-2.55 mg kg''; 0.86-2.66 mg kg / 0.14-2.76 mg kg''; 0.76-2.71 mg
kg /0.43-1.87 mg kg! respectively, and all three elements were in sufficient class (Aydogdu, 2011). In another
study conducted in Izmir province, it has been reported that the extractable Fe, Cu, Zn and Mn contents of olive
groves were varied between 2.82-92.81 mg kg™!; 0.41-20.60 mg kg'!; 0.36 and 9.15 mg kg™ and 3.47-78.60 mg kg~
I, respectively. In term of iron, copper, zinc and manganese, 94%, 100%, 80% and 99% of soils were sufficient
class. It has been reported that zinc feeding problems were experienced in the region (Deliboran et al., 2019b). The
content of Fe, Zn, Mn and Cu of olive groves in the Derik region ranged between 6.18-11.3 mg kg™!, 3.14-9.27 mg
kg!; 5.32-8.08 mg kg™ and 1.63-3.48 mg kg'!, respectively and all of them were identified sufficient class (Doran
et al., 2008). In Sanliurfa province, the extractable Fe and Cu contents of the soils varied between 1.92-4.13 mg
kg! and 0.85-2.30 mg kg, respectively and 100% of them were medium and sufficient, Mn and Zn contents
ranged between 1.80-6.44 mg kg! and 0.18-0.55 mg kg'!, respectively, and it were determined that 100% of soils
were too little and little class (Soylemez et al., 2017).

3.2. Plant analysis results
The lowest, highest and average element analysis results of leaf samples are given in Table 6 and

microelement content and distribution of leaves are given in Table 7.

Table 6. The lowest, higest and average values of total B, Fe, Cu, Zn and Mn concentrations of leaf

samples
Values B Fe Cu Zn Mn
(mg kg™)
Minumum 8.66 23.57 3.06 3.95 8.39
Maximum 29.33 487.68 281.81 39.14 105.13
Average 16.94 120.27 18.105 14.21 27.86

3.2.1. Total B content of olive leaves

Total B content of olive leaves varied between 8.66-29.33% (Table 6) and according to the limit values, 85.04%
of the leaves samples were little, 14.96% were adequate class (Table 7). According to Reuters and Robinson (1997)
B limit values of olive leaves varies between 20-150 mg kg™, and according to Jones et al. (1991), it varies between
20-75 mg kg'!. Considering that of 13.78% of the research area soils has boron feeding problems, 86.22% of soils
contain adequate, much and too much boron, and 85.04% of the leaves contain little B, it is understood that
approximately 86% of the olive grown areas in Izmir and Mugla province has a serious boron nutritional problems
(Table 7). Although there is sufficient boron in almost all soils, the lack of boron in 85.04% of the leaves indicates
that plant does not benefit from the boron in the soil. In the surveys conducted to determine the nutritional status
of our country's olive groves, it was determined that the most B, Zn, K, and N deficiencies were found according
to the order of importance (Canozer, 1978); (Dikmelik, 1989); (Genc et al., 1991); (Aksalman et al., 1993); (Tekin
et al., 1994). (Doran and Aydin, 1999); (Deliboran et al., 2019); According to Deliboran et al. (2019) in a study
conducted in the olive groves of Izmir province, the total boron content of leaves varied between 8.66-24.23%;
although 27.13% of soils contained a low level of boron, approximately 78% of leaves were little class, it was
understood that there was a serious problem of boron nutritional in Izmir province. It is thought that boron fertilizer
applications should be made especially in the regions with boron deficiency. Ozbek (1981) reported that it may be
inconvenient to apply to fruit trees with boron deficiency due to the fact that this element is very close to the
boundary where the deficiency boundary and the poison effect, so that the desired boron levels in fruits and leaves

401



Deliboran & Savran & Dursun & Eralp & Pekcan & Turan & Aydogdu & Cilgin & Olmez & Savran & Nacar
Determination of nutritional status of olive (Olea Europaea L.) trees grown in Izmir and Mugla province in terms of boron and the other microelements with soil
and leaf analyzes

can be achieved by spraying boron from the leaf. He reported that the boron deficiency in boron or boric acid
solution could be eliminated by spraying the leaves at a concentration of 0.15-0.24% in many fruit species. Perica
et al. (2001a) investigated the boron movement, mannitol and glucose concentrations in different organs of the
Manzanillo olive cultivar in yield age and the effects of change of B application on soluble carbohydrates using
labeled B. They reported that after application from leaves of various ages treated with 10B application, there was
a significant 10B output and a significant 10B increase occurred in neighboring organs that did not apply in
inflorescences and fruits. The results proved that B can be carried from leaves of different ages and that B, which
is applied from the leaves in olives, is portable in phloem. Soluble carbohydrate analysis found that mannitol and
glucose were the dominant sugars in all organs analyzed and that the concentration of mannitol in the leaves was
sufficient to calculate the entire B transport.

3.2.2. Total Fe, Cu, Zn and Mn

The total Fe, Cu, Zn and Mn contents of olive leaves ranged between 23.57-487.68%; 3.06-281.81%; 3.95-
39.14%; 8.39-105.13%, respectively (Table 6). Distribution of olive leaves in terms of Fe content were 1.18%
little, 98.82% adequate class; in terms of Zn content, 66.54% little, 33.46% adequate and much; in terms of Mn
contents, 20.08% little, 79.92% adequate and much; in terms of Cu contents 10.63% little, 89.37% adequate and
much (Table 7). Considering that 5.51% of the soil samples were lack and lack visible class (Table 5) and 1.18%
of the leaf samples were little class (Table 7), it is understood that there is a small feeding problem in terms of Fe.
In term of Zn considering that 34.25% of the soils were too little and little class (Table 5) and 66.54% of the leaves
were little class (Table 7), it is understood that serious Zn nutrition problems are observed. In terms of Cu, 1.18%
of the soil were insufficient (Table 5) and 10.63% of the leaves were little class (Table 7), in terms of Mn, 100%
of the soil were sufficient (Table 5) and 20% of the leaves were little, it is understood that there is small Cu and
Mn nutritional problems in the research province. According to Deliboran et al. (2019), the total Fe, Cu, Zn and
Mn contents of the leaves were ranged between 23.57-201.25%; 3.06-169.52%; 3.96-35.73%; 8.39-105.13%,
respectively. The researchers said that there were a serious nutritional problems of Cu, Mn and Zn, 7%, 17% and
64%, respectively and there were not nutritional problems of Fe.

Table 7. Micro elements status and distribution of leaf samples

Nutrient Limit (%) Evaluation Number of sample Distribution (%)
<20 Little 216 85.04
B 20-150 Adaquate 38 14.96
150< Much 0 0.00
<30 Little 3 1.18
Fe 30-40 Adaquate 7 2.76
40< Much 244 96.06
<15 Little 169 66.54
Zn 15-30 Adaquate 82 32.28
30< Much 3 1.18
<20 Little 51 20.08
Mn 20-35 Adaquate 156 61.42
35< Much 47 18.50
<4 Little 27 10.63
Cu 4-10 Adaquate 184 72.44
10< Much 43 16.93
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4. Conclusions

In this study, the boron nutritional status and some properties of olive cultivated areas in Izmir and Mugla
provinces were examined, and the effects of the obtained results on olive farming were evaluated.

According to the results of the research; the vast majority of the research area soils have sandy loamy and
clayey loamy structure, the content of organic matter is low. Soils with mild alkaline, neutral and mid acid
properties are included in the saltless class. Considering that the olive tree can be grown in a wide soil reaction
and shows good development in slightly acidic and slightly alkaline soils, it is seen that the territory of the region
is suitable for olive farming in this respect. Since the vast majority of the research area soils contain high lime,
particular care should be taken in selecting fertilizers with low lime rates in chemical fertilization. Considering
that olives love soils with good air and sufficient moisture, the manure that creates this environment and increases
the efficiency of its commercial fertilizers should be applied to the soil adequately and correctly. Also, an ideal
growing environment should be created by combining the soil with organic and inorganic fertilization. Special
attention should be paid to release techniques, widespread use of barn manure and green manure to improve its
level. When the research results are evaluated as a whole in terms of boron, zinc, iron, copper and manganese, it
is unterstood that there are serious nutritional problems in terms of B and Zn. It was also determined that there
were nutritional problems, although not very serious in terms of Fe, Cu and Mn. Although 86.22% of the soils
contain sufficient boron, the lack of boron in 85% of the leaves indicates that the plant does not benefit from boron
in the soil. In this context, in order to eliminate these nutritional problems in the research area, particular
importance should be given to boron, zinc, copper, iron and manganese fertilization.

It is thought that the fruit boron deficiency should be applied precisely from the soil due to the fact that this
element is very close to the boundary deficiency and the poison effect of this element. Also it is thought that the
desired level of the leaves in fruits trees can be achieved more easily by spraying the boron from the leaf due to
the fact that the boron applied from the leaf can easily be carried in the phloem. Considering the results of this
study carried out in Izmir and Mugla, it is understood that effective fertilization program, method and time are
extremely important. It is thought that quality and high-efficiency production in olive farming can be possible with
balanced fertilization, organic fertilizer addition and other technical applications meticulously.
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Abstract

Meeting the healthy nutrition needs of the increasing population in the arid and semi-arid climates of the different
regions of the world such as Iran has become very important for the agriculture ministry and water resources
managers. In this study, the system dynamics approach was used in the Vensim software environment to allocate
the water of the Zonouz dam reservoir for irrigation purposes in the northwest of Iran. For this purpose, the existing
surface water resources in the basin and the amounts of agricultural water and environmental water demands were
determined and a water allocation plan was developed. In the first stage of the study, it was found that if the
existing water resources and demands will not change, the amount of water stored in the reservoir will provide
approximately 91% of irrigation water demands and approximately 99% of environmental water needs. The model
created in the study was found to be sensitive to reservoir inputs and irrigation water demands. Within the scope
of this study, the impact of two different scenarios that may occur as a result of climate change and irrigation
management in the operation of the reservoir was evaluated. The decrease in the amount of water entering the
reservoir in the first scenario and the increase in irrigation water needs in the second scenario are assumed within
the next 10 years. According to the simulation results of the first scenario, irrigation water demands will not be
met sufficiently with the decrease in the amount of water to be stored in the reservoir due to the decrease in the
amount of water entering the reservoir in the next 10 years. According to the results of the second scenario, in the
next 10 years due to possible climate change or if the cultivated area increases due to some new agricultural policies;
The amount of water stored in the reservoir will not meet the irrigation demands and there will be water shortage
in the system. In this case, it is necessary to make changes in irrigation water management and use new irrigation
systems to save water. Based on the findings of the study, it has been observed that the impact of all types of
irrigation water policies can be successfully evaluated within the scope of the system dynamics approach.
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1. Introduction

Increasing population growth and water use, over-cutting of trees and forests, changing the ecosystem of nature,
urban development and pollution production, inappropriate and unskilled agricultural practices are among the
factors that cause disruption of the regular water cycle of the planet, which is a serious threat to human society.
The arid and semi-arid climate covers a large area of land in Iran and naturally faces many constraints in terms of
water resources (Abdi et al., 2017). On the other hand, all available water resources in Iran are not usable and a
high percentage of them are salty water (Mirabbasi and Eslamian, 2010). Regarding the unique role of water as an
essential element in the economic development of the country, controlling and optimizing the use of existing water
resources is of great importance. Since the construction of water facilities requires high costs, neglecting the proper
utilization of the land does not only ensure the expected profit from the establishment of the facility, but also, on
a grand scale, causing the loss of initial capital and environmental degradation is possible. Lack of systemic attitude
in water resources development projects in the country's water basins and allocation of water resources
development plans in isolation and point-to-point, regardless of the interactions of water resources development
projects in a basin, will be caused big challenges at the basins and the wasting of national treasures. Problems due
to population growth and development in how allocated water resources be more complicated day by day, and
finding appropriate require better thinking. Available water resources across the globe are used extensively, and
population growth and climate change imposes tensions on these vital resources (Baron et al., 2002; Jackson et al.,
2001). In order to put together these complex and interrelated components and interact with them and think of
ways to manage water resources, it is necessary to develop methods that, in addition to the analysis of the system,
can simulate the system as it presents a rough idea of what actually happened or will happen. The science of System
Dynamics (SD) makes this possible. Modeling the change in water resources over time dynamically provides a
scientifically valid basis for water management strategies (Vines, 2009). System dynamics methods are simple and
effective compared to other systems analysis methods and do not require complex mathematics in the system
description. The attractiveness of this method is to increase the speed of creating a model, the possibility of group
development of models, and the ability to easily modify the model in response to changes in the system (Simonovic
and Ahmad, 2002). Also, in this approach, the validity of the model can be measured by various methods such as
sensitivity analysis and linear tests. System dynamics analysis is used as a method based on systems thinking to
study and improve learning in relation to complex systems. The purpose of this method is to understand the nature
of a dynamic occurrence and attempt to implement policies and manage that event (Saysel et al., 2002). This
method was originally developed by Forester in 1950 to better understand the strategic issues in complex dynamic
systems (Forrester, 1961). This method predicts the behavior of system by considering the relationships among its
components. These patterns are a way of understanding the behavior of complex systems over time. What
distinguishes system dynamics from other methods is the use of feedback loops and rate and state variables that
help in understanding the behavior of the system. The basis of this method is to recognize the structure of the
system (nonlinear relationships, delays, and feedbacks) in determining the behavior of the system in terms of the
recognition of each component (Forrester, 2007). The system dynamics has so far been used in various scientific
fields such as the environment (Feng et al., 2013; Ding et al., 2016), sustainable development issues (Yang et al.,
2015), environmental management (Dace et al., 2014), environmental and ecological modeling (Weller et al., 2014)
etc. The first model of system dynamics for urban water management has been developed by Grigg and Bryson
(1975) and Grigg (1997). They analyzed the dynamics of water resources in the Fort Collins metropolitan area.
Keyes and Palmer (1993) used the SD method to simulate a drought condition. Fletcher (1998) used this method
as a decision analysis method for water deficit management. Simonovic and Fahmy (1999) used the above method
to evaluate long-term water resources and to analyze applied policies in the Nile River Basin in Egypt. Royston
(1999) used the above method to provide water demand and exploit a multipurpose reservoir. Subsequently, system
dynamics models were used by many researchers to manage water resources in different parts of the world (Ryu
et al., 2012; Xi & Poh; 2013; Wu et al., 2013; Kotir et al., 2016; Sun et al. , 2017).

In Iran and in the World, a numerous number of researches have been done using the system dynamics approach.
For example, In this section, we will mention some articles that have been working on reservoirs. Rouzegari et al,
(2019) was first estimated, using the flow duration curve shifting method (FDC Shifting) the environmental water
demand of the Mahabad River in the Urmia Lake basin in Iran. Secondly, the optimal operating model of the
reservoir was developed with the goals of decreasing the deficiencies and considering the downstream demands
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of the reservoir. Sattari et al, (2013) has been devised a method to make available the maximum amount of water
for irrigation, drinking, and the flow regime of Sofi Creek. The optimal performance of the Eleviyan Dam was
evaluated based on reservoir inflows. Sattari et al, (2012) used 4 different datasets of monthly amounts of water to
be released from the Eleviyan irrigation reservoir in Iran as inputs in a data mining model; “if—conditional”
operating rules were determined as outputs. Sattari et al, (2009) the efficiency of the Eleviyan irrigation dam
system was investigated in three phases by setting up the optimization model that maximized the water release for
irrigation purposes after municipal water need were met. In this study, water use performance indicators in
Kizilirmak Basin Irrigation Schemes for the years were 2003-2005 were determined; the results were discussed
and evaluated. Cakmak et al, (2007) were determined water use performance indicators in Kizilirmak Basin
Irrigation Schemes for the years were 2003-2005; the results were discussed and evaluated. Cakmak et al, (2014)
developed four benchmarking performance indicators by International Water Management Institute (IWMI)
indicating incomes per unit area and water and the other water use efficiency indicators were used together to
assess the water use efficiencies of irrigation schemes over transboundary basins.

Nasseri et al. (2009) developed a model based on the system dynamics for Shahr chay dam reservoir and
underlying aquifer in Urmia, Iran. In that model, the interaction between demand and supply of drinking, industrial
and agricultural water uses from both surface and ground water resources created a complex system. The results
of the model showed that if the sewage collection system is implemented in Urmia and the sewage reaches zero,
the total water supply will be provided from the reservoir water and the irrigation efficiency will reach 41 percent,
and much of the groundwater storage will be reduced. Alami et al. (2014) used the SD method to optimize the
water management of Golak Dam in Zahedan, Iran. The results of their research showed that using the system
dynamics approach, it is easy to see the effect of applying different scenarios and management policies on the
allocation of water resources and based on which decisions were made. Zarghami et al. (2016) used a system
dynamics approach to develop a decision-making system for the operation of Yamchi Dam in Ardebil province,
Iran under the influence of climate change. They concluded that this method could be used in cases where the
development of a policy or decision was made in a critical situation. Gohari et al. (2017) used the system dynamics
method to investigate different strategies for managing water resources under the influence of climate change in
the Zayandeh Rood River Basin, Iran. They divided the existing system into three hydrological, agricultural and
socioeconomic sub-systems, and used the system dynamics to analyze and evaluate the adaptive management
strategies for climate change.

Shao and Yang (2009) investigated the historical evolution of the water resources allocation system in the
Yellow River basin of China. Based on the concept of water use flexible limit to water shortage and actual water
use data from 1988-2006, a set of flexible limits to water shortage adapted to the Yellow River basin has been
proposed.

Xie et al. (2018) was developed an inexact two-stage stochastic downside risk-aversion programming for
regional industrial water resources allocation under considering system return-risk and various environment
control strategies. The model is applied to a real case of industrial water resources allocation management in
Chongqing city, China, where regional industrial system has faced with lots of difficulties and complexities in
water resources utilization and water environmental protection. The results indicated that the total pollutants
emission amount control and the expected revenue risk can be used as effective measures for regional industry
structure adjustment from terminal environmental and macro-economic perspective.

There are some softwares which released for creating water resource allocation models based on the system
dynamics approach. One of these softwares is Vensim (Venata systems, 2000). Vensim software is a graphical
object-oriented modeling tool that is capable of embodying, processing, simulating, analyzing and optimizing
dynamic models. Vensim provides a simple and flexible way of simulating loop models and flow diagrams. Many
researchers have used this software to model water resource allocation. Zarghami and Akbariyah (2012) simulated
the urban water system of Tabriz based on the system dynamics approach using the Vensim software. Sahin et al.
(2015) used the Vensim software to simulate the South East Queensland water system in Australia and review
economic feedbacks. Fazel Modares et al. (2012) provided the optimal allocation of water resources to the Alavian
dam using the Vensim model. The results showed that the dam provides downstream area demands at a desirable
level. Arshadi and Bagheri (2013) used the Dynamics Vision System and Vensim Software Approach to analyze
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the status of the Karun basin water resource system from a sustainability perspective. Babaian et al. (2016)
analyzed the vulnerability of the water resources system in Rafsanjan to water deficit using the water accounting
framework. In order to investigate the impact of different policy options in existing conditions and create an
environment for decision making, using the SD approach, the economic-water resource model was developed by
the Vensim software.

In this study, the system dynamics approach was used to simulate the water resources of the Zonouz Chai basin
and providing different scenarios for optimal allocation of Zonouz Dam water resources

.2. Materials and Methods
2.1. The study area and used data

Zonouz Dam is located in the Aras River basin, North-west of Iran. The basin of the Aras River is the basin borders
the countries of Azerbaijan and Armenia with the countries of the north and having a common frontier with Turkey.
The climate of this basin is mainly influenced by the polar front and moderate Mediterranean air masses (Jamab
Consulting Engineers Company, 2005). Zonouz Dam is located 24 km north of Marand city and 100 km northwest of
Tabriz city (Fig. 1). Zonouz River originates from the Sultan-Zanjir heights (Sultan Sanjar) and from the mountains of
Daghdi, Ghazal Daghi, Odaghi, and Bughodadaghi, and flows east-west direction. After passing through the city of
Zonouz and joining the Qotur River, the river flows through the Aras River to the Caspian Sea. The area of the Zonouz
basin is about 45.3 km?2 and the average annual discharge is 11 million cubic meters. The average annual sediment is
about 194000 cubic meters, and the average annual precipitation and evaporation of free water surface at the dam are
measured 386 mm and 922 mm, respectively (Jamab Consulting Engineers Company, 2005). Also, the time series of
the monthly discharge of the Zonouz River at the Chercher station is shown in Fig. 2. It should be noted that the
horizontal axis of this chart is based on the month of October 1974. The required water for agricultural lands and
gardens in Marand and Zonouz is being provided from Zonouz Dam within the modern network irrigation and
traditional drainage. Providing the irrigation demand by this dam, especially during the drought periods, has been able
to maintain the farmer’s livelihoods of the region well.

Figure 1. The geographic location of Zonouz Dam
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Figure 2. Monthly discharge time series of Chercher Station (1974-2016).

In this study, the river discharge and precipitation data in the period of 1974 to 2016 were obtained from the
Regional Water Company of East Azarbaijan and Islamic Republic of Iran Meteorological Organization (IRIMO). The
surface water abstraction data of the region are collected every few years by the regional water company, which
includes information such as geographic location of exploiting source, exploitation water flow and exploiting time.
The data related to the cultivation of irrigated agricultural land, including irrigated agriculture and gardens, GIS maps
for vegetation cover and water information, each plus the related levels, were provided by the Agriculture Jihad
Organization of East Azarbaijan Province.

2.2. System Dynamics method

The basis of the simulation method of system dynamics is based on feedback and object-oriented events. One
of the important concepts in the system dynamics approach is the law of continuity, which is the basic concept of
routing in the reservoirs. In this method, four tools of storage, flow, interfaces, and converters are used for
modeling, and the expert's mentality focuses on causation and eventual charts and ultimately the storage and flow
(Simonovic et al., 1997; Sterman, 2000). System Dynamic models allow the inclusion of quantitative and
qualitative variables simultaneously in the system. In mathematical models, it is not possible to edit qualitative
parameters. In dynamic models, by writing inaccurate equations for qualitative variables and numerical simulation,
the effect of these variables on the whole system is considered (Forrester & Senge, 1980). In the Vensim software,
the relationships between system variables describe and define by connecting words by flash. After defining the
above relations and constructing the model, all aspects of the behavior of the system can be able to simulate. The
Vensim environment makes users needless from the mathematical basis form also the language details. This
software can simultaneously solve nonlinear equations among several variables. In this software, the graphs are
constructed with a series of first-order differential (often nonlinear) equations, which are solved by the Euler or
Runge—Kutta methods. The modeling method in this software is to make the progress of the generalities in more
detail so that the functions and components of the connection are gradually increased so that a complete model for
execution is prepared.

2.3.Modeling in the Vensim environment

Modeling in Vensim software includes the following steps:

- Collection of data and required information

- Data processing and preparation

- Determine and calculate the amount of water resources

- Determine and calculate the water demands in different sectors of consumption

- Preparation of information for use in the Vensim model
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- Creating model in the Vensim software environment

- Analysis of the results of the model

The key stage in modeling is the proper definition of the conceptual model of the desired area. That is, firstly,
the components of the basin balance should be precisely determined. Afterward, the amount of each component
of the balance sheet should be precisely determined. After estimating the inputs to the reservoir and the water
demands that can be provided by it, simulation and preparation of the basin model begin at the monthly scale. At
this stage, the amount of water entering the reservoir is considered in terms of its upstream designs. The amounts
of resources and expenditures in the basin of each dam are entered into the model on a monthly basis and the
performance of the basin in terms of the percentage of time supply and volume of drinking, agricultural,
environmental, and industrial demands in different drainage conditions of the basin as output of the model is

obtained.

The purpose of the construction of each dam is to provide a set of demand types such as drinking, industrial,
and agricultural demands that are calculated for the basin of each dam and considered as the planning needs of that
dam. Also, environmental demands should be considered in designing each dam. Zonouz Dam has been designed
and constructed with the aim of providing agricultural and environmental demands. The amount of agricultural

demands of this basin is presented in Table 1.

Table 1. Average monthly agricultural demands (Million Cubic Meters)
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Each dam after exploitation should meets own downstream environmental demands. In the present study, the
Montana (Tennant) method has been used to estimate the environmental need of the Zonouz Dam (Tennant, 1976).
According to this method, after calculating the average input of the dam reservoir for months of the year during
the period of discharge, a percentage of that, which varies for the first and second six months of the year, is
considered as the environmental demands of the dam in the model. Table 2 shows different percentages of the
river discharge based on different conditions. In this study, for the Zonouz Dam, 30% of the river discharge in the
first six months of the year and 10% of the river discharge for the second six months of the year were considered

as an environmental demand (Table 3).

Table 2. The amount of environmental demand based on the Montana method (Tenant, 1976)

The minimum share of the long-term average of the river

Quality of aquatic life

October to mid-April From mid-April to September
Ideal situation 60-100 60-100
Great 40 60
Excellent 30 50
Good 20 40
acceptable 10 30
weak 10 10
Severe shortage Less than 10 Less than 10
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Table 3. Zonouz Dam environmental demands in different months of the year (Million Cubic Meters)

Month

1q0P0
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Average annual discharge 0.07 0.14 0.13  0.11 0.11 024 054 052 024 0.09 0.10

Environmental need 0.007 0.014 0.013 0.011 0.011 0.024 0.162 0.157 0.072 0.026 0.029  0.006

To simulate with Vensim software, it is necessary to first design the structure of the model (definition of system
variables, connections, and relationships between the variables mentioned above) and after entering the relevant
data in the software, implementation and simulation of the model are performed, so that the output results to be
achieved. It is necessary to ensure that the time of the model is set before the model is executed so that the model
is equivalent to the number of months of the length of the statistical period. Referring to the output file of the
simulation model, it can be calculated by comparing the input data of different demands and the output numbers
of the supply corresponding to each demand, the volume and time percentages of the supply. It should be noted
that the determination of the amount of water allocated from water resources to every demand and uses of the
waters in the watershed is based on the priority and with regard to the quality constraints and the possibility of the
transfer of appropriation from one consumption to other uses.

In this study, after collecting hydrologic and meteorological information of the area, the conceptual model of
the Zonouz Dam and the basin was identified and the Causal Loop Diagrams of the basin were drawn in the Vensim
software environment. Figure 3 shows the cause and effect diagram of the Zonouz Dam as feedback loops. In this
Figure, the amount of storage in the dam of the disabled dam is the input variables, evaporation, leakage from the
wall and the dam, release, and overflow. In this model, the volume of the reservoir is represented by the storage
variable (state variable), and the input flow, evaporation values, output flow, and overflow values are shown as a
flow (rate) variable. The amount of overflow from the reservoir of the dam is calculated according to the input,
output and height values equal to the maximum volume of the reservoir. Output flows are determined based on
operating policies and downstream requirements. This amount is deducted from the sum of the input flow and the
reservoir storage volume with reservoir losses and leakage amounts. The residual volume is compared with the
equivalent volume of the maximum water heights in the dam reservoir and the excess is extracted from the reservoir
of the dam as the overflow. It should be noted that the water infiltration values from the reservoir floor due to the
lack of measured data are not included in the model. Therefore, in losses, only the amount of water leakage from
the walls and the foundation of the dam and evaporation from the dam reservoir surface are considered. In the next
step, the required data were entered into the model. These data include the long-term series of monthly discharge
into the dam reservoir, the monthly evaporation from the reservoir, the surface-volume-height of the reservoir, the
maximum reservoir volume, and the dead volume of the reservoir, the monthly distribution of agricultural demands
and the environmental demands.
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Figure 3. The Causal Loop Diagram of the Zonouz Dam

It should be noted that the development of withdrawals from water sources during different years in the basin
has its effect on the recorded catches at the station. In simulating water resource development plans, it is assumed
that the river discharge regime in the position of hydrometric stations in the coming years will be similar to
previous years. Therefore, it is necessary first to eliminate the effect of upstream catchments on water resources
registered at hydrometric stations, which will reduce river discharge in the position of the hydrometric station in
the coming years, and then use it to simulate water development plans. For this purpose, the Trend removal method
was used.

At the design stage of the dam reservoir model, all the input and output parameters were coded to the Zonouz
Dam reservoir with respect to their relationship with each other in the Vensim software environment. Then for
each of the parameters, according to the program's standard, the flow or storage property was given, and the
variable or constant form was given, and for the parameters that are in series (such as the input flow), the required
data were entered. For the rest of the parameters, the conditional formula "if-then" was written to run the model
using the relationship that they have together. In the calibration step, the volume of the reservoir was investigated

in terms of balance.

3. Results and Discussion

After constructing the Zonouz Dam model in Vensim software, and also collecting and analyzing the data
needed to model the dam and define the data to the model, simulation of the performance of this dam by the
software and the results of the behavior of each variable of this dam is presented in following during the simulation
period (water years 1974-1975 to 2015-2016).

In order to calculate the level and height of the water stored in the dam reservoir at any time step, it is necessary
to estimate the volume-level, the volume-height relationship of the dam reservoir and define them to the model.
For this purpose, a quadratic equation on the volume-level of the reservoir of the dam was plotted and on the
volume-height of the dam reservoir of a cubic equation fitted and entered the model. In the following, the minimum
and maximum values of the reservoir volume were entered into the model. The minimum volume of the reservoir
volume is the same as the dead volume of the reservoir, which is 0.6 million cubic meters for the Zonouz Dam.
The maximum volume of the dam reservoir is the same as the total volume of the reservoir or the volume of the
reservoir at the normal level, for which the dam is 6 million cubic meters. Evaporation from the reservoir surface
of the dam can be calculated with the information of the evaporation rate and reservoir surface by the software.

Figure 4 shows the variation in the volume of water entering the reservoir during the years 1974-2015.
According to Fig. 4, it is observed that in the 340-380 months the flow in the river is low because of occurring
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the drought. It is also seen in Fig. 4 that in the months of 21, 130, and 400 the amount of flow in the river was
high. Similar to the graph for changes in the volume of water stored in the reservoir, changes in the surface
water behind the reservoir, the amount of evaporation from the reservoir, the amount of outflow discharge from
the dam, the total demand for water, and here are just some of them for the abbreviation is brought.
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Figure 4. Changes in the volume of water incoming the reservoir during the years 1974 to 2016

3.1.Calibration of the model

The important steps of modeling, are calibration, sensitivity analysis and verification of the model. At
this stage, the behavior of the model is compared with the observed behavior of the dam. To ensure the behavior
of the reservoir of the dam, the simulated reservoir volume is compared with the volume of the reservoir
recorded on the site. After correcting and adjusting of parameters and relationships, the calibrated model is
considered as the actual system display in nature. For this purpose, the reservoir storage volume information
was used for the period of 72 months during the water years 2009-2010 to 2015-2016. Information about these
years has been entered in the form of historical data and the reservoir volume has been compared with the
values measured at the dam during these periods (Fig. 5). As shown in Fig. 5, the amount of water stored in
the reservoir obtained from the simulated model are in good agreement with the actual storage capacity of the
reservoir during the operation period. Also, it is concluded from the Fig. 5 that in the years 2011 and 2014 the
amount of reservoir obtained from the simulation with the actual storage volume of the reservoir is
approximately equal, indicating better management and utilization in these years.
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Figure 5. Comparison of the volume of stored water in the reservoir based on the simulated model

and observed data
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Figure 6 shows a comparison of the behavior of the simulated model and the actual behavior of the dam in the
periods of operation from the point of view the amount of outflow. As shown in Fig. 6, the amount of outflow
from the reservoir simulated by the model is consistent with the actual outflow of the reservoir during the operation
period, which indicates the efficient management and operation of the Zonouz Dam during this period. After
calibration of the model, the sensitivity of the model to the parameters of the volume of input into the reservoir,
the evaporation amount from the reservoir, water leakage rate, agricultural and environmental demands were
analyzed. After each simulation step which was done by decreasing or increasing the desired values relative to
their base state, the existing error between the data was calculated for the reviewed variables. The results showed
that the generated model is more sensitive to the input inflow variable than the other variables. Agricultural
demands are at the next rank. This means that the simulation of the dam reservoir should be more accurate in
measuring the data related to these variables.
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Figure 6. Comparison of outflow water from the reservoir based on the simulated model and
observed data

3.2.Model Execution Results

Figure 7 shows the amount of water needed to meet all the demands, including agricultural and environmental
demands. The amount of deficiency in supplying agricultural and environmental demands is presented in Figures
8 and 9, respectively. As shown in Figure 8, the system was unable to meet the agricultural demand in the months
of 80 to 100 and between 350 and 390 months, with a deficit of 7.8 million cubic meters. In the event of a shortage
of agricultural water supply, it is possible to reduce the water demand by cultivating the crops that are resistant to
water scarcity, using pressurized irrigation methods or using groundwater resources. As shown in Fig. 9, the system
was unable to meet the environmental demand in the 80 to 100 months and 350 to 390 months and had a deficit of
0.2 million cubic meters.
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Figure 7. Total water demands for providing all the needs
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Figure 9. Shortage of providing environmental needs

In Figure 10, the amount of water released from the Zonouz Dam reservoir has been shown to provide demands
of the dam downstream. This amount of water includes agricultural, environmental and overflow water needs. This
amount of discharge water is proportional to the incoming flow amount of the dam. As seen in Figure 4, in the
period between 340 and 380 months, a drought occurred. At the same time, the outflow of the dam has been greatly
reduced.

3.5 4

Discharge from Dam to the downstream

Figure 10. Amount of Discharge from the Zonouz Dam to the downstream

According to the standard, how to evaluate the allocation of water resources for water resources development
projects, the acceptable range of volumes and times, the supply of various demands for environmental requirements
is 90 to 100 percent, and the agricultural needs are 80 to 100 percent. The results of calculating the volumetric
supply percent of different demands for the Zonouz dam are presented in Table 4. According to Table 4, the
percentage of agricultural demands in the Zonouz Dam are equal to 91.24% and the volume of environmental
demand is equal to 99.6%, which are in accordance with the above standard and within the acceptable range.
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Table 4. Amount of volumetric supply requirements in Zonouz Dam from 1974 to 2016

Needs unit amount
Agricultural needs MCM 99.4
Environmental need MCM 57.7
Total need MCM 157.1
Agriculture supply MCM 90.7
Environmental supply MCM 57.5
Total supply MCM 148.2
Agriculture shortage MCM 8.7
Supply of agricultural needs % 91.2
Environmental shortage MCM 0.2
Supply of volumes of environmental demand % 99.6
Total shortage MCM 8.9

The deficit / excess values of the Zonouz Dam reservoir system are based on the results obtained from the
simulated model and the actual operation of the reservoir between the years 2009-2010 to 2015-2016 is presented
in Table 5. According to the results of Table 5, it is noted that the system was deficient in the years 2009-2010,
2011-2012, 2015-2016 and in the water years 2012-2013 until 2014-2015 the amount of water was abundant (more
than reservoir capacity) and overflowed out of reach. The results in Table 5 show that during the exploitation
period, a total of 11.16 million cubic meters was equivalent to a shortage (61.8% of supply needs) and 7.66 million
cubic meters of excess water was out of reach and wasted. In general, the results show that the exploitation policy
of the Zonouz Dam is inappropriate during the exploitation period and needs to be reviewed.

Table 5. The results of deficit/surplus in the simulated and observed period in water years 2009-2010 to 2015-

2016
Observations Shortage/surplus Shortage
Output Model Needs (observations) (model)
water Year (MCM) Output (MCM) (MCM) (MCM) (MCM)
2005-2006 0.53 3.46 3.46 -2.93 0
2006-2007 0.56 4.65 4.65 -4.09 0
2007-2008 0.38 3.60 3.60 -3.22 0
2008-2009 5.69 4.29 4.29 +1.40 0
2009-2010 8.90 4.99 4.99 +3.91 0
2010-2011 7.78 5.43 5.43 +2.35 0
2011-2012 3.07 3.99 3.99 -0.92 0
Total surplus/-11.16 = Shortage
2691 30.40 30.40 0

+7.66 =

Percentage of supply needs = % 61.8
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3.3.Simulation results of various management scenarios

After creating and calibrating the model, the allocation model of different scenarios can be implemented and
according to their results, an optimal way to exploit the water resources of the dam was achieved. Here two of
these scenarios have been investigated.

3.3.1.First scenario: the effect of reducing the volume of water entering the dam reservoir in the next 10
years on how to allocate dam water resources

In the first scenario, it was assumed that the incoming flow of dams would drop about 20% as a result of the
occurrence of droughts. In this case, as it is deduced from Table 6 and Fig. 11, the storage volume in the Zonouz
Dam reservoir is reduced and it is in difficulty to meet the downstream needs and the system will face a deficit of
23.2%. According to Fig. 11, from 500 to 540 months, the storage capacity of the reservoir is significantly reduced.
It is natural that during these years the system will suffer from a shortage and for compensating this water shortage,
it needs to reduce the cropping area, or use pressurized irrigation systems, increase the water use efficiency or, if
possible, use groundwater resources.
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Figure 11. Changes in the volume of water behind the reservoir of the dam from 1974 to 2025 by
applying the first scenario

Table 6: Provisional amounts of volumes of each type of demands for the first scenario

Needs Unit Amount
Agricultural needs MCM 123.1
Environmental need MCM 74.5
Total need MCM 197.6
Agriculture supply MCM 94.5
Environmental supply MCM 66.8
Total supply MCM 161.8
Agriculture shortage MCM 28.6
Supply of agricultural needs % 76.8

Environmental shortage MCM 7.7

Supply of volumes of environmental % 89.7
Total shortage MCM 36.2

According to the results of Table 6, we can see that the percentage of agricultural needs and environmental
requirements are not within the acceptable range. With a 20% drop in incoming water in the next 10 years, the
system will face with a 23.2% water deficit in providing agriculture demands and 10.3% in the environmental
needs.

418



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2020, 17(3)
3.3.2.Second Scenario: the effect of change in demands on dam operation planning

In the future, in order to develop the agricultural land in the region, a new agricultural plan is needed; changes
in the dam model can be quickly evaluated by the effect of these changes on the allocation of water resources of
the dam. Therefore, in this scenario, it is assumed that an agricultural demands increase by 20% in the next 10
years. Under these conditions, the average changes in the volume of water behind the reservoir of the dam in each
month during the years 2016 to 2025 for the two modes of non-change in the requirements of the dam planning
needs and the increase in the requirements for dam planning needs is shown in Fig. 12. According to this figure, it
is clear that with an increase of 20% in agricultural demand, the amount of water stored in the reservoir will
decrease in all months of the year.
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Figure 12. Comparison of the average volume changes of water volume behind the reservoir of the dam in the
years of 2016-2025 with and without applying second scenario

4. Conclusions

In this study, the Zonouz Dam simulation model was developed with the system dynamics approach in Vensim
software and with its help, the dam water resource allocation plan was investigated. For this purpose, firstly necessary
information, including river flow data at the entrance to the dam and evaporation rate from the free surface water was
collected at the site and the water demands were determined in the study area, which included agricultural and
environmental demands. This data was used as input for modeling. Then the created model was calibrated and the
sensitivity analysis was performed on the input variables in the model. The results showed that the created model had
the highest sensitivity to the inflow to the reservoir and then the agricultural demands. The results of the implementation
of the model showed that the percentage of agricultural demands in Zonouz Dam are equal to 91.24% and the
percentage of environmental demand is equal to 99.6%. Subsequently, two different scenarios, including the decrease
in the volume of water incoming the dam reservoir and the change in the amount of dam planning need for the next 10
years, were determined for the model and its results investigated. The results of the first scenario on the model showed
that by decreasing the amount of water incoming the dam reservoir in the next 10 years, the volume of water behind
the reservoir of the dam will be significantly reduced, while the volume of supply of different demands will be reduced
by the dam reservoir. The results of the second scenario showed that if the amount of water needed in the dam, which
includes agricultural demands, will increase by 20% over the next 10 years due to climate change or an increase of
agricultural land, the volume of water stored in the reservoir will decrease in all months of the year. The results of this
study showed that after constructing a dam model in Vensim software, simply and quickly, the effect of different
scenarios on the allocation of water resources of the dam could be studied.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Tekirdag Kosullarinda Farkhh Sulama Seviyelerinin Kapya Biberin (Capsicum Annum
Cv. Kapija) Verim ve Verim Bilesenleri Uzerine Etkileri

Effects of Different Irrigation Levels on Yield and Yield Components of Capia Pepper
(Capsicum Annum Cv. Kapija) in Tekirdag Conditions

Gokmen AZDER!, Erhan G(")(;MENZ*, Ahmet ISTANBULLUOGLU?
Ozet

Tekirdag kosullarinda farkli damla sulama uygulamalari altinda kapya biberinin su kullanimina, verim ve gelisme
parametrelerine etkilerinin incelendigi ¢caligma, 2016 ve 2017 yillarinda yiiriitiilmiistiir. Arastirmada, 3 giin sulama
araliginda A sinifi buharlasma kabindan Olciilen buharlasma degerlerinin %50, %75, %100 ve %125’inin
uygulandigr dort farkli sulama suyu uygulamasi gerceklestirilmistir. Arastirmanin ilk yilinda tiim deneme
konularina 33 kez sulama uygulamast ile birlikte 351.9 ile 857.1 mm arasinda, denemenin ikinci yilinda ise 34 kez
sulama uygulamasi ile birlikte 308.5 ile 748.8 mm sulama suyu uygulanmistir. Arastirma sonucunda, deneme
konularinda bitki biiyiime mevsimi boyunca 6l¢iilen bitki su tiiketimi degerleri 2016 yilinda 457 ile 935.5 mm,
2017 yilinda ise 469 ile 889 mm arasinda uygulanan sulama suyu miktarlarina bagl olarak degismistir. Elde edilen
verim degerleri incelendiginde sulama suyu miktar1 arttik¢a verim degerlerinin yiikseldigi belirlenmistir. Yapilan
istatistiksel analizler sonucunda, 6zellikle I; ve I konusu verim degerleri agisindan (38.42 t ha'! ve 34.95 t ha’!
sirastyla) one ¢ikmistir. Meyve eni agisindan herhangi bir farklilik izlenmezken degerler 4.89 cm ile 4.38 cm
arasinda degismistir. Meyve boyu verilerine gore yillar arasinda farklilik belirlenmis ve 2017 yili en yiiksek
istatistik gruba girmistir. Meyve boyu degerlerinin varyans analizine gore sulama konular1 arasinda herhangi bir
fark ¢ikmamis ve olgtim sonuglarinin 13.40 cm ile 14.46 cm arasinda degistigi belirlenmistir. Sulama suyu
kullanim randiman1 IWUE) degerleri incelendiginde hem yillar arasinda hem de sulama konular1 arasinda 6nemli
farkliliklar tespit edilmis ve I+ konusunun 6ne ¢iktig1 goriilmiistiir. IWUE degerleri sulama konularina gore 4.84
(1), 5.47 (I), 5.27 (I3), 6.19 (Is) kg m™ olarak elde edilmistir. Denemede Su kullanim randiman1 (WUE) degerleri
incelendiginde degerlerin 4.16 ile 4.56 kg m™ arasinda degistigi ve istatistiki olarak dnemli olmadig1 belirlenmistir.

Anahtar Kelimeler: Kapya Biber, Sulama, Bitki Su Tiiketimi, Sulama Suyu Kullanim randiman1 IWUE), Su kullanim
randimani (WUE),

Abstract

This study was conducted in 2016 and 2017, where the effects of different irrigation levels on the water use
characteristics and yield parameters of capia pepper were investigated in Tekirdag conditions. The study was
carried out by applying four different irrigation levels calculated from the evaporation value (50%, 75%, 100%,
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and 125%) measured from the Class A evaporation pan in the 3-day irrigation period. In the first year of the
research, all treatments were between 351.9 and 857.1 mm and irrigation water was applied 33 times. In the second
year of the experiment, irrigation was applied 34 times and the amount of irrigation water applied was between
308.5 and 748.8 mm. As aresult of the research, the evapotranspiration amount measured during the plant growing
season in treatments were measured between 457 and 935.5 mm in 2016 and between 469 and 889 mm in 2017.
When the yield values obtained were examined, the yield values increased with the increase in the amount of
irrigation water. In particular, I; and I, have come to the forefront as a result of statistical analysis performed at
yield values (38.42 t ha'! and 34.95 t ha™! respectively). While no difference was observed in terms of fruit width,
the values ranged between 4,89 cm and 4,38 cm. According to the fruit length data, differences were determined
between the years and 2017 was included in the highest statistics group. According to variance analysis of fruit
length values, there was no difference between irrigation treatments and the measurement results were determined
to vary between 13.40 cm and 14.46 cm. When the irrigation water use efficiency IWUE) values were examined,
significant differences were detected both between the years and between irrigation treatments and it was seen that
the 14 treatment came to the fore. IWUE values were obtained as 4.84 (1)), 5.47 (I.), 5.27 (I3), 6.19 (I4) kg m™,
according to irrigation treatments. When the water use efficiency (WUE) values were examined in the experiment,
it was determined that the values ranged between 4.16 and 4.56 kg m™ and were not statistically significant.

Keywords: Capia pepper, Irrigation, Evapotranspiration, Irrigation water use efficiency (IWUE), Water use efficiency
(WUE)
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1. Giris

Diinyada biber iiretimi 2017 yilinda toplamda 2 milyon hektar alanda 36.1 milyon ton olup, Tiirkiye 2.6 milyon
ton ile 3. sirada yer almaktadir. Tlk sirada 17.8 milyon ton ile Cin ve onu takip eden 3.3 milyon ton ile Meksika
bulunmaktadir (FAO 2017). Tiirkiye Istatistik Kurumunun 2017 yili rakamlarina gore, iilkemizde toplam biber
tiretimi 95 bin hektar alanda 2.6 milyon ton olup, bunun 1.1 milyon tonu kapya biberdir (Anonim, 2017).

Kapya biberi [Capsicum annuum L. Var. conoides (Mill.) Irish ], uzun konik sekle sahip ve kirmizi rengini
aldiginda tiiketilen bir biber tipi olup “sal¢alik” ya da “yaglik” biber olarak da adlandirilmaktadir (Karaagac ve
Balkaya, 2010). Kapya tipi biberler taze olarak tiiketilebildigi gibi, salca yapiminda, hazir gidalarda, dondurulmus
tiriinlerde, sos yapiminda, konserve yapiminda, kézleme olarak, toz ve pul biber gibi baharat yapiminda, ¢ig kofte
ve lahmacun hammaddesi olarak kullanilmaktadir (Hekimoglu ve Altindeger, 2012).

Kapya biberin sulanmasinda 6ncelikle yorenin iklim, toprak, topografya ve bitki 6zelliklerine uygun mevcut
suyun etkin olarak kullanilacagi, verimi negatif yonde etkilemeyecek bir sulama yonteminin secilmesi
gerekmektedir. Bu yontemler icerisinde, uniform su kullanimi, yiiksek randiman, sulama suyu tasarrufu ve isletme
kolayligi bakimindan, 6zellikle sebze ve meyve agaclarinin sulanmasinda damla sulama yontemi On plana
cikmaktadir.

Biberin su kullanimi iizerine diinyada ve lilkemizde pek ¢ok arastirma yapilmistir. Dagdelen (2001) sanayi
biberinde farkli su diizeyi ve farkli sulama aralifinin meyve verimi ve bazi kalite 6zellikleri tizerine etkisini
arastirmistir. Arastirma sonucunda, her iki yilda da elde edilen sonuglara gore sulama aralig1 ve su diizeylerinin
meyve verimini etkiledigini belirtmistir. Sen (2015) sanayi biberinin farkli sulama diizeyleri ve farkli sulama
araliklarinin bazi verim ve kalite 6zellikleri iizerine etkisini incelemistir. Arastirma sonucunda sulama arali§inin
biber verimine etki etmedigi, ancak sulama diizeylerinin verimi etkiledigi, en yiiksek verimin 3 giin sulama
araliginda buharlasmanin %125’i oraninda sulama suyu uygulanan konudan elde edildigi (54.24 t ha!), en diisiik
verimin ise yine 3 giin sulama aralifinda %25 oraninda sulama suyu uygulanan konudan elde edildigini (30.09 t
ha'!) saptamistir. Sezen ve ark. (2016) sal¢alik biber bitkisinde yiiriittiikleri ¢alismada; damla sulama yontemi
altinda farkli sulama diizeylerinin verime etkisini incelemislerdir. Verim yillara gore sirasiyla en ¢ok ve en az
olarak 44.17-47.79 tha™! ve 34.92-35.97 t ha'! olarak belirlenmis ve en yiiksek verimi tam sulama konusunda elde
edilmistir. Antony ve Singandhupe (2004) yaptiklar1 calismada, farkli sulama yontem ve programlarin biber
bitkisinde (Capsicum annuum L. var. California Wonder) biyofiziksel 6zellikler, morfolojik 6zellikler, verim ve
su kullanim randimant iizerine etkilerini arastirmislardir. Arastirmaya gore, damla sulama yontemi kullanilarak
yetistirilen biberin yiizey sulama yontemine gore daha fazla boylandigi, kol ve meyve olusumunun hizli
gerceklestigi gozlemlenmistir. Ayrica, damla sulama sisteminin biber bitkisi sulamasinda kullaniminin verim ve
verim parametreleri, fizyolojik ve morfolojik 6zellikler, kok uzunlugu ve kok kalitesi, meyve ¢icek sayisi iizerine
son derece olumlu etkilerinin oldugu belirlenmistir.

Bu calismada sebzecilik i¢in uygun olan ve bolge bitki desenine iyi bir alternatif bitki olabilecek kapya
biberinin Tekirdag ili kosullarinda verim ve su kullamim o&zelliklerinin belirlenmesi amag¢lanmistir. Calisma
Tekirdag Bagcilik Arastirma Enstitiisii Arazisinde 2016-2017 yillarinda yiiriitiilmiistiir. Ekonomik degeri yiiksek
olan bu bitkinin bolge kosullarinda yapilmis ilk sulama calismasi olmast dnemlidir.

2. Materyal ve Metot

Deneme Tekirdag il merkezine 2.5 km uzaklikta olan Tekirdag Bagcilik Arastirma Enstitiisiit Miiduirliigii
arazisinde yiiriitiilmiistiir. Calisma alaninin denizden yiiksekligi ortalama 14 m olmakla birlikte 40° 59" kuzey
enlemi, 27" 29" dogu boylamu arasinda yer almaktadir. Calisma alani yar1 kurak iklim kusagi igerisinde yer
almaktadir. Uzun yillar meteorolojik veri ortalamalarina gore yillik ortalama sicaklik 14 °C’ dir. Aylik bazda
sicaklik ortalamalari degerlendirildiginde Ocak ay1 4.7 °C ile en soguk, Temmuz ve Agustos aylar1 23.8 “C ile en
sicak aylardir. Yillik toplam yagis miktari ortalama 582.9 mm olup, bunun biiyiik cogunlugu Ekim ile Nisan aylar1
arasinda diismektedir. Yillik bagil nem ortalamast %76.9’ ve riizgr hiz1 ortalamasi degeri 2.9 m s™” dir. Sulama
mevsimine ait meteorolojik degerler Tablo 1’de verilmistir.
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Tablo 1. Deneme yillari sulama mevsiminde dlciilmiis meteorolojik degerler

Table 1. Meteorological values measured in the irrigation season

Sicaklik Bagil nem Riizgar hiz1* Giineslenme Yagi Toplam
Yillar Aylar ©C) g( %) (1%1 N sijressi M) (mﬁl? buharlasma
(mm)**
Mayis 17.20 73.40 2.70 6.60 27.40 24.40 (12 giin)
Haziran 22.80 69.50 2.90 9.30 35.40 156.10
2016 Temmuz 24.60 61.60 3.50 9.70 0.00 229.40
Agustos 25.10 61.00 3.70 9.30 0.60 220.30
Eyliil 23.30 63.80 3.30 7.20 6.00 41.40 (10 giin)
Mayis 21.80 76.48 2.64 6.97 16.72 21.30 (9 giin)
Haziran 21.97 77.81 2.30 8.44 36.80 136.60
2017 Temmuz 24.05 69.96 3.19 9.33 52.20 179.40
Agustos 25.00 66.70 3.60 9.00 14.60 196.30
Eyliil 21.58 71.06 2.67 7.18 11.20 53.40 (12 giin)
Mayis 16.80 76.00 2.30 7.40 36.50 114.80
Haziran 21.30 72.00 2.40 9.60 38.30 142.10
;le‘;? Temmuz ~ 23.80 68.80 2.80 9.50 23.70 179.80
Agustos 23.80 69.40 3.00 9.00 13.10 170.90
Eyliil 20.00 73.40 2.80 7.20 33.40 114.90

* 12 m yiikseklikteki degerlerdir.
** : A sinifi buharlagma kabindan 6lciilen toplam degerlerdir. (Mayis ve Eyliil aylarinda sadece 6l¢iim giinlerini
kapsamaktadir.)

Deneme alaninda topraklarin fiziksel 6zelliklerini belirlemek icin acilan profilden alinan 6rneklerden biinye
smifi, tarla kapasitesi, solma noktasi, hacim agirligi ve kullanilabilir su tutma kapasitesi degerleri belirlenmis ve
Tablo 2’de verilmigtir. Deneme alani toprak biinye sinif1 killi tin ve kullanilabilir su tutma kapasitesi 77.62 mm/60
cm olarak saptanmistir. Atmaca ve Erdem (2016) ayn1 alanda yaptiklar1 calismada deneme alani topraklarinin killi-
tinl1, ph degeri notr (7.37), tuzsuz, kirecli ve az miktarda organik madde icerdigini bildirmislerdir.

Tablo 2. Arastirma alani topraklarumn fiziksel ozellikleri

Table 2. Physical properties of soil in the experimental area

Profil " TK SN Hacim Kullanilabilir
s e Biinye .
derinligi nifi % % agirhig su tutma
(cm) ° i ° i (gcm?)  kapasitesi (mm)
0-30 Killi-tin 26.01 116.26 17.91 80.06 1.49 36.20
30-60 Killi-tin 28.45 134.85 19.71 93.43 1.58 41.42
0-60 251.11 173.49 77.62

Deneme alani topraklarinda yapilan cift silindirli infiltrometre testleri neticesinde topragin infiltrasyon hizi 12
mm h! olarak belirlenmistir. Sulama suyunun kalite sinifim1 belirlemek i¢in yapilan dl¢iimde suyun kalitesi T2S;
olarak elde edilmistir. Deneme topraklari biinye smnifi ve su alma hizina gére damlatici debisi 4 L h™!, damlatici
araligi ise 0.45 m olarak hesaplanmistir.

Arastirmada kullanilan kapya biberi [Capsicum annuum L. var. conoides (Mill.) Irish], uzun konik sekilli olup
ve kirmizi rengini aldiginda tiiketilen bir cesittir. Salcalik veya yaglik biber olarak da isimlendirilmektedir
(Karaagac ve Balkaya, 2010).

Deneme, tesadiif bloklar1 deneme deseninde ii¢ tekerriirlii olarak gergeklestirilmis ve konular rastgele
dagitilmistir (Yurtsever, 1984). Sulama aralig1 yore kosullar1 ve cift¢ci uygulamalar: dikkate alinarak 3 giin olarak
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belirlenmigtir. Sulama suyu miktarlarinin tespitinde A sinifi buharlagma kabindan 6lciilen agik su yiizeyi
buharlagmasinin farkli miktarlar1 esas alinmastir.

Deneme konulari;

Ii: 3 giinliik toplam buharlasma miktart x 1.25,
I: 3 giinliik toplam buharlasma miktar1 x 1.00,
I5: 3 giinliik toplam buharlasma miktar1 x 0.75,
I4: 3 giinliik toplam buharlasma miktar1 x 0.50, seklinde olusturulmustur.

Deneme alani1 14.4x12.4 m boyutlarinda olup toplam 178.56 m?’dir. Alanda 3 blok ve her birinde 4 adet olmak
lizere toplam 12 adet parsel bulunmaktadir. Bir parsel ise 2.8X2.1 m boyutlarindadir ve toplam 5.88 m? alan
kaplamaktadir. Bir deneme parselinde 4 adet bitki siras1 bulunmakta ve bitkilerin sira arali1 0,7 m sira iizeri ise
0.3 m’dir (Sekil 1). Tiim parsellerde kenarlardan bir bitki siras1 kenar etkisi goz 6niinde bulundurularak ve hasat
parseli diginda tutularak hasat parseli 1.4x 1.4 m boyutlarinda olmak iizere toplamda 1.96 m? ’olmustur. Bir
parselde 28 ve hasat parselinde ise 10 adet bitki mevcuttur. Parsellerin diizenlenmesi sirasinda, sulamalarda sizma
yoluyla olusabilecek yan etkileri onlemek amaciyla parseller arasinda ve bloklar arasinda 2 m bosluk birakilmuistir.
Arastirma alaninda dikim yapilmadan once toprak hazirligi gerceklestirilmistir. Toprak verimlilik analizleri
dikkate alinarak, her iki yil dikimden Once tiim deneme parsellerine ayni olacak sekilde azotlu ve potasyumlu
giibre atilmistir. Biber fideleri 2016 yilinda 19 Mayzis, 2017 yilinda ise 23 Mayzis tarihinde deneme parsellerine sira
aras1 0.7 m ve sira tizeri 0.3 m araliklarla dikilmistir. Dikimle beraber sulama uygulamalar1 baglamis ve dikim
strasinda her bir parsele her iki y1lda 15 mm olacak sekilde can suyu verilmistir.

x = x = *,_ 0.15m
*0 [ 1 . )
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Sekil 1. Deneme parselinde lateral boru ve damlaticilarin konumlandirilmast
Figure 1. Lateral pipes and drippers placed on the experimental plot

Biriktirme havuzundan bir pompa yardimu ile alinan sulama suyu, hidrosiklon, kum-cakil filtre tanki ve disk
elek filtrelerden olusan kontrol biriminde temizlendikten sonra 6 atm isletme basingli, 50 mm dis ¢aplh sert PE
borular ile arastirma alanina iletilmistir. Ayrica, sistemde olusan basinci kontrol etmek amaciyla belli noktalara
manometreler takilmistir. Deneme parsellerinde manifold boru hatlar1 32 mm dis ¢apli sert PE borulardan
olusturulmustur. Parsellerde lateral boru hatlar1 her bitki sirasina bir adet olacak sekilde 16 mm dis ¢capli yumusak
PE borular yerlestirilmistir. Damlatict debisi topragin su alma hizi goz oniine alinarak Yildirim (2008)’de verilen
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esaslara gore 4 L h! olarak secilmistir. Damlatic1 arali§1 da topragin infiltirasyon hizi ve damlatici debisine gore
45 cm olarak hesaplanmistir ve 1slatilan alan yiizdesi %64 olarak belirlenmistir. Damlaticilar, lateral boru hatti
tizerine 0.45 cm araliklarla on-line olarak takilmistir. Sekil 1°de bir deneme parselinin detay1 gosterilmistir.

Deneme konularina gore uygulanan net sulama suyu miktarlari, acik su yiizeyi buharlasma miktarindan
faydalanilarak hesaplanmistir. Deneme parsellerinde uygulanacak sulama suyu miktar1 3 giinliik birikimli
buharlasma miktar1 kullanilarak asagidaki Esitlik (1) ile hesaplanmistir (Kanber ve ark., 2004).

I=Kpx Epx P (Es. 1)

Esitlikte; I: Uygulanacak sulama suyu miktar1 (mm), K, buharlagsma kabina bagl katsayi, Ep: birikimli
buharlagma miktari, (mm), P: damlatici aralig1 ve lateral araligina gore belirlenen 1slatilan alan yiizdesi (%), dir.

Bitki su tiikketimi, 60 cm toprak derinligi esas alinarak asagida verilen Esitlik (2) ile (su biitgesi esitligi)
belirlenmistir (Walker ve Skogerboe, 1987). Bu amacla, sulama uygulamasi 6ncesi her bir deneme konusunda 60
cm toprak derinliginde her 30 cm’lik toprak derinliginde kuru agirlik yiizdesine goére toprak nemi degerleri
belirlenmistir.

ET=1+P+C,—D,+Rs+AS (Es. 2)

Esitlikte; ET: bitki su tiiketimi (mm), I: donem boyunca verilen sulama suyu miktar1 (mm), P: ddonem boyunca
meydana gelen yagis (mm), C,: kilcal yiikselisle kok bolgesine giren su miktar1 (mm), D;,: derine sizma kayiplari
(mm), Ry: deneme parsellerine giren ve ¢ikan yiizey akis miktari (mm), AS: kok bolgesi nem degisimleri (mm)
ifade etmektedir.

Calismanin yapildig1 yerde taban suyu olmadigindan, kilcal hareketle bitki kok bolgesine su girisi olmadigi
g6z Oniine aliarak C,, degeri goz ard1 edilmis ve basincl sulama sisteminden yararlanildigindan dolay: yiizey akis
miktarlart da gdz Oniine alinmamistir (Kanber, 1997).

Denemede sulama islemleri ilk yil 10 Eyliil 2016°da, ikinci yil 11 Eyliil 2017°de sonlandirilmigtir. Hasat
iglemleri ilk y1l 13 Eyliil 2016, ikinci y1l 14 Eyliil 2017 tamamlanmustir. Sezon boyunca hasat parselinde yapilan
hasatlardan toplam verim degerleri elde edilmistir. Ayrica her parselden alinan 6rneklerden 10 adedinde meyve
eni ve boyu ol¢timleri yapilmistir. Deneme konularindan elde edilen biber gelisim ve verim parametreleri
arasindaki farkliliklarin belirlenmesinde varyans analizi, siniflandirilmasinda ise LSD testi kullanilmistir. Sonuglar
Yurtsever (1984)’de gosterilen esaslara gore degerlendirilmistir.

Arastirmada konulara uygulanan sulama suyu, elde edilen bitki su tiiketimi ve toplam hasat verimleri
kullanilarak, sulama suyu kullanim ve su kullanim randimani sonuclar1 asagidaki Esitlik (3 ve 4)’ten faydalanilarak
belirlenmistir (Zhang ve ark., 1999).

Y

IWUE = T (Es. 3)
Y

WUE = T (Es. 4)

Esitliklerde; IWUE: Sulama suyu kullanim randimani (kg/m®), WUE: Su kullanim randimani (kg/m?), Y:
Sulama suyu uygulanan deneme konularindan elde edilen hasat verimi (t ha'!), I: Uygulanan sulama suyu miktari
(mm) ve ET: Olgiilen bitki su tiiketimi (mm)’dir.

3. Arastirma Sonuclari ve Tartisma

Denemede ilk yil toplam buharlasma miktar1 688.7 mm olarak 6lciilmiistiir. 2016 yilinda 33 sulama yapilmis,
sulama uygulamalar1 konulara gore I; konusunda 857.1 mm I» konusunda 688.7 mm, I3 konusunda 520.3 mm ve
L, konusunda 351.9 mm olmustur. ikinci y1l toplam buharlasma miktar1 602 mm olarak &lgiilmiistiir, 2017 yilinda
34 sulama yapilmig, sulama uygulamalar1 konulara gore I; konusunda 748.8 mm, I, konusunda 602 mm, I3
konusunda 455.3 mm ve I; konusunda 308.5 mm olmustur. Deneme mevsimi siiresince yagis miktarlar: enstitii
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alaninda bulunan meteoroloji istasyonundan takip edilmis ve 2016 yilinda diisen toplam yagis 47.2 mm olurken,
2017 yilinda diisen toplam yagis 103.6 mm olmustur.

Tablo 3’te verilen toplam mevsimlik su tiiketimleri Iy, I», I3 ve I4 konusu i¢in sirastyla 2016 yilinda 935.5 mm,
785.3 mm, 616.2 mm ve 457 mm olurken, 2017 yilinda 889 mm, 750.3 mm, 616.2 mm ve 469 mm olarak
Olciilmiistiir. Demirel ve ark., (2012) Canakkale’de yiiriittiikleri aragtirmada toplam bitki su tiiketimini ilk y1l 855-
333 mm, ikinci y1l 736-311 mm olarak dl¢miiglerdir.

Tablo 3. Deneme konularina gore olgiilen bitki su tiiketimi miktarlar

Table 3. Evapotranspiration amounts measured from treatments

Topraktaki Uygulanan toplam Olciilen mevsimlik
Deneme Deneme . . . < . . N
nem degisimi  Yagis (mm)  sulama suyu miktari bitki su tiikketimi
yili konusu
(mm) (mm) (mm)
I 31.2 857.1 935.5
L 49.4 472 688.7 785.3
2016 I 48.7 ‘ 520.3 616.2
I 57.9 351.9 457.0
I 36.6 748.8 889.0
I 44.7 602.0 750.3
103.6
2017 I; 57.3 455.3 616.2
I 56.9 308.5 469.0

Denemede iki yila ait verim ve verim parametrelerine iliskin sonuglar Tablo 4’te verilmigtir. Tablo
incelendiginde sulama suyu artisina paralel olarak verimin de arttig1 goriilmektedir. Calismada ilk y11 19.91 t ha'!
ile 33.91 t ha'! arasinda, ikinci y1l 20.74 t ha! ile 42.92 t ha! arasinda pazarlanabilir biber verimi elde edilmistir.
Yapilan varyans analizi sonucuna gore yapilan sulama uygulamalarinin toplam pazarlanabilir verime etkisi 6nemli
bulunmusgtur. Bunun sonucunda yapilan LSD testi sonucunda iki sulama konusunun I; ve I, konusunun ayni ve iist
grupta yer aldig goriiliirken, diger iki sulama konusu olan I3 ve I4 konusu da ayni gruba girmis ve alt grubu
olusturmustur. Sulama diizeyleri arttikca veriminde arttif1 goriilmektedir. Sezen ve ark., (2006) Tarsus’ta
yaptiklar1 aragtirmada, birinci y1l 21.62-33.14 t ha’!, ikinci yilda ise 21.01- 35.29 t ha'!, Dagdelen ve ark., (2004)
Aydin kosullarinda yaptiklari ¢alismada verim degerlerini birinci y1l 20.25-30.06 t ha™!, ikinci yil 23.49-32.55 t ha®
!olarak elde etmislerdir. Aragtirmada bu calismalar ile yakin verim degerleri elde edilmistir.

Tablo 4. Deneme konularina iliskin verim ve bazi verim dgeleri

Table 4. Yield and some yield parameters measured from treatment

Verim (t ha!) Meyve eni (cm) Meyve boyu (cm)
Sulama
Yillar Yillar Yillar
Konular Ortalama Ortalama Ortalama
2016 2017 2016 2017 2016 2017
Ii 3391 42.92 3842 a 4.94 4.37 4.66 14.12 14.08 14.10
j 03 32.19 37.71 3495a 4.53 5.24 4.89 13.62 15.30 14.46
Iz 26.78 24.56 25.67b 3.99 4.71 4.38 11.63 15.17 13.40
Ia 19.91 20.74 20.33b 4.36 4.87 4.62 11.79 16.78 14.28
Ortalama 28.20 31.48 4.46 4.82 12.79b 1534 a
Yil: ns. Yil: ns. Y1l:20.127%*%*,
LSD Sulama konusu:7.448%*, Sulama konusu: ns Sulama konusu: ns
YilxSulama konusu: ns YilxSulama konusu: ns YilxSulama konusu: ns

**: %1 diizeyinde onemli, ns: dnemsiz

Meyve eni degerlerine ¢izelgeden bakildiginda ilk y1l 3.99 cm ile 4.94 cm araliginda, ikinci y114.37 cm ile 5.24

cm araliginda degistigi goriilmektedir. Yapilan istatistik analizinde herhangi bir faktdr onemli ¢itkmamistir. Meyve

428



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2020, 17(3)

boyu degerleri incelendiginde ilk yil 11.63 cm ile 14.12 cm aralifinda, ikinci yil ise 14.08 cm ile 16.78 cm
araliginda gerceklesmistir. Yapilan istatistik degerlendirmede yillar arasinda %1 diizeyinde farklilik olurken, 2017
tist grubu olusturmus, 2016 yili ise alt grubu olusturmustur.

Tablo 5. Deneme konularina gore hesaplanan sulama suyu ve su kullanim randunanlar

Table 5. Irrigation water use efficiency and water use efficient values calculated for treatments

IWUE WUE
Sulama (kg m™) (kg/m™)
Konulari Yillar Ortalama Yillar Ortalama
2016 2017 2016 2017
I 3.95 5.73 4.84b 3.62 4.82 4.22
I 4.67 6.26 5.47 ab 4.09 5.02 4.56
Is 5.14 5.39 5.27 ab 4.34 3.98 4.16
I4 5.65 6.72 6.19a 4.35 4.42 4.38
Ortalama 4.85b 6.03 a 4.10 4.56
Yil: 0.909%*, Yil: ns.
LSD Sulama konusu: 0.926%*. Sulama konusu: ns
YilxSulama konusu: ns YilxSulama konusu: ns

*:%35 diizeyinde onemli, **:%1 diizeyinde 6nemli, ns:6nemsiz

Denemede elde edilen verim degerlerinin uygulanan sulama suyu miktarlar1 miktarlarina oranlanmasi ile elde
edilen sulama suyu kullanim randiman1 (IWUE) degerleri ile elde edilen verim degerlerinin bitki su tiiketimine
oranlanmasit ile elde edilen su kullanim randiman1 degerleri Cizelge 5°te verilmistir. Cizelgeden goriilecegi tizere
IWUE degerleri ilk yil 3.95 ile 5.65 kg m™ aralifinda olmus, ikinci yil 5.39 ile 6.72 kg m™ araliginda degismistir.
Yapilan varyans analizine gore hem konular arasinda hem de yillar arasinda 6nemli farklar elde edilmistir. Yapilan
LSD testi sonucuna gore yillar arasinda %1 diizeyinde dnemlilik bulunmus ve 2017 yili iist grubu olustururken,
2016 da alt grubu olusturmustur. Sulama konular1 arasinda da %5 diizeyinde farklilik tespit edilmistir. Yapilan
LSD testinin sonucuna gore 3 grup olusmus ve en iist grubu Iy konusu almistir. I» ve I3 konusu orta grupta yer
alirken, I; ise alt grubu olusturmustur. Cizelgeden su kullanim randiman1 (WUE) degerlerine bakildiginda sulama
konularina gore 4.16 ile 4.56 kg m™ aralifinda degistigi goriilmektedir. Yapilan istatiksel analizler sonucu sulama
diizeylerinin ve farkli yillarin su kullanim randimani iizerine etkisi bulunmamastir.

4. Sonuclar

Tekirdag kosullarinda damla sulama altinda A sinift kaptan okunan buharlagsma degerlerinin 4 farkli miktarinin
(%50, %75, %100, %125) uygulanmasinin kapya biberine olan etkilerinin arastirildig1 bu ¢alisma 2016 ile 2017
yillarinda gergeklestirilmistir. Arastirmadan elde edilen verilere gore, arastirmanin ilk yilinda tiim deneme
konularina 33 kez sulama uygulamasi ile 351.9 ile 857.1 mm arasinda sulama suyu uygulanirken, ikinci yilda ise
34 kez sulama uygulamasi ile 308.5 ile 748.8 mm arasinda sulama suyu uygulanmistir. Deneme konularindan
oOlciilen mevsimlik kapya biberi bitki su tiiketimi degerleri 2016 yilinda 457 ile 935.5 mm, 2017 yilinda ise 469 ile
889 mm arasinda degismistir. Uygulanan sulama suyu miktar arttikca dl¢iilen bitki su titketimi degerlerinin arttig1
tespit edilmistir.

Calismada kapya biberinde farkli sulama diizeylerinin etkilerinin verime, meyve eni ve meyve boyuna etkileri
degerlendirilmistir. Denemenin ilk yilinda 19.91 t ha'! ile 33.91 t ha! pazarlanabilir biber verimi elde edilirken,
ikinci yilinda 20.74 t ha' ile 42.92 t ha! verim alinmugtir. Yapilan istatistik analizi sonucunda sulama
uygulamalarmin toplam pazarlanabilir verime etkisi %1 diizeyinde énemli bulunmustur. Iki y1llik ortalamalara
gore I; (38.42 t ha!) ve I (34.95 t ha'!) konularinin 6ne ¢iktig1 goriilmiistiir. I; konusu en ¢ok verim alinan konu
oldugundan bolge kosullarinda sulama diizeyi olarak alinabilir. Ancak daha az su kullanimindan dolay1 I, konusu
da onerilebilir. Meyve eni degerleri degerlendirildiginde ilk y1l 3.99 cm ile 4.94 cm arasinda, ikinci y11 4.37 cm ile
5.24 cm arasinda degistigi goriilmektedir. Yapilan varyans analizinde sulama diizeylerinin ve yillarin meyve eni
tizerine etkisi 6nemsizdir. Meyve boyu degerlerine bakildiginda 2016 yilinda 11.63 cm ile 14.12 cm araliginda,
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2017 yilinda ise 14.08 cm ile 16.78 cm aralifinda degismistir. Yapilan istatistik analizde yillar arasinda %1
diizeyinde farklilik olurken, 2017 iist grupta yer almis, 2016 yili ise alt grubu olusturmustur. Bu farkliligin ikinci
yildaki yagis degerlerinin yiiksek olmasiyla aciklanabilir.

Calismada elde edilen verim degerleri ile uygulanan sulama suyu miktarlar1 ve bitki su tiiketimi degerleri
iligkilendirilerek IWUE ve WUE degerleri elde edilmistir. IWUE degerleri incelendiginde 2016 yilinda 3.95 ile
5.65 kg m? arasinda, ikinci y1l 5.39 ile 6.72 kg m™ arasinda gergeklesmistir. Yapilan istatistiki degerlendirmede
sulama konularinda %35 diizeyinde 6nemli olmus, I4 konusu en iist grupta yer alarak one ¢ikmistir. IWUE yillar
acisindan da %1 diizeyinde onemli cikmistir. 2017 yili ist grupta yer alip one ¢ikarken bu durumun verim
degerlerinin yiiksek olusuyla aciklanabilir. Hesaplanan WUE degerleri incelendiginde sulama diizeylerinin ve
farkli yillarin su kullanim randiman tizerine etkisi 6nemsizdir.

Elde edilen sonuglar degerlendirildiginde su kaynaginin yeterli oldugu kosullarda 3 giinliik toplam buharlasma
miktarinin tamaminin uygulandigt I> konusu, su kaynaginin kisith oldugu kosullarda ise 3 giinliik toplam
buharlasma miktarinin yarisinin uygulandigi I4 konusu Onerilebilir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Farkli Enterpolasyon Yontemleri Kullanilarak Topraklarin Nem Sabitelerine Ait
Konumsal Dagihmlarin Belirlenmesi, Isparta Atabey Ovas1 Ornegi

Determination of Spatial Distribution of Soil Moisture Constant Using Different Interpolation
Model Case study, Isparta Atabey Plain

Pelin ALABOZ", Sinan DEMIR?2, Orhan DENGIZ3
Ozet

Enterplosyon teknikleri toprak biliminde son yillarda yaygin olarak kullanilan tekniklerden biridir. Ozellikle,
yogun is giici ve emek gerektiren analiz sonuclarin konumsal dagilimlarini belirlemek amaciyla ters mesafe
komsuluk benzerligi (IDW), radyal tabanli fonksiyonlar (RBF) ve Kriging teknikleri yaygin olarak
kullanilmaktadir. Bu c¢aligma, Isparta ili Atabey ovasi icerisinde 256 ha alan kaplayan yogun tarim yapilan
arazilerde gerceklestirilmistir. 200 m araliklarla grid yontemi ile toplam 113 adet yiizey (0-20 cm) toprak
orneklemesi yapilmis ve alinan orneklerin temel fiziko-kimyasal ozellikleri belirlenmistir. Topraklarin su
iceriklerine (Tarla kapasitesi-TK, Solma noktasi-SN, Yarayish su icerigi-YSI) yonelik uzaysal dagilim
haritalarinin  belirlenmesi igin deterministik ve stokastik (Ordinary Kriging -Kiiresel, Ussel, Gaussian ve
Cokriging) modeller degerlendirilmistir. Validasyon ve en uygun model secimlerinde, ortalama mutlak hata
(MAE) ve hata kareler ortalamas1 (RMSE) kullanilmistir. Caligma alani icerisindeki topraklarin tekstiir sinifi kil,
killi tin, kumlu killi tin, siltli kil, siltli killi tin olarak belirlenmistir. Toprak organik madde igerigi genellikle diisiik,
kire¢ icerigi ise yiiksek seviyelerde bulunmustur. Hafif alkalin reaksiyonlu topraklarda, tuzluluk sorunu
goriilmemektedir. Tarla kapasitesi, SN ve YSI sirastyla % 23.30-47.57, 12.09-29.50, 9.98-21.87 arasinda
degismektedir. Arastirma sonuglara gore, topraklarin tarla kapasitelerine ait uzaysal dagilimlarinin elde
edilmesinde en uygun model Ordinary Kriging’in Gaussan (RMSE: % 4.289; MAE: % 3.267) olarak belirlenirken,
solma noktast degerlerinin uzaysal dagiliminda stokastik yaklagim olan Cokriging en uygun dagilimi1 (RMSE: %
3.187 ; MAE: % 2.450) gostermistir. Topraklarin yarayish su iceriklerinde ise en diisiik RMSE (%1.421) ve MAE
(% 1.115) ile IDW-1 en uygun model olarak belirlenmistir. Calisma sonucunda farkli toprak ozelliklerine gore
enterpolasyon yontemlerininin tahmin giiclinde farkliliklarin oldugu bulunmustur.

Anahtar Kelimeler: Tarla kapasitesi, Solma noktasi, Yarayish su, Enterpolasyon, Uzaysal dagilim
Abstract

In recent years, interpolation techniques have become a commonly used method in soil science. Inverse distance
weighting (IDW), radial basis function (RBF), and Kriging techniques are widely used to determining the spatial
distribution of particularly labor and effort-intensive analysis results. This present study was carried out in 256 ha
of Atabey Plain where has been intensively used as agricultural activity. A total of 113 soil samples (0-20 cm)

were collected on a 200 m-spaced grid, and it was determined for basic Physico-chemical properties in all soil
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samples. In order to determine the spatial distribution of soil moisture constant (Field capacity-FC, Wilting point-
WP, and Available water capacity-AWC), deterministic and scholastic (Ordinary kriging-Spherical, Exponential,
Gaussian and Cokriging) models were used. In addition, mean absolute error (MAE) and root-mean-square error
(RMSE) were used to select and validate the best methods. Texture class of soils was determined as clay, clay
loam, sandy clay loam, silty clay, silty clay loam in the study area. Soil organic matter content was generally found
at low levels and lime content was at high levels. Soils have a slightly alkaline reaction and salinity problem is not
observed. Field capacity, WP and AWC varied between 23.30-47.57, 12.09-29.50, 9.98-21.87 %, respectively.
According to obtained results, it was found the Gaussian model of OK (RMSE: % 4.289; MAE: % 3.267) for FC
as the best model while the most suitable model was Cokriging (RMSE: 3.187%; MAE: 2.450%) for WP. The
lowest RMSE (1.421%) and MAE (1.115%) values were determined in IDW-1 for the available water contents of
soils. As a result of the study, it was found that there are differences in the predictive accuracy of interpolation
methods according to different soil properties.

Keywords: Field capacity, Wilting point, Available water, Interpolation, Spatial distribution
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1. Giris

Sanayilesen iilkeler tarafindan yogun olarak atmosfere salinan sera gazlarmin neden oldugu kiiresel 1sinma;
yagis ve sicakliklardaki farkliliklar ile iklim degisikliklerine, su kaynaklarinin azalmasiyla kuraklifa neden
olmaktadir. Kiiresel istnmaya bagli olarak, 2013-2040 y1il1 periyodunda ilkbahar ve yaz mevsimlerinde sicakligin
3 °C artacagi, ayrica sonbahar yagislarinda azalislarin olacagi belirtilmektedir (IPCC, 2014). Gelecekte beklenilen
kuraklik senaryolarina gore, tartmin en temel ihtiyaci olan suyun 6nemi giin gegtikce daha da artacaktir. Ulkemizin
yillik ortalama 112 milyar m* ’liik kullanilabilir su potansiyelinin %16'sin1 icme ve kullanmada, %12'si,
sanayide %72'si ise tarim sektoriinde degerlendirilmektedir (DSI, 2019). Kullanilabilir su potansiyelinin
¢ogunlugunun tarim sektoriinde oldugu godz oniine alindiginda toprak neminde ortaya ¢ikacak azalis; tarimsal
iiretkenligi olumsuz etkileyerek gelecekte insanlarin besin gereksinimlerinin karsilanmasinda biiyiik zorluklara yol
acacaktir. Bitki yetistirme ortaminda optimum verim i¢in topraklarin yarayish su ihtiya¢larinin bilinmesi ve bu su
diizeyine gore sulamalarin yapilmasi kisintili olan suyun ideal kullanimi i¢in oldukca 6nemlidir (Grewal ve ark.,
1990). Bitkilerin sulama zamani ve verilecek su miktarinin belirlenmesinde nem sabitelerinin (tarla kapasitesi,
solma noktasi) bilinmesi olduk¢a 6nemlidir (Mbah, 2012). Sulama programlamalarinda verilen suyun ne kadarinin
topragin ka¢ cm’sini 1slatacagi ya da ne kadarinin kok bolgesinden uzaklasacagini degerlendirebilmek i¢in tarla
kapasitesi, solma noktasi seviyesinde tutulan toprak nem miktarinin bilinmesi gerekmektedir. Tarla kapasitesi ve
solma noktas1 arasindaki nem aralif1 olan yarayish su icerigi de mevcut olan suyu saklama ve serbest birakma
kapasitesini gosteren (Silva ve ark., 2014), topraklarin fiziksel ozellikleri ve kalitesinin degerlendirilmesinde
kullanilan bir parametredir (Hong ve ark., 2013). Genellikle toprak drneklemesine dzgii elde edilen nem sabiteleri
noktasal bazlidir. Bazi noktalardan alinan toprak ornekleri araziyi tam anlamiyla temsil etmemekte s6z konusu
0zelligin alansal bazli dagiliminin belirlenmesi ile daha etkili sonuclar ortaya ¢cikmaktir.

Toprak ozellikleri farkli mekénsal ve zamansal lgeklerde cesitli faktorler tarafindan kontrol edilmektedir.
Topraklarin fiziksel, kimyasal ve biyolojik 6zellikleri ¢cok kisa mesafelerde degiskenlik gosterebilir (Yildiz, 2011;
Askin ve ark., 2016). Araziler heterojen bir yapiya sahip ve incelenen ozellikler arasinda varyasyon yiiksek
seviyelerde oldugundan kisa mesafelerdeki bu degiskenlik tiretim potansiyeli i¢in 6nemlidir. Caligilan bir alanda
yogun toprak oOrneklemesi uygulanabilir ve ekonomik bir yaklagim degildir. Tarimsal alanlarda toprak
ozelliklerinin mekansal ve zamansal degiskenligini anlamak dogal kaynaklarin siirdiiriilebilir kullanim1 acisindan
onemlidir (Saglam ve ark., 2014). Bu kapsamda topraklarin mekansal degiskenliklerinin saptanabilmesi adina
jeoistatistiksel metotlar son donemde yaygin olarak kullanilmaktadir. Bolgede olusturulan dagilim haritalarinda
farkli enterpolasyon teknikleriyle mekansal degisiklikler belirlenebilmektedir. (Ozyazic1 ve ark., 2016; Tungay ve
ark., 2018; Dengiz ve ark., 2019; Aydin ve Dengiz, 2019; Arslan 2012; Arslan 2014; Bayat ve ark., 2013; Celilov
ve Dengiz, 2019). Noktasal verilerin alansal dagilimim belirlemek i¢in deterministik ve stokastik olarak 2 farkli
enterpolasyon teknigi bulunmaktadir. Deterministik yontemlerden; ters mesafe komsuluk benzerligi IDW) ya da
farkli 6zelliklerde baglayici egri olusturma (spline) radyal tabanli fonksiyonlar (RBF), jeoistatistik yontemlerden
(stokastik) ise dogal kriging (OK), basit kriging (SK), evrensel kriging, cokriging (CoK) ve indikator kriging (IK)
kullanilan yontemler arasindadir. Tarla kapasitesi, solma noktasi ve yarayish su gibi nem sabitelerinin mekansal
degisiminin izlenmesi 6zellikle su kisitt gbzlenen kurak ve yar1 kurak alanlarda verimliligin arttirilabilmesi adina
onemli bir yaklagimdir.

Yogun tarimsal liretimin gerceklestigi Isparta ilinde tarimsal iiretimin yapildig1 6nemli ovalarindan biri Atabey
Ovasidir. Uriin veriminde oldukca 6nemli olan suyun etkin kullanim1 adina bolgede tarla kapasitesi, solma noktast
ve yarayish su i¢eriginin mekansal dagilim olarak belirlenmesi ve buna uygun sulama programlarinin planlanmasi
kismtili olan su kullaniminda optimum verime katki saglayacaktir. Bu ¢alismada; i-) Ovada dagilim gosteren
topraklarin tarla kapasitesi, solma noktas1 ve yarayish su iceriklerinin degerlendirilmesi, ii-) s6z konusu nem
sabitelerinin farkli enterpolasyon modelleri ile degerlendirilmesi ve dagilim haritalarinda en giivenilir
enterpolasyon yonteminin belirlenmesi amaglanmustir.

434



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2020, 17(3)

2. Materyal ve Metot
2.1. Calisma alam

Bu calisma, Isparta ilinin Atabey ilgesinde yiiriitiilmiistiir. Calisma alant Bati Akdeniz bolgesi sinirlart
igerisinde Isparta il merkezinin 15 km dogusunda bulunmakta olup 4197100-4198600N kuzey enlemleri -294200-
295700E dogu boylamlari (WGS-84, UTM-m, 36 Zon) arasinda yer almaktadir. Calisma alani 256 ha olup, deniz
seviyesinden yiikseklik 884 m ile 974 m arasinda yer almaktadir. Alan, Atabey Ovasi icerisinde diiz diize yakin
(%0-2) egimlidir. Egim kuzeye dogru ilerledikge artis gostermektedir (Sekil 1).

Atabey ilgesi yaklagik 8558 ha (%38.45) tarimsal alana sahiptir. Tarim arazilerin % 5.84’{inti kuru tarim, %
14.81’ini sulu tarim, % 8.72’ sini sulanmayan karisik tarim, % 7.11’ini siirekli sulanan karigik tarim, % 0.81’ini
mera alanlar1 ve %1.16’lik kismin1 diger alanlar olusturmaktadir (Corine, 2018). Bolge koliivyal biiyiik toprak
grubu icerisinde olup diiz ve diize yakin egimli, I. sinif arazi yetenek sinifinda yer almaktadir. Bolge jeolojisini
holosen yasl birikintiler olusturmaktadir. Atabey Ovasi dogusu, kuzeyi ve giineyi yiiksek daglarla ¢evrili disariya
acilan akintist olmayan ¢anak goriiniimiindedir. Jeolojik siire¢ igerisinde Mesozoil Tersiyer kirectaslar,
taginmanin etkisiyle ¢anak bigiminde olan ovanin eteklerinde ve ortasinda birikimler olugturmaktadir. (Akgiil ve
ark., 2001).

Caligma alaninin uzun yillar (1960-2018) meteorolojik verilerine goére (MGM, 2018), bolgedeki yar1 kurak
iklim tipi hakimdir. Yillik ortalama sicaklik, yagis ve evapotranspirasyon sirasiyla 12.5 °C, 466.8 mm ve 724.58
mm'dir. Toprak iklim rejimi i¢in Newhall simiilasyon modeline gore, calisma alaninin toprak sicakligi ve nem
rejimleri sirasiyla mesic ve xeric (alt grupta kuru xeric) 'dir (Van Wambeke, 2000).

Eqim (%) Yikseklik (m)
N o- 2 1603 - 1692
. 1513-1 N 1153 - 1243
I 2-6 [ 20-30 [ Calisma alani :iz:_ ‘5:1:; S 1063 - 1153 [ caligma alani
6-12 NN 30-45 0 175 35 7 1333 - 1423 974 - 1063 0 175 35 7
12 -20 M 45 + — — 1243 - 1333 884 - 974 — —

Figure 1. Location, height and slope maps of the study area

Sekil 1. Calisma alani lokasyon, yiikseklik ve egim haritalar
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2.2. Yontem

2.2.1. Toprak ornekleme ve analizler

Atabey Ovasi icerisindeki calisma alaninda, 200 m mesafeli grid sistemi olusturulmus ve olusturulan grid
yontemine gore 113 noktadan bozulmus ve bozulmamis yiizey 6rneklemesi (0-20 cm) yapilmistir. Ornekleme
noktalarinin %701 grid yontemine gore % 30’u ise validasyon icin grid noktalar1 arasindan (100m) secilmistir.
Laboratuvara getirilen ornekler, koklerden ve kaba parcaciklardan ayrildiktan sonra fiziksel ve kimyasal analiz
icin hazir hale getirilmistir.
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Figure 2. Soil sampling pattern
Sekil 2. Toprak ornekleme deseni

Topraklarin tekstiirii (% kum, silt, kil) Bouyoucos hidrometre yontemiyle (Bouyoucos, 1962), hacim agirlig
100 cm?® hacmine sahip bozulmamig 6rnek alma silindirleri yardimiyla belirlenmistir (Burt, 2014). 1:1 toprak-su
siispansiyonunda topraklarin elektriksel iletkenlik (EC) ve pH’lar1 belirlenmigtir (U.S.Salinity Laboratory Staff,
1954; Kacar, 2009). Volumetrik kalsimetre yontemiyle esdeger kire¢c (CaCOs3) igerigi (Soil Survey Staff, 1992),
degistirilmis Walkley-Black yontemiyle ise topraklarin organik madde (OM) icerikleri hesaplanmistir (Kacar,
2009). Tarla kapasitesi (TK) ve solma noktas1 (SN) i¢in 0.33bar ve 15bar tansiyonlarda tutulan su, seramik tablalt
pF seti (U.S.A, Soil Moisture Equipment Corp.) yardimiyla hacimsel olarak belirlenmistir. Yarayigh su icerikleri
(YSI) tarla kapasitesi ve solma noktasi arasindaki fark alinarak bulunmustur (Burt, 2014).

2.2.2. Enterpolasyon yontemleri

Incelenen toprak ozelliklerinin temel tanimlayici istatistikleri (minimum, maksimum, carpiklik, basiklik vb),
Minitab 16 paket programinda belirlenmistir. Toprak 6zelliklerinin dagilimlar1 Kolmogorov-Smirnov testi ile
kontrol edilmistir. Bu ¢alismada, TK, SN ve YSI’nin mekansal dagilimini tahmin etmek icin farkli enterpolasyon
yontemleri [Ters mesafe komsuluk benzerligi (IDW), radyal tabanli fonksiyonlar (RBF), ordinary kriging (OK)
ve cokriging (CoK)] uygulanmistir.

Calismada, jeoistatistiksel caligmalarda en yaygin kullanilan OK ve CoK (Cemek ve ark. 2007; Zhou ve ark.
2012) yontemi secilmis, jeoistatistiksel tahminden Once, Ornek ciftleri arasindaki mesafe siniflar1 icin bir
variogram hesaplanmigtir. Ordinary kriging metotlarinda Kiiresel (Spherical), Ussel (Exponential) ve Gaussian
modeller kullanilmistir. Cokriging yonteminde, uzamsal dagilimlar olusturmak i¢in kiiresel bir variogram modeli
kullanilmistir. Tahminler asagidaki formiil kullanilarak belirlenmistir (Es. 1).

Z=3" Wi.Z(Xi) (Es. 1)

Z: tahmin degeri, Z(Xi): Xi’de dl¢iilen deger, Wi: Z (Xi) verilerine atanan agirliktir, n: alanda kullanilan 6rnek
sayisi.
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Calisma alaninda TK, SN ve YSI degerlerinin kil igerigini yardimci degisken olarak kullanarak alansal dagilim
haritasini olusturmak ve nokta kestirimi yapmak amaciyla CoK asagidaki formiil ile hesaplanmistir (Es.2).

Z =3 WiZi+ X" Wj.Yi (Es.2)

Z: tahmin degeri, Wi Wj, sirastyla Z ve Y degiskenlerine ait agirliklari, m ve n’ler ise sirasi ile Z ve Y
degiskenlerine ait kestirimde kullanilan veri sayisin1 ifade eder.

Ters mesafe komsuluk benzerligi yontemi, 6rneklenmis noktalardaki degerlerin dogrusal kombinasyonunu
kullanarak oOrneklenmemis noktalardaki degerleri, uzakliklarin ters mesafe fonksiyonlarindan yararlanarak
tahminler olusturmaktadir. Ters mesafe komsuluk benzerligi enterpolasyonu, cografi bilgi sistemlerinde nokta
verilerinden raster katmanlar1 olusturmak ic¢in kullanilir. Veriler diizenli bir grid sisteminde oldugunda, kontur
cizgileri enterpolasyonlu degerlerden gegirilebilir ve harita bir vektor kontur haritas1 veya raster golgeli bir harita
olarak olusturulabilir (Burrough ve Mcdonnell 1998). Tahminler asagidaki formiil kullanilarak belirlenmistir (Es.
3).

Z = X (Zi/di™) /X, (1/di™)] (Es.3)

Z: tahmin edilen deger, Zi: bilinen noktadaki deger, di: i noktast ile degeri tahmin edilecek noktadaki mesafe,
m: agirlik kuvveti (genellikle 1-5 arasinda kullanilir). Bu calismada IDW’nin tahmininde yaygin olarak kullanilan
agirlik kuvvetleri (1, 2 ve 3. kuvvet) kullanilmistir (Pirmoradian ve ark.2010; Keshavarzi ve Sarmadian 2012).

Radyal tabanli fonksiyonlar yonteminde, enterpole edilmis ylizeyin, dl¢iilen her numune degerinden gecmesi
gereken bir dizi kesin enterpolasyon teknigi kullanilmaktadir. Cok boyutlu verilerin enterpolasyonunda kullanilan
bir yontemdir. Ince plaka spline (Thin-plate spline-TPS), gergin spline (Spline with tension-SPT), tamamen
diizenli spline (Completely regularized spline-CRS), ¢oklu kuadrik fonksiyon (MQ) ve ters kuadrik fonksiyon
(IMQ) olmak tizere bes farkli temel fonksiyon ile tahminlemeler yapilabilmektedir (Xie ve ark.2011). En yaygin
kullanilan CRS, TPS ve SPT radyal fonksiyon enterpolasyonlari, tarla kapasitesi, solma noktasi ve yarayisl su
icerigi dagilimini degerlendirmek icin secilmistir.

2.2.3. Enterpolasyon yontemlerinin karsilagtirilmast

Modellerin tahmin giiciiniin degerlendirilmesinde capraz validasyon ve validasyon, yontemleri tercih
edilmektedir. Bu calismada, interpolasyon yontemlerinin degerlendirmek i¢in bagimsiz bir veri seti kullanilmistir.
Bircok arastirmaci, en iyi 6rnekleme tekniklerini belirlemek icin farkli egitim ve test setleri kullanmaktadir. Farkli
oranlarda olmak iizere tahmin modellerinde bir egitim birde modeli dogrulama setleri kullanilmaktadir (Tutmez
ve Hatipoglu 2010; Falamaki 2011; Ahmadi ve Dezfouli 2011). Bu calismada, 113 drnekleme noktasi rastgele iki
gruba ayrilmistir. Ornekleme noktalarmin %70'i modelleri gelistirmek igin, % 30'u ise bagimsiz bir dogrulama
islemi i¢cin kullanilmistir. Farkli enterpolasyon teknikleri ile gbzlenen ve tahmin edilen degerler arasindaki iligkileri
degerlendirmek i¢in hata karelar ortalamas1 karekokii (RMSE), mutlak ortalama hata (MAE) ve belirleme katsayist
(R?) parametreleri kullanilmistir. Yiiksek R? ve diisik RMSE ve MAE en dogru tahminleri gdstermektedir.
Tahminler agsagidaki formiiller kullanilarak belirlenmistir (Es. 4, 5, 6).

1 .
MAE = 131,|zi - 2| (Es. 4)
. 2
RMSE = /W;Z) (Es. 5)
) 2
- zziz—z—z‘nzz

) J[z 222 |[5 72 @ZF (Es. 6)

Zi: tahmin degeri, Z: gercek deger, n: gézlem sayist
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3. Arastirma Sonuclari ve Tartisma

3.1. Topraklarin genel ozellikleri

Topraklarin temel fiziko-kimyasal 6zelliklerine ait tanimsal istatistik degerleri Tablo 1’de belirtilmistir.
Calisma alan1 topraklarinin kum, silt ve kil igerikleri sirasiyla %10.08-64.61, %16.35-60.18, %17.16-57.70
arasinda degismektedir. Orta-ince biinye grubunda alan topraklarin tekstiir siniflar1 C, CL, SCL, SiC, SiCL olarak
belirlenmistir. Akgiil ve ark., (2002) Ova topraklar1 i¢in yaptiklart toprak etiid ve haritalama c¢aligmasinda
topraklarin  %@81’ini orta-ince, %19’unu kaba tekstiirlii alarak belirlemislerdir. Topraklarin varyasyon
katsayilarinda degiskenlik en yiiksek organik madde, en diisiik ise pH’da belirlenmistir.

Tablo 1. Toprak ozelliklerinin tanimlayict istatistikleri

Table 1. Descriptive statistics of soil properties

Min. Max. VK(%) Carpiklik Basiklik

Kum (%) 10.08 64.61 3996 0.76 0.16
Silt (%) 1635 60.18 22.72 047 0.86
Kil (%) 17.16 57.70 30.85 0.21 -1.18
pH 7.85 839 1.33 -0.34 0.35
EC@Sm')y 0.13 037 2415 0.64 -0.12
OM (%) 038 3.87 5507 090 0.94
CaCOs3 (%) 14.77 3427 17776  0.33 0.06
HA(gcm?®) 1.07 1.72  9.87 0.22 -0.28
TK (%) 2330 47.57 1130 0.21 0.78
SN (%) 12.09 2950 14.66 0.16 0.27
YSi(%) 9.98 21.87 13.68 0.83 1.49

EC: Elektriksel iletkenli, OM: Organik madde, CaCOs:Esdeger kalsiyum karbonat icerigi, Ha: Hacim agirligi, TK: Tarla
kapasitesi, SN: Solma noktasi, YSI: Yarayish su icerigi, Ornek sayisi (n):113

Topraklarin pH’lar1 7.85-8.39, EC igerikleri ise 0.13-0.37 dS m! arasinda degismektedir. Genellikle hafif
alkalin reaksiyonlu topraklarda, tuzluluk sorunu goriilmemektedir. Topraklarin kire¢ icerikleri % 14.77-34.27,
organik madde ise % 0.38-3.87 arasinda degisim sergilemistir. Doran ve Jones, (1996); Kacar, (2009); Hazelton
ve Murphy, (2016)’ya gore kirecli ve ¢ok fazla kiregli siiflar1 arasinda bulunan topraklarin organik madde
icerikleri genellikle diisiik seviyelerde belirlenmistir. Organik madde igeriklerindeki pozitif carpiklik katsayisi
saga carpikligin bir gostergesidir. Bu durum diisiik organik madde igerikli 6rnek sayisinin fazla oldugunun bir
sonucudur. Goller bolgesi topraklarinin % 65’inin organik madde igerikleri az (% O - 2) sinifinda yer almaktadir
(Giigdemir, 2006). Soz konusu bu diisiikliik tipik olarak kurak ve yar1 kurak bolgelerde vejetasyonun zayiflig1 ve
islemeyle birlikte oksitlenmenin artmasiyla iligkilendirilebilir. Topraklarin pH 6zelligi sola carpik (saga y18ilma)
olup diger ozellikler saga carpik (sola yi1gilma) dagilim gostermistir. Kil, HA ve EC normale gore daha basik (-)
dagilim egrisi olustururken, CaCOs3 disinda diger 6zellikler normale gore daha dik (+) bir dagilim sergilemistir.
Atabey ovasi cevresinde kire¢ taglarindan olusmus yamaclarin bulunmasi (Akgiil ve ark., 2001) calisma alaninin
kireg igeriklerinin yiiksekliginin bir gostergesidir. Topraklarin hacim agirligi igerikleri 1.07-1.72 g.cm™dir. TK,
SN ve YSI igerikleri sirasiyla % 23.30-47.57, 12.09-29.50, 9.98-21.87 arahiklarinda degisim gostermistir. Rawls
ve ark. (1982), orta-ince tekstiir grubu topraklarin, TK ve SN seviyelerini % 12.6-46.6, ve % 3.1-33.6 araliklarinda
belirlemistir. Topragin TK ve SN icerikleri; tekstiir, organik madde ve striiktiire bagli olarak degisim gostermekte
olup tane biiyiikliigiiniin kiiciilmesi, organik madde iceriginin artmasi ve striiktiiriin iyilesmesi ile s6z konusu nem
sabitelerinde tutulan nem miktar1 artmaktadir (Karahan ve ark., 2014). Ortalama nem icerikleri karsilastirildiginda
TK (% 34.91) ile SN (% 20.53) arasinda yaklasik 1.7°1ik kat oran1 bulunmaktadir. Diallo ve Mariko (2013), s6z
konusu bu orani 1.6 olarak belirlemistir. Toprak 6zelliklerindeki degiskenligi belirlemede kullanilan varyasyon
katsayist incelendiginde pH, HA, TK, SN ve YSi ‘diisiik’, CaCOs, EC ve kil, silt ‘orta’ diger ozellikler ise ‘yiiksek’
degiskenlik gostermistir (Wilding 1985). Stabil olan toprak 6zellikleri diger dinamik ozelliklere gore daha dar bir
aralikta degismektedir (Wilding ve ark. 1994). Degisim aralifinin dar olmasi varyasyon katsayisinin diisiik
olmasinin bir sebebidir.
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3.2. Toprak Su Igeriginin Belirlenmesinde Uygun Modellerin Belirlenmesi ve Dagihim Haritalarinin
Olusturulmas:

Topraklarin TK, SN, YSI ile kil oranlarina ait dagilimlar Kolmogorov-Smirnov testi ile kontrol edilmis
yarayigh su icerikleri hari¢ normal dagilim gosterdikleri belirlenmistir. Dagilim haritalarinin olusturulma
asamasinda kullanilan 6zelliklerin dagilim durumlar1 Kolmogorov-Smirnov testi ile test edildikten sonra normal
olmayan verilere hangi doniisiimlerin yapilacagi carpiklik katsayilarina bakilarak degerlendirilmistir. Tarla
kapasitesi ve SN degiskenlerinin basiklik degerinin pozitif olmasi normalden daha dik bir dagilima ve carpiklik
katsayilarinin da 0’dan biiyiik olmasi nedeniyle + yone egimli ve saga ¢arpik bir dagilimin gostergesidir. Ozellikle
YSi’de carpiklik degeri 0.5’den biiyiik olmasi nedeniyle logaritmik doniisiim kullanilmistir. Ayrica kil, TK, SN
ve YSI igin olusturulan yarivariogram modellerin uygunlunun degerlendirilmesinde RMSE, MAE ve R? degerleri
hesaplanarak RMSE ve MAE degerlerinde en diisiik, korelasyon katsayisi degerinde ise en yiiksek deger dikkate
almarak kontrol edilmistir. Degado ve ark., (2010)’ a gore 0.90 ve iizeri korelasyonun ¢ok iyi oldugunu, 0.90 -
0.80 arasinda yiiksek 0.80 - 0.70 arasinda iyi, 0.70 - 0.60 arasinda orta, 0.60 - 0.50 arasinda diisiik, 0.50 den diisiik
ise ¢ok diisiik korelasyon oldugunu belirtmistir. Calismada korelasyon katsayisi degerleri 0.5 den diisiik ¢tkmasi
nedeniyle R? degerlendirmeye alinmamustir. Ayrica yiiksek R? her zaman gozlemlerin iyi tahminde bulunacagina
anlamina gelmemektedir (Gujarati, 2003). Modelin degisim yo6niiyle tahmin edicilerinin ayni olmasi
gerekmektedir. Farkli olmasi durumunda R*¥'ye gore gegerliligi diisiik olan bir model RMSE ve MAE’ye gore
yiiksek dogruluk gosterebilmektedir. Bu nedenle ¢alismada, bircok ¢aligmada da yaygin olarak kullanilan RMSE
ve MAE degerleri kullanilmistir (Arslan, 2014; Mihalikova ve ark. 2015; Tungay ve ark. 2018).

Enterpolasyon modeller kullanilarak herhangi bir toprak 6zelliginin mekansal degisim deseninin belirlenmesi,
incelenen toprak o6zelliginin ¢alisma sahasi igerisinde herhangi bir noktasindaki degerini, en az hata ile tahmin
etmeye imkan saglar. Boylece, toprak ozelliklerinin enterpolasyon analizi sonucu elde edilen degisim haritalari,
inceleme alani i¢in arazi yonetimi ile ilgili en uygun planlama ve yonetim kararlarinin alinmasi ve uygulanmasina
olanak verir (Ozta$, 1996; Ozya21c1 ve ark., 2015; Giilser ve ark., 2016; Celik ve Dengiz, 2017). Ele alinan toprak
parametrelerinin dagilim haritalarin1 olusturmak amaciyla 10 adet enterpolasyon modellerine ait egitim ve test
verilere ait RMSE ve MAE degerleri elde edilmis ve Tablo 2’de verilmistir. Hata kareler ortalamas1 karakokii
degerleri tiim modellerde genellikle MAE degerlerinde biraz yiiksek olarak belirlenmistir. Aralarindaki farkin
artmis olmasi veri seti icerisindeki degisimin daha yiikselmesine neden olur.

Tablo 2. Egitim ve test verilerinin OK, IDW, CoK ve RBF ait MAE ve RMSE degerleri
Table 2. MAE and RMSE values of training and test data belonging to OK, IDW, CoK and RBF.

Toprak  Veri Istatistiksel OK IDW CoK RBF
Su Seti Ozellik K U G 1 2 3 K CRS STP TPS
Egitim MAE 3277 3284 3267 3283 3413 3561 3.255 3.722 3.569 4.723
Verisi RMSE 4299 4308 4289 4335 4472 4.643 4281 4824 4.656 6.190
TK Test MAE 3.544 3533 3531 3505 3.592 3.679 3.557 3.698 3.621 3.906
Verisi RMSE 4235 4235 4234 4267 4441 4.643 4240 4.674 4511 5.075
Egitim MAE 2467 2476 2.457 2488 2552 2624 2450 2722 2.631 3.431
Verisi RMSE 3.209 3219 3201 3.255 3313 3.393 3.187 3.495 3406 4.364
SN Test MAE 2.865 2.886 2.843 2950 3.053 3.131 2.842 3.180 3.109 3.331
Verisi RMSE 3397 3420 3374 3495 3.640 3.776 3.373 3.839 3.719 4.129
Egitim MAE 1.823 1.767 1.772 1.753 1.878 1937 1.787 1989 1.927 2.555
Verisi RMSE 2402 2340 2350 2316 2408 2483 2320 2562 2.483 3.199
Ysi Test MAE 1.199 1.179 1.801 1.115 1.169 1.257 1.199 1.272 1.204 1.423
Verisi RMSE 1.549 1503 1.528 1.421 1468 1555 1549 1.587 1.506 1.870

TK: Tarla kapasitesi, SN: Solma noktasi, YSI: Yarayish su igerjéi, MAE:Ortalama mutlak hata (%), RMSE: Hata kareler ortalamasit
karekokii(%), K: Kiiresel, U: Ussel, G: Gaussian, CoK: CoKriging

Modeller arasinda karsilagtirmanin yapilmasinda Tablo 2’ den de goriilecegi iizere, TK icin modeller arasinda
gerek egitim verilerinde gerekse de test verilerinde en diisitk RMSE ve MAE degerlerini OK’ya ait Gaussan model
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vermis iken, SN’de CoK ’a ait kiiresel model belirlenmistir. Topraklarda YSI icin en uygun dagilim modeline ait
en diisik RMSE ve MAE degeri gerek egitim verisinde gerekse de test verilerinde IDW modele ait 1. kuvvette
belirlenmistir.

Tarla kapasitesinin konumsal dagilim haritas1 olusturulmasinda OK’un ii¢ variyogram modelleri igerisinde
Gaussan model egitim verisinde MAE degeri % 3.267, test verisinde ise % 3.531 olarak belirlenirken RMSE degeri
egitim verisinde % 4.289 ve test verisinde % 4.234 olarak yakin degerler sergilemistir (Tablo 2). Buna karsin en
yiiksek degerler ise RBF ait alt modellerde belirlenmistir. Bes alt modele sahip olan RBF igerisinde arastirmalarda
en fazla kullanilan CRS, STP ve TPS modeller mevcut calismada ele alinmistir (Teartisup ve ark, 2007; Arslan,
2014). Ele alinan variogram modelllerden TPS’de, egitim ve test verilerinde MAE degerleri sirasiyla % 4.723 ve
3.906, RMSE degerlerinde ise % 6.190 ve 5.075 olarak belirlenmistir (Tablo 2). Dagilim haritalarinin
olusturulmasi ele alinan alan icerisinde problem olan yer veya yerlerin belirlenmesi ile, alan igerisindeki dikkate
alman herhangi bir 6zelligin egilim dagilimlarini gostermesi agisindan dnemli kanitlar1 ortaya koymaktadir. Bu
nedenle her bir farkli ekolojik alan i¢in alana ait giivenilir ve dogru konumsal dagilim haritalarin tiretilmesinde
coklu model karsilastirmalarin yapilmast ve en uygun modelin belirlenmesi en dogru yaklasim olarak
goriilmektedir. Mevcut caligsma alaninin TK dagilim haritas1 ise OK’in Gaussan modeline gore olusturulmus ve
Sekil 3° de verilmistir. Caligma alanm icerisinde TK biiyiik oranda %33.16 ile 36.04 arasinda degismekte olup,
giiney dogu kesimlere dogru bu oran bir miktar azalarak %31.18’e kadar azalmaktadir. Kriging yonteminde sadece
birincil degiskene ait veriler kullanilarak kestirim yapilmaktadir. Ancak CoK (es kestirim) yonteminde ikincil
veriler de kullanilarak birincil verilerin olmadig1 konumlarda ikincil veriler kullanilarak kestirim kalitesi arttirmak
miimkiindiir. Fakat bu her zaman en iyi modeli belirleyecek anlamina da gelmemektedir.

Tarla Kapasitesi (%0)

N
I 31.18-32.36 [ 34.33-36.04 @ Egitim Veri W%>E
S

[ ] 32.36-33.16 36.04-38.55 @ Test Veri

[ 33.16-34.33

r) A25 250 500 750 7.000 er |
™ ” Met

Figure 3. Field capacity distribution map of the study area

Sekil 3. Calisma alanina ait tarla kapasitesi dagilum haritast

Topraklarin SN’ye ait konumsal dagilim haritas: olusturulmasinda en diisiik RMSE ve MAE degeri diger
modeller ile karsilagtirildiginda CoK’a ait semivariogram olarak kiiresel modelde belirlenmistir. Egitim ve test
verilerinde MAE degerleri sirastyla % 2.450 ve 2.842, RMSE degerlerinde ise % 3.187 ve 3.373 olarak
bulunmustur (Tablo 2).Mihalikova ve ark., (2016) Orta ve Dogu Karadeniz Bolgesinde tarim arazilerine ait 3400
toprak ornegi ile k-Nearest pedotransfer fonksiyon kullanilarak tahminleme yaptiklar1 ¢aligmada, topraklarin SN
dagilim haritasi olusturulmasinda sekiz model kullanilmig ve RMSE degerleri dikkate alinarak simple kriginge ait
Gaussan model ile en yiiksek dogruluklu dagilim haritasi iiretilmistir. Mevcut ¢alismada, SN degerleri kil yardimet
degiskeni ile CoK yontemi aracilifiyla tahmin edilmis ve dagilim haritast olusturulmustur (Sekil 4). Solma noktasi
ozellikle kil miktarina da bagl olarak ¢caligma alanin giiney kesimlerinde artis gosterirken orta kesimlerde bu oran
azalma egilimi sergilemistir.
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Figure 4. Wilting point distribution map of the study area
Sekil 4. Calisma alanina ait solma noktast dagilun haritas:

Topraklarin YSI degerlerine ait konumsal dagilim haritas1 olusturulmasinda en diisik RMSE ve MAE degerleri,
diger modeller ile karsilastirildiginda IDW-1"de elde edilmistir. Egitim ve test verilerinde MAE degerleri sirasiyla %
1.753 ve 1.115, RMSE degerlerinde ise % 2.316 ve 1.421 olarak belirlenmistir. Buna karsin MAE ve RMSE
degerleri OK’a ait Gaussan modeli test verileri i¢in en yiiksek model olarak goziikiirken, egitim verileri icin RBF’e
ait TPS modeli belirlenmistir. Caligma alani topraklarinin YSI’ye ait dagilim haritas1 ise IDW-1 modeline gore
olusturulmus ve Sekil 5° de verilmistir. Yarayigh su icerigi 6zellikle calisma alaninin orta ve kuzey, kuzey bati
kesimlerinde artis, kuzey dogu ve giiney dogu kesimlerde azalma egilimi gostermistir.

(I 9981200 | | 13.92-14.08 [l 16.01-18.03
[ 12.00-13.06 [ 14.08-14.38 @ Egitim Veri
[ 13.06-13.63 [l 14.38-1494 @  Test Veri

| 13.63-13.92 [l 14.94-16.01[

Figure 5. Available water distribution map of the study area

Sekil 5. Calisma alanina ait yarayish su dagilun haritas
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4. Sonug¢

Calisma Isparta ilinin yogun tarmm uygulamalarinin yapildigi Atabey Ovasinda gerceklestirilmis olup
calismada; 200 m aralikla olusturulan grid sisteminden egitim verisi olarak 81 toprak ornegi ile test verileri
olusturmak amaciyla da 32 noktadan toplamda 113 toprak 6rnegi ile topraklarin su igeriklerine yonelik olarak TK,
SN ve YSI’nin farkli enterpolasyon modeller kullanarak konumsal dagilim haritalar1 elde edilmistir. Kullanilan
enterplasyon modellerinden iki tanesi deterministik (IDW ve RBF), diger iki tanesi ise (OK ve CoK) stokastik
modellerdir. Elde edilen analiz sonuglar1 kullanilarak once her bir degisken i¢in tanimlayici istatistikler yapilmis,
daha sonra uzaysal degiskenligi belirlemek amaciyla uygun teorik variogramlar belirlenmistir. Segilen variogram
modellerinin, alanin uzaysal yapisinin dogru olarak yansitip yansitmadigi ¢apraz dogrulama analizleri ile kontrol
edilmistir. Modellerin karsilagtirarak en uygun modellerin belirlenmesinde, MAE ve RMSE degerleri dikkate
alinmis ve test veriler ile olduk¢a yakin degerler elde edilmistir. Alanda dagilim gosteren topraklarin TK’ya ait
uzaysal dagilimlarinin elde edilmesinde en uygun model OK’nin Gaussan modeli belirlenirken, SN’nin uzaysal
dagiliminda stokastik yaklasim olan CoK en uygun dagilimi vermistir. Topraklarin YSI dagiliminda ise IDW-1 en
uygun model olarak belirlenmistir.

Sonug olarak gerceklestirilen calismada, 200 m mesafelerde olusturulan grid yontemi i¢in veri setinin %
70’inin egitim ve % 30’unun test amacl kullanilmasiyla farkli jeoistatistiksel enterpolasyon ydntemleri
kullanilarak toprak nem sabitelerinin dagilimlar yaklasik % 1-4 arasinda ortalama hata ile tahmin edilebilmistir.
Striiktiirel yap1 ve gozenek boyutlarindan oldukg¢a etkilenen TK ve daha cok tekstiir ile iligkili olan SN nem
sabitelerinin kisa mesafelerdeki degisim ihtimalleri g6z Oniine alindiginda; 6rnekleme sayisinin arttirilmasi, egitim
ve test veri setlerinin oranlarinin degistirilmesi, daha kisa mesafelerde genis alanlarin degerlendirilmesi ile
gelecekte benzer 6zellikte yar1 kurak ekolojik 6zelliklere sahip alanlarda yapilacak ¢aligmalarda tahmin giiciiniin
artabilecegi diisiiniilmektedir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Determination of Commercially Available Biogas Production Capacity and Effects on
Methane Capture in Tekirdag Province

Tekirdag ilinde Ticari Olarak Kullanilabilir Biyogaz Uretim Kapasitesinin ve Metan
Tutumuna Etkilerinin Saptanmasi

Birol KAYiSOGLU ", Simge GONCU 2
Abstract

This research was carried out in farms which have 100 and more cows with commercial biogas production capacity,
in 2019 in Tekirdag. This is because it is stated that if the livestock enterprises have at least 100 animals, biogas
production can be realized economically. The distribution and number of farms with this feature in districts were
provided from Tekirdag Food, Agriculture and Livestock Provincial Directorate. Biogas is generally used by
converting it to heat and electrical energy. While it is used mostly for heating purposes in small farms, electricity
and heat energy are provided in CHP units in large farms. Total methane production potential and energy value
were calculated as 22 466 Nm?day™' and 81 756.4 MWhyear", respectively. The highest methane production
potential and energy value is in Muratl district and the least is in Cerkezkoy district. It was determined that
42 512.48 MWhyear! useful heat energy and in CHP unit 28 614.17 MWhyear™! electricity energy and 19 784.65
MWhyear'additional heat energy could be obtained from methane produced by anaerobic fermentation. It is
determined that 19 067.56 tons COs.year! of methane will be released if the manure is stored outdoors. It was
determined that methane emission could be reduced by 1087.13 tons COacyear’ if the nitrogen was used in
fermentation residues instead of the chemical fertilizer. Total methane retention in the use of methane for heat
purposes will be 31 590.55 tons COjcyear’!. Methane emissions will be reduced by 12 522.99 tons COxcyear™
when used for heat purposes, than the conditions in which the manure is stored outdoors. When methane is used
in the CHP unit to provide electricity and heat energy, total methane retention is calculated as 38 467.6 tons

COxcyear’!, and the decrease in methane emission is calculated as 19 400 tons COxcyear™. In animal husbandry
enterprises that are located in Tekirdag and are commercially producing, evaluation of manure without long-term
storage by means of anaerobic digestion is important in terms of meeting of the energy requirement and reducing
methane emission and the government should encourage enterprises in this regard.

Keywords: Biogas, anaerobic digestion, methane emission, methane capture, emission factor

Ozet

Bu aragtirma, 2019 yilinda Tekirdag ilinde ticari anlamda biyogaz iiretimi kapasitesine sahip 100 ve daha fazla
biiyiikbas hayvan bulunan isletmelerde yiiriitiilmiistiir. Bunun nedeni hayvancilik isletmelerinin en az 100 hayvana
sahip olmalar1 durumunda, biyogaz iiretiminin ekonomik olarak gerceklesebileceginin belirtilmesidir. Bu
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ozellikteki igletmelerin ilgelere gore dagilimlari ve sayilari, Tekirdag Gida Tarim ve Hayvancilik il miidiirligtinden
saglanmistir. Biyogaz genel olarak 1s1 ve elektrik enerjisine doniistiiriilerek kullanilmaktadir. Kii¢iik isletmelerde
daha cok 1s1 amach kullanilirken biiyiik isletmelerde ise CHP iinitelerinde elektrik ve 1s1 enerjisi saglanmaktadir.

Toplam metan iiretim potansiyeli ve enerji degeri sirasiyla 22 466 Nmgiin! ve 81 756.4 MWhyil! olarak
hesaplanmistir. En fazla metan iiretim potansiyeli ve enerji degeri Murath ilgesinde, en az ise Cerkezkdy
ilgesindedir. Aneorobik fermantasyon ile iiretilen metandan 42 512.48 MWhyil! yararh 1s1 enerjisi, CHP
tinitesinde 28 614.17 MWhyil! elektrik enerjisi ve 19 784.65 MWhyil'! ek 1s1 enerjisi elde edilebilecegi
saptanmustir. Giibrenin agikta depolanmasi halinde 19 067.56 ton COxeyil! metan salinimi olacag: belirlenmistir.
Fermantasyon artiklarinda bulunan azotun kimyasal giibre olarak kullanilmasi durumunda metan emisyonunun
1 087.13 ton COqeyil™! azaltilabilecegi tespit edilmistir. Metanin 1s1 amagl kullanilmasinda toplam metan tutumu
31 590.55 ton COaey1l! olacaktir. Metan emisyonu. 1s1 amagli kullanimda giibrenin agikta depolandig1 kosullara
gore 12522.99 ton COgeyil! azalacaktir. Metanin CHP iinitesinde elektrik ve 1s1 enerjisi saglamak igin
kullanilmasi durumunda, toplam metan tutumu 38 467.6 ton COzey1l”!, metan salinimindaki azalma 19 400 ton
COgeyil! olarak hesaplanmustir. Tekirdag’da bulunan ve ticari olarak iiretim yapan hayvancilik isletmelerinde
giibrenin uzun siire depolanmadan, anaerobik sindirim yoluyla degerlendirilmesi, hem enerji gereksiniminin bir
kisminin karsilanmasi, hem de metan emisyonunun azaltilmasi acisindan 6nemlidir ve devletin bu konuda
igletmeleri tesvik etmesi gerekmektedir.

Anahtar Kelimeler: Biyogaz, anaerobik sindirim, metan salinim, metan tutumu, emisyon faktorii
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1. Introduction

Biomass has an important potential as a renewable energy source. It can be converted into different types of
energy by burning directly or by using thermo-chemical and biochemical conversion methods. Biogas is a
combustible gas obtained by anaerobic digestion, which is one of the biochemical conversion methods, containing
about 60% methane (CHs) and about 40% CO,. The specific energy value is between 5-7.5 KWhNm™ depending
on the CHy ratio in the content of the biogas. The density of the biogas is about 1.22 kgNm™ (Rutz, 2015).

The energy value of biogas produced in the world in 2014 is around 352 780 GWh. The most biogas in the
world is produced in China with an energy value of 91 490 kWhyear™'. This country is followed by Germany with
86 460 GWhyear™!, America with 73 830 GWhyear™! and Russia with 32 240 GWhyear! (Anonymous, 2017). The
energy value of biogas production in our country was around 2 706 GWhyear! in 2014. Considering the production
in the world, it is seen that the biogas production in our country is quite low. Only 10% of technical biogas potential
of Turkey is evaluated (Anonymous, 2019a).

Especially, the emission of methane, which occurs as a result of animal production, is an important factor in
the increase of greenhouse gas. Animal production causes 18% of the greenhouse gas emissions in the world. The
production of animal manure and urine, which is the source of this emission, is around 13 billion tons per year in
the world (Harkin, 1997). Capture of the methane of manure by biogas production plays an important role in the
reduction of methane emissions from agricultural and urban wastes as well as energy recovery.

The simplest method of obtaining heat energy from biogas is to directly burn it in boiler systems. The efficiency
of the biogas burning process varies between 75-85%. Boiler systems used to burn natural gas can also be used in
biogas combustion by changing fuel-air mixture ratios. However, since biogas has lower energy content, higher
flow rate is required. Therefore, the combustion unit also needs to be modified. Since low quality biogas is burned
in boiler systems, the operating temperatures should be above the dew point to prevent condensation (Krich et al,
2005).

CHP (Cogeneration-combined Heat and Power) systems are used to obtain electricity and additional heat
energy from biogas. While electrical energy is obtained with the generator connected to the gas engines used in
these systems, the resulting heat energy is transferred to a fluid or air with the help of heat exchangers in the engine
and exhaust outlet. In modern CHP units, heat losses are around 10-15%, electrical energy efficiency is 30-40%,
and heat energy efficiency is around 40-50%. The overall efficiency of the CHP system can be 80% and above
(Dueblein and Stainhauser, 2011). In addition, Recebli et al (2015) stated that if biogas is used for heat purposes,
a gain of $ 0.35/m? can be achieved compared to natural gas.

In recent years, it has become common to remove CO; from biogas and to obtain biomethane. In this
improvement process, the energy value of the product is increased, and its transportation and storage become easier.
In addition, it is possible to use it in gas engines or vehicles directly or with natural gas without any additional
treatment. Biomethane is also used as a raw material in the chemical industry (Beil and Beyrich, 2013).

Biogas is a renewable energy source and is increasingly important in terms of providing sustainable energy.
As a greenhouse gas, methane is 25 times stronger than CO,. Therefore, in addition to the energy value of the
biogas obtained in the biogas production process, methane capture is also important in terms of environmental
effects. As a result of long-term storage of manure, 20-45% of the total methane potential is mixed into the
atmosphere as a greenhouse gas emission (Dumont et al., 2013). If biomethane is used instead of fuel oil to obtain
heat and electrical energy, 0.269 kg CO,e/kWh and 0.454 kg CO,e/kWh methane capture are provided,
respectively. Also, 6.172 kg CO»e/kg methane attitude can be achieved if nitrogen in fermentation wastes is used
instead of chemical nitrogen fertilizer (DEEC, 2013; Frost and Gilkinson, 2010).

In a study conducted by Yaldiz and Sozer (2005), it was understood that 100 animals for cattle, 150000 for
chicken, 2000 for sheep and 5000 for turkey were economical size for biogas plants. In this study, it was aimed to
determine the commercially biogas production potential from cattle manure in Tekirdag province and to
determine its effects on methane capture if this potential is used as an energy source.
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2. Materials and Methods

2.1. Determination of the number of cattle farms in the region

25% of the gross production value of Tekirdag province is due to animal production. There has been a
significant increase in the number of bovine animals in the region in recent years (Anonymous, 2019b). The
research was carried out by identifying bovine farms with 100 and more animals in Tekirdag. 25% of the gross
production value of Tekirdag province is due to animal production.

2.2. Determination of methane production potential and energy value

The coefficients used to determine the methane production potential are given in Table 1. The value of n in
Table I means the number of animals.

Table 1. Coefficients used in the calculation of methane production potential (Lukahurst ve Bywater, 2015)

Value Unit

. . kg :
Production of Liquid cattle manure (PLM) 55 day—animal * 1 kgday™!
Total Solids (TS) %13.9 PLM kgday™!
Volatile Solids (VS) %11.62 PLM or %83 TS kgday™!

3

Methane Production (MP) 0.15 kl:r_nvs * VS Nm?day!
Specific Energy of Methane (SEM) 9.97 kWhNm™
Total Energy Value of Methane (TEV) MP*SEM kWhday!

2.3. Determination of useful heat energy that can be obtained from methane

It is assumed that 48% of the produced methane is used for heating the reactor, and the remaining 52% is used
as useful energy (Lukahurst and Bywater, 2015). Useful potential for heat purposes of the methane was calculated
with the help of the following equation:

EPpoq: = 0.52 % TEV (Eq.1).

Where; EP,..:(kWhday™) is the useful heat energy potential of the methane.

2.4. Determination of the usage energy potential of the methane in the CHP unit

In use in the CHP unit, 90% of the energy obtained from methane turns into useful energy. It is accepted that
35% of this useful energy turns into electrical energy and 55% of it turns into heat energy (Rutz, 2015). It is
assumed that 56% of the heat energy produced in the CHP unit is used for reactor heating (Lukahurst and Bywater,
2015).

The electrical energy potential of the methane is calculated with the formula below:
EP,, = 0.35%TEV (Eq.2).
Where; EP,;;, (kWhday™") is the electrical energy potential of the methane in CHP unit.

The useful part of the heat energy generated in the CHP unit has been found with the help of the following
equation:

EPgyp near = 0.44 * (0.55 * TEV) (Eq.3).

Where; EPcyp neqr (kWhday™) is the useful heat energy potential of the methane in CHP unit.
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2.5. Methane emission and CO: equivalent in long term storage of the manure

The methane emission and CO; equivalent occurring in long-term storage of the manure are calculated by
taking into account the values given in Table 2.

Table 2. Methane release in long-term storage (Lukahurst ve Bywater, 2015)

Value Unit
Methane emission in long-term storage (MEL,) %13 MP Nm?3day!
Methane release in long-term storage (MEL,) 0.715474 kg/Nm3** MEL, kgday!
CO; equivalent of methane emission in long-term 25% MEL., ke COnday”

storage (MELCO5,)

2.6. Determination of the methane capture if methane is used instead of Fuel Oil

As aresult of converting the methane into heat and electrical energy, emission factors of CO; equivalent of the
methane capture are given in Table 3.

Table 3. Emission reduction factors (DECC, 2013)

Usage EF Unit
Heat energy 0.269 kg CO2kWh'!
Electrical energy 0.454 kg CO2kWh'!

CO; equivalent of total methane capture when obtaining heat energy from the methane was found with the
following formula:

MChear = EFpear * EPpear (Eq.4).
Where; MCpeqr (Kg CO2kWh) is the methane capture for using as heat energy, EFj,q,; is the emission factor
of methane capture for heat energy.

CO; equivalent of total methane capture when usage of the methane in CHP system was found with the
following formula:

MC, = EF * EPy (Eq.5).
MCeuppeat = EFnear * EPchp heat (Eq.6).

Where; MC,; and MCeyp peqr (Kg COseday™) are the methane capture for obtaining electrical energy and heat
from the methane.

2.7. Determination of the methane capture if the digested material is used instead of mineral fertilizer

As a result of using digested materials as fertilizer, emission factors of CO; equivalent of the methane capture
are given in Table 4 (Frost and Gilkinson, 2010).

Table 4. Methane capture in using of digested material as fertilizer

Value Unit
k
The amount of nitrogen in the slurry (ANS) 0.286 —g * 1 kgday™!
day — animal
Usable amount of nitrogen (UN) 0.36 ANS kgday™!
Amount of nitrogen available as fertilizer in
.20 UN kgday™!
digested material (FAM) 0-20U gaay
kg CO
CO; equivalent of the methane capture (MCrer) 6.172 gk 2 « FAM kg COz.day!
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2.8. Determination of the total methane capture

The total methane capture in using of methane for obtaining heat energy was calculated as below:
Y MCpeqt = MCpeqe + MCppr + MELCO,, (Eq.7).
The total methane capture in using of methane in CHP unit was calculated as below:

Z MCChp = MCel + MCCHP,heat + MCfeT' + MELCOZe (qu)

3. Results and Discussion

3.1. Current status of farms with having 100 or more cattle in Tekirdag province

The distribution of farms with 100 and more cattle number in Tekirdag in early 2019 by districts is given in
Table 5. There are 77 farms in the city. The highest number of farms is in Malkara district with 19 and the minimum
number of farms is in Cerkezkoy district with 4. The number of cattle is less than 200 in 55% of the farms (Tan,
2018). The total number of animals in these farmers is 23 435.

Table 5. Distribution of farms and cattle number with more than 100 animals in Tekirdag by districts

Cattle Number

100>= 200>= 300>= FARM CATTLE
DISTRICTS and and and 400<= NUMBER NUMBER

<200 <300 <400
Cerkezkoy 4 0 0 0 4 631
Corlu 4 4 0 1 9 1913
Ergene 5 2 0 0 7 1104
Hayrabolu 7 1 0 1 9 3153
Kapakl 6 0 1 0 7 1036
Malkara 16 0 2 1 19 3416
Marmaraereglisi 3 0 1 1 5 1214
Murath 4 0 0 1 5 7909
Saray 4 2 0 0 1061
Siileymanpasa 2 1 2 1 6 1998
TOTAL 55 10 6 6 77 23435

3.2. Methane production potential and energy value

Distribution of liquid manure, organic solid and methane production potentials and energy values by districts
are given in Table 6. There is a total of 1 288.9 tonsday' liquid fertilizer and 149.8 tonsday™' organic solid matter
productions in the city. The methane production potential was found to be 22 466 Nm?>day™!. The energy value of
the methane in biogas is 223.99 MWhday™! (Tan,2018). It is observed that there is a potential to provide 81 756.4
MWh of energy in one year from the methane production in Tekirdag province.
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Table 6. Methane production potential and energy value

PLM VS MP TEV TEV
D (tonsday!) (tonsday’) (Nmday') (MWhday') (MWhyear")
Cerkezkoy 34.7 4.03 604.9 6.03 2201.0
Corlu 105.2 12.23 1 .833.9 18.28 6672.2
Ergene 60.7 7.06 1058.3 10.55 3850.8
Hayrabolu 173.4 20.15 3022.6 30.14 11 001.1
Kapakli 57.0 6.62 993.2 9.90 36135
Malkara 187.9 21.83 3274.7 32.65 11917.3
Marmaraereglisi 66.8 7.76 1163.8 11.60 4234.0
Muratl 435.0 50.55 7 582.0 75.59 27 590.4
Saray 58.4 6.78 1017.1 10.14 3701.1
Siileymanpasa 109.9 12.77 19154 19.10 6971.5
TOTAL 1288.9 149.77 22 466.0 223.99 81 756.4

3.3. Useful energy potential in the use of methane for heat

The distribution of useful energy amounts to be obtained in the case of using methane to be produced with
biogas produced in Tekirdag for heat purposes is given in Table 7. There is a potential for 116.47 MWhday! of
energy use throughout the province in use for heat purposes. The annual potential is 42 512.48 MWh.

Table 7. Useful heat energy potential of methane

EPheat EPheat
DISTRICHE (MWhday!) (MWhyear)
Cerkezkdy 3.14 1 144.67
Corlu 9.51 3470.30
Ergene 5.49 2 002.72
Hayrabolu 15.67 5719.73
Kapakli 5.15 1 879.37
Malkara 16.98 6 196.83
Marmaraereglisi 6.03 2202.27
Muratlt 39.31 14 347.39
Saray 5.27 1924.72
Siileymanpasa 9.93 3624.49
TOTAL 116.47 42 512.48

3.4. Useful energy potential in the use of methane in the CHP unit

In case the methane production potential is used to obtain electrical energy in the CHP unit, there is 28 614.17
MWhyear! electrical energy and 19 784.65 MWhyear™' heat energy potential throughout the province. Total useful
energy potential in the CHP unit is 48 398.82 MWhyear! (Table 8).
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Table 8. Useful energy potential in the CHP unit

EPa EPcrp heat Total Total
DISTRICTS (MWhday!) (MWhday') (MWhday') (MWhday™)
Cerkezkoy 2.11 1.46 3.57 1303.16
Corlu 6.40 4.42 10.82 3950.80
Ergene 3.69 2.55 6.25 2280.02
Hayrabolu 10.55 7.29 17.84 6511.69
Kapakl 3.47 2.40 5.86 2139.59
Malkara 11.43 7.90 19.33 7 054.85
Marmaraereglisi 4.06 2.81 6.87 2507.20
Muratli 26.46 18.29 44.75 16 333.96
Saray 3.55 245 6.00 2191.22
Siileymanpasa 6.68 4.62 11.31 4126.34
TOTAL 78.39 54.20 132.60 48 398.82

3.5. Methane release and CO: equivalents in long-term storage of manure

Methane emission values and their CO, equivalents are given in Table 9 if the manure is stored for a long

period of time without being evaluated as biogas. 2 089.60 kgday™! of methane is emitted throughout the city and

its CO, equivalent is 52.24 tons COxday™!. The CO, equivalent of the annual methane emission is 19 067.56

tons COxe.

Table 9. Methane release in long-term storage of manure

MELmn MELCO2. MELCOze
D (kgday™) (tonsday!)  (tonsyear™)
Cerkezkoy 56.26 1.41 513.40
Corlu 170.57 4.26 1556.49
Ergene 98.44 2.46 898.25
Hayrabolu 281.14 7.03 2 565.39
Kapakli 92.38 2.31 842.93
Malkara 304.59 7.61 2779.38
Marmaraereglisi 108.25 2.71 987.75
Muratli 705.21 17.63 6 435.05
Saray 94.60 2.37 863.27
Siilleymanpasa 178.15 4.45 1 625.64
TOTAL 2 089.60 52.24 19 067.56

3.6. Methane capture in using of digested materials instead of mineral fertilizer

If digested materials are evaluated as mineral fertilizers, CO» equivalents of methane capture are given in Table

10. The amount of nitrogen of the liquid fertilizer (ANS) that emerges in the farms is 6 702.4 kgday!. The amount

of nitrogen (UN) suitable for use by bacteria in liquid fertilizer was calculated as 2 412.9 kgday!, and the amount
of nitrogen that could be used as mineral fertilizer (FAM) was 482.6 kgday™'. If digested materials are evaluated

as the mineral fertilizer, 2 978.4 kg COzday™! and 1 087.13 tons COzeyear! methane capture will be provided.
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Table 10. Methane capture in using of digested materials instead of mineral fertilizer

ANS UN FAM MCrer MCrer
DISTRICTS (kgday!)  (kgday!) (kgday!) (kg COzday?') (tons COzyear?)
Cerkezkoy 180.5 65.0 13.0 80.2 29.27
Corlu 547.1 197.0 39.4 243.1 88.74
Ergene 315.7 113.7 22.7 140.3 51.21
Hayrabolu 901.8 324.6 64.9 400.7 146.27
Kapakli 296.3 106.7 21.3 131.7 48.06
Malkara 977.0 351.7 70.3 434.2 158.47
Marmaraereglisi 347.2 125.0 25.0 154.3 56.32
Murath 2262.0 814.3 162.9 1005.2 366.89
Saray 303.4 109.2 21.8 134.8 49.22
Siileymanpasa 571.4 205.7 41.1 253.9 92.69
TOTAL 6702.4 24129 482.6 2978.4 1087.13

3.7. Total methane capture in the use of methane for heat

The methane capture that will be provided if the methane in the biogas produced in the farms is used only for
the purpose of obtaining heat energy is given in Table 11. In the conversion of methane to useful heat energy, a
total of 86.55 tons COzday! and 31 590.55 tons COzeyear of methane capture are provided. In case the manure
is not the long-term storage and converted into biogas in order to obtain heat energy by using instead of fuel oil,
in addition to preventing the release of methane due to long-term storage, an additional 12 522.99 tons CO».year
! of methane capture will be provided.

Table 11. Total methane capture in using of the methane in order to obtain the useful heat energy

M Cheat MCtr MELCO2 TOTAL TOTAL
DISTRICTS (tons COz¢ (tons COze (tons CO2e (tons CO2e (tons CO2ze
day™) day™) day™) day™) year?)
Cerkezkdy 0.84 0.08 1.41 233 850.59
Corlu 2.56 0.24 4.26 7.07 2578.74
Ergene 1.48 0.14 2.46 4.08 1 488.20
Hayrabolu 422 0.40 7.03 11.64 4250.27
Kapakli 1.39 0.13 231 3.83 1396.54
Malkara 4.57 0.43 7.61 12.62 4 604.79
Marmaraereglisi 1.62 0.15 2.71 4.48 1 636.48
Muratl 10.57 1.01 17.63 29.21 10 661.39
Saray 1.42 0.13 2.37 3.92 1430.24
Siileymanpasa 2.67 0.25 4.45 7.38 2693.32
TOTAL 31.33 2.98 52.24 86.55 31590.55

3.8. Total methane capture when using methane in the CHP unit

In the case of using methane produced in the biogas unit in order to obtain electrical energy and additional heat
in the CHP unit, a total of 35.59 tons COz.day"! methane capture for electrical energy and 14.58 tons COz.day™
methane capture at additional heat recovery can be provided (7able 12). Total methane capture in the CHP unit
has been calculated as 105.39 tons COz.day™ and 38 467.6 tons COqeyear’. In addition to preventing the release
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of methane due to long-term storage, an additional 19 400 tons COx.year™! of methane capture will be provided in
the CHP unit.

Table 12. Total methane capture in using of the methane in the CHP unit

MCel MCCHP,heat MCfer MELCOZe TOTAL TOTAL

DISTRICTS (tons COze (tons COze (tons COze (tons COz (tons COz. (tons COze
day) day™) day™) day™) day™) year™)
Cerkezkoy 0.96 0.39 0.08 1.41 2.84 1035.8
Corlu 291 1.19 0.24 4.26 8.60 3140.1
Ergene 1.68 0.69 0.14 2.46 4.96 181222
Hayrabolu 4.79 1.96 0.40 7.03 14.18 5175.5
Kapakli 1.57 0.64 0.13 2.31 4.66 1700.6
Malkara 5.19 2.13 0.43 7.61 15.36 5607.2
Marmaraereglisi 1.84 0.76 0.15 2.71 5.46 1992.7
Murath 12.01 4.92 1.01 17.63 3557 129823
Saray 1.61 0.66 0.13 2.37 477 1741.6
Siileymanpasa 3.03 1.24 0.25 4.45 8.99 3279.6
TOTAL 35.59 14.58 2.98 52.24 10539 38 467.6

4. Conclusions

This research has been carried out by considering 100 or more cattle capacity farms with commercial biogas
production potential in Tekirdag province. It is possible to summarize the results obtained in the research as follows;

- There are 77 farms with more than 100 cattle capacity in Tekirdag province. There are 23 435 cattle in
these farms. The number of animals in approximately 71% of these farms is below 200.

- Inthese farms, a total of 470 457.6 tonsyear™' liquid manure and 54 667.2 tonsyear™ organic solid materials
are produced. Methane production capacity of these manure has been calculated as 22 466 Nm3day™'.
Energy value of this methane is 223.99 MWhday™! and 81 756.4 MWhyear™.

- If methane is used for heat purposes, 42 512.48 MWhyear™' of useful heat energy will be provided. When
using methane in the CHP unit, 28 614.2 MWh.year! of electrical energy and 19 784.7 MWhyear' of
additional heat will be provided.

- Instead of long-term storage of manure, 12 525.6 tons COzcyear! less methane emission will be achieved
in the use of methane production for heat purposes and 19 400 tons COxeyear! when used in the CHP unit.

As seen in this research, it is determined that if biogas is obtained from the cattle manure that occurs in the
farms in Tekirdag province, there will be a significant amount of energy gain and the methane emission will
decrease significantly. Many countries, especially Germany, are supporting farmers to turn to biogas production
regardless of farm size, taking into account the important contributions of anaerobic fermentation to the methane
attitude rather than obtaining energy from biogas. In our country, only 10% of the technical biogas potential is
used (Yaldiz and Sezer, 2005; Tan, 2018). In our country, which is in an energy bottleneck, in order to spread
biogas, which is a renewable energy source, the government must provide the support to enable enterprises to turn
to biogas production without considering economic concerns. Considering the environmental contributions of
biogas production, the importance of these supports increases.
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