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ICINDEKILER
ARASTIRMA MAKALESI - RESEARCH ARTICLE
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Farkli Tuz Stresleri Altinda Yetistirilen Salvia officinalis Mill. ve S. tomentosa L. Tirlerinde
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tomentosa L. Grown under Different Salt Stress
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Determination of the Factors Affecting Turkish Olive Producer’s Adoption of Good Agricultural
Practices in Marmara Region of Turkey
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Kaolin Partikiil Film Uygulamasinin Trakya Ilkeren (V. vinifera L.) Cesidinin Sofralik Kalite
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Effects of Kaolin Particle Film Treatment on Table Grape Characteristics of cv. Trakya Ilkeren
(V. viniferaL.)
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Lolium perenne L. Cesitlerinde Kuraklik Stresinin Cimlenme ve Erken Fide Gelisimi Uzerine
Etkisi

Effect of Drought Stress on Germination and Early Seedling Growth of Lolium perenne L.)
Cultivars
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Capakcur Vadisi (Bingsl) Bugdaygil (Poaceae) Floras1
The Grasses (Poaceae) Flora of Capakcur Valley (Bingél)
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Bingél Ili Elma (Pyrus malus L.) ve Ceviz (Juglans regia L.) Bahgelerinde Bitki Paraziti
Nematod Turlerinin Belirlenmesi

Determination of Plant Parasitic Nematode Species of Tylenchida (Nematoda) in Apple (Pyrus
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Yemlik Kolzanin (Brassica napus L. ssp. oleifera Metzg) Farkli Ekim Zamanlarina Goére Verim,
Kalite ve Besin Elementleri I¢eriklerinin Degisimi

Changes in Yield, Quality and Nutrient Content of Forage Rape (Brassica napus L. ssp. oleifera
Metzg) in Different Sowing Times
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Yagisa Baghh Kuru Sartlarda Dalli Dar1 (Panicum virgatum L.) Cesitlerinin 4 ve 5.Yillardaki
Biyokiitle Verimi ve Diger Tarimsal Ozelliklerinin Belirlenmesi

Determination of Biomass Yield and Other Agricultural Characteristics of Switchgrass
(Panicum virgatum L.) Varieties in Rainfed Conditions in 4th and 5th Years

Erdal GONULAL, Siileyman SOYLU

Tek ve Cok Yillik Calendula officinalis L. Tturlerinin Kultir Sartlarinda Karsilastirilmas:
Comparing Annual and Perennial Calendula officinalis L. Species Under Cultural Conditions
Betiil AVCI, Memet INAN

Seri 82 x B35 Ekmeklik Bugday (7riticum aestivum L.) Melez Popiilasyonunda Fs Bireylerinin
Fonksiyonel DNA Markérleri Ile Degerlendirilmesi

Evaluation of F4 Individuals Belong to Seri 82 x B35 Bread Wheat (7riticum aestivumL.) Cross
Population Using Functional DNA Markers
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Tiirkiye’de Cig Siit ile Perakende Siit Fiyatlar: Arasindaki Asimetrik Iligki
Asymmetrical Relationship Between Raw Milk and Retail Milk in Turkey
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Turkiye’de Buytiikbas Hayvan Hayat Sigortasi Talebinin Count Data Yontemiyle Tahmini:
TRAI Bolgesi Ornegi

Estimation of Cattle Insurance Demand in Turkey through Count Data Method: The Case of
TRA1 Region

Emine IKIKAT TUMER

Toprak Veritabani Kullanilarak Ceyhan Ovasi Arazi Kullaniminda Zamansal Degisimlerin
Belirlenmesi

Monitoring Of Land Use In The Ceyhan Plain By Using Soil Database

Yavuz Sahin TURGUT, Batuhan KELES, Suat SENOL
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OZET Aragtirma Makalesi
Geleneksel tipta yiizyillardir tiim diinyada kullanilan propolis, bal

arilariin bitkilerin tomurcuklarini ve polen tanelerini salgiladiklar: Makale Tarihgesi
enzimlerle karigtirip elde ettikleri kompleks icerige sahip re¢cinemsi Gelig Tarihi  :07.07.2020
dogal bir tiriindir. Toplanma bélgesi, bitki kaynagi, ar1 gesitliligi ve Kabul Tarihi :23.12.2020

toplandig1 yerin ikliminin farkli olmasi sebepleriyle propolis farklh

igeriklere sahip olabilmektedir. Farkli bolgelerle ilgili ¢ok sayida Anahtar Kelimeler

calisma olmasina ragmen, Artvin ilinin Savsat bolgesine ait propolis Antioksidan Aktivite
ile ilgili herhangi bir ¢aligmaya rastlanilmamigtir. Bu ¢alismanin Hemoliz Inhibisyonu
amac1 Artvin Savsat yoresine ait propolisin farkl sicakliklarda (45 ve Propolis

60 "C) fosfat tampon tuz ¢ozeltisi (PBS) ile hazirlanan ekstraktlarinin
antioksidan 6zelliklerinin (demir indirgeyici gii¢ tayini, 2,2-difenil-1-
pikrilhidrazil (DPPH) radikal siipiirme aktivitesi, toplam fenolik ve
toplam flavonoid madde miktarl) tespit edilmesi ve ekstraktlarin
eritrosit hemoliz inhibisyon 6zelliklerinin belirlenmesidir. PBS'li
ekstraktlarin toplam fenolik ( g propoliste 11.91+0.5-24.14+1.38 mg
gallik asit esdegeri) ve toplam flavonoid (g propoliste 1.79+0.03-
2.13+0.07 mg kuersetin esdegeri) madde miktari, demir indirgeyici
giic tayini (g propoliste 12.80+0.36-27.15+0.12 mg askorbik asit
esdegeri), DPPH (%22.86+0.5-31.24+1.33) ve eritrosit hemoliz
inhibisyonu (%55.58+0.57-96.37+0.02) spektrofotometrik yoéntemler
kullanilarak belirlendi. Deneylerin sonucunda 60 °C sicaklikta elde
edilen PBS’li ekstraktin, antioksidan 6zellikleri ve eritrosit hemolizini
inhibe etme oraninin 45 °C de elde edilen ekstrakta gore yliksek
oldugu tespit edildi. Ekstraktlarin eritrosit hemolizini inhibe edici ve
yiksek antioksidan 6zellik gosteren molekiillerinin belirlenmesi i¢in
daha ileri calismalar gerekmektedir.

Investigation the Different Extraction Temperature Effect of Artvin Savsat Region Propolis PBS
Extracts on Antioxidant Properties and Eryhrocyte Hemolysis Inhibition

ABSTRACT
Propolis, which has been used in traditional medicine for hundreds of
years all over the world, is a resinous natural product with a complex
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content obtained by honey bees by mixing the buds of plants and Received +07.07.2020
pollen grains with enzymes they secrete. Propolis may have different Accepted $23.12.2020
contents due to the gathering region, plant source, bee variety and

climate of the place where it is collected. Although there are many Key'wo.rds =

studies related to different regions, so far the propolis of the Savsat Ant10x1dz.1nt A({tl‘w'ty
region in Artvin have not been studied yet. The aim of this study is to E:on;giiy:ls Iy ot

determine the antioxidant properties (determination of iron reducing
power, 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
activity, total phenolic and total flavonoid content) of propolis extracts
of Artvin Savsat region prepared with phosphate buffer salt solution
(PBS) prepared at different temperatures (45 and 60 °C) and to
determine the erythrocyte hemolysis inhibition properties of the
extracts. Total phenolic (11.91+0.5-24.14+1.38 mg gallic acid
equivalent to g propolis) and total flavonoid (1.79+0.03-2.13+0.07 mg
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quercetin equivalent to g propolis) content of PBS extracts, iron power
determination ( 12.80+0.36-27.15+0.12 mg ascorbic acid equivalent to
g propolis), 2,2-diphenyl-1-picrilhydrazyl (DPPH) radical scavenging
activity (%22.86+0.5-31.24+1.33) and erythrocyte hemolysis inhibition
(%55.58+0.57-96.37+0.02) were determined using spectrophotometric
methods. As a result of the experiments, it was determined that the
extract with PBS obtained at a temperature of 60 °C was higher than
the extract obtained at 45 °C, in terms of antioxidant properties and
erythrocyte hemolysis inhibition ratio. Further studies are required to
identify molecules that inhibit erythrocyte hemolysis in extracts and

have antioxidant properties.

Atif T¢in: Canbolat D, Turan I, Kiipeli YE, Kiling S, Pili¢ S 2021. Artvin Savsat Yoresi Propolisinin Farkli Sicakliklarda
Hazirlanan PBS'li Ekstraktlarinin Antioksidan Ozelliklerinin ve Eritrosit Hemoliz Inhibisyonu Uzerine Etkisinin
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GIRIS

Son =zamanlarda sentetik 1ilac¢larin hastaliklarda
kullaniminin belirli yan etkilerle sonuglanmasinin
ardindan insanlar 1ila¢ olarak dogal urlnleri
tiketmeye baslamigtir. Dogal uriinler, farmakolojik
kesiflerin gelecek vadeden kaynaklarindan olup ari
urunleri de bu amagla siklikla kullanilmaktadir. Ari
urunlerinin hastaliklarin tedavisi i¢in kullanilmasina
apiterapi denir (Scorfin ve Bankova 2011; Frozza ve
ark., 2013; Onbasili ve ark., 2019). Apiterapide en sik
kullanilan trinlerden biri de propolistir. Geleneksel
tipta ytizlerce yildir tiim diinyada kullanilan propolis,
bal arilarinin topladiklar1 tomurcuk ve polen
tanelerini salgiladiklar1 enzimler ile karistirip elde
ettikleri kompleks igerige sahip re¢inemsi dogal bir
iirtindiir (Da-silva ve ark., 2013; Turan ve ark., 2015).
Arilar propolisi  kovanda bulunan c¢atlaklarin
kapatilmasinda ve kovana gelen davetsiz misafirleri
O6ldirmek i¢cin  kimyasal bir silah  olarak
kullanmaktadir (Demir ve ark., 2016). Zengin bir
icerige sahip olan ve igerigi toplanma yerine,
zamanina, ari cesitliligine ve bitki kaynagina bagh
olarak degigsiklikler gosteren propolisin yapisinda
genel olarak %5 polen, %5 organik maddeler, %10
aromatik ve ugucu yaglar, %50 recine ve bitkisel
balsam, %30 ise balmumu gibi ¢esitli maddeler
bulunmaktadir (Burdock, 1998; Rufatto ve ark., 2017).
Farkli propolis 6rneklerinden giiniimiize kadar 300
farkl bilesik tanimlanmigtir ve bunlarin iginde ¢esitli
flavonoidler ve fenolik asitlerin (hem benzoik asit
hemde sinnamik asit tiirevleri) bulundugu
bildirilmistir (Aliyazicioglu ve ark., 2013; Da-silva ve
ark., 2013; Turan ve ark., 2015). Cok cesitli aktif
bilesenler (flavonoidler ve fenolik asit) iceren
propolisin flavonoid igerigindeki degisiklikler, esas
olarak bal arilarinin ziyaret ettigi bitkilerin bélgesel
farklihgina atfedilmektedir (Ertiirk ve ark., 2016).
Icerdigi Dbilesikler ile propolis antibakteriyel,
radyoprotektif, antienflamatuar, antiviral,
antimutajenik, antikanser ve antioksidan o6zelliklere
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sahiptir (Aliyazicioglu ve ark., 2005; Pereira ve ark.,
2008; Demir ve ark., 2016; Yalcin ve ark., 2016; Misir
ve ark., 2018).

Saglik acisindan bu kadar yararh ozelliklere sahip
olan propolis ham haliyle endustride direk olarak
kullanilamadigindan tiketilebilmesi i¢in ilk olarak
ekstrakte edilmelidir. Propolisin ekstraksiyonunda
ozellikle gida ve saghk sektoriinde kullanilacak bir
urun gelistirilecekse su ve gliserol gibi toksik olmayan
gozucllerin kullanimi uygun gorilmektedir
(Thamnopoulo ve ark., 2018; Bakkaloglu ve Arici,
2019). Fosfat tampon tuz ¢ozeltisi (PBS) bircok in-vitro
ve In-vivo calismada tampon cozelti ya da kontrol
grubu olarak kullanilmaktadir. Yapilan ¢aligmalarda
PBSnin hiicrelere ve enzimlere zarar vermedigi
gozlemlenmis olup PBSnin kullaniminin canh
viicudunda herhangi bir toksisiteye neden oldugunu
gdsteren bir calismaya da rastlamlmamistir Meeking
ve ark.,2019; Sajid ve ark., 2020; Kozima ve ark.,
2020). Ekstraksiyon isleminde ¢éziiciiniin yani sira
uygulanan sicakliginda o6nemi vardir. Uygulanan
sicakligin ekstraktlarda bulunan fenolik bilegikleri
serbest hale dontusgtiirebilecegi ve sonucunda
antioksidan aktiviteyi arttirabilecegi bildirilmektedir
(Meral, 2017).

Antioksidanlar, serbest radikallerin canl viicudunda
meydana getirdigi hasarlar1 ortadan kaldirmak icin
bir tiir savunma sistemidir. Bu sistem dogrudan veya
dolayli olarak karsinojenlerin, ilaglarin ve ayni
zamanda birgok toksik radikal reaksiyonlarin zararh
etkilerine karsi hiicreleri korumaktadir (Mercan,
2004; Siileyman ve ark., 2018). Serbest radikaller
(ROS) eslenmemis elektronlara, elektron verebilen ya
da eslenmemig elektronlara saldirip onlardan elektron
alabilen molekiillerdir. Bu molekiiller negatif, pozitif
ya da nétr yluke sahip olabilmektedir. ROS’larin farkh
konsantrasyonlar: biyolojik sistemler tizerinde yararh
yva da zararhh etki go6sterebilmektedir. Diistuk
konsantrasyonlarda ROS’lar, hiicre fonksiyonlarini,
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bagisiklik tepkilerini, vaskiiler tonusu, inflamasyon
slirecini ve hicresel sinyalizasyonu saglayan 6nemli
fizyolojik rollere sahip olmakla birlikte ayni zamanda
¢ok sayida biyolojik tepkimelere de etki ederek
yikseltgenme ve indirgenme sinyallerini kontrol
edebilirler. Biyolojik sistemlerde ROS’larin yuksek
konsantrasyonlar1 ise hasar verici eylemleri tegvik
ederek hastaliklara neden olmaktadir (Brieger ve
ark.,2012; Sezer ve Keskin, 2014). Hiicresel
metabolizmada olusan stiperoksit radikali, hidroksil
radikali ve hidrojen peroksit gibi ROS’larin artis: ile
antioksidan enzimlerin, bu ROSlar1 detoksifiye
edememesi sonucu oksidatif stres olusmaktadir.
Oksidatif stresin artisindan kaynaklanan ROS’lar,
DNA’da bulunan bazlardan, hiicre i¢i lipit ve protein
yapilarinin ¢ift bag i¢ceren gruplarindan bir hidrojen
atomu kopararak zincirleme oksidasyon
reaksiyonlarini basglatabilme yetenegine sahiptirler.
Bu zincirleme reaksiyonlarin sonucunda ise DNA,
hiicre i¢i protein ve lipit gibi makro molekiiller hasar
gorerek hiicre 6liimu ya da hasarina neden olmaktadir.
(Ozcan ve ark., 2015; Ighodaro ve Akinloye, 2017).
ROS’lardan ilk etkilenen hiicreler arasinda kirmizi
kan hicresi olarak bilinen eritrositlerin oldugu
bildirilmektedir (Balkan, 2017). Solunum sirasinda
eritrositler siirekli olarak oksidatif hasara neden
olabilecek  yiiksek oksijen gerilimine maruz
kalmaktadir. Bunun yaninda eritrositlerin toksik
maddelere maruz kalmasi, memranlarinda hasara
neden olan serbest radikallerin olusumuna yol agar
(Shinde ve ark., 2017).Eritrositlerin membran
yapilarinda yliksek oranda ¢oklu doymamis yag asidi
ve ig¢indeki hemoglobinin yapisinda oksidasyonu
katalizleyen ferro demiri (Fe3*) bulunmaktadir. Bu
yapilar eritrositleri ROS’larin ac¢ik hedefi haline
getirmektedir (Balkan, 2017). Eritrosit zarina serbest
radikal  saldirisi, hemolize yol acan lipid
peroksidasyonuna neden olur (Ramchoun ve ark.,
2015). Eritrositler, ROS’lardan yogun etkilenmesi ve
elde edilmesinin de kolay olmasi1 sebebiyle in vitro
calismalarda siklikla tercih edilmektedir (Carl ve ark.,
2016; Balkan, 2017).

Yapilan literatir taramalarinda propolisin farklh
sicakliklarda hazirlanan PBSli  ekstraktlarinin
antioksidan  ozelliklerini ve eritrosit hemoliz
inhibisyonunu degerlendiren 1in vitro c¢aligmaya
rastlanilmamigtir. Buradan hareketle hazirlanan bu
calismanin amaci; Artvin Savsat yoresine ait
propolisin farkh sicakliklarda (45 ve 60 °C) hazirlanan
PBS’li ekstraktlarinin antioksidan 6zelliklerinin tespit
edilmesi ve ekstraktlarin eritrosit hemoliz inhibisyon
ozelliklerinin incelenmesidir.

MATERYAL ve METOD
Propolisin Temini

Calismada kullanilan propolis, Artvin ilinin Savsat
yoresinden temin edilmistir.
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Kullanilan Kimyasal Maddeler

Antioksidan aktivite analizi ve eritrosit hemoliz
inhibisyonu i¢in kullanilan tiim kimyasallar analitik
saflikta olup, Merck ve Sigma-Aldrich (St. Louis, ABD)
firmasindan satin alindi.

Kullanilan Laboratuvar Cihazlari

Bu calismada mikropleyt okuyucu (Thermo scientific,
Multiskan GO, Finlandiya), hassas terazi (Kern, ABJ-
NM/ABS-N, Almanya), etiiv (Daihan Scientific,
ThermoStable 1G-105, Giiney Kore), cakalayici
inkiibatér (Shel lab, SI4, Amerika), spektrofotometre
(Shimadzu, Japonya), pH-metre (Hanna, Almanya) ve
santrifiij (Beckman Coulter-AllegraX-30R, Almanya)
cihazlar1 kullanilda.

Propolisin Ekstraksiyonu

Propolis rende yardimiyla toz haline getirildi. Toz
halindeki 6rneklerden 0,5’er gram tartilip iki ayri 50
mLlik tiipe aktarildi. Bu tiiplere 20’ ser mL PBS ilave
edilerek vortekslendi ve calkalayici inkiibatérde iki
farkli sicaklikta (45 ve 60°C) 150 rpm’de 24 saat
stirekli c¢alkalanarak inkibe edildi. 24 saatlik
inkiibasyon sonrasi 2000xg de 10 dakika santrifiy
edildi ve propolis ekstraktlar1 stizge¢ kagidi
yardimiyla siiziildi. Elde edilen PBS’li ekstraktlar
antioksidan deneylerinde ve eritrosit hemoliz
inhibisyonu deneyinde kullanilmak uzere
alikotlanarak - 20 °C’ de, karanhkta saklandi (Turan
ve ark., 2017).

Toplam Fenolik Madde Tayini

Folin-Ciocalteu metodu fenolik ve polifenolik
antioksidanlarin kolorimetrik olarak in vitro analizi
icin kullanmilmaktadir. Propolis ekstraktlarindaki
toplam fenolik madde igerigi standart olarak
kullanilan mg gallik asit(GA) esdegeri/ 1 g propolis
olarak belirtildi. Kisaca modifiye edilmis olan Folin-
Ciocalteu metoduna goére 12.5 pl ekstrakt, 1:10
seyreltilmis Folin reaktifi (62.5 nL) ve %20’lik sodyum
karbonat ¢ézeltisinden (125 nL) eklendikten sonra oda
sicakhiginda, 30 dakika karanhkta inkiibasyona
birakildi. Inkiibasyon stresinin ardindan absorbans
Olcimu 760 nm’de mikropleyt  okuyucuda
gerceklestirildi. Tum analizler, ti¢ kez tekrarlandi
(Slinkard ve Singleton, 1977).

Toplam Flavonoid Madde Tayini

Propolis ekstraktlarinin toplam flavonoid igerigi,
standart olarak kullanilan mg kuersetine esdeger/1 g
propolis olarak belirtildi. Aliminyum klorir
kolorimetrik metoduna gore propolis ekstraktlarindan
20 pL, %80’lik etanolden 172 pL, %10’luk aliminyum
kloriirden 4 pL ve 1 M potasyum asetat ¢ozeltisinden
4 pL ilave edilip karistirildi ve 40 dakika oda
sicakliginda, karanlikta inkiibe edildi. Inkﬁbasyonun
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ardindan absorbans o6lgimi 415 nm’de mikropleyt
okuyucuda gergeklestirildi. Tim analizler, ¢ kez
tekrarlandr (Moreno ve ark., 2000).

Demir Indirgeyici Giiciin Belirlenmesi

Propolis ekstraktlarinin demir indirgeyici giici mg
askorbik asite egdeger/g propolis olarak belirtildi.
Oyaizu tarafindan gelistirilmis yontem modifiye
edilerek; 40 pL propolis ekstrakti, 100 pL 0.2 M fosfat
tamponu (pH:6.6) ve 100 uL potasyum ferrisiyanatla
karigtirilip 50°C’de karanhik bir yerde 20 dakika
inktibe edildi ve inkiibasyon sonras1 su altinda
tutularak sogumasi beklendi. Karisima %10 luk TCA
(trikloroasetik asit)’dan 100 pL ilave edildi ve karisim
10 dakika 2000xg’de santrifiijlendi. Santrifiijlenen
orneklerin ust fazlarindan 96 kuyucuklu mikropleyte
100’er pL alindi ve tlzerlerine 100’er pL distile su ve
20’ser pL demir (III) kloriir eklendi. Son karisim
karanhkta, oda sicakliginda 5 dakika inkibasyona
birakildi. Inkiibasyonun ardindan absorbans él¢timii
700 nm’de mikropleyt okuyucuda gerceklestirildi. Tim
analizler, ii¢c kez tekrarlandi (Oyaizu, 1986).

DPPH Radikal Siipiiriicii Aktivite

Propolis  ekstraktlarmin  DPPH (2,2-difenil1-
pikrilhidrazil) radikali temizleme aktivitesi Yu ve
arkadaglar1 tarafindan geligtirilen metod modifiye
edilerek kullanmldi (Yu ve ark., 2002). 125 pL propolis
ekstrakt1 tizerine 0.1 mM’lik 125 pL. DPPH radikali
eklenerek karanlhkta, oda sicakhiginda 30 dkhik
inktibasyona birakildi. Inkiibasyon sonrasi 517 nm’de
mikropleyt okuyucuda absorbans degerleri okundu.
Sonucglari % inhibisyon olarak belirtildi. Yuizde
inhibisyon degeri Egitlik 1’deki formiilden hesaplanda.

% [thb]syonz ((AbSkantra[ - Aszj’rnek)/ Abs ]rantro])XlOO
(Bsitlik 1.)

Eritrosit Hemoliz Inhibisyonu

Calisma i¢in KTU Tip Fakiiltesi Bilimsel Aragtirmalar
Etik Kurulundan 2019-13 sayili Etik Kurul onayi
alindi. Onam formu egliginde 10 farkhi gontlliiden
(alkol, ilag, sigara kullanmayan, kronik rahatsizlig
olmayan ve agir egzersiz yapmayan) EDTAL1 tiiplere
kan 6rnegi alinarak eritrositlerin ayrilmasi igin tiipler
4000 rpm’de 10 dakika santrifiij edildi. Santrifij
sonrasi supernatant kismi uzaklagtirilarak 0.2 M pH’1
7.4 olan PBS (fosfat tamponu) ile yikama yapildi.
Yikama iglemine eritrosit paketleri elde edilinceye
kadar devam edildi. Elde edilen eritrosit paketlerinden
200 pL alindi, tizerine 200 pL propolis ekstrakti
eklendi ve 37 °C’de 30 dakika inkiibasyona birakildi.
inkl’ibasyon islemi sonrasinda érneklere 0.4 M’lik 100
pL tersiyer biitil hidroperoksit (t-BHP) ilave edilerek
37 °C’ de 3 saat inkiibe edildi. Inkiibasyonun ardindan
tiuplere 5 mL PBS ilave edildi ve 4000 rpm’de 10
dakika santrifiijlendi. Elde edilen stipernatantdan 750
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pL  alinarak spektrofotometrede 540 nm dalga
boyunda absorbanslar1 él¢iildii (Okoko ve Ere, 2012).
Negatif kontrol olarak PBS, pozitif kontrol olarak t-
BHP’li 6rnek kullanildi. Deney sonucglari % hemoliz
inhibisyonu olarak verildi. t-BHP’nin neden oldugu
hemoliz %100, % hemoliz inhibisyonu ise % 0 olarak
alindi. Yuzde inhibisyon degerleri ise Esitlik 2’deki
formilden hesaplanda.

% hemoliz inhibisyonu= ((Abs¢-prp- Absenex) | Abst-Brp)
x 100 (Esitlik 2.)

Istatistik Analizler
Deney sonuclar1 ti¢ bagimsiz deneyin ortalamasi ve
standart sapmasi alinarak (aritmetik

ortalamatstandart sapma) hesaplandi. Sonuclarin
normal dagilima uygunluklari Shapiro-Wilk testi ile
kontrol edilip normal dagilima uygunluklarn
gorildikten sonra antioksidan analizleri igin
Independent-Sample T Testi ile eritrosit hemoliz
inhibisyonu analizinde ise Oneway ANOVA testi
kullanildi. (P<0.001) istatistiksel olarak anlamlh kabul
edildi.

BULGULAR ve TARTISMA

Oksidatif stres antioksidan-oksidan dengenin oksidan
lehine dogru bozulmasi sonucu ortaya gikan patolojik
bir durumdur. Oksidatif stres kardiyovaskiiler
hastaliklar, otoimmiin bozukluklar ve kanser gibi
bircok hastalikla iligkilendirilmistir (Turan ve ark.
2017). ROS’larin hastaliklar tizerindeki rolleri ile ilgili
bilgilerin  artmasi  insanlar arasinda  dogal
antioksidanlar1 daha popiiler hale getirmistir (Demir
ve ark., 2017). Dogal iiriinler 6nemli antioksidan
kaynaklardan olup bunlardan biri de propolistir.
Propolisin saghg korumaya ve gesitli hastaliklara
kars1 savasmaya hizmet edebilecek 1yi bir antioksidan
kaynag1 oldugunu belirtilmistir (Aliyazicioglu ve ark.,
2013). Antioksidan aktiviteye sahip bilegiklerin
ozellikleri ve yapilari birbirinden farkli oldugu i¢in tek
bir 6l¢giim metodu bu 6zelliklerin tespiti i¢in yeterli
olmamaktadir. Bu nedenle birden fazla 6l¢iim metodu
ile  antioksidan  aktivitenin  tespit  edilmesi
gerekmektedir (MacDonald-Wicks ve ark., 2006). Bu
calismada da antioksidan 6zelliklerin belirlenmesinde
toplam fenolik madde tayini, demir indirgeyici giig
analizi ve toplam flavonoid madde tayini kullanilmis
olup sonuglar Cizelge 1’de verilmistir.

Propolisin  biyolojik aktivitesinden esas olarak
sorumlu olan yapilar fenolik Dbilesiklerden olan
flavonoidlerdir. Flavonoidler, antioksidan aktiviteden
de sorumludur ve antioksidan aktiviteleri 6zellikle
radikal siipiirme etkisine dayanmaktadir (Kanbur ve
ark., 2009). Can ve ark. (2015) Azerbaycan’in 15 farkh
bélgesinden temin ettikleri propolis 6rneklerinin
etanolli  ekstraktlarinin toplam fenolik madde
igeriginin 10.94-79.23 mg GAE/g arasinda oldugunu
bildirmislerdir (Can ve ark., 2015). Aliyazicioglu ve
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ark. (2013) Tirk propolisinin metanolik ekstraktinin
toplam polifenol seviyelerini 155-210 mg GAE/g
propolis araliginda oldugunu  belirtmiglerdir
(Aliyazicioglu ve ark., 2013). Cakiroglu (2010) farkh
coziiciiler (DMSO, etanol, gliserol, su ve aseton) ile elde
edilen Turk propolisinin toplam polifenol igeriginin

19.67+0.29-141.17+9.99 mg GA/g propolis, toplam
flavonoid icgeriginin 1.30+0.12-55.25+6.63 mg K/g
propolis ve demir indirgeyici glicinin ise 26.22+8.57-
273+11.62 mg T/g propolis arasinda oldugunu
bildirmistir (Cakiroglu, 2010).

Cizelge 1.Artvin Savsat propolisinin PBSli ekstraktlarinin antioksidan analiz sonuclar: (n=3)
Table 1. The antioxidant analysis results of PBS extracts of Artvin Savsat propolis (n=3)

Gruplar
45°C 60 °C
Toplam polifenol icerik (mg GAE/g) 11.91+0.52 24.14+1.382
Toplam flavonoid icerik (mg KE/g) 1.79+0.03 2 2.13+0.072
Demir indirgeyici giic tayini (mg AAE/g) 12.80+0.36 2 27.16x0.122
DPPH (% inhibisyon) 22.86+0.52 31.24+1.33a

Degerler aritmetik ortalama+standart sapma olarak verildi. Antioksidan testlerininin her biri kendi

gruplar1 i¢inde

karsilastirilarak sicakliklar arasi fark anlamli bulundu. (a=p<0.001)
GAE: Gallik asit esdegeri, QE: Kuersetin esdegeri, AAE: Askorbik asit esdegeri

Ahn ve ark. (2007) Cin’in cesitli bélgelerinden temin
ettikleri  propolislerin etanolli ekstraktlarmi
hazirlayarak toplam polifenol ve toplam flavonoid
icerigini incelemiglerdir. Toplam polifenol igerigin
42.94+0.8-302+4.3 mg GAe/g propolis etanol ekstrakti,
toplam flavonoid igerigin ise 8.3+3.7-188+6.6 mg Qe/g
propolis etanol ekstrakti arasinda degistigini
belirtmislerdir (Ahn ve ark. 2007). Literatiirde
propolis  ekstraksiyonlarimin ayni anda farkh
sicakhiklarda yapildigi ve biyoaktif 6zelliklerinin
kargilagtirildig: herhangi bir calismaya
rastlanilmamisgtir. Yine literatiirde propolis
ekstraktlarinin PBS ile seyreltilerek kullanildigi ¢ok
sayida calisma olmasina ragmen c¢oziclu olarak PBS
kullanarak propolis ekstraksiyonu yapilan herhangi
bir ¢alismaya rastlanmamistir. Fakat baska dogal
urunler icin tarama yapildiginda Pala ve arkadaslari
geleneksel meyan kokii serbeti hazirlama siirecinde
farklh sicaklhik uygulamalarinin gerbetin biyoaktif
bilegenleri tlizerindeki etkisini incelemis t¢ farkh
sicaklikta (oda sicakhigi(25 °C ), 40 ve 75 °C) meyan
koki ekstraktlarini hazirlayarak toplam polifenol
igerigini 521.2+23.2-623.3+36.8 mg GAE/L meyankoki
serbeti, toplam flavanoid igerigini ise 31.2+1.5-
37.43+2.4 mg QE/L meyan koku serbeti degerleri
arasinda belirtmiglerdir. Elde ettikleri sonuca gore oda
sicakhiginda en diisuk toplam polifenol ve flavonoid
madde miktarinin oldugu ve en yiiksek degerin ise 75
°‘C’de oldugu belirtilmis olup artan sicaklik ile ekstrakt
icerisindeki biyoaktif bilegenlerinde arttigl
gozlemlenmistir (Pala ve ark. 2017). Bucic- Kojic ve
arkadaglar1 ise Uzum c¢ekirdeklerinden 25-80 °C
arasinda elde ettikleri ekstraktlarin toplam fenolik
madde igerigini artan sicaklik etkisi ile en yliksek 80
‘C’de hazirlanan ekstraktta oldugunu belirtmiglerdir
(Bucic- Kojic ve ark. 2007). Bu calismada ise Artvin
Savsat bolgesinden temin edilen propolisin iki farkl
sicaklikta hazirlanan PBS’li ekstraktlarinin toplam
polifenol miktar1 11.91+0.5-24.14+1.38 mg GAE/g
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propolis, toplam flavonoid madde miktar:r 1.79+0.03-
2.13+0.07 QE/g propolis ve demir indirgeyici gii¢ ise
12.80+0.36-27.16+0.12 mg AAE/g propolis oldugu
tespit edilmistir. Buna gore ekstraksiyon sicakliklari
karsilagtirildiginda artan ekstraksiyon sicakliginin
antioksidan degerlerini de arttirdig1 gézlemlenmigtir.
Bu durumun sicaklik artigi ile ekstraksiyon sirasinda
propoliste bagli halde bulunan bilesiklerin serbest hale
gecis hizini artirarak antioksidan aktiviteyi de
artirdigr diisinulmektedir. Antioksidan madde igerigi
bakimindan Artvin Savsat propolisi diger ¢alismalarla
karsilagtirildiginda ise sonuglar arasindaki
farkliliklarin, propolisin toplandigr boélgelerin flora
farklihigindan, kovanin bulundugu konumdan, arilarin
propolisi biriktirme zamanindan ve ekstrakt elde
etmek igin kullanilan g¢oziciilerin farkli olmasindan
kaynaklandig ongorilmektedir.

Dogal antioksidanlarin ROS’lar1 yakalama aktivitesini
degerlendirmek i¢cin DPPH radikali kullanilmaktadar.
DPPH  ¢ozeltisi  antioksidan bir madde ile
kargilastiginda yapis1 degistiginden var olan mor
rengini sar1 renkli bir bilesige dontstiirir. Olugan sar1
renk ile antioksidan konsantrasyonu arasinda dogru
bir orant1 vardir. Misir (2013) Tiirk propolisinin farkl
coziiciilerdeki  (etanol, metanol ve DMSO)
ekstraktlarimin DPPH radikal siipturici etkisini
inceleyerek en yuksek aktivitenin 0,5 mg/mL’de
%72+1.4-95+0.3 oldugunu bildirmistir (Misir, 2013).
Siripatrawan ve arkadaslar1 (2012) Tayland’'tan temin
ettikleri propolisi 4 farkli yiizde konsantrasyona sahip
etanol (%30,40,50 ve 70) cozeltileri ile ekstrakte
etmigler ve sonucunda DPPH serbest radikal siiplirme
aktivitesinin %65.52+1.18-94.21+2.06 arasinda
oldugunu bildirmislerdir (Siripatrawan ve ark., 2012).
Miguel ve arkadaslar: (2014) kis ve ilk bahar boyunca
Algarve bolgesindeki on ii¢ farkli alanda toplanan
propolis 6rneklerinin su ve metanolli ekstraktlarim
elde etmigler ve sulu propolis ekstraktlarinin DPPH
serbest radikal siiplirme aktivitelerinin %35.76+6.45-
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91.55+0.58 arasinda oldugunu bildirmislerdir (Miguel
ve ark., 2014). Bu calismada ise Artvin Savsat
propolisinin farkh sicakliklardaki PBS’i
ekstraktlarinin DPPH radikal supuriict aktiviteleri
Cizelge 1'de gosterildigi gibi 200 pg/mL i¢in %
inhibisyon oranlar1 45 °C ve 60 °Cde sirasiyla
%22.86+0.5-31.24+1.33 olarak bulunmustur.
Calismadaki farkli sicakliklar kargilagtirildiginda 60
‘C’de elde edilen ekstraktin DPPH radikal siiptirme
aktivitesinin daha iyi oldugu gézlemlenmistir. Yapilan
calismalar ve elde edilen veriler karsilastirildiginda
ise PBS’li ekstraktin, etanol, metanol ve DMSO
ekstraktlarina goére daha disuk degerde, su
ekstraktina gére benzer DPPH radikal stplirme
aktivitesine sahip oldugu gézlemlenmektedir. Propolis
calismalarinda ¢ozilicii se¢imi elde edilecek son lriine
gore yapilmalidir. Gida veya saghk sektorinde
geligtirilecek triinlerin toksik 6zellik géstermeyen su
ve giliserol gibi ¢oziiciilerin yaninda PBS'nin de ¢6ziicli
olarak kullaniminin uygun olabilecegi
dustnulmektedir. Ayrica hiicre kiltura
calismalarinda da PBS ile hazirlanan ekstraktin direk
hiicrelere verilebilir formda olmas1 da avantaj olarak
disinulmektedir.

Eritrositler dogal olarak ¢oklu doymamis yag asitleri
igerikleri ve yapilarinda bulundurduklar:i hemoglobin
nedeni ile oksidasyona daha yakin hiicreler olarak
bilinir. Bu nedenle oksidatif stres ¢calismalarinda ¢ok
fazla kullanilmaktadir. Shinde ve ark. (2017)
tarafindan Buchanania lanzan sprengin yapraklari
metanol ¢ozlclisii ile ekstrakte edilmis ve bu

ekstrakttan farkli fraksiyonlar elde edilerek hidrojen
peroksidin (H202) neden oldugu eritrosit hasarini
engellemesi  hedeflenmistir. Yapilan c¢alismada
eritrosit hemoliz inhibisyonu IC90 degerleri 68,41-
79,66 mg/mL’ arasinda bulunmustur. Bu degerler ile
Buchanania lanzan spreng'in ekstraktinin anti-
hemolitik aktivite sergiledigi gozlemlenmistir (Shine
ve ark., 2017). Bu calismada ise eritrositlerde hasar
olusturmas1 amaciyla t-BHP kullamilmigtir. t-BHP
organik bir bilesik olup oksidatif hiicre hasar
mekanizmalar ile ilgili yapilan ¢aligmalarda siklikla
kullanilmaktadar. Yapilan calismada farkh
sicakliklarda hazirlanan propolis ekstraktlarinin 3
farkli konsantrasyonu (625, 500, 312.5 pg/mL)
caligilarak eritrosit % hemoliz inhibisyonuna bakilmig
ve hemoliz inhibisyon sonuclari sekil 1’de verilmigtir.
45 ve 60 °C'de elde edilen propolis ekstraktlarinin
artan  konsantrasyonlardaki ylizde inhibisyon
degerleri  sirasiyla 55.568+0.57-92.2+0,47 ve
64.134+0.37-96.37+0.02 arasinda oldugu bulunmustur.
Propolis ekstraktini hazirlamada kullanilan PBS
¢oOzeltisi negatif kontrol olarak kullanilmig ve eritrosit
orneklerini hasara ugratmadigr goézlemlenmisgtir.
Olusan hemolizi en iyi inhibe eden ekstraktin 60 ‘C’de
hazirlanan oldugu sonucuna ulasilmigtir. Bu
ekstraktin konsantrasyonu yilikseldikce hemolizi
inhibe etme oraninin da arttig tespit edilmigtir. 60 °C
de hazirlanan ekstraktin 45 °C de hazirlanan ekstrakta
gore daha yluksek antioksidan kapasiteye sahip
olmasi, hemoliz inhibisyonunu da benzer oranda
arttirmaktadir.
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Sekil 1. Artvin propolis ekstraktlarinin % hemoliz inhibisyonu

Figure 1.% hemolysis inhibition of Artvin propolis extracts

(Degerler aritmetik ortalamatstandart sapma olarak verildi. t-BHP grubu ile karsilastirilarak fark anlamli bulundu (* p<0.001)
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SONUC ve ONERILER

Bu aragtirma Artvin Savsat yoresine ait propolisin
farkli sicakliklarda (45 ve 60 °C) hazirlanan PBS’li
ekstraktlarinin antioksidan 6zelliklerinin ve eritrosit
hemoliz inhibisyonu tizerine etkisinin incelendigi ilk
calisma olup veriler karsilastirnldiginda 60 °C de
hazirlanan ekstraktin 45 °C de hazirlanan ekstrakta
gore daha yiiksek antioksidan kapasiteye ve hemoliz
inhibisyonuna sahip oldugu bulunmustur.

Bu sonuclardan elde edilen verilere gore, PBS’li
ekstraktin igerik analizi yapildiktan sonra hastaya
direk olarak verilebilecek toksik olmayan bir Grinin
geligtirilebilmesi i¢cin PBSnin iyi bir propolis
ekstraksiyon ¢oOziicisii olabilecegi, bunun yaninda
antioksidan 6zelliklerin yliksek bulunmasi sebebiyle
de propolis ekstraktlarinin 60°C’de hazirlanmasinin
uygun olabilecegi degerlendirilmektedir. Yapilacak
ileri ¢alismalar sonrasinda eritrosit hemolizine sebep
olan etkenlerin yaptig1 hasarin azaltilmasinda PBS’li
propolis ekstraktinin in-vivo ¢aligmalarla
desteklenerek kullanilabilirligi diistiniilmektedir.

Aragtirmacilarin Katk: Oram Beyan Ozeti

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

catismasi olmadigini beyan ederler.
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ABSTRACT
This research aimed to investigate the protective effect of p-CA, a
derivative of phenolic acid, against toluene-induced oxidative damage.
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A total of 32 Sprague-Dawley male rats, 8 in each group, were used. A Received - 06.07.2020
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CA. Animals in the control group, toluene group and p-CA group were

given 0.9 % NaCl, 0.9 mg kg-1 b.w toluene and 100 mg kg* b.w p-CA %jl};tgzds

orally for 21 days, respectively. The animals in toluene+p-CA group
were received p-CA for 3 days and from day 4, toluene and p-CA were
applied together daily until day 25. On the 25th day, the study was
terminated, and blood samples were collected. Catalase (CAT) and
glutathione peroxidase (GSH-Px) activities and malondialdehyde
(MDA) and glutathione (GSH) levels in the erythrocytes and
superoxide dismutase (SOD) activity in plasma samples were
determined. In this study, CAT and SOD activities and MDA level
significantly (p <0.05) increased, GSH level and GSH-Px activity
significantly (p <0.05) decreased in the blood samples of toluene group
compared to the control group. In toluene+p-CA group, significant (p
<0.05) increases in GSH level and GSH-Px activity and significant (p
<0.05) decreases in MDA level and SOD and CAT activities were
detected compared to the toluene group. It has been determined that
toluene caused oxidative stress and lipid peroxidation in blood tissue
and against this oxidative damage, p-CA had a protective effect.

Oxidative stress
p-Coumaric acid
Rat

Ratlarda Toluenle Indiiklenen Oksidatif Hasara Karg1 p-Kumarik Asitin Antioksidan Etkisi

OZET Aragtirma Makalesi

Bu arastirmada, fenolik asidin bir tirevi olan p-CA'min toluen

kaynakli oksidatif hasara karsi koruyucu etkisinin arastirilmasi Makale Tarihgesi
amaclanmigtir. Calismada, her grupta 8 olmak uzere toplam 32 Gelig Tarihi  :06.07.2020
Sprague-Dawley erkek sigan kullanildi. Kontrol, toluen, p-CA ve Kabul Tarihi :16.09.2020

toluen+p-CA olarak toplam 4 grup olusturuldu. Kontrol grubu, toluen
grubu ve p-CA grubundaki hayvanlara 21 giin boyunca sirasiyla %0.9

Anahtar Kelimeler

NaCl, 0.9 mg kg! c.a toluen ve 100 mg kg'! c.a p-CA verildi. Toluen+p- Toluen

CA grubundaki hayvanlara 3 gtin boyunca p-CA verildi ve 4. gtinden Oksidatif stres
itibaren toluen ve p-CA 25 gine kadar gunlik olarak birlikte p-Kumarik asit
uygulandi. 25. giinde ¢aligma sonlandirildi ve kan 6rnekleri alindi. Sican

Eritrositlerde katalaz (CAT) ve glutatyon peroksidaz (GSH-Px)
aktiviteleri ile malondialdehit (MDA) ve glutatyon (GSH) seviyeleri;
plazma oérneklerinde siiperoksit dismutaz (SOD) aktivitesi belirlendi.
Bu calismada, toluen grubunun kan oOrneklerinde CAT ve SOD
aktiviteleri ve MDA diizeyi anlamh (p <0.05) olarak arttigi; GSH
diizeyi ve GSH-Px aktivitesinin anlamli (p <0.05) olarak azaldig
tespit edildi. Toluen+p-CA grubunda, toluen grubuna gore GSH
diizeyi ve GSH-Px aktivitesinde anlamlh (p <0.05) artis; MDA diizeyi
ile ve SOD ve CAT aktivitelerinde anlamh (p <0.05) azalma saptandi.
Toluenin kan dokusunda oksidatif strese ve lipit peroksidasyonuna
neden oldugu ve bu oksidatif hasara karsi p-CA'nin koruyucu bir
etkiye sahip oldugu belirlenmigtir.
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INTRODUCTION

Toluen is an organic solvent, also known as toluol,
methylbenzene and phenylmethane, that is frequently
used in chemical syntheses and industrial processes
such as gasoline and plastic production. Toluene is a
volatile at room temperature. It is abused with
inhalation form in its pure form or from many
commercial mixtures (such as solvents, paints,
varnishes, thinners, adhesives, inks). As a result of
this inhalation, it passes to the nervous system and
causes psychoactive effects (Balster et al., 2009; Cruz
et al., 2014).

Toluene has an addictive potential. Exposure occurs at
low concentrations by inhalation with consumer
products or gasoline. However, significant health risks
do not arise where the air circulation is good (Cruz et
al., 2014). Abuse or occupational exposure of toluene
results in detection of high concentrations, and higher
levels of abuse are seen compared to occupational
exposure (Tas et al., 2011).

Exposure occurring in workplaces where toluene is
used as raw material or solvent occurs approximately
five days a week, 5 hours a day. Although there are
differences between countries, there are legal
regulations and exposure limits are specified by
legislation in order to prevent negative effects that
may arise from occupational exposures. The safe
exposure limit for toluene ranges from 10-100 ppm
(Cruz et al., 2014). The limit value, which immediately
endangers life and health, has been determined as 500
ppm (OSHA, 2013).

Although toluene primarily accumulates in lipid rich
tissues, it 1s distributed throughout the body
(Benignus et al., 1981). Exposure to toluene causes
damage to all organs. It is possible to list the main
target organs as brain, liver, kidney, heart and lungs
(Afravy et al., 2017). It is known that toluene is highly
absorbed from the gastrointestinal tract and
respiratory tract and slightly from the skin. Its
perfusion in the brain is also extremely high. Different
cytochrome P450 isoenzymes are incorporated into the
toluene metabolism, of which CYP2E1 is known to be
the most active and is known to catalyze the conversion
of toluene to benzyl alcohol (Tamie and Rui-Sheng,
1994; Cruz et al., 2014). Free oxygen radicals are
produced as a result of toluene metabolism and this 1s
the main mechanism of cellular damage caused by
exposure (Halifeoglu et al., 2000).

p-Coumaric acid (p-CA), a hydroxycinnamic acid in
phenolic nature, is obtained from a number of plants
materials (Rafiee et al., 2020). p-CA is found in edible
plants such as groundnuts, tomatoes, carrots, sage,
and garlic, as well as in beverages such as wine,
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vinegar, tea, coffee, and beer (Urfalioglu et al., 2017).
Several studies have described the antioxidant
mechanism of phenolic compounds, such as p-CA. p-CA
possesses  anti-inflammatory and  anti-oxidant
activities in various diseases (Shen et al., 2019;
Godarzi et al., 2020; Huang et al., 2020; Sabitha et al.,
2020). Via scavenging the cytotoxic electrophilic agents
and reactive oxygen species (ROS), and responding to
pro-inflammatory stimuli, p-CA plays a key role in
cellular defense (Kheiry et al., 2019).

The objective of the present study was to assess the
protective effect of p-CA on oxidative damage in
toluene-induced toxicity.

MATERIALS and METHODS

The rats used in the study were obtained from Burdur
Mehmet Akif Ersoy University Animal Experiments
Production and Experimental Research Laboratory
and experimental applications were made in the same
center. The research was conducted within the
framework of decision number 126 taken at the
meeting of Burdur Mehmet Akif Ersoy University
Animal Experiments Local Ethics Committee on
01/04/2015.

In this study, a total of 32 Sprague-Dawley male rats
(10-12 weeks old), 8 in each group, weighing
approximately 200-300 g were used. A total of 4 groups
were formed as control, toluene, p-CA and toluene+p-
CA. Animals in the control group, toluene group and p-
CA group were given 0.9% NaCl, 0.9 mg kg! b.w
toluene and 100 mg kgt b.w p-CA orally for 21 days,
respectively. The animals in toluene+p-CA group were
received p-CA for 3 days and from day 4, toluene and
p-CA were applied together daily until day 25. All
animals were given ad Iibitum pellet feed and water.
The doses of p-CA (Abdel-Wahab et al., 2003; Roy and
Prince, 2013) and toluene (ATSDR, 2000; Tas et al.,
2011) to be given to animals were determined in the
light of previous studies. On the 25th day, the study
was terminated and all animals were anesthetized
with 2-3% isoflurane (inhalation) and blood was taken
from the heart. The animals were euthanized by
cervical dislocation under anesthesia.

Preparation of blood samples

Blood samples that collected into KsEDTA containing
tubes were centrifuged at 4000 rpm for 5 minutes at 4
°C. The plasmas of blood samples were separated and
kept at -20 ° C. The erythrocytes were obtained by
centrifugating the blood samples for 5 minutes with
addition of 3 times of its volume of saline phosphate
buffer solution (pH 7.4) at 4000 rpm and the
supernatant discarded. After 3 repeats of this
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procedure, 1:1 volume of saline phosphate buffer
solution was added to erythrocyte samples. All blood
samples were kept at -20 ° C until analysis.

Determination of antioxidant systems

Catalase (CAT), glutathione peroxidase (GSH-Px) and
superoxide dismutase (SOD) activities were measured
in blood samples.

CAT activities in erythrocyte samples were measured
according to the method reported by Aebi (1984) and
expressed in k g1 Hb. GSH-Px levels in erythrocyte
samples were measured according to the method
reported by Paglia and Valentine (1967) and expressed
in U g! Hb. SOD levels in plasma samples were
measured according to the method of commercial kit
(Rat Super Oxidase Dismutase ELISA Kit EA0168Ra)
and expressed in ng ml.

Glutathione (GSH) levels were measured in
erythrocytes according to the method reported by
Sedlak and Lindsay (1968) and expressed in umol g
Hb.

Determination of lipid peroxidation

MDA level in erythrocytes were measured based on the
method reported by Yoshioka et al. (1979) and
expressed in umol g1 Hb.

Statistical Evaluation

Statistical calculations were evaluated using the
"SPSS 22.0" program. Results were expressed with
arithmetic meantstandard error (SE) and compared
with one-way analysis of variance (ANOVA) and the
differences between the groups were determined by the

Tukey test. p <0.05 was considered as statistically
significant.

RESULTS and DISCUSSION

When the toluene group was compared to the control
group, significant (p <0.05) decreases in level of GSH
and activity of GSH-Px were detected in blood samples,
whereas significant (p <0.05) increases were
determined in activities of CAT and SOD, and level of
MDA. When compared to the toluene group, in the
group with toluene+p-CA were given together,
significant (p <0.05) decreases in the level of MDA and
activities of CAT and SOD and significant (p <0.05)
increases in level of GSH and activity of GSH-Px were
detected in blood samples (Table 1).

In physiological conditions (in the case of homeostatic
equilibrium), controlled fluctuations occur in ROS
densities in the living organism, these fluctuations are
regulated by enzymatic and non-enzymatic
antioxidant systems. Oxidative stress occurs when this
homeostatic balance is disturbed and excess ROS is
produced. During toluene metabolism, oxygen free
radicals are produced and these radical species cause
tissue and cell damage (Valko et al., 2007; Moro et al.,
2012; Cruz et al., 2014).

Antioxidant enzymes (SOD, CAT, and GSH-Px) are
recognized as antioxidant enzymes (Meydan et al.,
2016). The living organisms try to deal with oxidative
stress by showing an increase or decrease in
antioxidant enzyme systems. Against ROS, the
organism is first protected by GSH, and xenobiotics
that cause damage to tissues lead to depletion of GSH
store (Mates et al., 2008).

Table 1. SOD, CAT and GSH-Px activities and GSH and MDA levels in blood samples of the research groups.
Cizelge 1. Arastirma gruplarinin kan orneklerindeki SOD, CAT ve GSH-Px enzim aktiviteleri ile GSH ve MDA

diizeyleri

Parameters Groups

Control Toluene pCA Toluene+p-CA
SOD 4.16+0.192 12.54+0.374 5.43+0.08b 8.20+0.40¢
CAT 164.37+5.082 1297.80+127.48¢ 175.00+5.532 456.52+25.17>
GSH-Px 114.80+3.874 41.25+3.352 88.14+0.99¢ 66.14+1.67°
GSH 1.34+0.53¢ 0.38+0.032 1.22+0.02¢ 0.84+0.05b
MDA 0.46+0.112 1.30+0.06¢ 0.57+0.042 0.84+0.03b

* Values are expressed as arithmetic mean =+ standard error.

** (a, b, ¢, d) shows differences between groups in the same line, p <0.05

p-CA: p-Coumaric acid
GSH-Px: Glutathione peroxidase (U g't Hb)

As a result of peroxidation of membrane lipids, caused
by ROS especially superoxide anion, MDA is formed as
a final product (Patockova et al., 2003). It is known as
one of the main markers of damage that is caused by
oxidative stress on lipid-rich tissues and organs (Bozié
et al., 2003). In many studies, toluene is found to lead
to oxidative stress in various tissues (Bozié et al., 2003;
Stajkovié et al., 2009; Muti et al., 2016). Also in this

SOD: Superoxide dismutase (ng ml1)
GSH: Glutathione (umol g'* Hb)
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CAT: Catalase (k g'* Hb)
MDA: Malonedialdehyde (umol g'! Hb)

study, in blood samples significant (p <0.05) increases
in CAT and SOD activities, and MDA level; significant
(»<0.05) decreases in GSH level and GSH-Px activity
were detected in the OPP group. Bozié et al. (2003)
gave toluene (3, 7 or 11 days 0.7 pm) to adult female
Wistar rats intraperitoneally. They detected that blood
MDA level was significantly (» <0.05) higher in toluene
group compared to control. Stajkovié et al. (2009) were
administered toluene intraperitoneally (at daily doses
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of 0.38 mmol kg'! b.w for 12 days and 5 mmol kg! b.w
for 6 days) to female Wistar rats. When compared to
control group, they found significant (p <0.05)
increases in SOD and CAT activities and MDA level in
toluene group. Muti et al. (2016) administered toluene-
2,4-diisocyanate (10%) to rats with intranasal
application. After sensitization with toluene-2,4-
diisocyanate, researchers detected that MDA level was
significantly (p <0.001) increased compared to control.
Similar to this study, Stajkovié¢ et al. (2009) found
significant increases in SOD and CAT activities in
toluene group. Also consistent with this study, Bozi¢ et
al. (2003), Stajkovié et al. (2009) and Muti et al. (2016)
found significant increase in MDA level.

There are studies showing the toxic effects of toluene
on workers exposed to chemicals containing toluene
(Halifeoglu et al.,, 2000; Dundaroz et al., 2003;
Karabulut et al., 2009). Halifeoglu et al. (2000)
reported that they observed significant increases in
MDA (p <0,001) level and SOD (p <0,05) and GSH-Px
(p <0,001) activities in erythrocyte samples of workers
In paint industry, compared to control group.
Dundaroz et al. (2003) reported that significant (p
<0.001) increases in SOD activity and MDA level and
significant (p <0.001) decrease in GSH-Px activity in
erythrocyte samples of children who exposed to toluene
with inhalation. Karabulut et al. (2009) examined
blood samples of 10 workers (8 shoemakers and 2
painters) who exposed 20-100 ppm (76.6 mg-383 mg)
toluene in their working environment. When compared
to control group, significant increase (p <0.05) in MDA
level and significant decreases (p <0.05) in CAT and
GSH-Px activities.

Phenolic compounds are natural antioxidants with
potential benefits to human health. With their free
radical scavenging activities, they play an important
role in the prevention of many chronic diseases in
which oxidative stress plays a role (Boo, 2019; Bento-
Silva et al., 2020). Hydroxycinnamic acids are bioactive
carboxylic acids, including coumaric acid, caffeic acid,
ferulic acid and synapic acid, known as phenolic acids.
These compounds deliver the phenoxyl hydrogen
atoms to the medium to neutralize the free radicals
and form the phenoxyl radical. These phenoxyl
radicals show weak reactivity due to the unpaired
electrons delocalizing on the ring structure. They
create antioxidant activities by providing inhibition of
dangerous radical species (Chen, 2016). Coumaric
acids are cinnamic acid derivatives which are mono-
hydroxylated from phenyl groups, and p-CA is the most
abundant isoform (Boo, 2019; Bento-Silva et al., 2020).

The antioxidant properties of p-CA are displayed in
several studies (Ekinci-Akdemir et al., 2017a,b; Shen
et al., 2019; Rafiee et al., 2020; Sabitha et al., 2020).
Also, in this study, in toluene+p-CA group, CAT and
SOD activities, and MDA level decreased and there
were increases in GSH level and GSH-Px activity when
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compared to OPP group in blood samples. Shen et al.
(2019) administered p-CA (50 and 100 mg kg'! b.w. per
day) for 6 weeks to mice which fed with high-fat diet
(HFD). CAT level was significantly (p <0.05) increased
in serum samples of mice which received p-CA with
HFD. There are studies about protective effect of p-CA
on oxidative damage induced by different xenobiotics
in various tissues (brain, liver, kidney, heart, lung)
(Roy and Prince, 2013; Ekinci-Akdemir et al., 2017a, b;
Shen et al., 2019; Godarzi et al., 2020; Rafiee et al.,
2020; Sabitha et al., 2020). This study is the first to
investigate the protective effect of p-CA on toluene-
induced oxidative damage. In addition, it is one of the
few studies published in which antioxidant effect of p-
CA was determined by examining blood oxidative
stress parameters.

CONCLUSION

When ROS, which form the basis of the cellular
signaling system in a healthily functioning organism,
is produced in excess and the antioxidant defense
systems cannot cope with this oxidative load,
homeostasis 1s disrupted and oxidative stress occurs.
In this study, it was stated that toluene caused
oxidative damage in the blood at the chosen dose and
the dosage period. This damage i1s determined
according to increases in SOD and CAT activities and
MDA levels and decreases in GSH-Px activity and
GSH level in blood samples of toluene-treated group.
There are endogenous enzymatic and non-enzymatic
antioxidant systems to fight oxidative stress that may
occur in a healthy organism. Besides, there are also
exogenous antioxidant sources. The most important of
these are phenolic compounds. They form a good
defense against oxidative stress with their radical
scavenging effects. p-CA 1s one of these phenolic
compounds. In this study, it was stated that p-CA
ameloriated the effects of oxidative damage caused by
toluene. This protective effect is determined according
to decreases in SOD and CAT activities and MDA
levels and increases in GSH-Px activity and GSH level
in blood samples of p-CA+toluene-treated group. As a
result of this study, we found that toluene caused
oxidative damage in the blood and p-CA has a
corrective effect on toluene-induced oxidative stress
parameters.
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Methanol, acetone and ethyl acetate extracts obtained from

Verbascum pinnatifidum Vahl. and V. antinori Boiss. et Heldr were Article History
investigated for their bioactive composition, antimicrobial and Received :09.06.2020
antibiofilm activity. Antimicrobial and antibiofilm activity was Accepted $30.09.2020
determined with FAscherichia coli NRRL B-3704, Pseudomonas

aeruginosa ATCC 27853, Proteus vulgaris ATCC 13315, Keywords

Acinetobacter baumanii ATCC 19606), Bacillus subtilis ATCC 6633,
Staphylococcus aureus ATCC 6538P, Staphylococcus haemolyticus
ATCC 43252 and Candida albicans ATCC 10231 by the disk
diffusion, minimum inhibitory concentration and minimum
bactericidal or fungicidal concentration and microplate biofilm

Verbascum pinnatifidum Vahl.
V. antinori Boiss. et Heldr.
Bioactive Compounds
Antimicrobial

Antibiofilm Activity

method, respectively. Bioactive compounds analyses reveal the
presence of coumarins, cardiac glycosides, quinones, flavanones. It
was revealed that extracts of V. antinori has more antimicrobial
activity than V. pinnatifidum extracts against test microorganisms.
The lowest MIC value was recorded by V. pinnatifidum methanol
extract against A. baumanii ATCC 19606 (0.3125 + 0.01). Antibiofilm
activities of three extracts of V. pinnatifidum and V. antinori have
been showed an inhibition percentage range of 8.93 - 92.18% and
14.56 - 91.19%, respectively.

Iki Verbascum Tiriiniin Biyoaktif Bilesenleri, Antimikrobiyal ve Antibiyofilm Aktiviteleri

OZET Aragtirma Makalesi
Verbascum pinnatifidum Vahl. ve V. antinori Boiss. et Heldr'den
elde edilen methanol, aseton ve etil asetat ekstraktlar1 bioaktif Makale Tarihgesi
bilesenleri, antimikrobiyal ve antibiyofilm aktiviteleri bakimindan Gelig Tarihi  : 09.06.2020
arastirildi. Antimikrobiyal ve antibiyofilm aktiviteleri Fscherichia Kabul Tarihi :30.09.2020
coli NRRL B-3704, Pseudomonas aeruginosa ATCC 27853, Proteus ;

Anahtar Kelimeler

vulgaris ATCC 13315, Acinetobacter baumanii ATCC 19606),
Bacillus subtilis ATCC 6633, Staphylococcus aureus ATCC 6538P,
Staphylococcus haemolyticus ATCC 43252 ve Candida albicans

Verbascum pinnatifidum Vahl.
V. antinori Boiss. et Heldr.

ATCC 10231 ile swrasiyla disk difizyon, minimum inhibit6r iioakt_ili B%gsillder
konsantrasyonu ve minimum bakterisidal veya fungisidal nt}n}l robiyat -
Antibiyofilm Aktivite

konsantrasyonu ve mikroplak biyofilm metodu ile belirlendi.
Biyoaktif Dbilesik analizleri kumarinler, kardiak glikozidler,
kuinonlar ve flavanonlarin varligin1 ortaya koymustur. V. antinori
ekstraktlarinin test mikroorganizmalarina karsi V. pinnatifidum
ekstraktlarindan daha yliksek antimikrobiyal aktivite sahip oldugu
ortaya ¢ikmistir. En digik MIK degeri A. baumanii ATCC 19606
(0.3125 + 0.01)ya karsy V. pinnatifidum methanol ekstrakti ile
kaydedilmistir. U¢ V. pinnatifidum ve V. antinori ekstraktinin
antibiyofilm aktiviteleri sirasiyla %8.93 - 92.18 ve %14.56 - 91.19
oranlarinda inhibisyon ylizdesi gostermistir.

To Cite : Gose M, Hacioglu Dogru N 2021. Bioactive Compounds, Antimicrobial and Antibiofilm Activity of Two Verbascum
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INTRODUCTION

Antimicrobial agents are substances that are used to
stop the growth of microorganisms or to kill them.
Antimicrobial medicines have been very effective in
treating infections for a long time. However, the
treatment possibilities of these agents are limited due
to the presence of some resistant pathogens against
antimicrobial agents and the occurrence of
undesirable side effects. Accordingly, natural or
synthetic antimicrobial agents with new active
compounds are needed to control infections. Due to
toxicity seen in synthetic antimicrobials, there is
greater tendency to natural antimicrobial agents
(Pulcini et al., 2012).

Microbial biofilms are important virulence factors
enabling the microorganism to live in a complex
matrix (Sdnchez et al., 2016). Biofilm production in
microorganisms and resistance to antibiotics required
new biofilm control strategies. In alternative searches
for microbial control, especially plant-derived
products are widely used. It is known that plants are
potential sources as bioactive agents. They are widely
accepted in alternative antimicrobial agent research
due to their reliability, use in the treatment of
diseases and infections, and their long history in
traditional medicine (Packiavathy et al., 2012).

The knowledge that plants have therapeutic agents
dates back to ancient times. According to a research

publications on medicinal plants, the total amount of
medicinal plants used for therapeutic purposes is
approximately 20000 (Mahindru, 1992). Verbascum
plants also are used medicinally in folk medicine
especially for respiratory problems, anodyne,
sedative, diuretic, sudorific, expectorant and
antidiarrheal (Baytop, 1999; Georgiev et al., 2011).
Biological and medical (antimicrobial, antioxidant,
anticholinesterase etc.) activities of these plants
have been also previously reviewed (Tatli and
Akdemir, 2006; Dulger and Hacioglu, 2009;
Kahraman et al, 2010; Kahraman et al., 2011;
Kozan et al., 2011; Ozcan et al., 2011; Boga et al.,
2016). However, there is no any literature about
Verbascum plant species antibiofilm activity, except
Moghaddam et al. (2015).

The objective of this study was to evaluate chemical
composition, antimicrobial and antibiofilm activities
of methanol, acetone and ethyl acetate extracts of two
Verbascum plants including Verbascum pinnatifidum
Vahl. and V. antinori Boiss. et Heldr.

MATERIALS and METHODS
Plant materials

The specimens belong to V. pinnatifidum and V.
antinori were collected from Canakkale in 2018,
respectively (Table 1). Two plants were described
with the aid of Flora of Turkey (Davis et al., 1988)

conducted by the World Health Organization (WHO) and other relevant publications by Dr. Ersin
based on the pharmacopoeia of 91 countries and some KARABACAK.

Table 1 Plant specimens used in this study

Cizelge 1 Calismada kullanilan bitki ornekleri

Species Collected area Identification by
(Ttirler) (Toplanan alan) (Tanimlayan)

Canakkale: Kumkale,
40.008101 N, 26.203127 E

Verbascum pinnatifidum

Verbascum antinori

near the lantern, d.s.

sandy area, F. Karabacak

Canakkale: Ayvacik, Balabanli, Sivrice village way, 300 m, FE. Karabacak

volcanic clifss, 39.495868 N, 26.218705 E, 4 vii1 2018

Plants extraction

The plants samples were air-dried. Each dry
powdered plant material 15 g was extracted with 150
mL of methanol, acetone and ethyl acetate (Merck,
Darmstadt, Germany) for 24 h by using Soxhlet
equipment. Filtered extracts were evaporated under
reduced pressure and dried using a rotary evaporator
at 55°C and stored in labeled sterile screw-capped
bottles at -20°C (Khan et al., 1988).

Qualitative phytochemical screening

V. pinnatifidum and V. antinori plant extracts were
standardized phytochemical tests (coumarins, cardiac
glycosides, phlabotannins, quinones, flavanones,
anthocyanins and proteins) in order to evaluate their
chemical composition for different active constituents
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(Harborne and Baxter, 1999; Raaman, 2006; Evans,
2009).

Coumarins: To 1 mL of plant extract, 1 mL of 10%
NaOH was added. The formation of yellow color
indicates the presence of coumarins (Raaman, 2006).

Cardiac glycosides: To the plant extract, few mL of
glacial acetic acid, ferric chloride (FeCls) and conc.
H2S04 were added. Green color indicates the presence
of cardiac glycosides (Harborne and Baxter, 1999).

Phlabotannins: Plant extract was dissolved in
distilled water. The filtrate was boiled with 2% HCI.
Red precipitate indicates the presence of
phlabotannins (Raaman, 2006).

Quinones: To 1 mL of extract 1 mL of conc. H2S04
were added, formation of red color indicates the
presence of quinones (Raaman, 2006; Evans, 2009).
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Flavanones: To few mL plant extract, 10% of few
drops of NaOH was added. Yellow color indicates the
presence of flavanones (Harborne and Baxter, 1999;
Evans, 2009).

Anthocyanins: To the plant extract, 10% NaOH was
added; blue color indicates the presence of
anthocyanins (Harborne and Baxter, 1999).

Proteins: To few mL plant extract, 1 mL of 40%
NaOH solution and 2 mL of 1% CuSO4 were added.
Violet color indicates the presence of proteins (Evans,
2009).

Test microorganisms

Gram-negative bacteria (Escherichia coli NRRL B-
3704, Pseudomonas aeruginosa ATCC 27853, Proteus
vulgaris ATCC 13315, Acinetobacter baumanii ATCC
19606), Gram-positive bacteria (Bacillus subtilis
ATCC 6633, Staphylococcus aureus ATCC 6538P,
Staphylococcus haemolyticus ATCC 43252) and yeast
(Candida albicans ATCC 10231) were used for
determining the antimicrobial and antibiofilm
activity of two Verbascum plant extracts.

Screening for antimicrobial activities

Disc diffusion method was used for qualitative
analyses of two Verbascum species extracts (Collins et
al., 1989). Studies were performed in triplicate.
Treatments with Penicillin (P10), Streptomycin (ST)
and Nystatin (NYS100) served as positive controls
and treatments with methanol, acetone and ethyl
acetate without plant materials served as negative
controls.

For quantitative antimicrobial analyses, minimum
inhibitory = concentration (MIC) and minimum
bactericidal/fungicidal concentration (MBC or MFC)
values of all samples were determined. MIC and MBC
or MFC were investigated as recommended
instruction of the Clinical and Laboratory Standards
Institute (Barry, 2007). The lowest concentration of
extracts inhibiting visible growth of each test
microorganisms was taken as the MIC. The medium,
0.1% (w/v) Streptomycin (ST), NYS100 and 10%
DMSO were used as the non-treated, positive and
negative controls, respectively.

To support each MIC and to define the MBC and
MFC, 10 pL of the following dilutions were inoculated
into dishes with Mueller Hinton Agar (MHA) to
evaluate microbial growth. Each experiment was
repeated for three times (Teanpasian et al., 2017).

Biofilm inhibition assay

Microplate biofilm method (Merritt et al., 2005) was
used to evaluate the inhibition of biofilm formation by
two Verbascum extracts against test microorganisms.
All experiments were repeated thrice in triplicate.
The measurement of the antibiofilm effect of the

extracts was made by the percentage reduction
formulation.

% Inhibition = (Acontml— Asamp[e / Acontro[) x 100 (1)

Acontrol: Absorbance of the control (containing 100 pL
Mueller Hinton Broth instead of plant extract)
reaction

Asample: Absorbance of the test compounds

Statistical analysis

The results of antimicrobial and antibiofilm activity
assays were mean = SD of three parallel
measurements. The statistical significance was
estimated using a Student’s ttest, p values < 0.05
were regarded as significant.

RESULT and DISCUSSION

The extract yields obtained from each extraction are
provided in Table 2. With reference to, extracts yields
were obtained methanol > ethyl acetate > acetone and
acetone > ethyl acetate > methanol for V.
pinnatifidum and V. antinori plants, respectively.
Alimpié et al. (2016), showed that the largest yield
was obtained from the water extract, followed by
methanol, hexane and ethyl acetate extracts.
Findings in this study have some differences about V.
antinori extracts yield rates. This case may be related
to the dissolution of different contents of plant
samples by different solvents.

Table 2 Yield (%) from three extracts of V.
pinnatifidum and V. antinori
Cizelge 2 V. pinnatifidum ve V. antinori elde edilen iig
ekstraktinin verimi (%)

Solvent of extracts Yield of extract (%)

(Ekstraktlarin (Ekstrakt verimi (%))
¢OZIictist) V. pinnatifidum V.antinori

Methanol (Metanol)
Acetone (Aseton)
Ethyl acetate(£ti] aseta?)

1.1370+0.1 0.3908+0.17
0.197+0.14  4.408+0.4
0.2915+0.02 1.994+0.12
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Phytochemical compounds of the plant extracts are
given in Table 3. Coumarins, cardiac glycosides,
quinones, flavanones were found in all two plants
extracts. Similar phytochemicals have been reported
in different species of these plants like, where the
presence of glycosides, flavonoids and saponins has
been reported (Tatli and Akdemir, 2006; Kahraman
et al., 2010; Georgiev et al., 2011; Boga et al., 2016).
Flavonoids cause bacterial death by inhibiting DNA
or RNA synthesis (Sanchez et al., 2016). Therefore,
there may be a correlation between the antimicrobial
activities and phytochemical compounds of two plants
extracts.

The antimicrobial activities of the plants extract

against different test microorganisms were showed in
Table 4-5. All extracts obtained from both plants
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showed higher antibacterial effect against P.
aeruginosa ATCC 27853 than comparison antibiotic
P10. V. antinori also showed antibacterial activity
against A. baumanii ATCC 19606 (extracts of
methanol, acetone and ethyl acetate), P. vulgaris
ATCC 13315 and B. subtilis ATCC 6633 (extracts of
ethyl acetate) higher than comparison antibiotic P10.
It can be seen in Table 4, no significant activity was
found against E. coli NRRL B-3704, A. baumanii

ATCC 19606, S. aureus ATCC 6538P, S. haemolyticus
ATCC 43252, C. albicans ATCC 10231 (except
acetone) all extracts of V. pinnatifidum. It was found
that extracts of V. antinori had more antagonistic
activity than V. pinnatifidum extracts against test
microorganisms. The lowest MIC value was recorded
by V. pinnatifidum methanol extract against A.
baumanii ATCC 19606 (0.3125 + 0.01).

Table 3 Phytochemical screening results of two Verbascum plant extracts
Cizelge 3 Iki Verbascum bitki ekstraktinin fitokimyasal tarama sonuglari

Phytochemical compounds V. pinnatifidum V. antinori
(Fitokimyasal bilesikler) E1 £2 E3 E1 E2 E3
Coumarins (Kumarinler) ++ + + + + +++
Cardiac glycosides (Kardiak glikozitler) —++ ++ ++ + ++ +++
Phlabotannins (Filabotanninler) +

Quinones (Kuinonlar) ++ ++ ++ + +++ ++
Flavanones (Flavonlar) + + + + + +
Anthocyanins (Antosiyaninler) + +

Proteins (Proteinler) - + + +

[+: low intensity reaction; ++: medium intensity reaction; +++: strong intensity reaction; -: Not Present; E1: Methanol extract,

E2: Acetone extract, E3: Ethyl acetate extract]

There are many reports regarding to Verbascum
species antimicrobial activity (Meurer-Grimes et al.,
1996; Dulger et al., 2002; Guarino, 2002; Dulger et
al., 2005; Dulger and Hacioglu, 2008; Prakash et al.,
2016; Dulger and Dulger, 2018). It was shown that
Verbascum L. species showed antimicrobial activity
against the Gr (+) bacteria and yeasts, but no activity
was observed against the Gr (-) bacteria by disc-
diffusion method (Meurer-Grimes et al., 1996; Dulger
et al.,, 2002; Dulger and Gonuz, 2004; Dulger and
Hacioglu, 2008). As a result of these studies S. aureus
and the yeast cultures appear to be more susceptible
to plant extracts. There is no data about V.
pinnatifidum and V. antinori antimicrobial activities
except Dulger and Dulger (2018). According to this
investigation V. antinori has a strong antagonistic
effect against Gram (+) bacteria; but it was ineffective
on gram () bacteria.

Obtained different results in this research with
antibacterial activity of V. pinnatifidum and V.
antinori against P. aeruginosa ATCC 27853 and A.
baumanii ATCC 19606 (Gram (-) bacteria). It was
thought that the Verbascum species gave different
results on the same test microorganisms was due to
differences of plant collected localization, ecological
status, seasonal differences and variety of extraction
methods.

The results indicated that three extracts V.
pinnatifidum and V. antinori reduced metabolic
activity of cells in biofilm all test microorganisms,
showing an inhibition percentage range of 8.93-
92.18% and 14.56-91.19%, respectively (Figure 1-2).

All extracts compared, V. pinnatifidum and V.
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antinori methanol extracts were the most effective in
inhibiting formation and growth of B. subtilis ATCC
6633 biofilm by 92.18% and 91.19%. The lowest
antibiofilm activity was obtained against £ coli
NRRLB-3704 by two plants all extracts. Inhibition
biofilm activity was performed with MIC
concentrations of plant extracts.

V. pinnatifidum and V. antinori extracts have not
been investigated in terms of antibiofilm activity.
Moghaddam et al. (2015) showed that ethanol extract
of V. thapsus had inhibitory effect on biofilm
formation of Streptococcus mutans, S. sanguinis, and
S. salivarius. The current findings indicated that
biofilm forming of bacteria and yeast could be
potentially being managed using V. pinnatifidum and
V. antinori plant extracts.

Microbial biofilms were thought to be important
virulence factors due to their high resistance
properties to chemotherapeutics and host immune
system (Grant and Hung, 2013). Bacteria in biofilms
had higher antibiotic resistance than planktonic cells
owing to it was preserved in the exopolysaccharide.
This necessitated the screening of new and natural
antibiotic sources, such as medicinal plants, in the
fight against biofilm. Biofilm formation was
controlled by quorum sensing, a bacterial
communication mechanism (Vuong et al., 2004;
Pratiwi et al., 2015; Erdonmez et al., 2018).
Therefore, in this study the reason for the antibiofilm
activity of V. pinnatifidum and V. antinori extracts in
MIC and sub-MIC concentrations, is thought to be the
inhibition of the quorum sensing mechanism. Further
studies need to be performed to confirm the actual
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mode of action of antibiofilm activity from these
extracts. Therefore, detailed studies are needed to

reveal the mechanism of antibiofilm activity of both
plants.
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Figure 1 Antibiofilm activity of V. pinnatifidum extracts (E1: Methanol, E2: Acetone, E3: Ethyl acetate)
Sekil 1 V. pinnatifidum ekstraktlarinin antibiyofilm aktivitesi (E1° Metanol, E2: Aseton, E3: Etil asetat)
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Figure 2 Antibiofilm activity of V. antinori extracts (E1: Methanol, E2: Acetone, E3: Ethyl acetate)
Sekil 2 V. antinori ekstraktlarinin antibiyofilm aktivitesi (E1: Metanol, E2: Aseton, E3: Etil asetat)

CONCLUSION

Natural products are important source of new drugs
which are very vital in modern medicine. The most
important feature of this study is that all of the
extracts had significant antibiofilm activity that
inhibits serious bacterial and fungal pathogens.
Comprehensive pharmacological studies are required
to determine the components of these plants that
have antimicrobial and antibiofilm effects and their
use in treatment. This is the first report on the
bioactive compounds and antibiofilm activity of V.
pinnatifidum and V. antinori extracts. This approach
may also allow new kind of research in medicinal
usage or development of drug research.
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Table 4 Disc Diffusion, MIC, MBC or MFC ratios of the V. pinnatifidum extracts
Cizelge 4 V. pinnatifidum ekstraktlarinin disk difiizyon, MIK, MBK veya MFK oranlar:

Plant extracts

(Bitki ekstraktlar)
Test *Disc Diffusion? (mm) (* Disk Difiizyon” (mm)) MIC (pg mL) (MIK) MBC or MFC
microorganisms (MBK veya MFK)
(Test Extracts (Ekstraktlar) Control(Kontro) | Extracts(Ekstraktlar) Control(Kontrol) | Extracts (Ekstraktlar)
mikroorganizmalar) “gq E2 E3 P10 NY100 |[E1 E2 E3 ST NY100 [E1 E2 E3
FEcoli 8.0+0.21 8.3+0.31 8.0+0.02 16.0 NT 5.0£0.01 5.0+0.03 5.0+0.03 4.0 NT 10.0+0.01 20.0+0.34  20.0+0.24
NRRL B-3704
P ae]‘ugjnosa 10.3+0.10 12.0+£0.12 10.0+0.14 8.0 NT 5.0+0.02 20.0+0.03 10.0+£0.01 1.0 NT 10.0+0.02 20.0+0.24  20.0+0.01
ATCC 27853
P. vulgaris 11.0+0.01 9.3+0.23 9.3+0.14 13.0 NT 2.5+0.01 10.0+0.01 20.0+0.01 4.0 NT 10.0+£0.04  20.0+0.28 20.0+0.15
ATCC 13315
A. baumanii 7.6+ 0.32 7.0+0.35 7.3+0.43 12.0 NT 0.3125+0.01 5.0+ 0.03 5.0 £0.03 2.0 NT 20.0+£0.10  20.0+0.64  20.0+0.58
ATCC 19606
B. subtilis 11.3+0.24 11.3+0.35 11.3+0.32 14.0 NT 0.3125+0.01 20.0+0.01 5.0+ 0.01 4.0 NT 20.0+£0.27  20.0+£0.47 20.0+0.01
ATCC 6633
S aureus 7.3+0.51 7.0£0.21 7.6+ 0.01 15.0 NT 2.5+0.03 20.0+0.03 10.0+£0.01 4.0 NT 20.0+£0.15 20.0+0.15 20.0+0.01
ATCC 6538P
S baemo]_ytjcus 8.0+0.03 7.0+£0.12 7.0+ 0.04 14.0 NT 5.0+0.01 20.0+0.01 5.0+ 0.01 5.0 NT 10.0+0.17  20.0+0.17 20.0+0.01
ATCC 43252
C.albicans 7.0+0.11 10.3+0.02 8.3+0.12 NT 16.0 2.5+0.01 10.0+0.01 1.25+0.01 NT 5.0 20.0+£0.18 20.0+0.15 20.0+0.01
ATCC 10231

[NT: Not Tested; E1: Methanol, E2: Acetone, E3: Ethyl acetate; *Inhibition zone (mm); z includes diameter of disk (6 mm); P10 = Penicillin (10 ug/disc); ST:
Streptomycin (10 ug/disc); NY100 Nystatin (100 ug/disc)]
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Table 5 Disc Diffusion, MIC, MBC, and MBC or MFC ratios of the V. antinori extracts
Cizelge 5 V. antinori ekstraktlarinin disk difiizyon, MIK, MBK veya MFK oranlar:
Plant extracts (Bitki ekstraktlary)

*Disc Diffusion? (mm) (* Disk Difiizyon® (mm)) MIC (ug mLY) (MIK) MBC or MFC (MBK yada MFK)
Test Extracts (Ekstraktlar) Control Extracts (Ekstraktiar) Control Extracts (Ekstraktlar)
microorganisms (Kontrol) (Kontrol)
(Test “E1 E2 E3 P10 NY100 | E1 E2 E3 ST NY100 | E1 E2 E3
mikroorganizmalary
FE.coli 11.0+£0.34 12.0+£0.28 11.0+0.04 16.0 NT 10.0+£0.01 10.0+£0.03 20.0+0.03 4.0 NT 20.0+£0.01 20.0+0.37 20.0+£0.24
NRRL B-3704
P. aeruginosa 9.0+0.15 10.0+0.14 12.0+£0.18 8.0 NT 10.0+0.03 5.0+£0.06 10.0£0.01 1.0 NT 20.0+£0.12 10.0+£0.24 10.0+0.01
ATCC 27853
P. vulgaris 10.0+£0.03 12.0+0.26 15.0+£0.16 13.0 NT 10.0+£0.01 20.0+0.06 20.0+0.01 4.0 NT 20.0+0.04 20.0+0.27 20.0+0.15
ATCC 13315
A. baumanii 13.33+0.16 15.3+0.48 13.0+0.34 12.0 NT 10.0+£0.05 20.0+£0.05 20.0£0.03 2.0 NT 20.0+£0.10 20.0+0.64 20.0+£0.58
ATCC 19606
B. subtilis 11.0+0.12 12.0+0.37 16.0+£0.36 14.0 NT 5.0 £0.14 10.0+£0.07 10.0£0.01 4.0 NT 10.0+£0.29 10.0+0.47 10.0+0.01
ATCC 6633
S. aureus 12.0+0.42 12.0+0.25 11.0+0.12 15.0 NT 10.0+0.03 10.0+£0.08 10.0£0.01 4.0 NT 20.0+0.17 20.0+£0.15 10.0+0.01
ATCC 6538P
S. haemolyticus 11.0+0.13 11.0£0.16 11.0+0.04 14.0 NT 10.0+0.08 20.0£0.11 20.0£0.01 5.0 NT 20.0+£0.19 20.0+£0.27 20.0+0.01
ATCC 43252
C.albicans 10.0+0.13 10.3+0.01 10.0+0.11 NT 16.0 5.0+0.07 10.0£0.10 10+0.01 NT 5.0 10.0+0.18 20.0+0.17 20.0+0.01
ATCC 10231

[NT: Not Tested; E1: Methanol, E2: Acetone, E3: Ethyl acetate; *Inhibition zone (mm); z includes diameter of disk (6 mm); P10 = Penicillin (10 ug/disc); ST:
Streptomyecin (10 ug/disc); NY100 Nystatin (100 ug/disc)]
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ABSTRACT
This study was designed to investigate the phenolic acid contents and
antioxidant activities of 14 clones of mint species (M. spicata, M.
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piperita, M. villoso nervata and M. dumetorum) that cultivated in Received  ®13.08.2020
Turkey. The phenolic acid contents were analysed using HPLC. The Accepted  :19.10.2020
antioxidant activities of these Mentha species were evaluated by free

radical scavenging activity (DDPH'), cation radical scavenging Eee};v:z;ds

activity (ABTS"*) and reducing power activity tests. Additionally, total
phenolic content of mint species was determined spectrophoto
metrically using Folin-Ciacelteau’s reagent. Phenolic acid contents of
Mentha were evaluated in two subclasses: benzoic acid and cinnamic
acid derivatives. The rosmarinic acid (which is cinnamic acid
derivative) was the main phenolic acid for all tested plant material
changing from 5482.6 to 31982.7 mg/kg dry weight concentrations. p-
hydroxy benzoic acid (ranging from 30.5 to 236.4 mg/kg dry weight)
and syringic acid (ranging from 95.4 to 375.2 mg/kg dry weight) were
most abundant benzoic acids derivatives found in tested mint clones.
According to DDPH® and ABTSe** test results, while M. villoso nervata
clone (originated from Osmaniye) has higher activity, M. spicata clone
(originated from Manisa) has lower activity among the other clones.
Reducing power activity of M. villoso nervata clone (originated from
Osmaniye) was highest and M. spicata clone (originated from Konya)
was lowest. It has been observed that the correlation between phenolic
acid derivatives and antioxidant activity varied depending on used
antioxidant activity methods. These results show that best Mentha for
human health in terms of both phenolic acid content and antioxidant
activity are the 3rd clone (M. spicata) and the 10th clone (M. villoso
nervata) genotypes.

Phenolic acid
Antioxidant activity
DPPH

ABTS

Kiiltiirti Yapilan Bazi Mentha Tiirlerinin HPLC ile Fenolik Asitlerin Tayini ve Antioksidan Kapasitesi
Belirlenmesi

OZET Aragtirma Makalesi

Bu ¢aligma, Tirkiye'de yetistirilen M. spicata, M. piperita, M. villoso

nervata ve M. dumetorum turlerine ait 14 nane klonlarmin fenolik Makale Tarihgesi

asit igerikleri ve antioksidan aktivitelerini arastirmak igin Gelig Tarihi : 13.08.2020
tasarlanmigtir. Fenolik asit igerikleri HPLC kullanilarak analiz Kabul Tarihi :19.10.2020

edilmigtir. Mentha tiirlerinin antioksidan aktiviteleri, serbest radikal

giderme aktivitesi (DDPH*), katyon radikal giderme aktivitesi Anahtar Kelimeler

(ABTS" *) ve indirgeme giicii aktivite testleri ile degerlendirilmistir.
Ek olarak, nane tiirlerinin toplam fenolik igerigi, Folin-
Ciacelteau'nun reaktifi kullanilarak spektrofotometrik olarak
belirlenmigtir. Nane tiirlerinin fenolik asit icerikleri benzoik ve
sinamik asit turevi olmak tizere iki alt simifta degerlendirilmigtir.
Rosmarinik asit (sinnamik asit tiirevi) konsantrasyonu, test edilen
tim bitki materyalleri i¢gin 5482.6'dan 31982.7 mg/kg kuru agirhik

Mentha

Fenolik asit
Antioksidan aktivite
DPPH

ABTS
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arasinda degigen ana fenolik asit olarak gézlemlenmistir. p-hidroksi
benzoik asit (30.5 ile 236.4 mg/kg kuru agirhik arasinda) ve siringik
asit (95.4 ile 375.2 mg/kg kuru agirhk arasinda), test edilen nane
klonlarinda en yliksek miktarda bulunan benzoik asit tiirevleridir.
DDPH* ve ABTSe** test sonucglarina gore M. villoso nervata tiri
(Osmaniye kaynakli klonu) daha yiiksek aktiviteye sahipken, M,
spicata tiri (Manisa kaynakli klonu) diger klonlar arasinda daha
disiik aktiviteye sahip oldugu gorulmiustir. M. villoso nervata tira
(Osmaniye kaynakl klonu) indirgeme giicii aktivitesi diigiik iken en
yiiksek aktiviteyi M. spicata tiirii (Konya kaynaklh klonu)
gostermigtir. Fenolik asit tirevleri ile antioksidan aktivite arasindaki
iligkinin, kullanilan antioksidan aktivite yontemlerine baglh olarak
degistigi gorulmistir. Elde edilen sonuclara goére hem fenolik asit
icerigi hem de antioksidan aktivite acisindan insan sagligi i¢in en
yararli nane tiiriiniin 3. klon (M. spicata) ve 10. klon (M. villoso

nervata) genotipleri oldugunu tespit edilmistir.

To Cite : Elmastas M, Kececi M, Geng¢ N, Beyathh N, Misirli D, Telci 1 2021. Determination of Phenolic Acids by HPLC and

Antioxidant Capacity of Some Cultivated Mentha Species. KSU J. Agric Nat 24 (3): 488-494.
https://doi.org/10.18016/ksutarimdoga.vi.780019.
INTRODUCTION research is therefore required on these species.

Labiate (Lamiaceae) with about 170-250 genera and
3000-3500 species considered one of the plant families
spread worldwide and specially on the Mediterranean
coast (Heywood et al. 1978; Baytop 1983). Mint is one
of the oldest cultivated members of this family. Mentha
species; In addition to being used in many civilizations
since ancient times, it is a kind of spice which is used
widely in Ottoman and Turkish medicine and it is
noticed as a plant which is used for treatment of many
kinds of diseases. Nowadays, mint is used for both
spices and medicinal purposes. M. spicata and M.
pIperita are among the most commonly cultivated and
used mint species in the world. At Turkey M.
dumetorum and M. villoso-nervata are the most
cultivated species.

In terms of human health, it is important to determine
the chemical content of nutrients. In recent years,
consumption of foods containing functional compounds
has been encouraged and became the focus of scientific
studies. Literature showed that mint species contain
compounds have biological activities such as anti-
inflammatory (Shen et al. 2011), antioxidants,
antibacterial (Lin et al. 2011) and cardioprotective
(Trivedi et al. 2011). Scientists believe that these
activities are due to existence of phenolic compounds.
Phenolic compounds are divided into flavonoids and
phenolic acids. Phenolic acids are natural antioxidants
that contribute to the colour, smell and taste of plants.
These compounds significantly affect the stability,
colour, odour, nutrient content and quality of foods
(Robbins 2003). Therefore, determination the amount
of phenolic acids in foods it is one of the important
issues.

According to literature search we cannot find any
study on the determination of the phenolic compounds
in M. villoso nervata and M. dumetorum species
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Demonstrating the phenolic acid content of these two
species will guide other studies about these species.
This study aimed to determine the phenolic acid
content of the cultivated clones belonging to M. villoso
nervata, M. dumetorum, M. spicata and M. piperita
species in Turkey. It’s expected that determination of
phenolic acid content and antioxidant activities of
these species will be helpful in the availability of
better-quality products in the markets.

MATERIALS and METHODS:
Chemicals and reagents

Ferric chloride (FeCls), 2,2-diphenyl-picrylhydrazyl
(DPPH), 2,2'-Azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt (ABTS), potassium
ferricyanide KsFe(CN)s, trichloroacetic acid (TCA),
potassium dihydrogen phosphate (KH2PO4), sodium
carbonate (NazCOs) and Folin—Ciocalteu reagent were
obtained from Sigma-Aldrich (Sternheim, Germany).
6-hydroxy-2,5,7,8-tetramethyl-2-carboxylic acid
(Trolox) and gallic acid were purchased from Merck
(Istanbul, Turkey). All other solvents and chemicals
(analytical or HPLC grade) were obtained from Sigma-
Aldrich.

Plant materials

Mint species distributed in different regions in Turkey
examples used in breeding ecology adaptation studies
in Tokat was used in this study. The mint species
clones (Table 1) were obtained from research fields of
Department of Field Crops, Faculty of Agriculture,
Tokat Gaziosmanpasa University (Tokat, Turkey). Dry
sample of each species (5 g) ground in liquid nitrogen
using mortar and pestle. All samples were kept at 25
°C until extraction.
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Table 1. Species, the origin of used Mentha clones and yield

extracts.
Cizelgel. Kullanilan Mentha klonlarinin kokeni ve ekstre
verimleri.

Species (fi)l((i:e Origin (city) Z}iﬁll'gcts (%())f
1 Konya 12.00
2 Adiyaman - 1 17.50
3 Adiyaman - 2 23.00
4 Ankara - 1 18.00

M. spicata 5 Ankara - 2 13.50
6 Karaman 11.50
7 Elazig 10.50
8 Samsun 10.50
9 Manisa 11.50
10 Amasya 14.00

M. villoso-nervata 11 Osmaniye 10.50
12 Antalya 10.00

M. piperita 13 Gaziantep 14.50

M. dumetorum 14 Tokat 11.00

Preparation of extraction

Thirty millilitres of a methanol/dichloromethane
solution (4:1) was added to 500 mg of prepared plant
materials, the mixture was vortexed slightly for 1 min
and then sonicated for 30 min in ultrasonic bath then
centrifuged. The remaining solid residue was re-
extracted twice using same procedure. The collected
filtrates were pooled, concentrated under reduced
pressure at 40°C by a rotary evaporator. The extracts
were used for the determination of antioxidant
capacity and total phenolic compounds.

Determination of total phenolic content

Folin—Ciocalteu reagent was used to determine the
total phenolic constituent of extracts (Slinkard and
Singleton 1977). After adding 4.5 mL of distilled water
to 100 pl of stock solution (1 mg/mL), 100 ul of Folin-
Ciocalteu reagent was added. After 3 min 300 pl (1%)
NazCO3 were added. The mixture vortexed then
incubated for 2 hours under room conditions. The
absorbance was measured at 760 nm in a
spectrophotometer. Calibration curve was obtained
through using different concentrations of gallic acid
which used as standard. The results were given as
phenolic compound equivalent to g gallic acid/kg dry
plant.

Analysis of phenolic acids

Qualitative analysis of the phenolic acid’s derivatives
(Gallic acid (GA), protocatechuic acid (PA), p-
Hydroxybenzoic acid (p-HBA), vanillic acid (VA)
syringic acid (SA), caftaric acid (CTA), caffeic acid
(CFA), p-coumaric acid (p-CA), ferulic acid (FA),
cichoric acid (CCA), rosmarinic acid (RA) and cinnamic
acid (SIA)) in the samples were performed using an
HPLC-DAD (Shimadzu, Japan) system coupled with
an LC 20AT pump and SPDM20A model DAD detector.
The mobile phases consisted of solvent A (methanol)
and solvent B (1% formic acid in deionised water) was
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applied to reverse phase Dionex, Acclaim Polar
Advantage 120A° (150x4.60 mm, 3 um) C16 as follows:
0 min, 100% A and 0% B; 10 min, 60% A and 40% B;
and 17.5 min, 0% A and 100% B to wash and
equilibrate of the column. The flow rate was 1 mL/min,
and the column temperature was set to 30°C. Detection
was performed at 280 nm. Identification of individual
phenolic acids were performed through comparing
their retention times and spectra with known
standards. The amounts of individual phenolic acids
were calculated by using a calibration curve equation
for each one of the standards. The results were
expressed as milligram per kilogram of dry weight.

Determination of antioxidant activity
Free radical scavenging activity

The free radical scavenging activity were evaluated by
(DPPH*) according to the method described by Blois
(Blois, 1958). Samples at different concentrations (2.5-
10 pg/mL) and standard solutions were taken and
completed to 3 mL was with ethanol. Then DPPH"
solution (1.0 mL, 0.26 mM) were added. The reaction
mixture was vortexed thoroughly, left in the dark at
room temperature for 30 min and measured at 517 nm.
The activity was calculated by the following equation

Act1v1ty % = [(AbScontrol'Astample)/AbScontrol] x 100

Where Abscontrol and Abssample are the DPPH " radical +
ethanol and DPPH" radical + samples absorbance,
respectively. The inhibitory concentration (ICs0) of the
samples which needed to inhibit 50% of the DPPH
radicals obtained from the standard curve was
compared to that of standard antioxidant (Trolox).

Cation free radical scavenging activity

2,2”-Azino-bis (3-ethylbenzthiazoline-6-sulfonic acid)
(ABTS'+) cation radical scavenging activity
determined according to method described by Re and
colleagues (Re et al., 1999). Treatment of ABTS (2.0
mM) prepared in phosphate buffer (0.1 M, pH 7.4) with
potassium persulfate (K2S20s) in a ratio 1:2 (2.45 mM)
gave the ABTS'*, which kept at dark at room
temperature for 6 h. ABTS +-K2S20s solution (1.0 mL)
was added to each standard and extract solution at
different concentration (2.5-10 pg/mL). After 30 min of
incubation, the inhibition was calculated for each
concentration relative to a blank absorbance at 734
nm. Experiments were performed in triplicate. Cation
free radical scavenging activity was calculated as %
inhibition by the following equation:

ACthlty % = [(AbScontrol'AbSsample)/AbScontrol] x 100

Where Abscontrol and Abssample are the buffer + ABTS +-
K2S20s solution and buffer + ABTS +K2S20s solution
+ samples absorbance, respectively. The results were
plotted against the concentration activity. The ICso
was calculated by using the slope equation.
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Ferric reducing antioxidant power (FRAP)

The reducing power of the extracts was determined by
the method of Oyaizu (Oyaizu, 1986) with a slight
modification (Elmastas et al., 2006). Different
concentrations (2.5-10 pg/mL) of the extracts were
completed to 1.25 mL with phosphate buffer (0.2 M, pH
6.6) and 1.25 mL of (1%) potassium ferricyanide,
followed by incubation for 20 min at 50°C and then
received 1.25 mL of (10%) TCA to terminate the
reaction. The solution mixed with 0.25 mL (0.1%) FeCls
solution and the mixture vortexed vigorously. The
absorbance was measured at 700 nm. Increased
absorbance was evaluated as increased reducing
power. The results were expressed in pmol Trolox
Equivalent per gram extract.

Statistical analysis

All statistical analyses were performed using the SPSS
software (SPSS 15.0) program. Data are expressed as
mean values and standard deviations (SD) of the
triplicate results. Significant differences in groups

were indicated at p < 0.05. The correlation analysis
was performed by bivariate (Pearson’s) correlation test
at p < 0.05 significance level.

RESULTS and DISCUSSION
Total phenolic content

The highest phenolic content in the total phenolic
analysis was determined in clone 9 for M. spicata and
in clone 11 for M. villoso-nervata. While the highest
content for M. piperita was at clone 13.

Phenolic acids

Phenolic acid composition for the used mint species
clones were determined by HPLC. Firstly, the
calibration graph was drawn by wusing different
concentrations of the standards. The phenolic acids
and its amounts for each clone were determined using
the calibration equation. The results were given as
derivatives of benzoic acid and cinnamic acid (Table 2
and 3).

Table 2. Benzoic acid derivatives concentration in Mentha clones (mg/kg dry plant material).
Cizelge 2. Mentha klonlarindaki benzoik asit tiirevilerin konsantrasyonlar (mg/kg kuru bitki materyali).

Species Clone code GA PA p-HBA VA SA Total
1 0.0 9.6 145.8 67.5 259.6 482.5
2 0.0 3.0 103.7 65.0 254.2 425.8
3 0.0 3.0 183.1 183.1 315.8 685.0
4 0.0 16.4 174.8 0.0 247.6 438.8
M. spicata 5 0.0 10.4 30.4 46.0 188.0 274.7
6 0.0 15.5 115.4 0.0 95.4 226.3
7 0.0 2.4 96.3 0.0 326.4 425.1
8 85.2 26.1 30.5 28.2 232.7 402.7
9 48.9 10.7 70.3 40.7 207.9 378.4
10 0.0 3.3 142.6 0.0 304.3 450.2
M. villoso nervata 11 0.0 3.0 98.6 53.2 229.8 384.6
12 54.6 8.1 134.4 0.0 189.8 386.8
M. piperita 13 0.0 11.0 70.0 284.5 171.8 537.2
M. Dumetorum 14 0.0 11.3 236.4 161.6 280.9 690.1

Gallic acid (GA), protocatechuic acid (PA), p-Hydroxybenzoic acid (p-HBA), vanillic acid (VA) and syringic acid (SA).

Table 3. Cinnamic acid derivatives concentration in Mentha clones (mg/kg dry plant material).
Cizelge 3. Mentha klonlarindaki sinnamik asit tiirevlerinin konsantrasyonu (mg/kg kuru bitki materyali).

Species Clone code CTA CFA pCA FA CCA RA SIA Total
1 154.3 6.5 17.5 58.1 0.0 6213.8 75.4 6525.4
2 98.1 28.8 446.8 38.0 0.0 14309.0 268.9 15189.5
3 33.5 51.4 930.1 52.8 0.0 31982.7 603.7 33654.1
4 28.5 41.1 1095.3 58.5 0.0 15990.3 832.4 18046.0
M. spicata 5 28.3 3.7 782.2 25.4 0.0 12635.2 8.4 13483.0
6 186.7 9.7 194 71.9 0.0 9386.7 429.3 10103.5
7 165.0 17.1 51.4 57.9 0.0 10488.5 189.6 10969.3
8 59.1 1.3 87.1 27.4 0.0 9039.0 56.2 9269.9
9 130.8 3.0 13.9 34.7 0.0 7242.1 270.8 7695.2
10 140.8 9.0 43.0 47.5 0.0 16146.5 226.1 16612.8
M. villoso nervata 11 129.2 7.6 68.1 67.3 0.0 10200.9 520.4 10993.4
12 129.9 3.9 29.9 27.3 0.0 6577.1 19.5 6787.5
M. piperita 13 281.3 3.8 12494.4 67.4 0.0 5482.6 102.7 18432.2
M. dumetorum 14 87.1 2.8 6822.7 111.7 0.0 14474.4 186.9 21685.6

Caftaric acid (CTA), caffeic acid (CFA), p-coumaric acid (p-CA), ferulic acid (FA), cichoric acid (CCA), rosmarinic acid (RA) and

cinnamic acid (SIA).
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The highest benzoic acid derivatives content was
determined syringic acid and lowest was observed as
protocatechuic acid (Table 2). The highest cinnamic
acid derivatives content was observed as rosmarinic
acid in Mentha spicata clones (clonel-9) and cichoric
acid was not detected in the tested Mentha species
(Table 3).

Antioxidant activities

The values of free radical scavenging activity and
cation free radical scavenging activity were calculated
according to ICso, which is defined as the concentration
of sample necessary to obtain an activity of 50%.
Decreased ICs0 value meant higher activity. Reducing
power activity was calculated as pmol Trolox
equivalent/mg extract.

Free radical scavenging activity

As shown in Table 4 free radical scavenging activities
were given as ICso, except clones 1 (22.14 png/mL), 9
(33.20 pg/mL), and 12 (21.10 pg/mL), the other clones
have high activity specially clones 7 (9,13 ng/mL), clone

10 (8.94 pg/mL), and clonell (8.15 pg/mL) which
showed DPPH free radical scavenging activity close to
the standard material, Trolox (6.66 pg/mL).

In the study of Kanatt and colleagues on M. spicata,
the ICso0 value of free radical scavenging activity was
found to be 25.8 pg/mL. When we compare with M.
spicata clones (clones 1-9) in the study, if we exclude
the clone 9, other clones free radical scavenging
activities were higher more than results found by
Kanatt and colleagues (Kanatt et al., 2007).

Free radical scavenging activity of M. dumetorum
extract determined as 1.6 mg/mL (Ayar-Kayali et al.,
2009). Obtained results for M. dumetorum (clone 14)
(16,99 pg/mL) showed that free radical scavenging
activity was higher than the previous study (Table 4).

Cation free radical scavenging activity

All clones have high ABTS+ free radical scavenging
activity, clones 7 (3.29 pg/mL) and 11 (3.03 pg/mL)
show better activity than Trolox (3.14 png/mL) (Table
4). The lowest activity was observed in clone 9 (6.07
pg/mL).

Table 4. Antioxidant activities and total phenolic compound content in mint clones
Cizelged. Nane klonlarinin antioksidan aktiviteleri ve toplam fenolik bilesik icerikleri

Specios Clone DPPH ABTS FRAP '(gg:;ii)oun [ henolic
code (ICs0 pg/mL) (ICs0 pg/mL) (umol TE/mg Extract) (¢ GAE/kg DW)
1 22.14+0.24 4.92+0.10 3.21+0.18 9.01+0.08
2 13.06x£0.24 4.23+0.11 5.14+0.18 7.87+£0.07
3 11.25+0.25 3.62+0.12 5.42+0.19 8.10+0.08
4 14.03+£0.21 3.75+0.19 4.75+£0.18 7.72+0.05
M. spicata 5 18.22+0.20 4.76+0.16 4.51+0.19 8.23+£0.05
6 13.23+0.25 3.93+£0.12 3.93+0.18 9.02+0.09
7 9.13+0.21 3.29+0.09 6.72+0.19 7.89+0.21
8 14.30+0.26 4.56+0.12 5.93+0.19 9.56+0.12
9 33.20+0.23 6.07+0.11 3.84+0.19 10.91+0.09
M villoso 10 8.94+0.26 3.79+0.12 6.37+0.18 6.21+0.15
nervata 11 8.15+0.28 3.03+0.14 7.18+0.18 10.83+0.11
12 21.10+£0.26 4.41+0.16 3.96+0.19 7.92+0.09
M. piperita 13 13.110.24 3.49+0.11 5.19+0.18 5.6040.14
M. Dumetorum 14 15.80+0.27 4.57+0.13 5.09+0.18 7.51+0.10
Trolox 6.66+0.23 3.14+0.10

Reducing power activity

As shown in Table 4, clone 7 (6.72 pmol TE/mg
Extract), clone 10 (6.37 pmol TE/mg Extract), and
clone 11 (7.18 pmol TE/mg Extract) are higher than
other clones. The lowest activity is observed in clone 1
(3.21 umol TE/mg Extract).

Correlation and cluster analysis

Correlation analysis was used to explore the
relationship between the benzoic acid and cinnamic
acid derivatives of mint species and the antioxidant
variables (Table 5). Among benzoic acid derivatives we
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found medium positive correlation for GA with DPPH
and ABTS tests, PA with ABTS test and SA with
reducing power activity. The correlation was weak
positive for DPPH with PA and weak negative for
DPPH and ABTS with p-HBA, VA and SA. Also, for PA
with reducing power activity it was weak negative. For
the remaining values there was no correlation (Table
5).

For the cinnamic acid derivatives we determined
medium negative correlation for CFA with DPPH and
ABTS tests, RA with DPPH and FA and SIA with
ABTS. Weak negative correlation founded for DPPH



KSU Tarim ve Doga Derg 24 (3): 488-494, 2021
KSU J. Agric Nat 24 (3): 488-494, 2021

Arastirma Makalesi
Research Article

with p-CA, FA and SIA; for ABTS with CTA, p-CA and
RA. The correlation of FA, RA and SIA with reducing
power activity were weak positive. While the
remaining values have no correlation (Table 5). For the
correlation between phenolic contents and antioxidant
capacity among the different methods some earlier
studies showed a strong positive correlation (Katsube

et al. 2004; Djeridane et al. 2006), other studies showed
poor correlation (Wong et al., 2006). Antioxidant
activity is not only linked with the materials of
experiments but also with the used solvents,
concentrations and time of reaction (Jayaprakasha et
al., 2001). All factors above may lead to the correlation
differences between this study and others.

Table 5. Correlation between benzoic acid derivatives and cinnamic acid derivatives with antioxidant activities.
Cizelge 6. Benzoik asit tiirevieri ve sinnamik asit tiirevierinin antioksidan aktivite ile korelasyonlari.

Correlation Antioxidant Activities
DPPH" ABTS + Reducing Power Activity
GA 0.4541 0.4775 0.0924
Benzoic acid PA 0.2603 0.3702 0.2877
derivatives pHBA 0.1315 0.1538 0.0981
VA 0.1048 0.1454 0.0090
SA 0.2902 0.2354 0.4740
CTA 0.0321 0.1960 0.0191
CFA 0.3434 0.3458 0.0928
Cinnamic acid pCA 0.1161 0.1695 0.0155
derivatives FA 0.2850 0.3125 0.1192
CCA 0.0000 0.0000 0.0000
RA 0.3905 0.2924 0.2473
SIA 0.2988 0.3514 0.1629

Gallic acid (GA), protocatechuic acid (PA), p-Hydroxybenzoic acid (p-HBA), vanillic acid (VA) and syringic acid (SA). Caftaric
acid (CTA), caffeic acid (CFA), p-coumaric acid (p-CA), ferulic acid (FA), cichoric acid (CCA), rosmarinic acid (RA) and cinnamic

acid (SIA).

In the clustering analysis (Table 5), except one clone,
the most abundant phenolic acid was found to be
rosmarinic acid. However, the other phenolic acids
were effective in grouping because the quantitative
change of this compound. The clones were divided into
two main groups. One of this main groups is the 3rd
clone. In this clone, the amount of rosmarinic acid was
quite high (31982.70 mg/kg dry plant), which was
different from other clones. The second main group
divided to two sub-groups. In clone 13, the difference
than other clones were the high level of p-coumaric
acid (12494.4 mg / kg dry plant). The remaining clones
were further divided into two groups from these clones
14 which have high ratio of rosmarinic acid as well as
p-coumaric acid. The other sub-groups are determined
by the change in the amount of rosmarinic acid. For
example, in clones 1, 12 and 9 of the same group,
rosmarinic acid ranges from 6213.80-7242.10mg/kg
dry plants, whereas clones 6, 8, 7 and 11 which are in
different group the amount ranged between 1284.40-
9039.00mg/kg dry plant. Similarly, clones 4, 10, 2 and
5 with close rosmarinic acid values (14770.25 mg/kg
dry plant) were in the same group. Hence, quantitative
values of rosmarinic acid, was found to be more
effective in grouping rather than the phenolic acids.

Mint is a widely used plant among the people.
Therefore, the determination of the change in the
amount of phenolic acids between the mint species and
their clones, revealing commercially useful clones and
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providing scientific literatures which shedding light on
future studies are so important issues. In this study,
the best mint for human health in terms of both
phenolic acid and antioxidant content are the clone 7
(M. spicata), clone 10 (M. villoso nervata) and clonell
(M. villoso nervata) genotypes. In terms of human
health, producers need to cultivate these mint types
and recommend them to consumers.
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OZET Aragtirma Makalesi
Caipira (Lactuca sativa var. Crispa) kivircik yaprak salata cesidinin

kullanildig1 calisma, 3 farkl organik materyal (vermikompost, gidya, Makale Tarihgesi
leonardit) ve bunlarin farkh dozlar: (% 3, % 6, % 9) ile bahce toprag: Gelis Tarihi  :29.04.2020
kullanilan kontrol grubu (% 0) olarak tasarlanmistir. Bu ¢alismada, Kabul Tarihi :06.10.2020

insan beslenmesinde 6nemli yer tutan ve kimyasal azotlu gubreler
uygulandiginda, yapraklarinda nitrat/nitrit birikimi riski tasiyan
salatalarda organik materyal olarak farkli dozlarda vermikompost,

Anahtar Kelimeler
Besin elementi alim

gidya ve leonardit uygulamalarinin bitki besin elementi icerigine
etkilerinin belirlenmesi amaclanmigtir. Arastirma bulgularina gore
uygulanan organik maddelerin bakilan verim komponentleri tizerine
etkileri 6nemli bulunmustur. Vermikompost uygulamasinin verimi
yaklagik 2 kat artirdigi halde dozlar arasinda istatistiksel olarak
farklihk bulunmamistir. Ayrica vermikompostun kivircik yaprak
salatada erkencilige etkisinin istatistiksel olarak 6nemli oldugu ve
ozellikle K*, Zn* ve Cu* elementlerinin bitki biinyesine alimina
vermikompostun 1yi sonuc¢lar verdigi belirlenmistir. Genel olarak
bitki besin elementi igerigi bakimindan gidya uygulamalarinin
olumlu sonuclar vermedigi belirlenmigtir.

ABSTRACT

Caipira (Lactuca sativa var. Crispa) curly leaf salad varieties used in
the study and 3 different organic materials (vermicompost, gidya,
leonardit) and their control group using different doses (3%, 6%, 9%)
and garden soil (0%) designed as. In this study, it is aimed to
determine the effects of vermicompost, gitya and leonardite
applications on plant nutrient content in different doses as organic
material in salads that have an important place in human nutrition
and when chemical nitrogen fertilizers are applied. According to the
research findings, the effects of organic substances applied on the
yield components examined were found to be significant. Although
vermicompost application increased the yield approximately 2 times,
no statistical difference was found between the doses. It was also
determined that the effect of vermicompost on early growth in curly
leaf salad was statistically significant and vermicompost gave good
results especially to the intake of K+, Zn+ and Cu+ elements into the
plant. In general, it has been determined that applications of gidya in
terms of plant nutrient content do not give positive results.

Iyon birikimi
Organik materyal
Marul

Effect of Some Organic Materials on Yield and Plant Nutrient Content of Curly Leaf Salad (Lactuca
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GIRIS

Organik maddeyi ¢ok seven salata ve marul bitkileri
organik maddece zengin topraklarda kisa zamanda
biuylyerek hasat olgunluguna gelir. Bu bitkiler
genellikle uzun giin bitkileridir, bazilar1 11- 14 saat
bazilari da 17 - 18 saat hava sicakliginda ¢iceklenmeye
baglar. Kullanilan ¢esitlere bagh olarak dikimden 40-
45 giin, bazilar1 da daha uzun sure sonra ¢iceklenir
(Vural ve ark., 2000).

Organik tarim; ekolojik dengeyi gozeten, topraklarin
verimliligini stirdiirilebilir kilan, bitki zararhlarini ve
hastaliklarini  kontrol altina alarak dogadaki
organizmalarin yasamlarina devam etmelerine destek
olan, dogal kaynaklarin ve enerjinin dogru kullanimi
ile verimi arttiran bir iiretim modelidir (Ak, 2004). Bu
tarim, oOzellikle yapragi yenen sebzelerde oOnem
kazanmaktadir. Cunki bu sebzelerde koyu yesil
renginin olusmasi ve verim artigi i¢in asir1 giibreleme
yapilmaktadir. Bu da yeralt: sularinin kirlenmesine ve
tiketilen kisimlarinda insan saghgini olumsuz
etkileyebilecek ¢esitli bilesiklerin, insan saghgi ig¢in
izin verilen sinir degerlerin lizerine ¢gikmasina neden
olmaktadir (Venter, 1978; Fritz, 1983). Nitrat birikim
oranm1 yiksek olan sebzelerden biri maruldur
(Santamaria, 2006). Azot, bitkiler tarafindan nitrat ve
amonyum formunda alinmakta ve soguk, kurak,
demir-mangan-¢inko eksikligi ve giinesli giin sayisi
gibi cesitli faktorlerin etkisiyle nitrat
parcalanamadiginda bitkide birikmektedir. Organik
gibre kaynaklar1 kullanilarak yapilan organik
uretimde nitrat birikimi konvansiyonel tiretime gore
daha diigiik olmaktadir (Raupp, 1996). Ucok ve ark.,
(2019), solucan giibresi (SG), tavuk giibresi (TG) ve
standart kimyasal gibre (KG) ile farkh
kombinasyonlarinin uygulandig1 arastirmada; toplam
ve pazarlanabilir verim, ortalama bas agirhiklar1 ve
bas boyu bakimindan en iyi sonuglari TG+KG
uygulamasindan elde edilmistir. Arastirmacilar,
inceledikleri diger kriterler bakimindan da organik
giibre kullanimlarinin etkili oldugunu bildirmislerdir.
Elde edilen sonucglar degerlendirildiginde organik
glibrelerin kimyasal giibreye alternatif olmadig:,
marul yetigtiriciliginde yapilan standart kimyasal
glbre uygulamasi ile birlikte kullanildiginda ise en iyi
sonucu verdigi tespit edilmistir. Himsl, (2014),
marulda farkh organik glibre ve dozlarimin etkilerini
arastirdig1 calismada sigir giibresinin kivircik bitkisi

yapraklarindaki toplam N ve Cu miktarina etkisinin
onemli oldugunu ancak diger besin elementleri ile
iligkisinin 6nemsiz oldugunu ortaya koymustur.
Koyun giibresinin N, P, Ca, Mg, Fe, Cu, Zn, Mn
bakimindan kivircik bitkisine elverigliliginin énemli
oldugu gorulmistir. Yine koyun gubresinin K ve B
elementlerinin etkinligi ile iligkisinin 6nemsiz oldugu
belirlenmigtir. Vermikompost uygulanan saksilarda
yetisen kivircik bitkilerinde Ca, Cu ve Zn besin
elementlerinin etkinliginin 6nemli oldugu
gorilmiustir. Vermikompostun diger besin
elementlerinin alimina etkisi ise Onemsiz olarak
belirlenmisgtir.

Calismada, insan beslenmesinde 6nemli yer tutan ve
kimyasal azotlu giibreler uygulandiginda,
yapraklarinda nitrat/nitrit birikimi riski tasiyan
salatalarda organik materyal olarak farkli dozlarda
vermikompost, gidya ve leonardit uygulamalarinin
toplam verim ve bitki besin elementi icerigine
etkilerinin belirlenmesi hedeflenmigtir.

MATERYAL ve METOD

Bu calisma, Van Yiiziincii Yil Universitesi, Ziraat
Fakiiltesi, Bahge Bitkileri Bolumt, Bitki Fizyoloji

Laboratuvarinda yer alan normal atmosferin
saglandig1 split klimali iklim odasinda
gerceklestirilmistir. Calismada Dbitkisel materyal

olarak, Antalya ilindeki fide fabrikas1 firmasindan
temin edilen tg¢-dort yapraga sahip kivircik yaprak
salata (Lactuca sativa var. crispa) Caipira cesidi
fideleri kullanilmigtir. Fideler iklim odasinda; % 70
nem, 15+2 °C 13 saat gece - 2242 °C 11 saat aydinlik
olacak sekilde ayarlanan kontrollii kogullar altinda
tutulmustur.  Toprak  laboratuvar  sgartlarinda
kurutularak ve 2 mm’lik elekten gecirilerek kullanima
uygun hale getirilmistir. Topraga ait bazi1 kimyasal ve
fiziksel 6zellikleri Cizelge 1.’de verilmigtir.

Calismada kullanilan materyallerinin bazi kimyasal
ozellikleri ve igerigi Cizelge 2’de verilmigtir.

Yontem

U¢ farkli organik materyal (vermikompost, gidya,
leonardit) ve bunlarin farkli dozlar: (% 0, % 3, % 6, %
9) toplam hacim 3000 g olacak sekilde tartilip
karigtirilarak saksilara uygulanmistir.

Cizelge 1. Yetistirme ortaminin bazi fiziksel ve kimyasal 6zelliklersi.
Table 1. Some physical and chemical properties of the growing medium.

Biinye pH EC Kireg OM (organic  Azot Fosfor K Ca Mg
(Texture) (lime)  matter) (nitrogen)  (Phosphorus)

(1:2.5)  (uS/em) (%) (%) (%) (mg kg) (mg kg (%) (mgkg?)
KilliTin =g o 219.6  15.95 0.61 0.0163 12.70 320 0.3 541
(Loamy)
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Cizelge 2. Kullanilan meteryallerin bazi fiziksel ve kimyasal 6zellikleri
Table 2. Some physical and chemical properties of the materials used,
Vermikompost Leonardit Gidya
(Vermicompost) (Leonardit) (Gitya)

pH (1-14) 7.2-7.6 6.81 7.28

Nem (%) (Humidity) 35-40 22.3 19.25

Organik Madde (%) (Organic Matter) 37.840 72.5 51.30

Toplam Azot(%) (Total Nitrogen) 1.100 1.88

Suda Céziinebilir K (K20) (%) 7.190 0.13

(Water Soluble K)

P (P205) (%) 1.110 0.11

Zn (ppm) 86.410 5.22

Mn (ppm) 657.820 12.24

Fe (ppm) 885.900 0.79

Cr (mg kg-1) 0.041 285.1 15.36

Ni (mg kg-1) 36 9.67

Cu (ppm) 15.650 10.23

Cd (mg kg-1) 0.86 0.12

Zn (mg kg-1) 18.11

Pb (mg kg-1) 4.6 1.22

Cu (mg kg-1) 5.17

Hg (mg kg-1) <1.00
Egemen Mimarhk Miih. Tarim Tic. Ltd. STI (kayit tarihi-no: 06.01.2012-GB-12-102).
Calisma uygulamalari 5 tekerriirli, her saksida 1 adet Istatistik Analizler
b@tki olacak sekilde tasarlamigtir. Bitkilere 15 giinde Calismanin  sonucunda elde edilen verilerin
bir 150 mg (20-20-20) toplam 4 kez (0. gln, 15. glin, 30. degerlendirilmesi i¢in Statgraphics istatistik analiz
giin, 45. giin) NPK temel giibresi takviye edilmistir. paket programinda  varyans analizine tabi
Sulamalar kontrolli bir sekilde diizenli ve aym 6l¢tide tutulmustur. Istatistiksel olarak oénemli bulunan

cesme suyu ile yapilmistir. Fideler dikimden 60 gin
sonra hasat edilmigtir. Calismanin sonunda; bitki tag
agirhgl (g), pazarlanabilir toplam verim, deneme
topraginin  bazi fiziksel ve kimyasal analizleri,
yetistirme ortamlarinin besin element igerigi ve
bitkilerin N, P, K, Ca, Mg, Na, Fe, Zn, Cu ve Mn
icerikleri belirlenmistir.

Bitki tac agirhigi (g) bitkinin yesil aksami 0.1 g
hassasiyetteki  terazide tartilarak belirlenmigtir.
Hasat edilen bitkilerin agirliklar1 alindiktan sonra,
pazarlanabilir toplam verim degeri dekara 3000 bitki
gelecek sekilde kg/dekar’a gevrilerek hesaplanmigtir.
Bitkilerin koék ve yaprak kisimlarindan alinan
ornekler iyon analizleri i¢in 200 mg tartilip, tizerine 10
ml 0.1 N HNOs (nitrik asit) ilave edilerek yas yakma
yontemine gére hazirlanmig ve Kacar (1994)e gére
Atomik Absorbsiyon cihazinda okunmustur. Olgiimler
sonunda, kok ve yaprak oOrnegindeki iyon miktar
pug/mg taze agirlik olarak belirlenmistir (Taleisnik ve
ark., 1997). Azot icin yaprak ornekleri 70 °C dijital
etivde sabit agirhiga ulasincaya kadar kurutularak
oguttldikten sonra tartilmis olup desikator icerisinde
muhafaza edilmistir (Kacar ve Inal,, 2008). Azot
degerleri Bilim Uygulama ve Arastirma Merkezi
biinyesinde bulunan Gerhardt Dumatherm cihaz ile
belirlenmigtir. Fosfor miktar1 vanadomolibdofosforik
sar1 renk yontemine gore spektrofotometrede
belirlenmistir (Kacar ve Inal., 2008).
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deneme konular1 %5 énem seviyesinde LSD testi ile
gruplandirilmigtir.

BULGULAR ve TARTISMA

Baz1 organik materyallerin kivircik yaprak salatada
verim komponentlerinden olan tas agirligl ve verime
etkisine bakilmistir (Cizelge 3). Ayni1 zamanda
bitkilerin ve kullanilan ortamlarin besin element
icerigi arastirilmigtir.

Kivircik marul bitkisinde bitki ta¢ agirlhigi en yuksek
olciillen uygulama 129.4 g ile V2 (%6) uygulamasi
olurken istatistiksel olarak benzer ozellik goésteren
vermikompostlu dozlar en iyi sonucu vermistir. En
dustk bitki ta¢ agirliklar: ise higbir muameleye tabi
tutulmayan kontrol grubu ve gidya uygulamasindaki
bitkilerde saptanmistir. Yildirim ve ark., (2011)’nin
yaptiklari ¢alisma sonucunda bakteri ve gibre
uygulamalarinda kontrole kiyasla bitki agirhg
bakimindan artig gosterdigi belirlenmistir. En disik
bitki ta¢ agirligi, kontrol uygulamalarinda tespit
edilmigtir. Bu yoniiylede bakildiginda c¢alismada
belirlenen bulgularla paralellik géstermektedir. Verim
tzerine vermikompostlu uygulamalar oldukg¢a etkili
olmustur. En yiiksek verim alinan V2 (% 6), en diisiik
verim alinan kontrol grubu ile kiyaslandiginda
yvaklagik 196 kg/dekar’lik buyluk bir fark olustugu
dikkati ¢ekmektedir. Bu uygulama verimi kontrole
gore 2 kat artirdig: goriilmektedir. En az fark ise 22.8
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kg ile G2 uygulamasinda goriilmiistiir. Bilgi, (2009),
marul da 7 farkl organik gibre, 15-15-15 kompoze
giibreli ve giibresiz (kontrol) ortamlarda yetistirilen
bitkilerin verim uzerine etkilerini kargilagtirdigl ve
calismada, uygulanan organik gubrelerin diger
uygulamalara gore marul bitki gelisimi ve verimini
arttirdigini tespit etmiglerdir. Oztirk ve ark., (2011),
degisik organik materyaller ve gesitli giibre dozlari ile
farklh  kivirctk marul cesitlerinde yaptiklar
calismada; verim degerlerinin 1990 kg/da ile 5960
kg/da arasinda oldugunu bildirmiglerdir. Bu degerler
calismadan alinan sonuglarla karsilagtirildiginda ise
elde edilen verimin disik cikmasini saks1 calismasi
olduguna, uygulama sekil ve dozlarina ve hasat

siirelerine baglanabilir. Ulgen ve Digdigoglu., (1971),
gidyanin bir giibre gibi kullanilmasinin irtin artiginda
etkili olmayacagimi  bildirmiglerdir. Calismada
gidya’dan alinan verim i¢in de aynm gseyleri soylemek
mimkindir.

% N miktar: en ylksek degere sahip uygulama % 4.167
V1 (% 3), bunu % 4.149 ile L1 (% 3) uygulamas: takip
etmektedir. En disiik % azot miktari ise % 3.824 G3
(% 9Yda gortilmiistiir. Yapilan biitiin uygulamalarda
doz arttikca % azot miktar1 azalig géstermistir. G3 (%
9) disindaki tiim uygulamalar % azot miktar: kontrole
gore artis gostermistir (Cizelge 4).

Cizelge 3. Uygulamalarin bitki ta¢ agirligi (g) ve verime etkisi.
Table 3. Effects of applications on plant crown weight (g) and yield.

Uygulama Tac Agirhig Verim (kg/dekar) % Degisim Fark (kg)

(Application) (Crown weight)  (Yield kg/decare) (X + S <) (% Change) (Difference kg)
(X £Sy)

Kontrol (control) 64.2+5.00 C 192.6+5.00 C 0 0

V1 (%3) 121.2+7.22 A 363.6+7.22 A 88.785 171

V2 (%6) 129.4+7.22 A 388.2+7.22 A 101.558 195.6

V3 (%9) 121.2+7.22 A 385.2+7.22 A 100 192.6

LSD OD OD

G1 (%3) 73.6+4.10 C 261+3.45 BC 35.514 68.4

G2 (%6) 71.844.10 C 286.8+3.45 B 48.910 94.2

G3 (%9) 81.8+4.10 C 299.4+3.45 B 55.452 106.8

LSD OD (0)))

L1 (%3) 87.0+3.45BC 220.8+4.10 C 14.642 28.2

L2 (%6) 95.6+3.45 B 215.4+4.10 C 11.838 22.8

L3 (%9) 99.8+3.45 B 245.4+4.10 C 27.414 52.8

LSD OD oD

T.U.ILSD 11.163 31.963

Ayni siitunda farkh harflerle gosterilen ortalamalar arasinda fark vardir (p<0.05). Ayni siitundaki kiiciik harfler giibrelerin ti¢ farklh dozu
arasindaki biiytik harfler ise tiim giibre dozlar: arasindaki farklihiklar: géstermektedir. OD: ortalamalar arasindaki fark énemli degil. T.U.L.:
tiim uygulamalar i¢in LSD: En kii¢iik anlamh fark testi (least significant difference test).

Cizelge 4. Uygulamalarin baz1 organlarinda azot ve fosfor miktari.
Table 4. Amount of nitrogen and phosphorus in some organs in applications.

Uygulama Yaprak Azot (@) Kok fosfor (mg kg-1) Yaprak fosfor (mg kg-1)
(Application) (Leaf Nitrogen ) (Root phosphorus) (Leaf phosphorus)
(X £Sg) (X £Sg) (X £Sg)
Kontrol (control) 3.965+0.09 0.128+0.028 B 0.105+0.015 ABC
V1 (%3) 4.167+0.125 0.108+0.042 B 0.085+0.01 BC
V2 (%6) 4.094+0.125 0.177+0.042 B 0.089+0.01 BC
V3 (%9) 3.999+0.125 0.272+0.042 A 0.124+0.01 AB
LSD OD 0.118 OD
G1 (%3) 4.00+0.090 0.107+0.020 B 0.074+0.019b C
G2 (%6) 4.013+0.090 0.109+0.020B 0.119+0.019 ab AB
G3 (%9) 3.824+0.090 0.156+0.020B 0.161+0.019 a A
LSD OD OD 0.132
L1 (%3) 4.149+0.065 0.127+0.019B 0.105+0.013BC
L2 (%6) 4.052+0.065 0.136+0.019B 0.151+0.013 A
L3 (%9) 3.970+0.065 0.115+0.019 B 0.121+0.013 AB
LSD OD OD OD
T.U.I. LSD OD 0.071 0.098

Ayni siitunda farkh harflerle gosterilen ortalamalar arasinda fark vardir (p<0.05). Ayni stitundaki kiiciik harfler giibrelerin ti¢ farkh dozu
arasindaki biiytik harfler ise tim giibre dozlar: arasindaki farkliliklar: géstermektedir. OD: ortalamalar arasindaki fark énemli degil. T.U.L.:
tiim uygulamalar i¢in LSD: En kii¢iik anlaml fark testi (least significant difference test).
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Yilmaz (2012), gidya uygulamalarinin artan dozlari ile
bitkilerin % azot iceriklerinde kontrole kiyasla artiglar
oldugunu bildirmigtir. Calismadan elde edilen
sonuclarda G3 (% 9) haricinde aym sekilde olmustur.
Hinishh (2014), uyguladigr farkli organik giibrelerin
bitkilerin % azot miktarlar1 {Uzerindeki etkiyi
inceledigi ¢alismasinda, 75 g vermikompost
uygulamasinin marul bitkisinin yapragindaki azot
miktarimi en yiksek % 3.358 olarak bulunmasinda
etkili oldugunu bulmustur. Vermikompost
uygulamasinda elde edilen sonuglar bu degerden
yiksek ¢itkmigtir. Biitiin uygulamalara bakildiginda %
azot degeri yine yiksek cikmigtir. Kokte fosfor
miktarinda en yiksek degere sahip uygulama % 0.272
ile V3 (% 9)dur. En diisiik % fosfor miktariise % 0.107
G1 (% 3)da goérillmistiir (Cizelge 4). Yaprakta ise en
yiiksek % fosfor miktar1 % 0.161 ile G3 (% 9), en diisiik
% fosfor miktar: ise % 0.074 ile G1 ’de gorilmuistur.
Yapilan vermikompost ve gidya uygulamalarinin
kendi aralarinda doz miktarlar1 gerek kok gerekse
yaprakda % fosfor miktar: bakimindan artis gésterdigi
gorilmiistiir. Yilmaz (2012), artan dozlarda gidya
uygulamalari ile bitkilerin fosfor iceriklerinde kontrole
kiyasla artis elde ettigini bildirmistir. Ancak G2
uygulamasindan sonra fosfor iceriginde azalmalar
oldugunu belirlemistir. Demirkiran ve Cengiz., (2010),
artan dozlarda gidya uygulamasi ile fistik bitkisinin
fosfor igeriginde azalma oldugunu belirlemislerdir.

Calismada gidya uygulamalar: i¢in ayni durum soz
konusu olmadigi i¢in, bu durumun uygulanan dozlar
ile alakali oldugu diisiincesi ortaya cikmaktadir.
Hinisli (2014), 25 g vermikompost uygulamasi ile
marul bitkisinde % 0.210 fosfor miktar:1 elde etmigtir.
Sénmez ve ark. (2011)in 1spanak bitkisinde yaptig1
¢alismada vermikompost uygulanmasi sonucu fosfor
icerigi % 0.13 olarak belirlenmistir. Calismada
vermikompost dozlar1 arasinda en yiksek fosfor
miktari % 0.124 1ile V3te tespit edilmistir.
Calismalarla kiyaslandigr zaman elde edilen deger
biraz disik bulunmugtur. Bunda da uygulanan
dozlarin etkili oldugu s6ylenebilir.

Uygulamalarin kék ve yaprakta K (%) ve Ca (%)
miktarlar1 Cizelge 5de verilmistir. Yapraklarda K
miktar1 bakimindan vermikompost ve leonardit
uygulamalarinin dozlari arasinda o6nemli farklilik
oldugu belirlenmigtir. Kékte K miktar1 en yiiksek
degere sahip uygulama % 2.696 ile V2 (% 6)’dir. En
diistik K miktar: ise % 1.027 G3 (% 9)’da goriilmiistiir.
Yaprakta ise en yiiksek deger % 6.644 ile V2 (% 6)’'de
en diisik K miktar1 ise % 4.112 ile G1 (% 3)de
gorilmigtir. Ucok ve ark., (2019)da yaptiklar
calismada, makro elementler acisindan en ylksek azot
TG + KG, SG + KG ve KG uygulamalarinda, en yiksek
fosfor degeri kontrol uygulamasinda, en yiliksek
potasyum, kalsiyum ve magnezyum degerlerini ise TG
uygulamalarinda tespit ettiklerini bildirmiglerdir.

Cizelge 5. Uygulamalarin kok ve yaprakta K (%) ve Ca (%) miktarlarina etkisi.
Table 5. The eftects of applications on K (%) and Ca (%) amounts in root and leaft’

Uygulama K Ca
(Application) Kok (Root) Yaprak (Leaf) Kok (Root) Yaprak (Leaf)
(X £Sg) (X£Sy) (X£Sy) (X£Sy)
Kontrol (Control) 1.760+0.22 A-D 5.291+0.45 A-C 1.410+0.27 BC 19.909+2.13
V1 (%3) 1.912+0.23 A-C 4.368+0.46b BC 1.378+0.26 b C 11.147+2.52
V2 (%6) 2.696+0.23 A 6.644+0.46 a A 2.898+0.26 a A 11.358+2.52
V3 (%3) 2.419+0.23 A 4.611+0.46 b BC 1.834+0.26 b BC 15.69+2.52
LSD oD 3.137 1.813 oD
G1 (%3) 1.336+0.18 CD 4.112+0.48C 1.622+0.27 BC 10.15+1.7
G2 (%6) 1.476+0.18 B-D 4.952+0.48BC 1.412+0.27 BC 13.94+1.7
G3 (%9) 1.027+0.18D 4.648+0.48 BC 2.374+0.27 AB 12.63+1.7
LSD (0))) OD oD OD
L1 (%3) 1.451+0.18 B-D 5.850+0.39 a AB 1.745+0.31 BC 13.085+2.04
L2 (%6) 1.640+0.18B-D 4.371+0.39 b BC 2.883+0.31 A 12.668+2.04
L3 (%9) 1.958+0.18 AB 4.303+0.39b C 2.653+0.31AB 11.134+2.04
LSD OD 2.656 OD OD
T.U.I. LSD 1.456 2.901 1.695 OD

Aymni siitunda farkl harflerle gosterilen ortalamalar arasinda fark vardir (p<0.05). Aym siitundaki kiiglik harfler glibrelerin {ig
farkl dozu arasindaki biiytlik harfler ise tiim glibre dozlar1 arasindaki farkhliklar: géstermektedir. OD: ortalamalar arasindaki
fark 6nemli degil. T.U.I.: tiim uygulamalar icin LSD: En kiiciik anlaml fark testi (least significant difference test).

Hinish (2014), koyun giibresinin uygulandign marul
bitkilerinde K miktarini % 3.42, Demir ve ark., (2003),
ciftlik gubresinin 7 farkli kariggminda marulda K
degerini % 4.42-4.69 olarak belirlemiglerdir. Yapilan
calismada yapraktaki K miktarlar: bu degerlere gore
yiksek oldugu gorulmektedir. Kokteki Ca miktar:
vermikompost  uygulamalarinin dozlar1 arasinda
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onemli farklilik oldugu belirlenmistir. Kokte Ca
miktar1 en yliksek degere sahip uygulama % 2.898 ile
V2 (% 6), bunu % 2.883 ile L2 (% 6) uygulamasi
bulunmamaisgtir.

Uygulamalarin kék ve yaprakta Mg (%) ve Na (%)
miktarlar1 Cizelge 6'da verilmistir.
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Cizelge 6. Uygulamalarin kok ve yaprakta Mg (%) ve Na(%) miktarlarina etkisi.
Table 6. Effects of applications on Mg (%) and Na (%) amounts in root and leaf.

Uygulama Mg Na
(Application) Kok (Root) Yaprak (Leaf) Kok (Root) Yaprak (Leaf)
(X £Sg) (X £Sg) (X £Sg) (X £Sg)
Kontrol (Control) 0.911+0.18 0.628+0.13 3.736+0.37 A 1.826+0.36 A-C
V1 (%3) 0.610+0.15 0.418+0.17 2.132+0.37 AB 1.171£0.27b C
V2 (%6) 1.059+0.15 0.432+0.17 2.724+0.37 AB 2.981+0.27 a A
V3 (%9) 0.560+0.15 0.637+0.17 2.620+0.37 AB 1.634+0.27 b BC
LSD OD OD OD 1.869
G1 (%3) 0.649+0.18 0.452+0.15 1.921+0.24B 2.623+0.52AB
G2 (%6) 0.719+0.18 0.740+0.15 2.309+0.24AB 3.068+0.52 A
G3 (%9) 0.818+0.18 0.604+0.15 2.504+0.24 AB 1.315+0.52 C
LSD OD OD OD OD
L1 (%3) 0.594+0.15 0.483+0.06 2.071+0.22 AB 1.442+0.24 C
L2 (%6) 1.063+0.15 0.335+0.06 1.853+0.22 B 1.019+0.24 C
L3 (%9) 0.731+0.15 0.408+0.06 1.636+0.22 B 1.879+0.24 A-C
LSD OD OD OD OD
T.U.1. LSD OD oD 2.334 2.315

Aymi siitunda farklh harflerle gosterilen ortalamalar arasinda fark vardir (p<0.05). Aym siitundaki kiiglik harfler gtibrelerin tig
farkl dozu arasindaki biiyiik harfler ise tiim giibre dozlar1 arasindaki farkliliklar: géstermektedir. OD: ortalamalar arasindaki
fark 6nemli degil. T.U.I.: tiim uygulamalar i¢cin LSD: En kiiciik anlamh fark testi (least significant difference test).

Kokte Mg miktari en yiiksek degere sahip uygulama %
1.063 L2 (% 6), bunu % 1.059 ile V2 (% 6) uygulamas1
takip etmektedir. En disiik magnezyum miktar: ise
% 0.560 V3 (% 9Yda gorilmiistiir. Yaprakta ise Mg
miktar: en yliksek degere sahip uygulama % 0.740 G2
(% 6), en diigiik magnezyum miktari ise % 0.335 L2
(% 6)da gorillmistiir. Hernandez ve ark., (2010),
marulda yaptiklari calisma sonucunda Mg, miktarinin
vermikompost uygulanan yapraklarda en fazla oranda
oldugunu bildirmiglerdir. Bu calismada
vermikompostlu uygulamalar Mg miktari, gerek bitki
yapraklarinda gerekse de uygulama topraklarinda
onemli bulunmustur. Ayrica G2 ve G3 dozlar1 bitki
yapraginda diger uygulamalara goére ylksek
bulunmus ve yaprakta en i1yi Mg miktarn G2
uygulamasinda kaydedilmistir. Bunun sebebi 1ise
calismalarda kullanilan organik materyallerin
vermikompost disinda ayni olmamasina baglanilabilir.
Uygulamalar arasinda istatistiksel farklilik
bulunurken, bitkinin kok kismindaki Na miktar
bakimindan wuygulanan dozlar arasinda 6nemli
farklilhik bulunmamigtir. Fakat yapraklarda Na
miktar1 bakimindan vermikompost uygulamalarinin
dozlar1 arasinda 6nemli farklilik oldugu belirlenmistir.
Kokte Na miktar: en yiiksek degere sahip uygulama %
3.736 1le kontrol grubu olurken, bunu % 2.724 ile V2
(% 6) uygulamasi takip etmektedir. Kékte en diisiik Na
miktar1 ise % 1.636 L3 (% 9Yda gorilmiistiir.
Yaprakta ise en yiiksek deger % 3.068 ile G2 (% 6), en
diisik Na miktar1 ise % 1.019 ile L2 (% 6)de
goriilmiistiir. Hinish (2014), farkh organik giibrelerin
uyguladig: ¢aligmasinda vermikompost
uygulamalarinin Na miktarinin en diisiik orana sahip
oldugu bildirmigtir. Fakat c¢aligmadan elde edilen
sonuc¢lar dogrultusunda bunu séylemek séz konusu
degildir.
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Uygulamalarin kék ve yaprakta Fe (ppm) ve Zn (ppm)
miktarlar1 Cizelge 7’de verilmistir. Kékteki Fe miktari
gidya ve leonardit uygulamalarinin dozlari arasinda
onemli farkhilik oldugu belirlenmigtir. Kokte Fe
miktar1 en ylksek degere sahip uygulama 231.817
ppm ile V2 (% 6)’dir. En diisitk Fe miktar1 ise 79.858
ppm G3 (% 9)da goriilmiistiir. Yaprakta ise en yiiksek
deger 204.95 ppm ile V3 (% 9) en diisiik Fe miktar: ise
139.59 ppm ile L1 (% 3)'de belirlenmistir. Sénmez ve
ark., 2011in 1spanak bitkisine farkli dozlarda
vermikompost ve ahir giibresi uyguladiklar
¢alismada, VC2 uygulamasinda bitkinin Fe icerigi ve
topragin Ca igeriginin 1yl sonuglar goésterdigini
bildirmiglerdir. Sonu¢ olarak V2 ve V3 dozlarinin
bitkinin Fe alimi tuzerine diger uygulamalara gore
daha iyi oldugu ifade edilebilir.

Ayrica Hernandez ve ark., (2010), marulda yaptiklar
calismada Fe'nin vermikompost uygulanan
yapraklarda en fazla oranda oldugunu bildirmiglerdir.
Calismada elde edilen sonuglar da bu yondedir. Kokte
Zn miktar1 en yiksek degere sahip uygulama 6.438
ppm ile V2 (% 6)dir. En diisiikk Zn miktar1 ise 2.314
ppm G3 (% 9)’da gorilmiistiir. Yaprakta ise en yiiksek
deger 19.37 ppm ile L3 (% 9), en diisiik Zn miktar: ise
10.298 ppm ile G1 (% 3)’de goriilmiistiir. Hinish (2014),
gerek farkli glbre uygulamalarinin ve gerekse
dozlarinin bitkideki Zn igerigine etkisinin kararsiz bir
durum meydana getirdigini belirtmistir. Ote yandan
Hernandez ve ark., (2010), Znnin vermikompost
uygulanan yapraklarda en fazla oranda oldugunu
bildirmiglerdir. Calismadan elde edilen sonuclar da bu
yondedir.

Uygulamalarin kék ve yaprakta Cu (ppm) ve Mn (ppm)
miktarlarina ait etkiler Cizelge &de verilmigtir.
Hinish, (2014), ise uygulanan giibre ve dozlarmnin
kivircik bitkisinde Mn icerigine etkisinin kararsiz bir
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durum sergiledigine deginmistir. Hernandez ve ark.,
(2010), Mn’nin vermikompost uygulanan yapraklarda
en fazla oranda oldugunu bildirmiglerdir. Calismada
V2 uygulamasinda gerek kok ve gerekse yaprakta en

yiksek Mn igerigi o6l¢ulmiis, Hernandez ve ark.,
(2010)’nin  sonuclariyla benzerlik icinde oldugu
belirlenmigtir.

Cizelge 7. Uygulamalarin kék ve yaprakta Fe (ppm) ve Zn (ppm) miktarlarina etkisi.
Table 7. Effects of applications on Fe (ppm) and Zn (ppm) amounts in root and leaf.

Uygulama Fe 7Zn
(Application) Kok (Root) Yaprak (Leat Kok (Root) Yaprak (Leaf
(X£Sy) (X£Sg) (X £Sg) (X£Sg)
Kontrol (Control) 92.778+21.2 BC 163.32+24.07 3.689+0.60 A-C 16.907+2.10
V1 (%3) 134.19+33.2 BC 163.35+25.34 4.785+ 0.65 AB 17.99+1.19 a
V2 (%6) 231.82+33.2 A 144.26+25.34 6.438+0.65 A 12.76+1.19b
V3 (%9) 136.26+33.2 BC 204.95+25.34 4.791+0.65 AB 12.81+1.19 b
LSD oD OD oD 8.183
G1 (%3) 135.244+11.13 a BC 147.972+£19.129 3.350+0.36 BC 10.298+2.293
G2 (%6) 83.718+11.13b C 181.264+19.129 2.351+0.36 C 16.534+2.293
G3 (%9) 79.858+11.13b C 181.854+19.129 2.314+0.36 C 17.518+2.293
LSD 76.674 OD oD oD
L1 (%3) 138.21+16.16 b B 139.59+24.08 4.303+0.74 AB 16.72+2.46
L2 (%6) 214.46+16.16 a A 193.75+24.08 4.684+0.74 AB 16.43+2.46
L3 (%9) 159.509+16.16 b B 161.40+24.08 3.753+0.74 AB 19.87+2.46
LSD 111.35 OD OD OD
T.U.I LSD 135.650 OD 3.830 OD

Aym siitunda farkl harflerle gosterilen ortalamalar arasinda fark vardir (p<0.05). Aym stitundaki kii¢iik harfler gtibrelerin ii¢ farkh
dozu arasindaki biiyiik harfler ise tiim giibre dozlar1 arasindaki farkliliklar: géstermektedir. OD: ortalamalar arasindaki fark énemli
degil. T.U.L: tiim uygulamalar icin LSD: En kiiciik anlamli fark testi (least significant difference test).

Cizelge 8. Uygulamalarin kok ve yaprakta Cu (ppm) ve Mn (ppm) miktarlarina etkisi.
Table 8. Effects of applications on Cu (ppm) and Mn (ppm) in root and leaf.

Uygulama Cu Mn
(Application) Kok (Root) Yaprak (Leaf) Kok (Root) Yaprak (Leaf)
(X£Sy) (X£Sg) (X£Sy) (X£Sg)
Kontrol (Control) 4.174+0.37 A-C 25.396+2.07AB 17.139+3.60 A-C 12.565+1.77
V1 (%3) 3.382+0.38 BC 29.741+1.86 a A 20.527+4.13 A-C 14.204+1.88
V2 (%6) 3.475+0.38 BC 19.077+1.86 b B 31.505+4.13 A 18.490+1.88
V3 (%9) 3.311+0.38 C 23.956+1.86 b AB 28.800+4.13 A 14.914+1.88
LSD (0))) 12.849 (0))) OD
G1 (%3) 5.016+0.37 a A 18.306+1.83 B 21.514+2.99 AB 11.493+1.82
G2 (%6) 3.879+0.37 b BC 25.016+1.83 AB 13.203+2.99 C 17.148+1.82
G3 (%9) 3.173+0.37b C 21.919+1.83 B 16.239+2.99 BC 13.374+1.82
LSD 3.039 OD oD (0)))
L1 (%3) 3.734+0.30 BC 22.03+2.19 AB 17.391+3.83 A-C 16.62+1.72
L2 (%6) 4.388+0.30 AB 20.89+2.19 B 26.226+3.83 A 13.96+1.72
L3 (%9) 3.911+0.30 BC 25.01+2.19 AB 27.068+3.83 A 10.96+1.72
LSD oD OD oD oD
T.U.I. LSD 2.334 13.243 23.013 OD

Aymni siitunda farkl harflerle gosterilen ortalamalar arasinda fark vardir (p<0.05). Aym siitundaki kii¢lik harfler glibrelerin {ig
farkl dozu arasindaki biiytlik harfler ise tiim glibre dozlar1 arasindaki farkhliklar: géstermektedir. OD: ortalamalar arasindaki
fark 6nemli degil. T.U.I.: tiim uygulamalar icin LSD: En kiiciik anlaml fark testi (least significant difference test).

Saksilardan alinan yetigtirme ortamlarimin makro-
mikro besin elementi igerikleri

Yetistirme ortamlarinin Ca (%), Mg (%), Na (%) ve K
%) miktarlar1 Cizelge 9da, Cu (ppm), Zn (ppm), Mn
(ppm) ve Fe (ppm) miktarlar: Cizelge 10’da verilmistir.
Ortamlarin Mg, K, Cu ve Zn igeriklerinin V3 dozunda
en ylksek degerleri aldig1 ve bu uygulamay1 V2 dozu
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takip ettigi dikkati gekmektedir. Ortamlarin Mn ve Fe
icerikleri bakimindan en yiiksek degerler L2 (% 6) ve
L3 (% 9) uygulamalarindan alinmistir. Ortamdaki Na
igerigi bakimindan ise vermikompost uygulamalarinin
dozlarinda en yiksek degerleri aldigi ve bu
uygulamalarinin dozu arttikga Na igeriginin giderek
arttig1 belirlenmigtir. G1’de Ca, Mg, Na, Zn igerigi
bakimindan en dusik seviyede, Cu ve Zn igerigi
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bakimindan ise G2 ve G3 dozlarinin en diisiik degerleri
aldigi tespit edilmistir. Bitiin bu veriler ele alinarak
bir degerlendirme yapildiginda yetistirme
ortamlarinin icerdigi makro ve mikro besin maddeleri
ile bitkilerin kok ve yapraklarinda bulunan makro ve
mikro besin maddelerinin arasinda K, Mg ve Zn harig
bir iligkinin olmadig: ortadadir. Yetistirme ortaminda
K, Mg ve Zn miktar1 ylksek olan uygulamalarda
yetigsen Dbitkilerin koék ve yaprak kisimlarinda

kullandig1 c¢alismasinda yetistirme ortami ile
bitkilerin yapraklarinda bulunan makro ve mikro
besin elementlerinin miktarlar: arasinda bir iligkinin
olmadigini, alimlarda dalgalanmalar s6z konusu
oldugunu, artan giibre dozlarina kargilik besin
maddesi alimlarinda fazlasiyla kararsizligin oldugunu
belirtmigtir. Calismadan elde edilen kanmi da bu
yondedir. Genel olarak, bitki yetistirme ortamlarinda
bulunan besin maddeleri miktar: ile bitki biinyesine

beklenildigi gibi belirtilen elementlerin miktar1 daha alinabilirlik  arasinda  bir iliskinin  olmadig1
yiiksek 6l¢tilmiistiir. Hinish (2014), organik giibreleri soylenebilir.
Cizelge 9. Yetistirme ortamlarimin Ca (%), Mg (%), Na (%) ve K (%) besin elementi icerikleri.
Table 9. Ca, Mg, Na and K nutrient content in cultivation environments.
Uygulama Ca Mg Na K
(Application) (X+Sy) (X+Sg) (X +£55) (X+s,)
Kontrol (Control) 0.178+0.04 0.024+0.08 B 0.049+0.006 B 0.027+0.008 D
V1 (%3) 0.196+0.05 0.037+0.01B 0.044+0.01 BC 0.054+0.02 C
V2 (%6) 0.247+0.05 0.061+0.01 A 0.066+0.01 A 0.093+0.02 B
V3 (%9) 0.221+0.05 0.074+0.01 A 0.072+0.01 A 0.123+0.02 A
LSD OD OD OD OD
G1 (%3) 0.180+0.04 0.022+0.01 B 0.0187+0.01 D 0.023+0.002 CD
G2 (%6) 0.235+0.04 0.036+0.01 B 0.0366+0.01 B-D 0.0262+0.002 D
G3 (%9) 0.283+0.04 0.039+0.01 B 0.0303+0.01 CD 0.0215+0.002 D
LSD OD OD OD OD
L1 (%3) 0.237+0.01 0.034+0.001 B 0.028+0.001 b D 0.026+0.001 D
L2 (%6) 0.221+0.01 0.037+0.001 B 0.031+0.001 b CD 0.022+0.001 D
L3 (%9) 0.262+0.01 0.038+0.001 B 0.043+0.001 a BC 0.019+0.001 D
LSD OD OD 0.011 OD
T.UI LSD oD 3.036 0.027 0.038

Aymi siitunda farkl harflerle gosterilen ortalamalar arasinda fark vardir (p<0.05). Aym siitundaki kiiglik harfler gtibrelerin tig
farkli dozu arasindaki bliytik harfler ise tiim giibre dozlar1 arasindaki farkliliklar: géstermektedir. OD: ortalamalar arasindaki

fark 6nemli degil. T.U.1.: tiim uygulamalar i¢cin LSD: En kii¢iik anlamh fark testi (least significant difference test).

Cizelge 10. Yetistirme ortamlarinin Cu (ppm), Zn (ppm), Mn (ppm) ve Fe (ppm) besin elementi igerikleri
Table 10. Cu (ppm), Zn (ppm), Mn (ppm) and Fe (ppm) nutrient content in cultivation environments.

Uygulama Cu Zn Mn Fe
(Application) (X £55) (X £S5) (X £5S5) (X £55)
Kontrol (Control) 1.146+0.07C-E 0.358+0.11 E 32.88+1.24 DE 5.635+0.67 H
V1 (%3) 1.33+0.12 C 2.128+0.20 ¢ C 30.02+1.60 E 8.310+0.69 b G
V2 (%6) 1.506+0.12 B 3.023+0.20 b B 30.23+1.60 E 9.477+0.69b G
V3 (%9) 1.694+0.12 A 5.405+0.20 a A 34.98+1.60 A-C 13.514+0.69 a F
LSD oD 1.263 OD 4.376
G1 (%3) 1.121+0.02 C-E 0.433+0.01 b DE 32.01+0.51 C-E 12.89+0.33 c F
G2 (%6) 1.091+0.02 DE 0.607+0.01 a DE 33.40+0.51 B-E 23.68+0.33b D
G3 (%9) 1.031+0.02 E 0.621+0.01 a D 34.45+0.51A-D 25.82+0.33 a C
LSD OD 0.0833 OD 2.080
L1 (%3) 1.099+0.12 b DE 0.55+0.002 b DE 31.20+1.52 E 18.52+0.97b E
L2 (%6) 1.2314+0.12 a CD 0.80+0.002 a D 36.82+1.52 A 31.00+0.97 a B
L3 (%9) 1.217+0.12 a CD 0.78+0.002 a D 36.38+1.52 AB 34.099+0.97 a A
LSD 0.137 0.169 OD 6.155
T.U.I LSD 0.3005 0.490 5.535 3.004

Aymni siitunda farklh harflerle gosterilen ortalamalar arasinda fark vardir (p<0.05). Aym siitundaki kiiglik harfler gtibrelerin iig
farkl dozu arasindaki biiytlik harfler ise tiim glibre dozlar1 arasindaki farkhliklar: géstermektedir. OD: ortalamalar arasindaki
fark 6nemli degil. T.U.L: tiim uygulamalar icin LSD: En kiiciik anlaml fark testi (least significant difference test).

SONUC ve ONERILER
Toprak ve bitki sisteminde, bitkilerin gelisimlerini
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devam ettirebilmeleri igin tarim yapilan topraklarin
verimliliklerinin  artirilmasi, mevcut verimlilik
potansiyelinin korunmasi ve bu topraklardan bitki
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binyesine alinan veya cesitli yollarla kayba ugrayan
besin elementlerinin ¢evre ile barisik sekilde yeniden
bu topraklara kazandirilmasi gerekmektedir. Bu
durumun saglanabilmesi i¢in uygulanacak kultirel
tedbirlerin baginda giibreleme gelmektedir. Cinku
ancak giibreleme ile Girtinlerin topraktan kaldirdiklar:
besin elementlerinin topraga geri kazanimi soz
konusudur. Turkiye’de giibre kullanim bilincinin
yeterince olugsmamasi ve bazi1 bélgelerde agir1 giibre
kullanimi sonucu kalite bozulmasi, tarim
topraklarinin  verimliligini  kaybetmesi, c¢evreye
olumsuz etkisi gibi sorunlara neden olmaktadir. Ayni
zamanda bazi yerlerde gereginden az giibre kullanimi
ile verim dusuklugi gorilmektedir.

Tarimsal tiretimde giibreleme ile verimlilik arasinda
siki bir iligki oldugu ortadadir. Saglikli bitki gelisimi
icin toprakta yeterli ve dengeli diizeyde bitki besin
elementi bulunmas1 gerekir. Diger taraftan,
topraktaki bitki besin elementlerinden bitkilerin
yeterince yararlanabilmesi i¢in, besin elementlerinin
bitkilerce alinabilirligi son derece 6nemlidir. Toprakta
noksan olan besin elementlerini takviye etmek i¢in
uygulanan giibrelerden bitkilerin yeterli diizeyde
yararlanabilmesi ve giibre kullaniminin etkin
olmasina toprak, bitki, iklim gibi bir¢ok faktor etki
etmektedir.

Insan beslenmesinde énemli yer tutan ve kimyasal
azotlu glbreler uygulandiginda, yapraklarinda
nitrat/nitrit birikimi riski tagiyan salatalarda organik
giibre olarak farkli dozlarda vermikompost, gidya ve
leonardit uygulamalarmnin bitki besin elementi
icerigine etkilerinin belirlenmesi amaglayan bu
calismada; yetigtirme ortaminin bazi fiziksel ve
kimyasal analizleri, bitkilerdeki N, P, K, Ca, Mg, Na,
Fe, Zn, Cu ve Mn igerikleri yapilmigtir. Sonuglar
asagida 6zetlenmis ve 6nerilerde bulunulmustur.

Denemede kullanilan vermikompost, gidya ve
leonardit organik materyalleri, istatistik analizler
sonucunda, bitki besin elementlerinin etkinligi

acisindan degerlendirilmistir. Elde edilen sonuglar
dogrultusunda vermikompost uygulanan kivircik
bitkisi yapraklarindaki K, Zn ve Cu miktarina
etkisinin énemli oldugu ancak diger besin elementleri
ile iligkisinin 6nemsiz oldugu ortaya konulmustur.
Noksanhiginda ise kivircik bitkisinde bag tutmanin
zayifladigi ve yapraklarin soluk yesil renkli olmasina
neden olan N elementinin etkinligi lizerine yapilan
uygulamalarin bir ve ikinci dozlar1 kismende olsa
olumlu etki yapmigtir. Bitkide daha c¢ok generatif
gelisime etki eden ve noksanliginda bitkilerde
biylimede gerilemeye sebep olan K elementi,
noksanliginda marulda rozetlesme oldugu dolayisiyla
biylimenin geriledigi Zn elementi ile, eksikliginde
cicek ve meyve gelisiminin etkilenmesine sebep olan
Cu elementi etkinligi ig¢in organik glbrelerden
vermikompost uygulanabilir. Bu ¢alismada elde edilen
sonuclar degerlendirildiginde 6zelikle Vermikompost
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uygulamalarinin  besin  elementlerinin  bitkinin
blinyesine aliminda olumlu etkilerinin oldugu, Gidya
uygulamalarinin da genel de besin elementlerinin
bitki bliinyesine aliminda olumlu etkilerinin olmadig:
sOylenebilir.

Aragtirma bulgularina gore; uygulanan organik
maddelerin kivircik yaprak salatada iretim agisindan
olduke¢a fazla degeri olan verim komponentleri tizerine
etkileri o6nemli bulunmusken uygulama dozlar:
arasindaki farklihk onemsiz bulunmustur.
Vermikompost uygulamasinin ekonomik kazanci
etkileyen verimi yaklagik 2 kat artirdigi dikkati
¢ekmektedir ve vermikompost uygulamalarinin
kivircik yaprak salatanin erkencilik 6zelligine etki
ettigl gérilmustir.

Ulke topraklarimin organik maddesinin artirilmasina
yonelik 6neme sahip olan bu c¢alisma tarima katki
saglayacak ve yayginlagsmasi acisindan ornek tegkil
edecektir. Calismanin tarimsal Gretim i¢in son derece
yararli sonucglar ortaya koydugu kaginmilmaz bir
gercektir. Calismanin tarla kosullarinda ve farklh
sebzeler tlizerinde denenmesi daha net sonucglarin
ortaya koymasini saglayacaktir.
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ABSTRACT Research Article
This study was conducted to determine the response of Salvia

tomentosa Mill. and Salvia officinalis L. to different salinity levels. Article History
The salvia plants were grown in 8 L pots filled with the continuously Received - 01.05.2020
aerated nutrient solution under different salt levels 1 (control), 2, 3, 4, Accepted *21.10.2020
5 and 6 dS m! in fully automated climate chambers. The fresh and

dry weight of shoot and root, stem length, leaf area, SPAD, CO:2 Keywords .
fixation, root length, root diameter, root volume, leaf Na+, K+, Ca*+ Cl Salvia species
content, and amount of essential oil were determined. The increasing Salt tolergnce

salt level decreased significantly plant growth of both Salvia species. Hydroponic culture
However, highly significant differences were found between two Root m.orph'ology
Salvia species in terms of shoot and root biomass. Generally, S. Essential oil
tomentosa showed better plant growth performance in plant growth

compared to S. officinalis. The Na* and CIl content of the leaves

significantly increased with increasing salt concentration and the

increase was higher in S. tomentosa. The amount of K*in the leaves

decreased due to the increasing salt concentration, while the amount

of Ca** varied depending on the dose. The study showed that the

essential oil contents of the sage leaves could be increased with the

moderate salt application. The increase in essential oil due to salt

stress was higher in S. officinalis. The results showed that Salvia

species can be cultivated in low and medium saline soils, second class

waters can be used for irrigation of sages and essential oil yield of

sages can be increased by using salt stress.

Farkl Tuz Stresleri Altinda Yetistirilen Salvia officinalis Mill. ve S. tomentosa L. Tiirlerinde Bitki
Biiytimesi, Iyon Birikimi ve Esansiyel Yag Miktari

OZET Aragtirma Makalesi

Bu calismada, Salvia officinalis L. ve S. tomentosa Mill. turlerinin

farkl tuz seviyelerine tepkisi belirlenmigtir. Ada ¢ay1 bitkileri iklim Makale Tarihgesi
odasinda, su kiiltiiriinde alt1 farkli tuz stresinde [1 (kontrol), 2, 3, 4, 5 Gelis Tarihi :01.05.2020
ve 6 dS m!] yetistirilmislerdir. Bitki organlari taze ve kuru agirliklari, Kabul Tarihi :21.10.2020
govde uzunlugu, yaprak alami, SPAD, CO: asimilasyonu, kok

uzunlugu, kok hacmi, kok kalinligi, yaprak Na*, K+, Ca*t* Cl igerikleri Anahtar Kelimeler

ve esansiyel yag asidi miktari belirlenmigtir. Aratan tuz seviyesi iki Ada ¢ay tirleri
adacayr turini de bitki gelisimi acisindan o6nemli derecede Tuz stresi
etkilemigtir. Ancak, tlrler arasinda biyomas gelisimi agisindan Su kiiltura
onemli farkliliklar olmustur. Genellikle, S. tomentosa turu S. Kok morfoloji
officinalise gore daha iy1 performans gostermigtir. Artan tuz stresi ile Esansiyel yag

birlikte yapraklarin Na* ve Cl igerigi artmis ve artis S. tometosa’da
daha yiiksek olmustur. Yapraklarin K* icerigi tuz stresi ile birlikte
surekli azalirken, Ca* igerigi tuz dozlarina karsi farkhh tepkiler
vermigtir. Calisma, tuz stresi ile esansiyel yag asitlerinin miktarinin
arttirilabilecegini gostermigtir. Yag miktarindaki oransal artig S.
officinaliste daha yuksek olmustur. Sonuglar, Sa/via tiirlerinin diisiik
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ve orta tuzlu topraklarda yetistirilebilecegini, adagayini sulamak i¢in
ikinci sinif sularin kullanilabilecegini ve adagayr esansiyel yag
veriminin tuz stresi kullanilarak arttirilabilecegini gostermistir.

To Cite : Gocer H, Yetisir H, Ulas A, Arslan M, Aydin A 2021. Plant Growth, Ion Accumulation and Essential Oil Content of
Salvia officinalis Mill. and S. tomentosa L. Grown under Different Salt Stress. KSU J. Agric Nat 24 (3): 505-514.

https://doi.org/10.18016/ksutarimdoga.vi.730477

INTRODUCTION

The members of the Lamiaceae family, including the
genus Salvia, represented by 45 genera and fragrant
plants, are generally important in the pharmacology
and perfumery industry because they contain volatile
and aromatic oils (Mamadalieva et al., 2017). This
common use of Salvia species arises from
monoterpenes and their oxygen derivatives, most of
which are present in the essential oil and have a strong
antiseptic effect (Tanker et al., 1976). Sage oil is
applied in the treatment of various important diseases
and has been shown to have antimicrobial, viricidal,
cytotoxic, antifungal, and antioxidative activities. In
addition to flavoring foods, while the sage essential oils
were used as an antioxidant and protective agent
against food spoilage, it has found a wide range of
applications in aromatherapy and the field of health
(Hay et al., 1993).

Plants can encounter many biotic and abiotic stress
factors simultaneously or at different times during
their lifetime. Stress in crop production can be defined
as one or combined biotic or abiotic factors affecting the
plant environment, slowing down growth and causing
low yield (Mahjan and Tuteja, 2005).

Salinity in soil or water is one of the major abiotic
stress factors that adversely affect plant growth
(Arzani, 2008). Salinity is a growing problem,
especially in arid and semi-arid regions around the
world, and according to FAO (2009), the area affected
by salt stress has exceeded 800 million hectares. The
plant uptake plant nutrients from the dissolved
substances in the soil. If these dissolved substances
contain salts above a critical threshold for each species,
they cause soil salinity and limit plant growth.
Salinization in soil occurs as a result of dissolved salts
from base rock, salts coming from irrigation water,
salts from the groundwater, and incorrect fertilization.
Inadequate rainfall, incomplete drainage, and
excessive evaporation increase salinity in the soil
(Mahjan and Tuteja, 2005).

Adverse effects of salinity on plant growth; (i) inability
to absorb water by the roots due to the low water
potential in the root zone, (ii) toxic effects of ions such
as Na *, Cl and SO4 **; and (iii) disruption of uptake
and transport of plant nutrients (Flowers, 2004). Since
it 1s time-consuming and costly to improve soils
affected or likely to be affected by salinity problems, it
is of great importance to identify and use species and
varieties that are highly tolerant to salt for efficient
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and sustainable production in such areas (Flowers,
2004; Yetisir and Uygur, 2010). Selecting salt-resistant
genotypes from genetic sources, developing them as
varieties or using them as parents for new varieties is
the most permanent way to overcome salt stress.

Phytochemical contents of medicinal plants are
affected by cultural applications such as fertilization
and irrigation (Perry et al., 1999), climatic conditions
such as lighting and temperature (Mathé et al., 1992),
and biotic and abiotic stress conditions (Ben Taarit et
al., 2009; Ben Taarit et al., 2010). Annual and
perennial sage species used as medicinal purpose or
landscaping, are negatively affected by salt stress
(Tounekti et al., 2011). Plant growth (61%) and fatty
acid content (32%) were decreased in S. officinalis
grown under salt stress (100 mM). It has been observed
that salinity decreased the ratio of unsaturated fatty
acids but increased the ratio of saturated fatty acids.
Low salt stress (25 mM NaCl) increased the fatty acid
amount, while high salinity (50> mM NaCl) decreased
fatty acid amount (Ben Taarit et al., 2010; Ben Taarit
et al., 2011).

In salt-stressed S. officinalis, leaf water content,
photosynthetic activity, pigment content, Ca** and K+*
concentration decreased, however, Na* content
increased (Ben Taarit et al.,, 2011; Tounekti et al.,
2012). Escalona et al. (2014) reported that the shoot of
sage plants grown under saline conditions
accumulated Ca**, Mg*+, Cl' and NOs ions, while the
roots accumulated Na* and K* ions. Phenolics and
tocopherols increased with a salt application (Tounekti
et al., 2012). While 100 mM salt stress caused increases
in 1.8-cineole, camphor, and beta-thujone
concentrations, low salt stresses had no significant
effect (Tounekti and Khemira, 2015). Kulak (2011)
reported that sage productivity was affected differently
from different salt applications and the best dry herb
weight was obtained with MgClz application, and the
lowest dry weight was harvested from CaCl:
application. It was suggested that the studies to
determine sage species and varieties that can be
capable of growing in saline conditions should be
carried out. Therefore, this study aimed to determine
the response of S.officinalis and S. tomentosa to
salinity stress and determine the change in plant
growth alterations, ion concentration and essential oil
in two Salvia species.

MATERIAL and METHODS
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The experimental site and material

This study was carried out in the research area and
laboratory of the Department of Horticulture and Soil
Science, Agricultural Faculty, Erciyes University. Two
Salvia species, Salvia officinalis and S. tomentosa,
were tested to determine the effect of salinity on plant
growth, ion accumulation, and essential oil content.
The cuttings were taken from Salvia production plots
in Agricultural Research and Training Center of
Erciyes University. The cuttings were planted in a
mixture of peat and perlite (1:2 v/v) in rooting facilities
with high air humidity and shading for 15 days.

Methods
Hydroponic system and salt testing

A continuously aerated hydroponic system was used as
plant growth media. The modified Hoagland solution
was the basic nutrient solution in the experiment. All
chemicals used were of analytical grade, and
composition of the nutrient solution was : [3x103 M
Ca(N03)2, 1x103 M K2SO4, 1x103 M MgSO4, 0.2x103 M
KH:>PO4, 1x10° M H3BOs, 1x106 M MnSQO4, 1x107 M
CuSO4, 1x10® M (NH4)6Mo7024, 1x106M ZnSOave
1x104 M Fe EDTA] (Electrical conductivity and pH of
the solution were 1.30 dS m'!, 6,5-7, respectively). The
NaCl doses were control (1), 2, 3, 4, 5 and 6 dS m'. The
salt application was initiated two days after
transplanting, and the full dose was achieved six days
after transplanting. The growth solution was changed
once a week. The average day/night temperatures were
25/20 °C relative humidity was 65-70% and about 350
umol m2 s photon flux was supplied in a photoperiod
of 16/8 h of light/dark regimes in the controlled growth
chamber. The experiment was continued for 30 days
after salt application.

Measured parameters

The effect of salt on the plant was visually evaluated
for 0-5 scale [0: Plants not injured by salt stress
(control plants), 1: Local chlorosis and curling of
leaves; 2t Chlorosis of leaves and 25% necrosis; 3: 25-
50% of leaves show necrosis and start to fall; 4: 50-75%
necrosis of leaves and plant deaths; 5: 75-100%
necrosis of leaves and/or complete plant death (Figure
1.

The values of chlorophyll were recorded in a mature
leaf one day before the termination of the experiment
through SPAD (SPAD-502, Minolta Corporation, Ltd.,
Osaka, Japan). COz fixation was measured on two fully
developed leaves every seven days after salt
application and the mean values were presented (umol
m? s1) (LI-6400XTP Model). At the end of the
experiment, the total leaf area of each genotype was
determined by LI 3100 C Model Leaf Area meter (cm?
plant?). Plant heights (cm), plant organs fresh and dry
weight (g plant!) were determined. At the end of the
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experiment, harvested plants were separated into
organs and fresh weight was recorded (g plant?). The
plant organs were dried at 65 °C for 48 h to determine
the dry weight (g plant). The root length (m plant?)
and volume (cm3plant!) were determined by using the
WinRHIZO (Win/Mac RHIZO Pro V. 2002c Regent
Instruments Inc. Canada) after recording the root
fresh weight. Sodium, K+, and Ca*+ concentration (%)
of the leaves were determined by Flame Photometer
(Kacar ve Katkat, 2010). Chloride concentration (mg g
DW) of plant tissue was analyzed by Mohr technique
(Johnson and Ulrich, 1959). After harvest, the leaf
material of sage species was dried under laboratory
conditions, the dried material was weighed and
prepared for analysis and the essential oil was
extracted by Clavenger device by water distillation
method (Kilig, 2008).

Statistical analysis

The experiment was established according to a
completely randomized block design with two factors
(salt level and species) and three replications with five
plants. The data were subjected to variance analysis in
SPSS statistical program. The means were compared
by LSD test at 0.05 and 0.01 significance level.

RESULTS

Visual evaluation (0-5), plant height and leaf area (cm?
plant1)

Visual deterioration was increased due to the increase
in salt concentration in both sage species and there
were significant reductions in plant growth. At 6 dS m-
1 salt dose, the plants were extremely damaged or died
completely (Figure 1), therefore, no other
measurements were done in these plants except for the
visual evaluation.

Considerable damage was detected at salt doses of 3, 4
and 5 dS m'1, while no remarkable damage at 1 and 2
dS m! salt concentrations. Visual damage increased
with an increasing salt concentration in both species.
Plant height and leaf area per plant were significantly
affected by, salt, genotype and salt*genotype
interaction (Table 1). Plant height decreased with an
increasing salt concentration in both sage species and
the longest plants were recorded in control treatments,
while the shortest plants were measured in 5dS m!
salt application. As in plant height, salt application
caused a gradual reduction in the leaf area. S
tomentosa had a larger leaf area than S. officinalis
under all saline conditions.

CO: fixation (umol m2 s'1) and SPAD value

The results of COz2 fixation and SPAD values are given
in Table 2. COz fixation was significantly influenced by
genotype and genotype salt interaction. S. tomentosa
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assimilated more CO:z (=14 pmol m2 s1) than S
officinalis (=12.9 pmol m2s?). Both species and salt
treatments were significantly effective on leaf
chlorophyll content (SPAD). When the species were
compared, S. officinalis was found to have higher

", L, » k.

SPAD wvalue in both control plants and salt
applications. Decreases in SPAD were observed in both
species due to the increase in salt concentration. This
decrease was ranged from 2% to 12% in S. officinalis
and from 3% to 17% in S. tomentosa (Table 2).

8.0ffimalis
KONTROL

Figure 1. Salvia officinalis and S. tomentosa plants grown at different salt doses for 30 days.
Sekil 1. Farkl: tuz streslerinde 30 giin yetistirilen Salvia officinalis ve S. tomentosa bitkileri.

Table 1. Visual evaluation, plant height and leaf area of S. officinalis and S. tomentosa 30 days after salt treatment
Cizelge 1. 30 giin tuz stresinden sonra S. officinalis ve S. tomentosa’da gorsel degerlendirme, bitki yiiksekligi ve

yaprak alani

Visual damage (0-5 scale)

Salt levels Gérsel zarar (0-5 skalasi)

Plant height (cm)
Bitki yiiksekligi (cm)

Leaf area (cm2plant?)
Yaprak alani (cm? bitki?)

Tuz seviyesi So St So St So St

1dS m! 0 0 36.78+4.9 37.00£2.2 1105.3+47.9 2889.1+£90.4
2dS m1 1 1 38.56+1.9 26.78+2.9 1193.249.3 2070.7+38.5
3dS m1 2 2 34.21+1.2 20.33+1.2 1091.545.3  1239.1+57.7
4dS m™1 3 3 25.33+1.8 13.11+1.3 726.7+£0.5 814.7+28.5
5dS m1 4 4 8.43+0.5 18.78+1.3 475.1454.8  808.8+36.6
6dS m™ 5 5

Salt *k% *k%

Species *k% *k%

Salinity*Species wkw ok
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So: Salvia officinalis, St: Salvia tomentosa®: 0.05, ¥**:0.01, ***: 0,001 significance level.
Table 2. COz fixation and SPAD values of Salvia officinalis and Salvia tomentosa plants grown at different salinity

levels

Cizelge 2. Farkl tuz streslerinde yetistirilen Salvia officinalis ve Salvia tomentosa bitkilerinde CO:z asimilasyonu

ve SPAD degerleri

CO: fixation (umol m2s1) SPAD
Salinity levels CO:2 asimilasyonu (umol m2s1) SPAD
Tuz seviyesi S. officinalis S. tomentosa S. officinalis S. tomentosa
1dS m! 13.89+0.3 15.13+0.5 43.81+1.5 37.61+1.4
2dS m1 13.42+1.0 12.04+0.2 43.12+1.2 36.39+0.5
3dS m1 12.12+0.7 16.11+0.9 41.83+1.0 36.92+1.5
4dS m™ 12.54+0.8 14.26+0.3 40.28+0.7 34.29+0.6
5dS m1 12.53+0.7 12.60+1.2 38.68+2.9 31.37+0.9
Salinity ns *k
Species * *k
Salinity*Species * ns

*:0.05, **:0.01 significance level, ns: non significant.

Plant fresh and dry weight (g plant?)

The fresh and dry weight of plant organs was
significantly influenced by genotype, salt treatment
and genotype salt interactions (Table 3). While a
gradual reduction was observed in shoot fresh and dry
weight in both species, root fresh and dry weight of .S.
officinalis increased at low and medium salt stress,
then they decreased in high salt stress. S. tomentosa

produced higher biomass than S. officinalis under all
conditions. Herbal fresh and dry weight, an
economically important part of sage, did not decrease
in 2 dS m! salt stress but started to decrease
significantly with 3dS m'l salt stress. A negative
correlation was found between plant biomass and Na*
(S. officinalis r=-0.58 and-94) and Cl (S. tomentosa r=
-58 and -83) contents of leaves.

Table 3. Fresh and dry weights of plant organs of Salvia officinalis and Salvia tomentosa plants grown at different

salt concentrations

Cizelge 3. Farkl: tuz streslerinde yetistirilen Salvia officinalis ve Salvia tomentosa bitkilerinde bitki organlarinin

taze ve kuru agirliklari

Salinity levels  Shoot fresh weight

Root fresh weight

Shoot dry weight Root dry weight

Tuz seviyesi (g plant) (g plant) (g plant™) (g plant)

Govde taze agirligi Kok taze agirligi Govde kuru agirligi Kok kuru agirlhigi

(g plant?) (g plant?) (g plant?) (g plant?)

So St So St So St So St
1dS m' 102.33+3.3 195.75+£1.0 53.67+0.9 93.50+1.7 63.5+2.3 111.849.5 3.73+0.1 8.05+0.2
2dS m1 102.25+1.6 174.83+5.1 62.756+3.0 84.25+5.3 63.9+2.6 110.3+1.4 4.37+0.4 5.85+0.5
3dS m! 75.00£6.6 107.00+0.6 88.33+4.2  73.75+0.7 50.0+4.8 76.1£2.5 5.93+0.4 4.24+0.2
4dS m™1 75.17+4.7 80.33+4.5 44.25+3.9 48.75+1.3 46.2+4.1 56.4+3.8 4.58+0.6 3.07+0.1
5dS m1 33.00+£1.2 60.75£3.9 19.67+1.2 44.75+£3.3 22.9+0.4 45.0+£2.0 1.81+0.1 2.224+0.1
Salinity ek ke il il
Species Fkk Tk Tk *%
Salinity*Species *** el il il

So: Salvia officinalis , St Salvia tomentosa *: 0.05, ¥**:0.01; ***: 0,001 significance level.

Root length (m plant?), volume (cm? plant?) and
diameter (mm)

Root length was significantly affected by species. S.
tomentosa produced longer roots at all salt
concentrations than S. officinalis. As in S.officinalis
root biomass, the root length increased up to 3 dS m!
salt stress, but 4 and 5 dS m™! salt concentrations
decreased root length significantly. In S. tomentosa,
root length decreased gradually due to increasing salt
concentrations. The longest root was measured in the
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control plant of S. tomentosa with 67 m plant, while
the shortest root length was recorded as 12.8 and 27.3
m in S. officinalis and S. tomentosa, which were grown
under 5 dS m salt stress, respectively (Table 4). Salt
application and salt genotype interaction significantly
affected root volume, however, the genotypic effect was
not significant. Similar to root length and root biomass,
S. officinalis increased root volume in low and
moderate salt stress, whereas the root volume of S.
tomentosa decreased with increasing salt stress. Root
diameter differed between species, but salt application
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and interaction did not have a significant effect on root
diameter (Table 4).

Table 4. Root length, root volume and root diameter results of S. officinalis and S. tomentosa species grown at

different salinity levels

Cizelge 4. Farkll tuz streslerinde yetistirilen Salvia officinalis ve Salvia tomentosa bitkilerinde kok uzunlugu, kok

hacmi ve kék ¢api

Root length (m plant)

Salinity levels Kék uzunlugu (m bitkil)

Root volume (cms3 plant™)
Kok hacmi (cm? bitki?)

Root diameter (mm)
Kok ¢ap1 (mm)

Tuz seviyesi S. officinalis S. tomentosa S. officinalis S. tomentosa  S. officinalis  S. tomentosa
1dS m! 35.5+2.1 67.0+1.4 35.05+0.9 58.39+6.8 0.36+0.009 0.33+0.012
2dS m1 41.6+2.9 62.5+1.0 44.43+1.9 57.08+3.2 0.37+0.008 0.34+0.014
3dS m™1 52.1+2.4 46.4+5.2 65.46+3.9 40.23+8.0 0.40+0.013 0.33+0.017
4dS m™1 31.9+1.7 36.6+5.5 31.09+2.5 30.44+7.8 0.35+0.010 0.33£0.022
5dS m™ 12.7+1.4 27.3+1.2 13.64+6.7 24.71+7.4 0.37+0.003 0.34+0.016
Salinity ek *kx ns

Genotype *kk ns wx

Salinity*genotype *** rw ns

*10.05, ¥*:0.01, ***: 0,001 significance level, ns: non-significant.

Nat, CI', K* and Ca** content of leaves

Sodium, CI', K* and Ca*™ contents of the leaves of S.
officinalis and S. tomentosa grown under different salt
concentrations are given in Table 5. Both sage species
showed an increase in Na* content with the salt
application. The increase in Na* content of S
tomentosa was twice that of S. officinalis from 2 dS m"
1t04dS mt In 5 dS m?! salt application, Na* content
reached the highest level in both species and the Na*
content of the species was close to each other. While S.
officinalis tried to exclude Na* at lower level of salt, .S.
tomentosa has uptaken Na* and tried to reduce the

damage of Na* in different ways. However, in 5 dS m™!
salt stress, Na* intake increased to the same level in
both species.

The chloride content of the leaves of sage grown under
salt stress increased with increasing salt stress. A
similar trend was observed in both species. In the
control, the concentration of Cl- detected in the range
of 16-18 mg g DW'! and increased by approximately 6-
fold in S. officinalis (85 mg g DW'!) and S. tomentosa
(88 mg g DW')) at a dose of 5 dS m'! which was the
highest salt application (Table 5).

Table 5. Leaf Na*, Cl, K* and Ca** contents of S. officinalis and S. tomentosa grown at different salinity levels.
Cizelge 6. Farkl tuz streslerinde yetistirilen Salvia officinalis ve Salvia tomentosa yapraklarinin Na*, CI, K* and

Ca** igerikleri

Na+ (%) Cl (mg g DW'1) K+ (%) Ca+ (%)
Salinity levels Na* (%) Cl (mg g KA1) K+ (%) Ca** (%)
Tuz seviyesi So St So St So St So St
1dS m! 0.25+0.03 0.20+£0.03 18.06+0.6 16.58+0.6 3.45+0.3 3.95+0.02 2.24+0.03 1.26+0.04
2dS m1 0.32+0.04 0.83£0.02 33.45+1.8 43.51+1.7 3.17+0.1 3.80+0.17 1.72+0.03 1.76+0.04
3dS m1! 0.65+0.03 1.31+0.01 43.81+1.7 45.59+1.7 3.04+0.1 3.63+0.03 2.50+0.30 1.28+0.05
4dS m! 0.89+0.05 1.61+£0.02 54.17+2.3 55.35+2.9 2.80+0.2 3.76£0.04 2.25+0.14 1.60+0.11
5dS m 1.54+0.02 1.71+0.04 85.25+2,9 88.51+1.7 2.84+0.1 3.79+0.05 1.83+£0.05 1.24+0.02
Sallnlty Kk ®kk Kkk Kk
Species *k% EE k&% *kk
Salinity*Species  *** il ns il

DW: Dry weight, So: Salvia officinalis , St: Salvia tomentosa *: 0.05, **:0.01; *** : 0,001 significance level, ns: non-

significant.

Potassium concentration decreased in both species
with increasing salt concentration. In S. officinalis, K*
contents decreased more than that of S. tomentosa.
While the K* content in S. officinalis showed a
continuous decrease with the increasing salt
concentration, it showed a decrease in S. tomentosa
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and then increased partially. In S. tomentosa, the
lowest K* in leaves value was determined in 3 dS m™!
salt application (Table 5). The Ca** contents of the
leaves of sage grown wunder different salt
concentrations showed a fluctuation in the rising salt
concentration. S. officinalis had the lowest values in 2
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and 5 dS m! salt application, and the highest value in
3 dS m salt application. In S. tomentosa, the rising
Ca*t content at the 2 and 4 dSm™ salt dose had the
lowest value in 5 dS m™! salt application. Both species
had the lowest Ca*t concentration in 5 dS m salt
application, while irregular decreases and increases in
other doses were observed (Table 5).

Essential oil content (%)

The essential oil yield of the leaves of sage grown under
different salt stresses increased with increasing salt

stress regardless of sage genotypes. The amount of
essential oil detected under control conditions between
0.91% and 1.38% regularly increased in both species
and it reached 2.31% and 2.19% in S. officinalis and S.
tomentosa species in 5 dS m! salt dose, respectively.
In S. officinalis, the highest essential oil content was
recorded at 4 dS m? salt dose, while, the highest
essential oil content in S. tomentosa was determined
at 3dS m! salt dose. While the increase in essential oil
content caused by salt stress in S. officinalis ranged
from 80% to0154%, it varied from 83% to 46% in S
tomentosa.

Table 6. Essential oil content of .S. officinalis and S. tomentosa grown at different salinity levels (%)
Cizelge 6. Farkll tuz stresi altinda yetistirilen S. officinalis ve S. tomentosa bitkilerinde esansiyel yag igerikleri

(%)

Essential oil yield (%) (Esansiyel yag asidi verimi (%))

Salinity levels

% increase over control

% increase over control

Tuz seviyesi S. officinalis Kontorle gore % artis S. tomentosa Kontrole gore % artis
1dS m'! 0.91+0.09 - 1.38+0.08 -

2dS m! 1.64+0.12 80 1.11+0.03 -20

3dS m1 2.01+0.03 120 2.52+0.07 83

4dS m! 2.71+0.03 197 2.01+0.06 46

5dS m1 2.31+0.06 154 2.19+0.11 59
Salinity wkk

Species wkk

Salinity*Species ***

*10.05, **:0.01, ***: 0,001 significance level.
DISCUSSION

As shown in Figure 1 and Table 1, 2 and 3, a significant
reduction in plant biomass was detected following the
application of different salt levels. Similar results were
reported by Kulak (2011) that plant height, leaf fresh
weight, root fresh weight, herbal fresh weight of S.
officinalis were significantly affected by different salt
sources and doses. In consistent with this study, Ben
Taarit et al., (2012) and Escalona et al. (2014) reported
that salt stress adversely affected plant biomass and
plant height in S. officinalis. In Kulak’s (2011) study, a
significant influence of different salt sources and doses
on root growth was reported and a proportional
decrease in root fresh weight was observed due to an
increase in salt concentration. In the current study, the
species responded differently to salt stress in terms of
root fresh weight. While S. officinalis attempted to
reduce the effect of salt stress by investing in root
volume increase to absorb more water in low and
medium salt, this was not observed in S. tomentosa.
Excessive root formation effort of S. officinalis
decreased the shoot fresh weight therefore, the root:
shoot ratio increased. An increased amount of root
under salt stress has been reported in S. officinalis
(Hendawy, 2005), watermelon (Yetigir and Uygur,
2009), eggplant (Unlukara et al., 2010) and cucumber
(Colla et al., 2012). The primary reason for the

decrease in plant biomass under salt stress was the
poor photosynthesis due to stomatal closure that limits
carbon dioxide uptake (Zhu, 2001; Ben Taarit et al.,
2010). These well-known phenomena was also
confirmed in the current study that the amount of
photosynthesis and SPAD decreased with increasing
salt stress (Table 2). Results of the present study are
in agreement with a study conducted in sage by
Tounekti et al. (2015) they reported that the water
content, photosynthetic activity and pigment content
of the leaf decreased with increased salt stress.

Kulak (2011) reported that .S. officinalis biomass was
not affected to a certain level by different salt sources
and doses, but it was negatively affected by high salt
concentration. This is in agreement with the results of
the present study. While plants can combat low-stress
conditions at certain rates, the damage increases
significantly after exceeding the stress threshold based
on plant genotype (Figure 1). Root biomass and shoot
biomass reacted differently to increasing salt stress in
both Salvia species. Although shoot biomass decreased
significantly with increasing salt dose, root biomass
increased above the control treatments in moderate
salt stress and then decreased (Table 3-4). An increase
in root biomass has been reported in plants grown
under salt stress conditions at certain levels in S
officinalis (Ben Taarit et al., 2009), watermelon
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(Yetisir and Uygur, 2009), eggplant (Unlukara, 2010)
and cucumber (Colla et al., 2012). This behavior of the
plant is attributed to overcoming the reduced water
intake problem due to low osmotic pressure in the root

zone with root volume and roo surface area (Mahjan
and Tuteja, 2005; Munns, 2002).

Sodium and CI content of the leaves of sage species
showed a significant increase with increasing salt
level. In agreement with the present study, Escalona
et al. (2014) reported that Na+ and Cl' content of S.
officinalis leaves increased with increasing salt
concentration, aboveground organs of plants
accumulated higher CI ions and the roots accumulated
more Na*. Ben Taarit et al. (2011) reported that salt
stress reduced the water content of the leaf and
increased the Na* content. The same investigators
have also reported that S. officinalis was able to store
excess Nat in vacuoles actively (Ben Taarit et al.,
2012). Similar to the results of the present study,
Tounekti et al. (2011) reported that salt stress
application in S. officinalis disrupted ion regulation
and reduced Ca** and K* concentrations. Increases in
Nat* and Cl concentration of the plant organs due to
NaCl stress was reported in cucumber (Colla et al .,
2012), melon (Colla et al., 2006), watermelon (Yetisir
and Uygur, 2009), bottle gourd (Chuang et al., 2003)
and pumpkins (Balkaya et al, 2016). The high
concentration of Na* and Cl" in soil or irrigation water
may disrupt ion activities and cause excessive anion
and cation rates to form (Grattan and Grieve, 1999).
The metabolic toxicity of Na* is a consequence of its
ability to compete with K+ for the binding sites, which
are substantially critical for cellular function. K*
activates more than 50 enzymes, and Na* competing
with potassium binding sites cannot substitute this
function (Bhandal and Malik, 1988). The decrease in
K+*/Na* sodium ratio may cause a reduction in plant
growth due to K* deficiency. Under different salt stress
conditions, a reduced level of NO3 due to the high
concentration of Cl' in cucumber was reported (Colla et
al., 2012). It is a well-known physiological condition
that an increase in Cl uptake, and accumulation in
plants causes a significant reduction in the nitrogen
content of plants (Grattan and Grieve, 1999). Calcium
content was also significantly affected by the salt
application and sage species (Table 5). Ca** content in
the leaves showed a fluctuating attitude. Calcium
plays an important role in increasing tolerance to salt
stress as in many other stresses (Greenway and
Munns, 1980). The positive effect of Ca** on the salt-
stressed plant is explained by mitigating the ionic
impact of salt stress rather than osmotic stress
(Rengel, 1992). Studies have shown that Ca** can
maintain membrane stability in roots and leaves by
limiting the adverse effects of Na* ions on the
membrane, decrease Na* uptake and increase K-
uptake (Cramer et al., 1985).
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Effective eustress (inductive stress) applications such
as moderate salinity or nutritional stress, can elicit
specific plant responses involving the activation of
physiological and molecular mechanisms and the
strategic  accumulation of biologically active
compounds necessary for adaptation to suboptimal
environments (Rouphael et al., 2018). The essential oil
content of sage leaves changes depending on the
season, geographic origin, environmental factors and
growth conditions, extraction techniques and plant
organ (Santos-Gomes and Fernandes, 2001), sampling
methods and developmental stage (Putievsky et al.,
1986), and genetic differences (Perry et al., 199). The
essential oil content of the leaves increased with salt
application in both sage species. The increase in S.
officinalis was higher than the increase in S
tomentosa. The highest increases were 197% (4 dS m
1) and 83% (3 dS m'Y) in S. officinalis and S. tomentosa,
respectively. Similar to previous studies (Ben trait et
al., 2010; Tounekti et al., 2015), it was observed that
moderate salt stress increased the essential oil content
and high salt concentration started to decrease the
essential oil content. Ben Taarit et al. (2011) reported
that the essential oil content increased with 25 mM
salt application, while it decreased in 100 mM salt
application. In addition to the increase in the amount
of essential oil in sage leaf, significant variation in the
composition of the essential oil and some other
seconder metabolites such as jasmonate and methyl
jasmonate were also reported (Ben Taarit et al.,2011;
Tounekti et al, 2015). The enhancing effect of
moderate and low salt stress on phytochemical content
(sugars, organic acids, and amino acids) of some plant
species such as tomato (Zushi and Matsuzoe, 2015),
pepper (Marin et al., 2009), melon (Rouphael et al.,
2012), lettuce (Sakamoto et al., 2014), Origanum
majorana (Baatour et al., 2012), S coccinea
(Grzeszczuk et al., 2018) and S. officinalis (Tounekti et
al., 2015) was reported. Therefore, current findings
and the results of previous studies showed that the
phytochemical content of the plants could be modified
by increasing the salinity level of the growth medium
or irrigation water by adding NaCl or plant nutrients.
Today, advanced soilless culture systems provide the
opportunity to realize these modifications in
vegetables and medicinal plant species without
damaging the environment.

CONCLUSION

S. officinalis and S. tomentosa grown under salt stress
showed a different response to biomass production.
Biomass production in 2 dS ml salt application,
assumed as mild salt stress, was found close to the
control treatment. Biomass decreased with increasing
salt concentration, but essential oil content increased.
According to the results of the study, it is concluded
that sage can be cultivated in the soils having 2 dS m"
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1 galinity without causing significant yield loss and
water with 2 dS m! salt level can be used for irrigation.
S. tomentosa was more prominent in biomass
production under moderate saline conditions. In areas
with moderate salt problems, S. tomentosa may be
preferred. The study showed that the phytochemical
contents of the leaves could be increased with the salt
application. In S. officinalis, 2 dS m™! salt application
showed a significant increase (120%) in essential oil
content compared with the control. Considering the
buffering properties of the soil, it was thought that the
essential oil content of S. officinalis and S. tomentosa
could be increased without significant yield loss by 3-4
dS m salinity level in soil or irrigation water under
field conditions. Such studies should be performed
with more sage genotypes and more salt-tolerant
genotypes should be determined. Stress conditions can
affect not only the quantity of chemical contents but
also their composition. Since the management of salt
stress in soilless culture is easy by adding some salts
or increasing plant nutrient concentrations, the
biofortification of medicinal plants and vegetables has
become a possible application. Studies on the effects of
different stress conditions on the phytochemical
contents and compositions of sage should be conducted
with more sage genotypes to elucidate the eustress
level for each stress factor.
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This study was carried out with 63 farmers using good agricultural

practices (GAP) in olive production in five districts of Balikesir, Article History

Bursa and Tekirdag provinces located in the Marmara Region of Received +17.03.2020
Turkey by conducting a questionnaire survey. The farmers with GAP Accepted ©21.10.2020
certificate produce either Gemlik (71.4%) or (28.6%) Ayvahk

varieties. Survey forms were handed out to contract-based producers Keywords

in November 2017 during olive harvest period. The data were gﬁfe

evaluated using SPSS statistical program. The results showed that
average size of farms producing olive oil with GAP are generally 60-
65 decares (da) in size. The average age of olive producers is 58.7,
who have been producing olives for an average of 39 years with an
average GAP experience of 2.4 years. A positive relationship was
evident between lower level of education and late adoption of GAP.
The most important problem faced by growers was Verticillium
wilting, followed by olive fly in recent years. The study revealed that
the absence of a significant difference in the prices of olives and olive
oils grown with or without GAP reduced the attractiveness of GAP
production. Moreover, because of the lack of price policy in olives
grown with GAP, olives are marketed along with conventionally
produced ones in an equal conditions in the domestic market.

Olea europaea

Tirkiye’'nin Marmara Bolgesindeki Tirk Zeytin Ureticilerinin Iyi Tarim Uygulamalarim
Benimsemesini Etkileyen Faktorlerin Belirlenmesi

OZET Aragtirma Makalesi

Bu calisma, Marmara Bolgesi'nde yer alan Balikesir, Bursa ve

Tekirdag illerinin bes ilgesinde zeytin tUretiminde iyl tarim Makale Tarihgesi
uygulamalar1 (ITU) kullanan 63 ciftci ile anket caligmasi seklinde Gelig Tarihi  :17.03.2020
gerceklestirilmigtir. ITU sertifikal cift¢iler cogunlukla Gemlik (% Kabul Tarihi :21.10.2020
71.4) veya (% 28.6) Ayvalik cesidi yetistirmektedir. Anket formlari

Kasim 2017'de zeytin hasat doneminde s6zlesmeye dayal tireticilere Anahtar Kelimeler
dagitilmigtir. Veriler SPSS istatistik programi kullanilarak ITU

degerlendirilmigtir. Sonuclar, ITU ile zeytinyagi treten zeytin Zeytin

bahgelerinin ortalama buyukliginin genellikle 60-65 dekar
oldugunu gostermistir. Zeytin treticilerinin ortalama yasi 58.7 yil,
zeytin Ureticiligi yaptig1 siire 39 yil ve ITU deneyimleri 2,4 yildar.
Daha digiik egitim seviyesi ile ITUnin ge¢ benimsenmesi arasinda
pozitif bir iligki goriilmustir. Yetistiricilerin karsilastigi en 6nemli
sorun Verticillium solgunlugudur ve bunu son yillarda zeytin sinegi
takip etmektedir. Calisma, ITU ile veya ITU olmadan yetigtirilen
zeytin ve zeytinyag fiyatlarinda énemli bir fark bulunmamasini ITU
Uretiminin g¢ekiciligini azalttigini ortaya koymustur. Ayrica, GAP ile
yetigtirilen zeytinlerde fiyat politikasinin bulunmamasi nedeniyle,
zeytinler, geleneksel olarak tiretilenler ile i¢ pazarda esit kosullarda
pazarlanmaktadir.

Olea europaea
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INTRODUCTION

Consumer demands and tendency of the global
markets require reliable production of agricultural
production. People also demand that production be
done without harming the environment, human and
animal health (Lang et al., 2002; Walley et al., 2000).

Olive, which is consumed for table and oil, is an
important agricultural product both in the domestic
market and export. Therefore olive cultivation with
GlobalGAP certificate 1s extremely important
(Anonymous, 2017).

Total olive production in Turkey i1s 2.1 million tons,
and this production is made in 837.000 da areas
(Anonymous, 2018). According to the statistics of the
Ministry of Agriculture and Forestry, the number of
GlobalGAP producers in Balikesir, Bursa and
Tekirdag provinces in Turkey is 2.083 persons, and
552 of them are olive producers (Anonymous, 2017).

A research was carried out to determine effective
factors on decision making behavior for organic olive
cultivation in the Izmir, Aydin and Canakkale
provinces in Turkey where organic olive production is
done intensively. Based on the data obtained from
125 organic and 125 conventional olive farmer’s
income, type of land ownership, machinery estates,
economic situation and environmental factors were
found significant to decide making for organic olive
cultivation (Koksal, 2009).

A survey was conducted with firms in production and
export of fresh fruit export area in 10 sub-Saharan
African countries. The results showed that firms with
GlobalGAP certification had appreciable higher
export revenues, and it 1s suggested that the return
on new investments may be higher (Henson et al.,
2011).

Numerous research were done on the ability of
Kenyan farmers to obtain GlobalGAP certification to
export of fresh fruit and vegetables from Kenya to EU
countries, but the results showed that majority of
Kenyan farmers did not have capabilities to get
certificate (Dannenberg, 2011).

It was determined that GlobalGAP certification
increases workers daily wages and employment
periods in exporter producer companies in Senegal
(Colen et al., 2012).

It was reported that only a few small-scale fresh
mango producer in Peru supported by exporters
complied with GlobalGAP standards and mostly
demanded contract farming, including technical
assistance and certification costs (Lemeilleur, 2013).

The income and benefits of the producers certified
from producer-organized groups are better than those
included in the exporter-managed groups and smaller
farmers. The most important factors to renewal of the
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GlobalGAP certificate are support of exporters and
scale of the farming operation (Holzapfel and Wollni,
2014).

The effects of GlobalGAP on the fruit and vegetable
production sector were studied in Latin America and
it was indicated that it is crucial to raise awareness
on the 1importance of 1its application 1in the
innocuousness aspects, the safety and the health of
the workers and risk management of the
environmental impact (Parra et al., 2015).

GlobalGAP and Malaysian Good Agricultural
Practices (MyGAP) standards were compared to
determine which one is more suitable for local
producers, and the GlobalGAP standards was
determined more appropriate (Tey et al., 2016).

The aim of the study was to determine the factors
affecting olive producer’s adoption of GlobalGAP

standards within a Private Control Certification
Group.

MATERIALS and METHODS

Material

The study was conducted with 63 olive farmers
adapted GAP in 5 districts of Balikesir, Bursa and
Tekirdag provinces, estimated to cover approximately
3.997.02 da (Table 1). The main production areas
where data was mostly gathered were in Nilufer and
Gemlik districts of Bursa, and Erdek district of
Balikesir. The primary data that obtained as a result
of a face-to-face survey with randomly selected
sample farmers were used predominantly. The data
acquisitioned from other sources on the subject was
formed the secondary data. The survey was conducted
in 2017 production period.

Method

The questionnaire provided the data about the
production techniques (pest control, fertilizing,
tillage, irrigation, maintenance etc.), inputs
(fertilizer, chemicals, growth regulators) and their
costs, marketing conditions and channels, problems
faced by the producers before adopting the GlobalGAP
program, advantages and disadvantages of GAP.

The producers were also asked about the information
they need. The information needed in olive cultivation
is gathered under 5 main headings: a) technical
information (diseases and pests, fertilization) b)
marketing (price, demand, market situation and
others), c¢) consultancy (product packaging,
preservation, storage, record keeping), d)
diversification of production (garden establishment
and cultivar selection) and e) legal information
(Agricultural supports).
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Table 1. The survey was carried out in 2017 production season in Tekirdag, Balikesir, and Bursa provinces,
number of producers in each districts and production areas were given.
Cizelge 1. Anket 2017 iiretim sezonunda Tekirdag, Balikesir ve Bursa illerinde gergeklestirilmis, her ilcedeki

liretici sayilari ve tiretim alanlari verilmistir.

Province Number of districts Districts Number of producers Total olive area (da)
Sehir Ilce sayisi Tlgeler Uretici sayisi Toplam zeytin alani (da)
Tekirdag 1 Sarkoy 2 583.71
Balikesir 1 Erdek 16 2.127.40
1 Gemlik 16 838.95
Bursa 2 Nilufer 28 351.04
3 Orhangazi 1 95.92
Total Toplam 5 63 3.997.02

Analysis of data

The data were evaluated using SPSS statistical
program. The frequency distributions, tables and
graphical representations, averages and percentage
were also calculated. In addition, the factors affecting
the early or late adoption of GlobalGAP were also
analyzed using Logit regression (Stock and Watson,
2007). The self-decision of olive producers to make
Global GAP was taken as a dependent variable.
People who made the decision themselves (early
adopters) was given ‘1’ score and the producers that
involved in the project (late adopters) was given ‘0’
score. The dependent variable is explained by 12
independent variables. As explanatory variables, age
(year), education (year), total amount of land (da),
total income of farms (TL) and presence of cattle were
accepted as continuous variables. The number of
individuals in the family (person), the professional
experience of the producers (years), the number of
agricultural organizations to which the producers are
members (number), the number of mechanical tools
(number), place of residence, non-agricultural work
and attitude towards innovation are included in the
model as discrete variables (Table 2).

Discrete variables are included in the model as
follows;

Place of residence: a) village b) district ¢): province,
Whether it is non-agricultural work: (0) no and (1)
yes,

Attitude towards innovation: (1) I accept it
immediately, (2) I wait till other farmers in the
village to accept it, (3) last I accept after everyone
accepts it.

The validity of the obtained model was checked by
Hosmer Lemeshow test. As a result of the test, the
square-value was calculated as 3,891 and p = 0.877>
0.05. The results showed that the model was
appropriate.

RESULTS

The results showed that the effect of age, years of
education, experience, number of organizations,
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innovation attitudes and number of mechanical
devices were significant while the number of family
members, non-agricultural activities, residence and
amount of land were insignificant on tendency to
adopt the content and application of GAP (Table 2).

The average experience of families for farming is 42.2
years, for olive cultivation 38.7 years, and for GAP 2.4
years. The mean family size is 4 persons with a mean
age of 58.7 years and education period of 9.8 years.
The 57.14% of the producers graduated from primary
school, 19.05% from high school and 22.2% from
university.

A positive relationship was found between low level of
education and late adoption of GAP. While the rate of
late adoption of GAP among primary school graduates
was 85.71%, this rate was 7.14% for high school
graduates and 3.57% for university graduates.
Medium-income producers first adopted GAP with
37.14%, followed by very high-income ones with
25.71%, low-income ones with 22.86% and high
incomes ones with 14.29%.

Among the olive growers with GAP, 49.21% grow only
olives. In addition to olive, 7.94% produce grain,
7.94% livestock and 34.9% fruit (figs, pears and
peaches) to get additional income.

While the rate of making GAP was 95.29% in
members of associations and farmers' organizations,
the rate of non-members was 84.71%.

The 59% of the producers with GAP keep records
about their businesses.

Of the GAP producers, the average of land size was
63.4 da, of trees number was 1.586.11, of tree age was
47.1. The 71.42% of the varieties were Gemlik and
remaining were Ayvalik. The 65.07% of the olives
were grown at 6x6 m, 19.04% at 7x7 m and 15.87% at
8x8 m planting distances.

In olive groves, the soil tillage was made 4 times a
year where 68.25% of the olive groves were cultivated
at 10-15 cm depth while 31.74% at 15-20 cm depth.
The 18.3% of the soil tillage was performed with
cultivator, 32.7% with plow, 35.3% with rotavator and
15.5% with harrow.
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Table 2. Estimate results of logistic regression model

Cizelge 2. Lojistik regresyon modelinin tahmini sonuglari

Coefficient | Standard error | Wald statistic P value Probability ratio
Katsayi Standard hata Wald istatistigi | Pdegeri | (odds rate)
Olasilik orani
Constant/Sabit -8.186 2.138 17.553 .000 .000
Age/Yas 115 .026 21.164 .000* 1.123
Education time/ Egitim | .168 .061 6.277 .012%* 1.186
stiresi
Number of family | .011 124 0.006 0.722 1.032
member/Aile birey sayisi
Experience/ Deneyim -.051 .025 6.370 .005* .740
Non-agricultural -.35 .455 501 .338 697
activity/Ziraat dis1 aktivite
Residence/lkamet .53 441 1.523 .123 1.437
Number of organizations/ | .607 .228 7.859 .003* 2.030
Organizasyon sayisi
Innovation attitude/ | -.996 .381 6.353 .022%* .308
Yenilik tutumu
Number of mechanical | .603 .226 5.654 .043%** 1.504
tools/ Mekanik alet sayisi
Amount of land/Arazi | -.001 .001 1.889 .170 .987
miktari
Grand total/ Genel toplam 0 0 16.151 .000* 1.000
BBHB -.602 .561 1.369 211 .495

R square: 0.65

-2 Log likelihood: 126.68

X2 3.891, P: 0.877

Significant at *1%, **5%, ***10%

The 69.8% of the producers irrigate their olive groves
with drip irrigation and 3.17% with mini spring while
26.9% grow under rainfed conditions. The 73% of the
producers get water analysis done used in irrigation.

While 22.22% of the producers made regular and
14.2% occasional soil analysis, 63.49% do not have
any soil analysis. Leaf analysis was made only by
3.1% of the producer. At the beginning of April, 22.90
kg/da N, 12.64 kg/da P and 15.65 kg/da K are used in
the fertilization of olives. In addition, B is applied
from leaves prior to flowering (March), B and Ca
when fruits were at lentil size (June) and Ca when pit
hardened (July).

While flies (18.6%), olive cotton lice (8.2%), olive moth
(2.5%) and olive crustal lice (3.6%) damage were
detected in some olive groves, no pests were identified
in 67.1% of the groves. In order to protect against
pests, the District Directorate of Agriculture and
Forestry makes counting of pests in various regions
and when the threshold is reached, producers start to
protection practices. While 25.30% of the producers do
not apply any chemicals against pests, 49.21% use
different insecticides, 22.22% use sticky traps and
3.17% use pheromone traps.

While no diseases were encountered in 49.21% of the
olive orchards, 30.15% had Verticillium wilt, 15.87%
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olive tree cancer and 4.76% olive ring spot disease.
Against the diseases, 32.8% use bordeaux mixture,
11.5% calcitic and 20% sulfur. In addition, 27.4%
remove infected branches and 8.3% decrease N
application.

Pruning olive trees was carried out in February-
March and pruning residues were shredded and
mixed to the soil as organic matter. While 43.1% of
the trees were pruned lightly and 22.2% heavily, only
shoot tips of 34.6% of trees were cut. As a result of
severe pruning, protective materials such as grafting
paste are applied to the cutting sites.

For weed control in olive groves, 70.8% of the land
was tillaged and 19.2% was mowed with lawn mower.

Of the olive fruits 60.9% were harvested by machine,
21% by stick and 17.9% by hand, and fruits were
carried in plastic bags.

The 63% of the olives produced were processed for oil
and remaining was for table. Table olives are sold
according to their diameters. The 46% of olives were
sold to Marmara Union, 35.9% to merchants, 10.2% to
oil factories, 5.6% to wholesalers and 2.3% to direct
customers.
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Reasons of producer for making GAP

The main reasons why olive producers make
GlobalGAP was economic factors with 61.90%
(premium, price, purchase guarantee, cost savings
and profitability), health factors with 44.44%
(protecting the health of own, family, workers and
consumers), innovation (desire to try new and
different things) and environment protection factors
(protection of soil, animals, plants and water) were
followed it.

The majority of manufacturers adopting GlobalGAP
stated that they need technical support. This rate was
91.43% in early adopters and 64.29% in late adopters.

The marketing of olive is one of the concerns of the
producers. While the rate of most marketing
information need of early adopting GlobalGAP
producers was 80%, the rate was 8.57% in unneeded.
On the other hand, most marketing information need
in late adopters was 46.2% and in unneeded was
14.29% (Table 3).

Table 3. Marketing information need of olive producers in the form of GAP

Cizelge 3. GAP seklinde zeytin tiretimi yapan iireticilerin

pazarlama bilgisi 1htiyaglari

Degree of Need for Marketing Information

GAP Adoption Status/ GAP benimseme durumu

Pazarlama bilgisine ihtiya¢ duyma derecesi Early Adoption Late Adoption
FErken benimseme Geg¢ benimseme
Number Rate (%) Number | Rate (%)
Sayi Oran (%) Sayi Oran (%)
Most needed/important (En fazla ihtiya¢ duyulan/6nemli) 28 80.00% 13 46.42%
Least needed/important (En az ihtiyag¢ duyulan/onemls) 4 11.43% 11 39.29%
Unneeded/unimportant (Jhtiva¢ duyulmayan/onemsiz) 3 8.57% 4 14.29%

The consultants employed in TARIS, the Ilocal
agricultural dealers and the control -certificate
organizations meet the technical information needs of
the olive producers. Therefore, the need for
consultancy of olive producers is very low at 7.14%.
On the other hand, producers feel the need of
information about the legislation of the GlobalGAP
Administration.

The 40-60% of olive producer growing the form of
GlobalGAP demand to grow other products instead of
olive.

DISCUSSION

The competition of any sector in agriculture depends
heavily on its ability to adapt to consumption
behaviors, segmentation of markets, and changing
public opinion (Hinojosa-Rodriguez et al., 2013).
Country-  and/or  sector-specific  sustainability
standards are replicated by governments or unions in
light of sustainable development. . A limited adoption
of sustainability standards at local level may hinder
competition at global markets. Because, they have
gone through changes in variables that define
demand, due to dependency to the consumption
habits (Tey et al., 2016). For this purpose, each
country has begun to encourage growing in
accordance with international standards in order to
increase the income of its own producers. The first
legislation of GAP in Turkey was issued by the
Antalya Governorship in 05.01.2004 to conserve
environment and biological diversity in the fresh
vegetables, fruits and cut flowers growing, and to
ensure consumer health and sustainability of exports.
Then GlobalGAP regulations in Turkey was accepted
in January 1, 2011 (Anonymous, 2010). Within the
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framework of this regulation, supports have been
provided to producers.

Many researches have carried out to determine the
effects of financial supports and the adoption of
GlobalGAP farming with producers. The most
important factor affecting the GlobalGAP program in
Colombia was the lack of necessary infrastructure
investments with 21.8%, followed by the high cost of
investments with 10.7% (Gutiérrez-Guzman et al.,
2012). Olive producers in Andalusia was expressed
low levels of knowledge and adoption of most of the
available Certified Quality Systems (CQS) in the
sector. They also confirmed the higher quality of

integrated production (IP) olive products and
processed since farmers adopting this CQS
implemented better farming practices from an

agronomic, environmental and economic point of view
(Hinojosa-Rodriguez et al., 2013). Although a positive
average impact of certification on both the quantities
sold and the prices received by GlobalGAP certified
producers, sharing was not homogenously distributed,
and the number of certified farmers soon dropped in
Madagascar's lychee producer (Subervie and
Vagneron, 2013). Peach and cherry producers in
Lapseki-Canakkale had positive attitudes towards
GlobalGAP but GlobalGAP applications increased
costs more than traditional production (Aktiirk et al.,
2014). Despite public announcements, the direct
participation of farmers to GlobalGAP were largely
absent in smallholders and in Kenyan export
horticulture (Tallontire et al., 2014). Lack of access to
farm credits, high cost of farm inputs and high cost of
labor were among the major constraints in
GlobalGAP farming in smallholder pineapple farms in
the Akuapem-South Municipal area in Ghana.
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However, compliance is negatively influenced by age.
Majority of Ghanaian smallholder pineapple farmers
were not GlobalGAP certified (Annor et al., 2016).
The study revealed that the absence of a significant
price difference in the prices of olives and olive oil
grown in the form of GlobalGAP was reduced the
attractiveness of production.

Economic factors are the leading reasons for olive
producers to make GlobalGAP, health, innovation and
environmental  protection  factors  follow it
respectively. The average duration of olive cultivation
in the form of GlobalGAP was 2.4 years, which
revealed that this mode of production has just begun
to be adopted. 57.14% of the primary school graduates
and 22.2% of the university graduates showed that
low educated people were more likely to adopt
GlobalGAP. This can be explained by the fact that
medium and low-income producers adopt GlobalGAP
at the rate of 60%. Because these producers search
new methods for themselves while looking for a
different revenue increase. Similarly, the fact that
64% of the cherry producers in 5 villages in Uluborlu-
Isparta were primary school graduates and 50% of
them had GlobalGAP certificate (Bal and Cercinli,
2013) support this opinion. On the other hand, the
late adoption rate of GlobalGAP in low educated
people as high as 85.71% in olive, and university
graduates adopt GlobalGAP early with 96.43%, which
indicates that university graduates are more
knowledgeable and conscious about GlobalGAP.

It is not sufficient that 59% of producers recording all
kinds of information related to their enterprises as
GlobalGAP rules dictate. This situation can be
explained by the new beginning of cultivation and the
insufficient record tracking.

Pruning, irrigation, fertilization, soil cultivation,
weed control, disease and pest control, such as
cultural procedures have not been fully performed
according to the rules of GlobalGAP. Further studies
are needed to correct this situation. In addition, 21%
stick harvesting of olives is an important problem.

63% of the olives processed for oil and 37% for table 1s
not a desired rate because the profitability of table
olives is higher than oil. In order to increase the table
rate, it is necessary to increase the fruit size by
performing better cultural processes.

The marketing of olive is one of the concerns of the
producers. New marketing methods such as selling
directly to customers, export and e-marketing need to
be encouraged. Otherwise, there may be a significant
increase in the desire of producers to grow different
products instead of olives.

Aragtirmacilarin Katki: Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamis

olduklarini beyan eder.
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Cikar Catigmasi Beyani
Makale yazarlar1i aralarinda herhangi bir ¢ikar

¢atigsmasi olmadigini beyan ederler.
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ABSTRACT

In this study, the effects of foliar kaolin particle film treatment (PF)
on some table grape quality characteristics of cv. Trakya Ilkeren
grown in Ankara conditions were investigated. The application of
kaolin particle film (3%) was started just after fruit set. Treatments
were repeated weekly for three weeks. Yield per vine was found to be
3.60 kg in Control (C) and 3.93 kg in PF treatment. No significant
effect of PF treatment on grape yield was determined. TSS and
maturity index were affected positively by PF treatment. TSS was
determined as 19.45°Bx and 20.68°Bx in C and PF treatment
respectively. The maturity index (%) increased from 30.30 (C) to 35.28
(PF) due to the increase in TSS. No differences in pH and titratable
acidity were observed between PF and C. While cluster weight
increased from 314.48 g (C) to 357.47 g (PF), cluster length increased
from 17.14 cm (C) to 19.02 cm (PF). No significant change in cluster
width, berry weight, width, length and berry firmness were
determined. More intense skin color was obtained from PF treatment
according to CIRG index. Considering the findings, it was concluded
that PF treatment led to the development in quality attributes of cv.
Trakya Ilkeren grown under high solar radiation and temperature
stress.

Research Article

Article History
Received
Accepted

©29.05.2020
$22.09.2020

Keywords
Particle film
Stress mitigation
Table grape
Quality

Yield

Kaolin Partikiil Film Uygulamasimin Trakya Ilkeren (V. winifera L. Cesidinin Sofralik Kalite

Ozelliklerine Etkisi

OZET

Bu calismada, Ankara kosullarinda yetistirilen Trakya Ilkeren tiziim
cesidinde kaolin partikiil film (PF) uygulamasimn sofralik kalite
ozellikler1 tzerindeki etkisi incelenmigtir. Tane tutumundan
baslayarak haftada birer kez olmak iizere yaprak yiizeyine (%3)
toplam 3 uygulama yapilmigtir. Sofralik 6zellikler kapsaminda omca
verimi, olgunluk élciitleri (SCKM, pH, titrasyon asitligi, olgunluk
indisi), salkim ve tane Ozellikleri ile tane kabuk rengi
degerlendirilmigtir. PF uygulamasi omca veriminde istatistik diizeyde
onemli bir etki belirlenmemistir. Omca verimi kontrol (K) grubunda
3.60 kg, PF uygulamasinda ise 3.93 kg olarak belirlenmigtir. Olgunluk
olgiitlerinden SCKM ve olgunluk indisi PF uygulamasindan olumlu
etkilenmigtir. SCKM Kontrol grubunda 19.45 °Bx, PF uygulamasinda
20.68 °Bx olarak belirlenmistir. SCKM artisina bagl olarak olgunluk
indisi (%) 30.30'dan (K) 35.28%e (PF) yiikselmistir. pH ve asitlik
diizeylerinde 6nemli bir etki belirlenmemistir. Salkim boyu ve
agirhginda énemli artislar saglanmis, salkim boyu 17.14 cm’den (K)
19.02 cm’ye (PF) yiikselirken, salkim agirhig1 314.48 g’dan (K) 357.47
g’a (PF) yiikselmistir. Tane agirligi, eni, boyu ve sertliginde énemli
degisim belirlenmemigtir. CIRG indeksine gore, PF uygulamasi tane
kabugunda renk yogunlugunun artisina da katk: saglamigtir. Sonug
olarak, partikiil film uygulamasinin yogun giineslenme ve yiiksek
sicaklik kogsullarinda yetistirilen Trakya Ilkeren cesidinde sofralik
ozelliklerin gelistirilmesine katki sagladig1 sonucuna ulagilmigtir.
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INTRODUCTION

The composition of the grape berries is known to be
quite sensitive to macro and micro environmental
factors (Kuhn et al. 2014). The ecologic conditions have
a high impact on growth, yield and synthesis and
accumulation of primary and secondary metabolites in
grape berry (Teixeira et al. 2013). Especially sunlight
exposure and temperature are regarded as the main
factors on grape berry composition and metabolism
since many of the biological pathways are largely
depend on light and temperature (Spayd et al. 2002;
Gokeen et al. 2017). In terms of viticulture, continental
climatic conditions provide a quite hot and dry
vegetation period that has limited rainfall, high-
temperature differences between day and night. In
such ecologies, intense solar radiation and high-
temperature conditions prevent carbon assimilation by
Increasing the temperature in the canopy and triggers
the deterioration of the balance between vegetative
and reproductive development. As a result, yield and
quality are limited in the grapevine under stress
conditions (Wahid et al. 2007; Shellie and King 2013).
In central Anatolia, excessive summer temperatures
affect the vineyards mainly from early June to
September. Therefore, planning and practicing stress-
reducing strategies have great importance to achieve
expected yield and quality.

In this context, the application of foliar-applied and
clay-based reflective compounds for reducing stress
effects on fruit species has become widespread. It has
been reported that these reflective materials have
positive effects on physiology, productivity and fruit
quality against abiotic stress in many plant species
(Glenn et al. 1999; Yazic1 and Goksu 2017; Khaleghi et
al. 2015). The use of stress-reducing materials like
kaolin in viticulture has not been attracted much
attention due to the adaptation ability of grapevine to
dry conditions. However, higher temperatures and
summer droughts as a result of climate change
negatively affect the vineyards, and stress mitigation
strategies gain importance in recent years (Conde et
al. 2016). A number of studies were conducted about
the effects of kaolin particle films on grape cultivars
and promising results have been reported in terms of
berry composition and wine quality (Song et al. 2012;
Shellie and King 2013; Coniberti et al. 2013; Lobos et
al. 2015; Canturk et al. 2018 and 2019). In contrast to
wine grapes, the effects of particle film on quality
attributes peculiar to table grapes like berry and
cluster characteristics have not yet been investigated
adequately. The cultivar Trakya Ilkeren is preferred
by the grape growers of Central Anatolia due it is well
suited for fresh consumption. Also, under limited
irrigation conditions and relatively short vegetation
period of this area, it has an advantage of very early
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ripening. In order to minimize the potential damage of
water stress and solar radiation, it is important to
complement the viticultural knowledge about how
particle film affects table grapes. Therefore, in this
study, it is aimed to investigate the effects of kaolin
foliar particle film treatment (PF) on yield and
ripeness parameters as well as cluster and berry
properties in cv. Trakya Ilkeren (V.vinifera L.) grown
under high solar radiation and temperature stress.

MATERIAL and METHODS
Plant Material

The experiment was conducted in the vineyards of
Research Station for Viticulture in Kalecik, Ankara

(40°06 N 33°25'E, 670 m a.s.l) during the growing
season of 2018 - 2019. The thirteen years old vines of
cv. Trakya Ilkeren ( Vitis viniferaL.) (released from the
national breeding program, crossing combination:
Alphonse Lavallée X Perlette) were used in the study.
The cultivar is used for fresh consumption thanks to
its large berries and attractive black skin color. The
vines were trained to bilateral cordon and spur pruned
from 2 buds. They were grafted onto 1103P rootstock
with 1.5 X 3 m row spacing. The experimental vineyard
soil was clay loam with a pH of 7.5. The research region
has a continental climate. The main climatic
conditions in 2018 and 2019 vegetation were given in
Table 1. Meteorological data were obtained from the
climatic station of Turkish State Meteorological
Service located in the research area.

Kaolin Particle Film (PF) Treatment

Kaolin based particle film (Screenduo, CMM Inc.)
treatment was started just after the berry set. The
experiment was planned as three replicates each
consisting of 3 vines. Randomly selected vines were
homogenously sprayed in the early morning period
from 08.00—10.00 a.m. with a backpack sprayer. The
product was only applied to the leaves weekly for three
weeks at a rate of 3% (w/v). The plot was divided into
two blocks, one for PF treatment and one for Control
vines. Untreated vines were left as the Control (C). All
grapevines were limitedly irrigated once in July and
August. All the grapes were hand-harvested at

approximately 17- 18°Bx on August 17, 2018 and
August 23, 2019.

Yield and Ripeness Parameters

Yield per vine (kg) was determined by weighing the
clusters of each vine during the harvest. For
measuring ripeness parameters, right after the
harvest 100 berries were randomly selected from PF
treated and C vines. Then the berries were manually
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crushed, filtered and analyses were carried out in
must. Soluble solid content (TSS) was measured using
an Atago Master-M refractometer. Mettler Toledo
DL50 (Graphics) automatic titrator was used for
measure titratable acidity (TA) and pH values.

Titratable acidity was measured with 0.1 N NaOH and

expressed as gL'1 tartaric acid equivalents. Maturity
index (MI) of the berries was also calculated.

Table 1. Climatic conditions of research vineyard (Kalecik-Ankara) in 2018-2019 vegetation
Cizelge 1. Arastirma alaninin (Kalecik-Ankara) 2018-2019 vejetasyon dénemine ait iklim kosullar:

Minimum air

Maximum air

Mean air temperature Total rainfall (mm)

Months (Aylar)/ temperature (°C) temperature (°C) (cC) (Toplam yagis)
Years (Yillar) (En diisiik sicaklik) ¢C)  (En yiiksek sicaklik) ¢C) (Ortalama sicaklik) €C)  (mm)

2018 2019 2018 2019 2018 2019 2018 2019
March (Mart) -4.1 -3.9 24.2 22.1 10.8 7.4 43.7 285
April (Nisan) -0.8 -1.3 28.6 27.3 14.9 11.1 8.2 30.4
May (May1s) 6.9 3.5 31.1 35.9 18.3 18.1 174 370
June (Haziran) 11.1 12.8 36.1 34.3 22.4 22.7 70.5  145.2
July (Temmuz) 14.6 9.6 37.2 37.2 25.5 22.9 13.5 12.2
August (Agustos) 12.7 11.2 38.3 37.9 25.5 24.0 5.5 33.3
September (Eylil) 6.9 2.8 35.9 32.7 20.8 19.7 3.0 0.4

Cluster and Berry Characteristics

The weight of clusters was determined by a digital
scale. Cluster length (cm) and cluster width (cm) were
measured with ruler and cluster compactness was
assessed according to OIV 204 (Anonymous, 2011). For
berry measurements, 100 berries were randomly
selected. Berry weight was determined by the average
of weighing 100 berries using a digital scale. The
measurements of berry width (mm) and length (mm)
were done using a digital caliper. Berry firmness was
evaluated using a penetrometer (Effegi FT02) with a
3.0 mm probe. Measurements were done on the
equatorial section of the berries (N). Berry skin color
measurements were made on the equatorial position of
the berries. Parameters of L*, a* and b* were
determined by a Konica Minolta CR200 chroma meter.
Then, hue angle and chroma values were calculated
and converted to CIRG index according to Carrefo et
al. (1996).

Statistical Analysis

Descriptive statistics for the studied characteristics
were presented as the mean and their standard errors.
For each characteristic, ANOVA (Analysis of Variance)
was used to compare Control and PF group means.
Because of no statistical difference was detected
between 2018 and 2019 data, the means of both years
were presented. Statistical significance level was
considered as 5% and SPSS (ver: 21) statistical
program was used for all statistical computations.

RESULTS and DISCUSSION

Effects of PF Treatment on Yield, Cluster and Berry
Size

The effect of PF treatment on the quality

characteristics of Trakya Ilkeren was presented in
Table 2, 3 and 4. Although the effect of PF treatment

on the yield was not statistically significant, there was
a numerical increase in yield. Yield per vine was
determined as 3.93 kg (PF) and 3.60 kg (C) (Table 2).
Many studies on grapevines demonstrated that foliar
particle film treatment has not remarkable effect on
grape yield (Cooley et al. 2008; Shellie and Glenn,
2008; Glenn et al. 2010; Brillante et al. 2016; Korkutal
et al. 2019 and 2020). However, in the studies
conducted in some other species, yield increase was
obtained, and authors attributed this to the favorable
effect of kaolin on sunburn and heat stress damages
(Glenn et al. 2001; Cantore et al. 2009). Same as the
previous results on grapevine, there was a limited
increase in yield in this study, which was regarded as
a positive result.

PF treatment led to a significant increase in cluster
weight. 357.47 g and 314.48 g cluster weight were
obtained in PF treatment and C, respectively (Table 2).
Similarly, an important increase in cluster size was
achieved. Cluster length increased from 17.14 cm (C)
to 19.02 cm (PF). The increase in cluster width was not
statistically significant. The findings were determined
as 15.61 cm (PF) and 14.09 cm (C). A considerable
effect of PF treatment on cluster compactness could not
be determined. The compactness of all the clusters was
evaluated visually as “5-middle” class according to OIV
204 (Fig 1). PF treatment had favorable effects on
berry weight, berry width, and length, but the
increases did not make a statistical difference (Table
2). The berry weight was determined as 3.96 g in C, it
increased to 4.34 g in PF treatment. Berry width
measurements ranged from 18.63 (PF) to 17.92 mm
(C), while berry length findings were determined as
17.87 (PF) - 17.40 mm (C). Measurements of berry
firmness were also similar between PF treatment and
C. The findings were 4.34 (PF) and 3.96 N (C). In
previous studies, it was seen that PF treatment affects
cluster and berry characteristics in different ways.
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Shellie and Glenn (2008) stated that particle film
treatment does not affect the cluster weight of Viognier
and Merlot. In terms of berry weight, there was no
significant effect on Viognier, while there was an
increase in Merlot. Some other studies indicated that
no significant effect was determined in cluster and
berry size in the vines treated with particle film

(Shellie and King 2013; Brillante et al. 2016; Canturk
et al. 2019). Assessing of the relation between the
cluster and berry size, the favorable effect of PF
treatment on cluster size was not attributed to the
increase in berry size. It was concluded that the
positive effects of PF treatment were provided on yield,
cluster weight and length.

Table 2. Effects of PF treatment on yield, cluster and berry size of cv. Trakya Ilkeren
Cizelge 2. PF uygulamasinin Trakya Ilkeren ¢esidinde verim, salkim ve tane ézelliklerine etkisi

Significance
Pr C (Onem diizeyi)
Yield per vine (kg) (Verim) (kg) 3.93 +£ 0.23 3.60 = 0.26 NS
Cluster size (Salkim biiyiikliigii)
Cluster weight (g) (Salkim agirhig1) (g) 357.47 £ 17.20 314.48 + 8.22 *
Cluster width (cm) (Salkim eni) (cm) 15.61 + 0.44 14.09 £ 0.27 NS
Cluster length (cm) (Salkim boyu) (cm) 19.02 + 0.45 17.14 + 0.22 *
Berry size (Tane biiyiikliigti)
Berry weight (g) (Tane agirligi) (g) 4.34+0.16 3.96 +£0.11 NS
Berry width (mm) (Tane eni) (mm) 18.63 + 0.32 17.92 + 0.27 NS
Berry length (mm) (Tane boyu) (mm) 17.87+0.31 17.40 + 0.25 NS
Berry firmness (N) (Tane sertligi) (N) 4.34+0.16 3.96 + 0.11 NS

In each line, * represents statistically significant differences among the PF and C (p<0.05).
(Ayni satirda * PF ve K arasinda istatistik diizeyde farklilig: ifade etmektedir) (p<0.05).

NS: Not significant (Onemli degil)

PF: Particle film treatment (Partikiil Film Uygulamasi), C: Control (Kontrol-K)

Effects of PF Treatment on Berry Skin Color and
Ripeness Parameters

The definition of berry skin color was made according
to CIRG index. Numerical values obtained from the
Minolta CR200 chroma meter were 4.13 in PF
treatment and 3.74 in C (Table 3). According to the
measurements, the berry skin color was defined as
"red-violet" in PF treated vines and "red" in C. It was
seen that the treatment caused to increase in the skin
color intensity by increasing CIRG value. It was
reported that total anthocyanin content and the
proportional distribution between the anthocyanin
components were directly affect the formation of berry
skin color in grapes. CIRG index was regarded as the
reflection of anthocyanin content to skin color (Carrefio
et al. 1996). Although the anthocyanin content was not
included in this study, the increases in CIRG values
could be interpreted that PF treatment increased the
anthocyanin accumulation in Trakya Ilkeren. It was

also reported that PF treatment has favorable effects
on anthocyanin and phenol biosynthesis under
excessive solar radiation and high-temperature
conditions, which was due to reduced canopy
temperature. In one of these studies, Kok and Bal
(2017) reported that combination of leaf removal and
kaolin particle film increased total anthocyanin and
total phenol content in Muscat of Hamburg. Song et al.
(2012) also indicated that particle film treatment
increased total anthocyanin content of Merlot cultivar
under different irrigation regimes. Brillante et al.
(2016) found that kaolin particle film treatment
increased anthocyanin content by 35% compared to
Control in Cabernet Sauvignon. In Beauty Seedless
and Tekirdag Seedless, particle film treatment
contributed increasing total anthocyanin content and
CIRG index (Canturk et al. 2019). In accordance with
the previous studies, present study revealed that PF
treatment improved the berry skin color significantly.

Table 3. Effects of PF treatment on skin color of cv. Trakya Ilkeren
Cizelge 3. PF uygulamasinin Trakya Ilkeren ¢esidinde tane kabuk rengine etkisi

Skin color characteristics (Tane kabuk rengi dzellikleri) PF

C

CIRG (CIRG)

4.13 + 0.09* 3.74 £ 0.04

Color definition (Renk tanimlamasi)

Red-violet (Kirmizi-menekse) Red (Kirmizi)

In the line, * represents statistically significant difference among the PF and C (p<0.05).
(Ayni satirda * PF ve K arasinda istatistik diizeyde farkliligi ifade etmektedir) (p<0.05).

PF: Particle film treatment (Partikiil Film Uygulamasi)
C: Control (Kontrol-K)
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Figure 1. Clusters that skin color was de
to CIRG index.

(. 1’ ‘
e |

fined as “red-violet” in PF treatment (a) and “red” in Control (b) according

Sekil 1. Tane kabuk rengi “kirmizi-menekse” olarak tanimlanan PF uygulanmis salkimlar (a) ve “kirmizi” olarak

tanimlanan Kontrol grubu (b) salkimlar

The effect of PF treatment on ripeness parameters was
given in Table 4. PF treated vines showed a
significantly higher TSS compared to C vines. TSS
values of the clusters harvested on the same day were
20.68 °Bx in PF treatment and 19.45 °Bx in C vines.
Titratable acidity was found to be 5.89 gL! in PF
treatment and 6.43 gL'l in C. There has been a little
decrease in acidity compared to C vines, but this value
was not a significant level statistically. Likewise, no
difference was detected in pH values. The maturity
index increased significantly in PF treated grapevines
due to the increase in T'SS. While the maturity index
was 30.30% in C, it increased to 35.28% in PF

treatment. Similar results have been obtained in many
of the previous studies. Song et al. (2012) stated that
particle film treatment in Merlot did not make a
statistical difference on the TSS, pH, titratable acidity
and maturity index at different irrigation levels. The
results of Coniberti et al. (2013) also indicated that
ripeness parameters of Sauvignon Blanc did not
change in the combination of leaf removal and particle
film treatment. However, in Muscat of Hamburg,
particle film and leaf removal combination increased
the TSS, but it did not affect titratable acidity (Kok and
Bal 2017).

Table 4. Effects of PF treatment on ripeness parameters of cv. Trakya Ilkeren
Cizelge 4. PF uygulamasinin Trakya Illkeren ¢esidinde olgunluk parametrelerine etkisi

Ripeness parameters PF C Significance
(Olgunluk parametreleri) (Onem diizeyi)
TSS (°Bx) (SCKM (Bx)) 20.68 + 0.46° 19.45 + 0.27" *
pH (pH) 3.28 + 0.03 3.22 + 0.06 NS
Titratable acidity (gLY) (7itrasyon asitligi (gL) 5.89 + 0.02 6.43 + 0.03 NS
Maturity index (%) (Olgunluk indisi (%)) 35.28 +1.102 30.30 + 0.81) *

In each line, * represents statistically significant differences among the PF and C (p<0.05).
(Ayni satirda * PF ve K arasinda istatistik diizeyde farklilig1 ifade etmektedir) (p<0.05).

NS: Not significant (Onemli degil)
PF: Particle film treatment (Partikiil Film Uygulamasi)
C: Control (Kontrol-K)

CONCLUSION

In this study, it was determined that kaolin particle
film treatment in cv. Trakya Ilkeren had positive
effects on the cluster size and berry skin color
intensity. The increase in cluster weight and length
was considered as an important result in terms of
improving physical characteristics of cv. Trakya
Ilkeren that early ripening table grape -cultivar
growing in the hot and dry region. An improvement
was achieved in berry skin color intensity, which was
a factor that increases the value of fresh consumption.
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This improvement was a result of the regulated
anthocyanin biosynthesis via PF treatment that was
mentioned in previous studies (Brillante et al. 2016;
Canturk et al. 2019). However, the effects of PF
treatment on yield and the physical measurements of
berries were found to be limited. Increasing the total
soluble solid, which i1s an important maturity
parameter, was evaluated as a noticeable result.
Considering the findings obtained in the study, it was
concluded that particle film treatment contributed to
the improvement of table grape characteristics in cv.
Trakya Ilkeren grown in hot and dry conditions.
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OZET

Bu ¢alisma ¢im alanlarin tesisinde en ¢ok kullanilan ¢im tiirlerinden
biri olan ¢ok yillik Lolium perenne L.nin 4 farklh ¢esidinin kurakhik
stresine toleransinin belirlenmesi amaciyla gerceklestirilmistir. Bu
amacla Lolium perenne L. ¢esitleri laboratuvar kosullarinda tesadif
parselleri deneme deseninde ve 4 tekerriirli petri denemesi olarak
kuraklik stresi denemelerine alinmigtir. Lolium perenne L.
cesitlerinin kuraklik stresine tepkilerini belirlemek i¢in 0, -0.4, -0.8, -
1.2 ve -1.6 MPa ozmotik basinca sahip Polietilen glikol 6000 (PEG-
6000) soliisyonlar1 kullanilarak kuraklik ortamlar: olusturulmustur.
Aragtirmada Lolium perenne L. c¢esitlerinin ¢imlenme orani,
c¢imlenme indeksi, ortalama ¢imlenme stiresi, sap ve kok uzunlugu,
sap ve kok kuru agirligr incelenmistir. Calisma sonucunda, Lolium
perenne L. gesitlerinin artan kuraklik stresi diizeylerinden olumsuz
etkilendigi ve bu etkinin istatistiksel olarak o6nemli oldugu
belirlenmistir. En yiiksek cimlenme oranm (-0.4 MPa) kuraklik stresi
uygulamasinda Solstice II cesidinde (% 97.5), en diisiik ¢cimlenme
orani (-0.8 MPa) kuraklik stresi uygulamasinda Barminton cesidinde
(%51.5) olarak belirlenmistir. Tiim cesitlerde -1.2 ve -1.6 MPa
kuraklik stresi uygulamalarinda ¢cimlenme olmamagtir. Ayrica Solstic
IT ¢esidinin kurak kogullarda diger cesitlere gore daha iyi ¢imlenme
ve fide gelisimi gosterdigi, bu nedenle kuraklik stresi kogsullarinda
tercih edilebilecegi belirlenmigtir.

ABSTRACT

This study was carried out to determine the drought stress tolerant
varieties of the perennial Lolium perenne L., which is the most used
type of grass in the facility of grass fields. In the study, 4 perennial
ryegrass (Lolium perenne L.) cultivars were used as a plant material.
The experiment was carried out in petri dishes settled in growth
cabinet with according to factorial arrangement of Complete
Randomized Design with four replications. To determine the effect of
of drought stress the doses of 0, -0.4, -0.8, -1.2 ve -1.6 MPa Polietilen
glikol 6000 (PEG-6000) were used in a petri experiments. Germination
percentage, germination index, mean germination time, shoot length,
root length, shoot dry weight and root dry weight were determined.
All investigated traits were adversely affected as increased PEG
doses. All cultivars did not germinate drought stress of -1.2 and 1.6
MPa in petri. The highest germination rate was determined in Solstice
II cultivar in application of (-0.4 MPa) drought stress (97.5%), and the
lowest germination rate was in Barminton cultivar (51.5%) in
application of drought stress of (-0.8 MPa). As a result of the research,
it was determined that the Solstic I variety shows better germination
and seedling development in drought conditions than other varieties,
therefore it can be preferred in drought stress conditions
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Acik yesil alan sistemlerinin 6nemli bir parcasi olan
¢im alanlarin estetik ve ekolojik birgok fonksiyonu
bulunmaktadir. Estetik fonksiyonlari bina ve metal
aksamlar1 yumusatarak hos bir gériiniis olusturmak,
gorinti  kirliligini 6nlemek ve insan yasamini
ferahlatip rahatlama duygusu uyandirmaktir.
Ekolojik fonksiyonlar: ise havay: temizlemek, ortamin
nem ve sicaklik dengesini saglamak, rizgar ve yagis
nedeniyle olusabilecek toprak taginmasini
engellemektir (Kiiciikerbas ve ark., 1997; Yiiksel,
2013; Alkan ve ark., 2019). Cim alanlar, alanin
ozelliklerine gore segilen ¢im tirlerinin, farklh
oranlarda karisimi kullanilarak tesis edilmektedir.
Cim alanlarin tesisinde Lolium perenne L.(ingiliz ¢imi)
basilmaya dayanikli olmasi, orta bir doku olusturmasi
ve sik kardeglenme o0zelliginin tek diize bir orti
olusturmasi o6zellikleri nedeni ile en yaygin ve en
yogun kullanilan bir ¢im bitkisi tiirtdiir (Yazic1 ve
ark., 2014). Cim karigimlari icerisinde genellikle %20-
25 oraninda bulunmaktadir (Avcioglu, 2014). Lolium
perenne L. serin ve sicak mevsim c¢im tiirleri ile
karisimlar olugturabildigi gibi bozulmus ¢im alanlarda
saf olarak ya da Festuca arundinacea (yumak) ve Poa
pratensis (salkim otu) tiirleri ile birlikte iistten
tohumlama icin de kullamilmaktadir (Yilmaz ve
Hurmanli, 2016; Yilmaz ve ark., 2018).

Cim alanlar1 i¢cin en 6nemli bakim islemi kugkusuz
sulamadir (Arslan, 2020). Cim alanlarda sulama ile
bitkilerin optimum diizeyde gelisimi ve homojen
gorintii olusturmasi, gorsel kalite ve standardini
saglamaktadir (Aydinsakir, 2014; Yazici ve ark., 2014).
Guntumizde artan gevre sorunlarina bagh olarak
geligen kiiresel 1s1nma, yagis miktarlarini etkileyerek
su kaynaklar1 tlzerindeki baskiy1 artirmakta,
stirdirilebilirligi tizerinde tehditler olusturmaktadir.
Bu durum ¢im alanlarinin tesisinde ve bakiminda
sulama icin alternatif su kaynaklarinin (aritma suyu,
deniz suyu, bataklik suyu ve atik sular) kullanimini ve
kurakliga dayanikli ¢im  tirlerini giindeme
getirmektedir.

Kuraklik, bitkilerin ¢imlenme ya da ilk gelisme
dénemlerinde ¢imlenmeyi olumsuz etkileyerek birim
alanda yeterli bitki sayisina ulagilmasina engel
olmakta, ihtiya¢ duydugu suyu alamamasi strese
girmesine (Oztiirk, 2015) neden olmaktadir. Kuraklik
stresi, kurak sartlar altinda kok ve yaprak gibi bitki
parcgalarinin morfolojik degisimine neden olmaktadir.
Morfolojik degisimler, genelde yapraklarda
transprasyonla kaybedilen su miktarim1 azaltmaya;
koklerde ise topraktaki suyu daha ytiksek bir kuvvetle
emmeye yoneliktir. Kuraklik stresi altinda ilk olarak
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(Ors ve Ekinci, 2015; Oztiirk, 2015). Kurak sartlarda
fotosentez ve yaprak biylimesi yavaslar, bunun
sonucu olarak fide gelisimi zayiflar ve kuraklik
stresine tepki olarak baz bitkilerde yapraklarin tizeri

sik tiylerle kaplanir ve mumsu bir tabaka olusur
(Kutlu, 2010).

Kuraklik stresine dayanikli ¢im tirlerini belirlemek
icin degisik testler kullanilmaktadir. Kuraklhik
stresine dayamikli tlrlerin belirlenmesinde kok
yogunlugu ve uzunlugu, kok-gévde dagilimi, erken
bliylime glicli ve ¢cimlenme yiizdesi, kullanilan 6lgiitler
olarak kabul edilmektedir (Dhanda ve ark., 2004).

Zhang ve ark., (2018) Agrostis stolonifera (stolonlu
tavus otu)min 23 farkli gesidinin kuraklik stresinde
fide bliytime durumlarinin farklilhik gé6sterdigini,
istatistiksel olarak o6nemli olmamakla Dbirlikte
kuraklik stresi arttikga, sap kuru agirligi, kok kuru
agirligt  ve kok uzunlugunda artis oldugunu
belirlemiglerdir. Kurakhik stresi arttikca, ¢cimlenme
orani azalmakta hatta Lolium perenne L.’ nin Boker ve
Stadion cesitlerinde (-1.2 Mpa) kuraklik diizeyinde
cimlenmenin olmadigi, kuraklik arttikca c¢imlenme
stiresinin uzadigi, sap, kék uzunlugu ve agirhiginin
azaldig1 ve cesitlerinin kuraklik siddetine tepkisinin
farkli oldugu bildirilmistir (Borawska-Jarmutowicz ve
ark., 2017). Cim bitkilerinde calisma yapan
arastirmacilar (Berg ve Zeng, 2006; Rouhi ve ark.,
2011) kurakligin ¢cimlenme ve fide gelisimini olumsuz
etkiledigini, cins ve tiirlerin kurakhiga farkl tepki
gosterdiklerini bildirmiglerdir.

Bu c¢alisma c¢im karisgimlarinda en yiliksek oranda
kullanilan Lolium perenne L.’nin 4 cesidinin farklh
kuraklik diizeylerindeki tepkilerini belirlemek ve
farkli kuraklik stres diizeylerinin ¢imlenme ve erken
fide gelisimi tizerine etkisini belirlemek amaci ile
gerceklestirilmigtir.

MATERYAL ve YONTEM

Caligmanin bitkisel materyalini ¢ok yillik bir ¢im
bitkisi tiirt olan Lolium perenne L. turiine ait gesitler
(Apple GL, Ecologic, Barminton ve Solstice II)
olusturmaktadir. Calismanin yardimci materyallerini
ise kuraklik stresi olusturmak amaci ile kullanilan
(PEG 6000), laboratuvar malzemeleri (petri, otoklav ve
firn vb.) ve bilgisayar programlari (SAS-JMP)
olusturmaktadir. = Calismada  materyal olarak
kullanilacak Lolium perenne.l. ve cesitlerinin genel
ozellikleri;
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Lolium perenne

Dinya’da en c¢ok ve en yaygin olarak kullanilan,
tarihte ilk defa kultiire alinmig, anavatani Asya’nin
gecit bolgeleri ile Kuzey Afrika olan bir ¢im tirtdiir.
Orta dokulu, sik kardesli, sacak koklere sahip, stolon
veya rizom i¢ermeyen, yumak biiyime formuna sahip
uniform bir bitki 6rtisi olusturabilen, ¢ok yillik bir
¢im turudir. Yaprak alt ylizeyinin acgik yesil rengi,
bigmeye uygun siirgiin yapisi ile diger ¢im tirlerinden
kolaylikla ayrilabilmektedir (Avcioglu, 2014). Lolium
perenne cesitlerinin hepsi spor alanlar1 (golf, futbol)
actk yesil alan diizenlemelerinde, rulo ¢im
uygulamalarinda  kullamilmaktadir. Aragtirmada
kullanilan gesitler;

Ecologic: Lolium perenne tiiriinin kirmizi pas ve
yaprak lekesi ve pas hastaligina kars1 dayanikli ¢ok
yiksek kardeslenme ve orta uzun bliylime davranigi
gosteren cesididir.

Apple GL: Pas(Puccinia spp.), c¢okerten (Fusarium
spp.), kahverengi yama hastalig1 (Rhizoctonia solani),
yaprak lekesi (Septoria spp.) gibi bircok hastaliga
toleransa sahip, kardeslenme sayisi ylksek, hizh
biylyen, tuzlu sulama suyuna dayanikl bir ¢esittir.

Barminton: Duigsuik sicaklikta hizli  ¢imlenen,
yipranmaya karsi ¢ok dayanikli ve hasarlanma sonrasi
hazl iyilesen bir ¢esittir.

Solstice II: Kismen koyu yesil renge sahip, hizli ve
kuvvetli biylimeye sahip gorintimi gekici bir gesittir.

Tohum sterilizasyonu ve deneme deseni

Kuraklik denemeleri, laboratuvar ortaminda petride
¢imlenme denemesi olarak kurulmustur. Denemede
kullanilacak tohumlarin sterilizasyonu ekimden 6nce
%1’lik Sodium hypochloride (NaClO) ¢ozeltisinde 10

dakika bekletildikten sonra, steril saf su ile
durulanarak gerceklestirilmigtir.
Cimlenme denemesi tesadif parselleri deneme

desenine gore 4 tekerriirlii ve her tekerrirde 50 adet
tohum olacak sekilde kurulmustur. Denemede 1.
faktor cim cesitleri, 2. faktor ise kuraklik stresleri (0, -
0.4, -0.8 ve -1.2, -1.6 MPa osmotik potansiyel) olarak
ele alinmigtir.

Denemelerin kurulmasi

Denemeler, sterilizasyonu yapilan tohumlar icerisine
2 kat kurutma kagidi serilmis steril petri kaplarinin
(150x15 mm) her birine 50 adet tohum olacak sekilde
yerlestirilerek kurulmustur (Sekil 1). Daha sonra 0, -
0.4, -0.8, -1.2 ve -1.6 MPa osmotik potansiyelde
hazirlanan PEG-6000 soliisyonlar: (her bir petriye 10
ml) olacak sekilde petri kaplarina ilave edilmistir. Bu
sekilde hazirlanan petri kaplar1 25+2 °C’de, 10 gin
boyunca (3 giin karanlik-7 giin aydinlik kosullarda)
¢imlenme kabinlerinde ¢imlendirilmeye birakilmigtir
(ISTA, 1996). Cimlendirme siiresince herhangi bir
besin maddesi kullanilmamisgtir.

Sekil 1. PEG ¢imlenme denemesinden genel bir gérinim
Figure 1. A general view from the PEG germination trial

Incelenen 6zellikler ve hesaplamalar

Cimlenen tohumlar i1k 7 gliin boyunca, her 24 saatte
sayillarak (radikula 2 mm uzamigsa tohum c¢imlenmis
sayllmis) ortalama c¢imlenme zamam (MGT)
belirlenmistir (Ellis ve Roberts, 1980; Akar ve Atis,
2019). Denemenin 7. giin sonunda cimlenme indeksi
Wang ve ark. (2004) ve ortalama cimlenme siiresi
(Ellis ve Roberts, 1980)e gore hesaplanmistir.
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Denemenin 10. giin sonunda koék ve strgin sap
uzunlugu mm olarak 6l¢ilmiis, kok ve surgiinlerin
kuru agirliklar: 6lgilmustir.

Cimlenme Orani (%): 10. giin sonunda c¢imlenen
tohumlar sayilarak, (cimlenen tohum sayisi/toplam
tohum sayis1) x 100 formiilii ile cimlenme oranmi %
olarak hesaplanmistir (Akinci ve Caligkan, 2010).

Cimlenme Indeksi (GI): Her giin ¢imlenen tohum
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oraninin(Gi), sayim giinlerine(Tt) béliinmesiyle
(GI=X(Gi/Tt) formiilii ile bulunmustur (Wang ve ark.,
2004).

Ortalama Cimlenme Siiresi (MGT): Cimlenen tohum
sayisi(f) ile cimlenme giin saywisi(x) carpimlar
toplaminin  toplam ¢imlenen tohum sayisina
boliinmesi (MGT=X(fx)/Zf) formiilii ile elde edilen
deger ortalama ¢imlenme siiresi olarak hesaplanmigtir
(Ellis ve Roberts, 1980).

Kok ve Sap Uzunlugu (mm): Fide boyu élciilen
bitkilerde kok uzunlugu milimetrik cetvelle 6l¢tulerek
belirlenmigstir. Deneme sonunda tesadiif olarak secilen
10 bitkinin sap uzunlugu milimetrik cetvelle 6l¢tilerek
belirlenmigtir.

Kok ve Sap Kuru Agirhig1 (mg): Yas agirlik belirlenen
kokler 70 9C hava dolagiml firinda duragan agirhiga
gelinceye kadar kurutulduktan sonra hassas terazide
tartilarak kuru agirhiklari(mg bitki-1) belirlenmistir.

Verilerin istatiksel analizi

Elde edilen veriler SAS-JMP istatistik paket programi
kullanilarak tesadif parselleri deneme desenine gore
varyans analizi yapilmigtir. F testi yapilarak
farklhihiklar1 tespit edilen o6zelliklerin  ortalama
degerleri, Tukey (P<0.05) ¢oklu karsilastirma testine
gore gruplandirilmigtir. Degerlendirme kuraklik stres
diizeyleri ve cesitler bazinda ayr1 ayri yapilmis ve
yorumlanmigtir.

BULGULAR ve TARTISMA

Cimlenme denemeleri; sonucunda Lolium perenne L.
cesitlerinin kuraklik streslerine farkl tepki verdikleri
belirlenmistir (Cizelge 1). Cesitlere bagh olarak
belirlenen ortalama cimlenme oranlar: (% 47.3) ile (%
58.5) arasinda degismistir. En yiiksek ortalama
¢imlenme orami Solstice II(%58.5) ve istatistiksel
olarak ayni grubta yer alan Ecologic (%55.7)de
gorilmustir. Bunu istatistiksel olarak farkli grupta
olan Apple(% 51.2) cesidi izlemistir. En diisiik
ortalama cimlenme oranmi ise Barminton(% 47.3)
gesidinde gerceklegmistir.

Kuraklik stres diizeyi(-1.2MPa) ve (-1.6 MPa)
uygulamasinda, tim gesitlerde hi¢ ¢cimlenme olmadig:
tespit edilmistir (Cizelge 1). Elde edilen bulgular
Rouhi ve ark. (2011) bugdaygil yem bitkileriyle yapmis
oldugu farkli kuraklik stresi arastirmasinda, (-1.2
MPa) uygulamas: ve (Balkan ve Genctan 2013)7in
bugdayda (-1.6 MPa) stres uygulamasinda
¢imlenmenin olugsmadigi bulgular1 ile paralellik
gostermektedir. Tium c¢esitlerde kuraklik stresinin
artmasina bagh olarak ¢imlenme oranlarinda azalma
oldugu belirlenmistir(Cizelge 1). Farkl bitki tiir ve
cesitlerle yiiriitilen arastirmalarda (Ahmad ve ark.
2009; Giurbiiz ve ark., 2009; Khayatnezhad ve
Gholamin, 2011; Khodarahmpour, 2011; Castroluna ve
ark., 2014; Carpict ve Erdel, 2015; Borawska-
Jarmulowicz ve ark., 2017) kuraklik stresine bagh
olarak ¢imlenme oraninda azalma oldugunu
bildirilmistir.

Cizelge 1. Farkh kuraklik stresi uygulanan cok yillik cim cesitlerinde belirlenen cimlenme oranlari (%) degerleri
Table 1. Effects of different drought stress on germination rate (%) of some perennial ryegrass cultivars

KuraklikStresDiizeyi Lolium perenne L. Cesitleri (Cultivars)
(Drought stress level)
PEG (MPa) Apple GL+SE EcologictSE ~ Barminton+SE Solstice II+SE Kurak.Ort.+SE
(Dry average)
0 94.5+0.96 abc+ 97.5+1.26ab  96.5+0.50 ab 100.0+0.00 a 97.1+0.63 A++
-0.4 85.5+2.22 cd 96.0+0.82 ab  88.5+3.30 bed  97.5+0.50 ab 91.9+1.59 B
-0.8 76.0+3.37 e 85.0£5.07de 51.5+1.71f 95.0+1.29 ab 76.9+4.40 C
-1.2 0.0+0.00 g 0.0£0.00g  0.0+0.00 g 0.0£0.00 g 0.0£0.00 D
- 1.6 0.040.00 g 0.0640.00g  0.040.00 g 0.0+£0.00 g 0.0£0.00 D
Cesit Ort. 58E o) o 9 71 B4+ 55741052 A 47.349.54 C  58.5+10.97 A

(Variety average)

+ Ayni stitun ve satir igerisinde benzer harfle gosterilen sayilar Tukey testine gore %5 hata sinirlar: igerisinde birbirinden farksizdir.
++ Ayni siitun igerisinde benzer harfle gosterilen sayilar Tukey testine gore %5 hata sinirlari igerisinde birbirinden farksizdir.
+++ Ayni satir igerisinde benzer harfle gésterilen sayilar Tukey testine gére %5 hata sinirlar: igerisinde birbirinden farksizdir.

SE Standart error

Cesit x kuraklik stresi interaksiyonunun c¢imlenme
oranina ait ortalama degerler Cizelge 1’de verilmisgtir.
En yiiksek ¢cimlenme orani Solstice II (% 100) ¢esidinin
kontrol uygulamasinda gérilmiistir. Tim gesitlerde
(1.2MPa) ve (-1.6MPa) kuraklik stres diizeylerinde hic
cimlenme olmamistir. (0.8 MPa) kurakhk stres
diizeyinde Barminton c¢esidi (%51.5) en diisiik
cimlenme orani, Solstice II cesidi (%95) en yiiksek
¢cimlenme oranina sahip oldugu tespit edilmigtir
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(Cizelge 1). Arastirmada kullanmilan biitiin cesitlerde
uygulanan kuraklik stres diizeyine bagh olarak
¢imlenme oranminda duslis oldugu belirlenmigtir.
Ancak Solstice II c¢esidinde diger cesitlere gore
¢imlenme oranindaki azalmanmin daha diigik oldugu
tespit edilmistir. Cesitlerin artan kuraklik stresine
farkli tepki goOstermesi interaksiyonunun o6nemli
¢itkmasina neden olmustur.

Cimlenme indeksine iligkin veriler Cizelge 2’de
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verilmigtir. Cesitlere bagh olarak belirlenen ortalama
cimlenme indeksi (5.1) ile (9.5) arasinda degismistir.
En yiiksek cimlenme indeksi Solstice II (% 9.5)
cesidindedir. Bunu istatistiksel olarak farkli grupta
olan Ecologic (% 7.9) cesidi izlemistir. En diisiik
cimlenme indeksi (% 5.1) ile Barminton cesidinde
oldugu tespit edilmigtir. Cimlenme indeksinin Solstice
IT gesidinde yliksek olmasi bu ¢esidin kurakhiga daha
toleransh oldugu ortaya koymaktadir.

Farkli kuraklhik stres dlzeylerinde Dbelirlenen
¢imlenme indeks degerlerine ait ortalama degerler
Cizelge 2’de verilmigtir. Kuraklik stres diizeyine bagh
olarak cimlenme indeksi (0.0) ile (% 13.6) arasinda
degismistir. Kontrol uygulamasi ile(-0.4 MPa)

kuraklik uygulamasi arasinda istatistiksel olarak
farklihk bulunmamasina ragmen, artan kuraklhk
stresine bagli olarak c¢imlenme indeksinde azalma
oldugu, hatta (-1.2MPa) ve (-1.6 MPa) kuraklk
stresinde hi¢ ¢imlenme olmadig1 tespit edilmistir.
Lolium perenne L.(ingiliz ¢imi) ve Poa pratensis (¢cayir
salkim otu)nda yapmis oldugu kuraklik stresi
uygulamasinda Borawska-Jarmulowicz ve ark. (2017)
(-1.2 MPa) uygulamasinda c¢imlenmenin olmadiginm
bildirmektedir. Cimlenme indeksindeki disus
tohumlarin hem oransal olarak ¢imlenme yeteneginin
azaldigini, hem de c¢imlenme siiresinin uzadigini
gosterir. Kuraklik stres diizeyindeki artis ¢imlenme
indeksinde azalmaya neden olmustur. Benzer bulgular
Giirbiiz ve ark (2009) tarafindan bildirilmistir.

Cizelge 2. Farkli kuraklik stresi uygulanan Lolium perenne L. ¢esitlerinde belirlenen ¢imlenme indeksi degerleri
Table 2. Effects of different drought stress on germination index of some perennial ryegrass cultivars

Kuraklik stres diizeyi

Lolium perenne L. cesitleri (Cultivars)

(Drought stress level)
PEG(MPa) Apple GL+SE EcologictSE ~ Barminton+SE Solstice II+SE  Kurak.Ort.+=SE
(Dry average)
0 12.0+0.28 de+ 14.8+0.14 ¢ 11.1+0.12 ef 16.5+0.15 ab 13.6+0.56 A++
-04 10.6+0.28 fg 15.24+0.46 bc 9.6£0.40 g 17.5+0.44 a 13.2+0.86 A
-0.8 7.4£0.27h 9.5+0.46 g 4.6+0.221 13.3+0.44 d 8.7+0.83 B
-1.2 0+0.00 j 0+0.00 j 0+0.00 j 0+0.00 j 0+0.00 C
- 1.6 0+0.00 j 0+0.00 j 0+0.00 j 0+0.00 j 0+0.00 C
Cesit OrtalamasisSE ¢ 1 16 04es 7951568 5.11.07D 9.5+1.81 A
(Variety average)

+ Ayni stitun ve satir igerisinde benzer harfle gosterilen sayilar Tukey testine gore %5 hata sinirlar: igerisinde birbirinden farksizdir.
++ Ayni siitun igerisinde benzer harfle gosterilen sayilar Tukey testine gore %5 hata sinirlar: igerisinde birbirinden farksizdir.
+++ Ayni satir igerisinde benzer harfle gosterilen sayilar Tukey testine gére %5 hata sinirlar: igerisinde birbirinden farksizdir.

SE Standart error

Cesit x kurakhik stres diizeyi interaksiyonunun
¢imlenme indeksi degerleri ve olusan gruplar Cizelge
2'de goriillmektedir. En yiiksek cimlenme indeksi (-0.4
MPa) kurakhk stres diizeyinde Solstice II (%17.5)
cesidinde goriilmiistiir. En diisiik ¢imlenme indeksi (-
0.8 MPa) kurakhk stresinde Barminton (%4.6)
cesidinde tespit edilmistir. Arastirmada kullanilan
Solstice II ve Ecologic cesitleri uygulanan kuraklik
stresi diizeyine baglh olarak ¢cimlenme indeksinde (-0.4
MPa) kuraklik uygulamasinda istatistiksel olarak
onemli olmayan artis gozlemlenmistir (Cizelge 2).
Kuraklik stresi arttikca, kurakhiga baglh olarak
¢imlenme indeksinde azalma olmustur. Cesitlerin

kuraklik stresine farkl tepki gostermesi
interaksiyonunun 6nemli ¢ikmasina neden olmustur.
Lolium perenne L. c¢esitlerinde farklh kuraklik

diizeylerinde belirlenen ortalama ¢imlenme siiresine
ait ortalama degerler Cizelge 3'de verilmistir.
Cesitlere bagh olarak belirlenen ortalama c¢imlenme
siiresi (2.0 giin) ile (3.1 giin) arasinda degismektedir
(Cizelge 3). En uzun ortalama c¢imlenme siiresi
Barminton (3.1 giin) c¢esidinde belirlenirken, bunu
istatistiksel olarak farkli grupta olan Apple GL (2.8
giin) cesidi izlemektedir. En diisiik ortalama ¢imlenme
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siiresi (2.0 giin) ile Solstice II ¢esidi, en kisa ¢imlenme
stiresi nedeniyle kuraklik stresine toleranslh oldugu
tespit edilmigtir. Farkli bitki tir ve c¢esitlerle
yiriitiilen aragtirmalarda (Balkan ve Gengtan, 2013;
Glrbtiz ve ark., 2015; Borawska-Jarmulowicz ve ark.,
2017) kuraklik stresinin farkli tiir ve cesitlerde
ortalama ¢imlenme siiresine, farkh tepkilere yol agtig1
tespit edilmigtir.

Farklh kuraklik stresinde belirlenen ortalama fide
¢ikig sliresi degerleri ve Tukey testine goére olusan
gruplar Cizelge 3’de verilmigtir Kurakliga bagli olarak
ortalama cimlenme siiresi (0.0) ile (5.0) arasinda
(Cizelge 3) degismektedir. Artan kurakhk stresi
diizeyine bagh olarak ortalama ¢imlenme slresi de
uzamaktadir. Kuraklik stres diizeyi (-0.8 MPa)ne
kadar ortalama ¢imlenme suresinde artis oldugu,
fakat (-1.2 MPa) ve (-1.6 MPa) kuraklik stresi
diizeyinde hi¢ ¢imlenme olmadigi tespit edilmistir.
Kuraklik stres diizeyinin artmasina (0.8MPa diizeyine
kadar) bagh olarak ortalama cimlenme siiresindeki
artig, tohumlarin ¢cimlenme yeteneginin kuraklik stres
diizeyine gore azaldigini, hem de ¢imlenme siiresinin
uzadigim goéstermektedir. Kuraklik stresindeki artig
ortalama c¢imlenme siliresinin artmasina neden
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olmustur. Benzer bulgular (Okcu ve ark., 2005;
Gurbuz ve ark., 2009; Balkan ve Gengtan, 2013;

Borawska-Jarmulowicz ve ark., 2017) tarafindan

bildirilmigtir.

Cizelge 3. Farkli kuraklik stresi uygulanan Lolium perenne L. gesitlerinde belirlenen ortalama ¢imlenme stiresi

(giin) degerleri

Table 3. Effects of different drought stress on germination time (day) of some perennial ryegrass cultivars

Kuraklik Stresi Diizeyi

Lolium perenne L. Cesitleri (Cultivars)

(Drought stress level)
PEG (MPa) Apple GL=SE  EcologictSE Barminton+SE Solstice II+tSE ~ Kurak.Ort.+SE

(Dry average)
0 4.1+0.08 f+ 3.4+0.07 gh 4.5+0.05 de 3.1+0.041 3.8+0.14 C++

-04 4.4+0.09 e 3.56+40.13 g 5.0+0.07 ¢ 3.1£0.07 la 4.0+0.20 B

-0.8 5.4+0.06 b 4.7+0.07 cd 5.7£0.08 a 4.0£0.07 f 5.0£0.17 A

1.2 0.0£0.00 j 0.0£0.00 j 0.0£0.00 j 0.0£0.00 j 0.0£0.00 D

- 1.6 0.0£0.00 j 0.020.00 j 0.0£0.00 j 0.020.00 j 0.0£0.00 D

(Ces’.lt Ort.£S1 2.840.53 B+++ 2.3:0.45C  3.1:0.58 A 2.0+0.39 D
Variety average)

+ Ayni stitun ve satir icerisinde benzer harfle gosterilen sayilar Tukey testine gore %5 hata sinirlar: igerisinde birbirinden farksizdir.
++ Ayni siitun igerisinde benzer harfle gosterilen sayilar Tukey testine gore %5 hata sinirlar: igerisinde birbirinden farksizdir.
+++ Ayni satir igerisinde benzer harfle gosterilen sayilar Tukey testine gére %5 hata sinirlar: igerisinde birbirinden farksizdir.

SE Standart error

Cesit x kuraklik stresi interaksiyonunun ortalama
c¢imlenme siiresi degerleri ve Tukey testine gore olusan
gruplar Cizelge 3’de verilmistir. Ortalama c¢imlenme
siiresi en uzun Barminton (5.7 giin) cesidinde (-0.8
MPa) kuraklik stresi diizeyinde, en diisiik ortalama
cimlenme siiresi Solstice II (3.1 giin) ¢esidinde kontrol
uygulamasinda  tespit  edilmistir. Arastirmada
kullanilan Solstice II (4 giin) cesidinde kuraklik
stresine ragmen erken cimlenme olurken, Barminton
cesidinde ortalama c¢imlenme siiresindeki artis daha
fazladir. Cesitlerin uygulanan kuraklik stresine,
ortalama ¢imlenme siresi bakimindan farkh tepki
gostermesi interaksiyonunun 6nemli ¢itkmasina neden
olmustur.

Lolium perenne L. cesitlerinde farklhi kuraklik
dizeylerinde belirlenen kok uzunlugu degerleri ve
Tukey testine gore olusan gruplar Cizelge 4’de
verilmistir. Cegsitlere bagli olarak belirlenen kok
uzunlugu (18,04 mm) ile (35,32 mm) arasinda
degismistir (Cizelge 4). Kok uzunlugu en yiiksek
Solstice I1(35.32mm) cesidinde olup bunu istatistiksel
olarak farkli grupta olan Ecologic (26.71mm) cesidi
izlemistir. En diisitk kok uzunlugu (18,04 mm) ile
Apple GL g¢esidindedir. Bunu istatistiksel farklihik
olmayan (21,96 mm) ile Barminton cesidinin izledigi
tespit edilmigtir. Farklhi bitki tir ve c¢esitlerle
yiiriitillen aragtirmalarda (Berg ve Zeng, 2006; Giirbiiz
ve ark., 2009; Khodarahmpour, 2011; Castroluna ve
ark., 2014; Carpict ve Erdel, 2015, Borawska-
Jarmutowicz ve ark., 2017) kuraklik stresi bakimindan
farkli tir ve cesitlerin, ortalama ¢gimlenme silresine
farkh tepki gosterdikleri bildirilmigtir.

Farkli kuraklik stres diizeylerinde belirlenen kok
uzunlugu degerleri ve Tukey testine gore olusan
gruplar Cizelge 4’de verilmigtir Kurakhiga bagh olarak
kok uzunlugu (0.0) ile (45.48 mm) arasinda
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degismistir. Artan kuraklik stresi diizeyinin (-0.4
MPa)'a cikmas1 kék uzunlugunda kontrole gére
istatistiksel olarak 6nemli olmayan bir artisa neden
olmus, kuraklik stresinin (-0.8 MPa)’a ¢ikmasi ise kok
uzunlugunda énemli azalmaya neden olmus, fakat (-
1.2MPa) ve (-1.6 MPa) kuraklik stres diizeyinde,
¢imlenme olmadig1 tespit edilmistir. Kuraklik stres
diizeyindeki artig kok uzunlugunda azalmaya neden
olmustur. Benzer bulgular (Giirbiiz ve ark., 2009;
Khodarahmpour, 2011; Balkan ve Gengtan, 2013;
Borawska-Jarmulowicz ve ark., 2017) tarafindan
bildirilmistir.

Cesit x kuraklik stresi interaksiyonunun ortalama kok
uzunlugu degerleri ve Tukey testine gore olusan
gruplar Cizelge 4.de verilmigtir. Cimlenmenin
gerceklestigli uygulamalar arasinda, en uzun kok
Solstice II c¢esidinin kontrol uygulamasinda, en kisa
kok uzunlugu Barminton ve Apple GL cesitlerinde (-
0.8 MPa) uygulamasinda tespit edilmistir.
Aragtirmada kullanilan Solstice II gesidinde kuraklik
stres diizeyine bagl olarak kék uzunlugunda (0.4
MPa) kuraklik stresinde kontrole gére azalma olurken,
diger cesitlerde kék uzunlugunda artis olmus, (-0.8
MPa) uygulamasinda ise kok uzunlugunda azalma
olmustur. Cesitlerin uygulanan kuraklik stresine, kék
uzunlugu bakimindan farkli tepki gostermesi
interaksiyonunun 6nemli ¢itkmasina neden olmustur.

Lolium perenne L. gesitlerinde farkhi kurakhk
diizeylerinde belirlenen sap uzunlugu degerleri ve
Tukey testine goére olusan gruplar Cizelge 5'de
verilmigtir. Cesitlere bagh olarak belirlenen sap
uzunlugu (25.33 mm) ile (35.15 mm) arasinda
degismistir. En yiiksek sap uzunlugu Solstice II (35.15
mm) cesidinde bunu istatistiksel olarak farkli grupta
olan Ecologic (29.46 mm) cesidi izlemistir. En diisiik
sap uzunlugu (25.33 mm) ile Apple GL cesidinde, bunu
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istatistiksel olarak farklilik olmayan (27.05 mm) ile
Barminton gesidinin izledigi tespit edilmigtir. Farkl
bitki tir ve cesitlerle yiritilen arastirmalarda
(Khayatnezhad ve Gholamin, 2011; Khodarahmpour,
2011; Rouhi ve ark., 2011; Castroluna ve ark., 2014;

Carpici ve Erdel, 2015 ve Borawska-Jarmulowicz ve
ark., 2017) kuraklik stresi bakimindan farklh tiir ve
gesitlerin sap uzunluguna farkh tepki gosterdikleri
bildirilmigtir.

Cizelge 4. Farklh Kuraklik stresi uygulanan Lolium perenne L. cesitlerinde belirlenen kok uzunluguna (mm)

degerleri

Table 4. Effects of different drought stress on root length (mm) of some perennial ryegrass cultivars

Kuraklik Stresi Diizeyi

Lolium perenne L. Cesitleri (Cultivars)

(Drought stress level)
PEG (MPa) Apple GLESE Ecologic+SE BarmintontSE  Solstice II+SE Kurak.Ort.+SE
(Dry Average)
0 25.88+0.32 f+ 42.77+2.81 de 38.02+3.38 def  63.82+5.40 a 42.62+3.87AB++
-04 34.78+3.68 ef 47.35+2.67 bed  43.95+2.33 cde 55.85+4.78 abc  45.48+2.50 A
-0.8 29.55+1.53 f 43.43+1.57 cde 27.83+2.35f 56.95+2.53 ab 39.44+3.18 B
1.2 0.00+0.00 g 0.00+0.00 g 0.00+0.00 g 0.00+£0.00 g 0.00+0.00 C
- 1.6 0.00+0.00 g 0.00+0.00 g 0.00+0.00 g 0.00£0.00 g 0.00£0.00 C
Cesit Ort-A8E g 01 351 Cra+ 267145078 21.9644.36 C  35.3246.78 A
(Variety average)

+ Ayni slitun ve satir igerisinde benzer harfle gosterilen sayilar Tukey testine gore %5 hata sinirlar: igerisinde birbirinden farksizdir.
++ Ayni siitun igerisinde benzer harfle gosterilen sayilar Tukey testine gére %5 hata sinirlari igerisinde birbirinden farksizdir.
+++ Ayni satir icerisinde benzer harfle gosterilen sayilar Tukey testine gére %5 hata sinirlar: igerisinde birbirinden farksizdir.

SE Standart error

Kurakliga baglh olarak sap uzunlugu (0.00) ile (54.42
mm) arasinda degismistir(Cizelge 5). Artan kuraklik
stresine baghh olarak sap uzunlugu (-0.8 MPa)
uygulamasina kadar azalma oldugu fakat (-1.2 MPa)
ve (-1.6 MPa) kuraklik stres diizeyinde hi¢ ¢cimlenme
olmadigi tespit edilmistir. Kuraklik stresindeki artisin
sap uzunlugunda azalmaya neden oldugu bazi
arastiricilar (Almansouri ve ark., 2001; Beng ve Zeng,
2006; Khodarahmpour, 2011; Borawska-Jarmulowicz
ve ark., 2017) tarafindan da bildirilmistir.

Cesit x kuraklik stresi interaksiyonunun sap uzunlugu
degerleri ve Tukey testine gore olusan gruplar Cizelge
5’de verilmigtir. Cimlenme gergeklesen uygulamalar
arasinda sap uzunlugu en yliksek Solstice II
(66.53mm) cesidine kontrol uygulamasinda, en diisiik
sap uzunlugu Barminton (31.85mm) ve Apple GL
(32.28mm) cesitlerinde (-0.8 MPa) uygulamasinda
tespit edilmigtir.

Cizelge 5. Fakl kuraklik stresi uygulanan Lolium perenne L. cesitlerinde belirlenen sap uzunlugu (mm) degerleri
Table 5. Effects of different drought stress on shoot length (mm) of some perennial ryegrass cultivars

Kuraklik Stresi Diizeyi

Lolium perenne L. Cesitleri (Cultivars )

(Drought stress level)
PEG (MPa) Apple GL+SE EcologictSE BBarminton+SE Solstice II+SE I(%lrak.Ort.iSE
ry average)
0 48.38+0.21 d+ 51.98+2.29cd 50.80+1.81cd 66.53+0.84 a 54.42+1.96A++
-04 46.00+£2.20 de 56.55+0.91 bc  52.60+1.96 cd 60.25+3.90 ab 53.85+1.76 A
-0.8 32.28+0.52 f 38.78+1.92 ef 31.85+0.98 f 48.95+1.73 d 37.96+1.89 B
-1.2 0.00+0.00 g 0.00+0.00 g 0.00+0.00 g 0.00+0.00 g 0.00+0.00 C
-1.6 0.00+0.00 g 0.00+0.00 g 0.00+0.00 g 0.00+0.00 g 0.00+0.00 C
( Cesit OrtSE o0 g, 4 03 C44+  2046:571B  27.0545.36 BC  35.15:6.75 A
Variety average)

+ Ayni stitun ve satir igerisinde benzer harfle gosterilen sayilar Tukey testine gore %5 hata sinirlar: igerisinde birbirinden farksizdir.
++ Ayni siitun igerisinde benzer harfle gésterilen sayilar Tukey testine gére %5 hata sinirlar: igerisinde birbirinden farksizdir.
+++ Ayni satir igerisinde benzer harfle gosterilen sayilar Tukey testine gore %5 hata sinirlar: igerisinde birbirinden farksizdir.

SE Standart error

Arastirmada kullanilan Solstice II ve Apple GL
cesitlerinde kuraklik stresine bagli olarak sap
uzunlugunda azalma olurken, diger cesitlerde (-0.4
MPa) kuraklik stresinde sap uzunlugunda artis olmus,
(-0.8 MPa) uygulamasinda tiim cesitlerin sap
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uzunlugunda azalma olmustur. Cesitlerin uygulanan
kuraklik stresine sap uzunlugu bakimindan farkl
tepki gostermesi interaksiyonunun énemli gikmasina
neden olmustur.

Lolium perenne L. cesitlerinde farkli kurakhk
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diizeylerinde belirlenen kék kuru agirlig: degerleri ve
Tukey testine gore olusan gruplar Cizelge 6'de
verilmigtir. Cesitlere bagl olarak belirlenen kék kuru
agirhigr (0.95 mg) ile (1.54 mg) arasinda degismistir.

En yiksek kék kuru agirhigr Solstice II(1.54 mg)
cesidinde en disik kok kuru agirhigi Apple GL(
0.95mg) cesidinde, bunu istatistiksel olarak farklilik

olmayan ile Ecologic (1.07mg) ve. ile
Barminton(1.14mg) cesitleri izlemistir. Farkl bitki tiir
ve cesitlerle yurutilen arastirmalarda, birgok
arastirmaci (Rouhi ve ark., 2011; Borawska-
Jarmutowicz ve ark., 2017) kuraklik stresinin farkl
tur ve gesitlerde kok kuru agirligi bakimindan farkh
tepki gosterdikleri bildirilmigtir.

Cizelge 6. Fakh kuraklik stresi uygulanan Lolium perenne L. cesitlerinde belirlenen kék kuru agirhk (mg)

degerleri

Table 6. Effects of different drought stress on rood dry weight (mg) of some perennial ryegrass cultivars

Kuraklik Stresi Diizeyi

Lolium perenne L. Cesitleri (Cultivars)

(Drought stress level)
PEG(MPa) Apple GLESE  Ecologic+SE BarmintontSE Solstice II+SE  Kurak.Ort.+SE

(Dry average)
0 1.36+0.28 d+  1.45+0.10d 1.60+0.10 cd 1.82+0.16 cd 1.56+0.09 C++

-04 1.42+0.15d 1.78+0.15 cd 1.894+0.12 cd 2.78+0.14 ab 1.97+0.14 B

-0.8 1.98+0.16 cd 2.12+0.09 ¢ 2.23+0.16 be 3.08+0.24 a 2.35+0.14 A

-1.2 0.00+0.00 e 0.00+£0.00 e 0.00£0.00 e 0.00£0.00 e 0.00+0.00 D

-1.6 0.00+0.00 e 0.00+0.00 e 0.00£0.00 e 0.00£0.00 e 0.00+0.00 D

Cesit Ort.=SE 0.95+0.20
(Variety average) B+++ 1.07+0.21 B 1.14+0.22 B 1.54+0.31 A

+ Ayni stitun ve satir icerisinde benzer harfle gosterilen sayilar Tukey testine gore %5 hata sinirlar: igerisinde birbirinden farksizdir.
++ Ayni siitun igerisinde benzer harfle gosterilen sayilar Tukey testine gore %5 hata sinirlari igerisinde birbirinden farksizdir.
+++ Ayni satir igerisinde benzer harfle gosterilen sayilar Tukey testine gére %5 hata sinirlar: igerisinde birbirinden farksizdir.

SE Standart error

Farkli kuraklik stresi diizeylerinde belirlenen kok
kuru agirligr degerleri ve Tukey testine gore olusan
gruplar Cizelge 6’de verilmistir. Kurakliga bagh
olarak kok kuru agirligi (0.00) ile (2.35 mg) arasinda
degismistir. Artan kuraklik stresine bagl olarak kok
kuru agirhginda artis olmustur. Zhang ve ark. (2018)
23 farklh Agrostis stolonifera (stolonlu tavus otu)
cesitlerinin kuraklik kogullarinda fide buylimesindeki
farklhiliklari, kurakhk siddeti arttikca kok kuru
agirliginda kontrole gére (-0.3 MPa) uygulamasinda {i¢
kat, (-0.6 MPa) uygulamasinda ise iki kat artis
oldugunu bildirmigstir. Bitkiye su ve besin maddesi
saglayabilmek, kokiin kitlesel artisina neden
olmustur. Benzer bulgular (Kaya ve ark., 2006; Balkan
ve Genctan, 2013; Castroluna ve ark., 2014) tarafindan
bildirilmistir.

Cesit x kuraklik stresi interaksiyonunun koék kuru
agirhgr degerleri ve Tukey testine gore olusan
gruplara ait ortalama degerler Cizelge 6.da
verilmigtir. Kék kuru agirlign en yliksek Solstice II
(3.08 mg) cesidine (-0.8 MPa) uygulamasinda, en
diisik kok kuru agirlhigr kontrol uygulamasinda Apple
GL (1.36mg) cesidinde tespit edilmistir. Arastirmada
kullanilan gesitlerde kuraklhik stresine bagh olarak
kok kuru agirhginda artma olmakta ancak bu artma
cesitlere gore degiskenlik gostermektedir. Cesitlerin
uygulanan kurakhik stresine kok kuru agirlign
bakimindan farkl tepki gostermesi interaksiyonunun
onemli gitkmasina neden olmusgtur.

Lolium perenne L. cesitlerinde farklhh kuraklik
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diizeylerinde belirlenen sap kuru agirligi degerleri ve
Tukey testine goére olusan gruplar Cizelge 7da
verilmistir. Cesitlere bagh olarak belirlenen sap kuru
agirhigi (0.40 mg) ile (0.74 mg) arasinda degismistir
(Cizelge 7). En yiiksek sap kuru agirlign Solstice II
(0.74 mg) cesidinde, en diisiik sap kuru agirhig1 (0.40
mg) ile Apple GL cesidi izlemistir Farkl bitki tiir ve
cesitlerle yiiriitiillen arastirmalarda (Rouhi ve ark.,
2011; Castroluna ve ark., 2014; Borawska-
Jarmulowicz ve ark., 2017; Zhang ve ark., 2018)
kuraklik stresinin, farkli tir ve gesitlerde sap kuru ve
yas agirligr bakimindan farkli tepki gosterdikleri
bildirilmistir.

Kurakliga bagl olarak sap kuru agirligi (0.00) ile (1.06
mg) arasinda (Cizelge 7) degismistir. Artan kuraklik
stresine baglh olarak sap kuru agirliginda (-0.4 MPa)
uygulamasinda artma olmustur. Ancak kontrole gore
istatistiksel olarak aymi grupta oldugu, (-0.8 MPa)
uygulamasinda ise sap kuru agirliginda artig oldugu
goriilmistir. Kuraklik stresindeki artis sap kuru
agirliginda artmaya neden olmustur. Zhang ve ark.
(2018) 23 farklh Agrostis stolonifera cesitlerinin
polietilen glikol kaynakli kuraklik kogullarinda fide
bliylimesindeki kuraklik siddeti arttikga sap kuru
agirligi istatiksel olarak O6nemli olmamakla birlikte
kontrole gore (-0.3 MPa) arttigi ancak, (-0.6 MPa)
kuraklik siddetinde azaldig, tespit edilmistir. Benzer
bulgular baz1 arastiricilar (Okcu ve ark., 2005; Kaya ve
ark., 2006; Balkan ve Genctan, 2013; Ahmad ve ark.,
2009) tarafindan da bildirilmistir.
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Cizelge 7. Farkli kuraklik stresi uygulanan Lolium perenne L. cesitlerinde belirlenen sap kuru agirhk (mg)

degerleri

Table 7. Effects of different drought stress on shoot dry weight (mg) of some perennial ryegrass cultivars

Kuraklik StresDiizeyi

Lolium perenne L. Cesitleri (Cultivars)

(Drought stress level)
PEG (MPa) Apple GLESE Ecologic+SE Barminton+SE  Solstice II+SE I({urak.Ort.iSE
Dry average)

0 0.69+0.03 de+ 1.144+0.13 abc  0.84+0.17 b-e 1.044+0.14 bed 0.92+0.07 AB++

-04 0.59+0.04 e 0.82+0.09 b-e  0.92+0.08 b-e 1.15+£0.07 ab 0.87+0.06 B

-0.8 0.71£0.04 cde 1.0940.06 a-d  0.93+0.11 b-e 1.51+0.19 a 1.06+£0.09 A

-1.2 0.00+£0.00 f 0.00+0.00 f 0.00+0.00 f 0.00+0.00 f 0.00+0.00 C

-1.6 0.00+0.00 f 0.00+0.00 f 0.00+0.00 f 0.00+0.00 f 0.00+0.00 C

Cesit OXtESE ) /6,008 CH++  0.6120.12AB  0.5420.11 B 0.74+0.15 A
(Variety average)

+ Ayni stitun ve satir icerisinde benzer harfle gosterilen sayilar Tukey testine gore %5 hata sinirlar: igerisinde birbirinden farksizdir.
++ Ayni siitun igerisinde benzer harfle gosterilen sayilar Tukey testine gore %5 hata sinirlari igerisinde birbirinden farksizdir.
+++ Ayni satir igerisinde benzer harfle gosterilen sayilar Tukey testine gére %5 hata sinirlar: igerisinde birbirinden farksizdir.

SE Standart error

Cesit x kuraklik stresi interaksiyonunun sap kuru
agirhig:r degerleri ve Tukey testine gore olugsan gruplar
Cizelge 7.’de verilmistir. Sap kuru agirligi en yiiksek
Solstice II (1.51 mg) c¢esidine (-0.8 MPa)
uygulamasinda, en diigiik sap kuru agirhig: (- 0.4 MPa)
uygulamasinda Apple GL (0.59 mg) cesidinde tespit
edilmigtir.

Arastirmada  kullanilan  Lolium  perenne L.
cesitlerinde kuraklik stresine bagh olarak sap kuru
agirhginda artma olmakta, ancak bu artma gesitlere
gore degiskenlik gostermektedir. Cesitlerin uygulanan
kuraklik stresine, sap kuru agirlik bakimindan farkh
tepki gostermesi interaksiyonunun 6nemli ¢gikmasina
neden olmustur.

SONUC

Artan kuraklhik stres dizeyi c¢imlenme oranlar
acisindan kontrol uygulamasindan sonra istatistiksel
olarak 6nemli azalmaya neden oldugu belirlenmisgtir.
(-1.2MPa) ve (-1.6 MPa) kuraklik stresinde hicbir
cesitte ¢cimlenme olmadigindan fide 6zellikleriyle ilgili
veri almmamamistir. (-0.8 MPa) kurakhk stres
diizeyinde Solstice II ¢esidinin yeterli sayida fide
olusturmasi nedeniyle daha avantajli oldugu, kuraklik
stresi uygulamalarinda sap uzunlugu, kék uzunlugu,
sap kuru agirhg ve kék kuru agirhig bakimindan
Solstice II c¢esidinin diger c¢esitlere ustiin oldugu
bulunmustur.

Sonug olarak Lolium perenne L. gesitlerinin kurakhiga
gosterdikleri tepkinin degistigi, karisgimda ya da saf
olarak Lolium perenne L. kullanilmas:
distinildiginde kuraklik stresinin gesit segimiyle
nispeten ortadan kaldirilabilecegi ve tohumlarda bu
calismada kullanilan test uygulamasinin gesitlerde
olusabilecek sorunu o6ngérmede kullanilabilecegi
belirlenmistir.
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OZET Aragtirma Makalesi
Bingol, bitki cesitliligi konusunda calismalarin oldukg¢a yetersiz

oldugu bir ildir. Bu arastirmada, Bingol Capakg¢ur Vadisi Bugdaygil Makale Tarihgesi
(Poaceae) familyas1 floras1 verilmistir. Tespit edilen taksonlarin Gelig Tarihi  :22.08.2020
yayihiglara ile Turkiye ve komsu tlke floralarinda verilen Kabul Tarihi :02.10.2020

betimlemelere gore 26 taksonda varyasyon belirlenmisgtir. Bu

taksonlardan o6zellikle Alopecurus arundinaceus tiriinde stolon Anahtar Kelimeler

yapisinin bulunmasi, hem Turkiye hem komsgu tlke floralarinda Bingol
verilen betimlemelerden farkhlik gostermektedir. Yapilan ¢alismalar Poaceae (Gramineae)
ve teghisler sonucunda, arastirma sahasindan 59 cinse ait toplam 151 bugdaygil
takson (104 tiir, 39 alttiir ve 8 varyete) tespit edilmistir. 2015 yilinda biyocesitlilik
Bingol’den  toplanip; bilim dinyasina kazandirilmig olan
Pseudophleum anatolicum ve 2019 yilinda tanimlanan Pilgerochloa
major tiirleri sadece Bingél’den bilinen dar yayilishi endemikler olup;
arastirma alaninda da yetistigi belirlenmistir. Calismada belirlenen
taksonlarin 10 adedi endemik (%6.62) ve 26 adedi B8 karesi i¢in yeni
kayittir. Capakcur Vadisi Poaceae florasini olusturan taksonlarin 29
adedi (%19.21) Iran-Turan, 20 adedi (%13.24) Avrupa-Sibirya ve 9
adedi (%5.96) Akdeniz fitocografik bolge elementidir. Geriye kalan
taksonlar ya c¢ok bolgeli veya fitocografik bolgesi bilinmeyenlerdir.

The Grasses (Poaceae) Flora of Capakc¢ur Valley (Bingol)
ABSTRACT Research Article
Bingo6l is a province where studies on plant diversity are quite
insufficient. In this study, Bingol Capakcur Valley Grasses (Poaceae) Article History
family flora was presented. Variations were determined in 26 taxa of Received ©22.08.2020
this area based on the distribution in identified taxon descriptions Accepted ©02.10.2020
given in Turkey and in neighboring countries flora. The presence of
this kind of stolon structure, in particular Alopecurus arundinaceus Kfayvsiords
taxa differ from descriptions given in both Turkey and neighboring Bingdl .
countries flora. As a result of the sample collection studies and Poaceae (Gramineae),
identifications, a total of 151 taxa (104 species, 39 subspecies and 8 Gtras'ses )

biodiversity

varieties) belonging to 59 genera were determined from the research
area. Collected from Bing6l in 2015; Pseudophleum anatolicum and
Pilgerochloa major species, which were introduced to the world of
science, were narrow spread endemics known only from Bingol and it
were determined in the study field. Overall, 10 of the taxa determined
in the study were endemic (6.62%) and 26 were new records for the B8
square. Capakcur Valley Poaceae Flora constituted of 29 of the taxa
(19.21%) of Iran-Turan, 20 (13.24%) of European-Siberian and 9
(5.96%) of Mediterranean phytogeographical region elements. The
remaining taxa were either multi-regional or unknown of
phytogeographical region.
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GIRIS alan Bing6l; dogusunda Mus, kuzeyinde Erzurum ve

Dogu Anadolu Bélgesinin Yukar: Firat bsliimiinde yer Erzincan, batisinda Tunceli ve Elazig, giineyinde ise
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Diyarbakir illeri ile ¢evrilidir. Dogu Anadolu bélgesi ile
Guneydogu Anadolu bolgesi arasindaki bir gecis
kusaginda yer alan Bing6l; sahip oldugu ekolojisi ile
cevresindeki 1illere gore farkli ozelliklere sahiptir.
Ornegin; giineyindeki Diyarbakirda yillik yagis
miktar1 486.7 mm, kuzey komgusu Erzurum’da 432
mm ve bat1 komgusu Elazig’da 412 mm iken; Bingol'de
yillik yagis miktar: 946.5 mm’dir. Buna gére Bingol,
cevresindeki illerin aldig1 yagisin 2 mislinden daha
fazla yagis almaktadir. Karadeniz’'e olan mesafesi
(kusucusu) yaklasik 220 km olan Bingdl'e diisen yillik
yagis miktari, Karadeniz bolgesindeki bazi illerden de
fazladir (Cizelge 1). Diger taraftan giineyden gelen
sicak iklim etkisi de Bingol ekolojisinin olusumunda
onemli etkiye sahiptir.

Aragtirma alami Capak¢ur Vadisi; Bingol sehir
merkezinden batiya dogru Palu (Elazig) ilce sinirina
kadar uzanan, yaklagsik 50 km uzunluk ve 30 km
geniglikte olan, deniz seviyesine gére 2000 metreyi

asan yukseltilere sahip, son derece engebeli bir vadidir
(Sekil 1). Orman ortiistiniin asir1 tahrip edildigi
Yelesen ve Balpinari (Matan) kéylerinde, egim ve
erozyonun da etkisiyle agacgsiz ciplak kayaliklarin
hakim oldugu fizyonomi olusmustur (Sekil 2).

Bitki gesitliligi yeterince arastirilmamis olan Bingo6l'de
2015 yilindan glinumiize kadar yapilan yogun
caligmalar sonucu 2’si Poaceae familyasindan olmak
uzere toplam 6 bitki tiird bilim diinyasina “yeni tir”
olarak tamitilmistir (Dogan ve ark., 2015; Behget ve
Ilgim 2015; Duran ve ark., 2015; Ilgim ve Behget, 2016;
Behcet ve ark., 2017, Dogan ve Behcet, 2019).
Tanimlanan bu 6 lokal endemik tiirden 5’inin
Capakcur Vadisinde yetistigi tespit edilmistir.

Sahip oldugu toplam takson sayist1 bakimindan
dinyanin besinci familyasi olan Poaceae; Tirkiye
florasinin dérdiincii bliyiik familyasidir (Ersoy ve ark.,
2019). Insan ve hayvan beslenmesinde temel besin
kaynag olan bir cok cins (Hordeum L., Oryza L.,

Cizelge 1. Bingél ve Bingél'e komsu iller (Elazig, Diyarbakir, Erzurum) ile Trabzon iline ait toplam yagis (P), en
sicak ayin maksimum sicaklik ortalamalari (M) ve en soguk ayin minimum sicaklik ortalamalar: (m)
Table 1. Belonging to Bingdl and neighboring provinces (Elazig, Diyarbakir, Erzurum) and Trabzon province;
averages of total precipitation (P), maximum temperature averages of the hottest month (M) and
minimum temperature averages of the coldest month (m)

ISTASYON Toplam yilhik yags | En sicak aymn maksimum | En  soguk ayin minimum

(STATION) miktar1 (Total annual | sicakhik ortalamas1 (Maximum | sicaklik ortalamasi, (Minimum
precipitation (P) mm) | temperature average of the | temperature averages of the

hottest month (M)°C) coldest month (m)°C)

BINGOL 946.5 34.6 -6.1

ELAZIG 412 34.3 -4

DIYARBAKIR 486.7 38.5 -2.5

ERZURUM 432 27.2 -14

TRABZON 820.6 26.8 4.3

Direkli

Sekil 1. Calisma alaninin haritas:
Figure 1. Map of the study area
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Sekil 2. Capak¢ur Vadisinde ormanin tahrip edildigi ve erozyona maruz kalan kesimden bir gériiniim
Figure 2. A view from the section where the forest was destroyed and exposed to erosion in the Capakgur valley.

Panicum L., Saccharum L., Secale L., Triticum L., Zea
L. ) iceren familya, sadece ekonomik degil, aym
zamanda ekolojik a¢idan da bliylik 6neme sahiptir. Son
yillarda tanimlanan yeni taksonlar géstermektedir ki,
Tiurkiye Poaceae florasti heniiz tam olarak
belirlenememigtir. Bu ¢alismada, Tirkiye Poaceae
florasina taksonomik ve korolojik bakimdan katk:
saglamak amag edinilmistir.

MATERYAL ve METOT
Calisma materyalini 2011-2020 yillar1 arasinda
Capakcur Vadisinde (Bingél) yapilmis arazi

calismalar1 esnasinda toplanan Poaceae o6rnekleri
olusturmaktadir. Herbaryum materyali haline
getirilen orneklerin teghisinde biiyiik 6l¢ide Flora of
Turkey and the Fast Aegean Islands, Flora of the
US.S.R., Flora of Iraq, Flora Iranica ve Flora
Furopaeamin 1ilgili ciltlerinden de faydalanildi
(Rozhevits ve Shishkin, 1963; Bor, 1968; 1970; Tutin,
1977; Davis ve ark., 1985). Ayrica baz1 taksonlarin
teshisinde Cabi ve ark., (2011), Dogan ve ark., (2015)
ve Dogan ve Behcet (2019)in calismalarindan da
faydalanilmigtir. Calismada takson listesi alfabetik
olarak verilmistir. Listede; tiriin Latince adi, otori,
Tiirkce adi, toplanma adresi (kdy, mahalle, mevkii),
habitat, yiikseklik, toplama tarihi, toplayici adi ve
numaras:t verilmistir. Tekrardan kac¢inmak ic¢in,
adreslerin bas kismina “Bingél, Capakc¢ur Vadisi”
yvazilmamigtir. Endemik ise “end.” kisaltmasi, belli ise
fitocografik bolgesi ve B8 karesi i¢in yeni olan takson
isimleri bagina “*” igareti koyulmustur. B8 karesi i¢in
yeni taksonlarin belirlenmesinde ilgili yayinlardan
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faydalanilmistir (Behcet ve ark., 2014; Sinan ve
Behcet, 2014; Yildirimli, 2017; Yapar ve Behcet, 2018).
Baz1 taksonlarin varyasyon gosteren yapilari ile ilgili
aciklamalar taksonun altinda belirtilmigtir
(varyasyonlar verilirken yazilan Tirkiye floras:
ifadesinden kasit Flora of Turkey and the East Aegean
Islands eserin ilgili cildidir). Verilen taksonlara ait
ornekler; Bingél Universitesi, Fen-Edebiyat Fakiiltesi,
Biyoloji Bolumua Herbaryumunda (BIN)
saklanmaktadir. Bitkilerin endemizim durumlari,
yazar isimleri ve Turkce isimleri Tiirkiye Bitkileri
Listesi (Cabi ve Dogan, 2012) adli eserden kontrol
edilmigtir. Endemik bitkilerin tehlike kategorileri
Ekim ve ark., 2000; Dogan ve ark., 2015; Dogan ve

Behget 2019 ¢alismalarindan  faydalanilarak
verilmistir.

BULGULAR

1. Aegilops biuncialis Vis. / ikikilgik

Asagikoy-Ortakoy arasi, orman agiklari, 1680 m,
16.06.2020, Behget & Yapar 18511.

2. A. columnaris Zhukovsky / kil bugday
Asagikoy’e 1 km kala, yolun solundaki vadi, bozkir,
1600 m, 28.07.2019, Behcet & Yapar 17747, Iran-
Turan.

3. A. cylindrica Host / kirpikli ot

Bing6l Univ. Fen-Edebiyat Faktltesi 6nti, nemli alan,
1100-1150 m, Behcget 7714, Iran-Turan.

4. A. neglecta Req. ex Bertol. / tiyli bugday
Ucyaka-Balpinar1 koyleri arasi, ca. 2. km, orman
aciklari, 1650-1700 m, 23.06.2019, Behcet & Yapar
16896, Akdeniz.
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5. A. triuncialis L. subsp. triuncialis / igkilgik
Alincak-Asagikoy arasi, mezarhik civari, yol kenarlari,
1413 m, 17.06.2020, Behcet & Yapar 18596.

6. A. umbellata Zhuk. / hanim bugdayi

Bingél merkez, mezarlik batisi, tas ocagi yol ayrimai,
orman aciklari, 1200-1300 m, 22.05.2018, Behcet &
Yapar 15018, Iran-Turan.

7. Agrostis canina L. | kadife tavusotu

Sekil 3. Agrostis canina genel gbrﬁnﬁs{i
Figure 3. Agrostis canina general view

8. A. gigantea Roth / koca tavusotu

Yelesen koyu glineyi, Metan Dagi, bozkir yamaglar,
1900 m, 10.08.2019, Behget 10358; Yelesen koyl
kuzeybatisi, yayla yolu 4. km, kayalik yamaglar, 2275
m, 02.07.2018. Behget & Yapar 15534, Avrupa-Sibirya.
Panicula uzunlugu 22.5 cmlye varyor (Tiirkiye
florasinda 3.5-11 cm), Panikula Biranglar 4.5 cm’ye
variyor (Tiirkiye florasinda c. 3 cm) (Sekil 3).

Yaprak aya uzunlugu 40 cm’ye variyor (Tiirkiye

Alincak-Asagikoy arasi, 10. km, dere kenari, 1410 m,
08.07.2018, Behcet & Yapar 15779, Avrupa-Sibirya.

florasinda 3.5-20 cm), infloresans boyu 32 cm (Tiirkiye
florasinda 28 cm’ye variyor).
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9. *A. olympica (Boiss.) Bor / ulu tavusotu
Yelesen koyu yayla yolu, 4. km, dere kenarlari, 20150
m, 28.06.2019, Beh¢et & Yapar 17000, Avrupa-Sibirya.
10. A. stolonifera 1./ tavusotu

Alincak-Asagikoy arasi, bahge kenarlari, 1440 m,
27.07.2019, Behcet & Yapar 17696, Avrupa-Sibirya.
11. Alopecurus arundinaceus Poir. |/ kamig
tilkikuyrugu

Yelesen kéyi yayla yolu, 4. Km, dere kenarlari, 2150
m, 28.06.2019, Behcet & Yapar 17025; Yelesen koyl
yaylasi, dere kenari, 2200 m, 21.07.2019, Behcet &
Yapar 17645 Avrupa-Sibirya.

Bingol'den toplanilan Behget & Yapar 17645 nolu A.
arundinaceus ornekleri stolon bulundurmaktadir
(Sekil 4). Nod sayis1 3-4 adet (Tiirkiye florasinda 2),
yaprak aya uzunlugu 22 cm’ye variyor (Tiirkiye
florasinda 2.5-4.5 cm).

Sekil 4. Alopecuruc arundinaceus 6rneklerinde stolon
yapisi

Figure 4. Stolon structure in Alopecurus arundinaceus
specimens

12. A. aucheri Boiss. / kaba tilkikuyrugu

Yelesen koyti batisi, yayla yolu, 3. km, bozkir, 1900-
2000m, 23.06.2018, Behcet & Yapar 15368a, Iran-
Turan.

13. A. myosuroides Huds. subsp. myosuroides |
tarla tilkikuyrugu

Bing6l Univ. lojmanlar1 ¢evresi, bozkir, 1100-1150 m,
08.10.2013, Behget 9160, Avrupa-Sibirya.

14. A. textilis Boiss. subsp. textilis / sagakli
tilkikuyrugu

Yelesen koyu batisi, kayalik-bozkir alanlar, 2166 m,
16.05.2019, Behcet & Yapar 16509, Iran-Turan.

15. Apera intermedia (L.) P.Beauv / puslu ipek¢imi
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Bing6l merkez, Saray mah, Capakcur Cay1 kenari,
1100 m, 29.05.2019, Behcet & Yapar 20154.

16. Arrhenatherum elatius (L.) P.Beauv.
J.Presl & C.Pres subsp. elatius/ ¢ayir yulafi
Alincak kéyii yolu (Bingsl Mirzan mahallesine giden
yol) 3. km, orman ici, 1400 m, 06.06.2018, Behcet &
Yapar 15171, Avrupa-Sibirya.

17. A. kotschyi Boiss. / kisa ¢ayiryulafi

Alincak kéyiine 2 km kala (Bingél Mirzan mahallesine
giden yol), bozkir yamaclar, 1430-1450 m, 06.06.2018,
Behcet & Yapar 15214, Iran-Turan.

18. Avena sterilis L. subsp. Iudoviciana (Durieu)
Gillet & Magne / sifan

Bing6l merkez, Saray mah, Capakcur Cay1 kenari,
1100 m, 29.05.2019, Behcet & Yapar 20152.

19. Bothriochloa ischaemum (L.) Keng / sakalotu
Alincak-Asagikoy arasi 10. km, orman i¢i ve agiklari,
1400-1500 m, 07.07.2018, Behget & Yapar 15734.
Bitki boyu 120 cm’ye variyor (Tiirkiye florasinda 80-90
cm), yaprak dlgileri 25 cm x 4.5 mm’ve variyor
(Tiirkiye florasinda 7.5-18 cm x 1-2 mm), yaprak ayasi
uzun piloz tiylii (Ttirkiye florasinda kii¢iik scabriduloz
deniyor), infloresansda rasem sayis1 11'e variyor
(Ttirkiye ve Irak floralarinda 2-8) (Sekil 5).

ex

Sekil 5. Bothriochloa ischaemum rasem sayisi
Figure 5. Number of Bothriochloa ischaemum racemes

20. Brachypodium sylvaticum (Huds.) P.Beauv. /
koru kilcan1 (Sekil 6)

Asagikoy giiney dogusu, vadi igi, bozkir, 1595 m,
05.08.2018, Behget & Yapar 16144, Avrupa-Sibirya.
Spikelet sayis1 23'%e variyor (Tiirkiye florasinda 6-12),
Rasem boyu 24 cm’ye variyor (Tiirkiye florasinda 3-20
cm), Govde biitiinii ile geriye donmiis tiyli (Tiirkiye
florasinda sadece nodlar tiyli), Spikelet boyu 45
mm’ye variyor (Tiirkiye florasinda 15-85 mm), lemma
kilgik boyu 27 mm’ye variyor (Tiirkiye florasinda 7-13
mm)
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21. Briza humilis M. Bieb. / kadindili

Asagikoy’e 1 km kala, yolun solundaki vadi, bozkir,
1600 m, 28.07.2019, Behcet & Yapar 17747a.

22. Bromus armenus Boiss. / acem kilcam

Sekil 6. Brachypodium sylvaticum rasem yapisl
Figure 6. Brachypodium sylvaticum racem structure

23. B. arvensis L. / tarla kilcani

Asagikoy’e 1-2 km kala, gliineye dogru uzanan vadi,
orman aciklari, 1480 m, 06.07.2019, Behc¢et & Yapar
17270; Bingol il merkezi dogusu, Capakc¢ur Vadisi,
bozkir, 1044 m, 07.06.2020 Beh¢et & Yapar 18393.
Yaprak olgiileri 30 x 10 mm’ye variyor (Tiirkiye
florasinda 7-20 x 3-6 mm)

24. B. danthoniae Trin. subsp. danthoniae |/
ibubukotu

Yelesen koyu batisi, yayla yolu, 3. km, bozkir, 1900-
2000m, 23.06.2018, Behcet & Yapar 15368; Yelesen
koyli dogusu, dere kenarlari, 1650 m, 26.06.2014,
Behget 10005.

Spikelet boyu 45 mm’ye variyor (Tiirkiye florasinda 10-
40 mm), alt gluma uzunlugu 9.5 mm’ye variyor, st
gluma 12 mm’ye variyor (Tiirkiye florasinda alt gluma
6-8 mm, iist gluma 7-9 mm), Anter boyu 1.8-2 mm
(Tiirkiye florasinda c.1.5 mm), lemmanin kilgik
uzunlugu 21 mm’ye variyor (Tiirkiye florasinda 5-15
mm).

25. B. erectus Huds. / dik brom

Cirigli koyu kuzeyi, bozkir yamaglar, 1750-1900 m,
31.06.2014, Behget 9604.

Spikelet boyu 47 mm ye variyor (Tiirkiye florasinda 15-
35 mm), lemma boyu 19 mm, kilgik 15 mm’ye variyor,
(Ttirkiye florasinda lemma boyu 10-15, kilgik 3-8 mm).
26. *B. hordeaceus L. subsp. thominii (Hardouin)
Maire & Weiller / kum kilcani

Topalan kéyiiniin 2 km giineyi, dere kenari, 1800-1850
m, 20.06.2017, Behcget 12194, Akdeniz.

Bu takson gsimdiye kadar Tiirkiye'de
Zonguldak’tan (A3 karesinden) bilinmekteydi.
217. B. japonicus Thunb. subsp. anatolicus (Boiss.
& Heldr.) Penzes / aniyeotu

sadece

Saban koyu guneyi, kayalik yamaglar, 2110 m,
12.06.2019, Behget & Yapar 16588; Yelesen koyu
batisi, bozkir yamaglar, 2300 m, 28.06.2019, Behget &
Yapar 17128, end. Iran-Turan.

Bing6l merkez, mezarlik batisi, tas ocagina giderken,
3-4. km,bozkir, 1200 m, 25.05.2013, Behget 8780.

28. B. japonicus Thunb. subsp. japonicus / iyeotu
Alincak koytine 2 km kala (Bing6l Mirzan mahallesine
giden yol), bozkir yamaclar, 1430-1450 m, 06.06.2018,
Behget & Yapar 15213.

Skil 7. Bromus pumilio genel gérinis
Figure 7. General view of Bromus pumilio



KSU Tarim ve Doga Derg 24 (3): 539-553, 2021
KSU J. Agric Nat 24 (3): 539-553, 2021

Arastirma Makalesi
Research Article

29. B, Ianceolatus Roth / kili¢ bromu

Topalan kéyu glineyi, orman i¢i ve acgiklari, 1550-1650
m, 09.06.2012, Behget 7947.

30. *B. pumilio (Trin.) P.M.Sm. / bodur kilcan
(Sekil 7)

Saban koyu kuzeybatisi, bozkir,
30.05.2018, Behget & Yapar 15123.
Yaprak genigligi 10 mmye variyor (Tiirkiye florasinda
2-56 mm)

31. B. scoparius L. / ibubuk ekini

Bingo6l merkez, mezarlik batisi, tas ocagi yol ayrimai,
orman agiklari, 1200-1300 m, 22.05.2018, Behget &
Yapar 15001.

32. B. sterilis L.. / sagir ilcan

Bing6l merkez, mezarlik batisi, tas ocagi yol ayrimai,
orman aciklari, 1200-1300 m, 22.05.2018, Behcet &
Yapar 15019.

33. B. tectorum L. / kir bromu
Saban koyu kuzeybatisi, bozkir,
30.05.2018, Behget & Yapar 15042.
34. B. tomentellus Boiss. subsp. fomentellus /
bozkir bromu

Yelesen koyu batisi, yayla yolu, 3. km, bozkir, 1900-
2000m, 23.06.2018, Behcet & Yapar 15382, Iran-
Turan.

35. Calamagrostis epigejos (L..) Roth / bekarotu
Alincak-Asagikoy aras1 10. km, dere kenari, 1410 m,
08.07.2018, Behcet & Yapar 15799, Avrupa-Sibirya.
36. C. pseudophragmites (Haller f) Koeler /
saz¢imi

Yelesen koyu batisi, yayla yolu, 4-5. km, yol kenari,
nemli alanlar, 2150 m, 02.07.2018, Behg¢et & Yapar
15669, Avrupa-Sibirya.

37. Catabrosa aquatica (L.) P.Beauv. / ¢ipil
Alincak koyi, yol kenari, nemli alan, 1350 m,
06.06.2018, Behcet & Yapar 15270; Yelesen koyu
batisi, yayla yolu, 4. km, dere kenari, 2050 m,
02.07.2018, Behget & Yapar 15586.

Panikula 32 cm uzunlugunda (Tiirkiye florasinda (5-)
7-23(-26) cm).

38. Crypsis acuminata Trin. subsp. acuminata /
sivri bakakotu

Ucyaka-Balpinar (Metan) kéyleri arasi, Haziran koyii
yol ayrimi, bozkir, 1840 m, 08.08.2018, Beh¢et & Yapar
16242.

39. C. acuminata Trin. subsp. borszczowii (Regel)
Kit Tan /sivri bakakotu (Sekil 8)

Ortakdéy kuzeyi, nemli yerler, 1559 m, 14.07.2020,
Behcget & Yapar 18930, Iran-Turan.

40. C. alopecuroides (Piller & Mitterp.) Schard. /
dere bakakotu

Balpinar1 eski kéy yolu, 1. km, yol kenari, 1770 m,
29.08.2019, Behcet & Yapar 18027.

41. C. schenoides (L..) Lam. /bakakotu

Bing6l merkez, mezarlhik batisi, yol kenarlari, 1150-
1200 m, 19.07.2020, Behcet & Yapar 18990.

Paleada damar belli degil (Tiirkiye florasinda 2

1500-1600 m,

1500-1600 m,
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damarli deniyor)

42. Cynodon dactylon (L.) Pers var. villosus Regel
/ kopekdisi

Asagr koy guney dogusu, vadi, bozkir,
05.08.2018, Beh¢et & Yapar 16174.

43. *Cynosurus cristatus L. / tarakotu
Yelesen koyu batisi, yayla yolu, 4. km, dere kenari,
2050 m, 02.07.2018, Behcet & Yapar 15567, Avrupa-
Sibirya.

1595 m,

Sekil 8. Crypsis acuminata subsp. borszczowil genel
gorinim
Figure 8 Crypsis acuminata subsp. borszczowil
general view

44. Dactylis glomerata L. subsp. hispanica (Roth)
Nyman / killi domuzayrig

Saban koyu kuzeybatisi, bozkir,
30.05.2018, Behget & Yapar 15059.
45. Deschampsia caespitosa (L.)
¢ayirsacgl

Yelesen koyu batisi, yayla yolu, 2. km, ¢ayir, 1925 m,
23.06.2018, Behget & Yapar 15426.

46. Digitaria sanguinalis (L.) Scop. / kizil ¢atalotu
Bing6l Univ. lojmanlari ¢evresi, nemli alan, 1100-1150
m, 08.10.2013, Behget 9170;

Bing6l, Uydukent mah., yol ve bahge kenarlari, 1150
m, 05.07.2020, Behcet & Yapar 19087

Bitki boyu 118 cm’ye variyor (Tiirkiye florasinda 20-60
cm), yaprak genigligi 18 mm (Tiirkiye florasinda 9
mm’ye variyor). Rasem boyu 19.5 cm ye variyor
(Tiirkiye florasinda 8-15 cm deniyor), Rasem sayis1 7-
10 adet (Tiirkiye florasinda 3-7)

47. Echinaria capitata (L.) Desf. / dikenbasotu
Saban koyu kuzeybatisi, bozkir, 1500-1600 m,
30.05.2018, Behcet & Yapar 15078a.

48. Echinochloa crus-galli (I.) P.Beauv. / darican
Asagi koy glney dogusu, dere kenarlari, 1462 m,

1500-1600 m,

P.Beauv. /
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05.08.2018, Behcet & Yapar 16184, Bingol Univ.
lojmanlar1 c¢evresi, nemli alan, 1100-1150 m,
08.10.2013, Behget 9161.

49. E. chinochloa oryzoides (Ard.) Fritsch / kara
cinek

Bingol, Uydukent mah., yol ve bahge kenarlari, 1150
m, 28.07.2020, Behcet & Yapar 19088.

50. *Eleusine indica (L.) Gaertner / kazotu

Bingol, Uydukent mah., yol ve bahge kenarlari, 1150
m, 18.08.2019, Behcet & Yapar 18055, Bingél Univ.
lojman c¢evreleri, nemli alan, 1100-11500 m,
06.11.2013, Behget 9281.

51. Elymus elongatiformis (Drobow) Assadi / tarla
ayrigl

Alincak kéyiine 1 km kala (Bingél, Mirzan mahallesine
giden yol), orman aciklari, 1350-1400 m, 06.06.2018,
Behcet & Yapar 15249, Iran-Turan.

52. *E. elongatus (Host) Runemark
elongatus | putaotu

Asagikoy giineyi, vadi, nemli dere kenarlari, 1400 m,
20.07.2020, Behcet & Yapar 19040.

53. *E. elongatus (Host) Runemark
ponticus (Podp.) Melderis / cayirputasi
Yelesen koyu guneyi, cayir, ekili alan ¢evresi, 1825 m,
11.08.2018, Behget & Yapar 16360.

54. *E. elongatus (Host) Runemark subsp. salsus
Melderis / ¢orak putaotu

Ortakoy kuzeyi, bozkir, 1600 m, 15.07.2020, Behcet &
Yapar 18944, end.

Sadece Kayseri'den biliniyor (B4-B5)

55. E. elongatus (Host) Runemark subsp. turcicus
(McGuire) Melderis / puslu putaotu

Saban koéyu kuzeybatisi, bozkir, 1500-1600 m,
30.05.2018, Behget & Yapar 15078; Yelesen koyu cami
dogusu, bahge kenari, 1805 m, 02.07.2018, Beh¢et &
Yapar 15713.

56. *FE. erosiglumis Melderis / 6zge bugday
Alncak koyli gilineyi, orman aciklari, 1440 m,
15.07.2018, Behcet & Yapar 15848, end. Iran-Turan.
57. E hispidus (Opiz) Melderis
subsp. barbulatus (Schur) Melderis / 1lamuk

Yelesen koytu batisi, yayla yolu, 3. km, bozkir, 1900-
2000m, 23.06.2018, Behcet & Yapar 15366.

58. E. hispidus (Opiz) Melderis subsp. hispidus /
elimotu

Yelesen koyu batisi, yayla yolu, 5-6. km, yol ayrima,
bozkir, 2060 m, 02.07.2018, Beh¢et & Yapar 15520.
Yaprak aya genisligi 9 mm (Tiirkiye florasinda 2-6
mm).

59. *E. hispidus (Opiz) Melderis subsp. podpyerae
(Nabelek) Melderis / gavur elimotu

Asag1 koye 1-2 km kala, vadi i¢i, orman aciklari, 1480
m, 06.07.2019, Behcet & Yapar 17269.

60. E. panormitanus (Parl.) Tzvelev / koru bugday:
Alincak kéy yolu (Bingél Mirzan mahallesine giden
yol), 3. km, orman ici, 1400 m, 06.06.2018, Behcet &
Yapar 15172, Akdeniz.

61. E. repens (L.) Gould / sabankiran

subsp.

subsp.
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Saban koyu yayla yolu, 2. km,, cayir alanlar, 2071 m,
19.07.2018, Behget & Yapar 16041.

62. *E. transhyrcanus (Nevski) Tzvelev / geli¢
Saban koyl yaylasi dogusu, nemli yamaclar, 2176 m,
18.07.2018, Behcet & Yapar 15931.

Erzurum (A8) ve Hakkari (C10) illerinden yayihisi
biliniyor.

63. *Eragrostis barrelieri Daveau /salkim yulaf
Bingol merkez, eski otogar dogusu, yol kenarlari, 1112
m, 05.08.2020, Behcet & Yapar 19104.

64. E. minor Host / bodur yulaf

Bing6l merkez, Bahcgelievler mahallesi, yol kenari,
1186m, 29.08.2019, Behget & Yapar 18050.

65. E. pilosa (L..) P.Beauv. / killi yulaf

Bing6l Univ. Fen-Edebiyat Fakiiltesi 6nii, nemli alan,
1100-1150 m, 09.07.2013, Behget 9083, Bingsl Univ.
kampist, nemli alan, 1100-1150 m, 11.09.2017,
Behget 12455.

Bitki boyu 75 cm’ve variyor (Tiirkiye florasinda 8-50
cm), panikula branglar: skabrit (Tiirkiye florasinda
skabrit degil-diiz), yaprak aya boyu 19 cm’ye variyor
(Ttirkiye florasinda 15 cm’ye variyor).

66. Eromopoa altaica (Trin.) Roshev. / dag salkimi
Ucyaka-Balpinari kéyleri arasi, 3-4. km, vadi i¢i, nemli
alan, 1800 m, 23.06.2019, Behcet & Yapar 16942,
Iran-Turan.

67. E. multiradiata (Trautv.) Roshev.
salkimi

Alincak-Asagikoy aras1 10. km, yolun solundaki vadi,
orman i¢i ve aciklari, 1578 m, 13.07.2019, Behget &
Yapar 17377, Iran-Turan.

68. *Festuca adanensis Markgr. /adana yumag:
Bing6 merkez, Uydukent mah., yol ve bahge kenarlari,
1150 m, 05.07.2020, Behcet & Yapar 18897, end.

69. F. arundinaceae Schreb. subsp. arundinaceae /
kamis yumagi

Bing6l Univ. lojmanlari ¢evresi, nemli alan, 1100-1150
m, 18.11.2013, Behget 9308.

70. F. brunnescens (Tzvelev) Galushko / esmer
yumak

Yelesen koytl batisi, giineye bakan bozkir yamaglar,
2350m, 28.06.2019, Behcet & Yapar 17069, Iran-
Turan.

71. F. chalcophaea XKrecz.
chalcophaea | cayir yumagi
Saban koyu giineyi, 3-4. km, bozkir yamacglar 2110 m,
12.06.2019, Behget & Yapar 16566, Iran-Turan.

72. *F. gigantea (L.) Vill. / koca yumak
Alincak-Asagikoy arasi, 10. km, orman i¢i ve aciklari,
1400-1500 m, 07.07.2018, Behget & Yapar 15724,
Avrupa-Sibirya.

73. F. pratensis Huds. / ¢gayir yumag

Asag1 koye 1-2 km kala, glineye dogru uzanan vadi,
dere kenarlari, 1450 m, 06.07.2019, Behcet & Yapar
17234.

74. Gaudiniopsis macra (M.Bieb.) Eig var. macra/
som yulaf

Bingél merkez, Mirzan mahallesine giderken, Alincak

! dere

& Bobrov subsp.
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koyli yol ayrimi, orman aciklari, 1400-1450 m,
06.06.2018, Behget & Yapar 15264; Bingo6l merkez,
Capakeur Vadisi, dere kenarlari, 1100 m, 12.05.2020,
Behcet & Yapar 1817, Iran-Turan.

Ornekte iist gluma 38 damarli (Tiirkiye ve Irak
floralarinda 5 damarl deniyor, Avrupa ve Rusya
floralarinda 3-5 olabildigi belirtiliyor)

75. Glyceria notata Chevall / kivrik tatligim

Orta koy glneyi, dere kenarlari, 1615 m, 31.07.2019,
Behget & Yapar 17805.

76. Helictotrichon planiculme (Schrad.) Pilg. /
cimil yulaf

Yelesen koyu batisi, yayla yolu, 5-6. km, yol ayrimi,
bozkir, 2060 m, 02.07.2018, Behget & Yapar 15507;
Asagikoy-Ortakoy arasi, orman aciklari, 1680 m,
16.06.2020, Behcet & Yapar 18514 Avrupa-Sibirya.
Gévde tabanda yuvarlak (Tiirkiye florasinda basik),
Nod sayis1 1-8 adet (Tiirkiye florasinda genellikle 1),
Yaprak aya uzunlugu 40 cm’ye variyor (Tiirkiye
florasinda 4-27 cm), spikelet yegsil renkli (Tiirkiye
florasinda kahverengi veya menekse)

7. H. pratense (L.) Pilg. / yamag yulafi

Yelesen koyu batisi, yayla yolu, 3. km, bozkir, 1900-
2000m, 23.06.2018, Behcget & Yapar 15381, Avrupa-
Sibirya.

78. Heteranthelium piliferum (Sol.) Hochst. ex
Jaub. & Spach / ¢corak arpasi

Saban koyiu kuzeybatisi, bozkir, 1500-1600 m,
30.05.2018, Behcet & Yapar 15125, Iran-Turan.

79. Hordeum bulbosum L. / boncuk arpa

Saban koyu kuzeybatisi, bozkir, 1500-1600 m,
30.05.2018, Behget & Yapar 15112.

80. *H. distichon L. / ikili arpa

Bingél merkez, Capak¢ur Vadisi, yuruyis yolu,
yamaglar, 1050-1100 m, 04.06.2014, Behcet 9682,
kaltir.

81. H. geniculatum All. / yatik arpa

Ortakoy kuzeyi, nemli alanlar, 1559 m, 15.07.2020,
Behget & Yapar 18934, Avrupa-Sibirya.

82. H murinum L. subsp. glaucum (Staud.)
Tzvelev / duvar arpasi

Bing6l Univ., Fen-Edebiyat Fakiiltesi 6nii, nemli alan,
1100-1150 m, Behget 7718.

83. H murinum L. subsp. leporinum (Link)
Arcang. /kil¢ik arpa

Bingél merkez, eski otogar dogusu, yol kenarlari, 1112
m, 02.06.2020, Behcet & Yapar 18365, Iran-Turan.
84. H. vulgare L. /arpa

Bingél merkez dogusu, Capak¢ur Vadisi, bozkir, 1044
m, 07.06.2020, Behcet & Yapar 18391, kiiltur.

85. Koeleria pyramidata (Lam.) P.Beauv. / kirnal
Yelesen koyl batisi, yayla yolu, 5-6. km, yol ayrima,
bozkir, 2060 m, 02.07.2018, Behget & Yapar 15521,
Avrupa-Sibirya.

86. Lolium multiflorum Lam. / Ttalyan ¢imi
Bingél Univ. lojmanlar: ¢evresi, nemli alan, 1100-1150
m, 18.11.2013, Behget 9307.

87. L. persicum Boiss. & Hohen. / eres ¢imi
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Bingo6l Univ. lojmanlari ¢evresi, nemli alan, 1100-1150
m, 08.10.2013, Behget 9177, Iran-Turan.

88. L. rigidum Gaudich var. rigidum / sert ¢gim
Bing6l merkez, Bahgelievler mahallesi batisi, bozkir,
1200-1300 m, 10.05.2014. Behget 9452.

89. *L. temulentum L. var. temulentum /delice ¢cim
Bingél merkez dogusu, Capakgur Vadisi, yol kenari,
bozkir, 1044 m, 07.06.2020 Beh¢et & Yapar 18411.

90. Melica persica Kunth
subsp. jacquemontii (Decne. ex Jacquem.) P.H.Davis /
¢ayir inciotu

Almcak kéyine 2 km kala (Bingdl Mirzan
mahahellesine giden yol), bozkir yamaclar, 1430-1450
m, 06.06.2018, Behget & Yapar 15219, Iran-Turan.

91. Milium vernale M.Bieb.
subsp. montianum (Parl.) Trab. / yayla daris1 (Sekil 9)
Alincak kéyiine 1 km kala (Bingsl Mirzan

mahahellesine giden yol), orman aciklari, 1350-1400
m, 06.06.2018, Behcet & Yapar 15248, Akdeniz.
Ligula uzunlugu 8 mm’ye variyor (Tiirkiye florasinda
2-4 mm), anter boyu 2.8 mm (Tiirkiye florasinda 1.3-
1.8 mm), spikelet boyu 3.7 mm’ye variyor (Tiirkiye
florasinda 3-3.3 mm), panikula branslar1 8.8 cm’ye
variyor (Tiirkiye florasinda 3-7cm, Irak Florasinda 4-
11 cm), yaprak aya uzunlugu (leaf blades) 12.7 cm’ye
variyor (Tiirkiye florasinda 2-7cm)

92. Nardus stricta L. | kilotu

Yelesen koyu Dbatisi, bozkir yamaclar,
28.06.2019, Behcet & Yapar 17069a.

93. Oryzopsis holciforme (M.Bieb.) Hack. subsp.
holciforme var. holciforme / kadife piringotu

Alincak kéy yolu (Bingsl Mirzan mahahellesine giden
yol) 8. km, orman ici, 1400 m, 06.06.2018, Behcet &
Yapar 15170.

94. Panicum miliaceum L. /dar1

Bing6l merkez, Uydukent mah, yol ve bahce kenarlari,
1150 m, 05.07.2020, Behcet & Yapar 18900, kultur.
95. *Paspalum distichum L. / yalan darisi

Bing6l tiniv. Lojmanlari ¢cevresi, nemli alan, 1100-1150
m, 08.10.2013, Behget 9171.

96. Phalaris arundinaceae L. | kanyas

Orta koy giineyi, dere kenarlari, 1615 m, 31.07.2019,
Behget & Yapar 17805a.

97. *P. canariensis L. /kus yemi (Sekil 10)

Bing6l merkez, Uydukent mah., yol ve bahge kenarlar,
1150 m, 05.07.2020, Behget & Yapar 18898, Akdeniz.
98. Phleum alpinum L. / alp itkuyrugu

Yelesen kéyiu batisi, yayla yolu, 4-5 km, yol kenari,
nemli alanlar, 2150 m, 02.07.2018, Beh¢et & Yapar
15665.

99. P. boissieri Bornm. / yayla itkuyrugu

Bingél merkez, Saray mah., Capak¢ur Cay1 kenari,
1100 m, 29.05.2019, Behcet & Yapar 20155, Iran-
Turan.

100. P, montanum K.Koch subsp. montanum / dag
itkuyrugu

Saban koéyu kuzeybatisi, bozkir, 1500-1600 m,
30.05.2018, Behcet & Yapar 15062; Yelesen koyu

2350m,
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batisi, bozkir yamaclar, 2350m, 28.06.2019, Behget &
Yapar 17134.

101. P montanum K. Koch. subsp.

serrulatum (Boiss.) Dogan / dislek itkuyrugu
Yelesen koyu batisi, yayla yolu, 5. km, yamaclar,

bozkir, 2118 m, 02.07.2018, Behcet & Yapar 15624.
102. *P. paniculatum Huds. subsp. ciliatum (Boiss.)
Dogan / salkim itkuyrugu

Bing6l Univ. kampist, nemli alan,
11.04.2018, Behget 12610, Iran-Turan.

1150 m,

Sekil 9. Milium vernale subsp. montianum genel gériintisii

Figure 9. Milium vernale subsp. montianum general view

Sekil 10. Phalaris
Figure 10. Phalaris canariensis

103.  P. pratense L. / gayir itkuyrugu
Saban koyu yaylasina 1 km kala, nemli alan, 2117 m,
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19.07.2018, Behcet & Yapar 16020, Avrupa-Sibirya.
Panikula uzunlugu 14 cm’ve variyor (Tiirkiye
florasinda 1-6.2(-11) cm).

104.  Phragmites australis (Cev.) Trin. ex Steud. /
kamig

Orta koy glineyi, dere kenarlari, 1615 m, 31.07.2019,
Behget & Yapar 17807a.

105.  Pilgerochloa major (H.Scholz) Dogan & Behget
Bingoél merkez, mezarhk batisi, tas ocagi yolu, 3-4. km
bozkir, 1200 m, 25.05.2013, Behcet 8814a, end.

106.  Poa angustifolia L.. / dar salkimotu

Bingol batisi, Mendo tesisleri guneyi, dere kenari,
1250-1350 m, 30.05.2015, Behget 10543.

107. P. annua L./ salkimotu

Yelesen koyu batisi, yayla yolu, 4-5 km, yol kenari,
nemli alanlar, 2150 m, 02.07.2018, Behcet & Yapar
15649.

108. P, cenisia All. / uslu salkim

Ucyaka koyti yolu, 3-4. km, bozkir, 1300-1400 m,
10.05.2014, Behget 9511.

109. P longifolia Trin. / ipek salkimotu

Yelesen koéyti  dogusu, dere kenarlar1,1650 m,
26.06.2014, Behget 10005, Avrupa-Sibirya.

110. P. nemoralis L. | orman salkimotu

Alincak koyu girisi, yol kenari, 1320 m, 06.06.2018,
Behget & Yapar 15291.

111. P, pratensis L. / cayir salkimotu (Sekil 11)
Alincak kéyiine 1 km kala (Bingsl Mirzan
mahahellesine giden yol), orman aciklari, 1350-1400



KSU Tarim ve Doga Derg 24 (3): 539-553, 2021
KSU J. Agric Nat 24 (3): 539-553, 2021

Arastirma Makalesi
Research Article

m, 06.06.2018, Behget & Yapar 15247, Bingol merkez,
Capakeur Vadisi, dere kenarlari, 1100 m, 12.05.2020,
Behget & Yapar 18171

Ornekte ¢igeksiz siirgiin var ve her bir gigeksiz siirgiin
2-3 yaprakli (Tiirkiye florasinda cigceksiz siirgiin yok).
Bitkide hem rizom hem de stolon var (Tiirkiye
florasinda rizom var, Rusya florasinda stolon var
deniyor).

Sekil 11. Poa pratensis stolon yapisi
Figure 11. Poa pratensis stolon structure

112. *P. sterilis M.Bieb. / kose salkimotu

Alincak koytne 2 km kala, bahge kenarlari, 1300-1350
m, 06.06.2018, Behcet & Yapar 15283.

113.  P. timoleontis Heldr. ex Bornm. / giir salkimotu
Topalan-Cirigli koyleri arasi, mese acikliklari, 1530-
1600 m, 08.05.2012, Behget 7630. Dogu Akdeniz.
Yaprak ayas1 2 mm genigliginde (Tiirkiye florasinda
0.3-1 mm).

114.  P. trivialis L. / kaba salkimotu

Bingo6l merkez, mezarlik batisi, tas ocagi yol ayrimi,
orman aciklari, 1200-1300 m, 22.05.2018, Behget &
Yapar 15005; Yelesen koyu batisi, yayla yolu, 2. km,
cayir, 1925 m, 23.06.2018, Behget & Yapar 15418.
Ornekte rizom tesbih goriinimiinde bogumlu
yapidadir  (Tiirkive  florasinda bu  yapidan
bahsedilmiyor) (Sekil 12).

115.  *Polypogon monspeliensis (L.) Desf. / hitir
Bingél merkez mezarlik giineyi bozkir yamaglar, 1150
m, 16.08.2011, Behget 7345.

116.  Psathyrostachys fragilis (Boiss.) Nevski subsp.
secaliformis Tzvelev / cavdar arpasi

Saban koyu giineyi, 3-4. km, bozkir yamaglar 2110 m,
12.06.2019, Behget & Yapar 16574, end. Iran-Turan.
117. P, fragilis (Boiss.) Nevski subsp. villosus Baden
/ tuyli arpa

Saban koyii kuzeybatisi, bozkir, 1500-1600 m,
30.05.2018, Behcet & Yapar 15106, Iran-Turan.

549

Sekil 12. Poa trivialis rizom yapisli
Figure 12. Poa trivialis rhizome structure

118.  Pseudophleum anatolicum Dogan, Behget & A.
Sinan / anadolu efeotu

Bingo6l il merkezi, mezarlik batisi, 2-3. km, tas ocagi
cevresi, bozkir yamaglar, 1150-1200 m, 25.05.2013,
Behget 8703, end.

119.  Psilurus incurvus ( Gouan) Schinz & Thell. /
egri kuyrukotu

Bing6l Univ. Fen-Edebiyat Fakiiltesi 6nii, nemli alan,
1100-1150 m, Behget 7704.

120.  Rostraria berythea (Boiss. &Blanche) Holub /
maras gagaotu

Bingo6l merkez, Karsiyaka mah., cami ¢evresi, 1100-
1200 m, 15.05.2013, Behcet 8689b.

121.  R. cristata (L.) Tezvelev var. cristata/ gagaotu
Bing6l merkez, Yeni mah., yol ve bahge kenari, 1200-
1300 m, 27.05.2018, Behcet 12714.

122.  Sclerochloa dura (L.) P. Beauv. / micirotu
Bing6l merkez, Karsiyaka mah., yol kenarlari, 1150 m,
09.04.2016, Behcet 11082, Avrupa-Sibirya.

123.  Secale anatolicum Boiss. / anadolu cavdar:
Balpinar1 koéylu eski yol ayrimini gectikten sonra,
bozkir yamaclar, 1950 m, 22.06.2019, Behcet & Yapar
16732; Asagikéy-Ortakdy arasi, orman agiklari, 1680
m, 16.06.2020, Behcet & Yapar 18506.

Ornekte spika uzunlugu 12 cm’ve (Tiirkiye florasinda
4-8 cm), anter uzunlugu 6-7 mm kadar ¢ikiyor (Tiirkiye
florasinda 5§ mm)

124. 8. cereale L. subsp. ancestrale Zhuk. / tiylu
cavdar

Saban koyu yaylasina 1 km kala, bozkir, 2125 m,
19.07.2018, Behcet & Yapar 16033, end.

125. 8. cereale L. subsp. cereale | cavdar

Bingol Univ. Mithendislik Fakiiltesi 6ni, ekili alan,
1150 m, 29.05.2018, Behget 12723.

126. 8. ciliatoglume (Boiss.) Grossh. / acem c¢avdari
Yelesen kéyii batisi, yayla yolu, 5. km, tepe yamaglari,
bozkir, 2118 m, 02.07.2018, Behget & Yapar 15610,
Iran-Turan.
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Orneklerde anter boyu 8.5-87 mm’ye (Tiirkiye
florasinda c. 5 mm), gluma boyu alt ¢igeklerde 7-8
mmye, iist giceklerde 13 mm ye kadar ¢ikiyor (Tiirkiye
florasinda 10-11 mm).

127.  S. montanum Guss. / dag ¢avdar:

Yelesen koyt batisi, yayla yolu, 4. km, yolun sagindaki
cayir, dere kenari, 2050 m, 02.07.2018, Behcet & Yapar
15591.

128. 8. vavilovii Grossh. /gevrek cavdar

Il merekzi dogusu, Capakeur Vadisi, bozkir, 1044 m,
07.06.2020, Behget & Yapar 18411.

129.  Setaria glauca (L.) P. Beauv. / sicansaci
Bing6l merkez, sanayi sitesi ¢evresi, nemli alan, 1000-
1050 m, 01.09.2012, Behget 8272.

130. 8. verticillata (L.) P. Beauv. var. ambigua
(Guss.) Parl. / Arnavut darisi

Asagr koy gilineydogusu, dere kenarlari, 1462 m,
05.08.2018, Behcet & Yapar 16182.

131. 8. viridis (L.) P. Beauv. / yesil sicansaci

Bingsl Univ. lojmanlar: ¢evresi, nemli alan, 1100-1150
m, 08.10.2013, Behget 9164a.

132.  Sorghum halepense (L.) Pers. var. halepense /|
ekin stuptirgesi

Bing6l Univ. lojmanlari ¢evresi, nemli alan, 1100-1150
m, 08.10.2013, Behcet 9164.

133.  *Stipa bromoides (L.) Dorfl. / kilag

Bingol merkez, mezarlik batisi, 2. km tag ocagi cevresi,

bozkir, 1200-1300 m, 10.08.2014, Behcet 10288,
Akdeniz.

134.  S. ehrenbergiana Trin. & Rupr. / sorgucotu
Yelesen koyu batisi, bozkir yamaclar, 2350m,

28.06.2019, Behcet & Yapar 17132.

135.  S. holosericea Trin. /dirgen kilag

Yelesen koyu batisy, yayla yolu, 4. km, bozkir, 1975 m,
23.06.2018, Behget & Yapar 15472, Iran-Turan.

136. *S. lessingiana Trin. & Rupr. / gevsek
sorgucotu

Yelesen koyu batisi, yayla yolu, 4-5 km, yol kenari,
bozkir, 2140 m, 02.07.2018, Behcget & Yapar 15689.
137.  *S. pulcherrima K. Koch subsp. crassiculumis
(P.A.Smirn.) Tzvelev / kaba sorguc
Asagikoy’e 1 km kala, vadi igi, bozkir,
28.07.2019, Behget & Yapar 17715a.

138.  Taeniatherum caput-medusae (L. Nevski
subsp. erinitum (Schreb.) Melderis / kila¢ arpasi
Bingol Univ. Fen-Edebiyat Fakiiltesi 6nii, nemli alan,
1100-1150 m, Behget 7702.

139.  Trisetum flavescens (L.) P.Beauv. / palah
Yelesen koyu batisi, yayla yolu, 3. km, bozkir, 1900-
2000m, 23.06.2018, Behcet & Yapar 15383; Asagikoy-
Ortakoy arasi, orman agiklari, 1680 m, 16.06.2020,
Behget & Yapar 18514, Avrupa-Sibirya.

Orneklerin boyu 107 em’ye (Tiirkiye florasinda 30-70
cm), yaprak uzunlugu 27 cm’ye (Tiirkiye florasinda
3.5-12 cm), panikula boyu 16 cm’ye variyor (Tiirkiye
florasinda 6-10.5 cm)

140. T thospiticum Chrtek / 6z palah

Ugyaka koy yolu 3. km, orman aciklari, 1650 m,

1600 m,
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23.06.2019, Behcet & Yapar 16993, end. Iran-Turan.
141.  Triticum aestivum L. | ekmeklik bugday
Bing6l Univ. Mithendislik Fakdltesi civari, ekili alan,
1100-1150 m, Behget 11672, kiiltiir.

142. T. durum Desf. /makarnalik bugday

Bingdl merkez, Kaleéni mah., giineyi, ekili alanlar,
1031 m, 20.05.2020, Behget & Yapar 18249, kiiltur.
143. T turgidum L. /sisik bugday

Bingo6l merkez, Devlet Hastanesi giineyi, bozkir, 1081
m, 20.05.2020, Behcet & Yapar 1825, kiiltiir.

144. Ventenata dubia (Leers) Coss. & Durieu /
ventenotu
Yelesen koyl batisi, bozkir yamaclar, 2350m,

28.06.2019, Behget & Yapar 17131; Bingol merkez eski
otogar dogusu, yol kenarlari, 1112 m, 02.06.2020,
Behget & Yapar 18365.

Alt ve iist gluma 5 damarli (Tiirkiye florasinda alt
gluma 5-7 damarl, itist gluma 7-9 damarli)
145. V. subenervis Boiss. & Balansa
subenervis /tarla ventenotu

Bingol merkez, eski otogar dogusu, yol kenarlari, 1112
m, 02.06.2020, Behget & Yapar 18365, end. Dogu
Akdeniz.

146. Vulpia ciliata Dumort
kirpikligim

Topalan kéytnin 2 km gineyi, dere kenari, 1800-1850
m, 20.06.2017, Behcet 12195a.

147.  *V. muralis (Kunth) Nees / pis kirpiklicim
Topalan koytlintin 2 km glineyi, dere kenari, 1800-1850
m, 20.06.2017, Behget 12195a, Akdeniz.

148. V. myuros (L) C.C.Gmel. / arsiz kirpiklicim
Bing6l merkez, mezarlik batisi, tas ocagi yol ayrimi,
orman agiklari, 1200-1300 m, 22.05.2018, Behcet &
Yapar 15011.

149. V. unilateralis (L.) Stace / yumak kirpiklicim
Ugyaka koyii, dere kenari, 1500-1600 m, 10.05.2014,
Behcet 9474.

150.  *Zingeria biebersteiniana (Claus) P.A.Smirn.
subsp. biebersteiniana / oyalisalkim

Topalan-Cirigli koyleri arasi 3. km, cayiwr,1674 m,
29.06.2020, Behcet & Yapar 18798, Iran-Turan.

151.  Z. pisidica (Boiss.) Tutin / burdur oyalisalkim
Yelesen koyi yayla yolu, 4. km, dere kenarlari, 20150
m, 28.06.2019, Behcet & Yapar 17015, Iran-Turan.

subsp.

subsp. ciliata |/

TARTISMA ve SONUC

Arastirma  alanminda  Bugdaygiller  (Poaceae)
familyasindan 59 cinse ait 151 takson (104 tiir, 39
alttiir ve 8 varyete) tespit edilmistir. Bu bitkilerden
10nu endemiktir (%6.62) (Cizelge 2). Endemik 10
taksondan Pseudophleum anatolicum Dogan, Behcet
& A.Sinan ve Pilgerochloa major (H.Scholz) Dogan &
Behget sadece Bingol ilinde yetisen endemik tirlerdir.
(Dogan ve ark. 2015; Dogan ve Behget 2019).

Caligma alaninda en fazla taksona sahip ilk 10 cins;
Bromus L. (13), Elymus L. (12), Poa L. (9), Phleum L.
(6), Hordeum L. (6), Aegilops L. (6), Festuca L. (6),
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Stipa L. (6), Secale L. (5) ve Alopecurus L. (4)tur (Sekil
13).

Aragtirma alaninda yayilisi belirlenen bugdaygil
tiyelerinin en fazla takson i¢eren ilk 10 cinsinin yakin
alanlarda yapilan benzer calismalarla (Arabaci ve
Yildiz 2004; Karabacak ve Behget 2014; Yapar ve
Behcet 2018;) karsilastirildiginda Bromus cinsinin

biutiin  ¢alismalarda  birinci sirada  oldugu
goriilmektedir (Cizelge 3). Ayrica; Poa, Elymus,
Aegilops, Phleum, Hordeum cinsleri siralari

degismekle beraber kargilagtirma yapilan diger

caligmalarda da ilk 10 cins igerisinde yer almiglardir.
Yakin sahalarda yapilan ¢alismalarda toplam Poaceae
uye sayisi, cinslerin takson sayilari gibi bazi farkh
durumlar degisik nedenlere dayandirilabilir. Bu
nedenlerden en Onemlisi arastiricitnin Poaceae
uyelerini bir birine benzetmesi nedeniyle saghklh
toplama yapamayisi, gosterigli cicekleri olmayan
Poaceae tiyelerinin gozden kagmalari, degisen ekoloji
ve arastiricinin Poaceae konusunda teshis ve toplama
i¢in yeterli donanima sahip olmayis1 gibi durumlar
sayilabilir.

Cizelge 2. Alandan belirlenen endemik taksonlar, tehlike kategorileri ve fitocografik bolge elementleri
Table 2. Endemic taxa determined from the area, risk categories and phytogeographical region elements

Sekil 13. Calismada belirlenen en fazla tiyeye sahip ilk
10 cins
Figure 13. Top 10 genera with the most members
identified in the study

Taksonlarin fitocografik boélge element dagilimi su
sekildedir; Iran-Turan 29 (%19.21), Avrupa Sibirya 20
(%13.24), Akdeniz 9 (%5.96) ve Cok bolgeli veya
fitocografik bolgesi bulunmayan 93 (%61.59) (Sekil 14).
Aragtirma alanimin Iran-Turan fitocografik bélgesinde
bulunmasinin dogal bir sonucu olarak, alanda Iran-
Turan fitocografik bolge elementi olan takson sayisi
diger fitocografik bélge elementlerinden fazladir.

Tesbit edilen taksonlardan 26 adedi B8 karesi i¢in yeni
kayittir. Bu taksonlardan Bromus hordeaceus subsp.
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Endemik taksonlar Tehlike Kategorisi Fitocografik bolge
(Endemic taxa) (Risk categories) (Phytogeographical region)
1. Bromus armenus NT (tehdide yakin) Iran-Turan
2. Elymus erosiglumis NT (tehdide yakin) Iran-Turan
3. Elymus elongatus subsp. salsus VU (Hassas)
4. Festuca adanensis NT (tehdide yakin)
5. Psatysatachys fragilis subsp. secaliformis | -- Iran-Turan
6. Pseudophleum anatolicum EN (Tehlikede)
7. Secale cereale subsp. ancestrale VU (Hassas)
8. Trisetum thospiticum VU (Hassas) Iran-Turan
9. Pilgerochloa major CR (Kritik tehlikede) Iran-Turan
10. Ventenata subenervis subsp. subenervis VU (Hassas) Akdeniz
thominii Tirkiye'de sadece Zonguldak’tan (A3

karesinden) biliniyordu. Bu taksonun B8 karesinden
yayiliginin belirlenmesi ile yayilig alanin Turkiye’de de
daha genig oldugu belirlenmis oldu. Yine alanda
yayllis1 belirlenen FElymus transhyrcanus simdiye
kadar sadece Erzurum (A8) ve Hakkari'den (C10)
biline bir turdid. Bu galismayla tiriin Turkiye’deki
yayilig alanin daha genis oldugu ortaya kondu.

Sekil 14. Taksonlarin fitocografik bélge element
dagilimi
14.  Phytogeographic
distribution of taxa

Figure region elemental
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Calismada tespit edilen 26 taksonda, Tirkiye komsu
ulke floralarinda verilen betimlemelerle uyusmayan
ozellikler ortaya konulmustur. Ozellikle Bingél’den
toplanilan Behget & Yapar 17645 nolu Alopecurus
arundinaceus 6rneklerinin stolon bulundurmasi (Sekil
4), calisma kapsaminda incelenen hic bir florada yer
almayan bir karakterdir. Diger taraftan; Poa trivialis
tirinin Rusya florasinda (Rozhevits ve Shishkin
1963) tespih sekilli rizoma (Sekil 12) sahip érnekleri
Poa sylvicola Guss seklinde farkli bir tir olarak
tanimlanmigtir. Bu gline kadar Turkiye'de P.
trivialisin tesbih goérintimli rizom yapisina sahip

herhangi bir 6rneginin toplandigi bilinmemekte ve
Turkiye florasindaki P. trivialis taniminda da boyle bir
bilgi yer almamaktadir. Ayrica P pratensis
orneklerinde hem rizom hem de stolon bulunmaktadir
(Sekil 11). Oysaki Tiirkiye florasinda sadece rizomun
varhigindan bahsedilmektedir. Ote yandan Rusya
florasinda stolon olabilecegi belirtilmektedir. Calisma
kapsaminda tespit edilen varyasyonlar (bu calismada
ilk kez verilen ve o6zellikle Tirkiye florasinda yer
almayan baz1 varyasyonlar), ilgili taksonlarin
betimlemesine katki saglayacaktir.

Cizelge 3. Arastirma sonuglarinin yakin ¢alismalarla karsilastirilmas:
Table 3.Comparison of research results with close studies

Capakcur Vadisi Malatya (Arabaci ve Yildiz | Hiro (Yapar ve Behcet | Zilan (Karabacak ve
2004) 2018) Behget 2014)
Toplam takson sayisi:151 Toplam takson sayis1:101 Toplam takson | Toplam takson
(Total number of taxa: 151) (Total number of taxa: 101) | say1s1:67 say1s1:91
(Total number of taxa: | (Total number of taxa:
67) 91)
Cins Takson Sayisi Cins Takson Sayisi | Cins Takson | Cins Takson
(Genus) (number of taxa) | (Genus) (number  of | (Genus) Sayis1 (Genus) Sayis1
taxa) (number (number
of taxa) of taxa)
Bromus 13 Bromus 10 Bromus 9 Bromus 11
Elymus 12 Elymus 6 Aegilops 5 Poa 8
Poa 9 Aegilops 6 Poa 5 Alopecurus 6
Phleum 6 Hordeum 5 Alopecurus 4 Elymus 5
Hordeum 6 Alopecurus 4 Elymus 4 Phleum 4
Aegilops 6 Poa 4 Phleum 4 Hordeum 4
Festuca 6 Stipa 4 Stipa 2 Secale 3
Stipa 6 Phleum 3 Scale 2 Agrostis 3
Secale 5 Lolium 3 Hordeum 2 Trisetum 2
Alopecurus 4 Melica 3 Vulpia 2 Koelaria 2
TESEKKUR Journal of Botany. 39: 334-340.

Bu calisma Bingoél Universitesi Bolgesel Kalkinma
Odakli Misyon Farklilagmas: ve Thtisaslagmasi Projesi

(Tarim ve Havza Bazh Kalkinma Alaninda)
tarafindan  (Proje  no:  PIKOMBitki.2018.007)
desteklenmigtir.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmas1 Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catigsmasi olmadigini beyan ederler.
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ABSTRACT
Plant parasitic nematodes (PPNs) are the leading source of damage to
crops in agricultural production and they can cause very serious yield
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Article History

reductions. The Tylenchida (Nematoda) constitutes the most Received 1 10.06.2020
important group of PPNs due to containing a large number of Accepted 127.07.2020
economically important plant parasitic species. This study was

conducted in apple (Pyrus malus L.) and walnut (Juglans regia L.) Keywords

orchards in Bingél (Turkey) between 2016 and 2017. For this purpose, Plant parasitic nematodes
total of 52 soil/root samples were taken from 20-40 cm depth of related Bingol

areas during summer months. In laboratory, active PPNs were Apple

extracted from soil and roots parts by modified Baermann Funnel Walnut

method. Obtained nematodes were killed at 60°C, fixed in TAF in Tylenchida

mounted slides. PPNs belonging to Tylenchida were identified
morphometrically and morphologically under the light microscope. As
result of the study; eighteen PPN species were determined and
classified under the Tylenchida order as three suborders, three
superfamilies, four families and seven genera in the apple and walnut
growing areas. The most encountered PPN species in this study were
Filenchus filiformis, Helicotylenchus canadiensis, H. digonicus, H.
vulgaris, Pratylenchoides alkani and Psilenchus hilarulus. All species
were determined for the first time in the nematoda fauna of Bingol
province in apple and walnut orchards.

Bingél Ili Elma (Pyrus malus L.) ve Ceviz (Juglans regia L.) Bahgelerinde Bitki Paraziti Nematod
Tirlerinin Belirlenmesi

OZET Aragtirma Makalesi

Bitki paraziti nematodlar (BPN'ler), tarimsal iiriinlerde 6nemli zarar

olusturmakta ve ¢ok ciddi verim kayiplarina neden olabilmektedirler. Makale Tarihgesi

Tylenchida (Nematoda) takimi ekonomik acidan énemli cok sayida Gelis Tarthi  :10.06.2020
Kabul Tarihi :27.07.2020

bitki paraziti nematod tirini barindirdigindan en o6nemli BPN
grubunu olusturmaktadir. Bu c¢alisma 2016-2017 yillar1 arasinda
Bingél (Tiirkiye) ili elma (Pyrus malus L.) ve ceviz (Juglans regia L.)
bahgelerinde yuritilmistir. Bu amacgla, yaz aylarinda ilgili

Anahtar Kelimeler
Bitki Paraziti Nematodlar:

alanlardan 20-40 cm derinlikten toplam 52 toprak/kék ornegi gingél

alinmistir. Laboratuvarda, Gelistirilmis Baermann Huni yontemi ile C ma

toprak ve kok kisimlarindan aktif BPN'ler ekstrakte edilmistir. Elde eviz.
Tylenchida

edilen nematodlar 60°C'de 6lduruldiikten sonra TAF ¢ozeltisinde fikse
edilerek lam {tizerinde sabitlestirilmistir. Tylenchida takimina ait
BPN'ler, 1s1k mikroskobu altinda morfometrik ve morfolojik olarak
tanimlanmigtir. Calisma sonucunda; elma ve ceviz yetistiriciligi
yapilan alanlarda 18 BPN tiirti belirlenmis ve bu tiirler Tylenchida
takimi altinda ti¢ alttakim, ti¢ tistfamilya, dort familya ve yedi cins
olarak smiflandirilmistir. Bu c¢alismada Flilenchus filiformis,
Helicotylenchus  canadiensis, H. digonicus, H. vulgaris,
Pratylenchoides alkani ve Psilenchus hilarulus en ¢ok tespit edilen
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BPN tiirleri olmustur. Tim tirler Bing6l ilindeki elma ve ceviz
bahgeleri nematod faunasinda ilk kez belirlenmigtir.

To Cite : Karakas US, Pecen A, Kepenekgi I, Cetintag R 2021. Determination of Plant Parasitic Nematode Species of Tylenchida
(Nematoda) in Apple (Pyrus malus L.) and Walnut (Juglans regia L.) Orchards in Bingél Province of Turkey. KSU
Tarim ve Doga Derg 24 (3): 554-560. https://doi.org/10.18016/ksutarimdoga.vi.750286.

INTRODUCTION

Turkey, due to its geographical location, has a very
favorable climate for all fruits excluding some tropical
plants. In this regard, Turkey, the origin of
horticultural production, is the main homeland of
many fruit species in the world (Agaoglu et al., 1997).
A significant portion of fruit species being grown in
Turkey is temperate zone fruits. Among these, grape,
apple, hazelnut, pear, peach, apricot, plum, cherry,
walnut, chestnut, quince, almond, pistachios are
widely grown crops. Apple (Pyrus malus L.) is one of
the fruits grown in almost every climatic region of this
country. The annual apple production of Turkey is
approximately 3.6 million ton. Apple cultivation has
been concentrated in all provinces of the country
recently. Walnut (Juglans regia L.) is the oldest
cultivated fruits in the world grown spontaneously
almost all across of the country (Sen, 1986). The
annual walnut production of Turkey is approximately
225 thousand ton. Plant parasitic nematodes (PPNs)
are the leading cause of damage to crops, and although
actual size of the their damage to agriculture is too
difficult to assess, they are able to cause a very serious
reductions in crop yield. Nematodes can be primer
pathogens by direct attacking plants or can be
seconder parasites by creating the entrance to the
other many soil-borne pathogens. The Tylenchida
(Nematoda) constitutes of the most important group of
PPNs due to its host range of economically important
crops. There are various studies about PPN-host
association and distribution in different localities of
Turkey. A total of 240 PPNs belonging to 56 genera of
Tylenchida were detected from 66 different host plants
in 48 different localities of the country by second half
of 2014 (Kepenekci, 2014). Pest and pathogen
management are fairly important for the country's
agriculture. Increasing agricultural production per
unit are becoming even more vital due to the rapid
population increase in Turkey. Within this
perspective, the crops including apple and walnuts
need to be protected from pests and pathogens
including PPNs. Therefore, species of PPN species
need to be identified correctly in order to develop
effective management strategies. There is only one
study available about identification of PPN species in
forage areas in Bingél (Yildiz et al., 2012). There is no
any other study of PPN species in any crops in this
province. Therefore, the aim of this study was to
determine PPN species causing economic losses in
apple and walnut orchard areas in Bing6l province.
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MATERIAL and METHOD

A total of 52 soil-root samples were taken from apple
and walnut orchards of Bingél (Turkey) and its
surroundings (Adakli, Genc, Karliova, Kig1, Solhan,
Yayladere) to determine PPN species. The samples
were collected incidentally to represent the whole
region. Samples were usually taken from orchards
possessing five years or older trees. Each orchard was
considered as one unit and samples were taken from
five different spots of the same tree from a depth of 20-
40 cm. The soil and root samples of each tree was
collected into a polyethylene bag and labelled.

Laboratory studies
Constitution of permanent preparations of nematodes

A petri method, Modified Baermann Funnel Method,
was used to extract free and mobile PPNs from the soil
(Barker, 1985; Southey, 1986). In order to identify
nematodes at the species level, constitution of
permanent preparations processes were followed based
on common preparation methods. For this purpose,
nematodes precipitated in the centrifuge tubes were
kept for 2 minutes in hot water bath at 60°C. The dead
nematodes were fixed in TAF solution (7 ml formalin
(40% formaldehyde) +2 ml triethanolamine +91 ml
distilled water) (Hooper, 1986) and kept in solution I (1
part of glycerin and 79 parts of distilled water) and
solution II (5 parts glycerin and 95 parts (96%)
ethanol) (Seinhorst, 1959). In this way, the nematodes,
taken in pure glycerin, were separated according to
their genus and taken on the slide prepared by Wax-
Ring method (Hooper, 1986). The nematodes later
were fixed on the heater with coverslip and made ready
for the diagnosis.

Identification of nematodes

PPNs were identified at the species level by
morphological and morphometric characteristics.
Synonyms, systematic position and phylogenetic
classification of Tylenchid nematodes were determined
by following Siddiqi (2000).

RESULTS and DISCUSSION

In this study, PPN species belong to the genera of
Coslenchus  Siddigi  (Tylenchida: Tylenchidae),
Filenchus Andrassy (Tylenchida: Tylenchidae),

Helicotylenchus Steiner (Tylenchida: Hoplolaimidae),
Pratylenchoides Winslow (Tylenchida:
Pratylenchidae), Pratylenchus Filipjev (Tylenchida:
Pratylenchidae), Psilenchus DeMan (Tylenchida:
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Belonolaimidae) and 7rophurus Loof (Tylenchida:
Belonolaimidae) were identified. PPN species
determined in the survey are shown in Table 1. Among
the species found, six PPN species were determined
from apple orchards and classified in the Tylenchida
order, three suborders, two superfamilies, three
families and in five genera. These species were
Coslenchus turkeyensis Siddiqi; Filenchus
cylindricauda Wu, Siddiqi; Helicotylenchus
canadiensis Waseem; H. digonicus Perry, in Perry,
Darling & Thorne; Pratylenchoides alkani Yuksel;
Psilenchus hilarulus De Man. Among the species
found, sixteen PPN species were determined in the
walnut orchards and classified under the Tylenchida
order as three suborders, three superfamilies, four

families and six genera. These species were F.
filiformis (Biitschli) Meyl; H. canadiensiss H.
crenecauda Sher; H. digonicus; H. striatus Firoza &
Magbool; H. tunisiensis Siddiqi; H. vulgaris Yuen; P.
alkani, P. camachoi Barcina, Castillo & Pais; P
erzurumensis Yuksel; P. leiocauda Sher; P. ritteri
Sher; Pratylenchus penetrans (Cobb) Filipjev &
Schuurmans Stekhoven; P. thornei (Sher & Allen),
(Sher); P. hilarulus and Trophurus sculptus Loof.
These species were determined for the first time in the
nematoda fauna of apple and walnut orchards in
Bingol province (Turkey). The most encountered PPN
species in this study were F. filiformis, H. canadiensis,
H. digonicus, H. vulgaris, P. alkani and P. hilarulus.

Cizelge 1. Bingél ilindeki elma ve ceviz bahcelerinde Tylenchida (Nematoda) takiminda tespit edilen bitki paraziti

nematod turleri

Table 1. The detected plant parasitic nematode species under the Tylenchida (Nematoda) order in apple and walnut

orchards in Bingél province.

Family Nematode species Host
Familya Nematod tiirleri Konukcu

Coslenchus turkeyensis Siddiqi apple

Filenchus cylindricauda Wu, Siddiqi apple
Tylenchidae F. filiformis (Biitschli) Meyl walnut

Helicotylenchus canadiensis Waseem apple, walnut

H. crenecauda Sher walnut

H. digonicus Perry, in Perry, Darling & Thorne apple, walnut
Hoplolaimidae H. striatus Firoza & Maqgbool walnut

H. tunisiensis Siddiqi walnut

H. vulgaris Yuen walnut

Pratylenchoides alkani Yuksel apple, walnut

P. camachoi Barcina, Castillo & Pais walnut

P. erzurumensis Yiksel walnut

P. leiocauda Sher walnut
Pratylenchidae P. ritteri Sher walnut

Pratylenchus penetrans (Cobb) Filipjev & Schuurmans Stekhoven walnut

P. thornei (Sher & Allen), (Sher) walnut

Psilenchus hilarulus DeMan apple, walnut
Belonolaimidae Trophurus sculptus Loof walnut

In this study, a total of 18 PPN species were found in
Bingol province (Turkey). All species were determined
for the first time in the nematoda fauna of apple and
walnut orchards in this province. Coslenchus
turkeyensis, Filenchus filiformis, Helicotylenchus
canadiensis, H. digonicus, H. tunisiensis, H. vulgaris,
Pratylenchoides alkani, P. leiocauda, Pratylenchus
penetrans and P. thornei species were found in apple
and walnut orchards of Bingol province. Related to this
study, Evlice and Okten (2008) identified the same
species in pear orchards in Ankara (Turkey). Yiiksel
(1977) studied on measurements and drawings of
taxonomic character of some BPN and he found P.
alkani and P. erzurumensis which were similarly
detected in walnut of this current study. Kepenekci
and Okten (1996) studied in Ankara province and they
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identified plant parasitic nematodes species belonging
to Helicotylenchus genus from tomato cultivation
areas. In this study, H. digonicus and H. tunisiensis
species detected in apple and walnut orchards were
similar. Psilenchus hilarulus and Trophurus sculptus
were found in both apple and walnut orchards. Similar
to this study, Kepenekci et al. (1998) reported P.
hilarulus in Balikesir and Ankara (Turkey), and
Kepenekei et al. (1999) reported 7. sculptusin Ankara
on rice. Kepenekci and Zeki (2002) also reported
Helicotylenchus digonicus, Pratylenchoides
erzurumensis and Psilenchus Iranicus in apple
orchards of Isparta and Burdur. In current study, AH.
digonicus and P. erzurumensis species were detected
in walnut orchards. Helicotylenchus crenacauda and
H. striatus were found in walnut orchards. Similar to
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in this study, Kepenekci and Okten (1999) reported
that H. crenacauda and H. striatus were detected in
Samsun and Sinop (Turkey) from tobacco growing
areas. Kepenekci and Okten (1998) identified
Coslenchus turkeyensis, Filenchus filiformis, F.

the fields of tomato cultivation which went into
rotation with carrots in Beypazari (Ankara). The
nematode species detected in apple and walnut
orchards in current study were similar of those of
detected in some of other crops of previous studies

cylindricauda, P. alkani, P. leiocauda in their study in

(Table 2).

Cizelge 2. Turkiye'deki diger calismalarda tespit edilen bu bitki paraziti nematod tiirlerinin konukculari
Table 2. Hosts of these plant parasitic nematode species detected in other studies in Turkey

Family Nematode species Host Distribution Reference
Familya Nematod tiirleri Konukgu Yayilim Referans
tomato Ankara Kepenekei and Okten (1997a)
Coslenchus turkeyensis pear Ankara Evlice and Okten (2008)
apple Bingol In this study
tomato Ankara Kepenekei and Okten (1998)
Tylenchidae  Filenchus cylindricauda wheat Adiyaman Kasapoglu Uludamar et al.
(2018)
apple Bingol In this study
tomato Ankara Kepenekei and Okten (1998)
F. filiformis pear Ankara Evlice and Okten (2008)
walnut Bingol In this study
Helicotylenchus canadiensis pear Ankara Evlice and Okten (2008)
apple, walnut Bingdl In this study
tobacco Samsun, Sinop Kepenekei and Okten (1999)
H. crenecauda lentil Yozgat Kepenekei (1999)
walnut Zonguldak Kepenekei (2001)
walnut Bingol In this study
grapevine, Adiyaman Kasapoglu Uludamar et al.
pistachio (2018)
H. digonicus tomato Ankara Kepenekei and Okten (1996)
pear Ankara Evlice and Okten (2008)
apple Burdur, Kepenekei and Zeki (2002)
Isparta
. walnut Bingol In this study
Hoplolaimid tobacco Samsun, Sinop Kepenekei and Okten (1999)
ae H. striatus chestnut Sinop, Giresun Kepenekei (2001)
walnut Bingol In this study
tomato Ankara Kepenekei and Okten (1996)
chickpea Ankara, Kepenekei (1999)
Yozgat
bean Burdur Kepenekei (1999)
lentil Yozgat Kepenekei (1999)
H. tunisiensis kidney bean  Isparta Kepenekei (1999)
walnut Ordu Kepenekei (2001)
eggplant, Diyarbakir Imren (2007)
grapevine,
pepper,
tomato
pear Ankara Evlice and Okten (2008)
walnut Bingél In this study
H. vulgaris pear Ankara Evlice and Okten (2008)
walnut Bingol In this study
bean Erzurum Yiiksel (1977)
eggplant, Diyarbakir Imren (2007)
grapevine,
pepper,
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tomato
cotton, Sanliurfa Yildiz (2007)
Pratylenchoides alkani unidentified
grass, wheat
Pratylenchid wheat Mardin Kilic (2011)
ae barley, melon, Adiyaman Kasapoglu Uludamar et al.
watermelon, (2018)
wheat,
tobacco
tomato Ankara Kepenekei and Okten (1997b)
pear Ankara Evlice and Okten (2008)
apple, walnut  Bingol In this study
kiwifruit East Black Sea Kepenekei and Oztiirk (1999)
P. camachoi Region
walnut Bingol In this study
mulberry Erzurum Yiiksel (1977)
chickpea Mardin Di vito et al. (1994)
unidentified grass, Sanlurfa Yildiz (2007)
wheat
grapevine Diyarbakir Imren (2007)
plum Antalya Burdur Kepenekci et al. (2001)
P. erzurumensis Isparta Trabzon
Zonguldak
olive Trabzon Kepenekei (2001)
apple Burdur Isparta Kepenekei and Zeki (2002)
forage crops Bingol Yildiz et al. (2012)
walnut Bingol In this study
chickpea, lentil Diyarbakir Di vito et al. (1994)
chickpea Mardin Sanhurfa  Di vito et al. (1994)
P. leiocauda tomato Ankara Kepenekei and  Okten
(1997b)
pear Ankara Evlice and Okten (2008)
walnut Bingol In this study
bean Ankara Karaman Kepenekei (1999)
Yozgat
P. ritteri apple Burdur Isparta Kepenekei and Zeki (2002)
walnut Ordu Kepenekei (2001)
walnut Bingol In this study
Pratylenchidae eggplant, Diyarbakir Imren (2007)
grapevine, pepper,
tomato, wheat
Pratylenchus chickpea, lentil Diyarbakir Di vito et al. (1994)
penetrans corn, lentil, Sanliurfa Yildiz (2007)
unidentified grass
pear Ankara Evlice and Okten (2008)
walnut Bingol In this study
wheat Diyarbakir Imren (2007)
chickpea, lentil DiyarbakirMardin Di vito et al. (1994)
barley, cotton, Sanlurfa Yildiz (2007)
unidentified grass,
wheat
wheat Mardin Kilic (2011)
cotton, grapevine, Adiyaman Kasapoglu Uludamar et
P. thornei melon, tobacco, al.(2018)
watermelon, wheat
forage crops Bingél Yildiz et al. (2012)
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apple Burdur Kepenekei and Zeki (2002)
pear Ankara Evlice and Okten (2008)
walnut Bingol In this study
garlic, parsley, Istanbul Saltukoglu (1974)
grassland, melon,
sunflower

Psilenchus hilarulus  grass Ankara Akgiil (1991)
rice Balikesir Ankara  Kepenekei et al. (1998)

Belonolaimidae strawberry Bursa Akgiil (2003)

apple, walnut Bingol In this study

Trophurus sculptus  rice Ankara Kepenekei et al. (1999)
walnut Bingol In this study

It can be concluded that, PPN fauna of apple and
walnut orchards in Bingol province was revealed for
the first time by this study. Therefore, these first
record of nematoda fauna of apple and walnut orchards
could be the good source of future nematological
studies. Due to relatively difficult management
strategies of nematodes, the detection of these
parasites in the region is becoming very important for
developing new and proper control methods/tactics. In
order to minimize the nematode damage, cultural
practices such as developing resistant varieties, using
tolerant grafted seedlings, and etc. should be applied.
In addition to these applications, attentions should be
paid to internal quarantine measures to prevent
dissemination of plant parasitic nematodes to clean
areas.
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OZET

Bu ¢alisma, yemlik kolzanin farkli ekim zamanlarina goére verim,
kalite ve besin elementleri i¢erikleri agisindan gosterdigi farkliliklar:
ortaya koymak amaciyla 2014-2015 ve 2015-2016 yillarinda Bingol ili
ekolojik kogullarinda yuritalmustir. Arastirmada Eylil ayinin ikinci
yarisindan baglamak tizere 10 giinliikk araliklarla 4 ekim zamaninda
ekim yapilmistir. Verim ozelliklerinden yesil ot verimi ve kuru ot
verimi, kalite 6zelliklerinden NDF ve NYD ile besin elementlerinden
Ca ve Mg acgisindan Eylil ayinin ikinci yarisinda yapilan ekimden en
yiksek degerler elde edildigi tespit edilmistir. Ekim zamanlarinin
HP, ADF, SKM, P ve K acisindan istatistiksel olarak bir farklilik
gostermedigi gorulmustur. Dolayisiyla Bingol ve benzeri ekolojik
kogullara sahip karasal bolgelerde, yemlik kolza ekiminin Eylil
aymmin ikinci yarisinda yapilmasinin verim ve kalite agisindan
avantajli oldugu sonucuna varilmistir.

ABSTRACT

This study was conducted in the ecological conditions of Bingol
province from 2014 to 2016 to reveal the differences of yield, quality
and nutrient content of forage rape based on different sowing times.
Starting from the second half of September, the study was sown at 4
planting times with 10-day intervals. It was determined that the
highest values were obtained from the second half of September in
terms of forage yield and dry matter yield from the yield
characteristics, NDF and RFV from the quality characteristics and Ca
and Mg from the nutrients. It was observed that the sowing times in
forage rape did not show any statistically difference in terms of CP,
ADF, DDM, P and K. Therefore, it was concluded that it would be
advantageous in terms of yield and quality to cultivate forage rape in
the second half of September in terrestrial regions such Bingol or
areas with the similar ecological conditions.
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GIRIS kolza (Brassica napus oleifera), haghgiller = turpgiller

Onemli bir yag bitkisi olan kolzamin genis yaprakl
olan cegitleri yem amach olarak yetistirilmektedir
(Acikgoz, 2001). Kisa siirede bol miktarda yesil ot
lUretmesi, otunun hayvanlar tarafindan sevilerek
yenilmesi ve sindirilebilirliginin fazla olmasi nedeniyle
kolzanin basta Kuzey Avrupa olmak tuzere birgok
iilkede tarimi yapilmaktadir (Soya vd., 2004). Yemlik

(Cruciferae = Brassicaceae) familyasinin bir {iyesidir
(Serin ve Tan, 2001). Bu familyanin Brassica cinsi
icerisinde yer alan yemlik kolza; ot tipi yem salgama,
yemlik galgam veya yemlik kanola gibi isimlerle de
bilinmektedir.

Hayvan beslemede kolza bitkisinin tohumu, yesil otu,
kuru otu, silaji, kiispesi, yag1 ve protein konsantreleri
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kullanilmaktadir (Nursoy ve ark., 2018). Kolza bitkisi
icerdigi antibesinsel icerikler (siilfiir, nitrat vb.)
nedeniyle rasyonlara tek basina konulmamasi ve
rasyondaki oraninin rasyon kuru maddesinin %40’1n1
asmamasi, otlatma yerine kuru otunun veya
mimkiinse silajijmin tercih edilmesi ve koyunlar
sigirlara gore daha hassas oldugundan sigirlarin
beslenmesinde kullanilmasina oncelik verilmelidir
(Kilic, 2009). Hayvan beslemenin yam sira yemlik
kolza, floranin yeterli oldugu alanlarda bal arilar: i¢in
iyi bir besin kaynagi, floranin yetersiz oldugu
alanlarda ise iyi bir nektar ve polen kaynagidir
(Korkmaz, 2003).

Kolza ot iretimi amaciyla yetistirildiginde hasadi
cigeklenme baglangicinda yapilmalhidir. Ortalama yesil
ot verimi 2-6 ton/da olan bitkinin yapraklarindaki
protein orani %20-25 arasindadir (Acikgéz, 2001).
Yemlik kolza ile ilgili daha o6nce birgok c¢alisma
yiirtitiilmiistiir. Cacan and Kokten (2017), yemlik
kolza i¢in uygun sira araliginin tespit edilmesi
amaciyla Bingol ili ekolojik kogullarinda yurtttiikleri
calismada en iyl verimi 40 cm sira araliginda elde
ettiklerini bildirmislerdir. Zeybek (2017), kighk ara
urin olarak yemlik kolza ve ikili karigimlarinin verim
ve kalite lizerinde etkisini inceledigi tez ¢alismasinda,
yemlik kolzanin bitki boyunu 58.8-132.6 c¢cm, kuru ot
verimini 427.5-590.0 kg da’l, ADF (Asit Deterjanda
Coziinmeyen Lif) orammi %27.5-33.0, NDF (Nétral
Deterjanda Céziinmeyen Lif) oranim1 %36.5-41.5, HP
(Ham Protein) oranini %17.4-21.0, NYD (Nispi Yem
Degeri) 141.4-167.6, Ca (Kalsiyum) oramni %1.44-
1.54, K (Potasyum) oranmmm %2.55-2.87, Mg
(Magnezyum) oranini %0.29-0.40 ve P (Fosfor) oranini
%0.34-0.39 arasinda tespit ettigini bildirmistir.
Kanada’da iki yemlik kolza ¢esidinin yem kalitesini
belirlenmesi amaciyla yurutilen bir ¢calismada HP
oraninin %18.6-21.5, ADF oraninin %16.6-25.0, NDF
oraninin %20.3-31.3 ve sindirilebilirlik oraninmin da
%65.7-69.3 arasinda degistigi bildirilmistir (Thomas et
al., 2015).

Yemlik kolzanin ekim zamanlari ile ilgili olarak
Avusturalya’da yurutiilen bir galismada bitki boyunun
34.8-78.0 cm, veriminin 0.9-3.8 t/ha, HP oraninin
%18.7-28.4, ADF oraninin %16.6-19.5, NDF oraninin
%18.2-26.9 ve in vitro sindirilebilirliginin ise %78.2-
84.7 arasinda oldugu tespit edilmistir (Islam et al.,
2012). Ankara kosullarinda ikinci {riin olarak
Brassica tirleri ile yuritilen ¢alismada, yemlik kolza
icin en iyi ekim zamaninin Temmuz ay1 oldugu
sonucuna varilmistir (Altinok and Karakaya 2003).

Yemlik kolzada genel olarak ekimin erken sonbaharda
yapilmas1 gerektigi Acikgdz (2001) ve Soya ve ark.
(2004) tarafindan bildirilmistir. Ancak ne kadar erken
yapilmasi veya hangi aylarda, tarihlerde yapilmasi
gerektigl yonlinde ylritilmis bilimsel c¢aligmalar
oldukca kisithidir. Bu nedenle bu calisma, yemlik
kolzanmin farkli ekim zamanlarina gore verim, kalite,
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sindirilebilirlik  ve besin elementleri acisindan
gosterdigi  farklhihiklar1 tespit etmek amaciyla
yuriatilmustur.

MATERYAL ve METOD
Materyal

Bitkisel materyal olarak 6zel sektérden temin edilen
Lenox isimli yemlik kolza (Brassica rapa L.) cesidi
kullanilmigtir.  Arastirma, Bingél  Universitesi
Tarimsal Uygulama ve Arastirma alaninda
yuriutilmustir. Arastirma alani, Bingol il merkezine
15 km mesafede olup, deniz seviyesinden ytiksekligi
ortalama 1092 m’dir. Arastirma alanmi, 38.815890
Kuzey enlemi ile 40.53866° Dogu boylam
koordinatlarinda yer almaktadir.

Aragtirma Alaminin Iklim Verileri

Bingsl I1 Meteoroloji Miidiirliginden temin edilen
iklim verilerine bakildiginda (Anonim, 2020), Bingél
ilinin arastirmanin yuratuldiga aylara ait uzun yillar
(2000-2015) ortalama sicakliginin 7.9 °C, yagis
miktarinin 886.7 mm ve nem oraninin ise %62.6
oldugu gorilmektedir. Arastirmanin yuratuldaga
2014-2015 ve 2015-2016 yetistirme dénemlerinde elde
edilen sicaklik degerlerinin uzun yillar ortalamasinin
uzerinde, toplam yagis miktarinin uzun yillar
ortalamasinin altinda, nispi nem oraninin ise uzun
yillar ortalamasina yakin oldugu gériilmiistiir (Cizelge
1).

Aragtirma Alanini Toprak Ozellikleri

Aragtirma alanmina ait toprak analizleri Bingol
Universitesi Ziraat Fakiiltesinde yapilmistir. Elde
edilen analiz sonuclar1 Sezen (1995) ve Zengin (2012)
tarafindan belirlenen sinir degerler esas alinarak
degerlendirilmigtir. Buna gore toprak yapisinin tinli
yapida (%43.3), pH oraninin hafif asidik (6.37), az
kirecli (%0.15), tuzsuz (%0.0066), organik madde
miktarinin az (%1.26), K (24.5 kg da’!) miktarinin
yeterli ve P (7.90 kg da'!) miktarinin da orta diizeyde
oldugu belirlenmigtir.

Metod
Yemlik kolzaya ait ekim zamanlarinin verim ve kalite
tuzerine etkisinin  belirlenmeye c¢alisildigzn  bu

calismanin 2014-2015 ve 2015-2016 yetistirme
sezonlarinda ait ekim ve hasat tarihleri Cizelge 2’de
verilmigtir.

Caligsma igerisinde kolaylik saglamasi a¢isindan ekim
zamanlarinin tarihlerini belirtmek yerine ilk ekimden
baglamak tizere birinci, ikinci, Gg¢iinci ve doérdinci
ekim zamanlar1 kavramlar:i kullanilmistir. Deneme
parsel uzunluklari 5 m, her parselde 4 sira ve tesaduf
bloklar1 deneme desenine gore t¢ tekerrirli olarak
kurulmustur. Bloklar arasinda 1 m yol birakilmis ve
parsel eni 17 m olarak ayarlanmistir. Sira arasi
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mesafeler 30 cm olarak tutulmus ve dekara 1 kg
tohumluk gelecek sekilde ekim yapilmistir (Soya ve
ark., 2004). Ekim ile birlikte dekara saf madde

iizerinden 4 kg azot (N) ve 10 kg P giibresi verilmistir
(Acikgoz, 2001).

Cizelge 1. Bingél iline ait 2014-2015, 2015-2016 ve uzun yillar (2000-2015) aylik iklim verileri
Table 1. Monthly climate data of Bingdél province for 2014-2015, 2015-2016 and long years (2000-2015)

Ortalama sicaklik (°C)
Aylar (Months)

(Average tempurature (°C))

Nispi nem (%)
(Reletive humudity (%))

Toplam yagis (mm)
(Total precepitation (mm))

2014- 2015- Uzun 2014- 2015- Uzun 2014- 2015- Uzun

2015 2016 Yillar 2015 2016 Yillar 2015 2016 Yillar
Evlil (Sevtember) 21.3 23.4 21.3 63.7 0.8 16.4 36.2 30.2 42.2
Ekim (October) 13.7 14.3 14.2 87.3 2209 70.3 62.3 68.3 58.9
Kasim (November) 6.3 14.4 6.5 99.0 18.9 91.8 64.3 56.4 64.7
Aralik (December) 4.6 1.3 0.2 63.2 46.2 121.8 75.7 58.6 70.7
Ocak (Januarv) -1.8 -2.8 -2.5 148.2  235.1 154.0 74.7 75.3 73.3
Subat (Fabruary) 1.9 2.4 -0.9 115.8  86.3 137.7 73.8 73.7 72.2
Mart (March) 5.4 7.0 4.9 154.4 125.5 124.1 65.9 60.4 64.2
Nisan (April) 10.9 13.9 10.9 66.7 45.5 103.8 58.7 48.4 61.2
Mavis May) 16.6 16.3 16.2 21.2 62.2 66.8 52.0 57.4 55.8
Toplam/Ort. (Total/Mean) 8.8 10.0 7.9 819.5 8414 886.7 62.6 58.7 62.6

Cizelge 2. Yemlik kolzanin 2014-2015 ve 2015-2016 yillarina ait ekim ve hasat tarihleri
Tablo 2. Sowing and harvesting dates of 2014-2015 and 2015-2016 of the forage rape

2014-2015 yetigtirme sezonu
(2014-2015 erowine season)

2015-2016 yetigtirme sezonu
(2015-2016 erowing season)

Ekim zamanlar1 (Sowing times) Ekim tarihi Hasat tarihi Ekim tarihi Hasat tarihi
(Sowing date) (Harvest date) (Sowing date) ~(Har vest
Birinci ekim (First sowing) 19.09.2014 20.04.2015 17.09.2015 19.04.2016
Ikinci ekim (Secont sowing) 30.09.2014 27.04.2015 29.09.2015 26.04.2016
Ugiincii ekim (Third sowing) 11.10.2014 04.05.2015 09.10.2015 03.05.2016
Dérdiincii ekim (Fourth sowing) 21.20.2014 11.05.2015 20.10.2015 10.05.2016
Her parselden kenar tesiri alindiktan sonra bigilen ot, BULGULAR ve TARTISMA

tartilip dekara donustirilerek yesil ot verimi
hesaplanmigtir. Her parselden alinan 500 g yesil ot 70
0C’de 48 saat kurutularak elde edilen sonug tizerinden
kuru ot verimi hesaplanmistir. HP, ADF, NDF, Ca,
Mg, P ve K oranlar1 NIRS (Near Infrared Reflektans
Spektroskopisi - Foss Model 6500) cihazi yardimiyla
tespit edilmistir. Bu yontem, bir¢cok arastirmaci
tarafindan kullanilmistir (Basaran et al., 2011;
Basbag et al., 2018; Giiliimser ve ark., 2020). Elde
edilen ADF ve NDF oranlar1 yardimiyla da SKM
(Sindirilebilir ~Kuru Madde) oram1 ve NYD
hesaplanarak elde edilmistir (Rohweder et al., 1978;
Morrison, 2003).

Istatistiksel Model

Calisma tesadif bloklar1 deneme desenine gore g
tekerrirli olacak gekilde kurulmustur. Elde edilen
degerlere JMP istatistik programi vasitasiyla varyans
analizi uygulanmigtir. Onemli ¢kan gruplarin
ortalamalari ise LSD testi ile karsilastirilmistir (JMP
5.0.1, 2002).

Yemlik quzanln Farklhh Ekim Zamanlarina Ait Verim
ve Kalite Ozellikleri

Yemlik kolzanin farkli ekim zamanlarina ait yesil ot
verimi, kuru ot verimi, bitki boyu gibi verim unsurlari
ile HP, ADF, NDF, SKM oranlar1 ve NYD gibi kalite
unsurlar1 Cizelge 3’te verilmistir.

Yesil ot veriminin ekim zamanlar: ve yil x ekim zamani
interaksiyonu acisindan istatistiksel olarak farklilik
gosterdigi gorilmektedir. En yluksek yesil ot verimi
birinci ekim zamanindan, en diisiik yesil ot verimi ise
dérdiincii ekim zamanindan elde edilmigtir. Her iki
yilda da birinci ekim zamanindan elde edilen yesil ot
veriminin diger ekim zamanlarina goére daha yuksek
oldugu, dérdiincii ekim zamanindan elde edilen yesil
ot veriminin ise diger ekim zamanlarina gére daha
distik oldugu gorilmistir. Kuru ot verimine ait
sadece ekim zamanlar1 arasinda tespit edilen fark,
istatistiksel olarak ©6nemli bulunmustur. Kuru ot
verimi de yesil ot veriminde oldugu gibi en yliksek
verimini birinci ekim zamaninda verdigi, en disik
verimini ise dordinci ekim zamaninda verdigi
goriilmektedir (Cizelge 3).
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Cizelge 3. Yemlik kolzanin farkli ekim zamanlarina ait verim ve kalite 6zellikleri
Tablo 3. Yield and quality characteristics of different sowing times of forage rape

Yesil ot verimi (kg da?)

Kuru ot verimi (kg da?)

(Forage yield (kg da')) (Dry matter yield (kg da'))
Ekim zamam Ortalama Ortalama
(Sowing times) 2015 2016 (Mean) 2015 2016 (Mean)
C e . . . 53914427 a 4669+53 b 50304251 997+90 910+69 954454 a
Birinci ekim (First sowing) a
2740272
ikinci ekim (Second sowing) 2225+324 d  3254+43 ¢ b 443+53 469+8 45624 b
Uciincii ekim (Third sowing) 1567+87 e 1624447 e 1595+45 ¢ 332+27 356+22 344+16 ¢
Dérdiincii ekim (Fourth sowing)  672+140 f 662+152 f 667+92d 140431 137+35 138420 d
Ortalama (Mean) 24644549 2552+464 2508+351  478+99 468+87 47364
Zaman (Z): Yl (Y): ZxY: Zaman (Z): Yl (V): ZxY:
0,
LSD (%5) 417%* 590** 104**
CV:%13.4, **: p<0.01 CV: %17.8, **: p<0.01
Bitki boyu (%) Ham protein oran1 (%)
(Plant height (%)) (Crude protein rate (%))
Ekim zamam Ortalama Ortalama
(Sowing times) 2015 2016 (Mean) 2015 2016 (Mean)
Birinci ekim (First sowing) 157+5.2 a 133£1.9b 145+59b  14,6+£0.2 15,1+0.6 14,8+0.3
Ikinci ekim (Second sowing) 156+2.5 a 148+2.0 a 152+2.3a  15,1+1.1 15,7+0.3 15,4+0.5
Uclincii ekim (Third sowing) 14941.9a  12644.2b  137+5.6c  15,2+1.3 15,1%1.3 15,120.8
Dérdiincii ekim (Fourth sowing) 135+6.3 b 105+1.9 ¢ 120+7.3d  14,7+0.8 14,3+1.0 14,5+0.6
Ortalama (Mean) 149+3.3 A 128+4.8B  139+3.6 14,9+0.4 15,0£0.4 15,0+0.3
Zaman (Z): Yl (Y): ZxY: Yil (Y): ZxY:
o, e
LSD (%5) 6.65%* 45.7%% 9.40* Zaman @)
CV:%3.87, *: p<0.05, **: p<0.01 CV: %8.73
ADF (%) (ADF (%)) NDF (%) (NDF (%))
Ekim zamam Ortalama Ortalama
(Sowing times) 2015 2016 (Mean) 2015 2016 (Mean)
Birinci ekim (First sowing) 31.1£0.6 b 33.5£0.9b 32.3+.0.7 37.9+0.6 b 44.6x0.8 a 41.3+1.6b
Ikinci ekim (Second sowing) 40.742.3a  32.4£1.5b  36.5+2.2 46.7+2.4 a 44.3+t1.4 a 45.5+1.4 a
Ucglincti ekim (7hird sowing) 35.0£1.9b 34.7£2.0 b 34.9+1.2 46.6x1.8 a 46.4+x1.9 a 46.5+1.2 a
Dérdiincii ekim (Fourth sowing) 35.6+2.2 b 35.4+2.2 b 35.5+1.4 47.3+1.9 a 47.5+2.4 a 47.4+1.4 a
Ortalama (Mean) 35.6+1.3 34.0+0.8 34.840.8  44.6+1.4 45.7+0.8 45.2+0.8
Zaman (Z): Yl (Y): ZxY: Zaman (Z): Yl (Y): ZxY:
0,
LSD (%5) 4.68* 2.99%* 4.22*
CV:%7.68, *: p<0.05 CV: %5.34, *: p<0.05, **: p<0.01
SKM (%) (DDM (%)) NYD (RFV)
Ekim zamam Ortalama Ortalama
(Sowing times) 2015 2016 (Mean) 2015 2016 (Mean)
Birinci ekim (First sowing) 64.7+0.5 a 62.8+0.7 a 63.7+0.6 158.8+3.7 a 131.0+4.0bc 144.946.7 a
Tkinci ekim (Second sowing) 57.2#1.7b  63.7+1.2a  60.4£1.7  115.089.6c  134.3+6.7b 124.6+6.7b
Ugiinci ekim (Third sowing) 61.6x1.4 a 61.9+x1.5a 61.7+0.9 123.7+7.7 be 124.6+8.2bc 124.2+5.0 b
Dérdiincii ekim (Fourth sowing)  61.1£1.7 a 61.3+1.8a 61.2+1.1 120.8+8.0 be 121.0£9.2bc 120.9£5.4 b
Ortalama (Mean) 61.2+1.0 62.420.6 61.840.6  129.6+6.1 127.7+3.5 128.6+3.4
Zaman (Z): Yl (Y): ZxY: Zaman (Z): Yil (Y): ZxY:
0,
LSD (%5) 3.65* 13.5%* 18.7*

CV:%3.37, *: p<0.05

CV: %8.30, *: p<0.05, **: p<0.01

Bitki boyu agisindan hem ekim zamanlari, hem yillar
hem de yi1l x ekim zamani arasinda tespit edilen
farkliliklar istatistiksel olarak 6nemli bulunmustur.
Birinci y1l elde edilen bitki boyu ortalamasi, ikinci yila
gore daha yliksek ve ikinci ekim zamaninda elde edilen
bitki boyunun da diger ekim zamanlarina goére daha
yiksek oldugu tespit edilmistir. Her iki yilda da en
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diistik bitki boylar: dérdiincii ekim zamanindan elde
edilmistir (Cizelge 3).

Yesil ot ve kuru ot verimleri, birinci ekim zamanindan
dordiinci ekim zamanina dogru sistematik olarak bir
distis egilimi gostermigtir. Yesil ve kuru ot
verimlerindeki dislis ikinci ve tuginci ekimlerde
yaklagik %50 oraninda olurken, dérdinci ekim
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zamanina gelindiginde verim disisinin %50’den
daha fazla oldugu ve dérdiinclii ekim zamaninda elde
edilen yesil ve kuru ot verimlerinden hareketle yemlik
kolza yetigstirmenin ekonomik olmaktan c¢iktig:
gorillmektedir (Sekil 1).

Bitki boyu, ikinci ekim zamaninda bir miktar
artmigtir. Daha sonra fUglnci ve dordinci ekim
zamanlarinda dismeye baglamigtir. Yesil ve kuru ot
verimleri ikinci ekim zamaninda %50 civarinda bir

Yesil ve Kuru Ot Venmlen (ke'da)

000 H\
1000

1 Ii‘\“h“«\r
7
[ 48

Birea larc Ugines Doedinnci

e ] OF Vtind (/) e Ky 01 Veeriond dig)'ds)

dusts gosterirken, bitki boyu ikinci ekim zamaninda
artis gostermistir. Bu durumun muhtemel nedeni,
ekim ay1 ile birlikte yagan yagmurlarin bitki boyu
uzerinde go6stermis oldugu olumlu etki oldugu
digtiniilmektedir. Ancak bitki boyu uzerindeki bu
olumlu etki tek basina yesil ve kuru ot verimlerinin
artisim1 saglamadigr gortlmistir. Nitekim birinci
ekim zamaninda elde edilen 145 cm ortalama bitki
boyunun da ortalamanin (139 cm) {izerinde bir deger
oldugu bilinmelidir (Sekil 1).

Bitki Boyu (cm)

160
120 (2]

80
60

40

Birinci Ikined Uglncti DOrdano

Sekil 1. Yesil ve kuru ot verimleri ile bitki boyunun ekim zamanlarina gére degisimi
Figure 1. The variation of forage yield, dry matter yield and plant height of according to sowing times

Ankara kogullarinda sekiz farkli yazlik kolza ¢esidi ile
yurutilen bir ¢calismada bitki boyunun 101.3-122.7 cm
arasinda oldugu bildirilmistir (Bagalma, 1999). Bu
calismadan elde edilen bitki boyu degerlerinin daha
yuksek oldugu gorilmektedir. Bunun muhtemel
nedeni bu ¢aligmada kullanilan yemlik kolzanin kiglik
olarak ekilmesidir. Yazlik cesitlerin vejetasyon siiresi
kisa oldugu i¢in verim ozellikleri agisindan daha
disuk degerler gosterebilmektedir. Yemlik kolzada
farkl1 sira araliklarimin verim ve Kkalite tzerine
etkisinin incelendigi bir ¢alismada bitki boyu 135 cm,
yesil ot verimi 3190 kg da! ve kuru ot verimi 637 kg
dal olarak tespit edilmistir (Cacan and Kokten, 2017).
Bu sonuglar birinci ve ikinci ekim zamanlarinda elde
edilen verilere yakin, Ucgtinci ve dordunca ekim
zamanlarinda elde edilen verilerden ise yiuksek oldugu
gorilmektedir. Ege bolgesinde alternatif kighk ara
urin i¢cin 05 Kasim, 20 Kasim ve 05 Aralik olmak tizere
i¢ ekim zamaninda ekilen yemlik kolzada hem yesil ot
veriminin hem de kuru madde veriminin ekim
zamanlarina bagli olarak azaldigi ve en diigiik verimin
son ekim zamanindan elde edildigi bildirilmistir. Yesil
ot verimi ortalama 2422 kg da'!, kuru madde verimi ise
306 kg da! olarak elde edilmistir (Emiroglu ve ark.,
1991). En son ekim zamanindan en diisiik verim
degerlerinin elde edilmesi, bu ¢alismada elde edilen
bulgular1 desteklemektedir. Avusturalya’da ylritiilen
bir ¢aligmada da en diisiik verim ve bitki boyunun son
yapilan ekim zamanindan elde edildigi bildirilmigtir
(Islam et al., 2012).

Ham protein orami %14.5-15.4 arasinda degisim

gbstermis ve ortalamasi %15.0 olarak elde edilmigtir.
Ancak ham protein orani yil, ekim zamani ve yil x ekim
zaman1 interaksiyonu agisindan istatistiksel olarak
onemli bulunmamistir (Cizelge 3).

ADF orani, yil x ekim zamani interaksiyonu acisindan
istatistiksel olarak farklihik géstermistir. Birinci yilin
ikinci ekim zamani en yiiksek ADF oranimi verirken,
her iki yila ait diger tim zamanlar en dusiik degeri
vermigtir. NDF oraninin ekim zamani ve yil x ekim
zaman1 interaksiyonu agisindan gosterdigi farklilik
istatistiksel olarak anlamli bulunmustur. En disik
NDF oraninin birinci ekim zamanindan, en ylksek
NDF oraninin ise geriye kalan diger t¢ ekim
zamanindan elde edildigi gorilmektedir.
Interaksiyona bakildiginda en diisitk degerin birinci
yila ait birinci ekim zamanindan elde edildigi geriye
kalan tim zamanlarin ise daha yuksek degerler
verdigi gériilmektedir (Cizelge 3).

Ekim zamanlarinda ADF oranlar istatistiksel olarak
bir farklilhik gostermez iken NDF oranlarinin birinci
ekim zamanindan dérdiincii ekim zamanina dogru bir
artig gosterdigi gorilmistir. NDF orani1 bitkinin
yvaglanmasi ile dogrudan iligkilidir. Bitki yaslandikg¢a
bitki hiicre ¢eperini olusturan NDF orani artmaktadir.
Ancak bu c¢alismada doért ekim zamaninda da
neredeyse ayn1 slrelerde tarlada kalan yemlik
kolzanin  ikinci, tUg¢unci ve dordinci ekim
zamanlarinda NDF oraninmin arttigi gorulmektedir.
Bunun muhtemel nedeni, bitkinin ekimi geciktikge
kisa daha hazirliksiz bir sekilde girmesi ve yeterli
besin maddesi depolamamasidir. Bitki ilkbaharda

565



KSU Tarim ve Doga Derg 24 (3): 561-569, 2021
KSU J. Agric Nat 24 (3): 561-569, 2021

Arastirma Makalesi
Research Article

depoladigi yedek besin maddeleri ile gelisimini
tamamlamak yerine hizli bir bliyime ile gelisimini
tamamlamaya c¢aligmistir. Bitki olmasi1 gerektigi
zamanda ve sekilde degil de kisa zamanda hizli bir
gelisme gostermesinden kaynakli NDF oraninda bir
artis oldugu anlasilmaktadir (Sekil 2).

SKM orani, ADF oraninda oldugu gibi, sadece yi1l x

NOF (%)

Ak

Bima v ek Dording

ekim zaman interaksiyonu arasindaki fark
istatistiksel olarak anlamli bulunmustur. En ylksek
SKM orani1 birinci yilin ikinei ekim zamanindan elde
edilirken, geriye kalan diger tiim zamanlarin
istatistiksel olarak ayni grupta yer aldigi1 ve daha
diisiik degerlere sahip oldugu gériilmektedir (Cizelge
3).

Nispi Yem Degeri

H\

Dérdiinos

fanci Ugince

Bisn

Sekil 2. NDF orani ve nispi yem degerinin ekim zamanlarina goére degisimi
Figure 2. The variation of NDF and RFV of according to planting times

NYD de NDF oraninda oldugu gibi, ekim zamanlari ile
yil x ekim zamani interaksiyonu arasinda tespit edilen
farkin 6nemli oldugu goriilmektedir. En yiiksek NYD
birinci ekim zamanindan elde edilirken, diger g
zamandan en dugik degerler elde edilmigtir. Yil x
ekim zamani interakisyonuna bakildiginda ne yiiksek
NYD’nin birinci yila ait birinci ekim zamanindan, en
diisik NYD’nin birinci yil ait ikinci ekim zamanindan
elde edildigi, geriye kalan diger tiim zamanlarin ise
istatistiksel olarak ayni grupta yer aldigi gérilmustiir.

NYD birinci ekim zamaninda en ylksek degerini
verdigi, ikinci ekim zamani ile birlikte bir dusus
gosterdigi, tc¢unci ekim zamaninda stabil kaldig1 ve
dordincii ekim zamani ile birlikte tekrar bir dists
egilimi gosterdigi goriilmistir (Sekil 2).

Daha 6nce yapilan ¢calismalarda HP orani1 %16.8, ADF
orani %37.8, NDF oran1 %45.7, sindirilebilir organik
madde miktar1 %65.8 (Canbolat ve ark., 2013), Bingsl
kogullarinda yiritilen bir ¢calismada ortalama olarak
HP oranm1 %16.8, ADF orani %42.2, NDF orani %47.9,
SKM orani %56.0, NYD 109.8 (Cacan and Kokten,
2017), kolza otunun ¢iceklenme asamasinda HP oran
%20.5, ADF orani %27.6, NDF orani %44.8, kuru
madde sindirimi %67.4 ve NYD 140 (Canbolat, 2013),
Kore’de yuriitilen bir calismada HP orani %15.6, ADF
orani %35.8, NDF oram %48.3 (Park et al., 2003)
olarak tespit edilmigstir. Daha o6nce yapilan
calismalardan elde edilen kalite o6zellikleri ile elde
edilen sonuglar arasinda biiylik oranda benzerlikler
oldugu gorilmektedir.
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Yemlik Kolzanin Farkli Ekim Zamanlarina Ait Besin
Elementleri Igerikleri

Yemlik kolzanin farkli ekim zamanlarina ait besin
elementleri icerikleri Cizelge 4’te verilmigtir. Ca
oranlarinin ekim zamanlar1 acgisindan istatistiksel
olarak anlamli bir farklilik gésterdigi goriulmektedir.
En yliksek Ca oranlar1 birinci ve ikinci ekim
zamanlarindan elde edilirken, en dugik Ca orani
uclinci ve dordincii ekim zamanlarindan elde
edilmistir. Mg oranlar: yil, ekim zamani ve yil x ekim
zaman1 interaksiyonu agisindan istatistiksel olarak
anlamh farkhilik géstermistir. Birinci yil elde edilen
Mg orani, ikinci yila gore, birinci ekim zamanindan
elde edilen Mg orani da diger li¢ ekim zamanina goére
daha yuksek degerler vermistir. Y1l x ekim zamani
interakisyonunda ise birinci yilin ilk ekim
zamanindan elde edilen oranin en yuksek, her iki yilin
uclincii ekim zamaninda elde edilen oranlarin ise en
diisiik oranlar oldugu gériilmektedir (Cizelge 4).

P oranlar1 %0.36-0.39, K oranlar1 ise %2.11-2.34
arasinda degisim gostermistir. P orani ortalama
%0.37, K oran1 ise %2.18 olarak elde edilmigtir. P ve K
oranlarinin, yil ve yil x ekim zamani interaksiyonu
acisindan istatistiksel olarak anlamli farklhihik
gbsterdigi goriilmektedir. Tkinci yil elde edilen P ve K
oranlarinin, birinci yi1l edilen oranlara goére daha
yiksek oldugu gorulmiustir. Yil x ekim zamam
interaksiyonuna bakildiginda ise ikinci yilin ikinci
zamaninda elde edilen P ve K oranlarinin en yuksek
degerleri verdigi goriillmektedir (Cizelge 3).

Ca oraninin birinci ekim zamani ile ikinci ekim

zamaninda birbirine yakin degerler verdigi, tiglincii ve
dordiinci ekim zamanlar: ile birlikte diisiis oraninin
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arttign gorilmektedir. Mg oranimin ise ikinci ekim
zamani ile birlikte bir diisis gosterdigi gérulmiistir.
Her ne kadar dérdiinci ekim zamaninda bir artis
gbstermis olsa da bu artis istatistiksel olarak anlamli
degildir (Sekil 3).

Yemlik kolzanin farkli sira araliklarinin verim ve
kalite tlizerine etkisinin incelendigi bir c¢aligmada
ortalama olarak kalsiyum orani %1.28, magnezyum
orami %0.21, fosfor oranmi %0.34 ve potasyum orani

%1.96 (Cacan and Kokten, 2017), azot dozlarinin
yemlik kolzanin bazi tarimsal 6zelliklerine etkisinin
incelendigi ¢alismada Ca orami %1.39-1.55, Mg orani
%0.16-0.18, P oranm1 %0.23-0.27 ve K oran1 %2.19-2.49
(Ozyazic1 ve ark., 2020), Kore’de yiiriitilen bir
¢alismada kalsiyum oranmi %1.71, fosfor orani %0.49
(Park et. al., 2003) olarak tespit edilmistir. Bu
calismada elde edilen bulgularin, arastirmacilarin
bildirdigi sonuglarla paralellik arz ettigi gérilmiistiir.

Cizelge 4. Yemlik kolzanin farkli ekim zamanlarina ait besin elementleri igerikleri
Cizelge 4. Nutrient content of different sowing times of forage rape

Ca (%) Mg (%)
Ekim zaman1 (Sowing times) 2015 2016 Ortalama ., 2016 Ortalama
(Mean) (Mean)
Birinci ekim (First sowing) 1.28+0.01 1.38+0.04 1.33+0.03a  0.31x0.00a  0.23+0.01bc  0.27+0.02 a
Ikinci ekim (Second sowing) 1.34+0.01 1.34+0.04 1.34+0.02a  0.25+0.01b  0.24:0.02bc  0.24+0.01 b
Ucglincii ekim (Third sowing) 1.26+0.07 1.26+0.08 1.26£0.05ab 0.21x0.01c¢  0.21:0.01c  0.210.01 be
Dérdiincii ekim (Fourth sowing) 1.24+0.03 1.24+0.04 1.24+0.02b  0.23+0.01bc  0.22+0.01 bc  0.22+0.01 ¢
Ortalama (Mean) 1.28+0.02 1.30+0.03 1.29+0.02 0.2540.001A  0.22+0.01B  0.24+0.01
LSD (% 5) gzrgfn (2): Yll (Y): ZX Y: g%?ff (2): 2){1(1) 2(}2 gész*
CV:%5.12, *: p<0.01 CV: %7.57, **: p<0.01
P (%) K (%)
Ekim zamani (Sowing times) 2015 2016 Ortalama 2015 2016 Ortalama
(Mean) (Mean)
Birinci ekim (First sowing) 0.3740.00b  0.38+0.01b  0.38+0.01 2.1740.03b  2.07+0.15b  2.12:0.01
Ikinci ekim (Second sowing) 0.3140.02c  0.41+0.00a  0.36+0.02 1.51+0.14¢  2.71+0.05a  2.11+0.27
Uctinct ekim (Third sowing) 0.392£0.01ab  0.39+0.01ab  0.39+0.01 2.34£0.21b 2.34+0.22b 2.34+0.13
Dérdiincii ekim (Fourth sowing) 0.37+0.01b  0.37+0.01b  0.37+0.01 2.15:0.01b  2.1440.02b  2.15+0.01
Ortalama (Mean) 0.36+0.01B  0.39:0.01A  0.37+0.01 2.04+0.11 B 2.32+0.09A  2.18+0.08
18D 049

CV:%4.76, **: p<0.01

CV: %9.44, **: p<0.01

Ca

snnn oo Uguncy Déeduncy

Mg

&nno Ikinc xuncy Dordurcy

Sekil 3. Ca ve Mg oranlarinin ekim zamanlarina goére degisimi
Figure 3. The variation of Ca and Mg of according to sowing times

SONUC ve ONERILER

Bu calismada, yemlik kolzanin ekim zamanlarina
bagli olarak verim, kalite ve besin maddesi igerikleri
ele alinmistir. HP, ADF, SKM, P ve K oranlar
acisindan ekim zamanlar: arasinda tespit edilen fark
istatistiksel olarak anlamli bulunmamistir. En yliiksek
verim o6zellikleri (yesil ot verimi, kuru ot verimi), en
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yiiksek kalite ézellikleri (diisitk NDF ve yiiksek NYD)
ve en yiiksek besin elementleri icerikleri (Ca ve Mg)
birinci ekim zamanindan yani Eylil ayimnin ikinci
yarisinda yapilan ekimden elde edilmigtir. Dolayisiyla
gerek Bingol gerekse de benzer ekolojik o6zelliklere
sahip karasal bolgelerde Eylil ayinin ikinci yarisinin
ekim icin tercih edilmesi verim ve kalite acisindan
avantajh oldugu kanaati edinilmistir.
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Aragtirmacilarin Katk: Oram Beyan Ozeti

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

catismasi olmadigini beyan ederler.
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OZET Aragtirma Makalesi

Bu calisma Konya - Karapinar lokasyonunda yagisa baglh sulamasiz

sartlarda ¢ok yillik bir bitki olan alti adet dalli dari gesidinin Makale Tarihgesi
plantasyondan sonraki 4. ve 5. yilina ait biyokiitle verimi ve diger Gelig Tarihi  :28.07.2020
ozelliklerinin belirlenmesi amaciyla iki yil siireyle (2018 ve 2019) Kabul Tarihi :22.09.2020
yurutilmustir. Tesadif bloklar1 deneme desenine gore tg¢ tekerrirli

olarak yiiriitillen calismada alt1 cesit (Alamo, Shawnee, Kanlow, Anahtar Kelimeler
Shelter, Cave in rock ve Trailblazer) kullamilmistir. Calismada iki Biyoktle

yillik verilere gore yesil biyokiitle verimi 734 kg da! (Cave in rock)- Dalli dar1

1499 kg da'! (Alamo), kuru biyokiitle verimi 343 kg da! (Cave in rock)-
774 kg da! (Trailblazer), bitki boyu 47.8 cm (Cave in rock)- 70 cm
(Alamo), metrede sap sayist 229.8 adet (Cave in rock)- 448.5 adet
(Trailblazer), sap agirhig1 0.78 g (Trailblazer)- 1.24 g (Kanlow), klorofil
icerigi % 29.6 (Shawnee)- % 44.3 (Kanlow), stomal iletkenlik 22.4
mmol H20 m 2 s "' (Shawnee)- 34.3 mmol H20 m2 s (Alamo) mmol
H20 m2 st ve bitki ortiisii sicaklign 37.7 °C (Kanlow) — 43.9 °C
(Shawnee) araliginda  belirlenmistir.  Calismada  biyokiitle
verimlerinin besinci yilda azaldig1 ve Kanlow, Alamo, Trailblazer ile
Shelter cesitlerinin en yliksek verime sahip oldugu belirlenmistir.

ABSTRACT

A two-year, 2018 (4t) and 2019 5th), study was conducted to determine
the biomass yield and other characteristics of six switchgrass varieties
in Konya - Karapinar location under rainfed conditions. Six usedv
varieties (Alamo, Shawnee, Kanlow, Shelter, Cave in rock and
Trailblazer) were arranged in a randomized complete block design
with three replications. Study results indicated that fresh biomass
yield was 734 kg da! for Cave in rock and 1499 kg da! for Alamo
cutivars. Dry biomass yield was 343 kg/da for Cave in rock and 774
kg/da for Trailblazer. Plant height were determined as 47.8 cm for
Cave in rock and 70 cm for Alamo. Tiller number per meter were found
as 229.8 in Cave in rock and 448.5 in Trailblazer. Aditionally, tiller
weight was 0.78 g for Trailblazer and 1.24 g for Kanlow cultivars. Also,
chlorophyll content of Shawnee and Kanlow cultivars were 29.6% and
44.3%, respectively. Stoma conductivity was measured as 22.4 mmol
H20 m?2 s for Shawnee and 34.3 mmol H2O m2 s1 for Alamo and
canopy temperature were determined between 37.7 °C for Kanlow and
43.9 °C for Shawnee. In the study, it was determined that the biomass
yield decreased in the fifth year and the highest yield was optained
from four varieties including Kanlow, Alamo, Trailblazer and Shelter.
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GIRIS
Tarimsal tiretim bir¢ok faktorden etkilenen bir sektor
olup, 1iklim degisikligi bu faktoérlerden en

onemlilerinden birisidir. Gelisen sanayi, artan nifus
ve motorlu tasitlar ile birlikte fosil yakitlarin
kullanimindaki artig sera gazi salinimini artirmis ve
bu durum kiiresel isinmaya neden olmustur. Kiiresel
1sinma ile birlikte agiga ¢ikan en olumsuz etkilerden
biriside su kaynaklari tizerine olan etkidir. Bu etkinin
2050 ve sonrasinda oOzellikle Tirkiye’ nin de iginde
bulundugu Akdeniz havzasinda daha siddetli olacag:
ve Akdeniz, Ege ve Orta Anadolu havzalarinin
kuraklik sorunu ile karsi karsiya kalabilecegi
ongorilmektedir (Giannakopoulos ve ark., 2005;
Yiirekli ve Anli, 2008). Tiirkiye’de tarim alanlarinin
%10una yakinini tegkil eden, bitkisel ve hayvansal
iretim rakamlar1 ile 6nemli bir tarimsal tretim
merkezi olan Konya havzasi da kuraklik riskinden en
fazla etkilenmesi beklenen bir bolgedir. Havza Tiirkiye
ortalamasina gore c¢ok daha dusik olan 300 mm
civarinda yillik yagisa sahip olup, bu yagisinda 6nemli
kismi kis aylarinda dismektedir. Bolgede hayvancilik
son 20 yilda verilen desteklemeler ile 6nemli oranda
artmis ve Turkiye’de hayvan varligi bakimindan ilk tg¢
sirada yer almaktadir. Bolgedeki kaba yem
kaynaklarindan meralar ot verimi agisindan ¢ok zayif
durumda olup, bir kismi ise mera vasfini kaybetmistir.
Bolgede 6zellikle buylikbas hayvancilik icin kaba yem
ihtiyaci 6nemli oranda yeralt1 su kaynaklarindan

faydalanilarak sulu tarim alanlarindan
karsilanmaktadir. Bu durum yeralt1 su kaynaklar:
tuzerinde oOnemli baski olugsmasmna ve su

kaynaklarinda azalmaya neden olmaktadir. Tarimsal
potansiyeli, su kaynaklar: ve iklim 6zellikleri dikkate
alindiginda havzada surdiriilebilir bir tarimsal
uretim ic¢in 1iklim degisikligi senaryolari ve su
kaynaklar1 dikkate alinarak su tiketimi daha az olan
ya da sulama yapilmadan yagisa bagh kosullarda
yetigebilen ve biyokiitle tiretebilen bitkilerin bolgeye
adaptasyonu ve yayginlastirilmasi o6nemli bir
konudur. Bu amagla Turkiye’de ilk olarak Soylu ve
ark. (2010) tarafindan Konya ekolojik sartlarinda
adaptasyon c¢alismalarina baglanan dalli dan
(Panicum virgatum L) bitkisi bélge sartlarina
adaptasyon saglamigtir. Kuru sartlarda benzer
bitkilere gére daha fazla biyokiitle uretebilen, iyi yem
degerine sahip, biyoetanol = kaynag:  olarak
kullanilabilen, toprak kalitesini artiran ve erozyonu
onleyen cok yillik (10-15 yi1l) bir C4 bitkisi olan dall
dar1 dasik Uretim maliyetine sahiptir ve marjinal
alanlarda yetigebilmektedir. Suyu etkin kullanan,
yagisa bagli kuru sartlarda biyokiitle uretebilen,
topragin organik karbon icerigini artirarak (David ve
Ragauskas, 2010) toprak erozyonunu énleyen bir bitki
olan dalli dar1 benzer bitkilere goére daha disik
maliyetlerle kuru ot ve silaj olarak kullanilmasina ek
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olarak, erozyonla miicadelede, mera 1slahinda, cayir
mera tesisinde ve etanol Uretiminde kullanilabilecek
cok yonlii ve diigiik maliyetli bir bitkidir (Ma ve ark.,
2000).

Yetigtigi ¢evre ve morfolojisine goére iki ekotipi
mevcuttur. Tetraploid ploidi seviyesine (2n:4x:36)
sahip lowland ekotipleri uzun boylu kalin sapl olup,
daha ¢ok enerji amagli kullanilirken iken, octaploid
(2n=8x=72), ve tetraploid ploidi seviyesindeki upland
ekotipler ise daha ince sapli ve kisa boylu olup, hayvan
beslenmesinde daha yogun olarak kullanilmaktadir
Mitchell ve Schmer, 2012 ; Casler, 2012).

Kokeni Kuzey Amerika olan dalli dar1 bitkisi genis
adaptasyon kabiliyeti, soguk ve kuraga dayanimi ile
ozelikle kurak alanlarda 6nemli bir biyokitle kaynagi
olabilme potansiyelinde olup, ilk tesisi yilinda verimi
diusik olan ozellikle ikinci yildan sonra verim
potansiyeli artan bir bitkidir (Soylu ve ark., 2010).
Turkiye’de yuritiulen calismalarda o6zellikle kuru
sartlarda dalli darmmin ilk yillarina ait veriler
belirlenmis olup, ¢ok yillik olan bu bitkinin uzun
yillardaki verilerinin belirlenmesi amaciyla yurttiilen
bu ¢alisma da Konya Karapinar lokasyonunda yagisa
baghh sulamasiz kosullarda dalli darinin 4 ve 5.
yillarina ait biyokiitle verimi, verim o6geleri ile bazi
fizyolojik parametreler incelenmigtir.

MATERYAL ve METOD

Calisma Konya-Karapinar ekolojik kosullarinda (37°
41' 10.88" K ve 33° 30' 13.07" D) 2015 yilinda tesis
edilen dalli dar1 plantasyonuna ait 4. ve 5. yillardaki
biyokiitle verimi ve diger o6zelliklerini belirlemek
amaciyla iki y1l siire ile (2018 ve 2019) yiiriitiilmiistiir.
Calismanin yuratildigua Konya ili Karapinar ilgesi
karasal bir iklime sahip olup, Tiirkiye’de en az yagisin
gorildigi bir alandir. Yagis ortalamasi uzun yillara
gore 291.2 mm olan calisma alaninda yagislarin
onemli kismi kis aylarinda ve de 6nemli kismi dalli
darmin yetisme donemi disinda gerceklesmektedir.
Caligmanin yurutildigi ve gézlemlerin alindigi 2018
ve 2019 willarinda toplam yagis ve dalli darinmin
gelismeye bagladig1 tarih ile bigim tarihi arasindaki
(Nisan-Temmuz) yagis miktar1 sirasiyla 2018 yilinda
286.7 mm ve 85.4 mm, 2019 yilinda ise 268.8 mm ve
53.6 mm olarak gerceklesmigtir. Sicaklik verileri
agisindan uzun yillara gore en disiik sicaklik degeri
Subat ayinda (-15.9 °C) kaydedilirken, calisma yillar
olan 2018 y1linda -19.2 °Cile Ocak ayinda,2019 yilinda
ise -16.1 °C ile yine Ocak ayinda olgilmustir.
Calismada her iki yi1lda da en diigiik sicaklik degerleri
uzun yillar ortalamasindan daha yliksek olmustur. Bu
durum c¢alismadaki g¢egitlerin ekstrem soguk
kogullarina dayaniminin kontrold igin iyi bir ortam
olusturmustur. Calisma alami topragi organik
maddece fakir (% 0.8-1.3), kire¢ miktar1 (% 28.6-33.6)
ve pH degeri (7.9-8.2) yiiksek ve tuz sikintisi olmayan
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bir alan olup, fiziksel olarak tst 0-30 cm katmam
kumlu yapida ve hacim agirhigi 1.36 g cm3 olan, daha
derindeki katmanlar ise killi yapida ve infiltrasyon
hiz1 10 mm h'! olan bir topraktir (Cizelge 1). Calismada

Cizelge 1. Caligma alanina ait bazi toprak 6zellikleri
Table 1. Some soil properties of the experimental area.

kullanilan iki adedi lowland (Kanlow ve Alamo) ve dort
adeti upland ekotipinde (Shelter, Cave in rock,
Shawnee ve Trailblazer) olmak iizere toplam alt1 dalli
dar1 ¢esidi yurtdisi 6zel firmalardan temin edilmistir.
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0-30 58.3 22.6 19.1 SCL 20.1 9.7 1.36 7.9 0.43 33.6 1.3 14.7 35
30-60 30.1 20.3 49.7 C 24.6 12.7 1.25 8.2 0.46 28.6 1.1 5.8 26
60-90 16.1 244 59.6 C 28 15.5 1.23 8.2 0.44 294 0.8 2.9 25
Calismanin yurutildagi ve élgimlerin alindigr dall hesaplanmigstir.

dar1 cesitlerinin oldugu alan 2015 yilinda tesis
edilmigtir. 1 Temmuz 2015 tarihinde 15 cm sira arasi
mesafesinde cizelle acilan siralara 1 cm ekim
derinliginde metrekareye 400 bitki hesabina gore

(Soylu ve ark., 2010) ¢imlenme ve dormansi
ozelliklerine gore hazirlanan tohumlar kumla
cogaltilarak elle ekim yapilmig ve toprak

sikistirilmistir. 1.5 m genislik (10 sira) ve 5 metre
uzunlugunda olmak tizere toplam 7.5 m2 ‘den olusan
her parsel bigimde parsel basi ve sonundan 1 metre ve
kenarlardan iki sira kenar tesiri disiildikten sonra
2.7 m?2 den olusmustur. Tesaduf bloklar1 deneme
desenine gore U¢ tekrarhi olarak yuriitilen c¢alisma
toplam 18 parselden (6 cesit x 3 tekerriir) olusmustur.
Cok yillik bir bitki olan dalli darida tesis yilindan
sonraki 2016 ve 2017 yillarinda deneme parsellerinde
sulama yapilmamis yabanci ota karsi ilaglama
yapilmis, her iki yilda mayis ay1 icerisinde 5 kg N
uygulanmigtir. Bu yillarda hasat bitkilerin yesil
aksaminin kurumasindan o6nceki dénemde 15 cm
yikseklikten yapilarak kisa girmeleri saglanmigtir.
Calismada her iki yilda da (2018 ve 2019) sulama
yapilmamig olup, mayis ayinda dekara tire formunda
5 kg N uygulamas1 yapilmistir (Soylu ve ark., 2010).
Bitkiler 2018 yilinda 18 Nisanda, 2019 yilinda ise 20
Nisan tarihinde uyanmaya baslamigtir. Biyokiitle
hasatlari i¢in sulu alanlar ya da yagisin yeterli oldugu
alanlar i¢in bigim zamani olarak dalli darinin
ciceklenmesinden  bir hafta sonra yapilmas:
onerilirken, yagigsa bagh kuru kogullarda c¢alismada
her iki yilda c¢iceklenme olmadigindan hasat tarihi
olarak bitkilerin kurumadan yesil aksaminin en fazla
oldugu ve yem degerinin diismedigi dénemlerde
yapilmistir (Soylu ve ark., 2010). Bu kapsamda
biyokiitle hasadi 2018 yilinda 14 Temmuz da, 2019
yilinda ise 17 Temmuz tarihinde kenar tesirleri
dikkate alinarak motorlu tirpanla yapilmig ve tartim
yapilarak yesil biyokiitle verimi belirlenmigtir. 500
gram yesil 6rnek etiivde 70 °C’ de 24 saat kurutularak
kuru madde oram1i ve kuru biyokiitle verimi
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Calismada bi¢cimden hemen 6nce bitki boyu, metrede
sap sayisi, sap agirhigl lciimleri Soylu ve ark. (2010)
nin yéntemlerine gore, klorofil icerigi, Fischer (2001)e
gore spadmetre cihazi ile, stoma iletkenligi ise Bahar
ve ark. (2003)’nin yéntemlerine gére porometre cihazi
ile bes bitkide ve 4 tekrarli olarak ve bitki ortiisi
sicaklig1 ise Jackson ve ark., (1981) nin yéntemlerine
gore infrared termometre ile 12:00 14:00 saat
araliginda her parselde giiney ve kuzeyden olmak
uzere Olglilerek ortalamalari alinmigtir. Caligsma
sonucu elde edilen verilerin JMP 11.2.1 paket
programina goére varyans analizi yapilmis ve konular
arasindaki farkliklar ve gruplandirmalar LSD testine
gore yapilmistir (JMP, 2014).

BULGULAR ve TARTISMA

Konya Karapinar sartlarinda 2018 ve 2019 yillarinda
iki yil siireyle yuriitilen c¢alismada kuru sartlarda
dall1 dar ¢esitlerinin 4 ve 5. yillarina ait biyokiitle
verimi ve diger tarimsal ozellikleri belirlenmigtir.
Calismada iki yila ait sonuglara gore varyans analizi
sonucunda cegitler arasindaki farklilik biyokitle
verimi basta olmak tizere incelenen Dbiitiin
parametreler i¢in P<0.05 seviyesinde 6nemli
bulunmustur (Cizelge 2).

Yesil ve Kuru Biyokiitle Verimi

Kuru sartlarda alt1 dar ¢esidinin 4 ve 5. yillarina ait
yesil ve kuru biyokiitle verimleri Cizelge 3’te verilmig
olup, cizelgeye gore istatistiki olarak 6nemli olmasa
bile 2018 yilindaki yesil biyokiitle veriminin (1264 kg
dal) 2019 yili veriminden (1208 kg da'!) daha fazla
oldugu gérulmiustiir.

Benzer gekilde kuru biyokiitle veriminde de 2018 yili
verimi daha fazla olmus ve yillar farkl gruplarda yer
almigtir. Dalli darida ilk tesis yilinda verim disik
olmakta bunu takip eden yillarda ise verimde artig
olmaktadir. Bununla birlikte dalli darida o6zellikle
kuru sartlarda verimi belirleyen en 6nemli unsur
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zamaninda gerceklesen yagis miktaridir (Soylu ve mm) daha fazla oldugu ve é6zellikle Mayis ile haziran
ark., 2010). Calismada bitkilerin uyanmaya basladig1 aylarindaki yagis miktarinin 2019 yilindan fazla
Nisan ayi ile hasatin yapildigi Temmuz ay1 arasindaki olmasinin verimin daha 1yl olmasimi sagladig:

yagislara bakildiginda 2018 yilindaki yagisin (85.4 distintilmektedir.

Cizelge 2. Konya — Karapinar ekolojik sartlarinda kuru kosullar altinda dért dalli dar1 gesidinden elde edilen ¢esitli
ozelliklere ait varyans analizi
Table 2. Variance analysis of various characteristics obtained from switchgrass varieties under dry conditions in
Konya - Karapinar ecological conditions

Kareler ortalamas1 (Means square)

I(iayn.ak, SD TYBV KBV BB  SS SA  Ki st BOS
Variation)

Y1l (A) (Year) 1 28451.9 38756.5* 4 14965.4* 0.004 247.669 24.85* 1.55

Tek#[Y1l]l (Rep#[Yearl) 4 8942.43 4406.61 29.47 661.11  0.040 102.261 0.51 7.92

Cesit(B) (Variety) 5 883153* 231838* 555.84* 33298.4* 0.17*  202.491* 95.56* 33.03*
Y11*Cesit (Year*Variety) 5 3221.66 1961.67 2.67 2401.31* 0.005 51.2413 0.73 4.27

Hata (Error) 20 5579 3768.2 5.34 521.3 0.020 26.098 1.19 2.40

CV(%) 6.1 10.4 4.0 7.1 13.2 14.2 3.9 3.8

YBV: Yesil biyokiitle verimi (Fresh biomass yield), KBV:Kuru biyokiitle verimi (Dry biomass yield), BB: Bitki boyu (Plant
heigh?), SS: Sap sayis1 (7iller number), SA: Sap agirhg (Tiller weigh?), Ki:Klorofil icerigi (Clorophyl contend), SI: Stomal
iletkenlik (Stoma conductivity ), BOS: Bitki ortiisii sicakligi (Canopy temperature)

*: P<0.05 seviyesinde 6nemli

(*indicates significance at P<0.05)

Cizelge 3. Kuru kosullarda dall1 dar: cesitlerinden elde edilen yesil ve kuru biyokiitle verimi (kg da'?) ile bitki boyu
(cm) degerleri
Table 3. Green and dry biomass yield (kg da’l) and plant height (cm) values obtained from switchgrass varieties in

dry conditions
Yesil biyokiitle verimi(kg da Kuru biyokiitle verimi (kg da'!) Bitki boyu(cm)
1) (Fresh biomass yield kg da™) (Dry biomass yield kg da’!) (Plant height cm)
Cesitler Ort. Ort. Ort.
(Varieties) 2018 2019 (Mean) 2018 2019  (Mean) 2018 2019 (Mean)
Shelter 1402+22 1385+49 1394435 b T77+£35 663+21 720+28 a 50.7+£2.3 50.7+2.4 50.7+2.1¢c
Alamo 1556+33 1442+43 1499438 a 765+41 672+15 719 +26a 70.3+0.7  69.7+0.9 70.0+0.8a
Caveinrock 740+21 728+26  734+17d 355+20 330+10 343+11d 47.3£0.9 48.3+1.2 47.8+1.0d
Shawnee 941455 872+48 906461 c 425+10 388+32 407+19c 54.0+1.0 53.0+1.5 53.5+1.3 b
Kanlow 1527+24 1422441 1475+29 ab 642+30 577+33 609+26 b 69.7£1.5 69.3+2.3 69.5+1.9 a
Trailblazer 1418+75 1398+46 1408+ 59b 809+42 739+21 774442 a 56.3£3.2  53.3+1.3 54.8£2.0 b
Ort.(Mean) 1264 1208 1236 629 a 562b 595 58.1 57.4 57.7
Cesit(Variety) Y1l (Year) LSD(0.05):61.2 Cesit
LSD(0.05):89.6 Cesit(Variety) LSD(0.05):73.7 (Variety) LSD(0.05)):2.8
Cizelgedeki her bir veri ti¢ tekerriiriin ortalamasi + standart hata olarak verilmistir
Cesitler acisindan  incelendiginde  iki  yillik olan verimiyle ortalamanin lizerinde bir degere sahip
ortalamalara gore yesil biyokiitle verimi acisindan olmustur. Calismada en diisiik kuru biyokiitle verimi

lowland ekotipindeki Alamo (1499 kg da'!) ve Kanlow degerleri Cave in rock (343 kg fia'_l) ve Shawnee (407
(1475 kg da’l) cesitleri ile upland ekotipindeki kg da’!) cesitlerinden elde edilmistir (Sekil 1).
Trailblazer cesidi (1408 kg da'l) en fazla yesil biyokiitle Genis bir adaptasyon kabiliyetine sahip dalli dar ile

verimine sahip olurken, en digiik verim ise 734 kg da- ilgili farklh ekolojilerde yuritilen ¢alismalarda gogu
lile Cave in rock cesidinden elde edilmistir (Cizelge 3). arastirmaci (Zhu ve ark., 2014; Cicek, 2017) bu calisma
Kuru biyokiitle veriminde ise en yliksek deger sonuglarina benzer gekilde lowland ekotipindeki
Trailblazer cesidinden (774 kg dal) elde edilmis, gesitlerin ve de 6zellikle Kanlow ve Alamo gesitlerinin

Shelter (720 kg da'?) ve Alamo (719 kg da') cesitleri de upland ekotiplere gore daha fazla biyokiitle verimine
ayn1 grupta yer alirken Kanlow ¢esidi de 609 kg da! sahip olduklarini bildirmistir. Buna ilave olarak
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Barney ve ark. (2009), Aimar ve ark.(2014) ve Liu ve
ark. (2015) calismalarinda su stresi yada kuru
sartlarda lowland ekotiplerin veriminin daha iyi
olduklarimi  bildirmiglerdir. Calisma sonuclarim
destekleyen bu arastirmacilarin yaninda, bu
calismada dusik verime sahip olan Cave in rock
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¢esidinin yuksek performans gosterdigi onceki
calismalarda (Geren ve ark., 2016) mevcut olup, toprak
ozellikleri, c¢evre sartlar1 ile iklim ve yetigtirme
tekniklerindeki farkliliklarin (Nasso ve ark., 2015) bu
sonucu olusturdugu diisiiniilmektedir.

Sekil 1. Dalli dar1 gesitlerinin kuru sartlarda 4.ve 5. Yildaki kuru biyokiitle verimleri (kg da')
Figure 1. Dry biomass yields of switchgrass varieties in dry conditions in the 4th and 5th years (kg da’)

Bitki Boyu

Calismada iki y1llik ortalama bitki boyu 57.7 cm olarak
belirlenmis olup, 2018 yili boy ortalamas1 (58.1 cm)
2019 yilindan (57.4 cm) daha fazla olmustur (Cizelge
3). Iki yillik ortalamaya gére cesitler arasindaki
farkliliklar P< 0.05 seviyesinde 6nemli bulunmus olup,
biyokiitle verimine benzer sekilde Alamo (70 cm) ve
Kanlow (69.5) cesitleri en yiiksek degere, Cave in rock
cesidi (47.8 cm) ise en diisiik bitki boyu degerine sahip
olmustur (Sekil 2b). Bitki boyu ile biyokiitle verimi
arasinda pozitif bir iliski goriilmekte (Min ve ark.,
2017) olup, yiiksek biyokiitle verimine sahip Alamo ve
Kanlow cesitlerinin bitki boyu degerleri de yiliksek
olmustur. Daha o6nceki ¢aligmalarda genel anlamda
upland ekotipindeki cesitlerin lowland ekotipindeki
cesitlerden daha kisa boylu oldugu bildirilmis (Soylu
ve ark., 2010; Seflek, 2010) gesit bazinda ise bu calisma
sonuclarina benzer sekilde Min ve ark. (2017) 22
cesitte yuruttiikleri c¢alismada Kanlow ve Alamo
cesitlerinin Cave in rock cesidinden daha fazla boya
sahip oldugunu, Soylu ve ark. (2010) ise kuru sartlarda
iki yi1llik ortalamalara goére bitki boylarinin cegitlere
gore 60-80 cm arasinda oldugunu ve Kanlow ¢egdinin
upland  ekotipindeki  Shawnee ve  Blackwell
cesitlerinden daha yiiksek bitki boyu degerine sahip
oldugunu bildirmigtir.

Metrede Sap Sayisi

Calismada elde edilen sap sayis1 ve sap agirligina ait
elde edilen degerler Cizelge 4’ de verilmigtir.

Iki y1llik calismada ortalama metrede sap sayis1 319.8
adet olarak belirlenmistir. 2019 yilinda ki (305.8 adet)
sap sayisinda 2018 (333.8 adet) yilina gére azalma
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meydana gelmistir. Yagis miktarindaki azalma sap
sayisini da olumsuz etkilemistir (Soylu ve ark., 2010).

Cesitler bazinda 6nceki bir cok calisma (Geren ve ark.,
2016; Min ve ark., 2017) ile benzer sekilde bu
calismada da lowland ekotipindeki cesitlerin birim
alanda upland c¢esitlere gore daha az kardes
olusturduklar: gorilmiis olup, en yuksek sap sayisi
kuru biyokiitle veriminin en fazla oldugu Trailblazer
cesidinden ( 448.5 adet) elde edilirken, en diisiik
degerler ise verimin en diusik oldugu Cave in rock
cesidinden (229.8 adet) elde edilmistir (Sekil 2¢). Bu
durum upland ekotipindeki cesitler igin biyokiitle
verimi ile sap sayis1 arasinda pozitif bir iligki oldugunu
gostermistir. Biyokutle verimleri yiiksek olmasina

ragmen Kanlow ve Alamo c¢esitleri deneme
ortalamasindan daha dusiik degerler vermistir
(Cizelge 3 ve 4).

Sap Agirhig1

Biyokiitle veriminin Dbelirlenmesinde o6nemli bir

parametre olan sap agirhigi acgisindan deneme
ortalamas1 1.06 g olarak belirlenmis olup, biyokiitle
verimi, bitki boyu, ve sap sayisinda oldugu gibi yagisin
daha fazla oldugu 2018 yilinda (1.07 g) sap agirhig
2019 yilina (1.05 g) gore daha fazla olmustur (Cizelge
4).

Cesitler acisindan bakildiginda iki yillik ortalamalara
gore Kanlow (1.24 g) ve Alamo (1.22 g) cesitlerinin en
yiksek degere sahip olduklari, birim alandaki sap
sayisi fazla olan Trailblazer cesidinin (0.78 g) ise en
distik sap agirligi degerine sahip oldugu gorilmustir
(Sekil 2). Biyokiitle verimleri yiiksek olan Alamo ve
Kanlow cesitleri i¢in sap kalinlig1 verimi etkileyen bir
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parametre olarak ele alinirken, sap agirligl en az
olmasina ragmen Trailblazer ¢esidi de birim alandaki
sap sayisinin fazla olmasindan dolay yiiksek biyokiitle
verimine sahip olmustur.

Sap agirlig: gesit, yetistirme gevresi, toprak yapisi ve
iklim kogullari ile tarimsal uygulamalardan etkilenen
bir 6zelik olup, daha o6nceki bir ¢ok ¢alismada farkh
degerler elde edilse de genel olarak bu calismadan elde
edilen sonuglar1 destekler sekilde lowland ekotipindeki
cesitlerin sap agirhigl degerinin upland gesitlere goére
daha yiiksek oldugu bildirilmistir (Soylu ve ark.,
2010).

Klorofil Icerigi
Calismada c¢esitlere ait elde edilen fizyolojik
parametrelere ait degerler Cizelge 5'de verilmigtir.

Bitkilerde fotosentez kapasitesi ve strese dayanimi
belirleme amacli olarak kullanmilan (Fischer, 2001)
klorofil igerigi iki yillik ¢alismada ortalama % 35.8
olarak belirlenmis olup, degerler ¢alismanin ilk yilinda
% 38.4, ikinci yilinda ise % 33.2 olmustur (Cizelge 5).

Yagis miktarindaki azalma énceki ¢caligmalara benzer
sekilde verim ve diger parametrelerde oldugu gibi
klorofil icerigini de azaltmistir (Ghimire ve Craven,
2011; Meyer ve ark.,2014).

Cesitlerin klorofil igerigi iki yillik ortalamalara gore
incelendiginde biyokiitle verimi yiiksek olan lowland
ekotipindeki Kanlow (% 44.3) ve Alamo (% 41.7)
gesitlerinin en yiiksek klorofil icerigine sahip oldugu
gorilmiistiir (Sekil 3). En diisiik deger ise kloroz
semptomu goriillen ve biyokiitle verimi diisiik olan
upland ekotipindeki Shawnee cesidi (% 29.6) ile
biyokiitle veriminin en dusitk oldugu Cave in rock
cesidinden (% 31.8) elde edilmistir (Cizelge 3 ve 5).
Klorofil i¢erigi bitkilerin fotosentez kapasitesi ve stres
sartlarindaki verimleri ile iligkili bir 6zellik olup 1slah
calismalarinda seleksiyon kriteri olarak cokea
kullanilmaktadir. Calismadan elde edilen sonuglarda
yiksek biyokiitle verimine sahip lowland cesitlerin
klorofil iceriklerinin de ylksek olmasi daha o6nceki
caligma sonuclari ile értiismektedir (Zhu ve ark.,2014).

Dalli dar1 cesitlerinde farkli ekolojilerde yurutiilen
caligmalarda klorofil iceriklerini Seflek (2010) % 25.5 -
37.2 arasinda, Ghimire ve Craven (2011) sulu
kogullarda % 31.7, kuru kogullarda ise % 30.9 olarak
ve Liatukas ve ark. (2015) ise cesitlere gore % 33.5 - %
45.2 arasimnda bulmuslardir. Onceki ¢alismalardan
elde edilen degerler bu ¢alisma sonuglari ile benzerlik
gostermekte olup, farkliliklar ¢evre, cesit ve yetigtirme
tekniklerindeki farkliliktan meydana gelmistir.

Cizelge 4. Kuru kogullarda dall1 dar: cesitlerinden elde edilen metrede sap sayis1 (adet) ve sap agirligi (g) degerleri
Table 4. Tiller number per meter and single tiller weight (g) in obtained from switchgrass varieties in dry

conditions.

Metrede sap sayisi(adet)

Sap agirhgi(g)

(Tiller number per meter) (Tiller weight)
Cesitler (Varieties) 2018 2019 Ort. (Mean) 2018 2019 Ort. (Mean)
Shelter 361.3+£18.0 be 349.0+16.0 cd 355.2+18.0 b 1.11+0.2 1.00+0.1 1.05+0.05 be
Alamo 297+10.1 e-g 299.0+14.6 e-g  298.0+9.0 d 1.23+0.1 1.20+0.1 1.224+0.04 ab
Cave in rock 226.0+5.01 233.7+4.5 h1 229.845.0 e 1.13+0.2  1.07+0.1 1.10+£0.11 a-c
Shawnee 318.7+23.9 d-f 283.3+4.4 fg 301.0£14.0 ¢ 0.94+0.1  1.00+0.1 0.97+0.06 ¢
Kanlow 301.3£9.8 e-g 271.7+16.4 gh 286.5+13.0d 1.25+0.1 1.23+0.1 1.24+0.05 a
Trailblazer 498.7+5.7 a 398.3+13.7b 4485 +7.0 a 0.77+0.1 0.80+0.0 0.78+ 0.06d
Ort.(Mean) 333.8 a 305.8 b 319.8 1.07 1.05 1.06

Cesit(Variety)  Yil*cesit(Year*variety)

Yil(year)LSD(0.05):23.7 LSD(0.05):27.4  LSD(0.05):38.8

Cesit(Variety) LSD(0.05):0.16

Cizelgedeki degerler ti¢ tekerriiriin ortalamasi + standart hata olarak verilmigtir.
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Sekil 2. Dalli dar1 gesitlerinin kuru sartlarda iki yil ortalamasina ait sap agirligi, bitki boyu ve sap sayisindaki

degisimler

Figure 2. The variations in the single tiller weight, plant height and the number of tiller per meter of switchgrass

varieties for two years in dry conditions.
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Cizelge 5. Kuru kogullarda dalli dari ¢esitlerinden elde edilen baz fizyolojik 6zelliklere ait degerler
Table 6. Values of some physiological properties obtained from switchgrass varieties in dry conditions

Stomal iletkenlik (mmol H2O m2 s1)

Bitki ortiisii sicakligi (°C)

Klorofil icerigi (%)

(Stoma conductivity) (Canopy temperature) (Clorophyl content)
Cegitler Ort. Ort. Ort.
(Varieties) 2018 2019 (Mean) 2018 2019 (Mean) 2018 2019 (Mean)
Shelter 29.7+0.3 28.3+0.3 29.0+0.3 b 40.7+0.3 41.1+0.6 40.9+0.4 b  34.5+0.7 32.4+1.6 33.5+1.2 b
Alamo 35.5+1.1 33.1£41.0 34.3+1.0 a 38+1.1 40.3+1.1 39.2+1.1 bc 47.743.3 35.6+0.3 41.7+3.3 a
Caveinrock 27.3+0.7 26.5+0.7 26.9+0.7 ¢ 42.5+1.1 43.9+1.6 43.2+1.3 a 33.5+2.2 30.2+2.8 31.8+0.8 b
Shawnee 23.0+0.2 21.9£0.3 22.4+0.1 d 45.0+1.8 42.8+1.5 43.9+1.3a 31.241.4 28.0+0.6 29.6+0.9 b
Kanlow 31.2+0.5 28.6+0.5 29.9+0.5 b 37.140.7 38.4+0.4 37.7£0.3 ¢ 50.6£3.5 38.0+1.7 44.3+3.9 a
Trailblazer 27.1£0.6 25.3+0.3 26.240.5 ¢ 41+0.6  40.2+0.3 40.6+0.3b  33.1x1.5 35.0+#1.4 34.1+0.3 b
Ort. (Mean) 28.9a 27.3b 28.01 40.7 41.1 40.9 38.4 33.2 35.8

Yil (Year) Cesit(Variety)

LSD(0.05):0.66 LSD(0.05):1.3

Cesit(Variety) LSD(0.05):1.85

Cesit(Variety) LSD(0.05):6.1

Cizelgedeki degerler ti¢ tekerririin ortalamasi + standart hata olarak verilmistir.

Shelter
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Sekil 3.Kuru sartlarda dalli dar: gesitlerinde bazi fizyolojik parametrelerdeki degisimler
Figure 3. The variations in some physiological parameters in switchgrass varieties under dry conditions.

Stomal Tletkenlik

Calismada ortalama stomal iletkenlik degeri 28.01
mmol H2:0 m2 st olarak belirlenmis olup, diger
parametrelerdeki gibi yagisin daha az oldugu 2019
yilinda (27.3 mmol H2:0 m?2 s1) daha az olmustur
(Cizelge 5). Toprakta yeteri nem bulunmamasi
durumunda bitkiler stomalarin1 kapatarak gaz
aligverigini azaltmaktadir.

Barney ve ark. (2009), Hartman ve ark. (2012) ve
Meyer ve ark. (2014) kurak kosullarda stomal
iletkenliginin azaldigi bildirmis olup, bu ¢alismada da
yagisin daha az oldugu 2019 yilindaki stomal
iletkenlik degerinin yagisin nispeten daha fazla
oldugu 2018 yilina gore diisik olmasi yoniiyle bu
caligmalarla  ortiismektedir. Cesitler acisindan
bakildiginda iki yillik ortalamalara gore en yiliksek
deger Alamo cesidinden (34.3 mmol H20 m2 s1) elde
edilirken, en dugsiik deger ise Shawnee cesidinden
(mmol H:0 m2 s1) elde edilmistir (Sekil 3).
Calismadan elde edilen stomal iletkenlik degerleri
Hartman ve ark. (2012), Meyer ve ark. (2014), Zhu ve
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ark. (2014)’ nin sonugclari ile benzerlik gostermektedir.

Bitki Ortiisii Sicakhig

Bircok arastirmacinin tarafindan bitkinin su igerigini
tespit etme (Blum ve Ebercon, 1981), stres faktorlerine
tepkinin belirlenmesi (Jackson ve ark., 1981), sulama
zamanin belirlenmesi, (Evett ve ark., 1996) sicakliga
toleransin 6l¢iilmesi ve kuraklhik sartlarina tepkinin
belirlemesi (Rashid ve ark., 1999) amaciyla kullanilan
bitki ortiisii sicakligr diger fizyolojik parametreler
i¢inde verimle ¢ok daha iligkili ve 1slah ¢galismalarinda
da cokca kullanilan bir 6zelliktir (Reynolds ve ark.,
1999).

Bircok amagla kullanilan bu 6zellikle ilgili calismada
ortalama bitki ortisii sicakligr degeri 40.9 °C olarak
belirlenmig olup, bu deger 2018 yilinda 40.7 °C ve 2019
yillinda ise 41.1 °C olmustur (Cizelge 5). Bu durumun
yvagis ve dolayisi ile toprak nemindeki azalmadan
kaynaklandigi  distinilmektedir. Calismada en
yiksek ve en dusiik bitki oOrtisti sicakligi degeri
sirasiyla Shawnee (43.9 °C) ile Kanlow (37.7 °C)
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cesitlerinden elde edilmistir (Sekil 3). Kuru sartlarda
olusan su stresinde bitki értiist sicakligr daha dusiik
olan ¢esitlerin kuraga daha dayanikhi oldugu ve bu
sartlarda daha iyi verim verdigi ve verim ile bitki
ortisii sicaklign degeri arasinda negatif bir iligki
oldugu bildirilmekte olup (Blum ve Ebercon, 1981)
caligmada biyokiitle verimi yliksek olan gesitlerin bitki
ortisti sicakliklarinin diigiik oldugu gorilmektedir
(Cizelge 3 ve 5).

Konu ile ilgili daha o6nce yurutiulen ¢alismalardan
Seflek (2010), Konya kosullarinda doért dalli dar:
cesidinde yuruttigi denemede Kanlow ve Alamo
¢esitlerinin bu ¢alisma sonucglarina benzer sekilde en
disiik bitki ortisi sicakligr degerine sahip oldugunu
bildirmigtir.

SONUC ve ONERILER

Konya Karapinar sartlarinda yagisa baghh kuru
kogullarda dalli darinin 4 ve 5. yillarina ait biyokiitle
verimi, verim  ogeleri ile  baz1  fizyolojik
parametrelerinin belirlenmesi amaciyla 2018 ve 2019
yillarinda yuritilen bu c¢alisma sonucunda biitiin
gesitlerin canhiligin1 devam ettirerek biyokiitle
vermeye devam ettigi belirlenmistir. Calismada
lowland ekotipindeki Kanlow ve Alamo cesitleri ile
upland ekotipindeki Trailblazer ¢esidinin en yuksek
biyokiitle verimine sahip oldugu, Shawnee ve Cave in
rock cesitlerinin ise en diigiik biyokiitle verimine sahip
olduklar: belirlenmistir. Kuru sartlarda yagisin verim
ve verim 6gelerini belirleyen en 6nemli faktor oldugu,
sap agirligl, metrede sap sayisi ve bitki boyu degerleri
yuksek olan cesitlerin biyokiitle verimi acisindan o6n
plana ¢iktig1 ve yine fizyolojik parametreler agisindan
kuru kogullarda yiiksek verime sahip cesitlerin klorofil
ve stomal iletkenlik degerinin yiliksek, bitki ortiist
sicaklik degerinin ise digsiik oldugu belirlenmigtir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar bu makaleye esit oranda katki
saglamiglardir.

Cikar Catigmas1 Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi yoktur.
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ABSTRACT Research Article

The aim of this study was to determine the highest dry flower yield

and essential oil content of yellow and orange flowered annual and Article History

perennial marigold plants. Annual and perennial Calendula officinalis Received +30.05.2020
L. plant seeds with yellow and orange flower obtained from Research Accepted ©02.10.2020

and Application Center of Botanical Garden and Herbarium, Ege
University were used as a study material. The experiment was
established to the 1000 m?2 area of Ege University Odemis Vocational
School field according to split-split plot parcel design with three
replications on 28th of March 2016. Flowers were harvested when the
plants in full blossom stage, every ten days. Annual yellow and orange
flowers and perennial yellow and orange flowers were evaluated
separately for each harvest. Totally seven harvest were done. All fresh
flowers were weighed after then dried in a drying cabinet at 30 °C and
essential oil contents were obtained by hydro distillation method. The
highest dry flower yields for perennial plants were provided for yellow
flowered plants; at 7.54 kg da! and for orange flowered plants; 7.28
kg dal. The highest essential oil contents in perennial were
determined for yellow flowered plants as 0.051%, and orange flowered
plants; 0.020%. In general, it can be said that content of essential oil
is higher in perennial plants than single years.

Keywords
Marigold
Yellow flower
Orange flower
Essential oil
Dry herb yield

Tek ve Cok Yillik Calendula officinalis L. Tirlerinin Kiltur Sartlarinda Kargilagtirilmasi

OZET Aragtirma Makalesi
Bu calismada tek yillik ve ¢ok yillik sar1 ve turuncu ¢igekli aynisafa
bitkilerinde en yiksek drog c¢icek verimi ve ucgucu yag oranini Makale Tarihgesi

belirlemek amaglanmistir. Materyal olarak kullanilan tek ve ¢ok yillik Gelig Tarthi  : 30.05.2020
sar1 turuncu renkli Calendula officinalis L. tohumlan Ege Kabul Tarihi :02.10.2020
Universitesi Botanik bahcgesinden temin edilmistir. Deneme Ege

Universitesi Odemis Meslek Yiiksekokulu deneme tarlasinda 1000 m2 Anahtar Kelimeler
alanda tg¢ tekerriirli olarak boélinen bélinmis parseller deneme Aynisafa

desenine gore 28 Mart 2016 tarihinde kurulmustur. Cigekler tam Sari ¢icek
ciceklenme déneminde her 10 giinde bir toplanmig ve her hasatta sar1 Turuncu ¢igek

ve turuncu cicekler, tek yilhik ve ¢ok yillik olarak ayr1 ayn Ucucu yag
degerlendirilmigtir. Hasat edilen ¢igekler tartildiktan sonra 30 °C’ de Drog herba verimi

kurutma dolabinda kurutulmustur. Ugucu yag igerigi su distilasyonu
metoduna gore volimetrik olarak belirlenmistir. En yliksek drog gigek
verimi ¢ok yillik Calendula tirlerinden saglanmis ve sari renkliler
icin 7.54 kg da'! iken, turuncu renklilerde 7.28 kg da! olmustur. En
yiksek ugucu yag icerigi ise yine c¢ok yilliklardan sari renk
ciceklilerde % 0.051, turuncu renk ciceklilerden ise % 0.020 olarak
olgilmiistiir. Genel olarak ugucu yag iceriklerinin ¢ok yillik bitkilerde
tek yilliklara gore, ar1 renklilerin ise turuncu renkliler gére daha
yiksek verim sagladigi belirlenmistir.

To Cite : Aver AB, Inan M 2020. Comparing of Cultivated Annual and Perennial Calendula officinalis L. Species. KSU J. Agric
Nat 24 (3): 579-585. https://doi.org/10.18016/ksutarimdoga.vi.745649.
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INTRODUCTION

Calendula officinalis L. is an annual or a perennial
flowering plant in Asteraceae family. It is widely used
as an ornamental plant due to its beautiful looking
orange and yellow flowers. While annual plants are
generally cultivated, perennial plants grow naturally
from southern Europe to central Europe (Okoh et al.,
2008) and in the Mediterranean. (Gazim et al., 2008;
Khalid and Silva, 2012; Khodadadi et al., 2013). It is
reported that the plant is considered as a medicinal
plant in central and southern Europe, western Asia
and the United States and has phytochemicals such as
terpenoid, flavonoid, coumarin, quinon, karatonoid
and essential oils (Muley et al., 2009). Plant flower
colors can range from yellow to orange, depending on
the region, and full bloom occurs in spring summer
(Okoh et al., 2008). Pharmacological studies have
confirmed that flowers have a large number of
biological effects and pharmacological activity of the
liver and antispasmodic protection (Mohammad and
Kashani, 2012; Arora et al., 2013; Jan et al., 2017).
Essential oils of the C. officinalis species are intensely
found in the flowers of the plant. The essential oils
obtained from these flowers have been reported to
soothe the central nervous system and heal wounds
(Milliauskas et al., 2004). The essential oils contained
in flowers are also used in the pharmaceutical and
cosmetics industry, except for its traditional use
(Gazim et al., 2008; Bielski and Szwejkowska, 2013;
Rezaei et al., 2018).

The chemical compounds found in medicinal and
aromatic plants are affected by the region where the
plant 1s cultivated, climate conditions, vegetation

period, genetic factors as well as cultivation conditions
and geographical regions (Miliauskas et al., 2004).
Genetic and environmental factors have been reported
to have important effects on essential oil contents in C.
officinalis flowers (Okoh et al., 2008). In studies on
essential oil in different regions and conditions, it was
found that essential oil contents in Calendula flowers
varied between 0.04% and 0.97% (Okoh et al., 2007;
Gazim et al., 2008; Alves Paim et al., 2010;
Berimavandi et al., 2011; Khalid and Silva, 2012;
Ourabia et al., 2019). The aforementioned studies were
carried out in different regions, soil and climate
conditions. Therefore, there are significant differences
in both yield and pharmacological properties.
However, researchers do not specifically explain
whether the plants in their research are annual or
perennial, or the plant flower colors (yellow-orange).
This research was carried out to determine the yield
and essential oil contents depending on the flower
colors of annual and perennial plants.

MATERIAL and METHOD

Annual and perennial Calendula officinalis L. seeds
with yellow and orange flower obtained from Research
and Application Center of Botanical Garden and
Herbarium were used as materials. The experiment
was established in the fields of Ege University Odemis
Vocational School. Ege University soil analysis
laboratories ran soil analyses of the experiment area
and the results are in Table 1. The properties of the
soil are as follows; texture; clay-loam, neutral, salinity:
non-saline, poor in terms of organic matter. Climate
data for the experiment period is given in Table 2.

Table 1. Physical and Chemical Properties of the Soil of the Experiment Area
Cizelge 1. Deneme alanina ait topragin fiziksel ve kimyasal ozellikleri

Depth (30-60 cm)

Properties Depth (0-30 cm)
Organic Matter (%) 1.34 (low)
Total Nitrogen (%) 0.081 (low)

Phosphorus (ppm)
Potassium (ppm)

pH

Satucontentn (%)
E.conductivity(mmohms/cm)

24 (medium)

210 (medium)

7.9 (slightly high)
60.9 (clay loam)
0.08 (non-saline)

0.78 (very low)
0.047 (very low)
28.8 (medium)
300 (medium)
7.7 (good)

62.9 (clay loam)
0.17 (non-saline)

C. officinalis were planted in seed plots with a seedbed
compost of digested farmyard manure, sand and soil at
1:1:1 content on 10th of February 2016. Necessary
maintenance such as irrigation, weed management
and ventilation was monitored daily. These seedlings
were then planted to the experiment area of 1000 m?2
according to randomized design in split-split plot
parcel with three replications and 70x40 cm row
spacing on 28th of March. Annual and perennial plants
were distributed to the main parcels and flower colors
as sub-parcels. Each block was 3 x 67.2 m, each main
parcel (perennial and annual) was 3 x 33.6 m and sub-
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parcels size were 3 x 16.8 m (24 rows orange or yellow
color). The distance between blocks was set to 3
meters. A drip irrigation system was established, and
the plants were irrigated in accordance with the plant
irrigation requirement.

Flower Harvest

As of 25th April 2016, when the plants started to bloom
in full, the receptacles were harvested every 10 days.
A total of 7 harvests were made until 26th June 2016.
Annual yellow and orange flowers and perennial
yellow and orange flowers were evaluated separately
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for each harvest. Fresh flowers were weighed
immediately after the harvest and taken to be drying
cabinet at 30 °C. Dried flowers were weighed and yields
per acre were determined.

Essential Oil Content
In order to determine the essential oil content in the

Table 2. Climatic Data of 2016 (Anonymous, 2020)
Cizelge 2. 2016 y1lina ait iklim verileri

flowers, 100 g of the dried flowers were weighed and
boiled in a 2-liter glass flask for 3 hours in the
Clevenger type device according to the hydro
distillation method (Wichtl, 1971). Results obtained
after volumetric measurement were converted to a
percentage (% w w'l).

Monthly Average Monthly Average Relative Monthly Total Precipitation

Temperature (Co) Humidity (%) (mm=kg+m?)
January 6.8 72.6 154.6
February 11.9 72.4 38.6
March 11.7 71.2 123.0
April 17.7 60.8 6.2
May 19.1 62.4 77.0
June 26.7 49.8 1.4
July 28.4 48.5 0.0
August 28.3 53.3 6.6
September 23.3 55.9 30.7
October 17.6 65.3 0.2
November 11.8 69.2 85.1
December 4.7 68.9 3.0

Figurel. Orange and yellow flowered Calendula ofﬁ'jais L. plants

Sekil 1. Turuncu ve sari renk ¢igekli Calendula officinalis L. bitkileri

PP" 5% S ~ \' » /

Figure 2. Essential oil analyéis of orange flowered Calendula officinalis L. plants
Sekil 2. Turuncu renk ¢icekli Calendula officinalis L. bitkilerinde u¢ucu yag analiz
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Statistical Analyses

The measured data were determined according to
analyses of variance using MSTAT-C software
program. Differences significant treatment means
were separated using least significant difference (LSD)
at <P 0.01.

RESULTS AND DISCUSSION
Fresh Flower Yield

Results of fresh flower yields of Calendula officinalis
annual and perennial plants with different flower
colors are given in Table 3. When perennial plants are
considered, it is determined that yellow flowered
plants have higher fresh flower yield than orange
flowered plants. It has been determined that there is a
1% statistically significant difference between annual
and perennial plants, different flower colors and
harvest periods. The highest fresh flower yields were
obtained at the fourth harvest, they were 51.96 for
yellow flowered plants and 36.88 kg da-1 in orange
flowered plants, the lowest fresh flower yields were
obtained at the first harvest and they were 3.08 kg da’

1 and 2.40 kg da! for yellow flowered plants with and
orange flowered plants respectively. Considering
perennial plants, fresh flower yields from yellow
flowered plants were higher than orange flowered
plants during all harvest periods.

In annual plants, although first harvests were
similarly the lowest fresh flower yields, they were
higher than the perennial plants (3.34- 3.12 kg da'l,
respectively). The highest fresh flower yields were
obtained in both yellow flowered and orange flowered
plants at the fifth harvest, 10.80 kg dal and 11.02 kg
da’l, respectively. Except for the first harvest period,
orange flowered plants had better results in terms of
fresh flower yield than yellow flowered plants. Fresh
flower yields from perennial in both flower colors were
higher than annual plants. It is observed that in
perennial and annual plants with yellow and orange
flowers, the yield of fresh flowers increases from the
first harvest to the fourth and fifth harvests, however,
it then decreases significantly in the subsequent
harvests (Table 3).

Table 3. Fresh Flower Yields of Perennial and Annual Calendula officinalis L. Plants with Yellow and Orange
Flowers at Different Harvest Periods (kg da-1)
Cizelge 3. Tek yillik ve ¢ok yillik Calendula officinalis L. bitkilerinde farkli bicim dénemlerindeki taze ¢igek

verimleri (kg da!)

Perennial Annual

Yellow Orange Mean Yellow Orange Mean
1tk Harvest 3.08+0.611 2.40+0.421 2.74+0.36 3.34+0.741 3.12+0.341 3.24+0.37
2nd Harvest 15.22+2.24efg 6.28+0.17gha1  10.74+2.24 5.80+0.23gh1 9.34+1.97gh 7.57+1.18
3rd Harvest 27.26+2.26d 20.18+0.41de  23.72+1.89 7.22+0.72gh1 7.24+0.75gh1 7.23+0.47
4tk Harvest 51.96+1.98a 36.88+1.45bc  44.42+3.54 7.62+0.72gh1 10.46+1.05fgha 9.04+0.86
5th Harvest 45.44+2.81ab 26.64+2.00d 36.04+4.48 10.08+0.52efgh1 11.02+1.36efgh1  10.55+0.68
6tk Harvest 28.38+1.49cd 19.68+0.53def 24.02+2.07 6.86+0.33gh1 8.60+1.89gh1 7.73+0.94
7th Harvest 13.02+1.02efgh 8.12+1.66gh1  10.56+1.26 5.34+0.48h1 5.36+0.66h1 5.35+0.37
Mean* 26.33+3.00 17.16+£2.57 6.60+0.47 7.87+0.71
LSD (%1) 9.48

*: Means were given as + standard error.

Caliskan and Kurt (2018) report that the fresh flower
yield keeps increasing up to a certain period, and then
there is a significant decrease in flower yields, and the
yield varies between 0.77 and 37.7 kg da! depending
on the harvest period. These abovementioned
threshold values are quite higher than the results of
this study. There are also studies on planting density,
planting time (Berimavandi et al., 2011) and
fertilization (Bielski et al., 2013; Khodadadi et al.,
2013) which significantly affect fresh flower yield and
the number of flowers per plant.

Dry flower Yield

Dry flower yields obtained from yellow and orange
flowered, annual and perennial Calendula officinalis
L. plants from different harvest periods are given in
Table 4. It has been determined that there is a 1%
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statistically significant difference between annual and
perennial plants, different flower colors and harvest
periods. Similar to the fresh flower yields, the highest
dry flower yield values for perennial plants were
acquired at the fourth harvest for yellow flowered
plants; at 7.54 kg da’l, and at the fifth harvest for
orange flowered plants; 7.28 kg da’l. Dry flower yields
from the 4th and 5th harvest periods for orange
flowered plants were statistically in the same
statistical group. While the lowest dry flower yield was
0.86 kg da! for perennial yellow flowered plants, this
number was 0.42 kg da-! for perennial orange flowered
plants.

The highest yields of dry flowers in annual plants were
obtained at the fourth harvest from yellow flowered
plants; 1.74 kg da-!, and at the fifth harvest from
orange flowered plants; 3.12 kg da-1. The lowest dry
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flower yields were 0.60 kg da! and 0.50 kg da! for
yellow flowered and orange flowered plants,
respectively. Dry flower yields of the third, fourth, fifth
and sixth harvests of yellow flowered plants were
statistically in the same statistical group. Except for

the first harvests, dry flower yields from annual orange
flowered plants were higher in all harvests than yellow
flowered plants. However, considering both yellow and
orange flower plants, dry flower yields from perennial
plants were higher than annual plants.

Table 4. Dry flower Yields of Perennial and Annual Calendula officinalis L. Plants with Yellow and Orange Flowers

at Different Harvest Periods (kg da!)

Cizelge 4. Tek yillik ve ¢ok yillik Calendula officinalis L. bitkilerinde farkli bicim donemlerindeki kuru cicek

verimleri (kg da’)

Perennial Annual

Yellow Orange Mean Yellow Orange Mean
1th Harvest 0.86+0.17gh 0.42+0.09h 0.64+0.13  0.60+0.14gh  0.50+0.06h 0.56+0.07
2vd Harvest  2.40+0.39efgh 1.50+0.27fgh 1.94+0.29 1.06+0.09¢gh  1.22+0.10fgh 1.14+0.17
3rd Harvest  4.90+0.49bcde 3.62+0.13cdef 4.26+0.37 1.24+0.08fgh  1.24+0.14fgh 1.24+0.07
4th Harvest  7.54+0.14a 7.16+0.27ab 7.34+0.16 1.74+0.16fgh  2.10+0.13fgh 1.92+0.12
5th Harvest  5.72+0.99abc 7.28+0.41ab 6.50+0.59 1.14+0.09fgh  3.12+0.35defg 2.13+0.47
6th Harvest  4.84+0.44bcde 6.04+1.82abc 5.44+0.88 1.12+0.14fgh  2.44+0.26efgh 1.78+0.32
7th Harvest 5.28+0.61abcd 2.90+0.30defgh 4.08+0.61 1.04+0.11gh  1.88+0.08fgh 1.46+0.20
Mean* 4.50+0.488 4.13+0.61 1.14+0.079 1.78+0.19
LSD % 1)  2.56

*! Means were given as + standard error.

In a study related to different flower harvest times of
the C. officinalis, it is reported that dry flower yields
vary between 0.14- 6.56 kg da! depending on the
harvest periods (Caliskan & Kurt, 2018). These values
of dry flower yield are similar to this study. In another
study investigating the effects of planting density and
planting time on dry flower yield, dry flower yields
vary between 75.00- 149.60 g m-2 (Berimavandi et al.,
2011). These values are quite higher than this study.
Probably this is due to the cultural applications
(planting density, fertilization, etc.) and the location of
the experiment. As a matter of fact, Gazim et al. (2008)
emphasize that large differences between the findings
in Calendula cultivation may be due to climate
conditions.

Essential Oil Contents

Essential oil contents obtained from dry flowers are

given in Table 5. Except for the last two harvest
periods, essential oil contents at other harvests could
not be determined. Therefore, necessary statistical
calculations about essential oil could not be made.
Measurements could not be carried out at the first 5
harvests of all plants as the essential oil contents were
below 0.005%. The highest oil content in perennial
were determined at the last harvest for both yellow
flowered plants; 0.051%, and orange flowered plants;
0.020%. In annual plants, while the highest essential
oil content in yellow flowered plants was taken at the
last harvest with 0.035%, the essential oil rate was
determined as 0.005% at the sixth and seventh
harvests in orange flowered plants. In general, it is
determined that content of essential oil is higher in
perennial plants than single years and in yellow
flowered plants compared to orange flowered plants.

Table 5. Essential Oil Yields of Perennial and Annual Calendula officinalis L. Plants with Yellow and Orange

Flowers at Different Harvest Periods (%)

Cizelge 6. Tek yillik ve ¢ok yillik Calendula officinalis L. bitkilerinde farkli bicim donemlerindeki ugucu yag

icerikleri (%)

Perennial Annual

Yellow Orange Mean Yellow Orange Mean
1th Harvest tr* tr* tr* tr* tr* tr*
2nd Harvest tr* tr* tr* tr* tr* tr*
3rd Harvest tr* tr* tr* tr* tr* tr*
4th Harvest tr* tr* tr* tr* tr* tr*
5th Harvest tr* tr* tr* tr* tr* tr*
6th Harvest 0.027 0.015 0.021 0.025 0.005 0.015
Tt Harvest 0.051 0.020 0.036 0.035 0.005 0,020
Mean 0,039 0,018 0.030 0.005

*trace: <0.005 %

In different parts of the world, very different results
are reported about the essential oil rates in Calendula
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flower. Ourabia et al. (2019) found that the contents of
essential oil in dry flowers varied between 0.044 and
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0.045%, while Okoh et al. (2007) emphasized that this
content increased up to 0.97% depending on the
harvest period. In many studies, the contents of
essential oil in dry flowers have been reported among
these values (Naguib et al., 2005; Gazim et al., 2008;
Alves Paim et al. 2010 Berimavandi et al.,, 2011;
Khalid et al., 2012). In terms of essential oil contents,
the final harvest values for perennial yellow flowered
plants were similar to previously reported minimum
values, while other findings were lower in this study.

CONCLUSION

In this study of annual and perennial C. officinalis
species with yellow and orange flowered plants, it was
found that perennial plants were superior to annual
plants and yellow flowered plants were superior to
orange flowered plants in terms of fresh and dry flower
yields and essential oil contents. It should be taken
into consideration that genetic structure, cultural
applications and locations have important effects on
flower yields and essential oil contents.

Acknowledgment

We would like to thank Assoc. Prof. Dr. Serdar Gékhan
SENOL for the experiment material supply.

Researchers Contribution Rate Declaration Summary

The authors declare that they have contributed equally
to the article.

Conflict of Interest Statement

Article authors declare that there are no conflicts of
interest among them.

REFERENCES

Alves Paim LFN, Fontana M, Winckler M, Grando AA,
Muneron TL, Roman Junior WO 2010. Assessment
of plant development, morphology and flavonoid
content in different cultivation treatments of
Calendula officinalis L., Asteraceae. Brazilian J.
Pharmacog., 20: 974-980.

Anonymus 2020. Meteoroloji Genel Mudurligi, 2.
Bolge Midiirlugi, Veri kontrol ve Istatistik Sube
Mudirlagi.

Arora D, Rani A, Sharma, A 2013. A review on
phytochemistry and ethnopharmacological aspects
of genus Calendula, Pharmacognosy Reviews, 7
(14): 179- 187.

Berimavandi AR, Hashemabadi D, Ghaziani MVF,
Kaviani B 2011. Effects of plant density and sowing
date on the growth, flowering and quantity of
essential oil of Calendula officinalis L., Journal of
Medicinal Plants Research, 5(20): 5110-5115.

Bielski S, Szwejkowska B 2013. Effect of fertilization
on the development and yields of pot marigold
(Calendula officinalis L.), Herba Polonica, 59 (2): 5-
12.

584

Caliskan O, Kurt D 2018 Flower yields of pot marigold
(Calendula officinalis 1.) plants as effected by
flowering ducontentns and number of harvests,
Journal of Medicinal Plants Studies, 6(6): 159-161

Gazim ZC, Rezende CM, Fraga SR, Filho BPD,
Nakamura CV, Cortez DAG 2008. Analysis of the
essential oils from Calendula officinalis growing in
Brazil using three different extraction procedures,
Brazilian Journal of Pharmaceutical Sciences vol.
44 (3): 391- 395.

Jan N, Andrabi KI, John R 2017. Calendula officinalis
- An Important Medicinal Plant with Potential
Biological Properties, Proc. Indian Natn. Sci. Acad
83 (4): 769-787.

Khalid KA, Silva JAT 2012. Biology of Calendula
officinalis Linn.: Focus on Pharmacology, Biological
Activities and Agronomic Practices, Medicinal and
Aromatic Plant Science and Biotechnology 6 (1): 12-
217.

Khodadadi A, Sharafzadeh S, Zakerin A 2013. Growth,
Flowering, Total Phenolic Content and Antioxidant
Activity of Calendula officinalis 1.. as Affected by
Vermicompost, Research Journal of Fisheries and
Hydrobiology, 8(2): 27-30.

Miliauskas G, Venskutonis PR, Van Beek TA 2004.
Screening of radical scavenging activity of some
medicinal and aromatic plant extracts. Food Chem.,
85 (2): 231- 237.

Mohammad SM, Kashani HH 2012. Pot marigold
(Calendula officinalis)s medicinal usage and
cultivation, Scientific Research and Essays Vol.
7(14): 1468-1472.

Muley BP, Khadabadi SS, Banarase NB 2009.
Phytochemical Constituents and Pharmacological
Activities of  Calendula  officinalis  Linn
(Asteraceae): A Review, Tropical dJournal of
Pharmaceutical Research, 8 (5): 455-465.

Naguib MY, Khalil MY, El-Sherbeny SE 2005. A
comparative study on the productivity and chemical
constituents of various sources and species of
calendula plants as affected by two foliar fertilizers.
Journal of Appied Sciences Research 1(2): 176-189.

Okoh 0O, Sadimenko AA, Afolyan AJ 2007. The
Effects of Age on the Yield and Composition of the
Essential Oils of Calendula officinalis, Journal of
Applied Sciences 7(23): 3806- 3810.

Okoh 0O, Sadimenko AA, Asekun OT, Afolayan AJ
2008. The effects of drying on the chemical
components of essential oils of Calendula officinalis
L. African Journal Biotech., 7: 1500-1502.

Ourabia I, Djebbar R, Tata S, Sabaou N, Djebbar DF
2019. Determination of Essential Oil Composition,
Phenolic Content and Antioxidant, Antibacterial
and Antifungal Activities of Marigold (Calendula
officinalis L.) Cultivated In Algeria, Carpathian
Journal of Food Science and Technology, 11(2): 93-
110.



KSU Tarim ve Doga Derg 24 (3): 579-585, 2021
KSU J. Agric Nat 24 (3): 579-585, 2021

Arastirma Makalesi
Research Article

Rezaei R, Valadabadi SA, Shiranirad AH, Sayfzadeh S,
Hadidimasouleh E 2018. The effects of application
of biological fertilizers and different amounts of
urea fertilizer sources under low water stress
conditions on physiological traits of medicinal plant

585

(Calendula officinalis L.). Applied Ecology And
Environmental Research 16 (4) : 4813-4827.

Wichtl 1971, Die pharmakogostich-Chemisehe Analys
Band, 12, Franfurt/M.



KSU Tarim ve Doga Derg 24 (3): 586-593, 2021
KSU J. Agric Nat 24 (3): 586-593, 2021
DOI:10.18016/ksutarimdoga.vi.752972

Seri 82 X B35 Ekmeklik Bugday (Triticum aestivum L.) Melez Popiilasyonunda F4 Bireylerinin
Fonksiyonel DNA Markorleri Ile Degerlendirilmesi

Bilge Kiibra KOCYIGIT!, ilker YUCE?, Tugba BASKONUSS, Tevrican DOKUYUCU4, Aydin AKKAYA5

Ziya DUMLUPINAR®

1.26KSU Agricultural Biotechnology Department, Kahramanmaras, Turkey, 34°KSU Field Crops Department, Kahramanmaras, Turkey
Thttps://orcid.org/0000-0002-8595-6452, 2https://orcid.org/0000-0002-9761-3561, 3https://orcid.org/0000-0002-0744-6086
4httpsi//orcid.org/0000-0002-7704-6790, *https://orcid.org/0000-0001-9560-1922, Shttps://orcid.org/0000-0003-3119-6926

P4: zdumlupinar@ksu.edu.tr

OZET Aragtirma Makalesi
Bugday tiretiminde yaygin olarak goriilen sari pas hastaligi énemli

verim kayiplarina yol agmaktadir. Bu ¢alismada, sar1 pasa dayanikli Makale Tarihgesi

B35 yerel ekmeklik bugday genotipi ile hassas olan Seri 82 ¢esidinin Gelig Tarihi  :15.06.2020
melezlenmesi sonucunda elde edilen F4 bitkileri ve ebeveynler Kabul Tarihi :26.10.2020

kullanilmistir. Genotipler  gluten  mukavemeti (Glu-B1),
vernalizasyon (Vrn-AI), bodurluk (RAt8, uzun Rht-Bla & Rht-Dlave

Anahtar Kelimeler

kisa RhtB1b & Rht-D1Db), yiiksek protein oranmi (Gpc-BI), dane sertligi, Ekmeklik bugday
sar1 pas (Yr51), kara pas (Sr49), cavdar translokasyonu ve mumsuluk DNA markori
(Wx-AI) ozelliklerine ait allel spesifik markérler ile karakterize Sar1 pas
edilmigtir. Bugday genotiplerinde 16 DNA markorinden 39 adet Kara pas
polimorfik bant elde edilmis, ortalama allel sayis1 2.4, ortalama Kalite

polimorfizm bilgi icerigi (PIC) degeri 0.52 olarak tespit edilmistir. En
yiiksek bant sayis1 (6) VRN1AF markoériinde, en diisiik bant sayisi (1)
Sunl04 ve UHWS89 markorlerinde elde edilmistir. Sari pasa
dayaniklilik geni Yr57 (Sun104 markoril) Seri 82xB35-1 ve 5, kara
pasa dayamklilik geni Sr49 (Sun479 markérii) Seri 82xB35-1, 2, 3, 4,
5 ve 6, (Sun209 markérii) Seri 82 ve B35, bodurluk genleri RhtBIb
(BF-MR1 markérii) Seri 82xB35-1, 2, 3, 4, 5 ve 6, Rht-D1a (DF2-WR2
markori) Seri 82xB35-2, 3, 4 ve 6, Rht8 (WMS261 markorii) Seri
82xB35-2, 3, 4 ve 6, cavdar translokasyon genleri NOR markérii) Seri
82xB35-2, 3 ve 4, (RIS markorii) Seri 82, B35, Seri 82xB35-1, 2, 3, 4,
5 ve 6 genotiplerinde tespit edilmistir. DNA markorlerine gore
yapilmis olan dendrogram, ebevynlerin F4 bireylerine benzerliginin %
54 oraninda oldugunu, Seri 82XB35-3 ve 4 genotiplerinin % 95
oraniyla birbirine en benzer genotipler oldugunu ortaya koymustur.

ABSTRACT
Yellow rust disease commonly observed in wheat production causes
serious grain yield losses. In this study, Fs plants obtained from

Evaluation of F4 Individuals Belong to Seri 82 x B35 Bread Wheat (7Triticum aestivum L.) Cross
Population Using Functional DNA Markers

Research Article

Article History

crossing between bread wheat landrace B35 known as tolerant to Received :15.06.2020
stripe rust and cv. Seri 82 known as susceptible to stripe rust, and Accepted $26.10.2020
their parents were used. Genotypes were characterized with allele

specific markers for gluten strength (Glu-B1I), vernalisation (Vrn-A1), Keywords

dwarfing (RAtS, tall Rht-Bla & Rht-Dla and short RhtB1b & Rht- Bread wheat

D1b), high protein ratio (Gpc-BI), grain hardness, stripe rust (Yr51), DNA markers

stem rust (Sr49), rye translocation and waxy (Wx-A41) genes. Thirty- Stripe rust

nine polymorphic bands were obtained from 16 DNA markers for gf:lli:;St

wheat genotypes, the average allele number was determined as 2.4
and the average polymorphism information content (PIC) was
calculated as 0.52. The highest allelic marker was VRNI1AF
(vernalisation) with 6 alleles and the lowest allelic markers were
Sun104 (stem rust) and UHWS89 (high protein ratio) with only one
allele. Stripe rustYr51 (Sunl104 marker) in Seri 82xB35-1 and 5
genotypes, stem rust Sr49 (Sun479) in Seri 82xB35-1, 2, 3, 4, 5 and 6
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genotypes, (Sun209 marker) in Seri 82 and B35 genotypes, dwarfing
genes Rht-BIb (BF-MR1 marker) in Seri 82xB35-1, 2, 3, 4, 5 and 6
genotypes, Rht-D1a (DF2-WR2 marker) in Seri 82xB35-2, 3, 4 and 6
genotypes, Rht8 (WMS261 marker) in Seri 82xB35-2, 3, 4 and 6
genotypes and rye translocation genes (NOR marker) in Seri 82xB35-
2, 3 and 4 genotypes and (RIS marker) in Seri 82, B35, Seri 82xB35-
1, 2, 3, 4, 5 and 6 genotypes were identified. A dendrogram created
from DNA markers showed that Seri 82 and B35 genotypes were
found 54% similar to F4 individuals, while Seri 82 x B35-3 and 4

genotypes were the most similar genotypes with 95%.

Atif Icin :Kogyigit BK, Yiice I, Bagkonus T, Dokuyucu T, Akkaya A, Dumlupinar Z 2021. Seri 82 x B35 Ekmeklik Bugday
(Triticum aestivum L.) Melez Popiilasyonunda Fs Bireylerinin Fonksiyonel DNA Markérleri ile Degerlendirilmesi.
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GIRIS

Artan bugday ihtiyacinin kargilanabilmesi yiiksek
verimli, hastalik etmenlerine ve zararhilara karsi
dayanikli yeni bugday cesitlerinin gelistirilmesiyle
miimkiin olacaktir (Giingér ve Dumlupinar 2019).
Ulkemizde ve dinyada hemen her bitki tiriinde
oldugu gibi bugdayda da hastalik ve zararhlar verim
ve kalite unsurlar1 lzerinde 6nemli zararlara sebep
olmaktadir. Ulkemizde bugday tiiretiminde yaygin
olarak sar1 pas hastaligr gorilmekte ve tiretimde
onemli kayiplara yol agmaktadir.

Islah calismalarinda genetik kaynaklarin
ozgunlestirilmesi, ebeveynlerin sec¢ilmesi, genotipler
arasindaki farklihk ve benzerliklerin belirlenmesi,
yeni gelistirilmis olan genotiplerin korunmasi ve
kalitatif-kantitatif genlerin belirlenmesinde molekiiler
markérler kullanilmaktadir (Ozcan 2008). Molekiiler
markorler, ¢ok hizli bir sekilde istenen ya da
istenmeyen 6zellikleri taniyip, degistirmeye yardimci
olmaktadir (Richmond ve Somerville 2001).

Basit dizi tekrarlar: (SSR), tek niikleotid polimorfizmi
(SNP) ve cogaltilmis parca uzunlugu polimorfizmi
(AFLP) molekiiler markér teknolojileri olarak
bilinmektedir. Molekiiler markér teknolojilerinin
kullanilmaya baglanmasi ile birlikte, 1slah stirelerinde
kisalmalar meydana gelmistir. Basit dizi tekrarlari

(SSR, mikrosatellitler) genotiplerin tanimlanmasinda,
kantitatif  6zelliklerin  bulundugu gen (QTL)
bélgelerinin belirlenmesinde, genetik c¢esitliliklerin
belirlenmesinde yaygin olarak kullanilmaktadir
(Leisova ve Ovesna 2001, Medini ve ark. 2005, Roussel
ve ark. 2005, Nersting ve ark. 2006, Leisova ve ark.
2007, Li ve ark. 2000, 2007, Fu ve ark. 2007, He ve
Bjornstad 2012, Montilla-Bascon ve ark. 2013,
Dumlupinar ve ark. 2016, Giingor 2019).

Bu calismada, sar1 pasa dayanikli B35 yerel ekmeklik
bugday genotipi 1ile hassas Seri 82 c¢esidinin
melezlenmesi sonucunda elde edilen F4 kademesindeki
hatlar kullamilmagtir. Hastalik, kalite ve morfolojik
ozelliklerle ilgili baz1 fonksiyonel DNA markérleri
kullanilarak, ebeveynlerle birlikte Fs+ kademesindeki
hatlarin molekiler olarak  karakterizasyonu
yapilmigtir.

MATERYAL ve METOT

Bu calismada, materyal olarak Seri 82 ekmeklik
bugday c¢esidi ile B35 yerel ekmeklik bugday
genotipinin melezlenmesi (Seri 82 x B35) sonucu elde
edilen 6 adet F4 melez kombinasyonu ve ebeveynleri
kullanilmigtir. Seri 82 ve B35 genotiplerine ait bilgiler
Cizelge 1’de verilmistir.

Cizelge 1. Arastirmada Kullanilan Ebeveynlere Ait Bilgiler

Table 1. Information on Parents Used in the Research

Adv/(Name) Temin Edildigi Orijini/(Origin) One Cikan Ozelligi Tescil
Kurulus/ /(Featured traid) Durumu/
(Organization (Registration
provided) status)

Seri 82 Cukurova Tarimsal Turkiye Tane verimi yiiksek, beyaz Tescilli
Arastirma Enstitiisi kilgikli, protein orani yuksek,

sar1 pasa hassas

B35 National Small Amerika Sar1 pasa dayanikli, yatmaya

Grains Collection Birlesik toleransi az, tane verimi disik,
Devletleri bin tane agirligi disik,
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Calismada kullanilan bugday genotiplerine ait
genomik DNA’larin elde edilmesi i¢in tohumlarin
viyollere ekimleri yapilmig ve bitki biiytitme kabininde
bitkiler 3-4 yaprakli déneme gelene kadar
yetigtirilmigtir. Cetyl trimethyl ammonium bromide
(CTAB) metoduna goére DNA izolasyonu islemi
yapilmistir (Oliver ve ark. 2010). Genotiplerden alinan
yaprak oOrnekleri, sivi azot ile 2 mllik eppendorf
tiplerde ogtitllerek, tizerlerine 1 ml izolasyon

soliisyonu (1 M Tris-HCI (pH:8), 0,56 M EDTA (pH:8),
5M NaCl, % 2 w/ve cTAB, % 2 Polyvinyl-Pyrolidone 40,
% 5 sarcosyl) eklenmis, tiiplerdeki érnekler alt iist
edildikten sonra 65 °C de 1 saat sure ile su banyosunda
bekletilmigtir. Su banyosundan alinan o&rneklerin
tizerine 1ml kloroform: izoamil alkol (24:1) eklenerek,
20 dakika 10000 (rpm) devirde santrifiij islemi
uygulanmigtir.. Santrifiij islemi sonucunda tstte
kalan saydam sivi, altta kalan yapraklar ile karigtiril-

Cizelge 2. Molekiiler Karakterizasyonda Kullanilan DNA Primerleri

Table 2. DNA primers used in molecular characterization

No/ Primer Ady/ Primer Dizisi (5'-3) / Gen Bolgesi/ (Gene Beklenen Bant Markor/
(Number) (Primer (Primer Sequence) Region) Uzunlugu (bg))  (Marker)
Name) (Expected Band
Length) (bp)
1 Bx70E_F CCTCAGCATGCAAACATGCAGC  Gluten 563 Es-
Bx70E_R CTGAAACCTTTGGCCAGTCATG  Mukavemeti baskin
TC
2 Sunl104_F TGCTATGTGCGTGATGATGA Sar1 pas Yro1 225 Baskin
Sun104_R TTACATGCTCCAGCGACTTG
3 Sun479_F CAAATGAAATGTGATCCTGTT Kara pas Sr49 200 Es-
Sun479_R TCATCTAACCAGCAATGGTAT baskin
4 Sun209_F AG CTATGAGCTTCGCTATTG Kara pas Sr49 148 Es-
Sun209_R GTGATTGGTTCGGATTACTTA baskin
5 VRN1AF GAAAGGAAAAATTCTGCTCG Vernalizasyon 484 (vrn-Al kighk Baskin
VRN1- GCACGAAATCGAAATCGAAG Vrn-Al veya Vrn-Alc
INT1R yazhik
715-624 iki bant
Vrn-Ala
464 Vrn-Alb yazlik
452 Vrn-Ald yazhk
430 Vrn-Ale yazhk
6 BF GGTAGGGAGGCGAGAGGCGAG  Bodurluk 273 Baskin
WR1 CATCCCCATGGCCATCTCGAGC  Rht-Bla
TG
7 BF GGTAGGGAGGCGAGAGGCGAG  Bodurluk 273 Baskin
MR1 CATCCCCATGGCCATCTCGAGC  Rht-Blb
TA
8 DF2 GGCAAGCAAAAGCTTCGCG Bodurluk 264 Baskin
WR2 GGCCATCTCGAGCTGCAC Rht-Dia
9 DF CGCGCAATTATTGGCCAGAGAT  Bodurluk 254 Baskin
MR2 AG Rht-D1b
CCCCATGGCCATCTCGAGCTGC
TA
10 WMS261_F CTCCCTGTACGCCTAAGGC Bodurluk 165- 204 Es-
WMS261_R CTCGCGCTACTAGCCATTG Rht8 baskin
11 UHWS89-BF TCTCCAAGAGGGGAGAGACA Yiksek Protein 122 Es-
UHWS89-R TTCCTCTACCCATGAATCTAGC Gpc-B1 baskin
A
12 RIS_F TAATTTCTGCTTGCTCCATGC Cavdar 110 Baskin
RIS R ACTGGGGTGCACTGGATTAG Translokasyonlari
13 NOR_F GCATGTAGCGACTAACTCATC Cavdar 400, 600, 700, 800 Baskin
NOR_R CCCAGTTTTCCATGTCGC Translokasyonlari
14 SCM9_F TGACAACCCCCTTTCCCTCGT Cavdar 220 Es-
SCM9_R TCATCGACGCTAAGGAGGACCC Translokasyonlar: baskin
15 PinaD1_F CCCTGTAGAGACAAAGCTAA Dane Sertligi 330 Baskin
PinaD2_R TCACCAGTAATAGCCAATAGT Pina
16 Sunl_F CGCTCCCTGAAGAGAGAAAGAA Waxy Xsun-7A, 219, Es-
Sunl_R ATAGGCACAACCCCTAAC Wx-Al 233, 260, 271, baskin

275, 285 ve 289
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madan pipet yardim ile bos steril tuplere aktarilmis,
uzerlerine yeni tiiplere alinan sivi miktar1 kadar
isopropanol (-20 °C) eklenmis, 10000 (rpm) devirde 30
dakika santrifiij edilmistir. Santrifiij isleminden sonra
orneklerdeki sivi kisim uzaklastirilmig, pelletler
tzerine 2 ml % 70 etanol eklenmig, 2 dakika 13000
(rpm) devirde santrifiij edilerek yikanip kurumaya
birakilmigtir. Kuruyan DNA pelletlerinin tizerine 250
ul RNAse soliisyonu (100 mI'lik 10 mM Tris-HCl EDTA
cozeltisine 1 ml RNAse stok soliisyonu) eklenerek DNA
izolasyonu tamamlanmigtir. Calismada,16 adet DNA
markord kullanilmig olup, bu DNA markérlerine ait
bilgiler Cizelge 2’de verilmigtir.

Polimeraz zincir reaksiyonlar1 (PZR) 0.02 ml
hacmindeki 96'lik PZR platelerine; 1ul ANTP karigimi
(10 mM karisim (A+T+G+C)), 3 ul 10x buffer, 1.5 pl
MgCI2, SSR primer ¢ifti (2 ul F ve 2 pl R), 3 ul (100 ng)
genomik DNA, 7.2 pl ddH:20, ve 0.3 pl Taqg DNA
polimeraz (5U/ul, Fermantes) seklinde toplamda 20
ul'lik PZR soliisyonu hazirlanarak “eppendorf” marka
thermal cycler cihazinda; 94 °C’de 5 dakika, 94 °C
(DNA iplik¢iklerinin ayrismasi) 1 dakika, 50 °C
(primerlerin yapismasi (tavlama)) 1 dakika ve 72 °C
(DNA eslesmesi)’de 2 dakika, 94 °C ile 72 °C arasinda
35 dongi yapilip ve son asamada 72 °C'de 5 dakika
calistirthip PZR trtinleri kullanilincaya kadar -20 °C
bekletilmigtir. PZR igleminden sonra genotiplere ait
SSR bantlar1 elde etmek amaciyla Qiagen firmasina
ait “QIAxcel Advanced System” fragment analiz cihaz
kullanilmigtir. Fragment analizi sonucunda elde

Cizelge 3. Primerlere ait allel sayilar1 ve PIC degerleri
Table 3. Allele numbers and PIC values of primers

edilen bantlar 0 (yok) veya 1 (var) olarak kodlanip,
hassasiyet +4 olarak kabul edilip degerlendirilmigtir.
Elde edilen veriler ile ¢alismada kullanilan ekmeklik
bugday genotipleri arasindaki benzerlikler NTSYSpc
2.21q (Rohlf, 2005) programinda, Dice indeks (Dice,
1945) kullanilarak hesaplanmistir. Genotiplerin
birbiriyle benzerliklerini gosteren dendrogram, her
genotipe ait DNA bantlar1 '0' veya '1' olarak kodlanip
ikili (binary) veri matriksi ve UPGMA (unweighted
pair group method arithmetic average) kullamilarak
elde edilmistir. Molekiiler analizlerde kullanilacak her
bir SSR markéri i¢in polimorfizm bilgi icerikleri Weir
(1996)’e gore asagidaki formiil ile hesaplanmistir.
PIC=1-}Pi2

Pi;  arastirmada calisitlan 8 ekmeklik bugday
genotipinde (melez kombinasyonu ve ebeveynleri)
T'inci allelin frekansidir.

Yiurutilen c¢alismada, 8 adet ekmeklik bugday
genotipi, 16 fonksiyonel markér ile taranmis ve 39 adet
polimorfik bant tespit edilmistir. En fazla bant (6
adet) lreten markér VRN1AF, en az bant (1 adet)
ireten markor ise Sun104 ve UHWS89 olmustur. En
yiiksek polimorfizm bilgi icerigi (PIC) degeri 0.9972, en
diagstik PIC degeri 0, ortalama PIC degeri ise 0.52
olarak tespit edilmistir (Cizelge 3). Yakisir (2015),
Yiice (2018) ve Kekilli (2019) yiiriittiikleri
calismalarda sirasiyla 0.038-0.980, 0.94-0.99 ve 0.10-
0.99 arasinda PIC degerleri tespit etmiglerdir. Sar1 pas
hastaligina dayaniklilik geni Yr51ile Sun104 markori
arasinda bir iligki oldugu bilinmektedir.

No/(Number) Primer Adv/(Primer Name) Allel Sayis1/(Allele Number) PIC Degeri/(PIC Value)

1 Bx70E 3 0.52

2 Sunl104 1 0.9902

3 Sun479 2 0.52

4 Sun209 2 0.52

5 VRN1AF 6 0.76
VRNI1-INT1R

6 BF 2 0.33
WR1

7 BF9 2 0.26
MR1

8 DF2 3 0.72
WR2

9 DF 2 0.01
MR2

10 WMS261 2 0.68

11 UHWS89 1 0

12 RIS 2 0.01

13 NOR 3 0.9972

14 SCM9 2 0.07

15 PinaD1 3 0.96
PinaD2

16 Sunl 3 0.95
Ortalama 2.4375 0.52
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Randhawa ve ark. (2014), tarafindan Sun 104 geni belirlenmigtir. Sun104 primerine ait fragment
markériiniin (Y51 geni) kodladigi gen bélgesinde 225 analiz goriintist Sekil 1'de 5 gésterlln.nstl.r.. Kekilli
b¢ uzunlugunda allel saptanmis ve bu allelin sar1 pas (2019); bazi makaﬂrnahk bugday . cesitlerinin allel
hastahgma dayamkhlik geni ile iliskili oldugu tespit ~ Spesifik DNA markorlerle karakterizasyonu amaciyla
edilmigtir. Sar1 pas hastaligina dayamiklilik geniyle yurittigi caligmada Sara%olla, Cesare ve Svevq
iliskili Sun104 markérii ile yapilan taramada, Seri cesitlerinde sar1 pas hastaligina dayaniklilik genleri

82xB35-1 ve 5 genotiplerinde sar1 pas dayaniklilik saptamigtir.

Seri-82*B35-1 Seri-82*B35-3 Seri-82*B35-5
Seri-82*B35-2 Seri-82*B35-4 Seri-82*B35-6

Sekil 1. Sun104 primerine ait fragment analiz gértintisi
Figure 1. Fragment analysis image of Sunl04 primer

BULGULAR ve TARTISMA tarama sonucunda Seri 82xB35-2, 3, 4 ve 6
Bansal ve ark. (2015), tarafindan yiiriitiilen ¢calismada, genotiplerinde bodurluk geni oldugu belirlenmistir.

Sun479 markoérinin kodladig1 gen boélgesinde 200 bg Koebner (1995), yiiriittiigii calismada NOR markorii
uzunlugunda, Sun209 markoriiniin kodladigi gen ile 400, 600,700 ve 800 bg¢ uzunlugunda allel tespit
bélgesinde 148 bg¢ uzunlugunda allel gézlemlenmis ve ettigini belirtmigstir. Bu sonug esas alinarak kullanilan
bu allelerin (Sr49) kara pas hastalifina dayanmiklhlik NOR markora ile yapilan tarama sonuglarina gore,
geni ile iligkili oldugu tespit edilmistir. Calismamizda kullanilan genotiplerden Seri 82xB35-2, 3 ve 4
8 adet ekmeklik bugday genotipinden, Sun479 genotiplerinde ¢avdar translokasyonlari geni oldugu

markorine goére Seri 82xB35-1, 2, 3, 4, 5 ve 6 saptanmigtir. SCM9 primeri cavdar
genotiplerinde, Sun209 markoriine gore Seri 82 ve B35 translokasyonlarina ait genleri belirlemede kullanilan
genotiplerinde kara pasa dayamklilik geni oldugu bir belirtec olup Gultyaeva ve ark. (2009), SCM9
belirlenmigtir. Calismamiza benzer sekilde Yice markori ile 207 bg¢ uzunlugunda allel tespit

(2018), karakilcik M4 bireylerinden KK-5 hattinda, etmiglerdir. Calismamizda, SCM9 markéri ile 8 adet
Kekilli (2019), Ziihre, Burgos ve Svevo cesitlerinde ekmeklik bugday genotipinin tamaminda c¢avdar
kara pas hastaligina dayamiklilik geni oldugunu tespit translokasyonlar:1 geni oldugu sonucuna varilmigtir.
etmistir. Yiice (2018), yiiriittiigii calismada KK-5 hattinda

Ellis ve ark. (2002), BF-MR1 markériiniin kodladign ~ ¢avdar —translokasyonlarma ait genler oldugunu
gen bolgesinde 273 b¢  uzunlugunda  allel bildirmistir.

gozlemlemigler ve bu allelin bodurluk geni ile iligkili Genotiplere ait allellik varyasyonlar1 Cizelge 4’te, 16
oldugunu bildirmiglerdir. BF-MR1 markéri ile elde adet DNA markori ile yapilan tarama sonucunda elde
edilen sonucglara gére Seri 82xB35-1, 2, 3, 4, 5 ve 6 edilen verilerden, UPGMA (Unweighed Pair Group
genotiplerinde bodurluk geni oldugu belirlenmistir. Method of Aritmetic Averages) yéntemi ile Weir

Ellis ve ark. (2002), DF2-WR2 markériiniin kodladig: (1996)'n1n genetik mesafe matriksine gére olusturulan
gen Dbolgesinde 264 bg uzunlugunda allel filogenetik agac (Sekil 2)’de verilmistir.

gozlemlediklerini ve bu allelin bodurlukla iligkili Calisma sonucunda elde edilen analizlerde sar1 pas ve
oldugunu tespit etmiglerdir. Calismamizda DF2-WR2 kara pas hastaliklari, gluten mukavemeti,
markdri ile yapilan taramada Seri 82xXB35-2, 3, 4 ve 6 vernalizasyon (Vrn-AI), bodurluk (Rht-Bla), (Rht-
genotiplerinde bodurluk geni bulundugu sonucuna BIb), (Rht-D1a), (Rht-D1b), (RhtS), yiiksek protein

varilmgir.  Korzun ve ark. (1998), tarafindan (Gpc-BI), cavdar translokasyonlari, dane sertligi ve
yuriitilen — ¢alisma  sonucuna  gére = WMS261  Wwaxy(Wx-A) gibi kalite ozelliklerine iligkin marker
markortntin kodladigi gen bolgesinde 165-204 bg verileri kullanilarak olugturulan dendrogramda,
uzunlugunda allel tespit edilmis ve bu allelin genotipler birbirine % 54 oraninda benzerlik gosteren

bodurlukla iligkili oldugu saptanmigtir. Bu bulguya iki ana gruba ayrilmistir (Grup 1; Seri 82, B35 ve Grup
dayanarak kullanilan WMS261 markoérii ile yapilan 2; Seri 82xB35-1, 2, 3, 4,5 ve 6). Birinci grupta yer
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Table 4. Allelic variations of some genes of bread wheat genotypes
Cizelge 4. Ekmeklik bugday genotiplerine ait bazi genlerin allellik varyasyonlari

™ . P T 10 ©
3 o o o o &
No/(Number) Primer/(Primer o~ oa |a |a |a |a oa
name) % 2 2 2 2 & 2
B 3 B B B 5 g B
o M b ) ) ) ) %
1 Bx70E - - - - - - -
2 Sun104 - - + +
3 Sun479 - - + + + + + +
4 Sun209 + + - -
5 VRNI1AF - -
VRN1-INT1R
6 BF - -
WR1
7 BF - - + + + + + +
MR1
8 DF2 - - - + + + - +
WR2
9 DF - -
MR2
10 WMS261 - - - + + + - +
11 UHWS89 - - - - - - - -
12 RIS + + + + + + + +
13 NOR - - - + + +
14 SCM9 - - - - - -
15 PinaD1 - -
PinaD2
16 Sunl - -
Seri 82
B35
Seri 82*B35-1
Seri 82*B35-2
Seri 82*B35-3
L Seri 82*B35-4
Seri 82*B35-6
Seri 82*B35-5
054 0.64 o.'75 085 o_I95

Coefficient
Sekil 2. Genotiplere gore olusturulmus filogenetik agag
Figure 2. A Dendrogram created according to genotypes
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alan Seri 82 ve B35 birbirlerine % 81 oraninda
benzerlik géstermistir. Ikinci grupta Seri 82xB35-5 ile
1, 2, 3, 4, 6 % 69 oraninda, Seri 82xB35-11le 2, 3, 4 %
78 oraninda, Seri82xB35-2 ile 3, 4, 6 % 88 oraninda,
Seri 82xB35-3, 4 ile 6 % 90 oraninda, Seri 82xB35-3 ile
4 % 95 oraninda benzer olmustur. Kiraz ve ark. (2019),
ekmeklik bugday mutantlar: ile yaptiklar: ¢alismada
0.22 ile 0.76 arasinda, Giingér (2019), ticari ve yerel
makarnalik bugdaylar ile yaptig1 ¢alismada 0.49 ile
0.86 arasinda, Aydemir ve ark. (2020), B28 ve
Kunduru-1149 genotipleri 1ile resiproklu melez
bireylerini kullanarak yaptiklar1 ¢alismada 0.09 ile
0.71 arasinda bir genetik ¢esitlilik bildirmiglerdir.

SONUC ve ONERILER

Bu ¢alismada, 6 adet F4 melez kombinasyonu (Seri 82
x B35) ve ebeveynleri, 16 adet DNA markériiyle sar
pas, kara pas, gluten mukavemeti, vernalizasyon (Vrn-
AD, bodurluk (Rht-Bla, Rht-Bilb, Rht-Dla, Rht-D1b,
RhAtS, yilksek  protein (Gpe-BD), cavdar
translokasyonlari, tane sertligi ve mumsuluk (Wx-A4J)
bakimindan incelenmistir. Calisma sonucunda 39 adet
polimorfik bant elde edilmis, ortalama allel sayisi
2.4375, ortalama polimorfizm bilgi icerigi degeri (PIC)
0.52, en yiksek PIC degeri 0.9972 olarak tespit
edilmigtir.

VRN1AF primeri 6 bant ile en fazla, Sunl04 ve
UHWS89 primerleri 1 bant ile en az bant veren
primerler olmustur. Calismada kullanilan ekmeklik
bugday genotiplerinde, Bx79E (gluten mukavemeti),
VRNI1AF (vernalizasyon, Vrn-A1), BF-WR1 (bodurluk,
Rht-Bla), DF-MR2 (bodurluk, Rht-D1b), UHWS9
(yiiksek protein, Gpc-BI), Pina (tane sertligi) ve Sunl
(mumsuluk, Wx-4) primerlerinde istenilen bcg
uzunlugunda bant elde edilememistir. Sun104 (sar1
pas Yr51) primerinde Seri 82xB35-1 ve 5 (223 bg),
Sun479 (kara pas Sr49 primerinde Seri 82xB35-1, 2,
3,4, 5ve 6 (204 be), Sun209 (kara pas Sr49 primerinde
Seri 82 ve B35 (147 bg) genotiplerinde dayaniklhilik
geni belirlenmistir. BF-MR1 (bodurluk RhAt-Bib)
primerinde Seri82xB35-1, 2, 3, 4, 5 ve 6 (277 bg), DF2-
WR2 (bodurluk RAt-D1a) primerinde Seri 82xB35-2, 3,
4 ve 6 (267 bg), WMS261 (bodurluk RAtS primerinde
Seri 82xB35-2, 3, 4 ve 6 genotiplerinde (162 bg) gen
saptanmigtir. NOR primeri Seri 82xB35-2, 3 ve 4
genotiplerinde (400 bg), RIS (109 bg) ve SCM9 (207 bg)
primerleri genotiplerin tamaminda cavdar
translokasyonu geni bulundugunu géstermistir.

TESEKKUR

Bu ¢alisma Bilge Kiibra KOCYIGITin 2019 yilinda
tamamlanan “Seri 82 x B35 Melez Popiilasyonunda F4
Bireylerinin Fonksiyonel DNA Markérlerleri Ile

Degerlendirilmesi” isimli ytksek lisans tezinden
uretilmigtir.  Diger yazarlar da  materyalin
melezlenmesi ve Fi kademesine  getirilmesi
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asamalarinda katki sunmuslardir. Yazarlar ayrica
Kahramanmaras Siitcii Imam Universitesi Bilimsel
Arastirma Projeleri Yonetim Birimine de finansal
destekleri icin tesekkiir eder (Proje No: 2017/1-1 YLS).

Aragtirmacilarin Katk: Orani1 Beyan Ozeti
Yazarlarin katkisi egittir.

Cikar Catismas1 Beyam

Yazarlar bu ¢alismada higbir ¢gikar iligkisi olmadigini
beyan etmektedirler.
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OZET Arastirma Makalesi
Uretici ve tiiketici siit fiyatlarmin olusumunda arz zincirindeki

rekabet kogullar: buyuk olgiide etkili olmaktadir. S6z konusu fiyatlar Makale Tarihgesi
arasindaki asimetrik iligkinin belirlenmesi sektordeki aksakliklar: ve Gelig Tarihi  :09.06.2020
pazar glcinin varligini belirlemede olduk¢a 6nemlidir. Bu Kabul Tarihi :25.08.2020

calismada, 2005 Ocak — 2019 Aralik donemine ait ¢ig sut ve perakende
sut fiyatlar1 kullanilarak asimetrik iligkinin ortaya konulmasi
amaclanmigtir. Asimetrik fiyat iligkisini belirlemede Von Cramon-
Taubadel ve Loy tarafindan gelistirilen asimetrik hata diizeltme
modelinden (AECM) yararlanilmistir. Arastirma sonucunda uzun
donemde perakende sut fiyatlarinin ¢ig sut fiyatlarindaki azaliglara,
artiglara gore daha hizli tepki verdigi belirlenmigtir. Bu sonug, siit
sanayisinin daha rekabet¢i bir yapr kazandigina 6nemli bir igaret
olarak kabul edilebilir. Diger yandan fiyat olusumlarinda ve fiyat
istikrarinda 1iyilesmeler gozlenirken kalite standardi ile haksiz
rekabet kosullarimin varligr g6z ardi edilemez. Bu baglamda, siit
sanayiinde gida kodeksine uygun sartlarda kaliteli tretimi de tesvik
eden politikalar gelistirilmeli ve buna yoOnelik denetim sistemi
guiclendirilmelidir.

ABSTRACT
Competitive conditions in the supply chain are influential on the
formation of producer and consumer milk prices. Determining the
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Stut Fiyatlar:

Fiyat Ge¢irgenligi

Asimetrik Hata Diizeltme Modeli

Asymmetrical Relationship Between Raw Milk and Retail Milk in Turkey
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asymmetrical relationship between the mentioned prices is very Received 109.06.2020
important in terms the disruptions in the sector and the presence of Accepted 1 25.08.2020
market power. In this study, it is aimed to reveal the asymmetric

relationship by using raw milk and retail milk prices for the period Keywords

2005 January - December 2019.. Asymmetric error correction model Milk Prices

(AECM) developed by Von Cramon-Taubadel and Loy was used to Price Transmission

determine the asymmetric price relationship. As a result of the Asymmetric  Error  Correction
research, it was determined that retail milk prices react more rapidly Model

to decreases in raw milk prices in the long run. This result can be
considered as an important sign that the dairy industry has gained a
more competitive structure. On the other hand, while improvements
in price formation and price stability are observed, the quality
standard and the existence of unfair competition conditions cannot be
ignored. In this context, policies that encourage quality production in
the dairy industry under conditions suitable for food codex should be
developed and the supervision system should be strengthened.
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GiRiS pazar zincirinde fiyat olugsumlari ve birbirlerine

etkisini  arastiran  c¢alismalara  sikhikla  yer
verilmektedir (Aguiar ve Santapa, 2002; Nakajima,
2011; Barahona ve ark., 2014). Ozellikle son yillarda

Girdi fiyatlarinin dinamik bir yapida olmasindan
kaynaklanan istikrarsizlik ve bunun sektére etkileri
her zaman gilincelligini korumaktadir. Bu nedenle
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fiyvat gecirgenligine yo6nelik yapilan c¢alismalar o6n
plana cikmaktadir (Acquaha ve Dadzie, 2010;
Fernandez-Amador, 2010; Tekgti¢, 2013; Bor ve ark.,
2014; Fousekis ve ark., 2016; Cinar, 2017; Rezitis ve
Tsionas, 2019). Fiyatlar arasindaki iletimin tespiti,
fiyatlarda yasanan istikrarsizligin sektoriin biitiintine
nasil yansidiginin gosteren bir 6l¢imdir. Sektérde
fiyat gegirgenliginin yon ve hiz bakimindan belirlemesi
ilgili sektdériin pazarlama etkinligi ve verimliliginin
degerlendirilmesine katki saglamakla beraber tiiketici
ve iiretici refah1 hakkinda bilgi sunmaktadir (Gomez
ve Koerner, 2009). Ozellikle arz zincirinin uzun ve
halkalarin genis oldugu tarim sektéri ve onun alt
sektorlerinde  arz  zinciri  boyunca  yasanan
aksakliklarin ortaya konulmasi ve buna yoénelik ¢6ziim
arayislarinda fiyat iletiminin tespitine iligkin analizler
énemli bir arac olmaktadir (Popovics, 2008; Acosta ve
Valdes, 2014; Bor ve ark., 2014; Cinar, 2017).

Sut fiyatlarindaki degisim, tuketicilerin biitce
paylasiminda 6nemli bir paya sahip iken diger yandan
ureticilerin ¢ig sut arzinda bulunmasinda etken faktor
olarak  degerlendirilmektedir. = Sit  sanayicileri
acisindan ise ¢ig siit fiyatlarindaki degisimler temel
maliyet unsuru olarak degerlendirilmekte ve sektorel
rekabette 6nemli bir paya sahip olmaktadir. Diinya’da

ve Tirkiye’de siit fiyatinin olusumu ve pazarlama
kanal fiyat aktarimina yonelik tartismalar, genellikle
perakende sut fiyatlarinin tretici fiyatlarindaki
azaliglardan ziyade artiglara daha hizhi tepki verdigi
yoniindedir (Serra ve Goodwin, 2003; Weldesenbet,
2013; Tekgiic, 2013; Boliik ve Karaman, 2015). Sadece
fiyat karsilastirmalari yaparak cig siit (iiretici) ve
perakende siit (tiiketici) fiyatlar1 arasindaki iletimi
yorumlamak yetersizdir. Fakat genel olarak fiyat
degisimlerinin seyrinin incelenmesi gerekir. Buna
gore, Turkiye’de son 15 yilda ¢ig siit ile perakende siit
cari ve reel fiyatlar1 incelendiginde, 2005 yilinda
ortalama ¢ig sut cari fiyat1 55 kurus iken 2019 yilinda
1.75 TL oldugu gorulmektedir. Perakende siit cari
fiyat1 ise 2005 yilinda ortalama 1.60 TL iken 2019
yilinda 4.37 TL'ye yiikselmistir. Buna gére son 15 yilda
¢ig siit cari fiyatlarinda %218.18lik ve perakende siit
fiyatlarinda ise %173.13’liik bir artis yasanmastir. Reel
fiyatlara bakildiginda 15 yillik slirecte perakende siit
fiyatlarinda %21.21°lik, ¢ig sut fiyatlarinda ise
%15.21'lik bir azalis s6z konusu olmustur (Cizelge 1).
Burada dikkat c¢eken husus perakende = siit
fiyatlarindaki artiglar ¢ig stit fiyatindaki artisa gore
daha az iken reel fiyatlardaki azaliglarda ise
perakende siit fiyatlarimin ¢ig sit fiyatlarina oranla
daha yiiksek oranda olmasidir.

Cizelge 1. Cig siit ve perakende bazinda cari (TSF, USF) ve reel siit fiyatlar1 (RTSF,RUSF)
Table 1. Current and real milk prices on raw (T'SF, USF) milk and retail (RTSF,RUSF) basis

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

TSF TL 160 149 171 1.82 182 197 196 216 235 263 283 2.89 3.14 399 4.37
% -6,88  14.77 6.43 824 -0.561 10.20 880 11.91 7.60 2.12 8.65 27.07 9.52

RTSF TL 1.32 116 122 1.18 1.11 1.11 1.03 1.04 1.06 1.09 1.08 1.03 1.01 1.10 1.04
% -12.12 5.17 -3.28 -5.93 .... -7.21 097 192 2.83 -0.92 -4.63 -1.94 891 -545

USF TL 055 0.56 0.61 0.71 071 085 0.80 0.89 093 103 1.15 114 121 146 1.75
% 1.82 893 16.39 ..... 19.72 -5.88 11.25 4.49 10.75 11.65 -0.87 6.14 20.56 19.86

RUSF TL 046 043 044 045 045 049 042 043 0.44 044 047 0.44 041 0.39 0.39
% -6.562 2.33 227 ... 8.89 -14.29 2.38 2,33 6.82 -6.38 -6.82 -4.88 ......

*TL and% represent Turkish lira and percentage change, respectively.

Sektoriun sturdirilebilirliginde fiyatlarin istikrarlh bir
yapida olmasi Onemlidir. Bu baglamda fiyat
dalgalanmalarini dikkate alarak yapilan durum
degerlendirmeleri daha saglikli olacaktir. 2005 Ocak-
2019 Aralik donemine ait aylik cari ve reel fiyat
serilerine bakarak fiyat degisimlerini ve ¢ig sit
ileperakende sut fiyatlar1 arasindaki fark net bir
sekilde goriilmektedir (Sekil 1 ve 2).

Varyasyon katsayilari yardimiyla fiyat
dalgalanmalarinin yapisl incelendiginde ise
beklenildigi gibi enflasyonun etkisiyle cari fiyatlarda
degisim orani reel fiyatlara gore yuksektir. Yapilan
hesaplamalarda varyasyon katsayisinin perakende sit
cari fiyatlarinda %34.84, ¢ig siit cari fiyatlarinda ise
%34.93 oldugu belirlenmigtir. 180 aylik gézlem
dikkate alindiginda bu katsayr degerlerinin ylksek
oldugu soylenebilir. 2009-2019 donemini baz alinarak
hesaplanan varyasyon katsayis1 oranlarinin ise
%30’un altina diistiigi tespit edilmistir. Bu durum da
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sektorde fiyat iyilestirmelerine yoénelik uygulanan
politikalarin etkili oldugu séylenebilir.

Fiyat dalgalanmalarinin diizeyinin reel fiyatlara
bakarak degerlendirilmesi daha dogru olacaktir. Reel

fiyatlar baz alinarak hesaplanan varyasyon
katsayillarn 180 aylik siirecte perakende siit
fiyatlarinda %8.42, ¢ig silitte ise %7.35 olarak

belirlenmigtir. 2009 yili sonrasindaki dénemde ise
perakende sut fiyatlarindaki varyasyon katsayisinda
(%4.76) 6nemli o6lciide azalma soéz konusudur. Son
yillarda sut tesvik primi ve tavsiye fiyat uygulamalari
gibi siit piyasasinda yapilan diizenlemelerin fiyat
istikrarini saglamada etkili oldugu séylenebilir.

Fiyat olugsum ve yapilar: olumlu sinyaller vermis olsa
da fiyat aktarimi konusunda net Dbir bilgi
saglamamaktadir. Gerek pazar etkinligini gerek
uygulanan politikalarin islevselligini
degerlendirebilmek i¢in detayli analizlere ihtiyag
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duyulmaktadar. Oncelikle sektorde

yasanan

gelismelerin ve sorunlarin ele alinmasi gerekir. Bu
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fiyat gecgirgenligine iligkin yapilan analizin gerekliligi
ortaya koyma agisindan da oldukg¢a 6nemlidir.
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Figures 1. Current prices of raw milk (USF) and retail milk (TSF)
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Sekil 2. Cig siit (RUSF) ve perakende siit (RTSF) reel fiyatlar:
Figures 2. Real prices of raw milk (RUSF) and retail milk (RTSF)

Turkiye’de son yillarda uygulanan politikalar ile
hayvansal turin miktar ve degerinde artiglar
yasanmaktadir. 2018 yilinda 225.33 milyar TL olan
hayvansal tretim degerinde siit Uretimi %15.541ik
pay ile azimsanmayacak diizeyde gergeklesmigtir.
Uretimde inek siitii 6n plana ¢ikmaktadir. Bunda
yapisal ve kiiltiirel etkiler s6z konusu oldugu gibi son

yillarda biytkbag hayvanciliga yonelik olusturulan ve
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geligtirilen politikalarin etkisi yadsinamazdir. 2009
yili itibariyle son on yillik slrecte sagilan buyukbas

hayvan varliginda yaklasik %60lik bir artig

gozlenirken inek stuti tretim miktarindaki artis %80
oraninda gerceklesmigtir. Hayvan varligindaki artigin
yani sira siut veriminde de artig yasanmistir. Verim
artisinda kultir ve melez hayvan irkindaki artisin
etkili oldugu goriilmektedir (Sekil 3).
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Figures 3. Number of bovine animals by races and milk production by years
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Hayvan sayisi, siit verimi ve sit uretimindeki artisa
ragmen sektore iligkin bir¢ok yapisal problemin blytik
6lciide devam ettigini séylemek yanlis olmayacaktir.
Turkiye’de 2019 yilinda 20.8 milyon ton inek suti
tretilmis olmasina ragmen sadece %46’lik bir pay ile
9.56 milyon ton siit sanayiye aktarilmistir (Anonim,
2020). Bu rakamlar sektérde kayitdisiligin cok énemli
bir sorun oldugunu géstermektedir. Sut sektorinde
yagsanan bir diger sorun sit Uretim ve igleme
tesislerinin 6l¢cek yapisindan kaynaklanmaktadir.
Nitekim siit sigirciligr isletmelerinin 6lcek dagilimina
bakildiginda 1 ile 5 hayvana sahip olan igletmelerin
orani %50nin lzerinde ve 1669 sit igsletme tesisinin
yaklasik %50.9'u 50 000 tonun altinda tretim yapan
kiiciik o6lcekli isletme niteligindedir (Giines, 2013;
Anonim, 2018a). Temelde bu iki sorun iiretilen siitlerin
toplanmasini  ve pazarlanmasini zorlastirmakta,
kaliteli sit erigsimini engellemektedir. Dolayisiyla
perakende siit iretim maliyetinin ve siit fiyatinin
artisina neden olmaktadir. Talep yonuyle bakildiginda
ise kisi basina disen icme siitli tiketimi yaklagik 41.5
kg’dir ve bu rakam Avrupa Birligi ulkelerinde Kkisi
basina i¢cme siitlu tiiketim miktar: ile kiyaslandiginda
(64.9  kg/kisi)  oldukca  diisiik  kalmaktadir.
Kayitdisiliktan dolayr igme siitii tiketim miktarinin
gercegl tam olarak yansitmadigr bilinmektedir
(Anonim, 2018b). Ayrica tiiketim miktarinin istenilen
seviyede olmamasi sut arzindaki aksakliklardan
kaynaklanabilmektedir. = Nitekim stt imalatg
firmalarin tiiketicinin talebini karsilayacak dizeyde
yiksek kaliteli slite erigememesi st sanayisi igin
onemli bir sorundur (Hekimoglu ve Altindeger, 2008;
Giinli, 2011).

St  Uretim ve igleme maliyetleri 1ile talep
yetersizliginin yami sira perakende sut filyatinin
belirlenmesinde ¢ig sut fiyat1 ve pazar yapisi oldukca
onemlidir. Cig sit perakende sUt uretiminin
hammaddesi oldugundan perakende sit fiyatinin da
temel belirleyicisidir. Bu baglamda ¢ig siit fiyatlariin
nasil ve neye goére belirlendigi olduk¢a Onemlidir.
Turkiye'de fiyat olusumunda pazar yapisinin biyuk
6lcude etkili olabilecegi varsayilmaktadir. Nitekim 100
000 tonun tUzerinde Uretim yapan igletme, sayil
bakimindan olduk¢a az olmasina ragmen pazarin
yvaklagik %40 1m1 olusturmaktadir. Dolayisiyla gerek
¢ig sut gerekse perakende fiyatlarinin belirlenmesinde
bu firmalarin etkili olabilecegi duslincesi hakimdir
(Hatirl: ve Ozkan, 2004; Tekgii¢, 2013). Diger bir ifade
ile oligopol piyasa yapisina sahip olan sit
endistrisinde ¢ig siit ve perakende siit fiyatlarimin
belirlenmesinde rekabetci anlayistan
uzaklagilabilecegi, treticinin ve tiiketicinin refah
diizeyinde gerilemelerinin yaganabilecegi endigesi s6z
konusu olabilmektedir (Anonim, 2018).

Tirkiye'de benzer ¢alismalara rastlamak mimkundur
(Tekgiic, 2013; Bolikk ve Karaman, 2015). Fakat gida
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fiyatlarinin dinamik yapida olusu dikkate alindiginda
sektore 1iligkin kisa ve wuzun vadeli politikalarin
geligtirilmesi acisindan arastirma donemleri biyiik
onem arz etmektedir. Bu baglamda yakin déneme
iligkin literatiirde bu kapsamda bir ¢alisma mevcut
degildir. Diger yandan sektordeki gelismeler, mevcut
sorunlar ve fiyat olusumuna iligkin endiseler dikkate
alindiginda, sektériin pazarlama etkinligi ve
verimliliginin degerlendirilmesi ile birlikte sektoriin
geligtirilmesine yonelik uygulanan politikalarin
islevselligini ortaya koymada fiyat gecirgenligi
tespitinin gerekli oldugu gorilmektedir. Bu ¢calisma ile
¢ig sit fiyatlarindaki degisimin perakende st
fiyatlarina ne yonde ve ne hizla yansidigi belirlenmeye
¢aligilmigtir. Bu amag¢ dogrultusunda fiyat iletiminin
tespitinde asitmetrik hata diizeltme modelinden
yararlanilmistir. Bu c¢alismanin sektériin mevcut
durumunu ortaya koymanin yani sira fiyat, tretim,
pazarlama gibi politikalarin olusum ve gelisimine
onemli 6l¢iide katk: saglayacagi dustinulmektedir.

Calisma girig, materyal metod, bulgular ve tartisma ile
sonuc ve oneriler olmak iizere dort (4) ana boliimden
olusmaktadir.

MATERYAL ve METOD
Materyal

Calismada iiretici siit fiyatlarindan (USF) tiiketici siit
fiyatlarina (TSF) dogru gecirgenlik iliskini incelenmek
amaciyla 2003 bazli fiyat endeksi dikkate alinarak
Tiirkiye Istatik Kurumu veri portalinda mevcut olan
2005 Ocak — 2019 Aralik donemine iligkin 180 ayhk
veri setinden yararlamlmistir. Veri seti Tirkiye
Istatistik Kurumu’'ndan temin edilmigtir. Cogu zaman
cari fiyatlar1 baz alarak yapilan analizler hatali ya da
yanhis degerlendirmelere yol agabilmektedir. Bu
nedenle daha rasyonel sonuclar elde edebilmek igin
{iretici stt fiyatlar: tiretici fiyat indeksi (UFE=2003) ve
tuketici sut fiyatlarn  tiiketici fiyat indeksi
(TUFE=2003) dikkate alinarak reel fiyat serilerine
dontsturilmustur. Ayrica varyansta kararlihk
saglamak ve asir1 boyutta olan goézlemlerin etkisini
azaltabilmek amaciyla analiz asamasinda fiyat serileri
logaritmik formda kullanmilmistir (Ozer, 2011).

Yontem

Sut sektoriinde fiyat gegirgenliginin incelendigi bu
¢alismada oncelikle fiyat gegirgenligi tespitinde uygun
model se¢imi belirlenmeye galigilmigtir. Bunun igin ilk
olarak serilerin duraganhk yapisi incelenmigtir. Her
iki fiyat serisinin de ayni dizeyde duragan oldugu
tespit edilmig ve sonraki asamada serilerin aym
dizeyde duraganlik kogulunu arayan egbutiinlesme
testine  gecgilmistir.  Egbutiinlesme  testi  ile
degigkenlerin uzun doénemde iligkili oldugunun
belirlenmesinin ardindan fiyat gegirgenliginin tespiti
i¢in asimetrik hata dizeltme modelinden



KSU Tarim ve Doga Derg 24 (3): 594-602, 2021
KSU J. Agric Nat 24 (3): 594-602, 2021

Arastirma Makalesi
Research Article

yararlanilmigtir.

Serilerin duraganlik diizeyini ortaya koymada
Genisletilmis Dickey-Fuller (ADF) ve Phillips-Perron
(PP) birim kok testlerinden faydalanilmigtir. ADF testi
Dickey-Fuller (DF) testinin gelistirilmis formudur.
Buna gore u: hata terimlerinin bagimsiz ve 6zdes
dagilmis olmasini varsayan DF testinin aksine ADF
sinamasi, bagimli degiskenin gecikmeli degerlerini
bagimsiz degisken olarak modele dahil ederek hata
terimlerinde var olabilecek otoregresif iligkiyi hesaba
katmaktadir. Burada gecikmeli degiskene ait uygun
gecikme mertebesi belirlenirken Schwarz Information
Criteria (SIC) yararlamilmistir. PP birim kok testi ise
hatalarda meydana gelen serisel korelasyon ve degigsen
varyans sorunu ile bag etme konusunda ADF ile
farkhilagsmaktadir. ADF denkleminde otokorelasyonu
engellemek amaciyla gecikmeli degerlerin eklenmesi
yerine PP sinamasinda nonparametrik yontemler
yardimiyla DF denklemi tahmin edilerek t
istatistikleri yeniden dizenlenmektedir. Her iki testte
de temel hipotez birim kok var seklindedir ve
hipotezler HO :a = 0 ve H1 :a < 0 olarak kurulur ve test
istatistikleri  MacKinnon  kritik  degerleri ile
karsilastirnthir (MacKinnon, 1996). Ayrica zaman
serileri ile ¢alisildiginda mevcut degiskenlerin sabit ya
da trend parametrelerinde herhangi bir sok etkisinden
kaynaklanan yapisal degisikliler gézlenebilmektedir.
Test agamasinda herhangi bir yapisal kirilma dikkate
alinmamastir.

Cig st fiyatlar ile perakende sit fiyatlar: arasindaki
asimetrik iligkinin tespitinde Von Cramon-Taubadel
ve Loyun (1999), Engel ve Granger (1987) hata
diizeltme modelini gelistirdikleri asimetrik hata
diizeltme modelinden yararlanilmistir. Bu yaklasim
fiyat serilerinin egbltinlesik olmasi durumunda
tutarli sonuc¢lar vermektedir. Engel ve Granger hata
dizeltme modeli iki asamadan olusmaktadir. Ilk
olarak, statik esbutiinlesme regresyonu tahmin edilir.
TSF, = By + BLUSF, + & (1

Eger burada artiklar (g,) seviyede duraganhk (I(0))
kosulunu saglanmiyorsa degiskenler arasinda uzun
donemli iligki oldugu soOylenir. Ayrica c¢alismada
esbiitiinlesmenin varliginin ispatinda Johansen (1998)
esbiitiinlesme testinden yararlamlmigtir. VAR modeli
formunda olan bu yaklasim, Iz Istatistigi ve
Maksimum Ozdeger (Amax) istatistigi degerlerinin
istatistiki olarak anlamli (Prob < 0.05) bulunmas:
durumunda degigskenler arasinda uzun dénemde bir
iligki yani egbitiinlesme oldugunu ileri sirmektedir.

Degigkenler arasindaki kointegresyonun
belirlenmesinin sonrasinda denklem su sekilde
yazilabilir.

TSF, = Bo + Xieo B1iAUSF,_; + Yi_s BoiATSF_; +
BsECT,_, + & (2)

Burada, Hata diizeltme terimi (ECT,_,) {iretici fiyatlar:
(USF) ve perakende fiyatlar1 (TSF) arasindaki
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dengesizliklerin ne kadar sirede giderilecegini ifade
etmektedir. B;; ve B,; ise kisa donem dinamiklerini
6lgmektedir.

Von Cramon-Taubadel (1998) Engel ve Granger’in
hata diizeltme modelini gelistirerek asimetrik hata
diizeltme modelini ortaya koymuslardir. Bu
modifikasyonda hata diizeltme terimini pozitif ve
negatif gseklinde ayrilmaktadir. Daha sonra ise 1999
yilinda hem hata dizeltme teriminin hem de digsal
fiyat degiskenlerinin ayristirilabilecegi ayrintili bir
tanimlama yapmislardir (Von Cramon ve Taubadel,
1999). Bu calismada Asimetrik fiyat gecirgenliginin
tespiti icin Von Cramon-Taubadel (1999) modeli
denklem 3’teki gibi uyarlanmagtir.

ATSF, = Bo + X1, B AUSF; + X2, B AUSFZ; +

Y1 Bai ATSF,_; + BFECT + By ECT . +&. (3)
Burada, ECT} = {ECT, > 0ise ECT,,degil ise 0} ve
ECT; = {ECT; < 0 ise ECT, degil ise 0} seklinde yazilir.
Asimetrik hata diizeltme modelinde B; ve B; uzun
dénem asimetriyi oOlgen asimetrik uyum hizi
katsayilarini, B;; ve B5; katsayilar (i =1,.....,k) ise
kisa dénem asimetriyi 6lgmektedir. Buna gore uzun
donemdeki simetri yokluk hipotezi B = B, ile, kisa
donem i¢in simetri yokluk hipotezi ise ZEO B =

+

ZEO Bz seklinde kurulmakta ve fiyat gecirgenliginin
asimetrik ya da simetrik olmasi F istatistigi ile
simanmaktadir.

BULGULAR ve TARTISMA
Birim Kok Testi Sonuclari

Serilerin duraganliginin test edilmesi zaman serileri
ile yapilan serilerin duraganhgim dikkate alan
ekonometrik analizler i¢in olduk¢a Onemlidir.
Calismada tretici ve tuketici siit fiyatlar: arasindaki
asimetrik  iligkinin tespitinde kullanilan hata
diizeltme modelinin uygulanabilmesi i¢in 6n kogul,
kullanilan serilerin ayni diizeyde birim kok
icermesidir. Bu amacla Genigletilmig Dickey-Fuller
(ADF) ve Phillips-Perron (PP) birim kék testlerinden
faydalanilmigtir. Sabit ve hem sabit hem trend igeren
birim kok smamalar1 sonucunda perakende st
fiyatlar: (TSF) ve iiretici siit fiyatlar: (USF) serilerinin
birinci fark: alindiginda duragan oldugu diger bir ifade
ile ayn1 diizeyde birim kok derecesine sahip olduklari
tespit edilmistir (Cizelge 2).

Esbiitiinlesme ile Tlgili Sonuclar

Degiskenlerin ayni diizeyde duraganlik géstermesi
seriler arasinda egbiitiinlesik bir iliski olabilecegi
varsayimini  kuvvetlendirmektedir. Degigkenler
arasinda egbitiinlesmenin varligin1 ortaya koymak
amaciyla Johansen (1988) egbiitiinlesme testi
uygulamasina gidilmigtir. Cizelge 3’te yer alan test
hipotezleri incelendiginde hi¢ koentegre vektor
olmadigini gosteren (r=0) ve bir koentegre vektor
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olmadigim1  gésteren (r=1) yokluk hipotezleri (TSF) ve iiretici siit fiyatlar1 (USF) degiskenleri
reddedilmistir. Iz ve maksimum 6z deger Amax) arasinda koentegrasyon iligkisi oldugu yani serilerin
istatiklerinin  birbiri  ile  uyumlulugu testin uzun dénemde birlikte hareket ettikleri belirlenmigtir.
giivenilirligini arttirmaktadir. Perakende siit fiyatlar:

Cizelge 2. ADF (Augmented Dickey-Fuller) ve PP (Phillips-Perron )birim kok testi sonuclar:
Table 2. ADF (Augmented Dickey-Fuller) and PP (Phillips-Perron ) unit root test results

ADF PP
C C/T C C/T
(Constant) (Constant and Trend) (Constant) (Constant andTrend)
TSF -3.603 -3.106 -2.828 -2.531
USF -3.351 -3.558 -2.931 -3.045
ATSF -8.509 -8.796 -8.619 -8.939
AUSF -9.315 -9.300 -9.068 -9.052

*C: sabit igeren birim kok testi, C/T: hem sabit hem de trend i¢eren birim kok testini ifade etmektedir.

“*A birinci derece fark: alinmis seriyi géstermektedir. (4 shows the series with first degree difference.)

“* 91 diizeyinde anlamlilig: ifade eden sabit, sabit ve trendi iceren MacKinnon(1996) kritik degerleri sirasiyla -3.467 ve -
4.010°dxr. (The critical values of MacKinnon (1996) including constant, constant and trend that express significance at 1% level
are -8.467 and -4.010, respectively.)

Cizelge 3. Johansen egbutiinlesme testi
Table 3. Johansen cointegration test

Amax istatistigi (Amax statistic) iz istatistigi (¢race statistics)
r=0 17.95579[14.26460]*** 24.76016[15.49471]**
r=1 6.804372[3.841466]* 6.804372 [3.841466]*

*k dkk
1,

sirasiyla %1 ve %5 seviyesinde istatistiksel anlamlilig1 ifade etmektedir. (**, *** denotes statistical significance at 1%
and 5% level, respectively.)
2[] igerisindeki degerler 0,05 kritik degerlerini géstermektedir. (Values in [ ] represent critical values of 0.05.)

Fiyat iletiminin olasi yonini belirleyebilmek icin fiyatlarina (TSF) dogru %5 anlamlilik diizeyinde ve
Pairwise Granger nedensellik testinden perakende siit fiyatlarindan (TSF) iiretici siit
yararlamilmistir (Cizelge 4). Test sonuclarina gore, fiyatlarina (USF) dogru %1 anlamhlik diizeyinde cift
iiretici siit fiyatlarindan (USF) perakende siit yonli nedensellik iligkisi tespit edilmistir.

Cizelge 4. Pairwise Granger nedensellik test sonuglari
Table 4. Pairwise Granger causality test results
F istatistigi (F-statistic) Sonug (Result)
USF—-TSF 2.543™
TSF—USF 4.512" USFTSE
7 gsirasiyla %5 ve %10 diizeyinde istatistiksel anlamlilig1 ifade etmektedir. (** *** denotes the statistical significance at the
5% and 10% level, respectively.)

Hata Diizeltme Modeli Sonuglari yaklagik 15 ay gibi uzun bir siire igerisinde
Uretici sit fiyatlar: ile perakende siit fiyatlarinin giderilebilecegini belirtmektedir.

koentegresyonu iki fiyat arasindaki simetrik ve Asimetrik hata dizeltme modelinde B ve B; uzun
asimetrik hata diizeltme modeli kullanimina olanak dénem asimetriyi o6lgen asimetrik uyum hizi
saglar. Hata diizeltme modeli yardimiyla hem simetrik katsayilarini, B;; ve f; katsayilari (i = 1,.....,k) ise
hem de asimetrik hata diizeltme terimleri analiz kisa donem asimetriyi 6l¢gmektedir. Tahmin edilen
edilmigtir. Modelin gecikme wuzunlugu Schwarz katsayilar pozitif hata terimlerinin ( ECTY,) %5
Information Criteria (SIC) gére 5 olarak belirlenmistir. seviyesinde 6nemli oldugunu gosterirken negatif hata
Cizelge 5'te simetrik ve asimetrik hata dizeltme terimlerinin  (ECTZ,) %5 seviyesinde &nemsiz
modeli sonuclar1 verilmistir. Simetri modelinde oldugunu gostermektedir. Bu durum perakende siit
fivatlardaki artis ve azalis bagimli degiskende kesin fivatlarimin  Uretici  sit fiyatlarina goére denge
olarak ayni etkiye sahiptir. Simetrik model sonucuna fiyatlarinin lzerinde oldugu anlamina gelir. Bu
gore, hata duzeltme terimi beklenildigi gibi negatif nedenle perakende sut fiyatlarinda gelecek aylarda
isaretli ve %5 anlamhlik diizeyine sahiptir. Elde edilen diisiis olmasi beklenir.

hata terimi, tiketici siit fiyatlarinin denge seviyesinde Cizelge 6'da uzun ve kisa dénem fiyat gecirgenligine
yasanan sapmalarin gelecek ayda %6.8 oraninda iliskin  sonuclar o6zetlenmistir. Tirkiye'de siit
diizeltilebilecegini ve uzun dénemde ise sapmalarin fiyatlarindaki asimetrik iligkiyi inceleyen birkac
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calisma mevcuttur. Bu ¢alismalarda ¢ogunlukla pozitif
asimetrik iligki belirlenmistir. Ornegin; Tekgiic (2013),
Bor ve ark. (2014), Béliikk ve Karaman (2015) yapmis
olduklar1 ¢aligmalarda bu calismada elde ettigimiz
negatif asimetrik iligkinin aksi yo6niinde sonuca
ulagmiglardir. Diger bir ifade ile perakende siit
fiyatlarinin ¢ig siit fiyatlarindaki artisa daha hizh
cevap vererek artig egiliminde olabilecegini ortaya
koymusglardir. Ote yandan calismada elde edilen
bulgular Tekgu¢in 2010 yilinda yapmis oldugu
Oligopoly and Price Transmission in Turkey’s Fluid
Milk Market isimli ¢alismanin sonuglar: ile benzerlik

Cizelge 5. Simetrik ve asimetrik hata dizeltme modeli

gostermektedir. Analiz donemlerindeki ve
teknigindeki farkhiliklar sonuglarin farkli olmasinda
etkili olabilecegi gibi 6zellikle donemsel uygulanan
fiyat politikalarinin, sektordeki gelismelerin ve
rekabet artiginin da fiyat gecirgenligini énemli 6lgiide
etkileyebilecegi goz ardi edilmemelidir. Nitekim 2010
yili sonrasinda hayvancilik politikalarina yonelik
diizenlemeler yapilmis ve {retici ve sanayicilere
yonelik destek ve tegviklerde artiglar s6z konusu
olmustur. Bununla beraber uygulanan tesvik ve
destek politikalar1 sektorin daha rekabetgi bir yap:
kazanmasinda etkili olabilmektedir.

Table 5. Symmetric and asymmetric error correction model

Bagimh degisken: ATSF
Dependent variable: ATSF

ECM AECM
Degiskenler Katsay1 t-istatistigi Degiskenler Katsay1 t-istatistigi
(Variables) (Coefficient) _ (t-statistic) (Variables) (Coefficient) _ (t-statistic)
c -0.002 -1.242 c 0.005 1.261
ECT,_, -0.068 -3.214* ECT}, -0.128 -3.211*
AUSF, 0.274 4.479* ECT_4 0.039 0.733
AUSF,_,4 -0.090 -1.392 AUSF/ 0.393 3.726™*
AUSF,_, -0.013 -0.211 AUSF; , -0.108 -0.990
AUSF,_, -0.057 -0.881 AUSF;, -0.272 -2.494*
AUSF,_, 0.203 3.127" AUSF; . -0.137 -1.259
AUSF;_g 0.054 0.873 AUSF, 0.116 1.083
ATSF,_4 0.203 2.479" AUSFF 0.148 1.431
ATSF,_, -0.017 -0.215 AUSF; 0.169 1.668"
ATSF,_, 0.057 0.735 AUSF, -0.051 -0.487
ATSF;_, -0.318 -4.064™ AUSF;_, 0.163 1.582
ATSF,_g -0.094 -1.178 AUSF;_, -0.068 -0.655
AUSF;_, 0.268 2.579™
AUSF[ . -0.070 -0.711
ATSF,_, 0.149 1.758"
ATSF,_, 0.017 0.205
ATSF,_, 0.142 1.753"
ATSF,_, -0.332 -4.081**
ATSF,_¢ -0.099 -1.168
R2 0.34 R2 0.39
DW 1.956 DW 2.001

1.364 [0.259]
0.415 [0.520]

Breusch- godfrey LM test
Heterojenlik (ARCH) test

2.084[0.128]
0.422[0.516]

Breusch- godfrey LM test
Heterojenlik (ARCH) test

Cizelge 6. Uzun ve kisa donem fiyat gecirgenligine iligkin 6zet sonuclar
Table 6. Summary results on long and short period price permeability

Uzun dénem (Long-run)

Kisa dénem (Short-run)

Ho:ECT+=ECT-
F(1.154)= 4.079[0.0451]
Negatif asimetrik iliski (Negative asymmetric)

H; : ECT*# ECT

Ho: ¥ AUSF*= Y AUSF~

Hi: Y AUSF*+ Y AUSF~

F(1.154)= 0.717884[0.3982]
Simetrik (Symmetric)

SONUC ve ONERILER

Sut sektériinde yapisal sorunlar devam etmekle
birlikte son yillarda hayvanciliga yénelik politikalarin
iyilestirilmesi, sektoriin gelisiminde 6nemli 6lgiide
etkili olmustur. Bu gelisimin fiyat olusumuna ve
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fiyatlarin istikrarli bir yapiya kavugsmasina katk:
sagladig1 soylenebilir. Uretici stt fiyatlarimn Ulusal
Sut Konseyi'nin tavsiye fiyat wuygulamasi ile
belirlenmesi ve Ureticilere siit tegvik primi 6denmesi,
orglitlenme diizeyindeki gelismeler ve rekabetin
artmasinin fiyat olusumu ve istikrarinda etkili oldugu
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ifade edilebilir. Ayrica ¢ig siut fiyatlarinin
belirlenmesine yoénelik getirilen diizenlemeler ile sit
sanayicilerinin Ureticiler Uzerindeki fiyat baskisi
azalmig ve ¢ig sut fiyatlarimi disiik bulan ureticilerde
kismen refah artigi saglanmigstir. Perakende sit
fiyatlarina  bakildiginda ise, yillar itibariyle
fiyatlardaki artis oranlar1 azalmakta ve c¢ig sit
fiyatlarinin artis oranlarimin gerisinde bir artig
gostermektedir.

Perakende ve ¢ig stt fiyatlar1 arasindaki iligkiyi somut
bir sekilde ortaya koymak amaciyla 180 aylik dénemde
sut fiyatlar1 arasindaki gecirgenligin incelendigi bu
calismanin bulgular1 uzun dénemde negatif fiyat
asimetrisi oldugu yonindedir. Buna gore, uzun
dénemde perakende sut fiyatlarinin, ¢ig sut
fiyatlarindaki azalmaya, artiga oranla daha hizlh tepki
verdigi gorilmektedir. Diger bir ifadeyle
perakendeciler, ¢ig siit fiyatlarindaki azalmaya fiyat
indirimi ile karsilik vermektedir. Bu durum sit
sanayisinin daha rekabet¢gi bir yapi1 kazandigina
onemli bir igsaret olarak kabul edilebilir. Son yillarda
igme siutinde urun c¢esitliliginin yani sira fiyat
egilimini etkileyecek diizeyde marka gesitliligindeki
artis dikkat cekmektedir. Firma sayisindaki bu artig,
rekabeti arttirmakta ve fiyatlarin serbest piyasa
kogularinda olugsmasinda etken faktér olmaktadir.

Ayrica teknolojinin gelisimi dogrultusunda i¢gme
sitinun raf Omrinin uzamasi negatif fiyat
gecirgenligini aciklayan bir diger unsur
olabilmektedir.

Sonug olarak fiyatlar yontiyle bakildiginda tretici ve
tuketici refahinda bir artis oldugu soylenebilir.
Bununla birlikte siit tesvik primi uygulamasi ile siit
kalitesinde bir homojenlik saglanmadigi, kaliteden
ziyade {Uretimin 6n planda tutuldugu dikkat
cekmektedir. Firma sayisindaki artis fiyatlar tizerinde
olumlu etkide bulunurken kalite standard: ile haksiz
rekabet kogullarinin giderilmesi gerekmektedir. Bu
baglamda, siit sanayiinde gida kodeksine uygun
sartlarda kaliteli uretimi de tesvik eden politikalar

geligtirilmeli ve buna yoOnelik denetim sistemi
guclendirilmelidir.

Aragtirmacilarin Katk: Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan ederler.

Cikar Catigmasi1 Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catigsmasi olmadigini beyan ederler.
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OZET Arastirma Makalesi
Calismanin temel amaci Antalya ilinde yogun olarak yetistirilen

baslica sebzelerin (domates, biber, patlican, kabak ve hiyar) liretim Makale Tarihgesi
maliyetlerini ve ekonomik sonuglarini hesaplayarak tretim Gelig Tarihi  :04.07.2020
maliyetlerine etki eden faktorleri belirlemektir. Bu amaca yonelik Kabul Tarihi :18.10.2020

olarak tabakali tesadiifi 6rnekleme yontemine gore belirlenen 232
adet igletmeyle anket calismasi gerceklestirilmistir. Anket sonucunda

Anahtar Kelimeler

biber, domates, kabak, patlican ve hiyar trinlerinin 1 kg maliyetleri Isletme

sirasiyla 2.41 TL, 2.37 TL, 2.69 TL, 3.07 TL ve 2.46 TL olarak Meyve,
hesaplanmigtir. Calisma kapsaminda urlinlerin maliyetlerine ek Planlama

olarak briit ve net karlar:1 hesaplanmistir. Biber Giretiminin 1 kg briit Sebze

kar1 0.39 TL, 1 kg net kari-0.24 TL, domates tiretiminin 1 kg brit kar: Uretim Maliyetleri

0.35 TL, 1 kg net kar1 -0.26 TL, kabak tiretiminin 1 kg briit kar: 0.23
TL, 1 kg net kari -0,56 TL, patlican tretiminin 1 kg brut kar: 0.44 TL,
1 kg net kari -0.41 TL ve hiyar tiretiminin 1 kg brut kar1 0.35 TL, 1 kg
net kari -0.37 TL olarak belirlenmigtir. Calismada triinlerin
maliyetlerini etkileyen faktorler dogrusal regresyon analiziyle tahmin
edilmistir. Analiz sonuglarina gore sebze tiretim maliyetlerini fide,
giibre ve ila¢ masraflar: pozitif yonde, materyal ve mevsimlik iggiicti
masrafi negatif yonde etkilemistir. Elde edilen sonucglara gore sera
isletmelerinde olgek ekonomisiyle saglanan maliyet ve Kkar
avantajinin olusmadigi, dolayisiyla igsletme 6lgeklerinin biiylimesine
karsi net karin negatif oldugu belirlenmistir.

ABSTRACT
The main aim of the study is to calculate the production costs and
economic results of products such as tomatoes, peppers, eggplant,

Determination of Factors Affecting Production Costs in Major Vegetable Products

Research Article

Article History

zucchini and cucumber that are grown intensively in Antalya. For this Received - 04.07.2020
purpose, a survey was conducted with 232 sample enterprises Accepted ©18.10.2020
producing tomatoes in Antalya and determined according to stratified
random sampling method. As a result of the survey, 1 kg costs of Keywords
pepper, tomato, zucchini, eggplant and cucumber products were Ent?eprlses
calculated as 2.41 TL*¢, 2.37 TLs, 2.69 TL*, 3.07 TL*¢ and 2.46 TL:  LrWit
kg respectively. Within the scope of the study, besides the costs of the Planning
Vegetable

products, gross profits and net profits were calculated. 1 kg gross
profit of pepper production 0.39 TLkg, 1 kg net profit -0.24 TLke, 1 kg
gross profit of tomato production 0.35 TLkg, 1 kg net profit -0.26 TL-
kg 1 kg gross profit of pumpkin production 0.23 TLke, 1 kg net profit -
0.56 TLke, 1 kg gross profit of eggplant production 0.44 TLkg, 1 kg net
profit -0.41 TL%e and 1 kg gross profit of pepper production is 0.35 TL-
kg 1 kg net profit is -0.37 TLke. In addition, the factors affecting the
costs of the products were estimated using linear regression analysis.
According to the results of the analysis, the costs of vegetable
production, seedling, fertilizer and medicine positively, material and
foreign labor costs negatively. According to the results obtained, it was
determined that the cost and profit advantage provided by economies
of scale did not occur in greenhouse enterprises and despite the growth
of the operating scales, net profit was negative.

Production Costs
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GIRIS yapilmigtir. Literatiirde Uriinlerin tGretim maliyetleri

Kiiresellesme ve rekabet kosullarindaki degisim her
alanda oldugu gibi igletmelerin y6netim kararlarinda
da basarih olunmasm gerektirmektedir. Isletme
yonetim kararlarinin stratejik 6nemi; ekonomik olarak
isletmelerin stirdurilebilir bir iretim siirecine katki
saglamaktir. Isletmenin yénetim kararlarim etkileyen
stratejik hesaplamalardan biri ise fayda-maliyet
analizidir. Tsletmelerin uretimden saglayacaklar:
faydaya karsi olusacak maliyetleri g6z oOniinde
bulundurmalar1 ve yo6netim kararlar1 alirken bu

stratejik kargilagtirmalar: hesaplamalar:
gerekmektedir.  Igletmelerde  etkin  yOnetimin
saglayabilmek icin maliyetlerin dogru sekilde

hesaplanmasina ihtiya¢ duyulmaktadir.

Uretim maliyetleri sektorlere gore degismekle birlikte
tarimsal Uretimde bitkisel ve/veya hayvansal Urin
elde etmek icin yapilan tim masraflar tretim
maliyetlerini  olusturmaktadir. Tarimsal Uretim
maliyetleri diger sektorlere gore daha detaylidir.
Tarim sektorinde igsletme bazlh tiretim yapilmasindan
dolayr bazi maliyetler ortak, bazi maliyetler Uriun
bazhidir. Dolayisiyla tarim igletmelerinde tretim
desenine baglh olarak maliyetler farklilagsmaktadir.

Tarim sektoriinde Urin fiyatlarinin belirlenmesinde
ureticiler icin destekleme politikalarn1 kapsaminda
fiyat, girdi, dis ticaret ve destek miktarlarinin
belirlenmesinde politika yapicilar igin  Uretim
maliyetleri 6nemli bir karar kriteridir. Ureticiler ve
politika yapicilara ek olarak tarimsal trinlerin
pazarlanmasi ve islenmesi agsamasinda yer alan tiiccar
ve sanayicilerin hammadde temini ve kendi tretim
stireclerini planlamalar: acisindan da tarimsal tretim
maliyetlerinin bilinmesi 6nem arz etmektedir.

Bugtine kadar bir¢ok ¢alismada trinlerin maliyetleri
hesaplanmigtir. Ozellikle domates (Rad ve Yarsi, 2005;
Erkoyuncu, 2008; Bayraktar ve Saner, 2010;
Engindeniz ve ark., 2010), cilek (Agir ve Saner, 2014),
tiziim (Bayramoglu ve ark., 2005; Ozkan ve ark., 2005),
muz (Subasi ve ark., 2016), bugday (Giindogmus, 1998;
Karadas, 2016), silajik misir (Tuvan¢ ve Dagdemir,
2009), cerezlik aycicegi (Kiziloglu ve Kaya, 2008),
sekerpancar1 (Topcu ve ark.,, 2012), antepfistigl
(Kiilek¢i ve Aksoy, 2010), bal (Kadirhanogullar1 ve
ark., 2016), pamuk (Yilmaz ve Giil, 2015), elma
(Demircan ve ark., 2005), taze fasulye (U¢pinar, 2016),
mercimek (Karadas ve ark., 2018), nohut (Acar ve ark.,
2009), hiyar (Oguz ve Arisoy, 2002; Engindeniz ve ark.,
2010) ve kesme cicek (Kiziloglu ve ark., 2012) gibi
urtnlerin tretim maliyetlerini hesaplayan ¢alismalar
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siklikla hesaplanmig olup Uretim maliyetler: girdi
maliyetlerine bagh olarak stirekli degismektedir. Bu
nedenle dénemsel ve periyodik olarak tarimsal tiretim
maliyetlerinin hesaplanmasina ihtiyag
duyulmaktadir. Belirlenen ihtiya¢ dogrultusunda
Antalya’da yaygin olarak yetistirilen biber, domates,
kabak, patlican ve hiyar gibi tarimsal drinlerin
uretim maliyetleri hesaplanmigtir. Ayrica calisma
kapsaminda tiretim maliyetlerine etki eden faktorler
dogrusal regresyon analiziyle tahmin edilmistir.

MATERYAL ve METOD

Yapilan ¢alisma kapsaminda domates, biber, patlican,
kabak ve hiyarin maliyet analizi yapilarak, 1 kg liriin
maliyeti ve Uretici fiyatlar1 hesaplanmistir. Calisma
kapsaminda bu triinlerin secilmesinin temel sebebi
agirlikli olarak Antalya’da bu Uriinlerin yetistiriliyor
olmas1 ve enflasyon sepeti icgerisindeki oransal
agirliklarinin yiiksek olmasidir (domates %3.50, biber
%0.80, patlican %0.76, kabak %0.24 ve hiyar %1.30).
Calismanin amaci kapsaminda Antalya’da tretim
yapan toplam 18.398 adet isletme icerisinden tabakal
tesadufi o6rnekleme yontemi kullanilarak 232 adet
ornek igletme belirlenmigtir. Tabakali tesadifi
ornekleme yontemine gore calisilacak ornek sayisi
asagidaki  formul  kullamilarak  hesaplanmistir
(Yamane, 1967; Oguz ve Karakayaci, 2017).

(2 Nh.Sh)?2 2 2,.2
n=_—S——— - D= d*/z
N2.D2 + 3 (Nh.Sh2) /

_ Np Sp*n
T ENpSh

n

Ana kitleden cekilen 6rnek sayisinin belirlenmesinde
%5 hata ve %99 giiven sinirlar1 icerisinde caligilmisg
olup 6rnek sayilarin tabakalara dagilimini belirlemek
icin 3. formiil kullanmilmistir (Yamane, 1967; Oguz ve
Karakayaci, 2017). Bu kapsamda 0-1.5 da isletmelerde
9, 1.5-5 dekar isletmelerde 89, 5.01-15 dekar
igsletmelerde 129 ve 15.01 ile tizeri igletmelerde 5 anket
yapilmigtir.

Anket esnasinda her turli etik kurullara uyulmus
olup 1ilgili arastirmanin yapilabilmesi i¢in Selguk
Univeristesi Sosyal ve Begeri Bilimler Bilimsel
Arastirma ve Yaymn Etik Kuruludan (Evrak Tarih ve
Sayis1: 19/06/2020-E.47074) gerekli izinler alinarak
anketler yapilmigtir.

Istatistik Analizler

Incelenen isletmelerde bitkisel iiretim faaliyetlerinde
masraflar; degisen ve sabit masraflar olmak tizere iki
gruba ayrilmaktadir. Degisen masraflar, tretim
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hacmine baglh olan tretim hacminin farklilagmasiyla
degisen masraflardir. Bitkisel tretimde kullanilan;
tohum, giibre, miicadele ilaci, akaryakit, gecici isci
ucreti, makine kirasi, su TUcreti, uUrln sigortasi,
pazarlama masraflari, degisen masraflarin faizi ve
gotiri olarak yaptirilan iglerin masraflar1 degisen
masraf kalemleri olarak hesaplanmigtir. Degisen
masraflarin faizi (déner sermaye faizi); T.C. Ziraat
Bankasinin tarimsal kredi faizi kullanilarak
sermayenin tarimsal lretimde bagh kaldigi siireler
dikkate alinarak Dbelirlenmistir. Sabit masraflar,
uretim hacmine bagli olmayan masraflar olarak
tanimlanmaktadir. Sabit masraflar; sabit sermayenin
amortismani, faiz ve tamir bakim masraflar1 olmak
uzere aile iggiici Ucret karsiligl, daimi igglici ucret
karsiligi, genel idare giderleri, sigorta, vergiler, arazi
ve bina kirasindan olusmaktadir (Oguz ve
Bayramoglu, 2018). Amortisman oranlari; beton,
kargir demir, ¢elik binalarda %2, tas ve yar1 kargir
binalarda %3, ahsap ve kerpi¢ binalarda %5, tarimsal
alet ve makinelerde %10, arazi 1slah1 sermaye
unsurlarinda %5 orami kullanilarak hesaplanmigtir
(GIB, 2019). Sabit sermayenin faizi; amortismana tabi
sabit sermaye unsurlarinin yari1 degeri tlzerinden
belirlenmigtir. Genel yonetim giderleri ise degisen
masraflar toplaminin %34 alinarak hesaplanmigtir.

Incelenen isletmelerde tiretim maliyetleri
hesaplandiktan sonra liretim maliyetlerine etki eden
faktorler dogrusal regresyon analizi yardimiyla
belirlenmigtir. Kurulan modeller igerisinde en yliksek
uyum iyiligine sahip olan model dogrusal olmasi
nedeniyle calismada  kullamilmigtir.  Dogrusal
regresyon analizi denklerimde Y; bagimh degiskeni, bo;
sabit katsayiyi, bi; parametrelerin katsayilarini ve
X123 bagimsiz degigkenleri ifade etmektedir. Bu
degerlere gore coklu dogrusal regresyon analizine
iligkin model asagidaki formiilde gosterilmigtir.

Yi = by + b1 Xy + boXip + boXip + -+ by Xy + €
(Kalayci, 2010).

Dogrusal regresyon modelinde bagimsiz degiskenlerin
bagimli degisken tizerindeki etkileri incelenmekte
olup, tahmin edilen modelin anlamhlik dizeyini
belirlemek amaciyla R? hesaplanmistir. R, bagimsiz
degiskenlerin bagimli degiskeni acgiklama giliciini
gostermektedir. Modelin anlamliligini belirlemek igin
F testi, parametrelerin anlamliligini belirlemek igin t
testleri yapilmigtir. Ayrica parametrelerin uyumunu
ve modelin gegerliligini gésteren otokorelasyon, ¢oklu
baglant1 ve degigen varyans hesaplamalar: da ¢alisma
kapsaminda hesaplanmigtir. Degiskenler arasindaki
iligkiyi tespit etmek amaciyla otokorelasyon igin
Durbin Watson test istatistigi kullanilmigtir. Nitekim
bugiline kadar yapilan bir¢ok ¢alismada yatay kesit
verilerinde de otokorelasyon olacag: ifade edilmis ve
Durbin-Watson test istatistiginin yapilmasi
énerilmigtir (Gujarati ve Porter, 2003; Ulas ve ark.,
2011; Guris ve ark., 2013; Pehlivanoglu ve Narman,
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2018). Durbin-Watson test istatistiginin 1.5-2.5
arasinda olmasi1 beklenmektedir. Coklu baglanti
problemi icin Varyans Biiyiitme Faktéri (VIF) testi
yapilmistir. Bu degerin ise 5ten kiigiik olmasi
istenmektedir. Hata terimi varyansi;, bagimsiz
degiskendeki degisimlere bagli olarak degisen
varyansin Spearman Sira Korelasyon katsayisindan
yararlanilarak belirlenmigtir. Elde edilen katsayinin
istatiksel olarak anlamli olup olmadigini belirlemek
icin asagidaki t formulu uygulanmigtir. Elde edilen t
hesap degeri eger ¢ift kuyruklu t tablo degerinden
buytk ise tahmin modelinde degisen varyans oldugu
sonucuna ulagilmaktadir (Kalayci, 2010).

rsWn—2
thes. = ———
J1—72
BULGULAR ve TARTISMA

Yapilan c¢alisma kapsaminda ilk olarak tretim
maliyetleri ve degerleri hesaplanan biber, diinyada 2.5
milyon ha alanda 36.7 milyon ton uretilmektedir.
Biber diunya sebze dtretim alaninin %4.30’'unu
olustururken, sebze {Uretiminin ise %3.35in1
olusturmaktadir. Tirkiye’de ise biber toplamda 25.592
ha alanda 2.6 milyon ton f{retilmekte olup alan
icerisindeki pay1 %3.04 ve tiretimdeki pay1 %8.44’tiir.
Uretim icerisindeki bu o6énemine ek olarak biber,
domates ve hiyardan sonra gida enflasyonunu en ¢ok
etkileyen yas sebze urinidir. Bu nedenle bu
urtinlerin maliyetlerinin hesaplanmasi
gerekmektedir. Yapilan ¢alisma kapsaminda biberin
uretim  maliyetlerinin  igletme Olgeklere  gore
farklilagtign belirlenmistir. Isletmeler ortalamasina
gore biberin uretim maliyeti 31382.93 TL/da olarak
hesaplanmistir (Cizelge 1). Bu degerin %73.73%
degisen masraflardan ve %26.27’s1 sabit masraflardan
olusturmaktadir. Degisen masraflarin icerisinde en
yuksek pay swrasiyla %16.45 ile materyal, %14.49
mevsimlik 1igglcli Ucreti ve %14.34 ile giibre
maliyetidir. Sabit masraflarin igerisinde en yuksek
pay ise %11.39 ile aile igglicl ticret karsiligina aittir.
Izmir ilinde yapilan bir calismada degisen masraflarin
toplam masraflar icerisindeki pay1 %82.39 (Basaran ve
Engindeniz, 2015), Adiyaman ilinde ise %84.07 olarak
belirlenmistir (Ukav, 2018).

Diinyada ve Turkiye’de yas meyve-sebze igerisinde en
¢ok dretilen Urin domatestir. Domates uretimi
diinyada 4.8 milyon ha alanda 182 milyon ton,
Turkiye’de ise 187 bin ha alanda toplam 12.7 milyon
tondur. Domatesin yas sebze igerisinde iretim payinin
%41.14 olmasi ve domatesin ekmek, dana eti, kuzu eti,
tavuk eti ve beyaz peynirden sonra gida enflasyonunda
en yiksek agirhga sahip Uriin olmasi nedeniyle
domatesin  Uretim  maliyetlerinin  belirlenmesi
onemlidir. Yapilan c¢alisma kapsaminda domatesin
Uretim maliyeti igletme O6lgeklerine gore belirlenmig
olup domates iiretiminin toplam maliyeti igletmeler
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ortalamasinda 31198.60 TL/kg olarak hesaplanmis ve
degisen masraflarin orani %74.27 olarak
belirlenmistir (Cizelge 1). Degisen masraflar icerisinde
ise en yliiksek pay %17.58 ile mevsimlik iggliciine aittir.
Bugiine kadar yapilan ¢aligmalarda domates tiretim
maliyetlerinin dagilimi bolgelere ve igletme yapilarina
gore farklilik gostermistir. Tokat ilinde yapilan
calismada sabit masraflarin payr %51,83 iken
(Karkacier ve Altuntas, 1998) Konya ilinde domates
tretim maliyeti 1804.14 TL/kg ve degisen masraflarin
payl %58.07 olarak hesaplanmistir (Oguz ve Arisoy,
2002). Antalya ilinde ise domates iiretim maliyeti 2008
yilinda 7398.20 TL/da olarak belirlenirken, Uretim
maliyetinin %48.17’s1ni degisen masraflar
olusturmustur (Ozkan ve ark., 2008). Erzurum ilinde
degisen masraflarinin pay1 %76.81 olurken (Kadanal
ve ark., 2008), Bayraktar ve Saner (2010) tarafindan
yapilan calismada domates uretim maliyeti 3584.07
TL/da ve degisen masraflarin toplam masraflar
icerisindeki pay1 %59.74 olarak belirlenmigtir. 2011
yilinda Antalya ilinde geleneksel seralarda tretim
maliyeti 24911.9 TL/da ve modern seralarda 49017.5
TL/da olarak belirlenmigtir. Ayni ¢alismada degisen
masraflarin pay1 sirasiyla %68.72 ve %68.18 olarak
belirlenmistir (Mencet, 2011). Bélgede 2014 yilinda
yapilan bir diger c¢alismada ise domates maliyeti
15810.49 TL/da ve degisen masraflarin pay:r %80.62
olarak hesaplanmigtir (Sipahioglu, 2014).
Adiyaman’da yapilan calismada domateste degigsen
masraflarin pay1 %84.63 olarak belirlenmistir (Ukav,
2018). Literatiirde goriildiigi gibi toplam masraflar
icerisinde degisen masraflarin pay: yillar itibariyle
artmakta olup girdi maliyetlerindeki (fide, giibre, ilac
vb.) artig sabit masraflara gére daha yiiksektir.
Bayramoglu ve ark. (2020) tarafindan yapilan
calismada gubre fiyatlarinda son 20 yilda %500-600
arasinda bir fiyat artis1 yasanmasina karsi, trin
fiyatlarinda %290-340 arasinda bir artigin olmasi bu
sonucu dogrulamaktadir.

Arastirma kapsaminda maliyeti hesaplanan kabak
diinyada 2017 yilinda 2.07 milyon ha alanda 27.4
milyon ton, Turkiye’de ise 10.532 ha alanda, 449.561
ton Uretilmistir. Bu degere gore kabak toplam yas
sebze uretim alani icerisinde %1.25 ve Uretim miktar:
icerisinde %1.45°lik bir paya sahiptir. Kabak toplam
gida enflasyonunun %0.24’inli olusturmakta ve
enflasyon igindeki bu 6nemi nedeniyle maliyetlerinin
bilinmesi gerekmektedir. Calismada kabak tretim
maliyetinin igletme &lgeklerine gore degismedigi
belirlenmis olup toplam firetim maliyeti isletme
basina ortalama 25842.22 TL/kg'dir (Cizelge 1). Bu
masrafin %70.74Unu degisen masraflar ve grup i¢inde
en yuksek paya %19.18 ile materyal masraflar:
sahiptir.

Patlican diinyada 1.8 milyon ha alanda 52.3 milyon ton
ve Turkiye’de 25.592 ha alanda ve 883.917 ton
uretilmigtir. Turkiye’de patlicanin yas sebze tretim
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alam icerisindeki payr %3.04 ve yas sebze toplam
uretimi igerisindeki pay1 %2.86 olarak belirlenmigtir.
Pathican, turetimdeki ve tiiketimdeki bu Onemi
nedeniyle gida enflasyonunu etkileyen en énemli beg
sebzeden biridir. Gida enflasyonu igerisinde patlicanin
pay1 %0.76 olarak bilinmektedir. Bu nedenle patlican
uretiminde maliyetlerin belirlenmesi 6nem arz
etmektedir. Calisma kapsaminda patlicanda dekara
toplam maliyetin 33496.66 TL/kg oldugu
belirlenmistir (Cizelge 1). Bu degerin %72.23’tini
degigsen masraflar ve %27.77sini ise sabit masraflar
olusturmaktadir. Degisen masraflarin %19.61'ini
materyal, %16.17’sin1 mevsimlik iggilici masraflar:
olusturmaktadir.

Domatesten sonra gida enflasyonu igerisinde en
onemli Grin olan hiyar dinyada 2.2 milyon ha alanda
83.7 milyon ton uretilirken toplam sebze tretiminin
%7.65'in1 olusturmaktadir. Tirkiye’de ise 37.695 ha
alanda 1.8 milyon ton uretilmekte ve toplam sebze
iretiminin %5.84iinti karsilamaktadir. Uretimdeki bu
onemi ve gida enflasyonunun %1.30’'unu olusturan
hiyarin tiretim maliyetinde isletme o6lgeklerine goére
anlaml bir farkhilik goriilmemektedir. Isletmeler
ortalamasina gére hiyar iretim maliyeti 26454.88
TL/da olarak hesaplanmig ve maliyetlerin %70.49unu
degisen masraflar olusturmustur (Cizelge 1). Degisen
masraflar icerisinde en yluksek pay materyal
masraflarina (%22.34) aittir. Hiyar iiretiminde diger
sebzelerden farkli olarak giibre masrafi (%13.82) en
yiksek ikinci masraf kalemi olarak belirlenmigtir.
Tokat ilinde yapilan bir c¢alismada ise degisen
masraflarin payr %51.53’tiir (Karkacier ve Altuntas,
1998). Konya ilinde hiyar iiretim maliyeti 2.641 TL/da
ve degisen masraflarin  payr %63.50 olarak
hesaplanmistir (Oguz ve Arisoy, 2002). Silifke
ilgesinde ise hiyar tretim maliyeti 5004.52 TL/da ve
%38.95’ini degisen masraflar olusturmaktadir (Rad ve
Yarsi, 2005). Erzurum da ise hiyar {iretiminin maliyeti
3573.16 TL/da olarak ve degisen masraflarin pay1
%73.72 belirlenmistir (Kadanali ve ark., 2008).
Adiyaman’da hiyar tiretim maliyetinin %84.96’s1nin
degisen masraflardan olustugu belirlenmistir (Ukav,
2018). Yapilan calismada ve bélgedeki diger
calismalarda isletme Olgeginin buytumesiyle degisen
masraflarin payimin artigi, sabit masraflarin payinin
diistiigii goriilmektedir (Cimen, 2001; Rad ve Yarsi,
2005; Engindeniz ve ark., 2010). Sera isletmelerinde
isletme Glgeginin bliiytimesiyle birlikte degisen masraf
karakterinden olan mevsimlik iggiici kullanimi

artmakta ve sabit masraflardan biri olan aile
iggiicinin kullanimi1 azalmaktadir. Bu nedenle
igsletme disindan daha fazla iggiici ihtiyac

olugsmaktadir. Fide masraflari ve giibre masraflar1 da
mevsimlik iggiiciine benzer degisim gostermektedir.

Sera uretiminde 6lgek ekonomilerinin diger bitkisel
urlinlerde oldugu gibi maliyetleri dogrudan
etkilemedigi ve igletme olgeginin artirilmasinin
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Table 1. Production costs of products according to entreprises scales (TL / Kg)
Cizelge 1. Uriinlerin igletme olgeklerine gore tiretim maliyetleri (TL/Kg)

Toplam Masraflar ~ MIM MCM  FM GM IM MM DSF DMT AIM  CAF  GIG  AMSA AMSF SMT UMT
(Total Cost) (SLCO) ___(DPCO) (50 (FO) PO MO (cCD e (FWC) _(BLD _ (GAE) (IMCD) __ (IMCD __ (FCT) (PCT)
0-1.5 2805.00 352.00 4062.50 4876.26 3746.00 5245.63 1341.87  22429.26 5750.00 2500.00 845.38 445.62 385.46 9926.46  32355.72
155 3590.00  302.00 4046.25 4832.50 3664.75 5195.63 1290.56  22921.69 4180.00 2500.00 813.05 645.28 598.46 8736.79  31658.48
., 5.01-15 5285.00 252.00 3956.23 4270.00 3174.50 5130.25 1255.90  23323.88 3050.00 2500.00 791.22  796.58 716.32 7854.12  31178.00
2 15+ 5755.00  352.00 3856.69 3867.36 3246.20 5245.21 1237.37  23559.83 2425.00 986.00 779.54 818.54 1.445.23  6454.31  30014.15
A Isl Ort. 4548.69  277.22  3992.74 4500.63 3386.29 5162.28 1272.13  23139.97 3574.76 2467.37 801.44 725.40 673.98 8242.95  31382.93
0-15 4140.00  315.00  4200.00 5212.50 2473.50 4800.00 1316.05  22457.05 5180.00 2500.00 829.11  472.22 425.00 9406.33  31863.38
w 155 5066.50  302.00 4156.95 4717.50 2283.50 4972.34 1247.50  22746.29 3451.30 2500.00 785.93 874.16 781.23 8392.62  31138.91
£ 50115 5835.06  284.42 3914.94 511250 2242.36 4883.12 1242.26  23514.65 2572.73 2500.00 782.62 918.10 923.30 7696.75  31211.40
£ 15+ 6370.00  352.00 3875.69 3960.00 2078.00 5400.00 1172.28  23207.97 1410.00 2500.00 738.54 1.521.23  1.356.55  7526.32  30734.29
A sl Ort. 5486.00 293.81 4017.99 4940.01 2263.57 4925.26 1245.62  23172.25 2985.85 2500.00 784.74 896.95 858.81 8026.35  31198.60
0-1.5 2120.00 347.50 1875.00 3216.00 2764.00 4100.81 965.17  15388.48 4880.00 2500.00 608.05 495.55 414.56 8898.16  24286.64
1.5°5 3360.00 597.50 1787.50 3146.00 2698.00 4710.94 1009.00  17308.94 3880.00 2500.00 635.67 665.69 602.55 8283.91  25592.85
x4  5.01-15 4970.00  568.09 1862.00 3174.00 2362.00 517647 1021.13  19133.69 2310.00 2500.00 643.31 794.57 715.11 6962.99  26096.68
£ 15+ 5080.00  622.50 1812.50 3104.75 2031.00 515550 972.31  18778.56 1640.00 2500.00 612.56 1.571.07  1.413.96 7737.59  26516.15
o Isl. Ort. 424418  571.99 1832.86 3163.40 2499.36 4955.70 1013.25  18280.74 2997.54 2500.00 638.35 1750.26 675.33 7561.49  25842.22
0-1.5 3260.00 565.00 4500.00 3550.00 3291.00 6800.00 1437.80  23403.80 6790.00 2500.00 905.81  462.36 414.56 11072.73  34476.53
o L55 3570.00  565.00 442857 3357.50 2866.00 6600.00 1390.35  22777.43 6420.00 2500.00 875.92 674.15 606.74 11076.81 33854.24
g 5.0115 6780.00 521.23  4325.26 3162.50 2516.00 6497.45 1352.12  25154.56 3240.00 2500.00 851.84 802.35 725.69 8119.88  33274.44
< 15+ 7024.00 506.23 4423.36 3078.50 2391.00 7383.64 1321.54  26128.27 1624.00 2500.00 832.57  8.40 7.90 4972.87  31101.13
& Isl Ort. 5417.28  539.40 4373.78 3250.53 2677.64 6567.63 1369.45 24195.71 4562.80 2500.00 862.76 722.87 652.52 9300.95  33496.66
0-1.5 2180.00  565.00 1000.00 4010.00 3491.00 5516.67 1088.63 17851.30 5010.00 2500.00 685.84 485.65 415.63 9097.12  26948.42
1.5°5 2814.29  502.86 1028.57 3731.00 3148.50 5728.57 1041.69  17995.48 3880.00 2500.00 656.26 698.46 625.69 8360.41  26355.89
50115 3830.00  565.00 1000.00 3590.00 3066.00 6050.00 1034.55  19135.55 2590.00 2500.00 651.77 835.67 754.69 7332.13  26467.68
S 15+ 4660.00  65.00  1000.00 3345.00 2841.00 6200.00 1016.05 19127.05 1710.00 2500.00 640.11 1.595.64  1.425.63 7871.38  26998.43
= Isl Ort. 3394.23  530.39 101096 3655.10 3109.29 5909.24 1038.99  18648.19 3159.78 2500.00 654.56  785.83 706.51 7806.69  26454.88

MIM: Mevsimlik i$gf1cf1 Masraflari, MCM: Makine Cekigiici Masraflari, FM: Fide Masraflari, GM: Giibre Masraflari, IM: Tla¢ Masraflari, MM: Materyal Masraflari,
DSF: Déner Sermaye Faizi, DMT: Degisen Masraflar Toplama, AIM: Aile 1sgiicf1 Masrafi, CAF: Ciplak Arazi Faizi, GIG: Genel Idare Giderleri, AMSA: Alet Makine
Sermaye Amortismani, AMSF: Alet Makine Sermaye Faizi, SMT: Sabit Masraflar Toplami, UMT: Uretim Masraflar1 Toplam1

(SLC: Seasonal Laborer Cost, DPC: Draft Power Cost, SC: Seedling Cost, FC: Fertilizer Cost, PC: Pesticides Cost, MC: Material Cost, CCI: Circulating Capital Interest,
VCT: Variable Cost Total, FWC: Family Worker Cost, BLI: Bare Land Interest, GAE: General Administration. Expenses, IMCD: Instrument Machinery Capital
Depreciation, IMCI: Instrument Machinery Capital Interest, FCT: Fixed Cost Total, PCT: Production Cost Total)
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Table 2. Economic results of products by entreprises scale (TL / Kg)
Cizelge 2 Uriinlerin isletme délceklerine gére ekonomik sonuglar: (TL/Kg)

KDV SSDF

Gelirler GSUD DM TUM UM 1KgUM KU SU RU (Komisvonun (Stopaim TKU 1KgUF CEGF 1KgBK 1KgNK
(TL/da) (TL/da)  (TL/da) (Kg/da) (TL/Kg) (%8 (%2) (%1) %18) Y 0 10‘;] (%12,64) (TL/Kg) (TL/Kg) (TL/Kg) (TL/Kg)
(Revenues) PV vo  aroy w5 @wp o ao  oap sisp  asp  axecn e UK (0K
0-1.5 30211.92 22429.26 32355.72 12694.08 2.55 0.19 0.05 0.02 0.03 0.00 0.30 2.38 2.08 0.31 -0.47
5 1.5°5 32273.00 22921.69 31658.48 13145.50 2.41 0.20 0.05 0.02 0.04 0.00 0.31 2.46 2.14 0.40 -0.26
s 5-15 32476.38 23323.88 31178.00 12950.25 2.41 0.20 0.05 0.03 0.04 0.01 0.32 2.51 2.19 0.39 -0.22
B 15+ 33368.16 23559.83 30014.15 13241.33 2.27 0.20 0.05 0.03 0.04 0.01 0.32 2.52 2.20 0.42 -0.07
Isl. Ort. 32329.73 23139.97 31382.93 13021.49 2.41 0.20 0.05 0.03 0.04 0.01 0.32 2.49 2.17 0.39 -0.24
" 0-1.5 29941.69 22457.05 31863.38 13074.97 2.44 0.18 0.05 0.02 0.03 0.00 0.29 2.29 2.00 0.28 -0.44
2 1.5°5 31380.00 22746.29 31138.91 12906.29 2.41 0.19 0.05 0.02 0.04 0.00 0.31 2.43 2.12 0.36 -0.29
g 5-15 32131.56 23514.65 31211.40 13318.62 2.34 0.19 0.05 0.02 0.03 0.00 0.30 2.41 2.11 0.34 -0.24
8 15+ 33282.20 23207.97 30734.29 13640.25 2.25 0.20 0.05 0.02 0.04 0.00 0.31 2.44 2.13 0.43 -0.12
Isl. Ort. 31783.09 23172.25 31198.60 13157.92 2.37 0.19 0.05 0.02 0.03 0.00 0.30 2.41 2.11 0.35 -0.26
0-1.5 20018.53 15388.48 24286.64 8465.98  2.87 0.19 0.05 0.02 0.03 0.00 0.30 2.36 2.07 0.25 -0.80
~ 1.5°5 22153.84 17308.94 25592.85 9230.77  2.77 0.19 0.05 0.02 0.03 0.00 0.30 2.40 2.10 0.22 -0.68
< 5-15 24470.58 19133.69 26096.68 9947.39  2.62 0.20 0.05 0.02 0.04 0.00 0.31 2.46 2.15 0.23 -0.47
Mo 15+ 25375.00 18778.56 26516.15 10109.56 2.62 0.20 0.05 0.03 0.04 0.01 0.32 2.51 2.19 0.34 -0.43
Isl. Ort. 23428.61 18280.74 25842.22 9618.51  2.69 0.20 0.05 0.02 0.04 0.00 0.31 2.43 2.13 0.23 -0.56
0-1.5 31000.00 23403.80 34476.53 10580.20 3.26 0.23 0.06 0.03 0.04 0.01 0.37 2.93 2.56 0.35 -0.70
§ 1.5°5 32400.00 22777.43 33854.24 10693.07 3.17 0.24 0.06 0.03 0.04 0.01 0.38 3.03 2.65 0.52 -0.52
= 5-15 33869.55 25154.56 33274.44 11104.77 3.00 0.24 0.06 0.03 0.04 0.01 0.39 3.05 2.66 0.40 -0.33
£ 15+ 34472.00 26128.27 31101.13 11192.21 2.78 0.25 0.06 0.03 0.04 0.01 0.39 3.08 2.69 0.36 -0.09
Isl. Ort. 33207.47 24195.71 33496.66 10928.37 3.07 0.24 0.06 0.03 0.04 0.01 0.39 3.04 2.65 0.44 -0.41
0-1.5 24603.47 17851.30 26948.42 10476.74 2.57 0.19 0.05 0.02 0.03 0.00 0.30 2.35 2.05 0.35 -0.52
5 1.55 25357.13 17995.48 26355.89 10654.26 2.47 0.19 0.05 0.02 0.03 0.00 0.30 2.38 2.08 0.39 -0.39
= 5-15 26045.45 19135.55 26467.68 10807.24 2.45 0.19 0.05 0.02 0.03 0.00 0.30 2.41 2.11 0.33 -0.34
T 15+ 26786.64 19127.05 26998.43 11161.10 2.42 0.19 0.05 0.02 0.03 0.00 0.30 2.40 2.10 0.38 -0.32
Isl. Ort. 25741.43 18648.19 26454.88 10743.36 2.46 0.19 0.05 0.02 0.03 0.00 0.30 2.40 2.10 0.35 -0.87

GSUD: Gayrisafi Uretim Degeri (TL/da), DM: Degigen Masraflar (TL/da), TUM: Toplam Uretim Masraflar1 (TL/da), UM: Uretim Miktar1 (Kg/da): UM: 1 Kg Uriin Maliyeti
(TL/Kg), KU: Komisyon Ucreti (%8), SU: Stopaj Ucreti (%2), RU: Riisum Ucreti (%1), KDV Ucreti (Komisyonun %18), Sosyal Sigortalar Destekleme Fonu: SSDF Ucreti
(Stopajin %10), TKU: Toplam Komisyon Ucreti (%12,64), UF: 1 Kg Uriin Fiyat1 (TL/Kg), CEGF: Ciftcinin Eline Gegen 1 Kg Uriin Fiyat1, BK:1 Kg Uriin Briit Kar1 (TL/Kg),
NK: 1 Kg Uriin Net Kar1 (TL/Kg)

(GPV: Gross Production Value, VC: Variable Cost, TPC: Total Production Cost, PQ: Production Quantity, CC: 1 Kg Crop Cost, BF: Brokerage Fee, SF: Stoppage Fee, TX:
Taxes, VAT: Value-Added Tax, SISF: Social Insurance Support Fund, TBF: Total Brokerage Fee, CP: 1 Kg Crop Prices, PFP: Price of the Farmer Product, PGP: 1 Kg
Product Gross Profit, PNP: 1 Kg Product Net Profit)
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maliyetlerin azaltilmasinda tek basina ¢6zim
olamayacag1 goriulmektedir. Antalya ilinde isletme
Olcekleri itibariyle biber, domates, kabak, patlican ve
hiyar sebzelerine ait tretim degerleri Cizelge 2te
incelenmistir. Biberin 1 kg tiretim maliyeti 2.41 TL ve
1 kg tiriin fiyat1 2.49 TL olarak hesaplanmistir (Cizelge
2). Ancak bu fiyatin tamami {ireticinin eline
gecmemektedir. Komisyon, stopaj, riisum, katma
deger vergisi (KDV), sosyal sigorta destekleme fonu
(SSDF) iicretlerinin toplaminin satis fiyatindan
cikarilmasiyla cift¢inin eline gegcen 1 kg trin fiyat
hesaplanmaktadir. Buna goére biber {retiminde
ciftginin eline gegen 1 kg urun fiyat1 2.17 TL’dir.
Dolayisiyla biber tiretiminde 1 kg briit kar 0.39 TL ve
1 kg net kar -0.24 TL'dir (Cizelge 2). Bugiine kadar
diger arastirmalarda 1 kg biber maliyetinin 2000
yilinda 0.06 TL, satis fiyatinin ise 0.15 TL oldugu 2010
yilinda ise 1 kg maliyetinin 0.40 TL ve satis fiyatinin
0.65 TL/kg oldugu hesaplanmistir (Cikman ve Monus,
2012). Izmirde yapilan bir ¢alismada biberin 1 kg
maliyeti 0.54 TL, satig fiyati ise 0.67 TL/kg olarak
hesaplanmistir (Basaran ve Engindeniz, 2015).
Adiyaman’da biberin maliyeti 0.81 TL/kg ve satis fiyat1
2.50 TL/kg olarak belirlenmigtir. 2018 yilinda
arastirma bolgesinde yapilan bir ¢calismada ise biberin
1 kg maliyeti 1.79 TL ve satig fiyat1 2.16 TL/kg olarak
hesaplanmistir (Anonim, 2018). Literatiirde goriildiigii
tuzere 1 kg biberin maliyeti yillar itibariyle satig
fiyatina gore daha hizli artmis ve 2020 yilinda 1 kg
biberin net kari negatif olarak belirlenmigtir.

Domates turetiminde 1 kg Urtin maliyeti 2.37 TL,
¢iftcinin eline gegen fiyat 2.11 TL/kg, 1 kg briit kar 0.35
TL ve 1 kg net kar -0.26 TL olarak belirlenmigtir
(Cizelge 2). Tokat'ta domatesin iiretim maliyeti 0.19
TL/kg ve satig fiyat1 0.26 TL/kg olarak belirlenirken
(Karkacier ve Altuntas, 1998) Konya'da 1 kg maliyet
0.135 TL ve 1 kg satig fiyati 0.156 TL olarak
hesaplanmistir (Oguz ve Arisoy, 2002). Erzurum ilinde
domatesinin 1 kg maliyeti 0.604 TL, satis fiyat1 0.632
TL/kg olarak belirlenmistir (Kadanal ve ark., 2008).
Antalya’da 2011 yilinda yapilan bir ¢alismada 1 kg
domatesin maliyeti 1.3 TL ve satis fiyat1 1.5 TL/kg
olarak hesaplanmistir (Mencet, 2011). Bélgede yapilan
diger calismalarda 2014 yilinda 1 kg domates maliyeti
0.79 TL ve satis fiyat1 1.15 TL/kg olarak belirlenmisgtir
(Sipahioglu, 2014). Adiyaman’da domates maliyeti
0.81 TL/kg ve satis fiyat1 2.50 TL/kg’dir (Ukav, 2018).
Antalya’da 2018 yilinda yapilan bir ¢aligmada ise 1 kg
domatesin maliyeti 1.54 TL ve satig fiyat1 1.91 TL/kg
olarak hesaplanmistir (Anonim, 2018). Yapilan
calismalarda brit kar Uzerine yapilan analizlerde
domates  Uretimi  pozitif  belirlenirken, sabit
masraflarin dahil edilmesiyle bu c¢alismada 1 kg
domatesin net kar1 negatif hesaplanmigtir.

Kabak tiretiminde 1 kg tirtin maliyeti 2.69 TL, ¢ift¢cinin
eline gegen fiyat 2.13 TL/kg, 1 kg Uriintini briit kar
0.23 TL ve net kar1 -0.56 TL olarak hesaplanmigtir
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(Cizelge 2). Yapilan calismalarda 2018 yilinda 1 kg
kabak maliyeti 1.48 TL ve satig fiyatimin 1.78 TL/kg
oldugu belirlenmistir (Anonim, 2018).

Pathican tretiminde 1 kg urin maliyeti 3.07 TL,
¢ift¢cinin eline gegen fiyat 2.65 TL/kg, brut kar 0,44
TL/kg ve net kar -0,41 TL/kg olarak belirlenmigtir
(Cizelge 2). Adiyaman’da 2018 yilinda yapilan bir
caligmada patlicanin maliyeti 0.68 TL/kg ve satis fiyat1
2 TL/kg olarak tespit edilmistir (Ukav, 2018).
Antalya’da 2018 yilinda yapilan bir ¢alismada ise 1 kg
patlicanin maliyeti 1.50 TL ve satis fiyat1 1.74 TL/kg
olarak belirlenmistir (Anonim, 2018).

Son olarak 1 kg hiyar maliyeti 2.46 TL, cift¢inin eline
gecen fiyat 2.10 TL/kg, 1 kg trunin brit kar 0,35 TL
ve 1 kg Girtintin net kar1 -0.37 TL olarak hesaplanmigtir
(Cizelge 2). Hiyarin maliyeti ve satig fiyatinin da
yillara ve Dbolgelere goére farklihik gosterdigi
bilinmektedir. Tokat’ta yapilan bir ¢alismada hiyarin
1 kg maliyeti 0.07 TL, satis fiyat:1 0.25 TL/kg olarak
belirlenmistir (Karkacier ve Altuntas, 1998). Konya'da
2002 yilinda yapilan bir calismada hiyarin 1 kg
maliyeti 0.153 TL, satis fiyat1 ise 0.175 TL/kg olarak
hesaplanmistir (Oguz ve Arisoy, 2002). 2003 yilinda
Silifke’de yapilan bir calismada ise hiyarin 1 kg
maliyeti 0.781 TL olarak hesaplanirken satis fiyatinin
0.66 TL/kg oldugu belirlenmistir (Rad ve Yarsi, 2005).
Erzurum’da serada turetilen hiyarin maliyeti 0.365
TL/kg, satig fiyat1 ise 0.540 TL/kg’dir (Kadanali ve
ark., 2008). Bir baska calismada 2018 yilinda hiyarin
maliyeti 1.03 TL/kg, satig fiyat1 1.40 TL/kg olarak
tespit edilmistir (Anonim, 2018). Adiyaman’da iiretilen
hiyarin maliyeti 0.52 TL/kg ve satis fiyat1 0.70 TL/kg
olarak hesaplanmigtir.

Yapilan calismada sebze {retim maliyetlerini
etkileyen faktorler dogrusal regresyon modeliyle
tahmin edilmistir (Cizelge 3). Buna gére bagimsiz
degiskenlerin bagimli degiskeni aciklama giici (R2)
%74.30 ile %91.40 arasinda degisiklik gostermektedir.
Kurulan modellerde F testi sonuc¢larina gore her bir
modelin gegerli oldugu ve modellerde Durbin Watson
test istatistiginin 1.5-2.5 arasinda olmasi nedeniyle
otokorelasyon  olmadigi  belirlenmigtir.  Ayrica
modellerde ¢oklu baglanti varligr varyans biiyilitme
faktorii (VIF) ile incelenmis ve VIF degerlerinin 5’ten
kiiciik olmasi nedeniyle herhangi bir ¢oklu baglanti
probleminin olmadig1 tespit edilmistir. Son olarak
modelin gegerliligini ve giivenirliligini artirmak igin
degisen varyans (DV) Spearman korelasyon testiyle
incelenmig, modellerde degisen varyans olmadigi
sonucuna varilmistir.

Cizelge 3’e gore uretim maliyetleri ile fide, giibre, ilag,
materyal ve mevsimlik igglici masraflar1 arasinda
istatistiki olarak anlaml bir iligki belirlenirken, sera
biiyiikligii ve fide 6zelliklerinde (asili/agisiz) istatistiki
olarak anlaml iligki Dbelirlenememigtir. Analiz
sonucunda fide maliyetinde meydana gelen 1 TL’lik
artisin Uretim maliyetlerini domateste 2.15 TIL,
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biberde 2.25 TL, patlicanda 2.91 TL, kabakta 2.74 TL
ve hiyarda 2.30 TL artiracagi tahmin edilmigtir.
Benzer sekilde gibre maliyetinin tGrinlere ve igletme
Olceklerine gore degistigi ve Uretim masraflar:
icerisindeki payinin %9.70 ile %15.83 arasinda oldugu
belirlenmigtir. Bu nedenle gibre masraflarindaki

Table 3. Factors affecting vegetable production costs

Cizelge 3. Sebze liretim maliyetlerini etkileyen faktorler

Research Article
artisin uretim masraflarini artiracagi
ongorilmektedir. Yapilan analize gore giibre

masrafinin 1 TL artmasi, Uretim maliyetlerinin
domateste 2.89 TL, biberde 2.91 TL, pathicanda 2.93
TL, kabakta 3.10 TL ve hiyarda 4.92 TL artmasina
neden olacaktir.

Model Fide Giibre Tlag Materyal i\g;;iilmhk Sera izilsll/z Bagimlh Degisken:
Maliyeti  Maliyeti Maliyeti Masrafi Masrafi Buyuklugu Fide Uretim Maliyeti
(Seedling (Fertilizer (Pesticides (Material (Seasonal (Greenhouse (Graft giifg]ie'nt
c) c) c) c) Laborer C.) Size) Seedling) )
Production Cost)
% Katsayr (Parameter) 2.155 2.890 1.868 -4.104 -3.281 -0.001 0.002 R2=.884
8§ Onem . F=187.818(.000)
E  Seviyesi (Sig.) .000 .000 .000 .000 .013 .439 .875 DW=2.062
A VIF (VIE) 2.587 2.257 1.292 1.587 1.419 1.082 1.071 DV=2.138 (.005)
., Katsan (Parameter) 2.250 2.914 1.120 -4.190 -3.040 -0.010 0.018 R2=.884
@  Onem . F=187.818(.000)
=
2 Seviyesi (Sig.) .000 .028 .047 .037 .230 .354 .452 DW=2.062
VIF (VIF) 2.421 1.975 1.350 1.577 1.066 1.070 1.249 DV=2.085 (.005)
g Katsay (Parameter) 2.910 2.930 1.258 -4.134 -3.233 0.007 0.000 R2=.884
€ Onem . F=187.818(.000)
S Seviyesi (Sig.) .078 .069 .095 .023 .230 .648 .652 DW=2.062
A VIF (VIE) 2.416 2.100 1.364 1.509 1.003 1.148 1.111 DV=1.719 (.010)
 Katsayi  (Parameter) 2.743 3.101 1.801 -3.991 -3.208 0.003 0.016 R2=.884
8 Onem . F=187.818(.000)
=
S Seviyesi (Sig.) .012 .003 .049 .000 .230 542 .684 DW=2.062
VIF (VIF) 2.897 2.195 1.327 1.684 1.035 1.066 1.036 DV=1.856 (.010)
. Katsay1 (Parameter) 2.301 4.929 1.888 -6.101 -3.911 0.005 0.013 R2=.884
Onem . F=187.818(.000)
>
& Seviyesi (Sig.) .078 .042 .003 .085 .230 .295 .698 DW=2.062
VIF (VIF) 2.769 1.985 1.341 1.646 1.053 1.070 1.071 DV=2.269 (.005)

(VIF: Variance Inflation Factor, DW: Durbin Watson, DV: Degisen Varyans, Sig: Signification, C: Cost)

Analiz sonucunda ila¢ masrafiyla liretim masraflar
arasinda dogrusal bir iliski oldugu tespit edilmigtir.
Yapilan ¢calisma kapsaminda ila¢ masraflarinin tiretim
masrafl i¢erisindeki payinin Uriinlere gére %7.99 ile
%11.75 arasinda degistigi Dbelirlenmigtir. Ayrica

igletme Olgeginin artmasiyla birim alanda ilag
masraflarinin  azaldig1r  tespit edilmigtir. Ilag
masraflarinda meydana gelen artigin  Urin

maliyetlerini arttiracagi, bu artisin domateste 1.86 TL,
biberde 1.12 TL, pathicanda 1.25 TL, kabakta 1.80 TL
ve hiyarda 1.88 TL olacagi tahmin edilmektedir.

Sebzelerde tiretim maliyetleri igerisinde en 6nemli pay
materyallere aittir. Materyal masraflari; komur, ari,
ip, sineklik ve naylon masraflarindan olugsmakta olup
bu masraflarin tretim masraflar: igerisindeki paylar:
%16.45 ile %22.34 arasinda degismektedir. Yapilan
analiz sonucuna goére her bir Urlin i¢in kurulan
modelde materyal masraflar ile tretim maliyetleri
arasindaki iligki beklendigi gibi negatif yonludir.
Tablo 1'de goruldigi tizere materyal masraflarinin
igletme 0lgeklerine gore artmasina ragmen toplam
tiretim masraflarinin azaldigi gérilmektedir. Bunun
en 6nemli nedeni ise materyal masraflarindaki artis
oranina gore igletme 6lgegi arttikga diger girdilerin
(giibre, ilag, fide ve mevsimlik iggiicii maliyetleri)
maliyetlerindeki azalma oramidir. Nitekim fide
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masraflarinda ortalama %3.56, gibre masraflarinda
%15.61 ve 1la¢ masraflarinda %20.36 oraninda igletme
Olcegine gore azalirken, materyal masraflarin sadece
%11.84 oraninda bir artis géstermistir. Ayrica sabit
masraflarda incelendiginde isletme Olgegine gore
azaldig1 gorilmektedir. Clinki isletme Glcegi artikca
kullanilan sabit sermayenin etkinligi artmakta ve
kaynaklar rasyonel kullanilmaktadir (Altintas ve
Akcay, 2007; Bayramoglu ve ark., 2010; Citak, 2011;
Bayramoglu ve Bozdemir, 2017; Erdogan ve
Bayramoglu, 2017; Oguz ve ark., 2017; Bal, 2018;
Topcu, 2018). Dolayisiyla materyal masraflarinda
meydana gelen 1 TL'lik artisin tretim maliyetlerini
domateste 4.10 TL, biberde 4.19 TL, patlicanda 4.13
TL, kabakta 3.99 TL ve hiyarda 6.10 TL azaltacag
tahmin edilmigtir.

Uretim maliyetleri igerisinde materyal
masraflarindan sonra en o6nemli masraf kalemi
mevsimlik isgiiciidir. Isgiicii kullammi seralarda
olduk¢a yaygin olup tarimsal igletmelerde goriilen
mevsimlik iggiici kullanimi, seracilik faaliyetlerinde
diizenli ve stirekli olarak degerlendirilebilir. Isletmede
devamli c¢alisma olanag1 saglayarak istihdam
artirilabilir. Aym1 zamanda seralarda kullanilan
iggiiciinlin nitelikli olmasi1 hem igglicii hem de tlriin
kalitesinin iyilesmesine katki saglayacaktir. Yapilan
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calisma kapsaminda mevsimlik igglici masraflarinin
toplam tiretim masraflar: igerisindeki paymnin %12.83
ile %17.58 arasinda degistigi belirlenmigstir. Fakat
mevsimlik  iggicii  maliyetinde de  materyal
masraflarina benzer olarak Uretim maliyetleri ile
arasinda negatif yonla bir iligkinin  olmasi
beklenmektedir. Ciinkii nitelikli mevsimlik isgiici
kullaniminin artmasi girdi kullaniminda verimliligi
artiracak ve dolayisiyla da tiretim maliyetlerinin
azalmasina katki saglayacaktir. Yapilan analizde de
benzer sonuclar Dbelirlenmis mevsimlik igglci
maliyetinde 1 TL’lik artis tretim maliyetlerinin
domateste 3.28 TL, biberde 3.04 TL, patlicanda 3.23
TL, kabakta 3.20 TL ve hiyarda 3.91 TL azalmasina
katk: saglamaktadar.

SONUC ve ONERILER

Bir igletmenin veya turetim faaliyetinin ekonomik
strdiirilebilirligini sinirlandiran en o6nemli faktor
urin maliyetleridir. Bu kapsamda gida enflasyonu
icerisinde Oonemli bir paya sahip olan ve Antalya’da
yogun olarak yetistiriciligi yapilan domates, biber,
hiyar, patlican ve kabak tirtinlerinin birim maliyetleri
hesaplanmigtir. Elde edilen sonuglara goére sera
isletmelerinde &lgek ekonomilerine baglh olarak
maliyet ve kar avantajinin olugsmadigi ve isletme
Olceklerinin blylimesine ragmen net karin butin
isletme Olgeklerinde negatif oldugu belirlenmigtir.
Ayrica girdi maliyetlerinin yiiksek olmasi, rekoltenin
diisik olmasi ve teknoloji kullaniminin arazi ve
sermayeye baglh olmasi gibi sebeplerle sera
isletmelerinde 6lgek ekonomisi uygulamasinin sinirh
oldugu belirlenmistir. Bu kapsamda calismada bazi
oneriler geligtirilmigtir.

. Uretim maliyetlerinin  azaltilmasi, irin
kalitesinin artirilmasi, dis ticarette rekabet avantaj
saglanmasi ve tuketici sagliginin korunmasi i¢in ilag
ve glibre kullanimina yonelik ciftciler
bilin¢lendirilmeli, girdiler receteli satilarak girdi
kullanim etkinliginin artirilmasi1 hedeflenmelidir.
Boylece girdi maliyetlerinin ve dolayisiyla da tretim
maliyetlerinin azalmasi saglanmigs olacaktir.

. Girdiler igerisinde en ylksek maliyete sahip
olan masraf kalemleri materyal ve mevsimlik iggiici
masraflaridir. Materyal masraflari igerisinde bulunan
ozellikle naylon masraflarinin ¢ok yliksek olmasi, bu
urinlerin dayaniksiz olmasi nedeniyle kisa siirede
yenilenme ihtiyaci igletmelerin karhligin1 olumsuz
etkilemektedir. Bu kapsamda naylon yerine
polikarbon levhalarin kullaniminin yayginlastirilmasi
gerekmektedir. Ozellikle bu levhalarin maliyetlerinin
disiik olmasi, uzun yillar dayanikli olmasi ve naylon
sistemine gore faydasinin yiiksek olmasi tercih
edilebilirligini yikseltmektedir. Iggiicii maliyetleri ise
uretim maliyetlerini etkileyen faktorler arasinda olup
iggliciniin  kalitesinin artirilmas1  verimliligi
artiracaktir. Bu dogrultuda tarimsal {iretime katilan
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mevsimlik 1ggliciniin niteliklerinin artirilmas1 ve

yeteneklerinin  geligtirilmesi  amaciyla  egitim
programlar1 diizenlenmeli, iretim slireglerine yonelik
bilgi  duzeyleri artirilmalidir. Ayrica boélgede
kooperatifler araciligiyla iggilicline yonelik

orgiitlenmeler saglanarak nitelikli iggiicii ihtiyacini
kargilayacak bir orgiitlenme olusturularak hem
verimliligin saglanmasi hemde igglicii bulma sorunun
minimize edilebilir.

. Tarim sektoriinde fide uretim maliyetleri
toplam maliyetler igerisinde 6nemli bir paya sahiptir.
Yerli tohum, fide ve fidan {retimi savunma
sanayindeki silah tiretimi kadar 6nemli ve stratejiktir.

Bu  Dbilingle yerli  tohum-fide-fidan tUretim
politikalarina agirlik verilmesi gerekmektedir.
. Kisa siireli kar amaci olan kigilerin tarimsal

faaliyetlere katilimi tdrin kalitesinin goéz ard:
edilmesine neden olmakta ve piyasa fiyat dengesini
olumsuz etkilemektedir. Ciftgiligin mesleki
tanimlamasinin  yapilarak, yasalarla hak ve
sorumluluklar  belirlenerek, meslek  orgitleri

kurularak tretim faaliyetlerinin koruma ve kontrol
altina alinmasi ivedilikle saglanmalidar.

. Uretim maliyetlerinin takip edilebilmesi i¢in;
tiretimin kayit altina alinmasi ve igletmelerde tiretim
desenlerine  yonelik  planlamalarin  yapilmasi
gerekmektedir.

Sonu¢ olarak bu bulgular ile domates, biber, hiyar,
patlican ve kabak tiretimi yapan ureticilere, sebze
ureticileri birlikleri ve kooperatiflerine, konu ile ilgili
diger sivil toplum oOrgiitlerine, politika yapicilara
Uretim stratejisi gelistirme asamasinda katkida
bulunulmasi amac¢lanmaktadar.
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ABSTRACT ResearchArticle
Agriculture sector faces natural, social and economic risks resulting
from its production structure. One of the strategies to be used to ArticleHistory
transfer such risks is agricultural insurance. It was aimed in the Received ©19.03.2020
present study to estimate the demand of farmers for cattle insurance Accepted ©19.10.2020
(CD and determine the effective factors which can increase the share

Keywords

of premium production of CI in total premium production of
agricultural insurance in TRA1 Region. Data were obtained from 122
farms determined using proportional sampling method in the

Demand for insurance
Cattle insurance

provinces of Erzurum, Erzincan and Bayburt (TRA1 Region) through IChSk d
a questionnaire survey. Count Data Model was used in convenience G G
TRA I region

with the aim of the study. According to the results obtained, when
premium cost of CI increased 3 folds, then the number of animals
desired to be insured decreased by nearly 1-fold. In addition, when the
budget allocated for agricultural production and the probability of
animal disease both increased by 1%, the number of animals desired
to be insured increased by 1.56% and 0.61%, respectively.

Tirkiye’de Biiylikbag Hayvan Hayat Sigortasi Talebinin Count Data Yéntemiyle Tahmini: TRAI Bélgesi
Ornegi

OZET

Tarim sektori tretim yapisindan kaynaklanan dogal, sosyal ve
ekonomik risklerle karsi karsiyadir. Bu riskleri transfer edebilmek
icin kullanilabilecek stratejilerden biri tarim sigortasidir. Bu
calismada TRA I Bolgesinde faaliyet gosteren tarim igletmelerinde,
ciftcilerin buylkbas hayvan hayat sigortasi talebinin tahmini ve
buytikbas hayvan hayat sigortasi prim uretiminin toplam tarim
sigortalar: prim tretimi icerisindeki payinin artirilabilmesinde etkili
olan faktorlerin belirlenmesi amaglanmigtir. Oransal o6rnekleme
yontemiyle belirlenen 122 igletme ile Exrzurum, Erzincan ve Bayburt
illerinde (TRA 1 Bélgesi) anket yapilarak veriler toplanmistir.
Calismanin amacina uygun olarak Count Data Modeli kullanilmigtar.
Elde edilen sonuglara gore biiylikbas hayvan hayat sigorta prim fiyati
3 katina giktiginda sigortalatilmak istenen hayvan sayisi yaklagik 1
bas azalmaktadir. Tarimsal tretime ayrilan blitge ve hayvanlarin
hastalanma ihtimali %1 arttiginda sigortalatilmak istenen hayvan
sayis1 sirasiyla %1.56 ve %0.61 artmaktadir.
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INTRODUCTION

Agriculture as a sector is the indispensable part of
overall economic system. Importance of the sector in
overall economic system can be estimated by the share
of value added it creates (Ege, 2011). In Turkey, the
rate of agriculture sector is 6.6% in GDP, 11.3% in
employment in 2018 (TIM, 2018. Such data is

important to imply that the sector still maintains its
rightful place in economy and human life.

Because agricultural production is an economic
activity based on natural conditions, it faces many
risks and uncertainties

Agricultural insurance, natural (hail, frost, drought
etc.) affecting agricultural production), social
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(migration, war) and economic risks (such as inflation,
fluctuations in oil, product and input prices) are one of
the easiest ways to overcome their impact (Ikikat
Tumer, 2011; Terin and Aksoy, 2015; Tkikat Tiimer et
al, 2019).

In the total world agricultural insurance premium
production, vegetable product insurance is ranked first
with 90% and animal life insurance is ranked second
with 4% rate (Yazgi and Olhan, 2017). In Turkey, these
figures are 55% for crop product insurance and 34% for
cattle insurance. The rate of insured animal livestock
was 0.05% in 2006 going up to 4% by 2018 (TARSIM,
2020). However, it may be thought when the number
of animal livestock is considered which is 14 million
that the rate of livestock animals to be insured is 96-
97%.

Farm owners working in accordance with the
commercial regulations in TRA1 NUTS II Region,
covering the provinces of Erzurum, Erzincan and
Bayburt and having severe continental climatic
characteristics, need to use their own resources at
their best under risks and uncertainties. Therefore,
understanding consumer behaviours, determination of
marketing strategies for farms and consumer demand
estimation analysis are also strategically important in
agricultural policy making in Turkey.

Articles about insurance demand have been getting
more attention in recent years. Cotton producers’
insurance claim in Burkina Faso (Sarfilippi et al,
2015), corn producers' insurance claim against climate
change in Bangladesh (Akter et al, 2017), flood
insurance claim in the Netherlands (Robinson and
Botzen, 2020), climate change and index insurance
demand (Dougherty et al) in Tanzania., 2020) have
been calculated. Kim et al., (2005) also calculated the
factors influencing the adoption of best management
practices by cattle producers analyze using negative
binomial regression analysis.

Demand and demand flexibilities of agricultural
insurances have an important share in planning newly
developing agricultural insurance sector and shaping
its organisation in Turkey. Demand estimation is
needed by agricultural insurance companies and
TARSIM (Agricultural Insurance Pool) in planning
insurance production. Demand flexibilities are
important information sources for future prospects and
projections.

Aimed of this present study was to determine the
effective factors on the increase of the share of
Clpremium production in total agricultural insurance
premium production and to estimate the demands of
farmers for CI who conduct agricultural activities in
TRA1 NUTSII Region. It was also targeted to create
source for public and private institutions to provoke
and raise agricultural insurance awareness.

615

MATERIAL and METHOD

Main material of the study is made up of production
data obtained from farmers living in TRA1 NUTSII
Region (covering the provinces of Erzurum, Erzincan
and Bayburt) in 2009. Sampling volume was calculated
using proportional sampling method. p=0.5 was taken
to reach the maximum sample volume. (Newbold,
1995).

no_ N*p*Q-p)
(N-D*o, +p*(L-p)

__ 61832%05%05
61831%0.00205+0.5%05

2 2
O'; z[ j 0'§ (%j =0.00205

1.645
In the formula; nisample size, N:number of farm in the

122

r
Z05/2

. 2. . . . .
population, o, variance of the ratio, r'margin of error

allowed from the average (7.5%), Za2'Z value (1.645), p:
shows the possible proportion of producers (50%).

122 the survey was distributed proportionally to
provinces, districts and villages, taking into account
the number of farmers. Totally 122 questionnaire
survey forms were completed in 3 provinces, 15
districts and 30 villages, and the obtained data were
used in analyses.

Count Data Models

Count data is referred to the number of repetitions of
any given event as the result of the trials conducted at
a definite time. The number of cigarettes consumed on
a day, customers coming to a shopping centre during
daytime, forest fires occurring in a year, yearly CI etc.
can be given as example for count data (Frome et al.,
1973; Deniz, 2005). When dependent variable
represents events seen in a certain time period,
Poisson and Negative Binomial regression analyses
can be used (Frome et al., 1973;McCullagh and Nelder,
1989; Cameron and Trivedi, 1998). In Poisson
distribution, average and variance refer to the same
value. If the distribution is not even and equal, over-
or under-dispersion can be seen. On such conditions,
poisson regression cannot be applied. When variance is
larger than average Negative Binomial Regression
(NBR) models are applicable (Cameron and Trivedi,
1998; Winkelmann 1998, 2008). NBR uses log linkage
function between dependent variable and independent
variable vector. NBR model is given as follows

el

. Iy, +a™)( Aa Y ’
PI‘(YI = yi‘xi): 0, +0{1 )| A 1 a0 (1)
yil(e™) I+ 4a) \1+4a
wherea 1s the additional parameter value
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representing the degree of over-dispersion. If & is zero
then NB and poisson refer to the same dispersion. The
bigger the value of & is, the more the dispersion of
data is. Average and variance are defined in NBR
model as follows (Lawless, 1987, Lambert, 1992;
Cheung, 2002).

E(Yi |Xi ): A
Var(yi |Xi )NB =4 (X)+ alk

(2
(3

Standard Poisson and Zero Inflated NB count data can
be used to express additional zeros in dependent
variables. Alternative regression method in the
modelling of dependent variable Y;, where zero values
are too high, is Zero Inflated Negative Binomial

Regression (ZINB) model. The model can be written as
follows.

|V
7 +l-n, {1“1/1.] y,=0
Pr(fi)= ( 1)
Iyi+— (1 S
(-7 ") 1 jy[ o ] J,=123...
! y!r(lj \1+az, ) (1+ak '
a

@)

I' is gamma function and o is dispersion parameter.
Average and variance in ZINB model can be expressed
as follows.

E(y,)=0-= ]k
Var(yi )Z,NB = (1— 7T )[1"‘ A4 (05 + 7 )]}H 5)

Farmers’ desire to make CI was evaluated through
binomial method (e.g. Logit, Probit) in zero inflated
count data model while standard count model was used
to analyse the number of animals for which farmers
desired to make CI (Cameron and Trivedi, 1998).

It was determined that some of the epidemic
veterinary disease were seen beginning from 20 years
ago to recent years. Based on such findings, animals
were supposed to catch illness in the probability rates
of 5%, 7.5%, 10%, 12.5% and 15%. The number of
animals up to ten for which farmers wanted to make
insurance in a year time under the risk of a certain
disease tried to be determined.

In the model, since o is >1, over dispersion is in
question in data clusters. In a such situation, Negative
Binomial Regression was used more preferably
(Cameron and Trivedi, 1998; Yesilova et al., 2007).
Binomial Logit Model was shaped for the farmers
wanting not to make CI (Table 3). Dependent variable
is farmers’ decision to make CI. In order to compare
the results of Logit model and Count Data model of
Negative Binomial Regression, signs of variables
obtained as the result of Binomial Logit model were
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reversed and commented (Isgin et al., 2008; Bilgic et
al., 2009).

In ZINB model, the number of animals for which
farmers desired to make CI is dependent variable.
Depending on the number of animals, farmers don’t
want to make CI due to the factors such as lack of
income or awareness and therefore, dependent
variable gets the value of zero and ZINB regression
model was used in the study.

RESULTS and DISCUSSION

The result of analysis indicated that 56.6% of the
farmers surveyed were those who prefer prudent and
least risky investments and were in the risk averse
group. Yet, 22.1% of farmers were risk-takers, stable,
capable of managing risk, economically most ideal, and
were in the risk-neutral group until their expected
income get the highest. The proportion of adventurous
farmers who like risky investments in the region was
21.3% and they were in the risk-taking group (Ikikat
Timer and Birinci, 2013).

Their ages ranged between 22 to 80 (mean age was
45.15) of years and mean education time was 6.52
years. Mean number people of households was found to
be 5.95 and 2.98 of whom were working in agricultural
production. Farmers interviewed stated that they had
an average experience of 27.53 years in agricultural
production. Among the farmers participating in the
study, 29% did not have any membership of a
cooperative (Table 1). Social security is the provision of
an income guarantee with people on which they can
live against the risks including the possibility of losing
their jobs current and in coming years (Anonymous,
2009). The rate of farmers under the umbrella of social
security in the study area was 83% (Table 1), which
was 93.43% in whole country (SGK, 2019). The types
of agricultural production activity the interviewed
farmers conducted in the region were detected to be
plant production, animal production and both in the
rates of 18.85%, 5.74% and 75.41%, respectively. Mean
yearly income of the farmers participating in the study
by completing questionnaire surveys was found to be
113.322,13, £9.109,02 of which was found to be left for
agricultural production again. The rate of farmers
working also out of agriculture sector was determined
to be 43% and obtain a mean yearly income of
17.592,31 from the activities out of agriculture.
Farmers participating in the study were found to
possess 98.76 da land and 14.69 livestock animals on
the average. Mean daily milk yield of livestock animals
in the farms in the region was determined to be 4.58
kg/day. Farmers were determined to be aware of
agricultural insurance in the rate of 32% and 57%of
them stated that they wanted to make insurance for
plant products. Farmers producing animal productions
stated that they wanted to make insurance for only
1.78 of 10 livestock animals.
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Table 1. Descriptive statistics belonging to farmers

Cizelge 1. Ciftcilere ait tanimlayici istatistikler

Minimum Maximum Mean Std. Dev.
Minimum Maksimum Ortalama Std. Sapma

Age 22.00 80.00 45.15 13.803
Education 0.00 15.00 6.52 2.896
Education ( primary school) 0.00 1.00 0.40 0.492
Education (secondary school) 0.00 1.00 0.82 0.386
Number of individuals in the family 2.00 16.00 5.95 2.374
Number of individualsemployed in agriculture  1.00 12.00 2.98 2.212
Experience 4.00 65.00 27.53 14.005
Membership of a cooperative 0.00 10.00 0.29 0.454
Social security 0.00 10.00 0.83 0.379
Agricultural income 800.00 75000.00 13322.13 12614.903
Budget left for agriculture 800.00 60000.00 9109.02 9201.336
non-agricultural income 200.00 30000.00 7592.31 4848.021
Owning an investment apart from farm 0.00 1.00 0.51 0.501
Lands (da) 0.00 920.00 98.76 165.486
Total amount of livestock (animal number) 0.00 85.00 14.69 17.030
Milk yield per cow (I/day) 0.00 15.00 4.58 3.362

The number of animals desired to be insured 0.00 10.00 1.78 2.913
Disease probability of animals 5.00 15.00 9.84 3.55

CI premium cost 54.00 162.00 111.34 35.33

Cost of one dairy livestock animal was 52000 in the
provinces of Erzurum, Erzincan and Bayburt in 2010.

Totally 55 of 122 farmers interviewed wanted to make
insurance for at least one of their animals. In other
words, the rate of farmers desiring to make CI for at
least one animal was calculated to be 45.10%. Mean
number of animals for which farmers desired to make
CI was found to be 1.78. Among 122 farmers, 67
(54.90%) did not want to make insurance for none of
their 10 animals. Therefore, the rate of zero
observation should be taken into consideration. The
rate of farmers desiring to make CI for more than 3 and
4 animals was found to be 61.81% and 38.18%,
respectively.

In the Logit model, the dependent variable was the
decision of farmers to take out cattle insurance. In the
ZINB model, the number of animals desired to be
insured was a dependent variable.

According to the alpha test result (p<0.01), Hohiotesis
is rejected and NBR analysis is decided. When
variance of the dependent variable (2.913) is greater
than its mean (1.78), ZINB regression models are
appropriate to use (Cameron and Trivedi, 1998;
Winkelmann 1998, 2008).

Therewas positive relationship between desire to make
CI and the membership of a cooperative. Farmers
member of a cooperative were open to innovations and
new ideas more than others and wanted larger number
of animals to be insured compared to others. This
relation was statistically significant (p<0.10). Making
CI is negatively affected by farmers’ ownership of
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investment out of farms. Farmers having investment
out of farm relied on this investment and did not want
to make CI. This relation was statistically significant
(p<0.10). There was a positive relationship between
making CI and daily milk yield per cow. As the rate of
milk farmers provided per cow increases, desire to
make CI increased to ensure the survival of animals.
Such a relationship was statistically significant
(p<0.05). Table 2 gives the factors affecting the number
of animals desired to be insured in a year. Dependent
variable is the number of animals for which farmers
desire to make CI. This number was affected
negatively by income from agricultural activities. As
farmers’ income from agriculture increases, their self-
confidence also increases and think they can meet the
expenses when an animal catches disease. This
situation was statistically significant (p<0.01). There
was a positive relationship between the number of
animals to be insured and the size of budget left for
agricultural production. As the amount of money
farmers spend on agricultural production increases,
the number of animals desired to be insured also
increases since they want to take back their
investment. This relationship was statistically
significant (p<0.01). The number of animals desired to
be insured was affected positively by the probability
that animals may catch disease. As the probability of
catching disease in a year increases, farmers want to
make insurance for their animals and the number of
animals to be insured also increases. Such a situation
was statistically significant (p<0.05) (Table 2).
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Table 2. The number of animals for which farmers wished to make CI
Cizelge 2. Cift¢ilerin biiyiikbag hayvan hayat sigortas: yaptirmak istedigi hayvan sayisi

Decisi . The number of animals desired to be

ecision of cattle insurance insured

‘lgarvlglzles] Biiytikbas hayvan hayat sigortasi karari Sigortalatilmast istenen hayvan sayisi
egtpkenter Coefficient t value Coefficient t value

Katsayi t degeri Katsay1 t degeri

Constant 0.6826 0.6160 1.1160 ** 2.0320

Age 0.0093 1.1170

Experience 0.5290 1.2350

Education (those educated

secondary school:1, other:0) -0.6813 -1.0180 -0.1085 -0.4260

Number of individuals

employed in agriculture -0.0288 -0.2080 -0.0025 -0.0540

Agricultural Income -0.0001 * -4.2480

Budget 0.0002 * 3.7070

Disease probability of animals 0.0515 ** 2.2150

CI premiumprice -0.0078 ** -2.2500

Rate of arable land ownership i i

(50 da and more:1, other:0) 0.8779 1.4510

Membership of a cooperative -1.4494 *** -1.8300

Owning an investment apart

from farm 1.1919 *** 1.8560

Milk yield per cow (I/day) -0.2227 ** -2.4560

Erzurum 0.2878 0.4250 -0.3471 -1.1910

Erzincan 0.7643 1.0020 0.0199 0.0690

Neutral risk group 0.4276 0.6200 1.0396 * 4.8160

Alfa 2.0729 * 3.3320 0.0213 0.2670

Log_Likelihood 170.2711

Vuong Test: ZINB 4.1223

VuongTest:ZINB-HNB 6.7445

VuongTest: HNB-NB -2.3447

AIC

* kk kk%
) )

Alfa test Ho! convenient with Poisson distribution.

statistical significance at 0.01, 0.05 and 0.10 probability levels.

Voung test Ho: convenient with Negative Binomial Regression with increased zero.

Bayburt is taken to be reference group.

There was a negative relationship between the number
of animals to be insured and the cost of CIpremium. As
the latter increased the number of animals to be
insured decreased. Such a condition was suitable with
economic theory and the relationship was statistically
significant (p<0.05). When Clpremium price increased
byb 1 the number of animals to be insured decreased
by 0.0299 (-0.0078%3.8305=-0.0299, where -0.0078 is
the coefficient of CIpremium price (Table 2) and 3.8305
is the (conditional mean) estimated value of the
number of animals desired to be insured by farmers
(Table 4). Farmers in neutral risk group wanted
significantly more animals to be insured than others
(p<0.01).

Table 3 represents conditional and unconditional
flexibilities. Unconditional flexibility is calculated for
all farmers. Conditional flexibilities are evaluated in
the study since they are related to farmers desiring to
make CI (67 farmers). There was a negative
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relationship between making CI and the rate of income
from agriculture. When agricultural income increases
by 1% then the number of animals desired to be
insured decreases by 1.75%.

Therewas a positive relationship between the desire to
make CI and the budget left for agriculture. When the
budget increased by 1%, the number of animals desired
to be insured increased by 1.56% (Table 3).

There was a positive relationship between the
probability of making CI and animal diseases. When
the probability of veterinary diseases increases by 1%
the number of animals desired to be insured increases
by 0.61%. In addition, a negative relationship was
detected between desire to make CI and insurance
premium cost. When CI premium cost increased by 1%,
the number of animals desired to be insured decreased
by 0.87%. There was another positive relationship
between the desire to make CI and the group neutral
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to risk. The number of animals for which those in
neutral group desire to make insurance is 0.23% larger

Table 3. Conditional and unconditional flexibilities
Cizelge 3. Kosullu ve kosulsuz elastikiyetler

than the others (Table 3).

Conditional flexibility Indirect flexibility Unconditional flexibility
Variables Kosullu elastikiyet Dolayl1 elastikiyet Kogulsuz elastikiyet
Degiskenler Coefficient t value Coefficient t value Coefficient t value
Katsay1 t degeri Katsay1 t degeri Katsay1 t degeri
Constant 1.1160 ** 2.0320 -0.3385 -0.4540 0.7775 0.8170
Age 0.4182 1.1170
Experience -0.5161 -0.6550 -0.4979 -0.6170
Education (secondary -0.0890 -0.4260 0.2769 1.1680 0.1880 0.6330
school:1)
Population employed in -0.0073 -0.0540 0.0426 0.0460 0.0353 0.0380
agriculture
Income obtained from -1.7513 * -4.2480
agriculture
Budget 1.5599 * 3.7070
Disease probability of 0.6077 ** 2.2150
animals
CI premium price -0.8714 ** -2.2500
Rate of arable land 0.2248 1.6070 0.2248 *** 1.7660
ownership (50 da and
more:1)
Membership of a cooperative 0.2062 ** 2.2630 0.2062 ** 2.2910
Owning an investment apart -0.1647 -1.1210 -0.1504 -1.0090
from farm
Milk yield per cow (I/day) 0.5055 0.3890 0.4697 0.3640
Erzurum -0.1479 -1.1910 -0.0608 -0.3140 -0.2088 -0.9420
Erzincan 0.0059 0.0690 -0.1118 -0.7000 -0.1060 -0.6060
Neutral risk group 0.2301 * 4.8160 -0.0469 0.4450 0.1831 1.5760

* F* k%% statistical significance at 0.01, 0.05 and 0.10 probability levels.

Bayburt is taken to be reference group.

Table 4 gives the real and estimated averages of the
probability of farmers’ desire to make CI. According to
real values, although 45.08% of farmers desired to
make CI, this rate was determined to be 50.41% in the
model and 54.92% and 49.59% of farmers undesired to
make CI in real and model, respectively. There is a
difference of 5.33% between real and estimated values,
and such a difference shows that the model is close to
real values.

Conditional average means the average yearly number

Table 4. Conditional and unconditional averages
Cizelge 4. Kogullu ve kogulsuz ortalamalar

of animals to be insured by only the farmers desiring
to make CI. This number was estimated to be 3.95 in
real values while 3.83 in the model. The difference
between two values is 0.12, which is very close to real
value.

The number of animals desired to be insured in real
values from surveyed 122 farms was estimated to be
1.78 while being 1.85 in model. The difference between
two values 1s 0.07, which shows that the model reflects
real values very well.

Real (Gergek) Estimated (7ahmini)

Average value (Ortalama deger) Average value (Ortalama deger)
Probability 0.4508 0.5041
Conditional average 3.9455 3.8305
Unconditional average 1.7787 1.8527

Note: Probability means the chance to make CI by giving 1 and 0 to whoever desired and undesired to make CI, respectively.
Conditional average means the average number of animals to be insured by only the farmers desiring to make CI. Unconditional
average means the average number of animals to be insured by both the farmers desiring and undesiring to make CI.
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CONCLUSION

In the present study, it was aimed to estimate the
demand of farmers performing agricultural production
activities in TRA1 NUTSII Region for CI. Data were
obtained from the region through questionnaire forms
from 122 farms.

The study shows that various factors may affect CI
trends. In this respect, it was determined that when
income from agriculture increased by 1%, the number
of animals to be insured decreased by 1.75%. Yet, while
the number of animals to be insured increased by
1.56% the budget rested for agricultural production
increased by 1%. In addition, it was determined that
as the insurance premium cost increased, the number
of animals to be insured decreased, which is also
confirmed by demand theory. However, when the
probability of animal (veterinary) disease increased by
1%, the number of animals desired to be insured
increased by 0.61%. Distribution map of veterinary
diseases should be prepared throughout the country,
required measures should be taken for the diseases
and farmers should be aware of such consequences.

The study results indicated that the number of animals
for which farmers wish to make insurance was
estimated to be 3.83 per farmer. In addition, when
insurance premium cost increased by 1%, the number
of animals desired to be insured decreased by 0.87%.
Farmers’ attention should be attracted to the
insurance by applying discounts in insurance
premiums in order to increase the number of insured
livestock animals (at present 3%) and premium
production (34% at present).

It is possible to state that farmers have yet not
developed consciousness towards Iinsurance.
Therefore, they should be informed through mass
communication devices such as television, radio and
SMS about the importance, types and scopes of
agricultural insurances, insurance premium account,
toll detection and compensation payments. After that,
seminaries should be organised to gnform farmers
about agricultural insurances by determining pilot
zones.
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OZET Aragtirma Makalesi
Zamansal degisimin incelenmesi, tarim arazilerinin mevcut durumu

ve kentsel degisimlerin tarimsal potansiyele sahip topraklar Makale Tarihgesi
tizerindeki etkisinin belirlenebilmesi agisindan 6nemlidir. 1980-2015 Gelig Tarihi  :17.05.2020
yillar1 arasinda tarim arazileri ve yerlesim alanlarinin zaman Kabul Tarihi :23.10.2020
icerisindeki degisimleri ve bu degisimlerin hangi toprak serileri

tizerinde daha etkili oldugunun incelendigi bu c¢alisma, Ceyhan Anahtar Kelimeler
Ovas’'nin Sol Sahil kesiminde (70941 ha) yiiriitiilmiistiir. Ceyhan Toprak bilgi sistemi

Ovasi detayli temel toprak haritasindan hazirlanmis olan toprak Ceyhan ovasi

serileri ve fazlarimi gosteren haritalama birimlerine ait fiziksel ve Alansal ve zamansal degisim

kimyasal analiz sonuglari, ArcMap yazilimi tizerinden cografi bilgi
sistemlerine entegre edilerek Ceyhan Ovasi i¢in toprak bilgi sistemi
olusturulmustur. Toprak bilgi sistemi kullanilarak toprak serileri ve
onemli ozellikleri, topraklarin taksonomik simiflar1 ve fizyografik
birimler i¢in haritalar tretilmis ve alansal dagilimlar1 tespit
edilmigtir. Toprak bilgi sisteminin kurulmasiyla c¢alisma alani
icerisinde bulunan yerlesim alanlarinin 1980 yilindan 2015 yilina
kadar olan siirecte alansal degisimleri belirlenmistir. Bu amagla,
1977-1982 wyillarinda yapilmis toprak haritalar, 2015 yili uydu
goruntileri kullanilarak revize edilmigtir. Calisma alaninda tarim
arazilerinin toplam alani azalirken, 6zellikle Ceyhan ilge merkezinin
alaninda 6nemli bir artis olmustur. Bélgede zamanla artan yapilagsma
ve sanayilesme ile tarim arazilerindeki azalig arasinda bir iligki
bulunmaktadir. Ceyhan ilce merkezinin zaman icerisinde en fazla
Catalhdyiik serisi tizerinde gelismesi, bu serinin alaninin azalmasina
neden olmustur. Zaman icerisinde en fazla alansal kayip Islamoglu
serisinde gorulurken, Doruk, Hamidiye, Mustafabeyli ve Veysiye
serilerinde degigsim gorulmemistir. Ceyhan ovasinda haritalanmisg
toprak serilerinin o6zelliklerine gore en fazla alan kaplayan seri
Ceyhan serisidir. Bunu sirasiyla; Kosreli, Burhanh serileri takip
etmektedir. Bu ¢calisma, 35 yillik stirecte tarim topraklarinin hangi
amagclarla tarim disina cikarildigini ve zamana bagli olarak alansal
degisimin boyutunu goéstermigtir.

Monitoring Of Land Use In The Ceyhan Plain By Using Soil Database

ABSTRACT Research Article
Investigation of land use changes is important in terms of misplacing

the agriculture lands especially for wurbanization and also Article History
industrialization. Study was carried out in the South half of Ceyhan Received 117.05.2020
Plain (70941 ha) to define the temporal variations of settlements and Accepted :23.10.2020
its cropland and to analyze which soil series have been lost by misuse.

Physical and chemical analytical data of mapping units were Keywords

integrated into geographic information systems via ArcMap software. Soil Information System
Using soil information system, thematic maps are created to show Ceyhan pain

spatial distribution of important soil properties, taxonomic classes Spatial and temporal changes

and physiographic units. It has been determined that the area of the
residential land increased and the agricultural land within the study
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area has been decreased in the period from 1980 to 2015. In order to
update the soil map of 1983, 2015 satellite images of Ceyhan Plain
have been used. Total area of agricultural lands during last 35 years
have been decreased. Ceyhan District is completely located within the
study area, thus, it is one of the important reason of the loss of
agricultural land among the whole study area. There is a relation
between increasing construction and industrialization and decreasing
agricultural land. Soil database performed in this study showed that
largest loss have been Islamoglu series, while there were no changes
Doruk, Hamidiye, Mustafabeyli ve Veysiye soil series. It is concluded
that the soil data bases are very useful tools to determine location and
coverage of any mapped soil properties and also monitoring land use

changes after several years.

Atif Icin: Turgut YS, Keles B, Senol S 2021. Toprak veritabani kullanilarak Ceyhan ovas: arazi kullaniminda zamansal
degisimlerin belirlenmesi. KSU Tarim ve Doga Derg 24 (3): 622-631. DOI: 10.18016/ksutarimdoga.vi.737302.
To Cite: Turgut YS, Keles B, Senol S 2021. Monitoring Of Land Use In The Ceyhan Plain By Using Soil Database. KSU
J. Agric Nat. 24 (3): 622-631. DOI: 10.18016/ksutarimdoga.vi.737302
GIRIS potansiyelinin diismesine veya tamamen tarim digsina

Insanoglu, toprak ile tamistigi ve topragi tarimsal
amaclarla kullandigr donemlerden bugine kadar,
topraklar1 gerek tarimsal gerekse tarim dig1 olmak
uzere degisik sekillerde degerlendirmis ve onlara
ekonomik kaygilarla ¢esitlik kazandirmiglardir.
Sanayi devriminden itibaren artan Insan
popllasyonunun ihtiyaclarini karsilamakta guclik
cekmeye baglanmasi ve birim alandan daha yuksek
verim alinabilmesi amaciyla topraklara geri dontisiu
miumkin olmayan bir sgekilde =zarar verilmeye
baslanmisgtir (Ozbek ve ark.,1981). Ekonomik anlamda
yeni faaliyet alanlarinin olusturulmasi1 amaclanirken,
bir yandan da tarim disi kullanim 6nemli bir sorun
haline gelmistir (Bayar ve Karabacak, 2017). Insan
faaliyetlerine bagl olarak verimli tarim arazilerinin
hizla sanayi ve yerlesim alanina donustiirilmesi,
ormanlarin tahribi ve uygun olmayan marjinal
topraklarin tarima acilmasi, insanligin ve doganin
gelecegini tehdit etmektedir (S6nmez, 2012).

Gelecek nesillerimizin emaneti ve giivencesi olmasi
hususunda buytik oOnem tasiyan tarim arazileri
glinimuizde ¢esitli  sorunlarla karsi karsiya
kalmaktadir. Bunlar; tarim arazilerinin bilingsiz
kullanimindan kaynaklanan ve artan nufusun
ihtiyaclarina bagh olarak, tarim arazilerinin yerlesim,
sanayi vb. diger uygun olmayan tarim dig1 amaclarla
kullanilmasindan kaynakl sorunlardir. Verimli tarim
arazilerinin sanayi ve yerlesim alani olarak kullanima
acilmasi, orman alanlarinin tarim arazisi olarak
kullanilmak tzere tahrip edilmesi, yerlesim
alanlarinin zemin agisindan uygun olmayan alanlar
tuzerinde gelismesi gibi bir¢cok problem ile kars:
karsiya kalinmaktadir (Karabulut ve ark., 2006). Bu
baglamda, ilgili sorunlarla miicadele etmek amaciyla,
03 Temmuz 2005 tarihinde “Toprak Koruma ve Arazi
Kullanim Kanunu” yiiriirliige girmistir (Anonim,
2005). S6z konusu kanun, topraklarin dogal ve yapay
yollarla ozelliklerinin kaybedilerek, tarimsal
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¢ikarilmasinin 6niine gegilmesi, bilimsel esaslara
dayali olarak uygun toprak yonetim-siniflandirma ve
arazi kullanim planlari olugsturularak amacg¢ dis1
kullanimin 6nlenmesini amacglamaktadir. Bu kanun,
arazilerin uygun bir koruma ve yénetim planlamasi ile

strdurulebilirligini devam ettirebilmesine imkan
tamimaktadir. Ancak, bu kanunda s6zu edilen
planlama c¢alismalarinda temel baz1 sikintilar

bulunmaktadir. Althk olarak kullanilmasi zorunlu
olan ve ilgili kanunda da ifade edilen “toprak veri
taban1 ve haritalar1’” tiilkemizde heniiz tam olarak
hazirlanamamistir (Sénmez ve ark., 2007; Senol,
2012). Tarima elverigli topraklarin amac¢ dis1 ve
bilingsiz kullanimi her gecen giin artmakta ve bu
durum ile ilgili farkindalik yaratilmasi amaciyla gerek
yerlesim alanlarinin gerekse de tarim arazilerinin ve
¢evresinin c¢esitli donemlerde zamansal ve mekansal
degisimlerinin  incelenerek arazi  kullamimdan
kaynakli sorunlarin ve degigsimlerin tespit edilmesi
gerekmektedir. Dinamik bir yapiya sahip arazilerin
haritalanmasi ve zamansal degisimlerinin incelenmesi
ayrintili etiid calismalar1 yapilan alanlarda althik
harita olarak kullanilan uydu goérintilerinin
yorumlanmasi ve toprak bilgi sistemi olusturulmasi
sayesinde mevcut arazi kullanim haritalarinin
yapilmasina yardimeci olacaktir (Senol ve ark., 2010).

Bu nedenle, arastirmacilar uzaktan algilama verilerini
ve cografi bilgi sistemlerini (CBS) kullanarak cesitli
¢alismalar yiritmiigler ve son yillarda gelisen uydu
goriintiileri kullanilarak arazide meydana gelen
degisimleri izleyerek basarili ve gilivenilir sonuglar
elde etmiglerdir (Atesoglu, 2007). Kaya ve Toroglu
(2015), Kayseri ilinin gehirsel gelisimini ve arazi
kullaniminda meydana gelen degisiklikleri belirlemek
amaciyla cesitli tarihlerde elde edilmis uydu
goriintilerini simiflandirarak tarim arazilerindeki
degisim trendini gostermiglerdir. Benzer gsekilde;
Adana sehrinin hizli degisim potansiyeli dikkate
alinarak, alansal gelisimi ve yakin ¢evresinde ki arazi
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kullanim etkinliginde meydana gelen degisiklikler 38
yillik  bir stirede ¢esitli donemlerde uydu
goriintiileriyle izlenmistir (Sénmez, 2012). Bir bagka
calismada Déker ve Giil (2019) tarafindan 1985 ve
2019 yillarn arasindaki sehirsel bliyime ve arazi
kullanim degisiminin izlenmesi amaciyla belirli
zaman araliklarinda alinan Landsat TM uydu
goriintiileri ile nesne tabanli goriintii isleme teknikleri
kullanilarak yapilmistir. Demirel ve Senol (2019)
althik kartografik materyal olarak Quickbird ve Spot-5
uydu goriuntilerini kullanarak detayli toprak etiit
calismalarimi gerceklestirdikleri bir ¢alismada, arazi
degerlendirme ve arazi kullanim oOnerisine yonelik
haritalar ireterek orman, yerlesim alani ve tarim dis1
kullanima yo6nelik alanlar1 belirlemiglerdir.

Bu ¢alisma, Adana ilinin dogusunda yer alan Ceyhan
ilce merkezi ve merkezin giineydogusunda yer alan
Ceyhan Ovasrmin 35 yillik siirecte (1980-2015) arazi
kullaniminda alansal degisimlerinin tespit edilmesi ve
tarim arazileri Gizerine etkisinin belirlenmesi amaciyla
yapilmigtir. Ceyhan Ovasi toprak serileri ve fazlar
diizeyinde yapilmis olan detayli toprak serileri ve
fazlarim1 gosteren harita ve guncel uydu verileri
kullanilarak bu stre zarfinda tarim disina c¢ikarilan
alanlar tespit edilmistir.

MATERYAL ve METOD
Materyal

Calismada 1977-1981 yillar1 arasinda yuritilen
“Ceyhan Ovasi Topraklarinin Genesisi, Onemli
Fiziksel, Kimyasal Ozellikleri ve Simflandirilmasi
Uzerinde Arastirmalar” isimli calismanin toprak etiit
raporu ve haritalar1 (Ozbek ve ark., 1981) althk
materyal olarak kullamilmigtir. Calisma alanmim
kapsayan 1/25.000 é&lgekli (toprak haritalama
birimlerinin sinirlari, yerlesim yerleri, yollar, nehirler,
dereler, hoyiikler vb.) 11 adet toprak harita paftasi,
haritalama birimlerinin sinirlari, yerlesim alanlarinin
simirlar1 ve diger cesitli arazi tiplerinin alanlarini
belirlemek amaciyla sayisallagtirma islemlerinde
kullanilmigtir. Calisma alani icerisinde; 28 farklh
toprak serisine ait 642 adet haritalama birimi, 49 adet
hoytik, 63 adet yerlesim alani, 2 adet tagh kayal arazi
ve 2 adet nehir yatagi cakil deposu bulunmaktadir. Bu
alanlara ait lejant verileri; tist ve alt toprak tekstiirleri
ve yuzdesi, kire¢ icerikleri, pH, tuzluluk, organik
madde, KDK gibi fiziksel ve kimyasal 6zelliklerin yani
sira, drenaj, derinlik, taghihk erozyon, egim gibi
fizyografik ve topografik 6zelliklere de yer verilmistir.
Calismada cografi duzeltmeler ve sayisallagtirma
iglemleri i¢cin ArcMap 10.5 ve Google Earth
programlarindan yararlanilmigtir. Arazi
kullanimindaki degisikliklerin belirlenmesinde 2015
yili1 Google Earth arsiv verileri kullanilmigtir.
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Calisma alam

Calisma alani; Adana ili sehir merkezinin 40 km
dogusunda bulunan ve Ceyhan ilge sinirlari icerisinde
yer alan Ceyhan Ovas’min sol sahil kesimini

kapsamaktadir (Sekil 1).

Sekil 1. Calisma alaninin cografi konumu
Figure 1. Geographical location of the study area

Ceyhan Ovasi, dogusunda Osmaniye-Cevdetiye (370
04’ 20” K, 36¢, 14’ 58” D), kuzeyinde Kadirli ve Kozan
(370 27 03” K, 35°, 49’ 01” D), batisinda Misis (36° 57’
42” K, 359,47 42” D) ve glineyinde Yumurtalik Korfezi
(360 46’ 34” K, 350, 47 24” D) ile smirlandirilmistir.
Ancak caligma, Ceyhan Ovasi’min sol sahil kesimini
kapsayan 72500 hektar (ha) alanda yiiriitiilmiistiir.
Ceyhan Ovasi bir tagkin ova 6zelligine sahip olup,
ovanin giiney ve giineybati kesimleri hari¢ genellikle
diz-dize yakin arazilerden olusmaktadir. Egim en
fazla %2-6'dir (Ozbek ve ark.,1981). Tklim Gzellikleri
bakimindan yazlar1 sicak ve kurak kiglari iliman ve
yagish tipik Akdeniz ikliminin etkilerini gosterir.
Adana 1ili i¢in; 1929-2018 yillar1 arasinda en yiiksek
sicaklik 34.7°C ile Agustos ve en dusik sicaklik ise
5.20C ile Ocak ayindadir. Ancak, Ceyhan’da kis
sicakliklar1 Adana iline gore 1-2°C daha dusiiktir. Séz
konusu yillara ait 6lgiim periyotlarinda, Adana ilinin
ortalama yillik yagis miktar: 647.5 mm dir (Anonim,
2019). Toprak nem rejimi Aquic olan lokal bolgelerin
disinda tiim bélge Xeric nem rejimine sahiptir. Toprak
sicaklik rejimi ise Thermic’tir (Soil Survey Staff, 1975).
Ceyhan ilgesine ait iklim verileri Sekil 2'de verilmistir.
Calisma alaninda Ozbek ve ark. (1981) tarafindan Soil
Survey Staff (1975)’a gore tanmimlanan 28 farkl toprak
serisi sayisal ortamda haritalanmigtir (Cizelgel). Ilge
merkezinin batisinda yer alan Ceyhan Nehri ve
bolgenin verimli topraklar1 ile iklimsel kosullar
nedeniyle, Ceyhan Ovasi’'nda yil igerisinde birden fazla
tarimsal Giriiniin yetistiriciligi yapilabilmektedir.
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Sekil 2. Ceyhan ilgesi iklim verileri (Anonim,2019)
Figure 2. Ceyhan district climate data (Anonymous,
2019)

Ceyhan Ovasinda yetisen baslica tarim urinleri;
bugday, misir, pamuk, soya, yer fistigi, turuncgiller,
karpuz ve ¢esitli sebzelerdir. Ceyhan Ovasi’nda sosyo-
ekonomik ve ekolojik kosullar nedeniyle pamuk
Uretimi zamanla azalarak yerini misir ve soya gibi

Oznitelik tablolarinin olusturulmasi ve sorgulama-
analiz olmak iizere ii¢c asamadan olusmaktadir (Sekil
3). Ik olarak; calisma alanimin 1/25000 6lgekli toprak
haritas1 taranarak, sayisallagtirma iglemi i¢in hazir
hale getirilmigtir. Ayr1 ayr1 paftalar halinde olan
toprak haritalarinin Dunya tzerindeki ger¢ek cografi
konumlarina yerlestirilebilmesi, mekansal dogrulugu
ve sonrasinda yapilan alansal hesaplamalar i¢in her
bir pafta ayr1 ayri konumlandirilmistir. Daha sonra
her bir haritalama biriminin sinirlar: tanimlanmis ve
28 farkh seriye ait 642 haritalama biriminin arazi
karakteristikleri ve laboratuvar analiz sonuglarina

iligkin  bilgiler  girilerek  6znitelik  tablolar
olusturulmustur. Toprak serilerinin ve yerlesim
birimlerinin alanlarinin hesaplanmasinda

sayisallastirilmis haritalar tzerinden sorgulamalar
yapilmigtir. Yerlesim alanlarinin 1980 yillina ait
simirlar1  sayisallagtirildiktan sonra, bu alanlarinin
zamansal degisimlerinin belirlenebilmesi amaciyla

Cizelge 1. Calisma alaninda tanimlanan toprak serileri, fizyografik birimleri, toprak ordolari (Ozbek ve ark.,1981)
Table 1. Soil series, physiographic units, soil orodes defined in the study area (Ozbek et al., 1981)

Toprak Serisi (Soil Series)

Fizyografik Birim (Physiographic Units) Toprak Ordosu (Soil Order)

Ceyhan
Mustafabeyli
Mercin
Erenler
Azizli
Doruk
Kosreli
Toprakkale
Veysiye
Hamidiye
Tatarli

Geng Aluviyal Nehir Teraslarinda ve
Koluviyal Etek Araziler

Young Alluvial River Terraces and
Colluvial Skirt Lands

Entisol

Burhanh
Lalegoli
Adatepe
Aslanpinari
Koérkuyu
Yaslica
Kurukandak
Kirmitl
Yarma

Bajadalar

Bajadas

Delta Tabami, Yuzlek Go6l Tabani ve

Vertisol

Delta Base, Surface Lake Base and

Canh
Adal
Narhk
Beskuyu
Uctepeler
Islamoglu

Eski Nehir Teraslar1 ve Bajadalar
Old River Terraces and Bajadas

Inceptisol

Karagay
Catalhoyik

Geng Nehir Teras: ve Eski Nehir Yatag:
Young River Terrace and Old River Bed

Mollisol

Toplam (Total)

69 899




KSU Tarim ve Doga Derg 24 (3): 622-631, 2021
KSU J. Agric Nat 24 (3): 622-631, 2021

Arastirma Makalesi
Research Article

1/25000 OLCEKLI PAFTALARIN TARANMASI

¢

PAFTALARIN COGRAFi KOORDINATLANDIRILMASI

¢

OZNITELIK TABLOLARININ OLUSTURULMASI

¢

TOPRAK SERILERIi VE YERLESIM ALANLARININ ALANSAL
DEGiSIMLERININ HESAPLANMASI

¢

SORGULAMA VE ANALIZLER

Sekil 3. Akis diyagrami
Figure 3. Flow diagram

2015 yili Google Earth arsiv géruntisi tlizerinden
glincel sinirlar belirlenip veri tabanina girilmistir.

Cizelge 2. Toprak serilerinin alansal degisimi
Table 2. Area change of soil series

Yerlesim birimlerinin guncel alanlar1 dikkate
alinarak, toprak serilerindeki alansal degisimler
belirlenmistir. Toprak etiit raporundan yararlanilarak
olusturulan toprak bilgi sistemi verileriden c¢esitli
analiz ve sorgulamalar yapilmistir. Son olarak, toprak
katmaninin 6znitelik tablosunda yer alan bilgilerden
toprak serilerinin ve 6nemli toprak 6zelliklerine iligkin
alansal ve konumsal dagilim haritalar1 hazirlanmistir.

BULGULAR ve TARTISMA
Toprak serilerinin alansal degigimi

Calisma alaniigerisinde yer alan yerlesim birimlerinin
ve toprak serilerinin 1980’den 2015°e¢ kadar olan
stirecte alansal ve zamansal degisimleri tespit
edilmigtir. Vektorel cizimler uzerinden elde edilen
toplam 28 adet toprak serisinin kapladiklar1 toplam
alanlar1 raster veriye dontsturiuldikten sonra
hesaplanmigtir (Cizelge 2). Toprak serilerinin toplam
alam1  (yerlesim  bolgeleri toprak serilerinden
cikarildiktan sonra) 68744 ha’dan, 1589 ha azals ile
67155 ha alana gerilemis olup; tiim serilerin alansal
degisimi icindeki kayb1 %2,31 olarak bulunmustur.

Seri Adi (Soil Series) Alan (Areas)

Alan (Areas) Fark (Variation)

(1981)(ha) (2015)(ha) (%)

Adali 2264 2215 -2.16
Adatepe 226 229 +1.33
Aslanpinari 835 817 -2.16
Azizli 2007 1987 -1.00
Beskuyu 3570 3481 -2.49
Burhanlh 8138 7973 -2.03
Ceyhan 11 060 10 927 -1.20
Canh 787 777 -1.27
Catalhoyiik 200 156 -22.00
Doruk 180 180 0
Erenler 878 868 -1.14
Hamidiye 284 284 0
Islamoglu 6141 5612 -8.61
Karacay 1566 1419 -9.39
Kirmith 6607 6599 -0.12
Korkuyu 5290 5187 -1.95
Kosreli 8702 8620 -0.94
Kurukandak 289 261 -9.69
Lalegolu 1976 1954 -1.11
Mercin 821 817 -0.49
Mustafabeyli 132 132 0
Narlik 896 894 -0.22
Tatarh 1344 1297 -3.50
Toprakkale 151 142 -5.96
Uctepeler 479 468 -2.30
Veysiye 885 885 0
Yarma 1994 1938 -2.81
Yaslica 1042 1036 -0.58
Serilerin Alanlari(Series Areas) 68 744 67 155 -2.31
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Yillar igerisinde yerlegim birimlerinin alaninda artig
gozlenirken, toprak serilerinin alanlarinda buna
paralel olarak bir azalma meydana gelmistir.
Catalhoyuk serisi topraklarinda 1980 yilindan 2015
yilina kadar gecen siirede % 22 (44 ha) azalma tespit
edilmigtir. Bu durumun en o6nemli sebebi, zaman
icerisinde gelisen Ceyhan ilce merkezinin Catalhoyiik
serisi topraklarinin lizerinde geniglemesidir. Zaman
icerisinde en fazla alansal kayip 529 ha ile Islamoglu
serisinde gorilmektedir. Bunun yani sira Doruk,
Hamidiye, Mustafabeyli ve Veysiye serilerinin
alanlarinda herhangi bir degisim tespit edilmemistir.
Ceyhan serisinin toplam alan icerisindeki yuzdesi
%16.27 dir. Caligsma bolgesinde en fazla alan kaplayan
Ceyhan serisi topraklarinin bélgenin kuzeydogusunda
yogun olarak bulundugu gorilmustir ve Ceyhan
Nehri kiyilarinda agirlikli olarak geng nehir banklar:
tuzerinde olugsmus olan Ceyhan serisi topraklarinin
varligi gozlemlenmistir (Sekil 4). Serilerin c¢alisma
sahasi i¢indeki dagilimlari incelendiginde en fazla
dagilim gosteren seri Ceyhan (10.927 ha) serisidir.
Sirasiyla bu seriyi; “Késreli (8620 ha)”,”Burhanli (7973
ha)”, “Kirmith (6599 ha)”, “Koérkuyu (5187 ha)” serileri
takip etmektedir (2015 yilindaki alanlar dikkate
alinmigtir).
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Sekil 4. Ceyhan Ovasi Toprak Serileri Haritasi
Figure 4. Ceyhan Plain Soil Series Map

En fazla azalan serilerden ikisi islamoglu ve
Catalhoytk serileridir. Islamoglu serisi topraklar: iyi
drenajli, derin ve st toprag: ¢ok az kiregli topraklar
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oldugundan tek wyillhik kultir bitkileri ve pamuk
yetistirilmesinde higbir sorun gostermeyen
topraklardir. Alt topraginda Calcic horizon bulunmasi
ve kil iceriginin fazla olmasi nedeniyle bitki kéklenme
derinligi simirlandigindan derin koékli bahge bitkileri
icin az elverigli topraklardir (Ozbek ve ark., 1981).
Ozellikle, son 20 yilda pamuk iiretiminin azalmasi,
Cukurova ve Ceyhan Ovasi topraklarinda pamuk
Uretiminin pazar paymin eskiye oranla ¢ok fazla
dismesi nedeniyle, Ureticiler narenciye gibi daha ¢ok
kar getiren urunleri tercih etmeye baslamiglardir.
Nitekim, 2008 ve 2016 yillar1 arasinda patates, yonca
ve misir gibi tahil ve diger bitkisel Grinlerin tiretimi
yaklasik olarak 275.000 dekar (da) azalmasina
ragmen, turuncgil grubunun basini ¢ektigi meyve,
icecek ve baharat bitkileri ekilen alanlar yaklasik
olarak 10.000 dekar (da) artmistir (TUIK, 2017).
Ceyhan ilgesi yakinlarinda eski nehir yataginda 100-
200 m genigliginde yer alan Catalhoyuk serisi
topraklari, tahillar ve hafif teksturli toprak istegi
olmayan yem bitkileri ve endistri bitkileri i¢in uygun
topraklardir. Islamoglu serisine benzer sekilde, drenaj
yetersizligi koklenme derinligini kismen
simirlamaktadir. Bu nedenle, meyve ve bahge bitkileri
i¢in ¢cok uygun olmayan topraklardir. Buna karsilik bu
seri topraklari, her tiurli tarla tarimina uygun olan
mutlak tarim arazileridir. Ceyhan 1ilgesi sgehir
merkezine yakin olmasi, yerlesim yerlerinin bu seri
topraklar1 tlizerinde gelismesinde en etkili faktor
olmustur.

Calisma alaninin topraklarinin ordolar: ve fizyografik
birimleri

Bu calismada, yerlesim alanlarinin hangi seriler
uzerinde genigledigi ve alansal degisiminin ne derece
etkili oldugunun yani sira, ilgili alanlarin hangi toprak
ordolar1 ve fizyografik birimler tizerinde bulundugu da
belirlenmigtir. Bu amagla, toprak serilerinin dahil
oldugu ordolar1 (Sekil 5) ve serilerin hangi fizyografik
uniteler tzerinde bulundugunu gésteren fizyografik
birim haritalar1 {iretilerek (Sekil 6), alansal
dagiimlar1  saptanmistir (Cizelge 3). Calisma
alaninda; Entisol, Vertisol, Inceptisol ve Mollisol
olmak tzere dort ordo belirlenmistir (Ozbek ve
ark.,1981). Calisma alanin 27.024 ha’lik kismi, calisma
alaninda tanimlanan en yaygin ordo olma 6zelligini
tasiyan Entisoller olarak siniflandirilmigtir. Calisma
alaninin, Ceyhan nehrinin gen¢ altviyal depozitleri
uzerinde bulunmasi nedeniyle toprak olusum
igslemlerinin ¢ok fazla etkisi altinda kalmamig olmas:
ve dolayisiyla iyl profil gelisimi gostermemesi,
alanindaki Entisol ordosunun yaygin dagilisini agiklar
niteliktedir. Bunu sirasiyla; Vertisoller (26.945 ha) ve
Inceptisoller (14.458 ha) takip etmektedir.
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Sekil 5. Ceyhan Ovasi Topraklarinin Ordo Haritas: (1980). Sekil 6. Ceyhan Ovasi Topraklarinin Fizyografya Haritasi
Figure 6. Physiography Map of Ceyhan Plain Soils

Figure 5. Ordo Map of Ceyhan Plain Soils (1980).

Cizelge 3. Calisma alaninin fizyografik siniflari, alansal ve oransal dagilimlari
Table 3. Physiographic classes, spatial and proportional distributions of the study area

Fizyografik Siniflar Alan Toplam alan igerisindeki ytizdesi
(Physiographic Classes) (Areas (ha)) (Percentage in total area (%))
Geng Aluviyal Nehir Teraslar: 21 925 % 31.37

Eski Aluviyal Teraslar 14 501 % 20.75

Bajadalar 10 426 % 14.92

Eski G6l Tabanlar: 10 164 % 14.54

Koluviyal Etek Araziler 4617 % 6.61

Eski Nehir Banklar: 4473 % 6.40

Volkanik Materyaller 1844 % 2.64

Aluviyal Cukur Kil Depozitleri 1174 % 1.68

Eski Nehir Yataklar: 489 % 0.70

Kalker Kayasi 284 % 0.39

Ozbek ve ark. (1981), calisma alan topraklarmnin bir
béliimiiniin (6zellikle giineybat1 kisminda), fazla kil
iceren, yagigsiz gecen yaz aylarinda catlayan ve yagis
aldiginda sisen 6zellikte oldugunu bildirmiglerdir. Bu
durum Vertisol topraklarin olusumunu ve dagiligini
destekler niteliktedir. Mollisoller ise ¢calisma alaninin
giineydogu’sunda lokal bir alanda tanimlanmistir
(1872 ha). Ceyhan sehir merkezi, eski nehir teraslar:
ve banklari tizerinde yer alan Inceptisol ordosunun
yaygin olarak bulundugu bir bélgede kurulmustur. Bu
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nedenle zaman icerisinde en fazla degisim Islamoglu
serisinin iginde yer aldig1 Inceptisol ordosunda
gorulmektedir.  Fizyografik  birimler acgisindan
incelendiginde; c¢aligma alanimin buyik bir kism
(21.925 ha) geng aliiviyal nehir teraslar1 iizerinde
bulunmaktadir ve calisma alanin kuzeydogu’sunda yer
almaktadir. Ceyhan sehir merkezinin de tizerinde
bulundugu eski nehir teraslar (14.501 ha) genc¢ nehir
teraslardan sonra en yaygin fizyografik birim olma
ozelligini tasir.
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Yerlegim Birimleri ve Ceyhan Ilge Merkezinin Alansal
Degigimleri

Bolgenin yillar igerisinde gelisimine paralel olarak,
yerlesim  birimlerinin alansal artis gosterdigi
belirlenmigtir. Calisma alami sinirlari igerisinde 63
yerlesim birimi bulunmaktadir ve bunlardan 16
yerlesim biriminde higbir degisim goérulmemistir
(Cizelge 4). Yerlesim birimleri 1980 yilinda toplam
olarak 1736 ha alan kaplarken, 35 yil boyunca
yaklagik %93 artig ile 2015 yilinda 3361 ha’a
ulagmigtir. Ceyhan ilge merkezinin kapladig1 alan
1980 yilinda 628 ha iken 2015 yilinda 1622 ha olmus
ve bu oransal olarak yaklasik %1581ik (994 ha) bir

Research Article
artisa karsilik gelmektedir. Bunun yami sira
“Toprakkale”, “Cevdetiye” ve “Doruk” yerlesim

alanlarinin zaman igerisinde sahip olduklar: alanlarin
daha fazla artigs gosterdigi belirlenmistir. Ancak,
calisma sahasi igerisinde kalan ve sayisallastirilan
alanlardan  yapilan  hesaplamalarin, o6zellikle
Toprakkale yerlesim alani tizerinde degisime etkisinin
daha fazla oldugunu ve bu degisimi net olarak
yansitilmadigini gostermektedir. Yani daha net bir
ifadeyle, s6z konusu alanlarin bir bolimi calisma
alanlar1 disinda kaldig:r i¢in alansal degisim sadece
sayisallagtirma iglemi yapilan ¢calisma alani dikkate
alinarak yapilmis ve disinda kalan alanlar ¢alismaya
dahil edilmemigtir.

Cizelge 4. Yerlesim Yerlerinin Alansal Degisimleri (1950-2015)

Table 4. Spatial Changes of Settlements (1980-2015)

Yerlesim Yerleri (Settlements)

Alan (Areas) (1981) (ha)

Alan (Areas) (2015) (ha)  Degisim (Variation) (ha)

Aslanpinar Koyu 10 34 24
Azizli 9 14 5
Burhanlh 19 37 18
Cevdetiye 10 41 31
Ceyhan Sehir Merkezi 628 1622 994
Degirmendere 8 8 0
Dikilitag 11 11 0
Doruk 7 22 15
Haliliye 32 66 34
Kale Mahallesi 18 47 29
Kirmith 59 76 17
Kosreli 40 76 36
Maymunsuyu 19 60 41
Mustafabeyli 42 80 38
Tatarh 12 32 20
Toprakkale 38 146 108
Toplam Alan * 1736 3361 1625

*Tabloda yer verilmeyen diger yerlesim alanlar1 dahil edilmigtir.

Lejant

Ceyhan lige Merkezi (1981)
B Ceyhan lige Merkezi (2015)
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B Ceyhan Nehri

Sekil 7. Yillar Igerisinde Ceyhan Ilge Merkezinin Alansal Degisimi (1980-2015)
Figure 7. Spatial Change of Ceyhan District Center in the Years (1980-2015)
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Ceyhan ilce merkezinin 1980 ve 2015 yili alansal
degisimleri Sekil 7‘de gosterilmektedir. Ceyhan ilge
merkezi sinirlarinin 35 yillik stireg igerisinde yaklagik
994 ha arttig: ve etrafindaki mutlak tarim arazilerini
iggal ettigi tespit edilmistir. Ilce merkezindeki alansal
artisa paralel sekilde tarim arazilerinin alanlarinin da
azalma oldugu gozlemlenmistir. Bu durum tarim
arazileri lzerindeki yapilagsma baskisim1 da ayrica
ortaya koymustur. Biiyime potansiyelinde olan
Ceyhan ilce merkezi Ceyhan Ovasi’nda tanimlanan

toprak serilerine dogru o6nemli bir genigleme
gostermektedir.
SONUC ve ONERILER

Aragtirmada, 1980 ve 2015 yillar1 arasindaki alansal
degisim Dbelirlenmistir. Vektorel cizimler tizerinden
elde edilen toplam 28 adet toprak serisinin alanlari
raster veriye donustiirildiikten sonra hesaplanmigtir.

Zaman icerisinde alansal degisimin tespiti ic¢in
yerlesim kesimlerinin igerisinde kalan toprak
serilerinin  alanlar1  ¢ikarilarak  hesaplamalar

yapilmistir. Toprak serilerinin toplam alani (yerlesim
bolgeleri toprak serilerinden c¢ikarildiktan sonraki
alan) 68744 ha’dan, 1589 ha azalis ile 67155 ha alana
gerilemistir. Bu duruma neden olan en biyik etken,
zaman icerisinde buyiyen Ceyhan ilgce merkezinin
etrafindaki  mutlak tarim arazileri Uzerinde
geniglemesidir. Olusturulan toprak bilgi sistemi,
Ceyhan ovasi topraklarimin fiziksel, kimyasal ve
morfolojik 6zelliklerinin cografi bilgi sistemleri ile
entegre edilmesine olanak saglamistir. Ornek olarak
caligma alaninda en fazla alan kaplayan Ceyhan serisi
topraklarimin daha ¢ok ovanmin kuzeydogusunda
yayllim gosterdigi ve Ceyhan nehrinin geng¢ nehir
banklar1 tizerinde olusmasi nedeniyle agirlikli olarak
Ceyhan nehir yatagina yakin alanlarda konumlandig:
gorsel ve sayisal olarak kullanicilarin hizmetine
sunulmustur. Toprak 6zelliklerinin sonu¢larinin yani
sira, ovada bulunan c¢esitli yerlesim bolgelerinin
alanlarinin 35 yillik siiregte 1625 hektar arttig: tespit
edilmistir. Bu alansal artista “Ceyhan” (994 ha artis)”
ve “Toprakkale (108 ha artis)” yerlesim merkezlerinin
ekonomik, tarimsal ve insan popiilasyonu bakimindan
artigy, O6nemli &lgide mevcut duruma etki eden
faktorlerdir. Stirdiiriilebilir arazi yénetimi ag¢isindan
bakildiginda bu yerlesim birimlerinin etrafindaki
mutlak tarim arazilerine dogru biliyiimesinin 6niine
gecilmesi igin gelecege yonelik 6nlemlerin zaman
gecirilmeden alinmasinin  zorunlulugunu ortaya
koymaktadir.

Toprak bilgi sistemi sayesinde, topraklarin zamansal
ve alansal degisimleri incelenerek, yerlesim alanlar
ve haritalandirilan  toprak serilerinin  giincel
durumlar1 6n plana c¢ikarilmistir. Cografi bilgi
sistemleri ile uyumlu bir sekilde kurulan s6z konusu
sistem, topraklara ait verilerin, tarim ve gehir
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planlama uygulamalarinda althk olarak
kullanilabilecegini géstermistir. Kurulan toprak bilgi
sisteminin Ceyhan Ovasi’min surdirilebilir tarimsal
gelisimine katki saglayacagina inanilmaktadir.

Bu c¢alisma, 35 yillik zaman araliginda tarim
topraklarinin  hangi amacglarla tarim  disina
¢ikarildigini, tarimsal kullanimi simirlayan temel
sebepleri ve zaman faktorine bagl olarak alansal
degisimin boyutunu gostermistir. Gelecek ¢aligsmalar,
zamansal degisimin alansal degisime etkisinin yani
sira, bolge i¢in tarimsal ve cevresel 6neme sahip
topraklarin daha kisa zaman araliklarinda detayh
olarak incelenmesini ve sonucglarin sosyal, ekonomik
ve ¢evresel yonden etkilerinin degerlendirilerek ilgili
6zel planlama kuruluslari ve devlet kurumlariyla
paylasilmasini agisindan bliyik énem arz etmektedir.
Toprak yoénetim ve koruma planlamalarinin hassas
sekilde olusturulmasi ve toprak koruma projeleri ile
tarim arazilerinin korunmasi ve yeteneklerine uygun
siniflandirilan tarim topraklarimin stirdirtlebilirligi
anlaminda, arazi degerlendirme ve planlama
calismalar1 ile sonraki silireclerde ilge merkezinin
planlama ve tarimsal potansiyeli yiksek olan
topraklarin korunmasi amaciyla yapilacak
calismalara yol gosterecektir.

Aragtirmacilarin Katki Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmasi Beyan1

Makale yazarlar1 aralarinda herhangi bir cikar
catismasi olmadigini beyan ederler.
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ABSTRACT Research Article

In this study, the effects of methyl jasmonate [MeJA (0.5 and 1.0 mmol

L] and modified atmosphere packaging (MAP) applications on the Article History

physical and mechanical properties of ‘Precoce de Thyrinthe’ apricot Received +17.05.2020
variety during cold storage were investigated. Fruit were stored at Accepted ©21.10.2020
0+0.5°C and 90+£5% relative humidity for 20 days. Physical properties
of apricot such as geometric mean diameter, sphericity, surface area,
bulk and fruit densities; mechanical properties such as puncture-
compression forces and friction coefficient were determined. It was
observed that MeJA application did not produce a significant
difference on the size characteristics of apricot compared to the
harvest period. Regarding the storage time, decreases were observed
in the change of compression force results obtained from the X-, Y- and
Z- axes according to the increase in the storage time. Effect on the
puncture force on three axes showed a lower tendency to decrease in
MAP application than in the harvest period compared to the
application without MAP. The coefficient of friction on laminate and
galvanized sheet surfaces was lower than PVC, plywood and rubber
surfaces.

Keywords

Geometric mean diameter
Bulk density

Compression and puncture test
Coefficient of friction

Metil Jasmonat ve Modifiye Atmosfer Paketleme Uygulamalarinin Sogukta Muhafaza Siiresince Kayisi
Meyvesinin Fiziksel ve Mekanik Ozelliklerine Etkileri

OZET Aragtirma Makalesi

Bu ¢alismada, metil jasmonat (MedJA) icin, 0.5 ve 1.0 mmol L'* dozlar

ile modifiye atmosfer paketleme (MAP) uygulamalarinin sogukta Makale Tarihgesi
muhafaza stiresince ‘Precoce de Thyrinthe’ kayisi ¢esidinin fiziksel ve Gelig Tarihi @ 17.05.2020
mekanik 6zellikleri tizerine etkileri incelenmistir. Meyveler, 0+0.5°C Kabul Tarihi :21.10.2020
ve % 90+5 oransal nemde 20 giin boyunca muhafaza edilmistir. Kayisi

meyvesinin fiziksel ozellikleri olarak; geometrik ortalama cap, Anahtar Kelimeler
kiresellik, ylizey alani, agirlik, yigin hacim agirligi, meyve hacim Geometrik ortalama ¢ap,
agirligi, mekanik 6zellikleri olarak; delme ve sikigtirma kuvvetleri ve Yigin hacim agirligi
stirtiinme katsayis1 incelenmigtir. MAP uygulamasinin istatistiksel Sikigtirma ve delme testleri
olarak uzunluk, geniglik ve kalinlik parametreleri tizerindeki etkileri Strtiinme katsayisi

6nemli bulunmustur. MeJA uygulamasinin kayis1 meyvesinin boyut
ozellikleri tizerinde, hasat donemine gore oOnemli bir farklilik
meydana getirmedigi gorilmistiir. Depolama siiresinin boyutsal
parametreler Uizerine etkisi istatistiksel olarak 6nemli bulunmustur.
Genel olarak, MAP uygulanan meyvelerde hasat donemine gére y1gin
hacim agirhg degerlerindeki azalmanin daha az oldugu tespit
edilmigtir. Depolama stiresiyle ilgili olarak depolama siiresi artisina
gore sikistirma testi sonucu X-, Y- ve Z- ekseninden elde edilen
sikigtirma kuvveti sonuglarinin degisiminde azalmalar gézlenmistir.
X-, Y- ve Z- eksenlerindeki delme kuvvetine etkisi MAP’siz
uygulamaya gore, MAP’l1 uygulamada, hasat donemine gore daha
disiik diizeyde bir azalma egilimi géstermigtir. Laminant ve galvaniz
sac yuzeylerindeki siirtinme katsayisinin, PVC, kontrplak ve lastik
yizeylerine gore daha diisiik degerler vermigtir.
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INTRODUCTION

Having high B-carotene and lycopene activity, apricot
may prevent heart diseases. It regulates digestive
conditions such as constipation and diverticulitis and
is an excellent food for anemia due to its rich and
valuable fiber source and high iron content (Vardi et
al., 2008). However, quality losses occur after harvest
due to many factors. In order to reduce these losses,
growth regulators are used as a tool (Karaman et al.,
2013).

Plant growth regulators are natural or synthetic
compounds capable of controlling  multiple
physiological events within the plant, which are
natural or synthetic compounds that affect fruit yield
and quality, ripening process and post-harvest storage
and shelf life. One of these compounds is methyl
jasmonate (Oztiirk 2012; Karaman et al., 2013; Oztirk
et al., 2014).

Methyl jasmonate (MeJA), is an inducer of plant
defense, regulation of certain cellular events such as
aging, fruit ripening and ethylene synthesis and an
inhibitor in cellular development, such as seed
germination, pollination, and root development
(Rohwer and Erwin, 2008). In a research carried out on
apricot fruit (Ezzat et al., 2017), MeJA has been
observed to significantly delay fruit quality losses
during storage and shelf life. There are also studies
reporting that MeJA has a significant effect on post-
harvest quality preservation in fruit species such as
cherry, mango, guava and pomegranate (Gonzalez-
Aguilar et al., 2003; Sayyari et al., 2011; Saracoglu et
al., 2017).

Modified atmosphere packaging (MAP) is a post-
harvest technology used to reduce fruit quality loss
during cold storage. The fruit placed in the packaging
breathe carbon dioxide and use the oxygen in the
environment. In this process, respiration is suppressed
due to decreased oxygen and increased carbon dioxide
and losses are reduced. With the spread of this method,
quality losses in fresh fruit and vegetables are reduced
and market value increases (Ozturk et al., 2019).

During the period until the transportation of
agricultural materials to the market after harvest and
post-harvest technological processes; significant
changes in physical and mechanical properties are
observed. Physical, mechanical and chemical
properties of agricultural materials may vary
depending on species and varieties, aquaculture
system, environmental conditions such as light and
temperature, harvest time, storage conditions and
cultural processes in development regulators (Shin et
al., 2008).
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In this study, it was aimed to determine the effect of
MeJA and modified atmosphere packaging
applications on some physical and mechanical
properties of ‘Prococe de Thyrinthe’ apricot variety
during cold storage.

MATERIALS and METHODS

The material of the study consisted of fruit of 12 year-
olds ‘Precoce de Thyrinthe’ cultivar grafted on wild
apricot (Prunus armeniaca L.) grown in orchard of
Malatya Apricot Research Institute in Turkey.
Irrigation, fertilization, pruning and other cultural
processes during the development of trees (weed,
disease and pest control etc.) were regularly conducted.

The fruit were hand-harvested (19 June 2018) at a
stage of uniform size and color, and the SSC content
was approximately 11% and placed in 5 kg plastic box
and transferred to post-harvest physiology laboratory.

The research was designed as a randomized plot with
3 replications according to factorial design. Fruit were
first divided into 3 groups. The first group (1t group)
fruit (control group) were immersed only in a distilled
water solution containing solvent [Triton X- 100
(0.077%), Sigma-Aldrich, Germanyl. The 2rd group
fruit were immersed into 0.5 mmol L' and 3rd group
fruit into 1.0 mmol L! MeJA (Sigma-Aldrich,
Germany) solution for 1 minute. Then fruit were kept
in the laboratory until the surface got dry. After that,
the 1st, 2nd and 3rd group fruit were separated into 2 and
one of them was packaged in a [(code: 815-AT 10/ R),
(patent mno. 6190710), StePac, Xtend] modified
atmosphere packaging of 65 cm height, 53 ecm width, 5
kg capacity, designed especially for apricot fruit; and
the other one was not exposed to any application. Each
case represented a repetition and 1 kg of fruit was
placed.

Finally, the fruit were pre-cooled with air cooling
(4+0.5°C ve 90+5% relative humidity) for 24 hours, and
then the packages were closed with clips, and at 0+0.5
°C and 90+5% relative humidity stored for 20 days. In
addition to fruit harvest, on the 5th, 10th, 15th and 20tk
days; physical properties such as geometric mean
diameter, sphericity, surface area, mass, bulk and fruit
densities, and mechanical properties such puncture
and compressive forces and friction coefficient were
determined.

All physical measurements were made on 30 fruit with
10 parallels per repetition. Fruit length, width and
thickness were measured by digital caliper (Tronic,
Turkey) with a precision of 0.01 mm. The fruit mass
were measured with a digital scale (Radwag, Poland)
with a sensitivity of 0.001 g. Geometric mean diameter
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(Dy), sphericity (¢), surface area (S ve volume (V)
calculated with the following equations (Mohsenin,
1980).

D= (LWT) (1)
@= (D./L). 100 2
S= D2.or (3)
V= [(@/6).(LWT)] (4)

D, = Geometric mean diameter (mm), @: Sphericity
(%), S Surface area (mm?2), Vi Volume (mm?3), L:
Lenght (mm), W: Width (mm), 7* Thickness (mm).

Bulk density was determined in kg m™ by taking into
account the mass of the samples by filling the fruit
samples into a % liter hectolitre container by heaping
from a certain height (Altuntas and Yildiz, 2007).
Liquid displacement method was used to determine
fruit density. Pure water was added to the tare-grade
cup and the liquid displacement value was determined
in terms of fruit density, fruit mass and fruit volume
values in kg m3 (Mohsenin, 1980).

For mechanical measurements (fruit compaction and
perforation forces), a biological material tester was
used. In the tests, compression and puncture tests
were carried out on the fruit shell. The tester consists
of 3 main components. These are fixed plates, moving
plate and data acquisition unit, PC card and computer
software. The movable plate is in the form of a circular
table in compression tests, and in the form of a
cylindrical needle in puncture tests (Yaldiz, 2014). The
biological material tester used in the study consists of
a draw-off dynamometer with manual movement and
digital display (Sundoo, SH-50, China), a digital draw-
off dynamometer and a stand with measuring scale,
fixed plate and a wired computer connection. Puncture
and compression tests were performed. The reading
values are given in N (Newtons). In the experiments,
11.1 mm steel cylindrical table with constant
compression speed in compression tests and 1.2 mm
steel needle in puncture tests were used with the
biological material tester. The mechanical behavior of
the fruit which were punctured and compacted in 3
different axes (X-, Y-, Z-) were determined by using
biological material tester on apricot fruit (F) (Figure 1).
Different surfaces (PVC, rubber, plywood, galvanized
sheet, laminate) were used for the friction coefficient
measurements of apricot fruit. For the friction
measurement of fruit, the inclined table was used. The
inclined table was moved with a screw arm to allow the
movement of the fruit on the different friction surfaces
and the inclination angle of the inclined table was used
to determine the static friction coefficient when the
first movement was performed (Yaldiz, 2014).

For determination of moisture content of apricot fruit,
the fruit were divided into two parts and kept in the
oven at 105+1° C for 24 h to reach a constant mass and
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moisture content (% wb) was determined according to
wet base (Daric1 and Sen, 2012). The moisture content
measurement value of apricot fruit harvested before
the experiments was determined as 80.48% according
to wet mass. Statistical analysis of the data obtained
from all parameters was performed using the SPSS
(V.13.0) statistical package program.

RESULTS and DISCUSSION
Dimensional Properties

There was no significant change in general in the
dimensional properties of the fruit during cold storage.
However, on day 5 measurements of storage, the
length (L) value of the fruit stored in MAP and treated
with MedJA was found to be significantly higher than
the control fruit. When the overall means of MAP
application were compared, it was found that the
length, width and thickness values of fruit stored in
MAP were significantly higher than those not stored in
MAP (Table 1). Altuntas et al., (2012), reported that
the length values of ‘Fuji’ apple fruit treated with
MedA before harvest were 62.56 mm to 62.52 mm;
width values from 79.99 mm to 79.13 mm; the
thickness values ranged from 75.45 mm to 75.56 mm.
As a result of single and two applications of 0, 2000 and
4000 ppm doses 'Alar' application on 'Hasanbey'
apricot cultivar 15 and 30 days after flowering, Bolat
and Gileryiiz (1992), determined that 'Alar'
application decreased fruit length from 53.00 mm to
49.02 mm, width values of 39.50 mm to 40.94 mm.
Altuntas et al, (2013), reported that MeJA
applications in plum fruit (control, 1120 mg L and
2240 mg L1) showed that the length values decreased
from 56.76 mm to 54.40 mm according to doses, and
the thickness value was 46.00 mm to 44.96 mm
decreased.

In this context, it can be stated that MeJA can affect
the dimensional properties of the fruit. However, in our
study, it was found that MedJA did not have a negative
effect on dimensional properties of the fruit during
storage and wasn’t even different from control group in
general. It is thought that the difference that occurred
on the 5th day of storage may have occurred due to the
loss of water in the fruit.

Geometric mean diameter, sphericity and surface area

In Precoce de Thryinthe apricot cultivar, significant
effect of MAP application on geometric mean diameter
(Dg), sphericity (¢p) and surface area (SA) was
observed. In particular, a significantly higher
geometric diameter, sphericity and surface area were
obtained (P <0.01) from the fruit stored in MAP.
However, the effect of MeJA applications on all these
properties during storage was generally found to be no
different from control. At the end of the storage period
(day 20), the effect of MeJA application was not
significant for all properties (Table 2).
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Table 1. Effects of MAP and MedJA applications, and stroge times on size dimensions of ‘Precoce de Thyrinthe’
apricot fruits
Cizelge 1. MAP ve MeJA uygulamalari ile muhataza siirenin ‘Precoce de Thyrinthe’ kayisi meyvelerinin boyut
ozelliklerine etkileri

Size MAP MeJA Storage period (days) Mean
dimension application Harvest 5 10 15 20
Control 35.63£0.49  34.56x0.38b**  34.46+0.380s 34.0140.43ns 35.29+0.080s
With 0.5mmol L1 35.63+0.49  35.25+0.27a 33.7240.33ns 33.1240.18ns 35.19+0.1205  34.45+0.25a**
L (mm) 1.0 mmol L1 35.63£0.49  35.45+0.39a 33.71+0.250 33.31+0.25m 35.36+0.47ns
Control 35.63£0.49  35.04+0.440s 33.06:0.10m 32.10+0.22n¢ 34.59+0.16™
Without 0.5 mmol L'l 35.63:+0.49  35.39+0.12ns 32.83+0.07" 32.36+0.32m 35.16£0.30"  33.77+0.39b
1.0mmol L1 35.63:0.49  35.27+0.13ns 32.99:0.26m 31.95+0.26m 34.55:40.27n
Control 34.86+0.21  33.80+0.320 34.13+0.05%  34.54+0.21a**  34.43+0.36"
With 0.5 mmol L' 34.86+0.21  34.36+0.380s 33.91:0.41»  33.65:0.10b 34.24+0.03»  34.03+0.15a**
W (mm) LOmmol L1 34.86:0.21  34.02+0.230 33.46+0.270  32.71+0.07c 34.12+0.550
Control 34.86+0.21  33.60+0.17b* 32.98+0.24ns 32.19+0.16ns 32.65+0.200s
Without ~ 0.5mmol L1 34.86+0.21  33.93+0.25ab 33.25+0.24ns 31.69+0.22ns 32.80+0.43ns  32.84x0.25b
1.0mmol L't 34.86+0.21  34.61+0.19a 31.98+0.70 ™ 32.04:0.210s 32.31+0.280s
Control 32.30£0.11  31.70+0.39ns 32.07£0.02a*  32.12%0.16a**  30.12+1.15n
With 0.5 mmol L1 32.30:0.11  81.95+0.210s 31.44x0.14b 30.59+0.35b 32.05+0.09  31.50+0.19a**
T (mm) 1.0mmol L1 32.30£0.11  31.89x0.27ns 31.41£0.25b 30.85:0.20b 31.79+0.15ns
Control 32.30+0.11  31.53+0.19ns 31.16£0.15m 30.04£0.11a* 29.95+0.12b*
Without 0.5 mmol L1 32.30:+0.11  31.80+0.26" 30.50£0.19%  29.65+0.57a 30.70+0.22a 30.47+0.30b
1.0mmol LT 32.30£0.11  32.18+0.06ns 29.49+0.66™  28.61+0.48b 29.96:0.13b

**p<0.01, *: p<0.05, ns: not significant. The difference between the same letters in the same column is insignificant. Number following + are standard errors

Table 2. Effects of MAP and MedJA applications and stroge times on some geometric properties of ‘Precoce de
Thyrinthe’ apricot fruits
Cizelge 2. MAP ve MedJA uygulamalar: ile muhataza siiresinin ‘Precoce de Thyrinthe’ kayisi meyvelerinin bazi
geometrik ozellikleri tizerine etkileri

Geometric MAP MedJA Storage period (days) Mean
dimension application Harvest 5 10 15 20
Control 28.26+0.1 27.414+0.30ns 28.00+0.15ns 28.18+0.30a**  27.19+0.60ns
With 0.5mmol LT 28.26+0.1 27.344+0.43ns 27.50+1.41ns 26.82+0.23b 27.72+0.16ns 27.41+£0.13a**
Dg 1.0 mmol L1 58.26j:0.1 27.36+0.34ns 27.24+0.51ns 26.55+0.15b 27.57+0.40ns
(mm) Control 28.26+0.1 26.89+0.11b* 26.62+0.24a* 25.79+0.22ns 25.87+0.22ns
Without 05 mmol L1 28.26:0.1 27.21:0.28ab  26.51%0.19a 25.10£0.23»  26.2240.37»  26.15+0.26b
1.0mmol L1 28.26£0.1  27.82+0.05a 25.57+0.31b 24.64+0.470s 25.58+0.33ns
Control 0.810+0.0  0.807+0.003s 0.808+0.006"s 0.806+0.004»s  (0.808+0.010s
With 0.5 mmol 'Y 0.810+0.0  0.799+0.004»0s 0.807+0.0320s 0.797+0.0052  0.805+0.004s 0.805+0.006a*
[0)) 1.0 mmol L1 (").A81Oj:0.0 0.806+0.005" 0.805+0.009ns 0.870+0.007ns 0.808+0.002rs
(%) Control 0.810+0.0 0.800£0.005"s 0.807+0.001ns 0.801+0.003ns 0.794+0.003ns
Without 0.5mmol L' 0.810+0.0 0.801+0.002rs 0.797+0.002ns 0.794+0.006"s 0.799+0.006"s 0.797+0.002b
1.0 mmol L! (").ASIO:I:O.O 0.804+0.003ns 0.789+0.028ns 0.781+0.010ns 0.793+0.003ns
Control 2513.6+£35  2363.9+53.70s 2469.2+26.5ns 2490.2+51.9»s  2328.9+102.0»
With 0.5 mmol L't 2513.6+35 2359.1+71.7ns 2383.0+42.7ns 2266.9+37.40s 2422 .2426.90s 2366.9+21.9a*
SA 1.0 mmol L1 2513.6£35 2358.1+59.1n 2338.4+87.4ns 2222.9+430.0ns  2400.4+64.70s .
(mm?2) Control 2513.6+£35 2278.8+15.8b*  2230.7+40.0a* 2094.1+36.31s 2109.84+39.3ns
Without 0.5 mmol L't 2513.6£35 2338.7+48.7ab  2214.9+30.0a 1989.2+35.61s 2176.8+70.4n0s 2160.9+42.8b
1.0 mmol L! 2513.6:(:35 2437.7+7.2a 2078.4+67.8b 1918.6+70.4n0s 2062.84+49.7ns

**:1p<0.01, *! p<0.05, ns: not significant. The difference between the same letters in the same column is insignificant. Number following + are standard errors.

Altuntas et al., (2012), explained that by applying
MedA control, 1120 mg L1, 2240 mg L'! and 4480 mg

L1 in post-harvest period,

the geometric mean

diameter values were in the range of 71.36 mm to 69.97
mm in 'Fuji' apple cultivar; the sphericity value
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according to the control application was ranging
between 2.53 and 7.99% respectively; the surface area
values increased initially due to increased doses of
MedA, then decreased and the values changed to
161.32 cm?, 168.16 cm? and 158.11 cm?2 through MedJA
applications, respectively. In the literature, it has been
observed that the geometric mean diameter values
have decreased with MedJA applications, while the
results obtained in the literature are similar to those
obtained in the literature, it is seen that there is a
decrease in the surface area values in general in terms
of MeJA and therefore there is a difference compared
to the literature findings.

Volumetric properties

When the overall averages of MAP application were
evaluated, the effect of MAP on mass (M, g) and volume
(V, mm3) values of apricot fruit was found to be
significant (P <0.01). However, the effect of MAP on
bulk and fruit densities was insignificant. When the
effect of MedJA applications was examined, it was
observed that the values of the applications were
generally at the same level as the control group.
Looking at the data obtained in the last measurement
period, it was seen that the volumetric properties of the
MedA treated fruit were similar to those of the control
fruit (Table 3).

Table 3. Effects of MAP and MeJA application and storage time on volumetric properties of ‘Precoce de Thyrinthe’

apricot fruits

Cizelge 3. MAP ve MeJA uygulamalari ile muhaftaza stiresinin ‘Precoce de Thyrinthe’ kayisi meyvelerinin hacimsel

ozellikleri tizerine etkileri

Storage period (days) Mean
10 15 20
19.85+0.34ns 20.10+0.44a* 19.86+0.42n0s
19.43+6.28ns 19.03+0.28b 19.65+0.26n¢ 19.45+0.11a**
19.20+0.78ns 18.77+0.25b 19.43+0.45"s

18.59+0.26n¢
18.59+0.22ns
18.34+0.44ns

17.93+0.31ns
17.54+0.11ns
16.64+0.53"

17.91+0.34ns
18.17+0.55n0¢
17.51+0.44"s

18.19+0.22b

11698.8+198.21
11094.3+590.3"
10795.1+609.6"

11845.1+365.2a**
10320.8+240.6b
10005.4+227.1b

10718.7+702.3"s
11378.1+186.2"s
11255.4+418.6"

10992.3+150.9a**

10032.0+268.4"s
9949.2+195.70s
9117.1+237.10s

9133.6+237.8
8483.2+220.9°
8053.3+425.40s

9243.4+275.3v
9775.0+£543.2"
8946.2+302.6"

9618.1+283.6b

452.1+3.33a*
432.6+£5.08b
438.2+3.91ab

444.0+2.58"
435.3£1.91"s
442.146.41"

431.7+15.73"
426.6+11.49"
436.7+0.420s

441.7+43.13"

432.3+1.500s
448.3+0.420s
428.8+£8.07ms

427.4+28.64
438.9+4.91"s
420.1+6.83ns

396.2+11.49"
431.7+4.25"
415.2+£9.41ns

434.5+5.78"

1036.7+20.58a*
935.0+26.13b
972.5+26.01ab

938.3+15.84b*
985.0+16.88ab
1008.9+15.48a

956.6+10.640s
934.6+13.68"
970.0+18.24ns

953.1£20.13ns

Volumetric =~ MAP MedA
properties application Harvest 5
Control 20.27+0.27 19.66+0.42ns
With 0.5mmol LT 90 97:0.97 19.12+0.57s
M 1.0 mmol L' 20.27+0.27 19.30+0.42ns
(@ Control 20.27+0.27 18.56+0.12ns
Without 0.5 mmol L't 20.27+0.27 18.90+0.31»s
1.0 mmol L' 20.27+0.27 19.58+0.07"
Control 12007.8+260  10946.7+387.2"
With 0.5mmol L1 12007.8:260  10953.0+483.8%
v LOmmol L1 12007.8£260  10914.1+418.50
(mm?) Control 102007.8i260 10382.1+89.3b*
Without 0.5 mmol L1  12007.8:260  10823.6+345.4ab
10mmol L1 12007.86260  11478.9+41.26a
Control 189.92011.4  466.7:5.74
With 0.5mmol L1 489.92:11.4  448.9+4.91n
Pb 1L0mmol L1 489.92411.4  445.9:6.08%
(kg m3) Control 289.92i11.4 458.4+2.33ns
Without 0.5 mmol L1 489.92+11.4  471.4+1.58
LOmmol i1 489.92:11.4  445.448.74"
Control 102575634, 778.046.960"
With 0.5mmol L1 1025.75:34.  890.0+38.34b
pt 1.0 mmol ! 11825.75i34. 1031.7+10.76a
(kg m3) Control 1825.75{34. 1011.3+22.94ab*
Without 0.5 mmol L' 1025.75:34.  945.429.64b
1LOmmol L' 1025.75:34.  1040.0+12.65a

965.0+£11.07"
897.0+44.63"
868.8+14.86"

873.3+7.13s
965.6+£38.22n8
925.6+£16.74"

995.4+18.43"
929.7+35.50m
1000.7+23.34"s

951.5+15.9ns

in
**:1p<0.01, *! p<0.05, ns: not significant. The difference between the same letters in the same column is insignificant. Number following + are standard errors.

It was seen in our study that fruit mass and volume
were better preserved in MAP treated fruit. However,
the effect of MeJA applications was generally
insignificant. In particular, the loss of water in fruit
and the limitation of respirable products can be
considered as the main reason for the losses in MAP
application. Altuntas et al., (2013), stated that the
effects of MeJA application on the mass value of plum
fruit 0 (control), 1120 mg L' and 2240 mg L1 were in
the range of 70.86 g to 69.02 g. Again, in another study

Altuntas et al.,, (2012), stated that in ‘Fuji’ apple
cultivar, MeJA control, 1120 mg L1, 2240 mg L'! and
4480 mg L1 in post-harvest applications, fruit mass
ranged between 196.53 g and 194.83 g fruit volume
values were in the range of 192.93 cm3 to 209.89 cm3;
with the application of MedJA, there was a 5.33%
decrease in bulk density with increasing doses; bulk
and fruit densities for 1120 mg L' and 4480 mg L!
doses of MeJA ranged between 383.65 kg m3ile 364.22
kg m3, 967.96 kg m3, 954.63 kg m3 respectively.
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It was seen in our study that fruit mass and volume
were better preserved in MAP treated fruit. However,
the effect of MeJA applications was generally
insignificant. In particular, the loss of water in fruit
and the limitation of respirable products can be
considered as the main reason for the losses in MAP
application. Altuntas et al., (2013), stated that the
effects of MeJA application on the mass value of plum
fruit 0 (control), 1120 mg L' and 2240 mg L1 were in
the range of 70.86 g to 69.02 g. Again, in another study
Altuntas et al., (2012), stated that in ‘Fuji’ apple
cultivar, MeJA control, 1120 mg L1, 2240 mg L! and
4480 mg L1 in post-harvest applications, fruit mass
ranged between 196.53 g and 194.83 g fruit volume
values were in the range of 192.93 cm3 to 209.89 cm3;
with the application of MedJA, there was a 5.33%
decrease in bulk density with increasing doses; bulk

and fruit densities for 1120 mg L and 4480 mg L
doses of MeJA ranged between 383.65 kg m3ile 364.22
kg m3, 967.96 kg m3, 954.63 kg m™3 respectively.

Compression test

In the compression tests of apricot fruit; considering
the general averages of MAP application, significant
differences were found only for the compression test on
the X-axis. In the X-axis compression test, the value of
fruit in MAP was significantly higher (P <0.05) than
those not stored in MAP. The effect of MAP on the
other axes (Y- and Z-) was not significant. When the
effect of MeJA was examined, it was seen that the
values of the applications were similar to the values of
the control fruit in general (Table 4).

Table 4. Effects of MAP, MedJA applications and storage times on compression force of ‘Precoce de Thyrinthe” apricot

fruits

Cizelge 4. MAP ve MeJA uygualamalari ile muhataza siirelerinin ‘Precoce de Thyrinthe’ kayisi meyvelerinin

stkistirma kuvveti degerleri tizerine etkileri

Loading MAP MeJA Storage period (days) Mean
axis application Harvest 5 10 15 20
Control 2.31+0.12 1.49+0.05b** 1.38+0.090s 1.62+0.12rs  1.41+0.08b*
With 0.5 mmol L1 2.31+0.12 1.72+0.12b 1.66+0.04ns 1.49+0.02»  1.52+0.02a 1.54+0.06a*
X 1.0 mmol L1 2.3140.12 2.2140.09a 1.62+0.06ns 1.47+0.06ns 1.44+0.06a
Control 2.3140.12 1.46+0.18b** 1.37+0.08b* 1.55+0.11ns 1.39+0.10ns
Without 0.5 mmol L1 2.3140.12 1.32+0.01b 1.63+0.07a 1.45+0.13ns 1.44+0.05» 1.49+0.06b
1.0 mmol L! 2.31+0.12 2.06+0.13a 1.61+0.05ab 1.37+0.08»  1.26+0.10ns
Control 2.63+0.18 1.49+0.04nrs 1.29+0.06ns 1.39+0.04n»s 1.39+0.10ns
With 0.5 mmol L! 2.63+0.18 1.254+0.08ns 1.40+0.03ns 1.27+0.06ns 1.35+0.03ns 1.37+0.03ns
Y 1.0 mmol L1 2.63+0.18 1.45+0.10ns 1.55+0.04nrs 1.35+0.06ns 1.27+0.06ns
Control 2.63+£0.18 1.71+£0.08a** 1.20+0.10ns 1.46+0.01ns 1.36+0.10ns
Without 0.5 mmol L1 2.63+£0.18 1.25+0.10ns 1.38+0.05» 1.27+0.05ns 1.32+0.10ns 1.36+0.04ns
1.0 mmol L1 2.63+£0.18 1.43+0.06ns 1.37+0.09»s 1.26+0.11ns 1.26+0.06ns
Control 2.39+0.07 1.53+0.04a** 1.22+0.08ns 1.39£0.08s  1.23+0.07ns
With 0.5 mmol L1 2.39+0.07 1.18+0.02b 1.32+0.04nrs 1.30£0.07»s 1.42+0.060 1.33+0.03ns
Z 1.0 mmol L1 2.39+0.07 1.32+0.07ab 1.40+0.05ns 1.37+0.09ns 1.24+0.04rs
Control 2.39+0.07 1.76+0.06a** 1.16+0.04b** 1.35+0.05ns 1.18+0.10ns
Without 0.5 mmol L! 2.39+0.07 1.17+0.06b 1.31+0.10a 1.26+0.09ns 1.42+0.03ns 1.31+0.05ns
1.0 mmol L1 2.39+0.07 1.17+0.03b 1.39+0.03a 1.12+0.09ns 1.39+0.01ns

**:1p<0.01, *: p<0.05, ns: not significant. The difference between the same letters in the same column is insignificant. Number following + are standard errors.

Altuntas et al., (2013), found that the effect of pre-
harvest MeJA applications on the compressive force
values of plum fruit changed depending on the time of
harvest and the effect of MeJA applications on the Y-
axis was in the range of 140 N to 129.6 N. In our study,
no significant effect of MeJA in compression tests was
observed. Calisir and Aydin (2004), reported that the
breaking force values of the dried black mulberry fruit
ranged from 4.5 to 3.0 N at 9-77.5% moisture level and
that the breaking force values decreased as a result of
the compression test.
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Puncture test

When the results of the puncture tests carried out in
apricot fruit were examined, the puncture test values
of MAP-treated fruit for all axes were found to be
significantly higher than those not stored in MAP. In
our study, the puncture test values of the fruit of MeJA
applications were found to be similar to the control in
all measurement periods (except 15t day
measurements without MAP on Y- axis) (Table 5).

In the study, the reason why fruit stored in MAP give
higher values in puncture test can be result of decrease
of water loss in the fruit with MAP and as a result of
this, cell wall structure’s getting more resistant.
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Kalyoncu (2016), stated that the puncture force values
of the Prunus laurocerasus fruit showed decreasing
tendency in the puncture tests along the X-, Y- and Z-
axis of different harvest periods. He also stated that

the decrease in force values was 12.90% for length (X-)
axis, 46.43% for width (Y-) axis and 24.39% for
thickness (Z-) axis depending on the ripening process
from the 1stharvest period to the 3rd harvest period.

Table 5. Effects of MAP, MeJA and storage times on the puncture force of ‘Precoce de Thyrinthe’ apricot fruits
Cizelge 5. MAP ve MeJA uygulamalar: ve muhafaza siiresinin ‘Precoce de Thyrinthe’ kayisi meyvelerinin delme

kuvveti tizerine etkileri

Loading MAP MedA Storage period (days) Mean
axis application Harvest 5 10 15 20
Control 0.901+0.31  0.760+0.02rs  0.575+0.08ns 0.507+0.18ns 0.427+0.06rs
With 0.5 mmol L1 0.90140.31  0.672+0.11n  0.644+0.04ns  0.581+0.250  0.395+0.001n  0.586+0.04a**
X 1.0 mmol L1 0.901+0.31 0.866+0.102  0.682+0.16"s 0.560+0.16ns 0.368+0.07ns
Control 0.901+0.31  0.563+0.08»  0.479+0.18ns 0.549+0.07ns 0.406+0.10ns
Without 0.5 mmol Li! 0.901+0.31  0.440+0.04»s  0.592+0.18ws 0.581+0.07ns 0.284+0.05ns 0.510+0.04b
1.0 mmol L! 0.901+£0.31  0.764+0.03»s  0.649+0.05ns 0.490+0.05ns 0.334+0.04»s
Control 0.741+£0.32  0.402+0.01»s  0.574+0.02ns 0.566+0.057s 0.178+0.03ns
With 0.5 mmol L! 0.741+0.32 0.565+0.090s 0.669+0.04ns 0.439+0.13ns 0.282+0.042nrs 0.434+0.04a**
Y 1.0 mmol L1 0.741+0.32 0.591+0.290s 0.510+0.19ns 0.335+0.02ns 0.277+0.02ns
Control 0.741+0.32 0.358+0.14»s 0.301+0.05b* 0.411+0.02a* 0.168+0.04ns
Without 0.5 mmol L! 0.741+0.32 0.517+0.080s 0.613+0.05a 0.410+0.02b 0.103+0.04ns 0.356+0.04b
1.0 mmol L! 0.741+0.32  0.456+0.01»  0.476+0.13a 0.272+0.02b 0.190+0.02ns
Control 0.696+0.26  0.490+0.07»s  0.522+0.14ns 0.588+0.05ns 0.373+0.02ns
With 0.5 mmol L1 0.696+0.26  0.620+0.12»s  0.654+0.020s 0.541+0.13ns 0.338+0.09ns 0.508+0.04a*
7 1.0 mmol L! 0.696+0.26  0.692+0.14»s  (0.585+0.16ms 0.400+0.04xs 0.300+0.06ns
Control 0.696+0.26 0.364+0.350s 0.471+0.07ns 0.512+0.04ns 0.350+0.07ns
Without 0.5 mmol L! 0.696+0.26 0.480+0.050s 0.561+0.07ns 0.492+0.04ns 0.212+0.03ns 0.433+0.04b
1.0 mmol L1 0.696+0.26 0.562+0.060s 0.571+0.06ns 0.367+0.02ns 0.254+0.02ns

**:p<0.01, ¥ p<0.05, ns: not significant. The difference between the same letters in the same column is insignificant. Number following + are standard errors.

Coefficient of friction

When the general means of MAP applications were
compared, it was found that the values of fruit stored
in MAP were significantly higher only on PVC friction
surface than those fruit without MAP. There was no
difference between friction coefficient values of MAP
applications on other surfaces. When the effect of
MedA applications in the last measurement period was
examined, the friction coefficient of the fruit treated
with MeJA in the non-MAP group on the PVC surface
was found to be significantly lower than the control
group. In contrast, galvanized sheet and plywood were
higher than in the control group (Table 6).

In this study, as laminate and galvanized sheet
surfaces are more smooth and slippery than PVC,
plywood and rubber surfaces, it was observed that it
gives lower coefficient of friction. Similar to this study,
Oztiirk (2012), stated that in the ‘Braeburn’ apple
cultivar, the effect of AVG applications and harvest
periods on the static coefficient of friction gave a lower
coefficient of friction than the plywood and rubber
surface on AVG applications (0, 100 and 300 mg L1);
Yaldiz (2014), stated that as a result of applying three
different doses of 0, 100, 200 aminoethoxyvinylglycine
(AVG) in the ‘Santa Rosa‘ plum fruit in three different
harvest periods, the lowest coefficient of friction was
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found on laminate and galvanized sheet surfaces.

CONCLUSIONS

In this study, it has been determined that modified
atmosphere packaging applications have a significant
effect on the preservation of dimensional properties,
geometrical properties and partially volumetric
properties. However, it would be a more accurate
approach to state that the applied regulatory MedA
does not have a significant effect on physico-
mechanical properties in general. Growth regulators,
including MedA, are now widely used in agricultural
production. Therefore, detailed research is needed to
fully demonstrate the effect of growth regulators on
physico-mechanical properties.
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Table 6. Effects of MAP and MeJA applications and storage times on friction coefficient values of ‘Precoce de

Thyrinthe’ apricot fruits

Cizelge 6. MAP ve MeJA uygulamalari ile muhafaza siiresinin ‘Precoce de Thyrinthe’ kayisi meyvelerinin

stirttinme katsayisi 6zellikleri tizerine etkileri

Storage period (days) Mean

10

15

20

0.540+0.014a**
0.470+0.014b
0.437+0.003c

0.550+0.004a**
0.361+0.006¢
0.455+0.013b

0.372+0.013"s
0.367+0.006"¢
0.336+0.006"¢

0.424+0.020b**

0.518+0.017a**
0.420+0.011b
0.596+0.004a

0.563+0.003a**
0.450+0.003c
0.503+0.007b

0.447+0.023a**
0.367+0.003b
0.348+0.006b

0.453+0.022a

0.687+0.004a**
0.529+0.014c¢
0.630+0.008b

0.498+0.010b**
0.413+0.050a
0.514+0.021a

0.522+0.007ns
0.538+0.007"
0.520+0.003"

0.554+0.021"s

0.582+0.015b
0.570+0.015a
0.695+0.016a

0.550+0.007bc
0.404+0.033b
0.500+0.021b

0.538+0.007c
0.518+0.007a
0.536+0.003b

0.553+0.020"

0.700+0.029a**
0.692+0.012a
0.510+0.014b

0.667+0.008a**
0.568+0.007b
0.566+0.011b

0.529+0.007ns
0.554+0.029ns
0.520+0.021ns

0.573+0.021ns

0.615+0.012ns
0.623+0.031ns
0.681+0.001ns

0.647+0.008a**
0.503+0.003¢
0.540+0.003b

0.536+0.010"
0.542+0.007"
0.545+0.004"

0.571+0.017ns

0.4454+0.007a**
0.395+0.006b
0.428+0.016a

0.365+0.006"s
0.344+0.012n0s
0.358+0.003"

0.324+0.003b**
0.387+0.006a
0.290+0.018¢c

0.363+0.013"s

0.416+0.003s
0.439+0.007ns
0.396+0.013ns

0.371+0.006a**
0.313+0.006b
0.354+0.006a

0.332+0.006"
0.328+0.003"s
0.321+0.002r

0.361+0.013"s

0.441+0.013ns
0.445+0.010ns
0.439+0.013ns

0.447+0.003a**
0.330+0.030c
0.393+0.003b

0.396+0.006b**
0.344+0.006b
0.466+0.007a

0.420+0.013ns

Friction MAP MedJA
surface application Harvest 5
Control 0.426+0.007 0.404+0.007b**
With 0.5 mmol L' 0.426+0.007 0.412+0.003a
pPvVC 1.0 mmol L 0.426+0.007  0.395+0.007b
Without  Control 0.426+0.007  0.408+0.006"s
0.5 mmol Li'! 0.426+0.007  0.416+0.010"s
1.0 mmol L1 0.426+0.007  0.412+0.006"s
Control 0.582+0.007  0.590+0.004rs
With 0.5 mmol L' 0.582+0.007 0.618+0.012rs
Plywood 1.0 mmol Li'! 0.582+0.007  0.605+0.008s
Control 0.582+£0.007  0.624+0.004a**
Without 0.5 mmol L! 0.582+£0.007  0.562+0.007a**
1.0 mmol L1 0.582+0.007  0.567+0.004b**
Control 0.612+0.016  0.531+0.014b**
With 0.5 mmol Lt 0.612+0.016  0.481+0.014c
Rubber 1.0 mmol Lt 0.612+0.016  0.568+0.007a
Control 0.612+£0.016  0.538+0.021b**
Without 0.5 mmol L1 0.612+£0.016  0.492+0.020b
1.0 mmol L 0.612+£0.016  0.604+0.020a
Control 0.359+£0.019  0.317+0.010b**
With 0.5 mmol Lt 0.359+£0.019  0.378+0.003a
Laminate 1.0 mmol Lt 0.359+£0.019  0.334+0.003b
Control 0.359+£0.019  0.414+0.007"s
Without 0.5 mmol L1 0.359+£0.019  0.319+0.009"s
1.0 mmol L 0.359+£0.019  0.335+0.003"s
Control 0.364+0.025  0.475+0.020a*
With 0.5 mmol L' 0.364+0.025  0.422+0.003b
Galvanized 1.0 mmol L! 0.364+0.025  0.455+0.013ab
steel Control 0.364+0.025  0.379+0.010b**
Without 0.5 mmol L1 0.364+0.025  0.445+0.003a
1.0 mmol Lt 0.364+0.025  0.445+0.013ab

0.462+0.007a*
0.441+0.003ab
0.414+0.033b

0.453+0.003a**
0.252+0.012¢
0.399+0.006b

0.338+0.012b**
0.444+0.003a
0.462+0.013a

0.410+0.018s

**p<0.01, *: p<0.05, ns: not significant. The difference between the same letters in the same column is insignificant. Number following + are standard errors.
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OZET Aragtirma Makalesi

Bu calismada embriyo ve civeivlerde kalp ventrikil duvari, iletim

sistemi ve Purkinje hiticreleri uzerine yumurta agirhig ve Makale Tarihgesi
damizliklarin gelisim hizinin etkisinin arastirilmasi amaglanmistir. Gelig Tarihi  :07.07.2020
Bu amagla hizli gelisen Ross 308 ve yavas gelisen Hubbard JA Kabul Tarihi :15.09.2020
genotipindeki damizlik siriilerinden elde edilen tavuk yumurtalar

hafif (64+1g) ve agir (72+1g) olarak iki gruba ayrilmigtir. Kuluckanin Anahtar Kelimeler

18. ve 21. glinlerinde alinan kalp ventrikiillerinin boyuna kesitlerine Civeiv kalbi

farkli histokimyasal boyalar uygulanarak, ventrikiil duvari, iletim
sistemi ve Purkinje hiicreleri incelenmistir. Genotipin gelisim hiz1 ve
yumurta agirligl, kalp ventrikillerinde histoloji agisindan herhangi

Ventrikil duvari
Purkinje hiicreleri
Histokimya

bir farkliliga yol agmamistir. Ventrikiill duvarlarinda miyofibriller
aras1 bogsluk olusumu ve kollajen-miyofibril yogunluk farklilig:
gorilmig, bu durumun embriyonik gelisimden kaynaklandig:
distunilmustir. Histolojik bir c¢alismada farkli histokimyasal
boyalarin kullanilmasi, organizmalarin embriyonik geligimlerinin
takibinde farkli yapilarin incelenmesine olanak saglamaktadar.

A Histochemical Approach to Cardiac Ventricles and Purkinje Cells of Chicks in Pre and Post Embryonic
Periods

ABSTRACT Research Article

The present study aimed to investigate the effect of egg weight and

growth rate of breeders on heart ventricle wall, conduction system and Article History

Purkinje cells in embryos and chicks. For this purpose, chicken eggs Received »07.07.2020
obtained from fast-growing Ross 308 and slow-growing Hubbard JA Accepted ©15.09.2020
broiler breeders were divided into two groups as light (64+1g) and

heavy (72+1g) eggs. The ventricle wall, conduction system and Iéﬁgolrlg:rt

Purkinje cells were examined by applying different histochemical dyes
to the longitudinal sections of the heart ventricles taken on the 18th
and 21st days of the incubation. Genotype growth rate and egg weight
did not cause any difference in the histology of the heart ventricles.
The formation of inter-myofibrillar space and collagen-myofibril
density difference were observed in the ventricular walls, which was
thought to be due to the embryonic development. The use of different
histochemical dyes in a histological study allows the examination of
different structures following the embryonic development of
organisms.

Ventricular wall
Purkinje cells
Histochemistry

Atif Igin:  Turgay Izzetoglu G, Turan Ozgan I, Yalgin S 2021. Pre ve Post Embriyonik Dénemdeki Civcivlerin Kalp
Ventrikiilleri ve Purkinje Hiicrelerine Histokimyasal Bir Yaklagim. KSU Tarim ve Doga Derg 24 (3): 641-649.

httpsi//doi.org/10.18016/ksutarimdoga.vi.763059.
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GIRIS (paraksiyal mezoderm orijinli) ve iirogenital sistem
Tavuklarda embriyonik geligim siirecinde (intermediyer ~mezoderm orijinli) gibi yapilar

olusturulur. Geriye kalan lateral mezoderm ise

norulasyondan oénce mezoderm kisimlara ayrilarak - Kalan .
ektoderm 1ile yakin iligkili somatik mezoderm ve

notokorda (mediyo-dorsal mezoderm orijinli), somitler
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endoderm ile iligkili splanknik mezodermi meydana
getirmek iizere iki tabakaya béliiniir (Browder ve ark.,
1991, Martinsen, 2005; Wesley, 2008; Ozfiliz ve ark.,
2010; Unal, 2018). Splanknik mezoderm hiicreleri
endoderm boyunca goé¢ ederek ince duvarli tiipler
olusturur. Bu tipler orta hatta birleserek kalbin
endokardiyumunu meydana getirir. Splanknik
mezodermin geri kalan kismi ise ileride miyokardla
birlikte endokardi sarar. Kalp gelisimi anterio-
posterior salinimhidir ve bu yiizden ikili kalp tiipleri
once onde ve daha sonra sirali olarak arka tarafta
birlesirler (Browder ve ark., 1991, Gourdie ve ark.,
2003; Martinsen, 2005; Wesley, 2008). Kan, kalbin
ileride atriumu olusturacak olan posterior ucuna akar
ve gelismekte olan aortik kemerler araciligiyla
ventrikiile pompalanir (Browder ve ark., 1991; Wittig
ve Miinsterberg, 2016 ve 2019).

Embriyonun gelisimini 46 evrede tamamladigini
belirleyen ve ayni zamanda kalp gelisiminin karmasik
olaylarin1 asama gosteren Hamburger ve Hamilton,
kalbin 14. evrede (50-53. saatler) atmaya basladigini
tespit etmislerdir (Hamburger ve Hamilton, 1951;
Martinsen, 2005; Wittig ve Miinsterberg, 2019). Dért
giinlik  embriyoda, kalp  limenini  geviren
endokardiyum hala tek hiicre katmani halindedir.
Epimiyokardiyum ise i¢ ve dig olmak tizere iki bolgeye
farkhilagmigtir. I¢ b6liim miyokardiyum, dig bélim ise
epikardiyum olarak adlandirihir. Miyokardiyum
onemli derecede kalinlagsmig ve hiicreleri, kalp kasi
hiicrelerinin geligsim 6zelliklerini gostermeye baslayip
uzamiglardir. Epikardiyum hiicreleri kalbi 6rten bag
dokusu ve epitelini olusturmak tuzere yassilagirlar
(Tabakoglu-Oguz, 2001; Martinsen, 2005).
Epikardiyum, miyokardiyumu sarar ve sonra
epiteliyal-mezengsimal gegis siirecinde epikardiyum
tlirevi hiicreleri olusturur. Bu hiicreler miyokarda gog
eder ve  ventrikiler = kompakt = miyokardin
indiiksiyonunda ve Purkinje liflerinin
farklilasmasinda énemli bir rol oynarlar (Martinsen,
2005; Groot ve ark., 2010). Yetiskin kalbi bes giinliik
inkibasyon ile olusur. Endokardiyumdan ayrilan
endokardiyal yastik hiicreleri olarak bilinen ve bir
grup hlicrenin énemli gsekilde artisi sonucu kalbin i¢ini
bélmelere ayiran septumlar olusur (Browder ve ark.,
1991; Martinsen, 2005).

Kalbin sag ve sol atriyoventrikiiler (AV) kapakciklar:
anatomik ozelliklerinin yani sira iletim sistemiyle de
yakindan iligkilidirler (Lu ve ark., 1993a). Iletim
sistemi; bir siniis digimii, AV diigim, His demeti, sol
ve sag demet dallarina ek olarak, AV Purkinje halkas:
ve Ozel bir orta demet dalindan olusturmaktadir
(Martinsen, 2005; Dzialowski ve Crossley, 2015; van
Eif ve ark., 2018). Sinoatriyal diigiim, sag sinoatriyal
kapagin alt kisminin tabanina yakindir. AV digim,
trikiispit kapagin hemen tstindedir. His demeti bu
digimiun  anterior ve  inferior  kenarindan
interventrikiler septuma dogru iner ve daha sonra
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saga, sol ve orta dallara bélintr. Ortadaki demet,
posteriordan aortun kékiine dogru déner. AV Purkinje
halkasi proksimal AV digimden olustuktan hemen
sonra sagdaki AV kapagi gevreler ve orta demet ile
birleserek sekiz seklinde bir sekil olusturur (Lu ve
ark., 1993b, Mikawa ve Hurtado, 2007; Fitzgerald ve
Beaufrére, 2016).

Gelisim sirasinda miyokardiyal kitle hizli bir artig
stirecine girer. Bu siire boyunca, miyokardiyal
hipoksiyi engellemek i¢in miyokardin farkli béliimleri
olan trabekiiller olusur. Bu trabekiller ayni zamanda
primordiyal iletim sistemi aginin bir pargasidir
(Sedmera ve ark., 2004). Trabekiiller hizl1 biiyiir ve
embriyonik kalbin ilkel iletim sistemini olusturur (De
Jong ve ark., 1992). Diizenli kalp atis1 6zel bir kalp pili
ve iletken hiicre agina baghdir. Bu kardiyak yapilar
sinir benzeri 6zellikler gosterirler. Cok sayida faktor,
trabekiiler miyositlerin iletim fenotipine dogru
farklllagsmasina katkida bulunur (Gourdie ve ark.,
1998; Sedmera ve ark., 2004).

Tavuklarda kalp iletim sistemi P hiicresi (kalbin
atisim1 diizenleyici hiicre), T hiicresi (gecis hiicresi),
Purkinje benzeri hiicre ve Purkinje hiicresi olmak
tizere dort tip miyosit icerir. (1) P hiicreleri; nispeten
bluyik bir nukleusa ve seyrek miyofibrillere sahip
kii¢iik ve yuvarlaktir. AV diigiim ve sinoatriyal (SA)
diigiimde bulunurlar. (2) T hiicreleri; kalp kasi
hiicrelerine gore cok daha kiicuktur ve daha az
mikrofibril igermektedir. Yapilar1 biraz kalp kasi
hiicreleri biraz da Purkinje hiicreleriyle benzerlik
gbstermektedir. Impulslar: P hiicrelerinden kalp kasi
hiicrelerine aktarmaktadir. Cok sayida T hiicresi P
hiicreleriyle beraber, gevsek lifli bag dokusu kilifiyla
cevrelemis SA diigiimii olusturmaktadir. (3) Purkinje
benzeri hiicreler; tipik bir Purkinje hiicresini andirir,
ancak daha kiiciik ve daha koyu gériiniir. (4) Purkinje
hiicreleri; az sayida miyofibrile sahip, iri hiicrelerdir.
Boyutlar:1 kalp kasi hiicrelerinin bes katina kadar
ulagabilmektedir. Bu sayede elektriksel impulslar: ¢gok
daha hizli iletebilirler. His demetinde, sag ve sol demet
dallarinda ve periarteriyel ve subendokardiyal
Purkinje aginda bulunurlar (Davies, 1930; Lu ve ark.,
1993b; Strunk ve Wilson, 2003; Dzialowski ve
Crossley, 2015). Biitiin bu hiicrelerin arasinda ise bag
dokusu elemanlarindan kollajen ve elastik lifler
bulunmaktadir (James 1964; Tikmenoglu ve ark.,
2017).

Etlik civeiv Uretiminde kullanilan hizli ve yavas
gelisen genotiplerin biiyime dénemlerinde gelisme
hiz1 ve metabolik hizlar: farkhidir (Ucar ve ark., 2018;
Sarica ve ark., 2016; Sarica ve Yamak, 2010). Bu
genotiplerin embriyonik dénemde kalp ventrikiilleri ve
Purkinje hiicrelerinin  gelisime iliskin  bilgiye
literatirde  rastlanmamigtir.  Ayrica, embriyo
gelisimini etkileyen en o©nemli etmenlerden biri
yumurta agirhgidir (Yildirim, 2005; Yalcin ve ark.,
2013). Bu calismada hizli ve yavas gelisen damizlik



KSU Tarim ve Doga Derg 24 (3): 641-649, 2021
KSU J. Agric Nat 24 (3): 641-649, 2021

Arastirma Makalesi
Research Article

tavuklardan elde edilen, hafif ve agir olarak
siniflandirilmig yumurtalarda gelisen embriyolarin,
kalp ventrikil duvari, iletim sistemi ve Purkinje
hiicreler1 karsilastirilarak histokimyasal bakimdan
yapilarinin gésterilmesi amaglanmigtir.

MATERYAL ve METOD
Civciv Kalplerinin Eldesi

Calismada kullanilan tavuk yumurtalar: hizli geligsen
Ross 308 ve yavas gelisen Hubbard JA olmak tizere iki
farkli genotipindeki damizlik strilerinden elde
edilmis ve hafif (64+1g) ve agir (72+1g) olarak iki gruba
ayrilmigtir.

Kuluckalama, standart kosullarda, giris bélmesinde
37.7°C sicaklik ve %56 nem, ¢ikis bélmesinde 37.5°C
sicaklik ve %65 nem altinda yapilmistir.

sayis1 5 olacak sekilde
geligimlerinin 18. gliniinde kulugkalama
makinesinden alinip, kabugu kirilarak disariya
¢ikarilan embriyolar ve 21. giinde gelisimlerini normal
olarak tamamlayip yumurtadan kendiliginden ¢ikan
civcivler servikal dislokasyon yontemiyle
olduruldikten sonra ventral taraflar1 kesilerek kas
tabakasinin altindan i¢ organlara ulasilmistir. Her iki
gline ait, i¢ organlarina ulasilan hayvanlardan ¢alisma
materyali olan kalpler disekte edilip, fosfat
tamponunda yikanarak temizlenmigtir.

Her grup ig¢in tekrar

Histoloji-Histokimya

Her gruba ait 6rnekler Bouin fiksatifinde 24 saat
stireyle tespit edilmistir. Doku takibi agsamalarindan
sonra tiim gruplardan mikrotomda 5’er p kalinliginda
kesitler — alinmigtir.  Farkli  kesitlere, Mayer
Hematoksilen, Heidenhain’in Demirli Hematoksilen’i,
Pollak'in  hizli  boyasi, Mallory ve Gomori
histokimyasal boyalar1 ayr1 ayr1 uygulanmigtir
(Humason, 1962; Presnell ve Schreibman, 1997; Ober,
2009). Kuruyan preparatlar Zeiss Axio Scope Al
marka mikroskopta incelenme sonrasinda ZEN
gbrunti analiz yazilimi kullanilarak fotograflanmigtar.

Calisma Ege Universitesi Hayvan Deneyleri Yerel
Etik Kurulu tarafindan onaylanmistir (2015-011).

BULGULAR

Embriyonal gelisimin 18.giintinde kalp ventrikil
duvarindaki kas fibrillerinin genel yapisiyla ilgili
olarak deneme gruplar1 arasinda goézle gorilur bir
farklilik belirlememistir (Sekil 1). Kulugkadan cikista
18. giine kiyasla kas fibril demetleri arasindaki bag
dokusunun fazlalastig1 saptanmistir (Sekil 1). Hizh
gelisen genotipin hafif ve agir yumurtalarindan ¢ikan
civeivlerde bag doku farklihigr gézlenmemigstir. Yavasg
gelisenlerde ise yumurta agirligr bag doku miktarinm
etkilemis ve hafif yumurtalardan ¢ikan civcivlerde
agir yumurtadan cikanlara gore bag doku miktarinda
azalma saptanmistir. (Sekil 1).
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Mayer'in Hematoksilen-Eozin ile boyamada 18 ve 21
ginlik kalp kasma ait fibril demetlerin
goriiniimlerinde bir fark gézlenmemistir (Sekil 1).
Buna karsilik, Gomori, Pollak’s ve Mallory ile
verdikleri reaksiyonlara bagl olarak kalp kasi fibril
demetlerinin, 18 giinlik embriyo kesitlerinde mavi-
yesilken, 21 giunlik civciv kesitlerinde kirmizi
tonlarinda oldugu gorillmiistiir (Sekil 2, 3). Bu fark, 21
giinliik civeiv kalplerinde kollajenin azalarak yerini
kasilabilir miyofibrillere biraktigini gostermektedir
(Sekil 2, 3). Sekil 3’'te Mallory ile boyanan kesitler
detayli olarak incelendiginde, 18 giinlik embriyo
kalplerinde kollajenin yerini 21 ginlik -civeiv
kalplerinde kas dokunun bir elemani olan kasilabilir
miyofibrillere biraktigns renk farkinin yaninda
histolojik acidan kollajen ve miyofibril ayrimi da
gosterilerek desteklenmistir.

Calismada deneme gruplari Purkinje hiicre yapilari
histokimyasal bakimdan karsilastirilarak incelenmig
ancak herhangi bir belirgin farka rastlanilamamigtir
(Sekil 4). Purkinje hiicrelerinin deneme gruplarinin

hepsinde hangi konumda olursa olsun
(subendokardiyal, periarteriyal veya ventrikiil duvari
icinde) uygulanan histolojik ve histokimyasal

boyalarin tamaminda, nukleuslarinin kardiyomiyosit
nukleuslarina gore nispeten daha biiyiik ve yuvarlak,
sitoplazmalarinin kas fibrilleri agisindan fakir oldugu
ve bu sebeple daha acik renge boyandigi ayri ayri
belirlenmistir (Sekil 4).

TARTISMA ve SONUC

Tavuk embriyosu gelisiminin ¢ok erken donemlerinde,
kalp kapakc¢ig1 olusumu sirasinda, tip II kollajen bol
miktarda turetilmektedir. Tip II kollajenin yani sira
baz1 diger fibriler (Tip I, Tip III, Tip V) kollajenler 18.
evrede (3 giin) mezensimal yastik hiicrelerinde
bulunmaktadir. 23. evrede (4 giin) alfa I kollajen AV
kapakciklarda bulunmaktadir. Kollajen I ve III
subepikardiyumda, miyokardi gevreleyen bag dokusu
kilifinda kalbin elastikligini ve yapisal ve fonksiyonel
blitinligini saglamada kritik bir rol oynamaktadir.
Gelisme ilerledikg¢e, alfa I kollajen transkriptlerinin
nispi bollugu 22-45. evreler (3,5-19. giinler) sirasinda
azalmaktadir (Swidersy ve ark., 1994).

Humason (1962) ile Presnell ve Schreibman (1997)a
gore, Gomori ve Pollak’s boyalar: kollajeni mavi-yesile,
kas dokusunu ise kirmiziya boyarken, Mallory boyasi
kas dokuyu portakal renginden kirmiziya kadar
degisen renklerde, kollajeni ise koyu mavi renge
boyamaktadir (Humasaon, 1962; Presnell ve
Schreibman, 1997). Bu calismada da 18 giinlik
embriyo kalp kesitlerinin mavi-yesil renkte, 21 gtinlik
civeiv kalp Kkesitlerinin kirmizi renkte boyanmasi,
Swidersky ve ark. (1994) ile Humason (1962), Presnell
ve Schreibman (1997)1n bulgularina benzer sekilde,
gelisim ilerledikge kollajenin azaldigini destekler
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Sekil 1. Tavuk embriyosunda kalp ventrikiil duvari, oklar; kas fibrilleri arasindaki bag dokusu.
Figure 1. Heart ventricular wall in chicken embryo, arrows; connective tissue between muscle fibers.
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Sekil 2. Embriyonik kalp ventrikil duvarindaki kollajen ve kas miyofibril yogunluklari, vb; ventrikiil boglugu.

Figure 2. Collagen and muscle myofibril concentrations in the embryonic heart ventricular wall, vb; ventricular cavity.

645



KSU Tarim ve Doga Derg 24 (3): 641-649, 2021
KSU J. Agric Nat 24 (3): 641-649, 2021

Aragtirma Makalesi
Research Article

Ventrikiil duvar

Hizli gelisen genotipin
hafif yumurtasi

Hizli gelisen genotipin
agir yumurtasi

Yavas gelisen genotipin
hafif yumurtasi

Yavas gelisen genotipin
agir yumurtasi

18 giinlitk
embriyo
(bag doku lifleri)

PO B g

21 gtinliikk
embriyo
(kas doku

miyofibrilleri)

Sekil 3. Embriyonik kalp ventrikiil duvarindaki kollajen fibriller ve kas miyofibrilleri, kf; kollajen fibril, km; kas miyofibrili

Figure 3. Collagen fibrils and muscle myofibrils in the wall of the embryonic heart ventricle, kf: collagen fibril, km;, muscle myofibril.
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18 giinliik hizh geligen genotipin hafif yurmurtas:
subendokardiyal purkinje hiicreleri-Gomori

21 giinliik yavag gelisen genotipin hafif yumurtas:
ventrikul duvan purkinje hicreleri-Gomeri

21 giinlikk hzh gelisen genotipin hafif yumurtas
periarteriyal purkinje hicreleri-Gomeori

18 ginlik hizh geligen genotipin afir yumurtas:
periarteriyal purkinje hicreleri-Pollak's

18 glinlilk yavag gelisen genotipin afir yumurtass
subendokardiyal purkinje hilcreleri -Heidenhain'in
Demirdi Hematoksilen

g Lo
I8 glinlik yavas geligen genotipin afir yumurtas:
ventrikil duvan purkinje hiicreleri-Heidenhain®in

21 ginliik mzh gelisen genotipin agir yumurtas:

penarteriyal purkinje hiicreleri -Pollak’s

Sekil 4. Embriyonik kalp ventrikiil duvarindaki Purkinje hiicreleri (oklar).
Figure 4. Purkinje cells in the embryonic heart ventricular wall (arrows).

niteliktedir. Mavi-yesilden kirmiziya dénen histolojik
boyanma farkindan anlagildigi tzere, 21 glnlik
embriyo kalplerinde azalan kollajen yerini kasilabilir
miyofibrillere birakmaktadir (Swidersy ve ark., 1994).

Calismada Purkinje hiicrelerinin nukleuslarinin
kardiyomiyosit nukleuslarindan daha biyik ve
yuvarlak oldugu, sitoplazmalarinin kas fibrilleri
acisindan fakir oldugu ve bu sebeple daha acik renge
boyandig1 gérilmustir. Kalp ventrikial kasi i¢inde
bulunan iletim sistemine ait Purkinje hiicrelerinin,
kalp kas1 hiicrelerinden daha az miyofibril icerdigi,
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nukleuslarinin kalp kasi hiicrelerine goére nispeten
daha biiyiikk ve yuvarlak oldugu daha o6nce yapilan
caligsmalarda da gosterilmistir (Ideker ve ark., 2009).

Caligma bulgulari, kalp bag doku gelisiminin yumurta
agirhgindan etkilenebilecegini, bu etkinin yavasg
gelisen  genotiplerde o6nemli  oldugunu, hizh
geligenlerde ise 64-72 gram agirhg arasindaki
yumurtanin kalp kasinda bag doku gelisimini
etkilemedigini géstermektedir. Bu bulgu kanatli bilimi
i¢in yeni olup, kesin yargiya varmak icin daha fazla
calismaya gereksinim vardir. Ventrikil duvarindaki
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miyofibriller arasi1 bogluk olusumu ve kollajen
miyofibril yogunluk farkliligi, 3 giinliik bir embriyonik
gelisimden kaynaklandig:r distintilmektedir.

Aragtirmacilarin Katk: Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catismas1 Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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ABSTRACT
Seven oribatid mites of the family Carabodidae Koch, 1837 namely,
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Austrocarabodes (s.str.) ensifer (Sellnick, 1931), A. (s.str.) Article History
foliaceisetus foliaceisetus Krivolutsky, 1971, Carabodes (s.str.) Received ©04.05.2020
labyrinthicus (Michael, 1879), C. (s.str.) pirinensis Kunts, 1961, C. Accepted ©02.10.2020
(s.str.) rugosior Berlese, 1916, C. (Flexa) djaparidzae Murvanidze and

Weigmann, 2007 and C. (Flexa) dubius Kulijev, 1968 were given with Keywor(i:s :

their scanning electron microscope images from Turkey. Apart from Carabodid mites

A. (s.str.) ensifer, other six taxa are new records for the oribatid fauna E@logy )

of Turkey. The taxa were also evaluated in terms of ecological and Distribution
zoogeographical. An identification key for Turkish carabodid genera $i};§2;my

and species is also provided.

Tirkiye'nin Carabodid Oribatid Akarlar (Acari, Oribatida, Carabodidae) Bilgisine Ekolojik ve
Zoocografik Aciklamalar Ile Katki

OZET Aragtirma Makalesi
Carabodidae Koch, 1837 familyasindan yedi oribatid akar, isim

olarak, Austrocarabodes (s.str.) ensifer (Sellnick, 1931), A. (s.str.) Makale Tarihcesi
foliaceisetus foliaceisetus Krivolutsky, 1971, Carabodes (s.str.) Gelig Tarihi  :04.05.2020
labyrinthicus (Michael, 1879), C. (s.str.) pirinensis Kunts, 1961, C. Kabul Tarihi :02.10.2020

(s.str.) rugosior Berlese, 1916, C. (Flexa) djaparidzae Murvanidze ve

Weigmann, 2007 ve C. (Flexa) dubius Kulijev, 1968 Tiirkiye'den Anahtar Kelimeler

tarama elektron mikroskobu gériintiileri ile birlikte verilir. A. (s.str.) Carabodid akarlar
ensifer (Sellnick, 1931) disindaki diger alt:1 tiir Tiirkiye oribatid Ekoloji

faunas1 i¢in yeni kayittir. Taksonlar ayni zamanda ekolojik ve Dagilim
zoocografi bakimindan da degerlendirilir. Ayrica Tirkiye carabodid Taksonomi

cins ve turleri i¢in de bir teshis anahtari verilir. Turkiye

To Cite : Toluk A, Ayyildiz N 2021. Contribution to The Knowledge of Carabodid Oribatid Mites (Acari, Oribatida, Carabodidae)
of Turkey, With Ecological And Zoogeographical Remarks. KSU J. Agric Nat 24 (3): 650-662. https://doi.org/
10.18016/ksutarimdoga.vi.731745.

INTRODUCTION

Oribatid mites constitute one of the most important

and subspecies of oribatid mites in Turkey is 245
(Baran et al. 2018). The family Carabodidae which is

groups of organisms in taxonomic, ecological and
zoogeographical aspects due to their presence in
almost all kinds of habitats and biogeographic regions,
high adaptability, slow movement, strong interaction
with microenvironments and their roles in soil
structure and decomposition process (Gergécs and
Hufnagel 2009, Schuppenhauer et al 2019). Since the
1980’s, Ayyildiz and his collaborators have made a
significant contributions to the knowledge of the
oribatid mite fauna of Turkey (Ayyildiz 1989, Ayyildiz
and Luxton 1989a, 1989b, 1990, Baran and Ayyildiz
2008, Toluk et al 2008, Toluk and Ayyildiz 2009a,
2009b, 2011; Baran et al. 2009, 2012, Ayyildiz et al.
2016, Toluk 2016, Susyal et al 2018, Ay and Ayyildiz
2019a, 2019b). So far, the number of known species

the subject of the present study, is one of the largest
families in the oribatid mites with 33 genera after the
families Oppiidae (132 genera) and Microzetidae (45
genera) (Subias 2004). A limited number of studies are
available on this group and so far, only three taxa (viz.
Austrocarabodes (A.) ensifer (Sellnick, 1931),
Carabodes (Flexa) intermedius Willmann, 1951 and
Carabodes (Klapperiches) pulcher pulcher (Bernini,
1976) belonging to the genera Austrocarabodes and
Carabodes have been known from Turkey (Ayyildiz
1988, Per and Ayyildiz 2005, Yalcin et al 2013).

The present study on carabodid mites constitute a new
addition to the taxonomic, ecological and
zoogeographical investigations on oribatid mites in
Turkey.
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MATERIALS and METHODS

The material used in this study was obtained from
samples previously collected by the authors and kept
in the collection, in the context of the determination of
Turkish oribatid mite fauna. More detailed
information was given in the material examined of
each taxon in Results section. They were extracted
using a Berlese funnel apparatus, and preserved in
70% ethanol. The specimens were sorted from the
samples under a stereomicroscope and mounted on
slides in modified Hoyer’s medium. Body length was
measured in lateral view, from the tip of the rostrum
to the posterior edge of the ventral plate. Notogastral
width refers to the maximum width in dorsal aspect.
Photographs were taken by the Scanning Electron
Microscope (SEM). The terminology used in this paper
follows Norton and Behan-Pelletier (2009). We
prepared the species distribution map by using
Website (http://encarta.softwaresea.com/Windows-
software-download/encarta-maps). The specimens
examined were deposited in the Acarological Collection
of the Zoological Museum of Erciyes University,
Kayseri, Turkey.

RESULTS
Family Carabodidae Koch, 1843

Key to the known genera and subgenera of the family
Carabodidae from Turkey

1. Ten pairs of notogastral setae
Carabodes Koch, 1835 2

- Fourteen pairs of notogastral setae
Austrocarabodes Hammer, 1966

2. Epimeral setal formula: 1-1-3-3, Interlamellar
setae originating in interlamellar region
C. (Klapperiches) Mahunka, 1979

- Epimeral setal formula: 3-1-3-3 or 2-1-3-3.
Interlamellar setae originating on the surface of
lamellae
3. Setae c2z long, directed forwards, all other
notogastral setae short, phylliform. Lyrifissure iad
situated in adanal position
C. (Flexa) Kulijev, 1977

- Setae ¢z directed outwards or backwards,
never forwards. Lyrifissure iad absent or originating
far from anal aperture . (Carabodes) C. L. Koch, 1835

Key to the known species and subspecies of the family
Carabodidae from Turkey

1- Fourteen pairs of notogastral setae
-Ten pairs of notogastral setae
2- Sensillus fusiform, notogaster surface covered with
a reticulated pattern formed by a varying number of
rounds, small tubercles Austrocarabodes
(Austrocarabodes) ensifer

- Sensillus setiform, notogastral surface covered by
well-developed round tubercles

A. (A) foliaceisetus foliaceisetus
3- Setae cznormal
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- Setae czvery long, directed forward

4- Setae In originating in interlamellar region ...C.
(Klapperiches) pulcher pulcher
-Setae in on the surface of lamellae ........................ 5

5_

Interlamellar region with two protuberances
C. (Carabodes) rugosior

- Interlamellar region with ridges ........c.cecevenenen.n.
6- Setae in long; notogastral surface with areolae and
pustules C. (C) pirinensis

- Setae in short; notogastral sculpture with joint

tubercles ........ C. (C) labyrinthicus
7- Notogastral setae phylliform .............ccceevenen.. 8
- Notogastral setae lanceolate

C. (Flexa) intermedius
8- Interlamellar region covered by irregular ridges
C. (F) djaparidzae

-Interlamellar region with several short longitudinal
grooves in two rows..C. (F.) dubius

Genus Austrocarabodes Hammer, 1966

Austrocarabodes (Austrocarabodes) ensifer (Sellnick,
1931)

Measurements- Body length: 464-520, body width: 240
-288 um (n=10).

Diagnosis (Figure 1): Lamellae without cuspis. All
dorsal setae phylliform. Lamellar setae inserted on
distal lateral surface of lamellae; interlamellar setae
originating close to inner margin of lamellae.
Prodorsum with irregular polygonous areas. Sensillus
head gradually thickened and rounded distally.
Dorsosejugal furrow straight; Notogaster surface
covered with a reticulated pattern formed by a varying
number of rounds, small chitinized tubercles; fourteen
pairs of phylliform notogastral setae; the humeral
region rounded and without triangular tubercle.
Ventral surface with well-developed net-pattern.
Epimeral setal formula: 3-1-2-3. Genito-anal setal
formula: 4-1-2-3. Adanal setae ad;and adzphylliform,
setae ads smooth.

Material examined: Turkey, Mersin, Erdemli,
36°40°104"N, 034°16°524"E, 432 m a.s.l., 17. V.2014,
soil and litter from mixed forest, 18 exs (two of them
were used for scanning electron microscopy).

Distribution in Turkey: FErzurum and Mersin
provinces (Figure 2) (Ayyildiz 1988). Mersin province
given in the present study constitutes a second locality
record after Erzurum province for the species in
Turkey.

Austrocarabodes  (Austrocarabodes) foliaceisetus
foliaceisetus Krivolutsky, 1971

Measurements-Body length: 600-632, body width: 312-
318 um (n=10).

Diagnosis (Figure 3): Prodorsum surface covered by
irregular ridges. All dorsal setae phylliform. Lamellar
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setae inserted on distal lateral surface of lamellae;
interlamellar setae originating close to inner margin of
lamellae. Sensillus long, its distal part slightly
granulated. Notogastral surface covered by well-
developed round tubercles. The humeral region with

100 pm
g

10 pm

100 um
Sy

triangular tubercle. Fourteen pairs of phylliform and
dentate notogastral setae. Dorsosejugal furrow nearly
straight. Ventral surface covered by net-pattern. All
adanal setae phylliform and dentate. Epimeral setal
formula: 3-1-3-3. Genito-anal setal formula: 4-1-2-3.

20 um

10 pm

oy |

Figure 1. Austrocarabodes (Austrocarabodes) ensifer (Sellnick, 1931). A - dorsal view; B — notogaster; C - pattern

in central part of notogaster; D — sensillus; E - ventral view.
Sekil 1. Austrocarabodes (Austrocarabodes) ensifer (Sellnick, 1931). A — sirttan goriiniis;, B — notogaster; C —
notogasterin orta bélgesi deseni; D — sensillus; E — karindan goriiniis.

Material examined: Turkey, Aksaray, Ihlara Valley,
38°15"30"N, 34°17°46”E, 1212 m a.s.l., 1.V.2017, litter
and soil, 14 exs (one of them was used for scanning
electron microscopy).

Distribution in Turkey: Aksaray province (Figure 2). It
constitutes the first locality record for the species in
Turkey.
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Genus Carabodes C. L. Koch, 1835
Carabodes (Carabodes) labyrinthicus (Michael, 1879)

Measurements:Body length: 464-608, body width: 264-
368 um (n=10).



KSU Tarim ve Doga Derg 24 (3): 650-662, 2021 Arastirma Makalesi
KSU J. Agric Nat 24 (3): 650-662, 2021 Research Article

Black Sea
_ orgia

Aegean Sea .

Figure 2. General map of Turkey showing locations of sampled populations. A- Austrocarabodes (A.) ensifer, A- A.
(A.) foliaceisetus foliaceisetus, O- Carabodes (C.) labyrinthicus, % - C. (C.) pirinensis, O- C. (Flexa)
djaparidzae, %- C. (C.) rugosior, ®- C. (Flexa) dubius.

Sekil 2. Orneklenen populasyonlarin lokalitelerini gosteren genel Tiirkiye haritasi. A- Austrocarabodes (A.)
ensifer, A- A. (A.) foliaceisetus foliaceisetus, Q- Carabodes (C.) labyrinthicus, % - C. (C) pirinensis,0- C.
(Flexa) djaparidzae, % - C. (C.) rugosior, ® - C. (Flexa) dubius.

100 pm

100 pm

Figure 3. Austrocarabodes (Austrocarabodes) foliaceisetus foliaceisetus Krivolutsky, 1971. A - dorsal view; B —
prodorsum; C - pattern in central part of notogaster and the setae da; D - ventral view.

Sekil 3. Austrocarabodes (Austrocarabodes) foliaceisetus foliaceisetus Krivolutsky, 1971. A — sirttan goriiniis; B —
prodorsum; C — notogasterin orta bolgesi deseni ve da kili; D — karindan gortinlis.
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Diagnosis  (Figure 4)° Rostral, lamellar and
interlamellar setae setiform. Interlamellar region
converging, with irregular ridges. Sensillus short
clavate, directed laterally. Dorsosejugal furrow absent.
Notogastral sculpture with joint tubercles. Ten pairs of
baciliform notogastral setae. Setae ¢z in lateral

position. Epimeral setal formula: 3-1-2-3. Genito-anal
setal formula: 4-1-2-3.

I - ; =] 7
Figure 4. Carabodes (Carabodes) labyrinthicus (M
pattern; D - prodorsum.

ichael, 1879). A - dorsal view;

Material examined: Turkey, Bolu, Golcik lake side,
40°39°37"N, 31°37°38"E, 1218 m a.s.l., 10.V.2008, soil
and litter from mixed forest, 52 exs (one of them were
prepared for scanning electron microscopy).

Distribution in Turkey: Bolu province (Figure 2). It
constitutes the first locality record for the species in
Turkey.

— notogaster; C - notogastral

Sekil 4. Carabodes (Carabodes) labyrinthicus (Michael, 1879). A — sirttan goriiniis; B — notogaster; C — notogaster

deseni; D - prodorsum.

Carabodes (Carabodes) pirinensis Kunst, 1961

Measurements- Body length: 504-560, body width: 272-
320 um (n=10).

Diagnosis (Figure 5): Interlamellar setae long, strong,
slightly curved inside, inserted on the middle of the
lamellae.  Sensillus with a finger-shaped head.
The interlamellar region separated from the rostrum
by a transverse hump with eight- ten longitudinally
running furrows. A semicircular chitin plate with two
teeth on the basis of the prodorsum present.
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Dorsosejugal furrow wide. Notogastral cerotegument
sculpture with net-pattern; notogastral surface areolae
and pustulate. Notogaster with one pair of prominent
humeral processes. Ten pairs of phylliform notogastral
setae (except setae ps;s and rs . Epimeral setal
formula: 3-1-2-3. Genito-anal setal formula: 4-1-2-3.

Material examined- Turkey, Bolu, Goleuk lake side, , ,
40°39°37"N, 31°37°38"E, 1218 m a.s.l., 10.V.2008, soil
and litter from mixed forest, 32 exs (one of them were
prepared for scanning electron microscopy).
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Figure 5. Carabodes (Carabodes) pirinensis Kunst, 1961. A - dorsal view; B — prodorsum; C - notogastral pattern.

Sekil 5. Carabodes (Carabodes) pirinensis Kunst, 1961. A — sirttan goriiniis; B — prodorsum; C — notogaster deseni.

Distribution in Turkey’ Bolu province (Figure 2). It
constitutes the first locality record for the species in
Turkey.

Carabodes (Carabodes) rugosior Berlese, 1916

Measurements-Body length: 480-496, body width: 288-
304 um (n=3).

Diagnosis (Figure 6): Rostral setae smooth, curved in-
side. Setae in and /e short and setiform. Sensillus
slender, ciliate distally divided into finger shaped and
widened. Dorsosejugal furrow absent. Interlamellar
region with two protuberances. Notogastral sculpture
with a strong longitudinal mid-ridge, next to it
irregular narrower longitudinal and transverse ridges.
Ten pairs of short and setiform notogastral setae.
Setae ¢z inserted near humeral region. Epimeral setal
formula: 3-1-2-3. Genito-anal setal formula: 4-1-2-3.

Material examined: Turkey, Bolu, Gélcik lake side,
40°39°37"N, 31°37°38"E, 1218 m a.s.l., 10.V.2008, soil
and litter from mixed forest, 4 exs (one of them were
mounted on aluminum stubs and gold-coated for
scanning electron microscopy).

Distribution in Turkey: Bolu province (Figure 2). It

constitutes the first locality record for the species in
Turkey.
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Carabodes (Flexa) djaparidzae Murvanidze and
Weigmann, 2007

Measurements-Body length: 496-544, body width: 288-
320 um (n=7).

Diagnosis (Figure 7): Prodorsum surface covered by
irregular ridges. Rostral and lamellar setae smooth,
curved inside. Interlamellar setae long, slightly
granulated, positioned on the lamellae and curved
inside. Sensillus distally split into fingers. Notogaster
reticulate pattern represented by generally rounded
cells. Ten pairs of notogastral setae present; setae cz
long, erect, directed forward, other setae phylliform.
Dorsosejugal furrow nearly broad. Epimeral setal
formula: 3-1-3-3. Genito-anal setal formula: 4-1-2-3.

Material examined. Turkey, Artvin, Yusufeli, Cevreli
village, , 40°46°07"N, 41° 27°37"E, 1149 m a.s.l,
17.VII1.1993, litter and soil underlying Pinus sp. in a
mixed forest, 8 exs (one of them were prepared for
scanning electron microscopy).

Distribution in Turkey: Artvin province (Figure 2). It
constitutes the first locality record for the species in
Turkey.

Carabodes (Flexa) dubius Kulijev, 1968

Measurements: Body length: 396, body width: 225 pm
(n=1).
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Figure 6. Carabodes (Carabodes) rugosior Berlese, 1916. A - dorsal view; B — prodorsum; C - notogastral pattern.

Sekil 6. Carabodes (Carabodes) rugosior Berlese, 1916. A — sirttan goriiniis; B — prodorsum, C — notogaster deseni.

Diagnosis (Figure 8):Prodorsal cerotegument with net-
like pattern anteriorly. Lamellar setae curved inside,
with ciliate. Interlamellar setae long, strong, slightly
curved inside. Sensillus with a finger-shaped head.
Interlamellar region with several short longitudinal
grooves in two rows. Dorsosejugal furrow wide. Setae
¢z bacilliform long, strong, erect, directed forward.
Notogastral sculpture with areolae and pustulate. Ten
pairs of notogastral setae narrow phylliform, barbed
throughout length, inserted submarginally. Setae p-
and r- series smaller than the others Epimeral setal
formula: 3-1-2-3. Genito-anal setal formula: 4-1-2-3.

Material examined: Turkey, Bolu Province, Géleik
lake side, , 40°39°37"N, 31°37’38"E, 1218 m a.s.l,,
10.V.2008, soil and litter from mixed forest, 1 ex (one
specimen prepared for scanning electron microscopy).

Distribution in Turkey” Bolu province (Figure 2). It
constitutes the first locality record for the species in
Turkey.

DISCUSSION

The results obtained for each taxon are discussed from
the taxonomic, ecological and zoogeographical view,
below.

Austrocarabodes (Austrocarabodes) ensifer (Sellnick,
1931)

Taxonomical
Austrocarabodes

remarks and

(Austrocarabodes) ensifer was

comparison:
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described by Sellnick (1931) from Greece (Ionian
Islands). This species can be distinguished from
congeners by the presence of prodorsum with irregular
polygonous pattern; sensillus with setulae and
rounded in the distal part; rounded humeral processes;
reticulate notogastral pattern formed by a varying
number of round, small chitinized tubercles;
phylliform notogastral setae and adanal setae (ad; and
ad?); net-like pattern in ventral side (Sellnick 1931,
Pérez-Tiiigo 1971, 1997, Ayyildiz 1988, Murvanidze
and Weigmann 2007). The known body size for this
species is in the range of 525-550/ 288-340 um (Sellnick
1931, Pérez-iﬁigo 1971, 1997, Bulanova- Zakhvatkina
1975, Ayyildiz 1988). The dimensions of the Turkish
specimens (464-520 x 240 -288 um) are smaller than
the previously given. Humeral processes in the
Turkish specimens are rounded and without tubercles,
which are in concordance with the description of
Bulanova-Zakhvatkina (1975) and Ayyildiz (1988) but
the chitinized triangular tubercles have been shown in
illustrations and descriptions by Pérez-iﬁigo (1971,
1997), Mahunka (1986) and Murvanidze and
Weigmann (2007). In terms of the other morphological
features, the Turkish specimens are in conformity with
the descriptions given by the various authors (Sellnick
1931, Pérez-fﬁigo 1971, 1997, Bulanova-Zakhvatkina
1975, Mahunka 1986, Ayyildiz 1988, Murvanidze and
Weigmann 2007).
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Figure 7. Carabodes (Flexa) djaparidzae Murvanidze and Weigmann, 2007. A - dorsal view; B — prodorsum; C -
notogastral pattern; D — sensillus; E - ventral view.

Sekil 7. Carabodes (Flexa) djaparidzae Murvanidze ve Weigmann, 2007. A — sirttan gériiniis; B — prodorsum; C —
notogaster deseni; D — sensillus; F — karindan goriintis.

Distribution and FEcology' This species is presently
from Southern Palearctic (Mediterranean and Central-
Western Asia) (Subias 2004). It is distributed in
Greece, Spain, Portugal, Russia (Lower Volga, Pamir),
Georgia and Turkey (Sellnick 1931, Bulanova-
Zakhvatkina 1975, Barjadze and Murvanidze 2016).
It was previously reported by Ayyildiz (1988) in
Turkey. This species has been found in semi-desert soil
of the Lower Volga region of Russia (Bulanova-
Zakhvatkina 1975). Ayyildiz (1988) reported that it
was collected from the fruit garden, arid soils and pine
woods. According to Pérez-fﬁigo (1997), this species is
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typical of the Mediterranean scrubland and has almost
always been found near the coast. Specimens
belonging to this species have been extracted from
artificial arid woodland and mixed forest in Georgia
(Barjadze and Murvanidze 2016). Murvanidze and
Mumladze (2016) reported that this species lives in
forest soils. We found this species in soil and litter
collected from a mixed forest. The occurrence analysis
of Austrocarabodes (Austrocarabodes) ensifer shows
that its preferred substrate types as soil and litter.

A. (A) foliaceisetus foliaceisetus Krivolutzky, 1971
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Figure 8. Carabodes (Flexa) dubius Kulijev, 1968. A - dorsal view; B — notogaster; C - prodorsum.
Sekil 8. Carabodes (Flexa) dubius Kulijev, 1968. A — sirttan goriiniis; B — notogaster; C - prodorsum.

Taxonomical remarks and comparison: A. (A.) Krivolutzky (1971) reported that this species was
foliaceisetus foliaceisetus Krivolutzky, 1971 was firstly found in the mountains of Central Asia but did not
described from Eastern Kirgizia. This subspecies can provide any information about the type of substrate.
be distinguished from congeners by the presence of This subspecies was found in the apple orchards in
prodorsum with irregular ridge pattern; rounded Iran (Rahgozar et al 2019). We found in litter and soil
humeral processes with triangular tubercles; in a dry valley. Literature data show that it preferred
notogastral pattern formed by round tubercles; different habitat types as alpine, valley and orchards.

phylliform notogastral and adanal setae (ad; ad> ad>); Carabodes (Carabodes) labyrinthicus (Michael, 1879)

net-like pattern in ventral side (Krivolutzky 1971, Taxonomical remarks and comparison: This species
Murvanidze and Mumladze 2016). can be distinguished from congeners by the presence of
The body size in the original description of this clavate sensillus; notogastral pattern with joint
subspecies is 602/324 pm (Krivolutzky 1971). The tubercles; bacilliform apically pointed notogastral
dimensions of the Turkish specimens (600-632 x 312 - setae (Weigmann 2006, Murvanidze 2008). The body

318 pum) are in conformity with the Kirgizia nominal length for the species is given as 430-580 pm by
subspecies. Humeral processes in the Turkish Weigmann (2006) and Murvanidze (2008). In this
specimens are rounded and with tubercles, but the regard, the Turkish specimens (464-608x 264-368 pm)
chitinized triangular tubercles have not been shown in are in the range of the dimensions of the known
the original illustration and description given by specimens. The Turkish specimens closely resemble all
Krivolutzky (1971). Apart from this difference, in the features given by Weigmann (2006) and
terms of the other morphological features, the Turkish Murvanidze (2008) for this species. This is the first

specimens are in conformity with the original record from Turkey.

description (Krivolutzky, 1971). Distribution and FEcology:® This species is presently
Distribution and Ecology:'This sub-species is presently known from Holarctic region and Mexico (Subias
known from  Southern  Palearctic (Eastern 2004). It is a new record for Turkey fauna. C (C.)
Mediterranean and Central-Western Asia) (Subias labyrinthicusis found in the arboreal fruiting bodies of
2004). This sub-species was recorded also in Iran the fungus Daldinia concentrica; the canopy of beech,
(Rahgozar et al 2019). Turkey is the third locality oak, larch and spruce in a mixed temperate forest; the
record outside its type locality (Kirgizia) and Iran. feathers of birds; the anthill; forest soils, moss, litter,

658



KSU Tarim ve Doga Derg 24 (3): 650-662, 2021
KSU J. Agric Nat 24 (3): 650-662, 2021

Arastirma Makalesi
Research Article

tree bark and canopy (Hingley 1971, Wunderle 1992,
Krivolutzky and Lebedeva 2004, Sobek et al 2008,
Mahunka and Mahunka-Papp 2009, Murvanidze and
Mumladze 2016). Schneider (2005) placed it in the
phycophage/fungivore feeding category. According to
Schatz (2016), it is a euryoecious species, also
arboricolous, muscicolous and silvicolous. Also, this
species is found in arctic tundra of Alaska and
northern Canada (Reeves and Behan-Pelletier 1998).
According to Weigmann (2006) it lives in acidic,
differently moist forest soils; in moss cushions and tree
barks. Subias (1977) confirms his preference for
mosses on rocks. Rajski (1968) considers it as a kind of
forest residence. It prefers acidic soil and medium
humidity (Pérez-iﬁigo 1997).

It is known from the literature to be preferred
inhabitants of saxicolous or arboricolous mosses and
lichens (Materna 2000). We found it in soil and litter
from mixed forest. Literature data show that it is
tolerant to a wide range of environmental conditions
and widely distributed.

C. (C) pirinensis Kunts, 1961

Taxonomical remarks and comparison’ This species
can be distinguished from congeners by the presence of
the interlamellar region separated from the rostrum by
a transverse hump with eight- ten longitudinally
running furrows; a semicircular chitin plate with two
teeth on the basis of the prodorsum; long, strong,
smooth, slightly curved inside interlamellar setae,
inserted on the middle of the lamellae (Kunst 1961).
The body dimension for the type specimens is in the
range of 570-604 x 330-370 (Kunst 1961). The Turkish
specimens (504-560 x 272-320 pm) are smaller than the
dimensions of the type specimens. The notogastral
setae psi3 and rz in the Turkish specimens are
bacilliform with dentate, but all notogastral setae have
been shown as phylliform in the original illustration
and description given by Kunts (1961). Apart from this
difference, in terms of the other morphological
features, the Turkish specimens are in conformity with
the original description (Kunst 1961). This is the first
record from Turkey.

Distribution and FEcology: Carabodes (Carabodes)
pirinensis was described by Kunst (1961) from
Bulgaria. He found this species in dry litter layer of
forest. We found it in soil and litter from mixed forest.
Turkey is first locality record outside its type locality
(Bulgaria). In terms of ecology it can be considered a
typical inhabitant of forest litter and soil.

C. (C) rugosior Berlese, 1916

Taxonomical remarks and comparison’ This species
can be distinguished from congeners by the presence of
prodorsum with two protuberances in posterior part;
notogastral sculpture with a strong longitudinal mid-
ridge, next to it irregular narrower longitudinal and
transverse ridges; ten pairs of short and setiform
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notogastral setae (Reeves and Behan-Pelletier 1998,
Weigmann 2006, Murvanidze 2008). The body length
for the species is given as 520-650 um (Weigmann
2006, Murvanidze 2008). The Turkish specimens (480-
496 x 288-304 um) are smaller than the dimensions of
the known specimens (Reeves and Behan-Pelletier
1998, Weigmann 2006, Murvanidze 2008). The
Turkish specimens closely resemble all the features
given by Weigmann (2006) and Murvanidze (2008) for
this species. This is the first record from Turkey.

Distribution and FEcology: Holarctic (Palearctic and
northern Nearctic) (Reeves and Behan-Pelletier 1998,
Subias 2004, Murvanidze 2008, Mahunka and
Mahunka Papp 2009, Kagainis 2010, Hagvar et al
2014). Weigmann (2006) found it in forest litter and on
tree stumps. Murvanidze and Mumladze (2016)
reported this species from forest soils. In Latvia, this
species is found from coniferous forest soil (Kagainis
2010, Hagvar et al. 2014). According to Schatz (2016),
it is a silvicolous species. We found this species in soil
and litter from mixed forest. In terms of ecology it can
be considered a typical inhabitant of forest litter and
soil.

C. (Flexa) djaparidzae Murvanidze and Weigmann,
2007,

Taxonomical remarks and comparison’ This species
was described by Murvanidze and Weigmann (2007)
from Georgia. It can be distinguished from congeners
by the presence of reticulate notogastral pattern
represented by generally rounded cells; long, curved
inside interlamellar setae; sensillus with distally
finger-shaped head; phylliform notogastral (except
setae czlong and erect) and adanal setae (setae ad;and
ad-2). The body length and width for the species is given
as 510 and 260 pm, respectively (Murvanidze and
Weigmann 2007). In this regard, the dimensions of the
type specimen are in the range of the dimensions of the
Turkish specimens (496-544 x 288-320 pum).
Murvanidze and Weigmann (2007) stated that
notogaster has flower shaped pattern formed by bright
foveolae surrounded by chitinized tubercles. Their
drawings match the images that we observed in SEM.
However, it does not look like a flower-shaped pattern.
This can be due to difference in SEM and the light
microscopic examination. In general, the Turkish
specimens are in conformity with the original
description given by Murvanidze and Weigmann
(2007). This is the first record from Turkey.

Distribution and FEcology: Caucasus (Subias 2004).
Carabodes (Flexa) djaparidzae Murvanidze and
Weigmann, 2007 was firstly described from Georgia.
Up to now this species was known only from the type
locality. Turkey is second locality record. This species
was found in soil of a Carpinusforest; moss in Populus
tremula- Pinus forest; understory with different
grasses in Georgia. We found this species in litter and
soil underlying Pinus sp. in a mixed forest. From the
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available data, it is understood that this species
prefers forest floor.

C (Flexa) dubius Kulijev, 1968

Taxonomical remarks and comparison’ This species
was described by Kulijev (1968) from Azerbaijan. It can
be distinguished from congeners by the presence of
interlamellar region with several short longitudinal
grooves in two rows; setae ¢z bacilliform long, strong,
erect, directed forward; nine pairs of notogastral setae
narrow phylliform, barbed throughout length, inserted
submarginally. The body length for the species is given
as 420-517 pm by Murvanidze, (2008), 422-474 by
Kulijev (1977). The Turkish specimens (396 x 225 um)
are smaller than the dimensions of the known
specimens. The Turkish specimens closely resemble all
the features given by Kulijev (1977) and Murvanidze
(2008) for this species. This is the first record from
Turkey.

Distribution and Ecology: Carabodes (Flexa) dubius is
distributed in Caucasus (Azerbaijan and Georgia)
(Subias 2004, Murvanidze 2008). It collected from
moss on rock wall of a canyon and in mountain forest
soils (Murvanidze and Mumladze 2016). We found it in
soil and litter from mixed forest.

CONCLUSION

The present study added six new records of the genus
Carabodes to the oribatid fauna of Turkey. For
Carabodes (Carabodes) pirinensis Kunst, 1961 and
Carabodes (Flexa) djaparidzae Murvanidze and
Weigmann, 2007 Turkey are the first locality record
outside their type localities Bulgaria and Georgia,
respectively. The taxa identified in this study have a
Palearctic  distribution. They are specifically
distributed in the European and Mediterranean sub-
regions of the Palearctic region. This is consistent with
the fact that Turkey is located on cross section of the
Boreal, Euro-Siberian, Irano-Turan and
Mediterranean elements. In general, the species of
Carabodidae prefer more or less humid forest habitats
and are rare in non-humid environments.
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Bu arastirmada, Bolu ilindeki sigir besi igletmelerinde besicilik

faaliyetinin yapisal durumu ve besiye alinmis sigirlarin baz vicut Makale Tarihgesi
ozelliklerinin belirlenmesi amac¢lanmigtir. Aragtirmanin materyalini Gelig Tarithi  : 08.06.2020
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grubundan besiye alinan 339 bas besi sigir1 olusturmustur.
Isletmelerde besi faaliyetine ait bilgilerin toplanmasina ek olarak

Anahtar Kelimeler

sigirlar tizerinde cidago ylksekligi ve gogiis cevresi Ol¢uilmiistiir. Sigir

Isletmeler, besideki hayvan sayisina gére 1-50 bas, 51 bag ve tizeri Besi

olarak gruplandirilmistir. Bu gruplardaki hayvan sayilar1 ve genel Canli agirhik
ortalama bahsedildikleri sira ile; 19.0 bas, 75 bas ve 37.7 bastir. Cidago yuksekligi

Calismada besi baslangici ve besi sonu yaslar: sirasiyla; 9.7 + 2,23 yas
ve 25.6 + 3.57 yas olarak hesaplanmigtir. Ortalama besi stiresi ise 15.9
+ 5,21 ay olarak tespit edilmistir. Siyah Alaca melezleri, Esmer
melezleri, Simental melezleri ve yerli irklar i¢in 9-12 aylhk yas
ortalama canli agirhik sirasiyla; 233.9 +£15.25 kg, 252.7 +24.33 kg,
236.1 £22.05 kg, 127.3 £19.69 kg olarak tahmin edilmistir. Ayni irklar
icin 18-22 aylik yas doneminde ortalama canli agirlik, aym sira ile;
432.3 +42.31 kg, 420.5 £22.19 kg, 440.4 +£37.10 kg, 212.5 +£20.31 kg
olarak tahmin edilmigtir.

ABSTRACT
In this study, it was aimed to determine the structural status of the
fattening activity and some body measurements of cattle in cattle
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The Structure of Beef Production and Determination of Some Body Measurements in Fattened Cattle
in Bolu Province
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432.3 + 42.31 kg, 420.5 + 22.19 kg, 440.4 + 37.10 kg, 212.5 + 20.31 kg,
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izlemektedir. Dinya’da ve Tirkiye’de kisi basina
giinlik ortalama hayvansal protein tUretimi ise
sirasiyla; 32.1 gr ve 36,3 gr’dir. (Anonim, 2013a).

Tirkiye’de hayvansal protein Gretimi icerisinde siitiin
ve etin paylar sirasiyla; %51 ve %37'dir. Bu trunleri
sirasiyla  yumurta (%7) ve su drinleri (%5)
izlemektedir. Tirkiye'de kisi basina disen yilhik
kirmizi et (s1g1r, manda, koyun, keci), tavuk eti,
yumurta ve balik eti tiketimi sirasiyla; 16.3 kg, 18.8
kg ve 6.1 kg’dir (Anonim, 2013b).

Toplam siit Gretiminin yaklagik %90.81 ve kirmizi et
uretiminin  %89.5'1t sigirlardan elde edilmektedir
(Anonim, 2019). Bu degerler, hayvansal {iretim
politikalarinda  sigir  yetigtiriciliginin  agirhikta
oldugunu ortaya koymaktadir.

Gerek sut ve gerekse et Uretimi agisindan sigirin
onemli bir kaynak durumunda olmasi, Tirkiye'de
hayvan bagina verimin ylkseltilmesine yonelik
calismalarin s181r popiilasyonu uzerinde
yogunlagmasina neden olmustur.

Turkiye'de yetistirilmekte olan sigir, koyun, keci
sayilar1 2013 yilindan sonra artis gostermistir. Bu
cercevede sigir sayis1 2013-2019 yillar1 arasinda 3.3
milyon bas artarak yaklastk 17.7 milyon bag’a
ulagmistir (Anonim, 2019a).

Turkiye'deki toplam sigir, koyun, ke¢i ve manda
sayilar1 sirasiyla; 17.688.139 bas, 37.276.050 bas,
11.205.429 bag ve 184.192 bag’tir. Bolu ilinde ise si81r,
koyun, keci ve manda varhigi sirasiyla; 135.300 bas,
102.150 bas, 28.431 bag ve 1.694 bag’tir. Bolu ilinin
sahip oldugu sigir, koyun, keci ve manda varliginin
Turkiye'deki toplam hayvan varlhig1 icerisindeki
paylari sirasiyla; %0.76, %0.91, %0.25 ve %0.92 olarak
hesaplanmigtir. Sigir varhigr icerisinde kultir
irklarinin pay: ise Turkiye ve Bolu ili igin sirasiyla;
%83.30 ve %60.54’dur. Kiltir irki sigir varhgini,
kiltiir irk: melezleri (Tiirkiye ve Bolu ili icin sirasiyla;
%12.80 ve %33.20) ve yerli irklar (Tiirkiye ve Bolu ili
icin swrasiyla; %3.80 ve %6.26) takip etmektedir.
Toplam ¢ig st tretimi Turkiye ve Bolu ili i¢in yine
sirasiyla; 22.960.379 ton ve 1.706.216 ton’dur (Anonim
2019a, Anonim 2019b).

Calisma alani olarak secilen Bolu ili topraklarinin
kapladig: alan 8.323 km? olup, Turkiye ytizélgimiiniin
%1.06’sin1  tegkil etmektedir. Bolu ilinin %56’sim
daglar ve %8&’ini ise ovalar olugturmaktadir. Merkez
ilge haricinde 8 ilgesi, 4 beldesi ve 511 koylu vardir.
Bolu ili, Tiurkiye'nin Bat1 Karadeniz Bolgesinde, 30° 32
ve 32° 36" dogu boylamlari, 40° 06’ ve 41° 01’ kuzey
enlemleri arasinda yer almaktadir. Bolu ilinin
batisinda; Sakarya ve Diizce, giineybatisinda; Bilecik
ve Eskigehir, giineyinde; Ankara, dogusunda; Cankiri
ve Karabiik, kuzeyinde; Zonguldak illeri vardir. Genel
olarak Bolu 1li, Bati Karadeniz ve Karadeniz iklim
tiplerine sahiptir. Bunun yaninda gilineybati
boliimlerinde Marmara ve I¢ Anadolu iklim tipleri de
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gorilmektedir. Son 52 yillik verilere gore ortalama
ginlik glneslenme stresi 5 saat 49 dakika, yillik
yagis 536 mm ve yillik ortalama yagish gegen gun
sayis1 ise 137 giindiir (Anonim 2019c).

Hayvansal iiretimin arttirilmasina yonelik uygulanan
ulusal ve bolgesel politikalarin basarisi, hayvansal
uretimin sosyal, ekonomik, kultirel ve teknik
yonleriyle incelenmesi ve envanterin saghkli bir
sekilde ortaya konulmasini amaclayan arastirmalar
ile mumkiundir. Bu calismada da, Bolu ilinde sigir
besiciligi konusunda faaliyet gosteren 6zel igletmelerin
incelenmesi suretiyle, il’'de si1gir besisi konusunda
mevcut durumun tespit edilmesi ve besiye alinan
sigirlarda bazi viicut 6zelliklerinin (cidago yiiksekligi,

goglis  cevresi, canli  agirhk)  belirlenmesi
amaglanmigtar.

MATERYAL ve METOD

Materyal

Arastirmanin materyalini, Bolu ilinde 2 ilgeye bagh 4
koyde faaliyet gosteren 9 adet sigir besi isletmesi ve bu
isletmelerde besiye alinmis olan cesitli genotip, yas ve
cinsiyetteki toplam 329 bag besi sigir1 olusturmustur.

Metot

Belirlenen igletmelerde o©ncelikli  olarak, besi
faaliyetine yonelik bilgilerin toplanmasi maksadiyla
igletme sahipleri ile ylz ylize anket ve goriisme
yontemi kullamilmistir (Boyar ve Yumak 1999).
Calisma kapsaminda besinin farkli dénemlerinde olan
isletmelerde besi periyodunun basinda ve besi
periyodunun sonunda hayvanlara yedirilen kaba ve
yogun yem miktarlar ile ilgili bilgiler de toplanmigtar.
Ayrica igletmelerde besiye alinan 339 bag sigirin yas
ve cinsiyeti tespit edilerek, hayvanlarin vicut 6lgtleri
(cidago yiiksekligi, gogiis cevresi ve canh agirlik)
belirlenmigtir. Kiltiir irki ve melezlerinin canh
agirliklarinin tahmin edilmesinde dogrudan Olgme
seridi tizerindeki kilogram deger esas alin migtir. Yerli
wklarda i1se canli agirlik tahmininde 6l¢gme seridinde
santimetre 6lglisti esas alinarak daha 6nce yerli irklar
uzerinde yapilan bir calisma sonucunda elde edilen
regresyon esitligi kullanilmistir (Thieme 1983).
(CA=22.91 - 0.964 * GC + 0.0151 * (GC)?)

Bu esitlikte; CA: Canli Agirlik, GC° Okunan gogiis
cevresi élgtisti (cm)

S1g1r besi igletmeleri, besideki hayvan sayisina gore, 1-
50 bag ve 51 bag ve lizeri si8ir kapasitesi olmak lizere

iki isletme biiyiikliik grubuna ayrilmigtir (Kiral 1993,
Uzal ve Ugurlu 2006).

Ornekleme Yontemi:

Arastirma basglangicinda, igletme ve hayvan varlhigina
iligkin saglikli ve giincel veri olmamasi nedeniyle hizl
kirsal degerlendirme yontemi kullanilmistir. Hizh
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Kirsal Degerlendirme (HKD); informal tarim sérveyi,
hizlh  kesif, informal metot, kesif sorveyi, bilgl
degerlendirmesi, hizli degerlendirme programi,
katilimer kirsal degerlendirme gibi birgok sekilde
adlandirilmistir (Beebe 1995). Yontem cercevesinde,
Tarim ve Orman I1 Muadirlagia yetkilileriyle
gorigilerek sigir besiciliginin yogun yapildigi Bolu
Merkez ve Gerede ilgeleri belirlenmigtir. Merkez ve
Gerede Tarim ve Orman ilge Mudirliikleri yetkilileri
ile yapilan goériismeler neticesinde ise yalnizca sigir
besiciligi konusunda faaliyet gosteren 9 adet 6zel besi
isletmesi tespit edilmisgtir.

Istatistik Analizler

Istatistiki analizler, besi igletmelerinin faaliyetlerinin
degerlendirilmesi ile 1irk ve cinsiyet gruplar: itibariyle
tanimlayici istatistiklerin belirlenmesinden
olusmustur. Verilerin hazirlanmasinda Excel paket
program1 kullanilmis olup, Minitab (Anonim 1997)
programi  yardimiyla anket sonuc¢larina  ait
frekanslarin yani sira besideki sigirlarin irk ve
cinsiyet gruplar: itibariyle cidago yuksekligi, gogus
cevresl ve canli agirliga ait tanimlayici istatistikler
(ortalama, standart hata, minimum ve maksimum)
hesaplanmigtir.

BULGULAR ve TARTISMA

Isletme buyiiklikk gruplar itibariyle, igletmelerin 6’s1
1-50 basg s1g1ra sahip igsletmelerden, 3’t ise 51 ve daha
fazla sayida sigira igletmeleri olusmustur. Bu
arastirmada elde edilen deger, Akman ve Yener (1989),
Turkiye’de besi igletmesi varligi ve kapasiteleri
konusunda yapmis olduklar: arastirmada, 100 bag’in
altinda sigira sahip isletmeler i¢in bulduklar:
degerden (%96) diisiik, Kiral (1993) tarafindan Ankara
ilinde besi igsletmeleri tizerinde ylrittigi calismada 1-
50 bag kapasite i¢in bildirmis oldugu degerden yiiksek
ve 51-100 bas si1g1ir kapasitesi i¢in bildirdigi degerden
diisiik bulunmustur. Uzal ve Ugurlu (2006), Konya
ilindeki besi igletmelerinin yapisal analizi konusunda
yaptiklar: calismada, kapali ve bagl sisteme sahip 1-
50 basg isletme buiytklik grubu i¢in bildirmis olduklar:
deger, bu arastirmada elde edilen degerden dusik
bulunmasina karsilik 51 bas ve tlizeri si8ir kapasitesi
icin bildirdikleri deger, bu arastirmada tespit edilen
degere yaklagik bulunmustur.

Bu ¢alismada besiye alinmig olan sigirlarin irk ve sigir
tipi itibariyle dagilimlar: Cizelge 1’de verilmigtir.

Cizelge 1. Besideki sigirlarin irk ve sigir tipi itibariyle dagilimlar:

Table 1. Distribution of cattle in fattening by breeds

Irk / Tip Grubu Sig1r Sayisi (bas) Oran (%)
(Cattle Number (head)) (Rate (%))
Yerli Irklar Yerli Kara (Native Black Cattle) 49 14.4
(Native Dogu Anadolu Kirmizis1 (Fast Anatolian Red) 43 12.7
Breeds) Yerli Giiney Saris1 (Native Southern Yellow Cattle) 26 7.7
(%36.6) Boz Step (Turkish Grey Steppe) 6 1.8
Kiiltiir ve Siyah Alaca (Black and White) 9 2.6
Kiltir Siyah Alaca melezleri (Black and White Crossbreed) 40 11.8
Melezleri Esmer (Brown Swiss) 6 1.8
(Culture Esmer melezleri (Brown Swiss Crossbreeds) 81 23.9
Breeds and  Simental (Simmental) 40 11.8
Culture Simental Melezi (Simmental Crossbreeds) 35 10.3
Crossbreeds)  Jersey Melezi (Jersey Crossbreeds) 4 1.2
(%63.4) Alt Toplam (Total) 339 100.0
Sur Tipi Tosun (Steer) ‘ 238 70.0
(Cattle Kisir Inek. (Infertile Cow) 68 20,0
Type) Diive (Heifer) 33 10.0
Alt Toplam (Total) 339 100.0

Bu galismada, besiye alinmisg olan sigirlarin %63.4’Gint
kultir irki ve melezleri ve %36.6’sin1 lokal veya yerli
irklar olusturmustur. Irklar itibariyle besideki sigirlar
icerisinde ilk sirayr Esmer melezleri (%23.9) almigtir.
Bu ki sirasiyla; Yerli Kara irki (%14.4), Dogu
Anadolu Kirmizis1 irki (%12.7), Siyah Alaca melezleri
(%11.8), Simental (%11.8) ve Simental melezleri
(%10.3) izlemistir.

Isletmelerde besiye alinmig olan sigirlar tosun, kisir
inek ve duvelerden olusmaktadir. Tosun, kisir inek ve
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diivelerine oranlar1 ise sirasiyla; %70, %20 ve %10
olarak hesaplanmigtir.

Agir ve Akbaymn (2017), calismalarinda besideki
sigirlardan inek igin (%18.0 ), diive icin (%8.26) ve
tosun icin (%29.47) bildirisleri bu arastirmada elde
edilen degerlerden diisiik bulunmusgtur.

Bu arastirmada, besi igletmelerinde besiye alinan
ortalama sigir sayillar1 1-50 bas, 51+ bas ve
igsletmelerin geneli i¢in sirasiyla; 19.0 bas, 75 bas ve
37.7 bas olarak tespit edilmistir.
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Isletmeler geneli icin tespit edilen ortalama sigir sayist
(37.7 bag), Uzal ve Ugurlu (2006) tarafindan Konya
ilinde yapilan sigir besiciligi i¢in bildirilen degerden
(70 basg) diisiik, Aydin ve Sakarya (2012) tarafindan
Kars ve Erzurum illerinde yuritilen c¢alismada
besideki ortalama hayvan sayisi igin bildirdikleri
degerden (31.8 bag) yiiksek bulunmustur.

Calismaya konu olan besi igletmelerinde uygulanan
besi sliresine iligkin bilgiler Cizelge 2’de verilmigtir.

Calismada ele alinan igletmelerin geneli i¢in besi
stiresinin 10 ay ila 24 ay arasinda degistigi tespit
edilmis olup, ortalama besi siiresi ise 15.9 ay olarak

Cizelge 2. Besi sturesi ile ilgili bilgiler
Table 2. Information on the fattening period

belirlenmistir (Cizelge 2).

Celik ve Sarzkan'in (2017), Kirsehir ili Merkez
ilgesinde sigir besiciligi i¢in bildirdikleri besi siiresi
(241.1 giin) ve Gezging ve Giinlii (2020) tarafindan
yuritilen ¢alisma igin bildirilen 303.16 giinlik siire
ile Budag ve Kececi (2013) tarafindan Van ilinde
yuritilen ¢alismada igletmelerin %76’s1 i¢in bildirilen
120 gunlik besi siiresi, bu arastirmada igletmeler
geneli i¢in elde edilen ortalama besi siiresinden (15,9
ay) diisiik bulunmustur.

Calismada ele alinan igletmelerde besi bas1 ve besi
sonunda hayvanlara yedirilen kaba ve yogun yem
miktarlar1 Cizelge 3’de verilmigtir.

1-50 Bas (head’ ) (N=6)

51+ Bas (head’!)(N=3) Genel (Total ) (N=9)

X+SX

Min Max

X+8x Min Max X£Sx Min Max

Besi siiresi (ay)
(Fattening period
(months))

16.5+ 5.79 10 24

14.7 +4.62 12 20 15.9+£5.21 10 24

Cizelge 3. Besi periyodunda hayvanlara verilen kaba veya yogun yem miktarlar1 (kg bas-1)
Table 3. The amount of roughage or mixed feeds given to animals during the fattening period (kg head!)

Gunluk Kaba Yem Miktar:

(Amount of roughage per animal per day)

Gunlik Yogun Yem Miktar:
(Amount of mixed feed per animal per day)

Besi Baglangic1 Besi Sonu Besi Baslangic1 Besi Sonu
(At the beginning (At end of the (At the beginning (At end of the
of the fattening period) fattening period)  of the fattening period)  fattening period)
1-50 Bas X+Sx 10.0+ 0.00 10.0 = 0.00 3.7+1.33 4.7+ 1.89
(N=6) Min 10 10 2.5 2.5
Max 10 10 6 7.5
51+ Bas X+Sx 9.0+ 5.29 8.0+ 3.61 3.3+ 1.54 4.8+ 2.57
(N=3) Min 5 5 2 2
Max 15 12 5 7
Genel X+Sx 9.3+4.35 8.5+3.11 3.56+1.31 4.7+1.97
(N=9) Min 5 5 2 2
Max 15 12 6 7.5

(kg bas-1 ): Hayvan basina yedirilen giinliik kaba veya yogun yem miktar1
(kg head): The amount of raughage or mixed feeds per animal per day

Besi bas1 ve besi sonunda sigirlara yedirilen kaba yem
miktar1 1-50 bag isletme grubunda ayni miktarda (10.0
kg) kalirken, 51 ve daha fazla sayida sigira sahip
igletme grubunda besi baglangicinda yedirilen kaba
yem miktarinin (9.0 kg) besi sonu dénemde bir miktar
azaltildig1 (8.0 kg) tespit edilmistir. Diger taraftan
besi baglangic donemi ve besinin son doéneminde
yedirilen yogun miktarlari, 1-50 bag kapasiteli igletme
grubunda sirasiyla; 3.7 kg ve 4.7 kg, 51 ve daha fazla
sayida sigir besleyen igletme grubunda ise yine
sirasiyla; 3.3 kg ve 4.8 kg olarak hesaplanmigtir
(Cizelge 3).

Cizelge 3’de verilen degerlerden hareketle, isletmeler
geneli i¢in besinin baglangic déneminde, yem
rasyonundaki kaba yem ve yogun yem oranlari
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sirasiyla; %72.7 ve %27.3, besinin son déneminde ise,
yem rasyonundaki kaba yem ve yogun yem oranlari
sirasiyla; %64.4 ve %35.6 olarak hesaplanmistir.

Budag ve Kegeci (2013) tarafindan Van ilinde
yuritilen galismada, igletme gruplar: itibariyle besi
baglangi¢c dénemindeki kaba yem orani %30 ila %50,
yogun yem orani ise %50 ila %70 arasinda degistigi
bildirilmistir. Ayni1 arastirmada besi sonu dénemde ise
kaba yem orani % 20 ila %40, yogun yem orani ise %60
ila %80 arasinda degismistir. Ele alinan isletme
gruplar1 itibariyle besi baslangic ve besinin son
dénemlerinde yem rasyonundaki kaba yem oranlari,
bu ¢calismada elde edilen degerden diisiik bulunurken,
her iki dénemde de yem rasyonundaki yogun yem
orani i¢in elde edilen degerler bu ¢calismada elde edilen
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degerden ylksek bulunmustur.

Irk ve yas gruplar itibariyle erkek sigirlara ait viicut
olgiileri ve tahmini canh agirlik sonuglar: Cizelge 4’de
verilmistir.

Besideki 9-12 ayhik yastaki Siyah Alaca irki, Siyah
Alaca 1rki melezleri, Esmer irki melezleri, Simental
irki melezleri ve yerli irklar i¢in ortalama canh
agirhiklar sirasiyla; 257.5 kg, 233.9 kg, 252.7 kg, 236.1
kg ve 127.3 kg olarak tahmin edilmistir (Cizelge 4).

Baspinar (1991) tarafindan Siyah Alaca irki x Yerli
Kara 1irki melezleri tizerinde yuruttigi arastirmada,
besi baglangic dénemi canhi agirhigi igin elde ettigi
deger (260.6 kg), bu arastirmada Siyah Alaca melezleri
i¢cin elde edilen degerden yliksek bulunmustur.

Nazlhgiil (1995) tarafindan Esmer irki x Dogu Anadolu
Kirmizisi ki melezleri lizerinde  yuruttigu
arastirmada, besi baglangi¢c déonemi canligr agirhigi i¢in
elde ettigi deger (186.4 kg), bu arastirmada Esmer 1rki
melezleri igin elde edilen degerden dusik
bulunmustur.

Ko¢c ve Akman (2003) tarafindan ithal edilen Siyah
Alaca wrki tosunlarda ytrutilen besi denemesinde,
besi baglangic canli agirligi bakimindan hafif ve agir
gruplar icin elde ettikleri degerler (246.4 kg ve 387.4
kg), bu arastirmada Siyah Alaca icin elde edilen
degerden yiiksek bulunmustur.

Ozdogan (2007) tarafindan Aydin ilinde yiiriitilen
calismada, besi baslangic déoneminde ortalama canl
agirliklar bakimindan Siyah Alaca 1rki icin (258.0 kg)
elde ettigi deger, bu arastirmada elde edilen degere
yaklagsik bulunmustur.

Gozener ve Sayili'nmin (2014) Tokat ili Turhal ilgesinde
yurattikleri ¢alismada, besi baglangic agirhig:
acisindan melez 1irklar icin (94.4 kg) ve yerli irklar icin
(94.4 kg) elde ettikleri degerler, bu arastirmada tespit
edilen degerlerden diisik bulunmustur.

Bu ¢alismada, 9-12 aylik yas araligindaki Siyah Alaca
melezleri icin tespit edilen degerin (233.9 kg),
Baspmarim (1991) bildirdigi degerden (260.6 kg)
yiksek olmasi, ilgili arastirmadaki sigirlarin daha
erken yasta (7-8 ay) besiye alinmis olmalarindan, yine
bu calismada, Siyah Alaca irki i¢in tespit edilen
degerinin (257.5 kg), Ko¢ ve Akman’in (2003) ayni1 irka
mensup agir ve hafif gruplar ic¢in olgtiikleri
degerlerden (246.4 kg ve 387.4 kg) diisiik bulunmas,
soz konusu arastirmadaki sigirlarin daha ge¢ yasta
(12-18 ay) besiye alinmalarindan, diger taraftan
Ozdogan’in (2007) Siyah Alaca ik icin bildirdigi
degerin (258.0 kg) bu ¢calismadaki degere yakin olmasi
ise benzer yas araliginda (8-10 ay) besiye alinmig
olmasindan kaynaklandig1 diiginilmektedir.

Besideki 18-22 aylik yastaki sigirlarda Siyah Alaca
wrki, Siyah Alaca irki melezleri, Esmer 1rki melezleri,
Simental 1rki melezleri ve yerli irklar i¢in ortalama
canli agirliklar sirasiyla; 460.3 kg, 432.3 kg, 420.5 kg,
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440.4 kg ve 212.5 kg olarak tahmin edilmistir (Cizelge
4).

Baspinar (1991) tarafindan Siyah Alaca irki x Yerli
Kara 1irki melezleri izerinde yuruttigi arastirmada,
besinin son dénem canli agirlig: i¢in elde ettigi deger
(506.4 kg), bu arastirmada Siyah Alaca irki melezleri
icin elde edilen degerden (432.3 kg yiiksek
bulunmustur.

Nazhgiil (1995) tarafindan Esmer 1rki x Dogu Anadolu
Kirmizis1 melezleri lizerinde ylrittigi arastirmada,
besinin son doéneminde o6l¢lilen ortalama canligi
agirhgr (366.4 kg), bu arastirmada Esmer irk:
melezleri icin elde edilen degerden (420.5 kg) diigiik
bulunmustur.

Ko¢c ve Akman (2003) tarafindan ithal edilen Siyah
Alaca irki tosunlarda ytrtitilen besi denemesinde besi
sonu canli agirhigi bakimindan hafif grup icin elde
ettigi deger (399.6 kg), bu arastirmada Siyah Alaca irk:
icin elde edilen degerden (460.3 kg) diisiik, agir grup
icin elde ettikleri deger (507.3 kg) ise yiiksek
bulunmustur.

Ozdogan (2007) tarafindan Aydin ilinde yiiriitilen
calismada, besinin son dénemi olan 6. ayinda ortalama
canli agirhiklar bakimindan Siyah Alaca irki igin
(502.36 kg) ve Esmer 1rk: icin (518.48 kg) elde ettigi
degerler, bu arastirmada ayni irklar icin elde edilen
degerlerden yiksek bulunmustur.

Gozener ve Sayil'nin (2014) Tokat ili Turhal ilgesinde
yuruttikleri c¢alismada, ortalama besi sonu canh
agirhigr acisindan melez irklar (267.3 kg) ve yerli irklar
(216.2 kg ) icin elde ettikleri degerler ile ortalama besi
siiresi acisindan melez irklar (165.0 giin) ve yerli irklar
(139.4 giin) icin tespit edilen degerler, bu arastirmada
tespit edilen degerlerden (15.9 ay) disiik
bulunmustur.

Besideki 24 aylik yastan blyik erkek sigirlarda
ortalama cidago ylksekligi, goglis ¢evresi ve tahmini
canli agirhik sirasiyla, 133.9 cm, 189.7 cm ve 558.5 kg
olarak hesaplanmistir (Cizelge 4).

Besideki kisir ineklere ait vicut 6l¢cim ve tahmini
canli agirllk sonuclar1 Cizelge 5’de verilmigtir.
Besideki kisir ineklerde ortalama cidago yiiksekligi,
gbgis cevresi ve tahmini canh agirhik sirasiyla, 128.1
cm, 179.4 cm ve 467.8 kg olarak hesaplanmigtir.

Kisir inekler ve 24 aylik yastan bliyiik erkek sigirlarda
ortalama canli agirliklar sirasiyla; 467.8 kg ve 558.5
kg olarak tahmin edilmistir (Cizelge 5).

SONUC ve ONERILER

Bolu ilinde sigir besiciligi yapan o6zel isletmelerde
yuritilen bu g¢aligmanin neticesinde; besi igin 1rk
tercihi bakimindan, besi performansinin iyi olmasi
nedeniyle kiltir irki ve kiltir irki melezlerinin
(%63.4), cinsiyet bakimindan besi performansi ve canli
agirhik kilogram satig fiyatinin yliksek olmasi nedeni
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Cizelge 4. Irk ve yag gruplari itibariyle erkek sigirlarin viicut 6l¢tleri ve canli agirliklarina ait bilgiler

Table 4. Information on body measurements and Ilive weights of male cattle by breed and age groups

Yas (Age) 9-12 ay (Months) 18-22 ay (Months) >24 ay (Months)
Goglis
Cidago Cevresi Cidago Gogus Cidago
Yiiksekligi  (cm) Canh Yiiksekligi  Cevresi (cm) Yiksekligi
(cm) (Chest Agirlik (kg) | (cm) (Chest Canh Agirhik | (cm) Gogus Cevresi Canh Agirhik
Irk (Withers Circumfe (Live (Withers Circumferen (kg) (Live | (Withers (cm) (Chest (kg) (Live
(Breed) Height) rence) weight) Height) ce) weight) Height) Circumference) weight)
N 43 43 43 18 18 18 10 10 10
Siyah Alaca = o~ 114.8+4.36 147.3+4.05 257.5+15.25 |132.2+4.53 178.3+5.84 460.3 + 45.20 133.9+3.74  189.7+ 4.94 558.5+ 44.81
White) Min 109 140 193 122 170 400 125 183 495
Max 119 152 233 139 188 540 138 199 640
. 51 51 51 65 65 65
Siyah Alaca N_
melezleri X + Sx 115.3+6.85 138.4+8.37 233.9+20.29 | 128.2+5.78 174.4+ 5.68 432.3 +42.31
(Black  and -
White Min 105 115 173 110 165 365
Crossb.)
Max 128 151 237 137 190 560
N 25 25 25 25 25 25
Esmer & 3 118.8+4.55 133.7+2.37 252.7+24.33 | 125.6 £ 6.27 172.8+ 3.25 420.5 +22.19
Melezleri X + Sx . . . . . . . . . . . . )
(Brown Swiss
Crossbh.) Min 113 114 209 114 167 384
Max 123 154 237 134 181 480
N 28 28 28 13 13 13
Simental X+ S5 |109.0+£8.75 140.8+5.28 236.1+22.05|123.1=1.88  175.7+5.03 440.4 + 37.10
Melezleri )
(Simmental
Crossbh.) Min 108 135 277 104 170 400
Max 111 151 285 132 185 512
N 10 10 10 23 23 23
Yerli irklar )(_i Sx 107.9+£9.18 120.6 + 8.61 127.3+19.69 | 111.9+10.88 148.3 £6.29 212.5+20.31
(Native -
breeds) Min 94 102 82 99 140 184
Max 116 130 153 127 154 234

668




KSU Tarim ve Doga Derg 24 (3): 663-670, 2021

Arastirma Makalesi

KSU J. Agric Nat 24 (3): 663-670, 2021 Research Article
Cizelge 5. Besideki kisir ineklere ait viicut 6lgiileri ve canli agirhik ile ilgili bilgiler
Table 6. Information on body size and body live weight of infertile cows.
Cidago Yiiksekligi (cm) Gogiis Cevresi (cm) Canli Agirlik (kg)
(Withers Height) (Chest Circumference) (Live weight)
Irk X+ X+ X+
(Breeds) N Sx Min  Max Sx Min Max Sx Min  Max
Siyah Alaca
(Black and 18 1 g9 13 1A g qgy 67BE 408 503
. 4.53 4.39 31.08
White)
ile erkek sigirlarin (%70) daha fazla tercih kaynagi, 095668 tez numarasi ile YOK Tez Merkezine

edilmektedir. I'de yaygin olarak yetistirilmekte olan
Esmer 1rk: ve melezleri (%25.7), Simental ve melezleri
(%22.1) ve Siyah Alaca ve melezlerinin (%14.4) beside
daha c¢ok tercih edildigi belirlenmigtir. Ayrica
sigirlarin besiye  baslama  yaslarinin  benzer
calismalarin ¢ogunlugunda 7-10 ay arasinda degistigi
dikkate alindiginda, bu calismada sigirlarin besiye
baglama yaslarinin (9-12 ay) nispeten biraz yiiksek
oldugu anlagilmaktadir. Buna ek olarak isletmelerde
uygulanan besi sliresinin nispeten benzer ¢aligmalara
gore daha uzun (15.9 ay) olmasi ve yedirilen kaba yem
oraninin besi dénemi boyunca (besi baslangici ve besi
sonunda sirasiyla, %72.7 ve %64.4 ) yiiksek, yogun
yeme oraninin (besi baslangici ve besi sonunda
sirasiyla, %27.3 ve %35.6) disik tutuldugu
gorilmustir. Benzer arastirmalarda besi déneminde
yedirilen yem rasyonundaki kaba yem oraninin %20-
50 ve yogun yem oraninin %50-80 arasinda degistigi
dustnuldagiinde, bu ¢alismada irklar itibariyle elde
edilen besi sonu canh agirliklarin diger ¢alismalara
nispetle diigiik olmasi, besi déonemi boyunca yedirilen
yem rasyonundaki kaba yem/yogun yem oranindan
kaynaklandig1 distinilmektedir. Besi slresinin ¢ok
uzun tutulmasi1 da yapilan Dbesicilik faaliyetini
ekonomik olmaktan ¢ikarmaktadir.

Bu ¢alismada elde edilen bulgularin 1s1g81nda, besi i¢in
canli hayvan materyali se¢imi, uygun barinak
kogullarinin saglanmasi, besi stiresi boyunca besleme
teknigi ve ekonomik besiciligin yanm1 sira besi
sigirlarinda koruyucu  hekimlik  konularinda
besicilerin mesleki bilgi ve becerilerinin arttirilmasina
yonelik  kurslarin  dizenlenmesi ve  yayim
calismalarinin yapilmasinin faydalh olacagi
distinilmektedir.

Ankara ve Istanbul gibi biyiiksehirlere cografik
konumu itibariyle yakin olan Bolu ili, pazar imkanlar:
acisindan 6nemli bir avantaja sahip durumdadir. II'de
s1g1r besiciliginin gelismesi, kasaplik canli hayvan ve
karkas et arzinin artmasina ve Il'in ekonomisine katk:
saglamasi beklenmektedir.

TESEKKUR

Saha calismalarina vermis olduklar1 desteklerden
dolayr Tarim ve Orman Bakanlig1 ve Bolu Il Tarim ve
Orman Miudirligiune tesekkiir ederim. Bu ¢alismanin
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kayith “Bolu ilinde sigir yetistiriciliginin yapis1”
baglikli doktora tez ¢aligmasidir.
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ABSTRACT

This study was aimed to determine the effects of different levels of
fresh whey and Lactobacillus buchneri inoculation on the nutrient
properties and aerobic stability of alfalfa silage. Experiment was
conducted with 8 treatments and 3 replicates for 90 days. Treatments
included wilted alfalfa (control), wilted alfalfa + bacterial inoculant
(AB), wilted alfalfa +30 g whey/kg (AW1), wilted alfalfa + 30 g whey +
bacterial inoculant (AW1B), wilted alfalfa + 60 g whey per kg (AW2),
wilted alfalfa + 60 g whey per kg + bacterial inoculant (AW2B), wilted
alfalfa + 90 g whey per kg (AW3) and wilted alfalfa + 90 g whey +
bacterial inoculant (AW3B). Results showed that, the pH values of
treatments were found less than 4.86 but the control pH was higher
in comparison with other treatments (P<0.05). The addition of fresh
whey and complementary bacterial supplement to alfalfa caused a
significant increase in total fatty acids. There was no significant
difference between neutral detergent fiber (NDF) and acid detergent
fiber (ADF) in all treatments compared to control group. The least
resistance to erosion was related to wilted alfalfa + bacterial additive
(AB), and the highest amount was related to wilted alfalfa + 60 g whey
(AW2: P<0.05). The results showed that fresh whey and bacterial
inoculation with the fermentable carbohydrates leads to rapid
reduction of pH, limiting the proliferation of yeasts, increased aerobic
stability and improved silage quality.
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Lactobacillus Buchneri Asillamas: ve Taze Peynir Alt1 Suyu Ilavesinin Yonca Silaji Kalitesi ile

Fermantasyon Ozellikleri Uzerine Etkileri

OZET

Bu ¢calismada, farkl seviyelerde taze peynir alti suyu ve Lactobacillus
buchneri agillamasimin yonca silajinin besin 6zellikleri ve aerobik
stabilite tizerindeki etkilerinin belirlenmesi amac¢lanmigtir. Deneme,
90 giin boyunca 8 muamele ve 3 tekerriir ile gerceklestirilmistir.
Denemede su gruplar olusturulmustur: Pérsiitiilmiis yonca (kontrol),
Pérsiitiilmiis yonca + bakteri asilamasi (AB), Pérsiitiillmiis yonca +30
g taze peynir alt1 suyu / kg (SYP), Pérsiitiilmiis yonca + 30 g taze
peynir alt1 suyu + bakteri asilamas1 (SYP1B), Pérsiitiilmiis yonca +
60 g/kg taze peynir alt1 suyu (SYP2), Pérsiitiillmiis yonca + 60 g/kg
peynir alt1 suyu + bakteri agilamas1 (SYP2B), Porsiitiilmiis yonca + 90
g/kg peynir alt1 suyu (SYP3) ve Pérsiitiilmiis yonca + 90 g taze peynir
alti suyu + bakteri agsilamasi (SYP3B). Arastirma sonunda,
muamelelerin pH degerlerinin 4.86'nin altinda oldugu, ancak kontrol
pH'inin diger uygulamalara kiyasla daha yliksek oldugu saptanmigtir
(P<0.05). Yoncaya taze peynir alt1 suyu ve bakteri kiiltiirii
eklenmesinin, toplam yag asitlerinin ortadan kaldirilmasinda 6nemli
bir artisa yol actig1 goriilmiistiir (P<0.05). Tiim muamelelerde kontrol
grubuna gore notr deterjan lif (NDF) ve asit deterjan lif (ADF)
bakimindan 6énemli bir fark bulunmamigtir. Erozyona karsi en az
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diren¢ solmus yonca + bakteri agilamasi ile; en yiiksek miktar ise
solmus yonca + 60 g peynir alti suyu olan grupta saptanmigtir
(P<0.05). Arastirma sonucunda, mayalanabilir karbonhidratlarla taze
peynir alt1 suyu ve bakteri asilamasinin, pH'larin hizli bir sekilde
azalmasina, mayalarin ¢ogalmasina, artan aerobik stabilitenin ve
silaj kalitesinin artmasina neden oldugu sonucuna varilmigtir.

To Cite : Besharati, M., Palangi, V., Nekoo M., Ayasan, T. 2021. Effects of Lactobacillus Buchneri Inoculation and Fresh Whey
Addition on Alfalfa Silage Quality and Fermentation Properties. KSU J. Agric Nat 24 (3): 671-678. https://doi.org/

10.18016/ksutarimdoga.vi.777031.

INTRODUCTION

Ensiling is a momentous procedure in tropical regions
to make good use of components with the highest
nutritive value (Besharati et al., 2020a; He et al., 2020;
Ren et al., 2020;). Alfalfa is viewed as a forage with
high nutritive value, low water soluble carbohydrates,
high buffering capacity and highly degradable crude
protein (NRC, 2001; Schmidt et al., 2009; Jiang et al.,
2020; Palangi et al., 2020). McDonald et al. (1991)
investigated that, quickly reduction of silage pH,
causes to decrease on clostridia growth, minimize the
proteolysis and heterolytic fermentation, and silage
palatability could worsen. Therefore, to solve this
problems, the methods of adding sugar substances
(such as fermentative sugars, molasses, whey, juice
waste), or cultivating alfalfa with wheat (such as
barley, corn, cluster corn, silage of a mixture of pulp or
beet leaves, or corn with alfalfa), use fermented
supplements (such as organic acids, fibrolytic enzyme
or minerals) were recommended (Besharati et al.,
2020b; Besharati et al., 2020c; Calabro et al., 2020;
Rinne et al., 2020;).

According to Daniels et al. (1983), whey is a cheap by-
product obtained from cheese production enterprises;
straw and bran are added to silage. De Lurdes et al.
(1998) reported that dehydrated whey and molasses
are used as additives to support fish by-products
(Ventura-Canseco et al., 2012). Cheese whey is a
valuable source of lactose so it could be used as a silage
additive (El-Shewy, 2016; Yiiksel et al., 2019; Mariotti
et al., 2020).

Exposure of silage to the air at the time of feeding
causes erosion of the silage, yeasts that are able to
metabolize lactic acid; are the first cause of corruption
with increases the pH (Kleinschmit and Kung, 2000),
which is also a stimulant for the growth of other
harmful microorganisms in the silage (Besharati et al.,
2017; Mariotti et al., 2020), ultimately reduces
livestock production due to feed depreciation or
poisoning. The use of Lactobacillus buchneri has been
reported to improve the aerobic stability of silage
(Kleinschmit and Kung, 2000). Lactobacillus buchneri,
by converting lactic acid to acetic acid, increased the
resistance of silage to aerobic erosion (Besharati et al.,
2017; Schumcher et al., 2019).

According to the latest statistics, in Iran about
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2.000,000 tons of fresh whey is produced annually,
which is containing approximately 227.000 tons of dry
matter. The use of this material in livestock feeding,
will solve the environmental problems, and on the
other hand, it will be economically useful by reducing
the price of feeds that needed for livestock. Therefore,
fresh whey can be used as valuable waste and also,
because of the good source of fermentable of
carbohydrates (lactose), which can be used to ensiling
alfalfa in order that increases the quality.

The hypothesis of this study was that in bacterial
inoculation with the fermentable carbohydrates causes
to improve the silage quality. The purpose of this
experiment was to investigate the effects of adding
Lactobacillus buchneri and fresh whey to alfalfa silage
on the chemical characteristics and fermentation
properties.

MATERIALS and METHODS

The experiment was conducted in the Arasbaran area
in West-North of Iran. The alfalfa was produced during
the second cut growing season in June 2016 at the
Ahar town (39°05°10” latitude N. 47°33’10” longitude
E) in East Azarbaijan Province. Second crop alfalfa
was collected and wilted for 24 h at comfortable
ambient temperature. The wilted samples were cut
into pieces to achieve approximately 2 cm theoretical
length of cut. The fresh whey was also prepared from
Factory in Tabriz and used as needed in experimental
treatments.

Experimental treatments were Wilted Alfalfa (without
additives, control), Wilted Alfalfa + bacterial inoculant
(AB), Wilted Alfalfa +30 g whey/kg (AW1), Wilted
Alfalfa + 30 g whey + bacterial inoculant (AW1B),
Wilted Alfalfa + 60 g whey per kg (AW2), Wilted Alfalfa
+ 60 g whey per Kg + bacterial inoculant (AW2B),
Wilted Alfalfa + 90 g whey per kg (AW3) and Wilted
Alfalfa + 90 g whey + bacterial inoculant (AW3B).
Bacterial additive used at level of 3x108 cfu per g of
alfalfa wet weight. Bacterial additive, after dissolved
in water, sprayed onto the treatments and for control
only water was sprayed. Treatments were ensiled in
laboratory mini silos (triplicate) for 90 d at ambient
temperature (15 to 18 °C) in a room.

At the opening time, about 100 g from the top of each
silo were throw away and the content of each silo were
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thoroughly mixed, and samples were randomly
obtained for chemical analysis. For extraction of silage
juice, 10 g of silage were homogenized with 100 ml of
distilled water (22 °C) for 3 times (each time 30s) and
strained through double layers of cheesecloth. The pH
of silage was forthwith ascertained using pH-meter.
Dry matter (DM) of silage samples were determined
after being oven-dried for 72 h at 60 °C. After drying
process, the samples were milled through a 1 mm
screen using a Wiley mill. Organic matter (OM) was
determined by incinerating it at 550°C for 5 h. The
crude protein (CP) (1030 Micro Kjeltec Auto Analyzer,
method 984.13; AOAC 2000), NDF and ADF (Van
Soest et al., 1991) were analyzed by using the above
methods. Concentration of total volatile fatty acids
(VFA) of silages were measured according to the
method of Filya (2003).

Aerobic stability was determined on all treatments.
About 55 g of each replicate was placed in container

and a type T thermocouple with approximately 5 cm
into them. A double layer of sterile cheesecloth was
placed over each container to prevent drying and
contamination but allow penetration of air. Silage’s
temperature and ambient one were recorded manually
every two hours until heating occurred. Aerobic
stability was defined as the number of hours the silage
remained stable before rising more than 2 °C above
ambient temperature (Ranjit and Kung, 2000).

Data were analyzed as factorial arrangement of
treatments in a completely randomized design (SAS,
2018) and treatment means were compared by the
Duncan Multiple Range Test (P< 0.05).

RESULT and DISCUSSION

Characteristics and chemical composition of alfalfa
and fresh whey with bacterial additive on silage are
summarized throughly in Table.

Cizelge 1. Silolamadan 6nceki taze peynir alti suyu ile mikrobiyal katkili solmus yonca silajinin kimyasal

komposizyonu
Table 1. Chemical composition of wilted alfalfa silage with whey and microbial additive before ensiling
Item DM pH NDF (% of DM) | ADF (% of DM) | CP (% of DM)
Wilted Alfalfa 25.63+0.45 7.01+0.11 41.25+0.37 33.12+0.24 16.00+0.16

DM: dry matter, NDF: neutral detergent fibre, ADF: acid detergent fibre, CP: crude protein.

Table 2 shows the effect of additives on chemical
properties and their interaction in alfalfa silage.
According to the reported results, the amount of dry
matter in the bacterial inoculant treatments decreased
significantly compared to the control (P<0.05), and
fresh whey treatments in the treatment of 30 g fresh
whey had a significant increase compared to the
control treatment (P <0.05), but in the treatment of 60
g of water. The fresh whey was significantly less than
the control treatment, and a significant increase was
observed in the treatment of 90 g of fresh whey.

The amount of ash content in bacterial inoculant
silages increased significantly compared to control, but
compared to fresh whey treatments, 30, 60 and 90 g of
fresh whey treatments were observed unreasonably.
The amount of NDF, ADF and EE in bacterial
moculated treatments and fresh whey treatments at
30, 60 and 90 g levels were not significantly different
from that of control (P>0.05). There was no significant
difference in pH wvalue in Dbacterial inoculant
treatments, but in fresh whey treatments, the lowest
amount of pH was observed for 90 g fresh cheeses and
the highest amount was observed for control
treatment. Also, 30 and 90 g fresh whey treatments
were significantly reduced in terms of pH wvalue
compared to control (P<0.05).

The amount of ammonia nitrogen in bacterial
inoculated treatments was increased significantly, but
in fresh whey treatments at 30, 60 and 90 g, was
decreased significantly compared to control. The total
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amount of total volatile fatty acids in the bacterial
inoculant treatments increased significantly compared
to the control, but in fresh whey treatments with 30
and 60 g were unreasonable, but in treatment
containing 90 g fresh whey significant decrease was
observed (Table 2).

The effect of fresh whey and bacterial inoculation on
the nutritional value of alfalfa molded silage is given
in Table 3. The results of this experiment showed that
adding a carbohydrate source such as fresh whey to
alfalfa silage reduced the pH of the silage compared to
the control (P<0.05).

The results of this experiment were consistent with the
results of other researchers (Asadi et al., 2004; Tougqir
et al., 2007; Hashemzadeh et al., 2011). The data of
this experiment corresponded to the experimental data
used for different levels of whey to alfalfa silage (grams
per kilogram of dry matter) (Repetto et al., 2011).
Other researchers reported the use of fresh whey in
reducing the pH of feed materials from the beginning
of the period. Bacterial additive also significantly
decreased pH compared to control (P<0.05). In the
experiment (Asadi et al. 2004), the effect of
Lactobacillus plantarum additive on millet forage was
studied and the results showed that the pH decreased
in the treatment containing bacterial additive.

In experiment of Adesogan et al. (2004), the effect of
bactericidal  supplementation of pseudococcus
pentoseto (105) and lactobacillus buccaneer (4 x 105)
on Bermuda fodder was used. The pH of the whole
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Table 2. The chemical composition of wilted alfalfa, fresh whey and bacterial inoculant silage after 90 d (DM% basis)
Cizelge 2. 90 giinden sonraki taze peynir alti suyu ve bakteri inokulasyonlu solmus yoncanin kimyasal komposizyonu (%KM bazinda)

Bacterial Inoculation fresh whey (g/kg fresh alfalfa weight) P value
Nutrients! 0 3%10%fu SEM 0 30 60 90 SEM Bacteria.l Fresh Interaction FXBI
Inoculation Whey
DM 25.012+0.34 23.97%+0.45 0.28 24.51b+0.44 25.562+£0.35 24.25P+0.51 23.65¢+0.53 0.56 <.0001 <.0001 0.0813
Ash 10.66»+0.12 11.72+0.17 0.48 10.91+0.66 11.08+0.54 11.58+0.71 11.16+0.58 0.96 0.0076 0.5700  0.3820
NDF 42.81+£0.75  43.45+0.88 0.58 43.65+0.87 42.71+0.76  43.5+0.64 42.66£0.66 1.16 0.1449 0.2409  0.0585
ADF 34.25+0.66  34.1+0.63 0.50 34.81+0.45 33.88+0.48 34.06+0.50 33.93+0.51 1.00 0.6785 0.2534  <.0001
EE 12.93+0.21 13.36+0.45 0.42 13.23+0.89 13.35+0.87 13.08+0.84 12.93+0.88 0.84 0.1600 0.7694  0.0308
Cp 14.224+0.05 14.03*+0.07 0.011 13.83P+0.09 14.442+0.08 13.75b+0.08 14.432+0.09 0.02 0.0069 <.0001 <.0001
pH 4.72+0.04 4.75+0.04 0.053 5.012+0.11 4.70°+0.09 4.685+0.09 4.56°+0.12 0.10 0.3777 <.0001 0.0011
N-NHs 67.66Y+0.54 72.162+0.48 1.54 89.002+£1.08 76.33"+0.96 58.83¢+0.84 55.504+0.90 3.08 0.0008 <.0001 0.0003
VFA 11.08»+0.53 15.082+0.60 0.59 14.332£0.82 13.332+0.78 13.332+0.71 11.33»+0.78 1.18 <.0001 0.0009  0.0007

IDM=Dry matter, NDF= Insoluble fiber in neutral detergent, ADF= Insoluble fiber in acid detergent, EE= Ether extract, CP= Crude protein; SEM: Standard error of means
a-c Differences between the averages indicated by different letters in the same line are important.

Table 3. The chemical composition of wilted alfalfa with whey and bacterial inoculant silage after 90 d (DM% basis)
Cizelge 3. 90 giinden sonraki taze peynir alti suyu ve bakteri asilamali solmus yoncanin kimyasal komposizyonu (%KM bazinda)

Silage treatment

Nutrients CON AB AW1 AWB1 AW2 AWB2 AW3 AWB3 SEM P value
DM 25.41+0.33 23.60+0.54 26.16+0.32  24.95+ 24.67+0.87 23.83+0.95  23.79+0.74  23.51+0.80 0.28 0.072
pH 5.162+0.05 4.86v+0.04 4.619e+0.04 4.80+£0.07  4.63¢d+0.07 4.73d+0.04 4.49+0.07  4.63<«d+0.01 0.05 0.001
TVFA 12.00<+0.39 16.662+0.50  12.66v+0.46 14.00°+0.44  9.66¢+0.65 17.00a+0.77 10.00+0.41 12.66P+0.40 0.59 0.001
NDF 44.302+0.79  43.002P+0.55 42.06°+0.22 43.362"+0.54 42.46"+0.11 44.532+0.30 42.43"+0.15 42.902"+0.40 0.58 0.050
ADF 34.562v+0.50 35.062+0.50  35.702£0.56 32.06°+0.66  32.56+0.45 35.562+0.70 34.162+0.69 33.7v+0.45 0.50 0.001
CP 13.817+0.13  13.82b+0.16  15.402+0.10 13.50+0.20  14.25b+0.16 13.81b+0.14 14.53b+0.14 15.472+0.10  0.10 0.001

CON: Wilted Alfalfa (Without additives). AB: Wilted Alfalfa + bacterial cfu 3x10 8g. AW1: Wilted Alfalfa +30 g/ kg wet weight whey. AWB1: Wilted Alfalfa + 30 gr of whey +
bacterial 3x10 g cfu. AW2: Wilted Alfalfa + 60 grams of whey kg wet weight. AWB2: Wilted Alfalfa + 60 g whey +bacterial 3x10 g cfu. AW3: Wilted Alfalfa + 90 g whey kg wet
weight. AWB3 Wilted Alfalfa + 90 g whey + bacterial 3xX10 g cfu. SEM: standard error of means
Within a row, means followed by different letters differ (P< 0.05).
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fermentation period was significantly lower in the
bacterial inoculated treatment. In experiment of
Nadeau et al. (2006), the effect of Dbacterial
supplementation of Lactobacillus plantarum and
Pseudococcus cerevisiae on alfalfa and archad grass
with DM of 22 and 32% was observed that the bacterial
additive in alfalfa containing cellulose caused a slight
decrease but also a meaning it was in pH, but this was
not observed in arched grass forage. Other studies
have reported similar results (Curtis, 1996; Whiter
and Kung, 2001; Nishino et al., 2004; Touqir et al.,
2007; Hashemzadeh et al., 2011). In general, the
reason for pH reduction in comparison with control
treatment is the high soluble carbohydrate in other
treatments and the availability of a higher nutrient for
dominating the population of bacteria producing lactic
acid and production of lactic acid.

The amount of dry matter was not affected by the
bacterial inoculation (P>0.05). Other studies also
reported similar results with this study (Driehuis et
al., 2001; Filya, 2003; Kung et al., 2003; Filya et al.,
2007; Hashemzadeh et al., 2014).

According to Table 3, total volatile fatty acids in AB
and AWB2 treatments increased significantly
compared to control (P<0.05). In the experiment
(Hashemzadeh et al. 2011), adding molasses as
carbohydrates to alfalfa fodder increased total fatty
acids relative to treatment was monitored. The
addition of fresh whey with bacterial inoculation with
lower levels of fresh whey cheese (AW1, AWB1) and
higher levels (AW3, AWB3) was not significantly
different, but significantly increased compared to the
two treatments (AW2, AW3).

The results of this experiment were consistent with the
results of other researchers (McAllister et al., 199S;
Baytok et al., 2005; Kleinschmit et al., 2006). In an
experiment with 14 types of bacterial inoculant on
forage hay in China, all additives increased esophageal
fatty acids (Filya et al., 2007). This increase in the total
amount of volatile fatty acids can be attributed to the
high population of lactic acid bacteria and the
availability of carbohydrate source for the production
of lactic acid and acetic acid in experimental
treatments relative to the control treatment. Adding
fresh whey with bacterial inoculant to alfalfa fodder
resulted in a small increase in the amount of NDF,
which was not statistically different (P>0.05) (Table 3).
This slight increase in NDF levels can be attributed to
higher acetic acid production due to higher soluble
carbohydrates in the treatment. The bacterial
inoculant in all four levels with fresh whey with
different levels did not change the NDF compared to
the control.

In addition, AWB2 had significant increase with other
treatments. Many studies also reported similar results
to the current test results (Gordon et al., 1999; Ranjit
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and Kung, 2000; Kung and Ranjit, 2001; Kizilsimsek
et al., 2007; Hashemzadeh et al., 2014). A study was
conducted to investigate 14 different types of bacterial
inoculant on first-line hay fodder, in the 6 additive
increases in NDF, 5 additives unchanged and 3
additives reductions in NDF levels (Filya et al., 2007).
There was no significant difference between ADF and
AW1, AW3, AWB2 and AB treatments. However, ADF
levels in AWB1, AW2 and AWB3 treatments were
significantly decreased in control silage (P<0.05) (Table
3).

In the study of the effect of L. bouchneriinoculation on
corn silage, L. bouchneri reduced ADF at low levels of
consumption (Ranjit and Kung, 2000). In another
study, the same authors of the L. bouchneriinoculation
at each of three levels reduced the ADF number in 100
days of barley, with a low level of L. bouchneri
consumption at 5% level. Adding fresh whey and
bacterial inoculant to alfalfa forage, in the amount of
crude protein in alfalfa treatment with 30 g fresh whey
(AW1) and in alfalfa treatments with 90 g fresh cheese
and bacterial inoculation (AWB3), a significant
increase compared to control (P<0.05). The rest of the
treatments were not significantly different from each
other (Table 3). The results of this experiment were
perfectly consistent with the results of Takasi (1996)
and Nkosi and Meeske (2010) which all of these studies
reported adding fresh whey to the amount of crude
protein. Adding 30 g of fresh whey and bacterial
inoculant (AWB1) haylage reduced the amount of
crude protein compared to control (P>0.05). Repetto et
al. (2011) was reported that the effect of adding fresh
whey on alfalfa fodder has a decrease in crude protein
content with a rise in fresh whey.

Adding fresh whey to different levels of alfalfa silage
reduced aerobic stability compared to control and other
experimental treatments (Figure 1). The main reasons
for accelerating the occurrence of aerobic
agglomeration can be due to high levels of soluble
carbohydrates and probably lactic acid and the absence
of volatile fatty acids (Adesogan et al., 2004).

The level of aerobic stability in treatments (AWB3 and
AW1, AW2, AWB2) increased significantly compared
to control and AB treatment (P<0.05). The least
resistance to corrosion was related to AB treatment
and the highest amount was related to AW2 treatment
(30 hours and 120 hours, respectively, in the vicinity of
the air). The other main reason causing aerobic silage
is the low amount of dry matter. Lindgren (1999)
reported that the use of L. buchneri supplementation
in silage materials improved the acetic acid and
increased the aerobic stability during silo storage.
Injes et al. (2001) examined three different
experiments of the L. buchneri additive alone and in
combination with L. plantarum on grass forage in the
90 and 180 days, and reported thet experimental
treatments were improved aerobic stability of silage.
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Figure 1. Effect of fresh whey and bacterial inoculation on aerobic stability
Sekil 1. Taze peynir alti suyu ve bakteri asilamasinin aerobik stabilite tizerine etkisi

T1 : Wilted Alfalfa (Wthout additives). T2: Wilted Alfalfa + bacterial cfu 3x10 8g . t3: Wilted Alfalfa +30 g/ kg wet weight whey.
T4: Wilted Alfalfa + 30 gr of whey + bacterial 3X10 g cfu. T5: Wilted Alfalfa + 60 grams of whey kg wet weight. T6: Wilted
Alfalfa + 60 g whey +bacterial 3x10 g cfu. T7: Wilted Alfalfa + 90 g whey kg wet weight. T8: Wilted Alfalfa + 90 g whey +

bacterial 3X10 g cfu.

Within a row, means followed by different letters differ (P< 0.05).

In the experiment of Filya (2003), the effect of L.
Buchneri alone and in combination with L. plantarum
on wheat, corn and sorghum was evaluated. In all
treatments, improvement of aerobic stability was
reported. Pahlow and Zimmer (1985) found that
bacterial inoculant leads to improve aerobic stability of
forage silage.

Improving the stability of these silages to a special
energy detoxification system, yeasts are attributed to
the excessive concentration of organic acids inside the
cell. Kautz (1998) reported that, L. Buchneri was used
to produce lactic acid and acetic acid, which reduced
the yeast and improved the aerobic stability step from
26 hours to 400 hours in silages. In general, the effect
of L. Buchneri on the improvement of aerobic stability
can be explained by increasing the amount of acetic
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acid produced by bacteria, as well as reducing the
amount of carbohydrate remaining solution and lactic
acid and lower ammonia nitrogen accumulation.

CONCLUSION

The addition of fresh whey to alfalfa fodder resulted in
a decrease in the final pH of the silage and an increase
in total volatile fatty acids, insoluble fiber in acid
detergent and, on the other hand, decreased the
aerobic stability in control silage. The bacterial
inoculation also improved the fermentation
parameters and increased the overall quality of the
silage. With regard to the above results, it can
generally be concluded that the bacterial inoculation
and whey alone and together produced a better
fermentation quality and the use of a carbohydrate
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source such as whey as sources of bacterial
populations. Bacterial inoculations are essential for
the preparation of high-quality silage from alfalfa, due
to the deficiencies of this valuable plant.
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OZET

Bu ¢alismanin amaci1 Siyah Alaca siit sigirlarinda mevcut siit verimi

Aragtirma Makalesi

kayitlarindan yararlanarak ileriki donem siit veriminin daha az
hataya sahip uygun modellerle tahmin edilmesi ve “Laktasyon egrisi
tahmininde kullanilacak olan Zaman serileri metodu, klasik
metotlardan daha guvenilir sonuc¢lar vermekte midir?” sorusuna yanit
aramak amacglanmigtir. Bu amagla laktasyon egrisi tahmininde
Brody, Wood, Cobby & Le Du ve zaman serisi modelleri kullanilmigtar.
Aragtirma materyali 2009-2011 yillarinda Burdur ilinde yuratilmis
projeden derlenen 80 adet siyah alaca inege ait 305 gunlik 4
laktasyon kaydindan elde edilen verilerden saglanmistir. Laktasyon
egrisi modellerinde zaman serisi metodu Wood modeline gore st
verimini gercek verim degerlerine daha yakin tahmin etmistir. Butin
laktasyonlarda zaman serisi model artiklar1 arasinda birinci
dereceden ardigik bir iligki olmadigi, artiklarinin rasgele dagildigi,
modelin artiklarinin birbirinden bagimsiz ve homojen oldugu ve
modelin siit verimi tahminine uygun oldugu gorilmiistir. Zaman
serisi metodunun laktasyon egrisi modellemede kullanilan geleneksel
yontemlere iy1 bir alternatif oldugu séylenebilir.

ABSTRACT
The aim of this study was to estimate the future milk yield with
suitable models sustaining fewer errors by using the existing milk
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yield records in Holstein dairy cattle and to find the answer for the Received £ 27.07.2020
question of "does the Time series method used in the estimation of the Accepted ©01.10.2020
lactation curve give more reliable results than the classical methods?"

For this purpose, Brody, Wood, Cobby & Le Du and time series models Ke}’words

were used for estimating the lactation curve. The research data was Dairy cattle

obtained from 4 lactation records of 305 days of 80 black dairy cattle \ANI;)?I(\i/[A

compiled from the project conducted in Burdur province between
2009-2011. In the model of lactation curves, the time series method
predicted that the milk yield was closer to the actual yield values than
the gamma model. In all lactations, it was seen that there were no
consecutive relations among the time series model residues, that the
residues were randomly distributed, the residues of the model were
independent and homogenous, and that the model was suitable for
milk production. It can be concluded that the time series method was
a good alternative to the traditional methods used in modeling of
lactation curve.

Time series
Mathematical model

Sut sigirciligy, siit ve sut urinleri tretimini ve besi
materyalini sagladigindan pek ¢ok tilke tarafindan
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sigirciliginin bir bélimind olusturan kiltir irkinin
buyuk bir kismi siit¢i 6zelligiyle bilinen Siyah-Alaca
wrktan olusmaktadir. Siyah-Alaca irki simental, esmer
ve jersey wrklar1 takip etmektedir (Anonim 2017).

Genetik ve c¢evresel faktorlerin etkisiyle sekillenen,
buzagilama ile baglayip kuruya ¢ikma ile son bulan siit
verimindeki degisiklikler laktasyon egrisi (Lactation
curve) olarak tamimlanmaktadir (Orhan ve Kaygisiz
2002). Siit hayvanlar: i¢in ortalama 305 giin olarak
belirlenen laktasyon siiresi bakim ve beslenmeye bagh
olarak degisebilir (Keskin ve Tozluca 2004). Laktasyon
egrisi, st igletmelerinde siit tretiminin ekonomisi
uzerinde etkisi olan besleme, ciftlesme, 1slah ve itlaf
gibi kararlar1 almak i¢in yetigtiriciler igin degerli bir
ara¢ olabilir. Kontrol gini kayitlarina dayal
laktasyon egrisinin incelenmesi, eksik go6zlem
degerleri ve siit veriminin tahmin edilmesinde
yardimeidir. Laktasyon egrilerinin sekli matematiksel
model esitliklerindeki katsayilar: ile tanimlanabilir.
Bu katsayilar istenen sekillere sahip laktasyonlarin
secimi i¢in 6nemlidir. Stirdurilebilir stt tretimi i¢in
laktasyon egrisinin buzagilamadan zirveye sit
veriminde hizli bir artis ve ardindan zirveden yavas bir
diislis gostermesi istenir (Teke ve ark. 2020).

Gelismis ulkelerdeki hayvansal uretimle
yarisabilmek, tilkemizdeki bireylerin siit ihtiyaclarinmi
karsilayabilmek amaciyla sut verimi yilksek
hayvanlarin segilebilmesi i¢in hayvanlarin st
verimlerini tahmin etmeyi saglayan modellerin
olusturulmasi énemlidir. Bu ¢aligmada siit veriminin
daha sonraki dénemlerde nasil olabilecegini tahmin
etmek icin klasik metotlar (Brody, Wood, Cobby ve Le
Du) alternatif olarak Zaman serileri metodu

Cizelge 1. Arastirmada kullanilan modeller
Table 1. Models used in the research

kullanilarak, elde edilen sonuclar karsilastirilmal
olarak incelenmistir. Siyah Alaca sut sigirlarinin
laktasyon egrisinin tahmininde kullanilacak olan
Zaman serileri metodu, klasik metotlardan daha
guvenilir sonuglar vermekte midir? Sorusunun cevabi
arastirilmigtir.

MATERYAL ve METOD
Calismada, Burdur ilinde 2009-2011 yillarinda
yuriutilmis, TUBITAK 1090336 nolu projeden

derlenmis giinlik sagim kayitlarinin kaydedildigi
kismi veriler kullanilmigtir. Veriler 80 adet Siyah
alaca S181r1in 1-4 laktasyon kayitlarindan
olusmaktadir. Her bir laktasyon kaydinda 305 giinliik
stit verimleri kullanilmigtir. Daha uzun sagim
suresine sahip olan hayvanlarin 305 giinden sonraki
kayitlar dahil edilmemigtir. Modellerin
olusturulmasinda sigirlarin ginlik sut verimleri
bagimli degisken, kontrol ginii bagimsiz degisken
olarak alinmistir.

Matematiksel Fonksiyonlar

Dogrusal olmayan klasik bir egri, laktasyon stiresinin
temsili grafigidir. Arastirmacilar st verim verileri ile
matematiksel fonksiyonlarin eslesmesiyle; laktasyon
egrisinin tanimlanabilecegi ve bazi 6nemli performans
ozelliklerine iligkin tahminler elde edilecegini
bildirmislerdir (France ve Kebreab 2008, Teke ve ark.
2020). Arastirmada  kullamilan modeller ve
fonksiyonlar Cizelge 1'de verilmigtir.

Zaman serisi analizi, laktasyon egrilerini modellemek
ve gelecegi tahmin etmek i¢in kullanmilan bagka bir
yontemdir.

Metodoloji (Methodology)

Modeller (Models)

Denklem (Fquation)*

(Brody ve ark. 1924)
(Wood 1967)
(Cobby ve Le Du 1978)

M1 (Exponential decline function)
M2 (Incomplete gamma function)
M3 (Linear decline function)

Y, =ae Pt —qe ™ + ¢,
Y, = atbe ™t +¢,

Y,=a—bt—ae

*Y;:Giinliik siit verimi; t: t. kontrol giinii; &:hata (artik); a,b,c: regresyon katsayilar

Zaman Serileri

Zaman serileri, tahmin edilecek verinin ge¢mis
degerleri veya beklenmedik degigsmelerin mevcut ve
gecmis degerlerinin bilegimidir (Yildiz 2009). Bir
zaman serisi analizi yapmadan o6nce, serinin zaman
iginde duragan olup olmadigini incelemek gerekir
(Goktas 2005). Duraganlik, bir siirecin olasilik
yapisinin zaman i¢indeki degigsmezligi anlamina gelir.
(Kadilar 2005). Duragan bir serinin beklenen degeri ve
varyans1 sabit, kovaryansi zamandan bagimsiz
gecikme sayisina baglhh olmalidir. Duraganhk
kogullari; Ortalama; E(Y;) = pu, varyans; Var(Y,) =
E(Y, —w)?=0?  kovaryans; y, =E[(Y; —wW)(Yig —
w] = 0% (Bozkurt 2013).

680

Zaman serisi analizini uygulamak i¢in, seri duragan
olmali ve tahmin modeli hata terimleri beyaz gurilti
ozelligini saglamalidir. Zaman serisi analizinde
duraganhg test etmek igin, otokorelasyon fonksiyonu
(ACF), kismi otokorelasyon fonksiyonu (PACF) ve
birim koék testi (ADF) sonuclari incelenir. Beyaz
gliriilti serisinin tiim gecikmelerinde otokorelasyon ya
da kismi otokorelasyon degerleri 6nemsizdir (Kadilar

2005, Akdi 2010). Seri ¢, ~iid(0, 0°)dagihmna sahip

ise beyaz giirilti (white noise), &, =1id(0, (72) sahip

degilse rassal ylriyis serisidir. Duragan olmayan
stokastik silireglerin modellenebilmesi igin serinin
duragan olmasi gereklidir. Bunun ytizden duraganlhgi
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saglamak i¢in serinin gereken miktarda fark:
alinmalidir. Fark: alinarak duraganlastirilan seriler
ARIMA modelleriyle gosterilmektedir (Wade ve ark.
1993, Goktas 2005).

Otoregresif hareketli ortalama stireci

(ARIMA)

ARMA(p,q) genel denklemi (Esitlik 1), V; fark alma
operatéri ve Y: yerine Y: 'nin d. mertebeden farki

alinmis seri yazilirsa, Vl/t:VdYt seklinde ARIMA

denklemine (Esitlik 2) ulagilir. ARIMA (p,d,q) modeli;
d. dereceden farki alinmig p. dereceden AR ve q.

dereceden MA modelinin kombinasyonu olarak
tanimlanir. ARMA (p, );

Y,=6+4Y, ,+4Y ,+..+ ¢th-p +e,+0,6
+@g4+m@qﬂ

p q
Yt - Zi:1¢PYt—i Tet Zi:19q8t—i

ARIMA(p,d,q) genel denklemi,
W,=6+oW, , +oW, ,+..+ ¢pV|/tfp +é,+0,6

entegre

oy

(2)
+0,6, ,+..0,¢,
Burada w.w_,,W._,,., Vthp degerleri

VY Y,

hali ve & fark derecesidir (Caglar 2007, Duru 2007,

Seviirtekin ve Nargelecekenler 2010). Belirlenen
modelin uygunlugunu test etmek i¢in Box-Ljung &

2
,
Q=T(T +2) X175 ~Xi-p—q
tarafindan tavsiye edilir. Burada, 7} gozlem sayisi, &

otokorelasyon katsayisi, p. dereceden AR ve q.

dereceden MA derecesidir.. Box-Ljung istatistigi, ¥ 2

gozlem degerlerinin farki alinmig

testi, Box ve Ljung

tablo degeri ile kargilastinhr. Q > le—a,(k—p—q) ise
H,:r, =0 hipotezi reddedilir. Yani hata terimleri

Etziid(O,O'Z) dagilimina sahip olmaz ve rassal

yiuriytis serisidir (Box ve ark. 2015). Uzerinde
calisilan Laktasyon egrisi verilerini modellemek i¢in
varsayllan matematiksel fonksiyonlar arasindan
veriye en iyl uyum saglayanin belirlenebilmesi yada bu
varsayilan fonksiyonlarin veriyli modelleme
performanslarim1  kargilagtirmak igin literatiirde
birgok kriter kullanilmaktadir. Bunlar arasinda en
yaygin olanlary; Belirleme katsayis1 (R?), diizeltilmis
belirleme katsayisi (R2.qj), hata kareler ortalamasi
(Mean square error (MSE)), ortalama mutlak yiizdelik
hata (Mean absolute percent error (MAPE)), ortalama
mutlak hata (Mean absolute deviation (MAE-MAD)),
Akaike bilgi kriteri, bayes bilgi kriteri, Durbin
Watson katsayisi, quotient (Q), korelasyon (r) ve Wald-
Wolfowitz run testidir (Wei 2006, Teke ve ark. 2020).
Bu c¢alismada laktasyon egrilerini en iyi modelleyen

681

matematiksel modeli ve veriyi zaman serileri
yardimiyla modellendikten sonra tahmin edilen
modellerin dogrulugunu belirlemek ve yontemleri

n
karsilagtirmak icin, R2; Z (Y. — ?;)2 / Z:_ (e —Yo?,
t=1 -
n [Ye-Yel

MAPE;MT’“ 100, RMSE;

\/% Y7, (Y, — %) 2 Durbin-

W . Tiea(er—ee-1)? d BIC; I 1yn
atson; T (0<d<4), » In [;Zt:l(yt -
kriterleri kullanilmigtir. Burada Y

tahmin degerleri, ¥ ortalama degerler, Yt; t.
Zamandaki gézlem degeri m; 6rnek buyuklugi, n ve p;
parametre sayisidir (Schwarz 1978, Neter ve ark.
1990).

17})2] +§lnn

Istatistiksel Analizler

Her laktasyon i¢in; klasik modellemede SAS
programinda NLMIXED prosedira kullanilarak
modelleme yapilmis ve parametreler tahmin edilmistir
(SAS 2002). Zaman serileri analizlerinde SPSS 21.0 ve
E-views paket programi kullanilmistir (SPSS 2013).

BULGULAR ve TARTISMA

Zaman serileri ve klasik modellerle 80 Holstein sigira
ait dort laktasyon dénemi kontrol giini siit verimleri
analiz edilmigtir. Her bir laktasyonda en uygun model
belirlenirken, en yiiksek r, R2, ve en dusiik AIC, BIC,
RMSE ve MPE degerleri dikkate alinmigtir. Klasik
model olarak; li¢ parametreli Brody, Wood, Cobby Le
Du modelleri incelenmigtir. Laktasyon sirasina gore
modellerin tahmin parametreleri ve karsilastirma
kriterleri Cizelge 2'de verilmigtir.

Elde edilen sonuglarda, 1-4 laktasyonda Wood modeli
sit verimini en ylksek belirleme Kkatsayisi ile
aciklamaktadir.  Wood'un  gelistirdigi  gamma
fonksiyonu daha az sapma ile siit verimini tahmin
eder. Tahmin modeli ve hatalarin dagilim grafikleri
Sekil 1a-1d’de verilmistir. Gamma fonksiyonu tahmin
denklemleri;

Y, = 13.781¢0175¢ 70002 4 ¢,
Yt — 20.3t0'13e_0'003t+€t

Y, = 19.176¢0174¢ 70004 1g,
Y, = 17.539¢0182¢7000% 4 ¢,

1. laktasyon;
2. laktasyon;
3. laktasyon;
4. laktasyon;

Rekik ve ark. (2003), Keskin ve Boztepe (2011), Ural
ve Koskan (2014) calismalarinda Siyah Alaca
sigirlarda Wood modelinin siit verim tahmininde etkili
oldugunu bildirmislerdir. Torhizi ve ark. (2019) ve
Castillo-Gallegos (2018) Siyah alaca sigirlarda Wood
modelini kullanarak sit verimini daha yiksek RZ2 ile
modellemisglerdir. Bangar ve Verma (2017) Duque ve
ark. (2018) Brody, Wood ve Cobby Le De modellerini
kullandig1 ¢alismasindan daha az hata ile modelleme
yapilmigtir.

1-4 laktasyon egrisinde trend gézlenmigtir. Laktasyon
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serilerinde 16 gecikme i¢in hesaplanan otokorelasyon
katsayilar: + 0.1123 giiven araligr disindadir. Yiuksek
otokorelasyon katsayilar1 daha yiiksek gecikmelerde
trend yapisindaki gibi zaman igerisinde yavas azalan

bir yap1

gostermigtir.

Bu azalis daha

sonraki

gecikmelerde korelasyon katsayilar1 anlamsiz olana
kadar devam etmigstir. Siit verimi serilerinin duragan
olmadigi ile ilgili kesin karar vermek i¢in serinin birim
kok igerip icermedigi ADF-Augmented Dickey Fuller
testi ile incelenmigtir.

Cizelge 2. Her bir Laktasyon i¢cim Model tahmin parametreleri ve karsilagtirma kriterleri
Table 2. Model estimation parameters and comparison criteria for each Lactation

Laktasyon
.. | (Lactation) 1 2 3 4

£ [ Model M1 M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 M3
a | Estimate 26.07 13.78 25.84 31.88 20.30 31.16 35.29 19.18 33.79 33.67 17.54 32.10
t value 163.76 63.14 185.51 213.87 70.69 264.86 165.74 60.863 216.21 126.18 43.19 158.29
Pr> |t] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
b Estimate 0.001 0.175 0.023 0.002 0.130 0.044 0.002 0.174 0.059 0.002 0.182 0.056
t value 29.85 3794 31.01 61.83 30.60 67.79 6296 35.06 69.28 48.43 26.12 50.46
Pr> |t] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
c Estimate 0.163 0.002 0.168 0.286 0.003 0.314 0.199 0.004 0.233 0.164 0.004 0.192
t value 21.71 49.47 22.19 21.3559.76 22.08 21.76 67.09 21.49 19.07 48.04 17.69
Pr> |t] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
- r 0.916 0.951 0.92 0.968 0.977 0.971 0.971 0.982 0.973 0.953 0.965 0.952
E)’Ee S2e 1.02 0.49 0.98 0.96 0.67 0.85 1.52 0.91 1.39 2.16 1.56  2.20
E 5 AIC 878.3 656.2 866 860.6 752.5 822.7 1000 844.7 973.3 1109 1010 1113.2
‘5 B | BIC 893.2 671.1 880.9 875.5767.4 837.6 1015.3 859.6 988.2 1123.9 1024.9 1128.8
:i(é myh 2.78 2.45 2.65 2.61 2.49 2.42 3.32 3.12 3.38 4.29 4.43 4.60
é 2 | mh 0.56 0.53 0.54 0.62 0.60 0.58 0.79 0.73 0.79 0.97 1.00 1.04
%% ME -0.05 0.00 -0.05 -0.02 -0.00 -0.02 -0.04 -0.01 -0.04 -0.06 -0.01 -0.05
Lj g MPE -0.33 0.11 -0.33 -0.05 0.05 -0.08 -0.09 -0.01 -0.13 -0.18 0.06 -0.14
® 5 | RMSE 1.01 0.70 0.99 0.98 0.82 0.92 1.23 0.95 1.18 1.47 1.25 1.48
;29 R2 0.84 0.92 0.85 0.94 0.96 0.95 0.94 0.97 0.95 0.90 0.93 0.90
0.84 0.92 0.84 0.94 0.96 0.95 0.94 0.97 0.95 0.90 0.93 0.90
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Sekil 1a. 1. laktasyonda tahmin modeli ve hatalarin dagilim grafikleri
Figurela. Forecast model and scatter plots of errors in 1. lactation

682



KSU Tarim ve Doga Derg 24 (3): 679-688, 2021
KSU J. Agric Nat 24 (3): 679-688, 2021

Arastirma Makalesi

Research Article

Moo = e 924 Wil = Wood [ W00 » C gL ats e

SutVenmi

Wood

CobbylLeDu

SutVerimi

i}

o
3 o
' Q ’
=3
v v - b - . e r ' - 2 L
0 0 m »me 10 20 200 LR o0 0 o
= o L)
FertieiOane
|— Preont - lu‘--l"ll
Lactathar2 X o
i
o
2 o8
; o
= ° o
E b
5
1" iy
=
(=]
T 3
2
E=3
: " 3 ° ° °
Fortnl Gura (ag)
[— R vrovee DAL we e Gty ala G wwsT B hd L -
Sekil 1b. 2. laktasyonda tahmin modeli ve hatalarin dagilim grafikleri
Figurelb. Forecast model and scatter plots of errors in 2. lactation
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Sekil 1c. 3. laktasyonda tahmin modeli ve hatalarin dagilim grafikleri

Figurelc. Forecast model and scatter plots of errors in 3. lactation
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Figureld. Forecast model and scatter plots of errors in 4. lactation

ADF sonuclar (v° = -0.015017), (" = 1.4355), (v°
0.214923), (" = -0.04697), (v" = -0.645117) %1, %5 ve
%10 degerlerinden buyuk ve p>0.05 oldugundan
seriler birim kokli yani duragan degildir. Bu sebeple
seriye birinci dereceden fark iglemi uygulanarak seri
trendden arindirihp duragan hale getirilmigtir. ACF,
PACF ve ADF sonucglar1 farki alinmig serilerin
duragan oldugunu gostermektedir. ARIMA modelleri
icin d=1 igin ACF ve PACF grafikleri Sekil 2’de
verilmistir. Iki gecikmeye kadar denenen ARIMA
modelleri i¢cinden sit verimi tahmini i¢in en uygun
modeller Cizelge 3'te belirtilmigtir.

Box-Ljung Q test degerleri tim laktasyonlar igin
rastgele dagilim gostermektedir (p>0.05). ARIMA
modelleri sirasiyla % 97.58,% 98.52,% 98.57,% 96.88,%
93.14 sit verimini agiklamaktadir. ARIMA modelleri
tahmin  parametrelerin  6nemi ve  gegerliligi
incelendiginde; Kolmogorov-Smirnov degeri (p = 0.200)
kalintilarin normal dagilima sahip oldugu ve Run
(Swed-Eisenhart) test istatistigi model artiklarin
bagimsiz ve homojen oldugu goérilmektedir. Model
artiklarinin ACF ve PACF degerleri, artiklar giiven
sinirlar1 i¢ginde oldugundan beyaz glrilti serisine
sahiptir. 305 gozlemli ve 1 bagimsiz degiskenli
laktasyon serilerinde Durbin Watson degeri p = 0
boélgesinde olup otokorelasyon problemi yoktur. Yani
artiklar arasinda birinci dereceden ardisik bir iligki
olmadig1 séylenebilir. Laktasyon sirasina gére model
artiklarinin ACF ve PACF grafikleri ve model tahmin
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grafikleri gekil 2’de verilmigtir. ARIMA model
denklemleri;

1. laktasyon icin ARIMA (1,1,2) model,
VYt = 6 + ¢1 Yf—l + gt + ngt—l + 92€t_2

VY, = —0.002 + 0.994Y,_; + &, + 1.353¢,_; — 0.426¢,_,
2. laktasyon icin ARIMA (2,1,0) model,

V=8+@ Vit DY, te

VY, = —0.032 — 0.471Y,_, — 0.232Y,_, + &
3. laktasyon icin ARIMA (1,1,2) model,

VYt =6 + ¢1 Yf—l + & + ngt—l + 92€t_2

VY, = —0.028 — 0.897Y;_; + &, — 0.469¢,_; + 0.429¢,_,
4. laktasyon icin ARIMA (1,1,2) model,

VYt = 8 + ¢1 Yf—l + gt + 91€t_1 + 92£t_2
VY, = —0.023 — 0.974Y;_, + &, — 0.427¢,_, + 0.567¢,_,

Siyah Alaca irki sigirlarda ARIMA modelinin gamma
fonksiyonuna gore her bir laktasyon igin kontrol giini
siit verimleri tahmininde etkilidir. Benzer sonuglari
Siyah Alaca sigirlarda Deluyker ve ark. (1990) ve
Wade ve ark. (1993), bulmuslardir. Macciotta ve ark.
(2000), Sarda koyunlarinda da ARIMA’nin, laktasyon
egrisinin tanimlanmasi ve her bir laktasyon dénemi
igerisindeki aylik kontrol giinti siut verimleri
tahmininde etkili oldugunu bildirmislerdir. Macciotta
ve ark. (2002), Italyan Simmental irki sifirlarda
ARMAnin laktasyon verimi ongorisinde daha
karmasgik modellere kiyasla 6nemli sonuglar verdigi ve
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oldukea kolay uygulandigini bildirmiglerdir. Sankar ve uretimini modellemigler ve benzer sekilde en uygun
Prabakaran (2012) ve Chaudhari ve Tingre (2013), siit modeli ARIMA model olarak bildirmiglerdir.

Cizelge 3. Zaman serilerinde tahmin parametreleri ve karsilagtirma kriterleri
Table 3. Estimation parameters and comparison criteria in time series

Laktasyon (Lactation) 1 2 3 4
ARIMA ARIMA ARIMA ARIMA
Model (1,1,2) (2,1,0) (1,1,2) (1,1,2)
Kesme (intercept) -0.002 -0.032 -0.028 -0.023
P 0.807 0.047 0.155 0.269
&1 0.994 -0.471 -0.897 -0.974
P 0.000 0.000 0.000 0.000
01 1.353 -0.469 -0.427
P 0.000 0.001 0.000
s -0.232
P 0.000
02 -0.426 0.429 0.567
P 0.000 0.000 0.000
R2 0.9758 0.9852 0.9857 0.9688
R2a; 0.9757 0.9851 0.9857 0.9688
. . 16.551 18.105 12.125 14.339
Ljung-Box Q(sig.) 0.353 0.318 0.670 0.500
MAPE 1.233 1.634 2.060 2.956
RMSE 0.338 0.389 0.613 0.846
BIC -2.093 -1.414 -0.945 -0.259
Kolmogrov-Smirnov (p) 0.200 0.200 0.200 0.200
Run (Swed-Eisenhart)(p) 0.909 0.730 0.414 0.301
DW
(1.779<DW< 2.221) 1.975 1.979 1.923 2.023
r 0.998 0.993 0.993 0.984

R2: Belirleme katsayisi;, RMSE: Hata kareler ortalamasinin karekokii;
MAPE: Ortalama mutlak hata orani; r: Korelasyon katsayisi; DW: Durbin Watson

Artiklarin ACF-PACF ARIMA tahmin grafikleri
d=1 ACF-PACF (ACF-PACF of Residuals) (ARIMA forecast graphics)

TV ptvvm DT Pvidunl AP Rersii PACP
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Sekil 2. ARIMA model grafikleri ve artiklarin ACF-PACF grafikleri
Figure 2. ARIMA model graphics and ACF-PACF graphics of residuals
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3 d=1 ACF-PACF Artiklarin ACF-PACF ARIMA tahmin grafikleri
(ﬁ- = (ACF-PACF of Residuals) (ARIMA forecast graphics)
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Sekil 2. ARIMA model grafikleri ve artiklarin ACF-PACF grafikleri

Figure 2. ARIMA model graphics and ACF-PACF graphics of residuals

SONUC ve ONERILER

Laktasyon egrileri modellemesi degerlendirildiginde;
Brody, Wood ve Cobby Le De’'nun gelistirdigi laktasyon
egrisi modellerinden gamma fonksiyonu tim
laktasyonlarda kontrol giinii siit verimini en az sapma,
en yuksek korelasyon ve belirleme katsayis1 ile
aciklamagtir. Birinci laktasyon i¢in; gamma fonksiyonu
kontrol giinli siit verimini %92 oraninda aciklarken
zaman serileri yontemi kontrol gini sit verimini
%97.57 oraninda aciklamaktadir. Ikinci laktasyon i¢in;
sit verimini gamma fonksiyonu %96 oraninda,
ARIMA(2,1,0) modeli %98.5 oraninda aciklamaktadir.
ARIMA(2,1,00 modeli artiklar1 normal dagilima
sahipken(p>0,05) Gamma model artiklar1 normal
dagilima sahip degildir (p<0,05). Korelasyon katsayis1
gamma fonksiyonu icin 0.968 iken ARIMA(2,1,0)
modeli icin 0.993tiir. Uctincii laktasyon igin; siit
verimini gamma  fonksiyonu %97 oraninda,
ARIMA(1,1,2) modeli %98.6 oraninda aciklamaktadir.
Gamma ve ARIMA(1,1,2) model artiklari normal
dagilmaktadir (p>0,05). Korelasyon katsayis1 gamma
fonksiyonu icin 0.971 iken ARIMAC(1,1,2) modeli icin

0.993’ttir. Dordunci laktasyon 1i¢in; sit verimini
gamma fonksiyonu %93 oraninda aciklarken
ARIMA(1,1,2)  %96.9 oraminda aciklamaktadir.

Gamma ve ARIMA(1,1,2) modeli artiklari normal
dagilmaktadir (p>0,05). Korelasyon katsayis1 gamma
fonksiyonu icin 0.965 iken ARIMA(1,1,2) modeli icin
0.984’tir. Tum laktasyon doénemleri i¢in; MAPE,
RMSE, BIC degerleri gamma fonksiyonunda zaman
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serilerine gore daha yliksek cikmigtir. ARIMA model
artiklariin otokorelasyon grafiginden beyaz gurulti
serisi oldugu ve Box-Ljung testine gére modellerin
uygun model oldugu gorilmustir. DW degeri gamma
fonksiyonlarinda pozitif otokorelasyon bélgesinde iken
ARIMA modellerinde p=0 bolgesinde olup model
artiklar: rasgele dagilmaktadir.

Laktasyon egrisi modellemesinde zaman serisi
yontemi kullanilarak hayvanin mevcut siit verim
kayitlarindan ileriki dénemde verecegi siit miktar: ve
laktasyon egrisinin sekli gercek siit verim degerlerine
daha yakin tahmin edilebilecegi sonucuna ulagilmistir.
Siyah Alaca sigirlarinin laktasyon egrisi tahmininde
kullanilacak uygun tahmin modelleri ile siit verimini
artirmaya yonelik 1slah programlari, sit uretim
isletmelerinin  karimin artmasini  saglayacaktir.
Ulkemizdeki ¢ok sayida siit tiretim igletmelerini ve
artan kar paymi goéz oniine aldigimizda, dogrusal
olmayan yapilara uygun tahmin modellerinin ulusal
ekonomiye, toplumsal refaha ve aym zamanda
literatiire katki saglayacagi dusinilmektedir. Bu
sebeple zaman serisi yontemi siit verimi yiksek
irklarda veya koyun, kegi, manda gibi farkli
hayvanlarin siit verim modellemesinde kullanilabilir.
Ayrica ekonomik olarak yetistiriciligi yapilan
hayvanlarin et verimi; hayvan ve yumurta sayilarini
modellemek i¢in kullanilabilir. Kisaca birgok hayvan
tirtinden elde edilecek {triinlerin modellemesinde
zaman  serisi  yonteminin  kullamigh  olacag
onerilmektedir.
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TESEKKUR

Bu calisma SDU Fen Bilimleri Zootekni Anabilim
dalinda yiriitiilen doktora tez galismasindan kismen
ozetlenmigtir. Tez calismas1 2211-C yurti¢i 6ncelikli
alanlar doktora burs programi ile TUBITAK’tan maddi
destek almigtir.

Aragtirmacilarin Katk: Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catismas1 Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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