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Anahtar Kelimeler:

Avokado

Tohum

Cimlenme

Cogiir anag
Morfolojik gozlem

Avokado yetistiriciligi yapilan bir¢ok iilkede, anaglarin vegetatif olarak ¢ogaltilmasinin ¢ok
zor olmasindan dolayi, ¢ogir anaglar kullanilmaktadir. Bu ¢alismada; bazi avokado
¢esitlerinin ¢ogiir anag 6zelliklerinin belirlenmesi amaciyla, iilkemizde anag olarak kullanilan
‘Topa Topa’ ve ‘Mexicola’ cesitleri ile birlikte, ticari gesit olarak iiretilen ‘Bacon’, ‘Fuerte’,
‘Hass’ ve ‘Zutano’ gesitlerinin tohumlarinin ¢imlenme kabiliyetleri ve sonrasinda ¢ogiirlerinin
gelisim performanslari incelenmistir. Cesitlere ait meyveler 2 farkli zamanda toplanmis ve
tohumlar1 ¢ikarilarak 2 farkli zamanda ekim yapilmistir. Cimlenme kabiliyetleri ve morfolojik
gelisimleri bakimindan Mexicola ve Topa Topa ile birlikte, Bacon ve Zutano ¢esitleri iyi
sonu¢ vermistir. Asilama ve fidanlarin gelisiminde basari i¢in ¢ogiirlerin ortalama 101 mm
capinda olmasi gerektigi belirlenmistir. Bu degere; tohum ekiminden itibaren ortalama olarak
Mexicola’da 240-270 giin, Topa Topa’da 210-240 giin, Bacon ve Zutano’da 180-210 giin,
Fuerte’de 210-240 giin ve Hass’ta 240-270 giin sonra ulasilabilecegi 6ngoriilmiistiir. Yukarida
bildirilen siirelerde ortalama ¢ogiir boyu Mexicola’da 150-170 cm, Topa Topa’da 120-140 cm,
Bacon’da 120-140 c¢cm, Zutano’da 125-150 cm, Fuerte’de 120-140 cm ve Hass’da 125-150
cm arasinda kaydedilmistir.

ARTICLE INFO

ABSTRACT

Received 11 September 2014
Received in revised form 12 March 2015
Accepted 13 March 2015

Keywords:

Avocado

Seed

Germination

Seedling rootstock
Morphological observation

Seedling rootstocks are used due to difficulty of rootstock propagation as vegetative in many
countries cultivated avocado. In this study; in order to determine the seedling rootstock
properties of some avocado varieties, seed germination abilities and performances of seedling
development of Bacon, Fuerte, Zutano and Hass varieties produced as commercial along with
varieties of 'Topa Topa' and 'Mexicola' used as rootstock in our country, were observed. The
fruits of varieties were collected at two different times and seeds of varieties were sowed at
two different times. ‘Bacon’ and ‘Zutano’ varieties, along with ‘Mexicola’ and ‘“Topa Topa’,
yielded good results in terms of germination ability and morphological development.
Seedlings were determined to be 10+1 mm diameter in average for success in the development
of young plants and grafting. This average diameter; were estimated to be reached on average
in 240-270 days for ‘Mexicola’, in 210-240 days for ‘Topa Topa’, in 180-210 days for ‘Bacon’
and ‘Zutano’, in 210- 240 days for ‘Fuerte’ and in 240-270 days for ‘Hass’ from seed sowing.
In addition, average lengths of seedlings at the same periods were determined to be 150-170
cm in Mexicola, 120-140 cm in Topa Topa, Bacon and Fuerte, 125-150 cm in Zutano and
Hass.

1. Giris

Herdemyesil subtropik bir meyve tiirii olan avokado,
Diinya’da 5 kitada 50’ye yakin {ilkede yetistirilmektedir
(Zentmyer 1987; Knight 2002). Avokado yetistiricilik
alanlarinin siirh olmasi, yiiksek besin degerinin ve kendine
0zgli tadinin bulunmasi nedeniyle, pazarda yiiksek fiyatla alici
bulmaktadir (Crane 1989).

Avokado i¢in arastirma, organizasyon ve bilgi bakimindan
baslangic noktas: olarak, 1911 yilinda dogal ortamindan
‘Fuerte’ ¢esidinin selekte edilmesi kabul edilmistir. Daha sonra
bu ¢esidin ticari degerde yetistiriciliginin yapilabilmesi i¢in agili
fidaninin {iretilmesine ve yaygmlagmasia baslanmistir (Ben—
Ya’acov ve Michelson 1995).

© Akdeniz Universitesi Ziraat Fakiiltesi
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Diinya’da avokadonun ¢ogaltiminda, yaygin olarak ¢ogiir
anaglar kullanilmaktadir (Ben—Ya'acov 1985; Ben—Ya’acov ve
Michelson 1995). Ben—Ya’acov ve Michelson (1995)'un
tanimlamasina gore ¢0giir anag; bilinen bir ¢esitten veya asisiz
bir agagtan alinan tohumlarin ekilmesinden elde edilen ¢ogaltim
materyaline denmektedir. Halihazirda fidan yetistiriciliginde
¢Oglir ana¢ olarak; avokadonun 3 alt tlirii olan Meksika,
Guatemala ve Bati—Hint soylu g¢esitler veya bunlarin
melezlerinin tohumlar1 kullanilmaktadur.

Avokado yetistiriciligi yapilan bircok iilkede, avokado
anaglarmin vegetatif olarak ¢ogaltilmasinin ¢ok zor olmasimdan
dolayr, c¢ogalim  materyali  olarak  ¢O8ir  anaclar
kullamlmaktadir. Ayrica, maliyetinin diislik, {iretiminin kolay
ve fidanlar1 bahgeye aktarmada pratik olmast nedeniyle,
tohumdan gelen ¢Oglir anaglar tercih edilmektedir (Ben—
Ya’acov ve Michelson 1995).

Bu ¢6giir anaglarin her biri, ayn1 zamanda genetik olarak
heterozigot ozellik tasimakta, farkli ve iiniform olmayan bir
yapiya sahip olmaktadir (Castro ve ark. 2003; Castro ve ark.
2005). Tohumdan meydana gelen c¢ogiirlerde yiiksek seviyede
heterozisin goriilmesi, bahgelerde bulunan agaglarin iiniform
olmamasi, biiyiik bir dezavantaj gibi goziikkmesine ragmen, bazi
durumlarda {stiin nitelikli agaglarin  segiminde seleksiyon
kaynagi olarak ¢ok 6nemli olmaktadir (Ben—Ya'acov 1985).

Platt ve Frolich (1965) ile Leal ve ark. (1976)’nin
¢alismalarinm1 bildiren Bender ve Whiley (2002); hasat sonrasi
uygulamalardan veya tercih edilen ¢Ogiir yetistirme
yonteminden dolayi, ¢ogiir anag iiretiminde kullanilan avokado
tohumlarinin yavag ve diizensiz ¢imlenebildigini belirtmistir.

Ulkemiz kosullarinda da avokado cesitlerine ait
tohumlarinin ¢imlenme ve ¢ogiir gelisimleri iizerine ¢aligmalar
yapilmistir. Yesiloglu ve ark. (1995); Giibbiik ve ark. (2001) ve
Giibbiik ve ark. (2011) tarafindan farkli avokado gesitlerine ait
tohumlara ekimden oOnce yapilan bazi 6n uygulamalarmn
¢imlenme orani ile ¢ogiirlerin ¢ap ve boy gelisimlerine etkisi
aragtinlmistir.  Yesiloglu ve ark. (1995)’nin ¢aligmasinda;
¢imlenme oranimin uygulamalara gore farkliik gosterdigi,
baslangicta uygulamalarin ¢ogiirlerin ¢ap ve boy gelisimlerine
etkisinin istatistiksel dnemde oldugu, ama bilylimenin ileriki
asamalarinda bu farkliligin ortadan kayboldugu ve tiim
¢ogiirlerin standart olarak bilyiidiigii bildirilmistir. Giibbiik ve
ark. (2001) ise; tohumlara ekimden Once yapilan bazi 6n
islemlerin ‘Walter Hole’ ¢esidinin tohumlarinin ¢imlenme
oranini ve fidan gelisimini, ‘Blake’ c¢esidinden daha fazla
etkiledigini belirlemistir. Diger bir ¢aligmada, Giibbiik ve ark.
(2011) tarafindan ‘Mexicola’ ve ‘Topa Topa’ cesitlerine ait
tohumlara ekim oOncesinde, 8 farkli 6n uygulama yapilarak
ortalama ¢imlenme orani, ¢cimlenme siiresi ve ¢imlenme indeksi
cesitlere gore ayri ayr1 saptanmustir. Caligmanin sonucunda,
uygulamalara gore degismekle birlikte ¢cimlenme orani % 83 ile
% 100, ortalama ¢imlenme siiresi 34 ile 40 giin ve ortalama
¢imlenme indeksi ise 0.17 ile 0.23 arasinda degisim gosterdigi
tespit edilmistir.

Avokado da ¢odgiir anaglarin gelisimi, ¢ok fazla degismekte
ve farkli nedenlerden ortaya ¢ikmaktadir (Bergh ve Lahav 1996;
Bender ve Whiley 2002). Cok kuvvetli gelisen ¢ogiirler
¢imlenmeden 3 ay sonra yaklagitk bir metre yiikseklige
ulagabilirken, daha yavag gelisenler ise 6 ay sonra bu yiikseklige
ulagabilmektedir. Ayrica, daha serin iklimlerde ¢ogiir
gelisiminin daha da yavas oldugu sdylenmektedir (Bergh ve
Lahav 1996). Avokado ¢ogiirleri tohum ekiminden itibaren 2—4
ay sonra 300-450 mm yiikseklige ulastiginda, asilamaya hazir

duruma geldigi bildirilmektedir (Whitsell ve ark. 1989). Baska
bir calismada ise, ¢ogir boyunun 600-750 mm olmasi
durumunda, anaglarin asilamaya (goz veya kalem) hazir oldugu
belirtilmektedir (Elam 1997).

Bu caligmada; iilkemizde yetistiriciligi yapilan ‘Bacon’,
‘Fuerte’, ‘Hass’ ve ‘Zutano’ ¢esitleri ile birlikte, ¢ogiir anag
kaynag1 olarak kullanllan ‘Topa Topa’ ve ‘Mexicola’
¢esitlerinde tohumlarin ¢imlenme oranlart belirlenmis ve ¢ogiir
gelisim performanslari incelenmistir.

2. Materyal ve Yontem

2.1. Materyal

Bu arastirmada materyal olarak, BATEM Kayaburnu
Meyvecilik Boliimii’ne ait bahgelerde bulunan ‘Topa Topa’,
‘Mexicola, Bacon’, ‘Fuerte’, ‘Hass’ ve ‘Zutano’ ¢esitlerine ait
meyvelerin tohumlar: kullanilmustir.

2.2. Yontem

Mexicola ve Topa Topa ¢esidinde 15-20 Eyliil (I. ekim) ve
1-5 Ekim (II. ekim) tarihleri arasinda, Bacon, Fuerte, Hass ve
Zutano cesitlerinde ise 15-20 Kasim (I. ekim) ve 1-5 Aralik (IL
ekim) tarihleri arasinda meyveler toplanmis ve tohumlar
¢ikarilmistir. Daha sonra, her bir ¢esidin tohumlarindan kabuk
cikartlmis (Eggers 1942) ve tohumun apikal kisminda kesim
yapilarak ekime hazirlanmistir (Bergh 1988). Tohum ekimi; her
bir gesit i¢in 2 farkli zamanda, 4 tekerriirlii ve her tekerriirde 15
adet tohum olacak sekilde topraksiz kiiltiir torf+pomza
karigimina yapilnustir.

2009-2010 ¢ogiir gelisim periyodu; Mexicola ve Topa Topa
¢esitlerinin 18 Eyliil 2009 (I. ekim) ve 6 Ekim 2009°da (IL
ekim), Bacon, Zutano, Fuerte ve Hass ¢esitlerinin ise 17 Kasim
2009 (I. ekim) ve 2 Aralik 2009°da (II. ekim), 2 farkli zamanda
tohum ekiminin yapilmasi1 ve her bir gesit i¢in tohum ekimi
sonrasinda  asillama  zamanina  kadar gegen  siireyi
tanimlamaktadir.

20102011 ¢ogiir gelisim periyodu ise, Mexicola ve Topa
Topa ¢esitlerinin 17 Eyliil 2010 (I. ekim) ve 7 Ekim 2010°da (II.
ekim), Bacon, Zutano, Fuerte ve Hass ¢esitlerinin ise 22 Kasim
2010 (L. ekim) ve 8 Aralik 2010°da (II. ekim), 2 farkli zamanda
tohum ekiminin yapilmasi ve her bir gesit icin tohum ekimi
sonrasinda  asillama  zamanina  kadar gegen  siireyi
tanimlamaktadir.

Sera igerisine yerlestirilen iklim 6l¢lim cihazindan alinan
veriler gore; 15 Ekim 2009-31 Aralik 2009 arasinda, ortalama
sicaklik degerleri 11-27 °C ve ortalama nem degerleri % 39-80
arasinda degismistir. 2009 yilinda; en diisiik sicaklik degerleri
31 Aralik’ta (6,6 °C) ve en yiiksek sicaklik degerleri 1 Kasim’da
(46,4 °C) kaydedilmistir. Nem degerlerinde ise, en diisiik % 23
ve en yiiksek % 92 olarak tespit edilmistir.

1 Ocak 2010-31 Aralik 2010 tarihleri arasinda en diisiik
sicaklik degerleri 6 Subat’ta (2.9 °C) ve en yiiksek sicaklik
degerleri 24 Temmuz’da (50.7 °C) tespit edilmigtir. 21 Ocak—6
Subat arasinda siirekli diigiik sicaklik degerleri (7 °C’nin
altinda) ve 10 Haziran—5 Ekim arasinda siirekli yiiksek sicaklik
degerleri (40 °C’nin iistiinde) saptanmustir. Bununla birlikte,
ortalama sicaklik degerleri 10-35 °C ve nem degerleri ise %
23.5-95 arasinda degistigi belirlenmistir.

1 Ocak 2011-18 Ekim 2011 tarihleri arasinda en diisiik
sicakhk 2 Subat’ta (3.3 °C) ve en yiiksek sicaklik
havalandirmanin ve sogutmanmin yapilmadigi 13 Mart’'ta
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(55.4°C) tespit edilmistir. 9 Ocak—3 Subat arasinda devamli
diisiik sicaklik (7 °C’nin altinda) ve 22 Mayis—5 Ekim arasinda
devamli yiiksek sicaklik degerleri (40 °C’nin Ustiinde) tespit
edilmigtir. Bu donemde, ortalama sicaklik degerleri 9-35 0C ve
nem degerleri ise % 29—88 arasinda degismistir.

Cimlenme giicii (%); tohumun ¢imlenme giicii olarak belli
bir siire i¢inde ¢imlenen tohum sayis1 olarak belirtilmektedir
(Hartman ve Kester 1974; Agaoglu ve ark. 1997). Tohum ekimi
sonrasinda; 20., 30., 40., 50., 60., 70., 80., 90., 100., 110. ve
120. giinde ¢imlenme giicii degerleri belirlenmistir.

Cimlenme hizi (giin); Cimlenme hiz1 ise, ¢imlenen
tohumlarn belli bir yiizdeye erismesi i¢in ihtiya¢ duyulan
zamani gostermektedir (Hartman ve Kester 1974; Agaoglu ve
ark. 1997). Tohum ekimi sonrasinda; 20., 30., 40., 50., 60., 70.,
80., 90., 100., 110. ve 120. giinde ¢gimlenme hiz1 belirlenmistir.
Avokado i¢in ¢imlenme hizi, ekilen tohumlarin ¢imlenme
oraninin % 80’e ulastig: siire olarak kabul edilmistir.

Her bir ¢esidin tohumlarinin ekimi sonrasinda, ¢ogiirlerin
kok bogazindan itibaren 5 cm uzunluga ulagmasi ile agilanmasi
arasinda gegen siirede, 30’ar giin araliklarla asagidaki 6l¢timler
yapilmistir;

Cogiir boyu (cm); govdenin kok bogazi kismi ile en ug
biliyiime noktasi arasindaki mesafe, serit metre ile Olgiilerek
belirlenmistir.

Cogiir cap1 (mm); govdenin kok bogazi kismu ile en ug
biliylime noktas1 arasinda, kok bogazindan 5 cm yukaridaki
kismindan 0.01 mm hassasiyetteki kumpasla oOlgiilerek
saptanmustir.

Yaprak sayis1 (adet); ¢ogiir iizerinde bulunan yapraklar
sayilarak belirlenmistir.

istatistiksel analiz; 2009-2011 yillar1 arasinda ¢Ogiir
gelisim  performanslarinin ~ belirlenmesi  i¢in  yapilan
caligmalarda, tiim istatistik degerlendirmeler SPSS 18 ve
MINITAB 16 paket programinda yapilmis ve ortalamalarin
arasindaki  farkliliklarin ~ belirlenmesi igin Tukey testi
kullanilmugtir.

Morfolojik analizler; ¢cogiir gelisim periyotlarina gore ayri
ayr1 olarak faktoriyel diizende, tekrarlanan Ol¢iimlii varyans
analizi teknigi ile analiz edilmistir. Ayrica, sayarak elde edilmis

olan ozellikler 4/x +3 transformasyonuna tabi tutularak analize
dahil edilmistir.

3. Bulgular ve Tartisma
3.1. Cimlenme Kabiliyeti

Tohum ekimi zamanlarma gore yapilan analizlerde;
Mexicola ile Topa Topa gesitleri birlikte degerlendirilirken,
Bacon, Zutano, Fuerte ve Hass cesitleri birlikte ayr1 bir grup
olarak degerlendirilmistir. 20092011 yillar1 arasinda tohum
ekiminden itibaren 120. giine kadar 10’ar giin araliklarla
belirlenen ortalama ¢imlenme giicii (%) ve ¢imlenme hiz1 (giin)
degerleri, Mexicola ve Topa Topa gesitleri i¢in Sekil 1’de;
Bacon, Fuerte, Hass ve Zutano cesitlerinin ise Sekil 2’de
verilmistir.

Bender ve Whiley (2002)’nin Platt ve Frolich (1965) ve
Leal ve ark. (1976)’dan bildirdigi gibi, Mexicola ve Topa
Topa’nin tohumlarimin ¢imlenmesinin yavag ve diizensiz
oldugu, Bergh ve Lahav (1996) ve Bender ve Whiley (2002)’in
bildirdigi iizere belirli bir yetistirme ortami sicakliginda (23—
30°C) bir ay icinde ¢imlendigi belirlenmistir. Giibbiik ve ark.

(2011) ise, ekim Oncesi uygulamalara gore degismekle birlikte,
25-26°C sicaklik ve % 85-90 oransal nemde Mexicola ve Topa
Topa ¢esitlerinin tohumlarmin ortalama ¢imlenme siiresinin 34-
40 giin arasinda oldugunu saptamustir.
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ekil 1. Mexicola ve Topa Topa cesitlerinin tohumlarinin ortalama
P P
¢imlenme giicii (%) ve ¢cimlenme hizi (giin) degerleri.

Figure 1. The values of average germinating power (%) and average

germination rate (day) of seeds in Mexicola and Topa Topa
varieties.
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Sekil 2. Bacon, Zutano Fuerte ve Hass gesitlerinin tohumlarinin
¢imlenme giicii (%) ve ¢imlenme hizi (giin) degerleri.

Figure 2. The values of average germinating power (%) and average
germination rate (day) of seeds in Bacon, Zutano, Fuerte and
Hass varieties.

Sekil 1’den goriilecegi gibi, anaglik ¢esit olarak kullanilan
ve meyveleri eylill ayinda aga¢ olumuna gelen Mexicola ve
Topa Topa ¢esidinde yiiksek ¢imlenme degerleri saptanmustir.
Tohum ekiminden itibaren baslamak {izere 120 giin boyunca
yapilan gozlemlerin sonucunda; Giibbiik ve ark. (2011)’nin
bildirisi ile benzer sekilde Mexicola’da maksimum ¢imlenme
giiciiniin % 91.7-98.3 ve Topa Topa’da % 80.0-96.7 arasinda
oldugu kaydedilmistir. Eggers (1942)’in c¢alismast ile
karsilastinldiginda; Mexicola’da benzer degerlerin saptandif
ve tohum ekiminden 110 giin sonra ortalama % 95°lik ¢imlenme
giicii degerlerine ulasildign goriilmiistiir. Topa Topa’da ise,
ortalama % 90°lik c¢imlenme gilicii degerleri belirlenmistir.
Cimlenme kabiliyeti olarak istenen % 80’lik ¢imlenme giicii
degerine ise, Mexicola’da 50-80 giin arasinda ve Topa Topa’da
50-100 giin arasinda ulagilmistir.

Ticari ¢esit olarak {iretilen ve anaglik cesitlere gore
meyveleri daha ge¢ donemde aga¢ olumuna gelen cesitler
arasinda yapilan degerlendirmede ise, en bagta Zutano olmak
iizere Bacon’da yiiksek ¢cimlenme degerleri saptanirken, Fuerte
ve Hass’da ise daha diisiik ¢imlenme degerleri bulunmustur
(Sekil 2). Tohum ekiminden itibaren 120 giin boyunca yapilan
gbzlemlerin sonucunda; maksimum ¢imlenme giicli olarak en
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yiiksek deger Zutano ¢esidinde (% 93.3-96.7) belirlenirken, bu
¢esidi sirasiyla Bacon (% 91.7-96.7), Fuerte (% 65.0-88.3) ve
Hass ¢esidi (% 46.7-88.3) takip etmistir. Cimlenme kabiliyeti
olarak istenen % 80’lik ¢imlenme giicline ise, en erken Zutano
¢esidinde 80-100 giin arasinda ulasilmis ve bu ¢esidi sirastyla
100-110 giin ile Bacon, 100-120 giin ile Fuerte ve 110-120 giin
ile Hass c¢esidi izlemistir. Ayrica, bazi donemlerde Fuerte ve
Hass ¢esidinde istenen % 80’lik ¢imlenme giicii degerlerine,
120 giinliik gézlem periyodu boyunca ulagilamamuistir.

Genel olarak, Mexicola ve Topa Topa’da yiiksek ¢imlenme
kabiliyetlerinin ortaya ¢ikmasinda, meyvenin daha erken
dénemde olgunluga ulagmasindan dolayi, tohumlarin kalitesini
etkiledigi ve tohum ekimi donemlerinde (eyliil-ekim) cevre
sartlariin (sicaklik ve nem) uygun olmasmin g¢ok biiyiik
avantajlar sagladig1 diisiiniilmektedir. Bacon, Zutano, Fuerte ve
Hass’1n meyve hasadinin ve tohum ekimlerinin yapildig1 kasim-
aralik aylarinda ise, sera kosullarinda ortalama sicakligin diisiik
olmas1 bir dezavantaj olarak ortaya ¢cikmustir. Bu nedenle, bazi
¢esitlerde istenen ¢imlenme giicii degerlerine ulagilamamis veya
daha ge¢ donemlerde tohumlarin ¢imlenme kabiliyetleri ortaya
cikmustir. Ayrica, baz ticari ¢esitlerin ¢imlenme yeteneklerinin
diistik olmasinda, cesitlerin sahip oldugu genetik yapinin da
etkili oldugu da diisiiniilmektedir.

Avokado da tohumlarin ¢imlenmesi ve ¢ogirlerin
gelisiminde; ¢ok fazla degiskenligin oldugunu vurgulayan
Bergh ve Lahav (1996) ve Bender ve Whiley (2002) ile uyumlu
sonuglar elde edilmis ve anaglar arasinda ¢ok fazla farkliligin
oldugu belirlenmistir. Anaglar arasinda gelisimin
degiskenliginde;  Ozellikle ticari c¢esitlerin  tohum ve
¢ogiirlerinde, Koornneef ve ark. (2002) ve Karakurt ve ark.
(2010)’un bildirdigi gibi, bitki tiir ve cesitlerin farkliligi,

tohumlarin niteligi ve ¢evresel faktdrlerin (su, sicaklik, oksijen
ve 151k) etkinligi 6nemli rol oynamistir.

3.2. Morfolojik Analizler

Morfolojik analizlerde; ¢esitlere ait ¢oglirler tohum
ekimlerine, ¢Ogiir gelisimlerine ve asilama donemlerine gore
farkli gruplarda degerlendirilmistir. Tohum ekimlerine ve ¢ogiir
gelisimlerine gore Cizelge 1°de Mexicola ile Topa Topa ¢esidi
birlikte degerlendirilirken, ¢6giir gelisimlerine ve agilama
dénemlerine gore Cizelge 2’de Bacon ile Zutano cesidi ve
Cizelge 3’de Fuerte ile Hass ¢esidi birlikte degerlendirilmistir.

Mexicola ve Topa Topa ¢esitlerinde ana¢ boyu ve anag ¢api
degerleri incelendiginde (Cizelge 1); tohum ekim donemleri
arasinda belirgin bir farklilik gozlemlenememistir. Her iki
¢esidin  anag boyu degerlerinde; ¢oglir gelisiminin ilk
doneminde birbirine yakin degerler saptanmasina ragmen, daha
sonra Mexicola ¢esidinin biraz daha yiiksek degerler aldig:
goriilmiistiir. Her iki ¢esidin anag¢ ¢apt degerlerinde ise, Topa
Topa ¢esidinin hemen hemen tiim donemlerde daha yiiksek
degerlerde oldugu bulunmustur.

Mexicola ve Topa Topa’nin ¢dgiirlerinin asilamaya hazir
duruma gelmesi igin istenen ortalama boy ve cap degeri
incelendiginde; Whitsell ve ark. (1989)’in tohum ekiminden
itibaren 2—4 ay sonra c¢ogiirlerin 300-450 mm yiikseklige
ulagmas1 gerektigi, Elam (1997)’1n ¢dgiir boylariin 600-750
mm ve ¢ogiir caplarinin 6—12 mm olmasimin yeterli oldugu ve
Johnston ve Frolich (1956)’in ana¢ ¢apimin 66,5 mm olmasinin
asida basariyr arttirdign diislincesi ile kismen uyumlu sonuglar
alimmigtir.

Cizelge 1. Tohum ekimlerine ve ¢6giir gelisimlerine gére Mexicola ile Topa Topa ¢esidinin ¢ogiir cap1 ve ¢ogiir boyu ile yaprak sayilari.

Table 1. The numbers of leaves, diameter and length of seedlings of Mexicola and Topa Topa varieties according to developments of the seedlings

and sowings of seeds.

2009-2010 20102011
Cesit Tohum Ekimi Dénem (giin) Cﬁ(gﬁ;;,;apl Cogiir Boyu (cm)* Yaprak Sayist (adet) Cﬁ(gl;i;l%apl Cﬁ%cﬁ;l)]ioyu Yap::‘li(ef)aylsl
60 (1520 Kasim) __ 3.032£0.087Gay 19.630+1.294Gax 5.33320.414Gby 3.104£0.004 277001344 6.800+0.543Fax
90 (1520 Aralik) 4.100£0.085Fay 38.40740.910Fax 9.417+0.458F by 4056:0084  43.500:1.160  10.567+0.648Eax
. 120 (15-20 Ocak) 4.962+0.097Eay 52.833+1.117Eax 14.067+0.550Eax 5056£0.004  61.820+1.145  14.967+0.770Dax
I(EF;'l‘l‘l'l‘)' 150 (15-20 Subat) 5.859+0.126Day 68.556+1.313Dax 18.3830.684Dbx 5804£0.119  73.940+1.180  18.617+0.885Chy
180 (15-20 Mart) 6.910+0.152Cay 94.185+1.816Cax 23.95040.849Chx 6814£0.143  89.340+1.475  23.117+1.139Bby
210 (15-20 Nisan) 7.985+0.190Bax 130.056+2.734Bax 30.533:+1.066Bax 757140166 12152082294  30.733:1.335Abx
) 240 (15-20 Mays) 8.989+0.223Aax 149.444+3 2 12Aax 35.75040.789Abx
Mexicola 60 (1-5 Aralik) 3.05820.080Gax 18.729+1.238Gax 575020 414Gax 3080:0.094  24.250:1318  6.050£0.543Fbx
90 (1-5 Ocak) 4.042+0.078Fay 35.034+0.870Fax 10.333+0.458F ax 376940083  37.808:1.138  10.083+0.648Ebx
120 (1-5 Subat) 4.747+0.089Eay 46.576+1.068Ebx 14.067+0.550Eax 46710093 521351123  14.817+0.770Dax
I(E‘;:"l‘l‘n")' 150 (1-5 Mart) 5.892+0.116Day 71.40741.256Dax 20.167+0.684Dax 5718£0.118  69.846+1.157  20.200+0.885Cax
180 (1-5 Nisan) 6.320£0.139Cby 95.72941.738Cax 25.31740.849Cax 6.899:0.141  100250:1.447  27.700+1.139Bax
210 (1-5 Mayss) 7.392+0.174Bby 126.678+2.616Bax 29.617+1.066Bby 7660£0.164 12201942249  31.433+1.335Aax
240 (1-5 Haziran) 8.673£0.204Aby 145.780+3.073Aax 36.16740.789Aax
60 (1520 Kasim) __ 3.634+0.087Gax 22.878+1.358Gax 6.58320 414Gax 321820094 27.300:1344  7.217+0.543Fax
90 (15-20 Aralik) 4.603+0.085Fax 37.34740.955Fax 10.383+0.458F ax 4501£0084  38.100:1.160  10.650+0.648Eax
. 120 (15-20 Ocak) 5.540£0.097Eax 51.57141.172Eax 14.050+0.550Eax 572760094 5550041145  15.333£0.770Dax
I(EF;'l‘l‘l'l‘)' 150 (15-20 Subat) 6.483+0.126Dax 64.204+1.379Dax 17.71740.684Dby 6576:0.119  66.160+1.180  19.150+0.885Cax
180 (15-20 Mart) 7.340+0.152Cax 83.224+1.907Cay 23.21740.849Chy 7723£0.143  80.560:1.475  24.017+1.139Bax
210 (15-20 Nisan) 8.1740.190Bax 113.388+2.871Bby 29.583+1.066Bby 8486:0.166 10778042294  30.733+1.335Aax
240 (15-20 Mays) 9.110£0.223Aax 131.061+3.3724by 33.950+1.232Aby
Topa Topa 60 (1-5 Aralik) 3.2730.086Gbx 20315+1.294Gax 5.81720.414Gbx 3.54420.105 26.125%1.502 5.6330.543Fbx
90 (1-5 Ocak) 4.618+0.084Fax 33.963+0.910Fax 9.733+0.458F by 4366:0.093  34425¢1297  8.433:0.648Eby
120 (1-5 Subat) 5.499:0.096Eax 46.370+1.117Ebx 13.083£0.550Eby 5505:0.104  49.050£1281  12.417+0.770Dby
I(IE‘EI"H‘:)“ 150 (1-5 Mart) 6.643+0.125Dax 65.426+1.313Day 19.2000.684Day 6731£0.132 658251319 17.867+0.885Chy
180 (1-5 Nisan) 7.102+0.151 Cax 88.259+1.816Cay 24.68340.849Cay 8230£0.158  92.325:1.649  23.850+1.139Bay
210 (1-5 Mayss) 8.019:0.188Bax 120.31542.734Bay 30.467+1.066Bax 8.828:0.184  107.45042.564  26.583+1.335Aby

240 (1-5 Haziran) 9.037+0.221Aax

139.593+3.212Aay

35.783+1.232Aay

* Bityiik harfler donemler aras: farklihigy, kiigiik a ve b tohum ekimleri arasi farkliligy, kiigiik x ve y gesitler aras: farkliligr gostermektedir.
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Cizelge 2. Tohum ekimlerine ve ¢6giir gelisimlerine gore Bacon ile Zutano ¢esidinin ¢6giir ¢ap1 ve ¢ogiir boyu ile yaprak sayilari.
Table 2. The numbers of leaves, diameter and length of seedlings of Bacon and Zutano varieties according to developments of the seedlings and
sowings of seeds.

20092010 2010-2011
Cesit Tohum Ekimi Dénem (giin) Cogiir Capt Cogiir Boyu Yaprak Sayist Cogiir Capt Cogiir Boyu Yaprak Sayist
(mm)* (cm)* (adet) (mm)* (cm)* (adet)
60 (15-20 Ocak) 0.5000.221 0.567+0.328Eay
90 (15-20 Subat) 3.974+0.193 12.028£2.125 3.333£0.540 42480219 10.516+1.966Day 2.983+0.692Dby
L Ekim 120 (15-20 Mart) 5.890+0.152 43.167£1.919 10.900+0.637 6.056+0.228 35.226+1.944Cbx 9.7000.748Cby
(Kasim) 150 (15-20 Nisan) 7.495£0.175 743333517 16.617+0.734 7.188£0.252 55.419:2.601Bby  17.3670.737Bay
180 (15-20 Mayis) 81510210 94.778+4.581 22.167+0.858 8.144+0.296 93.613+4.015Abx  24.300:0.956Aby
210 (15-20 Haziran) 9.195£0.240 116.806+5.820 29.100+1.107
Bacon 60 (1-5 Subat) 0.217£0.221 0.000£0.328Eby
90 (1-5 Mart) 4568+0.164 16.458+1.841 4.950-0.540 4492+0.153 16.186+1.670Day 6.083+0.692Day
1L Ekim 120 (1-5 Nisan) 6.173£0.130 44.354+1.662 12.167+0.637 6.718£0.159 48.698+1.651Cay  14.617+0.748Cay
(Aralik) 150 (1-5 Mayis) 7.3410.149 74333+3.046 18.083£0.734 7.707£0.176 65.163£2.208Bay  17.3830.737Bay
180 (1-5 Haziran) 8.011£0.179 91.7713.967 22.217+0.858 8.77240.206 104.20943.409Aay  25.250+0.956Aay
210 (1-5 Temmuz) 89780217 111.6505.040 28.433+1.107
60 (15-20 Ocak) 0.98320.221 2.283+0.328Eax
90 (15-20 Subat) 4308£0.136 21.148%1.735 7.283£0.540 3.946£0.153 20.044+1.632Dax 7.633+0.692Dbx
L Ekim 120 (15-20 Mart) 5.987+0.108 5272041567 13.9830.637 5.456£0.159 41.533£1.614Cbx  13.8000.748Chbx
(Kasim) 150 (15-20 Nisan) 7.332£0.123 96.4072.871 21.750+0.734 6.449+0.176 63.800=2.159Bbx  18.900:0.737Bbx
180 (15-20 Mayis) 8.318£0.148 124.370+3.740 26.783+0.858 773240206 95.289+3.332Abx  25.817+0.956Abx
210 (15-20 Haziran) 9.442+0.165 146.889£4.752 32.167+1.107
Zutano 60 (1-5 Subat) 0.250£0.221 0.500£0.328Ebx
90 (1-5 Mart) 47940.139 27.060+1.803 6.767+0.540 427720.131 23.182+1.476Dax 9.983+0.692Dax
1L Ekim 120 (1-5 Nisan) 6.442£0.110 61.1001.628 13.517+0.637 6.402£0.137 57.564+1.460Cax  17.617+0.748Cax
(Aralik) 150 (1-5 Mayis) 7.565£0.126 100.260+2.984 20.4670.734 7.276x0.151 85.127+1.953Bax  21.8000.737Bax
180 (1-5 Haziran) 8.354£0.152 117.780+3.887 24.5330.858 §.349:0.178 127.14543.014Aax  29.517+0.956Aax
210 (1-5 Temmuz) 9.314+0.168 150.340:64.939 31.633£1.107

* Bityiik harfler donemler aras: farklihigy, kiigiik a ve b tohum ekimleri arasi farkliligy, kiigiik x ve y gesitler aras: farkliligr gostermektedir.

Cizelge 3. Tohum ekimlerine ve ¢ogiir gelisimlerine gore Fuerte ile Hass ¢esidinin ¢ogiir ¢ap1 ve ¢ogiir boyu ile yaprak sayilar1.

Table 3. The numbers of leaves, diameter and length of seedlings of Fuerte and Hass varieties according to developments of

sowings of seeds.

the seedlings and

2009-2010 2010-2011

Cesit Tohum Ekimi Dénem (giin) Cogiir Capt Cogiir Boyu Yaprak Sayisi Cogiir Capt Cogiir Boyu Yaprak Sayisi

(mm)* (cm)* (adet) (mm)* (cm)* (adet)

60 (15-20 Ocak) 0.067+0.087Gax 0.283+0.101
90 (15-20 Subat) 3.516+0.335 7.737+3.093 1.000+0.495Gbx 3.229+0.270 7.875+1.931 1.717+0.695
120 (15-20 Mart) 5.229+0.282 40.895+2.265 7.350+0.677Fbx 5.484+0.241 34.000+1.861 8.133+0.889
L. Ekim 150 (15-20 Nisan) 6.596+0.329 67.684+3.713 13.500+0.822Ebx 6.771+0.262 54.667+2.449 13.250+0.812
(Kasim) 180 (15-20 May1s) 7.453£0.379 90.053+4.845 19.733+0.918Dbx 8.051+0.331 85.417+4.002 19.517+1.007
210 (15-20 Haziran) 9.270+0.551 113.526+6.756  24.867+1.234Cbx 8.912+0.386 102.667+4.758 23.217+1.252
240 (15-20 Temmuz) 10.610+0.698 145.158+7.525 30.917+1.472Bbx 9.817+0.430 113.417+4.886 26.083+1.475
Fuerte 270 (15-20 Agustos) 11.763+0.810 167.632+8.259 35.750+1.721Aax 10.287+0.458 119.667+5.133 28.900+1.849
60 (1-5 Subat) 0.150+0.087Hax 0.000+0.101
90 (1-5 Mart) 4.469+0.144 23.804+1.988 5.867+0.495Gax 3.846+0.182 10.543+1.599 4.867+0.695
120 (1-5 Nisan) 5.893+0.121 52.543+1.456 11.767+0.677Fax 5.649+0.163 44.171£1.541 10.817+0.889
IL. Ekim 150 (1-5 Mayis) 6.948+0.141 87.15242.386 17.733+0.822Eax 6.365+0.177 58.943+2.028 14.400+0.812
(Arahk) 180 (1-5 Haziran) 7.918+0.163 104.674+3.114  21.900+£0.918Dax 7.254+0.223 91.514+3.314 21.583+1.007
210 (1-5 Temmuz) 9.138+0.237 130.717+4.342 27.667+1.234Cax 8.121+0.260 109.857+3.940 24.800+1.252
240 (1-5 Agustos) 10.062+0.300 141.609+4.836 31.617+1.472Bax 8.930+0.290 121.886+4.046 27.567+1.475
270 (1-5 Eyliil) 10.717+0.348 155.739+5.308  34.000+1.721Abx 9.468+0.309 133.057+4.250 32.317+1.849
60 (15-20 Ocak) 0.000+0.087Fax 0.000+0.101
90 (15-20 Subat) 2.800+0.511 6.333+4.49%4 0.700+0.495Fbx 3.044+0.246 10.941+2.295 2.067+0.695
120 (15-20 Mart) 4.430+0.431 32.111%3.291 2.850+0.677Eby 4.249+0.220 31.059+2.212 5.617+0.889
L. Ekim 150 (15-20 Nisan) 5.457+0.503 51.000+5.395 7.567+0.822Dby 4.898+0.239 42.941+2.909 11.067+0.812
(Kasim) 180 (15-20 May1s) 6.550+0.579 73.556+7.040 13.050+0.918Cby 5.961+0.302 64.176+4.755 15.950+1.007
210 (15-20 Haziran) 8.347+0.842 94.889+9.816 17.983+1.234Bby 7.065+0.353 84.882+5.653 20.100+1.252
240 (15-20 Temmuz) 9.893+1.066 132.000+10.933 21.750+1.472Aby 7.959+0.393 103.824+5.806 24.750+1.475
Hass 270 (15-20 Agustos) 11.297+1.237 155.333+12.001 24.417+1.721Aby 8.486+0.418 113.941£6.099 27.817+1.849
60 (1-5 Subat) 0.117+0.087Gax 0.000+0.101
90 (1-5 Mart) 3.902+0.159 23.139+2.247 4.217+0.495Fay 4.073+0.156 17.444+1.577 6.400+0.695
120 (1-5 Nisan) 4.596+0.134 44.667+1.645 9.333+0.677Eay 5.190+0.139 40.444+1.520 12.250+0.889
IL. Ekim 150 (1-5 Mayis) 5.413+0.156 68.917+2.698 13.567+0.822Day 5.744+0.151 52.944+1.999 15.767+0.812
(Arahk) 180 (1-5 Haziran) 6.396+0.180 84.38943.520 17.967+0.918Cay 6.679+0.191 80.694+3.268 22.317+1.007
210 (1-5 Temmuz) 7.520+0.262 112.361+4.908 23.500+1.234Bay 7.622+0.223 101.194+3.885 26.583+1.252
240 (1-5 Agustos) 8.482+0.332 130.861+5.466  26.733+1.472ABay 8.453+0.248 116.250+3.990 32.333+1.475
270 (1-5 Eyliil) 9.327+0.385 145.750+6.000  27.183+1.721Aay 8.854+0.265 126.194+4.191 37.133+1.849

* Bityiik harfler donemler aras: farklihigy, kiigiik a ve b tohum ekimleri arasi farkliligy, kiigiik x ve y gesitler aras: farklihg: gostermektedir.
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Mexicola ve Topa Topa’min morfolojik ¢alismalarinda,
Whitsell ve ark. (1989)’a gore 4 ay i¢inde ortalama ¢Ogiir
boyunda (460-610 mm) daha yiiksek degerlere ulasilmis
olmasma ragmen, bu siire iginde belirlenen ¢oglir capi
degerlerinin (4.6-5.7 mm) asilama igin istenen degerlerde (10
mm) bulunmadigr goriilmiistiir. Elam (1997)’nin belirtigi ¢ogiir
boylarina gore istenen ana¢ c¢apr degerlerine ise, ¢alismada
ortalama 6—8 mm olarak ulagilmig ve bu ¢ap degerleri Johnston
ve Frolich (1956) i¢in agilanabilir Olglilerde bulunmustur.
Ancak, tespit edilen anag¢ cap1 degerlerinin kalem asilarinda
basar1 igin yetersiz oldugu ve diger cesitlere ait c¢ogiirlerde
oldugu gibi agilamada bazi sikintilar olusturabilecegi
diistiniilmektedir. Bu goriisli, Bender ve Whiley (2002)'in
avokado da kalem asilarinda, asida basarinin arttirilmasi i¢in en
uygun anag ¢apt degerlerinin yaklasik 12 mm olmas1 gerektigi
bildirisi desteklemektedir.

Bacon ve Zutano ¢esitlerine ait ¢ogiirlerin boy ve c¢ap
degerlerinde, tohum ekim zamanlar arasinda belirgin bir
farklililk saptanmamasina ragmen, genellikle aralik aymnda
yapilan tohum ekimlerinde daha yiiksek degerler elde edilmistir
(Cizelge 2).

Bacon ¢esidinde, tohum ekiminden 4 ay sonra Whitsell ve
ark. (1989)’nin bildirisi ile benzer ortalama ¢ogir boyu
degerlerinin  (352-486 mm) oldugu bulunurken, Zutano
¢esidinde ise daha yiiksek degerlere (415-611 mm) ulasildi
saptanmigtir. Bununla birlikte, tohum ekiminden 4 ay sonra
Bacon ve Zutano ¢esidine ait ¢ogiirlerin ortalama c¢ap
degerlerinin sirasiyla 5.8-6.7 mm ve 5.4-6.4 mm arasinda tespit
edilmesi, Johnston ve Frolich (1956) ve Elam (1997)'e gore
asilama i¢in nispeten yeterli oldugunu gostermektedir.

Fuerte ve Hass cesitlerinde ise, diger cesitlere gore daha
diisiik ¢cogiir boyu ve capt degerleri elde edilmistir (Cizelge 3).
Tohum ekimleri arasinda ¢ogiir gelisim periyotlarinda belirgin
bir farklilik ortaya ¢ikmamus ve genellikle bu iki gesit arasinda
Fuerte ¢esidinin daha yiiksek degerlerde oldugu kaydedilmistir.

Fuerte ve Hass c¢esitlerinde, tohum ekiminden 4 ay sonra
¢ogiirlerin ana¢ boylarinda Whitsell ve ark. (1989)’nin
bildirisleri ile benzer veriler (sirastyla 340-525 mm ve 310-446
mm arasinda) saptanmasina ragmen, Johnston ve Frolich (1956)
ve Elam (1997)a gore asilanabilir ana¢ ¢ap1 degerlerine
(swrastyla 5.2-5.8 mm ve 4.2-5.2 mm arasinda) ulasilamamustir.
Ancak, denemede tohum ekiminden 6 ay sonra ortalama anag
boyunun 600-750 mm’nin {izerinde ve anag¢ ¢apmnin Fuerte’de
7.2-8.1 mm ve Hass’ta 5.9-6.7 mm arasinda bulunmasi, Elam
(1997)'a gore asilama icin yeterli kabul edilmistir.

Asilama ve sonrasinda yapilan gozlemlere gore, ast ve fidan
gelisiminde basart i¢in ¢dgiirlerin ortalama 10£1 mm ¢apinda
olmasi1 gerektigi belirlenmistir. Bu degere; tohum ekiminden
itibaren ortalama olarak Mexicola’da 240-270 giin, Topa
Topa’da 210-240 giin, Bacon ve Zutano’da 180-210 giin,
Fuerte’de 210-240 giin ve Hass’ta 240-270 giin sonra
ulagilabilecegi Ongoriilmiistiir. Ayrica, belirtilen siirelerde
ortalama ¢ogiir boyunun ise Mexicola’da 150-170 cm, Topa
Topa’da 120-140 cm, Bacon’da 120-140 cm, Zutano’da 125—
150 cm, Fuerte’de 120-140 c¢cm ve Hass’da 125-150 cm
arasinda olacag: tespit edilmistir.

Cesitlere ait ¢ogiirlerin yapraklanma durumunda; yapraklar
uzunluguna gore belirli simflara ayrilarak toplam yapraklarin
donemsel gelisimleri degerlendirilmis ve iilkemiz kosullarinda
yapilan ilk ¢alisma olmustur. Her iki ¢ogiir gelisim periyodunda
da toplam yaprak sayilar1 incelendiginde (Cizelge 1, Cizelge 2
ve Cizelge 3); donemler arasinda istatistik 6nemde degismis ve

ilk donemde en diisiik degerden son donemde en yiiksek degere
dogru artmustir.

Mexicola ve Topa Topa ¢esidinde toplam yaprak sayisina
gore, ¢ogiirlerin 60.-210. giinii arasinda 0-5 cm uzunlugundaki
yapraklarin oram yaklasik % 40-90’dan % 10-15’e kadar
azalirken, 15 cm’den biiyiik yapraklarin oram ise yaklasik % 0-
20’den % 40-70’e kadar arttif1 saptanmistir.

Bacon ve Zutano c¢esidinde toplam yaprak sayisina gore,
¢ogiirlerin  60.-180. giini arasinda 0-5 cm uzunlugundaki
yapraklarin oram yaklasik % 95-100°den % 10-20’ye kadar
azalirken, 15 cm’den biiyiik yapraklarin oram ise yaklasik % 0-
5’den % 55-65’e kadar artmsgtir.

Fuerte ve Hass ¢esidinde toplam yaprak sayisina gore,
¢ogiirlerin  60.-270. giinli arasinda 0-5 cm uzunlugundaki
yapraklarin oram1 % 100°den yaklasik % 10-20’ye kadar
azalirken, 15 cm’den biiyiik yapraklarin orant ise % 0’dan %
40-75’e kadar artmistir.

4. Sonug

Tohumlarin ¢imlenme kabiliyetleri ve ¢dgiirlerin morfolojik
gelisimleri bakimindan yapilan degerlendirmede; anag¢ olarak
kullanilan ¢esitlerden Mexicola ve Topa Topa ile birlikte, ticari
¢esitlerden Bacon ve Zutano iyi sonuglar vermistir. Mexicola ve
Topa Topa ¢esitlerinde, yiliksek ¢cimlenme kabiliyetinin ve ¢ogiir
gelisiminin ortaya ¢ikmasinda, meyve gelisimlerine bagli olarak
tohumlarin erken donemde olgunluga ulagsmasinin etkili oldugu
diistiniilmektedir. Meyve hasadina bagli olarak tohum ekimi
donemlerinde (eyliil-ekim aylarinda), yetistirme ortaminda
¢imlenme ve gelisim icin uygun sicakliklarin bulunmasi da ¢ok
biiyilk avantajlar saglamaktadir. Ticari gesitler arasinda ise,
tohum ekimlerinin yapildigi donemlerde (kasim-aralik)
ortalama sicakliklar diisiik degerlerde olmasma ragmen, Bacon
ve Zutano gesitlerinde yiiksek ¢imlenme ve ¢ogiir gelisimi tespit
edilmigtir. Ayrica, Fuerte ve Hass g¢esitlerinin ¢imlenme
yeteneklerinin diisik olmasinda, genetik yapisimin da etkili
olabilecegi diisiiniilmektedir.

Sonug olarak; agilama ve sonrasinda basaril1 olabilmek i¢in
cogiirlerin ¢ap degerlerinin ortalama 10+l mm olmasi
gerekmektedir. Bu ¢ap1 degerine ise; tohum ekiminden itibaren
Mexicola ile Topa Topa’da 7-9 ay, Bacon ile Zutano’da 6-7 ay
ve Fuerte ve Hass 7-9 ay sonra ulasildig1 goriilmiistiir.
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Aragtirma  bitki gelisimini tesvik eden rizobakterilerin (Plant Growth Promoting
Rhizobacteria-PGPR) brokkolide (Brassica oleracea L. var. italica) fide gelisimi ve fide
kalitesi lizerine etkilerinin belirlenmesi amaciyla yapilmistir. Calismada, Bacillus megaterium
TV-3D, Bacillus megaterium TV-91C, Pantoea agglomerans RK- 92 ve Bacillus megaterium
KBA-10 bakteri irklar1 kullanilmistir. Uygulamalar brokkoli fidelerine tohum ¢imlenmesinden
sonra siispansiyon seklinde birer hafta araliklarla iki kez olacak sekilde yapilmustir.
Aragtirmada, PGPR uygulamalarinin kontrol uygulamasina gore fide boyunu % 7.85, govde
capini % 42.56, yaprak alanin1 % 18.12 yaprak kuru madde miktarini ise % 41.98 oranlarina
kadar artirdigi saptanmustir. Caligmada, PGPR uygulamalarinin fide besin elementi igerigini
Na hari¢ artirdigr belirlenmistir. PGPR uygulamalarinin brokkoli fidelerinde aminoasit
icerikleri {izerine etkileri istatistiksel olarak Onemli (treonin, methionin, fenilanin ve
hidroksiprolin hari¢) bulunmustur. Fide organik asit icerikleri ise PGPR uygulamalar ile
genellikle 6nemli bir artis gostermistir. En yiiksek giberallik asit (GA), salisilik asit (SA) ve
absisik asit (ABA) igerigi P. agglomerans RK-92 uygulamasindan elde edilmistir. Arastirma
sonucunda kullanilan PGPR uygulamalarimin brokkoli fidelerinde mineral madde, aminoasit,
organik asit ve hormon igeriklerini etkileyerek fide gelisimi ve kalitesini olumlu etkiledigi
belirlenmistir.
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This study was conducted to determine the effects of different plant growth promoting
rhizobacteria (PGPR) strains on growth and quality of broccoli seedlings. The strains of B.
megaterium TV-3D, B. megaterium TV-91C, P. agglomerans RK- 92 and B. megaterium
KBA-10 were used in this study. The suspension of bacteria was applied twice into root zone
with one-week interval after germination of seeds. The results of the study showed that PGPR
treatments increased seedling length, stem diameter, leaf area, and leaf dry matter at ratios of
7.85 %, 42.56 %, 18.12 % and 41.98 %, respectively, compared to the control. Except for Na,
the mineral element content was also increased with PGPR treatments. Amino acids in
broccoli seedlings were significantly affected with PGPR applications (except for theonine,
methionine, phenylalanine and hydoxyproline). Furthermore, organic acids of seedlings were
increased with PGPR applications. The highest gibberallik acid (GA), salicylic acid (SA) and
abscisic acid (ABA) contents were obtained from P. agglomerans RK-92 application. As a
result, B. megaterium TV-3D, B. megaterium TV-91C, P. agglomerans RK-92 and B.
megaterium KBA-10 applications improved growth and quality of broccoli seedlings by
affecting mineral element, amino acid, organic acid and hormone contents.

1. Giris

Giiniimiizde modern sebze yetistiriciliginde kalite ve verimi =~ masraflari ~ azaltmak adma yetistiricilikte ~kaliteli ~ fide

artirmak amaciyla iretimlerde farkli yontem ve teknikler kullantilmasidir. Ulkemiz sebze iiretim potansiyeli yiiksek olan

kullanilmaktadir. Bunlardan biri tohum sarfiyatini azaltmak,
erkencilik saglamak, saglikli ve dayanikli bitkiler yetistirmek ve

iilkelerden biridir. En fazla domates gibi meyvesi tiiketilen
sebze tiirlerinin tiretimi yapilmakla birlikte, lahanagiller {iretimi
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de yogun bir sekilde yapilmaktadir. Ulkemizde sebze tariminda
son yirmi yilda ¢esit, tohumluk ve fidecilik konularinda énemli
derecede ilerlemeler saglanmistir. Sebze iireticileri son yillarda
ortiialti sebze yetistiriciliinde tamamina yakininda, agikta
yetigtiricilikte ise Onemli bir kisminda birgok avantajindan
dolay1r hazir fide kullanimina yonelmislerdir. Kontrollii
kosullarda ¢ok gozlii saksilar igerisinde fide {iretiminin hizl bir
sekilde benimsenmesinin temelinde tohumlart pahali olan F1
hibrit sebze cesitlerinde kayiplarin azaltilmasi yatmaktadir.
Tiirkiye'de modern olarak 1995 yilinda faaliyete baglayan fide
iretim tesislerinin 2012 yilsonu itibariyla 100%n iizerinde
uretim tesisiyle 3,2 milyar adet fide firetimine ulastigt
bildirilmektedir. Lahana, karnabahar ve brokkoli gibi sebze
tiirlerinin yetistiriciliginde fide kullanimi ekonomik olmasi ve
diger olumlu etkilerinden dolayr yayginlagmaktadir. Nitekim
lahanagillerde dogrudan ekim ya da yastiklarda fide
yetistiriciliginde seyreltme, sasirtma, hastalik ve zararlilarla
miicadele gibi nedenlerle birlikte hem kullanilan tohum miktar
fazla olmakta hem de zaman kaybi s6z konusu olmaktadir. Bu
durum ayrica hibrit tohum kullanilmas: ile daha fazla maliyet
demektir. Bu nedenle bu tiir sebzelerde fide kullanimu tercih
edilmektedir.

Tarimsal iiretimde yiiksek verim ve kalite artisin1 saglamaya
yonelik yapilan uygulamalar beraberinde yogun kimyasal
kullammini getirmistir. Bu kimyasallarin maliyet artigina neden
olmalarinin yani sira insan ve cevreye olan zararli etkileri
nedeniyle de iizerinde durulmaktadir. Bu nedenle son
zamanlarda c¢evreye dost, siirdiiriilebilir ve organik tarim
sistemleri tercih edilmektedir. Kimyasal kullanimma alternatif
olabilecek ve organik tarimda rahatlikla kullanilabilecek
yontemlerden biri bitki gelisimini tesvik eden rhizobakteri
(PGPR)  uygulamalaridir.  Bu  bakteriler ~ genellikle
Azotobacterium, Azospirillum, Azotobacter, Arthrobacter,
Alcaligenes, Bacillus, Burkholderia, Clostridium, Enterobacter,
Flavobacterium, Pseudomonas, Serratia vb. cinslerine ait
bakterilerdir (Adesemoye ve ark. 2008). PGPR uygulamalari
son  yillarda  bitkisel iretimde  biyogiibre  olarak
kullanilmaktadirlar. Bu bakterilerin, azot fiksasyonu vasitasiyla
bitkinin azot beslenmesini, fosforun ¢6zliniirliigini, su
kullanim etkinligini ve bitkisel hormon {iretimini (oksin,
stokinin ve giberallin) arttirdigi, besin elementlerinin bitki
tarafindan alimini etkinlestirerek veya bitkide etilen seviyesini
enzimatik yolla azaltarak bitki gelisimi iizerine olumlu etki
yaptigi tespit edilmistir (Glick 1995). PGPR’lerin ayrica
bitkilerin fitapatojenlere dayanaklik géstermesine, kurakliga,
tuzluluga ve oksidatif strese (Saleem ve ark. 2007) tolerans
saglamasina yardimci oldugu ve suda ¢oziinebilen B vitamin
kompleksleri iireterek bitki gelisimini etkiledigi belirlenmistir
(Revillas ve ark. 2000). PGPR uygulamalarinin bitki gelisimini
ve verimini artirdigina yonelik yapilan ¢ok sayida caligma
bulunmaktadir (Garcia ve ark. 2003; Karlidag ve ark. 2007,
Dursun ve ark. 2008; Yildirim ve ark. 2008; Ekinci ve ark.
2009; Dursun ve ark. 2010; Misra ve ark. 2010; Yildirim ve ark.
2011; Ibiene ve ark. 2012). Bakterilerin bitki gelisimi ve verimi
tizerine etkileri lizerine yapilan ¢ok sayida arastirma olmasina
ragmen, sebzecilikte fide gelisimi ve kalitesi iizerine yapilmis
caligmalar yaygin degildir. Yapilan bazi arasgtirmalarda, PGPR
uygulamalari ile fide iiretiminde daha saglikli ve giiglii fideler
yaninda standart biiyiikliikteki fidelerin daha kisa siirede elde
edildigi belirlenmistir (Vavrina 1999a, 1999b; Kokalis-Burelle
ve ark. 2003). Ayrica tohuma ve fidelere yapilan PGPR
uygulamalarimin  zararli mikroorganizmalart kontrol altina
alarak stres sartlar1 altindaki fidelerin daha saglikli olmasini
sagladig: belirtilmektedir (Giil ve ark. 2008). Lahana fidelerinde

tohum
artirdigi

rklarinin
kalitesini

yapitlan bir ¢alismada bazi PGPR
inokulasyonunun  fide gelisimi ve
belirlenmistir (Turan ve ark. 2014).

Sebze iretiminin ilk basamag: kaliteli tohum ve bundan
elde edilecek kaliteli fidedir. Kaliteli fide ile tiretim, hem verimi
artiracak hem de kaliteli iirlin elde etmemizi saglayacaktir.
Literatiir arastirmalarinda PGPR uygulamalarinin brokkolide
fide gelisimi ve kalitesi ilizerine etkisinin belirlenmesine yonelik
calismalara rastlanmamugtir. Dolayisiyla bu arastirmada,
iretimde fide kullanimu tercih edilen brokkolide fide gelisimi ve
kalitesi tizerine Bacillus megaterium TV-3D, Bacillus
megaterium TV-91C, Pantoea agglomerans RK- 92 ve Bacillus
megaterium KBA-10 bakteri irklarmin etkisi belirlenmeye
caligilmustir.

2. Materyal ve Yontem

Bu calisma Atatiirk Universitesi Ziraat Fakiiltesine ait
serada yiritilmiistiir. Calismada bitkisel materyal olarak
brokkoli (Brassica oleracea L. var. italica) ye ait Monet F1
cesidi kullanilmistir. Denemede ortam giindiiz/gece sicaklig
yaklasik olarak 26/13°C ve nemi ise % 70 oraninda 6lgiilmiistiir.
Brokkoli tohumlart 45 bolmeli viyoller igerisinde torf yetistirme

ortamina  ekilmigtir. Deneme siiresince fidelere besin
uygulamasi yapilmamustir.
Bakteriyel soliisyonlarinin hazirlanmasi ve

uygulanmasi: Calismada kullanilan bakteri (B. megaterium
TV-3D, B. megaterium TV-91C, P. agglomerans RK- 92, B.
megaterium KBA-10) 1rklar1 Atatiirk Universitesi  Ziraat
Fakiiltesi Bitki Koruma Bolimii mikroorganizma kiiltiir
koleksiyonundan alinmigtir. Bu bakteriler Dogu Anadolu
bolgesinde yetisen bazt meyve ve yaprakli sebzelerin
koklerinden izole edilmistir (Kotan ve ark. 2005; Erman ve ark.
2010). Kullanilan bakterilerin tanimlanmasi1 Sherlock Microbial
Identification System (Microbial ID, Newark, DE, USA) analizi
kullamlarak yag asidi metil esterlerine gore yapilmigtir (Miller
1982). -80 "C’de, % 30 gliserol ve sivi besi yeri (Lauryl Broth)
icerisinde muhafaza edilen bakteriler nutrient agar kati besi
ortammna ¢izgi ekim yapilmustir. Ekim yapilan petriler 27 “C’ye
ayarli inkiibatorde 48 saat inkiibe edildikten sonra gelisen her
bir bakteriden bir 6ze dolusu alinarak 250 ml nutrient broth
igeren erlenlere aktarilmig ve bakteri ile kontamine edilen sivi
besi yerleri, bakterilerin aerobik gelisimi i¢in 27 ‘C’ye ayarh
calkalayictda 91 rpm’de 24 saat inkiilbasyona birakilmustir.
Hazirlanan bakteriyel siispansiyonlar steril saf su ile seyreltilmis
ve spektrofotometrik Slgiimle son konsantrasyon 108 cfu ml™ye
ayarlanmugtir. Kullamlan bakterilerin 6zellikleri Cizelge 1°de
verilmistir (Kotan ve ark. 2014; Turan ve ark. 2014). Bakteri
siispansiyonlar1 tohumlar ¢imlenip cikis yaptiktan sonra fide
kok bolgesine birer hafta araliklarda iki kez sulama olarak
uygulanmustir. Kontrol uygulamasinda ise bakteri kontamine
edilmemis s1v1 besi yeri igeren su kullanilmustir.

Cizelge 1. Caligmada kullamlan bakterilerin azot fiksasyon ve fosfat
¢ozebilme durumlari.

Table 1. Nitrogen fixation and phosphorus solubilization by bacteria
used in the study.

Bakteri irklar: - Azot . ..F(?.Sf.fat o
fiksasyonu  coziiniiliirligii
Bacillus megaterium TV-3D s+ +
Bacillus megaterium TV-91C + w+
Pantoea agglomerans RK- 92 + S+
Bacillus megaterium KBA-10 S+ +

-: negatif reaksiyon, +: pozitif reaksiyon; s+: giiclii pozitif reaksiyon; w+: zayif
pozitif reaksiyon
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Bitki gelisim parametrelerinin 6l¢iimii: Fideler yaklasik
olarak 40 giinliik oldugunda her uygulama ve her tekerriirden 20
fide 6rnegi tizerinde bitki boyu, govde ¢api, yaprak ve kok yas
agirhig ile ilgili 6lgtimler yapilmustir. Yaprak ve kok ornekleri
65 ‘C’de 48 saat kurutularak kuru agirliklar belirlenmistir. Fide
yaprak alanlar1 yaprak alanmi olger ile (LI-3100, LICOR)
Ol¢iilmiistiir. Klorofil miktari ise hasattan dnce portatif klorofil
metre (SPAD-502; Konica Minolta Sensing, Inc., Japan) ile
yapragin her iki tarafindan ve dort farkli bolimde yapilan
6lgtimler ile belirlenmistir (Khan ve ark. 2003).

Mineral madde analizi: Bitki orneklerinin toplam azot
icerikleri salisilik-siilfiirik asit ile yas yakmaya tabi tutulduktan
sonra mikro kjheldahl yontemiyle (AOAC 2005) belirlenmistir.
Bitki drneklerinin P, K, Ca, Mg, Na, Fe, Mn, Zn ve Cu igerikleri
nitrik asit-hidrojen peroksit (2:3) asit ile 3 farkli adimda (1.
adim; 145 °C de % 75 mikrodalga giiciin de 5 dakika, 2. adim;
180 °C de % 90 mikrodalga giiciin de 10 dakika ve 3. adim 100
°C de % 40 mikrodalga giiciin de 10 dakika) 40 bar basinca
dayanikli mikrowave yas yakma iinitesine (speedwave MWS-2
Berghof productts + Instruments Harresstr.1. 72800 Enien
Gernmany) tabi tutulduktan (Mertens 2005a) sonra ICP OES
spektofotometresinde (Inductively Couple Plasma
spectrophotometer) (Perkin-Elmer, Optima 2100 DV, ICP/OES,
Shelton, CT 06484-4794, USA) okunmak suretiyle
belirlenmistir (Mertens 2005b).

Hormon Analizi: Ekstraksiyon ve saflastirma islemleri
Kuraishi ve ark. (1991) ve Battal ve Tileklioglu (2001)
metotlara gore yapilmistir. Indol asetik asit, giberallik asit,
salisilik ve absisik asit analizlerinde HPLC kullanilmustir
(Horgan ve Kramers 1979; Koshimizo ve Iwamura 1986;
Morris ve ark. 1990).

Aminoasit  Analizi:  Orneklerin  serbest aminoasit
kompozisyonunun belirlenmesinde Aristoy ve Toldra (1991);
Antoine ve ark. (1999)°da verilen yontemler (HPLC yontemi)
esas alinmistir. Orneklerin serbest aminoasit kompozisyonunun
belirlenmesinde tek dedektorlii (UV) ve Zorbax Eclipse-AAA
4.6 x 150mm, 3.5 um (Agilent PN 963400-902) kolonlu Agilent
1200 model HPLC kullanmilarak sistin, valin, hidroksiprolin,
aspartat, glutamat, asparagin, serin, glutamin, histidin, glisin,
treonin, arjinin, alanin, sarkozin, tirozin, metyionin, triptofan,
fenilalanin, 16sin, izosilin lizin, prolin aminoasitleri
belirlenmistir.

Organik Asit Analizi: Organik asit analizleri Flores ve ark.
(2012)’na gore yapilmustir. Organik asitlerin analitik dl¢timiinde
15,6 uM oksalik asit, propionik asit, biitirik asit, 66,6 pM
tartarik asit, 74,6 uM malik asit, 339 uM siiksinik asit, 96 uM
malonik asit, 5,7 uM askorbik asit, 1,7 pM maleik asit, 95,1 uM
sitrik asit ve 1,7 pM fumarik asit karisimini iceren organik
asitler kullanilmustir. Standartlar hazirlanmis ve her bir organik
asit kariggmi HPLC ile okunarak en yiiksek noktalar
belirlenmistir.

istatistiksel Analizz Deneme, tesadiif bloklar1 deneme
desenine gore, 5 bakteri uygulamast (kontrol dahil) ve 3
tekerriirlii olarak yiiriitiilmistiir. Denemeden elde edilen veriler
SPSS 18 paket program kullanilarak varyans analizine tabi
tutulmus, ortalamalar Duncan ¢oklu karsilastirma testi ile
karsilagtirilmuistir (SPSS 2010).

3. Bulgular

Bakteri uygulamalarinin brokkoli fidelerinde fide gelisimi
tizerine etkileri Cizelge 2’de verilmistir. Uygulamalarin yaprak
klorofil miktari, kok boyu ve kok kuru agirligr disinda incelenen

diger parametrelerde etkisi istatistiksel olarak Onemli
bulunmustur. Fide boyu en fazla (14.83 cm) P. agglomerans
RK-92 uygulamasinda olgiiliirken, en az (13.33 cm) B.
megaterium TV-3D ve kontrol uygulamasinda meydana
gelmistir. Govde capi, yaprak alani, yaprak yas agirligi ve kok
yas agirh@ en fazla B. megaterium KBA-10 uygulamasinda
(sirastyla, 3.45 mm, 25.23 cm? 24.53 g ve 1557 g) elde
edilirken, yaprak kuru agirhg B. megaterium TV-91C
uygulamasinda en yiiksek (3.01 g) bulunmustur.

Cizelge 2. PGPR uygulamalariin brokkolide fide gelisimi tizerine

etkileri.
Table 2. Effects of PGPR applications on plant growth in broccoli
seedling.

Kontrol  TV-3D TV-91C  RK-92 KBA-10
Fide boyu (cm) 13.75b 13.33b  14.09ab  14.83a  14.18ab
Govde ¢api (mm) 2.42d™"  3.05¢ 3.29b 2.94c 3.45a
Yaprak klorofil 4541 47.59 48.67 48.32 47.90
Yaprak alam (em”) ~ 21.36b"  21.35b  22.36b 20.72b  25.23a
Yaprak yas agr (g)  19.36b 19.10b  21.60ab  23.70a  24.53a
Yaprak kuru agr (g) 212¢”  2.38b 3.01a 2.36bc  2.60b
Kok boyu (cm) 24.02° 2483 25.08 25.10 25.52
Kok yas agr (g) 9.92¢ 11.54bc  12.61b 1345b  15.57a

Kok kuru agr (g) 0.65™ 0.75 0.86 0.84 0.94

Satir ortalamalarinda ayni1 harfle belirtilen ortalamalar arasinda 6nemli bir fark
bulunmamaktadir (*:p<0.05, **:p<0.01, ***:p<0.001, ns: p>0.05)

Means within rows not followed by the same letter differ significantly (*:p<0.05, **:p<0.01,
***:p<0.001, ns: p>0.05)

Bakteri uygulamalarinin fide besin igerikleri iizerine etkisi
Cu harig istatistiksel anlamda 6nemli bulunmustur (Cizelge 3).
B. megaterium TV-91C uygulamast N, Ca ve P icerigini diger
uygulamalara gore daha fazla artirmistir (swrasiyla, % 0.86,
4230.67 mg kg ve 771.67 mg kg?). K, Mg, Fe ve Mn igerigi
en fazla (5028.00 mg kg, 196.00 mg kg?, 31.76 mg kg* ve
5.07 mg kg?) P. agglomerans RK-92 uygulamasinda, Zn igerigi
en vyiksek (3.15 mg kg') B. megaterium KBA-10
uygulamasinda ve Na igerigi ise en yiiksek (148.67 mg kg™)
kontrol ~ kontrol ile birlikte RK-92 ve KBA-10
uygulamalarindaki bitkilerden elde edilmistir. Na ve Zn diginda
diger besin madde miktar1 en diisiik kontrol bitkilerinde
meydana gelmistir.

Cizelge 3. PGPR uygulamalarinin brokkoli fidelerinin besin icerigi
iizerine etkileri.

Table 3. Effects of PGPR applications on mineral content in broccoli

seedling.

Kontrol TV-3D TV-91C RK-92  KBA-10
N (%) 0.73¢ 0.84ab 0.86a 0.78bc 0.85ab
Na(mgkg?)  148.67a™"  132.00b 130.67b 146.33a  142.00a
K(mgkg?)  4784.00c"  4885.33abc 4843.00bc 5028.00a  4961.67ab
Ca(mgkg") 3962.67b™ 4178.67a  4230.67a  4202.00a  4096.00ab
Mg (mgkg?)  153.00c™"  180.67b 174.33b 196.00a  180.33b
P (mgkg™) 713.00¢™  734.00b 771.67a  738.67b  761.67a
Fe (mg kg™) 23.15¢""  28.50b 26.61b 31.76a 27.16b
Cu (mg kg™) 3.37™ 3.70 3.65 3.53 3.65
Mn (mg kg™?) 3.99d™" 4.39¢c 4.67bc 5.07a 4.81ab
Zn (mg kg™?) 2.84b™ 2.71bc 2.77bc 2.58¢ 3.15a

Satir ortalamalarinda ayn1 harfle belirtilen ortalamalar arasinda 6nemli bir fark
bulunmamaktadir (*:p<0.05, **:p<0.01, ***:p<0.001, ns: p>0.05)

Means within rows not followed by the same letter differ significantly (*:p<0.05, **:p<0.01,
***:p<0.001, ns: p>0.05)

Aminoasit icerigi bakimindan uygulamalarin etkisi treonin,
metiyonin, fenilalanin ve hidroksiprolin diginda istatistiksek
olarak 6nemli bulunmustur. Aspartat, serin, arjinin ve izoldsin
miktarlar1 en yiiksek (sirastyla; 3766.33 ng ™, 5492.33 ng pl™,
8437.67 ng plt ve 1771.33 ng pl™) kontrol bitkilerinde
olmustur. B. megaterium TV-3D uygulamasi glutamin (4472.00
ng pl™M), glisin (2773.67 ng ™), tirozin (932.22 ng pl™), valin
(811.00 ng pl™), triptofan (1772.33 ng pl™), lizin (2939.00 ng
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ul™®) ve sarkozin (6187.33 ng pl™) igerigi en yiiksek uygulama
olmustur. Glutamat, asparagin, alanin, sistin ve 16sin igerigi en
fazla (swrasiyla; 1518.33 ng pl™, 13823.33 ng pl™, 7858.00 ng
ul?, 1181.67 ng pl™* ve 2123.00 ng pl™) B. megaterium TV-91C
uygulamasinda elde edilirken, histidin (243533 ng ul?) ve
prolin (81.33 ng pl™®) B. megaterium KBA-10 uygulamasinda
fazla olmustur (Cizelge 4).

Cizelge 4. PGPR uygulamalarinin brokkoli fidelerinde aminoasit igerigi
lizerine etkileri (ng pl™).

Table 4. Effects of PGPR applications on amino acids content in broccoli
seedling (ng pl™).

bulunmustur. P. agglomerans RK-92 uygulamasi ile giberallik
asit, salisilik asit ve absisik asit i¢erikleri daha yiiksek (sirastyla;
235.95 ng pl?, 83.63 ng pl* ve 0.23 ng pl™) olmustur.
Giberallik asit ve salisilik asit igerigi en diisiik (sirastyla, 187.79
ng ul'l ve 51.31 ng ul'l) kontrol uygulamasindan elde edilirken,
absisik asit icerigi B. megaterium TV-91C uygulamasinda en
diisiik (0.13 ng pl™) seviyede olmustur (Cizelge 6).

Cizelge 6. PGPR uygulamalariin brokkoli fidelerinde hormon igerigi
iizerine etkileri (ng pl™).

Table 6. Effects of PGPR applications on hormone content in broccoli
seedling (ng ™).

Kontrol TV-3D TV-91C  RK-92  KBA-10 Kontrol TV-3D  TV-91C  RK-92  KBA-10
Aspartat 3766.33a***  3702.67a 3686.67a  2946.00c  3574.67b Giberallik asit  187.79c***  212.71b 217.72b 235.95a  235.87a
Glutamat 1487.33a* 1503.00a 1518.33a 1326.50b  1415.00ab Salisilikasit 51.31c*** 54.95¢ 55.20C 83.63a 71.74b
Asparagin 13736.00a***  12589.33b 13823.33a  11047.50c 12949.33b Absisik asit 0.19b** 0.19b 0.13¢c 0.23a 0.21ab
Serin 5492.33a**  5340.00a  5390.33a  4892.00b 5287.33a i . 77 7 1 2
Glutamin 444333 4472000  4457.00a 3707.00b 4247.33a ;'s'i‘:')] asetik -18ns 65 899 813 823
HI.St.IdI n 2230.67 b::: 2088.67¢ 2432002 1896.50d  2435.33a Satir ortalamalarinda ayn1 harfle belirtilen ortalamalar arasinda 6nemli bir fark
Glisin 2667.33a 277367a  2620.33a  1977.00c  2332.67b bulunmamaktadir (* =005, *+:p<0.01, ***p<0.001. ns: p=0.05)
Treonin 3313.33ns 2985.00 3214.00 291300  3169.00 Means within rows not followed by the same letter differ significantly (*:p<0.05, **:p<0.01,
Arjinin 8437.67a***  8251.67b 7853.33¢c 5647.00d  7723.00c **%:n<0,001, ns: p>0.05)
Alanin 712267b***  §717.00d  7858.00a  4379.50e  6949.00c
Tirozin 890.67ab***  932.33a 867.33b 806.00c  749.67c
Sistin 1096.33ab*** 111567ab  118167a  1058.50b  863.67c 4. Tartiyma ve Sonug
Valin 697.00b***  811.00a 706.33b 560.00d  640.67¢ ) )
Metiyonin 1378.33ns 131233 1246.00 113700  1267.67 Arastirma sonucunda bakteri uygulamalarinin brokkoli
Triptofan 1641.67ab** 1772332 152433  1169.00c  1752.67a fidelerinde bitki gelisimi {izerine etkilerinin &nemli oldugu
'i::or:'i:::”m i?gigg:f* izgégsa iggig;a igg'ggb i:églgga saptanmustir. Fide boyu kontrol bitkileri ile karsilastirildiginda
Lésin 2077.00a**  200300a 212300a  1771.00b 1747.33b P. agglomerans RK-92 uygulamasi ile % 7.85 oraninda bir artis
Lizin 2730.00b***  2939.00a  2637.67b  2354.00c 2538.67c gostermistir. Govde capr ise yapilan PGPR uygulamalar ile %
Hldrok_5|prolm 1138.00ns 1126.00 1178.33 1122.00 1102.33 21.49- 42.56 arasinda degisen oranlarda ams géstermistir.
Sarkozin 5179.67b***  6187.33a  5329.33b  4840.50c 5183.33b "o el . -
Prolin 81.00a%+* 77672 70.67b 65500  8133a PGPR’lerin sebzelerde fide yetistiriciliginde kullanilabilecegi

Satir ortalamalarinda ayn1 harfle belirtilen ortalamalar arasinda 6nemli bir fark
bulunmamaktadir (*:p<0.05, **:p<0.01, ***:p<0.001, ns: p>0.05)

Means within rows not followed by the same letter differ significantly (*:p<0.05, **:p<0.01,
***:p<0.001, ns: p>0.05)

Bakteri uygulamalarinin brokkoli fidelerindeki organik asit
icerigine etkisi istatistiksel olarak Onemli oldugu tespit
edilmigtir. P. agglomerans RK-92 uygulamas: ile okzalik asit
(9.47 ng ™), propionik asit (5.44 ng pl™), malonik asit (9.38
ng pl™), maleik asit (0.47 ng pl™) ve fumarik asit (2.94 ng ul™)
icerikleri en yiiksek bulunmustur. Malik asit, laktik asit, sitrik
asit ve suksinik asit igerigi en fazla B. megaterium KBA-10
uy%ulamasmdan (strastyla; 9.38 ng pl?, 24.49 ng W, 4.14 ng
ulve 28.61 ng pl™) elde edilirken, tartarik asit (4.24 ng pl™) ve
bitirik asit (4.12 ng pl™) igerigi B. megaterium TV-91C
uygulamasinda en yiiksek degerde bulunmustur (Cizelge 5).

Cizelge 5. PGPR uygulamalarinin brokkoli fidelerinde organik asit
igerigi tizerine etkisi.
Table 5. Effects of PGPR applications on organic acids content in
broccoli seedling (ng ul'l).

Kontrol TV-3D TV-91C  RK-92 KBA-10
Okazalik asit 7.94p*** 7.93b 8.41b 9.47a 9.09a
Propionik asit 4.51p** 4.69b 5.03ab 5.44a 5.42a
Tartarik asit 2.47d*** 2.58d 4.24a 3.13c 3.58b
Biitirik asit 3.89a*** 3.28b 4.12a 3.86a 3.46b
Malonik asit 7.29¢c*** 6.65d 8.33b 9.38a 7.56¢
Malik asit 7.80bc***  7.38cd 6.88d 8.29b 9.38a
Laktik asit 20.56b***  17.75¢ 22.57ab 23.53a 24.49a
Sitrik asit 3.56b*** 2.82d 3.13c 3.28c 4.14a
Maleik asit 0.19d*** 0.26¢ 0.18d 0.47a 0.36b
Fumarik asit 2.50a** 2.04b 2.87a 2.94a 2.81a
Suksinik asit 19.71c***  15.27d 20.58¢c 25.97b 28.61a

Satir ortalamalarinda ayni harfle belirtilen ortalamalar arasinda énemli bir fark
bulunmamaktadir (*:p<0.05, **:p<0.01, ***:p<0.001, ns: p>0.05)
Means within rows not followed by the same letter differ significantly (*:p<0.05, **:p<0.01,

***:p<0.001, ns: p>0.05)

Brokkoli fidelerinde hormon igerikleri tizerine bakteri
uygulamalarimin  etkisi indol asetik asit disinda Onemli

bildirilmektedir.  Nitekim  Onceki  arastirmalar ~PGPR
uygulamalarimin  birgok sebze tiirlinde fide giiciinii, kok
hastaliklarmimn kontroliinii ve verimini artirdigim gostermektedir
(Gagné ve ark. 1993; Nemec ve ark. 1996; Kokalis-Burelle ve
ark. 2002a, 2002b, 2003, 2006; Kokalis-Burelle 2003; Kloepper
ve ark. 2004; Turan ve ark. 2014).

Yaprak klorofil miktar1 bakimindan uygulamalarin 6nemli
bir etkisi goriilmezken, yaprak alam B. megaterium TV-3D, P.
agglomerans RK-92 ve B. megaterium TV-91C uygulamalari
ile kontrol arasinda Onemli bir farklihk olmazken, B.
megaterium KBA-10 uygulamalar ile ise % 18.12 oraninda
artis meydana gelmistir. Kok kuru agirligi bakimindan 6nemli
bir fark bulunmazken, yaprak kuru madde miktarinda ise
kontrole oranla % 11.32-41.98 arasinda degisen oranlarda artig
gostermistir.  Nitekim, yapilan bir caligmada, PGPR
uygulamalarinin kavun ve karpuz fidelerinde taze ve kuru
agirlign artirdig, fide bilylimesi ve Kkalitesini iyilestirdigi
belirlenmistir (Kokalis-Burelle ve ark. 2003). Ayrica, Turan ve
ark. (2014) Bacillus megaterium TV-91C, Pantoea
agglomerans RK-92 ve Bacillus subtilis TV-17C PGPR
wrklarmin  tohum kaplama seklinde uygulanmasinin lahana
fidelerinde kok ve gévde kuru agirligi, yaprak alani, gévde capi,
fide yiiksekligi gibi fide biiyiime ve kalite parametrelerini
uygulama yapilmayanlara gore iyilestirdigi ve klorofil miktarini
artirdigint belirlemiglerdir. Diger bir ¢aligmada da, B. subtilis,
B. amyloliquefaciens, B. pumilus ve B. cereus PGPR 1rklarinin
domates ve biberde fide giicli ve tarla kosullarinda fide tutma
oranint artirdigi belirtilmigtir (Kokalis-Burelle ve ark. 2002b).
Benzer olarak, PGPR uygulamalarmin domates fidelerinde bitki
boyu, govde capi, kok boyu gibi parametreler ile bitki gelisimini
(Ibiene ve ark. 2012) ve domates ve biberde fide biiyiimesini
artirdign (Garcia ve ark. 2003) belirlenmistir. Walia ve ark.
(2013) yaptiklar1 ¢aligmada, B. subtilis bakterisinin domateste
tohum ¢imlenmesini (% 35.08), govde boyunu (% 5.22), kok
boyunu (% 21.12), gévde kuru agirligmi (% 63.50) ve kok kuru
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agirhigini (% 54.08) artirdigini belirlemislerdir. Bakterilerin bu
etkisini besin alimini, hormon igerigini, klorofil igerigini ve
organik asit igerigini artirarak bitki gelisimine olumlu ydnde
yansimasi olarak ifade edebiliriz.

Caligmada, bakteri uygulamalarinin fide besin elementi
icerigini Na hari¢ artirdigi belirlenmistir. Fide N, K, Ca, Mg, P,
Fe, Mn ve Zn igerikleri kontrol bitkilerine kiyasla bakteri
uygulamalar1 ile sirasiyla % 17.81, 5.10, 6.76, 28.10, 8.23,
37.19, 20.55 ve 10.92 oranlarinda en yiiksek artiglan
gostermislerdir. Bulgularimiz, PGPR uygulamalarinin bitkilerde
besin elementi icerigini artirdigini gosteren daha dnce yapilan
calismalara benzerlik gostermistir (Karlidag ve ark. 2007; Bi ve
ark. 2008; Walia ve ark. 2013). Caligmadan elde edilen
sonuglara paralel olarak Turan ve ark. (2014) PGPR
uygulamalarinin lahana fidelerinde kok ve yaprakta makro ve
mikro besin elementi igerigini artirdigini belirlemislerdir.

Brokkoli fidelerinde uygulamalarin aminoasit igerikleri
tizerine etkileri istatistiksel olarak 6nemli (treonin, methionin,
fenilanin ve hidrokiprolin hari¢) bulunmustur. B. megaterium
TV-3D uygulamasi tirozin (% 4.68), valin (% 16.64), triptofan
(% 7.96) ve sarkozin (% 19.45) igerigini kontrole gore en
yiiksek oranda yiikselten uygulama olmustur. B. megaterium
TV-91C uygulamasinda ise alanin ve sistin igeriklerini kontrole
gore swrasiyla % 10.32 ve % 7.78 oraninda artirmistir. B.
megaterium KBA-10 uygulamast ise histidin (% 9.17) icerigini
kontrole gore en yiiksek oranda artiran uygulama olmustur. P.
agglomerans RK-92 uygulamas: ile aminoasit igeriginin
diistiigii gorilmiistiir.

Fide organik asit igerikleri ise uygulamalar ile genellikle
6nemli bir artig gostermistir. P. agglomerans RK-92 uygulamasi
kontrole kiyasla okzalik asit (% 19.27), propionik asit (%
20.62), malonik asit (% 28.67), maleik asit (% 147.37) ve
suksinik asit (% 31.76) igerigini en yiiksek oranda artiran
uygulama olmustur. Tartarik asit icerigi B. megaterium TV-91C
uygulamasi ile % 71.66 oraninda artmus, malik asit, laktik asit
ve sitrik asit igerikleri ise B. megaterium KBA-10 uygulamasi
ile sirasiyla % 20.27, % 19.11 ve % 16.29 oranlarinda artig
meydana gelmistir. Organik asitler ve aminoasitler arasindaki
bu farklilik bitki tiiriine, bitki besin durumuna goére farklilik
gosterebilmektedir. Fumarik asit, malik asit ve sitrik asitin
demir ve mangan oksitteki bitki tarafindan alinabilir Fe ve Mn’1
tutabildigi belirtilmektedir (Marschner 1995; Ohwaki ve Hirata
1992). Bitki yetistiriciliginde disaridan uygulanan igerisinde
hormonlar, aminoasitler ve mineral maddeler i¢eren giibreler
bitki gelisimini artiric1 etki gostermektedir. Uretimde bu tarz
girdilerin kullanimi hem kimyasal kullamiminin fazla olmasina
hem de ekonomik olarak maliyetin artmasina neden olmaktadir.
Oysaki ayni etki ¢ok az miktarlarda bile etkisini gosterebilen
PGPR uygulamalar1 ile de saglanabilmektedir. PGPR
uygulamalari ile meydana gelen organik asitler ve aminoasitler
bitki tiirline ve iretim sartlarina bagli olarak bitkilerde stres
sartlarindaki besin alimini artirarak bitki gelisimini ve verimi
artirabilmektedir. Ornegin baklada prolin, glisin ve alaninin
stoma ag¢ilmasini engelledigi, histidin ve metiyoninin ise tegvik
ettigi, fasulye fidelerinde histidin ve prolinin kalsiyum alimini
artirdigi, prolinin arpada kokten siirgiine tuz gecisini
degistirerek tuz toksisitesini hafiflettigi belirlenmistir (Kumar
ve Sharma 1989; Rana ve Rai 1996).

Bakteri uygulamalari ile fide hormon igerigi iizerine dnemli
degisimler meydana gelmistir. En yiiksek giberallik asit,
salisilik asit ve absisik ait igerigi P. agglomerans RK-92
uygulamasindan elde edilirken indol asetik asit bakimindan
6nemli bir fark belirlenmemekle birlikte B. megaterium TV-

91C, P. agglomerans RK-92 ve B. megaterium KBA-10
uygulamalarinda daha yiiksek sonuglar elde edilmistir.
Uygulamalarin giberallik asit ve salisilik asit i¢erigini kontrole
gore % 13.27, ve % 7.09 - 62.99 arasinda degisen oranlarda
artirdigl belirlenmistir. Absisik asit igerigi ise sadece P.
agglomerans RK-92 ve B. megaterium KBA-10 uygulamalar
ile sirasiyla % 21.05 ve % 10.53 oraminda artis gostermis, diger
uygulamalar ise azaltmigtir. PGPR uygulamalarin [AA,
sitokinin ve diger bitki hormonlarini artirarak bitki gelisimini ve
verimi artirabilecegi bilinmektedir. Bacillus irki bakterilerin
IAA, sitokinin {iretebildigi, N2 fiksasyon ve fosfat ¢ozebilme
ozelliklerinin oldugu bilinmektedir. Ayrica bakterilerin bitkide
etilen miktarin1 azaltan ve IAA, giberallik asit ve sitokinin gibi
hiicre biiyiimesi ve bdoliinmesini saglayarak bitki gelisimini
artiran hormonlar1 {ireten ACC diaminaz1 {reterek bitki
gelisimini artirdiklarnt ifade edilmektedir (Cakmakci ve ark.
2001; Patten ve Glick 2002; Bashan ve Bashan 2005; Karlidag
ve ark. 2007; Bi ve ark. 2008). ACC deaminase aktivitesi
gosteren bir PGPR (Enterobacter cloacae)’nin fide ortamina
siispansiyon seklinde uygulanmasinin domates, biber ve fasulye
fidelerinde taze ve kuru agirhigi artirdign ve bu artisin s6z
konusu bakterinin IAA iiretmesi ve ACC deaminase aktivitesi
gostermesinden kaynaklandigt rapor edilmistir (Mayak ve ark.
2001). Yapilan ¢aligmalar PGPR uygulamalarmin bitkilerde
lateral kok gelisimini ve sagak kdk olusumunu artirdigi ve bu
artisin s6z konusu bakterilerin ozellikle IAA {iretmesinden
kaynaklandigini bildirmektedir (Mantelin ve Touraine 2004).
Bu durum PGPR uygulamalarinin brokkoli fidelerindeki
gelisimi artirmadaki roliinii aciklayabilir. Bulgularimiza benzer
olarak Turan ve ark. (2014) PGPR uygulamalarinin lahana
fidelerinde GA, IAA ve SA gibi hormonlarin icerigini de
artirdigimt  belirlemislerdir.  Lahana  fidelerinde =~ PGPR
uygulamalarimin  neden oldugu bu iyilesmenin ¢alismada
kullanilan rizobakterilerin azot fikse etme, fosfat ¢ézme ve
bunlarin  yaninda  hormon  iiretme  kabiliyetlerinden
kaynaklanabilecegini  ileri  siirmiiglerdir.  Azospirillum,
Pseudomonas ve Azotobacter gibi PGPR uygulamalarinin
bitkilerde tohum ¢imlenmesi ve fide geligimini artirabildigi ve
bu olumlu etkinin s6z konusu bakterilerin oksin salgilamasindan
kaynaklandig1 bildirilmektedir (Asghar ve ark. 2002).

Aragtirma sonucunda, kullanilan B. megaterium TV-3D, B.
megaterium TV-91C, P. agglomerans RK-92 ve B. megaterium
KBA-10 bakteri uygulamalarinin brokkoli fidelerinde mineral
madde, aminoasit, organik asit ve hormon igeriklerini
etkileyerek bitki gelisimini artirdigi ve Kkaliteli fide elde
edilmesini sagladigi belirlenmistir. PGPR’lerin sebze fide
yetistiriciliginde ¢evreye ve insan sagligina zarar vermeden
ekonomik olarak 6nemli bir katkisi olacag: diisiiniilmektedir.
Bu konuda daha detayli ¢alismalar yapilarak brokkoli fideleri
tizerine etkisi belirlenen bu bakterilerin ticari sebze fide
yetistiriciliginde biyogiibre olarak kullanimi ve diger sebze
tiirleri tizerine etkileri arastirilmalidir.
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Over the last two decades, mushroom growing has become one of the most dynamically
developing fields of agriculture in Turkey. In parallel with this development, populations of
some arthropod pests, especially mushroom flies belonging to different families of the order
Diptera, have steeply increased in recent years. Sciarid, phorid and cecidomyiid flies,
especially Lycoriella ingenua (Dufour) (Sciaridae) and Megaselia halterata (Wood)
(Phoridae) being the most common species in the Antalya-Korkuteli district (South-Western
Turkey), affected the cultivation of white button mushroom [Agaricus bisporus (Lange)
Imbach], the most commonly grown mushroom species in Turkey. Recently, mushroom
scatopsid flies (Scatopsidae) have arisen as a serious new threat in the Antalya-Korkuteli
district. It is surmised that the infestation by these flies has affected approximately 70% of the
mushroom growing cellars in the district. Until now, a total of 15 fly species (Sciaridae: 3,
Phoridae: 1, Cecidomyiidae: 8 and Scatopsidae: 3) was detected to cause damage in the
cultivated mushrooms in the Korkuteli district.
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Son 20 yildir, mantar yetistiriciligi Tiirkiye’de tarimin en hizhi gelisen alanlarindan biri
olmustur. Bu gelismeye paralel olarak, bazi arthropod zararlilarin, 6zellikle Diptera takimimnimn
farkli familyalarma ait mantar sineklerinin, popiilasyonlar1 son yillarda hizla artmistir. Sciarid,
phorid ve cecidomyiid sinekler, dzellikle Antalya-Korkuteli Yoresi (Giliney-Bat1 Tiirkiye)’nde
oldukea yaygin olan Lycoriella ingenua (Dufour) (Sciaridae) ve Megaselia halterata (Wood)
(Phoridae) Tiirkiye’de en ¢ok iiretilen mantar tiirlerinden Beyaz sapkali mantar [Agaricus
bisporus (Lange) Imbach]’in kiiltiiriinii etkilemektedir. Son zamanlarda mantar scatopsid
sinekleri (Scatopsidae), Antalya-Korkuteli Yoresi’'nde yeni bir tehdit olarak ortaya ¢ikmistir.
Bu sinekler tarafindan bulasikligin, yoredeki mantar yetistirme depolarinin yaklasik % 70’ini
etkiledigi tahmin edilmektedir. Korkuteli Yoresi’'nde suana kadar; Sciaridae familyasindan 3,
Phoridae familyasindan 1, Cecidomyiidae familyasindan 8 ve Scatopsidae familyasindan 3
olmak tizere toplam 15 sinek tiiriiniin kiiltiir mantarlarinda zarara yol agtig1 tespit edilmistir.

1. Introduction

In many parts of Turkey (especially in the Antalya-
Korkuteli district), mushroom cultivation has recently become
very popular and is a promising new industry, with many new
businesses developing every year (Akkaya et al. 2001). Main
mushroom-producing areas in Turkey are located in the Western
Mediterranean (Antalya, Burdur and Isparta), the Marmara
(Kocaeli, Istanbul, Bursa, Sakarya, Yalova, Tekirdag, Bilecik
and Balikesir), the Black Sea (Kastamonu, Bolu, Zonguldak,
Samsun, Amasya, Tokat, Sinop, Ordu, Giresun, Trabzon and
Artvin), and the Central Anatolia (Ankara and Kirsehir) regions,

but small quantities are also produced in the East (Erzurum) and
the West Anatolia (Mugla, Denizli and Izmir) (Fig. 1) (Erkel
1992, 2000, 2004; Gunay and Peksen 2004; Erler and Polat
2008; TUIK 2012).

Compost production and mushroom cultivation are two
complementary components of mushroom production in
Turkey. Total fresh mushroom production of the country has
increased 29-fold in the last 29 years, from about 1.400 tons in
1983 to about 41.000 tons in 2012, and the Antalya-Korkuteli
district (in South-Western Turkey) alone produces more than
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60% of the total compost production and approximately 50% of
the fresh mushrooms sold in the whole country (TUIK 2012).
Although the white button mushroom, Agaricus bisporus
(Lange) Imbach, is the most commonly grown mushroom
species in Turkey, accounting for up to 95% of the total
mushroom production (Aksu 2003; Erkel 2004; TUIK 2012),
some other species, namely, 4. bitorquis (Quel.) Sacc.; oyster
mushrooms, Pleurotus ostreatus (Jacquim Fries) Kummer, P.
sajor-caju (Fr.) Singer, P. djamor (Rumph.) Boedijn., P.
citrinopileatus (Fr.) Singer, and P. eryngi (Dheengri); shiitake
mushroom, Lentinus edodes (Berk.) Singer; maitake mushroom,
Grifola frondosa (Dickson: Fries) Gray; reishi mushroom,
Ganoderma lucidium (Ling Zhi); lion’s mane mushroom,
Hericium erinaceus Pers; enokitake mushroom, Flammulina
velutipes (Curt.-Fr.) Karst.; and wood ear mushroom,
Auricularia polytrica (Mont.) Saccardo are currently cultivated
on a commercial scale for specific marketing areas in Turkey
(Ilbay and Atmaca 2004; TUIK 2012).

Figure 1. Main mushroom-producing areas in Turkey (from Erler and
Polat 2008).

In Turkey, the cultivation of 4. bisporus started in the early
1960s in the Marmara (Kocaeli) and Central Anatolia (Kirsehir)
regions and then extended to the other regions (Fig. 1) (Erkel
1992; Aksu et al. 1996). The most common technique used in
the cultivation of 4. bisporus is indoor bag cultivation (Erkel
2000; EYYDB 2003; Aksu 2006). Since indoor bag cultivation
system is very labor-intensive and has several very undesirable
consequences, the block cultivation system has recently become
more popular than indoor bag cultivation system in some
mushroom-growing regions, like the Marmara and West-
Mediterranean regions. This review study dealt with mushroom
flies affecting the cultivation of A. bisporus and alternative
control possibilities against these fly pests in the Antalya-
Korkuteli district.

2. Mushroom flies

Globally, commercial production of the cultivated
mushroom, 4. bisporus, is affected by a number of fly pests
wherever the crop is grown (Hussey et al. 1974). In general,
there are three fly pest groups most commonly encountered in
mushroom-producing areas in many parts of the world as well
as in Turkey. These are the sciarid flies (Lycoriella spp.)
(Diptera: Sciaridae), the phorid fly [Megaselia halterata
(Wood)] (Diptera: Phoridae) and the cecid flies [Heteropeza
pygmaea Winnertz and Mycophila speyeri (Barnes)] (Diptera:
Cecidomyiidae), and these fly pests are a consistent problem for
growers throughout the world (Wyatt 1963; Clift 1979; White
1985; Kim and Hwang 1996; Erler and Polat 2008; Cevik
2011). However, in recent years the scatopsid flies (Diptera:
Scatopsidae) have arisen as a serious new threat to the
cultivated mushrooms in the Antalya-Korkuteli district

(Basbagei 2012; Basbagci and Erler 2013). In the surveys
carried out between 2004 and 2013, fifteen fly species were
found to be associated with cultivated mushrooms in the
Antalya-Korkuteli district (Table 1).

All these fly pest groups generally occur together in a
mushroom culture. Their damage to mushroom crop is caused in
two ways: (1) by the larvae feeding directly from on mycelia
and mushrooms, and (2) by the adults acting as vectors for the
introduction of disease agents, nematodes, mites, and other
contaminants (Clift 1979; Clancy 1981; Wetzel 1981; White
1981). In addition, adults of all these flies are a constant
nuisance to picking staff.

In Turkey, mushroom flies have been regarded as secondary
pests of cultivated mushrooms until the 2000's. However, in the
last decade mushroom flies have become a serious insect pest
groups in the mushroom growing cellars in the Antalya-
Korkuteli district.

Table 1. Harmful fly species associated with cultivated mushrooms in
the Antalya-Korkuteli district

Family Species Year of
Detection
Sciaridae Lycoriella auripila (Winnertz) 2002 /2003
L. ingenua (Dufour) 2002/2003
L. solani (Winnertz) 2002/2003
Phoridae Megaselia halterata (Wood) 2002/2003
Cecidomyiidae Heteropeza pygmaea Winnertz 2011
Lestremia cinerea (Macquart) 2011
L. leucophaea (Meigen) 2011
Moycophila speyeri (Barnes) 2011
M. barnesi Edwards 2011
Henria spp. (3 species, undetermined) 2011
Scatopsidae Scatopse notata L. 2012
Scatopse spp. (2 species, 2012

undetermined)

2.1. Mushroom sciarid flies

Mushroom sciarids, commonly known as "dark-winged
fungus gnats", are small (3-6 mm), delicate, black-gnat like flies
with large compound eyes and long thread-like antennae, which
are held characteristically erect. Their larvae are white, legless,
fairly active maggots, which vary from 6-12 mm in length when
mature (Fletcher and Gaze 2008).

Mushroom sciarids have a very low economic threshold,
and cause losses in yield due to larval damage to compost
affecting the structural features of compost, mycelium and
sporophores (Clift 1979; White 1985). Although the larvae of
sciarids prefer to feed on the compost itself, they nibble on
developing mycelium, and damage primordia and mature
sporophores by tunneling into the stipes (Hussey and Gurney
1968; Clift 1979). The adult flies are capable of causing damage
to a crop, not directly, but as a result of contaminating pre-
packed mushrooms. They are also capable of spreading the
spores of Verticillium spp. and probably other pathogens such
as Cladobotryum spp. have also been said to be spread by the
adults of these flies (Fletcher and Gaze 2008). The economic
threshold for sciarid larvae is virtually zero necessitating
chemical control at very low larval densities (Kielbasa and
Snetsinger 1980; White 1986). Great economic losses caused by
sciarid fly pests in the mushroom industry have been reported
from Australia, the United States, the United Kingdom and
South Korea (Cantelo 1979; Clift 1979; White 1985; Kim and
Hwang 1996).

In Turkey, only three species of mushroom sciarid flies
(Genus: Lycoriella Frey) have been reported so far (Civelek and
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Onder 1996; Erler and Vurus 2004). In a two-year survey study
carried out in the Antalya-Korkuteli district, three sciarid
species, namely, Lycoriella auripila (Winnertz), L. ingenua
(Dufour), which was the first record for the Turkish fauna, and
L. solani (Winnertz), were detected in mushroom growing
cellars in the district. Of the three sciarid species determined in
the surveys, L. solani was the most common species, accounting
for up to 61% and 65% of the total population of mushroom
sciarid flies in 2002 and 2003, respectively (Erler and Vurus
2004). In another survey study on mushroom flies, L. solani was
determined to be the most common species in the mushroom
growing cellars in Izmir province (in Western Part of Turkey)
(Civelek and Onder 1996). Because the sciarid species prefer
cool temperatures and are most active when outdoor
temperatures are between 10 and 24°C (Coles 2002), the threat
of infestation is greatest from March to May and September
through late November (Erler and Polat 2008). This threat is
diminished during the hottest part of the summer, especially
under dry conditions.

2.2. Mushroom phorid flies

The phorids, also known as "hump-backed flies", are small
(2-3 mm) and resemble diminutive houseflies in appearance.
Phorid flies are larger than sciarids, with very short antennae
and a characteristic hump-back. Their larvae are creamy-white
legless maggots (1-6 mm long) with a pointed head, and a blunt
rear end (Fletcher and Gaze 2008).

The larvae of mushroom phorids are obligate mycelial
feeders and in this way they are able to cause a reduction in
yield. Although direct damage to mushroom crop by phorid
larvae is not very important (Rinker and Snetsinger 1984), the
presence of the species must be avoided as the adults are vectors
of the dry bubble disease, Verticillium fungicola (Pretiss.)
Hassebt. (White 1981). Phorid flies, by acting as fungal vectors,
pose a much greater threat to the mushroom crop in this way
than they do as a result of their own feeding damage.

In a survey study carried out in the Antalya-Korkuteli
district, M. halterata was found the only phorid fly species
attacking to the cultivated mushrooms (Erler and Vurus 2004).
The presence of this species in the mushroom growing cellars in
Izmir province was reported by Civelek and Onder (1996).
Apart from these two studies, there is no other work on the
determination of mushroom flies in Turkey, including
mushroom phorids. Phorid flies prefer warmer air temperatures
and drier conditions in the substrate (Coles 2002) and therefore
are most common during April-October (Erler and Polat 2008).

Although there is another mushroom phorid species,
Megaselia nigra (Meigen) (Black mushroom phorid), that is
frequently seen on wild mushrooms, it is an uncommon pest of
the cultivated mushrooms (Fletcher and Gaze 2008).

2.3. Mushroom cecid flies

The bodies of the adults of these flies are 3-4 mm long, and
their swollen abdomens are dull orange in color, depending on
the species. As their legs are very long and slender, adult cecids
resemble mosquitoes in appearance. A number of different
cecids have so far been recorded as pests on mushrooms. Some
are paedogenetic [i.e. they reproduce by paedogenesis, first
described by Wagner (1862), in which mother larvae give rise
to daughter larvae], others are not (Fletcher and Gaze 2008).
The white or orange mushroom cecids, Heteropeza pygmaea
Winnertz and Mycophila speyeri (Barnes), respectively, are the

most common and economically important. A third species,
Mycophila barnesi Edwards (Mushroom yellow cecid), has also
been found, but as it develops more slowly than the other two
species, it is generally not seen until the third or subsequent
flushes. All these three species are obligate mycelial feeders and
reproduce by paedogenesis, a process that eliminates the adult
insect stage. In a mushroom cultivation environment, i.e. high
temperature and humidity, cecids can produce a new generation
every 4-7 days and each 'mother' larva can produce up to 12
new larvae so numbers can increase exponentially. This makes
them difficult to control chemically (Wyatt 1963). The non-
paedogenetic cecid species, Lestremia cinerea (Macquart) and
L. leucophaea (Meigen), are very occasional pests of cultivated
mushrooms. Henria spp. are the cecid species that can
reproduce both by larval paedogenesis and by sexual
reproduction. Laboratory and field tests carried out in Taiwan
on the biology of the mushroom pest Henria spp. showed that
their reproduction was by larval paedogenesis when food was
abundant and microclimatic conditions favourable, however,
under unfavourable conditions, sexual reproduction occurred,
adults appearing only in April or May (Lin and Ni 1978).

In the surveys carried out in the Antalya-Korkuteli district,
eight species of mushroom cecids, namely H. pygmaea, L.
cinerea, L. leucophaea, M. speyeri, M. barnesi and Henria spp.
(three species of the genus Henria, that have been under
evaluation) were determined (Cevik 2011; Cevik and Erler,
unpublished data). Although all these cecid species generally
occur together in a mushroom culture, H. pygmaea and
Lestremia spp. are by far the most common species of
mushroom cecids, approximately 60% of the total cecid fly
population captured in the surveys.

Although the larvae of mushroom cecids are found in
decaying plant and animal material and generally prefer to feed
on the compost itself, they are obligate mycelial feeders as with
the phorids (Cevik 2011). Probably, the most important damage
of mushroom cecids is that their adults are a constant nuisance
to picking staff and act as vectors for some mushroom diseases
arising from bacteria, viruses, viroids and other pathogens
(Personal observations). Since they have high reproductive
potential at the temperatures from 24°C to 30°C, suggested
economic thresholds for mushroom cecids range from virtually
zero to 5 individuals. Therefore, most mushroom growers in the
Antalya-Korkuteli district find mushroom cecids to be one of
the most challenging fly pest groups in warmer air temperatures
and more humid conditions in the substrate (from April to
October).

2.4. Mushroom scatopsid flies

The scatopsids, also known as "minute black scavenger
flies" or "dung midges", are generally small, sometimes minute,
dark flies (from 0.6 to 5 mm). In general, they resemble black
flies (Simuliidae) in appearance, but usually lack the humped
thorax characteristic of that family (Wikipedia 2011).

Although mushroom sciarids (Lycoriella spp.) and phorids
(M. halterata) are the most common fly pests of the commercial
mushroom industry in the Antalya-Korkuteli district (Erler and
Vurus 2004; Erler and Polat 2008; Erler et al. 2009a, b, 2011),
the scatopsids have recently arisen as a serious new threat for
cultivated mushrooms (Basbagci and Erler 2013). It is surmised
that all the mushroom growing cellars in the district have been
affected by the infestation of these flies (Korkuteli Mushroom
Growers' Association). In a study carried out in the Antalya-
Korkuteli district, several species of the scatopsids were
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determined (Basbagei 2012). Although all these species
generally occur together in a mushroom -culture, Scatopse
notata L. (Black compost fly) is the most common scatopsid in
the district, about 40% of the total scatopsid fly population
captured in the surveys (Dr. Paul Beuk, personal
communication).

The larvae of most scatopsid species are unknown, but the
few that have been studied have a rather flattened shape and are
terrestrial and saprophagous. S. notata is a cosmopolitan species
whose larval stages are found in decaying plant and animal
material (Cook 1974). Although their larvae generally prefer to
feed on the compost itself, they nibble on developing mycelium,
damage primordia and sometimes tunnel into the stipes of
young sporophores (Basbagci 2012). Probably, the most
important problem with mushroom scatopsids is that their adults
are a constant nuisance to maintenance staff and act as vectors
for some mushroom diseases arising from bacteria, viruses,
viroids and other pathogens (Personal observations). Therefore,
the tolerance for mushroom scatopsids is virtually zero. In
addition, because of their high reproductive potential at
temperatures from 24°C to 30°C (Zhang et al. 2009), most
mushroom growers in the Antalya-Korkuteli district find
mushroom scatopsid flies to be the most challenging fly pest
group in warmer air temperatures and more humid conditions in
the substrate (during the summer period).

3. Control of mushroom flies

Cultivated mushrooms are the most valuable protected crop
in Turkey; however, mushroom growing 1is the only
horticultural commodity lacking an alternative to chemical
control of pests and diseases. In fact, the availability of crop
protection products for use in mushroom cultivation in the
global scale is very limited. Although there is no registered
insecticide available to control mushroom flies in Turkey, most
mushroom producers use products registered for other
agricultural pests, such as caterpillars, aphids, thrips, fruit flies,
etc. (Basim 2004; Erler and Vurus 2004). Direct or chronic
toxicity to applicators; or to consumers caused by unacceptable
residues in food is an important problem in mushroom fly
control with conventional pesticides.

Since mushroom flies have recently received attention as
pests in Turkey, there is not so much literature on their control.
In the Antalya-Korkuteli district, the control programs applied
against mushroom flies are generally reliant on good
management (good hygiene, compost pasteurization, fly
screening, fumigation of rooms, etc.) and the use of
conventional pesticides. The latter may be incorporated into
either the compost or casing layer, watered on during
cultivation, or applied as a wall or space spray to control their
adults. These measures may provide adequate control if adhered
to. However, pesticide resistance problems have been detected
and application of certain pesticides at the casing layer has
caused mycotoxic side-effects, resulting in yield reductions
(Erler et al. 2009a, b, 2011). Additionally, many pesticides used
in mushroom cultivation have persistence, which may lead to
the presence of residues.

Mushroom sciarids are predominantly casing inhabitants
and the usual chemical control is by treatment of the casing with
selective pesticides, like Dimilin (diflubenzuron). Adults are
controlled by space treatment with insecticidal smokes or fogs.
The cecids are less common in cool seasons as hygiene and
careful selection of casing materials eliminate them as a

problem. However, as with the phorids, there is no pesticide
available for use against them. Because mushroom scatopsids
are a new fly pest group for mushroom cultivation in Turkey,
there is no control method or material for their effective control.
However, some producers use chemicals from various groups of
insecticides  including  organophosphates,  pyrethroids,
carbamates, neonicotinoids, etc., although none of them are
approved insecticides for the control of these insects (Basbagci
and Erler 2013). The best control for all of the mushroom flies
is strict sanitation, exclusion and farm cleanliness.

The Turkish Ministry of Food, Agriculture and Livestock
aims at reducing pesticide use in mushroom cultivation. So, in
recent years, increasingly stringent government regulations on
pesticides and consumer pressure groups discourage their use in
view of the associated human health concern and imply that
alternative fly control. To develop sustainable methods for
control of mushroom flies, new control agents that are safe for
non-target organisms (humans and non-hazardous organisms)
need to be evaluated. In a study by Erler et al. (2009a), 8
botanical materials (2 commercial neem-based products,
Neemazal-T/S and Greeneem oil, and 6 hot-water plant extracts,
namely; Inula viscosa L., Melisa officinalis L., Ononis natrix
L., Origanum onites L., Pimpinella anisum L., and Teucrium
divericatum Sieber) were evaluated for their potential in
controlling mushroom phorid fly (M. halterata) by soil drench,
to sufficiently wet the top 10-cm soil surface layer where larvae
are found. Efficacy of the test materials was evaluated by
numbers of emerging adults and damage rates of mushrooms by
larvae, and compared with those of negative (water-treated) and
positive (chlorpyrifos-ethyl-treated) controls. All the botanical
treatments caused significant reductions in mean number of
emerging adults and larval damage rates compared to negative
control. Reduction in adult emergence in both neem treatments
was greater than that of positive control. While Neemazal and
O. onites extract had significantly lower larval damage rates
than the positive control, there were no significant differences
among the treatments with chlorpyrifos-ethyl, Greeneem oil,
and P. anisum, in terms of larval damage rates. In another study
by Erler et al. (2009b), 2 commercial microbial products [a
bacterial larvicide, Bacillus thuringiensis var. israelensis
Berliner (Bti), commercially available as Gnatrol (Valent Corp.,
Walnut Creek, CA), and an entomopathogenic nematode,
Steinernema  feltiae (Filipjev) Wouts, Mracek, Gerdin &
Bedding, commercially available as Entonem (Koppert
Biological Systems, The Netherlands], and 1 biologically-
derived insecticide (microbial  by-product), spinosad,
commercially available as Laser (Dow AgroSciences,
Indianapolis, IN, USA), were evaluated for their efficiency in
controlling M. halterata by soil drench. The efficacy of the
products were evaluated by numbers of emerging adults and
damage rates of sporophores by larvae, and compared with
those of negative (water-treated) and positive (chlorpyrifos-
ethyl-treated) controls. Treatments with the microbial products
or by-product had significantly lower numbers of emerging
adults than those observed in water-treated control. There were
no significant differences in adult emergence among the 3
microbial products/by-product and the chlorpyrifos-ethyl-
treated control. Each of the microbial-based products reduced
the incidence of sporophore damage by the larvae and resulted
in significantly lower damage rates when compared to the
water-treated control. In a recent study, alternative control
possibilities were investigated against mushroom scatopsid flies
(Scatopse spp.), 4 plant essential oils, namely pennyroyal
(Mentha pulegium L.), sage (Salvia tomentosa Miller), wild

© Akdeniz Universitesi Ziraat Fakiiltesi



Erler and Polat/Akdeniz Univ. Ziraat Fak. Derg. (2015) 28(2):61-66 65

thyme (Thymbra spicata L. var. spicata) and savory (Satureja
thymbra L.), and their main components (pulegone, B-pinene,
carvacrol and thymol, respectively) were tested at various
concentrations (0.5, 1, 5 and 10 pl/l air) and exposure periods
(0.5, 1, 2 and 4 h) for their fumigant activity against adult
scatopsids (Basbagci and Erler 2013). According to the results
from the study, all the essential oils and their components tested
showed fumigant toxicity in varying degrees, M. pulegium
essential oil and its major component, pulegone, being the most
active (after 0.5 h, LCso = 0.17 and 0.13 pl/l air, respectively).
After a 4-h exposure period, both the oil and the component
produced 100% mortality at all the concentrations tested. Even
after a shorter exposure period (2 h), they achieved the same
mortality level at all the concentrations, except for the lowest
dose (0.5 pl/l air). All the responses were found test material-
exposure period- and concentration-dependent.

In conclusion, the results from the above-mentioned studies
suggest that microbial-based products and botanical materials as
both contact (plant extracts) and fumigants (essential oils and
their components) may be potential alternatives to conventional
insecticides in controlling mushroom flies. The use of
microbial-based products and botanical derivatives in
mushroom fly control instead of synthetic insecticides can
reduce unacceptable residues in mushrooms and preserve both
human health and environmental quality.
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Bu ¢alismada; lilkemizde en basta gelen yem bitkisi olarak yetistirilen yoncanin uzunluk,
genislik ve izdiisiimii alanlar1 gibi bazi lineer boyut ve alan ozelliklerinin goriintii isleme
tekniginden yararlanilarak belirlenmesi amaglanmistir. Arastirma Antalya sahil kusaginda
13 farkli lokasyonda dogal ortamda yetisen yonca genotipleri iizerinden olglimler alinarak
yaptlmistir. Uriinlerin uzunluk, genislik ve izdiisiimii alanlarmimn gériintii isleme teknigine gore
belirlenmesinde Adobe6.0 Photo Shop programi, AutoCAD ve Global Lab image programi
kullanilmigtir. Calisma sonucunda; elle ve gorlintii islemeyle yapilan 6lgiim sonuglar
arasindaki korelasyon katsayisinin yiiksek olmasi nedeniyle yoncanin bazi fenotip
ozelliklerinin belirlenmesinde goriintii isleme tekniginden basar1 ile yararlanilabilecegi
belirlenmistir.
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The objective of this study was to determine some linear dimension and area properties such
as length, width and projected area of alfalfa that is the most important feed crop growing in
Turkey by using image analysis technique. This research was made in alfalfa picked from
thirteen locations in Antalya. To determine the length, width and projected area of alfalfa was
used Adobe6.0 Photo Shop, AutoCAD and Global Lab image computer program by using
image analysis technique. At the end of this study, it was found high correlation between
results obtained manually and image analysis. As a result, it was determined that image
analysis technique could be used for the determination of some phenotypical attributes of
alfalfa.

1. Giris

Yem bitkisi, hayvan yemi olarak yetistirilen, ancak bunun
yaninda toprak ve suyu muhafaza etme, ekim nobeti icerisinde
kendinden sonra gelen {iriinlerin verimini artirma O6zellikleri
tastyan, dogrudan dogruya veya sonradan yedirilmek iizere
hasat edilerek kurutulan veya silaj1 yapilan bitkilerdir. Yonca da
iilkemizin en basta gelen yem bitkisidir. Yoncanin besin degeri,
verimlilik ve adaptasyon gibi Ozellikleri bakimindan diger
bitkilerden ¢ok {istiindiir. Nitekim bu bitkiye sahip oldugu
ozellikler nedeniyle yem bitkilerinin kraligesi denilmistir. Birim
alana protein verimi yiiksek olup kuru ve yesil otu her tiirlii
hayvan icin lezzetli ve besleyicidir, otu vitaminlerce ¢ok
zengindir. Otu kurutularak hayvanlara yedirilebildigi gibi pelet
yem olarak da kullamlir. Derinlerdeki su ve bitki besin
maddelerinden kolayca yararlanabilir. Kendinden sonra ekilen
bitkiler i¢in organik madde ve azotga zengin iyi bir tarla topragi

birakir. Koklerindeki yumrucuklar ile topraga fazla miktarda
azot biriktirme dzelligine sahiptir (A¢ikgdz 2001).

Tarimsal  {irlinlerin  yetistirilmelerine,  islenmelerine,
degerlendirilmelerine  iliskin  miihendislik  ¢aligmalarinda,
irtinlin uzunluk, genislik, kalinlik, yilizey alam vb. boyutsal
ozelliklerinin ~ bilinmesi, {riine iligkin ilaglama, hasat
makinalarinin gelistirilmesi ve yeni tasarimlar i¢in 6nemli bir
parametredir. Ayrica, 1slah ¢alismalarinda, ¢esitlerin birbirinden
ayrilmasi, uzmanlar tarafindan duyusal ve fiziksel Olglimler
yoluyla gergeklestirilmektedir. Duyusal ol¢iimlerdeki dogruluk
daha ¢ok deneyime, fiziksel dl¢iimlerdeki dogruluk ise deneyim
ve Olgiim aletlerinin  kullanimindaki hassasiyete baglidur.
Uzmanlar iizerindeki bu yiikii almak ve siireci bir karar destek
sistemi yardimiyla hizlandirarak 6lglim ve tespit dogrulugunu
artirmak amaci ile goriinti isleme teknigi kullanmlmaktadir.
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Boyut 6zelliklerinin belirlenmesi ise uygun olan hesaplama ve
deneysel yontemlerin kullanilmasiyla olanaklidir.

Ancak tarimsal iriinlerin bilinen geometrik sekillere
benzemeyen yapilar elle 6l¢iimii zorlagtirmaktadir. Bu nedenle
Ol¢iimler swasinda modern teknolojilerden yararlamlmasi
gerekmektedir. Goriintii isleme teknigi de bunlardan birisidir.
Goriintli isleme teknigi; kamera, tarayici vb. araglar tarafindan
bilgisayara aktarilan goriintilerin 6zel yazilimlar veya
bilgisayar programlar1 aracilifiyla incelenmesini igerir (Kabas
ve Ozmerzi 2010).

Sanayi, giivenlik, jeoloji, tip, tarim gibi c¢esitli alanlarda
goriintii  isleme tekniginden yararlamlmaktadir. Tarim
sektoriinde ise meyvelerde renk analizi, siiflandirma,
meyvelerde zedelenme, kok gelisiminin izlenmesi, yaprak
alanlarinin 6l¢limii, yabanci otlarin belirlenmesi gibi amaglarla
kullanilmaktadir (Neuman ve ark. 1989; Keefe 1992, Trooien ve
Heermann 1992).

Shrestha ve ark. (2001), goriintii isleme teknigi kullanarak
cileklerde kalite tahmini iizerine c¢aligmalar yapmislardir.
Symons ve ark. (2003) arastirmalarinda camlasmis bugday
tanelerinin saglam bugday tanelerinden ayrilmasinda goriintii
isleme tekniginden yararlanmislardir.

Liming ve Yanchao (2010) goriintii isleme teknigini
kullanarak cilekleri otomatik olarak siniflandiran bir sistem
iizerine ¢alisma yapmigladir. Bu ¢alismada ¢ileklerin ii¢ temel
ozelligi olan sekil, boyut ve renk ozellikleri kullanilmustir.
Rashidi ve ark. (2007) kivi nin hacminin goriintii isleme
teknigini kullanarak tespit etmislerdir. Goriintii isleme teknigi
ile belirlenen hacim, tasirma yontemi le belirlenen hacimle
karsilagtinlmistir. Bacci ve ark. (2002), bugday tanelerinin
goriintiilerini bilgisayara aktarmislar ve bunlar goriintii isleme
teknigiyle analiz etmisler ve bugdayda zedelenmis tohum
yiizdesini belirlemislerdir.

Bu aragtirmada 13 farkli lokasyonda dogada yetisen ve
toplanan yonca genotiplerinin yapraklarmna iliskin bazi fiziksel
ozelliklerinin farkli goriintii isleme yoOntemleri kullanarak
belirlenmesi amaglanmustir.

2. Materyal ve Yontem

Calismada deneme materyali olarak, Antalya sahil
kusaginda 13 farkli lokasyonda dogal ortamda yetisen yonca
genotipleri kullanilmistir. Denemeler 2013 yilinda farkh
lokasyonlardan toplanan yoncalar {izerinde yapilmustir.
Toplanan yoncalar hava gecirmeyen posetler igerisinde Bati
Akdeniz Tarimsal Enstitiistine getirilmis ve ayni giin hig
bekletilmeden bazi fenotip dzellikleri dl¢tilmiistiir.

Olgiimlerin baslangicinda, gériintii isleme programinin
Ol¢iimlere uygunlugunu belirlemek amactyla 50 adet yapragin
uzunluk, genislik ve izdiisimii alanlar1 ilk once elle sirasiyla
kumpas ve planimetre yardimi ile belirlenmis daha sonra yine
ayn1 Ol¢iimler goriintii isleme yontemi ile yapilarak elle yapilan
Olctimlerle karsilagtirtlmastir.

Uriinlerin uzunluk, genislik ve izdiisiimii alanlarin gdriintii
isleme teknigine gore belirlenmesinde AutoCAD programi ile
Global Lab image programi kullanmilmustir. Materyallerin
izdlisimii alam, {izerinde referans alani bulunan bir yiizey
iizerine yerlestirilmis ve Canon Marka 8 mega pixellik dijital
kamera ile ¢ekilen fotograflart Global Lab Image programi
kullamlarak, referans alanina gore materyalin izdiisimii alanlar1
hesaplanmistir (Ayata ve ark. 1997; Trooien ve Heermann
1992).

Sekil 1°de goriildiigii gibi Canon marka dijital fotograf
makinesi ile 13 farkli lokasyondan toplanan yoncalarin resimleri
¢ekilmistir. Cekilen resimler daha sonraki adimda Adobe Photo
Shop programinda siyah beyaz ve pcx formatina
doniistiiriilmiistiir (Sekil 2). Daha sonra her bir yonca bitkisinin
yapragina ait sinirlarin i¢i boyanarak, Global Lab Image
programina uygun hale getirilmistir (Sekil 3). Bu programla
yonca yapraginin izdiisiim alanlari, uzunluklar1 ve genislikleri
hesaplanmstir (Sekil 4).
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Sekil 1. Digital Fotograf makinast ile ¢ekilen goriintii.
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Figure 1. Image taken by digital camera.
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Sekil 2. Adobe Photoshop programinda goriintii gri 6lgek ve pcx
formatina gevirme.

Figure 2. Convert to grey scale and pcx format in Adobe Photoshop
programme.
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Sekil 3. Global Lab Image programina uygun goriintii.

Figure 3. Suitable image for Global Lab image programme.
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3. Bulgular ve Tartisma

Antalya ilinde 13 farkli lokasyondan toplanan yoncalara ait
elle Olgiilen minimum, maksimum, ortalama degerler ve
standart sapma 6l¢iim sonuglar1 Cizelge 1°de, Global lab image
programu ile 6l¢iilen degerlerCizelge 2°de, AutoCAD ile dlgiilen

Bazat. a B D (e L TR—
Sekil 4. Global Lab Image programinda goriintii 6l¢iim.

Figure 4. Measurement in Global Lab Image.

degerler ise Cizelge 3’de verilmistir. Cizelge 4°de ise elle ve
goriintii isleme programlar ile 6lgiilen degerlerin ortalamalart,

Cizelge 1°de goriildiigii gibi 13 farkli lokasyondan toplanan
yoncalardan elle kumpasla alinan 6l¢timlere gore uzunlukl1.61 -
3.21 cm, genislik 0.60 -1.49 cm, izdiisiim alan1 0.71-3.15 cm’
ve yiizey alam ise 1.49 - 6.61 cm’ arasinda degismektedir. En
uzun ve en genis, en bilylik izdiisiim ve ylizey alanina sahip
yonca yapragi sirasi ile 3.12 cm, 1.48 cm, 3.15 cm’ve 6.61 cm®
ile Désemealt1 lokasyonundan Sl¢tilmiistiir.

Cizelge 2 ve 3’de AutoCAD ve Global Lap image
programlart kullanilarak yapilan goriintii isleme teknigi ile elde
edilen Olgiim sonuglart verilmistir. Goriildiigh gibi goriinti
isleme programlan ile elde edilen sonuglarla elle kumpasla
yapilan Olciimler arasinda fazla bir fark goriilmemektedir.
Gortintli isleme programi ile yapilan dlgiimler sonucunda elde
edilen degerlerin elle kumpasla 6lgiilerek elde edilen sonuglara
gore biraz daha yiiksek oldugu goze carpmaktadir. Yapilan
varyans analizi sonucunda uygulanan goriinti isleme
programlart ve elle kumpas yardimu ile dlgme yontemi arasinda
bir istatistiksel fark bulunmamustir.

Cizelge 4’de verilen istatistiksel sonuglara gore elle
kumpasla 6l¢timle bulunan ortalama degerlerle, goriintii isleme
teknigi kullanilarak bulunan degerler arasindaki korelasyon
katsayilar1 0.997 ile 0.989 arasinda degismektedir. Bu sonuglara
gore goriintii isleme programlarimin Olciimlere uygun ve
giivenirliliginin yliksek oldugu anlasilmaktadir. Ayrica goriintii
isleme icin kullanilan programlarla 6lgiilen degerler arasinda
istatistiksel bir fark saptanmamustir.

standart sapmalar1 ve korelasyon katsayilari verilmistir.

Cizelge 1. Farkli lokasyonlardan toplanan yoncalardan elle alinan 6l¢timler.

Table 1.Measurement by hand planimeter from alfalfa different location.

Uzunluk (cm) Genislik (cm) izdiigiim Alam (cm®) Yiizey alam1 (cm?)

Min. Max. Ort. Min. Max. Ort. Min. Max. Ort. Min. Max. Ort.
Désemealt 283 321 296 091 149 121 166 315 234 348 661 491
Gazipasa 173 201 188 060 094 075 071 129 099 149 270 207
Manavgat 176 253 216 086 1.10 093 1.02 183 137 214 384 287
Konyaalt1 171 204 186 083 121 105 080 157 123 180 329 258
Alanya 162 211 193 083 1.07 096 1.14 159 130 239 333 273
Demre 192 235 211 079 1.03 089 1.13 153 133 237 321 279
Serik 178 248 222 091 111 1.01 171 287 213 359  6.02 447
Aksu 188 271 232 074 084 080 130 180 149 273 378 3.12
Kas 232 294 262 104 148 122 171 287 213 359 602 447
Kumluca 188 271 232 065 1.04 083 097 211 160 203 443 336
Kepez 211 234 218 068 083 077 1.19 159 138 249 333 289
Finike 161 198 179 086 098 092 1.06 123 114 222 258 239
Kemer 183 222 201 110 118 1.15 14l 170 159 296 357 333

Cizelge 2. Farkli lokasyonlardan toplanan yoncalardan AutoCAD ile alinan dl¢iimler.

Table 2. Measurement by AutoCAD from alfalfa different locations.

Uzunluk (cm) Genislik (cm) izdiisiim Alam (cm®) Yiizey alami (cm?)

Min. Max. Ort. Min. Max. Ort. Min. Max. Ort. Min. Max. Ort.
Désemealt 293 331 306 101 158 131 176 325 244 359 672 501
Gazipasa 183 211 198 070 104 085 081 139 1.09 159 281 218
Manavgat 18 263 226 09 120 103 112 193 147 224 394 2098
Konyaalt1 181 214 196 093 131 115 096 167 133 191 340 268
Alanya 172 221 203 093 117 106 124 169 140 249 344 283
Demre 202 245 221 089 113 099 123 163 143 247 331 289
Serik 188 258 232 101 121 111 181 297 223 369 613 457
Aksu 198 281 242 084 094 090 140 190 159 283 388 323
Kas 242 304 272 114 158 132 181 297 223 369 613 457
Kumluca 198 281 242 075 114 093 107 221 170 214 453 346
Kepez 221 244 228 078 093 087 129 169 148 260 344  3.00
Finike 171 208 189 096 1.08 102 1.16 133 124 233 268 249
Kemer 193 232 211 120 128 125 151 180 1.69 306 367 344
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Cizelge 3. Farkli lokasyonlardan toplanan yoncalardan Global Lap image ile alinan dlgtimler.

Table 3. Measurement by Global Lap image from alfalfa different location.

Uzunluk (cm) Genislik (cm) izdiisiim Alam (cm?) Yiizey alam1 (cm?)

Min. Max. Ort. Min. Max. Ort. Min. Max. Ort. Min. Max. Ort.
Désemealts 296 329 308 103 160 133 174 323 242 357 670 5.00
Gazipasa 186 209 200 072 106 087 079 137 107 157 279 216
Manavgat 18 261 228 098 122 105 110 191 145 222 392 296
Konyaalt1 184 212 198 095 133 117 094 165 131 189 338 266
Alanya 175 219 205 095 119 108 122 167 138 248 342 281
Demre 205 243 223 091 115 101 121 161 141 245 329 287
Serik 191 256 234 103 123 113 179 295 221 367 611 455
Aksu 201 279 244 086 096 092 138 1.8 157 281 3.8 321
Kas 245 302 274 116 160 134 179 295 221 367 611 455
Kumluca 201 279 244 077 116 095 105 219 1.68 212 451 3.44
Kepez 224 242 230 080 095 089 127 167 146 258 342 298
Finike 174 206 191 098 110 104 1.14 131 122 231 266 248
Kemer 196 230 213 122 130 127 149 178 167 304 365 342

Cizelge 4. Goriintii isleme programlartyla ve elle dlgiilen degerlerin ortalamalari, standart sapmalar: ve korelasyon katsayilari.

Table 4. Means, Standard deviation and correlation coefficient of used technique.

Uzunluk (cm) Genislik (cm) izdiigiim Alam (cm®) Yiizey alam1 (cm?)
Elle AutoCAD Global Elle AutoCAD Global Elle AutoCAD Global Elle  AutoCAD Global
Ort. 2.96 3.06 3.08 1.21 1.31 1.33 2.34 2.44 242 4.91 5.01 5.00
S.Sapma  0.456 0.253 0.275 0.752 0.350 0.125  0.900 0.650 0.374 0.604 0.230 0.102
K. Kat. 0.989 0.991 0.997 0.994
Sonug olarak; Global Lab image programi ve AutoCAD Keefe PD (1992) A dedicated wheat grain image analyzer.

gibi goriintii isleme programlarinin yonca ve yonca gibi
bitkilerin uzunluk, genislik, izdiisiim ve yiizey alan1 gibi bazi
fenotip 6zelliklerinin belirlenmesinde kullamlabilecegini ortaya
konulmustur. Benzer bir caligmada Kabas ve Ozmerzi (2010)
“Balo” tipi dolmalik biberin baz1 fiziksel 6zelliklerini goriintii
isleme yontemiyle belirlemisler ve yakin sonuglar elde ederek,
goriintii  isleme  programlarinin  fiziksel  Ozelliklerin
belirlenmesinde kullanilabilecegini bildirmisler.
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Aim of study was to compare the measured inner air temperature and relative humidity values
with the simulated values determined with Computational Fluid Dynamics (CFD) technique in
the naturally ventilated gable-roofed single glasshouses located East-West direction, having
90° window span and different growing conditions such as plant and without plants. In study,
the gable roofed single glasshouses in West Mediterranean Agricultural Research Institute
were chosen as material. Study area is located at the latitude of 36° 52' N and longitude of 30°
50" E. In the greenhouses selected as material, measured values were recorded every minute
from 8 a.m. to 18 p.m. by using the relative humidity and air temperature meters placed in
different locations. However, these values were used as average of 2 hours in calculations to
reduce number of data. The Solid Works analysis software was used for CFD simulations of
the greenhouses selected as material. The air temperature and relative humidity values inside
the greenhouse were simulated depending on the outside ambient conditions and structural and
physical properties of greenhouse. Then, the measured values were compared with the
simulated values and compliance levels of these values were determined. In conclusion, the
error rates of measured and simulated air temperature and relative humidity values in the
greenhouse with plant were found as 4.9% and 0.0%, respectively. Additionally, the same
values in the greenhouse without plant were also found as 0.0% and 5.2%, respectively. The
study showed that the CFD may be used as a powerful tool for determining inner climatic
factors in naturally ventilated greenhouses.
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Calismanin amaci, Dogu-Bat1 yoniinde yoneylenmis 90° pencere agikligina, bitkili ve bitkisiz
ortamlar gibi farkli yetistirme kosullarina sahip dogal havalandirmali, besik catili seralarda
Olgiilen i¢ hava sicakligi ve bagil nem degerleri ile Hesaplamali Akiskanlar Dinamigi (HAD)
teknigi ile simiile edilen degerlerle karsilasgtirmaktir. Calismada, Bati Akdeniz tarimsal
Arastirma Enstitiisii’ndeki besik catili tekil seralar materyal olarak segilmistir. Calisma alani
36° 52' K enlemi ve 30° 50' D boylaminda yer almaktadir. Materyal olarak secilen seralarda,
Olgiilen degerler farkli noktalara yerlestirilmis hava sicakligi ve bagil nem olgerler kullanilarak
08:00-18:00 arasinda dakikalik olarak kaydedilmistir. Ancak bu degerler veri sayisim
azaltmak i¢in hesaplamalarda 2 saatlik ortalamalar seklinde kullamlmistir. Solidworks analiz
yazilimi materyal olarak secilen seralarin HAD simiilasyonlar1 i¢in kullanmilmistir. Sera
icindeki hava sicakligi ve bagil nem degerleri dis ortam sinir kosullart ve seranin yapisal ve
fiziksel Ozelliklerine gore simiile edilmistir. Daha sonra, Olglilen degerler simiile edilen
degerlerle karsilastirilmis ve bu degerlerin uyum diizeyleri belirlenmistir. Sonug olarak, bitkili
serada Olgiilen ve simiile edilen hava sicakligi ve bagil nem degerlerinin hata oranlar1 sirasiyla
% 4.9 ve % 0.0 olarak bulunmustur. Ayrica, aym degerler bitkisiz serada sirasiyla % 0.0 ve
% 5.2 olarak bulunmustur. Calisma gostermistir ki, HAD dogal havalandirmali seralarda sera
ici iklim faktorlerinin belirlenmesinde giiglii bir arag olarak kullanilabilir.
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1. Introduction

For many years, ventilation is needed to assurance an
optimum greenhouse simultaneously climate by supporting air
exchanges between the air inside and the outside of the supplies
greenhouse. It thus protects sound environmental circumstances
for plants by impeding extreme air temperature establishes
round the plants during periods of strong solar radiation and by
holding relative humidity at appropriate levels. There are some
greenhouse ventilation types such as natural, which is caused by
wind, or mechanical, by using fans. Due to the most energy
efficient method and supplies the most uniform circumstances,
it is positioned on natural ventilation at this time. (Boulard and
Draoui 1995; Papadakis et al. 1996).

Because the greenhouse is a closed environment the
moisture is given constantly into the greenhouse from soil and
plant. So, the relative humidity of air in greenhouses is higher
than the external environment. When the moisture rate of the air
increases in the greenhouse the density decreases and heat
change increases (Boulard and Baille 1993).

Ventilation is change of the internal air of greenhouse with
the external air to decrease air temperature and relative
humidity values inside the glasshouse. Natural ventilation is the
cheapest method for ventilation of greenhouses because it does
not require any energy requirement in application (Ozturk
2008).

Effective greenhouse ventilation is very important not only
northern damp winter climates but also Mediterranean hot
summer climates. Under cool conditions, reducing extreme
relative humidity levels is essential to preserve crop mineral
consuming and fungal diseases. Nevertheless, under hot
conditions, it is essential to control air temperature and relative
humidity in the greenhouse. Hence, the plant photosynthesis
and transpiration activity is sustained, and the physiological
quality of crops increases (Mistriotis et al. 1997b).

The plants are adapted to 17-27 °C average in greenhouse
conditions. Considering the greenhouse effect, daily average
temperature should be of 12-22 °C and the soil temperature is
required minimum of 15 °C. It should not be allowed over than
35-40 °C of the air temperature in greenhouse. The relative
humidity should be between 70-90% in greenhouses (Zabeltitz
1992; Baytorun 1995; Baudoin and Zabeltitz 2002).

Nowadays, due to the fact that computer performance have
improved, it is easier flow modeling by using computational
fluid dynamics (CFD). It also ensures a new occasions to
analyze the situation of the air conditions and estimate the
ventilation proportion inside the greenhouses. The principle of
this technique is based on the resolution of transport equations
in closed (Nara 1979; Lamrani et al. 2001) and ventilated
(Mistriotis et al. 1997a) greenhouses. For a wide variety of
greenhouse types, ventilation combination and boundary
conditions, a better comprehension of ventilation process can be
ensured by Compututional Fluid Dynamics method and may
guide engineers and greenhouse manufacturers to develop
greenhouse manage and design.

Mistriotis et al. (1997a) used CFD under low wind speed
and windless conditions for a scientific analysis of the natural
ventilation process in greenhouses, Kacira et al. (1998)
determined natural ventilation rates in different roof and side-
wall ventilation openings and in different wind speed conditions
in the multi span greenhouse using CFD, Haxaire et al. (2000)
determined the distribution of air temperature and relative

humidity resulting from air streams through the continuous roof
ventilated multi span greenhouse. Campen and Bot (2003) for
ventilation of the parral type greenhouses, Kacira et al. (2004)
for determining the effect of air velocities on air change rates
and air flow pattern in the divided gothic-roofed greenhouse
that is side-wall and natural ventilated used also CFD. Ould
Khaoua et al. (2006) determined the effect of wind speed and
roof openings in the divided glass greenhouse on air
temperature patterns. Teitel et al. (2008) used CFD to determine
the air temperature distribution and air flow patterns in a natural
ventilated multi span greenhouse. All researchers reported that
there is a good agreement with the values of air velocity and air
temperature  distribution determined by simulation and
experimental results.

In this study, air temperature and relative humidity values
measured inside the greenhouse were aimed to compare with
the simulated values by using Computational Fluid Dynamics
(CFD) in a naturally ventilated, gable-roofed single glasshouses
located East-West direction, having 90° window span and
different growing conditions (with and without plant). At the
end of the study, the accuracy degree of software used in the
study was determined by using error rates between the
measured and simulated values. Additionally, it was examined
how the different growing conditions affect the ventilation.

2. Materials and Methods

2.1. Greenhouses used in study

Study was carried out on August 23" and August 24™, 2011
at West Mediterranean Agricultural Research Institute at the
Aksu village of Antalya city. Study area is located in the 36° 52'
North latitude and 30° 50' Eastern longitude. In study, naturally
ventilated gable-roofed single glass greenhouses having size of
9.6 m in width and 40.0 m in length were used. The
greenhouses used as material are located East-West direction.
Its window openness degrees are 90°, side-wall heights are 2.2
m and the ridge heights are 4.2 m (Figure 1). The greenhouses
are ventilated by side-wall and roof openings. The side-wall
ventilation openings sizes are 1.5x1.0 m’ and the roof
ventilation openings sizes are 0.5x0.7 m® in an alternating
manner. In study, two different greenhouses that their physical
properties are the same, but only growing environment, with
and without plants, are different. The greenhouse which plants
were grown was called as number 1 greenhouse and the other
greenhouse that has no plant was called as number 2
greenhouse.
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Figure 1. Perspective and cross-section view of greenhouse used as
material.

The greenhouses were covered with a 4 mm thick
horticultural glass. Widths and heights of greenhouse doors are
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2.0 m and 2.2 m, respectively. The columns in greenhouse were
placed for each 2.5 m during the ridge of the greenhouse. Total
side-wall ventilation area is 45 m* and total roof ventilation area
is 10.5 m* for each greenhouse. Total side-wall window opening
area (55.5 m) is 14.5% of total ground area. Greenhouses were
covered over with shadow powder to reduce the inner air
temperature due to measurements are made on summer time.

2.2. Instrumentations used in study

In this study, it was used 8 pieces air temperature meters, 8
pieces relative humidity meters and 1 piece anemometer. The
values of air temperature and relative humidity inside the
greenhouse were determined by using the air temperature and
relative humidity meters that they were placed in 7 different
points in the greenhouse and at a point outside the greenhouse.

Internal air temperature and relative humidity values were
recorded by means of a data logger TESTO 175 H1 equipped
with air temperature and relative humidity probes. These meters
can measure the air temperature in a range from —20 to 70 °C
with tolerance of £0.5 °C and relative humidity of 0-100% with
tolerance of +£3%. Resolution of dataloggers is 0.1 °C / 0.1
RH%. The memory capacity of data logger is 16000 data.
Dataloggers are dual channel and they can measure internal °C
and RH%. Internal air temperature and relative humidity
measurements were taken on 23™ and 24™ August 2011, from 8
a.m. to 18 p.m. every minutes. However, these values were used
as average of 2 hours in calculations to reduce number of data.

Outside wind speed was measured by means of Kestrel
1000 anemometer equipped with wind speed probe. These
meters can measure the outside wind speed in a range from 0.4-
60.0 m s’ (1.0-218 km h™). Anemometers could measure
momentary, maximum and average wind speed. The
anemometer used in the outside wind speed measurements was
placed 1.1 m height from the ground because this height is
exactly middle of the side-wall. The outside wind speed also
was recorded from 8 am. to 18 p.m. every ten minutes.
However, these values were used as average of 2 hours in
calculations to reduce number of data.

The locations of the air temperature and relative humidity
meters used in greenhouse were given in Figure 2.
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Figure 2. The locations of the air temperature and relative humidity
meters in greenhouse.

Then, the greenhouse used as material was drawn in
computer media by using SolidWorks software with same
properties. After some structural and physical properties of the
greenhouse and measured values in the external media
conditions had been defined to the software, the values of air
temperature and relative humidity were simulated.

2.3. CFD simulations according to measurements

The measured air temperature and relative humidity values
were compared with simulated values obtained from sensors

placed in different points. Eventually, it was determined how
the air temperature and humidity values were changing
depending on with and without plants condition in 90° window
openness degree and the accuracy degree of software was found
by using error rates which determined before.

To make calculations of the software, the boundary
conditions must be defined to the software. That means of
boundary conditions are some parameters such as air
temperature, relative humidity, wind speed, solar radiation.
Additionally, it needs to decide the shape of the flow. Software
used in study has ability to decide shape of the flow according
to input data. Shape of the flow was chosen as turbulent by
software. 291 iterations were used in the calculations.

As many as 520537 pieces mesh were used in the analysis.
Minimum gap size was determined as 0.03 m by software.
Furthermore, accuracy degrees between simulated and
measured values were determined by means of the following
equation (Eq. 1). The view of the defined mesh of
computational domain for simulation was given in Figure 3.

Zflgn_ozl:lpf x100
i=l 1

P;= Predicted values
O;= Observed values
n= Number of samples

(Eq.1)

Error =

One of the most important factors affecting the accuracy of
results of the analysis is the defined mesh range. The defined
small mesh range increases the sensitivity of the accuracy but
the calculation and CPU time increases significantly. Whereas
defined large mesh range decreases the sensitivity of the
accuracy but the calculation and CPU time increases
significantly. Therefore, the most appropriate mesh range has
been defined according to the CPU capacity by carrying out
preliminary simulations.

Figure 3. The view of computational domain.

3. Results and Discussion

3.1. The air temperature and relative humidity values for
number 1 greenhouse

The number 1 greenhouse is located East-West direction
and the window opening angle was set as 90°. The air
temperature and relative humidity meters inside greenhouse
were located at 22.5 m from entrance of the greenhouse. There
were plants in the greenhouse and height of plant is 1.2 m,
width is 0.4 m and the row spacing is 1.2 m.

The internal air temperature and relative humidity values
belong to number 1 greenhouse were measured. Then, the
values of same points were obtained with simulation. The
measured air temperature and relative humidity values were
compared with simulated values and error rates were obtained
using Equation 1.
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As a result of the calculations, while the average of air
temperature values measured inside greenhouse has been found
as 40.4 °C, the average of air temperature values obtained from
simulations has also been found as 44.7 °C for all hours in the
number 1 greenhouse. Moreover, the average of differences of
those values has been found 4.5 °C. Accordingly, the error rate
of general average for air temperature was determined as 4.9%
[((42.5-40.4)/42.5)x100)] for number 1 greenhouse.

In addition, while the average of relative humidity values
measured inside greenhouse has been calculated as 15.9%, the
average of relative humidity values obtained from simulations
has also been calculated as 15.9% for all hours in the number 1
greenhouse. Moreover, the average of differences of those
values has been calculated as 3.0%. Accordingly, the error rate
of general average was determined as 0.0% [((15.9-
15.9)/15.9)x100)] for number 1 greenhouse.

3.2. The air temperature and relative humidity values for
number 2 greenhouse

The number 2 greenhouse is located East-West direction
and the window opening degree was set as 90°. The air
temperature and relative humidity meters inside greenhouse
were located at 22.5 m from entrance in the greenhouse. There
were not any plants in the greenhouse. All measurements were
recorded under without plant condition.

The internal air temperature and relative humidity values
belong to number 2 greenhouse were measured. Then, the
values of same points were obtained with simulation. The
measured air temperature and relative humidity values were
compared with simulated values and error rates were obtained
using Equation 1.

As a result of the calculations, while the average of air
temperature values measured inside greenhouse has been
obtained as 38.9 °C, the average of air temperature values
obtained from simulations has also been obtained as 39.3 °C for
all hours in the number 2 greenhouse. Moreover, the average of
differences of those values has been obtained as 1.7 °C.
Accordingly, the error rate of general average was determined
as 0.9% [((39.3-38.9)/39.3)x100)] for number 2 greenhouse.

In addition, while the average of relative humidity values
measured inside greenhouse has been found as 19.0%, the
average of relative humidity values obtained from simulations
has also been found as 18.0% for all hours in the number 2
greenhouse. Moreover, the average of differences of those
values has been found as 1.7%. Accordingly, the error rate of
general average was determined as 52%  [((19.0-
18.0)/19.0)x100)] for number 2 greenhouse.

Number 1 greenhouse

The most important hours are midday hours for effective
natural ventilation inside the greenhouse. The boundary
conditions by defining to software, air temperature and relative
humidity patterns were obtained for both greenhouses. Air
temperature patterns were given in Figure 4 and relative
humidity patterns were given in Figure 5 at midday.

As can be seen in the Figure 4, the temperature of inside the
greenhouse, in the areas close to the ridge and leeward higher
than windward temperature while the windward temperature is
almost the same level with the outside for number 1 greenhouse.
In number 2 greenhouse, the temperature inside greenhouse is
almost same with outside while higher in the ridge.

As is shown in the Figure 5, the relative humidity of inside
the greenhouse, leeward and in the areas close to the ridge lower
than windward relative humidity while the windward relative
humidity is almost the same level with the outside for number 1
greenhouse. The relative humidity inside greenhouse is almost
same with outside while lower in the ridge in number 2
greenhouse.

For number 1 and number 2 greenhouses, the daily average
measured and simulated air temperature values were shown as
graph in Figure 6 and relative humidity values also were given
in Figure 7.

As can be seen in the Figure 6, the daily average measured
and simulated air temperature values for number 1 (with plant)
and number 2 (without plant) greenhouses were determined as
similar but the number 1 greenhouse hotter than number 2
greenhouse. However, a good agreement was observed between
the measured and simulated air temperature values for both
greenhouses. Particularly, the measured and simulated air
temperature values were determined as very similar to each
other for mid-day hours (10:2-16:2) at which the most
important of ventilation efficient to growing plant.

As is shown in the Figure 7, the daily average measured and
simulated relative humidity values for number 1 (with plant)
and number 2 (without plant) greenhouses were determined as
similar. But especially in morning hours, while the maximum
measured relative humidity value is 25.0% in number 1
greenhouse that value is 32.5% in number 2 greenhouse.
Moreover, in evening hours, while the maximum measured
relative humidity value is 18.5% in number 1 greenhouse that
value is 25.2% in number 2 greenhouse. However, a good
agreement was observed between the measured and simulated
relative humidity values for both greenhouses. Particularly, the
measured and simulated relative humidity values were
determined as very similar to each other for mid-day hours
(10:2-16:2) at which the most important of ventilation efficient
to growing plant.

Number 2 greenhouse

Figure 4. Air temperature patterns at midday for number | and number 2 greenhouses.
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Number 1 greenhouse

75

Number 2 greenhouse

Figure 5. Relative humidity patterns at midday for number 1 and number 2 greenhouses.
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Figure 6. The daily average measured and simulated air temperature values for number 1 and 2 greenhouses.
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Figure 7. The daily average measured and simulated relative humidity values for number 1 and 2 greenhouses

4. Conclusion

When the number 1 and 2 greenhouses located in the same
directions (North-South) and have same window openness
degree (90°) are evaluated according to the air temperature and
relative humidity between each other in case of plant and
without plant situations;

While the accuracy degree between the average of measured
and simulated air temperature values is determined as 95.1% in
number 1 greenhouse (with plant), that is 99.1% in number 2
greenhouse (without plant). However, while the average of
measured hourly air temperature values in the number 1
greenhouse is determined as 40.4 °C, this value is 38.9 °C in the
number 2 greenhouse (without plant). The air temperature
difference has been found as 1.5 °C, between the two
greenhouses having the same structural and physical properties
depending on the condition to be with plant and without plant.
The air temperature value in the number 1 greenhouse has been
found as 1.5 °C more than in the number 2 greenhouse (with
plant). The reason why those differences may cause from plant.
Because plants have prevented both air circulation and
temperature distribution.

While the accuracy degree between the average of measured
and simulated relative humidity values has been found as 100%
in number 1 greenhouse (with plant), this value is 94.8% in
number 2 greenhouse (without plant). However, while the
average of measured hourly relative humidity values in the
number 1 greenhouse has been found as 15.9%, that is 19.0% in
the number 2 greenhouse (without plant). The relative humidity
difference has been determined as 3.1% between the two
greenhouses having the same structural and physical properties
depending on the conditions to be with plant and without plant.
The relative humidity in the number 2 greenhouse (without
plant) has been found as 3.1% more than number 1 greenhouse
(with plant).

As a result, there is no difference between measured and
simulated temperature values in number 1 greenhouse; it is not
found any difference between measured and simulated relative
humidity values in number 2 greenhouse also. The study
showed that the CFD may be used as a powerful tool for
determining inner climatic factors in naturally ventilated
greenhouses.
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This research was carried out in order to determine the effects of different salinity levels
(control, 1, 2, 4, 8 and 16 dS m'l) on the growth, seedling development, and water use of
peanut (Arachis hypogaea cv. NC-7). The study was conducted in 36 pots according to
randomized block design in 6 replications. Saline water was prepared by adding NaCl, MgCl,
and CaCl, into tap water. The tap water (ECi= 0.50 dS m™) was also used as control treatment.
Peanut was harvested at flowering stage. Saline water less than 4 dS m™ had positive effects
on plant growth and development parameter while saline water more than 4 dS m™ negatively
affected the same crop parameters. Plant height and fresh weight decreased as much as 21.6%
and 21.4%, respectively, after 4 dS m’'; while root length decreased 30% after 8 dS m’,
compared to control treatment. Increasing salinity caused an increase in Na concentration in
leaves and roots.
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Anahtar Kelimeler:
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Fide gelisimi

Bu arastrma, farkli tuzluluk seviyelerinin (0.5, 1, 2, 4, 8 ve 16 dSm™) NC-7 yerfistigi
¢esidinin bilylime, fide gelisimi ve su tiiketimi ilizerine etkilerini belirlemek amaciyla
yuritilmiistir. Arastirma, tesadiif parsellerinde 6 tekerriirlii olarak toplam 36 saksida
yiritilmistiir. Tuzlu sulama sulari NaCl, MgCl, ve CaCl, tuzlarmin sebeke suyuna
karistirlmastyla elde edilmistir. Sebeke suyu (ECi= 0.50 dS m™) aym zamanda kontrol konusu
olarak kullanilmustir. Yerfistig1 bitkileri ¢igeklenme doneminde hasat edilmistir. Tuzlulugu 4
dS m™"den daha diisiik sular, bitki biiyiime ve gelisme parametreleri tizerine olumlu etkide
bulunurken, 4 dS m'’den daha yiiksek tuzluluga sahip sulama suyu ile sulanan bitkilerin
biiylime ve gelisim parametrelerinin olumsuz etkilendigi belirlenmistir. Bitki boyu ve govde
agirhgimin 4 dS m™’den sonra sirastyla %21.6 ve %21.4; kok uzunlugunun ise 8 dS m™’den
sonra %30 oraninda azaldif1 saptanmistir. Sulama sularmin tuz igeriginin artmasi yaprakta ve
kokte Na miktarinin artmasina yol agmustir.

1. Introduction

Salinity stress is one of the most important abiotic stress
factors that limit crop production in arid and semi-arid regions.
Over 6 % of the world’s total land area and 20% of the irrigated
land area are salt-affected. Most importantly, between 35% and
50% of the world’s population in about 80 countries live in
semi-arid areas where salinization is a major problem. Salinity
has reached a level of 19.5% of all irrigated-land (230 million
ha of irrigated land, 45 million ha are salt-affected soils) and
2.1% of dry-land (1500 million ha of dryland agriculture, 32
million are salt-affected soils) agriculture worldwide. According
to the FAO, around 1.5 million ha of land in Turkey have both
salinity and sodicity problems (FAO 2009; Sénmez 2004).

Decreasing and pollution of natural water resources
gradually as a result of global warming and allocation to other
sectors (urban and industry) results in the intensive use of
marginal quality waters in irrigated agriculture, especially in
arid and semi-arid regions. Therefore, researches about the use
of saline or marginal quality water in irrigated agriculture are
currently being conducted. When the fresh water resources are
deficient, saline water is used for irrigation with the precautions
taken to prevent any adverse effect on soil and plant. Irrigation
water salinity and soil salinity adversely affect crop
development and growth, and decrease yield quality
considerably. Therefore, salt tolerant plants need to be grown in
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areas where both soil and water salinity is a problem. The salt
threshold values of the crops that will be grown under saline
conditions should be known for a successful cultivation and
agricultural economy.

Salinity negatively affects plant growth when salts
accumulate in the root zone. High levels of salinity affect seed
germination and plant growth by water deficit (osmotic stress),
ion toxity and ion imbalance (ionic stress) or a combination of
these factors (Lauchli and Grattan 2007; McNeil et al. 1999;
Reinhardt and Rost 1995). The osmotic effect initially reduces
the ability of the plant to absorb water. Several minutes after the
initial decrease in leaf growth, a gradual growth recovery takes
place until a new steady state is reached, depending on the salt
concentration outside the root (Munns et al. 2002). It has been
reported that the differences in plant response to the amount of
salt available in soil and irrigation water depends not only on
plant species but also crop development stages (Maas and
Hoffman 1977). Seedling growth stages are the most vulnerable
stages in the life cycle of plants. Therefore, in salinity studies,
these stages are focused and taken into the consideration when
the salt tolerance of a plant is determined (van Hoorn 1991;
Ghoulam and Fares 2001). Generally, the growth failure in
saline environments stems from the fact that water intake into
the seed is hindered (Coons et al. 1990; Mansour 1994). In
addition, yield reduction in saline conditions are due to the toxic
effect caused by excessive concentration of Na and ClI ions,
breakdown of crop ion balance, problems in nutrient uptake and
transport, and decrease in physiological processes such as
respiration and photosynthesis (Levitt 1980; Yeo and Flowers
1983; Leopold and Willing 1984; Marschner 1995).

Ion balance of plant under salt stress is broken down since
uptake of K and NO; is hindered by Na and Cl, respectively. It
is reported that salinity stunts root and stem elongation (Dash
and Panda 2001; Ashraf et al. 2002), and decreases fresh weight
and water content (EI-Mashad and Kamel 2001).

Most of the literature indicates that crops are particularly
susceptible to salinity during the seedling and early vegetative
growth stages as compared to germination. Examples are
reported in melon (Botia et al. 1998; Nerson and Paris 1984),
cowpea (Maas and Poss 1989), lettuce (Coons et al. 1990),
beans (Goertz and Coons 1991), zucchini squash (Graifenberg
et al. 1996), pepper (Chartzoulakis and Klapaki 2000), spinach
(Wilson et al. 2000), tomato (Del Amor et al. 2001), cabbage
(Jamil and Rha 2004), and watermelon (Yetisir and Uygur
2009).

Peanut (Arachis hypogaea L.) is the second most important
cultivated grain legume and the fourth largest edible oilseed
crop grown in the world (Shilman et al. 2011). Peanut is grown
on 355 million ha across 82 countries in the world
(Kambiranda et al. 2011).

Among the various abiotic stresses, salinity stress is the
most important factor limiting crop productivity throughout the
world and has been focus of much research. Little is known
about the salinity tolerance of peanut and no attempt has been
made to breed salinity tolerant peanut varieties (Vadez et al.
2005). Salinity is one of the important abiotic stresses affecting
peanut productivity by hampering germination, arresting
vegetative and reproductive growth and affecting seed quality.
Efforts to enhance crop yields under salinity stress have also
had a limited success because available knowledge of the
mechanisms of salt tolerance has not been turned into useful
selection criteria to evaluate a wide range of genotypes within

and across species. According to the classification of crop
tolerance to salinity, peanut is relatively sensitive to salinity
(Maas et al. 1986). The problem of salinity continues to grow
further because of increasing area under irrigated crops, use of
poor quality water for irrigation, poor drainage facility and
ingression of sea water. Peanut could be grown with water
having EC up to 3.0 dS m™, but studies have shown that peanut
plant starts facing salinity stress above 2.0 dS m™ and EC above
4.5 dS m™ kills the plant.

Salinity is a serious threat to agriculture in arid and semiarid
regions (Rao and Sharma 1995). Nearly 40% of the world’s
land surface can be categorized as having potential salinity
problems; most of these areas are confined to the tropics and
Mediterranean regions. Increases in the salinity of soils or water
supplies used for irrigation result in decreased productivity of
most plants and lead to marked changes in the growth pattern of
plants (Cordovilla et al. 1994).

The susceptibility of peanut to salinity stress varies with
growth stages. Peanuts have a low tolerance to certain salts. The
foliar symptoms that develop after irrigation with saline
irrigation water vary from a brown marginal leaflet burn to
death of the leaf. Pod rot often increases when the sodium and
potassium cations accumulate in the fruiting zone. Peanut
(Arachis hypogaea L.) is an important oilseed, food and feed
crop of Turkey. Salinity is one of the important abiotic stress
which affect al stages of peanut growth and finally the yield.
Among several strategies advised to overcome the problem of
salinity stress, the selection of crop species or cultivars with salt
tolerance traits has been considered an economical and efficient
strategy. It is necessary to identify the sensitivity and tolerance
level of a variety at early seedling stages for successful crop
production in a saline environment. Therefore, this study was
aimed to influence of salinity stress on peanut at early seedling
period.

2. Material and Method

This study was carried out in a glasshouse at Bati Akdeniz
Agricultural Research Institute (BATEM), in Antalya, Turkey,
between 01.06.2013-08.07.2013 to determine the effects of
different salinity levels in irrigation water on growth
characteristics of peanut (Arachis hypogaea cv. NC-7). The
geographic coordinates of the experimental area was located at
a latitude of 36 56' N and a longitude of 30 53' E, and an
altitude of 28 m. The glasshouse was a ventilated naturally with
side and ridge openings. Its length, width and floor area were
12.0 m, 30.0 m and 360 m? respectively.

Seeds were sown in a mixture of peat and perlite in a 1:1
ratio and were allowed to germinate in greenhouse condition.
Seedlings at the 2-true-leaf stage were transplanted to 3 liters
pots filled with a mixture of peat and perlite in a 1:1 ratio, and
were amended with 0.4 gN 17, 0.175 gP 1!, 0.332 g K 1!, and
0.4 g Cal™. Pots’ height, length and width were 15, 40 and 20
cm, respectively. Six kg of peat and perlite mixture was placed
in each pot. Thus total volume and surface area of each pot were
12 liters and 800 cm?, respectively. Pots were saturated with tap
water to determine the field capacity. The water contents of the
pots after the drainage stopped were assumed as field capacity
(Wgc), so that we determined each pot separately. Water content
of each pots was monitored by weighing the pots as weighing
lysimeter method, thus each pot was weighed before each
irrigation practices (W). Amount of irrigation water to be

© Akdeniz Universitesi Ziraat Fakiiltesi



Aydingsakir et al./Akdeniz Univ. Ziraat Fak. Derg. (2015) 28(2):77-84 79

applied to each pots (I) was calculated by Unliikara et al.
(2008).

= [(Wec-W)/pw]/(1-LF)

where, I is amount of irrigation water (Liter), LF is leaching
fraction, W is the pot weight just before irrigation starts and pw
is density for water (1.0 kg L™). The pot surface area is 0.080
n’, so the depth of irrigation amount can be calculated by
dividing ‘I’ to pot surface area. LF was taken 0.25. Amount of
drainage water was measured after irrigation. Drainage leachate
was collected by a syringe from each pot. Collected drainage
water volume was measured after irrigation. Seasonal water use
was determined by means of modified equation of Jensen et al.

(1989);
WU:db+d—dd—ds

Where, WU is seasonal water use (L), d,, is soil moisture at
the beginning of the experiment (L), d is total irrigation water
(L), d4 is drainage volume (L), and d; is soil moisture at the end
of the experiment (L).

Seedlings were irrigated with tap water (EC: 0.50 dS m™
and pH: 6.5) for 1 week and then salt application began. Plants
were irrigated every 2 days with 5 different saline treatments.
The saline waters were prepared by adding MgCl,, CaCl, and
NaCl salts into tap water. In order to eliminate the adverse
effect of sodium adsorption ratio (SAR), irrigation water SAR
values were maintained less than 5. Salinity levels having
different concentrations of 1, 2, 4, 8, and 16 dS m’, as
measured by electrical conductivity, were prepared using salt
source of NaCl, MgCl, and CaCl,. Tap water is used for control
treatment. Quality parameters of irrigation water used in the
experiment were shown in Table 1.

Table 1. Quality parameters of irrigation water.

EC Anions (me ') Cations (me I'")

asm' P! Na K ca Mg co, HCO, 1  so, SAR
05 7.7 0.60 005 325 144 - 3.93 1.30 0.11 0.36
1.0 79 209 006 528 465 - 407 691 110 111
20 7.7 826 007 878 762 - 3.86 14.56 6.31 1.87
40 7.7 17.85 0.08 13.65 14.02 - 401 2565 1594 3.18
80 7.6 3032 0.09 31.34 26.50 - 4.02 5245 31.78 4.12
16.0 7.6 4245 0.11 39.68 44.12 - 375 87.65 34.96 4.85

The experiment was conducted as a randomized block
design with 6 replications, with a total of 36 pots. At the end of
5 weeks (beginning of the flowering stage in the control
treatment) plants were harvested and evaluated for their
response to salinity. Plant height was measured. Roots and
shoots of the plants were separated from the growth medium
surface. Plant roots were cleaned off growth medium under
running water. Na”, K*, and Ca®" concentrations in the leaves
and roots were determined by ICP (Varian 720 ES) after nitric
acid digestion (Zarcinas et al. 1987). Variance analysis is
applied for the obtained data using MSTAT-C program and the
differences between the means were compared using Duncan’s
multiple range test (P<0.05) (Gomez and Gomez 1984).

3. Results and Discussion

Plant height: The effects of different salinity levels on
plant height of peanut are presented in Figure 1. It was
determined that salinity level is significant at 0.1 % confidence
level. In the study, plant heights are ranged from 13.3 to 24.7
cm. The highest plant height was obtained from 1 dS m™ (24.7
cm), and this was followed by 2, 4, control, 8, and 16 dS m?.

30,0
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5200 b
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0.5 1 2 4 8 16
Salmity levels (dS m!)

Figure 1. The effects of different salinity levels on plant height (cm).

Root length: The effect of different salinity levels on root
length of peanut are presented in Figure 2. It was determined
that salinity level is significant at 0.1 % confidence level. Root
length decreased with increasing salinity levels and ranged
between 14.4 cm in 16 dS m™ and 27.6 cm in control treatment.
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Figure 2. The effects of different salinity levels on root lenght (cm).

Plant fresh weight: The fresh weight is an important
parameter determining the growth of a plant. The effects of
different salinity levels on plant fresh weight are presented in
Figure 3. It was determined that salinity levels are significant at
0.1 %. The highest plant fresh weight was obtained from
2dSm! (13.3 g), and this was followed by 4, 1, control, 8, and
16 dS m™. The lowest plant fresh weight was obtained from 16
dS m” (3.4 g). It was observed that fresh weights decreased
drastically at 8 dS m™ and 16 dS m™ of salinity levels.
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Figure 3. The effects of different salinity levels on plant fresh weight
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Root fresh weight: The effects of different salinity levels
on root fresh weight are presented in Figure 4. It was
determined that salinity levels are significant at 0.1 %. In the
study, root fresh weights are ranged from 1.9 to 5.3 g. The
highest root fresh weight was obtained from 2 dSm™ (5.3 g),
and the lowest root fresh weight was obtained from 16 dS m™
(1.9 g). Similar trend was found in case of root fresh weights
like plant fresh weight. Root fresh weight showed a sharp
decline after 4 dS m™.

a
b
c
€
I |
1 2 4 8 16

0.5

k=
<

o
(=

i)
=

=
=

=2
[=]
|

Root fresh weight (g)

45
=]

=
=
|

Salinity levels (dS m)

Figure 4. The effects of different salinity levels on root fresh weight
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As seen in above given figures, different growing
characteristics were significantly affected by salinity stress. The
first organ that interacts with salt is roots, as is the case for most
of the crops. Therefore, it is inevitable that the crops are
affected by salt concentration. From this point of view, the
results are in accord with the already published results which
reported that increasing salt concentration negatively affects
root and shoot development (Dash and Panda 2001; Ashraf and
Tufail 1995; Delgado and Sanchez-Raya 2007; Munns et al.
2002; Reinhardt and Rost 1995). The reason that the root and
shoot length are affected negatively by salt stress stems from the
fact that cytokinesis and cell expansion are inhibited and toxic
effect of salts. Additionally, the decrease in hormones that
stimulate the growth and increase in hormones that hinder
growth can cause shorter root and shoot lengths (Ashraf and
O’leary 1997; Foolad 1996; Prakash and Prathapasenan 1990;
Taiz and Zaiger 1998). The increase in osmotic pressure around
the roots as a result of saline environment can also prevent
water uptake by roots, resulting shorter root length and plant
height (Al-Karaki 2001; Bohnert et al. 1995; Werner and
Finkelstein 1995; Mensah et al. 2006; Sadat-Noori et al. 2008).

Salinity stress had remarkable effects on other plant growth
parameters such as plant and root fresh weight. High foliar
concentration of Na" is capable of reducing CO, assimilation
because of ionic toxicity (Cachorro et al. 1993). Reduction in
plant and root fresh weight in response to salt stress has been
reported for other crops, such as soybean (Zaidi and Sing 1993),
chickpea (Khalid et al. 2001), cowpea (Diizdemir et al. 2009),
broadbean (De Pascale and Barbieri 1997), black cumin (Hajar
et al. 1996), melon (Sivritepe et al. 2005), tomato (Yurtseven et
al. 2005), watermelon (Yu-feng 2006), and okra (Unliikara et al.
2008).

The plant height and root length are the most important
parameters for salinity because roots are in direct contact with
soil and absorb water from soil and shoot supply it to the rest of
the plant. For this reason, root length and plant height provide
an important clue to the response of plants to salt stress (Jamil

and Rha 2004). Root length and plant height decreased with
increasing salinity levels; at 4 dS m™ they decreased drastically.
The reason for reduced plant and root development may be due
to toxic effects of the salt sources used as well as unbalanced
nutrient uptake by the seedlings. High salinity may inhibit root
and plant elongation due to slowing down the water uptake by
the plant may be another reason for this decrease (Werner and
Finkelstein 1995). Neumann (1995) indicated that salinity can
rapidly inhibit root growth and hence capacity of water uptake
and essential mineral nutrition from soil. These results are
similar to those reported by Gupta and Srivastava (1989),
Francois et al. (1991), Huang and Redmann (1995), Foolad
(1996), Jamil and Rha (2007), and Aydinsakir et al. (2013a).

Ion uptake: The results of the present study showed that
salinity levels caused an increase in Na' concentration in the
root and leaves. Increased Na' concentration is one of the
primary plant responses to salinity (Shachtman and Munns
1992). Sodium accumulation in the root and leaves were
affected by the salinity level (Figure 5). The lowest Na®
concentration in the leaves were observed from control
(0.04 %), while the highest Na" concentration in the leaves were
observed from 16 dS m' (4.15%). The lowest Na'
concentration in the root was obtained from control (0.28 %),
while the highest Na concentration in the root was obtained
from 16 dS m™ (6.29 %). Sodium concentration increased in
response to salt treatment. The salinity levels increased leaf and
root Na" concentration. Previous studies showed similar effects
of salinity in sorghum (Beck et al. 2004; Krishnamurthy et al.
2007), maize (Karmoker et al. 2008) wheat (Hu and
Schmidhalter 1997), rye-grass (Sagi et al. 1997), eggplant
(Chartzoulakis and Loupassaki 1997), pepper (Chartzoulakis
and Klapaki 2000), and watermelon (Yetisir and Uygur 2009).
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Figure 5. The effect of salinity levels on Na+ concentration in the root
and leaves (significant at 0.01 level).

Ca"™" is important during salt stress, for example,
inpreserving membrane integrity (Rengel 1992; Ashraf and
Orooj 2006), signalling in osmoregulation (Mansfield et al.
1990). It was reported that the decrease of calcium attraction
under saline conditions is because of the increase in Na'/Ca"™
ratio, this also limits the root's growth (Orcutt and Nilsen 2000;
Garcia-Sanchez et al. 2002). In the study, Ca™" concentration in
the root and leaves significantly decreased in salinity levels. The
lowest Ca"" concentration in the leaves was observed from
16 dS m™ (1.59 %), while the highest Ca™* concentration in the
leaves was observed from control (2.61 %). The lowest Ca™
concentration in the root was obtained from 16 dS m™ (0.88 %),
while the highest Ca™ concentration in the root was obtained
from control (1.94 %) (Figure 6). The observations in present
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study are in good agreement with similar studies in peanut and
different plants (Singh and Prasad 2009; Cachorro et al. 1993;
Cramer et al. 1986; Francois et al. 1991; Loupassaki et al. 2002)

3,0

a ERoot MLeaf

Cat+ concentrations (%)

Salinity levels (dS m1)

Figure 6. The effect of salinity levels on Ca™ concentration in the root
and leaves (significant at 0.01 level).

Excessive sodium ions at the root surface disrupt plant
potassium nutrition. Because of the similar chemical nature of
sodium and potassium ions, sodium has a strong inhibitory
effect on potassium uptake by the root (Weimberg 1987; Zhu
2002). Several studies with a wide variety of horticultural crops
have shown that K concentration in plant tissue, declines as the
salinity in the root media is increased (Francois 1984; Izzo et al.
1991; Graifenberg et al. 1995; Perez-Alfocea et al. 1996). In the
study, K" concentration decreased with increasing salinity levels
(Figure 7). The effect of salinity levels on K™ accumulation in
the study was significant. Control application had the highest K*
concentration in root and leaves, while 16 dS m™ application
had the lowest K™ concentration in root and leaves. Previous
studies showed similar effects of salinity in rice (Lutts et al.
1996), maize (Karmoker et al. 2008), Melilotus segetalis
(Romereo and Maranon 1996), spinach (Chow et al. 1990),
wheat (Begum et al. 1992), eggplant (Chartzoulakis and
Loupassaki 1997), pepper (Chartzoulakis and Klapaki 2000),
and watermelon (Yetisir and Uygur 2009).
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Figure 7. The effect of salinity levels on K* concentration in the root
and leaves (significant at 0.01 level).

Increasing salinity levels antagonistically affected plant and
root fresh weight. Some researchers argue that the plants had
the reduction in their fresh weights because of the proportional
increase in Na* concentration, which could imply that an ionic
effect was being manifested. Similar kind of result was
observed by Jeannette et al. (2002), and Aydinsakir et al.
(2013Db).

The level of the salinity in the growth medium directly
effects the accumulation of cations (Na*, Ca™, Mg") in leaves
as well as roots of seedling. Increasing the salinity levels
resulted in significant increase in concentrations of Na in leaves
and roots. Leaf parts accumulated less Na* than did the root
parts. This shows that Na“ transport from root to leaves
accelerated when salinity levels increased as reported by Begum
etal. (1992).

According to Weimberg (1987), high levels of Na' inhibit
the K" uptake. As expected, increasing salinity levels resulted in
significant decreases in leaves and root concentrations of K.
Maintenance of adequate levels of K is essential for plant
survival in saline habitats. Potassium is the most prominent
inorganic plant solute, and as such makes a major contribution
to the low osmotic potential in the stele of the roots that is a
prerequisite for turgor-pressure-driven solute transport in the
xylem and the water balance of plants (Marschner 1995). Under
saline conditions, high levels of external Na* not only interfere
with K" acquisition by the roots, but also may disrupt the
integrity of root membranes and alter their selectivity. The
selectivity of the root system for K* over Na" must be sufficient
to meet the levels of K* required for metabolic processes, for
the regulation of ion transport, and for osmotic adjustment
(Grattan and Grieve 1999). As found with K, the concentration
of Ca"™ in leaves and roots was also decreased by the saline
treatment.

Water use and water use efficiency: The plant height,
applied water, drainage water, pot water depletion,
evapotranspiration and water use efficiency from seedling to
flowering period in all treatments are presented in Table 2. The
amount of water applied 0.5, 1.0, 2.0, 4.0, 8.0, and 16.0 dS m’!
treatments were 23.0, 21.6, 25.1, 24.5, 22.4, and 18.4 L pot'1
respectively. Drainage water from the pot was also one of the
important components in soil water balance, especially in
salinity studies. The difference of drainage amount between
treatments depended on the amount of applied water and
leaching fractions. When the salinity levels increased, a
decrease in pot water depletion was observed because of the
increased deficiency in pot water storage as a result of
transpiration by peanut leaves. Water use of peanut decreased
with increasing salinity (Table 2).

The greatest water use value was observed at 2.0 dS m™
irrigation water salinity with 20.2 L. The rest of the treatments
had reduced water use. Water use efficiency decreased with
increasing salinity levels. The highest water use efficiency was
obtained in 1.0 dS m™ treatments (1.4 cm L) and the rest of
treatments caused to decrease in water use efficiency. Reduction
of water use and water use efficiency is a common phenomenon
of many crop plants grown under saline conditions The current
results are similar to results from tomato (Yurtseven et al.
2005), okra (Unliikara et al. 2008), eggplant (Unliikara et al.
2010), carrot (Unliikara et al. 2011) and fennel (Semiz et al.
2012).

The results of the present study showed that salinity levels
caused a decrease in plant height (Table 2). However, compared
to control treatment, small increase in plant height in the
treatments of 1.0, 2.0 and 4.0 dS m™ was observed. Salinity
levels more than 4 dS m™ decreased plant height sharply,
comparing to the treatment of 1.0 dS m™. Plant height in the
treatments of 2.0, 4.0, 8.0, and 16.0 dS m™! was lower than that
of the treatment of 1.0 dS m™ as much as 2.0 %, 2.8 %, 23.9 %,
and 46.2 %, respectively.
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Table 2. The component of evapotranspiration and water use efficiency
of the experiment.

Treatment  Plant Applied  Drainage Pot water Water  Water use
height water water depletion use efficiency
@Sm")  (cm) (L) (L) (L) (L) (em L™
0.5 23.8 23.0 5.7 1.3 18.5 1.3
1.0 24.7 21.6 54 13 17.5 1.4
2.0 24.2 25.1 6.2 13 20.2 1.2
4.0 24.0 24.5 6.1 1.2 19.6 1.2
8.0 18.8 224 5.6 0.9 17.7 1.1
16.0 133 18.4 4.6 0.9 14.7 0.9

4. Conclusion

This study examined the effects of different salinity levels
on the early seedling growth stage of peanut. It was concluded
that increasing levels of salinity affected negatively the early
seedling growth stage and ion uptake. When compared to
control treatment, plant height and fresh weight decreased about
21.6% and 21.4%, respectively, after 4 dS m™'; while root length
decreased 30% after 8 dS m’'. Increasing salinity caused an
increase in Na concentration in leaves and roots, while it
decreased K and Ca concentration gradually.
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Bu c¢alismada etlik piliglerde kulugka gelisiminin erken ve ge¢ embriyonik donemlerinde
yapilan yiiksek 1s1l uygulamanin canli agirhiga ve yem tiikketimine olan etkilerin belirlenmesi
amaglanmistir. Bu amagla kontrol grubu yumurtalarina 19. giine kadar optimum kulugka
kosullar1 olan 37.5 °C sicaklik ve % 55 nem uygulanmistir. Kulugkanin erken (8-10. giinler) ve

Anahtar Kelimeler: ge¢ embriyonik (16-18. giinler) donemlerinde ise yumurtalara giinlilk 3 saat siireyle (12.00-

Isil | 15.00), 41 °C sicaklik ve % 65 nem uygulanmustir. Aragtirmada toplam liim oranlart kontrol,

st uygwiama erken ve ge¢ embriyonik donem gruplarinda sirastyla % 15.1, 13.4 ve 13.4 olarak belirlenmis

Etlik pili¢ .. S .

Kan hormonu ol"up gruplar arasinda onemli bir farlillyk saptanmamistir. "I(ulqg:kadan cikista en yiiksek T;

Oliim orant diizeyi (2.03+.090 ng/ml) ve en diisiik kortikosteron diizeyi (3.95+1.34 ng/ml) kontrol
grubunda saptanmustir. Uglincti haftada T3 ve T3/Ts4 bakimindan gruplar arasinda &nemli
farklilik belirlenmistir. Altinci haftada kan hormon diizeyleri bakimindan gruplar arasinda
herhangi bir farklilik bulunmamustir.
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Keywords:
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The aim of this study was to determine the effect of thermal manipulations during early and
late embryogenesis on mortality and blood hormone levels in broiler chickens. Incubation
conditions were 37.5 °C and 55 % relative humidity for control group throughout the
incubation period until the 19" days. In the thermally treated eggs during early embryogenesis,
incubation temperature was increased to 41 °C and relative humidity to 65 % for 3 hours
(12.00-15.00) on the 8™-10" days of incubation. Also, in the late embryogenesis stage
incubation temperature was increased to 41 °C and relative humidity to 65 % for 3 hours

gfgi)lgrhormone (12.00-15.00) on the 16™-18"™ days of incubation. In this study, mortality rates were
. determined as 15.1%, 13.4% and 13.4% for control, early and late embryonic periods,
Mortality rate respectively, and differences among the groups were not found significant. In hatching,
highest T3 and lowest korticosterone levels were determined in control group. There was found
significant difference among the groups in terms of T3 and T5/T, levels in the 3™ week. But,
there was no significant difference among groups in point of blood hormone levels in the 6"
week.
1. Giris

Kanathilarda  tiroid  hormonlarinin

1s1  diizenleme

kanatlilarin plazma kortikosteron diizeylerinin ve buna bagh

mekanizmasinda 6nemli rolii oldugu bilinmektedir (Uni ve
Yahav 2010). Plazma T; diizeyi ile 1s1 iiretimi arasinda pozitif,
cevre sicaklign ile negatif iliski bulunmaktadir (Giirsu ve ark.
2003; Lin ve ark. 2006). Is1 stresine maruz kalan kanathilarda
plazma T; diizeyi azalmaktadir (Lin ve ark. 2006). Yiiksek
sicaklik etkisiyle tiroid bezinde kiigiilme ve tiroid salgisinda
azalma, diisiik sicaklikta ise artis gergeklesmektedir (Lin ve ark.
2008; Sohail ve ark. 2010). Ayrica, 1s1 stresi altindaki

olarak da glikoz diizeylerinin arttif1 bilinmektedir (Sahin ve ark.
2001; Giirsu ve ark. 2003). Yapilan caligmalarda (Kannan ve
ark. 1997; Lin ve ark. 2004; Nijdam ve ark. 2005) etlik
piliclerin  kortikosteron  konsantrasyonun 7-100 ng/mL
aralifinda degistigi saptanmustir. Herhangi bir stres unsuruyla
kars1 karsiya kalan kanatli hayvanlarda fizyolojik reaksiyonlar
gbzlenmekte ve bu tepkilerin ¢ogu adrenal bezin kontroliinde
gerceklesmektedir (Siegel 1995; Kuenzel ve Jurkevich 2010).
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Kisa siireli bir stres etmeni ile karsilasan organizmada, kan
glikoz diizeyinin sabit tutulabilmesi i¢in karacigerde glikojen
parcalanarak plazma glikoz diizeyi artmaktadir. Ancak uzun
stireli stres durumunda piliglerin plazma glikoz diizeyi
azalmakta ve karacigerde siirlt miktarda bulunan glikojen
depolarindaki yikim belli bir asamadan sonra glikoz seviyesini
sabit tutmada yetersiz kalmaktadir (Zhang ve ark. 2009). Strese
maruz kalan kanatlhlarda adrenal medulladan hormonlar ve
katekolaminler (epinefrin ve norepinefrin) hizli bir sekilde
salgilanmaktadir (Seremet 2007). Uzun siire strese maruz kalan
kanatlh  hayvanlarda  hipotalamik-hipofiz-adrenal  sistem
hipotalamusu uyararak kortikosteron salgilatici  faktorii
iretmekte ve bu da hipofiz bezinden adrenakortikotropin
(ACTH) hormonunun salgilanmasim1 saglamaktadir. Kanda
hazir bulunan adrenakortikotropin (ACTH) hormonu adrenal
bezleri siirekli olarak uyararak kortikosteron salgilanmasin
saglamaktadir (Siegel 1995).

Stres, viicudun belirli mekanizma ve sistemlerinde denge ve
uyum bozuklugu sonucunda meydana gelen tepkisel davranislar
ve biyokimyasal degisiklikler seklinde ifade edilmektedir.
Bagka bir ifadeyle stres c¢esitli i¢ ve dis etkenler ile
organizmanin savunma mekanizmalar1 arasindaki miicadele
olarak tanimlanmaktadir (Freeman 1987). Strese maruz kalan
kanatl hayvan viicudunda baslangigta hizl1 ve gegici, sonra ise
kalict ve geri doniisii olmayan bazi olumsuz degisimler
gergeklesmektedir. Stresin siddetine bagli olarak hayvanlarda
verim kayiplart ve hastaliklara karst direncin azalmasi
kagimilmaz bir durum almaktadir. Son yillarda 1s1 stresinin
kanatli yetistiriciligindeki olumsuz etkilerini azaltmak i¢in
epigenetik c¢aligmalardan faydalanilmaktadir. Kanathlarin 1s1
stresine karst koyma yetenekleri, viicut sicakligimi dengeleme
sistemleri heniiz etkinlesmeden (kulugkada), erken yaslarda 1sil
sok uygulamasiyla gelistirilebilmektedir (Yahav 2000). Is1
stresine alistirma (aklimasyon) organizmanin yasam siiresi
icinde meydana gelen ve canlmin gevrenin sicaklik ve nemine
kars1 zorlanmasini azaltan ya da direncini artiran fizyolojik ya
da davranigsal degisikliklerdir.

Bu calismanin amaci kulugkanin erken ve ge¢ gelisim
donemlerinde yapilan yiiksek 1s1l uygulamalarin etlik pili¢lerde
0lim oranma ve kan hormon diizeyine olan etkilerinin
belirlenmesi amaglanmustir.

2. Materyal ve Yontem

Arastirma, Akdeniz Universitesi Ziraat Fakiiltesi Zootekni
Boliimii Hayvancilik Tesisleri’nde yiiriitiilmiistiir. Arasgtirmanin
materyalini Ross 308 genotipine ait toplam 600 adet dollii
yumurta, bu yumurtalardan elde edilen civcivler ile civeiv ve
piliglerin beslenmesinde kullanilan, 0-3 haftalar arasinda % 23
ham proteinli ve 2850 kkal/g metabolik enerjili, 4-6 haftalar
arasinda ise % 21 ham proteinli ve 3000 kkal/kg metabolik
enerjili yemler olusturmustur. Arastirma, kontrol grubu, erken
ve ge¢ donem olmak iizere 3 grupta ve her bir grupta 4
tekerrtirlii olarak yiirtitiilmiistiir.

Kulukga agamasinda her bir grubu olusturan yumurtalar ayr1
gelisim  makinesinde  kulugkalandirlmigtir.  Kulugkalik
yumurtalar  kulugka  makinesine  konulmadan  &nce
numaralandirilnug, 0.01 g hassasiyetteki elektronik terazi ile
tartilmis ve yumurtalarin rastgele 200 tanesine kulucka
stiresinin erken embriyonik gelisim doneminde (8-10. glinler
arasinda) ve 200 tanesine de ge¢ embriyonik gelisim déneminde
(16-18. giinler arasinda) 3 saat siireyle (12.00-15.00 saatleri
arasinda) 41 °C sicaklik ve % 65 nem uygulanmistir. Kontrol

grubunu olusturan 200 adet yumurta ise kulucka siiresince
standart sicaklik (37.5 °C) ve nem (% 55) kosullarina maruz
birakilmigtir. Kulugkada g¢evirme ve havalandirma islemleri
otomatik olarak yapilmistir. Her ii¢ gruba ait yumurtalar
kulugka siiresinin son ii¢ giiniinde 37.2 °C sicaklik ve % 75 nem
ortam1 saglanan ¢ikis boliimiine aktarilmistir. Deneme siiresince
ortamin sicaklik ve nemi data logger ile siirekli olarak
kaydedilmis olup bu sicaklik ve nem degerleri kullanilarak
haftalik ortalama sicaklik ve nem degerleri hesaplanmistir. Bu
degerlerden yararlanilarak ta haftalik toplam 1s1 degerleri
asagidaki esitlige (Esitlik 1)gore hesaplanmustir (Alkan ve
Mutaf 2008).

Oropiam: Cp¥ti + (595+0.46 * 1) *mg,
Oroptam :Toplam 151 (kkal.kg " kuru hava)
Cp: Havanin kiitlesel 6zgiil 1s1s1 (0.24 kkal. kg’l. °C'1)
t,: Havanin kuru termometre sicakligi (°C)

595: Suyun sifir (0 °C) derecedeki buharlagma 1sis1 (kkal.
kg- ' kuru hava)
0.46: Su buharinin 6zgiil 1s1s1 (kkal. kg °C™")

M. OZgul nem (kgH2Okg-1 kuru hava)

(Esitlik 1)

Cikist yapilan civcivlerden 360 adeti pencereli tavuk
kiimesinde, etlik piliglerin iretimine uygun bolmelere
nakledilmistir. Civcivler ilk 2 hafta radyanla 1sitma yapilan
bolmelerde 3 grup halinde biyiitiilmiistiir. Etlik piligler ikinci
haftadan sonra her biri 1.95 x 1.5 m boyutlarinda olan toplam
12 adet yer bolmesine yetistirilmistir. Etlik piliglerin
beslenmesinde 0-3 haftalar arasinda % 23 ham proteinli ve 2850
kkal/g metabolik enerjili, 4-6 haftalar arasinda ise % 21 ham
proteinli ve 3000 kkal/kg metabolik enerjili yem kullanilmig
olup yem ve su serbest olarak verilmistir.

Kulugkadan ¢ikista, iiglincii haftada ve altinci haftada her
gruptan secilen 10’ar adet hayvandan alinan kanlarda, plazmada
T; (trityodotironin), T, (tiroksin) ve kortikosteron diizeyleri
belirlenmistir (Yahav ve Hurwitz 1996; Yahav ve McMurty
2001). Kan 6rnekleri giiniin en sicak saatleri olarak kabul edilen
14:00-16:00 saatleri arasinda toplanmustir. EDTA’Il tiiplere
alinan serumlar kan parametreleri analizleri yapilana kadar
derin dondurucuda muhafaza edilmistir. Kortikosteron, T3 ve Ty
hormonlarmin diizeyleri Giiler (2011) tarafindan belirtilen
uygulamalar ile tespit edilmis olup, IMMULATE 2000 hormon
analizatoriinde ticari kit kullanilarak (DPC) kemiluminesans
yontemi ile saptanmistir (Yal¢in ve ark. 2006). Deneme 3
muamele ve 4 tekerriirlii olarak tesadif parselleri deneme
desenine gore diizenlenmis ve yaz mevsiminde Temmuz ve
Agustos aylarinda 6 hafta siirmiistiir. Deneme boyunca 6liimler
giinliik olarak kayit edilmistir. Oliim oranlarina ait verilerin
degerlendirilmesinde ki-kare testinden yararlanilmis olup diger
verilerin analizlerinde ise SAS (2009) paket programi
kullanilmugtir.

3. Bulgular ve Tartisma

3.1.8icaklik, nem ve toplam 1s1 degerleri

Deneme ortamimin ortalama sicaklik, nem ve toplam 1s1
degerleri Cizelge 1° de verilmistir. En yiiksek sicaklik
ortalamasinin 5. haftada (32.46+0.28 °C) olmasina ragmen, nem
degeri ortalamasimin diger haftalara nazaran daha diistik (%
42.73+£3.48) seyretmesinden dolayr toplam 1s1 degeri (15.72
kkal) diisiik bulunmustur. Bu da sicakligin tek basina etken
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olamayacagini aynt zamanda nem degerlerinin de 1siy1
hesaplamada ne kadar etkin oldugunu gostermektedir.

Cizelge 1. Sicaklik (°C), nem (%) ve toplam 1s1 (kkal) degerleri.
Table 1. Values of temperature(°C), humidity(%) and total heat (kcal).

Hafta  Sicakhik+SH' Minimum  Maksimum Nem+SH'  Toplam 1s1
1 30.54+0.17 25.27 36.62 65.90+3.53 18.29
2 30.93+0.18 26.31 34.85 73.11+4.31 19.60
3 30.22+0.18 25.23 34.53 74.82+3.52 19.73
4 31.74+0.22 26.75 38.04 70.85+4.52 20.24
5 32.46+0.28 25.54 40.28 42.73+£3.48 15.72
6 29.79+0.27 22.44 38.31 56.78+4.56 15.98

TStandart hata

3.2. Oliim Oranlart

Kontrol, erken ve ge¢ embriyonik donem gruplarinda
deneme siiresince saptanan Oliim oranlart Cizelge 2‘de
verilmistir. Kontrol, erken ve ge¢ embriyonik donem
gruplarinda 1-3. haftalar arasinda gerceklesen toplam oliim
oranlar1 sirasiyla % 7.6, 7.5 ve 8.4 olarak hesaplanmis olup
gruplar arasinda 6nemli bir farklilik bulunmamistir. Kontrol,
etken ve gec embriyonik donem gruplarmm 4-6. haftalar
arasindaki 6liim oranlar1 ayni sirayla %7.5, 5.9 ve 5.0 ve 1-6.
haftalar arasinda ise ayni sirayla % 15.1, 13.4 ve 13.4 olarak
belirlenmistir. Deneme gruplar1 arasinda oliim oranlart
bakimindan 6nemli bir farklilik saptanmamustir.

Cizelge 2. Etlik piliglerin haftalik ve toplam 6liim oranlari (%).
Table 2. Weekly and total mortality rate of broilers (%).

O0lim oranlar1 sirasiyla % 28.5, 42.7, 49.4 ve 45.6 olarak
bulunmus ve aralarindaki fark Onemli ¢ikmustir (P<0.05).
Arastiricilar, gergeklesen yliksek oOliim oranlarimin kulugka
doneminde yapilan 1s1l uygulamanmn etkisinin ortadan kalktig:
seklinde yorumlamislardir. Arastiricilar bu durumun 1sil
uygulamanin seviyesinin ya da siiresinin yetersizligi nedeniyle
gerceklesmis olabilecegini bildirmislerdir.

3.3. Kan Hormon Diizeyleri

Kontrol, erken ve ge¢ embriyonik donem gruplarinda
cikista, 3 ve 6 haftalik yaslarda olgiilen T;, T4, T3/T, ve
kortikosteron degerlerine ait ortalamalar Cizelge 3 ’de
sunulmustur. Civcivlerde ¢ikista saptanan Tz, T3/T4 ve
kortikosteron ortalamalar1 bakimindan deneme gruplar arasinda
onemli farkliliklar bulunmustur (P<0.05).

Cizelge 3. Farkli dénemlerdeki kan hormon diizeyleri (ng/ml).

Table 3.Blood hormone levels in different periods ((ng/ml).

Oliim Oran1 (%) 26
Hafta Erken embriyonik  Geg embriyonik X nem
Kontrol - . Diizeyi
donem donem
1 42 33 5.0 0.812
2 1.7 2.5 1.7 0.864
3 1.7 1.7 1.7 1.000
4 1.7 1.7 0.8 0.816
5 2.5 2.5 2.5 1.000
6 33 1.7 1.7 0.600
1-3 7.6 7.5 8.4 0.962
4-6 7.5 5.9 5.0 0.713
1-6 15.1 134 134 0911

Hormon Erken Geg Onem
Donem - . Kontrol Embriyonik Embriyonik .
Diizeyleri . . Diizeyi
Doénem Doénem
Ts 2.03+.090* 1.93+.090* 1.39+£.090°  0.000%
Ty 3.16+0.11 3.21+0.11 3.10+0.11 0.751
1kt
Gilas T5/Ts 0.64+0.03* 0.61+0.00" 0.46£0.03°  0.000*
Kortikosteron ~ 3.95+1.34° 8.55+1.34° 9.82+1.34*  0.011*
Ts 2.04+.090 1.92+.090 2.15+.090 0.222
T, 3.25+0.33* 3.43+0.33* 2.16£0.33"  0.022*
Hafta 3 b b
T5/Ts 0.76+0.01 0.63+0.01 1.18£0.01*  0.025*
Kortikosteron 15.94+1.50 18.19+1.50 15.58+1.50  0.421
Ts 1.71+.050 1.70+.050 1.81+.050  0.265
Ty 4.69+0.70 3.98+0.70 3.96+0.70  0.705
Hafta 6
Ts/Ts 0.45+0.03 0.74+0.03 0.95+0.03  0.407
Kortikosteron 16.13+1.93 14.23£1.93 13.65+1.93 0.640

Kulugka doneminde 1sil uygulama yapan Hulet ve ark.
(2007), Yalgmn ve ark. (2008) ve Piestun ve ark. (2008), 1-6
haftalar arasindaki toplam 6liim oranlarinin kontrol gruplarinda
% 6.43-30.0, deneme gruplarinda ise % 4.9 ve 14.0 arasinda
oldugunu ve 1s1l uygulamanin 6lim orani iizerinde etkisinin
olmadigim1  bildirmiglerdir. S6z konusu arastirmacilarin
bulgularnt ile bu arastirmada elde edilen bulgular benzerlik
gostermektedir. Kulugka sirasinda 1sil ¢evrenin degistirilmesi
konulu ¢aligmalarda saptanan 6liim oranlarinin aksine, kulugka
sonrast erken donemde 1si1l zorlanim uygulanan piliglerde
toplam Oliim oraninin azaldigim1 bildiren arastirmalar da
bulunmaktadir (De Basilio ve ark. 2001; Yahav ve McMurtry
2001). Collin ve ark. (2007) tarafindan gerceklestirilen bagka bir
aragtirmada ise, kulugkanin 8-10. giinleri, 16-18. giinleri ve hem
8-10 hem de 16-18. giinleri arasinda giinliik 3 saat siireyle 39.5
°C yiiksek sicaklik uygulamasi yapilmistir. Ug deneme grubu ve
kontrol grubundaki etlik piligler standart 1s1l sartlardaki
yetistirme sonrasinda 42. giinde her grup esit olarak ikiye
boliinerek gruplarin yarisina 6 saat 35 °C sicaklik uygulanmustir.
Sicak uygulamasi yapilan kontrol, erken dénem, ge¢ dénem ve
hem erken hem ge¢ donem 1sil uygulama yapilan gruplarda

% ayni satirda farkln harflerle gosterilen ortalamalar arasindaki farklar snemlidir (P<0.01; 0.05).

Etlik piliclerde kulugka sonrasi farkli giinlerde farkl
seviyelerde yiiksek sicaklik alistirmasi uygulayan Yahav ve
McMurtry (2001), T; ortalamasimn kontrol grubunda 1.45
ng/ml, deneme gruplarinda ise 1.38-1.52 ng/ml arasinda
oldugunu bildirmisler ve gruplar arasinda dnemli bir farklilik
olmadigini tespit etmislerdir. Yine ayni arastiricilar 42 giinlitk
yasta piligleri yiiksek sicakliga maruz birakmislar ve ardindan
T; ortalamalarinin kontrol grubunda 0.48 ng/ml, deneme
gruplarinda ise 0.34-0.39 ng/ml arasinda oldugunu bildirmisler
ve gruplar arasinda onemli bir farklihik olmadifim tespit
etmislerdir. Kuluckanin erken (8-10. giinler) ve ge¢ gelisim
déneminde (16-18. giinler) glinde 3 saat siireyle 39.5 °C ve 41
°C sicaklik uygulayan Yahav ve ark. (2004a), kuluckadan
¢ikistan sonra 3 giinliik yasta T; ortalamasimin kontrol grubunda
2.69 ng/ml, erken dénem gruplarinda 2.80 ve 2.40 ng/ml, ge¢
dénem gruplarinda 2.29 ve 2.72 ng/ml oldugunu bildirmislerdir.
Arastirmada yiiksek sicaklik uygulamasi bakimindan deneme
gruplar1 arasinda T; degerleri bakimindan onemli farklilik
bulunmamistir. Ayni arastirmada T, ortalamalarmin kontrol
gruplarinda 3.13 ve 4.53 ng/ml, deneme gruplarinda ise 2.07-
5.09 ng/ml arasinda oldugu ve gruplar arasinda 6nemli bir
farklilik olmadig bildirilmislerdir.

Kulugkanmin 13-17. giinlerinde giinliilk 2 saat siireyle 39
°C’lik yiiksek sicaklik uygulayan Moraes ve ark. (2004), ¢ikista
saptanan degerler dikkate alindiginda T;, T, ve T3/Ty
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ortalamalart bakimindan 1sil uygulama ve kontrol gruplar
arasinda herhangi bir farklilik olmadigim bildirmislerdir.
Arastiricilar ¢ikigta saptanan T, T, ve Ts/Ty4 ortalamalarinin
kontrol grubunda 2.20 ng/ml, 10.13 ng/ml ve 0.23 ng/ml, 151l
uygulama grubunda ise 2.68, 9.04 ve 0.37 ng/ml oldugunu
belirtmislerdir. S6z konusu arastirmada kortikosteron degerleri
bakimindan sadece kulugkamin 14. giiniinde gruplar arasinda
onemli farklilik saptanmis olup kortikosteron ortalamasi kontrol
grubunda 1.97 ng/ml, sicaklik uygulanan grupta 4.51 ng/ml
olarak saptanmustir. Cikista ise kortikosteron diizeyleri kontrol
grubunda 27.40 ng/ml, sicaklik uygulanan grupta ise 24.04
ng/ml olarak o6l¢ililmiistiir.

Kulugkanin 7-16. giinleri arasinda giinliik 12 saat ve siirekli
olarak (24 saat) yiiksek sicaklik uygulamasi gerceklestiren
Piestun ve ark. (2008), sicaklik uygulamasi yapilan gruptaki disi
ve erkek piliglerin T, T4 ve kortikosteron degerlerini kontrol
grubuna gore daha diisiik bulmuslardir (P<0.05). Yine
kulugkanin 10-18. giinleri arasinda giinde 6 saat 38,5 °C sicaklik
uygulayan Yalgin ve ark. (2008), civcivlerin Ts, Ty, T3/T4 ve
kortikosteron ortalamalarim sirastyla 1.15, 3.14, 0.37 ve 27.01
ng/ml, kontrol grubundaki civcivlerin ise yine ayni sirayla 0.70,
3.68, 0.18 ve 28.83 ng/ml olarak bulmuslardir. Arastiricilar
gruplar arasinda sadece T; bakimindan Onemli farklilik
oldugunu bildirmislerdir (P<0.05). Baska bir arastirmada ise
kulugkanin 10-18. giinleri arasinda giinde 6 saat siireyle 38.5 °C
sicaklik uygulayan Yal¢in ve ark. (2009), 42 giinliik yastaki Ts,
T, ve kortikosteron degerlerini sirastyla 0.70, 4.81 ve 10.11
ng/ml, kontrol grubundaki civcivlerin Tz, T, ve kortikosteron
ortalamalarini ise sirastyla 1.08, 5.36, ve 12.58 ng/ml olarak
bulmuslardir. T, ortalamalar1 bakimindan gruplar arasinda bir
farklilik bulunmazken, T; ve Kkortikosteron ortalamalar
bakimindan ise sicaklik uygulamasi yapilan gruplarda saptanan
ortalamalarin 6nemli derecede daha diisiik oldugu bildirilmistir.

Erken embriyonik donemde (ilk 5 giin) yiiksek sicaklik
uygulamast yapan Aksit ve ark. (2010), soéz konusu
uygulamanin deneme gruplarimn 42 giinlilk yastaki T; ve T4
ortalamalar1 arasinda herhangi bir farklilifa yol agmadigin
bildirmislerdir. T; ortalamalari, embriyonik dénemde sicaklik
uygulamast yapilan piliglerde 4.05-5.26 ng/ml arasinda
bulunurken, kontrol grubunda 3.93-4.73 ng/ml arasinda
saptanmistir. T4 ortalamalari ise embriyonik dénemde sicaklik
uygulamast yapilan piliglerde 1.09-1.18 ng/ml arasinda
bulunurken, kontrol grubunda 0.99-1.04 ng/ml arasinda oldugu
belirlenmistir. Kulugkanin 16-18. giinleri arasinda 3’er saatlik
stireyle 38.5 °C sicaklik uygulayan Yahav ve ark. (2004b),
cikista Olgiilen T3 ve T4degerleri bakimindan deneme grubunda
saptanan ortalamalarin (sirastyla 2.03 ve 4.41 ng/ml) kontrol
grubundan (sirastyla 2.51 ve 5.70 ng/ml) daha diisiik oldugunu
belirlemislerdir. Aragtirmada ge¢ embriyonik dénemde yapilan
151l uygulama sonucunda ¢ikista belirlenen T; miktarinin kontrol
grubundan diisiik olmas1 s6z konusu uygulamanin metabolizma

hizim diisiirmiiy olmasindan ve ilgili donemde hormon
mekanizmasinin gelisiminin etkilenmis olmasindan
kaynaklandigin1 bildirmektedir. Yine ayn1 calismada geg

embriyonik donemde yapilan 1sil uygulamanin kulugkada
civcivlerin 1s1 diizenleme (termoregiilasyon) mekanizmasi
iizerinde olumlu etkisinin oldugu ileri siiriilmiistiir. Arastirmada
T; i¢in ge¢ embriyonik dénem bakimindan saptanan farklilik
deneme sonuglarimzla benzer bulunmustur. Arastiricilar gec
embriyonik dénem sirasinda yapilan 1sil uygulamanin ¢ikistan
once tiroid hormonlart ve mekanizmasinin gelisimi ile ilgili
temel faaliyetleri onemli 6l¢iide arttirdigini bildirmislerdir.

4. Sonug

Isil zorlanima maruz kalan hayvanlarda plazma T;
diizeyinde azalma, T, ve kortikosteron diizeylerinde ise artis
meydana gelmektedir. Arastirmada kulugkadan ¢ikista en diisiik
T; diizeyi, buna karsin ise en yiiksek kortikosteron diizeyi gec
embriyonik dénemde 1sil uygulama yapilan pili¢lerde
saptanmistir. T3 miktarinin kontrol grubundan diisiik olmasi
yapilan yiiksek 1s1l uygulamanin metabolizma hizim diisiirmiis
olmasindan ve ilgili dsnemde hormon mekanizmasi gelisiminin
etkilenmis olmasindan kaynaklanmig olabilecegi
diisiiniilmektedir. Ugiincii haftadan sonra ise hormon diizeyleri
bakimindan 1s1l uygulama gruplar1 ile kontrol grubu arasindaki
farklar giderek azalmis ve 6nemsiz hale gelmistir.
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YAZIM KURALLARI

Kapsam

AKDENIZ UNIVERSITESI ZIRAAT FAKULTESI DERGISI, tarim ve yasam bilimleri ile ilgili bilim alanlarmin gok disiplinli bir
platformudur. Dergiye bahge bitkileri, bitki koruma, biyoenerji, biyometri ve genetik, dogal kaynaklar, gida bilimi ve teknolojisi, hayvancilik, peyzaj
ve doga koruma, tarim ekonomisi, tarim makinalari, tarimsal biyoteknoloji, tarimsal yapilar ve sulama, tarla bitkileri ile toprak bilimi ve bitki besleme
alanlarindaki 6zgiin arastirma makaleleri ile sinirli sayida derleme kabul edilmektedir.

Genel Kurallar

Dergi, kapsamindaki bilim alanlarinda Tiirkge veya Ingilizce dillerinden biri ile yazilmis makaleleri yayinlar. Dergide her sayida basilan toplam
makale sayisinin %20’si kadar derleme niteligindeki makaleye yer verilmektedir. Sunulan makalelerin daha 6nce yaymlanmamis, yayinlanmak {izere
bir yere sunulmamis ve yayin haklarinin devredilmemis olmasi gerekir. Dergide basilan eserlerin sorumlulugu yazar(lar)’ina aittir. Ayrica yazar(lar)
uluslararasi ve ulusal bilim ve bilimsel yayin etik kurallarina uymak zorundadirlar ve dergi bu konulardan sorumlu degildir. Tiirk¢e bilmeyen yazarlar
igin Tiirkge makale bashig1 ve “Oz” Dergi Editorliigiince hazirlanir,

Eser Sunumu

Eserler, online sistem (www.ziraatdergi.akdeniz.edu.tr) kullamlarak dergiye sunulmalidir. Esere katkida bulunan tiim yazarlar tarafindan
imzalanmis “Telif Hakki Devri Sozlesmesi” eser basima kabul edildikten sonra gonderilmelidir. Etik Kurul Raporu gerekli ise Etik Kurulun
raporunun bir kopyasi saglanmalidir.

Makale Degerlendirme Siirecleri

Dergiye sunulan makale, Dergi Editorler Kurulunca 6n degerlendirmeye tabii tutulur. Kurul, yazim kurallar1 ve igerik agisindan dergide
basilabilecek nitelikte bulmadigr makaleyi hakemlere gondermeden iade etme hakkma sahiptir. Dergide basilabilecek nitelikteki makaleler ise
incelenmek {iizere ait oldugu bilim alaninda uzman ti¢ hakeme gonderilir.

Hakemlerin oybirligi veya ¢cogunlukla basilmaya uygun bulmadig: makale hakkinda yazar bilgilendirilir ve esere ait dokiimanlar iade edilmez.

Makale, hakemler tarafindan sunuldugu haliyle basima uygun bulunmus ise yazara eserin basima kabul edildigi bilgisi iletilir.

Hakemler tarafindan basima kabul edilebilir bulunmasina karsin diizeltme Onerisi yapilan makale, diizeltmelerin yapilmas: i¢in hakem
onerileriyle birlikte yazara gonderilir. Yazar otuz giin i¢inde diizeltmeleri yaparak eserin son seklini bir asil kopya, diizeltmeler listesi ve “Telif
Hakki Devri Sézlesmesi” ile birlikte Editore iletmek zorundadir. Yazar(lar)in kabul etmedikleri dnerilerin gerekgelerini bilimsel kamit ve kaynaklarla
diizeltmeler listesinde agiklamasi zorunludur. Editérler Kurulu, hakem raporlar1 ve diizeltmelerle istenilenlere uyulma durumunu dikkate alarak
makale hakkinda nihai kararini verir ve sonug yazara iletilir.

Basima kabul edilmis makale basilmadan 6nce sorumlu yazara son defa kontrol edilmek iizere gonderilir. Sorumlu yazar son kontrolleri yapilan
makaleyi 10 giin i¢inde geri gondermek zorundadir. Makale basildiktan sonra makalenin asili bir kopyast sorumlu yazara gonderilir. Yazarlarin hepsi
basilan makalelerine www.ziraatdergi.akdeniz.edu.tr adresinden ulasabilirler.

AKDENiZ UNIVERSITESi ZIRAAT FAKULTESI DERGIiSI’inde makale basim iicretsizdir.

Makale Hazirlama ilkeleri
Dergiye sunulan eser, kapak sayfasi ve makale olmak tizere iki ana boéliimden olusmalidir.

1. i1k Sayfa: Makalenin Tiirkge ve Ingilizce basliklar1 ile yazar ad ve agik adresleri igermelidir. Ayrica sorumlu yazar ve tiim iletisim bilgileri
kapak sayfasinda verilmelidir.

2. Makale: Makaleler, A4 boyutundaki kagida 12 punto Times New Roman yazi karakteri ile ¢ift satir aralikli yazilmahdir. Sayfanin saginda,
solunda, altinda ve iistiinde 3 cm bosluk birakilmalidir. Makalenin sayfalar1 ve her sayfada satirlar numaralandirilmalidir.

Makale, “Kaynaklar” bolimii dahil (sekil ve ¢izelgeler hari¢) 16 sayfadan uzun olmamalidir. Makale sunum Ornegine yukarida verilen web
sayfasindan ulasabilmektedir. Yazar ad(lar)1 agik olarak yazilmali ve unvan belirtilmemelidir. Toplam Cizelge ve Sekil sayist 8’den fazla
olmamalidir.

Makale Bashgr: Kisa ve kapsayict olmali, on bes kelimeyi ge¢memeli ve ilk kelimenin bas harfi biiyiik olmak iizere kii¢iik harfle ve koyu
yazilmalidir. Ingilizce baslik aym bigimde ve bir satir bosluk birakilarak yazilmalidir.

Oz: Tiirkge “Oz” ve Ingilizce “Abstract” 250 kelimeyi gegmemelidir. Oz, galismanin amacini, yontemini ve sonuglarimi 6zetlemelidir.

Anahtar Sézciikler: Oziin bir satrr altina miimkiinse baslikta bulunmayan, calismamn igerigi ile dogrudan iliskili ve dizinlenmeyi
kolaylastiracak en fazla 5 anahtar sozciik yazilmaldir.

Giris: Bu boliimde; ¢alismanin konusu 6zetlenmeli, konu hakkindaki mevcut bilgi dogrudan iliskili 6nceki galigmalarla degerlendirilmeli ve bilgi
tretimine ihtiya¢ duyulan hususlar vurgulanip ¢alisma ile iliskilendirilmelidir. Son olarak ¢aligmanin amaci net ve acik bir sekilde ifade edilmelidir.
Matkale i¢inde seksiyon basliklarr: ‘Kaynaklar® seksiyonu hari¢ hepsi numaralandirilmalidir. Bashigin ilk harfi bilyiik digerleri kii¢lik olmalidir. Ana
basliklar koyu ve alt bagliklar italik olmalidir.

Materyal ve Yontem: Bu boliimde; ¢alismada kullanilan canli ve cansiz materyaller, uygulanan yontemler, degerlendirilen 6lgiitler, uygulanan
deneme desenleri veya ornekleme yontemleri ile istatistiksel analizler ve giiven sinirlar1 gerektiginde kaynaklarla da desteklenerek agik ve net
bigimde anlatilmalidir. Bu amagla gerektiginde alt baslik kullanilmalidir.

Bulgular: Bu boliimde ¢alismada elde edilen bulgular sekil ve cizelgeler yardimiyla ve istatistiksel analizlere dayali olarak agik ve net bir
bigimde verilmelidir. Sekil ve gizelgelerdeki tiim verilerin metin i¢inde tekrarindan kaginilmali, vurgulayici noktalar anlatilmalidir. Aynt veriler hem
grafik hem de ¢izelge ile verilmemeli, konuya en uygun arag secilmeli, anlatimda tekrarlayan ciimle ve ifadelerden kaginilmalidir.

Tartisma ve Sonu¢: Bu boliimde elde edilen bulgular, uyum ve zithik agisindan 6nceki galigmalarla karsilastirilmali, doldurdugu bilgi agig:
vurgulanmali, 6nceki boliimlerdeki ifadelerin oldugu gibi tekrarindan kagimlmalidir. Son olarak ulasilan nihai sonug ve varsa oneriler verilmelidir.

Makale diizeninde boliimlerin “Bulgular ve Tartisma” ve/veya “Sonu¢” seklinde diizenlenmesi miimkiin ve yazar(lar)a baghdir.
Tesekkiir: Gerekli ise bu béliimde ¢alismaya veya makaleye katki veren kisiler, destekleyen kurumlar (varsa proje numaralartyla) belirtilmelidir.

Kaynaklar: Metin iginde kaynaklara atif “yazar soyadi ve y1l” yontemine gore yapilmali ve yazimda asagidaki ornekler dikkate alinmalidir:
Tiirk¢e yazilan makalelerde; tek yazarh eserlere “...... bildirilmektedir (Burton 1947).”, iki yazarli eserlere “.... oldugu belirlenmistir (Sayan ve
Karagiizel 2010).”, li¢ veya daha fazla yazarli eserlere ise “........ ortaya konmustur ( Keeve ve ark. 2000).” 6rneklerinde oldugu gibi atif yapilmalidir.
Ayni noktada birden fazla esere atif yapilacaksa kaynaklar tarih sirasiyla ve aymi tarihli olanlar alfabetik siralama ile “... bildirilmektedir (Burton
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1947; Keeve ve ark. 2000; Giilsen ve ark. 2010; Sayan ve Karagiizel 2010).” 6rneginde oldugu gibi yazilmahdir. Yazara yapilan atiflar ise “Borton
(1947)’a gore ...”, “Sayan ve Karagiizel (2010), ...bildirmektedirler.” ve “Keeve ve ark. (2000), ... belirlemislerdir.” 6rneklerinde oldugu gibi
verilmelidir. Aynt yazarin aym tarihli birden fazla yaymma atif varsa “... (Yilmaz ve ark. 2004a, 2004b)” 6rnegindeki gibi yildan sonra kiigiik
harflerle tanimlanmalidir.

Kaynaklar boliimiinde, makalede atifi yapilan tiim basilmis veya basima kabul edilmis eserler alfabetik olarak (yazarlarin soyadlarina gére) ve
orijinal dilinde verilmeli ve kaynak isimlerinde kisaltma yapilmamalidir. Kaynak belirtiminde “Anonim” veya “Anonymous” kelimeleri yerine kurum
kisaltmalar1 yoksa tam adi verilmelidir. Makaledeki yanlis atif ve kaynak gosterimlerine ait sorumluluk yazar(lar)a aittir.

Dergi:
Karagiizel O (2003) Farkli tuz kaynak ve konsantrasyonlarmim Giiney Anadolu dogal Lupinus varius’larimin ¢imlenme ozelliklerine
etkisi. Akdeniz Universitesi Ziraat Fakiiltesi Dergisi 16: 211-220.
Keeve R, Loupser HL, Kruger GHJ (2000) Effect of temperature and photoperiod on days to flowering, yield and yield components of
Lupinus albus (L.) under field conditions. Journal of Agronomy and Crop Science 184: 187-196.
Kitap:
Kagar B, Katkat V (2006) Bitki Besleme. 2. Baski, Nobel Yayin Dagitim, Ankara.
Taiz L, Zeiger E (2002) Plant Physiology. 3™ Edition, Sinauer Associates, Massachusetts.
Kitap boliimii:
Firatli C (1993) An Yetistirme. (Ed: Ertugrul M), Hayvan Yetistirme. Baran Ofset, Ankara, s. 30-34.
Van Harten AM (2002) Mutation breeding of vegetatively propagated ornamentals. In: Vainstein A (Ed), Breeding for Ornamentals:
Classical and Molecular Approaches. Kluwer Academic Publishers, Dordrecht, pp. 105-127.
Yazari belirtilmeyen kurum yavyinlari:
TUIK (2005) Tarimsal Yap1. T.C. Bagbakanlik Devlet Istatistik Enstitiisii, Yaym No: 1579, Ankara.
DOI ve internetten alinan bilgi:

Gulsen O, Kaymak S, Ozongun S, Uzun A (2010) Genetic analysis of Turkish apple germplasm using peroxidase gene-based markers.
doi:10.1016/j.scienta.2010.04.023.

FAO (2010) Statistical database. http://faostat.fao.org/site/339/default.aspx. Accessed 27 July 2010.
AIB (2010). Tiirkiye Siis Bitkileri Sektor Raporu. http://www.aib.gov.tr/raporlar/kc/kcsusbitkileri2010.pdf. Erisim 27 Temmuz 2010.

Tezler:

Girmen B (2004) Gazipasa yoresinde dogal yayilis gosteren hayitlarin (Vitex agnus-castus L.) seleksiyonu ve ¢ogaltilabilme olanaklari.
Yiiksek Lisans Tezi, Akdeniz Universitesi Fen Bilimleri Enstitiisii, Antalya.

Sever Mutlu S (2009) Warm-season turfgrass species: Adaptation, drought resistance and response to trinexapac-ethyl application. PhD
Thesis, The University of Nebraska, Nebraska.
Tam metin kongre/sempozyum kitabi:

Hawkes JG (1998) Current status of genetic diversity in the world. In: Zencirci N, Kaya Z, Anikster Y, Adams WT (Eds), The
Proceedings of International Symposium on /n Stu Conservation of Plant Genetic Diversity. CRIFC, Ankara, Turkey, pp. 1-4.

Kesik T (2000) Weed infestation and yield of onion and carrot under no-tillage cultivation using four crops. In: 11th International
Conference on Weed Biology. Dijon, France, pp. 437-444.

Karagiizel O, Altan S (1995) Gypsophilada (Gypsophila paniculata L. ‘Perfecta’) dikim zamanlar1 ve uzun giin uygulama siirelerinin
bitki gelisimi ve ¢igeklenmeye etkileri. Tiirkiye II. Ulusal Bahge Bitkileri Kongresi Cilt 2, Adana, s. 615-619.

Sekiller ve Cizelgeler: Makalelerde fotograf, grafik, sekil, sema ve benzerleri "Sekil", sayisal degerler ise "Cizelge" olarak adlandirilmalidir.
Tum sekil ve gizelgeler kendi iglerinde numaralandirilmali ve makalenin sonuna yerlestirilmelidir. Sekil ve ¢izelge i¢ yazilarinda 8 puntodan biiyiik
punto kullanilmamalidir. Sekil ve cizelgelerin enleri 8 cm veya 17 cm ve zorunlu ise boyutlari en fazla 17x23 cm olmalidir. Makalelerde fotograflar
gri tonlamali, 600 dpi ¢oziiniirlikte ve JPG formatinda olmali ve mutlaka sonuglarin agiklanmasinda bilgilendirici nitelik tasimalidirlar. Yazarlar
makalede kullandiklar sekillerin baski kalitelerini kontrol etmeli ve yiiksek kalitede basima uygun sekiller kullanmalidirlar. Cizelgelerde dikey ¢izgi
kesinlikle bulunmamali, istatistiksel onemliliklerin belirtilmesinde miimkiin oldugunca P degerleri verilmeli veya “*” gibi sembollerin agiklamasi
mutlaka yapilmahdir. Istatistiksel karsilastirmalar icin kiigiik harf kullanilmali ve agiklamalarda hangi karsilastirma yonteminin kullanildig: ve 6nem
diizeyi belirtilmelidir. Cizelge ve sekil bashklar1 ve aciklamalar1 kisa, 6z ve tanimlayic1 olmah ve Tiirkce ve ingilizce yazilmahdir. Sekil ve
cizelgelerde kisaltma kullanilmis ise hemen altinda kisaltmalar agiklanmalidir. Pargalardan olusan sekiller gruplandirilmali veya yiiksek kalitede TIF
formatina doniistiiriilmelidirler.

Birimler: Makalelerde SI (Systeme International d’Units) birim sistemi kullanilmalidir. Ondalik ayraci olarak nokta kullamlmahdir ( 1,25
yerine 1.25 gibi). Birimlerde “/” kullanilmamali ve birimler arasinda bir bogluk birakilmalidir (6rnegin: 5.6 kg/ha degil, 5.6 kg ha™'; 18.9 g/cm’ degil,
18.9 gcm™; 1.8 pmol/s/m* degil, 1.8 pmol s m™).

Kisaltmalar ve Semboller: Makale baslig1 ve basliklarda kisaltma kullanilmamalidir. Gerekli olan kisaltmalar kavramlarin ilk gectigi yerde
parantez i¢inde verilmelidir. Kisaltmalarda ve sembollerin kullaniminda ilgili alanin evrensel kurallarina uyulmasi zorunludur.

Latince Isimler ve Kimyasallar: Makale bashginda yer alan Latince isimlerde otér adi kullanilmamahdir. Oz ve makale metninde ise Latince
isim ilk gectigi yerde otor adiyla verilmeli, daha sonra gegtigi yerlerde uluslararasi kabul gérmiis kisaltmalar kullanilmalidir, Ornek: “Lupinus varius
(L.)...dw.”, “L. varius ... olarak da yetistirilir.”. Tiim Latince isimler italik olarak yazilmali, ancak yazimda ve gosterimde ilgili alanin evrensel yazim
kurallarina uyulmalidir. Caligmalarda kullanilan kimyasallar, ¢alisma konusu gerektirmedik¢e ve zorunlu olunmadikga ticari adlariyla verilmemelidir.

Formiiller: Makalelerde formiiller “Esitlik” olarak adlandirilmali, gerektiginde numaralandirilmali, numara formiiliin yaninda saga dayali olarak
parantez i¢inde gosterilmeli ve esitlikler miimkiin oldugunca tek satira (gift stitunda 8 cm) sigdirtlmalidir.

Yazar(lar)a, web sayfasindan (www.ziraatdergi.akdeniz.edu.tr ) derginin son sayilarini incelemeleri 6nerilir.
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INSTRUCTIONS FOR AUTHORS

Scope

AKDENIZ UNIVERSITESI ZIRAAT FAKULTESI DERGISI (4kdeniz University Journal of the Faculty of Agriculture) is a multidisciplinary
platform for the related scientific areas of agriculture and life sciences. Therefore, the journal primarily publishes original research articles and
accepts a limited number of reviews in agricultural biotechnology, agricultural economics, agricultural machinery, animal husbandry, bioenergy,
biostatistics and genetics, farm structure and irrigation, field crops, food science and technology, horticulture, landscape and nature conservation,
natural resources, plant protection, soil science and plant nutrition.

General rules

Manuscripts within the scope of AKDENIZ UNIVERSITESI ZIRAAT FAKULTESI DERGISI (4kdeniz University Journal of the Faculty of
Agriculture) can be submitted. The submitted manuscript must be unpublished, must not be simultaneously submitted for publication elsewhere, nor
can the copyright be transferred somewhere else. Responsibility for the work published in this journal remains with the author(s). Moreover, the
author(s) must comply with the ethical rules of science and scientific publications-the journal is not responsible for these issues. For authors of non-
Turkish origin, the Turkish title and abstract of the manuscripts will be translated from English into Turkish by the editorial team of the journal.

Manuscript submission

The manuscripts should be submitted to the journal by using online system: www.ziraatdergi.akdeniz.edu.tr. A copy of the "Copyright Transfer
Agreement" signed by all authors who contributed to the manuscript should be send by the corresponding author after the manuscript accepted. Those
manuscripts requiring an Ethics Committee Report should be supplied a copy of the report by the Ethics Committee.

Review process, proof and publishing

The manuscript submitted to the journal is subject to preliminary assessment by the Editorial Board. The Board has the right to decline the manuscript
without initiating the peer review process in the event the manuscript does not meet the journal’s criteria.

Manuscripts that meet the basic requirements of the journal are sent to three referees for review by experts in the particular field of science.

If all or a majority of the reviewers do not find the manuscript suitable for publication, the author is informed and documents are not returned.

Should the manuscript as is be found suitable for publication by reviewers; the author is informed of the final decision.

Should the manuscript is found publishable but requires revision as suggested by the review team; the areas where revisions are required are sent to
the author with the referee's suggestions. The author is expected to return the corrected manuscript, or a letter of rebuttal within thirty days, including
the last revised version of the manuscript, correction list and "Copyright Transfer Agreement" sent to Editor. Should the author(s) do not accept the
reasons for the revision, they are required to present scientific evidence and record the sources giving reason for this rejection in the letter of rebuttal.
The Editorial Board takes the final decision by taking the referee reports into account and the compliance with the requirements for correction and the
authors are notified of the final decision for publication.

Before publishing, the proof of the accepted manuscript is sent to the corresponding author for a final check. The corresponding author is expected to
return the corrected final proof within 10 days. After publishing the hard copy of related issue of the journal, one hard copy is mailed to the
corresponding author. All authors can access their article on the web page of the journal (www.ziraatdergi.akdeniz.edu.tr).

Akdeniz University Journal of the Faculty of Agriculture is free of charge.

Manuscript preparation guidelines

Manuscript submitted to the journal should consist of main two parts: the first page and the manuscript.

1. The first page: Should contain the title, names of the author(s) and addresses including the corresponding author’s name and full contact
details.

2. Manuscript: Manuscripts should be prepared on A4-size paper inl2 point, Times New Roman font, double line spaced, leaving 3cm blank
spaces on all four margins of each page. Each page of the manuscript and each line on page should be numbered.

The manuscript should not be longer than 16 pages, double line spaced, including the "References “section (excluding any figures and tables). A
total of Tables or Figures should not be more than 8 in the manuscript, and must have the following sections:

Title: Must be short and inclusive, not to exceed fifteen words, and the first letter of the first word to be written in uppercase and rest in
lowercase letters, in bold.

Abstract: The abstract should not exceed 250 words, and it should summarize the objective of the study, the methods employed and the results.

Keywords: A maximum of five keywords, directly related to the subject matter and not employed in the title, should be recorded directly below
the abstract.

Introduction: In this section, the subject of the study should be summarized, previous studies directly related to the study should be evaluated
with the current knowledge of the subject, and the issues associated with production of the information needed are highlighted. Finally, the objective
of the study should be clearly and explicitly stated. Section titles within the manuscript: except for the "References" all the main and sub-titles should
be numbered. The first letters of the first words in the titles should be written in capital letters. Main titles should be written in bold and the sub-titles
in italics.

Material and methods: In this section, all the materials employed in the study, the methods used, criteria evaluated, sampling methods applied,
experimental design with statistical analysis and the confidence limits should be clearly explained.

Results: In this section the findings of the study should be presented clearly and explicitly with the help of figures, tables, and statistical analysis.
Duplication of data presented in the Figures and Tables should be avoided, and the most appropriate tool should be employed.

Discussion and Conclusion: The findings of the study should be discussed with the results of previous studies, in terms of their similarity and
contrast, and information gap filled by the study should be emphasized. Finally, conclusions and recommendations should be given. The manuscript
layout of this section can be entitled "Results and Discussion" and / or "Conclusions" depending on author(s) preference.

For the reviews, the author(s) can make appropriate title arrangements.
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Acknowledgement: People who contribute to the manuscript and/or the study and the funding agency (project numbers, if any) must be
specified.

References: In the text, "the author's surname and the year" method should be used for identification of references. A reference identified by
means of an author’s surname should be followed by the date of the reference in parentheses. For identification of references provided by two authors,
“and” should be used between the surnames of authors. When there are more than two authors, only the first author’s surname should be mentioned,
followed by ‘et al.’. In the event that an author cited has had two or more works published in the same year, the reference, both in the text and in the
reference list, should be identified by a lower case letter like ‘a’ and ‘b’ after the date to distinguish between the works. When more than one
reference is given at the end of a sentence, the references should be chronologically ordered, those of same date in alphabetical order.

Examples:

Burton (1947), Sayan and Karaguzel (2010), Keeve et al. (2000), (van Harten2002), (Karaguzel and Altan1995), (Burton 1947; Keeve et al. 2000;
Yilmaz 2004a,b; Karaguzel 2005, 2006; Gulsen et al. 2010; Sayan ve Karaguzel 2010).

References should be listed at the end of the manuscript in alphabetical order in the References section. The original language of reference should
be employed and journal’s name should not be abbreviated. Authors are fully responsible for the accuracy of the references they provide.
Examples:

Journal:

Karagiizel O (2003) Farkli tuz kaynak ve konsantrasyonlarnin Giiney Anadolu dogal Lupinusvarius’larmin ¢imlenme ozelliklerine etkisi.
Akdeniz Universitesi Ziraat Fakiiltesi Dergisi 16: 211-220.

Keeve R, Loupser HL, Kruger GHJ (2000) Effect of temperature and photoperiod on days to flowering, yield and yield components of
Lupinusalbus (L.) under field conditions. Journal of Agronomy and Crop Science 184: 187-196.

Book:

Taiz L, Zeiger E (2002) Plant Physiology. 3rd Edition, Sinauer Associates, Massachusetts.

Book chapter:

Van HartenAM (2002) Mutation breeding of vegetatively propagated ornamentals. In: Vainstein A (Ed), Breeding for ornamentals: Classical and
Molecular Approaches. Kluwer Academic Publishers, Dordrecht, pp. 105-127.

Institution publications with unknown author name(s):

TSI (2005) Agricultural Structure.T.C. Prime Ministry State Institute of Statistics, Publication No. 1579, Ankara.

DOI and received information from the internet:

Gulsen O, Kaymak S, Ozongun S, Uzun A (2010) Genetic analysis of Turkish apple germplasm using peroxidase gene-based markers.
doi:10.1016/j.scienta.2010.04.023.

FAO (2010) Statistical database.http://faostat.fao.org/site/339/default.aspx. Accessed 27 July, 2010.

Theses:

Sever Mutlu S (2009) Warm-season turfgrass species: Adaptation, drought resistance and response to trinexapac-ethyl application. PhD Thesis,
The University of Nebraska, Nebraska.

Girmen B (2004) Gazipasa yoresinde dogal yayilis gosteren hayitlarin (Vitexagnus-castus L.) seleksiyonu ve ¢ogaltilabilme olanaklari. Yiiksek
Lisans Tezi, Akdeniz Universitesi Fen Bilimleri Enstitiisii, Antalya.

Full-text congress/symposium book:

Hawkes JG (1998) Current status of genetic diversity in the world. In: Zencirci N, Kaya Z, Anikster Y, Adams WT (Eds), The Proceedings of
International Symposium on /n Stu Conservation of Plant Genetic Diversity. CRIFC, Ankara, Turkey, pp. 1-4.

Kesik T (2000) Weed infestation and yield of onion and carrot under no-tillage cultivation using four crops. In: 11th International Conference on
Weed Biology. Dijon, France, pp. 437-444.

Figures and tables: In submitted manuscripts all photographs, graphics, figures, diagrams and the like must be named as "Figure", and lists of
numerical values as "Table". All figures and tables should be numbered and placed at the end of the manuscript. The font of the letters within Figures
and Tables used should be no larger than 8 points. Figure and table widths should be 8 cm or 17 cm and, if necessary, dimensions of up to 17x23 cm.
The images should be in grayscale with 600 dpi resolution in JPG format and should be informative in explaining the results. The authors must check
the printing quality of the figures and should use high quality figures suitable for printing. Use of vertical lines in the tables is unacceptable, statistical
significance should be stated using P values as much as possible, or using the "*" symbols for which description should be given. Small case lettering
should be used for statistical groupings, and the statistical comparison method and significance level specified. Table and figure captions and
descriptions should be short, concise, and descriptive. Abbreviations should be explained immediately if used within the Figures and tables. Those
images composed of pieces should be grouped and converted into high-quality TIF format.

Units: For manuscripts SI (Systeme International d'Units) unit system is used. In units, "/" should not be used and there should be a space
between the units (for example: 5.6 kg ha™', instead of5.6 kg/ha; 18.9 g cm™, instead of18.9 g/cm®;1.8 umol s m™,instead of1.8 umol/s/m?).

Abbreviations and symbols: Abbreviations should not be used in the manuscript title or in the subtitles. The necessary abbreviations at their
first mention should be given in parentheses. Universal rules must be followed in the use of abbreviations and symbols.

Latin names and chemicals: The authority should not be used in the manuscript title when Latin names are used. The authority should be given
when the Latin names are first used in the abstract and the text. For example: "Lupinusvarius (L.) is ....", "L. varius ... grown in the.. " Latin names
should be written in italics. The trade mark of chemicals used in the studies should not be given unless it is absolutely necessary to do so.

Formulas: In manuscripts, formulas should be called "Equation”, numbered as necessary, the numbers next to the formulas leaning right shown
in brackets and the equations should be fitted in a single line (double-column, 8 cm), if possible.

The author (s) is encouraged to visit the web site (www.ziraatdergi.akdeniz.edu.tr) to see the latest issue of the journal.
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