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Anahtar Kelimeler:

Armut
Kendine verimlilik
Partenokarpi

Bu calisma, Egirdir (Isparta) ekolojik kosullarinda bazi armut ¢esitlerinde kendine verimlilik
durumlarinin belirlenmesi amaci ile 2008-2009 yillarinda yiirtitiilmistiir. Caligmada kullanilan
cesitlerden Ankara, Deveci, Williams ve Beurre Hardy ¢esitlerinin tamamen kendine verimsiz
oldugu belirlenmigtir. Santa Maria, Ak¢a ve B.P.Morettini gesitlerinde kendileme ile bazi
yillarda farkli oranlarda meyve elde edilmesine ragmen, tohum sayilarinin ¢ok diisiik olmasi
nedeniyle bu meyvelerin partenokarpik meyve olusumunun bir sonucu oldugu goriilmiistiir.

ARTICLE INFO

ABSTRACT
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Received in revised form 13 April 2012
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Keywords:

This study was carried out to determine the self-compatibility status of some pear varieties at
Egirdir (Isparta) ecological conditions in 2008 and 2009. Ankara, Deveci, Williams and Beurre
Hardy cultivars were completely self-sterile. Whereas, selfing of cultivars Santa Maria, Ak¢a
and B.P.Morettini resulted in very low fruit set in some years, the fruits were evaluated as
parthenocarpic because of very low seed set.

Pear
Self-compatibility
Parthenocarpy

1. Giris

Armut, Diinya’nin 1liman iklim bélgelerinde yetistirilen bir
tir olup, kiiltiire alinan gesitlerin ¢ogu ya Pyrus communis
(Avrupa armudu) ya da P. serotina (Japon armudu) kokenlidir.
Tiirkiye P. communis’in gen merkezleri arasinda yer almaktadir
(Ozbek 1947).

Tiirkiye’de iiretimi yapilan armut gesitler arasinda Deveci,
Ankara, Akga, Santa Maria, Conference, Williams ve son
yillarda yetistiriciligi artan Kieffer gibi kiglik ¢esitler ilk sirada
gelmektedir (TUIK 2010). Son yillarda satis fiyatlarinm yiiksek
olmasi, armut {iretimini cazip kilmakta ve yeni plantasyonlarin
sayis1 giin gegtikce artmaktadir.

Optimum verim bakimindan gerek yeni tesis edilen, gerekse
eski bahgelerde, dollenme biyolojisi lizerine yapilan galigmalar
onem tasimaktadir. Armut cesitlerinin genellikle tamamen
kendine verimsiz oldugu disiiniilmektedir (Stosser ve ark.
1996; Westwood ve Challice 1978). Bu nedenle yeni tesis
edilen bahgelerde tozlanma ve déllenme i¢in yeterli sayida ve
uyusur tozlayici gesitlerin kullanilmasi gerekmektedir. Ceside
ve yila gore kendileme ile bir miktar meyve elde edilebilmesine
ragmen, kendine verimlilik, ekonomik anlamda yetistiricilik igin

yeterli olmamaktadir. Cesitlerin kendileme sonucunda meyve
tutum oraninin belirlenmesi, bahgede kullanilacak tozlayici
sayis1 bakimindan 6nem tasimaktadir.

Armut ¢esitlerinde bdlgesel ve g¢esit bazinda yapilan
dollenme biyolojisi calismalarinda  kendine  verimlilik
bakimindan ¢ok farkli sonuglar bildirilmistir. Sanzol ve Herrero
(2007), Ispanyol armut gesidi Agua de Aranjuez’de kendileme
uygulamalarindan sonra bazi yillar hi¢ meyve tutumu
olmadigini, baz1 yillarda orta diizeyde meyve elde edildigini ve
bu ¢esidin partenokarpik meyve olusturmadigini belirtmislerdir.
Kendilenen ¢igeklerde az sayida disicik borusunda bir gigek
tozu ¢im borusu disicik borusunun alt kismma ulasabilmis ve
dolleme gerceklesmistir. Yamada ve ark. (1991) da benzer
sekilde, cicek tozu ¢im borularinim gogunun disicik borusunun
iist yarisin1 gegemedigini belirlemislerdir. Koyuncu ve Askin
(1993), Van ve cevresinde yetistirilen bazi armut ¢esitlerinin
kendine kisir oldugunu ve kendileme yapilan bazi gesitlerde
partenokarpik meyve olusumunun meydana geldigini tespit
etmiglerdir.

Bu konuda farkli yillarda ve g¢esitlerde yiiriitiilen
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¢alismalarda; Oraman (1946) Ankara cesidinin kendine kisir
oldugunu, Hudina ve ark. (1993) Bosc ¢esidinin kismen kendine
verimli oldugunu ve % 60 oraninda partenokarpik meyve
tutumu gosterdigini, Tolstonik (1990) 22 armut ¢esidi arasinda
kendileme ile sadece Triumf Vienny ¢esidinde serbest
tozlamaya yakin meyve tutumu saglandigini diger ¢esitlerde ise
kismi kendine verimlilik oldugunu, Dokuzoguz (1964) Akga,
Azdavay, Coscia ve Williams cesitlerinin kismen kendine
verimli oldugunu fakat ticari bir tiretim igin yabanci tozlamanin
sart oldugunu belirtmislerdir.

Nyeki ve ark. (1998), 4 sezon boyunca, 3 lokasyonda, 59
armut cesidinde kendine verimliligi incelemislerdir. Toplamda
izole edilen 42.616 armut ¢igeginden her birinde 1 canli tohum
ile % 1,2 oraninda meyve elde edilmistir. Triploid ¢esitlerin ise
tamamen kendine kisir oldugu goriilmiistiir. Baz1 yerel ¢esitlerin
disinda, incelenen armut gesitlerinin tamaminin 3 lokasyonda da
kendine kisir oldugu belirlenmistir.

Kendileme ile olusan meyveler, pomolojik &zellikler
bakimdan degerlendirilmistir. Eijnde (1996), Conference
¢esidinin kendine verimli olmasi ve bir miktar partenokarpik
meyve olusturmasina ragmen istenilen meyve seklinin sadece
yabanci tozlanma sonucu elde edilebildigini tespit etmistir.

Bu ¢alismanin amaci, Egirdir (Isparta) ekolojik kosullarinda
ticari olarak yetistiriciligi yapilan bazi armut ¢esitlerinin
kendine verimlilik durumlarin1 ve kendileme ile ortaya ¢ikan
meyvelerin partenokarpik olup olmadigin belirlemektir.

2. Materyal ve Yontem

Calisma, Egirdir Bahce Kiiltiirleri Arastirma Istasyonu
aragtirma parsellerinde QA anaci {izerine asili, Ankara, Deveci,
Williams, Beurre Hardy, Santa Maria, Ak¢a ve B.P.Morettini
cesitlerinin 12 yagh agaclarinda 2008-2009 yillar1 arasinda
yuriitilmistiir.

Kendine verimlilik durumlarint belirlemek amaci ile her
cesitten 3 aga¢ ve her agag iizerinde 4 ana dal (tekerriir) tespit
edilmistir. Agaglarda ¢igekler, ilk ¢igeklenme asamasina
geldiginde her tekerriirde yaklasik 75 ¢igek olacak sekilde
emaskulasyon yapilmigtir (Sekil 1). Emaskulasyondan bir giin
sonra, her ¢esit kendi ¢igek tozu ile tozlanmustir. Cigek tozu elde
edebilmek i¢in, anterler parlak elisi kagidi iizerine ayiklanmus,
daha sonra anterler 20°C’deki etlivde 12 saat siire ile
bekletilmistir. Patlamis anterlerden ¢ikan c¢icek tozlari kiiglik
omek siselere konulmustur (Askin, 1989). Bir hiizmedeki
cigeklerin tamamu ayni fenolojik donemde olmadigi igin
tozlama yapilmayan cigekler kopartlmis ve tozlama yapilanlar
sayilip etiketlenmistir. Hasat déneminde her ¢esit icin meyve
tutum orani belirlenmistir. Ayrica partenokarpik meyve
olusumunun kontrolii amaciyla tohum sayilari tespit edilmistir.

Y,

Sekil 1. Emaskulasyon yapilmig armut ¢igekleri.

Kendileme yapilan gesitlerde, ¢icek tozlarinin disicik tepesi
iizerinde ¢imlenme ve ¢im borularinin disicik borusu igerisinde
gelisme durumlarini incelemek amaci ile araziden tozlamayi
takiben 0., 24., 48., 72., 96. 120., 144. ve 168. saatlerde alinan
ornekler, FAA (90 cc % 70’lik etil alkol + 5 cc glasiyal asetik
asit + 5 cc formaldehit) fiksasyon sivisi igerisine kullanilincaya
kadar saklanmigtir. Cigek tozu ¢im borusunun gelisimi Preil
(1970)’in Dbelirttigi ezme preperat yontemiyle ve floresans
atagmanlh mikroskop (filtre; 360 nm dalga boyu, mavi-yesil)
altinda incelenmistir. Cigek tozu ¢im borularmin disicik
borularindaki geligimi belirlenmistir.

3. Bulgular

3.1. Meyve tutumu ve ¢ekirdek sayilart

Calismada, Ankara, Deveci, Williams, Santa Maria, Beurre
Hardy, B.P. Morettini ve Akga cesitlerinde, 2008 ve 2009
yillarinda kendileme uygulamas: ile meyve tutumu ve kendine
verimlilik durumlari arastirilmigtir.

Ankara, Deveci, Williams ve Beurre Hardy ¢esitlerinde
kendileme uygulamalart ile her iki yilda da meyve tutumu
gerceklesmemigtir. Santa Maria, B.P. Morettini ve Akga
cesitlerinde ise kendileme ile yillara gore degisen miktarlarda
meyve tutumu meydana gelmistir. Meyve elde edilen cesitlerde
meyve tutum oranlar; 2008 ve 2009 yillarinda siras1 ile Santa
Maria gesidinde % 43,66 ve 54,79, Akga ¢esidinde % 17,02 ve
15,11, B.P. Morettini ¢esidinde ise % 0,90 ve 0,54 olarak tespit
edilmigtir. Fakat meyve tutumunun elde edilen uygulamalarda,
¢ekirdek sayilarmin ¢ok az miktarlarda olmasi, elde edilen
meyvelerin kendileme uygulamasindan ziyade partenokarpik
meyve olusumunun bir sonucu oldugunu gostermektedir

(Cizelge 1).

Cizelge 1. Kendileme uygulamasinin meyve tutum orani ve tohum
sayisi lizerine etkileri.

Meyve tutum Tohum sayis1
Cesit Yil orant (%) (adet)
2008 0 0
Ankara 2009 0 0
Deveci 2008 0 0
2009 0 0
- 2008 0 0
Williams 2009 0 0
. 2008 43,66 0,10
Santa Maria 2009 54,79 0.12
2008 0 0
Beurre Hardy 2009 0 0
. 2008 0,90 0
B.P. Morettini 2009 0.54 0
Ak 2008 17,02 0,10
sa 2009 15,11 017

Tozlamadan sonra, haziran dokiimii 6ncesi meyve tutumu
Sekil 2°de, Santa Maria ve Akga cesitlerinde meyvelerin ve
¢ekirdek evinin durumu Sekil 3’de goriilmektedir.

3.2. Kendileme uygulamalarinda ¢i¢ek tozu ¢im borusu
gelisiminin incelenmesi

Kendileme uygulamasi yapilan gesitlerde, antesisden sonra
1. giinde her iki yilda da ¢icek tozlarmm disicik tepesinde
cimlendigi goriilmiistiir (Sekil 4a). izleyen giinlerde ¢igek tozu
¢im borusunun disicik borusunun yarisina veya biraz daha
ilerisine kadar gelistigi tespit edilmistir (Sekil 4b). Cicek tozu
¢im borularinin bir kisminin disicik borusunun alt kismina ¢ok
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Williams Deveci

Sekil 2. Haziran dokiimii 6ncesi meyve tutumu.

Santa Maria Akcga

Sekil 3. Meyvelerin ve ¢ekirdek evinin goriinimii.
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Cizelge 2. Kendileme uygulamalarinda ¢icek tozu ¢im borularinmn
gelisme durumu.

Antesisten sonraki giin sayis1 (2008-2009)

Cesit
Yil 1 2 3 4 5
Ankara 2008 C G133 G:2/3 G:2/13 G:2/3
2009 C G133 Gl13 G2/3 G:2/3
Deveci 2008 C G133 G334 G3/4 GA4l5
2009 C G113 Gl3 G112 G:3/4
Williams 2008 ¢ G113 Gl1/3 G1/3 G:1/2
2009 C Gl13 Gi2/3 G:2/13 G:2/3
Santa Maria 2008 C G113 G:2/3 G2/3 G:2/3
2009 C G113 G2/3 G2/3 G:2/3
Beurre Hardy 2008 C G133 G2/3 G:2/13 G:2/3
2009 C G113 G133 G112 G:1/2
Morettini 2008 C G133 G:2/3 G2/3 G:2/3
2009 C G113 G:2/3 G:2/13 G:2/3
Akca 2008 C G133 G:2/3 G2/3 G:2/3
2009 C G113 Gl1/3 G:2/13 G:2/3

C: Cigek tozlar disicik tepesi iizerinde ¢imlenmis.
G: Disicik borusu igerisinde ¢igek tozu ¢im borularinin gelisim orani.

yaklasmasina ragmen ovaryuma ulagamadigi belirlenmistir
(Cizelge 2).

4. Tartisma ve Sonug¢

Calismada, Ankara, Deveci, Williams, Santa Maria, Beurre
Hardy, B.P.Morettini ve Akca ¢esitlerinde kendileme
uygulamasi ile meyve tutumu ve kendine verimlilik durumlart
incelenmistir. Ankara, Deveci, Williams ve Beurre Hardy
cesitlerinde, her iki yilda da kendileme uygulamalarinda hi¢
meyve tutumu goriilmemis olup bu gesitlerin tamamen kendine
kisir oldugu belirlenmistir (Dokuzoguz 1964). Santa Maria,
Akca ve B.P.Morettini ¢esitlerinde yillara ve ¢eside gore
degisen oranlarda meyve elde edilmistir. Fakat meyve
tutumunun elde edildigi uygulamalarda, ¢ekirdek sayilarmin
¢ok diisiik olmasi, elde edilen meyvelerin kendileme
uygulamasindan ziyade partenokarpik meyve olusumunun bir
sonucu oldugunu gostermektedir. Benzer bulgular; Sanzol ve
Herrero (2007), Nyeki ve ark. (1998) ile Koyuncu ve Askin
(1993) tarafindan bildirilmistir.

Kendileme uygulamasi yapilan ¢esitlerde ayrica laboratuar
ortaminda ¢i¢ek tozu ¢im borusu gelisimleri incelenmis ve tim
uygulamalarda ¢i¢ek tozlarimin disicik tepesi iizerinde
¢imlendigi goriilmustir (Marcucci ve Visser 1987). Ancak ¢icek
tozu ¢im borulari, digicik borusu igerisinde belirli bir mesafeye
kadar ilerlemis daha sonra gelisimleri durmustur (Sanzol ve
Herrero 2002; Medeira ve Maia 2008).

Incelenen ¢esitlerde, cesitlerin tamammin kendine kisir
oldugu (Westwood ve Challice 1978; Silva ve ark. 2008),
kendileme ile bir miktar meyve elde edilebilmesine (Moriya ve
ark. 2005) ragmen c¢aligmada ortaya ¢ikan meyvelerin
partenokarpik oldugu ve partenokarpik meyve olusumunun
iklimsel olarak degisiklik gostermesi nedeniyle pratik
meyvecilik icin yeterli olmayabilecegi, bu sebeple yeni tesis
edilen armut bahgelerinde yeterli tozlanma ve dollenme igin
ikinci bir ¢esidin kullanilmasi gerektigi (Stosser ve ark. 1996;
Silva ve ark. 2008) sonucuna varilmgtir.
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Asilama zamani

Bu ¢aligmada, tiipte yetistirilen kegiboynuzu fidanlari i¢in en uygun asilama zamannin
belirlenmesi amaglanmigtir. Arastirmada materyal olarak alt1 yabanct kegiboynuzu ¢esidi ile
dort yerli tip kullanilmistir. Mart ve nisan aylar1 olmak iizere iki farkli zamanda yapilan
asilamalarda, as1 tipi olarak T goz asisi se¢ilmistir. As1 tutma ve siirme orani ile siirgiin
gelisiminin incelendigi ¢aligmada, sonuglar ¢esit ve tipler goz Oniine alinarak asilama
zamanlarma gore degerlendirilmistir. Arastirma bulgulari, mart ayinda yapilan asilarda asi
tutma oraninin % 62,22 ile % 75,55 ve nisan ayinda yapilan agilarda ise % 64,44 ile % 77,78
arasinda oldugunu gdstermistir. As1 siirme orani ise mart ayinda yapilan agilarda % 55,55 ile %
75,55 ve nisan aymda ise % 11,11 ile % 22,22 arasinda saptanmistir. Nisan aymnda yapilan
agilarda siirme oraninin daha diisiikk saptanmasi, yaz aylarinda sicak esen kuru riizgarlarin tutan
agilarda siirgiinlerde geriye kurumaya neden olmasindan kaynaklanmistir. Asilamadan 8 ay
sonra yapilan dl¢limlerde, siirgiin ¢ap ve boy gelisimi mart ayinda yapilan asilarda daha yiiksek
belirlenmistir. Fidanlarin, agilamadan yaklagik bir yil sonra araziye dikim asamasina
getirilebilecegi gozlenmistir.
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Grafting time

The objective of this study was to determine the best grafting period of carob grown in plastic
pots. Six commercial carob cultivars and four domestic carob genotypes were selected as plant
materials. March and April were selected as grafting periods and T budding was used as
grafting method. The bud take rate and shoot growth were determined according to carob
cultivars and genotypes taking into consideration the grafting period. The results showed that
the bud take rate was between 62% and 75% in March grafting and between 64% and 77% in
April grafting, respectively. The bud sprouting rate was determined to be between 75% to 55%
in March and 22% to 11% in April grafting, respectively. The low sprouting of the buds in
April grafting resulted from hot-dry winds in summer causing dry back of the buds. In the
measurements eight months after grafting, shoot diameter and length were higher in March
grafting than in April. It was observed that the grafted plants can be ready to be transferred to
the field one year after grafting.

1. Giris

Kegiboynuzu (Ceratonia siliqua L., Fabaceae), tilkemizde
Ege ve Akdeniz Bolgelerinde ozellikle deniz kiyisina yakin
makilik alanlarda her-dem yesil olarak bulunan dogal floranin
karakteristik bir tiiriidiir. Ulkemizde heniiz, diger meyve
tirlerinde oldugu gibi kapama olarak kurulmus kec¢iboynuzu
bahgelerine yaygin olarak rastlanmamaktadir. Bununla birlikte
son yillarda, 2-B arazilerinin kamulastirilmasi ve bu alanlarda
zeytin ve badem yaninda kegiboynuzunun yetistirilmesi
Ongoriilen meyve tirleri arasinda yer almasi ve ayrica
keciboynuzunun hem meyve ve hem de tohumunu isleyen

fabrikalarin kegiboynuzuna olan taleplerinin artmasi nedeniyle,
tiretimi giderek ivme kazanmaya baglamistir. Bu durum, gerek
asili ve gerekse ¢ogir fidanlara olan talepte artisa neden
olmustur. Ulkemizde heniiz asili keciboynuzu fidani iireten
kamu ya da ozel kurulus bulunmamaktadir. Bununla birlikte,
Orman Boélge Miidiirliikleri her y1l ¢cok sayida ¢ogiir yetistirerek
elde ettikleri ¢ogiirleri orman agaglandirmasinda kullanma
yaninda, kirsal alanlarda &zellikle tarim dist arazilerin
degerlendirilmesi amaciyla dagitmaktadirlar. Kegiboynuzunda
tohumla ¢ogaltmada yabanci tozlanmadan dolayr agilma
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meydana gelmekte, bu nedenle ana birey ile ayn1 6zellige sahip
birey elde etmek igin kegiboynuzunun mutlaka vegetatif yolla
cogaltilmasi gerekmektedir. Vegetatif ¢ogaltma metotlarindan
celik, hava daldirmasi, doku kiiltiirii tekniklerinin yaninda,
pratikte yaygin olarak kullanilan vegetatif cogaltma teknigi as1
ile ¢ogaltmadir (Batlle ve Tous 1997; Naghmouchi ve ark.
2008; Hakim ve ark. 2010; Gubbuk ve ark. 2011). Celikle
¢ogaltma, koklenmede heniiz kayda deger bir basari elde
edilememesi nedeniyle heniiz ticari olarak kullanilmamakta ve
doku kiiltiirii ile ¢ogaltmada ise cogaltilan bitkilerin heniiz
arazide gosterdikleri performans ile ilgili herhangi bir rapor
bulunmamaktadir (Batlle ve Tous 1997). Hava daldirmasi ile
¢ogaltma ise asirt isgilige gereksinim olmasi ve her agagta
uygulama yapilacak yeterli siirgiin bulunmamasi nedeniyle
(6zellikle yashi agaglarda) ticari g¢ogaltmadan ziyade, gen
kaynaklar1 agisindan {istiin 6zellikler gosteren genotiplerin
¢ogaltilmasi amaciyla tavsiye edilmektedir (Gubbuk ve ark.
2011). Bu nedenlerle, yukarida da bildirildigi gibi vegetatif
¢ogaltma yontemlerinden en fazla kullanilani a1 ile ¢ogaltma
teknigidir. As1 ile ¢ogaltma icin Oncelikli olarak asilamada
kullanilacak ¢ogiirlerin yetistirilmesi gerekir. Kegiboynuzu
tohumlarmin olduk¢a sert ve gegirimsiz bir tohum kabuguna
sahip olmast ¢imlenmeyi olumsuz yonde -etkilemektedir.
Cimlenmeden sonra ise tohumlarin agilama i¢in uygun bir ¢apa
getirilmesi (10 mm c¢apin {izerinde) igin yaklasik 1,5-2,0 yillik
bir siireye ihtiya¢ duyulmaktadir. Cogiirlerde agilamadaki basart
oranini ise agt1 tipi, agilama zamani, ¢ogiir cap1 ve asidan sonraki
kiiltiirel islemlerin zamaninda yapilmasi etkilemektedir. Diger
meyve tiirlerinde oldugu gibi kegiboynuzunda da asilama
zamam  dilkelere  ve ekolojilere  gore  degisiklik
gosterebilmektedir. Asilama zamani ile ilgili olarak yapilan
caligmalarda en uygun agilama zamaninin, Kibris’ta subat ve
mart; Kaliforniya ve Meksika’da ise nisan, mayis ve haziran
aylar1 oldugu belirlenmistir (Marton 1987). As tipi olarak ise T,
yonga ve yama goz asilart kullanilmaktadir (Batlle ve Tous
1997). Fakat as1 tipi olarak ise en yaygin kullanilan as1 tipinin T
g0z asist oldugu ve bu ag1 tipinin 1-2 cm ¢apindaki ¢ogiirlerde
basar1 ile uygulandigi bildirilmistir (Batlle ve Tous 1997).
Yonga goz asisinda anag ve kalemin aymi kalinlikta olmasi
gerektigi ve yama agida ise anag¢ ¢apinin 2 cm’den daha biiylik
olmast gerektigi bildirilmistir (Batlle ve Tous 1997). Ulkemizde
Yildiz (1995) tarafindan yapilan ¢aligmada ise kegiboynuzu dip
stirgiinleri ve ¢ogiirleri iizerine, Mersin yoresinde yaygin olan
ve yore halki tarafindan Silifke adiyla bilinen tipten alinan asi
gozleriyle degisik zamanlarda ve farkli yontemlerle (T goz asis1,
yama ve yonga asilarl) asilama yapilmigtir. Denenen asi
yontemlerinin tamaminda, en yiliksek asi tutma orani nisan,
mayis ve haziran aylarinda yapilan asilamalarda saptanmustir.
Bununla birlikte bu as1 tiplerinden, yonga goz asisinin yilin tim
aylarinda yapilabilecegi bildirilmistir.

Bu ¢alismada, farkli ke¢iboynuzu cesit ve tiplerinde, degisik
astlama zamanlarinin as1 tutma ve siirme orani ile fidan gelisimi
tizerine etkileri incelenmistir.

2. Materyal ve Yontem

Bu aragtirma, 2007-2010 yillar1 arasinda Akdeniz
Universitesi Ziraat Fakiiltesi Aragtirma ve Uygulama arazisinde
yiiriitiilmiistiir. Projede deneme materyali olarak, Ispanya’nin
IRTA Arastirma Istasyonu’ndan temin edilen 6 gesit (‘Banya
de Cabra’, ‘Ralladora’, ‘Flori Gazzafa’, ‘Rojal’, ‘Mista Santa

Barbara’ ve ‘Banya de Marra’) ile Pekmezci ve ark. (2004)
tarafindan  Tirkiye kosullarinda  yiiriitilen  seleksiyon
caligmalart sonucunda Kozan ve Manavgat yorelerinden

Umitvar olarak secilen 2 ve 88 numarali yabani tipler ile
Anamur ve Datga yoresinden secilen 42 ve 72 no’lu kiiltiir
tipleri kullamlmistir. Ispanya’dan getirtilen cesitlerden ‘Banya
de Cabra’, tohum randimani yiiksek, ‘Ralladora’ ve ‘Rojal’,
meyve eti ve tohum randimani orta diizeyde gesitler olup (Batlle
ve Tous 1997), diger ii¢ ¢esidin Ozellikleri hakkinda bilgiye
rastlanmamustir. Arastirmada kullanilan yabani tiplerden 2 ve 88
no’lu tiplerin tohum randimanlarinin yiiksek olmasi ve kiiltiir
tiplerinden 42 ve 72 no’lu tiplerin ise meyve eti randimani ve
suda ¢oziinebilir kuru madde miktarlarinin yiitksek olmasi en
karakteristik dzellikleridir.

2.1. Céogiirlerin astya hazir hale getirilmesi

Arastirmada, Demre yoresinden yabani agaglardan rastgele
alinan meyvelere ait tohumlar kullanilmigtir. Tohumlar saf
stilfiirik asit ¢ozeltisinde 30 dakika bekletildikten sonra 1/1
oraninda torf ve perlit iceren viyollere mart aymda
ekilmislerdir. Iki-lic gercek yaprak olustuktan sonra 8x13 cm
boyutunda plastik torbalara aktarilan fidanlar, daha sonra 15x25
cm kortikli siyah plastik tliplere aktarilmislardir. Cogiirler yaz,
sonbahar ve ilkbahar aylarinda golgelik ve kis aylarinda ise sera
igerisinde tutulmuslardir. Fidanlar 10 mm ¢apa gelince asilama
yapilmus ve fidanlar g6lgelik altinda alttan yagmurlama sistemi
ile sulanmiglardir.

2.2. Astlama

Asilama mart ve nisan aylarinin ikinci haftasinda
yapilmstir. Asilama ¢aligmalarmin yapildigir 2009 yilinda aylik
ortalama minimum, ortalama ve maksimum sicaklik sirasiyla
10,06, 19,44 ve 30,54 ve ortalama yillik oransal nem ise 59,88
olarak kaydedilmistir (Anonim, 2012). Arastirmada T g6z asisi
kullanilmig ve asilar g6z yerlestirildikten sonra rafya ile
sarilmigtir. Rafyalar asilamadan 3 hafta sonra agilmis ve
¢ogiirlerin tepesi vurulmustur. Tepe vurmadan sonra, as1 tutma
orani (%) ile siirgiin ¢ap1 (mm) ve boyu (cm) ¢esit ve tiplere
gore belirlenmistir. As1 tutma oranin belirlenmesinde, gozlerin
yesil ve canli kalmasi ile yaprak sapinin diismesi; slirme
oraninin belirlenmesinde ise asilanan fidanlarda go6zlerin
stirmesi ve saglikli bir gekilde biiylime ve gelisme géstermesi
dikkate alinmistir. Siirgiin ¢ap1 ve boyu asilamadan 8 ay sonra
Ol¢iilmiistiir. Siirgiin ¢ap1 kalemin hemen baslangi¢ noktasinda
dijital kumpasla ve siirgiin boyu ise serit metre ile kalemin
baglangicindan siirglin ucuna kadar olan mesafe Olgiilerek
belirlenmistir.

Arastirma 3 yinelemeli ve her yinelemede 15 ¢ogiir olacak
sekilde planlanmistir. Arastirma, Tesadiif Parselleri deneme
desenine gore planlanmig ve ortalamalarin karsilagtirilmasinda
ise LSD testi kullanilmustir.

3. Bulgular ve Tartisma

Denemede mart ve nisan aylarinda yapilan asilarda, ¢esit ve
tiplerin as1 tutma ve siirme orani iizerine etkileri istatistiksel
olarak onemli bulunmustur (Cizelge 1). Mart aymda yapilan
agilarda en yiiksek as1 tutma oran1 % 75,55 ile ‘Rojal’ ¢esidinde
ve en diisliik as1 tutma oranmi ise % 62,22 ile 2 ve 72 no’lu
tiplerde belirlenmistir. Nisan ayinda yapilan asilarda ise en
yiiksek as1 tutma oran1 % 77,78 ile yine ‘Rojal’ ¢esidinde ve en
diisiik ise mart ayinda oldugu gibi % 64,44 ile 2 ve 72 no’lu
tiplerde kaydedilmistir. Mart ayinda yapilan asilarda tutan
agtlarin 6nemli bir kismu siirmiis, nisan ayinda ise as1 slirme
orant mart ayindan oldukca diisiik saptanmustir (gesit ve tiplere
gore degismekle birlikte % 11,11 ile % 22,22 arasinda). Nisan
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Cizelge 1. Degisik kegiboynuzu gesit ve tiplerinde mart ve nisan aylarinda asilarda saptanan as1 tutma ve siirme oranlari.

As1 Tutma Orant As1 Siirme Orant
(%) (%)

Cesit ve Tipler Mart Nisan Mart Nisan
Banya de Cabra 73,33 ab* 75,55 ab 68,88 ab 15,56 abc
Rolladora 64,44 cd 71,11 abc 62,22 bed 11,11 ¢
Flori Gazzafa 68,88 bc 71,11 abc 64,44 bc 13,33 bc
Rojal 75,55 a 77,78 a 75,55 a 22,22 a
Mista Santa Barbara 73,33 ab 75,55 ab 73,32 a 13,33 bc
Banya de Marra 64,44 cd 72,22 abc 62,20 bed 15,56 abc
88 66,66 cd 68,88 bc 64,44 bc 11,11¢
2 62,22 d 64,44 c 55,55 d 17,78 abc
42 64,44 cd 68,88 bc 60,00 cd 20,00 ab
72 62,22 d 64,44 c 55,55 d 15,55 abc
LSDys 6,552 8,097 7,058 7,334

? Ortalamalar arasinda 0,05 diizeyindeki farkhiliklar ayri harflerle gbsterilmistir.

aymmda yapilan asilarda baslangigta gozlerin oldukga yesil
olmasma ragmen, slirme asamasinda geriye kurumalarin
olduk¢a yiiksek oldugu saptanmustir. Her iki ayda da kabuk
kalkmasi agisindan bir zorlukla karsilagilmistir. Bu durumun,
ozellikle haziran ve temmuz aylarinda giin igerisinde sicakligin
oldukea ylikselmesi ve bununla birlikte zaman zaman sicak esen
kavurucu poyrazin etkisinden kaynaklandigir gdzlenmistir. Bu
durum bize Antalya gibi yaz1 ¢ok sicak gecen yorelerde
asilamanin, kabuk kalkmasinin hemen akabinde yapilmasinin
daha uygun olacagmi (kabuk kalma siiresi birkag¢ ay siirmesi
durumunda dahi) ve agsilarin saglikli olarak gelismesinde,
sicaklik ve nem yaninda 6zellikle sicak esen poyrazin da etkili
oldugunu gostermistir. Mart ve nisan aylarinda yapilan asilarda,
asilamadan 8 ay sonra siirgiinlerde saptanan siirgiin ¢ap1 6l¢lim
degerleri Cizelge 2'de verilmistir. Bu tabloda da goriildiigi gibi
incelenen kriter iizerine ¢esit-tiplerin etkisi, mart ayinda yapilan
asilarda istatistiksel olarak o6nemli bulunurken, nisan ayinda
yapilan asilarda 6nemli bulunmamustir (Cizelge 2). Mart ayinda
stirgiin ¢ap1 (kalemlerde) uygulamalara gére degismekle birlikte
7,11-8,09 mm arasinda; nisan ayinda ise 6,80-6,89 mm arasinda
degisim gostermistir.

Mart ve nisan aylarinda yapilan asilarda, agilamadan 8 ay
sonra belirlenen siirgiin boyu 6l¢iim degerleri Cizelge 2’de
verilmistir. Bu ¢izelgede de goriildiigii gibi ¢esit-tiplerin siirgiin
boyu iizerine etkisi istatistiksel olarak Snemli bulunmustur.
Siirgiin boyu ise 48,81 cm ile 50,60 cm arasinda kaydedilmistir.
Siirgiin boyu bakimindan saptanan istatistiksel farklilik pratik
agidan 6nemli bulunmamustir.

Aragtirma bulgulari, Antalya kosullarinda mart ve nisan
aylarinda yapilan agilamalarda kegiboynuzu i¢in en uygun

asilama zamaninin mart ay1 oldugunu gostermistir. Nisan aymda
yapilan asilarda tutma orani yiiksek saptanmasina ragmen,
stirme oranit olduk¢a diigiikk saptanmistir. Bu bulgular 1s18inda,
asilamadan sonra asinin kaynagmasi ve siirmesinde hava
kosullarinin olduk¢a énemli rol oynadigini sdylenebilmektedir.

T g6z asis1 diger as1 yontemleri ile kiyaslandiginda, daha az
teknik beceri gerektirmektedir. Asicinin yaninda, asiy1 saran
ikinci bir kisinin olmast durumunda, giinde yaklasik 1000’in
iizerinde bitki agilanabilmektedir. Ayrica as1 tutmadigi zaman,
cogiirler birkag ay sonra tekrar ag1 amagh kullanilabilmektedir.
Keciboynuzunda as1 ile ¢ogaltmada teknik agidan bir zorluk
olmadigimi ve agilamadaki basarida, c¢ogiir ¢cap1 ve Ozellikle
astlama zamaninin Snemli oldugu séylenebilmektedir. Ayrica
agilamalarda ¢ogiir capmnin da onemli oldugu ve c¢apm 10
mm’nin altinda oldugu durumlarda, ¢o6giirlerde fazla su
kaybindan dolay1 ast tutma oraninin olumsuz yonde etkilendigi
gozlenmistir. Batlle ve Tous (1997) kegiboynuzunun
¢ogaltilmasinda en etkili yontemin T goz asis1 oldugunu ve
aginin  nisan ve mayis aylarinda yapilmasi gerektigini
bildirmislerdir. Kumar (2011) ise kegiboynuzunda yaz aylarinda
yonga gbz asis1 uygulamasmi tavsiye etmislerdir. Ulkemizde
Yildiz (1995) tarafindan yapilan galismada, T gbz asisinda en
yiikksek agi tutma orani nisan aymda belirlemistir. Bu durum,
astlama zamaninin {ilkelere gore ve hatta ayni iilkede ekolojilere
gore bile farklilik gosterebilecegine isaret etmektedir. Bizim
bulgularimizda ise mart aymnm ikinci haftasinda yapilan
asilamalarda hem as1 tutma orani ve hem de siirme oran1 daha
yiiksek saptanmistir. Nisan aymda yapilan agilarda tutma orani
yiksek olmasina ragmen, siirme orant daha diisiik
kaydedilmistir. Bu sonuglar, agilama zamaninin ekolojiye gore

Cizelge 2. Degisik keciboynuzu cesit ve tiplerinde mart ve nisan aylarinda yapilan asilarda asilamadan 8 ay sonra fidanlarda saptanan siirgiin ¢ap ve

boylari.
Siirgiin Cap1 Siirglin Boyu
(mm) (cm)
Cesit ve Tipler Mart Nisan Mart Nisan
Banya de Cabra 711¢ 6,87 55,22 ¢ 49,77 abc
Rolladora 7,78b 6,87 56,34 de 50,26 abc
Flori Gazzafa 8,09 a 6,88 57,14 cd 49,33 abc
Rojal 7,78b 6,82 58,31 bc 48,92 he
Mista Santa Barbara 7,93 ab 6,90 59,33 ab 50,15 abc
Banya de Marra 7,90 ab 6,80 58,96 ab 50,35 ab
88 7,90 ab 6,89 58,64 ab 48,81 c
2 791ab 6,88 59,99 a 49,34 abc
42 7,93 ab 6,86 59,41 ab 50,60 a
72 7,90 ab 6,84 59,77 a 49,42 abc
LSDys 0,235 O.D. 1,409 1,500

0.D: Onemli degil.
? Ortalamalar arasinda 0,05 diizeyindeki farkhliklar ayr1 harflerle gosterilmistir.
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farklilik gosterebilecegine isaret etmektedir.

Sonug olarak, Antalya kosullarinda denemenin yiiriitiildiigii
yilda tiiplii fidanlarda en uygun asilama zamani olarak mart ay1
Onerilmistir. Ayrica bitkilerin tohum ekiminden asilamaya agik
arazide 2 yil ve kigin sera icerine alinirsa 1,5 y1l ve asilamadan
araziye dikim asamasma kadar ise yaklasik 1 yil igerinde
getirilebilecegi  kaydedilmistir. Bununla birlikte, asilama
caligmalarinda asilama zamani ve ag1 bagarisinin yillara ve
ckolojilere gore degisim gosterebilecegi de gbéz ardi
edilmemelidir. Bu nedenle asilama isleminin ekolojileri uygun
olan yerlerde, kabuk kalkma siiresi uzun siire devem etse dahi
erken donemde yapilmas: asilarda siirme ve siirgiin gelisimi
acisindan daha avantajli oldugunu soyleyebiliriz.

Tesekkiir

Bu yaym, COST 866 no’lu aksiyon gergevesinde
TUBITAK-TOVAG 1060832 numara ile desteklenen projeden
uretilmistir.
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In this study, physicochemical properties (oil content, protein, moisture, refractive index
values) and major fatty acid compositions of poppy seeds with different colours (blue, brown
and white) were investigated. The colour coordinates (L*, a*, and b* values) of each seed were
measured with a chromameter. Fatty acid compositions of the seeds were determined by Gas
Chromatography (GC). No significant differences were observed in the level of protein and
extracted oil. In contrast, moisture of seeds and refractive index values of the extracted oils
were statistically different. Major fatty acid components were found to be linoleic acid (71.25-
72.16 g 100 g?), oleic acid (14.29-16.08 g 100 g™) and palmitic acid (9.93-10.65 g 100 g™).
There were significant differences in linoleic and oleic acid content of the seed depending on
the colour values (P<0.01).
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Bu calismada, farkli renkte haghas tohumlarinin (mavi, kahverengi ve beyaz) fizikokimyasal
ozellikleri (yag icerigi, protein, nem, refraktif indeks degerleri) ve yag asidi bilesimi
incelenmistir. Tohumlarin renk koordinatlart (L*, a* ve b* degerleri) bir kromometre ile
Olctilmistiir. Tohumlarm yag asidi bilesimi Gaz Kromatografi (GK) yardimiyla belirlenmistir.
Tohumlar arasinda yag ve protein diizeyleri agisindan farklilik belirlenmemistir. Buna karsin,
tohumlarin nem ve ekstrakte edilen yaglarin refraktif indeks degerleri istatistiksel olarak farkli
bulunmustur. Tohumlarda temel yag asidi bilesenleri linoleik asit (71.25-72.16 g 100 g™),
oleik asit (14.29-16.08 g 100 g™) ve palmitik asit (9.93-10.65 g 100 g olarak belirlenmistir.
Renk degerlerine bagli olarak tohumlarin linoleik ve oleik asit igerikleri 6nemli diizeyde
farklihiklar gostermistir (P<0.01).

1. Introduction

Oilseeds are major source of food components such as fat,
protein and carbohydrate with potential application as
nutraceuticals and functional foods. Despite the vast range of
seed oils sources, world production is dominated by palm,
soybean, rapeseed, and sunflower oils with 45.1, 39.8, 22.6, and
12.6 million tons produced per year, respectively (FAO 2010).
In recent years, oils from the other plant species are gaining
importance as an interesting segment of food because many of
them contain significant amounts of oils and/or high proportions
of nutritionally, medicinally or industrially desirable chemicals.
Fatty acids, mineral compounds, amino acids, carbohydrates
and vitamins can be given as examples of these chemicals.

Consumers are especially interested in essential fatty acids
with emphasis on the health potential of polyunsaturated fatty
acids. It is considered that these fatty acids play a natural
preventive role in cardiovascular disease and in alleviation of
some other health problems since they promote the reduction of

both total and high density lipoprotein (HDL) cholesterol
(Melgarejo and Artes 2000).

Poppy seed and its oil appear to be of good quality for
human consumption since it is generally rich in polyunsaturated
fatty acids and minerals (Eckey 1954; Krzymanski and Jonsson
1989; Luthra and Singh 1989). They are obtained by grounding
or pressing the fruits of Papaver somniferum L. The poppy seed
oil is a rich source of linoleic acid (68 g 100 g™) which makes it
good oil for nutrition as a high percentage of linoleic acid is
desirable for lowering the cholesterol levels in the human
system and thus prevents coronary heart disease (Peter 2001).
The reported health benefits of oils rich in linoleic acid in
lowering serum cholesterol levels is an indication of the
nutritional significance of the usage of poppy seed oil
(Gottenbos1988).

The opium poppy is a multipurpose crop that is used as a
medicinal or ornamental plant as well as a source for seeds and
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seed oil (Levy and Milo 1998). World production of poppy seed
is 93,125 tonnes obtained from 142,220 ha. Turkey is the largest
producer of poppy seed in the world accounting for about
39.63% of total world production (FAO 2010). Poppy is an
important industrial crop grown for pharmaceutical and food
applications in Turkey since ancient times (Bozan and Temelli
2003).

Poppy seeds contain 50 g 100 g* of edible oil with a
pleasant aroma and taste like almond. The oil is a rich source of
linoleic acid (68 g 100 g™) which makes it good oil for
nutrition. Poppy seed oil is used widely for culinary purposes as
a cooking medium or as salad oil. It has a high digestibility
coefficient of about 96% at a daily intake of 50 g (Peter 2001).
The oil has also been used in the manufacture of paints and
varnishes as well as in cosmetics and other industrial products
(Bozan and Temelli 2003). Today poppy seed oil is also used as
adjuvant for pharmaceutical and medicinal diagnostics besides
its application as a high quality and delicious edible oil (Krist et
al. 2005). Poppy seed oil is used, for example, as a carrier for
cancerostatics in the treatment of hepatocellular carcinoma
(Risse et al. 2004), and as a carrier for cyclosporine A (Tibell et
al. 1995).

Poppy seed samples of various origins have been analysed
for oil content, fatty acid and mineral composition by many
research groups. Oil contents between 33 and 49.1 g 100 g™
were reported (Eklund and Agren 1975; Bernath 1998). The
differences between white and blue seed varieties were
compared in this respect by a Swedish research group: the white
variety contained 40 g 100 g’* oil and the blue only 33 g 100 g*
(EKlund and Agren 1975; Bernath 1998). The contents of
palmitic acid (7.8-30.66 g 100 g™), stearic acid (1.4-10.9 g 100
g™, oleic acid (13.2-36.8 g 100 g%, linoleic acid (18.4- 80.0 g
100 g*), and linolenic acid (trace-9.4 g 100 g™*) were reported
to vary over wide ranges (Bernath 1998).

Although fatty acids and certain chemical compositions of
poppy seeds studied here are well known, there was inadequate
information about individual differences of these chemical
compositions in regard to their seed colours. Therefore, the
objective of this work was to investigate the oil yield, fatty acid,
protein and some physicochemical characteristics (moisture and
refractive index values) of poppy seeds with different seed
colours. This study will contribute to the knowledge of the some
important chemical properties of these seeds. Further
knowledge on poppy seed composition may lead to different
uses in the food industry such as the development of functional
foods or medicinal, pharmaceutical and other non-food
industrial applications.

2. Materials and Methods

Poppy seeds (Papaver somniferum L.) with different
colours were purchased from the local markets. All seeds were
ground into fine powder using a coffee grinder (National,
Osaka, Japan). Solvents wused for all analysis were
chromatographic grade. The water was produced by an
ultrapure (18.2 MQ cm at 25 °C) purification system (Millipore,
MA, USA).

2.1. Physicochemical characteristics of poppy seeds and their
oils

The moisture levels of the seeds and refractive index values
of the oils were estimated according to methods recommended
by the AOAC with the method number of 969.18 (AOACa,

1990). For protein analysis, (Nx6.25) a Kjeldahl digestion
method was used, according to 950.48 of AOAC (AOAC 1995).
Protein contents were analysed by using a VAP50
Kjeldahlmeter (Gerhart, Germany). The oils were extracted
from the seeds with soxhlet extractor using petroleum ether
(40-60 °C) for 8 h according to the method of AOAC 960.39
(AOAC 1990b). The ratio of solids to solvent used was 1:10.
The oil was then recovered by evaporating of the solvent using
rotary evaporator and residual solvent was removed by flushing
with 99.9% nitrogen. The extracted lipid was weighed to
determine the oil content.

2.2 Colour analysis

The colours of poppy seeds were quantified by using a
Minolta (CR-400) chromameter (Japan). Five colour
measurements were taken for each treatment, resulting in
numeric values for three chromatic scales (L*, a*, b*). L* is the
brightness ranging from no reflection for black (L* = 0) to
perfect diffuse reflection for white (L* = 100). The value “a*”
is the redness ranging from negative values for green to positive
values for red. The value “b*” is the yellowness ranging from
negative values for blue and positive values for yellow
(McGuire, 1992). A special white plate was used to calibrate the
chromameter: L=96.86, a=-0.07 and b=1.98.

2.3. Determination of fatty acids

Extracted oils were prepared for the GC-FID analysis as
converted Fatty Acid Methyl Esters (FAMESs) according to the
method of David and co workers with some modification
(David et al. 2005). Briefly; 100 mg oil sample was weighed in
a 20 ml test tube (with screw cap) and 10 ml hexane was added
and dissolved. A 100 pl 2 N potassium hydroxide in methanol
was added into the tube and vortexed for 30 s. The tube was
centrifuged and clear supernatant was transferred into a 2 ml
auto sampler vial. FAMEs were separated and quantified using
an HP 5890 Series 2 Plus GC System (Hewlett Packard, USA)
equipped with a flame ionization detector. Chromatographic
separation was achieved by using a MN FFAP column (50 m x
0.32 mm x 0.25 um). The temperature program was as follows:
1) 50 °C for 1 min; 2) increase to 200 °C at a rate of 25 °C min™;
3) increase to 230 °C at a rate of 3 °C min; 4) 230 °C for 18
min. The temperature was set at 250 °C for the injector and at
280 °C for the detector. Nitrogen was used as the carrier of the
gas and perfused at a flow rate of 1 mLmin™. 1 pL of the
sample was injected into the GC for analysis. After the
injection, a representative chromatogram was obtained as shown
in Fig 1. There were five major peaks were determined. The
peaks were aligned according to their carbon number and the
location of the double bonds (C16:0, C18:0, C18:1, C18:2,
C18:3). The percentage of each fatty acid was calculated from
the ratio of the peak area to the total area of all peaks.

2. 4 Statistical analysis

All analyses were performed on duplicate samples and the
results were statistically analysed by ANOVA (P < 0.01).
Significant means were subjected to analysis by Duncan’s
multiple range test (P< 0.05). All statistical analyses were
performed using the Statistical Analysis System (SAS Institute,
Cary, NC, USA).

3. Results and Discussion

General chemical analysis results of poppy seeds with
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different colours are given in Table 1. The oil content found in
the poppy seeds examined here were ranked as brown, white
and blue based on their ratios in seeds. The highest level of oil
(51.74) was found in brown seeds. However, oil contents of the
seeds were not significantly different (P>0.05). In a previous
study, poppy seeds were sorted as yellow, white and blue based
on their seed oil contents (Azcan et al. 2004). However, in that
study, researchers did not evaluate the results statistically.
Therefore, it is not clear whether the differences among the
seeds were true or result from experimental errors. Refractive
index value of brown poppy seeds oils was significantly lower
than that of white and blue coloured seed oil. There was no
significant difference (P>0.05) among the protein contents of
the seeds while moisture contents of the seeds were
significantly different (P<0.01). The moisture contents of the
seeds were found slightly higher than the study of Ozcan and
Atalay (2006). The difference in moisture contents of seeds may
be due to the storage in environments with different relative
humidity.

L*, a* and b* values of poppy seeds, which was visually
observed as different colours, were also significantly different
(P<0.01) from each other (Table 2). It was found that white
poppy seeds had the highest “L*” value (brightness) and
positive “b*” value (yellowness). On the other hand, brown
seeds had the highest positive “a*" value (redness).

The fatty acids contents of poppy seed that have different
colours are illustrated in Table 3. A sample chromatogram is
shown in Fig. 1.

As seen in Table 3, there was no significant difference
(P>0.05) among the palmitic acid, stearic acid and linolenic
contents of the seeds while oleic and linoleic acid contents were
significantly different (P<0.01). Palmitic acid and stearic acid
contents of brown poppy seeds, and linolenic acid contents of
white seeds were higher than other varieties. In addition, the
highest oleic acid was obtained in blue poppy seeds and the
highest linoleic acid was found in brown poppy seeds (P<0.01).

As mentioned in earlier reports, the proportions of oleic and
linoleic acids determine the quality of oil and its end use (Harris
et al. 1980; Green 1986; Singh et al. 1998). Linoleic acid is also
known to lower cholesterol concentrations in human blood and
thus helps to prevent atherosclerosis and heart attacks. High
linoleic oils are used in polyunsaturated oils and margarines. In
our study, the highest proportion of linoleic acid was found in
brown poppy seeds. This finding suggests that the oils obtained
from the brown seeds can be utilised as a healthy product in

Table 1. Some physicochemical characteristics of poppy seeds and their oils.

polyunsaturated oils and margarine. In general, linoleic acid is
known to be the dominant fatty acid of all poppy seed oils.
From a nutritional point of view, poppy seed oil is a good
source of essential fatty acids, especially linoleic acid, as
compared to the other edible oil seeds (Nergiz and Otles 1994).

In addition, high oleic acid is more suited to cooking and
salad (Singh et al. 1998). The maximum oleic acid content of
blue seeds determined in our study was at level of 16.08 g 100
g™. The oils obtained from the blue poppy seeds can thus be
suggested for cooking and salad oils.
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Figure 1.Gas chromatogram of fatty acids.

The opium poppy may be an ideal oil seed crop for the food
industry because of its low linolenic acid content and high
linoleic acid (Singh et al. 1998). No difference was observed in
linolenic acid contents among the poppy seeds studied here. The
highest level of linoleic acid was found in the brown poppy
seeds at the level of 72.16 g 100 g™. For this reason, the brown
poppy seeds may be suggested as an ideal oil seed for the food
industry.

In general high amounts of linolenic acid are unsuitable for
oil food products due to its instability and reversion of flavour
associated with autoxidation (Smouse 1979; Green 1986; Singh
et al. 1998). In addition, it was reported that the maximum of 3
g 100 g linolenic acid is desirable for edible oils (Thomas and
Von Bruck 1985). In this study, the highest percentage of
linolenic acid was found in the white poppy seeds at the level
0f0.61 g 100 g™. Therefore it was concluded here that the oils
obtained from the white poppy seeds may not be preferable as
plant oils since it is prone to autoxidation that cause off-flavour

Seed colours Moisture (%) il (g 100 g% Protein (%) Ref. Index
Brown 5.39£0.18" 51.74+1.13 26.64+2.08 1.4716"
White 5.33+0.58° 50.68+1.50 26.07+4.22 1.4723°
Blue 5.91+0.73% 44.29+9.34 24.83+2.83 1.4722°

Means + standard error. Means in a row with different letters are significantly different (P<0.05) by Duncan’s multiple range tests.

Table 2. Colour coordinates of poppy seeds.

Seed colours L* a* b*

Brown 40.41+0.58° 6.210.27° 14.97+0.46"
White 60.94:0.88 5.02+0.21° 16.91+0.38°
Blue 34.01+1.22° 1.28+0.14° 1.94+0.36°

Means + standard error. Means in a row with different letters are significantly different (P<0.05) by Duncan’s multiple range tests.
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Table 3. Fatty acid compositions of poppy seed oils (g 100g™).

Seed colours  Palmitic acid (C16:0)  Stearic acid (C18:0)

Oleic acid (C18:1)

Linoleic acid (C18:2)  Linolenic acid (C18:3)

Brown 10.65+0.45 2.56+0.05
White 10.30+0.69 2.50+0.10
Blue 9.93+0.21 2.44+0.05

14.29+0.34°
15.10+0.26°
16.08+0.207

72.16+0.32° 0.33+0.14
71.50+0.75% 0.610.05
71.25+0.13° 0.31+0.13

Means =+ standard error. Means in a row with different letters are significantly different (P<0.05) by Duncan’s multiple range tests.

compounds in these oils.

4. Conclusion

This study presents a view of the chemical characteristics of
poppy seed with different seed colour and could serve as a
starting point to define quality standards since there are little
specifications available for this plant oil. The data obtained here
suggest the potential value-added use of these seed oils as
dietary sources of essential fatty acids for optimal human health.
According to our study, we found that the major fatty acids in
the seed oil were linoleic, oleic and palmitic acid. Linoleic acid
has some abilities to lower blood cholesterol levels in humans,
and thus may contribute to the reduced risk for atherosclerosis
and other cardiovascular diseases. The highest proportion of
linoleic acid was determined in brown poppy seeds. This
finding suggests that the brown poppy seeds may have the
quality of oil and its end use. Furthermore, the seeds could be
used in some foods to improve their nutritional value with a
balanced fatty acid composition. Thus, extracted oils from this
poppy seeds may be used to make suitable oil blends with other
oils that contain low levels of these compounds.

The results obtained from this study may contribute for the
usage of poppy seeds in various commercial areas. This work
also contributes to the knowledge of the nutritional properties of
these seeds.
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Bu ¢alismada, farkli tiinek sistemlerinin etlik piliclerde canli agirlik, yem tiiketimi, yemden
yararlanma ve yasama giiciine etkilerinin belirlenmesi amaglanmstir. Yedinci hafta canli agirlik
ortalamalar1 kontrol grubunda, yatay tiinekli grupta, 10° acili tiinekli grupta, 20° agili tiinekli
grupta ve 40° agihi tiinekli grupta sirasiyla 2745,7+356 g, 2722,1+341,8 g, 2804,3+364,4 g,
2727,5+378,7 g ve 2737,5+372,2 g olarak saptanmistir. Canli agirliga cinsiyetin etkisi 6nemli,
buna karsin grup etkisi 6nemsiz bulunmustur. Yem tiiketimi bakimindan gruplar arasinda
onemli farkliliklar ortaya ¢ikmis (P<0,01) olup en fazla yem tiiketimi 10° egimli tiinekli grupta
(4975,6+493,1 g) elde edilmistir. Yemden yararlanma orani bakimmdan da gruplar arasindaki
farklilik 6nemli bulunmugtur (P<0,01).
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The aim of this study was to determine the effects of different perch systems on body weight,
feed consumption, feed conversion and survival rate. At the age of 7 weeks, body masses were
determined as 2745,7£356 g, 2722,1+341,8 g, 2804,3+364,4 g, 2727,5+378,7 g and
2737,5+372,2 g in control, horizontal perch, 10° angled perch, 20° angled perch and 40° angled
perch groups, respectively. There was a significant difference between the sexes with respect to
body weight, but differences among the groups were not significant. The differences between
the groups were found to be significant in terms of feed consumption and highest feed
consumption was determined in 10° angular perch group (4975,6+493,1 g). Also, a significant
difference was found between these groups with respect to feed conversion ratio (P<0,01).

1. Giris

Kanatl eti son yillarda insan beslenmesi agisindan oldukga dolayr piligler yiirliyememekte ve uzun siire ayakta

biiyiikk bir Oneme sahip olmustur.

Kanatli etindeki yag

duramamaktadirlar (Sorensen 2000; Bizeray ve ark. 2002).

miktarmin az, protein miktart ve kalitesinin zengin degeri
yaninda tiretim maliyetlerinin diger et iiriinlerine gore daha ucuz
olmast kanatli etinin 6nemini arttirmistir. Etlik pili¢ tretimi,
niifusun artmasina bagli olarak olusan tiiketim artiglart ile
tilketici egiliminin kirmizi etten beyaz ete yodnelmesi ve
maliyetinin diisiik olmast nedenleriyle ililkemizde de hizli bir
geligme gostermigtir. Bu ilerlemede, 1slah ¢alismalari ile kesim
agirhgma kisa zamanda ulasan ve yemi ¢ok etkin sekilde
degerlendiren genotiplerin elde edilmesinin dnemi biiyiiktiir.
Etlik pili¢lerde giinliik canli agirlik artis1 60’11 yillarda 22 g iken
giiniimiizde 65 g’ a ulagsmistir. Biiyiime doneminde olusan hizl
canli agirhik artisi ozellikle kas agirliginin artmasma neden
olmakta ve iskelet sisteminin  geligmesine  imkan
vermemektedir. Iskelet sisteminin viicudu tastyan bdliimii olan
bacak kemikleri viicudu tagryamamakta ve bacak kusurlarindan

Son yillarda yapilan 1slah caligmalariyla etlik piliglerin canli
agirliklari ve karkas parga agirliklart artmig ve buna bagli olarak
ta canli agirhik ile gogiis kasi miktar1 yaklagik iki katina
cikartilmugtir. Ornegin, 70°1i yillarda 9 haftalik etlik piliglerde
gogusteki pectoralis major kas1 57,3 g iken, 90’11 yillarda 101,5
g’ a ulagsmustir (Lilburn 1994).

Giintimiizde ise kafeste etlik pili¢ yetistiriciliginin giderek
azalmasi ve yetistiricilerin yer sistemini tercih etmesiyle birlikte
yerde degisik barindirma  kosullarmin  arastirilmasinin
gerekliligi ortaya ¢ikmustir. Yerde barindirma ile ilgili yapilan
caligmalarda genellikle yerlesim sikligi, altlik kalitesi {izerinde
durulmus bununla birlikte yerde barindirmada degisik taban
ayrintilart ve bunlarin etlik pili¢lerdeki canli agirlik ve yem
tiiketimine olan etkileri iizerinde yeterince durulmamustir.
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Aragtirmada, farkli tiinek sistemlerinin etlik pili¢lerde canli
agirlik, yem tiiketimi, yemden yararlanma ve yasama giiciine
etkilerinin belirlenmesi amaglanmustir.

2. Materyal ve Metot

2.1.Materyal

Arastirma, Akdeniz Universitesi Ziraat Fakiiltesi Zootekni
Béliimii  Hayvancilik Unitesi’nde bulunan perdeli tavuk
kiimesinde yaz aylarinda tesadiif parselleri deneme desenine
gore 4 tekerriirlii olarak yiritilmistir. Pilicler 5 farkli
barindirma kosulunda yetistirilmis olup bunlar; kontrol grubu
(altliklr), altlikli+yatay (zemine paralel) tiinekli, altlikli+10°
egimli tiinekli, altlikli+20° egimli tiinekli ve 40° egimli
merdiven tiinekli gruplardan olusmaktadir. Her bir bélme 1,8 x
1,4 m boyutlarinda ve her bélmede 15 erkek ve 15 disi olmak
izere toplam 30 pilic olacak sekilde diizenlenmistir.
Aragtirmaya Ross 308 genotipine ait 300 erkek ve 300 disi
olmak {iizere toplam 600 adet giinliik yasta etlik civcivlerle
baglanmistir. Denemede 0 ve 3. haftalarda baglatma (%23 HP,
2850 ME kcal kg?), 4 ve 7. haftalarda ise biiyiitme (%21 HP,
3200 ME kcal kg™) yemi kullanilmistir (NRC 1994).

2.2. Metot
2.2.1.Denemede kullanilan tiinek sistemleri

1. Yatay tiinek: Yiksekligi 10 cm, uzunlugu 90 cm ve 6 esit
pargaya ayrilmis 30 cm’lik yan tiinek ¢itast bulunmaktadir. Yan
tiinek ¢italari arasindaki agiklik 15 cm’dir.

2. 10° egimli tiinek: Yiiksekligi 17 cm, uzunlugu 90 cm ve 6
esit parcaya ayrilmis 30 cm’lik yan tiinek ¢itast bulunmaktadir.
Yan tiinek ¢italart arasindaki agiklik 15 cm’dir.

3. 20° egimli tiinek: Yiiksekligi 33 cm, uzunlugu 90 cm ve 6
esit pargaya ayrilmis 30 cm’lik yan tiinek ¢itasi bulunmaktadir.
Yan tiinek ¢italart arasindaki agiklik 15 cm’dir.

4. 40° egimli merdiven tiinek: Yiiksekligi 70 cm, uzunlugu,
105 cm ve 7 esit parcaya ayrilmig 30 cm’ lik yan tiinek ¢itast
bulunmaktadir. Yan tiinek ¢italar1 arasindaki agiklik 15 cm’ dir
(Le Van ve ark. 2000)

Piligler arastirmanin ilk iki haftasinda, LPG ile ¢alisan
radyan siticilarin kullanildigi durolitle ¢evrilmis bdlmelerde
tutulmuglardir. Bolmelerdeki beton zemin iizerine, soguktan
korunmasi ve hijyenik kosullarin saglanmasi amaciyla 10 cm
kalinliginda kaba aga¢ talagindan altlik serilmistir. Sicaklik,
civcivlerin bulundugu diizeyde ilk hafta 32-33°C, ikinci hafta
30-31°C tutulmus ve ikinci haftadan sonra ek 1sitmaya gerek
duyulmamugtir. Ugiincii, dérdiincii, besinci, altinc1 ve yedinci
haftalardaki sicaklik ve nem degerleri sirasiyla 29.38+0.34°C,
%42.14£0.90;  26.64+0.29°C, %39.56+0.62; 26.26+0.31°C,
%41.62+1.16; 26.15+0.24°C, %47.23+0.83 ve 25.26+0.32°C,
%43.77+1.19 olarak 6l¢iilmisgtiir.

Civcivler, ilk iki hafta yetistirildikleri bolmelerde de tiinek
uygulamalarma aligmalart i¢in kullanilan tiinek ayrintilarinin
acilarma gore kiigiik modelleri yapilmis ve ilk giinden itibaren
bunlar1 kullanmalar1 saglanmistir. Kulugkadan ¢ikan civcivlerin
¢ikig agirliklart ilk glin belirlenmis olup daha sonraki canli
agirlik dlgiimleri i¢in 0,01 g hassasiyetindeki elektronik terazi
kullanilmig ve biitin hayvanlar haftalik olarak tartilmistir.
Arastirmada hayvanlarin yem tiiketimleri haftalik olarak
belirlenmis olup her hafta sonunda yemliklerde kalan yem ayn
hafta verilen toplam yem miktarindan  ¢ikartilarak
hesaplanmistir. Hayvan basina haftalik yem tiiketimi, haftalik

tilketilen yem miktarinin ayni haftadaki hayvan sayisina
bolinmesiyle, eklemeli yem tiiketimi ise o hafta tiiketilen yem
miktarinin - 6nceki  haftanin  yem tiiketimine eklenmesiyle
bulunmustur. Denemede &liimler giinliik olarak belirlenmis ve
bu verilerden gruplardaki yasama giici haftalik olarak
hesaplanmustir. Arastirmada yemden yararlanma orani, toplam
tilketilen yem miktarinin toplam canli agirliga boliinmesiyle
elde edilmistir.

Canli agirlik, yem tiiketimi ve yemden yararlanmaya ait
verilerin analizinde Genel Dogrusal Model (General Lineer
Model), buna karsin yasama giiciine ait verilerin analizinde ise
Khi-kare yontemleri kullanilmigtir. Farklili@i yaratan gruplar
Duncan Coklu Karsilagtirma Testi ile belirlenmistir (SAS
1998).

3. Bulgular
3.1. Canli agwrlik

Gruplara ve cinsiyetlere gore elde edilen ortalama canli
agirliklar haftalik olarak Cizelge 1°de verilmistir. Cizelge 1°de
goriildiigi  gibi gruplar arasinda Onemli farklilik ortaya
cikmazken, cinsiyetler arasindaki  farkliliklar ~ &nemli
bulunmustur (P<0,01). Yedinci haftadaki canli agirhk
ortalamalar1 kontrol grubunda erkeklerde 2949,62+4231g,
digilerde 2525,69+35,60 g, yatay tiinekli grubun erkeklerinde
2921,72438,35 g, disilerinde 2518,79+37,29 g, 10° acil1 tiinekli
grubun erkeklerinde 2981,54+36,49 g, disilerinde
2525,18445,62 g, 20° agili tiinekli grubun erkeklerinde
2926,34+40,46 g, disilerinde 2495,54+46,75 g ve 40° acili
tiinekli grubun erkeklerinde 2913,17+46,20 g ve disilerinde ise
2498,05+35,17 g olarak belirlenmistir. Erkek ve disilerin canli
agirliklart ortalamalar1 arasindaki farklilik ilk hafta onemsiz,
diger haftalarda ise 6nemli bulunmustur.

3.2. Yasama giicii

Aragtirmada yasama gilici degerleri Khi-kare testi
kullanilarak haftalik olarak belirlenmis olup elde edilen
sonuglar Cizelge 2’de dzetlenmistir.

Cizelge 2°de goriildiigli gibi biitiin gruplarda en fazla 6liim
ilk haftada ortaya c¢ikmistir. Yedinci haftada O6liim oranlari,
kontrol grubunda % 2.29, yatay tiinekli grupta % 1.53, 10°
egimli tiinekli grupta % 4,58, 20° egimli tiinekli grupta % 3,05
ve 40° merdiven tlinekli grupta ise % 4,58 olarak saptanmustir.

3.3. Yem tiiketimi ve yemden yararlanma oranlart

Haftalik olarak hesaplanan ortalama yem tiiketimleri
Cizelge 3’de, yemden yararlanma oranlar ise Cizelge 4’de
verilmistir. Elde edilen sonuglara gore ayni haftadaki gruplar
arasindaki farkliliklar 6nemli bulunmamasma karsin, toplam
yem tiiketimi bakimindan gruplar arasinda onemli farkliliklar
ortaya ¢cikmistir (P<0,01). En fazla yem tiiketimi 10° egimli
tiinekli grupta (4975,67+493,1 g) bulunmus olup bu grup ile
diger gruplar arasindaki farkliliklar Snemli (P<0,01), diger
gruplarin  kendi  aralarindaki  farkliliklar ise  Onemsiz
bulunmustur.

Yedinci hafta itibariyle yemden yararlanma oranlar1 yatay
tinekli grupta 1,913+0,024, 10° egimli tiinekli grupta
1,893+0,025, 20° egimli tiinekli grupta 1,973+0,024, 40°
merdiven tiinekli grupta 1,901+0,038 ve kontrol grubunda ise
1,92540,031 olarak bulunmustur. Ortalama yemden yararlanma
oranlart arasindaki farkliliklar 6nemli bulunmus olup (P<0,01)
en diisiik yemden yararlanma orani 40° merdiven tiinekli grupta
(1,56140,04) saptanmustir.
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4. Tartisma ve Sonu¢

Denemede elde edilen bulgulardan erkek piliglerin
disilerden tiim haftalarda daha agir oldugu, uygulama
gruplarinin  canli  agirliklar1  ortalamalar1 arasinda 6nemli
farkliliklar bulunmadigi, buna karsin, 6zellikle 7. haftada 10°

Cizelge 1. Gruplara ve cinsiyetlere gore haftalik canli agirliklar.

83

egimli tiinegin canli agirliga sayisal olarak olumlu bir etkisinin
oldugu gozlenmistir. Benzer bir ¢alismada, altinci hafta sonu
canli agirliklar yatay tiinekli, 10° agili tinekli, karisik tiinekli
ve kontrol grubunda sirasiyla 1851+28g, 1886+25g, 1923+£25¢g
ve 1887+27g olarak hesaplamis ve gruplar arasindaki
farkliliklar 6nemsiz bulunmustur (Pettit-Riley ve Estevez 2002).

Canli agirlik (g)

Grup Esey 1.Hafta 2.Hafta 3.Hafta 4.Hafta 5.Hafta 6.Hafta 7.Hafta

Erkek 132,86+2,01  349,08+5.82  759,29+10,22 1260,90+18,53  1816,03+29,32  2414,14+40,35  2949,62+42,31
Kool pii 134334270 345274630 7147741080 1175,56:16,66 16381562277 21388143101  2525.69+35,60
Yatay Erkek 132,7242,57 337,44+6,02  738,28+10,75 1256,21+16,61  1798,11+23,18  2408,02+31,93  2921,72+38,35
tiinekli Disi 132,63+2,67  326,01£6,18  692,94+12,55 1144,43+20,11  1621,34+27,31  2134,51+34,65  2518,79+37,29
10°agils Erkek 136,16+2,44  343,70+4,93  745,6149,07 12492842024  1785,2242539  2403,37+31,55  2981,54+36,49
tiinekli Disi 136,1242,44  33836+5,39  69126+11,04 1127,98420,08  1580,48+2537  2098,23+35,10  2525,18+45,62
20°ails Erkek 138,8042,22  341,174551  747,79+5,51  1259,89+21,61  1837,40430,53  2425,67+39,99  2926,34+40,46
tiinekli Disi 134,1342,90  323,96+5,95  689,35+12,11 1131,83+19,77  1602,04+27,51  2085,60+34,16  2495,54+46,75
Merdiven Erkek 14047217  34591x4,86 744314857 12287741949  1768,18+28,38  2344,70£39,97  2913,17+46,20
Tiinekli Disi 135,2042,67  330,46+527  681,09+10,03 1104,38+18.47  1587,57+23,93  2066,60+35,65  2498,05+35,17

Erkek  136,22+1,02  343,44+2,43%  746,99+4,52°  1250,95+8,66*°  1800,81+12,27%°  2399,11+16,38°  2939,25+18,24°
Ortalama

Disi 134434120  332,64+2,66°  694,07+5,12°  1137,43+8,58"°  1607,04+11,42°  2106,12+1525°  2512,77+17,83°

D, Ayni siitunda farkl1 harflerle gosterilen cinsiyet ortalamalar arasindaki farkliliklar nemlidir (P<0,01).

Cizelge 2. Gruplara gore haftalik yasama giicii degerleri.

Yatay 1_O° ) 2_00 ) 40° egimli
Grup/Hafta Kontrol tiinekli egimli egimli merdiven
tiinekli tiinekli tiinekli
1 n 0 2 5 2 3
% - 1,53 3,82 1,53 2,29
2 n 2 2 5 3 5
% 1,53 1,53 3,82 2,29 3,82
3 n 3 2 5 4 5
% 2,29 1,53 3,82 3,05 3,82
4 n 3 2 6 4 5
% 2,29 1,53 4,58 3,05 3,82
5 n 3 2 6 4 6
% 2,29 1,53 4,58 3,05 4,58
6 n 3 2 6 4 6
% 2,29 1,53 4,58 3,05 4,58
7 n 3 2 6 4 6
% 2,29 1,53 4,58 3,05 4,58
2 =3260 P-Degeri = 1,000
Cizelge 3. Haftalik yem tiiketimleri (g/pilic).
. o 40° egimli
Hafta/Grup Kontrol j(atay 10 ?glmy 20 E,:,glml% merdiven
tinekli tinekli tlinekli . .
tlinekli
1 170,0+0,00 171,46+1,46 179,22+4,06 173,03£3,03 176,18+4,45
2 316,47+0,00 319,40+2,73 333,850+7,57 325,46+8,79 334,26+10,15
3 479,99+3,33 484,16+6,14 501,15+11,05 481,96+11,96 494,14+14,73
4 710,05+22,88 666,88+5,82 677,13+8,65 698,55+17,36 652,24+11,58
5 960,93+15,06 962,09+9,76 982,75+21,62 965,50+16,67 956,86+13,22
6 1076,36216,21 1069,24+10,59 1107,94+18,04 1082,49+16,34 1073,23+11,89
7 1130,11+19,92 1117,03+10,44 1193,63+12,41 1134,10+27,78 1093,60+39,19
Toplam 4843,91+4762°  4790,26+469,5 4975,67+493,1° 4861,10+476,4° 4780,51+460,4°

P Farkh harflerle gosterilen ortalamalar arasindaki farkliliklar nemlidir (P<0,01)
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Cizelge 4. Haftalara gore yemden yararlanma oranlari.

Grup/ 40° eg_imli
Hafta Kontrol Yatay tiinekli 10° egimli tiinekli ~ 20° egimli tiinekli merdiven Ortalama
tinekli

1. Hafta 1,329+0,016 1,296+0,041 1,309£0,051 1,287+0,020 1,301+0,046 1,30420,015'
2. Hafta 1,463+0,020 1,492+0,027 1,491+0,050 1,500+0,016 1,505+0,054 1,490+0,015¢
3. Hafta 1,357+0,020 1,371+0,004 1,402+0,033 1,378+0,019 1,423+0,049 1,386+0,012°
4. Hafta 1,423+0,007 1,376+0,009 1,409+0,018 1,433+0,024 1,435+0,028 1,415+0,09°
5. Hafta 1,572+0,013 1,532+0,004 1,586+0,027 1,553+0,013 1,590+0,033 1,566+0,09°
6. Hafta 1,704+0,011 1,702+0,038 1,731+0,026 1,713+0,024 1,776+0,026 1,725+0,012°
7. Hafta 1,925+0,031 1,913+0,024 1,893+0,025 1,973+0,024 1,901+0,038 1,920+0,013*
Ortalama 1,539+0,38% 1,526+0,039" 1,545+0,038% 1,548+0,041% 1,561+0,04°

&T. Farkli harflerle gosterilen ortalamalar arasindaki farkhliklar 6nemlidir (P<0,01)

Deneme siiresince elde edilen toplam 6liim orant %3,50
(21/600=0,035) olarak bulunmustur.

Toplam yem tiiketimi en fazla 10° egimli tiinekli grupta
(4975,6+493,1 g) saptanmis olup bu grup ile diger gruplar
arasindaki farkliliklar 6nemli bulunmustur (P<0,01). Yemden
yararlanma oranlar1 bakimindan da gruplar arasindaki
farkliliklar 6nemli bulunmug olup en iyi yemden yararlanma
oran1 yatay tiinekli grupta (1,526+0,039), en diisiik ise 40°
egimli merdiven tiinekli grupta (1,561+0,04) saptanmistir
(P<0,01).

Sonug olarak, tiinek kullanimu etlik piliclerde canli agirlik
bakimindan bir farklilik yaratmamis, ancak Oliim oranlarinin
daha diisiik diizeylerde kalmasinda etkili olmustur. Etlik pili¢
iretimindeki verimlilikte, bir piligten elde edilen canli agirlik
kadar, birim kiimes taban alanindan elde edilen toplam agirlik
da etkendir. Bu nedenle de yatay tiinegin uygulandigi grupta
6liim oranlarinin diger gruplara gore daha diisiik olmasi birim
alandan elde edilen canli agirligin daha yiiksek bulunmasina
neden olmugtur. Ayrica, tiineklerde uygulanan egim degerleri,
tineklerin etlik piligler tarafindan kullanilma oranlarini
etkiledigi saptanmistir. Bu nedenle, tiinekler planlanirken
oncelikle egimlerinin dikkate alinmasi ve 10°’nin iizerine
¢ikilmamasina 6zen gosterilmelidir.

Tesekkiir

Bu calisma Akdeniz Universitesi Bilimsel Arastirma
Projeleri koordinasyon Birimi tarafindan 2003.02.0121.010
proje numarast ile desteklenmistir.

Kaynaklar

Bizeray D, Estevez |, Leterrier C, Faure JM (2002) Influence of
increased environmental complexity on leg condition, performance,
and level of fearfulness in broilers. Poultry Science 81: 767-77.

Le Van NF, Estevez I, Stricklin WR (2000) Use of horizontal and
angled perches by broiler chickens. Applied Animal Behaviour
Science 65: 349-365.

Lilburn MS (1994) Skeletal growth of commercial poultry species .
Poultry Science 73: 897-903.

NRC (1994) National Research Council. Nutrient Requirements of
poultry, 9" revised. National Academy Press, Washington.

Pettit-Riley RL, Estevez | (2001) Effect of density on perching behavior
of broiler chickens. Applied Animal Behaviour Science 71: 127-
140.

SAS (1998) SAS-STAT Software. Version 6.12. SAS Institute Inc Cary,
N.C.

Sorensen P (2000) Genetics of skeletal development. Proceeding in XXI
World’s Poultry Congress, Montreal, Canada August 20-24.

© Akdeniz Universitesi Ziraat Fakiiltesi



Research Article/Arastirma Makalesi

www.ziraatdergi.akdeniz.edu.tr

AKDENIZ UNIVERSITESI
ZIRAAT FAKULTESI DERGISI
(2012) 25(2): 85-92

Linearity comparison of single and dual frequency GPS receivers under

dynamic conditions

Dinamik sartlar altinda tek ve ¢ift frekansli GPS alicilarinin dogrusallik

Karsilastirmasi

ilker UNAL!, Mehmet TOPAKCI?, Murad CANAKCI? Davut KARAYEL? Mete YiGiT?

! Mehmet Akif Ersoy University, Bucak Hikmet Tolunay Vocational School, Bucak-Burdur, Turkey
2 Akdeniz University, Faculty of Agriculture, Department of Agricultural Machinery, Antalya, Turkey

Corresponding author (Sorumlu yazar): M. Topakci, e-mail (e-posta): mtopakci@akdeniz.edu.tr

ARTICLE INFO

ABSTRACT

Received 19 March 2012

Received in revised form 02 July 2012

Accepted 09 July 2012

Keywords:

Precision agriculture
GPS
Accuracy

GPS (Global Positioning System) receivers are one of the main elements for Precision
Agriculture applications. The level of desired accuracy in applications varies greatly from
application to application. Commercially available GPS receivers provide accuracy anywhere
from1 meter to 3 meters. This accuracy range can be up to a centimeter with corrective signals
such as real time kinematic or CORS (Continuously Operating Reference Station) network. The
objective of this study was to compare the linear accuracy of single (Garmin Etrex Legend) and
dual — frequency (Magellan ProMark 500) GPS receivers. The receivers were placed about 0.2
m apart from each other on top of an agricultural tractor. The tractor was steered at different
speeds as a straight line to collect coordinate data. To compare receivers, the collected data were
separately mapped for each receiver using the ARCGIS 9.3 software. So, standard deviations,
standard errors of cross track error (XTE) and horizontal accuracy (DRMS) values of straight
lines for each receiver were analyzed. Also, we investigated the effects of different speeds to
horizontal accuracy. In conclusion, the results indicated that the Magellan Promark 500 yields
more horizontal accuracy than the Garmin Etrex Legand. Also, different speeds did not have
significant influence on the horizontal accuracy.
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Anahtar Kelimeler:

Hassas tarim
GPS
Hassasiyet

GPS alicilart hassas tarim uygulamalart i¢in kullanilan temel elemanlardan biridir.
Uygulamalarda istenen hassasiyet diizeyi, biiyiik 6l¢iide uygulamadan uygulamaya farklilik
gostermektedir. Ticari olarak kullanilmakta olan GPS alicilart yaklagik olarak 1 ile 3 m
arasinda hassasiyet degerine sahiptirler. Bu hassasiyet sinirlari, RTK (Real Time Kinematic) ve
CORS ag1 gibi diizeltme sinyalleri yardimi ile santimetre alti seviyeye indirgenebilmektedir.
Bu baglamda, ¢aligmanm amaci tek (Garmin Etrex Legand) ve cift frekansli (Magellan
ProMark 500) GPS alicilarinin hassasiyet degerlerinin karsilastinimasidir. ki alict 20 cm
araliklara ayn1 hizada traktoriin lizerine yerlestirilmistir. Koordinat verilerinin toplanmasi i¢in
traktor, farkli hizlarda, dogrusal hatlar olusturulacak sekilde ilerletilmistir. Karsilagtirma
isleminin yapilabilmesi igin her bir alictya ait GPS verileri ARCGIS 9.3 yazilim1 kullanilarak
haritalandirilmistir. Dogrusal hatlar tizerindeki dogrultudan sapma hatalarinin (XTE) standart
sapma ve standart hata degerleri ile yatay hassasiyet (DRMS) degerleri analiz edilmistir.
Ayrica, farkli ilerleme hizlarinin yatay hassasiyet tizerindeki etkileri arastirilmistir. Sonug
olarak, Magellan Promark 500 alicisinin Garmin Etrex Legand alicisindan daha hassas oldugu
belirlenmistir. Ayrica, farkli ilerleme hizlarinin yatay hassasiyet iizerinde 6nemli bir etkisinin
olmadig1 saptanmistir.

1. Introduction

Determination of the variability of temporal, spatial and can be beneficial. In precision agriculture applications,
predictive on the field is important for precision agriculture determination of the geographic position of operating machines
applications. If the agricultural activity carries out the right is essential. In this sense, various positioning method, including
thing, at the right place, at the right time, precision agriculture mechanical, optical, radio, and ultrasonic techniques, have been
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investigated since the 1991 (Tillett 1991). Since the mid-1990s,
the Global Positioning System (GPS) has become fully
operational and commercially available, and GPS receivers have
been widely used as position sensors in site-specific crop
management (Han et al. 2004).

The Navstar Global Positioning System (GPS) is a satellite-
based radio navigation system developed and operated by the
U.S. Department of Defense that allows users to determine
three-dimensional position and velocity anywhere in the world
with a high degree of accuracy (Tyler 1992). GPS satellites
broadcast own data such as location, time, system status and the
ionosphere delay with the two different carrier frequencies (L1
—1575.42 and L2 — 1227.60 Mhz) and the low power (20 — 50
W). GPS satellites transmit both a standard C/A (Coarse
acquisition) code and a precise P code (restricted to U.S.
government use) on each of two frequencies. System designers
have developed navigation and positioning solutions based on
processing the C/A code, the P code, and/or the underlying
carrier wave from one or both frequencies (Borgelt et al. 1996).

A GPS receiver's job is to locate four or more satellites,
figure out the distance to each, and use this information to
deduce its own location. This operation is based on a simple
mathematical principle called trilateration (Blewitt 1997). There
are two measuring methods for GPS receivers to determine the
position: pseudo range measurement and carrier phase
measurement. The pseudo-range positioning technique
compares the coded signal transmitted from the satellites with
an exact replica of the code generated in the receiver. The time
delay between the two signals provides a measurement of the
distance to each satellite. The carrier phase positioning
technique is an alternative to using the coded GPS data from the
satellites. By directly observing the phase of the carrier wave on
one or both frequencies, maximum accuracies are attainable.
Furthermore, Leick (1990) reported that the carrier phase
measurement is more accurate than the pseudo range
measurement. In addition, different measurement methods such
as Differential Global Positioning System (DGPS) and RTK
should be used to achieve maximum accuracy. For GPS
receivers, the information of the measurement methods,
accuracy and price is given in Table 1.

Table 1. Measurement methods, accuracy and price for GPS receivers
(Grisso et al. 2009).

Method Accuracy (m) Price ($)
GPS measurement 15 100 - 700
DGPS measurement 3-5 300 - 2000
DGPS measurement <3 2000 — 6000

(WAAS, EGNOS vs.)

Real Time Kinematic 0,01-0,1 15000 — 60000

The requirement for GPS navigation accuracy is application
dependent (Buick 2002). Some applications require high
absolute accuracy, while others only need high relative accuracy
(Han et al. 2004). For variable rate application and referencing
of soil and yield data, an accuracy of one to several meters is
generally sufficient. More accurate systems would be useful for
vehicle guidance, to eliminate skips and overlaps with a
chemical applicator, or for precision cultivation operations
(Auernhammer and Muhr 1991; Han et al. 2004).

The Institute of Navigation (ION 1997) has developed test
procedures to quantify the static navigation accuracy of GPS
receivers. For simplicity, many GPS manufacturers report GPS
accuracy using stationary test data. However, most agricultural
applications, such as tillage, planting, spraying, and harvesting,

in which the GPS receivers are used under dynamic conditions,
are mobile operations (Han et al. 2004). Also, Han et al. (2004)
reported that the GPS accuracy data provided by GPS
manufacturers may not accurately characterize the actual
performance of the receivers for many precision agriculture
applications. In addition, Stombaugh et al. (2002) reported that
the static performance of a GPS receiver is not necessarily the
same as its dynamic performance.

Han et al. (2004) developed a method to evaluate the DGPS
dynamic position accuracy under linear parallel-tracking
applications. Eight commercially available DGPS receivers
were used to collect navigation data and consequently to
quantify the receivers’ dynamic position accuracy under
different dates, times of the day, and travel speeds. All eight
DGPS test units were connected to the PC using RS-232
communications protocol. A program was developed to
simultaneously record all the test data. Test platform was built
and installed on top of a Patriot XL Sprayer (Figure 1). Five
different differential correction signal sources were selected for
the study (SF1, SF2, WAAS, OmniSTAR and Beacon). Each
test consisted of six parallel passes, and each pass was
approximately 305 m long (Figure 2). The test processes were
conducted at North — South directions. The desired pass-to-pass
spacing was 6.10 m. A total of 68 tests were conducted at
different dates, different times of the day and at different
vehicle speeds. Researchers found that the dynamic
performance of a receiver was extremely variable from test to
test and the pass-to-pass average error provided a good
statistical measure of the GPS dynamic accuracy.

Direction
of Travel

148

203

(a) Rear view

@

(¢) GPS antenna locations

(b) Side view

Figure 1. Test vehicle, test platform, and GPS antenna locations (Han et
al. 2004).
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Figure 2. Vehicle passes from a typical test and six parallel passes in a
single test (Han et al. 2004).
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Taylor et al. (2004) developed test procedures for
dynamically evaluating GPS receivers using a straight—line
fixture. GPS receivers were dynamically tested on a 0.8 km
length of railroad track using a small rail cart (Figure 3). The
tests were conducted in both directions (east - west) and at two
different speeds (8, 19 km h™). Cross—track and pass—to—pass
errors were determined for a John Deere StarFire receiver with
dual—frequency correction and a Trimble AgGPS 132 in
autonomous mode. The GPS receivers were evaluated over a 24
h period. Researchers reported that pass—to—pass errors were
more random than cross—track errors, with no clear
concentrations of frequency content, implying that pass—to—pass
accuracy tests can yield meaningful results in less time than
required for cross—track accuracy testing.

2 s S BN AN,
Figure 3. GPS receivers mounted on the rail car for testing (Taylor et
al. 2004).

Keskin and Say (2006) investigated the availability of low
cost GPS receivers for measuring ground speed. In the study,
two different low cost GPS receivers were placed about 0.3 m
apart from each other on top of an agricultural tractor (Figure
4). Both receivers were interfaced to the laptop through the
serial communication (COM) port. Statistical analysis was
carried out to study the significance of the differences in the
GPS speed data for the three different dates and repetitions. As
a result, researchers reported that the low-cost GPS receivers
can be confidently used to measure the ground speed in
agricultural machinery operations (R*>0.99).

GPS Unit #1 GPS Unit #2

0
e l:

Data Cable
CO_<C

T O
Laptop computer /4 \/— \\
COM-to-USB i \ L

converter j’

Cee b -5 ]

——d— 15 GPs units

| e |
LI

USB extension cable
J

Figure 4. GPS speed measurement system (Keskin and Say 2006).

The main objective of this research was to develop a
method to compare and evaluate the dynamic position accuracy
of GPS receivers under dynamic linear conditions. Two

commercially available GPS receivers were used to collect
navigation data and consequently to quantify the receivers’
dynamic position accuracy. The DRMS (Distance Root Mean
Squared) method was used to calculate accuracy values of each
receiver. So, navigation data of each GPS receiver was mapped.
In addition, according to each GPS receiver data, cross track
errors and travel speed data were statistically analyzed.

2. Materials and Method

2.1 Materials

In this study, two commercially available GPS receivers
were used to accuracy test process. Technical information of the
test receivers are given in Table 2. The Promark 500 receiver
has dual-frequency (L1, L2) architecture, whereas the other
receiver is single — frequency (L1) systems. It can be connected
to Corse-TR (Continuously Operating Reference Stations-
Turkey) via a phone data card to receive correction signals. For
Garmin Etrex Legand receiver, correction signals were not used.

The GPS receivers were straightly placed about 0.2 m apart
from each other on top of an agricultural tractor (Figure 5).
According to the catalog data, Promark 500 receiver was
selected as a reference receiver.

Promark
500 +

o
(o]
l/ Garmin E
¥
Etrex

1 Legand

Mapping
(ArcGIS 9.3)

1

Data
Acquisition
Software
(VB.NET)

L

Statistical
Analyz
(5PSS)

Figure 5. The arrangement of the GPS receivers, test vehicle and the
test system.

A laptop computer was used to collect GPS data. The RS-
232 serial communication protocol was used between the GPS
receivers and the laptop. Serial communication speed of the
GPS receivers was set 4800 baud to ensure synchronization.
GPS data was saved to the database every 1 second. The data
acquisition software was developed in Microsoft Visual
Basic.NET programming language. All GPS data was stored to
the Microsoft SQL Server 2005 database. ArcGIS 9.3 mapping
software was used to mapping GPS position data. Microsoft
Excel 2010 was used to analyze the GPS data.
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Table 2. Technical information for the test receivers.

. Measurement GPS DGPS RTK Update .
Code GPS Receiver Price
Method Accuracy  Accuracy Accuracy  Rate

Magellan
A RTK-CORS - <im <50 mm 20 Hz 15000 $

Promark 500

Garmin Etrex
B GPS <15m 3-5m - 1Hz 200 %

Legend

2.2 Method

Field tests were conducted in April 2011 at the Research
and Application Land, Faculty of Agriculture, University of
Akdeniz, Antalya, Turkey. The research area is located
approximately 20 km from Antalya between the coordinates of
30.84 E and 36.94 N. The designed system was connected to a
Massey Ferguson 3095D four-wheeled tractor. The test vehicle
was manually driven along the north — south direction as
straight line as possible. The test vehicle was driven six times at
six different speeds (2, 4, 6, 8, 10 and 12 km/h). Each straight
line was approximately 100 m long.

GPS receivers send data such as latitude, longitude, speed,
time, etc. with cable to other electronic devices via RS-232
serial port in NMEA (National Marine Electronic Association)
0183 format. NMEA 0183 is a standard protocol, use by GPS
receivers to transmit data. All NMEA data is emitted as ASCII
data. Latitude and longitude data received from a GPS receiver
in the NMEA-0183 format is in unit’s ddmm.mmmm, where dd
equals degrees, mm equals minutes, and .mmmm is decimal
minutes. For many purposes, position information in this format
is more than adequate. However, when plotting position
information on maps or carrying out supplemental calculations
using the position coordinates, it can be advantageous to work
instead with the corresponding grid coordinates on a particular
map projection. One of the most widely used map projection
and grid system is the Universal Transverse Mercator (UTM)
system. UTM grid coordinates are related to geodetic
coordinates, and indicates the corrections to be applied to grid
distance and bearings to get the actual true quantities on the
earth’ s surface (Topakci et al. 2010). For this reason, data that
received from GPS receivers was converted to UTM format,
and stored to the database by the software. The interface of the
developed software is shown in Figure 6.

The GPS measurement error can be divided into two
components: a cross-track error (XTE) perpendicular to the
direction of the travel, and a track error (TE) parallel to the
direction of travel (Figure 7). The ideal vehicle trajectories for
most agricultural applications, such as tillage, planting,
spraying, and harvesting, should be made of parallel passes
separated by a uniform distance W. If the actual distance is
greater than W, there is a skip, and if the actual distance is less
than W, there is an overlap. Obviously, the XTE is the most
important variable that affects the skip or overlap (Han et al.
2004).

Given that one of the main uses of GPS in agriculture is
guidance, and XTE is the most important measure of
performance. Our test track was oriented south-north, the XTE
and the easting error were practically synonymous. We refer to
easting error as XTE. XTE is the distance between your current
position and the planned route. The regression line of the GPS
data was used as a reference line. The reference lines were
calculated individually for each plot within each test. XTE was

expressed as the distance (northing or easting) between GPS
data and the reference line.

o promark.mdb =) e s
utme utmy speed -
A0SEITTARETE  0,1852
269584,995685064  40BEATTATIZOTED 0,182
209584,996233084  0BENESIEFO 01882
MO564.96575073  DBG2SSIGOTISIS 01852
promark mdb] - 269564,581120676  4086255,6216426 0,152
Database
289584,980187097 4086255648085 O
Practice No 1 - 209584,99651330  40B62SEES0I81 03704
269565,000101246 4G55I 03704
Serial Port CoM1 v 285585,01434546 4086255,36729581 07408
289E85,044751208 408625, 19076665 0,7408
Comm. Speed (bps) 9500 M 09EEE.074B08881  40BE2EASTIEEERT 11112
1000 - 269565, 112534196 40B6254,68762097 L2964

Fecsiialo LSEES 457124 4DBE254JSTSIEET L1112

285585,184334141  4D86254,10665768  1,4816

s T 289585,220394357 4086253064857 1.2964
g : 289565,260816147  4086253,53483054 12964
289585,304257733  4DS6253,24878826 1,2964

285585,343150683  4DBE2SLITH157TL 14816

UTMX 0 289585,376195121 4086252673728 12964
289565,406223731 4066252385812 1.4816
UTMY 0 2B9565,450965206  40B6252.09233602 12964
285585,483826507  4D86251,79515358 1,964
289585,516825171  4D86251,51151983  1.4816
289565,564445129  4DS62SL21427144 12954

239565,606306145  4DB62S0.924567H 12964
28555,64376189  4DS62S0,63682287 1,294

Figure 6. Developed software for collection GPS data.

Direction of Travel

b TE(Track Error)=c-b
[ ]
g &..
______________ S A
Cross Track Errror (XTE)
GPSWaypoint

Figure 7. Definitions of GPS measurement errors

In this study, we collected latitude and longitude coordinate
values for each GPS receiver. And so, GPS coordinate values
were converted to UTM coordinates by the developed software.
Also, DRMS was calculated to estimate GPS positional error in
terms of accuracy for each receiver. For DRMS calculations,
horizontal accuracy was calculated by the Equation 1 (Perez at
al. 2006).

-

= =
gH_ﬂcc =0y — Og @)

where; PH_ace DRMS; ¥ and “E are the standard
deviation of the positional error along Northing and Easting
directions respectively that are calculated by Equations 2 and 3
(Perez at al. 2006):

2 E n |: J"-'-[ _Fj

CI"‘ = =’:—:—1 (2)
2 _ L, (E-E]
OF == ©)

where; n is the total number of points; E; and N; indicate the
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Figure 8. UTM Coordinate map for collected GPS data.

Unal et al.IAkdeniz Univ. Ziraat Fak. Derg. (2012) 25(2): 85-92

location of iy, point along Northing and Easting directions,
respectively; E and N are the sample mean of the measurements
along Northing and Easting directions, respectively.

In this study, standard deviations and standard errors of the
XTE values and DRMS values of straight lines for each receiver
were calculated and analyzed. Travel speed effects on the
DRMS were analyzed by using the analysis of variance
(ANOVA) on the SPSS statistics software. Also, positioning

data which was collected from each receiver was mapped by
using ArcGIS 9.3 mapping software.

3. Results and Discussion

During the experiment, collected GPS coordinate values for

each receiver were mapped by the ARCGIS 9.3 mapping
software. The UTM coordinate map for all values is presented

in Figure 8. It is seen from Figure 8 that coordinates values of

the Promark 500 receiver are visually more linear than the
Garmin Etrex Legand.

289560 289570 289580 289590
1 1 1 1

89

For horizontal accuracy calculation, linear regression
analyses were performed by the Excel 2007. Linear regression
analysis was used to find the straight line that best fits the data.
With linear regression analyze, the XTE values were calculated.
Depending on the XTE values, horizontal accuracy calculation
was performed. The relationship between the UTM coordinates
(%, y) and regression lines are shown in Figure 9. The results of
the regression analyze show that the Promark 500 receiver

(R*>0.99) under dynamic conditions is slightly more linear than
Garmin Etrex Legand receiver (R%>0.98).

Standard deviation, standard error of the XTE values and
horizontal accuracy values (3 _scc) are shown in Table 3. The
comparisons of the horizontal accuracy values show that the
horizontal accuracy of the dual frequency (Promark 500)
receiver is approximately two times more accurate than the
single frequency (Garmin Etrex Legand) under dynamic
conditions. Also, according to the statistical analysis (ANOVA),
the effects of the travel speed on the horizontal accuracy were
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Table 3. Test results.

eers T Sprd  devtonorne Sl Sontrddoaion Sarodoro ol omat e
° (km/h) easting XTE values (m) XTE values (m) values (m) Accuracy (m) ®)
values (m)
o 1 2 0.159 0.159 2.081 2.097 2.075 0.9912
;" 2 4 0.316 0.317 4.327 4.369 4.315 0.9842
3 3 6 0.456 0.455 6.397 6.490 6.380 0.9672
E 4 8 0.116 0.118 1.493 1.526 1.489 0.9979
% 5 10 0.401 0.406 5.901 6.040 5.888 0.9764
6 12 0.205 0.211 2.685 2.768 2.677 0.9942
=] 1 2 0.055 0.055 0.730 0.732 0.728 0.9988
% 2 4 0.206 0.206 2.933 2.940 2.926 0.9925
S 3 6 0.344 0.343 4.128 4141 4113 0.9878
% 4 8 0.084 0.085 1.165 1.173 1.162 0.998
%’ 5 10 0.242 0.243 3.115 3.132 3.105 0.9928
= 6 12 0.090 0.090 1.187 1.191 1.184 0.9985
not significant for both receivers. As a result; single frequency References

GPS receivers can be used safely in applications requiring
linearity for different travel speeds.

4. Conclusions

The ideal vehicle trajectories for most agricultural
applications, such as tillage, planting, spraying, and harvesting,
should be made of linear and parallel. However, most
agricultural applications, such as tillage, planting, spraying, and
harvesting, in which GPS receivers are used under dynamic
conditions, are mobile operations. It is proposed that the
horizontal linear accuracy (DRMS) is the most important
criterion in evaluating a receiver’s dynamic performance for
those applications.

In this study, two commercially available GPS receivers
were used to collect navigation data and consequently to
quantify the receivers’ dynamic position accuracy. The DRMS
method was used to calculate accuracy values of each receiver.

So, navigation data of each GPS receiver was mapped. In
addition, according to each GPS receiver data, cross track errors
and travel speed data were statistically analyzed.

The results of the regression analysis show that the Promark
500 receiver (R®>0.99) under dynamic conditions is slightly
more linear than Garmin Etrex Legand receiver (R*>0.98). The
results of the horizontal accuracy calculation show that the
horizontal accuracy of dual frequency (Magellan Promark 500)
receiver is approximately two times more accurate than the
single frequency (Garmin Etrex Legand) under dynamic
conditions. Also, according to the statistical analysis
(ANOVA), the effects of the travel speed on the horizontal
accuracy were not significant for each receiver.

In conclusion, Both Promark 500 and Garmin Etrex Legand
receiver can be used to applications that require linearity in
precision agriculture applications. But, the Promark 500
receiver must be used to applications that require higher
accuracy.
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This study was carried out to evaluate the structural properties of modern greenhouses and the
heat requirements of the modern greenhouse farms calculated using multi-years climate data in
the Mediterranean region of Turkey. Greenhouse farms in Turkey spread mostly along
Mediterranean costal areas, Marmara and Aegean regions. The most important region within
Turkey for greenhouse cultivation is the Mediterranean region, covering almost 85% of total
production with plastic and glass greenhouses. In recent years, the number and production area
of modern greenhouses have increased in Turkey. Also, these greenhouses are located mostly in
the province of Antalya, the reason why the region was selected as study area. As a result, 74,
16 and 10% of modern greenhouse enterprises in the region were the vegetable, seed and
seedling production greenhouses, respectively. Soilless culture systems are usually applied in
the vegetable production greenhouses. The technological and productivity levels of vegetable,
seed and seedling production greenhouses are very high and their average size varies between
0.5 and 2.1 ha. The results indicate that the heating systems should be intensively operated in
the period from November to April. The highest and lowest heat requirements were determined
from PE and PC+(PE(DL**)+TS¥*) covered greenhouses, respectively.
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Anahtar Kelimeler:

Modern seralar
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Akdeniz Bolgesi
Antalya

Bu arastirma, Tirkiye'nin Akdeniz bolgesindeki modern sera isletmelerinin yapisal
Ozelliklerini belirlemek ve incelenen modern sera igletmelerinin 1s1 gereksinimlerini uzun yillik
iklim verilerine gore hesaplamak amaciyla yiiriitiilmiistir. Tiirkiye’de sera igletmeleri Akdeniz
kiy1 seridi, Marmara ve Ege bolgelerinde yaygin bicimdedir. Tiirkiye’de sera yetistiriciliginde
en dnemli bolge, plastik ve cam kapli seralarda toplam {iretimin % 85’ini kapsayan Akdeniz
Bolgesidir. Son yillarda Tiirkiye’de modern sera isletmelerinin sayisinda ve iretim alaninda
onemli artiglar gozlenmektedir. Anilan seralar genellikle Antalya ilinde bulunmaktadir bu
nedenle Antalya ili ¢alisma alani olarak secildi. Arastirma seralarda yapilan bitkisel tiretim,
seralarin yapisal ozellikleri, boyutlandirma ve planlama kriterleri, sera i¢i ¢evre kosullarinin
yeterliligini igeren anket uygulanmasi bi¢iminde yiiriitiildi. Sonug olarak, bolgedeki modern
sera isletmelerinin %74’iinii sebze seralari, % 16’11 tohum seralart ve % 10’unu fide liretim
seralart olugturmaktadir. Sebze iiretim seralarinda genellikle topraksiz kiiltiirde iiretim
yapilmaktadir. Yoredeki sebze, tohum ve fide Uretim seralarinda teknoloji kullanimi ve
verimlilik diizeyinin yiliksek oldugu ve anilan seralarin ortalama taban alani biiyiikliigiiniin 0,5
ile 2,1 ha arasinda degistigi sdylenebilir. Arastirma sonuglarina gore, modern seralardaki 1sitma
sistemlerinin Kasim ve Nisan aylar1 arasinda ¢alistirilmas: gerektigi belirlenmistir. En fazla ve
en az 1s1 gereksinimleri sirasi ile PE ve PC+(PE(DL**)+TS*) ortiilii seralarda belirlendi.

1. Introduction

Turkey is located between 36- 42° North latitude and 26-
45° East meridians. That’s why it has advantages for
greenhouse cultivation. In 1960, the total greenhouse area was
1,003 ha in Turkey and it increased up to 20,481 ha in 2000.
According to statistics of 2009, the total greenhouse area is

30,312 ha of which 8,293 ha is covered glass and 22,019 ha
covered plastic (Brumfield et al. 1997; TUIK 2009). Turkey is
divided into seven geographical regions: the Marmara, Aegean,
Mediterranean, Central Anatolia, Black Sea, East Anatolia and
Southeastern Anatolia regions. The most important region
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within the country for greenhouse cultivation is the
Mediterranean region, covering almost 85% of total production
with plastic and glass covered greenhouses (Table 1). The
majority of the greenhouses in the Mediterranean region are
located in city of Antalya (Kacira et al. 2004; TUIK 2009). The
area of the main greenhouse production countries is shown in
Table 2 (Kacira et al. 2004). As shown in Table 2, China ranked
the first in terms of the total greenhouse area in the world while
Turkey ranked the sixth. Turkey is one of the major greenhouse
production countries not only in the Mediterranean region but
also in the world, with total of 30,312 ha glass and plastic
greenhouse area (Kacira et al. 2004). Although Turkey ranked
the sixth in terms of the total greenhouse area in the world, it
can be said that the amount of product which is obtained per
unit area is under the product of the other world countries. For
example, despite Turkey’s having approximately 3 times as
many greenhouse areas as Netherlands country's total
greenhouse areas (Table 2), Turkey are unable to obtain the
desired quality and quantity of product. One of the most
important reasons for this is that greenhouse production in
Turkey is usually carried out with traditional methods in family
farms when greenhouse production in countries such as
Hollanda and so on is usually done with modern production
techniques in modern farms. According to the works of Garcia-
Martinez et al. (2010), in the Netherlands and Central Europe it
is common to find the glass-Venlo greenhouse type, with high
energy intake, trying to improve climate and cultivation. The
main advantage of the greenhouses in the Mediterranean region
of Turkey has been their low cost and very low energy use.
Growers use only a small amount of energy for controlling the
greenhouse environment and the production is mainly carried
out by taking advantage of the favorable climate. For example,
heating is done only to protect from frost in winter time.
However, most of the greenhouses in Turkey have small
ventilation openings compared to their ground area. The
consequence of this situation is that the resulting microclimate
is far from being satisfactory for the crop during a large part of
the year, since for extreme outside climate conditions the
present (low temperatures) systems cannot maintain inside
temperatures within acceptable levels. However, to maintain the
competitive position of Turkey production it is necessary to
improve the quality and yields, which requires raising the
technological level of greenhouses.

Table 1. Regional distribution of covered production area in Turkey

(TUIK 2009).

TP
Region greenhouse

o R e A
r':"e‘“te"a”ea 26090 86 22086 84 48176 85
Aegean 341 12 1617 6 5158 10
Marmara 38 1 461 2 850 1
Other regions g, 1 2242 8 2534 5
Total 30312 100 26406 100 56718 100

In recent years, it is observed that the number of modern
greenhouses increases in Turkey. These greenhouses are located
mostly the Antalya province in the Mediterranean region.

Moreover, modern greenhouses where heating is performed
with geothermal energy have also begun to be established in the
other inner regions. The modern greenhouses where initial
investment costs are higher have automation systems to
maintain climate control soilless growing. Installation costs of a
modern plastic greenhouse for 30 ha are 1,395,000 Euros (Titiz
2004; Canake1 and Akine1 2007).

Table 2. Production area of the main greenhouse production countries
excluding low tunnels (Kacira et. al. 2004).

Country Greenhouse area (ha)
China 1000000
Japan 53518
Korea 52189
Spain 33750
Italy 26000
Turkey 22064
Netherlands 10416
USA 7016
France 8108
Israel 3510

Heating of a greenhouse is an essential requirement for
proper growth and development of winter growing crops
(Tiwari 2003). Heating and cooling of agricultural greenhouses
are the utmost important activities to extend its application
throughout the year for crop production (Jain and Tiwari 2003).
Greenhouse heating costs has an important place in the annual
operating expenses (Yiksel 2004). Based on growing season
and location, greenhouse enterprises heating costs may change
between 40 and 80% of total production costs (Kendirli and
Cakmak 2010). In many Mediterranean countries, even in cold
nights heating is not made. However, this situation leads to low
quality and efficiency in products. Instead of fossil fuels to heat
the greenhouses alternative energy sources and energy
conservation should be taken into consideration. Solar energy is
an important alternative energy source and is a significant
opportunity for the Mediterranean and the Arab countries zone.
In spite of being a cheap and favourable source, solar energy
has some economic and technical drawbacks (Zabeltitz 1988).
The most important renewable energy source is the solar
energy. In case solar energy for greenhouse heating is made use
of, greenhouse heating costs in total production costs will
decrease. Therefore, greenhouse production costs will decrease
(Ozturk et al. 2010).

The current situation is highly dependent on the opening of
markets, which is boosted by the Euro Mediterranean
Agreement, as it imposes the obligation of Spanish production
to compete with other countries, especially in the
Mediterranean, including Morocco, Egypt or Turkey, which
have different socioeconomic characteristics and labor available
at much lower prices. Knowledge of the overall current state of
equipment and technology is necessary both in political and in
business decision-making to increase the efficiency of
greenhouse production (Garcia-Martinez et al. 2010).

The aims of this study were to determine technical,
structural properties and heat requirements of modern
greenhouses in Antalya.

2. Material and Method

2.1. Study area

Mediterranean region is located on the south of Turkey. The
total surface area of the region is approximately 89,493 km?
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and about 14% of the total surface area of Turkey. Greenhouse
facilities in Mediterranean region are common in especially
Antalya, Adana, Mersin and Hatay province. According to
statistics of 2009, 70 % of the total greenhouse area in
Mediterranean region is located in Antalya and 83.3 % of the
glasshouses and 51.4 % plastic houses in Turkey are located in
the province (Table 3). Greenhouse production makes a
significant contribution to regional economy (Ozmerzi and
Ozkan 2002; TUIK 2009; Kacira et al. 2004).

Greenhouse production is mainly carried out by taking
advantage of the favorable climate with small family enterprises
in Antalya while keeping the operational cost at a minimum
level. The planning and sizing criteria of most of these types of
greenhouses are not suitable for ecological conditions of the
environment. They are constructed without performing static
and strength calculations. Heating have been carried out only
for protection of frost hazard in the greenhouses (Emekli 2007).
However, large modern greenhouse enterprises have become
widespread with soil or soilless of culture and automation
applications in the study area (Canakci and Akinci 2007). The
province of Antalya, with applications of modern greenhouse, is
ahead of our country.

Antalya has a Mediterranean climate, characterized by
warm, relatively humid winters and hot, dry summers. Climate
data recorded by Antalya Meteorology Station for study area
were given in Table 4 (Antalya Meteorology Station 2008).

2.2. Study data

According to 2008 statistics, there were 34 modern
greenhouse farms in Antalya and the total modern greenhouse
area was 956,1 ha of which 431,1 ha was under glass and 525,0
ha was under plastic (Antalya Provincial Agriculture
Directorate 2009). Modern greenhouse farms are applied
densely in Center, Serik, Kumluca, and Manavgat districts of
Antalya (Figure 1).

95
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Figure 1. Maps of Turkey and Antalya Province (CNES/SPOTIMAGE
satellite imagery).

Since the number of modern greenhouse farms in the
region, (total 34), is limited, there is not a specific
samplingmethod in the selection of the modern greenhouses
used in the study. Only 19 out of 34 modern greenhouse
enterprises allowed us to interview and questionnaire survey.
Therefore, about 56 % of the modern greenhouse farms were
used as a material in this study. Data have been collected from
19 modern greenhouse farms by using face to face questionnaire
method in 2009 production year. Survey study was carried out
in the Central and Serik districts of Antalya province where an
intensive  modern  greenhouse exists. The structural
caharacteristics of 19 modern greenhouse farms were given in
Table 5. Sample farms were randomly selected from the
districts in the study area.

Table 3. Distribution of the protected area in Turkey and Antalya (TUIK 2009).

Turkey

Antalya

Share of
Protected Cultivation Antalya in
Area (ha) % Area (ha) % Turkey (%)
Glasshouse 8293.2 14.6 6907.8 334 83.3
Plastic-film greenhouse 22018.6 38.8 113115 54.7 51.4
Total greenhouse area 30311.8 53.4 18219.3 88.1 60.1
Table 4. Climate data for long-term averages of Antalya (1975-2008).
. Mean
Mean Maximum . - Mean low . .
Months temp. temp. M'”'”‘(Ec"; temp. tz:gg. temp. D?;Hnsi?]')ny
(C) (C) (C) (C) ’
January 9.6 22.0 -2.0 15.0 5.6 05:20
February 9.9 234 -4.0 15.3 5.7 06:06
March 12.2 28.2 -1.6 17.9 7.4 06:57
April 15.8 33.2 14 21.4 10.6 08:01
May 20.3 37.6 6.7 259 14.5 09:51
June 25.3 448 111 31.3 19.0 11:37
July 28.3 45.0 14.8 34.4 22.1 11:58
August 27.8 43.3 15.3 34.3 21.8 11:33
September 24.3 41.2 10.6 31.3 18.6 10:02
October 19.5 37.7 49 26.9 14.5 08:07
November 14.2 33.0 0.8 20.8 9.8 06:19
December 10.8 25.4 -1.9 16.3 6.8 04:49
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Table 5. The structural caharacteristics of 19 modern greenhouse farms.

Greenhouse - Side Ridge Cover Block Application
No Width — Length height height (Side wall-Roof) number purpose
1 8 45 35 5 PE 15 Vegetable
2 9.6 100 55 8 PE- PE+TS* 11 Vegetable
3 9.6 105 45 7 PC- PE+TS* 14 Vegetable
4 9.6 130 45 6 PC-PE 30 Vegetable
5 9.6 100 45 6.5 PE- PE+TS* 23 Vegetable
6 8 150 4 55 PE 23 Vegetable
7 9.6 170 45 6.5 PC- PE (DL**)+TS* 18 Vegetable
8 9.6 180 45 6.5 PE 10 Vegetable
9 9.6 135 45 75 PE- PE+TS* 10 Vegetable
10 9.6 150 45 6.5 PE 20 Vegetable
11 8 100 45 55 Glass- Glass+TS* 28 Vegetable
12 9.6 135 45 75 PE- PE+TS* 10 Vegetable
13 9.6 125 45 7 PC- PE (DL**)+TS* 27 Vegetable
14 9.6 125 45 7 PC- PE (DL**)+TS* 27 Vegetable
15 9.6 120 45 7 PC- PE (DL**) 5 Seed
16 9.6 100 45 7 PC-PE (DL**) 7 Seed
17 9.6 60 45 7 PC-PE (DL**) 2 Seed
18 9.6 120 45 6 PE 7 Seedling
19 9.6 105 45 6 PC-PE 8 Seedling

PE: Polyethylene film, PC: Polycarbonate film; *Thermal Screen, ** Double Layer

2.3. Land and office studies

Land studies of this research were conducted in Antalya
during the year of 2009 (March and April). A questionnaire
form, scoping plant production in the greenhouses, structural
properties, design and planning criterias, adequacy of inside
environmental conditions (ventilation, heating and cooling
systems) and greenhouse growers’problems is prepared in order
to surge the study at all enterprises homogenically. In addition
to the survey study, by means of measurement, observation,
photography, general properties of the farms are determined.
Evaluation of the questionnaire results has been carried out
using the software SPSS 15.0 for Windows. At the end of the
study, heat requirements were calculated for all the greenhouses
taken into consideration in the questionnaire. In this study, it
has been identified that heating need not to be done during the
daytime since the average sun intensity meets the heat lost of
the greenhouse. Therefore, it was taken into account in the study
that no heating was applied for the investigated greenhouses out
of the solar radiation hours. The amount of heat energy lost
from the greenhouse at night time was calculated with the help
of following equation:

Q=AU -T,) (Equation 1)

where, TA, is total cover surface area (m?), U is overall heat
transfer coefficient (W m?®C?), T, is greenhouse internal
‘C), T, is
temperature (°C) (Yagcioglu 2005).

ambient temperature greenhouse outdoor

Calculations were made by taking into account the average
temperature values at night time. The total heat transfer
coefficient of polyethylene plastic film, double layer plastic
film, polyethylene plastic film with thermal screen, double layer
plastic film with thermal screen, polycarbonate plastic film,
glass and glass with thermal screen in the calculations was taken
as 6.8, 4.0, 4.6, 2.5, 3.5, 6.2 and 4.0 W/m®*C, respectively
(Asi/asae Ep 1998; Yagcioglu 2005; Oztiirk 2008). The inside
temperature value for all greenhouses in the calculations was
taken 16 °C which is accepted as the favorable inside
temperature (t;) in greenhouse vegetable growing (Tiwari 2003).

3. Results and Discussion

3.1. General properties of modern greenhouse farms

According to the application purpose, 74, 16% and 10% of
the modern greenhouse farms were the vegetable production
greenhouses, the seed production greenhouses and the seedling
production greenhouses, respectively. It can be said that
vegetable production was dominant in modern greenhouse
farms in Antalya.

According to the application purpose, some properties of the
modern greenhouse farms were given in Table 6. Modern
greenhouse farms in the region were constructed between 1999
and 2009 years and the average age of the vegetable, seedling
and seed production greenhouses are 6, 5 and 2, respectively.
The total greenhouse production area is 335,528 m? of which
91% is vegetable production, 5% is seedling production and 4%
is seed production (Table 6). The average greenhouse area is
17,659 m In the vegetable production greenhouses is only
done tomato production with soilless culture (Fig. 2). Tomatoes
grown are marketed domestically or abroad in certain centers. It
was determined that tomato yield varies between 25 and 35
/1000 m% The production in all vegetable production
greenhouses is applied directly in the form of solid media
culture (Table 6). It has been determined that vegetable
producers use 36% of perlite, 36% of kokopit and 28% of rock
wool as the media culture. In media culture, after the
implementation of nutrient melt management to the
environment, the removal of drainage water (open system) or
re-circulation collected in the system (closed system) is based
on the principle of the system (Winsor and Schwarz 1990).
Nutrient melt management in the vegetable production
greenhouses is applied in the form of open system. In this study,
it has been observed that the producers drain the drainage of
water from the system into the adjacent land or water resources.
It can be said that this situation will lead to pollution of water
resources and agricultural land in the future. Meric (2006) stated
that soilless culture can be done in the form of closed systems
that allows a high water use efficiency than in open systems, so
less damage to the environment can be given and adequate and
efficient production can be done. Ground cover in the
greenhouses of this type is used to disconnect the greenhouse
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from soil. It has also been determined that 69% of the farmers
prefer the cover of white and 5% of them would rather the cover
of gray. On the other hand, the seedling production greenhouses
in the region are produced on plant growth tables for various
vegetables grown in the spring and autumn periods. In these
types of greenhouses, slags are laid out on the ground to
disconnect from soil. However, soil is used as growth culture in
the seed production greenhouses (Fig. 2).

Engineers, technicians and workers who provide a
controlled and timely execution of agricultural activities work in
modern greenhouse farms in the region. These greenhouses
have benefited from consulting service for plant production and
42% of modern greenhouse farms were found to have been
EUROGAP (Euro Retailer Producer Working Group for Good
Agricultural Practices). Kacira et al. (2004) reported that Turkey
is in the process of becoming a European Union (EU) country.
Consumers’s buying habits have changed in EU member
countries. They would like to have healty and high quality
products and to know how and where the products are
produced. Since 2003, all of EUROGAP have requested the
producers to meet the standarts of EUROGAP protocols. Thus,
the growers should pay much attention to using proper
technologies and healthy products. For this, growing techniques
have to be improved in Turkey.

Figure 2. Some samples of modern greenhouse farms investigated in
Antalya.

3.2. Structural characteristics and planning criteria of modern
greenhouse farms

Dimensional characteristics of modern greenhouse farms in
Antalya were given in Table 6. As seen in Table 7, all modern
greenhouse farms in the region have the characteristic of block

Table 6. Some properties of the modern greenhouse farms.
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greenhouse and the average block numbers in the vegetable,
seedling and seed production greenhouses is 19, 8 and 5,
respectively. Based on greenhouse area, the average width of
greenhouse in the vegetable, seedling and seed production
greenhouses is 175, 72 and 45 m, respectively and the average
length in the greenhouses of this type is 125, 113 and 93 m,
respectively. Side and ridge height of the vegetable production
greenhouses varies between 3.5-5.5 and 5.0-8.0 m, respectively
whereas side and ridge height of the other production
greenhouses is the same as all the farms (Table 7). However,
truss width of all production greenhouses is 2.5 m.

According to the roof shapes, the distribution of the modern
greenhouse farms is given in Table 8. The vegetable production
greenhouses are constructed gable, arc or gothic shaped but
these greenhouses are generally constructed with gothic shaped.
The seedling and seed production greenhouses are only
constructed with gothic shaped. That the roof width of gothic
shaped greenhouses is 9.6 m and that of arc and gable shaped
greenhouse is 8 m.

The distribution of modern greenhouse farms is given in
Table 9 according to their cover material on sidewall. As seen in
Table 9, the vegetable production greenhouses are widely
covered with plastic cover. While glass cover in these
greenhouses is used in Venlo-type greenhouses, either plastic or
polycarbonate cover on sidewall is used in the gothic shaped
and arc shaped greenhouses. In the research area, the seedling
production greenhouses are covered with either plastic or
polycarbonate cover while the seed production greenhouses are
only covered with polycarbonate cover. Roof walls of all
production greenhouses covered with polycarbonate cover on
sidewall are covered with double layer polyethylene films. It is
determined that producers prefer wide ranging polyethylene
films (UV+IR+AF+AV+PE) as plastic covering material. Thus,
a crucial problem with plastic cover materials is the
concentration of the moisture on the inner surface of the cover
material. Due to high evapotranspiration rates and low
insulation levels in greenhouses, condensation on the inner
surface of greenhouse covers often occurs. Especially on plastic
cladding materials not treated with surfactants, condensation
drops can cause a considerable decrease of the amount of
incoming solar radiation (Pollet and Pieters 1999). That the
producers prefer plastic cover materials which include
especially anti-fog additive materials has suggested that a
conscious greenhouse production has been done in the region.

Placement of greenhouses on land varies with position of
enterprise plots, sunshine direction, and dominant wind
direction (Kendirli 2006). Based on these criteria, among the
vegetable production greenhouses, 14% of them were placed in
the east-west direction although these greenhouses are block.

P Vegetable production Seedling Seed production
roperty .
greenhouses production greenhouses greenhouses
Number of farm 14 2 3
The average age of farm 6 5 2
Total production area (m?) 305768 16128 13632
Average greehouse area (m?*/farm) 21841+2611.2 8064+0.0 4544+1718.5
Cultivation Soilless culture Growing tables Soil
Single product Tomato - -
) Tomato, pepper, cucumber,
Production Autumn eggplant Tomato, pepper
. ) Tomato, pepper, cucumber,
Spring eggplant Tomato, pepper
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Table 7. Dimensional characteristics of the modern greenhouse farms.

Vegetable production greenhouses

Seedling production greenhouses

Seed production greenhouses

Property Min Max Mean Min Max Mean Min Max Mean
Block number 10.0 30.0 19.0£1.9 7.0 8.0 8.0+0.5 2.0 7.0 5.0£1.4
Width (m) 96.0 288.0 175.0+18.1 67.0 77.0 72.0+4.8 19.0 67.0 45.0£13.9
Length (m) 45.0 180.0 125.0+9.1 105.0 120.0 113.0+£7.5 60.0 120.0 93.0+17.6
Side height (m) 35 55 4.0+0.1 45 4.5 4.5+0.0 4.5 45 4.5+0.0
Ridge height (m) 5.0 8.0 7.0+0.2 6.0 6.0 6.0+0.0 7.0 7.0 7.0+0.0
Truss width (m) 2.5 2.5 2.5+0.0 2.5 2.5 2.5+0.0 2.5 2.5 2.5+0.0

Table 8. Roof shapes of the modern greenhouse farms.

Vegetable production

Seedling production Seed production

Roof shape greenhouses greenhouses greenhouses
Number % Number % Number %
Gable 1 7 - - - -
Arc 3 21 - - - -
Gothic 10 72 2 100 3 100
Total 14 100 2 100 3 100

Table 9. Cover materials used the modern greenhouse farms.

Vegetable production

Seedling production Seed production

Cover on sidewall greenhouses greenhouses greenhouses
Number % Number % Number %
Glass 1 7 - - - -
Plastic 9 64 1 50 - -
Polycarbonate 4 29 1 50 3 100
Total 14 100 2 100 3 100

Placement of block greenhouses in the north-south direction
improves the efficiency of solar energy utilization whereas
placement of block greenhouses in the east-west direction
doesn’t improve the efficiency of solar energy utilization.
Tiwari (2003) reported that in case of multispan grenhouses,
however, shadow of structural components pesists in some areas
of the greenhouses are oriented east-west. This leads to loss of
production in the shaded area.

In the region, all seedling and seed production greenhouses
were placed in the north-south direction. Therefore, the modern
greenhouse farms can be said to have been directed
appropriately in general but the modern block greenhouses
which will be built in the future must be directed to the north-
south direction.

3.3. Material characteristics of modern greenhouse farms

Galvanized steel profiles and aluminum profiles are used as
building material in the construction of modern greenhouse
farms in the study area. Profil types used construction of the
modern greenhouse farms in Antalya were given in Table 10.
The columns of the vegetable production greenhouses are made
up of steel pipe profile and prectangular or square box profiles
which are obtained from the combination of two steel profiles of
L 70,50,5; L 80,40,5; L 80,60,6; L 80,80,8; L 100,100,10 (Table
10). The columns of the seedling production greenhouses are
made up of steel prectangular or square box profiles whereas the
columns of the seed production greenhouses are only made up
of steel square box profiles. The columns in the exterior wall of
all production greenhouses have been spaced 2.5 m from each
other untill the desired length and the interior walls have been
spaced 5.0 m from each other. The roof truss of all production
greenhouses are made up of the same size steel pipe profiles
(Table 10). The beams of the Venlo type vegetable production
greenhouse are made up of T30 aluminum profiles and these
profiles are placed with an interval of 73 cm. The glass cover
material is 73 x165 cm. The purlins and vent apertures of all
production greenhouses are made up of square box profiles

which are obtained from the combination of two steel profiles of
L 30,30,3. It has been determined that the doors in these
greenhouses are made from aluminum profile. The sizes of the
doors are 2.5 x 2.5 m or 3.0 x 3.0 m. Two doors have usually
been placed on the sidewalls.

3.4. Control of greenhouse environmental conditions in modern
greenhouse farms

Ventilation, heating and cooling systems is planned for
controlling and improving environmental conditions in
greenhouses/crop  system (Emekli 2007). The internal
environment conditions of greenhouse in the modern
greenhouse farms are controlled by climate control automation
systems. For this purpose, the climatic data are continuously
monitored with several sensors (temperature, humidity, solar
radiation, wind speed, wind direction and rain sensor) placed
inside the greenhouse and meteorological stations located in the
external environment (Fig. 2). The data obtained is collected in
a control unit. These data are evaluated the control center of the
system or with the help of software. The control center of the
system or the software compares the measured value from the
sensor and the value set the computer for greenhouse
environment control. According to these values, ventilation and
heating systems are command.

Heating in modern greenhouse farms is done by taking
demands of plant into consideration (Canakc1 and Akine1 2007).
Heating systems used the modern greenhouse farms in the
region were given in Table 11. As shown in Table 11, heating in
the vegetable and seedling production greenhouses is done with
central heating systems, with hot water (Fig. 1). Coal is only
used as a fuel in this system. In greenhouses where hot-water
heating systems are used, heating pipes serves as a ray for the
multipurpose vehicle as well (Fig. 2). Workers on these vehicles
fulfill the necessary agricultural activities for the production of
the plant. However, heating in the seed production greenhouses
in the region is done with central heating systems, with hot air
(Fig. 2). In this heating system is used the LPG or coal as a fuel.
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Table 10. Profil types used construction of the modern greenhouse farms.

Vegetable production

Seedling production

Qgglication greenhouses greenhouses Seed production greenhouses
Material characteristics Material characteristics Material characteristics
L7005 Steel profile
Lgo.405 Steel profile .
Column Leoso Steel profile tso,m,sg:zg: p:g]t::g Lgo,s05 Steel profile
Lgo,s0 Steel profile 80,808 P
L100,100,10 Steel profile
&80 mm Steel pipe profile
&332 mm Steel pipe profile &332 mm Steel pipe profile &332 mm Steel pipe profile
Roof truss &40 mm Steel pipe profile &40 mm Steel pipe profile &40 mm Steel pipe profile
<60 mm Steel pipe profile @60 mm Steel pipe profile @60 mm Steel pipe profile
Beam T30 Aluminum profile - -
Purlin Lao o Steel profile Lao.30.3 Steel profile Lao.30.3 Steel profile

L 30,303 Aluminum profile

Door material Aluminum

Aluminum Aluminum

Vent aperture L 30,303 Steel profile

L 30,30, Steel profile

L 30,30,3 Steel profile

Table 11. Heating systems used the modern greenhouse farms.

Vegetable production

Seedling production Seed production

Heating system greenhouses greenhouses greenhouses
Number % Number % Number %
Hot water piped heating systems 14 100 2 100 - -
Hot air heating systems - - - - 3 100
Total 14 100 2 100 3 100

Table 12. Structural properties of natural ventilation systems applied the modern greenhouse farms.

Vegetable production

Seedling production Seed production

Property greenhouses greenhouses greenhouses
Number % Number % Number %
Sidewall - - - -
Vent opening Roof 14 100 - 3 100
Roof and sidewall - - 2 100 - -
Total 14 100 2 100 3 100
Used 10 71 2 100 - -
Circulation fan Not used 4 29 - - 3 100
Total 14 100 2 100 3 100

All production greenhouses in the study area have natural
ventilation systems. Structural properties of natural ventilation
systems applied the modern greenhouse farms in the region
were given in Table 12. VVent openings in the vegetable and seed
production greenhouses comprise only the roof opening
whereas vent openings of the seedling production greenhouses
comprise both roof and sidewall opening (Table 12). In this
study, it was found that 71% of the vegetable production
greenhouses and all of the seedling production greenhouses
used circulation fans (Fig. 3). Circulation fans prevent the
formation of dead temperature and humidity zones in
greenhouse (Kurklu 2008). Also, the producers provide a
uniform distribution of temperature in the greenhouse by
running the fans together with the heating systems. However,
the seed production greenhouses didn’t use these fans. In the
greenhouses ventilated by natural systems, the ratio of opening
area to ground area is an important factor in the greenhouse
crop cultivation. The average ratio in the research area varies
between 32 and 52% (Table 13). Kurklu (2008) reported that
this ratio should not be less than 35% for proper natural
ventilation in the modern greenhouses. That is why, this ratio of
the vegetable and seedling production greenhouses had some
problems concerning ventilation.

In modern greenhouses, there are also fogging, CO,
fertilization and thermal screen. In this study, it was found that
36% of the vegetable production greenhouses used to increase

Table 13. The ratio of the opening area to greenhouse floor area of the
modern greenhouse farms.

The ratio of the opening area

Application purpose to greenhouse floor area

Min Max Mean
Vegetable production 19 54 30424
greenhouses
Seedling production 31 37 3443.0
greenhouses
Seed production 52 52 52+0.0
greenhouses

Figure 3. The modern greenhouses farm used circulation fan and
thermal screen.

air humidity with fogging system. CO, is an important element
in  photosynthesis. According to CO, fertilization, the
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distribution of the modern greenhouse farms is given in Table
14. As shown in Table 14, It has been found that CO,
fertilization is only made in 50% of the vegetable
productiongreenhouses to increase yield while CO, fertilization
is not make the seedling and seed production greenhouses. As
shown in the Table 15, thermal screen is used 64% of the
vegetable production greenhouses whereas thermal screen is not
use the seedling and seed production greenhouses. Most of the
producers use the thermal screen to make use of saving energy
(Table 15). It has also been determined that the thermal screen
is generally placed in the gutter to the gutter and have an
opening and closing mechanism which is moved by sliding
(Fig. 3). The producers use more aluminum doped polyester
films as thermal screen. All of the investigated modern
greenhouse farms in the province of Antalya, water and
fertilizer necessary for plant growth is applied to the growing
media by an automation system of irrigation-fertilizer
throughout the day. For this purpose, while drip irrigation
systems are used in the vegetable and seed production
greenhouses, sprinkler systems are used in the seedling
production greenhouses. Kacira et al. (2004) reported that
automation is becoming a necessity in Turkish greenhouses to
produce high quality products and to meet the export market
quality demand.

3.5. Heat requirements of modern greenhouse farms

The total heat requirement values of modern greenhouse
farms per unit area calculated for the heat transfer coefficient
and application purpose are presented in Table 16. According to
the calculations, the average heat requirements of the vegetable
production greenhouses vary between 925 and 2484 kW/ha.
Greenhouses covered with PE has the highest heat requirement
(2484 kW/ha) whereas greenhouses covered  with
PC+PE(DL**)+TS* has the lowest (925 kW/ha). The seedling
production greenhouses have similar the average heat
requirements with the vegetable production greenhouses. As
shown in Table 15, the average heat requirement for the covered
with PE greenhouse was higher than the covered with PC+PE in
these greenhouses. The seed production greenhouses are only
covered with polycarbonate cover so the average heat
requirement was 1708 kW/ha.

Average monthly heat requirements calculated for the the
heat transfer coefficient are presented in Figure 4. As shown
in Figure 4, the heating process is carried out in the period of

Table 14. CO, fertilization in the modern greenhouse farms.
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November-April. The maximum heat requirement values were
calculated for January whereas the minimum heat requirement
values were calculated for April at all of the investigated
greenhouses. The highest and lowest heat requirements were
determined from PE and PC+(PE(DL**)+TS*) covereed
greenhouses, respectively. According to the results, thermal
screen and DL PE film decrease heat requirement of
greenhouses (Fig. 4).

——PE

—m—PES(PETSY)

—a— PC+{PE-TS"}

— PC+PE

—e—PC-{PE(DL" " }+T5")

+—PC+PE{DL" "}

Heat requirements (KW ha'l)

200
100

o Glass+ (Glass«TS")

November December January February  March April

Months
PE: Polyethylene film, PC: Polycarbonate film; *Thermal Screen, ** Double Layer

Figure 4. Changes of the average monthly heat requirement values
according to the cover material.

4. Conclusion

Modern greenhouses in the region, in terms of sizing and
planning criteria, have been found to meet local area’s
ecological conditions. Greenhouses are constructed by doing
static and strength calculations. Environmental conditions inside
the greenhouse are controlled by climate control automation
system. The heating and ventilation systems are on or off in
accordance with the received climatic data. Thus, the necessary
environmental conditions for crop production are met to ensure
optimum conditions during the production season. The heating
requirements were calculated for investigated greenhouses
based on climate parameters of Antalya province. Heating is
not carried out in the daytime hours due to the sufficient
intensity of solar radiation. Heating process in the region is
carried out at night in between November and April period. The
highest and lowest heat requirements were determined from PE
and PC+(PE(DL**)+TS¥*) covered greenhouses, respectively.

CO, fertilization Vegetable production greenhouses

Seedling production greenhouses Seed production greenhouses

Number % Number % Number %
LPG roof gas 4 29 - - - -
Liquid CO, 3 21 - - - -
Not used 7 50 2 100 3 100
Total 14 100 2 100 3 100

Table 15. The use of thermal screen in modern greenhouse farms.

Vegetable production

Seedling production Seed production

Purpose use of thermal screen greenhouses greenhouses greenhouses
Number % Number % Number %
Energy saving 6 43 - - - -
Energy saving+shading 3 21 - - - -
Not used 5 36 2 100 3 100
Total 14 100 2 100 3 100
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Table 16. Distribution of the total heat requirements of modern greenhouses in the region for unit area in the period of November-April.

Cover Material and Thermal
Screen Usage

Vegetable production greenhouses

Seedling production greenhouses

Seed production greenhouses

The number

Side of . Total - Total cover Average .. Total cTs\::Ir Average .. Total ;I;;)\;g: Average
Wall Roof greenhouse  Unit Area surfacezarea KW hat Unit Area surface KW ha' Unit Area  surface KW ha't
(ha) (m) area area
0.5 6982
2.8 31813
PE PE 5 4 17 20690 2484+66.2 1 0.8 10108 2591 - - - -
13 33486
1.0 13644
2.2 26347
* - - - - - - - -
PE PE+TS 4 4 13 16145 1851+39.6
1.3 16145
PC PE 2 1 37 42834 2264 1 0.8 10074 2379 - - - -
PC PE+TS* 1 1 1.4 17349 1668 - - - - - - - -
29 34251
PC PE (DL**)+TS* 3 3 3.2 38218 925+3.6 - - - - - - - -
3.2 38218
- - 0.6 7696
PC PE (DL**) 3 - - - ; -3 07 M8 L0
0.1 1974 ’
Glas Glass+TS* 1 1 2.2 26229 1511 - - - - - - - -

PE: Polyethylene film, PC: Polycarbonate film; *Thermal Screen, ** Double Layer
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Hayvancilikta giibre yonetimi ile ilgili en Onemli sorunlar depolama ve degerlendirme
asamalarinda ortaya ¢ikmaktadir. Acikta ve uzun siireli biriktirme bigiminde uygun olmayan
depolama kosullari, elde edilen ham giibrenin besin degerinin azalmasmnimn yaninda toprak, su ve
hava kirliligi de yaratabilmektedir. Bu calismada, Ankara ili’ndeki yogun hayvancilik
alanlarinda, farkli hayvancilik kapasitelerine gore uygun depolama kosullarinin belirlenmesi,
giibre depolama yapilarinin projelenmesi ve giincel maliyetlerinin belirlenmesi amaglanmistir.
Boylece, arastirma alani igin iklim ve isletme kosullarma gore farkli kapasitelerde giibre
depolama yapilari ile insan, hayvan ve ¢evre sagliginin korunmasi, hayvansal tiretim yapilarinin
cevreye yaptigl zararll etkilerin kontrol edilmesi ve kirsal alandaki halkin bu konuda
bilinglendirilmesi saglanabilecektir.
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The most important problems related to livestock manure management emerged at storage and
handling stages in livestock production. Inappropriate storage conditions such as long-term
storage in outdoor cause loss of nutritional value of manure in addition to possible pollution of
soil, water and air. This study aimed to determine appropriate storage conditions for livestock
manure and current construction costs of manure storage structures and to design manure
storage structures according the capacities of livestock enterprises in intensive livestock
production areas of Ankara province. Protection of human, animal and environmental health,
control of harmful effects of livestock production to environment and public awareness will be
provided on this issue in rural areas with proper manure storage structures designed based on
farm and climate conditions for different production capacities.

1. Giris

Giibrenin dogru bir sekilde tarlaya uygulanmasi, bitki ve
toprak bakimindan yararlt olan besin iceriginden en iyi sekilde
yararlanilmasi, ancak giibrenin barmak igerisinden alinmasi,
depolanmasi, islenmesi ve araziye uygulanmasi gibi atik
yonetimi islemlerinin, farkli iklim ve toprak kosullari altinda,
dogru bir sekilde yapilmasi ile gergeklestirilir (Polat 2007).

Hayvan giibresinin, igeriginde bitkilerin biiylime ve
gelismelerinde gerekli olan azot, fosfor ve potasyumlu
besinlerin yaninda; organik katt madde, ¢6ziinemeyen agir
metaller, tuzlar, bakteri ve diger mikroorganizmalar1 da
bulundurmas1 ¢evre ile kontrollii temasmnim saglanmasini
gerektirir. Hayvansal atiklarin igerigindeki azot, fosfor ve diger
maddeler cevre kirliligi olusturabilme yetenegine sahiptir. Bu
nedenle ozellikle hayvan giibresi dogrudan toprakla temas
edecek bigimde iklim kosullar1 etkisinde uzun siireler birakilirsa
cevre kirliligi olusturabilmektedir. Hayvanciligin yogun olarak
yapildig1 yerlerde igme ve kullanma suyu kaynaklari ve toprak

da risk altindadir (Sharpley 1995).

Hayvan giibresinin gevreye etki derecesi; birim alana diisen
isletme ve hayvan sayisina, kullanilan yem ve yataklik malzeme
icerigine gore degismektedir (Hahne et al. 1996). Hayvan
giibresinin bitki ve toprak i¢in yararli olan besin igerigini
kaybetmeden c¢evreye en az zarart verecek bicimde
depolanmasi, iletilmesi ve degerlendirilmesi gereklidir.
Ulkemizde, giibrenin besin degeri kayb1 ve gevreye zarari en
¢ok depolama sirasinda meydana gelmektedir. Barinaklardan
toplanan giibrelerin agikta biriktirilmesi yerine kapali ve
sizdirmaz depolarda belirlenen siirelerde bekletilmesi daha
uygun bir yontemdir (Polat 2007).

Yiizey sularinda olusan kirlilik ayn1 zamanda sudaki nitrat
ve fosfor seviyesinin yiikselterek oksijen miktarinin azalmasina
ve Otrofikasyona neden olur. Bu da su canlilarmin yagamini
tehlikeye sokmaktadir (Anonymous 2003).

© Akdeniz Universitesi Ziraat Fakiiltesi



104 Polat ve ark./Akdeniz Univ. Ziraat Fak. Derg. (2012) 25(2): 103-109

Hayvan giibresinin agikta ve uygunsuz kosullarda
bekletilmesi ~ hava  kalitesini de  olumsuz  yonde
etkileyebilmektedir. Metan, hidrojen siilfir ve amonyum gibi
gazlarin fermantasyon olayi ile agiga ¢itkmast durumunda kot
kokular meydana gelmektedir (Mackie et al. 1998). Ayrica bu
gazlar, yogun hayvancilik yapilan yerlerde atmosfere karigarak
sera etkisi olusturmaktadirlar (Polat 2009).

Ulkemizdeki hayvancilik isletmelerinde giibre yénetimi,
ozellikle de giibre depolama kosullarinin yetersizligi 6nemli bir
sorundur (Polat 2007). Arastirmanin hipotezi, iilkemizde, uygun
olmayan kosullarda biriktirilen giibrenin ve diger hayvansal
atiklarin giiniimiizde ve 6nlem alinmaz ise 6ntimiizdeki yillarda
artarak cevre kirliligi olusturacagi ve bu ¢evre kirliliginin en aza
indirgenmesinde de wuygun giibre depolama yapilarinin
kullanilmasinin  gerekliligidir. Calismada oncelikle, mevcut
giibre yOnetimi sistemleri ve sorunlar ortaya konulmaya
caligtlmisgtir. Daha sonra bolge iklim kosullar1 ve isletme
ozelliklerine gore farkli kapasiteler igin belirlenen giibre
depolama yapilarmin projeleri gerceklestirilerek, giincel insaat
maliyetleri hesaplanmistir. Bu sekilde dncelikle aragtirma alani
icin olmak iizere, ililkemizdeki giibre depolama kosullarmin
iyilestirilmesine katkida bulunulmasi hedeflenmistir.

2. Materyal ve Yontem

Caligmada Ankara ili ve bagh ilgelerinde bulunan
hayvancilik isletmeleri materyal olarak secilmistir. Ankara Ili
Tarim Il ve baghh ilge miidiirliklerinden hayvancilik
isletmelerinin yerleri, sayilar1 ve kapasite bilgileri alinmustir. Bu
bilgiler, birim alana diisen isletme sayisi, isletmenin kapasitesi,
topografik durumu, su kaynaklarma yakinligi, barmak planlama
sistemi gibi 6zellikler dikkate alinarak yeniden diizenlenmistir.
Bu dogrultuda birim alan basina diisen isletme ve hayvan
sayilar1 goz Oniine alinarak hayvanciligm yogun oldugu yerler
belirlenmistir. Akyurt, Ayas, Beypazari, Cubuk, Elmadag,
Golbasi, Haymana, Kazan, Kizilcahamam, Nallihan, Polath ve
Sincan ilgelerinde yogun olarak hayvancilik yapildigi sonucuna
vartlmustir.

Hayvanciligin  yogun oldugu bdlgelerde arastirmanin
homojen olarak yiriitilmesi bakimindan bir anket formu
olusturulmustur. Bu  bolgelerdeki isletmelerde  kargilikli
goriisme, fotograf c¢ekimi, kroki ¢izimi ve anket formlari
yardimiyla giibre depolamaya iligskin bilgiler elde edilmistir.

Anket c¢aligmalar1 sonuglari, istatistiksel olarak, amaglh
omekleme  yontemine gore degerlendirilerek, secilen
isletmelerde ayrintili  olarak mevcut giibre depolama

uygulamalart belirlenmigtir. Her ilgede ayn1 sayida hayvancilik
isletmesi belirlenmesine 6zen gosterilmistir. Buna gore; 226
adet biiylikbas, 36 adet kiiglikbas ve 38 adet de kanatli hayvan
isletmesi olmak iizere toplam 300 adet isletme detay ¢aligmasi
icin segilmistir.

Biiyiikbas hayvancilik isletmelerinin 111’1 besi, 53’1 siit ve
62’si ise hem siit hem de besi hayvancilifi isletmeleridir.
Kanatli hayvan kiimeslerinin 14’4 et (broiler) tavukculugu, 24’1
ise yumurta tavukculugu isletmesidir. Isletmelerin kapasiteleri
¢iftlik sahiplerinin bilgisine bagvurularak belirlenmistir. Et
tavugu kapasiteleri 500-8.000 adet, yumurta tavugu kapasiteleri
ise 250-17.000 adet arasinda degismektedir. Kiigiikbag
hayvancilik isletmelerinde koyunculuk 6n plandadir. Bu
isletmelerde ¢ogunlukla hem siite hem de besicilige yonelik
yetistiricilik yapilmaktadir. Koyunculuk isletmeleri, 10-50 bag
arast 10 adet, 51-100 bas aras1 12 adet, 101-200 aras1 10, 201-
500 arasi da 4 isletme olarak se¢ilmistir. Yalnizca koyunculuk

yapan isletmelerin sayis1 olduk¢a azdir. 11 genelinde kiiciikbas
hayvancilik, biiyiikbas hayvancilik ile birlikte diigiintilmektedir.
Bunun yaninda biiyiik kapasiteli koyunculuk isletmeleri ise tek
tip yetistiricilige yonelmislerdir.

Aragtirmanin baglangi¢ asamasinda yapilan ayrintili literatiir
calismalar1 da g6z Onlinde bulundurularak uygun giibre
depolama yapilarinin farkli hayvancilik tiirleri ve kapasiteleri
icin projeleri gerceklestirilmistir. Giibre depolama yapilarinin
tasartmi  ve  projelendirilmesinde, Anonymous (1992),
Anonymous (1993), Anonymous (1996), Anonymous (1999),
Anonymous (2000), Anonymous (2001), Anonymous (2003),
Anonymous (2005), Ludington (2004), Fullhage and Pfost
(1993), Polat (2007) ve Polat (2009)’da belirtilen degerler ve
hesaplama  yOntemlerinden  yararlanilmistir.  Projeleme
asamasinda yapilan ¢izimler icin bilgisayar paket programi
(AutoCAD) kullanilmustir. Uygulamalara yararli olmasi
acisindan giibre depolama yapilariin gilincel maliyetleri de
farkli hayvancilik tiirleri ve kapasiteleri i¢in hesaplanmistir
(Anonim 2012).

3. Bulgular

Biiyiikbas hayvancilik igletmelerinde giibre, agik ve yari
acik sistemlerin uygulandigi barinaklarda alti ay ile bir yil
zaman araliklarinda hayvanlarin bulundugu toprak zeminli
alanlardan kepce ile toplanmaktadir. Kapali barinaklarda ise
cogunlukla kiirek ve el arabasi kullanarak, insan giicl ile
temizlik yapilmaktadir. Bu sekilde yapilan temizlik ile insan
giicli gereksinimi, temizlik i¢in ayrilan siire ve kullanilan su
miktar1 artmaktadir. Kullanilan su miktarinin artmasi ile birlikte
ortaya c¢ikan atik su miktar1 da artmaktadir. Yar1 agik ve agik
sistemlerde 8-12 ay giibrenin zeminde birikimine izin
verilmektedir. Kanatli hayvancilikta {iretim dénemi sonlarinda,
ozellikle ticari isletmelerde temizlik ve ilaglama yapilmasi ile
biriken giibre ve diger atiklar barinak disina ¢ikarilmaktadir.

Arasgtirmanin  yiiriitiildiigli isletmelerde elde edilen Kkati
giibre, tim isletme tiplerinde agikta ve uygunsuz kosullarda
bekletilmektedir. Sivi kisim ise kontrolsiiz bir sekilde topraga
ve su kaynaklarina karigmaktadir (Sekil 1). Ortalama olarak bir
depolama yapisinda giibrenin bekletilme siiresi en az 12 aydir.

Sekil 1. Arastirma alaninda uygun olmayan giibre depolama

kosullarindan 6rnekler.
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Arazi ¢aligmasi sirasinda yapilan gozlemler, birkag isletme
disinda, bu havuzlarin giibrenin depolanmasinda yetersiz
kaldigin1 gostermistir. Giibrenin depodan tagmasi, yagis sonrasi
depolama havuzlarindaki seviyenin yiikselerek kendiliginden
cevreye yayilmasi yetersizligin gostergelerindendir. Ortaya
¢ikan giibrenin bir boliimii havuzlarda, artan kismum da
cevredeki araziye yayarak bekletilmektedir. Arastirma
alanindaki isletmelerde giibrenin sivi kisminin g¢evreye zarar
vermeden uzaklastirilmasi  i¢in  herhangi bir  Onlem
alinmamaktadir. Giibre yigimindan sizan bu sivi kisim,
cevredeki ylizey sularina karigmakta, ¢ogunlukla bitkisel tiretim
yapilan alanlarda gollenmekte, koku ve sinek olusumuna yol
acmaktadir.

Giibre depolama yapis1 bulunmayan isletmelerin ¢ogunlugu
kiigiik ve orta dlgekli aile isletmeleridir. Giibrelerin depolanmast
barmaklarin hemen yaninda biriktirilmesi ile
gerceklestirilmektedir. Genellikle tas duvar Oriilerek toprak
zemin lzerinde giibre bekletilmektedir. Bazi koylerde ise,
koyiin ortak bir alaninda bos parsellerde agikta ve toplu bir
bicimde giibrenin depolanmasi saglanmaktadir. Genellikle
biiyiik kapasiteli isletmelerde giibre depolamasi daha uygun
kosullarda gerceklestirilmektedir. Bariakla baglantili ya da yan
yana olusturulan toprak ve betonarme g¢ukurlarda depolama
saglanmaktadir.

Biriktirilen gilibrenin biiylik bir kismu arazide toprakla
karisarak kayba ugramaktadir. Geri kalan kismu ise tarim
arazilerinde kullanilmaktadir. Ancak bu degerlendirme yontemi
hem toprak ve su kaynaklari agisindan hem de ¢evre saghgi
agisindan uygun olmamaktadir. Hayvancilik isletmelerinin
giibre depolama 6zellikleri Cizelge 1°de verilmistir.

Cizelge 1’e gore, hayvancilik igletmelerinin %46’sinda
giibre depolama yapis1 bulunmamaktadir. Isletmelerin %15’
toprak zemin iizerinde duvarlart betondan yapilmis, %35’
toprak havuz ya da ¢ukur seklinde birakilmis, %4’ ise 1zgara
tabanli sistemlerde 1zgaralar altindaki betonarme ¢ukurlar
seklindedir.

4. Tartisma ve Sonug

Aragtirma alanindaki hayvancilik isletmelerinin biiyiik bir
boliimiinde giibrenin agikta ve uygunsuz kosullarda depolandigi
ve giibrenin depolanmasma gerekli Onemin gosterilmedigi
soylenebilir. Ozellikle depolama yapismin olmayist ya da var
olan yapilarin da standart dis1 yontemlerle insa edildigi ve
kullanildig1 belirlenmistir. Bu nedenle arastirmanin yiiriitiildiigi
isletmelerde hayvancilik tipi, kapasite, barmak tipleri ve
yerlesimler parametreleri g6z Oniine alimarak uygun depolama
yapilarinin projelendirilmesi gereklidir. Bu sekilde bdlge igin

Elde edilen bulgular dogrultusunda, giibre depolama
yapilarinin tasarimi ve projelendirilmesi i¢in 6ngoriilen barinak
kapasiteleri ve diger baz1 dzellikler Cizelge 2’de verilmistir.

Giibre depolama yapilarinin projelendirilmesinde dncelikle
hayvanlardan elde edilen giinliik giibre ve barmaklarda ortaya
cikan atik su miktarlar1 belirlenmistir. Buna gore biiyiikbasg
hayvanlarda 500 kg canli agirligindaki bir hayvan i¢in 28 kg
giin™ kati, 10,2 kg giin™ stv1 (Polat 2007), kiigiikbag hayvanlar
icin 0,3 kg giin™ ve kanatli hayvanlar igin ise 0,1 kg giin™ atik
ve diski degerleri hesaplamalarda kullanilmistir (Anonymous
1993). Barinaklarda hayvan digkisi ve idrart disinda ortaya
cikan atik su miktarlart da goz Oniine alinan atik miktarlar:
degerlerinin icerisinde ortalama bir deger olarak belirlenmistir
(Anonymous 1996). Giibre depolama siiresi en ¢ok 180 giin
olacak bicimde alinarak giibre ve atik su miktarlariin toplam
hacimleri hesaplanarak Cizelge 3’te verilmistir.

Depolama hacimlerine gore belirlenen uygun giibre
depolama kosullar1 Cizelge 4’te verilmistir.

Cizelge 5’te projelenen giibre depolama yapilarmin teknik
ozellikleri verilmistir.

Stit ve besi sigwr1 barinaklarinda tabandaki kanala alinan yar1
kat1 durumdaki giibre kanalin hemen altinda bulunan ortalama
2.50 m derinliginde ve 3.0 m genisligindeki betonarme on
depoya almmalidir. Deponun duvar kalinliklar1 en az 20 cm
olarak belirlenmistir. Tabani en az 20 cm kalinliginda beton ve
sizmaya karsi dnlem alinmis olmalidir. Burada kisa dénemli (2-
5 ay) depolama 6ngoriilmektedir. On depo igerisine yerlestirilen
en az 30 cm g¢apli borular ve pompa yardimiyla giibre ve diger
atiklar periyodik olarak c¢okeltme havuzuna alinmahidir
(Anonymous 1996). Cokeltme havuzunda atiklarin kat1 ve sivi
kismimnin birbirinden ayrilmasi saglanir. Daha sonra sivi kisim
uzun donemli depolama (6-9 ay) igin betonarme havuzlara
iletilmelidir. Burada depolanan sivi atiklarin pompa sistemleri
kullanilarak tarim yapilan parsellere sulama ile birlikte
uygulanmast miimkiindiir (Anonymous 2005). Cokeltme
havuzunda ayrilan katt kismin depolanmas igin iizeri kapali,
tabani betonarme, ¢evresi koruyucu bariyerlerle ve drenaj
hendekleri ile ¢evrili depolama yapilari kullanilir.

Barinak tabani 1zgarali olan sistemlerde ise giibrenin

1zgaralar arasinda birakilan bosluklardan dogrudan 1zgara
altinda bulunan betonarme depolara iletilmesi saglanir. Depo

tabani  ve duvarlan 20 cm kalmliginda betonarme
malzemedendir. Depo igerisinde 30 x 30 cm kesitinde
betonarme kolonlar bulunmaktadir. Kolonlar 1zgaralar

tasimaktadir. Izgara altinda bulunan depolarda 1-2 ay gibi kisa
donem depolama Onerilmistir (Anonymous 1993). Aksi halde,
depolama yapisinda mikroorganizma faaliyetlerinin artmasi ile

gevre ve insan saghgmm korunmasma da katkida depolama yapisindan barmak i¢ ortam havasina zehirli gazlar ve
bulunulacaktir. kotii koku yayilimi gergeklesir. Bunun i¢in depolama yapisinda
uzun yan duvarlarda karsilikli havalandirma agikliklart
Cizelge 1. Arastirmanin yiiriitiildiigii hayvancilik isletmelerinde giibre depolama yapilarina iligkin 6zellikler.
Depolama Yapisi Sayisi
Depolama Yapisi Biiyiikbas Kiiciikbas Kanatl Toplam
Isletmeleri Isletmeleri Isletmeleri
Depo bulunmuyor 93 28 17 138
Izgara alt1 depolama 12 B ) 12
Betonarme duvarli depo 35 1 10 46
Toprak havuz 86 7 11 104
Toplam 226 36 38 300
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Cizelge 2. Giibre depolama yapilarmin projelendirilmesinde géz 6niine alinan 6zellikler.

Yetistiricilik tiirii  Yetistiricilik cinsi Kapasite Barinak Tipi Planlama Sistemi
Biiyiikbas Besi 5, 10, 30, 50, 100, Kapali, Yart acik, Bagli durakli
Siit 200, 500 Agik Serbest
Serbest durakli
Izgara tabanl
Kiigtikbag Koyun 50, 100, 250, 500, Kapali Serbest
1000 Yari agik
Kanatli Yumurta 1000, 5000, 8000, Kapali Yer sistemleri
Et (Broiler) 15000, 25000 Kafes sistemleri

Cizelge 3. Giibre depolama yapilarmim 180 giinliikk depolama hacimleri.

Yetistiricilik tiirli Kapasite, basg

Depolama kapasitesi, m*®

Atik su miktar, m®>  Toplam depolama hacmi, m®

Biiyiikbag 5 34,38 4,20 38,58
10 68,76 7,10 75,86
30 206,28 21,10 227,38
50 343,80 35,20 379,00
100 687,60 70,50 758,10
200 1375,20 138,40 1513,60
500 3438,00 345,10 3783,10
Kiigiikbag 50 2,70 0,30 3,00
100 5,40 0,50 5,90
250 13,50 1,40 14,90
500 27,00 2,80 29,80
1000 54,00 5,50 59,50
Kanatli 1000 18,00 1,80 19,80
5000 90,00 10,10 100,10
8000 144,00 14,80 158,80
15000 270,00 27,40 297,40
25000 450,00 46,70 496,70
Cizelge 4. Yetistiricilik tiiriine gore belirlenen giibre depolama kosullari.
Yetistiricilik tiirii ~~ Toplama Iletim Depolama
On depolama Kat1 Siv1
Biiyiikbas Siyirici arag Giibre kanali Cokeltme Betonarme Betonarme havuz
Izgara altidepo ~ Kapali boru sistemi havuzu tabanh tizeri
Idrar kanali Pompa sistemi kapal
Yiikleyici araglar
Kiigiikbag Styirici arag Yiikleyici araglar Kat1 giibre depolama yapisi
Giibre kanali (Betonarme tabanli tizeri kapali)
Kanath Styirict bant Giibre kanali Tamamen kapali - betonarme depo

Giibre kanali

(kati-s1v1 karigik — 180 giin)

(pencereler) birakilmalidir. Yer alti depolama yapisinin barmak
sonunda bulunan uygun bir yerinde olusturulan boru sistemleri
ve pompa yardimiyla kati-sivi karigik bir bigimdeki atiklarin
¢Okeltme havuzlarina iletilmesi 6nerilmektedir.

Acik ve yarl acik bilyiilkbag hayvancilik sistemlerinde
dinlenme, gezinme ve yemleme alanlarinda olusan giibre ve
diger atiklarin yardimeci kanallar ile ana toplama kanalina
iletilmesi saglanmalidir. Ana kanaldan ¢okeltme havuzuna
iletim ger¢eklesmelidir (Anonymous 2000). Sivi kisim borulu
sistemlerle depolama havuzlarina, kati kisim ise yiikleyici
araglarla depolama yapilarina iletilmelidir.

Kiigiikbas hayvan giibresinin toprakla uyumlu olmasi ve
genellikle kati olarak elde edilmesi nedeniyle biiyiikbas
hayvancilik gibi ¢dkeltme havuzuna, sivi ve kisa donemli
depolama havuzlarina gereksinim duyulmamaktadir. Giibrenin
depolanmasinda, lizeri kapali ve tabani beton kaplama, ii¢ tarafi
acik ve bir tarafi 2,70 m yiiksekliginde duvarla saglamlastirilnmis
20x 20 m boyutlarinda bir depolama alani yeterli olacaktir
(Anonymous 2001). Burada dnemli olan kat1 giibrenin yagis ve
ylizey akis sularindan etkilenmesinin Onlenmesidir. Drenaj
hendekleri ve deponun {iizerinin kapatilmasi bu bakimdan
6nemlidir.

Kanatly  hayvancilikta katt ve sivi kismin birbirinden
ayrilmast olduk¢a giic olmaktadir. Bu nedenle biiyiikkbag
hayvancilikta 6nerilen kisa dénemli kati-sivi giibre karigik bir
bi¢cimde depolanmasi 6nerilmektedir (Anonymous 1993).

Calismada farklt kapasitelere gore projelenen giibre
depolama yapilarina iliskin giincel maliyetler de belirlenmistir.
Buna gore, farkli kapasitelere ve yetistiricilik tiirline gore

projelenen giibre depolama yapilarmin 2012 yili ingaat
maliyetleri Sekil 2°de verilmistir.

Arastirmadan elde edilen sonuglara goére, arastirma
alanindaki  hayvancilik igletmelerinde giibre depolama

kosullarmin  Ulkemiz ve Avrupa Birligi standartlaridan
oldukca uzak oldugu goriilmektedir. Giibrenin toplanmasindaki
hatalarn, barmak sistemlerinin planlanmasindaki
yetersizliklerden kaynaklandig1  diisiiniilmektedir. Ozellikle
glibrenin sivi ve kat1 kistmlart ayrilmadan ya da herhangi bir
isleme yontemine tabi tutulmadan dogrudan depolama yapisina
iletilmesi, depolama sirasinda sorunlara yol agmaktadir. Ayrica
isletmelerin ¢ogunda ayr1 bir giibre depolama yapis1 da
bulunmamaktadir. Hayvan giibresinin barmak igerisinden
toplanirken ya da toplandiktan sonra mutlaka katt ve sivi
kisimlarinin ayrilmasi gerekmektedir. Boylece depolama hacmi
azaltilarak, giibre igerisindeki yabanci materyallerin de
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Cizelge 5. Aragtirma alanindaki hayvancilik igletmeleri i¢in 6nerilen giibre depolama yapilar ve teknik 6zellikleri.

Giibre depolama yaput tipleri

Teknik 6zellikler

coKLTHE HeUZU

o DELIKLI PLASTIK BORU

AN

Sivi ve kat1 kismin ayrilmast igin tabanda %8-10 egim verilmelidir.
fletim boru caplar1 en az 30 cm ve boru delikleri 1.5-2.5 cm arasinda
olmalidir.

Boru tikanmalarinin  Onlenmesi ig¢in  borunun Oniine metal
malzemeden yapilmig, duvara 18°- 20° egimli yerlestirilmis 1.5-2.5 m
uzunlugunda filtre kullanilmalidir.

Yap1 betonarme ve tamamen sizdirmaz malzeme ile yalitimi yapilmisg
olmalidir.

KISA TONEWLT DEFOLAMA YAPIST

TABAN PLANI

e

R SU YALITIN WALZEMEST

Cokeltme havuzu ile ayni 6zelliklere sahip olmalidir.

SIVI GIBRE HAVUZU

Popa vers
=

TABAN PLANI

POMPA YERT

—

SRS
A - A kESIT

U YALITIN MALZEWES)

Havuz kenar duvarlar1 i¢ yanal egimleri 1/3 olmalidir.

Havuzun kenarinda 1/5 egimli, 4 m genisliginde bir rampa
bulunmalidir. Havuzun gevresinin en az 6 m genisliginde beton
malzeme ile kaplanmasi ve cevresinin 2 m yiiksekliginde tel ile
¢evrilmesi gereklidir.

Havuz tamamen sizdirmaz ve betonarme olmalidir.

KATI GUBRE DEPOLAMA YAPISI

Depolama yapisinin girisinden depo bitimine dogru ortalama 1/10
egim verilmelidir.

Beton tabanin kalinlig, en az 20 cm olmalidir.

Barinak duvarinin uzunlugu boyunca tabanda 20 cm genisliginde ve
boyuna olacak bigimde %1-2 egimli kanal olusturulmalidir.
Depolama yapisinin yiiksekligi ortalama 5 m olarak alinmalidir.

ayristirilmasi saglanmig olacaktir.

Ankara li'nde giibrenin degerlendirilmesi de yeterli
degildir. Giibrenin uzun siireli olarak a¢ik alanlarda bekletilmesi
sonucunda gevre kirliligi tehlikesinin artacag: diistiniilmektedir.
Bunun yaninda toprak yapisi da zamanla bozulacaktir. Bu olay,
bitkisel tiretimden alinan verimin de diismesine neden olacaktir.
Ozellikle mevcut isletmelerin yenilenmesi ve yeni kurulacak
isletmelerin de giibre yonetimi standartlarna uymasi

saglanmalidir. Ulkemizde fazla sayida kiiciik dlcekte isletme
oldugu diisliniilirse, giibre yonetim sistemlerinin kurulmasi
oldukca maliyetli bir is olmaktadir. Bunun yaninda su ve toprak
kaynaklar1 belirli zamanlarda nitrat, fosfor, agir metaller,
patojen parametreleri agisindan izlenmelidir.

Arastirma alani1 olan Ankara ili ile birlikte tiim iilkede
giibrenin iletimi, depolanmasi ve degerlendirilmesine iliskin
olarak standartlar belirlenmeli ve uygulanmasi saglanmalidir.
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Bu konuda &rgiitlenme gereksinimi duyulmaktadir. Oncelikle Tesekkiir

tilkemizde hayvancilik isletmelerinin tiim ozelliklerinin ortaya
konulmast i¢in bir envanter g¢aligmasi yapilmadir. Sonuglar

Bu arastirmaya (2011-2012), 2209-Universite Ogrencileri

dogrultusunda hayvancilik isletmelerinin 6zelliklerine gore Yurt iqi/Yum}’S} "Arastlrma Projeleri De"ste.kleme PTOgTaTt“
alternatif giibre yOnetim sistemleri gelistirilmeli ve bunlarin kapsaminda biitiintiyle katkida bulunan TUBITAK’a tesekkiir

uygulanmas igin yasal diizenlemeler getirilmelidir. ederiz.

Ancak bu diizenlemelerin iilkemiz hayvanciligina uygun
olmast, dikkat edilmesi gereken en 6nemli konu olmalidir.

Anonim (2012) T.C. Cevre ve Sehircilik Bakanhgi Ingaat ve Tesisat
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Light-weight concrete blocks (LCB) can be produced by using processed natural material or
unprocessed porous materials. The present study covers the use of pumice lightweight
aggregate (PLA) and hydrophobe clay to produce the LCB for use in construction of load-
bearing or non-load bearing structural members. Pumice aggregate (PA) were supplied from
Erzurum-Pasinler region. Some physical and mechanical properties of the specimens produced
were investigated in this study. According to experimental results, while dry unit weight varies
between 855 and 1040 kg mwith water absorptions between 15%-22%, 28-day compressive
strength ranged from 4.75 to 8.5 MPa. Experimental test results showed that the specimens
produced with 10% hydrophobe clay addition have sufficient strength and lower water
absorption to be considered load-bearing block applications. Due to low unit weight, such
specimens can be used to build earthquake-resistant agricultural structures in rural areas.
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Hafif beton

Hafif beton bloklar

Hafif beton bloklar, iglenmis dogal malzeme veya islenmemis goézenekli malzemeler
kullanilarak iiretilebilir. Bu galisma, tasiyict veya tastyict olmayan elemanlar insasinda
kullanilan hafif beton bloklarin yapimi i¢in pomza hafif agregasi ve hidrofob kilin kullanimini
kapsamaktadir. Bu makalede pomza agregasi Erzurum-Pasinler yoresinden temin edilmis ve
diisiik dayanimli beton bloklarin bazi fiziksel ve mekanik ozellikleri incelenmistir. Deney
sonuglarina gére, kuru birim agirhigi 855 ve 1040 kg m>arasinda degismekte iken, su emme %
15-% 22 arasinda, numunelerinin 28 giinlik basing dayanimi 4,75 den 8,5 MPa arasinda
degismektedir. Arastirmadan elde edilen sonuglar, % 10 hidrofob kil katkisi ile iiretilen
orneklerin yiik tasiyict uygulamalarda kabul edilebilecek yeterli dayanim ve diisilk su emmeye
sahip oldugunu gostermistir. Disiik birim agirhigindan dolayr iretilen ornekler kirsal
alanlardaki tarimsal yapilarin yapiminda depreme dayanikli olmalarmi da saglamak igin
kullanilabilir.

1. Introduction

Lightweight concrete (LC) has been widely used in
buildings as masonry blocks, wall panels, roof decks and
precast concrete units. Reduction in weight by the use of
lightweight aggregate concrete is preferred, especially for
structures built in seismic zones. LC manufactured either from
natural or from artificial aggregate is classified by ACI
Committee 213 into three categories with regard to strength and
density (ACI Committee 213 1970). The first category is termed
low-strength, corresponding to low density and is mostly used
for insulation purposes. The second category is moderate-
strength and is used for filling and block concrete. The third

category is structural LC and is used for reinforced concrete.
Pumice concrete blocks of Turkey, can be classified in the
second category. Pumice is principally an alumina-silicate of
volcanic origin formed by rapid cooling of molten lava. It is a
natural lightweight aggregate with a sponge like structure and
found in granulated form (Sar1 2005).

The use of lightweight aggregate with low thermal
conductivity in the production of lightweight concrete blocks
can provide an alternative cost-effective solution (Al-Jabri et al.
2005). Natural or artificial lightweight aggregates are available
in many parts of the world and can be used to produce concrete
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with wide range of unit weights and strengths for different fields
of applications such as internal and external walls, inner leaves
of external cavity walls, fill panels and isolation of roof decks
and floors (Topcu 2001; Demirboga et al. 2005). Lightweight
aggregate can be processed from natural materials, by-products
or unprocessed materials. With large number of voids in the
aggregate, lightweight aggregate concrete possesses a relatively
higher thermal insulating efficiency than the normal concrete.
Therefore, LC has superior properties such as lightness in
weight, and good thermal insulation (Al-Jabri et al. 2005).

Pumice aggregate concrete mixture design has special
characteristics related to mixture water content. In general,
lightweight concrete mix design is determined the water/cement
ratio (W/C) of a mixture considering the aggregates to be in the
position of saturated surface dry. Due to high water absorption
capacity of pumice, the total mixture water requirement of
pumice concrete mixture can be extremely high. The loss of
strength at early ages can be attributed to the high water demand
of pumice aggregates due to their porosity. Highly porous
aggregate structure may absorb a significant portion of mixing
water which reduces the workability of fresh concrete to a great
extent (Khandaker and Hossain 2004). When concrete is made
with lightweight aggregate that has low initial moisture contents
and relatively high rates of absorption, it may be desirable to
mix the aggregates with one-half to two-thirds of the mixing
water for a short period prior to the addition of cement (ACI
Committee 211.2-91 1992). Therefore, the aggregate can be
pre-wetted and the saturated surface can be dried before casting
of concrete. However, this process will also cause an increase in
WI/C ratio and results with strength loss and increase in the fresh
density of concrete block.

Lightweight masonry blocks are produced in most countries
in a highly mechanized fashion. This production has to match
strict standards that describe properties specified for the
products. These may include denotations on sizes, strength,
weather resistance, insulating properties and fire resistance. In
recent years, there has been a focus on utilizing pumice
aggregates (PA) in Turkey as the most popular natural
lightweight aggregate in manufacture of lightweight concrete
blocks. Pumice lightweight concrete blocks are made of pumice,
cement and water which are used in construction of non-load
bearing in fill walls and slabs (Gunduz 2005). One of the most
effective ways to reduce the dead-load in multi-story buildings
is to lighten the weight of the structure. Lightweight blocks can
be manufactured from a density range of 400 kgm>-1100 kgm™
with an average 40-50% reduction in weight, as compared to
conventional slabs (Brown 1990; Gunduz 2008).

The masonry block process is perceived to be one of the
most laborious intensive aspects of construction today. Since
masonry units (blocks) must be handled and placed one-by-one,
increased masonry productivity is the key to effective
management of masonry construction (Bomhard 1980; Brown
1990). In test conducted both in field and at the research
laboratory, it has dramatically shown that the size and weight of
masonry units are primary factors influencing the speed at
which blocks can be laid.

This research is basically focused on the development of
pumice aggregate lightweight concrete blocks to be used in
construction of load-bearing and non-load bearing walls. The
aim of this study is to examine the effect of hydrophobe clay
(Kurt 2009) on the physical and mechanical properties of low-
strength lightweight concrete blocks. In particular, this research
was conducted in order to investigate the reduction of water

absorption of lightweight aggregate concrete blocks.

2. Materials and Method

2.1. Aggregate, hydrophobe clay and cement

The PA used in this research is obtained from Erzurum-
Pasinler province, East of Turkey. It is characterized with a
maximum particle size of 16 mm. The pumice aggregates were
separated into four groups in fine (0-2 mm and 2-4mm),
medium (4-8mm) and coarse sizes (8-16mm). Hydrophobe clay
(Fig. 1) used in this study was supplied by the Anka
Nanoteknoloji Ltd. company in Erzurum Region. An ordinary
Portland cement (CEM 11 42.5) complying with TS EN 197-1
standard requirements was used throughout this research. The
chemical compositions and physical properties of the cement,
pumice and hydrophobe clay are provided in Table 1.

3+

Figure 1. Water droplets escaping out of hydrophobe clay specimen.

Table 1. The chemical composition, physical and mechanical properties
of the cement, pumice and hydrophobe clay.

PC PA HC
Chemical composition (%)
CaO 59.00 1.84 171
SiOz 1863 7135  53.28
AlLO, 4.48 13.20 20.67
Fe,0, 341 1.54 6.13
MgO 2.72 0.01 2.82
Na,O 0.18 34 0.02
K,0 0.52 5.0 0.82
SO, 2.37 0.04 -
Cl 0.009 - -
LOI 8.11 3.05 14.0
Free CaO 0.41
Physical and mechanical properties of cement
Comp. str. 2 days (MPa) 17.9
Comp. str. 7 days (MPa) 31.7
Comp. str. 28 days (MPa) 45.9
Specific gravity 294
Initial setting time (min.) 177
Final setting time (min.) 233
Volume stability (mm) 1
Blaine value (m?/kg™) 4191
90 um passing (%) 98.8
32 pm passing (%) 88.5

2.2. Mixture proportions and testing procedure

In order to investigate the effects of hydrophobe clay on
physical and mechanical properties of samples produced from
cement and PA mixtures were prepared in two different cement
contents of 250 and 350 kg m™. Lewis (1966) reported that a
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common practice for structural and masonry unit concretes is to
mix the aggregates and about two thirds of the required mixing
water for periods up to 1 min prior to the addition of the cement,
and the balance of the mixing water. Mixing is then continued
as required for homogeneity, usually four or more minutes for
masonry unit mixes. According to the Turkish standard TS 3234
(1978), the pumice aggregates (4-8 mm and 8-16mm) were pre-
wetted with the amount of required mixing water for periods up
to 1 min prior to the addition of the cement, because high
porosity of pumice does not absorb mixed water. To define the
optimal mix proportions and to obtain satisfactory mechanical
properties, the pumice aggregate was divided into four different
size ranges: smaller than 2mm, 2 to 4mm, 4 to 8 mm and 8 to 16
mm. The aggregates in the seize ranges were combined to
obtain grain distribution curve, which fall within the grading
curves A16 and C16 in TS 706 Turkish Standard Code (TS 706
1980). According to A16, C16 and TS 706 the grading of the
pumice aggregate is shown the Table. 2.

Table 2. Cumulative passing for one aggregate grade and for A16-C16
TS706 code.

Cumulative passing (%)

Sieve size (mm)

Al6 Grade C16

16 100 100 100
8 60 80 88
4 36 59 74
2 21 37 62
1 12 25 49
0.5 8 14 33
0.25 3 5 18

Aggregate ratios in the mix designed as fine aggregate (0-
2mm and 2-4mm), medium aggregate (4-8 mm) and coarse
aggregate (8-16 mm) were mixed in 37%, 22%, 21% and 20%
by weight, respectively. Hydrophobe clay proportions (0%, 5%,
10%, 15% and 20%) were used by weight in the replacement
with material remaining in a range of 0-2mm sieve. The series
were coded as, Al, A2, A3, A4, A5, B1, B2, B3, B4 and B5.
The content of materials per cubic meter is given in Table 3.

Cube samples of 100x100x100 mm in size, were prepared
to determine compressive strength, water absorption, and
density. The molds were filled by fresh LC and compacted by
using a wide field mallet, and then 25 compaction strokes were
performed at two levels. For each mixture, 9 specimens were
prepared. After 24 h, the specimens were taken out from the
molds and were cured for 28 days in a laboratory curing tank at
21£2 °C, then removed and were put in an oven until constant
weight was obtained for the tests. The samples were tested for
water absorption, density and compressive strength in
accordance with the standards (TS 3624 1981; TS 3114 1990;

Table 3. Content of materials in 1 m®.

TS EN 992 1998; TS 2823 1986), respectively. At the same
time, the method recommended by Somayaji, (1985) was used
to determine water absorption.

3. Results and Discussion

Some physical and mechanical properties of concrete
samples for different hydrophobe clay ratios and cement
contents are given in Table 4. As it can be seen from Table 4,
properties which increase in value, indicating increasing quality
with additive of hydrophobe clay, are compressive strength,
density and water absorption.

The research study as expected showed that the compressive
strength of the concrete composition increases with increasing
cement content and hydrophobe clay ratios. The ratio of
hydrophobe clay has a positive effect on the strength. The
strength increases with increasing hydrophobe clay ratio up to
10% of hydrophobe clay level, then, it begins to decline. The
average cube compressive strengths of the concrete tested are
presented in Fig. 2. The compressive strength values were
determined to be between 4.75 MPa and 8.5 MPa. As it can be
seen from Fig. 2, the strength characteristics of specimens show
an increasing trend up to a certain value. On the other hand, the
analysis shows that the compressive strength of specimens
increases for use of hydrophobe clay up to 10% instead of fine
aggregate (0-2 mm) as a mineral admixture. Due to water
repellent properties of the hydrophobe clay, use of hydrophobe
clay ratios more than 10% in mixture caused difficulty in
mixing and placing of fresh concrete. Because of this
negativeness, porous volume in concrete increased. Therefore,
this leads to decrease in compressive strength and unit weight.
The dry density values of the same specimens varied from
855kg m to 1040kg m™ (Fig. 3). On the other hand, it was
determined that water absorption changed approximately
between 15% and 22%.

Light-weight aggregate concrete used for insulation
purposes may provide strength as low as 0.5 MPa and a density
of less than 1450 kg m™. Strength requirements for building
blocks are most commonly set at 2.5 MPa for filler block and
5.0 MPa for load bearing blocks. Insulating masonry block
elements are usually made with low-strength aggregates such as
pumice. These aggregates have an average compressive strength
of 3.5 MPaq, but this value can be increased up to 7.0 MPa. The
average density of a masonry block is 978 kg m™ (Chandra and
Berntsson 2002).

The properties of some traditional building materials such
as clinker bricks and hollow concrete blocks, and gas concrete
are shown in Table 5 (Sahin et al. 2008).

Cement content

Lightweight aggregate(kg)

(kg m®) Series 0-2mm 2-4mm 4-8mm 8-16mm Hydrophobe clay(kg) Water(l)
Al 382 167 158 133 - 286
250 A2 363 167 158 133 19 286
A3 344 167 158 133 38 286
A4 325 167 158 133 57 286
A5 306 167 158 133 76 286
B1 373 162 155 130 - 270
350 B2 354 162 155 130 19 270
B3 335 162 155 130 38 270
B4 316 162 155 130 57 270
B5 297 162 155 130 76 270
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Figure 2. Compressive strength of specimen aged for 28 days.
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Figure 3. Unit weight of specimen aged for 28 days.

The Turkish standard (TS 2823 1986) gives an average
compressive strength of pumice concrete filled blocks as
between 2.5 MPa-15 MPa and states that no blocks should have
a compressive strength less than 2.5 MPa. It can be seen that the
compressive strength of produced samples were between the
values given in the standards. In this study, the highest
compressive strength of samples (A3 and B3) has been achieved
with 10% hydrophobe clay addition. Therefore, these mixture
compositions are all suitable for production of load-bearing and
non-load bearing blocks.

Al-Jabri et al. (2005) researched the insulation block
element for a hot-climate region. The blocks were produced
from vermiculite and polystyrene beads used as light-weight
aggregates. They found that compressive strength of these
blocks changed between 2.2 and 15 MPa.

Table 4. The mix proportions, water absorption, density and
compressive strength of specimens.

Cement Water .
content  Series  absorption ?(ens'_gy 2t8 da{;(ﬁ'\oﬂmpp.
(kg m?) (%) (kg m~)  strength (MPa)
Al 22.0 855 4.75
A2 20.5 944 6.00
250 A3 18.0 953 7.13
Ad 19.5 930 5.80
A5 20.5 920 5.40
B1 17.0 990 7.50
B2 16.0 1025 8.00
350 B3 15.0 1040 8.50
B4 155 1020 7.90
B5 16.0 985 7.60

Table 4 summarizes the results of unit weight in 28 days.
Addition of hydrophobe clay increased the unit weight of the
produced samples. The unit weight of specimens prepared with

hydrophobe clay addition varied from 855 to 1040 kg m™ (Fig.
3). According to Turkish standard, the oven-dried unit weight
values of pumice concrete filled blocks are to be between 800
and 1600 kg m™. As can be seen in Table 4, the oven-dried unit
weight values are between the values given by the standard. The
research results show that the samples comply with the
minimum required standard value.

—i— 250 cement dosage kg m-3
- 24 4 —#— 350 cement dosage kg m-3
£ 221
s
= 20 4 L\\//‘
o
E 18 A
< 16 - '\.\./_/.
[
= 14
= 12 4
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Figure 4. Water absorption of specimen aged for 28 days.

Water absorption was found to vary between 15 and 22%
varying with hydrophobe clay ratios and cement content (Table
4). It was observed that the water absorption values are closely
related to increasing cement content and hydrophobe clay.
However, water absorption is different for mixes, decreasing
with increasing cement content and hydrophobe clay ratio. The
main cause of the lower water absorption of the samples
produced with the pumice aggregate was the effect of
hydrophobe clay. This change in water uptake is very apparent
in water absorption versus hydrophobe clay ratio relationship
(Fig. 4).The water absorption values of produced samples are
lower than the values given in the Table 5.

Table 5. The properties of some building materials used in wall making.

Compressive . Water
Material strength EID(enrsT:_t% absorption
(MPa) 9 (%)
Hollow concrete block 2-12.5 500-2200 25-35
Clinker bricks 16 800-1800 18
Gas concrete 2-3.5 800-1400 25-35
Lightweight concrete 17 400-2000 24-50

4. Conclusions

The following conclusions can be drawn from this
investigation which is an investigation of physical and
mechanical properties of lightweight concrete blocks produced
with pumice and hydrophobe clay:

The compressive strength of specimens was determined to
be between 4.75 MPa and 8.50 MPa in 28 days. The strengths
of samples increase with increased contents of hydrophobe clay.
Addition of hydrophobe clay in both cement doses (250 and 300
kg m®) led to an increase in the strength. The compressive
strength of specimens is higher than the minimum required
value given in the standards. The research findings show that
the maximum increase in compressive strength value is obtained
with 10% hydrophaobe clay addition.

- Unit weight changed between 855 and 1040 kg m? for
specimens aged for 28 days. Addition of hydrophobe clay to
pumice aggregate increases the unit weight of samples.
However, the unit weights of all specimens are between the

© Akdeniz Universitesi Ziraat Fakiiltesi



Sahin et al./Akdeniz Univ. Ziraat Fak. Derg. (2012) 25(2): 111-115 115

values given by the standard.

- Water absorption of samples, in the present investigation
was obtained to be between 15 and 22%.The water absorption
of samples produced was found to be less compared to
traditional construction materials.

There is a growing demand for construction due to
population expansion and shortage of building materials
projected for future. The use of local materials for building in
rural areas has a positive impact particularly on local
economies. Traditional construction materials do not meet our
current need due to the engineering properties. Therefore, it is
important to improve weaker properties of thin lightweight
concrete block. As a result, the use of hydrophobe clay would
be beneficial to improve the physical and mechanical properties
of lightweight concrete. Lightweight concretes with pumice and
hydrophobe clay can be used in constructions to obtain high
strengths and reduce self-weight or dead load of construction.
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This study was conducted to investigate the yield performances of 14 popcorn hybrids across
four environments representing four different geographical regions of Turkey. The
experiment was conducted as a randomized complete block design with three replications.
The analysis of variance showed that genotype (G), environment (E) and genotype by
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popcorn candidate hybrids can be considered as promising due to their yield performances.
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Bu arastirma, 14 adet cin musir melezinin dort farkli cografik bolgede verim performanslarimni
belirlemek amaciyla yapilmistir. Calisma tesadiif bloklari deneme desenine gore 3 tekerriirlii
olarak yuritilmistiir. Genotip, ¢evre ve genotip x ¢evre interaksiyonlar1 yapilan varyans
analizinde 6nemli olarak bulunmus ve kareler toplami degerleri sirastyla % 12,9, % 67,9 ve %
19,2 seklinde saptanmistir. Genotip x ¢evre interaksiyonunun verim iizerine olan etkisini
agtklamak ve hibritlerin stabilite durumlart hakkinda bilgi elde etmek igin eklemeli ana etkiler

Anahtar Kelimeler:

Sligrriltnsn ve ¢arpimsal interaksiyonlar analizi (AMMI) kullanilmustir. ilk iki AMMI 6gesinin genotip ve
. . . cevresel degerlerinden hesaplanarak olusturulan biplot grafigi genotip ve cevreler hakkinda

Genotip cevre interaksiyonu It bilgil stir. Anali R o] da Gl ad i biiti :

AMMI analizi yararli bilgiler vermistir. Analize gore, genotipler arasinda aday cesidi biitiin gevreler

dikkate alindiginda en stabil genotip olarak saptanmistir. Ayrica, G2, G3, G4 ve G6 kodlu
aday genotipler timitvar melezler olarak degerlendirilmistir.

1. Introduction

Popcorn is a specialty-corn type that is increasing types have smooth, rounded pearl-like crowns, while rice types

importance in the worldwide. A major trait that distinguishes
the popcorn from other types of maize is the formation of large
flakes after kernel popping as a response to the heat treatment
(Pajic 2007). Especially, shape and size of commercially
produced popcorn kernels can be visually realized. It can be
generally classified into two primary types: pearl or rice. Pearl

are pointed. Popcorn has a hard, flinty endosperm that
surrounds a small amount of soft moist starch in the center
(Dickerson 2003; Pike 2003).

As it is one of the most favored snack foods in the world as
well as in Turkey, the production and consumption of popcorn
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is getting increase. Grain yield per area is a very economically
important trait in the popcorn production. However, it is a
quantitative trait that is mostly affected by the environment.
Therefore, breeding popcorn hybrids that have good yield
potential and able to perform well in different environmental
conditions is essential for breeders to meet grower demand.

Crop breeders have been striving to develop genotypes with
superior grain yield, quality and other desirable characteristics
over a wide range of different environmental conditions.
Genotype x environment interaction (GEI) is one of the main
complications in the selection of broad adaptation in most
breeding programs (Issa 2009). Hence, it is important to know
not only average performance of the genotypes but also
magnitude of the GEI in the selection. Depending upon the
magnitude of the interactions or the differential genotypic
responses to environments, the varietal rankings can differ
greatly across environments (Kaya et al. 2002).

Several statistical methods have been developed to analyze
GEIl and yield stability across environments. Additive main
effects and multiplicative interactions analysis (AMMI) is
considered to be an effective model for explaining GEI, because
it accounts large portion of interaction some of squares (SS)
(Zobel et al. 1988). Results from the AMMI analysis and the
graph usually called biplot (Gabriel 1971) that is generated from
genotypic and environmental scores are useful for breeders in
the decision of the genotypes either for further evaluation or for
cultivar recommendations. Studies on different plant types and
environments showed that the AMMI analysis is a good model
for evaluation of GEI across environments (Kaya et al. 2002;
Ebdon and Gauch 2002; Tarakanovas and Ruzgas 2006; Naveed
et al. 2007; llker et al. 2009; Anandan et al. 2009; Arulselvi and
Selvi 2010; Sadeghi et al. 2011) . Since, type of crop, diversity
of the germplasm under evaluation and environmental
conditions can affect the degree of the complexity of the GEI
and also the best predictive model of the AMMI analysis
(Crossa et al. 1990), the present study may help in the
understanding of GEI effect on yield of popcorn hybrids
developed and grown in Turkey.

The objectives of the study were to (i) analyze GEI by
AMMI analysis of yield performances of 14 popcorn hybrids
over 4 environments, (ii) determine the hybrids that are stable
across environments with high yield performance and (iii) find
out the best hybrids under evaluation for each environment.

2. Materials and Methods

In the present study, eleven developed single crosses and
three commercial checks (Antcin-98, Elacin and Turkpop) were
tested. Crosses obtained in 2010 and single crosses that have
sufficient seed were tested in 2011. Genotypic codes, short
pedigree and definition of the hybrids were given in Table 1.
The locations represent four different geographical regions of
Turkey and most of popcorn production is done in these
environments (Table 2).

Experiments were conducted in a randomized complete
block design with three replications. Plots consisted of four
rows, 5 m long and row spacing was 0.7 m. Border rows were
also included to eliminate border effects. After emergence,
plants were thinned to approximately 0.2 m. Fertilization and
plant protection measures were done according to local
recommendations. Nitrogenous fertilizer was applied 2 times as
10 kg before sowing and 10 kg at the fifth leaf stage.

A program developed by Hernandez and Crossa (2000) was

used to compute the AMMI model and the biplot of multi-
environment trials in SAS software (1999). In the program,
PROC GLM was performed for quantifying genotype by
environment interactions. For each genotype and environment,
PROC IML procedures applied to the data in order to obtain
genotypic and environmental scores. Once the results of the
AMMI are obtained using IML, the information was used for
computing the Gollob (1968) F-test and for obtaining the biplot.

Table 1. Genotypic codes, short pedigree/origin numbers and definition
of the hybrids used in the study.

Genotypic code Pedigree/Origin Definition of the hybrids

Gl AntCin-10971 Experimental hybrid
G2 AntCin-10972 Experimental hybrid
G3 AntCin-10973 Experimental hybrid
G4 AntCin-10974 Experimental hybrid
G5 AntCin-10975 Experimental hybrid
G6 AntCin-10976 Experimental hybrid
G7 AntCin-10977 Experimental hybrid
G8 AntCin-10978 Experimental hybrid
G9 AntCin-10979 Experimental hybrid
G10 AntCin-10980 Experimental hybrid
Gl1 AntCin-10981 Experimental hybrid
G12 Antcin-98 Commercial Check

G13 Elacin Commercial Check

Gl4 Turkpop Commercial Check

3. Results and Discussion

Mean yield of the genotypes over environments were
presented in Table 3. Due to the environmental conditions yield
of the genotypes changed in different locations. Therefore,
genotype by environment interaction needed to be analyzed.

The AMMI analysis of variance of yield (t ha) of the 14
popcorn hybrids tested in 4 different environs showed that mean
squares environments, genotypes and genotype x environment
interactions were significant (Table 4). Environments captured
67.9 % of the total sum of squares, genotypes 12.9 % and GEI
19.2 %. The high percentage of environment effect indicated
that the environments were diverse and caused great variation in
yield of the tested genotypes. GEI sum of squares were larger
than that of genotypes and showed that there were genotypic
responses to the environments.

The AMMI analysis generated four interaction principle
component axes (IPCA). The results showed that the first
(IPCA 1) AMMI term accounted 65.47 % of the interaction sum
of scores, while the second (IPCA 2) accounted 33.86. The
mean scores of the first two AMMI terms were significant at
P<0.01 level and these terms captured nearly the entire sum of
squares of genotype x environment interaction. Zobel et al.
(1988) determined that the first two interaction principle
component axes were the best predictive model for AMMI.
Furthermore, similar results from different researchers (Kaya et
al. 2002; Tarakanovas and Ruzgas 2006; llker et al. 2009;
Avrulselvi and Selvi 2010) indicated that first two AMMI terms
are sufficient models for prediction the AMMI. Further
interaction principal component axes captured noise and were
not useful for validation of the model. Therefore, interaction of
the 14 popcorn hybrids with four diverse environments was
predicted using first two AMMI terms.

Principle component axes of 14 popcorn hybrids and four
environments for yield using genotypic and environmental
scores was constructed using the first two AMMI terms was
shown in Figure 1. Genotypic and environmental scores can be
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Table 2. Description of the environments.

119

Environment  Code Geographical Latitude Longitude Climatic conditions Soil properties
region
Konya El Central oemn on et Semi dry Clay, alkaline, low
Anatolia 37°52N 32°35'E organic matter, high
lime, salt free
Sakarya E2 Marmara oron e Humid Clay- loam, slightly
40°48'N 30°25'E alkaline, medium
organic matter,
medium lime, salt free
Samsun E3 Black Sea o1 o . Semi Humid Clay- loam, slightly
41°15'N 36°22'E alkaline, low organic
matter, medium lime,
salt free
Antalya E4 Mediterranean oenr e Humid Clay- loam, alkaline,
36°52'N 30°45'E low organic matter,
very high lime, salt
free
Table 3. Mean yield (t ha™) of the genotypes over environments.
Genotype E1** E2** E3** E4** Mean**
1 21f 5.8 df 2749 43ed 3.7f
2 2.8d 7.7ab 3.8d 5.8 ab 5.0 ac
3 20f 5.4 ef 2.8 fg 5.6 ac 4.0 ef
4 20f 7.2ad 27g 4.8 be 42e
5 39b 6.7 be 54a 4.7 be 5.2ab
6 2.8d 6.2 cf 34e 6.6a 4.7 bc
7 43a 7.3ac 56a 37e 52a
8 24d 6.5 be 31ef 40e 4.0 ef
9 33c¢ 5.4 ef 43b 5.8ab 47cd
10 29d 48f 3.7d 3.7e 3.8ef
11 31lcd 5.5 ef 39cd 45ce 4.3de
12 4.1ab 6.7 be 55a 4.1ed 5.1ac
13 33c 82a 4.1bc 5.2 hd 52a
14 33c 7.4 ab 43b 5.7 ab 5.2a
Mean 3.0 6.5 4.0 4.9 4.6

Means followed by different letter(s) are significantly different at the 1% level of probability.

Table 4. Additive main affects and multiplicative interactions of
variance for yield of the hybrids across environments.

Source DF ss MS Ex‘z(';)')”e"
Model 55 406.2039042 73855255 **
Environment () 3 275.8273494  O1.9424498**  67.9
Genotype (G) 13 522876125 40221240  12.9
EXG 30 780889423 20022806 192
IPCA1 15 511279  3.40853** 65.47
IPCA 2 13 264357  203352%* 33.86
IPCA 3 1 05253 004775 0.68
IPCA 4 9 00000 0.00000 0.0

CV(%)=126 R*=0.915
** Significant at the 0.01 probability level.

seen on the biplot and the environments took place in four
different sections. The genotypes closer to the line that marks
the environments have the potential to enhance yield in that
specific environment. Within 14 popcorn hybrids it can be
concluded that G3 and G6 are the best genotypes for E4 which
represents Antalya, a southern site of the country. G13 which is
a commercial check is suitable for E2 representing Sakarya

location a northwest site of Turkey, which has the best
ecological conditions for maize production. G5 has good
enhance for E3 representing Samsun which is located in the
northeast of Turkey. Moreover, G10 and G11 hybrids can be
mentioned as the best genotypes for E1 representing Konya
location, which is a Central Anatolian city.

Genotypes located near the plot origin were less responsive
than the vertex genotypes (Kaya et al. 2002). In this respect, G4
and G6 seems to be more yielding genotypes among the 14
popcorn hybrids but were not stable across environments due to
the fact that they did not give the small PCA 2 scores. On the
other hand, G12 a commercial check representing Antcin 98 and
G1, an experimental hybrid, were determined as the most stable
hybrids over the environments due to their small PCA 2 scores.
Although G12 was a stable hybrid, it was not a good yielding
genotype because it had large negative PCA 1 score. G1 was a
stable (small PCA 2) hybrid and also had a relatively good yield
potential in all environments under the test. Moreover, the
average Yields of genotypes 7, 8, 10 and 11 were under
experiment average (PCA 1 <0) and also the genotypes were
highly unstable (large PCA 2 scores).
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Figure 1. AMMI biplot of 14 popcorn hybrids and four environments for yield using genotypic and environmental scores.

The biplot was also a good informative graph for analyzing
test sites. Among the used environments for testing popcorn
hybrids, E4 was the most distinctive as it had longest distance
between its marker and the origin. Genotype performances at E4
site, however, may not reflect the performances averaged over
all sites due to the large PCA 2 scores. Furthermore, genotypic
differences at E3 and E1 sites must be more consistent with
those averaged at all sites, because they had relatively small
PCA 2 scores.

4. Conclusion

The present study showed that there was a significant GEI
in popcorn hybrids evaluated in different locations of Turkey.
Because of the need for understanding GEI pattern and to
generate knowledge about stability situations of the hybrids,
additive main effects and multiplicative interactions analysis
was used.

The analysis determined that the first two AMMI
components captured nearly all interaction sums of squares and
these findings were similar with those previous studies with
different plant types. A biplot graph of 14 popcorn hybrids and
four environments for yield using genotypic and environmental
scores constructed using the first two AMMI terms was a good
picture to see genotype and environmental situations.

According to the results of the biplot graph, it can be said
that some genotypes were determined as best for some specific
environments. G1 was selected for its stability across the
environments. Besides, G2, G3, G4 and G6 popcorn candidate
hybrids can be considered as promising due to their yield
performances.
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YAZIM KURALLARI

Kapsam

AKDENIZ UNIVERSITESI ZIRAAT FAKULTESI DERGISI, tarim ve yasam bilimleri ile ilgili bilim alanlarimin 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 yaymlar. Dergide her sayida basilan toplam
makale sayisinin %20’si kadar derleme niteligindeki makaleye yer verilmektedir. Sunulan makalelerin daha dnce yayinlanmamis, yaymlanmak tizere
bir yere sunulmamis ve yayin haklarinin devredilmemis olmas gerekir. Dergide basilan eserlerin sorumlulugu yazar(lar)’mna aittir. Ayrica yazar(lar)
uluslararasi ve ulusal bilim ve bilimsel yayn etik kurallarina uymak zorundadirlar ve dergi bu konulardan sorumlu degildir.

Makale Degerlendirme Siirecleri

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

Hakemlerin oybirligi veya ¢ogunlukla basilmaya uygun bulmadig1 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 yapilmasi i¢in hakem
oOnerileriyle birlikte yazara gonderilir. Yazar altmig giin i¢inde diizeltmeleri yaparak eserin son seklini bir asil kopya, CD ve diizeltmeler listesi ile
birlikte Editore iletmek zorundadir. Yazar(lar)in kabul etmedikleri onerilerin gerekgelerini bilimsel kanit ve kaynaklarla diizeltmeler listesinde
aciklamasi zorunludur. Editorler Kurulu, hakem raporlari ve diizeltmelerle istenilenlere uyulma durumunu dikkate alarak makale hakkinda nihai
kararini verir ve sonug yazara iletilir.

AKDENIZ UNIVERSITESI ZIRAAT FAKULTESI DERGISI’inde makale basimu iicretsizdir.

Eser Sunumu

Eserler, sorumlu yazar (makalenin sunum asamasindan basimina kadar olan siireclerde her tiirlii yazismalar1 gerceklestiren) tarafindan bir asil
kopya ve CD ile birlikte tiim yazarlar tarafindan imzalanmis “Telif Hakki Devri Sozlesmesi” ve gerekli ise Etik Kurul Raporu eklenerek teslim
garantili olarak asagidaki adrese gonderilmelidir.

AKDENIZ UNIiVERSITESI ZIRAAT FAKULTESI DERGISI EDITORLUGU, 07070 ANTALYA

CD, makalenin Microsoft® Word.doc ve PDF formatina doniistiiriilmiis halini icermeli, ayrica her asamada ayn1 dokiimanlar E-posta yoluyla
ziraatdergi@akdeniz.edu.tr adresine iletilmelidir. Degerlendirme siireci makale asil kopyasinin editorliige ulasmasidan sonra baglatilmaktadir.

Makale Hazirlama ilkeleri

Makaleler, A4 boyutundaki kagida 12 punto Times New Roman yazi karakteri ile ¢ift satir aralikli yazilmalidir. Sayfanin saginda ve solunda 2
cm, altinda ve dstiinde 3 cm bosluk birakilmalidir. Makalenin sayfalar1 ve her sayfada satirlar numaralandirilmalidir. Yazar ad(lar)1 agik olarak
yazilmali ve unvan belirtilmemelidir. Makalenin yazildig1 dilin yazim kurallarina uyuma azami 6zen gosterilmelidir. Editorler kurulu, dili yeterli
olmayan makaleleri yazara iade etme hakkina sahiptir. Tiirkge bilmeyen yazarlar i¢in Tiirkge makale basligi ve “Oz” Dergi Editorliigiince hazirlanir.

Dergiye sunulan eser, kapak sayfas1 ve makale olmak iizere iki ana béliimden olusmalidir.

1. Kapak Sayfas:: Makalenin Tiirkge ve Ingilizce basliklari ile yazar ad ve agik adresleri, makale tiirii (arastirma veya derleme) ve dergi
kapsamindaki hangi alana girdigine iliskin bilgileri igermelidir. Ayrica sorumlu yazar ve tiim iletisim bilgileri kapak sayfasinda verilmelidir
(www.ziraakdergi.akdeniz.edu.tr ).

2. Makale: Tiirkge Baslik, Ingilizce Baslik, Tiirkge “Oz” ve “Anahtar kelimeler”, Ingilizce “Abstract” ve “Keywords”, Giris, Materyal ve
Yontem, Bulgular, Tartisma ve Sonug, Tesekkiir (varsa), Kaynaklar, Sekil ve Cizelge boliimlerinden olugmalidir. Derleme makalelerinde yazar(lar),
Materyal ve Yontem, Bulgular, Tartisma ve Sonug béliimleri yerine konuya uygun bashk diizenlemeleri yapabilirler. Makale, “Kaynaklar” bolimi
dahil (sekil ve ¢izelgeler harig) 18 sayfadan uzun olmamalidir. Makale sunum 6rnegine yukarida verilen web sayfasindan ulasabilmektedir.

Makale Bashgi: Kisa ve kapsayici olmali, on bes kelimeyi gegmemeli ve ilk kelimenin bas harfi bilyiik olmak iizere kii¢iik harfle ve koyu
yazilmalidir. Ingilizce baslik ayni bigimde ve bir satir bosluk birakilarak yazilmalidir.

Oz ve Anahtar Sézciikler: Tiirkce “Oz” ve Ingilizce “Abstract” 250 kelimeyi gegmemelidir. Oz, ¢alismanin amacini, yéntemini ve sonuglarin
dzetlemelidir. Oziin bir satir altina miimkiinse bashkta bulunmayan, ¢aligmanin igerigi ile dogrudan iliskili ve dizinlenmeyi kolaylastiracak en fazla 5
anahtar sézciik yazilmalidir.

Makale Metninde Bashklar: “Kaynaklar” hari¢ tiim ana ve alt bagliklar numaralandirilmalidir. Ana basliklarda kelimelerin ilk harfleri, alt
basliklarda ise ilk kelimenin bas harfi bilyiik yazilmalidir. Ana basliklar koyu, alt basliklar ise italik yazilmalidir.

Giris: Bu boliimde; ¢alismanin konusu 6zetlenmeli, konu hakkindaki mevcut bilgi dogrudan iliskili onceki ¢aligmalarla degerlendirilmeli ve bilgi
tiretimine ihtiya¢ duyulan hususlar vurgulanip ¢aligma ile iliskilendirilmelidir. Son olarak ¢alismanin amaci net ve agik bir sekilde ifade edilmelidir.

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

Bulgular: Bu bolimde ¢alismada elde edilen bulgular sekil ve gizelgeler yardimiyla ve istatistiksel analizlere dayali olarak agik ve net bir
bi¢imde verilmelidir. Sekil ve ¢izelgelerdeki tiim verilerin metin i¢inde tekrarindan kaginilmali, vurgulayici noktalar anlatilmalidir. Ayni veriler hem
grafik hem de ¢izelge ile verilmemeli, konuya en uygun arag segilmeli, anlatimda tekrarlayan ciimle ve ifadelerden kaginilmalidir.

Tartisma ve Sonu¢: Bu bolimde elde edilen bulgular, uyum ve zitlik agisindan 6nceki ¢alismalarla karsilastirilmali, doldurdugu bilgi agig1
vurgulanmali, 6nceki béliimlerdeki ifadelerin oldugu gibi tekrarindan kaginilmalidir. Son olarak ulasilan nihai sonug ve varsa oneriler verilmelidir.

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

Kaynaklar: Metin i¢inde kaynaklara atif “yazar soyad:i ve yil” yontemine gore yapilmali ve yazimda asagidaki ornekler dikkate alinmalidir:
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Tiirk¢e yazilan makalelerde; tek yazarli eserlere “...... bildirilmektedir (Burton 1947).”, iki yazarli eserlere “.... oldugu belirlenmistir (Sayan ve
Karagiizel 2010).”, ii¢ veya daha fazla yazarh eserlere ise “........ ortaya konmustur ( Keeve ve ark. 2000).” érneklerinde oldugu gibi atif yapilmalidir.
Ayni noktada birden fazla esere atif yapilacaksa kaynaklar tarih sirasiyla ve ayni tarihli olanlar alfabetik siralama ile “... bildirilmektedir (Burton
1947; Keeve ve ark. 2000; Giilsen ve ark. 2010; Sayan ve Karagiizel 2010).” 6rneginde oldugu gibi yazilmalidir. Yazara yapilan atiflar ise “Borton
(1947)’a gore ...”, “Sayan ve Karagiizel (2010), ...bildirmektedirler.” ve “Keeve ve ark. (2000), ... belirlemislerdir.” 6rneklerinde oldugu gibi
verilmelidir. Ayn1 yazarin ayn tarihli birden fazla yayinina 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 gore) 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 konsantrasyonlarmin Giiney Anadolu dogal Lupinus varius’larinin ¢imlenme 6zelliklerine
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.

Kagar B, Katkat V (2006) Bitki Besleme. 2. Baski, Nobel Yaymn Dagitim, Ankara.

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

Kitap boliimii:

Frrath 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.

Yazan belirtilmeyen kurum yayinlari:
TUIK (2005) Tarimsal Yapi. T.C. Bagbakanlik Devlet Istatistik Enstitiisii, Yaymn 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 Sektér 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 zamanlar 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.
Tim sekil ve gizelgeler kendi i¢lerinde numaralandirilmali ve makalenin sonuna yerlestirilmelidir. Sekil ve ¢izelge i¢ yazilarinda 8 puntodan biiyiik
punto kullanilmamalidir. Sekil ve ¢izelgelerin enleri 8 cm veya 17 cm ve zorunlu ise boyutlar en fazla 17x23 cm olmalidir. Makalelerde fotograflar
gri tonlamali, 600 dpi ¢dziiniirliikte ve JPG formatinda olmali ve mutlaka sonuglarin agiklanmasinda bilgilendirici nitelik tagimalidirlar. Yazarlar
makalede kullandiklar sekillerin baski kalitelerini kontrol etmeli ve yiiksek kalitede basima uygun sekiller kullanmahidirlar. Cizelgelerde dikey ¢izgi
kesinlikle bulunmamali, istatistiksel onemliliklerin belirtilmesinde miimkiin oldugunca P degerleri verilmeli veya “*” gibi sembollerin agiklamasi
mutlaka yapilmalidir. Istatistiksel karsilastirmalar icin kiiciik harf kullanilmali ve agiklamalarda hangi karsilastirma yénteminin kullamldig1 ve 6nem
diizeyi belirtilmelidir. Cizelge ve sekil bashklar1 ve aciklamalar kisa, 6z ve tammlayici olmali ve Tiirkce ve Ingilizce yazilmahdir. Sekil ve
¢izelgelerde kisaltma kullanilmig 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. Ondahk ayraci olarak nokta kullamlmahdir ( 1,25
yerine 1.25 gibi). Birimlerde “/” kullanilmamali ve birimler arasinda bir bosluk birakilmalidir (6rnegin: 5.6 kg/ha degil, 5.6 kg ha™'; 18.9 g/em’ degil,
18.9 g cm?; 1.8 pmol/s/m? degil, 1.8 pmol s m?).

Kisaltmalar ve Semboller: Makale bashig: 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 basliginda yer alan Latince isimlerde otor adi kullamilmamalidir. 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.”. Tim Latince isimler italik olarak yazilmali, ancak yazimda ve gosterimde ilgili alanin evrensel yazim
kurallarina uyulmalidir. Caligmalarda kullanilan kimyasallar, ¢aligma konusu gerektirmedik¢e ve zorunlu olunmadikga ticari adlariyla verilmemelidir.

Formiiller: Makalelerde formiiller “Esitlik” olarak adlandirilmali, gerektiginde numaralandirilmali, numara formiiliin yaninda saga dayali olarak
parantez iginde gosterilmeli ve esitlikler miimkiin oldugunca tek satira (¢ift siitunda 8 cm) sigdirilmalidir.

Yazar(lar)a, web sayfasindan (www.ziraakdergi.akdeniz.edu.tr ) derginin son sayilarini incelemeleri onerilir.

© Akdeniz Universitesi Ziraat Fakiiltesi



Akdeniz Univ. Ziraat Fak. Derg. (2012) 25(2)

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 (4dkdeniz 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 the title and abstract of the manuscripts will be translated from English into Turkish by the editorial team of the journal.

Manuscript submission

The manuscripts can be submitted to the journal by the corresponding author as the original copy of manuscript and on a CD including the manuscript
in DOC and PDF formats together with a copy of the "Copyright Transfer Agreement" signed by all authors who contributed to the manuscript by
registered mail to the address given below. Those manuscripts requiring an Ethics Committee Report should supply a copy of the report by the Ethics
Committee of the research area together with the manuscript.

Mailing Address:

Editor of the Akdeniz University Journal of the Faculty of Agriculture

Akdeniz University, Faculty of Agriculture, 07070 Antalya, TURKEY

A copy of the submitted manuscripts should also be mailed to ziraatdergi@akdeniz.edu.tr via e-mail. The evaluation process for article is initiated
upon the receipt of the original copy of the manuscript by the journal’s editor.

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 sixty days, including a
hard copy, and copy on CD sent to the 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 evaluated and 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.ziraakdergi.akdeniz.edu.tr).

Manuscript preparation guidelines

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

1. Cover page: Should contain the title, names of the author(s) and addresses and type of manuscript (original study or review), the area the
manuscript belongs to within the scope of the journal. The cover page should contain the corresponding author’s name and full contact details.

2. Manuscript: Manuscripts should be prepared on A4-size paper in 12 point, Times New Roman font, double line spaced, leaving 3 cm 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 18 pages, double line spaced, including the "References “section (excluding any figures and tables),
and must have the following sections:

Manuscript 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 and keywords: The abstract should not exceed 250 words, and it should summarize the objective of the study, the methods employed

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

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.

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.

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.
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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) prefernce.

For the reviews, the author(s) can make appropriate title arrangements.
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 Harten 2002), (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 konsantrasyonlarmm Giiney Anadolu dogal Lupinus varius’larinin ¢imlenme 6zelliklerine 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.

Book:

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

Book chapter:

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.

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 (Vitex agnus-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 of 5.6 kg/ha; 18.9 g cm™, instead of 18.9 g/cm’; 1.8 pmol s’ m?, instead of 1.8 pmol/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: "Lupinus varius (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.ziraakdergi.akdeniz.edu.tr) to see the latest issue of the journal.
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TELIF HAKKI DEVRi SOZLESMESI

Yazar(lar)

Makale Baslig1

Eserden sorumlu yazarin bilgileri:

Adi ve Soyadi Adresi
E-posta
Telefon Faks

Sunulmus olan makalenin yazar(lar)1 olarak ben/bizler asagidaki konular1 kabul ve taahhiit ederiz:

a) Makale AKDENIZ UNIVERSITESI ZIRAAT FAKULTESI DERGISI Bas Editorliigiine ulasincaya kadar Akdeniz
Universitesi Ziraat Fakiiltesinin hi¢bir sorumluluk tagimadigini kabul ederiz.

b) Ben/Biz bu makalenin, etik kurallara uygun ve gerektiren hallerde etik izin belgelerinin alinmig oldugunu ve belirtilen
materyal ve yontemler kullanildiginda herhangi bir zarara ve yaralanmaya neden olmayacagini taahhiit ederiz.

¢) Biitiin yazarlar makalenin tiim sorumlulugunu istleniriz.
d) Bu makale baska bir yerde yayinlanmamis ve yayinlanmak {izere herhangi bir yere sunulmamuistir.
e) Biitiin yazarlar génderilen makaleyi gormiis ve onaylamustir.
f) Makalenin telif hakkindan feragat ederek bu hakki Akdeniz Universitesi Ziraat Fakiiltesi’ne devrettigimizi ve Akdeniz
Universitesi Ziraat Fakiiltesini makalenin yayimlanabilmesi konusunda yetkili kildigimiz1 kabul ederiz.
Yukaridaki konular disinda yazar(lar)in asagidaki haklar1 saklidir:
a) Telif hakki digindaki patent haklar1 yazar(lar)a aittir.
b) Yazar(lar) makalenin tiimiinii kitaplarinda ve derslerinde, s6zlii sunumlarinda ve konferanslarinda kullanabilir(ler).
€) Yazar(lar)in satis amagli olmayan kendi faaliyetleri i¢cin makalelerini ¢ogaltma haklar1 vardir.

Basima kabul edilsin veya edilmesin dergiye sunulan makaleler iade edilmez ve esere ait tiim materyaller (fotograflar, orijinal
sekiller ve digerleri), dergi editorliiglince iki y1l siireyle saklanir ve siire bitiminde imha edilirler.

Bu belge, tiim yazarlar tarafindan imzalanmalidir. Yazarlarin farkli kuruluslarda bulunmast durumunda imzalar farkli formlarda
sunulabilir. Ancak biitiin imzalarin 1slak imza olmasi zorunludur.

*Yazar(lar)in Ad1 ve Soyadi Adresi Tarih imza

*: Satir sayis1 yazar sayist kadar olmali, yetersizse artirilmalidir.

Sunulan eserin basima kabul edilmemesi halinde bu belge gecersizdir.

IMZALAYINIZ VE POSTAYLA “Akdeniz Universitesi Ziraat Fakiiltesi, 07070 Antalya, TURKIYE” ADRESINE GONDERINIZ.
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