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Anahtar kelimeler
Agregat stabilitesi,

Bag,
Elma bahgesi.

Oz: Agregat olusumu ve stabilitesi; toprak yonetimine iliskin kiiltivasyon
uygulamalart ve bitkisel idretim farklhiliklarindan giicli  bir sekilde
etkilenmektedir. Bu ¢alismada; farkli bitki 6rtlisii Kosullarinin (elma bahgesi ve
bag) topraklarin agregasyon Yyizdelerinde nasil bir degisim gosterdigi
arastirilmistir. Elma bahgesi ve bagdan (0-10, 10-20 cm) alinan toprak érnekleri
farkli agregat boyutlarina (8-4, 4-2, 2-1, <1 mm) ayrilarak s6z konusu topraklarmn
agregasyon yiizdeleri belirlenmigtir. Agregasyon yiizdesi her bir derinlikte bitki
ortiistiine bagli degisim gostermekte olup bu degisim istatistiksel olarak énemli
bulunmustur (P<0.01). Agregasyon yiizdesi bitki tiiriine bakilmaksizin en yliksek
0-10 cm derinliginde (62.32 (elma bahgesi), 61.14 (bag)) belirlenmistir. Agregat
boyutlarindaki agregasyon %59.44 (2-1 mm)-%63.78 (8-4 mm) arasinda degisim
gostermis olup elma bahgesinin agregasyon yiizdeleri baga gore daha yiiksek
bulunmustur. Sonug olarak, bitki tiirli organik madde birikimini etkiledigi i¢in
topraklarin agregasyonlarini degistirebilmektedir.

Assessment of Soil Aggregation in the Vineyards and Apple Orchard

Article Info

Received: 03.02.2020
Accepted: 11.05.2020

Online Published 30.09.2020
DOI: 10.29133/yyutbd.684270

Keywords
Aggregate stability,

Vineyard,
Apple orchard.

Abstract: Aggregate formation and stability are strongly influenced by
cultivation practices related to soil management and plant type. The aim of this
study was to investigate how different plant type (apple orchard and vineyard)
have influenced the soil aggregation percentages. The soil samples taken from an
apple orchard and a vineyard at different depths (0-10, 10-20 cm) were divided
into different aggregate sizes (8-4, 4-2, 2-1, <1 mm) then the percentages of soil
aggregation were determined. The magnitude of aggregation percentage was site-
and depth-dependent and these changes were statistically significant (P<0.01).
The highest percentage of aggregation was found (62.32 for apple orchard, 61.14
for vineyard) at 0-10 cm depth regardless of plant type. The aggregation
percentage was highly aggregate size-dependent. It was related to aggregate size
i.e. 59.44% for 2-1 mm and 63.78 % for 8-4 mm sized aggregates. Comparatively
higher aggregation percentages were observed for apple orchard soil than the ones
observed for vineyard soil. As a consequence, plant type may change soil
aggregation due possibly to influence over organic matter turnover.

1.Giris

Ekosistemin 6énemli bir pargasi olan topragin amag disi kullanimi {iretim alanlarinin azalmasina
yol agmakta, artan niifusun ihtiyacinin karsilanmasi i¢in yogun girdi kullanimi ile birim alandan daha
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yiiksek iiretim yapilmasini zorunlu kilmaktadir. Bitki gelisimi iizerine topragin kimyasal 6zelliklerinin
etkinligi daha 6n planda diisiiniilse de, tiim 6zellikleri ile bir biitiin olan topragin fiziksel 6zellikleri de
verimlilik ve kalite icin oldukga 6nemlidir. Kimyasal ve biyolojik 6zellikleri optimum diizeyde olan bir
topragin zayif fiziksel 6zellikleri, bitkisel {iretim potansiyelini sinirlandirmaktadir. Bitkiler i¢in biiylime
faktorii olmayan toprak striktiirii, dolayli olarak bitki biiyiimesi ile yakindan ilgilidir. Toprakta su ve
hava hareketi, su tutma ve havalanma kapasitesi, bitki besin maddelerinin yarayisliligi, bitki kok
gelisimi, makro ve mikro organizma aktivitesi gibi dzellikler toprak striiktiirii ile iliskilidir. Uygun
toprak striktiri ve yiksek agregat stabilitesi bitkisel tretim, surddrtlebilir toprak yonetimi ve erozyona
dayaniklilik agisindan olduk¢a 6nemlidir (Bronick ve Lal, 2005; Alagoz ve Yilmaz, 2009; Turgut ve
Aksakal, 2010; Eraslan ve ark., 2016). Universal Toprak Kayip Tahmini Esitliginde (USLE) kullanilan
erozyona duyarlilik (K) faktorii belirlemesinde de striiktiirel 6zelliklerden yararlanilmaktadir. Toprak
kaybinin azaltilmasi i¢in K degerlerinin en diisiik diizeyde tutulmasi ve striiktiiriin iyilestirilmesi
gerekmektedir (Cebel ve ark., 2013). Striiktiirel bakimdan saglam yapili topraklarda suyun dispers edici
etkisine kars1 agregatlarin stabiliteleri de yliksek olacagindan bu topraklarda erozyona karsi duyarlilik
derecesi de azalmaktadir (Karaman ve ark., 2007).

Dogal kosullar altinda uygun striiktiir yapisina sahip arazilerde, sik ve yogun kiiltivasyon ¢ogu
topraklarin striiktiiriinii bozmaktadir (Veiga ve ark., 2009). Bunun yaninda, iklim kosullar1 (yillik
ortalama yagis ve yillik ortalama sicaklik vb.) vejetasyon tiirleri (orman arazisi, ¢cim arazi ve riin
arazileri vb.), toprak isleme yontemleri, sulama ve giibre uygulamalar1 gibi tarimsal faaliyetler de
topraklarin agregat olusumu ve stabilitesini etkilemektedir (Isildar, 1999; Castro Filho ve ark., 2002;
Annabi ve ark., 2011).

Toprak agregasyonunun olusumunda; organik karbon, organizmalar, iyon koépriileri, kil ve
karbonatlar (Bronick ve Lal, 2005) etkili 6zellikler arasindadir. Toprak agregasyonunda 6nemli bir yeri
olan toprak organik maddesinin %48-58’ini karbon (C) olusturmaktadir (Kacar, 2009). Farkli toprak
isleme yontemlerine bagli olarak degisim gosteren organik karbon, sifir siiriim uygulamalarinda, daha
yiiksek seviyelerde (Six ve ark., 2002; Kumar ve ark., 2012; Kumar ve ark., 2014) bulunmaktadir.
Ayrica, farkli bitki Ortiileri, toprak organik madde icerigini etkileyerek, toprak agregat olusumu ve
stabilitesi lizerinde 6nemli katkilar (Zeng ve ark., 2018) saglamakta olup organik materyal uygulamalar
(Y1lmaz ve Alagoz., 2005; Alaboz ve ark., 2017) ve farkli toprak yonetimleri (Nweke ve Nnabude,
2014) ile agregat boyutlarinda degisimlerin oldugu bilinmektedir.

Bu c¢alismada; farkli bitki ortiisii kosullarinda (elma bahgesi, bag) topraklarin farkli agregat
boyutlarindaki (8-4, 4-2, 2-1, <1 mm) agregasyon yuzdeleri arastirilmistir.

2. Materyal ve Yontem

Aragtirma, Stleyman Demirel Universitesi Tarimsal Arastirma ve Uygulama Merkezi
arazisinde [36282989-36283041 D ve 4190610-4190784 K (UTM 36)] bulunan yaklasik 9 yaslarindaki
elma bahgesi (M9 anaci) ve liziim bagi arazilerinin topraklari tizerinde yuritilmiistiir (Sekil 1). Bolgede
yart kurak iklim tipi hakimdir. Caligma alaninin uzun yillar (1929-2018) meteorolojik verilerine gore
(MGM, 2020), yillik ortalama sicaklik 12.5 °C, yagis ise 564 mm’dir. Jeolojik yap1 kretese Kireg
taglarindan olusmakta olup, toprak nem rejimi xeric, sicaklik rejimi ise mesic’tir (Akgiil ve Basayigit,
2005).

Caligma alani, her y1l ¢izel ve ¢apayla (10-15 cm) islenmigtir. Caligmanin amaci kapsaminda,
ayni hat iizerinde bulunan elma bahgesi ve bag topraklarindan (0-10 ve 10-20 cm) aym hat iizerinden
her bir tekerriir i¢in 5 noktadan olmak tizere 3 tekerriirlii olarak toprak érnekleri alinmis (13.08.2014)
ve analizler 3 paralelli olarak yapilmistir. Araziden alinan toprak 6rnekleri, laboratuvarda hava kuru hale
getirilerek elle agregat yapisina zarar vermeyecek sekilde 8 mm’lik elekten gegecek biliylikliige
getirilmistir. Topraklar 1slak-kuru eleme seti (Retch Model: AS 200) yardimiyla 8-4 mm, 4-2 mm, 2-1
mm, <Imm’lik kuru agregat biiyiikliik gruplarina ayrilmistir. Eleme islemi, 1000 g toprak kullanilarak,
80 amplitiit ve 30 saniye eleme siiresince gergeklestirilmistir. Elenen her bir agregat biiyiikliik boyutu
i¢in agregasyon yiizdeleri Esitlik 1’e gore belirlenmistir (US Salinity Laboratory Staff, 1954).

(Toplam % silt+kil)—(Baglanmamis % silt+kil)*100
Toplam % silt+kil

% Agregasyon = Esitlik 1
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Sekil 1. Calisma alani

Topraklarin, mekanik analizi Bouyoucos hidrometre yontemiyle (Demiralay, 1993), pH ve
elektriksel iletkenlik (EC) 1:1 toprak-su siispansiyonunda (US Salinity Labortory Staff, 1954), organik
madde degistirilmis Walkey-Black yontemi ve CaCOs, Scheibler kalsimetresi ile volumetrik olarak
belirlenmistir (Kacar, 2009). Verilerin istatistiksel analizlerinde Minitab-16 paket programindan
yararlanilarak Tukey ¢oklu karsilastirma testi kullanilmigtir.

3. Bulgular ve Tartisma

Deneme alam topraklarinin bazi fiziksel ve kimyasal 6zellikleri Cizelge 1’de verilmistir.
Topraklarin tekstiir sinift her iki bitki ortiisii ve derinlikte tin olarak belirlenmis olup % kil, silt ve kum
igerikleri birbirine oldukg¢a yakin seviyelerdedir. Topraklarin CaCOs icerikleri cok yiksek seviyelerde
belirlenmistir (Kacar, 2009). Elma bahgesi topraklarinin CaCOs igerikleri bag’a gore yaklasik % 9 daha
yiiksektir. Topraklarin organik madde icerikleri diisiik (Ulgen ve Yurtsever, 1988), toprak reaksiyonu
hafif alkali (Jones, 1984), EC degerleri ise tuzsuz (Dahnke ve Whitney, 1988) siniflar1 igerisinde yer
almaktadir. Belirlenen toprak ozellikleri arasinda yiizey topraginda nispeten daha yiiksek olan organik
madde ve EC igerikleri derinlige bagl olarak azalmigtir. Gerek bitki artiklarinin yiizeyde olmasi gerek
organik veya mineral giibrelerin yiizeye uygulanmasi s6z konusu derinlik (0-10 cm) i¢in yiiksekligin bir
sebebidir. Belirlenen toprak 6zellikleri bolgede Akgiil ve Basayigit (2005) tarafindan yapilan ¢alismayla
uyumlu bulunmustur.

Cizelge 1. Deneme alani topraklarinin bazi fiziksel ve kimyasal 6zellikleri

Organik
Bitki Derinlik Kil Silt Kum Tekstir CaCO; Madde EC
Ortiisii (cm) (%) (%) (%) sinifi (%) (%) pH (dsSm?
Bag 0-10 23.71 34.24 42.05 L 28.71 1.30 7.52 0.28
10-20 24.33 34.19 41.48 L 28.46 1.21 7.58 0.17
Elma Bahgesi 0-10 23.65 34.82 41.53 L 36.93 1.54 7.51 0.22
10-20 25.15 34.04 40.82 L 36.72 1.28 7.55 0.15

Topraklarin minimum ve maksimum agregasyon yiizdesi degerleri % 58.39 ve % 65.03’dir.
Veri setinin standart hatas1 1.812, varyasyon katsayis1 2.96, carpikligi ise 0.51°dir. Veri seti normal bir
dagilim sergilemistir. Farkli bitki ortiisii kosullarinin derinlik ve agregat biiyiikliikk farkliligina bagh
olarak agregasyon yuzdesi tizerine degisimi Cizelge 2’ de belirtilmistir. Agregasyon yiizdesi bag’da %
58.45-63.76, elma bahcesinde ise % 59.56-64.97 arasinda belirlenmistir. Derinlige bagli degisimin
agregasyon Uzerine etkisi istatistiksel anlamda 6nemli olup (P<0.01) en yiksek yiizey topraginda (0-10
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cm) belirlenmistir (% 61.73 ). Bunun sebebinin yiizeyde organik madde miktarinin (Cizelge 1) 10-20
cm’ye gore daha yiiksek olmasindan kaynaklandigi diisiiniilmektedir. Organik maddenin parcalanip
ayrismasiyla yapistirici, kiimelestirici etkisi artmakta olup organik materyal uygulamasiyla agregat
stabilitesinde artiglarin oldugu literatiirlerde de belirtilmistir (Lehtinen ve ark., 2014). Elliott (1986)
organik maddenin baglayici gérevinde oldugunu kiigiik agregat gruplarmin biiyiik agregat boyutlari
olusturabilecegine deginmektedir. Organik materyalin ylizey topraginda agregat olusumu iizerinde etki
sahibi oldugu ve ahir giibresi gibi materyallerin C/N oranlarinin yiiksek olmasi sebebiyle ayrismanin
ge¢ olmasindan kaynakli etkinin daha uzun siirelerde ortaya ¢ikabilecegi belirtilmektedir (Caliskan ve
ark., 1997). Bitki ortiisti farkliliklar: dikkate alinmaksizin farkli agregat boyutlarindaki agregasyon, en
yuksek % 63.78 ile 8-4 mm agregat boyutunda belirlenmistir. Agregat boyutlarinin kiigiilmesine bagl
olarak agregasyon oraninda olan azalis istatistiksel olarak 6nemli seviyelerde (P<0.01) bulunmustur.

Cizelge 2. Farkli bitki ortiisii kosullarinin derinlik ve agregat boyutuna bagli olarak agregasyon yizdesi
uzerine etkileri

e Derinlik Agregat Boyutu (mm) Derinlik
Bitki orttsu (cm) 84 42 21 <1 (cm) Ortalama
- 0-10 63.76 61.46 59.25 60.10 - -
Bag 10-20 62.71 60.35 58.45 59.43 0-10 61.73a
. 0-10 64.97 62.57 60.51 61.21
Elma bahgesi 10-20 63.67 61.36 59.56 60.36 10-20 60.74b
Ortalama 63.78A* 61.43B 59.44D 60.28C

*Biiyiik harfler agregat boyutlar arasindaki degisimi gostermektedir (P<0.01).
**Kliiciik harfler derinlikler arasindaki degisimi gostermektedir( P<0.01).

Derinlige bagh agregasyon boyutlarindaki % agregasyon degisimi istatistiksel olarak Onemli
bulunmus olup Cizelge 3’de belirtilmistir. En yiiksek 0-10 cm’de 8-4 mm agregat boyutunda (% 64.36)
en diisiik ise 10-20cm’de 2-1 mm agregat boyutunda (% 59.01) belirlenmistir. Ozdemir ve Canbolat
(1997), toprakta 1-10 mm arasindaki suya dayanikl agregatelarin bulunmasiyla bitki gelisimi i¢in uygun
bir ortamin olacagini belirtmiglerdir. Genel olarak derinlige bagl olarak tiim agregat boyutlarinda bir
azalmanin oldugu goriilmektedir. Bu azalma, topragin organik madde igerigi, agregasyon olusturucu
katyonlarin varligr ya da biyolojik etkenlerin farkliligi gibi bir¢ok faktoriin etkisi altinda degisim
gostermis olabilmektedir. 2-1 mm agregat boyutuna kadar boyut kiiciildiikce agregasyonda da azalig
g0Ozlenirken <1 mm boyutunda azda olsa bir artis gozlenmistir. Bu artisin kil fraksiyonlarinin < 1 mm
boyutunda ki agregat gruplarinda daha fazla miktarda olabileceginden kaynaklanabilmektedir. Kil
miktarinin artigiyla birlikte agregat stabilitesinde de artiglar goriilmektedir (Yilmaz ve ark., 2005).
Negatif yiiklii kil tanecikleri suyun dipolar 6zelligi sayesinde bir araya gelerek flokilasyona neden
olmaktadir. Boylelikle yiiksek kil igerigi yiiksek agregasyona neden olabilmektedir (Nimmo, 2004).

Cizelge 3. Derinlige baglh agregat boyutlarindaki degisimin agregasyon (%) iizerine etkisi

Agregat Boyutu (mm)
2-1

Derinlik (cm) 8-4 4-2 <1
0-10 64.36a 62.01c 59.88f 60.66e
10-20 63.19b 60.85d 59.01g 59.90 f
Varyasyon kaynaklari
Derinlik* Agregat boyutu P F
0.000 16.42

Farkli bitki ortiisii kosullarinin derinlige bagl degisiminin agregasyon {izerine etkisi Cizelge 4’de
belirtilmis olup s6z konusu degisim istatistiki olarak Onemli seviyede belirlenmistir (P<0.01).
Agregasyon ylizdesi en diistik (60.24) 10-20cm derinlikte bag’da, en ylksek ise (62.32) 0-10cm’de elma
bahgesinde goriilmektedir. Elma bahgesinde bag’a gore agregasyon yiizdesi daha yiiksek belirlenmis
olup bunun sebebinin bag’a gore elma bahgesinde daha yiiksek organik madde ve kire¢ (Cizelge 1)
kaynakli olmasinin yaninda diger kimyasal ve biyolojik etkenler olabilmektedir. Agregatlasmayi
etkileyen diger bir 6nemli faktoriin topraklarin CaCOs igerigi oldugunu belirten Yilmaz ve ark. (2005),
Ca doygunlugunun yiiksek olmast, kolloidler arasindaki bagi ve biyolojik aktiviteyi arttirarak stabiliteyi
de etkiledigini bildirmistir (Ozbek ve ark., 1995). Ayrica s6z konusu bitki drtiisii kosullarmin her birinin
kok sistemlerinin farkli olmasi ve kilcal koklerinde agregasyon iizerinde etkili bir faktdr oldugu
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diisiiniiliirse bu farkliligin ortaya ¢ikmasi beklenen bir durumdur. S6z konusu bitki yonetimlerinde, ayni
tip toprak isleme olsa da gerek kok yapisindaki farklilik gerek topraklarin bazi kimyasal 6zelliklerindeki
degisimler agregasyon iizerinde etkilidir. Ozdemir ve Canbolat (1997) tarafindan agregatlarin
stabilitesini; bitki yo6netimi, gibreleme, drenaj ile sulama suyu kalitesi gibi parametrelerin
etkileyecegini, mikro agregatlarin olusmasinda organo-mineral kompleksleri ile polisakkaritlerin,
makro agregatlarin olusumunda ve stabilitesinde ise bitki kokleri, bakteri ve mantar misellerinin oldukg¢a
etkili oldugu bildirilmistir.

Cizelge 4. Farkli bitki ortiisti kosullarinin farkli derinliklerde agregasyon (%) lzerine etkisi

Derinlik (cm) Bag Elma
0-10 61.14b 62.32a
10-20 60.24c 61.24b
Varyasyon Kaynaklari
Derinlik*Bitki ortusu P F
0.001 12.07
4. Sonuglar

Farkli bitki oOrtiisti kosullarinin (elma bahgesi, bag) toprak agregasyonu Uzerine etkisinin

arastirildigi bu ¢alismada; s6z konusu bahgelerden (0-10, 10-20 cm) alinan 6rnekler agregat boyutlaria
(8-4, 4-2, 2-1, <1 mm) ayrilarak topraklarin agregasyon yiizdeleri belirlenmistir.
Agregasyon yiizdesi her bir derinlikte bitki Grtiisiine bagli olarak degisim gostermekte olup, bag’a goére
elma bahgesinin agregasyon yiizdelerinin daha yiiksek oldugu ve bunun sonucu farkli bitki Ortiisii
kosullarinda topraklarin agregasyonlarinda degisimlerin olacagi belirlenmistir. Ayrica ylizey topraginin
(0-10 cm) organik madde igeriginin yiiksek olmasi agregasyon yiizdesinde artislarin bir sebebi
olabilecegi diisliniilmektedir. Calisma sonucunda daha net bilgilerin elde edilebilmesi adina farkli toprak
yonetim ve bitki Ortlsii kosullarinda, uzun siireli ve agregasyonu etkileyen diger parametrelerin
incelendigi bir ¢aligmanin yiiriitiilmesi onerilmektedir.
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Abstract: Chicory (Cichorium intybus L.) is a biennial plant belonging to the
Asteraceae family. The aim of the study is to reveal the antioxidant capacities
and phytochemical profile of the different extracts and to determine the
cytotoxic effects of the extracts on liver cancer cell line. In vitro antioxidant
activity was determined by using DPPH radical scavenging activity assay and
total phenolic (TPC) and flavanoid (TFC) contents were measured
spectrophotometrically. The cytotoxic effect of the plant on HepG2 cell line was
examined by XTT colorimetric assay. The highest extraction yield was obtained
from the flower. The highest total phenol content was obtained from the flower
methanol extracts and calculated as 186.3+3.281 ug GAE/mg. In both quercetin
and catechin standards, total flavonoid contents of the stem and leaf methanol
extracts were found to be significantly higher. The IC50 values of DPPH radical
scavenging activities of water and methanolic extracts of the flowers were
calculated as 7.5+0.247 mg ml! and 3.593+0.1849 mg ml?, respectively. The
IC50 values of the stem extracts on HepG2 cells were calculated as 0.64 mg ml
! for methanol and 2.44 mg ml for water. The IC50 values of the leaf extracts
were calculated as 2.58 mg ml* for water and 0.69 mg ml* for methanol. As a
result, the cytotoxic effects of the methanolic extracts on cell viability were
significantly higher than the water extracts of Chicory intybus L. It has been
demonstrated that, unlike the root of the plant, which is commonly consumed in
the public, the stem, leaves and flowers of the plant should be further examined
in terms of biological activities.
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Oz: Hindiba (Cichorium intybus L.) Asteraceae familyasina ait iki yillik bir
bitkidir. Calismadaki amag, Cichorium intybus L. bitkisinin farkli ekstrelerinin
sahip oldugu antioksidan kapasiteleri ve fitokimyasal profili belirlemek ve
ekstrelerin kanserli hiire hatt1 {izerinde sitotoksik etkilerini ortaya koymaktir. /n
vitro antioksidan aktivite DPPH radikal supirme metodu kullanilarak
belirlenmistir. Total fenol ve flavonoid igerik spektrofotometrik olarak
Olgiilmistiir. Bitki ekstrelerinin hiicre hatlar tizerindeki sitotoksik etkileri XTT
kolorimetrik analiz ile belirlenmistir. En yiiksek ekstraksiyon verimi, ¢igcekten
elde edilmistir. En yiiksek total fenol igerigi ¢icek metanol ekstrelerinden elde
edilmistir ve 186.343.281 ng GAE/mg olarak hesaplanmistir. Hem kuersetin
hem de katesin standartlarinda, gvde ve yaprak metanol ekstrelerinin toplam
flavonoid igerigi 6nemli derecede yiiksek bulunmustur. Cigegin su ve metanol
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ekstraktlarnin radikal siipiirme aktivitelerine ait IC50 degerleri sirasiyla
7.5+0.247 mg/ml ve 3.593+0.1849 mg/ml olarak hesaplanmistir. HepG2
hiicreleri lizerindeki kok ekstraktlarinin IC50 degerleri, metanol i¢in 0.64 mg/ml
ve su i¢in 2.44 mg/ml olarak hesaplanmistir. Yaprak ekstrelerinin IC50 degerleri
su igin 2.58 mg/ml ve metanol i¢in 0.69 mg/ml olarak hesaplanmistir. Sonug
olarak, metanol ekstrelerinin hiicre canlilif1 iizerindeki sitotoksik etkileri su
ekstraktlarindan 6nemli 6l¢iide daha yiiksek olmustur. Halkta yaygin olarak
titkketilen bitkinin kok kisminin aksine, bitkinin govde, yaprak ve c¢iceklerinin
biyolojik aktiviteleri yoniinden incelenmesi gerektigi gosterilmistir.

1. Introduction

As they have been for thousands of years, plants are the basis of traditional medicine and they
continue to offer new solutions to humanity. The use of various parts of the plant directly or the active
substances derived from them in the treatment of diseases has been defined as the term medicinal plant
in the literature. Medicinal plants are of great importance as they are a therapeutic phytochemical
source that will allow the development of new drugs (Venugopal and Liu, 2012).

Chicory (Cichorium intybus L.) is a two-year plant of the Asteraceae family, with pile root
system and relatively flat leaves. The name of the plant comes from Latin and Greek. The name
Cichorium is given to the plant because it carries a flower bed and the name of intybus is given due to
the hollow stem. Cichorium genus is a genus that can grow in almost any soil. Chicory roots are used
in coffee making. The body and leaves of the plant are used for making salads and vegetable dishes.
Chicory extracts are used in alcoholic and non-alcoholic beverages. Different parts of Chicory
consume in the public as laxative, painkillers and diuretic (Bais and Ravishankar, 2001). Chicory is
considered a medicinal plant and different parts of the plant such as root, stem, and flower contain
antidiabetic, anticancer, and antiviral chemicals (Street et al., 2013).

Phytochemical analyses show that Chicory contains active substances such as sesquiterpene
lactones (lactusin, lactucopyrrin, 8-desoxy lactusin, guaianolid glycosidase), caffeic acid, inulin,
flavonoids, alkaloids, volatile compounds, oils, terpenes, coumarins, hydroxycoumarins, proteins
vitamins, polynes. Along with all these substances, the plant suggested to have many pharmacological
effects such as gastroprotective, cardiovascular, antioxidant, antidiabetic, hypolipidemic, anticancer,
hepatoprotective, sedative, wound healing etc. (Al-Snafi, 2016).

Cancer is the uncontrolled or abnormal growth and reproduction of cells as a result of DNA
damage to the cells. Cancer can affect different body parts and spread from one organ to another.
These conditions are the result of the interaction between a person’s hereditary and other carcinogens.
The WHO guess that in 2030, there will be 23.6 million new cancer cases each year, with a major
increase in the world's less economically developed regions (Wiseman, 2018).

Evidence from many sources, including epidemiological and experimental, shows nutritional
factors (diet, physical activity, and the consequent nutritional state including body composition) can
reduced cancer incidence (Wiseman, 2018). Vegetables and fruits are excellent cancer-preventive
sources. Chemoprevention by edible phytochemicals is now considered a cost-effective, easily
applicable, acceptable, and accessible approach to cancer control. Phytochemicals in plants are safe to
use, efficient and applicable for cancer prevention. Tumours progression may be inhibited by
phytochemicals from fruits, foods and vegetables (Wattenberg, 1966).

Cancer, with its increasing incidence, is the second most common cause of death worldwide.
Many studies on cancer both in vivo and in vitro models are needed to understand the biochemical
mechanisms of cancer and to establish appropriate treatment protocols. For this purpose, considering
the variety of secondary products it contains as indicated in the literature, Cichorium intybus L. plant
was used in the current study to obtain various extracts from different organs of Cichorium intybus L.
plant grown in natural environment, to reveal the antioxidant capacities and phytochemical profile of
the extracts and to determine the cytotoxic effects of the extracts on cancer cell line.
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2. Materials and Methods
2.1. Plant extraction

Cichorium intybus L. was collected from the Van Yiiziinci Y1l University campus on
04.07.2018. The plant was registered on the VANF Herbarium with the number 164208. The collected
plants were washed with tap water then with distilled water, dried in a way that they would not be
exposed to direct sunlight between the blotter. The dried root, shoot, leaf, flower parts of the plant
were then powdered by grinding machine separately.

Figure 1. Cichorium intybus L. methanolic extracts.

For preparation of the methyl alcohol and water extracts, using 30 g of dried samples water
and methanol extracts were obtained in 250 ml of distilled water and methanol with the aid of a
magnetic stirrer for 1 night at 40°C. Then, the samples filtered through a coarse filter. The obtained
water extract was frozen at 80°C for 1 night and then dried with the Freeze Dryer instrument. Methyl
alcohol extract was evaporated with a rotary evaporator. The residue was dissolved with water and the
same procedure was done. The dried samples were weighed and the percentage of yield was
determined.

Figure 2. Different organs of Cichorium intybus L.
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2.2. Determination of antioxidant capacity

The antioxidant activity of the extracts was performed based on its ability to bind hydrogen or,
in other words, its ability to capture the DPPH radical. DPPH free radical scavenging activity was
measured according to the modified version of the Blois method (1958). Quercetin was used as a
standard. In short, in 96 well plate, 140 pl of DPPH solution (1.6 mg mI?) in ethanol was mixed with
10 pl of plant extracts at different concentrations and incubated for 20 min. The decrease in the
absorption of the reaction mixture was monitored spectrophotometrically at 517 nm following the
incubation time. According to the results, RSA% were calculated versus final concentrations of the
extracts (mg mlt) and IC50 (50% effective concentration) values determined.

2.3. Determination of total phenolic contents (TPC)

The total phenolic content of substances found in Chicory extracts was determined according
to the modified form of the method applied by Singleton and Rossi (1965). Gallic acid (10, 50, 100,
150 and 200 pg mlt) was chosen as standard and the experiment was adapted to microplate. In the
study, 20 pl of the extract and the standards were put in microplate wells, 100 pl of Folin reagent (1:
4) was added to them and mixed with pipeting. Then 80 pl of 10% (w/v) sodium carbonate was added
on wells and after 30 minutes of incubation at room temperature, absorbance was read against the
blank containing 20 pl of ethanol instead of the sample at 750 nm. Using the standard calibration
curve created with gallic acid, total phenolic content amounts in each 1 mg extract were calculated as
the gallic acid equivalents (GAE).

Gallic acid Standard Curve
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Figure 3. Gallic acid standard curve used in TPC analysis.
2.4. Determination of total flavonoid contents (TFC)

Total flavonoid contents in the extracts were determined using protocols reported by Zhishen
et al. (1999) with slight modifications. For determination of TFC, Quercetin and Catechin (+) were
used as standards. Different concentrations of Quercetin and Catechin (10, 50, 100, 150 and 200
pg/ml) were dissolved with 99.5% ethanol and used as a standard for TFC determination. The
lyophilized extract was dissolved with distilled water different at concentrations. According to the
method, 20 pl standard and sample were added to microplate wells containing 80 pl dH20O, then 6 pl
of 5% NaNO, were added. After 5 minutes, 6 pl of 10% aluminium chloride (AICIs) was added to the
wells and after 6 minutes, 40 pl NaOH (1 M) was added. The total volume was made 200 ul with
distilled water. The absorbance was read at 510 and 415 nm using microplate reader. Results were
expressed as the quercetin equivalent (QE) and catechin equivalents (CE).
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Figure 4. Quercetin and Catechin standard curve used in TFQ/C analysis.
2.5. Cytotoxicity

HepG2 (liver cancer cell line) was purchased from ATCC (American Type Culture Collection,
LGC Promochem, UK). The cell line was grown in DMEM medium containing 10% FBS (fetal
bovine serum) and 0.1% (100 mg ml) Penicillin/Streptomycin (Pen-Strep), 1% L-Glutamine and 1%
Na-Pruvate. The medium is changed every 2-3 days. Cells were grown at 37°C, 95% humidity and 5%
CO:..

The cytotoxic effects of Chicory (Cichorium intybus L.) extracts on the cell line were
examined using the Cell Proliferation XTT Kit. In metabolically active cells, the XTT tetrazolium salt
is converted to water-soluble, orange formazone with mitochondrial dehydrogenase activity. It is
essential to measure the amount of formazan to be formed in this technique. After 24 hours of
incubation in the CO; incubator, the wells were washed with 50 PBS and the medium was washed
twice.

50 pl of fresh medium was added to the wells. 50 pl growth medium was added again for the
first row and 50 pl 0.2% DMSO medium was added as control for the second row. With the serial
dilution technique, the extracts were diluted in total medium and applied to the cells over 50 pl. It was
applied to XTT chemical cells after 48 hours of standing. Six hours after treatment with XTT, the
absorbance levels at 415 nm were read. % cell viability was calculated according to the formula
below:

Total Cells/mL= (Total Cell Counted x Dilution Factor x 104) x number of Squares
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2.5. Statistical analysis

Statistical analyses were carried out using Graphpad Prism 6. All results are expressed as
mean with standard deviations (SD). In the analysis, multiple comparisons were made to create
graphics and One-way ANOVA was used. Pairwise comparisons of the plants were analysed using t-
test at the 0.05 significance level.

3. Results
3.1 Extraction

Extraction of different organs of Cichorium intybus L. was carried out with methanol and water.
The highest extraction yield was observed in the flower organ. The flower was more efficient than the
other organs in terms of the water and methanol extract’s extraction yield. The yield of the root water and

methanol extracts was approximately the same (Table 1).

Table 1. Extraction efficiency of different organs of Cichorium intybus L.

Extraction % Yield
Root 10

Water Extracts Shoot 7.95
Leaf 8.2

Flower 22.06

Root 9.69

Methanol Extracts Shoot 6.56
Leaf 6.64

Flower 17.53

3.2 Determination of Total Phenolic Content

Gallic acid standard curve was generated for total phenolic analysis. The highest total phenolic
content was obtained from the flower methanol extracts. The leaf and stem methanol and water extracts
were also found to have high total phenolic content. Both the water and methanol extracts of the root have
been shown to contain lower phenolic content than the other organs (Table 2).

Table 2. Total phenolic content (TPC) of Cichorium Intybus L. extracts

Different Plant Extracts TPC (ug GAE/mg)

Root Shoot Leaf Flower
Water 34.14+0.4754 148.2+0.7953**** 143.94+0.559**** 123.8+0,8727****
Methanol 96.67+1.711 144.4+0.8804**** 168.3+0.7635**** 186.3+3.281****

*The results are the mean of the triple measurements obtained from three different experiments (n = 3). Comparisons were
made between the root and different organs in the same solvent. * p <0.05, ** p <0.01, *** p <0.001, **** p <0.0001

3.3 Determination of Total Flavonoid Content
Quercetin and catechin were used as the standards for the determination of total flavonoid
content. In both quercetin and catechin standards, total flavonoid contents of methanol extracts were

higher than water extracts. Total flavonoid contents of flower, stem and leaf methanol extracts were found
to be higher than the root, especially in the flowers at the highest rate.
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Table 3. Quercetin equivalent total flavonoid content of Cichorium Intybus L. extracts

Different Plant Extracts TFQ (ug QE/mg)

Quercetin Root Shoot Leaf Flower
Water 211.1+2.222 897.8+34,92%**** 888.9+2,222**** 73045.092%***
Methanol 516.7+1.92 1200+42.56**** 117142,222%*** 1248+2,94****

*The results are the mean of the triple measurements obtained from three different experiments (n = 3). Comparisons were
made between the root and different organs in the same solvent. * p <0.05, ** p <0.01, *** p <0.001, **** p <0.0001

Table 4. Catechin equivalent total flavonoid content of Cichorium Intybus L. extracts

Different Plant Extracts TFC (ug CE/mg)

Catechin Root Shoot Leaf Flower
Water 100+3.208 654.4+10.6**** 578.5+4 . 271%*** 388.3+5.357****
Methanol 575.6+9.686 680.7+10.45** 891.1+2.222%*** 550+14.53"

*The results are the mean of the triple measurements obtained from three different experiments (n = 3). Comparisons were
made between the root and different organs in the same solvent. * p <0.05, ** p <0.01, *** p <0.001, **** p <0.0001

3.3 Determination of Antioxidant Activity

Antioxidant capacity of the plant was determined by DPPH method. The highest antioxidant
scavenging activity was observed in the methanol extract of the flower. The flower methanol extract
showed two times more antioxidant effect than the water extract. The methanol extracts of the stem, leaf
and root are also extracts with high antioxidant scavenging capacity. The root water extract was the least
antioxidant organ and solvent. In general, methanol extracts showed higher antioxidant effect than water
extracts.

Table 5. IC50 values of Cichorium Intybus L. extracts

Different Plant Extracts Antioxidant Activity (mg ml?)

Root Shoot Leaf Flower
Water 25.62 +0.1009 7.267 + 0.04509**** 15.18 + 0.7059*** 7.5+ 0.247%***
Methanol 6.014 + 0.4352 4,653 + 0.061* 6.143 + 0.5345™ 3.593 + 0.1849**

*The results are the mean of the triple measurements obtained from three different experiments (n = 3). Comparisons were
made between the root and different organs in the same solvent. * p <0.05, ** p <0.01, *** p <0.001, **** p <0.0001

3.4 Determination of Cytotoxicity

In contrast to the flower organ, leaf and shoot extracts had little difference in phytochemical
results in water and methanol extracts that made leaf and shoot preferred for in vitro cytotoxicity studies.
Extract concentrations required to kill 50% of cancer cells were determined. The shoot and leaf methanol
extracts showed high cytotoxicity in HepG2, hepatocellular carcinoma cell line. The methanol extracts of
the mentioned plant parts showed about 4 times more antiproliferative effect than the water extracts. The
success of alcoholic extracts with IC50 values below zero was demonstrated in each analysis.

Table 6. Cytotoxic effects of Cichorium Intybus L. extracts

Different Plant Extracts Cytotoxic Effects (mg ml™Y)

Shoot Leaf
Water 2.44 2.58
Methanol 0.64 0.69

4, Discussion and Conclusion

The high phenolic and flavonoid content in medicinal plants is associated with their
antioxidant activity, and they are particularly involved in the prevention of age-related diseases caused
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by oxidative stress. The world market for plant-based chemicals (medicines, perfumes, flavours and
colorants) alone exceeds several billion dollars per year (Singh, 2015). The beneficial phytochemicals
of medicinal plants, as well as the demand for natural products in the pharmaceutical and cosmetic
industries, make research on medicinal plants as essential and important as research on traditional
medicines (Azwanida, 2015).
Extraction is an important process for obtaining valuable secondary products in plants. The

process can be affected from solid-liquid ratio, particle size, extraction time and solvent type used in
the experiment. In current study, solid/liquid extraction technique was used. The highest extraction
yield was obtained from the flower methanol extracts. The lowest yield was obtained from the
methanol shoot extracts. Most extraction is carried out in alcohol. Phytochemical profile of alcohol
extracts was higher than water extracts in the study. A similar trend has been demonstrated in the
phytochemical profile of the plant in previous studies (Jasim, 2018).
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Figure 5. Phytochemical analysis graphs of different organs of Cichorium intybus L.

Phenolics are multifunctional because they act as reducing agents, hydrogen atom donors and
also singlet oxygen scavengers. In addition, some phenolic compounds have the ability to chelate
against transition metals to stimulate free Fenton reactions (Karaman et al., 2010). The antioxidant
effects of natural products often arise from the phenolic compounds they contain (Singh, 2015).
Therefore, total phenol analysis may also reflect the antioxidant capacity of the substances. In our
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study, the plant part with the highest phenolic content was the flower methanol extract. At the same
time, the flower methanol extracts had the most antioxidant activity with an 1C50 value of
3.593+0.1849 mg ml*. The results obtained are consistent with the literature. The phenolic content of
the stem, leaf and flower were higher in both water and methanol extracts than the root. This is
explained by the fact that the secondary metabolites were stored different organs in the plant
(Babaoglu et al., 2001).

Total phenolic, flavonoid, and antioxidant experiments results were inefficient in the root
extracts of the plant in the current study. The solvent type and concentration used in the studies effect
the extraction process and thus the results. Previous studies also confirmed the insufficiency of the
root in terms of phenolic contents and antioxidant effects (Dalar and Konczak (2014). Dalar and
Konczak (2014) examined the antioxidant scavenging activity of Cichorium intybus L. by FRAP
method and showed that the antioxidant activity of the leaves and flower parts were higher than the
stem and root.

The water extracts of Chicory plant have been reported to contain tannin, saponin, alkaloid,
flavonoid (Nandagopal and Kumari, 2007). Anticancer activities of tannins and saponins have been
demonstrated (Yildirim and Kutlu, 2015) which makes the plant valuable in cancer studies. Cytotoxic
effects of water and methanol extracts of leaves and stems were investigated in vitro by considering
the valuable metabolites of the plant.

Cichorium intybus L. caused differentiation into monocyte-macrophage-like cells in human U-
937 and HL-60 leukemia cell lines (Lee et al., 2000). Hexane extracts of the aerial parts of the plant
showed cytotoxic effect against Jurkat cells (human leukemia cancer cell line) (Saleem et al., 2014).
Ethanolic extracts of the plant have been shown to reduce the viability of human breast cancer cell line
(MCF7) by 17% (Gospodinova and Krasteva, 2015). In our study, IC50 values for the stem and leaf
methanol extracts on cell viability in HepG2 cell line were determined as 0.64 mg mi* and 0.69 mg mI-
1, respectively, whereas water extracts of shoot and leaf were found to be 2.44 mg ml* and 2.58 mg ml-
!, respectively. The smaller IC50 value, the greater antiproliferative effect of the plant on the cancer
cell line. The IC50 values of water extracts was about 4 times higher than the methanol extracts,
indicating the efficiency of methanol extracts on the cancer cell line.

These ratios mean that the plant's stem methanol extract has a cytotoxic effect at a
concentration of 0.64 mg ml* and the leaf methanol extract at a concentration of 0.69 mg ml* in 50% of
HepG2 cells, In water extracts, the 1C50 value was about 4 times higher. Again, the efficiency of
methanol extracts was revealed.

As a result, the different organs of the plant were evaluated phytochemically and it was
observed that methanol and water extracts of leaves, stems and flowers contained higher total phenol
and flavonoid and showed higher antioxidant activity than the root. Contrary to the flower organ, the
difference in phytochemical results of the leaf and stem extracts in water and methanol extracts, made
the leaf and stem preferred for in vitro cytotoxicity studies. In this respect, the cytotoxic effects of the
leaf and stem extracts were investigated. In our study methanol extracts showed cytotoxic effect on
cancer cells at a very low concentration. The results needed in vivo evaluation of the plant in cancer
studies. In the present study, which organs would be more beneficial for human health have been
demonstrated. It has been concluded that, due to the different chemical contents of the organs selected
in the consumption of medicinal plants, it is important to choose the right organ for seeing the
expected pharmaceutical effect.
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Gaz uretimi,
Metan,
Tanen,
Yaprak,
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Oz: Erzurum ilinde dogal olarak yetisen, akasya (Robinia pseudocacia L), kaymn
(Fagos adsidue), mese (Quercus L), salkim sogiit (Salix alba) ve kavak
(Populus L) agaglarmma ait gazel formundaki yapraklarm in vitro gaz Uretim
teknigi ile yem degerlerinin belirlenmesi amaciyla yiiriitiilen ¢aligmada, in vitro
gaz iiretim tekniginde kullanilan rumen sivis1 2 yash 2 bas Ivesi kogtan temin
edilmistir. Kimyasal kompozisyonlarina ait ortalama degerler bakimindan agag
yapraklar1 arasindaki farklar 6nemli bulunmustur (p<0.01). En yiiksek HP
icerigi ve en diisik NDF, ADF ve ADL degerleri akasya yapraginda
saptanmigtir. Mevcut ¢aligmada, aga¢ yapraklarina ait 24 saatlik gaz iiretimi,
ME, NE., OMS ve metan iiretim degerleri sirasiyla 17.33-31.00 ml/200 mg
KM, 4.61- 7.03 MJ/kg KM, 3.18-4.53 MJ/kg KM, %35.43-50.02 ve 2.70-3.01
ml/200 mg KM arasinda belirlenmistir. En yiiksek ME, NEL ve OMS ile gaz
iiretimi degerlerine ve en diisiik tanen igerigine kaymn yapraginin sahip oldugu
belirlenmigtir. En diigik metan ve in vitro gaz {retimi mese yapraginda
saptanmustir. Aga¢ yapraklarina ait nisbi yem degerlerinin (NYD) 138.88-
278.04 arasinda degistigi ve mese yaprag hari¢ incelenen diger yapraklarin en
iyi kaliteye sahip olduklar: tespit edilmistir. Sonug olarak bu ¢alisamadan elde
edilen in vitro verilere dayanarak; yeterli miktar ve kalitede kaba yemin temin
edilemedigi donemlerde yiiksek kondanse tanen icerigine sahip olan akasya,
sogiit ve kavak yapraklarmin kaba yem rasyonlarmin belli bir kismini
olusturabilecegi, 6zellikle kayin yapraginin ruminantlarin beslenmesi agisindan
iyi bir alternatif yem kaynagi olabilecegi belirlenmistir Ancak, ruminant hayvan
beslemede aga¢ yapraklarinin gergek besleyici degerlerini belirlemek igin in
vitro ¢alismalarin yani sira in vivo ¢aligmalarin da yapilmasi gerektigi kanaatine
vartlmigtir.
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Abstract: This study was conducted to determine the feed values of tree ghazel
leaves obtained from acacia (Robinia pseudocacia L), beech (Fagos adsidue),
oak (Quercus L), bunch willow (Salix alba) and poplar (Populus L) naturally
grown in Erzurum province using in vitro gas production technique. In present
study, rumen cannulated two Awassi Rams, two years old, were used to get
rumen fluid for gas production technique. Differences in terms of chemical
compositions among the tree leaves were found to be significant (p<0.01). The
highest CP and the lowest NDF, ADF and ADL contents were obtained from
acacia leaves. In this study, in vitro gas production (GP), ME, NEL, OMD and
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Keywords methane gas production values determined at 24 h of incubation of tree leaves
) were found as 17.33-31.00 ml/200 mg DM, 4.61-7.03 MJ/kg DM, 3.18-4.53
S/laestr?e{r?guamn’ MJ/kg DM, 35.43-50.02% and 2.70-3.01 ml/200 mg DM, respectively. The

highest ME, NE., OMD and GP values, and the lowest tannin content were

E:en:géves determined for beech leaves. The lowest methane and in vitro gas production
Feed value. was determined in oak leaf. Relative feed values of tree leaves (RFV) ranged

between 138.88 and 278.04 and it was found that other leaves examined with
the exception of oak leaf were of the best quality. As a result, based on the in
vitro data obtained from this study; acacia, bunch willow and poplar leaves,
which have high condensed tannin content, can form a certain part of the
roughage rations at times when sufficient amount and quality roughage cannot
be obtained, and especially beech leaves may be used in ruminant rations as an
alternative feed source to roughage. But, more in vivo studies together with in
vitro researches are required to determine the actual nutritive value of tree
leaves for ruminant animals.

“The article was extracted from the master thesis prepared by Ozlem OZDEMIR under the guidance of Assoc.
Prof. Dr. Adem KAYA

1. Giris

Ulkemizde hayvancilikla ilgili olarak en onemli problem ucuz ve Kaliteli yem ihtiyacinin
kargilanmasidir (Gemalmaz ve Bilal, 2016). Diinyada ve iilkemizde hayvancilik isletmelerindeki
giderlerin biiyiik bir kismin1 yem giderleri olusturdugundan karli bir hayvancilik i¢in ucuz yem
kaynaklarinin kullanimi biiyiik 6nem kazanmis ve alternatif olabilecek kaba yem kaynaklarinin
kullanimi giindeme gelmistir. Bu nedenle ruminantlarin beslenmesinde 6dnemli bir yeri olan cayir ve
meralar &n plana ¢ikmaktadir (Dokiilgen ve Temel, 2015). Ulkemizde tarima agilmis olan cayir ve
mera alanlar1 1950’lilerde 40 milyon hektar iken giiniimiizde 12 milyon hektar civarindadir. Diger
taraftan da azalan gayir mera alanlar1 asir1 ve diizensiz bir sekilde otlatilmalar1 sonucu agir tahribata
ugramis, verimliligini kaybederek erozyona maruz kalmasi sonucu iilke hayvanciligi i¢in gerekli olan
kaba yem ihtiyacini karsilayamayacak duruma geldigi bildirilmektedir (Anonim, 2018). Ozellikle
ruminant hayvanlarin beslemesinde kullanilan kaba yemler, rumendeki mikrobik ekosistemin dengede
kalabilmesi ve devamlilig1 igin gerekli olan besin maddelerini ihtiva etmektedir. Kaba yemler sindirim
sistemi fonksiyonlarmin devamliligi ve beslemeyle ilgili ¢ok sayida metabolik hastaliklarin 6niine
gecilmesi igin gereklidir. Ayrica hayvanlarin performansini olumlu anlamda etkileyerek hayvansal
Urlnlerin kalitesini artirmasi Ve ucuz bir yem materyali olmasi gibi 6zelliklerinden dolay1 ruminant
rasyonlarinda mutlaka kullanilmasi gereken yem hammaddeleridir (Algicek ve Karaayvaz, 2003).
Gelecekte cevresel degisikliklere bagli olarak yem kaynaklarmin kisitlanacagi, bu donemlerde
hayvanlarin beslenmesinde kiiltiirli yapilan yem bitkileri yerine ormanlik alanlar, ¢ali ve agag tiirleri
gibi dogal kaynaklarin kullanilabilecegi bildirilmektedir (Atasoglu ve ark., 2010). Ozellikle kurak ve
yart kurak iklim bolgelerinde ruminant hayvanlarin beslenmesinde kullanilan ve sindirim
fonksiyonlarinin normal isleyisi i¢in zorunlu olan kaba yemlerin yetersiz oldugu durumlarda, ¢ali ve
agac tiirlerinden saglanan yapraklar ilave besin ve kaba yem kaynagi olarak kullanilabilecegi ¢ok
sayida aragtirmaci tarafindan vurgulanmistir (Temel ve Kir, 2015).

Kaba yemler simifinda yer alan agac¢ yapraklar1 hayvancilik isletmelerinin biinyesinde veya
etrafinda yetisen cesitli agaclardan saglanabilecek materyallerdir. Ozellikle koyun ve kegciler aga¢
yapraklarini ¢ok severek tuketmektedirler. Agac yapraklarinda mevcut tanen igeriginin yiiksek olmasi
nedeniyle zehirlenmelere yol agabilecegi, bu yiizden yem kaynagi olarak kullanilirken bu baglamda
dikkatli olunmas1 gerektigi bildirilmektedir (Balik¢1 ve Giirdogan, 2003). Tanen ve saponin gibi
fenolik madde icerigi yliksek bazi agac dal, yaprak ve meyvelerinin rumende azot metabolizmasini
olumlu yonde etkiledigi, tanenlerin rumende metan olusumunu azalttigi ve proteinleri yikima karsi
korudugu bildirilmistir (Kutlu ve Serbester, 2014).

Bu c¢alisma, Erzurum ilinde dogal olarak yetisen, akasya (Robinia pseudocacia L), kayin
(Fagos adsidue), mese (Quercus L), salkim sogiit (Salix alba) ve kavak (Populus L) agaglarina ait
gazel formundaki yapraklarin in vitro gaz ve metan iiretim degerleri ile ME, NEL, OMS ile tanen
iceriklerinin belirlenmesi ve s6z konusu agag¢ yapraklarinin yem degeri ve tanen igerikleri de dikkate
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almarak ruminant beslemede kaba yemlere alternatif kaynak olup olmayacaklariin tespit edilmesi
amaciyla ylritilmustiir.

2. Materyal ve Yontem

Bu arastirma icin gerekli etik kurul onayr Kahramanmaras Siitcii Imam Universitesi Ziraat
Fakiiltesi Hayvan Deneyleri Yerel Etik Kurul Bagkanligi’'ndan alinmistir (29.12.2017 tarih ve 2017/6
sayili karar).

Arastirmada kullanilan gazel formundaki aga¢ yapraklart Erzurum ili Yakutiye merkez
ilgesinde dogal olarak yetisen akasya (Robinia pseudocacia L), kayin (Fagos adsidue), mese (Quercus
L), salkim sogiit (Salix alba) ve kavak (Populus L) agaglarindan Ekim ay1 sonunda her biri i¢in beser
agactan olacak sekilde temin edilmistir. In vitro gaz tiretim teknigi i¢in gerekli rumen sivisi, ortalama
55 kg agirhginda, yaklasik 24 aylik yasta, rumen kaniilii takilmus iki adet Ivesi kogtan temin edilmistir.
Rumen sivisinin niteliginin belirli sinirlar igerisinde tutulmasi i¢in deneme hayvanlar1 15 giin 6nceden
baglanarak kaba/kesif yem orani % 60/40 olacak sekilde ayarlanmis, 600 gr kuru yonca (%17.8 HP,
1.98 Mcal’kg KM) ve 400 gr arpadan (%12.4 HP, 2.92 Mcal’/kg KM) olusan rasyonlarla yasama
paymin 1.25 kati diizeyinde beslenmislerdir. Hayvanlara icme suyu ad-libitum olarak saglanmus,
yemleme ise sabah 08:00 ve aksam 16:00’da olmak iizere giinde iki 6giin seklinde yapilmistir.

2.1. Kimyasal analizler ve in vitro gaz iiretim teknigi

Toplanan yaprak ornekleri laboratuvar sartlarinda 1 hafta siireyle kurutulduktan sonra etiivde
60°C sicaklikta 24 saat bekletilmis ve daha sonra kimyasal analizler ve in vitro gaz Uretim
parametrelerinin  belirlenmesi amaciyla 1 mm eclekten gegecek sekilde Ogiitilmiistir. Agag
yapraklarinda kuru madde (KM), ham kiil (HK), ham seliiloz (HS), ham protein (HP), ham yag
analizleri AOAC (2005)’e, notr deterjanda ¢6zinmeyen lif (NDF), asit deterjanda ¢ozinmeyen lif
(ADF) ve asit deterjan lignin (ADL) icerikleri ise Van Soest ve ark. (1991) tarafindan bildirilen
yonteme gore ANKOM 200 Fiber Analyzer cihazinda belirlenmistir. Agag¢ yapraklarmin kondense
tanin icerikleri Makkar ve ark. (1995)’nin bildirdigi yonteme gore saptanmustir.

Agag yapraklarina ait Nisbi yem degeri, kuru madde alim yiizdesi (%KMA) ve kuru madde
sindirilebilirligi (KMS) asagidaki esitlikler yardimiyla hesaplanmistir.

NYD = % SKM x % KMA x 0.775
% KMS = 88.9 - (0.779 x % ADF)
% KMA = 120 / NDF

Arastirmada, Menke ve Steingass (1988)’nin bildirdigi gaz iiretim teknigi kullanilmigtir. Bu
metotta Ornekler laboratuvar sartlarinda 24 saat siireyle rumen sivisinda inkiibasyona birakilarak gaz
tretim miktarlar1 belirlenmistir. Gaz tiretimi {i¢ tekerriirlii olarak yapilmistir. Gaz Uretimi sonucu elde
edilen 24 saatlik gaz liretim degerleri ile yemlerin besin madde kompozisyonlar1 kullanilarak
metabolik enerji (ME), net enerji laktasyon (NEL) degerleri ve in vitro organik madde sindirimi
(IVOMS) asagidaki esitlikler kullamlarak saptanmustir.

ME (MJ/kg KM) = 2.20 + 0.136GP + 0.0057HP + 0.00029HY2
NEL (MJ/kg KM) = 0.101 GU + 0.051 HP + 0.112 HY

OMS (%) = 14.88 + 0.889GU + 0.45HP + 0.0651HK

OMS: Organik Madde Sindirim Derecesi(%)

GU: 24 saatte iiretilen Gaz miktar1 (ml); HP: Yem o6rneklerindeki ham protein (g/kg KM); HY: Yem
orneklerindeki ham yag (g/kg KM); HK: Yem 6rneklerindeki ham kiil igerigi (g/’kg KM).

Inkiibasyon sonunda olusan gaz icerisindeki metan yiizdeleri bilgisayar destekli metan gazi
Olctim cihaziyla (Sensors Europe Analysentechnik GmbH, Erkath, Germany) tespit edilmistir.
Mevcut calismadan elde edilen veriler SPSS 13.0 (2004) paket programinda varyans analizine tabi
tutulmustur. Gruplara ait ortalamalarin karsilagtirllmasinda ise Duncan g¢oklu kargilagtirma testi
kullanilmistir.
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3. Bulgular
Arastirmada kullanilan akasya (Robinia pseudocacia L), kaymn (Fagos adsidue), mese
(Quercus L), salkim sogiit (Salix alba) ve kavak (Populus L) yapraklarmin besin madde

kompozisyonlart ve kondanse tanen igerikleri Cizelge 1’de verilmistir.

Cizelge 1. Agac yapraklarinin kimyasal bilesimi (Kuru Maddede %) ve kondanse tanen (KT %)

icerikleri
KM HK HP HY ADF NDF ADL KT
Akasya 92.09° 12.17° 10.432 4318 16.15° 25.53¢ 6.06° 13.872
Kavak 91.47¢ 15.982 5.37¢ 3.09¢ 19.42° 32.73¢ 7.04b¢ 12.218
Kayin 95.402 10.64° 6.75" 3.85% 24.992 38.22° 9.19% 1.38P
Mese 79.21¢ 8.09¢ 10.262 3.34¢ 26.45*  45.88° 11.242 2.63°
Sogiit 91.44¢ 12.49° 7.88° 3.25b¢ 19.94° 37.87° 10.512 12.912
SEM 0.40 0.44 0.65 0.20 0.46 1.55 0.84 0.73
P 0.000 0.000 0.001 0.009 0.000 0.000 0.006 0.000

abed: Ayni siitundaki farkli harfle gdsterilen ortalamalar arasindaki fark dnemlidir. P<0.05. KM: kuru madde (%), HK: Ham
kiil (%), HP: Ham protein (%), HY: Ham yag (%), NDF: Nétral deterjan fiber (%), ADF: Asit deterjan fiber (%), ADL: Asit
deterjan lignin(%), KT: Kondanse tanen (%).

Calismada ele alinan agag¢ yapraklarinin s6z konusu parametrelere ait ortalama degerleri
onemli derecede farkli bulunmustur. Rumen sivisiyla inkiibasyona birakilan aga¢ yapraklarimin 24
saatlik gaz lretim degerleri incelendiginde en fazla gaz iiretiminin (35.33 ml/200 mg KM) kaym
yapraklarinda meydana geldigi bulunmustur. En diisiik gaz degeri ise (17.33 ml/200 mg KM) mese
yapraklarmda tespit edilmistir (P<0.05). Bunu sirastyla kavak > sogiit > akasya takip etmistir (Cizelge
2).

Cizelge 2. Agac yapraklarina ait in vitro gaz ve metan Uretimleri ile in vitro organik madde
sindirilebilirlik, metabolik enerji ve net enerji laktasyon igerikleri

Gaz ml/ 200mg KM Metan (%) Metanml  ME MJ/kg KM NE_. MJ/kg KM IVOMS (%)

Akasya 20.33¢ 14.83%® 3.01° 5.02¢ 3.90° 38.45°¢
Kavak 31.00° 14.73% 4.57° 6.44° 3.99° 45.89°
Kaym 35.332 15.30? 5417 7.03% 4532 50.022
Mese 17.33° 15.532 2.70¢ 4.61¢ 3.18¢ 35.434
Sogiit 23.33° 14.07° 3.28¢ 5.41° 3.93° 39.98°
SEM 0.94 0.29 0.19 0.13 0.08 0.89

P 0.000 0.036 0.000 0.000 0.000 0.000

&€ Ayni siitundaki farkl harfle gosterilen ortalamalar arasindaki fark 6nemlidir (P<0.05). ME: Metabolik enerji, NEL: Net
enerji laktasyon, IVOMS: In vitro organik madde sindirimi.

Yemin NDF igeriginden hesaplanan ve 100 indeksini baz alan nispi yem degeri (Relative Feed
Value, RFV) indeksine gore 150’nin Uzerinde hesaplanan yemler en iyi kalite, 125-150 arasinda
hesaplanan yemler 1. kalite, 103-124 arasinda hesaplanan yemler 2. kalite, 87-102 arasinda hesaplanan
yemler 3. kalite, 75-86 arasinda hesaplanan yemler 4. kalite ve 75’in altinda hesaplanan yemler 5.
kalite olarak kabul edilmektedir (Redfearn ve ark., 2006). Ancak bu indekste kaba yemlerin
sindirilebilir kuru madde yiizdesi (SKM) ve kuru madde alim yiizdesinin (KMA) ayn1 kabul edilmesi,
NYD’nin hesaplanmasinda sadece ADF ve NDF degerlerinin dikkate alinmasi ve NYD indeksinin
rasyon hesaplamalarinda veya degerlendirilmesinde kullanilmamasi gibi dezavantajlara sahiptir
(Gursoy ve Macit, 2017). Gazel formdaki agag¢ yapraklarin sindirilebilir kuru madde yizdesi, kuru
madde alim1 ve NYD degerleri Cizelge 3’te verilmistir. Relative Feed Value indeksine gore agag
yapraklarindan mese yapraginin 1. kalite, digerlerinin ise en iyi kalite sinifina girdigi tespit edilmistir.
En yiiksek ortalama kuru madde alimi (KMA) ve sindirilebilir kuru madde yiizdesi (SKM) akasya
yapraklarinda, en diisiik deger ise mese yapraklarinda tespit edilmistir (P<0.05).

457



) YYU TAR BiL DERG (YYU J AGR SCI) 30 (3): 454-461
Ozdemir ve Kaya / Bazi Agag Yapraklarinin in Vitro Gaz Uretim Teknigiyle Yem Degerlerinin Belirlenmesi

Cizelge 3. Agag yapraklarina ait kuru madde sindirimi, kuru madde alimi ve nispi yem degerleri

KMA SKM NYD
Akasya 4.70? 76.322 278.042
Kavak 3.67° 73.77° 209.78°
Kaymn 3.14¢ 69.43¢ 168.97¢
Mese 2.62° 68.29¢ 138.88¢
Sogiit 3.21° 73.37° 182.48°
SEM 0.13 0.36 8.03
P 0.000 0.000 0.000

ad; Ayni siitundaki farkli harfle gosterilen ortalamalar arasindaki fark énemlidir (P<0.05). KMA: Kuru madde alimi, SKM:
Sindirilebilir kurumadde, NYD: Nisbi yem degeri.

Arastirma da kullanilan gazel agac yapraklarinin kimyasal kompozisyon ile OMS, ME, NEj,
KMS, KMT, NYD, metan ve gaz iiretimi arasindaki korelasyonlar Cizelge 4’te verilmistir. Gazel
formda toplanan aga¢ yapraklarinin HP seviyelerindeki azalma ve 24. saatte tirettikleri gaz miktarinin
artmasi nedeniyle ME, OMS, SKM, KMA arasinda negatif korelasyon saptanmistir (P<0.05).
Calismada kullanilan yapraklarda NDF, ADF ve ADL ile ME, NEL, IVOMS, KMA ve NYD arasinda
negatif bir korelasyon belirlenmistir (P<0.05). Bazi aga¢ yapraklarinda tanen miktarimin yiiksek
olmasindan dolay1 gaz {iretimi, metan iiretimi, [VOMS ve ME arasinda negatif iliski saptanmugtir.

Cizelge 4. Agac yapraklarma ait kimyasal kompozisyon ile [VOMS, ME, NEL, SKM, KMA, NYD,
metan ve gaz {iretim degerleri arasindaki korelasyonlar

KM HK HP HY ADF NDF ADL KT
IvOoMS 0.707**  0.405 -0.706**  -0.009  0.096 -0.124 -0.197 -0.231
ME 0.689**  0.422 -0.769**  -0.074  0.101 -0.110 -0.191 -0216
NEL 0.913**  0.388 -0.502 0.281 -0.181 -0.365 -0.322 -0.012
SKM 0.507 0.672**  -0.027 0.257 -1.000**  -0.904**  -0.720**  0.934**
KMA 0.528* 0.485 0.068 0.523*  -0.893**  -0.979**  -0.870**  0.713**
NYD 0.516* 0.503 0.078 0.500 -0.917**  -0.976**  -0.854**  0.751**
GU ml 0.689**  0.425 -0.774**  -0.078  0.100 -0.111 -0.192 -0.214

ME: Metabolik enerji (MJ kg KM); NEL: Net enerji laktasyon (MJ kg KM); IVOMS: In vitro organik madde sindirimi (%);
SKM: Sindirilebilir kuru madde yiizdesi (%); KMA: Kuru madde alimi (kg), NYD: Nispi yem degeri, GU:24 saatlik in vitro
toplam gaz Gretimi (200 mg/ml) ; *:P<0.05; **: P<0.01.

4. Tartisma ve Sonug¢

Sevim ve Sar1 (2014) mese yapraginin HP oranin1 %8.38 olarak rapor ettigi ¢alisma sonuglart
mevcut ¢alismadan mese agaci yapragiyla ilgili elde edilen HP degerleri benzerlik gostermektedir.
Zebari (2015) sogiit, akasya ve mese aga¢ yapraklarmin HP ve HK degerlerini sirasiyla %15.82 ve
6.06, %19.93 ve 14.74, %10.32 ve 8.16 olarak bildirmistir. Mese yaprag i¢in tespit edilen HP ve HK
degerleri Zebari (2015)’in mese yapragi icin bildirdigi degerlerle benzer, sogiit ve akasya yapraklar
icin bildirdigi HP degerlerinden diisiikk, HK degerlerinden ise yiiksek bulunmustur. Genel olarak 100-
120 g HK / kg KM igeren akasyalarin, ham kiil igeriklerinin normal diizeyde oldugu, ham kiil
iceriginin %17 nin lizerinde olmas1 durumunda ise herhangi bir nedenden dolayi kirlenmis olabilecegi
bildirilmistir (Kili¢ ve Sarigigek, 2006). Denek ve ark. (2014) akasya yapragi icin, %94.29 KM,
%39.31 HP, %15.48 ADF, %22.71 NDF degerlerini bulmuslardir. Mevcut ¢alismadan elde edilen
bulgularin KM, ADF ve NDF degerleriyle benzer, HP degerinden ise diisiik oldugu goriilmiistiir.
Yemlerin igerisinde bulunan hiicre duvar1 unsurlarindan NDF, ADF ve ADL’nin diisikk olmasi
istenmektedir. Yiiksek verimli siit sigirlarindan optimum diizeyde verim alabilmek igin kuru madde
esasina gore rasyonlarmin %25-32 arasinda NDF, %19-25 arasinda da ADF igermesi gerektigi, bu
oranlarin iizerine ¢ikilmasi durumunda rumendeki ortamin seliilotik mikroorganizmalar yoniine dogru
kayarak metan iiretiminin artacagi bildirilmektedir (Tekce ve Giil, 2014). Mevcut ¢alismada kullanilan
agag yapraklarina ait ADF ve NDF degerlerinin, siit sigir1 rasyonlarinda arzu edilen diizeyde ADF ve
NDF saglayabilecek miktarlarda oldugu tespit edilmistir.

Tanenlerin enterik metan olusumunu azaltici etkisinin, selilozu pargalayan rumen
mikroorganizmalarinin gelisimini olumsuz yonde etkileyerek asetik asit retimini azaltmak suretiyle
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metan dretimi icin gerekli olan karbondioksit ve hidrojen iyonu tiretimini simnirlayict etki
gostermesinden dolayr oldugu ifade edilmektedir (Patra ve Saxena, 2009). Mevcut c¢alismada ele
alinan agac¢ yapraklarindan Ozellikle akasya ve sogiite ait yiksek tanen iceriklerinin bu agag
yapraklarinmn in vitro gaz ve metan (ml) iiretimi ile IVOMS degerlerinin diismesine neden oldugu
sOylenebilir. Ayrica, selillozu parg¢alayan mikroorganizmalar iizerinde baskilayici etki olusturarak
asetatin meydana gelisini de diisliriirler. Bu da metan gazinin olusumu igin gerekli olan hidrojen
iyonlar ile karbondioksitin iiretimini sinirlamaktadir (Goel ve ark., 2008). Carulla ve ark. (2005),
bitkilerde bulunan tanenleri yeterli diizeyde kullanildiginda rumende yikimlanan protein miktarinda
azalma, duedonuma gegen protein miktarinda ise artisin oldugunu tespit etmislerdir. Denek ve ark.
(2014) akasya yapraginda tanen miktarinin (174.03 g/kg KM) fazla oldugunu rapor etmislerdir.
Kamalak ve ark. (2015) mese yapraginin tanen miktarini %9.22 olarak bildirirken, Sevim ve Sari
(2014) bu degeri %9.61 olarak rapor etmistir. Oru¢ ve Avci (2018) ise sogiit yapraklarinin tanen
miktarin1 105 g/kg KM oldugunu bildirmislerdir. Bu farkliliklar yapragin tiirii, hasat formu (yesil veya
gazel), agac yapraklarmin temin edildigi lokasyonun cografik yapisindan veya yapraklara uygulanan
fiziksel muamelelerden kaynaklanmig olabilir.

Gaz iretim teknigi caligmalarinda rumen sivisinin alindigi hayvanlara verilen yemler ve
yemleme sekilleri ile aglik siiresi rumen aktivasyonunu etkilememekte, fakat olusan gaz iiretimi
tizerinde etkili olmaktadir. Kayin agaci yapraklarinda metan {iretimindeki artisin gaz {iretimindeki
artistan ve diisik tanen iceriginden ileri geldigi disiiniilmektedir. Daha once yapilmig farkli bir
calismada Soltan ve ark. (2012) metan Uretimini Gzerine sadece tanenlerin degil ayn1 zamanda yem
maddelerinin NDF igeriginin de etkili oldugunu, ayrica NDF iceriklerinin yiiksek veya diisiik
olmasmnin gaz Uretimini artirip azaltacagiyla ilgili bir sey sdylemenin her zaman mumkin
olamayacagini bildirmislerdir.

Gazel formdaki yaprak oOrneklerinde en yiiksek CH; gazi iiretimi (5.41 ml/g KM) kayin
yapraklarinda tespit edilmistir. Bunu kavak>s6giit=akasya=mese izlemistir. Toplam gaz icerisindeki
oranlarina gore metan iiretim degerleri en yiiksek mese ve kayin yapraklarinda (%15.53 ve 15.30)
tespit edilmistir. Kamalak ve ark. (2015)’nin, mese yapragmm in vitro gaz ve metan Uretim
miktarlariyla ilgili bildirdikleri sonuglarla mevcut arastirmadan elde edilen bulgular uyum
icerisindedir.

Denek ve ark. (2014) akasya, biberiye, okaliptiis ve asma yapraklariyla yiirittiikleri
caligmalarinda, 24 saatlik in vitro toplam gaz olusumundaki en diisiik metan oranini biberiye
yapraklarinda tespit emisler ve bunu sirasiyla okaliptiis ve akasya yapraklarindan elde edilen
degerlerin takip ettigini rapor etmislerdir. Ayrica, Orug ve Avci (2018) sdgiit yapraginin igerdigi tanen
seviyesi metan iiretimini diisiirebilecek seviyede oldugunu belirtmislerdir. Calismalarinda rasyona
ekledikleri farkli seviyelerde sdgiit yapraklarinin diizeyine bagl olarak toplam gaz icerisindeki metan
oraninin %14.51 ile 27.70 arasinda degistigini tespit etmislerdir. Bildirisler mevcut ¢alismada sogiit
yapraklarindan elde edilen sonucgla benzerlik gdstermistir. Sogiit yapraklarinin biinyesinde bulunan
tanenlerin ve aktif bilesenlerinin antimikrobiyel etkisi ile metan gazi ve in vitro gaz Uretimini
siirladigi bildirilmektedir (Benchaar ve ark., 2007). S6giit yapragina ait in vitro metan Gretimi ve
icerdigi tanen miktariyla ilgili degerler Zebari (2015) ile Orug ve Avcer (2018) nin bildirdigi bulgularla
benzerlik gostermistir. Gaz {iretim teknigi ile iiretilen gaz miktarlarindan faydalanarak hesaplanan
gazel formdaki aga¢ yapraklarinin organik madde sindirilebilirligi (OMS), metabolik enerji (ME) ve
net enerji laktasyonu (NEL) i¢in en diisiik deger (%35.43, 4.61, 3.18) mese yapraklarinda tespit
edilirken, en yliksek deger (%50.02, 7.03, 4.53) kayin yapraginda belirlenmistir.

Denek ve ark. (2014) akasya yapragi i¢in ME degerini 7.25 MJ/Kg KM olarak tespit
etmiglerdir. Orug ve Avci (2018) bazi rasyonlara sdgiit yaprag: ilavesinin ME seviyesini artirdigini
tespit etmislerdir. Mevcut ¢alismadan elde edilen bulgular, Kamalak ve ark. (2015)’nin mese
yapraklarinda ME ve OMS i¢in bildirdikleri 6.65 MJ/kg KM ve %47.05 sonuglardan diisiik, Ventura
ve ark. (2004)’nin akasya yapraklarinda OMS ve NEL igin tespit ettikleri %33.0-47.6 ve 2.9-4.0
MlJ/kg KM arasinda degisen degerlerle uyum igerisinde olmustur.

Agac yapraklarmin SKM, KMA ve NYD igerikleri incelendiginde, akasya yapragi en diisiik
IVOMS’ ne sahip olmasina ragmen, nispi yem degeri bakimindan en yiiksek kaliteyi gdstermistir. Bu
durum nispi yem degerinin hesaplanmasinda sadece NDF ve ADF degerlerinin dikkate alinmasindan
kaynaklanmistir. Kuru madde tiiketimi ve sindirimi iizerinde ADF ve NDF degerinin etkisi
bulundugundan ADF degerinin diisiik olmas1 SKM yiizdesini arttirmistir. Agag yapraklarinin NYD ile
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ilgili elde edilen bulgular, Dokilgen ve Temel (2015)’in karagali yapraklari i¢in bildirdigi degerlerden
yliksek olarak tespit edilmistir. Yemler arasinda ham protein (HP), ham seliiloz (HS), ham kil (HK),
nitrojensiz 6z maddeler (NOM) gibi besin maddeleri bakimindan meydana gelen farkliliklar in vitro
gaz tretimini ve bunlardan yararlanilarak hesaplanan parametreleri onemli diizeyde etkiledigi
bildirilmektedir. Yemlerin gaz iiretiminde meydana gelen azalma HP ve HY igeriklerinin artmasindan
ileri geldigine atfedilmektedir (Menke ve Steingass 1988). Mikrobiyal ekosisteme ait faaliyetlerin
normal olarak devamliligi i¢in gerekli olan HP seviyesinin altinda HP ihtiva eden yemler, mikrobiyal
ekosistemin dengesini bozarak mikrobik aktivitenin azalmasina sebep olacak ve bdylelikle gaz
iretiminde bir diisme meydana gelecektir. Mevcut ¢alismada, NDF, ADF ve ADL gibi rumende
cozlinmesi zor besin maddelerinin, mikrobik fermantasyonu simirlayarak OMS diizeyini diistirdiigii
diistiniilmektedir. Yemlerin ADF ve NDF diizeyleri ile gaz iiretimi arasinda, mikrobiyal faaliyetin
azalmasi nedeniyle negatif bir iliski oldugu bilinmektedir (Abdulrazzak ve ark. 2000). Ayrica baska
bir arasgtirmada, gaz {iretimi ile HP arasinda pozitif, NDF, ADF ve ADL arasinda negatif korelasyonlar
bulundugu bildirilmistir (Aydin ve ark. 2007). Gazel formdaki aga¢ yapraklarinin OMS, ME ve NEL
degerleri arasindaki farkliliklar yapraklarin HP ve 24 saatlik in vitro gaz iiretimindeki farkliliklardan
meydana gelmektedir. Ruminant hayvanlarin rasyonlarinda %35’ten fazla taneni tolere edemedikleri
bilinmektedir. Akasya, siigiit ve kavak yapraklarinda KM alim1 ve %SKM degerleri yiiksek bulunmasi
yaninda kondanse tanen igeriklerikleri de yiiksek bulunmustur. Sonug¢ olarak bu caligamadan elde
edilen in vitro verilere dayanarak; yeterli miktar ve kalitede kaba yemin temin edilemedigi donemlerde
yiiksek kondanse tanen igerigine sahip olan akasya, sogiit ve kavak yapraklarinin kaba yem
rasyonlarinin belli bir kismimi olusturabilecegi, 6zellikle kayin yapraginin ruminantlarin beslenmesi
acisindan iyi bir alternatif yem kaynagi olabilecegi, bu yem kaynaklarmin hayvansal tiretim ve
performansa etkisini tam olarak ortaya ¢ikarmak agisindan in vivo hayvan denemelerinin de yapilmasi
gerektigi kanaatine varilmistir.
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Abstract: This study ascertained cassava farmers’ attitude towards participation in
Root and Tuber Expansion Programme (RTEP) in Delta State, Nigeria. Multistage
sampling procedure was used to select 120 respondents from the 3 Agricultural
Development Programmes (ADPs) zones in the study area. The study was
conducted from June to November 2018. Data on respondents’ socio-personal
characteristics, income earned from cassava production and attitude towards
participation in RTEP were generated using structured interview schedule.
Frequency count, percentage, mean, Chi-square, Pearson Product Moment
Correlation (PPMC) and multiple regressions were used to analysed data at p <
0.05. The mean age, years of formal education and household size were 46 years, 9
years and 6 persons, respectively. Majority (85.8%) of the respondents were
married with formal education (73.3%) and using family labour (37.5%). Most
(60.0%) of respondents were cosmopolitan with more than once a week visit to
urban centres, while 79.2% earned an average annual income of N234,641.67 from
cassava production. A little above average (51.7%) had unfavourable attitude
towards participation in RTEP. Age (B=-0.08), household size (B= 0.37) and
income earned from cassava production (p= 5.47) were significant contributors to
attitude towards participation in RTEP. This study concluded that the attitude of
cassava farmers towards participation in RTEP in Delta State is marginally
unfavourable and determined by age, household size and income. Therefore, it is
recommended that government, development organisations and other stakeholders
implementing the RTEP should organize intervention to increase income earned
from cassava production, this will enhance favourable attitude towards towards
RTEP.
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Anahtar kelimeler

Manyok ciftcileri,
Genisletme Programi,

Oz: Bu ¢alisma manyok ciftcilerin Nijerya'daki Delta Eyaleti'nde Kok ve Yumru
Genisletme Programina (KYGP) katilim konusundaki tutumunu tespit etmektedir.
Calisma alanindaki 3 Tarmmsal Kalkinma Programi bdélgesinden 120 katilimer
se¢mek i¢in ¢ok asamali ornekleme prosediirii kullanilmistir. Calisma Haziran -
Kasim 2018 tarihleri arasinda gergeklestirilmistir. Katilimcilarin sosyo-kisisel
oOzellikleri, manyok Uretiminden elde edilen gelir ve RTEP'e katilim konusundaki
tutum, yapilandirilmis gériisme programi kullanilarak olusturulmustur. Verileri p <
0.05'te analiz etmek icin frekans sayisi, yiizde, ortalama, Ki-kare, Pearson Uriin
Moment Korelasyonu ve ¢oklu regresyonlar kullanilmistir. Ortalama yas, 6rgiin
egitim ve hane halki biyiikliigii sirasiyla 46 yas, 9 yas ve 6 kisidir. Ankete
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Gelir, katilanlarin ¢ogunlugu (% 85.8) evli, orgiin egitimli (% 73.3) ve aile is¢iligi (%
Kok ve yumru, 37.5) seklindedir. Ankete katilanlarin gogu (% 60.0) sehir merkezlerine haftada bir
Katilm. defadan fazla ziyaret ile kozmopolitken, % 79.2'si manyok iiretiminden yillik

ortalama 234.641,67 N gelir elde etmektedir. Ortalamanin biraz iizerinde (% 51.7)
KYGP'e katilim konusunda olumsuz tutum bulunmaktadir. Yas (B = -0.08), hane
halk: biiyiikligii (B = 0.37) ve manyok {iiretiminden elde edilen gelir (B = 5.47)
KYGP'e katilim tutumuna 6nemli katkida bulunmustur. Bu calisma, manyok
ciftcilerin Delta Eyaletinde KYGP'e katilim konusundaki tutumunun marjinal
olarak elverigsiz oldugu ve yas, hanehalk: biiytikliigii ve gelirine gore belirlendigi
sonucuna varmistir. Bu nedenle, KYGP'1 uygulayan hiikiimet, kalkinma
organizasyonlart ve diger paydaslarin manyok fiiretiminden elde edilen geliri
artirmak i¢in miidahale diizenlemeleri yapmasi 6nerilmektedir; bu KYGP'e karst
olumlu tutumu gelistirecektir.

1. Introduction

Cassava (Manihot esculenta, Crantz) is among the most important sources of carbohydrate in
the world (Akinpelu et al., 2011). It is also of major economic importance as food crop for
approximately 200 million people in sub-Saharan Africa countries, including Nigeria (Afolami et al.,
2015).

In Nigeria, cassava is a major staple food crop (Ajala et al., 2014). Its root and leaves are
valuable and a major source of calories and income for rural households in the country (Afolami et al.,
2015). Its cultivation by farmers has provided income to about 30 million low-income farmers as well
as large numbers of processors and traders in the country (Abdoulaye et al., 2014). In the country, its
economic benefits as well as ease of cultivation, low input cost, high adaptability to traditional
farming systems and usefulness in ensuring food security has made it to resonate and towers highest
among staple food and cash crops with respect to area cultivated and total production (Ajala et al.,
2014; Okosun and Aihie-Ezomo, 2017).

In view of the usefulness of cassava in combating hunger, enhancing income generation and
reducing poverty in the country, the Nigeria government has since independence, implemented diverse
agricultural development projects and programmes in order to sustain increase in its productivity as
well as total production. The Root and Tuber Expansion Programme (RTEP) initiated in 1999 is one
among the several implemented projects and programmes that is still in existence in the country.

Root and Tuber Expansion Programme was designed by the Food and Agricultural
Organization in conjunction with the Federal Government of Nigeria (FGN) and negotiated by the
International Fund for Agricultural Development (IFAD), following the completion of cassava
multiplication project (CMP). Its main thrust was to consolidate gains made under the CMP in order to
improve income for poor farmers and national food security. Capitalising on lesson learnt from CMP,
RTEP was conceived as a follow-up phase that extend support to other roots and tubers (such as yam,
sweet potato, potatoes and cocoyam), placing additional emphasis on processing and marketing
(IFAD, 2001). The programme used the existing extension service system of the Agricultural
Development Programme (ADPs) to introduce improved varieties of roots and tubers and better
cultivation techniques. The RTEP long term objective among others include commercialising root and
tuber production to improve the income of the smallholder households in the programme through
increase in the production of its mandate crops as well as processing and marketing of their end-
products (Nasarawa Agricultural Development Programme, 2001). Other objectives of RTEP include
multiplying improved planting material; development of improved root and tuber crops production
technologies to increase productivity; stimulating the movement of farmers from small holders to
medium holders with respect to hectarage; and collaborating with NGOs to provide training to
farmers. To attain the objectives of RTEP, IFAD approved a credit of 23.05 million U.S. Dollars to the
Nigeria government for RTEP Phase I, which spanned between 2000 and 2010 (Oyibo, 2014).

Presently, following the completion of Phase I, the Government of Nigeria (both Federal and
State Governments) in partnership with donor agencies are implementing Phase Il of the RTEP.
However, despite RTEP implementation by government, cassava productivity is still quite low in
Nigeria. According to Donkor et al. (2017), small- and medium-scale farmers who are responsible for
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majority of the cassava output in the country, are still producing below the potential yield of 25 tons
per hectare. Afolami et al. (2015) opined that farmers have only been able to achieve about 50 per cent
of cassava potential yield at 12 tons per hectare. Empirical analysis has shown that average cassava
yield in the country in 2013 was 14 tons per hectare in contrast to 16.7, 35 and 21 tons per hectare for
Ghana, India and Thailand, respectively (FAO, 2013). These statistics suggest a need to investigate
into the successes or otherwise of RTEP.

According to Ayoade (2012), the success of any agricultural programme depends largely on
the attitude of the farmers. The author further opined that one major approach to determine the success
of agricultural projects and programmes is to begin with the farmers’ attitude toward the particular
project and programme. Oyibo (2014) stated that farmers’ attitude had tremendous effect on success
and failure of various agricultural development programmes implemented by the Nigeria government
and non-governmental organizations to enhance agricultural productivity, since the post-independence
era. Ovwigho and Ifie (2009) stated that attitude could be described as a response to stimuli which is
usually noticeable in the form of hatred and likeness. Like and hate could be viewed as positive and
negative attitudes, respectively. Ayoade (2012) viewed attitude as the degree of positive or negative
effects associated with psychological objects. The author further stated that for agricultural programme
to be more successful and effective, effort should be made at creating the right attitude within and/or
among the programme beneficiaries or participants.

Several studies have been carried out on farmers’ attitude in Nigeria. For example, Ovwigho
(2014) assessed effects of advisory services on attitude to innovations and fatalism among fadama Il
participants in Delta-Central Senatorial District of Delta State, Nigeria. Ayoade (2012) ascertained
attitude of women farmers towards agricultural extension services in Ifelodun local government area,
Osun State. Ovwigho and Ifie (2009) assessed the attitude of youth to agricultural development
programmes in Ughelli South Local Government Area of Delta State. However, there is dearth of
information on cassava farmers’ attitude towards root and tuber expansion programme. Therefore, this
study was carried out to investigate cassava farmers’ attitude towards root and tuber expansion
programme. The main objective of this study was to ascertain the attitude of cassava farmers towards
participation in RTEP in Delta State, Nigeria. The specific objectives were to: describe the socio-
demographic characteristics of the Programme Participants (PPs) in the study area; ascertain the
income earned from cassava production by PPs in the study area; and determine the attitude of the PPs
towards participation in RTEP in the study area. Based on the objectives of the study, the following
hypotheses were tested: there is no significant relationship between the socio-demographic
characteristics of PPs and their attitude towards participation in RTEP in the study area; there is no
significant relationship between the income earned from cassava production by PPs and their attitude
towards participation in RTEP in the study area; there is no significant contribution of income earned
from cassava production, age, marital status, educational status, sex of household head, household size
and source of labour to attitude towards participation in RTEP in the study area.

2. Material and Methods
2.1. Study area

The study area was Delta state of Nigeria. Delta state was carved from the defunct Bendel
State on the 27" of August 1991. The area lies within latitude 5° 00* and 6° 30 North of the equator
and longitude 5° 00! and 6° 45! East of the Greenish Meridian. The area covers a land mass of
approximately 17,698km? and comprise of 25 Local Government Areas (LGAs) with the capital at
Asaba. The major ethnic groups are Urhobo, Isoko, Aniocha, lka, Ndokwa, Itsekiri and ljaw. The
study area is basically a tropical climate; rainy season starts from late March and end in October with a
brief dry spell in August, known as “August break”, while the dry season starts in November and end
in early March and is characterized by hot, dry and dusty Eastern Harmathan inducing wind. The
average annual rainfall in this area is approximately 266.5mm in the coastal areas and 190.5mm in the
Northern fringes of the state, with the heaviest rainfall in the month of July. The temperature
fluctuations are between 21°c - 35°c, with an average temperature of 30°c (80°F). The vegetation
cover in this area varies from one ecological zone to the other; it is Mangrove Swamp Forest along the
coast in the southern part of the area, to Fresh Water Swamp and Evergreen Rainforest in the central
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part of the area and the Derived Savannah in the northern part of the area. The main livelihood of
majority of the inhabitants of the study area is agriculture; farming and fishing. The important
agricultural crops grown in the area include cassava, yam, maize, plantain, groundnut, cocoyam,
pineapple, melon, sweet potato, rice, rubber, oil palm, okro, tomatoes, pepper, fruits and vegetables.
Rearing of livestock such as cattle, goats, sheep, pigs and poultry is a common practice, while
aquaculture and artisanal fisheries activities are also common practice in the study area.

2.2. Population and sampling procedure

The population of this study comprised of all cassava farmers participating in RTEP in
DADPs of Delta State. Multistage sampling procedure was used to select respondents for the study.
Delta state has 3 ADPs zones, namely: Delta-Central, Delta-North and Delta-South zones. Delta-
Central, Delta-North and Delta-South zones have 10, nine and six extension blocks, respectively.
Altogether, 20% (5) of the blocks in the zones were randomly selected using proportionate sampling
technique. These were Ughelli-South and Ethiope-East from Delta-Central zone; Ika-North and
Oshimili-North from Delta-North zone; and Patani from Delta-South zone. An average of 8 cells is in
each block. Forty per cent (3) cells in each selected blocks were purposively sampled based on high
predominance of cassava production, which were: Ewu, Egbourhe and Oginibo cells from Ughelli-
South block; Oria Abraka, Okpara-Inland and Isiokolo cells from Ethiope-East block; Umunede,
Igbodo and Ute-okpu cells from Ika North-block; Ebu, Okpanam and Achalla cells from Oshimili-
North block; and Abare, Koloware and Patani cells from Patani block. From the list of RTEP cassava
registered farmers in the selected cells, 20% RTEP participants’ cassava farmers were randomly
selected from each of the selected cells for analysis using proportionate sampling technique, making a
sample size of 120 respondents. The summary of sampling procedure is presented in Table 1.

Table 1. Summary of sampling procedure and sample size

ADPs zones Blocks in 20% of blocks Cells in Purposive Number of RTEP 20% of RTEP
in Deltastate  each zone  in the zones selected  selection of 40% cassava registered participant
blocks cells per block farmers cassava farmers
Delta-Central 10 Ughelli-South 8 Ewu 40 8
Egbourhe 40 8
Oginibo 38 8
Ethiope-East 8 Oria Abraka 42 8
Okpara-Inland 42 8
Isiokolo 40 8
Delta-South 6 Patani 8 Abare 38 8
Koloware 39 8
Patani 38 8
Delta-North 9 Ika-North 8 Umunede 39 8
Ighodo 39 8
Ute-okpu 41 8
Oshimili-North 8 Ebu 41 8
Okpanam 42 8
Achalla 41 8
Total 25 5 40 15 600 120

Source: Delta Agricultural Development Programme (2018).

2.3. Data collection

The study was conducted from June to November 2018. Data were collected using interview
schedule. The interview schedule captured information on demographic characteristics, income earned
from cassava production and attitude toward participation of respondents.

2.4. Measurement variables

Income earned from cassava production was measured by asking respondents to state the
actual amount in Naira value earned from cassava production with respect to 2017/2018 farming

465



YYU J AGR SCI 30 (3): 462-474
Oy1bo / Cassava Farmers’ Attitude Towards Participation in Root and Tuber Expansion Programme in Delta State, Nigeria

season. The highest income was N800,000.00, while the minimum was N50,000.00. Respondents’
income earned from cassava production was categorised using the mean score (N234,641.67) and
standard deviation-SD (M138,886.68) into: high income, scores between mean + 1 SD and maximum
(M373,528.36-MN800,000.00); average income, scores between mean — 1 SD and mean + 1 SD
(N95,755.00-N373,528.35); and low income, score between minimum and mean — 1 SD (N50,000.00-
N95,754.99). Respondents’ cosmopoliteness was measured by asking them to indicate how frequently
they visit urban centres from the options of more than once a week, weekly, more than once a month,
once in a month, once in several months, annually/yearly and never. The ordinary frequency numbers
of the list of options were standardised by mathematical procedures (using sigma scoring method) to
obtain normalised standard scores (Table 2) before using them in parametric statistical analysis. This
is based on a methodology similar to that of Agbamu (1995). Based on the normalisation of score in
Table 2, the options of more than once a week, weekly, more than once a month, once in a month,
once in several months, annually/yearly and never were assigned scores of 5, 3, 2, 1, 0, 0 and O,
respectively. The highest score was 5, while the minimum was 1. Respondents’ cosmopoliteness was
categorised into cosmopolitan and non-cosmopolitan, using the mean score (3.89) as the benchmark,
cosmopolitan (3.90-5) and non-cosmopolitan (1-3.89). Attitude towards participation was measured by
presenting ten (10) attitudinal statements, which consist of both positively and negatively worded
statements. This was measured on a 4 Point rating scale of Strongly Agree (SA), Agree (A), Disagreed
(D) and Strongly Disagreed (SD) with scores of 4, 3, 2 and 1 assigned respectively for positively
worded attitude statements and the reverse for negatively worded statements. The highest score was
40, while the minimum was 24. Respondents’ attitude toward participation was categorised using the
mean (31.88) into favourable (31.88-40) and unfavourable (24-31.87).

Table 2. Normalised standard scores for cosmopoliteness options (N = 120)

Graduations cum cum. Freg. to Cum. Approx.

Freq. Freq. miapoini Proportion to 7% (Z+2)2 Standard

' midpoint Score**
Never 0 0 0 0 0 0 0
Annually/yearly 0 0 0 0 0 0 0
Once in several month 0 0 0 0 0 0 0
Once in a month 11 11 55 0.046 -1.685 0.63 1
More than once a month 15 26 18.5 0.154 -1.019 1.962 2
Weekly 22 48 37 0.308 -0.502 2.996 3
More than once a week 72 120 84 0.7 0.524 5.048 5

* = values obtained from normal probability table, Z.; * * = Normalized Standard scores.
2.5. Data analysis

The data collected were entered into Statistical Package for Social Sciences (SPSS).
Descriptive statistics carried out included frequencies, mean and standard deviation. Inferential
statistics used to test the hypotheses were t-test, Chi-Square, Pearson Product Moment Correlation
(PPMC) and multiple regression.

3. Results
3.1. Socio-demographic characteristics of respondents

Results in Table 3 reveals that a preponderance (44.2%) of the respondents were between 41
and 50 years, while over half (73.4%) were above 40 years. Furthermore, the mean age of respondents
was 46.37+£9.24 years. This implies that most of the respondents were middle aged and in their
economically active age.

The marital status of respondents as shown in Table 3 reveals that majority (85.8%) of
respondents were married, while more than half (94.9%) had engaged in marriage. The implication is
that respondents had family responsibilities that needed financial commitment.

The sex of household head presented in Table 3 shows that majority (57.5%) of household
heads were males compared to 9.2% who were female. The high number of male-headed households is
consistent with Babatunde et al. (2011) who reported that over half (80%) of household heads were
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males. This is in line with the findings of Eforuoku (2018) that 7.9% of households were headed by
women. The educational status distribution of respondents as shown in Table 3 reveals that 73.3% of
the respondents had formal education, while 26.7% had no formal education. Also, only 17.5% had
tertiary education. The mean year of formal education was 8.98+5.09. The findings were suggestive of
moderate level of education among the respondents. The average household size 6.2+2.34 persons
were obtained as shown in Table 3. Results reveals that majority (56.7%) of the respondents had a
household sizes of between 6 and 10 persons. It could be inferred that the average household size is
relatively high when compared to the average Nigeria household size of 4.6 persons as opined by
Eforuoku (2018). The implication is that cassava farmers have a large household.

Table 3 shows that 37.5 of the respondents used family labour, while 22.5% and 29.2% used
family plus hired and family plus communal labour, respectively. This implies that family labour was
the predominant source of farm labour in the study area.

Table 3 indicates that 60.0% of the respondents visited urban centres more than once a week,
while 18.3% visited once in a week. This is an indication that respondents’ visit to urban centres was
high. Table 4 reveals that a larger percent (60%) of the respondents were cosmopolitan in the study
area, compared to non-cosmopolitan (40%). The implication is that majority of rural cassava farmers
in the study area had exposure to urban areas. The exposure could influence their attitude towards
participation in root and tuber crops extension sub-programme.

Table 3. Distribution of respondents according to socio-demographic characteristics (n = 120)

Characteristics Frequency  Percentage (%) Mean+ SD / Mode
Age (years)

<20 1 0.8

21-30 7 5.8

31-40 24 20.0 46.37+9.24 years
41-50 53 44.2

>50 35 29.2

Marital status

Single 6 5.0

Married 103 85.8 Married*
Divorced 4 3.3

Widow/widower 7 5.8

Sex of household head

Male 69 57.5 Male*
Female 11 9.2

Non-head of household 40 33.3

Educational Status

Formal education 88 73.3 Formal education*
No formal education 32 26.7

Years of formal Education

None 10 8.3

1-6 37 30.8 8.98+5.09
7-12 52 43.3

Above 12 21 175

Household Size (persons)

1 -5 persons 47 39.2

6 — 10 persons 68 56.7 6.24+2.34 persons
11 - 15 persons 5 4.1

Farm labour source

Family 45 375 Family*
Communal 3 25

Hired 10 8.3

Family/hired 27 225

Family/communal 35 29.2

Frequency of visiting urban centres

More than once a week 72 60.0 More than once a week*
Weekly/once in a week 22 18.3

More than once a month 15 125

Once in a month 11 9.2

Once in several months 0 0.0

Annually/yearly 0 0.0

Never 0 0.0

Note: Values in asterisks implies mode. Source: Field survey, 2018.
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Table 4. Categorization of respondents by cosmopolitan behaviour

Cosmopolitan behaviour Frequency Percentage (%) Minimum Maximum Mean
Cosmopolitan (3.90-5) 72 60 1.00 5.00 3.89
Non-cosmopolitan (1-3.89) 48 40

Source: Field survey, 2018.

3.2.Income earned from cassava production

The results on yearly income realized from cassava production by respondents (Table 5)
reveals that the mean income realized from cassava production was N234,641.67+138,886.68 yearly;
furthermore, over half (75.7%) of the respondents realized more than N149,000.00 yearly. This is an
indication that cassava production is profitable.

Table 5. Distribution of respondents by income earned from cassava production (nh = 120)

Income categories (Naira) Frequency Percentage (%) Mean+SD

50,000 — 149,000 29 24.2

149,001 - 249,000 46 38.3

249,001 - 349,000 24 20.0 N 234,641.67+138,886.68
349,001 - 449,000 10 8.3

449,001 - 549,000 7 5.8

>549,000 4 3.3

Source: Field survey, 2018.

3.3. Categorizations of respondents by income earned from cassava production

Results in Table 6 shows that a larger percent (79.2%) of the respondents had average income,
while 11.7% had high income. This implies that there was moderate income earned from cassava
production in the study area.

Table 6. Categorization of respondents based on income earned from cassava production

Level of income F % Minimum  Maximum Mean SD
Low (50,000.00-95,754.99) 11 9.2 50,000.00  800,000.00 234,641.67 138,886.68
Average (95,755.00-373,528.35) 95 79.2

High (373,528.36-800,000.00) 14 117

Source: Field survey, 2018.

3.4.Respondents’ attitude towards participation in root and tuber crops extension sub-
programme

Results in Table 7 reveals that a little above average of the respondents (51.7%) had negative
attitude towards participation. This implies that respondents have unfavourable attitude toward
participation in RTEP. The unfavourable attitude may be due to average income realized from cassava
farming (Table 6).

Table 7. Categorization of respondents’ attitude towards participation in RTEP

Attitude towards participation in Frequency Percentage (%) Minimum Maximum Mean
RTEP

Favourable (31.88-40) 58 48.3 24.00 40.00 31.88
Unfavourable (24-31.87) 62 51.7

Source: Field survey, 2018.
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3.5.Chi-square and correlation analyses between socio-demographic characteristics of cassava
farmers and their attitude towards participation in RTEP

Results in Table 8 and 9 shows that age (r=-0.04, >0.05), years of education (r=0.09, >0.032),
cosmopolitness (r= -0.08, p>0.05), marital status (X? =4.77, p>0.05), educational status (X?=1.03,
p>0.05), sex of household head (X? = 4.74, p>0.05) and main source of farm labour (X? = 5.09,
p>0.05) were not significantly related to attitude towards participation in RTEP. The Table further
reveals that household size (r=0.26, p<0.05) was significantly related to attitude towards participation
in RTEP.

Table 8. Correlation analysis of socio-demographic characteristics and attitude towards
participation in RTEP

Variable r-value p-value
Age -0.038 0.68
Years of formal education 0.09 0.32
Household size 0.26* 0.00
Cosmopoliteness -0.08 0.39
*Significant at p<0.05.

Table 9. Chi-square analysis of socio-demographic characteristics and attitude towards participation in

RTEP
Variable df X2 P
Marital status 3 4.77 0.19
Educational status 1 1.03 0.31
Sex of household head 2 4.74 0.09
Source of labour 4 5.09 0.28

Significant at p<0.05.

3.6. Correlation analyses between income earned from cassava production and attitude towards
participation in RTEP

The result in Table 10 reveals a significant correlation between income realized from cassava
production and attitude towards participation in RTEP (r = 0.27, p<0.05). It can be deduced that the
income respondents earned from cassava production determined their attitude towards participation in
RTEP. Hence, high income from cassava production will likely bring a change in attitude towards
participation in RTEP.

Table 10. Correlation analysis of income realized from cassava production and attitude towards
participation in RTEP

Variable r-value p-value
Income from cassava 0.27* 0.00
*Significant at p<0.05.

3.7. Determinants of attitude towards participation in RTEP

Table 11 shows that the R? value was 0.16. This indicate that the independent variable
explains 16% of the attitude towards participation in RTEP. The regression model was significantly
good enough for predicting the attitude towards participation in RTEP (F=3.10, p<0.05). It further
reveals that age of respondents (= -0.08, p<0.05), household size (B = 0.37, p<0.05) and income from
cassava (B = 5.47, p < 0.05) contributed significantly, to attitude towards participation in RTEP. This
implies that age of respondents’, household size and income from cassava were determinants of
respondents’ attitude towards participation in RTEP.
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Table 11. Contribution of predictors to attitude towards participation in RTEP

Predictors Beta t-value p-value
(Constant) 30.81 15.70 0.00
Age of respondents -0.08* -2.09 0.04
Marital status (Married) 1.47 1.67 0.10
Educational status (Formal education) -0.07 -0.10 0.92
Sex of household head (Male headed) 0.20 0.27 0.79
Household size 0.37* 2.42 0.02
Source of labour (Family) -0.03 -0.04 0.97
Income from cassava 5.47* 2.17 0.03
Summary

R-value 0.40

R? 0.16

Adjusted R 0.11

Standard Error of the estimated 3.28

ANOVA

p-value 0.00

Df 7

F 3.10

*Significant at p<0.05.

4. Discussion and Conclusion

That most of the respondents were middle-aged and in their economically active age implies
that they still have the energy to meet with the labour demands of agricultural production. This
corroborates the assertion of Bawa et al. (2010) that agricultural production activities are mostly
carried out by the middle-aged people. The middle and older aged people among the respondents
could be due to the result of rural-urban migration of the younger aged and/or youth. This support the
position of Ogunbanwo (2008) that most of the young people in the rural areas have migrated to urban
centre. The age distribution of respondents is likely to affect attitude towards participation in RTEP, as
middle and older aged people are more likely to be highly experienced, fatalistic and conscious of
acquiring and/or accepting new agricultural practices and innovations, hence, lower likelihood to
participate in agricultural programmes, and thus likely to have an unfavourable attitude towards
participation in RTEP. This supports the findings of Ovwigho and Ifie (2009) that youth had
favourable attitude to agricultural development programmes than middle and older aged.

That most of the respondents were married implies that respondents had family responsibilities
that needed financial commitment. The result supports the finding of Ifejika et al. (2008) that a high
proportion of rural farmers were married. The high proportion of married respondents could be due to
the high value placed on marriage as is typical of any rural setting in sub-Saharan Africa. High
presence of married people could also affect attitude towards participation in RTEP as married people
are likely to have high participation because of more social and family responsibilities, hence, have
favourable attitude towards participation in agricultural programme.

The sex of household head is likely to influence attitude towards participation in RTEP.
Households with male heads are likely to have favourable attitude towards agricultural programme, as
males are often breadwinners and might be motivated to effectively participation in agricultural
programme due to inward drive to improve income earned from agricultural production in other to
meet more social and family responsibilities. Furthermore, the sex of household head is likely to affect
attitude towards participation, as female respondents in household with male heads are more likely to
have lower or no participation in agricultural development programme because of less or no decision
making power by women.

That most of the respondents had formal education with maximum of secondary education
suggests that the respondent were moderately educated. The educational attainment of respondents is
likely to affect attitude towards participation, as moderate level of education could likely enhance
understanding and internalizing of extension guide, bulletins and technical paper, hence have
favourable attitude towards participation. Also, the moderate level of education might enhance the
adoption of ideal and innovation disseminated in RTEP programme. Studies as Caswell et al. (2001)
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and Benor et al. (1997) found that education is important in creating favourable or positive mental
attitude towards acceptance and utilization of new farming practices and innovations.

The household size of the respondent was large. This is likely due to early marriage because of
the need for large family size, which served as sources of labour on the farms. This is consistent with
Ntege-Nanyeenya et al. (1997) who submitted that large household size is germane in providing rural
farmers with farm labour required for agricultural activities, especially in Sub-Saharan Africa.
Household size has implications for rural farmers’ attitude towards participation in RTEP. Households
with large household size are likely to have favourable attitude towards participation in agricultural
programme, as large household size are often used as farm labour during utilization of new
technologies disseminated during RTEP programme.

The high use of family labour in the study area could be as a result of the large household size,
which serves as a readily available labour source. This is in line with the findings of Igbaifua (2018),
who posited that family labour enhances quick execution of farm work due to timely accessibility to
labour.

That most of the respondents had high visit to urban centre imply that cassava farmers’ in the
study area had exposure to urban areas. The exposure could influence their attitude towards
participation in RTEP. The importance of cosmopoliteness to agricultural development is established
in its relationship with utilization of innovations vis a vis knowledge of agricultural practices. For
instance, research by Agbamu (1995) found a positive relationship between farmers’ knowledge of
agricultural practices, adoption rate and cosmopoliteness.

Most of the respondents earned income from cassava production, which suggests that cassava
production is profitable. This might be due to its value as the most important staple food crop in the
study area. It could also be due to a wide range of forms of its utilization. This corroborates Yahaya
and Aina (2007) assertion, that cassava is a profitable cash crop with over 200 different uses in the
world. This is also consistent with Aerni (2006) who observed that cassava is a reliable source of food
and has emerged to be a very vital staple food crop that is of industrial significance in the world
economy.

The level of income earned from cassava production was average among the respondents. The
average income is likely due to the moderate educational attainment, which might have affected the
utilization of disseminated innovation. This is in line with Agbamu (2006), who asserted that level of
education is a germane factor that affects utilization of new innovation. Average income will influence
participation in RTEP and affect attitude towards participation in the programme.

The respondents have unfavourable attitude towards participation in RTEP. This result
disagrees with Ovwigho (2014) that Fadama Ill (a similar programme) participants had favourable
attitude toward Fadama I1l. The unfavourable attitude might be due to the average income earned from
cassava production. Respondents’ income realized from cassava enterprise will affect perception to
participation in RTEP and ultimately influence attitude.

The positive correlation between respondents household size and attitude towards
participation in RTEP implies that the larger the household size, the more favourable the attitude
towards participation in RTEP. It is expected that with increased household size, there is likelihood of
higher labour availability for innovation utilization and hence favourable attitude towards participation
in RTEP. Increased household size implies increased in labour availability for utilization of innovation
obtained during participation, which boost farmers’ attitude towards participation in RTEP. According
to Mignouna et al. (2011), household sizes determine a farming household capacity to relax the labour
constraints encountered during utilization of new disseminated innovation.

The positive correlation between income from cassava production and attitude towards
participation in RTEP implies that the higher the income from cassava production, the more
favourable the attitude towards participation in RTEP. This suggests that higher income from cassava
production translate into favourable attitude towards participation in RTEP. The fact that respondents
realized high income from cassava production guarantee favourable attitude towards participation in
RTEP.

Socioeconomic characteristic of the cassava farmers such as age, household size and income
earned from cassava contributed to their attitude toward participation in RTEP. This implies that age,
household size and income from cassava production were predictors of respondents’ attitude towards
participation in RTEP. The coefficient of age bore a negative sign. The negative but significant
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contribution of age to attitude towards participation in RTEP, indicate the reverse likelihood of older
farmers to have favourable attitude towards participation in RTEP. This can be explained by the fact
that older farmers are reluctant to accept new information and improved innovation. Household size of
farmers affect attitude towards participation in RTEP, with larger household size, attitude towards
participation in RTEP will become favourable. Hence, larger household size will enhance favourable
attitude towards participation in RTEP. The significant contribution of the income realized from
cassava production suggests that with increase in income, there is significant increase in attitude
towards participation in RTEP; income contribute to attitude to participation in RTEP either as a
motivational factors or as means of buying inputs required to practice disseminated innovation.

Most of the cassava farmers were middle-aged who were mostly married and head of
household. Most of them had moderate educational attainment with large household size. Majority of
them were cosmopolitan and engaged their family as source of farm labour. Most of the respondents
earned average income from cassava production. A little above average of the respondent had
unfavourable attitude towards participation in RTEP which was influenced by their age, household
size and income from cassava production.

Age, household size and income from cassava production were major predictors of attitude
towards participation in RTEP. Conclusively, cassava farmers’ attitude towards participation in RTEP
was marginally unfavourable, meaning that the programme is marginally or slightly unsuccessful.

Based on the main findings and conclusion, it is recommended that government, development
organisations and other relevant stakeholders implementing the RTEP should organize intervention to
increase income earned from cassava production, this will enhance favourable attitude towards RTEP
as well as ensure the success of the programme; farmers with large household size should be
encouraged to actively participate in RTEP, this will enhance favourable attitude towards RTEP; and
agricultural programmes, projects and policies targeted towards young adults and youth should be
promoted to engender favourable attitude towards agricultural development programmes and projects.
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Makale Bilgileri Oz: Bu arastirmada, 2014 yilinda Osmaniye ili Sumbas ilgesi kosullarinda yerel
) cin musir popiilasyonlarin verim performanslarinin arastirilmasiyla bu
Gelis: 04.03.2020 ekolojiye uygun yiiksek verimli cin misir ¢esitlerinin belirlenmesi amaglanmastir.
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Tesadiif bloklar1 deneme desenine gore dort tekerrurlii olarak kurulan bu
aragtirmada 2 adet hibrit cin musir ¢esidi ve 15 adet yerel cin misir popiilasyonu
kullanilmistir.  Arastirmada incelenen cin  misirt  genotiplerinin  bitkisel

Anahtar kelimeler Ozelliklerine ait en diisik ve en yiiksek degerler swrasiyla tepe puskili

ciceklenme siiresi 68.50 giin (Edirne Beyaz Cin)- 84.25 giin (Canakkale Patlak),
Bitkisel 6zellikler, kogan piiskiilii ¢ikis stresi 74.75 glin (Edirne Beyaz Cin)- 88.75 giin (Canakkale
Verim parametreleri, Patlak), ilk bogum yiiksekligi 8.25 cm (Samsun Cin)- 16.50 cm (Canakkale Sar1
Yerel populasyon, Cin), ilk bogum ¢ap1 1.35 cm (Canakkale Beyaz Cin)- 2.20 cm (Nermin Cin),
Zea mays everta. bitki boyu 176.05 cm (Canakkale Patlak)- 236.98 cm (Balikesir Cin), koganin

baglandigi bogum ¢ap1 1.05 cm (Canakkale Patlak 2013)- 1.91 cm (Balikesir
Cin), kogan ¢ap1 2.31 cm (Tokat Erbaa)- 3.18 cm (Bafra Kosukoyll) arasinda
degismistir. Tane verimine etkili 6zelliklerde sirasiyla, bitkide kogan sayist 1
adet (Tokat Erbaa)- 1.3 adet (Samsun Cin), kogan sirasinda tane sayist
28.60(Konya Patlak)- 45.65 (Balikesir Beyaz Cin), koganda sira sayis1 14.40
(Canakkale Patlak)- 17.66 (Kadirli Cin), tane oran1 % 74.75 (Nermin Cin)-
%87.25 (Konya Patlak), verim 240.63kg/da (Tokat Erbaa)- 808.58 kg/da (Kadirli
Cin) arasinda degistigi belirlenmistir. Sonug olarak en yiiksek verim degeri
Kadirli yoresinden toplanan populasyondan elde edilmistir. Yerel cin musiri
popiilasyonlarinin bazi bitkisel 6zellikler ve verimle ilgili 6zellikler yoniinden
Nermin Cin ve Ant Cin 98 ¢esitlerinden daha yiiksek degerlere sahip oldugu
belirlenmistir.

Investigations on Yield Performances of Local Popcorn (Zea mays everta) Genotypes in
The Main Crop Growth Conditions

Articlelnfo Abstract: In this study, it was aimed to determine high yield popcorn varieties
) suitable for this ecology by investigating the yield performance of landraces
Received: 04.03.2020 popcorn populations under the conditions of Sumbas district of Osmaniye province

Accepted: 07.08.2020
Online Published 30.09.2020
DOI:10.29133/yyutbd.698563

in 2014. In this study, which was established with four replications according to
the random blocks trial pattern, 2 hybrid popcorn varieties and 15 landraces
popcorn populations were used. The lowest and highest values of plant
characteristics of popcorn genotypes examined in the study were determined as
68.50 (Edirne White Cin) - 84.25 days (Canakkale Patlak) for tassel emergence
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Keywords time, 74.75 (Edirne white popcorn)- 88.75 days (Canakkale popcorn) for ear silk
) o emergence times, 8.25 (Samsun popcorn) — 16.50 cm (Canakkale Yellow popcorn)
Vegetative characteristics,  and 1.35 (Canakkale whitepopcorn)- 2.20 mm (Nermin cin) for first node height
Yield parameters, and first node diameter, 176.05 (Canakkale popcorn)- 236.98 cm (Balikesir
Landraces population, . .
Zea mays everta, popcorn) for plant. height, 1.05 (Canakale popcorn)- 1.91 cm (Balikesir popcorn)
for of ear node diameter and also 2.31 (Tokat Erbaa popcorn)- 3.18 cm (Bafra
Kosuk®dy popcorn) for ear diameter respectively. The lowest and highest values for
yield related traits of popcorn genotypes were determined as 1.00 (Tokat Erbaa
popcorn)- 1.30 number per plant (Samsun popcorn) for ear number, 14.40
(Canakkale popcorn)- 17.66 unit (Kadirli popcorn) for number of grains per ear
row, % 74.75 (Nermin popcorn)- % 87.25 (Konya popcorn) for grain ratio, 240.63
(Tokat Erbaa popcorn)- 808.58 kg da?' (Kadirli popcorn) for grain vyield
respectively. As a result, it was recorded that the highest yield value was obtained
from the population collected from Kadirli region. It has been determined that
landraces popcorn populations have higher values than Nermin cin and Ant Cin 98
commercial popcorn varieties in terms of some vegetative and yield related traits.

“"Bu makale Mustafa Onem’in Yiiksek Lisans tezinin bir boliimiinii kapsamaktadir.
1. Giris

Insanoglunun iizerinde arastirma yaptig1 bitki gruplarindan ilk siray1 tahil bitkileri almaktadir.
Tahil bitkilerinden bugday bitkisi ekim alaninda birinciligini siirdiiriirken, yine tahil grubunda yer alan
muisir bitkisi ise birim alandaki verimi ile ilk sirada yer almaktadir (TUIK, 2020). Bu nedenle son
yillarda misir bitkisi {izerinde ¢ok fazla ¢aligmalar yapilmaktadir. Bunun nedenleri ise misirin insan,
hayvan beslenmesinde ve sanayinde yogun olarak kullanilmasindan kaynaklanmaktadir. Misir bitkisi
de tane Ozelliklerine gore yedi grup altinda toplanmaktadir. Tane 0zelliklerine gore yedi grup altinda
toplanan misir varyetelerinden, at disi misir1, sert misir, seker misir1 ve cin misiri varyetelerinin tarimi
ekonomik olarak yapilmaktadir.

Cin musirinin iiretimi daha ¢ok insan kullanimina yoneliktir. Cin misir1 1sitilinca patladigi igin,
insanlar tarafinda sevilerek tiiketilen bir atistirmalik olmustur. Cin musir1 tanesinin sicaklik gegirimi ve
mekanik dayanimi diger misir gesitlerine oranla 2.2-2.9 kez daha yiiksek olmasindan dolay1 patlama
kalitesini artirdig1 saptanmistir(Silva ve ark. 1993). Cin musirinin patlama ozelligi, sert misir disinda
misirin diger varyetelerinde yoktur. Bu yiizden cin misir1 dogrudan insan beslenmesinde daha yogun
kullanilmaktadir. Tiim musir varyeteleri yabanci déllenmektedir. Misir bitkisinde erkek ve disi ¢igegin
farkli yerde olmasi, melezleme ¢alismasini da kolaylastirmaktadir. Bu nedenle misir bitkisi en fazla
1slah ¢alismasi yapilan bitkilerdendir. Misir 1slah ¢alismalarinin amaci 6ncelikle verim miktarinda artis
ve dolayisiyla birim alandan elde edilecek daha fazla gelirdir. Boylelikle ticari hibritlerin kullanimi her
gecen giin artmaktadir. Bu artig yerel genotiplerin yok olusuna sebep olmaktadir. Ticari gesitlerin
verimi yerel cesitlere gore daha yiiksek (Ozkaynak ve Samanci, 2003) olmasma ragmen, yerel
genotiplerin olumsuz kosullara kars1 miicadele kabiliyeti daha yiiksektir (Dwivedive ark., 2016). Yerel
populasyonlarin biyotik ve abiyotik streslere karsi dayanikliligi dikkate alinarak, yerel cesitlerin
korunmasi ve tarimin siirdiiriilmesi gerekmektedir. Ayrica yerel c¢esitler 1slah caligmalarinda
vazgecilemez genetik materyal ¢esitliligini tasimaktadir.

Osmaniye-Sumbas yoresi ¢ift¢ileri misir tariminda olduk¢a deneyim kazanmistir. Genel olarak
ciftciler misir tariminda hibrit atdisi misir ¢esitlerini kullanmaktadir. Bu ¢alismada, Sumbas ve Kadirli
yoresinde cin misir1 ekimini gelistirmek icin, Tiirkiye genelinden toplanan 17 adet yerel cin musir1
populasyonu ekilerek bitkisel ve verim yoniinden (stlin 6zelliklere sahip genotiplerin belirlenmesi
amaglanmustir.

2. Materyal ve Yontem
2.1. Materyal
Arastirma, 2014 yili Mart-Temmuz aylar1 arasinda Osmaniye ili Sumbas il¢esi kosullarinda

yiriitillmustiir. Denemede 2 adet ticari hibrit cin misir1 ¢esidi ve 15 adet yerel cin musir1 populasyonu
olmak Uzere toplam 17 adet cin misir1 genotipi kullanilmagtir.
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Denemede kullanilan cin misirt popiilasyonlart tilkenin farkli bolgelerinden temin edilmis ve
elde edildikleri yorelere gore tarafimizca asagida belirtildigi gibi adlandirilmistir (Cizelge 1).

Cizelge 1. Denemede kullanilan cin misir1 genotipleri

No Materyal Adi No Materyal Ad No Materyal Adi
1 Tokat Erbaa 7  Konya Patlak 13 Canakkale Beyaz Cin
2 Samsun Merkez 8  Kadirli Cin 14  Balikesir Cin
3 Samsun Cin 9  Edirne Beyaz Cin 15 Balikesir Beyaz Cin
4 Samsun Beyaz Cin 10  Canakkale Sar1 Cin 16 Bafra Kosukoyl
5 Sakarya Hankdyu 11  Canakkale Patlak 17 Ant-Cin 98
6 Nermin-Cin 12 Canakkale Kirmizi Patlak

2.1.1. Deneme yerinin iklim dzellikleri

Denemesinin yiiriitiildiigii yoreye ve yetistirildigi sezona ait bazi iklim degerleri Cizelge 2’de
verilmistir (Anonim, 2017a).

Cizelge 2. Osmaniye-Sumbas yoresinde denemenin yiiriitiildiigi sezonu ve uzun yillar ortalamalarina
ait baz1 iklim degerleri

Aylar Yillar Min. Sﬁ‘;{;k (C) ot Ortalama Nem (%) Toplam Yagis (mm)
Mart 2014 0.5 29.1 14.7 58.7 93.3
Uzun Yillar -4 32.0 12.7 57.4 123.1
Nisan 2014 3.7 34.9 18.6 56.6 255
Uzun Yillar 0.1 36.5 16.8 52.3 84.6
May1s 2014 11.9 34.3 215 59.1 52.8
Uzun Yillar 4.6 41.7 21.2 56.4 71.2
Haziran 2014 15.4 40.1 25.0 58.9 72.4
Uzun Yillar 115 42.6 25.2 62.8 35.2
Temmuz 2014 18.7 44.0 27.4 66.3 60.8
Uzun Yillar 15 42.8 27.9 60.6 11.3
Ortalama 2014 10.0 36.5 21.4 59.9 61.0
Uzun Yillar 5.4 39.1 20.8 57.9 65.1

Cizelge 2’de goriildiigii gibi Osmaniye Ili Sumbas Ilgesinde uzun yillarda yetisme
dénemindeki yagis ortalamasit 65.1 mm iken 2014 yilindaki ortalama 61.0 mm’dir. Denemenin
yuriitildigi 2014 yetistirme sezonundaki ortalama yagis uzun yillardaki yagistan diisiik seyretmistir.
Yagisin miktar1 yaninda, vejetasyon periyodu igerisindeki dagilimi da yillar arasinda farkliliklar
gostermistir. Arastirmanin yapildigit 2014 yilinda bitkinin gereksinim duydugu su yagisla
karsilanmayacak kadar diisiik olmustur. Uzun yillar ortalamasina gore, yillik ortalama sicaklik 20.8 °C
iken yetistirme doneminde 21.4 °C olmustur. Bu sonugtan da anlasilacagi {izere ortalama sicakliklar
uzun yillar ortalamasina gore yetistirme doneminde daha yiiksektir. Uzun yillar ortalamasina gore,
yetistirme sezonu i¢in ortalama nispi nem % 57.9 olarak belirlenirken, 2014 yili yetistirme sezonu
ortalama nispi nem % 59.9 oldugu 6lglilm{istiir.

2.1.2. Arastirma yerinin toprak o6zellikleri

. Denemenin yiiriitildiigii tarlaya iliskin 0-30 cm derinlikten alinan toprak ornekleri Kadirli
Ilgesi Ticaret Borsasi Laboratuvarinda analiz edilerek, sonuglar Cizelge 3’de verilmistir (Anonim,
2017b). Deneme alaninin toprag killi-tinli biinyeye sahip olup, hafif alkali, orta kirecli, tuzsuz, fosfor

bakimindan yiiksek, potasyumca orta ve organik maddece orta seviyede oldugu tespit edilmistir.

Cizelge 3. Deneme alam topraklarinin bazi fiziksel ve kimyasal 6zellikleri

Ozellikler Saturasyon (%)  Tuz (%) pH Kirec (%)  Fosfor (kg/da)  Potasyum(kg/da) Organik madde (%)
0-30 cm 48.4 0.22 8.15 149 10.28 26.38 1.9
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2.2. Yontem

Deneme 4 tekerrtirlii olarak tesadiif bloklar1 deneme deseninde 70x20 cm ekim araliginda, her
parsel 4 sira ve 5 metre uzunlugunda olacak sekilde ekim yapilmistir. Parsellerin biiyiikligii 14 m*den
olusmustur.

2.2.1. EKim oncesi ve ekimden sonra yapilan islemler

Deneme arazisi ekime hazir hale getirilmis ve ekim islemi 26 Mart 2014 tarihinde el ile
yapilmustir. 29 Mart 2014 tarihinde yagmur yagdigindan ¢ikis igin sulamaya ihtiya¢ duyulmamistir.

Ekimle birlikte tarlaya 6 kg/da saf azot giibresi diisecek sekilde giibre uygulamasi yapilmustir.
Bitkiler 50 cm iken 15 kg/da saf azot giibresi sira aralarina uygulanmistir. Deneme alani hava
sicakligi, toprak ve bitki durumu goz 6niinde bulundurularak ¢ikistan sonra 6 kez sulanmistir. Ayrica
cizgili yaprak kurdu, sap kurdu, kogan kurdu ve yabanci ot ile miicadele ilaglar1 kullanilmistir. Hasat
10 Agustos 2014 gergeklestirilmistir.

2.2.2. Gozlemler ve dlctimler

Arastirmada genotiplere ait tepe piskiilii ¢iceklenme slresi(TPCS), kocan pisklii ¢iceklenme
siiresi(KPCS), ilk bogum yiiksekligi (IBY), ilk bogum cap1 (IBC), bitki boyu (BB), koganin baglandig1
sap bogum cap1 (KBSBC), bitkide kocan sayis1 (BKC), kocan cap1 (KC), kocanda sira sayis1 (KSS),
kogan sirasinda tane sayist (KSTS), tane oran1 (TO), dekara tane verimi (TV) ozellikleri incelenmis
olup, gozlem ve oOlgiimler Idikut ve ark. (2015)’nmin ¢ahismalarinda belirtildigi {izere
yapilmistir. Verilerin istatistiksel analizleri, deneme planina uygun olarak SAS paket programinda
Anova prosediiri kullanilarak yapilmistir. Ortalamalarin  karsilagtirilmasinda Duncan testi
kullanilmgtir.

3. Bulgular

Osmaniye ili Sumbas ilgesi Armaganli koyii kosullarinda iki hibrit ¢esit ve 15 adet yerel cin
misir populasyonunun tarimsal 6zeliklerinin belirlenmesi amaciyla yapilan calismada incelenen
ozelliklere ait ortalama degerler belirlenmistir.

3.1. Tepe puskili giceklenme stiresi (gin)

TPCS yonilinden cin misirt genotipleri arasinda istatistiki olarak onemli farkliliklar
oldugu(p<0.01) kaydedilmistir. Arastirmada kullanilan yerel cin misir1 genotiplerinin TPCS 84.25 (11
nolu genotip)-68.5 (9 nolu genotip) giin arasinda degismistir. Ureticiler tarafindan tarimi yapilan
Nermin Cin ve Ant Cin 98 ¢esitlerinde ise TPCS 79.25 ve 73.00 guin olarak gergeklesmistir (Cizelge
4).

3.2. Kocan piiskiilii ¢ikis siiresi (giin)

KPCS yoéniinden cin misir1 genotipleri arasinda istatistiki olarak onemli farkliliklar oldugu
(p<0.01) belirlenmistir. Arastirmada kullanilan yerel cin misir1 genotiplerinin KPCS 74.75 (9 nolu
genotip)-88.75 (11 nolu genotip) giin arasinda degismistir. Ureticiler tarafindan tarimi yapilan Nermin
Cin ve Ant Cin 98 c¢esitlerde ise KPCS 85.50 ve 78.25 giin olarak gerceklesmistir. Yerel
popiilasyonlarin bazilarinda KPCS daha erken oldugu kaydedilmistir (Cizelge 4.).

3.3. i1k bogum capr (mm)

Arastirmada kullanilan yerel cin misir1 genotiplerini IBC 13.5 (13 nolu genotip)-22.0 (6 nolu
genotip) mm arasinda degismistir. IBC yoniinden cin misir1 genotipleri arasinda istatistiki olarak
dnemli farkliliklar oldugu (p<0.01) belirlenmistir. Ureticiler tarafindan tarimi yapilan Nermin Cin ve

Ant Cin 98 yerel cesitlerde ise IBC degerleri 22.00 ve 20.13 mm olarak kaydedilmistir (Cizelge 4).
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Cizelge 4. Yerel cin misir genotiplerinin TPCS, KPCS ve IBC degerlerine ait ortalamalar ve gruplar

Genotipler TPCS (gin) KPCS (giin) IBC (mm)
1-Tokat Erbaa 74.75 b-d 78.50 ef 17.63 e-g
2-Samsun Merkez 79.75 ab 86.50 ab 17.63 d-g
3-Samsun Cin 72.75 de 79.75 de 20.75 a-c
4-Samsun Beyaz Cin 76.00 b-d 83.00 b-e 19.83 a-e
5-Sakarya Hankdyt 73.25 de 78.50 ef 18.38 c-g
6-Nermin Cin 79.25 a-c 86.25 a-c 220 a
7-Konya Patlak 76.75 b-d 83.50 b-d 21.75 ab
8-Kadirli Cin 75.50 b-d 81.50 c-e 19.83 a-e
9-Edirne Beyaz Cin 68.50 e 74.75 f 16.25 of
10-Canakkale Sar1 Cin 79.25 a-c 84.00 b-d 17.75 d-g
11-Canakkale Patlak 84.25 a 88.75 a 16.13 of
12-Canakkale Kirmizi Patlak 74.00 cd 81.25 c-e 17.63 d-g
13-Canakkale Beyaz Cin 76.00 b-d 81.25 c-e 13.50 h
14-Balikesir Cin 73.75 c-e 78.50 ef 19.88 a-e
15-Balikesir Beyaz Cin 73.50 de 81.75 c-e 17.00 g
16- Bafra Kosukoyii 77.75 b-d 83.00 b-e 19.00 b-f
17-Ant Cin 98 73.00 de 78.25 ef 20.13 a-d
Genel ortalama 75.76 81.70 19.500

F degeri 4.73%* 5.9%* 1.37**

**:p<0.01; *: p<0.05.
3.4. Bitki boyu (cm)

Bitki boyu yoniinden cin misir1 genotipleri arasinda istatistiki olarak énemli farkliliklar oldugu
(p<0.01) belirlenmistir. Arastirmada kullanilan yerel cin muisiri genotiplerinin BB uzunlugu 236.98
(14nolugenotip)-176.05 (11nolugenotip) cm arasinda degismistir. Kontrol olarak kullanilan Nermin
Cin ve Ant Cin 98 cesitlerde ise BB 221.45 ve 221.18 cm olarak kaydedilmistir. Yerel
populasyonlardan 11 nolu genotip hari¢ diger genotipler yerel gesitlere yakin veya biraz daha yiiksek
bitki boyu yiiksekligi gostermistir (Cizelge 5).

3.5. Kocanin baglandigi sap bogum ¢api (cm)

KBSBC yoniinden cin musir1 genotipleri arasinda istatistiki olarak énemli farkliliklar (p<<0.01)
oldugu belirlenmistir. Arastirmada kullanilan yerel cin misir1 genotiplerinin KBSBC uzunlugu 1.050
(11nolugenotip)-1.913 (14nolugenotip) cm arasinda degismistir. Kontrol olarak kullanilan Nermin Cin
ve Ant Cin 98 ¢esitlerde ise KBSBC 1.69 ve 1.60 cm olarak gergeklesmistir. Yerel popiilasyonlarin
KBSBC degerleri yoniinden kontrol ¢esitlerine gore daha yiiksek ve daha diisiik degerlere sahip
oldugu gorilmustiir (Cizelge 5).

3.6. Kogan capi (cm)

KC yoniinden cin musirt genotipleri arasinda istatistiki olarak 6nemli farkliliklar oldugu
(p<0.01) Cizelge 5’te goriilmektedir. Arastirmada kullanilan yerel cin misir1 genotiplerini KC 2.308
(12)-3.183 (16) cm arasinda degismistir. KC yonunden 12 nolu genotip 1, 6 ve 10 nolu genotiplerden
istatistiki olarak onemli farkliliklar olusturdugu (p<0.01) ve farkli gruplarda yer aldig1 goriilmiistiir.
Nermin Cin ve Ant Cin 98 c¢esitlerde ise KC 2.51 ve 2.86 cm olarak tespit edilmistir. Yerel
populasyondaki 1 nolu genotip hari¢ diger genotipler KC degerleri ticari gesitlere yakin veya daha
yliksek deger gosterdigi kaydedilmistir (Cizelge 5).

3.7. Bitkide kocan sayis1 (adet)

BKS yoniinden cin misirt genotipleri arasinda istatistiki olarak 6nemli farkliliklar oldugu
(p<0.05) tespit edilmistir. Arastirmada kullanilan yerel cin misir1 genotiplerinin BKS 1.0 (1)-1.3 (3)
adet arasinda degismistir. Ureticiler tarafindan tarim1 yapilan Nermin Cin ve Ant Cin 98 cesitlerinde
ise BKS 1.28 ve 1.15 adet olarak gergeklesmistir. Yerel popiilasyonlarin BKS degerleri ticari gesitlere
yakin olarak gerceklestigi belirlenmistir (Cizelge 5).
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Cizelge 5. Yerel cin musir genotiplerinin BB, KBSBC, BKS ve KC degerlerine ait ortalamalar ve

gruplar
Genotipler BB (cm) KBSBC (cm) BKS (adet) KC (cm)
1-Tokat Erbaa 221.50 ab 135 d 1.00 d 231 e
2-Samsun Merkez 219.50 ab 145 cd 1.18 ab 3.07 ab
3-Samsun Cin 221.25 ab 179 ab 1.30 a 2.93 a-c
4-Samsun Beyaz Cin 223.40 a 1.64 a-d 1.10 cd 2.83 a-d
5-Sakarya Hankdyu 229.13 ab 153 b-d 1.28 ab 2.97 ab
6-Nermin Cin 221.45 ab 169 a-c 1.28 ab 251 c-e
7-Konya Patlak 210.25 b 1.64 a-d 1.15 a-c 2.75 a-d
8-Kadirli Cin 228.63 ab 165 a-d 1.28 ab 2.95 a-c
9-Edirne Beyaz Cin 213.55 b 1.50 cd 1.13 a-c 3.10 a
10-Canakkale Sar1 Cin 220.75 ab 161 a-d 1.20 ab 243 de
11-Canakkale Patlak 176.05 c 1.05 e 1.12 bc 2.81 a-d
12-Canakkale Kirmizi Patlak 213.13 b 1.51 b-d 1.15 a-c 2.65 b-e
13-Canakkale Beyaz Cin 224.35 ab 144 cd 1.15 a-c 291 a-c
14-Balikesir Cin 236.98 a 1.91 a 1.23 ab 3.02 ab
15-Balikesir Beyaz Cin 219.25 ab 151 b-d 1.13 a-c 3.04 ab
16- Bafra Kosukdyl 224.98 ab 161 a-d 1.18 ab 3.18 a
17-Ant Cin 98 221.18 ab  1.60 a-d 1.15 a-c 2.86 a-e
Genel ortalama 219.14 1.56 1.15 2.84
F degeri 3.73** 3.74** 2.13* 2.55

**:p<0.01; *: p<0.05.
3.8. Koganda sira sayisi (adet)

KSS yoéniinden cin misir1 genotipleri arasindaki varyasyon istatistiki olarak onemli (p<0.01)
oldugu kaydedilmistir. Arastirmada kullanilan yerel cin misir1 genotiplerinin KSS 14.40 (11)-17.66 (8)
adet arasinda degismistir. Kontrol ¢esitlerinde KSS degerleri Nermin Cin ve Ant Cin 98 i¢in 16.80 ve
15.54 adet olarak gerceklesmistir. Yerel popiilasyonlarmin bazilarinda KSS degerlerinin ticari
cesitlerden daha yiiksek oldugu tespit edilmistir (Cizelge 6).

3.9. Kogan sirasinda tane sayis1 (adet)

KSTS cin misirt genotipleri arasinda istatistiki olarak énemli farkliliklar (p<0.01) gdstermistir.
Arastirmada kullanilan yerel cin musir1 genotiplerini KSTS 28.60 (7 nolu genotip)-45.65 (15 nolu
genotip) arasinda degismistir. Kontrol olarak kullanilan Nermin Cin ve Ant Cin 98 yerel ¢esitlerde ise
KSTS 33.48 ve 35.30 adet olarak gerceklesmistir. Yerel popiilasyonlarin bazilarinda KSTS degerleri,
cesitlerden daha yiiksek degerlerde oldugu goriilmiistiir (Cizelge 6).

3.10. Tane orani (%)

Arastirma sonuglara gdre cin misir1 genotiplerin TO 6zelligi bakimindan 6nemli (p<0.01)
varyasyonlara sahip olduklar1 tespit edilmistir. TO bakimindan genotiplerden elde edilen ortalama
degerler incelendigin, degerlerin % 74.8 (6)-87.3 (7) arasinda degisiklik gosterdigi belirlenmistir.
Kontrol olarak kullanilan Nermin Cin ve Ant Cin 98 yerel ¢esitlerde ise TO degerleri %75 ve 82
olarak gerceklesmistir. Yerel popiilasyonlarin bazilarinda TO degerleri, yerel gesitlerden daha yiiksek
degerlerde oldugu goriilmistiir (Cizelge 6).

3.11. Tane verim (kg/da)

Aragtirmada kullanilan cin misir1 genotiplerinin TV ile ilgili elde edilen verilere ait
varyasyonun istatistiksel olarak 6nemli oldugu belirlenmistir (p<0.01). Genotiplerden elde edilen
ortalama TV degerleri incelendiginde verilerin 240.63 (1 nolu genotip)-808.58 (8 nolu genotip) kg/da
arasinda degisiklik gosterdigi kaydedilmistir. Kontrol olarak kullanilan Nermin Cin ve Ant Cin 98
cesitlerinde ise TV degerleri 615.88 ve 570.73kg/da kaydedilmistir. Yerel popiilasyonlarin bazilarinda
TV degerleri, ticari kontrol cesitlerinden daha yiiksek degerlerde oldugu tespit edilmistir (Cizelge 6).
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Cizelge 6. Yerel cin musir1 genotiplerinin KSS, KSTS, TO ve TV degerlerine ait ortalamalar ve

gruplar
Genotipler KSS (adet) KSTS (adet) TO (%) TV (kg/da)
1-Tokat Erbaa 14.44 e 45.05 a 83 a-d  240.63 h
2-Samsun Merkez 17.50 ab 36.00 b-d 86 ab  412.50 fg
3-Samsun Cin 16.10 b-d 40.70 ab 84 a-c  655.00 bc
4-Samsun Beyaz Cin 15.10 de 30.60 cd 84 a-c 540.75 de
5-Sakarya Hankoyu 15.70 b-e 38.90 a-c 84 a-c  662.48 bc
6-Nermin Cin 16.80 a-c 33.48 b-d 75 e 615.88 cd
7-Konya Patlak 15.48 c-e 28.60 d 87 a 333.80 g
8-Kadirli Cin 17.66 a 38.20 a-c 84 a-c  808.58 a
9-Edirne Beyaz Cin 15.20 c-e 37.65 a-c 80 cd  605.33 cd
10-Canakkale Sar1 Cin 14.90 de 37.80 a-c 82 b-d 627.33 cd
11-Canakkale Patlak 14.40 e 29.90 cd 83 a-c 589.83 cd
12-Canakkale Kirmizi Patlak 15.50 c-e 35.15 b-d 82 b-d 424.45 f
13-Canakkale Beyaz Cin 15.50 c-e 36.10 b-d 82 b-d 727.50 ab
14-Balikesir Cin 16.26 a-d 37.15 a-d 84 a-c  648.93 bc
15-Balikesir Beyaz Cin 16.24 a-d 45.65 a 78 de  667.50 bc
16- Bafra Kosukdy 16.34 a-d 38.45 a-c 82 b-d 599.25 cd
17-Ant Cin 98 15.54 c-e 35.30 b-d 82 b-d 570.73 cd
Genel ortalama 15.80 36.74 82.4 572.38
F degeri 3.13** 2.99** 4.09** 22.19**

**:p<0.01; *: p<0.05.
4. Tartisma ve Sonug

4.1. Tartisma

4.1.1. Tepe puskili ¢iceklenme stiresi (giin)

Bu calismaya ait genotiplerin TPCS 84.25-68.5 giin arasinda degistigi gozlenmis olup, bu
ozellik hakkinda arastiricilarin yapmis oldugu bazi ¢alismalarda; Zulkadir (2018) 59-71 giin; Idikut ve
ark. (2015) 54-66 gun; Idikut ve Kara (2013) 54-66 giin; Salami ve ark. (2017) 43-63 giin; Gondilal
(2013) 93-94 giin arasinda degistigini bildirmislerdir. Onceki arastiricilarin kaydettigi degerlerde de
goriildiigii gibi, TPCS’nin ¢eside, bdlgelere, yillara, cevreye ve uygulama faktdrlerine gore degistigi
belirlenmistir. Bizim bulgularimiz daha dnce yapilan aragtirmalarla uyum i¢inde bulunmaktadir.

4.1.2. Kogan piiskiilii ¢ikis siiresi (gin)

Aragtirmada kullanilan yerel cin misirt genotiplerinin KPCS 74.75-88.75 giin arasinda
degisirken, yine Tirkiye’de yetistirildigi bilinen 35 adet yerel cin misir populasyonunu
Kahramanmaras kosullarinda yetistiren Zulkadir (2018) bu degerin 64-75 giin arasinda degistigini
bildirmistir. Salami ve ark (2017) 47-67 gln; Pandit ve ark. (2016) 86-120 gun; Kahraman ve ark.
(2014) 63-70 gin; Bulut ve ark. (2008) KPCS’nin 81-91 giin oldugunu bildirmislerdir. Diger
caligsmalarda elde edilen veriler bu ¢aligmadan elde edilen verilerle uyumlu oldugu, farkliliklarin ise
kullanilan misir populasyonundan ve yetistirilme kosullarindan kaynaklandigi goriilmiistiir.

4.1.3. Ik bogum capr (mm)

Bu calismada yerel cin musir1 genotiplerinin IBC 13.5-22.0 mm arasinda degistigi goriilmiis ve
bu 6zellik ile ilgili yapilmis diger calismalarda; Zulkadir (2018) 17-24 mm, Ozerkisi (2016) 16.5-19.8
mm, Kharazmshahi ve ark. (2015) 14-20 mm, Idikut ve Kara (2013) 21-25 mm, Kusaksiz (2011) 18.7-
25.3 mm olarak tespit ettiklerini bildirmislerdir. Yapilan ¢alismalarin bu ¢alisgmada ki bulgularla
uyumlulugu ceside, ekim zamanina, kiiltiirel iglemlere ve ¢evre kosullarina gore degisiklik gosterdigi
izlenilmistir.
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4.1.4. Bitki boyu (cm)

Yerel cin misirt genotiplerinin BB uzunlugu 236.98-176.05 c¢m arasinda degismis, cin misirda
BB ozelligi ile ilgili Zulkadir (2018) 138-210 cm; Salami ve ark. (2017) 141-279 gun; Pandit ve ark.
(2016) 82-176 giin; Idikut ve ark (2015) 134-181 cm arasinda degistigi bulmuslardir. Marques ve ark.
(2015) BB’nun 197-216 cm arasinda oldugunu, bitki boyunun geside, ¢evreye ve ekim zamanlarina
gore degistigini belirtmistir.

4.1.5. Ko¢anin baglandigi sap bogum capi (cm)

KBSBC uzunlugunun 1.050-1.913 cm arasinda degistigi belirlenmistir. Bu degerlerin, bu
konuda ¢alisma yapan aragtirmacilardan Zulkadir (2018)’in 35 yerel cin musir1 populasyonlarinin
KBSBGC degerinin 1.7-2.4 cm arasinda; Kharazmshahi ve ark. (2015)’nin14-20 mm arasinda; Kusaksiz
(2011)’1n silajlik musir gesitlerinde KBSBC degerinin 1.87-2.53 c¢m arasinda degistigini bildiren
sonuglart ile uyumlu olurken, Moralar (2011)’in silajlik misir ¢esitlerinde KBSBC 3.03-3.26 cm
arasinda; Idikut ve Kara (2013)’nin ikinci {iriin misir yetistirme sezonunda 15 hibrit misirda KBSBC
degerlerinin  2.1-2.5 cm arasinda degistigini bildiren sonuglarindan biraz farklilik gosterdigi
izlenmistir. Bu farkliliklarin, bogum kalinliginin ekim zamani, bitki sikligi, bitki yiiksekligi, toprak
yapist ve Dbesin elementlerini gibi c¢evresel faktorler ile genetik fakttrlerden kaynaklandigi
gorulmektedir.

4.1.6. Kogan capi (cm)

KC degeri ile ilgili yapilan bazi ¢alismalar incelendiginde, Zulkadir (2018) 35 yerel cin
misirda KC degerini 3.0-3.8 cm arasinda ve ayrica Pandit ve ark. (2016) 37-55 mm; Ozkaynak ve
Samanci (2003) KC degerinin2.48-2.92 c¢cm arasinda degistigini bildirmislerdir. Sabanci (2013) 40.3
mm, Gondlal (2013) 28.5-29.2 mm, Maga ve ark. (2015) 10.79-12.97 mm, Yilmaz ve Han (2016)
45.33-48.86 mm degerler belirlemislerdir. Bu g¢alismaya ait KC degerinin 2.308-3.183 c¢m arasinda
degismis olmasi diger ¢alismalarla uyumlu oldugunu gostermektedir. Kogan ¢apinin genetik faktorler
yaninda cevresel faktorlerden de 6nemli 6lgude etkilendigi, bolgelere ve uygulama faktorlerine gore
kogan ¢apinin olduk¢a degiskenlik gorulmektedir.

4.1.7.Bitkide kocan sayisi (adet/bitki)

Arastirmada genotiplere ait BKS degerinin 1.0-1.3 adet/bitki arasinda degistigi gézlenmistir.
Bu ozellikle ilgili olarak Zulkadir (2018) BKS’nin 1.0-1.6 adet/bitki; Idikut ve ark. (2015) 1.03-
1.28adet/bitki arasinda degerler elde edildigini belirtmislerdir. Ayrica, Marques ve ark. (2015),
BKS’nmn 1.26-1.81 adet/bitki arasinda degistigini kaydetmislerdir. Onceki ¢alismalarda belirtilen
veriler bu calismada elde edilen verilerle desteklenmektedir. Bitkideki kocan sayisina genetik
faktorlerin etkisi daha fazladir.

4.1.8. Koganda sira sayis1 (adet/kocan sirasi)

Arastirmadan elde edilen KSS degerleri 14.40-17.66 adet/kocan arasinda degismistir. KSS
degeri ile ilgili Zulkadir (2018) 12.6-19.2 adet/kogan, Idikut ve ark. (2015) 14-16 adet/kogan,
Kharazmshahi ve ark. (2015) 8-11 adet/kogan, Pandit ve ark. (2016) 10-21 adet/kogan, Y1lmaz ve Han
(2016) 14.8-18.1 adet/kogan, Ozkaynak ve Samanci (2003) 11.0-14.3adet/kogan arasinda oldugunu
calismalarinda agiklamiglardir. KSS genetik faktorlere baglidir. O nedenle daha 6nceki sonuglar bu
denemeden elde edilen sonuglar1 destekler niteliktedir.

4.1.9. Kocan sirasinda tane sayisi (adet/kocan sirasi)

Cukurova kosullarinda yetistirilen yerel cin musir genotipleri ile ilgili bu calismada KSTS

degerinin 28.60-45.65 arasinda degistigi tespit edilmistir. KSTS ile ilgili diger arastiricilarin
gozlemleri su sekilde olmustur. Zulkadir (2018) ¢alismasinda 35 adet yerel cin misir populasyonunun
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KSTS degerini 35.5-44.9 adet/kogan; idikut ve ark. (2015) 13 yerel cin musir genotipinin KSTS
degerini 29-41 adet/kocgan olarak belirlemislerdir. Hafez ve Abdelaal (2015) ¢alismalarinda farkli azot
dozlarin1 uyguladiklar1 bazi hibrit misir ¢esitlerinde KSTS degerini42.5-48.1 adet/kogan olarak tespit
etmislerdir.

Onceki calismalarda belirtilen veriler bu ¢alismada elde edilen verilerle desteklenmektedir.
Daha o6nceki yapilan ¢alismalardan da anlasildigi gibi, KSTS degerleri {izerinde ¢evresel faktorlerin
etkisi genetik faktorlere gore daha fazladir.

4.1.10. Tane oram (%)

TO bakimindan genotiplerden elde edilen ortalama degerler incelendiginde, degerlerin %
74.8-87.3 arasinda degisiklik gosterdigi belirlenmistir. Diger taraftan Zulkadir (2018) 35 farkli yerel
cin misir populasyonunun TO degerlerini %79.53-86.21 arasinda degistigini belirlerken; Cukurova
kosullarinda 2 farkli cin misir gesidinde farkli azot dozu uygulayan Ozkan ve Ulger (2011) tane
oraninin% 79-83 arasinda degistigini belirtmislerdir. Kahraman ve ark. (2014), Diyarbakir
kosullarinda 51 tane misir genotipini yetistirmisler ve TO degerini % 77.5 - 87.1 arasinda, Karasahin
ve Sade (2011) ise 3 farkli sulama yontemi ile 3 farkli olgunlagsma grubundan 3 farkli cesidi 4 farkl
ekim siklig1 ile yetistirilen misirda TO degerini % 83-84 olarak tespit etmislerdir. idikut ve ark. (2015)
TO degerlerini % 72-83 olarak elde etmisler ve TO iizerine genotipler arasi farkliligin dnemli
oldugunu bildirmislerdir.

4.1.11. Tane verimi (kg/da)

Yapilan bu ¢alismada genotiplerden elde edilen ortalama tane verimi degerleri incelendiginde
verilerin 240.63-808.58 kg/da arasinda degisiklik gosterdigi saptanmistir. Cin misirinda TV ile ilgili
olarak, Ozkaynak ve Samanci (2003) Antalya’da 141.9-442.70 kg/da; Marques ve ark. (2015)
Brezilya’da iki hibrit cin misirinda 284-330 kg/da olarak degerler elde etmislerdir. idikut ve ark.
(2012) Canakkale’nin Biga ilgesinde yaptigi ¢alismada TV degerini1069-1384 kg/da olarak tespit
etmislerdir. Ayrica Idikut ve ark. (2015) Kahramanmaras’ta 13 cin musirda yaptig1 calismada TV
degerini 369-498 kg/da olarak bulmustur. Daha once arastiricilarin bulgularindan da goriildiigi gibi
TV degerlerinin geside, ¢evreye ve ekim zamanlarina gore degistigi belirtilmektedir. TV degerlerinin
genetik faktorlerden daha fazla gevresel faktérlerden etkilendigi daha onceki arastirmalardan elde

edilen sonuclardan da anlasilmaktadir.
4.2. Sonug

Bu arastirma 2014 yilinda Osmaniye ili Sumbas Ilgesi ekolojik sartlarinda bdlgeye en uygun
yerel cin misir populasyonunu belirleyerek, bolgedeki cin misir ekim etkinliginin artirilmasi amaciyla,
17 adet cin musirt genotipinin (2 ticari ¢esit ve illkenin farkli bdlgelerinden toplanmis 15 yerel
populasyon) bitkisel ve verim 6zellikleri incelenmistir.

Aragtirma sonuglarina goére Edirne Beyaz Cin, Samsun Cin, Ant cin-98, Sakarya Hankoyul ve
Balikesir Beyaz Cin genotipleri bolgede erkencilik &zelligi bakimindan dikkat ¢eken genotipler
olurken, bunlardan Samsun Cin, Sakarya Hankoyti ve Balikesir Beyaz Cin genotiplerinin dekara tane
veriminin de yiiksek oldugu goriilmiistiir. Geggilik 6zelligi dikkate alindiginda Canakkale Sar1 Cin,
Nermin cin, Bafra Kosukoyl, Canakkale Patlak ve Samsun Merkez isimli genotiplerin one ¢iktigi ve
verim agisindan Canakkale Sar1 Cin, Nermin Cin, Bafra Kosukdyii ve Canakkale Patlak isimli
genotiplerin ortalama diizeyde (590-627 kg/da) oldugu belirlenmistir.

Sonug olarak incelenen 6zelliklerden de goriildiigii gibi yerel cin misir1 populasyonlarinin bazi
oOzellikleri yonunden ticari yerli ¢esit olan Nermin Cin ve Ant Cin 98’den daha yiiksek degerlere sahip
oldugu belirlenmis olup iyi performans gosteren popiilasyonlarin yeni yerli ¢esitler gelistirmek igin
1slah materyali olarak kullanilabilecegi goriilmektedir.

483



) YYU TAR BIL DERG (YYU J AGR SCI) 30 (3): 475-485
Idikut ve ark., /Birinci Uriin Kosullarinda Yerel Cin Misir (Zea mays everta) Genotiplerinde Verim Performanslarinin Arastirilmast

Kaynakca

Anonim, (2017a). Tarum ve Orman Bakanligi, Meteoroloji Genel Miidiirliigii.

Anonim, (2017b). Kadirli Iicesi Ticaret Borsas. http://www.kadirlith.tobb.org.tr/.

Bulut, S., Caglar, O., & Oztiirk, A. (2008). Baz1 musir gesitlerinin Erzurum ovasi kosullarinda silaj
amagli yetistirilme olanaklar1. Atatiirk Universitesi, Ziraat Fakultesi Dergisi, 39 (1), 83-91.

Dwivedi,S. L.,Ceccarelli, S., Blair, M. W., Upadhyaya, H. D., Are, A. K., & Ortiz, R. (2016).
Landrace germplasm for improving yield and abiotic stress adaptation. Trends in Plant
Science, 21 (1), 31-42.

Gonllal, E. (2013). Dane miswrda farklr fenolojik donemlerdeki kisith su uygulamalarinin verim ve
verim égelerine etkilerinin belirlenmesi. Selguk Universitesi, Fen Bilimleri Enstitist, Tarla
Bitkileri Anabilim Dali, Doktora Tezi, Konya.

Hafez, E.M., & Abdelaal, K.A. (2015). Impact of nitrogen fertilization levels on morpho-physiological
characters and yield quality of some maize hybrids (Zea mays L.). Egyptian Journal of
Agronomy, 37(1), 35-48.

Idikut, L., & Kara, S.N. (2013). Tane iiriinii i¢in yetistirilen ikinci {iriin musir ¢esitlerinin baz1 verim ve
kalite potansiyellerinin belirlenmesi. KSU Doga Bilimleri Dergisi, 16. 1 (2013)

Idikut, L., Yilmaz, A., Yiiriirdurmaz, C., & Colkesen, M. (2012). Yerel cin musir1 genotiplerinin
morfolojik ve tarimsal 6zelliklerinin belirlenmesi. Biyoloji Arastirma Der., 5 (2), 63-69, 2012

Idikut, L., Yiirirdurmaz, C., Zulkadir, G., & Colkesen, M. (2015). Yerel cin musirt genotiplerinin
Kahramanmaras kosullarinda tarimsal 6zelliklerinin arastirilmas1. KSU Doga Bil. Der., 18 (3).

Kahraman, S., Kiling, S., & Atakul, S. (2014). Determination of a single hybrid corn genotypes
performance in Diyarbakir. Conditions International Mesopotamia Agriculture Congress / 22-
25 September, Diyarbakir. S, 380-386.

Karagahin, M., & Sade, B. (2011). Farkli sulama yontemlerinin hibrit misirda (Zea mays L. indentata
S.) dane verimi ve verim unsurlar1 {izerine etkileri. Uludag Universitesi Ziraat Fakiiltesi
Dergisi, 25(2), 47-56.

Kharazmshahi, H.A., Zahedi, H., & Alipour, A. (2015). Effects of sowing date on yield and yield
components in sweet maize (Zea mays L.) hybrids. In Biological Forum (Vol. 7, No. 2, p. 835).
Research Trend.

Kusaksiz, T. (2011). Manisa ekolojik kosullarinda ana iiriin silajlik olarak uygun miswr ¢esitlerinin
belirlenmesi. Tirkiye 9. Tarla Bitkileri Kongresi s:529-532, Bursa.

Maga, T.J., Vange, T., & Ogwuche, J.O. (2015). The influence of sowing dates on the growth and
yield of two maize (Zea mays L.) varieties cultivated under southern guinea savannah agro-
ecological zone. American Journal of Experimental Agriculture, 5(3), 200.

Marques, O.J., Filho, P.S.V., Scapim, C.A., Bonato, C.M., Okumura, R.S., Lucianolvano da Silva, L.,
& Soares de Souza, R. (2015). Sowing time of popcorn during the summer harvest under
supplemental irrigation in ferralic nitisol and subtropical climate. Australian Journal of Crop
Science, 9(5), 413-423

Moralar, E. (2011). Tekirdag ilinde yetistirilen bazi silajlik miswr ¢esitlerinde gelisme siirecinin
belirlenmesi ve verimliliklerinin tespiti. Namik Kemal Universitesi, Fen Bilimleri Enstitiisii,
Yiksek lisans Tezi, Tekirdag.

Ozerkisi, E. (2016). Tekirdag kosullarinda farkl sira iizeri mesafelerin bazi seker misirt (Zea mays L.
saccharata Sturt.) ¢esitlerinde taze kocan verimi ve kalite ozelliklerine etkisi. Namik Kemal
Universitesi, Fen Bilimleri Enstitiisii, YUksek Lisans Tezi.

Ozkan, A., & Ulger, A.C. (2011). Cukurova ekolojik kosullarinda degisik azot dozu uygulamalarinin
iki cin musir1 (Zea mays L. everta Sturt.) ¢esidinde tane verimi ve bazi tarimsal 6zelliklere
etkisi. Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisi, 21(3), 198-208.

Ozkaynak, E., & Samanci, B. (2003). Cin musir (Zea mays everta Sturt.) hatlarinin ve yoklama
melezlerinin verim ve verimle ilgili Ozellikler bakimindan Kkarsilastirilmasi. Akdeniz
Universitesi Ziraat Fakiltesi Dergisi, 16(1), 5.35-42.

Pandit, M., Chakraborty, M., Haider, Z. A., Pande, A., Sah, R. P., &Sourav, K. (2016). Genetic
Diversity Assay of Maize (Zea mays L.) Inbreds Based on Morphometric Traits and SSR
Markers. African Journal of Agricultural Research, 11(24), 2118-2128.

484


http://www.kadirlitb.tobb.org.tr/

) YYU TAR BIL DERG (YYU J AGR SCI) 30 (3): 475-485
Idikut ve ark., /Birinci Uriin Kosullarinda Yerel Cin Misir (Zea mays everta) Genotiplerinde Verim Performanslarinin Arastirilmast

Sabanci, 1. (2013). Misir-soya birlikte iiretiminde farkli ekim sistemlerinin verim ve bazi agronomik
karakterlere etkisi. Adnan Menderes Universitesi, Fen Bilimleri Enstitiisi, Tarla Bitkileri
Anabilim Dali, Doktora Tezi.

Salami, H. A, Sina, H., Wallis, N. Z., Padonou, W., Aly, D., Yallou, C., Chabi-Sika, K., Noumavo,
P.A, Adjanchoun, A.,& Baba-Moussa, L. (2017). Agro-Morphological Variability of Zea
mays(L.) Accessions Collected in Southern Benin. Journal of Plant Breeding and Crop
Science, 9(1), 1-9.

Silva, W.J.D., Vidal, B.C., Martins, M.E.Q., Vargas, H., Pereira, A.C., Zerbetto, M., & Miranda, L.C.
M. (1993). What Makes Popcorn Pop. Nature, 362 (6419), 417.

TUIK. 2020. Tiirkiye istatistik kurumu. http://www.tuik.gov.tr/PreTablo.do?alt_id=1001.

Yilmaz, N., Han, E. 2016. Giresun ekolojik kosullarinda baz1 misir ¢esitlerinin tane verimi ve verim
ogelerinin belirlenmesi. Igdir Uni. Fen Bilimleri Enst. Der. 6(3), 171-176.

Zulkadir, G. (2018). Kahramanmaras kosullarinda yerel cin miuswr (Zea mays everta)
populasyonlarimin  morfolojik, agronomik ve kalite ozelliklerinin belirlenmesi ve DNA
molekiiler isaretleyiciler ile karakterizasyonu. T.C. Kahramanmaras Siit¢ii Imam Universitesi
Fen Bilimleri Enstitust, Doktora Tezi.

485


http://www.tuik.gov.tr/PreTablo.do?alt_id=1001

Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisi Cilt 30, Say1 3, 30.09.2020

(YYU Journal of Agricultural Science)

Yiiziincii Y1l Universitesi
Tarim Bilimleri Dergisi

http://dergipark.gov.tr/yyutbd

Arastirma Makalesi (Research Article)
Termografi Teknigi ile Biber Bitkisinde Su Stresinin ve Bazi Fizyolojik Ozelliklerin

Belirlenmesi™”

flker EROGLUY, Gékhan CAMOGLU?, Kiirsad DEMIREL?

12Canakkale Onsekiz Mart Universitesi, Ziraat Fakiiltesi, Tarimsal Yapilar ve Sulama Bélimii, 17020,

Canakkale, Turkiye

SCanakkale Onsekiz Mart Universitesi, Mimarlik ve Tasarim Fakiltesi, Peyzaj Mimarhgi Bolum, 17020,

Canakkale, Turkiye

thttps://orcid.org/0000-0002-3518-5522 2https://orcid.org/0000-0002-6585-4221 3https://orcid.org/0000-0002-2029-5884

*Sorumlu yazar e-posta: camoglu@comu.edu.tr

Makale Bilgileri

Gelis: 02.04.2020
Kabul: 07.08.2020
Online Yaymlanma 30.09.2020
DOI: 10.29133/yyuthd.713717

Anahtar kelimeler

Biber,

Termal indeks,
Termal kamera,
Sulama.

Oz: Calismada, termografi teknigi ile hesaplanan indeksler kullanilarak biberde
su stresinin ve bu indeksler ile bazi fizyolojik oOzelliklerin belirlenmesi
hedeflenmistir. 2017 yilinda Canakkale’de dort farkli sulama konusundan
(S100, S75, S50 ve S25) olugan bir deneme yiiriitiilmistiir. Calismadan elde
edilen sonuglara gore, uygulanan sulama konularindan termal indeksler ve tim
fizyolojik ozellikler etkilenmistir. Termal kamera yardimiyla bitki diizeyindeki
olgtimlerden ampirik olarak belirlenen bitki su stresi indeksi (CWSle) verilen
sulama suyundaki azalisa bagli olarak artmus, stoma iletkenligi indeksi (Ige) ise
azalmistir. Siiflama ve regresyon agaci analizine gére, CWSIe'nin sulamaya
baslama zamanini belirlemek amaciyla kullaniminin yeterli oldugu sdylenebilir.
Bu durumda soz konusu indeksin esik degeri 0.42 alinabilir. Termal indeksler
ile fizyolojik 6zellikler arasinda her bir biiylime donemi i¢in yapilan regresyon
analizi sonuglarma gore oldukca onemli iliskiler elde edilmistir. S6z konusu
iligkiler ¢igeklenme doneminden sonra artig gostermistir. Caligmanin sonucu
olarak su stresini ayirt etmedeki basarisi ve uygulamadaki kolaylig1 nedeni ile
biber bitkisinde uzaktan algilama tekniklerinden biri olan termografi teknigi ile
elde edilen indekslerin kullanimi 6nerilebilir. Caligma, termal goriintiilerden
yararlanarak biber bitkisinde su stresinin hizli ve dogru bir sekilde
belirlenebilme potansiyeli oldugunu géstermistir.
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Abstract: In this study, it was aimed to determine the water stress level of
pepper plant by help of thermal indices and to determine the relationships
among some physiological traits with these indices. An experiment consisting of
four different irrigation applications (S100, S75, S50 and S25) was conducted in
2017 in Canakkale. According to the results obtained from the study, thermal
indices and all physiological traits were affected from the irrigation treatments.
Crop Water Stress Index (CWSlg) determined empirically from the
measurements of plant body with the help of thermal camera increased due to
the decrease in irrigation water and Stomatal Conductance Index (lge) has
decreased as well. According to classification and regression tree analysis,
arguably the use of CWSiI. is enough to determine the time to start irrigation. In
this case, the threshold value of the index is suitable as 0.42. According to the
results of regression analysis for each growth period, significant correlations (p
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<0.001) were obtained among physiological traits with thermal indices. These
relations increased after flowering period. As a result of the study, because of its
success in discriminating water stress and ease of application, the use of indices
obtained by thermal cameras which is one of the remote sensing techniques may
be suggested for pepper plant. The study showed that the water stress in pepper
plant has the potential to be determined quickly and accurately by using thermal
images.

“* Bu ¢alisma, Ilker EROGLU nun yiiksek lisans tezinden tiiretilmistir.
1. Giris

Su stresi, bitkilerde biiylimeyi etkiledigi i¢in {iriiniin verim ve kalitesinde 6nemli rol oynar.
Stres kosulunda meydana gelen turgor kaybi hiicre biiyiimesini engelleyerek hicrelerin kuguk
kalmasina yol acar. Bu durum, yapraklarin kiigiik kalmasina ve fotosentez sonucu olugmasi gereken
iriinlerinin olumsuz etkilenmesine sebep olur. Su stresinin baslamasiyla iletim borularinda su
potansiyeli azalir ve fotosentez iirlinlerinin tasinmasi yavaslar. Bunun sonucu olarak meyve olusumu
olumsuz etkilenir (Kagar ve ark., 2009). Bu nedenle, su stresinin erken teshisi olduk¢a Gnem
tagimaktadir. Giliniimiizde su stresinin semptomlarinin gozle goriiniir hale gelmeden belirlenmesi
iizerine teknikler ile ilgili ¢caligmalara agirlik verilmektedir. Bu tekniklerin farkli bitkilerde ve farklhi
Ol¢iim sekillerine gore belirlenebilirligi arastirilmaktadir. Arastirilan tekniklerden biri de bitkilerin
termal sicakliklaridir. Termal bolge ile elde edilen bitki sicakliklari transpirasyon ile dolayisiyla da
bitki su tiiketimi ile dogrudan iliskilidir. Su stresi altindaki bitkilerde, insan goéziiyle goriilemeyen,
erken agamalarda ortaya ¢ikan semptomlarin tahmini, uzaktan algilama aracilifiyla gozlenebilmektedir
(Jackson, 1986; Behmann ve ark., 2014). Uzaktan algilamadaki termal veriler, bitkilerde su stresini
izlemek i¢in kullanilabilmektedir. Ciinkii bitkiler, su stresi durumunda terlemeyi azaltmakta ve
stomalarimi kapatmaktadir. Bu durumda, bitki sicakliklarinda artis gergeklesmektedir. Bu artis
nedeniyle, bitki su durumunun/su stresinin izlenmesinde bitki sicakliklarinin kullanimi miimkiin
olmaktadir (Jackson, 1982; Jones ve ark., 2002). Bitki sicakliklarinin 6l¢tilmesinde, ginimiize kadar
Olciim tekniginin basit ve ekonomik olmasi nedeniyle kizilotesi termometreler daha yaygin olarak
kullanilmistir. Gilinlimiizde ise su stresini belirlenmesi ¢aligmalarinda kullanimi hizla yayginlasan
yliksek ¢ozinurlukli termal kameralar da kullanim alani bulmaktadir (Camoglu ve Geng, 2013).

Biber bitkisini anavatani Amerika kitast1 olup buradan diger kitalara yayilmistir. Gen
kaynaklarina gore biber 6zellikle gelisim ve meyve sekli agisindan 6nemli degisiklikler gdstermektedir
(Vural ve ark., 2000). Ulkemiz agisindan olduk¢a énemli bir yere sahip olan biber hemen her bolgede
yetistirilmekte ve ticari agidan da 6nemli bir potansiyele sahip oldugu bilinmektedir (Aybak, 2007).
Ulkemizde 6nemli bir Gretim potansiyeline sahip Canakkale ili 6zellikle salgalik biber iiretimiyle 2.
sirada yer almaktadir (Anonim, 2015).

Ulkemizde ve diinyada termal goriintiiler kullanilarak bitkilerin su stresinin erken teshisi
tizerine ¢alismalar hizla devam etmektedir. Bu ¢alismada, tatl biber ¢esidinde (Capsicum annuum, L.
cv. Aristocrat F1) bitki dizeyindeki 6l¢imlerden elde edilen termal gorintilerden hesaplanan
indekslerin su stresine bagli olarak degisimi ve bazi fizyolojik 6zellikler (klorofil okumalari, stoma
iletkenligi ve yaprak oransal su igerigi) ile aralarindaki iliskileri arastirilmistir. Bitki diizeyindeki
termal olctimlerden ampirik olarak Bitki Su Stresi (CWSIe) ve Stoma Iletkenligi (Ice) indeksleri
hesaplanmis ve fizyolojik 6zellikler ile aralarinda regresyon modelleri elde edilmistir.

2. Materyal ve Yontem
2.1. Arastirma alanimin 6zellikleri

Arastirma, 2017 yih yetistirme sezonunda Canakkale Onsekiz Mart Universitesi, Bitkisel
Uretim Arastirma ve Uygulama Birimi’nde yiiriitiilmiistiir.

Deneme alan1 topraklart genel olarak kumlu-tin biinyeye sahip olup etkili bitki kok
derinligindeki (0-60 cm) tarla kapasitesi, solma noktasi ve kullanilabilir su tutma kapasitesi degerleri
206.4 mm, 125.0 mm ve 81.4 mm’dir. S6z konusu kok derinligindeki hacim agirligi degerleri
katmanlara gore sirasiyla 1.49 g/cm?® ve 1.53 g/cm®’tiir. Giibre ihtiyacinim belirlenmesi i¢in alan1 temsil
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edecek sekilde farkli noktalardan 0-30 cm derinlikten bozulmus toprak Ornekleri alinmis olup
kimyasal analizi yapilmis ve elde edilen sonuglara gore giibreleme programi uygulanmaistir.

[lin en sicak aylart Temmuz ve Agustos aylaridir. S6z konusu aylardan 6zellikle de agustos
ayinda neredeyse hi¢ yagis diismemektedir. Yagislarin Onemli bir kismi1 yaz mevsimi disinda
ger¢eklesmektedir. Termal Slglimlerde kullanmak iizere deneme alanina deneme siiresince sicaklik,
bagil nem, riizgar hiz1 ve yagis degerlerini kaydeden bir iklim istasyonu yerlestirilmistir. Bunun yani
sira her 6l¢limde yerden yaklagik 1.5 metre ylikseklige ve gdlge bir alana yerlestirilen psikrometre ile
de 1slak ve kuru hava sicakliklar kaydedilmistir.

2.2. Arastirmada kullanilan bitki

Arastirmada, Aristocrat F1 ¢esidi tatli dolmalik biber (Capsicum annuum L.) kullanilmustir.
Bu biber; tiitiin mozaik viriisii de dahil olmak {izere ¢ogu hastaliga gore direngli olan, adaptasyon
kabiliyeti yiiksek ve bogum aralari kisa olan bir ¢esittir. Yaklasik olarak 8-15 cm boyunda 4 loblu olan
bu tatli dolmalik biber, kalin etli, sulu ve kokuludur. Meyveleri ortalama 380-430 gr agirligindadir.
Erken donemde yesil, olgunlukta ise kirmizi renklidir. Dikimden yaklasik olarak 70 giin sonra yesil
olarak, 90 giin sonra ise kirmiz1 olarak hasat edilir. Biber fidelerinin dikimi, 26 Mayis 2017 tarihinde,
sira aras1 70 cm ve sira lizeri 33 cm olacak sekilde yapilmistir.

2.3. Deneme deseni

Dort farkli sulama konusundan olusan ¢aligsma, istatistiksel olarak tesadiif bloklar1 deneme
desenine gore Uc¢ tekerrlrli olarak kurulmustur. Bitkilerin sulanmasinda damla sulama sistemi
kullanilmigtir (Sekil 1). S6z konusu sistemde su kaynagindan alinan su, kontrol biriminden gegirilerek
parsellerin bagina yerlestirilen vana ve su sayaglari ile denetimli olarak uygulanmistir. Damla sulama
sisteminde 33 c¢m aralikli, 4 L/h debiye sahip hat i¢i damlaticili lateraller kullanilmigtir. Caligmada ele
alinan sulama konularina ve damla sulama sistemine iliskin detaylar Cizelge 1’de verilmistir.
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Sekil 1. Deneme deseni ve sulama sistemi.
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Cizelge 1. Denemede uygulanan sulama konular

Sulama konusu Agiklama
Etkili bitki kok derinligindeki (60 cm) kullanilabilir su tutma kapasitesinin %405’
S100 e gt P
tilketildiginde sulamaya baslanmis ve tarla kapasitesi diizeyine tamamlanmusgtir.
S75 S100 konusuna uygulanan suyun %75’i verilmistir.
S50 S100 konusuna uygulanan suyun %50°si verilmistir.
S25 S100 konusuna uygulanan suyun %25’i verilmistir.

Her bir tekerriirde 5 bitki siras1 ve her siraya 20 bitki dikilmistir. Bir parselin boyutlar1 3.5 m x
6.6 m’dir. Parseller arasinda suyun gegisini Onlemek amactyla 2.1 m’lik bir alan parsel disi
birakilmuistir. Bu alanda olusabilecek adveksiyonun bitkileri ve dl¢timleri olumsuz etkilememesi icin
s6z konusu alana da bitki dikilmistir. Bu durumda her bir parsel arasina 2 bitki sirasi daha ilave
edilmistir. S6z konusu bitkilerin sulamasi ayr1 bir hat ile gerceklestirilmistir (Sekil 1).

Denemede sulama zamaninin belirlenmesi igin toprak nemi uzaktan izleme sistemiyle (Devint)
stirekli izlenmistir. Belirlenen esik degere (%40£5) geldiginde sulamalar yapilmistir. Nemin
izlenmesinde tiim konularin her tekerriiriinde 3 farkli derinlige (0-30 cm, 30-60 cm ve 60-90 cm)
sensorler (GS1, Decagon Devices, Inc., Pullman, WA, USA) yerlestirilmistir ve deneme baglamadan
Once gravimetrik esasma gore kalibrasyonlar1 yapilmistir. Su sayaci yardimi ile kontrollii bir sekilde
deneme parsellerine uygulanan su miktarlari, mm cinsinden belirlenmis olup sulanacak alan ve Ortii
ylizdesiyle garpilarak hacme gevrilmistir. Ortii yiizdesini belirlemek igin sulama &ncesinde tesadiifi
olarak segilen 5 bitkinin ta¢ genigligi sira arasina boliinmiis ve bu deger en az %30 alinmugtir.

2.4. Bitkide yapilan dl¢timler

Calismada; klorofil okumalari, stoma iletkenligi, yaprak oransal su igerigi ve termal indeksler
belirlenmistir. Yapilan ol¢timler bitkinin fenolojik donemlerine dikkate alinarak o doénem igindeki
Olclimlerin ortalamasi hesaplanarak verilmistir. Fenolojik donemler; ciceklenme donemi (C), {iriin
olusumu ve ilk hasat donemi (U), olgunlasma ve son hasat donemi (O) seklinde ele almmustir.
Ciceklenme dénemi 14.07.2017-26.07.2017 tarihleri arasinda yapilan ii¢ 6l¢iimle degerlendirilmistir.
Bu 6lgiimler sirastyla dikimden sonraki giinler (DSG) olan 49-56-61. giinde yapilan &lgiimlerdir. Uriin
olusumu ve ilk hasat doneminde (U) dl¢iimler 31.07.2017-24.08.2017 tarihleri arasinda ve sirastyla
DSG66-70-74-82-86-90’da yapilmistir. Son olarak O déneminde DSG 94-102-112-117 olmak Uzere
toplamda dort 6l¢iim yapilmis olup 28.08.2017-20.09.2017 tarihleri arasinda gergeklestirilmistir.

2.4.1. Fizyolojik dlguimler
2.4.1.1. Klorofil okumalari

Yaprakta klorofil miktarinin gostergesi olarak klorofilmetre (Fieldscout CM 1000, FieldScout
Technologies, Plainfield, IL) kullanilmustir (Sekil 2). Klorofil okumalari her sulama Oncesinde,
havanin agik oldugu giinlerde, giin ortasinda (11.00-14.00) yapilmustir. Olgiimler, her bir tekerriirden
tesadiifi olarak segilen ii¢ bitkinin gelisimini tamamlamis en gen¢ {i¢ yapraginda yapilmistir.
Yetistirme periyodu boyunca Ol¢iimler ayni 1siklilik indeksinde (BRT=4) yapilmistir (Camoglu ve
Genc, 2013).
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Sekil 2. Klorofilmetre okumalari.
2.4.1.2. Stoma iletkenligi

Stoma iletkenligi porometre (Sc-1 Porometer, Decagon Devices Inc., WA, USA) kullanilarak
Olciilmiistiir (Sekil 3). Cihaz, 5 °C ile 40 °C hava sicakliginda ve %0 ile %100 bagil nem arasinda
Ol¢lim yapabilmektedir. Stoma iletkenligi 6l¢iimleri, sulama konularina gectikten sonra, her sulamada,
sulama Oncesinde, giin ortasinda, her parselden tesadiifi secilen ii¢ bitkinin giinese bakan tarafindaki
birer yapraginda belirlenmistir.

Sekil 3. Stoma iletkenligi 6l¢iimleri
2.4.1.3. Yaprak oransal su icerigi

Deneme konularina iliskin yaprak oransal su igerigi (YOSI) Esitlik 1 yardimiyla
hesaplanmistir (Ackley, 1954). Konulara gore sulamalarin baslamasindan sonra, diger olgtimler ile
ayni glinlerde, giin ortasinda her parselden tesadufi belirlenen ii¢ bitkinin gelisimini tamamlamig en
geng yapraklarinda yapilmistir.

vosi = YA=KA 100
TA-KA (1)
Esitlikte; YOSI: Yaprak oransal su igerigi (%), YA: Yas agirlik (mg), KA: 70 °C sicaklikta 48
saat bekletme sonrasindaki kuru agirlik (mg), TA: 24 saat saf su igerisinde bekletilerek elde edilen
turgor agirlik (mg)

2.4.1.4. Termal goriintilerin elde edilmesi ve termal indekslerin belirlenmesi

Termal gorintulerin elde edilmesinde termal kamera (Fluke-Ti27, Fluke, USA) kullanilmustir.
Kameranin spektrum araligi 8-14 um, ¢oziiniirligii 240x180 ve hassasiyeti 0.05 °C’dir. Aletin
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emissivite degeri 0.98 alinmustir. Olgiimler, bir bitkinin tamamin1 gérecek sekilde yapilmistir (Sekil 4).
Bitki ta¢ sicakliklari, her sulamada, sulama oncesinde olmak iizere sulama konularinin her bir
tekerrirunde g bitkiden elde edilmistir (Jones ve ark., 2002).

I 7

_Ar- Lﬂ e i

Sekil 4. Termal goriintiilerin elde edilmesi.

Termal goriintiiler kullanilarak Esitlik 2 yardimiyla bitki su stresi indeksi (CWSI) ve Esitlik 3
ile de stoma iletkenligi indeksi (Ig) hesaplanmustir (Jones, 1999).

(Tta(; - Tlslak )
(Tkuru - Tlslak )

CWSI = @

IG _ (Tkuru _Tta(;) (3)
(Ttag - Tlslak )

Esitliklerde;

Twag: Mevceut bitkinin sicakligi (°C)

Tostak: Stressiz bitkinin sicakligi (°C)

Twurw: Tam stres altindaki bitkinin sicakligi (°C)

Stressiz ve tam stres altindaki bitkinin tahmini sicaklik degerlerinin hesaplanmasinda ampirik
yontem kullanilmistir (Monteith ve Unsworth, 1990; Cohen ve ark., 2005). Bu nedenle s6z konusu
termal indeksler CWSlIe ve lge olarak gosterilmistir.

2.5. istatistiksel analiz

Calismada, SPSS 20.0 paket programi kullanilarak varyans analizi ve Duncan testi yapilmigtir.
Analizlerde onemlilik seviyesi (P degeri) %5 almmmistir. Sulama konularmnin termal indekslerden
yararlanilarak ayrilma potansiyelini belirlemek ig¢in Simiflama ve Regresyon Agaci (CRT)
yonteminden yararlanilmistir (Breiman ve ark., 1984). Termal indeksler ile incelenen 6zellikler
arasindaki iligkilerin belirlenmesi icin regresyon analizinden yararlanilmistir. Bu kapsamda termal
indekslerden yararlanarak fizyolojik 6zelliklerin tahmini amaciyla basit dogrusal regresyon yontemi
kullanilmugtir.
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3. Bulgular ve Tartisma
3.1. Termal indeksler

Yetistirme periyodu boyunca ampirik olarak hesaplanan bitki su stresi indeksi (CWSIe), C
doéneminde 0.47 ile 0.67, U doneminde 0.41 ile 0.73, O doneminde ise 0.38 ile 0.68 arasinda
degismistir (Cizelge 2). Bitki su stresi indeksinin sifira yakin olmasi bitkinin stressiz oldugunun,
degerin bire yaklagmasi ise stresin varligini gostermektedir (Idso ve ark., 1981; Jones, 1999). Bu
durum, bu ¢alismada da belirgin sekilde goriilmiistiir. Ampirik olarak belirlenen bitki su stresi
indeksinde en diisiik deger S100 konusunda, en yiiksek deger ise S25 konusunda belirlenmistir.

Cizelge 2. Sulama konularma gére CWSIe degerlerinin degimi

Biyime dénemi*

Sulama konular1 c 0 0 Ortalama*™
S100 0.47 Cod 0.41 D od 0.38 C 6d 042D
S75 0.49 BC 6d 0.52 C od 0.49 B 6d 0.50C
S50 0.58 AB od 0.66 B 6d 0.66 A od 0.64 B
S25 0.67 Aod 0.73 Aod 0.68 A od 0.70 A

*p<0.05, 8d: 6nemli degil, Not: Her bir biiylime doneminde yer alan farkli biiyiik harfler, sulama konular1 arasindaki; her bir
konudaki farkli kiigiik harfler ise biiyiime donemleri arasindaki farki gostermektedir. C: ciceklenme dénemi, U: drin
olusumu ve ilk hasat donemi, O: olgunlagsma ve son hasat dénemi.

Konular arasindaki farkliliklar incelendiginde, sadece U déneminde konularin tamamen farkli
gruplarda yer aldig1 goriilmektedir. Ciceklenme doneminde konular birbiri iginde farklilik gdstermis
olmasina ragmen belirgin bir farklilik olusmamistir. Olgunlagma ve son hasat doneminde ise, S25 ve
S50 konular1 ayni1 grupta yer alirken, S100 ve S75 konular1 digerlerinden ayrilmistir. Bu da stresin
fazla oldugu konularin yetisme periyodunun sonuna dogru ayirt edilemedigi anlamina gelmektedir.
Ortalama degerlere bakildiginda, yine tiim konularin ayr1 sinifta yer aldigi goriilmektedir. Konularin
CWSI, degerlerinin biiylime donemlerine gore degisimi incelendiginde, higbir konuda s6z konusu
degisimin istatistiksel olarak Oonemli olmadig1 goriilmektedir. Bu durum, sulama zamanina karar
vermede ortalama degerlerin kullanilabilecegini gostermektedir.

Yapilan caligmalarda farkli bitki tiirleri icin de termal goriintilerden hesaplanan CWSI
indeksinin su stresini ayirt edebildigi vurgulanmistir. Cohen ve ark. (2005) pamuk bitkisinde termal
kamera yardimiyla CWSI indeksini belirlemislerdir. S6z konusu degerin 0.10 ile 0.58 arasinda
oldugunu ve su stresindeki artisa bagli olarak bu degerin de arttigini bildirmislerdir. Camoglu ve Genc
(2013), taze fasulye bitkisinde CWSIe indeksi 0.40 (tam sulama konusu) ile 0.88 (%75 su kisiti
uygulanan konu) arasinda bulmuslardir. S6z konusu ¢alismada hafif stresin (%25 su kisit1 uygulanan
konu) bu indeksle ile ayirt edilemedigi bildirilmistir. Ancak, bu ¢alismada elde edilen bulgularda,
S100 konusunun hafif stresin uygulandigi S75 konusundan da ayrildig: goriilmektedir. Bu durum bitki
tiirlerine veya gesitlerine gore stresin ayriminin degigebilecegini gostermektedir.

Termal &lgiimlerden hesaplanan diger bir indeks olan Ige, C d6neminde 0.50 ile 1.15, U
déneminde 0.41 ile 1.52, O doneminde ise 0.51 ile 1.97 arasinda degismistir (Cizelge 3). Ampirik
hesaplanan stoma iletkenligi indeksinde en diisiik deger sifir olup bu degere yakin olmasi bitkinin
stresli oldugunu ve bu degerden uzaklastik¢a da stresin azaldiginm ifade etmektedir (Jones, 1999). S6z
konusu durum bu ¢alismada da gerceklesmistir. En yiiksek deger S100 konusunda, en diisiik deger ise
S25 konusunda goriilmistiir. Ige indeksinin stresin fazla oldugu konular arasinda ayirt edici olmadigi
gozlenmistir. Ciceklenme donemi disinda diger iki biiyiime doneminde S100 ve S75 konular arasinda
istatistiksel agidan farkli gruplarda yer almustir (Cizelge 3). Buyime dénemlerindeki bu durumlar
ortalama degerlere de yansimistir. Sulama konularinin bilylime donemlerine goére degisimine
bakildiginda, istatistiksel agidan bir degisimin olmadig1 goriilmektedir. Bu durum, CWSI. indeksinde
oldugu gibi I indeksinde de sulama zamanina karar vermede ortalama degerlerin kullanilabilecegini
gostermektedir.
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Cizelge 3. Sulama konularina gore Ige degerlerinin degimi

Buyime dénemi*

Sulama konular1 C 0 0 Ortalama*
S100 1.15 A 6d 1.52 A dd 1.97 Add 1.58 A
S75 1.08 A 6d 0.99 B od 1.18 B 6d 1.07B
S50 0.73 B dd 0.56 C od 0.57 C od 0.60C
S25 0.50 B od 0.41Caod 0.51 Cad 0.46 C

*p<0.05, 6d: 6nemli degil, Not: Her bir biiylime déoneminde yer alan farkl biiyiik harfler, sulama konular1 arasindaki; her bir
konudaki farkli kiigiik harfler ise biiyiime donemleri arasindaki farki gostermektedir. C: giceklenme donemi, U: iiriin
olusumu ve ilk hasat donemi, O: olgunlagsma ve son hasat dénemi.

3.2. Smiflama ve regresyon agaci analizi

Termal indeksler kullanilarak sulama konularinin ayirt edilip edilemeyecegine iliskin yapilan
siniflama ve regresyon agaci analizi sonuglar1 Sekil 5’te ve siiflama matrisine ait sonuclar Cizelge
4’de sunulmustur.

1

S25
%100
P— Evet CWSle >=0.55 Hayir
2
S25
%52
S — CWSle >= 0.68 r-r-r-smmrmrmsmmemememeonney
4 6
S50
%26
-~ CWSle>=0.77 -y - CWSle >=0.63 - .

9 11

S25 S75

%17 %20

- CWsSle<0.7 - CWSle >= 0.6 r---m=-mem- .
13
S50
%15
i CWSle >=0.59 -
5 18 19 10 2 46 47 .

S50 S50 S25 S50 S75 S100
%13 96 %A %4 %11 %48

Sekil 5. Siniflama ve regresyon agaci sonuglari.

Termal indeksler ile olusturulan siniflama modelinde 47 farkli nod olusmus ve sulama
konularmin her biri farkli alt nodlarda siniflandirilmistir (Sekil 5). Bu modelde siniflamaya etki eden
tek indeks CWSIe olmustur. Diger indeks olan Ige’nin siniflandirmada etkisi olmamistir. Olusturulan
modelde CWSI. degeri 0.55’den kii¢iik oldugunda (nod 1) belirgin bigimde S100 konusu oldugu
gorilmektedir. Camoglu ve Geng (2013) yaptiklar1 ¢alismada, CRT analizi ile taze fasulyede soz
konusu degeri 0.65 olarak bulmuslardir. 0.77’ye esit veya biiyiik oldugunda S25 (nod 4), 0.63 (nod 6)
ile 0.68 (nod 2) arasinda oldugunda S50 konusunun olabilecegine isaret etmektedir. 0.63’e esit veya
kiigiik (nod 6) oldugunda S75 konusu olabilecegi, buradan da 0.59’a esit veya kii¢iik (nod 47)
oldugunda bunun S75 olabilecegi anlagilmaktadir.

Siiflama sonuglarina gore ortalama hata %41.7 olmustur (Cizelge 4). S6z konusu modelde en
fazla hata S75 konusunda elde edilirken, S100 konusundaki siniflamada hi¢ hata olmamistir. Diger bir
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ifadeyle, olusturulan bu modeldeki karar yolu kullanilarak S100 konusu diger konulardan %100 basari
ile aywrt edilebilmistir. Bu durum S100 konusuna iliskin CWSIe degerinin sulama zaman
planlamasinda kullanilabilir oldugunu gostermektedir.

Cizelge 4. Simiflama ve regresyon agaci modeline dayali olarak termal indekslere gore Orneklerin
siniflama sonuglari

Tahmin sinifi

Gergek siif S25 S50 S75 S100 Oransal Hata

S25 21 12 3 3 %46.2

S50 3 23 6 7 %41.0

S75 3 2 8 26 %79.5

S100 0 0 0 39 %0.0
Ortalama %41.7

3.3. Klorofil okumalari ve termal indeksler arasindaki regresyon modelleri

Yapraktaki klorofilin bir belirteci olan klorofil okumalar1 ile termal indeksler arasindaki
regresyon analizleri Sekil 6’da gosterilmistir. Analiz sonuglarina goére klorofil okumasi ile indeksler
arasindaki R? degerleri, C doneminde her iki indeks igin de 6nemsiz (p<0.05 diizeyinde) bulunmustur.
Ciceklenme donemindeki iligki diizeyinin oldukga diisiik olmasi, dikimden {iriin olusumuna kadar
gecen sire icerisinde yapraklardaki klorofilin su stresinden kaynakli olarak heniiz pargalanma siirecine
girmemis olmasi ile agiklanabilir. Ancak s6z konusu donemden sonra 6nemli bir artis gdstermis ve en
ylksek R? degeri U doneminde gergeklesmistir. S6z konusu donemde CWSIe ile klorofil okumasi
arasindaki iliski lge’ye gore daha iyi bulunmustur. Strachan ve ark. (2002), misirda klorofil ile yansima
degerleri arasindaki R? degerlerini sirasiyla 0.76 ve 0.81 olarak belirlemislerdir. Fujiwara ve ark.
(2004), soya fasulyesinde su stresi kosullarinda yakin kizilotesi bolgedeki yansima degerleri ile
klorofil degerleri arasinda yiiksek bir iliski elde etmislerdir.

360 - ¢ mmp Y- 123431426589 320 -
R2 = 0.05 [Gnemsiz)
340 -
0 = V=144 36376 300 -
320 - R? = 0.85 [p=<0.001)
- . =
8 300 - 0 = Y- 18397x+36057 ® 280 1
E R=069[p0001)  E _ _
% 280 - £ 260 - € mp V- 3A60601 2157
- - R* = 0.04 [Gnemsir)
g =
g 2607 g 20 - = V- 36176024861
= 240 - Z R =0.74 (p<0.001)
220 o ¥=39.233x+ 2177
220 1 RY = 0.70 (p<0.001)
200 r T ) 200 : : : :
0.30 0.40 0.50 0.60 0.70 0.80 0.00 0.50 1.00 1.50 2.00 2.50
CWsl, les
*C mi 0 *C B0 0

Sekil 6. Klorofil okumalar1 ve termal indeksler arasindaki iliskiler.
3.4. Stoma iletkenligi ve termal indeksler arasindaki regresyon modelleri

Stoma iletkenligi ile termal indeksler arasinda elde edilen regresyon modelleri Sekil 7°de
verilmistir. Analiz sonuglarma gore, R? degerleri termal indeks ve biiyiime donemleri dikkate
alindiginda 0.82 ile 0.94 arasinda olup bu degerlerin oldukga yiiksek oldugu sdylenebilir. Bu durumda,
genel anlamda her iki indeksin de tiim biiyiime donemlerinde, stoma iletkenligini tahmin etme
glcunin kuvvetli oldugu anlasilmaktadir. Biiyiime donemlerine gore elde edilen R? degerlerinin Ige
i¢cin 6nemli diizeyde degismedigi, CWSI, i¢in ise ¢igeklenmeden sonra artis gosterdigi goriillmektedir.
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Sekil 7. Stoma iletkenligi ve termal indeksler arasindaki iliskiler.

Zia ve ark. (2013), musir bitkisinde stoma ve CWSI arasindaki R? degerini 0.62 bulmuslardir.
Camoglu ve ark. (2019), domateste termal goriintiilerden ampirik olarak hesapladiklari CWSI ile
stoma iletkenligi arasindaki R? degerlerini 0.55-0.96 arasinda bulmusladir. S6z konusu iliskinin
giicliniin ilk 6l¢liimden sonra arttigini da belirtmislerdir.

3.5. Yaprak oransal su icerigi ve termal indeksler arasindaki regresyon modelleri

Yaprak oransal su igerigi (YOSI) ile termal indeksler arasindaki regresyon modelleri her bir
biiyiime donemi i¢in ayr1 olmak iizere Sekil 8’de verilmistir. CWSIe ile YOSI arasindaki R? degerleri
0.75-0.90, lge ile 0.73-0.77 olarak elde edilmistir. Cigeklenme ve O doénemlerinde her iki indeks icin
bulunan R? degerleri birbirine yakin olmasina ragmen, U doneminde CWSI, indeksinin tahmin
glcunin lg. ye gore oldukea iyi oldugu anlasilmaktadir. Bu da s6z konusu dénemde CWSI, indeksinin
YOSI tahmininde kullanilmasinin daha uygun oldugu sonucunu ¢ikarmaktadir.

100 - y=-29.033x+94.458 90 -
¢ = R =0.75 (p<0.001)
95 -
0w V- 48.187x+10368 85 1
90 - R =0.90 (p<0.001)
85 1 0 = y=-40927x+98.641 _ 801
- RY=0.79 [p<0.001) § y=90233x+70.628
§ 80 7 75 ¢ = RZ =0.77 (p<0.001)
("]
Q
:D- 75 4 - 0 wp ¥~ 11963x+65346
70 RE=0.77 (p<0.001)
70 ‘
i 0 = V-8296x+67.31
65 =3 65 RZ = 0.73 (p<0.001)
60 r T ) 60 : : )
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Sekil 8. Yaprak oransal su igerigi ve termal indeksler arasindaki iligkiler.

Camoglu ve ark. (2018), Demre ¢esidi biberde bitki su durumunun gostergesi olarak
belirledikleri yaprak oransal su igerigi ile CWSI, (vazelin ve su kullanilarak hesaplanan) arasindaki R?
degerini 0.23 olarak bulmuslardir. iki ¢alismada elde edilen R? degerleri arasindaki bu farkliliklarin,
CWSI indeksinin farkli sekilde hesaplanmasiyla ve/veya ayni bitki tiirii olsa dahi gesitlerin de etkili
olabileceginin bir gostergesi olarak agiklanabilir.
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4. Sonug

Biberde bitki diizeyinde yapilan termal ol¢limler ile su stresi diizeyinin ve hesaplanan termal
indeksler ile bazi fizyolojik Ozellikler arasindaki iligkilerin belirlenmesi amaciyla yapilan bu
calismada, ele alinan tiim 6zellikler uygulanan su stresine 6nemli tepkiler gdstermistir. Arastirmada,
incelenen termal indekslerin her ikisinde de 6zellikle ¢igeklenme doneminden sonra konular arasindaki
fark oldukga belirgin olmustur. Termal indeksler biiylime donemine gore degisiklik gostermedigi igin
S100 konusuna iligkin ortalama degerler sulamaya baslamak i¢in esik deger alinabilir. Bu durumda
CWSIe 0.42 ve lge indeksi de 1.57 olarak alinabilir. Su stresinin ayirt edilmesindeki basarilarin
degerlendirmek amaciyla yapilan siiflama ve regresyon agaci analizine gore modele sadece CWSl.
indeksi girmistir. Bu durumda, s6z konusu indeksin bu amagla kullanimimin yeterli oldugu
sOylenebilir. Model sonucunda 6zellikle S100 konusuna iliskin siniflandirmada hata olmamasi CWSIe
indeksinin sulama zaman planlamasinda kullanilabilir oldugunu goéstermistir. Biberin her bir biiyiime
donemi i¢in ayr1 ayr1 yapilan tek degiskenli dogrusal regresyon analizlerine gore termal indeksler ile
fizyolojik dzellikler arasinda (en yiiksek R?=0.94) elde edilen modellerde istatistiksel acidan énemli
iliskiler bulunmustur. Sadece klorofil okumalari ile her iki termal indeks arasindaki R? degeri
ciceklenme doneminde 6nemsiz ¢ikmustir. Ozellikle séz konusu bilyiime déneminden sonra tiim
iliskilerin gtici artmistir. Bu nedenle, incelenen fizyolojik &zelliklerin tahmininde ciceklenme
doneminden sonra elde edilen modellerin kullanimi, tahmin basarisinin artmasi acisindan Onerilebilir.

Sonug¢ olarak; biberde, bitki diizeyinde elde edilen termal indekslerin sulamaya baglama
zamaninin ve su stresinin belirlenmesinde kullanim potansiyeli oldugu ortaya ¢ikmistir. Ayrica, su
stresine bagli olarak gelisebilecek semptomlar da s6z konusu tekniklerle yiiksek dogrulukla
belirlenebilir.
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Abstract: Agricultural development is a major part of the rural development
process, and it is impossible to imagine a developed world without agricultural
development. Thus, the purpose of this study was to determine the level of
agricultural development in Tabriz rural areas and to rank them in terms of
agricultural development using Topsis, Vikor, Electre, and Copeland models. In
this study, 8 agricultural criteria including level of Education, area of fields and
orchards, mechanization level, livestock, fish farming, service-support and yield
were used. The weight of the criteria was determined by paired comparison
method and all the analysis steps were performed by Excel software and finally
GIS software was used to produce the map. The results indicated that in the
Topsis model, Lahijan was ranked first and Ajichai was the last, and in the Vikor
model, Lahijan was ranked first and Maidanchai was the last. Thus to obtain
consensus on the results of the models, Copeland method was used. Copeland's
method is a Condorcet method in which the winner is determined by finding the
candidate with the most pairwise victories. According to the Copeland model,
Lahijan and Ajichai were ranked first and sixth, respectively. The status of all the
considered rural areas was at "in developing" status. Coefficient of variation
showed that fish farming criteria (CVV=2.24) had the most distribution inequality
among the villages and rice yield criteria (CV=0) had the most suitable
distribution among the villages.

Copeland Modelini Kullanarak Tebriz'in Kirsal Alanlarinin Gelisim Diizeyini
Degerlendirme ve Siralama ve Sonuclar1 Topsis, Vikor ve Electre Modelleriyle

Karsilastirma

Makale Bilgileri

Gelis: 14.11.2019
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Oz: Tarmsal gelisme, kirsal kalkinma siirecinin 6nemli bir pargasidir ve
tarimsal gelisme olmadan geligsmis bir diinyayr hayal etmek imkansizdir.
Dolayistyla, bu calismanin amaci Tebriz kirsal alanlarindaki tarimsal gelisme
diizeyini belirlemek ve bunlar1 Topsis, Vikor, Electre ve Copeland modellerini
kullanarak tarimsal gelisme agisindan siralamaktir. Bu calismada, Egitim
seviyesi, tarla ve bahge alanlari, mekanizasyon seviyesi, hayvancilik, balik
ciftligi, servis destegi ve verim olmak iizere § tarimsal kriter kullanilmistir.
Kriterlerin agirhigr eslestirilmis karsilastirma yontemiyle belirlenmis ve tim
analiz adimlar1 Excel yazilimi ile yapilmis ve harita olusturmak i¢in son olarak
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Anahtar kelimeler GIS yazilimu kullanilmigtir. Sonuglar, Topsis modelinde Lahijan'm birinci,

Ajichai'nin en son ve Vikor modelinde Lahijan'in birinci, Maidanchai'nin

Icéoﬁfland' sonuncu oldugunu gdstermistir. Boylece modellerin sonuglari iizerinde fikir
alkinma,

birligi saglamak i¢in Copeland yontemi kullanilmistir. Copeland'in ydntemi,

EL%?{ZB‘ kazanan adayin en fazla ikili galibiyet ile bularak belirlendigi bir Condqrcet
Topsisl, yontemidir. Copeland modeline gore, Lahijan ve Ajichai sirasiyla birinci ve
Kirsal Alanlar, altinct sirada yer almistir. Tiim dikkate alinan kirsal alanlarin statiisii “gelisme
Vikor. asamasinda” bulunmustur. Degisim katsayisi, balik ¢iftligi kriterlerinin (CV =

2.24) koyler arasinda en fazla esitsizlige sahip oldugunu ve piring verim
kriterlerinin (CV = 0) koyler arasinda en uygun dagilima sahip oldugunu
gOstermistir.

1. Introduction

Regional inequalities and uneven distribution of facilities and services are characteristics of
Third World countries. In Iran, different geographical and climatic conditions have led to the
emergence of different geographical landscapes over time. As a result, different parts of the country
have resulted in inequalities in the benefits of facilities and services (Fields, 1981). Therefore,
recognizing inequalities and imbalances within different geographical areas (country, province and
city) and thus identifying differences as well as policy making to reduce inequalities are essential tasks
for development managers (Latifi, 2009).

The agricultural is one of the most important sectors of the economy because of its vital role in
ensuring food security. In the process of development of most countries, this sector has played a
decisive role in creating economic and currency surplus. Today, in some developing countries,
agricultural activities are also important in terms of employment creation. In most developed
countries, the role of agriculture goes beyond the supply of essential food and also includes the
provision of political, social and economic priorities, and is therefore irreplaceable.

The necessity of research arises from the fact that agricultural development is one of the most
important issues facing the economy and society of the country; and the role of rural areas is
undeniable in the development and survival of any country, especially developing countries. This
research can provide the appropriate tools for authorities to achieve a reasonable balance between the
rural areas. In this regard, a number of internal and external studies have been carried out, which are
summarized below:

Eslahi (2011) analyzed the level of rural development in Zanjan province using three methods:
Morris, Taxonomy and Factor Analysis. He concluded that due to the lack of comprehensive rural
development policies in rural areas of Zanjan, the development of all areas was not uniform and
resulted in the migration and destruction of facilities in these areas. AL-Hassan (2007) studied on
regional inequalities in Ghana during 1990-2000. The results showed that economic growth during this
period led to a reduction in public poverty, but since growth was mainly due to export of agricultural
products, the development gap between the northern, which could not compete in agriculture, and
southern regions widened. He suggests the attracting enough investment in less developed areas for
economic prosperity. Badri et al. (2005) studied on the development level of rural areas of Kamyaran
using the Morris method. The results showed that development coefficients were different between
Kamyaran districts and there were differences and inequality. Heidari (2012) ranked the rural areas of
Meshginshahr in terms of agricultural development levels using the TOPSIS method. The results
showed that among the rural districts studied, Gharasu was ranked first, and Noghdi district came in
last. Other researches can be mentioned to Mousavi and Sadigh, (2015); Jamshidi (2018); Pezeshki
and Zarafshani (2008); Khakpour (2006); Xuegong (2006); Sharifi and Khaledi (2009); Fayyaz Azar
et al. (2012); Kalantari (2012); and Kohansal and Rafiei Darani (2009).

The purpose of the present study is to rank the development level of rural areas of Tabriz using
agricultural development criteria using Topsis, Vikor, Electra and hybrid Copeland model.
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2. Material and Methods
2.1. Introduction to the study area

Tabriz city with an area of 2167 km? (4.8% of the total area of province) is the center of East
Azerbaijan province and its approximate altitude is 1350 m above sea level. Tabriz is bounded on the
north by Varzegan, on the east by Haris and Bostanabad, on the west by Shabestar and Osco, and on
the south by Maragheh. According to the latest national divisions of Tabriz, the city has two districts
namely central (including Sections of Maidan Chai, Sard Sahara, Ajichai and Spiran) and
Khosrowshah (including Lahijan and Akhandakand).

- b

City limits —
Section limits

Sparan

Village limits _._._

1
| Central I'he main way

Ajichay

e “_I: % Railway

K]wsmshzlh;- Downtown *r
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Figure 1. Geographical map of the study area.
2.2. Methodology

In this study, the research method is descriptive-analytical and applied. The population of a
statistical study includes Lahijan, Ajichai, Espran, Sardsahra, Maidanchai and Tazekand. A list of 8
agricultural development indices (Table 1) including literacy, horticulture, animal husbandry,
mechanization, fish farming, services—support system and yield of agricultural products were defined
using the last statistical census of East Azerbaijan province. Then, agricultural development level of
rural areas was evaluated using Vikor, Topsis, Electra and Copeland methods in Excel. GIS software
was used to draw the map. Also, the coefficient of variation (CV) was used to determine agricultural
inequality between the studied villages.
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Tablel. Agricultural Development Indices of Tabriz Villages

Indices

Variables

Ratio of non-farmers with associate degree and higher to total Literates (X1)
Ratio of farmers with associate degree and higher to total literates (X»)

Literacy

Average irrigated farming area (Xs)

Average dry-land Area (Xa)

Ratio of area under cultivation to total land use (Xs)
Ratio of fallow area to total land use (Xs)

The ratio of land area to the number of land uses (X7)

The size of the
land

Ratio of sheep and lamb to number of owners (Xs) Animal

Ratio of Goat to number of owners (Xo) husbandry

Ratio of cattle and calf to number of owners (Xio)

Ratio of buffalo to number of owners (X11)

Ratio of number of users of cold water fishes to total number of users (x12) . .
Fish farming

Ratio of number of warm water fishes to total number of users (Xi3)

Annual crop yield per ha (X14)
Wheat yield per ha (Xis)
Dry-land wheat yield per ha (Xie)
Barely yield per ha (Xi7)
Dry-land barley yield per ha (X1s)
Rice yield per ha (X19)

Performance of
agricultural
products

The ratio of garden area to total land use (Xzo)

The size of the
garden

Ratio of number of agricultural machinery repair centers to total area of lands (X1)

Ratio of the number of agricultural machinery repairmen to the total area of arable land (Xz2,)
The ratio of the number of pressurized irrigation equipment to the total area of land (Xz3)
Ratio of spare parts of agricultural machinery to total area of Lands (Xz24)

The ratio of the number of pressurized irrigation equipment stores to the total land area (Xzs)

Support service

Ratio of tractor utilization to total area (Xzs)
Ratio of number of combine to total area of land (X27)
Ratio of the number of utilizations of the trailer to the total area of arable land (X2s)

Mechanization

2.3. Multi- attribute decision making (MADM)

In this method, unlike the classical, instead of one attribute, several attributes play a role in
determining the best option. In MADM models, a number of options are analyzed according to a set of
criteria. At first, the qualitative criteria are quantified and scaled, if any (Triantaphyllou, 2000).

2.3.1. Vikor approach

Vikor's approach is applied to problems with incompatible criteria so that the decision maker
needs a solution that is close to the ideal solution. To choose the best option using this method, follow

these steps (Chatterjee & Chakraborty, 2016).

Step 1: Form the decision matrix (X;) where Xj is the function of the option (i = 1, 2, ..., m) with

respect to the attribute (j = 1,2, ..., n) j.

X1 X oo Xqp
Xo1 Xop ... Xop
_Xml Xm2 = Xmn ]

(1)
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Step 2: Normalize the decision matrix; at this stage, by standardizing the data, the range of values (Xj;)
is converted to a standard range between 0 and 1 and V;j; matrix is obtained.

Vy, Vy, o e V| )
V21 V22 VZH

v, =
_le Vi " anJ

Step 3: Determine the weight vector of the criteria; in this step, the weights assigned (wj) is
determined. The sum of the weights must be such that 0 <.wj <1and ) w; =1 are obtained.

Wz{wl,wz,...,wn} 3)

Step 4: Determine the best (Ideally Positive) and worst (Ideally Negative) value among the values for
each criterion. The best values for positive and negative criteria are calculated by equations (4,5).

£ = min, f, @

The worst values of positive and negative criteria are calculated from the equations (6) and (7).

Step 5: Calculate the ideal or useful value (S) and the anti-ideal (R) value calculated according to the
equations (6) and (7).

nofr_f (8)
s =Yw 1 U
| nZi L

{ fj*-fij} ©)
Ri =maxqw; ———

Step 6: Calculate Vikor index (Q value) that represents the distance from the ideal and is calculated
according to equation (10) and (11).

_5 _R- 10
0 =v| 2 Si +(1L+v) Ri Ri (10)
7 S —s R -R
R"=maxR,R™ =mixR,;S™ = mixS,S~ = mixS, (11)

Step 7: Sort Options by R, S, Q Values that is arranged in three groups from small to large according
to the values of R, S, Q. Finally, the first option is to be recognized as the top rank in the Q group.

2.3.2. Topsis approach

The idea of Topsis can be expressed in several steps (Kabli, 2009: 43).
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Step 1: Normalization that there are several methods. In this paper, it was used the ratio of the initial
value (a;) and the sum the initial values (eq. 12).

. aj (12)

1 m
/ 2
i=1 &

Step 2: Obtain a standard weighted matrix

W= Wy, Wy, W, (13)
Step 3: Determine the ideal positive solution vectors (V;") and the ideal negative solution (Vy).

n

A" = {(miin vilie J)(miaxvij\j € J‘)i =12,.., m}: {vl’,v;,...,v’ v’} (15)

A = i(miaxvij\j € J)(miinvij\j € J')i =1,2,...,m}: {vlvzvjv*} (14)

jorea Yy

Step 4: Calculate the distance of each option from V;*and Vj using the following equations (16-17)

@ (16)
dj = Z(Vij -vi')?
i<
n @an
dj =4 Z(Vij -v')?
i=j

Step 5: Calculate the proximity of the options to the ideal solution

. d; (18)
T
i T0;

Step 6: Rank the options that highest value is the most effective.

2.3.3. Electre approach

The steps of the Electre approach can be described as follows (Amiri and Dastani Farahani,
2013).

Step 1: Create a Normal Matrix (R).

po_ i (19)
SIS
z i (Xij)
LT 1T
r=[ &
" T
Step 2: Applying the weights of the criteria and forming the weighted matrix V using the vector W.
V=W*R (20)

Vig Vi W1*r|1 e Wy *rm
le an Wm*rml Wm*rmn
Step 3: Calculate the concordance matrix.
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Step 4: Calculate the discordance matrix, which shows non-superiority. Then, in this step, after
specifying the set of inconsistencies, we divide the criteria for the discordancy of the criteria and
divide the maximum value of the "difference between two options” by the maximum value of the
"variance difference™ in all the criteria.

_ _ (22)
Co. = Z iccii Wi
KI = n
2 Wi
- C|2 cee Cln
C=lcy — - Con
Coi " Cmna -

Based on the above mathematical relation, we form the matrix of dissonance (eq. 23).

Maxfvg —vi; (23)
jeDy

Vig = V)

jed

- d|2 dm
D,=|d; - - da,
dmI dm(n-l) -

Step 6: Identify the effective concordance matrix

Max

- d, - d,, (24)
D,=ldy - - dan
dmI dm(n—l) -

In order to have a better relative assessment of the preference of the options, the components

of the concordance matrix are compared with a threshold value to determine which of these
components exceeds the minimum threshold and meet our minimum expectations.

Step 7: Identify the effective discordance matrix

d,:Zk’“:lZ irildklkil (26)
m(m-1)

Step 8: Identifying the overall and effective matrix. In order to finally be able to come to a conclusion
on the superiority of the options, we multiply the two effective concordance matrix and effective
discordance matrix.

Oki = NG @)

Step 9: Draw the preferred grid to select preferred option.
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2.3.4. Copeland approach

The Copeland method determines the number of wins (C:) and the number of losses (3 R) for
each criterion, and finally the score that Copeland gives to each option is obtained by reducing the
number of wins (3 C) to the number of wins (3_R).

2.4. Coefficient of variation

This is used to examine the trend of inequalities in development indices across large-scale areas
that high CV indicates more inequality in the distribution of indices.

[5, Gi—x:)? (28)

\ N

Here;
Xi : The value of an index in a specific region

X . .
: Average index i
N : Number of zones

3. Results

In order to determine the level of importance (weights), each of the criteria is compared one by
one and the pairwise comparison matrix is formed and then the relative weight is calculated using this
matrix. Weights determine which criteria are most important. Euclidean vector method was used to
calculate the relative weight of the criteria.

The results given in Table 2 showed that the highest importance factor belonged to
mechanization and the least to educational sector. Among the mechanized attribute, the highest weight
was 0.086 for tractor and the lowest was 0.079 for trailer. Service-support was also of the highest
importance after mechanization and yield. The size of orchards, livestock, fish farming and land area
were placed in the next, respectively.

Table2. Weights calculated by pairwise comparison

Criterion W Criterion W
X1 0.002 X15 0.038
X2 0.006 X16 0.05
X3 0.009 X17 0.043
X4 0.013 X18 0.055
X5 0.015 X19 0.026
X6 0.014 X20 0.036
X7 0.02 X21 0.05
X8 0.023 X22 0.049
X9 0.022 X23 0.043

X10 0.026 X24 0.044
X11 0.022 X25 0.047
X12 0.017 X26 0.086
X13 0.018 X27 0.085
X14 0.062 X28 0.079

Table 3 separately evaluates the measurement of development for each method according to its
methodology, which was conducted by rural development experts. In the following, and according to
the valuations of Table 3, the status of development of studied rural area are given in table 4. As it can
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be observed, except Vikor approach, there is not difference between the method of analysis of Topsis,
Electre and Copland, and the same result is that all the rural areas are in under developing state.

Table3. Value of measuring the status of rural development using different approach

Approach Developed Relatively Under Relatively Deprived of
developed developing deprived development
Vikor 0-0.02 0.02-0.4 0.4-0.6 0.6-0.8 0.8-1
Topsis 0-0.02 0.02-0.4 0.4-0.6 0.6-0.8 0.8-1
Electre 50 to 30 30to 10 10 to -10 -10to -30 -30 to -50
Copeland 25t0 15 15t05 510 -5 -5t0 -15 -15to -25

Table4. The status of development of studied rural area using different approach

Approach Rural Areas Maidanchai Sardsahra  Espran Ajichai Lahijan Tazekand
Development 1 0133 0382 0508 1 0592
o Level
= Development . Relatively . .

status Deprived Developed developed Developing Developed Developing
o Development 4 40q 0.463 0.475 0.455 05 0.467
a Level
o
= Development Under developing

status
o Development 5 3 1 0 - 1
5 Level
2
w Development Under Developing

status

Development

e - - -
E Level 3 2 1 5 5 1
[<5]
=3 Development .
o
38 status Under developing

The results of the ranking of development level of villages are presented in Table 5. In the
Vikor approach, the lower the Qi value, the more desirable the agricultural development status of the
village is. Lahijan with the lowest Qi is in the first place and Maidanchai with the highest Qi in the last
place. In the Topsis approach, Lahijan was the first with the highest value of 0.5 and Ajichai was the
last with the lowest value of 0.455988. In Electra approach, Maidanchai with the difference of wins
and losses of 5, was positioned in the first and Lahijan in the last place.

According to table 5, different results were obtained using Vikor, Topsis and Electre approach.
Thus Copeland's method was used which is an integrated method that the winner is determined by
finding the candidate with the most pairwise victories. According to the Copeland model, Lahijan was
ranked first and Ajichai was sixth in agricultural development.

Table 5. Ranking of development level of rural areas of Tabriz using different approach

Vikor Topsis Electre Copeland
Rural district Value Rank Value Rank Value Rank Value Rank
Tazekand 0.592 5 0.467 4 1 2 -1 4
Lahijan 0.045 1 0.5 1 -4 6 5 1
Ajichai 0.508 4 0.455 6 0 4 -5 6
Espran 0.382 3 0.475 3 1 2 1 3
Sardsahra 0.133 2 0.463 5 -3 5 -2 5
Maidanchai 1 6 0.489 2 5 1 3 2

Figure 2 represent the result of ranking rural area of Tabriz from development level
perspective using Copland model. As mentioned above, to resolve the differences and conflicts
between the various rankings of the considered models in this paper, the integrated Copeland model
was used. According to this model, Lahijan was ranked first from agricultural development
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perspective; then Maidanchai, Espran, Tazekand, Sardsahra and Ajichai were ranked 2" to 6",
respectively.

Map title

Agnicultural Development
Ranking of Tabriz Villages
Using Copeland Model

Legend
Tabriz villages

Ranking of Tabriz vilages
in Capeland Model

X

I

B “L

. 0ATTS 15 225 X0
T ——

' 4

S

Figure 2. Agricultural Development of Tabriz villages in the Copeland Model.

Lahijan's superiority may be related to the high number of people with a diploma or higher
literacy, the high number of cows and calves, the high number of cold-water and warm-water fish.
Also, rice yield per ha and the number of pressurized irrigation equipment stores was the highest
among the studied villages. Other causes include the presence of two towns of Khosrowshah and
Sardrood near the village and the main road crossing the village which provides access to municipal
services. After Lahijan, Maidanchai was ranked second in due to high yield of wheat and barley per
ha, high number of repair shops and agricultural machinery repairmen. Also access to the main road
and proximity to the city of Basmang was another reason. Esperanza, Tazekand, Sardsahra and
Ajichai, which rank third to sixth, respectively, do not have access to main road compared to Lahijan
and Maidanchai districts.

According to Table 6, the highest distribution inequality is related to fish breeding index
(CV=2.24) and the most appropriate distribution is related to rice yield index (CV=0).

Table6. Coefficient of variation for all attributes of this research

Index (04 Index CVvV
X1 0.62 X15 0.42
X2 0.42 X16 0.74
X3 0.75 X17 0.44
X4 0.79 X18 0.69
X5 0.37 X19 0
X6 0.86 X20 0.67
X7 0.50 X21 0.75
X8 0.51 X22 0.79
X9 0.50 X23 1.42

X10 0.55 X24 1.26
X11 0.75 X25 1.28
X12 2.24 X26 0.98
X13 2.24 X27 0.92
X14 0.33 X28 0.86

4. Discussion and Conclusion
Agricultural development level of rural district of Tabriz was evaluated with 8 attribute and 6

rural areas. In terms of agricultural development status, they were divided into five developed,
relatively developed, developing, relatively deprived and deprived classes. According to the results of
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Topsis, Vikor and Electra models, these three methods were not concluded the similar results. In the
Topsis model, Lahijan was ranked first and Ajichai was the last, and in the Vikor model Lahijan was
ranked first and Maidanchai was the last. In the Electra model, Maidanchai was in the first place and
Lahijan in the last. Previously, Pourjavad and Shirouyehzad (2011) compared three methods of multi-
criteria decision makings called Topsis, Electre and Vikor to understand which of these methods
yields optimum result. But they also reported that these methods did not produce similar result to
methods. Finally, at present study, Copeland's method was used for consensus on the results of these
models. The results of this research are consistent with the research conducted by Nazmfar et al.
(2015). They studied on the inequality of development in Kermanshah province using the method of
SAW, Electre, Vikor and Copeland. They also reported that they obtained different results using
SAW, Electre, Vikor methods and used the Copeland method to prepare a single ranking.

According to the Copeland model, Lahijan was ranked first and Ajichai was ranked sixth. The
results of this research are consistent with the research conducted by Safari and Bayat (2012). They
reported that there is a difference and inequality between the rural areas of east Azerbaijan in terms of
development level and distribution of facilities in the villages. Another important result of their
research was the impact of communication path on rural development.

All six districts are in a state of under developing. Given that under developing regions are
limited in the production of agricultural products, sustainable agricultural is one of the necessities.
Therefore, it is necessary to pay special attention to the restoration, protection and proper use of
resources. Natural growth has led to the growth and development of the agricultural sector, otherwise
it will lead to the destruction of the agricultural sector and bring poverty. In order to achieve
sustainable agricultural development, the management structure must be reformed. Also, the
production and supply of water, the reform of the consumption pattern, marketing and production must
be considered and examined. In terms of production, under developing regions are the largest
producers of primary agricultural products. But share of them in agricultural exports is low because of
the lack of specialized knowledge and technical information and the lack of cultural infrastructure in
achieving their national production goals.

Training of human resources involved in the agricultural sector, creating motivation among
graduates majored in agriculture, empowering human capital by creating cooperatives and agricultural
trade unions, reducing the cost of products and services, increasing the quantity and quality of
products, increasing productivity of processing industry and encouraging producers to produce high
guality products with more added value will lead to optimal supply and demand and reduce
dependence on developed areas.
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produce hybrid vegetables without homozygous pure parental lines with defined
traits and high combining ability. However, the production of homozygous pure
parents needs a long time, great efforts, and high production cost. Moreover

Keywords obtaining an F1 hybrid variety takes 8-10 years with traditional breeding methods,

especially in a highly open-pollinated species such as Cucurbita spp. Doubled
Androgenesis, haploid (DH) technologies (parthenogenesis, androgenesis, and gynogenesis),
Cucurbita spp., called biotechnological breeding methods, have become an alternative to classical
Double haploid, breeding methods and provide to obtain pure lines within 1-2 years by adapting to
Gynogenesis, these technologies in F1 hybrid breeding programs. Although the DH

Parthenogenesis. technologies considered a meaningful approach to enhance the production of

valuable double haploid plants, the implementation of these techniques needs
labor-intensive efforts, high experiences, and advanced technologies. The main
objective of this review to provide a summary of DH techniques applied in the
Cucurbita species in the current progress.

Cucurbita Tiirlerinde Dihaploid Bitki Uretimine Genel Bir Bakis

Makale Bilgileri Oz: F1 gesitler sahip olduklar1 birgok iistiin zirai avantajlar sebebiyle (yiiksek
verim ve kalite, biyotik ve/veya abiyotik stress faktorlerine tolerans/dayanim,
genis adaptasyon yetenekleri v.b.) sebze iiretiminde yogun bir sekilde
kullanilmaktadir. Ozellikleri belirlenmis ve iistiin kombinasyon yetenegi sahip
homozigot saf ebeveyn hatlar olmadan hibrit gesitlerin tretilmesi miimkiin
degildir. Ancak, homozigot saf ebeveynlerin iretilmesi uzun bir zamana, yogun
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Anahtar kelimeler emege ve yiiksek yatirima ihtiya¢c duyar. Dahasi, F1 hibrit cesitlerin iiretimi

ozellikle Cucurbita tiirleri gibi yiiksek oranda yabanci tozlanan tiirlerde klasik
Androgenesis, 1slah  yontemleriyle 8-10 yil siirer. Biyoteknolojik 1slah metodlar1 olarak
Cucurbita spp., adlandirilan ve klasik 1slah yontemlerine alternatif olarak diisiiniilen dihaplod
Dihaploid, (DH) teknolojilerinin (partenogenesis, androgenesis ve gynogenesis) F1 islah

Gynogenesis,

] programlarina adapte edilmeleri sayesinde 1-2 yil igerisinde saf hatlarin elde
Partenogenesis.

edilmesi mumkindir. DH teknolojileri 1slah agisindan oldukga degerli olan
dihaploid bitkilerin elde edilmesini saglayan anlamli bir yaklasim olsa da, bu
tekniklerin hayata gecirilmesi igin yogun isgiicline, yiiksek tecriibeye ve ileri
teknolojilere ihtiyag vardir. Bu derlemenin temel amaci giincel ¢aligmalarin
is1ginda  Cucurbita tiirlerinde uygulanan DH teknikleri hakkinda bir 6zet
sunmaktir.
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1. Introduction

Cucurbita pepo L. (summer squash), Cucurbita maxima Duch. (winter squash), and Cucurbita
moschata Duch. (pumpkin) are widely cultivated species of Cucurbita genus. They are members of
Cucurbitaceae family and originated from Central and South America. These species have superior
adaptability and therefore they have spread over a wide area in the world (Wu et al., 2007). China (8
million tonnes) and India (5.1 million tonnes) are the biggest producers in the world (FAO, 2017).
Summer squashes are cultivated for their immature fruit, but mature fruits of winter squash and
pumpkin are consumed. The seeds of these species are the source of vegetable oil and used as an
appetizer (Seymen et al., 2019). The hybrids of C. maxima x C. moschata are also used as a rootstock
for melons, watermelons, and cucumbers (Karaaga¢ and Balkaya, 2013).

Today, F1 cultivars are extensively used in the production of Cucurbita species due to their
superior traits (Kurtar et al., 2016; Yesil, 2019). However, the production of invaluable pure lines,
which are the starting material of F1 hybrid breeding, needs a long breeding cycle (recurrent selfing or
sib-crossing), intense labor, experience and technology. Besides, they are not possible to reach 100%
purity by classical methods. On the other hand, completely homozygous lines are successfully gained
in a short time by adapting to DH techniques in breeding programs. DH breeding offers great
advantages to the breeders in terms of labor, cost, time and effectiveness and thus accelerates breeding
efforts on a large scale (Kurtar et al., 2009). This technique is used effectively in the Cucurbita spp.
and studies have focused on parthenogenesis (in situ irradiated pollen technique), androgenesis (in
vitro anther culture) and gynogenesis (in vitro ovule/ovary culture). Regardless of which technique is
used; the most important and crucial point of a DH study is the healthy cultivation of donor plants as
much as their genotypes. For this reason, the cultural practices (planting, fertilizing, irrigation,
ensuring suitable climatic conditions, weed control, tillage, disease, and pest management, pruning,
etc.) should be applied on time and proper manner during the growing season.

Recently, Galazka and Niemirowicz-Szczytt (2013) published a review on DH in cucurbits,
especially on irradiated pollen technigque in cucumber. Dong et al. (2016) comprehensively discussed
the effects of genotype, environment, pre-treatments, culture medium and media composition on
androgenesis, gynogenesis, and parthenogenesis in Cucurbitaceae family. Nevertheless, it is
considered that there is a need for a review that will include studies on DH technology in recent years
for Cucurbita species. In this review, methodologies and protocols of irradiated pollen technique,
anther culture, and ovule/ovarium culture are discussed in C. pepo, C. maxima and C. moschata in the
highlight of current reports.

2. DH Techniques in Cucurbita Species
2.1. Parthenogenesis (in situ pollination with irradiated pollen)
2.1.1. Irradiation, pollination, isolation and harvest

In this technique, parthenogenesis stimulated by gamma rays (Co®) or X-rays (Table 1). In the
pollination process, the most suitable physiological period of plants was determined as the beginning
or middle of the female flowering. This period is changing by growing conditions and seasons. In C.
pepo, the best pollination time May or September in greenhouse and June in open-field conditions
(Kurtar et al., 2002). June is the best pollination time in C. maxima and C. moschata species which
have to be raised at open field conditions (Kurtar and Balkaya 2010). Fruit-set rate (FSR) is an
important point in the pollination process and it ranged from 20% to 60% in C. pepo (Kosmrlj et al.,
2013). FSR was found 26.3% in C. moschata and 75% in C. maxima pollination with 0""-day (d) old
pollens (Kurtar, 2009). 4 weeks (w) old immature fruits are harvested for extraction. Otherwise, lots of
necrotic embryos were extracted from later harvests (Kurtar and Balkaya, 2010).

2.1.2. Embryo rescue, culture conditions, and regeneration
Embryos obtained from the seeds are cultured in the growth medium as soon as possible, and

solid E20A and CP medium produced better results. In general, the embryos are kept at 23 - 28 °C,
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16/8 h photoperiod and 3000 lux light intensity in the climate room until they turn into a complete
plant. Medium refreshment encourages the transformation of small embryos into the plants at 7-15 d
intervals. Considering that the genotype is the most important factor, it should be said that irradiation
doses and seasons are effective on the number of embryos and the number of haploid embryos per
fruit. The doses with the highest number of embryos ranged from 50 Gray to 300 Gy, while it was 50
Gy and 100 Gy for both pumpkin and winter squash (Table 1). The number of embryos per fruit is
between 0.8 and 39.0 in C. pepo (Kurtar et al., 2017), 1.5 and 29.0 in C. moschata (Kurtar et al.,
2009) and 1.0 and 34.7 C. maxima (Kurtar et al., 2010). Frequency of haploid embryos was 1.2, 10.4
and 0.7 in 100 seeds, 100 embryos, and fruit in C. pepo (Kurtar et al., 2002) and it was 0.24, 0.94 and
0.33 in C. moschata (Kurtar et al., 2009) and 0.11, 1.17 and 0.28 in C. maxima (Kurtar and Balkaya,
2010), respectively.

The growing season of donors is one of the important issues that affect success in the
irradiated pollen technique. In C. pepo, the best season for the obtention of the highest number of
haploid embryos per fruit was between April — June and September — November in greenhouse and
May - July in open field conditions (Berber, 2009; Kurtar et al., 2002; Bektemur et al., 2014; Kurtar et
al., 2017). Between May-August has a beneficial effect on haploid embryo frequency in C. moschata
and C. maxima (Kurtar et al., 2009; Kurtar and Balkaya, 2010).

In general, smaller embryos produced more haploid plants than larger ones. Globular to
torpedo type embryos produced 100 % haploid plants, on the contrary, cotyledon type embryos gave
only diploid plants. Otherwise, torpedo and heart-type embryos produced both haploid (53.8 % and
23.1 %, respectively) and diploid plants in summer squash (Kurtar et al., 2002; Ebrahimzadeh et al.,
2013). Similar findings were also reported in pumpkin (Kurtar et al., 2009) and winter squash (Kurtar
etal., 2010).

Table 1. DH protocols and results of irradiated pollen technique in Cucurbita species

Species Irradiation Dose and Source (IR), Fecundity (F), References
Plantlets Initiation (P), Regeneration Ploidy (P)
(R)
IR: 25-50 Gy (y) F: 16.8 p/100 em Kurtar et al., 2002
P/I: E20A + 28°C +16/8 h-3000 lux P:43.7% H, 56.3% D
IR: 100-150 Gy (y) Berber, 2009
P: E20A + 25°C + 16/8 h P:42.6% H, 57.3% D
R: MS + 25°C + 16/8 h
IR: 50-75 Gy (y) F: 34.6 p/100 em Ebrahimzadeh et al.,
M: E20A P:38.6% H, 61.4% D 2013
I: 26°C + 16/8 h-3000 lux
Summer squash  |R: 200-300 Gy (X-Ray) F:1.1-4.4 H p/100 em Kosmrlj et al., 2013
(C. pepo) P/1: E20A +23°C + 16/8 h P: 1.01% H, 97.4% D,
0.3% Tr,1.6% T
IR: 150 Gy (y) F:1.89 - 20.7 H em/100 Baktemur et al.,
P/l.CP+30gI*S+0.08mgltB12 + seeds 2014
0.02 mg I IAA + 25°C + 16/8 h P:11.0% H, 89.0% D
IR: 150 Gy (y) F:1.29-2.92 H p/100 em Kurtar et al., 2017
P/l: MS + 0.1 mg I'* IAA + 26°C + 16/8 P:2.56% H, 97.44% D
h-3000 lux
Winter squash  IR: 50-100 Gy (y) F:1.17 H p/100 em Kurtar and Balkaya,
(C. maxima) P/I: E20A + 28°C +16/8 h-3000 lux P:10.96% H, 89.04 D 2010
Pumpkin IR: 50-100 Gy (y) F: 16 p/100 em Kurtar et al., 2009
(C. moschata)  P/I: E20A + 28°C +16/8 h-3000 lux P: 0.94% H, 99.06% D

S: sucrose; h: hour; p:plant; em: embryo; H: Haploid; D: Diploid; T: Triploid; T: Tetraploid
2.2. Androgenesis (in vitro anther culture)
The best androgenic response obtained from the pollens at the middle to late uninucleate

microspore stages. Flower buds at a suitable stage are collected from healthy, well-formed and
younger donor plants at the full-flowering time, in the morning.
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2.2.1. Pre-treatments, the culture of anthers and incubation

For induction of embryogenesis, microspore development has to be switched from the
gametophytic to sporophytic pathways via specific pre-treatment conditions. Low-temperature
applications have also been reported to be essential for maintaining pollen viability (Xie et al., 2005).
In summer squash and Cucurbita interspecific hybrids, the cold pre-treatments at 4 °C for 4 d
produced the best androgenic response, otherwise, the best embryogenic response obtained from buds
that have not been pre-treated in winter squash and pumpkin (Kurtar et al., 2016) (Table 2). In many
experiments, MS medium was used with the addition of different levels of sucrose (S) and 2.4-D (2.4-
Dichloro phenoxy acetic acid).

In addition to cold treatments, in initial cultures, high-temperature shock and dark conditions
are essential to enhance androgenetic response. In C. pepo, male flower buds incubated at 35 °C for 1
w; subsequently at 25 °C for 4 w at dark. The buds were also kept 32 °C for 1 w (Shalaby, 2006), 25
°C for 4 w (Habiba, 2016) and 32 °C for 4 w (Araghi et al., 2017) at dark. Recently, Kurtar et al.
(2016) pointed out that the efficiency of microspore embryogenesis in C. moschata and C. maxima
were higher at 32 °C for 1 w at dark conditions. In Cucurbita interspecific hybrids, incubation of buds
at 35 °C for 1 w and then at 25 °C for 9 w at dark conditions was found to be optimal for embryogenic
callus induction (Table 2).

2.2.2. Callogenesis and embryogenesis,

In androgenesis, the indirect pathway is preferred and the direction of callogenesis and
microspore embryogenesis can be converted by changing the amounts of some additive substances.
Different treatments resulted in different callogenesis efficiencies and callus induction is strongly
influenced by both S, 2.4-D and BAP (Benzyl Amino Purine) concentrations. The combination of 9%
S and 1 mg It 2.4-D was optimal for callus induction and plantlet regeneration in Cucurbita
interspecific hybrids. Besides, 12% S+2 mg I* 2.4-D enhanced the callogenesis; subsequently 12%
S+2 mg It 2.4-D+0.5 mg I BAP has a positive effect on callus maturation and embryogenesis in C.
moschata and C. maxima. On the other hand, the combination of high S (15%) and 2.4-D (5 mg I*)
was to be optimal for callogenesis in C. pepo, while this combination inhibited the callogenesis in
Cucurbita interspecific hybrids (Table 2). It is reflected that a combination of relatively higher S and
2.4-D is superior for the induction of microspore embryogenesis in Cucurbita species.

Induction medium consists of different amounts of KIN (Kinetin) (0.05-0.5 mg I), NAA
(Naphthalene Acetic Acid) (0.05-0.5 mg I'Y) and BAP (1-4 mg I'). The calli are incubated in a growth
chamber at different temperatures (22-26 °C), photoperiods (12/12-16/8 h), light intensities (1000-
3000 lux) and durations (4-6 w). Embryoids can be seen (particularly globular type embryos) in callus
surfaces within 4 - 6 w, and the plantlet initiation observed from some embryos within 7 or 8 w of
culture (Kurtar et al., 2016). To maintain the viability and maturation of calli and induction of
embryogenesis, media refreshment is a crucial point, thus calli should be subcultured at 7-10 d
intervals.

2.2.3. Recovery of embryos and regeneration

When the embryogenic plantlets reach visible size are gently transferred to the regeneration
medium as soon as possible. MS medium supplemented with 0.01 mg It IAA (Indole Acetic Acid)
(Kurtar et al., 2016) and 1 mg I IBA (Indole Butyric Acid) (Mohamed and Refaei, 2004) or without
growth regulators is used for root and shoot elongation. Considering that each plant obtained comes
from different pollens and have a different genetic structure, it is very important to keep all plants
alive. Rooted and elongated plants were individually transferred onto fresh MS medium.

Donors play a predominant role and genotypes and species show a wide range of androgenetic
responses. Some genotypes produce a good response, while others were extremely poor or non-
responsive. The reason for these very variable results may be due to genetic structure and genotype-
environment interactions. Concerning species and genotypes, C. pepo shows a higher androgenic
response than C. moschata and C. maxima. The highest rate of embryogenic calluses (38.7 %) and the
number of plantlets per callus (8.9) were obtained from C. pepo cv. Yellow Bik F1, while some
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genotypes non-respond (Shalaby, 2006). Likewise, Cucurbita interspecific hybrid gave the optimal
results (7.5 plants/callus) than the cultivars, and these findings have revealed that hybridization
process presented more successful results (Rakha et al., 2012). On the other hand, C. maxima (var.
57S121) showed higher haploid plants/callus results (2.48) than C. moschata (var. G9) (1.26) (Kurtar
et al., 2016). Besides, Mohamed and Refaei (2004) proved that the season has also great importance in
embryogenesis, and November (260 plants) was better than March (118 plants) in C. pepo.

Table 2. DH protocols and results of anther culture technique in Cucurbita species.

Pre-treatments (P) / Culture (C) / Incubation -

Fecundity (F),

Species Callogenesis (1) / Embryogenesis (E) / Ploidy(P) References
Regeneration (R)
P: 4°C for 4 d; C: MS+15% S+5 mg I 2.4-D
I: 35°C for 1 w+25°C for 4 w, subculture 25°C for ~ F: 1.93 p/anther Metwally et
4w at dark; E: MS+0.057 mg It KIN+0.05 mg I'* o 1998>;
NAA+25°C+16/8 h-1000 lux z+4 w ; P: 50% H, 50% D N
R: MS+25°C+16/8 h-3000 lux+4 w
P: 4°C for 4 d; C: MS+12% S+5 mg |1 2.4-D
I: 35°C for 1 w+25°C for 4 w at dark P D Kurtar et al.,
E: MS+0.23 mg It KIN+0.27 mg It NAA ' 1999
R: MS+25°C+16/8 h-3000 lux+4 w
P: 4°C for 4 d; C: MS+10% S+6 mg I 2.4-D
I: 35°C for 1 w+25°C for 4 w, subculture 25°C for  F: 0.13 — 2.6 p/anther
Summer 4 w at dark; E: MS+0.05 mg It KIN+0.05 mg I Mohamed and
squash NAA, 25°C+16/8 h-3000 lux+4 w; P: 60% H, Refaei, 2004
(C. pepo R: MS+4 w, then MS+1 mg |1 IBA+25°C+16/8 h- 13% D, 17% A

3000 lux

P: 4°C for 4 d; C: MS+10% S+5 mg I'* 2.4-D

I: 32°C for 1 w+25°C for 4 w at dark;

E: MS+0.05 mg I KIN+0.05 mg It NAA, 25
°C+16/8 h-3000 lux+4 w ; R: MS+25°C+16/8 h-
3000 lux+4 w

F: 0.0 — 8.90 p/callus

P:48.3% H, 51.7% D

Shalaby, 2006

P: 4°C for 4-7 d; C: MS+9% S+2 mg 11 2.4-D

I: 25°C for 4 w at dark; E/R: MS+0.5 mg I F: Calli and shoots Habiba, 2016
KIN+0.5 mg I'* NAA+ 22°C+16/8 h for 6 w
P: 4°C for 4 d; C: E20A+9% S+2.5 mg |1 2.4-D+1 E: Calli Araghi et al.,
mg It BAP; |: 32°C for 4 w at dark, ) 2017
I: 32°C for 1 w at dark
C: MS+12% S+2 mg 12 2.4-D for 1 w, then F-0.0—248 H
Winter squash MS+12% S+2mg | 2.4-D+0.5 mg I BAP for 3-5 P./céllus . Kurtar et al
(C. maxima) w at 1500 lux; E: MS+4 mg I BAP+0.05 mg I* 2016 N
' NAA, 26 °C+12/12 h-1500 lux+1 w, then P 50% H. 50% D
26°C+16/8 h-3000 lux+3-5 w; R: MS+0.01 mg I ' '
IAA+26°C+16/8 h-3000 lux
I: 32°C for 1 w at dark; C: MS+12% S+2 mg I
2.4-D for 1 w, then MS+12% S+2 mg I 2.4-
Pumpkin D+0.5 mg It BAP for 3-5 w at 1500 lux; F: 0.0 - 1.26 H p/callus Kurtar et al
(C. moschata) E: MS+4 mg It BAP+0.05 mg It NAA, 26 2016 N
°C+12/12 h-1500 lux+1 w, then 26°C+16/8 h- P: 37.5% H, 63.5% D
3000 lux+3-5 w ; R: MS+0.01 mg It IAA+
26°C+16/8 h-3000 lux
P: 4°C for 4 d ; C: MS+9% S+1 mg I 2.4-D .
%Eglrjsrbita I: 35°C for 1 w then 25°C for 9 w at dark EIISA?IJSIE) Rakha et al
: e E: MS+0.05 mg I KIN+0.05 mg I't NAA+25-C+ . N
interspecific . P: 50% H, 50% D 2012
hybrids) 16/8 h-3000 lux+4 w;

R: MS+25-C+16/8 h-3000 lux+4 w

S: sucrose; h: hour; d: day; w: week; p:plant; H: Haploid; D: Diploid; A: Aneuploid
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2.3. Gynogenesis (in vitro ovule/ovarium cultures)

Gynogenesis has been one of the most studied and popular DH technique and presented
remarkably results in recent years. In gynogenesis, the maturation phase of female flowers is strongly
effective in the embryogenic division. In the case of the appropriate flower stage, previous reports
have expressed different arguments in Cucurbita species (Table 3). As a consequence, nearly mature
or mature ovaries produced favorable results in Cucurbita species.

2.3.1. Pre-treatments, culture of ovules or ovarium slices and incubation

In gynogenesis, ovary slices or ovules were used for embryogenesis in squash, winter squash
and pumpkin. Ovules and ovary slices are cultured with or without pre-treatments. Shalaby (2007) and
Domblides et al. (2016) recommended cold pretreatment at 4 °C for 4 d in summer squash. However,
the embryogenesis was significantly reduced at the cold treatments, and untreated controls produced a
higher embryogenic response in summer squash, pumpkin and six interspecific Cucurbita hybrids.
Besides, pre-treated ovaries at 5 °C for 2 d produced the optimal embryogenesis. In light of these
findings, it is clear that untreated ovaries provide better results. MS medium has been reported as the
most suitable initial medium. CBM and N6 media were also used for initiation. MS medium was used
with the addition of different levels of S, 2.4-D, NAA, BAP, KIN, TDZ (Thidiazuron), EBL
(Epibrassinolide) and polyamines (Spermidine and Putrescine) (Table 3).

In addition to cold treatments, in the initial cultures, high thermal shock in dark conditions
(incubation) is essential to enhance gynogenetic response. In C. pepo, Metwally et al. (1998b) and Xie
et al. (2006) incubated female flower buds at 25 °C for 4 w in dark. The ovaries were also exposed to
35 °C for 1 w (Y1lmaz, 2005), 32 °C for 4 d (Domblides et al., 2016) and 32 °C for 4 d (Shalaby, 2007)
at dark. Recently, Zou et al. (2020) proved that the gynogenetic response remarkably enhanced at 35
°C for 5 d at dark; similarly, Kurtar et al. (2018) obtained favorable results at 35 °C for 3 d at dark
conditions in C. moschata and C. maxima. Thermal shock induces the greenish calli form,
embryogenesis and plantlet initiation in pumpkin. On the other hand, in Cucurbita interspecific
hybrids, incubation of ovaries at 25 °C for 1 w in dark was found to be optimal for embryogenesis
(Table 3).

2.3.2. Callogenesis and embryogenesis,

In gynogenesis, the indirect pathway preferred in Cucurbita species. Different treatments
resulted in different callogenesis efficiencies and callus induction is strongly influenced by both S and
PGR’s concentrations. In callus induction media, 2.4-D is essential for callogenesis and used at 1 - 5
mg I concentrations. To induce the embryogenic greenish calli form, 0.5 mg I BAP should be added
initially of the culture (Kurtar et al., 2018). In Cucurbita species, 3% S concentration produced the
highest percentage of embryogenesis. Besides, Shalaby (2007) found that higher S concentrations
(over 6%) do not produce embryos. Conversely, Kurtar et al. (2018) proved that higher S
concentration (12%) induced the embryogenic calli in C. moschata and C. maxima.

In callogenesis, 12% S+2 mg I 2.4-D+35 °C for 3 d at dark enhanced the callogenesis;
subsequently, calli were subcultured on callus maturation media (12% S+2 mg I 2.4-D+0.5 mg I
BAP+26 °C +12/12 h-1500 lux) for 1 w, then 16/8 h-1500 lux for 3-5 w has a positive effect on
embryogenesis in C. moschata and C. maxima (Kurtar et al., 2018). 3% S+1 mg I 2.4-D+25 °C for 8
w was optimal for callus induction in Cucurbita interspecific hybrids (Rakha et al., 2012). These
results proved that the maturation of calli has an indicative role in embryogenesis and 2.4-D can be
used in combination with other PGR’s to increase gynogenetic response. The media should be
refreshed 7-10 d intervals.
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Table 3. DH protocols and results of ovule/ovarium cultures in Cucurbita species.

Collecting Time (CT), Pre-treatments (P), Fecundity (F), Ploidi (P)

Species Culture (C), Incubation - Callogenesis (1), References
Embryogenesis (E), Regeneration (R)
. . D A0 .- -1
g};;_dﬁggg)f-of- 44WCa‘;°Ja(r’k‘f' » C:MS+5mg | F:88-9.1p/1000  Metwally et
nron ’ P:25% H, 75% D al., 1998b

E: MS+25°C+ 16/8 h+4 w; R: MS

CT: A (OS); I: 35°C for 1 w at dark;
E: CBM+3% S+0.1 mg I TDZ+25°C+16/8 h-1600

lix+ 4 w; R: CBM+0.5 mg I'- BAP+0.05 mg I F: Calli Yilmaz, 2005
NAA
CT:1dBA (0O); P: 4°C for 0d; I: 25°C for 4 w at
Summer  dark; E: MS+3% S+4 mg |1 2.4-D+0.25 mg I* P-H D. M Xie et al.,
squash NAA+1 mg It BAP; T 2006
(C. pepo R: N6+2% S
CT:1d BA (O); P:4°C for 4 d at dark
C/l: MS+1 mg I* 2.4-D+25 °C+16/8 h+4 w F:3-14p/250 Shalaby,
E: MS+3% S+1 mg I'* KIN+1 mg I 2.4-D+25°C P: 65% H, 35% D 2007
+16/8 h-3000 lix+4 w; R: MS
CT:1dBA (0O); P: 4°Cfor4d; C: MS+3% S+ 2
mg It 2.4-D; I: 32°C for 4 d at dark; E: MS+0.2 mg F:0.23-8.5p/100 O Domblides et
I TDZ+0.0001 pM EBL; P:H M al., 2016
R: MS
CT: A (O); C: MS+12% S+2 mg I 2.4-D;
I: 35°C for 3 d at dark, then MS+12% S+2 mg I F: 0.0 — 3.72 p/per callus
2.4-D+0.5 mg I BAP+26°C +12/12 h-1500 lux for Kurtar et al
Winter 1 w, then 16/8 h-1500 lux for 3-5 w at light ; E: P: 57.4% H, 37.2% D, 2018 v
squash MS+4 mg I BAP+0.05 mg I NAA+ 0.1 mg I 5.3% M
(C. maxima) TDZ+26°C +16/8 h-3000 lux ; R: MS+0.01 mg I*
: IAA+1 mg I': BAP
CT: 1d BA (0S); P: 4°C for 0.d ; I: 35°C for 5 d at F:00-5.67p/1000S = Zouetal,
dark; E: MS+3% S+1 mg I': BAP+8 w; R: MS P: 18.64% H, 3.40% M, 2020
T T 32.20% D, 45.76% T
CT:1dBA (0S) ; C: MS+3% S+4 mg I* 2.4-D+0.5 Sun et al
mg I NAA+0.5 mg I BAP; - Emb ic struct 2009 N
I: 35°C for 6 d at dark; E/R: MS+3% S+0.5 mg I - =Embryogenic structures
NAA+0.5 mg I BAP
CT: A(O); I. 35°C for 5 d at dark ; P H D Min et al.,
E: MS+3% S+0.04 mg I TDZ ; R: MS Y 2016
CT: A (O); C: MS+12% S+2 mg I 2.4-D
Pumpkin I: 35°C for 3 d at dark, then MS+12% S+2 mg I
(C 2.4-D+0.5 mg I BAP+26°C+12/12 h (1_500 lux) for ~ F:0.0-2.12 p/per callus
moschéta) 1 w, then 16/8 h-1500 lux for 3-5 w at light ; E: P:57.1% H, 39.3% D, Kurtar et al.,
MS+4 mg I BAP+0.05 mg I NAA+0.1 mg I 3.6% M 2018
TDZ;
R: MS+0.01 mg I'* IAA+1 mg I"* BAP+26 °C+16/8
h-3000 lux
CT:1d BA(O) ; C: MS+5 mg I 2.4-D+40 uM £ Calli Kara and
Spermidine+40 uM Putrescine ) Sari, 2019
CT:1dBA (0OS); P: 4°C folr 0d;I:35°C for 5d at PFl%%jg()l: ng%oo/ﬁ\?l Zouetal.,
dark; E: MS+3% S+1 mg I BAP+8 w; R: MS 32.20% D, 45.76% T 2020
Others CT:1dBA (0O); P: 4°Cfor0d; I: 25°C for 1 w at .
(Cucurbita  dark: C/E: MS+3% S+1 mg I 2.4-D+25°C+16/8h - F?;%aofj:ig&og O Ra"gglezt al.,

hybrids) for 8w; R: MS

O: ovule; OS: ovary segment; A: anthesis; BA: before anthesis; S: sucrose; h: hour; d: day; w: week; p:plant; H: Haploid,;

D: Diploid; M: Mixoploid; T: Tetraploid
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2.3.3. Recovery of embryos and regeneration

Plantlets at the suitable size (4 — 6 mm) are transferred to the regeneration medium as soon as
possible to prevent embryo losses. Standard MS medium is widely used for regeneration. On the other
hand, plantlets are rooted and elongated on MS+0.01 mg I* IAA+1.0 mg I BAP (Kurtar et al., 2018),
MS+0.5 mg It NAA+0.5 mg I'X BAP (Sun et al., 2009) and N6+2% S (Xie et al., 2006). Well rooted
and elongated plants were individually subcultured onto fresh MS medium for further development.
The gynogenetic response is closely related to the genetic structure of the genotypes, and varied
between species and cultivars. Some genotypes produce a good gynogenetic response, while others
were poor or non-responsive.

3. Micropropagation, Acclimatization and Ploidy Determination

3-4 w old in vitro plants micro-propagated for 2-3 times. Thus, plant losses are prevented and
the desired number of clones is reproduced from each plant for acclimatization, ploidy determination,
and chromosome doubling processes (Kurtar et al., 2016). Then, micro-propagated clones acclimatized
as described by Kurtar and Balkaya (2010).

The plantlets obtained from double haploidy processes have different ploidy levels such as
haploid, diploid, tetraploid, aneuploid and mixoploid. Disturbances in the ploidy level associated with
the diploid anther tissues (especially the anther wall lead to the development of diploids plants),
spontaneous duplication, and irregular meiosis. Besides, spontaneous DH lines are valuable because
they do not need chromosome doubling (Alan et al., 2003). The ploidy level of plantlets is determined
by indirect (flow cytometry, morphological observations and cytological analysis) and direct
(chromosome counting in root tips) methods in Cucurbita spp. Isozyme analysis could also help to
determine the origin of spontaneous DH plants (Kosmrlj et al., 2013).

Flow cytometry (FCM) is used as a technique to determine the ploidy level according to the
amount of DNA in the cell. Ploidy levels of DH plants were determined by FCM in C. pepo
(Ebrahimzadeh et al., 2013; Kosmrlj et al., 2013) and C. moschata and C. maxima (Zou et al., 2020).
Although FCM is a very reliable and exhibiting accurate result in ploidy determination, requires
special techniques and equipment. Morphological observations such as leaf and flower shape and
sizes, pollen production, internode length, and fruit-set are used for determining the putative haploid
and diploid plants in Cucurbita spp. But, this method takes a long time because needs an appropriate
growing period and conditions (Kurtar et al., 2016). In cytological analyses, the 4" or 51 leaves from
shoot apex were used to measure stomata size, stomata density and chloroplast number. This technique
is not time-consuming, simple and low cost (Kurtar et al., 2002). Chromosome counting in root tips of
in vitro and in vivo plants was used in C. pepo, C. moschata and C. maxima.

As a consequence, all methods can be used safely, but chromosome counting is tedious,
morphological observations take a long time and FCM is expensive, do not reach easily, and labor-
intensive, thus stomatal observations, as a simple and more practical technique, seems to be
recommendable for determine the putative haploid and diploid plants in Cucurbita spp.

4. Chromosome Doubling (Dihaploidization)

The haploid plants produced via irradiated pollen technique, androgenesis and gynogenesis are
sterile due to they have only one (n) set of chromosomes. Therefore, the chromosome numbers must
be multiplied to restore the ploidy, fertility and maintain the dihaploid lines in a DH effort. In general,
chromosome doubling realized by in vitro and in vivo techniques and colchicine (CL) is the mainly
used anti-mitotic agent. Besides, trifluralin, amiprophos methyl, and oryzalin have been reported as
alternative antimitotic agents for colchicine due to less phytotoxicity, high efficiency at low
concentration, and insignificantly morphological abnormalities (Alan et al., 2007). In Cucurbita spp,
the first comprehensive methodology was reported by Kurtar (2018) in winter squash and pumpkin
and the highest fertile DH efficiency (93.3%) was obtained from in vivo multiple treatments of 1%
colchicine for an hour to shoot tips of haploid plants.
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5. Conclusion and perspective

It is quite obvious that DH efficiency of irradiated pollen, ovule/ovary culture, and anther
culture has not expected level in Cucurbita yet. However, the most important factor preventing the
widespread use of these techniques is that they are genotype-dependent and the haploid frequency
shows a great variation among the genotypes. However, when an evaluation is made among these
three methods, it is possible to say that the irradiated pollen technique is more advantageous than the
others for Cucurbita F1 hybrid breeding. Besides, to improve these techniques, further studies should
focus on fecund genotypes, profitable PGRs and their combinations, pretreatments, culture procedure
(stress treatments), and culture conditions (especially light intensity). In low-frequency genotypes, the
frequency should be increased by hybridizing with high-frequency genotypes. On the other hand, as an
alternative technique, isolated pollen culture should be adapted to the DH program quickly.

In line with the agronomic targets in the cultivar breeding of vegetable species, DH technology
offers great advantages to today's breeders and scientists dealing with biotechnology. With the
development and optimization of DH techniques in the future, the breeding period will be shortened
and the breeding efficiency will increase in many vegetable species. This should be considered as a
great advantage, especially in countries that are still dependent on the outside in terms of vegetable
seed production. Vegetable seed breeding organizations that stand out in seed production have
established tissue culture laboratories and included DH technology in their breeding programs. When
DH technology is combined with biotechnology and some other breeding methods (mutation breeding,
backcrossing, F1 hybrid breeding) success in breeding will further increase and will play a decisive
role in future vegetable breeding studies.
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bakterilerin (EB) karakterizasyonunu yapmak ve bazi bitki patojeni bakterilere
kars1 antagonistik etkiye sahip olanlarini belirlemektir. Bu amagcla, Van ili ve
civarinda yaygin olarak yetistirilen bazi kiiltiir bitkilerinden fide ve vejetatif
donemde alinan &rneklerin yogun yiizey sterilizasyonuna tabi tutulan kok, govde,
stirgiin ve yaprak dokularindan 191 endofitik bakteri (EB) izole edilmistir. Elde
edilen bu izolatlarin PGPR markérlerinden olan; azot fiksasyonu kabiliyeti, fosfati
¢dziindirme kabiliyeti, aminosiklopropan-1-karboksilat deaminaz (ACC-d)
Gretimi, indol-3-asetik asit (IAA) {iretimi ve siderofor iretimi agisindan in-vitro
karakterizasyonlar1 yapilmustir. Izolatlarin %58.97unun gram (-), %41.1’inin gram
(+) oldugu tespit edilmistir. V33K1, V35Y1, V34G1, V17G2, V30Y3, V38K1,
V17K1 ve V36Y2 kodlu EB izolatlarinin azot fiksasyonu disinda diger tiim
kategorilerde aktivite gosterdigi tespit edilmistir. 25 izolat 3 farkli kategoride, 59
izolat 2 farkli kategoride, 67 izolat sadece 1 kategoride aktivite gosterirken, 21
izolat hicbir kategoride etkinlik gosterememistir. Ayrica V30Y3 ve V30G2 kodlu
izolatlarin bitki patojeni 7 farkli bakteri izolatina kars1 antagonistik etkiye sahip
olduklart belirlenmigtir. Tartili derecelendirme puanlarina ve antagonistik
etkilerine gore secilen izolatlarim 16s rDNA dizi analiz sonuglar1 ile V40K2’nin
Bacillus velezensis (MN186863), V30Y3’lin Bacillus megaterium (MN187955),
V30G2’nin  Pseudomonas caspiana (MN128080), V31Y4’nin Pantoea sp.
(MT249279) ve V33K2’nin Bacillus sp. (MT249109) oldugu belirlenmistir.
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Abstract: This study aims to characterize endophytic bacteria (EB) isolated from
various cultivated plants and to identify isolates that have an antagonistic effect
against some plant pathogenic bacteria. For this purpose, 191 endophyte bacteria
(EB) were isolated from root, stem, shoot, and leaf tissues, which were subjected
to intensive surface sterilization of samples taken from seedling and the vegetative
period from some cultivated plants widely grown in Van province and its vicinity.
In-vitro characterizations of these isolates were made in terms of nitrogen fixation
ability, phosphate solubility ability, aminocyclopropane-1-carboxylate deaminase
(ACC-d) production ability, indole-3-acetic acid (IAA) production ability and
siderophore production ability which are PGPR markers. It was determined that
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Keywords 58.9% of the isolates were gram (-), and 41.1% were gram (+). It was revealed that

) EB isolates with codes V33K1, V35Y1, V34G1, V17G2, V30Y3, V38K1, V17K1,

ﬁstgg%f}?mase' and V36Y2 showed activity in all other categories besides nitrogen fixation.
1sim,

Twenty-five isolates were active in 3 different categories, 59 isolates were in 2

Phosphate solubilizing, different categories, and 67 isolates were active in only one category. In contrast,

Indole-3-acetic acid,

21 isolates were not active in any category. It was also determined that isolate
PGPR
Sidero’phore, V30Y3 and V30G2 had an antagonistic effect against seven different plant
Van. pathogenic bacterial isolates. The 16s rDNA sequence analysis of the isolates

selected according to weighted grading scores and antagonistic effects identified
the isolates with codes V40K2, V30Y3, V30G2, V31Y4, V33K2 as Bacillus
velezensis (MN186863), Bacillus megaterium (MN187955), Pseudomonas
caspiana (MN128080), Pantoea sp. (MT249279) and Bacillus sp. (MT249109),
respectively.

1. Giris

Siirdiiriilebilir tarim kavrami, iiretimde agronomik, c¢evresel, sosyal ve ekonomik boyutlari
dengelemeyi hedefleyen bir yaklasimdir (Turhan, 2005). Entansif tarim uygulamalarinin ekosisteme
verdigi zararlar disiiniildiigiinde, tarimda siirdiiriilebilir iiretim modellerinin gelistirilmesi ve
yayginlagtirtlmas1 hayati 6nem arz etmektedir. Yapilan arastirmalar toprak mikroflorasinda, bitki
ylizeyinde ve ig¢sel dokularda bulunan birgok mikroorganizmanin bitki gelisimini tesvik edebilecegini
veya hastaliklart baskilayarak verim artis1 saglayabilecegini gostermektedir (Hardoim ve ark., 2008;
Hardoim, 2011). Bu etkilere sahip ve bitki i¢in olumsuz etkisi olmayan bakteriler “bitki gelisimini tesvik
eden rizobakteriler” (Plant Growth Promoting Bacteria-PGPB) olarak ifade edilmektedir.

PGPR iiyesi bazi bakteriler bitkilerin i¢sel dokularinda kolonize olabilmektedir. Bunlar
Endofitik Bakteriler (EB) olarak adlandirilmaktadir. Birgok tanimi olmakla birlikte genellikle; ylzey
dezenfeksiyonu yapilmis bitki dokularindan veya bitkilerin i¢ kisimlarindan izole edilebilen, bitkilerin
vaskiiler dokulari ile bitkinin tamamina yayilabilen, konukguya zarar vermemek suretiyle yasaminin en
azindan bir boliimiinii bitki biinyesinde geciren mikroorganizmalar olarak tanimlanir (Hallmann ve ark.,
1997; Azevedo ve ark., 2000; Rosenblueth ve Martinez-Romero, 2006; Ryan ve ark., 2008; Hardoim ve
ark., 2008). EB’in bitkilerdeki yaygimliginin belirlenmesi i¢in yapilan ¢aligmalarda test edilen tiim bitki
tirlerinin i¢ dokularinin mikroorganizmalar tarafindan kolonize oldugu tespit edilmistir (Surette ve ark.,
2003). EB’ler bitki saglig1 ve gelisimine PGPR ile benzer mekanizma ve sekilde katki saglayabilirler.
Genel olarak PGPB veya EB’ler bitkinin gelisimini veya verimini dogrudan ya da dolayli olarak
etkileyebilmektedir (Saharan ve Nehra, 2011; Pieterse ve ark., 2014). PGPR’lar bitki gelisim
hormonlarini iiretebilir veya fotosentezi arttirabilirler (Van Loon 2007; Pieterse ve ark., 2014). Bitkideki
strese bagli artan etilen seviyesini azaltarak (Glick, 2014), besin elementlerini bitkinin kullanabilecegi
forma doniistiirerek ve bitkinin direng mekanizmalarini uyararak bitkiye direkt olarak katkida bulunurlar
(Antoun ve Prévost 2006; Saharan ve Nehra 2011). Bununla birlikte, antagonizm, rekabet veya savunma
sistemlerini uyarma yoluyla bir biyokontrol ajam olarak hareket edebilir veya faydali simbiyotik
iliskileri tesvik ederek ya da ksenobiyotikleri etkisizlestirerek bitkiye dolayl olarak katki saglayabilirler
(Antoun ve Prévost, 2006; Saharan ve Nehra, 2011).

Yukarida bahsedilen mekanizmalarin yani sira diger epifitik PGPR’lardan farkli olarak EB’ler
bitki i¢ dokularinda yasamalarindan dolay:1 bitkiyle daha yakin bir iliski kurabilir ve urettikleri
metabolitler bitki tarafindan dogrudan algilanabilir. Ayrica kolonizasyonlarmnin bitkinin belirli bir
bolgesi ile smirli olmamasi (rizosfer gibi) ve iletim sistemleri yoluyla diger dokulara taginmalari
patojenlerle her alanda ve bircok mekanizmayla miicadele olanagi saglamaktadir (Rosenblueth and
Martinez-Romero, 2006; Hardoim ve ark., 2008). Diger yoniiyle EB’lerin bitki i¢inde kolonize olmalari
dis ortamda gelisimlerini sinirlandiran biyotik ve abiyotik faktdrlerden korunmalarini saglayabilir ve
uzun siire bitkide varliklarini siirdiirmelerine yardimei olabilir (Rosenblueth ve Martinez-Romero, 2006;
Mercado-Blanco ve Lugtenberg, 2014).

Bu avantajlarindan dolayr EB’in tarimsal iiretime aktarilma galigmalari her gecen giin
artmaktadir. Bu amag ile EB’lerin bazi markor 6zelliklerinin in-vitro testler ile belirlenmesi yolu ile 6n
secimleri yapilmaktadir. Bunlar arasinda 6zellikle Azot fikse etme, fosfor alimini kolaylastirma, 1-
aminoklopropan-1-karboksilat deaminaz (ACC-d) tretimi, indol-3-asetik asit (IAA) tretimi ve siderofor
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iiretimi, hedef patojenlere karsi antagonistik etki gibi bazi1 karakterler 6n plana ¢ikan bazi 6zelliklerdir.
Ayrica bu markorlerin in-vitro ¢alismalar ile taranmasi in-vivo ¢alismalardaki yiiksek maliyet, emek ve
zaman kaybini azaltmada ¢ok 6nemlidir. Bdylece bu siire¢ sonunda in-vivo testlere alinan aday izolatlar
icinden hedeflere uygun adaylari belirleme sans1 arttirilmaktadir.

Yiiriitiilen bu ¢calismada Van Golii Havzasinda yaygin olarak yetistirilen kiltiir bitkilerinden EB
adaylarinin izolasyonu, karakterizasyonu ve tanilanmasi hedeflenmistir. Elde edilen izolatlarin azot
fikse etme kabiliyetleri, fosfat1 ¢oziindiirme kabiliyetleri, ACC-d, IAA ve siderofor uretimleri in-
vitro’da arastirilmistir. Karakterizasyon testlerinin degerlendirilmesi i¢in tartili derecelendirme yontemi
kullanilmis ve en basarili bulunan izolatlar bitki patojeni bakterilere karsi antagonistik etkileri in-vitro
calismalarla belirlenmistir. Umitvar bulunan izolatlarn tamlanmasi 16s rRNA dizi analizi ile
yapilmustir.

2. Materyal ve Yéntem
2.1. Endofitik bakterilerin izolasyonu

Endofit bakteriler fide veya vejetatif donemde olan biber, domates, fasulye, hiyar, kabak,
karpuz, kavun, marul, nohut ve patlican gibi 10 farkli bitki tiiriiniin kok, govde, siirgiin ve yapraklarindan
izole edilmistir. EB izolasyonu amagl bitki 6rnekleri 12 Haziran-15 Temmuz 2018 tarihleri arasinda
Van ili Edremit, Ercis, Gevas, Muradiye ve Tusba, ilgelerinde agikta yetistiricilik yapilan isletmelerden
toplanmistir (Babier, 2019).

EB izolasyonu yapilacak bitkilerin se¢ciminde biyotik ve/veya abiyotik stres faktorlerinin
goriildiigii yerlerden saglikl bitkilerin toplanmasi yontemi izlenmistir (Sekil 1a). Bitki 6rnekleri, kokleri
ve bir miktar toprakla birlikte polietilen torbalara konarak soguk zincirde laboratuvara getirilmis ve
izolasyon yapilincaya kadar (maksimum 24 saat) 4°C’de buzdolabinda muhafaza edilmistir.

Musluk suyuyla yikanarak toprak atiklarindan temizlenen bitki 6rneklerinin kok, govde, siirgiin
ve yapraklarinda steril bisturi yardimiyla alinan yaklasik 1 cm boyutundaki drneklerden izolasyon
calismalar1 yapilmistir. Ornekler sirastyla 10 dakika %2’lik sodyum hipoklorit (NaOCI) ardindan 10
dakika %70’lik etil alkolde bekletilerek yiizey sterilizasyonu gergeklestirilmis ve sonrasinda steril saf
su ile 3’er dakikalik 3 durulama yapilmigtir (Sekil 1b.). Yiizey sterilizasyonu tamamlanan 6rnekler
kurutma kagitlar1 yardimi ile kurutulduktan sonra steril havan ve havan eli yardimiyla ezilmis ve 1-2
mL steril saf su ilave edilmistir. Elde edilen ekstrakttan 100 pL 6rnek alinip cycloheximide (100 pg/L)
iceren nutrient broth agar (NBA) (Merck) besiyerine steril baget yardimiyla yayilarak ekim yapilmistir.
Ayni miktar son durulama suyundan alinarak besi yerine ekim yapilmis ve orneklerin yiizey
sterilizasyonu basaris1 kontrol edilmistir. Inkiibasyon periyodunun (25+2°C — 48 saat) sonunda durulama
suyuna ait Petri kaplarinda herhangi bir mikrobiyal gelisim gézlenmesi durumunda ait oldugu 6rnegin
sterilizasyonunun basarisiz olduguna karar verilmis ve 6rnek elenmistir.

Yiizey sterilizasyonu basarili olan 6rneklerin bulundugu Petri kaplarinda (7cm @) gelisen
bakteri kolonileri; renk, koloni ¢ap1 vb. morfolojik 6zelliklerine gore degerlendirilmistir. Birbirlerinden
farkli oldugu diistiniilen koloniler saflastirilmak iizere King’ B besiyerine (KB) (20 g/L Pepton; 1.5 g/L
K2HPO4; 1.5 g/L MgSO4 7H,0; 10 mL/L gliserol; 16 g/L agar, 1 L saf su; pH:7) ekilmistir ve 24-48
saat inkiibe edilmistir. Saflagtirilmis kiiltiirler daha sonra %15 gliserol katkili 8g NB igeren besiyerlerine
asilanmis ve sonraki ¢alismalarda kullanilmak iizere -80°C’de derin dondurucuda saklanmastir.

o
»
vl
I
N
Uw
3. durulam;
3 dakikd:

Sodyum hipaklorit-%2 Etil alkol-%70
10 dakida 10 dakika

® Y. Babier 2019

523



YYU TAR BIL DERG (YYU J AGR SCI) 30 (3): 521-534
Babier ve Akkdprii / Cesitli Kiiltiir Bitkilerinden Izole Edilen Endofitik Bakterilerin Karakterizasyonu ve Bitki Patojeni Bakterilere Kars1 Antagonistik Etkilerinin
Belirlenmesi

Sekil 1. a) Komsu bitkilere gore pozitif yonde gelisme farkliligi gosteren EB izolasyonu igin segilen
bitkiler. b) EB izolasyon ¢alismalarinda ylizey sterilizasyonu ¢alismalarinda izlenen yontem.

2.2. Endofitik bakterilerin karakterizasyonu

Aday EB’lerin gram reaksiyonu testleri 48 saatlik kiiltiirler kullanilarak potasyum hidroksit
(KOH) testi ile degerlendirilmistir. Izolatlar tiitiin yapraklarina enjeksiyon yoluyla uygulanmis ve 48
saat beklenmigtir. Yapraklarda asir1 duyarlilik belirtisine (HR) neden olan &rnekler patojen olma
ihtimallerine karg1 elenmistir. (Schaad ve ark., 2001).

HR ve gram reaksiyonlarinin belirlenmesi ile birlikte, KB besi yerinde gelisimi, -80°Cde
depolanma sonrasi hayatlarini siirdiirebilme 6zellikleri belirlenen izolatlar, diger karakterizasyon
testlerine tabi tutulmustur. Karakterizasyon c¢alismasi iki asamali yiirtitilmistiir. Birinci asamada izole
edilen ve saflastirilan endofit bakteri izolatlarinin markér PGPR Kkarakterlerinin belirlenmesi, ikinci
asama ise birinci asama sonuglarina gore secilen izolatlarin bitki patojeni bakterilere karsi antagonistik
etkilerinin belirlenmesi seklindedir.

2.2.1 Azotu fikse etme yeteneklerinin belirlenmesi

EB’lerin 24 saatlik saf kulttrleri azot icermeyen (N-Free) besiyerine (Dobereiner ve ark., 1972)
birbirine esit uzaklikta 4 noktaya igne uclu 6ze yardimiyla nokta ekim yoluyla ekilmis ve 4 giin siireyle
25-27°C’de inkiibasyona birakilmistir. N-Free besiyeri: 10 g/L sukroz; 5 g/L L-malik asit; 0.1 g/L
K2HPOy4; 0.4 g/L KH2PO4; 0.2 g/L MgSO.7H,0; 0.01 g/L FeCls; 0.1 g/L NaCl; 0.02 g/L CaCl, 2H,0;
0.02 g/L NazMo042H0; 0.05 g/L Bromtimol blue (5 ml etil alkolde ¢Oziilmiis) iceren stispansiyonun
pH’s1 6.9’a ayarlanarak 12 g/L agar eklenmis ve otoklav edilmistir. Besiyerinde gelisen ve amonyak
iiretimine bagli olarak, besiyerinin orijinal rengi olan yesilden maviye renk degisimine sebep olan
izolatlarin azotu fikse edebilme kabiliyetlerinin var oldugu kabul edilmistir.

2.2.2. Fosfati1 coziindirme aktivitesinin belirlenmesi

EB’lerin 24 saatlik saf kiiltiirleri NBRIP Agar besiyerine birbirine esit uzaklikta 4 noktaya nokta
inokulasyon yoluyla ekilmistir. NBRIP Agar besiyeri;10 g/L glukoz; 5 g@/LCas(POs4)2; 0.1
9/L(NH4)2SO04; 0.2 g/LKCI; 0.25 g/LMgSO4 7H,0; 5 g/LMgCI; 6H,0; ilave edilmis ortamin pH’S1 7’ye
ayarlanarak 15 g/L agar eklenmis ve otoklav edilmistir. Izolatlar 14 giin boyunca 24°C’de inkiibasyona
birakilmig ve siirenin sonunda koloni ¢evresinde olusan saydam zonlar bakterilerin fosfati ¢oziindiirme
aktivitelerinin varlig1 olarak degerlendirilmis ve olusan zonlar Olculerek izolatin etkinligi belirlenmistir
(Nautiyal, 1999).

2.2.3. ACC-deaminaz uUretiminin belirlenmesi

ACC-deaminaz uretim aktivitesi Penrose ve Glick (2003)’in belirttigi yontemin uyarlanmast ile
DF besiyeri kullanilarak degerlendirilmistir. DF besiyeri: 5 mM (670 mg/L) malik asit; 2 g/L glukoz; 2
g/L sitrik asit; 4 g/L KH2PO4; 6 g/L Na;HPO.; 0.2 g/L MgS04.7H,0; 1 pg/L FeS04.7H.0; 10 pg/L
MnSOs; 70 pg/L ZnSOs4; 50 pg/L CuSOs; 10 pg/L MoOs; 18 ug/L agar 121°C’de 20 dk. otoklav
edilmigtir. Azot kaynagi igermeyen bu ortam negatif kontrol (NK) olarak kullanilmustir. Pozitif kontrol
(PK) i¢in aymi igerige 2 g/L (NH.)2SOs azot kaynagi eklenmistir. ACC-deaminaz aktivitesinin
belirlenmesi amaciyla azot kaynagi ((NH4)2SO4) yerine 6 mM steril ACC sollsyonu (filtre edilerek
sterilize edilmig) hazirlanmis ve bu soliisyondan her bir (NH4)2SOs icermeyen kat1 besiyeri yiizeyine
100 pL yayilmistir. Petriler, ACC-deaminaz aktivitesinin belirlenmesinde kullanilmak i¢in oda
sicakliginda kurumaya birakilmislardir. Izolatlarm 24 saatlik saf kiiltiirlerinin negatif kontrol, pozitif
kontrol ve ACC grubu olarak ayrilan petrilere inokiilasyonu ¢izgi ekim yontemi ile gerceklestirilmistir.
Petriler 28°C’de 48-72 saat boyunca inkiibe edilerek koloni gelisimleri gézlemlenmistir. Test gruplarina
ait ve koloni gelisimi gézlenen petrilerden alinan koloniler, tekrar NK, PK ve ACC grubu petrilere
ekilmistir. Ikinci asamada da yalnizca PK ve ACC grubu petrilerde gelisim gdsteren izolatlarin ACC
deaminaz iiretim yeteneklerinin olduguna karar verilmistir. Izolatlarin gelisim yogunlugu baz alinarak
belirledigimiz 0-3 skalasina gore (0: gelisim yok, 1: tek ve kesin sinirlarla ayrilan az sayida koloniler,
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2: koloniler bitisik fakat birbirinden ayirt edilebilir durumda, 3: yogun gelisim sonucu koloniler
tamamen birlesmis ve ayirt edilemez durumda) skorlanmustir.

2.2.4. Indol asetik asit iiretme yeteneginin belirlenmesi

EB’lerin IAA {iretimi Akbari ve ark. (2007)’in belirttigi yontemde bazi modifikasyonlar
yapilarak L-triptofan (L-TRP) varliginda kolorimetrik olarak incelenmistir. 50 mL Nutrient Broth (NB)
besiyeri 100 mL’lik erlenlere konarak otoklavda sterilize edilmis, daha sonra her erlen igin daha 6nce
filtrasyon yontemiyle steril edilmis 5 mL L-TRP (%0.05) ilave edilmistir. Daha sonra bu karisima EB
izolatlarinin 48 saatlik kiiltiirlerinden hazirlanan siispansiyonlarindan (ODgoonm: 0.1) 100 pL eklenmis
ve 26 £2°C’de, 120 rpm’de 24 saat inkiibasyona birakilmistir. Elde edilen siv1 kiiltiir 1000 rpm de 10
dk. santrifiij edilmis ve olusan siipernatant alinarak Whatman (No: 2) filtre kagidindan gegirilmistir.
Filtre edilen stpernatanttan 3 mL alinarak bir tiipe aktarilmig ve lizerine 2 mL Salkowski ayiract (2 mL
0.5 M FeCl; + 98 mL %35’lik HCIOy) ilave edilmis ve 30 dk. renk olusumu i¢in beklenmistir. Siire
sonunda spektrofotometrede 535 nm’de okuma yapilarak absorbans (Abs) degeri belirlenmistir. Elde
edilen Abs degerlerini pg/mL’ye donistiirmek i¢in 1’den 50’ye kadar farkli ppm diizeylerinde IAA
stispansiyonu hazirlanarak ol¢timler yapilmis ve excel paket programi ile probit analizi yapilarak bir
standart egri olusturulmustur. Olusturulan kurveye gore izolatlarin IAA iiretimi hesaplanmistir (Akbari
ve ark., 2007; Akkopru, 2012).

2.2.5. Siderofor etkinliginin belirlenmesi

Siderefor aktivitesi, Schwyn ve Neilands (1987)’nin onerdigi Blue-CAS Agar metodunun
uyarlanmasi ile belirlenmistir (Schwyn ve Neilands, 1987; Louden ve ark., 2011).

Blue-CAS Agar besiyeri:

A. CAS soliisyonu: a) 0.06 g CAS (Fluka Chemicals) 50 mL steril distile su (ddH20) iginde
¢Oziilmiistiir. b) 0.0027 g FeCl3-6H>0 10 mL (10 mM) HC1 iginde ¢oziilmiistiir. ¢) 0.073 g HDTMA 40
mL ddH0 i¢inde ¢6ziilmiistiir. “a” solisyonundan alinan 9 mL soliisyon “b” ile karistirilmig ardindan
“c” ilave edilmistir (final soliisyonun koyu mavi renkte olmasina dikkat edilmistir). Karisim, otoklav
isleminden gecirildikten sonra 151k gegirmeyecek sekilde bir kapta saklanmaistir.

B. Minimal tuz otram:(MM9): 15 g KH2P04; 25 g NaCl ve 50 g NH4Cl 500 ml ddH20 iginde
¢Oziilmiistiir. 20 g glikoz 100 mL steril distile su ¢6ziindiiriilmiis filtre ile sterilize edilmistir.

C. CAS agarmn hazirlanmasi: 100 mL MM tuz ¢6zeltisi 750 mL ddH;O'ya eklenmistir. b) Daha
sonra 32.24 g piperazin-N, N'-bis (2-etansiilfonik asit) (PIPES) ¢oziilmiistiir. Bu amagla, NaOH ile pH
6'ya ayarlanip karistirilirken yavasca PIPES eklenmistir. PIPES ¢6ziindiik¢e diisen pH dengelenmis ve
6.8'e ayarlanmustir. ¢) 15 g agar eklenmis ve otoklav edilmistir. d) 50°C'ye sogutulmus MM9 / PIPES
karisimina, 30 mL steril Casamino asit ¢ozeltisi (3 g Casamino asit 27 mL steril ddH2O ve filtre ile
sterilize edilmistir) ve 10 mL steril %20 glikoz ¢ozeltisi ilave edilmistir. ¢) Cam duvar boyunca yavasca
100 mL CAS soliisyon (A) eklenmis ve karistirilarak aseptik olarak petri kaplarina dokilmiistiir.

Hazirlanan mavi renkli CAS agar besiyerine EB’lerin 24 saatlik saf kiiltiirleri birbirine esit
uzaklikta bulunan dort noktaya ekilmis, 7 giin siireyle 24°C’de inkiibasyona birakilmistir. Koloni
cevresinde olusan ve koloninin bittigi yerden baslayan sari zonun 4 farkli noktasindan olgiilerek
aritmetik ortalamasi alinmigtir. Elde edilen degerlere gore EB izolatlarinin siderofor {iretme seviyesi
degerlendirilmistir

2.3. Tartili derecelendirme ve antagonizm calismalari

Aday EB izolatlar1 karakterizasyon calismalarinda gosterdikleri basariya gore Onceden
belirlenen ve asagidaki formiil kullanilarak tartili derecelendirme puanlamasina (TDP) tabi tutulmustur
(Formiil 1). TDP degerine gore ilk 30 adet EB izolati antagonizm g¢alismalarinda kullamlmak tizere
secilmistir.

TDP hesaplamasi i¢in her bir karakter i¢in arastiricilar tarafindan 6nem derecesine gore
belirlenmis olan bir katsay1 verilmistir. Calismamizda katsayilar ACC-d (retimi igin 5, fosfat
¢oziindiirme yetenegi i¢in 6, siderofor dretimi icin 7, azot fiksasyon kabiliyeti ve IAA Gretimi igin 8
olarak belirlenmistir (Babier, 2019).
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Hesaplama;

- Formiilde pay kismi; her bir karakter i¢in izolatin olusturdugu deger, ayni karakterde varlik
gosteren tiim izolatlarin ortalamasina (a) boliindiikten sonra kategori igin belirlenen katsay1 ile carpilarak
hesaplanmigtir

- Formiildeki payda kismi her karakterin en yiiksek degeri (b), o karakterin genel ortalamasina
(a) boliinerek ve karaktere ait kat sayi ile garpilarak hesaplanmistir. Bu sekilde her bir karakter igin
hesaplanan degerler toplanarak tiim karakterleri temsil eden bir maksimum degere ulasilmistir.

- Daha sonra bir izolatin tiim karakterlere ait degerleri toplanmis ve maksimum degere
boliinmiistiir. Cikan sonug 100 ile garpilmig ve o izolatin TDP degeri hesaplanmistir (Babier, 2019).

(A0 4 o(0)47(3) () a4

_ a a a a a 1)
S (5 (D) 1 6 (B2 7 (BB 1 g (XF) 4 (222 |

Formilde; ACC-d: ACC-deaminaz aktivitesini, P: fosfat ¢ozme aktivitesi, Sid: siderofor
aktivitesini, N: azot fikse etme kabiliyetini, IAA: indol asetik asit retme kabiliyetini, *: izolatin o
karakterdeki degeri, a: 0 karakterin izolatlar1 arasindaki ortalamasi (aktivite géstermeyenler ortalamaya
dahil edilmemistir), b: o karakterin izolatlar arasinda aldig1 en yiiksek degeri ifade etmektedir.

2.4. Endofitik bakterilerin bitki patojeni bakterilere kars: in-vitro antagonistik etki testleri

TDP sonuglarina gére secilen en basarili 30 adet EB izolatinin laboratuvar stoklarimizda
bulunan bitki patojeni Erwinia amylovora (Ea), Pseudomonas syringae pv. syringae (Pss), P. syringae
pv. lachrymans (Psl), P. syringae pv. tomato (Pst), Clavibacter michiganensis sub. sp. michiganensis
(Cmm), Xanthomonas axonopodis pv. phaseoli (Xap) ve X. euvesicatoria (Xe)’ya karsi in-vitro
kosullarda antagonistik etkileri arastirilmigtir. Patojen bakterilerin 24 saatlik kiiltlirlerinden hazirlanan
107 CFU/mL yogunlugundaki stok siispansiyonlardan 80 pL alinarak 7 cm ¢apli petrilerde bulunan KB
besiyerlerinin yiizeyine yayilmis ve kurumasi beklenmistir. Daha sonra 48 saatlik EB kiiltiirlerinden bu
petrilere birbirlerine esit mesafede dort noktaya ekilmistir. Bu test islemi her EB-patojen ikilisi igin
tesaduf parselleri deneme deseninde 3 tekerriirli olarak yiriitiilmiistiir. Varsa olusturduklari engelleme
zonu (mm) 48 saat sonra Olculerek in vitro antagonistik etkileri degerlendirilmistir.

2.5. Endofitik bakteri izolatlarimin molekiiler tanilamasi

Karakterizasyon ve antibiyosis ¢alismalarinda basarili bulunan EB izolatlarinin tanilamasi 16s
rRNA bélgesinin dizi analizi ile yapilmistir. Bu amacla spesifik primerler 27F (5’- AGA GTT TGA
TCM TGG CTC AG -3’) ve 1492R (5’- TAC GGY TAC CTT GTT ACG ACTT -3’) Baker ve ark.
(2003) dnerdikleri metot dogrultusunda kullanilmistir. Yaklasik 10” CFU/mL yogunlugunda hazirlanan
bakteri siispansiyonlar1 kuru blok 1siticida 10 dk. siireyle 95°C’de 1sitilarak hiicrelerin pargalanmast
saglanmus, sonrasinda olusan sispansiyonlar 5000 rpm’de 3 dk. sure ile santrifiij isleminden gegirilerek
hiicre kalintilar1 uzaklastirilmigtir. DNA iceren siipernatant PCR reaksiyonlarinda kalip DNA kaynagi
olarak kullanilmistir (Newton, 1995). PCR iiriinlerinin degerlendirmesi %1.5’lik agaroz jelde 100
Volt’ta 30 dakika yurttlerek yapilmistir. Elde edilen PCR Urinlerinin dizi analizi sonucu tanilama
gergeklestirilmigtir.

3. Bulgular

SOrvey ¢alismalar1 sonucu farkli bélgelerden toplam 11 adet biber, 8 adet domates, 5 adet
patlican, 1 adet nohut, 1 adet fasulye, 3 adet hiyar, 2 adet kabak, 3 adet karpuz, 5 adet kavun, 2 adet
salata marul 6rnegi olmak Uzere toplam 41 adet 6rnek toplanmustir.

Toplanan saglikli bitkilerden 191 adet aday EB izolati elde edilmistir (Babier, 2019). Bu
izolatlardan 11 tanesi tiitinde HR olusumuna neden olmalar1 veya -80°C’den ¢ikarildiktan sonra tekrar

526



YYU TAR BIL DERG (YYU J AGR SCI) 30 (3): 521-534
Babier ve Akkdprii / Cesitli Kiiltiir Bitkilerinden Izole Edilen Endofitik Bakterilerin Karakterizasyonu ve Bitki Patojeni Bakterilere Kars1 Antagonistik Etkilerinin
Belirlenmesi

canlandirilamadigi igin elenmistir. Geriye kalan 180 adet izolatin %58.9’unun gram (-), %41.1%inin
gram (+) oldugu tespit edilmistir (Cizelge 1).

3.1. Endofitik bakteri izolatlarimin karakterizasyonu, tartih derecelendirilmesi ve antagonistik
etkileri

Karakterizasyon ¢alismasi yapilan 180 adet izolatin her biri azotsuz besiyerine ekilmistir. Besi
yerlerinde koloni gelisimi goézlenmis fakat hicbir izolat besiyerlerinde mavi renk donisiimii
gergeklestirememistir (Sekil 2a). Ancak bazi bakterilerin besiyerinde yesilden sariya bir renk degisimi
olusturdugu gozlenmistir. Bu durum izolatin pH degisimine neden oldugu, fakat azot fiksasyonunun
gergeklestiremedigi yoniinde degerlendirilmistir. Koloni gelisimi tek basina yeterli olmadig: icin 180
adet izolatin higbirinin azot fiksasyonu kabiliyetine sahip olmadigina karar verilmistir.

180 adet izolatin %20’lik kisminin fosfat1 ¢6zme yetenegine sahip oldugu belirlenmistir. Bu
izolatlardan VV33K2 kodlu izolat 11.75 mm zon olusturarak fosfotaz aktivitesi gosteren en basarili izolat
olarak saptanmigtir. Fosfataz aktivitesi gosteren 36 adet izolatin 17 tanesinin gram (+), 19 tanesinin
gram (-) oldugu belirlenmistir (Cizelge 1, Sekil 2b).

Tiim izolatlarin %13.9’unun ACC-deaminaz aktivitesi gosterdigi belirlenmistir. 12 adet izolatin
gram (+), 13 adet izolatin gram (-) oldugu belirlenmistir. Sekil 2¢’de, besiyerinde gelisim gisteren ve
ACC-d aktivitesi bakimindan en basarili izolatlardan biri olan V40K1 izolat1 gériilmektedir. Caligma
sirasinda bazi izolatlar az da olsa gelisim gosterdigi gortilmiistiir. Bu nedenle ACC-d varlhigina karar
vermekteki zorluk, gelisim dizeylerinin pozitif ve negatif kontroller ile kiyaslanmasi ile asilmistir
(Cizelge 1, Sekil 2c¢).

Farkli diizeylerde dahi olsa IAA {iretim kabiliyetine sahip izolatlar tiim izolatlarin %53.3’Un0
olusturdugu belirlenmistir. IAA iireten 96 adet izolatin 41 adeti gram (+), 55 adeti gram (-) olarak
kaydedilmistir. Aktivite gosteren izolatlarin 1ppm ile 25 ppm araliginda IAA iirettigi belirlenmistir. Bu
konudaki en basarili izolat 25.03 ppm IAA iireten V31Y4 kodlu izolat olmustur. 1 ppm altinda TAA
iireten izolatlarin IAA iiretimi 0 kabul edilmistir (Cizelge 1, Sekil 2d).

Izolatlarin %75’inin Blue-CAS agar ortaminda zon olusturdugu ortaya konmustur (Sekil 2e).
Siderofor aktivitesi 0.5 mm- 7 mm araliginda olan 135 adet izolatin 53 adetinin gram (+), 82 adetinin
gram (-) oldugu kaydedilmistir. Siderefor iiretiminde en basarili izolat 7 mm ile V40K2 kodlu izolat
olmustur (Cizelge 1)

Yapilan caligmalar ile markér PGPR karakterleri TDP gore degerlendirilmistir. Bu tartili
puanlamaya gore en basarili izolat 51.28 puan ile V31Y4 kodlu izolat olmustur. TDP ile belirlenen en
basgarili 30 adet izolat antagonist etki testlerine alinmistir (Cizelge 1).

Bitki patojeni yedi adet bitki patojeni bakteriye kars1 antagonistik etkilerinin arastirtldigs in vitro
calismalarda; V30Y3 ve V30G2 kodlu izolatlarin biitiin patojenlere kars1 engelleme zonu olusturdugu
gozlenmistir. V27Y3 izolat1 6 adet patojene; V14G3 izolat1 5 adet patojene; V34G1, V40K1 ve V31K3
kodlu izolatlar 4 adet patojene; V33K2, V37Y1, V40K2 ve V37Y3 kodlu izolatlar 3 adet patojene;
V31G1, V41K3, V29Y1 ve V17K2 kodlu izolatlar 2 adet patojene; V32Y2 ve V31K2 kodlu izolatlar 1
adet patojene karsi engelleme zonu olustururken 13 adet izolat ise hicbir patojene karsi engelleme zonu
olusturmamistir. Yalnizca 3 adet izolat Psl ve Pst’ye karsi engelleme zonu olustururken, 5 adet izolat
Pss’ye, 7 adet izolat Ea’ya, 14 adet izolat Cmm ve Xph’ye ve 13 adet izolat Xe’ye kars1 engelleme zonu
olusturmustur (Cizelge 1; Sekil 2f.).

Cizelge 1. Degerlendirilen 180 izolat iginden TDP degeri 10’un iizerinde olan 65 adet aday EB’nin
karakterizasyon ve bazi bitki patojeni bakterilere karsi antagonistik etki testi sonuglari.

PGPR karakteri * Engelleme zonu (mm)**
izolat Kodu Gram  ACC-d Sid. P 1AA TDP Psl Pss Pst Ea Cmm Xe Xph
Reak. (mm)  (mm)  (ppm)

1 V31Y4 () 3 2.25 - 25.03 51.28 - - - - - - -
2 V33K2 +) - 150 1170 7.68 47.25 - - - - 433 133 2.00
3 V33K1 +) 1 1.75 2.58 1432  36.38 - - - - - - -
4 V37Y1 () - 55 0.75 8.56 35.98 - - - - 7.00 2.00 2.00
5 V40K2 () 3 7.00 - 1.38 35.22 - - - - 133 267 2.00
6 V31Y3 () - 1.63 3.17 1221 32.36 - - - - - - -
7 V35Y1 ) 2 15 2.17 1091  31.28 - - - - - - -
8 V14G3 (+) 3 3.00 - 9.09 30.86 - 1.00 - 8.00 3.00 6.00 9.00
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9 V31G1 ) - 4.50 3.42 1.79 28.99 - - - - - 8.00  19.00
10 V37G2 ) - 2.25 - 135 28.58 - - - - - - -
11 V41K3 (+) 3 2.00 - 9.74 27.89 - - - - 3.00 - 2.00
12 V34G1 (+) 3 1.00 0.50 1097  27.07 - - - 400 200 533 4.33
13 V32Y2 (+) - 5.88 - 2.62 26.82 - - - - 1.00 - -
14 V29Y1 (+) - 5.00 - 4.32 25.90 - - - - 400 3.00 -
15 V17G2 ) 3 0.50 3.84 5.09 25.05 - - - - - - -
16 V32K2 ) 2 4.50 - 2.03 24.45 - - - - - - -
17 V30Y3 (+) 3 1.50 1.00 6.91 2437 233 233 200 200 967 867 16.00
18 V36K1 (+) - 1.25 6.42 121 23.11 - - - - - - -
19 V17K2 (+) 3 1.75 - 7.09 23.04 - - - - 2.33 - 1.00
20 V38K1 (+) 3 1.13 1.50 5.79 22.54 - - - - - - -
21 V30G2 ) - 4.50 1.84 - 2231 200 200 200 200 9.67 833 16.00
22 V40Y2 ) 3 2.00 - 5.03 21.00 - - - - - - -
23 V29Y2 ) - 2.25 - 8.09 20.65 - - - - - - -
24 V40K1 ) 3 1.75 2.88 - 20.03 - - - 1.00 1500 4.00 15.00
25 V37Y3 (+) - 2.25 2.84 2.68 20.00 - - - 4.00 - 1.00 4.00
26 V31K1 ) 3 - 1.88 6.32 19.88 - - - - 2.67 - -
27 V27Y3 (+) - 2.00 2.25 3.26 18.38 3.00 200 4.00 433 - 4.00 8.00
28 V31K3 ) - 2.13 2.92 1.74 18.33 - 1.50 - - 15.00 6.00 15.00
29 V31K5 (+) 3 1.25 - 5.09 18.15 - - - - - - -
30 V17G1 ) 1 2.25 - 4.68 17.59 - - - - - - -
31 V8G2 ) - 1.50 - 7.91 17.46
32 V41Y3 (+) - 2.00 0.75 474 16.69
33 V17K1 ) 2 1.00 1.00 4.32 16.68
34 V31lYl (+) - 0.75 2.75 4.56 16.67
35 VG2 ) - 1.50 - 7.09 16.25
36 V27Y1 ) - 4.13 - - 16.14
37 V12K2 (+) 3 0.75 - 3.68 14.13
38 V36Y2 (+) 1 1.00 2.17 1.85 14.12
39 V37G1 ) - 2.50 0.50 191 13.86
40 V11K1 (+) - 1.13 - 6.38 13.75
41 V36K6 ) - - 4.50 1.26 13.39
42 V6Y3 “) - 2.38 - 2.62 13.13
43 V18G2 (+) - 1.25 - 55 12.95
44 V2G1 (+) - 1.50 - 4.79 12.89
45 V7G3 “) - - - 8.74 12.80
46 V2K2 ) - 1.75 - 3.97 12.66
47 V1G3 ) - 2.63 - 1.62 12.64
48 V1G1 “) - 1.00 - 5.91 12.57
49 V30G3 ) - 1.50 - 4.56 12.55
50 V36G1 ) - 1.38 - 474 12.32
51 V14Y1 “) 3 1.63 - - 12.17
52 V41G2 ) 1.75 - 3.62 12.15
53 V36K3 ) - 1.00 2.00 2.09 12.10
54 V6K5 (+) - 2.25 - 221 12.03
55 V5K2 (+) - 1.75 - 3.38 11.80
56 V4Gl ) - 1.63 - 3.56 11.57
57 V32G1 “) - 2.50 - 121 11.55
58 V17K3 ) - 2.00 - 2.38 11.32
59 V3Gl ) 2.00 - 2.21 11.06
60 V3Y2 “) 3 1.25 - - 10.70
61 V36G3 ) 1.63 - 291 10.62
62 V37G3 ) - 0.50 - 5.91 10.62
63 VeY1 (+) - 1.75 - 2.56 10.60
64 VIG3 ) - 1.50 - 3.15 10.48
65 VIY?2 (-) - 1.50 - 2.91 10.13

* Cizelgedeki siralama en yiiksek TAD gore yapilmistir. Cizelgede Gram reaksiyonu (Gram Reak), ACC deaminaz aktivitesi
(ACC), Blue-Cas Agar ortaminda Siderefor tiretim diizeyi (mm) (Sid.), NBRIP Agar besiyerinde fosfat ¢c6zme yetenegi (mm)
(P), L-TRP’lh ortamda IAA iiretimi (ppm) (IAA) olarak belirtilmistir. Azot fikse eden izolat bulunamadig1 igin ¢izelgede
verilmemistir. TAD puanina gore segilen ilk 30 izolatin gesitli bitki patojeni bakterilere in vitro da antagonistik etkileri
degerlendirilmistir.

**Patojenlerin kisaltmalari; Ea: Erwinia amylovora, Pss: Pseudomonas syringae pv. syringae, Psl: Pseudomonas syringae pv.
lachrymans, Pst: Pseudomonas syringae pv. tomato, Cmm: Clavibacter michiganensis subsp. michiganensis, Xap:
Xanthomonas axonopodis pv. phaseoli, Xe: Xanthomonas euvesicatoria’y: ifade etmektedir.

Biitiin karakterizasyon sonuglari ele alindiginda 5 kategorinin hepsinde birden etkinlik gosteren
izolat bulunmamustir. Fakat V33K1, V35Y1, V34G1, V17G2, V30Y3, V38K1, V17K 1 ve V36Y2 kodlu
EB izolatlarinin azot fiksasyonu disinda diger kategorilerde aktivite gdsterdigi tespit edilmistir. Bunu
takiben, 25 adet izolat 3 farkli kategoride, 59 adet izolat 2 farkli kategoride, 67 adet izolat sadece 1
kategoride aktivite gOsterirken, 21 adet izolat higbir kategoride etkinlik gosterememistir.
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Karakterizasyon sonuglarina gore elde edilen TDP’na gore antagonizm testlerine tabi tutulan en basaril
ilk 30 izolatin 15 tanesinin gram (+) ve 15 tanesinin gram (-) oldugu kaydedilmistir.

Sekil 2. EB izolatlarin karakterizasyon testleri. a:Azot fiksasyon testi, b: Fosfat ¢ozme aktivitesi, c:
ACC-d aktivitesinin, d: IAA Uretimi, e: Siderefor Uretimi, f: in-vitro antagonistik etki testleri.

3.2. Tamlama

Karakterizasyon ve antagonizm ¢alismalar1 sonucunda segilen V40K2, V30Y3, V30G2, 31Y4
ve V33K2 kodlu izolatlarin molekiiler tanilamasi yapilmis ve NCBI GenBank veri tabanina yiiklenerek
kabul numaralar1 alinmistir. Veri tabani kullanilarak yapilan kargilastirmali veri analiz sonucunda 16s
rRNA dizi analizine gore bu izolatlardan V40K2 kodlu izolatin Bacillus velezensis (Acces.
Num.:MN186863), V30Y3 kodlu izolatin Bacillus megaterium (Acces. Num.: MN187955), V30G2
kodlu izolatin Pseudomonas caspiana (Acces. Num.: MN128080), V31Y4 kodlu izolatin Pantoea sp.
(Acces. Num.: MT249279) ve V33K2 kodlu izolatin Bacillus sp. (Acces. Num.: MT249109) tiirlerine en
yakin oldugu tespit edilmistir.

4. Tartisma ve Sonug

Son yillarda yapilan ¢aligmalar PGPR’larin bitki sagligina ve gelisimine katki saglayan yeni
yolaklar veya metabolitler trettigini ortaya koymaktadir (Van Loon, 2007; Pieterse ve ark., 2014,).
Bitkilerde olusan etki mekanizmasinda bakteri, bitki ve ¢evre kombinasyonunda hangi faktoriin daha
belirleyici ve etkili oldugunu tespit etmek ¢ok giigtiir. Kesin bulgulart ortaya koymak bitki, bakteri ve
hedef biyotik veya abiyotik stres kosullarini bir araya getirmek ile miimkiin olabilir. En iyimser bakisla,
PGPR’larin toprak mikroflorasinin yaklasik %2-5’ini olusturabilecegi belirtilmistir (Antoun ve Prévost,
2006). Bu mikroflora igerisinde aranan uygun kombinasyonu bulma sansinin daha diisiik olacagini
sOylemek yanlis olmayacaktir. En etkin bakteriyi bulmak igin yapilacak bakteri-bitki etkilesim
denemeleri ¢cok fazla zaman ve emek gerektirecek bir siirectir. Bu nedenle belirli karakterlerin in-vitro
kosullarda belirlenmesi ve en basarili izolatlarin veya aranan karakterlere sahip olanlarin bitki
denemelerine aktarilmasi siklikla basvurulan bir metottur. Genel olarak markér olarak secilen
karakterler; bizim de ¢alismamizda se¢mis oldugumuz IAA gibi bitki hormonlarinin {iretimi, etilen
stresini azaltabilen ACC deaminaz iiretimi, demir ve fosfor aliminda rol oynayan siderofor tretimi ve
fosfati ¢6zme yetenegi gibi Ozelliklerdir. Ayrica patojenlere karst kullamim amaci var ise in-vitro
antagonistik testler 6n plana ¢ikmaktadir. In-vitro kosullarda yapilan 6n se¢imin dezavantaji ise segilen
markdr karakterlere sahip olmayan fakat bitkiye bilinen veya bilinmeyen diger yolak veya metabolitler
ile katki sunabilecek izolatlarin elenme riskinin olmasidir. Fakat zaman, isgilicii ve maliyet
diistintildiigiinde bu dezavantaj genellikle g6z ard1 edilmektedir.
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Aragtiricilar endofitik ve rizosferik bakterilerin bitki gelisimine ve sagligina katki saglamalari
icin IAA (Khalid ve ark., 2004) ve ACC deaminaz tiretim yeteneklerinin gerekli olabilecegini ve markor
olarak kullanilabileceklerini belirtmislerdir (Etesami ve ark., 2015). Bu o6zelliklere sahip izolatlarin,
bitkilere kolonizasyon sanslarinin daha yiiksek oldugu tespit edilmistir (Etesami ve ark., 2015).
Arastirmacilar IAA tiretiminin bakterilerin bitkilerle etkilesimlerini saglayabilecegini (Etesami ve ark.,
2015) ve bu bakterilerin bitkide endofit yasam formuna girmelerinde roliiniin olabilecegini bildirmistir
(Verma ve ark., 2001). Gul ve ark. (2013), topraksiz tarim yetistiriciliginde PGPR uygulamasi ile
hiyarlarda verim artisi elde etmis ve bu izolatlarin in-vitro kosullarda tirettigi IAA diizeyi ile verim artist
arasinda 6nemli diizeyde bir iliski oldugunu gdstermistir. Bu ¢alismalara paralel olarak Akkopri ve
Ozaktan (2018), yiiksek diizeyde IAA Ureten P. putida AA11/1’nin farkli hiyar cesitlerinde %33-68
oraninda verim artig1 sagladigini belirlemislerdir.

Aragtirmacilar bitkiler ile birlikte bulunan bakterilerin %80’inin IAA rettigini tahmin
etmektedir (Patten ve Glick, 2002; Spaepen ve ark., 2007). Calvo ve ark. (2010), patates rizosferinden
elde ettigi 63 izolatin %81 inin, Ashrafuzzaman et al. (2009), piring rizosferinden izole edilen
bakterilerin %60°nimn IAA {irettigini tespit etmistir. Fakat izolatlarin {irettigi IAA diizeyi farklilik
gosterebilir ve Gretim miktart PGPR etkide 6nemli bir faktordiir. Poonguzhali ve ark. (2008), Brassica
campestris rizosferinden izole ettigi PGPR izolatlarinin 6.02-27.75 ppm araliginda TAA irettigini
belirlemistir. Majeed ve ark. (2015), bugdaydan izole ettigi rhizosferik ve endofitik bakterilerin 0.27
ppm-77.98 ppm araliginda IAA iirettigini ortaya koymustur. Yiriittiiglimiiz calisma kapsaminda izole
edilen EB’lerin %53.3’0nuin 1 - 25.03 ppm araliginda IAA firettigi belirlenmistir.

Bilindigi gibi, etilen tiretimi, stres altindaki bitkilerde artmaktadir, bu da hiicre boliinmesini,
DNA sentezini ve kok/filiz buylmesi gibi fizyolojik fonksiyonlar1 engellemektedir. PGPR etilenin
oncisu olan ACC’yi ACC-d ile pargalayarak kendisi i¢in azot kaynagi olarak kullanabilir. Bu da bitkide
Uretimi artan etilenin dengelenmesini saglayarak olasi zararlari engeller ve bitki gelisimine yardimci
olur (Glick, 2014). Bu nedenle EB segiminde ACC-d tretimi 6nemli bir markérdir. Belimov ve ark.
(2001), cesitli toprak oOrneklerinden izole edilmis olan ACC-d dretim kabiliyetindeki bakterilerin
ozellikle olumsuz ¢evresel kosullar altinda bitki gelisimine 6énemli katki sundugunu gdstermistir. Diger
taraftan in-vitro ve molekdler testler ile ACC-d aktivitesi belirlenmis izolatlarin normal kosullar ve stres
altindaki bitkilerin gelisimini arttirdigi ve bu etkinin ACC-d aktivitesinden kaynaklandig1 ortaya
konmustur (Onofre-Lemus ve ark., 2009; Gupta ve Pandey, 2019). Putri ve ark. (2015), inceledigi
bakteri izolatlarindan, kullanilan teknige goére degismekle birlikte, %17’sinin ACC-d Uretme
kabiliyetinde oldugunu gostermistir. Benzer sekilde, calismamizda elde ettigimiz izolatlarin %13.9’nln
ACC-d iiretme yeteneginde oldugu tespit edilmistir.

Fosfor noksanligi tarimsal tiretimin temel sinirlayici faktorlerinden birisidir (Israr ve ark., 2016).
Bitkiler, fosforu ortofosfat anyonlar1 olarak toprak ¢ozeltisinden alirlar. Fakat ortofosfat ¢ok reaktif
oldugu i¢in ¢okelme veya adsorpsiyon yoluyla toprak yapilarina baglanabilir. Bu da fosfati ¢oziinmez
hale getirir ve bitkiler bu formdan faydalanamaz (Holeckova ve ark., 2017). PGPR (rettikleri mikrobiyal
metabolitler veya organik asitler ile pH’y1 diigiirerek kullanilamaz formdaki fosfati bitki tarafindan
alinabilir forma doniisturebilirler (Gupta ve Pandey, 2019). Cetinkaya Y1ldiz ve Aysan (2014), 39 farkli
toprak 6rneginden izole ettikleri 499 adet aday PGPR izolatinin %15’inin fosfataz aktivitesine sahip
oldugunu bildirmistir. Benzer bir¢ok caligma endofit ve rizosferik bakterilerde fosfat ¢ozme
aktivitesinin varligin1 ortaya koymaktadir (Ahmad ve ark., 2008; Ozaktan ve ark., 2015). Fosfat ¢c6zme
yeteneginin bakteri cinsleri arasinda yayginlik derecesi farklilik gosterebilmektedir. Calismamizdaki EB
izolatlarimin %20’sinin farkli diizeylerde de olsa bu yetenege sahip oldugu gézlenmistir. Bu izolatlarin
%47’sinin gram (+), %53’0nun gram (-) oldugu belirlenmistir. Ahmad ve ark., (2008), farkli rizosferik
toprak ve bitki kok nodiillerinden izole ettigi 72 PGPR izolatindan; Bacillus sp.’ye ait olanlarin %80°1,
Azotobacter sp.’ye ait olanlarin %74.47°si, Pseudomonas sp.’ye ait olanlarin %55.56’s1 ve
Mesorhizobium sp.’ye ait olanlarin %16.67’sinin fosfat ¢6zme yetenegine sahip oldugunu belirlemistir.

Siderofor tiretme yetenegi, mikroorganizmalarin ortamdaki diger mikroorganizmalarla rekabet
etmelerinde onemli katki saglayan, bitki-bakteri iletisimini kolaylastiran ve kok kolonizasyonuna
yardimei olan 6zelliklerden birisidir (Loaces ve ark., 2011). Iyi bir siderofor iiretim yetenegine sahip
PGPR bakterileri bitki gelisimi ve verimini direkt veya indirekt olarak arttirabilirler. Rizosfer cevresinde
¢Oziinmez formdaki demirin alinimini kolaylagtirarak dogrudan veya fitopatojenlerin ihtiya¢ duyduklari
demir icin yuksek afiniteli sideroforlarla rekabete girerek gelisimlerini sinirlandirmasiyla dolayli olarak
katki saglayabilirler (Glick, 2015; Kumar ve ark., 2018). Baz1 calismalar siderofor (retiminin
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bakterilerin bitkinin demir disinda nikel, kursun veya ¢inko gibi diger metaller ile olan etkilesiminde rol
oynadigim1 ve fitoremediasyonda onemli goérevler iistlendigini belirtmislerdir (Burd ve ark., 2000;
Crowley 2000; Kumar ve ark., 2018). Ayrica siderofor iiretiminin bitkinin uyarilmig dayaniklilik
sistemini aktive ettigi de bilinmektedir (Van Loon, 2007). Bu nedenle siderofor tretim kabiliyeti PGPR
icin 6nemli bir karakterdir. Calismamizda toplanan izolatlarin %75’inin siderofor Uretimine sahip
olduklar1 belirlenmistir. Siderofor aktivitesi gosteren 135 adet izolatin 0.5 -7 mm araliginda zon
olusturabildikleri tespit edilmistir. Ahmad ve ark. (2008), yaptiklar1 ¢alismada, inceledikleri izolatlar
icerisinde Azotobacter cinsine ait olanlarin %12.77’sinin siderofor irettigini, bunu sirasiyla
Pseudomonas ve Bacillus cinslerinin takip ettigini ortaya koymustur. Aymi c¢alismada anti fungal
aktivitenin de benzer yonde oldugu; Azotobacter izolatlarinin %12.77’sinin, Pseudomonas izolatlarinin
%11.11%inin ve Bacillus izolatlarinin %10’unun bu etkiye sahip oldugu belirlenmistir. Antagonizm
calismamizda, en az bir patojene karsi engelleme zonu olusturan 17 adet bakteri izolat1 belirlenmistir.
Bunlardan 1 izolat diginda hepsinin siderofor aktivitesi gostermesi dikkat gekicidir. Ahmad ve ark.
(2008) ve Priyanka ve ark. (2017), ¢alismalarinda antifungal etki ile siderofor Gretiminin guclu bir
iligkisi oldugunu bildirmislerdir. Bununla birlikte antagonistik faaliyetlerden antibiyotikler, toksinler,
yuzey aktif bilesikler ve hiicre disi sindirim enzimleri gibi ¢esitli mekanizmalar sorumlu olabilir (de
Souza ve ark. 2003). Mohamad ve ark. (2018), inceledikleri 114 EB izolatin %49.1’inin ¢esitli
bakterilere karsi 8.6 mm ile 11.8 mm arasinda zon olusturarak patojen bakterilerin gelisimlerini
siirladigimi belirlemistir. Arabidopsis thaliana'daki hastalik belirtilerini azaltmada en etkili olan
izolatin patojen ile birlikte in-vitro kosullarda gelistirildiginde antimikrobiyal etkileri olan en az 13
bilesik iirettigi belirlenmistir. Ayrica bu izolatlarin antimikrobiyal bilesikleri kodladig: bilinen poliketid
sentaz (PKS) ve ribozomal olmayan protein genlerine sahip olmalarinin yani sira, kitinazlar, seliilazlar,
lipazlar ve proteazlar dahil olmak tizere ¢esitli hiicre dis1 sindirim enzimleri tirettikleri de belirlenmistir.

Karakterizasyon ¢alismalari sonucunda en basarili bulunan bes adet izolatin 16s rRNA bdlgesi
dizi analizi ile tanilamas1 yapilmis ve bu ziolatlarin Bacillus velezensis VA0K2 (MN186863), Bacillus
megaterium V30Y3 (MN187955), Pseudomonas caspiana V30G2 (MN128080), Pantoea sp. V31Y4
(MT249279) ve Bacillus sp. V33K2 (MT249109) oldugu belirlenmistir. Bir¢ok ¢alisma da bu cinslerin
PGPR ve biyokontrol dzellikleri ortaya konmustur (Chakraborty ve ark., 2006; Gao ve ark., 2017
Rashid ve ark., 2017; Akkoprii ve Ozaktan, 2018). Bilindigi {izere bu izolatlar genis bir ekolojik
yelpazede yayilim gostermektedir. Buda onlarin yiiksek adaptasyon yeteneklerinin olduguna ve tarimsal
uygulama bakiminda bilyiik avantajlara sahip oldugunu gostermektedir. Boylece izlenen yolun
potansiyeli yiiksek, aday PGPR’1n elde edilmesi igin uygun oldugu belirlenmistir.

Sonug olarak, bu g¢alisma kapsaminda c¢esitli kiiltiir bitkilerinden izole edilen endofitik
bakterilerin karakterizasyon c¢alismasi sonucunda bitki gelisimine ve saghgma katki saglama
potansiyeline sahip bazi EB izolatlar1 tespit edilmistir. Yapilan molekiiler tanilama testlerinden elde
ettigimiz sonuclarin mevcut literatiir calismalar ile karsilastiriimas1 bu kamy: giiclendirmistir. Ozellikle
Bacillus megaterium V30Y3 ile Pseudomonas caspiana V30G2 izolatlarinin g¢alismadaki tiim
patojenlere kars1 antagonistik etki gostermesi ve bircok PGPR belirtecine sahip olmasi, bunun ile birlikte
Bacillus sp. V33K2 (MT249109) ve Pantoea sp. V31Y4 (MT249279) PGPR markor ozellikleri
bakimindan yiiksek puan almasi hedefler dogrultusunda gesitli konukgularda bitki sagligi ve gelisimine
katki sunma potansiyelinin oldugu gériilmektedir. Bu izolatlar ile ileride yapilacak in-vivo denemeler
ve tarla ¢aligsmalar ile etkinliklerinin tam olarak ortaya konulabilmesi miimkiin olacaktir. Fakat basar
potansiyeli yiiksek, nispeten az sayida izolat ile ¢alisilacak olmasi, zaman ve is giicii tasarrufunun yani
sira bagar1 sansin1 da arttirmis olacaktir.
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DW and 1.46 pg QE/g DW, whereas in sun-dried samples found to be 2.60 pug
GAE/g DW and 0.56 pg QE/g DW respectively. TEAC and I1Cs are indicators of
antioxidant capacity, and in fresh fruits TEAC and 1Cso found to be 66.91 pmol

Keywords Trolox/g DW and 45.95 mg ml**, while 39.01 pmol Trolox/g DW and 57.36 mg

mi? in sun-drying, respectively (p<0.05). While the amount of ghrelin, GSH,
Antioxidant capacity, GSSG and MDA in fresh prickly fig were found to be 19.20; 372; 20.85; 3.00
Conservation methods, Hg/g DW, on the other hand in sun-dried samples were found to be 9.90; 210.00;
Glutathione, 33.60; 4.78 ug/g DW, respectively. In addition, ghrelin and GSH in dried fruits
Opuntia ficus-indica, decreased while GSSG and MDA increased in comparison to fresh sample

Phenolic substances. (p<0.05). It can be concluded that the fruit of Opuntia ficus-indica is rich in

ghrelin and GSH. The most suitable preservation techniques for Opuntia ficus-
indica fruits is freezing to consume it in all season and microwave drying appears
to be more advantageous than sun-dried in terms of time.

Dondurma ve Kurutma Yo6ntemlerinin Dikenli incir._ (Opuntia ficus-indica) Meyvesinin
Baz1 Biyokimyasal Ozellikleri Uzerine EtkKisi

Makale Bilgileri Oz: Bu g¢alismada, dikenli incir (Opuntia ficus-indica) meyvesi taze,
dondurulmus, giines ve mikrodalga ile kurutularak incelenmistir. Taze Opuntia
ficus-indica drneklerinde toplam fenolik ve flavonoid madde igerigi sirastyla 3.30
Mg GAE/g KM ve 1.46 pg QE/g KM bulunurken, giineste kurutulmus 6rneklerde
ise 2.60 ug GAE/g KM ve 0.56 pg QE/g KM olarak bulunmugtur. Antioksidan
kapasitenin gostergesi olan TEAC ve ICso degerleri taze meyvelerde sirasiyla
66.91 pmol Trolox/g KM ve 45.95 mg/mL iken, giineste kurutulmug drneklerde
ise 39.01 umol Trolox/g KM ve 57.36 mg ml* olarak bulunmustur (p<0.05). Taze
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DOI: 10.29133/yyuthd.689862

Anahtar kelimeler

Antioksidan kapasite, dikenli incirdeki grelin, GSH, GSSG ve MDA miktarlar1 sirasiyla 19.20; 372;
Degerlendirme yéntemleri, 20.85; 3.00 pg/g KM iken, giineste kurutulmus orneklerde ise 9.90; 210.00;
Glutatyon, 33.60;4.78 ug/g KM olarak bulunmustur. Ayrica, kurutulmus meyvelerdeki
Opuntia ficus-indica, grelin ve GSH miktar1 azalirken, GSSG ve MDA miktarlar1 artmistir (p<0.05).
Fenolik maddeler. Dikenli incir meyvesinin grelin ve GSH agisindan zengin oldugu, bu meyvelerin

tiim mevsimlerde faydalanilabilmesi i¢in en uygun koruma metodu, dondurarak
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saklamaktir. Mikrodalga ile kurutma, zaman acisindan giineste kurutma
yontemine gore daha avantajli goriinmektedir

1. Introduction

Opuntia ficus-indica is important in terms of nutrient values such as ascorbic acid, potassium,
phosphorus, magnesium, sodium, calcium glutamine, proline, taurin, amino acids, phenolic substances,
and antioxidants. It is also reported that it has a positive effect on health due to the richness of high
antioxidant activity and phenolic substances (El-Mostafa et al., 2014). The antioxidants in Opuntia ficus-
indica show anticancer, anti-inflammatory, hypoglycemic, hypolipidemic and hypocholesterolemic
properties (Bensaddn et al., 2010). Opuntia ficus-indica, fruits, and stems have been used in folk
medicine for different medicinal purposes. Opuntia ficus-indica has been reported to be useful in the
treatment of many chronic diseases (Osuna-Martinez et al., 2014). It has been proved that non-nutritive
components such as active antioxidant and phytochemicals contained in the fruit of opuntia ficus-indica,
against oxidative stress have been found protective effects in rats (Livrea and Tesoriere, 2006).

Phenolic compounds found as secondary metabolites in plants consist of different compounds
such as complex flavonoids, simple flavonoids, phenolic acids and anthocyanins (Babbar et al., 2014).
Flavonoids constitute the largest group of phenolic compounds in the plant. They are among the
substances responsible for the coloring of fruits and vegetables. Flavonoids are very important in the
function of some enzymes. These substances were found to have anti-oxidative, anti-inflammatory, anti-
cancer and anti-mutagenic properties (Panche et al., 2016).

Ghrelin is a peptide hormone that stimulate growth hormone release from the pituitary gland. It
has affected on the brain to regulate the modulation of glucose metabolism. It has been proved that
ghrelin, which is a hormone found in animals can also be found in various plants and fruits (Aydin et
al., 2006).

The protective effects of Opuntia ficus-indica against oxidative damage can be explained by the
presence of various antioxidants such as vitamins C, and E, carotenoids, reduced glutathione, flavonoids,
and phenolic acids (Stintzing et al., 2001). Oxidized glutathione, is an indicator of oxidative stress,
inhibits the protein synthesis in cells, while reduced glutathione has many physiological functions, such
as reducing the toxicity of xenobiotics, transport of amino acids and act as co-enzymes in some
enzymatic reactions. (Mendoza-Cozatl et al., 2005). Reactive carbon compounds are formed as a result
of lipid peroxidation and malondialdehyde (MDA) is the indicator of this process (Gawet et al., 2004).

Opuntia ficus-indica is a seasonal fruit; to be able to consume it all year around different
preservation methods applied (Fadda and Mulas, 2010). Preservation techniques have a profound effect
on the nutritional value and medicinal benefits of the fruits. Although drying in the sun is widely used
methods, they can also be dried in ovens, drying tunnels and under vacuum as well. Microwave drying
is a relatively new technique to be investigated for many foodstuffs. The drying temperature, drying
time, light intensity and humidity are important factors on the nutritional content of fruits (Maisnam et
al., 2016).

In our previous work, water and oil-soluble vitamins with some elements in opuntia ficus-indica
fruits have been studied (Bakar et al. 2020). The purpose of this study to investigate the effect of
processing methods such as freezing and drying on total phenolic, flavonoid content, antioxidant
capacity, ghrelin, glutathione, malondialdehyde content of prickly pear fruit.

2. Materials and Methods
2.1. Materials

Ripe Opuntia ficus-indica (k17533923) fruits were harvested from Osmaniye province (GPS
location: 37.272707, 36.122754), in August, 2018. Samples collected were identified by Faculty of
Science, Department of Biology, at Firat University. Fruit samples were collected from different parts
of the region for a good sampling. The prickles of the collected samples were cleared. Five samples of
the cleaned fruit samples were randomly taken into each storage bag secured. The fresh fruit samples
were analyzed as soon as the fruits were collected, while sun and microwave-dried samples with frozen
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samples were analyzed after ten days of drying. Frozen samples were kept at -20 °C until assayed.
Chemicals and equipment used by Bakar et al (2020), were also used in this study.

2.2. Microwave and sun drying
Drying processes were carried out according to the processes applied by Bakar et al. (2020)
2.3. Extraction of Opuntia ficus-indica fruit

The prickly pear fruits samples were homogenized in a blender and 15.0 gram of homogenized
samples were Soxhlet extracted with 300 mL of methanol (1:20 g mI*) for four hours. The solvent was
removed at 40 °C in a vacuum rotary evaporator. The weighed solid extract was dissolved in 50 mL of
methanol. This solution was stored at 4 °C in the refrigerator until analyzed.

2.4. Determination of total phenolic content

The spectrophotometer was used to determine the total phenolic content according to the Folin-
Ciocalteu method modified by Dewanto et al. (2002). 0.50 mL of distilled water, 0.250 mL of sample
or Gallic acid and 0.125 mL of Folin-Ciocalteu reagent were mixed and shaken. After 6 minutes, 1.250
mL of 7 % sodium carbonate solution was added and the total volume completed to 3.00 mL with
distilled water. After 90 minutes, the absorption was measured at 760 nm by a UV-Visible
spectrophotometer. A working graph of Gallic acid solutions prepared at different concentrations was
established. The total phenolic content of the samples was determined and the results were given as g
Gallic acid per g dry weight sample (ug GAE/g DW).

2.5. Determination of total flavonoid

The total flavonoid substance was determined by UV-visible spectrophotometer as described by
Dewanto et al. (2002) 0.025 mL sample or quercetin, 1.250 mL distilled water and 0.075 mL 5% sodium
nitrite solution, 0.150 mL 10% solution of aluminum chloride were mixed in a glass tube and allowed
to stand for 5 minutes then 0.500 mL 1.0 M sodium hydroxide solution was added and total volume was
completed to 2.500 mL with distilled water followed by measurement of absorbance at 510 nm. A
working graph was formed with quercetin solutions prepared in different concentrations. The total
phenolic content of the samples was determined using the working graph and the results were given as
ug QE/g DW.

2.6. Total antioxidant capacity
Total antioxidant capacity was determined by two different methods DPPH and TEAC.
2.6.1. DPPH (2,2-diphenyl-1-picrylhydrazyl) method

The antioxidant capacity was measured according to the method based on the scavenging
activities of the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical as described by Nile et al.
(2013). A solution of 25 pg mI* DPPH in methyl alcohol was prepared, and the absorption of DPPH
solution was measured at 510 nm. Then different amount of the sample extracts was added to DPPH
solution and kept in dark for 30 minutes before measurement of absorbance at 510 nm. The percentage
of DPPH scavenging effect was calculated using the following equation (1):

DPPH Scavenging ef fects (%) or Percent Inhibition = (A(’A;Al)- 100 Q)

0

Ay is the absorbance of the sample free DPPH solution, and A; is the absorbance of the sample
containing DPPH solution after 30 minutes. The results of DPPH were given as ICso (Ug ml™t). The ICso
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values indicates the concentration of the antioxidant substance which inhibits 50% of the DPPH radical
in the medium. Low ICsp values indicate high antioxidant activity.

2.6.2. TEAC (Trolox Equivalent Antioxidant Capacity)

The ABTS free radical-scavenging activity was determined according to the method described
by Re et al., (1999). The stock solutions including 7.0 mM ABTS solution and 2.4 mM potassium
persulfate allowed to stand in the dark at room temperature for 12-16 h. The ABTS " solution was
diluted with phosphate buffer (pH=7.4) to obtain an absorbance of 0.800 £ 0.010 at 734 nm. Then 20
uL of the sample or Trolox standard was added to 2.0 mL ABTS™* solution and allowed to stand at room
temperature for 15 minutes then absorption was measured at 734 nm. Previously prepared ABTS™
solution used as the control group. All measurements were performed in four parallel for every sample.
The percentage inhibition of ABTS™" was calculated the formula given below (2):

% Inhibition = Ac@ 44w 149 (2)
Ac(o)
where Ac( is the absorbance of the control at t=0 minute, and Aag is the absorbance of the (Trolox +
ABTS™) or (Sample + ABTS ™) at t=15 minute. The free radical scavenging capacity of the sample was
calculated as percent inhibition of ABTS™. The standard calibration curve was generated using Trolox
concentration of 1.0-4.0 ug ml. The antioxidant capacity of the sample was calculated as Trolox
equivalent as pmol Trolox/g DW.

2.7. Determination of ghrelin, glutathione, and MDA

From each sample of Opuntia ficus-indica, 2.0 g of homogenized sample was weighed and 1.00
mL of 0.50 M perchloric acid was added to each homogenate to precipitate proteins then incubated for
10 minutes in the sonicator. Each sample was made up to 6.0 mL with distilled water and vortexed then
centrifuged for 5 minutes at 6000 rpm. The supernatant was filtered off (Whatman No 1) and taken into
1.0 mL of HPLC vials to determine the ghrelin, glutathione (reduced and oxidized) and MDA levels.
Ghrelin, glutathione, and MDA were determined according to the method of Ibrahim et al. (2017), by
HPLC (Exsil column 100-5 ODS 25 c¢m, 4.6 mm ID, 5 um), the mobile phase (pH=4.0) consisted of 50
mM NaClO; in 1% HsPO, with a flow rate of 1.0 mL/minute. Ghrelin and glutathione were determined
at 215 nm and MDA at 254 nm respectively.

2.8. Statistical Analysis

Statistical analysis was carried out on four different samples in parallel. A pc computer was used
for variance analysis and LSD multiple comparison test was performed at p<0.05 level.

3. Results and Discussion

The total phenolic and flavonoids content with total antioxidant capacity, glutathione, ghrelin
and stress biomarkers were investigated. The results are given in Figures 1-3. Phenolic compounds
happened to be the most known secondary metabolites found in plants and their distribution is seen
throughout the metabolic processes. These phenolic substances consist of different kinds of compounds
that include: complex flavonoids, simple flavonoids, phenolic acids and anthocyanins (Babbar et al.,
2014).

The total phenolic content in prickly pear samples found to be in between 2.60+0.15 to
3.30+0.25 ug GAE /g DW (Figure 1). According to the obtained results, the highest amount of phenolic
substance was seen in fresh samples, then frozen and in microwave dried samples while the lowest
amount was observed in the sun-dried sample. The results indicate that drying processes significantly
decrease of phenolic content in the fruit samples (p<0.05).
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Figure 1. Total phenolic and flavonoid content in fresh, frozen, sun and microwave dried Opuntia ficus-
indica fruits.

In the study conducted by Patil et al. (2019), the phenolic content of prickly pears was found as
42.454 mg GAE/100g in 50% methanol extract and 38.736 mg of GAE/100g in the water extract.

In the study conducted by Cha et al. (2013), the content of total phenolic and flavonoids in
Opuntia humifusa reported to be 125.10 ug GAE/g and 48.90 ng CE g, respectively. It has been
reported that the total phenolic content in different seeds, fruits and vegetables varies between 169-1048
mg/100g DW (Velioglu et al., 1998). There are different studies on the effect of drying on phenolic
content in fruits. In some studies, they reported that drying process caused a decrease in the total
phenolic content (Zanoelo et al., 2006; Meral, 2017) on the other hand a study conducted by Carranza-
Concha et al., (2012) reported that the total phenolic content was increased as a result of drying. Because
of the heat treatment, some phenolic compounds are converted and some are released to medium.
Therefore, it can be said that the drying process on different products does not have the same effect on
the total phenolic content (Miletic et al., 2013).

Fruits and vegetables can be consumed either fresh or processed. Flavonoids content in fruits
and vegetables may be affected by different preservation methods including drying (Kamiloglu et al.,
2015). In this study, the flavonoid content in fresh, frozen, sun-dried and microwave dried samples were
found to be 1.46+0.12, 1.28+0.10, 0.56+0.06 and 0.64+0.07 pug QE/g DW respectively (Figure 1). The
highest amount was observed in the fresh samples followed by frozen, microwave dried then sun dried
samples.

In a study by Hahm et al. (2015), the total flavonoid in the fruit of Opuntia ficus-indica was
reported to be 1.91+0.29 mg QE/g DM. It has been reported that flavonoid amounts have been decreased
as a result of freezing and drying of fresh vegetables and fruits (Kamiloglu et al., 2015). When the fruits
are subjected to various preservation processes the total flavonoid content might decrease as a result of
some interactions in their structure. Some phenolic components and antioxidant substances are
destroyed and reduced by heat treatment. Generally, it is expected that antioxidant activity and total
phenolic content will decrease with heat treatment.

Two different methods, DPPH and TEAC, were used to determine the antioxidant capacity of
the samples in this work. While calculating I1Cso values in the DPPH method, Trolox equivalent was
calculated in TEAC method. The 1Cso value refers to the concentration of the antioxidant substance
which inhibits 50% of the DPPH radical in the medium. The antioxidant capacity is inversely
proportional to 1Cs value. The 1Cso recorded from our work in fresh, frozen, sun and microwave dried
Opuntia ficus-indica fruit sample were 45.95+2.24, 50.24+2.84, 57.36+2.11 and 52.12+3.10 pg mi*
respectively (Figure 2). In the study conducted by Cha et al. (2013), they found the radical scavenging
activity (DPPH) of methanol extract of Opuntia humifusa as 72.5%. Surinrut et al. (2005), found that
ICso values of mangosteen, orange, pomelo, grape and papaya fruits ranged from 11.18 to 32.80 mg
mlL. In another study, Reynertson et al. (2005), reported that 1Cso values between 15.9-247 mg ml in
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seven different fruits of the Myrtle family. TEAC method is widely used in determining the antioxidant
capacity of food samples due to easy of application in both aqueous and lipid phases.
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Figure 2. Total antioxidant capacity (TEAC and ICso value) in fresh, frozen, sun and microwave dried

Opuntia ficus-indica fruits

In this study, free radical scavenging activity (TEAC) of the fresh, frozen, sun and microwave-
dried Opuntia ficus-indica fruit samples were found to be 66.91+3.58, 59.47+3.10, 39.01+2.45 and
43.67+2.46 pumol Trolox/g DW, respectively (Figure 2). Su et al. (2007) found that antioxidant activity
level of 80% methanol extracts of rosehip fruit was 190 + 4.81 umol TEAC g*. The trolox equivalent
antioxidant capacities of fruit samples were found to be lower than that of rosehip fruit. As seen in
Figure 2, the antioxidant capacity decreased as a result of drying processes. Experimental findings
indicate that the changes in 1Cso and TEAC values as a result of drying are statistically significant (p
<0.05). The experimental result showed that the heat treatment decreases the total antioxidant capacity
due to the decrease in the total phenolic, flavonoids and antioxidant vitamins in the fruits (Miletic et al.,
2013).

Ghrelin, is also called growth hormone, present in the peptide structure can be affected by
applied heat treatments. This study showed that the ghrelin content in fresh, frozen, sun and microwave
dried fruit samples found to be 19.20+1.40, 18.80+1.31, 9.90+0.74, and 10.10+0.79 pg/g DW,
respectively (Figure 3). The higher amount of ghrelin was observed in the fresh samples followed by
frozen and microwave then sun-dried samples (p<0.05). It was reported by ibrahim et al., (2017), that
the amount of ghrelin in Crataegus laevigata fruits in different regions was found between 18.96+6.73
and 79.96+12.14 ug g

Glutathione, which is necessary for the immune system of the cells, has a peptide structure is
the most important intracellular antioxidant molecule, also involve in the transport of amino acids in
metabolism and reduction of sulfhydryl groups in proteins (Mendoza-Cozatl et al., 2005). In this study,
the amount of GSH in fresh, frozen, sun and microwave dried samples of Opuntia ficus-indica fruit was
found to be 372+31.90, 344+28.80, 210.00 +15.00 and 235.00+17.00 pg g2, respectively. The amounts
of GSSG in the same samples were 20.85+1.24, 21.70+1.85, 33.60+1.80 and 31.20+1.64 pg g?,
respectively. While the amount of GSH decreased as a result of drying processes, the amount of GSSG
increased (p <0.05) (Figure 3). Tesoriere et al. (2005) reported that the amounts of GSH in three different
cultures of prickly pears were found to be in between 3.40 to 8.10 mg/100 g.

Both glutathione and ghrelin are known as peptides. Preservation methods applied to foods can
significantly affect the biological activity of peptides. Ultrasound, heat, and irradiation processing might
affect protein structure and functions. In addition, these processes may cause Millard reactions in food
(Davis et al., 2001). As a result of the factors mentioned above, might leads to changes in the amount of
peptides.
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Figure 3. Ghrelin, GSH, GSSG and MDA content in fresh, frozen, sun and microwave dried Opuntia

ficus-indica fruits (GSH values divided by 10, MDA values multiplied by 10).

Free radicals cause lipid peroxidation by affecting the unsaturated fatty acids in the membranes
and MDA forms as a result of lipid peroxidation (Gawet et al., 2004). In this study, the MDA content in
fresh, frozen, sun and microwave dried Opuntia ficus-indica samples was found to be 3.00+0.14,
3.06+0.18, 4.78+0.14, and 4.64+0.12 pug g, respectively. The amount of MDA was found to be the
highest in the sun-dried samples, while it was the lowest in fresh samples (p<0.05) (Figure 3). The
amount of MDA in ripe ber (Ziziphus mauritiana Lam) fruit was found to be 4.498 nmol/g (Kumar et
al., 2011). It has been reported that the amount of MDA is increased in microwave and infrared dried
apricot samples (Karatas and Kamisli, 2007).

The GSH/GSSG ratio and MDA are used as stress biomarkers. The stress is inversely
proportional to the ratio of GSH/GSSG and is proportional to the amount of MDA. GSH/GSSG ratios
of fresh, frozen, sun and microwave-dried fruits were calculated as 17.84, 15.85, 6.25 and 7.53
respectively. The increase in the amount of MDA in fruits and the decrease in the GSH/GSSG ratio
indicate that oxidative stress occurs by drying processes. It can be said from these results that,
preservation methods applied cause stress on the fruits.

Conclusion

The total phenolic, flavonoids and antioxidant capacity in fresh and frozen Opuntia ficus-indica
fruit were higher than the amounts in the sun and microwave dried fruits. In addition, the amount of
ghrelin and reduced glutathione in dried fruits decreased while the amount of oxidized glutathione and
malondialdehyde increased. These results suggest that the best preservation methods for Opuntia ficus-
indica fruit are freezing. In addition, microwave drying seems more advantageous than drying under the
sun in terms of drying time.
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Oz: Bu calismada, iki farkli ekoloji olan Trabzon ve Hizan (Bitlis) ilgesinde
yetistirilen 11 findik ¢esidi ve tipinin yapraklarindaki stoma sayilar1 ve dagilimi
incelenmigtir. Stomalar, hipostomatik olarak sadece yaprak alt yiizeyinde
gbzlenmistir. Stoma sayis1 birim alanda (mm?) 90.00 (Tursink) ile 111.60 (Himdi)
adet arasinda degisim gostermistir. Cesitlerin stoma uzunlugu ve genisligi 23.31
(Heriste) - 32.03 (Fosa) ve 19.20 (Cavres) - 26.78 (Fosa) araliginda belirlenmistir.
Stoma uzunlugu ve genisligi agisindan Ust degerler Fosa findik c¢esidinde
belirlenmistir. Findik g¢esitleri ve tiirleri arasinda Himdi en yiiksek stoma indeksine
(%19.43) sahipken Cavres en diisiik stoma indeksine (%13.26) sahiptir. Cesit ve
tiplerin yaprak epidermis hiicrelerinin sayis1 462.82 ile 612.46 adet / mm? arasinda
degisim gostermistir. Stoma sayisi ile stoma uzunlugu (-0.684-0.358) ve stoma
genisligi (-0.706-0.856) arasinda negatif korelasyonlar bulunmustur. Bu sonuglar,
findik ¢esitlerinin ve genotiplerin farkli stoma o&zelliklerine sahip oldugunu
gostermistir. Findiklarda stoma yapilarmin belirlenmesinde en iyi yontemin
saydamlastirma yontemi oldugu gézlemlenmistir.
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Abstract: In this study, the numbers and distribution of stomata in the leaves of
eleven hazelnut cultivars and types grown in Trabzon and Hizan (Bitlis) district,
which are two different ecologies, were examined. Stomata were observed
hypostomatically only on the lower leaf surface The number of stoma in unit area
(mm?) ranged from 90.00 (Tursink) to 111.60 (Himdi). The stoma length and stoma
width of the cultivars were measured in the range of 23.31 (Heriste) —32.03 (Fosa)
and 19.20 (Cavres) - 26.78 (Fosa). The highest values in terms of stoma length and
stoma width were determined in Fosa hazelnut variety. Among the hazelnut
cultivars and types, Himdi had the highest stoma index (19.43%), while Cavres had
the lowest stoma index (13.26%). The number of epidermis cells in the leaves of
the cultivars and types ranged from 462.82 to 612.46 stoma mm=2. Negative
correlations were found between the number of stoma and stoma length (-0.684-
0.358) and stoma width (-0.706-0.856). These results showed the hazelnut varieties
and genotypes have different stomata characteristics. It has been observed that the
best method for determining the stomata structures in hazelnuts is the method of
transparency
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1. Giris

Stoma bitkinin toprak iistiindeki organlarinin hava aligverisini saglayan epiderma hucreleri
arasinda olusan bir yapidir. Bitkilerin adapte olma kabiliyetleri yapraklarda meydana gelen
transpirasyon ve fotosentez ile iligkilidir. Stoma olarak adlandirilan kiigiik gbzenekler ile atmosfer ile
yaprak arasinda su buhari, CO;, ve O; aligverisini saglayarak transpirasyon ve fotosentezin olusumuna
etki etmektedir. Su stresi stoma agikliklarinin kiiglilmesine ya da tamamen kapanmasina neden olarak
gaz aligverisini sinirlandirmaktadir. Ayrica, birim yaprak yiizeyindeki stoma sayisi gaz aligverisini
etkilemektedir (Brownlee, 2001).

Stomalar tiirlere gore yapragin her iki ylizeyinde (amfistomatik), sadece alt yiizeyinde
(hipostomatik) ya da tist yiizeyinde (epistomatik) bulunabilmekte olup bir mm? yaprak alanindaki stoma
sayisi (stoma yogunlugu) tiir ve cesitlere gore degisiklik arz etmektedir (Brownlee, 2001; Caglar ve ark.
2004). Yapraklar1 tamamen giineste bulunan bitkilerde stomalar yapraklarin alt yiizeylerinde yer alirlar.
Stomalar genel olarak epidermisle ayni yiizeyde bulunmaktadir. Stoma lizerine yapilan arastirmalarda,
stoma sayisinin kurakliga dayanim (Sahin ve Soylu, 1991; Diizenli ve Ergenoglu, 1991; Kugukyumruk
ve ark., 2015), net fotosentez tretimi (Bierhuizen ve ark., 1984) ve vejetatif gelisme (Caglar ve Tekin,
1999; Caglar ve ark., 2004) gibi cesitli 6zelliklerle baglantili oldugunu farkli arastiricilar rapor
etmektedirler.

Stoma sayisi ve anatomisi bitki tiirlerine, cesitlere ve hatta klonlara gore degisebildigi
bildirilmektedir (Caglar ve ark., 2004; Sohie ve ark., 2008). Stoma bitki-su iliskilerinin diizenlemesinde
onemli role sahip olup su kaybinin yaklasik %85-90'n1 stomalardan ger¢eklesmektedir (Yentiir, 1984).
Bu nedenle, stoma anatomisini, sayisini ve yapraklardaki yerini bilmek énemlidir. Stoma anatomisi ve
say1st; elmada, kestane, ceviz, Uzim, kiraz, mahlep ve incir tizerinde ¢alismalar yapilmis olmasina
ragmen findiklarda yapilan g¢alismalar ¢ok azdir (Avci ve Aygiin, 2014). Stomalarin fotosentez,
fizyolojik slrecler, terleme, cevresel faktorlere tepkiler gibi siregler Gzerine O6nemli etkileri
bulunmaktadir (Sarwar ve ark., 2013; Aras ve Esitken, 2019).

Tiirkiye en biiyiik findik iireticisi ve gen merkezleri arasinda bulunmaktadir. Ulke olarak Diinya
findik tiretim ve ticaretinin yaklasik %70'ini karsilamaktayiz. Tirk findik gesitleri benzersiz nitelik ve
ozellikleri nedeniyle ithalat¢ilar tarafindan oldukca ragbet gormektedir. Tiirkiye orjinli findik gesit ve
tiplerinin stoma 6zellikleri tizerine ¢alismalara literatiirde ¢ok az rastlanilmistir (Avcl ve Aygun, 2014).
Bu arastirmada iki farkli ekolojilerde yetisen (Trabzon ve Bitlis-Hizan) findik ¢esit ve tiplerinin stoma
yogunluklari ve anatomisinin saptanmasi amaglanmistir.

2. Materyal ve Yontem

Bu ¢alisma, Trabzon ilinde yetistirilen Tombul, Fosa ¢esitleri ve Giresun genotipi ile Hizan
(Bitlis) ilgesinde yetistirilen 8 farkli findik genotipi tizerinde 2019 yilinda yiirGitilmiistir. Toplamda 11
findik cesit ve genotipi calisma kapsaminda yer almaktadir. Farkli iki ekolojiden alinan findiklar ayni
bahgeden alinmis benzer yetistirilme diizeylerine sahiptirler. Denemedeki findiklardan Trabzon’dan
secilmis olanlar Karadeniz iklimi etkisinde, Hizan (Bitlis)’ten secilmis olanlar ise karasal iklimin
etkisindedir. Calismanin amaci; findik ¢esit ve genotiplerinin yapraklarinda kalip alma ve
saydamlastirma yontemleri kullanilarak stoma yogunluklar: ve biiytikliiklerini, epidermal hiicre sayilar
ile stoma indeksini belirlemek amac¢lanmuistir.

Secilen findik ¢esit ve genotiplerinde stoma sayim ve dlgiimleri i¢in findik ocaklarinin 4 farkli
yOniinde bulunan dallarin yillik siirglinlerinin u¢ kismindan itibaren geriye dogru 3. ve 4. yapraklar
kullanilmistir. Yaprak temmuz aymin ikinci yarisinda alinmis olup, gozlemler taze yapraklar {izerinde
gergeklestirilmistir.

Yaprak orneklerinin ana damarlart boyunca alt ylizeyinin sagindan ve solundan 2 cm ¢apinda
6zel bir zimba ile ii¢ farkli kisimdan (dip orta ug kisimlardan) parca alinarak hazirlanan soliisyonun igine
iizerine kursun kalemle yazilabilen musamba {izerine tel zimba ile zimbalanarak yerlestirilmistir.

Saydamlagtirma yonteminde %5’lik sodyum hipokloritin igine konulan ornekler oda
sicakliginda (22-23 °C) 24-36 saat bekletilerek istenen diizeyde saydamlasmanin olmasi saglanmistir
(Durmaz, 2014).
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Sekil 1. Saydamlastirma yontemine ait fotograflar.
Saydamlastirma soliisyonu

Yapraklarin dip u¢ orta kisimlarindan alinan Ornekler saydamlastirilmasinda sodyum
hipokloritin (NaClO) %5 soliisyonu kullanilmistir. Yapraklardan alinan parcalar soliisyon igerisine
musambaya tel zimba ile zimbalanarak tutturulmustur. Oda sicakliginda (22-23 °C) 24-36 saat bu
soliisyon igerisinde tutulan Ornekler tamamen saydam hale geldikten sonra lam {izerine alinarak
Mikroskopta 40x biiyiitmede kareli okiiler mikrometrede kaliptaki stoma adedi belirlenmistir (Eris ve
Soylu, 1992). Stoma sayis1 ve birim alandaki epidermal hticreler (1 mm?) belirlendi ve stoma indeksi
(SI) yiizde olarak asagidaki formiile gore hesaplanmistir (Meidner ve Mainsfield, 1969).

Birim alandaki stoma sayis1
Y 00

Stoma indeksi (SI) =

X
Birim alandaki stoma sayis1 +Birim alan basina epidermal hiicre sayis1 (1)

Sodyum hipoklorit

Bir tiir tuz olan Sodyum hipoklorit (NaClO) giinliik hayatta ¢amasir beyazlatict olarak
kullanilmaktadir. Bu madde oda kosullarinda sabunlardaki sodyum hidroksit ve klorun birlesmesi ile
iiretilmektedir. Sodyum hipoklorit formiilii asagidaki gibidir:

2NaOH + C1, = NaCl + NaCIO + H;0
istatistiksel analizler

Caligsma U¢ tekerrurli olarak tesadif parselleri deneme desenine gore kurulmustur. Calisma her
bir gesit veya genotipten dokuz Ornek, toplamda ise 99 rnek Uzerinde gergeklestirilmistir. Calismada
Statgraphics istatistiksel paket programi kullanilmigtir. Veriler faktoriyel varyans analizine tabi tutulmus
olup gruplar arasinda ki istatistiki farki ortaya ¢ikarmak amaciyla LSD (P<0.05) testinden
yararlanilmustir.

Yapraklarda stoma dagilimlart Tombul ¢esidinin yapragindaki stoma hiicresi ve epidermal
hiicre yapilar1 Sekil 2. gosterilmistir. Yontem olarak kalip alma yontemi kullanilamadigindan
saydamlastirma yonteminin tercih edilmesinin nedeni tiim findik gesit ve tiplerinin yapraklarinda Sekil
2’de goriilecegi lizere yiiksek tiyliiliik oranlari, findik yapraklarinin gevrek (yirtilmaya yatkin) yapida
olmasi ve yaprak ylizey dalgalanmalarinin ¢ok fazla olmasi nedeni ile kalip alma yonteminin kullanigh
olmadigina kanaat getirilmis olup ¢alismada saydamlastirma metodu ile devam edilmistir.
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Sekil 2. Tombul findik ¢esidinin yapraklarindaki stoma ve epidermal hiicrelerin ve yaprak tiiyliiliigiiniin
goriiniisi.
3. Bulgular ve Tartisma
Yapilan aragtirmada findik cesit ve genotiplerinde yapraklarin ist yiizeyinde stomaya
rastlanmamistir. Findik yapraklarinin sadece alt yiizeyinde stomalar tespit edilmistir. Uzerinde ¢alisilan

findik ¢esit ve genotiplerinin hipostomatik oldugu belirlenmistir.

Cizelge 1. Stoma yogunluklar1 ve boyutlarina iliskin varyans analiz sonuglari

Stoma yogunluklarina iligkin varyans analizi

Varyasyon Kaynagi S.D. K.T. K.O. F-Degeri
A: Cesit-Genotip 10 22805.8 2280.58 88.95 ***
B: Dip/Orta/ Ug 2 217.375 31.0535 1.21 0P
C: Tekerrir 2 190.865 95.4327 4.20*
Hata 84 1794.67 25.6381
Toplam 98 24817.8

Stoma boylarina iligkin varyans analizi
Varyasyon Kaynagi S.D. K.T. K.O. F-Degeri
A: Cesit-Genotip 10 620.109 62.0109 7.80 ***
D: Dip/Orta/ Ug 2 74.8124 10.6875 1.34 9P
C: Tekerrir 2 9,34767 4,67384 0,58 9D
Hata 84 556.675 7.9525
Toplam 98 1251.6

Stoma enlerine iliskin varyans analizi
Varyasyon Kaynagi S.D. K.T. K.O. F-Degeri
A: Cesit-Genotip 10 394.774 39.4774 6.34 ***
D: Dip/ Orta/ Ug 2 50.9725 7.28179 1.17 ‘:j-D-
C: Tekerrir 2 12,7981 6,39905 1,03 °P.
Hata 84 435.536 6.22194
Toplam 98 881.283

**%: (P<0.001); *: (P<0.05); 9P Onemli Degil.

Findik ¢esit ve genotipleri agisindan yapraklardaki stoma yogunlugu, stoma genisligi ve stoma
uzunlugu iizerine olan etkileri istatistiki olarak oldukg¢a 6nemli (P<0.001) bulunmustur. Yaprak
ylizeyinin farkli yerlerinden (dip, orta, uc) drnek almanin stoma yogunlugu, stoma eni ve stoma boyu
tizerine etkisinin istatistiki olarak dnemli olmadigi tespit edilmistir. (Cizelge 1).

Uzerinde calisilan findik gesit ve genotiplerinde ortalama stoma sayist 97.69 mm? olarak
belirlenmistir. En yiiksek stoma sayis1 Himdi genotipinde (111.6 mm?) gozlenirken en diisiik stoma
say1s1 Hizan genotipinde (82.8 mm?) tespit edilmistir. En énemli standart findik ¢esidimiz olan Tombul
stoma sayist (99.00 mm?) agisindan tespit edilen ortalama stoma sayisinin iizerinde bir degere sahip
olmustur. Stoma boyu 23.31 (Heriste) - 32.03 (Fosa) um arasinda ve stoma eni 19.20 (Cavres) - 26.78
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(Fosa) pm aralifinda saptanmistir. Stoma uzunlugu ve genisligi a¢isindan Fosa findik ¢esidi 6ne
cikmistir. Incelenen findik ¢esit ve genotiplerinde stoma yapilart Sekil 3’de sunulmustur.

Fosa ) Gevrik

Heriste Beynane

P o

Himdi ' - Hizan

Sekil 3. Incelenen findiklardaki stoma goriiniisleri.
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Sevane

Cavres

Sekil 3. Incelenen findiklardaki stoma goriiniisleri (devamn).

Stoma indeksi agisindan Himdi (%19.43) ¢esidinde ve Cavres (%13.26) genotipinde Ust ve alt
degerler olarak saptanmistir. Epidermis hiicre sayis1 462.82-612.46 adet/mm? arasinda degisiklik
gostermistir (Cizelge 2).

Cizelge 2. Findik ¢esit ve genotiplerinde tespit edilen stoma ve epidermal hiicre degerleri

Cesit/Genoti Stoma Sayis1 Stoma Genisgligi Stoma Stoma index  Epidermal Hiicre
3 P (mm?) (um) Uzunlugu (um) (%) say1s1 (mm?)
Tombul 99 cd 23.55 b 30.41 ab 1544 cde 54224 ¢

Fosa 97.2 d 2678 a 3203 'a 1753 b 45712 f
Giresun 91.8 ef 22.72 bc 25.19 de 16.29 becd 47185 ef
Gevrik 106.2 b 21.01 bcde 2553 de 18.07 b 48138 e
Heriste 100.8 c 19.43 de 2331 e 14.50 def 59435 b
Beynane 104.4 b 22.08 bcd 30.47 ab 17.10 506.12 d

Himdi 1116 a 2041 cde 2539 de _462 82 f

Hizan 82.8 g 23.31 b 29.67 ab 1392 efg 51208 d
Cavres 93.6 e 19.20 e 27.72 bcd 1326 g 612.46 a
Sevane 97.2 d 23.81 b 29.22 abc 13.76 fg 609.08 a
Tursink 90 f 21.08 bcde 26.27 cde  14.09 efg 548.60 ¢
Ortalama 97.69 22.13 27.75 15.76 527.10

*: Ayni siitunda farkli harflerle gosterilen ortalamalar arasindaki fark 6nemlidir LSD (P<0.05).

Avcl ve Aygun, (2014) yapmis olduklar arastirmada, 18 yerli findik ¢esidinde stoma
ozelliklerini belirlemiglerdir. Stomalarin hipostomatik olduklarini gézlemislerdir. Stoma yogunlugu
83.08 (Kalinkara) - 117.73 (Sivri) adet/mm? araliginda degistigini rapor etmektedirler. Stoma uzunlugu
22.00-27.45 pum ve stoma genisligi 17.00-22.61 um araliginda belirlenmis olup degerler yapmis
oldugumuz galismayla paralellik arz etmektedir.

Caglar ve ark., (2004) yapmis olduklart bir calismada arastirdiklar1 cevizdeki stoma
yogunlugunu (Juglans regia L.) 120-217 mm? arasinda degistigini rapor etmektedirler. Mert ve ark.,
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(2009), elma cesitlerinde tespit ettikleri stoma sayisinin 344.21-619.36 mm? araliginda oldugunu
bildirmektedirler. Antepfistigi ¢esitlerinde stoma yogunlugu iist ve alt yaprak yiizeyinde epidermis 114-
151 mm? ve 171-221 mm? arasinda degistigi rapor edilmektedir (Caglar ve Tekin, 1999).

Asmalarda stoma yogunlugu ve boyutlarinin giibreleme (Boselli ve Scienza, 1983), fungusit
uygulamalari (Sekera, 1983); anag ve terbiye sistemi (Isci ve ark., 2015; Atik ve Dardeniz, 2018), cevre
kosullara ve ceside (Eris ve Soylu, 1990) gore degisiklik gosterdigi rapor edilmistir.

Elde edilen sonuglara gore findik ¢esit ve genotiplerde stoma sayisimin farklilik gostermesi ve
bu farkliligin istatistiki acgidan (P<0.05) Onemli olmasi bitki genetik farkliliginin etkisinden
kaynaklandigi sekliyle agiklanabilir (Caglar ve ark., 2004). Genel olarak stoma sayist tiirler, cesitler
gore farklilik gosterdigi gibi ekolojik faktorlerin, biiyiime kosullarinin ve 6zellikle rakim stoma sayisi
lizerine ¢ok 6nemli bir etkisi bulunmaktadir. Deniz seviyesinden yukarilara ¢ikildikca, rakim arttikga
stomalar artar (Caglar ve ark., 2004). Benzer sekilde toprakta su eksikligi, bitki besin maddeleri ve 151k
yogunluguna dayali kosullar stoma sayisinin artmasina neden olabilir. Calismamizda Hizan ilgesinde
yetistirilen findik genotiplerinde belirlenen stoma sayilarinin 82.80-111.60 mm? olarak belirlenmesi
rakimdan ziyade stoma dagilimlarindaki farkliligin kuvvetli olarak bir gesit 6zelligi oldugunu ortaya
koymaktadir.

Farkli iki bolgeden orneklenen findik gesit ve genotiplerinde stoma sayist ve genislikleri
arasinda anlamli negatif korelasyonlar (r=-0.698 - -0.706) Giresun ve Tombul ¢esitlerinden elde
edilirken Tursink ve Sevane genotiplerin pozitif korelasyonlar (r=0.620-0.856) belirlenmistir tespit
edilmistir (Cizelge 3). Genelde negatif korelasyonlar Trabzon yoresinden &rneklenen gesitlerde
bulunurken pozitif korelasyonlar karasal iklimin hiikiim siirdiigi 1470 rakimda yetisen genotiplerden
elde edilmistir. Rakim degerleri yiiksek olan yorede yetisen findik genotiplerinde stoma sayisinin
artmasi ile birlikte stoma genisliklerinin de artmasina neden oldugu gézlemlenmistir.

Yapraklar1 daha biiylik stomalar iceren tiir ve ¢esitler fotosentetik kapasite ve oranin daha
yiiksek oldugu kaynaklarda rapor edilmektedir (Chandra ve Das, 2000; Celiktopuz ve ark., 2018). Genel
olarak, yapraklardaki stoma yogunlugu yiiksek cesitlerin stoma genisliklerinin daha dar oldugu
bildirilmektedir (Mert ve ark., 2009). Tespit etmis oldugumuz sonuglar genel olarak bu ifadeyi destekler
niteliktedir.

Stoma yogunlugu ve stoma genisliklerinin ortalama korelasyon katsayisi r=-0.247 tespit
edilirken, stoma yogunlugu ve stoma uzunluklarinimn tiim ¢esit ve genotiplerin ortalama korelasyon
katsayis1 r =-0.380 olarak belirlenmistir.

Cizelge 3. Findik ¢esit ve genotiplerinde stoma adedi ile stoma uzunlugu ve stoma genisligi arasindaki
korelasyon katsayilar

Cesit/Genotip Stoma Sayisi-Stoma Genisligi (1) Stoma Sayis1-Stoma Uzunlugu (r)
Tombul -0.698 -0.684
Fosa 0.154 -0.004
Giresun -0.706 -0.258
Gevrik 0.391 0.358
Heriste -0.147 -0.396
Beynane 0.323 -0.458
Himdi -0.077 -0.170
Hizan -0.276 -0.030
Cavres 0.428 0.120
Sevane 0.620 -0.112
Tursink 0.856 0.461
Genel -0.247 -0.216

Avci ve Ayglin, (2014) findiklarin stoma 6zellikleri tizerine yapmis olduklar1 ¢aligmada stoma
sayisi ile stoma boyu arasinda (-0.407) ve stoma sayisi ile stoma eni arasinda (-0.380) negatif korelasyon
belirlenmislerdir. Inceledikleri gesitlerin korelasyon katsayilar1 -0.451 (Kan) ile 0.192 (Uzunmusa)
araliginda degisim gostermis olup yapmis oldugumuz ¢alismayla benzer niteliktedir. Stoma yogunlugu
ile stoma biiyiikliigii arasinda ceviz ve elmada negatif korelasyon oldugu farkli arastiricilar tarafindan
bildirilmektedir (Caglar ve ark., 2004; Mert ve ark., 2009). Elma c¢esitlerinde stoma yogunlugu ve
biiyiikliikleri arasindaki korelasyon katsayilar1 Vista Bella’da r=-0.805, Fuji’de r=-0.860; Granny
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Smith’de r=-0.205 ve Mondial’de r=0.659 rapor edilmektedir (Mert ve ark., 2009). Goriildiigi tizere
farkli elma ¢esitlerinde stoma yogunlugu ve biiyiiklikkleri hem negatif hem de pozitif korelasyonun
bulundugu bildirilmis olup ¢calismamizda da benzer durum Cizelge 3°de gozlenmektedir.

4. Sonug

Bu calisma neticesinde stomanin findik gesit ve genotiplerinin yapraklarinin alt yiizeyinde
bulundugu (hipostamik) belirlenmistir. Uzerinde calisilan 11 farkli findik cesit ve genotipinde stoma
sayilar1 agisindan istatistiki anlamda farklilik belirlenmistir. Findiklarda stoma lizerine Avci ve Aygun,
(2014) ¢alismasi disinda su ana kadar yapilan ¢alismalarda stoma 6zelliklerinin fotosentez, bitki gelisimi
ve verimi bitki su iligkileri tizerine etkisi hakkinda herhangi bir ¢alismaya rastlanilmamustir.

Calismada ¢esit ve genotipin stoma yogunlugu {izerine olan etkisinin 6nemli oldugu ancak
yaprak yiizeyinin farkli yerlerinden 6rnek almanin stoma yogunlugu {izerine etkisinin 6nemsiz oldugu
tespit edilmistir. Ayni sekilde, ¢esit ve genotipin stoma boyutlari {izerine olan etkilerinin 6nemli oldugu
ancak yapragm alinma yerinin ve yaprak yiizeyinin farkli yerlerinden 6rnek almanin stoma boyutlar
tizerine olan etkisinin 6nemsiz oldugu belirlenmistir. Stoma yogunlugu agisindan ¢esit ve genotipler
arasindaki farkliligin 6nemli bulunmasi, stoma yogunlugunun findik ¢esit ve genotiplerine 6zg
oldugunu ortaya koymaktadir.

Findik yapraklarinda stomalarin bir kismi yaprak mezofil dokusunun mantar tabakasi iginde
gOmiilmiis olarak bulunmasi, yaprak tiyliiliigiiniin ¢ok fazla olmasi, yapraklarin gevrek yapida olmast,
yaprak ylizeyinin piiriizlii ve dalgali olmasi nedeniyle findik yapraklarinda daha iyi bir stomatal
gbzlemlemenin yapilmasinda saydamlastirma yonteminin kullanilabilir oldugu gozlenmistir.

Elde edilen bulgulara dayanarak, saydamlastirma yonteminde yapraklarin tam olarak
saydamlagsmasinin 24-36 saat aldigi, kullanilacak olan piyasada satilan hipolarin %17-20 saflikta
bulundugu unutulmamalidir. Kaliteli hipo markalarin tercih edilmesi ile daha net ve seffaf saydamlagmis
ylizey elde edilebildigi saptanmustir.
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Abstract: The aim of the study was to determine forage yield, forage quality
and in situ rumen degradation characteristics of Hungarian vetch (Vicia
pannonica Crantz.) mixtures with ftriticale (x Triticosecale sp. Wittmack) in
different seeding rates (HV, 75:25 HVT, 50:50 HVT, 25:75 HVT and T) during the
flowering period of triticale. The research was carried out in the experimental lands
of Gaziosmanpasa University Agricultural Application and Research Center during
the 2015-2016 vegetation period. Field experiment was designed as
Randomized Block Design with 3 replicates. Besides, three rumen cannulated
Karayaka rams (average 3 year old) were used to determine dry matter degradablity
characteristics of pure and mixtures by using in situ method according to
randomized design. The results that biomass and dry matter yield were not different
among the groups, whereas the highest crude protein concentration (13.12%) was
determined in the pure sown Hungarian vetch (P<0.01). In addition, the maximum
crude protein yield was obtained from 75:25HVT group. In terms of effective dry
matter digestibility, 50:50HVT experimental group, ED2, ED5 and ED8 (720.82,
706.1 and 692.64 g kg*) was found to have the highest dry matter degradability. It
was concluded that in case of mixed cultivation of Hungarian vetch and triticale,
more digestible dry matter yield and crude protein yield can be obtained compared
to pure cultivation.

Farkli Tohum Oranlarinda Ekilen Macar Figi (Vicia Pannonica Crantz.) ve Tritikalenin
(Xtriticosecale Wittmack) Yem Degeri ve Rumende Parcalanabilirlik Ozellikleri Uzerine

Etkileri

Makale Bilgileri

Gelis: 11.03.2020
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Online yayinlanma 30.09.2020
DOI: 10.29133/yyutbhd.702354

Anahtar kelimeler

Ot verimi,
Macar figi,

Oz: Bu galismanmn amaci, tritikale (x Triticosecale sp. Wittmack) ile Macar
figinin (Vicia pannonica Crantz.) farkli tohum karigim oranlarinin (HV, 75:25
HVT, 50:50HVT, 25:75 HVT ve T).) tritikalenin ciceklenme ddnemindeki ot
verimi ve kalitesi ile rumende parcalanabilirlik 6zelliklerine etkisini belirlemekti.
Arastirma, 2015-2016 vejatasyon déneminde Gaziosmanpasa Universitesi
Tarimsal Uygulama ve  Arastirma Merkezi deneme  sahalarinda
gergeklestirilmigtir. Deneme tesadiif bloklart deneme deseninde 3 tekrarlamali
olarak yiiriitiilmiistiir. Ayrica, saf ve karisim kuru otlarin rumende kuru madde
parcalanabilirlik 6zelliklerini belirlemek amaciyla rumenlerine kaniil takilmis ii¢
bas Karayaka kocu (50 kg canli agirlik ve ortalama 3 yasinda) kullanilmistir.
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Yem degeri, o Yesil ot ve kuru madde veriminin gruplar arasinda farkli olmadigi, en yiliksek ham
Rumende pargalanabilirlik, protein konsantrasyonu (% 13.12) ise saf ekili Macar figinde oldugu
Tiritikale. belirlenmigtir. (P<0.01). Ayrica, maksimum ham protein verimi 75:25HVT

karigim grubundan elde edilmistir. Etkin kuru madde sindirilebilirligi (ED2, ED5
ve EDS8) agisindan, en yiiksek kuru madde pargalanabilirligine 50: S0HVT
karigim grubunda (720.82, 706.1 ve 692.64 g/kg) bulunmustur. Sonug olarak,
Macar fig ve tritikale karigik ekim durumunda, saf ekime goére daha fazla
sindirilebilir kuru madde verimi ve ham protein veriminin elde edilebilecegi
sonucuna varilmistir.

1. Introduction

The Hungarian vetch (Vicia pannonica) is an annual and cool season legume plant that can
survive freezing without any damage. It is generally recommended for arid regions, with delicious leaf,
forage and crude protein yield (CP) is high (Tuna and Orak, 2007). Due to the weak body of the
Hungarian vetch, it easily lies in the growing period and is very difficult to harvest. There are rotting in
the lower parts of the plant. For this reason, it is recommended to be mixed with grains and planted.
When the vetches are planted mixed with cereals, they grow upright by wrapping them in cereal crops.
With mixed cultivation, harvesting becomes easier (Kusvuran et al., 2014). It has been reported by the
researchers that the most suitable form of time in the plantings mixed with the wheat crops is 30-36%
of the dry matter of the plant mixtures or in the milk stage of wheat (Aksoy and Nursoy, 2010). On the
other hand, triticale plant is a hybrid of wheat and rye and has been obtained as a result of long-term
improvement studies in many countries. Triticale plants as forage are a great source of energy for
ruminant animals (Avellaneda et al., 2009). It is stated that cultivation of triticale together with legumes
may increase roughage quality and product amount according to growing triticale alone (Karadag and
Buyukburc, 2003). The quality of legume-wheat mixtures as roughage varies depending on seed rates.
In this context, Lithourgidis et al. (2006) stated that the common vetch: triticale seed rates were sown
as 55:45 and 65:35, Green feed production and crude protein level were fond 10.3 ton ha® and 10.9 %
respectively. Also, NDF levels were determined to be 40.3 and 45.6%. One of the most important
differences between the cereals and legumes is cell wall digestibility of plant fragmentation. Legumes
leaves have a faster cell wall digestion rate than cereals. Because higher rates of non-lignified tissues
are higher than those of cereals (Paulson et al., 2008). In addition, since there are less lignified tissues
in legume leaves, the rate of cell wall digestion is faster than that of cereals. However, the digestibility
of wheat grain is higher than that of legumes (Paulson et al., 2008). Although the digestibility of wheat
plants has increased for a long time in the rumen, the lignified xylem leguminous walls show minimal
digestion over long periods of time (Jung, 2012). Obviously, the complexity of the legume cell wall,
how it affects digestion, remains unclear. The objective of this study was to examine in terms of hay
production and nutritive value of different seed rates of triticale-Hungarian vetch grown under the
Central Black Sea region area in Tokat.

2. Materials and Methods

This study was carried out in accordance with the permission of the Local Ethics Committee of
the Animal Experiments on 03.08.2015 dated 51879863-113 (HADYEK-38).

2.1. Climate and soil characteristics of the research area

A field experiment was carried out in Tokat Gaziosmanpasa University Agricultural Research
Center application area during 2015-2016 vegetation period.

Soil of trial area clayey, fertile and soil salt (2S / cm), pH, lime (%), P,Os (kg/ha) K20 (kg/ha)
Organic matter (%) were respectively 0.032, 7.47,2.42 2.04, 1523.2, 19.8. The data related to the climate
characteristics of the trial area are given in (Table 1).

In the study, Aegean white Hungarian vetch (HV) (Vicia pannonica Crantz.) variety and
Tatlicak- 97 Triticale (T) (x Triticosecale sp. Wittmack) variety were used as plant material. The field
experiment was designed in a Randomized Complete Block Design with three replications. Seeds of
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plant species pure 80 kg ha™* Aegean white (Hungarian vetch) and 250 kg ha* Tatlicak-97 varieties were
planted in the last week of October 2015. Experimental groups were sown as pure Hungarian vetch,
triticale, 75% Hungarian vetch+25% triticale, 50% Hungarian vetch+50% triticale and 25% Hungarian
vetch+75% triticale mixtures. The seeds of triticale, Hungarian vetch and their mixture were sown with
15 markers and 20 cm row spacing. Each plot was 3m x 6m (18 m?) and the net research area was
17x23m: 391m? Pure and mixed plants were harvested during the flowering period of triticale. At
harvest, plants were left as 2 rows from the edge of each plot and 0.5 m from the plot heads as a side
effect and harvested in a net 2.6 x 5 = 13 m? area in each plot. Also weed control was done by hand.

Table 1. Climatic characteristics of trial area

Items March April  May June July August Sept. October Total
Precipitation (mm) 59.0 345 348 354 02 7.6 0.2 55.6 227.3
Long years mean (mm) 57.1 236 319 485 3.8 4.4 19.6 51.8 240.7
Average Temp (°C) 8.1 100 169 200 235 24.3 23.2 16.1 17.8
Long years mean (°C) 9.7 135 180 21.0 248 25.6 22.5 15.7 18.9

Sept.: September.
2.2. Chemical analysis

The trial plants were harvested as 3 replicates and dried at 70 °C for 48 hours to determine the
dry matter (DM) contents. For the chemical analysis of the feed samples milled and passed through a 1
mm sieve. The ash content of the forage samples were found in the muffle furnace at 525 ° C for 8 hours.
Crude protein content of forage samples was determined by multiplying the total nitrogen amount
determined by Kjeldahl method with 6.25 coefficient (AOAC, 2012). Also, NDF and ADF contents of
the feed samples were determined by Ankom (Ankom 200 Fiber Analyzer. Ankom tech.) (Van Soest et
al., 1991).

2.3. Calculation

Net energy lactation (NEL) values of dry herbage samples were calculated by the formulas given

below.
NEL, Mcal/kg = 2.0575- (0.0199*ADF) (legumes) @
NEL, Mcal/kg = 2.149- (0.0223*ADF) (legume and grass mixture) 2
NEL, Mcal/kg = 2.296- (0.0257*ADF) (grass) 3

Equations were used (NRC, 2007).
Digestible dry matter (DDM) of forages were calculated by using this equation

DDM=88.9-(0.779*ADF %), (4)
Dry matter intake potential (as percent of body weight) (PDMI) was determined by using this
equation,

PDMI= 120/ (NDF %) (5)
Specified by Jaranyama and Garcia (2004).

2.4. In situ incubations

DM, OM and NDF degradabilities and degradation characteristics of feed samples were
determined by in situ method. Three Karakaya rams (50+0.3 kg live weight, 3 years old) fitted with a
ruminal cannula (3.5 cm inner diameter, Diamond Inc.) were employed for the rumen degradability
study. Rams were placed into individual compartments three weeks before the trial start to adapt the
trial conditions. Rams were fed with a mixture of 70 % alfalfa hay and 30 % grass (8.00 in the morning
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and 16.30 in the evening) also minerals and salt. During the trial, fresh and clean water were kept in
front of them. Forage samples of trial were ground at a length of 2.5 mm, and 5 g was placed in bags
which made of polyester with a pore diameter of 40-50 microns. Digestibility experiment was carried
out a completely randomised design with rams as block. Feed samples were put in to the rumen as three
replicates for incubations and incubated at 0, 24, 48, 96 hours in the rumen. Ruminal degradability (D)
of nutrients (DM, OM and NDF) were calculated by the formula given below.

D = (Initial sample weight () - (weight of sample at end of incubation (g))/ (6)
(Initial sample weight (g)) x 100).

Degradation characteristics of nutrients (DM, OM and NDF) were calculated by @rskov and
McDonald (1979) and Van Soest et al (1991) using the equation,

D=a+b (1-e) ()
Where; D: disappearance rate of nutrients at time t. a: the portion of nutrients (DM, OM)
solubilized at the beginning of incubation (time 0). b = slowly degraded nutrients (DM, OM and NDF)
in the rumen c: rate constant of disappearance of ‘b’, t = time of incubation, e= the natural logarithm of
a number. Degradation characteristics; a, b, ¢ and effective ruminal degradability of DM, OM and NDF
were calculated by Van Soest et al (1991). The effective DM and OM degradability were calculated by
using equation,
ED(om and omy = a+ (bc / c+k) (8)
In addition, the effective NDF degradability were calculated by using this equation,
EDnor) = b+ (bc / c+k) 9)
Where: k = ruminial out flow rate, ki = 0.02/h, k.=0.05/h and k3=0.08/h, for DM, OM and NDF.

2.5. Statistical analysis

Statistical analysis was performed using the GLM procedure of SPSS Software-16 for Windows
(SPSS, 2007). As a mathematical model for the effect of pure and mixture groups;

Yijk=p +ai +eijk (10)

This equality, Yijk: Observation value, y: General average, ai: Effect of research groups (i =
1,2,3,4,5), eijk: Used as error value. “Tukey” multiple comparison test was used to determine the
difference between research groups. SPSS (2013) package program was used for all operations.
3. Results
3.1. Biomass yield and dry matter content

Hungarian vetch had the lowest dry matter in the other groups (Table 2). Dry matter increased
with increasing triticale ratio in mixtures. The difference between the Hungarian vetch and other groups
of dry matter was also statistically significant (P<0.001).

3.2. Chemical content of forages

Crude protein concentration was highest in monoculture sown HV and 75:25 HVT mixture in
the experimental groups, while the lowest crude protein content was obtained from the pure sowing
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triticale (Table 2). Differences in crude protein content were significant among the experimental groups
(P<0.01).

It was determined that there was no statistical difference between the experimental groups in
terms of ash concantrations. Although, there was no difference among the research groups, the highest
ash content was obtained from 25:75 HVT group and at least 75:25 HVT mixture group.

Table 2. Forage yield and chemical composition of pure species and mixtures

Research  groups

Items HV HV:T HV:T HV:T T Mean SEM P value
Seed rates (%) 100 75:25 50:50 25:75 100
Nutrients (g kg)
DM 2623 33512 336.1% 340.6% 340.3% 3229 0.88  <0.00***
CP 131.24 111.38 1009 % 90.9%® 5250 97.3 0.80 0.004**
Hemicellulose 161.5 157.1 127.2 168.5 155.9 154.0 0.80 0.598
ADF 291.9 297.6 291.7 287.9 317.1 297.2 0.40 0.119
NDF 453.4 454.7 418.8 456.3 473.0 451.3 0.83 0.413
Ash 75.2 68.9 74.2 93.5 65.3 75.4 0.37 0.121
Production (kg ha)
Biomass 16.757 22.167 17.820 18.845 16.323 18.382 106.1 0.474
CPY 575.1® 83242 603.2% 5543 292.2° 571.4 5.63 0.018*

HV: Hungarian vetch, T:Triticale, DM: dry matter, CP: crude protein , ADF: acid detergent fiber, CPY: crude protein yield,
SEM: standard error mean,*P<0.05, **P<0.01, ***P<0.001

Crude protein yield was significantly influenced by mixture, the highest crude protein yield was
obtained from 75:25 HV:T group followed by pure Hungarian vetch and other mixture groups (Table
2). The lowest protein yield was found to be as pure sown triticale group. Differences between the groups
were found to be statistically significant (P<0.05).

Table 3. Nutritive values of pure species and mixtures

Items Research groups
HV HV: T HV:T HV: T T Mean SEM  Pvalue

Seed rates (%) 100 75:25 50:50 2575 100
DDM (g kg?) 661.6 642.0 657.2 661.0 664.8 657.5 0.31 0.118

DDMY (kg hat) 2907.6 3550.1 4882.8 3937.8 42229 3900.2  25.09 0.084
PDMI (kg % BWY) 2.66 2.87 2.64 2.63 2.63 2.67 0.049 0.188
NE. (M.cal kg?) 1.48 1.48 1.51 1.49 1.50 1.49 0.007 0.718
HV: Hungarian vetch, T: Triticale, DDM: digestible dry matter, DDMY': Digestible dry matter yield, PDMI: potential
dry matter intake, NEL: net energy lactation, SEM: Standard error mean

The highest digestible dry matter value was taken from the HV group, followed by 25:75 HV+T
group and the lowest value was in the 75:25 HVT group (Table 3). Although there was no significant
difference between the experimental groups in terms of digestible dry matter

Dry matter intake, expressed as a percentage of the body weight of the animals. Although there
was no statistically significant difference among the groups in terms of dry matter intake (Table 3) the
75:25 HVT forage group observed the highest intake potential. Potential feed intake tended to decrease
with increasing triticale levels in the mixtures. The average NEL was 1.49 Mcal/kg and there were no
significant differences between the treatments in terms of NEL values. When the research groups were
compared (Table 3).

It was observed that there was no statistical difference between the experimental groups in
different incubation periods in terms of dry matter degradability in the rumen (Figure 1).
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Figure 1. Dry matter degradability of pure and mixed forages in different rumen incubations.

Rumen degradation characteristics as rapidly soluble fraction (a), non- soluble but degradable
fraction (b), potential degradable fraction (a+b), degradation rate (c) and rumen out flown rate of pure
and mixtures of Hungarian vetch and triticale hay as presented in (Table 4). Easily soluble fraction (a)
of dry matter of triticale had the highest solubility value in the other groups. This was followed, 75:25
HVT, 50:50 HVT and 25:75 HVT mixtures groups respectively,. But it was found that least solubility
of parameter (a) was HV group. It was observed that triticale had more easily soluble dry matter
parameter (a) than Hungarian vetch.

Hungarian vetch was above the average value, while the lowest value was in the triticale group.
Also, It was determined that there were not any differences among the experimental groups in terms of
parameter (b), (a+b) and (c) of DM and OM. Dry matter of triticale had highest ruminial out flow rate
(k) in the experimental groups. This was followed 25:75 HVT, 50:50 HVT and 75:25 HVT mixtures.
Although, the lowest ruminial out flow rate (k) was determined in the HV group, there was no statistical
difference among the experimental groups.

However, the lowest effective dry matter digestibility was determined in the triticale group. The
difference between experimental groups was not statistically significant in terms of effective dry matter
degradability.

Additionally, it was determined that there was no statistical difference between the experimental
groups in terms of degradation characteristics (a, b, a+b, ¢, ED2, ED5 and ED8) of organic matter.

Although the highest values were obtained from HV pure cultivated group in terms of rumen
organic matter degradability characteristics (b, a+b, ¢, ED2, ED5 and ED8) , there were no statistically
significant difference between the experimental groups (Table 4).

The degradable fraction b of NDF varied between 448.6 and 707.5 g kg (Table 4). The
difference between experimental groups was statistically significant in terms of degradable fraction (b)
(P<0.05). Also, degradation rate (c) of NDF of 25HV:75T was highest value of in the experimental
groups (P<0.001).

Effective NDF degradability of 25:75 HVT group in both rumen transition rate (k=0.05, k=0.08)
had the highest value in the experimental groups. There was significant difference among the groups
(P<0.05). Also, it was found that there was no difference between the trial groups in terms of
undegradable NDF.
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Table 4. Dry matter, NDF and OM degradation characteristics of pure and mixture forages

Research groups

Items HV HV: T HV:T HV:T T Mean SEM P value
Seed rates (%) 100 75:25 50:50 25:75 100

DM (g kg™)

a 394.50 415.7 409.0 405.67 426.7 410.31 6.15 0.616
b 332.53 311.33 322.7 318.40 284.8 313.95 13.84 0.891
a+b 727.03 727.03 731.7 737.67 7115 726.97 16.17 0.994
c(ht) 0.064 0.058 0.060 0.062 0.053 0.059 0.00019 0.387
k (0.02 h'}) 0.0687 0.0693 0.069 0.069 0.071 0.069 0,000017 0.994
ED2 716.3 715.96 720.8 713.85 700.08 713.40 17.23 0.998
ED5 701.7 701.0 706.1 699.9 684.86 698.71 16.90 0.998
EDS8 688.3 687.4 692.6 687.16 671.27 685.36 16.57 0.997
Undeg 272.97 272.97 268.33 262.33 288.53 273.03 16.16 0.994
NDF (g kg™)

b 448.6 © 593.5 b 706.0 @ 7075 @ 698.5 630.8 34.346 0.035*
c(ht) 0.014 ® 0.018 © 0.040 @ 0.041 2 0.039 @ 0.030 0.003 0.000***
ED5 4320 " 576.4 @ 697.1 ® 698.8 @ 689.2 ® 618.7 34.939 0.027*
EDS8 422.7 " 566.7 @ 691.7 @ 693.6 @ 683.6 2 611.7 35.249 0.024*
Undeg 384.43 268.53 278.07 278.30 284.30 298.73 24.21 0.59
OM (g kg™)

a 429.70 456.77 446.87 44257 447.33 444.65 6.44 0.815
b 387.70 305.70 348.90 346.73 366.07 351.02 16.12 0.653
a+b 817.37 762.47 795.77 789.3 813.40 795.66 19.93 0.940
c(ht) 0.0067 0.0053 0.0060 0.0060 0.0062 0.0060 0.0002 0.271
ED5 789.35 733.97 766.62 761.80 785.59 767.47 19.39 0.936
EDS 774.42 719.40 751.45 747.38 770.89 752.71 19.23 0.932

HV: Hungarian vetch, T:Triticale, SEM: standard error mean,*P<0.05, **P<0.01, ***P<0.001.

4, Discussion and Conclusion

Triticale -Hungarian vetch mixtures did not lead to a significant change in biomass yield.
However, green herbage production of 75:25 HV + T group; 24% more than Hungarian vetch and 26%
more than Triticale. Biomass yields of mixtures were higher than pure sowing yields. Similar results
have been reported in Hungarian vetch triticale intercropping by Yildirim and Ozarslan Parlak (2016).
Also, Lithourgidis et al. (2006) reported that forage yield was not affected by the increase of common
vetch ratio in the mixtures. However, our triticale green herbage yield findings were lower than the
values indicated by Karabulut and Cacan (2018). This difference was thought to be caused by the
ecology of the region and the difference in the used varieties.

The dry matter of the Hungarian vetch during the harvest period was found to be lower in both
triticale and herbage obtained from mixed cultivation. Dry matter of forage increased with increasing
triticale seed rate. Similar findings have been reported by Roberts et al. (1989) that DM decreased with
increasing common vetch ratios in mixture with wheat.

Crude protein concentration of forage is one of the most important criteria for forage quality
(Assefa and Ledin, 2001). The crude protein content of herbage of pure seeding Hungarian vetch was
the highest (131.2 g/kg) among all herbages obtained from other mixtures. Pure triticale seeding
produced herbage with the lowest crude protein content (52.5 g/kg). When the ratio of common vetch
in any mixture increased, so did the crude protein content of that mixture also. Generally, the protein
levels of legumes are higher than that of cereals. Also, In the sowing of the mixture, the crude protein
content of the mixtures decreased as the ratio of legume seed in the mixtures decreased. These results
were in agreement with those reported by Kokten et al. (2009); Yicel and Avci (2009); Yildirim and
Parlak (2016) that crude protein concentration of monoculture vetch and containing 60% vetch and 40%
triticale group were higher than the other mixtures and pure sown triticale group. Also, the findings,
under different locations of Lithourgidis et al. (2006) and Budakli Carpic1 and Celik (2014) supported
our results. However, average crude protein concentration of pure and mixtures sowing less than
reflected by Karadag and Buyiikburg (2003); Yiicel and Aver (2009); Yilmaz et al. (2015); Karabulut
and Cacan (2018).

In this study, the NDF and ADF contents of the HV were lower than the triticale and HV+T
mixtures. NDF and ADF content of the herbage obtained due to the increase of triticale seed rate in
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mixed plantings also increased. NDF and ADF content in feeds is an important quality criterion. (Assefa
and Ledin, 2001). Similar findings reflected by Lithourgidis et al. (2006) and Yildirim et al. (2016).

Crude protein production from the 75:25 HVT mixture group; It was 31% higher than the HV
group and 65% more than the triticale group. In general, mixture groups produced more crude protein
than pure cultivation. When the groups were compared. This could be explained by the fact that the land
use efficiency in 75:25HVT group in Tokat conditions was better than HV, triticale and other mixing
ratios. This results in agreement reported findings by Kokten et al. (2009); Budakli Carpici et al. (2014)
and Dogrusdz et al. (2019). But these results were lower than those reflected by Karadag and Blyukburg
(2003). It was thought that the differences between the protein yields might be due to the differences in
variety and environmental conditions

Digestible dry matter is a function of ADF and there is a negative correlation between them. In
this study, the ADF content of Hungarian vetch was lower than triticale. Similar results reflected by
Yilmaz et al. (2015).

The digestible dry matter yield of the 50:50 mixture group was higher than the other
experimental groups, followed by triticale and other mixture groups and the lowest production was
obtained from the Hungarian vetch group. This results were in agreement with those reported by Yucel
and Avci (2009). Similar results have been reported by Altin and Ucan (1996); Tuna and Orak (2007).

Potential feed intake tended to decrease with increasing triticale levels in the mixtures. NDF
was used to estimate DMI. There was a negative correlation between NDF and DMI. In other words,
when NDF is high, both quality and potential DMI were low (Horrocks and Vallentine, 1999). Similar
results reflected by Yilmaz et al. (2015). But, Kaplan et al. (2015) reported that the results obtained from
the study investigating the potential feed intake of different triticale varieties (Tatlicak) were lower than
our results. This was thought to be caused by different agronomic and environmental conditions.

Although the 50: 50HVT group had slightly higher NE, than other groups, it was observed that
there was no difference between the groups. Closer fibrous compounds of Hungarian vetch and triticale
also resulted in insignificant differences in NE_ values. Similarly, Lauriault and Kirksey (2004) found
that pea mixtures with rye and barley had no effect on net energy. Also, Similar results for NEL values
were also reported by Aksoy and Nursoy (2010) for the vetch- wheat mixture. Whereas, Sadeghpour et
al. (2014) stated that there was a significant increase in NEL values with increasing legume ratio in
mixtures.

Degradation Kkinetics of nutrients of feeds in rumen; It is thought to be important in terms of
estimating the nutritional needs of animals. When the degradability data of nutrients in the rumen were
examined in this respect; pure and different mixtures of Hungarian vetch and triticale; It was determined
that it had no effect on some kinetics (a, b, atb, ¢, EDpm and EDowm in the rumen. Similar findings for
alfalfa and oats reported by Ximena Valderrama and René Anrique (2011). Also, Dewhurst et al. (2003)
declered that there was no consistent difference between the legumes and grass in terms of degradation
characteristics. But, Box et al. (2018), In their study with Hungarian vetch and triticale and their
mixtures; they stated that the effective dry matter degradability (ED2, ED5 and ED8) of the 50:50 HVT
mixture group was higher than the other groups.

In this study, when the experimental groups were compared in terms of the degradability
characteristics of the cell walls. It was observed that the values of 50:50 and 25:50 mixture groups were
higher than the other groups. NDF degradation kinetics increased with increasing triticale ratio in
mixtures. Regarding mixtures, Zhang et al., (2015) reflected that a combination of legume and wheat;
intercropping material in terms of NDF degradability have probably produced a positive binding effect.
Also, Hoffman et al. (1993) stated that legumes had a low NDF content, but had a higher lignin content
in NDF, whereas grass had a lower lignin content in NDF, but a higher ADF and NDF content. Besides,
concentration and degradation characteristics of NDF were important factors determining the energetic
value of forages for ruminants (Moharrery et al., 2009).

Some researchers have determined that legumes had a faster degradation compared to grasses,
and the presence of legumes probably accelerates the degradation of grasses (Halmemies-Beauchet-
Filleau et al., 2013). Also, the association of legumes with grass may produce a synergistic effect with
optimal energy-to protein ratio and improved effective degradability from increased microbial profiles
due to multiple substances (Metzler Zebeli et al., 2012). On the other hand, the relational effects between
grass and legumes can be attributed to bioactive ones.
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As a result, the biomass production and crude protein yield of the 75:25 HVT group were 21%
and 31% higher than the average of the experimental groups, respectively. Also, considering the
effective dry matter digestibility of the experiment groups; Since the highest digestible dry matter
production was found to be in the 75:25 HVT group, it was thought that the most suitable seed mixture
for the cultivation of Hungarian vetch-triticale in Tokat conditions would be 75:25 HVT.
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Oz: Siirdiiriilebilirlik anlayisina dayanan kirsal turizm konusunda yerel halkin
tutumu, ilgi, bilgi ve beklentisinin arastirildigi bu calisma; Ankara ili Ayas
Ilgesi’nde yiiriitiilmiistiir. Calisma, “Yerel halkin kirsal turizm ve siirdiiriilebilir
¢evre konusunda farkindalik diizeyi nedir?”, “Yerel halk, kirsal turizm
faaliyetlerine katki sunmak ister mi?”, “Yerel halkin kirsal turizm konusunda
¢ekince/beklentileri nelerdir” sorulart tizerine kurulmustur. Yerel halkin Ayas’1
ne kadar tanidigi, siirdiiriilebilir ¢evre/kirsal turizm konusundaki bilgi, algi ve
beklentileri ile yapabilecekleri etkinlikler sorgulanmistir. Nitel arastirma
yontemlerinden sozIlii gériisme ve arazi gozlemi; nicel arastirma ydntemlerinden
ise anket yontemi uygulanmig ve istatistiki degerlendirme yapilmistir. Calisma
sonucunda; yore halkimin siirdiiriilebilir turizm konusunda farkindaliklarinin
yiksek oldugu ancak, siirdiiriilebilir ¢evre konusundaki farkindalik diizeyinin
beklenenin altinda oldugu goriilmiistiir. Yore halkinin kirsal turizmi bir kalkinma
firsat1 olarak gordiigli ve kirsal turizm faaliyetlerine katilma konusunda istekli
olduklar tespit edilmistir. Sadece konaklama konusunda g¢ekinceler goriilmiistiir.
Elde edilen sonuglar; yore halkina kirsal turizm ile ilgili egitim-bilgilendirme
desteginin saglanmasi ve Ayas’ta gerekli altyapinin olusturulmasi durumunda
kirsal turizmin, kalkinmada etkili olabilecek potansiyelinin bulundugunu
gostermektedir. Caligmanin kirsal turizm ve kirsal peyzaj planlama konusunda
yapilacak arastirmalara ve yerel kalkinma c¢aligmalarina katki sunmasi
beklenmektedir.
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Abstract: This study which investigates the attitude, interest, knowledge and
expectation of the local people about of rural tourism that is based on the
sustainability mentality was carried out in Ayas where is district of Ankara
Province. The study is based on the questions such as "What is the level of
awareness of local people about rural tourism and sustainable environment?", “Do
local people want to contribute to rural tourism activities?", "What are the
reservations/expectations of the local people about rural tourism?”. In study; how
much the local people know Ayas, their knowledge, perception and expectations
about sustainable environment/rural tourism and the activities they can do have
been questioned. Oral interview and field observation, which are qualitative
research methods; among the quantitative research methods, the survey was
applied and statistical evaluation was made. In the results of study; It has been
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Landscape planning, observed that the local people have high awareness of sustainable tourism, but the

Sustainable tourism. level of awareness of sustainable environment is below expected. It has been
determined that the local people see rural tourism as an opportunity for
development and are willing to participate in rural tourism activities. Only the
reservations about accommodation were seen. Obtained results shows that rural
tourism has the potential to be effective in development if the education-
information support is provided to the local people about rural tourism and the
necessary infrastructure is established in Ayas. The study is expected to
contribute to researches and local development studies on rural tourism and rural
landscape planning and local development studies.

“Bu ¢aligma, Bartin Universitesi Fen Bilimleri Enstitiisii Peyzaj Mimarligi Anabilim Dali’nda yiiriitiilmiis olan
“Ankara Ili Ayas Ilgesimin dogal ve kiiltiirel 6zelliklerinin kirsal turizm agisindan degerlendirilmesi” isimli
yiiksek lisans tez caligmasindan tiretilmistir.

1. Giris

Guniimiizde turizm anlayis1 degiserek, serbest zamanlarda sadece fiziksel olarak dinlenme
beklentisinin Stesine gegmistir. Dinlenme ile birlikte 6grenme, yeni beceriler edinme ve sonug olarak
hem fiziksel hem de ruhsal ag¢idan doyuma ulagmay1 saglayan aktiviteler ilgi ¢ekmeye baslamistir.
Kent yasamimin karmagik olmasi, insanlarin zaman ile olan yarisi, siirekli birbirinin aynm1 olan
endiistriyel esya ve iriinlerin tiiketilmek zorunda olmasi, ¢evre kirliligi, yapay ¢evre kosullar1 vb.
bircok neden, insanlart dogal ve dogala yakin g¢evrelere itmektedir. Bu talep ortaminda dogan
stirdiiriilebilir turizm anlayisi, kirsal turizm, ekoturizm, yesil turizm, soft turizm gibi turizm tiirlerini
ortaya ¢ikarmigtir. Kentlerde yasayan insanlar i¢in bu turizm alternatifleri, kent ortamindan bir kagis
firsat1 sunmaktadir.

Bu alternatiflerden biri olan kirsal turizm, diinya genelinde giderek yayginlagmakta; ayrica
ekonomik kosullar ve yasam standartlari agisindan kentlerle rekabet seviyesi diigiik olan kirsal
alanlarin kalkinmasinda da 6nemli bir sektor olarak gortilmektedir (Cawley ve Gillmor, 2008; Aydin,
2012). Kirsal turizm, kaynaklarin miimkiin olan en verimli sekilde kullanilarak devamliligimin
saglanmasi ve yerel halkin sosyo-ekonomik agidan giiclendirilmesi ile yerel-bolgesel kalkinmaya katki
saglayabilmektedir.

Kirsal turizmin baslica bilesenleri kirsal alanlar, kirsal yasam, kirsal etkinlikler ve kirsal
mirastir (Tas ve ark., 2016). Bu bilesenleri barindiran bir alanda konaklamak, yore kiiltiirlinii tanimak
ve yoresel etkinliklere katilmak gibi hedefler (Emekli ve Baykal, 2011) iceren kirsal turizm; genellikle
doga ve gelencksel yasam ile uyum igerisinde kurgulanmaktadir. Dogal c¢evrenin korunmasi ve
tanitilmasina, yeni is firsatlar1 yaratilmasina, yerel ekonominin giiglenmesine, genglerin tarima
yonelmesine, ilgili alanlarda egitim ve sertifikasyon programlarinin yayginlasmasina olanak
saglamaktadir (Pirivitera, 2010; Emekli ve Baykal, 2011; Ongun ve Goévdere, 2014, Cvijanovi¢ ve
Gaji¢, 2019). Ureticiye sunulan desteklerle, ydrenin sosyal sorunlarina da ¢oziim firsati
sunabilmektedir (Frumkin, 2019).

Kirsal turizm, ekonomik gelisme ile birlikte mekénsal gelismeyle de dogrudan iliskilidir
(Frumkin, 2019). Ekolojik oncelikleri gozeten uygun arazi kullanimlarinin kirsal turizm temelinde
belirlenmesi ve yerel planlama politikalar1 ile esgiidimiiniin saglanmasi, turizm ile tretim
faaliyetlerini bir arada barindirabilecek firsatlarin mekansal olarak ortaya konulmasi, turizmin kirsal
mekan gelisimine katkilarindandir. Ekolojik hassasiyetlerin géz oniinde bulundurulmasi ile peyzaj
degerlerine saygili turizm ve rekreasyon faaliyetlerinin gelisimini destekleyen arazi kullanimlar da,
tesvik edilmektedir (Critch, 2016).

Kirsal turizm kapsaminda yapilan uygulamalar; yoreye, yerel birliklere ve turistlere katkilar
saglamaktadir. Giiniimiizde birgok kirsal bolgede turizm, 6zellikle tarim ile birlikte sosyo-ekonomik
yapinin dogal bir parcast haline gelmistir. Pek cok ciftci, gelir diizeyini artirmak amaciyla normal
ciftcilik faaliyetlerine ek olarak, kirsal turizm faaliyetlerine yonelmektedir (Pirivitera, 2010). Kirsal
turizm kapsaminda genellikle, kir evlerinde konaklama, giinliik kdy hayatin1 izleme ve etkinliklere
katilma, tarimsal faaliyetlere katilma, geleneksel ritiiellere katilma, gastronomi ve doga gezileri, doga
sporlari, el sanatlar1 veya yoresel yemekler ile ilgili atdlye calismalari gibi cesitlendirilebilen
etkinlikler yapilmaktadir. Bu yaratici etkinlikler; yerel gelenekler, yerel halkin bilgisi, yoreye ait dogal

564



YYU TAR BiL DERG (YYU J AGR SCI) 30 (3): 563-575
Bollukcu ve Cesur / Kirsal Turizmde Yerel Halk Bileseni: Ankara-Ayas Ornegi’nde Bir Tutum Belirleme Caligmasi

ve kiiltiirel peyzajin harmanlanmasi sonucu ortaya ¢ikmaktadir (Duxbury, 2019). Ornegin; Tiirkiye’de
Bugday Dernegi tarafindan yiiriitiilen “Ekolojik Ciftliklerde Tarim Turizmi ve Goniillii Bilgi, Tecriibe
Takas1” olarak bilinen, kisa adi “TaTuTa” (Tarim-Turizm-Takas) olan proje 2004 yilindan beri
faaliyet gostermektedir. Projenin amaci ekolojik tarimla geginen ailelere ekonomik destek, gonillii
isglicii ve bilgi destegi saglayarak ekolojik tarimi tesvik etmek ve siirdiiriilebilirligini saglamaktir.
Tiirkiye'de, TaTuTa projesi kapsaminda faaliyet gosteren 91 ¢iftlik bulunmaktadir (TATUTA, 2020).
Diinya genelinde yayginlagmakla birlikte, 6zellikle kirsal turizm agisindan ilk 5 iilke olarak siniflanan
Fransa, italya, Ispanya, Ingiltere ve Almanya’da da kirsal alan, yerel halk ve turistleri bir araya getiren
benzer bircok uygulama bulunmaktadir (Aydin, 2012).

Tarim ve turizmi bir araya getiren girisimlerin yararlari {ilkelerin gelismislik diizeylerine ve
konuya bakis a¢ilara goére degismekle birlikte genellikle su bagliklar altinda siralanabilir: Yerel halk-
turist etkilesimini saglamak, turizm sektOriiniin ilgili tim paydaslarii bir araya getirmek, yeni
girisimleri uygulamak, yerel halka ekonomik katki saglamak ve dolayl olarak gd¢ sorununu ¢ézmek,
dogal-kiiltiirel miras1 korumak ve onarmak, yerel halkin yasam sartlarin iyilestirmek, kirsal alanda
kadinlar1 sosyo-ekonomik agidan desteklemek, geleneksel iiretim yontemlerini, tiriinleri ve rittielleri
koruyarak desteklemek vb. (Soykan, 2006; Aydin, 2012). Bahsedilen girisimleri de igeren sektorel
gelismelerle birlikte yerel halk; turizm agisindan tasarim, gelisim ve siirdiiriilebilirlik faktorlerinden
biri olmaktadir. Kirsal turizmde yerel halk, kirsal turizm bilesenleri olarak tanimlanan; kirsal alan,
kirsal yasam, kirsal etkinlikler ve kirsal mirasin gergek sahibidir. Turizm etkinliginin bir parcasi
olarak bakildiginda yerel halk; alani en iyi taniyan ve yasam bigimini en fazla benimseyenlerden
olugmaktadir. Bu agidan yerel halkin bilgi ve algisin1 6l¢mek, planlama c¢alismalariin gergekei olarak
yiritilmesine olanak saglamakta ve tabandan tavana dogru yayilan bir bilgi akig1 olusturmaktadir.

Geng (2019), Cin’de yaptig1 calismasinda koyii; insanlar, kirsal alanlar, yerel kiiltiir ve
endiistriden olusan simbiyotik bir sistem olarak tanimlamistir. Bu sistem icerisinde en temel unsuru
insanlar (yerel halk ve turistler) olusturmaktadir. Sekil 1’de Geng (2019) tarafindan firetilen
¢alismanin ¢ikarimlarina dayanan simbiyotik iliski, kirsal turizm temelinde genellestirilerek ifade
edilmistir.

Tarmmsal Uretim

iyilestirir
Je[3es nandsy

Yerel Halk

Kiiltiir/Geleneksel Etkiler
Yasam

Kirsal Alan

Yansir

Sekil 1. Kirsal turizmin temel unsurlari arasindaki karsilikli iliski (Geng, 2019’dan degistirilerek
alimmigstir).

Kirsal turizmde insan faktorii, hem yerel halk hem de turistler olarak karsimiza ¢ikmaktadir.
Her iki grup agisindan insan-turizm iliskisi, etkileyen ve etkilenen boyutuyla ayrintili olarak
degerlendirilmelidir. Bu baglamda, turizmin gelisimi planlanirken yerel niifusun elde edecegi
faydanin analiz edilmesi ve turizm gelismelerinin kontrolii, yerel halk ve yore agisindan onemlidir
(Cvijanovi¢ ve Gaji¢, 2019). Aym sekilde turistler agisindan da smirlarin belirlenmesi gerekmektedir.
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Bu noktada da turizm etigi kavrami kasimiza ¢ikmaktadir. Siirdiiriilebilir turizmin basarili bir sekilde
gergeklestirilebilmesinde etkili tiim paydaslarin etik sorumluluklar1 bulunmaktadir (A¢ikséz ve ark.,
2016).

Yerel kalkinma siirecini kirsal turizm ile yonlendirecek olan alanlarda, dogal ve Kkiiltiirel
peyzaja iliskin envanter ¢alismalarinin yapilmasi, yerel halkin, yoneticilerin ve ziyaretgilerin beklenti
ve goriislerinin tespiti, uzman degerlendirmeleri, bilimsel 6ngdrii olusturmaktadir. Bu ¢aligsmalardan
elde edilecek sonuglar, ekolojik agidan hassas alanlarin ve etik hassasiyetlerin belirlenmesinde rol
oynamaktadir. Bununla birlikte, faaliyetlerin dogal ve kiiltiirel ¢evre tlizerinde olusturabilecegi
olumsuz etkileri dnlemeye yonelik plan kararlar1 tiretmek, ¢alismanin 6l¢egine ve sinirliliklarina gore
tasarim kararlan liretmek; uygulama yontemini ortaya koymak ve uygulama sonras1 yonetim kararlari
almak agisindan planlama ¢aligmalarina katki sunmaktadir.

2. Materyal ve Yoéntem

Bu ¢aligmanin ana materyalini, yerel halkin tutum ve beklentilerinin tespit edilmesinde
kullanilan ve Ayas ilgesinde yasayan kisilere uygulanan 98 adet yerel halk anketi olusturmaktadir.
Caligmanin yardimci materyallerini ise Ayas hakkinda giincel genel bilgilerin derlenmesi amaciyla 9
mahallede uygulanan muhtar anketleri ile yerel halk anketlerinin degerlendirilmesinde kullanilan IBM
SPSS Statistics/22 paket programi olusturmaktadir. Anket uygulamasi éncesinde Bartin Universitesi
Sosyal ve Beseri Bilimler Etik Kurulu’ndan 11.06.2018 tarih ve 2018-078 protokol sayili Etik Kurul
Belgesi alimustir.

Calisma alanmi, Ankara ili’ne bagli Ayas ilgesi’nin kentsel sit alam ve etkilesim sahasi siniri
icerisinde kalan bolgedir. Ankara’nin 58 km kuzeybatisinda yer alan ¢alisma alam, 1158 km? yiiz
Olglime sahiptir. Dogusunda Sincan ve Kazan, batisinda Beypazari, kuzeyinde Giidiil ve
Kizilcahamam, giineyinde Polatl: ilgeleri bulunmaktadir (Sekil 2).

Kudcahamam

Nallihan

ISTANBUI
-

®

: laymana
g P AT 1 =
.

Evren

Sevellikoghivar

Sekil 2. Ayas Ilgesi’nin Tiirkiye ve Ankara’daki konumu.

Ankara kentsel alanina yaklagik 38 km mesafede, kent merkezinin 50 km yarigapl sinirinin
icerisinde konumlanan Ayas ilge merkezi, 5216 sayili Biiyiiksehir Belediyesi Kanunu’nun yiiriirliige
girmesiyle, Ankara Biiyiiksehir Belediyesi sinirlara ilce Belediyesi olarak dahil edilmistir. Ayas’a
bagh 3 adet belde ve 21 adet koy bulunmaktadir. Calisma alani ise toplam 9 mahalleden olusmaktadir.
Ayas, Ankara kent merkezine ve Beypazari destinasyonuna yakin konumda bulunan, ayn1 zamanda
iilke turizm politikalarinda da yeri olan bir yerlesim alanidir. Kentsel gelismeyle birlikte, kirsal
niteligini siirdiiren Ayag’ta; ekonomik yapi biiylik 6l¢iide tarimsal {iretime dayanmaktadir. Geleneksel
yasam bigimi, el sanatlari, dogal ve kiiltiirel miras niteligi tagiyan alan ve yapilarin varligi; kirsal
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turizm kapsaminda degerlendirilebilecek potansiyellerinin bulunmasi, ¢alisma alaninin segilmesinde
etkili olmustur. Calisma, 4 asamadan olusmaktadir.

“Yerel halkin kirsal turizm ve siirdiiriilebilir ¢evre konusunda farkindalik diizeyi nedir?”,
“Yerel halk, kirsal turizm faaliyetlerine katki sunmak ister mi?”, “Yerel halkin kirsal turizm
konusunda cekince ve beklentileri nelerdir” sorular1 iizerine kurulmus olan calismanin 1. asamasi;
caligma alanm1 ve konusu ile ilgili literatiir arasgtirma, veri toplama ve envanter olusturma islerini
kapsamaktadir. Alana iligkin dogal ve kiiltiirel veriler, bu asamada derlenmistir. 2. asamada; anket
formlar1 olusturulmus ve anketlerin uygulanacagi &rneklem  belirlenmistir.  Orneklemin
belirlenmesinde; “Evren biiylikligiintin bilindigi durumlarda 6rnek biiyikligiint veren formal (Naing
ve ark., 2006) kullanilmis ve en az 94 kisiye uygulanmasi1 gerektigi belirlenmistir. “Muhtar Anketi”,
calisma alaninda yer alan 9 mahallenin muhtarlarina, “Yerel Halk Anketi” ise 9 mahallede yasayan 98
kisiye uygulanmistir.

Z2XNxpxq

NXD2+Z2xpxq 1)

: Ornek biiyiikliigiinii,

: Giiven katsayisini (%95°1ik giiven diizeyi i¢in Z=1,96)

: Ana kiitle biiyiikliiglinii (Calisma alan1 toplam niifusu 5364 kisi),

: Istenen 6zelligin ana kiitlede bulunma orani (0,5)

: Olgiilmek istenen biiyiikliigiin ana kiitlede bulunmama oran1 (1-p=0,5),
: Kabul edilen 6rnek hatasi (%10).

QT ZN>

Calismanin 3. asamasinda; arazi ¢aligmalari, literatiir aragtirmalart ve muhtar anketlerinden
elde edilen fiziksel ve sosyo-ekonomik veriler sentezlenerek sunulmustur. Yerel halka uygulanan
anketler ise ¢alisma sorular1 temel alinarak; Frekans Analizi, Crosstab Analizi ve Korelasyon analizine
tabi tutulmustur. Son asamada ise, elde edilen verilere dayanilarak sonuglar olusturulmustur.

3. Bulgular

Ayas ilge yerlesimi, Ayas Cay etrafinda yer alan vadi ve yamagclar arasina konumlanmuistir.
860-1060 m yukseklik gruplart arasinda bulunan alanda genel olarak giiney bakilar hakimdir (Cesur,
2019). Ayas, IV. derece deprem kusaginda yer almakla birlikte; alanda biiyilk deprem iiretebilecek
herhangi bir diri fay hatti bulunmamaktadir (AFAD, 2019). Yerlesim alanlarinin dnemli yer tuttugu
caligma alaninda, araziler genellikle III., IV. ve VI. siif arazi yetenegine sahiptir. Genel toprak tiirii
kahverengi topraklar olup, yer yer altivyal topraklar gorilmektedir (Cesur, 2019). Hakim bitki 6rtisu
orman ve bozkir bitkileridir (Inci, 2012). i¢ Anadolu bélgesinde yer alan Ayas’ta, deniz etkisinin
goriilmemesi ve etrafinin daglarla ¢evrili olmasi nedeniyle karasal iklim tipi hakimdir. Yazlar ¢ok
sicak ve kurak, kislar soguk ve kar yagish gecmektedir (Dogan, 2012).

Mekansal olarak merkeze yakin konumda bulunan ve kirsal nitelige sahip bir yerlesim alani
olan Ayas, kirsal turizm agisindan degerlendirilebilecek potansiyellere sahiptir. Termal su kaynaklari,
geleneksel sivil mimari Ornekleri, tarihi dokusu, halk kultiri ve gegim kaynaklari kirsal turizmi
besleyen unsurlardir. Selguklu ve Osmanli donemlerine ait bir¢ok tarihi yap1 bulunmaktadir. Toplam
98 adet taginmaz kiiltiir varligi bulunan Ayag’ta (KTB, 2020); camiler, hamamlar, tiirbeler, mezar
taglar1 ve ¢esmeler dnemli sivil mimari 6rneklerindendir. Kentlesmenin getirdigi yeniliklerle birlikte
geleneksel doku bozulmaya baslamis olmasina ragmen, Ayas halen eski izleri tizerinde tagimaktadir.

Calisma kapsaminda yerel halk ile yapilan ve istatistiki analizlere tabi tutulan anketlere iligkin
degerlendirmeler, anket bulgulari olarak asagida agiklanmustir.

Yerel Halk Anketi, Ayas ilcesi'nde yasayan rastgele secilmis 98 katilimciyla yiiz yiize
gorisiilerek tamamlanmistir. Anket 27 sorudan olugsmaktadir. 1-7. sorular yas, cinsiyet, meslek, egitim
diizeyi, gelir durumu ve gelir elde edilen faaliyetleri igeren kisisel sorulardir. 8-12. sorular, Ayas
hakkindaki genel bilgi ve algmin Olciilmesine yonelik agik-kapali u¢lu sorulardir. 13. soru
stirdiriilebilir turizm konusundaki genel algiy1 saptamak amaciyla sorulmustur. Bu sorunun ardindan
katilimcilara “siirdiiriilebilir ¢evre” ve “kirsal turizm” kavramlari agiklanmistir. 14 ve 15. sorular,
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stirdiriilebilir ¢evre ve kirsal turizm etkinlikleri konusundaki beklentilerin 6l¢iildiigii sorulardir. 16-27.
sorular ise Ayas’ta yerel halk tarafindan kirsal turizme saglanan/saglanabilecek katkilarin
belirlenmesine yonelik sorulardan olugmaktadir.

Yas dagilimlarma bakildiginda her yas araligindan katilimciya ulagildigi sdylenebilir.
Katilimcilarin demografik 6zellikleri, turizme yonelik algi ve beklentilerinin belirlenmesinde ayirici
Ozelliklerdir (Cizelge 1).

Cizelge 1. Demografik dzellikler

Ozellikler Degerlendirme araliklari Yiizde deger
18-25 12.2
26-35 214
36-45 14.3
Yas grubu 46-55 224
56-65 15.3
66 ve Ustl 143
Cinsiyet Kadin 449
Erkek 55.1
Okur-yazar degil 2
Tkogretim 41.8
Lise 29.6
Egitim diizeyi Universite 25.5
Lisansusti 1
Ciftci 13.3
Esnaf 12.2
Isci 9.2
Serbest meslek 15.3
Meslek grubu Memur 215
Emekli 7.1
Caligmayan (Ogrenci % 5,1) 214
1500 TL ve alt1 17.3
1501-2500 TL 41.8
2501-3500 TL 26.5
Gelir durumu 3501-4500 TL 9.2
4501-5500 TL 4.1
5501 TL Ustl 1
Memleket Ayas’li 76.6
Ayas’li degil 23.4

*Calismayan: Herhangi bir sosyal giivencesi bulunmayan issizler (¢calismayan kadimlar déhil) ve 6grenciler.

Caligsma yiiritiliirken, kamusal alanlarda erkeklere erisebilmek kolay olmustur. Sayisal olarak
tespit edilmemis olmakla birlikte, Ayas’ta yapilan arazi ¢aligmalari sirasinda kadinlarin dig mekéanda
etkinliginin erkeklere gore daha diisiikk diizeyde oldugu goriilmistiir. Katilimcilar arasinda cinsiyet
dengesini saglayabilmek amaciyla kadinlara, daha fazla etkin olduklari pazar yerinde ve kendi
bahgelerinde erisilmistir. Kirsal alanlarin 6nemli sorunlarindan biri egitim olanaklarinin yetersizligi ve
egitim diizeyinin genellikle diisiik olmasidir. Calismada lise ve daha diisiik diizeyde egitim seviyesine
sahip bireyler cogunluktadir (% 73.4). Ayas genelinde toplam nufusun % 9.4’i herhangi bir ilk6gretim
okuluna gitmemis kisilerden, % 1.7’si ise okuma-yazma bilmeyen kisilerden olugmaktadir. Ayas
genelinde okuma-yazma bilmeyen niifusun yas ortalamasi 60 yasin lizerindedir ve % 82’si kadindir
(TUIK, 2018). Lisans ve lisansiistii 6grenim diizeyinde kadin bireylerin toplumda temsiliyeti yaklasik
% 40 oranla ortalamaya yakin diizeydedir. Bu durum, Ayas’ta egitim ag¢isindan cinsiyet ayriminin
azaldigimin umut verici bir gostergesi olarak kabul edilebilir.

Calisma alaninda tespit edilen bir diger 6nemli sorun, gelir diizeyinin diisiik olmasidir.
Katilimeilarin % 59.1°1, ¢alismanin yiiriitiildiigic donemde yiirtrliikte olan asgari tcretin (2 020 TL)
altinda gelire sahiptir. Ankete katilan yerel halkin %99 unun, ¢esitli sivil toplum kuruluslar tarafindan
aylik olarak hesaplanan aglik ve yoksulluk siirimin altinda gelir diizeyine sahip olmasi, lilkenin genel
ekonomik kosullartyla ilgili olmakla birlikte, olduk¢a diislindiiriiciidiir. Meslek dagilimlari
incelendiginde, memurlarin ve ¢aligmayanlarin ¢ogunlukta oldugu goriilmektedir. Calismayan grubun
% 5.1’1 6grencilerden olusurken digerleri ise igsizler ve herhangi bir sosyal giivenceli iste ¢alismayan
kadinlardan olusmaktadir. Caligmayan kadinlarin da bir kismi kendi bahgelerinde tarimsal iiretim
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yaparak aile ekonomisine katki saglamaktadir. Sadece tarimla ugrasan ve gift¢i kaydi bulunan kisiler,
katilimeilarin % 13.3’{inii olusturmaktadir.

Yasanilan ¢evrenin katilimeilar tarafindan nasil algilandig1 bilgisi; nitelikli fiziksel ve sosyo-
ekonomik kaynaklarin tespiti ve amaca yonelik gerceklestirilebilecek faaliyetlerin tespiti konularinda
yol gostermektedir. Bu algi, mekani ilk kez ziyaret edenlerin fark edemeyebilecegi, uzun siire mekani
kullananlarin deneyimleri sonucu elde edilebilecek bir bilgidir. Katilimcilardan kendilerine herhangi
bir segenek sunulmadan, “Ayas” denilince akillarina gelen kavramlar sorulmustur. Elde edilen
sonuglardan yerel halkin biiyiik bir ¢ogunlugunun, “dut” (% 86.7), “domates” (% 81.6) ve “kirsal
yasam" (% 50) kavramlarimi 6ne ¢ikardigi gortlmistiir. Bulusma noktasinin soruldugu soruya verilen
cevaplarda ise Pazar yeri cevabi (% 76.6) on plana ¢ikmistir (Cizelge 2).

.99

Cizelge 2. Katilimcilarin “Ayag’1” tanima konusunda bilgi ve algisi

Ifadeler Kisi Sayist Yiizde deger
Dut 85 86.7
K= Domates 80 81.6
& Kirsal Yagam 50 50
= Kiraz 39 39.8
;5 5 Tarihi Yapilar 33 33.6
== Termal Kaynaklar 19 19.3
8 é Yoresel Yemekler 18 18.2
. Bilgi yok 8 8.1
§ Tiftik Kegisi 6 6.1
< El Sanatlar1 (Igne oyasi, yiin isleri, testicilik vb. 5 5
: Ipek Yolu 3 3
Festivaller 3 3
Pazar Yeri 75 76.6
S s - Havuzlu Carst 11 11.2
o é, § Hanimlar Konag1 6 6.1
€23 Belediye Onil 4 41
<25 Hamam 1 1
Eski Ziraat Bankasi 1 1

Ayas’1 algilama bi¢imlerinin cinsiyete gore farklilastig1 yargisiyla, konu ile ilgili sorular ve
cinsiyet faktorii arasindaki iligki ayrintili olarak incelenmistir. Verilen cevaplar “tarimsal iiriinler”,
“turizm kaynaklari, dogal ve kiiltiirel yapilar” ve “geleneksel yasam” olarak gruplanmistir. Gruplarin
% degeri hesaplanirken, her bilesene verilen cevabin orani toplanarak, bilesen sayisina boliinmiis,
ortalama % deger kadin ve erkek katilimeilar igin ayr1 olarak hesaplanmis ve Cizelge 3’te verilmistir.
Ayas algis1 ile ilgili goriislerde farkli cinsiyetteki bireylerin cevaplarinda anlamli bir farklilik
gorilmemigstir. Ancak tiim bireylerin, tarimsal tiriinler konusundaki ortak fikrinin 6n plana ¢ikmasi,
Ayas’ta yaygin olarak yapilan tarimsal faaliyetlerin “Ayas”1 tanimlamada énemli bir unsur oldugunu
gostermektedir. Pazar yeri, haftanin belirli giinlerinde aktif olan kirsal alanda yapilan tarimsal
faaliyetler sonucu elde edilen iiriinlerin ilge merkezinde satildigi kamusal alanlardan biridir. Hem
kadm hem erkek katilimcilarin bulugma noktasini tanimlamada yiiksek oranla “Pazar yeri” cevabini
vermis olmalari, biiylik dlciide tarim kdiltiiriiniin yaygin olmasindan kaynaklanmaktadir.

Cizelge 3. Ayas’1 algilama bigimleri ile cinsiyet degiskeni arasindaki iligki

“Ayas” algisi ile ilgili kavramlar Tarimsal Turizm kaynaklari, dogal ve Geleneksel Bilgi yok
urdinler kiiltiirel yapilar Yasam

Kadin % 24 % 6.6 % 11.8 % 4.1

Erkek % 29.6 % 8.2 % 12.9 % 4.1

Ayas’ta bulusma noktalar1 Pazar yeri Giincel kullanim alanlari Tarihi mekanlar Diger

Kadin % 81.8 % 2.3 % 15.9 0

Erkek % 72.2 % 7.5 % 20.4 0
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Ayrica galigma yiritiliirken kamusal alanda kadinlara erisim ¢ogunlukla Pazar yerinde
saglanmistir. Bu analizde kadinlarin % 81.8’inin bulusma noktasi olarak Pazar yerini belirtmis
olmalari, kamusal alanda aktif olarak yer alabilecekleri alanlarin da kisitli oldugunun bir gdstergesi
olarak kabul edilebilir.

Katilimcilarin Ayasl olup olmamasi ve Ayas’ta bulunma siirelerinin alani tanimalarinda etkili
oldugu disiiniilmektedir. Aidiyet duygusu alana ilgiyi ve algida segiciligi artirabilmektedir.
Katilimcilarin ¢alisma alaninda bulunma siiresi, memleket aidiyeti ve yasadiklar1 ¢evrenin turizm
acisindan 6nemi hakkindaki bilgileri sorgulanmisg, sonuglar1 Cizelge 4°te verilmistir.

Cizelge 4. Katilimcilarin yasadiklari gevre hakkindaki bilgileri

Degerlendirme araliklari Yiizde deger
0-20 y1l 33.7
Ayas’ta yasama siiresi 21-40 y1l 29.6
41 yil ve iizeri 36.7
Ayash 76.6
Memleket Ayasli degil 234
. . I Biliyor 61.2
ipek yolu turizm koridoru” bilgisi Bilmiyor 38.8

% 76.6’s1 Ayash olan katilimecilarin, % 36.7°si 41 yil ve daha uzun siiredir Ayas’ta
yasamaktadir. Bu durum, Ayas’1 iyi tanidiklarinin, potansiyellerini ve zayif yonlerini iyi bildiklerinin
bir gostergesi olarak kabul edilebilir. Ayas’in da i¢inde bulundugu bolge, Tirkiye Turizm Stratejisi-
2023’te “Ipekyolu Turizm Koridoru” adiyla 7 tematik turizm gelisim koridorlarindan birini
olusturmaktadir. Bolgenin doga turizmi-ekoturizm agirlikli olarak gelistirilmesi planlanmaktadir
(KTB, 2007). Bu bilgilerle iligkili olarak sorulan soru ile yerel halkin bilgisi 6l¢iilmeye c¢alisilmistir.
Ayas’in Ipek Yolu Turizm Koridoru’nda yer aldigini bilenlerin oran1 (% 61.2), Ayas’ta yasayanlarin
yasadiklar1 c¢evrenin turizm agisindan Onemi hakkinda bilgi sahibi olduklarini gostermektedir. Bu
baglamda, memleketlilik ile turizm farkindaligi arasinda iliski bulundugu varsayimiyla korelasyon
analizi yapilmis, degiskenler arasinda negatif yonde ve orta diizeyde iliski tespit edilmistir (Cizelge 5).

Cizelge 5. Korelasyon analizi

Memleketlilik Turizm Farkindaligt

Memleketlilik Korelasyon 1 -,052

Anlamlilik ,608

N 98 98

Turizm Farkindalig1 Korelasyon -,052 1
Anlamlilik ,608

N 98 98

Calisma kapsaminda yerel halkin siirdiiriilebilir ¢evre ve kirsal turizm konusundaki genel algi
ve beklentileri; ilgili sorulara verilen cevaplar iizerinden tespit edilmistir. Katilime1 grubu tizerinde
olusabilecek diisiince karigikligini en aza indirgemek amaciyla, konu ile ilgili olumlu ve olumsuz
ifadelere katilma diizeyleri 4’lii likert 6l¢egi kullanilarak sorgulanmustir (Turan ve ark., 2015). Tam
katilma, kararsiz kalma ve tam katilmama secenckleri ile beraber fikrim yok secenegi de
degerlendirmeye alinmistir. Bilgi ve algiy1 6l¢meye c¢alisan bu ¢alismada “fikrim yok” ifadesi”, “konu
ile ilgili herhangi bir bilgim/farkindaligim/kulak dolgunlugum yok” ifadeleri ile esdegerdir. Bu
calismada kisilerin katilma ya da katilmama durumu kadar herhangi bir fikre sahip olunmamasi da,
bilgiyi 6lgmede Onemli bir gosterge olarak degerlendirilmistir. Alinan cevaplara ait ortalama ve
standart sapma degerleri Cizelge 6’da verilmistir. Cevaplarin dagiliminin ortalamadan uzaklagma
derecesini gostermek amaciyla verilmis olan standart sapma degerlerinden; bulgularin
yorumlanmasinda yararlanilmaistir.

Katilimeilarin kirsal turizm konusunda olumlu ve anlamina yakin bir genel algiya sahip
olduklart hipotezi test edilmistir. T testi sonucunda, [t (98)= t degeri, p<0.01] alinan cevaplarin
ortalamalar1 ile norm deger arasinda anlamli bir fark goriilmemis ve hipotez dogrulanmustir.
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Siirdiiriilebilir ¢gevre ve kirsal turizm konusunda genel algiya iliskin cevaplar analiz edildiginde
katilimeilarin; “Dogay1 tanimak ve deneyimlemektir” ifadesine daha yiiksek oranla katildiklari,
“Dogaya zarar vermeyen turizm etkinlikleridir”, “Dogada zaman gecirme ve doga ile i¢i ice olmaktir”,
“Yerel ekonomiyi canlandirmak ve gelistirmektir” ifadelerine katildiklar goriilmektedir. “Koruma
oncelikli turizm etkinlikleridir”, “Cevre, yerel insanlar ve turistlerin karsilikli iletisim ve aligverisidir”,
“Yogun yapilagmaya izin vermeyen ve dogaylr koruyan turizmdir”,” Stresten kagis ve rahatlama
saglayan bir turizmdir” onermelerine katildiklar1 ve kismen katildiklari, “Konforsuz, basit ve sade
olanaklar sunan bir turizmdir” 6nermesine ise katilmadiklar1 ya da kismen katildiklar1 sGylenebilir.
Olumlu 6nermelere genel olarak katilmis olmalarindan, Ayag’ta konu ile ilgili farkindalik diizeyinin
var oldugu yargisina varilabilir. “Koruma 6ncelikli turizm etkinlikleridir” ve “Konforsuz, basit ve sade
olanaklar sunan bir turizmdir” 6nermelerinde fikrim yok secenegini isaretleyen bireylerin (N=11 ve
N=14) digerlerinden daha fazla olmasi, kirsal turizm uygulamalarina iliskin bilgi eksikliginin,
kavrama iligskin bilgi eksikliginden daha fazla olmasindan kaynaklanmaktir. Bu oran sadece,
“Konforsuz, basit ve sade olanaklar sunan bir turizmdir” ifadesinde 6nermenin ydniini negatif olarak
etkilemektedir. Yore halkinin herhangi bir kirsal turizm uygulamasi igerisinde bulunmamig
olmalarindan kaynaklandig: diistiniilmektedir.

Cizelge 6. “Siirdiirtilebilir cevre ve kirsal turizm” konusunda genel algi ve beklentiler

Ifadeler Mean SS
Dogaya zarar vermeyen turizm etkinlikleridir. 1.3367 .86088
Dogada zaman gegirme ve doga ile i¢i ige olmaktir. 1.3367 .83658
~ Dogay1 tanimak ve deneyimlemektir. 1.2755 77033
= Koruma éncelikli turizm etkinlikleridir. 1.5000 .99742
T Cevre, yerel insanlar ve turistlerin karsilikli iletisim ve aligverisidir. 1.4082 .88325
8 Yerel ekonomiyi canlandirmak ve gelistirmektir. 1.3673 .85419
Yogun yapilagsmaya izin vermeyen ve dogay1 koruyan turizmdir. 1.5816 .97308
Konforsuz, basit ve sade olanaklar sunan bir turizmdir. 2.0510 1.14309
Stresten kagis ve rahatlama saglayan bir turizmdir. 1.5000 .96591
Ayas’a maddi kaynak saglar. 1.2347 .70053
Ayas halkinin dogal ve kiiltiirel yapiy1 koruma bilinci gelisir, farkindalik artar. 1.3980 .83407
Yeni is imkanlar1 olusturur ve girisimciligi tesvik eder. 1.2245 .63458
Kiiltiir aligverisi ve yeni dostluklar olusur. 1.2347 .67045
Ayas’1n reklam ve tanitimi saglanir. 1.1633 .55042
Yoresel yemek kiiltiiriinii gelistirir 1.1531 .48380
Bilgilendirme ve yonlendirme ¢alismalarini artirir. 1.3571 .80270
:,5_, Goet onler. 1.6020 .97113
= Coplerden kaynaklanan c¢evre kirliligi artabilir. 2.0714 .99742
3 Yogun bask: sonucu toprak sikismasi ve erozyon olusabilir. 2.7653 .95032
[ Yapilasma artabilir. 1.8878 1,02427
] Turist say1smin fazlaligi sonucu alanin cazibesi azalabilir. 2.6429 96591
Yorenin ticarilesmesine ve pahali olmasina yol agabilir. 2.0918 .97480
Yaban hayvanlarinin yagsam alanini olumsuz etkileyebilir. 2.6531 97497
Kiiltiirel kimligimizi olumsuz etkileyebilir. 2.7041 .85203
Su kaynaklar1 zarar gorebilir. 2.7143 .82487
Yogun giiriiltii olusabilir. 2.2143 91099
Bitkilerin toplanmasi sonucu dogal bitki ortlist zarar gorebilir. 2.6327 .95667
Orman yanginlari artabilir. 2.6429 .91099

Not: Katiliyorum (1), Kismen katiliyorum (2), Katilmiyorum (3), Fikrim yok (4)

Kirsal turizm konusunda genel beklentilerin tespit edilmesine yoOnelik Onermeler
degerlendirildiginde; “Ayas’mn reklam ve tanitimi saglanir” ve “Yoresel yemek kiiltliriinti gelistirir”
onermelerine katildiklar1 gériilmektedir. “Yogun baski sonucu toprak sikismasi ve erozyon olusabilir”,
“Turist sayisimin fazlalifi sonucu alanin cazibesi azalabilir”, “Yaban hayvanlarinin yasam alanim
olumsuz etkileyebilir”’, “Kiiltiirel kimligimizi olumsuz etkileyebilir”, “Su kaynaklar1 zarar gorebilir”
ve “Orman yanginlari artabilir” olumsuz 6nermelerine ise katilmadiklar tespit edilmistir. Katilimcilar
arasinda, siirdiiriilebilir turizmin ekonomik gelismeye katki saglayacag: goriisii hadkimdir. Ancak ¢evre
iizerinde olusabilecek baski ya da olumsuz etkiler konusunda bir kaygi eksikligi fark edilmistir. Cevre
ile ilgili olumsuz Onermelere katilmamis ya da kismen katilmis olmalar1 kaygi eksikliginin bir
gOstergesidir.
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Kirsal turizm agisindan 6n plana ¢ikabilecek etkinliklerin tespit edilmesine yoOnelik soruya
(birden fazla segenek isaretlenebilen) verilen cevaplarin oransal dagilimi Cizelge 7°de gorilmektedir.

Cizelge 7. Ayas’ta kirsal turizm agisindan 6n plana ¢ikabilecek etkinlikler

ifadeler Kisi Sayist Yiizde deger (%)
o Doga Sporlari 39 39.8
= Doga Yiiriiyiisii 44 44.9
:§ Manzara Seyri 26 26.5
= Botanik Turizmi 8 8.2
= Yaban Hayat: izleme 7 7.1
3 Organik Tarim Faaliyetleri 44 44.9
= Kdltur-Sanat Turizmi 53 54.1
= Cadirli-Karavanl Kamp 14 143
s Inang Turizmi 17 17.3
= Festival Turizmi 42 42.9
5 Gastronomi Turizmi 22 22.4
Fikrim Yok 5 5.1

Ekonomik bir ge¢im kaynagi olarak kirsal turizme bakis agis1 birden fazla soru sorularak
algilanmaya calisilmistir. Katilimcilarin biiyiik cogunlugu (%86), Ayas’ta kirsal turizm faaliyetlerinin
yapilmadigimi diistinmektedir. Kirsal turizm faaliyetlerinin bir ge¢im kaynagi olabilecegi goriisiine
sahip olanlarin oran1 (% 68.4) ise oldukga yiiksektir. Katilimcilar arasinda rehberlik egitimi alan
bireyler (% 10.2) bulunmaktadir. %49’u rehberlik konusunda yapilacak egitimlere katilabileceklerini
belirtmislerdir. Sahip olduklari konutlari turizm amaciyla konuklara agma fikrine ¢ogunlugu (% 54.1)
sicak bakmamaktadir. Ancak ayni soru arazileri ig¢in soruldugunda ¢ogunlugunun (% 58.7) olumlu
goriise sahip oldugu da goriilmektedir. Bunun en 6nemli nedeninin yasanilan yere kargt duyulan
aidiyet ve mahremiyet duygularmin oldugu disiiniilmektedir. Tiirk aile yapisinda konut, aile
bireylerinin bir arada yasadigi, mahremiyet duygusunun hakim oldugu bir mekén olmakla birlikte,
komsu, akraba ve misafir agirlamaya uygun yapidadir. Orf ve adetlerin sekillendirdigi bu sosyal yap1
icerisinde konut, ticarilestirilemeyen bir konuma sahiptir. Ozellikle kirsal bolgelerde, yasanilan
konutun ortak olarak kullanilmasma Tiirk aile yapist icerisinde genellikle rastlanmaz. Ancak aymi
seyler araziler i¢in sOylenemez. Ciinkili arazi mahremiyet duygusunun konuta gore daha az oldugu,
sosyallesme olgusunun gerceklesebildigi ve disaridan izlenebilen bir alandir.

Katilimeilarin - kirsal turizmden gelir elde etmek amaciyla yapabilecekleri faaliyetler,
sorgulanmigtir. Alinan cevaplarin ortalamalar1 ve standart sapma degerleri Cizelge 8’de verilmistir.
“Organik tarim yaparak tarla {riinlerimi satabilirim” ve “Evimde hazirladigim yoresel yiyecek ve
icecekleri satabilirim” dnermelerine katildiklari, “Rehberlik hizmeti verebilirim “ ve “Evde yaptigim
mutfak {rlinlerini satabilirim” Onermelerine ise kismen katildiklar1 goriilmektedir. Katilimeilarin
“Evimi ya da evimin bir bdliimiinii pansiyon olarak degerlendirebilirim”, “Tasimacilik hizmeti
verebilirim” ve “El sanatlarimizi 6gretebilir ve satabilirim” 6nermelerine katilma orami ise diger
onermelere gore oldukca diisliktiir. Sunulan 6nermelerde fikrim yok segeneginin isaretlenme orani
Onerme basina ortalama 1.42 kisidir.

Cizelge 8. Kirsal turizmden gelir elde etmek amaciyla yapilabilecek faaliyetler

ifadeler Mean SS
Ev!ml ya Qa evimin bir bélimuni pansiyon olarak 21020 101015
g o degerlendlreb.lhnm. .
e § 5 Tagimacilik hizmeti verebilirim 2.0204 1.01514
B EF ‘a; Organik tarim yaparak tarla trtnlerimi satabilirim 1.5000 0.84035
S g == Evimde hazirladigim yoresel yiyecek ve igecekleri satabilirim. 1.4082 0.78434
E i) § & Rehberlik hizmeti verebilirim 1.8265 0.97416
El sanatlarimiz1 6gretebilir ve satabilirim 2.0612 0.99293
Evde yaptigim mutfak iiriinlerini satabilirim 1.8061 0.97026
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Katilimcilara siirdiiriilebilir turizm amacl yapilacak hangi kurslara katilmak istersiniz? sorusu
sorulmustur. En yiiksek oranda “organik tarim (% 44.9)” ve “yoresel yemeklerin hazirlanmasi ve
sunumu (% 32.7)” segenekleri isaretlenmistir. “El sanatlari tiretimi (% 26.5)”, “konaklama hizmetleri
(% 25.5)” oraninda igaretlenmistir. Segeneklerin higbirine katilmayanlarin orani ise %16’dir.

4. Tartisma ve Sonug

Aidiyet duygusunun yogun ve komsuluk iligkilerinin kentlere gére daha samimi oldugu kirsal
alanlarda gergeklesen turizm faaliyetlerinin, temel aktorlerinden biri de yerel halktir. Yerel halkin
tutumu, ilgi, bilgi ve beklentisi kirsal turizmin gelisimi ve dogal-kiiltiirel kaynaklarin siirdiiriilebilirligi
acisindan anahtar role sahiptir. Yerel halktan gelen bu bilginin ¢alismanin basinda tespit edilmesi,
planlama, tasarim ve yonetim siireclerinin dogru kurgulanmasina katki saglayacaktir.

Kirsal alanlarda ekonomik etkinliklerin giderek azalmasi, tarim sektoriiniin yiiz yiize oldugu
problemler, kirsal niifusun azalmasi gibi nedenlerle bir¢ok bati {ilkesinde turizm; kirsal alanlarin
ekonomik ve sosyal yonden yeniden yapilandirilmasi i¢in alternatif bir kalkinma stratejisi olarak
degerlendirilmektedir (Cawley ve Gillmor, 2008; Aydin, 2012). Kiiresel turizm pazarinda giderek
daha popiiler hale gelen kirsal turizmin, yapilan bazi calismalara gore; son yillarda sadece gelismis
degil, ayn1 zamanda gelismekte olan {ilkelerde de tercih edilme oraninin arttigini gostermektedir
(Frumkin, 2019).

Ulke politikalari, alanm1 kapsayan {ist &lgekli planlar ve elde edilen bulgular
degerlendirildiginde Ayas’in kalkinmasinda kirsal turizmin etkili bir alternatif olacagi sdylenebilir.
Muresan ve ark., (2015), Giney ve Goller (2016) ve Ongun ve ark., (2018) tarafindan yapilan
caligmalarda da yore halkinin goriisleri bakimindan benzer sonuglar elde edilmistir. Privitera
(2010)’nin; “kirsal turizm, peyzajin ve kirsal yagsam bigimlerinin korunmasiyla birlikte yerel iliskileri,
kiiltiiri ve gelenekleri de korumayi saglar” goriisii de bu fikri desteklemektedir. Ancak kirsal peyzaj-
geleneksel yasam-turizm arasindaki dengenin dogru yonetilmesi, hem faaliyetin hem de kaynaklarin
stirdiirtilebilirligi agisindan gereklidir. Fleischer ve Tchetchik (2005) tarafindan yapilan ¢alismada da;
kirsal turizmin tarimla olan baglantisinda karsilikli bir yarar iligkisinin olup olmadiginin sorgulanmasi
gerektigi sonucuna varilmistir.

Bu calismada vurgulanan bir diger nokta; tarim-turizm dengesinin gozetildigi, yore insanin
siirece dahil eden katilimci bir yaklasimla yiiriitiilecek planlama calismalarinin Ayas’in kalkinmasina
ve dogal-kiiltiirel degerlerin gelecege tasinmasina katki saglayacagi goriisiidiir. Temeli yerele ve yerel
bilgiye dayanan katilimer yaklagimlar; planlama ve yonetim siirecinde karsilasilan ekolojik-sosyolojik
catismalar1 da engelleyebilmektedir A¢iksoz ve ark., (2016), Gultekin ve ark., (2018), (A¢iksoz ve
ark., 2019) ve Baylan (2019) tarafindan yapilan ¢aligmalarda da; planlama ve uygulamada katilimcilik
anlayisinin gerekliligine deginilmektedir.

Ayas, iist Olcekli planlarda turizm agisindan anahtar konumda yer almasina ragmen, kirsal
turizm konusunda beklenen gelisme heniiz saglanamamistir. Dogal ve kiiltiirel degerlerinin yeteri
kadar tanitilmamasi, yore halkinin kaynaklar1 verimli sekilde kullanamamasi ekonomik ve turistik
acidan geri kalmasinin en 6nemli nedenlerindendir. Niifusun yaslanmasi ve giderek azalmasi da kirsal
turizmin gelisimini engelleyen bir diger etmendir.

Ayag’mn sahip oldugu potansiyelin yerelden baglayarak tanitilmasi, kirsal turizm altyapisimin
olusturulmasi ve siirdiiriilebilir bir yonetisim anlayismin benimsenmesi kirsal turizmi yore i¢in etkili
bir sektdr haline getirecektir. Yaygin olarak yapilan tarimsal faaliyetler, Ayas’1t Tirkiye tariminin
onemli bir noktasina tasiyacak niteliklere sahiptir. Son yillarda iireticilerin yasadigi sosyo-ekonomik
sorunlardan dolay1 iiretim miktarinin azalmis oldugu tespit edilen, yoreye 6zgii Ayas dutu, Ayas
domatesi ve tiftik kegisi sadece Ayas’ta iiretilmektedir. Ozellikle yaygin tarim kiiltiirii ve ydreye 6zgii
tarimsal Uriinler marka potansiyeli tasimaktadir. Geng¢ niifusun ilgi duymamasi nedeniyle giderek
azalsa da; geleneksel tarim faaliyetleri, Ayas’ta kirsal turizmi besleyecek en onemli aktivitelerden
biridir. Bilingli, verimli, insan ve g¢evre sagligin1 koruyan, akilli ve yenilik¢i tarim uygulamalari
konusunda farkindaligin artirilmasi, iyi tarim uygulamalarin1 destekleyecek ve kirsal turizm
aktivitelerini gesitlendirecektir. Uretim ve pazarlama konusundaki 6rgiitlenme, tarim turizm hibe ve
destekleri konusunda yapilacak bilin¢lendirme ¢alismalari, yore halkinin ve yerel yoneticilerin kirsal
turizme ilgisini artiracaktir.
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Gelenek ve gelecek arasinda organik bir koprii kurabilmek adina kirsal turizm, Ayas igin bir
firsattir. Yerel halkin farkindaliginin ve gorislerinin tespiti de, bu firsatin dogru planlanmasi ve
yonetilmesi i¢in atilacak ilk adimdir.
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Abstract: The present study was aimed to define the factors affecting the
adoption of innovations in dairy cattle farms in Balikesir and Canakkale provinces
in TR22 South Marmara Region, Turkey. The data were collected from 221 farms
by a stratified random sampling method. The study was performed between
March and November 2019. This study was used the ordered probit model to
evaluate the data. The results revealed that the age of the farmers, household size,
dairy cattle experience, household income, the number of dairy cattle, frequency
of the internet use, meeting frequency with other farmers and contact frequency
with agricultural extension personnel had a positive impact on farmers' adoption
of innovations; whereas farmers' contact frequency with veterinaries had a
negative impact. As a result, farmers' adoption of innovations in dairy farming
activity can be increased with farmers who are open to innovations regarding
animal husbandry and knowledgeable about the importance and the necessity of
innovations adoption.
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Oz: Bu calismada; Tiirkiye'nin TR22 Giiney Marmara Bolgesindeki Balikesir ve
Canakkale illerindeki siit sigirciligi isletmelerinde, yeniliklerin benimsenmesini
etkileyen faktorlerin belirlenmesi amaglanmustir.  Veriler, tabakali tesadiifi
ornekleme yontemi ile 221 siit sigirciligr isletmesinden toplanmistir. Caligma
Mart ve Kasim 2019 arasinda gergeklestirilmistir. Calisma verilerini
degerlendirmek igin sirali probit model kullanilmistir. Ciftgilerin yasi, hane halki
blyukllgi, ciftgilerin siit sigircihigt deneyimi, hane halki geliri, siit sigir1 sayisi,
internet kullamim sikligi, diger ciftcilerle goriisme sikligi ve tarimsal yayim
personeli ile iletisim siklig1 degiskenlerinin, ¢iftgilerin yenilikleri benimsemesi
tzerinde olumlu etkisinin oldugunu ortaya koymustur; oysa gift¢ilerin veterinerler
ile iletisim siklig1 olumsuz sekilde etkilemistir. Sonug¢ olarak; siit sigirciligi
faaliyetinde giftcilerin yenilikleri benimsemesi, hayvancilik faaliyeti ile ilgili
yeniliklere agik olan ve yenilikleri benimsemenin énemi ve gerekliligi hakkinda
bilgi sahibi olan giftcilerle artirilabilir.
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1.Introduction

Livestock sector is an important in economics of a country. This sector is important in terms
of providing adequate and balanced nutrition, providing cash flow to household and reducing
unemployment in rural areas (Aksoy et al., 2011; Yener and Oguz, 2017). Therefore, farmers' keeping
up with these changes by following their new technologies or innovations and current developments is
rather important in terms of sustainability of livestock activity. However, the level of adopting
innovations depending on the standard of living, the society structure and the economic contribution of
these innovations (Sezgin et al., 2010). Also, modernization efforts in animal husbandry start with
advancement of technology in rural areas. Hence, farmers should be supported to use new
technologies. In Turkey, TR22 South Marmara Region has an important place in regards to the
number of livestock. According to the area classification of NTUS-2 (Nomenclature of Territorial
Units for Statistics-2) by TURKSTAT (Turkish Statistical Institute), TR22 South Marmara Region
covers the provinces of Balikesir and Canakkale. The region has about 5.41% of total bovine animal
population of Turkey. In the region, there has been significant increases in culture breeds in animal
population in recent years and the share of culture breeds was approximately 77.3% in 2019. Also,
approximately 6.15% of total milk production of Turkey is provided from this region (TURKSTAT,
2019). Hence, it can be said that adoption to new technologies or innovations for the development of
farms in research area is an important. In the literature, there are many studies about adoption of
innovations (Kebede, 1990; Boz et al., 2011; Yener and Oguz, 2017). However, there is no
comprehensive study conducted in Balikesir and Canakkale provinces in TR22 South Marmara Region
in relation to this subject. Also, it is thought to be an important determination of factors affecting
farmers' decisions about innovations adoption for development of the dairy farming in the region. For
this reason, this study was performed in TR22 South Marmara Region, which is one of the most
important regions of Turkey in terms of dairy cattle activity. The purpose of the present study is to
explain the factors affecting farmers' decisions about the adoption of innovations in dairy cattle farms
in Balikesir and Canakkale provinces that cover of TR22 South Marmara Region. To explain the
issues defined in the objective of the study, the following hypotheses were tested:

Ho=Communication behaviours, socio-economical and farm characteristics have no
significant influence on farmers' adoption of innovations,

H;=Communication behaviours, socio-economical and farm characteristics
have a significant influence on farmers' adoption of innovations.

The results of this study are expected to make important contributions in terms of farmers’
adopting innovations and providing useful information for agricultural extension organizations and
other researchers.

2. Material and Methods

Research data was obtained from dairy cattle farms in Balikesir and Canakkale provinces in
TR22 South Marmara Region through survey method between March and November 2019. The data
were gathered by face-to-face interview technique. The number of animal in farms was taken into
consideration for determining farms whose main income source is dairy farming in these districts.
According to data of Republic of Turkey Ministry of Agriculture and Forestry, districts that are the
most representative to provinces in terms of the number of animal were determined as Altieyliil
district from Balikesir province, and Biga district from Canakkale province. The number of farms in
these districts was constituted the target population of the research. According to the frequency
distribution of the target population, the number of dairy cattle were divided into three groups. The
stratified random sampling method was used in determination of the number of farms that entered the
sample from the target population. The size of each sample was found by using Neyman method
(Yamane, 1967; Sezgin et al., 2010). This method is as follows;

(X Ny Sh)?

n=——=— __ D2 = d2/z2
N?D?+ Y Nj,S? /z @)
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where, the sample size (221) is n, total the number of farms in districts (11.968) is N, the
number of farms in the h stratum is Ny, the standard deviation for the h stratum is Sy, the variance for h
stratum is Sp?, d is desired absolute precision (X x0.05; X=14.22), z is desired confidence level
(1.96 for 95%), D is acceptable error limit in population mean. The sample size was formed by
dividing the farms in the two districts to strata based on the number of dairy cattle and then by
randomly selecting the farms in these strata. The farms were divided into three groups as 2 to
<I5cattle (92 farms), 16 to <27 cattle (52 farms) and equal 28 and >28 cattle (77 farms). The total
sample size was determined as 221 farms.

Descriptive statistics were used to define farmers' communication behaviours, socio-
economical and farm characteristics. To determine factors affecting decisions of farmers about the
adoption of innovations, the ordered probit model was used. The adoption to define factors influencing
an individual’s decision about the innovations and an innovation can be described as new idea,
product, practice and technical change that is perceived as new by an individual (Rogers, 1995; Boz
and Akbay, 2005). Therefore, 23 innovations with regard to dairy cattle activity were determined in
order to form the response variable in this model. According to the responses of farmers for these
innovations, three adoption groups were created. Thus, farmers who adopted 8 or less innovations
were allocated to the low level adoption group, those who adopted between 9 and 17 were allocated to
the medium level adoption group, and those who adopted 18 or more were allocated to the high level
adoption group. In this context, the dependent variable has three discrete response categories. The
dependent variable in this study takes discrete values (McLean-Meyinsse, 1997). Therefore, this
model is the most appropriate among the statistical models and they have a natural ordering. Thus, the
dependent variable that indicates to adoption levels of innovations of farmers was coded as O=low, 1=
medium, 2=high. STATA software was used for analysis of data (STATA, 2005). The ordered probit
model is represented as follows:

y*=B'xite, &€ ~N[0,1], y=0 if y*<0, y=1if O<y*<u;, y = 2 if pi<y*<p, (2)

where y* is un observed, y is observed response variable with three adoption levels, p’is a
vector of unknown parameters to be determined, x is vector of independent variables, ¢ is a vector of
random stochastic error terms assumed to be N[0,1] and pis threshold values (McLean-Meyinsse,
1997).

prob(y=0)=®(-p'x), prob(y=1)=®(u1-p'x)-®(-fx), prob(y=2)=d (uz-p'x)-(u1-'x) )

where, @ is the cumulative standard normal distribution function. The log likelihood function
is the sum of the individual respondents’ log probabilities and expressed as follows:

L=Xy=0log®(-p'X)+Zy=1l0g[ D(p1-B'x)-P(-B'X)]+Zy=210g[1-P(p1-B'X)] 4)
Marginal effects can be calculated as follows:

OP(yi=j) )
a— =[@[pa-X k1 Brxl- PLr-Xf_1 Prxi] Pr
Xk

where, oP/oxk is the partial derivative of the probability with respect to independent variable
Xk. Thus, marginal effects in this model measure the response of farmers' decisions about the adoption
of innovations when there is a unit change in the independent variables.
3. Results and Discussion

In Table 1, 23 innovations are presented in order to determine farmers' adoption level of

innovations in dairy cattle activity. The most adopted innovation by farmers among these innovations
was regular drug use for internal and external parasites (90.5%).
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Table 1.Farmers' adoption level of innovations

Applied Not applied Not aware
Innovations Number % Number %  Number %
Regular use of veterinarian services 138 62.4 73 33.0 10 45
Growing fodder crops 119 53.8 100 452 2 0.9
Animal insurance 71 321 144 65.2 6 2.7
Using concentrated feeds 165 74.7 56 25.3 - -
Milking with machine 62 28.1 158 715 1 04
Using vitamins for animal feeding 96 434 116 52.5 9 4.1
Using minerals for animal feeding 91 41.2 120 54.3 10 4.5
Automatic watering 59 26.7 150 67.9 12 5.4
Automatic feeding 49 22.2 165 74.6 7 3.2
Vaccination against brucellosis 77 34.8 128 60.0 16 7.2
Vaccination against anthrax 82 37.1 121 54.8 18 8.1
Vaccination against charbon 134 60.6 74 335 13 5.9
Vaccination against mastitis 72 32.6 149 67.4 - -
Buying animals with a veterinarian control 89 40.3 121 54.8 11 4.9
Dehorning of calves 62 28.1 137 62.0 22 9.9
Colostrum feeding for newborn calves 163 73.8 50 22.6 8 3.6
Considering crude protein ratio of feed ration 74 335 108 48.9 39 17.6
Considering roughage and concentrate feed ration 82 37.1 139 62.9 - -
Embryo transfer for animal breeding 3 134 153 69.2 65 294
Regular drug use for internal and external parasites 200 90.5 15 6.8 6 2.7
Private unit for pregnant and sick animals in the barn 151 68.3 64 29.0 6 2.7
Recordkeeping for animal diseases 37 16.7 175 79.2 9 41
The existence of foot bath 36 16.3 178 80.5 7 3.2

According to these innovations, it was determined that the adoption level of innovations of
41.6% of farmers were low, 50.7% were medium and 7.7% were high (Table 2). Tiirkyillmaz et al.
(2003) reported that the adoption level of innovations in 19.7% of dairy farms were determined to be
high. Boz et al. (2011) found that the adoption level of innovations of 13.1% of farmers were high.
Thus, it can be said that the adoption ratio of innovations at a high level of farmers in this study is
lower than the findings of previous studies. In this study, the average age of farmers was 48.2 and
45.7% of them were aged between 36 and 51. The average age of farmers was reported to be 44.6,
42.0 and 53.6, respectively in previous studies (McLean-Meyinsse, 1997; Boz et al., 2011; Cukur,
2016). Thus, the average farmers' age in this study is higher than the values explained by McLean-
Meyinsse (1997) and Boz et al.(2011), and lower than the value explained by Cukur (2016). The
average household size was 3.94 persons in this study. In Turkey, the average household size was 3.4
persons in 2019. McLean-Meyinsse (1997) reported that the average household size was found to be
2.91. Thus, it can be said that the average household size in this study is higher than the findings of
previous study and the average household size value at national level. In the present study, the average
experience of dairy farmers was 24.1 years. Cukur (2016) found that farmers' dairy farming experience
was 28.4 years. Thus, it can be said that the dairy cattle experience of the farmers in this study is lower
than the findings of previous study. In this tudy, the majority of the farmers (45.7%) had medium
income level (€2819-€5612). Similar results were reported by McLean-Meyinsse (1997), Boz et al.
(2011) and Gukur (2016). In this study, 48.4% of farmers had the number of dairy cattle more than 50
head. Hence, it can be said that farmers are in efforts to develop dairy cattle activities. It was found that
52.9% of farmers used internet several times a week. Previous studies showed that farmers almost never
use the internet (Boz et al., 2011; Boz, 2014). Thus, it can be said that these results are not congruent
with the findings of previous studies, and the ratio of farmers' frequency of the internet use in present
study is higher than the ratios that were found in previous studies. Farmers' frequency of meeting with
other farmers (30.3%) was found to be at least once a week in the present study. Boz et al. (2011) found
that 57% of farmers were reported to meet with other farmers in the village at least once a week. In
another study, farmers' frequency of meeting with other farmers was determined as several times a week
(Boz, 2014). Thus, it can be said that these results were congruent with the findings from Boz et al.,
(2011), but not with those from Boz (2014). In this study, farmers' contact frequency with veterinaries
(47.5%) was found to be several times a year. Boz (2014) reported that 47% of farmers’ contact with
private veterinaries were determined as several times a month. Thus, it can be said that the findings of
this study are not congruent with the results of previous study, and farmers in the research area have less
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contact with veterinarians compared to farmers in Eastern Mediterranean Region. Farmers' contact
frequency with agricultural extension personnel (17.6%) were found to be at least once a week in present
study. Boz (2014) found that 36% of farmers' contact with extension personnel were determined as at
least once a month. Thus, it can be said that the findings of this study are not congruent with the results
of previous study and farmers in the research area have more frequent contact with agricultural
extension personnel compared to farmers in Eastern Mediterranean Region.

Table 2. Definition of variables used in the ordered probit model (n=221)

Variables Name of the variables Frequency % Mean **SD
Dependent variables
Adoption of innovations ADOPT
O=Low level 92 41.6
1=Medium level 112 50.7
2=High level 17 7.7
Independent variables
Age (year)
1=<35; 0 otherwise AGE1 40 18.1 0.18 0.46
1=36-51 ; 0 otherwise AGE2 101 45.7 0.46 0.50
1=>51; 0 otherwise AGE3 80 36.2 0.36 0.48
Household size (person) HSIZE 221 100.0 3.94 1.77
Dairy cattle experience (year) DAFE 221 100.0 241 12.1
*Household income (€ year?)
1=Low income ; O otherwise INCOMEL1 34 15.4 0.15 0.36
1=Medium income ; 0 otherwise INCOME2 101 45.7 0.46 0.49
1=High income ; 0 otherwise INCOME3 86 38.9 0.39 0.48
Number of dairy cattle (head)
1=<20 ; 0 otherwise NUM1 41 18.6 0.19 0.39
1=21-50 ; 0 otherwise NUM2 73 33.0 0.33 0.47
1=>50 ; 0 otherwise NUM3 107 48.4 0.48 0.50
Frequency of the internet use INTER
1=At least several times a week ; 0 otherwise 117 52.9 0.53 0.50
Meeting frequency with other farmers MEFAR
1=At least once a week ; 0 otherwise 67 30.3 0.30 0.46
Contact frequency with veterinaries
1=At least once a week ; 0 otherwise VET1 54 24.4 0.24 0.43
1=0One a month ; 0 otherwise VET?2 62 28.1 0.28 0.45
1=Several times a year ; 0 otherwise VET3 105 475 0.48 0.50
Contact frequency with agricultural EXTEN
extension personnel
1=At least once a week ; 0 otherwise 39 17.6 0.18 0.38

"1 Euro=6.22 TRY (Turkish lira) in April 2019 (Low income (<€2818.9), medium income (€2819-€5612),high income (>€5612),
“"SD=Standart deviation.

In this study, the McFadden’s pseudo R-squared value and likelihood ratio (LR) were calculated
to test the goodness of fit of the established model and its explanatory power. The LR and chi-square
statistic (chi?) values were calculated as 62.02 and 22.36, respectively. The null hypothesis at 5%
significance was rejected because the LR value was found to be greater than chi? value. Thus, all these
results revealed that this model is statistically significant and fits for the study. The results of this model
and marginal effects of the variables are described in Table 3.AGE2, HSIZE, INCOME2, NUM3,
INTER, MEFAR and VET3 were statistically significant at 5% level and DAFE, INCOME3, and
EXTEN were statistically significant at 1% level. These results showed that the importance of
communication behaviours, socio-economical and farm characteristics on farmers' adoption of
innovations. In this study, age had a positive influence on farmers' adoption of innovations, indicating
that increase in the age of farmers would bring about higher likelihood of adopting of innovations. Thus,
a one-year increase in farmers' age between 36 and 51 years old compared to farmers 35 years and
younger would decrease the likelihood of being low level adopters by 17.4%, while it increases the
likelihood of being medium level and high level adopters by 13.3% and 4.1%, respectively. Hence, it can
be said that middle-aged farmers are more likely to adopt innovations compared to younger farmers.
Similar results were reported by Boz et al. (2011) and Boz (2014). However, these results are not
congruent with those of Aksoy et al. (2011) and Dhraief et al. (2018), which concluded that there was a

580



YYU TAR BIL DERG (YYU J AGR SCI) 30 (3): 576-584
Ozsayin / FactorsAffectingtheAdoption of Innovations in DairyCattleFarms in TR22 South Marmara Region of Turkey

negative correlation between the farmers' age and the adoption of innovations. Thus, it can be said that it
is important to make informative meetings about the innovations that can be applied in dairy farming
activity to young and middle-aged farmers in the research area and striving towards increase their
tendency to adopt innovations.

Table 3. Factors affecting farmers' adoption of innovations

Variables Coefficient Standard error  z-statistic p-value>|z| Marginal Effects
(probability) Adoption levels of innovations
Low Medium High
AGE2 0.46012 0.22267 2.07 0.039" -0.174 0.133 0.041
AGE3 0.11011 0.23272 0.47 0.636 -0.042 0.033 0.009
HSIZE 0.10874 0.04817 2.26 0.024" -0.041 0.033 0.009
DAFE 0.02153 0.00746 2.88 0.004™ -0.001 0.006 0.002
INCOME2 0.63601 0.24929 2.55 0.011" -0.242 0.189 0.053
INCOME3 0.71786 0.25769 0.79 0.005™ -0.275 0.219 0.055
NUM2 0.43646 0.24897 1.75 0.080 -0.162 0.119 0.042
NUM3 0.55163 0.23448 2.35 0.019" -0.208 0.160 0.048
INTER 0.42503 0.17735 2.40 0.017" -0.162 0.127 0.035
MEFAR 0.39689 0.18968 2.09 0.036" -0.147 0.109 0.039
VET2 -0.08243 0.23936 -0.34 0.731 0.032 -0.025 -0.007
VET3 -0.47425 0.21417 -2.21 0.027* 0.181 -0.141 -0.040
EXTEN 0.75136 0.22656 3.32 0.001™ -0.256 0.159 0.097
fcut 1 0.98369 0.45817
lcut 2 3.03482 0.49421
McFadden's pseudo R-squared = 0.15 log likelihood (Lo)=-200.35291
log likelihood (L1)=-169.34503 likelihood ratio (LR)= 62.02
Prob>chi square (chi?)= 0.000(Probability) LR>chi?(13)(.05= 62.02>22.36

The levels of significance:p<0.05; “"p<0.01; Variables: AGE2: 36-51 years old; HSIZE: household size; DAFE: dairy cattle experience;
INCOMEZ2: medium income; INCOMES3: high income; NUM3: >50 head; INTER: frequency of the internet use; MEFAR: meeting
frequency with other farmers; VET3: contact frequency with veterinaries; EXTEN: contact frequency with agricultural extension personnel.

The size of household had a positive effect on farmers' adoption of innovations, implying that
increase in the farmers' household size would bring about higher likelihood of being adoption of
innovations. Thus, an increase in the household size of the farmers by one person would decrease the
likelihood of being low level adopters by 4.1%, while it increases the likelihood of being medium level
and high level adopters by 3.3% and 0.9%, respectively. Similar results were reported by Jerop et al.
(2018). However, these results are not congruent with those of Kiligtek and Aksoy (2019), which
concluded that there was a negative correlation between farmers' size of household and the adoption of
innovations. Thus, it can be said that farmers seek ways that will increase the income obtain from dairy
farming in order to meet the households' food and other requirements when the number of individuals in
a household increases. Therefore, it is anticipated that these farmers are more likely to adopt and keep up
with these changes by following new technologies or innovations. These findings suggest that large
households are more likely to adopt innovation compared to small households. It was found that dairy
cattle experience had a positive effect on farmers' adoption of innovations, implying that increase in the
farmers' dairy cattle experience would bring about higher likelihood of adopting innovations. Thus, a
one-year increase in dairy cattle experience of farmers would decrease the likelihood of being low level
adopters by 0.1%, while it increases the likelihood of being medium level and high level adopters by
0.6% and 0.2%, respectively. Thus, years of dairy cattle experience of farmers showed a direct
relationship with adoption of innovations, indicating that increase in dairy cattle experience of farmers
inclined to increase the likelihood of adopting innovations. Also, this should be ascribed to the fact that
farmers with higher experience about dairy farming will have good understanding of production
technology and benefits of innovations adoption. Findings on dairy cattle experience of farmers in this
research, agreed with the findings of the study conducted in Indonesia (Kariyasa and Dewi, 2011). In
contrast with Saliu et al. (2016) and Dhraief et al. (2018) who asserted that there was a negative
relationship between the dairy cattle experiences of the farmers and the adoption of innovations. Thus, it
can be said that older farmers with long experience are more receptive to adopting innovations and
modern technologies compared to young farmers. It was found that household income had a positive
influence on farmers' adoption of innovations, implying that increase in the farmers' income would bring
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about higher likelihood of adopting innovations. Thus, a one-unit increase in household income of
farmers who have medium income compared to low income farmers would decrease the likelihood of
being low level adopters by 24.2%, while it increases the likelihood of being medium level and high
level adopters by 18.9% and 5.3%, respectively. Also, a one-unit increase in household income of
farmers who have high income compared to low income farmers would decrease the likelihood of being
low level adopters by 27.5%, while it increases the likelihood of being medium level and high level
adopters by 21.9% and 5.5%, respectively. These results are congruent with the findings from the studies
of Aksoy et al. (2011), Jerop (2018) and Kiligtek and Aksoy (2019). However, the findings contradict the
results by Asfaw and Neka (2011), which indicated that income had a negative effect on the adoption of
innovations. The results showed that the importance of the income increase in farmers' adoption of
innovations. Also, it can be said that the low income is an important constraint to reach technology and
innovations of farmers. These results revealed that farmer with high income was more likely to adopt
than farmer with low income. In this context, supports should be provided towards increasing the income
of farmers to encourage innovations adoption. It was found that the number of dairy cattle had a positive
impact on farmers' adoption of innovations, implying that increase in the number of dairy cattle would
bring about higher likelihood of adopting innovations. Thus, a one-unit increase in the number of dairy
cattle of farmers who have over 50 head dairy cattle compared to farmers who have fewer than 20 head
dairy cattle would decrease the likelihood of being low level adopters by 20.8%, while it increases the
likelihood of being medium level and high level adopters by 16% and 4.8%, respectively. Findings on
the number of dairy cattle of farmers agreed with the findings of the studies conducted in Tunisia
(Dhraief et al., 2018). Results indicate that livestock owners with a high herd size have a higher tendency
to adopt innovations. Farmers go out of their social environment as a result of benefiting from mass
communication tools (television, internet etc). This can be accepted as an indicator of farmers' using
modern information resources in agricultural activities (Boz, 2014). Frequency of the internet use had a
positive effect on farmers' adoption of innovations, implying that increase in the frequency of the internet
use of farmers who use internet at least several times a week compared to other farmers would bring
about higher likelihood of adopting innovations. Thus, a one-unit increase in frequency of internet use of
farmers who use internet at least several times a week would decrease the likelihood of being low level
adopters by 16.2%, while it increases the likelihood of being medium level and high level adopters by
12.7% and 3.5%, respectively. These results are in line with the findings of Boz et al. (2011) and Boz
(2014). Thus, it can be said that farmer is more likely to learn innovations from this mass media tools
depending on their frequency of internet use. Also, it can be concluded that if farmers' internet use
increase, they are likely more innovative and tend to be early adopters of innovations. Thus, internet
usage training courses should be organized by agricultural extension personnel in order to increase
internet use of farmers. Innovations are accepted within a certain time in a society. Changes in this
spreading rate depend on the socio-economic characteristics and communication behaviours of
individuals who make up a society (Yener and Oguz, 2017). In this study, it was found that farmers'
frequency of meeting with other farmers had a positive effect on farmers' adoption of innovations,
implying that increase in meeting frequency of farmers who meeting with other farmers at least once a
week compared to other farmers would bring about higher likelihood of adopting innovations. Thus, a
one-unit increase in farmers' frequency of meeting with other farmers at least once a week would
decrease the likelihood of being low level adopters by 14.7%, while it increases the likelihood of being
medium level and high level adopters by 10.9% and 3.9%, respectively. These results were supported by
findings of Yener and Oguz (2017), which showed that there was a positive correlation between farmers'
frequency of meeting with other farmers and the adoption of innovations. Thus, it can be said that farmer
are more likely to learn innovations depending on farmers' frequency of meeting with other farmers, and
other farmers were affected by farmers who adopt innovations. Therefore, farmers who adopt
innovations may be given trainings on existing innovations and it may be provided to creating exemplary
behaviors of farmers. In this study, it was found that farmers' contact frequency with veterinaries had a
negative influence on farmers' adoption of innovations. Thus, a one-unit decrease in contact frequency of
farmers who make contact frequency with veterinaries several times a year compared to those who make
contact frequency with veterinaries at least once a week would increase the likelihood of being low level
adopters by 18.1%, while it decreases the likelihood of being medium level and high level adopters by
14.1% and 4.0%, respectively. Findings on the contact frequency with veterinaries of farmers in this
research, disagreed with the results of Boz et al. (2011) and Boz (2014), which indicated that farmers'
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contact frequency with private veterinarian had a positive influence on the adoption of innovations.
Hence, it can be said that the contact frequency with veterinaries of farmers is quite insufficient.
Because, farmers' contact veterinaries depending on their need in animal husbandry. It is important to
hold meetings to increase the probabilities farmers' benefit from veterinarians in order to have an
impact on the adoption of innovations. In this study, it was found that farmers' contact frequency with
agricultural extension personnel had a positive impact on farmers' adoption of innovations, implying
that increase in contact frequency of farmers who contact with agricultural extension personnel at least
once a week compared to other farmers would bring about higher likelihood of adopting innovations.
Thus, a one-unit increase in contact frequency of farmers who contact with agricultural extension
personnel at least once a week would decrease the likelihood of being low level adopters by 25.6%,
while it increases the likelihood of being medium level and high level adopters by 15.9% and 9.7%,
respectively. These findings are consistent with the results of Dhraief et al. (2018) and Jerop et al.
(2018). These results are supported by Rogers (1995)’ generalizations which show that as farmers
have more contacts with extension personnel, they disposed to be early adopters of innovations. Thus,
it can be said that if farmers have more communicate with extension personnel, they are likely more
innovative farmers, and this characteristic makes it possible for them to benefit from innovations.
Therefore, their communication with agricultural extension personnel should be increased in order to
provide information about innovations for farmers.

4. Conclusion

The results of this research concluded that middle-aged farmers are more likely to adopt
innovations. Hence, it should be provided to make informative meetings about the innovations that can
be applied in dairy farming activity to young and middle-aged. In research area, older farmers with long
experience are more receptive to adopting innovations and modern technologies. Also, farmer with high
income is more likely to adopt than farmer with low income. In this context, support should be provided
to increase the farm income of farmers to encourage innovations adoption. Farmer are more likely to
learn innovations from this mass media tools depending on their frequency of internet use. Hence,
internet usage training courses should be organized in order to increase internet use of farmers by
agricultural extension personnel. The contact frequency with veterinaries of farmers is quite insufficient.
Hence, it is important to hold meetings to increase the probabilities farmers' benefit from veterinarians.
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Oz: Bu calisma, Amasya ilindeki farkli tarim alanlarinda yetisen farkl bitkilerin
rizosfer kismindaki topraktan fosfor (P) ¢6zen funguslarin izolasyonu,
mikroskobik tanilanmasi ve organik asit sentezlerinin belirlenmesi amaci ile
yapilmistir. Rizosfer topragindan NBRIP (National Botanical Research
Institute’s Phosphate) kati besiyeri kullanilarak 8 farkli fosfor ¢ézen fungus
izole edilmistir. Funguslar spor karakteristik dzelliklerinegére cins diizeyinde
Botrytis spp., Alternaria spp. Rhizopus spp., Penicillium spp., Fusarium spp.,
Trichoderma spp., Aspergillus spp. ve Cladosporium spp. olarak belirlenmistir.
Izolatlar arasinda nicel olarak en yiiksek oranda P ¢6zen izolatin 52.98 mg/ml
ile Penicillium spp izolat: belirlenirken en diisiik miktarda P ¢ozen 29.8 mg/ml
ile Cladosporium spp. izolati belirlenmistir. Ayn1 zamanda fungus izolatlarinin
salgiladiklari toplam Laktik ve Fumarik organik asit miktarlarinin ¢6ziinen P ile
dogru orantili ve pH ile ters orantili oldugu belirlenmistir. izolatlar arasinda en
yiiksek oranda organik asit sentezleyen 12.475 mg/ml ile Penicillium spp.
izolat1 olurken, en diisiik oranda 10.268 mg/ml ile Cladosporium spp. izolati
belirlenmigtir. Sonug¢ olarak bu ¢alismada funguslarin ¢ozdigi P ile
sentezledikleri toplam organik asit miktari ile iligkili oldugu belirlenmistir.
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Abstract: This study was carried out with the aim of isolation, microscopic
identification and determination of organic acid synthesis of phosphorus (P)
solubilising fungi from rhizosphere soil part of different plants grown in
different agricultural areas in Amasya province. Eight different phosphorus-
solubilising fungi were isolated from the rhizosphere soil using NBRIP
(National Botanical Research Institute's Phosphate) solid medium. Fungi were
identified at the genus level as Botrytis spp., Alternaria spp. Rhizopus spp.,
Penicillium spp., Fusarium spp., Trichoderma spp., Aspergillus spp. and
Cladosporium spp. according to spore characteristics. Penicillium spp isolate
was determined quantitatively the highest rate of P soluble isolates with 52.98
mg/ml and Cladosporium spp. isolate the lowest amount of P dissolving with
29.8 mg/ml. At the same time, the total amount of Lactic and Fumaric organic
acid secreted by fungus isolates is directly proportional to P and inversely
proportional to pH. It was determined Penicillium spp isolate with 12.475
mg/ml, which synthesizes the highest amount of organic acid, while
Cladosporium spp. with the lowest rate of 10.268 mg/ml. As a result, it was
determined that the identified fungi were associated with the total amount of
organic acid they synthesized with the P solubilising.
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1. Giris

Fosfor (P), bitki bilyiime ve gelismesini saglayan Azot (N)’dan sonra bitki kuru agirhigmin
%0.2’sini olusturan en 6nemli besin elementidir. Toprakta ¢dziinmiis halde bulunan ve bitki tarafindan
alinan P orami ise oldukca diisiik olup 0.05 ile 10 ppm arasinda degismektedir. Topraga uygulanan
P'nin de %80'inden fazlasi diger elemenler tarafindan fikse edilerek veya organik forma doniigsmesi
nedeniyle bitki i¢in kullanilamaz hale gelmektedir. P’nin fikse edilmesi alkali topraklarda Ca
tarafindan tutularak tri-kalsiyum fosfat (Cas(PO.).) seklinde olurken, asidik toprakta Demir (Fe) ve
Aliminyum (Al)’ye baglanarak FePOs ve AIPOs seklinde olmaktadir. Fiske edilen P’nin bitki
tarafindan alinabilmesi igin ¢Ozlnebilir iyonik fosfatlara veya diisik molekiil agirlikli fosfor
bilesiklerine dontismesi gerekmektedir (Holford, 1997).

Bir¢ok arastirmaci bitki koklerinde fosfat ¢oziicii mikroorganizmalar olan bakteri, fungus,
aktinomiset tiirlerinin bulundugu ve bu mikroorganizmalarin bitki i¢in P aliminda 6neme sahip oldugu
belirlemistir (Sujatha ve ark., 2004). Giiniimiizde tarimda kullanilan yogun sentetik kimyasallarin
toprak kalitesine olan olumsuz etkisini azaltabilmek; besin elementlerin bitkiler tarafindan
kullanilabilirligini arttirabilmek adina fosfat ¢ézen bu mikroorganizmalarin organik tarimda biyogiibre
olarak kullamimlar tavsiye edilmektedir (Oztekin ve ark., 2015). Rizobakterilerin bitki biiyiimesini,
verimi ve meyve kalitesini artirmada faydali ve ekonomik oldugu belirlenmistir (Ipek ve ark., 2018).
Yapilan ¢aligmalarda funguslarin kaya fosfatini bakterilerden daha fazla ¢6zme kabiliyetine sahip
olduklart bildirilmistir (Anil ve Lakshmi, 2010). Rizosfer mikroorganizmalar1 arasinda bulunan
Penicillium spp. ve Aspergillus spp. onemli fosfat ¢ozict funguslar olarak degerlendirilmektedir.
Aspergillus niger ve bazi Penicillium tarleri fosfat ¢6zinirligi biyokontrol ve diger biyoteknolojik
onemlilikleri bakimindan iizerinde caligilan Onemli mikroorganizmalar arasinda yer almaktadir
(Chuang ve ark., 2007).

Fosfat ¢oziicii mikroorganizmalarin fosfat ¢6ziindiirme mekanizmasimin genellikle diisiik
molekiil agirlikli organik asitlerin salinmasi ile iliskili oldugu kabul edilmektedir (Goldstein,1995).
Mikroorganizmalar tarafindan salinan bu organik asitler hidroksil ve karboksil gruplar1 yoluyla fosfata
bagli katyonlar1 selatlar, béylece onu ¢oziinlir formlara dontstirmektedirler (Kpomblekou ve
Tabatabai,1994). Mikroorganizmalar tarafinda tiretilen organik asitler, ayn1 zamanda ortamin pH’sin1
diistirmesi sonucu olusan asidik ortam, fosfat ¢6ziinmesini saglanmaktadir (Halder ve ark., 1991). Bar-
Yosef ve ark. (1999), calismalarinda toprak fosfatimn mikrobiyal ¢6ziilmesinin genellikle
mikroorganizmalar tarafindan iiretilen organik asitler nedeniyle oldugunu gostermistir. Bircok farkli
caligmada organik asitlerden olan oksalik asit, sitrik asit, laktik asit, glukonik asit vb.
mikroorganizmalar tarafindan salgilandigi High Performance Liquid Chromatography (HPLC) ile
belirlenmistir (White ve ark., 1999). HPLC metodu ile sivi besi ortamda mikroorganizmalar
tarafindan salgilanan organik asit ¢esitleri ve miktarlar1 belirlenebilmektedir. Bu ydntem ile her
organik asit farkli bir pik ile digerinden ayrilabilmektedir. Bu neden ile HPLC kullanimi organik
asitler dahil organik bilesiklerin miktarmin belirlenmesi ve tanimlanmasi i¢in dogru ve uygun bir
tekniktir (Zaky ve ark., 2017).

Yapilan bu ¢aligmada Amasya ilinde tarim alanlarinda yetisen bitkilerin rizosfer topraginda
bulunan fosfat cozuctu funguslar izole edilerek mikroskobik tanisi yapilmistir. Tanisi yapilan
funguslarin P ¢6zme degerleri National Botanical Research Institute Phosphate (NBRIP) besi ortami
kullanilarak nicel olarak belirlenmistir. Fungus izolatlarinin fosfor ¢6zmede en 6nemli mekanizmasi
olan organik asit sentezleri ve miktarlart HPLC analizi ile belirlenerek P ¢dzliniirliigliniin organik asit
miktari ile ve pH arasindaki iligki arastirilmustir.

2. Materyal ve Yontem
2.1.Toprak Orneklerinin Almmasi

Aragtirma, Amasya ilinin Suluova ilgesinde 2019 yilinda farkli aylarinda sogan, bugday, misir
ve sekerpancari yetisen bitkilerin rizosfer topraginin incelenmesi ile yapilmistir. Fungus izolasyonu
yapilacak toprak ornekleri farkli tarim alanlarinda digerlerine gére daha fazla gelismis 8 sogan, 9

bugday, 7 musir ve 9 sekerpancari bitkisini rizosfer kismindan 10-30 cm derinlikten alinmugtir. Bitki
rizosfer kismindaki yumusak toprak bitkiden ayrilarak 33 adet toprak 6rnegi fungus izolasyon islemi
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icin laboratuvara getirilmistir. Toprak numuneleri izolasyon galismalar yapilana kadar oda sicakliginda
tutulmustur.

2.2. Fosfat Céziicii Funguslarin izolasyonu

Topraktan fosfat ¢oziicii funguslarin izolasyonu her bir toprak drneginin 1 gr almarak 9 ml
fizyolojik tuzlu su (% 0.85 NaCl) diliisyon yapilmast ile izole edilmistir. Toprak ornekleri bu sekilde
10 kat seri diliisyon serileri hazirlanmistir. Hazirlanan diliisyon serilerinin 4. ve 5. serilerinden 1 ml
almarak cozinmeyen Trikalsiyum fosfat (TCP) iceren NBRIP (Glikoz, 10 g; Ca3(POs). 5 ¢;
MgCl,.6H-0, 5 g; MgS0..7H,0, 0.25 g; KCI, 0.2 g; (NH.)2SOs, 0.1 g ve Agar ,15 gr; saf su 1000 mL;
pH 7.0) besi ortamina yiizeysel olarak ekilmis ve 27-30 °C'de 2 giin siireyle inkiibe edilmistir
(Nautiyal, 1999). Etrafinda zon olusturan kolonilerden igne ucu ile bir miktar miselyum alinarak steril
lam Uzerindeki 100 pl saf su ile karistirtlarak spor soliisyonu hazirlanmistir. Daha sonra igerisinde su
agar1 bulunan petri kutularina bir 6ze dolusu spor soliisyonu gizilerek ekim yapilmistir(Akgul, 2008).
Bu sekilde gelistirilerek saflastirilan funguslar ¢alismalar igin PDA (Patates Dekstroz Agar) besi
yerinde +4 °C saklanmistir.

2.3. Fosfat Coziicii Funguslarin Tanis1

Saf olarak elde edilen ve PDA besiyerinde gelistirilen fungus kolonilerinin, misel ve spor
yapilar1 mikroskobik olarak incelenmistir. izole edilen tiim fungus kolonilerinin mikroskobik tanisi
spor morfolojilerine gbre 1sitk mikroskobunda 40X’lik ve 400X’lik biyitmede (Samson ve
ark.,2004)’den yararlanilarak yapilmistir.

2.4. Fosfat Coziicii Funguslarin Fosfat C6zme Degerlerinin Hesaplanmasi

PDA besiyerinde gelistirilen saf fungus kiltlrlerinin her birinden, 1 cm ¢aph fungus delici
kullanilarak alman 1 cm ¢apli fungus 6rnekleri, igerisinde 50 ml NBRIP sivi besi yeri bulunan
erlenlere inokilasyon yapilmistir. Fungus kiiltiirleri besiyerinde 150 rpm’de galkalayicida, 30°C’de 7
gilin inkiibasyona birakilmistir. Deneme, izole edilen her bir fungus icin ii¢ tekrarli bir sekilde
yapilmustir. Besiyerinde ¢6ziinmez halde bulunan ¢ozdiigii P’yi hesaplamak icin fungus hicrelerini,
suda ¢oziilmeyen katt maddeleri ve Caz(POs)2’yi ¢oktiirmek amaci ile besiyeri tiiplere aktarilarak
10.000 dev/dak’da 10 dakika santrifiij yapilmis ve siipernatant elde edilmistir. Stipernatant kismindan
pipet yardimi ile 1 ml almarak 10 ml’lik yeni tiiplere aktarilmistir. Iginde 1 ml suipernatant bulunan
tlplere 5 ml saf su eklenerek seyreltilmistir. Olusan karisim tizerine 1 ml Barton ¢Ozeltisi eklendikten
sonra 30 dak. karanlik ortamda inkiibe edilmistir. Spektrofotometrik analizler i¢in stok fosfor ¢ozeltisi
ile farkli ppm dozlarinda (0, 10, 25, 50, 100, 200 ppm) bes standart P ¢6zelti hazirlanmistir.
Hazirlanan ¢ozeltiler spektrofotometre ile 430 nm’de 6l¢iilmiis ve absorbans degerleri kaydedilmistir.
Karanlik ortamda inkiibe edilen ¢ozeltilerde ¢oziinmiis halde ne kadar fosfor bulundugu 430 nm’de
Olciilerek elde edilen absorbans degerleri, standart ¢ozeltilerin absorbans degerleri ile kiyaslanarak
¢cozlinen P degerleri seyreltme faktorii dikkate alinarak mg/ml diizeyinde hesaplanmistir (Barton,
1948). Her bir cinsten en yiiksek miktarda P ¢6zme degerine sahip fungus segilerek, P ¢dzmedeki
organik asit sentezi incelenmistir.

2.5. Fosfat Coziiniirliigii, pH ve Organik Asitlerin Tanimlanmasi

Sentezlenen organik asit g¢esidi ve ortam pH’sinin fosfat ¢oziiniirligi tizerine etkisini
belirlemek icin TCP igeren sivi NBRIP sivi besi ortamina funguslar inokule edilmistir. inkiibasyona
birakilan fungus kiiltiirlerinin 10. giiniinde sivi ortamin pH’s1 oOlgililerek kaydedilmistir. Suda
¢oziilmeyen katt maddeleri ve ¢oziinmemis halde bulunan kalan TCP’yi ¢oktiirmek amaci ile tupler
10.000 dev/dak’da 10 dakika santrifiij yapilmis ve siipernatant elde edilmistir. Slipernatant icerisindeki
organik asitler, Bevilacqua ve Califano (1989), tarafindan verilen yontem kullanilarak HPLC
cihazinda (Agilent HPLC 1100 G 1322) analize tabi tutulmustur. Siipernatant kisim 6nce kaba filtre
kagidindan, daha sonra iki kez 0.45 pm membran filtreden (Millipore Millex-HV Hydrophilic PVDF,
Millipore, ABD) ve son olarak SEP-PAK C18 kartusundan gecirilmistir. HPLC sisteminde Inertsil
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ODS-3, C18 (4.6x250 mm) kolon (Bio-Rad Laboratories, Richmond, CA, ABD), kullanilmis ve cihaz
Agilent paket program iceren bilgisayarla kumanda edilmistir. Dedektdr 190 ve 250 nm dalga
boylarina ayarlanmistir. Calismada mobil faz olarak 0.45 um membran filtreden gecirilen %5 lik 1
mL/dk akis hizinda sahip MeCN (Asetonitril), pH: 2.0 kullanilmistir. Filtre edilmis sivida organik
asitler %85°1ik aseto nitril sivi faz yardimiyla refraktif indeks detektoriine sahip HPLC cihazinda
belirlenmistir. Ornekteki organik asit pikleri standart pikler ile kontrol edilip degerlendirilerek
sonuclar mg/ml cinsinden hesaplanmustir.

2.6. istatistiksek Analiz

Calismada elde edilen degerler varyans analizine tabi tutularak gruplar arasindaki
karsilagtirmalar Duncan testi SPSS 20.0 paket programi kullanilarak yapilmistir. Gruplarin
onemlilikleri p<0.05 diizeyinde degerlendirilmistir.

3. Bulgular
3.1. Fosfat Coziicii Funguslarin izolasyonu ve Tamisi

Bitki rizosferlerinden alinan 33 adet toprak 6rneginden, NBRIP besi yerinde fosfat ¢dzme
belirtisi olarak zon olusturan, birbirinden farkli olarak 8 farkli cinste fungus izole edilmistir. Topraktan
izole edilen fosfat ¢ozen funguslarin mikroskop altinda 40X’lik ve 400X’lik blytitmede spor ve hif
yapilari incelenmistir. Saf kolonilerin Samson (2004)’a gore morfolojik tanis1 yapilmasi ile funguslar
cins dlzeyinde; Trichoderma spp., Aspergillus spp., Fusarium spp., Botrytis spp., Rhizopus spp.,
Cladosporium spp., Penicillium spp.,ve Alternaria spp. olarak tanilanmistir (Cizelge 1). Morfolojik
olarak tespit edilen 8 farkli fungus cinsine ait bazi spor ve hif yapilar1 Sekil 1.”de verilmistir.

Cizelge 1.Bitki rizosfer topraklarindan izole edilen fungus cinsleri

izole izole Izole
'I.'_opreilf Bitki edilen 'I.'.oprellf Bitki edilen 'I.'_opreilf Bitki edilen
Ornegi fungus Ornegi fungus Ornegi fungus
cinsleri tlrleri cinsleri
1 Sogan P,AR,F 12 Bugday AF,C 23 Misir ABAILT
2 Sogan ABFT,C 13 Bugday P,Al, 24 Misir P,AR
3 Sogan P.B,R,F 14 Bugday B,R,F 25 Sekerpancari AlLRT
4 Sogan AAlLF 15 Bugday P.AT 26 Sekerpancari P,R,F,
5 Sogan B,R,F,T,C 16 Bugday AlLR,F 27 Sekerpancari AB,T
6 Sogan P.AlLF 17 Bugday ABT,C 28 Sekerpancari P.AlLF
7 Sogan ABR,F 18 Masir P,AAlLF 29 Sekerpancari P,B,C
8 Sogan P,A AlLF 19 Masir A,B,F 30 Sekerpancari RFT
9 Bugday P.B,T,C 20 Maisir P,BAIlT 31 Sekerpancari P,AAlLR
10 Bugday ABR 21 Misir P.AF,.C 32 Sekerpancari P.B,F
11 Bugday P,AILF,T 22 Misir PRT 33 Sekerpancari ARFT

Penicillium spp.(P), Aspergillus spp.(A), Botrytis spp.(B), Alternaria spp.(Al), Rhizopus spp.(R), Fusarium spp.(F),
Trichoderma spp.(T), Cladosporium spp.(C).

Penicillium spp. 18, Aspergillus spp. 17, Botrytis spp.14, Alternaria spp. 12, Trichoderma spp.
13, Rhizopus spp. 14, Fusarium spp. 20 ve Cladosporium spp.7 rizosfer topragindan izole edilmistir.
Bitki rizosfer topraklarindan yogun olarak Fusarium spp. izolatlari izole edilirken en az yogunlukta
Cladosporium spp. izolatlar1 izole edilmistir.
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Sekil 1.Fosfat ¢ozen funguslarin bazilarinin konidi ve kondiofor yapilarinin goriiniimleri (a:Alternaria
spp., b: Fusarium spp., ¢: Aspergillus spp., d: Rhizopus spp., e: Botrytis spp) (400X).

3.2. Fosfat Coziiniirliigii ve pH

Funguslarin P ¢oziiniirliigiiniin belirlenmesinde NBRIP s1v1 besiyerinde 7 giin inkiibasyondan
sonra besi yerinin pH’s1 dl¢lilmiis ve ¢oziinmiis P konsantrasyonu hesaplanmistir (Cizelge 2). Elde
edilen degerler kendi aralarinda ve fungus uygulamasi yapilmamis negatif kontrol ile istatistiki olarak
karsilagtirtlmistir. TCP igeren sivi besi ortaminin baslangigta pH’smin 6.8-7.1’dan inkiibasyon
sonunda 5.1-5.9’a kadar belirgin bir sekilde diistiigli belirlenmistir. Fungus izolatlarinin sivi ortamda
¢Ozdiigii P konsantrasyonu ise, farkli izolatlar arasinda 29.8 mg/ml ve 52.98 mg/ml arasinda degistigi
belirlenmistir. Kontrol olarak kullanilan uygulamada ise ortamin pH’s1 7.1 olarak Olciilmiistiir ve
¢oziinmiis P konsatrasyonu 0.018 mg/ml olarak belirlenmistir. Izolatlarmnin ¢dzdiigii P miktarlari
arasinda istatistiki olarak farklar oldugu tespit edilmistir (p<0.05). Fungus izolatlar arasinda en fazla P
¢ozme miktarina sahip Penicillium spp. (52.98 mg/ml) belirlenip ve bu izolatin bulundugu ortamin
pH’s1 en fazla diisiis gostererek 5.1 olarak Ol¢iilmiistiir. Aspergillus spp.izolati ise 50.4 mg/ml P
¢Ozmesine ragmen Penicillium spp.’nin ¢6zdiigii P miktari ile arasindaki fark istatistiki olarak 6nemsiz
bulunmustur (p<0.05). Se¢ilen izolatlar arasinda en diisiik fosfor ¢6zme miktarina sahip (35.38 mg/ml)
Cladosporium spp. fungus izolati olarak belirlenmis ve ortamin pH'st ise segilen diger bakterilerin
ortam pH’smna goére daha yiiksek oldugu (5.9) belirlenmistir. Buna bagl olarak pH ile fungus
izolatlarinin ¢6ziindiigli P konsantrasyonu arasinda giiglii bir negatif korelasyon gézlemlenmistir.

Gizelge 2. Fosfor ¢ozen ve morfolojik olarak tanimlanan funguslarin ¢6zdigii P miktari, besiyeri pH’s1
ve salgiladiklar1 organik asit miktarlari

Toprak izole edilen _ Fosfat Fuma_lrik Lak_tik Top_lam _
Ornegi funguslar Izole edildigi  ¢Oziiniirligi  pH Asit asit organik asit
bitki (mg/ml£SH) (mg/ml) (mg/ml) (mg/ml)
11 Penicillium spp. Bugday 52.98+1.469 5.1 0.051 12.423 12.475
18 Aspergillus spp. Misir 50.4+0.73% 5.3 0.051 11.980 12.032
23 Botrytis spp. Misir 47.15+0.48" 5.4 0.048 11.505 11.554
33 Alternaria spp. S.pancart 46.59+0.80" 5.3 0.050 11.804 11.854
14 Rhizopus spp. Bugday 43.46+0.56° 5.6 0.048 11.410 11.459
1 Fusarium spp. Sogan 38.1+0.85¢ 5.6 0.049 11.191 11.241
5 Trichoderma spp. Sogan 32.96+1.56° 5.8 0.045 10.547 10.592
21 Cladosporium spp. Misir 29.8+0.94° 5.9 0.041 10.227 10.268
Kontrol - 0.018+0.01* 7.1 - - -

*Ayn siitunda benzer harfle ifade edilen degerler arasinda Duncan g¢oklu karsilastirma testine gore istatistiki agidan fark
yoktur (p<0.05) (SH:Standart Hata).

3.3. Fungus izolatlarimin organik asit Uretimlerinin belirlenmesi
Besiyerlerinin icerindeki organik asitlerinin belirlenmesinde HPLC’de elde edilen pikler,
hazirlanan standart organik asit ¢ozeltilerinden elde edilen pikler ile karsilagtirildiginda izolatlarin iki

farkl1 organik asit (Fumarik asit, Laktik asit) ve bunlar farkli oranlarda sentezledigi saptanmustir.
Izolatlarin tamami Fumarik asit, Laktik asit organik asitlerini sentezledigi ve tespit edilemeyen farkl
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bir organik asit sentezledigi tespit edilmistir (Sekil 2). Izolatlar arasindaki P ¢dzme degeri en fazla
olan Penicillium spp.en ylksek miktarda (12.475 mg/ml) toplam organik asit sentezledigi ve buna
bagh olarak pH diizeylerinin en diisiik oldugu belirlenmistir.P ¢6zme degeri en kiigiik olan
Cladosporium spp. izolat1 ise en az miktarda (10.268 mg/ml) organik asit sentezledigi ve ortamin pH
sinin diger ortamlara oranla yiiksek bir deger olan 5.9 olarak Ol¢iilmistiir. Ayn1 zamanda lretilen
toplam organik asit miktari ile pH arasinda negatif bir korelasyon gozlemlenmistir.
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Sekil 2.HPLC analizinde Penicillium spp. izolatinin sentezledigi organik asitlerin belirlenmesi.
4. Tartisma ve Sonug

Yapilan bu galismada elde edilen sonug, bitkilerin rizosferik topraklarinda farkli cinste fosfat
¢ozen funguslarin varligim tespit edilmistir. Caligmada topraktaki fosfor ¢ozen funguslarm hizl bir
sekilde belirlenmesinde dogrudan katt NBRIP besiyeri kullanilmistir. Bu besiyeri benzer sekilde farkli
calismalarda fosfor ¢dzen mikroorganizmalarin hizli bir sekilde belirlemek igin kullanilan besiyeri
¢esididir (Marra ve ark., 2019). Calismamiza benzer sekilde yapilan bir ¢alismada Xiao ve ark. (2009),
topraktaki fosfor ¢ozen funguslarin belirlenmesinde kati NBRIP besi kullanmislardir. Besiyeri
lizerinde c¢evresinde acik zon olusturan funguslar fosfor ¢dzme oOzelligine sahip olduklarini
belirtmiglerdir. Bagka bir ¢aligmada ise fosfor ¢ozen funguslarin belirlemesinde Pikovskaya(PVK) kati
besiyeri kullanilmistir. Onyia ve Anyanwu(2013), topraktan izole ettikleri 12 farkli fungal izolatin
fosfat ¢ozme etkisinin belirlenmesinde PVK kati ve NBRIP sivi besiyerleri kullanmiglardir.
Caligmalarinda ¢alismamiza paralel sekilde ¢oziinen fosfor miktar1 arttikca ortamin pH’smin ters
orantilt bir sekilde diistiiglinii saptamislardir. Yine benzer sekilde toplam organik asit miktarinin
¢Oziinen fosfor miktari ile dogru orantili oldugunu tespit etmislerdir.

Funguslarin tamimlamalarinda birgok farklt yontem kullanilmaktadir. Bunlardan biriside
fungus koloni morfolojileri ve spor karakteristik ozellikleridir. Tambekar ve Wate (2007), yaptiklar
calismada topraktaki inorganik formdaki fosforu ¢6zen funguslarin belirlenmesinde mikroskop altinda
koloni morfolojilerini ve spor karakteristik 6zelliklerini incelemislerdir. Fungus cinslerini ¢alismamiza
benzer sekilde Aspergillius spp., Penicillium spp. ve Fusarium spp. olarak belirlemislerdir.
Funguslarin fosfor ¢ézme ozellikleri cinsine ve tiirline gore degismektedir. Yapilan bir ¢aligmada
Khatoon ve ark. (2014), topraktaki bazi funguslarin ¢6zdiigii fosfor miktarinin nicel olarak
belirlenmesinde sivi NBRIP besi yeri kullanmiglardir. Caligmalarinda topraktan izole ettikleri ve
fosfor ¢cozme 6zelligine sahip izolatlardan olan Aspergillus niger ve A. fumigatus izolatlarinin ¢6zdiigi
fosfor miktarini sirasi ile 246 pg/ml ve 290 pg/ml olarak belirlemisleridir. Calismamizda organik asit
ureten tiim fungus izolatlarinin, ¢ozliinmeyen fosfati ¢6zdiigiinii ve ¢6ziinen fosfat miktarin, tretilen
organik asit ile orantili oldugunu belirlenmistir. Ortam pH diisiisleri ise, fosfat ¢ozen funguslar
tarafindan salinan organik asitlerinden salgilanmasindan dolayidir (Sharma, 2012). Besiyerinde pH
azalmasimin organik asit sentezine bagli oldugunu belirten bir ¢alismada, Ramachandran ve ark.
(2003), ¢6ziinmeyen fosfatin s1vi ortamda mikrobiyal ¢6ziindiiriilmesinin, organik asitlerin salinimina
bagli oldugunu ve bunun sonucunda pH'da bir azalmanin meydana geldigini gostermislerdir.
Calismamizda kullandigimiz fungus izolatlarin, ¢dziinmeyen fosfati ¢dzlindiiren organik asitler
iiretebildigi sonucu ile tutarhidir. Fosfat ¢6ziinmesinin organik asit ile iligkili oldugunu belirten bir
calismada Varsha ve ark. (2010), baz1 funguslar tarafindan organik asit iiretiminin, pH'daki diisiise ve
fosfat ¢oziinmesi olarak adlandirilan ¢éziinmeyen fosfatin ayrigsmasina neden oldugunu bildirmistir.
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Organik asit Uretimi olmadan da bazi mikroorganizmalar fosfat ¢ézebilmektedir. Bu durum bu
mikroorganizmalarin fosfat ¢6ziimiinde salgiladiklar1 fosfataz enzimi varligi ile gergeklestirebilirler
(Ma ve ark., 2011). Calismamiza benzer sekilde fosfor ¢ozmede en énemli mekanizma olarak kabul
edilen organik asit sentezinin arastirildigi bir caligmada, Scervino ve ark. (2011), fosfor ¢6zme
ozelligine sahip Penicillium purpurogenum fungus izolatinin sentezledigi organik asit ve ¢esidini
HPLC de analiz etmislerdir. Calismalarinda P.purpurogenum organik asit olarak glukonik asit (29-32
mg/L, sitrik asit (1-52 mg/L ) ve fumarik asit (0-0.3 mg/L) olarak belirlemislerdir.

Yapilan bu ¢alismada, topraktaki ¢c6ziinmez formda bulunan organik fosfati ¢6zen toprakta
funguslarin oldugu belirlenmistir. Belirlenen bu fungus izolatlar1 bitkideki fosfor beslemesinde
kullanilarak biyogiibre aday1 olabilirler. Mevcut ¢alismada belirlenen fungus izolatlarin iki farkli
(Fumarik asit, Laktik asit) organik asit sentezleyerek ortamin pH’simu diistirerek ¢6ziinmez formda
bulunan trikalsiyum fosfatin ¢6ziilmesinin saglandigi sonucuna varilmistir. Yapilacak olan ileriki
caligmalar ile P ¢oziicli funguslarin fosfat ¢ozmede baska mekanizmalarinin arastirilmasi ve izolatlarin
tir diizeyinde tanilanmasi yapilarak organik tarimda kullanilabilirligi tarla kosullarinda denenmesi
gerekmektedir.
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Abstract: This study was conducted through the geometric morphometric
method by making a sampling as to represent seven geographical regions of
Turkey and also all honeybee races that are reported to be found in Turkey.
Nineteen landmarks on the wings of bees detected by using right front wings of
worker bees were measured by the Bs200Pro program. According to the results
of discriminant function analysis based on individual data, the true classification
rate was found to be 54.1%. While the Marmara, Aegean, Eastern Anatolia and
Black Sea Regions formed a strictly single group, the Southeastern Anatolia
Region distinctly separated from other regions. The honey bee population of
eastern and western parts of the Mediterranean Sea were divided into two, while
the western part formed close groups with other regions, the eastern part got
closer to the Southeastern Anatolia Region. The group center of the Central
Anatolia Region partly separated from the other regions and formed a group at
the edge. Beside the split of the Mediterranean Region as East and West, the
samples taken from Southeastern Anatolian Region create a separate group
supported the existence of Apis mellifera syriaca and Apis mellifera meda races
in the South. The separation of the Central Anatolia Region supports the
existence of Apis mellifera anatoliaca in Central Anatolia of Turkey. However,
the examples taken from other regions nested together to create a group show
that the honey bee biodiversity in Turkey has been affected by the migratory
beekeeping and commercial queenbee activities in recent years.
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Oz: Bu arastirmada, Tiirkiye'nin 7 cografik bélgesini ve Tiirkiye’ de bulundugu
bildirilen tiim alt tiirleri temsil edecek sekilde drnekleme yapilmis ve geometrik
morfometri yontemi ile Tiirkiye bal arist biyogesitliliginin son durumu ortaya
konmustur.  Is¢i arilarin sag 6n kanatlar1 kullanilarak kanatlar {izerinde
belirlenen on dokuz landmark Bs200Pro programiyla Ol¢iilmistiir. Bireysel
veriler esas alinarak yapilan diskriminant fonksiyon analiz sonuglarina gore
gergek gruplara dogru smiflandirma orant % 54.1°dir. Marmara, Ege, Dogu
Anadolu ve Karadeniz Bolgeleri siki bir sekilde tek grup olustururken,
Gilineydogu Anadolu Bolgesi diger bolgelerden belirgin sekilde ayrilmustir.
Akdeniz’in dogusu ve batist ikiye ayrilmig, bati kismi diger bolgelerle i¢ ige
gegerken dogu kismi Giineydogu Anadolu Bolgesi’ne yakin ayri bir grup
olusturmustur. i¢ Anadolu Bélgesi’nin grup merkezi diger bolgelerden ayrilarak
kenarda bir grup olusturmustur. Giineydogu Anadolu Bélgesi’nin tek basina,
Akdeniz Bolgesi’nin dogu ile batisinin ayri bir grup olusturmasi Tlrkiye’nin
gineyinde Apis mellifera syriaca ve Apis mellifera meda irklarim varligimi
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destekler niteliktedir. i¢ Anadolu Bélgesi’nin ayrilmasi ise Orta Anadolu’da ise
Apis mellifera anatoliaca oldugunu destekler niteliktedir. Ancak diger
bolgelerden alinan &rneklerin i¢ ige gegerek birlikte bir grup olusturmasi
Tiirkiye bal aris1 biyogesitliliginin son yillardaki gdger aricilik ve ticari ana ar1
faaliyetlerinden etkilendigini gostermektedir.

™ This study is part of the master thesis and it was supported by the Scientific Research Project of Duzce
University BAP-2015.05.01.318.

1. Introduction

The honey bee (Apis mellifera L.), which was wondered about from past to present because of
its ecological, economic and social organization and encouraged many scientists to carry out research,
divide into in 4 evolutionary branches; branch A; African subspecies, M branch; Western Europe and
North Africa subspecies, branch C; Central and Eastern European subspecies, branch O; Northeast
Mediterranean and Middle East subspecies (Ruttner 1988; Arias and Sheppaard 1996; Franck et al
2000). In addition, the Y branch was proposed as the fifth evolutionary branch for the Northeast
African subspecies (Franck et al., 2001).

There are three theories about the evolution of honey bees. The first of these suggested by
Rothenbuhler and Kerr (1968) is that the honey bees had bred in Southeast Asia and India. The second
theory asserts that honey bees bred in Africa and spread to Europe through the Middle East (Wilson,
1971). According to Ruttner's (1988) theory, honeybees emerged in the south of the Caspian Sea near
Anatolia and spread to Europe and Africa along the Arabian Peninsula using Anatolia as a migration
route. Due to its geographical location, Anatolia function as a bridge between Europe and Asia. The
only way the honey bee originating from the south of the Caspian Sea or from Africa can pass to
Europe is Anatolia. Therefore, Anatolia is the gene centre for many honeybee breeds. In addition,
thanks to its rich flora, climate pattern varying from region to region, and because of different flora
regions (Iran-Turanian, Mediterranean, Euro-Siberian flora regions) it is also highly advantageous in
terms of beekeeping activities.

Five of the identified twenty nine subspecies reported to be located within the borders of
Turkey (Sheppard and Meixner, 2003). According to morphometric definitions, whereas Apis
mellifera anatoliaca, has a wide spreading area in the inner parts of Anatolia, Apis mellifera caucasica
in the Northeast of the Black Sea, Apis mellifera meda that is seen in Eastern Anatolia near the Iranian
border are grouped in the branch O (Ruttner, 1988; Franck et al., 2000; Pritchard et al., 2000; Franck
et al., 2001; Arias and Sheppard, 2003; Sheppard and Meixner, 2003). According to the mitochondrial
DNA (mtDNA) analyses, these subspecies were grouped in the C branch (Smith et al., 1997; Franck et
al., 2000; Palmer et al., 2000; Ozdil et al., 2009). In addition, Apis mellifera carnica which is a
member of C branch was seen in Thracian (Palmer et al., 2000), Apis mellifera syriaca which is a
member of the branch O is seen near the Syrian border of Hatay (Kandemir et al., 2006a). In line with
these studies, it is reported that Turkey hosts both the member of branch C and O.

However, the results of the researches conducted in recent years report that bee biodiversity in
Turkey has been largely influenced due to migratory beekeeping and commercial queen sales and the
biodiversity has disappeared (Kambur and Kekegoglu, 2018a; 2018b). Migratory beekeeping which is
made in order to produce more honey following the flowering period is quite common in Turkey. With
the early spring period, beekeepers created a seasonal migration route by moving their bees from the
coast to the inner parts and from the west to the east (Gller, 2010; Kekegoglu et al., 2020). The queen
bees that fly to the mating flight with the awakening of nature do not mate with the male bees of the
breeds in their region, but mate with the male bees of the regions they move to. This may adversely
affect the protection of local breeds, as well as increasing the risk of extinction of existing pure breeds
or causing the formation of hybrid forms.

In this study, sampling was done in a way that will represent seven geographical regions of
Turkey and all honeybee races that were recorded to live in Turkey. The aim of this study is to
determine the current status of honey bee biodiversity and compare it with the literature reports.
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2. Materials and Methods
2.1. Preparation and measurements of samples

Sampling is made from 32 different locations (Marmara Region; Kirklareli, Canakkale,
Balikesir, Bursa, Bilecik; Aegean Region: Izmir, Mugla; Mediterranean Region: Antalya, Hatay,
Kahramanmarag; Central Anatolia Region; Kirikkale, Konya, Nigde, Eskisehir; Black Sea Region:
Sakarya, Dizce, Zonguldak, Kastamonu, Amasya, Ordu, Trabzon, Artvin; Eastern Anatolia Region:
Ardahan, Kars, Igdir, Bingdl; Southeast Anatolia Region: Gazinatep), which will represent the seven
geographical regions of Turkey, selected 15 worker bees from each 3 colonies of 3 different apiaries in
each location out of totally 288 colonies. Samples were transported to the laboratory with 20 ml
scintillation vials containing 96% of ethyl alcohol. Right front wings of worker bees were used.

1 mm

Figurel. Automatic landmark marking made with BAB Bs200 Program.

Wing prepares were prepared according to Kekegoglu, (2007) and photographs were taken at
1X magnification with BAB camera system connected to BAB STR45 stereo zoom microscope.
Automatic measurement of the X and Y coordinates of 19 landmarks determined on the wings was
performed with Bs200Pro program (Kambur, 2017).

2.2. Statistical Analysis

Morphometric data were evaluated using discriminant function analysis (DFA) in SPSS 15.0
package program. Univarate (ANOVA) and multivariate (MANOVA) variance analyses were used to
determine intra- and inter-group variation. Cross-validation test (CVT) was used to see the distribution
of the populations to real groups (SPSS, 2005). To see the relationship between the populations, using
Mahalanobis distance and PHYLIP 3.67 (Rohlf, 2000) program, UPGMA (Unweighted pair group
method with arithmetic mean) Cluster Analysis was carried out.

3. Results

Discriminant function analysis was utilized to determine the distribution of individuals in
groups in multidimensional environment. The discriminant functions that help the populations to be
classified were determined according to the cartesian coordinate values of nineteen landmarks. The
number of functions included in the analysis, their significance levels, eigenvalues, percentages of
variation (%), cumulative values (%), canonical correlation values, Wilk's lambda, chi-square values
and degrees of freedom are given in Table 1.
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Table 1. Number of functions of populations and values expressing these functions

Number of  Eigenvalues  Variance Cumulative  Canonical Wilks' Chi- Df Significance
Functions Value (%)  Value (%) Correlation Lambda  square Level (p)

1 1.144 53 53 0.731 0.19 6882.18 192 0

2 480 22.2 75.2 0.569 0.41 370457 155 0

3 .208 9.6 84.8 0.415 0.60 2071.72 120 0

4 .183 8.5 93.3 0.393 0.73 1283.61 87 0

5 .091 4.2 97.5 0.288 0.86 584.48 56 0

6 .055 2.5 100 0.228 0.94 222.58 27 0

As a result of the analysis of variance applied to the sample data, the significance level of all
X, Y coordinates effective on discriminant functions was supported by ANOVA and the variation
between the groups was found to be significant (P<0.05).

When the X and Y coordinate data were compared with MANOVA based on the data of the
groups representing the populations, significant differences were found between populations of all
regions in terms of at least one coordinate (P<0.05).

In discriminant function analysis, group centre of populations were separated with a stricter
grouping (Figure 2). When Figure 2 is examined, it is seen that the group center of Southeast Anatolia
Region is separated from other regions. The Mediterranean Region is divided into two parts. Although
one part is close to the Southeastern Anatolia region, the other part is distributed among Black Sea,
Marmara, Aegean and Eastern Anatolia Regions. Group centers of Black Sea and Eastern Anatolia,
Aegean and Marmara regions overlap and these regions are intertwined.

Canonical Discriminant Functions

&7 REGION

",:)' 1Black Sea

- zEast Anatolia

%F 3Southeast Anatolia

' 4Mediterranean
SCentral Anatolia

x &Aegean
TMarmara

-Grcvup Centroid

Function 2

-7 —

- —

I
=15 =10 -5 =] s

Function 1

Figure 2. Clustering of populations by discriminant function analysis -DFA (1:Black Sea, 2:East
Anatolia, 3:Southeast Anatolia, 4:Mediterranean, 5:Central Anatolian, 6: Aegean,
7:Marmara).

According to the results of discriminant function analysis performed based on raw data, the
true classification rate was found to be 54.1%. Table 2 shows the estimated group memberships in
terms of morphological characteristics worker honeybee wings according to the obtained distinction
functions. According to the estimated group memberships, it was determined that 48.2% in the Black
Sea Region, 54.5% in Eastern Anatolia Region, 100% in Southeast Anatolia Region, 30.8% in
Mediterranean Region, 94.2% in Central Anatolia Region, 55.6% in Aegean Region and 48.8% in
Marmara Region remained in their own group. It was detected that the highest crossing from the Black
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Sea was to Eastern Anatolia (18.6%), the highest crossing from Eastern Anatolia was to the Black Sea
(15.1%), the highest crossing from the Mediterranean was to the Black Sea (14.6%), the highest
crossing from Central Anatolia was to the Mediterranean (3%), the highest crossing from the Aegean
was to Marmara (17.5%) and the highest crossing from Marmara was to the Aegean (16.9) (Table 2).

Table 2. Grouping of samples by cross-validation test (CVT)

Predicted Group Membership

Southeastern Central Marmar

Region Black Sea East Anatolia Anatolia Mediterranean Anatolia Aegean a Total
Black Sea 611 (%48.2) 236 (%18.6) 1(0.1) 88 (%6.9) 112 70 (%5.5) 149 1267
(%8.8) (%11.8)  (%100)
East Anatolia 98 (%15.1) 353 (%54.5) 5 (%0.8) 34 (%5.2) 56 39 (%6) 63 648
(%8.6) (%9.7) (%100)
Southeastern 0 0 86 (%100) 0 0 0 0 86
Anatolia (%100)
Mediterranean 94 (%14.6) 80 (%12.5) 74 (%11.5) 198 (%30.8) 32 (%5) 89 (%13.9) 75 642
(%11.7)  (%100)
Central 0 0 0 16 (%3) 501 5 (%0.9) 10 532
Anatolia (%94.2) (%1.9) (%100)
Aegean 10 (%4) 24 (%9.5) 0 34 (%13.5) 0 140 (%55.6) 44 252
(%17.5)  (%100)
Marmara 74 (%11.3) 80 (%12.3) 0 47 (%7.2) 23 110 (%16.9) 318 652
(%3.5) (%48.8)  (%100)

In the dendogram drawn according to the Mahalonobis distances while the Southeastern
Anatolia Region and the Central Anatolia Region form a group together, the Eastern Anatolia, Black
Sea, Mediterranean, Aegean and Marmara Regions together formed a separate group (Figure 3).

BLACK SEA

EAST ANATOLIA
MEDITERRANEAN

—L

AEGEAN

MARMARA

SOUTHEASTERN
AMNATOLIA

CENTRAL ANATOLIA

I 1 ] 1 | T 'I L] L] L 1 ] [ L L] | L] I | ] L] | I
29,0 15,9 10,7 5,8 1,0

Mahalenobis Distance

Figure 3. UPGMA phenogram of populations.
4. Discussion and Conclusion

In this study, Turkey's honey bee populations were evaluated according to 7 geographical
regions by using morphometric method. While the Marmara, Aegean, Eastern Anatolia and Black Sea
Regions formed a group, the Southeastern Anatolia Region was distinctly separated from other
regions. The eastern and western parts of the Mediterranean were divided into two, and the western
part formed a group with the other five regional honey bee populations, the eastern part got closer to
the Southeastern Anatolian Region. The group center of the honey bee population in Central Anatolia
was partially separated from the other regions and formed a seperate group on the edge. According to
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previous researches, Apis mellifera subspecies in Anatolia were reported that Apis mellifera caucasica
was widespread in the region from Samsun to the northeast of the country, Apis mellifera syriaca in a
small area on the border with Syria in the South, Apis mellifera meda in Southeast Anatolia and Apis
mellifera anatoliaca in all other regions (Ruttner, 1988; Kandemir et al., 2000; Guler and Bek, 2002;
Kandemir et al., 2005).

In this study, it can be stated that Apis mellifera meda race still exists in Southeastern Anatolia Region,
which constitutes a separate group. Furthermore, the division of the eastern and western parts of the
Mediterranean Region supports the findings of the presence of Apis mellifera syriaca in Hatay which
is located in the eastern part of the Mediterranean (Ozbakir, 2011) The Anatolian Diagonal of the
Amanos Mountains separating the east and the west of the Mediterranean Region may also have an
effect on this differentiation of geographical barriers.

Five different honey bee races have been identified in Turkey related to the evolutionary
history of honey bees. These races are grouped in the O evolutionary lineage according to
morphometric studies (Ruttner 1988; Franck et al., 2000; Pritchard et al., 2000; Franck et al., 2001;
Arias and Sheppard, 2003; Sheppard and Meixner, 2003), whereas mtDNA studies have shown that
these subspecies belong to the C evolutionary lineage (Smith et al., 1997; Franck et al., 2000; Palmer
et al., 2000; Ozdil et al., 2009). The nucleotide sequence of COI-COII gene region with the Apis
mellifera syriaca has a different nucleotide sequence compared to the other mtDNA haplotype groups
(Eastern Europe, Western Europe and Africa). Apis mellifera syriaca has therefore been reported to
represent a 4th mtDNA haplotype group (O) (Franck et al., 2000; Ozdil et al., 2009; Kandemir et al.,
2006b). Two main groups were formed according to DFA results and UPGMA graph of this study.
Therefore, this result is consistent with the literature stating that honeybee races in Turkey are
members of the O and C evolutionary lineage.

In previous studies, it has been reported that the northeast and southeast part of Turkey exactly
separated from each other. It was found that Apis mellifera meda exist in the southeast part of Turkey
(Ruttner, 1988; Kandemir et al., 2000; Giiler and Bek, 2002; Kekegoglu et al., 2009; Kekegoglu and
Soysal, 2010; Bouga et al., 2011; Ozbakir, 2011; Koca and Kandemir, 2013; Kambur and Kekegoglu,
2018a; 2018b). Apis mellifera syriaca was in Hatay near the Syrian border of Turkey (Kandemir et al
2006a). Ozbakir (2011) compared the samples collected from Syria and Iran and Turkey’s provinces
(Hatay, Urfa and Mardin) in southern Turkey and reported that the samples collected from these
provinces overlap with the Syrian samples (Apis mellifera syriaca). Research results based on
molecular techniques indicate the presence of both Apis mellifera syriaca and Apis mellifera meda
subspecies in southeastern part of Turkey (Kandemir et al., 2000; Palmer et al., 2000; Pritchard et al.,
2000; Kandemir et al., 2006a). In this study, the fact that the samples taken from the eastern part of the
Mediterranean Region separated from the west, and that the samples taken from the Southeastern
Anatolia Region formed a separate group alone support the existence of two different subspecies in the
Southern part of Turkey.

Ruttner, (1988) stated that Apis mellifera caucasica existed in northeast Turkey. On the other
hand, according to subsequent studies, samples taken from the Eastern Black Sea Region, where Apis
mellifera caucasica is common, were not separated from samples taken from the western
Mediterranean, Marmara Aegean and the rest of the Black Sea Region and formed a group together.
When all regions were evaluated together in the cross-validation test, the distribution of samples to
their groups was 54.1%. The distribution of the samples taken from the Black Sea, Eastern Anatolia,
Marmara and Aegean Regions to their real groups is 48.2%, 54.5%, 48.8% and 55.6%, respectively.

Seasonal migratory beekeeping activities in Turkey, can made as regional and also troughout
Turkey within long distances, except for some isolated area with regard to genetic conservation (Siral,
2002). For this reason, some honey bees such as subspecies, local ecotypes, under the effects of
hybridization and loss of genetic structure (De la Rua, 2009; Giiler, 2010). Some efforts were
performed to eliminate this undesirable effects. A few of this, efforts are comprise restricted migratory
beekeping areas within the geographic regions legally and promote beekeepers make their activities in
this areas. However, there are still shortcomings in terms of implementation and functionality of legal
measures. Queen bee trade and transportations should be allow confined fields, thus genetic make up
can be protected or loss of levels keep at minimum rates natural Turkish honey bee populations.

In this study, the fact that group membership in regions other than Central Anatolia and
Southeastern Anatolia was so low was thought to be the result of migratory beekeeping practice or
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commercial queen bee trade, which is common in Turkey. This may be the result of the Caucasian
gueen bee production from one source and its distribution throughout the country (Guler, 2010;
Kekegoglu, 2018).

Honey bees serve a function in pollination of plants intended for consumption, due to this
reason, we have to keep the best management and field practise, It was indicated in this study that
honey bee diversity of Turkey encounter hybridization threat caused by migratory beekeping
activities. In this case, morphological and morfometric distinctions of Anatolian honey bees may be
remain incapable (Kence, 2006; Giiler, 2010; Kekecoglu & Soysal, 2010). Hence, our study contribute
to insight for necessity of sustainable protection programs.

In conclusion, in this study based on geometric morphometric method, it was determined that
there could be two different lineages in southern Turkey. However, the effect of migratory beekeeping
is observed in the remaining parts of Turkey. With extensive studies using morphometric and
molecular methods together, it is suggested that the existing races and ecotypes should be identified
urgently and protection areas should be established.
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Abstract: Climate change is one of the factors affecting cowpea production in
Nigeria. This paper assessed cowpea farmers’ vulnerability to climate change and
as well ascertained the adaptation strategies used in the lddo local government
area of Oyo state in Nigeria with the hope of achieving climate resilience for
sustainable cowpea production. A survey of 108 randomly selected cowpea
farmers revealed that the farmers in the study area were highly susceptible to
climate change impacts. Most of the respondents (87.1%) had highly adopted
climate change adaptation strategies for cowpea production. Their proactive
solutions include combining various forms of adaptation strategies according to
farm sizes and the intensity of their vulnerability. Significant relationship existed
between farm size (r-values = 0.02, pv=0.0), vulnerability to climate change (r-
values 0.1, pv = 0.01) and climate change adaptation strategies used by cowpea
farmers. For effective climate change or variability resilience, adaptation policy
for smallholder cowpea farming should require inputs from the local experts with
understanding of local climatic variability and change of the farming community.

Boriilce Ciftcilerinin Nijerya'daki Oyo Eyaleti, Iddo Yerel Yonetim Alamindaki iklim

Degisikligine Hassasiyeti ve Uyumu
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Iklim degisikligi,
Borlilce,
Hassasiyet.

Oz: iklim degisikligi Nijerya'da sebze iiretimini etkileyen faktorlerden biridir.
Bu c¢alisma boriilce ¢iftgilerinin  iklim degisikligine kargt hassasiyetini
degerlendirmis ve ayrica siirdiiriilebilir boriilce iiretimi i¢in iklim kosullarina
diren¢ saglama umuduyla Nijerya'daki Oyo eyaletinin lddo yerel yonetim
alaninda kullanilan uyum stratejilerini belirlemistir. Rastgele segilen 108
boriilce ¢iftgisi iizerinde yapilan bir arastirma, ¢alisma alanindaki ciftgilerin
iklim degisikligi etkilerine karsi olduk¢a duyarli olduklarint ortaya koymustur.
Katilimeilarin ¢ogu (% 87.1) boriilce iiretimi icin iklim degisikligine uyum
stratejilerini benimsemigtir. Cift¢ilerin proaktif ¢ozimleri, ¢iftlik biytkliklerine
ve hassasiyetlerinin yogunluguna gore cesitli uyum stratejileri bigimlerini
birlestirmeyi icermektedir. Ciftlik biiyiikliigii (r-degeri = 0.02, pv = 0.0), iklim
degisikligine kars1 hassasiyet (r-degeri 0.1, pv = 0.01) ile boriilce giftgileri
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tarafindan kullanilan iklim degisikligine uyum stratejileri arasinda anlamli iligki
bulunmustur. Etkili iklim degisikligi veya diren¢ degiskenligi i¢in, kiiglik
Olgekli boriilce yetistiriciligi icin adaptasyon politikasi, yerel iklimsel
degiskenlik ve tarim toplulugunun degisimini anlayan yerel uzmanlardan gelen
girdileri icermelidir.

1. Introduction

Cowpea production and consumption play important role in achieving food security and
nutrition for people in sub-Saharan Africa (Murtala and Abaje, 2018). Cowpea is one of the primary
sources of protein to many households especially in low-lying areas of Oyo state, Nigeria. In spite of
the economic importance of cowpea, its production has been hampered by climate change intersection;
and its production is usually intercropped with cereals such as maize, sorghum, roots and with tubers
such as cassava, yam and sweet potatoes (Kolayemi, 2019). Climate change has direct impacts on
cowpea production through erratic rainfall pattern, pest and diseases infestation (Apata, et al., 2009;
Murtala and Abaje, 2018). According to Asante and Amuakwe-Mensha (2015), the major effects of
climate change on agriculture produce include changing rainfall patterns that trigger reduction in
agricultural production, reduction in food security, worsen water availability, decreasing fish resources
in large lakes due to rising temperature and shifts in vector-borne diseases (IPCC, 2018). Furthermore,
rising sea level resulting from climate change affects low-lying coastal areas with large populations,
leading to increased risk of conflict over scarce land and water resources. Many farmers in developing
countries are wvulnerable to climate change impacts (Asante and Amuakwa-Mensah, 2015).
Vulnerability is the characteristics of an individual or group of people and their situation that weakly
or negatively influence their capacity to anticipate, cope with, resist and recover from the impact of a
natural hazard. This conceptualization of vulnerability shifts attention to the role that social
connections and supports play in buffering people, processes, and places when confronted with
exposure to natural hazards (Collins et al., 2017).

Vulnerability assessment and climate change adaptation are recent concerns of policymakers,
development planners, engineers and researchers. Vulnerability assessments help in identifying
hotspots, and helping policymakers to prioritize, allocate resources and develop better adaptation
planning. A vulnerability assessment is the complex form of risk appraisal, which considers both bio-
physical and socio-economic components of the environmental hazard (Eriksen and Kelly, 2007; EI-
Zeina and Tonmoy, 2017). In order to mitigate climate change impacts, the Intergovernmental Panel
on Climate Change (IPCC) proposed a framework for vulnerability assessment that includes exposure,
sensitivity and adaptive capacity. Exposure is the extent to which a socio-ecological system (SES)
such as locality, region, community, infrastructure system) is exposed to the hazards in question
(IPCC, 2014). Sensitivity is the propensity to damage resulting from exposure while adaptive capacity
is the ability of the socio-ecological system to cope with, and recover from the damage.

To sustain cowpea production in Nigeria, there is a need to establish the extent of farmers’
vulnerability to climate changes and to assess the adaptation measures used by farmers. Hence, this
paper ascertains vulnerability and adaptation measures used by cowpea farmer in the study area. It is
believed that a better understanding of farmers’ vulnerability and adaptation measures will assist
development planners and policy makers to take appropriate decisions on planning and
implementation of adaptive measures.

2. Material and Methods

This study was conducted in Iddo local government area of Oyo state. Information was
collected from 108 randomly selected registered and unregistered cowpea farmers (10% respondents
out of 1080 total registered and unregistered cowpea farmers) in the study area.

Information collected from the respondents comprised farmers’ socio-economic characteristics,

vulnerability to climate change and adaptation strategies used. Respondents were asked whether they
were vulnerable to windstorm, low rainfall or water shortage, erosion-related land loss, low
temperature, high temperature, excess rainfall and flooding.
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Vulnerability was measured as vulnerable =1, otherwise = 0, while adaptation to climate
change strategies used was measured by asking the farmers to list various adaptation strategies used.
This was scored as follows: adaptation strategies used =1, otherwise =0. Data collected were analysed
by using descriptive and inferential statistical tools such as frequency counts, percentages, chi-square
and product moments correlation at 5% level of significance.

2.1. The independent variables were measured as follows:

Age: actual age in years

Gender: male =1, Female =0

Marital status: married 1, otherwise =0

Education attainment: formal education = 1, no formal education = 0
Household size: large household size = 1, small household size =0
Farm size: Actual farm size

Monthly income: Actual income

Intensity of vulnerability: Highly vulnerable = 1, less vulnerable =0
Types of adaption strategies used:

Frequency of use index was determined.

3. Results and Discussion
3.1. Age

Table 1 shows that 56.8 % of the respondents were over 40 years old. The mean age of the
respondents was 49.9 years. As majority of the cowpea farmers consisted of the middle age and older
people, they were expected to have adequate knowledge of the effects of climate change or variation
on cowpea production and must have devised adaptation strategies over time. This finding
corroborates Arimi (2014) which revealed that farmers in southwest Nigeria fall between the ages of
41 — 60 years. This is a clear indication that the farmers were old enough to give responses on climate
change issues affecting cowpea over the years.

Sex: According to Table 1, majority (65.7%) of the respondents were male, while only 34.3%
were female. As most of the cowpea farmers in the study area were male, this development may be
due to the fact that farming activities requires much energy that the female farmers may not find easy
to cope with. This is in line with research carried out by Apata et al. (2011) who observed that farmers
in Nigeria were predominantly male.

Marital status: Majority (62.0%) of the respondents were married as shown in Table 1, 15.7%
were widowed, while 16.7% of the respondents were divorced. As majority of the respondents were of
middle age or older as shown in their socio —economic characteristics, they are expected to be married
with children that would assist in farming activities. Married farmers with low income may have to
consider their family welfare before investing in climate change adaptation technology that would
improve their adaptation capacity. This finding is supported by Hoa et al. (2019) who observed
women’s marital status as a vital factor in determining her access to adaptation technology.

Farming experience: At least 37.7% of the respondents had a minimum farming experience of
between 1 and 5years. Most (70.6%) of the respondents had over 5 years farming experience. It is
expected that farmers with longer farming experience would have developed better skills towards
climate change vulnerability that is likely to help their productivity improvement. This conforms to a
study conducted by Molua and Lambi (2015), and Apata et al., (2009) who observed that farmers to a
large extent have been able to develop some local adaptation strategies that enabled them to
consistently cope with climate change impacts.

Educational attainment: Table 1 depicts that 32.5% of the respondents had no formal
education, 17.6% had primary education and 25.9% had secondary education while 23.1% had tertiary
education. This indicates that 67.5% of the farmers had formal education. Farmer’s level of education
and literacy is an additional factor gathered through knowledge from media sources that is expected to
influence adoption of climate change adaptation technology. This is supported by Hoa et al. (2019)
who observed that educated farmers tend to adopt improved farming technology than their uneducated
counterparts.
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Table 1. Distribution of socio- economic characteristic of the respondents (N=108).

Age Frequency Percentage Mean
>30 27 24.9
31-40 20 18.8 49.9
41-50 24 22.4
51-60 17 15.8
61 and above 20 18.6
Total 108 100
Sex

Female 37 343
Male 71 65.7
Total 108 100
Marital status

Single 6 5.6
Married 67 62.0
Widowed 17 15.7
Divorced 18 16.7
Total 108 100.0
Farming experience

1-5 years 32 37.7
6 — 10 years 35 325
11-15 years 18 16.8
16 and above 23 21.3
Educational status

No formal education 36 325
Primary 19 17.6
Secondary 28 25.9
Tertiary 25 23.1
Total 108 100.0
Household size
>5 69 63.9 5.0
6-10 31 28.7
11-15 8 7.4
Total 108 100
Primary occupation

Farming 86 79.6
Trading 15 13.9
Teaching 3 2.8
Artisan 3 2.8
Others 1 0.9
Total 108 100.0
Secondary occupation

Farming 69 63.8
Trading 15 13.9
Teaching 2 1.9
Artisan 13 12.0
Others 9 8.3
Total 108 100.0
Farm size (acres)

>5 67 62 7.2
6-10 22 20.4
11 and above 19 17.7
Total 108 100.0
Land ownership

Own 42 389
Rented 26 24.1
Community 25 23.1
Farmers group 15 13.9
Total 108 100.0
Monthly income () Mean
5,000 -15,000 48 445 ¥20,972.2
16,000-25,000 21 27.5
26,000- 30,000 19 17.7
33,000 and above 20 18.5
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Household-size: Table 1 reveals that 63.9% of the respondents had between 1 and 5 members
per household while 28.7% of respondents had between 6 and10 members per household. This finding
shows that most farmers had low family size. Incidents of smaller household size have serious
implications in promoting climate change technology utilization for increasing cowpea production.
This finding corroborates Kolayemi (2019) who observed that cowpea farmers in South-west Ethiopia
have relatively small household size holders; and household sizes play crucial role in technology
adoption for cowpea production.

Primary occupation: Farming was the primary occupation of 79.6% of the respondents. As
most of them had farming as their occupation, they are likely to concentrate on farming activities and
adopt measures to deal with factors that may hinder their productivity. This result reveals that some of
the respondents were also involved in other occupations such as trading (13.9%) and other was
artisans (12.0%). Occupational diversity into other income sources and livelihood activities creates
additional financial resources to minimize their shock, shortage of cash and crisis evolving from
climate change.

Farm size: Sixty-two point six percent (62.6%) of the respondent had at least 5 acres of land as
shown in Table 1 while 17.7% had access to over 11 acres of land. This is an indication that many of
the farmers were small farm-size holders. This corroborates Arimi (2015) who posited that most of the
farmers in South west, Nigeria were small size holders’ farmers. Farm size may affect farmer’s
technology adaptation or utilization. For instance, farmers with large farm size may adopt improved
technology more than small farmers in order to reduce drudgery on the farm.

Land ownership: Thirty- eight point nine percent (38.9%) of the respondents were land
owners, while others farmed on land that is rented (24.1%), owned by community (23.1%) or owned
by farmers’ group (13.9%). Land ownership may influence farmers’ willingness to invest on
technology that will improve their productivity. For instance, farmers’ may not want to invest on new
technology when using rented or borrowed land for fear of unknown.

Monthly income: Forty—four point five percent (44.5%) of respondents earned between }:5000
to ¥15000 monthly as shown in Table 1. Farmers’ income plays an important role in the adoption of
climate change adaptation technology, as it is believed that the higher the income, the more the
availability of financial resources to purchase or invest in new farming technology.

3.2. Description of farmers on vulnerability to climate change

Table 2 below reveals that 49.1% of the farmers were either highly or moderately vulnerable
to erratic rainfall, 54.6% of the respondents were either highly or moderately vulnerable to low amount
of rainfall. Most (62.0%) of the respondents indicated that they were either highly or moderately
vulnerable to dry spell while 63.9% indicated that they were vulnerable to early cessation of rainfall.
These results reveal that most of the farmers were vulnerable to climate change or variation in the
study area.

Other climate change impacts which the farmers were vulnerable to include flood (42.6%) and
windstorm (34.3%). This finding is supported by Kiprotich et al. (2015) who posited that flooding can
damage seedlings on the field. Moreover, Fifty percent of the respondents were highly vulnerable to
increased temperature. This finding is an indication that farmers were exposed to change in climatic
parameters which affect their agricultural production. This conforms to Ajetomobi and Abiodun
(2010) who concluded that climate change have adverse effects on cowpea production.

605



YYU J AGR SCI 30 (3): 601-610
Armmu et al., / Cowpea Farmers’ Vulnerability and Adaptation to Climate Change in Iddo Local Government Area of Oyo State, Nigeria

Table 2. Farmers vulnerability to climate change (N=108)

S/N Perception of Climate Highly vulnerable Moderately vulnerable  Not vulnerable
Change Frequency % Frequency % Frequency %

1. Rainfall Pattern

A Erratic Rainfall 20 18.5 33 30.6 55 50.9

B Low level or rainfall 20 18.5 39 36.1 49 454

C Late, onset of dry spell 39 36.1 28 25.9 41 38.0

D Early cessation of rainfall 25 23.1 44 40.7 39 36.1

E Decreased rainfall amount 17 15.7 28 25.9 63 58.3

F Increased rainfall amount 55 50.9 28 25.9 25 23.1

G Flood 46 42.6 40 37.0 22 20.4

2. Windstorm 37 343 44 40.7 27 25.0

3. Temperature changes

i Increased temperature 19 17.6 35 324 54 50.0

ii. Constant temperature

iii. Reduced temperature 40 37.0 42 38.9 26 24.1

3.3. Description of respondents according to their adaptation strategies used

According to Table 3 Forty-five point three percentages (45.3%) of the respondents
occasionally plant cover crops, this may help to prevent flood and reduce land degradation. About
30.5% of the respondents occasionally adopt minimum tillage while 50.9% occasionally use mulching
to preserve soil moisture. Mulching reduces soil moisture evaporation thereby making water available
to the crop planted. Some respondents (41.6%) adopt crop rotation in order to maintain soil fertility.
These results corroborate Kolayemi (2019) who confirmed that adoption of cover crop; minimum
tillage and crop rotation were important systems of soil moisture management.

Table 3 also shows that 39.8% of the respondents occasionally increased the use of fertilizer.
Farmers tend to increase fertilizer application in order to maintain soil fertility due to negative impact
of climate change on soil. Twenty-nine point six percentage (29.6%) adopted agro- forestry in order to
cope with climate change while some respondents (44.4%) occasionally listened to early warning
information from radio, television and extension officers. Since the farmers make use of early warning
information they may have prepared for negative impacts of climate change on their farms.

Other adaptation strategies used by the cowpea farmers include planting of trees as hedge
(35.2%), plating of diseased resistance variety (25.9%), increased the use of pesticide (43.5%), and
increased use of herbicide (38.0%). Farmers planted trees as hedges so as to help create a natural
barrier to windstorm while some respondents make use of pesticides to control pest infestation. The
use of herbicides helps in reducing or controlling of weeds. These findings are conformed to Kolayemi
(2019) who concluded that farmers intensified the use of pesticides and herbicides to protect crops
from pests, diseases and weeds emerging as a result of environmental change.

Twenty—nine point six percentages (29.6%) of the farmers make use of pumping machine for
irrigation, 30.6% deviced water storage facilities in order to harvest rainfall for irrigation while 21.3%
respondents constructed local dam to cope with water shortage. This is in line with Food and
Agriculture Organization (2011) who observed that farmers have devised various means of irrigation
(such as mechanized pump, reservoir, and water- lifting devices) on their farm to cope with climate
change. In addition, Smallholder farmers in Africa are increasingly using small-scale irrigation to
cultivate their land. This enables farmers to achieve more reliable, profitable and sustainable
production, increase their resilience and, in some cases, transform their livelihoods.

About 34.3% of the respondents diversify into other crops or livestock due to negative impact
of climate change. Diversification of the farmers into other livelihood activities was due to
uncertainties that are likely to result from climate change. Diversification of the farmers to other
activities may hinder sufficient cowpea production in the study area
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Table 3. Distribution of respondents according to climate change adaptation strategies used (N=108)

Climatic change 'Level of Use
SIN adaptation strategies Never use Occasionally Always
Frequency % Frequency % Frequency %
1 Planting cover cropping 27 25.0 49 45.3 32 29.6
2 Minimum tillage 20 185 33 305 55 50.9
3 Mulching to preserve soil moisture 43 39.8 55 50.9 10 9.3
4 Crop Rotation 28 259 45 41.6 35 324
5 Increase use of soil fertilizer 33 30.6 43 39.8 32 29.6
6 Adoption of Agro — forestry 40 37 32 29.6 36 333
7 Use of drought-tolerant crop Varieties 21 194 45 41.6 42 38.9
8 Listening to early warning information 14 13.0 48 44.4 46 42.6
9 Planting of trees as hedges 27 25.0 38 35.2 43 39.8
10 Planting of resistance to diseases crop 20 185 28 25.9 60 55.5
11.  Adoption of late or early planting 16 14.8 34 315 57 53.7
12.  Diversification into other crops or livestock 27 25.0 37 343 44 40.7
13. Use_ of pu_mping machine or water pipe, watering 29 26.9 3 29.6 47 435
for irrigation (Borehole)

14.  Use of water storage facilities/water harvester 27 25.0 30 27.8 51 47.2
15.  Construction of water harvester for water storage 25 231 33 30.6 50 46.3
16.  Construction of local dam 18 16.7 23 21.3 67 62.0
17.  Increase use of pesticides 11 10.2 47 435 50 46.3
18.  Increase use of herbicides 16 14.8 41 38.0 51 47.2

3.4. Category of respondents based on their climate change adaptation strategies used

Table 4 reveals that most of the respondents (87.1%) had highly adopted climate change
adaptation strategies for cowpea production. Since, most of the respondents had adopted climate
change adaptation strategies; it is expected that the farmers would overcome the adverse effect of
climate change on cowpea production in the study area.

Table 4. Category of respondents based on their climate change adaptation strategies used (N=108)

Level of use Frequency Percentage Mean
Low 13 12.0

High 94 87.1 21.3
Total 108 100

3.5. Relationship between socio — economic characteristics of the respondents and effectiveness
of climate change adaptation strategies used.

Table 5 reveals that there is a significant relationship between marital status and climate
change adaptation strategies used by cowpea farmers (x? = 9.7, p = 0.02) in the study area. This
implies that farmers who were single easily acquired climate change adaptation technology than their
married counterpart. Married farmers had to consider their family welfare before investing climate
change adaptation technology in the study area. This finding corroborates Getachew et al. (2014) who
observed that marital status influenced adoption of climate change adaptation technology used by
farmers in Uganda.

There was a significant relationship between primary occupation and the climate change
adaptation technology used (x?= 2.6, p = 0.02) for cowpea production. This implies that farmers who
concentrate on cowpea production are likely to adopt adaptation strategies that will improve their
farming system. However, that there was no significant relationship between gender and effectiveness
of climate change technology used (x? = 1.5, p = 0.3) for cowpea production. This implies that both
male and female cowpea farmers used climate change adaptation strategies as recommended by
extension agents. Similarly, there were no significant relationship between educational attainment (x?
= 5.6, p = 0.13), social group (x?= 3.5 p = 0.4) and climate change adaptation strategies used. This
implies that both the literates and illiterates used climate change adaptation technology to improve
their productivity.
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Table 5. Relationship between social — economic characteristics of the respondents and effectiveness
of climate change adaptation

Variable Chi square (x?) Df p-values Decisions
Marital status 9.7 1 0.02 S
Primary occupation 2.6 4 0.02 S

Gender 15 1 0.3 NS
Educational status 35 4 0.4 NS
Social group 5.6 3 0.13 NS

3.6. Correlation between age, household size, farm size, monthly income, vulnerability to climate
change, effects of climate change on cowpea production, adaptation to climate change and
effectiveness of climate change adaptation technology used

Table 6 depicts that there was a significant relationship between farm size (r-values = 0.02, pv=0.0)
and climate change adaptation strategies used by cowpea farmers. This implies that farmers with large
farm size adopted climate change adaptation technology more than their counterparts with smaller
farm sizes. There was also a significant relationship between the vulnerability of farmers to climate
change and (r-values 0.1, pv = 0.01) climate change adaptation strategies used by cowpea farmers.
This implies that the more the vulnerability the more the farmers would seek adaptation measures for
resilience.

On the other hand, there were no significant relationship between age and (r-values, pv = 0.7),
monthly income (r-values 0.3, pv = 0.7) and climate change adaptation strategies used by cowpea
farmers. This finding shows that age did not influence adoption of climate change adaptation strategies
as both the young and old farmers sought the use of adaptation technology that will reduce the impact
of climate change on their farms. Also, both low and high-income earning farmers invest in climate
change adaptation technology that will improve their farm productivity.

Table 6. Distribution of correlation between age, household size, farm size, monthly income,
vulnerability, effects, adaptation and effectiveness of climate change adaptation technology

used
Variables r-values Df p-values Decisions
Age 0.2 106 0.7 NS
Farm size 0.2 106 0.0 S
Monthly income 0.3 106 0.7 NS
Vulnerability to climate change 0.1 106 0.01 S

NS — Not significant, S - Significant
Source: Field survey, 2019.

4. Conclusion and Recommendations

Cowpea production in the study area is vulnerable to climate change impacts such as drought,
flooding, and increased temperature. The negative consequences of climate change spurred the
adoption of adaptation strategies. The farmers combined at least two or more adaptation measures
according to the degree of their vulnerability. The adaptation strategies used included the planting of
cover crops, use of minimum tillage, planting of disease-resistant tree variety, increased the use of
pesticide, increased use of herbicide, use of pumping machine for irrigation, construction of water
storage facilities to harvest rainfall for irrigation, building of local dam for irrigation and
diversification into other crops or livestock farming. There was significant correlation between farm
sizes (r-values = 0.02, pv=0.0), vulnerability of farmers to climate change (r-values 0.1, pv = 0.01) and
climate change adaptation strategies used by cowpea farmers. Degree of farmers’ vulnerability and
farm sizes determined the adaptation measured used by cowpea farmers in the study area. Therefore,
stakeholders who promote sustainable climate change adaptation would need to consider the
prevailing climatic variables when implementing climate change adaptation policy for resilience.
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Moreover, adaptation policy for smallholder cowpea farming should stipulate inputs from local
experts who have better understanding of climatic variability and change of the farming community.
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Abstract: Actinobacteria are a biotechnologically important group of
microorganisms utilized for their high capacity to synthesize many bioactive
substances as well as agriculturally important compounds. In the present study,
a culture-dependant approach was employed to isolate actinobacteria from wild
legume nodules and their plant growth-promoting activities for indole-3-acetic
acid production, atmospheric nitrogen fixation and inorganic phosphate
solubilisation was investigated. A molecular approach based on 16S rRNA gene
sequence analysis was employed to identify the isolates. After pairwise
sequence analysis, six isolates were identified as members of the genera
Streptomyces and Micromonospora. All isolates could produce indole-3-acetic
acid and utilize atmospheric nitrogen while only one isolate was able to
solubilize inorganic phosphate. The isolated actinobacteria are considered to be
promising candidates for biological fertilizers especially because of their ability
to use atmospheric nitrogen and produce high level of indole-3-acetic acid.

Tirkiye’de Baklagil Nodiillerinden izole Edilen Bitki Gelisimini Destekleyici
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Anahtar kelimeler
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Oz: Aktinobakteriler, tarimsal 6nemi olan molekiillerin yan1 sira birgok
biyoaktif —metabolitin tretimindeki islevlerinden dolayr yararlanilan,
biyoteknolojik olarak 6nemli bir mikroorganizma grubudur. Bu c¢alismada,
yabani baklagil nodiillerinden kiiltire dayali bir yaklasimla aktinobakteriler
izole edilmig ve indol-3-asetik asit Uretimi, atmosferik azot fiksasyonu ve
inorganik fosfati ¢ozebilme 6zellikleri agisindan bitki gelisimini destekleyici
aktiviteleri aragtirilmugtir. izolatlar1 tanimlamak amaciyla 16S rRNA gen dizi
analizine dayanan bir molekiiler yaklasim kullanilmistir. ikili dizi analizleri
sonrasinda alt1 izolatin Streptomyces ve Micromonospora cinslerinin Gyeleri
oldugu tespit edilmistir. Biitiin izolatlar indol-3-asetik asit tiretebilmis ve
atmosferik azotu kullanabilmistir. Ancak sadece bir izolat inorganik fosfati
¢oziiniir hale getirebilmistir. Izole edilen bu aktinobakteriler, ozellikle
atmosferik azotu kullanabilmeleri ve indol-3-asetik asit Uretebilmeleri nedeniyle
umut verici biyolojik giibre adaylari olarak degerlendirilmektedir.
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1. Introduction

Plant growth-promoting microbes are soil and rhizosphere inhabitants affecting plant growth
beneficially through different mechanisms (Veladzquez et al., 2017). Among the plant associated-
microorganisms, Actinobacteria are widely known due to their high potential to synthesize vast array
of bioactive metabolites which may have positive effect on plant growth (Lehr et al., 2008).
Actinobacteria are a group of filamentous, Gram-positive microorganisms which have high G+C
content in their genomes, and they are widely distributed in both aquatic and terrestrial ecosystems.
These bacteria are known to synthesize diverse compounds with distinct chemical structures and play
important roles in nutrient cycling owing to their ability to degrade recalcitrant polymers such as
chitin, lignocellulose and pectin (Barka et al., 2016).

Actinobacteria can also colonise rhizosphere and endophytic tissues of plants effectively, and
survive under unfavourable environmental conditions (Grover et al., 2016). Thus, the potential of
actinobacteria to improve plant growth has been extensively reported in recent decades. Many studies
have reported plant growth promotion traits including phosphate solubilisation, nitrogen fixation,
indole-3-acetic acid (IAA) and siderophore production in this promising group of bacteria (Jog et al.,
2012; Cruz et al., 2014; Trujillo et al., 2015). Coombs and Franco (2003) had isolated and identified
various actinobacteria from endophytic tissues of healthy wheat plants and demonstrated that
Streptomyces sp. EN27 could colonize in sprouting wheat seeds. It was reported that Streptomyces sp.
WYEC108 isolated from flax rhizosphere increased number and size of nodules in Pisum sativum by
colonizing in the roots and also enhanced uptake of iron and other nutrients by the plant (Tokala et al.,
2002). Goudjal et al. (2013) isolated various actinobacteria from wild plants adapted to harsh climate
conditions and low nutrient levels in the Saharan Desert and reported that some of these actinobacteria
could produce indole-3-acetic acid. In addition, they demonstrated that seed germination and shoot
length in tomato seeds treated with fermentation broth of these bacteria increased significantly
(Goudjal et al., 2013).

Legumes constitute a large group of plants and are considered an important protein source for
human consumption (Fidan and Ekincialp, 2017). Bacteria dwelling in legume nodules are grouped
into two categories, i.e. the rhizobia, responsible for nodule formation, and the other endophytic
bacteria, e.g. actinobacteria, whose role in nodules is still poorly known (Velazquez et al., 2017).
However, recent studies have shown that actinobacteria from legume nodules could promote plant
growth in various ways such as by producing plant hormones or by fixing atmospheric nitrogen
(Trujillo et al., 2015; Benito et al., 2017). This study was conducted to isolate and identify plant
growth-promoting actinobacteria from wild legume nodules. This is the first study revealing plant
growth-promoting actinobacteria which can produce indole-3-acetic acid and fix atmospheric nitrogen,
isolated from wild legumes distributed in Turkey. Considering the high potential of actinobacteria for
biotechnological applications, the results of present study will have application in agricultural
biotechnology.

2. Materials and Methods
2.1. Isolation of actinobacteria

Legume specimens belonging to the genera Lathyrus and Vicia were collected from Samsun and
kept sterile bags until isolation of microorganisms. For the isolation of actinobacteria, five nodules
from each plant were randomly picked. Endophytic actinobacteria from legume nodules were isolated
following the instructions described by Qin et al. (2009). Briefly, the nodules were sterilized using
5% NaOCI (4-10 min), 2.5% Na»S;03 (10 min), 75% ethanol (5 min) and 10% NaHCOs (10 min)
successively, followed by a final wash step in sterilized distilled water and thoroughly dried under
aseptic conditions. After surface sterilization process, one nodule from each plant was placed on the
surface of the isolation media to validate the surface sterilization procedure. For the isolation of
endophytic actinobacteria, the nodule samples were smashed into small pieces using a mortar and
pestle. Then, the samples were diluted with ¥ Ringer’s solution (Oxoid) and the diluted aliquots (200
ul) were transferred on the surfaces of ISP 2 agar (yeast extract 4 gL, malt extract 10 gL, dextrose
4 gL, agar 20 gL, distilled water 1000 ml, pH 7.2-7.4) and Czapek-Dox agar (sucrose 30 gL,
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NaNO; 3 gL, MgS0,.7H,0 0.5 gL, KCI 0.5 gL, FeSO,4.7H,0 0.01 gL, K;HPO4 1 gL, agar 13
gL, distilled water 1000 ml, pH 7.2-7.4) media prepared for the cultivation of actinobacteria. The
inoculated plates were incubated at 28°C for 4 weeks. The actinobacteria-like colonies were purified
and preserved in glycerol stock solutions (25%, v/v) at -20°C.

2.2. ldentification and phylogenetic analysis of actinobacteria

According to the colour of substrate and aerial mycelia and the production of diffusible
pigments, a total of six morphologically distinct isolates were selected and further analysed. The
isolates were identified on genus level based on almost full length 16S rRNA gene sequence analysis.
The genomic DNA of each isolate was obtained using PureLink Genomic DNA Isolation Kit
(Invitrogen). The 16S rRNA genes from pure cultures were amplified using the universal primers 27F
(5-AGAGTTTGATC(AC)TGGCTCAG-3") and 1492R (5'-ACGG(CT)TACCTTGTTACGACTT-
3") as described previously (Ay et al., 2019). Purified PCR products were sequenced by Macrogen
Inc. using an ABI PRISM 3730 XL automatic sequencer and the obtained 16S rRNA gene sequences
were deposited in GenBank data library (https://www.ncbi.nlm.nih.gov/genbank/). Pairwise sequence
similarities for the almost complete 16S rRNA genes were conducted on EzBioCloud server
(https://www.ezbiocloud.net/) (Yoon et al., 2017) and also on GGDC web server (Meier-Kolthoff et
al., 2013) available at http://ggdc.dsmz.de/. Phylogenetic relationships were inferred by maximum
likelihood and maximum parsimony trees as previously described (Ay et al., 2019).

2.3. Analysis of plant growth-promoting abilities

The isolates were screened for the abilities to synthesize IAA, fix atmospheric nitrogen and
solubilize inorganic phosphate following the methods described by Ali et al. (2009), Li et al. (2018)
and Gaur (1990), respectively, with minor modifications. For the colorimetric analysis of 1AA
production, the isolates were grown in tryptone-yeast extract-glucose broth for a week at 28°C and
then 1 ml of culture broth was inoculated to sucrose-minimal salts (SMS) medium (10 gL sucrose, 1
gLt (NH4)SO4, 2 gLt K;HPO,, 0.5 gLt MgSO,, 0.1 gL NaCl, 0.5 gL yeast extract, 0.5 gL CaCOs,
1 mg ml* L-tryptophan, pH 7). After 7-day incubation at 28°C, 1 ml centrifuged broth obtained from
bacterial culture grown in SMS medium was transferred into a tube and mixed with 2 ml of
Salkowski's reagent (2 ml of 0.5 M FeCls, and 98 mL of 35% HCIO., 1:1 v/v). A pink colour produced
after 30-min incubation at room temperature was observed. For the quantitative analysis of 1AA
production, the absorbance was measured at 530 nm (Ali et al. 2009). The IAA concentration was
calculated using a calibration curve of pure IAA as a standard following the linear regression analysis.
Each experiment was carried out in triplicate and the values reported are the mean of these
experiments.

For the screening of nitrogen fixation ability, the isolates were inoculated onto two selective
media without nitrogen sources: Ashby’s mannitol agar (10.0 gLt mannitol; 5.0 gL CaCOs; 0.1 gLt
CaSO04; 0.2 gLt KH2POy; 0.2 gL MgSO4; 0.2 gLt NaCl; 15.0 gLt agar; pH 7.0) and NFC medium
(10.0 gL"* mannitol; 5.0 gL CaCOs; 0.2 gLt CaS04-2H,0; 0.2 gLt KH,PO4; 0.2 gLt MgSO4-7H0;
0.2 gLt NaCl; 15.0 gL* agar; pH 7.2). Based on colony growth on the agar plates after incubation at
28°C for 14 days, the isolates were considered positive for nitrogen fixation activity (Li et al. 2018).

Solubilisation of inorganic phosphate was tested on solid Pikovskaya’s medium (10 gL*
glucose; 0.5 gLt yeast extract; 0.2 gLt KCI; 0.1 gL MgSO4-7H,0; 0.5 gL (NH4),SO4; 0.2 gL*
NaCl; 0.002 gL FeSQ4-7H,0; 0.002 gLt MnSO4-2H,0) supplemented with Caz(POa)2 (5 gL1). After
incubation at 28°C for 14 days, formation of clearing zones were evaluated as positive for phosphate
solubilisation (Gaur et al., 1990).

3. Results
3.1. Isolation of actinobacteria
Root nodules obtained from two Lathyrus spp. and one Vicia sp. species were used to isolate

endophytic actinobacteria. After selective isolation and colour-grouping of the isolates for
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morphological growth characteristics (colour of substrate and aerial mycelium, pigment production
etc.) on tryptone-yeast extract-glucose agar medium, six isolates were selected for further analyses.

3.2. Identification and phylogenetic analysis of actinobacteria

The isolates were determined by the pairwise 16S rRNA gene sequence analyses. For each
isolate, a nearly full length 16S rRNA gene sequence was acquired and compared with the databases
on EzBioCloud and GGDC web servers. Pairwise sequence identity levels of the strains to their closest
type species are shown in Table 1. Molecular typing indicated that the isolates belong to the genera
Streptomyces and Micromonospora with relatively high level of 16S rRNA gene sequence identities to
the closest type strains. Five isolates, i.e. BCA3, BSP1, MCA2, MSP5A and VSP3 were identified as
members of the genus Streptomyces (Figure 1) and an isolate, BSP4, was identified as a member of the
genus Micromonospora (Figure 2). The isolates Streptomyces sp. BCA3 and Streptomyces sp. BSP1
are closely related to Streptomyces albidoflavus DSM 404557 with 99.93% and 99.72% pairwise
sequence identity values, respectively. Streptomyces sp. BCA3 has one nucleotide difference in 1443
positions with its most closely related type strain Streptomyces albidoflavus DSM 404557 while
Streptomyces sp. BSP1 has four different nucleotides in 1444 positions. Streptomyces sp. MCA2 has
completely identical 16S rRNA gene sequence with its closest type strain Streptomyces decoyicus
NRRL 2666". The lowest pairwise sequence identity value was observed for the isolate Streptomyces
sp. MSP5A which shows 99.24% identity with 11 different nucleotides in 1438 positions to its closest
type strain Streptomyces umbrinus NBRC 13091". The other isolate belonging to the genus
Streptomyces, VSP3, has 99.93% pairwise sequence identity to Streptomyces hydrogenans NBRC
134757 with one nucleotide difference in 1429 positions.

Table 1. Pairwise sequence identity values for the 16S rRNA genes of the isolates and their source of

isolation
Source Strain acce?s?gr??\mwber The closest type strain stgierritbib(\jgr?tri]fy
Lat?g/.rus Streptomyces sp. BCA3 MT176504 Streptoggt&:sﬁla(ljlf‘ri)d\r)oﬂavus 99.93
Lat;‘gfrus Streptomyces sp. BSP1 MT176505 Streptogéﬁsﬁﬁ’;%""a"us 99.72
Lat?g/.rus lg/léc;rfmonospora sp. MT176511 MicromDog'(\)Asa%?Sgaraxaci 99.86
LatsrB/.rus Streptomyces sp. MCA2 MT176506 Strept&rggfszté%%oyicus 100.0
Latsr‘grus Streptomyces sp. MSPSA MT176508 Strer’ﬁloé“géei;(')gti"””s 99.24
Viciasp.  Streptomyces sp. VSP3 MT176507  Streptomyces hydrogenans 99.93

NBRC 13475
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Streptomyces daghestanicus NRRL B-5418 (DQ442497)
Streptomyces violascens ISP-5183 (AY999737)
Streptomyces hydrogenans NBRC 13475 (AB184868)
|- VSP3 (MT176507)
Streptomyces intermedius NBRC 13049 (AB184277)
Streptomyces koyangensis VK-A60 (CP031742)
Streptomyces albidoflavus DSM 40455 (Z76676)
BCA3 (MT176504)
BSP1 (MT176505)
Streptomyces cadmiisoli ZFG47 (CP030073)
Streptomyces purpurascens NBRC 13077 (AB184859)
Streptomyces luteogriseus NBRC 13402 (AB184379)
Streptomyces andamanensis KC-112 (LC008305)
Streptomyces levis NBRC 15423 (AB184670)
Streptomyces sioyaensis NRRL B-5408 (DQ026654)
Streptomyces kronopolitis NEAU-MLE (KP050495)
84/99]  Streptomyces decoyicus NRRL 2666 (LGUU01000106)
MCA2 (MT176506)
Streptomyces caniferus NBRC 15389 (AB184640)
Streptomyces libani subsp. rufus LMG 20087 (AJ781351)
85/100| Streptomyces hygroscopicus subsp. glebosus NBRC 13786 (AB184479)
Streptomyees libani subsp. [ibani NBRC 13452 (AB184414)
Streptomyces platensis JCM 4662 (AB045882)
Streptomyces durmitorensis MS405 (DQO67287)
Streptomyces longisporoflavus NBRC 12886 (AB184220)
Streptomyces aurens NBRC 100912 (AB249976)
Streptomyces areticus ZLN234 (KR013752)
Streptomyces kanamyceticus NBRC 13414 (AB184388)
L Streptomyces rectiviolaceus NRRL B-16374 (DQ026660)
68 MSPSA (MT176508)
Streptomyces umbrinus NBRC 13091 (AB184305)
T8 Streptomyces ederensis NBRC 15410 (AB184658)
Streptomyces phaeochromogenes NBRC 3180 (AB184738)
35;52[ Streptomyces glomeroaurantiacus NBRC 15418 (AB249983)
Streptomyces aurantiacus NBRC 13017 (AB184259)
— Streptomyces tauricus JCM 4837 (AB045879)
sl o1 ME Streptomyces bottropensis ATCC 25435 (KB911581)
Streptomyees stelliscabiei NRRL B-24447 (LBNW01000338)
Streptomyces plumbiresistens CCNWHX 13-160 (EU526954)
Streptomyces humidus NBRC 12877 (AB184213)
Streptomyces cinereoruber subsp. fiuctofermentans NBRC 15396 (AB184647)

92/95

95/100

100/100

-/69

64/711-99

100/100

0.02

Figure 1. Maximum likelihood tree for the Streptomyces isolates interpreted under the model of
GTR+GAMMA and rooted at midpoint. The scale bar indicates the expected number of
substitutions per site. The support values for bootstrapping are shown above the branches
when higher than 60% for maximum likelihood (left) and maximum parsimony (right). The
GenBank accession numbers for the 16S rRNA gene sequences are given in brackets.
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The only isolate belonging to the genus Micromonospora, BSP4, shares 99.86% gene sequence
identity with its closest type species Micromonospora taraxaci DSM 45885" and it has only two
nucleotides difference in 1437 positions.

— Micromonospora parathelypteridis NEAU-JXY 5 (KU997023)

88/100

. Micremonospora luteffusca GUI2 (FING638633)

Micromonospora zamorensis DSM 45600 (LT607755)
Micromonospora vinacea GUIG3 (FING658651)
Micromonospora vulcania IM2 (KF956808)
Micromonospora ureilytica GUI23 (FNG658641)

Micromonospora arida LB32 (MGT725912)

L Micromonospora saelicesensis Lupac 09 (AJ783993)

—— Micromonospora noduli GUI43 (FN6586459)

~ Micromonospora inagquosa LB39 (MG725913)
Micromonospora lupini lupac 141N (AJ783996)

|— B5SP4 (MT176511)

Jor100| Micromonospora taraxaci DSM 45885 (VIWZ01000001)

Micromonospora chokoriensis DSM 45160 (LT607409)

o
Micromonospora violae NEAU-zh8 (KC161209)

Micromonospora profundi DS3010 (KF494813)

Micromonospora aurantiaea ATCC 27029 (CP002162)
Micromonospora purpureochromogenes DSM 43821 (LT607410)

L Micromonospora luteiviridis SGB14 (FNG638669)

Micromonospora globispora 52901 (KF218390)
79/100
Micromonospora mirobrigensis DSM 44830 (321 1058874)
—— Micromonospora phytophila 3G15 (FING658661)
0.002

Figure 2. Maximum likelihood tree for the Micromonospora strain interpreted under the model of
GTR+GAMMA and rooted at midpoint. The scale bar indicates the expected number of
substitutions per site. The support values for bootstrapping are shown above the branches
when higher than 60% for maximum likelihood (left) and maximum parsimony (right). The
GenBank accession numbers for the 16S rRNA gene sequences are given in brackets.

Although the isolates have relatively high level of 16S rRNA gene sequence identity levels
ranging from 99.24% to 100 % with their closest type strains, the tree topologies inferred from
maximum likelihood algorithm indicated that the isolates Streptomyces sp. BSP1 and Streptomyces sp.
MSP5A could be considered as potential novel species.
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3.3. Analysis of plant growth-promoting abilities

Six isolates were investigated for their plant growth-promoting activities, i.e. IAA production,
nitrogen fixation and inorganic phosphate solubilisation. The 1AA is a plant hormone and can also be
produced by diverse microorganisms including actinobacteria. All isolates obtained through this study
were found to produce IAA at levels of 0.33-113.9 ug ml* (Table 2). The most productive strain was
Micromonospora sp. BSP4 with the highest IAA concentration of 113.9 ug ml™* while the lowest level
was measured for the isolate Streptomyces sp. MCA2.

In this study, ability of the isolates to utilize the atmospheric nitrogen was qualitatively tested on
two nitrogen-free media and all isolates were able to grow on both media. Phosphate solubilisation is
one of the most studied mechanisms of plant growth promotion and only one strain, Streptomyces sp.
MCAZ2 could solubilize inorganic phosphate in Pikovskaya’s medium.

Table 2. Plant growth-promoting abilities of the isolates

Strain IAA production (ug/ml)  Nitrogen fixation  Phosphate solubilisation
Streptomyces sp. BCA3 21.0x0.8 + -
Streptomyces sp. BSP1 21.0x+3.38 + -
Micromonospora sp. BSP4 113943 + -
Streptomyces sp. MCA2 0.33£0.0 + +
Streptomyces sp. MSP5A 1.67+£0.48 + -
Streptomyces sp. VSP3 196+21 + -

4. Discussion and Conclusion

Actinobacteria are a group of biotechnologically important microorganisms which have been
benefited for their role in synthesizing many bioactive metabolites as well as agriculturally important
compounds. These bacteria have been shown to dwell in rhizosphere and occupy plant tissues after
producing durable spores to survive in agricultural soils for long periods. Actinobacteria have been
investigated for their plant growth-promoting abilities and biocontrol activities to improve agricultural
production in an environmentally friendly way. In the present study, a culture-dependant approach was
employed to isolate actinobacteria from legume nodules and their phylogenetic relationships were
revealed by the 16S rRNA gene sequence analysis. Pairwise sequence analyses have shown that the
isolates are members of the genera Streptomyces and Micromonospora, which have been known as
most prolific actinobacteria for their potential to produce diverse bioactive metabolites, and that the
isolates have high level of 16S rRNA gene sequence identity levels to their closest type species.
Considering tree topologies inferred by maximum likelihood algorithm, however, the isolates
Streptomyces sp. BSP1 and Streptomyces sp. MSP5A have high potential to be novel species. Due to
weak resolution power of the 16S rRNA gene sequence analysis, especially among streptomycetes, a
high number of novel species have been described for this genus even with totally identical 16S rRNA
gene sequences (Biswas et al. 2017; Tang et al. 2019; Li et al. 2020).

Previous studies have revealed that members of the genus Micromonospora are ubiquitous in
legume nodules (Trujillo et al. 2010; Martinez-Hidalgo et al. 2014). In this study, however, strain
BSP4 was the only isolate belonging to Micromonospora and showed high level of IAA production.
The isolated actinobacteria were found to be promising candidates for biological fertilizers especially
because of their ability to use atmospheric nitrogen and produce high level of IAA. Atmospheric
nitrogen fixation is one of the ways to mobilize nutrient for the host plants and carried out by
symbiotic and free-living bacteria through nitrogenase enzymes. In terms of nitrogen fixation, all
isolates have potential to be used as biological fertilizers particularly in soils with low level of
nitrogen. Moreover, the strain Streptomyces sp. MCA2 has the ability to solubilize inorganic
phosphate and also it shares relatively low level of 16S rRNA gene sequence identity with its closest
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type species. Although several bacteria and fungi were reported as solubiliser of inorganic phosphate,
very few reports are available for phosphate solubilisation by Streptomyces (Gupta et al. 2010). These
results suggest that actinobacteria could play an important ecological role by enhancing the availability
of nutrients to the host plant as well as by producing plant hormones to promote the host plant’s
growth directly. Therefore, actinobacteria obtained through this study have high potential to be used as
microbial fertilizers, especially in soils with low level of nitrogen, to increase agricultural productivity
without harming environment. In conclusion, further studies involving greenhouse or field
experiments should be performed to confirm the suitability of these strains as microbial fertilizers.
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Keywords achieved by Tére (98.2%) and the lowest (87.9%) by Ulubatly; however, the

high survival rates of the Tore, Tagkent, Ozkaynak, Uriinli, and Golyazi
Cold stress, varieties did not differ significantly. Early sowing negatively affected the
Forage pea, survival rates of the Ulubath and Golyazi cultivars more than the others.
Germination. Survival rate correlated negatively with plant height and number of nodes but
Is_gvvtlli:]zmd%et(reature’ correlated positively with SPAD value and leaf relative water content. Gdlyazi

achieved the highest germination rate (92.8%) and Ulubatli the lowest (81.8%),
although the high rates of the Golyazi, Tére, Taskent, and Ozkaynak cultivars
did not significantly differ. Low temperatures adversely affected all observed
characteristics, and seedling lengths highly paralleled survival rates obtained in
field conditions. Taken together, such findings suggest that purple-flowered
cultivars tolerate low temperatures better than white-flowered ones.

Yem Bezelyesinin Cimlenme ve Fide Ozellikleri Uzerine Diisiik Sicaklik ve Ekim
Tarihlerinin Etkileri

Makale Bilgileri Oz: Bu cahigmada, 6 yem bezelyesi ¢esidinin Eskisehir kosullarinda Tore,
) Taskent, Ozkaynak, Ulubatli, Uriinlii, ve Golyaz1 ¢cimlenme ve erken fide
Gelis: 06.04.2020 donemlerinde soguga toleransini belirlemek igin farkli sicakliklar 20 °C

Kabul: 07.08.2020 ° ° . . . . .
Online Yayinlanma 30.09.2020 (kontrol), 15 °C ve 10 °C ve ekim tarihleri 1 Ekim 15 Ekim ve 1 Kasim

DOI: 10.29133/yyutbd.715245 incelenmistir. Sonug olarak; sagkalim oranlarinin gesitlere ve ekim zamanlarina

gore degistigi, en yiiksek (% 98,2) ve en diisiik (% 87,9) sagkalim oranlarinin

Anahtar kelimeler sirastyla Tore ve Ulubatll cesitlerinde goriildiigii; ancak Tore, Taskent,

Ozkaynak, Uriinlii ve Gélyaz1 gesitlerinin sagkalim oranlar1 arasinda énemli bir
Soguk stresi, farklihgin olmadigi belirlenmistir. Erken ekim Ulubath ve Golyazi ¢esitlerinin
Yem bezelyesi, sagkalim oranlarimi digerlerinden daha fazla olumsuz etkilemistir. Sagkalim
Gimlenme, orani bitki boyu ve bogum sayisi ile negatif, SPAD degeri ve yaprak nispi su
Diisiik sicaklik,

icerigi ile pozitif korelasyon gostermistir. Cimlenme orani en yiiksek gesit (%
92.8) Golyaz1 ve en diisiik gesit (% 81.8) Ulubatli olmasina ragmen Gdlyazi,
Tére, Taskent ve Ozkaynak gesitlerinin ¢imlenme oranlar1 arasinda énemli bir
farklilik olusmamuistir. Diisiik sicakliklar, gdzlemlenen tiim 6zellikleri olumsuz
etkilemis ve fide uzunlugu degerleri tarla kosullarinda elde edilen sagkalim
oranlartyla yiiksek oranda paralellik gostermistir. Birlikte ele alindiginda, bu
bulgular mor ¢icekli gesitlerin diisiik sicakliklar1 beyaz ciceklilerden daha iyi
tolere ettigini gostermektedir.

Ekim zamani.
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1. Introduction

In arable regions worldwide, cold stress can limit the production of plants by up to 15% (Blum
and Jordan, 1985). For plants in those areas, extremely low temperatures represent an environmental
factor that affects germination, growth and development, reproductive organs, and post-harvest storage
periods (Wang, 1990). Exposure to such temperatures and, in turn, cold stress prevent plants from
reaching their genetic potential and achieving efficient productivity. Symptoms of cold damage
occurring in plants vary depending on duration of exposure to the cold, plant genotype and
developmental stage, the plant tissue (e.g., leaves, roots, and flowers) exposed to the cold, and
environmental conditions such as water, wind and light (Saltveit and Morris, 1989; Mahajan and
Tuteja, 2005).

Forage peas are good fodder plants for cool climates that can adapt to nearly all climatic and
soil conditions in Turkey (McKenzie and Sponer, 1999; Avcioglu et al., 2009). Including forage peas
to crop rotations can benefit both animal nutrition and soil composition, for its hay and seeds offer a
tasty, nutritious, protein-rich food for livestock and it supplies a significant source of added nitrogen
and organic matter for soils (Acikgoz et al., 1985; Parr et al., 2011).

Winter-resistant or -tolerant varieties of forage peas are important in winter cultivation as
primer crops, especially during bare periods between the cycles of two main crops. On that topic,
researchers have investigated the effects of low temperatures on different pea genotypes at different
developmental stages under controlled conditions in laboratories (Bourion et al., 2003; Sincik et al.,
2005; Raveneau et al., 2011), under field conditions (Kadioglu and Tan, 2014; Homer et al., 2016;
Karakdy et al., 2016; Davies and Pham, 2017), and under controlled conditions in both a greenhouse
and a laboratory (Shafiq et al., 2012). Nevertheless, the responses of different forage pea genotypes to
low temperatures should also be determined under field and laboratory conditions in different
ecological conditions.

Thus, in the study reported here, six forage pea varieties were planted on different sowing
dates in field as well as controlled condition in laboratory in Eskisehir, Turkey, in order to determine
their response to low temperatures.

2. Materials and Methods

Purple-flowered (i.e., Toére, Ozkaynak, and Taskent) and white-flowered (i.e., Ulubatl,
Uriinlii, and Gélyaz1) forage pea (Pisum sativum var. arvense L. Poir.) cultivars were used as
materials. Field experiment was carried out under the ecological conditions of Eskisehir, Turkey.
Monthly mean, minimum, and maximum temperatures at the experimental site between October 1,
2018, and March 31, 2019, are presented in Table 1. Minimum temperatures decreased from October
to January and increased thereafter, with the lowest minimum temperature measured as -13.5 °C in
January 2019.

Table 1. Changes and trends in maximum, minimum and mean temperatures in experimental site

Temperatures
Dates Mean Min Mak.
Oct. 2018 13.3 -1.3 26.5
Nov. 2018 7.6 -3.8 24.9
Dec. 2018 2.3 -8.3 10.4
Jan. 2019 1.2 -13.5 12.8
Feb. 2019 3.4 -8.6 154
Mar. 2019 6.3 -6.8 22.2

All data were provided by Turkish State Meteorological Service.

The field experiment was arranged in split plots in a randomized complete block design with
four replications. The primary plots corresponded to sowing dates (i.e., October 1, October 15, and
November 1), whereas the sub-plots corresponded to the different forage pea cultivars. The controlled
experiment in laboratory was performed in incubators in a two-factor arrangement with a completely
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randomized design involving four replications. The first factor was temperature 20 °C (i.e., control),
15 °C, and 10 °C while the second factor was forage pea cultivars.

In the field experiment, each plot consisted of four rows with 50 seeds sown in each. Inter- and
intra-row spacings were 30 x 4 cm, and sowing depth was 3 cm. lrrigation was performed to
germinate the seeds, and weeds were removed by hand as necessary. To determine the survival rate of
the different varieties, the number of plants emerging in each row before the first frost and the number
of seedlings that survived the winter into March were recorded. Height, number of nodes, SPAD value
measured with a chlorophyll meter (SPAD-502 Plus), dry matter, and leaf relative water content
(LRWC), calculated according to formula (1), were determined in the seedlings before winter began.

LWRC = (Fresh weight — dry weight) / (Turgor weight — Dry weight) x 100 1)

To gauge the low-temperature germination of the forage pea varieties, cool and cold tests were
performed by following Hampton and Tekrony’s (1995) method. In the cold test, seeds were kept at 10
°C for 7 d, then at 25 °C for another 7 d, and germination percentages were determined by counting
the seeds that had germinated by the end of Day 14. In the cool test, by contrast, the seeds were kept in
a dark incubator at 15 °C for 14 d, and ones that germinated were counted in order to determine the
germination percentage.

Germination was performed in four replicates of 50 seeds each, all placed on filter papers in
plastic zipper-sealed bags (ISTA, 2018). To the filter papers, 7 mL of pure water was added and
replenished as necessary, which required checking the papers every 2 days. Seeds were counted every
day, and when roots had extended at least 2 mm, the seeds were considered to have germinated. At the
end of laboratory experiments, germination percentage, length of seedlings, fresh and dry weight of
seedlings, and mean germination time (MGT), calculated as described by Ellis and Roberts (1980),
were examined.

Data were analyzed in SPSS 16.0 and MSTAT. Arcsin \x transformation was applied to
percentage values (Sokal and Rolf, 1981), and Duncan’s multiple comparison test was performed to
determine the differences between mean values.

3. Results

Forage pea cultivars and sowing dates significantly affected the characteristics of seedlings in
the field, except regarding the number of nodes, dry matter weight, and LRWC (Table 2). The
interaction effect of cultivar and sowing date on all characteristics were also significant.

The survival rate by cultivars ranged from 87.9% to 98.2%, with the highest rate achieved by
Tore and the lowest by Ulubatli (Table 2). However, the high survival rates of the Tore, Taskent,
Ozkaynak, Uriinlii, and Golyaz: cultivars did not differ significantly, nor did the low rates of the
Ulubath and Go6lyazi cultivars. From highest to lowest survival rate, the cultivars could be ordered as
Tére, Taskent, Ozkaynak, Uriinlii, Gélyazi, and Ulubatli. The early sowing date (i.e., October 1)
negatively affected survival rates more than the late sowing dates (i.e., October 15 and November 1).
Among those planted on October 1, the Ulubathh and Golyaz: cultivars had especially low survival
rates compared to the other cultivars (Table 3).

The longest seedling length and highest number of nodes were observed in Gélyazi cultivars
sown on October 1 (Table 3). For all cultivars, the early sowing dates (i.e., October 1 and 15)
facilitated longer seedlings and more nodes than the late sowing date (i.e., November 1).

The SPAD value and dry matter ratio among cultivars were highly similar (Table 2); both
values were especially high for the Taskent and Ozkaynak and especially low for the Ulubatl1. In all
cultivars, SPAD values increased with later sowing dates (Table 3). As shown in Table 2, the LRWC
percentage in the cultivars ranged from 73.33% (i.e., Golyazi) to 85.57% (i.e., Tore). The highest
LRWC values in Tore, Ozkaynak, and Ulubatl did not significantly differ, nor did the lowest in
Gélyazi, Uriinlii, Ulubatli, and Taskent.
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Table 2. Analysis of variance and differences between mean values of survival rate and seedling

characters in forage pea cultivars grown under different sowing dates

Factors Survival rate (%)  Seedling Number SPAD value  Dry matter (%) LWRC (%)
length (cm) of node

Cultivars

Tore 98.23 6.82° 4.35 4753 17.03° 85.572

Taskent 97.52 5.10¢ 4.25 51.072 20.79° 74.28

Ozkaynak  97.0° 5.41¢ 4.20 50.822 19.39? 81.67%

Ulubatl 87.9° 8.552 4.58 40.65° 15.39¢ 79.76%°¢

Urdinli 96.52 5.70¢ 411 46.02° 17.00° 77.47%

Goélyazi 91.8%® 8.15° 4.45 47.16° 17.47° 73.33¢

Sowing dates

Oct. 1 88.8° 10.40? 5.552 39.09¢ 17.55 79.73

Oct. 15 97.82 6.32° 4.44° 46.47° 18.41 79.10

Nov. 1 97.9° 3.15¢ 2.97° 56.072 17.57 77.19

Analysis of variance

E:é‘l)ltlvars ** ** ns ** ** **

SOWIng ** ** **% **%

dates (S) ns ns

C X S *%x ** * ** ** *

*, **: significant level of 5% and 1%, respectively, ns: non-significant. T: letters show different groups at 5% level.

Table 3. The effect of cultivars x sowing dates interaction on survival rate and some seedling

characters
Cultivars  Sowing Survival rate  Seedling length  Number of SPAD Dry matter LWRC
dates (%) (cm) node value (%) (%)
Tére Oct. 1 98.5 10.67 5.55 38.97 16.32 85.27
Oct. 15 97.5 7.55 4.70 45.47 16.47 85.27
Nov. 1 98.5 2.25 2.80 58.15 18.30 86.17
Taskent Oct. 1 92.5 7.02 5.20 46.35 19.70 82.72
Oct. 15 100.0 5.00 4.40 51.35 24.65 61.82
Nov. 1 100.0 3.27 3.15 55.52 18.02 78.30
Oct. 1 99.0 8.20 5.30 46.12 21.55 76.35
Ozkaynak Oct. 15 93.0 5.10 4.15 47.47 18.55 87.22
Nov. 1 99.0 2.95 3.15 58.87 18.07 81.35
Oct. 1 69.5 12.27 5.40 32.85 15.50 81.60
Ulubath Oct. 15 96.0 9.75 5.30 40.15 15.12 82.95
Nov. 1 98.0 3.62 3.05 48.97 15.55 74.75
Oct. 1 95.5 9.07 5.40 35.55 15.65 84.25
Uranli Oct. 15 100.0 4.92 4.20 47.21 17.84 78.67
Nov. 1 94.0 3.12 2.75 55.32 17.52 69.50
Oct. 1 77.5 15.15 6.50 34.70 16.57 68.22
Goélyazi Oct. 15 100.0 5.60 3.90 47.21 17.84 78.67
Nov. 1 98.0 3.70 2.95 59.57 18.00 73.10
LSDys 10.68 1.52 0.84 411 2.05 8.77

A positive correlation was detected between survival rate and both SPAD value and LRWC,;
however, survival rate was more closely related to SPAD value than to LRWC (Table 4). Beyond that,
survival rate demonstrated a strong negative correlation with seedling length and number of nodes as
well as decreased as plant height and number of nodes increased.
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Table 4. Correlation values among the examined characteristics of forage pea cultivars under field

conditions
Characters 1 2 3 4 5 6
1. Survival rate 1.000
2. Seedling length -0.484** 1.000
3. Number of node -0.412** 0.896** 1.000
4, SPAD value 0.299** -0.855** -0.774** 1.000
5. Dry matter -0.052m -0.266* -0.046" 0.376** 1.000
6. LWRC 0.250* 0.032" 0.017" -0.471** -0.471** 1.000

* **: significant level of 5% and 1%, respectively, ns: non-significant.

Cultivars and temperatures significantly affected germination and seedling characteristics
(Table 5). The interaction of cultivars and temperatures was also significant except concerning
seedling length and fresh weight. Germination showed a downward trend as temperatures dropped
(Table 5), and the greatest rate of germination (97.5%) occurred with Golyazi at 15 °C (Table 6). In all
cultivars, low temperatures steadily prolonged MGT as well. The most quickly germinating seeds,
which sprouted in only 2.36 days, were of the Ozkaynak at 20 °C.

The longest seedlings, at 9.97 cm, were observed in Tore, although seedling length did not
differ significantly among Tore, Taskent, Ozkaynak, Uriinlii, and Gélyaz1 cultivars (Table 5). The
responses of the cultivars to different temperatures in terms of seedling length, from longest to
shortest, can be ranked as Tore, Ozkaynak, Taskent, Gélyazi, Uriinlii, and Ulubatli. Last, the heaviest
fresh weight occurred in the Golyazi, at 183.50 mg/seedling, and lower temperatures were associated
with lower fresh weights as well as seedling lengths. Although the heaviest dry weight, 27
mg/seedling, was observed in Gélyazi1 at 20 °C, the most light weight value, at 7.75 mg/seedling,
emerged in Tagkent at 10 °C (Table 6). In low temperatures, the dry weight of forage pea seedlings
decreased regularly across all cultivars.

Table 5. Analysis of variance and differences between mean values of germination and early seedling
characters in forage pea cultivars grown under different temperatures

Factors Germination MGT Seedling length  Fresh weight Dry weight
(%) (day) (cm) (mg/seedling) (mg/seedling)

Cultivars

Tore 92,28t 3.44 9.972 149.67° 14.66

Tagkent 90.72 3.69° 9.372 149.75P 14.004

Ozkaynak 89.23 3.38¢ 9.472 147.58P 14.004

Ulubath 81.8¢ 4.43? 8.31° 145.17° 16.33°

Uriinli 87.2b 3.63% 8.952 162.67% 15.58

Goélyazi 92.8 3.55"¢ 9.39° 183.50° 18.16°

Temperatures

Control (20 °C) 90.22 2.62¢ 13.38? 240.582 22.042

15°C 89.62 3.49° 9.31° 173.25° 15.95P

10 °C 87.2" 4.95 5.04¢ 71.04¢ 8.37¢

Analysis of variance

Cultivars (C) *x *x *x * *x

Temperatures (T) * faled faled ** faled

C X T ** ** ns ns **

*, **: significant level of 5% and 1%, respectively, ns: non-significant. 1: letters show different groups at 5% level.
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Table 6. The effect of cultivars x temperatures interaction on germination and some early seedling

characters
Cultivars  Temperatures Germination (%)  Mean germination time (day)  Dry weight (mg/seedling)
Tore Control (20 °C) 93.0 2.38 20.25
15°C 90.0 3.13 15.75
10 °C 92.1 4.80 8.00
Taskent Control (20 °C) 95.0 2.71 21.00
15°C 90.0 3.74 13.25
10 °C 87.0 4.62 7.75
Control (20 °C) 88.0 2.36 18.50
Ozkaynak 15 °C 92.5 3.14 14.75
10 °C 87.0 4.65 8.75
Control (20 °C) 83.5 3.04 23.50
Ulubath 15°C 77.0 4.13 17.25
10 °C 85.0 6.12 8.25
Control (20 °C) 85.5 2.71 22.00
Uriinlii 15°C 90.5 3.39 16.00
10 °C 85.5 4.79 8.75
Control (20 °C) 96.0 2.52 27.00
Golyaz1 15°C 97.5 3.38 18.75
10 °C 85.0 4.74 8.75
LSDos 6.87 0.30 1.73

4, Discussion and Conclusion

In the experiment, the survival rates of the forage pea cultivars differed by sowing date. An
earlier sowing increased the length of seedlings and the number of nodes, which made the cultivars
more susceptible to cold stress due to the development of excess vegetative parts. Moreover, purple-
flowered cultivars had greater cold tolerance than white-flowered ones. Annicchiarico and lannucci
(2007) found that having four to five leaves and rosettes reduces cold stress when temperatures are
lowest in winter. Added to those findings, Kadioglu and Tan (2014) reported that purple-flowered
cultivars of forage peas of the Ozkaynak, Tdre, and Tagkent varieties were the most winter-hardy;
however, unlike in the experiment reported here, late sowing increased cold damage. In other studies,
Karakdy et al. (2016) observed that pea genotypes collected from different regions had different levels
of cold resistance, while Geren and Alan (2012) found that early sowing negatively affected the height
of vegetation in peas.

Chlorophyll and dry matter content are important indicators of a plant’s growth (Pavlovi¢ et
al., 2014). In the experiment, Ozkaynak and Taskent cultivars with high levels of chlorophyll and dry
matter content demonstrated good survival rates, and Homer and Sahin (2015) reported that Tagkent
and Ozkaynak varieties with high chlorophyll content were the most tolerant to cold stress. According
Wang et al. (2016), SPAD values of plants under freezing stress are another good metric to measure
cold damage. That proposition was later confirmed by Tanaka and Nakano (2019), who found that
later sowing dates increased SPAD values.

Leaf water and chlorophyll contents are widely used in determining water stress. In past
research, total chlorophyll content decreased by 55% under high water stress compared to controls
(Kirnak et al., 2001). By comparison, in the experiment presented here, a positive relationship between
survival rate and both SPAD value and LRWC was observed. Contrary to those findings, Hao and
Arora (2009) demonstrated in cold applications that the growth and LRWC of guava plants decreased
while the accumulation of anthocyanins increased. The following year, Balestrasse et al. (2010)
observed that the application of 5-aminolevulinic acid at low concentrations (i.e., 5—10 uM) increased
chlorophyll content and LRWC, which provided significant protection against cold stress compared to
what occurred in untreated plants.

Also in the experiment, germination and MGT varied by cultivars and temperatures under
controlled conditions; germination decreased and MGT increased as temperatures dropped. Reporting
similar results, Sincik et al. (2004) and Cacan et al. (2014) found that germination and emergence rates
in pea genotypes increased in direct proportion to the rise in temperature. In addition, Raveneau et al.

625



YYU J AGR SCI 30 (3): 620-627
Kiigiikozeii and Aver / Effects of Low Temperature and Sowing Date on the Germination and Seedling Characteristics of Forage Peas

(2011) and Sincik et al. (2004) respectively demonstrated that pea germination was faster in winter
than in spring genotypes and in purple-flowered than in white-flowered ones. For the different
varieties of forage peas examined in the experiment, lower temperatures negatively affected seedling
length as well as fresh and dry weights. Those findings were confirmed in studies on different pea
genotypes conducted by Sincik et al. (2004), Stavang et al. (2005), and Raveneau et al. (2011).

In conclusion, in the experiment reported here, the responses of forage pea cultivars to cold
stress were determined during the germination and early seedling stages. The most cold-tolerant and
cold-sensitive cultivars were of the Tore and Ulubath cultivars, respectively. In general, purple-
flowered cultivars were also more tolerant to cold conditions than white-flowered ones, although
white-flowered genotypes seem able to tolerate cold conditions provided that they are sown after
October 15. To determine the tolerance of the genotypes to cold, the reliable results were obtained
from seedling length in controlled condition when compared with survival rate in the field. Although
the cultivars were evaluated in early periods of development, it can be decided which cultivar should
be sown in winter once the yield components of those cultivars are evaluated.
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Abstract: The gradual increase demand for water resources, the interest for
growing techniques provides irrigation water saving in agricultural production and
have no undesired impacts on yield, crop quality, growth and development. This
study determined the effects of different mulch materials (black textile, rose oil
processing wastes, wheat straw, and no mulch) and irrigation programs on growth
of in an orchard for Fuji apple variety grafted on MM106 rootstock on irrigation
water, water consumption, shoot number, shoot diameter, shoot length, leaf area
index and trunk cross-sectional area. The highest vegetative development was
obtained at mulch treatments and frequently irrigated 1% irrigation program. 1%
irrigation program was determined as recommended irrigation when the available
water resources are sufficient and also 2" irrigation program together with mulch
materials when available water resources are scarce. Each mulch treatment saved
water compared to control as 22.0-31.3%, 21.2-28.7% and 17.8-23.5% in 2009,
2010 and 2011, respectively. Black textile was determined the most suitable mulch
material for young apple trees according to results of water saving and vegetative
development. Rose oil processing wastes and straw also can be used as mulch
materials.
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Oz: Su kaynaklar1 igin talep giderek artmaktadir ve tarimsal iiretimde sulama suyu
tasarrufu saglayan ve verim, liriin kalitesi, biiylime ve gelisme {izerinde olumsuz
etkileri olmayan yetistirme tekniklerine olan ilgi de artmaktadir. Bu ¢alisma,
MM106 anaghi Fuji elma ¢esidinde farkli malg uygulamalar: (siyah taban ortiisi,
giil posasi isleme atigi, bugday samani ve malgsiz konu-kontrol) ve sulama
programlarinin sulama suyu, evapotranspirasyon, siirglin capi, siirglin sayisi,
stirglin uzunlugu, yaprak alan indeksi ve govde kesit alani iizerinde etkilerinin
belirlenmesi amaciyla yapilmistir. Her bir mal¢ uygulamasi i¢in ii¢ farkli sulama
programi (sulamaya etkili kok derinligi bolgesindeki elverigli suyun %20, 40 ve
60’1 tiiketildiginde baslama) en uygun sulama programini belirlemek igin
denenmistir. En yiiksek vejetatif gelisim mal¢ uygulamalarinda ve sik sulama
yapilan 1. sulama programlarinda elde edilmistir. Tavsiye edilen sulama programi
su kaynaklarinin elverigli ve yeterli oldugu bdlgelerde 1. sulama programudir.
Elverigli su kaynaklar1 miktarinin yetersiz oldugu zamanlarda ise malg
uygulamalariyla birlikte 2. sulama programi da uygulanabilir. Malg
uygulamalarindan elde edilen su tasarrufu miktar1 control konusuna gore 2009,

628


https://orcid.org/0000-0002-0728-059X
https://orcid.org/0000-0001-7922-9366

YYU J AGR SCI 30 (3): 628-638
Kiigiikyumruk and Y1ldiz / Determination of the Optimum Mulch-Irrigation Program Combination for Young Apple Trees

2010 ve 2011 yillarinda sirastyla 22.0-31.3%, 21.2-28.7% and 17.8-23.5% arasinda
degismistir. Su tasarrufu ve vejetatif gelisim sonuglarina gére geng elma agaglari
icin siyah taban ortiisi en uygun mal¢ materyali olarak belirlenmistir. Giil posast
isleme atiklar1 ve bugday samani da malg materyali olarak kullanilabilir.

1. Introduction

As the using of water in other fields (industrial production, domestic use, etc.) has been
increasing over the time, the available water amounts for agricultural production have been decreasing
(Onder et. al., 2005). So to increase water-use efficiency is mandatory (Naor et. al., 2008). That’s why,
available water resources must be used more carefully. The importance of studies for more efficient use
of available water resources is increasing. The studies on the applications which ensure water saving
and do not have the negative effects on vegetative development, yield and crop quality are going on all
over the world. Mulch using is one of these applications. It provides water saving and has positive effect
on plant growth development besides preventing weed growth in apple orchards (Neilsen, et al., 2003;
Hogue et. al., 2005).

Amount of irrigation water and irrigation time of plants must be determined accurately to get
full efficiency from irrigation (Barragan and Wu, 2001). Haphazard irrigations obstruct plants from
obtaining irrigation efficiency which results in un- desired consequences such as salinity-sodium, high
cost and low yields. Apple production quantity of Turkey is estimated as 4.0 % of the world’s total apple
production and apples are one of the most important fruits produced (FAO, 2019). Isparta is at first rank
on apple production nearly 20.4% of the country’s total (3.618.752 tons) (TUIK, 2019). There are some
problems on apple growing (irrigation scheduling, weed control etc.) (Klglkyumuk and Ay, 2010).

This study was aimed to determine the effects of different mulch materials namely black textile,
straw (wheat straw) and rose oil processing wastes on water saving, evapotranspiration and vegetative
development of Fuji apple variety (grafted onto MM106 rootstock. Also, three different irrigation
programs have been used for each different mulch materials and the most suitable irrigation program
was determined for Fuji variety grafted on MM106 rootstock.

2. Materials and Methods
2.1. Study area and plant material

This experiment was conducted for the three consecutive years (2009- 2011) at Fruit Research
Institute (37°49'17.97"N and 30°52'22.44"E), Egirdir-Isparta, Turkey. The experimental area has a
transition climate between Mediterranean and Central Anatolia. The soil of experimental area was
loamy, contained low salt content, pH 8.15 and low soil organic matter content. Table 1 shows the
physical properties of the experimental soil. According to US Salinity Laboratory Graphical System, the
salinity level of the irrigation water, which are in 250- 750 ECx10° is included in category C», and S; in
terms of SAR value (USSL, 1954). Irrigation water was classified as C,S; suitable for irrigation of the
experimental plots. Apple trees were planted in March 2009 at 4 m x 3 m of distance and Fuji variety
(grafted onto MM 106 rootstock) was used in this experiment.

Table 1. Soil characteristics of the experimental area

Depth (cm) FC (%) WP (%) y (g cm™®) FC (mm) WP (mm) AWHC (mm)
0-30 23.80 10.90 1.52 108.53 49.70 58.83
30-60 21.32 10.25 1.48 94.66 45.51 49.15
60-90 22.60 10.55 1.53 103.73 48.42 55.31

90-120 23.50 10.70 1.57 110.69 50.40 60.29
0-90 cm (effective root zone) 163.29

FC: field capacity, WP: wilting point, y: unit weight of soil, AWHC: avaliable water holding capacity
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2.2. Study treatments

The study was conducted considering consisted of four mulch treatments (including control) and
three different irrigation programs for each mulch treatments. Mulch treatments: no mulch, Control (C);
black textile-polypropylene woven cloth (100 g m) (B); straw-wheat straw (S) and rose oil processing
wastes (R)- the rose waste obtained from the wastes of the rose oil processing factories in Isparta
province of Turkey were used after sun-dried. Each mulch treatment had three different irrigation
programs (1%, 2" and 3 irrigation programs) 1%, 2" and 3™ irrigation programs treatments include
irrigation of the field with water holding capacity of 20, 40 and 60% was used at 0-90 cm depth of the
soil.

In the study, drip irrigation system was used. Two lateral pipes were used for each tree row. The
emitters (having 4 | h? flow rate) spacing were 0.75 m on each lateral sides. Digital tensiometers
(Soilspec digital tensiometer, JGK TECH, Australia) were used for measuring soil water (placed at 30,
60, 90 and 120 cm depth). Before first irrigation, calibration of tensiometers was made to determine the
soil water which corresponds. Programmed irrigation applications were initiated after the available
moisture at 0-90 cm soil depth was reached to field capacity at the end of the full bloom period each
year.

(ET) was determined according to soil water balance method (Eq. (1)) (James, 1988) for each
irrigation treatment.

ET=1+R+C,—Dp—Ri£s 1)

In Equation (1); ET, evapotranspiration (mm); I, irrigation water amounts (mm); C,, capillary rise
(mm); R, rainfall (mm); Ry, surface run-off (mm); D,, water leakage by deep percolation (mm); As,
change in profile soil water content (mm). C, and R were considered as zero, since there were not any
ground water problems in the area and emitter discharge rate was selected in accordance with infiltration
rate. Deep percolation was calculated after each precipitation during irrigation season. Precipitation was
measured with a pluviometer after every rainy day. For determining the irrigation water amounts, The
Equation (2) was used (Kanber, 2002).

| =(PWec—PW)xDxyxP 2
100

In the Equation 2, I; the amount of applied irrigation water (mm), Pwec; field capacity (%), Pw;
water level at effective rootzone before irrigation (%), D; wetting depth (mm), v; unit weight of soil (g
cm ) and P; wetting percentage (%). We determined P as 38.0% (0.38) end of the calculating according
to Yildirim (2005).

The plots were irrigated until they reached field capacity for each irrigation. After the nurseries
were planted in March 2009, weeds in the study area were hoed on 15 May, and drip irrigation system
was laid. After placing tensiometers, mulch materials were laid on both sides of the trees with 0.70 m
width, and in total 1.40 m width. The thickness of straw and rose oil processing wastes was 0.20 m.

2.3. Measurement of vegetative growth

Beginning from the planting year, shoot numbers, shoot diameter (mm) and shoot length (cm)
of single-year shoots for all trees were measured in during dormancy period in February. Digital calipper
was used for measuring shoot diameter.
2.4. Leaf area index (m?/m?)

Totally 250 leaves were picked from the one year old shoots of all trees for each plot to
determine leaf area index at the end of September during study. The digital planimeter (Koizumi KP-90

N) was used to measure leaf area. We calculated “leaf area index” by using Equation 3 (Unlii, 2000).

Total leaf area (for each tree) = Leaf area (m?) x total leaf numbers (for each tree)
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Leaf area index (m?/m?) = Total leaf area (m?) (for each tree) (3)
Unit area for each tree (m?) (4 m x 3 m)

2.5. Trunk cross-section area (cm?)

In the first year, after the planting and in the following years, every year during dormancy period,
the trunk diameters of all trees were measured on two different directions (east-west and north-south) at
15 cm above the graft point of all trees, and trunk cross-sectional areas were calculated by means of the

Equation (4).
TCSA=nrm x 2 4)

In the equation;
TCSA = trunk cross-section area (cm?)
r =trunk radius (cm)

2.6. Experimental design and statistical analysis

The experiment was designed according to split plot design. Main plots were mulch treatments
and sub plots were irrigation programs. There were three replications for each treatments and each
replication had twenty one apple trees (Figure 1). Only five trees (grey color in Figure 1) were used for
measurements. The analysis of variance (ANOVA) test for the data was conducted with JUMP software
program and differences among treatments were compared by means of LSD test.

Spacing rows: 4 m

A 4

I Spacing of trees: 3 m

OMMmmMmmmmmE
OMmMmmmmmm@| A
OMMmMmMmmmmmE

Figure 1. An experimental plot of the study.
(F: Fuji variety, G: Granny Smith-pollinator variety)

3. Results
3.1. Irrigation water (I) and evapotranspiration (ET)

Irrigation water (1) and evapotranspiration (ET) were presented in Table 2, Table 3 and Table 4.
The first irrigation dates were 20 May in 2009, 18 May in 2010, and 23 May in 2011, while the latest
irrigation dates were 27 September in 2009, 27 September in 2010 and 22 September in 2011,
respectively. Irrigation water amounts obtained from treatments were in the range of 279.2-424.1 mm
in 2009, 306.7-461.5 mm in 2010 and 363.1-504.7 mm in 2011. It was determined that the plant water
consumption varied in the range of 289.2-516.1 mm in 2009, 317.8-565.4 mm in 2010 and 372.2-570.3
mm in 2011. Mulch treatments required less irrigation water according to control treatment beginning
from the first year.
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Table 2. Irrigation water amounts (1), evapotranspiration (ET), evaporation (Epan) and precipitation (P)
in 2009

Rose oil processing
Months Epan P Control wastes

May? 774 109 404 578 189 410 18.9 189 409 189 189 409 189 189
June 236.1 151 901 832 610 732 81.6 650 654 866 610 728 833 612
July 2543 8.8 1133 859 1246 895 81.9 675 705 453 60.0 689 417 635
Aug. 2383 0.7 109.7 881 1272 86.6 86.5 1355 921 840 623 663 825 620
Sept? 1141 354 706 955 715 403 55.9 225 375 623 836 421 528 79.2
Total  920.2 70.9

Total | 4241 4105 403.2 330.6 3248 3094 306.4 297.1 2858 291.0 279.2 284.8
Total ET 516.1 498.0 492.1 3422 3326 318.8 317.7 307.1 293.8 3025 289.2 291.9

! Total values were between May 20" and 31%.,
2Total values were between September 1% and 27"

Straw Black textile

Table 3. Irrigation water amounts (1), evapotranspiration (ET), evaporation (Epan) and precipitation (P)

in 2010
Months  Epan P Control Rose o\;\la[;;(e)gessmg Straw Black textile
May! 66.1 26.0 57.7 356 39.0 480 289 310 469 226 267 444 188 20.2
June 164.9 50.3 67.5 83.2 636 683 852 611 638 838 612 648 835 613
July 233.8 25 1409 1224 1299 929 921 626 969 875 62.0 909 841 60.8
Aug. 2536 1.7 117.1 85.6 1254 939 88.2 1227 701 855 1235 728 447 62.1

Sept.? 1266 8.1 783 1035 746 606 613 676 663 587 614 557 844 1023
Total 870.7 88.6

Total | 4615 430.3 4325 363.7 355.7 345.0 344.0 338.1 334.8 328.6 3155 306.7
Total ET 565.4 536.3 533.9 377.2 366.7 358.2 357.7 348.7 344.6 343.3 3275 317.8
! Total values were between May 18" and 31%.

2Total values were between September 1% and 27"

Table 4. Irrigation water amounts (1), evapotranspiration (ET), evaporation (Epan) and precipitation (P)

in 2011
Months Epan P Control Rose o\:\:agizé:essmg Straw Black textile
May? 40.7 15.0 29.0 306 31.0 210 224 234 220 240 235 268 231 215
June 188.0 20.6 1040 1277 1212 906 876 615 88.0 863 612 852 88.0 635
July 2429 0.0 1401 848 1214 1137 879 1252 1113 915 1294 896 88.6 66.7
August 2379 83 1409 1270 612 964 922 643 923 913 645 1221 894 1291

September?> 156.2 4.5 90.7 1136 1347 932 1006 1211 818 958 89.8 622 904 823
Total 844.2 48.4

Total | 504.7 483.7 469.5 4149 390.7 3955 3954 388.9 368.4 385.9 379.5 363.1
Total ET 570.3 543.8 533.8 426.4 403.9 405.7 4123 400.1 376.4 4028 391.6 372.2

! Total values were between May 23" and 31%.,
2Total values were between September 1% and 22"

3.2. Vegetative growth
Shoot number

Shoot numbers obtained during the study is shown on Table 5. It was determined that mulch
and irrigation program treatments had statistically important effects in 2009 (p<0.01). The highest
vegetative development was obtained from black textile and rose oil processing wastes mulch treatments
and from 1% irrigation program among irrigation programs. Mulch x irrigation program interaction was
found significant in 2010 (p<0.01). The highest shoot numbers were determined in 1 and 2" irrigation
programs of the mulch treatments. According to the results in 2011, the mulch and irrigation programs
had separate effects on shoot numbers (p<0.01). Black textile and the 1% irrigation program had the
highest values among treatments. In general, mulch treatments had a positive effect on shoot numbers
and it was observed that 1%t irrigation program also had a similar effect.
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Table 5. Shoot numbers of apple trees in 2009, 2010 and 2011

Irrigation programs

Mulches 1% program 2" program 3™ program Average
2009

Black textile 5.13 ns 4.27 4.17 4.52 a**
Straw 4.40 4.27 3.47 4.04 ab
Rose oil processing wastes 4.40 4.33 3.79 4.18a
Control 4.27 3.47 3.29 3.67b
Average 4.55 a** 4.08b 3.68b

2010
Black textile 14.40 a** 13.07 ab 9.47 def 12.31
Straw 13.03 ab 10.80 cd 8.73 efg 10.85
Rose oil processing wastes 12.27 be 11.33¢c 10.87 cd 11.49
Control 9.73 de 8.03¢g 7.73fg 8.49
Average 12.36 10.73 9.28

2011
Black textile 51.67 ns 30.67 24.33 35.56 a**
Straw 36.00 26.33 24.00 28.78 b
Rose oil processing wastes 32.00 26.67 22.67 27.11b
Control 29.67 23.33 19.67 24.22b
Average 37.33 a** 26.75b 22.67 b

**Means followed by the same letter are not significantly different (LSD test, P<0.01; ns: no significant).

Shoot length

According to the results of shoot length (Table 6), the mulch x irrigation program interaction in
2009 and 2010 was effective as statistically 1% level (p<0.01). 1%t and 2" irrigation programs in mulch
treatments had the highest values. Mulch and irrigation program had separate effects (p<0.01) in 2011.
The highest shoot lengths were obtained from black textile among mulch treatments and from 1%
irrigation program among the irrigation programs.

Table 6. Shoot length (cm) values of apple trees in 2009, 2010 and 2011

Irrigation programs

Mulches 1% program 2" program 3" program Average
2009
Black textile 65.81 a** 56.34 b 39.80¢c 53.98
Straw 52.24 b 4151c 24.25¢ 39.33
Rose oil processing 54.51b 4071 ¢ 40.16 ¢ 45.12
wastes
Control 3750 cd 35.32cd 32.99d 35.27
Average 52.51 43.47 34.30
2010
Black textile 105.19 a** 91.58 b 62.79 ¢ 86.52
Straw 94.21b 81.42 cd 59.64 gh 78.42
Rose oil processing 82.98 ¢ 75.72 ef 57.57 gh 72.09
wastes
Control 76.47 de 69.73 f 56.04 h 67.41
Average 89.72 79.61 59.10
2011
Black textile 68.47 ns 66.03 61.70 65.40 a**
Straw 64.33 62.07 54.97 60.46 bc
Rose oil processing 63.90 61.27 58.63 61.27b
wastes
Control 63.27 58.67 50.83 5759 ¢
Average 64.99 a** 62.00 b 56.53 ¢

**Means followed by the same letter are not significantly different (LSD test, P<0.01; ns: no significant).
Shoot diameter

According to the results of shoot diameter (Table 7), mulch x irrigation program interaction in
2010 was found significant while mulches and irrigation programs had separate effects in the other
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years. The highest shoot diameter values in 2009 were obtained from rose oil processing wastes and
black textile in mulch treatments and from 1t irrigation program. 15tand 2" irrigation programs of mulch
treatments had the highest shoot diameter according to the results of 2010. In the last year, black textile
was at the first rank among mulch treatments, and 1%t and 2" irrigation programs were in the same group
statistically.

Table 7. Shoot diameter (mm) of apple trees in 2009, 2010 and 2011

Irrigation programs

Mulches 1% program 2" program 3" program Average
2009

Black textile 5.31ns 4.90 4.77 4.99 ab*
Straw 4.79 4.70 4.24 458 b
Rose oil processing wastes 6.46 5.22 4.37 5.35a
Control 4.57 4.38 4.20 4.39b
Average 5.28 a* 4.80 ab 4.39b

2010
Black textile 9.80 a** 9.01b 7.24 de 8.68
Straw 9.11b 9.10b 7.07 de 8.43
Rose oil processing wastes 9.04b 7.73¢c 6.95e 7.91
Control 7.54 cd 7.16 de 6.78 ¢ 7.16
Average 8.87 8.25 7.01

2011
Black textile 8.14 ns 7.82 7.42 7.79 a*
Straw 7.87 7.84 7.00 7.57 ab
Rose oil processing wastes 7.70 7.49 7.41 7.53 ab
Control 7.52 7.28 6.87 7.22b
Average 7.81 a** 7.61a 7.18b

*Means followed by the same letter are not significantly different (LSD test, P<0.05).
**Means followed by the same letter are not significantly different (LSD test, P<0.01; ns: no significant).

Leaf area index (LAI)

While mulch x irrigation program interaction had significant effect on LAI (p<0.01) in 2010,
mulch and irrigation program had significant effects on LAI (p<0.01) separately in 2011. LAI values
ranged between 0.123 m?m2 and 0.238 m?m2 in 2010. Black textile x 1% irrigation program interaction
had the highest LAI and the lowest LAl was obtained from control x 3" irrigation program interaction.
LAI was ranged 0.136 m? m2 and 0.333 m?m2 and black textile mulch had the highest average LAI
(0.258 m?*m-2) in 2011. Straw and rose oil processing wastes had similar results. LAI values of study in
2011 were higher than LAI values in 2010. According to irrigation programs, while irrigation water
amounts increased, LAI increased.

Table 8. Leaf area index (m?m-2) of the study in 2010 and 2011

Irrigation programs

Mulches 1% program 2" program 3 program Average
2010
Black textile 0.238 a** 0.214 b 0.150 fg 0.195
Straw 0.203 bc 0.163 ef 0.140¢g 0.171
Rose oil processing wastes 0.214b 0.188d 0.146 g 0.180
Control 0.190 cd 0.166 ef 0.123 h 0.170
Average 0.22 0.18 0.14
2011
Black textile 0.333 ns 0.272 0.168 0.258 a**
Straw 0.304 0.252 0.162 0.239b
Rose oil processing wastes 0.303 0.252 0.168 0.241b
Control 0.264 0.209 0.136 0.203 ¢
Average 0.301 a** 0.246 b 0.159 ¢

**Means followed by the same letter are not significantly different (LSD test, P<0.01; ns: no significant)
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Trunk cross-sectional area (TCSA)

At measurements after planting in 2009, there was no differences among all treatments as
statistically (Table 9). According to the measurements results of 2009 following the first measurement,
mulch treatments and irrigation programs have separate effects (p<0.01). The highest values were
obtained from black textile among mulch treatments and from the 1% irrigation program among the
irrigation programs. The effects of mulch x irrigation program interaction were significant in 2010 and
2011 (p<0.05). A significant increasing was determined of measurements TSCA for all treatments

during the study.

Table 9. Trunk cross-sectional area values (cm?) of apple trees in the study

Irrigation programs

Mulches 1% program 2" program 3" program Average
2009 (at planting)
Black textile 110.72 ns 111.89 114.31 112.31 ns
Straw 120.16 113.94 109.40 114.50
Rose oil processing wastes 105.05 113.75 110.56 109.79
Control 105.69 101.47 113.75 106.97
Average 110.41 ns 110.27 112.01
2009
Black textile 250.61 ns 207.21 205.95 221.25 a**
Straw 224.25 190.54 177.26 197.35b
Rose oil processing wastes 187.86 183.22 188.42 186.50 b
Control 186.19 159.79 156.84 167.61c
Average 212.23 a** 185.19 b 182.11b
2010
Black textile 756.83 a* 585.42 bc 431.27 efg 591.18
Straw 598.98 b 507.27 cde 419.02 fg 508.42
Rose oil processing wastes 570.28 bc 474.72 def 408.16 fg 484.39
Control 523.10 bed 424.40 fg 376.75¢g 441.42
Average 612.30 497.95 408.80
2011
Black textile 1919.15 a* 1284.86 bc 977.99 cd 1393.99
Straw 1361.03 b 1191.14 be 947.65 cd 1166.61
Rose oil processing wastes 1033.33 bed 968.67 cd 956.26 cd 986.09
Control 1016.27 bed 961.09 cd 759.37d 912.24
Average 1332.45 1101.44 910.32

*Means followed by the same letter are not significantly different (LSD test, P<0.05).
**Means followed by the same letter are not significantly different (LSD test, P<0.01; ns: no significant)

4. Discussion and Conclusion
4.1. Irrigation water (I) and evapotranspiration (ET)

As the mulch materials prevented the sunlight, the evaporation from the soil surface was
minimized; therefore, evapotranspiration decreased and also irrigation water amounts. Rose oil
processing wastes mulch was less effective than wheat straw mulch, while black textile mulch was the
most effective. For example, in 2009, applied irrigation water amounts was 424.1 mm to the control
treatment for the 1% irrigation program while it was 330.6 mm, 306.4 mm and 291.0 mm in rose oil
processing wastes, straw and black textile mulch treatments, respectively. Irrigation water amounts
obtained from mulch treatments were in the range of 306.7-363.7 mm and 363.1-414.9 mm for second
and third years old apple trees. Ucar et al. (2009) obtained for Galaxy Gala apple variety grafted onto
M9 rootstock without mulches as between 355.7-446.5 mm and 359.2-538.9 mm for two and three years
old apple trees in the same area. When comparing the results, it can be said that mulch treatments had
water saving.

Mulch treatments had significant effects on irrigation intervals. Whilemore frequent irrigation
was made in control treatment, irrigation interval was longer for mulch treatments. Irrigation numbers
and amounts were the highest for the 1%t irrigation treatments. For example, while irrigation interval for
1% irrigation programs were 4 days for control treatments, they were 5-6 days for the other treatments.
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Some of researchers stated that more soil water could be stored at root zone with mulching and irrigation
interval was longer than no mulch treatments and less amounts of irrigation water was used (Treder et
al., 2004; Hogue et al., 2005; Zambreno et al.; 2005; Li et al., 2013).

Irrigation water and plant water consumption increased for all treatments continuously during
the study. Reason for the increasing is that young apple trees growth continuously from year to year.
Similarly, the differences among irrigation water amounts of control and mulch treatments was higher
in 2009 while it narrowed down in 2010 and 2011. The reason is, apple trees in mulch treatments had
higher vegetative growth compared to trees in control treatments, therefore they consumed more
irrigation water. Water saving in mulch treatments was %22.0-31.3, %21.2-28.7 and %17.8-23.5 in
2009, 2010 and 2011, respectively, when it was compared to control treatment. Phadung et al. (2005);
Hegazi and Oguer (2000); Treder et al. (2004) and Hogue et al. (2005) obtained similar results.

4.2. Vegetative growth

The highest shoot development was determined in 1%t irrigation program with frequent irrigation
and lower values were obtained from 3" irrigation program with less irrigation water amounts. That is,
the vegetative development was effected negatively as irrigation interval increased. Frequent irrigation
of apple trees had positive effects on the vegetative development (Cay et al., 2009; Ucar et al., 2009),
less water or water stress had negative effects on the vegetative development of apple trees (Lakso,
2003; Naor, 2006).

According to the results of shoot numbers, shoot length and shoot diameter in 2011, it was
determined that the rose oil processing wastes, wheat straw and control treatments were generally in
same group as statistically. Because the thicknesses of the wheat straw and rose oil processing wastes
decreased in time, their effectiveness also decreased. This is why they had similar results. As synthetic
mulch materials are more effective on the water preservation compared to organic mulches (wheat straw,
rose oil processing wastes etc.), black textile was more effective on the vegetative development of the
trees.

Leaf area index (LAI)

Leaf area measurements is important as for monitoring the plant development (Kili¢ and Anag,
2005) as the leaves are a very important stress indicator for plants (Kocagaliskan, 2005). Therefore, leaf
area index is also important indicator for plants. The highest leaf area index were was obtained from
mulch treatments and 1% irrigation program. The treatments with a greater leaf area index may be
recommended as it is also a good indicator of plant development. Young apple trees growth
continuously. So they had more leaf and also leaf area for each tree. Cohen and Naor (2002) determined
that average LAI of Golden Delicious apple variety grafted on M9 rootstock M9 was 2.4 m?m, Ugar
et al. (2009) reported that the values of Galaxy Gala and Top Red apple varieties grafted on M9 rootstock
ranged between 0.11 and 0.94 m? m2 Because of different apple variety, rootstocks and planting
distances used in the study, values were different from this study.

Trunk cross-sectional area (TCSA)

According to results of TSCA values obtained from the study, it was observed that these values
were continuously increasing each year after planting. Black textile had the highest values and the lowest
values were obtained from the control treatment. Shoot development of fruit trees increased at young
apple orchard when mulch materials were used and this increasing affected positively to trunk diameter
increasing (Buban et al., 1996). Also frequent irrigation had a positive effect on trunk cross-sectional
area. It is possible to said that the vegetative development increased in 1% irrigation program with more
frequent irrigation. Vegetative development of fruit trees decrease when soil water at effective root zone
of trees decreases (Ucar et al., 2009). Vegetative development was negatively affected as the irrigation
interval increased (for 3" irrigation programs). Yazgan et. al. (2004) for young sweet cherry trees and
Ugar et. al. (2009) for young apple trees also reported similar results.

Water saving was determined in the study and less irrigation water was used for apple growing
without a negative effect on vegetative development. Strong vegetative development has a positive
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effect when the trees grown up to yield age. Vegetative development (shoot number, shoot length, shoot
diameter, trunk cross-sectional area, leaf area index) increased continuously because apple trees were
young. Vegetative development of apple trees in mulch treatments was higher than apple trees in control
treatments. Black textile among mulch materials had the highest vegetative development. Rose oil
processing wastes and wheat straw mulches generally had similar results. Researchers reported that
mulch materials increased shoot diameter, shoot length and shoot numbers of fruit trees (Kviklys et al.,
2004; Phadung et al., 2005). The soil water was preserved at effective root zone for a longer period with
mulch materials. Therefore, apple trees spent less energy during water intake with their roots (massive
water intake) and as a result they had a higher vegetative growth and development. Neilsen et. al. (2003)
and Hogue et. al. (2005) obtained similar results.

It was determined that mulching and irrigation programs had both positively effects on
vegetative development and water saving for young apple orchards. Irrigation is recommended when
%20 of available water holding capacity at effective root zone (0-90 cm) is consumed (1% irrigation
program) for young apple trees grafted on MM106 rootstock. Recommended irrigation is the 1%
irrigation program when the available water resources are sufficient. In addition, apple growers can use
2" irrigation program together with mulch materials when water resources are scarce. 22.0 and 31.3%
in average water saving was obtained in mulch treatments. The highest water saving values were
determined in black textile treatments as 23.5-31.3%. Accordingly, irrigation for more agricultural area
may be provided with mulch using when water resources are also sufficient. Irrigation interval could be
expanded with mulch using and a reduction of labor, energy cost etc. cost items was occurred by using
less water. At the orchards where organic mulch materials such as wheat straw and rose oil processing
wastes are used; completion of the missing thicknesses may be recommended at the end of every
growing season to continue the effectiveness of mulches. According to the current status or at the regions
where water resources are limited; the mulch and irrigation programs determined with this study may
be recommended to apple growers.
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Oz: Gidalarin muhafazasi sadece balik etinde degil tiim gidalar i¢in insanlik
tarihi boyunca 6nemli bir sorun olarak goriilmiistiir. Bu durum gidalarin uzun
stire tliketilebilir diizeylerde kalabilmesi amaciyla diinyanin farkli bolgelerinde
bircok geleneksel muhafaza metotlarmin gelistirilmesine yol agmustir.
Glintimiizde ise iletisim teknolojilerinin gelismesi ve kentlesmenin etkisiyle
gida endiistrisi her gecen giin daha da biiylimektedir. Gida endiistrisindeki bu
bliylimeye ragmen, mikroorganizma etkisiyle olugan bozulmalar ve gida
zehirlenmeleri gézlenebilmektedir. Sentetik koruyucularin gida ve insan saglig
iizerindeki olumsuz etkileri, antibiyotige direngli suslar1 gelistirmesi ve
tiiketicilerin sentetik koruyuculara karsi olumsuz algilar1 nedeniyle daha "dogal"
ve "minimum diizeyde iglenmis" gidalara yonelik bir talep yaratmis ve dogal
antimikrobiyal ajanlara ilgi artmistir. Son yillarda pek ¢ok arastirmaci gida
iretimi ile ilgili patojenleri engellemek i¢in dogal bir bakteriyosin olan nisin
uygulamaktadir. Nisin, penisilinden 6nce kesfedilen ve ¢ok ¢esitli gram-pozitif
bakterilere (vejetatif hiicreler ve sporlar) kars1 antimikrobiyal aktivite gdsteren
bir ajandir. Ayrica diger koruyucu maddelerle birlikte kullanildiginda bazi
gram-negatif bakterilere karsi da yararli olabilmektedir. Nisin, 50'ye yakin
iilkede ve Gida ve Tarim Orgiitii/Diinya Saglik Orgiiti ve Avrupa Birligi
tarafindan onaylanmuis, genellikle giivenli olarak kabul edilen (GRAS; Generally
Recognized As Safe) ticari uygulamalarda genis ¢apta kullanilmaktadir. Nisin,
Avrupa Gida Katki Maddesi listesinde E234 kodu ile biyoprezervatif bilesen
olarak yer almistir. Bu derlemede dogal bir koruyucu olan nisinin su iriinleri
sektoriinde kullanim olanaklar degerlendirilmistir.

Nisin Applications in Seafood

Article Info

Received: 25.04.2020
Accepted: 07.08.2020

Online Published 30.09.2020
DOI: 10.29133/yyuthd.726727

Keywords
Antimicrobial.

Nisin,
Seafood.

Abstract: Food preservation has been seen as an important problem not only in
seafood but also all foods throughout human history. This situation has led to
the development of many traditional preservation methods in different parts of
the world to keep the food at levels that can be consumed for a long time.
Today, with the development of communication technologies and urbanization,
the food industry is growing day by day. Despite this growth in the food
industry, deterioration and food poisoning caused by the microorganism effect
can be observed. Due to the negative effects of synthetic preservatives on food
and human health, the development of antibiotic-resistant strains, and the
negative perceptions of consumers towards synthetic preservatives, they created
a demand for more "natural” and "minimally processed" foods, and interest in
natural antimicrobial agents increased. In recent years, many researchers have
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been applying nisin, a natural bacteriocin, to prevent pathogens associated with
food production. Nisin is an agent discovered before penicillin and shows
antimicrobial activity against a wide range of gram-positive bacteria (vegetative
cells and spores). It can also be useful against some gram-negative bacteria
when used with other preservatives. Nisin is widely used in nearly 50 countries
and commercial applications that are "generally recognized as safe (GRAS)"
approved by the Food and Agriculture Organization/World Health Organization
and the European Union. Nisin is listed as a bio preservative component with
the E234 code. In this review, the possibilities of nisin using as a natural
preservative are evaluated in the seafood sector.

1. Giris

Islenmis su iiriinlerinin mikrobiyal florasi pek ¢ok arastirmaci tarafindan incelenmistir (Gram
ve Dalgaard, 2002; Gram ve Huss, 2000; Ucar ve ark., 2020). Farkli mikrobiyal gruplar muhafaza
kosullarina bagl olarak, su triinleri depolanmasi sirasinda segilebilir. Diisiik miktarda NaCl ekleme,
hafif asitlestirme ve vakum pakette soguk depolamada (soguk-tiitsiilenmis balik gibi) muhafaza edilen
balik iriinlerinde baskin mikroflora, gram-negatif bakterilerle birlikte laktik asit bakterileri (LAB;
temel olarak Lactobacillus ve Carnobacterium) tarafindan olusturulur (Photobacterium phosphoreum
ve psikrotrofik Enterobacteriaceae).

Su drinleri endustrisindeki temel sorunlardan birisi de L. monocytogenes kontaminasyonudur
(Rocourt ve ark., 2000; Rervik, 2000). Yiiksek riskli su iiriinleri arasinda tiitsiilenmis balik (sicak ve
soguk tiitsiileme) gibi hafif korunmus trtinler (<% 6, su, tuz, pH 5), hafif tuzlanmig (havyar, deniz
suyu ile pisirilmis karides, soslanmig ringa), ve marine edilmis {iriinler yer almaktadir (Huss ve ark.,
2000). Bunlarin ¢ogu yiiksek oranda islenmis ve buzdolabi sicakliklarinda uzatilmis bir raf omriine
sahiptir. Ancak bu Uriinler L. monocytogenes'in gelisimini destekleyebilir ve daha fazla pisirmeden
tiikketilir (Huss ve ark., 2000). Fiime somon ve fiime gokkusagi alabalig1 listeriosis i¢in riskli {iriin
olarak kabul edilmektedir (Rocourt ve ark., 2000; Rervik, 2000). Kontamine olmus soguk tiitsiilenmis
gokkusagi alabaliginin yani sira soguk ve sicak fiime gékkusagi alabaligi Uiriinlerinin de listeriyoz igin
kontamine kaynagi oldugu diistiniilmektedir (Miettinen ve ark., 1999). Fiime midye ve ¢ig istiridye ile
iliskili listeriosis salginlar1 da bildirilmistir (Brett ve ark., 1998). Sonu¢ olarak, bu alandaki
bakteriyosinlerin uygulanmasi tizerine yapilan arastirmalarin ¢ogu, L. monocytogenes'in 6nlenmesi ve
kontroliine odaklanmustir.

Isil iglemlerin su {irlinlerine uygulanmasi, doku, renk ve lezzeti ciddi sekilde
etkileyebileceginden, bazi sinirlamalara sahiptir. Bu nedenle, su iiriinlerine uygulanan 1sil islemlerin
yogunlugunu azaltmak igin bakteriyosinlerin kullanimi incelenmistir. Al-Holy ve ark., (2004), nisin
sollisyonuna daldirilarak iglemden gegirilen havyar iizerinde yeni gelistirilen bir radyofrekans (RF)
1sitma yontemini test etmislerdir. Nisin ile birlikte RF 1sitma yontemi, L. innocua ve toplam mezofilik
mikroorganizmalar1 inaktive etmek icin sinerjistik olarak kullanilmistir. 65 °C'de RF-nisin
muamelesinden sonra urunlerde L. innocua gézlenmemistir. RF ile muamele edilen havyar iiriinlerinin
gorsel kalitesi, nisinli veya nisinsiz, kontrol grubu ile karsilastirilabilir nitelikte olmustur (Al-Holy ve
ark., 2004). Nisin' in L. monocytogenes inhibisyonu ve mersin balig1 havyarlarinda toplam mezofilik
bakteriler {izerindeki 1s1 veya antimikrobiyal kimyasal uygulamalar (laktik asit, klordz asit, sodyum
hipoklorit gibi) ile birlikte kullanimmin etkisi Al-Holy ve ark., (2005) tarafindan rapor edilmistir.
Nisinin laktik asit ve klor6z asit kombinasyonlarinda sinerjistik etki gézlenmemistir, ancak nisin ile
hafif 1s1l islem uygulamalarinin birlikte kullanimi sinerjik etkileri ile L. monocytogenes ve toplam
mezofil sayisini azaltmistir. Nisin ve 1limli 1sitmanin kombine etkisi de “soguk-paket” 1stakoz teneke
kutularinda L. monocytogenes'in engellenmesinde incelenmistir (Budu-Amoako ve ark., 1999). Ticari
stirecle karsilastirildiginda, 1s1 ve nisin kombine uygulamasi, {irlin kaybinda 6nemli bir azalmaya
neden olmustur ve 1stakoz endiistrisindeki islem maliyetlerini diistirmiistiir.

Elotmani ve ark., (2004) tarafindan yapilan bir ¢alisgmada, nisin ve laktoperoksidaz (LP)
sisteminin sardalya florasina karsi antimikrobiyal etkileri incelenmistir. Nisin ve LP sisteminin
kombinasyonu, Aeromonas salmonicida subsp. salmonicida ve Vibrio alginolyticus haricinde tim
suslara kars1 tek basma kullanilan LP sisteminden ve tek bagina kullanilan nisinden 6nemli derecede
daha etkili olarak gdzlenmistir. Benzer sekilde, Nisaplin, headspace CO; seviyeleri ve EDTA'nin
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3’C'de depolanan suda ¢oziinebilir bir balik kasi ekstresinde Pseudomonas aeruginosa ve E.
faecium'un hayatta kalmasi {izerindeki ortak etkisi tizerine yapilan bir ¢alismada, ikincisinin hizla
inaktive oldugunu gostermistir. Bununla birlikte, P. aeruginosa muameleye ¢ok daha az duyarli
olmustur ve Nisaplin, istenmeyen etkilesime neden oldugu icin uygun olmamistir (Cabo ve ark.,
2001).

1.1. Nisin ve antimikrobiyal etki mekanizmasi

Nisin, ¢esitli gram-pozitif bakterileri inhibe eden nispeten genis bir hedef spektruma sahip
olan c¢esitli Lactococcus lactis suslar tarafindan tretilen bir katyonik, amfifilik peptittir. Nisin'in
antimikrobiyal oOzelligi ilk olarak 1928 yilinda, bir siit starter kiiltiir inhibisyonunun fajlardan
kaynaklanmadigi, ancak L. lactis (eskiden laktik streptokok ve grup N streptokoklar olarak
adlandirilan) denilen bir susun neden oldugu bildirilmistir (Rogers, 1928). Bu inhibisyona neden olan
bilesik daha sonra incelenmistir ve "N Grubu Streptokok Inhibitér Maddesi’ olarak adlandirilan nisin
ismini vermistir (Mattick ve Hirsch, 1947). Siit iriinlerinin korunmasina yonelik nisin uygulamasi,
1951'de Isvigre tipi peynirde sismeyi engellemek igin dnerilmistir (Hirsch ve ark., 1951). Bu olaydan
kisa bir siire sonra, ilk ticari girisim 1953 yilinda Aplin ve Barret tarafindan yapilmistir. Nisinin bir
gida koruyucu olarak kullanilmasi 1969 yilinda Birlesmis Milletler'in Gida ve Tarim Orgiitii ve Diinya
Saglik Orgiitii (WHO) tarafindan, 1983 yilinda Avrupa Birligi (AB) tarafindan (E234) onaylanmustir
ve 1988 yilinda Amerika Gida ve ilag idaresi (FDA) tarafindan "Genellikle Giivenilir Kabul Edilen
(GRAS)" tiriinler listesine dahil edilmistir.

Nisin, simif I bakteriyosinler olarak adlandirilan lantiyonin igeren bakteriyosinler grubuna
aittir. Posttranslasyonel modifikasyonlarla olusturulan sira dis1 lanthionin kalintilarini igeren
bakteriyosinlerin tretimi, laktik asit bakterileri arasinda nadir olarak gozlenmemekle beraber lineer,
globiiler ve iki peptit varyantlar1 dahi karakterize edilmistir (Sekil 1). Bu peptitlerin bircogu, genel etki
mekanizmasina  atfedilen oldukca genis aralikta gram-pozitif Dbakterilere karsi diisiik
konsantrasyonlarda dahi etkilidir: nisin ve diger lantibiyotikler hedef bakterilerin hiicre kilifinda
bulunan bakteriyel hiicre duvari yapiminda araci molekiil gorevi goren lipid II kenetlenme molekiiliine
yiiksek afinite ile baglanir (Islam ve ark., 2012). Nisin, hiicre duvari olusumunu inhibe ederek ve
ayrica membran gozenekleri olusturarak antibakteriyel etkisini gdsteren lineer bir lantibiyotiktir;
ayrica sporlara karsi da aktiftir. Nisinin ¢esitli varyantlar1 dogal olarak olusur. Giiniimiizde hala ticari
tiriinler olarak kullanilan nisin A ve nisin Z, tek bir amino asitte farklilik icerirler. Bu da molekiiliin
yiik ve ¢oziiniirliigiinde fark yaratir.

a b
Dha y
) ~Dha._ Ala’™ Leu
R, » It ol e
v [ T !' |
o T.L Jkr "3 ;\1, H— lle '~ D —Dhb— “'a-e's'sr ma—.eibu Ala| — Lys— Abu Gy
“~ be X lL g Mow sl
e e A S aat B
ou )H oA IT (T I’“r H’ i
.«3\"‘{ " ;‘T\ o o 4“1 g N "J\[fb:q'l'l' N, |
Nt R C A g M
\ 5 o s
4 I Abu— Lys
_/j"‘—q‘.“ _’;—— _g:/._’ nisin TB ?a T
S—.” lanthipeptide HO|—Lys —D| — Dha/— Val| — His — lle |— Ser |~ Ala,,.»,. Abu— Ala
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(Dha = dehidroalanin, Dhb = dehidrobutirin, Abu = a-aminobutirik
asit, Ala-S-Ala = mezo-lantiyonin, Abu-S-Ala= threo-metillantiyonin.
ve diger L-amino asitler (Izolosin, Alanin, Losin, Prolin, Glisin, Lizin,

Metiyonin, Asparagin, Serin, Histidin, Valin)
Sekil 1. Nisin molekiiliiniin kimyasal yapis1 (a) ve amino asit dizilimi (b) (Anonim, 2020).

Lipid 1l molekdld, lantibiyotiklerin gram-pozitif bakterilere karsi genis hedef spektrumunu
saglayan temel ve yiiksek oranda korunmus bir molekiildiir. Bununla birlikte, gram-negatif
bakterilerde lipid II, dis membranin altinda korunur. Bu nedenle gram-negatif organizmalar, dis
zarlarinin pargalandigi durumlarda lantibiyotiklere karsi duyarli hale gelmektedirler. Gram-pozitif
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bakteriler olan iiretici organizmalar, biyosentez genleri ile baglantili olarak kodlanmis 6zel bir
bagisiklik sistemi tarafindan korunurlar (Alkhatib ve ark., 2012).

Bakteriyosinler, ¢cok cesitli kimyasal yapilara bagli olarak canli hiicrenin transkripsiyonu,
translasyonu, replikasyonu ve hiicre duvari biyosentezi gibi farkli temel fonksiyonlarimi etkiler. Ancak
pek ¢ogu, membranda kanal veya por olusturarak zayiflamis hiicrelerin enerji potansiyelini yok ederler
(Ganzle, 2004). En iyi tanimlanmis etki mekanizmasi por olusumudur. Hedef hiicrenin membranindaki
molekiiler reseptorlerin varligi, bazi bakteriyosinler icin nispeten kucuk etki spektrumu ile
olabilecegine dair dneriler olmussa da bu uygulamada gosterilememistir (Van ve Stiles, 2000). Nisinin
antimikrobiyal etkinligi de hedef hiicrenin sitoplazma membraninda por olusumunu tesvik etmek
(Sekil 2) ve murein sentezini engellemek suretiyle meydana gelmektedir (Ruhr ve Sahl, 1985). Ortama
nisin eklenmesi durumunda hassas hiicrelerde membran potansiyeli diismekte ve bu durum proton
motivasyon giciinin kaybina neden olmaktadir (Garcera ve ark., 1993). Nisin varliginda olusan
porlarla hicreler igin gerekli olan amino asitler ile monovalent katyonlarin ve ATP'nin kayb1 meydana
gelmektedir (Ruhr ve Sahl, 1985). Sonug olarak zayiflamis hiicredeki tum biyokimyasal reaksiyonlar
durmaktadir.

Por
Olusumu

Sekil 2. Nisin tarafindan olusturulan por mekanizmasi (Ramu ve ark., 2015).

Antimikrobiyal bakteriyosinlerin  uzun siireli kullanimiyla 1ilgili genel kaygi, hedef
mikroorganizmalarda potansiyel diren¢ gelismesidir. Hiicre kilifinda ¢esitli modifikasyonlara bagli
olarak gelisen nisin duyarliliginda orta derecede bir azalma, laboratuvar kokenli mutantlar igin
tamimlanmistir (Kaur ve ark., 2011). Yaygin bir mekanizma, penisilin baglayan bir proteinin gelismis
ifadesini icermistir (Gravesen ve ark., 2001), ki buda nisin'in lipit II'ye olan erisilebilirligini ve
afinitesini azaltabilir. Bununla birlikte, muhtemelen kenetlenme molekiiliiniin tabiatindan dolayz,
nisine kars1 yliksek seviyeli veya tam bir diren¢ gézlenmemistir. Bagisiklik sisteminin iireticiden hedef
organizmalara aktarilmasi da benzer sekilde rapor edilmemistir (Gravesen ve ark., 2001).

Nisinin test edilmis uygulamalari olduk¢a fazladir. Baslangigta, nisin, 1siya direngli sporlar ile
islenmis peynirlerin bozulmasini 6nlemek igin 1s1l islem ile birlikte kullanilmigtir. O zamandan beri,
stit tirtinleri ve islenmis et ve sebzeler de dahil olmak tizere ¢esitli gida tiirlerinde raf 6mri ve giivenlik
amaglar1 i¢in nisinin etkin bir sekilde kullanimi ispatlanmistir (Galvez ve ark., 2008; Settanni ve
Corsetti, 2008). Nisin, 1s1l islem uygulanmis diisiik pH iiriinlerinde 6zellikle etkili olmustur.

Dikkat edilmesi gereken teknik sinirlamalar, nisin molekiiliiniin 6zellikleri ve ayni zamanda
etki mekanizmastyla iligkilidir. Nisin, peptidolitik enzimler (6rnegin ¢ig et) tarafindan ayrigmaya karsi
hassastir ve gida matrislerinde (6rnegin yag fazinda) ayri tutulabilir. Ek olarak, nisin diisiik pH'ta
nispeten 1stya dayaniklidir, ancak notr veya daha yiiksek pH'ta isiya dayanikli degildir. Ayrica,
fermente trtinlerde kullanildiginda, nisin gram pozitif starter kiiltiirlerini inhibe etmektedir.

Diger antimikrobiyaller gibi nisinin de etkinligi ve uygulama araligi, cok faktorlii bir sistemde
kullanimla genisletilebilir. Nisin, peptidolitik enzimlerden korunabilir veya lipozomlara (Malheiros ve
ark., 2010) dahil edilerek ya da yenilebilir kaplamalara veya filmlere dahil edilerek ayri tutulabilir
(Campos ve ark., 2011). Nisinin etkinligi ve hedef araligi, bitki ekstraktlar1 veya esansiyel yaglarla
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veya yiiksek hidrostatik basing gibi fiziksel uygulamalarla kombinasyon halinde arttirilabilir (Hereu ve
ark., 2012).

Nisin, bilimsel literatirde bahsedilen ilk lantibiyotiktir (Class [|-Bakteriyosinler) ve
Lactococcus lactis' in belirli suslar1 tarafindan iretilir (Murugesh ve ark., 2003). Nisin, 3354
molekiiler agirliga sahiptir, 34 amino asitten olusur, bakterisidal etki gosterir ve hayvanlara ve
insanlara toksik olmadig1 soylenir (Hurst, 1983). Rogers ve Whittier, ilk kez 1928'de nisinin etkisini
gbzlemlemis ve 1944'te ayr1 bir antimikrobiyal madde olarak ¢alisiimigtir (Mattick ve Hirsch, 1947).
Nisin, baz1 Lactococcus lactis suslari tarafindan iiretilen en iyi ¢alisilmis bakteriyosindir ve 50'den
fazla iilkede hali hazirda gida muhafazasi igin kullanilmaktadir. Ilgili calisma, geleneksel tahil bazli
fermente gida olan bozadan (Tiirkiye) izole edilen nisin Z Ureten L. lactis susunun karakterizasyonunu
aciklamaktadir. Bu c¢alismada, Lactococcus lactis subsp. lactis GYL32 susundan elde edilen
bakteriyosin sadece ilgili suslar1 degil ayn1 zamanda Listeria monocytogenes, Staphylococcus aureus
ve Bacillus cereus gibi gram pozitif bakterileri de inhibe etmistir. Proteinaz K ve a-kimotripsin ile
muamele, bu antimikrobiyal maddeyi inaktive eder. 100 °C'de 20 dakika 1siya dayaniklidir. Farkli pH,
enzim ve 181l islemlerde GYL32 tarafindan iiretilen bakteriyosinin nisin Z oldugu sonucuna varilmaistir.
Sekans analizi sonucu, bunun nisin Z oldugu ve genetik determinantlarinin genomik DNA iizerinde
kodlandigin1 gostermistir. Nisin Z'nin molekiiler agirhigi Tricine-SDS-PAGE analizi ile 6.700 Da
olarak belirlenmistir. Bu ¢alismanin sonuglar1 ile nisin Z tiretici L. lactis subsp. lactis GYL32 susu
fermente Uriinlerin glivenligini arttirmada baslangi¢ kiiltiiri olarak kullanilabilir (G6zde ve Yasin,
2012).

1.2. Nisinin giivenirliligi

Gram-pozitif bakterilerin ¢ogu, nisine (Class [-Bakteriyosin) 6zellikle duyarhdir, fakat gram-
negatif bakteriler, maya veya kiifler tizerinde ¢ok az veya hig etkisi yoktur (De Vuyst ve Vandamme,
1994). 1969 yilinda, FAO/WHO uzman komitesi tarafindan nisinin gidalar i¢in giivenli ve dogal gida
katki maddesi oldugu belirtilmistir (FAO/WHO, 1969). Bunun iizerinden yaklasik 15 yil sonra nisin
yaklagik 39 iilkede ticari olarak kullanilmaya baslanmistir (Hurst, 1983). 1983'te EEC gida katki
listesine (EEC, 1983) dahil edildikten sonra E234 kodunu almistir. Nisin, ABD'de 1988'de (FDA,
1988) sertifikalanmis ve 2001 yilinda Gida ve ilag Idaresi tarafindan (FDA, 2001) GRAS (Genel
Olarak Giivenilir) statiisii almistir. 1996 yilina kadar Avrupa, Cin ve ABD dahil olmak tizere 50'den
fazla tilkede gida katki maddesi olarak kullanimina izin verilmistir (Delves-Broughtan ve ark., 1996).
Potansiyel uygulamasi ilk olarak 1981'de gida muhafazasi igin gosterilmis ve 1990'dan beri kullanim
alan1 genisletilmistir (Delves-Broughton, 1990). Nisin konsantresi Alpin ve Barrett tarafindan
‘Nisaplin’ olarak ticarilestirilmistir ve su anda siit {irlinleri, kurutulmus et, konserve gida ve diger
fermantasyon sanayi boliimlerinde koruyucu olarak kullanilmaktadir. Nisin, ilk olarak 1928 yilinda,
st depolanmasinin, inhibitor tiretmek igin kirletici organizmalarin biiytimesini destekledigi, peynir
yapiminda karsilagilan zorluklarin bir sonucu olarak kesfedilmistir (Hirsch ve ark., 1951). Kismen
saflagtirtlmis bir nisin formu ticari olarak iiretilmistir (Twomey ve ark., 2002) ve satilabilir bir
bakteriyosin igeren fermente edilmis toz bir gida katki maddesi olarak mevcuttur (Rodriguez ve ark.,
1999).

1.3. Nisinin Antioksidan Etkisi

Oksidasyon, biyolojik suireclerde ihtiyag¢ duyulan enerji Gretiminde bir¢cok canh organizma igin
gereklidir. Cesitli sentetik ve dogal antioksidanlar bildirilmistir; fakat sentetik antioksidanlarin saglik
iizerindeki giivenlik ve uzun vadeli etkileri hakkinda siipheler vardir. Dogal kaynaklardan gelen
antioksidanlar daha fazla arzu edilir. Laktik asit bakterilerinin tiiketilmesinin giivenligini kanitlayan
uzun tilketim gegmisinin yani sira laktik kiiltiirlerin, siit ve diger gida iiriinlerinin tiretiminde kullanim
icin bu mikroorganizmalarin kullanimini cazip hale getiren saglig1 tesvik edici 6zelliklere sahip oldugu
bildirilmistir (Fernandes ve Shahani, 1989). Laktik asit bakterilerinin insan sagligini gelistirmedeki
roliine olan ilgi, en azindan Metchnikoff'un laktobasil ile mayalanmis siit tiiketiminin yasam siiresini
uzatacagim onerdigi 1908'e kadar uzanmaktadir (Metchnikoff, 1908). Eger bu dogruysa, uzun yasam
omrii, kismen laktik asit bakterilerinin antioksidatif yetenegine bagli olabilir. Bununla birlikte,
giinlimiizde mevcut olan laktik kiiltiirlerin antioksidatif yetenegi hakkinda fazla veri yoktur. Nisinin
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antioksidan etkisi ile ilgili literatiirde ¢ok fazla calisma mevcut degildir. Fakat yapilmis olan
caligmalar agagida verilmistir.

Lactococus lactis, nisin Z wve nisin A olmak U(zere iki tip bakteriyosin retir. Bu
bakteriyosinlerin sogukta depolanmis baliklarda Listeria monocytogenes, Escherichia coli ve
Pseudomonas sp. dahil olmak iizere yaygin olarak bulunan bakteriler iizerinde inhibitor etkileri vardir.
Sogutulmus gidalarda, nisin Z ve nisin A, antimikrobiyal etkilerinin arttirilmasi i¢in, sodyum
propionat, sodyum sitrat, sodyum benzoat gibi organik asitlerin bir kombinasyonu ile kullanilir
(Sallam, 2007). Sodyum asetat ve nisin gibi antimikrobiyal ajanlarin, depolama kosullarinda
mikrobiyal bilylimenin Onlenmesinde ve gida kalitesinin iyilestirilmesinde etkili olduklar
bulunmustur. Sallam (2007) sonuglarina gore sodyum asetat, sodyum laktat ve sodyum sitratin nisin Z
ile kullanilmasi, sogukta depolanan dilimlenmis somondaki antimikrobiyal ve antioksidan kaliteyi
artirmigtir. Ayrica Ghomi ve ark., (2011), % 0.2 nisin ile % 3 sodyum asetatin birlikte kullaniminin
buzdolab1 kosullarinda muhafaza edilen ot sazanmi1 (Ctenopharyngodon idella) fileto dilimlerinin Grin
kalitesini artirdig1 en iyi kosul oldugunu rapor etmislerdir.

Mirshekari ve ark., (2016)"' nin yaptig1 ¢alismada 4 °C' de depolanan vakum paketli Rutilus
frisii filetolarinda nisin Z (% 0.02) ve sodyum benzoatin (% 1.5 ve % 2.5) antimikrobiyal ve
antioksidan etkilerini degerlendirmek amaciyla filetolarin 0, 4, 8, 12 ve 16. giinlerde mikrobiyal
[aerobik canli sayimlar1 (APC), psikrotrofik sayimlar (PTC) ve laktik asit bakterileri] ve kimyasal
[peroksit degeri (PV) ve toplam ucgucu bazik nitrojen (TVB-N)] degisimlerini belirlemislerdir.
Sonuglara gore kontrol ornekleri (6nceden sogutulmus saf suya daldirilmig 6rnek) PV ve TVB-N
acisindan 12. giinde red edilirken muamele 6rnekleri 16 giinliikk bir raf omriine sahip olmustur.
Mikrobiyolojik analizler, kontrol grubunda depolamanin 16. giiniinde APC ve PTC bakteri gruplarini
standartlardan daha yuksek igerdigini, muamele orneklerinin ise kabul edilebilir aralikta oldugunu
gostermistir. Laktik asit bakterileri agisindan 16 giin sonra bile tiim 6rnekler kabul edilebilir aralikta
olmustur. Kimyasal ve mikrobiyolojik sonuglar, nisin Z ve sodyum benzoatin kombine
kullanilmasinin vakumla paketlenmis R. frisii'nin raf dmriinii uzatabilecegini gostermistir.

Nisinin antioksidan o6zelligi ile ilgili Behnama ve ark., (2015)'nin vakum paketlenmis
gokkusagi alabaliklarinin 16 giinliikk buzdolabi (4 °C) depolamasi ile ilgili yaptigr ¢alismada nisin ile
muamele edilen gokkusagi alabaliklarinda depolama siiresi boyunca daha diisiik lipit oksidasyonu
(p<0,05) gozlendigini ve bu durumun nisinin antioksidatif aktivitesinden kaynaklanan reaktif oksijen
tiirlerini temizlemesi veya metal iyonu selatlanmasindan kaynaklandigina atfettigini bildirmistir (Lin
ve Yen, 1999). Ayrica, muamele grubunda goézledikleri daha yiiksek EPA ve DHA degerlerinin,
nisinin antioksidan aktivitesine bagli olabilecegini, bunun da gokkusagi alabaliginin kas dokusundaki
yliksek lipit oksidasyonunu inhibe etmesinden kaynakli oldugunu bildirmistir. Sonu¢ olarak nisin
kullaniminin en iyi sonucu olarak, nisin ile muamele edilip vakum paketlenmis gokkusagi alabaligi
filetolarmin raf émriiniin nisin kullanilmayan gruba goére 12 giinden 16 giine kadar uzattig1 ve bu
durumun biyo-prezervatif olarak kullanilan nisinin bakterisidal ve antioksidan aktivitesinden
kaynaklandig1 sonucuna varmislardir.

1.4. Su UrUnlerinde nisin kullanim

1969 yilinda Gida Tarimm ve Diinya Saglik Orgiitleri ortak birliktelikleri tarafindan nisinin gida
katki maddesi olarak kullanilmasina izin verilmis olup, Diinya'da elliden fazla llkede giivenilir ve
etkili bir sekilde bu bakteriyosin kullanilmaktadir (Roller ve Lusengo, 1997). Cizelge 1’de 1989'da
“Aplin and Barrett Ltd.” sirketi tarafindan yayinlanan ve bazi Ulkelerde izin verilen maksimum nisin
miktarlart ve kullanildig1 gidalar gosterilmistir (Delves-Broughton, 1990).

Cizelge 1'den de goriildiigii lizere yasal olarak nisinin su iiriinlerinde kullanimi, sadece taze
baliklar1 depolamada kullanilan buz ile konserve gidalarla sinirh kalmistir. Ancak gerek taze balik ve
diger su irlinlerinin raf dmrinl uzatmada gerekse ¢esitli patojenik mikroorganizmalarin gelisimini
inhibe etmede bu bakteriyosinin kullanimi ile ilgili pek ¢ok aragtirma yapilmaktadir.
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Cizelge 1. Baz1 Ulkelerde nisinin kullanildigi gidalar ve maksimum miktarlar1 (Delves-Broughton,

1990)
- N Maksimum
Ulkeler Kullanildig1 Gida Miktarlar:
ABD Islem gormiis eritme peynirler 10000 1Ua/g
Avustralya Peynir, domates plresi-salgasi ve konservesi, konser ve ¢orbalar Limitsiz
Bulgaristan Peynir, taze baliklar1 depolamak icin kullanilan buzlar 200 mg/kg
Cekoslovakya Tahil Urdnleri, mayonez, islenmis peynir, hazir ve yari-hazir gida triinleri, 500 1U/g

konserve sebzeler, bebek gidalari
Singapur Peynir ve konserve gidalar Limitsiz

81 ug nisin 40 U (Uluslararas: Birim)=40 RU

Su Urlnleri endistrisindeki temel sorunlardan birisi de L. monocytogenes kontaminasyonudur
(Rarvik, 2000). Yiiksek riskli su liriinleri arasinda tiitsiilenmis balik (sicak ve soguk tiitsiileme) gibi
hafif korunmus iiriinler (<6% su, tuz, pH 5), hafif tuzlanmis (havyar, deniz suyu ile pisirilmis karides,
soslanmis ringa), ve marine edilmis triinler yer almaktadir (Huss ve ark., 2000). Bunlarin ¢ogu (1)
yiiksek oranda islenmis, (2) buzdolabi sicakliklarinda uzatilmis bir raf omriine sahiptir, (3) L.
monocytogenes'in gelisimini destekleyebilir ve (4) daha fazla pisirmeden tiiketilir (Huss ve ark., 2000).
Flime somon ve fiime gokkusagi alabaligi listeriosis igin riskli iiriin olarak kabul edilmektedir
(Rocourt ve ark., 2000). Kontamine olmus soguk tiitsillenmis gokkusagi alabaliginin yani sira soguk
ve sicak fiime gokkusagi alabaligi iiriinlerinin de listeriyoz i¢in kontamine kaynagi oldugu
diistiniilmektedir (Miettinen ve ark., 1999). Fiime midye ve ¢ig istiridye ile iliskili listeriosis salgmlar
da bildirilmistir (Brett ve ark., 1998). Sonug olarak, bu alandaki bakteriyosinlerin uygulanmasi {izerine
yapilan arastirmalarin ¢ogu, L. monocytogenes'in 6nlenmesi ve kontroliine odaklanmistir.

El-Bedaway ve ark. (1985) caligmalarinda, bir ¢esit tath su baligi olan Tilapia nilotica'nin raf
Omriniin uzatilmasinda nisinin etkili oldugunu saptamuslardir. Arastirmacilar bu calismanin
sonucunda, nisin uygulamast ile ilk 3 gun igerisinde mikrobiyal yikteki azalmaya dikkat ¢ekmisler ve
sogutulmus, Urtinlerin uzak mesafelere transportasyonu sirasinda bu uygulamanin etkili olabilecegini
bildirmislerdir.

Taylor ve ark. (1990), ¢ farkl tiir balik tzerinde Cl. botulinum Tip E sporlarinin toksin
Uretimine nisinin etkisini 10 ile 26°C depolama sicakliklarinda arastirmislardir. Ancak yapilan ¢alisma
dikkate alindiginda, nisinin toksin olusumunu engellemedigini ve bu konu ile ilgili daha genis, ve
kapsamli ¢aligmalara ihtiyag, duyuldugunu bildirmislerdir.

Baska bir calismada ise, az tuzlu uskumru baliklarinin (Scomber australasicus) fileto
islemesinde koruyucu olarak nisin dreticisi L. lactis CCRC 14016 kiltirtnin pratikte uygulanabilirligi
Onerilmistir (Chen ve ark., 1997).

Nykanen ve ark., (1999) soguk tutstlenmis, gokkusagi alabaligimin (Oncorhynchus mykiss)
mikrobiyolojik ve duyusal kalitesi Uzerine laktik asit (448 g/kg) ve nisin igeren ticari peyniralti
suyunun (4000-6000 1U nisin/ml) etkisini inceledikleri ¢aligmalarinda daha gutvenli ve iyi kalitede
soguk islem gérmus, balik Grlnleri Gretimi icin laktat ve nisin kombinasyonu kullaniminin mimkin
olabilecegini belirtmislerdir.

Behnama ve ark., (2015)'nin yaptig1 diger bir ¢alismada nisinin vakum paketlenmis gokkusagi
alabaligimin (Oncorhynchus mykiss) 16 giin siireyle 4°C'de depolanmasi sirasinda biyokimyasal,
mikrobiyal kalite ve raf 6mriine etkisini arastirmislardir. Elde edilen sonuglara gore, nisin ile muamele
edilen baliklar kontrol grubuna gore daha diisiik (p<0.05) ve kabul edilebilir biyokimyasal (peroksit
degeri, tiyobarbitiirik asit indeksi, pH ve toplam ugucu bazik azot) ve mikrobiyolojik (toplam canli
sayisi, psikrotrofik canli sayimi ve laktik asit bakteri sayisi) etki gostermistir ve 16 giine kadar daha
uzun depolama raf dmriine sahip olmustur. Ayrica, yag asitleri kompozisyon analizi sonuglarina gore,
nisin varliginim balikta lipid kalitesini korudugunu, dolayisiyla nisin ile muamele edilen Grneklerin
eikosapentaenoik asit (C20:5) ve dokosaheksaenoik asit (C22:6) gibi esansiyel yag asitlerinin daha
yuksek yizdesini (p>0,05) igerdigini goéstermistir. Bu ¢alisma ile vakum paketlenmis gokkusagi
alabaliklarina nisin uygulamasi, baliklarin besin kalitesinin artirmis ve raf dmriinii 4°C'de 12 ila 16
giin arasinda uzattig1 sonucuna varmiglardir.

Behnama ve ark. (2016), yaptiklari diger bir c¢alismada, nisinin gokkusagi alabaligi
(Oncorhynchus mykiss) filetolarinin 4°C' de 16 giin siire ile depolanmasi siiresince gida giivenligi ve
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raf omriine etkisinin biyokimyasal ve mikrobiyolojik analizlerle incelenmesini amaglamislardir. Elde
edilen sonuglar, nisin ile muamele edilen orneklerin, depolama boyunca daha disiik (p<0.05)
biyokimyasal (peroksit degeri, tiyobarbitiirik asit indeksi, pH, serbest yag asitleri ve toplam ugucu
bazik azot) ve mikrobiyolojik (toplam canli sayis1 ve laktik asit bakterisi) bozulmalarina sahip
oldugunu gostermistir. Bu durumun nisinin bakterisidal ve antioksidan aktivitesinden kaynakli
olabilecegi diisiiniilmektedir. Bununla birlikte, toplam ugucu bazik nitrojen ve toplam canli sayim
degerleri, sirastyla kontrol ve nisin muamele gruplarinda depolamanin 8 ve 12. giinlerinde kabul
edilebilir sinir1 astig1 gézlenmistir. Bu ¢alismanin biyokimyasal ve mikrobiyolojik sonuglarina gore
nisin uygulamasimin 4°C'de depolama siiresince gokkusagi alabaliklari filetolarinin kalitesini ve raf
omriinii 4 ila 8 giin arttirdigin1 gostermistir.

Taze Atlantik somonunda nisin ile kombine edilmis modifiye atmosfer paketlemenin koruyucu
etkisini inceleyen Han ve ark., (2016), yerel pazardan satin aldiklar ¢iftlik Atlantik somonlarmi %19
CO2: % 70 N2:% 11 Oz, % 38 CO2:% 51 N2:% 11 O, ve atmosferik hava kosullar (nisinsiz ve 400
IU/g nisin konsantrasyonunda) altinda paketleyerek toplam 6 uygulama yapmislardir. Mikrobiyolojik
(aerobik canli sayisi, psikrotrofik bakteriler ve laktik asit bakterileri) ve toplam ugucu bazik nitrojen
analizleri depolamanin 0., 2., 4., 7. ve 10. giinlerinde gerceklestirilmistir. Paket st katman boslugu ve
duyusal degerlendirmeleri de 0., 2. ve 4. glinlerde yapilmstir. CO> varligy, her ii¢ tip bakteriyi etkin bir
sekilde inhibe ederken, nisin laktik asit bakterileri {iizerinde daha az etki ile aerobik
mikroorganizmalarin biiyiimesini 6nemli Ol¢iide inhibe etmistir. TVB-N analizi, CO2'nin Atlantik
somonunun bozulmasini geciktirdigini géstermis, nisin ise Atlantik somonu raf émrii izerinde daha az
ama Olcilebilir bir etkiye sahip olmustur. Duyusal test sonuglarina goére iirtiniin gérinim, renk ve
kokusunda farkliliklar gézlenmemistir. Caligmanin sonuglarina gore arastirmacilar, modifiye atmosfer
paketleme ve nisin kombine uygulamalarinin, geleneksel koruma yontemleriyle kiyaslandiginda
Atlantik somonunun bozulmasmi sinirlamak i¢in etkili bir yontem olarak kullanilma potansiyeli
oldugunu bildirmislerdir.

Ghomi ve ark., (2011)'nin yaptiklar1 ¢alisgmada; sodyum asetat (% 0.1 ve %3), nisin (% 0, %
0.1 ve % 0,2) ve bunlarin kombinasyonlarina daldirma yontemiyle uygulanan 8 giinliik buzdolabi
depolamasi sirasinda ot sazanlari (Ctenopharyngodon idella) dilimlerinde meydana getirdikleri
mikrobiyolojik kalite, lipit oksidasyonu ve yag asidi bilesimi iizerine etkileri incelenmistir. Hem nisin
hem de sodyum asetat, toplam mezofil ve laktik asit bakterilerinin ¢ogalmasmi doza bagl olarak
inhibe etmistir, ancak kombinasyon uygulamalari, mikrobiyal ¢ogalmanin 6nlenmesinde 6nlemede
daha yiiksek etki gostermistir. Sodyum asetatin yiiksek konsantrasyonlar1 (% 3), lipit oksidasyonunu
onlemede daha etkili olmustur. Depolama siiresinin sonunda, n3 yag asitleri, EPA (C20: 5n-3) ve
DHA (C22: 6n-3) igerigi ve daha diisiik n6/n3 oran1 % 3 sodyum asetat + % 0.1 ve % 0.2'lik nisin
muamele gruplarinda gozlenmistir. Sonug olarak, nisin sodyum asetat ile kombine kullanildiginda,
buzdolabinda depolama sirasinda dilimlenmis sazan etinin kalitesini korumada etkili koruyucu
maddeler olarak kullanilabilecegini rapor etmislerdir.

Raju ve ark. (2003), ti¢ farkli nisin konsantrasyonunun (12.5, 25 ve 50 ppm), balik sosislerinin
ortam (28+2 °C) ve buzdolabi (6+2 °C) sicakliklarinda depolanmasi siiresince iiriin kalitesine olan
etkilerini incelemislerdir. Jel dayanikliligi, su igerigi, toplam ugucu bazik azotu, toplam canli sayis1 ve
aerobik spor sayilari, depolama sicakliklar1 ve kullanilan nisin konsantrasyonlarindan etkilenmistir. 50
ppm nisin ile muamele edilen balik sosisi, kontrol grubu ile karsilastirildiginda ortam sicakliginda 20-
22 giin olarak kabul edilebilir raf émriine sahip olmustur. Bu durumda 2 giinliik bir raf dmrii uzamasi
s0z konusu olmustur. Sogukta depolanan sosislerin kalitesi ise kontrol grubunda 30 giin ve 50 ppm
nisin ile muamele edilmis 6rneklerde 150 giline kadar degiskenlik gdstermistir. Nisin rezidiisi, sogukta
depolanan 6rneklerde yavasca azalirken, ortam sicakliginda depolanan balik sosislerinde azalma hizl
olmustur. 50 ppm konsantrasyonlu nisinin hem ortam sicakliinda hem de sogukta depolanan
orneklerde jel dayanikliligi ve genel kabul edilebilirlik puanlar agisindan istatistiksel olarak anlamli
bir etki gosterdigi (p<0.05) bildirilmistir.

Ceylan (2014), nisin (% 0.1) ve 1sinlama (3 kGy) uygulamalarinin birlikte kullanilmasinin
sogukta depolanan (2+1 °C) derisi alinarak fileto hale getirilen levregin raf omriine etkisini
incelemistir. Caligmada kullandig: tiim ornekler 100’er gram olacak sekilde vakum paket uygulamasi
ile paketlenmistir (K, kontrol; N, nisin; I, 151n; NI, nisin+tisin gruplari). 25 giinliik depolama siiresi
boyunca duyusal, fiziksel (pH, renk), kimyasal (TVB-N, TMA-N ve TBA) ve mikrobiyolojik (toplam
mezofilik aerobik bakteri, toplam psikrofilik bakteri ve toplam maya-kif sayimlari) analizler
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gergeklestirilmistir. Duyusal analiz sonuglarina gore; K grubunun raf émri 7 gin iken N grubunun 11
giin, I grubunun 15 giin, NI grubunun ise 17 giin bulunmustur. Isinlama teknolojisi mikrobiyal yiikii
diistirmekte, nisin ile kombine edildiginde ise; duyusal kaliteyi artirmakta ve maya-kif gelisimini
inhibe etmede diger gruplara gore daha basarili olmaktadir. Ancak nisin ve 1ginlama uygulamalariin
maliyetleri bir arada diistiniildiigiinde saglanan 2 giinliik raf émri artistnin ne kadar faydali oldugu
sorusu One c¢ikmaktadir. Bu anlamda i1simnlama ve nisin uygulamalarimin tekli kullanimlar1 tavsiye
edilmekte olup, kombine kullanimlarinin ¢ok etkin bir raf 0mri artis1 saglamadigi tespit edilmistir.

Lu ve ark. (2010), kuzey yilanbasi baligi (Channa argus) filetolarinin kalitesini buzdolabi
sicakliginda (4+1 °C) korumak i¢in, alginat-kalsiyum kaplamada targin (Cinnamomum zeylanicum) ve
nisin kullanmigtir. Kuzey yilanbasi balig1 filetolart muamele uygulamasi yapilmayan kontrol grubu
(CK) ile muamele gruplari (alginat-kalsiyum kaplama grubu (Y0), 10 pL/mL tar¢in igeren alginat-
kalsiyum kaplama grubu (Y1), 2000 IU/mL nisin ve 150 pL/mL etilen diamin tetraasetik asit (EDTA)
iceren alginat-kalsiyum kaplama grubu (Y2) ve 10 pL/mL tar¢in ve 2000 IU/mL nisin ve 150 pg/mL
EDTA icgeren alginat-kalsiyum kaplama grubu (Y3) olarak gruplara ayrilmislardir. Y1 ve Y3 muamele
gruplarinin kuzey yilanbasi balig1 bakteriyel bliylimenin inhibe edilmesinde, pH, toplam ugucu bazik
nitrojen (TVB-N) ve tiyobarbitiirik asit (TBA) degerlerinin korunmasinda CK, YO0 ve Y2 gruplarindan
daha iyi etkileri oldugu belirlenmistir. Tim muamelelerdeki balik filetolarinin renk parlakligi (L*)
degerleri CK' dan daha yiiksek olmustur. Alginat-kalsiyum kaplama islemlerinde tar¢in, depolama
sirasinda kuzey yilanbagi baligi filetolariin kalitesini koruyabilir, ancak Y1 ve Y3 gruplarinda balik
filetolarmin renkleri, tar¢in renginden dolay1 belirgin bir sekilde degismistir.

Langroudi ve ark. (2011), yapmis olduklari bu ¢alismada, sodyum asetat (% 0, % 1 ve % 3),
nisin (% 0, % 0.1 ve % 0.2) ve bunlarin kombinasyonlarina daldirilan ot sazan1 (Ctenopharyngodon
idella) filetolarinin mikrobiyolojik kalitesi ve lipit oksidasyonunu 16 giinliik sogukta depolama
stiresince degerlendirmislerdir. Nisinin antilisteryal etkisini, artan sodyum asetat konsantrasyonu ile
arttirllmigtir. Sodyum asetat konsantrasyonlarinin arttirilmasi ile mezofilik bakterileri sayilart daha
diisiik olmasina ragmen nisin ile ilgili olarak % 0.1 nisin uygulanarak daha iyi sonuglar elde edildigini
bildirmislerdir. Kombinasyon uygulamasinda daha fazla mezofil bakteri inhibisyonu goézlenmistir.
Daha yiiksek konsantrasyonlarda sodyum asetat ve nisin kullanildiginda lactobacillus sayisi daha
diisiik olarak tespit edilmistir. Hem nisin hem de sodyum asetat ile muamele edilen Grneklerde
peroksit, TBA ve toplam ugucu bazik nitrojen (TVB-N) degerleri daha diisiik olmustur ve
kombinasyon uygulamalarinda daha yiiksek sonuglar elde edilmistir.

Nisinin farkli konsantrasyonlari ile kombine edilmis kitosanin 4°C'de depolanan sar1 kurbaga
baligi (Pseudosciaena crocea) igin kalite tzerindeki etkileri 8 gun boyunca Hui ve ark. (2016)
tarafindan degerlendirilmistir. Calismada depolama siiresi boyunca duyusal skor ve ugucu bozulma
tiriinlerindeki degisiklikler, toplam canli sayilar1 ve agirlik kaybi, renk, pH, toplam ugucu bazik
nitrojen (TVB-N) ve K-degeri gibi fizyo-kimyasal indeksler incelenmistir. Elde edilen sonuglara gore,
nisin ile muamele edilen érneklerin, sadece kitosan uygulanan 6rneklerden daha iyi kalitede oldugunu
gostermistir. % 1 kitosan ile % 0.6 nisin kombinasyonunun nem kaybi kontrolii, ugucu bozucu
engelleme, TVB-N indirgeme, toplam canli sayisi1 ve renk ve duyusal kabul edilebilirlik korumasi gibi
optimal kalite artisina neden oldugu gozlenmistir. Bu nedenle arastirmacilar, nisin ile kombine edilmis
kitosanin, sar1 kurbaga baliginin raf omrii uzamasinda gelecek vaat eden uygulamalar arasinda
kullanilabilecegini bildirmislerdir.

Tek bagina laktik asit ve bunun nisin ile kombine uygulanmasi, sogukta depolanan
karideslerde dogal olarak olusan mikroorganizmalarin popiilasyonunu azaltmak i¢in Shirazinejad ve
ark., (2010) tarafindan degerlendirilmistir. Taze karidesler, yalniz basina laktik asitin % 0, % 1 ve % 2
(v/v) konsantrasyonlarina ve 0.04 (g /L/kg) nisin ¢6zeltisi ile kombine uygulanmasi ig¢ine daldirilarak
10 dakika bekletilmistir. 4°C'de depolama sirasinda karideslerin aerobik bakteri, psikrotrofik sayimi,
Pseudomonas spp. populasyonu, H,S (reten bakteri ve laktik asit bakterilerinin toplam sayisi
belirlenmistir. Toplam plak sayimi, sirasiyla 7 ve 14 giinliik depolama sonrasi, muamele gérmemis
karideslerde 2.91 ve 2.63 log kob/g olarak bulunurken 0.04 (g/L/kg) nisin ile kombine edilmis % 2
laktik asit ile muamele edilmis karideslerden daha diisiik olmustur. Her iki laktik asit konsantrasyonu,
depolama sirasinda karidesin ilk bozulma florasi olan Pseudomonas sayimlarinda énemli bir azalma
oldugunu gosterirken, % 2 laktik asit ile nisin kombinasyonu en yiiksek azalmay1 gostermistir. Ayrica
Ho>S iireten bakterilerin, depolama sirasinda nisin ile kombine edilmis ytliksek konsantrasyondaki laktik
aside daha duyarli oldugu gézlenmistir. Bu ¢alisma, laktik asit ve nisinin tek basina kullanilmalarindan
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ziyade kombine uygulanmasiin, aerobik bakterilerin toplam canli sayisinin azaltilmasinda ve
karideslerin raf dmriiniin uzatilmasinda tercih edilecegini gostermistir.

2. Sonug

Sonug olarak farkli gidalarin bozulma florasina karsi nisinin koruyucu etkisi belirlenmis olsa
da maksimum koruyucu etki elde etmek icin farkli gidalar i¢in nisin uygulama seviyeleri
standardizasyonuna ihtiya¢ vardir (Eapen ve ark., 1983). Nisin uygulama diizeyini standardize ederken
gida tutarliligl, pH, isleme dongiisii, depolama siiresi ve sicakligi, baglangi¢ bakteriyolojik durumu ve
nisin kalint1 diizeyi gibi etmenler dikkat edilmesi gereken faktorlerdir.
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YUZUNCU YIL UNIiVERSITESI TARIM BiLIMLERI DERGISi
YAYIN ILKELERi*

1. Van Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisi, 1995 yilinda yayn hayatina baglans bir bilimsel

arastirma dergisidir Dergide, tarim bilimleri (Bahge Bitkileri, Bitki Koruma, Biyosistem Miihendisligi, Gida

Miihendisligi, Peyzaj Mimarligi, Su Uriinleri Miihendisligi, Tarla Bitkileri, Tarimsal Biyoteknoloji, Tarim

Ekonomisi, Toprak Bilimi ve Bitki Besleme, Zootekni) alaninda diizenli olarak Mart, Haziran, Eyliil ve Aralik

aylarinda yi1lda dort say1 yayimlanan uluslararast hakemli bir dergidir.

Dergimizde Tiirkce ve Ingilizce yazilmis Arastirma Makalesi, Teknik Not ve Derlemeler yayimlanir.
Yayimlanmak iizere gonderilen makalelerin herhangi bir yerde yayimlanmamis veya yayimlanmak iizere
herhangi bir dergiye génderilmemis olmast zorunludur. On yildan eski ¢alismalar degerlendirmeye alinmaz.

4.  Dergiye yayinlanmak iizere gonderilen bir arastirma makalesi; Baslik, Tiirkce ve ingilizce Ozet, Giris, Materyal
ve Yontem, Bulgular, Tartisma ve Sonu¢ ve Kaynaklar ana basliklar altinda hazirlanmalidir. Bulgular ve
Tartisma kismi birlikte de yazilabilir.

5. Arastirma Makalesi 2500-5000, Derleme 4.000-7000 ve Teknik Not 1000-2500 kelime sayisi sinirlari igerisinde
olmalidur.

6. Derlemeler bilimsel dergilerde yayinlanmis bilimsel yazilarin, ¢alismalarin veya giincel gelismelerin belirtilen
konuda yogun caligmalar1 bulunan deneyimli yazarlarca (sorumlu yazarin derleme konusu ile ilgili Uluslararasi
hakemli dergilerde en az 5 6zgiin makaleye sahip olmasi sarti aranir) yapilan bir sentezi, yorumu ve durum
degerlendirmesi seklinde olmalidir. Her sayida basilan makale sayisinin en fazla % 10’u kadar derlemeye yer
verilir.

7.  Arastirma makalesi olarak dergimize gonderilen c¢aligmalar lisansiistii tezlerden iiretilmis ise bu durum ilk
sayfada dipnot olarak verilmelidir.

8.  Dergimiz Acaik Kaynak Yayin Politikasim benimsemektedir.
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