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OZET

Yag giilii (Rosa damascena Mill.), sahip oldugu yiiksek kalitedeki aromatik bilesenler nedeniyle parfiim ve kozmetik
endiistrisinde degerlendirilen en 6nemli kokulu giil tiiriidiir. Yag giiliinde dogal ve saglikli iirlin ¢esitliliginin artirilmasi,
kullanim alanlarinim genisletilmesi ve damitma atiklarmin degerlendirilmesi amaciyla yiiriitiilen bu arastirmada, taze
yag giilii ¢igeklerinin damitilma siirecinde elde edilen giil yagi ve giil suyu gibi temel ve posa suyu gibi atik damitma
iirtinlerinin ugucu yag ve fenolik madde igerikleri ile antiradikal ve antioksidan aktiviteleri belirlenmistir. Siileyman
Demirel Universitesi Giil ve Giil Uriinleri Arastirma ve Uygulama Merkezine (GULAR) ait yag giilii (Rosa damascena
Mill.) arastirma bahgesinden giil toplama ve damitma sezonunda (May1s ve Haziran) sabah erken saatlerde toplanan
taze yag giilii ¢icekleri Clevenger hidro-distilasyon cihazinda damitilarak giil yag, giil suyu ve posa suyu elde edilmis
ve bu triinlerde ugucu yag bilesenleri gaz kromatografisi/kiitle spektrometresi (GC/MS) kullanilarak tespit edilmistir.
Ayrica elde edilen bu distilasyon iiriinlerinde fenolik madde ekstraksiyonlar1 da yapilarak, toplam fenolik madde, toplam
flavanol ve toplam flavonol igerikleri spektrofotometrik yontemlerle, fenolik bilesik igerikleri de yiiksek performansh
sivi kromatografisi (HPLC) ile belirlenmistir. Ekstraktlarin antioksidan ve antiradikal aktivitelerini belirlemek icin
de sirastyla demir indirgeme giicii (FRAP) yontemi ile 1,1-difenil-2-pikril-hidrazil (DPPH) yontemi kullanilmustir.
Arastirma sonucunda, giil yaginda sitronellol (% 35.27), giil suyu ve posa suyunda ise feniletil alkoliin (sirastyla
% 60.71 ve % 90.32) en dnemli ugucu yag bileseni oldugu tespit edilmistir. Fenolik madde igerikleri bakimindan bir
degerlendirme yapildiginda ise giil yaginin zengin bir icerige sahip oldugu, posa suyunun da giil suyuna gore daha
fazla fenolik bilesik icerdigi belirlenmistir. Genel olarak giil tiriinlerinin yiiksek antiradikal ve antioksidan aktiviteye
sahip oldugu, ancak distilasyon tiriinleri arasinda giil yag1 ve posa suyunun giil suyuna gére daha yiiksek antiradikal ve
antioksidan etkiler gosterdigi saptanmistir. Arastirma sonucunda 6zellikle distilasyon siirecinde atik {iriin olarak elde
edilen posa suyunun dogal antioksidan kaynagi olarak ekonomiye kazandirilabilecegi ongoriilmiistiir.

Anahtar Kelimeler: Yag giilii; Distilasyon triinleri; Fenolik bilesikler; Antiradikal ve antioksidan aktivite
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ABSTRACT

Oil-bearing rose (Rosa damascena Mill.) is one of the most strongly scented rose species, producing a high-value
aromatic oil, which is used in the fragrance and cosmetic industries. In this research, developing the usage of natural
and healthy products of oil-bearing rose and evaluating waste of distillation products were aimed. From this point
of view, the main target in the study was to determine the essential oil and phenolic compounds, antiradical and
antioxidant activities of rose oil and rose water as basic products, and also residue water as a waste product obtained in
the distillation process of fresh oil-bearing flowers. Oil-bearing rose flowers were collected early in the morning hours
of the days during the harvesting and processing season (May and June) from the research garden of the Rose and Rose
Products Research Application Center (GULAR) at Siileyman Demirel University and then rose oil, rose water and
residue water were obtained from the fresh rose flowers by using Clevenger type hydro-distillation apparatus. Essential
oil compounds were analysed by gas chromatography/mass spectrometry (GC/MS). After phenolic extractions in the
distillation products, total phenolics, flavanol and flavonol contents were analysed by spectrophotometric methods and
phenolic compounds were determined by high performance liquid chromatography (HPLC). Antioxidant capacity was
assessed by ferric reducing antioxidant power (FRAP) method, and antiradical activity was made by 1,1-diphenyl-2-
picrylhydrazyl (DPPH) method. Appreciation of the total results, citronellol in rose oil (35.27%) and phenylethyl alcohol
in rose water and residue water (60.71% and 90.32%, respectively) were the main essential oil compounds. Rose oil had
a rich content phenolics. On the other hand rose water contained more phenolic compounds according to the residue
water. Antiradical and antioxidant activity were found high in the distillation products of oil-bearing rose. Rose oil and
residue water among the distillation products had a higher antiradical and antioxidant activity when compared with rose
water. As a conclusion, the results indicate that residue water as a large scale waste product during the hydro-distillation,

can be evaluated for natural antioxidant sources to obtain economical gain.

Keywords: Oil rose; Distillation products; Phenolic compounds; Antiradical and antioxidant activity

1. Giris

Diinyada 150 kadar giil (Rosa sp.) tiirii bulunmasina
karsimn, bunlardan ¢ok az1 koku endiistrisinde
degerlendirilmektedir. ~ Ozellikle kokulu  giil
tiirleri arasinda ekonomik degeri en yiiksek olani
iilkemizde “Isparta giilii” olarak adlandirilan Rosa
damascena Mill. (Damask gilii) tlridiir. Son
125 yilda diinyanin en onemli yag giili ve giil
iiriinleri iretim merkezlerinden birisi haline gelen
Isparta yoresinde, yag giiliiniin taze ¢igeklerinden
su distilasyonu ile giil yagi ve giil suyu, n-hekzan
ekstraksiyonu ile konkret ve konkretten de etil
alkol ekstraksiyonu ile absoliit elde edilmektedir
(Kiirk¢tioglu & Bager 2003; Baydar 2006). Giil
ciceklerinden damitilmasi ve ekstraksiyonu ile elde
edilen bu iriinler; ilag, gida, parfim ve kozmetik
endiistrisinin en degerli hammaddeleri arasinda yer
almaktadirlar. Her y1l Goller yoresinde yaklasik 25
bin da yag giilii plantasyon sahasindan ortalama 10
bin ton yag giilii ¢igegi iliretilmekte, yorede faaliyet
gosteren 20 kadar damitma ve ekstraksiyon tesisinde

© Ankara Universitesi Ziraat Fakiiltesi

yilda 1.5 ton kadar giil yagi, 2 ton kadar absoliit, 5
ton kadar konkret ve 500 ton kadar konsantre giil
suyu ile yaklagik 30 bin tona yakin atik posa suyu
elde edilmektedir (Baydar & Kazaz 2013).

Son yillarda ozellikle tibbi ve aromatik
bitkilerden elde edilen ekstraktlarin antiradikal ve
antioksidan aktiviteleri {izerinde yogun aragtirmalar
yapilmaktadir.  Ciinkii  normal  metabolizma
faaliyetleri siirecinde oksidasyon sonucunda meydana
gelen serbest radikaller, hiicrelere ve bagisiklik
sistemine zarar vererek, ozellikle de hiicre zarlarmin
yapisinda bulunan lipidlerin peroksidasyonuna
neden olmaktadirlar. Iste enzimatik olan (glutathion
peroksidaz, katalaz ve superoksit dismutaz gibi pirmer,
glutathion reduktaz ve glukoz-6-fosfat dehidrogenaz
gibi sekonder enzimatik defans sistemleri) veya
enzimatik olmayan (A, E ve C vitaminleri, kofaktor
Q10, selenyum ve ¢inko gibi mineraller, glutatyon
gibi peptidler, flavonol, flavanol ve antosiyanin gibi
flavonoidler, karoten ve likopen gibi karotenoidler,
gallik asit gibi fenolik asitler ve katesin ve epikatesin

2 Tarim Bilimleri Dergisi — Journal of Agricultural Sciences
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gibi fenolik maddeler) antioksidanlar, serbest
radikalleri kendilerine baglayip onlar1 etkisiz
hale getirerek, olast doku zararlanmalarini en aza
indirmekte, boylece yaslanmay1 geciktirerek (anti-
aging), olast kalp-damar ve kanser hastaliklarinin
olusumunu engellemektedirler (Shebis et al 2013).

Bitkiler aleminde ozellikle tibbi ve aromatik
bitkilerde yogun olarak sentezlenen savunma
mollekiilleri  olarak  fenolik maddelerin  ve
terpenoidlerin giiclii antioksidan etkileri oldugu
bilinmektedir (Guimaraes et al 2010). Bu nedenle
bu tir bitkilerden elde edilen distilasyon ve
ekstraksiyon  {rlinlerinin  dogal  antioksidan
kaynaklar1 olarak aromaterapik ve fitoterapik
saglik driinlerinde kullanilmas1 giderek 6nem
kazanmaktadir. Bitkilerin antioksidan kapasitesi ve
serbest radikal tutma aktivitesi en basta tagidiklart
fenolik madde miktarina ve kompozisyonuna gore
degismektedir (Dimitrios 2006; Goktiirk Baydar et
al 2007; Siger et al 2008). Yag giilii dahil baz1 giil
tiirlerinde ekstrakt iiriinlerinin antioksidan etkileri
iizerine bazi arastirmalar yapilmistir (Biolley et al
1994; Ozkan et al 2004; Vinokur et al 2006; Wei
& Shibamoto 2007; Ulusoy et al 2009; Yassa et al
2009; Goktiirk Baydar & Baydar 2013).

Bu  arastirmada, daha Once  yapilan
arastirmalardan farkli olarak, giil yag: ve giil suyu
gibi temel damitma iriinleri ile birlikte ayrica
6nemli bir damitma yan iiriinii olan ancak ekonomik
olarak degerlendirilmedigi i¢in dogaya salinan posa
suyunun ugucu yag ve fenolik madde igerikleri
ile antioksidan ve antiradikal aktivitelerinin
belirlenmesi amaglanmistir.

2. Materyal ve Yontem

2.1. Materyal

Bu arastirmada, bitkisel materyal olarak giil isleme
sezonunda (2009 y1l1 25 Mays tarihinde), Siileyman
Demirel Universitesi Giil ve Giil Uriinleri Arastirma
ve Uygulama Merkezine (GULAR) ait giil
bahgesinden sabahin erken saatlerinde (saat 7:00-
8:00 arasinda) toplanan yag giilii (Rosa damascena
Mill.) ¢igekleri kullanildi.

2.2. Yontem

2.2.1. Distilasyon ve ucucu yag bilesenlerinin
belirlenmesi

500 g taze giil ¢igegi, Clevenger hidro-distilasyon
linitesinin 4 L’lik balonuna doldurulmus ve {izerine
1.5 L saf su ilave edilmistir. Damitma balonundaki
suyun kaynamaya baslamasindan itibaren 3 saat
sireyle damitma yapilmisti. Damitma sonunda
su istiinde biriken giil yag1 ve yag altinda biriken
glil suyu toplanmistir. Ayrica hidro-distilasyon
balonunda kalan posa sikilarak posa suyu elde
edilmistir. 100 pL giilyagi 1 mL n-hekzan iginde
¢Oziilmiis ve bundan alinan 1 pL 6rnek GC/MS
cihazina enjekte edilmistir. Diger yandan 25 mL
giil suyu ve 25 mL posa suyu 1’er mL n-hexan ile
1 gece boyunca sivi-sivi ekstraksiyonuna birakilmis
ve ucucu yaglari tasiyan iist fazlardan alinan 1 pL
ornek GC/MS cihazina enjekte edilmistir.

Elde edilen giil yagi, giil suyu ve posa suyunun
ucucu yag bilesenleri SDU Deneysel ve Gozlemsel
Arastirma ve Uygulama Merkezinde bulunan GC/
MS (Gas chromatography/Mass spectrometry)
cihazinda (QP-5050 GC/MS, Quadrapole detektorlii)
belirlenmigtir. Kapilar kolon olarak CP-Wax 52
CB (50 m x 0.32 mm, 0.25 pm)’nin kullanildig:
analizlerde, firin sicaklik programi dakikada 10 °C
artirtlarak 60 °C’den 220 °C’ye ulastirilmis ve 220
°C’de 10 dakika kadar bekleme seklinde yapilmistir.
Toplam kosturma siiresinin 60 dakika, enjektor
sicakliginin 240 °C ve detektor sicakligmin 250
°C olarak ayarlandigi bu c¢aligmada tasiyici gaz
olarak helyum (20 mL dak') gazi kullanilmistir.
Ugucu yag bilesenlerinin tanimlanmasinda NIST
kiitiphanesinden yararlanilmistir (Stein 1990).

2.2.2. Distilasyon iirtinlerinde fenolik madde
ekstraksiyonu

Giil yaginda fenolik madde ekstraksiyonu igin
1 mL giil yag: alinarak 2 mL hekzan iginde iyice
¢oOziilene kadar karistirilmis ve iizerine su:metanol
(60:40) karisgimindan 2 mL eklenmistir. Santrifiij
edildikten sonra ayrilan su:metanol fazi baska bir
kapta toplanarak hekzanli kisim 2 kez daha ayni
sekilde ekstrakte edilmistir. Toplanan ekstraktlardan
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su ve metanol, rotary evaporator yardimiyla
uzaklastirilmig ve elde edilen kati ekstrakt saf
metanolde ¢oziildiikten sonra filtre edilerek
analizlerde kullanilmistir. Giil suyu ve posa suyunda
fenolik madde ekstraksiyonu ise Tassoni et al (2005)
tarafindan uygulanan yonteme gore yapilmistir. 60
mL giil suyu ve 60 mL posa suyu ayrt ayri 30 mL
% 5°lik sodyum bikarbonat ve 60 mL etil asetat ile
2 dakika siireyle vortekste karistirilmus, etil asetatlt
faz ayrildiktan sonra rotary evaporatorde etil asetat
ugurulmustur. Kalint1 saf metanolde ¢6ziildiikten
sonra filtre edilerek analizlerde kullanilmigtir.

2.2.3. Toplam fenolik madde miktarinin
belirlenmesi

Toplam fenolik madde analizleri Singleton & Rossi
(1965) tarafindan agiklanan Folin-Ciocalteu reagent
(FCR) metodu yardimiyla yapilmistir. Orneklerin
absorbans degerleri PG Instruments (T70 Plus Dual
Beam/Arlington, USA) marka spektrofotometre
ile 765 nm dalga boyunda okunmustur. Analizler 5
tekerriirlii olarak, toplam fenolik madde miktarlart
gallik asit esdegeri olarak (GAE) 1 mL giil yagi,
giil suyu ve posa suyunda mg olarak (mg mL")
hesaplanmustir.

2.2.4. Toplam flavanol ve flavonol miktarlarinin
belirlenmesi

Gil yagi, giil suyu ve posa suyu ekstraktlarinda
toplam flavanoller, Arnous et al (2001) tarafindan
aciklanan DMAC (dimetilaminosinnamaldehit)
yontemi ile spektrofotometrik olarak belirlenmistir.
Buna gore 200 pL ekstrakt 1 mL DMAC ¢ozeltisi
ile karistirtlmis ve oda sicakliginda 10 dakika
bekletildikten sonra 640 nm’de okunmustur. Daha
sonra katesin standartt kullanilarak olusturulan
kurve yardimiyla toplam flavanol miktar1 katesin
esdegeri (KE) olarak 1 mL giil yagi, giil suyu ve
posa suyunda pg (ng mL") olarak hesaplanmastir.

Gl yagi, giil suyu ve posa suyu ekstraktlarinda
toplam flavonoller ise Dai et al (1995) tarafindan
agiklanan yonteme gore Neu solusyonu kullanilarak
yapilmistir. Buna goére 100 pL ekstrakt, 900 uL
2-aminoetildifenilborinat solusyonuna ilave edilip
iyice karistirtlmis ve 410 nm’deki absorbans

degerleri tespit edilmistir. Daha sonra rutin standardi
ile olusturulan kurveden yararlanilarak toplam
flavonollerin miktar1 rutin esdegeri (RE) olarak 1
mL giil yag, giil suyu ve posa suyunda pg (ug mL™)
olarak hesaplanmistir. Toplam flavanol ve flavonol
analizleri 5 tekerriirlii olarak yapilmistir.

2.2.5. Fenolik bilesiklerin belirlenmesi

Fenolik bilesikler, Shimadzu marka yiiksek
performanslt  sivi  kromatografisi (HPLC) ile
Caponio et al (1999) tarafindan agiklanan yonteme
gore analiz edilmistir. Arastirmada 19 adet fenolik
madde standardi (gallik asit, katesin, klorogenik
asit, kafeik asit, epikatesin, siringik asit, p-kumarik
asit, ferulik asit, viteksin, rutin, hesperidin,
apigenin-7-glukozit, rosmarinik asit, eriodiktol,
kuersetin, naringin, luteolin, apigenin ve asasetin)
ve ekstraktlar 0.45 pm’lik membran filtreden
stiziildiikten sonra analizlerde kullanilmistir. HPLC
calisma kosullar1 ve gradient programi Goktiirk
Baydar et al (2011) tarafindan belirtilen yonteme
gore yapilmigtir. Veriler Shimadzu Class-VP
Chromatography Laboratory Automated Software
sistemi kullanilarak analiz edilmistir. 3 tekerriirlii
olarak yapilan analizlerde, fenolik madde miktarlar
1 mL giil yagi, giil suyu ve posa suyunda pg olarak
(ng mL") olarak hesaplanmistir.

2.2.6. Demir indirgeme giictiniin belirlenmesi

Demir indirgeme giicii (FRAP), Oyaizu (1986)
tarafindan agiklanan yonteme gore belirlenmistir.
Giil yagi i¢in 10 ve 50 pL giil yagina, giil suyu ve
posa suyu i¢in 1 ve 5 mL giil suyu ve posa suyuna
denk gelecek miktarlarda ekstrakt igeren 2.5 mL
hacmindeki Orneklerin iizerine 2.5 mL 200 mM
sodyum fosfat tampon ¢ozeltisi (pH 6.6) ile 2.5
mL % 1’lik potasyum ferrisiyanidin ilave edilip
karigtirtlmistir. 50 °C’de 20 dakika bekletildikten
sonra tizerlerine 2.5 mL % 10’luk trikloroasetik asit
ilave edilerek 10 dakika siireyle santrifiij edilmistir.
Ust fazdan 5 mL alinip, iizerine 5 mL deiyonize su ile
1 mL % 0.1’lik demir kloriir eklenmistir. Analizler
5 tekerriirlii olarak yapilmis ve spektrofotometrede
700 nm dalga boyunda absorbans degerleri 6l¢iilerek
demir indirgeme giicii saptanmustir.
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2.2.7. Antiradikal aktivitenin belirlenmesi

Antiradikal aktivite, Shimata et al (1992) tarafindan
aciklanan  1,1-difenil-2-pikril-hidrazil ~ (DPPH)
yontemine gore belirlenmistir. Giil yag1 i¢in 10 ve
50 uL giil yagina; giil suyu ve posa suyu i¢inde 1 ve
5 ml giil ya da posa suyuna esit miktarlarda ekstrakt
igeren Orneklerden 1 mL alinarak, {izerlerine 1 mL
0.2 mM DPPH katilmigtir. Karisimlar vorteksle
iyice karigtirtldiktan sonra karanlik ortamda ve
oda sicakliginda 30 dakika bekletilmistir. Analizler
5 tekerriirlii olarak yapilmistir. Daha sonra
spektrofotometrede 517 nm’de okumalar yapilarak
antiradikal aktiviteleri Esitlik 1 yardimiyla
hesaplanmuistir.

Antiradikal aktivite (%)= [(kontroliin absorbans
degeri-ornegin  absorbans  degeri)/(kontroliin
absorbans degeri)]x100 (1)

3. Bulgular ve Tartisma

3.1. Distilasyon tiriinlerinin ugucu yag bilesenleri

Bu arastirmada elde edilen giil yagi, gil suyu
ve posa suyu Orneklerinin ugucu yag bilesenleri
Cizelge 1°de verilmistir. GC/MS analizlerine gore
giil yagimin en 6nemli koku bilesenlerinin; linalool
(% 1.15), sitronellol (% 35.27), nerol (% 8.69) ve
geraniol (% 21.55) gibi monoterpenik alkoller,
nonadesan (% 12.77), 9-nonadesen (% 3.38),
eikosan (% 1.58) ve heneikosan (% 6.96) gibi uzun
zincirli hidrokarbonlar, metil 6jenol (% 2.43) gibi
oksit ve eterler, geranil asetat (% 1.89) gibi ester ve
aldehitler ile djenol (% 0.61) gibi fenoller oldugu
saptanmustir. Tlrk giil yaglarinin bilesenleri lizerine
yapilan daha dnceki arastirmalarda da bulgularimizi
destekler nitelikte giil yagimi olusturan en onemli
bilesenlerin  monoterpen  alkoller  (geraniol,
sitronellol, nerol, linalool), parafinik hidrokarbonlar
(nonadesan, 9-nonadesen, eikosan ve heneikosan
gibi), fenoller (§jenol gibi), oksit ve eterler (metil
6jenol gibi) ile esterler (geranil asetat ve sitronellil
asetat gibi) oldugu tespit edilmistir (Anag 1984;
Bager 1992; Bayrak & Akgiil 1994).

Gil suyu ve posa suyunda feniletil alkoliin

(strastyla % 60.71 ve % 90.32) en 6nemli ugucu yag
bileseni oldugu tespit edilmistir (Cizelge 1). Taze

giil ciceklerinin en belirgin koku molekiilii olan
feniletil alkol damitma firiinii giil yaginda sadece
% 0.69 oraninda tespit edilebilmistir (Cizelge 1).
Ciinkii damitma sirasinda feniletil alkoliin 6nemli
bir kism1 posa suyuna ve giil suyuna ge¢cmektedir.
Bu nedenle posa suyundan ve giil suyundan izole
edilen giil yaglarinin temel koku bileseni fenil etil
alkoldiir (Kiirk¢iioglu & Baser 2003; Agarwal et al
2005; Goktiirk Baydar & Baydar 2005; Baydar &
Kazaz 2013).

Cizelge 1- Distilasyon iiriinlerinin ucucu yag
bilesenleri ve oranlari

Table 1- Essential oil compounds and ratios of
distilation products

Gelis Giil Giil Posa
Bilegenler zamani  yagl suyu suyu
(dakika) (%) (%) (%)
Etanol 8.1 - 1.04 -
Linalool 30.6 1.15 0.98 0.25
Geranil asetat 43.4 1.89 - -
Sitronellol 437 3527 12.55 3.21
Nerol 45.8 8.69 4.67 -
Feniletil asetat 46.9 0.35 - -
Geraniol 48.3 21.55 9.22 3.19
Nonadesan 51.7 12.77 0.68 0.13
9-nonadesen 52.1 3.38 0.14 -
Feniletil alkol 52.2 0.69 60.71 90.32
Eikosan 57.0 1.58 - 0.76
Metil 6jenol 57.7 2.43 2.27 0.29
Heneikosan 57.8 6.96 - -
Ojenol 67.8 0.61 3.29 1.85
Trikosan 81.1 1.46 4.45 -
Farnesol 83.7 1.22 - -

3.2. Distilasyon tiriinlerinin toplam fenolik madde
icerikleri

Giil yagy, giil suyu ve posa suyunun Folin-Ciocalteu
reagent (FCR) metodu ile gallik asit esdegeri olarak
hesaplanan toplam fenolik madde miktarlar1 Cizelge
2’de sunulmustur. Toplam fenolik madde igerigi
giil yaginda 2.923 mg mL"! olarak bulunurken, giil
suyunda 0.054 mg mL"', posa suyunda ise 0.098 mg
mL"! olarak belirlenmistir. Posa suyunun giil suyuna
gore toplam fenolik madde miktarinin daha yiiksek
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olmasi, fenolik maddelerin 6nemli bir miktarinin
damitma sirasinda posa olarak ayrilan haslanmis
giil ciceklerinde kaldigint gdstermektedir. Nitekim
distilasyon sonrasi ortaya ¢ikan posadan elde edilen
ekstraktlarin taze giil ¢igeklerinden elde edilen
ekstraktlarin sahip oldugu fenolik maddelerin
yaklasik % 83’iinii korudugu tespit edilmistir
(Goktiirk Baydar et al 2013).

3.3. Distilasyon iirtinlerinin toplam flavanol ve
favonol igerikleri

Distilasyon iirtinlerinin toplam flavanol i¢eriklerinin
yer aldig1 Cizelge 2 incelendiginde, giil yaginin
40.952 pg mL, gil suyunun 4.491 pg mL! ve
posa suyunun da 37.154 pg mL"' toplam flavanol
icerdikleri  gortilmektedir. Ayrica distilasyon
iiriinlerine gore degismekle birlikte, drneklerin 4.493
ile 21.825 pg mL"! arasinda degisen miktarlarda
toplam flavonol icerdikleri tespit edilmistir. Bu
sonuglardan, genellikle hi¢c degerlendirilmeyen
posa suyunun 1 mL’sinde bulunan toplam flavanol
ve flavonol miktarmin 1 mL giil suyunun icerdigi
miktarlarin ¢ok iistiinde ve yaklasik 1 mL giil yaginin
icerdigi miktara yakin oldugu anlagilmaktadir.

Nitekim posanin taze giil ¢igeklerine ¢ok yakin
miktarlarda toplam flavanol ve flavonol igerdigi,
bu bilesiklerin biiyiik bir kismimimn distilasyon
sonrasinda atik olarak ortaya ¢ikan posada kaldigi
belirlenmistir (Goktiirk Baydar et al 2013).

Fenolik bilesiklerin ic¢inde biiyiik bir aileye
sahip olan flavanol ve flavanoller antioksidan
ozellikleri son derece yiiksek olan bilesikler olarak
taninmaktadirlar (Wang et al 2000). Bu nedenle bu
bilesenlerce zengin olan materyaller gida, saglik,
kozmetik alaninda ¢ok degerli materyaller olarak
onem kazanmaktadirlar.

3.4. Distilasyon tiriinlerinin antiradikal aktiviteleri
ile demir baglama giigleri

DPPH yontemi, diger birgok antioksidan yonteme
gore daha kolay ve kisa siirede sonug veren bir
teknik olmas1 nedeniyle antiradikal aktivitenin
belirlenmesinde yaygin olarak kullanilan bir
metottur (Giilgin et al 2004). Arastirmada,
distilasyon firtinleri olarak kullanilan giil yagi, giil
suyu ve posa suyunun antiradikal aktiviteleri ile
ilgili elde edilen veriler Cizelge 3’de sunulmustur.
Antiradikal aktivitenin belirlenmesinde kullanilan

Cizelge 2- Distilasyon iiriinlerinin toplam fenolik madde, toplam flavanol ve total flavonol icerikleri

Table 2- Total phenolic, total flavanol ve total flavonol contents of distillation products

Distilasyon Toplam fenolik madde miktar: Toplam flavanol miktar: Toplam flavonol miktar:
tirtinleri (mg GAE mL™") (ug KE mL") (ug RE mL")
Giil yag1 2.92340.10* 40.952+1.12 21.82540.00
Giil suyu 0.054+0.01 4.491+0.07 4.493+0.07
Posa suyu 0.098+0.01 37.154+2.30 14.643+2.30

*, ortalamatstandart sapma

Cizelge 3- Distilasyon iiriinlerinin antiradikal aktivite ve demir baglama giicleri

Table 3- Antiradical activities and ferric reducing powers of distillation products

Radikal baglama aktivitesi

Demir indirgeme giicii

Distilasyon iirtinleri Konsantrasyon %) (4)
Giil yag 10 uL 67.42+2.11%* 1.1240.02
50 uL 72.68+2.24 1.97+0.08
Giil suyu 1 mL 53.63+2.11 1.74+0.09
SmL 53.78+1.14 2.71+0.03
Posa suyu 1 mL 73.87+3.41 2.78+0.20
SmL 82.02+2.42 2.83+0.01
* ortalamatstandart sapma
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DPPH metodu ile yapilan analizler sonucunda,
10 pL giil yaginin antiradikal aktivitesi % 67.42
iken, konsantrasyonun 50 pL’ye ¢ikmasi ile serbest
radikallerin % 72.68’inin baglandigi belirlenmistir.

Benzer sckilde Wei & Shibamoto (2007),
gill yaginin yiiksek antiokisidan aktiviteye sahip
ucucu yaglardan birisi oldugunu, DPPH yo6ntemine
gbre antiradikal aktivitesinin 50 pg mL! gibi
diistik konsantrasyonlarda bile % 50°nin iizerinde
oldugunu tespit etmisledir. Yine Yassa et al (2009),
yag giili cigeklerinden su distilasyonu ile elde
ettikleri giil yaginin DPPH ydntemi ile antioksidan
etkisinin BHT ve tokoferol (Vitamin E) standartlart
ile karsilastirildiginda, her iki standarda gore de
daha yiiksek radikal tutma aktivitesi gosterdigini,
LC,, degerinin BHT ve Vitamin E igin sirasiyla
110.98 ve 22.72 ug mL" iken, giil yaginda 3.54 ug
mL! olarak tespit etmiglerdir.

Posa suyunda da giil yaginda oldugu gibi
konsantrasyon artisina bagli olarak antiradikal
aktivitenin artti1, miktarin 1 mL’den 5 mL’ye
¢ikarildiginda  aktivitenin  de %  73.87’den
% 82.02’ye ¢iktigi belirlenmistir. Ancak arastirmada
giil suyunda konsantrasyon artiginin antiradikal
aktivite tlizerinde belirgin bir fark yaratmadigi da
belirlenmistir (Cizelge 3). Bitki ekstraktlarinda
antiradikal aktivitenin belirli bir noktaya kadar
konsantrasyon artistyla dogru olarak arttigi, ancak
o noktadan sonra konsantrasyon artiginin radikalleri
baglama {iizerinde onemli bir etkide bulunmadigi
daha once yapilan ¢aligmalarla da tespit edilmistir
(Goktiirk Baydar et al 2007; Ramakrishna et al
2012).

Distilasyon iiriinlerinin antioksidan kapasitelerinin
de belirlendigi bu arastirmada, demir baglama giicii
yontemi ile elde edilen verilerin sunuldugu Cizelge 3
incelendiginde, 10 pL giil yaginn absorbans degeri
(A) 1.12 iken, konsantrasyonun 50 pL’ye ¢ikmastyla
bu degerin 1.97°ye ¢iktigi tespit edilmistir. Ayni sekilde
1 mL giil suyu ve giil posasimn absorbans degerleri
sirastyla 1.74 ve 2.78 iken; miktarm 5 mL’ye ¢ikmastyla
absorbans degerlerinin  sirasiyla 2.78 ve 2.83°e
yiikseldigi goriilmiistiir. Yiiksek absorbans degerinin

yiiksek antioksidan kapasiteyi gosterdigi bu yontemde,
gil posa suyunun giil suyuna gore daha yiiksek
antioksidan aktiviteye sahip oldugu, hatta 1 mL posa
suyunun 5 mL giil suyundan daha yiiksek antioksidan
ozellikler gosterdigi belirlenmistir. Aragtrmada ayrica
konsantrasyon artisinin antioksidan aktiviteyi artirdig
da belirlenmistir

3.5. Distilasyon iiriinlerinin fenolik bilesik
icerikleri

Distilasyon firiinlerinin i¢ermis olduklart fenolik
bilesiklerin HPLC ile belirlendigi bu arastirmada
19 farkli fenolik bilesik standardi kullanilmstir.
Ancak bu bilesiklerden siringik asit, rutin, apigenin-
7-glukosit, rosmarinik asit, luteolin, apigenin
ve asasetin hi¢ bir ornekte tespit edilememistir.
Giil yaginda gallik asit, katesin, klorogenik asit,
epikatesin, ferulik asit, hesperidin ve naringin olmak
tizere 7 farkl fenolik bilesik tespit edilmis olup, bu
bilesiklerden 16.20 pg mL"'ile epikatesin ve 11.84
pug mL" ile hesperidin en fazla bulunan bilesikler
olarak belirlenmistir (Cizelge 4).

Cizelge 4- Distilasyon iiriinlerinin fenolik bilesik
icerikleri

Table 4- Phenolic contents of distillation products

Fenolik Distilasyon iiriinleri (ug mL")
bilegikler Giil yagi  Giil suyu  Posa suyu
Gallik asit 3.72+0.28* - -
Katesin 1.08+0.09 - 7.12+0.34
Klorogenik asit  8.70+0.46 - -
Kafeik asit - - 0.03+0.01
Epikatesin 16.20+1.57 - 0.85+0.08
p-kumarik asit - - 0.04+0.01
Ferulik asit 0.60+0.04 - -
Viteksin - - 0.16+0.05
Hesperidin 11.84+1.09 - -
Eridoktiol - - 5.06+0.33
Kuersetin - - 2.04+0.20
Naringin 1.98+0.15 - -

* ortalama+standart sapma
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Gil suyunda yapilan analizlerde incelenen
fenolik bilesiklerden higbiri dedeksiyon limitinin
iizerinde tespit edilemezken; posa suyunda katesin,
kafeik asit, epikatesin, p-kumarik asit, viteksin,
eridiktiol ve kuersetin olmak tizere 7 farkli bilesen
elde edilmistir. Katesin posa suyunda 7.12 pg mL!
ile en fazla bulunan bilesik olarak saptanirken; onu
antioksidan 6zellikleri yiiksek bir diger bilesik olan
eridoktiol (5.06 pg mL™") takip etmistir (Cizelge 4).
Yassa et al (2009), Rosa damascena ¢igeklerinden
elde edilen ve gogunlukla katesin ve kuersetin gibi
flavonoitlerden meydana gelen ekstraktlarin yiiksek
antioksidan aktiviteye neden olduklarini tespit
etmiglerdir.

Gl posasinin giil suyuna gore daha yiiksek
fenolik madde igermesi ve daha yiiksek antiradikal
ve antioksidan aktiviteye sahip olmasi, diger bazi
arastirmalarda da rapor edildigi gibi (Goktirk
Baydar et al 2007), bitkisel {iriinlerin antioksidan
ve antiradikal aktivitelerinin icermis oldugu fenolik
hidroksil gruplarindan kaynaklanmaktadir. Ornegin
Lamiaceae familyasina ait aromatik bitkilerin,
ozellikle biberiye (Rosmarinus officinalis), adagay1
(Salvia officinalis), daggay1 (Sideritis sp.), ogulotu
(Melissa officinalis) ve kekik tiirlerinin (Origanum
sp., Satureja sp., Thymbra sp. ve Thymus sp.) yiiksek
antioksidan aktivitesi gosterdikleri, bu tiir bitkilerde
antioksidan kapasite ve serbest radikal tutma
aktivitesinin genellikle rosmarinik asit, luteolin,
karnosik asit, katesin, kuersetin, rutin gibi fenolik
ve flavanoid maddelerin varligi ve onlarin serbest
radikal tutma aktiviteleriyle iligkili bulunmustur
(Baydar et al 2009).

4. Sonuclar

Arastirmadaugugu yag ve fenolik madde icerikleriile
antiradikal ve antioksidan aktivitelerinin incelendigi
¢ farkli distilasyon iriiniinden sadece giil yagi ve
giil suyu ekonomik olarak degerlendirilmektedir.
Ancak distilasyon sonrasinda atik iiriin olarak ortaya
¢tkan ve ekonomik anlamda degerlendirilmeyen
posa suyunun 6zellikle fenolik madde igeriginin giil
suyuna oranla daha zengin oldugu, buna bagli olarak
da antiradikal ve antioksidan aktivitelerinin de
daha yiiksek oldugu tespit edilmistir. Aragtirmadan

elde edilen bu sonuglar yiiksek miktarlarda (yilda
yaklasik 30 bin ton kadar) iiretilen ancak ekonomik
olarak yararlanilmadigi i¢in dogaya salinan
posa suyunun dogal antioksidan kaynagi olarak
ekonomiye kazandirilmasi gerektigini gostermistir.
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OZET

Bu ¢alismada, mercimekte (Lens esculanta Moench) farkli klor tuzlarinin ¢imlenme ve fide gelisimi ile fide mineral
iceriklerine etkileri arastirtlmigtir. Denemede 3’1 yesil (Ankara Yesili, Ceren ve Meyveci 2001) ve 3’1 kirmizi (Ciftei,
Kafkas ve Ozbek) olmak iizere toplam 6 mercimek ¢esidi kullanilmis olup, bunlara CaCl,, MgCl, ve NaCl tuzlarinin 0,
5, 10 ve 20 dS m! EC’lik dozlar1 uygulanmigtir. Laboratuvar ve saks1 denemeleri, tesadif parselleri deneme deseninde
ii¢ tekerriirlii olarak 20+1 °C’de karanlik kosullarda ¢imlendirme dolabinda yiiriitiilmiistiir. Calismanin sonuglarina gore;
hem ¢imlendirme testlerinde hem de saksi denemesinde kok uzunlugu disinda ele alinan tiim 6zelliklerde (¢imlenme
orani, ¢imlenme indeksi, ortalama ¢imlenme siiresi, fide boyu, fide kuru agirligi ile fide N, Na, K, Ca, Mg ve Cl igerigi)
uygulamalar arasi farkliliklar ile interaksiyonlar istatistiki yonden P<0.01 diizeyinde 6nemli bulunurken; farkli klor
tuzlarindaki doz artis1 ile cimlenme oram (CO), ¢imlenme indeksi (CI), fide boyu (FB), kok uzunlugu (KU), fide kuru
agirhigl (FKA) ile fidelerin azot (N), kalsiyum (Ca), magnezyum (Mg) ve potasyum (K) igerikleri azalmis; ortalama
¢imlenme siiresi (OCS), sodyum (Na) ve klor (Cl) igerikleri artmistir. Sonug olarak, Meyveci 2001 ve Cift¢i ¢esitlerinin
tuz toleranslart daha yiiksek bulunmustur.

Anahtar Kelimeler: Mercimek (Lens esculanta Moench); Tuz stresi; [1k gelisme faktorleri; Besin maddesi konsantrasyonu
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ABSTRACT

In this study, effects of different chloride salts applied to lentil (Lens esculanta Moench) on germination ratio and
seedling growth with seedling mineral nutrient contents were investigated. In the experiment, three cultivars of green
lentils (Ankara Yesili, Ceren and Meyveci 2001) and three cultivars of red lentils (Ciftci, Kafkas and Ozbek) were tested.
Different chloride salts (CaCl,, MgCl, and NaCl), and 0, 5, 10 and 20 dS m™ EC doses of these salts were applied to



Mercimege (Lens esculanta Moench) Uygulanan Farkli Klor Tuzu ve Dozlarinin Kimi ilk Gelisme Ozelliklerine Etkisi, Karaman & Kaya

the lentil cultivars. Laboratory and pot experiments were conducted according to completely randomized plots design
in a darkened growth cabinet at 20+1 °C with three replications. Differences between applications with interactions of
all the characteristics apart from root length in the pot experiments was found statistically significant. Analysis of the
data showed that; germination rate, germination index, shoot length, root length, shoot dry weight, nitrogen, calcium,
magnesium and potassium content of seedlings decreased with the increasing dose of the different salts of chloride while
the mean germination times, concentrations of sodium and chloride in seedling increased.

Keywords: Lentil (Lens esculanta Moench); Salt stress; First growth characters; Nutrient concentrations

1. Giris

Kurak ve yart kurak bolgelerde yagis azligi
nedeniyle tuzlarin yikanmast yok denecek kadar
az olup, buharlagsmanin yiiksek oldugu bu tip
bolgelerde toprakta ve toprak yiizeyinde tuzlar
birikmektedir (Tursun 2008; Anonim 2010).
Ulkemizde yapilan arazi etiitlerine gére sulanabilir
ozellikteki 12.5 milyon ha arazinin yaklagik 1.5
milyon hektarinda tuzlu ve sodyumlu topraklar, 2.8
milyon hektarinda ise yas topraklar olusmustur (Tas
& Oztiirk 2011; Oztiirk 2015). Bitki yetistiriciligi
yoniinden ele alindiginda, tuzlu kosullardaki
cimlenme ve fide gelisimi donemi, bitkinin toplam
yasam dongiisiindeki en kritik donem olup (Wang
& Shannon 1999; Almansouri et al 2001), bu
asamada topraktaki tuzlar, suyun osmotik basmecin
yiikselterek tohumlara alinmasini engellemekte
veya Na" ve CI iyonlarmin zehir etkisinden
dolay1r tohumun ¢imlenmesi son derece olumsuz
etkilenmektedir (Sadeghian & Yavari 2004). Ote
yandan asirt tuz stresinde bilyiiyen bitkilerde
vejetatif gelisme ile kok biiylimesi gerilemekte,
solunum ve fotosentez olaylari kesintiye ugramakta,
enzimlerin etkinligi ile protein sentezinde aksama
olmakta, kloroplastlar ve diger hiicresel yapilar
zarar gdrmektedir. Iyonik denge bozuldugundan
tuz iyonlart ile diger elementler arasindaki
rekabete bagl olarak bitkiler kendileri i¢in gerekli
elementleri yeterli miktarda alamamaktadirlar.
Yapilan arastirmalarda, tuz stresinden etkilenmeyen
ya da goreceli olarak daha az etkilenen bitkilerin
dokularinda biriken Na* ve CI- iyonlarinin daha az,
prolin miktarmin ise daha ¢ok oldugu (Malko¢ &
Aydm 2003; Karakulluk¢u & Adak 2008; Tursun
2008); tuz stresi besin maddelerinin alinimina,
rekabetine ve dokular arasinda tasinmasina da
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etki etmekte oldugu belirlenmistir. Tuz stresine
bagl fosfor (P) almimindaki azalmaya paralel
olarak kalsiyum (Ca) alimi, bitkideki tasinmasi ve
hareketliliginin de etkiledigi azalma bu etkilesime
ornek verilebilir (Kugvuran 2010). Sodyum kloriir
(NaCl) kaynaklt tuzluluk stresinde sodyum,
potasyum (K) iyonlarinin almimini; klor ise
nitrat (NO,) iyonlariin alinimini 6nemli dlgiide
kisitlamaktadir. Bitki tiir ve ¢esitlerinin ¢imlenme
ve gelismeleri yoniinden toprak tuzlulugu ile farkli
tuz tiplerine kars1 fizyolojik-metabolik olarak
gosterdikleri tepkilerinde ¢ok biiyiik degisimler
olabilmektedir (Ozcan et al 2000). Nitekim Yildiz
& Terzi (2011)’de arpada yaptiklart tuzluluk
¢alismasinda; bitkinin kok ve govde dokusunda
NaCl konsantrasyonunun artmastyla Na®iceriginin
onemli diizeyde arttigmi, K* iceriginin onemli
diizeyde azaldigmi ve kuru agirhk ve Na’/K*
oraninin bir genotipin tuza toleransinda giivenilir
bir indeks olarak kullanilabilecegini belirtmiglerdir.

Tirkiye kurak ve yarikurak iklim kosullarina
bagli dogal etmenler ile tuzluluk, erozyon ve
¢ollesme sorunlartyla ¢ok fazla ve yaygin olarak
karsilagsmaktadir. Yillik yagis, gerek toplam miktar
gerekse yil igerisinde dagilimi nedeniyle topraktaki
tuzlarin  yikanmasinda  yeterli olmadigindan
tuzluluk ve ¢oraklagma artmaktadir. Coraklasma ile
toprak yiizeyini kaplayan bitki ortiisii sinirlanmakta,
organik madde azalmakta, suyun ve topragin fiziksel
ve kimyasal oOzellikleri kotiilesmektedir. Artan
osmotik basing etkisiyle suyun yarayislilig: ve bitki
besin maddelerinin alimi1 olumsuz etkilenmektedir.
Ulkesel toprak etiidlerine gore 2775115 ha arazide
tuzluluk ve drenaj sorunu vardir. Bu topraklarin
tarimsal iiretim maksadiyla kullanilabilmesi tuzlu
topraklarin 1slah1 veya dayanikli bitki tiirlerinin 1slah
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ve kullanimina baglhdir. Bu baglamda bitki tiir ve
cesitlerinin de tuza verdikleri tepkiler ile (Sonmez &
Beyazgiil 2014) tuza dayanikl: tiir ve/veya gesitlerin
belirlenmesi ve gelistirilmesi 6nem kazanmaktadir.
Tarla bitkileri igerisinde mercimek, tuzluluga hassas
bitkiler igerisinde degerlendirilmektedir (Yasar
2003). Bu ¢aligmada tuzluluga oldukga fazla duyarlt
ve tuz stresinden zarar géren bir baklagil cinsi
olan mercimegin farkli cesitlerinde degisik kloriir
tuzlart ve dozlarinin ¢imlenme ve bazi fide gelisim
ozelliklerine etkileri ile fidede Ca, Mg, Na, Cl, K ve
N konsantrasyonlarinin belirlenmesi amaglanmstir.

2. Materyal ve Yontem

Caligmada deneme materyali olarak 3’ kirmizi
(Kafkas, Ciftci, Ozbek) ve 3’ii yesil (Meyveci 2001,
Ankarayesili, Ceren) olmakiizere toplam 6 mercimek
cesidi ile 3 farkli kloriir tuzunun (NaCl, MgCl, ve
CaCl,) 4 farkli konsantrasyonu (0, 5, 10 ve 20 dS
m' EC) kullanilmigtir. Tuz konsantrasyonlarinin
hazirlanmasinda EC metre (Cond 3301 WTW
marka) kullanilmis  olup, hem ¢imlendirme
hem de saksi denemeleri 2012-2013 yillarinda
ylriitiilmiistiir. Cimlendirme testlerinde ¢imlenme
oram1 (CO), ¢imlenme indeksi (CI) ve ortalama
¢imlenme siiresi (OCS) incelenmistir. Cimlendirme
denemeleri ISTA (2012)’ya gore 21x21 cm
boyutlarindaki {i¢ adet ¢cimlendirme kagidi arasinda
ve 201 °C’de tamamen karanlik ¢imlendirme
dolabinda yiiriitiilmiis olup, deneme 3 tekrarlamali
ve her tekrarlamaya 50 adet tohum olacak sekilde
tesadiif parselleri deneme deseninde kurulmustur.
Her parsele hazirlanan tuz ¢ozeltilerinden her bir
¢imlendirme kagidi bagma 10 mL eklenmis ve rulo
kagitlar buharlasmay1 engellemek i¢in agzi kilitli
posetlere konulmustur. Deneme 10 giin siirmis
ve tuz birikimi olmamasi i¢in kagitlar 2 giinde bir
degistirilmig, gerektikce cimlendirme kagitlarina
10’ar mL test soliisyonu eklenmistir. Her giin
yapilan sayimlarda 2 mm kokgiik uzunluguna sahip
tohumlar ¢imlenmis olarak sayilmigtir (Murillo-
Amador et al 2002). Cimlendirme denemesinde
10. glin sonunda, Akinci & Caliskan (2010)’1n
yontemine goére ¢imlenen tohum sayisinin toplam
tohum sayisina orani ¢imlenme orani (CO) olarak;

Wang et al (2004)’iin bildirdigi yonteme gore her
giin ¢imlenen tohum oraninin sayim giinlerine
boliinmesiyle ¢imlenme indeksi (CI) ve Ellis &
Robert (1980)’in belirttigi yontem ve esitlige gore,
her giin yeni ¢gimlenen tohum sayisi x ¢imlenme giin
sayis1 toplaminin toplam ¢imlenen tohum sayilarina
boliinmesiyle ortalama ¢imlenme siiresi (OCS)
hesaplanmistir.  Cimlenme indeksi ve ortalama
¢imlenme siiresi i¢in hergiin ¢imlenen tohumlar
sayilmig olup, ¢imlenmenin sabitlendigi giin son
sayim giinii olarak degerlendirilmistir. Deneme
sonunda tesadiif olarak secilen 10 bitkinin fide ve
kokleri milimetrik cetvelle dlgiilerek fide boyu ve
kok uzunlugu mm olarak ve fideler 65 °C’de bir
glin etlivde kurutulduktan sonra hassas terazide
tartilarak fide kuru agirliklari g olarak belirlenmistir
(Kaya et al 2008).

Saks1 denemeleri 2.8 L’lik saksilarda torf
kullanilarak yapilmistir. Her saksiya, tuza karst
duyarli bitkilerin ¢imlendirme denemeleri igin
tiretilmis olan 1100 g torf (Mikskaar) doldurulmustur.
Ortam sicakligr 25+3 °C’ye ayarlanmis, denemeler
3 tekrarlamali ve her tekerriirde 25 tohum olacak
sekilde yiiriitiilmiistiir. Yirmi (20) giin siireyle ihtiyag
duyuldugunda (birer giin arayla her saksiya 100
mL) her saksiya test soliisyonlarindan esit miktarda
uygulanmustir. Saksit denemesi seklinde yiiriitiilen
fide gelisim testlerinde 20. giin sonunda her saksidan
tesadiifen secilip koklii olarak sokiilen 10’ar bitkinin
kokleri musluk suyunda dikkatlice yikanmistir. Bu
islemden sonra ylizey kurulamasi yapilip; fide boyu,
kok uzunlugu ve fide kuru agirligi belirlenmistir.
Saks1 denemelerinden elde edilen bitki 6rneklerinde,
AOAC (1990)’da belirtilen yontem ve esaslara gore:
Azot mikro Kjheldahl yontemiyle; Na, K, Ca ve Mg
Atomik Absorbsiyon Spektrofotometre cihazinda
(Perkin-Elmer); P vanadomolibdat sar1 renk
yontemiyle belirlenmistir (Kacar & Katkat 2010).
Klor (CI) ise Johnson & Ulrich (1959)’in bildirdigi
Mohr metodu ile belirlenmistir. Denemede elde
edilen verilere varyans analizi (ANOVA) yapilmis ve
uygulamalar arasindaki farkliliklar P<0.05 6nemlilik
diizeyinde Duncan testi ile belirlenmistir (Diizgiines
et al 1987).
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3. Bulgular ve Tartisma

Denemede elde edilen verilerle yapilan varyans
analizi sonuglarma goére; CO, OCS, fide boyu,
fide kuru agirligr ozellikleri ile bitkide N, K, Na,
Ca, Mg ve Cl igerigi bakimindan gesit x tuz x doz
interaksiyonu 0.01 diizeyinde; CI 6zelliginde 0.05
diizeyinde oOnemli bulunmustur. Kok uzunlugu
ozelliginde ise ¢esit ve dozlar ile tuz x tuz dozu
interaksiyonu P<0.01 diizeyinde 6nemli olmustur.
Cizelge 1 ve Cizelge 2’de goriildiigii gibi, ii¢ klor
tuzunda da tim cesitlerde en yiiksek ¢imlenme
oranlar1 kontrol uygulamasindan elde edilmekle
birlikte; 5 dS m™! ve 10 dS m™ tuz dozlariyla ayni
grupta yer almigtir.

Genel ortalamalar yoniinden tuz dozlarindaki
artiglara paralel olarak CO azalma gostermis, en
diigiik oranlar 20 dS m™' uygulamalarindan alinmistir.
Artan tuz dozlarma goére CO azalislar1 NaCl
tuzunda MgCl, ve CaCl, tuzlarma gore ¢ok daha
belirgin olmustur (Cizelge 1). Cesitler yoniinden
incelendiginde, yesil mercimeklerde Meyveci 2001
ve Ceren ¢esitleri; kirmiz1 mercimeklerde ise Ciftgi
¢esidinin CO yoniinden her ii¢ tuz tipinde de artan
tuz konsantrasyonlarina toleranslarinin daha yiiksek
oldugu sdylenebilir. CaCl,ve NaCl tuzlarinda Ankara
Yesili ile MgCl, tuzunda ise Ozbek ¢esidindeki CO
artan dozlardan onemli diizeyde etkilenmis ve en
diisiik ortalamalara sahip olmuslardir (Cizelge 1).
Birgok arastirmada da; artan tuz stresine bagli olarak
bitki tohumlarinda CO, ¢imlenme siiresi ve tohum

Cizelge 1- Farkh klor tuzu ve dozlar1 uygulanan mercimekte ¢cimlenme oram (%) ve cimlenme indeksi

ortalamalari

Table 1- Mean germination rates and germination index of lentil cultivars exposed to different chloride salts and

doses
Cimlenme orani (%) Cimlenme indeksi
Tuzlar  Cesitler Tuz dozlari (dS m™) Tuz dozlar (dS m™”)
0 5 10 20 Ort. 0 5 10 20 Ort.
Meyveci 2001 99.3a 100.0a 993a 947a 983 223a 20.8ab 197b 17.1c¢ 20.0
Ankara Yesili 973a 933a 953a 493b 838 20.8a 17.0b 155b 47c¢ 145
CaCl,  Ceren 100.0a 100.0a 993a 973a 992 221a 215a 19.1b 13.0c 189
Kafkas 993a 987a 987a 90.7b 968 20.8a 199a 185a 8.1b 1638
Ciftei 100.0a 100.0a 100.0a 973a 99.3 20.7a 20.1a 164b 14.1b 17.8
Ozbek 98.0a 973a 96.7a 66.0b 895 162a 123b 103b 42c 108
Ortalama 99.0 98.2 98.2 82.6 94.5 20.5 18.6 16.6 10.2  16.5
Meyveci 2001 993a 993a 100.0a 98.0a 992 239a 225ab 212b 172c¢ 212
Ankara Yesili 96.7a 100.0a 96.7a 71.3b 912 194a 179ab 168b 89c 157
MgCl,  Ceren 993a 993a 987a 987a 990 224a 198b 16.6c¢c 12.6d 179
Kafkas 100.0a 98.7a 98.0a 84.0b 952 227a 193b 183a 104c 17.7
Ciftci 100.0a 100.0a 100.0a 97.3a 993 2l.1a 205a 18.8a 14.8b 188
Ozbek 98.7a 973a 973a 553b 872 183a 155b 129c¢c 52d 13.0
Ortalama 99.0 99.1 98.5 84.1 952 213 19.2 174 115 174
Meyveci 2001 99.3a 100.0a 973a 66.7b 908 21.7a 20.6a 192 99b 179
Ankara Yesili 98.0a 980a 927a 473b 840 17.8a 16.0ab 142 48c¢ 132
NaCl Ceren 99.3a 100.0a 98.0a 86.7b 960 19.7a 17.0b 144 87d 149
Kafkas 100.0a 100.0a 98.7a 87.3b 96.5 173a 159ab 144 75c¢ 138
Ciftci 993a 98.7a 98.0a 88.0b 960 17.8a 16.8a 154 11.0b 153
Ozbek 98.0a 96.7a 953a 76.7b 91.7 16.7a 153a 11.5b 62c 124
Ortalama 99.0 98.9 96.7 755 925 18.5 17.0 14.8 8.0 14.6
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Cizelge 2- Farkl klor tuzu ve dozlar1 uygulanan mercimekte ortalama ¢imlenme siiresi (giin) ve fide boyu

(cm) ortalamalari

Table 2- Mean shoot length and mean germination time of lentil cultivars exposed to different chloride salts and

doses
Ortalama ¢imlenme siiresi (giin) Fide boyu (cm)
Tuzlar  Cesitler Tuz dozlari (dS m™) Tuz dozlari (dS m™)

0 5 10 Ort. 0 5 10 20  Ort

Meyveci 2001 2.31a 2.51ab 2.65ab 2.85a 2.58 299a 29.6a 292a 197b 27.1

Ankara Yesili 2.39b 2.73ab 3.02a 2.71ab 2.71 272a 27.1a 245b 243b 258

CaCl Ceren 235b 244b 271b 391a 285 21.1a 18.1b 184b 169b 18.6

2 Kafkas 249b 2.55b 271b 545a 3.30 23.1a 23.1a 23.1a 167b 215

Ciftei 255b 2.56b 2.82b 425a 3.05 279a 273a 266a 19.6b 253

Ozbek 274c 375b 385b 4.97a 3.83 25.1a 245a 239a 147b 22.1

Ortalama 2.47 2.76 2.96 4.02 3.05 25.7 25.0 243 18.7 23.4

Meyveci 2001 2.11b 227b 249ab 2.96a 246 29.8a 279ab 27.7b 193¢ 262

Ankara Yesili 2.56a 2.84a 2.87a 294a 2.80 257a 245a 244a 164b 227

MgCl,  Ceren 228c¢c 2.6lbc 297b 395a 295 197a 193a 188a 152b 183

Kafkas 228b 2.62b 272b 3.57a 2.80 242a 23.1a 228a 182b 22.1

Ciftci 249b 2.55b 2.78b 3.5la 2.83 26.7a 264a 262a 189b 246

Ozbek 275b 3.09b 3.75a 3.03b 3.16 242a 24.1a 227a 128b 20.9

Ortalama 241 2.66 2.93 3.33 2.83 25.0 24.2 23.8 16.8 22.5

Meyveci 2001 2.37a 2.54a 2.69a 238a 2.50 285a 283a 28.6a 149b 25.1

Ankara Yesili 2.85ab 3.07ab 3.15a 2.59b 2.92 27.1a 263a 253a 18.6b 243

NaCl Ceren 264c 299bc 341b 449a 3.38 224a 20.1b 212ab 11.0c 187

Kafkas 295¢ 3.18bc 347b 527a 3.72 240a 23.8a 230a 159b 21.7

Ciftci 285b 297b 3.19b 3.83a 321 26.8a 263a 26.1a 167b 24.0

Ozbek 285b 297b 3.19b 3.83a 321 252a 249a 241a 19.6b 235

Ortalama 2.75 2.95 3.18 3.73 3.16 25.7 24.9 24.7 16.1 22.9
canlili1 gibi 6zelliklerin olumsuz yonde etkilendigi,  degerlendirildiginde; Meyveci 2001, Ceren ve

tohum ¢imlenmesi ve bitki gelismesi lizerine farkli
tuz tiplerinin etkilerinin degisken olabilecegi ve tuz
dozlarina toleransin bitki tiirlerinde hatta ayni tiir
icindeki cesitlerde bile degisebilecegi belirtilmistir
(Kusvuran 2010; Soézen et al 2010; Asgharipour &
Rafiei 2011; Islam et al 2012; Giildiren & Elkoca
2012).

Cl yéniinden de en yiiksek ortalamalar tiim
mercimek ¢esitlerinde kontrol parsellerinden elde
edilmis olup, artan tuz dozlarma bagl olarak indeks
degerleri onemli Olciide azalmistir (Cizelge 1).
NaCl tuzunun tiim cesitlerde ¢imlenme indeksine
olumsuz etkilerinin diger iki tuz tipinden daha
¢ok oldugu gorilmiis, genotipler bakimindan

Ciftci’nin Ankara Yesili, Kafkas ve Ozbek’e gore
artan tuz stresine karsi daha toleransli olduklar
kanisima  varilmigti.  Calismamizda  kullanilan
tuzlar, ¢Ozeltinin osmotik basincint artirmis olup,
goktan aza dogru MgCl,, CaCl, ve NaC, seklinde
siralanmiglardir.  Bu  sonuglar; kimi bitkilerde
¢Ozeltideki tuzlarin tohumlar tarafindan alinmasini
engelledigini veya Na* ve CI gibi iyonlarin zehir
etkisinden dolay1 ¢cimlenmeyi olumsuz etkiledigini,
tuzlar ve dozlari bakimindan ¢esitler arasinda da
onemli degisimlerin olabilecegini bildiren Kaya et al
(2008) ve Giildiiren & Elkoca (2012)’nin sonuglartyla
benzerlik i¢indedir. Ortalama ¢imlenme siiresi tohum
giici (vigor)’niin bir ifadesi olup, ozellikle stres
kosullarinda hizli bir ¢imlenme potansiyeline sahip
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tohumlar, bitkisel liretimde verimi artirma ve bitki
sagligl yoniinden onemlidir (Mavi & Demir 2010).
Denemede ii¢ tuz tipindeki dozaj artisina bagli olarak
incelenen ¢esitlerin ortalama ¢imlenme siireleri
kontrol uygulamasina goére Onemli diizeylerde
gecikmis (Cizelge 2), genelde tim uygulamalarda
en gec ¢imlenme stireleri 20 dS m™ uygulamasimdan
elde edilmistir. CaCl, tuzunda Ankara Yesili, MgCl,
tuzunda Ozbek ve NaCl tuzunda ise Meyveci 2001
ve Ankara Yesili gesitlerinde en ge¢ OCS 10 dS
m' dozunda belirlenmistir. Ortalama ¢imlenme
stiresi testinde, ¢imlenen tohumlar deneme sonuna
kadar giinlik olarak sayimaktadir. Ozellikle
yukarida belirlenen c¢esitlerin tohumlarinda az da
olsa ¢imlenme problemleri ¢ikmistir. Bu sorun tuz
ile ilgili olmayip, tohum materyali kaynaklidir.
Cizelge 2’nin incelenmesinden anlagilacagr gibi,
OCS iizerine en ¢ok olumsuz etkinin NaCl tuzunda
belirlendigi ve genellikle kirmizi mercimek
¢esitlerinin yesil mercimeklere gore daha geg siirede
¢imlendigi; yesil mercimeklerden de tane yapist
kiiciik olan Ceren ¢esidinin diger yesil mercimek
cesitlerine gore daha gec ¢imlendigi saptanmistir.
Kaya et al (2008), yaptiklart ¢aligmalarinda; kiigiik
tohumlu nohut (Cicer arietinum L.) gesitlerinin
daha cabuk su aldigin1 ve ¢cimlenme siiresinin daha
kisa oldugunu, ancak artan tuz dozlari ile ¢gimlenme
stiresinin uzadigini saptamiglardir. Nitekim su alma
orant en yiiksek cesit olan Meyveci 2001 ¢esidi
ortalama ¢imlenme siiresi yoniinden en toleransli
cesit olmustur. Okgu et al (2005), bezelyede
(Pisum sativum L.) artan tuz diizeylerinin, ortalama
¢imlenme siiresini uzattigini ve bu stirelerin ¢esitlere
gore degisim gosterdigini belirlemislerdir. Denemede
kullanilan ti¢ tuz tipinde de artan tuz dozlarma bagh
olarak tiim cesitlerde ortalama FB ve KU o6nemli
diizeyde azalmig ve en diisiik FB ve KU 20 dS m!
tuz dozlarindan elde edilmistic. FB bakimindan,
gesitlerin ortalamasi olarak en yiiksek tuz dozunda
kontrole gére CaCl,’de % 27, MgCl,’de % 33 ve
NaCl’de ise % 38’e yaklasan oranlarda azalmalar
gortilmiistiir. FB yoniinden NaCl tuzunun olumsuz
etkisi diger tuzlara gore daha yiiksek olmustur. Tiim
klor tuzlari i¢in FB, Meyveci 2001 gesidinde en fazla;
Ceren g¢esidinde en az olmustur (Cizelge 2).

KU, gesitlerin ortalamasi olarak 20 dS m™ tuz
dozunda kontrol parsellerine gore CaCl,‘de % 41,
MgCl,’de % 48 ve NaCl ise % 29’u bulan oranlarda
azalmis olup, MgCl, tuzu en ytiksek olumsuz etkiyi
gostermistir (Cizelge 3).

Tuz stresi bitkilerde vejetatif ve generatif
bliytimeyi farkli sekillerde etkilemektedir (Saab
et al 1990). Bitkilerdeki govde gelismesi, kok
gelismesine gore tuzluluga daha fazla duyarli olup,
Delane et al (1982) ve Weimberg et al (1984)’e gore
bu tepki, tuz stresi veya su stresi i¢in morfolojik
bir adaptasyon seklinde diisiiniilmektedir (Saab
et al 1990). Calisma sonuclarina goére artan
tuz dozlar1 ile FB, KU’na gore tuz dozlarindan
daha fazla etkilenmistir. Yokoi & Bresson
(2002), caligmalarinda, tuz stresinde bitkilerin
konsantrasyon  artisiyla  birlikte, FB’ndaki
azalmalarin daha 6nemli oldugunu bildirmislerdir.
Genel olarak kontrol ve 5 dS m™' dozlar1 birbirine
yakin degerler gostermistir. Bu durum, bitkinin tuz
stresine belli bir diizeye kadar kars1 koyabildigi ve
bu diizeyden sonra direncinin azaldigini bildiren
Egeh & Zamora (1992) ve Ozdemir & Engin
(1994)’in sonuglarina uyumludur. Ote yandan fide
kuru agirligi (FKA) yoniinden her ii¢ tuz tiiriinde de
tiim cesitlerde tuz uygulanmamig kontrol parselleri
ile 5dS m'! ve 10 dS m! tuz dozu uygulamalari
birbirine benzer sonuglar vermis ve ortalamalar
istatistiksel olarak ayni grupta yer almis; 20 dS
m! tuz dozunda ise en diisik FKA ortalamalari
saptanmistir (Cizelge 3). Tuz stresinde topragin su
potansiyeli diismekte ve bitki koklerinin su alimi
engellenmekte ya da iyon zehirlenmesi ortaya
¢ikmaktadir. Ozellikle sodyum iyonlari tuza hassas
bitkilerde zehirl etkisi olusturmakta, ayrica klor
da toksik etki yapmaktadir. Buna bagl olarak,
mitoz boliinme ve enzim aktivasyonunun olumsuz
etkilenmesiyle bitki gelisimi ve biiylimesi 6nemli
derecede sinirlanmakta; ayrica, bitki yas ve kuru
agirliklarindaazalma, klorofil miktarindaazalmaya,
hiicre zarinda par¢alanmaya neden olmaktadir
(Demir & Kocagaligkan 2001; Kugvuran 2010).
Cizelge 4’te verildigi gibi, ii¢ tuz ¢esidinde de artan
dozlarla birlikte mercimek genotiplerinde erken
fide doneminde bitki azot igeriklerinde sirasiyla %
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Cizelge 3- Farkh klor tuzu ve dozlar1 uygulanan mercimekte kok uzunlugu (cm) ve fide kuru agirhg (g)

ortalamalar1

Table 3- Mean root length and shoot dry weight of lentil cultivars exposed to different chloride salts and doses

Kok uzunlugu (cm)

Fide kuru agirligi (g)

Tuzlar Cegsitler Tuz dozlary (dS m™”)

Tuz dozlari (dS m™)

0 5 10 20 Ort. 0 5 10 20  Ort.

Meyveci 2001  16.79  13.77  12.69 9.68 1323 0.34ab 036a 033b 022c¢c 0.31

Ankara Yesili  16.05  13.03  12.79 9.76 1291 032b 035a 033ab 023c¢c 031

CaCl, Ceren 15.07  12.79  11.06 6.78 1143 0.18a 0.19a 0.17a 0.11b 0.16
Kafkas 17.62  17.00  11.58 11.57 1444 023a 022a 021a 0.14b 0.20

Ciftei 1550  13.72 13.81 11.63 13.67 021a 022a 021a 0.14b 0.20

Ozbek 1647 1412 13.01 8.43 13.01 02la 020a 020a 0.12b 0.18
Ortalama 1625a 14.07b 1249b 9.64c 13.11 0.25 0.26 0.24 0.16 0.23
Meyveci 2001  14.39  14.05 9.53 9.13 11.78 034a 034a 033a 021b 031

Ankara Yesili  18.50  17.93 1729  10.23 1599 0.34a 034a 035a 0.18b 0.30

MgCl, Ceren 13.69 1354 13.24 6.31 11.70  0.19a 0.19a 0.19a 0.10b 0.17
Kafkas 16.16 1436  13.96 8.91 1335 023a 022a 022a 0.15b 0.21

Ciftci 1827 1651  15.68 9.50 1499 0.22a 023a 022a 0.14b 0.20

Ozbek 17.69  12.07 12.20 7.05 1225 0.19a 022a 021a 0.12b 0.19
Ortalama 1645a 14.74b 13.65b 8.52c 1334 0.25 0.26 0.25 0.15 0.23
Meyveci 2001 15.02  13.84  11.61 9.31 1245 036a 037a 034a 0.17b 031

Ankara Yesili  16.95 1623 13.35 12.41 1474 035a 035a 033a 020b 031

NaCl Ceren 11.08  10.61 9.72 8.79 10.05 0.20a 0.19a 0.19a 0.10b 0.17
Kafkas 1343 1344 11.24 10.88 1225 021a 022a 021a 0.13b 0.19

Ciftci 16.68 1523 1354 11.57 1426 0.23a 022a 021a 0.14b 0.20

Ozbek 1283  11.72  10.32 8.41 10.82 0.21a 0.21ab 0.18 bc 0.17c¢c 0.19
Ortalama 1433a 13.51a 11.63b 10.23b 12.43 0.26 0.26 0.24 0.15 0.23

10.0, % 11.4 ve % 16.3 oraninda azalma olmustur.
Demir & Kocagaligkan (2001), tuza duyarh
fasulye (Phaseolus vulgaris L.)‘de kok ve yaprak
dokularinda protein miktarinin NaCl uygulamasi
ile azaldigini; Rai & Singh (1999) ise mercimek
¢esidini kullandiklar1 denemelerinde genotip x
tuz interaksiyonlarini 6nemli bularak, genotiplere
gore azot igeriginin degistigini belirlemislerdir ki
elde ettikleri bu sonuglar, bulgularimizla uyum
icindedir. Tuz stresinde bitkilerde asir1 miktarda
biriken Na, K alimini Cl ise 6zellikle NO, alinimini
engelleyerek ve P aliminda kontrol kaybina neden
olarak bitkilerde iyon dengesizligine neden
olmaktadir. Tuz stresinden etkilenmeyen ya da
goreceli olarak az etkilenen bitkilerin dokularinda
daha az klor iyonu birikmektedir. Tuzluluga hassas
cesitlerde ise 6zellikle Na ve Cl iyonlariin yiiksek

oldugu ve K iyonunun konsatrasyonunun azaldig:
bildirilmektedir (Turan et al 2007; Kugvuran et al
2008).

CaCl, ve MgCl, uygulamalarinda bitkideki
Na igerigi, tuz dozlarindaki artisla azalmakta
ancak, incelenen tuz dozlar1 ile kontrol
uygulamas1 arasindaki farkliliklar istatistiksel
olarak 6nem diizeyinde bulunmamaktadir. NaCl
tuzu uygulamasinda ise Na miktar1 kontrole gore
% 97.7 oraninda O6nemli artiglar gostermistir.
Ceren ve Kafkas ¢esitleri biinyelerine daha az
Na almiglardir (Cizelge 4).

Kacar & Katkat (2010), arpa (Hordeum vulgare
L.)y’daki c¢alismalarinda artan NaCl tuz diizeyinin
bitkideki Na konsantrasyonunu artirdiginit bulmus;
Dabuxilatu & Motoki (2005), soya fasulyesi
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Cizelge 4- Farkl klor tuzu ve dozlar1 uygulanan mercimekte azot ve sodyum icerigi (%) ortalamalar:

Table 4- Mean nitrogen and sodium concentrations of lentil cultivars exposed to different chloride salt and doses

Azot igerigi (%)

Sodyum igerigi (%)

Tuzlar  Cesitler Tuz dozlart (dS m™) Tuz dozlari (dS m™)
0 5 10 20 Ort. 0 5 10 20 Ort.
Meyveci 2001 4.48a 451a 442a 411b 438 0.044a 0.042a 0.039a 0.041a 0.042
Ankara Yesili 3.95a 3.72b 3.54c 347c¢ 3.67 0.048a 0.046a 0.044a 0.044a 0.046
CaCl, Ceren 404ab 4.11a 4.16a 3.90b 4.05 0.046a 0.044a 0.040a 0.040a 0.043
Kafkas 438a 439a 4.16b 4.16b 427 0.043a 0.039a 0.038a 0.038a 0.040
Ciftei 457a 435b 423b 4.07c 431 0.044a 0.042a 0.039a 0.040a 0.041
Ozbek 433a 390b 3.62c¢c 347d 3.83 0.045a 0.044a 0.042a 0.042a 0.043
Ortalama 4.29 4.16 4.02 3.86 4.09 0.045 0.043  0.040 0.041  0.042
Meyveci 2001 4.48a 4.58a 4.56a 4.12b 444 0.044a 0.041a 0.039a 0.039a 0.041
Ankara Yesili  3.95a 3.88ab 3.80ab 342c 3.76 0.048a 0.044a 0.042a 0.042a 0.044
MgCl, Ceren 404a 4.09a 3.80a 3.65¢c 390 0.046a 0.041a 0.041a 0.038a 0.042
Kafkas 438a 437a 420a 3.72c 4.17 0.043a 0.040a 0.036a 0.036a 0.039
Ciftei 457a 423b 4.16b 396c¢c 423 0.044a 0.040a 0.040a 0.037a 0.040
Ozbek 433a 433a 397a 393b 4.14 0.045a 0.041a 0.042a 0.041a 0.042
Ortalama 4.29 4.25 4.08 3.80 4.13  0.045 0.041 0.040 0.039 0.041
Meyveci 2001 4.48a 431b 4.00b 3.81d 4.15 0.044d 1.750c 1.800b 2.000a 1.399
Ankara Yesili 3.95a 3.83a 339a 3.19c¢ 359 0.048d 1.715¢ 1.965b 2.290a 1.505
NaCl  Ceren 404a 392a 358a 344c 375 0.046d 1.770c 1.965b 1.085a 1.217
Kafkas 438a 4.12b 3.78b 3.64d 398 0.043d 1.595c¢c 1.845b 2.000a 1.371
Ciftei 457a 440b 428b 397c¢ 431 0.044d 1.815¢ 1970b 2.045a 1.469
Ozbek 433a 3.80b 3.69b 346c 382 0.045d 1.885c 2.135b 2290a 1.589
Ortalama 4.29 4.06 3.79 3.59 3.94 0.045 1.755 1.947 1.952  1.425

(Glycine max Merril)‘ndeki tuz zararina, yaprak
ve kok hiicrelerinde biriken Cl’nin; hryardaki tuz
zararinin baglica nedeninin bitkide Na birikimi
oldugunu belirtmislerdir. Kugvuran et al (2007),
Na" iyonunu toleransli genotiplerin biinyelerine
daha az, duyarli olanlarin ise daha ¢ok aldiklarini
bildirmislerdir. Denememizde, tuz stresiyle birlikte
mercimek fidesinin potasyum iceriginde Onemli
azalmalar ortaya c¢ikmis, en yiiksek K igerigi tiim
cesitlerde, tuz uygulamasinin yapilmadigi kontrol
parsellerinden alinmustir. CaCl,, MgCl, ve NaCl
dozlarindaki artislara paralel olarak mercimek
fidelerinin potasyum igerigi (sirasiyla % 29.6,
% 28.9 ve % 31.9) azalmis; tuz stresine ugrayan
kok ve govdelerdeki tuz iyonlarinda (Na ve CI basta
olmak {izere) artiglar saptanmus, ancak K ve Ca iyon
konsantrasyonlarinda belirgin azalmalar olmustur

(Cizelge 5). Ote yandan artan Na konsantrasyonunun
yapraklardaki fotosentez ve transpirasyonu olumsuz
yonde etkiledigi, Na ve K iyonlarmim antagonistik
etkisi nedeniyle K eksikliklerinin de ortaya ciktig1
gozlenmis olup, genel olarak Ca ve K, tuz stresinden
olumsuz etkilenerek iyon konsantrasyonlarinda
azalmanin meydana geldigi (Kusgvuran 2010)
goriistine varilmistir. Kugkusuz, denemede kullanilan
her ii¢ klor tuzunda da doz artisiyla birlikte ve genelde
bitki biinyesindeki Ca miktarinda azalma ortaya
¢tkmis; bu bakimdan diger tuzlara gore NaCl’deki
(% 13) Ca konsantrasyonu daha ¢ok olmus ve
bu igerik tim tuzlarda % 0.997-1.397 seklinde
degismistir ve bu bakimdan elde edilen bulgular
genel olarak en gok Meyveci 2001 ile en az Ozbek
cesitlerinde saptanmustir (Cizelge 5).
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Cizelge 5- Farkh klor tuzu ve dozlar1 uygulanan mercimekte potasyum ve kalsiyum icerigi (%) ortalamalari
g yg potasy y g

Table 5- Mean potassium and calcium concentrations (%) of lentil cultivars exposed to different chloride salt and doses

Potasyum igerigi (%)

Kalsiyum icerigi (%)

Tuzlar  Cesitler Tuz dozlari (dS m™) Tuz dozlart (dS m™)
0 5 10 20 Ort. 0 5 10 20 Ort.
Meyveci 2001 2.79a 234b 227b 208c 237 1357ab 1367a 1357a 1320b 1.350
Ankara Yesili 2.69a 240b 198c¢ 1.78d 221 1397a 1380a 1397a 1380a 1.389
CaCl, Ceren 272a 227b 211c 206c 229 1.327bc 1.360ab 1.370a 1.310c 1.342
Kafkas 2.65a 2.16b 2.07c¢ 193d 220 1.377a 1.360ab 1.367a 1.327b 1.358
Ciftei 274a 248b 2.19c¢c 192d 233 1397a 1377a 1360a 1277b 1.353
Ozbek 2.6la 257a 2.01lb 161c 220 1.310a 1.277a 1.280a 1.220b 1.272
Ortalama 2.70 2.37 2.11 1.90 2.27 1.361 1.354 1.355 1.306 1.344
Meyveci 2001 2.79a 241b 2.18c¢ 2.00d 235 1357a 1357a 1360a 1350a 1.356
Ankara Yesili 2.69a 241b 2.15¢ 197d 231 1397a 1257b 1.207c¢ 1.150d 1.253
MgCl,  Ceren 2.72a 231b 2.10c 195d 227 1327a 1290b 1227c¢ 1.210c 1.264
Kafkas 2.65a 2.19b 2.04c 197c¢c 221 1.377a 1.250b 1.220b 1.060c 1.227
Ciftei 2.74a 229b 2.04c 191d 225 1397a 1357b 1350b 1350b 1.364
Ozbek 2.6la 223b 193¢ 1.74d 2.13 1310a 1.100b 1.077b 1.010c 1.124
Ortalama 2.70 2.31 2.07 1.92 2.25 1.361 1.269 1.240 1.188 1.264
Meyveci 2001 2.79a 2.68b 2.60c 192d 2.50 1.357a 1257b 1.240b 1.120c 1.244
Ankara Yesili 2.69a 233b 230b 2.06c 235 1397a 1370ab 1337b 1.190c 1.324
NaCl Ceren 272a 233b 2.14c¢ 198d 229 1327a 1317a 1.307a 1.300a 1.313
Kafkas 2.65a 2.14b 2.10b 1.86c 2.19 1377a 1.320b 1.330b 1.230c 1.314
Ciftei 274a 225b 2.10c¢c 1.78d 222 1.397a 1.380a 1.360a 1.267b 1.351
Ozbek 2.6la 203b 1.78¢c 143d 196 1310a 1.117b 1.070c 0.997d 1.124
Ortalama 2.70 2.29 2.17 1.84 225 1.361 1.294 1.274 1.184 1.278

CaCl, uygulamasinda Ankara Yesili, MgCl,
uygulamasinda  ise  Meyveci 2001, NaCl
uygulamasinda ise Ceren’deki Ca konsantrasyonu
bakimindan tuz dozlari arasindaki farkliliklar 6nemsiz
olarak bulunmustur. Arastirma bulgularina gore, tuz
uygulamasi ile bitkilerdeki Ca igeriginin azaldigi,
tuz stresindeki bitkilere digaridan verilen ozellikle
kalsiyum ve potasyumun koruyucu etkisi oldugu
belirlenmistir (Reid & Smith 2000; Cramer 2002;
Vicente et al 2004). Yine, Malko¢ & Aydin (2003),
musir (Zea mays L.) ve fasulye bitkilerinde artan
tuz dozunun g¢eside bagl olarak bitki gelismesini
yavaglattig1, bitkideki kuru madde miktar1 ile N, P, K,
Ca, Mg, Fe, Mn, Zn ve Cu iceriklerinin genelde azalma
gosterdigini bildirmislerdir. Nitekim denememizde
de tiim tuz gesitlerinde artan tuz dozlan ile bitkideki
Mg igeriginde azalma belirlenmis; CaCl,, MgCl, ve
NaCl tuzlarmdaki Mg igeriginde azalmalarmn sirastyla

% 36.4, % 24.4 ve % 35.9 seklinde oldugu, bunlardan
en ¢ok olaninin Mg igeriginde ve Ceren ¢esidinde,
en az olanmin ise Ankara Yesili'nde gergeklestigi
bulunmustur (Cizelge 6). Ote yandan, bunlarm bitkide
kok ici bolgesine ayni tastyicilarla (iyonoforlarla)
tagmnmalarindan dolayi, Mg™ ile cesitli katyonlar
(K* ve Ca™) arasinda siddetli bir rekabet olmakta,
ayrica bunlar, K ve Ca, Mg alimin engelledikleri
gibi bitki kokiinden diger organlarina tasinmasini da
olumsuz yonde etkilemektedirler. Magnezyumun
kokte i¢ yoreye tagmmasinda bircok katyonla ayni
tastyicilarin  kullanilmast nedeniyle katyonlarla bir
rekabet olusmaktadir. Bu da magnezyum aliminda
olumsuz etkilere neden olabilmektedir. Bunun diginda
magnezyum alimi tizerine bitkinin transpirasyon oran,
bitkinin geligme durumu, ortam pH’st ve sicaklik
farklar1 gibi bir¢ok faktor etkili olmaktadir. Ayrica
bitkilerde klorun aktif absorbsiyon yontemiyle alinmasi
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nedeniyle CI alimi ve birikimi daha hizli olmaktadir.
Bu nedenle klorun toksik etkisi de bulunabilir
(Schimansky 1981; Kacar & Katkat 2010). Nitekim,
Yakit & Tuna (2006), misirda yaptiklari galigmalarinda,
tuzlu ortamlara Mg(NO,), ve MgCl, igeren besin
¢ozeltilerini eklemisler ve kontrol uygulamasma
(% 0.34) gore bitkinin Mg igeriginin ortama Mg(NO,),
uygulamasindan (% 0.34) etkilenmedigini, ancak
MgCl, eklenmesiyle Mg igeriginin (% 0.20) gok
onemli oranda azaldigini belirtmislerdir. Cl tuzunda
da tim c¢esitlerde en diisik Cl konsantrasyonu
tuz uygulanmayan parsellerden elde edilmis, tuz
dozlarindaki artiglarla birlikte mercimek ¢esitlerinde C1
konsantrasyonu da 6nemli diizeyde artmustir. En diigiik
ClI konsantrasyonu, dozlarin ortalamasi olarak CaCl,
ve NaCl’de Meyveci 2001 ve Ciftgi’de; MgCl,‘de ise
yine Meyveci 2001°de belirlenmistir (Cizelge 6).

4. Sonuc¢

Bugaligmada farkliklortuzlarindakituzkonsantrasyonu
artisma bagh olarak, CO, CI, FB, KU, FKA ile
fidedeki N, Ca, Mg ve K igerikleri azalirken; OCS,
Na ve Cl igerikleri artmustir. Yesil mercimeklerden
Meyveci 2001, kirmizi mercimeklerden ise Ciftgi
¢esidi diger genotiplere gore tuz tiplerine daha fazla
tolerans gostermistir. Tuzluluk problemlerinin yogun
oldugu tarim topraklarinda ekonomik kayiplarin
azaltilabilmesi i¢in tuzlu topraklarda yetistirilebilecek
uygun bitki tiir ve ¢esitlerinin segimi Onemlidir.
Caligmada ele alinan 6zellikler yoniinden cesitlerin tuz
tiplerine ve dozlarina tepkileri farklilik gostermistir. Tuz
stresine toleransin belirlenmesinde kullanilabilecek en
az 200 kadar parametre bulundugu (Kusvuran 2010)
g0z Oniine alinirsa; daha kesin sonuglar ve genotipler

Cizelge 6- Farkl klor tuzu ve dozlar1 uygulanan mercimekte magnezyum ve klor icerigi (%) ortalamalari

Table 6- Mean magnesium and chloride concentrations (%) of lentil cultivars exposed to different chloride salt

and doses
Magnezyum icerigi (%) Klor igerigi (%)
Tuzlar  Cesitler Tuz dozlart (dS m™) Tuz dozlart (dS m™”)

0 5 10 20 Ort. 0 5 10 20  Ort.
Meyveci 2001 0.425a 0415a 0415a 0.275b 0383 0.19d 2.53c 2.68b 2.92a 2.08
Ankara Yesili  0.320a 0.215b  0.200bc 0.185¢ 0230 0.23d 254c 2.78b 3.09a 2.16
CaCl, Ceren 0.455a 0.440a 0415b 0375c¢ 0421 024d 250c 2.92b 3.03a 2.17
Kafkas 0.425a 0320b 0.285c¢ 0.235d 0316 0.20c 2.77b 2.84a 2.89a 2.18
Ciftei 0.325a 0.310ab 0.300b 0.260c 0299 0.22c¢ 248b 250b 2.82a 2.01
Ozbek 0.455a 0.305b 0.285b 0.200c 0311 0.24d 2.65c 293b 3.1la 2.23
Ortalama 0.401 0.334 0317 0.255 0327 022 258 278 298 2.14
Meyveci 2001  0.425a 0.445a 0.395b  0.370c 0409 0.19¢ 261b 2.63b 3.02a 2.11
Ankara Yesili  0.320a 0.305ab 0.290b 0.285b 0.300 0.23d 2.80c 294b 3.23a 2.30
MgCl, Ceren 0.455a 0.370b 0.375b 0310c 0378 0.24d 2.76c¢ 2.85b 3.16a 225
Kafkas 0.425a 0360b 0.340b 0.265c¢ 0348 0.20c 2.68b 2.72b 3.15a 2.19
Ciftei 0.325a 0.345a 0.280b 0260b 0303 022d 251c 2.79b 3.22a 2.19
Ozbek 0.455a 0.370b 0.365b 0.325¢ 0379 0.24d 298¢ 3.05b 3.17a 2.36
Ortalama 0.401 0.366 0.341 0.303 0354 022 272 283 316 223
Meyveci 2001 0.425a 0.410a 0.355b  0.300c 0373 0.19d 234c 244b 2.52a 1.87
Ankara Yesili  0.320a 0.310a 0.235b  0.160c 0256 0.23d 28lc 3.00b 3.08a 2.28
NaCl  Ceren 0.455a 0370b 0.350b 0.350b 0381 0.24d 2.62c 2.78b 2.94a 2.15
Kafkas 0.425a 0.335b 0.255c¢ 0.255c¢ 0318 0.20d 253c¢ 2.66b 2.92a 2.08
Ciftci 0.325a 0.280b 0.260b 0.235¢ 0275 0.22d 246c 2.56b 2.84a 2.02
Ozbek 0.455a 0.280b 0.260bc 0.240c 0309 0.24d 3.07c 3.16b 34la 247
Ortalama 0.401 0.331 0.286 0.257 0319 022 264 277 295 2.14
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arasindaki farkliliklar1 daha net ortaya koyabilmek i¢in
yeni ozellikler ve verim denemelerinin de eklenerek
calismanm devam ettirilmesinde yarar vardir. Tuz
tipleri yoniinden degerlendirildiginde; c¢imlenme
orani, ¢imlenme indeksi ve ortalama ¢imlenme siiresi
yoniinden en fazla olumsuz etkinin NaCl tuzunda,
bunu sirastyla CaCl, ve MgCl, tuzlarinin izledigini
soyleyebiliriz. Fide boyunda MgCl,, kok uzunlugunda
ise NaCl tuzunun olumsuz etkileri diger tuz tiplerine
gore daha fazla olmustur. Fide kuru agirligi yoniinden
ise artan tuz dozlar fide agirliginm azaltmakla birlikte
tuz tipleri yoniinden belirgin bir farklilik olugmamustir.
Denemede ele alinan ii¢ tuzda da bitkinin mineral
icerigi olumsuz yonde etkilenmistir.
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OZET

Bu ¢alismada amag, yiiksek ¢oziiniirlikklii uydu verisinde iki farkli yontem kullanilarak yag giilii (Rosa damascena)
dikili alanlarin parsel bazinda belirlenebilirligini aragtirmaktir. Calisma, Tiirkiye’de yag giilii iretiminin yogun olarak
yapildigi Isparta ili Giineykent Belediyesi sinirlari igerisinde yiiriitilmistiir. Caligmada temel kartografik olarak
Quickbird-2 uydu verisi, uydu verilerinin siniflandirmasinda ERDAS ve e-Cognition yazilimlar1 kullanilmistir.
Bu amagla oncelikle uydu verisinde geometrik diizeltme (rectify), gorintii keskinlestirme (pan-sharp) ve goriintii
zenginlestirme (histogram equalization) islemleri yapilmis, arazide kullanilmak {izere parsellerin yer aldigi 1/5000
Olgekli altlik veriler olusturulmustur. Bu veriler araziye oryantasyon amaciyla kullanilmis ve arazi galismalari
yiriitiilmiistiir. Arazi ¢alismalarinda parsel bazinda Arazi Kullanim Tirleri (AKT) belirlenmis, ArcGIS yazilimi ile
sayisal AKT haritast hazirlanmistir. Daha sonra Quickbird-2 uydu verisinin 4, 3 ve 2 bant kombinasyonunda piksel ve
obje tabanli siniflama metotlart kullanilarak giil parselleri belirlenmis ve en uygun siniflandirma metodu segilmistir.
Kontrollii siiflandirma yontemi maksimum olabilirlik karar kurali algoritmasi ile yapilan siiflandirmada olusturulan
tematik haritada giil parsellerinin iretici dogrulugu % 48.72, kullanict dogrulugu % 18.63, kappa degeri 0.1539
olarak bulunmustur. Obje tabanli siiflandirmada 6lgek: 100, biitiinliik: 0.5, bigim: 0.1 parametreleri kullanilarak giil
parsel sinirlarinin en iyi belirlendigi, bu yontem ile olusturulan tematik haritada giil parsellerinin % 60.78 dogrulukta
ayirt edilebildigi belirlenmistir. Ayrica obje tabanli siniflandirmada dlgek: 25, biitiinliik: 0.5, bicim: 0.1 parametreleri
kullanilarak yapilan smiflamada giil swralarmin ayirt edilebildigi goriilmiistiir. Yiiksek ¢oziiniirliklii uydu verileri
kullanilarak yapilan piksel tabanli siniflandirmada giil parsellerinin diger parsellerle karistigi, bu siniflama yontemlerinin
giil parsellerinin belirlenmesinde iyi sonu¢ vermedigi, bunun yerine giil parsellerinin daha iyi ayirt edilebildigi obje
tabanli siniflandirmanin kullanilabilecegi tespit edilmistir.

Anahtar Kelimeler: Quickbird uydu verisi; Gl tarim alanlari; Piksel ve obje tabanli siniflandirma
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Yiksek Cozunurluklo Uydu Gérintilerinde Farkli Gorinti isleme Yéntemleri ile Yag Gulo..., Ersan & Basayigit

ABSTRACT

The purpose of this study is to investigate mapping of oil rose (Rosa damascena) parcels in high-resolution satellite
imagery using two different methods. This study was carried out within boundaries of Giineykent Municipality in Isparta
in where was produced most of oil rose production in Turkey. Quickbird-2 satellite image was used as base cartographic,
and ERDAS and e-Cognition software were used classification of satellite imagery. This purpose; rectify, pan-sharpen
and histogram equalization processes were made in the satellite data. The base map including borders of parcel at 1/5000
scale was produced to orient in field work. Then field survey was carried out using these bases. In field survey, Land Use
Type (LUT) was determined for each parcel. The digital LUT map was produced using ArcGIS software. Then satellite
image was classified to separate the rose parcels. In classification, the methods of pixel and object-based classification
were performed on 4, 3 and 2 band combination of Quickbird-2 satellite data. The most appropriate classification
method was selected to apply in study. The manufacturer accuracy, user accuracy and kappa value of oil rose class were
found respectively as 48.72%, 18.63% and 0.1539 using maximum likelihood decision rule algorithm of supervised
classification method. The boundaries of rose parcels were determined best accuracy by using scale: 100, compactness:
0.5, shape: 0.1 parameters in object-based classification. In the thematic maps, accuracy of rose parcels was found
60.78%. In addition, rose rows were separated by using scale: 25, compactness: 0.5, shape: 0.1 parameters. In the
pixel-based classification methods, the rose parcels were mixed with other LUT using high-resolution satellite image.
These classification methods were not enough successful for determining of rose parcels. But object-based classification
methods were found as applicable to identify rose parcels.

Keywords: Quickbird satellite data; Rose agricultural areas; Pixel and object-based classification

1. Giris

Uydu  verilerinin  yersel ¢Ozliniirliigliniin
artmasi ile yerylizii objeleri daha fazla piksel ile
goriintiilenmekte daha ayrintili olarak kullanicilara
sunulmaktadir. Arazi kullanimi ve arazi Ortiisliniin
uydu gorintileri ile belirlenmesi amaciyla
uygulanan smiflandirma yontemleri piksel ve
obje temelli olmak iizere iki farkli yaklasim ile
yapilabilmektedir. Bu goriintiilerde obje biytikligii
ile piksel boyutlari arasinda ortaya cikan iligki
piksele dayali siniflandirma metotlarinda bir faktor
olarak kullanilmamasi nedeniyle obje-tabanlt
smiflandirma yontemlerine olan ilgi artmistir
(Blaschke 2010). Obje tabanli siniflandirma metodu
segmentlere ayirma ve baglamsal siniflandirmanin
birlesimidir. Objeye dayali goriintii analizlerinde
temel olan ilk adim goriintii segmentasyonudur
(Castilla & Hay 2008). Segmentasyon islemi,
objelerin spektral, geometrik, tekstiirel ve diger
ozelliklerinin siniflandirilmasina gore diizenlenen
goriintiiniin homojen piksel gruplarina (segmentler)
boliinmesidir (Veljanovski et al 2011). Goriintii
segmentasyon isleminde uygun parametrelerin
secimi dnemli bir asamadir. Ayrica segmentasyonun

© Ankara Universitesi Ziraat Fakiiltesi

basarisi i¢cin metodun kullanimina bagli olarak
yuksek kaliteli bir goriintii kullanimi en biiyiik
faktorlerden biridir (Yu et al 2006; Lu & Weng
2007; Mallinis et al 2008; Moran 2010). Cok
yiiksek yersel ¢oziniirliklii (VHSR) uydular
tarafindan alinan verilerde objelerin biyiikliigii ve
sekilleri, bircok yeni uygulamalara imkan veren
obje tabanli siniflandirma metotlartyla daha fazla
ayirt edilebilmektedir. Bu yazilimlarda yer alan
siniflandirma algoritmalart AKT (tahil, orman,
meyve bahgeleri gibi), parsel sinirlart ve dikim
deseninin belirlenmesinde  kullanilabilmektedir.
Obje tabanli smiflandirma kullanilarak {iziim
baglarinda yapilan ¢aligmalarda sira (Bobillet et al
2003), dikim sekilleri (Wassenaar et al 2002) ve
yaprak yogunlugu belirlenebilmis (Bobillet et al
2003), her bir parselin ayrimi miimkiin olmustur.
Bag parsellerinin  VHSR uydu gorintiilerinde
net olarak goriilebilen en 6nemli &zelligi dikim
deseninin birbirine paralel siralar halinde olmasidir
(Delenne et al 2008). Baglarin dikim deseninde
goriilen bu 6zel durum yag giilii (Rosa damascena)
parsellerinde de temel 6zelligidir. Yag giilii 1.5-2 m
aralikla siralar halinde dikilmektedir (GTB 2011;
Ersan 2013).
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Diinyada giil ¢igegi iiretimi yapilan en 6nemli
iilkelerden biri Tirkiye’dir. Yag gili (Rosa
damascena) ekonomik olarak sadece Isparta ve
gevresinde yetismekte olup, Isparta GUl'l olarak
da bilinmektedir. Uretilen giilden elde edilen yagin
% 95’1 ve giil konkretinin % 100’1 ihrag edilmektedir.
2010 yilt verilerine gore tilkemizde 6000 ton giil
dretimi yapilmig, 4000 kg ha' verim elde edilmis,
1000 kg giil yagi, 5000 kg giil konkreti ihracat ile
7700000 £ gelir saglanmistir (GTB 2011).

Isparta giiliiniin tretim alanlarma ait rakamlar
bulunmakta ise de, bu rakamlar bir 6nceki yila gore
olusan degisikliklerin tahmininden elde edilmekte
ve Tlretim yapilan alanlarin konumsal bilgileri
bulunmamaktadir. Bir¢ok tarimsal iiriinde oldugu gibi
tarimsal planlamalarda gerekli veriler ve envanterler
hazirlanmamisgti. Bu eksiklik ekolojik, ekonomik,
sosyal, kiiltiirel ve teknik faktorler, toprak 6zellikleri,
hastalik ve zararlilar gibi tarimsal etkenler ve pazar
durumu nedeniyle iiretim alanlarindaki konumsal
degisikligin belirlenememesi ve izlenememesi gibi
olumsuzluklara yol agmaktadir. Ayrica sektdriin
gelistirilmesi ya da yayginlastirilmasi amaglandiginda
yatirimin nerelere yapilmasi gerektigi bilinmemektedir.
Bu olumsuzluklar ise ekolojik genigleme smirlarinin
asllmasi bunun sonucunda giil bahgelerinin giil yag
fabrikalarindan uzaklagmasi, giiliin verim ve kalitesinin
diismesine, giil yag:1 ve giil {irlinleri pazarinda rakip
iilkelere karsi rekabet giiciiniin zayiflamasina neden

265000 270000
1 1

olmaktadir. Bu sorunlarin ¢dziimiinde ise stratejik
iretim planlamasi1 yatmaktadir. Ancak planlamada
esas olan temel haritalarm {retilmesi gerekli
goriilmektedir. Yukarida bahsedilen zorunlulugun
yerine getirilmesinde ve sorunlarin ¢dziimiinde ilk
basamak mevcut giil tiretim alanlarinin belirlenmesidir.
Ancak bu biyiikliikteki bir ¢alismanin hizli, dogru
ve ekonomik bir sekilde yiiriitillebilmesi igin uydu
verilerinin kullanilmasi ve bir yontem gelistirilmesi ile
miimkiin olabilecektir (Ersan 2013).

Bu ¢alismada Quickbird-2 uydu verisi kullanilarak
piksel ve obje tabanl simniflandirma yontemleri ile
yag giilii tiretimi yapilan parsellerin belirlenebilirligi
aragtirdmustir.  Yag  giilii retilen alanlarin  parsel
bazinda haritalanmasina yonelik bir metot ortaya
konulmus, planlama, yonetim ve izleme ¢aligmalarmimn
gerceklestirilebilmesinde gerekli olan bilgi sistemleriigin
harita niteligindeki sayisal verilerin olusturulabilirligi
aragtirtlmustir.

2. Materyal ve Yontem

2.1. Test alam

Calisma, giil tarimmin yogun olarak yapildig:
Isparta’nin  Gonen ilgesine bagli Giineykent
belediyesi simirlari igerisinde yuriitiilmiistiir (Sekil
1). Giineykent, Gonen ilgesi ve Keciborlu ilgesi
arasinda olup Kap1 Dagi’nin uzantis1 olan Tepelci,
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Sekil 1- Calisma alaninin konumu

Figure I- Location of study area

T
4200000

T T
275000 280000

24 Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

23 (2017) 22-33



Yiksek Cozunurluklo Uydu Gérintilerinde Farkli Gorinti isleme Yéntemleri ile Yag Gulo..., Ersan & Basayigit

Erenler ve Demirli daglarinin ortasinda Giiney’e
bakan bir yamagta kurulmustur. Giineykent’in rakimi
1250 m’dir. Giiney kisminda bulunan ovast Burdur
Goli'ne dogru uzanmaktadir. Akdeniz Bolgesinde
bulunmasina ragmen i¢ Ege ve I¢ Anadolu Bolgesi
iklimleri hiikiim stirmektedir. Toprak istekleri
yoniinden secici olmamasi nedeniyle bdlgenin
biiyiik boliimiinde giil yetistirilmektedir (Anonim
2012).

2.2. Calismada kullanilan uydu verisi ve yazilimlar

Bolgede, giiliin fenolojik donemi Mart ay1 sonunda
baslamakta ve Ekim ay1 sonlarina kadar sirmektedir
(Basayigit et al 2013). Bu nedenle vejetasyon
periyodunu kapsayan ve bulutlulugun en az oldugu
giinler dikkate alinarak 06.08.2006 tarihli 0.61 m
pankromatik ve 2.44 m multispektral ¢oziiniirliklii
Quickbird-2 uydu verisi kullanilmigtir. 18 Ekim

2001 tarihinde ABD-Kaliforniya eyaletinden
firlatilan Quickbird-2 uydu verisi 11 bit radyometrik,
1-3.5 giin zamansal ¢Oziiniirliige sahip, tarama
genisligi 16.5 km’dir (nadir). Spektral bant genisligi
pankromatik sensdrde VIS/NIR bant 0.45-0.90 um,
multispektral sensérde mavi bant 0.45-0.52 um, yesil
bant 0.52-0.60 um, kirmiz1 bant 0.63-0.69 um, NIR
bant 0.76-0.90 um bant genisligine sahiptir (Anonim
2014). Caligmada uydu verilerinin islenmesinde
Erdas IMAGINE 9.1, ARCGIS 9.1 ve eCognition
Developer Trial 8 yazilimlari kullanilmisgtir.

2.3. On ¢alismalar

Farkli ¢esit ve yogunluktaki bitki desenlerinden
olusan ve farkli biiyiiklikkte giil bahgelerinin
bulundugu 1x1 km’lik test alani segilmistir.
Uydu verisinde geometrik diizeltme, goriintii
keskinlestirme (Sekil 2) ve goriintii zenginlestirme

Pan 0.61 m ¢oziinurlik

Multispektral 2.44 m coziintrluk

Sekil 2- Calisma alaminin Pan-sharpened goriintiisii (4, 3, 2 bant)

Figure 2- Pan-sharpened image of study area (4, 3, 2 band)
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islemleri yapilmistir. Calismada 4, 3, 2 bant
kombinasyonlar1 kullanilarak elde edilen yalanci
renk goriintlisinde (false colour) foto yorumlama
yapilmistir. Bu amagla goriintiideki doku, desen,
ton ve renk Ozelliklerinin arazi gercegine karsiligi
belirlenmis, bu parametrelerden elde edilen bilgilere
gore goriintii yorumlanmistir. Test alaninda yer alan
tiim parsellerin arazi kontrolleri yapilmis, giil tarim
alanlar1 ve diger AKT ne ait veriler toplanmistir.
Bu verilerin ArcGIS ortaminda sayisallastirmasi
yapilmis, veri tabanina girilerek sayisal AKT’ni
gosteren parsel bazinda haritasi olusturulmustur.

2.4. Goriintii simflandirma ve arazi etiidleri

Uydu verilerinde siniflandirma  islemlerinde
piksel tabanli smiflandirma icin ERDAS
yazilimt kullanilmig. Siniflandirmada kontrollii
siniflandirma  yontemi  segilmis, Maksimum
Olabilirlik Karar Kural1 algoritmasi ile gortintii 10
sinifa ayrilmistir.

Obje tabanli siiflandirmada ise eCognition yazilimi
kullanilmigtir.  Yazilimin ~ goriintii ~ segmentasyonu
algoritmasi, spektral ve mekansal Olgiitlere gore,
birbirine yakin 6zellikteki pikselleri homojen pargalar
olarak gruplandirmustir. Multiresolution segmentasyon
algoritmasinda objelerinin boyutuna gdre en uygun
Olgek parametresinin segilmesi siniflandirmanin basarist
acisindan ¢ok Onemlidir (Smith 2010). Genellikle
kiiclik objelerin ortaya ¢ikarilmasinin amaglandigt
goriintiilerde yapilan smiflandirmalarda kiiglik olgek
parametre degerleri, biiyiik objelerin ayurt edilmesi
planlanan  goriintiilerde  bliyik 6lgek parametre
degerlerinin  kullanimi uygun olmaktadir (Duro et
al 2012). Bu islemde kesin dogru bir segmentasyon
segenegi  bulunmamaktadir.  Caligmanin  amacima
en uygun segmentler olusturulana kadar ¢ok sayida
deneme yapilmaktadi. Burada onemli olan uygun
homojenligi saglayarak pikselden objeye dogru, uygun
yapty1 kurmaktir.

Test alanmnin Quickbird-2 uydu goriintiistinde
4, 3, 2 bant kombinasyonu kullanilarak farkli
bicim, biitiinlik ve 6l¢ek parametreleri denenerek
segmentasyon islemleri yapilmig, en uygun
parametrelersecilmistir. Multiresolutionsegmentation

isleminde bi¢im faktorii 0.1 ve biitiinliik faktori 0.5
olarak sabit alinmis, 6lgek parametresi 100, 75 ve 25
alinarak test alan1 goriintiisii segmentlere ayrilmistir.
Giil parsel sinirlarinin ayirt edilebildigi en iyi bigim,
biitiinlik ve dlgek parametresi secilmistir. Standart
en yakin komsu metoduna gore egitim smiflart
olusturulmus ve smiflandirilmasi yapilmustir.

2.5. Dogruluk degerlendirmesi (accuracy assessment)

Uydu siniflandirma  yazilimlarindaki
algoritmalar kullanilarak smiflandirilmis, goriintiide
tesadiifi noktalar segilmis, bu noktalarm sinif degerleri
(Classvalue)olarak sayisal AK T haritasindan belirlenen
bitki desenleri atanmisti. Tim noktalar girildikten
sonra yazilim ile dogruluk degerlendirmesini yapmak
tizere referans verilerle otomatik siniflandirtilmis veriler
arasindaki gergek uyum ve yine referans verilerle
rastgele siiflandirilmis veriler arasindaki sans uyumu
arasindaki farki gostermek icin kullanilan kappa
degerleri (Nelson 2005) hesaplanmistir. Kappa (k),
iki veya daha fazla gbzlem arasindaki kalitatif uyum
oranini 6lgmek i¢in gelistirilmis bir testtir (Celik 2006;
Dengiz & Demirag Turan 2014). Obje tabanli metottan
tiretilen verilerin dogrulugu parsel haritasi ile obje
tabanli siniflandirma yorumlarina gore yapilmustir.

verileri

3. Bulgular

3.1. Test alaminin AKT leri

Test alanina ait AKT’leri Sekil 3’de verilmistir.
Test alani giil, elma, kiraz, ayva, findik, ceviz,
sebze, badem, karistk meyve bahgeleri, yem
bitkisi, ¢iplak toprak, zayif bitki ortiisii, aniz, genis
yaprakli agaclar, kavak, orman ve sazlik alanlardan
olugmaktadir. Cizelge 1°de test alaninin AKTlerine
gore dagilimlar verilmistir.

Test alaninda en az aniz (2.91 da) ve giil2 olarak
tanimlanan bakimli, tag genisligi fazla, sira arasi
vejetasyonla kapli gelisimli giil (5.21), en fazla
meyve (70.28 da) parselleri yer almaktadir. Alanda
giil olarak siniflandirilan ve giil3 olarak tanimlanan
bakimli, ta¢ genisligi fazla, sira arasi siiriilii orta
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Sekil 3- Calisma alaninin parsel bazh arazi kullanim tiirleri (AKT) haritasi

Figure 3- Parcel-based LUT maps of study area

Cizelge 1- Test alaninin AKT’lerine gére dagilimlar:
Table 1- Distributes according to LUTS of study area

AKT Alan (da) %
Aniz 2905.5 0.99
Giil2 5208.7 1.77
Aniz2 6622.6 225
Yem bitkisi 6669.9 2.27
Yol 15263.3 5.18
Ciplak toprak2 16368.4 5.56
Zay1f bitki Ortiisti 19538.5 6.64
Giill 24516.8 8.33
Sebze 24857.8 8.44
Giil3 33199.9 11.28
Ciplak toprak 68972.2 23.43
Meyve 70279.9 23.87
Toplam 294403.4 100.00

gelisimli giil parsellerinin alanm1 33.20 dekardir.
Orta gelisimli giil parsellerinin alani toplam alanin
% 11.28’ine karsilik gelmektedir. Giill olarak
tanimlanan geng, tag genisligi az, sira arasi strilii
az gelisimli giil parsellerinin alani 24.52 dekardir.

Az gelisimli giil parsellerinin alani toplam alanin
% 8.33’line karsilik gelmektedir. Calisma alaninda
gilil parsellerinin toplam1 62.93 dekardir. Bu
parsellerin toplam AKT’leri icerisindeki orani
% 21.37°dir.

3.2. Giil parsellerinin gorsel ozellikleri

Foto yorumlama o6zelliklerine gore, test alaninda
yer alan kirmizi rengin parlak tonundaki zeminler
yem bitkisi ve bazi tek yillik bitkileri, agik tonunda
veya pembemsi renkte diizgiin kenarlara sahip
zeminler sebze yetistirilen parsellere karsilik
gelmektedir. Kirmizi rengin koyu tonlarinda
dokulu, sira arasi ve sira lizeri belirgin topluluklar
halinde goriilen ve golgeleri olan bitkiler genis
yaprakli agaglari, yesil rengin koyu tonlarinda,
dokulu birbirine siki topluluklar halinde ve genis
golgeleri bulunan aga¢ topluluklart ormanlik
alanlart  gostermektedir. Koyu kirmizi-bordo
renklerde birbirine sik ince dokulu ince ve uzun
golgeli alanlar kavakliklar1 gostermektedir. Mavi
rengin agik tonlart yol ve aniz alanlarini ve agik
yesil zeminler yeni siiriili ¢iplak topraklari, koyu
yesil zeminler ise ¢iplak topraklar1 gostermektedir.
Krem-sar1 renkli belirgin sekilli (dikdortgen veya
kare) golgeleri olan objeler binalari, koyu mavimsi
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renkte ve golgeleri olan objeler sera veya hayvan
barmaklarini temsil etmektedir.

Meyve agaclari sira arasi ve sira iizeri mesafeleri
diizenli goriilmekte, meyve agaglart tiirleri ise sira
iistli ve sira arasi mesafe, tag genisligi ve dikim
desenine gore ayirt edilebilmektedir. Tahil gibi tek
yillik bitkiler zeminin tamamin1 kaplamakta, ¢iplak
toprak, kuru ot veya nadas gibi AKT’lerinden
belirgin olarak ayirt edilebilmektedir. Kavak ise
uzunlamasina ince tag¢ genisligi bulunmakta olup
kavaklik alanlarda siki bir desene sahiptir. Yol
ve parsel kenarlarinda dikilmis olan kavaklarin
golgeleri uydu goriintiisiinde iizerine distigi
parsellerin gergek goriiniimiinii 6rtmekte, gorsel
yorumlamavesiniflandirmametotlarindadogrulugu
azaltmaktadir. Giil tarim alanlari ise ton olarak ¢ok
yillik bitkilerle benzerlik gostermekte iken dikim
deseniyle belirgin olarak ayirt edilebilmektedir.
Egimli arazilerde egime dik yonde, diiz arazilerde
ise kuzey-giiney yoniinde uzunlamasina paralel
siralar halinde dikim deseni goriilmektedir. Bu
ozellikler piksel tabanli siniflandirmanin yaninda
objelerin spektral, geometrik, tekstiirel ve diger
ozelliklerine gore siniflandirma yapan obje-
tabanli siniflandirma metodu i¢in referans olacak
niteliktedir. Calisma alaninda yer alan giil tarim
alanlarinin morfolojik gdriiniimii ve yorumu Sekil
4°de verilmisgtir.

3.3. Piksel tabanli siniflandirma

ERDAS yazilim ile kontrollii siniflandirma yontemi
kullanilarak 10 egitim sinifi olusturulmustur. Egitim
smiflar1  kullanilarak  kontrollii  simiflandirmada
yer alan yontemlerin her biri i¢in hata matrisi
¢ikartilmistir. Test alanmna iliskin smiflandirma
performansina goére en uygun yontem olarak
Maksimum Olabilirlik Karar Kurali secilmistir.
Maksimum Olabilirlik Karar Kurali kullanilarak
yapilan siniflandirma sonucu olusturulan goriintii
Sekil 5’de verilmistir.

Mavi bantta en yiiksek yansima degerini yollar en
diisiik yansima degerini ise orman Ortiisii vermistir.
Yollar ile birlikte c¢iplak toprak ve aniz Ortiisii
diger kullanim tiirlerinden belirgin olarak ayirt
edilmistir. Yesil bantta yol, ¢iplak topraklar, aniz
ve binalarin yansimasi belirgin olarak digerlerinden
ayrilirken tek yillik bitkiler ile giiliin yansimasi
yakin degerler gostermistir. Kirmizi bantta kavak
ile orman ve giil ile tek yillik bitkilerin yansimalar1
yakin bulunmustur. Yakin kizil 6tesi bantta ise giiliin
yansimast genis yaprakli bitkilere yakin ¢ikmuistir.

Egitim smiflarinda yapilan dogruluk
degerlendirmesinde iretici dogrulugu giil parselleri
i¢in % 48.72 olarak belirlenmistir. AKT agisindan
degerlendirdigimizde en yiliksek dogrulugu orman,
aniz ve kavak alanlari, en diigiik dogrulugu genis
yaprakli parseller vermistir. Siniflarin  genel
dogruluk degerlendirmesi % 58.04, kappa degerleri
(k) 0.5339 olarak bulunmustur (Cizelge 2). Mutlak

GUL

Ust yap1

Cal1 formunda, sira lizerinde uzunlamasina, golgesi ¢ok az

belirgin goriinim

Ton (RGB)

geng bitkilerde koyu-siyahimsi kirmizi, saglikli bitkilerde

Agik kirmizi-koyu kirmizi arasinda ton, bakimsiz ve

kirmizimsi bir ton

Desen

kuzey-giiney yoniinde uzunlamasina paralel siralar halinde

Egimli arazilerde egime dik yonde, diiz arazilerde ise

Doku

Sik1

Sekil 4- Calisma alaninda yer alan giil tarim alanlarinin morfolojik goriiniimii ve yorumu

Figure 4- Morphological image and interpretation of rose area in location of study area
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Sekil 5- Calisma alaminin piksel tabanh simflandirmasi
Figure 5- Pixel-based classification of study area

bir aymrim bulunmamasina ragmen, daha once oldugunu gosterir (Celik 2006; Dengiz & Demirag
yayimlanmig ¢aligmalarda gozlemciler arast uyumu  Turan 2014). Buna gore ¢alismada bulunan iiretici
belirten k degeri < 0.20 ise 6nemsiz uyum, 0.21-  dogrulugu ve genel dogruluk i¢in belirlenen kappa
0.40 ise minimal uyum, 0.41-0.60 ise orta derecede  degerleri orta derecede uyumlu sinifin iginde yer
uyum, 0.61-0.80 ise 6nemli derecede uyum, 0.81-  almustir.

1.00 ise gozlemciler arasindaki uyumun tam

Cizelge 2- Test alaninda kontrollii sinifflandirmanin dogruluk degerlendirmesi

Table 2- Accuracy assesment of supervised classification in study area

Sunf Uretici (do/oojgrulugu Kullamc; ;}’)ogrulugu Kappa
Giil 48.72 18.63 0.1539
Tek yillik bitki 49.73 91.09 0.8911
Genis yaprakli 37.36 63.73 0.5626
Yol 68.85 82.35 0.7996
Ciplak toprak3 60.91 65.69 0.6154
Ciplak toprak 57.14 66.67 0.6226
Kavak 74.55 40.20 0.3679
Orman 86.54 44.12 0.4112
Bina 62.75 62.75 0.5861
Aniz 77.05 46.08 0.4265

Overall Kappa Statistics : 0.5339
Overall Classification Accuracy: % 58.04
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3.4. Obje tabanl simiflandirma

Test alaninin  Quickbird-2 uydu goriintiisiinde
4, 3, 2 bant kombinasyonu kullanilarak farkli
bicim, biitiinliik ve 6lgek parametreleri denenmis,
parseller segmentlere ayrilmistir. Multiresolution
segmentation isleminde bi¢im faktori 0.1 ve
butiinlik faktori 0.5 olarak sabit alinarak olgek
parametresi 100, 75 ve 25 secilmistir. Parametre
farkliliklarinin  segmentlere bélme islemi sonucu
olusan goriintii Sekil 6’da verilmistir.

Test alani i¢in uygulanan Ol¢ek parametresi:
100, bigim faktorii: 0.1, biitiinliik faktori: 0.5 olarak

yapilan Multiresolution Segmentasyon isleminde
giil parsellerinin ayirt edilebildigi en uygun
parametreler olarak bulunmustur. Test alaninda bu
parametreler kullanilarak obje tabanli siniflama
uygulanmustir (Sekil 7).

Test alaninin obje tabanli siniflandirmasinda
en yiiksek dogrulukta (% 60.78) Giil3 parselleri
vermistir. Giil3 parsellerinin yer yer meyve parselleri
ile karistig1 goriilmiistiir. Meyve agag yapraklariin
giil yapraklart ile yakin yansima gdstermesinin
yani sira Giil3 parsellerinin ta¢ genisligi ve sira
arast mesafe dagiliminin bir meyve parselindeki

Olgek parametresi: 100
Bi¢im faktort : 0.1
Biitlinliik faktorii : 0.5

Olgek parametresi: 75
Bigim faktort : 0.1
Biitlinliik faktorii : 0.5

Olgek parametresi: 25
Bigim fakiorii : 0.1
Biitlinliik faktorii : 0.5

Sekil 6- Calisma alaminda degisik 6lcekler kullanilarak yapilan segmentasyon islemi

Figure 6- Segmentation process that was made by using different scale in study area
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Sekil 7- Calisma alanin obje tabanh simflandirmasi (6lcek parametresi: 100, bicim faktorii: 0.1, biitiinliik

faktorii: 0.5)

Figure 7- Object-based classification of study area (scale parameters: 100, shape factor: 0.1, compactness factor: 0.5)

tag genigligi ve sira arast mesafe dagilimima
benzer oran gdstermesi nedeniyle bu parsellerinin
karigsmasina neden olmustur. Guill ve Giil2 alanlari
ise sirast ile % 29.09 ve % 25.00 dogruluk degerleri
vermistir. Giill parsellerinin  diisik dogruluk
vermesinde temel neden sira arasinin siiriilii olmasi
ve geng giil fidanlarindan olugmasidir. Bu nedenle
Gill parselleri ¢iplak toprak ve bazi bakimsiz
meyve parselleri ile karistigi gozlemlenmistir.
Gil2 alanlarmm en diisik dogruluk degeri
vermesinde ise spektral yansimalardaki karismadan
kaynaklanmasidir. Bu parsellerdeki giil fidanlar
bakimli olmakla birlikte toprak ylizeyinin yabanci
otla kapli olmasi nedeni piksellerin ortalama
yansimalarinin meyve parsellerinin pikselleri ile
benzer yansima gostermesi ve olusturulan siiflarda
karigmasina neden oldugu belirlenmistir.

4. Tartisma ve Sonug¢

Giil parsellerinin belirlenmesinde 6lgek degeri:
100, biitiinliik degeri: 0.5, bi¢cim: 0.1 parametreleri
kullanilarak yapilan obje tabanli siniflandirmanin
maksimum olabilirlik karar kurali ile yapilan
kontrollii smiflandirma metoduna gore daha iyi
sonug¢ verdigi, obje tabanl siniflamada 6lgek: 25,

bitiinliik: 0.5, bigim: 0.1 parametreleri kullanilarak
yapilan siniflamanin ise giil siralarini ayirt edebildigi
sonucuna varilmistir.

Son zamanlarda objeye dayali yapilan
siniflandirma  ¢aligmalarinda  ¢oklu  gdriintii
segmentasyon Olcekleri (multiple image

segmentation scales) kullanilmistir (Yan et al 2006;
Myint et al 2011; Whiteside et al 2011; Duro et
al 2012). Gil fretilen alanlarin parsel bazinda
belirlenmesi amaclandiginda kiiclik alanlar igin
gorsel yorumlama teknikleri piksel temelli siniflama
yontemlerine gore daha basarili olmaktadir. Ciinkii
bir parseli olusturan temel ortii tipi altinda bulunan
¢iplak toprak, yabanci otlar, dogal ortii durumu
egitim icin segilen alanlarin yansima ortalamalarini
birbirine yaklastirmaktadir. Bunun sonucunda ise
giil parselleri kimi zaman ¢iplak toprakla kimi
zaman vejetasyonla kimi zaman ise diger alanlar
ile karigmaktadir. Ayrica giil bitkilerinin yasi,
tac genisligi, sira arasi ve sira ilizeri mesafeleri ve
budama sekli de piksellerin yansima ortalamalarini
etkileyen faktorlerdir. Bu nedenlerden dolay1
yiiksek ¢oziiniirlikli uydu verilerinde piksel
yansima degerlerine bagh simiflandirma yontemleri
kaba ¢ozliniirliikli uydu verilerine gore daha diisiik
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dogruluk vermektedir. Nitekim Devi & Krishna
(2012) LISS 4 goriintiilerde uyguladiklari piksel ve
obje-tabanlt siniflandirma c¢alismalarinda su, meyve
bahgesi, kum, nadas, c¢eltik, ¢ali ve yap1 olarak 7
egitim smifit olusturmus, tim alan i¢in belirlenen
basar1 derecesinde obje tabanli siniflandirma
% 87.5, piksel tabanli smiflandirma % 78.1
dogruluk vermistir. Obje-tabanli metotlarin yiiksek
¢oOziintirlikli veriler i¢in arazi yapisi ve goriintiiniin
kalitesine bagli olarak kabul edilebilir sonuglar
verdigini belirtmislerdir.

Ote yandan piksellerin yansima degerleri
kullanilarak giil bitkilerinin tek tek ayirt edilmesi
miimkiin olabilmektedir. Bu yontemde ise giil
bitkileri arasinda kalan ¢iplak toprak, yabanci
otlar, dogal ortii durumu ve tek yillik ¢ayir ortiileri
gibi diger yansima unsurlart baska AKT simiflar
icerisinde yer almaktadir. Bunun sonucunda da sinif
ayirimi yapilamayan karisik ortii tiplerinden olusan
bir haritalama {niteleri ortaya ¢ikmakta, parsel
bazinda smiflandirma miimkiin olmamaktadir.
Devi & Krishna (2012) yaptiklart galismalarinda
objeye dayali simiflandirmanin piksele dayali
smiflandirmadan daha dogru sonuglar verdigini,
piksele dayali metotlarin piksellerin sadece spektral
bilgilerini  kullandig1, dolayisiyla olusturulan
tematik haritalarda tek piksellerden olusan daginik
smiflarin meydana geldigini belirtmistir.

Sonug olarak; yiiksek ¢ozlinlirlikli uydu
verilerinde yapilan piksel tabanli siniflamada giil
parsellerinin diger parsellerle karistig1, bu siniflama
yontemlerinin giil parsellerinin belirlenmesinde
calismadigl, bunun yerine bu tiir 6zel bitkilerin
smiflandirilmasinda  obje  tabanli  siniflamanin
kullanilabilecegi ve obje tabanli smiflamalarin
bitki indisleri ile birlestirilerek farkli 6zellikteki giil
parsellerin tanimlanabilecegi belirlenmistir.

Ayrica obje tabanli smiflandirma ile elde
edilen tematik harita katmanlarinin CBS ortamina
entegre edilebilir olmas1 konumsal o6zelliklerinde
kullanilarak yoruma dayali bilgilerin iiretilmesine
olanak saglamaktadir (Wassenaar et al 2000).
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ABSTRACT

This study was conducted by using Jinks-Hayman type analyses on four pea genotypes (PS4009, PS3053, PS3073
and Reyna) and their population of the complete diallel reciprocal crosses in order to examine the genetic structure.
According to the results of all diallel crosses, environmental variance (E) and additive gene variance (D) was not
significant. All the features of the dominant gene variances were higher than the additive gene variances (H,) and D-H,
value was found to be negative. In the population, dominant genes were found significant for all the characteristics
except number of seed per pod. Result of Wr, Vr graphics indicated partial dominancy for the number of seed per pod,
and over dominancy for the rest of the characters studied.
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OZET

Bu arastirma, dort bezelye genotipi (PS4009, PS3053, PS3073 ve Reyna) ile bunlarin tam diallel melezlerinden
olusturulan populasyonun Jinks-Hayman tipi analiz kullanarak genetik yapisini incelemek amaci ile yapilmistir. Diallel
melez sonuglarina gore incelenen tiim 6zelliklerde ¢evre varyansi (E) ve eklemeli gen varyansi (D) 6nemsiz bulunmustur.
Tiim 6zelliklerinde dominant gen varyanslar1 (H1) eklemeli gen varyanslarindan yiiksek olup, buna paralel olarak D-H1
degerleri ise negatif bulunmustur. Populasyonda baklada tane sayist lizerine resesif genler, bitki boyu, bakla sayisi,
yiiz tane agirligi, bakla verimi ve tane verimi 6zelliklerine ise dominant genlerin daha etkili oldugu tespit edilmistir.
Wr, Vr grafikleri sonucu baklada tane sayist igin kismi dominantlik, incelenen diger 6zelliklerde ise asir1 dominantlik
saptanmistir.

Anahtar Kelimeler: Agronomik 6zellikler; Diallel; Kalitim; Bezelye
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1. Introduction

Sources of proteins have undeniable importance in
human nutrition. As a leguminous plant, peas are
considered a good source of protein and contain
20-30% protein; sufficient carbohydrates; rich in
calcium, iron, phosphorus and vitamins (Ceyhan
et al 2011). Considering worldwide consumption,
human nutrition were made of 22% vegetable
proteins, 7% carbohydrates and animal nutrition
of 38% proteins and 5% carbohydrates are derived
from edible legumes (Schirali 1988; Adak et al
2010). Thus, peas have a big importance on canned
and frozen food industry as a human nutrition.

Success in developing varieties depends on range
of variation and right selection from the variations.
Pea breeders often make crosses to create new
variations. But lack of labor, time, high costs etc. are
limiting factors to make numerous crosses. That’s
why breeders need to choose accurate parental lines to
avoid extra expenses and long working hours. Success
rate could be higher if the genetic inheritance of
parental lines would be identified earlier with different
methods. Breeder needs to know effects of the genes
on the agronomic characters of interests. Inheritance
of genes governing the trait of interest determines the
generation for selection in breeding a self-pollinated
plant species like peas (Ceyhan & Avci 2004).

Various methods are used in determination
of the genetic parameters. With the help of these
genetic parameters, information is obtained about
the status of the population, the value of a feature
to breeding and the effectiveness of the selection.
Diallel crossing is one of these methods (Ceyhan
& Kahraman 2013). Seed yield and its genetic
parameters and heritability were the subject of
many researches (Snoad & Arthur 1974; Ceyhan et
al 2008; 2014b; Ceyhan & Kahraman 2013).

In this work, a 4x4 complete diallel reciprocal
combinations of parents and populations was studied
by using Jinks-Hayman type analysis to identify and
the genetic structure of agricultural features.

2. Material and Methods

In this study, three pure pea lines (PS4009, PS3053,
PS3073) and Reyna a commercial variety were

used. The study was conducted at Selcuk University
experimental field in 2012 and 2013. The parental
lines were planted on 8 March 2012, followed by five
consecutive plantings at 10 days intervals in order to
coincide flowering times of the genotypes. For the
ease of crossing, parental lines were planted in 3x1 m
rows 25 cm apart. The four genotypes were crossed
in a 4x4 complete diallel reciprocal according to Eser
(1974) and Ceyhan (2003) in 2012.

Soil analysis was made from the soil that was
taken from 0-30 cm depth. The results revealed that
soil was a clay-loam, light alkaline (pH= 7.8), low
in organic matter (1.20%), and has an EC (uS cm™)
of 189, available P,O, of 10.74 mg kg'', Fe of 1.28
mg kg, and exchangeable K O of 219.96 mg kg'',
Zn of 2.16 mg kg™, Cu of 0.82 mg kg, Mn of 4.95
mg kg!, and Ca of 5863 mg kg™

The study was conducted in Konya where
summers are hot and dry and winters are cold.
During the vegetation in 2013 for 5 months (March
through July) average temperature was 19.5 °C, total
rain 63.4 mm, humidity 39.7%.

Parental lines and crosses were planted by hand
on March 2013 as three rows 2 m in length with a
50 cm row spacing and 20 cm plant spacing, each
plot had 36 seeds which were planted 5 cm deep.
Trials were made by “Randomized Block Design”
in 3 replicates at Selcuk University Agricultural
Department Trial Station. Plots were fertilized with
15 kg DAP (Diammonium phosphate 18-46%) at
planting (Ceyhan 2003; Ceyhan et al 2014a). To
reinforce the germination after the planting, sprinkle
irrigation was used, and by drip irrigation system
twice during growing period. Plots were hand-
weeded and harvesting was made by hand between
03 and 14 July 2013.

At the parental lines and F, plants, plant height,
number of pod, number of seed per pod, 100 seed
weight, pod yield and seed yield were studied
(Ceyhan 2003). Mean values were used to analyze
the variation. In the study, the traits under the genetic
control were analyzed by Jinks & Hayman (1953)
diallel method. After detecting significant statistical
differences between parents and among the crosses,
validity of hypothesis was checked (Hayman 1954).
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The parameters for genetic variation and regression
analysis of Wr and Vr values of parents were made
according to Jinks & Hayman (1953) and Hayman
(1954) diallel analysis method. Statistical analysis
was made by using TARPOPGEN  statistical
package programme (Ozcan & A¢ikgdz 1999).

3. Results and Discussion

Analysis of variance results were shown in Table
1. To apply the Jinks-Hayman type analysis, the
validity of the assumption was checked first. All the
measurement made from 4x4 peas complete diallel
reciprocal were found to be significant at P= 0.01

Table 1- Mean sum of squares of the measurements

Cizelge I- Incelenen ozelliklere ait kareler ortalamasi

level. Results indicated the presence of large enough
variation in order to proceed to advanced genetic
analysis (Jinks & Hayman 1953; Hayman 1954;
Jinks 1954; Ceyhan & Kahraman 2013).

To apply Jinks-Hayman type diallel analysis
some of the assumptions have to be valid. Validation
of these assumptions (Yildirim et al 1979) was
checked in 2 ways. The Wr, Vr variance analysis
results are given in Table 2. The F values deduced
from Wr-Vr variance analysis of F| populations was
found not significant, indicating that Wr, Vr variation
differences are uniform. Thus, means of the three
replications were used to do genetic analysis.

Sources SD Plant height Number of - Number of seed 100 S ced Pod yield  Seed yield
pod per pod weight

Block 2 178.938 1.021 0.023 3.559 0.764 2.710
Genotype 15 357.950%* 144.421%* 0.728%* 38.138%* 78.894%* 78.914%*
Error 30 94.071 9.888 0.196 2.558 5.708 3.935
** P<0.01
Table 2- Sum of squares for Wr, Vr variances

Cizelge 2- Incelenen ozelliklere ait Wy, Vi varyans analizi kareler ortalamast

Sources SD Plant height Number of - Number of seed 100 s ced Pod yield  Seed yield

pod per pod weight

Replication 2 4307.043 118.231 0.079 61.171 5.788 57.197
Series 3 8162.156 1368.434 0.138 219.802 151.596 174.993
Error 6 14365.334 155.353 0.062 95.980 105.576 71.583

Wr, Vrregression values detected with regression
analysis and t values calculated for b= 1 hypothesis
are presented at Table 3. The average regression
values and t values obtained from b= 1 hypothesis
showed that b= 1 hypothesis is suitable.

3.1. Genetic structure of the population

Table 3- Regression values calculated from means
(Wr,Vr) of the blocks and t values calculated for b=
1 hypothesis

Cizelge 3- Bloklar iizerinden alinmis ortalama (Wr,
Vr) degerleri arasindaki regresyon katsayilari ve b= 1
hipotezi igin hesaplanan t degerleri

. . . Features b SH t,
Variance components estimated by J 1nks-Hayman Plant height 0503 0253 1.965
method ?nd standard errors are shown' in Table  \umber of pod 0704 0289 1.025
4. 1}1. this research environmental variance and N\ mber of seed perpod 0449 0193  2.853
a'dd1.t1V6: gene variance were found t.o be not 40 seed weight 1203 0624 -0.325
significant. This result shows that selection would ~ p 4 yield 0769 0351 0658
not be successful for the traits studied, similar Seed yield 0978  0.666  0.034
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Table 4- Variance components of the 4x4 complete diallel pea cross populations

Cizelge 4- 4x4 tam diallel bezelye melez populasyonlarinda bazi agronomik ozelliklerin genetik varyans
komponentleri ve bunlar arasindaki oranlar

Genetic Plant Number of Number of 100 seed Pod Seed
parameters height pod seed per pod weight yield yield

E 33.13+55.33 3.11+22.65 0.06+0.23 0.87+9.08 1.80+7.54 1.29+8.10
D 19.07+123.71 49.64+50.65 0.33+0.51 42.12420.30  18.00+16.86 7.97+18.11
F 5.184+317.82 40.58+130.13 -0.15+1.31 46.154£52.15  26.65+43.31 20.42+46.54
H, 620.63+£359.61  207.69+147.25 1.11£1.48 53.84+£59.01 117.07+49.01 122.26+52.65
H, 561.474331.95  202.13+135.92 1.51£1.36 44.134£54.47  97.67+45.24 100.94+48.61
D-H, -601.56+£322.89 -158.06+132.21 -0.78+1.33 -11.72452.99  -99.07+44.01  -114.29+47.28
(H/D)"”> 5.71 2.05 1.84 1.13 2.55 3.916
(H,/4H)) 0.23 0.24 0.34 0.21 0.21 0.20
KD/KR 1.05 1.50 0.77 2.88 1.82 1.972

h? 433.83+225.16  282.43+92.19 0.40+0.92 0.02£36.95  161.97+£30.69  144.78+32.97
K 1.77 1.40 0.27 1.01 1.66 1.43

GH 0.52 0.70 0.39 0.77 0.75 0.78

DH 0.03 0.22 0.18 0.79 0.16 0.07

results were reported before (Sarawat et al 1994;
Ceyhan & Kahraman 2013).

Of all the traits studied, dominant gene variances
(H,) was higher than the additive gene variances, and
D-H, was negative (Table 4). Similar results were
reported elsewhere (Snoad & Arthur 1974; Sarawat
et al 1994; Girase & Deshmukh 2000; Ceyhan &
Kahraman 2013).

F value that shows direction of recessive and
dominant alleles was found to be positive except
for the number of pod (Table 4). This indicates
dominant and additive gene effects of allels are
together and in increasing direction (Yildirim et
al 1979; Ceyhan & Kahraman 2013). Positive F
value shows that dominant alleles outnumbers the
recessive alleles. For the number of seed per pod
negative F value opposite effect of above mentioned
condition (Yildirim et al 1979; Ceyhan & Kahraman
2013).

The average degree of dominancy (H/D)"
indicates the degree of the domination in a
population (Table 4). All the data collected in this
study, (H,/D)"* value was higher than 1 that may
mean the population may have over dominancy

(Snoad & Arthur 1974; Ceyhan et al 2008; 2014a;
2014b; Ceyhan & Kahraman 2013).

Dominant and recessive alleles (H,/4H ) showed
similar frequencies for seed yield (0.20) and number
of seed per pod (0.34) (Table 4). This may indicate
that dominant and recessive alleles frequencies
are close to each other (0.5), and multiplication of
dominant and recessive alleles frequencies would
be around 0.25, a high enough value for successful
phenotypic selection (Ceyhan & Kahraman 2013).

Ratio of dominant alleles to recessive alleles
(KD/KR) for number of seed per pod was lower
than 1 (0.77), indicating number of recessive
alleles outnumbers dominant alleles (Table 4). For
the remaining characters studied, KD/KR value
was higher than 1, a strong indication that genes
operating on these traits are dominant (Ceyhan &
Kahraman 2013). Another factor that was examined
in this research which, this means features manages.
Therefore in research population, except pea count
other features were more dominant than recessive
genes.

For the effective number of genes (K), all the
traits, except number of seed per pod, had K>1
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values (Table 4). This may show that value of K
depends largely on dominancy. It was reported
that K value is associated with dominancy and K
is underestimated in cases where there is weak
dominant effect on traits (Jinks 1954; Yildirim
1974; Ceyhan & Kahraman 2013).

Narrow sense (DH) and broad sense heritabilities
(GH) have also been evaluated (Table 4). Low DH
values were evident on all traits but 100 seed weight,
indicating a low response to selection. The DH for
100 seed weight was 0.79, which would be rather
responsive to selection.

3.2. Analysis of Wr, Vr graphics

The Wr and Vr values of parents derived from the
means of the 3 blocks are presented in Figure 1 to 6.
The regression line for number of seed per pod cut
through the Wr on positive side (above 0), indicating
presence of a partial dominance for the trait. For all
other traits studied, the regression line cut Wr on
the negative region, showing over dominancy are
in effect. Ceyhan & Kahraman (2013) reported that
hundred seed weight was under the control of partial
dominant genes while seed yield, plant height, and
number of pod were under control of over dominant
genes.
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Figure 1- Wr, Vr values for the plant height of
parents
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Figure 2- Wr, Vr values for the number of pod per
plant of parents
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Figure 3- Wr, Vr values for number of seed per pod
of parents
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Figure 4- Wr, Vr values for hundred seed weight of
parents
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Figure 5- Wr, Vr values for pod yield of parents
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Figure 6- Wr, Vr values for the seed yield of parents

Sekil 6- Tane verimi igin ebeveynlere iliskin Wr, Vr
degerleri

At the parental lines shortest plant height were
33.33 cm for PS4009 and PS3073 lines while tallest
were Reyna with 46.33 cm. And the shortest hybrid
was 42.33 cm (PS3053 x PS3073), and the tallest
was 69.00 cm (PS4009 x PS3053) (Table 5).

In terms of plant height, there is no epistatic effect
in parental genotypes PS4009, PS3073, and Reyna
because they were close to the regression line, while
PS3053 was far from regression line, indicative
of an epistatic effect in action. Because PS4009
was far from the origin, it transfers recessive gene
to crosses. A negative correlation (r= -0.613) was
found between the hypothetic dominance (Wr+Vr)
of parents and the average value of the ancestors.

When average number of pod of parents was
examined, PS3073 parent had the lowest with 9.00
and Reyna the highest with 26.33. While the PS4009
x PS3053 cross had 21.67 the lowest, and Reyna x
PS3053 cross 36.67 the highest (Table 5).

There is an epistatic effect for number of pod
in PS4009 and Reyna. The crosses originating from
parents with high pot numbers resulted with higher
pod numbers. The correlation between hypotetical

Table 5- Agronomic values of the 4x4 full diallel pea cross populations

Cizelge 5- 4x4 tam diallel bezelye melez populasyonlarinda bazi agronomik ozelliklere ait degerler

Genotypes Plant Number of ~ Number of 100 seed Pod Seed
height pod seed per pod  weight yield yield
PS4009 33.33¢ 19.33% 4.95% 14.49% 14.51¢ 12.55¢
PS3053 42.67% 17.00¢ 5.45° 16.55¢ 15.53¢ 13.90%
PS3073 33.33¢ 9.00" 5.00® 18.45% 13.52¢ 11.74¢
Reyna 46.330 26.33¢df 4.14 28.97¢ 22.70 18.28
Crosses
PS4009 x PS3053  69.00° 21.67¢ 4.98® 19.91% 20.91¢ 19.48¢
PS4009 x PS3073  49.33<d  25.00%" 5.06% 18.66% 23,13 21.37%
PS4009 x Reyna 63.67%¢ 27.670 4.12% 19.90% 23.14%4  20.65%
PS3053 x PS4009  65.00" 26.67°% 44700 20.88° 2483 22.3]b
PS3053 x PS3073 ~ 42.33« 28.670cd 4.19% 19.37% 23.56>¢  21.06*
PS3053 x Reyna 43,670 34.33% 3.51¢ 12.21¢ 20.95¢ 13.14¢
PS3073 x PS4009  46.00*¢ 28.33bede 4.58® 17.99¢« 23.60%¢  21.05
PS3073 x PS3053  44.67" 30.67%<d 4.26" 21.05° 28.17% 24.89°
PS3073 x Reyna 44 330 29.67% 435 21.26° 27.29%¢  24.95°
Reyna x PS4009 51.67%®d  27.33bede 4.480e 20.46° 2519 22,64
Reyna x PS3053 64.00%¢ 36.67° 5.03%® 17.90°¢ 32.65° 29.88°
Reyna x PS3073 54.67%d 33 .33uc 4.230 19.33¢% 27.57%  24.59°
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dominance and mean values of parents was negative
(r=-0.947). This shows that they carry the dominant
genes of high pot number.

When number of seed per pod was examined,
Reyna had 4.14 peas the lowest, and PS3053 had
5.45 peas the highest counts. The PS3053 x Reyna
cross possessed 3.51 peas while PS4009 x PS3073
cross had 5.06 peas per pod (Table 5).

For the number of seed per pod, the parents
PS4009 and PS3073 had epistatic effects. Analysis
(Wr+Vr) indicated that the lower number of peas per
pot was dominant in action (r= 0.582).

The 100 seed weight ranged from 14.49 g
(PS4009) to 28.97 g (Reyna) where PS3053 x Reyna
cross had the lowest 100 seed weight with 12.21 g
and PS3073 x Reyna cross the highest with 21.26
g (Table 5). The lower hundred seed weight trait
(i.e. smaller seed size) was found to be dominant
(r=0.845).

When approximate pod yield was examined,
PS3073 parent and PS4009 x PS3053 cross had the
lowest pod yields with 13.52 g and 22.91 g while
Reyna parent and Reyna x PS3053 cross the highest
with 22.70 g and 32.65 g, respectively (Table 5).
Genetic analysis (Wr+Vr) showed that high pod
yield was dominant (r=-0.701).

The seed yield of parents ranged from 11.74 g
(PS3073) to 18.28 g (Reyna) and crosses from 13.14
g (PS3053 x Reyna) to 29.88 g (Reyna x PS3053)
(Table 5). All of the parents except the PS4009
showed epistatic effect for seed yield. The parents
with PS4009 and Reyna transferred dominant
genes to the crosses while the parent with PS3073
transferred recessive gen. The negative correlation
(= -0.633) between the theoretical dominance
(Wr+Vr) and means of the values in the population
implied having dominant genes of the parents that
are high yielded.

4. Conclusions

A large enough genetic variation exists for the traits
studied in the population. It was concluded that
recessive genes for number of seed per pod, and

dominant genes for plant height, number of pod,
100 seed weight, pod yield and seed yield are in
action. The presence of high DH for hundred seed
weight shows that genetic gains are possible at early
generation selection for the trait.
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ABSTRACT

The present study measured physical properties of lentil and wild oat weed; mass of 1000 seeds, true density, porosity
and coefficient of static friction. A gravity table separator was used to separate wild oat weeds from lentil seeds. The
gravity table separator had five adjustable parameters; longitudinal slope, latitudinal slope, amplitude of oscillation,
frequency of oscillation and air velocity. The effect of these parameters was investigated in order to maximize the
separation of wild oat weed from lentil. Results of tests indicated that an increase in latitudinal slope of the table
from 0.5° to 1° and longitudinal slope from 1.5° to 2° resulted in increased separation of wild oat weed from lentil. At
longitudinal slope of 2°, latitudinal slope of 1°, amplitude of oscillation of 5 mm, frequency of oscillation of 400 cycles
min', and air velocity of 5.7 m s™', the separation percentage was 37%. Finally, after determination of the most suitable
settings for amplitude of oscillation and air velocity; using the information on longitudinal slope, latitudinal slope and
frequency of oscillation of the table was used to calculate mathematical relations of separation percentage of wild oat
weed from lentil clumps using Datafit Software.

Keywords: Gravity separator; Physical properties; Lentil; Wild oat

Mercimek ve Yabani Yulaf Tohumlarimin Kimi Fiziksel Ozellikleri ve
Gravite Masa Selektorii ile Yabani Yulaf Tohumlarinin Mercimek
Tohumlarindan Ayrilmasim Etkileyen Ozellikler Uzerine Bir Arastirma
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OZET

Bu ¢alismada, mercimek ve yabani yulaf tohumlarinin 1000 tane agirligi, gergek yogunlugu, porozitesi ve statik stirtiinme
katsayilar1 belirlenmistir. Yabani yulaf tohumlarmin mercimek tohumlarindan ayrilmasinda gravite masa selektorii
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kullanilmistir. Gravite masa selektorii ayarlanabilir boylam agisi, enlem agisi, amplitiid titresim, titresim frekansi ve hava
hiz1 olmak iizere 5 6zellige sahiptir. Yabani yulaf tohumunun mercimek tohumundan ayrilmasini en iyi hale getirmek
tizere bu 6zelliklerin etkisi arastirllmigtir. Caligmadan elde edilen sonuglar masaya gére enlem agismm 0.5° ila 1°,
boylam agisinin ise 1.5° ila 2° artirllmasinin yabani yulaf tohumlarinin mercimek tohumlarindan ayrilmasini artirdigini
gOstermistir. Boylam agisinin 2°, enlem agisinin 1°, amplitiid titresimin 5 mm, titresim frekansinin 400 titresim dak™!
ve hava hizinun 5.7 m s olmast durumunda ayirma % 37 olmustur. Sonug olarak; en uygun amplitiid titresim ve hava
hiz1 ayarlari belirlendikten sonra enlem ve boylam ag1 bilgileri Datafit programi kullanilarak yabani yulaf tohumlarmimn
mercimek tohumlarindan ayrilmasinda matematik iligkiler hesaplanmistir.

Anahtar Kelimeler: Gravite selektorii; Fiziksel 6zellikler; Mercimek; Yabani yulaf

1. Introduction

Lentil (Lens culinaris medic) is an important and
highly nutritious crop belonging to the family
of legumes (Kaur et al 2014). Lentil is cultivated
worldwide but competition with weeds is a problem
affecting production and can reduce performance
by more than 80% (Dhuppar et al 2013; Joshi et
al 2013). Wild oat (4Avena ludoviciana) is a major
weed in lentil cultivation. Extensive research
has been done to increase the purity of seeds and
harvested beans. Some such research established
physical and aerodynamic properties of crops. For
example, Falconer (2003) reports a comparative
study on traditional and modern methods of gravity
separation for seed purity developed by a gravity
separator. The investigation covered advantages,
disadvantages, principles and variables of both
methods. The study concluded that selection for
the most appropriate separator for specific use
should be based on empirical experiments, although
analysis of parameters is essential for optimization
of the separating operation in continuous production
(Falconer 2003). In another study, Hollatz & Quick
(2003) reported that feeding rates low, aerodynamic
separation of grain from straw happening on the
screen and at high feed rate of fine particles in the
sieve to form a negative factor, loss of separation
increases. In another study, Rasekh (2006) was
used a gravity separator apparatus for separating of
sunn pest-damaged wheat from undamaged wheat.
Influence of (longitudinal and latitudinal slopes,
oscillation frequency and amplitude and velocity of
air) machine table parameters to obtain of maximum

© Ankara Universitesi Ziraat Fakiiltesi

separation of sunn pest-damaged wheat from
undamaged wheat have been studies. Results showed
that increase of latitudinal slope of table from 0.5°
to 2° and reduction of longitudinal slope from 5°
to 3°, along the frequency of oscillation 450 cycle
min" and air velocity 8 m s, increased separation
of sun pest-damaged wheat. In another study,
Innocentini et al (2009) were experimentally
investigated the dehulling process of cracked
soybeans. The mean sauter diameter (d ) of as-
received material was 2.70 mm, with an average
proportion of 95% meats and 5% hulls for a moisture
content of 11.8%. The true densities of hulls and
meats were 1090 and 1267 kg m”, with d _ of 2.11
and 2.74 mm, respectively. Hulls were mostly
elutriated around 2.7-4.5 m s™' and meats around 9.1-
13.7 m s’ The overlap of terminal velocity profiles
required a combination of pneumatic and sieving
operations for optimized separation. The influence
of particle concentration on continuous dehulling
was investigated for three solid-to-air ratios (W/Q).
The procedure that maximized particle separation
was a sequence of pneumatic dehulling with v =
7.4-9.1 m s and W/Q=1.05 kg .. m?_, followed
by screening of lifted material with sieve ASTM
no. 6 and a final pneumatic separation of small
hulls and meats at v=3.9-4.1 m s'. An industrial
scale pneumatic dehuller was built and tested for
W= 6973 kg h'!, v=7.6-8.2 m s and W/Q= 0.97
kg .. m? . The efficiency of the pneumatic device
to remove hulls from the cracked soybean was very
high, with the recovery of meats with purity around
99%. Kashi (2009) managed to separate wild oat
weed from wheat by a gravity separator. The device
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had 5 adjustable parameters (the table settings
of latitudinal and longitudinal slope, oscillation
frequency, oscillation amplitude and air velocity). It
was reported that the maximum level of separation
was 56.24% based on settings of longitudinal slope
4°, latitudinal slope 1°, frequency of oscillation
of 450 cycles min!, and oscillation amplitude of
7 mm. Results also showed a significant effect
of crop type and humidity level on the physical
properties of seeds of wheat and wild oat weed.
Kashi (2009) maintained that density values of wild
oat weed and wheat were 0.902 and 1.327 g cm?,
respectively and that bulk density evaluations were
0.439 and 0.810, respectively (Kashi 2009). In the
research of Mollazade et al (2009) some physical
and mechanical properties of cumin seed were
obtained as moisture content variations from 7.24%
to 21.38% d.b. Their results showed that increasing
of moisture content was caused to increase the
seed length (5.14 to 5.58 mm), width (1.33 to 1.55
mm), thickness (0.97 to 1.05 mm), arithmetic mean
diameter (2.48 to 2.73 mm), and coefficient of static
friction on the three surfaces: glass (0.48 to 0.77),
galvanized iron sheet (0.36 to 0.73), and plywood
(0.57-0.69). However, bulk density was found to
decrease from 447.66 to 369.88 kg m?, and rupture
force, rupture energy along with seed length and
width were found to decrease from 83.74 to 56.17
N, 132.95 to 84.47 N, 50.66 to 27.52 mJ, and 67.8
to 33.36 mJ, respectively. Many studies have also
been done to determine physical and aerodynamic
properties of agricultural crops including chickpea
(Konak et al 2002), lentil (Amin et al 2004), raw
and parboiled paddy (Reddy & Chakravertty 2004),
sunflower (Gupta et al 2007), flaxseed (Coskuner &
Karababa 2007), kokum (Sonawanel et al 2014) and
wild sunflower seeds (Perez et al 2007). The study
of physical properties and separation of wild oat
weed from lentil by a gravity separator is of extreme
importance. Since no study has been done to date,
in this work physical and aerodynamic properties of
lentil and wild oat weed are investigated. Also, the
effects of different parameters of a gravity separator
and their influence on the separation of wild oat
weed from lentil seeds are evaluated.

2. Material and Methods

In the present research, lentil samples were taken from
farms in Ardebil Province (Bileh-Savar cultivar) and
transferred to the seed technology laboratory at the
University of Tehran. The initial moisture content of
the lentil seeds and wild oat weed was determined
by oven drying at 103 °C for 72 h (Bagherpour et
al 2010). Physical properties of lentil and wild oat
weed were calculated as follows. The mass of 1000
seeds and wild oat weed was measured using a
digital balance with a measurement accuracy of 0.01
g. The true density of lentil and wild oat weed (P)
was determined by the fluid displacement method
(toluene) by a certain mass of lentil and wild oat
weed and using a graduated cylinder, according to
Equation 1 (Varnamkhasti et al 2008).
n,

P, =7t (1)

Where; P, true density (g cm?); m,, sample mass
(g); V,, volume of the displaced fluid (cm’).

The bulk density of lentil and wild oat weed (P,)
was determined by measuring the weight obtained
from pouring lentil seeds and wild oat weeds from
a height of 15 cm into a 500 mL glass beaker,
according to Equation 2 (Owolarafe et al 2007).

m
p=—"t 2
b= ()

Where; P,, bulk density (g cm™); m,, bulk mass
(2); V,, volume of the used cylinder (cm?).

The porosity percentage of lentil and wild oat
weed was calculated using bulk density and true
density from Equation 3 (Aydin 2003).

£= |:1 - &:|X1 00 (3)
P

t

Where; €, porosity.

The coefficient of static friction of lentil and
wild oat weed was measured by an inclinometer and
through frictional surfaces of galvanized iron sheet and
particle board. The crop bulk was poured into a thin
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can with no lid or bottom end and placed on a surface.
The can edge had no contact with the surface of the
table and only the seeds inside were in contact with the
surface under investigation. Tilt angle of the surface
was increased gradually, where the device slope
was measured and read with an accuracy of 1° once
the slightest slip was observed in the can containing
the materials. The coefficient of static friction was
calculated by Equation 4 (Mohsenin 1986).

M, =tang “4)

Where; 1, coefficient of friction; ¢, angle of tilt
in degrees.

Tests were conducted to evaluate seed properties
as follows; weight of 1000 seeds, true density, bulk
density, porosity, and coefficient of static friction.
Tests were done on lentil seeds and wild oat weed
seeds based on a completely random design.
The bulk of evaluated lentil had a purity of 68%,
whereas wild oat weed accounted for 43% of the
external materials together with the lentil bulk. A
Laboratory Gravity Separator Type LA-K (Westrup
A/S Denmark) was used to separate wild oat weed
from lentil seeds (Figure 1). In this machine,
table settings were as follows; longitudinal slope
parameters (0-6° (in x-axis direction in Figure
2)), latitudinal slope (0-3°), air velocity (0-13.3
m s'), frequency of oscillation (0-500 cycles
min?), and amplitude of oscillation (5, 7, 9, 11
mm), these settings were all adjustable. Similarly,
the instrument had 5 boxes whereby, through proper
adjustment, the heavier material was transferred
toward the right side of the table (box number 5)
and lighter material moved toward the left side (box
number 1). Through proper adjustment of the main
parameters of the instrument, the wild oat weed
seeds were separated from the lentil seeds.

Figure 2 shows that materials of different
weights were accommodated in different parts. The
materials were poured onto the instrument table
from inside the tank. The table height was increased
in a positive direction of x (longitudinal slope) and
positive direction of y (latitudinal slope). Thus, the
right-side higher corner of the table (point S) had

Figure 1- Gravity table separator; a, air velocity; b,
frequency of oscillation; c, feeder; d, table surface
of gravity separator

Sekil 1- Gravite masa selektorii; a, hava hizi; b, titresim
frekansi, ¢, besleyici; d, gravite selektorii masa yiizeyi

yA

Feeder

Heavy
materials

Light
materials

Medium
materials

0]

Figure 2- A schematic vertical view of the surface of
the table and the approximate range of movement
of materials on that surface

Sekil 2- Masa yiizeyinin sematik dikey goriiniimii ve
materyallerin yiizeyde yaklasik hareket mesafeleri

the maximum height and the left-side lower corner
of the table (point O) had the minimum height. The
materials were free to leave the table along the OB
side. The table had a reciprocating motion along
the x-axis and then the underneath airstream hit the
materials on the table. In response to table vibration
and air force, the lighter materials floated above the
heavier materials and were further separated due to
longitudinal and latitudinal slopes of the table at the
left-side lower corner. The heavier parts remained in
contact with the table and were transferred over the
longitudinal slope (the right-side lower corner of the
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table) and were free to leave the table at that point in
response to reciprocating motion of the table

In order to determine effects of parameters of
table settings longitudinal slope, latitudinal slope
and the frequency of oscillation on the separation
percentage of wild oat weed from lentil seeds, tests
were done according to a fully random, factorial
design with the table settings at; latitudinal slope
0.5°, 1°, and 1.5°, longitudinal slope at 1.5°, 1.75°,
and 2°, and frequency of oscillation at 380, 400,
and 420 cycles min™'. Next, by having the desirable
values of the three parameters obtained from this
experiment, the instrument was set at the best values
of these 3 parameters; longitudinal slope, latitudinal
slope, and oscillation frequency. The impact of
the parameters related to four air velocity settings
of 3.6, 4.5, 5.7, and 6.6 m s and two amplitude
frequencies of 5 and 7 mm, investigated in a
completely randomized design with five replications
for each test. In each test, some lentil seeds were
collected together with external materials from the
output of light seeds (box number 1). Then using an
electronic seed counter, five groups of seed which
each group containing 100 seeds were counted
and selected. Next, each single seed was observed
and the average for separation percentage of wild
oat weed seeds from lentil seeds was determined
for each replication and thus in each test. After
determination of the most suitable table settings for
amplitude of oscillation and air velocity using the
information on longitudinal slope, latitudinal slope,
and frequency of oscillation, the relations related to

calculation of the separation percentage of wild oat
weed from lentil were derived by Datafit Software.
Data analysis and comparison of means were done
by Dunkin multi-domain mean comparison test
using MSTAT-C Software.

3. Results and Discussion

Results for some physical properties of lentil and
wild oat weed are shown in Table 1. Also the initial
moisture content of the lentil seeds was 9.2% (wb)
and wild oat weed was 10.1%.

Table 1 shows the results of the mean comparison
data obtained from measuring such some of physical
properties as mass of 1000 seeds, true density, bulk
density, porosity and coefficient of static friction of
lentil seeds and wild oat weed. As the mean mass
of 1000 seeds of the lentil seeds had the maximum
value (57.3 g) that the reason for this result is that the
lentil seeds is larger than wild oat weed, the mean
bulk density of the lentil seeds had the maximum
value (1.214 g cm™) that the reasons for this result
are more sphericity, more regular grain placement,
and smaller holes, the mean true density of the lentil
seeds had the maximum value (0.782 g cm) that the
reason for this result is the difference in cell structure
and texture between the lentil seeds and wild oat
weed, the mean porosity of wild oat weed had the
maximum value (37.2%) that the reason for this
result is that wild oat weed had the lower bulk density
than lentil seeds, the mean the static coefficient of
friction of wild oat weed had the maximum value

Table 1- The results of mean comparison of some physical properties of lentil seeds and wild oat seed

Cizelge 1- Mercimek ve yabani yulaf tohumlarinin kimi fiziksel zelliklerine ait ortalama degerler

Physical properties Lentil seed Wild oat seed
Mass of 1000 seeds (g) 57.3 a* 5.69b

True density (g cm?) 1.214 a 0.857b

Bulk density (g cm?) 0.782 a 0.538b
Porosity (%) 35590 372 a
Coefficient of static friction (galvanized iron sheet (degrees)) 0.39 a 0.32b
Coefficient of static friction (particle board (degrees)) 0.37b 0.40 a

*, different letters show significant differences at probability level of 1%
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for surfaces of galvanized iron sheet (0.40%) and
shows that the mean bulk density of the lentil seeds
had the maximum value for surfaces of particle
board (0.39%) that the reason for the difference
in the quality of the frictional contact surfaces is
the quality of wild oat weed and lentil seeds, and
the different appearance of lentil seeds and wild
oat weed. The geometric properties of a variety of
products including amaranth seeds and faba bean
grains were also examined (Mwithiga & Sifuna
2006; Jannatizadeh et al 2008). Like the results
achieved by Bagherpour et al (2010), results of this
study showed lentil mass of 1000 seeds (56.1 to 64.1
g), true density (1.194 to 1.330 g cm?), bulk density
(0.68 to 0.79 g cm™), porosity (40.6 to 43.05%), and
coefficient of static friction (galvanized steel (33%)
and plywood (17%)) in moisture content from 8% to
20% (wb) (Bagherpour et al 2010).

The results of variance analysis of the factorial
design with three factors of table settings;
(longitudinal slope at 3 levels, latitudinal slope at 3
levels, and frequency of oscillation of the Table at 3
levels) are demonstrated in Table 2.

Table 2- The results of variance analysis of
separation percentage of wild oat weed from lentil
with the factors including longitudinal slope,
latitudinal slope, and frequency of oscillation

Cizelge 2- Enlem ve boylam agilart ile titresim frekansi

faktorlerine bagl olarak yabani yulaf tohumlarinin
mercimek tohumlarindan ayrilma oramina iliskin
varyans analiz sonuglart

Source Degrees of Mean

freedom square
Longitudinal slope (LO) 2 366.326™
Latitudinal slope (LA) 2 1590.770™
LOXLA 4 35.452™
Frequency of oscillation (F) 2 1353.170™
LOXF 4 24.358"
LAXF 4 94.607"
LOXLAXF 8 12.504
Error 108 190
Total 134

** significant at P<0.01; *, significant at P<0.05; ns, not
significant; CV=4.8%

Table 2 shows the main effect of table settings;
oscillation of frequency, latitudinal slope, and
longitudinal slope, the mutual binary effect of
latitudinal and longitudinal slope, the mutual binary
effect of the latitudinal slope and the frequency of
oscillation significant at a 1% and the mutual binary
effect of the longitudinal slope and the frequency of
oscillation significant at a 5%. However, the mutual
triple effect of oscillation frequency, longitudinal
slope, and latitudinal slope was not significant.
Figure 3 demonstrates the mean comparison of two-
fold interactive effects (the mutual binary effect of
longitudinal and latitudinal slope of the table, the
mutual binary effect of longitudinal and frequency
of oscillation, and the mutual binary effect of
latitudinal slope and frequency of oscillation).

Figure 3 illustrates that increased longitudinal
slope from 1.5 to 2°, increased latitudinal slope from
0.5 to 1°, and elevated frequency of oscillation from
380 to 400 cycles min™' resulted in the development
of separation percentage of wild oat weed along
with lentil seeds. This was evident under all
circumstances. The conditions were, frequency of
oscillation was set at 400 cycles min™', longitudinal
slope was 2°, and latitudinal slope was 1°, the
distribution of materials on the table was more
homogeneous and resulted in better flotation of wild
oat weed and lentil seeds and thus led to increased
separation by the gravity separator. Furthermore,
at the frequency of 420 cycles min”', movement of
seeds on the table surface was not homogenous,
demonstrating decreased separation compared
with the frequency of 400 cycles min" because of
disturbance in the movement of materials on the
surface of the table. The results shown in Figure 3
demonstrate that at settings of longitudinal slope of
2°, latitudinal slope 1°, and frequency of oscillation
400 cycles min™', the maximum separation was 37%.
Results of Rasekh (2006) showed demonstrate that
at settings of increase of latitudinal slope of table
from 0.5° to 2° and reduction of longitudinal slope
from 5° to 3°, along the frequency of oscillation
450 cycle min" and air velocity 8 m s, increased
separation percentage of sun pest-damaged wheat
(Rasekh 2006).
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Figure 3- The results of the mean comparison of mutual binary effects; a, longitudinal slope and frequency
of oscillation; b, latitudinal slope and frequency of oscillation; c, longitudinal slope and latitudinal

Sekil 3- Karsilikl ikili degerlerin karsilastirma sonuglari; a, boylam agisi ve titresim sikligi, b, enlem agist ve

titreim siklig1; ¢, boylam agisi ve enlem agisi

The results of variance analysis of factorial
design with two factors; table oscillation at two
levels of 5 and 7 mm, and air velocity at 4 levels,
3.6,4.5,5.7 and 6.6 m s and at optimal conditions,
the longitudinal slope of 2°, latitudinal slope of 1°,
and frequency of oscillation of 400 cycles min™', at
the completely randomized design at 5 replications,
are indicated in Table 3.

Table 3 clarifies that the main impact of table
settings for air velocity and amplitude of oscillation
together with the dual interactive effects of air
velocity and amplitude of oscillation was significant
at 1% level.

Table 3- The results of variance analysis of separation
percentage of wild oat weed from lentil with the
factors of air velocity and amplitude of oscillation

Cizelge 3- Hava hizi ve amplitiid titresime bagh olarak
yabani yulaf tohumlarmmin mercimek tohumlarindan
ayrilma oramina iliskin varyans analizi sonuglar

Source Degree of  Mean

freedom square
Amplitude of oscillation (AO) 1 164.0™
Air velocity (AV) 3 2147.7"
AV X AO 3 1544.5™
Error 32 86.8
Total 39

**  significant at less than 1% probability level;

CV="1.76%

48 Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

23 (2017) 42-52



A Study of Some Physical Properties of Lentil and Wild Oat Weed and Parameters Affecting the Separation..., Rasekh et al

Figure 4 shows the results of means comparison
of the dual impact of air velocity and the amplitude
of oscillation of the table.

40
& 35 Amplitude of
~ 30 oscillation
S 2
S 5 5 mm
=
-8 ?2 =7 mm
<
s
g
k=)
°
>

3.60 450 570 6.60

Air velocity (m s™)

Figure 4- The results of the mean comparison
of mutual binary effects of air velocity and the
amplitude of oscillation of the table for separation
percentage of wild oat weed from lentil, LSD= 2.85

Sekil 4- Hava hizi ve amplitude titresim karsilagtirma
sonuglarma gore yabani yulaf tohumlarinin mercimek
tohumlarindan tohumlarindan ayrilma oran, LSD= 2.85

Figure 4 demonstrates that the best settings for air
velocity and amplitude of oscillation for separation
of wild oat weed from lentil seeds were 5.7 m s
and 5 mm, respectively. This was is due to the fact
that under the stated conditions, distribution of
seeds on the surface of the table (the height of seeds

w0 -

on the table) was more homogenous, because first,
negative impact of the mutual triple effect of length,
slope and frequency was the lowest and second, for
a longer time on the surface of the table, thus the
distribution of materials on the table Therefore, in
response to the wind force blown on to the seeds
from under the table, the flotation improved, and
in turn, resulted in increased separation of wild oat
weed from lentil seeds. Note that at the amplitude
of oscillation of 7 mm, transference of materials
towards the right side of the table output edge
was halted and the surface of the table was not
fully covered by the fed materials, this deceased
separation. Results of Kashi (2009) showed that
maximum level of separation of wild oat weed from
wheat occurred under the mentioned conditions (the
longitudinal slope of table 4°, latitudinal slope of
table 2°, frequency of oscillation 450 cycle min’,
air velocity 5.7 m s™! and amplitude of oscillation of
7 mm) (Kashi 2009).

Figure 5 and 6 show results obtained from
the values of air velocity (5.7 m s™'), amplitude of
oscillation (5 mm), frequency of oscillation (380,
400, and 420 cycles min™), longitudinal slope (1.5,
1.75, and 2°), and latitudinal slope (0.5, 1, and
1.5°), together with the most suitable mathematical
relation, for determination of the separation
percentage of wild oat weed from the lentil using
Datafit Software.

Figure 5- The extent of separation of wild oat weed from lentil bulk with air velocity and amplitude of

oscillation of the table

Sekil 5- Amplitiid titresimi ve hava hizina gére yabani yulaf tohumlarimin mercimek tohumlarindan ayrilma durumu

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

23 (2017) 42-52 49



Mercimek ve Yabani Yulaf Tohumlarinin Kimi Fiziksel Ozellikleri ve Gravite Masa Selektérd..., Rasekh et al

Separation of weed

Separation of weed

o 0.9
Latiudinal slope

Separation of weed

Separation of weed

7.0 o
Latitudinal Stope

e
e

| == 300

e b

—_

Separation of weed

i
i
|
i
|

[
[
[
Sy
[
[

Separation of weed

1.0 o9
Latigdinal siops

Figure 6- The extent of separation of wild oat weed from the lentil bulk with the longitudinal and latitudinal
slopes under the conditions oscillation of frequency of the table

Sekil 6- Titresim frekansina bagh olarak enlem ve boylam agilarina gére yabani yulaf tohumlarimin mercimek
tohumlarindan ayrilma durumu
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Figure 5 shows that amplitude of oscillation (5
mm) and air velocity (5.7 m s™) resulted in increased
separation of wild oat weed from the lentil bulk.

Similarly, Figure 6 (a-c), indicate that increased
longitudinal slope from 1.5° to 2°, latitudinal slope
from 0.5°-1°, and frequency of oscillation from
380 to 400 cycles min' led to better separation
of wild oat weed from the lentil bulk. The results
Figure 5 and Figure 6, shown demonstrate that
at settings of air velocity 5.7 m s, amplitude of
oscillation 5 mm, frequency of oscillation 400
cycles min”', longitudinal slope 2°, and latitudinal
slope 1°, the maximum separation percentage of
wild oat weed from lentil bulk was 37%. This was
is due to the fact that under the stated conditions,
distribution of seeds on the surface of the table was
more homogenous. Therefore, in response to the
wind force blown on to the seeds from under the
table, the flotation improved, and in turn, resulted
in increased separation of wild oat weed from lentil
seeds. Results of Rasekh (2006) showed that under

the mentioned conditions (dimensionless number

ﬁ = 152.3 (A dimensionless number (V/aw)
which shows ration of intertie force of air current

blown to lentil to force arising from oscillation, was
considered in ratio of separation.), latitudinal slope
of table 2° and longitudinal slope 3°) the maximum
separating percentage of sunnpest-damaged wheat
from undamaged wheat was 95.14% (Rasekh 2006).

Table 4 summarizes the mathematical models
predicted under different conditions of longitudinal
slope of table (x)), latitudinal slope of table (x,),
oscillation of frequency of table, amplitude of
oscillation of table (x,), and air velocity (x,) with a
high determination of coefficient.

4. Conclusions

Physical properties obtained for lentil were as
follows; weight of 1000 seeds (57.03 g), true
density (1.214 g cm?), bulk density (0.782 g cm?),
coefficient of static friction (galvanized iron sheet
(0.394 degrees) and particle board (0.37 degrees)),
porosity (35.59%), and the wild oat weed including
weight of 1000 seeds (5.69 g), true density (0.857
g cm?), bulk density (0.538 g cm?), coefficient of
static friction (galvanized iron sheet (0.32 degrees)
and particle board (0.40 degrees)), porosity (37.2%).

Table 4- The predicted mathematical models (longitudinal slope (x,), latitudinal slope (x,), air velocity (x,)

and amplitude of oscillation (x,))

Cizelge 4- Boylam agisi (x ), enlem agist (x,), hava hizi (x,) ve amplitiid titresimini (x,) tahmin i¢in matematik modeler

Predicted mathematical models R’

Amplitude of oscillation

547577 235059 N 318308 N 70.87

(mm) and air velocity Y=-3921+ 3 3 0.60
(m ) X, X, X, Xy
w0 Y=1314 020 340, 1230 yp00 0 0.99
X X X
Frequency of 0o Y =46.85-24.3x -19.6(In(x,))+ 9.6x7 —20.1(In(x3)) 0,00
oscillation (cycles min™) =49 X, (]n(xl)) .
m0 Y=-59+22 16475, B2 9702 2430 0.98

X

X X
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Increased latitudinal slope of the table from 0.5°
to 1° and longitudinal slope of table from 1.5° to 2°
result in increased separation percentage of wild oat
weed from lentil seeds.

Under the mentioned conditions (oscillation
frequency setting of 400 cycle min™!, amplitude of
oscillation of the Figure 3 mm, air velocity 5.7 m s™,
latitudinal slope 1° and longitudinal slope 2°), the
maximum separation percentage was 37%. In this
case, the output lentil seeds contained the least
amount of wild oat weeds.
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ABSTRACT

Winter yoghurt is one of the most popular dairy products in Van and Hatay region of Turkey. It is made of different kinds
of milk, and known as “cooked yoghurt” or “salted yoghurt” due to its high solids content and long shelf life. In this
study, two different concentration methods were used to produce traditional winter yoghurt. Some physical (firmness and
cohesiveness, L-, a- and b- values), chemical (total solid, fat, protein, pH, lactic acid, salt) and sensory analyses (color,
odor, consistent and flavor) were made to determine the effect of production methods and storage on winter yoghurt
samples at the 1%, 30%, 60" and 90" days. Significant differences were found between sensory, rheological properties and
color values of winter yoghurts however no significant differences were found between physicochemical properties of
the samples. Especially, winter yoghurts produced from 100% goat milk were the more appreciated samples.

Keywords: Winter yoghurt; Concentrated yoghurt; Goat’s milk; Salt; Traditional dairy products

Inek ve Keci Siitii Karisimlarindan Uretilen Kis Yogurtlarinin
Fizikokimyasal ve Duyusal Karakteristikleri
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OZET

Kis yogurdu Tiirkiye’nin Van ve Hatay illerinde en meshur siit iiriinlerinden biridir. Cesitli siitlerden tiretilen ki yogurdu
yiiksek kurumadde igerigi ve uzun raf dmriinden dolayr “pismis yogurt” veya “tuzlu yogurt” olarak bilinmektedir.
Calismada kis yogurdunun geleneksel olarak iiretilmesi amactyla iki farkli koyulastirma yontemi uygulanmigtir. Farkl
iretim yontemlerinin ve depolama siiresinin kig yogurdu 6rnekleri tizerine etkilerini belirlemek amaciyla 1., 30., 60.
ve 90. giinlerde bazi fiziksel (sertlik ve yapiskanlik, L-, a- ve b- degerleri), kimyasal (kurumadde, yag, protein, pH,
laktik asit, tuz) ve duyusal (renk, koku, kivam ve lezzet) analizler yapilmistir. Kis yogurdu 6rneklerinin duyusal ve
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reolojik 6zellikleri ile renk degerleri arasinda 6nemli farkliklar bulunmus, bununla birlikte 6rneklerin fizikokimyasal
&zellikleri arasindaki farklar dnemsiz olarak tespit edilmistir. Ozellikle % 100 kegi siitiinden iiretilen kis yogurtlar1 daha

cok begenilmistir.

Anahtar Kelimeler: Kis yogurdu; Konsantre yogurt; Keci siitii; Tuz; Geleneksel siit {iriinleri

1. Introduction

Elimination of yoghurt whey is one of the most
important factors for keeping quality and extending
the shelf-life of yoghurt. Traditional and new methods
have been used in removing yoghurt whey for
the manufacture of strained yoghurt. The strained
yoghurt produced by using traditional method is
preferred by consumers due to its sensory properties
in Turkey. However modern methods of ultrafiltration
and centrifugation have been employed to produce
strained yoghurts (Tamime et al 1991; Senel et al
2011). Many strained/concentrated milk products are
manufactured by different methods in other countries.
They are known as labneh or lebneh in the Middle
East, leben zeer in Egypt, skyr in Iceland, chakka and
shirkland in India, than or tan in Armenia and Ymer in
Denmark (Nergiz & Secgkin 1998; Senel et al 2011).
Several types of strained/concentrated yoghurt have
been produced traditionally in Turkey. These products
are known as kurut, torba yoghurt, tulum yoghurt,
kese yoghurt, peskuten and winter yoghurt. It is
recommended that these yoghurts made from different
types of milk may be considered an important source
of phosphorus, calcium, magnesium, selenium and
zinc over the regular yoghurts and whey products and,
have a relatively high content of total solids (Gtiler &
Sanal 2009; Kesenkas 2010; Senel et al 2011).

Among them, winter yoghurt is one of the
most popular varieties of traditional dairy product
manufactured in Hatay, Van and Sivas regions in
Turkey. It has high total solid content and long shelf
life. There are two procedures in the production of
winter yoghurt. In the first procedure the set-type
yoghurt is boiled (cooked) and then salt is added.
The second procedure was the method which
yoghurt whey is removed by using cloth bag, boiled,
and then salt is added in order to shorten cooking
time (Giiler & Park 2009).

© Ankara Universitesi Ziraat Fakiiltesi

Because of its peculiar flavor and nutritional
properties and its recognition as a healthy food,
goat’s milk attracts attention by dairy industry.
Some properties of goat’s milk are known to be
advantageous compared with other milk varieties
such as higher tolerance by allergic children and
the high proportion of smaller fat globules, which
provide better digestibility (Queiroga et al 2013).

Thus the aim of this study was to investigate
the availability of goat milk for winter yoghurt
production and to assess some quality parameters
and sensory acceptability of this traditional product
made from different mixtures of goat’s and cow’s
milk, by two different concentration methods. For
this purpose the difference between samples and
the effect of storage period on physical, chemical
and sensorial properties of winter yoghurts were
investigated throughout 90 days storage.

2. Material and Methods

2.1. Materials

Cow’s and goat’s milk was obtained from Ege
University, Faculty of Agriculture and transferred
directly to the pilot dairy plant of the Department of
Dairy Technology (izmir, Turkey). Streptococcus
thermophilus and Lactobacillus delbrueckii subsp.
bulgaricus (MYE 96-98 Maysa Istanbul, Turkey) were
used as yoghurt starter cultures in accordance with the
manufacturer’s recommendation. Food grade NaCl
(Estuz, Eskisehir, Turkey) was used for salting.

2.2. Winter yoghurt production

Winter yoghurt, samples were made by a traditional
method in the pilot dairy plant (Figure 1). Six
different yoghurt samples were made from 100%
cow milk, 50-50% cow and goat milk and 100% goat
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|
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Addition of water as much
as strained amount

Boiling with stirring
(1.5 hours)

Salt addition (1%)
Filling into jars
Olive oil addition (15 mL)

Storage (at 4+1 °C)

Figure 1- Production of winter yoghurt samples

Sekil 1- Kig yogurdu érneklerinin tiretimi

milk with using two different methods. Samples were
grouped as C1: Winter yoghurt made with 100% cow
milk only by boiling, C2: Winter yoghurt made with
100% cow milk by straining and boiling, G1: Winter
yoghurt made with 100% goat milk only by boiling,
G2: Winter yoghurt made with 100% goat milk by
straining and boiling, CG1: Winter yoghurt made
with 50% cow-50% goat milk only by boiling, CG2:
Winter yoghurt made with 50% cow-50% goat milk
by straining and boiling. All winter yoghurts were
filled to glass jars (100 mL) after cooling and their
upper surfaces were coated with olive oil. Winter
yoghurts were stored at 4+1 °C for 90-days.

2.3. Physicochemical analyses

The total solids, fat, total protein, pH and lactic acid
contents of cow’s and goat’s milk were determined
according to the Association of Official Analytical
Chemist methods (AOAC 2003). The total solid
contents of samples were determined by gravimetric
method using oven drying at 105 °C for 3 h (AOAC
2003). Protein was measured by Kjeldahl method.
Fat and salt content were determined by the Gerber
method and the titration method as described in
Turkish standards, respectively (TSE 1999; 2001).
The pH was determined with a pH meter (Hanna
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Instruments, Portugal). The textural characterization
(firmness and cohesiveness) of samples was carried
out by using a Texture Analyzer (Brookfield Texture
Analyzer TA-CT3, Middleboro, USA) with a 38 mm
diameter probe (TA4/1000). The penetration of 10 mm
was determined at following speeds: pre-test 2 mm s/,
test 1 mm s and post-test 10 mm s'. A colorimeter
(CR-300, Minolta Co., Japan) was used to determine
whiteness/blackness (L-), red/greenness (a-), and
yellow/blueness (b-) values of the strained yoghurts.

2.4. Sensory evaluation

Sensory properties of yoghurt samples were
evaluated according to Altug & Elmaci (2011).
Sensory panel was carried out by six panelists who
are members of the Dairy Technology Department.
Samples were evaluated in terms of color, odor,
consistent and flavor with using 5-point scale.
Samples were left at the room temperature for 15
minutes and then they were served with a glass of
water and an unsalted cracker to the panelists.

2.5. Statistical analysis

One way analysis of variance (ANOVA) and
Duncan’s Multiple Range Test were applied in order
to determine the differences between winter yoghurts
and to estimate the effect of storage on samples. Also
multivariate general linear model (GLM) ANOVA
was carried out to investigate the two-way interactions
(production method x storage). All statistical analyses
were performed using the statistical software SPSS®
15.0 for Windows. In all cases, the 0.05 probability
level was considered. All experiments and analyses
were completed in duplicate.

3. Results and Discussion

The mean values for the chemical composition
of cow’s and goat’s milk used to produce winter
yoghurt was given in Table 1. The non-fat solid, fat,
protein and lactic acid contents of goat’s milk were
found to be higher than cow’s milk. Total solid,
fat contents and pH values of the goat’s milk were
found to be higher than reported by Giiler (2007)
and Giler & Park (2009).

Table 1- Chemical composition of raw cow and goat milk used in production

Cizelge I1- Uretimde kullanilan ¢ig kegi ve inek siitiiniin kimyasal kompozisyonu

NFS' Fat Protein

Titration acidity

(g 100 g") (g 100 g") (g 100 g") pH (Lactic acid, %)
Cow milk 8.90+0.10 3.30+0.05 3.38+0.04 6.70+0.03 0.145+0.01
Goat milk 9.10+0.05 4.80+0.05 3.45+0.00 6.68+0.02 0.158+0.02

!, non-fat total solids

The total solid, fat and salt content of winter
yoghurts were determined only at first day of
storage (Table 2). Total solid of the yoghurt
produced in our study varied between 25.36% and
36.53%. Differences between total solid contents
of samples were significant (P<0.05) while CGl
and CG2 samples had closer results. Levels of total
solids increased during winter yoghurt-making
process. This is due to the removing of whey
and evaporation of water as a result of cooking,
and also to addition of salt. Especially total solid
content were higher than those reported by Gong &

Oktar (1973), Giiler (2007), Giiler & Park (2009)
and Kose & Ocak (2011).

The fat content of winter yoghurts changed
between 5.65% and 11.40%. Differences in the
fat content between all samples were significant
(P<0.05). It was found that fat contents of winter
yoghurt samples produced only by boiling were
significantly higher than others which were
produced by straining and boiling but with the same
milk mixture. On the other hand, it was seen that
G1 and G2 sample which produced with goat’s milk
had higher fat content than C1 and C2 sample which
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Table 2- Chemical composition of winter yoghurt
samples

Cizelge 2- Kis yogurdu orneklerinin kimyasal
kompozisyonu

Total solids (%) Fat (%) Salt (%)
Cl 31.74+1.25° 6.65+0.07° 3.85+0.07°
C2 25.36+0.73¢ 5.65+0.07* 4.05£0.07¢
Gl 36.53+1.27¢ 11.40+0.00"  4.65+0.07¢
G2 34.51£2.10 9.70+0.14¢ 4.05+0.07°
CGl  33.89+0.74% 9.05+0.07¢ 2.95+0.07*
CG2  32.75+1.09% 6.35+0.21° 4.10+0.00¢

C1, winter yoghurt made with 100% cow milk only by boiling;
C2, winter yoghurt made with 100% cow milk by straining and
boiling; G1, winter yoghurt made with 100% goat milk only
by boiling; G2, winter yoghurt made with 100% goat milk by
straining and boiling; CG1, winter yoghurt made with 50% cow-
50% goat milk only by boiling; CG2, winter yoghurt made with
50% cow-50% goat milk by straining and boiling; a-d, means
in the same column with different superscripts among samples
significantly differ (P<0.05)

produced with cow’s milk. It was thought that these
results depend substantially on the composition of
milk.

As shown in Table 2 differences in the salt
content between all samples of winter yoghurts
were significant (P<0.05). The salt content of winter

yoghurts changed between 2.95% and 4.65%. The
variation between salt contents can be attributed
to evaporation differences during boiling. Giiler
(2007) indicated that salt content was not changed
from the beginning to the end of storage in salted
yoghurt samples which were added 2% salt. In our
study, salt content of winter yoghurts were similar
with Gong & Oktar (1973), Biger et al (1995) and
Sahan & Say (2003).

3.1. pH and acidity

pH values and the changes occurred during the
storage is given in Table 3. Production method and
storage affected pH values and also a significant
interaction was detected (P<0.05). It can be seen
that at the beginning and the end of the storage
the lowest pH value was determined for C1, while
the highest pH value was determined for G1 at the
beginning and for G2 on 90" day of the storage.
During the storage, increases and decreases in pH
values was determined, this irregular pH changes
were also determined by Koése & Ocak (2011)
in winter yoghurt which was stored for 180 days.
Furthermore similar pH values were also found by
Nergiz & Seckin (1998), Kirdar & Giin (2002) and
Ersoz et al (2011). The highest lactic acid value was

Table 3- Acidity of winter yoghurt samples during 90-days storage

Cizelge 3- Kis yogurdu orneklerinin 90 giinliik depolama sirasindaki asitlik degerleri

Days

Samples 1 30 60 90

Cr* 3.93+0.06 3.95+0.01% 3.46+0.02:% 3.77+0.06¥

C2 4.1540.002 4.12+0.03< 3.65+0.07% 3.85+0.07Y

n Gl 4.23+0.04%2 4.0840.02¢Y 4.15+0.0742 3.93+0.04%

P G2 4.19+0.02%Y 4.19+0.009Y 4.22+0.039Y 3.94+0.05%

CGl1 4.00+0.07+Y 3.69+0.01% 3.99+0.05<Y 3.80+0.00%

CG2 4.11+0.02% 4.12+0.03< 3.58+0.02:% 3.93+0.04Y

Cl1 1.9840.01¢ 1.97+0.01¢ 1.9840.00¢ 1.88+0.04¢

C2 1.27+0.00*% 1.36+0.00* 1.32+0.00%Y 1.34+0.012¥#
Titration Gl 2.24+0.009Y 1.60+0.09*% 2.39+0.00% 2.25+0.039v%
acidity (%) G2 1.95+0.02<%Y 1.98+0.01<¥# 2.01+0.029 1.92+0.00¢

CGl1 2.35+0.04¢* 2.17+0.01% 2.2740.00Y 2.2340.009%Y

CG2 1.59+0.02° 1.51£0.08" 1.55+0.00° 1.62+0.02°

* for Cl, C2, G1, G2, CGI and CG2 please refer to Table 2; means in the same row with different superscripts upper-case letter (X,
Y and Z) significantly differ (P<0.05); means in the same column with different superscripts lower case letter (a-f) among yoghurt

samples significantly differ (P<0.05)
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found for G1 on the 60" day of the storage, while
initially the lowest lactic acid value was found for
C2. As with the pH values irregular increases or
decreases were determined in lactic acid content.
Lactic acid amounts of the products vary depending
on the activity of culture flora, non-fat solid and
fat content of yoghurt samples. A similar nonlinear
content of lactic acid amounts were reported by
Kose & Ocak (2011). Moreover average lactic acid
content is consisted with the studies of Atamer et al
(1988), Kirdar & Giin (2002), Ersoz et al (2011) and
Misirlilar et al (2012).

3.2. Textural characteristics

Table 4 shows the textural properties of winter
yoghurt samples during 90 days of storage. Storage
time significantly affected the firmness of winter
yoghurt samples except for sample G1 and CG2, and
the differences between samples were also significant
at all storage periods (P<0.05). There was also a
significant (P<0.05) production method x storage
interaction. The firmness values in all samples
showed a decrease on 60" day however increased
again on 90" day of storage. Kése & Ocak (2011)
reported similar fluctuations in firmness values in

winter yoghurt samples. Seckin & Ozkiling (2011)
also observed a decrease in firmness of concentrated
yoghurt samples on 14" day and then an increase
on the 21* day, and they attributed this to increased
water holding capacity of proteins with storage.

Moreover the firmness of yoghurt depends on the
total solid content of the product and also on protein-
protein interactions (Ekinci & Giirel 2008). Our
results are in accordance with this phrase because
winter yoghurt samples of higher total solids (Table
2) generally had more firmness and cohesiveness
values. On the other hand the difference between
cohesiveness values of samples were significant
at all periods but the storage period was only
effective on sample G2, CG1 and CG2 (P<0.05).
The interaction effect on cohesiveness values were
also significant (P<0.05). According to the findings
obtained from winter yoghurt samples produced
only by boiling (C1, G1, CG1), cohesiveness values
were generally higher than those of produced by
straining and then boiling (C2, G2, CG2).

3.3. Color

There is very little information about the L, a, b
parameters of goat’s milk and fermented milk products

Table 4- Textural properties of winter yoghurt samples during 90-days storage

Cizelge 4- Kis yogurdu orneklerinin 90 giinliik depolama sirasindaki tekstiirel ozellikleri

Days

Samples / 30 60 90

C1* 516.25+43% 536.75+11°Y 390.75+15% 629.00£7b<7

2 256.50+35% 531.50+93%Y 462.25+25¢Y 422.50:£38:Y
Firmness (g) Gl 427.25+88b 727.75£107¢ 313.75+39¢ 702.754+193b

G2 251.50+38% 502.75+68Y 268.75£30bX 600.25£47>Y

CGl1 568.75+91bY 631.25+8bY 229.00+21%X 725.75+176°Y

CG2 189.25+37¢ 347.75+44 179.75+21° 240.25+59

Cl 27.25+7® 45.25+13b 22.00+3¢ 36.75+0°

2 10.75+15° 24.00+7° 13.2541¢ 13.25+1°
Cohesiveness (g) Gl 59.49:£48% 207.00+62¢ 86.0016°¢ 222.75+95¢

G2 79.7543%% 162.50427bY 74.50+0% 158.95414beY

CG1 170.75+12Y 179.75+30Y 70.50+£13¢ 204.00+£38Y

CG2 68.25+11%% 95.50+7Y 49,000 64.25+14XY

* for Cl, C2, G1, G2, CGI1 and CG2 please refer to Table 2; means in the same row with different superscripts upper-case letter (X,
Y and Z) significantly differ (P<0.05); means in the same column with different superscripts lower case letter (a-c) among yoghurt

samples significantly differ (P<0.05)
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produced by using goat’s milk. The color values of
winter yoghurt samples, which play an important role
in consumer acceptance, are shown in Table 5.

Whiteness in fluid milk results from the
presence of colloidal particles, such as milk fat
globules and casein micelles, capable of scattering
light in the visible spectrum (Garcia-Perez et al
2005). Production method and storage time (except
for sample C1) showed no effect to L values
(whiteness/lightness values) of winter yoghurts.
The interaction effect of these two factors on
all color values was also insignificant. In the
first day of the storage while the highest L value
was determined for CG1 sample, the lowest was
determined for G1. In the 90" day of the storage
while the highest value was determined for CG2
sample, the lowest value was determined for
G1 sample also at the beginning of the storage.
Besides, the whiteness values of all samples
increased throughout the storage. The differences

of whiteness/lightness values of yoghurts arise
from fragmentation of fat globule diameters due to
the result of continuous mixing during processing;
furthermore it shows these values can be different
for the dairy products produced by using goat’s
milk. Yazict & Akgiin (2004) determined higher L
values of low-fat torba yoghurts than high-fat torba
yoghurts; moreover they found that usage of fat
substitute does not affect the L values of samples.
The negative a value (greenness) was determined
for all samples and the differences between samples
were significant at 1%, 30" and 90™ days of storage
(P<0.05). The storage was significantly affected a
values of the samples (P<0.05) except for sample
C1 and G2. In the first day of the storage while
the highest @ value was found for G1 sample, the
lowest was found for CG1. At the end of the storage,
the highest value was determined for Gl again,
whereas the lowest was determined for G2. These
differences occurring in a value of samples may be

Table 5- Color values of winter yoghurt samples during 90-days storage

Cizelge 5- Kis yogurdu orneklerinin 90 giinliik depolama sirasindaki renk degerleri

Days
Samples 1 30 60 90
Cr# 70.70£2.40% 64.96+3.39% 69.60+4.21% 82.03+1.52Y
C2 72.53+3.51 73.10+3.86 69.87+9.22 85.15+0.70
I Gl 69.33+4.85 76.52+10.23 66.59+4.56 72.77£1.70
G2 72.23£7.86 75.44+6.05 83.41£1.79 83.87+1.52
CG1 80.24+9.58 71.05+4.13 73.46+4.55 85.15+0.43
CG2 74.79+7.53 76.34+4.67 76.52+4.93 85.35+1.42
C1 -1.26+0.41% -2.34+0.09¢ -1.89+0.62 -1.42+0.09¢
C2 -1.71£0.09%W -2.80+0.03°Y -3.02+0.02% -1.96+0.10°%
- Gl -0.98+0.26°Y -2.4140.04%% -2.924+0.24% -1.384+0.31¢Y
G2 -1.6940.74:%¢ -3.26+0.07¢ -3.01+0.42 -2.70+0.43¢
CGl1 -2.62+0.25%Y -3.29+0.26°% -3.25+0.13% -2.28+0.25%Y
CG2 -2.18+0.21%* -3.394+0.09*% -3.26+0.52%Y -2.42+0.3]%Y2
Cl 12.7240.48% 13.1540.69% 12.25+0.82% 15.59+1.04Y
C2 8.95+0.46° 8.78+0.08¢ 9.55+0.91 10.68+0.46
b Gl 11.16+0.61° 13.06+1.04¢ 11.68+0.98 13.70+0.55
G2 9.32+0.48* 11.23+0.68° 11.46+0.31 14.87+3.86
CG1 10.95+0.91° 10.77+0.39° 10.74+0.47 11.95+0.68
CG2 8.21+0.46° 9.09+0.07* 9.53+1.18 10.82+1.55

* for Cl1, C2, G1, G2, CG1 and CG2 please refer to Table 2; means in the same row with different superscripts upper-case letter (W-
Z) significantly differ (P<0.05); means in the same column with different superscripts lower case letter (a-c) among yoghurt samples

significantly differ (P<0.05)
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due to the lack of a fully homogenous distribution
of the olive oil which was added according to
the production method. Yazici & Akgiin (2004)
have reported using fat substitute does not affect
a value, but storage time effects. When b values
(yellowness/blueness) were analyzed, it was seen
that significant differences were occurred on the
Ist and 30" day of the storage (P<0.05). While the
highest b value was determined for C1 initially,
the lowest was determined for C2 at the end of
storage. Additionally for all samples, b values have
increased during the storage but this was found
statistically insignificant except for sample CI.
Because of the production method, heat treatment
at the high temperature causes caramelisation of

lactose which is the main carbohydrate of milk,
and leads maillard reaction by interacting reactions
with proteins. This effects yellowness values of
samples, too. Yazic1 & Akgiin (2004) reported
increasing the fat proportion of Torba yoghurt
samples give rise to the b values, as well as the
storage time effects the b values.

3.4. Sensory properties

The sensory properties of winter yoghurt samples
were given in Table 6. In winter yoghurt samples,
statistically no significant changes were determined
in production method and storage regarding color-
appearance and odor. Furthermore the interaction
effect of these two factors on sensory properties

Table 6- Sensory properties of winter yoghurt samples during 90-days storage

Cizelge 6- Kis yogurdu orneklerinin 90 giinliik depolama sirasindaki duyusal ozellikleri

Days
Samples 1 30 60 90
Cr* 4.00+0.47 3.17+£0.23 3.75+0.35 3.66+0.71
Cc2 3.50+0.71 3.83+0.24 4.35+0.03 4.08+0.35
Color - Gl 4.83+0.24 3.75+0.59 4.39+0.38 4.08+0.82
appearance G2 4.66+0.00 4.67+0.47 4.69+0.45 4.25+0.12
CGl 4.00+0.00 4.00+0.47 4.2540.35 4.00+1.18
CG2 3.83+0.71 4.50+0.23 4.42+0.12 4.75+0.35
Cl 4.00+0.47 3.33+0.00 4.13+0.18 4.00+0.00
C2 4.16+0.71 4.50+0.23 4.17+0.94 4.16+0.71
Odor Gl 4.83+0.24 3.75+0.83 4.29+0.06 4.16+0.00
G2 4.33+0.47 4.17+0.23 4.33+0.47 4.50+0.23
CG1 4.13+0.18 4.17+0.23 4.19+0.26 4.25+0.35
CG2 4.00+0.94 4.50+0.23 4.17+0.94 3.75+0.83
Cl1 3.00+0.00* 3.58+0.11 3.75+0.12 3.50+0.71
C2 2.83+0.2% 4.08+0.11 3.67+0.23 3.75+0.59
Consistency Gl 4.83+0.24¢ 4.33+0.47 4.75+0.35 4.08+0.35
G2 4.67+0.47¢ 4.67+0.47 4.58+0.59 4.00+0.00
CGl 3.75+0.35° 4.00+0.23 4.17+0.23 4.00+0.47
CG2 3.83+0.24° 4.25+0.12 4.25+0.35 4.50+0.24
Cl1 3.42+0.12° 2.92+0.12 3.69+0.26 3.41+0.35
C2 3.29+0.06* 3.754+0.59 3.754+0.59 3.584+0.59
Flavor Gl 4.13+0.18" 3.92+0.59 4.17+0.23 3.67+0.94
G2 4.71+0.06¢ 4.33+0.47 4.25+0.35 4.00+0.00
CGl1 3.71£0.06% 3.9240.12 3.79+0.65 3.67+0.94
CG2 4.31+0.44 4.41+0.35 3.33+0.47 3.83+0.47

* for Cl, C2, G1, G2, CG1 and CG2 please refer to Table 2; means in the same column with different superscripts lower case letter

(a-d) among yoghurt samples significantly differ (P<0.05)
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of winter yoghurt samples was also insignificant.
The reason for G1 and G2 samples produced from
goat’s milk getting high color-appearance points
on the 1% day of storage was the whiter color of
goat’s milk. The excessive darkening of the color
in the further days of the storage was assessed
negatively by the panelists. Winter yoghurt has
a unique, characteristic odor. Panelists have
detected the olive oil odor most as the foreign
odor which was used for protecting the samples.
Throughout the storage process, our samples
received an acceptable appreciation, and this is
an important criterion in terms of being free of
foreign odors. In a previous similar study (Ocak et
al 1998), panelists have detected a burnt odor. Our
experiences during the conduct of this research
showed that intensity of the burner flame, Benmari
technique and continuous stirring during cooking
process have prevented this defect. Regarding
consistency, the production method was found
to be statistically effective only on the 1% day of
the storage (P<0.05). The changes in consistency
points of our samples in our research is thought to
result from the milk type and total solid content of
the milk, acidity of the samples and the changes
occurred during cooking. Similar results were also
reported in studies by Coskun & Simsek (1994),
Akin & Konar (1997), Ocak et al (1998), Say &
Sahan (2002) and Tokatli (2011).

One of the most important criterions that determine
the quality of yoghurt is flavor and aroma. Raw
material quality, faults occurring during production
and storage cause undesired flavor and aroma.
Regarding flavor, production method statistically
have a significant effect on the 1* day of the storage
(P<0.05), this difference was not determined on the
other days of the storage. During the sensory analysis
throughout the storage, the highest flavor point was
received by G2 sample. Winter yoghurt samples
produced from cow’s milk (Cl and C2) received
lower points throughout the whole storage. Uysal &
Gong (1998) have determined that the total points
received by torba yoghurt produced from goat’s milk
were higher than those received by torba yoghurts
produced from cow’s milk.

4. Conclusions

The boiling/cooking process increased the total
solids content of winter yoghurt samples about
2-2.5-fold in comparison with the regular yoghurt.
Especially, in the further days of the storage, the
samples that were produced from 100% goat’s milk
were found to have higher quality regarding both
sensory and rheological properties. Therefore, it
could be assumed that goat milk can be used easily
to produce traditional winter yoghurt. In addition
modern production methods, high quality raw
milk, pure culture usage and appropriate storage
conditions can increase the safety, quality and the
marketing potential of the winter yoghurt.
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ABSTRACT

The objective of this study was to evaluate the changes in physical, chemical and sensory properties of the kasar cheese
and its processed and analogue types during 90-day storage. Aroma-active compounds in the cheeses were identified by
gas chromatography-olfactometry. Sensory properties of the cheeses were determined by descriptive sensory analysis.
Differences in basic composition of the cheeses were found. There were also significant differences among the cheeses
in terms of meltability, oil separation index, L* and a* values. Whey, cooked, creamy and fermented were the most
intense sensory descriptors in the cheeses analyzed on days 1 and 30. However, waxy and animal intensities were
much higher in analogue cheese than others. 18 aroma-active compounds were determined in the cheeses during 90
day storage. Diacetyl, acetic acid, butyric acid, 2-/3-methyl butyric acid, 2-acetyl-2-thiazoline, 3-ionene, 2-phenylethyl
alcohol, maltol, p-cresol, sotolon, 3-decalactone and y-dodecalactone were some of the characteristic aroma-active
compounds. Kasar cheese was the most liked cheese while analogue cheese was the least liked cheese by consumers.

Keywords: Analogue; Kasar and processed cheeses; Flavor
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Duyusal Ozelliklerinin Degerlendirilmesi
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OZET

Bu ¢alismanin amaci, kasar, eritme kasar ve taklit kasar peynirlerinin, 90 giinliik depolama siiresince fiziksel, kimyasal
ve duyusal 6zelliklerinde meydana gelen degisiklikleri degerlendirmektir. Peynirlerin aroma-aktif bilesenleri gaz
kromatogrofi-olfaktometri ile saptanmistir. Peynirlerin duyusal 6zellikleri tanimlayici duyusal analiz ile belirlenmistir.
Peynirlerin temel bilesenlerinde farkliliklar bulunmustur. Peynirler arasinda eriyebilirlik, yag ayrilma indeksi, L* ve
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a” degerleri agisindan 6nemli farkliliklar gozlenmistir. Peynirlerde 1. ve 30. giinde peynir alt1 suyu, pismis, kremamsi
ve fermente en yogun tanimlayici terimlerdir. Ancak taklit peynirde, mumsu ve hayvanimsi aroma yogunluklart diger
peynirlerden daha fazladir. Peynirlerde 90 giinliik depolama siiresince 18 aroma-aktif bilesen belirlenmistir. Karakteristik
aroma-aktif bilesenlerin bazilari; diasetil, asetik asit, biitirik asit, 2-/3-metil biitirik asit, 2-asetil-2-tiazolin, B-iyonen,
2-feniletil alkol, maltol, p-kresol, sotolon, 3-dekalakton ve y-dodekalakton’dur. Kasar tiiketiciler tarafindan en gok
sevilen peynir olurken, taklit Kasar ise en az begenilen peynir olmustur.

Anahtar Kelimeler: Taklit; Kasar ve eritme peynirler; Lezzet

1. Introduction

Many types of processed and analogue cheeses have
entered to the market due to increase in the usage of
cheese as a major ingredient in various foods (pizza,
hamburger etc.) and food service (salad bar etc.)
over the past few decades (Awad et al 2004; Kapoor
& Metzger 2008). It was emphasized that processed
cheese was the leader (243 million kg) in the total
super market in the USA (Kapoor & Metzger 2008).
Processed cheese is made by mixing of cheese curd
and other ingredients such as emulsifying salts,
water, salts etc., while analogue cheese is produced
by the mixtures of dairy and/or non-dairy proteins
(rennet casein, soy protein) and dairy fat or vegetable
oils (corn, sunflower oils). During the production
of both cheeses, heating and mixing processes are
applied to obtain a homogeneous cheese structure
with an extended shelf life. Functional properties of
both cheeses (meltability, microstructure, viscosity,
stretching ability etc.) are the most important factors
for the performance of the cheese which contribute
to the taste and the aesthetic appeal of the food
during preparation and consumption. Functional
properties of both cheeses were influenced by the
ingredients used in the cheese formulation and
processing conditions (Bachmann 2001; Guinee
2002; Kapoor & Metzger 2008).

Kasar cheese is a pasta filata-type cheese and
consumed in a large scale after the White cheese
in Turkey. It is estimated that 80,000 tons of Kasar
cheese is produced in Turkey annually. Kasar cheese
is commonly made from pasteurized cow milk in
industrial scale. However, traditionally it can be
made from the mixture of sheep’s and cow’s milk
(Atasoy 2008; Hayaloglu 2009; Yasar & Guzeler

© Ankara Universitesi Ziraat Fakiiltesi

2011). Scalding and kneading are the most important
stages to form characteristic properties of the cheese.
Kasar cheese has smooth, dry and yellowish rind,
homogenous structure without gas holes, its flavor is
piquant and slightly salty (Ucuncu 2004). Nowadays,
processed cheese technology has been used in the
production of Kasar cheese. Two approaches have
been commonly used for this purpose, the first one
is the addition of melting salts instead of scalding of
the curd after coagulation of milk by rennet enzyme.
The other one is using rennet casein and other
additives (melting salts, cream, vegetable oil, water
etc.) instead of pasteurized milk (Koca & Metin
2004; Balkir & Metin 2011). Both types of cheeses
are commonly used in pizzas, prepared foods, salad,
sandwich, pasta, sauces and toast.

The effects of processing parameters, storage
conditions and packaging types on physical
and chemical properties of Kasar cheese had
been extensively studied (Sert 2004; Tarakci &
Kucukoner 2006; Var et al 2006; Urkek 2008;
Yasar & Guzeler 2011). However, its processed and
analogue types have not been discussed in terms
of chemical, physical and sensory properties and
characteristic aroma-active compounds in details.
The objectives of this study were to evaluate and
compare the changes in physical, chemical and
sensory properties of the kasar cheese and its
processed and analogue types during storage.

2. Material and Methods

2.1. Materials

Three types of cheese formulation were evaluated
in the present study. They were kasar cheese,
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processed cheese and cheese analogue. All
cheeses were produced in a dairy plant located
in Biga Vocational School, Department of Dairy
Technology, (Canakkale Onsekiz Mart University,
Canakkale, Turkey). In production of the cheeses,
cow milk was obtained from milk producers in Biga
region. Rennet casein (DSE 7943, 90 mesh) and
melting salts (Kasomel™ 2185, Kasomel™ 3112)
were obtained from Fonterra (Rellingen, Germany)
and Ozgocerler Dairy Company (Adana, Turkey),
respectively. All chemicals used in this study were
analytical and chromatographic grades (Merck,
Darmstadt, Germany).

2.2. Cheese making procedure and composition of
cheeses

Kasar cheese was produced by following the
traditional production steps. Processed and analogue
cheeses were produced by in-house production
procedures. The production steps of the cheeses
were given in Figure 1.

Titratable acidity (% lactic acid), pH, dry matter
(%) and ash (%) contents of the cheeses were
determined by Bradley et al (1992). Nitrogen (%)
content of the cheeses was determined by AOAC
(2000). Fat (%) content was determined by Gerber
method (NEN 1969). Mohr method was used for
determination of salt (%) (Metin 2006).

[ Kasar Cheese [ Processed Cheese ] [ Cheese Analogue ]
[ Raw milk (pH: 6.60) [ Raw milk (pH: 6.60) ] [ Rennet Casein (350 g) ]
Rennet 36 "C: pH:6.52 time: 62 Rennet 36 “C; pH:6.52 time: 62
min; Rennet: 100 mL min; Rennet:100 mL

(l

[ Cut Coagulum (pH:6.20)

Cut Coagulum (pH:6.20)

-

2185-30 g and Kasomel 3112-

Additives
Water: 600 g
Cream (35 26):300mL
Butter (82%): 400 g
Emulsifying Salts: Kasomel

]
|
)
|
Preheating 42 C ]
)
|
|
)

20 g
NaCl:10
[ [ Preheating 42 °C ] & g
Cooking (75 °C)
Whey Separation (pH:5.75) Whey Separation (pH:5.75)
Kneading and Molding
Portioning (pH:5.38) Portioning (pH:5.38)
Lr e
Scalding in Water [ Demolding and Packaging ]
(82 °C; pH:4.90) Dry Scalding (75 °C; pH:4.9)
Emulsd‘ymg Salt: 1% (Kasomel
Kneading and Molding 2185 and Kasomel 3112) Storage (4-6 °C)
NaCl: 1%
[ Demolding and Packaging [ Kneading and Molding ]
[ Storage (4-6 °C) ] [ Demolding and Packaging ]
[ Storage (4-6 °C) }

Figure 1- Cheese production steps

Sekil 1- Peynir tiretim agamalart
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2.3. Physical analysis

Hardness and melting properties of cheeses were
evaluated. Hardness of cheeses was determined by
TA.XTPlus texture analyzer (Stable Micro Systems
Ltd, Surrey, UK) with 2 mm diameter cylinder P2
probe (stainless steel). The hardness test was carried
out on 15x15x15 mm of cheese sample at 20 °C.
Test parameters were; pre-test speed of 1.0 mm s,
test speed of 2.0 mm s, post-test speed of 1.0 mm
s™'. Hardness value of cheese, which was expressed
a maximum force required to compress the cheese,
was calculated from TPA curve using Texture
Exponent software (Okpala et al 2010). Melting
test was determined by two methods (Schreiber test
and tube test) (Koca & Metin 2004). Oil separation
index of cheeses was also determined (Awad et al
2004). Minolta Cr-400 (Minolta Co. Ltd, Tokyo,
Japan) was used to measure L* a* and b* color
parameters of cheese samples. Color measurements
were taken from three different locations of each
sample (ISO 2008).

2.4. Analysis of aroma-active compounds

Solid phase microextraction (SPME) procedure was
used for extraction of aroma compounds (Pawliszyn
2012). Five grams of grated cheese samples were
placed in 40 mL amber colored and screw top
vial with hole cap PTFE/silicon septa (Supelco,
Bellafonte, US) and then 1 g of NaCl was added.
Samples were kept at 40 °C in water bath for 30 min
to improve mass transfer between cheese matrix and
headspace. 2 cm-50/30 pm DVB/Carboxen/PDMS
stable flex SPME fiber (Supelco, Bellafonte) was
inserted at a depth of 2 cm for extraction of volatile
compounds from headspace for 15 min.

Aroma-active compounds of cheese samples
were determined by using gas chromatography-
olfactometry (GCO) (Agilent Technologies, HP 6890
GC, Wilmington, De, USA). Sniffing was achieved
on a polar capillary column (HP-INNOWAX (30m
length x 0.25 mm id x 0.25 um film thickness (d));
J & W Scientific, Folsom, CA, USA). The GC oven
temperature was programmed from 40 °C to 200 °C
at arate of 10 °C min’!, with initial hold of 3 min and
final hold time of 20 min. The FID and sniffing port

were maintained at the temperatures of 250 °C and
200 °C, respectively. Post peak intensity method was
used for determination of aroma intensities by using
10-point scale anchored on the left with ‘not” and
on the right with ‘very’ (Van Ruth 2001). Aroma-
active compounds were identified by comparing
retention indices (RI) and odor quality of unknowns
with those of authentic standards analyzed at the
same experimental conditions by sniffer during
GCO procedure. Retention indices of aroma-active
compounds were calculated by using n-alkane series
(Van den Dool & Kratz 1963).

2.5. Sensory analysis

Sensory descriptors of the cheese samples were
developed by using Spectrum™ method. Four
female and two male panelists (26-42 years of age)
were selected from Department of Food Engineering
at Canakkale Onsekiz Mart University to identify
flavor attributes of cheese samples. 60 hours of
training sessions were performed to familiarize
descriptive terms. The terms used to define taste and
flavor were shown in Table 1. Panelists quantified
the intensities of the attributes using 15-point scale
anchored on the left with ‘not” and on the right
with ‘very’. Panelists used water to rinse their
mouth (Meilgaard et al 1999). Consumer test was
conducted by using seven point hedonic scale to
determine liking of cheese samples by 48 panelists
(Meilgaard et al 1999).

2.6. Statistical analysis

Analysis of variance (two way ANOVA) was
conducted to determine the differences among the
cheeses with respect to chemical, physical and
sensory properties (Sheskin 2000). The ANOVA
model is shown in Equation 1.

Yo=utat B @), e, (1)

Where; Y,-,-k» observed or measured value of k™
the cheese in cheese type i and storage time j; L,
general population mean; a, effect of cheese type
(1= 1, 2, 3); Bj, effect of storage time (j= 1, 2, 3);
(aﬂ)ij, effect of cheese type by storage time
interaction; € random error term.
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Table 1- Descriptive terms used for sensory evaluation of cheeses

Cizelge 1- Peynirlerin duyusal degerlendirmesinde kullanilan tanmimlayici terimler

Descriptors Definitions References*

Cooked Cooked milk related aromatics Heated milk (85 °C 10 min)
Whey Whey related aromatics Fresh whey

Creamy/milk fat Milk fat related aromatics Cream

Waxy Wax related aromatics Wax

Animal Sheep, cow etc. related aromatics Na-caseinate

Fermented Fermented milk related aromatics Yogurt

Nutty Hazelnut or peanut related aromatics Roasted hazelnut

Sour Taste sensation elicited by acids 0.05% w v! citric acid solution
Salty Taste sensation elicited by salts 0.02% w v'! NaCl solution
Sweet Taste sensation elicited by sugars 2% w v’ sugar solution
Umami Chemical feeling factor elicited by certain ~ 0.5% w v'' monosodium glutamate

peptides and nucleotides

solution

*, reference adapted from Meilgaard et al (1999)

The Tukey honestly significant difference (HSD)
test was used for separating means Cheese samples
were also evaluated by Multidimensional scaling
method (MDS) in terms of sensory differences
of cheese samples. Results of consumer test were
evaluated by non-parametric Kruskal-Wallis and
Friedman tests. Dunn test was used for determination
of significant differences in non-parametric tests.
The results of differences from control test which
evaluated by Welch because of the results did not
meet the prerequisites (homogeneity of variance and
equality of variance) for ANOVA (Sheskin 2000)
Minitab for Windows (version 13.0), SPSS 2006
(SPSS 2006) for Windows (version 17.0), NCSS
2007 and MSTAT-C statistical packages were used
for all statistical analyses.

Table 2- Composition (mean+SE) of cheese samples

3. Results and Discussion

3.1. Basic composition

Basic composition of cheeses was determined on
the first day of storage. Chemical composition of
the cheeses was shown in Table 2. While significant
differences were observed among the cheeses in
terms of protein (%), fat (%) and ash content (%)
(P<0.05), there were no significant differences in
total dry matter (%) and salt content (%) of the cheese
samples. The highest protein content was observed
in kasar cheese, whereas the lowest value was
observed in analogue cheese (P<0.01). Moreover,
the highest fat and ash contents were determined in
analogue cheese, but both values were the lowest
in kasar cheese. Our findings were supported by

Cizelge 2- Peynir érneklerinin kompozisyonu (ortalamazstandart hata)

Composition (%) Kasar cheese Processed cheese Cheese analogue Pvalue
Dry matter 50.68+0.97 48.75%3.20 50.74+0.61 0.74
Protein 26.86+0.61* 21.49+1.158 17.98+0.018 0.01
Fat 21.50+0.258 24.00+1.008 29.75+1.004 0.01
Salt 1.16+0.13 0.89+0.14 0.87+0.01 0.26
Ash 3.24+0.69% 3.55+0.1648 4.15+0.02* 0.04

* means in the same attribute followed by different superscripts (A-B) letter represent significant differences among cheeses (P<0.05);

SE, standard error
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other researchers (Piska & Stetina 2004; Sert 2004;
Dimitreli et al 2005; Curuk 2006; Yasar 2007; Balkir
& Metin 2011). While Karademir-Sanli (2006)
indicated that dry matter of kasar cheese changed
between 46.03-49.66%, Koca (2002) showed dry
matter content of low fat kasar cheese in between
45.13-52.0%. In a study conducted by Balkir &
Metin (2011), imitatiton fresh kasar cheese was
prepared from casein, caseinates and soy protein.
The cheese had 46.34-52.22% of dry matter, 22.99-
27.49% of fat, 20.05-24.32% of total protein, 1.19-
2.15% of salt and 3.18-3.77% of ash.

Changes in pH and titratable acidity were shown
in Table 3. Significant interaction was determined
between storage time and cheese type in terms of pH
and titratable acidity. pH values of kasar cheese was
lower than other cheese samples during the storage
(P<0.05). Specifically anoluge cheese had higher
pH values than other two cheeses. For titratable
acidity, processed cheese samples had higher values
than other cheeses until 30 day storage. Similar

pH results were reported by Bunka et al (2009)
and Urkek (2008) for kasar cheese and processed
cheese. However, higher titratable acidities were
reported for kasar and analogue cheese by other
researchers (Gursoy 2000; Oztekin 2003; Oksuztepe
et al 2009). Oksuztepe et al (2009) showed that
titratable acidity of kasar cheese was average 0.42%
(lactic acid), whereas, Oztekin (2003) reported that
titratable acidity of kasar cheese changed between
0.80-0.87% (lactic acid).

3.2. Color measurements

Color measurements of cheese samples were shown
in Table 4. Specifically, L*and b” values are important
color parameters for cheeses. No significant
interaction between cheese type and storage time
was determined for color values (P>0.05). Cheese
type had significant effect on L* (P=0.02) and a” (P=
0.01) values. L* values of processed and analogue
cheeses were higher than kasar cheese. The highest
a” value was determined in processed cheese.
Cheese analogue had the lowest a* value (Table 4).

Table 3- pH and titratable acidity (% lactic acid) (mean+SE) of cheeses during storage

Cizelge 3- Depolama boyunca peynirlerin pH ve titrasyon asitligi (% laktik asit) (ortalamaxstandart hata)

Kasar cheese

Processed cheese

Cheese analogue

Day pH Titratable acidity pH Titratable acidity pH Titratable acidity
1 5.524+0.06*" 0.4340.338° 5.97+0.064%  0.73+0.045 7.39+0.02%*  0.4140.10%°

30 5.07+0.05%  0.52+0.18*° 5.80+0.02%>  1.33+0.13¢ 6.93+0.09%  0.5140.114°

90 5.63+0.074¢  0.35+0.21¢ 6.03+0.01°*  0.43+0.01¢ 6.37+0.01¢*  0.44+0.04"

P value 0.01 0.01 0.01

* means in the same attribute during storage followed by different superscripts (A-C) letter represent significant differences (P<0.05)
and means in the same attribute of different cheeses in the same day followed by different lowercase letters (a-c) represent significant

differences (P<0.05); SE, standard error

Table 4- Color values (mean= SE) of cheese samples during storage

Cizelge 4- Depolama boyunca peynir érneklerinin renk degerleri (ortalama+tstandart hata)

Kasar cheese

Processed cheese

Cheese analogue

Day L’ value a” value b" value L’ value a” value b value L" value a” value b value

1 83.38+0.05 -3.31£0.17 15.78+1.37  83.33£2.95 -4.11+0.03 16.75+0.40 83.09+0.96 -2.67+0.15 18.07+4.26

30 81.28+0.53 -2.79+0.34 13.37+1.18  82.17+0.98 -3.36+0.02 15.00+0.38 84.15+0.22 -2.09+0.09 15.97+2.84

90 80.95+0.49 -4.48+0.09 17.3240.20  86.68+1.22  -3.98+0.44 17.03£0.11 88.14+0.00 -3.42+0.29 20.6843.44
Overall 81.86+0.35¢  -3.52+0.20% 15.49+091 84.06+1.71® -3.81+£0.16" 16.26+0.29 85.12+0.39* -2.72+0.17 18.24+3.51

*, means in the same color attribute in different cheeses followed by different superscripts (A-C) represent significant differences

(P<0.05); SE, standard error
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L, a" and b" values determined in natural,
process and analogue cheeses in the present study are
consistent with the findings of other studies (Gursoy
2000; Awad et al 2004; Firat 2006; Dervisoglu &
Gul 2011). Awad et al (2004) found that L*, a” and
b"values of processed Ras cheese changed between
82.9-85.8, 3.9-4.1 and 20.1-21.4, respectively. In a
study by Gursoy (2000), it was found that analogue
cheeses prepared with 10% soya milk had -3.22,
-3.03, -2.24 of a” values in 1%, 30" and 45" days of
storage.

3.3. Textural properties of cheeses

Table 5 shows the changes of textural properties
of cheese samples during storage. Meltabilities
determined by tube (P= 0.01) and by Schreiber
test (P=0.01), oil separation indexes (P= 0.02) and
hardness of the cheeses (P=0.01) were significantly
affected by cheese type. The lowest hardness was
determined in kasar cheese while processed cheese
had the highest hardness. The lowest meltability
scores were determined in cheese analogue
Moreover, the lowest oil separation index was found
in processed cheese. Kasar cheese and analogue

cheese samples have similar oil separation indexes
(P>0.05, Table 5). Similar results were reported by
Koca (2002), Koca & Metin (2004) and Altan et al
(2005).

3.4. Aroma-active compounds of cheeses

Total 18 aroma compounds were defined in cheese
samples (Table 6). Diacetyl, acetic acid, butyric
acid, 2-acetyl-2-thiazoline, 2-phenylethyl alcohol,
maltol, sotolon, d-decalactone and y-dodecalactone
had higher intensities than other aroma compounds
in the cheeses. While acetic acid was determined at
high intensities in processed cheese samples on days
1 and 90, it was determined at very low intensity
(0.5) in analogue cheese in the first day of storage.
B-Ionene was only found in analogue cheese. Maltol
intensity was higher in kasar cheese than processed
cheese on day 30. y-dodecalactone was only found
at higher intensity in processed cheese on day 90.
6-Decalactone was determined in all cheese samples.
However, the intensity of §-decalactone was higher
in analogue cheese than the other cheeses on days 30
and 90. These might be results of some ingredients
(cream and butter) used to produce analogue cheese.

Table 5- Textural properties (mean+SE) of cheese samples during storage

Cizelge 5- Depolama boyunca peynir orneklerinin tekstiirel 6zellikleri (ortalamazstandart hata)

Day Hardness Schreiber test Tube test Oil separation
(gram force) (mm) (cm) index

Kasar cheese

1 4.83+0.27 17.88+1.50 13.82+2.13 152.9+76.5

30 4.79+0.20 21.134£2.00 12.254+0.70 133.8+16.2

90 4.56+0.06 18.50+1.62 12.72+0.47 197.1£14.7

Overall 4.72+0.18¢" 19.17+1.70* 12.93+1.14 161.26+£35.80*
Processed cheese

1 78.85+3.85 17.00+0.25 9.65+4.10 38.24+2.94

30 64.4+2.09 18.81+1.94 12.90+1.15 58.82+5.88

90 50.82+2.38 15.63+3.13 7.90+3.20 82.4+41.2

Overall 64.69+2.774 17.14+1.774 10.154+2.81# 59.82+16.67°
Cheese analogue

1 38.16+3.17 0.65+£0.219 0.43+0.22 70.59+5.88

30 22.50+9.83 0.44+0.437 0.70+0.15 60.29+4.41

90 21.08+0.75 4.63+4.25 2.18+0.92 179.4+14.7

Overall 27.24+4.66° 1.91+1.638 1.10+0.438 103.42+8.3348

* means in the same texture attribute in different cheeses followed by different superscripts (A-C) letter represent significant differences

(P<0.05); SE, standard error
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Increases in intensities of butyric acid, 2-/3-methyl
buytric acid and 2-acetyl-2-thiazole were higher in
Kasar and analogue cheeses than processed cheese
during storage. The intenisty of unknown 3 with
spicy flavor decreased in all cheese samples during
storage. Aroma-active compounds determined
in the cheese samples were reported by several
other studies (Karagul-Yuceer et al 2001; Qian &
Reineccius 2002; Carunchia-Whetstine et al 2003;
Avsar et al 2004; Awad et al 2004; Mahajan et al
2004; Karagul-Yuceer et al 2009; Vitova et al 2012).
They have a great contribution on flavor of many
dairy products. Ethly pentanoate, p-cresol, maltol,
sotolon, 2-acetly-2-thiazoline and J-decalactone
were found as aroma-active compounds in Cheddar
cheese (Avsar et al 2004). Hayaloglu (2009)
investigated volatile composition of kasar cheese
at different stages of ripening. Acetic acid, butyric

acid, pentanoic acid, 2-phenylethyl alcohol and
p-cresol were also determined in Kasar cheese
similar to our findings. Guneser & Karagul-Yuceer
(2011) determined similar aroma-active compounds
in Circassian cheese by GCO analysis. However,
the intensities of y-dodecalactone, p-cresol,
2-phenylethyl alcohol and 2-/3-methyl buytric acid
were found to be higher in Circassian cheese than
our cheese samples. Also, acetic acid was observed
at higher intensity in processed cheese compared to
Circassian cheese.

3.5. Descriptive sensory analysis of cheeses

Eleven descriptive terms were developed by
panelists (Table 1). Among the cheese samples,
analogoue cheese became inedible due to
deterioration at 90 days storage. Sensory evaluation
of cheese samples was conducted at 1* and 30™ days

Table 6- Aroma active compounds of cheese samples during storage

Cizelge 6- Depolama boyunca peynir orneklerinin aroma aktif bilesenleri

Aroma intensity©

Aroma RI*  Aroma quality Kasar cheese Processed cheese ~ Cheese analogue
DI D30 D90 DI D30 D90 DI D30 D90

Diacetyl <1100 Creamy/fat 06 1.1 03 0.8 1 1 - 1.2 1.3
Ethyl pentanoate 1171  Fruity 03 - 0.4 - - - - - -
Unknown 1 1278 Sour 2 1.3 23 1.3 07 1.8 - 0.4 1.5
Methional 1392 Potato/metallic 0.5 - - 09 - 1 0.6 - -
Acetic acid 1435 Sour 5 04 - 6 - 6 0.5 - -
Unknown 2 1480 Mushroom/metallic - 1.3 0.8 - 0.9 - - 0.5 -
Butyric acid 1538  Acid 03 13 6 - 3 - 03 1 6
2-/3-methyl butyric acid 1603  Sour/vinegar 09 - 23 - 0.9 1.5 09 43
2-acetyl-2-thiazoline 1717 Popcorn 04 - 3.5 1.5 - 5.8 - - 3.5
Pentanoic acid 1733 Sour - - - - 33 - - 0.8 -
b-ionene 1866 Herbaceous - - - - - - 0.8 0.8 1
2-phenylethanol 1927 Rose/Sour - 0.8 0.9 - 0.8 0.8 04 - -
Maltol 1988 Burnt sugar 1.3 45 05 0.7 - 0.8 25 23 1.2
p-cresol 2012 Animal - - - - - 1.8 - 0.4 -
Unknown 3 2087 Spicy 1.8 - - 1.8 - - 1.8 07 -
Sotolon 2139 Burnt sugar - 2 0.8 - 1.8 L.5 1 1.5 1.3
d-decalactone 2244  Flower/lactone 1.8 3 2 09 1.5 3 1.8 25 2.3
g-dodecalactone 2380 Sweet/lactone - 1.5 1.5 - 1 2.3 - 0.8 1.4

* retention indices is on INNOWAX column (J &W Scientific, Folsom, CA, USA); °, aroma quality determined on olfactory port;
°, mean aroma intensities (post-peak intensity, 10-point scale) on INNOWAX column; odour intensities represent the mean of each
sample evaluated in duplicate by sniffer; D1, dayl; D30, day 30; D90, day 90
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of storage. Significant interaction was determined
between storage time and cheese type in terms
of whey and animal like terms (P<0.05). At the
first day of storage, it was found that whey flavor
intensity was lower in kasar cheese anologue than
other cheese samples while animal like flavor
intensity was higher than other cheese samples
(Table 7). Karagiil-Yiiceer et al (2003) found that
rennet casein had an animal like/wet dog flavor
which was associated its volatile copmounds such
as hexanoic acid, indole and guaiacol and p-cresol.
For this reason, higher animal like flavor in Kasar
cheese analogues prepared by rennet casein could
be ascribed to characteristics of rennet casein.

Table 8 shows the effects of cheese type on
nutty, waxy, cooked, creamy, salty, sour and umami
intensities percieved by panelists. Nutty intensities
of natural kasar and procesed cheeses were higher
than analogue cheese (P<0.05). Nutty intensities
of kasar cheese and procesed cheese were higher
than analogue cheese. Cheese type affacted waxy
aroma note (P<0.05). It was found that intensity

of waxy flavor was higher in cheese analogue
than other cheese samples. This might be related
to the composition of cheese analogue. It was
emphasized that waxy flavor in cheese associated
medium chain fatty acid such as 4-methyl octanoic
and 4-ethyl octanoic acid by Delahunty & Drake
(2004). Intensities of umami taste were lower in
all cheese samples. In practice, kasar cheese had
higher intensity of umami taste than other cheese
samples. The intensities of cooked and creamy in
cheese samples were found to be between 2.40-3.21
and 2.90-3.79, respectively. Similar results were
reported by other researchers (Karagul-Yuceer et
al 2007; Adhikari et al 2009). Adhikari et al (2009)
determined that intensities of cooked and creamy
flavors in processed cheese ranged between 2.20-
2.54 and 3.54-4.33 respectively. Karagul-Yuceer et
al (2007) determined that sour, sweet and umami
tastes in Ezine cheese ranged between 2.31-4.28,
0.53-1.25 and 0.53-1.40, respectively.

Significant effects of storage were determined on
the intensities of fermented flavor and sweet taste of the

Table 7- Intensities (mean+SE) of whey and animal like aroma in cheese samples during storage

Cizelge 7- Peynirlerde depolama boyunca peyniralti suyu ve hayvansi aroma yogunluklari (ortalamaztstandart

hata)
Day Kasar cheese Processed cheese Cheese analogue
Whey Animal Whey Animal Whey Animal
1 3.3140.154 0.04+0.044° 2.7740.194 0.008° 0.41+0.13% 6.87+0.394¢
30 2.75+0.094¢ 0.04+0.044° 1.94+0.258 0.40+0.144° 1.58+0.394° 2.65+0.645
P value 0.01 0.01 0.01

* means in the same attribute during storage followed by different superscripts (A-B) represent significant differences (P<0.05); means
in the same attributes of different cheeses followed by different lowercase (a-b) letters represent significant differences (P<0.05); SE,
standard error; mean expresses aroma intensity after testing, 10-point scale

Table 8- Intensities (mean+SE) of sensory descriptors in cheese samples

Cizelge 8- Peynir érneklerinde duyusal tanimlayicilarin yogunluklar: (ortalamatstandart hata)

Samples Nutty Waxy Cooked Creamy  Salty Sour Umami
Kasar cheese 0.64+0.11%"  0.02+0.02" 3.21+0.14  2.90+0.14 1.56+0.23 1.43+£0.20 0.80+0.39
Processed cheese 0.52+0.17*  0.54+0.32%  2.83+0.32  3.79+0.42 1.2840.16 1.12+0.18 0.29+0.11
Cheese analogue 0.02+0.02% 3.67+0.38*  2.40+0.30  3.12+0.48 1.42+0.19 0.93+0.13 0.37+0.12
P value 0.01 0.01 0.63 0.16 0.63 0.16 0.30

* means in the same attribute of different cheeses followed by different superscripts (A-B) represent significant differences (P<0.05);
SE, standard error; mean expresses aroma intensity after testing, 10-point scale
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cheese samples (P= 0.03). On the 30" day of storage,
intensities of fermented flavor (1.41+0.28) and sweet
taste (1.45+0.17) were higher than the first day of
storage. When the examined all sensory descriptors of
cheese samples by multidimensional scaling methods,
it can be said that kasar cheese and processed cheese
had similar sensory characteristics (Figure 2).
Derived stimulus configuration

Euclidean distance model

050 ©
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025

Dimension 2

P30
o

025

0507 A%
o

T T T T T
3 2 El 1 2

Dimension 1

Figure 2- Multidimensional scaling map of cheese
samples in terms of descriptive sensory properties
during storage (A, analogue cheese; P, processed
cheese; N, kasar cheese (1:1* day of storage 30:30™
day of storage)), dimension 1 and 2 were established
for cheese samples based on all sensory properties
by MDS analysis

Sekil 2- Depolama boyunca tammlayict duyusal
ozellikler bakimindan peynir dérneklerine ait ¢ok
boyutlu élgeklendirme haritast (A, taklit peynir; P,
eritme peynir; N, kasar peyniri (1:1. giin, 30:30. giin))
boyut 1 ve 2 tiim duyusal ozellikler dikkate alinarak
peynir ornekleri i¢in MDS analizi ile olusturulmustur

3.6. Consumer acceptance test

The panelists evaluated color/appearance, texture,
flavor and overall liking of the cheese samples
(Table 9). Based on consumer test, significant
differences were observed among the cheeses in
terms of flavor attribute (P= 0.01). However no
significant differences were determined among the
cheeses in terms of appearance (P=0.50) and texture
acceptance (P= 0.08). Kasar cheese had the highest
flavor acceptance score while the analogue cheese
had the lowest flavor score. Color/appearance and
texture scores of the cheese samples varied between
4.81-5.14 and 4.37-4.95, respectively. Moreover,
kasar cheese had the highest preference than the
other samples. However, the lowest preference score
was determined in analogue cheese. These results
confirmed that consumers prefer kasar cheese to
processed cheese and analogue cheese. Similar
results were also indicated by other studies (Gursoy
2000; Koca 2002; Karademir-Sanli 2006). Gursoy
(2000) showed that process cheese prepared with
10% soya milk had lower score than kasar cheese
in terms of appearance/color, texture and flavor
characteristics.

4. Conclusions

Differences in some chemical, physical, sensory
properties and aroma characterization of kasar,
processed and analogue cheeses were determined.
There were significant differences among the
cheeses in terms of protein, ash and fat contents,
and variations were determined among the cheeses
based on pH and titratable acidities during storage.

Table 9- Consumer acceptance and ranking test scores (mean+SE) of cheeses

Cizelge 9- Peynirlerin tiiketici kabul ve siralama test puanlari (ortalamaxstandart hata)

Samples Color/Appearance  Texture Flavor Ranking test
Kasar cheese 5.14+0.13 4.95+0.16 5.14+0.15%" 1.62+0.11¢
Processed cheese 4.89+0.14 4.62+0.14 4.43+0.178 2.00+0.11"8
Cheese analogue 4.81+0.17 4.37+0.20 3.66+0.20¢ 2.35+0.104
P value 0.50 0.08 0.01 0.01

* means in the same sensory attribute of different cheese samples followed by different superscript letters (A-C) represents significant
differences (P<0.05); SE, standard error; mean expresses ranking scores, 7-point scale
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No significant changes were determined in L, a*
and b" values, hardness, oil separation and melting
properties in cheeses during 30 days of storage. 18
aroma-active compounds were determined in the
cheeses during 90 day storage. Diacetyl (butter),
unknown 1, acetic acid (vinegar), butyric acid
(cheesy), 2-/3-methyl butyric acid (sour, dirty),
2-acetyl-2-thiazoline (popcorn), B-ionene (herbal),
2-phenylethyl alcohol (rose), maltol (burnt sugar),
p-cresol (animal like), sotolon (burnt sugar),
d-decalactone (flower, peach) and y-dodecalactone
(sweet) were some of the characteristic aroma-
active compounds in the cheeses. “Whey’, ‘cooked’,
‘creamy’, ‘salty’ and ‘sour’ were determined as the
most intense sensory descriptors of the cheeses.
‘Animal like’ and ‘waxy’ aroma intensities were
higher in analogue cheese than the other cheeses.
Kasar cheese was the most liked cheese while
analogue cheese was the least liked one.
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ABSTRACT

This study aims to determine the effects of extract obtained from giant red shrimp (Aristacomorpha foliacea) shells
on the changes in chemical parameters of anchovy (Engraulis encrasicolus) during 18 days of refrigerated storage.
Butylated hydroxytoluene (BHT) was used for the comparison of antioxidant effects. The investigation of changes in
fish during refrigerated storage indicated that lipid oxidation significantly increased (P<0.05). Compared to control
group, BHT and different rates of shell extract were determined to have significant effects on prevention of oxidation.
Comparison of total volatile basic nitrogen (TVB-N), thiobarbituric acid (TBA), peroxide, free fatty acids and pH values
indicated that the most positive result was found in the BHT added group, which was followed by the groups containing
0.5% and 0.1% of shell extracts, and control group. In this study, it was concluded appropriate to use natural shell
extracts besides synthetic antioxidants during the storage of fish.
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Kirmiz1 Dev Karides (Aristacomorpha foliacea) Kabuklarindan
Elde Edilen Ekstraktin Sogukta Depolanan Hamsinin (Engraulis
encrasicolus) Kimyasal Ozellikleri Uzerine Etkisi
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OZET

Bu ¢alismada, kirmiz1 dev karides (Aristaeomorpha foliacea) kabuklarindan elde edilen ekstraktin, hamsi (Engraulis
encrasicolus)’nin buzdolabinda 18 giin depolanmas: siiresince kimyasal parametrelerinde meydana gelen degisimler
tizerine etkisinin belirlenmesi amaglanmistir. Antioksidan etkiyi kiyaslamak amaciyla butillendirilmis hidroksi toluen
(BHT) kullanilmistir. Depolama siiresince baliklarda meydana gelen degisimler incelendiginde, siireyle birlikte lipit



The Influence of the Extract Obtained from Giant Red Shrimp (Aristaeomorpha foliacea) Shells..., Ki¢ikgilmez & Celik

oksidasyonunun &nemli (P<0.05) dlgiide arttig: tespit edilmistir. Kontrol grubuyla kiyaslandiginda, uygulanan BHT
ve farkli oranlardaki kabuk ekstraktlarinin oksidasyonun onlenmesi iizerine olumlu etkileri gozlenmistir. Toplam
ugucu bazik azot (TVB-N), tiyobarbiturik asit (TBA), peroksit, serbest yag asitleri ve pH degerleri kiyaslandiginda;
uygulama gruplari icerisinde en olumlu sonu¢ BHT eklenen grupta bulunurken bunu sirastyla % 0.5 ve % 0.1 oraninda
kabuk ekstrakt: iceren gruplar ve kontrol grubu izlemistir. Bu ¢alismada baliklarin depolanmasi esnasinda sentetik
antioksidanlarin yani sira kabuktan elde edilen dogal ekstraktin da kullanilmasinin uygun olacagi belirlenmistir.

Anahtar Kelimeler: Kirmiz1 dev karides; Aristacomorpha foliacea; Karides kabugu ekstrakti; Hamsi; Raf 6mrii; Soguk

depolama

1. Introduction

Shrimp catching is important not only in Turkey but
also in international fishery. In Turkey, significant
amounts of shrimp are hunted in Mediterranean,
Aegean and Marmara coasts. Male, jumbo,
Karabiga, red and pink shrimp take place among the
whole hunted shrimps. In recent years, the economic
importance of giant red shrimp (A4ristacomorpha
foliacea) increased with the raise in the interest
towards hunting in deep water species. While they
are hunted with bottom trawl and served for fresh
consumption, most of them are processed in seafood
processing plants and exported.

With the advanced technology in shrimp
processing, the assessment of shrimp wastes has
been a crucial matter. The wastes of shrimps which
are removed from the meat parts in processing
factories comprise approximately 40-56% of the
whole product (ibrahim et al 1999; Gildberg &
Stenberg 2001; Sachindra et al 2006). This rate
varies by the species of shrimp and approximately
34% of the total weight consists of head and
14% consists of shell (Binsan et al 2008). These
wastes include very valuable bioactive compounds
(antioxidants, carotenoids, chitin, peptone, amino
acids, peptides, proteins, minerals, enzymes, lipid,
flavor compounds and other useful nutrients).
They are used as addition agent in foods and also
utilized as a protein source in aquaculture and
stockbreeding (Gagne 1993; ibrahim et al 1999;
Binsan et al 2008).

Chitin and its derivate chitosan rank at the top
of'the list of bioactive compounds. Approximately

© Ankara Universitesi Ziraat Fakiiltesi

20-30% chitin can be obtained from Crustacea
shells. One of the most important compounds that
make shrimp shells such valuable is the natural
antioxidants. The isolation and identification
of natural antioxidants in shell wastes is an
important stage for the assessment of shell wastes.
A few studies conducted on antioxidant features
of shrimp shells so far have researched the
characterization and effects of these features on
some fish species. In studies conducted so far, it is
reported that waste extracts of Penaeus monodon
species assessed as a potential bioactive substance
in shrimp processing factories in Thailand have
antioxidant activity (Dajsipun et al 2000); in the
extract obtained from Pandulus jordani shells,
the substance with antioxidant feature is phenol
compounds (Seymour et al 1996); once again, in
extract obtained from Pandulus jordani shells,
polar compounds are responsible for antioxidant
activity (Li et al 1994) and this extract has
positive effects on quality during the storage of
some fish (Li et al 1998). However, the number
of research conducted on antioxidant feature of
shrimp shells is limited with the above mentioned
studies and further detailed studies are needed
on this subject. For this reason, the present
study aims to determine the effects of different
concentrations of the shell extract obtained from
giant red shrimp, discarded as waste products
in sea product processing factories, on chemical
properties of anchovy, highly important for
Turkish fishery sector, stored in refrigerator.
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2. Material and Methods

2.1. Materials

In present study, shell materials were obtained from
the wastes of giant red shrimp (Aristacomorpha
foliacea). Fresh samples of shrimp processing
discards including intact cephalothorax and
abdominal exoskeleton were collected from a local
shrimp factory. Representative shrimp wastes were
selected, put in polystyrene boxes and stored at -20
°C before and during transportation to the laboratory.
Shells were completely separated from the shrimp
wastes in laboratory and washed in pure water. BHT
was used as a commercial antioxidant.

2.2. Preparation of crude extract

Shrimp shells were extracted with ethanol according
to the method of Li et al (1998). The mixture was
blended until homogeneous with a blender. The
slurry was filtered through a funnel using Whatman
filter paper (GF/C, Schleicher & Schuell) to remove
debris. The filtrate was evaporated to dryness. The
dried crude shell extract was resolved by water as a
solution dip anchovy treatment. BHT was used as a
commercial antioxidant.

Antioxidant activity, total phenol compound
and total carotenoid content of the giant red shrimp
shells were found as 45.84%, 17.87 mg 100 g' and
20.31 mg 100 g', respectively (Kiiglikglilmez &
Celik 2013).

2.3. Fish sample preparation

The anchovy (Engraulis encrasicolus) (average
weight and length: 12.28+1.71 g and 11.74+0.62 cm,
respectively) were purchased from a local fish market
(total 17 kg anchovy). They were stored in ice an
insulated box and transferred to the laboratory. After
the viscera, gills and bone were removed, the anchovy
samples were divided into four groups (4 kg each).

Fish fillet samples were dipped into the following
solutions as different treatments for 5 min; control
containing only distilled water, 0.1% and 0.5%
(w v!) crude antioxidant solutions and 0.005% BHT
solution. These concentrations of crude antioxidant
solution and BHT were determined based on the

results of a preliminary study made in accordance
with the studies of Li et al (1998) and Soyer (1995).
Subsequently, fish samples were put into styropor
dishes, covered with stretch films, and then stored in
the refrigerator (2.7 °C). Experiment was performed
with two-parallels. Analyses were made every other
three day for 18 days.

2.4. Chemical analysis

Total volatile basic nitrogen (TVB-N) was determined
on steam distillation using the Kjeldahl distillation
apparatus and titration (Antonocopoulus 1973).
Thiobarbituric acid (TBA) number was determined
using the method of Tarladgis et al (1960), expressed
as mg malondialdehyde kg sample™! using a conversion
factor of 7.8. The peroxide value (PV) was determined
by the acetic acid-chloroform method (AOCS 1990)
and expressed as meq O, kg lipid'. The free fatty
acids (FFA) content of the lipid was determined
volumetrically using aqueous sodium hydroxide
(0.25 N) and phenolphthalein indicator (1% ethanol)
according to IAFMM (1987) method. The pH was
determined from homogenates of minced fish and
distilled water in a ratio of 1:10 (w v') by using a
digital pH meter (Lima Dos Santos et al 1981).

2.5. Statistical analysis

The SPSS (SPSS Inc., Chicago, IL, USA) software
was used for the statistical analysis. Comparisons
among groups were made using one-way analysis
of variance (ANOVA), and significant differences
were determined by Duncan’s multiple range tests
at 5% confidence level.

3. Results and Discussion

3.1. Total volatile basic nitrogen (TVB-N)

TVB-N values of various anchovy groups are
presented in Table 1. TVB-N values of all groups
increased significantly during storage period and
TVB-N values of the group including 0.5% shell
extract and of the group with added BHT were found
much lower compared to other groups (P<0.05). As
TVB-N amount in fish is associated with bacterial
deterioration and activity of endogenic enzymes,
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TVB-N analysis is one of the most commonly used
methods for the detection of fish freshness (Vareltzis
etal 1997). At the end of the microbial activity, some
volatile bases emerge as a result of degradation
of protein or non-protein nitrogenous compounds
(Yerlikaya et al 2005). While TVB-N amount is
low in fresh fish, it increases by the deterioration of
fish during the storage period. Generally, samples
including 25 mg 100 g' TVB-N are considered as
“very good”, 30 mg 100 g' as “good”, 35 mg 100
g! as “marketable” and higher than 35 mg 100 g
as “spoiled” (Varlik et al 1993). Accordingly, in
the present study, the control group and the other
group including 0.1% shell extract exceeded the
consumability limit on the 15" day of refrigerated
storage and those groups with 0.5% shell extract and
added BHT exceeded this limit on 18" day in terms
of TVB-N value. These results indicate the positive

effects of the extract of the used shrimp shells and
BHT on TVB-N value of fish. Similar to the present
study, other studies which used different plant
materials as natural antioxidant source reported that
TVB-N value of fish is affected in positive direction
(Nam & Ahn 2003; Pazos et al 2005).

3.2. Thiobarbituric acid (TBA)

TBA changes in anchovy groups are presented
in Table 2. TBA values of all groups statistically
significantly increased during refrigerated storage
(P<0.05). In general assessment of TBA results, it is
found that the TBA values of the group with added
BHT during the storage period were significantly
lower than other groups (P<0.05). This positive
effect was followed by the group with the added
0.5% shell extract.

Table 1- TVB-N changes of anchovy (Engraulis encrasicolus) treated with shrimp shell extract during

refrigerated storage (mg 100 g)

Cizelge I- Karides kabuk ekstrakti ile muamale edilen hamsinin (Engraulis encrasicolus) buzdolabinda depolama

stiresince TVB-N degisimleri (mg 100 g')

Days/Groups Control 0.1% shell extract 0.5% shell extract BHT
0 16.93+£2.02! 17.01+0.81»! 17.14+0.87*! 17.11£0.892!
3 18.89+0.68"2 18.01+£1.43::12 16.10+2.07%! 16.79+0.04!2
6 20.40+0.810¢3 19.43+0.152 16.64+0.06*! 16.91+0.40>!
9 21.37+0.54¢2 21.86+1.66%2 20.40+0.49%12 18.68+0.09%!
12 25.62+0.6943 22.78+0.63¢2 23.40+0.43¢2 20.7940.75¢!
15 35.42+0.59¢3 35.61+1.1843 27.20+0.6242 24.77+0.554!
18 43.48+1.03% 40.06+1.17¢3 37.2440.86%2 35.75+1.51¢!

* data are expressed as means+standard deviation; different letters within the column denote significant differences (P<0.05); different

number within the row denote significant differences (P<0.05)

Table 2- TBA changes of anchovy (Engraulis encrasicolus) treated with shrimp shell extract during

refrigerated storage (mg MDA kg™)

Cizelge 2- Karides kabuk ekstrakti ile muamale edilen hamsinin (Engraulis encrasicolus) buzdolabinda depolama

stiresince TBA degisimleri (mg MDA kg™)

Days/Groups Control 0.1% shell extract ~ 0.5% shell extract ~ BHT

0 1.67+£0.38%! 2.10+0.14! 1.954+0.17%! 1.68+0.38*!
3 2.77+0.30%2 2.67+0.40"2 2.36+0.05*12 2.03+0.02%!
6 4.70+0.19<3 4.87+0.04¢3 4.12+0.302 3.70+0.02%!
9 6.45+£0.2343 6.59+£0.0143 5.93+0.66% 4.1540.19¢!
12 7.01+£0.03%3 7.67+£0.09%3 6.15+0.2542 4.94+0.354!
15 8.62+0.31% 8.10+0.36% 6.53+0.34°2 5.70+0.24°!
18 9.08+0.35%3 8.67+0.16%% 7.1240.31%2 6.20+0.14"!

* data are expressed as means+standard deviation; different letters within the column denote significant differences (P<0.05); different

number within the row denote significant differences (P<0.05)
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TBA value is a commonly used indicator for the
determination of lipid oxidation of fish (Sallam 2007;
Turhan et al 2009). The detection of TBA amount is
based on the malondialdehyde measurement which
determines the secondary oxidation products in
association with the fish deterioration (Al-Bandak et
al 2009). It is reported that consumability limit of the
TBA value which is used to determine the rancidity
level of oils is between 7 and 8 mg MDA kg™ (Varlik
et al 1993). According to this assessment, the group
with added BHT and the group including 0.5% shell
extract did not exceed this value during the storage
period while control group and the group including
0.1% shell extract exceeded this value on 15" day
of the storage. In this study which aims to assess
shell extracts as natural antioxidant source, TBA
values being an indicator of lipid oxidation support
this view. In their study which is very similar to the
present study, Li et al (1998) researched the natural
antioxidant obtained from shrimp shells of the
Sebastolobus alascanus fish stored in refrigerator
on TBA amount and they obtained similar results.

The effects of natural antioxidants of fish on
lipid oxidant are a recently noticeable issue. TBA
analyses are widely conducted in order to detect
these effects. TBA analysis was used to determine
the effect of natural extracts obtained from various
plants on lipid oxidation during the storage of
various fish species and it is highlighted that these
extracts decrease lipid oxidant which is a similar

finding to the present study (Yasin & Abou-Taleb
2007; Selmi & Sadok 2008; Al-Bandak et al 2009).

3.3. Peroxide value

The changes in peroxide values of anchovy groups
during the storage period are presented in Table 3.
Peroxide value statistically significantly increased in
all groups by storage period (P<0.05). This increase
in peroxide values is an indicator of oxidative
rancidity in fish lipids. As fish meat involves high
amounts of polyunsaturated fatty acids which can be
casily oxidized and lead to high level of peroxide,
peroxide levels increase by the storage level (Yasin
& Abou-Taleb 2007).

It is observed that in all groups, peroxide level
reached the highest level on 15" day of storage and
started to decrease on 18" day. It is assumed that the
decrease in peroxide level at last stages of the storage
may result from the degradation of hydroperoxides
being a secondary oxidation product. Because,
peroxide analysis is measured with hydroperoxide
formation and it gives good results at initial stages
of oxidation.

Many studies conducted on the natural and
commercial antioxidant usage so as to delay lipid
oxidation, investigated the changes of peroxide
levels and it is reported that peroxide levels of groups
with the added natural and commercial antioxidant
were lower than the control group during the storage

Table 3- Peroxide changes of anchovy (Engraulis encrasicolus) treated with shrimp shell extract during

refrigerated storage (meq O,kg")

Cizelge 3- Karides kabuk ekstrakti ile muamale edilen hamsinin (Engraulis encrasicolus) buzdolabinda depolama

siiresince peroksit degisimleri (meq O, kg™')

Days/Groups Control 0.1% shell extract  0.5% shell extract ~ BHT

0 0.61+0.10%"" 0.85+0.44%! 0.87+0.51%! 0.66+0.00%!
3 2.13+0.43%! 1.75+0.37%! 1.50+0.330! 1.68+0.425!
6 3.74+0.45%2 3.134+0.33%2 3.5740.69%2 2.19£0.07%!
9 6.82+1.4443 6.62+0.1843 4.14+0.30¢2 2.44+0.23¢!
12 7.14+0.3843 6.28+0.7142 6.70+0.154% 3.37+0.074!
15 10.59+1.44¢3 9.14+£1.13¢3 7.70+0.87°2 5.38+0.64°!
18 5.94+0.6242 5.2140.50%2 3.53+0.45¢! 5.30+0.33¢%2

*, data are expressed as means+standard deviation; different letters within the column denote significant differences (P<0.05); different

number within the row denote significant differences (P<0.05)
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period which is a similar finding to the present
study (Sallam 2007; Yasin & Abou-Taleb 2007; Al-
Bandak et al 2009). To conclude, peroxide level of
fish meat significantly differs by fish species, initial
peroxide level, processing and storage conditions,
storage period and the type of the added antioxidant.

3.4. Free fatty acids

Free fatty acid levels of anchovy groups are
presented in Table 4. Free fatty acid levels
statistically significantly increased in all groups
during the 18-day storage period (P<0.05).

Although no statistically significant difference
was observed between groups at initial periods of
storage, free fatty acid values of the anchovy group
with added BHT were found statistically lower

than other groups (P<0.05) which was followed by
the group including 0.5% shell extract, the group
including 0.1% shell extract and lastly the control
group. Free fatty acids which emerge as a result of
the hydrolysis of the lipids in fish stored or frozen
in refrigerator are important for the development of
rancidity (Chaouqy et al 2008). In the present study,
the positive effects of shell extract and BHT on this
value are remarkable as well. In a similar study
conducted on the effects of commercial antioxidants
and vacuum packaging on free fatty acids, similar
results were obtained (Soyer 1995).

3.5.pH

pH changes in anchovies during the storage period
are presented in Table 5. pH values of all groups

Table 4- Free fatty acid changes of anchovy (Engraulis encrasicolus) treated with shrimp shell extract

during refrigerated storage (oleic acid %)

Cizelge 4- Karides kabuk ekstrakti ile muamale edilen hamsinin (Engraulis encrasicolus) buzdolabinda depolama

stiresince serbest yag asitleri degisimleri (% oleik asit)

Days/Groups Control 0.1% shell extract 0.5% shell extract BHT
0 3.21+0.05**" 3.17+0.35%2 1.93+0.52%! 2.51£0.46%1
3 3.44+1.08%! 3.12+0.06*! 3.12+0.475! 2.55+0.29*!
6 4.68+0.85"2 3.95+0.10%! 3.91£0.01%! 3.56+£0.10%!
9 5.30+0.17°2 4.43+0.32%! 4.1740.04¢! 4.16+0.16"!
12 6.69+0.17¢* 5.66£0.08%3 5.08+0.00%2 4.32+0.25b!
15 7.22:+0.09%4 6.03+0.02%3 5.49+0.38%2 4.53+0.32%!
18 8.09+1.12¢3 6.84+0.50%? 6.00+0.33%2 4.74+0.07°!

*, data are expressed as means+standard deviation; different letters within the column denote significant differences (P<0.05); different

number within the row denote significant differences (P<0.05)

Table 5- pH changes of anchovy (Engraulis encrasicolus) treated with shrimp shell extract during

refrigerated storage

Cizelge 5- Karides kabuk ekstrakti ile muamale edilen hamsinin (Engraulis encrasicolus) buzdolabinda depolama

siiresince pH degisimleri

Days/Groups Control 0.1% shell extract 0.5% shell extract BHT
0 6.08+0.02%1%" 6.04+0.02%! 6.06+0.012! 6.11+0.01°2
3 5.99+0.01*! 6.00+0.04%! 6.01+0.05%! 6.02+0.05"!
6 6.16+0.07"! 6.20+0.01>! 6.13£0.07%! 6.12+0.05!
9 6.34+0.07°2 6.30+0.05%12 6.29+0.04¢12 6.20+0.05%!
12 6.63+0.09¢2 6.67+0.0342 6.47+0.014! 6.38+0.00%!
15 6.97+0.06%* 6.80+0.01°%3 6.56+0.01¢2 6.41+0.01¢!
18 7.18+0.03% 7.00+0.06" 6.77+0.02"2 6.50+0.01°!

*, data are expressed as means+standard deviation; different letters within the column denote significant differences (P<0.05); different

number within the row denote significant differences (P<0.05)
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decreased on 3™ day of the storage and then started
to increase again by storage period. pH value is at
low levels initially due to the fact that glycogen
turns into lactic acid at post-mortem glucoses stage
of fish (Sengdr et al 2000). At following stages of
the storage, oxido-reduction balance is disturbed
due to enzymes and bacteria; changes occur in
concentration of free hydrogen and hydroxide
ions and thus pH value increases. pH value of
fresh fish is 6.0-6.5; consumability value is 6.8-7.0
(Varlik et al 1993; Turhan et al 2001). According
to this assessment and considering the pH results
of the present study, it is found that pH values of
control group and the groups including 0.1% shell
extract exceeded the critical limit 6.8-7.0 on 15"
day of storage while the group including 0.5%
shell extract and the groups with added remained
behind the critical limit during the storage. Different
studies reported that pH value of fish meat differs
by fish species, hunting type, fish processing
technology, storage conditions and contamination of
microorganism and this is not an absolute criterion
for the freshness or quality yet should be considered
as a supportive factor to other parameters (Selmi &
Sadok 2008).

4. Conclusions

The shell wastes which are not utilized in seafood
processing factories in Turkey have a great potential.
The assessment of these wastes is very important not
only for seafood factories but for other industries.
Although there are many studies on the assessment
and economic use of wastes of shrimp and other
shellfish in the world, the number of studies on their
antioxidant feature is very limited. In this scope, to
obtain natural antioxidant from wastes of giant red
shrimp shells and thus to contribute to economy with
wastes through obtaining food protecting materials
which are safe for human health and to prevent
the environmental damage caused by the unused
wastes show the importance of the present study.
Consequently, it was concluded that the extract
isolated from shrimp shells could be used during
the cold storage of fish fillets instead of synthetic
antioxidants.
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ABSTRACT

Many studies on tractive performance of tractor tires have been carried out to solve soil-wheel interaction problems in
the last decades. The purpose of this study is to experimentally determine effects on tractive performance of radial and
bias-ply drive tires at three different tire lug heights, axle loads and inflation pressures. The experiments were carried
out in stubble field conditions. To obtain sufficient performance data, a new single wheel tester was designed and
manufactured. Travel reduction, net traction ratio and tractive efficiency varied from 3.3% to 34.1%, 0.24 to 0.93 and
from 0.27 to 0.78 respectively depending on drawbar pull. The effects of tire type, lug height, dynamic axle load and
inflation pressure on tractive efficiency were found significant (P<0.01) by the performed variance analysis and LSD
tests. Radial tires provide better tractive performance compared with bias-ply tires. The tractive efficiency increased
especially with increasing dynamic axle load and decreased with increasing tire inflation pressure. Tire dynamic axle
load was the major contributory factor on tractive performance as compared with other independent variables. For a
given drawbar pull, it was observed that tractive efficiency of radial tire can be maximized by selecting appropriate
levels of lug height, dynamic axle load and inflation pressure.

Keywords: Dynamic load; Inflation pressure; Lug height; Tire; Tractive efficiency; Tractive performance
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Ozelliklerinin Ceki Performansina Etkileri
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OZET

Yillardir, toprak-tekerlek etkilesimi sorunlarint ¢ozmek igin traktor lastiklerinin ¢eki performansi iizerine birgok ¢alisma
yiriitiilmiistiir. Bu ¢alismanin amaci, bahge traktorlerinde kullanilan ti¢ farkli profil yiiksekligine sahip radyal ve ¢apraz
katli muharrik lastiklerin ¢eki performansina, aks yiikiiniin ve lastik i¢ basincinin etkilerini deneysel olarak belirlemektir.
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Denemeler aniz tarla kosullarinda yiiritilmiistiir. Belirtilen sartlar altinda, yeterli performans verileri olusturabilmek
icin, yeni bir tek tekerlek deney diizenegi tasarlanmis ve imal edilmistir. Ceki kuvvetine bagl olarak; patinaj degerleri
% 3.3 ile % 34.1, net ¢eki oran1 degerleri 0.24 ile 0.93 ve ceki verimliligi degerleri 0.27 ile 0.78 arasinda degismistir.
Yapilan varyans analizi ve LSD testi sonuglari; lastik tipi, profil yiiksekligi, dinamik aks yiikii ve lastik i¢ basincinin,
ceki verimliligi izerindeki etkisinin énemli oldugu gostermistir (P<0.01). Radyal lastikler ¢apraz katli lastiklere gore
daha iyi ¢eki performansi saglamislardir. Ceki verimliligi, 6zellikle dinamik aks yikiiniin artirilmasiyla artmis, lastik
i¢ basinci artirildikga ¢eki verimi azalmistir. Dinamik aks yiikiiniin ¢eki performansi tizerindeki etkisi diger bagimsiz
degiskenlere gore daha biiyiik olmustur. Ceki verimliligi, radyal lastiklerin uygun profil yiiksekligi, aks yiikii ve i¢

basimcinin segilmesiyle artirilabilecegi gdzlenmistir.

Anahtar Kelimeler: Ceki performansi; Ceki verimi; Dinamik yiik; I¢ basing; Lastik; Profil yiiksekligi

1. Introduction

The main power supply of agricultural production is
tractor. Due to increasing production of vegetables
and fruits, small and powerful horticulture tractors
are widely used in agricultural production. Tires are
an important part of off-road vehicles; hence the
study of its structural and working characteristics
are of fundamental importance. The tractive
characteristics of tire depend on tire geometry
(weight, diameter, section height), tire type (radial,
bias-ply), lug design, inflation pressure, dynamic
load on the axle, soil type and ground conditions.

Net traction ratio (NTR) and tractive efficiency
(TE) are two important factors of tractive
performance (Burt et al 1980). Bashford et al (1993)
compared the dynamic traction ratio and the tractive
efficiency of a tractor equipped with three different
sized rear tires at different inflation pressures and on
two different surfaces. As a result, the best tractive
performance was observed at the lowest inflation
pressure.

Generally bias-ply and radial tires are used
for agricultural tractors. As for radial tires, much
research has been conducted, and it has already
been found that lowering inflation pressure
increases tractive performance (Lee & Kim 1997).
Many studies have demonstrated that there are
some advantages in using radial tractor tires over
the bias-ply tires. These advantages are due to the
construction of radial tires (Al-Hamed et al 1994).
Looking at the performance level of the tire types,
tractive performance of radial tires is higher than the

© Ankara Universitesi Ziraat Fakiiltesi

performance of the bias-ply tire types. Bias-ply tires
show lower efficiency of power distribution than
radial tires (Turner 1995).

To take advantage of power generated by the
tractor, proper axle loads are necessary considering
travel reduction limits. Effects of inflation pressure
and dynamic load on soil compaction for a forwarder
tire were investigated by McDonald et al (1996).
Reductions in inflation pressure at a given dynamic
load tended to decrease bulk density, soil cone
index, and rut depth. Decreases in these variables
tended to be affected more from dynamic load than
inflation pressure. Carman & Aydin (2002) reported
that dynamic load increased drawbar pull at the
rate of 32% at travel reduction of 17%. The tractive
efficiency tended to increase as static load increased
for a given inflation pressure (Elwaleed et al 2006).

Adjusting tire inflation pressure has been used
as a method for improving tractive performance of
agricultural tractors. Adjusting inflation pressure
has recently attracted attention of many researchers.
It is known that optimum tractive performance
of a driving tire can be obtained by adjusting the
inflation pressure of the tire based on soil conditions
(Lee & Kim 1997). A lot of researches have been
conducted where the effects of inflation pressure for
different tire sizes were investigated. A decrease in
inflation pressure results in an improvement tractive
performance of the tire. Jun et al (2004) reported
that the net traction and the tractive efficiency of the
forwarder tire decreased with increasing inflation
pressure at constant dynamic load.
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Machines for operating a single wheel for
traction and soil compaction research are commonly
known as single tire testers or single wheel testers.
Some single tire testers are large enough to
accommodate the largest agricultural tractor drive
tires currently available, which are up to about 2090
mm overall diameter. Other single tire testers are
designed to accommodate a smaller tire, such as
a garden tractor rear tire with an overall diameter
of about 600 mm (Way 2009). Various designs of
single wheel traction research machines have been
developed and used. Machines for operating a single
tire on soils in soil bins include those described by
Pope (1971), Raheman & Singh (2003), Kawase
et al (2006), Yahya et al (2007) and Tiwari et al
(2009). There are some disadvantages of them. Soil
bins, where the soil is brought to the tester, have
been used to acquire a significant amount of data;
however, the majority of these tests were conducted
with low wheel speeds and wheel slips, and soils
used in outdoor or indoor bins do not perform like
those found in the field. This lack of data leaves
tractor pullers with a trial and error approach to the
tractive performance of the vehicle (Upadhyaya et
al 1986). At asphalt, concrete, stabilized, stubble
field or plowed field conditions, single wheel testers
designed to overcome the disadvantages of soil bin
used in experiments in order to carry out tractive
performance tests, are completely dependent to
tractor or semi-independent. Single wheel traction
research machines for operating a single tire in a field
include those described by Upadhyaya & Wulfsohn
(1989), Monroe & Burt (1989), Schmulevich et
al (1996), Ferhadbegovi¢ et al (2005) and Way
(2009). The single wheel tester in our work was
selected among others in the literature because
of its capability as a tire and can be subjected to
performance tests for different types of grounds
with this single wheel tester. Also, this single wheel
tester was designed for the first time in our country
and was used in tractive performance experiments.

In the performance experiments encountered
in the literature survey, tests are conducted on
relatively big diameter tires of powerful tractors used
in big farms. Trials for tires used for horticultural

tractors are less in number. The novel part of our
study is that it is done for the tires of horticultural
tractors. Because it was thought that the dependent
and independent parameters in former studies were
insufficient in providing a proper view of tire tractive
performance, increased number of parameters are
accounted in the experiments.

There is very little information about tractive
performance of tires based on wheel speed and travel
reduction conditions of small structures such as
horticulture tractors. Therefore a new single wheel
tester was designed and manufactured to create
sufficient data under these conditions. With single
wheel tester, it was studied to determine tractive
performances of two different tire types for three
different tire lug heights, three different axle loads
and three different tire inflation pressures in stubble
ground conditions. Experiments were conducted by
mounting single wheel tester to a three point hitch of
an agricultural tractor (Ekinci 2011).

2. Material and Methods

2.1. Facilities and equipment

In this study, a new single wheel tester (traction
setup) was designed and manufactured for
determining tractive performance of tractor tire.
This mechanism is capable of controlling peripheral
speed of tire, wheel travel reduction and dynamic
wheel load sufficiently. Designed and manufactured
single wheel tester can carry out performance
measurements of up to 10 kN axle load and 3.5 kN
m torque (Ekinci 2011).

The single wheel tester used in tractive
performance experiments consists of three sections
(Figure 1). The first part is traction section. It is
connected to three point linkage mechanism of
tractor. This part provides mobility to experimental
setup, which pushes symmetry axis to tractor
(traction carriage).

The second section is driving system. It transfers
motion from hydraulic motor driven by hydraulic
pump connected to PTO shaft of the tractor to test
tire. Power transmission via the hydraulic pump
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Loading System

Tester Mobility

Mount to three point hitch Drive System

Figure 1- Single wheel tester design concept

Sekil 1- Tek tekerlek deney diizeneginin tasarim konsepti

and motor combination is provided. The pump was
attached to the PTO using a planetary step up gearbox.
This planetary gearbox has 1:3 speed increments
and was attached to the 540 rpm PTO shaft on the
tractor. A variable tandem pump was chosen for
this application. The maximum displacement of
the pump is 32 cm®rev’!. The operating pressure
of this pump is 175 bar and pressure limited using
pressure regulating valve. The selected motor is a
fixed displacement motor with a maximum output
torque of 119 Nm. Maximum speed is 1210 rpm and
the motor displacement is 50 cm?® rev’'. Hydraulic
motor drives the test wheel. The tire driving system
is powered with a 30:1 speed reducing gearbox
through a flexible coupling when running in the

Table 1- Specification of loadcells and transducer

driving test mode. In order to determine torque, a
transducer with the capacity of 3000 Nm was used
between gearbox output and the wheel axis input.
Input torque to the wheel axle was measured by
this torque transducer and recorded in a data logger.
Joint shaft was used between these two points in
order to intercept the axis eccentricity which is
caused by preformed deflections on tire depending
on changing dynamic load and internal pressure of
tire. Table 1 shows the specifications of load-cells
and transducer.

Third section is loading system which consists of
a hydraulic piston cylinder mechanism and applied
dynamic load to test tire. The hydraulic tandem pump
has dual-stage and first stage of the pump was used
in the driving system. The second stage operates the
cylinder of loading system. The Loading system
consists of pressure regulating valve and a hydraulic
cylinder which is capable of developing 50 kN
force at 25000 kPa pressure. Hydraulic cylinder
was connected to upper carrier wheel carriage
and dynamic wheel load was transferred from the
frame to the tire under test via a hydraulic cylinder
connected to an S-type load cell. A 3/8” hose was
used in this circuit with JIC 37° fittings used for
the connections. Eight 50 kg concrete blocks were
mounted to the frame to provide an increased load
to the tire as the cylinder rod was extended. With the
included weight of the frame, the tester was able to
provide 8 kN wheel load.

Cizelge 1- Yiik hiicreleri ve torkmetrenin teknik ozellikleri

Torque transducer Loadcell
Specification Values Specification Values
Measurement range 2000~5000 Nm Capacity 2500 kg
Max axial load 4800 N Sensitivity 3.0+£0.003 mV V!
Max radial load 1950~4000 N Input resistance 40020 Q
Supply voltage 12V DC +10% Output resistance 35243 Q
Option speed rev. max up to 10 000 rpm Insulation resistance >5000 MQ
Current consumption Approximately 160 mA Ultimate overload 180% F S
Voltage output 0to =10V Excitation 10~12 DC

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

23 (2017) 84-94 87



Bahce Traktérlerinde Kullanilan Muharrik Lastiklerin Bazi Ozelliklerinin Ceki Performansina Etkileri, Ekinci & Carman

Two types of tires, bias-ply and radial tires, were
used during the experiments. The tires had three
different lug heights which were h,, = 18, h =

Lbl Lb2
14,h =10, h =30,h =24, h =14 mm. Table
2 shows the values of the parameters for the tire
manufacturer. h,,: Bias-ply lug height, h, : Radial

lug height.

Table 2- Specifications of test tires
Cizelge 2- Test lastiklerinin teknik ozellikleri

Values

Specification

Bias-ply  Radial
Tire type 7.50-18 7.50R18
Ply rating 8 -
Tire section height (mm) 205 205
Tire overall diameter (mm) 860 860
Tire carrying capacity (kg) 950 900
Load index and speed symbol 106 A6 104 A8

2.2. Experimental procedure

Prior to the test, the dynamic rolling radius of the
tires were determined on a concrete road surface
under unloaded condition. Grease was plastered
onto lug on tire which contacted the ground. Tire
was rotated four cycles at lower velocity through
a straight line in test ground. Distance between
the first contact trace and the last contact trace was
measured and divided by 8n to obtain the dynamic
rolling radius. Dynamic radii were determined for
the specific experimental conditions for every profile
height, dynamic axle load and inflation pressure.

In order to determine the actual forward speed
of the wheel for each test, elapsed time between
start and finish point of the test area with 100 m
distance was measured via a chronometer. Wheel
revolution (n) was measured through a magnetic
sensor which was on torque transducer to determine
the theoretical velocity.

The variables recorded for each test were (W)
dynamic axle load on wheel (P) tire inflation
pressure (F) drawbar pull, (7) input torque to the
axle, (V) actual velocity and (V) theoretical velocity.

The traction parameters used to describe the tractive
performance are described in Equations 1 to 5.

Tire travel reduction (S), S = —ﬂ -100 (1)
t
Drawbar power, P, = F, -V, )
T-n
Axle power (kW), P = 3
9549
. . P
Tractive efficiency, TE = FD 4)
. . F,
Net traction ratio, NTR = —- (5)

The tests were conducted on stubble field
ground. In order to check the uniformity of the bed
conditions, a few important soil parameters such
as penetration resistance of a soil, soil shearing
strength, moisture content and surface roughness
were measured before starting the experiment
(Carman 1997). Soil ground conditions of stubble
field are given in Table 3.

Table 3- Soil parameters of stubble field

Cizelge 3- Aniz tarlanmin toprak parametreleri

Parameter Value
Texture Clay-loam
Clay (%) 38.00

Silt (%) 38.00
Sand (%) 24.00
Gravimetric moisture content (%) (0-20 cm) 12-13
Penetration resistance (MPa) (0-20 cm) 2.74
Shearing strength (kN m?) 31.74
Surface roughness (%) 6.09

Surface relief was measured using surface
profilemeter. This consisted of a set of vertical rods,
spaced at 2.5 cm intervals, sliding through an iron
bar of 100 cm length. The soil surface roughness
was calculated by using the Kuipers equation
(Equation 6).
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R, =100-log S, (6)

Where; S, standard deviation.

Penetrometers which can measure up to 80 cm
depth at each 1 cm distance were used for measuring
soil penetration resistance as MPa. Measurements
were taken from 0-20 cm depth. Soil shear testing
device was used in order to determine the soil
shearing strength (7 ) which has 10 cm diameter
and 12 cm height. Torque arm with measuring
range of 0-80 Nm was impaled on shear vane. The
maximum torque was obtained via soil shear testing
device while shearing strength was obtained by the
Equation 7 (Okello 1991).

1=T/[n-d’(h /2+d, /6)] (7

Where; d,, paddle switch device diameter and #,,
paddle switch device blade height.

Traction tests were conducted at velocities of
about 5 km h!' under stubble field surface conditions
which has 100 m distance test area using bias-ply
and radial tires having three different lug heights.
Axle loads were approximately 5 kN per wheel for
horticulture tractors. As experiments were planned
by considering these data, axle load was determined
respectively as 3.5, 5 and 6.5 kN. Here, values of
+30% of the 5 kN were taken into account. Axle
loads were applied on to the tire by means of a
hydraulic cylinder. Dynamic axle load was measured
with a loadcell between hydraulic cylinder and
wheel carriage. The experiments were conducted at
three different tire inflation pressures of 230, 260
and 290 kPa. These inflation pressures varied at
+12% of the inflation pressure recommendation by
tractor manufacturers. These tractor manufacturers
recommend inflation pressures for the practical
inflation values that local farmers use in horticulture
tractor. Every test combination was conducted at
five different hand brake levels of the test tractor,
and thus five different brake forces were attained.
The measurements were repeated 5 times at each
dynamic load and inflation pressure. Test tire was
made to move via driving system of single wheel
test setup mounted on the tractor and brake was

applied to the setup by means of hand brake lever.
Four parallel linkages were connected between
the main carriage and wheel carriage through load
cells. The parallel arms used eliminate the change
in vertical reaction force. Drawbar pull is measured
using four load cells offset by a vertical distance
and symmetric with respect to the tire. Drawbar
pull value which was imported via those four load
cells was recorded to data taker. Drawbar pull,
forward velocity, wheel torque and wheel rotational
speed were measured and stored in the data logger.
Variance analyses of manipulated variables such as
tire type, lug height, axle load and inflation pressure
were done in order to determine their effects on
tractive efficiency values. MINITAB program was
used to obtain the results of variance Analysis and
LSD tests were done via ANOVA module.

3. Results and Discussion

Two types of tires were each tested at three different
lug heights, three levels of inflation pressure and
three different vertical loads in stubble field. Two
performance characteristics were compared as TE
and NTR. The data collected for each experiment
was analyzed in a spreadsheet to develop simple
relationships between tire type and NTR. The plotted
graphs (Figure 2) show that the tire NTR increased
with the travel reduction, but the rate of the increase
also decreased with increasing travel reduction.
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Figure 2- Net traction ratio as a function of travel

reduction for the bias-ply with lug height of 14 mm

and radial tire with lug height of 14 mm

Sekil 2- 14 mm profil yiiksekligine sahip ¢apraz katli ve
radyal lastik icin patinajin bir fonksiyonu olarak net
ceki orant
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Wheel torque and net traction increase with travel
reduction or slip, because initial travel reduction is
mainly due to elastic deformation of the tire tread.
Further increase in wheel torque and net traction
results in part of the tire tread sliding on the ground. At
all combinations of three levels of inflation pressure
and three different vertical loads, bias-ply tires with
lug height of 14 mm developed the same NTR at
approximately 10% more travel reduction ratio than
radial tires with the same lug height. Depending on
the structural and operational characteristics of drive
tire, minimum travel reduction value was found to
be 3.3% and maximum travel reduction value was
34.1%. Upadhyaya & Wulfsohn (1989) and Bashford
& Kocher (1999) found that radial tires performed
better than bias ply tires.

At same travel reduction ratio, maximum NTR
was 0.69 for h_ lug height of tire while maximum
NTR was 0.58 for h,,, lug height. Travel reduction
ratio for radial tire decreased by 8% when lug
height of tire was increased by 71%. Also, travel
reduction ratio for radial tire decreased by 25%
when lug height of tire was increased by 114%. For
bias-ply tire, when lug height of tire was increased
by 40% and 80%, travel reduction ratio decreased
respectively by 7% and 28%. Although increased lug
height increased the hold on tire to soil, decreased
lug height increased travel reduction because the tire
did not hold on sufficiently to the soil. The results
showed that the tire with high lugs can develop higher
NTR than the smooth tire. The effect of lug height
on the NTR is shown in Figure 3. Plackett (1984)
found that as lug height increased, size of the contact
area increased, leading to a reduction in mean ground
pressure. Thus, NTR increased when lug height of
tire was increased. Nakashima et al (2007) stated that
higher lugs tend to yield higher net traction.

Figure 4 indicates the effects of travel reduction
at variable dynamic load on net traction, respectively.
For a given dynamic load, net traction increased as
travel reduction increased. During the experiments,
average travel reduction values decreased by
21% for bias-ply tires and by 18% for radial tires
depending on increased axle load of 86%. Dynamic
load affected soil-tire contact pressures differently

Net traction ratio
o
v
!

® hibl @ hLb2 4 hLb3 < hLrl * hLr2 mhLr3

4 8 12 16 20 24 28
Travel reduction (%)

Figure 3- Net traction ratio as a function of travel
reduction for six lug heights of tires

Sekil 3- Lastiklerin alti profil yiiksekligi i¢in patinajin
bir fonksiyonu olarak net ¢eki orani

for the different transducer locations. Results from
previous research for radial-ply tractor drive tires
indicate that an increase in dynamic load caused
a decrease in normal stresses on lugs at the lug
middle and tire centerline positions and an increase
in normal stress at the outside edge of the lug, on
firm soil (Burt et al 1980). Carman & Aydin (2002)
observed that NTR and TE showed an increase
of 22% and 6% respectively when they increased
about 50% of the dynamic load.
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Figure 4- Net traction ratio as a function of travel
reduction for three different dynamic loads

Sekil 4- Ug farkli dinamik yiikii icin patinajin bir
fonksiyonu olarak net ¢eki orani

The highest value of 0.65 of NTR was reached
at inflation pressure of 230 kPa while using bias-
ply and radial tires. By increasing tire inflation to
290 kPa, the NTR decreased to 0.62 at same travel
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reduction ratio. Figure 5 shows the graph of tire
NTR for the three inflation pressures (230, 260 and
290 kPa). When tire inflation pressure was increased
from 230 to 260 kPa, average travel reduction
values increased by 27% for both bias-ply and radial
tires. In the slip range of approximately 20-30%,
the course follows a linear part, where increase of
drawbar pull causes the increase of slip loss. The
positive effect of lowering inflation pressure on the
improvement of tractive performance was evident
when forward velocity was 5 km h'. Jun et al (2004)
claimed that in height inflation pressure and low
dynamic load, distributions of contact pressures
across tire width were highly non-uniform and
pressures were concentrated at the middle of lug.
Correct combinations of dynamic load and inflation
pressure were used; however, the distributions of
contact pressure were relatively uniform. Therefore,
net traction and tractive efficiency of tire decreased
with increasing inflation pressure at constant
dynamic load. At constant inflation pressure, net
traction and tractive efficiency increased with
increasing dynamic load.
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Figure 5- Net traction ratio as a function of travel

reduction for three different inflation pressures

Sekil 5- Ug farkli i¢ basing i¢in patinajin bir fonksiyonu

olarak net ¢eki orani

Depending on changing structural and working
characteristics of drive tire, tractive efficiency
values were determined in a range of 0.27-0.78
at changing travel reduction. The greatest tractive
efficiency for both tires was obtained at the lowest

inflation pressure of 230 kPa and the highest
dynamic load of 6.5 kN. Tractive efficiency of the
radial tire was greater at all combinations. Tractive
efficiency of radial tire with lug height of 14 mm
was 2% more than bias-ply tires with lug height of
14 mm. The greatest difference in terms of tractive
efficiency between the radial and bias-ply tire was
obtained at 230 kPa inflation pressure, 6.5 kN and
4.6% travel reduction. A certain amount of travel
reduction of radial tires was obtained at lower levels
than bias-ply tires for same axle loads and inflation
pressures. Tractive efficiencies as a function of
travel reduction for both radial and bias-ply tires are
shown in Figure 6. Analysis of variance (ANOVA)
was developed showing effects of of tire type, lug
height, axle load and inflation pressure interactions
on tractive efficiency (Table 4). As appreciated
from Table 4, effect of both tire types on tractive
efficiency was found to be important (P<0.01).
Stimer & Sabanci (2005) indicated that radial-ply
tires provided a slight advantage over bias-ply tires.
Overall tractor efficiency was increased by 3.44%,
while specific fuel consumption was decreased by
3.08% on average with radial-ply tires compared to
bias-ply tires.
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Figure 6- Effect of tire type on tractive efficiency at
varies travel reduction levels

Sekil 6- Farkli patinaj seviyelerinde lastik tipinin ¢eki
verimi tizerine etkisi

Particularly, increasing of lug height has a great
effect on tractive efficiency on stubble ground. When
lug height was increased by 71% for radial tires, the
tractive efficiency increased by 4%. Likewise, when
lug height of bias-ply tire was increased by 40%,
the tractive efficiency increased by 5% (Figure
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Table 4- Variance analysis and LSD tests which were carried out for tractive efficiency values at stubble

field conditions

Cizelge 4- Aniz tarla sartlarindaki ¢eki verim degerlerinin varyans analizi ve LSD testleri

Vs DF SS MS F- Statistics
Tire size (T) 1 0.0072558 0.0072558 03.34**
Lug height (h,) 2 0.0152749 0.0076375 08.25%*
Dynamic load (W) 2 0.0124292 0.0062146 79.95%%*
T*W 2 0.0001478 0.0000739 0.95™
h *W 4 0.0010557 0.0002639 3.40m
Inflation pressure (P1) 2 0.0029860 0.0014930 19.21%*
T*P, 2 0.0000603 0.0000302 0.39™
h *P, 4 0.0003757 0.0000939 1.21™
WP, 4 0.0003275 0.0000819 1.05™
T*W*P, 4 0.0001965 0.0000491 0.63™
Error 26 0.0020210 0.0000777
Total 53 0.0421306
**(P<0.01);™, not significant
T, h, w P
(Bias-ply) 0.557, (h,,) 0.590, (W) 0.552, (P,)0.575,
(Radial) 0.581, (h,,) 0.571, (W,) 0.568, (P,)0.571,
(h, ;) 0.546, (W,) 0.587, (P,,) 0.561,
LSD (5%): 0.004 0.005 0.005 0.005
7). Maximum tractive efficiency obtained for all 11
combinations was 0.78 at h,_ lug height of radial .
tire while minimum tractive efficiency was obtained g —e—hlb1
0.27 at h, lug height of bias-ply tire. Effect of lug % 06 1 —s—hlb2
height on the tractive efficiency was found to be v ——htb3
important (P<0.01). g —htr
Depending on increased dynamic axle load, the "] :::z
average tractive efficiency values increased by 6%. 0 : : : . . .
0 5 10 15 20 25 30

When dynamic load was increased from 3.5 kN to
5 kN, the tractive efficiency increased by 2.5%.
Dynamic load increased the tractive efficiency by
3.5% when it was increased from 5 kN to 6.5 kN.
Increased dynamic load improved adherence of tire
to soil and decreased travel reduction. Figure 8 shows
the effect on tractive efficiency of different dynamic
axle loads. Effect of dynamic axle load on the tractive
efficiency was found to be important (P<0.01). There
were no significant differences between W2 and W3.
Similar reports concerned with tractive performance

Travel reduction (%)

Figure 7- Effect of lug height on tractive efficiency
at varies travel reduction levels

Sekil 7- Farkli patinaj seviyelerinde profil yiiksekliginin
ceki verimi tizerine etkisi

parameters in the literature confirm the discovered
trends in this investigation (Carman & Aydin 2002;
Elwaleed et al 2006; Yahya et al 2007).
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Figure 8- Effect of dynamic load on tractive
efficiency at varies travel reduction levels

Sekil 8- Farkli patinaj seviyelerinde dinamik yiikiin
ceki verimi iizerine etkisi

Tire tractive efficiency curves are shown in
Figure 9. Figure 9 shows that tractive efficiency
of tire increases suddenly with increasing travel
reduction to a maximum value and then gradually
decreases with the increase in travel reduction.
When inflation pressure was reduced from 290 kPa
down to 260 kPa; the tractive efficiency increased
by 2% with the same amounts of travel reduction.
Similarly, the tractive efficiency increased by 1.2%
when inflation pressure was decreased from 260
to 230 kPa. Smerda & Cupera (2010) found that
reducing tire inflation of appropriate tire types
can improve the drawbar characteristics and,
consequently, fuel consumption.
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Figure 9- Effect of inflation pressure on tractive
efficiency at varies travel reduction levels

Sekil 9- Farkli patinaj seviyelerinde i¢ basincin ¢eki
verimi tizerine etkisi

4. Conclusions

As conclusions, effects on travel reduction and
tractive efficiency values of manipulated variables
such as tire type, lug height, inflation pressure and
axle load can thus be summarized as follows.

At all combinations of the variables, radial
tires developed more NTR than bias-ply tires.
Accordingly, the axle power requirement is 2.7%
higher than has occurred. The radial tire had greater
tractive efficiency than the bias-ply tire except in
one combination of three levels of lug height, three
dynamic loads and three inflation pressures selected
in the study. Tire tractive efficiency increased
suddenly with increasing travel reduction to a
maximum value and then gradually decreased with
increase in travel reduction.

Travel reduction ratio increased when lug
height of tire was decreased. When lug height was
increased the tractive efficiency increased for both
tires. Tire with high lugs can develop higher tractive
force than the smooth tire.

For a given dynamic load, net traction
increased as travel reduction increased. During the
experiments, depending on axle load increase of
86%, average travel reduction values decreased by
21% for bias-ply tires and by 18% for radial tires.
Depending on increased dynamic axle load, the
average tractive efficiency values increases by 6%.

The highest value of NTR (0.65) was reached
at inflation pressure of 230 kPa while using bias-
ply and radial tires. By increasing tire inflation to
290 kPa, the NTR decreased to 0.62 at same travel
reduction ratio. When inflation pressure is reduced
from 290 kPa to 230 kPa, the tractive efficiency
tends to increase by 3%.

The single wheel tester can be used for testing
the effects of parameters such as dynamic loads,
lug heights and tire inflation pressure on tractive
performances of the tire.
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ABSTRACT

The present study was conducted to determine essential oil yields, essential oil compositions, total phenolics, antioxidant
and antibacterial activities of organic manure-treated medicinal plants of Salvia officinalis L. (sage), Lavandula
angustifolia L. (lavender), Melissa officinalis L. (lemon balm) and Origanum vulgare ssp. hirtum (origano). Essential
oil yields of investigated medicinal plants varied between 0.06£0.01%-3.43+0.06%. The 1,8-cineol (15.285+0.003%),
viridiflorol (12.095+0.003%) and cis-thujone (12.200+0.003%) were the major essential oil components in S. officinalis
L. Linalool (22.400+0.003%) 1,8-cineol (8.215+0.003%), linalyl acetate (7.900+0.003%) and lavadulyl acetate
(7.690+0.003%) were the major components in L. angustifolia L. Citronellal (14.515+0.003%), geranial (13.050+0.003%)
and B-caryophyllene (12.385+0.003%) were the major components in M. officinalis L. and carvacrol (65.080+0.003%)
was the major component in O. vulgare ssp. hirtum. The highest total phenolics content and antioxidant activity were
observed in M. officinalis. The best antibacterial activity against Staphylococcus aureus ATCC 43300, Staphylococcus
aureus ATCC 29213, Staphylococcus epidermidis ATCC 12228, Enterococcus faecalis ATCC 29212 and Escherichia
coli ATCC 35218 bacteria was observed in O. vulgare ssp. hirtum .

Keywords: Salvia officinalis L.; Lavandula angustifolia L.; Melissa officinalis L.; Origanum vulgare ssp. hirtum;
Medicinal and aromatic plants

Ahir Giibresinde Yetistirilen Dort Lamiaceae Tiiriiniin Fitokimyasal
Analizleri, Antioksidant ve Antibakteriyel Aktiviteleri
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OZET

Bu ¢alismada organik (ahir giibresinde) yetistirilen Salvia officinalis L. (Tibbi adacay1), Lavandula angustifolia L. (Ingiliz
lavantast), Melissa officinalis L. (Ogul otu) ve Origanum vulgare ssp. hirtum (Istanbul kekigi) tibbi bitkilerinin ugucu
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yag oranlari, yag bilesenleri, toplam fenolik igerikleri, antioksidant ve antibakteriyel aktiviteleri arastirilmistir. Caligma
sonucunda incelenen bitkilerde ugucu yag oraninin % 0.06+0.01-% 3.43+0.06 arasinda degisim gosterdigi belirlenmistir.
Ugucu yag bilesenleri olarak: S. officinalis L.’ te 1,8-cineol (% 15.285+0.003), viridiflorol (% 12.095+0.003) ve cis-
thujone (% 12.200+0.003); L.angustifolia L.’de linalool (% 22.400+0.003), 1,8-cineol (% 8.215+0.003), linalyl acetate
(% 7.900+0.003) ve lavadulyl acetate (% 7.690+0.003); M. officinalis L.’te citronellal (% 14.515+0.003), geranial
(% 13.050+0.003) ve B-caryophyllene (% 12.385+0.003); O. vulgare ssp. hirtum’de carvacrol (% 65.080+0.003) tespit
edilmistir. En yiiksek toplam fenolik igerik ve antioksidant aktivite Melissa officinalis L.’te goriilmistiir. Kullanilan
Staphylococcus aureus ATCC 43300, Staphylococcus aureus ATCC 29213, Staphylococcus epidermidis ATCC 12228,
Enterococcus faecalis ATCC 29212 ve Escherichia coli ATCC 35218 bakterilerine kars1 en iyi antibakteriyel aktiviteyi
Origanum vulgare ssp. hirtum 'un gosterdigi belirlenmistir.

Anahtar Kelimeler: Salvia officinalis L.; Lavandula angustifolia L.; Melissa officinalis L.; Origanum vulgare ssp.

hirtum; Tibbi ve aromatik bitkiler

1. Introduction

Increasing infection risks stemming from antibiotic-
resistant microorganism have made the discovery
of new and natural antimicrobial substances the
focus of various researches. What is more, various
synthetic food additives for preservative purposes
created serious concerns on sensitive and conscious
consumers. Such concerns have brought about the
concepts of organic food or organic agriculture.
The expectations of conscious consumers have
encouraged and even forced the producers and
service providers to use natural preservatives. Then,
a need has arisen for researchers to investigate
and test efficiency of various plants against
microorganisms. Antibacterial impacts of various
plant extracts microorganisms and especially on
food pathogens have been supported by several
researchers.

As it is well known, reactive oxygen species,
singlet oxygen, superoxide radicals, hydrogen
peroxide, hydroxyl radicals and nitric oxide are
unstable and extremely reactive compounds.
Oxidative stress-induced reactive oxygen species
are blamed to be the indicators of development
and progress of various cardiovascular diseases.
Antioxidants prevent negative impacts of free
radicals and reactive oxygen species and protect
the body. Today, BHT, BHA, propyl gallate and tert
butyl hydroquinone are the most common synthetic
antioxidants. However, reliability of these synthetic

© Ankara Universitesi Ziraat Fakiiltesi

antioxidants are argued because of their toxic and
carcinogenic effects and resultant liver injury.
Therefore, discovery of new, reliable and unharmful
antioxidants from natural resources have become
the most common research topic (Birman 2012).

Lamiaceae species are now cultivated worldwide,
mainly to be used as culinary and medicinal herbs
and they are widely studied as natural antioxidant
sources since they are relatively rich in polyphenols
(Cuvelier et al 1994). The Lamiaceae species of
Salvia officinalis L. (sage), Lavandula angustifolia
L. (lavender), Melissa officinalis L. (lemon balm),
Origanum vulgare ssp. hirtum (origano) cultured
in this study are popular herbal teas and essential-
oil containing drugs. Their therapeutic actions
are assigned to biologically active polyphenol
components, such as flavonoids and phenolic
acids, which possess antioxidant activities. They
are naturally grown in Turkey and commonly used
by local people in treatments of various diseases.
However, culture of these plants is scarcely any.
Therefore, they are commonly collected from their
natural habitats and marketed then. Collection
usually starts with the fresh shoots through the early
development stages and such a collection results in
excessive damage to plants. Damaged plants are then
not able to develop efficient seeds and ultimately
they experience various problems for their survival.
Thus, for the preservation of natural plant cover and
plant genetic sources, culture environments should
be created for these plants under such pressures.
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A common standardization also plays a significant
role for the trade of these plants. Standardized
production will then be possible only with the
culture and breeding of species.

The primary objectives of the present study are
to prevent genetic erosion in country flora; to grow
high yield and quality medicinal plants and to raise
an awareness on fertilizer utilization which has not
been fully comprehended by Turkish farmers and
to improve organic fertilizer (manure) use over
agricultural fields. In sustainable agriculture, organic
fertilizers not only supply plant nutrients but also
improve soil organic matter contents. Thus, the
objective is to encourage the use of organic fertilizers
over cultivated lands. Another objective of the present
study is to determine the essential oil yields, essential
oil compositions, total phenolics, antioxidant and
antibacterial activities of four medicinal and aromatic
plants of Lamiaceae family S. officinalis L., L.
angustifolia L., M. officinalis L., O.vulgare ssp.
hirtum cultivated with organic barnyard manure.

2. Material and Methods

The seedlings supplied from Field Crops Central
Research Institute of the General Directorate of
Agricultural Researches and Policies constituted the
primary materials of the present study. Experiments
were conducted in randomized block design with
three replications over 1500 m? area in Kiirtiin town
of Giimiighane Province. Average climatic data
were recorded for years 2010-2013 as follows: 10.4
°C temperature; 39.51 mm precipitation; 64.0%
relative humidity (Anonymous 2015). Experimental
fields have sandy-clay-loam soil texture with
slightly alkaline characteristics (pH 7.20). Soils
were classified as unsaline (0.8%) and found to be
sufficient in phosphorus (with available phosphorus
content of 84.91 kg ha™).

While selecting plant species, the significant
plants for regional development, the ones suitable
for regional ecology and with high value-added were
taken into consideration. A month before plantation
of seedlings, 15 ton ha'! decomposed manure were
applied. Maintenance and care practices were

regularly implemented based on climate conditions
and 15 ton ha' manure was also applied in autumn
of every year (in November). No chemicals were
used in experiments.

S. officinalis L., L. angustifolia L., M. officinalis
L. and O. vulgare ssp. hirtum were harvested at full
bloom stage in a sunny day at noon time of the year
2013. Plants were dried at shade and made ready for
laboratory analyses.

2.1. Isolation of the essential oil (essential oil
preparation)

Essential oil analyses were carried out in accordance
with TS 8882 method. About 20 g sample was
taken from dried plants of each species and placed
into glass Clevenger flasks. About 200 mL (about
ten times of sample weight) distilled water was
added and samples were then subjected to hydro-
distillation for about 3 hours. The essential oil
accumulated on top and separated from the rest of
the sample. The amount was recorded in ml from
the graduated section of the flask and weights were
then used to calculate percent essential oil yields.

2.2. Gas chromatography-mass spectrometry/flame
ionization detector (GC-MS/FID)

The essential oil composition of samples was
analyzed by gas chromatography (Agilent 7890A)
coupled with flame ionization detector and mass
spectrometry (Agilent 5975C) with capillary
column (HP Innowax Capillary; 60.0 m x 0.25 mm x
0.25 um). Essential oils were diluted 1:50 ratio with
hexane. GC-MS/FID analysis was carried out at split
mode of 50:1. Injection volume and temperature
were adjusted as 1 pL and 250 °C, respectively.
Helium (99.9%) was the carrier gas at a constant
flow rate of 1 mL min'. The oven temperature
was programmed as follow; 60 °C for 10 minutes,
increased at 20 °C minute™ to 250 °C, and held at
250 °C for 8 minutes. MS spectra were monitored
between 35-450 amu and the ionization mode
used was electronic impact at 70 eV. The relative
percentage of the components was calculated from
GC-FID peak areas, and components were identified
by WILEY, NIST and FLAVOR libraries.
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2.3. Extraction of samples

Dry samples were extracted by methanol at
three steps according to Cai et al (2004). Briefly,
approximately 5 g of the arils were extracted twice
with 10 mL of pure methanol for 1 hour, 10 mL for
30 minutes, and then with 5 mL for 30 minutes in an
ultrasonic bath at room temperature.

2.4. Determination of total phenolic content

Spectrometric method defined by Spanos &
Wrolstad (1990) was employed to determine total
phenolic substance. About 100 pL sample were into
atube and 900 pL distilled water was added. Then, 5
mL 0.2 N Folin-Ciocalteu solution (10 times diluted
with distilled water) and 4 mL saturated sodium
carbonate solution (75 g L) were added into
samples and tubes were completely vortexed and left
in dark for 2 hours. The extracts were combined and
phenolic content of these extracts were measured
at 765 nm by using UV-Vis spectrophotometer
(Shimadzu UV-1800, Japan). The results were
expressed as gallic acid equivalent (mg GAE g)
by using standard calibration curve of this phenolic
compound.

2.5. Determination of antioxidant activity

Antioxidant activities (AA) of the samples were
determined by DPPH method (Lafka et al 2007).
Antioxidant capacity of these extracts (same as total
phenolic matter extraction procedure) was measured
at 515 nm by UV-Vis spectrophotometer (Shimadzu
UV-1800, Japan). Results were calculated as
inhibition capacity (IC,). % inhibition values
(swiping effects of samples on DPPH radical) were
calculated by using the Equation 1.

% Inhibition= [(A A x100 1

DPPH-Aextract DPPH ]

Where; A ,.,;» absorbance of the control reaction;
A .. absorbance in the presence of tested extracts;
Ay absorbance value of 0.1 mL methanol+3.9 mL
DPPH solution; A, absorbance value of samples

after 30 minutes; reset solution, pure methanol.

Percent inhibition values obtained from samples
at different concentrations and concentration

values were inserted into graphs and effective
concentration inhibiting DPPH effects by 50%
(EC,,) was calculated for each sample (Lafka et al
2007).

2.6. Determination of antibacterial activity

The test organisms included gram-positive
Staphylococcus aureus ATCC 43300, Staphylococcus
aureus ATCC 29213, Staphylococcus epidermidis
ATCC 12228, Enterococcus faecalis ATCC 29212
and gram-negative Echerichia coli ATCC 29213. All
ATCC bacterial strains were obtained from BATEM
Microbial Culture Collection, Antalya, Turkey. The
bacteria were grown in the Miller Hinton Agar
(MHA) at 37 °C and maintained on Miiller Hinton
Agar plate at 4 °C. In vitro antibacterial activity was
examined for essential oil obtained from S. officinalis
L., L. angustifolia L., M. officinalis L., O.vulgare
ssp. hirtum traditionally used as medicinal plants.
Antibacterial activities of these essential oils were
evaluated by disc diffusion method (CLSI 2006).
For all the bacterial strains, overnight cultures
were grown in MHA and they were adjusted to an
inoculation size of 0.5 McFarland 108 CFU mL! for
inoculation of the agar plates. 100 pL of bacterial
culture suspension was spread on MHA. Then the
bacteria were spread over MHA with a sterile swab.
Then, sterile filter paper disc was soaked into 10
uL of essential oil and blank disc (for sterilization
control) and antibiotic disc were placed on it. Based
on sensitivity characteristics of each bacterium,
standard antibiotic discs selected from CLSI were
used as positive control treatments. Bacteria were
incubated at 37 °C overnight. After an incubation
period of 24 h at 37 °C, antibacterial activity was
evaluated by inhibition zones of bacterial growth.
Three replications of each test were performed. The
results are presented as average zone of inhibition of
all the bacterial strains of ATCC.

2.7. Statistical analysis

The Kolmogorov-Smirnov and Levene’s tests
were applied to test normality and homogeneity
of variance, respectively. Data sets were analyzed
with one-way ANOVA and means were compared
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with Tukey’s post-hoc test. The Tukey test results
were displayed in the form of letters. Parameters
were displayed as mean+standard error of the mean
(SEM). The alpha level was set at 5%. The statistical
analysis was performed using Minitab 17 statistical
software.

3. Results and Discussion

Descriptive statistics for essential oils and essential
oil components of S. officinalis L., L. angustifolia
L., M. officinalis L. and O. vulgare ssp. hirtum plants
are provided in Tables 1-5. The descriptive statistics
and results of Tukey’s post-hoc test at P<0.05 for
common components (essential oil, total phenolic
content, antioxidant activity, antibacterial activity)
are provided in Tables 6-8. Results of ANOVA
carried out to compare the major components are
provided in Table 9.

3.1. Essential oils and chemical composition of
essential oils

Essential oils contents of L. angustifolia L., M.
officinalis L., O. vulgare ssp. hirtum, and S. officinalis
L. were respectively observed as 0.7340.04%,
0.06+0.01%, 3.43+0.06% and 1.40+0.04% (Table
5). The differences between essential oil yields of
the plants were found to be significant (P<0.05).
Tukey’s test revealed the highest essential oil yields
in O. vulgare ssp. hirtum and the lowest in M.
officinalis L. (P<0.05).

Bouaziz et al (2009) reported the essential oil
yields of S. officinalis L. as 0.72%, and Ben Taarit
et al (2010) as 0.66%. Mirjalili et al (2006) reported
the essential oil yields of cultured S. officinalis L. in
Iran as between 0.20-0.90%. Current finding for the
essential oil yield of S. officinalis L. (1.40+0.04%)
were higher than those reported in earlier studies.
Environmental and agronomic practices may result
in variations in essential oil yields (Chope & Terry
2009). Seidler-L.o'zykowska et al (2013) reported
the essential oil yield of M. officinalis L. as 0.05%,
(Padova) as 0.44% and (Warsaw), Carnat et al
(1998) as between 0.02-0.3%. The current findings
for essential oil yield of M. officinalis L. were

similar to those presented in earlier studies. Porto
et al (2009) used the HD method of extraction and
reported the essential oil yield of L. angustifolia L.
as between 0.5-1.02% and Yazdani et al (2013) as
between 0.25-2.0%. Milos et al (2000) reported the
essential yield of O. vulgare ssp. hirtum as 2.9%.

De Martino et al (2009) reported the essential
yield of O. vulgare ssp. hirtum collected from
three different regions as between 2.35-3.15%.
Current essential oil yields of O. vulgare ssp.
hirtum were similar with those earlier ones. In
the present study, 32 major components were
identified in essential oils of S. officinalis L. (Table
1). The major components of the essential oil
were identified as 1,8-cineol (15.285+0.003%),
viridiflorol (12.095+0.003%), cis-thujone
(12.200+0.003%),  B-pinene  (9.410+0.003%),
a-pinene (6.310+0.003%). In essential oil of L.
angustifolia L., 40 components were identified
(Table 2). Linalool (22.400+0.003%), 1,8-cineol
(8.2154+0.003%), linalyl acetate (7.900+0.003%),
lavadulyl acetate (7.690+0.003%) were identified
as the major components. In essential oil of M.
officinalis L., 15 components were identified
(Table 3) and citronellal (14.515+0.003%),
geranial (13.050+0.003%), [-caryophyllene
(12.385+0.003%) were the major components. In
essential oil of O. vulgare ssp. hirtum,21 components
were identified (Table 4). The major component
was carvacrol (65.080+0.003%) and it was
followed by thymol (10.490+0.003%), y-terpinene
(7.340+0.003%), para-cymene (5.315+£0.003%). In
previous studies, carvacrol (64.06%) was identified
as the major component of essential oil of O. vulgare
(Stupar et al 2014). Karamanos & Sotiropoulou
(2013) reported the carvacrol content of essential oil
of O. vulgare ssp. hirtum as between 56.46-84.88%
based on plant organs, seasons and treatments
and carvacrol was followed by m-cymene (4.19-
21.4%) and a-pinene (0.11-1.88%). The results of
the present study agree with the results of previous
works. In a previous report, Stupar et al (2014)
indicated the major components of L.angustifolia as
linalool (37.61%) and linalool acetate (34.86%). Oh
(2013) reported linalool and linalyl acetate contents
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Table 1- The essential oil composition of S. officinalis L. (%)

Cizelge 1- S. officinalis L. in ucucu yag bilesenleri (%)

Parameters Retention time ~ Mean+SEM Standard deviation ~— Min-Max

cis-salvene 10.16 0.210£0.000 0.000 0.210-0.210
o-pinene 13.03 6.310%0.006 0.010 6.300-6.320
a-thujene 13.18 0.180+0.000 0.000 0.180-0.180
Camphene 14.90 3.100%0.000 0.000 3.100-3.100
B-pinene 16.74 9.410+0.012 0.020 9.390-9.430
Myrcene 19.14 0.685+0.003 0.005 0.680-0.690
o-terpinene 19.96 0.260%0.000 0.000 0.260-0.260
Limonene 20.81 1.120+0.000 0.000 1.120-1.120
1,8-cineol 21.27 15.285+0.009 0.015 15.27-15.30
cis-p-ocimene 22.28 0.650+0.000 0.000 0.650-0.650
y-terpinene 22.85 0.510+0.000 0.000 0.510-0.510
para-cymene 23.95 0.230+0.000 0.000 0.230-0.230
o-terpinolene 24.43 0.185+0.003 0.005 0.180-0.190
cis-thujone 30.02 12.20+0.006 0.010 12.19-12.21
trans-thujone 30.69 4.200+0.000 0.000 4.200-4.200
cis-Sabinene hydrate ~ 31.13 0.210+0.000 0.000 0.210-0.210
o-copaene 32.42 0.175+0.003 0.005 0.170-0.180
Camphor 33.40 3.265+0.003 0.005 3.260-3.270
Linalool 33.70 0.445+0.003 0.005 0.440-0.450
bornyl acetate 35.26 0.590£0.017 0.030 0.560-0.620
terpinen-4-ol 35.79 0.400+0.006 0.010 0.390-0.410
f-caryophyllene 35.97 5.700+0.000 0.000 5.700-5.700
delta-terpineol 37.82 0.260+0.006 0.010 0.250-0.270
a-humulene 38.19 5.125+0.003 0.005 5.120-5.130
o-terpineol 38.54 0.480%0.006 0.010 0.470-0.490
y-muurolene 38.60 0.405+0.003 0.005 0.400-0.410
Borneol 38.77 7.22540.020 0.035 7.190-7.260
delta-cadinene 40.51 0.380+0.000 0.000 0.380-0.380
Caryophyllene oxide  46.91 0.365+0.003 0.005 0.360-0.370
humulene epoxide I ~ 48.30 0.510%0.000 0.000 0.510-0.510
Viridiflorol 49.10 12.095+0.003 0.005 12.09-12.10
Manool 52.83 7.835+0.032 0.055 7.780-7.890

of L. angustifolia species respectively as between
30.3-38.7% and between 48.0-53.7%. Current major
components of the essential oil of L. angustifolia L.
were a bit lower than the earlier ones. The observed
differences may probably be due to use of different
parts of plant for analysis, different environmental
and genetic factors, different chemotypes and the
nutritional status of the plants as well as other factors
that can influence the oil composition (Ahmadvand

et al 2013). Argyropoulos & Muller (2014) reported
the major components of M. officinalis L. essential
oil as citro-nellal (17.9£1.8%), neral (12.4+2.2%),
geranial (16.1£2.7%). Seidler-Lo zykowska et
al (2013) indicated citral (neral+geranial) as the
major component of the essential oil obtained
from M. officinalis L. leaves and reported the
citral contents as between 10.13% (Bonn)-35.83%
(Bratislava). Present findings comply with these
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earlier values. Bouaziz et al (2009) indicated the in essential oils of the control plants of S. officinalis
major components in essential oils of S. officinalis L. as athujone (23.43%), camphor (17.60%),
L. as b-thujone (17.76%), 1,8-cineole (eucalyptol)  1,8-cineole (13.83%), viridiflorol (9.36%). The
(16.29%), camphor (14.19%), a-thujone (7.41%), current findings were similar with the findings of
transcaryophyllene (5.45%), viridiflorol (4.63%). the other researchers.

Ben Taaritetal (2010) reported the major components

Table 2- The essential oil composition of L. angustifolia L. (%)

Cizelge 2- L. angustifolia L. u¢ucu yag bilesenleri (%)

Parameters Retention time  Mean+SEM Standard deviation  Min-Max
a-pinene 13.03 0.585+0.003 0.005 0.580-0.590
Camphene 14.90 0.730+0.000 0.000 0.730-0.730
B —pinene 16.73 1.085+0.003 0.005 1.080-1.09
Myrcene 19.14 0.540+0.000 0.000 0.540-0.540
Limonene 20.81 3.350+0.000 0.000 3.350-3.350
1,8-cineol 21.25 8.215+0.003 0.005 8.210-8.220
cis-pf-ocimene 22.28 0.380+0.000 0.000 0.380-0.380
trans-f-ocimene 23.03 0.495+0.003 0.005 0.490-0.500
3-octanone 23.20 0.715+0.003 0.005 0.710-0.720
meta-cymene 23.83 0.675+0.003 0.005 0.670-0.680
para-cymene 23.93 1.405+0.003 0.005 1.400-1.410
1-Octen-3-ol acetate 28.02 1.895+0.003 0.005 1.890-1.900
cis-Linalool oxide 30.46 1.760+0.012 0.020 1.740-1.780
trans-Linalool oxide 3145 1.250+0.000 0.000 1.250-1.250
Camphor 33.40 5.125+0.003 0.005 5.120-5.130
Linalool 33.71 22.40+0.000 0.000 22.40-22.40
linalyl acetate 34.20 7.900+0.000 0.000 7.900-7.900
bornyl acetate 35.27 0.995+0.014 0.025 0.970-1.020
lavadulyl acetate 35.75 7.690+0.023 0.040 7.650-7.730
terpinen-4-ol 35.79 0.685+0.003 0.005 0.680-0.690
Lavandulol 37.78 0.610+0.006 0.010 0.600-0.620
Cyrptone 38.27 3.690+0.012 0.020 3.670-3.710
a-terpineol 38.54 2.020+0.000 0.000 2.020-2.020
Borneol 38.76 4.830+0.023 0.040 4.790-4.870
Eucarvone 39.11 0.740+0.006 0.010 0.730-0.750
neryl acetate 39.32 0.980+0.000 0.000 0.980-0.980
Carvone 39.99 0.660+0.000 0.000 0.660-0.660
geranyl acetate 40.16 2.435+0.003 0.005 2.430-2.440
y-cadinene 40.69 0.985+0.003 0.005 0.980-0.990
Nerol 41.28 0.450+0.000 0.000 0.450-0.450
cumin aldehyde 41.35 1.965+0.003 0.005 1.960-1.970
Geraniol 42.46 1.050+0.006 0.010 1.040-1.060
meta-cymen-8-ol 42.54 0.725+0.003 0.005 0.720-0.730
para-cymen-8-ol 42.72 0.540+0.000 0.000 0.540-0.540
Caryophyllene oxide 46.91 3.735+0.003 0.005 3.730-3.740
1,10-di-epi-Cubenol 48.44 0.435+0.003 0.005 0.430-0.440
para-cymen-7-ol 49.16 0.500+0.000 0.000 0.500-0.500
epi-a-cadinol 51.01 5.360+0.006 0.010 5.350-5.370
Unidentified 0.425+0.061 0.105 0.320-0.530

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences 23 (2017) 95-108 101



Phytochemical Analysis, Antioxidant and Antibacterial Activities of Four Lamiaceae Species Cultivated in Barnyard Manure, Yaldiz et al

3.2. Total phenolic content

Total phenolic contents of the present study are
provided in Table 6. Total phenolic contents varied
between 16.480+0.087-76.110+1.030 mg GAE g
dw with the highest value in M. officinalis L. and
the lowest value in L. officinalis L. (P<0.05). In
previous literatures, total phenolic compound of
L. officinalis L. extract was reported as 76.8 mg
GAE g' dw (Rabiei et al 2014). Lin et al (2012)
reported the total polyphenols of M. officinalis L.
as 175.15£11.02 mg g! dw in frozen dry sample
extracts and as 164.13+£12.02 mg g dw in hot air
dry sample extracts. Barros et al (2013) reported
the total phenolic contents of M. officinalis L.
grown under field conditions and in vitro conditions
respectively as 59.59 mg g! and 30.21 mg g' of
infusion. Ben Farhat et al (2013) estimated the
total phenolic contents spectrophotometrically and
reported that the values ranged from (67.67-72.02
mg GAE g dw) for S. argentea extracts to (112.93-
161.37 mg GAE g'dw) for S. officinalis samples.
Salem et al (2013) reported the phenolic contents
of non-treated sage leaves as 36.5+2.35 mg GAE
g fw. Chun et al (2005) reported the total phenolic
content in water extracts of the clonal oregano as

52.8 mg g' dw compared to 39.4 mg g' dw in the
commercial sample. Martins et al (2014) indicated
that decoction presented the highest concentration
of flavonoids (75.25 mg g’ decoction) and total
phenolic compounds (98.05 mg g' decoction) for
O. vulgare L. and it was followed by infusion and
hydroalcoholic extracts, respectively. Total phenolic
contents obtained from M. officinalis L., O. vulgare
ssp hirtum, S.officinalis L. and L. angustifolia L. of
the present study were slightly different from those
earlier reported ones. The differences between the
current and previous findings were probably because
of differences in harvest times, climate, cultural
practices and/or plant genetics. Plant genetics and
cultural practices may significantly affect phenolic
contents and thus they play significant roles in
nutritional values of the food stuff (Yang et al 2007;
Ozgen et al 2008).

3.3. Antioxidant activity

In the present study, antioxidant activities were
determined by using DPPH method and the values
varied between 0.930+0.023-6.140+0.058 g g
DPPH (Table 7). M. officinalis L. had the highest
antioxidant activity (0.930+0.023 g g DPPH) and

Table 3- The essential oil composition of M. officinalis L. (%)

Cizelge 3- M. officinalis L. ugucu yag bilesenleri (%)

Parameters Retention time ~ Mean+SEM Standard deviation ~ Min-Max
1-octen-3-ol 30.41 0.760+0.000 0.000 0.760-0.760
f-caryophyllene 33.35 12.385+0.032 0.055 12.33-12.44
Citronellal 31.78 14.515+0.026 0.045 14.47-14.56
o-humulene 38.18 1.210+0.006 0.010 1.200-1.220
o-copaene 32.41 1.015+0.003 0.005 1.010-1.020
 —bourbonene 33.35 0.890+0.000 0.000 0.890-0.890
Methyl citronellate 34.43 2.090+0.000 0.000 2.090-2.090
-copaene 39.32 3.645+0.026 0.045 3.600-3.690
Geranial 39.69 13.05+0.023 0.040 13.01-13.09
d-cadinene 40.51 1.110+0.017 0.030 1.080-1.140
humulene epoxide I1 48.30 1.685+0.003 0.005 1.680-1.690
Fokienol 50.45 1.160+0.029 0.050 1.110-1.210
epi- a-cadinol 51.02 0.955+0.014 0.025 0.930-0.980
a-cadinol 52.59 1.615+0.009 0.015 1.600-1.630
Unidentified 4.230+0.000 0.000 4.230-4.230
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it was respectively followed by O. vulgare ssp.
hirtum (1.890+0.006 g g! DPPH), S. officinalis
L. (1.895+£0.020 g ¢! DPPH) and L. angustifolia
L. (6.140+0.058 g g' DPPH) (P<0.05). Sahin et
al (2004) employed the free radical scavenging
activity and lipid oxidation inhibition in O.
vulgare ssp. vulgare extracts and studied the
essential oils in vitro. The researchers reported
the order of diphenylpicrylhydrazine with IC_
as 9.940.5 and 19.8+£0.5 pg mL", respectively.
Skotti et al (2014) investigated the antioxidant
activity of some medicinal and aromatic plants by
using DPPH method and reported the antioxidant
activities as between 1.314+0.01-3.16+0.06 mol
trolox mL! for O. vulgare, as between 3.03+0.09-
6.34+0.05 mol trolox mL-! for M. officinalis L. and
as between 0.34+0.01-1.64+0.01 mol trolox mL"!
for S. officinalis. Kaliora et al (2014) used DPPH
method and reported that the infusion of dittany
had highest antioxidant activity against the sage.
In previous literatures investigating the essential

oils of Origanum species, thymol and carvacrol
were reported to have high antioxidant activity
(Barrata et al 1998; Milos et al 2000; Ruberto
& Barrata 2000; Puertes-Mejia et al 2002).
Although present findings are somehow similar
to results of those earlier studies, differences
in extraction and antioxidant activity methods,
climate, soil, environmental factors, diseases
and pesticide treatments, harvest time, drying
and storage methods and plant parts used in
analyses may significantly affect the antioxidant
activity of plants (Bergonzi et al 2001; Wang &
Zheng 2001). There are several studies indicating
the relationships between antioxidant activity
and phenolic contents of the plants (Ruberto &
Barrata 2000; Dorman et al 2004; Cai et al 2006;
Canadanovic¢-Brunet et al 2008). In the current
study, positive correlation was also found between
total phenolic content and antioxidant activity in
all plant extracts (Table 9).

Table 4- The essential oil composition of O. vulgare ssp. hirtum (%)

Cizelge 4- O. vulgare ssp. hirtum ugucu yag bilesenleri (%)

Parameters Retention time ~ MeantSEM Standard deviation ~ Min-Max

1-octen-3-ol 30.41 0.590+0.000 0.000 0.590-0.590
[ —caryophyllene 35.96 3.105+0.003 0.005 3.100-3.110
a-humulene 38.18 0.230+0.000 0.000 0.230-0.230
a-pinene 13.03 0.560+0.000 0.000 0.560-0.560
a-thujene 13.18 0.910+0.000 0.000 0.910-0.910
Myrcene 19.14 1.540+0.000 0.000 1.540-1.540
a-phellandrene 19.31 0.180+0.000 0.000 0.180-0.180
a-terpinene 19.96 1.175+0.003 0.005 1.170-1.180
Limonene 20.81 0.210+0.000 0.000 0.210-0.210
 —phellandrene 21.27 0.200+0.000 0.000 0.200-0.200
y-terpinene 22.86 7.340+0.006 0.010 7.330-7.350
3-octanone 23.20 0.113+0.038 0.053 0.075-0.150
para-cymene 23.96 5.315+0.003 0.005 5.310-5.320
cis-Sabinene hydrate 31.12 0.380+0.000 0.000 0.380-0.380
trans-Sabinene hydrate ~ 33.95 0.150+0.000 0.000 0.150-0.150
carvacrol mehyl ether 35.81 1.075+0.003 0.005 1.070-1.080
Borneol 38.76 0.250+0.000 0.000 0.250-0.250
Thymol 50.92 10.490+0.012  0.020 10.47-10.51
Carvacrol 51.74 65.080+0.017  0.030 65.05-65.11
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Table 5- The essential oil yield of the plants (%)
Cizelge 5- Bitkilerin ucucu yag verimi (%)

Species Mean+SEM Standard deviation ~ Min-Max Tukey*
Lavandula angustifolia L. 0.73+£0.04 0.07 0.67-0.80 C
Melissa officinalis L. 0.06+0.01 0.01 0.05-0.07 D
Origanum vulgare ssp hirtum 3.43+0.06 0.10 3.33-3.53 A
Salvia officinalis L. 1.40+0.04 0.07 1.33-1.47 B
* different letters represent groups with significant differences (P<0.05)
Table 6- The total phenolic content of the plant extracts (mg GAE g™)
Cizelge 6- Bitki ekstraktlarinin toplam fenolik icerigi (mg GAE g*)
Species Mean+SEM Standard deviation ~ Min-Max Tukey*
Lavandula angustifolia L. 16.480+0.087 0.15 6.33-16.63 D
Melissa officinalis L. 76.110+1.030 1.78 74.33-77.89 A
Origanum vulgare ssp. hirtum 70.690+1.090 1.88 68.81-72.57 B
Salvia officinalis L. 63.275+0.915 1.59 61.69-64.86 C
* different letters represent the groups with significant differences (P<0.05)
Table 7- The antioxidant activity of the plant extracts (IC_, (g g’ DPPH))
Cizelge 7- Bitki ekstraktlarimin antioksidant aktivitesi (IC50 (g g DPPH))
Species Mean+SEM Standard deviation ~ Min-Max Tutkey*
Lavandula angustifolia L. 6.140+0.058 0.10 6.04-6.24 A
Melissa officinalis L. 0.930+0.023 0.04 0.89-0.97 C
Origanum vulgare ssp. hirtum 1.890+0.006 0.01 1.88-1.90 B
Salvia officinalis L. 1.895+0.020 0.04 1.86-1.93 B

*, different letters represent the groups with significant difference (P<0.05)

3.4. Antibacterial activity

Antibacterial activity against S. aureus ATCC 43300,
S. aureus ATCC 29213, S. epidermidis ATCC 12228,
E. faecalis ATCC 29212 and E.coli ATCC 35218
bacteria varied between 8.00+0.00-52.004+0.58 mm
(Table 8). The highest antibacterial activity against
the entire bacteria was observed in O. vulgare
ssp. hirtum (P<0.05). Entire plants also exhibited
relatively high antibacterial activity against S.
epidermidis ATCC 12228 bacteria (P<0.05). Stagos
etal (2012) using agar well-diffusion assay, tested the
ability of Lamiaceaca species to inhibit the growth
of S. aureus (Gram-positive) and Pseudomonas
aeruginosa (Gram-negative) bacteria. The results
showed that five out of seventeen extracts had

antibacterial activity against S. aureus but none
against P. aeruginosa. Voda et al (2003) indicated
that antifungal activity of oxygenated essential oil
components vary based on the type and position over
aromatic chain. Moon et al (2006) investigated the
efficiency of five Lavandula species against various
microorganism strains and reported that essential
oils of these plants had antibacterial effects against
S. aureus, metisiline-resistant S. aureus and E. coli,
but hydrosol and water-extracts of these species
were not able to exhibit antibacterial effects against
the tested strains. Lin et al (2004) carried out in
vitro studies and indicated distinctive antibacterial
effects of water-extracts of Origanum vulgare
against L. monocytogenes. Friedman et al (2002)
carried out an antibacterial activity study with 96
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Table 8- The antibacterial activity of the plant extracts (mm)

Cizelge 8- Bitki ekstraktlarinin antibakteriyal aktivitesi (mm)

Bacteria Species Mean+SEM Standard deviation ~ Min-Max Tukey*
Staphylococcus Lavandula angustifolia L. 18.525+0.303  0.53 18.00-19.05 B
aureus Melissa officinalis L. 16.875+0.072  0.13 16.75-17.00 C
ATCC 43300 Origanum vulgare ssp. hirtum ~ 41.025+0.563 0.98 40.05-42.00 A
Salvia officinalis L. 13.500+0.289  0.50 13.00-14.00 D
Staphylococcus Lavandula angustifolia L. 13.500+0.289  0.50 13.00-14.00 C
aureus Melissa officinalis L. 17.000+0.000  0.00 17.00-17.00 B
ATCC 29213 Origanum vulgare ssp. hirtum ~ 32.500+0.289 0.50 32.00-33.00 A
Salvia officinalis L. 11.000+0.000  0.00 11.00-11.00 D
Staphylococcus Lavandula angustifolia L. 38.000+0.577 1.00 37.00-39.00 B
epidermidis Melissa officinalis L. 15.000+0.000  0.00 15.00-15.00 D
ATCC 12228 Origanum vulgare ssp. hirtum  52.000+0.577 1.00 51.00-53.00 A
Salvia officinalis L. 25.000+0.577  1.00 24.00-26.00 C
Enterococcus Lavandula angustifolia L. 16.025+0.014  0.03 16.00-16.05 B
faecalis Melissa officinalis L. 11.000£0.000  0.00 11.00-11.00 D
ATCC 29212 Origanum vulgare ssp. hirtum ~ 24.250+0.144 0.25 24.00-24.50 A
Salvia officinalis L. 21.500+0.289  0.50 21.00-22.00 C
Escherichia Lavandula angustifolia L. 10.000+0.000  0.00 10.00-10.00
coli® Melissa officinalis L. 13.000+0.000  0.00 13.00-13.00
ATCC 35218 Melissa officinalis L. 29.000+0.000  0.00 29.00-29.00
Salvia officinalis L. 8.000+0.000 0.00 8.00-8.00

* different letters represent the groups with significant difference (P<0.05); @, statistical analyses were not performed since the

replications are not different

Table 9- Total phenolics, essential oil, antioxidant activity and antibacterial activity

Cizelge 9- Toplam fenolik, ucucu yag, antioksidant ve antibakteriyal aktivite

Parameters Source DF SS MS F Significance
Essential oil Between groups 3 19.130 6.3768 1348.4 0.000%*
(%) Within groups 8 0.0378 0.0047
Total 11 19.168
Total phenolic Between groups 3 6700.0 22333 967.07 0.000%***
(mg GAE g' dw) Within groups 8 18.480 2.3100
Total 11 6718.5
Antioxidant Between groups 3 48.810 16.270 5035.2 0.000%***
activity Within groups 8 0.0259 0.0032
(IC50 (g ' DPPH)) Total 11 48.836
ATCC 43300 Between groups 3 1414.9 471.62 1264.5 0.000%***
Within groups 8 2.9800 0.3700
Total 11 1417.8
ATCC 29213 Between groups 3 838.50 279.50 2236.0 0.000%**
Within groups 8 1.0000 0.1300
Total 11 839.50
ATCC 12228 Between groups 3 2319.0 773.00 1030.7 0.000%**
Within groups 8 6.0000 0.7500
Total 11 2325.0
ATCC 29212 Between groups 3 312.19 104.06 13294 0.000%***
Within groups 8 0.6300 0.0800
Total 11 312.82

*** significant according to ANOVA (P<0.001)
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essential 23 oil components and reported efficient
activity of cinnamaldehyde, thymol, carvacrol and
eugenol against E. coli, Salmonella enterica and L.
Monocytogenes. Researchers also indicated relively
higher antimicrobial activity of Oreganol against
gram-positive and negative bacterial pathogens.
Current findings comply with the results of those
earlier studies. Considering those earlier studies, it
can be stated herein that essential oils of medicinal
plants had higher antibacterial activity than the other
extracts like water, methanol, ethanol and hexane
(Ahmad et al 1998; Eloff 1998).

4. Conclusions

Together with widespread utilization of natural
additives in food industry, the interest in natural
antioxidants of the plants also increased day by day.
Therefore, investigation of natural antioxidants has
become a popular research topic, recently. Current
findings revealed that essential oil plants of S.
officinalis L., L. angustifolia L., M. officinalis L., O.
vulgare ssp. hirtum cultured with organic manure
could reliably be accepted as natural antioxidant
sources and these plants could also reliably be used
in pharmaceutical and food industries to prevent the
effects of reactive oxygen species and to reduce the
risks of cardiovascular diseases. It was observed
in this study that essential oils of these plants
exhibited antibacterial effects against S. aureus, S.
epidermidis, E. faecalis and E. coli bacteria. Thus,
they can be used in treatment of infectious diseases
caused by resistant microbes. In addition, the data
in the present study are supporting the use of these
plants as tea or additive in foods, and traditional
remedies for the treatment of infectious diseases.
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OZET

Zeytin fidantirtih, Palpita unionalis (Hiibn.) (Lepidoptera: Carambidae) zeytinin 6zellikle yaprak ve siirgiin gibi yesil
aksamini ve yiiksek popiilasyonlarda meyveleri tiiketerek zarar veren énemli bir tiirdiir. Tiirkiye’de bu zararlinin yerli
parazitoitlerinin parazitlenme orani bilinmemektedir. Bu amagla, P. unionalis ile larva parazitoiti Apanteles brunnistigma
Abdinbekova (Hymenoptera: Brachonidae) ve yumurta parazitoiti 7richogramma evanescens Westwood (Hymenoptera:
Trichogrammatidae) arasindaki iliski ile parazitlenme oranlari tespit edilmistir. Calisma, Dogu Akdeniz Bolgesi zeytin
bahgelerinde 2009-2010 yillart arasinda Erzin (Hatay), Kadirli (Osmaniye), Tarsus (Mersin) ve Saricam (Adana)’da
dort zeytin bahgesinde yiiriitiilmiistiir. Tki parazitoitin drneklemesi, iki y1l boyunca periyodik olarak Nisan ayindan
Kasim ay1 sonuna kadar haftada bir, Aralik ayindan Mart ay1 sonuna kadar iki haftada bir yapilmistir. Trichogramma
evanescens tarafindan parazitlenen zararli yumurtalari, iki yil siiresince Nisan sonundan Aralik ay1 sonuna kadar yedi-
sekiz ay boyunca tespit edilmistir. 7. evanescens igin parazitlenme orani iki yil i¢in Erzin’de % 13.8-100, Kadirli’de
% 11.1-100, Tarsus’da % 9.1-100 ve Sarigam’da % 1.4-100 arasinda bulunmustur. P. unionalis’in larva parazitoiti
olan A. brunnistigma’nin iki y1l boyunca Mayis sonu-Kasim sonu arasinda bes-alt1 ay aktif oldugu tespit edilmistir. A.
brunnistigma’nin parazitlenme orani iki yil i¢in Erzin’de % 0.5-100, Kadirli’de % 2.6-33.3, Tarsus’da % 5.3-14.3 ve
Sarigam’da % 1.4-10.2 arasinda bulunmustur.

Anahtar Kelimeler: Zeytin; Palpita unionalis; Trichogramma evanescens; Apanteles brunnistigma; Parazitlenme orant
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Dogu Akdeniz Bélgesi Zeytin Bahgelerinde Palpita unionalis ile iki Onemli Parazitoiti..., Kagar & Ulusoy

ABSTRACT

Olive leaf moth, Palpita unionalis (Hiibn.) (Lepidoptera: Carambidae) is an important species which damages by
consuming green organs of olive trees such as leaves and twings and fruits at high population. It has not been completely
known the parasitism rate of its native parasitoids in Turkey. For this aim, the study was conducted to determine the
interaction between olive leaf moth, Palpita unionalis (Hiibn.) (Lepidoptera: Carambidae) and its larval parasitoid,
Apanteles brunnistigma Abdinbekova (Hymenoptera: Brachonidae) and egg parasitoid, Trichogramma evanescens
Westwood (Hymenoptera: Trichogrammatidae), as well as their parasitism rates. The study was conducted on four olive
groves in Erzin (Hatay), Kadirli (Osmaniye), Tarsus (Mersin) and Sarigam (Adana) in the eastern Mediterranean region
between 2009 and 2010. Both parasitoids were checked weekly from April to November and forthnightly rest of the
months during two years. Parasited eggs were detected between the end of April and December during seven and eight
months for both years. The parasitism rate caused by 7. evanescens was calculated between 13.83 and 100% in Erzin,
11.1 and 100% in Kadirli, 9.1 and 100% in Tarsus, 1.4 and 100% in Saricam for two years. Apanteles brunnistigma
which is larva parasitoid of P. unionalis was determined to be actived between at the end of May and November during
five and six months for two years. The parasitism rate of A. brunnistigma was calculated between 0.5 and 100% in Erzin,

2.6 and 33.3% in Kadirli, 5.3 and 14.3% in Tarsus, 1.4 and 10.2% in Sarigcam.

Keywords: Olive; Palpita unionalis; Trichogramma evanescens; Apanteles brunnistigma, Parasitism rate

1. Giris

Tiirkiye, 8,260,915 da ekim alant ve 1,330,438
ton zeytin iretimi ile diinyada dordiincii sirada
yer almaktadir. Zeytin, Akdeniz havzasinin dogal
bitki Ortiisii icinde yer almaktadir. Tiim diinyada
bulunan 900 milyon zeytin agacinin % 98’1 Akdeniz
havzasinda bulunmaktadir (FAO 2013; TUIK 2014).
Akdeniz Bolgesi’nde Tarim Bakanligi’nin tesviki
ile 11 Ozel Idareler ve 6zel tesebbiisler tarafindan
temin edilen fidanlarla 2001 yilindan sonra zeytin
iiretim alanlarinda hizli bir artis olmustur. Akdeniz
Bolgesi'nde 2001 yilinda 548,420 da alanda
174,742 ton zeytin iiretimi yapilirken, 2014 yilinda
ekim alami1 1,374,278 da, tretim ise 437,677 ton
olarak gerceklesmistir. 2001 yilinda calismanin
yiriitiildiigii Adana’da 35,410 da alanda 10,894 ton;
Hatay’da 310,360 da alanda 55,786 ton; Mersin’de
66,660 da alanda 65,308 ton ve Osmaniye’de 14,090
da alanda 3,952 ton zeytin iiretimi yapilirken, 2014
yilinda Adana’da ekim alani 118,309 da, lretim
49,768 ton; Hatay’da ekim alan1 517,029 da, {iretim
131,647 ton, Mersin’de ekim alami 377,756 da,
iretim 114,162 ton ve Osmaniye’de ekim alani
123,049 da, tiretim 55,390 ton olarak ger¢eklesmistir
(TUIK 2014).

© Ankara Universitesi Ziraat Fakiiltesi

Zeytin bahgelerinde zarara neden olan onemli
tiirlerden biri olan Zeytin fidantirtth, Palpita unionalis
(Hiibn.) (Lepidoptera: Carambidae), zeytinlerin
ozellikle yaprak, siirgiin ve meyvelerinde beslenerek
zarara neden olmaktadir. Zararlinin konukgulart
arasinda bulunan Oleaceae familyasindan 6zellikle
zeytin, kurtbagri ve yaseminde Onemli zarara
neden oldugu kaydedilmistir (Avidov & Rosen
1961; Balachowsky et al 1972; Tzanakakis 2003).
Subtropik boélgelerde genis bir alanda dagilim
gosteren P. unionalis, Fransa ve Java’da yaseminin
onemli bir zararlis1 olmasma karsin, Akdeniz
iilkelerinde ise zeytinin dnemli bir zararlis1 oldugunu
bildirmistir (Tzanakakis 2003). Son yillarda Akdeniz
Bolgesi'nde yeni kurulan zeytin bahgelerinin
artmastyla birlikte, P unionalis’in 6nemli zarara
neden oldugu kaydedilmistir (Kagar & Ulusoy
2012). Palpita unionalis zeytinin 6zellikle yaprak
ve slirglinlerinde oburca beslenip, yesil aksami
tiketerek bitkinin geligmesini engellemektedir.
Zararl popiilasyonunun yiiksek oldugu donemde
findik  biiyiikligiindeki yesil meyvelerin etli
kismiyla beslenerek, meyvelerin zarar gérmesine ve
dokiilmesine neden olmaktadir. Ulkemizin degisik
bolgelerinde bulundugu bildirilen P unionalis’in,
Marmara ve Dogu Akdeniz Bolgesi’nde son yillarda
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yapilan calismalarda zeytin bahgelerinde Onemli
zarara neden oldugu bildirilmistir (Nizamlioglu &
Gokmen 1964; Iyriboz 1968; Atay 2005; Kovanci
et al 2006; Kumral & Kovanci 2008; Kacar &
Ulusoy 2012; 2013; Yilmaz 2012; Yilmaz &
Geng 2013). Israil, ftalya, Misir ve Suriye’de
yapilan c¢alismalarda; zararlinin  parazitoitleri
arasinda Hymenoptera takimindan Apanteles
lacteicolor Vier., A. laevigatus Ratz., A. obscurus
Nees, A. syleptae Ferriere, A. xanthostigmus (Hal.),
Chelonus sp. ve Dolichogenidea trachalus (Nixon)
(Braconidae), Brachymeria aegyptiaca Masi., B.
euploeae (Westwood) (Chalcididae), Elasmus steffani
Viggiani (Eulophidae) ve Xanthopimpla punctata
(Fabricius) (Ichneumonidae), Trichogramma brassicae
Bezdenko, T bourarachae Pintureau & Babault, 7/
cacociae Marchal, T. cordubensis Vargas & Cabello, T/
euproctidis Girault, T evanescens Westwood, T. oleae
Voegele & Pointel, 7 nerudai Pintureau & Gerding
ve T. nr. pretiosum Riley (Trichogrammatidae) ve
Diptera takimindan Ctenophorocera pavida Meig.,
Nemorilla maculosa Meigen (Tachinidae), Syrphus
corllae F. (Syrphidae) tiirleri bulunmaktadir (Avidov
& Rosen 1961; Triggiani 1972; Badawi et al 1976;
El-Sherif et al 1977; Fodale & Mule 1990; Fodale
et al 1990; Pinto et al 1994; 1995; El-Khawas et al
2000; Nasr et al 2002; Herz & Hassan 2003; Hegazi
et al 2004; 2005; Herz & Hassan 2006; Lababidi &
Haj Hammoud 2008). Tiirkiye’de ise P. unionalis 'in
tizerinde 9 adet parazitoit ve 21 adet predatdr olmak
iizere toplam 30 adet faydali tiiriiniin bulundugu,
larva parazitoiti A. brunnistigma Abdinbekova’nin
konukgular1 arasinda bu zararlimin ilk defa
kaydedildigi, ek olarak 7. evanescens’inde 6nemli
bir yumurta parazitoiti oldugu bildirilmistir (Kagar
& Ulusoy 2011).

Biyolojik miicadelede ii¢ temel yaklagimdan
birincisi mevcut dogal diismanlarin korunmas,
ikincisi  etkinliklerinin  artirilmasi,  li¢linciisi
dogal diisman popiilasyonunun  ¢ogaltilarak,
desteklenmesi ve sonuncuda dogal diismanlarin ithal
edilmesidir (Onciier 1998). Bunlardan mevcut dogal
diismanlarin korunmasi ve etkinliklerinin artirilmasi
amaciyla, dogada var olan canli baski unsurlarinin
zararlt  popiilasyonlar {izerindeki etkinliginin

bilinmesi en énemli unsurdur. Elde edilen veriler
dogal diismanlarin dogada siirdiiriilebilirligini
saglama, etkinligini artirma ve daha sonra yapilacak
calismalarin  kapsamimi olusturacak olan yerli
faydali tiirlerin kitle halinde iiretilerek saliverilme
calismalarina onciiliik etmesi bakimindan temel bir
calismadir. Bu ¢alismayla zararlinin yumurta ve
larvalar ile dogal diismanlart arasindaki iliskilerin
belirlenmesi ve dogada var olan dogal diismanlarin
etkinliklerinin ve potansiyellerinin saptanmasi
amagclanmigtir.

2. Materyal ve Yontem

Bu ¢alisma, 2009-2010 yillar1 arasinda Adana’nin
Sarigam, Hatay’m Erzin, Mersin’in Tarsus ve
Osmaniye’nin Kadirli ilgelerinde bulunan dort
zeytin - bahgesinde yiiriitilmiistir (Cizelge 1).
Sarigam ilgesindeki bahgenin {i¢ yani zeytin
bahgeleriyle ¢evrili olup, batisinda ilk yil bugday,
sonraki yil aygicegi tarimi yapilmis, dogusunda
bir dere etrafinda dogal bir bitki ortiisii ile
cevrili alan ve zeytinlikler yer almaktadir. Erzin
ilgesindeki bahgenin dort yaninda zeytin bahgeleri
bulunmaktadir. Ayrica bahgenin dogusuna dogru
yiikselti artmakta ve zeytin bahgesinden sonra
yabani zeytin ve calimsi bitkilerin yogun olarak
bulundugu korunmus c¢ogunlukla makiliklerin
olusturdugu kiiglik orman alani yer almaktadir.
Tarsus’da bulunan bahgenin batisinda tiziim bagi ile
karisik diger bir zeytin bahgesi, kuzeyinde ise bir
incir bahgesi ile giineyinde ise ¢ok kiigiik bir maki
alan ve sonrasinda bag alanlar1 ve dogusunda ise
zeytin bahgesi yer almaktadir. Kadirli’deki bah¢enin
ise ii¢c yaninda zeytin bahgeleriyle ¢evriliyken,
dogusunda susam ve bugday tarimi yapilmisgtir.
Ayrica giineyinde bir akarsu ve kii¢iik ¢calilik alanlar
yer almaktadir. Tiim bahgeler egimli olup, giineye
bakmaktadir. Biitiin bahgelere her yil 15 Subat’tan
sonra budama ve gilibreleme uygulamasi yapilmistir.
Hasat ve budamadan sonra Bordo bulamaci ile
fungal etmenlere karsi koruyucu ilaglama seklinde
yiriitiilmiistiir. Erzin’de ilk yil karakosnil problemi
nedeniyle Subat aymda kishk yag uygulamasi
yapilmistir. Giibrelemeler suni ve hayvan giibresi
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Cizelge 1- Dogu Akdeniz Bolgesi’nde Palpita unionalis’in larva parazitoiti Apanteles brunnistigma’nin ve
yumurta parazitoiti Trichogramma evanescens popiilasyon takibi yapilan bahcelere ait bilgiler

Table 1- The information of groves which population dynamic of larva parasitoid, Apanteles brunnistigma and
egg parasitoid, Trichogramma evanescens of Palpita unionalis in eastern Mediterranean region

1l lice Koy Cegit Yas (vil)  Alan (da)
Adana Sarigam Hocali Gemlik 8-4 25
Hatay Erzin Gokdere Gemlik 8-4 15
Mersin Tarsus Ulas Gemlik 5 35
Osmaniye Kadirli Topraktepe Gemlik 6 30

olarak verilmistir. Erzin, Kadirli ve Sarigam’da
bulunan bahgelerde salma sulama yapilirken,
Tarsus’da damlama sulama ile 15 Haziran’dan
sonra her 15-20 giinde bir Eyliil ay1 sonuna kadar
devam edilmistir. Caligmanin yiiriitiildigi bahgeler
kimyasal uygulamalarin az tercih ettigi lreticiler
arasindan se¢ilmistir. Bu nedenle, Erzin’deki zeytin
direticisinin ikinci yil iyi tarim uygulamalarina
geemesini kolaylastirmigtir.

Calismada, Palpita unionalis  (Lepidoptera:
Carambidae)’in larva parazitoiti Apanteles brunnistigma
Abdinbekova (Hymenoptera: Brachonidac) ve
yumurta parazitoiti  Trichogramma  evanescens
Westwood (Hymenoptera: Trichogrammatidae)’in
popiilasyon gelisimi ve parazitlenme oranlar
belirlenmistir. Arazi ¢ikislarinda dort bahgenin her
birinde tesadiifii olarak 25 aga¢ segilmistir. Her bir
agacin farkli yonlerindeki 25-30 cm’lik toplam 100
stirgiinde kontrol yapilarak, sayimlar yapilmustir.
Sayimlara Nisan-Kasim aylar1 arasinda haftada bir,
Aralik-Mart aylari arasinda on bes giinde bir olacak
sekilde iki y1l boyunca devam edilmistir. Sayimlar
stiresince 7. evanescens tarafindan parazitlenenen P,
unionalis’in yumurtalarinin renk degistirerek, siyah
bir renk aldig1 goriilmustiir (Sekil 1a, b, ¢). Palpita
unionalis’in - yumurtalart  laboratuvarda  kiiltiire
alinmistir.  Zararlinin  yumurtalarinin - parazitlenme
oranmini belirlemek amaciyla; siirgiinlerdeki yumurtalarin
sayilar1 kontrol edilmis, parazitli ve parazitli olmayan
yumurtalarin - sayilart  kaydedilmistir. Boylece T
evanescens’in P unionalis yumurtalart {izerindeki
% parazitleme oram belirlenmistir. Elde edilen ergin
parazitoit 6rneklerilerinin teshisleri Dr. Bernard C. J.
PINTUREAU (UMR INRA/INSA de Lyon, France)

tarafindan 7. evanescens tiirii olarak teshis edilmistir.
Zararlinn larvalarmin parazitlenme oranini belirlemek
amactyla, ayn1 bahgelerden tesadiifii olarak alman
yliz stirgiindeki larvalarm sayilart kaydedilmistir.
Yumurtadan yeni ¢ikan ilk dénem ve son donem
larvalar harig, tim diger dénemdeki larva ornekleri
laboratuvara getirilerek zeytin siirgiinleri izerinde
kiiltiire alinmugstir. Tim larvalar ergin veya parazitoit
ergini elde edilene kadar ornekler takip edilerek %
parazitlenme orani belirlenmistir (Sekil 1d, e, f).
Apantales brunnistigma ornekleri Dr. Papp JENO
(Department of Zoology, Hungarian Natural History
Museum, Hungary) tarafindan teshis edilmistir.
Bu calisma 25 ‘C’de % 60+5 nem ve 14:10 saat
aydmlatmali odalarda yiiriitiilmustiir. Bu islemler her
arazi ¢ikisinda ve her bir zeytin bahgesi icin ayr1 ayri
yapilmustir.

3. Bulgular ve Tartisma

3.1. Trichogramma evanescens’in Palpita unionalis
yumurtalari iizerindeki popiilasyonu

Erzin (Hatay)’de bulunan bahg¢ede 2009 yilinda
T. evanescens tarafindan parazitli yumurtalar 6
Temmuz ile 15 Aralik tarihleri arasinda, 2010
yilinda ise 31 Mayis ile 10 Kasim tarihleri arasinda
belirlenmistir. 2009 yilinda en fazla parazitli
yumurta sayist 7 ile 8. aylar arasinda tespit edilmistir.
Zararlinin yumurtalarinin en yiiksek sayiya ulastig
24 Agustos’da 54 yumurtada parazitlenme oram
% 83.3 oldugu belirlenmistir. 2010 yilinda ise en
fazla parazitli yumurta sayis1 6 ile 8. aylar arasinda
bulunmustur. Zararlinin yumurtalarin en yiiksek
saytya ulastigit 16 Haziran’da 115 yumurtada
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Sekil 1- Trichogramma evanescens’in tarafindan parazitli yuamurtalar (a ve b) ve parazitoitin ergini (c) ve
Apanteles brunnistigma tarafindan parazitli larva (d), parazitoitin pupasi (e) ve ergini (f) (fotograflar ilk
yazar tarafindan cekilmistir)

Figure I- The eggs (a and b) were parasited by Trichogramma evanescens and its adult (c), the larva (d) was
parasited by Apanteles brunnistigma, its parasitoid pupa (e) and adult (f) (the photos were taken by first author)

parazitlenme orani % 38.2 olarak bulunurken 9
Agustos’da 96 yumurtada bu oran % 94.7’ye
ulagmistir (Sekil 2a). Kadirli (Osmaniye)’de 2009
yilinda, ilk parazitli yumurtalarin belirlendigi
18 Subat’tan 27 Temmuz’a kadar gecen zaman
araliginda parazitli yumurta bulunamamistir.
Ancak, bu tarihten 15 Aralik tarihine kadar her
hafta parazitli yumurta belirlenmistir. Sonraki
yilda ise 16 Haziran’dan 22 Aralik tarihine kadar
parazitli yumurtalar kaydedilmistir. 2009 yilinda
zararlinin yumurtalarmin en yiiksek sayiya ulastig
17 Temmuz’da 9 yumurtada % 11.1 ve 14 Eyliil’de
8 yumurtada % 50 parazitlenme belirlenirken,
2010’da 7 Aralik’ta 55 yumurtada parazitlenme
orani % 8.2 olarak belirlenmistir (Sekil 2b). Sarigam
(Adana)’da 2009 yilinda ilk parazitli yumurtalar
2 Subat’da daha sonra 1 Nisan’da goriilmesine
ragmen, bu tarihten 29 Temmuz’a kadar tekrar
parazitli yumurta tespit edilememistir. Bu tarihten
11 Kasim’a kadar olan siirede parazitli yumurtalar

bulunmustur. 2010 yilinda ise parazitli yumurtalar
25 Haziran ile 24 Aralik tarihleri arasinda
belirlenmistir. ilk y1l zararlimin yumurtalarinin en
yiiksek sayiya ulastigi 9 Eylil’de 10 yumurtada
% 90 parazitlenme, ikinci yil ise 6 Haziran’da 72
yumurtada % 1.3 ve 25 Haziran’da 59 yumurtada
% 10.1 oldugu belirlenmistir. Iki yillik ¢aligma
sonucuna gore, parazitoitin Haziran basindan
Aralik ay1 sonuna kadar 6 ile 7. aylar arasinda aktif
oldugu goriilmiistiir (Sekil 2c¢). Tarsus (Mersin)’da
ilk parazitli yumurtalar 2009 yilinda 29 Temmuz
ile 25 Kasim arasi, 2010 yilinda ise 22 Nisan’da
belirlenmis, ancak bu tarihten 18 Haziran’a
kadar tekrar tespit edilememistir. 18 Haziran ile
26 Kasim arasinda parazitli yumurtalar haftalik
olarak kaydedilmistir. Trichogramma evanescens
tarafindan parazitlenen en yiiksek sayidaki zararh
yumurtalarma ilk yil 19 Agustos’da 18 yumurtada
% 77.7, ikinci yil 17-24 Eylil’de 54 yumurtada
% 94.4 parazitlenme oram belirlenmistir. iki yil
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Sekil 2- Erzin (Hatay) (a), Kadirli (Osmaniye) (b), Tarsus (Mersin) (c) ve Saricam (Adana) (d)’da Palpita
unionalis’in 2009 ve 2010 yillar1 arasinda toplam yumurta sayisi1 (TY) ve Trichogramma evanescens’in %

parazitlenme orani

Figure 2- The % parasitism range of Trichogramma evanescens and the total number of eggs of Palpita unionalis
in Erzin (Hatay) (a), Kadirli (Osmaniye) (b), Tarsus (Mersin) (c) and Sarigam (Adana) (d) between 2009 and

2010

boyunca, parazitoitin Nisan sonundan Aralik ay1
sonu arasinda 7-8 ay aktif oldugu belirlenmistir
(Sekil 2d).

Trichogramam evanescens ig¢in parazitlenme
orant Erzin’de % 13.8-100 (ilk yil en diisik 6
Temmuz’da % 14.3 ile en yiiksek 10 Agustos’da ve
sonrasinda % 100, ikinci y1l en diisitk 31 Mayis’da
% 13.8 ile en yiiksek 13 Eyliil ve sonrasinda
% 100 parazitlenme), Kadirli’de % 11.1-100 (ilk
yil en diisiik 17 Agustos’da % 11.1 ile en yiiksek 2
Subat’da ilk defa % 100 parazitlenme goriilmesine
kargin siireklilik olusturmamis, 27 Temmuz’dan
sonra muhtelif tarihlerde de % 100 parazitlenme
goriilmiistiir, ikinci y1l ise en diisiik 16 Haziran’da
% 11.1 ile en ytiksek 13 Eylill’de ve sonrasinda
% 100 parazitlenme), Tarsus’da % 25-100 (ilk y1l en

diisiik 5 Agustos’da % 25 ile en yiiksek 19 Ocak ve
2-25 Subat’da % 100 parazitlenme olmasina karsin
sireklilik olugturmamig, 26 Agustos’dan sonra
muhtelif tarihlerde de % 100 parazitlenme, ikinci
yil en diisiik 25 Haziran’da % 9.1 ile en yiiksek
22 Nisan’da % 100 parazitlenme) ve Sarigam’da
% 1.4-100 (ilk y1l en diisiik 20 Temmuz’da % 40 ile
en ylksek 18 Subat’ta ve sonrasinda 1 Nisan’dan
sonra da muhtelif tarihlerde % 100 parazitlenme,
ikinci y1l en diisiik 4 Haziran’da % 1.4 ile en yiiksek
25 Haziran’da % 10.2 parazitlenme) bulunmustur
(Sekil 2 a, b, c, d).

Iki yil boyunca yapilan c¢alismalarda T
evanescens’m dort zeytin bahgesinde de parazitlenme
oranlarinin yukarida belirtilen dénemlerde yiiksek
oldugu ortaya ¢ikmigtir Bu parazitoitin inceleme
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yapilan bahgelerde zararliyr bask: altina tutan
etmenlerden biri oldugu gorilmistiir. Nitekim,
Misir’da P unionalis’in  yumurtalar1 iizerinde
Trichogramma’nin otuzdan fazla yeni biyotipinin
parazitleme etkisi arastirilmis, bunlardan ticari
olarak tretilen 7. brassicae Bezdenko ve T
evanescens’1in en yiiksek parazitleme oranina sahip
oldugu bildirmislerdir (Herz & Hassan 2003).
Misir’da yapilan diger bir ¢alismada ise zeytin
bahgelerinde P. unionalis’de bulunan 7. bourarachae
pintureau, T. cordubensis Vargas and Cabello, 7. nr.
pretiosum Rile ve T. cacociae Marchall tiirlerinden
olusan yerli Trichogramma tiirlerini toplamiglardir.
Bu tiirlerin tiimiiniin Haziran-Agustos aylarinda
konuk¢u yumurtalarini parazitledigini, zararlinin
zarar yapacak popilasyonunu engellemek igin
yeterli seviyeye ulasamadigini  bildirmislerdir
(Hegazi et al 2005).

3.2. Apanteles brunnistigma 'nin Palpita
unionalis 'in larvalari iizerindeki popiilasyonu

Palpita unionalis’in larva parazitoiti olan A.
brunnistigma’nin ~ dort  zeytin  bahgesindeki
parazitlenme oranlari ayr1 ayr1 belirlenmistir.
Erzin’de 2009 yilinda 4. brunnistigma 20 Temmuz
ile 14 Eylil arasinda yedi hafta boyunca, 2010
yilinda ise 31 Mayis ile 22 Kasim tarihleri arasinda
21 hafta boyunca belirlenmistir. Ik yil zararlmnin
larvalarinin en yiiksek sayiya ulastig1 22 Haziran’da
35 larvada % 0 ve 20 Temmuz’da 34 larvada % 2.9
parazitlenme belirlenirken, ikinci y1l 23 Haziran’da
195 larvada % 7.7 ve bu oranin muhtelif tarihlerde
% 100°e ulastizn goriilmiistiir. ki yi1l siiresince
parazitoitin 5 ile 6. aylar arasinda varligimni bahce
icerisinde siirdiirdiigii belirlenmistir (Sekil 3a).
Kadirli’de 4. brunnistigma’nin zararlt iizerinde
2009 yilinda 27 Temmuz ile 15 Aralik arasinda 5
hafta boyunca, 2010 yilinda 23 Haziran ile 7 Aralik
tarihleri arasinda 13 hafta boyunca bulundugu
belirlenmistir. iki y1l boyunca parazitoitin bes
ay siiresince bahg¢ede varligmi  stirdiirdigi
tespit edilmistir. ilk yil zararlmin larvalarindaki
parazitlenme orani % 2.7’den, ikinci y1l % 33.3’lere
ulasmistir  (Sekil 3b). Saricam’da 2009’da A.
brunnistigma belirlenemezken, 2010 yilinda ise 4

Haziran ile 16 Temmuz tarihleri arasinda yaklasik
alt1 hafta boyunca bahcede varligr belirlenmis
ve parazitlenme orani % 1.4 ile % 10.2 arasinda
oldugu belirlenmistir (Sekil 3c). Tarsus’da 2009
yilinda A. brunnistigma yalnizca 8 Temmuz’da
bir hafta, 2010’da yil ise 7-28 Mayis tarihleri
arasinda iki hafta siiresince tespit edilebilmistir.
Ik yi1l parazitlenme oram1 8 Temmuz’da % 14.2
oldugu, ikinci y1l 7 Mayis’da % 8.3 ve 28 Mayis’da
% 5.3 oldugu kaydedilmistir (Sekil 3d). Apantales
brunnistigma ic¢in parazitlenme orant Erzin’de
ilk yil 20 Temmuz’da en diisik parazitlenme
% 2.3 ile en yiiksek 17 Agustos’da % 50, ikinci
yil 31 Mayis’da % 0.5 ve ilk defa 15 Mart ve
sonrasinda 12 Temmuz’da ve muhtelif tarihlerde
% 100 parazitlenme, Kadirli’de ilk yil en diisiik
20 Temmuz’da % 2.6 ve en yiiksek 14 Eyliil’de
% 33.3, ikinci y1l en diisiik 12 Temmuz’da % 3.8 ve
en yliksek 2 Agustos’da % 33.3, Tarsus’da ilk yil
sadece 8 Temmuz’da % 14.3, ikinci y1l en diistik 28
Mayis’da % 5.3 ve en yiiksek 7 Mayis’da % 8.3,
Sarigam’da ilk yil parazitlenme orant % 0, ikinci
yil en diisiik 4 Haziran’da % 1.4 ve en yiiksek 25
Haziran’da % 10.2 bulunmustur (Sekil 3a, b, ¢, d).

Sonug olarak, 4. brunnistigma’nin dort ildeki
zeytin bahgelerinde varligi bilinmekle birlikte,
31 Mayis-22 Kasim arasinda 5 ile 6. aylar
arasinda aktif oldugu belirlenmigtir. Erzin’de
parazitoitin diger bahgelerden daha etkin oldugu
bulunmustur. Bu bahgede A. brunnistigma’nin
2008’de 1i¢ ay siiresince bulundugu, 2009°da
bu siirenin iki katina ¢iktig1r belirlenmistir.
Ayrica ayni bahgede A. brumnistigma’nin tim
yil boyunca muhtelif tarihlerde gorildigi
ve etkinligini de artirdigi da tespit edilmistir
(Sekil 3a). Bu bahgede ikinci yil herhangi bir
insektisit uygulamasi yapilmamistir. Bu durumun
parazitoidlerin sayisint ve etkinligini artmasina
yol agan nedenlerden biri oldugu diisiiniilmektedir.
Ayrica, c¢alismanin yiiriitildigli bahgeye yakin
alanda bir orman alaninin bulunmasi, burada
alternatif konukgusu olabilecek yabani zeytin ve
calims: bitkilerin varligi, parazitoidlerin yasama
alani bulmasina ve sonraki yilda da etkinliginin
artmasina yardimct oldugu kanisina varilmistir.
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Sekil 3- Erzin (Hatay) (a), Kadirli (Osmaniye) (b), Tarsus (Mersin) (¢) ve Saricam (Adana) (d)’da 2009
ve 2010 yillar1 arasinda Palpita unionalis toplam larva sayis1 (TL) ve Apantales brunnistigma’nin %

parazitlenme orani

Figure 3- The % parasitism range of Apantales brunnistigma and the total number of larvae of Palpita unionalis
in Erzin (Hatay) (a), Kadirli (Osmaniye) (b), Tarsus (Mersin) (c) and Sarigam (Adana) (d) between 2009 and

2010

Nitekim, Kiitik & Yigit (2011) parazitoit ve
predator tiirlerin, icinde bulunduklart ekosistemde
varliklarint y1l boyunca belirli bir yogunluk
diizeyinde siirdiirebilmelerinin énem tasidigini,
av veya konukgularmin bulunmadigi zamanlarda
dogal diismanlara dogada uygun alternatif av ve
konukgular ile uygun kis barinaklari saglanmast
ile mimkiin olabildigini bildirmislerdir. Diger
iilkelerde yapilan ¢alismalarda bu parazitoitin P,
unionalis’in lizerinde herhangi bir konukc¢u kayd1
olmamasina karsin farkli larva parazitoitlerle ilgili
kayitlar bulunmaktadir. Suriye’de Dolichognida
trachalus (Nixon) (Hymenoptera, Braconidae)’un
arazi kosullarinda parazitlenme oraninin % 6 ile
85 arasinda oldugunu kaydetmislerdir (Lababidi &
Hej Hammoud 2008). Misir’da Apanteles syleptae
F. (Hymenoptera, Braconidae)’nin Haziran’da
en yiiksek oranda (% 92) parazitledigini ve P,

unionalis’in birey sayilarm1 kontrol etmede
onemli bir rol oynadigini bildirmislerdir (El-Sherif
et al 1977). ltalya’da A. xanthostigmus (Hal.)
(Hymenoptera, Braconidae)’in zararlinin ikinci
ve tclincli donem larvalarint % 30-35 oraninda
parazitledigini tespit etmislerdir (Fodale & Mule
1990; Fodale et al 1990). Bu iilkede yapilan
baska bir calismada 4. syleptae nin parazitlenme
yizdesinin Ekim aymda en yiiksek seviyeye
(% 73) ulastigini ve bahar ile yaz aylarinda ¢ok
diisiik oranda bulundugunu kaydetmislerdir. Yine
aynt calismada, P. unionalis ile miicadeleden
genellikle A. syleptae gibi dogada mevcut olan
dogal diisman aktiviteleri ile kiiltiirel 6nlemlerin
zararliy1 kontrol altinda tutabildigini bildirmislerdir
(Pinto et al 1994; 1995).
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4. Sonuclar

Trichogramma evanescens tarafindan parazitlenen
P unionalis’in  yumurtalarina Erzin’de Mayis
sonu-Aralik ortasi, Kadirli’de Subat ile Haziran
ortasit ile Aralik sonu, Tarsus’da Ocak, Subat,
Nisan ve Haziran aymin ikinci yarisinda ile Kasim
sonunda ve Sarigam ise Subat, Nisan ve Haziran
basi ile Aralik sonunda tespit edilmistir. Sonug
olarak, T evanescens’m popiilasyonu Nisan
sonundan Aralik ayr sonuna kadar yedi-sekiz ay
aktif oldugu belirlenmistir. 7. evanescens’in dort
zeytin bahgesinde de parazitlenme oranlariin
yliksek oldugu bulunmustur. 7. evanescens igin
parazitlenme orani iki y1l siiresince Erzin’de % 13.8-
100, Kadirli’de % 11.1-100, Tarsus’da % 9.1-100
ve Sarigam’da % 1.4-100 olmustur. 4. brunnistigma
tarafindan parazitlenen P unionalis larvalarina
Erzin’de Subat, Mart aylari ile Mayis sonu-Aralik
sonunda, Kadirli’de Haziran sonu-Aralik sonu,
Tarsus’da sadece Temmuz ve Mayis’da, Sarigam’da
ise ilk yil tespit edilemeyen parazitoit, ikinci
yilda Haziran basindan Temmuz ortasina kadar
belirlenmistir. P. unionalis’in larva parazitoiti olan
A. brunnistigma’nin iki yil boyunca Mayis sonu-
Kasim sonu arasinda bes-alt1 ay aktif oldugu tespit
edilmistir. A. brunnistigma parazitlenme orani iki
yil siiresince Erzin’de % 0.5-100, Kadirli’de ilk yil
% 2.6-33.3, Tarsus’da % 5.3-14.3 ve Sarigam’da %
1.4-10.2 bulunmustur. Sonug olarak, P. unionalis ile
miicadelede bu iki parazitoitin zeytin bahgelerinde
varligini stirdiirebilmesi ve etkinligini artirmasi
icin, dogal diismanlarin korunarak, desteklenmesi
calismalarina ihtiya¢ duyulmaktadir. Bunun igin
tarim ilaglarmin ve uygulama sekillerinin bu
parazitoitlere olumsuz etkisi {izerine ¢aligsmalarin
yiiriitiilerek, sonuglar tireticilerle paylagilmalidir. Bu
kapsamda dogal diigmanlara zarari olmayan veya az
zararli kimyasallarin tespiti, parazitoitlerin bahgede
varligini siirdiirmesi i¢in alternatif ¢igekli bitkilerin
belirlenmesi ¢alismalarina oncelik verilmelidir.
Bu calisma, tarimda siirdiiriilebilirligi saglamak
icin konvansiyonel tarima alternatif olan biyolojik
miicadele ve organik tarimda kullanilabilecek
onemli sonuglar igermektedir.
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OZET

Tarimsal tiretimde istenen verim diizeyine ulagsmada onemli bir faktor olan azot (N) giibrelemesinin etkin bir sekilde
yapilabilmesi siirdiiriilebilir verim ve ¢evre kalitesi agisindan 6nem tagimaktadir. Bu ¢alisma, kimi ekmeklik bugday
cesitlerinin azot etkinliklerinin belirlenmesi amaciyla, Siileyman Demirel Universitesi arastirma ve deneme alaninda
2010-11 ve 2011-12 yillarinda, tekrarlamali olarak kuru tarim kosullarinda yiiriitiilmistiir. Denemede dort ekmeklik
bugday (Adana-99, Bezostaja-1, Esperia ve Tosunbey) ¢esidi 0, 7.5 ve 12.5 kg N da! olacak sekilde 3 farkli N dozu
kullanilarak karsilastirtlmistir. Azot dozlari, ¢alismada incelenen 6zelliklerden geri kazanim etkinligi hari¢ tiimiinde
etkili olmugtur. Uygulanan 12.5 kg da' N dozu, 7.5 kg da' N dozuna gore verim, protein igerigi ve tepki indeksini
artirirken, agronomik ve fizyolojik etkinlik degerlerini azaltmigtir. En yiiksek tane verimi ilk y11 261.9 kg da*! ile Esperia,
ikinci y1l 211.1 kg da! ile Adana-99 ¢esitlerinden elde edilmistir. Tepki indeksi her iki yilda en yiiksek Adana-99
¢esidinde olmustur.

Anahtar Kelimeler: Azot dozlari; Azot etkinligi; Ekmeklik bugday; Tepki indeksi
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ABSTRACT

An important factor for achieving the desired yield level in agriculture production is effective nitrogen fertilization in
terms of sustainable yield and environment quality. This research was conducted to determine the nitrogen efficiency
of some bread wheat varieties at Siileyman Demirel University research and experimental area in the periods 2010-11
and 2011-12 under rainfed conditions. Four bread wheat varieties (Adana-99, Bezostaja-1, Esperia and Tosunbey) in
the experiment were compared using three different N doses (0, 75 and 125 kg ha! N). Nitrogen doses affected to all
in examined parameters, except apparent recovery fraction. 125 kg ha' N dose increased the yield, protein content and
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the response index while value of agronomic and physiological activities decreased compared to 75 kg ha"' N dose. The
highest grain yield in the first year was obtained from Esperia cultivar with 2619 kg ha! and Adana-99 cultivar with 2111
kg ha! in the second year. The highest response index was found in Adana-99 cultivar in the both years.

Keywords: Nitrogen doses; Nitrogen efficiency; Bread wheat; Response index

1. Giris

Bugday diinya ve iilkemiz niifusunun birincil besin
kaynagi olmasi, yetistirici gelirinin genel olarak
buna bagli olmasi, bazi arazilerde alternatifsiz
olmast gibi nedenlerle en Onemli tahildir.
Yetistirilmesinde, hem ¢evresel faktérler hem de
kiltiirel faaliyetler birbirine yakin diizeyde etkili
olmaktadir. Bugday tretiminde etkili en Onemli
iklimsel faktorlerin, yagis ve ortalama hava sicaklig
oldugu bilinmektedir (Ozcan et al 2011). Ekim ve
giibreleme islemleri ise kiiltiirel faaliyetlerin ana
0gesini olugturmaktadir.

Azot (N), bitkilerin biliyiime ve gelismesi i¢in
en onemli besin maddesi olmasinin yaninda, girdi
maliyetleri agisindan da biiylik yer tutmaktadir.
Ayrica azotlu giibrelerin iiretimi i¢in duyulan yiiksek
enerji ihtiyaci ve kullanilan fazla azotlu giibrenin hem
ekonomikhemde¢evresel etkileribubesinelementinin
onemini daha da artirmaktadir. Bu nedenlerdir ki,
N giibrelemesi diinyada bilim insanlar1 tarafindan
en ¢ok arastirilan konularmn basinda gelmektedir.
Bitkiler kullandiklar1 azotu esas olarak organik
maddeden, inorganik giibrelerden, yagis ve biyolojik
fiksasyon gibi farkli kaynaklardan saglamaktadir
(Miiftiioglu & Demirer 1998). Topraktaki N ise bitki
kullanimi, denitrifikasyon (Olson et al 1979), toprak
mikroorganizmalar1 tarafindan kullanim ve yiizey
akigt (Burkhart & James 1999) gibi farkli yollarla
azalmaktadir. Bitkilerin kullanabilecekleri azotu
farkli kaynaklardan saglamasi biiylik bir avantaj
olmakla birlikte, yukarida s6zii edilen ¢ok cesitli
yollarla kayiplarmin da gergeklesmesi, N biit¢esini
olusturmada temel glicliigii olusturmaktadir.

Yapilan bir ¢alisma, diinyada tahillarda azot
kullanim etkinliginin % 33 oraninda oldugunu
gostermigtir (Raun & Johnson 1999). Geligsmekte
olan iilkelerde bu oran daha diistik gergeklesmektedir

© Ankara Universitesi Ziraat Fakiiltesi

(Dobermann 2005). Azotlu giibrelerin s6z konusu bu
diisiik kullanim etkinliklerinin baslica nedenlerinden
birisi, yetersiz glibreleme stratejileridir (Mullen et
al 2003). Bitkilerin giibre olarak kullanilan azottan
faydalanma etkinlikleri toprak tipi (Takahashi et al
2007), giibreleme zamani (Delogu et al 1998; Melaj
et al 2003; Gegit & Cakir 2006; Lopez-Bellidio et
al 20006), ¢esit (Kanampiu et al 1997; Gouis et al
2000), meteorolojik faktorler (Melaj et al 2003),
toprak nemi (Fernandez & Laird 1959; Melaj et
al 2003), kok yapisi (Garnett et al 2009) ve toprak
pH’s1 (De Datta & Buresh 1989) gibi faktorlere
baglidir. Topraklarin pH degerinin 7.5 ve {lizerinde
oldugu durumlarda NH, kaybinin ¢ok hizli oldugu ve
uygulanan giibrenin % 50’den fazla kisminin kayip
oldugu bilinmektedir (De Datta & Buresh 1989;
Timsina & Connor 2001). Meteorolojik faktorler
sadece azot mobilizasyonunu ve fotosentezle alimini
degil, glibre olarak uygulanan azotun toprakta kokler
tarafindan alimin1 da etkiler (Melaj et al 2003).
Bunun yaninda, kuru tarim kosullarinda, maksimum
verim igin gerekli olandan fazla N kullaniminin,
toprak-bitki sistemi tarafindan toprakta inorganik
N birikmesini engelledigi de belirtilmektedir
(Raun & Johnson 1995). Artan N dozlarina paralel
olarak, toprak ve bitkiden olusan kayiplarin da
artt1g1, dolayist ile N etkinliginin azaldig1 bilimsel
bir gercektir (Harper et al 1987; Kanampiu et al
1997; Lees et al 2000). Fazla giibre kullanimindan
kaginmak, bitkisel iiretimde N etkinligini artirmada
tek olasi yol olarak goziikmektedir (Kanampiu et al
1997).

Yiriitiilen bu ¢alismanin amaci, bazi ekmeklik
bugday cesitlerin azotlu gilibre uygulamalarina
tepkilerini belirleyerek, calismanin yiritildigi
bolge icin  giibre-verim  arasindaki iligkiyi
ortaya cikarmak ve olasi yiliksek azotlu giibre
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kullanimlarinin 6niine gegerek hem ekonomik hem
de ¢evresel katkilar1 bilimsel olarak ifade etmektir.

2. Materyal ve Yontem

Arastirma Siileyman Demirel Universitesi, Tarimsal
Aragtirma ve Uygulama Merkezi deneme alaninda
2010-11 ve 2011-12 yillarinda tekrarlamali olarak,
kuru tarim kosullarinda yiriitiilmiistiir. Denemede
Adana-99, Bezostaja-1, Esperia ve Tosunbey
ekmeklik bugday ¢esitleri kullanilmistir. Ekim
islemi ilk y11 10 Ekim 2010, ikinci y1l 24 Ekim 2011
tarithinde uygun toprak tavinda nadasa birakilan
tarlaya yapilmistir. Metrekareye 500 bitki gelecek
sekilde tohum miktar1 hesaplanmigtir. Alt1 siralt
parsel ekim mibzeri ile 4 metre uzunlukta parseller
olusturulmustur. Ekimle birlikte dekara 6 kg saf
fosfor gelecek sekilde triple siiper fosfat giibresi
topraga ekimden once karigtirilarak uygulanmistir.
Azot 0, 7.5 ve 12.5 kg N da' olacak sekilde
ayarlanmis ve yarist ekimle birlikte, kalan kismi
ise Feekes biiyiime skalasina gore 4.0’da (Large
1954) amonyum nitrat olarak toprak yiizeyine
uygulanmistir. Yabanct ot miicadelesi herbisitle
yapilmis, litrede 480 g 2,4 D aside esdeger
Isooctylester iceren ESTER H ilaci kullanilmustir.

Deneme alanz siltli killi toprak biinyesinde, kuru
iken sert, nemli iken gevrektir. Organik maddesi
(% 1.3) distik, pH’st (8.1) ytiksek, drenaji iyidir.
Bolge Akdeniz iklimi ile ¢ Anadolu karasal Tklimi
gecit kusaginda yer almaktadir. Yillik ortalama
yagis miktar1 537 mm’dir. Denemenin ilk yilinda
ortalamaya gore daha diisiik (489 mm) yagis
diismesine ragmen, yagisin yetisme periyoduna
dagilimi homojen ve uzun yillar ortalamasina benzer
olmustur. Ikinci yil ise ortalamalardan daha yiiksek
(575 mm) yagis miktar1 kaydedilmesine ragmen bu
yagisin aylara dagilimi oldukga diizensiz olmugtur
(Cizelge 1).

Hasat doneminde parseller bigilerek bitkiler 1-2
giin kurumaya birakilmistir. Tiim bitki parsel verimleri
alindiktan sonra, harman edilerek tane verimleri
alinmigtir. Tane ve tane hari¢ bitkinin tiim kisimlart
parcalanip ogiitiilerek SDU Ziraat Fakiiltesi Toprak
Bilimi ve Bitki Besleme Boliimii laboratuvarinda azot
icerikleri belirlenmistir. Bu degerden faydalanilarak
dekardan kaldirilan N miktarlari belirlenmistir.

Azot etkinligi ile 1ilgili parametrelerin
belirlenmesinde Esitlik 1-4’den faydalanilmistir
(Novoa & Loomis 1981; Moll et al 1982; Delogu
et al 1998).

Cizelge 1- Isparta ilinin denemenin yiiriitiildiigii doneme ve uzun yillara ait iklim verileri*

Table 1- The climate data of experimental years and long-term period in the province of Isparta

Ortalama sicaklik (°C) Ortalama toplam yagis (mm)
Aylar 20102011 20112012 VR villar 20102011 2011-2072 G vllar
ortalamast ortalamast
Ekim 12.7 11.3 12.9 79.1 50.4 37.6
Kasim 11.2 4.2 7.4 13.6 0.2 46.5
Aralik 6.2 2.5 3.5 84.2 37.0 84.5
Ocak 3.0 -0.5 1.9 34.6 148.0 72.4
Subat 3.7 0.5 2.8 51.8 88.6 65.5
Mart 6.4 4.9 6.1 50.4 20.8 53.8
Nisan 10.2 11.8 10.7 54.7 53.2 56.2
Mayis 14.4 14.5 15.6 43.1 107.4 50.4
Haziran 19.5 22.5 20.2 62.2 18.1 29.6
Temmuz 24.7 254 23.6 1.8 0.8 14.9
Agustos 24.0 22.8 232 0.6 34.6 10.5
Eyliil 20.0 20.2 18.6 13.2 16.4 15.4
Ortalama/Toplam  13.0 11.7 12.2 489.3 575.5 537.5
*, Isparta meteoroloji istasyonu kayitlart
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Agronomik etkinlik (AE; kg kg™)= [Tv(NV,)-Tv(N,)I/N,, (1)

Fizyolojik etkinlik (FE; kg kg™")= [TW(N)-Tv(N )J/[Nv(N,)-Nv(N,)] 2)

Geri kazamim etkinligi (GKE; %)= [(Nv(N,)-Nv(N,))/N, 1*100 3)

Tepki indeksi (TL; kg kg™")= TW(N)/Tv(N,) 4)
Burada; 7v, tane verimi (kg da'); Nv, bitkinin 3, Bulgular ve Tartisma

toprak dstii aksaminca kaldirilan azot miktari Cizelge 2’de tane verimi iizerine illarn,

(kg da'); N,, uygulanan azot dozu (kg); N,, azot
uygulanmayan parsel verimi.

Tesadiif bloklar1 deneme desenine gore 3
tekerriirlii olarak yiiriitiilen ¢aligmada elde edilen
veriler SAS istatistik paket programinda analiz
edilmis, ortalamalar arasi farkin 6nemliligi Duncan
testine gore belirlenmistir.

N dozlarmin, c¢esitlerin ve N dozu x c¢esit
interaksiyonlarinin istatistiki olarak énemli diizeyde
etkili oldugu goriilmektedir. Yillar arasinda verim
bakimindan 6énemli farkliliklar mevcuttur. Soyle ki,
birinci yil verimi (231.4 kg da) ikinci yila (192.4
kg da') gore % 17 daha yiiksek gerceklesmistir.
Azot dozlart her iki yilda da verimi 6nemli sekilde

Cizelge 2- Kishk ekmeklik bugday cesitlerinde azot dozlarinin tane verimi ve protein icerigine etkileri

Table 2- Effect of nitrogen doses on grain yield and protein content of winter bread wheat cultivars

N dozlar Tane verimi (kg da™') Protein igerigi (%)
(kg da’) Cegsitler 2010-11 2011-12 2010-11 2011-12
Adana-99 112.3 g ** 140.0 e** 9.4 de** 10.3 ab**
0 Bezostaja-1 160.0 ef 1383 ¢ 9.0e 9.7b
Esperia 166.3 ef 1393 ¢ 9.7 cde 9.5b
Tosunbey 157.6 f 1346 ¢ 10.4 bede 9.8b
Adana-99 1764 ¢ 225.0 be 10.5 bed 10.5 ab
75 Bezostaja-1 230.1d 216.3 be 11.0 abe 10.3 ab
Esperia 2689 c 188.9d 10.5 bed 9.8b
Tosunbey 275.5¢ 194.7d 9.7 cde 10.0b
Adana-99 295.2b 268.3 a 11.6 ab 114a
125 Bezostaja-1 283.6 be 220.7 be 12.0a 10.7 ab
Esperia 350.5a 231.2b 120a 10.2 ab
Tosunbey 300.6 b 211.8 ¢ 11.3 ab 10.5 ab
Ortalama 231.4 A** 1924 B 10.6% 10.2
0 149.1 c** 138.1 c** 9.6 c* 9.8 b*
N dozlan 7.5 237.7b 2062 b 10.4 b 10.1 ab
(kg da)
12.5 307.5a 233.0a 11.7a 10.7 a
Adana-99 194.6 d** 211.1 a** 10.5% 10.7 a*
Cesitler Bezostaja-1 224.6 ¢ 191.8b 10.7 10.2 ab
Esperia 2619 a 186.5 be 10.7 9.8b
Tosunbey 2446 b 180.3 ¢ 10.4 10.1 ab
CV (%) 9.1 11.7 9.3 7.2

* % 5; **, % 1 seviyesinde istatistiki olarak onemli; 6d, 6nemli degil
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etkilemistir. En yiiksek tane verimi 12.5 kg N da’!
dozunda (birinci y1l 307.5, ikinci y1l 233.0 kg da™),
en diisiik ise beklendigi sekilde kontrol parsellerinde
(ilk y11 149.1 ikinci y1l 138.1 kg da™') elde edilmistir.
Cesitler arasinda ilk yil en yiiksek verim Esperia
gesidinde (261.9 kg da'), en disik Adana-99
¢esidinde (194.6 kg da') bulunurken, ikinci y1l en
yiiksek verim Adana-99 ¢esidinde (211.1 kg da™'), en
diistik verim ise Tosunbey ¢esidinde (180.3 kg da™!)
belirlenmistir. Her iki y1lin interaksiyonlar1 arasinda
en yiiksek tane verimi (350.5 kg da') 2011 yilinda
12.5 kg da' azot dozunda ve Esperia ¢esidinde, en
diigiik (112.3 kg da') ise ayn1 y1l N uygulanmayan
parselde ve Adana-99 ¢esidinde bulunmustur. Diger
degerler bunlar arasinda siralanmugtir.

Bilindigi iizere, kuru tarim sartlarinda verimi
belirleyen en etkili faktorlerin basinda yagis ve
sicaklik gelmektedir (Lees et al 2000). Yapilan bir
caligmada bugday bitkisinin toplam su tiiketiminin
512 mm, Mayis ay1 su tiiketiminin ise 199 mm
oldugu bulunmustur (Aran et al 2008). Bu sonug,
kuru tarim kosullarinda bahar aylarinda diisen
yagisin (Nisan-Mayis) bugday verimi {iizerine
etkisini acik¢a ortaya koymaktadir. Ancak diisen
yagis miktar1 kadar, bitki gelisim periyodundaki
kritik donemlere dagilimi da olduk¢a Onemlidir.
Ik y1l diisen yagis miktar1 toplamda daha az
olmasina ragmen, yetisme periyodundaki aylik
dagilimlarinin  daha diizenli ve wuzun yillar
ortalamasina daha yakin oldugu goriilmektedir
(Cizelge 1). Ikinci yilin Kasim ayinda ¢ok az
yagis diigsmesi, yeni ¢imlenen bitkilerin yeterince
gelisemeden kisa girmesine neden olmustur. Bu da,
Adana-99 ¢esidi harig, diger ¢esitlerin agronomik
ozelliklerini olumsuz etkilemistir. Buna ilave
olarak, Ocak aymin da uzun yillara gére daha
soguk gecmesi kismen don zararina neden olmus
ve bu durum verime olumsuz etki yapmistir.
Ikinci yilin Haziran ayimndaki ortalamalara gore
3 °C daha yiiksek olan sicaklik, sahillerde daha
iyi performans gosteren Adana-99 ¢esidini verim
yoniinden olumlu etkilemistir.

Yillar arasinda protein icerigi acisindan
onemli farklar bulunmadigi halde, N dozlarmin
protein igerigi lizerinde etkili oldugu Cizelge 2’de

goriilmektedir. Protein igerigi mevcut azot varlig:
ile ilgili oldugundan, en diisiik degerler azot
uygulanmayan parsellerde, en yiiksek degerler
ise 12.5 kg N da! dozunda belirlenmistir. Protein
miktar1 bakimindan, ilk yil ¢esitler arasinda fark
bulunmazken, ikinci yil en yiiksek protein igerigi
% 10.7 ile Adana-99, en diisiik deger ise % 9.8
ile Esperia ¢esidinde bulunmustur. Her iki yilda
da, N dozu x gesit interaksiyonu olduk¢a onemli
bulunmus, yiiksek protein degerleri yiiksek N
dozlarinda belirlenirken, birinci yilda Bezostaja-1
ve Esperia (% 12.0), ikinci yilda ise Adana-99
¢esidinde (% 11.4) bulunmustur. En diisiik protein
igerigi degerleri azot uygulanmayan parsellerde,
ilk y11 Bezostaja-1 ¢esidinde (% 9.0), ikinci yil ise
Esperia ¢esidinde (% 9.5) bulunmustur (Cizelge 2).

Bilindigi gibi, ¢imlenmeden basaklanmaya
kadar bitkilerin kuru madde olusturmas: ve
biriktirmesinde N baslica rolii oynamaktadir
(Austin et al 1977; Heitholt et al 1990). Verim ve
tane protein iceriginin belirlenmesinde en onemli
faktoriin genetik ozellikler oldugu belirtilmektedir
(Otteson et al 2007). Ancak azotun gevresel stres
faktorleri nedeniyle her zaman ayni1 derecede etkili
olmamakla birlikte, verim ve protein igerigi lizerine
olumlu etkisi konusunda siiphe yoktur (Spiertz
& Ellen 1978; Lees et al 2000; Lopez-Bellido &
Lopez-Bellido 2001; Ciftci & Dogan 2013). Tahil
iiretimi i¢in azotlu giibrelemenin verim ve kalite
iizerine etkilerini ¢alismamizin ne kadar onemli
oldugu, N, dozundaki diisiik verim (149.1 ve
138.1 kg da') ve protein igeriklerinden (% 9.6 ve
9.8) anlasilmaktadir. Elde edilen verimler dikkate
alindiginda 7.5 kg da! N dozunun maksimum verim
icin yeterli olmasi beklenirdi, ancak giibrelerin
uygulandigr dénemlerde diisiik yagislardan dolay1
azotun yeteri kadar c¢ozilip bitki tarafindan
almamamasi ve buharlasarak atmosfere karigmasi
seklinde N kayiplarina neden oldugu ve azot alimini
diisiirdigli tahmin edilmektedir.

Agronomik etkinlik (AE) iizerine yillarin,
¢esitlerin, azot dozu x g¢esit interaksiyonlar: ile
ikinci y1l azot dozlarinin etkisi % 1 diizeyinde
onemli olmustur (Cizelge 3). 11k yil (12.2) ikinci
yila (8.4) gore % 31 oraninda daha yiiksek AE
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degeri belirlenmistir. 1k y1l kullanilan N dozlar
AE tizerine etkili olmazken, ikinci yil 7.5 kg N
da! dozunda daha yiiksek AE degeri belirlenmistir.
Cesitlerin  AE  degerleri her iki yilda da
birbirlerinden farkliliklar gostermis, ilk yil Esperia
ve Tosunbey cesitlerinde, ikinci yil ise Adana-99
¢esidinde daha yiiksek degerler tespit edilmistir
(Cizelge 3). Her iki yilin degerlendirilmesinde
en yiiksek AE (15.7) ilk yil 7.5 N kg da™! dozu x
Tosunbey ¢esidi interaksiyonunda, en diisiik ise
ikinci y1l 12.5 kg N da™! dozu x Tosunbey ¢esidinde
belirlenmistir.

Cizelge 3’te goriilecegi iizere, fizyolojik
etkinlik degerleri yillara, cesitlere, N dozu x ¢esit
interaksiyonlarma ve ikinci yi1l N dozlarma gore
degisiklik gostermistir. 11k y1l daha diisiik olan FE,

ikinci yil daha yiliksek bulunmustur. Azot dozlarmin
ise FE iizerine etkisi yalniz ikinci yil belirgin olmus,
7.5 kg N da' dozunda daha yiiksek bulunmustur.
Cesitlerin N dozlarina gore FE degerleri belirgin
farkliliklar gostermistir. {1k y1l Tosunbey ve Esperia,
ikinci yil Adana-99 c¢esitleri daha yiiksek FE
degerlerine sahiplerken, ilk y1l Bezostaja-1, ikinci
yil Esperia ve Tosunbey ¢esitleri daha diisiik degerler
gostermiglerdir. Azot dozu x ¢esit interaksiyonlari
19.7 (ilk y11 7.5 kg N da' x Bezostaja-1) ile 41.2
(ilk y11 7.5 kg N da! x Tosunbey) arasinda degerler
almis, ikinci y1l da kismen daha homojen bir goriintii
vermistir.

Geri kazanim etkinligi (GKE) yillar, yil, ¢esit ve
azot dozu x gesit interaksiyonlar: bakimindan farkl
olmustur. {1k y11 (% 42.4), ikinci yila (% 25.3) gore

Cizelge 3- Kishk ekmeklik bugday cesitlerinde azot dozlarinin agronomik etkinlik, fizyolojik etkinlik, geri

kazanim etkinligi ve tepki indeksi iizerine etkileri

Table 3- Effect of nitrogen doses on agronomic efficiency, physiological efficiency, apparent recovery fraction and

response index of winter bread wheat cultivars

N dozlar Agronomik eltkinlik Fizyolojik ejtkinlik Ger.i kgfamm Tepki indjeksi
(kg da’) Cegsitler (kg kg) (kg kg) etkinligi (%) (kg kg)
2010-11  2011-12  2010-11  2011-12  2010-11 2011-12  2010-11 2011-12
Adana-99 8.5d** 11.3a** 22.2d** 382a** 39.7abc** 28.2% 1.6e** 1.6 b**
Bezostaja-1  9.3d 103 a 19.7d 373 a 48.1a 28.6 14f 1.5bc
= Esperya 137b  66b  370ab 322ab 369¢ 219 l6e 13d
Tosunbey 157a 8.0b 412a 31.5b 37.8 be 25.5 1.7d 1.4cd
Adana-99 146ab 104a 303 ¢ 36.3ab  483a 28.4 26a 19a
12.5 Bezostaja-1 9.9 cd 6.6b 20.7d 243 ¢ 482 a 27.4 1.8d 1.6b
Esperia 14.7 ab 73D 32.0 be 343ab  46.6ab 21.5 2.1b 1.7b
Tosunbey 114c¢ 6.2¢ 34.0 bc 29.2 be 33.8¢ 21.4 19¢ 1.6 b
Ortalama 122A%* 84B 29.7B* 329A 424 A**  253B 1.8 A* 1.6 B
N dozlart 7.5 11.8 % 9.1a**  30.1% 348a*  40.6™ 26.1% 1.6 b** 1.5 b**
12.5 12.7 7.6b 29.2 31.0b 44.2 24.6 2.1a 1.7a
Adana-99 11.6 b** 10.8 a** 263 b** 372a** 440a* 28.3a™ 2.1 a** 1.8a**
Cesitler Bezostaja-1 9.6 ¢ 85b 202 ¢ 332ab  48.1a 28.0a l.6¢ 1.6 b
Esperia 142 a 71c 345a 30.8b 41.7 ab 23.5b 190 1.5b
Tosunbey 13.6 a 7.0c 378 a 303D 358D 2170 1.8b 1.5b
CV (%) 6.3 7.9 6.7 7.8 5.2 7.5 11.4 7.8

* % 5; **, % 1 seviyesinde istatistiki olarak dnemli bulunmustur; 6d, 6nemli degil
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% 40 gibi daha yiiksek oranda GKE belirlenmistir.
Yine ilk yil diger ¢esitlerde birbirine yakin degerler
bulunurken, Tosunbey ¢esidinde daha diisik GKE
belirlenmistir. Ik y11 N dozu x gesit interaksiyonu
bakimindan 6nemli farkliliklar bulunmus, degerler
% 48.3 (12.5 kg N da' x Adana-99) ile % 33.8 (12.5
kg N da! x Tosunbey) arasinda siralanmigtir (Cizelge
3). Artan verim ile N kullanim etkinligi arasinda
dogrusal bir iligki oldugunu sdylemek giictiir.
Ancak verimin diisiik oldugu yillarda, caligmamizda
oldugu gibi N etkinlikleri de (AE, GKE, TI) diisiik
olmaktadir (Lopez-Bellido & Lopez-Bellido 2001;
Lopez-Bellido et al 2006; Kara 2010). Agronomik
etkinlik uygulanan azota karsilik bitkinin verimi
artirma yetenegi olarak tarif edilmekte ve FE ile
GKE’nin ¢arpimi olarak ifade edilmektedir (Novoa
& Loomis 1981; Craswell & Godwin 1984).
Uygulanan N dozu arttik¢a, toprak-bitki sisteminde
meydana gelen N kayiplari da buna paralel olarak
artmaktadir (Lees et al 2000; Bozkurt et al 2001;
Hawkesford 2014). Artan N dozuna bagh olarak
gergeklesen ikinci yildaki AE (N, = 9.1, N, = 7.6)
ve FE (N, =34.8,N , =31.0) degerlerindeki azalma
da bu nedene baglanabilir. Ancak bu durum, iklimsel
sartlarin daha uygun oldugu veya birbirine yakin N
dozlarinda, ¢aligmamizin ilk yilinda oldugu gibi net
sekilde ortaya ¢ikmamasi yapilan g¢aligsmalardan
elde edilen sonuclarla da uyumludur (Delogu et
al 1998; Lopez-Bellido & Lopez-Bellido 2001).
Bilindigi gibi, basaklanmadan sonra bugdaym N
alimi yiiksek sicaklik, N varligi ve toprak nemi gibi
cevresel faktorlerle yakindan ilgilidir (Papakosta &
Gagianas 1991). Kok ve kok ¢evresi ozelliklerinin
etkili oldugu GKE uygulanan giibrenin faydalarimi
belirlemede daha  kullanighdir (Novoa &
Loomis 1981). Bu durumda Delogu et al (1998)
calismalarinda oldugu gibi artan N dozuna bagh
olarak GKE’nin artig gostermesi beklenmektedir.
flk y1l belirlenen artisa (N, = 40.6, N, = 44.2)
ragmen ikinci y1l (N, = 26.1, N, = 24.6) GKE’de
azalma olmus, fakat her iki N dozundaki farkliliklar
istatistiki olarak onemli olmamistir. Geri kazanim
etkinligi, Lopez-Bellido et al (2006) tarafindan
belirtildigi ve ¢alismamizda elde edilen sonuglardan
da goriildiigi tizere, yillar bazindaki tane verimine
bagli olarak 6nemli degisimler gostermektedir.

Uygulanan azota kars1 verimde meydana gelen
degisimleri gosteren tepki indeksi (TI) iizerine
yillar, azot dozlari, ¢esitler ve azot dozu x ¢esit
interaksiyonlar1 5nemli olmustur (Cizelge 3). Tlk y1l
ikinci y1la gore, 12.5 kg N da! dozunda 7.5 kg N da’!
dozuna gore, Adana-99 ¢esidinde ise diger cesitlere
gore daha yiiksek TI degerleri bulunmustur. Azot
dozu x ¢esit interaksiyonlarinda en yiiksek deger
(2.6)ilk y11 12.5 kg N da’! dozu x Adana-99 ¢esidinde
belirlenirken, en diisiik deger ise (1.3) ikinci y1l 7.5
kg N da' dozu x Esperia ¢esidinde belirlenmistir.

Kuru tarim sartlarinda Ti’nin uzun yillar
degerleri 1 ile 4.1 arasinda degismektedir
(Johnson & Raun 2003). Genis yelpazede dagilim,
iklim sartlarinin  verim {izerindeki etkisinden
kaynaklanmaktadir. Aym zamanda diisiik Ti’nin
sebepleri arasinda mineralizasyon ve yagmurla
ilave edilen N da olabilecegi diisliniilmektedir
(Mullen et al 2003). Caligmamizda verimin daha
iyi oldugu ilk yil denemesinde (1.8), ikinci yila
(1.6) oranla daha yiiksek Ti bulunmustur (Cizelge
3). Tepki indeksinin hesaplama yontemi geregi
artan N dozuna bagli olarak verimin artti§1 noktaya
kadar artmasi beklenmektedir. Calismamizda her iki
yilda da N dozlar1 arasindaki fark 6nemli olmus, ilk
yil (N, = 1.6, N, = 2.1) bu fark olduk¢a belirgin
olmustur. Cesitler arasinda ise en yiiksek TI her iki
yilda da Adana-99 ¢esidinde belirlenmistir.

Cesitlerin  yillilk  degisen verim degerleri
agronomik etkinliklerini de degistirmistir. Cesitler
arasindaki verim (Otteson et al 2007), protein igerigi
(Kara 2010) ve azot etkinlikleri (Baligar & Fageria
2001; Kara 2010) arasindaki farklarin genetik ve
fizyolojik yapidan kaynaklanmakla birlikte ¢evresel
faktorlerden oldukga etkilendigi diisiiniilebilir.

4. Sonuclar

Bu aragtirmanin iki yillik sonuglarina gore; her iki
yilda da azot dozu arttik¢a tane verimi ve protein
icerigi artmis, en yiiksek tane verimi 12.5 kg da’!
azot dozunda Adana-99 ve Esperia cesitlerinde,
tanede protein orani igerigi ise yine ayni N dozunda
Adana-99, Bezostaja-1 ve Esperia cesitlerinde
elde edilmistir. En yliksek agronomik ve fizyolojik
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etkinlik 7.5 kg da' N dozunda Adana-99 ve
Tosunbey c¢esitlerinde, geri kazanim etkinligi ve
tepki indeksi ise 12.5 kg da' N dozunda Adana-99
¢esidinde belirlenmistir.

Sonug olarak; yillar arasinda yagis dagilimima
bagli olarak tane verimi ve azot alim etkinligine
gesitlerin tepkisi farkli olmus, Isparta kosullarinda
bu cesitlerin yetistirilebilecegi, ancak tarimsal
iiretimde nihai hedef olan verim bakimindan Esperia
ve Adana-99 cesitleri 6ne ¢ikmustir.
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ABSTRACT

Alfalfa is the most important forage plant species. There are numerous alfalfa varieties in the world with improved yield
potential and forage quality. Many of them have also been created in the region of Southeast Europe, using various
breeding techniques. This investigation was carried out in central Serbia and it included 15 alfalfa varieties of different
origin (nine from USA and six from Europe). The objective was to determine their yield in each cut and total dry
matter yield (TDMY) in the second (A1) and third (A2) year of exploitation, as well as forage quality: the content of
mineral matter (MM), crude protein (CP), crude fiber (CF), crude fat matter (CFM) and nitrogen-free extract (NFE).
Investigated varieties exhibited high total variability in dry matter yield (DMY) (Al: CV=13.19%; A2: CV=9.33%).
DMY variability was higher with the varieties from USA (Al: CV= 13.65%; A2: CV= 9.92%) than with those from
Europe (A1l: CV=6.67%; A2: CV=_8.01%). Varieties from USA also proved more variable in crude protein (CP) content
than European varieties (CV= 6.27% and CV= 2.68%, respectively). Differences between the investigated varieties
(genotypes) also influenced total variability of forage quality parameters, with total CV ranging from 5.07% for CP to
10.48% for CF. Dry matter yield (DMY) had significant positive correlation with CP (r=0.344), CF (1= 0.342) and CFM
(r=10.306), and the strongest correlation, although negative, was between CF and NFE (r=-0.917).

Keywords: Alfalfa; Varieties; Dry matter yield; Forage quality; Variability

Farkl Orijinlere Sahip Yonca Genotiplerinin Verim ve Ot Kalitesindeki
Degisimler ve Korelasyonlari
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OZET

Yonca 6nemli bir yem bitkisi tiiriidiir. Diinyada, yliksek verim ve ot kalitesine sahip ¢ok sayida yonca gesidi vardir.
Farkl1 1slah yontemleriyle Giineydogu Avrupa’da 1slah edilmis yonca gesitleri de vardir. Orta Sirbistan’da yapilmis olan
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bu ¢alismada farkl orijinlere sahip (9 adedi Amerika ve 6 adedi Avrupa) 15 yonca ¢esidi kullanilmistir. Bu ¢aligmanin
amaci; tesisin ikinci (A1) ve lgiincli (A2) yilinda her bigimde yonca genotiplerinin verim ve toplam kuru madde
verimi (TKMV) yaninda mineral madde (MM), ham protein (HP), ham lif (HL), ham yag madde (HY) ve azotsuz
ekstrakt (AE) igeriklerini belirlemektir. Yonca genotipleri kuru madde verimleri (KMV) agisindan yiiksek toplam
degiskenlik gostermislerdir (Al: CV= % 13.19; A2: CV= % 9.33). KMV degiskenligi, Amerika orijinli genotiplerde
(Al: CV= % 13.65; A2: CV= % 9.92) Avrupa orijinli genotiplere (Al: CV= % 6.67; A2: CV= % 8.01) gore daha
yiiksek olmustur. Amerika orijinli genotipler, ham protein (HP) agisindan da Avrupa orijinli genotiplere gore daha
yiiksek degiskenlik gostermislerdir (sirastyla CV= % 6.27 ve CV= % 2.68). Genotipler aras: farklilik; HP i¢in toplam
CV % 5.07°den HL i¢in % 10.48’e degisecek sekilde ot kalitesindeki toplam degiskenligi de etkilemistir. Kuru madde
verimi (KMY) ile HP (r= 0.344), HL (r= 0.342) ve HYM (1= 0.306) arasinda 6nemli olumlu iligki belirlenirken HL ile
AE (r=-0917) arasinda 6nemli olumsuz iligki belirlenmistir.

Anahtar Kelimeler: Yonca; Genotip; Kuru madde verimi; Ot kalitesi; Degiskenlik

1. Introduction

Alfalfa is grown in all agricultural regions in more
than 80 countries on all continents, on an area of
over 33 million hectares (Ivanov 1988). In the
Northern hemisphere, it is grown up to 69 °N latitude
(Scandinavian countries), and up to the latitudes
of 45 °S (New Zealand) and 55 °S (Argentina and
Chile) in the Southern hemisphere (Ivanov 1988).
In addition to high alfalfa forage yield, its advantage
lies in different possibilities of exploitation: as fresh,
hay, silage, haylage and/or for grazing. Regardless
of the way of use, it retains its high nutritive value.
All of this gives it the epithet of “the queen of
forage crops”. Alfalfa is a perennial, pollinated
plant species with high genetic complexity, which
complicates its breeding (Brummer 2004; Robins
et al 2008). Creation of new alfalfa varieties is a
very time-consuming process of selecting plants
with improved qualities in several cycles, in order
to produce varieties significantly better than others
(resistance to cold or drought, higher yield, better
nutritive value). There are numerous varieties
in the world, created with one or several positive
characteristics, but they often have different
adaptability to environmental conditions. In the
region of Southeast Europe, adequate methods of
selection and breeding have created many alfalfa
varieties with great genetic yield potential and other
positive characteristics (Nesi¢ et al 2005; Schitea et
al 2007; Tucak et al 2008; 2009; Radovi¢ et al 2009;
Petcu et al 2009). However, the main testing of

© Ankara Universitesi Ziraat Fakiiltesi

each alfalfa variety takes place on individual farms,
resulting in the spread or reduction of its growing
area. Some varieties have been completely pushed
out of production after a very short time, while
others have been produced for decades.

The main objective of this study was testing of 15
alfalfa varieties of different origin (USA and central
and southeast Europe), during the most productive
years of their exploitation (the second and third), to
find their potential for dry matter yield (DMY) and
five most important parameters of forage quality.
The other objective was to determine the correlation
between the examined characteristics.

2. Material and Methods

The trial was set up in central Serbia (43°34° N,
21°12° E, 150 m a.s.l.) in April 2005 (year A0), by
conventional sowing of alfalfa in soil suitable for its
growth (pH 6.95, 3.4% humus, 0.21% total nitrogen).
The soil was also well supplied with phosphorus
(21.2 mg 100 g' of soil) and potassium (25.2 mg
100 g! of soil). The trial was carried out using the
conventional method of completely randomized
block system in four replications (the cultivars were
sown at spacing: 20 cm-10 rows per plot 4x2 m in
size). During the second (2006-A1) and third (2007-
A?2) year of their exploitation, 15 alfalfa varieties of
different origin (nine from USA and six from central
and southeast Europe, Table 1) were tested for green
forage yield per each cut in a basic plot, which
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was then recalculated into dry matter yield (DMY,
tha'). The trial was carried out in dry-land conditions
and the mowing of each cut was performed when
20-30% of alfalfa plants were in the flowering stage
(Stanisavljevi¢ 2006). For each investigated variety,
the quality of forage dry matter was determined
using Weende system of analysis, in four cuts (I-
IV) of each investigation year (Al and A2). The
following quality parameters were determined.
Mineral matter (MM, g kg), using the dry ashing
method at 550 °C. Crude proteins (CP, g kg!), using
the Kjeldahl method (AOAC 1990), crude fiber (CF,
g kg, using the Weende method (AOAC 1990),
crude fat matter (CFM, g kg'), using the Soxhlet
extraction method (AOAC 1990), nitrogen-free
extract (NFE, g kg), by subtraction the values of
previous parameters from 100 (AOAC 1990).

Table 1- Origin of investigated alfalfa varieties
(Medicago sativa L.)

Cizelge 1- Caliymada kullanilan yonca (Medicago
sativa L.) genotiplerinin orijinleri

Variety Origin

Mecca 111 USA

Dynamic USA

Pointer USA

Weston-4 USA

DKA 50-18-4 USA

WL-625 HQ USA

Tru test USA

Ameri stand USA

Integrity USA

K-22 Europe-Serbia
K-28 Europe-Serbia
Pop. Uzice Europe-Serbia
Vali Europe-Slovakia
Synteza 1 Europe-Slovakia
08S-95 Europe-Croatia

Obtained results were analyzed by ANOVA
(Analysis of Variance). Medium effect of factors
(year, genotype, cut and their interaction) was
assessed by F-test. Tukey’s multiple range test
and coefficients of variation (CV, %) were used
for detection of differences between treatments.

Correlation between investigated parameters was
determined by Pearson correlation coefficients (r).
Data were processed by program STATISTICA,
version 8 (StatSoft Inc, Tulsa, OK, USA).

3. Results and Discussion

3.1. Dry matter yield (DMY)

It was determined by statistical analysis that all
three factors (year, variety-genotype and cut) had
significant influence (P<0.001) on dry matter yield
(DMY). The following significant interactions were
also determined; varietyxcut (P<0.001), as well
as yearxvariety, yearxcut and yearxvarietyxcut
(P<0.01) (Table 2).

For significant impact year and cut and their
interactions on DMY of alfalfa indicate (Albayrak
& Turk 2013). During the two years of the trial,
the amount of precipitation and air temperature
greatly varied (Table 3 and 4). This was especially
evident during the growth of each year’s second
cut, when the varieties responded differently. It was
indicated by significant interactions; varietyxyear
and varietyxcut. Therefore, there is the possibility
of choosing a variety according to agro-ecological
conditions.

Average dry matter yield (DMY) in the first
cut was higher by 2.83 t ha! in the year Al than in
the year A2. Contrary to that, DMY in the second
cut was higher by 2.94 t ha'! in the year A2 than
in the year Al (Table 5). This difference can be
attributed to the influence of precipitations, which is
in accordance with the results obtained by (Deli¢ et
al 2007). In the third and fourth cut of the year A2,
DMY was respectively lower by 0.18 and higher
by 0.80 t ha! than in the third and fourth cut in the
year Al. This also indicates the influence of weather
conditions on yield generation and its distribution
between cuts (Table 3, 4 and 5). DMY variations,
dependent on different variety genotypes, in four
cuts of each of the two years (Al and A2) were as
follows: A1:1-3.64 tha', II-1.46 t ha', I1I-1.30 t ha'!
and IV-1.10 t ha!, and A2: 1-2.79 tha!, II-2.42 tha™!,
II-1.76 t ha! and IV-2.22 t ha!. High variability
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Table 2- F-test statistical probabilities for medium effect of three factors on yield and forage quality

Cizelge 2- Verim ve ot kalitesine genotip, bigim ve yil etkisine iligkin F-test sonuglart

Source i DM Forage quality (g kg' DM)
(factors) 4 yield MM cpP CF CFM  NFE
Year 1 ok ns ns ns ns ns
Variety (genotype) 14 HAK * * * * *
Cut 3 ok ns ns ns ns ns
Yearxvariety 14 ok ns ns ns ns ns
Yearxcut 3 *E ns ns ns ns ns
Varietyxcut 42 oAk ns ns ns ns ns
Yearxvarietyxcut 42 ok ns ns ns ns ns

ns, not significant; *, significant at P<0.05; **, significant at P<0.01; ***, significant at P<0.001

Table 3- Precipitation for central Serbia (mm)

Cizelge 3- Orta Sirbistan in yagis durumu (mm)

Year Months
“ I 2 3 4 5 6 7 8 9 10 112 Total
2006 37 44 146 58 34 71 20 76 45 37 24 60 652
2007 30 54 54 3 107 66 8 62 89 117 114 41 745
1968-2008 38 36 43 57 70 76 60 47 51 50 55 53 636
Table 4- Mean monthly air temperatures for central Serbia (°C)
Cizelge 4- Orta Sirbistan in aylik ortalama sicaklik durumu (°C)
Y Months Annual
e I 2 3 4 5 6 7 8 9 10 1 12 average
2006 -2.0 1.4 54 128 163 199 224 209 178 129 6.5 2.3 11.4
2007 50 60 92 124 183 226 249 234 155 107 40 05 12.7
1968-2008 -0.1 2.1 6.8 11.6 164 199 21.6 213 168 115 64 1.4 11.3

of DMY is also indicated by its dependence on the
variety genotype, taking into account both years of
exploitation-total CV ranged from 11.37% (II cut)
to 28.38% (IV cut) (Table 5).

It is in accordance with the results obtained by
Stanisavljevi¢ et al (2012) on DMY variability in
two localities during four-year period (CV= 17.1%
and 25.7%). In those parts of the years with more
favourable agro-ecological conditions (I and II
cut in both Al and A2), the following varieties
exhibited an increased DMY potential: Vali (24.58
t ha'), Synteza 1 (24.19 t ha'!), K-22 (23.78 t ha!),
Integrity (23.43 t ha') and OS-95 (23.02 t ha'),

which makes them more suitable for use in May,
June and July. In periods of worse agro-ecological
conditions (precipitation amount and temperature),
(IIT and TV cut of both Al and A2), the increased
DMY potential was recorded in varieties: Vali (10.73
t ha), WL-625 HQ (10.58 t ha') and Weston (10.17
t ha') (Table 5). Yield distribution between cuts is
also very important, especially if alfalfa forage is
used immediately after mowing. On annual basis,
all the investigated varieties (genotypes) had an
influence on high DMY total variability (Al: CV=
13.19%, A2: CV= 9.33%). DMY variability in the
varieties from USA was higher (Al: CV= 13.65%,
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Table 5- DMY (t ha') of alfalfa varieties in four cuts of the years A1 and A2

Cizelge 5- Yonca genotiplerinin yilara (A1 ve A2) ve bi¢im donemlerine gére kuru madde verimleri (t ha™')

Cut

Year Variety 7 17 T TG
Mecca III 5.49 f* 2.69 e-g 2.77 be 1.27 d-f
Dynamic 535f 2.63 fg 2.80 a-c 1.44 c-e
Pointer 5.65f 2.82 ef 2.32be 1.12 ef
Weston 545f 2.60 fg 2.42 be 1.57 b-d
DKA 50-18 6.17 ef 3.01 d-f 2.82 a-c 1.12 ef
WL-625 HQ 540f 3.05 c-f 2.69 be 1.53 b-d
Tru test 6.95 de 235¢g 2.98 a-c 1.63 b-d

Al Ameri stand 7.89 be 3.47 ab 2.84 a-c 1.83 a-c
Integrity 7.55¢cd 3.74 ab 351a 2.11a
K-22 7.48 cd 381la 2.49 be 1.50 b-e
K-28 7.49 cd 3.35bc 221c¢ 1.01f
Pop Uzice 8.47 ab 3.45a-c 2.81 a-c 1.36 d-f
Vali 8.99a 3.36 be 3.01 ab 1.88 ab
Synteza 1 7.75 b-d 3.63 ab 2.59 be 1.48 b-e
0S-95 8.06 be 3.51 ab 2.76 be 1.50 b-e
Average 7.94 3.16 2.73 1.49
Total CV (%) 17.94 14.58 11.55 20.07
Mecca 111 4.25 de 571 c-f 1.72 ¢ 1.87 ef
Dynamic 4.80 c-e 5.26 ef 2.24 de 1.39f
Pointer 4.47 de 5.41d-f 2.10e 1.98 d-f
Weston 4.88 c-e 5.07f 2.81 b-d 3.37 ab
DKA 50-18 4.39 de 5.75 cf 348a 231 c-e
WL-625 HQ 395e 5.45 d-f 347 a 2.89 a-c
Tru test 6.24a 5.24 ef 3.21 ab 3.58a
Ameri stand 5.67 a-c 5.79 c-f 2.84 be 2.09 d-f

A2 Integrity 5.62 a-c 6.52 be 2.29cd 1.76 ef
K-22 6.14 ab 6.35 bc 2.09¢ 2.20 c-e
K-28 5.11b-d 5.92 c-e 1.73 ¢ 1.36 f
Pop. Uzice 4.14 de 7.49 a 2.04¢ 241 c-e
Vali 5.54 a-c 6.69b 3.08 ab 2.76 b-d
Synteza 1 6.74 a 6.07 b-d 2.17e 1.88 ef
0S-95 4.73 c-e 6.72b 3.01 ab 2.48 c-e
Average 5.11 6.10 2.55 2.29
Total CV (%) 16.54 11.37 23.73 28.38

*, means followed by the same letter are not significantly different at P<0.01

A2: CV=9.92%) than in the varieties from Europe
(Al: CV= 6.67%, A2: CV= 8.01%) (Table 6 and
Figure 1). The highest average DMY (of Al and
A2) was recorded in Vali variety (17.66 t ha'). Tt
was followed by varieties: Integrity, OS-95, Ameri

stand, Synteza 1, Uzice, Tru test and K-22, with the
most difference in average DMY of only 0.52 t ha™.
Investigating 17 alfalfa varieties and populations,
Radovi¢ et al (2009) reported on the difference in
DMY of 6.27 t ha!, which is in accordance with
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our results. Contrary to that Tomi¢ et al (2005) did
not find any significant difference in DMY between
investigated alfalfa varieties, but all of them were of
blue Pannonian-type and therefore in closer genetic
relation than the varieties investigated in this study.
Higher DMY was in correspondence with higher

Table 6- Annual DMY (t ha!) in alfalfa varieties

content of CP, CF and CFM (r= 0.344, r= 0.342,
=0.306; P<0.001), while it was in negative correlation
with MM (r=-0.510, P<0.001). According to Tucak
et al (2008), there was not a significant correlation
between DMY and CP content (r= 0.04) as there was
between DMY and CP yield (r=0.91, P<0.001).

Cizelge 6- Yonce genotiplerinin yillara gore kuru madde verimleri (t ha)

Variety Al A2 ‘é:?rigzj
Mecca 111 12.22 e* 13.55¢ 12.89 ¢
Dynamic 1222 ¢ 13.69 d-e 12.96 ¢
Pointer 1191 e 13.96 b-e 12.94 ¢
Weston 12.04 ¢ 16.13 a-e 14.09 be
DKA 50-18 13.12 c-e 15.93 a-e 14.53 be
WL-625 HQ 12.67 d-e 15.76 a-¢ 14.22 be
Tru test 13.91 b-¢ 1827 a 16.09 ab
Ameri stand 16.03 a-c 16.39 a-c 16.21 ab
Integrity 16.91 ab 16.19 a-d 16.55 ab
CV (%) 13.65 9.92 10.14
K-22 15.28 a-e 16.78 a-c 16.03 ab
K-28 14.06 b-e 14.12 c-e 14.09 be
Pop. Uzice 16.09 a-c 16.08 a-¢ 16.09 ab
Vali 1724 a 18.07 a 17.66 a
Synteza 1 15.45 a-d 16.86 ab 16.16 ab
0S-95 15.83 a-d 16.94 a 16.39 ab
Average 14.33 15.91 15.13
CV (%) 6.67 8.01 7.13
Total CV (%) 13.19 9.33 10.11

* means followed by the same letter are not significantly different at P<0.01

Mecca lll
Dynamic :l—‘
Pointer A
K-28

Weston ‘

DA e —
WL -625 HQ

Tru test

Ameri stand }
Pop. Uzice

K-22
0S -95

Integrity
Vali

0.0 0.5 1.0 1.5 2.0 2.5

Linkage Distance

Figure 1- Dendrogram of total dry matter yield of alfalfa varieties

Sekil 1- Yonca genotiplerinin toplam kuru madde dendrogrami
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3.2. Forage quality

The variety (genotype) factor had significant effect
on forage quality parameters (P<0.05) (Table 2,
Figure 2), which were not significantly affected by
the other factors or their interactions (Table 2). There
are many reports on the potentialities of breeding
in improving the alfalfa forage quality (Ridy &
Brummer 2002; Lamb et al 2006; Strbanovié
2010; Mili¢ et al 2014). Average mineral matter
content (MM) of 85.8 g kg'! DM was determined
by analysis. Depending on the variety, MM content
ranged from 82.8 g kg' DM (Synteza 1) to 104.6
g kg' DM (Integrity), so it differed most by 21.8
g kg' DM (total CV= 8.09%). Mineral matter had
significant correlation, although negative, only with
CF (r=-0.364, P<0.001).

By decomposing MM into components (Hintz
et al 1985) determined correlation between calcium
and CP (r= 0.40, P<0.01) and between phosphorus
and CP (r= 0.26), which was positive, but not
significant. The highest recorded CP content was
215 g kg' DM (Tru test and Pointer), and the
lowest was 174 g kg' DM (Mecca III). Depending
on the variety, CP content varied most by 41 g kg'!
DM, and the varieties from USA exhibited higher
variability (CV= 6.27%) than those from Europe

(CV= 2.68%). According to Keskin et al (2009)
the biggest difference in CP content between 12
investigated varieties was 37 g kg' DM. Altinok
& Karakaya (2002) reported it was 30 g kg' DM
between eight investigated varieties and Geleti
et al (2014) reported the biggest difference in CP
content of 14.1 g kg! DM between five investigated
varieties. A little higher difference recorded in this
study could be attributed to greater heterogeneity
of the investigated varieties (Table 7 and 8). Crude
protein (CP) was in negative correlation (r=-0.393,
P<0.001) with crude fiber (CF) and in positive (r=
0.424, P<0.001) with crude fat matter (CFM) (Table
8), which is in accordance with the results obtained
by (Kati¢ et al 2005). Stanisavljevi¢ (2006) also
reported on negative correlation between CP and
CF (r=-0.409, P<0.05). Differences in CF content
caused by different variety genotypes ranged to the
maximum of 99 g kg! DM, so that total variability
of this parameter was high (CV=10.48%). Average
CF content was 275 g kg'' DM, while according to
(Heuze et al 2013), CF content ranged from 201 to
315 gkg' DM, depending on plant phenophase. The
strongest correlation, although negative (r=-0.917)
was between CF and NFE, which is in accordance
with the results obtained by Stanisavljevié (2006) (r=
-0.607). Negative correlation was also determined

11l

Dynamic
Synteza 1
Weston
Ameri stand
Vali

DKA 50 - 18
WL - 625 HQ

Integrity

Tru test

K-28

0S -95
Pointer

K-22 |

Pop. Uzice

60 80 100 120

Linkage Distance

140 160 180

Figure 2- Dendrogram of forage quality of alfalfa varieties

Sekil 2- Yonca genotiplerinin ot kalitesi dendrogrami
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between CF and CFM (= -0.227, P<0.05).
Investigated varieties had the average CFM content
of 24.3 g kg'! DM. This is in accordance with the
results obtained by (Markovi¢ et al 2008), although
the results obtained by (Kati¢ et al 2005) indicated
that there was not any significant difference in CFM
content between varieties. Considering similar agro-
ecological conditions, these contradictory results
could be explained by different variety genotypes.

Maximum difference in NFE content between the
investigated varieties was 101 g kg' DM, with
variability of this parameter of 6.74% (total CV).
Stanisavljevi¢ (2006) determined the maximum
difference in NFE content of only 2.9 g kg' DM
between three domestic (NS-H-11, NS Slavija and
ZA-83) and one French variety (Europe), which
could also be explained by the influence of genetic
constitution of investigated varieties.

Table 7- Forage quality parameters for different alfalfa genotypes; average of A1 and A2 (I-IV harvests each)

Cizelge 7- Yonca genotiplerinin 2 yil (A1 ve A2) ve 4 hasat (I-IV) ortalamasi olarak ot kalite ozellikleri

Varieties MM CcP CF CFM NFE
Mecca II1 85.8 be* 174 ¢ 301 a-c 19.2b 407 a-d
Dynamic 89.8 be 201 a-d 271 c-e 259a 413 b-d
Pointer 100.4 ab 215a 225 g 23.0 ab 437 ab
Weston 98.6 a-c 196 b-d 260 d-f 26.7 a 418 be
DKA 50-18 94.4 a-c 198 b-d 272 c-e 23.1ab 413 be
WL-625 HQ 103.8 a 196 b-d 244 e-g 255a 431 a-c
Tru test 84.1c¢ 215a 282 ed 23.2 ab 396 de
Ameri stand 90.7 a-c 199 b-d 289 b-d 253 a 396 de
Integrity 104.6 a 210 ab 259 d-f 242 a 403 cd
CV (%) 8.01 6.27 8.70 9.36 3.47
K-22 87.0 bc 201 a-d 229 fg 25.1a 458 a
K-28 839¢ 193 c-d 285 be 244 a 404 cd
Pop. Uzice 89.0 a-c 203 a-d 316 ab 253a 362
Vali 87.1 be 206 a-c 297 a-c 26.0 a 369 ef
Synteza 1 82.8 ¢ 200 b-d 277 cd 248 a 406 cd
0S-95 98.6 a-c 191d 324 a 22.7 ab 357 f
Average 85.8 200 275 243 405
CV (%) 5.92 2.68 10.97 4.21 8.95
Total CV (%) 8.09 5.07 10.48 7.66 6.74

* means followed by the same letter are not significantly different at P<0.01

Table 8- Coefficients of correlation (r) between investigated parameters (n=120; 2 years; 15 varieties; four cuts)

Cizelge 8- Incelenen ozellikler arast (n= 120, 2 yil, 15 genotip, 4 bi¢im) ait korelasyon katsayilart (r)

DMY (t ha') Forage quality parameters (g kg! DM)

s} MM (1)  CP (Il) CF (IV) CFM (V)  NFE (VD)

I -0.140 ™ 0.344%** 0.342%*%* 0.306***  -0.510%***
I 0.160 ™ -0.364%** 0.099 0.151m
I -0.393%** 0.424*** 0.068 ™
v -0.227* -0.917 ***
\ 0.043

ns, not significant; *, significant at P<0.05; ***_ significant at P<0.001
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4. Conclusions

In this two-year trial, conducted in central Serbia,
the investigated varieties originated from different
regions of USA and Europe. Several varieties from
each region had superior potential for high dry
matter yield (DMY): Vali, Integrity, Ameri stand,
0S-95, Synteza 1, Uzice, Tru test and K-22, with
DMY ranging from 16.03 to 17.66 t ha'. Varieties
from USA exhibited higher DMY variability (Al:
CV=13.65% and A2: CV= 9.92%) than European
varieties (Al: CV= 6.67% and A2: CV= 8.01%).
Variability of crude protein content (CP), the most
important parameter of forage quality, was also
higher in USA varieties than in those from Europe
(CV=6.27% and CV= 2.68%, respectively). Total
variability of forage quality parameters ranged
from 5.07% (CV) for crude protein (CP) to 10.48%
(CV) for crude fiber (CF). The strongest correlation,
although negative (r= -0.917), was between CF
content and nitrogen-free extract (NFE), while
DMY was in significant positive correlation with
CP (r= 0.344), CF (r= 0.342) and crude fat matter
content (CFM) (r= 0.306). The obtained results
could be helpful when choosing alfalfa varieties,
in this or similar region, for conventional growing
and/or for selection and breeding of varieties with
good potential for high dry matter yield (DMY) and
forage quality.
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ABSTRACT

Apple scab (Venturia inaequalis (Cke) Wint) is the main disease of apple trees not only in the world but also in Turkey.
The disease can cause severe yield losses in all Turkish apple orchards. Genetic diversity and relatedness of apple scab
(Venturia inaequalis (Cke) Wint) isolates collected from Turkey and Europe were investigated in this study through
molecular markers. RAPD, ISSR, SSR and SRAP markers were used in the molecular studies. Results obtained by
marker system revealed that isolates were quite separated from each other and it is appeared to exist a variation between
them. Genetic relatedness between the isolates are very close to each other, and difference among the groups is not
significant due to host specificity and geographical location. The groups are consisted of more number of isolates when
SSR and SRAP markers are used compared with ISSR and RAPD markers. Using SSR and SRAP markers are preferable
to provide more informative outcomes because of ease of use, repeatability and specificity.

Keywords: Apple; Genetic difference; ISSR; RAPD; SRAP; SSR; Venturia inaequalis

Avrupa ve Tiirkiye’den Toplanan Venturia inaequalis izolatlarimin
Genetik Farklihginin Molekiiler Markirlar ile Degerlendirilmesi

ESER BILGISI
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OZET

Elma kara lekesi hastaligi (Venturia inaequalis (Cke) Wint) diinyada oldugu gibi iilkemizde de elmanin ana hastaligidir.
Hastalik, yurdumuzda elma yetistirilen tiim bahgelerde 6nemli iiriin kaybina neden olabilmektedir. Bu ¢alismada
molekiiler markirlar ile Tirkiye’den ve Avrupa’dan toplanan Elma kara lekesi izolatlarinin genetik farkliliklari ve
akrabalik iligkileri arastirilmigtir. Molekiiler ¢alismalarda RAPD, ISSR, SSR ve SRAP markirlari kullanilmistir. Markir
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sistemlerinden elde edilen sonuglara gére, izolatlarin tamami birbirinden ayrilmig ve bunlar arasinda bir varyasyon
oldugu goriilmustiir. Genetik benzerlikler birbirine yakin bulunmus, gruplar arasinda konuk¢u se¢imi ve cografik konum
yoniinden farkliliklar olusmamistir. SSR ve SRAP markirlarinda gruplar daha toplu olusmus ve uygulamanin kolayligi,
tekrarlanabilirligi ve spesifikligi bakimindan daha bilgi verici bulunmustur.

Anahtar Kelimeler: Elma; Genetik farklilik; ISSR; RAPD; SRAP; SSR; Venturia inaequalis

1. Introduction

Apple scab caused by Venturia inaequalis is a
fungal disease and mostly resulted from filamentous
fungus. It is among the most significant threats to
commercial orchards located in cool and precipitated
regions of the world (MacHardy 1996). Lesions
caused by pathogenic infections are commonly
superficial and developed between the cuticle and
the cell wall of epidermal layers (MacHardy et
al 2001). Therefore they are not life threatening.
However, such lesions significantly reduce the
market values of apples, thus considered as serious
concerns for commercial growers (MacHardy et
al 2001). Generally fungicides are applied several
times throughout the growing season to prevent
apples from V. inaequalis (Soriano et al 2009).

Virulence and evolutionary structures of the
pathogen should be well-comprehended to develop
new cultivars resistant to V. inaequalis. Gladieux
et al (2008) and Tenzer & Gessler (1997) analyzed
microsatellite profiles of V. inaequalis samples
collected from five different continents and indicated
the origin of the fungus as Central Asia and reported
the widespread of the fungus worldwide. Barbara
et al (2008) carried out AFLP analysis on isolates
taken from different cultivars and reported significant
differences in virulence of the fungus even in the same
orchard established with different apple cultivars
in UK, but Xu et al (2008) was not able to observe
significant differences in isolates taken from different
cultivars or regions of China. Xu et al (2009) indicated
the need for more knowledge about inner-population
variability effecting host pathogen co-evolution.

Moleculartechniques and new analytical methods
have been developed for better understanding of
population biology of plant pathogens (Taylor et al
1999a; 1999b; 2000). Multi-locus DNA datasets are

© Ankara Universitesi Ziraat Fakiiltesi

now used in phylogenetic and population genetic
methods to find out the species and populations
and to identify their mating system and population
structure (Taylor et al 1999a).

Currently, molecular markers are also employed
in researches on population structure of V. inaequalis.
In the studies carried out on population genetics of
V. inaequalis, neutral markers of four V. inaequalis
populations from Switzerland (Tenzer & Gessler
1997) and 11 populations from the other European
countries (Tenzer & Gessler 1999) were evaluated
to investigate relationship between the geographic
population structure and host origin. Those findings
revealed a high level gene flow in both short and long-
distances in Switzerland (Tenzer & Gessler 1997)
and throughout Europe (Tenzer & Gessler 1999)

Gladieux et al (2008) carried out a broad
study including 1,273 isolates from 28 orchards
of 5 continents with microsatellite markers to
identify the origin of V. inaequalis. Researchers
gathered isolates under 17 clusters representing
distinct groups of geographic locations Analysis of
Molecular Variance (AMOVA) revealed about 88%
variation within populations. Depending on such a
high genetic variation and random association of
alleles from different microsatellite loci, researchers
concluded that regular sexual recombination
occurred in all sampled sites.

While Sierotzki et al (1994), Sierotzki & Gessler
(1998), Tenzer & Gessler (1999), Melounova et al
(2004) and Padder et al (2011) used RAPD markers
in molecular studies related to Venturia inaequalis,
Tenzer et al (1999), Boechm et al (2003), Guérin et
al (2004) and Xu et al (2008) used SSR markers in
similar studies. However, ISSR and SRAP markers
haven’t been used in molecular characterization of
V. inaequalis.
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The present study was conducted to investigate
the genetic diversity and relatedness of 54 Venturia
inaequalis genotypes through RAPD, ISSR, SSR
and SRAP molecular markers.

2. Material and Methods

2.1. Isolation

Venturia inaequalis isolates were isolated as single
spore from apple orchard at different ages and types
(Sierotzki et al 1994). Isolates of V. inaequalis were
obtained from infected apple tree leaves were washed
with sterile distilled water. Spore suspensions were
adjusted in sterile distilled water to 15x10° conidia
mL"' and maintained on agar surface to obtain pure
culture in petri dishes. Petri dishes were kept at 20 °C
for 24 h in the dark, and the conidia were transplanted to
Potato Dextrose Agar (PDA) medium. Conidia on the
PDA were taken from petri dishes and ground in liquid
nitrogen using a mortar and pestle. About 100 mg of
fungal powder was added to centrifuge cups and used
in DNA isolation. DNA isolation was performed with

a genomic QIAGEN® DNA extraction kit (OIGEN,
Roche) along with the recommendations of producer
firm. Single spore isolates of 43 Venturia inaequalis
supplied from 22 provinces of Turkey and 11 from 5
different European countries in April and June when
the disease is active were used in this study (Table 1).

2.2. PCR analysis

For PCR analyses, a total of 24 pL. PCR mixture was
prepared with 1xPCR buffer solution (50 mM KCl,
10 mM Tris HCI, 25 °C, pH 9.0, 1% Triton X-100),
2.5 mM MgCl, 0.2 mM dNTP, 0.8 puM primer/
primers and 30-50 ng (1 uL) DNA with 1.25 U Taq
DNA polymerase (Takara Ex Taq) enzyme. For
DNA amplification, the prepared PCR mixture was
placed into PCR device (BioRad, C1000 Thermal
Cycler USA) and gene amplification was performed.
All isolates were screened through by selecting 11
RAPD primers (Tenzer & Gessler 1997; Meleunova
et al 2004), 6 ISSR primers (Baysal et al 2009),
7 SSR primers (Tenzer et al 1999) and 14 SRAP
primer combinations (Li & Quiros 2001).

Table 1- List of samples collected from European countries and different provinces of Turkey

Cizelge 1- Tiirkiye nin farkli sehirlerinden ve Avrupa iilkelerinden toplanan érneklerin listesi

No  Sample no No Sample no No  Sample no

1 03D09st 19 32EgHRO09st 37 53ID10kr

2 05M09al 20 32GeBag09st 38 55M09a

3 05M09a2 21 32EnTst1209st 39 59M09go

4 07E109st 22 32EnTst709s 40  59M09st

5 07El10st 23 33MO09st 41 60MO09st

6 17B109st 24 33M10an 42 70MO09st

7 17BI09st 25 33Mut09st 43 77AE10st

8 17L09ga 26 38Y10st 44 AlKIn10kr(Germany/Cologne)

9 17Lap09st 27 38YS09st 45  BelAE10kr(Belgium/Resc. Inst.)
10 17MS09st 28 42BS09st 46 BelBrM 10kr(Belgium, Brussel)

11 17Un09st 29 42BS10st 47  BelBrO10kr(Belgium/Oaslt)

12 20COm09go 30 42E10st 48  BelGelOkr(Belgium/Gent)

13 200m09st 31 43To09br 49  BelLux10se(Belgium-Luxemburg)
14 200m09st2 32 43To09go 50  Bos210kr(Bosnia/University)

15 221.b10pl 33 43To09gr 51  Bos310kr(Bosnia/University)

16 24CK10st 34 43To09st 52 Holl0kr(The Netherland)

17 24M09a 35 48U109go 53 HolRot10se(The Netherland/Rotterdam)
18 26MhlIS10st 36 50MO09st 54 LuxM10se(Luxemburg/Center)
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PCR products of RAPD, ISSR and SRAP
markers were separated by electrophoresis method
in Tris boric acid EDTA (TBE) buffer solution
by using 2% Agar (Sigma, A5093 Agarose) and
PCR products of SSR markers by using 2% High
Resolution Agar (LONZA Metaphor Agarose).
Then dyed with ethidium bromide (0.5 mg
mL") and imaged in a gel imaging system (Gel
Logic 200 Imaging System) under ultraviolet light
and scored as 0 indicating the absence of a band and
1 indicating existence of a band.

Resultant data were analyzed through NTSYS
(Numerical ~Taxonomy Multivariate  Analysis
System, NTSYS-pc version 2.1, Exeter Software,
Setauket, N.Y. USA) software. Similarity indexes
were calculated in accordance with Dice (1945)
method and dendrograms was created in accordance
with UPGMA (Unweighted Pair-Group Method with
Arithmetic Average) method (Rohlf 1993). With
all these analyses, variation and similarity levels
among investigated scab isolates were identified and
characteristics of genetic structure were put forth.

3. Results and Discussion

Phylogenetic analyses of 54 isolates were performed
by using RAPD, ISSR, SSR and SRAP markers to
identify genetic relatedness of apple scab single

spore isolates supplied from different production
sites.

With RAPD markers, number of bands per primer
was found to be 5.9 and number of polymorphic
band was found to be 3.9. The highest number of
band (8 bands) was observed in OPGO5 and M2
RAPD primers. The greatest number of polymorphic
band (7 bands) was observed in M2 primer and
polymorphism ratio was identified as 88%. The
highest Polymorphism Information Content (PIC)
value (0.51) was observed again in OPGO05 and M2
RAPD primers and general average was observed
as 0.42. RAPD marker-based dendrograms revealed
that scab isolates separated into an initial group with
a ratio of 0.83 and it was followed by several sub-
groups. A distinct difference was not observed in
host-specifity and geographic origin (Figure 1). With
regard to relativeness, the samples SOM09st and
42BS09st were the closest ones (0.97) to each other.
In general, European isolates formed collectively
and genotypic similarity was around 0.84.

Melounova et al (2004) identified the genetic
similarity with RAPD markers as 79%. The value
was quite close to the similarity (88%) observed in
this study with RAPD markers. Padder et al (2011)
also carried out phylogenetic analyses with RAPD
molecular markers and were not able to identify
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Figure 1- Phylogenetic dendrograms for Venturia inaequalis isolated based on RAPD markers

Sekil 1- RAPD markerler kullanilarak Venturia inaequalis i¢in elde edilen filogenetik dendogramlar
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distinctive relationships among the groups with
regard to geographical and host specificity. Current
findings were parallel to those earlier ones.

With ISSR makers, average number of band per
primer was found to be 6.2 and average number
of polymorphic band was identified as 4.2. The
highest number of band was observed in UBC 885
ISSR primer (8 bands) and the highest number of
polymorphic band was observed in the same primer
(7 bands) and polymorphism was identified as 88%.
The greatest Polymorphism Information Content
was observed in UBC 887 ISSR primer (0.47)
and general average was identified as 0.36. ISSR
marker-based dendrograms (Figure 2) revealed that
samples were separated into two groups with a ratio
of 0.80. The first group was formed only by the
isolate taken from Konya-Beysehir (42BS10st) and
the rest formed the second group. The second group
was divided into sub-groups with 0.83 similarity
ratio and the isolates 50MOst and 42Bs(09st, the
isolate 24CK10st and German isolate AlKInl10kr
were identified as close relative with each other
with a genetic similarity ratio of 0.98. The use of
ISSR markers in identification of genetic diversity
in V. inaequalis isolates haven’t been reported, yet.
However, Baysal et al (2009) performed genetic race

separation in Fusarium oxysporum f. sp. lycopersici
by using 6 ISSR primer markers. Researchers
obtained 23 bands (average 3.83 bands per primer)
with a band widths between 190 bp and 900 bp and
identified the separation capacity as > 0: 1.08+0.59.
Of the ISSR primers, UBC 880 (1.56), UBC 886
(1.54) and UBC 887 (1.52) were identified as the
most effective primers in separation.

Yalim (2005) in a study selected 10 ISSR
primers based on polymorphism ratio and produced
75 bands of which 51 were polymorphic. As an
indicator of polymorphism level, the researcher
identified the highest PIC value as 0.844 and the
lowest as 0.354 with an average value of 0.611. In
this study, the least PIC value (0.36) was observed
in analyses carried out with ISSR markers. Such
findings were found to be parallel to those earlier
ones. In this marker system, it was observed that
variation among genotypes came from a single
source and variations were not observed based on
geographic or host origin.

With SSR markers, average number of band per
SSR primer pair was observed as 1.9 and average
number of polymorphic band was observed as 1.7.
The highest PIC value (0.71) was observed in Itcla
and 1tclb SSR primer pair and general average
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Figure 2- Phylogenetic dendrograms for Venturia inaequalis isolated based on ISSR markers

Sekil 2- ISSR markerler kullanilarak Venturia inaequalis icin elde edilen filogenetik dendogramlar
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was observed as 0.56. In SSR-based dendrograms,
genetic similarity of entire genotypes varied between
0.57-1.00. The dendrograms (Figure 3) revealed
2 groups with a similarity ratio of 0.74. These two
main groups were then separated into 7 sub-groups
with a relatedness ratio of 0.81 within themselves.
Considering the genetic similarities between the sub-
groups, it was observed that even European isolates
were placed separately in sub-groups and distinctive
differences were not able to be observed between
the isolates. Populations were separated better and
groups were clearer with SSR markers.

Similarly, Tenzer et al (1999) carried out a
study screened 350 V. inaequalis isolates collected
from 11 European countries with 7 SSR markers.
Researchers identified genetic diversity as between
0.52-0.96 and population diversity as between
0.28-0.49. On the other hand, Guérin et al (2004)
obtained 21 microsatellite (SSR) markers from
Venturia inaequalis isolate and analyzed 44
isolates to identify host-pathogen and geographical
differences. Each primer pair was found to be
polymorphic and average 9.1 alleles (2-24) were
obtained from the loci.

Current findings did not reveal distinctive genetic
differences among the isolates. The differences

among the isolates were probably because of inner-
race variations.

As it was in ISSR primer system, the use of
SRAP markers in identification of genetic diversity
in V. inaequalis isolate haven’t been also reported
before. However, Baysal et al (2009) carried out
genetic race separation of Fusarium oxysporum f.
sp. lycopersici by using 4 SRAP primer markers
and reported higher separation capacity (3.0:
1.2840.97) for ISSR markers. Phylogenetic
dendrograms created based on SRAP markers
is presented in Figure 4. Similar to analyses with
SSR markers, more clear outcomes were obtained
with SRAP markers. The dendrograms revealed 2
main groups with a relatedness ratio of 0.66. Of
these groups, the first one included only 1 isolate
(17B109st) and the rest were placed in the second
group. The second group was then separated into 2
sub-groups with a relatedness ratio of 0.77. The first
sub-group was composed of 33M09st and 38Y 10st
and the samples supplied from Bosnia were placed
in the second sub-group with a relatedness ratio
of 0.94. The isolates 17MS09st and 24M09a and
the isolates from The Netherlands (HollOkr) and
Belgium (BelAE10kr) were found to be the closest
isolates with a relatedness ratio of 0.96. A low level
variation was observed among the samples and
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Figure 3- Phylogenetic dendrograms for Venturia inaequalis isolated based on SSR markers

Sekil 3- SSR markerler kullanilarak Venturia inaequalis igin elde edilen filogenetik dendogramlar
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the dendrograms revealed the similarity levels of
the genotypes as between 0.54-0.96. The average
number of band per primer was observed as 6.5 and
number of polymorphic band was observed as 4.8.
The highest PIC value was observed in Em5Mel0
primer combination (0.76) and general average was
observed as 0.54. Current findings were similar to
earlier reports of the researchers and SRAP markers
were found to be more effective in separation than
RAPD and ISSR markers.

Current findings pointed out that the analyses
carried out with SRAP markers may reveal a regional
relationship. Also, SRAP markers were used for the
first time worldwide in molecular analyses of V.
inaequalis isolates and SRAP markers were found
to be quite promising in such analyses.

Boehm et al (2003) investigated the genetic
diversity in V. inaequalis (Cke.) Wint. populations
with neutral markers and indicated that genetic
diversity was mostly related to ecological conditions
of the places from where isolates supplied in Israel.
The researchers identified that the populations
supplied from coastal sections of the country were
quite uniform and the populations supplied from
Golan Heights were quite diverse. The researchers
also indicated that this pathogen did not reproduce

well in regions with mild winters and existed in such
regions as clonal lineages.

Tenzer & Gessler (1999) investigated the genetic
diversity among 11 V. inaequalis populations supplied
from five European countries through allele frequencies
of 18 random amplified polymorphic DNA markers
and the internal transcribed spacer region of the
ribosomal DNA. The diversity within each population
was observed as between 0.26-0.33. The average
differentiation among populations was identified as
0.11 and populations were isolated by distance (r*=
0.50, P<0.01). Such results indicated an extensive
short-distance gene flow in Europe and dispersal over
longer distances enough to prevent differentiation due
to genetic drift (Tenzer & Gessler 1999).

Xu et al (2008) pointed out the significance
of identification of pathogen population structure
for breeding resistant cultivars. The researchers
supplied V. inaequalis isolates from China, India and
the United Kingdom to investigate the differences
in pathogen populations through AFLP markers.
The researchers reported significant differences in
V. inaequalis populations supplied from China and
the United Kingdom and insignificant differences in
populations supplied from China.
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Figure 4- Phylogenetic dendrograms for Venturia inaequalis isolated based on SRAP markers

Sekil 4- SRAP markerler kullanilarak Venturia inaequalis i¢in elde edilen filogenetik dendogramlar
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Guérin & Le Cam (2004) indicated that V.
inaequalis population structure might be greatly
influenced by genetic background of host cultivars.
The recent breakdown of the Vf resistance gene
by V. inaequalis in France allowed the comparison
of V. inaequalis populations and consequently
identification of resistant and susceptible cultivars.
The researchers genotyped 133 isolates of V.
inaequalis from Vf cultivar Judeline and non-
Vf cultivars Petit Jaune, Juliana, and Judor from
a commercial orchard through AFLPs and four
microsatellite loci and indicated significantly lower
genetic diversity for V. inaequalis populations than
for non-Vf cultivars. The researchers also reported
that isolates from Vf cultivars were belong to the
same clonal lineage.

Guérin & Le Cam (2004) investigated three
susceptible apple cultivars and one cultivar carrying
the Vf gene by using AFLPs and four microsatellite
loci. Xu et al (2008) analyzed V. inaequalis
populations supplied from different apple cultivars
from the UK, China and India and reported significant
differences between populations of Asia and
Europe based on cluster analysis of more than 100
isolates. The researchers also indicated significant
differences among the isolates supplied from three
apple cultivars (cvs. Cox, Bramley, Worcester) of
a single orchard in the UK. Xu et al (2008) in the
same study reported that V. inaequalis populations
within China (Shaanxi Province) were much more
homogenous and no population differentiation was
detected on isolates obtained from different cultivars
(cvs. Gala, Fuji and Qingquan).

Tenzer et al (1999) used 7 microsatellite markers
with (TC)n and (AAC)n repeats and tested them on
350 V. inaequalis isolates. The researchers reported
that three markers with the (TC)n motif out of
seven were highly diverse with Nei’s expected
genetic diversity value of between 0.52-0.96.
Guérin et al (2004) developed 21 new polymorphic
microsatellite markers to be used genetic analyses
of V. inaequalis isolates. All above mention studies
were capable of detecting high level of genetic
diversity for V. inaequalis.

4. Conclusions

ISSR and SRAP markers were used for the first time
in this study for molecular characterization of V.
inaequalis isolates. The groups were better clustered
with SSR and SRAP markers and were more
informative considering the easy use, repeatability
and specificity of the markers.

Chemical control practices may sometimes create
new races resistant to fungicides. Commercial cultivars
are sensitive to pathogen most of the time since an
obstruction is not experienced in spread of disease
based on sensitivity of the cultivar, a specificity is not
also observed based on the host pathogen (Kaymak
et al 2008). Whenever the orchards are established
with resistant cultivars, the fungus will experience a
powerful obstruction and will try to specialize to adapt
itself to changing conditions. Then in time, resistant
cultivars will turn into sensitive ones. An effective use
of gene sources will allow the identification of new
resistance genes and provide significant contributions
in control of the fungus.

Considering the entire results obtained from
marker system together, it was observed that all of
the isolates were separated from each other and a
variation was observed among them. The present
study is the first study in this subject matter and
further more comprehensive and detailed studies
will reveal significant information about diversity
and distribution of scab races.
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ABSTRACT

In this paper, structural analysis of a 21 meters wide field sprayer boom, designed for precision agriculture
applications, was conducted with finite element analysis. G-programming language, a data acquisition board and
an inductive force transducer were used to measure the forces acting on the boom arms. An experimental setup,
developed in a laboratory environment, was able to measure and record various forces in 5 miliseconds intervals.
An ANSYS model was developed to analyze the forces recorded during laboratory experiments. Steel (SAE/AISI
St 42) and aluminum (ISO AIMg2.5) materials for the sprayer boom structure were used in the analyses. Based on
the analysis results, using aluminum for active boom suspension system for field sprayers produced more favorable
structural results than steel.

Keywords: Transient analysis; Aluminum; Steel; G-Programming; Finite element analysis; ANSYS

Bir Tarla Piilverizator Bumunun Yapisal Analizi
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OZET

Bu caligmada, hassas tarimda kullanmak amaciyla tasarlanan 21 metre is genisligine sahip bir tarla piilverizatér bumunun
sonlu elemanlar yontemiyle yapisal analizleri ger¢eklestirilmistir. Bum kollarina gelen farkli kuvvet degerlerinin 6l¢iimii
icin G-programu, bir adet veri algilama kart1 ve indiiktif bir kuvvet algilayicis1 kullanilmistir. Laboratuvar ortaminda
gelistirilen deney diizenegi farkli kuvvet biiyiikliikklerini 5 milisaniye araliklarla 6lgerek kaydedebilecek sekilde
hazirlanmigtir. Deneysel olarak elde edilen kuvvet verilerinin analizi i¢in ANSYS ortaminda bir model gelistirilmistir.
Analizlerde bum malzemesi olarak celik (SAE/AISI St 42) ve aliiminyum (ISO AIMg2.5) kullanilmistir. Yapilan
denemelerde elde edilen sonuglara gore, aktif bum dengelemesi i¢in aliiminyum malzemenin yapisal olarak ¢elige gore
daha iyi oldugu sonucuna varilmistir.

Anahtar Kelimeler: Siireksiz analiz; Aliminyum; Celik; Grafiksel programlama; Sonlu elemanlar; ANSYS
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1. Introduction

Most of the machines used for agricultural operations
are subjected to vibrations and oscillations due to
irregular field conditions. Due to their large working
widths, field sprayers are usually exposed to extreme
vibrations and oscillations during field operations
(Koc & Keskin 2011). Among the main reasons for
non-uniform distributions of pesticides applied by
field sprayers are the presence of oscillations and
vibrations on the boom (Hedden 1961). The large
working width and the vibration of field sprayer
booms result in uneven clearance heights between
the field sprayer boom and the field surface (Cilingir
& Celen 1995). To maintain a uniform pesticide
distribution, an appropriate distance between the
sprayer boom and the agricultural field surface must
be maintained throughout the spraying operation
(Pochi & Vannucci 2001; Jeon et al 2004).

In order to reduce fuel consumption and time
during spraying, field sprayers with large working
widths are used. However, as the width of the sprayer
increases, the weight of the boom also increases. A
36 meters wide sprayer boom made of steel weighs
approximately 1155 kilograms, whereas a similar
boom with the same width made of aluminum
weighs 770 kilograms. As in aviation industry,
carbon fiber is becoming a more preferred material
than steel or aluminum because of weight saving. A
36 meters wide sprayer boom made of carbon fiber
weighs only 385 kilograms (Anonymous 2015a).
However, the high cost of carbon fiber is the major
factor limiting its use in field sprayers and other
agricultural equipment.

Steel and aluminum are the most commonly used
structural materials in agricultural machinery. Due
to the higher resistance and relatively lower costs,
steel materials are widely used in the sector. In the
meantime, aluminum is also becoming a commonly
used material in agricultural machinery because of
its weight (Herrington & Latorre 1998; Lamb et al
2011).

When aluminum and steel are compared,
aluminum is lighter, and has higher corrosion
and temperature resistances than steel. However,

aluminum is more expensive, has lower yield and
tensile strengths, and lower fracture resistance
than steel. The cost of steel, on the other hand, is
inexpensive and has better welding and machining
properties than aluminum (Kasten 2010).

Finite element analysis can be implemented
to analyze the strength of a structure. Using finite
element analysis, a structure’s vibration response
and factor of safety can be obtained very close to
the real values in a short time (Moaveni 2007; Chu
& Lei 2014) identified that the theoretical finite
element analysis results of a boom structures were
close to the results of experimental analysis.

In this study, the sprayer boom characteristics
were determined with mechanical analysis.
A model of the boom was then manufactured
based on the results of mechanical analysis. The
critical points of failure of the boom system were
identified by using an electro-hydraulic simulation
in laboratory conditions. The critical values were
measured with sensors and a data acquisition
system. A computer program was developed
in Labview G-programming language for this
research. Finite element analysis was carried out in
ANSYS software based on the data collected with
laboratory experiments. The model then was used
for testing different materials for the sprayer boom
structure. Two boom materials, steel SAE/AISI St
42, and aluminum ISO AIMg2.5 were tested with
the developed model. Finally, the outputs of the
model were compared with the results obtained
from laboratory experiments.

2. Material and Methods
2.1. Materials

2.1.1. Field sprayer boom for laboratory experiments

A prototype field sprayer boom was manufactured
for this research. The working width of the field
sprayer was 21 meters with three major sections.
Left and right sides of the boom were 9 meters long
and the center was 3 meters wide. The boom was
designed in a way that the left and right sections
of the boom could move independently. The boom
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sections were manufactured from 3 meters long and
40x60x3 millimeters in cross-sectional dimensions
of aluminum profile. The different motions of the
boom sections were controlled using hydraulic
cylinders. Two lifting cylinders were used to

Front view

=

A

maintain the distance between the ground surface
and each side of the boom, and one hydraulic
cylinder was used to move the whole structure
vertically (Figure 1).

=

N

Lifting cylinder

Top view

Folding cylinder IIT

Folding cylinderI  F oldini cylinder I1

-

Figure 1- The sprayer boom structure used for the experiments

Sekil 1- Denemelerde kullanilan piilverizator bumunun yapisi

2.1.2. Load measurement set-up

An inductive force transducer and an NI 6009 data
acquisition card were used for load measurements.
A 30 millimeter diameter hydraulic cylinder was
designed to mount and dismount the force transducer
at the center of the field sprayer (Figure 2). The
piston rod of the hydraulic cylinder was working
as an inductive force measurement tool as well as a
connecting part. The measurement set up was used
to measure the upward and downward loads.

Figure 2- Load measurement set-up

Sekil 2- Kuvvet él¢iim diizenegi

2.1.3. Data acquisition

For data acquisition process, a graphical program
was developed by using LABVIEW 8.2. The
developed G-program facilitates the collection and
recording of the inductive load data with the help
of an NI 6009 data acquisition card to a personal
computer. The inductive force measurements were
displayed both in graphical and numeric indicators
on the computer screen.

2.2. Method
2.2.1. ANSYS finite element formulation

2.2.1.1. Static analysis

The static mathematical formulas in the ANSYS
program which are valid for all degrees of freedom
are given in Equation 1 and 2. The effects of inertia
and damping effects were neglected except for static
acceleration fields (Anonymous 2015b).

[K1{u} = {F} O]
[Kl{u} = {F*} + {F"} @
[K] = Total stif fness matrix = [K.]
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Where; {u}, nodal displacement vector; N,
number of elements; [K ], elements stiffness matrix;
{F"}, reaction load vector; {F“}, total applied vector.

Total applied vector defined in Equation 3.
{F} = {(F"} + {FY + N (M + (BT (3)
Where; {F"}, applied nodal load vector;
{F*} = - [M]{a_}, acceleration load vector; [M],
total mass matrix; {a }, total acceleration vector;

{F"}, element thermal load vector; {F}"}, element
pressure load vector.

The nodal displacements for one member of the
boom structure are obtained as shown in Figure 3.

Figure 3- Static mode displacements of one member
of the boom

Sekil 3- Bum iizerindeki bir noktanin static mod yer
degisimi

X-Y axis in Figure 4 indicates the global
coordinate system, and x-y indicates the local
coordinate system. The angle between the element
member and the horizontal plane is shown with e.
The displacements at two nodes (node 1 and node
2) are shown in both coordinate systems. The
global displacements (U) are related to the local
displacements (u#) determined from the Equation
4-8.

U, = -u,sin(e) + u,, cos(e) 4)
U,= u,xsin(e) +u, cos(o) &)
U,,= u, cos(e) + u;y sin(e) (6)
U,,= -u, cos(e) + u, sin(e) (7
{U} = [T]{u} ®)

Where; T, transformation matrix.

Transformation matrix is shown in Equation 9.

U, —sin(@) cos(@) 0 0 u,

~ U, | sin@)  cos@®) 0 0 |y
W=y, 1= 0 cos® sin@| 7 |u.| O

U,, 0 0 —cos@®) sin(0) Uy,

The reaction force values were calculated using
the Equation 10-12.

{F}=IrKr} (10)
The relations between the node forces and the
displacements are similar to a linear spring.

F=KX (11)

{rt=k{u} (12)

K is related to the property of the material given
by Equation 13.

K=A4-E-L" (13)

Where; 4, cross sectional area; L, length and E,

modulus of elasticity of the element member.

After substituting for {f} and {u) in terms of {F’}
and {U} and multiplying both sides with [7] F' can
be written as Equation 14.

[F1=K[T] [U][T] (14)

The matrix of nodal forces were determined by
substituting the values of the {F'}, [T]", [7], and {U}
matrices and multiplying (Equation 15).

F, —sin(@) cos(6) 0 0 —sin(@) cos(8) 0 0 u,

|:F‘ k- sin(@)  cos(6) 0 ) 0 sin(d)  cos(@) 0 0 Uy, ( 1 5)
F,, 0 0 cos(8) sin(6) 0 0 cos(0) —cos(6) || u,,
£, 0 0 —cos(d) sin(6) 0 0 sin(@) sin(@) ||%

The same principle was applied for all of the
members of the structure and finally the element
stiffness matrices were obtained. The equation was
then solved by applying boundary conditions and
loads, which produced the displacement stresses.

2.2.1.2. Transient analysis

A transient dynamic analysis was used to determine
the response of the boom structure under time-
depended loading with inertia and damping effects.
The transient analysis solution method (ANTYPE,
TRANS) was dependent on the degrees of freedom.
The most widely used finite element discrete
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equation of motion for dynamic structures were the
virtual work method given in Equation 16.

[M1{ii()} +[Cl ()} +{F' (1)} = {F“ (0)} (16)

Where; [M], structural mass matrix; [C] {zi(¢)},
structural damping matrix; {(¢) }, nodal acceleration
vector; {u(t)}, nodal velocity vector; {u(¢)}, nodal
displacement vector; {F'(¢)}, internal load vector;
{F“(#)}, applied load vector.

In linear structural dynamics systems, the
internal load is linearly proportional to the
displacement while the structural stiffness matrix
remains constant. Therefore, Equation 16 was
rewritten as Equation 17.

[M16i(0)} +[Clae) } +[K {u(?) = {F(6)} (17)
Where; [K]{u(?)}, structural stiffness matrix.

In addition to the above given direct time
integration methods, other methods of solving
transient problems were also included in ANSYS;
such as the new method, generalized - method,
the Hilber Hughes-Taylor (HHT) method, and the
Newmark family of time integration algorithms.

2.2.2. ANSYS graphical modeling

Modeling of the system in ANSYS was started
by developing the mesh structure and assuming the
boundary conditions. The boundary conditions used
in the model are shown in Table 1.

2.2.3. Laboratory experiments

The loads on the boom joints were measured by
using the inductive transducer. This transducer is
attached at the center of 30 millimeters diameter
piston with a specially constructed screw profile.
The other end of the transducer was then attached
to the boom elements. The measurements of
the load were recorded with the NI 6009 data
acquisition card on the computer. For the upward
and downward movements of the boom structure,
especially designed hydraulic cylinders were
used. The cylinders were driven by the hydraulic
output of the tractor. During the experiments, the
tractor hydraulic system output pressure of 120
bars was used. To measure the static loads on the
boom structure and the joints, calibrations were
made by hanging known weights on three points
of the 9 meters long boom structure. Following the
calibration, static load data were collected. The data
were then used as input for the ANSYS modeling.

Based on the inductive load data from the known
masses a calibration equation was developed. The
derived equation was then used in the Labview
program. The derived equation with the coefficient
of determination (R?) value of 0.99 is shown in
Equation 18.

3 =11.304x + 0.8952 (18)

Where; y, force (N) measured with the load
sensor and x, known mass (kg).

Table 1- Boundary conditions used for the ANSYS model
Cizelge 1- Kullanilan ANSYS modeli iizerindeki sinir kosullar

Sizing Statistics

Use advanced size function On: Curvature Nodes 819202
Relevance center Fine Elements 518338
Curvature normal angle 12.0° Aspect ratio

Min size 5.0 mm Min 1.16
Max face size 10.0 mm Max 44.5
Max size 20.0 mm Average 1.88
Growth rate 1.20

Minimum edge length 1.7857e-002 mm
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Based on the calibration equation in the computer
program, the unknown force values were obtained
in 5 milliseconds intervals.

3. Results and Discussion

3.1. Results

The results of the ANSYS structural analyses are
given in Table 2 and Figures 4. Based on the loads
on the boom structure, static and transient analyses
were performed in ANSYS environment. Total
deformation, equivalent stress and safety factor
values on aluminum and steel boom structures were
obtained from the analyses. Based on the static
analysis that the total deformation on the aluminum
structure was 27 mm, total stress was 189 MPa and
the minimum critical safety factor was 0.45. On
the other hand, the total deformation on the steel
structure was 19 mm, total stress was 399.67 MPa
and the minimum safety factor was 0.21.

In addition to the structural analysis, a transient
analysis was also conducted. The critical values of

Table 2- Static analysis results
Cizelge 2- Statik analiz sonuglart

the transient analysis are tabulated in Table 3. The
transient analyses showed that the total deformation,
equivalent stress and safety factor values for both
aluminum and steel were obtained at 0.0025 s, 0.5
s and 1.0 s, respectively. For both materials, the
critical safety factor values were obtained at 1.0 s.
Transient analyses also showed that for aluminum
structure, the total deformation was 29.33 mm, total
stress was 220 MPa and the critical minimum safety
factor was 0.39. For steel structure, these values
were as 31.14 mm, 664 MPa and 0.12, respectively.

3.2. Discussion

According to the structural and transient analyses,
aluminum boom material produced greater factor
of safety than steel, which is the better material of
the two for field sprayer boom construction. This is
due to the fact that aluminium is lighter in weight
because of the internal molecular and mechanical
properties (Kuziak et al 2008).

The critical points of failure observed during
laboratory experiments overlapped with the critical

Steel (SAE/AISI St 42) Aluminum (ISO AlMg2.5)
Parameters
Min Max Min Max
Total deformation (mm) 0 19 0 27
Equivalent stress (MPa) 0.017 399.67 0.0031 189
Safety factor 0.21 15 0.45 15
Table 3- Transient analysis results
Cizelge 3- Zamana bagl analiz sonuglart
Parameter Steel (SAE/AISI St 42) Aluminum (ISO AIMg2.5)
0.0025 s 05s ls 0.0025 s 0.5s ls
Min  Max  Min Max Min  Max  Min Max  Min Max Min  Max
Total deformation 169 0 1464 0 314 0 170 0 1359 0 294
(mm)
Equivalentstress 36 35997 0 664 24 4228 0 11256 0 220
(MPa)
Safety factor 0.6 15 0234 15 0.12 15 2.03 15 0.76 15 039 15
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Figure 4- A, steel material static analysis total deformation; B, steel material static analysis equivalent
stress; C, steel material static analysis safety factor

Sekil 4- A, ¢elik malzeme static analiz giivenlik faktorii; B, ¢elik malzeme statik analiz toplam yer degisimi; C,
¢elik malzeme static analiz e deger gerilme
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points identified by the ANSYS analysis. The
failure points of the boom structure observed during
experimental activities as shown in Figure 5. The
point of failure was also identified during designing
the boom.

Figure 5- Sprayer boom failure point during
experiments

Sekil 5- Denemeler swrasinda piilverizatér bumu
tizerinde goriilen kopma

The same points of failures were also identified
by the modeling and analysis using ANSYS
prior to experimental failures for both steel and
aluminum boom materials. Thus, instead of
materials (aluminum or steel), boom design should
be renewed. For this purpose, dismountable joint
aluminum alloy material can be used.

Due to the higher strength of aluminum, one
can say that aluminum is better than steel for
boom construction. Moreover, the lighter weight
of aluminum has an advantage to save fuel
consumption of tractors due to the lower loads on
the tractor carrying the field sprayer.

Zhou et al (2011) reported that vehicles made
of aluminum were lighter than the ones made of
steel hence improving the fuel efficiency. One of the
problems for field sprayer booms is the collision with

the ground and the breakdown of boom structures
during field operations. Materials with higher spring
properties are desired to reduce the breakdown due
to collisions with the ground. The solution used
by the automobile industry to solve this problem,
which is using aluminum and Advanced High
Strength Steels (AHSS) can be adapted for boom
manufacturing too. The workability of aluminum
is also better than that of steel. Nowadays, lighter
weight with high strength like the AHSS can
be used as an alternative to aluminum for boom
manufacturing (Anonymous 2015c). Although the
price of aluminum is expensive than that of steel by
at least 30%, aluminum has many other advantages
than steel that it is preferred as a boom material.

4. Conclusions

According to this research, it is concluded that
field sprayer booms constructed from aluminum
are better than steel constructed booms. During
the experiments, it was observed that the critical
point of failure of the booms is at the universal
joint connection of the boom wings to each other.
The critical point of failure of the booms found
during the experimental analysis was the same point
found by using the structural and transient ANSYS
analysis of the system. From this research, it can be
concluded that maximum care must be given to the
critical point of failures mentioned above during the
design of field sprayer booms.
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Genel

Tarim Bilimleri Dergisi, tarim bilimleri alaninda ve yazim dili ingilizce olan 6zgiin arastirma makaleleri yaymlar. Sonuglar1 énceden
bilinen ve yenilik getirmeyen arastirma makaleleri, taksonomi ile sadece durum tespitine dayanan ve yoresel calismalar ile veri
ve anket analizine dayanan c¢aligmalar derginin kapsami digindadir. Basilacak makalelerin daha 6nce higbir yerde yaymlanmamis
olmas: ve yaym haklarinin verilmemis olmasi gerekir. Dergide yayimlanacak makalelerin her tiirlii sorumlulugu yazarma/
yazarlarina aittir.

Yayimlanmasi i¢in gonderilen eser, yaym ilkeleri dogrultusunda Baseditor tarafindan 6n incelemeye alinir. Bageditor, dergide
yaymlanabilecek nitelikte bulmadigi makaleleri editorlere/hakemlere gondermeden yazara/yazarlara iade karari verme hakkina
sahiptir. Ayrica yazim kurallarina uymayan veya anlatim dili yetersiz olan makaleler, diizeltilmek iizere yazara/yazarlara iade edilir.
Degerlendirmeye alinan makaleler, incelenmek iizere en az 2 hakeme gonderilir. Hakem degerlendirmesinden gegen makalelere
ait diizeltmeler, diizeltmeler listesiyle birlikte en fazla 30 giin igerisinde sisteme yiiklenerek gonderilmelidir. Bu siireden sonraki
gonderimler kabul edilmez. Baseditor, hakem raporlarini ve/veya istenilen diizeltmelerin yeterli olup olmamasim dikkate alarak
makalenin yayimmlanip yayimlanmamasina yonelik nihai karar vericidir.

Makalede isimleri yer alan tiim yazarlar, yayim haklarini Tarim Bilimleri Dergisine verdiklerine dair Makale Gonderme ve Telif
Hakki Devir Sézlesmesini imzalamalidir. Makalenin yayimlanmas: kabul edildikten sonra makale metninde, yazarlarinda ve
yazarlarin siralamasinda degisiklik yapilamaz. Makale yayima kabul edildiginde, sorumlu yazar Ankara Universitesi adina agilnus
banka hesabma 400 TL yatirmalidir. Makaleden sorumlu yazara banka hesap numarasi, makalenin basima kabul edilmesinden
sonra bildirilir.

Makale Yiikleme

Hazirlanan makaleler; sadece makaleden sorumlu yazar (makalenin yayim baslangicindan basim sonrasindaki her tiirlii yazigmalarda
sorumlulugu bulunan) tarafindan Tarim Bilimleri Dergisi web sayfasindaki ¢evrimi¢i Makale Gonderme ve Degerlendirme
Sistemi kullanilarak elektronik ortama yiiklenmelidir. Makale yiikleme bolimiiniin “Bagvuruyu Yiikle” bolimiinde pdf
formatindaki makale dosyasina ilave olarak “Ek Dosyalar” bolimiine asagidaki dosyalarin da yiiklenmesi gerekir.

v' Makalenin pdf ve Word (2003 veya daha iist versiyonlari) formatindaki dosyasi. Sisteme yiiklenen makalenin hem pdf
formatinda ve hem de Word formatinda iletisim, ad-soyad, kurum gibi yazarlari tanitict bilgiler bulunmamalidir.

v’ Tiim yazarlar tarafindan imzalanmus ve pdf formatinda taranmis olan “Makale Gonderme ve Telif Hakki Devir Sézlesmesi”.
Yayima kabul edilmesi durumunda bu formlarin ash da posta ile editére gonderilmelidir.

v" Yazar Makale Kontrol Listesi (pdf formatinda),
v’ Yazarlarin ad-soyad, kurum ve iletigim bilgilerini igeren Word dosyas1,

v Gerekiyorsa Etik Kurul Raporu eklenmelidir.

Derginin Kapsam

Tarim Bilimleri Dergisi, tarim bilimleri alaninda yapilan 6zgiin arastirmalari ve yeni bulgular1 igeren makaleleri yayimlar. Sonuglar:
onceden bilinen ve yenilik getirmeyen arastirma makaleleri, taksonomi ile sadece durum tespitine dayanan ve yoresel ¢aligmalar
ile veri ve anket analizine dayana ¢alismalar derginin kapsami disindadir. Derleme makaleler, yayin komisyonunun ¢agrisi tizerine
hazirlanmigsa normal inceleme ve degerlendirme siirecinden gegirilerek yayimlanir.

Makale Hazirlama

Makaleler, A4 boyutundaki kagidin tek yiiziine 12 punto Times New Roman yaz1 tipinde ve ¢ift satir aralikli yazilmalidir. Sayfanin
saginda, solunda, altinda ve istiinde 3’er cm bosluk birakilmalidir. Makalenin her sayfasi ve satirlari numaralandirilmalidir. Yazar
ad(lar)1 agik olarak yazilmali ve herhangi bir akademik unvan belirtilmemelidir. Editérler kurulu, anlatim dili yeterli olmayan
makaleleri degerlendirme dis1 tutabilir. Yazar(lar)in makale gondermeden once eseri dil yoniinden bir dil bilimciye incelettirmesi
tavsiye olunur. Siralama olarak, Ingilizce 6zet ve pesinden Tiirkge 6zet verilir. Bu durum sekil ve gizelge baslhiklart icin de gegerlidir.

Makale; Tiirkge Baslik, Tiirkge Ozet, Anahtar Kelimeler, ingilizce Baslik, Ingilizce Ozet, Keywords, 1.Giris, 2. Materyal ve
Yontem, 3.Bulgular ve Tartisma, 4.Sonuglar, Tesekkiir (varsa), Kisaltmalar ve/veya Semboller (varsa), Kaynaklar boliimleri ile
Sekil ve Cizelgelerden olugmalidir. Boliim adlar1 koyu yazilmalidir.

Makale, “Kaynaklar” boliimii dahil 16 sayfay1 gegmemelidir. Yazar(lar), bu kisimlarin olusturulmasinda derginin web sayfasindaki
Makale Hazirlama Sablonunu kullanmalidir.

Bashk: Kisa ve agiklayict olmali, 14 punto ve koyu, kelimelerin ilk harfi biiyiikk olmali, ortalanarak yazilmali ve 15 kelimeyi
gecmemelidir. Ingilizce baslik Tiirkge basligi tam olarak karsilamali, 13 punto ve koyu yazilmalidir.




Ozet ve Anahtar Kelimeler: Tiirkge ve ingilizce zetlerin her biri 300 kelimeyi gegmemelidir. Tiirkge ve ingilizce 6zetlerde
sirastyla “Ozet” ve “Abstract” kelimeleri kullanilmalidir. Ozet, ¢alismanin amacini, nasil yapildigini, sonuglar1 ve sonuglar iizerine
yazar(lar)n yaptig1 degerlendirmeleri igermelidir. Ozetlerin 1 satir altina, her anahtar kelimenin ilk harfi biiyiik digerleri kiigiik
harflerle, miimkiinse baslikta kullanilmayan, ¢aligmay1 en iyi bicimde tanimlayacak ve aralarinda noktalr virgiil (;) olacak sekilde
en fazla 6 anahtar kelime yazilmalidir.

1. Giris: Bu boliimde; ¢aligma konusu, gerekgesi, konu ile dogrudan ilgili 6nceki ¢aligmalar ve ¢alismanin amaci verilir.

2. Materyal ve Yontem: Kullanilan materyal ve yontem ayni baslikta verilmelidir. Alt bashik verilecekse boliim numaras: ile
birlikte numaralandirilmali (2.1. gibi) ve italik yazilmalidir. Yeni veya degistirilmis yontemler, ayni konuda ¢alisanlara aragtirmay1
tekrarlama olanagi verecek nitelikte agiklanmalidir.

3. Bulgular ve Tartisma: Elde edilen bulgular verilmeli, gerekirse ¢izelge, sekil ve grafiklerle desteklenerek bulgular agiklanmalidir.
Elde edilen bulgular tekrardan kagmilmasi amaciyla ya ¢izelge ya da grafik olarak verilmelidir. Istatistiki olarak énemli bulunan
faktorler, uygulanan istatistik analiz teknigine uygun karsilastirma yontemi ile yorumlanarak ilgili istatistikler {izerinde harflendirme
yapilmalidir. Istatistiki analiz yonteminin dogru segilmedigi ve/ya analizin geregi gibi yapilmadigi durumlarda editérler kurulu
makaleyi degerlendirme disinda tutabilir. Bulgular tartisilmali ancak gereksiz tekrarlardan kaginilmalidir. Bulgularin baska
arastirmalarla benzerlik ve farkliliklart verilmeli, nedenleri agiklanmalidir.

4. Sonuclar: Elde edilen sonuglar, bilime ve uygulamaya katkisiyla birlikte kisa ve 6z olarak verilmelidir. Giris ile Bulgular ve
Tartigma boliimiinde verilen ifadeler bu kisimda ayni sekilde tekrar edilmemelidir.

Tesekkiir: Gerekli ise miimkiin oldugunca kisa olmali ve yapilan katki ifade edilerek verilmelidir.

Kisaltmalar ve/veya Semboller: Makalede kisaltmalardan miimkiin oldugunca kaginilmalidir. Semboller Makale Hazirlama
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et al 2001) veya Lawrence et al (2001)’e gore. Ayn1 yazarin ayni yil iginde 1’den fazla yayini varsa, yildan sonra kiigiik harfler
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Goel & Sheoran 2003). Eger bilginin, kaynagin belirli bir sayfasindan ya da sayfalarindan alindig: belirtilmek istenirse (Hardeman
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gore hepsi kendi iginde eskiden yeniye y1l sirasina gore verilmelidir. iki veya daha fazla yazarh eserlerin bildiriminde son yazardan
once “&” kullanilmalidir. Ornek: Lawrence K C, Funk D B & Windham W R (2001). Dergi isimleri kisaltma yapilmadan tam ad1
ile ve italik yazilmalidir. Kongre kitaplarinda Tiirk¢e ya da yabanci dilde 6zeti yayinlanmis ¢aligmalara atif yapilamaz. Makaledeki
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konmamalidir.
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